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The vital importance of vitamins for the 
health of humans and other animals was 
established in the early and mid-20th century. 
Their specific roles in metabolism were 
investigated and a great deal of research was 
carried out to set the minimum requirement 
for each vitamin by each class and age of 
farm livestock. The main aim in those times 
was to find the minimum amounts to avoid 
deficiency symptoms. This work was carried 
out around the middle of the 20th century, and 
a number of highly respected organisations, 
such as the  National Research Council of the 
US, Agricultural Research Council of the UK 
and France’s Institut National de Recherche 
Agronomique based their estimates of 
vitamin requirements on the substantial 
body of research and published these around 
20 years ago. 

In the meantime, our food-producing animals 
- particularly poultry and pigs but cattle too 
- have changed fundamentally in terms of 
their productivity, and the systems under 
which they are kept have been modernised 
for greater efficiency.  The impact of these 
changes on an animal’s requirement for a 
particular vitamin today can be little better 
than educated guesswork, since hardly any 
research has been conducted into the needs 
of modern genotypes in the intervening 
years.  

The last two decades have also seen 
significant changes in societal attitudes, 

FOREWORD

including a greater interest by consumers in 
how their food is produced, which has raised 
concerns, among others, related to animal 
welfare, the developments of antibiotic 
resistance in pathogens (in both human and 
veterinary medicine) and greater demands 
on food quality, both as a source of nutrients 
and a lifestyle choice. 

To help update our knowledge of these 
complexities of 21st century life, DSM 
Nutrition has invited recognised experts in 
their respective fields to review the vitamin 
requirements of the various classes of farm 
livestock for maintenance, growth, breeding 
and production. They have also addressed 
aspects of animal health and welfare, as well 
as product (meat, milk egg) quality, where 
appropriate. 

The resulting book, Optimum Vitamin 
Nutrition – in the Production of Quality 
Animal Foods, comprises seven chapters 
that will provide a valuable reference for the 
many nutritionists, veterinarians and other 
technicians around the world involved in 
animal production.  

The book will also provide a useful basis for 
future research into the as-yet undiscovered 
ways in which vitamins can play a role in 
providing a growing global human population 
with adequate quantities of nutritious and 
safe food in a sustainable way, respecting 
both animal welfare and the environment. 

Jackie Linden
Senior Editor, ThePoultrySite.com

Sheffield, UK 
July 2012
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Today, well into the 21st century, the 
crucial issues relating to the production of 
food are changing. Key concepts such as 
productivity and efficiency continue to be 
of vital importance. But more and more the 
emphasis is on the quality of food, health 
and animal welfare. Indicators point to 
the need for continuous development in 
the field of animal nutrition to meet future 
challenges posed by the livestock industry 
in our times and environment.

Vitamins play crucial roles in both human 
and animal nutrition. As organic catalysts 
present in small quantities in the majority 
of foods, they are essential for the normal 
functioning of metabolic and physiological 
processes such as growth, development, 
health and reproduction. The requirements 
for vitamins in animals are not fixed: they 
vary according to new genotypes, levels 
of yield and production systems. Vitamin 
functions and requirements are increasingly  
better understood.

The new concept of optimum vitamin 
nutrition is essential today. Its object is 

UPDATING THE NUTRITIONAL STANDARDS OF VITAMINS IN A CONSTANTLY 
EVOLVING WORLD

to develop a new standard for vitamin 
supplementation in the diet of livestock, 
aimed not only at preventing the initial 
phases of some diseases, but also improving 
an animal's productive growth rate, given a 
healthier environment. 

What we are talking about is optimum 
vitamin supplementation in the diet of 
animals, over and above the established 
minimum requirements, and adapted to 
the specific conditions of each animal 
species, permitting an improvement in the 
animal's state of health and well-being, 
thus optimizing its productive potential at 
the same time as ensuring the production 
of high-quality and nutritionally balanced 
foods. 

Vitamin requirements in animals are affected 
by a multitude of factors. The inclusion of a 
nutritional program with appropriate levels 
of vitamins in an animal's diet not only 
allows it to completely realise its genetic 
potential, but at the same time improves 
various aspects related to health and well-
being, its productivity and the quality of the 

Figure 1. Reduction in the time needed for a broiler to achieve 1.5 kg of live weight
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Likewise, in recent times there have 
been important legislative changes in the 
European Union (EU) which have put an 
end to the use of animal by-product meal, 
growth promoters and a great majority of 
antibiotics, substances which until recently 
were routinely used in animals' feed. At 
the same time the EU is developing new 
rules on animal welfare which, in the short 
to medium term, will entail less intensive 
methods in the livestock industry, with the 

food it produces, be it meat, milk or eggs. 
Healthier animals will produce healthier 
foods.

Historically, the recommendations on 
vitamins suggested by various international 
scientific organs such as the NRC, ARC, INRA 
(National Research Council, Agriculture 
Research Council, Institut National de 
Recherche Agronomique), etc. were given 
with the objective of preventing nutritional 
deficiencies, and some of the studies on 
which they are based are more than 10, 20 
or even 30 years old. We all know that the 
livestock industry today has little in common 
with the industry of 30 years ago. Figures 1, 
2, 3 and 4 show a comparison where it can 
be seen that key performance parameters 
such as average daily weight gain, feed 
conversion rate, carcass yield in poultry 
have increased by 50-100% compared to 
1970. In parallel, average milk production 
per cow per year has more than doubled 
and hens produce 35% more eggs than 30 
years ago. It is logical to assume, therefore, 
that nutrition programs for farm animals, 
including vitamin supplements, need to 
be adjusted in a manner consistent with 
improved animal management techniques 
and genetic makeup. 

Figure 2. Development of consumption/bird and feed conversion in broilers (1955-2008). 
(Source: Broiler management guides)

Figure 3. Improvements in chicken carcass 
yield and composition 
(Havenstein et al., 1994, 2003)

Characteristic 1957 1991 2003

Age, days 84 42 42

Live weight, kg 1.41 2.13 2.67

Carcass weight, kg 0.91 1.39 1.93

Carcass yield, % 65.1 67.7 72.3

% breast 13.0 15.0 20.0

% carcass fat 12.3 14.2 13.7

% abdominal fat 1.1 1.5 1.4

1

52.1

5.1

57.1

2

52.2

5.2

57.2

3

52.3

Years

F .C .

4

2.4

4.4

6.4

8.4

5

2.5

4.5

6.5
drib/gk

gk/gk CF drib/gk

gk 8.1 < gk 0.2 gk 2.2

gk 5.2

19901985198019751970196519601955 1995 2000 2008

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



14

OPTIMUM VITAMIN NUTRITION

aim of improving the health and well-being 
of the animals. Although these changes have 
started in Europe, other countries are moving 
into that direction e.g. new legislation to ban 
battery cages for laying hens in California 
in 2010; banning antibiotics in ruminants 
in Uruguay in 2011. Additionally, European 
retailers and wholesalers are demanding 
EU specifications when importing meat and 
eggs from third countries such as Brazil, 
Argentina, India, etc. which is making the 
global industry move in the same direction.

Characteristic

Males

1967 
rate

Males

1999 
rate

Females

1967
rate

Females

1999
rate

Live weight, kg

6 weeks 0.91 2.59 0.74 1.60

10 weeks 2.42 6.72 1.71 5.24

16 weeks 4.64 13.90 3.17 10.19

20 weeks 6.12 19.14 3.89 12.62

% carcass yield, 20 weeks 62.5 77.3 65.0 83.4

% breast/live weight 20 weeks 13.6 24.9 13.8 26.2

% abdominal fat/l.w., 20 weeks 0.9 0.9 1.8 2.5

Figure 4. Improvements in turkey carcass yield and composition (Herendy et al., 2004)

Meanwhile, farmers need to be competitive 
with regard to livestock productivity (weight 
gain, conversion indices, final weight of the 
animal, etc.) to face strong international 
competition where free trade is an ever-more 
tangible reality (Figure 5).

From the nutritional point of view, in these 
fast-changing circumstances so different 
than those we have become accustomed to 
in the last few years, it is time to re-evaluate 

Figure 5. Update on current broiler issues on the poultry farm
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the vitamin requirements of animals with 
the aim of safely and efficiently producing 

healthy and nourishing food which meets 
consumer expectations.

ESSENTIAL MICRONUTRIENTS IN THE ANIMAL (ORGANISM)

Vitamins are unique and essential nutrients 
in the diet of both humans and animals. 
They are key elements in each and every 
one of the organism's vital functions: 
maintenance, growth, development, health 
and reproduction. They also combine two 
characteristics: 

•	 the	 daily	 requirement	 for	 each	 of	 the	
vitamins is very small, an aspect in which 
they differ from macronutrients such as 
carbohydrates, fats and proteins;

•	 vitamins	 are	 organic	 compounds,	 unlike	
other essential nutrients such as minerals 
(iron, iodine, zinc, etc.).

Vitamins are particularly important because 
they allow optimum metabolism of other 
nutrients in the animal diet.

In general, humans and animals need to 
derive vitamins from their diet as they do 
not have the capacity to produce sufficient 
quantities by themselves. The discovery of 
vitamins and their function in preventing 
the classical deficiency diseases are among 
the most important achievements of the last 
century. Vitamins are essential for growth, 
health, reproduction and survival. They are 
present in numerous reactions of the cellular 
metabolism and play a critical role in the 
Krebs or citric acid cycles.

Vitamins may only represent less than 
1% of the cost of animal feed (Figure 6) 
but they are present in 100% of metabolic 
functions, a fact which gives them the status 
of micronutrients of "macro-importance". 
They are found in minimal quantities in most 
compound feeds and their absence from the 
diet gives rise to specific deficiency diseases 

Figure 6. Impact of vitamin cost in feed and eggs
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Natural forms Commercial forms Function
Deficiency 
symptoms

Vitamin A

A1 = Retinol or Retinal
Vitamin A1 acetate and 

palmitate
Vision

Steroid synthesis 
Epithelialization

Severely retarded 
growth

Blindness
Skin problems

Higher 
susceptibility to 

infections

A2 = 3-Dehydroretinal
Retinal on protective/

hydrodispersible 
support

Vitamin D

D2 = Ergocalciferol Vitamin D2 Absorption and fixing 
of calcium

D2 shows no activity 
in birds

Rickets
OsteomalaciaD3 = Cholecalciferol

Vitamin D3 free or 
fixed on protective/

hydrodispersible 
support

Vitamin E

α-Tocopherol dl-α-tocopherol Antioxidant
Stimulates 

defenses at 20 
times its minimum 

requirements

Muscular dystrophy
Exudative diathesis
Encephalomalaciaα-Tocopherol dl-α-tocopherol acetate

Vitamin K
K1 = Phylloquinone K1

Anticoagulant
Hemorrhages

Anemia K2 = Menaquinone K3 = menadione

Vitamin B1
Thiamine (aneurine)

Thiamine 
hydrochloride

Sugar degradation Chick polyneuritis
Thiamine mononitrate

Vitamin B2
Riboflavin

Riboflavin
H2 transport

Respiratory chain

Retarded growth
leg weakness and 

paralysis
Riboflavin-5-sodium 

phosphate

Vitamin B6

Pyridoxine
Pyridoxine 

hydrochloride

In enzymes which 
control amino acid 

metabolism

Low appetite
Low growth

Skin disorders
Pyridoxal

Pyridoxamine

Vitamin B12

Cyanocobalamin Cyanocobalamin Co-factor in the 
synthesis of nucleic 

acids
Low growth

Methylcobalamin Hydroxycobalamin

Pantothenic 
acid

Co-enzyme A

Ca and Na 
pantothenate

Interconversions 
between fatty acids, 
carbohydrates and 

amino acids

Loss of weight
Skin disorders

Nervous system 
disordersPantothenol

Niacin (PP)
Nicotinic acid Nicotinic acid Group active in 

enzymes of the 
respiratory chain

Low growth
Dermatitis

Leg weaknessNicotinamide Nicotinamide

Folic acid
Pteroylmonoglutamate

Folic acid 
(pteroylmonoglutamic)

Nucleic acid 
biosynthesis

Low growth
Anemia 

Leg weaknessPteroylpolyglutamate

Biotin Free and combined 
D-biotin

D-biotin

Coenzyme in 
synthesis of fatty 

acids, amino acids 
and purines

Skin lesions
Retarded growth
Foot problems

Choline Choline (ester) Choline chloride
Transmethylations

Phospholipid 
component

Low growth
Perosis

Fatty liver

Vitamin C
Ascorbic acid Ascorbic acid Corticosteroid 

hormone genesis
Lower resistance to 

stressDehydroascorbic acid Ca or Na ascorbate

Table I. Vitamins: Active forms, summary of their functions and signs of deficiency
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because of their importance for normal 
functioning of the metabolism. While the 
need to provide additional vitamins in feed 
is unquestioned, there are doubts about the 
levels of supplementation needed to achieve 
an optimum economic return under field 
conditions. As a general rule, the optimum 
economic supplementation level is that 
which allows achievements of the best rate 
of growth, feed conversion, state of health 
(including the animal's immunological 
status) and which in addition provides the 
reserves appropriate for the animal.

Nutrition is optimal when an animal efficiently 
utilises the nutrients provided in the feed for 
survival, health, growth, and reproduction 
(Table I). Although all the nutrients, including 
proteins, fats, carbohydrates, minerals and 
water, are essential for carrying out these 
vital functions, vitamins play a key role 
in basic functions such as an appropriate 

immune response in the animals.

The performance of farm animals continues 
to improve thanks to modern rearing 
and breeding systems, improvements or 
adjustments to housing and zootechnical 
advances. Intensive farming systems, 
though, may increase metabolic rate and 
lead to diseases caused by stress, increasing 
susceptibility to vitamin deficiencies and 
to suboptimal yields. A great majority of 
nutritionists and investigators recognize that 
the minimum vitamin requirements needed 
to prevent clinical deficiency symptoms may 
not be sufficient to achieve an optimum state 
of health and production.

The following chapters will review in greater 
depth the multiple metabolic functions 
specific to each of the vitamins in different 
animal species.

VITAMIN LEVELS IN ANIMAL DIET: THE NUTRITIONIST'S GREAT UNKNOWN QUANTITY

Establishing the right levels of vitamin 
supplementation is of great concern for 
animal  nutritionists. Economic cost and 
benefit must be an essential driver for revising 

and determining vitamin supplements 
in feed. The cost of supplementing feed 
with essential vitamins must be assessed 
taking into account the risk of suffering 

Figure 7. Vitamin E levels (ppm in feed) in pigs according to different sources
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losses from deficiency symptoms and sub-
optimal production. The great challenge for 
nutritionists, then, is to choose a particular 
level from the numerous recommendation 
tables available.

There are currently different 
recommendations for vitamins in feed 
originating from industries in the animal feed 
sector, research institutes, animal genetics 
companies and from vitamin manufacturers 
themselves. Figure 7 contains an example of 
the use of vitamin E in swine. Here, important 
differences can be observed in the form in 
which the studies have been produced.

The Agriculture Research Council (ARC) 
in the UK and the National Research 
Council (NRC) in the USA periodically 
publish nutritional recommendations for 
different species, which generally constitute 
reference sources of limited value from the 
viewpoint of commercial feed formulation. 
The recommendations mentioned are based 
on the establishment of feed vitamin levels 
needed to prevent the occurrence of clinical 
deficiency symptoms. The recommendations 
of the NRC, for example, are revisions which 
are usually carried out on the basis of studies 
done in experimental conditions which are 
perfectly controlled but far away, in most 
cases, from the reality of production, and do 
not take into account the stress factor which 
is such a frequent part of livestock rearing. 
Stress in animals is a common fact of animal 
farming which can drastically influence 
nutritional needs, and yet the great majority 
of recommendations made by various 
research centers do not consider vitamin 
levels for such situations.

It is advisable to take into account the 
following aspects to make more efficient use 
of the NRC's vitamin recommendations:

1. The levels indicated have been established 
with the object of preventing deficiencies 
in the animal.

2. They do not include any kind of safety 
margin to cover loss of vitamin activity 
stemming from usual feed storage 
conditions or feed processing. In other 
words, the recommended NRC levels 
must be those present in the feed which 

the animal consumes and at the time it is 
eating it.

3. They do not include safety margins for the 
eventuality that the animals are subjected 
to some sort of stress (such as intensive 
farming) or sub-clinical disease.

4. They do not take into account possible 
adverse environmental conditions, such 
as high temperatures, which may reduce 
feed consumption

5. In most cases,  they are not specific to 
the new animal genotypes which are now 
being produced with the aim of optimizing 
livestock farming.

In practice, nutritionists usually consider 
stress and other economically important 
variables in their formulations. There 
is a great disparity between the levels 
of supplementation prescribed by the 
industry and by the NRC or the ARC. While 
the industry continues to adjust vitamin 
supplements in feed with the object of 
achieving an optimum yield and state of 
health in the animal, the NRC has introduced 
only a few minor changes for the majority of 
animal species in the last few decades. It is 
unlikely that the vitamin needs established 
some decades ago apply to today's animals. 
The majority of nutritionists agree on this 
aspect, and in fact supplements of many 
vitamins are given at levels 5 or 10 times 
higher than those recommended by the NRC. 
The greatest differences are in the vitamins 
A, D3, E, B12, riboflavin and folic acid, while 
variations are minimal with K3, pantothenic 
acid, niacin and B6.

Tables II, III and IV show some examples 
of different vitamin recommendations for 
different species of animals.
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BIOAVAILABILITY OF VITAMINS IN ANIMALS

Many of the raw materials used in animal 
feeding contain variable quantities of 
vitamins. The amounts of vitamins available 
in the feed are limited by the nutritional 
requirements of these materials. In practice, 
the vitamin amounts in feed deriving 
from raw materials vary considerably. The 
overall content is low and in any case, their 
presence in the feed does not guarantee their 
bioavailability or that the animal will indeed 
benefit from them.

It is common knowledge that vitamin levels 
in raw materials vary significantly from one 
geographical region to another; they also 
depend on the time of harvesting and the 
climatic conditions at each harvest. Long 
storage periods and the use of preservatives, 
fungicides, etc. negatively affect the vitamin 
levels in raw materials. Some of the factors 
which most adversely affect the level of 
vitamins in feed ingredients are:

•	 the	harvest	location
•	 the	use	of	fertilizers
•	 genetic	 modifications	 which	 increase	

productive yield
•	 climate
•	 agricultural	 practices	 such	 as	 crop	

rotation
•	 harvesting	conditions
•	 storage	 conditions	 and	 the	 use	 of	

preservatives
•	 bioavailability

The real content of vitamins in feed is 
determined by chemical and microbiological 
analyses in authorized laboratories, which 
provide the real value at a given time for 
a certain sample or batch of the respective 
ingredient. But given the great number of 
factors which affect the stability of vitamins 
(temperature, humidity, light, etc.), it would 
be necessary to undertake periodic costly 
analyses of the main raw materials to be 
able to use those values reliably in the 
formulation – at a minimum cost – of the 
feed, with continuous adaptation of the 
values to avoid potential variations of the 
expected level.

In many cases, vitamins derived from feed 
raw materials are present in complex forms, 

not completely released during the animal's 
digestive process, and therefore, cannot be 
absorbed by the animal, thus contributing 
nothing to its needs. In practice, only the 
content of the vitamin in its free form is 
taken into account when calculating the total 
vitamin content in feed.

The term bioavailability refers exclusively to 
the vitamin content in an ingredient which 
is available to be absorbed and participate 
in the animal's physiological and metabolic 
processes.

Various substances are used to protect the 
vitamins in commercial vitamin preparations 
during feed production processes and from 
aggressive environmental agents during 
storage. It is therefore essential to take 
into account the bioavailability of these 
substances when determining the vitamin 
content of any type of feed ingredient.

On the other hand there are in nature, 
both in plant and animal products, a great 
number of substances which can effectively 
limit the bioavailability of certain vitamins 
for the animal. These anti-nutritional agents 
can also be released by certain types of 
bacteria or fungi as by-products of their 
metabolic activity, as well as being present 
in the normal environment of the production 
facilities. Their most frequent mechanism of 
action consists of deactivating the free form 
of the vitamin in question or preventing its 
absorption. Among the most common cases 
we can find are:

•	 deactivation	 of	 thiamine	 (B1)	 by	
thiaminase,

•	 formation	of	an	inactive	compound,	as	in	
the case of the deactivation of biotin by 
avidin,

•	 blocking	 the	 site	 of	 absorption	 or	 an	
independent chemical reaction, as in the 
case of dicumarol and vitamin K.

The addition of fats and oils as energy 
sources is a common practice in feed 
manufacturing. Attention should be paid to 
the total content of unsaturated fatty acids, 
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STABILITY OF VITAMINS IN ANIMAL FEED

since they increase the likelihood of oils and 
fats becoming rancid. This would affect the 
absorption of fat-soluble vitamins such as A, 

E and D. Likewise, oxidation of the fats also 
contributed to biotin deactivation.

Some of the most methods in stabilising 
compounds are described below:.

Use of antioxidants

Antioxidants are included in the formulation 
of commercial vitamin products to prevent 
the oxidation of fat-soluble vitamins and 
prolong the shelf life of these compounds. 
The period, during which vitamin content 
is guaranteed, will depend to a great 
extent on storage conditions. In general 
those commercial forms which have 
an appropriate quantity of antioxidant 
substances have a longer effective shelf 
life.

Mechanical methods

In this case, the process consists of covering 
the active substance with a stabilising coat. 
This coating protects the vitamin molecule 
inside from the adverse effect of aggressive 
external agents such as oxygen, ultraviolet 

Different factors can affect the stability of 
substances as unstable as vitamins, whether 
in their pure commercial form, in vitamin-
mineral premixes (Figure 8) or after feed 
manufacturing and storage. Some of these 
factors are connected with the catalytic 
activity of the molecules themselves, 
the handling of commercial forms and 
their premixes, the characteristics of the 
mix, the presence of various antagonistic 
substances and the conditions of storage.

The vitamins present in raw materials are 
very susceptible to the adverse conditions 
mentioned above and a considerable loss 
of vitamin activity is a common occurrence 
in these macroingredients. In contrast, 
the highest-quality commercial forms 
of vitamins are generated in industrial 
processes which stabilise and protect the 
active molecules during manufacturing and 
storage, both in premixes and in feed. It is 
important that stabilisation of the vitamin 
must not compromize its bioavailability. 

Figure 8. Stability of different sources of canthaxanthin in a broiler breeder premix 
(Gadient et al., 2010)
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radiation from sunlight, humidity, extreme 
temperatures, etc. (Table V).

On a practical level this method has 
proven highly effective for protecting 
these substances and, depending on their 
characteristics, can be combined with a 
process of spray drying which provides a 
large number of active particles (all with the 
active form of the vitamin) thus facilitating 
a subsequent homogenous mixture in the 
animal's feed.

In any case, the factors just mentioned will 
affect vitamins in different ways as shown 
below.

Vitamins A, D and carotenoids

•	 Prone	to	oxidation	when	exposed	to	air
•	 Sensitive	to	oxidizing	agents
•	 Isomerise	in	acid	pH
•	 Sensitive	to	prolonged	heat
•	 Sensitive	 to	 the	 catalytic	 effect	 of	

minerals

Vitamin E

•	 Prone	to	oxidation	in	the	presence	of	air
•	 Sensitive	to	alkaline	environment
•	 The	ester	is	more	stable

Vitamin K

•	 Sensitive	to	heat
•	 Prone	 to	 oxidation	 in	 the	 presence	 of	

oxygen

Vitamin Temp. O2 H2O Light Acid pH Alkaline pH

A xx xx x xx x 0

D3 x xx x x x 0

E 0 0 x x 0 xx

K3 x x xx 0 xx 0

B1 x x xx 0 0 xx

B2 0 0 x xx 0 0

B6 xx 0 x x x 0

B12 xx x x x 0 0

Cal. pan. x 0 x 0 x 0

Niacin 0 0 0 0 0 0

Biotin x 0 0 0 0 0

Folic acid xx 0 xx xx xx 0

0: Stable  x: Sensitive to...  xx: Very sensitive to...

Table V. Factors which influence vitamin stability

Vitamin B1 (thiamine)

•	 Stable	at	low	pH,	loss	of	activity	when	pH	
increases

•	 Sensitive	 to	 the	 presence	 of	 oxygen	
and other oxidizing agents in neutral or 
alkaline solutions

•	 Splits	 on	 reacting	 with	 sulphites,	 with	
immediate separation at pH 6 

•	 Sensitive	to	metallic	ions	such	as	copper
•	 The	thiaminases	present	 in	some	animal	

and vegetable products are known 
antagonists of this vitamin

Vitamin B2 (riboflavin)

•	 Sensitive	 to	 light,	 especially	 in	 alkaline	
solutions

•	 Stable	in	acid	and	neutral	media
•	 Unstable	in	alkaline	solutions
•	 Sensitive	to	reducing	agents

Vitamin B6 (pyridoxine)

•	 Sensitive	to	light
•	 Relatively	stable	in	acid	solutions	and	dry	

mixes

Vitamin B12 (cobalamin)

•	 Poor	 stability	 in	 alkaline	 or	 slightly	 acid	
environment

•	 Sensitive	 to	 oxidizing	 reactions	 and	
reducing agents

•	 Ascorbic	acid,	thiamine	and	nicotinamide	
metabolites accelerate this vitamin's 
decomposition

•	 Sensitive	to	light	in	very	dilute	solutions
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The object of this concept is to supplement 
animal feed with the amounts of each water-
soluble and fat-soluble vitamin considered as 
most appropriate (the “optimum”) to optimize 
the state of health and the productivity 
of farm animals while guaranteeing the 
efficacy (desired effect at minimum cost) 
of the recommended levels. The levels of 
supplementation required for optimum 
vitamin nutrition are generally higher than 
those necessary to prevent clinical deficiency 
symptoms. These optimum supplementation 
levels should likewise compensate for the 

THE CONCEPT OF OPTIMUM VITAMIN NUTRITION IN PRACTICE

stress factors affecting the animal or the 
feed, thus guaranteeing they do not limit its 
performance or health.

Figure 9 describes the concept of a 
cost-effective window for vitamin 
supplementation, in which vitamin levels 
must satisfy but not exceed the aim of 
achieving optimum health and productivity. 
Below, some definitions of terms applicable 
to the concept of optimum vitamin nutrition 
(OVN) shown in Figure 9 are highlighted.

Figure 9. The Optimum Vitamin Nutrition (OVN) concept

Biotin

•	 Stable	in	air,	acids	and	at	neutral	pH
•	 Slightly	unstable	in	alkaline	solutions

Niacin

•	 Relatively	 stable	 under	 practical	
conditions

Pantothenic acid

•	 Poor	 stability	 in	 alkaline	 or	 acid	
environment

•	 Very	 hygroscopic,	 especially	 in	 its	 dl-
calcium pantothenate form

•	 Decomposes	 through	 hydrolysis,	
especially at low and high pH values

Folic acid

•	 Poor	stability	 in	acid	solutions	below	pH	
5

•	 Sensitive	 to	 oxidizing	 reactions	 and	
reducing agents

•	 Decomposes	in	sunlight
•	 Poor	stability	in	hygroscopic	environments	

and in the presence of minerals

Ascorbic acid

•	 Sensitive	to	radiation
•	 Oxidizes	rapidly	in	all	types	of	solution
•	 Catalysed	by	metallic	ions,	such	as	copper	

and iron
•	 Degrades	rapidly	at	high	temperatures
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1. Animal response refers to productivity 
results (feed conversion, growth rate, 
reproductive or immunity status, the 
animal's state of health, etc.) as a 
consequence of the ingestion of vitamins.

2. Total vitamin intake describes the 
total level of vitamins, irrespective of 
source,  which is provided in the diet, i.e. 
supplemented plus bioavailable vitamins 
which may be present in raw materials.

3. Deficient or minimum vitamin intake 
refers to the level of supplementation 
which places the animal in danger of 
showing clinical deficiency symptoms 
or metabolic disorders due to a lack of 
nutrients and where the level of vitamins 
falls short of the guidelines published by 
the NRC.

4. A sub-optimum intake prevents the 
appearance of clinical deficiency 
symptoms. Supplementation levels 
comply with or exceed the NRC's 
guidelines but are not adequate to 
maintain an optimum state of health and 
productivity.

5. An optimum intake compensates for 
the negative factors influencing animal 
performance and therefore contributes to 
achieving an optimum state of well-being, 
health and productivity. 

6. Excessive levels of vitamin 
supplementation are vitamin levels which, 
although still safe, impact on the cost of 
feed to such an extent that they are not 
economically justified from the productive 
point of view. With respect to the safety 
of vitamins, only very large quantities 
(between 10 and 100 times the levels used 
in practice) of some vitamins such as A 
and D in feed might occasionally cause 
some sort of disorder in animals.

Recently, consumers have been demanding 
food with a greater added value, such as 
vitamin-rich eggs or milk, the occasional 
consumption of which contributes to a 
balanced human diet. This would imply 
a vitamin content for feed in the range 
described in point 6 above, with the aim, 
not only to optimize the animal's productive 
response but also to produce an "enriched" 

food, according to the legislation currently in 
force in most countries, and with a greater 
added value for the final consumer.

There are different factors affecting 
vitamin requirements, some  of them 
directly influencing dietary vitamin intake/
supplemention and its utilization by the 
animal. For instance, the assessment 
of vitamin content in raw materials, the 
harvesting of these raw materials, as well 
as processing and storage conditions of 
feed ingredients, and the inherent variability 
and bioavailability of the vitamins can be 
considered of utmost importance.

Other factors affecting vitamin requirements 
are: the type of production, housing 
(especially whether or not animals are kept 
under cover), causes of stress, illnesses and 
other environmental conditions (for example, 
a hot environment or contamination by 
mycotoxins), vitamin antagonists and the 
use of medicaments which may limit or 
even block the action of certain vitamins. 
Requirements will therefore vary depending 
on the extent of these factors.

In summary, it can be stated that the 
implementation of a nutritional program 
with the most appropriate levels of all the 
vitamins in animal feed has a main objective 
of offering the following benefits to the food 
chain:

•	Optimum health and well-being of animals, 
as a prerequisite for production of safe 
and healthy meat, milk and eggs.

•	Optimum productivity, given better sanitary 
conditions, and greater efficiency in 
animal farming, considering performance 
parameters such as feed conversion, final 
body weight, weight gain, etc.

•	Optimum food quality to provide consumers 
with a balanced nutrion.
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Improving animal health and well-
being constitutes a crucial aspect in the 
production of food of animal origin (from 
the various types of meat through milk to 
eggs). Therefore, a primary objective for 
nutrition and management programs is to 
minimize the incidence of diseases and their 
debilitating effect on animals. It is common 
knowledge that there is a close relationship 
between nutrition, health and well-being.

Supplementing an animal's diet with 
optimum quantities of vitamins at times of 
greatest vulnerability to infection reduces 
the risk of contracting a disease.

Health and immunity

Vitamins, when given in adequate quantities, 
play an essential role in the ability of an 
animal to develop an effective immune 
response to disease. 

Since the onset of a disease cannot be 
predicted, the immune system needs to be 
prepared long before the infection occurs.

Korver and Saunder-Blades (2006) observed 

OPTIMIZING ANIMAL'S HEALTH AND WELL-BEING 

that white blood cells of chicks coming 
from breeders fed vitamin D3 consistently 
inactivated more E. coli than those from the 
control group. The ability of the immune cells 
of chicks from the maternal 25-OH-D3 had 
a greater ability to kill pathogenic bacteria. 
(Figure 10)

Numerous studies done in  swine, poultry and 
cattle have demonstrated a close relationship 
between low levels of vitamin E in the tissues 
and a decrease in immunocompetence (the 
immune system's response) long before the 
appearance of any clinical signs of disease. 
Vitamins E and C are powerful antioxidants 
which protect cells from free radicals and 
other types of by-products harmful to an 
animal's metabolism. The same studies 
proved that high levels of vitamin E in feed 
during the first three weeks of an animal´s 
life resulted in:

•	 improvement	in	the	immune	response	to	
infection and vaccination

•	 improvement	 in	 flocks	 affected	 by	 sub-
clinical infections

Figure 10. Chick immunity improvement with 25-OH-D3 (ROVIMIX® Hy•D®) in breeder feed 
(chicks d1 and d4 from 31-week-old breeders, similar results at 45 & 63 weeks)
(Korver and Saunder-Blades, 2006)
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•	 fewer	 relapses	 due	 to	 secondary	
infections

More specifically, in pigs, the following 
effects were documented.

•	 Optimum	 levels	 of	 vitamin	 E	 in	 the	 diet	
significantly reduce mastitis-metritis-
agalactia syndrome (MMA) in sows, as 
well as diarrhoea in piglets.

•	 Providing	 an	 optimum	 level	 of	 vitamins	
in the diet of sows in gestation and 
lactation improves the nutritient content 
of colostrum and milk, decreasing the 
immune challenges and increasing the 
viability of newborn piglets.

•	 Several	 studies	 have	 demonstrated	
beneficial effects in the health and growth 
of recently weaned piglets which received 
a vitamin C supplement in their diet.

Reproduction

When breeding animals were fed diets rich 
in vitamin E during growth and production, 
the results were:

•	 improved	 response	 in	 the	 production	 of	
antibodies during vaccination

Figure 11. Infertile eggs (%) in turkey breeders (Soto-Salanova et al., 2011)  (P< 0.01)

•	 a	 clear	 association	 between	 high	 levels	
of vitamin E in the liver and more viable 
offspring

Increasing the vitamin E levels during 
embryogenesis will further enhance the 
immune system.

A study with 1,100 BUT turkey hens and 270 
toms (Soto-Salanova et al., 2011) revealed 
that a combination of 25-OH-D3 and 
canthaxanthin improved the percentage of 
first grade poults from 79.5% to 81.4%. This 
was related to improved egg production, 
hatchability and fertility (Figure 11).

Well-being

It is well known that infections are a cause 
of pain and suffering in animals. In general, 
farmers, genetics companies, integrators, 
etc. involved in animal care have the 
utmost interest in assuming responsibility 
for ensuring satisfactory standards of well-
being.

In the food sector too there is an increasing 
number of retailers, wholesale distributors, 
and even fast food chains which have 
incorporated high standards of animal 
welfare in their codes of best practice, with 
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In pigs, advances have been achieved 
over decades through genetic selection, 
accelerating growth rates and favoring 
certain genotypes to increase the production 
of lean meat. These advances have changed 
the nutritional requirements of pigs because 
of improvements in the utilization of feed. 

Recently published data have demonstrated 
that pigs grow faster, under experimental 
and commercial conditions, when the 
supplementation of B-group vitamins in the 
diet is increased. From an economical stand 
point, the improvement in performance 
parameters after optimizing dietary vitamin 
supply significantly improved the cost: 
benefit ratio, with the consequent benefit for 
the farmer.

Under practical conditions, stress can 
represent a serious threat to achieving 
optimum performance. Stress reduces feed 
intake, and, as a consequence, vitamin 
concentration in the feed should be increased 
to satisfy the animal's needs. Stress also 
increases the animal's metabolic needs–so, 
in most cases, an initial nutritionally balanced 
meal will result in a diet with potential 
nutritional deficiencies. Recent results from 
pigs indicate that an appropriate supplement 
of vitamin C in the feed can alleviate the 
harmful effects of the stress caused by heat 
on the quality of semen, thus satisfying the 
nutritional requirements of boars in such 
demanding conditions.

Breeding sows have been selected to produce 
large litters with the greatest possible number 
of healthy and viable piglets. Several studies 
have clearly shown that optimum levels of 
biotin, folic acid, riboflavin, vitamin E, vitamin 
A and/or beta-carotene in an animal's diet 
produce excellent results in the performance 

OPTIMIZING PRODUCTIVITY

of sows, such as a greater number of piglets 
born alive and weaned, and a decrease in 
the interval between weaning and estrus.

In growing poultry, several recently 
published North American studies suggest 
that a diet with high levels of vitamins of 
the B-group can improve the performance 
and the productivity of broilers. In turkeys, 
a multitude of studies show that high levels 
of biotin can improve feed efficiency, weight 
gain, while also reducing mortality. Likewise, 
trials carried out with increasing levels of 
biotin in wheat-based diets showed an 
improvement in the live weight and in the 
feed conversion of broilers.

In breeding birds it has been shown that 
high levels of vitamins are needed for the 
production of viable chicks. The embryo 
is very sensitive, not only to changes 
in environment, but also to insufficient 
supplies of most vitamins, and embryonic 
malformations and mortality are some of the 
main visible symptoms of deficiency in one 
or several vitamins.

In recent years, numerous tests, both 
experimental and in the field, have been 
carried out to evaluate the potential 
synergistic effects of feeding an optimum 
vitamin nutrition level on the main 
performance parameters, compared with 
the average level used by the industry. Some 
of these results in pig and poultry farming 
show a considerable economic benefit.

•	 +0.11-0.79	€/piglet,	(Table VI) 
•	 +0.03	 €/kg	 pig	 live	 weight,	 López	 and	

Muñoz, 2002
•	 Diets	 with	 an	 optimum	 vitamin	 level	

increased the final weight of chickens by 
2.7%, Pérez-Vendrell et al. 2002 (Fig. 12).

the aim of giving animals a healthy life which 
will contribute to ensuring healthier food for 
their consumers.

Optimum vitamin supplementation in an 
animal's diet will contribute to improving its 
well-being because:
•	 optimum	 vitamin	 levels	 contribute	 to	
improving the metabolism, nutrition and 

well-being of farm animals
•	 improving	 immunity	 increases	 resistance	
to diseases
•	 some	 vitamins,	 such	 as	 biotin,	 contribute	
to reducing the incidence of foot problems, 
thus preventing certain types of lameness, 
while others, such as vitamin C, alleviate the 
negative effects of stress on health
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Figure 12. Live weight of chicken (40 days) with control diet (c; average level of vitamins) 
and OVN diet, with different density of animals (28 kg/m2 vs 37 kg/m2). 
(Perez-Vendrell et al., 2002)

Table VI. Cost/benefit of OVN diet for piglets 
(Data not published).

Low vit. 
level

Average 
vit level

High 
OVN 
level

Cost of feed €/kg feed 0.187 0.189 0.191

Consumption of feed kg/piglet 24.28 24.39 24.44

Cost of feed per piglet €/piglet 4.54 4.61 4.67

Average daily gain (ADG) g/piglet per day 564 568 584

Weight gain in 28 days kg/piglet 15.792 15.904 16.352

Sale price of piglet €/kg 1.65 1.65 1.65

Value of weight gain €/piglet 26.06 26.24 26.98

Meat value – feeding costs €/piglet 21.52 21.63 22.31

Net benefit OVN €/piglet - 0.11 0.79
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OPTIMIZING THE QUALITY OF FOOD FOR THE CONSUMER

Meat and eggs are sources of protein in 
the human diet. A gradual and continuous 
increase can be observed in the demand for 
meat and egg products, a fact which should 
be taken into account when defining the 
nutritional strategy that should be developed 
in animal diets.

Lipid oxidation constitutes a problem for 
the conservation of meat since it can lead 
to undesirable smells and flavors associated 
with rancidity, a fact of major relevance 
in processed meat which is particularly 
susceptible to this oxidation process.

Feeding animals a diet rich in unsaturated 
vegetable fats can considerably 
increase levels of monounsaturated and 
polyunsaturated fatty acids in meat. There 
are a number of polyunsaturated fatty 
acids which react with oxygen yielding 
undesirable short-chain compounds 
responsible for the deterioration of the 
organoleptic characteristics of the meat. This, 
in consequence, will reduce the acceptance 
of the meat by the consumer.

Animals fed diets with high levels of vitamin 
E can counteract this effect and so improve 
the final quality of the meat:

•	 by	 protecting	 the	 meat's	 lipids	 from	
oxidation, thus reducing the formation of 
undesirable smells and flavors,

•	 by	 reducing	drip	 loss	and	 improving	 the	
texture of the meat.

In the same way, inadequate supplies of 
vitamin E in the diet increase the probability 
of spontaneous oxidation of milk fat, which 
negatively affects its flavor, giving rise to a 
characteristic metallic or cardboard taste. 
Increasing the level of vitamin E in the cow's 
diet will correct the problem of oxidized milk 
fat, which is more frequent during the winter 
when cows are fed silage and/or hay.

With regards to other food of animal origin, 
levels of vitamins present in eggs have a 
direct relationship with the vitamin levels 
in the diet of the hen. Thus a hen feeding 
program based on higher vitamin levels will 
increase the vitamin content of eggs, and 
in this way contribute to giving the eggs a 
higher and more balanced nutritional value, 
as can be seen in Figures 13,14,15, 16 and 
17.

Similar investigations by the same authors 
on 40-day chickens (Pérez-Vendrell et al., 
2002) showed that breast meat of broilers fed 
a diet containing optimum level of vitamins 
will contain more of some nutrients such 
as vitamins E, B1 and pantothenic acid. This 
breast meat can be considered as having a 
more balanced nutritional value (Figures 18, 
19 and 20).

A Europe-wide survey carried out in 1996, 
analyzing different samples of pork chops 
from a number of European countries, 
showed that the meat contributed four times 
more to a consumer's diet in Denmark, 
Belgium and Germany than in Spain (Figure 
21). The lower content of an essential nutrient 
such as vitamin E in pork is a reflection of 
a lower level of vitamin E in the diet of the 
animals produced in Spain compared to 
those of other countries.
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Figure 13. Vitamin A content in liquid egg (µg retinol/100g egg) with control diet (average 
vitamin level in industry) and OVN diet, in hens housed in sheds with poor ventilation; 
compared with average level in eggs 
(Inst. Estudios del Huevo; Pérez-Vendrel et al., 2002)

Figure 14. Vitamin B2 content in liquid egg (µg/100g egg) with control diet (average vitamin 
level in industry) and OVN diet, in hens housed in sheds with poor ventilation; compared 
with average level in eggs 
(Inst. Estudios del Huevo; Pérez-Vendrel et al., 2002)
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Figure 15. Vitamin B12 content in liquid egg (µg/100g egg) with control diet (average 
vitamin level in industry) and OVN diet, in hens housed in sheds with poor ventilation; 
compared with average level in eggs 
(Inst. Estudios del Huevo; Pérez-Vendrel et al., 2002)

Figure 16. Pantothenic acid content in liquid egg (mg/100g egg) with control diet (average 
vitamin level in industry) and OVN diet, in hens housed in sheds with poor ventilation; 
compared with average level in eggs 
(Inst. Estudios del Huevo; Pérez-Vendrel et al., 2002)
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Figure 18. Vitamin E content in chicken breast (40 days) fed on control diet (average vitamin 
level) and OVN diet, with different density of animals (28 kg/m2 vs 37 kg/m2). 
(Pérez-Vendrel et al., 2002)

Figure 17. Biotin content in liquid egg (µg/100 g egg) with control diet (average vitamin 
level in industry) and OVN diet, in hens housed in sheds with poor ventilation; compared 
with average level in eggs
(Inst. Estudios del Huevo; Pérez-Vendrel et al., 2002)
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Figure 19. Vitamin B1 content in chicken breast (40 days) fed on control diet (average 
vitamin level) and OVN diet, with different density of animals (28 kg/m2 vs 37 kg/m2).
(Pérez-Vendrel et al., 2002)

Figure 20. B12 acid content in chicken breast (40 days) fed on control diet (average vitamin 
level) and OVN diet, with different density of animals (28 kg/m2 vs 37 kg/m2).
(Pérez-Vendrel et al., 2002)
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Figure 21. Vitamin E levels in fresh pork in Europe (Roche survey 1996)
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Optimum vitamin supplementation in an 
animal's diet, over and above the established 
minimum needs and adapted to the specific 
conditions of each species, will improve the 
state of health and well-being of the animal, 
thus optimizing its productive potential and 
promoting the production of high-quality 
food that is nutritionally balanced.

These optimum levels are based on a large 
number of studies carried out in university 
and industrial centers, on the requirements 
so far published by different associations 
and leading animal breeding companies 
and vitamin manufacturers, and on the 
wide experience of the worldwide livestock 
industry.

The concept guarantees farmers minimum 
risk of negative nutritional factors, such 
as variability in the natural content of feed 
ingredients, the existence of anti-nutritional 
factors, different levels of stress, etc. 
Although these vitamin recommendations 
for feed allow for the majority of the 
factors which influence an animal's vitamin 
needs, in extreme conditions where the 
processing of feed is very aggressive (use 
of feed expanders or extruded feed), further 
supplementation with some vitamins may 
be necessary. The negative effects on the 
stability of vitamins can be reduced by using 
more appropriate commercial vitamin forms 
where their coating and the bioavailability 
of the active substance are key elements to 
be taken into account.

OPTIMUM VITAMIN NUTRITION:  A DYNAMIC PROCESS IN CONSTANT EVOLUTION

In the following chapters some of the leading 
professors from various Spanish veterinary 
faculties review the studies carried out 
worldwide on the impact of vitamins on the 
main species of food-producing animals. 
These studies emphasize the beneficial 
effects optimum vitamin levels have on the 
animal, both on health and well-being, and 
on production parameters, and likewise 
to bring out those aspects where there is 
currently insufficient information available, 
with the intention of filling these gaps in 
future updates of this work.

Given that animal farming is a dynamic, 
constantly changing process – a change 
demanded, in the majority of cases, by 
society, for economic reasons related to 
the productivity of animals, and by farming 
systems – levels of vitamin supplementation 
need to be reassessed more frequently.

The concept of optimum vitamin nutrition 
always considers the costs of vitamin 
supplementation in an animal's diet – in 
many cases less than 1% of the cost of feed 
– against the risk of suffering losses through 
vitamin deficiencies and through working 
with yield indices below the optimum. Those 
nutritionists who follow the recommended 
guidelines based on the OVN concept are 
ensuring that vitamins are not limiting an 
animal's genetic potential.

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



38

OPTIMUM VITAMIN NUTRITION

REFERENCES

Casals R., Calsamiglia S. 2002. Uso de niveles 
óptimos de vitaminas en vacuno de carne. 
Mundo Ganadero June 2002.

Calsamiglia S., Casals R. 2002. Necesidad y 
uso de niveles óptimos de vitaminas en 
nutrición del vacuno de leche. Producci 
ón Animal June 2002.

Cepero R. 2002. Actualización de las 
necesidades vitamínicas de broilers y 
pavos. Producción Animal Sept. 2002.

Gadient, M., Schierle, J., and Hernandez, 
J.M., 2010. Stability of red carotenoids 
in stored poultry premix. XIII European 
Poultry Conference. Tours, France. August 
23-27, 2010. 

Havenstein, G.B., Ferket, P.R., and Qureshi, 
M.A. (2003). Carcass composition and 
yield of 1957 vs 2001 broilers  when fed 
representative 1957 and 2001 broiler diets. 
Poultry Sci., 82:1509-1518.

Havenstein, G.B., Ferket, P.R., Scheideler, 
S., and Larson, B.T. (1994). Carcass 
composition and yield of 1957 vs 1991 
broilers when fed “typical” 1957 and 1991 
broiler diets. Poultry Sci., 73:1785-1804.

Herendy, V., Süto, Z., and Horn, P. (2004). 
Comparison of turkey strains and feeding 
management of the 1967´s and the 
1999’s regarding growth and slaughter 
characteristics. Proc. XXII World’s Poultry 
Congress, Istanbul 2004, CD-rom.

Hernandez J.M. 2002. Importancia de una 

óptima nutrición vitamínica. Nuestra 
Cabaña June 2002.

Korver, D., and Saunders-Blades, J., 2006. 
HyD and poultry: Bones and beyond. 
DSM Presymposium Seminar at the 
WPSA XII European Poultry Conference. 
Verona, Italy. September 10-14, 2006. 

López-Bote C. et al., 2002. Óptima nutrición 
vitamínica en ganado porcino. Anaporc 
June 2002.

López J.A., Muñoz A. 2002. Resultados 
prácticos de mejoras productivas en 
dietas de cerdos con una óptima nutrición 
vitamínica. Anaporc Oct. 2002. 

Monográfico Óptima Nutrición Vitamínica 
en ganado porcino. Jornadas Técnicas 
SEPOR Sept. 2002.

Pérez-Vendrell A.M. et al., 2002. Effect of 
optimum vitamin levels in broiler diets on 
performance and meat quality parameters. 
European Conference Poultry Nutrition 
Sept. 2002.

Soto-Salanova, M.F., Hamelin, C, Brière, 
S; Lévêque, G; Hernandez, J.M. 2011. 
Effect of 25-hydroxy-cholecalciferol 
and canthaxanthin (MaxiChick™) 
supplementation on turkey breeder 
performance and on the quality of the 
day-old-poult . 2011 International Poultry 
Scientific Forum 24-25 January 2011 
Atlanta GA, USA

Anon. 2001. Special Vitamins. World Poultry 
Nov. 2001.

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



39For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



40 For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



41

OPTIMUM VITAMIN NUTRITION
IN POULTRY BREEDERS

A. C. Barroeta2, G. Gonzalez2, 
J. Sanz1 and R. Cepero Briz1 
1Dept. of Animal Production and Food Science
Faculty of Veterinary Science. University of Zaragoza, Spain
2 Animal Nutrition and Welfare Service
Department of Animal and Food Science
Universitat Autònoma de Barcelona. 08193 Bellaterra, Spain
ana.barroeta@uab.es

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



42

OPTIMUM VITAMIN NUTRITION

INTRODUCTION

The process of reproduction in birds is a 
crucial stage with great repercussions for 
productivity, food quality and economic 
performance of poultry companies. The 
animals selected for breeding purposes 
require specialized attention, precise 
management practices, a good state of 
health and a diet of high nutritional quality 
which should be strictly controlled. An 
adequate and continuous supply of nutrients 
is necessary for good breeding performance. 
In particular vitamins are essential nutrients 
for the development of the reproductive 
organs, the maintenance of their functional 
capacity and the development of zygotes 
and embryos. More detailed information on 
the importance of vitamins in the feeding 
of breeder birds is available in the reviews 
by Whitehead (1988), Larbier and Leclerq 
(1994), Klasing (1998), Mc Dowell (2000 and 
2004), Kidd (2003), Surai (2003), Leeson and 
Summers (2008) Calini and Sirri (2006).

An appropriate and specific vitamin supply 
in each of an animal’s physiological phases 
has positive consequences which go beyond 
the initial objective of preventing deficiency 
symptoms. Under practical conditions, an 
optimum supply of vitamins in addition to 
the minimum requirements is recommended 
to obtain advantages at different levels. 
Optimum vitamin supplementation allows 
better nutritient utilization, a higher growth 
rate accompanied by an appropriate 
physical condition as well as a good state 
of health including an effective immune 
response. Furthermore, in the specific case 
of breeders, it also has a positive effect on 
the development and functionality of the 
reproductive system as well as on the quality 
and viability of the embryo, with an influence 
on the weight, vitality, nutritional reserves, 
immunological status and subsequent 
development of the chicken. To achieve 
this, it needs to be ensured that the animal 
receives the quantity of essential vitamins 
that allows it to achieve its genetic and 
productive potential. In general, and as has 
already been shown for other species and 
production phases, the appropriate ingestion 
and availability of vitamins on the part of the 
animal may be compromized for numerous 
reasons such as variability in raw materials, 

bioavailability, the presence of antagonists, 
interactions between nutrients, and the 
processing and storage of feed. Furthermore, 
in the specific case of birds selected for 
breeding, the following situations must be 
taken into account.

Only a few studies have been carried out 
on poultry breeder strains to evaluate the 
nutritional and still less on the vitamin 
requirements of these birds. Thus the majority 
of official tables are based on estimates or 
extrapolations from other types of birds and 
on data proposed some decades ago. It is 
evident that these values are not appropriate 
for the current situation in the poultry sector 
and that those recommendations should be 
increased. As a matter of fact, the NRC in 1994 
gives vitamin requirements for light breeder 
strains producing white eggs based on 
results with hens producing white table eggs 
obtained before 1987. In the case of heavy 
breeders it only indicates the requirements 
of biotin documented in work by Whitehead 
et al. (1985). No studies are shown on meat 
breeder males and in consequence no 
minimum vitamin requirement levels were 
proposed. 

Genetic selection is continually advancing and 
breeder strains are changing continuously. 
Growth rate and reproduction indicators 
are improving progressively, which results 
in parallel increases in the nutritional and 
vitamin requirements of these animals. 

Furthermore, these greater rates of 
production and reproduction in current 
strains tend to compromize the metabolic 
capacity of the bird. In consequence we 
have more delicate animals which are 
more susceptible to suffering stress due to 
different physiological, immunological and 
environmental causes. For this reason the 
availability and activity of vitamins related to 
the metabolism and antioxidant defense is 
of great importance. The studies by Rebel et 
al. (2004) demonstrate that supplementing 
breeder feed with vitamin doses above the 
minimum requirements benefits the immune 
system of both mother and progeny.

The supply of micronutrients, and especially 
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of vitamins, is fundamental for breeder 
males. Vitamins have clear repercussions on 
the growth and size of the male reproductive 
organs and, in consequence, both on the 
quantity of semen produced and on the 
motility and viability of the spermatozoa. 
Furthermore, vitamins participate in 
metabolic aspects such as the synthesis 
and activity of hormones which have an 
influence on the reproductive system, with 
vital importance for libido and fertility.

It is known that the vitamin requirements for 
the production of hatchling eggs are higher 
than for table eggs. In other words the vitamin 
supply in rations for breeder birds, whether 
male or female, should be higher than in 
the feed for the production of non-hatchling 
eggs. Adequate vitamin intake has positive 
repercussions not only on the laying of eggs 
but also on their fertility and hatchability 
and on the subsequent embryonic and post-
hatch development of the chick (Fisher and 
Kemp, 2000). It has been indicated that the 
vitamin level supplied in the ration has an 
inverse correlation with the incidence of 
embryo mortality during the intermediary 
phase of incubation (between 7 and 14 days). 
It must be remembered that a fertile egg 
should contain all the nutrients necessary 
for the development and viability of the 
chick. During the incubation process there is 
no continuous external supply of nutrients; 
this depends solely on the composition of 
the egg produced. It is evident that the hen’s 
nutrition has very important repercussions 
on the health and development of her 
progeny, and out of the various nutrients, 
vitamins play a fundamental role. It has been 
clearly demonstrated that there is a direct 
relationship between the vitamin content 
of a produced egg and the hen’s intake of 
these essential nutrients. One especially 
important and topical issue is that through 
providing nutrients, and especially vitamins, 
to breeders, aspects related to the well-being 
of the chickens and the quality of the final 
product can be modified. More investigations 
into this possibility are needed.

Vitamins as micronutrients represent a 
minimal fraction of the ration (around 0.05%) 
and represent 2–3% of the total cost of the 
feed. However, the absence or inadequate 
intake of a single vitamin has damaging 
effects on health, growth and reproduction. 

When feed intake is reduced, vitamin 
supplementation should be adjusted with the 
aim of ensuring that the quantity of vitamins 
ingested permits the maximum potential for 
production. The specific situation of restricted 
feeding of breeder hens entails the risk of a 
marginal ingestion of vitamins which can 
be avoided by fortifying the vitamin content 
of the feed. Furthermore, stress situations 
such as higher temperatures in the summer 
months represent a challenge to the birds’ 
immunological system, which provokes a fall 
in the consumption of feed, compromizing 
the intake of vitamins.

Given all this, it would be advisable to apply a 
balanced vitamin supplementation program, 
over and above the minimum requirements, 
which would allow the best cost/benefit ratio 
to be maintained. This involves applying safety 
margins which compensate for the variation 
in feed ingredients, strains and production 
systems found in the market. In practice, 
the feed industry includes vitamin levels in 
feeds for meat chicken breeders which are 
around twice as high as for commercial egg 
laying hens. Likewise, commercial rations 
for breeders are formulated with vitamin 
levels above the minimum requirements 
set by the NRC (1994) and by applying high 
safety margins, above all, for vitamins A, E, 
D, K and niacin (Villamide and Fraga, 1999) 
(Table I).

We will now go on to describe the most 
relevant aspects of each vitamin, especially 
in relation to the breeding environment. 
We will describe the results of optimum 
supplementation, in other words between 
the minimum and maximum recommended, 
of the different vitamins in feed for breeders, 
and their repercussions on aspects of fertility, 
hatchability, quality and viability of the 
chicks, but also in aspects of the well-being 
and health of the animals. Lastly, we will 
indicate the vitamin levels used in practice 
and the recommendations made by the 
various official bodies, genetics companies 
and feed additive firms for female and male 
breeders of the heavy strains that produce 
meat chickens and for breeder turkeys.
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Maximum Minimum Mean

Vitamin A (IU) 15,000 10,000 13,500

Vitamin D (IU) 3,200 2,400 2,952

Vitamin E (IU) 67.0 7.5 30.7

Menadione (mg) 6.00 1.00 2.85

Thiamine (mg) 5.00 0.00 2.12

Riboflavin (mg) 10.0 5.00 8.83

Vit. B6 (mg) 5.00 1.00 3.82

Vit. B12 (mg) 0.03 0.01 0.02

Niacin (mg) 50.0 20.0 34.9

Pantothenic acid (mg) 18.0 8.5 14.7

Folic acid (mg) 3 0.5 1.41

Biotin (mg) 0.25 0 0.14

Choline (mg) 600 240 348

Table I. Range of vitamin supplementation in commercial feeds for meat chicken breeders 
in Spain. (adapted from Villamide and Fraga, 1999)

VITAMIN A AND CAROTENOIDS

Vitamin A includes all the non-carotenoid 
beta-ionone derivatives with biological 
activity similar to all-trans-retinol. 
Vegetables contain a variety of carotenoids 
which can be transformed into vitamin A, 
with greater or lesser efficacy, by specific 
enzymes located in the animals’ intestinal 
wall. However, less than 10% of carotenoids 
can be converted into vitamin A, and, in 
birds, only alpha- and beta-carotene and 
cryptoxanthin found in natural feed materials 
are capable of contributing to the supply of 
this vitamin (Surai et al 2001). Poultry diets 
are supplemented with synthetic retinol, 
the contribution of carotenoids from feed 
in the formation of vitamin A is minimal 
(Surai et al., 2003). In animal tissues they 
exist predominantly as retinal, retinol, 
retinaldehyde, retinoic and retinyl esters. 

Vitamin A and beta-carotene become 
dispersed in micelles from prior to 
absorption from the intestine. These 
micelles are composed of mixtures of bile 
salts, monoglycerides, and long chain fatty 
acids, together with vitamins D, E and K, all 
of which influence the transfer of vitamin 
A and beta-carotene to the intestinal cell. 
Here most of the beta-carotene is converted 
to vitamin A, which in turn, is converted to 
various esters depending to a great extent 

upon the type of fatty acid being absorbed 
with the vitamin A. In plasma, vitamin 
A can be transported both as the free 
alcohol as well as in the esterified form. 
The esters are transported to the liver with 
the portomicrons which are derived from 
absorbed lipids. Throughout the blood, 
these molecules arrive at the liver and can 
be effective by different pathways. (Leeson 
and Summers, 2001). 

Vitamin A has a fundamental importance in 
several metabolic processes (Figure 1). If 
vitamin A binds to proteins in the cytosol, 
forms the visual pigment rhodopsin that 
is important for sight, especially in poultry 
adapting to low intensity light in intensive 
production. In the nucleus, vitamin A binds 
to completely different retinoic acid binding 
proteins. This new complex binds specific 
regions of chromatin and causes changes in 
the rate of transcription of specific genes. 
Vitamin A has important effects on bone 
growth and thus the development of young 
animals, the quantity and quality of semen 
produced, the growth and differentiation 
of epithelial tissues of the reproductive 
system, and the embryo, among others. 
In this respect it has been observed that 
vitamin A has a morphogenetic activity, 
with responsibility for the differentiation of 
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cells during the embryonic development of 
the chicken (Klasing, 1998, McDowell 2004). 
Finally, vitamin A contributes to maintain 
lysozyme stability inside the cells.

Among the first symptoms of vitamin 
A deficiency to appear is the decrease 
of sexual activity in males and failure 
of spermatogenesis, accompanied by a 
reduction in fertility and in the number of 
hatched eggs. Breeder cocks need to receive 
sufficient vitamins for high sexual activity 
during the breeding period, as they usually 
copulate 20 to 30 times a day, which makes 
a high rate of sperm synthesis necessary. 
Supplies of vitamin A above requirements 
permit an adequate rate of growth in breeder 
males, with an optimum development of the 
organs and systems involved in reproduction 
(Damjanov et al., 1980).
 
Hepatic reserves of vitamin A are usually 
enough to maintain the production of 
several eggs with adequate concentrations 
of this vitamin. In this case the dietary supply 
is important during the pre-laying phase to 
achieve a good reserve level in the hen to 

carry it through the subsequent breeding 
phase (Surai et al., 1998b). During laying, it 
is recommended to supply doses of vitamin 
A above the minimum requirements, not 
only to avert deficiency symptoms, but also 
with a view to preventing problems due to 
reduced absorption or insufficient reserves, 
and to ensure an adequate content in the 
fertile egg. Retinol is the initial form of 
vitamin A transferred to the egg, as it is 
the form of vitamin A which unites with 
the binding protein of retinol. Vitamin A is 
mainly in the aqueous part of the yolk and is 
gradually transferred to the embryo during 
incubation (Vieira et al., 1995). (Figure 1)

It has been observed that when breeders 
consume marginal quantities of vitamin 
A, their progeny have lower reserves of 
the vitamin and disorders are manifested 
after hatching (Hill et al., 1961). The 
study conducted by Surai et al. (1998b) 
demonstrated a direct relationship between 
the quantity of vitamin A in the ration of 
the breeders and that deposited in the egg, 
and in the liver both of the hen and her 
embryos. Adequate vitamin A content in 

Figure 1. Main sources and types of the precursors of vitamin A. Schematic illustration of 
the absorption and the purpose of the metabolites and main functions developed.
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the hatching egg results in better growth 
rate, greater capacity for immune response 
and prevents pigmentation problems in 
the chicken. During its development, the 
embryo uses a relatively small and constant 
quantity of vitamin A; the rest will remain 
accessible to nourish the chick in the days 
after hatching. The work by Squires and 
Naber (1993a) demonstrates that after 25–27 
weeks of administering feed with different 
doses of vitamin A, the eggs of the breeders 
supplemented with 16,000 IU/kg contained 
10 times more vitamin A (24 IU vitamin A 
per gram of yolk) than the fertile eggs of the 
hens without additional vitamin A. Similarly, 
more eggs were laid and hatched.

It has also been demonstrated that supplying 
vitamin A has an influence on the immune 
response of chicks and consequently on their 
susceptibility to disease (Haq et al., 1996). 
Vitamin A is also involved in the antioxidant 
defense of the developing embryo (Gaal et 
al., 1995). In addition, carotenoids are known 
to form precursors of vitamin A by cleavage 
and reduction of beta-carotene, which also 
has an important antioxidant role (Rocha et 
al., 2010). The presence of other antioxidants 
and the negative interaction with vitamin E 
demonstrated by Surai et al., 1998 should 
be taken into account in this respect.
 
One IU of vitamin A activity is equivalent to 
the activity of 0.3 µg of retinol or 0.6 µ g of  
β-carotene, that is to say 1 mg of β-carotene 
is equivalent to 1,667 IU of vitamin A. The 
minimum requirements recommended 
by the NRC (1994) are 3,000 IU/kg and are 
based on studies from 1961 and 1965 on 
hens producing white table eggs. An excess 
can provoke pigmentation problems and 
deficiencies in other fat-soluble vitamins. 
For this reason and because of its capacity 
for storage, the maximum tolerance level 
is set at 40,000 IU/kg (National Research 
Council, 1987). 

The majority of recommendations published 
by recognized bodies, based on the scientific 
results of recent years, indicate inclusion 
quantities between 8,000 and 12,000 IU/kg 
of vitamin A for breeder feeds (Tables II and 
III). 

Carotenoids are bioactive molecules present 
in the bird diets. There exist over 600 forms 

that differ in the molecular structure and 
biological function (Goodwin, 1984). In 
birds, carotenoids function as pigments 
in feathers and skin, as antioxidants, as 
precursors of vitamin A, and they play 
various roles in the endocrine and immune 
systems (Surai, 2003; Bortolotti et al., 2003).  
The most important carotenoid is β-carotene 
which is transformed into vitamin A in the 
animal body but which has no pigmenting 
activity. Pigmenting carotenoids are mainly 
molecules that have no vitamin A activity at 
all; they are transferred unchanged to the 
yolk or to the skin (Braeunlich et al., 1974). 
The color of the avian products is a valuable 
aspect for the consumer. In poultry, a single 
yolk may contain about 40-45 % of the total 
carotenoids found in the liver (Surai and 
Speake, 2000; Surai et al., 1999b), which is 
the main site of carotenoid accumulation 
(Surai et al., 2001), and consequently more 
than 50 % of total carotenoid reserves in the 
body are in the ovary (Surai unpublished 
data; see Nys, 2000). It is well documented 
that supplementation of the diet of chickens 
increases yolk carotenoids (Figure 2).

Moreover, the deposition level of carotenoids 
in tissues (plasma and yolk) is indicative 
of variation in availability (i.e. diet) and 
physiological demands (i.e. reproduction) 
and can be used as indicators of the 
animal's health status. Bortolotti et al. (2003) 
demonstrated that plasma carotenoids at 
the end of the laying period were strongly 
correlated with number of eggs laid. Souza 
et al. (2008) added 6 mg of canthaxanthin/
kg of feed in the broiler breeder diet and 
observed a reduction in the number of 
infertile eggs and embryonic mortality and 
an improvement in hatchability.

Some authors have concluded that 
carotenoids can modulate the antioxidant 
system of the embryo and hatched 
chick and help to maintain its efficiency. 
Embryonic tissues are characterised by 
high concentrations of polyunsaturated 
fatty acids; thus, it is necessary to add 
vitamins and minerals with antioxidant 
activity to broiler breeder diets to improve 
the oxidative protection of the newly 
hatched chick (Rocha et al., 2010).  The high 
concentration of polyunsaturated fatty 
acids in embryonic tissues (Surai et al., 
1997a) is associated with increased oxygen 
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consumption and respiration towards the 
end of the incubation period (Wilson et al., 
1992), which are accompanied by changes 
in the concentration of antioxidant enzymes 
in the embryonic tissues (Surai, 1999). The 
antioxidant enzymes SOD, GSH-Px and 
catalase protect embryonic tissues against 
lipid peroxidation during incubation and 
act as the principal antioxidant defense 
system at hatch (Surai et al., 1999b). Surai 
and Sparks (2001) confirmed that maternal 
diet has an important role in the formation 
of antioxidant systems during embryonic 
development and confirmed that the 
antioxidant potential of the egg yolk and 
embryonic tissues were increased with a 
diet based on corn (11.8 mg carotenoids/
kg diet) compared to a diet based on 
wheat (5.6 mg carotenoids/kg diet). It has 
been demonstrated that the enrichment of 
broiler breeder diets with carotenoids is 
the main factor influencing the carotenoid 
concentration in chicken tissues during the 
first weeks of life (Koutsos et al., 2003 and 
Karadas et al., 2005). 

Canthaxanthin supplementation has shown 
a positive effect on vitamin E concentration 
in three ways (Surai,et al., 2003):

1) Increased assimilation of gamma-
tocopherol in the diet and its transfer to 
the egg yolk, increasing concentrations of 
this substance in the liver of the embryo 
and hatching chick.

2) Increased alpha-tocopherol concentrations 
in tissues and plasma of hatched 
chicks, because canthaxanthin acts as 
an antioxidant during the embryonic 
development leaving less free radicals 
available to react with vitamin E. Thus, 
vitamin E is conserved and its concentration 
is increased.

3) Possibly contributed to the regeneration of 
vitamin E through electron transfer from 
the carotenoids to the alpha-tocopheroxyl 
radical.

Based on the important role of carotenoids 
as antioxidants and immune-stimulating 
agents immediately after hatching, the 
authors concluded that the consumption of 
carotenoids by broiler breeders, in addition 
to influencing the incorporation of these 
substances by progeny tissues, may increase 
chicken viability.

Figure 2. Scatterplot of toal cartonoid concentration (µg/g) in diet versus in egg yolks in 
poultry and red-legged partridges in this study on diets containing relatively high (H) and 
low (L) concentrations of carotenoids (adapted from Bortolotti et al., 2003).
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VITAMIN D

Sterols with vitamin D activity have a 
common steroid nucleus and differ in 
the nature of the lateral chain attached to 
carbon 17. Of these, the principal natural 
provitamins are ergocalciferol (vitamin 
D2, found predominantly in plants) and 
cholecalciferol (vitamin D3, found mainly 
in animals). It is assumed that birds utilize 
vitamin D2 with a relative efficiency to 
vitamin D3 of less than 10%.

Vitamin D requirements can be covered 
in two ways: by ingestion and/or via the 
endogenous synthesis of vitamin D3 from 
cholesterol, a process which requires the 
animals to be exposed to sunlight. In the 
case of breeders of heavy strains, which 
for both rearing and breeding purposes are 
generally kept indoors without exposure to 
sunlight, vitamin D3 synthesis is insufficient 
to cover requirements and they should 
receive an external supply in their feed.

Vitamin D is an essential component in the 
bird's endocrine system, participating in 
the regulation of calcium and phosphorus 
homeostasis with an involvement in bone 
mineralization and eggshell formation. 
There is also evidence in different species 
that vitamin D plays a regulatory role in the 
immune system. The active form of vitamin 
D, 1,25-(OH)2-D3, acts as a steroid hormone. 
In Figure 3 the main functions of calcitriol in 
poultry are highlighted

Cholecalciferol must be activated through 
hydroxymethylation. More than 30 
metabolites of vitamin D can be formed, 
among which 1,25-(OH)2-D3 is the principal 
active form. The formation of this metabolite 
requires two hydroxylations, the first of 

Figure 3. Main functions of calcitriol (1α,25–(OH)2–D3) in poultry

which is catalyzed by hepatic enzymes and is 
based on the transformation to 25-(OH)-D3, 
which is the circulating and storage form of 
vitamin D. The second hydroxylation takes 
place in the kidney and is regulated by 
the parathyroid hormone according to the 
concentrations of calcium and phosphorus 
present. Subsequently the 1,25-(OH)2-D3 is 
transported to the intestine, to the bones 
or to another part of the kidney where it 
participates in the metabolism of calcium 
and phosphorus (Figure 4). The level of 
1,25-(OH)2-D3 in the plasma of a hen in the 
egg production phase is double that before 
the start of laying. 

It should be remembered that the formation 
of an egg entails the deposition of some 
2 g of calcium. The calcium deposited in 
the shell of the egg can be of two origins: 
from the ration or from the mobilization 
of the calcium reserves stored in the 
medullary bone, which is clearly affected 
by the union of the parathyroid hormone 
and the 1,25-(OH)2-D3 to the bone cells. 
Vitamin D and its metabolites circulate 
through the organism bound to a vitamin 
D-binding protein. This protein is an 
essential component in the maintenance 
of an adequate level of vitamin D in the 
organism. Vitamin D binding protein has a 
greater affinity for 25-(OH)-D3, the principal 
circulating form, then cholecalciferol and 
1,25-(OH)2-D3. (Figure 4)

However, laying hens, have a unique 
vitamin D3 binding protein which has an 
affinity mainly for cholecalciferol, this 
binds phosvitin and liberates vitamin D3 to 
the ovarian follicles which will constitute 
the future egg yolk (Fraser and Emtage, 

•	 Calcium	absorption	from	the	intestines	and	kidneys
•	 Phosphorus	absorption	from	the	intestines
•	 Mobilization	of	calcium	from	the	bones	in	times	of	higher	demand
•	 Regulation	of	synthesis	of	calcium	absorption	from	the	intestines	

and calcium transport via blood circulation
•	 Regulate	calcification	processes	such	as	egg	shell	formation	and	

skeletal development
•	 Regulation	of	immune	cells

1α,25-(OH)2-D3

Calcitriol
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Figure 4. Metabolic transformation of vitamin D2 and vitamin D3
(adapted from Leeson and Summers, 2001)

1976, Norman and Hurwitz, 1993). There is 
a positive correlation between the vitamin 
D3 content in hen feed and the content of 
vitamin D3 and 25-(OH)-D3 in the egg (Mattila 
et al., 1999). The vitamin D3 within the 
egg yolk is used by the embryo during its 
development. The embryo’s enzymes start 
to be competent from one to two weeks of 
incubation, when they become capable of 
converting cholecalciferol to 25-(OH)-D3 in 
the liver and 25-(OH)-D3 to 1,25-(OH)2-D3 in the 
kidney (Moriuchi and Deluca, 1974; Kubota 
et al., 1981). Having reached this stage the 
1,25-(OH)2-D3 regulates the homeostasis of 
calcium, activating the absorption of calcium 
from the yolk membrane, where vitamin 
D-dependent calcium binding protein, 
calbindin, is present (Tuan and Suyama, 
1996). As the embryo’s calcium requirements 
increase, the 1,25-(OH)2-D3 also facilitates 
the absorption of calcium from the shell 
via the chorioallantoic membrane (Hart and 
Deluca, 1985, Narbaitz, 1987, Clark et al., 
1990, Elaroussi et al., 1994). 

In some species of birds when the yolk 
has low vitamin D content, the incubation 
process is disrupted from the 5th day (Millar 
et al., 1977, Scott et al., 1982). In this case, 
there is disruption to the transport of calcium 
from the eggshell via the chorioallantoic 
membrane and consequently the embryo's 
bones are poorly calcified. When the lack of 
vitamin D is widespread, a large proportion 
of the chicks die at the end of incubation 
as they are incapable of completing the 
hatching process. The chicks that are hatched 
tend to be weak and present ossification 
problems (Shen et al., 1981, Narbaitz, 1987). 
The greater the reserve of vitamin D in the 
yolk sac, the better prepared the future chick 
will be for development of the bone tissue, 
a process that requires high mobilization of 
calcium. 

The work of Edwards (1995) and Driver et al. 
(2004 and 2006) demonstrated that chickens 
from breeders more than 50 weeks old fed 
diets containing 2,000 IU/kg of vitamin 
D3, had higher growth rates and better 
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bone formation than those from breeders 
fed diets with marginal supplies of this 
vitamin (250–500 IU/kg). Other authors have 
indicated increases in the production and 
hatchability of eggs as well as a reduction 
in embryo mortality by increasing vitamin 
D levels in the feed of breeders (Bethke et 
al., 1936, Sunde et al., 1978, Abdulrahim 
et al., 1979). Better bone development 
and density have been observed in the 
progeny and a lower incidence of tibial 
dyschondroplasia by Grimminger, 1966, 
and Ameenuddin et al., 1986. These effects 
also have been described in turkeys (Bethke 
et al., 1936, Murphy et al.,1936). Atencio 
et al. (2005a, 2005b, 2005c and 2006) 
carried out several experiments aimed at 
elucidating the requirements of breeders 
of heavy strains and they determined that 
the requirements increase with age and 
depend on the parameter used. Between 
27 and 36 weeks of age maximum egg 
production and maximum hatchability were 
obtained with levels of vitamin D3 between 
1,390 and 1,424 IU/kg. Between weeks 37 
and 66, the vitamin D3 requirements rose to 
approximately 2,800 IU/kg. These authors 
also demonstrated that chicks from breeders 
that consumed high levels of vitamin D3 
(2,000–4,000 IU/kg) and fed with different 
levels of calcium presented the highest live 
weights, a higher level of ash in the tibia and 
fewer leg problems. Similar results have 
been described in female breeder turkeys 
which on consuming rations with 2,700 IU/
kg of vitamin D3 produced heavier poults 
with a higher tibia ash content (Stevens et 
al., 1984). Inoculation of 25-(OH)-D3 in ovo 
entailed an increase in the weight gain of 
progeny at 10 days of age (Gonzales et al., 
2003).

Vitamin D supplementation is especially 
important in the final phases of the 
laying period, when there is a decrease 
in hatchability associated with the lower 
quality of the shell deposited on the egg. 
Dietary supplementation of 25-(OH)-D3 

resulted in better quality egg shells and 
lower embryo mortality at the second 
week of development from hens more than 
60 weeks of age (Torres et al., 2009). The 
absorption and metabolism of calcium are 
regulated by calcitriol, the biosynthesis of 
which requires vitamin D3 and vitamin C. 

In the majority of tables of nutritional value 
of feedstuffs, vitamin D levels are calculated 
based on the equivalent bioactivity of 
vitamin D2 plus D3. However, vitamin D2 is a 
poor source of vitamin D for birds due to its 
low bioavailability. Supplementation with 
adequate levels of vitamin D3 or of metabolites 
with a greater vitamin activity such as 
25-(OH)-D3 (Saunders-Blades and Korver, 
2006) are necessary to prevent problems in 
the development and maintenance of bone 
structure. In bird diets, it is not common 
to supplement with 1,25-(OH)2-D3, as this 
metabolite is neither transferred to the yolk 
nor participates in embryo development, 
and it also has possible toxicity problems. 
Vitamin D requirements are raised when 
the calcium supply is low and when the 
calcium-phosphorus ratio is unbalanced. 

Authors are unanimous in recommending 
doses between 2,500 and 3,000 IU/kg of 
vitamin D in the feed of heavy breeders 
(Tables II and III). These levels are 10 times 
higher than those indicated by the NRC 
(1994) which refer to breeders of light 
strains.
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The term vitamin E includes all tocol 
and tocotrienol derivatives that have 
α-tocopherol activity. The requirements of 
an animal and the level in the ration can be 
found expressed in IU of vitamin E (1 IU is 
equivalent to 1 mg DL-α-tocopherol acetate) 
or are expressed in mg of α-tocopherol 
equivalents (α-TE) which corresponds to the 
activity of D-α-tocopherol, the most active 
form (1 mg α-TE = 1 mg D-α-tocopherol = 
1.49 mg DL-α-tocopherol acetate). Vitamin 
E is synthesized in the plant kingdom and 
tends to be found in free form in nature. 
Vitamin E in food of animal origin is found 
principally in the form of α-tocopherol 
and the quantity depends on the species 
and the quantity consumed by the animal. 
Vitamin E is usually incorporated into feeds 
as DL-α-tocopherol acetate. The ester bond, 
which increases stability, is hydrolyzed 
in the small intestine during the digestive 
process, liberating the active forms which 
are then absorbed by the enterocytes 
and transported by the portomicrons and 
lipoproteins in the plasma to the different 
tissues.

Vitamin E is essential for the integrity and 
functioning of the reproductive, circulatory, 
nervous, immune and muscular systems 
(Figure 5). In fact it is one of the vitamins to 
which the greatest investigative efforts have 
been dedicated with a view to finding out its 
mechanism of action and its requirements 
(Surai, 2003; Sirri and Barroeta, 2007, among 
others). 

Vitamin E has a crucial role within the cellular 
defense system in the face of oxidation 
at both intracellular and extracellular 
level. α-tocopherol is integrated within 
the cellular membrane and protects 
lipids from oxidation, preventing them 
from being attacked by free radicals. 
Tocopherols remove the peroxyl radical, 
donating a hydrogen atom and converting 
it to peroxide. The majority of symptoms of 
vitamin E deficiency are related to disorders 
of the cellular membrane as a result of the 
oxidative degradation of polyunsaturated 
fatty acids. This relationship with essential 
fatty acids and their derivatives with very 
long chains, precursors of prostaglandins 
and thromboxanes among others, 

VITAMIN E

means that vitamin E is also involved 
in the prevention of cardiovascular and 
carcinogenic diseases. Furthermore, 
it has been observed that vitamin E 
promotes the activity of immune system 
cells (Kolb and Grün, 1995). Vitamin E can 
alleviate the effects of stress and increase 
immunocompetence in birds (Cherian and 
Sim, 1997; Siegel et al., 2001; Yang et al., 
2000). It is important to emphasize the need 
to maintain a balance with other nutrients 
which exert a complementary action in 
protecting against free radicals, such as 
vitamin C, β-carotene and selenium.

Numerous studies have been aimed at 
establishing the relationship between 
vitamin E consumed and the prevention of 
oxidation. Thus it has been demonstrated 
how the deposition of α-tocopherol in the 
animal, as well as in the egg increases in 
direct proportion to its supply in the diet 
and is accompanied by a greater oxidative 
stability (Cortinas et al., 2006, Villaverde 
et al., 2008, Galobart et al., 2001a). On the 
other hand, it is known that susceptibility to 
oxidation increases as the number of double 
bonds of fatty acids increases. As the profile 
of fatty acids in the ration is reflected in the 
fatty acid composition of the different tissues 
of the animal and of the eggs, increasing the 
degree of unsaturation in the feed increases 
susceptibility to oxidation and reduces the 
quantity of α-tocopherol deposited in the 
tissues (Galobart et al., 2001b; Cortinas et 
al., 2003; Villaverde et al., 2004).

The minimum requirements of vitamin 
E are difficult to establish since different 
situations can modify the quantity required 
by the bird. Supplementation of vitamin E 
should increase in parallel to the quantity 
of unsaturated fatty acids and the degree 
of oxidation of the fat added to the feed. 
Requirements also depend on the presence 
or absence of other compounds which 
intervene in the tissue oxidation defense 
system such as selenium. It should be 
borne in mind that depending on the 
feed ingredients and hence the content 
of tocopherols, carotenoids and other 
antioxidants, there will be a variation in the 
oxidative state of the animal and therefore 
the requirements of antioxidants and 
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Figure 5. Relationship among the different functions of vitamin E in poultry metabolism

specifically of vitamin E (Surai and Sparks, 
2001). It has also been established that there 
is a negative interaction between vitamin 
E and vitamin A or β-carotene, as they 
interfere with each other in their absorption 
and deposition processes (Haq et al., 1996). 
This was reported previously by Combs 
(1976). This author noted that hens fed high 
vitamin A levels had low plasma levels of 
vitamin E and therefore low concentrations 
of the latter in egg yolk. Moreover, Surai 
et al. (1998b) concluded that excessive 
supplementation with vitamin A in laying 
hen diets results in an adverse effect on 
vitamin E in the embryonic/neonatal liver 
that can compromize the antioxidant status 
of the progeny. 

Vitamin E is also necessary for the normal 
functioning of the reproductive system. 
There is evidence that the hormone 
regulation involved in the reproductive 
cycle of the birds is also involved in the 
metabolism of vitamin E (Feingold and 
Colby, 1992). As it has been mentioned in 
the section on optimum vitamin nutrition in 

laying hens, supplementation of vitamin E 
above the minimum requirement improves 
ovulation during the last phase of the laying 
period, improving the bird’s defense system 
and averting negative consequences on egg 
production in situations of environmental 
stress (Siegel et al., 2001). Likewise,  it 
has been observed that an inadequate 
level of vitamin E in the diets of breeders 
is detrimental for fertility and hatchability. 
Vitamin E protects against oxidation in 
sperm, egg yolk and embryonic tract. 
(Figure 5)

In breeders, the vitamin E supplied in the 
ration, once absorbed, is transported to 
the liver, and from there, to the developing 
oocyte by very low density lipoproteins 
(VLDL). It has been demonstrated that 
there is a high efficiency in incorporating 
α-tocopherol from the maternal feed into 
the yolk of the chicken egg (Surai, 2003). The 
quantity of vitamin E in the egg increases 
linearly with the consumption of vitamin E 
by the hen. It has been confirmed that the 
degree of transfer from the feed to the egg 
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and from the egg to the embryo is different 
for each stereoisomer of vitamin E. Among 
the different isomers of vitamin E deposited, 
both in the egg yolk and in the embryonic 
tissues, α-tocopherol is the most abundant 
form. However, although α-tocotrienol 
is in lower concentration, it also has an 
important role in the antioxidant defense 
of the developing embryo and a synergistic 
antioxidant action with α-tocopherol has 
been described. However, there are still 
many gaps in the knowledge of the transfer 
and metabolic action of the different 
stereoisomers of vitamin E (Cortinas et al., 
2004). 

The supply of vitamin E in the ration should 
be continuous, as the hepatic reserve is 
insufficient to maintain an adequate vitamin 
concentration in the egg. The quantity of 
vitamin E deposited in the egg is double that 
deposited in the liver of the hen and these 
hepatic reserves diminish rapidly if there 
is no external supply (Surai et al., 1998a, 
b and 1999a, b). The vitamin E in the egg 
yolk is absorbed through the membrane of 
the yolk sac and subsequently, during the 
last week of incubation, transferred to the 
liver, the embryo’s principal reserve organ 
(Surai et al., 1996). Increasing the quantity 
of vitamin E consumed by the breeder has 
been shown to increase α-tocopherol, as 
does the oxidative stability of the hatching 
egg and the developing embryo (Meydani 
et al., 1988, Surai et al., 1999b). High 
levels of oxidation in the membrane of 
the yolk sac of fertile eggs stored for two 
weeks correlate with a decrease in their 
hatchability (Donaldson et al., 1996). It is 
obvious that a good antioxidant defense 
system in the fertile egg is important in 
counteracting situations of stress during 
embryo development. Vitamin E plays an 
essential role in this process. Inadequate 
vitamin E in the diet of breeders gives 
rise to the production of eggs with low 
hatchability and high mortality in the last 
phase of incubation due to failures related 
to the circulatory system. The existence of 
a positive correlation between vitamin E 
in breeder feed and the hatchability and 
viability of the chicks produced has been 
demonstrated by Stoianov and Zhekov, 
1982 and An et al., 2010. Similar results have 
been observed by other authors in breeders 
of laying strains (Leeson et al., 1979a, b), 

breeders of heavy strains (Tengerdy and 
Nockels, 1973; Kristiansen, 1973; Siegel et 
al., 2001) and in turkey breeders (Atkinson 
et al., 1955; Jensen and McGinnis, 1957; 
Jensen, 1968). Hossain et al. (1998), in their 
research with different levels of vitamin E 
in breeder feed, observed improvements in 
the immune development of the chicks with 
doses of 100 ppm of vitamin E. 

Vitamin E supplementation has also been 
effective in counteracting the negative 
effects on hatchability provoked by 
situations of stress such as the presence of 
toxins (Tobias et al., 1992), of antinutritional 
factors such as vicine (Muduuli et al., 1982) 
or by aging (Siegel et al., 2001; Amiri et al., 
2006).

Thus an adequate supply of vitamin E in the 
diets of breeders has a clear effect on their 
progeny. The physical reserves of newly 
hatched chicks are very important as their 
immune, digestive and endocrine systems, 
among others, are not completely developed 
until they are 7–10 days old. In particular, 
vitamin E is important for preventing lipid 
oxidation and stimulating immune defenses 
during and after hatching. Hatching and the 
neonatal period are critical times during 
which pulmonary respiration starts and 
changes occur in the metabolism, triggering 
a rapid tissue growth rate which involves the 
chick being highly susceptible to oxidation. 
The presence of antioxidants, in particular 
α-tocopherol, in the yolk and integrated 
in the different embryonic tissues has the 
benefit of protecting against oxidative 
destruction (Gaal et al., 1995; Speake et 
al., 1996; Cherian et al., 1996b; Surai et 
al., 1999b and Surai and Sparks, 2000). A 
direct relationship has been demonstrated 
between the level of vitamin E in the liver of 
a day-old chick and its viability (Yaroshenko 
et al., 1995, Surai, 2000). In the initial phases 
of a chicken’s life the digestion of lipids, 
including fat-soluble vitamins, is limited, 
so the chick's vitamin E reserves depend 
on their concentration in the egg and on 
the mother’s consumption. Hassan et al. 
(1990) observed that when the hen’s diet 
contained sufficient vitamin E, the chick’s 
embryonic development was adequate 
and its reserves were maintained up to two 
weeks of age. However, chicks coming from 
breeders which consumed rations deficient 
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in vitamin E presented exudative diathesis 
at hatching, in other words the deficiency 
had arisen during incubation. 

Supplying vitamin E in the breeders diet is 
especially critical in turkeys (Surai, 2000) 
since vitamin E absorption is low, so that 
not only the level in the egg but also the 
transfer to the embryo and the reserve in 
newly hatched turkeys is lower than those 
described in chickens (Sell et al., 1991; Soto-
Salanova et al., 1993; Soto-Salanova and 
Sell, 1995 and 1996; Surai et al., 1998b). For 
these reasons, vitamin E supplementation 
in the rations of female breeder turkeys 
has important positive repercussions and is 
able to increase the vitamin E reserve in the 
progeny during the first 10 days of life. 

In recent years research has been carried 
out on the effect of incorporating different 
nutrients in the fertile egg during its 
incubation through the technique of in ovo 
inoculation. The inclusion of vitamin E in 
the fertile egg had a positive effect on the 
physical and immune development of the 
progeny, although the effects on hatchability 
remain to be elucidated. Improvements 
have been observed in weight and feed 
conversion at 28 and 42 days in meat 
chickens hatched from eggs inoculated with 
vitamin E (Hossain et al., 1998, Bhanja et al., 
2006).

The relationship between levels of vitamin 
E and the fertilizing capacity of spermatozoa 
from breeder males is well established. 
Vitamin E exerts its antioxidant action 
on two levels: in the first place on the 
testicles, where it protects the biological 
membranes from lipid peroxidation during 
spermatogenesis. Secondly on the seminal 
plasma where vitamin E protects against the 
free radicals which attack the lipids present 
(Eid et al., 2006). Dietary manipulation 
can modify the polyunsaturated fatty acid 
composition of the sperm of broiler and 
turkey breeder males, improving fertility. The 
lipid part of the membrane of spermatozoa 
has a high proportion of polyunsaturated 
fatty acids, which gives them fluidity and 
flexibility, facilitating their mobility and the 
fertilization of the ovum. But these positive 
effects are only achieved in the presence of 
antioxidants, in the specific case of vitamin 
E at a dosage between 120 and 300 ppm 

(Surai et al., 1997b, 2000; Zanini et al., 2003; 
Cerolini et al., 2003, 2005; Biswas et al., 
2009). Thus it is important to incorporate 
antioxidants such as vitamin E to prevent 
the oxidation of the semen of breeders. 

The quantity of α-tocopherol in male sperm 
is dependent on the availability of vitamin 
E in the ration (Cerolini et al., 2003, 2005 
and 2006). The incorporation of vitamin E 
in the diet of breeders has been effective in 
averting loss of fertility (Arscott and Parker, 
1967; Yoshida and Hoshi, 1976; Friedrichsen 
et al., 1980). Thus when breeders are 
deficient in vitamin E, the males are less 
fertile due to the lower quantity and quality 
of sperm produced (Jensen, 1968; Arscott 
and Kuhns, 1969). Friedrichsen et al. (1980) 
indicate that a prolonged deficiency of 
vitamin E in the rations of breeders can 
give rise to permanent sterility. In a study 
with turkey breeders, Surai (1992) observed 
that the best quality of semen was obtained 
when the feed of males was supplemented 
with 80 IU/kg of vitamin E and the quantity 
of vitamin E in the semen was between 3.2 
and 6.9 µg/ml which compares to 1.6 µg/ml 
in unsupplemented birds (Blesbois et al., 
1993). Increasing the dose of vitamin E in the 
feed increases the quantity of α-tocopherol 
in the sperm. Some studies have included 
levels of 200–300 mg/kg of vitamin E in the 
feed, attaining levels of 174 and 188 ng of 
α-tocopherol/109 sperm cells (Surai et al., 
1997b; Zaniboni and Cerolini, 2006; Cerolini 
et al., 2006). 

The quantity of vitamin E integrated in the 
membrane of the spermatozoa may be 
related to their capacity for fertilization. 
Supplementation with vitamin E in the final 
phase of breeding improves the quality and 
quantity of the semen produced and the 
antioxidant defenses during their storage in 
vivo (Surai and Zhedek, 1985; Surai et al., 
2000; Brèque et al., 2003; Zaniboni et al., 
2006). However in young males this dose-
response relationship is not linear (Lin et 
al., 2005). It has also been demonstrated 
that vitamin E provides additional 
protection under conditions in which 
semen is manipulated in vitro including 
dilution, storage and freezing (Surai, 2003, 
Zaniboni and Cerolini, 2009). Some authors 
point out that breeders need more than 
160 IU of vitamin E in the ration to ensure 
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the maintenance of hatchability (Lin et al., 
2005). All of the above makes manifest the 
important role of vitamin E in the structure 
and functioning of spermatozoa.

The relationship between vitamin E and the 
immune system has also been an object of 
great interest. It has been pointed out that 
supplementation with vitamin E at levels 
above the minimum requirements indicated 
by the NRC (1994) either administered in 
the hen's feed or by means of injection in 
ovo increases the immune response of the 
progeny (Jackson et al., 1978; Haq et al., 
1996; Hossain et al., 1998; Erf et al., 1998; 
Boa-Amponsem et al., 2001; Amiri et al., 
2006). Jackson et al. (1978) demonstrated 
that the production of antibodies was 
greater in chicks produced by breeders fed 
150 mg of vitamin E /kg feed.

As knowledge of the metabolic actions 
of vitamin E continues to advance, 
recommendations for incorporating it in 
feed continue to increase. Different official 
bodies have increased the recommendations 
of vitamin E for the breeding stages, above 
all with a view to combating the free radicals 
which form as a consequence of situations 
of physiological and environmental stress, 
and which make it possible to obtain good 
reproductive and productive performance 
in the progeny. The tables published since 
the year 2000 recommend levels of vitamin 
E in breeder feed which vary between 30 
and 75 mg/kg, and reach 100 mg/kg in the 
case of turkey breeders. Doses between 100 
and 200 mg/kg are necessary to achieve a 
good immune response. 

The term vitamin K is used to refer to 
different compounds of the quinone group 
with antihemorragic effects. Vitamin K 
derived from plants is predominantly 
phylloquinone or vitamin K1. Vitamin K 
obtained from bacterial fermentation is 
mainly menaquinone or vitamin K2, and 
vitamin K3 or menadione is produced by 
means of chemical synthesis and is the form 
normally used for feeding animals. The last 
one is characterized by its water solubility 
and high stability, being preferentially used 
in compounds feeds.

The principal function of vitamin K is the 
control of the blood coagulation period, since 
it participates in the activation of plasmatic 
prothrombin. It has also been observed that 
a large number of proteins with different 
metabolic functions require vitamin K for their 
biosynthesis (Figure 6). Thus the majority 
of tissues have relationships depending on 
vitamin K. Especially noteworthy in the case 
of breeders is the dependence on vitamin 
K of osteocalcin, a mineral-binding protein 
present in the bones of chicken embryos and 
in the bone matrix. Osteocalcin is essential 
for the bone mineralization process. 
However, in the study by Lavelle et al. (1994), 
no functional deficiencies were observed 
in the bone metabolism of breeders or of 
their progeny with vitamin K levels below 

VITAMIN K

the minimum requirements. The quantity of 
vitamin K transferred to the egg is a function 
of the quantity of vitamin K ingested by 
the breeder (Almquist, 1971). When the 
supplementation levels in the breeder 
rations are inadequate, eggs are produced 
with low vitamin K content, accompanied 
by high levels of embryonic mortality due 
to hemorrhagic processes during the final 
period of incubation (Nelson and Norris, 
1960; Grimminger and Brubacher, 1966). 
Hatched chicks show a longer coagulation 
period than normal and any trauma can 
provoke fatal hemorrhages (Lavelle et al., 
1994).

In spite of the fact that menaquinones 
(vitamin K2) are produced by microbiota, 
the birds do not usually have enough 
vitamin K of microbial origin to meet their 
requirements, as there may be reduced 
microbial activity and vitamin K is mainly 
produced in posterior sections of the 
digestive tract. The feces of the birds contain 
relatively high levels of vitamin K, and can 
be an important source if coprophagy occurs 
during the production and reproduction 
process. Vitamin K recommendations should 
be increased when diseases occur, in the 
presence of antagonists and in situations 
which alter the digestion and absorption of 
vitamin K.
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Figure 6.  The main function of vitamin K3 is to be a co-factor for the carboxylation of 
several pre-formed proteins in the liver: prothrombin and other plasma clotting factors and 
osteocalcin, to develop biological active compounds

VITAMIN B COMPLEX WATER-SOLUBLE VITAMINS

The recommendations indicated in the 
official tables range between 2 and 4 times 
the minimum requirements, at 2–4 mg/kg 

of vitamin K3 for meat bird breeder feeds 
(Tables II and III).

Among the water-soluble vitamins are the 
vitamins of the B complex plus choline and 
vitamin C. 

Most of them cannot be synthesized by the 
birds or not in sufficient quantities to cover 
their requirements in different physiological 
situations. Some can be supplied through the 
metabolism of the microbiota of the intestinal 
tract, but since absorption is limited to the 
posterior sections of the digestive tract, this 
process is not very efficient and depends on 
subsequent coprophagy. In general terms 
they are not stored in significant quantities in 
the bird (except vitamin B12), which prevents 
toxicity problems but entails the need for a 

regular supplementation in the ration.

The majority of B group vitamins act as 
coenzymes on different metabolic pathways 
and their presence is fundamental for the 
normal functioning of the organism. An 
insufficient supply of B group vitamins is 
usually related to problems in the epithelium 
and immune system. Studies carried out on 
B group vitamins show that they affect the 
production of eggs and the viability of the 
chicks. Different authors have demonstrated 
that the content of the majority of water-
soluble vitamins depends on the level 
consumed by the breeder (Souci et al., 1989; 
Squires and Naber, 1993b). Some vitamins of 
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Figure 7. Percentage of fertile eggs from breeders fed with deficiencies in B group vitamins, 
individually. The arrow at 15 weeks indicates the inclusion in the diet of the vitamin being 
studied which was absent at the start of the experiment. 
(adapted from Leeson & Summers, 2005)

the B group take between 7 and 10 days to 
reach the maximum level of deposition in the 
egg. It is known that the reduced production 
of hatching eggs by breeders at the start 
and the end of laying period is related to 
the composition of the egg, and vitamin 
composition has been pointed out as a key 
factor. Nutrition is therefore important not only 
during the reproduction phase but also during 
the growth of the breeders, as is covering 
vitamin requirements with safety margins 
especially in the pre-laying phase and at the 
end of laying (Leeson and Summers, 2005). 
Including levels of biotin, vitamin B6 and folic 
acid above the requirements in the feeds 
of breeder turkeys from week 24 of laying 
improves the rates of embryo survival (Robel, 
1983a,b). In this respect, supplementation 
with vitamins of the B group in drinking water 
has turned out to be beneficial in batches of 
chickens coming from young breeders which 
otherwise have higher mortality early and 
worse productive performance (Bains, 2001).

In the study described by Leeson and 

Summers (2005), the rate of incubation 
responded to the absence or reintroduction of 
different vitamins in the ration (Figure 7). The 
absence over 3 weeks of the majority of the 
B group vitamins, individually, caused more 
than a 10% reduction in hatchability. After 
15 weeks of feeding with deficient rations 
the missing vitamin was reintroduced. After 
4 weeks of receiving the proper level of all 
vitamins, the breeders regained the standard 
levels of production and hatchability. 

The NRC’s 1994 publication points out that the 
vitamin levels needed to produce table eggs 
may be lower than those needed for hatching 
eggs (Naber, 1979). It indicates that the water-
soluble vitamins and especially riboflavin, 
pantothenic acid and vitamin B12 are critical for 
good hatchability. It is important to remember 
that the data supplied by this body refer to 
breeders of light strains producing hens that 
lay white table eggs, and only in the case of 
biotin are minimum requirements specified 
for breeders of heavy strains producing meat 
chickens.
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THIAMINE (VITAMIN B1)

Thiamine, vitamin B1, is found in the main 
raw materials of plant origin used in the 
typical formulation of poultry feed. However, 
the frequent presence of antagonists such 
as mycotoxins and high susceptibility to 
inactivation by heat must be taken into 
account.

Thiamine is one of the enzymes critical in the 
metabolism of branched-chain amino acids, 
of carbohydrates and in lipogenesis (Figure 8). 
For this reason, thiamine recommendations 
increase when the main energy source 
supplied by the feed is carbohydrate.

Thiamine is transported to the egg yolk 
associated with thiamine binding proteins. 
The work by Polin et al. (1962) and Charles 
et al. (1972) has demonstrated that an 
inadequate supply of thiamine to breeder 
hens causes high embryonic mortality and 
chicks with polyneuritis. Although embryos 
are capable of synthesizing thiamine from 

5–7 days of incubation (Backermann et al., 
2008), the quantity of thiamine deposited in 
the egg is important and allows the newly 
hatched chick to have a reserve during its first 
days. Olkowski and Classen (1999) studied 
the response of broiler chickens to a wide 
range of thiamine supplementation to the 
breeder diet (0, 2, 8, 32 mg/kg supplemented 
to the basal diet) and they observed that 
the low levels of supplementation increase 
the thiamine status indices and thiamine 
metabolism in the offspring. This reserve 
is important for the initial development 
of the chick and has repercussions on its 
subsequent growth. Thus, Bhanja et al. (2007) 
observed that chickens from eggs in which 
an extra quantity of vitamin B1 had been 
incorporated, through in ovo inoculation, 
were heavier at 28 days of age.

Heavy breeder strains are less efficient 
when it comes to incorporating thiamine in 
the egg, so that their requirements will be 

Figure 8. Diagram that represents the pathways in which thiamine is involved.
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RIBOFLAVIN (VITAMIN B2)

higher than those referenced in light breeder 
hens such as those indicated by the NRC 
(1994) set at 0.7 mg/kg. Thus the majority 
of tables published indicate thiamine 
recommendations between 1.5 and 2.0 mg/

Vitamin B2 or riboflavin was first isolated 
from egg albumin in 1933, and subsequently 
detected in milk and liver. It is found in 
appreciable quantities in green plants, 
although its content is limited in cereals and 
protein ingredients of plant origin.

Riboflavin recommendations in poultry rise 
when the quantity of fat or protein in the 
ration is increased, since vitamin B2, in the 
forms of flavin mononucleotide (FMN) and 
flavin adenine dinucleotide (FAD), acts as a 
cofactor of numerous enzymes involved in 
the metabolic oxidation processes of these 
nutrients. More than 100 enzymes are known 
to bind FAD or FMN. Figure 9 shows the most 
important functions of riboflavin.

The riboflavin content in the egg increases 
in direct proportion to its ingestion by the 
hen, reaching levels of 5 mg/kg. Not all the 
quantity of riboflavin contained in the fertile 
egg is used during embryo development. 
In fact reserves are generated in the liver 
and the yolk sac which can cover the chick’s 
requirements for a few days after birth. 
Squires and Naber (1993b) suggest a supply 
of riboflavin (4.4 mg/kg) above the minimum 
requirements to increase production and 
hatchability and achieve a content of around 
2.5 µg of riboflavin per g of egg albumin. 
When breeders consume levels lower than 
their requirements, the riboflavin content in 

the egg is reduced in only 2 days, producing 
high mortality in the intermediary phase 
of incubation, accompanied by hatching 
problems and malformations at birth (Leeson 
and Summers, 1978, Flores-Garcia, 1992, 
Flores-Garcia and Stoltyssek, 1992, Squires 
and Naber, 1993b, Whitehead et al., 1993, 
Wilson 1997). The lack of riboflavin supply 
in the feed over 7 weeks caused the hens to 
practically stop laying eggs, while in contrast 
reintroducing 7 mg/kg of vitamin B2 over 
2–3 weeks restored hatchability up to levels 
of 95% in the fourth week of reintroducing 
the vitamin (Leeson and Summers, 2005;  
Figure 1). These data are an endorsement 
that the quantity of riboflavin in the mother’s 
feed has an obvious influence on the vigour 
and survival capacity of the chick. (Figure 9)

The minimum levels proposed by the NRC in 
1994 for light strain breeders stand at 3.6 mg/
kg. Some investigators indicate that the levels 
for breeders should be triple or quadruple the 
levels for commercial egg hens (Whitehead 
and Portsmouth, 1989). In fact, the majority 
of tables published by recognized bodies 
recommend levels between 7 and 12 mg/kg 
of riboflavin for breeder feeds.

Figure 9. Main functions of riboflavin in poultry metabolism

kg in breeder feed, double that established in 
the NRC (1994), although little work has been 
done in relation to thiamine requirements in 
this type of birds. 

•	 As	a	co-enzyme	it	is	involved	in	the	respiratory	reaction	for	
obtaining energy from nutrients

•	 In	co-enzyme	forms	(FAD	&	FMN)	it	helps	to	regulate	cellular	
metabolism as in carbohydrate metabolism

•	 It	is	an	essential	co-facor	in	the	amino	acid	and	fatty	acid	metabolism
•	 It	is	involved	in	the	maintenance	of	mucus	membrane	integrity
•	 It	protects	myelin	sheaths	of	peripheral	nerves
•	 For	maintaining	the	productive	and	reproductive	demands
•	 The	synthesis	of	binding	proteins	in	the	liver	requires	riboflavin
•	 It	has	functional	relationship	with	several	metabolic	pathways

Riboflavin
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PYRIDOXINE (VITAMIN B6)

The term vitamin B6 refers to a group of 
three compounds: pyridoxol (pyridoxine), 
pyridoxal and pyridoxamine. These three 
compounds have a similar vitamin activity in 
the different species of birds.

Vitamin B6 is one of the numerous enzymes 
involved in the metabolism of nutrients, 
being especially important as a cofactor 
of enzymes responsible for biosynthesis, 
catabolism and interconversion of amino 
acids. The minimum requirements of vitamin 
B6 have been proposed for rations with 
moderate levels of protein and a balanced 
amino acid relationship (Daghir and Shah, 
1973). The recommendations for vitamin B6 
supply increase feeds with high levels of 
protein or with an amino acid profile distant 
from the ideal protein, since a greater 
quantity of enzymes is needed to metabolize 
the excess of amino acids and these enzymes 
are dependent on vitamin B6 (Figure 10).

Vitamin B6 is widely distributed in feedstuffs. 
Furthermore, due to microbial synthesis, 
coprophagy is a source of vitamin B6 of 

Figure 10. Percentage of hatchability fertile eggs and number of eggs per turkey hen 
(adapted from Robel, 2002)

microbial origin. It is not clearly demonstrated 
that vitamin B6 from posterior sections of the 
digestive tract is really absorbed and used 
in significant quantities by monogastric 
animals. Only small quantities of vitamin B6 
are stored in the organism, and over half, in 
the case of birds, is found forming part of 
enzymes in the muscle and liver. Inadequate 
vitamin B6 will lead to inefficiencies in the 
utilization of protein in the diet, accompanied 
by a reduction in the capacity for nitrogen 
retention and an increase in excretion.

For adult birds, inadequate consumption 
of vitamin B6 has caused reductions in the 
production of eggs and in their hatchability. 
The vitamin B6 content of feed is reflected 
in the deposition in the egg. The quantity 
of vitamin B6 needed to obtain maximum 
fertility is double that for maintaining the 
number of eggs produced, and furthermore 
the safety margin is small (Fuller et al., 1961). 
When, in the study by Robel (2002) increasing 
levels of pyridoxine (from 12.9 to 24.4 mg/kg) 
were supplied in the feed of female turkey 
breeders, no improvement in hatchability 
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NIACIN

was obtained compared to the basal diet 
supplemented with 6.2 mg/kg of vitamin 
B6 (Figure 10). In the same study, despite 
no significant differences obtained in the 
number of eggs per hen, a slight numerical 
increase was observed in upper dosages. 
This lack of effect could be due to the fact 
that the levels in the basal diet were already 
much higher than those set by the NRC (3–4 
mg/kg of pyridoxine), and a limited efficiency 
in the transference of vitamin B6 from feed 
to egg has also been described, especially 
at high levels of intake (Fuller et al., 1961). 
It has been demonstrated that inoculating 
pyridoxine into fertile eggs increases the 
hatching percentage of chickens (Bhanja et 
al., 2007) and of turkeys by approximately 

4.2% (Robel and Christensen, 1991). On the 
other hand, severe deficiencies of vitamin B6 
cause involution of the genital organs both 
in females and males (Weiss and Scott, 1979; 
Scott et al., 1982) and early embryo mortality 
(Landauer, 1967).

Studies carried out on humans and other 
animals demonstrate that the depletion 
of vitamin B6 in the organism affects 
both humoral and cell-mediated immune 
response.

The recommendations for dietary 
supplementation of pyridoxine for heavy 
breeder hens stand between 3 and 6 mg/kg.

The two forms of niacin or vitamin B3, nicotinic 
acid and nicotinamide, are functional parts 
of the coenzymes nicotinamide adenine 
dinucleotide (NAD) and nicotinamide adenine 
dinucleotide phosphate (NADP), involved in 
the cellular respiration processes.

Niacin is not usually found in free form in 
feedstuffs. In feedstuffs of plant origin, niacin 
is usually bound to other compounds which, 
in the case of birds, are difficult to digest 
resulting in low availability. For example, in 
cereal grains vitamin B3 is found as a part of 
more complex structures, bound in covalent 
form with peptides and carbohydrates, which 
obstruct its bioavailability. In animal tissue, 
on the other hand, niacin is found essentially 
in NAD and NADP, which are hydrolyzed and 
absorbed efficiently in the intestine.

Tryptophan is a precursor of niacin synthesis 
in the organism, with a conversion efficiency 
varying between the different species of 
birds. Turkeys and ducks are less efficient 
at converting tryptophan into niacin than 
chickens and hens. To synthesize 1 mg of 
niacin, chickens need to consume 50 mg more 
tryptophan than necessary to cover their 
protein metabolism related requirements. 
Therefore a feed which is limiting in niacin 
would increase tryptophan recommendations 
by 50%. Furthermore, riboflavin is needed 
for the synthesis of niacin from tryptophan 
and for the conversion of vitamin B3 into a 

functional coenzyme. A marginal quantity 
of niacin, accompanied by low levels of 
niacin, will hinder the production of eggs 
and their hatchability. On the other hand, 
during their development and after hatching, 
chicks obtain niacin through transformation 
from the tryptophan present in the proteins 
which are part of the egg yolk. As Cunha 
(1982) indicates, it is better to supplement 
niacin in a bird’s ration without taking into 
account the niacin content of cereals since its 
bioavailability is very low. The same author 
points out that it is better to ensure that the 
supply of niacin is adequate to prevent the 
essential amino acid, tryptophan, from being 
diverted into the synthesis of niacin.

Some authors indicate that supplementation 
between 66 and 132 mg/kg of niacin 
improves the quality of the egg shell (Leeson 
et al., 1991) and lowers mortality both in the 
embryo (Briggs, 1946) and in the breeder itself 
(Jackson, 1992). Harms et al. (1988) observed 
that egg weight increased in parallel with 
niacin supplementation of breeders, with 
dosages ranging between 8.4 and 33.4 mg/
kg (0.17% of tryptophan in the diet).

The minimum requirements published by the 
NRC appear to be insufficient and different 
authors recommend levels between 30 and 
55 mg/kg for meat chicken breeders, which 
would mean tripling or quadrupling the 
dosage (Figure 11). 

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



62

OPTIMUM VITAMIN NUTRITION

PANTOTHENIC ACID

Figure 11. Comparison of recommended niacin levels in broiler breeders' feed. The red line 
indicates the level recommended by the National Research Council, 1994

Pantothenic acid is found forming part of the 
coenzymes, especially coenzyme A and the 
carrier protein for acyl groups. It is involved 
in several metabolic pathways important in 
endogenous metabolism energy exchange 
in all tissues (Figure 12).  Its main functions 
include the utilization of nutrients, synthesis 
of fatty acids and participation in the citric 
acid cycle, as well as in the energy-yielding 
oxidation of fats, carbohydrates and amino 
acids. Although this vitamin is found in 
practically all feedstuffs, complementary 
supplementation is advisable in the 
formulation of rations for birds, with the 
aim of ensuring a high level of production. 
Cereals have a low or medium pantothenic 
acid content and, in the case of sorghum, 
wheat and barley, with a bioavailability of 
approximately 60%. 

Work carried out by Robel (1993b) with 
female turkey breeders led to the conclusion 

that in proportion as the pantothenic acid 
dosage in the hen’s feed is increased, the 
greater the transfer of this vitamin to the 
egg. A marginal level of this vitamin results 
in defects in embryo development which 
reduce the hatchability and viability of the 
chicks. Embryo death generally occurs in 
the final days of incubation. There is a direct 
linear relationship between the pantothenic 
acid content in the ration of breeders and the 
proportion of eggs hatched. Supplementation 
with 4 mg/kg of pantothenic acid prevents 
losses in reproduction and doses of 8 mg/kg 
increase hatchable egg production and the 
viability of offspring (Beer et al., 1963). The 
requirement for pantothenic acid to ensure 
viabile offspring may be even greater and 
Utno and Klieste (1971) set it at 20 mg/kg. 
Some authors have observed that increasing 
the pantothenic acid in the ration increases 
the live weight of the progeny. However this 
effect is observed in situations of vitamin 
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Figure 12. Reactions in which coenzyme A (previously synthesised from panthotenic acid, 
cysteamine and adenosine triphosphate) serves as an acyl transfer agent in a large number 
of metabolism pathways in the organism (adapted from Hughes, 1952)

B12 deficiency (Balloun and Phillips, 1957). 

In a study with breeder males supplemented 
with 24 mg of pantothenic acid /kg feed, the 
quantity and quality of the semen increased 
as well as the weight of the testicles 
compared with animals fed deficient feeds 
with 0.38 mg/kg pantothenic acid (Goeger 
and Arscott, 1984).

When feed intake is restricted, the 
pantothenic acid content in the ration must 
be adjusted to ensure the proper level of 
vitamin ingestion. Furthermore, pantothenic 
acid requirements may increase when 
other vitamins are present at marginal 
levels of bioavailability. The NRC points 

to pantothenic acid as a critical vitamin 
for reproduction and sets the minimum 
requirements for breeders at levels 3.5 times 
higher than for hens laying table eggs, in 
both cases referring to light strains. Other 
authors set recommendations at levels of 
12–15 mg/kg for heavy breeder hens and 
between 16 and 20 mg/kg for female turkey 
breeders.
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BIOTIN

Biotin is a coenzyme essential for 
gluconeogenesis, lipogenesis and the 
elongation of essential fatty acids. It is 
important for the normal functioning of the 
reproductive and nervous systems and of 
the thyroid and adrenal glands.

Of all the vitamins present in feed ingredients 
of plant origin, biotin is the one that presents 
the most variable content, being affected 
by numerous environmental factors. 
Furthermore, the majority of ingredients 
contain biotin bound to the protein by 
covalent bonds, which hinders its digestion 
and availability for the animal. The cecal 
microbiota of the bird has the ability to 
synthesize biotin but the quantity is variable 
and the importance of its utilization on the 
part of the host is unknown (Scott, 1981).

Biotin is transferred both to the white and 
to the yolk of the egg through the binding 
proteins of avidin and biotin, respectively. 

The binding proteins of biotin are synthesized 
in the liver of the hen and provide biotin to 
the developing follicle, which will constitute 
the future yolk. The biotin in the yolk is the 
principal vitamin source for the developing 
embryo. On the other hand, albumen contains 
avidin, which is a glycoprotein secreted in 
the oviduct during the albumen depositing 
phase and it has important antibacterial 
properties. Biotin bound to avidin has very 
low availability during the embryonic phase, 
however it can be a vitamin source for the 
newly hatched chick. As with the majority 
of vitamins, there is a direct relationship 
between the biotin content in the hen’s 
feed and the egg (Buenrostro and Kratzer, 
1984; Whitehead et al., 1985). Biotin dosage 
levels in breeder feed make it possible to 
increase the content in the egg (Naber, 1979). 
Whitehead et al. (1985) have demonstrated 
a correlation between the quantity of biotin 
in the egg yolk and the level of biotin in the 

Figure 13. Based on the regression curves obtained by Robel (1991), estimations were 
made for each 5-6 wk production period, for determining approximate dietary biotin level 
at highest estimated hatchability: in period 1, a straight line without slope was formed, 
indicating that younger hens did not respond to different dietary biotin levels; in period 2, 
highest hatchability occured for the diet containing approximately 500 µg biotin/kg; and for 
hens in period 3, highest hatchability occured for the diet containing approximately 800 µg 
biotin/kg (adapted from Robel, 2002).
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FOLACIN

The terms folacin, folate and folic acid can 
be used interchangeably and refer to a 
large variety of compounds which possess 
biological activity of folic acid. 

Folacin is essential in the transfer of 
monocarbonate units in metabolic 
processes, affecting the synthesis of purines 
and pyrimidines, which make up the nucleic 
acids needed for cell division. It is also 
involved in the interconversion of serine 
and glycine, in the degradation of histidine 
and in the addition of methyl groups to 

compounds such as methionine, choline 
and thiamine. For this reason, inadequate 
levels of other methyl group donors (such as 
vitamin B12, serine, methionine, betaine and 
choline) increase folic acid requirements. 
This interaction with other nutrients is 
especially important in birds, as nitrogen is 
excreted as uric acid, which entails a high 
expenditure of methionine and cysteine. 
Furthermore, methionine tends to be the first 
limiting amino acid in bird feeding, which 
entails an increase in requirements of other 
sources of methyl group donors. Logically, 

plasma of the progeny, a level inversely 
related to hatchability, viability and growth 
after hatching. High levels of biotin in the 
egg will permit the proper development 
of the embryo and the chick to achieve its 
genetic potential. 

An inadequate quantity of biotin in a 
breeder’s feed gives rise to a decrease in 
laying and hatchability with high mortality 
during the last week of incubation and bone 
deformaties in the progeny (Ferguson et 
al., 1961; Cravens et al., 1944; Robel, 1991). 
Supplementation of 150–252 µg/kg of biotin 
in the breeder feed ensured an adequate 
deposition of this vitamin in the egg and 
hatchability of 80% (Brewer and Edwards, 
1972). Furthermore, these authors observed 
that chicks coming from breeders with higher 
levels of biotin were heavier at 2 weeks of 
age. Similarly, Robel (1989) observed that 
when the breeder feed contained 165 µg/kg 
of biotin, the fertile eggs had a hatchability 
of 84%. When the dose of biotin was higher 
(440 µg/kg), hatchability reached 89%.
 
In the case of turkey breeders, maximum 
hatchability was obtained by supplementing 
the feed with 520 µg/kg of biotin during 
the initial and intermediary phases of 
reproduction. This figure increased to 750 
µg/kg of biotin in the breeder feed during 
weeks 50–54 of life, which made it possible 
to increase hatchable egg production by 
22% and chick hatchability by 10% (Figure 
13) (Robel, 2002). These findings suggested 
that commercial turkey breeder diets may 
warrant higher dietary biotin levels in order 

to optimize hatchability in older turkey hens. 
Injecting in ovo, 87 µg of biotin into each 
egg it was possible to improve hatchability 
by 4–5%. These data indicate that metabolic 
requirements for biotin increase as a breeder 
gets older.

The results of Harms et  al. (1979), demonstrate 
the relationship between supplementation 
with biotin in breeders and the repercussion 
on aspects of welfare and quality of the final 
product. The incorporation of 200µg/kg of 
biotin in the hen's feeds made it possible to 
reduce the incidence of foot pad dermatitis 
and breast lesions in the progeny.

Biotin is the only vitamin for which the NRC 
(1994) estimates minimum requirements 
for meat breeders. That body specifies 
requirements of 16 µg of biotin per hen per 
day, which is 60% more than for light breeders 
(10 µg per hen per day). These data are based 
on the results of Whitehead et al. (1985), and 
they consider that this is the minimum level 
which makes it possible to reach at least a 
biotin concentration in the egg yolk of 550 
ng/g. The level of biotin recommended by 
genetics companies stands at between 
200 and 400 µg/kg for heavy breeder hens 
and between 300 and 450 µg/kg for female 
turkey breeders, which is between 2 and 2 
½ times higher than the NRC requirements 
(1994). There are significant differences in 
the metabolism and deposition of biotin 
between breeder hens and turkeys which 
could be responsible for the different 
vitamin requirements for the two species 
(Whitehead, 1988).
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high levels of protein in the diet raise the 
dietary recommendations for folate. Folacin 
is present in the majority of feedstuffs used 
in chicken feeds, but as it tends to present 
itself in conjugated forms, its absorption 
efficiency may be reduced. 

An inadequate supply of folic acid in hens 
hinders the normal development and 
functioning of the oviduct, accompanied by 
a defective deposition of albumen (Siddons, 
1978). Feeds for broiler breeders tend to 
incorporate 1–1.5 mg/kg of folic acid, while 
in turkey breeders it ranges between 1 and 
2 mg/kg. The transfer of folacin from feed 
to egg is very high. There are results in the 
breeding phase of turkeys which indicate that 
increasing dietary supplementation with folic 
acid is accompanied by a greater content of 
this vitamin in the egg (Figure 14) and gives 
rise to increases in the weight of the poult 
at hatching as well as its subsequent growth 
rate (Miller and Balloun, 1967; Robel, 1993a, 
Robel, 2002). Although the incorporation of 
high levels of folic acid (2.64 and 5.51 mg/kg) 
in the feed of female turkey breeders did not 

Figure 14. Hatchability of turkey eggs from hens fed a basal diet supplemented with folic 
acid (0.65, 2.73 and 7.37 mg/kg) over three equal time periods of production (0-5, 6-10 and 
11-16 weeks) and vitamin contents of egg yolk (adapted from Robel, 2002)

increase hatchability, the extra incorporation 
of folic acid through in ovo injection did 
permit an increase of 8–9% in the weight 
of the progeny (Robel, 1993a and 2002). In 
breeder hens, marginal quantities of folacin 
are accompanied by reduced hatchability, 
higher mortality and more deformities in the 
chicks (Leeson et al., 1979b). 

It is widely accepted that the folacin 
requirements for the production of hatching 
eggs is higher than for the production of table 
eggs (Taylor, 1947; NRC, 1994; Robel, 1993a). 
In human nutrition, it is well established 
that a daily supply of folacin should be 
administered which amply exceeds the 
minimum requirements, especially during 
gestation and lactation.

Some official bodies recommend 
incorporating folic acid in the feed of heavy 
breeder hens at levels higher than 1 mg/kg, 
values which reach 2 mg/kg for female turkey 
breeders. The recommendations of the 
genetics companies go so far as to double 
and triple this figure (Table II).
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CYANOCOBALAMIN (VITAMIN B12)

Vitamin B12 or cyanocobalamin was 
discovered in 1948 and is an essential part of 
different enzymatic systems essential for the 
basic metabolic functions of the organism. 
The dietary requirements for this vitamin, 
and consequently its margin of error, are 
very small. Furthermore, it is characterized by 
only being synthesized by microorganisms 
and not being found in feedstuffs of plant 
origin. Bedding can be a source of vitamin 
B12 for birds housed on solid floors, although 
there are no data relating to its absorption 
level. 

Vitamin B12 requirements increase with 
the level of production, with the quantity 
of protein included in the ration, and they 
depend on the presence of other essential 
nutrients related to transmethylation and 
the biosynthesis of methyl groups. The main 
functions in which vitamin B12 is involved are 
summarized in Figure 15.

Despite being a water-soluble vitamin, a 
certain degree of storage occurs, mainly in the 
liver. As the vitamin B12 content in the hen’s 
feed increases, so does its deposition in the 
egg, increasing its availability for embryonic 
development. Chicks from breeders fed 
levels above the minimum requirements 
of vitamin B12 form an important vitamin 
reserve for their subsequent development. 
After 2–5 months of administering a diet 
with an inadequate quantity of vitamin B12 
one can already start to observe that the 
reserves of this vitamin in the newly hatched 
chick are insufficient and the rate of mortality 
rises (Patel and McGinnis, 1977; Scott et al., 
1982). Inadequate levels of vitamin B12 are 

associated with low hatchability and disorders 
in the progeny (Olcese et al., 1950; Tuite and 
Austic, 1974; Patel and McGinnis, 1980; Ward 
et al., 1985). On the other hand, Squires and 
Naber (1992) observed that increasing the 
supplementation of vitamin B12 in the feeds 
of heavy breeders produced an increase in 
the weight and number of eggs produced 
and hatched. Panic et al. (1970) observed 
that supplementing vitamin B12 at a level of 
20 µg/kg produced an increase in the content 
of this vitamin in the egg and an increase of 
20% in hatchability. The inclusion of 10 µg/
kg vitamin B12 in the hen’s feed improves the 
live weight and growth of the progeny (Patel 
and McGinnis, 1977).

It is important to take into account the 
interaction with other micronutrients such 
as riboflavin and pantothenic acid (Tuite and 
Austic, 1974, Balloun and Phillips, 1957).

The majority of tables published recommend 
a supplementation of vitamin B12 in breeder 
feed which ranges between 10 and 20 µg/kg.

Figure 15. Summary of the main functions of cyanocobalamin in poultry metabolism

•	 It	acts	as	a	co-enzyme	involved	in	transmethylation	reactions	for	
the synthesis of a number of amino acids and proteins

•	 It	promotes	the	formation	of	DNA	 essential for the 
reproduction process

•	 It	participates	in	the	synthesis	of	tetrahydrofolic	acid	from	folic	acid
•	 It	is	involved	in	the	metabolism	of	propionic	acid
•	 It	promotes	the	proper	neutral	function	through	maintenance	of	

the myelin sheath on nerve fibers of the spinal cord
•	 It	is	essential	for	the	maturation	of	red	blood	cells
•	 It	participates	in	oxidation-reduction	system

Cyanocobalamin
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CHOLINE

Choline is a nutrient essential for birds 
involved in structural and neurotransmission 
functions and in the donation of methyl 
groups.

Choline is considered a vitamin although it 
does not fulfill some of the prerequisites of 
this definition. For example, birds require 
high quantities of choline (less than 1%), 
levels similar to the amino acids and 
essential fatty acids. It can be synthesized 
in the liver of birds from serine and methyl 
groups, requiring 3 moles of methionine for 
each mole of choline synthesized. However 
for the majority of metabolic processes, the 
quantity and rate of synthesis are insufficient 
to cover requirements, above all when the 
supply of precursors such as methionine, 
vitamin B12 or folacin are limited.

Most of the choline in feed ingredients 
for poultry is integrated in lecithin 

(phosphatidylcholine) and, to a lesser 
extent, in free form or as sphingomyelin.

Although choline can be synthesized in the 
liver from the methylation of ethanolamine, 
young birds are dependent on the supply 
of choline in the ration, as they have a less 
well developed capacity for synthesizing 
choline from methionine or betaine (Norvell 
and Nesheim, 1969). It has been described 
that choline requirements of laying hens 
are influenced by the vitamin supplies 
during their growth phase. Furthermore, 
diets with reduced choline levels during the 
reproduction phase affect the size of the 
egg although choline deposition in the egg 
and embryonic development are not much 
affected (Klasing, 1998). 

As a structural component of lecithin, 
Chlorine plays an essential role in 
the formation of the very low density 

Figure 16. Abdominal fat deposition was reduced when high levels of choline were fed to 
broiler breeders (adapted from Rama Rao, 2001).
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VITAMIN C

The term vitamin C includes compounds 
with L-ascorbic acid activity. The functions 
of ascorbic acid are related to its redox 
properties, it is a cofactor and protector 
of different enzymes, it is involved in the 
reduction of trace minerals and acts as 
an antioxidant and/or prooxidant. One of 
the most interesting properties of vitamin 
C is its ability to act as a reducing agent 
or electron donor. It reacts rapidly with 
free radicals and acts synergistically with 
vitamin E, facilitating its regeneration in 
biological systems (Rocha et al., 2010). 

As knowledge about the role of vitamin C 
advances, its effect on the maintenance 
and improvement of the animal’s 
health and well-being is gradually 
being discovered. Quantities above the 
minimum requirements are necessary to 
potentiate its antioxidant role, enabling the 
deactivation of the free radicals produced 
by routine cell activity and by the action 
of stress-inducing agents. Vitamin C 
participates in the regeneration of vitamin 
E from its oxidized form (Chan et al., 1991; 
Chan, 1993). Furthermore, vitamin C is 
needed for the development of bones and 
eggshells, being a necessary cofactor for 
the conversion of vitamin D3 in its active 
form, 1,25-(OH)2-D3.

Almost all species of birds can synthesize 
vitamin C from glucose. However, the 

endogenous synthesis of ascorbic acid 
may be insufficient when the animal is 
subjected to stress, for example from 
heat or faced with an immune challenge. 
Increasing the ingestion of vitamin C raises 
the bird’s resistance to infectious diseases. 
Some investigators have observed  birds 
with  the ability to choose feed with higher 
levels of vitamin C during periods of heat 
stress (Pardue and Thaxton, 1986; Kutlu 
and Forbes, 1993; McKee and Harrison, 
1995; Kratzer et al., 1996). Furthermore, 
since ascorbic acid is especially important 
in the formation of collagen, its presence 
increases the capacity for the healing of 
wounds (Rajkhowa et al., 1996). 

There is controversy in the literature in 
relation to the beneficial effects of vitamin 
C supplementation in poultry feeds. 
Although some of the work does not show 
effects on the parameters studied with 
vitamin C supplementation in breeder 
feeds, there are others which show 
improvements at different levels. Most 
results demonstrate  the beneficial effect 
of vitamin C supplementation in feeds for 
hens in the laying phase – be it of eggs for 
consumption or for incubation hatchability 
– and in stress situations, principally heat-
induced. Thus, on supplementing with 
ascorbic acid, several authors observe 
improvements in egg production, in 
strength and thickness of the shell as 

lipoproteins assigned to incorporating 
and mobilizing the triglycerides present in 
the liver. Lecithin deficiency is associated 
with an accumulation of fat in the liver 
(Rama Rao et al., 2001) and a decrease in 
the quantity of fat deposited in the egg 
yolk. In addition, the same authors showed 
a numerical reduction in the abdominal 
fat depot when birds were fed increasing 
amounts of choline (Figure 16). In the case 
of female turkey breeders, results indicate 
that supplementation with 1,000 mg/kg 
of choline optimizes the production and 
hatchability of eggs as well as the normal 
growth and viability of the progeny (Balloun 
and Miller, 1964).

The recommendations established for 
choline are higher for high protein feeds. 
This is due to the fact that additional methyl 
groups are needed for the synthesis and 
excretion of uric acid.

Although the NRC (1994) does not specify 
minimum requirements for choline, several 
publications indicate the importance of 
its supplementation in feed, although the 
recommendations range widely between 
250 and 1,000 mg/kg depending on the 
safety margin applied, taking into account 
the variability of the ingredients and the 
fact that the presence of precursors may be 
limited. 
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well as a higher rate of chick survival 
(Peebles and Brake, 1985; Chung et al., 
2005). Furthermore, it is thought that the 
biosynthesis of ascorbic acid diminishes 
as the bird ages and therefore in the final 
phases of reproduction, endogenous 
synthesis may be insufficient to cover 
requirements (Bains, 2001).

In breeder males, vitamin C could help to 
protect spermatozoa from the negative 
effects of oxidation. The concentration of 
ascorbic acid in the seminal fluid is higher 
than  in the serum (Luck et al., 1995). It has 
been demonstrated that supplementation 
with vitamin C has beneficial effects on 
fertility. Supplementation of 100 mg/kg 
of ascorbic acid increased the size of the 
testicles of growing males (Pardue and 
Thaxton, 1986). Furthermore, adding doses 
of ascorbic acid up to 500 ppm to the 

Figure 17. Effect of different ascorbic acid concentrations in broiler breeder males' sperm 
production and sperm motility. (adapted from Monsi and Onitchi, 1991) 

feeds of breeder males of heavy strains in 
high temperature situations produced an 
increase in the volume of semen, in the 
number of spermatozoa per ejaculation 
and in sperm motility (Perek and Snapir, 
1963; Monsi and Onitchi, 1991 Figure 17). 

These benefits have also been described 
in breeder turkeys: on supplementing 
with vitamin C levels between 150 and 
200 ppm, increases of 16 to 28% were 
observed in the volume and concentration 
of spermatozoa of the semen produced 
(Dobrescu, 1987; Noll, 1993). Other authors, 
while not observing modifications in sperm 
parameters on incorporating vitamin C in 
the diet of breeder turkeys, have indicated 
that the antioxidant properties of vitamin 
C can delay the formation of degenerative 
cells in the testicles (Neuman et al., 2002).
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There is practically no storage of vitamin 
C in the body, which means there is no 
reservoir for coverage at times of deficiency. 
Vitamin C is the only vitamin which is not 
present in the infertile egg, as there is no 
transfer from the hen. However, vitamin C 
is found in the developing embryo deriving 
from endogenous synthesis (Pardue and 
Thaxton, 1986; Zwaan and Lam, 1992). 
During the initial phases of embryonic 
development, ascorbic acid is synthesized 
in the yolk membrane and liberated to the 
liver and other peripheral tissues (Surai 
and Speake, 2000). The antioxidant action 
of vitamin C is beneficial to the embryo 
especially if stress situations arise due to 
excess heat during the incubation process. 
Inoculation of 3 mg of vitamin C in eggs 
during the last part of incubation improved 
the viability and hatch weight of the chicks 
(Zakaria and Al-Anezi, 1996).

Birds need vitamin C for their metabolism, 
but due to their capacity for endogenous 
synthesis, there are no recommendations 
for supply in the ration from the NRC 
(1994). However other authors or bodies 
advise supplying vitamin C in the diet 
(between 50 and 250 mg/kg) for various 
reasons. As seen previously, these 
recommendations are justified because 
ascorbic acid requirements increase in 
different circumstances such as exposure 
to immunological or environmental stress, 
deficiencies in nutrients such as vitamin 
A and situations of metabolic alterations. 
Additionally the consumption of ascorbic 
acid above the strict physiological 
requirements has beneficial effects on the 
immune response of the animal.
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Grow-out phase Male breeder (mating period)

Source 
/ Units

Cobb* Ross* Hubbard
DSM OVN 

(2011)

Vitamin A IU 12000-13000 11000-12000 15,000 12000-15000

Vitamin D3
IU 3,000 3,500 3,000 3000-5000

25-OH-D3 (HyD)** mg - - - 0.069

Vitamin E mg 50-100 100 60-150 100-150 (1)(2)

Vitamin K mg 6.0 5.0 5.0 5.0-7.0

Vitamin B1
mg 2.5-3.5 3.0 3.0 3.0-3.5

Vitamin B2
mg 10-16 12 12 12-16

Vitamin B6
mg 6.0 4.0-5.0 5.0 4.0-6.0

Vitamin B12
mg 0.03-0.4 0.03 0.03 0.03-0.04

Niacin mg 40 55-50 60 50-60

D-Panthothenic 
acid

mg 25 15-13 15 15-25

Folic acid mg 4.0 2.0 2.0 2.0-4.0

Biotin mg 0.3-0.38 0.25-0.30 0.2 0.25-0.4

Vitamin C mg 50 - - 100-150(3)

Choline mg 250-450 1000 750 350-700

Canthaxanthin 
(Carophyll Red)**

mg - - - 6

Table VI. Recommended vitamin levels (IU or mg/kg air-dry feed) by the main broiler meat 
breeder genetic companies for male broiler (mating period)

** Add  60 mg/kg Carophyll Red (MaxiChick) to improve hatchability. MaxiChick (HyD and Carophyll 
Red) is covered by a DSM International Patent Application WO 2010 057811 nationalized in US and 
Europe amongst others. MaxiChick is a trademark registered in Europe and the US amongst others.
* Range for some vitamins is referred respectively to maize or wheat diets
(1) Add 5 mg/kg for each 1% dietary fat when fat is higher than 3%; 
(2) Under heat stress conditions increase level up to 200 mg/kg
(3) Recommended under heat stress conditions; use phosphorylated form in heat treated feeds
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Grow-out phase From day old to end of laying period

Source 
/ Units

Lohman 
Brown 
(2007)*

ISA 
(2010)

Hy-Line 
(2010)

DSM OVN

Vitamin A IU 12000-15000 15,000 11,000 10000-15000

Vitamin D3
IU 2500-3000 3,200 4,400 3000-4500

25-OH-D3 (HyD)** mg - - 0.055 0.069

Vitamin E mg 30-50/100 42 66 50-100(1)(2)

Vitamin K mg 3.0-5.0 5.0 2.2 2.0-5.0

Vitamin B1
mg 2.0-4.0 3.5 2.2 2.5-3.5

Vitamin B2
mg 8.0-10.0 10.0 11.0 10.0-12.0

Vitamin B6
mg 4.0-6.0 4.5 5 5.0-6.0

Vitamin B12
mg 0.02-0.03 0.035 0.024 0.02-0.04

Niacin mg 30 55 44 45-60

D-Panthothenic 
acid

mg 10.0-20.0 17 13 15-20

Folic acid mg 1.0-2.0 2.8 1.7 2.0-3.0

Biotin mg 0,1-0,2 0.25 0.022 0,25-0,40

Vitamin C mg 100-200 suggested - 150-200(3)

Choline mg 300-400 1500 220 300-500

Canthaxanthin 
(Carophyll Red)**

mg - - - 6

Table VII. Recommended vitamin levels (IU or mg/kg air-dry feed) by the main laying hen 
breeder genetic companies and DSM Optimum Vitamin Nutrition (OVN) levels 

** Add  60 mg/kg Carophyll Red (MaxiChick) to improve hatchability. MaxiChick (HyD and Carophyll 
Red) is covered by a DSM International Patent Application WO 2010 057811 nationalized in US and 
Europe amongst others. MaxiChick is a trademark registered in Europe and the US amongst others.
* Starter/grower - laying phase
(1) Add 5 mg/kg for each 1% dietary fat when fat is higher than 3%; 
(2) Under heat stress conditions increase level up to 200 mg/kg
(3) Recommended under heat stress conditions; use phosphorylated form in heat treated feeds
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INTRODUCTION

Vitamins were discovered at the beginning of 
the twentieth century and birds have served 
as an experimental model for the discovery 
and characterization of some of them. 
However, there still remain many gaps in our 
knowledge of these essential nutrients.

They are organic substances which are 
not chemically related like other groups of 
nutrients (carbohydrates, proteins or lipids) 
and they are active at low levels, which is 
to say that they are required in very small 
amounts (mg or µg).

They are vital to the normal working of 
the body and therefore are required for 
physiological functions and to maintain an 
optimum level of health. Not all vitamins 
can be synthesized by birds in sufficient 
quantities to meet their requirements 
in all physiological phases, so dietary 
supplementation is required. Some vitamins 
are provided indirectly by gut microflora, and 
the rest should be included in feed, either in 
the ingredients or from synthetic vitamin 
sources, normally integrated in the vitamin-
mineral premix.

Sometimes vitamins are present in feedstuffs 
bound to other structures, so that during 
the digestive process they must be freed 
to become available. Other ingredients 
contain provitamins, compounds which are 
structurally related to vitamins but which 
must undergo certain metabolic changes to 
confer vitamin activity. 

Traditional vitamin classification is based on 
solubility, a property which determines its 
behavior in the body. Fat-soluble vitamins (A, 
D, E and K) are associated with food lipids, 
and are digested and absorbed in the same 
way as fats. They are stored in fatty tissues, 
mainly the liver and adipose tissue, which 
acts as a reserve for the animal. Excess is 
excreted in bile, through the feces, but can 
reach toxic levels especially in the case of 
vitamins A and D.

Water-soluble vitamins (C and B group) 
are, in general, absorbed passively through 
the mucosa of the small intestine, and are 
transported in tissues either freely or bound 
to protein complexes. Apart from vitamin 

B12 and choline, they do not accumulate 
in the body in significant quantities so, to 
avoid deficiencies, a daily amount in feed is 
necessary, although tissue catabolism may 
compensate in part for a deficit. They are 
excreted in urine and therefore it is rare to 
reach levels of toxicity. These water-soluble 
vitamins are all involved in the formation 
of coenzymes and are, therefore, involved 
in metabolic processes. Although the 
specific functions are different, symptoms 
of deficiency are similar. Deficiency affects 
rapidly growing tissues, such as bone, skin, 
feathers and blood. 

In this review we shall focus on data relating 
to the beneficial effect of optimum vitamin 
intake, that is, intake between minimum 
and maximum recommended levels. More 
detailed information on vitamins can be 
found in the reviews by Bains, (1999), Klaising 
(1998), Leeson (2007), McDowell (1989a and 
2000), NRC (1987), World Poultry-Elsevier 
(2001) and Weber (2009).

Early studies carried out on vitamins were 
principally directed towards avoiding 
symptoms of deficiency. However, in recent 
years there has been an awakening of 
interest in the important metabolic functions 
in which this group of nutrients is involved. 
This brings us to the concept of Optimum 
Vitamin Nutrition (OVN) and sets the basis 
for the line of argument on the factors which 
justify increasing the vitamin supply in the 
diets of poultry.

Calculations of the requirements of poultry 
were carried out under experimental 
conditions. Moreover, in many instances 
they are estimated or extrapolated from 
other species and in no case using the 
current strains. This is particularly evident in 
the case of laying hens, where the data are 
scarce and derived from old studies which 
bear little relation to the type of hens and 
systems used today. 

Current commercial egg-laying strains have 
changed a great deal in a few years. Birds 
have changed in size, sexual maturity has 
advanced, feed consumption has decreased 
and, above all, egg production has improved 
in quantity and size. Logically, these changes 
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in themselves should call for increased 
nutritional requirements in general, and in 
particular, increased vitamin requirements.

Feed consumption is a key factor to be 
considered with regard to fulfilling the 
animals’ nutritional requirements. Current 
egg-laying strains have a better nutrient 
conversion ratio which results from a lower 
voluntary intake. It is estimated that the 
progressive decrease in the feed conversion 
ratio results in a reduction of vitamin intake 
in laying hens of 1% per year. Furthermore 
stress situations, especially the presence 
of high temperatures, result in a reduction 
in feed consumption. The majority of 
nutritionists formulate feeds for commercial 
laying hens based on feed intake, and 
logically, as feed intake decreases they 
balance the energy level and proportionally 
increase the supply of calcium and essential 
amino acids. The supply of vitamins should 
also be adjusted to consumption to ensure 
an appropriate daily vitamin intake. In 
these hens with high yields, the vitamins 
involved in energy and protein metabolism, 
as well as in the immune system, are doubly 
important. 

Second, in spite of the technical nature of 
poultry systems today, practical operating 
conditions are usually poorer than those in 
experiments, implying the need for greater 
vitamin allowances to obtain the same 
results.

Third, possible stress situations and 
pathological processes should be borne in 
mind, as these can lead to lower absorption 
efficiency through the intestinal wall, a higher 
metabolic rate or reduction in microbial 
synthesis of vitamins. 

Fourth, the vitamin content and its availability 
in ingredients are not precisely known. 
Furthermore, the requirements do not take 
losses in activity through processing or 
storage conditions into account (McDowell 
and Nelson, 2008). The amalgamation of 
poultry companies leads to the formulation 
of rations for a greater number of birds, and 
less frequently.

Fifth, requirements have been established on 
the basis of studies which did not consider 
the many interactions between vitamins 

and other compounds which may distort or 
impede their use. There are no studies such as 
those conducted on amino acids, to discover 
whether there is an order of priority or a 
relationship between the limiting vitamins 
similar to the concept of the ideal protein. 
What is certain is that dosage is imprecise. 

Sixth, currently, more detailed studies 
demonstrate that intake of particular 
vitamins at levels higher than the minimum 
established requirements may allow birds to 
achieve their genetic potential. New vitamin 
requirements must be established taking 
into account objectives beyond those related 
solely to production, such as prevention of 
and defense against certain diseases through 
an improvement in the immune status. 
Under commercial production conditions, 
the great metabolic effort required of birds 
in production brings about an increase in 
the nutritional requirements for the immune 
response, with clear repercussions for 
vitamin allowances.

Seventh, more importance is being placed on 
egg quality and its repercussions not only on 
nutrition but also on consumer health.

All of these points support the idea that 
optimum vitamin supplementation, over 
and above the established minimum 
requirements, and adapted to specific 
conditions, will bring improvement to the 
health and well-being of the birds, and 
maximize their productive potential and 
quality.

This review is divided into sections on the 
different vitamins. For each vitamin there 
is a description of its role in the bird. Then 
there is a discussion of various studies in 
which differing vitamin levels are used, and 
of the effects on production parameters, egg 
quality, added value and/or well-being of the 
laying hen. It looks at the vitamin levels used 
in practice and the recommendations made 
by the different official agencies, genetics 
firms and additive companies. Lastly, it 
shows the average nutritional composition 
of eggs produced in the United States and 
in various countries of the European Union, 
including Spain.
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VITAMIN A

Vitamin A is an unsaturated monoalcohol, 
retinol, which is found naturally only in 
animal tissues. Plants contain carotene 
precursors, of which β-carotene has the 
greatest biological potency. In the intestinal 
epithelium of the birds, carotenes are 
converted into vitamin A. Synthetic vitamin 
A in pure form is also available and is sold 
in a stabilized state.

When it is exposed to air, light or high 
temperatures, it oxidizes rapidly, losing its 
activity.

In the body of the animal, vitamin A acts 
at different levels and it carries out many 
functions. Nevertheless, the main ones may 
be summarized thus:

•	 Effect on eyesight, preventing night 
blindness.

•	 Skeletal development. Retinoic acid is 
necessary to maintain increase of tissues 
during growth.

•	 Reproductive performance.
•	 Development and maintenance of 

epithelial tissue. Vitamin A is necessary 
for regeneration of the epithelial tissue. 
The epithelium, apart from its structural 
function, acts as a line of defense against 
invasion by pathogenic organisms. Loss 
of integrity of the cell membrane allows 
invasion and impairs the bird’s immune 
system, specifically, antibody production 
and the proliferation of T cells. 

•	 Supplementation with vitamin A has 
been linked to an anti-stress effect, which 
may be explained by its involvement in 
adrenal response. Vitamin A is necessary 
for the production of corticosteroids 
in the adrenal gland, essential for 
the promotion of gluconeogenesis in 
situations of stress. 

One IU of vitamin A activity is equivalent 
to the activity of 0.3 µg of retinol or 0.6 
µg of β−carotene, in other words 1 mg of 
β−carotene is equivalent to 1667 IU of 
vitamin A. The minimum requirements 
recommended by the NRC (1994) are 
3000 IU/kg and are based on studies from 
1961 and 1965. An excess can lead to 
pigmentation problems and deficiencies 
of the other fat-soluble vitamins. For this 

reason, and because of its capacity to be 
stored, the maximum tolerance level is 
20,000 IU/kg.

Vitamin A deficiency causes reduction in egg 
production, blindness and keratinization of 
the epithelium. However, as with other fat-
soluble vitamins, deficiencies in animals 
are not often found, due mainly to the fact 
that animals are able to store these vitamins 
in fatty tissues, to be released into blood 
circulation at times of increased demand or 
when there is little available in feed.

As early as 1961, Hill et al. indicated that 2640 
IU/kg was the minimum amount necessary 
to ensure maximum egg production, but that 
to minimize blood spots in the egg it was 
necessary to supplement 3520 IU/kg feed. 
This effect is due to the fact that vitamin A 
plays an important role in the integrity of 
epithelial tissue, particularly in the oviduct. 
Other studies indicate that vitamin A seems 
to affect the ovary more than the magnum 
since variations in dosage are reflected 
in parameters relating to the yolk and 
ovulation rather than to the formation of 
albumen which takes place in the magnum 
and the uterus (Bermudez et al., 1992).

Among the more recent studies on vitamin 
A levels in laying hen diets, those carried 
out by Richter’s team in Germany stand out. 
The team carried out various experiments 
using increasing dosages of vitamin A both 
in chick starters and chick growers (Richter 
et al., 1989 and 1996a) and layers (Richter, 
1995 and Richter et al., 1990, 1991, 1996b 
and 1996c). The authors compared different 
levels of supplementation between 0 and 
18,000 IU/kg and focused on the effects on 
production parameters and vitamin A levels 
in the liver and, in some studies, immunity 
parameters. The results indicate that a 
minimum level of 2500 IU/kg is necessary to 
prevent a drop in production. The different 
dosages used did not affect parameters 
relating to egg quality and feed conversion. 
Therefore, the authors indicated a linear 
relationship between dietary dosages used 
and vitamin A levels in the liver, but did not 
observe changes in immunity parameters, 
a fact which agrees with the study by 
Coskun et al. (1998). Following analysis of 
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the different results, the authors noted that 
optimum allowances to achieve liver stores 
which permit maximum production are 4000 
IU/kg for chick starters, 2000 IU/kg for chick 
growers and 6000 IU/kg for layers. As for 
the importance of liver stores, Squires and 
Naber (1993a) note that in layers who ingest 
appropriate quantities of vitamin A, liver 
deposition is higher when they are forming 
eggs than during an unproductive phase. 

Other studies have concentrated on 
increasing the levels of vitamin A in the egg 
(for example Naber, 1993 and Mori et al., 
2003). In general, the results indicate that as 
the dietary dose of vitamin A increases, the 
levels in the egg and the liver also increase. 
Although it is not the principal objective of 
these studies, the authors analyze in parallel 
the effect of supplementation with vitamin 
A on the production and quality of eggs. 
Squires and Naber (1993) observed rising 
improvements in the laying percentage 
when supplementing vitamin A at levels of 
4000, 8000 and 9000 IU/kg. In the study by 
Mori et al. (2003) no changes were observed 
in the weight and quality of eggs produced 
with a dose of 30,000 IU/kg, although the 
conversion ratio deteriorates above 15,000 
IU/kg.

These studies also noted that the content of 
vitamin A in plasma and yolk are not good 
indicators of nutritional status.

With regard to the effect of vitamin A on 
immune status, it has been firmly established 
(Friedman and Sklan, 1989; Friedman et al., 
1991) that vitamin A plays a regulatory role 
in immune response in chicks and that a 
deficiency or excess of this nutrient leads to a 
reduction in their resistance to infections (E. 
coli). Similarly, Sklan et al. (1994) found that 
the maximum immune response in broilers 
was obtained with doses of vitamin A higher 
than the minimum established by the NRC 
(1994). However, the study by Coskun et al. 
(1998) conducted on laying hens shows no 
significant effect on immunity parameters 
when vitamin A supplementation levels are 
increased to 24,000 IU/kg. The results from 
Lin et al. (2002) suggest that hens which 
suffer thermal stress immediately after 
vaccination need higher levels of vitamin 
A to achieve the maximum production of 
antibodies (Figure 2). They also demonstrate 
that supplementation of vitamin A at levels 
above the NRC recommendations was 
beneficial for the proportion of peripheral 
T cells and this effect was maintained 
with different thermal stress periods and 
vaccination times. Because of this the 

Figure 1. Effect of vitamin A supplementation on egg weight. (adapted from Richter et al., 
1990.)
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authors indicate that supplementation 
of high levels of vitamin A (8000 IU/kg) 
improves production in hens under stress 
conditions. In this connection, Wang et al. 
(2002) show that the ingestion of vitamin A 
alleviates the oxidative damage caused by 
thermal stress and immune challenge.

However, it is important to point out that 
there is a negative interaction on the level 
of absorption, between vitamin A and 
the other fat-soluble vitamins, as well as 
possible interactions with other nutrients. 
This is dealt with in the studies by Jiang 
et al. (1994) and Mori et al. (2003) which 
demonstrate a clear interaction between 
vitamin E and vitamin A in the deposition of 
both. Another example is the study by Kaya et  
al. (2001) which investigates the interaction 
between vitamin A supplementation (0 and 
10,000 IU) and zinc supplementation (from 
0 to 200 ppm), since a connection has been 
shown between both nutrients with respect 
to absorption, transport and utilization. No 
interaction was observed with respect to 
production in this study, and the authors 
observed increased blood phosphorus and 
triglyceride levels related to high levels of 
vitamin A supplementation and supplies of 
zinc.

On the one hand, few ingredients contain 

high levels of carotene, except for maize and 
its by-products. On the other, the stability of 
vitamin A is generally low, especially during 
heat treatment. This has led to the presence 
on the market of products based on vitamin 
A with 70-90% availability for the bird. In 
practice vitamin A is supplemented with 
a safety margin of between 2 and 6%. The 
Spanish feed industry includes on average 
levels of 2.79 mg retinol (CV = 16) in feed 
for layers. 

A minimum vitamin A requirement of 3000IU 
for layers (NRC, 1994) was established 
solely on the grounds of maintaining 
production parameters, and it is limited by 
interaction with other fat-soluble vitamins, 
for example vitamin E, and by the need to 
stay within the tolerance level. In the light 
of studies referred to, supplementation at 
a higher level would increase production. 
Furthermore, recent studies note that higher 
levels of vitamin A improve the immune 
response of the birds in stress situations 
(including thermal and vaccination stress), 
contributing to greater comfort for the 
animals and allowing improvements in the 
production of commercial eggs. It would 
be very useful to investigate whether these 
improvements are accompanied by positive 
effects on quality of eggs.

Figure 2. The effects of supplemental vitamin A levels on the immune response under heat 
stress. (adapted from Lin et al. 2002.)
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VITAMIN D

Vitamin D is a group of ester compounds 
whose main function is to regulate calcium 
and phosphorus metabolism, bone 
mineralization and egg formation. Vitamin 
D3 is the form which is most active in birds. 
The birds can synthesize cholecalciferol or 
vitamin D3 from the 7-dehydrocholesterol 
present in their skin when they receive 
ultraviolet light through exposure to 
the sun. In hens, which are housed, 
endogenous synthesis is insufficient to 
meet requirements and they must have a 
supplementary dietary intake.

Cholecalciferol is stored in an inactive 
form, mainly in the liver and adipose 
tissue. When the body needs vitamin D 
it must activate it by hydroxylation to 
25-hydroxycholecalciferol. This metabolite is 
carried to the kidneys where it is converted 
to 1,25-dihydroxycholecalciferol or calcitriol, 
which is the active form of vitamin D in animals. 
The efficiency in hydroxylation reactions 
that convert 25-hydroxycholecalciferol to 
1,25-dihydroxycholecalciferol appears to be 
affected by the age of the hen (Frost et al., 
1990 and Soares et al., 1988).

All metabolic processes involving vitamin D 
are regulated by two hormones, calcitonin 
and parathyroid hormone, which are closely 
connected to the level of calcium in the blood. 
That is why the main effect of this vitamin 
is on levels of calcium and phosphorus, and 
the balance between them. 

Main calcitriol functions:

•	 Stimulating calcium and phosphorus 
absorption in the intestine.

•	 Increasing renal reabsorption of calcium 
and phosphorus.

•	 Stimulating mobilization and deposition 
of existing bone calcium and phosphorus 
with the objective of achieving and 
maintaining optimum bone mineral 
content in the hen and the developing 
egg.

One international unit (IU) of vitamin 
D3 is defined as the activity of 0.025 µg 
vitamin D3 (cholecalciferol). The minimum 
requirements established by the NRC (1994) 
are 300 IU/kg of vitamin D3. 

Figure 3. Effect of vitamin D3 supplementation on egg integrity. (adapted from Kesharvarz 
1996.)
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In principle, laying hens have specific 
calcium needs. In addition to requirements 
purely for the maintenance and development 
of bone tissue, they require calcium for shell 
formation and to ensure medullary bone 
reserves. Bearing in mind the relationship 
of vitamin D with calcium, it is logical in 
practice to use levels above the minimum 
requirements. However, some studies have 
not demonstrated under experimental 
conditions that higher levels of vitamin D 
improve the quality of the shell.

Kesharvarz (1996) and Kesharvarz and 
Nakajima (1993) studied the effect of vitamin 
D3 supplementation from 250 to 4400 IU/
kg on different production parameters. 
The percentage of broken eggs (P<0.05) 
and egg specific gravity (numerically, not 
statistically) improved with levels of 2000 IU/
kg compared with 250 IU/kg, indicating that 
this latter level is marginal for metabolism 
(Figure 3). In spite of finding no significant 
differences in the other factors studied, they 
point out that the requirements established 
by the NRC (1994) are marginal and that 
those set out previously (500 IU; 1984) are 
more in line with the real needs of the layer. 
Therefore they suggest the application of a 
safety margin in the dosage of this vitamin. 

These figures agree with the results of Shen 
et al. (1981) which suggest a minimum of 500 
IU vitamin D3 for optimum shell formation.

The supply of vitamin D is essential to 
maintain the integrity of the skeleton, 
with clear implications for the birds’ state 
of well-being. The majority of studies 
demonstrate that doses above the NRC’s 
1994 recommendations are necessary to 
promote good bone structure and prevent 
fractures. 

Frost et al. (1990) studied vitamin D3 
supplements between 500 and 1,500 IU/
kg, and the results indicate that, as vitamin 
D3 levels increase, so do egg production, 
consumption of feed, egg specific gravity, 
the percentage and weight of the shell 
and shell strength, which agree with the 
results of Faria et al. (1999), using from 
2,500 to 3,500 IU/kg. Likewise, Mattila et al. 
(2004) observed that supplementation with 
ergocalciferol (vitamin D2) and above all 
cholecalciferol between 6,000 and 15,000 
compared with 2,500 IU/kg improves the 
resistance of bones to fracture (Figure 4)
and does not cause undesirable calcium 
deposits in vital organs and soft tissues 
and no changes were observed in the 

Figure 4. Effect of different sources and levels of vitamin D on tibia bone strength. 
(adapted from Mattila 2004.)

Dietary treatment

B
re

ak
in

g 
st

re
ng

th
, N

25000D3

60000D3

15000D3

2500D3 + 6000D2

2500D3 + 15000D2

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



97

OPTIMUM VITAMIN NUTRITION IN LAYING HENS

Figure 5. Effect of vitamin D3 supplementation on egg production, eggshell quality and tibia 
strength. (adapted from Frost et al. 1990.)
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productive parameters of laying hens. 
Keshawartz (1996) also observed that by 
increasing the dose of vitamin D3, the 
weight and breaking stregth of the tibia 
increased, although no differences in tibia 
ash content were observed. These authors 
indicate that the latter observation is not a 
sensitive method of detecting changes in 
the level of bone mineralization. The dose 
quadratically increased serum calcium and 
phosphorus levels during oviposition. Using 
more precise methodology, Newbrey et al. 
(1992) demonstrated that supplementing 
1,25-dihydroxycholecalciferol [1,25-(OH)2D3] 
or calcitriol stimulates bone formation and 
mineral retention in the medullary bone 
matrix during oviposition.

The improvements in the quality of the shell 
observed when available phosphorus was 
reduced from 0.5 to 0.3% appear to be due 
to a stimulation of the 1,25-(OH)2 D3 (Frost et 
al., 1991). Consequently there is an interest 
in studying the possibility of supplying 
preformed metabolites directly and thus 
not depending on the organism’s capacity 
for conversion to the active compound. 
Some studies indicate that the addition 
of vitamin D metabolites together with 
vitamin D3 (above requirements, >2000 IU/

kg) improves eggshell quality and the levels 
of calcium and phosphorus in blood to 
normal phosphorus levels available in the 
diet (Harms et al., 1990a). Chennaiah et al. 
(2004), Tsang (1992), Tsang et al. (1990a) and 
Tsang and Grunder (1993) demonstrated 
that layer diets supplemented with calcitriol 
give rise to fewer egg breakages during 
classification and washing than diets with 
normal levels of vitamin D3. These results 
agree with those of Seeman (1992) and those 
of Neri (2000) who observed improvements 
in production and bone mineralization when 
supplementing with 1,25(OH)2D3. 

However, several authors indicate that, 
when there is an adequate intake of vitamin 
D3, supplementation of different metabolites 
has a reduced effect on resistance to bone 
breakage and on production parameters 
(Harms et al., 1988 and 1990a; Kesharvarz, 
2003a; Newman and Leeson, 1999 and 
Tsang and Daghir, 1990). Similarly, Frost et 
al. (1990), concluded that the hen can obtain 
enough 1,25(OH)2D3 from dietary vitamin D3 
to maintain production and eggshell quality 
(Figure 5). However, this metabolite is not 
produced in sufficient levels to maintain the 
weight and strength of the tibia, particularly 
in older birds. Koreleski and Swiatkiewicz 

0ICU/kg vit D3

500

1000

1500

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



98

OPTIMUM VITAMIN NUTRITION

VITAMIN E

Vitamin E was discovered in 1922, and it 
was Bishop and Evans who demonstrated 
that this fat-soluble factor was essential 
to rat reproduction. Since then, vitamin 
E has become of greater interest and our 
knowledge of its range of activity has 
broadened.

The term vitamin E includes a range of 
closely related active components. These 
components are divided into two groups: 
tocopherols and tocotrienols. Of the 
tocopherols the α form exhibits greatest 
biological activity, has the broadest 
distribution and is very commonly found 
in the ingredients used in animal feeds. The 
natural isomer of α-tocopherol is RRR-α-
tocopherol or D-α-tocopherol, and it is the 
isomer with greatest biological activity, and 
is usually the reference compound vitamin 
E. 

Most plants can synthesize vitamin E, 
although animals and human beings do not 

have this capacity. This means that meeting 
vitamin E requirements relies exclusively on 
food. 

The synthetic form of α-tocopherol is a 
racemic mix of eight stereoisomers, esterified 
to an acetate group. This form is designated 
DL-α-tocopherol acetate and is accepted as 
standard for establishing vitamin E activity. 
Thus, 1 mg of DL-α-tocopherol acetate is 
equivalent to one international unit (IU) of 
vitamin E, while 1 mg of the natural form 
(D-α-tocopherol) is 1.49 IU. Until α-tocopherol 
acetate is hydrolyzed in the intestine it is not 
biologically active in the animal. 

Symptoms associated with a deficiency 
of this vitamin are due to changes in the 
permeability of cellular membranes. In 
fact the main function of vitamin E is to 
act as an antioxidant on a cellular level, 
specifically protecting the phospholipids 
in the membranes from lipid oxidation. 
On a cellular level, vitamin E is integrated 

(2005) demonstrate that substituting 25% 
(over 1500 IU/kg) of vitamin D3 with 25-
OH-D3 improves the density, thickness 
and resistance to breakage of eggshells 
produced particularly at the end of laying.

With regard to tolerance levels Tsang et al. 
(1990b) indicated that 5 µg/kg 1,25(OH)2D3 
is the optimum level to improve eggshell 
quality, and placed the toxic level at 7 µg/kg. 
The study by Terry et al. (1999) focused on 
determining the maximum tolerance level 
for using the 25-OH-D3 metabolite in layer 
diets. They studied levels between 41.25 
and 825 µg/kg and the effect of these levels 
on different parameters. The results indicate 
that using 25-OH-D3 is safe at a dosage of 
82.5 µg/kg, with a safety margin of 5. As 
we have seen, 1,25(OH)2D3 necessitates 
supplements at lower levels than with 25-
OH-D3 and logically, as indicated by Soares 
et al. (1995), maximum tolerance levels in 
absolute terms are reached sooner.

Problems with pimpling (calcification 
defects in the egg) have a direct 
relationship with management and there is 
an interrelationship with various nutrients. 

Goodson-Williams et al. (1986) showed that 
as age increases, high levels of vitamin D3 
worsen problems of pimpling.

Regarding enrichment of the eggs with 
vitamin D, Mattila et al. (1999) found a 
high and positive correlation between 
the cholecalciferol content of the feed 
and the cholecalciferol (r = 0.995) and 
25-hydroxycholecalciferol (r = 0.941) 
content of the egg yolk. Eggs enriched with 
vitamin D can potentially provide the total 
of the suggested requirement that a person 
needs, and substantial quantities of 25-OH-
D3 with greater biological activity than that 
of cholecalciferol (Ward, 2009a).

As Whitehead (1995) points out, vitamin 
D3 requirements of layers have not been 
reevaluated in recent decades. In fact the 
cholecalciferol level used by the Spanish 
animal feed industry is 54 µg (2160 IU/
kg), i.e. much greater than the minimum 
recommended level (Table IV). In current 
practice vitamin D3 metabolites are are now 
being used and great investigative efforts 
are being made to observe their usefulness 
in the nutrition of layers.
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in cellular membranes where it neutralizes 
free radicals, effectively preventing the 
development of oxidation. The greater the 
degree of unsaturation of the lipids, the 
greater their susceptibility to oxidation.

An adequate intake of vitamin E is essential 
for the following reasons: 

•	 Maintenance of active tissues like 
muscle, the central nervous system or 
the vascular system.

•	 In the particular case of layers, 
oxidative destruction of ovarian 
follicles reduces egg production and 
as a consequence a deterioration in the 
conversion ratio. Furthermore, there 
is evidence that vitamin E facilitates 
the release of vitellogenin, precursor 
of yolk, from the liver and therefore 
increases circulation of the compounds 
necessary for yolk formation.

•	 Avoiding oxidative destruction or 
alteration of macrophages, which 
represent the first line of defense 
against infections. It also improves 
the immune response, increasing the 
production of antibodies.

•	 Vitamin E also improves immune 
function by inhibiting the production of 
immunosuppressive prostaglandins.

•	 In current systems of table egg 
production, vaccination is a routine and 
frequent practice. Vaccination induces 
immunological stress, which may be 
aggravated by other environmental 
situations, such as heat stress.

•	 Counteraction of the production of 
peroxides and the toxic effects of 
mycotoxins (Hoehler and Marquardt, 
1996).

The minimum requirement established by 
the NRC (1994) is 10 mg/kg of feed. 

Some authors have studied the effect of 
supplementation with vitamin E on the 
production and quality of the shell (Fan et 
al., 1998). Scheideler and Froning (1996) 
found that the addition of 50 IU vitamin 
E slightly improved egg production, 96.1 
vs. 94.3 %. However, other researchers 
(Botsoglou et al., 2005; Florou-Paneri et 
al., 2006; Richter et al., 1985, 1986 and 
1987) found no differences in production 
parameters with increased dietary content 

of vitamin E in layer feeds, but the studies 
were nearly always carried out under 
optimum experimental conditions, far from 
current commercial practice. Only with 
doses 60 times higher than the minimum 
requirements (600 mg/kg vitamin E) did 
Mori et al.(2003) observe a deterioration in 
production and conversion of feed without 
repercussions on egg quality.

However, there are numerous conclusive 
studies which demonstrate the beneficial 
effect of vitamin E supplementation on 
alleviating situations of stress, in particular 
heat stress. Bollengier-Lee et al. (1998) 
observed that 500 IU vitamin E is successful 
in reducing the negative effects of chronic 
heat stress on production (improvements 
of between 7 and 22%), egg volume and 
feed conversion ratio of the hens (Figure 
6). Previous studies had been directed 
towards determining optimum dosage and 
time of administration. The same authors 
(Bollengier-Lee et al., 1999) deduce from a 
later study that supplementation of 250 IU 
vitamin E in the layer diets before, during 
and after heat stress prevented the reduction 
in laying as a result of exposure to heat. It is 
important to point out that supplementation 
must take place not only after but also before 
and during the period of stress. 

These data agree with those of other authors 
who indicate that vitamin E supplementation 
before and during heat stress prevents 
negative effects on production (Bollengier-
Lee et al., 1998; Kirunda et al., 2001; Utomo 
et al., 1994; William 1995; Whitehead, 1998). 
The team of Scheideler at the University 
of Nebraska (Puthpongsiriporn et al., 2001 
and Scheideler and Froning, 1996) also 
observed beneficial effects with moderate 
doses (50-65 IU/kg). Likewise, Bartov et 
al. (1991) demonstrated that vitamin E 
supplementation between 125 and 300 mg/
kg minimized reduction in egg production, 
in feed efficiency and in shell density caused 
by not only of heat stress, but also of some 
illnesses. The studies by Kucuk et al. (2003) 
and Panda et al. (2008) detect improvements 
in the production parameters and antioxidant 
status of layers subjected to thermal stress 
(low temperatures 6°C or tropical summer 
conditions) on the incorporation of vitamin 
E and vitamin C, with additive effect. 
All these results indicate that vitamin E 
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supplementation improves the immune 
status of the hens, and is potentially 
beneficial during other stressful situations 
such as transportation, vaccination, molt 
and, of course, high temperatures.

Once the basic needs of the animal have been 
met, the possibility of using higher levels of 
supplementation can be considered with a 
view to improving other aspects, in particular 
those relating to the quality of the food 
reaching the consumer. Vitamin E can act on 
two levels: preventing food oxidation and as 
a way to fortify the food for the consumer. 

Interesting observations by Froning (2001) 
indicate that supplementation with 120 IU/kg 
vitamin E improves the functional properties 
of the egg, specifically the percentage of 
solids. These data agree with the results of 
other authors who indicate that treatment 
with vitamin E (250 mg/kg) does not affect 
egg size, but does affect egg volume by way 
of its effect on the yolk (Bollengier-Lee et 
al., 1999).  These authors suggest that the 
antioxidant action of vitamin E counteracts 
the negative effect of heat stress, and an 
extra supply results in higher vitellogenin 
levels in the plasma, which permits greater 
development of the yolk. Likewise, Kirunda 
et al. (2001) supplemented 60 IU vitamin 

E in the diets of hens exposed to high 
temperatures, and found positive effects on 
the thickness of the vitelline membrane, yolk 
and albumen solids and foaming properties, 
among other parameters. 

Vitamin E supplementation could minimize 
problems of quality and contamination 
of the egg which occur during summer 
months, due to high temperatures, and 
which represent important economic losses 
for egg processing companies. The effect 
of vitamin E along with Selenium (Se) 
supplementation   has been studied by 
Aljamal et al., 2008, who found that including 
the highest level of vitamin E (100 IU/kg) in 
the diet of laying hens, the quality of eggs  is 
enhanced significantly. In relation to Se, egg 
production, feed intake and specific gravity 
are significantly increased with increasing 
levels of  Se in the hen’s diet.

The addition of incremental dosages of 
vitamin E in hen feed (from 0 to 320 mg 
α-tocopheryl acetate) does not appear to 
affect yolk color (Botsoglou et al., 2005; 
Florou-Paneri et al., 2006; Frigg et al., 
1992), although the study by Angela et al. 
(1999) found changes in yolk carotenoid 
concentrations when 2% vitamin E was 
added to the basal diet.

Figure 6. Effect of vitamin E supplementation on egg production under heat stress conditions. 
(adapted from Bollengier-Lee et al. 1998).
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Figure 7. Effect of dietary supplementation with different levels of α-tocopheryl acetate on 
α-tocopherol concentration in fresh egg, expressed as micrograms per gram of egg. 
(adapted from Galobart et al. 2001c)

α-Tocopheryl Acetate (mg/kg feed)

α-
To

co
ph

er
ol

 (μ
g/

g 
eg

g)

The oxidative stability of the egg is influenced 
by its fatty acid composition and the method 
of processing to which it is subjected. 
There has been a tendency in recent years 
to enrich these products with unsaturated 
fatty acids, specifically from the omega 3 
family. However, it has been shown that this 
greater degree of unsaturation in eggs leads 
to increased susceptibility to lipid oxidation 
(Cherian et al., 1996a and b; Galobart et 
al., 2001a; Grashorn and Steinhilber, 1999; 
Li et al., 1996). Lipid oxidation reduces the 
nutritive and organoleptic value of the egg. 
Furthermore, the consumption of products 
derived from lipid oxidation has been linked 
to the development of various pathologies 
such as cardiovascular disease, ageing, 
cancer, etc. 

Many studies have shown how dietary 
supplementation with raised levels of 
vitamin E (different isomers) prevents or 
reduces the oxidation levels associated 
with enriching eggs with polyunsaturated 
fatty acids and subjected to different heat 
processes (Botsoglou et al., 2005; Cortinas 
et al., 2001; Cherian et al., 1996a and b; 
Galobart et al., 2001a, b and c; Li et al., 
1996; Qi and Sim, 1998; Wahle et al., 1993) 
(Figure 7). As an example, we will use 

the results on lipid oxidation obtained by 
our investigation group, which involved 
submitting eggs enriched with PUFA omega 
3  to an atomization process and subsequent 
conservation of the egg in powder form 
(Galobart et al., 2001b). Oxidation levels of 
fresh egg are very low, but when they are 
atomized, oxidation values increase by 10-12 
times the values of fresh eggs. However, by 
supplementing the hen's diet with different 
levels of α-tocopheryl acetate (50, 100 and 200 
ppm), oxidation levels decrease considerably 
(Figure 8). Increasing vitamin E levels in 
the ration reduced TBA values but these 
differences were only significant between 50 
and 200 mg/kg. In other words, the reduction 
in oxidation values due to vitamin E becomes 
less as its concentration in the diet increases. 
This shows us that it would be necessary 
to adjust dietary supplementation of this 
compound according to processing and 
storage conditions of the eggs or of foods of 
animal origin in general. In this manner the 
greatest protective effect at lowest economic 
cost to the producer may be achieved.

The α-tocopherol content of the egg 
maintains a linear relationship with its 
level of supplementation in layer feed. 
Thus, an egg produced by a hen which has 

200 mg/kg100 mg/kg50 mg/kg0 mg/kg
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Figure 8. Effect of dietary supplementation with different levels of α-tocopheryl acetate on 
TBA values, expressed as nanograms of malondialdehyde (MDA) per gram of solids, in fresh 
and spray-dried egg at 0 and 2 months of storage. (adapted from Galobart et al. 2001c)
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been given 200 mg/kg α-tocopheryl acetate 
contains around 6-8 mg vitamin E (Galobart 
et al., 2001c). Recommended consumption 
of vitamin E (recommended daily amount, 
RDA) for humans is approximately 10 mg. 
Therefore, an egg enriched with vitamin 
E can provide 60-80% of the RDA for this 
vitamin. Similar observations have been 
described by a number of authors who have 
investigated the possibility of increasing the 
vitamin E content of the egg (Chen et al., 
1998; Frigg et al., 1992; Grobas et al., 2002; 
Jiang et al., 1994; Meluzzi et al., 1999; Mori 
et al., 2003; Qi and Sim, 1998; Surai et al., 
1995). As mentioned before in the section 
on vitamin A, the interrelation between the 
two vitamins A and E is very important, 
as they are involved in its absorption and 
subsequent deposition in the egg.

Villamide and Fraga (1999) note that, in the 
Spanish animal feed industry, ingredients 
provide between 10 and 20 mg vitamin E 
per kg feed and it is further supplemented 
by an average of 7.62mg/kg (52% CV). On 
the basis of all this information, it is logical 
to conclude that the dosage of vitamin E in 
layer feeds should be adjusted according 
to the unsaturated fatty acid content of 
feed and according to the processing and 
storage to which the eggs will be subjected. 
Furthermore, supplementation above the 
minimum requirements is very beneficial in 
the face of routine stress situations resulting 
from vaccinations, beak trimming, heat and 
transport.
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VITAMIN K

Vitamin K includes a range of components 
called quinones. Vitamin K1 or phylloquinone 
is found in green plants and seeds, while K2 
or menaquinone is the result of bacterial 
synthesis in the large intestine. Vitamin K3 or 
menadione is a fat-soluble compound with 
greater biological activity than the others; 
it is considered the reference standard for 
vitamin K activity.

The main function of vitamin K is to regulate 
the formation of various factors involved in 
blood clotting. Prothrombin is produced in 
the liver and used continuously by the body. 
Continual intake of vitamin K is necessary to 
activate prothrombin: 
•	  When ovulation takes place, if the 

follicular sac does not rupture along 
the stigma line, an area with few blood 
vessels, blood spots in the yolk may 
result, which could be avoided with 
effective blood clotting.

•	 Layers have a propensity to 
nervousness, pecking and even 
cannibalism. If birds are injured, for 
example following uterine prolapse 
at oviposition, a longer blood clotting 
period may trigger cannibalism.

•	 Beak trimming is a normal practice in 
management of layers. A delay in the 
clotting period may delay healing.

The principal bone proteins, such as 
osteocalcin, are also dependent on vitamin 
K. Osteocalcin is important in calcium 
metabolism and is found in bone, in the 
uterus and in eggshell. Low levels of 
osteocalcin and bone matrix proteins may 
impede the mineralization process during 
skeletal development and eggshell formation 
(Whitehead, 2004).

In general, layers do not have access to 
their droppings. Therefore the vitamin K 
produced by intestinal micro-organisms but 
not absorbed in the gut does not represent a 
dietary source. Furthermore, during disease 
or treatment with antibiotics, this microbial 
synthesis is reduced or stops.

Requirements for vitamin K by layers have 
not been established, with the NRC giving a 
minimum requirement of 0.5 mg/kg in 1994, 
based on a study from 1964. However, the 
ARC in 1975 suggests a minimum of 1 mg/kg 

and recommends levels of 2 mg/kg. 

Some studies relating to vitamin K in layers 
focus on bone metabolism. Lavalle et al. 
(1994) fed breeding Leghorn hens with a 
diet deficient in vitamin K, with the object 
of studying the effect on bone metabolism 
of layers, embryo development and chick 
growth. While egg production, shell thickness 
and other production parameters were not 
significantly affected, vitamin K deficiency 
provoked a reduction in concentration of 
coagulation and osteocalcin factors, which 
did not affect the initial skeletal development 
of chicks. Rennie et al. (1997) found no 
changes in the volume of trabecular bone 
in the hens on supplementing feed during 
laying with 20 mg/kg vitamin K. These 
authors did not consider whether vitamin 
K stimulated bone development during the 
whole growth period of the chicks. 

With this objective, Fleming et al. (1998) 
carried out a study which led them to 
conclude that supplementation of 10 mg/
kg menadione in the basal diet (2 mg/kg 
vitamin K3) resulted in a greater volume of 
cancellous bone in the tarsal-metatarsal after 
25 weeks of life (Figure 9). The authors note 
that vitamin K could prolong the modeling 
period of bone formation or inhibit medullary 
bone loss during the first phases of laying. 
In a subsequent study (Fleming et al., 2003) 
they confirmed these results, observing that 
combined supplementation of extra sources 
of vitamin K3, calcium carbonate particles 
and fluoride improved the quality and 
resistance of bones at the end of laying, with 
an improvement of between 12-20% in bone 
characteristics related to osteoporosis. These 
authors' results of these authors indicate 
that these improvements are due mainly 
to the extra supply of granulated calcium. 
They also demonstrate that vitamin K3 
supplementation (10 mg/kg added to 2-6 mg/
kg in the basal diet) increased the volume 
of medullary bone in the tarsal-metatarsal 
both during the starter and grower phase 
and during laying up to 70 weeks. However, 
it was not possible to find the explanation for 
this effect, since the concentration of plasma 
osteocalcin was not affected by the dietary 
vitamin K dose during growth. 
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Müller et al (2009) demonstrated that 
increasing levels of vitamin K (from 0 to 
32 mg/kg) to the diet of 67-week-old of age 
laying hens, improved performance and 
bone mineralization, but not eggshell quality. 
(Figures 10 and 11)

These data demonstrate that the extra vitamin 
K3 supplementation improves the formation of 
trabecular calcium during the growth period 
and contributes to preventing osteoporosis in 
laying hens. However, it would be useful to 
carry out more studies on the role of vitamin 
K in the development and maintenance of 
the skeleton in laying hens to understand the 
mechanisms involved. Likewise, findings are 
needed on vitamin K activity in situations of 
stress, common in practice, in which synthesis 
or absorption is diminished.

Regarding the possibility of fortifying eggs 
with vitamin K, the experiment by Suzuki and 
Okamoto (1997) demonstrates that vitamin 
K1 or phylloquinone supplementation 
between 10 and 100 mg/kg produces eggs 
with a content of 104-1908 µg vitamin K1 
and 67-192 µg menaquinone per 100 g 

yolk. Supplementation with vitamin K3 or 
menadione (10-1000 mg/kg) resulted in eggs 
fortified with menaquinone at a level of 115-
240 µg per 100 g yolk, and with menadione 
at a level of only 1 µg per 100 g yolk. No 
differences were observed in egg production 
related to the dosage of vitamin K. 
 
In practice rations are formulated with safety 
margins of 2. Layer feeds made in Spain 
include an average menadione level of 1.43 
mg/kg (66% CV; Villamide and Fraga, 1999).
 
These studies are generally inconclusive 
regarding the interaction between vitamins 
and between vitamins and other nutrients. 
The fact that fat-soluble vitamins compete 
with each other for absorption means that 
an excess of one may cause deficiency in the 
others. 

Figure 9. Effect of additional vitamin K on cancellous bone percentage. (adapted from Fleming 
1998.)
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Figure 10. Effect of dietary supplementation with different levels of vitamin K on egg weight 
(g) and egg production (%). (adapted from Müller et al. 2009.)

Figure 11. Effect of dietary supplementation with different levels of vitamin K on feed 
conversion ratio (kg/dozen). (adapted from Müller et al. 2009.)
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VITAMIN B COMPLEX

THIAMINE (VITAMIN B1)

The vitamin B complex includes a group of 
vitamins which, originally, were classified 
together as one vitamin, since they all have 
similar metabolic functions.

The vitamins which make up this complex 
are used by the animal to form coenzymes. 
Coenzymes are small organic molecules 
which join to larger enzyme molecules, 

assisting these so that chemical reactions 
may take place with greater efficiency.
The vitamins thiamine, riboflavin, niacin, 
pyridoxine, pantothenic acid and biotin act 
principally as coenzymes which are involved 
in release of energy from feedstuffs. On 
the other hand, folic acid, cobalamin and 
choline are required for growth and cell 
maintenance.

Thiamine was the first water-soluble vitamin 
to be discovered, and for this reason it is also 
called vitamin B1. It plays a fundamental role 
in carbohydrate metabolism, as well as in 
lipid and protein metabolism. 

It is found in cereals, soy and its by-products, 
including oils. In contrast, tapioca and protein 
products of animal origin contain low levels 
of thiamine, and it is destroyed by severe heat 
treatment. It is sold commercially mainly as 
the hydrochloride and mononitrate salts.

Feed with a high carbohydrate content should 
be accompanied with additional levels of 
vitamin B1, since a there is a greater metabolic 
demand for energy during the tricarboxylic 
acid cycle. If the quantity of thiamine is 
insufficient the amount of available energy 
will be reduced, with negative effects on the 
production and size of eggs. 

In situations of stress, metabolic demands for 
thiamine for energy release are increased, a 
problem which is aggravated by the reduced 
ingestion (lack of appetite) produced by 
inadequate thiamine intake. 

Intestinal dysfunction has a negative effect 
on thiamine absorption, due to changes in 
the epithelium and changes in intestinal 
flora.

The presence of some substances such as 
mycotoxins, some therapeutic products 
(amprolium and furazolidone) and, of course, 
its antagonist thiaminase, may reduce the 
availability of thiamine in the bird.

There are few studies on thiamine 
requirements in laying hens. The minimum 
value recommended by the NRC in 1994 
was 0.7 mg/kg. In 1975 the ARC suggested 
minimum requirements of 1.25 mg/kg, and 
practical requirements of 1.5 mg/kg. As 
with other water-soluble vitamins, its low 
toxicity means only very high levels provoke 
disorders in animals.

Padhi and Combs (1965) carried out a study 
using different levels of vitamin B1, from 0 
to 1.67 ppm. Best productive yields were 
obtained with a supplementation level of 
1.25 ppm. When dosages lower than or equal 
to 0.35 ppm were used, egg production 
ceased after 12 days of feeding and the same 
occurred after 20 days of the experiment 
with supplementation levels of up to 0.55 
ppm. After 27 days of intake of 0.55 ppm or 
less, symptoms of polyneuritis appeared, 
which could be alleviated with parenteral 
injections of thiamine. Units of activity of 
RBC transketolase increased proportionally 
with the level of supplementation.

According to Mills et al. (1947), thiamine 
requirements in chick growers were 
significantly higher when the ambient 
temperature was 37º C than 21º C. In this 
same study no changes were found in the 
requirements of pyridoxine, nicotinic acid, 
folic acid or choline.

Levels of supplementation used in 
practice are above minimum established 
requirements. González (1987) describes 
the levels of vitamins used commercially in 
Spain in feeding laying hens. In the case of 
thiamine, the levels range from 0 to 1.5 ppm. 
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RIBOFLAVIN (VITAMIN B2)

In a similar study carried out by Villamide and 
Fraga in 1999 the average level of thiamine 

supplementation in layer feed in Spain was 
0.91 mg/kg (CV= 72%).

Riboflavin is named for its yellow color 
(flavin) and because it contains a simple 
sugar, D-ribose. It forms an essential 
part of the enzyme system which carries 
out the tricarboxylic acid cycle, a group 
of reactions necessary to obtain energy 
from nutrients. Riboflavin in the form 
of a coenzyme is involved in oxidation-
reduction reactions, contributing to the 
maintenance of cellular metabolism and 
more specifically of carbohydrate, protein 
and lipid metabolism.

The sources of this vitamin are very varied, 
and it could be said that all biological 
material contains riboflavin. Among the 
main sources are milk, offal, wholegrain 
cereals and various vegetables. Furthermore, 
microbial synthesis of riboflavin takes place 
in the large intestine. 

Maintaining the high metabolic demand 
necessary for optimum egg production 
depends on the presence of sufficient 
riboflavin. It provides the energy necessary 
for the maintenance of various physiological 
functions, including reproductive functions. 

The level of 2.5 mg/kg recommended by 
the NRC in 1994 is 13.7% higher than the 
2.2 mg/kg which they recommended in 
1984.

In a study carried out on breeding hens in 
conditions of a humid tropical environment, 
supplements from 2.5 to 12.5 mg/kg were 
administered. Of the various production 
parameters analyzed, the only one for 
which a response was obtained was in 
the production of eggs which improved 
significantly when the level of riboflavin 
was increased to 8.5 mg/kg (Arijeniwa et 
al., 1996). Previously Kirichenko (1991) had 
found that egg production increased when 
riboflavin is supplemented at a level 25% 
higher than that recommended, while in a 
study carried out by Flores and Scholtyssek 
(1992), where it was supplemented at 

levels from 1.7 to 9.7 mg/kg, no significant 
changes in any production parameter were 
noted. Squires and Naber (1993b) observed 
increased production, egg weight and body 
weight in breeding hens when increasing 
NRC recommendations from 1984 by 2 
and 4 times, but no significant differences 
between these levels of supplementation 
were observed.

Squires and Naber (1993b) studied changes 
produced in the riboflavin content of the egg 
when supplementing breeding hens with 
1.55, 2.20, 4.4 and 8.8 mg/kg for 27 weeks. 
In the first week of treatment significant 
differences were observed between the 
two lower levels of supplementation and 
the two higher ones. This reduction in egg 
riboflavin content related to deficient levels 
of supplementation became even more 
important as the hens get older. In another 
study Naber and Squires (1993a) found that 
when multiplying the requirements by one 
or two, transfer efficiency of riboflavin from 
the diet to the egg was 45%, while when four 
times the requirements was given, transfer 
efficiency decreased markedly.

In the study by Squires and Naber (1993b), 
the incidence of blood spots was lower 
in the eggs of hens which had received 
supplements of 4.4 and 8.8 mg/kg than 
those with lower doses. On the other hand 
these levels of supplementation had a 
negative effect on shell thickness for several 
weeks. This deterioration in shell quality is 
probably linked more to the increase in egg 
production and weight than to the riboflavin 
level per se.

Riboflavin deficiency reduces the ability of 
the hens to deal with heat stress. Onwudike 
and Adegbola (1984) have documented 
that in situations of heat stress riboflavin 
requirements by layers increase. It 
would also be advisable to increase the 
dosage of riboflavin in the ration in cases 
of immunological stress (vaccinations, 
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PYRIDOXINE (VITAMIN B6)

infections), because of its involvement in 
antibody synthesis.

These studies indicate that 2.5 mg/kg 
riboflavin in layer rations may be inadequate. 
It has been seen that supplementation with 
4.4 and 8.8 mg/kg may be beneficial for 
certain production parameters and egg 
quality. In this review, no references were 
found to studies using supplementation 
levels between 2.2 and 4.4 mg/kg.

Given that the cost of riboflavin 
supplementation is not high it is usually 
included in vitamin-mineral premixes at 
levels higher than minimum requirements, 
as a safety margin. González (1987) gives 
a riboflavin range of 2 to 6.5 mg/kg used 
commercially in layer feed in Spain, and 
Villamide and Fraga (1999) report an average 
level of supplementation in Spain of 3.94 
mg/kg (CV= 26).

Pyridoxine or vitamin B6 is composed of 
three compounds: pyridoxine, pyridoxal 
and pyridoxamine, with pyridoxal being 
the active form. The commercial form of 
pyridoxine is the hydrochloride salt, which is 
the most stable form. In the body, vitamin 
B6 reaches the liver in phosphorylated form, 
where the conversion which produces 
pyridoxal phosphate takes place. Niacin and 
riboflavin are essential to these reactions of 
conversion and phosphorylation.

Pyridoxine is found in many foods. 
Ingredients such as offal, fish and wholegrain 
cereals contain large quantities of this 
vitamin. Minimum established requirements 
are of 2.5 ppm (NRC, 1994) based on studies 
in 1961 and 1946. Normally, this amount is 
provided in commercial rations for layers 
(cereals: 3-5 ppm and oil-cakes: 7-14 ppm).

Vitamin B6 acts as a cofactor for a great many 
enzymes, most of which catalyze reactions 
involving amino acids. It also takes part in 
fatty acid and carbohydrate metabolism, 
and in energy production. Requirements 
are higher when there is an increase in the 
protein content of the diet and for feeds 
formulated to contain high levels of energy 
from fat. 

Given that enzymes, of which pyridoxine is 
one, take part in many processes, specific 
symptoms of deficiency are hard to define. 
Weiss and Scott (1979) studied the effects of 
administering a diet deficient in pyridoxine. 
In the short term there was a loss of body 
weight, anorexia and a marked reduction 
in body fat reserves, and subsequently 
reproductive organs altered and egg 
production ceased. While involution of the 

ovaries and oviducts is a result of depletion, 
regression of the comb and wattles is 
considered a direct consequence of vitamin 
B6 deficiency. The authors observed that 
serum cholesterol reduced while the egg 
cholesterol content remained similar to that 
of birds which were fed diets containing 
appropriate vitamin levels. These effects 
caused by deficiency were reversed by 
giving a diet containing the appropriate 
quantity of pyridoxine. Deficiency has a 
negative effect on the capacity of the bird 
to endure situations of stress such as cold 
or heat. Chronic and acute illnesses may 
lead to pyridoxine deficiency because of the 
concomitant reduction in feed intake, and 
furthermore in these situations pyridoxine 
requirements are increased to alleviate the 
additional metabolic demands caused by 
immunological activity. 

The results of Kucuk et al. (2008) suggested 
that  pyridoxine (8 mg/kg) along with zinc (30 
mg/kg) supplements improved performance 
and egg quality, especially eggshell weight, 
in laying hens. On the other hand, a study 
carried out on layers of 78 and 72 weeks of 
age, prior to molt, in which the ration was 
supplemented with 100 mg/kg pyridoxine, 
found no changes in egg production, nor 
in shell formation (Hupfauer, 1993). This 
may indicate that an excess of pyridoxine in 
unstressful environmental conditions brings 
no additional benefits in production.

Pyridoxine does not cause toxicity problems 
even when given in very large amounts. 
Abend et al. (1975) observed no significant 
changes in the chemical composition of 
the carcass or the egg, or in the pattern of 
deposition of amino acids in the pectoral 
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CYANOCOBALAMIN (VITAMIN B12)

muscle on adding gradual increments of 
vitamin B6 to the ration. When the ration 
was deficient in pyridoxine the body protein 
levels fell. There was a reduction in the 
glycine-serine quotient.

Weiser et al. (1991) indicated, in a study of 
layers aged 71 and 90 weeks, that a level 
of 6 mg/kg pyridoxine, mostly provided in 
the basal diet, is sufficient to prevent bone 
deformities.

González (1987) mentions that the range 
of pyridoxine used commercially in layer 

feed in Spain is between 0 and 2 mg/
kg. Villamide and Fraga (1999) record an 
average supplementation level in Spain 
of 1.63 mg/kg (CV= 51). Both of these are 
below the level recommended by the NRC in 
1994, but this does not necessarily represent 
a problem for the health of the bird or for 
adequate production, if pyridoxine needs are 
met through the ingredients in the ration. 
However, factors such as illness or heat 
stress should be taken into account, since 
in these conditions a level of pyridoxine 
which is normally adequate could become 
marginal.

Cobalamin, or vitamin B12, was the last vitamin 
to be discovered, and is the most powerful, 
so it is needed in very low concentrations 
to meet the needs of animals. Vitamin B12 is 
the only vitamin to be synthesized in nature 
solely by microorganisms, so that products 
of vegetable origin are almost devoid of this 
vitamin.

Cobalamin contains cobalt in its structure, 
and it is the only vitamin to have a trace 
element in its composition.

Unlike the other B group vitamins, cobalamin 
does not have to be utilized immediately after 
absorption. It can be accumulated, mainly 
in the liver, but also, to a lesser degree, in 
the kidney, muscles, bone and skin. The 
capacity of the hen to deposit reserves of 
vitamin B12 is not clear. Denton et al. (1954) 
noted that after two unsupplemented weeks 
deposits were significantly depleted. Scott 
et al. (1982) considered that it takes several 
months (12 weeks) to exhaust body reserves 
completely.

The functions of vitamin B12 in metabolism 
include assisting folic acid in the transfer 
of single carbon atoms for nucleic acid 
synthesis. It is also involved in cholesterol 
metabolism and in the biosynthesis of 
methionine from homocysteine.

It is also necessary for the normal 
development of erythrocytes and a metabolic 
deficiency causes macrocytic anemia.

Birds obtain a certain quantity of vitamin 

B12 from bacterial synthesis in the intestine, 
but it is still considered necessary to provide 
vitamin B12 in the diet of layers, albeit in 
small amounts, particularly if the main diet 
is of vegetable origin and coprophagy is not 
possible. Levels suggested by the NRC in 
1994 are of 0.004 mg/kg and are based on 
studies from the 1950s.

Since vitamin B12 is related to choline (via 
methionine), a reduction in the intake of 
methionine and choline will increase the 
requirement for cyanocobalamin. 

Deficiency in cyanocobalamin is extremely 
rare because of the minute quantities 
required in the daily ration of animals and 
because of the capacity of the body to store 
appreciable amounts of this vitamin.

It is generally believed that vitamin B12 
deficiency does not affect commercial egg 
production, but early reference was made 
to a drop in egg weight caused by vitamin 
B12 deficiency (Skinner et al., 1951). Squires 
and Naber (1992), conducting a study on 
breeders, observed that best egg production, 
egg weight, shell thickness, hen weight and 
optimum hatchability were obtained when 
the diet contained 8 µg/kg vitamin B12 (7.5 
µg/kg supplemented). With levels greater 
than 8 µg/kg slight improvements were 
obtained, but the differences were not 
statistically significant. It may be that the 
nature of the study, carried out over a long 
period (27 weeks), allowed the detection of 
differences which had not been observed in 
shorter-term studies.
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These authors suggested that vitamin 
B12 levels above minimum established 
requirements are necessary for optimum 
feeding of breeders. Akhmedkhanova and 
Alisheikhov (1997) and Dzhambulatov et 
al. (1996) estimated that in hot conditions 
36 µg is an adequate level to optimize egg 
production based on different variables (egg 
production, egg weight, feed conversion 
ratio, etc.). 

As for egg quality, studies by Squires and 
Naber (1992) and Naber and Squires (1993a) 
noted that the concentration of vitamin B12 
in yolk varies rapidly depending on dietary 
levels, so that the vitamin B12 content of 
the egg could be used as an indicator of 
the vitamin B12 level in the hen and as a 

standard of egg quality. This observation 
confirms the previous results of Denton et 
al. (1954) which suggest that vitamin B12 
deposits in the body do not sustain the 
vitamin B12 content of the egg over a long 
period. The same authors noted that the 
minimum concentration of vitamin B12 in 
the egg for maximum hatchability and egg 
weight is between 1-3 and 2-6 µg/100g yolk, 
respectively.

Whitehead (1995) puts vitamin B12 
requirements for layers at 8 µg/kg, based 
on the study by Squires and Naber (1992). 
Villamide and Fraga in 1999 report average 
levels of vitamin supplementation in feeds 
for layers in Spain as 12 µg/kg. 

NIACIN

Following the isolation of riboflavin from 
the vitamin B complex, niacin was the third 
vitamin from this group to be discovered. 
Niacin, also called nicotinic acid, must 
convert to nicotinamide to undertake vitamin 
activity. 

Many foods, both of vegetable and animal 
origin, contain high quantities of niacin. 
However, a large part of this niacin is 
bound and not available for absorption. 
This is the case with some of the niacin 
contained in cereals and their by-products. 
The bioavailability of niacin is low in some 
ingredients, like cereals and oilseeds (10-15%) 
(Klasing, 1998).The availability of niacin in 
other feed materials is not well documented. 
In non-ruminant animals it is considered 
necessary to supplement niacin with caution 
if the level calculated in the feedstuffs is 
below 1.5 times the requirements of the 
animal (Leclercq et al., 1987).

Niacin is a constituent of two enzymes (NAD 
and NADP) which transfer hydrogen in fatty 
acid, carbohydrate and amino acid synthesis 
and degradation. Furthermore, it assists in 
the release of energy from feedstuffs and in 
its delivery to the body’s cells.

The conversion of tryptophan to niacin in the 
body is very inefficient. It has been seen that 
in breeders 187 mg tryptophan is required to 
obtain 1 mg niacin (Manoukas et al. 1968), 

and the presence of vitamins B1, B2 and B6 
is also necessary. Sashildar et al. (1988) 
suggested that the presence of mycotoxins in 
the diet could limit conversion of tryptophan 
to niacin. According to West et al. (1952), an 
excess of tryptophan did not compensate for 
a deficiency of niacin in chicks.

Minimum requirements indicated by the 
NRC in 1994 are 10 mg/kg, based on studies 
by Ringrose et al. (1965).

Several studies have evaluated both 
production parameters and the metabolism 
and the cholesterol content in the bird as 
affected by niacin intake.

Leeson et al. (1991) conducted a study with 
several strains of laying hens to determine 
the niacin requirements of highly productive 
birds in terms of production characteristics. 
The control diet contained 22 ppm niacin and 
niacin treatment ranged from a supplement 
level of 44 ppm to 1022 ppm. A slight 
increase in production was observed when 
supplementing with 44 ppm compared to 
the control group. This increase became 
significant when supplementing with 66 
ppm or more. Shell quality (measured as 
the degree of shell deformity) improved 
in those hens treated with 44 or 132 ppm. 
There were no changes in egg weight, feed 
consumption or weight of the bird. Similar 
results were obtained by Dikicioglu et al. 

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



111

OPTIMUM VITAMIN NUTRITION IN LAYING HENS

(2000), feeding rations containing niacin 
levels varying between 250 and 1500 ppm, 
observed significant improvements in shell 
quality and feed conversion efficiency. Body 
weight was influenced negatively. 

The results of Kucukersan (2000) agreed with 
the conclusions on production parameters. 
He found that with supplements of 100 ppm 
niacin, bird weight, egg production and 
feed conversion efficiency all increased, but 
his results differ on shell quality, since with 
this same level of supplementation, shell 
thickness and weight were reduced. There 
were no differences between the controls 
and birds receiving 50 ppm niacin. Jensen 
et al. (1976) observed no changes in egg 
production, egg weight, food consumption 
or body weight with a supplementation of 
44 ppm niacin. Similar results were obtained 
by Ouart et al. (1987) when supplementing 
with niacin levels from 0 to 22 ppm in diets 
containing 21.02 ppm (corn-based diet) or 
46.11 ppm (wheat-based diet).

Leeson et al. (1991) also investigated whether 
supplementing niacin in the ration for layers 
would change the liver content of cholesterol 
and fat. In other animal species and humans 
a relationship had been observed between 
niacin and fat and cholesterol metabolism. 
In humans it is thought that treatment with 
niacin helps to reduce blood cholesterol 
levels. Alderman et al. (1989) suggested that 
supplementation with 2 g/day was effective 
in reducing total cholesterol in blood serum 
and improving the high-density cholesterol-
lipoprotein quotient in humans. Witzum 
(1989) also described reductions of 25-35% 
in human cholesterol levels when treating 
with high levels of niacin. Niacin is involved 
in lipid metabolism, in glycerol synthesis 
and degradation, in oxidation and synthesis 
of fatty acids and in steroid synthesis. 
Leeson et al. (1991) did not observe effects 
on the cholesterol content of eggs during the 
28 days of the experiment and nor did they 
observe effects on the incidence of fatty liver 
evaluated according to the accumulation of 
fat in the liver. This latter point agrees with 
results previously obtained by Jensen et 
al. (1976) on adding 44 ppm niacin to the 
ration and evaluating liver weight and lipid 
content. Concerning the cholesterol content 
of the egg, similar results were obtained by 
Kucukersan (2000) on supplementing 50 and 

100 ppm niacin. On the other hand, Dikicioglu 
et al. (2000) described that adding levels of 
niacin from 250 to 1500 ppm to the ration 
increased blood cholesterol levels, while the 
cholesterol content in yolk was significantly 
reduced.

It has been suggested that this vitamin 
controls hysteria or nervousness in birds at 
a dosage of 200 ppm. At this level mortality 
rate was reduced when birds were housed 
at high densities, and the conversion ratio 
improved. North (1984) agreed that large 
doses of niacin help to alleviate problems of 
hysteria in caged birds. However, Ouart et 
al. (1987) observed no differences between 
groups which received different levels of 
supplementation, from 0 to 22 ppm, over 
supplemented diets containing 21.02 ppm or 
46.11 ppm niacin. 

Jackson, in a review published in 1992, held 
that advances in genetics of laying and 
breeding hens require new thinking on diets. 
This author believed that there are methods 
to optimize the genetic potential of the layer, 
one of which is based on the response to 
niacin supplementation. He indicated that 
genetic companies suggest niacin levels of 
18-38 ppm.

Economic benefits may be achieved by using 
higher dosages than those recommended 
by the NRC (1994). Based on the studies 
referred to here, 22 ppm niacin is a marginal 
level if the aim is to maximize egg yield. A 
level of 66 ppm is sufficient for a good rate of 
egg production. With a ration supplemented 
with 100 ppm, feed conversion efficiency 
probably improves, and with 132-250 ppm 
positive effects on shell quality would be 
obtained. 

In a review published by Whitehead in 2001 
the practical level of supplementation for 
layers is 50 ppm niacin. In Spain niacin is 
generally supplemented at levels higher than 
those indicated by the NRC, but not as high as 
those quoted here for optimum production. 
González (1987) reported which place the 
range of nicotinic acid used commercially in 
Spain in layer feed at between 2 and 25 mg/
kg, and Villamide and Fraga (1999) give an 
average level of supplementation in Spain of 
21.4 mg/kg niacin (CV= 33%). 
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PANTOTHENIC ACID

As a constituent of coenzyme A and of 
the carrier protein for acyl groups (ACP), 
pantothenic acid plays a fundamental role in 
fatty acid metabolism.

Requirements for this vitamin in laying 
hens stand at 2 mg/kg (NRC, 1994), with a 
great variation between individuals of the 
same breed or strain. Pantothenic acid 
requirements depends on interactions with 
other vitamins like vitamin C, biotin and 
vitamin B12, as well as on the fat content 
of the ration. Low levels of vitamin B12 and 
high levels of fat increase requirements 
of pantothenic acid, while the presence of 
vitamin C could reduce requirements.

Some feed ingredients contain significant 
amounts of this vitamin, but cereal grains 
have a relatively low concentration.

The main damage caused by pantothenic 
acid deficiency involves the nervous system, 
adrenal insufficiency and the skin, and 
symptoms  are unspecific: dermatosis, 
changes in feathers, reduction in productive 
yield. It was initially thought that a deficiency 
in this vitamin might not affect egg production 

but might reduce hatchability and embryo 
survival. 

Beer et al. (1963), feeding White Leghorn 
pullets with purified diets concluded that 
these hens require a minimum of 1.9 ppm 
to optimize egg production, at least 4.0 
ppm to maximize hatchability and 8 ppm to 
ensure viability of the chicks. Bootwalla and 
Harms (1991), in their study on minimum 
pantothenic acid requirements of Single 
Comb White Leghorn chicks, concluded 
that a minimum of 4.8 ppm in the diet is 
necessary to optimize sexual maturity and 
future performance. 

Insufficient information is available to 
draw conclusions on the pantothenic acid 
requirements of layers. The requirement 
has not been re-evaluated for 20 years 
and, due to its relationship with energy 
metabolism, it should be adjusted according 
to the energy content of the diet. Studies 
on supplementation levels used in practice 
in Spain report levels ranging from 0 to 
15 mg/kg (González, 1987) or average 
supplementation of 7.45 mg/kg (21% CV; 
Villamide and Fraga, 1999).

There appears to be a certain amount of 
controversy with reference to the effect of 
niacin on egg cholesterol content. While 
Dikicioglu et al. (2000) state that egg 

cholesterol is reduced by supplementing 
with high levels of niacin ranging from 250 
to 1500 ppm, Leeson et al. (1991) obtained 
no such results with 1022 ppm niacin.

FOLACIN

The term folacin is used to describe a series 
of compounds derived from folic acid. There 
are many active biological forms of folates, 
which makes the amount present in feedstuffs 
difficult to evaluate. Principal food sources 
of folacin include leafy green vegetables and 
offal such as liver or kidneys. 

In general terms, absorption of folates is less 
efficient than other vitamins.

In the body many enzymes use folic acid 
derivatives for single carbon atom transfer, 
such as methyl groups, methylene, methenyl, 
formin and formyl. Folates are necessary 
for purine and pyrimidine synthesis, 

glycine and serine interconversion, 
choline synthesis, histidine degradation 
and for conversion of homocysteine to 
methionine. Folate metabolism is entirely 
related to the metabolism of many other 
single carbon atom donors, including 
S-adenosylmethionine, serine, vitamin B12 
and choline. These nutrients interact in such 
a way that their respective requirements 
may be changed. The nutritional importance 
of these interactions is greater for birds since 
they have a high rate of uric acid synthesis, a 
metabolic pathway which uses single carbon 
atoms from excreted nitrogen. Furthermore, 
requirements of methionine and cysteine 
are very high. Methionine is usually the first 
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limiting amino acid, making other sources of 
methyl groups necessary.

Inadequate levels of other methyl group 
donors (serine, vitamin B12, choline, etc.) 
therefore increase requirements, in the 
same way that high levels of protein in 
the diet increase requirements to above 
the recommended levels, due to the 
need to synthesize high quantities of uric 
acid for the excretion of nitrogen. Any 
circumstance affecting intestinal synthesis 
of folates by microorganisms will also affect 
requirements. Since they are synthesized 
by gut microflora, dietary requirements for 
folates are low (NRC in 1994, 0.25 mg/kg; 
ARC in 1984, 0.3 mg/kg).The relatively low 
absorption rate means a good tolerance of 
high levels of folate.

Sherwood et al. (1993) fed layers with a 
purified diet deficient in folates (0.07 mg/kg). 
This had a negative effect on egg production. 
By increasing the supplementation of folates, 
folate deposition in yolk and plasma reached 
saturation point. With 0.72 mg/kg folates 
in the diet the eggs contained somewhat 
less than half the maximum possible folate 
content in the yolk. The study by Keshavarz 
(2003b) used combinations of reduced 
supplies of methionine, choline, folic acid 

and vitamin B12 and obtained smaller eggs 
but improved shell quality the in the final 
phases of the laying period.

Studies by Hebert et al. (2005) and House et 
al. (2002) focus on the enrichment of folate in 
the egg. They used levels between 0 and 128 
mg of folic acid per kg of feed and showed 
how the content in the egg responds to levels 
above 0.25 mg/kg up to deposit saturation. 
They observed no changes in production 
parameters but suggest strains differ in their 
folate requirements and that a reevaluation 
of the recommendations is important for 
highly productive birds. 

Husseiny et al. (2008) showed that 
supplementation up 12 mg/kg diet with 
folic acid significantly increased egg weight 
(Figure 12). Given the recognized role of 
folic acid in cellular development, much 
research into folic acid requirements has 
been related to hatchability and embryo 
survival. Some studies even look at the 
effect of injecting folic acid directly into the 
egg. Objectives claimed in these studies 
exceed those of studies specifically on egg 
production. 

The study carried out by Robel (1993) 
with breeding turkeys using a diet 

Figure 12. Effect of dietary supplementation with different levels of folic acid on egg weight. 
(adapted from Husseiny et al. 2008.)
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Figure 13:.The effect of 12 weeks of dietary treatment with added folic acid (0–32 mg/kg 
basal feed) on serum folate (µg/L) of laying hens. (adapted from Hoey et al. 2009.)
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supplemented with 2.64 ppm and 5.51 
ppm folic acid suggests that increasing the 
supplementation dosage above the 1 ppm 
established by the NRC (1984) as a minimum 
requirement for this species did not lead to 
improvements in hatchability of fertile eggs 
or embryo mortality, although a positive 
linear response to supplementation was 
observed in the transfer of folic acid to the 
egg, specifically the yolk. The production 
parameters studied did show effects of 
supplementation with folic acid: higher egg 
weight and higher bird weight for the 16 
days of the experiment with a higher level 
of supplementation (5.51 vs. 2.64 ppm), the 
differences in both cases being statistically 
significant. No differences in the number of 
eggs produced by the turkey were noted as 
a result of supplementation.

In relation to egg folate enrichment, hens 
have the capacity to convert high doses 
of folic acid added to the feed into natural 
folates in their eggs (Bunchasak and 
Kachana, 2009; Hebert et al., 2005; Hoey et 
al., 2009; and House et al., 2002) (Figure 13). 
It was possible to enhance the folate content 
of eggs 2-3 fold by feeding hens a folic acid 
supplemented diet. Folate-enriched eggs 
could offer consumers a practical means 

of increasing folate intake and potentially 
protecting against disease without the safety 
concerns relating to folic acid – fortified 
foods (Ward, 2009b). 

Since folic acid is essential to birds, dietry 
supplementation would probably bring 
similar benefits to breeding hens and layers, 
so it would appear prudent to increase 
dietary recommendations to 2-3 times the 
minimum established requirements. Liu and 
Feng (1992) suggested the need to review 
the minimum requirements established by 
the NRC in 1984 (0.25 mg/kg), since they 
observed that levels of 1.5 ppm folic acid 
increased productive yield in old hens.

González (1987) gives the range of folacin 
used commercially in Spain in layer feed as 0 
to 0.5 mg/kg, and Villamide and Fraga (1999) 
report an average supplementation level in 
Spain of 0.32 mg/kg (CV= 80). 

The data appears to show that, on a practical 
level, supplementation is at a somewhat 
higher level than that indicated by the NRC. 
Even so, they do not indicate achieving the 
level of supplementation of 1.5 ppm at which 
Liu and Feng (1992) observed improvements 
in production.
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BIOTIN

Natural biotin is widely distributed in 
vegetable matter, animal tissue, seeds, yeast 
products and milk products. In sources of 
natural origin, biotin is bound to lysine or 
to other amino acids and its bioavailability 
varies between different feed products 
(Table I), in some of which it is of very 
limited practical use. In general, biotin from 
protein sources has greater bioavailability 
than biotin in most cereals.

The need to supplement biotin depends 
in part on the type of carbohydrates and 
fats in the diet and in part on the capacity 
for synthesis by microorganisms. As 
this synthesis diminishes, the need for 
supplementation increases. At the time 
of supplementation it must be considered 
whether the animal is able to practice 
coprophagy and whether there is avidin in 
the diet. Dietary biotin is absorbed as an 
intact molecule in the anterior intestine. If 
this part of the intestine is damaged, for 
example in cases of coccidiosis, absorption 
is compromized and therefore also the 
amount of biotin available to the animal, 
which is particularly damaging if the ration 
contains marginal levels of this vitamin. 
Where there is biotin deficiency, symptoms 
are non-specific but productive yields are 
reduced.

In the body, biotin is involved in carboxylation 
reactions, gluconeogenesis and protein 
synthesis. For this reason, it is considered 
essential for life, growth, maintenance 

of epidermal tissue and reproduction. 
Carboxylation reactions are important in 
fatty acid synthesis so biotin is necessary 
for the synthesis of long-chain fatty acids 
and for essential fatty acid metabolism.

Marginal levels of biotin may lead to the 
appearance of fatty liver or kidney syndrome, 
especially when there is a low level of fat 
in the diet and lipogenesis is necessary. 
This scenario may be aggravated by stress, 
since this drains glycogen reserves. Jensen 
et al. (1976) conducted a study to determine 
the effects of niacin, biotin or both together 
on the accumulation of lipids in the liver. 
They used a diet of maize and soy for 12 
weeks, supplemented with 44 mg/kg niacin 
and/or 110 µg/kg biotin, and saw no changes 
in the weight of the liver or in lipid content. 
There were no significant differences in 
production parameters or body weight. It 
seems that biotin may prevent fatty liver 
syndrome but once signs have appeared, 
it does not seem to have beneficial effects 
on the accumulation of lipids in the liver. 
In a study by  Whitehead et al. (1976), 
supplements of thiamine, riboflavin, 
nicotinic acid, pyridoxine, pantothenic acid, 
biotin, folic acid, vitamin B12, ascorbic acid, 
choline and inositol were given separately 
or in combination to chicks. Of all of these, 
only biotin proved effective in preventing 
the occurrence of fatty liver or kidney 
syndrome. The supplementation levels 
required to prevent this condition were 
greater than those required to maximize the 

Source Bioavailability Source Bioavailability

Alfalfa, meal 56 Rice, meal 23

Barley 26 Rye 0

Rapeseed, meal 64 Safflower, meal 32

Maize 100 Sorghum 26

Grass, meal 67 Sunflower, meal 95

Molasses, beet pulp 75 Triticale 6

Oats 37 Wheat, whole 17

Peanut, meal 53 Wheat, germ 55

Table I. Bioavailability (%) relating to D-biotin from different sources (Baker, 1995)
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live weight of the animal, being between 
0-5 and 0-15 mg/kg, depending on the diet. 

The level of biotin recommended by the 
NRC in 1994 is 0.1 mg/kg.

No recent literature has been found on 
studies carried out on layers into the 
possible repercussions on productive 
yield of supplementing biotin above 
requirements. In one study carried out 
on breeding turkeys (Horrox, 1998) it was 
found that supplementing with 500 µg/
kg biotin increased egg production but 
it was reduced with 2000 µg/kg. Biotin 
concentration in the yolk remained stable 
while that in the albumen depended on 
the supply of biotin in the diet. Both effects 
were more marked in older birds, thus 

confirming that old layers need more biotin 
in their diet. On the other hand, young hens 
are less efficient than the older ones in 
transferring biotin to the yolk and for that 
reason they need higher supplementation 
to optimize hatchability (World Poultry, 
2001). However, other studies have found a 
positive relationship between biotin levels 
in the diet and levels in the yolk (Buenrostro 
and Kratzer, 1984; Whitehead, 1984). Today's 
highly productive layers may benefit from 
biotin supplementation to maximize their 
productive capacity. González (1987) gives 
the range of biotin used commercially in 
Spain in layer feed as 0 to 0.03 mg/kg, and 
Villamide and Fraga (1999) report an average 
supplementation level in Spain of 0.016 mg/
kg (CV= 96 %). Both of these are below the 
established requirements.

CHOLINE

Although it is an essential nutrient, strictly 
speaking choline should not be classed as a 
vitamin, since it is a structural component 
of fat and nervous tissue. This is why it is 
required in large amounts, generally more 
than other vitamins. Choline is also very 
important in laying hens for the formation 
of the phospholipid, lecithin, a component 
of egg yolk.

Choline is widely distributed among 
feedstuffs of both vegetable and animal 
origin, and is often found in combined form 
as a component of phospholipids. Soybean 
meal, fish meal, egg yolk, offal, vegetables, 
milk products and wholegrain cereals are 
all rich sources of choline. Levels shown in 
the NRC (1994) tables of the natural content 
of choline in raw foods must be used with 
caution as the bioavailability varies widely 
which could give rise to over-estimation of 
choline levels contained in the feedstuffs 
(Workel, 1998).

The NRC (1994) indicates a minimum 
requirement for layers of 1050 ppm choline. 
Its commercial form is choline chloride.

Birds are able to synthesize choline in the 
liver from methionine, an amino acid. The 
ability of animals to synthesize choline 
is insufficient to meet requirements 
in conditions of intensive production, 
however, even in diets with adequate levels 
of methionine. In diets poor in protein and/
or with marginal levels of sulfur amino 
acids, both choline and methionine may 
become limiting. 

Studies have been carried out to look at 
the effect of choline in the diet of layers. In 
most cases the purpose was to observe the 
response to supplementation of diets with 
different levels of protein or sulfur amino 
acids to determine the influence of choline 
levels on egg production. The results have 
varied widely.

•	 It	is	essential	for	building	and	maintaining	cell	structure
•	 It	plays	an	important	role	in	liver	fat	metabolism,	preventing	

abnormal fat accumulation and promoting its transport from the 
liver as lecithin or by increasing fatty acid catabolism in the liver

•	 It	is	necessary	for	the	synthesis	of	acetylcholine	which	is	required	
for the transmission of nerve impulses

•	 It	is	involved	in	transmethylation	reactions

Choline

Figure 14. Main funcions of Choline
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Pourreza and Smith (1988) suggested 
that choline supplementation is more or 
less efficient depending on the dietary 
methionine content. That is to say, diets with 
low levels of sulfur amino acids increase 
the requirements for choline (Workel, 
1998). Parsons and Leeper (1984) evaluated 
the addition of choline and methionine 
to layer feed containing differing levels 
of raw protein. They concluded that with 
crude protein levels of 13-15%, hens 
respond to supplementation of both 
nutrients, increasing egg production, feed 
conversion efficiency and egg weight, with 
a greater response to supplementation with 
methionine than with choline. However, 
with diets containing a crude protein level 
of 16%, the response to supplementation is 
not significant.

Likewise, Harms et al. (1990b) and Miles 
et al. (1986) observed that response to 
supplementation with respective levels of 
660 ppm or 440 ppm choline was evident 
only in situations where there was a sulfur 
amino acid deficiency. In these studies, the 
weight of the egg correlated more to the 
methionine than to the choline level in the 
ration.

Tsiagbe et al. (1982) found that layers fed 
a diet based on maize-soy and meat meal 
had to be supplemented with choline to 
maximize production and egg weight. 
Choline requirements, in the absence of 
supplementary methionine, appear to 
be greater than 1000 but not more than 
1500 ppm. Sljivovacki et al. (1988) tried 
different combinations of choline and 
methionine. When they combined 1100 
ppm choline and 200 ppm methionine, 
egg production and feed intake increased, 
wheras no changes were observed 
in feed conversion. Schexnailder and 
Griffith (1973) found improvements in egg 
production and weight on supplementing 
5 µg vitamin B12 and 850 mg choline to a 
diet containing a low or adequate level 
of protein and adequate methionine. 
Furthermore, this increase in production 
by supplementing choline was in addition 
to the increase obtained by giving vitamin 
B12 and methionine, thereby indicating that 
choline cannot be substituted by them. 
These authors also observed greater feed 
intake in layers supplemented with choline, 

but they attribute this to the increase in 
production.

Vogt and Harnisch (1991) observed no 
benefits when supplementing choline levels 
between 386 and 1222 ppm. These authors 
concluded that choline content in the basal 
diet (325-386 ppm) is sufficient to meet 
requirements. Nesheim (1971) also found 
no response in production parameters when 
supplementing practical diets with choline. 
Only when the diet had been purified to 
contain very low levels of choline was there, 
in general, an improvement in production, 
gain in body weight and reduction in 
the fat content of the liver following 
supplementation. Furthermore, Nesheim 
stated that, based on the choline content 
of the egg, layers appear to be capable of 
synthesizing a considerable quantity of 
choline for egg production when they are 
fed diets free of choline. 

In a study aimed at establishing whether the 
addition of choline, with or without inositol, 
could influence production parameters, it 
was observed that supplementing the basal 
diet with 660 and 1320 ppm choline chloride 
did not affect egg production but did improve 
egg weight and feed conversion efficiency 
(Couch and Grossie, 1970). Ruiz et al. (1983) 
concluded that layers of 50 weeks of age 
require very little choline supplementation 
when they are fed a diet of maize-soy with 
adequate levels of methionine.

Tsiagbe et al. (1988) carried out a study 
to determine the effect of adding choline 
and methionine to the diet on the egg 
yolk composition of phospholipids. They 
used a basal diet containing 976 ppm 
betaine (equimolar to 1000 ppm choline) 
and 250 ppm methionine, and this was 
supplemented with 500 or 1000 ppm choline, 
with methionine or with both combined. 
The yolk content of phospholipids and 
phosphatidylcholine increased significantly 
when supplementing with choline, while 
the content of phosphatidylethanolamine 
diminished during the peak of production 
(at 36 weeks of age). Furthermore they 
observed greater egg weight and yolk weight 
when the hen had been supplemented with 
1000 ppm choline compared to the contol 
birds. The results demonstrate that the 
increase in egg weight which is seen when 
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supplementing the ration with choline may 
be linked to changes in the yolk composition 
of phospholipids. However, Vogt and 
Harnisch (1991) observed no increase in the 
phosphatidylcholine content in the egg yolk 
on supplementing with choline.

Another important parameter when 
evaluating the addition of choline to the 
diet of layers is its effect on the reduction 
of excess fat deposited in the liver. 
This is due to the role of choline in fat 
metabolism, both in the utilization and 
in the transport of fat, thereby preventing 
abnormal accumulation of fat in the liver. 
Fatty infiltration of the liver is cited as a 
clinical sign of choline deficiency, caused 
by the inability of hepatocytes to export 
triglycerides and phospholipids, secondary 
to limited plasma lipoprotein biosynthesis. 
Phosphatidylcholine is an integral part of 
the structure of these lipoproteins and of the 
microsomial membranes which join them 
(Mookerjea, 1969). Phosphatidylcholine 
may be synthesized from preexisting 
choline molecules, via CDP cytidine 
diphosphocholine (Zeisel, 1981) or via 
transmethylase allowing de novo synthesis 
of choline (Blusztajn et al., 1979). March (1981) 
confirmed a significant reduction in the fat 
content of the liver when supplementing 
with 1000 ppm choline. However, March 
did not confirm that this was directly linked 
with the prevention of fatty liver, since he 
did not indicate how much fat in the liver 
was considered pathological and he did not 
see differences in the mortality rate between 
supplemented and unsupplemented hens, 
nor did he observe changes in production 
parameters. 

The reduction in the fat content of the liver 
has been confirmed by various authors such 
as Mendonca et al. (1989) who conducted 
a study with laying hens of 63-64 days of 
age, giving them supplements with choline 
at 500, 1000, 1500 or 2000 ppm. After 4 
periods of 28 days it was observed that with 
supplements of 1500 and 2000 ppm choline, 
fat deposition in the liver was reduced 
significantly and that there was a negative 
correlation between the level of choline in 
the diet and the total blood concentration 
of lipids. Similar results were obtained by 

Schexnailder and Griffith (1973), who also 
confirmed that supplementing with choline 
may be particularly interesting in conditions 
of heat stress since the deposition of fat 
in liver increased significantly at higher 
temperatures.

A study by Armanious et al. (1973) touches 
on the usefulness of choline in cases of 
tannic acid toxicity as a result of using 
sorghum grain with a high tannin content 
in the diets of laying hens. By adding 
choline, the authors observed a reduction 
in the toxic effects of tannic acid such as a 
reduction in body weight, egg weight, egg 
production, feed intake and pimpling of the 
yolk. This beneficial effect of choline, as well 
as of methionine, confirms the hypothesis 
that tannic acid and tannins increase the 
requirements of methyl group donors.

This review leads to the conclusion that 
choline requirements of layers have not been 
established. Since choline is not expensive, 
it is recommended that it be added routinely 
to the vitamin-mineral premix to ensure 
that methionine be available for protein 
synthesis. When formulating metabolic 
requirements of methyl groups in terms 
of minimum cost it is better to meet them 
by way of supplementation with choline 
(118 mg/hen/day) than methionine (Workel, 
1998).

Commercial recommendations for choline 
content in layer feed are between 1200-
1400 mg/kg. Supplementation with choline 
chloride will depend on the quantity provided 
in the feed ingredients. Workel (1998) stated 
that, assuming an approximate dietary 
content of 1000 mg/kg choline, minimum 
supplementation should be from 251 to 
500 ppm, within the range recommended 
by INRA (1984). González (1987) gives the 
range of choline used commercially in 
Spain in layer feed as 200 to 600 mg/kg, 
and Villamide and Fraga (1999) report an 
average supplementation level in Spain of 
302 mg/kg (CV= 30).
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VITAMIN C

Vitamin C or ascorbic acid is synthesized 
by birds in the kidney, from glucose, and 
is not normally considered an essential 
nutrient. However, in some circumstances, 
particularly in situations of stress, 
requirements for this vitamin exceed 
the bird’s capacity for synthesis. Studies 
have demonstrated beneficial effects of 
vitamin C supplementation in the diet 
of birds. The dietary supply of ascorbic 
acid reduces metabolic and physiological 
manifestations of stress and prevents 
negative consequences for production, 
immunological competence and well-being 
of birds. Reviews have been carried out by 
Pardue and Thaxton (1986) and Whitehead 
and Keller (2003).

Vitamin C is involved in different metabolic 
reactions which means it has important 
repercussions on the well-being and 
production of animals. It is involved in 
biosynthesis of calcitriol, having the role of 
regulating calcium homeostasis in the body, 
collagen and aldosterone. Aldosterone 
regulates and maintains the electrolytic 
balance of tissues. It has a preventive rather 
than reparative function.

Modern layer lines and intensive production 
lead to an increased demand for vitamin C, 
especially if there are additional situations 
of stress. Various results support the use 
of higher levels in the diets of the birds 
particularly in specific handling and 
environmental situations which may cause 
situations of stress.

Studies examining the influence of 
supplementation with vitamin C on 
production parameters have given 
conflicting results. Some authors (Bell and 
Marion, 1990; Cheng et al., 1990; Peebles 
et al., 1992) did not observe differences in 
egg production with feed supplementation 
levels from 0 to 400 ppm vitamin C, nor 
even with levels of 1000 ppm in feed or 
water (Keshavarz, 1996; Puthpongsiriporn 
et al., 2001). 

However, other studies did find an 
improvement in production after 
supplementation with vitamin C. In a study 
carried out by Zapata and Gernat (1995), 
an increase in production of approximately 
5% was observed on supplying 250 or 500 
ppm vitamin C in feed compared to the 

1,25-(OH)2-D3

24,25-(OH)2-D325-OH-D3

Synthesie of
procollagen

Improving bone condition 
in stressed birds

Adrenelin

Associated stress or 
reactions

Regulate / Maintain electrolyte balance 
in tissues

Amino acids hyroxylation

Adrenal hormone synthesis

Activation of
25-(OH)-D3-1-hydrolase

Figure 15. Metabolic functions of Vitamin C.

Vitamin C
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unsupplemented control group. Where 
there was heat stress, the increase in egg 
production in supplemented hens was 20% 
higher than the unsupplemented hens, 
and this result appeared more quickly the 
greater the dosage. This is corroborated 
by other studies (Sahota and Gillani, 1995; 
Seven  2008; Sushil et al., 1998a and 1998b) 
and in a review carried out by Kolb and 
Seehawer (2001). The authors concluded 
that at high ambient temperatures, 
supplementation with 100-300 ppm vitamin 
C improved production. Njoku and Nwazota 
(1989) found that at high temperatures, the 
inclusion of ascorbic acid improved egg 
production and the feed conversion index, 
and 400 ppm proved the most effective 
level of supplementation. A positive effect 
has been observed from the combined 
ingestion of vitamin C and vitamin E by 
hens subjected to low temperatures (6°C), 
improving production parameters and egg 
quality (Kucuk et al., 2003).

With respect to egg weight, studies carried 
out by Balnave et al. (1991), Cheng et 
al. (1990), Keshavarz (1996), Khalafalla 
and Bessei (1996), Puthpongsiriporn et 
al. (2001) and Zapata and Gernat (1995) 
revealed no significant differences as a 
result of supplementing with ascorbic 
acid. On the other hand, Bell and Marion 
(1990) reported that supplementing with 
400 ppm/kg feed slightly increased egg 
weight in comparison with the eggs of 
the unsupplemented hens. Abd-Ellah 
(1995) carried out a study on layers during 
summer months and observed that hens 
receiving feed supplemented with 250 or 
500 ppm laid eggs significantly heavier 
than those receiving unsupplemented feed 
or feed supplemented at a level below 125 
ppm. Orban et al. (1993) devised a study 
on layers of 76 or 96 weeks of age which 
received a diet supplemented with 0, 1000, 
2000 or 3000 ppm for 4 weeks. Egg weight 
increased between 1 and 5% in the birds 
receiving 2000 or 3000 ppm vitamin C. 
These authors linked improvement in egg 
weight and density with the influence of 
vitamin C on calcium homeostasis. Other 
authors who also observed greater egg 
density when supplementing with ascorbic 
acid were Bell and Marion (1990) and Zapata 
and Gernat (1995). This improvement 
appears to be linked to an increase in 

shell thickness. Thus, giving high levels of 
vitamin C would give rise to an increase in 
calcium deposition in the shell (Orban et 
al., 1993). 

Ascorbic acid at high dosages of 2000-
3000 ppm (Orban et al., 1993) may favor 
both intestinal absorption of calcium and 
bone reabsorption, which would result in 
an increase in the blood concentration of 
calcium, thereby improving bone mass 
of the bird and shell quality. Zapata and 
Gernat (1995) observed an improvement 
in shell quality when supplementing with 
250-500 ppm vitamin C in feed, and this 
was corroborated by other studies (Ahmed 
et al., 2008; Kassim and Norziha, 1995; Lin 
et al., 1997; Oruwari et al., 1995) (Figure 
16). Sahin and Sahin (2002) showed that a 
combined supplementation with chromium 
(400 µg/kg) and vitamin C (250 mg/kg) may 
be a strategy for improving production in 
laying hens subjected to low temperatures 
(6.2°C). They demonstrate better mineral 
retention and a reduction in the excretion of 
nitrogen, calcium, zinc, iron and chromium. 
On the other hand, Keshavarz (1996) 
observed no effect on shell quality or on 
bone calcium content when supplementing 
hens exposed to temperatures within the 
thermoneutral range with 0, 250, 500 or 
1000 ppm vitamin C. With respect to bone 
growth, supplementation with ascorbic acid 
(250-300 mg/kg) during the growth of layer 
pullets did not affect the formation and 
structure of the bones at 15 weeks of age 
(Fleming et al., 1998) nor alter the volume of 
the medullary or trabecular bone at the end 
of laying (Rennie et al., (1997).

Several studies (Abd-Ellah, 1995; Andrews 
et al., 1987; Bell and Marion, 1990; Cheng et 
al., 1988; Cheng et al., 1990; Dzhambulatov 
et al., 1996; Pardue et al., 1984 and 1985) 
have confirmed that supplementing 
ascorbic acid during periods of heat stress, 
during molt or in old birds results in a 
significant reduction in mortality. Some 
studies indicate that vitamin C prevents 
increases in body temperature and it is 
suggested that it might increase heat loss 
in animals and their capacity for tolerating 
high temperatures. It is known that in layers 
over 40-45 weeks of age, biosynthesis of 
ascorbic acid is reduced. This is reflected in 
the low rate of calcitriol biosynthesis. 
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Figure 16. Effect of dietary supplementation with different levels of vitamin C on hen-housed 
egg production and egg weight. (adapted from Ahmed et al. 2008.)

The hens were kept at high ambient environmental temperature (average of 34.5ºC; range 28–42ºC) throughout the 
experimental period of 12 weeks.

Supplementation vitamin C (ppm)

Hen-housed egg 
production (%)

Egg weight (g)

Ascorbic acid has a protective effect on 
macrophages during phagocytosis, thereby 
contributing to an improvement in cellular 
immune response. This vitamin is also 
necessary for regulation of corticosterone 
production during periods of environmental 
or immunological stress (Sahin and Önderci, 
2002). In a recent review by Kolb and 
Seehawer (2001), supplementing 300 ppm 
vitamin C in the feed or 5000 ppm vitamin C 
in water 5 days before and after vaccination 
contributed to the stimulation of antibody 
formation, and supplementing 500 ppm 
vitamin C in feed increased immune response 
capacity in cases of infection or coccidiosis. 
On adding 1000 ppm to water administered 
24 hours before transportation, vitamin C 
has an antistress effect. Layers that suffered 
high temperatures improved their egg 
weight and immune response thanks to 
supplementation with ascorbic acid (Lin et 
al., 2003), and a greater response has also 
been observed in lymphocyte proliferation 
as a result of immune challenges on 
combining a supplementation of vitamin C 
with 65 mg/kg vitamin E (Puthpongsiriporn 
et al. (2001).

Some studies have looked at the capacity 
of ascorbic acid to mitigate the effects of 

ingesting toxic elements such as vanadium 
(Toussant and Latshaw, 1994). Balnave et 
al. (1991) carried out a study in which saline 
water was combined with supplementation 
of ascorbic acid (from 0.25 to 1 g/l) and 
concluded that vitamin C helps to reduce 
the damaging effect of saline water on shell 
quality, and that in these situations vitamin 
C is better as a preventive measure (Balnave 
and Zhang, 1992), since its therapeutic 
effect is more limited. Odabasi et al. (2006) 
show that supplementation with 100 ppm 
vitamin C is effective not only in preventing 
but also reversing pigment loss caused by 
an excess of vanadium in the diet of hens 
laying brown eggs.

In conclusion, laying hens under stress 
conditions, and specifically heat stress, 
respond positively to supplementation 
with ascorbic acid. Concentrations of 
vitamin C between 250 and 400 mg/kg 
result in an improvement in survival, feed 
consumption, production and egg quality. 
Doses between 1-2g of ascorbic acid per kg 
of feed or liter of drinking water is adequate 
to counteract the adverse effects on shell 
quality of consuming water with high salt 
concentrations.
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NUTRITIONAL COMPOSITION OF EGGS

There is a great variation in data provided 
from different countries. (Table III) These 
differences are due in part to the methods 
of analysis but also to aspects of genetics, 
management and particularly feeding of the 
birds. The range of variation is especially 
evident in foods of a lipid nature and 

specifically in the fat-soluble vitamins which 
are clearly affected by their level of inclusion 
in diet. It has been demonstrated that for 
certain vitamins there is a direct relationship 
between the level of inclusion in rations and 
deposition in the egg.

Efficiency of transfer Vitamin

Low (5 to 10%)
Vitamin K
Thiamine
Folacin

Medium (15 to 25%)
Vitamin D3

Vitamin E

High (40-50%)

Riboflavin
Pantothenic Acid
Biotin
Vitamin B12

Very high (60-80%) Vitamin A

Table II. Classification of vitamins according 
to efficiency of relative transfer of food to 
egg. (Leeson, 2007; adapted from Naber, 
1993b)

FORTIFICATION

The purpose of the use of vitamins in animal 
feeds has moved from being exclusively to 
avoid deficiency symptoms toward playing 
an important role in the improvement of 
the quality of food of animal origin. Using 
high dosages of some vitamins leads to 
the fortification of these vitamins in eggs. 
This fortification allows diversification of 
the egg market and enables the production 
of products with added nutritional and 
commercial value.

Vitamins as a source of fortification are not 
the objective of this review. Data on this 
subject have been referred to in the different 
chapters. More detailed information on the 
subject can be found in the reviews by Naber 
(1993), Leeson (2007), Leeson and Caston 
(2003), Schiavone and Barroeta (2011), 
Sirri and Barroeta (2007), and Squires and 
Naber (1993b) which indicate the efficiency 

of transfer to the egg of different vitamins 
(Table II).
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Table III. Nutritional composition of whole eggs in the US and different countries of the 
European Union (adapted from Seuss-Baum, 2011)

SFA = saturated fatty acids, MFA = monounsaturated fatty acids, PUFA = polyunsaturated fatty acids
* Some databases or tables do not include all nutrients or values are not indicated.
(a) Niacin equivalents (niacin + tryptophan)
(1) Aparicio et al. 2008 Tabla de composición del huevo de gallina. In: ‘Etiquetado Nutricional’, Guía de 
etiquetado del huevo. Ed.: Instituto de Estudios del Huevo. Madrid, Spain. www.institutohuevo.com/
(2) USDA-National Nutrient Database for Standard Reference-Release 22 (2009), Nutrient Data Laboratory 
Home Page, http://www.ars.usda.gov/ba/bhnrc/ndl
(3) Composition nutritionnelle des aliments (2008), CIQUAL, AFSSA France
(4) BLS [Bundeslebensmittelschlüssel – Federal foodstuffs database (Germany)] – Version II.3 (2009)
(5) Tabelle di composizione degli alimenti – Istituto Nazionale della Nutrizione, Edra, Milan (1997)
(6) The Composition of Foods, Sixth summary edition Food Standards Agency (2002) McCance and 
Widdowson’s. Cambridge:Royal Society of Chemistry

Composition per 100 g of 
edible portion

Spain 
2008(1)

USDA 
2009(2)

France 
2008(3)

Germany 
2009(4)

Italy 
1997(5)

UK
 2002(6) 

Water (g) 76.9 75.84 75.6 74.09 77.1 75.2

Energy (kcal) 141 143 142 154 128 147

Proteins (g) 12.7 12.57 12.6 12.9 12.4 12.6

Carbohydrates (g) 0.68 0.78 0.8 0.7 -* -

Lipids (g) 9.7 9.94 9.86 11.2 8.7 10.9

SFA (g) 2.8 3.1 2.64 3.33 3.17 3.1

MFA (g) 3.6 3.81 3.66 4.46 2.58 4.7

PUFA (g) 1.6 1.36 1.65 1.51 1.26 1.2

Cholesterol (mg) 410 423 378 396 371 -

Vitamin A (Retinol Eq.; µg) 227 140 179 278 225 190

Carotenoids (β-carotene Eq.; μg) 10 - - - -

Vitamin D (µg) 1.8 1.2 1.62 2.9 1.79 1.7

Vitamin E (α- tocopherol Eq.; mg) 1.9 1.51 1.42 2 1.11 1.1

Vitamin K (µg) 8.9 0.3 - 48 - -

Thiamine B1 (mg) 0.11 0.07 0.08 0.1 0.09 0.1

Riboflavin B2 (mg) 0.37 0.48 0.46 0.3 0.3 -

Vitamin B6 (mg) 0.12 0.14 0.13 0.12 0.12 0.12

Folate Eq. (µg) 51.2 47 45 65 50 50.4

Vitamin B12 (µg) 2.1 1.29 1.36 2 2.5 2.5

Niacin (mg) 3.3(a) 0.07 0.08 3.10(a) 0.1 3.80

Pantothenic acid (mg) 1.8 1.44 1.58 1.6 1.77 1.8

Biotin (µg) 20 - - 25 20 19.4

Vitamin C (mg) 0 0 0 0 0 0

Calcium (mg) 56.2 53 72.4 56 48 56

Phosphorus (mg) 216 191 181 216 210 200

Iron (mg) 2.2 1.83 1.7 2.1 1.5 1.9

Iodine (µg) 12.7 - 38.3 10 53 52.3

Zinc (mg) 2 1.11 1.01 1.35 1.2 1.4

Magnesium (mg) 12.1 12 11.1 12 13 12

Sodium (mg) 144 140 125 144 137 140

Potassium (mg) 147 134 104 147 133 130

Copper (mg) 0.014 0.10 0.06 0.14 0.06 0.1

Selenium (µg) 10 31.7 13 - 5.8 11.6

Fluoride (µg) 0.11 1.1 - 0.11 - -
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VITAMIN REQUIREMENTS AND RECOMMENDATIONS FOR LAYERS

A D E K B1 B2 B6 B12
Pantothenic 

Acid
Niacin Biotin

Folic 
Acid 

Choline

IU IU mg mg mg mg mg µg mg mg µg mg mg

3600 400 10 0.7 0.7 2.5 2 8 7 8 30 0.3 800

B2 B2 - B3 C3 A1 B2 A1 C3 B3 A2 C3 B2

Table IV. Vitamin requirements of layers and degree of confidence in validity of the value 
(Whitehead, 1995)

Vitamin requirement values for layers 
established by the National Research Council 
and other official bodies are shown in Table V. 
The NRC points out that these figures do not 
allow for a safety margin and their purpose 
is clearly to avoid deficiency symptoms.

Unlike the previous edition of 1984, the 
more recent one (NRC, 1994) refers to 
hens producing brown eggs. Experimental 
findings are limited, but their requirements 
have been estimated to be 10% higher than 
those of layers producing white eggs, on the 
basis of greater body weight, higher feed 
intake and greater egg volume. 

This new edition also indicates that there 
have been no published works on vitamin 
requirements to support a significant change 
as compared with the previous edition, with 
the exception of choline. In fact, minimum 
requirements of vitamins A, D3, B1, B6 and 
pantothenic acid have been reduced, while 
those of vitamin B2 and choline have been 
increased.

The scientific literature used to establish or 
estimate requirements is shown. As pointed 
out by Whitehead (1995, Table IV), studies on 
minimum requirements are old and have not 
been reviewed in the meantime, although, in 
some cases, new functions of the vitamins 
have been described. That is to say that, in 
many cases, previous values have been 
retained and it has not been possible to 
update them. The author concluded that 
in the case of pantothenic acid, thiamine 
and folic acid experimental evidence is of 
doubtful validity.

A study of recommendations by various 
official bodies, genetic companies and 
manufacturers of vitamins, and even the 
dosages used in commercial diets in Spain 
shows that levels are above requirements 
to include a safety margin (Table V). The 
recommendations for vitamin supplies 
are based on the premise of allowing the 
animal to express its maximum genetic 
potential, without limitations under practical 
conditions. The values recommended in 
practice are between 2 and 10 times higher 
than those recommended by the NRC (1994) 
which have remained practically unchanged 
for more than 30 years. 

Multivitamin fortification has resulted in 
improvements in productive parameters, 
welfare and the quality of the eggs (Hatta, 
2009;  Zang et al. 2010a; Zang et al. 2010b).

Increased supplementation of vitamins 
is based on the specific reasons already 
outlined in the introduction to this study, of 
which the following are key factors:

•	 Vitamin	 requirements	 suggested	 by	 the	
NRC were established on the basis of 
criteria far removed from the current 
situation. They have not been reevaluated 
for more than 30 years, and have not been 
adapted for current strains, methods of 
production or qualitative demands of the 
market.

 
•	 Production	 conditions	 are	 not	

homogeneous and vitamin supplies in 
feed should be adapted to the different 
management conditions, keeping a safety 

Confidence value:   A: High,    B: Medium,    C: Low.
Relevance of data:  1: Based on research carried out within the last 10 years 
   2: Based on research carried out between 10 and 20 years ago.
   3: Based upon research carried out more than 20 years ago, 
   4: Satisfactory research information not available, estimate only.
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margin which ensures their availability to 
the animal. A number of factors may alter 
the animal’s vitamin requirements and 
the supply of vitamins from feed.

•	 Strains	 of	 laying	 hens	 are	 evolving	
through genetic selection, and rates of 
growth, conformation, voluntary intake 
and production are all changing. This has 
repercussions on metabolic activity and 
on the bird's immune response. Vitamin 
requirements should be updated.

•	 Environmental	 situations	 such	 as	 high	
temperatures, the presence of infectious 
agents and other stress situations may 
make it difficult to achieve adequate 
vitamin intake as the requirements 
increase and the birds eat less.

•	 Information	 on	 the	 vitamin	 content	 of	
ingredients is limited and inexact, and 
moreover depends on availability. The 
processes to which feed is currently 
subjected, such as pelleting and 
extrusion, destroy vitamins to a greater 
or lesser degree. The loss in vitamin 
activity during the extrusion process is 
greatest for vitamins A, E, B1 and C but it 
may also be significant for other vitamins 
(Schulde, 1986).

•	 Finally,	 the	 minimum	 requirements	 do	
not take into account objectives such 
as the well-being of birds, preventing 
the occurrence and development of 
pathological disorders, or improving the 
quality of eggs. 

For breeding hens and broilers there are 
sufficient studies to indicate that increasing 
the vitamin level has beneficial effects, and 
this warrants consideration of an increase 
in vitamin requirements. However, for 
commercial egg layers, there is a lack of 
recent data and a need for work on this issue, 
especially towards reevaluating the vitamin 
requirements in today's highly productive 
strains. 
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INTRODUCTION

Vitamins were once regarded as “unknown 
growth factors,” and were mostly discovered 
in the course of the 20th century. The 
quantities of vitamins required are very 
small, but they are essential for tissue 
integrity, normal development of organic 
functions, and the maintenance of health. 
Their physiological and metabolic roles are 
very varied and of great importance, as they 
are involved in many biochemical reactions 
and they take part in the metabolism of 
the nutrients derived from the digestion of 
carbohydrates, lipids and proteins. A single 
vitamin may have several different functions, 
and many interactions between them are 
known.

Broiler and turkey feed should be 
supplemented with vitamins as the primary 
materials do not contain them in sufficient 

quantities, and (apart from vitamin C) the 
birds are either unable to synthesize them, or 
do so in very limited quantities (B group, K2), 
most of which are excreted in any case. An 
animal’s body is able to store some vitamins, 
principally in the liver (A, D3, B12, and to a 
lesser extent E and K3). Vitamin deficiencies 
produce non-specific signs of illness (loss 
of appetite, retarded growth, defective 
plumage, rise in mortality) as well as specific 
signs, amply described in the basic literature 
on poultry pathology and nutrition (Scott 
et al., 1982; Klasing, 1998; Austic and Scott, 
2000; Leeson and Summers, 2001), among 
which neurological disorders are prominent 
(Burgos et al., 2006). Table I summarizes the 
active forms and most important functions 
of vitamins, as well as the symptoms of 
vitamin deficiency.

VITAMIN REQUIREMENTS: CONCEPT AND DEFINITION

Vitamins can almost never be regarded as 
nutrients in isolation because they display 
a wide variety of interactions with each 
other and also with other nutrients (Bains, 
1999). The fat-soluble vitamins compete for 
intestinal absorption, with the result that an 
excess of one may cause deficiencies of the 
others: this has frequently been observed 
when employing very high levels of vitamin 
A. The vitamins of the B group are regulators 
of intermediary metabolism, and some of the 
metabolic processes are independent: For 
example choline, B12 and folic acid interact 
in the metabolism of the methyl groups, 
so that a lack of one of them increases the 
requirement for the others, and the same 
thing happens between B12 and pantothenic 
acid. It may also happen that an excess of 
one vitamin induces a deficiency of others; 
thus, biotin status deteriorates if the diet 
is supplemented with choline and other 
vitamins of the B group. High choline levels 
may have a similar effect on other vitamins 
during the storage of feed.

Vitamins are also known to interact in 
various ways with other nutrients, such as 
amino acids. For example, there is a notable 
genetic variability in birds’ capacity to 
synthesize nicotinic acid from tryptophan, 

so that their requirements differ between 
strains. Both methionine and choline can 
be a source of methyl groups, which are 
needed to synthesize both of them, and this 
relationship is of commercial importance 
because supplementation incurs an economic 
cost. Other vitamins (biotin, folic acid and 
B6) play a part in metabolic interconversions 
of amino acids, so that the requirement for 
them increases if protein levels are high. The 
same applies to those vitamins which play 
a role in the metabolism of carbohydrates 
(biotin, B1), the requirements for which are 
higher with low-fat diets. Finally, there are 
also interactions between minerals and 
vitamins, the best documented being that 
between selenium and vitamin E. 

All this makes it somewhat difficult to 
estimate precisely the requirements for 
each vitamin separately, and it is probably 
more appropriate to focus on the problem 
generally.

Whitehead (1987) gives a clear explanation 
of the situation. The classic evaluation of 
the dose-response curve, so widely used to 
estimate the requirements of other nutrients, 
is not an appropriate technique in the case 
of vitamins, as their cost is generally low in 
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Natural forms Commercial forms Function Deficiency 
symptoms

Vitamin A

A1 = Retinol or Retinal
Vitamin A1 acetate and 

palmitate
Vision

Steroid synthesis 
Epithelialization

Severely retarded 
growth

Blindness
Skin problems

Higher 
susceptibility to 

infections

A2 = 3-Dehydroretinal
Retinal on protective/

hydrodispersible 
support

Vitamin D

D2 = Ergocalciferol Vitamin D2 Absorption and fixing 
of calcium.

D2 shows no activity 
in birds

Rickets
OsteomalaciaD3 = Cholecalciferol

Vitamin D3 free or 
fixed on protective/

hydrodispersible 
support

Vitamin E

α-Tocopherol DL-α-Tocopherol Antioxidant
Stimulates 

defenses at 20 
times its minimum 

requirements

Muscular 
dystrophy

Exudative diathesis
Encephalomalacia

α-Tocopherol dl-α-tocopherol acetate

Vitamin K
K1 = Phylloquinone K1 Anticoagulant

Hemorrhages
Anemia K2 = Menaquinone K3 = menadione

Vitamin B1
Thiamine (aneurine)

Thiamine 
hydrochloride

Sugar degradation Chick polyneuritis
Thiamine mononitrate

Vitamin B2
Riboflavin

Riboflavin
Hydrogen transport
Respiratory chain

Retarded growth
Leg problems and 

paralysis
Riboflavin-5-sodium 

phosphate

Vitamin B6

Pyridoxine
Pyridoxine 

hydrochloride

In enzymes which 
control amino acid 

metabolism

Low appetite
Slow growth

Skin disorders
Pyridoxal

Pyridoxamine

Vitamin B12

Cyanocobalamin Cyanocobalamin Co-factor in the 
synthesis of nucleic 

acids
Slow growth

Methylcobalamin Hydroxycobalamin

Pantothenic 
acid

Co-enzyme A

Ca and Na 
pantothenate

Interconversions 
between fatty acids, 
carbohydrates and 

amino acids

Loss of weight
Skin disorders

Nervous system 
disordersPantothenol

Niacin (PP)
Nicotinic acid Nicotinic acid Group active in 

enzymes of the 
respiratory chain

Slow growth
Dermatitis

Leg problemsNicotinamide Nicotinamide

Folic acid
Pteroylmonoglutamate Folic acid 

(pteroylmonoglutamic)
Nucleic acid 
biosynthesis

Slow growth
Anemia 

Leg problemsPteroylpolyglutamate

Biotin Free and combined 
D-Biotin

D-Biotin

Coenzyme in 
synthesis of fatty 

acids, amino acids 
and purines

Skin lesions
Retarded growth
Foot problems

Choline Choline (ester) Choline chloride
Transmethylations

Phospholipid 
component

Slow growth
Perosis

Fatty liver

Vitamin C
Ascorbic acid Ascorbic acid Corticosteroid 

hormone genesis
Lower resistance 

 to stressDehydroascorbic acid Ca or Na ascorbate

Table I. Vitamins: active forms, summary of functions and signs of deficiency
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relation to the value of the response value and 
the potential consequences of inadequate 
levels. For these reasons, the usual practice 
is to define vitamin requirements by taking 
into account the maximum response 
obtained with the chosen evaluation criteria, 
which are traditionally of the production 
type (growth rates and conversion index). 
However, growth is not a specific response; 
it may be affected by other factors associated 
with the feed (palatability, particle size, levels 
of other nutrients, etc.). This may explain the 
great variability in response levels between 
studies on a particular vitamin, even if they 
are almost concurrent. For Whitehead (1987) 
it will be not possible to establish precise 
mathematical relationships regarding 
vitamin requirements until all their 
interactions are known in detail. Moreover, 
it is very difficult to account in the equations 
for various diet types, changes in physical 
composition, etc.

Another consideration is the ever changing  
productive responses over time, resulting 
from the rapid and continuous genetic 
improvement in broilers and turkeys. After 
only a few years the experimental data 
tend to underestimate actual requirements. 
This also occurs in those studies where the 
maximum expression of genetic potential 
has not been achieved. In some cases it 
has been demonstrated mathematically 
and using biochemical criteria that animals 
which grow more rapidly have greater 
requirements (Whitehead and Bannister, 
1980). Using experimental data from 1976 
these authors estimated a biotin requirement 
in the starter phase of 170 µg/kg of feed, but 
when using the same model to recalculate 
it in line with 1984 production results, they 
estimated it had increased by 5% in only 8 
years (Whitehead, 1987). 

Another important aspect is that the 
requirements defined in scientific publications 
are normally based on data obtained under 
experimental conditions, where the birds 
are maintained in ideal environmental and 
operational conditions, and so do not take 
into account these aspects or pathological 
challenges that may lead to an increase in 
vitamin requirements in practical situations 
(Cooke and Raine, 1987). In this type of study 
the differences in mortality are not usually 
statistically significant; however in practice 

they are of great economic importance, 
above all if losses occur in the final phases 
of fattening.

The problem is further complicated if other 
criteria as well as the purely productive are 
considered, such as improvement in meat 
quality (Morrissey et al., 1998; Sheehy et al., 
1995; Jensen et al., 1998; Weber, 2001; Surai 
et al., 1993; Chung, 2006; Fellenberg and 
Speisky, 2006) This is closely related to fat 
oxidation processes, which can be reduced 
by using larger doses of some vitamins, 
especially vitamin E. Another very important 
criterion today is the well-being of the 
animals, which involves the prevention of 
stress and disease. 

The interrelationships between nutrition, 
stress and pathology have received growing 
attention. This is demonstrated by the many 
reviews published in the last 20 years, 
whether on general aspects (Jensen, 1986; 
Whitehead and Portsmouth, 1989; Leeson 
et al., 1995; Whitehead, 1999, 2000, 2001, 
2002b; Broz and Ward, 2007), or on their 
effects on immunity (Franchini and Bertuzzi, 
1991; Latshaw, 1991; Chew, 1995; Ferket and 
Qureshi, 1999; Humphrey and Klasing, 2003; 
Kidd, 2004; Klasing, 2007), or on specific 
pathologies such as coccidiosis (Crevieu-
Gabriel and Naciri, 2001; Dalloul and 
Lillehoj, 2005), ascites (Dale and Villacres, 
1986; Malan et al., 2001; Baghbanzadeh and 
Decuypere, 2008), thermal stress (Puchal, 
1989; Daghir, 1995a, b, 1996; Balnave, 2004; 
Gous and Morris, 2005; Lin et al., 2006) and 
foot problems (Sauveur, 1984, 1988; Cook, 
1988; Whitehead, 1991, 1995, 2000, 2002a, 
2005; Watkins, 1993; Thorp, 1994; Bains et 
al., 1996; Edwards, 1992, 2000; Rath et al., 
2000; Nixey, 2005; Waldenstedt, 2006). All 
of them devote a large amount of space to 
discussing investigations on vitamins.

The process of adapting to a stress situation 
implies among other mechanisms an 
increase in basal metabolism and in body 
temperature, which require additional energy 
that must be obtained from the diet and/or 
physical reserves. But consumption of feed 
drops rapidly under stress conditions, and 
reserves only exist if the nutrient intake was 
previously above the animal’s normal daily 
requirements (Dunn, 1996; Bains, 1997). 
This means the requirements for adaptation 
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to stress are achieved at the cost of other 
functions less important for survival. 

Stress reduces growth rate and the 
carcass and breast yield, and impairs 
feed conversion. It has frequently been 
demonstrated both experimentally and 
in practice that a higher than normal 
level of supplementation has a beneficial 
effect on these parameters (Ferket and 
Qureshi, 1992; Deyhim and Teeter, 1993, 
1996; Deyhim et al., 1994, 1995, 1996). 
The conversion of nutrients into energy 
takes place through metabolic processes 
(including lipolysis and gluconeogenesis) 
which depend on cofactors, principally 
vitamins of the B group and ascorbic acid. 
An essential requirement in coping with 
stress is the hormone corticosterone, 
without which energy production through 
gluconeogenesis stops, and the synthesis 
of which requires vitamin C. 

Immunological stress is produced when the 
tissues are invaded by a pathogenic agent, 
whether by natural infection or vaccination. 
The primary defensive barrier depends on 
the integrity of the epithelia and mucous 

membranes, in which vitamin A plays a 
fundamental role (Chew and Park, 2004). The 
physiological response is initiation of the 
phagocytic activity of macrophages and the 
production of specific antibodies. Protecting 
the macrophages from self-destruction by 
the same mechanism by which they combat 
the pathogens requires the antioxidant 
activity of vitamins E and C (Chew, 1995). 
Vitamins A, D and E modify the leukocyte 
response (Klasing, 2007). Moreover, the 
synthesis of antibodies, which are proteins, 
requires an adequate and continuous supply 
of vitamins of the B group (Bains, 2001). 
Under field conditions it is well known 
that vitamin treatments help sick animals 
recover better, but investigation has focused 
on studying the contribution of vitamins to 
improving immunity and to the prevention 
of specific pathologies only recently.

For these reasons the concept of Optimum 
Vitamin Nutrition was introduced (Svendsen 
and Weber, 2001; McDowell and Ward, 2008). 
The concept attempts to cover all these 
objectives rather than simply deal with the 
prevention of clinical deficiencies.

VITAMIN SUPPLEMENTATION: GENERAL ASPECTS

The key reference work on the vitamin 
requirements of chickens and turkeys 
continues to be the latest edition of the US 
National Research Council publication on the 
nutritional needs of birds (NRC, 1994). The 
levels established guarantee the absence 
of serious deficiencies, the classic signs 
of which are infrequently detected today, 
unless due to occasional mixing errors in 
the factory (especially in starter feed). Many 
of the studies were conducted with purified 
diets that were difficult to granulate and 
therefore consumed in meal form, and 
under laboratory conditions (Leeson, 2007). 
The NRC’s vitamin recommendations do 
not ensure the expression of the genetic 
potential of today’s birds. In fact, other 
than in the cases of niacin and pyridoxine, 
these levels have not been altered in more 
than 30 years, and are based on outdated 
experimental data (Table II). There is greater 
doubt about requirements in the finishing 
phase, and even more so for turkeys, 

which are based on studies from the 1950s 
and 1960s. With some exceptions, such 
as vitamins C, D3 and E, little research on 
vitamin requirements has been carried out 
in the last 40 years.

In practice, the poultry industry has tended 
over time to increase vitamin levels 
considerably, above all for vitamin D, niacin 
and folic acid and, to a lesser extent, for 
riboflavin, biotin and pantothenic acid. In 
the majority of cases levels are 50–100% 
higher than the NRC’s, and in some cases 
5–10 times more (Villamide and Fraga, 
1999; Coelho, 2000; Maiorka et al., 2002). 
In many cases what was a high level in the 
1990s is now considered to be moderate 
or even low. Broiler and turkey genetic 
selection companies also recommend levels 
considerably higher than the NRC (Tables 
X and XIV), and may differ depending on 
whether the basal cereal in the diet is wheat 
or corn, and the climate hot or temperate.
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There are many reasons in the poultry industry 
to strengthen vitamin supplementation, 
working with high safety margins: 

1. Changes in the genetic makeup of 
broilers and turkeys

In the past decade broilers have reached 
commercial weight 0.8 days earlier each 
year (Figure 1), and the starter phase, in 
which complex physiological processes are 
initiated, has become a greater proportion 
of their short lives. In turkeys the situation is 
even more marked, with the birds increasing 
their weight by a factor of 20 in 4 weeks, and 
300 in males aged 20 weeks. Moreover, the 
continuous improvement in the conversion 
index means modern birds consume less 
and less feed per kg of weight (Figure 2), 
so that their vitamin intake is proportionally 
smaller. Leeson (2007) calculates that the 
average ingestion of vitamin E per kg of 
weight by a 2-kg chicken has decreased 
by 0.8% per year in the last 20 years, and 
by 0.6% in a 14-kg turkey, leading to the 
suggestion that vitamin levels should be 
increased by 0.6 and 1% per year simply to 
maintain the same intake level. 

FATTENING PHASE STARTER GROWTH

VALUE
CONFIDENCE  

LEVEL

DATA  
ORIGIN 
(YEARS)

VALUE
CONFIDENCE  

LEVEL

DATA 
ORIGIN 
(YEARS)

Vitamin A (IU/kg) 1,500 medium > 20 1,500 E

Vitamin D (IU/kg) 200 medium < 10 200 E

Vitamin E (mg/kg) 10 ----- ----- 10 E

Vitamin K (mg/kg) 0.5 medium > 20 0.5 E

Thiamine B1 (mg/kg) 1.8 low > 20 1.8 E

Riboflavin B2 (mg/kg) 3.6 high < 10 3.6 E

Pyridoxine B6 (mg/kg) 3.5 medium > 20 3.5 E

Vitamin B12 (µg/kg) 10 low > 20 10 E

Niacin (mg/kg) 35 medium < 10 30 medium < 10

Pantothenic acid (mg/kg) 10 medium 10-20 10 E

Folic acid (mg/kg) 0.55 low < 10 0.55 E

Biotin (µg/kg) 150 medium 10–20 150 E

Choline (mg/kg) 1,300 high < 10 1,000 high 10–20

Table II. Vitamin requirements for chickens (NRC, 1994) and degree of confidence for values 
proposed at the same date (Whitehead, 1996) 

E: estimates

Moreover, selection to achieve more 
rapid growth has directly or indirectly 
produced profound modifications in 
different aspects of the birds’ physiology. 
Dunnington and Siegel (1996) summed up 
the results of studies carried out over 38 
generations of selection to increase daily 
gain: modifications in appetite control and 
thermoregulatory mechanisms, in oxygen 
consumption, body temperature and 
heat production, in the capacity to absorb 
nutrients and in the activity of digestive 
enzymes, in hormone and serum levels in 
general, in physical composition (Tables 
III and IV), in the immune response and 
in resistance to stress. Some vitamins are 
involved in all these processes.

It would seem logical to raise vitamin levels 
in accordance with the increase in meat 
yield. The higher growth rate means the 
energy levels in the diet must be raised, and 
it should not be forgotten that the vitamins of 
the B group play an important role in energy 
metabolism. The use of higher protein levels 
and of lysine and methionine to maximize 
breast yield increase requirements for 
vitamin B12, biotin and pyridoxine.
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Figure 1. Reduction in the time needed for a broiler to achieve 1.5 kg of live weight

Figure 2. Development of consumption/bird and feed conversion in broilers
(Source: Broiler management guides)
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Characteristic

Males

1967 
rate

Males

1999 
rate

Females

1967
rate

Females

1999
rate

Live weight, kg
6 weeks 0.91 2.59 0.74 1.60
10 weeks 2.42 6.72 1.71 5.24
16 weeks 4.64 13.90 3.17 10.19
20 weeks 6.12 19.14 3.89 12.62

% carcass yield, 20 weeks 62.5 77.3 65.0 83.4
% breast/live weight 20 weeks 13.6 24.9 13.8 26.2
% abdominal fat/l.w., 20 weeks 0.9 0.9 1.8 2.5

Table IV. Improvements in turkey carcass yield and composition (Herendy et al., 2004)

2. Animal health and well-being

Intensive rearing means considerable 
pressure on the birds, which are exposed to 
many stress factors, whether environmental 
(high density, high temperatures, damp 
bedding), immunological (vaccinations, 
infections) or nutritional (fat rancidity, fungus 
contamination, etc.). Modern broilers and 
turkeys have a high productive potential but 
are more susceptible to infections (Bayyari 
et al., 1997; Yunis et al., 2000). Clear positive 
effects of general vitamin fortification 
for stress conditions arising from one of 
these factors, or a combination of several 
of them, have been demonstrated in both 
species (Ferket and Qureshi, 1992; Coelho 

and McNaughton, 1995; McKnight et al., 
1995b; Taranu et al., 1995; Deyhim and Teeter, 
1996; Dunn, 1996). Already well established 
in particular are the roles of vitamin C in 
alleviating heat stress and the improvement 
in the immune response due to vitamin 
E. Other vitamins (D3, E and most of the B 
group) have also shown positive effects in 
preventing or reducing metabolic problems 
(ascites, foot problems) caused by rapid 
growth (Leeson et al., 2005; Malan et al., 
2001; Whitehead, 2000). 

3. Product quality

Today it is more necessary than ever to take 
into account this important aspect which 
was also neglected in the requirements 
established by the NRC. In recent years 
numerous studies have demonstrated 
that a higher supplementation with some 
vitamins, especially vitamin E, can reduce 
skin problems and improve not only carcass 
and breast yield but also the stability of meat 
against oxidation (Sheehy, 1995; Jensen et 
al., 1998; Weber, 2001). Furthermore, the 
enrichment of vitamin content in poultry 
meat achieved by using higher doses in 
feed (Hernández et al., 2002; Pérez-Vendrell 
et al., 2003; Castaign et al. 2003) could be 
attractive to many consumers.

4. Variations in the content and 
bioavailability of vitamins in feed 
ingredients

These may be caused by many factors, 
such as interactions with other vitamins 

Table III. Improvements in chicken carcass 
yield and composition (Havenstein et al., 
1994, 2003)

Characteristic 1957 1991 2003

Age, days 84 42 42

Live weight, kg 1.41 2.13 2.67

Carcass weight, kg 0.91 1.39 1.93

Carcass yield, % 65.1 67.7 72.3

% breast 13.0 15.0 20.0

% carcass fat 12.3 14.2 13.7

% abdominal fat 1.1 1.5 1.4
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and nutrients, mycotoxins, etc. In Europe, 
diets are more varied than in the US 
and the predominance of wheat rather 
than corn makes it more necessary to 
supplement with niacin and biotin, as well 
as pantothenic acid and vitamins A and B6 
(Whitehead, 1993). There have been recent 
changes in feed formulation which may 

affect vitamin requirements, such as the 
ban on meat meal (an important source of 
cyanocobalamin and pantothenic acid) and 
the greater use of completely vegetarian 
diets, rich in unsaturated fats, which may 
involve higher requirements of vitamin E 
for its antioxidant effect. The ban on growth-
promoting antibiotics in the EU may make 
vitamins with immunomodulatory functions 

Form Premix type
Ideal 

conditions
Stored 
premix

Stored premix 
and feed

Vitamin A AD3 pellets
V

VM
VMC

8
9
10

9
13
17

16
19
23

Vitamin D3 AD3 pellets
V

VM
VMC

8
9
9

9
11
15

17
18
22

Vitamin E  Acetate
V

VM
VMC

7
7
7

7
10
13

10
13
16

Vitamin K
Menadione 

bisulfite complex 
(MBSC)

V
VM

VMC

35
39
39

36
46
53

49
56
62

Vitamin B1 
Thiamine HCl

V
VM

VMC

17
21
39

18
35
40

27
42
47

Vitamin B2 
Riboflavin

V
VM

VMC

10
10
12

10
14
17

16
19
22

Vitamin B6 
Pyridoxine

V
VM

VMC

13
14
16

13
18
22

19
23
27

Pantothenic 
acid

Ca pantothenate 
V

VM
VMC

10
10
11

10
10
21

15
15
25

Folic acid
V

VM
VMC

11
12
13

11
16
25

13
16
26

Niacin Nicotinic acid
V

VM
VMC

13
15
15

13
18
21

20
25
28

Biotin
V

VM
VMC

13
14
16

13
17
22

20
23
28

Vitamin C Ascorbic acid
V

VM
VMC

56
58
58

57
69
69

70
78
78

Vitamin C Protected
V

VM
VMC

27
30
30

29
37
44

42
49
55

Storage 
conditions 
and time

Vitamins tel quel
Premixes, 15ºC, 60% RH

Feeds, 20ºC, 60% RH

0 days
14 days
7 days

0 days
56 days
7 days

0 days
56 days
28 days

Table V. Vitamin loss (%) in granulated broiler feed stored under different conditions. 
Taken from Ross management guide (data originating from BASF Co.).

V= vitamins;  VM = vitamins and minerals;  VMC = choline
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Figure 3. Effect of vitamin supplementation levels on broiler mortality at 42 days
(Coelho and McNaughton, 1995)

more beneficial. 

Pelleting, heat treatments, extrusion and 
expansion are manufacturing processes 
that are becoming more aggressive and may 
cause vitamin losses between 15 and 40%, 
which will increase if feed is kept for any 
length of time or in unsuitable conditions 
(Table V). 

These and other technological aspects such 
as how well vitamin sources are protected, 
composition of premixes, when these are 
added to the feed, etc. may cause the con-
centrations which reach the animal to be 
considerably different from those expected 
(Putnam, 1983; Cooke and Raine, 1987; Put-
nam and Taylor, 1997; Whitehead, 2002c; 
Lauzon et al. 2008).

5. Cost-benefit relationship

Greater vitamin fortification today makes up 
around 1–1.5% of the cost of feed is small in 
relation to the possible improvement it may 
bring and the prevention of risks that may 

be very economically damaging. Studies 
carried out under practical field conditions 
by Coelho and McNaughton (1995) on broil-
ers and by McKnight et al. (1995a) on turkeys 
demonstrated that the group of companies 
which used higher supplementation levels 
achieved improved growth, feed conversion 
and viability of birds, especially in conditions 
of moderate stress (Figures 3, 4 and 5), and 
improved yield at the slaughterhouse, which 
amply compensated for the additional cost. 

This was confirmed specifically in similar 
investigations for vitamin E (Kennedy et al., 
1992; Bird and Boren, 1999) with levels of 
180–240 ppm, and for some vitamins of the 
B group (Coelho et al., 2001) supplemented 
levels four times higher than the levels nor-
mal in the North American poultry industry 
and 16 times more than the NRC level. There 
is no reason why these increases in vitamin 
content should be harmful, since the toxic 
levels are 100–1,000 times higher than the 
minimum requirements (NRC, 1987; Leeson 
et al., 1997), except for vitamins A and D3 for 
which toxicity occurs at approximately 10 
times higher than the given requirement.
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Figure 4. Effects of vitamin level on broiler performance to 51 days under various stress 
conditions (Coelho and McNaughton, 1995)

Figure 5. Effects of vitamin supplementation levels on broiler carcass yield
(Coelho and McNaughton, 1995)
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CURRENT RECOMMENDATIONS

As previously indicated, higher levels 
of vitamin supplementation are used in 
practice than those recommended by the 
NRC, and they have been increasing over 
the past 10–15 years (Ward, 1993;  Troescher 
and Coelho, 1996; Whitehead, 1996; Coelho 
and McNaughton , 1995; Coelho, 2000). This 
applies above all to D3, niacin and folic acid, 
and to a lesser extent to riboflavin, biotin 
and pantothenic acid. In Spain, vitamin C is 
only included in 10% of premixes, principally 
during hot periods, and at least 40% of 
producers add choline separately, due to 
its adverse effects on the stability of other 
vitamins. 

Table VI shows the levels used in the diets 
of broilers by the poultry industry in Spain 
and the United States (Villamide and Fraga, 
1999; Coelho, 2000), with data that represent 
85–90% of production. In general, the levels 
used in Spain are somewhat higher than 
in the US, except for vitamin D3. In both 
countries there is considerable variability, 
above all in the finishing feeds, in which 
values 20–35% lower than those for starter 
feeds are normally used. The divergence 

between companies is greatest for biotin, 
thiamine and vitamin E, while the range is 
narrower for A, D, riboflavin and pantothenic 
acid, probably because of cost. The safety 
margins are greater for the fat-soluble 
vitamins (3–6 times the NRC values) than for 
those of the B group. Maiorka et al. (2010) 
have described a similar situation in the 
Brazilian poultry industry.

Table VI also shows that some companies 
withdraw some vitamins (or even all of them) 
in finisher feed. Pressure to reduce feeding 
costs in the 1990s introduced the concept of 
withdrawing vitamin supplements in feed 
for the last 5–7 days (or even 14 days); but in 
the US this strategy has declined distinctly 
since 1993 (Coelho, 2000). Several studies 
aimed at evaluating the consequences 
of this withdrawal found no statistically 
significant effects on productivity, foot 
problems, or carcass quality from 
withdrawing the vitamin-mineral premix 
(Christmas et al. 1995; Vo et al., 1997; Khajali 
et al., 2006). However, others observed 
an increase in locomotor problems and 
tibial dyschondroplasia, as well as loss of 

Period Starter Growth/Finishing Finishing/Withdrawal

SP
0–28 days

USA
0–21 days

SP
> 28 days

USA
> 21 days

SP
last 5 days

USA
> 42 days

Vitamin A 11.6 (7.7–15.0) 7.67 (6.0–9.2) 9.9 (6.0–13.3) 7.17 (6.1–8.2) 3.90 (0–6.7) 5.78 (3.4–8.2)

Vitamin D3 2.8 (1.5–4) 2,70 (2.1–3.1) 2.29 (1.2–3.6) 2.51 (2.0–3.0) 0.89 (0–2.1) 2.01 (1.3–2.9)

Vitamin E 27.9 (7.5–50) 23.21 (14.3–41.6) 23.2 (6–45) 17.93 (12.7–24.1) 17.5 (3.6–50) 14.21 (7.3–20.2)

Vitamin K 2.54 (0.75–5.4) 1.37 (0.7–2.0) 2.57 (0.5–5) 1.27 (0.8–1.7) 2.83 (0.3–10) 1.01 (0.6–1.7)

Vitamin B1 1.64 (0–3) 1.67 (1.17–2.2) 1.49 (0–3) 1.53 (1.02–2.04) 0.46 (0–1.1) 1.19 (0.7–1.8)

Vitamin B2 6.50 (5.4–8) 6.68 (5.3–8.5) 5.30 (3.9–8) 6.24 (5.4–7.1) 2.25 (0–4) 5.03 (2.9–6.9)

Vitamin B6 3.35 (1.8–5) 2.48 (1.7–3.4) 2.62 (1–5) 2.28 (1.7–2.9) 0.58 (0–1.5) 1.83 (1.0–2.7)

Vitamin B12 16.6 (12–30) 12.66 (9.8–16.2) 15.0 (9–30) 11.76 (10.1–13.4) 5.88 (0–12.5) 9.46 (5.6–13.3)

Niacin 46.4  (25–86) 39.3 (30.8–48.1) 34.0  (20–66) 37.0 (30.4–41.3) 12.9  (0–30) 29.8 (17.9–41.3)

Pantothenic 13.1 (8–19) 10.74 (8.9–12.8) 11.0 (6.4–15) 10.07 (8.8–11.2) 5.59 (0–10) 8.11 (4.7–10.5)

Folic acid 1.08 (0.5–1.5) 0.80 (0.6–1.1) 0.85 (0.4–1.5) 0.74 (0.6–0.9) 0.31 (0–0.95) 0.59 (0.4–0.8)

Biotin 0.13 (0–0.25) 0.074 (0.05–0.1) 0.09 (0–0.2) 0.068 (0.04–0.09) 0.023 (0–0.1) 0.055 (0.03–0.08)

Choline 352 (200–540) ---- 285 (200–420) ---- 212 (100–420) -----

Table VI. Average composition and range (mg/kg*) of vitamin supplements used 
in Spain and the United States (Villamide and Fraga, 1999; and Coelho, 2000)

* Vitamins A and D3, thousands IU/kg; B12, µg/kg
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* B12, µg/kg

uniformity in chicken carcasses (Skinner et 
al., 1992). These researchers suggested that 
supplementation should continue if stress 
conditions prevail (heat, mycotoxins, high 
density). For Whitehead (2002), eliminating 
the vitamin premix from the withdrawal feed 
is inadvisable from the viewpoint of animal 
well-being, since the birds would shortly 
have to deal with the stress of loading 
and transport to the slaughterhouse, and 
vitamins E and C are particularly important 
in counteracting this stress.

Dehyim and Teeter (1993) attributed the 
absence of statistical significance observed 
in these experiments to the small number of 
birds used, the scant replication of treatments, 
and the use of diets with animal byproduct 
meal, which contains double the amount of 
B vitamins of soy. In their own study they 
found differences very close to significance 
for growth (- 6%) and feed conversion index 
(- 8%), carcass yield (+ 0.2 points) and breast 
meat percentage (+ 0.8 points) with respect 
to the unsupplemented control group, 
and they emphasized that these numerical 
differences are significant economically. 
Similar results were found in a subsequent 
experiment (Dehyim et al., 1995). Patel et al. 
(1997) confirmed the negative effects of the 

withdrawal of vitamins in 3 different strains, 
in particular withdrawal of riboflavin, which 
caused a linear reduction in growth. Maiorka 
et al. (2002) withdrew supplementation 
during the last 4 and 7 days and obtained a 
worse feed conversion index and a tendency 
towards reduction of slaughtering weight. 
Ferket and Qureshi (1992) removed the 
vitamin premix from 21 days of age, which 
resulted in a weight loss of 68 g at 43 days 
and a feed conversion index 7% higher than 
the broilers with vitamin supplementation. 
Furthermore, when heat stress was 
induced the supplemented birds had lower 
mortality and exhibited a higher level of IgG 
immunoglobulins. Dehyim et al. (1994) also 
found a better immune status in broilers 
which received vitamin supplements until 
the end of the cycle under hot environmental 
conditions. Furthermore, Dehyim and Teeter 
(1996) and Patel et al. (1997) observed a 30–
50% reduction in vitamin B1 and B2 breast 
content in unsupplemented birds, especially 
in thermal stress situations. 

For turkeys, there is only data from North 
America (Ward, 1993; McKnight et al., 1995a; 
Coelho, 2000). Although in practice between 
6 and 8 feeding phases are employed, in 
Table VII these are grouped into 3. In general, 

Period Starter
0–6 weeks

Growth
7–12 weeks

Finishing
> 13 weeks

Vitamin A, IU/kg 9.61 (7.1–12.2) 7.58 (5.8–9.4) 5.57 (4.1–7.5)

Vitamin D3, IU/kg 4.42 (3.0–6.6) 3.11 (1.7–4.7) 2.30 (1.4–3.4)

Vitamin E 44.52 (17.0–81.5) 26.9 (12.2–43.3) 18.41 (6.8–32.5)

Vitamin K 1.85 (1.1–5.2.8) 1.49 (0.7–2.6) 1.14 (0.6–2.0)

Vitamin B1 2.19 (1.1–3.0) 1.25 (0.7–1.7) 0.91 (0.2–1.5)

Vitamin B2 7.81 (6.3–9.7) 5.88 (4.7–7.0) 3.99 (2.8–5.2)

Vitamin B6 3.19 (0.8–4.9) 2.10 (0.6–3.1) 1.71 (0.7–2.6)

Vitamin B12 16.0 (11.0–22.0) 12.0 (8.0–17.0) 7.0 (5.0–10.0)

Niacin 72.87 (45.9–98.6) 56.49 (43.2–65.5) 40.59 (28.1–51.9)

Pantothenic 16.45 (12.5–21.1) 13.38 (10.2–17.9) 8.83 (7.1–10.9)

Folic acid 2.01 (1.0–3.3) 0.87 (0.2–1.5) 0.68 (0.3–1.0)

Biotin 0.15 (0.07–0.23) 0.10 (0.04–0.14) 0.09 (0.04–0.15)

Table VII. Average composition and range (mg/kg*) of vitamin supplements used in turkey 
production in the United States (Coelho, 2000)
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the levels used for starters are twice those 
for the finishing phase, with a smaller drop 
in vitamin A, riboflavin, niacin, biotin and 
pantothenic acid, and a greater decrease 
in D, E, K, thiamine and cyanocobalamin. 
Variability is particularly high in finisher 
feed, reflecting the uncertainty arising from 
insufficient scientific information, above all 
for vitamins of the B group. In starter feeds, 
the divergence between different companies 
are smaller for vitamins A, B2, niacin and 
pantothenic acid. The majority of levels used 
at present exceed those published by Ward 
in 1993.

It is also of interest to compare the vitamin 
recommendations of the principal scientific 
sources which constitute habitual reference 
points for poultry nutrition specialists. 
It should be pointed out that the NRC 
expresses them as total requirements, while 
in the other cases they are recommendations 
for feed supplementation. In practice the 
vitamin content of the basal feed ingredients 
is ignored(Whitehead, 1993). Tables VIII and 
IX reflect the recommendations for broiler 
nutrition which have steadily risen over 
time. 

It is evident that the NRC values fall well 
below those of the other sources. In starter 
and grower feeds they are 4–6 times lower 
for vitamins A, E, K, and B12, and 10–20 times 
lower for D3. There is less difference with 
regard to vitamins B1, B6, niacin and biotin. 
For choline the NRC figures are 2–5 times 
higher than the other sources but this is 
because they refer to total requirements and 
not supplementation levels. 

The highest supplementation levels are 
those proposed by the company DSM, in 
accordance with its concept of Optimum 
Vitamin Nutrition (OVN), but they are now 
more in line with the figures indicated 
by the best-known nutrition specialists. 
The recommendations for vitamin 
supplementation by Larbier and Leclerq of the 
INRA agree largely with DSM’s specifications 
(except for vitamin E), and in the majority of 
cases raise the INRA’s old recommendations, 
especially for pantothenic acid, folic acid, 
vitamin K, and the B group in general. Leeson 
and Summers (1997) also far exceeded the 
levels indicated by the NRC, and a few years 
later (Leeson and Summers, 2005) they again 

increased their recommendations, which are 
now fairly close to DSM’s. When making 
comparisons it should be kept in mind that 
the authors are referring exclusively to corn-
soy diets as used in the US. The Spanish 
nutritional association, FEDNA, proposes 
feeding programs of different duration, 
and in general adopts somewhat more 
conservative recommendations than DSM’s, 
with the greatest differences relating to 
supplies of biotin and vitamin E. The current 
vitamin supplementation recommendations 
by DSM are largely in agreement, except 
for vitamins E and C, with the specifications 
of management guides for the principal 
commercial broiler strains, which can be 
seen in Table X.

In finishing feeds, the NRC levels are still 
well below those of other sources, except 
for vitamins of the B group when compared 
with the INRA. Moreover, in the majority of 
cases it specifies the same values as in the 
preceding phase. This may be due to the 
relative scarcity of studies on requirements 
in this period of fattening (Whitehead, 1987, 
2000). Larbier and Leclerq generally reduce 
their recommendations for the first phase by 
25–50%, and also agree largely with those 
proposed by DSM (except, again, for vitamin 
E), in most cases raising the figures published 
8 years previously by INRA, especially for 
the same aforementioned vitamins. DSM 
maintains the levels of A, D, K, B1, niacin 
and folic acid. As in the starter phase, only 
this firm currently proposes supplementing 
vitamin C under certain circumstances.

The recommendations for turkey nutrition 
are shown in Tables XI–XIII, and Table 
XIV shows those of the most important 
genetics companies. The situation is similar 
to that already described for broilers, 
although there are differences in the vitamin 
recommendations for different commercial 
turkey strains. From the 17th week onwards 
DSM proposes lower levels (20–50%) in most 
cases (data not shown).

Finally, it is worthwhile commenting on 
some studies that have specifically evaluated 
the OVN concept from the firm of DSM, 
which for the majority of vitamins includes 
supplementation between 30 and 50% higher 
than the levels currently used commercially 
(except for vitamin E, which is some 10 times 
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higher). In general, positive and significant 
responses in productivity were obtained 
(Hernández et al., 2002; Pérez-Vendrell et al., 
2003; Castaign et al., 2003; Moslehi et al., 
2004; Castaign et al., 2007), especially under 
stress conditions, and it is notable that an 
increase in feed intake is usually observed. 

Carcass and breast yield has also improved, 
with a reduction in abdominal fat (Hernández 
et al., 2002; Castaign et al., 2003), as has 
oxidative stability of the meat (Pérez-Vendrell 
et al., 2003; Pérez-Vendrell and Weber, 
2005) and its vitamin content, especially 
of thiamine, pantothenic acid and vitamin 
E (Pérez-Vendrell et al., 2003; Castaign et 

al., 2003). When the OVN vitamin-mineral 
premix also included the metabolite of 
vitamin D3 25-OH-D3 hydroxycholecalciferol 
(Hy-D), locomotor problems were reduced, 
and resistance and bone ash were increased, 
in both chickens and turkeys (Pérez-Vendrell 
and Weber, 2007; Philippe et al., 2005). 
Moslehi et al. (2004) compared 7 different 
levels of supplementation, and found that 
the OVN levels reduced mortality and the 
feed conversion index in broilers, and yet 
did not increase production costs any more 
than the majority of the other treatments In 
fact the highest cost per kg of weight came 
from applying the NRC recommendations. 

Source 
/ Units

NRC, 
1994 INRA, 

1984

Larbier 
and 

Leclerq, 
1992

Leeson 
and 

Summers, 
1997

Leeson 
and 

Summers, 
2005

DSM OVN (2011)

(0-8 
wks)

Starter 
(0-6 wks)

Grower 
(7-12 wks)

Vitamin A IU 5,000 10,000 15,000 9,500 10,000
12000-
15000

10000-
12000

Vitamin D3 IU 1,100 1,500 3,000 2,700 3,500 4000-5000 3000-5000

25OHD3 (HyD) mg - - - - - 0.092 0.092

Vitamin E IU 12 20 25 40 100 100-250 (1)(2) 60-80 (1)

Vitamin K mg 1.75/1.5 4.0 3.0 2.0 3.0 4.0-5.0 3.0-4.0

Vitamin B1 mg 2.0 2.00 2.0 3.0 3.0 4.5-5.0 3.0-5.0

Vitamin B2 mg 4/3.6 6.0 8.0 6.0 10.0 15-20 10-15

Vitamin B6 mg 4.5 2.0 4.0 6.0 6.0 6.0-7.0 5.0-7.0

Vitamin B12 mg 0.003 0.015 0.02 0.014 0.020 0.040-0.050 0.030-0.040

Niacin mg 60 60 65 80 60 100-150 80-100

D-Panthothenic 
acid

mg 10.0/9.0 10 20 17 18 30-35 20-25

Folic acid mg 1.0 1.2 1.0 1.0 2.0 4.0-6.0 2.0-3.0

Biotin mg
0.25/ 
0.20

0.3 0.20 0.25 0.25 0.25-0.40 0.25-0.30

Vitamin C mg - - - - - 100-200 100-200 (3)

Choline mg
1600/ 
1400

800 800 1900 800 1000-1200 500-1000

Table XI. Recommended vitamin levels (IU or mg/kg air-dry feed) for turkey starter and 
grower (0-8 weeks) by various sources 

(1) Add 5 mg/kg for each 1% dietary fat when fat is higher than 3%; 
(2) Higher level for optimum immune function
(3) Recommended under heat stress conditions; use phosphorylated form in heat treated feeds

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



157

OPTIMUM VITAMIN NUTRITION IN BROILERS AND TURKEYS

S
o

u
rc

e 
/ 

U
n

it
s

N
R

C
, 1

99
4

IN
R

A
, 1

98
4

La
rb

ie
r 

an
d

 
Le

cl
er

q
, 1

99
2

Le
es

o
n

 a
n

d
 

S
u

m
m

er
s,

 
19

97

Le
es

o
n

 a
n

d
 

S
u

m
m

er
s,

 
20

05
D

S
M

 O
V

N
 (

20
11

)

(9
-1

2 
&

 
13

-1
6 

w
ks

)
(9

-1
6 

w
ks

)
(9

-1
6 

w
ks

)
(9

-1
6 

w
ks

)
(9

-1
6 

w
ks

)
G

ro
w

er
 (

7-
12

 w
ks

)
Fi

n
is

h
er

 1
 

(1
3-

18
 w

ks
)

V
it

am
in

 A
IU

5,
00

0
8,

00
0

10
,0

00
8,

50
0

10
,0

00
10

00
0-

12
00

0
80

00
-1

00
00

V
it

am
in

 D
3

IU
1,

10
0

1,
20

0
2,

00
0

2,
40

0
3,

50
0

30
00

-5
00

0
30

00
-4

00
0

25
-O

H
-D

3 
(H

yD
)

m
g

-
-

-
-

-
0.

09
2

0.
09

2

V
it

am
in

 E
IU

10
15

20
30

10
0

60
-8

0 
(1

)(
2)

30
-5

0 
(1

)(
2)

V
it

am
in

 K
m

g
1.

0/
0.

75
3.

0
2.

0
2.

0
3.

0
3.

0-
4.

0
3.

0-
4.

0

V
it

am
in

 B
1

m
g

2.
0

1.
00

1.
0

3.
0

3.
0

3.
0-

5.
0

3.
0-

4.
0

V
it

am
in

 B
2

m
g

3.
0

4.
0

4.
0

5.
0

10
.0

10
-1

5
8.

0-
10

V
it

am
in

 B
6

m
g

3.
5

-
3.

0
5.

0
6.

0
5.

0-
7.

0
3.

0-
6.

0

V
it

am
in

 B
12

m
g

0.
03

0.
01

0.
01

0.
01

4
0.

02
0.

03
0-

0.
04

0
0.

02
0-

0.
03

0

N
ia

ci
n

m
g

50
50

50
70

60
80

-1
00

60
-8

0

D
-P

an
th

o
th

en
ic

 
ac

id
m

g
9.

0
12

12
15

18
20

-2
5

15
-2

0

Fo
lic

 a
ci

d
m

g
0.

8/
0.

7
1.

0
1.

0
0.

75
2.

0
2.

0-
3.

0
2.

0-
2.

5

B
io

ti
n

m
g

0.
12

5
0.

05
0.

10
0.

20
0.

25
0.

25
-0

.3
0

0.
20

-0
.2

5

V
it

am
in

 C
m

g
-

-
-

-
-

10
0-

20
0 

(3
)

10
0-

20
0 (

3)

C
h

o
lin

e
m

g
1,

10
0

80
0

60
0

17
00

80
0

50
0-

10
00

40
0-

60
0

Ta
b

le
 X

II.
 R

ec
o

m
m

en
d

ed
 v

it
am

in
 le

ve
ls

 (
IU

 o
r 

m
g

/k
g

 a
ir-

d
ry

 fe
ed

) 
o

r 
tu

rk
ey

 g
ro

w
er

 (
p

h
as

e 
2)

 a
n

d
 fi

n
is

h
er

 (
9-

16
 w

ee
ks

) 
by

 v
ar

io
u

s 
so

u
rc

es
 

(1
) A

d
d

 5
 m

g
/k

g
 f

o
r 

ea
ch

 1
%

 d
ie

ta
ry

 f
at

 w
h

en
 f

at
 is

 h
ig

h
er

 t
h

an
 3

%
; 

(2
) 

Fo
r 

o
p

ti
m

u
m

 m
ea

t 
q

u
al

it
y 

in
cr

ea
se

 le
ve

l u
p

 t
o

 2
00

 m
g

/k
g

(3
) 

R
ec

o
m

m
en

d
ed

 u
n

d
er

 h
ea

t 
st

re
ss

 c
o

n
d

it
io

n
s;

 u
se

 p
h

o
sp

h
o

ry
la

te
d

 f
o

rm
 in

 h
ea

t 
tr

ea
te

d
 f

ee
d

s

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



158

OPTIMUM VITAMIN NUTRITION

S
o

u
rc

e 
/ 

U
n

it
s

N
R

C
, 1

99
4

IN
R

A
, 1

98
4

La
rb

ie
r 

an
d

 
Le

cl
er

q
, 1

99
2

Le
es

o
n

 a
n

d
 

S
u

m
m

er
s,

 1
99

7
Le

es
o

n
 a

n
d

 
S

u
m

m
er

s,
 2

00
5

D
S

M
 O

V
N

 (
20

11
)

(>
16

 w
ks

)
Fi

n
is

h
er

 2
 (

>1
8 

w
ks

)

V
it

am
in

 A
IU

5,
00

0
8,

00
0

10
,0

00
7,

00
0

10
,0

00
60

00
-9

00
0

V
it

am
in

 D
3

IU
1,

10
0

1,
20

0
2,

00
0

2,
20

0
3,

50
0

20
00

-3
00

0

25
-O

H
-D

3 
(H

yD
)

m
g

-
-

-
-

-
0.

09
2

V
it

am
in

 E
IU

10
10

20
20

10
0

30
-5

0 
(1

)(
2)

V
it

am
in

 K
m

g
0.

75
/0

.5
2.

0
2.

0
1.

5
3.

0
3.

0-
4.

0

V
it

am
in

 B
1

m
g

2.
0

-
1.

0
2.

5
3.

0
2.

0-
3.

0

V
it

am
in

 B
2

m
g

2.
5

4.
0

4.
0

5.
0

10
.0

8.
0-

10

V
it

am
in

 B
6

m
g

2.
0/

4.
0

-
3.

0
3.

0
6.

0
3.

0-
6.

0

V
it

am
in

 B
12

m
g

0.
00

3
0.

01
0.

01
0.

01
2

0.
02

0.
01

5-
0.

02
5

N
ia

ci
n

m
g

40
40

50
60

60
50

-6
0

D
-P

an
th

o
th

en
ic

 
ac

id
m

g
9.

0
5

12
15

18
15

-2
0

Fo
lic

 a
ci

d
m

g
0.

7
0.

5
1.

0
0.

50
2.

0
2.

0-
2.

5

B
io

ti
n

m
g

0.
1

0.
10

0.
15

0.
25

0.
20

-0
.2

5

V
it

am
in

 C
m

g
-

-
-

-
-

10
0-

20
0(3

)

C
h

o
lin

e
m

g
95

0/
80

0
50

0
60

0
15

00
80

0
40

0-
60

0

Ta
b

le
 X

III
. R

ec
o

m
m

en
d

ed
 v

it
am

in
 le

ve
ls

 (
IU

 o
r 

m
g

/k
g

 a
ir-

d
ry

 fe
ed

) 
fo

r 
tu

rk
ey

 fi
n

is
h

er
 (

>1
6 

w
ee

ks
) 

by
 v

ar
io

u
s 

so
u

rc
es

 

(1
) A

d
d

 5
 m

g
/k

g
 f

o
r 

ea
ch

 1
%

 d
ie

ta
ry

 f
at

 w
h

en
 f

at
 is

 h
ig

h
er

 t
h

an
 3

%
; 

(2
) 

Fo
r 

o
p

ti
m

u
m

 m
ea

t 
q

u
al

it
y 

in
cr

ea
se

 le
ve

l u
p

 t
o

 2
00

 m
g

/k
g

(3
) 

R
ec

o
m

m
en

d
ed

 u
n

d
er

 h
ea

t 
st

re
ss

 c
o

n
d

it
io

n
s;

 u
se

 p
h

o
sp

h
o

ry
la

te
d

 f
o

rm
 in

 h
ea

t 
tr

ea
te

d
 f

ee
d

s

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



159

OPTIMUM VITAMIN NUTRITION IN BROILERS AND TURKEYS

G
ro

w
-o

u
t 

p
h

as
e

S
o

u
rc

e 
/ 

U
n

it
s

S
ta

rt
er

G
ro

w
er

Fi
n

is
h

er

B
U

T
 &

 
N

ic
h

o
la

s
H

yb
ri

d
D

S
M

 O
V

N
B

U
T

 &
 

N
ic

h
o

la
s

H
yb

ri
d

D
S

M
 O

V
N

B
U

T
 &

 
N

ic
h

o
la

s
H

yb
ri

d
D

S
M

 O
V

N
 (

20
11

)

0-
4 

w
ks

0-
6 

w
ks

0-
6 

w
ks

5-
12

 w
ks

7-
14

 w
ks

7-
12

 w
ks

>1
3

>1
5

13
-1

8 
w

ks
>1

8 
w

ks

V
it

am
in

 A
IU

15
,0

00
12

,0
00

12
00

0-
15

00
0

10
,0

00
9,

60
0

10
00

0-
12

00
0

8,
00

0
8,

00
0

80
00

-1
00

00
60

00
-9

00
0

V
it

am
in

 D
3

IU
5,

00
0

5,
00

0
40

00
-5

00
0

3,
00

0
4,

80
0

30
00

-5
00

0
2,

00
0

4,
00

0
30

00
-4

00
0

20
00

-3
00

0

25
-O

H
-D

3 
(H

yD
)

m
g

-
su

g
g

es
te

d
0.

09
2

-
su

g
g

es
te

d
0.

09
2

-
su

g
g

es
te

d
0.

09
2

0.
09

2

V
it

am
in

 E
IU

10
0

10
0

10
0-

25
0 

(1
)(

2)
80

60
60

-8
0

50
30

30
-5

0 
(4

)
30

-5
0 

(4
)

V
it

am
in

 K
m

g
5

4
4.

0-
5.

0
3

3
3.

0-
4.

0
3

2.
5

3.
0-

4.
0

3.
0-

4.
0

V
it

am
in

 B
1

m
g

5
4.

5
4.

5-
5.

0
1

2
3.

0-
5.

0
1

2
3.

0-
4.

0
2.

0-
3.

0

V
it

am
in

 B
2

m
g

8
15

15
-2

0
6

12
10

-1
5

6
10

8.
0-

10
.0

8.
0-

10
.0

V
it

am
in

 B
6

m
g

7
5

6.
0-

7.
0

5
3.

5
5.

0-
7.

0
3

2.
5

3.
0-

6.
0

3.
0-

6.
0

V
it

am
in

 B
12

m
g

0.
02

0.
04

0.
04

0-
0.

05
0

0.
02

0.
02

0.
03

-0
.0

4
0.

02
0.

01
5

0.
02

0-
0.

03
0

0.
01

5-
0.

02
5

N
ia

ci
n

m
g

75
11

0
10

0-
15

0
50

85
80

-1
00

40
55

60
-8

0
50

-6
0

D
-P

an
th

o
th

en
ic

 
ac

id
m

g
25

28
30

-3
5

15
23

20
-2

5
15

17
15

-2
0

15
-2

0

Fo
lic

 a
ci

d
m

g
3

3.
5

4.
0-

6.
0

2
2.

5
2.

0-
3.

0
2

2
2.

0-
2.

5
2.

0-
2.

5

B
io

ti
n

m
g

0.
3

0.
3

0.
25

-0
.4

0
0.

3
0.

17
0.

25
-0

.3
0

0.
2

0.
16

0.
20

-0
.2

5
0.

20
-0

.2
5

V
it

am
in

 C
m

g
-

-
10

0-
20

0 
(3

)
-

-
10

0-
20

0
-

-
10

0-
20

0 
(3

)
10

0-
20

0 
(3

)

C
h

o
lin

e
m

g
40

0
12

00
10

00
-1

20
0

30
0

90
0

50
0-

10
00

20
0

60
0

40
0-

60
0

40
0-

60
0

Ta
b

le
 X

IV
. R

ec
o

m
m

en
d

ed
 v

it
am

in
 le

ve
ls

 (
IU

 o
r 

m
g

/k
g

 a
ir-

d
ry

 fe
ed

) 
by

 p
ri

n
ci

p
al

 t
u

rk
ey

 g
en

et
ic

 c
o

m
p

an
ie

s 
an

d
 D

S
M

 O
p

ti
m

u
m

 V
it

am
in

 N
u

tr
it

io
n

 (
O

V
N

) 
le

ve
ls

 

(1
) A

d
d

 5
 m

g
/k

g
 f

o
r 

ea
ch

 1
%

 d
ie

ta
ry

 f
at

 w
h

en
 f

at
 is

 h
ig

h
er

 t
h

an
 3

%
; 

(2
) 

H
ig

h
er

 le
ve

l f
o

r 
o

p
ti

m
u

m
 im

m
u

n
e 

fu
n

ct
io

n
(3

) 
R

ec
o

m
m

en
d

ed
 u

n
d

er
 h

ea
t 

st
re

ss
 c

o
n

d
it

io
n

s;
 u

se
 p

h
o

sp
h

o
ry

la
te

d
 f

o
rm

 in
 h

ea
t 

tr
ea

te
d

 f
ee

d
s

(4
) 

Fo
r 

o
p

ti
m

u
m

 m
ea

t 
q

u
al

it
y 

in
cr

ea
se

 le
ve

l u
p

 t
o

 2
00

 m
g

/k
g

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



160

OPTIMUM VITAMIN NUTRITION

LATEST INVESTIGATIONS IN VITAMIN NUTRITION

The best specialists agree on the need to 
reevaluate the vitamin requirements of 
broilers and turkeys (Portsmouth, 1996; 
Bains, 1999; Whitehead, 2001, 2002; Leeson, 
2007). In the past 10–15 years there have 
been investigations on vitamins E and D3, 
principally focusing first on discovering 
their functions and applications in immunity 
and the oxidative stability of meat, and 
second on preventing foot problems; as 
well as to a lesser extent on the effects of 
vitamin C under heat stress conditions. For 
the remainder of vitamins there are few 
recent studies.

WATER-SOLUBLE VITAMINS

The deficiencies shown in vitamins of the 
B group are rare nowadays (Whitehead, 
2002). However, an inadequate supply 
of these vitamins with important roles in 
the regulatory processes of bone growth, 
usually manifests itself in disorders of the 
epiphyseal growth plate, with reduction in 
the proliferation of chondrocytes, which 
results in shortened and twisted bones and 
in deformity of the condyles of the tibiotarsal 
articulation, which rotates 90–180º, causing 
displacement of the gastrocnemius tendon 
(slipped tendon), an abnormal condition 
known as chondrodystrophy or perosis 
(Rama-Rao et al., 2003; Waldenstedt, 2006). 
This problem can also be caused indirectly 
by microplasmas, since they reduce the 
supply of nutrients the growth plate receives 
(Whitehead, 2005). Of particular importance 
in preventing the condition are pyridoxine 
and folic acid (especially if the diet is high 
in protein), riboflavin, niacin, biotin and 
choline, and in the initial phases birds 
respond well to extra supplementation with 
vitamins of the B group (Klein-Hessling, 
2006).

The principal functions of the B-group 
vitamins are connected with energy 
metabolism from carbohydrates, fatty acids 
and proteins. Except in organs with high 
metabolic requirements such as heart, liver 
and kidneys, birds lack reserves of these 
vitamins, while even in these organs the 
reserve is very small after hatching, which 

means a continuous supply is needed. The 
presence of aflatoxins in feed reduces the 
level of most of these vitamins in plasma 
and liver by 50 and 20%, respectively, if 
their concentration reaches 5 mg/kg of feed 
(Bains, 2001). Furthermore, a greater supply 
of these vitamins reduces the adverse effects 
of mycotoxins by favoring their break-down 
and detoxification in the liver.

Stress conditions increase energy 
requirements and reduce feed consumption, 
and a higher supplement of these vitamins, 
even over short periods, helps birds to 
overcome the consequences of stress 
prejudicial to their productivity and 
immune status. Thus Ferket and Qureshi 
(1992), who administered a combination of 
water-soluble vitamins and electrolytes in 
the drinking water of broilers, which they 
intermittently subjected to heat stress for 
4–5 days, for 24 hours prior to and during 
the entire period of stress, obtained better 
growth rates and feed conversion and a 
higher level of IgG immunoglobulins, which 
were in fact comparable to those obtained 
with a complete vitamin shock also including 
vitamins A, D3 and E.

In an experiment under practical conditions, 
Coelho et al. (2001) compared, under 
different degrees and conditions of stress 
(population density, new or permanent 
bedding, E. coli and coccidia infection, 
etc.), the effects of multiplying by various 
factors (1x, 2x, 4x, 8x and 16x) the levels 
indicated by the NRC for riboflavin, niacin, 
folic acid, pantothenic acid and vitamin B12. 
These vitamins were chosen specifically for 
their role in protein deposition, which has 
increased in modern strains with high breast 
yields. Under intense stress conditions the 
increased levels were unable to compensate 
fully for the reduction in performance, 
but the most favorable results came with 
dosages higher than fourfold. In the groups 
subjected to a low or moderate stress 
level, the live weight, viability and feed 
conversion index improved in proportion 
to the supplementation level. The sixteen-
fold level produced the maximum benefits 
(+16.4% live weight and –6.6% in feed 
conversion compared to the NRC level). 
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Carcass and breast yield and the percentage 
of abdominal fat also improved significantly. 
At fourfold inclusion, the profits per bird 
were $0.17, and at 16 times the dose $0.30, 
and returns on investment were calculated 
as 4.2% and 1.5%, respectively.

Other researchers have looked at the 
effects on product quality. Swierczewska 
et al. (2005) evaluated the chemical and 
sensory composition of the breast and leg 
of chickens fed with quantities of vitamins 
B2, B6, B12 and folic acid twice as high as 

those recommended by the NRC. Analysis 
of the muscle composition revealed more 
protein and less fat than the birds in the 
control group. The cholesterol level, very 
much depending on the type of muscle 
considered, was higher in the legs of the 
birds which received a supplement and 
any level of vitamins, probably because of 
the fat contained in the supplement. The 
smallest quantity of collagen was found in 
the diets which included a standard level of 
vitamins. There were no negative effects on 
the sensory quality of the meat. 

THIAMINE (VITAMIN B1) 

Functions

Thiamine has an important role in 
carbohydrate metabolism and therefore in 
energy metabolism, especially in the heart 
and nervous system. It is also necessary 
for the synthesis of nucleic acids and of 
acetylcholine, essential in the transmission 
of nervous impulses. Requirements differ 
for different organs; the content of B1 in the 
heart is higher than in the liver and brain, and 
it responds in greater measure to changes 
in the level of B1 in the diet (Olkowski and 
Classen, 1996). 

Sources

Cereals and soy have a high thiamine content 
and are thus unlikely to lead to a deficiency, 
although on occasion deficiencies have been 
confirmed in the field, with symptoms such 
as anorexia, polyneuritis and foot problems. 
Vitamin B1 requirements increase if the diet 
is high in carbohydrates, so if there is a 
thiamine deficiency the body’s reserves are 
rapidly exhausted. Including fish meal (which 
contains thiaminases) or amprolium (an 
antagonist of B1) increases the requirement 
for this vitamin in the diet. In premixes that 
include choline and trace minerals its stability 
is relatively low; at ambient temperature 
vitamin B1 content may be reduced by up to 
50%. This occurs to a greater extent in feed 
contaminated by mycotoxin-producing fungi 
such as Aspergillus and Fusarium, where the 
B1 concentration can drop by a factor of up to 
10 (Nagaraj and Wu, 1993).

Requirements and recommendations 
for supplementation

The NRC (1994) recommends a 
supplementation in broiler feed of 1.8 
ppm, based on studies carried out in the 
1960s. Thiamine requirements have been 
investigated very little in the last 30 years 
but they appear to be higher than those 
indicated by the NRC (Portsmouth, 1996). 
With higher supplementation levels, some 
reports show improvements in weight gain 
and conversion index in broilers (Wagstaff, 
1978) and a reduction of mortality in young 
turkeys (Cook, 1992). Olkowski and Classen 
(1996) found that with 2–4 ppm the plasma 
content of B1 decreased with age, but it 
was higher and more constant at 8 ppm, 
and increased continuously with 16 and 32 
ppm. Leeson and Summers (1997) and all 
the genetics companies suggest levels 2–3 
times higher than the NRC’s, especially in 
hot climates since it is known that at 32ºC the 
requirements for preventing polyneuritis are 
triple those appropriate at 21ºC (Whitehead 
and Portsmouth, 1989). In turkeys the 
difference is 50%. 

Other factors which affect optimum 
thiamine levels are the hen’s nutrition, which 
influences the reserves and metabolism of 
her progeny (Olkowski and Classen, 1999), 
and the existence of pathological processes. 
In feeds containing Fusarium proliferatum, 
vitamin B1 supplementation at levels higher 
than those recommended by the NRC (22 and 
89 ppm) improved weight gain in the starter 
phase, and were effective in preventing 
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immunosuppression (Nagaraj and Wu, 1993; 
Yang and Wu, 1997). It is also known that 
coccidia compete with the birds for this 
vitamin, the plasma level of which correlates 
to the severity of the disease. On the other 

hand, Deyhim et al. (1996) found a 23% 
reduction in thiamine content of the breast 
when the vitamin premix was withdrawn 
during the finishing period.

RIBOFLAVIN (VITAMIN B2) 

Functions

This vitamin, in its phosphorylated form 
or as constituent of the flavoproteins, is 
a coenzyme and cofactor of more than 50 
enzymes involved in redox reactions, in the 
metabolism of carbohydrates and amino 
acids, and in the synthesis and oxidation of 
fatty acids and transporting proteins. It plays 
an important role in maintaining the integrity 
of mucous membranes and the nervous 
system. It interacts with other vitamins: 
pyridoxine, niacin and pantothenic acid. 
Squires and Naber (1993) demonstrated that 
the concentration of riboflavin in the egg 
diminishes as the laying hen gets older.

Riboflavin is more likely than other vitamins 
to become deficient under practical 
conditions, especially under stressful 
conditions (Ruiz and Harms, 1988b, 1989; 
Whitehead, 2000) and when aflatoxins are 
present (Leeson et al., 1995), for which 
reason an ample safety margin should be 
applied in poultry nutrition (Ibrahim, 1998). 
Deficiency is characterized by poor plumage, 
deterioration in growth rates and feed 
conversion, paralysis and claw curvature, 
a lowering of resistance to heat stress, 
enteritis and diarrhea, and an increase in 
mortality in the first week (Summers et al., 
1984; Leeson et al., 1995; Klasing, 1998). 
Portsmouth (1996) indicates that riboflavin 
deficiency can periodically be observed in 
newly hatched chicks, manifested as clubbed 
down, although Whitehead (2004) points 
out that according to recent research the 
cause of this problem may be not nutrition 
but infection.
 
According to Yang and Wang (1996a, b), 
the maximum deposition of riboflavin in 
the liver is achieved with 17 ppm in the 
first week, and with 6 and 4 ppm in the 
second and third weeks, respectively; the 
absorption of methionine also increased 
if the maximum concentration was used. 

The withdrawal of vitamin B2 from the diet 
during the last weeks reduces its content in 
breast tissue by 37% (Deyhim et al., 1996), 
which is of interest from the consumer’s 
point of view, since normally 100 g of breast 
meat contributes 9% of the recommended 
daily intake of this vitamin.

Sources

Riboflavin is fairly abundant in by-products 
of animal origin and in dehydrated alfalfa, 
but scarce in cereals and protein-rich feed 
ingredients. Corn-soy diets usually contain 
2–2.6 mg/kg riboflavin, 60% of which is 
bioavailable (Chung and Baker, 1990). But 
the increase in pelleting temperatures 
and the use of expanders to control 
contamination by Salmonella has increased 
its degradation (Ibrahim, 1998).

Requirements and recommendations 
for supplementation

The levels recommended by the NRC are 
based on studies carried out over 20 years 
ago. Ruiz and Harms (1988d), with broiler 
starter diets containing vitamin B2 at 2.6 
ppm, found that reduced growth rates, 
severe paralysis and high mortality were 
confirmed at 2.6 ppm. They found 3.6 
mg/kg was needed to achieve maximum 
productivity, and 4.6 ppm to prevent foot 
problems. Rutz et al. (1989) obtained 
optimum performance by supplementing 
2 mg/kg riboflavin, with higher levels not 
bringing further improvements. Subsequent 
studies, carried out with a higher number 
of replicates, raised the optimum dosage to 
5.0–7.2 (Deyhim et al., 1990, 1991; Olkowski 
and Classen, 1998). 

Whitehead (1999) pointed out that riboflavin 
requirements for growth, expressed as a 
percentage of the diet, had not changed in 
spite of the considerable genetic progress in 
broiler productivity; but that if the well-being 
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of the birds was adopted as an additional 
criterion they could be doubled under stress 
conditions. The recommendations of the 
principal genetic selection companies tend 
in this direction. 

Deyhim et al. (1991) used a vitamin B2 
concentration 2 times higher than that 
recommended by the NRC, and achieved an 
increase of 6% in live weight; when broilers 
were subjected to cyclical heat stress (24–
35–24ºC) the improvement was maintained 
at 5%, while the feed conversion index and 
mortality fell by 2% and 6%, respectively 
compared to the control. Whitehead (1999) 
induced chronic heat stress in chickens of 7 to 
21 days of age, supplemented with 2.8, 3.3, 7 
and 15 ppm. Heat stress reduced growth rate 
by an average of 10%. No significant effects 
on the riboflavin level were detected, but 
curved claws were observed even at 7 mg/kg 
(Table XV). At normal temperatures 3.3 mg/
kg was sufficient. Under tropical conditions 

Temperature

Riboflavin mg/kg

2.8 3.3 7 15

Live weight 21 days, g
Normal 526 661 625 598

Heat stress 507 567 539 558

% paralysis, curved claws
Normal 22 0 0 0

Heat stress 20 4 2 0

Table XV. Live weight and incidence of paralysis and curved claws in broilers fed on diets 
with different riboflavin concentrations, under normal temperature conditions or chronic 
heat stress conditions. (Whitehead, 1999)

positive responses were found at 5.1–10 ppm 
(Ogunmodede, 1977; Ibrahim, 1998). 

In turkeys, the most recent studies on 
riboflavin requirements were conducted by 
Lee (1982), who proposed 4 mg/kg as the 
most suitable level, and by Ruiz and Harms 
(1988a, 1989), on whose results the current 
NRC recommendations are based. In young 
turkeys of 0–21 days it was estimated that 
a total provision of 3.5 mg/kg was enough 
to achieve maximum production, although 
to prevent paralysis and curved claws it 
was necessary to increase to 4.4 ppm. 
The same investigators determined that 
to maximize the live weight of males of 
4–8 and 9–11 weeks the optimum dietary 
levels were 3.6 and 2.5 mg/kg, respectively. 
However, Leeson and Summers (1997) and 
the majority of North American companies 
(Coelho, 2000) were using appreciably 
higher supplementation levels.

PYRIDOXINE (VITAMIN B6) 

Functions and sources

Vitamin B6 includes 3 compounds with 
similar actions: pyridoxal, pyridoxamine and 
pyridoxine. Pyridoxine is the most active and 
commonly found in feed ingredients. The 
majority of the ingredients are good sources 
of this vitamin, but its bioavailability is 
relatively low (40–60%), particularly in soy. 

Like the rest of the vitamins in the B group, 
B6 has numerous metabolic functions, 
principally in the metabolism and transport 
of amino acids, especially methionine and 
tryptophan. This means the use of high 

levels of these amino acids increases the 
requirement for pyridoxine, and a deficiency 
of which reduces the nitrogen retention. 
Vitamin B6 is stored principally in muscular 
tissue. It participates in the incorporation of 
iron into hemoglobin and in the synthesis 
of immunoglobulins, so that a marginal 
deficiency will cause normochromic 
microcytic polycythemia (the increase of 
small red cells), and a fall in IgM and IgG 
(Blalock and Thaxton, 1984; Blalock et al., 
1984).
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Requirements and recommendations 
for supplementation

Few recent investigations into vitamin B6 
requirements have been carried out because 
it is generally considered that practical diets 
provide sufficient vitamin B6. However, it 
should be kept in mind that modern birds 
consume less feed per kg of live weight, 
so that vitamin intake falls proportionately. 
Moreover, the optimum requirements of 
pyridoxine are related to the levels of protein 
and amino acids in the diet (Daghir and 
Shah, 1973), for which reason it has been 
suggested that when using high protein 
diets, as is normal nowadays for broilers and 
turkeys, its requirement would increase by 
25% (Portsmouth, 1996). The NRC position 
is based on studies from the early 1970s, 
and it proposes 3.5 mg/kg for broilers and 
turkeys from 8 weeks onwards and 4.5 mg/
kg for turkeys of 0–2 months. According to 
Villamide and Fraga (1999), the majority of 
vitamin premixes in Spain provide lower 
levels. A dosage of 4 mg/kg is sufficient to 
counteract the toxic effects of the inclusion 
of high proportions of some legumes in 
feeds (Walters et al., 1991). Other authors 
consider that the supplement should be up to 
6 mg/kg (Leeson and Summers, 1997; Bains, 
1999). A previous study on turkeys estimated 
requirements of 6 mg/kg (Waldroup et al., 
1976). The content of B6 in eggs decreases as 
the age of the laying hen increases (Robel, 
1983).

Vitamin B6 also seems to be important from 
the point of view of animal well-being. It has 

been shown that high levels of pyridoxine 
(500–1,000 mg/kg) can reduce fear reactions 
in broilers, as assessed by the duration of 
the tonic immobility reaction (Schwean and 
Classen, 1995). These high doses reduced 
growth, but they improved the conversion 
index. Supplementing with 3 ppm pyridoxine 
was found beneficial, either on its own or in 
combination with 60 ppm L-carnitine under 
conditions of thermal stress (Celik et al., 2006). 
This combination improved weight gain 
and feed intake, as well as carcass weight, 
something which was not observed when 
pyridoxine alone was used. This synergy 
may be attributable to the potential in both 
substances to regulate energy metabolism 
and modulate oxidative stress.

Attention has also been given to vitamin 
B6 in relation to foot problems (Table XVI), 
because supplementation reduces the 
incidence (Cope et al., 1979, Beirne and 
Jensen, 1981). According to Sauveur (1984), 
pyridoxine is involved in the formation of 
picolinic acid (derived from tryptophan), in 
turn linked to the intestinal absorption of 
zinc, and all of them would act synergically 
in preventing foot problems. Masse et al. 
(1994, 1996) demonstrated that a marginal 
deficiency of vitamin B6 leads to incomplete 
development of the collagen and an anarchic 
invasion of the bone growth plate by 
irregular blood vessels, together with long 
bone deviation, problems which could be 
reduced with higher supplementation. They 
considered this vitamin essential for the 
integrity of the conjunctive tissue matrix and 
the development of the skeleton. 

Basal 
diet

 4.7 ppm

+ 10 
ppm

+ 30 
ppm

+ 110 
ppm

Normal claws and feet 31 % 66 % 82 % 79 %

Twisted claws, or slightly affected feet 50 % 20 % 16 % 11 %

Severe deformity of claws and feet 19 % 13 % 2 % 11 %

Table XVI. Effect of pyridoxine supplementation on foot problems in broilers 
Cope et al., 1979, cit. by Sauveur, 1988
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VITAMIN B12 

Functions and sources

Cyanocobalamin is involved in the metabolism 
of fatty acids and the synthesis of proteins, and 
also in reactions which involve the transfer of 
methyl and hydrogenated/hydrogen groups. 
It interacts with methionine and with folic and 
pantothenic acids. It is present only at low 
levels in poultry diets, especially if they do not 
include meal of animal origin, although it is 
the most stable vitamin during feed pelleting 
and storage processes. It is estimated that 
100 g of breast meat provides 8.5% of daily 
requirements in humans.

Requirements and recommendations 
for supplementation

Vitamin B12 requirements are very small – 
they are measured in micrograms – and 
it is moreover the vitamin stored in the 
greatest quantities, principally in the liver. 
Requirements were estimated as 12 µg/kg 
in the 1970s (Whitehead and Portsmouth, 
1989). Portsmouth (1996) considered that 
its level should be increased by about 20% 
in diets without animal byproduct meal. 
No recent papers have been published, 
either for broilers or turkeys, except for a 
study by Alisheilkhov et al. (2000) where the 
combination of 35 µg/kg vitamin B12 and of 
103 mg/kg vitamin C increased live weight 
by 7.5% and energy use by 6.7% compared 
to the control group. 

NIACIN2 

Functions 

Niacin includes two active compounds, 
nicotinic acid and niacinamide, both 
available commercially; the biopotency 
of the second is 24% greater (Maurice and 
Lightsey, 1996; Ruiz and Harms, 1988e). There 
are 14 known metabolic reactions in which 
it participates, forming part of the NAD and 
NADP coenzymes. It is therefore essential 
in the metabolism of carbohydrates, amino 
acids and fatty acids, and in obtaining energy 
through the Krebs cycle. 

Niacin interacts with other nutrients, 
principally with tryptophan, from which it 
may be obtained given sufficient quantities 
of riboflavin and pyridoxine; the reaction 
is irreversible. Tryptophan is converted 
into niacin at a ratio of 45–50:1 in chickens 
(Whitehead and Portsmouth, 1989) or 102–
119:1 in turkeys (Ruiz and Harms, 1988c). 
This difference is due to the higher level 
of picolinic acid and lower amount of the 
picolinic acid carboxylase enzyme present 
in the later species, making its requirements 
much higher than those of broilers. In practice 
the production of niacin from tryptophan 
is minimal, since this amino acid is not 
normally found in excess in diets. Moreover, 
high levels of fat in feed, especially saturated 
fat, will inhibit this reaction (Whitehead, 
2001). 

Sources

Niacin is abundant in by-products of animal 
origin and distilling, as well as in cereals, but 
its bioavailability is low, especially in wheat 
and sorghum (10–15%), as it is found in 
combination with a peptide or a carbohydrate 
(niacytin) which cannot be assimilated by 
birds. In oilseeds, bioavailability is 40%. 
It is fairly stable under normal conditions. 
Chicken meat is an excellent source of 
niacin, providing some 14 mg/100 g (78% of 
recommended daily intake).

Requirements and recommendations 
for supplementation

The requirements for niacin are uncertain 
since its availability varies depending on 
cereal type and the influence of tryptophan 
levels. It is assumed that requirements have 
increased in correlation to the improvement 
in growth rate, but very little research has in 
fact been carried out in the last 25 years. In 
broilers, Whitehead and Porstmouth (1989) 
proposed a level two times higher than the 
NRC’s (35 ppm), and later Whitehead (1993) 
estimated requirements at 50–60 mg/kg. 
Waldenstedt (2006) points out that that the 
proportion of birds with foot defects is higher 
in birds whose diet is low in this vitamin.
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North American studies, based on corn-soy 
diets, are somewhat contradictory. Waldroup 
et al. (1985), in a series of 4 experiments 
with broilers fattened to 42 days, used 
supplements of 33–66 ppm to a basal diet 
with 33 mg/kg, and observed significant 
improvements in live weight (with a greater 
response in males) and in some cases in 
the feed conversion index. However, Ruiz 
and Harms (1990) found no significant 
differences above the same basal level. In 
turkeys, Ruiz and Harms (1988a) and Ruiz and 
Harms (1989), who worked with 30% higher 
tryptophan levels, concluded that daily niacin 
requirements were 32 and 27 mg/kg of feed 
from 0 to 3 and 3 to 7 weeks, respectively, 
which would make supplementation in corn-
soy diets unnecessary. 

Whitehead (2001) considers that these levels 
are totally inadequate for diets based on 
wheat and for current growth rates, and 
conducted and published two experiments, 
in which the best results for live weight 
and conversion at 3 and 6 weeks were 
achieved with 80–100 mg/kg. Under heat 
stress conditions the niacin requirement for 
maximum growth dropped to 50 mg/kg, due 

Niacin, mg/kg 0 20 40 50 60 80

Experiment 1
Live weight 42 days, kg
Feed efficiency (gain/feed)

2.50 a

0.56

2.54 a

0.57

2.49 a

0.56

---

---

2.50 a

0.57

2.59 b

0.58

Experiment 2
Wt. 21 d., g Normal temp. 660 a 629 a --- 636 a --- 713 b

Wt. 21 d., g, Heat Stress 573 a 584 a --- 655 b --- 618b

Table XVII. Responses to niacin supplementation at normal temperature or under chronic 
heat stress. Whitehead (2001)

to the lower weight gain caused by the high 
temperatures (Table XVII). 

The data for turkeys are also inconsistant. Ruiz 
and Harms (1988a) tried supplementation 
levels up to 88 ppm in young turkeys of 0–21 
days old, and concluded that a minimum of 
44 ppm was sufficient to maximize productive 
results and reduce the incidence and severity 
of foot problems. In contrast, Maurice et al. 
(1990), obtained significant improvements in 
live weight at 8 weeks with diets containing 
140 mg/kg, twice as much as proposed by the 
NRC, an improvement maintained to a lesser 
extent under stress conditions from damp 
bedding. In a subsequent investigation, 
Maurice (1996) found that in turkeys older 
than 8–12 weeks the high dose of niacin 
counteracted the reduction in growth 
caused by high population density, and also 
improved the composition of the carcass. In 
respiratory infections from Bordetella on the 
other hand, positive effects were obtained 
from the addition of niacin to drinking 
water (Yersin et al., 1989). Whitehead (2001) 
proposed adding 70 mg/kg niacin to feeds 
up to 12 weeks. 

PANTOTHENIC ACID  

Functions and sources

This vitamin is a constituent of the acetyl-
coenzyme A, which is essential in the 
utilization of nutrients for obtaining 
energy in the Krebs cycle, and of other 
enzymes and coenzymes. It takes part in 

the synthesis of fatty acids, cholesterol and 
steroid hormones. It is also involved in the 
production of antibodies, in the activity of 
the adrenal glands, and in the acetylation of 
choline for nervous impulse transmission. 
It has a relationship with vitamin B12; if the 
latter is deficient it accentuates the lack of 

Different letters indicate significant differences at P<0,05
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pantothenic acid. It also interacts with folic 
acid, biotin and copper. Pantothenic acid is 
present at low levels in basic feed ingredients 
such as corn, barley and soy, and more 
abundant in green plants and by-products of 
animal origin. It is fairly stable under normal 
conditions.

Requirements and recommendations 
for supplementation

The established requirements for chickens 
and turkeys (10 mg/kg feed) are based on 
studies from the late 1970s. There are very 
few more recent experimental data although, 
contrary to the situation with other vitamins, 
they tend to confirm earlier findings. Dehyim 
et al. (1992) tried concentrations 2 and 4 
times higher than normal in broilers without 
obtaining improvements in their growth rate 
or energy balance. Harms and Nelson (1992) 
tried supplementation levels of up to 14.4 

mg/kg in chicks (0–21 days) without finding 
significant differences in growth rate or feed 
conversion index compared to the levels 
currently established by the NRC. Studies 
in turkeys have produced similar results, 
both in the starter period (Ruiz and Harms, 
1989) and between 4 and 12 weeks, where 
the use of levels lower than those of the NRC 
(4–8 mg/kg) in corn-soy diets did not entail 
significant changes in these parameters 
(Harms and Bootwalla, 1992). 

However, the current recommended levels 
for commercial strains are 2–3 times higher, 
probably because of the role attributed to 
pantothenic acid in general resistance to stress 
and in the prevention of skin lesions (Bains, 
1999). The study by Dehyim et al. (1992) offers 
another interesting aspect; the possibility of 
enriching pantothenic acid content in poultry 
meat. At the dosage used pantothenic acid in 
breast meat increased by 35–74%.

FOLIC ACID 

Functions and sources

Folic acid is structurally one of the most 
complex vitamins. Its principal functions 
are related to the synthesis of protein and 
nucleic acids and the interconversions of 
various amino acids. It is also necessary for 
the maturation process of red corpuscles 
and the functioning of the immune system. 

It is present in the majority of the ingredients 
of poultry diets, especially in those of animal 
origin, but in insufficient quantity (Bains, 
1999). Chicken meat contains some 12 
mg/100, providing 6% of the recommended 
daily intake in humans. 

Requirements and recommendations 
for supplementation

The NRC recommendations (0.55 mg/kg) 
have not changed in 25 years, and few recent 
studies have been published, but in general 
these have found responses at higher 
dosages. Ryu et al. (1995) consider that the 
requirements are not well established due 
to inadequacies of the analytical methods, 
to the widespread belief that soy-based 
diets do not require supplementation, and 
to the fact that many nutritional factors 

may modify their requirements. Pesti et al. 
(1991) demonstrated that corn-soy diets with 
a theoretical content of 1.5 ppm produced 
clear signs of folic acid deficiency, because 
its actual concentration was 3 times lower. 

Folic acid requirements vary according to the 
composition of the diet. They increase if the 
protein level is high, since it is required for 
the synthesis of uric acid (Creek and Vasaitis, 
1963). They are also influenced by the levels 
of certain amino acids (methionine, glycine, 
serine) and of other vitamins – they increase 
if B12 and especially choline are deficient. With 
choline and methionine levels close to those 
recommended by the NRC, supplements 
of 1.2 mg/kg have been suggested (Pesti 
et al., 1991; Ryu et al., 1995). Others have 
found positive responses in growth and feed 
conversion even with 1.8–2 mg/kg (Pesti and 
Rowland, 1989; Ryu and Pesti, 1993; Ryu et al., 
1994). Based on these production criteria, Ryu 
et al. (1995) estimated the total requirements 
at 1.45 mg/kg, and recommended adding 
1.2–1.3 mg/kg depending on the levels of 
choline in the diet. 

However, Whitehead et al. (1995) did not 
observe this supposed dependence on choline 
levels, and they suggest that methionine 
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deficiency may be more significant for folic 
acid requirements. In their experiments 
maximum growth and conversion results 
were obtained with a total content in the 
starter diet (meal) of 1.7–2.0 mg/kg, thus 
requiring supplementation with an estimated 
1.5 mg/kg. For granular feeds the authors 
recommend a supplement of 2.5 to 3 mg/
kg. Along the same lines El Husseiny et al. 
(2007) presented a study which evaluated the 
efficacy of folic acid and betaine in situations 
where methionine was adequate or limiting. 
In both cases improvements were obtained 
in production parameters, digestibility of 
nutrients and carcass yield with levels of both 
folic acid and betaine of 0.5–0.75 or 1 ppm. 
No information is available for turkeys.

Folic acid appears to be effective in preventing 
certain pathological disorders. In the case of 
reovirus infection, lesions decreased if the 
concentration of folic acid in diets was two 
times higher than that proposed by the NRC 
(Cook et al., 1983, 1984b). A trial using thiram 
(tetramethylthiuram disulfide) to induce 
tibial dyschondroplasia in chickens (Rath et 
al. 2006) evaluated the protective capacity 
of various vitamins (A, D, B6 and folic acid) 
against this condition, and concluded that 
folic acid levels five times higher than those 
recommended by the NRC were the most 
effective for this purpose. The low levels of 
folic acid in high-protein diets increase the 
incidence of foot problems (Ryu et al., 1995; 
Waldenstedt, 2006).

BIOTIN

Functions

Biotin acts as cofactor for many enzymes 
that take part in gluconeogenesis, in 
protein synthesis, and in carboxylation 
reactions produced in the metabolism of 
carbohydrates, lipids and proteins, which 
are important for the synthesis of long 
chain fatty acids. Thus in cases of biotin 
deficiency specific alterations have been 
described in the lipid profile of bird tissues, 
consisting of a proportional reduction in the 
concentrations of fatty acids with a greater 
number of carbon atoms (Watkins and 
Kratzer, 1987 abc; Watkins, 1989; Chee and 
Chang, 1995). Hypoglycemia is also typical 
(Balnave et al., 1977), since biotin helps to 
maintain glucose levels when carbohydrate 
intake is low. The classic symptoms of 
biotin deficiency are dermatitis, growth 
reduction and foot deformities, with 
alterations in bone formation (Bain and 
Newbrey, 1988). The biotin content of the 
hatchable egg increases with the age of the 
hen (Whitehead et al., 1985).

Sources

The majority of ingredients show great 
variability in content and bioavailability of 
biotin (Whitehead et al., 1982; Frigg, 1984, 
1987; Misir and Blair, 1988). The best known 
case is wheat (bioavailability 0–5%); in 

barley it is 11%, and in corn and soy 75–100% 
(Whitehead et al., 1982). Diets based on these 
cereals without biotin supplementation 
lead to higher mortality and slower growth 
rates. Other influences are some nutrients, 
such as fiber, which interfere with its 
intestinal absorption (Misir and Blair, 1984; 
Oloyo, 1991); the protein level with greater 
requirements at 18% than at 22% crude 
protein (Whitehead and Blair, 1974); the 
level of choline and the other water-soluble 
vitamins, which at high levels reduce the 
bioavailability of biotin (Whitehead et al., 
1976; Whitehead and Randall, 1982); the 
proportion of added fat (Whitehead et al., 
1976), and even the composition of the fat. 
Various studies carried out in the 1970s, 
cited by Whitehead and Portsmouth (1989) 
indicated an increase of biotin requirements 
in diets high in PUFA and the addition of 
tallow reduced mortality from FLKS (Balnave 
et al., 1977). Biotin requirements thus depend 
in great measure on the composition of the 
diet.

Steam pelleting does not affect the stability 
of biotin (Whitehead and Bannister, 1980), 
and there has even been an increase of 10% 
measured in its bioavailability (Buenrostro 
and Kratzer, 1984). As with the majority of 
the vitamins of the B group, there is a certain 
amount of recycling through the ingestion of 
shavings with feces; but at 3 weeks this is 
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negligible, and at 7 weeks, it only amounts 
to 0.01 mg/kg (Whitehead and Bannister, 
1980).

Requirements and recommendations 
for supplementation

The study of this vitamin received a great 
boost as a result of the appearance in the 1970s 
of a serious metabolic problem in broilers 
known as fatty liver and kidney syndrome, 
FLKS, described in detail by Whitehead 
(1988) and Bryden (1991). The syndrome’s 
biochemical manifestations correspond 
to those described above. The imbalance 
between two enzymes dependent on biotin 
prevented hepatic gluconeogenesis from re-
establishing levels of glycemia in cases of 
greater demand due to fasting or heat stress. 
The mobilization of lipid reserves to obtain 
glucose failed and led to fatty infiltration of 
the organs and death by acidosis. Whitehead 
et al. (1976) demonstrated clearly that FLKS 
is due to insufficient biotin in the diet. This 
pathology was seen in particular when 
broiler diets were relatively low in fat and 
protein. Whitehead (2000) indicated that the 
problem was again being found in the United 
Kingdom.

Studies carried out more than 25 years ago 
(Whitehead and Bannister, 1980) established 
a level of 170 µg/kg as the biotin requirement 
for growth in broilers, although the NRC 
maintained its recommendation at 150 µg/kg, 
based on older data. Other authors (Misir and 
Blair, 1984; Watkins and Kratzer, 1987; Oloyo, 
1991, 1994; Chee and Chang, 1995) found 
linear responses up to 200 µg/kg. Whitehead 
(1988) indicated that the biotin requirement 

could increase under conditions of nutritional 
or environmental stress, and that with diets 
slightly low in fat or protein, 250–300 µg/kg 
might be necessary to minimize mortality. 
Oloyo (1991, 1994) specified 200 µg/kg to 
prevent FLKS, pododermatitis, and foot 
deformities completely, a level rather higher 
than that required to achieve optimum live 
weight and feed conversion. Some diets 
with unshelled sunflower seeds required 
up to 240 µg/kg biotin to achieve the same 
results. 

In sunsequent investigations responses 
have been obtained to even higher values. 
Balios and Poupulis (1992) obtained 
significant improvements in live weight 
and feed conversion with 550 µg/kg when 
the proportion of fat added to the feed was 
1.5% instead of 6.5%. Brufau et al. (1995) 
significantly increased the growth rate and 
feed conversion efficiency by adding 200 
µg/kg to diets with 50% wheat, and Jian 
et al. (1996), also with wheat-based diets, 
increased live weight at 21 days by using up 
to 300 µg/kg. With feeds based on wheat and 
6 supplementation levels (between 0 and 
250 µg/kg of biotin available), Whitehead 
(2000) obtained 100 g more live weight at 40 
days with the maximum level (300 µg/kg of 
total content) than with the base level (Table 
XVIII). No statistical significance was found 
for the feed conversion index, but it showed 
numerical improvement.

Biotin is also related to other aspects of 
animal health and well-being. It has been 
observed that sudden death syndrome tends 
to decrease when higher levels of biotin are 
used (Hulan et al., 1980; Whitehead and 

Total biotin 50 120 170 200 250 300

Live weight 21 days, g 720 a 739 726 742 740 763 b

Feed efficiency (gain/
feed) 0–21 days

0.587 0.608 0.600 0.600 0.605 0.633

Live wt. 40 days, kg 2.18 a 2.22 2.24 2.24 2.23 2.29 b

Feed efficiency (gain/
feed) 0–42 days

0.502 0.514 0.499 0.511 0.482 0.520

Table XVIII. Responses to biotin supplementation of a diet with wheat and 50 µg/kg available 
biotin (Whitehead, 2000)

Different letters indicate significant differences at P<0.01
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Randall, 1982), although the etiology of this 
condition remains unclear. A significant 
reduction in lesions from reovirus infection 
(tenosynovitis and twisted feet) has also 
been found when the biotin concentration in 
the diet is 200% higher than that indicated by 
the NRC (Cook et al., 1984a, b).

Another disorder related to biotin is plantar 
pododermatitis. Various now outdated 
studies have established a clear relationship 
between biotin deficiency and digital and 
plantar lesions (Harms and Simpson, 1975; 
Harms et al., 1977; McIlroy et al., 1987). The 
incidence of these conditions has increased 
over recent years (Ekstrand et al., 1997; 
Martrenchar et al., 2002; Folegatti et al., 2006; 
Pagazaurtundúa and Warris, 2006) and there 
is pressure in the EU to reduce it for reasons 
of animal welfare. The causes are known to 
be multifactorial and  there is now known to 
be a genetic link.

The primary cause of pododermatitis stems 
from breeding poultry on excessively damp 
bedding (Haslam et al., 2007; Mayne et al., 
2007 b), be it due to insufficient ventilation 
flow (Folegatti et al., 2006) and/or excessive 
population density (Ekstrand et al., 1997), 
certain types of bedding and their depth 
(Martrenchar et al., 2002; Haslam et al., 
2007), or through the influence of certain 
ingredients or of nutritional imbalances, 
which lead to wet droppings (Oloyo, 1991, 
1994; Bilgili et al., 2005; Eichner et al., 2007). 
As yet, there are no studies on the possible 
benefits of biotin to combat the factors 
which lead to the appearance of plantar 
pododermatitis.

FLKS appears rarely in turkeys, although it 
has been induced experimentally with low 
biotin diets and an 18-hour fast (Whitehead 
and Siller, 1983). However, under commercial 
conditions the characteristic signs of biotin 
deficiency (dermatitis, perosis) have been 
observed much more than in chickens 
(Whitehead, 1988; Waldenstedt, 2006), and 
turkeys, especially the males, are more prone 
than females to plantar pododermatitis, 
which causes pain and impaired mobility.

Biotin requirements are especially high in 
this species of poultry (Whitehead, 1977; 
Mayne, 2005). In early studies, levels of 
300 mg/t feed were needed to reverse 

plantar lesions (Dobson, 1970, Whitehead, 
1977). Around 1970 the biotin requirement 
of fattening turkeys were estimated at 
some 250 µg/kg feed, and the subsequent 
literature recommended levels of 200 to 
325 µg/kg in the starter phase (Misir and 
Blair, 1988; Whitehead and Portsmouth, 
1989), although male turkeys needed 50 µg/
kg more than females. According to Mayne 
(2005) pododermatitis was still be observed 
with these levels.

The recommended biotin dosage today 
might be higher, considering the genetic 
improvement achieved in the last 30 years 
(Clark et al. 2002). Biotin requirements 
fall with age, but they increase if there is a 
high proportion of soy in the ration and/or 
the bedding is damp. Mayne et al. (2007a), 
in an experiment in which they evaluated 
supplements of 200, 800 and 1,600 µg/kg 
in turkeys from 2 to 14 weeks, found no 
significant effects from the higher biotin 
doses with regard to preventing plantar 
pododermatitis, although they used bedding 
that was poor in terms of humidity and 
hygiene, which could have affected their 
results. Whitehead (2002) and Mayne et al.  
(2007b) consider that in such a case it is 
highly advisable to increase biotin levels. 
According to Buda (2000), a level of 300 µg/kg 
was ineffective in preventing pododermatitis 
in turkeys of 9 to 20 weeks of age, but this 
objective was completely achieved using 
2,000 µg/kg.

There is little information about possible 
effects of biotin on meat quality. Oloyo (1991) 
indicated that 200 µg/kg was necessary to 
maximize muscle percentage and the meat 
to bone relationship, while 160 µg/kg was 
sufficient to achieve maximum weight and 
carcass yield. Balios and Poupulis (1992) 
compared diets with 1.5% and 6.5% fat, and 
120–150 vs. 550 µg/kg of biotin. With the 
higher dosage they observed a tendency 
towards a reduction in abdominal fat 
and a significant increase in its degree of 
saturation. 
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Functions

Birds are able to synthesize choline, and this 
capacity increases with age. However, the 
amounts and the speed at which they are 
synthesized may sometimes be inadequate. 
Choline is a lipotropic factor for the liver, so 
that its requirements are higher for high-
fat diets. It is essential for the formation 
of the neurotransmitter acetylcholine and 
of the lecithins, which form part of the cell 
membranes, and choline is involved in the 
formation of the cartilaginous matrix which 
facilitates the growth of the bones. In some 
trials an increase in choline and folic acid has 
led to a decrease in foot problems (Ryu et al., 
1995). It does not appear to affect immunity 
(Wang et al., 1987). 

Choline also acts as methyl group donor 
for transmethylation reactions important in 
the formation of many substances. This is a 
role it shares with methionine and betaine, 
which means that all these substances are 
able partially to substitute for each other, 
although their interrelations, recently 
reviewed by Simon (1999), are complex and 
still under discussion (Pillai et al., 2006 a, b). 
Folic acid and cyanocobalamin also take part 
in these reactions. Thus their requirements 
increase if the choline supply is insufficient 
(Ryu et al., 1995).

Sources

The extent to which choline is absorbed from 
raw materials is doubtful. (Anonymous, 
1997; Workel et al., 1999). Choline is more 
abundant in fish meal and oilseeds, although 
in this last case its bioavailability varies 
greatly; in soy it is estimated at between 
75 and 100% (Menten et al., 1997; Simon, 
1999), while rapeseed, which contains 3 
times more, it is only 25–40% (Emmert and 
Baker, 1997). Corn contains half the amount 
of choline of wheat and barley, so that a 
higher amount needs to be provided in diets 
where corn predominates. These situations, 
together with the interrelationship of choline 
with methionine and betaine, may explain 
the discrepancies on choline requirements 
found in the literature, although the majority 
of the published studies which form the 

basis for the current NRC recommendations 
are 20–40 years old. When interpreting the 
effects of adding choline one needs to be 
aware of the methionine and betaine levels 
of the different treatments and the choline 
content in the basal diets.

Requirements and recommendations 
for supplementation

Choline requirements are very high in the 
starter phase, the one most studied, and 
they diminish as the synthesizing capacity of 
the birds increases with age; they are also 
lower in slower growing genotypes. Quilin 
et al. (1961) determined that 1 g of choline 
could substitute 2.3–2.4 g of methionine as 
methyl group donor, a ratio that falls to 2:1 
in the work of Wang et al. (1987). Whitehead 
et al. (1992) calculated that using a total 
level of 1,250 mg of choline between 0 and 
3 weeks of age could substitute for 0.13 g/kg 
methionine. 

This relationship depends on the 
concentrations of the two nutrients. 
Choline requirements increase if the diet is 
relatively low in sulphur amino acids, and 
at these levels productive responses to the 
supplementation of choline were observed 
(Pillai et al., 2006). The growth reduction 
caused by lack of methionine is aggravated if 
there is also a choline deficiency (Whitehead 
and Portsmouth, 1989). When methionine is 
very deficient it becomes the major limiting 
factor, and extra supplies of choline have 
no effect (Whitehead et al., 1992), as also 
happens if there is excessive methionine 
(Miles et al., 1987). 

Several experiments have verified that the 
addition of choline produces significant 
improvements in growth, feed consumption 
and feed conversion index, and that the 
dose-response relationship was linear 
(Tillman and Pesti, 1985; García et al., 1999), 
although in some cases this was only found 
in the starter phase (Bond et al., 1985). The 
estimated optimum supplementation levels 
in corn-soy diets (whose theoretical content 
is some 1,350 mg/kg) vary widely, between 
120 and 1,000 ppm, which may be due to 
differences in the composition of the feeds 

CHOLINE
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used. Emmert and Baker (1997) ascertained 
an almost linear growth response from 10–22 
days up to supplementation levels of 1,115 
mg/kg, and observed further improvements 
up to 2,000. A supplement of 800 ppm (total 
dietary content: 1,900 ppm) was sufficient 
to optimize feed conversion. These values 
are much higher than those proposed by 
the NRC. Based on this work and other 
INRA trials, Workel et al. (1999), recommend 
a feed supplement of 500–800 mg/kg for 
older broilers, depending on the phase of 
fattening.

However, Whitehead et al. (1992) found no 
positive effect in broilers 3 to 6 weeks old 
when supplementing choline at 500 mg/kg 
(total dietary content: 1,120 mg/kg) with 6 
different levels of methionine. In more recent 
experiments, conducted under controlled 
conditions, choline only had positive effects 
on growth and hepatic remethylation of 
homocysteine in diets unsupplemented 
by methionine. If methionine levels 
were adequate or slightly deficient these 
improvements were no longer significant 
(Pillai et al., 2006a, b). 

That there is no advantage in working with 
diets deficient in choline, since in such cases 
its requirements will be covered in part 
through methionine, which is one of the 
most limiting nutrients in poultry diets from 
the economic viewpoint.

Another aspect that has been investigated 
is whether it might be possible to substitute 
betaine for choline as a methyl group donor 
in broilers diets, since it is known that 55–
62% of choline converts to betaine in the liver 
after oxidization (Kettunen et al., 1999). This 
is possible only to a limited extent. Lowry 
et al. (1987) showed that 75% of choline 
requirements must be provided by choline 
itself. In experiments by Emmert and Baker 
(1997) the addition of 500 ppm betaine to diets 
with a total of 600 mg choline produced no 
effect, while performance improved linearly 
with the addition of choline. In studies by 
Pillai et al. (2006a) an increase in the choline 
level improved the liver’s capacity for 
homocysteine remethylation in methionine-
deficient diets. This was also achieved with 
betaine, but to a lesser extent and less 
consistently. On the other hand, Waldroup 
et al. (2006) found that the addition of 1,000 

mg/kg betaine or choline from the first day of 
life, or a combination of each of them at 500 
mg/kg, improved the feed conversion index 
and breast yield at 35 and 42 days, and this 
independently of methionine levels.

In contrast, Waldroup et al. (2005) studied 
the effects of betaine or choline, alone or 
in combination in situations of threat from 
coccidiosis and found few or no benefits 
in terms of weight gain, feed conversion 
or mortality. The increases in carcass yield 
resulted from betaine supplementation, 
and the improvement in breast yield at 42 
days of age to choline supplementation, 
although this was no longer the case at 49 
days. Nassiri Moghaddam et al. (2007) also 
studied the efficacy of substituting betaine 
with choline. The results were unclear, since 
live weight and conversion index improved 
from 0 to 21 days and from 22 to 42 days, 
but not between 42 and 49 days. There was 
also an increase in breast yield and decrease 
in percentage of abdominal fat. The results 
of both investigations suggest that the age 
of the broilers may be an important factor in 
the efficacy of the combination of these two 
substances. 

In slower growing chickens a significant drop 
in the proportion of abdominal fat has also 
been observed with the use of betaine and 
choline supplements (Hassan et al., 2005). 
The different combinations used improved 
weight gain, feed conversion index and levels 
of serum proteins. The addition of 0.072% and 
0.144% betaine to feed led to improvements 
similar to those obtained with the use of 
1,170 and 1,470 ppm choline (Table XIX). 
Choline at 1,170 mg/kg produced a reduction 
of 8.7% in abdominal fat, regardless of the 
betaine level. Surprisingly at 1,470 ppm 
choline the results for this parameter were 
no different from those obtained with the 
basal diet. On the other hand increasing the 
betaine level linearly reduced the levels of 
abdominal fat, regardless of choline level. 
The conclusion was that a choline level of 
1,170 mg/kg is adequate for the growth of 
this type of chickens, but it can be reduced 
to 870 mg/kg if 0.072% betaine is added to 
the diet. 

The majority of estimates for choline 
requirements of turkeys are based on 
research published decades ago. Christmas 
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Treatments Growth Feed conversion index

  
1–28 
days

29–56 
days

1–56 
days

1–28 
days

29–56 
days

1–56 
days

Interaction of effects between
choline and betaine

Choline Betaine       

0.0 0.00 257.9 430.1 688.0 2.57 3.49 3.15

0.0 0.07 276.1 439.0 715.1 2.41 3.41 3.02

0.0 0.14 283.6 438.9 722.5 2.36 3.40 3.00

300 0.00 275.2 435.0 710.2 2.42 3.42 3.04

300 0.07 287.0 452.2 739.2 2.33 3.31 2.93

300 0.14 290.3 454.6 744.9 2.31 3.29 2.91

600 0.00 260.1 424.8 648.9 2.56 3.51 3.15

600 0.07 276.9 430.0 719.9 2.42 3.37 3.00

600 0.14 280.2 435.1 715.3 2.39 3.42 3.02

Effects of choline 
supplementation

0.0 272.5 b 436.0 b 708.5 b 2.45 a 3.43 a 3.06 a

300 284.2 a 447.3 a 731.5 a 2.35 b 3.34 b 2.96 a

600 272.4 b 434.3 a 706.7  b 2.46 a 3.43 a 3.06 a

Effects of betaine
supplementation

0.00 264.4 b 430.0 b 694.4 b 2.52 a 3.47 a 3.11 a

0.07 280.0 a 444.7 a 724.7 a 2.35 b 3.36 b 2.98 b

0.14 284.8 a 442.9 a 727.7 a 2.39 b 3.37 b 2.98 b

Table XIX. Effects of choline and betaine levels on growth and feed conversion of slow-
growing chickens. (Hassan et al., 2005)

and Harms (1988, 1989) observed that the 
addition of choline improved growth between 
8 and 12 weeks, especially if methionine 
levels were relatively low, but this was not 
the case between 4 and 8 weeks. On the other 
hand Ferket et al. (1993) obtained maximum 
growth at 16 days with supplements of 

750 ppm, and at 9 days with 1,000 ppm, and 
they indicate that at this age betaine can 
replace choline by up to 50%. According to 
Whitehead and Portsmouth (1989), the diet 
of young turkeys must provide a total of 
1,600 mg/kg from 0 to 4 weeks. 

Different letters indicate significant differences at P<0.01
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Functions

Ascorbic acid is involved in fundamental 
biological and metabolic processes: 
conversion of vitamin D3 to its active form, 
biosynthesis of collagen, absorption of 
minerals (iron), control of glucocorticoid 
synthesis, stimulation of phagocytic activity 
and as an antioxidant on a cellular level. 
Thus its action is important in calcification 
processes, in immune response, adaptation 
to stress and in the maintenance of 
electrolytic balance. These functions, along 
with a great number of investigations on the 
effects of vitamin C, were reviewed in detail 
by Pardue and Thaxton (1986), and more 
recently by Whitehead and Keller (2003).

Sources

Birds can synthesize this vitamin in the 
kidney, so that it is usually assumed they 
need no supplementation. It should however 
be borne in mind that the ability to do this is 
reduced in the first week of life, especially 
in males, as manifested by the decline in 
its concentration in plasma; thereafter it 
progressively increases (Bains et al., 1998). 
Pardue and Thaxton (1982) estimated that 
day-old chicks can only synthesize 16% and 
33% of what they are able to at 20 and 30 
days, respectively. It also falls at time of 
stress (Pardue and Thaxton, 1986; Pardue, 
1989; Hooper et al., 1989; Seemann, 1991; 
Jones, 1996). For these reasons, and based 
on experiences in the field, Bains et al. 
(1998) recommend supplementing feed 
with vitamin C at 150 ppm during the first 
2–3 weeks, especially to prevent later foot 
problems.
 
In stress situations, so common in 
commercial production, supplementation 
with ascorbic acid at 150–300 ppm has shown 
various physiological effects: reduction in the 
corticosterone and potassium concentration 
in plasma, and increase in the plasma 
concentration of sodium, triglycerides and 
vitamin C itself; reduction in the heterophil/
lymphocyte ratio and fear reactions (Pardue 
and Thaxton, 1984; Aguilera-Quintana et 
al., 1989; Kutlu and Forbes, 1993; Jones and 
Satterlee, 1997; Andreasen and Frank, 1999; 

Zulkifli et al., 2001); improvement in cellular 
and humoral immune response (Gross, 1988, 
1992); and increase in feed consumption and 
digestibility of nutrients (Pardue et al., 1985; 
Murray et al., 1987a, b; Kutlu and Forbes, 1994, 
1995; McKee et al., 1995; McKee and Harrison, 
1995, 1996; Dzhambulatov et al., 1996). 

However, a wide variation has been observed 
in the level of these responses and therefore 
in the zootechnical results obtained, which 
may be due to diverse factors: low stability 
of vitamin C in feed, which improves in 
encapsulated forms (Whitehead and Keller, 
2003), and also in drinking water, especially 
if alkaline and/or unchlorinated (Pardue, 
1989; Krautmann, 1989); level and duration 
of dosage; the age of the birds (van Niekerk 
et al., 1989); and intensity and combination 
of stress factors (McKee and Harrison, 1995; 
Teeter and Belay, 1996; Balnave, 2004). 

Requirements and recommendations 
for supplementation

Resistance to stress
In experiments carried out under excellent 
operating conditions, the response to adding 
ascorbic acid to feed tended to be statistically 
insignificant (Kafri et al., 1988; Kutlu and 
Forbes, 1994; Marron et al., 2001), although 
other researchers have found positive 
responses in weight gain, digestibility 
of nutrients and carcass yield with diets 
supplemented with 200 ppm (Lohakare 
et al., 2005b). The situation changes when 
stress is induced (Pardue and Thaxton, 1982; 
Pardue et al., 1984; McKee and Harrison, 
1995; Mahmoud et al., 2004), or if trials are 
conducted under commercial conditions, 
although in these cases too the responses 
vary depending on the degree of stress 
(Balnave, 2004). It has been established 
that vitamin C supplementation in feed or 
drinking water reduces the plasma levels 
of ACTH and corticosterone (Sahin et al., 
2002), of T3 and T4 (Sahin et al., 2003), and the 
respiratory quotient of birds (McKee et al., 
1997). All this helps to limit metabolic stress 
symptoms and alleviate their consequences, 
which allows the productivity and the 
immunocompetence of the birds to improve 
(Whitehead and Keller, 2003).

VITAMIN C
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High temperature is among the stress 
factors which in practice most frequently 
affect finishing birds, inducing oxidative 
stress which ascorbic acid, being one of the 
most important organic antioxidants, can 
help to counteract. The scientific literature 
is inconsistent with respect to the effect of 
vitamin C. Plenty of studies have found no 
significant effects on production parameters 
when using concentrations between 125 and 
1,000 ppm (Stilborn et al., 1988; Orban et 
al., 1993; Puron et al., 1994; Teeter and Belay, 
1996; Rose and Peter, 2000); but in many 
others, significantly better results have been 
found, with increased feed consumption and 
live weight and reduced mortality and feed 
conversion index. It is notable that these 
include nearly all the trials carried out in 
hot countries, where supplementation with 
this vitamin is normal commercial practice 
(Ogbuinya, 1991; Daghir, 1996). Qureshi et 
al. (2000) obtained positive responses by 
adding vitamin C to the feed if at the same 
time electrolytes were added to the drinking 
water, suggesting that this could be a factor 
explaining the discrepancies observed. 

In general, the dosages considered optimum 
are from 200–250 mg/kg, although in extreme 
conditions further improvements have been 
confirmed at 500 and 1,000 ppm (Kafri and 
Cherry, 1984; Njoku, 1984, 1986; Pardue et 
al., 1985; Kovar et al., 1990; Cier et al., 1992; 
Rajmane and Ranade, 1992; Hussein, 1995; 
Daghir, 1996; Dzhambulatov et al., 1996; 
Díaz-Cruz et al., 2001). In a recent study, 
Curça et al. (2006) concluded that 2,000 ppm 
improved the weight of broilers kept at high 
temperatures by 12% at 4 weeks. Benefits 
are more evident when other stress factors, 
such as coccidiosis, or beak trimming in 
turkeys, are present as well as heat (McKee 
and Harrison, 1995; Seokand and Singh, 
1996). Satterlee et al. (1989) observed a 
reduced duration of the tonic immobility 
reaction in birds supplemented with vitamin 
C, indicating a situation of less fear.

In feed selection experiments, when 
temperatures rose broilers chose to eat the 
feed supplemented with 200 ppm vitamin 
C, increasing their intake in 3–5 days 
(Kutlu and Forbes, 1995). Moreover, levels 
of ascorbic acid in feed show a negative 
correlation with those of HSP 70, or heat 
shock protein (Mahmoud et al., 1999). 

Bottje et al. (1998) observed a reduction of 
vitamin C concentration in the pulmonary 
fluid under low temperature conditions; this 
is possibly why similar dosages of vitamin 
C have also had positive results in the face 
of cold stress (Gross, 1988). The addition 
of 1,000 ppm to the drinking water of day-
old chicks that had suffered prolonged 
transportation significantly reduced mortality 
(Vo et al., 1996). At normal temperatures 
supplementation with ascorbic acid appears 
to offer few advantages, however (Gous and 
Morris, 2005).

Immunity
There is more agreement on the capacity of 
vitamin C to improve immune response of 
chickens and turkeys in the face of particular 
diseases and so reduce mortality and the 
consequent drop in production. There are 
many papers, reviewed by Pardue (1989), 
Lattshaw (1991), Chew (1996), Klasing (1998), 
Ferket and Qureshi (1999), and Whitehead 
and Keller (2003). To this end it has been 
recommended that before and during a 
threat from pathogens vitamin C levels of 
300–330 mg/kg be used – in severe cases 
up to 1,000 ppm have been used – although 
some researchers report that efficacy was 
lower with dosages above 400 ppm (Gross 
et al., 1988; Davelaar and van der Bos, 1992; 
Wen et al., 1997). The effects most commonly 
observed consist of significant reduction in 
mortality and lesions, and improvement in 
cellular immunity and the amounts of specific 
antibodies (Gross, 1992). Also important is its 
antioxidant effect, which allows the stability 
of cellular membranes to be maintained 
(Dimanov et al., 1994; van Dyck and Adams, 
2003) and important organs such as the liver 
to be protected from oxidation (Hayashi et 
al., 2004).

Favorable immune responses, frequently 
accompanied by decreases in morbidity 
and mortality, have been observed in 
various pathologies: coccidiosis (McKee and 
Harrison, 1995; Crevieu-Gabriel and Naciri, 
2001), Newcastle disease (Edrise et al., 1986; 
Franchini et al., 1994; Gross et al., 1988; 
Lohakare et al., 2005b), infectious bronchitis 
(Davelaar and van der Bos, 1992; Okoye et 
al., 2000), Gumboro disease (Wu et al., 2000, 
Amakye-Anim et al., 2000; Hayashi et al., 
2004, Lohakare et al., 2005), colibacillosis 
(Gross et al., 1988; van Niekerk et al., 
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1989), Marek’s disease (Yotova et al., 1990), 
aflatoxicosis and other intoxications (Pardue 
et al., 1987; Maynard et al., 1989; Tudor and 
Bunaciu, 2001), and ascites (Decuypere et 
al., 1994; Bottje and Wideman, 1995, 1998; 
Ladmakhi et al., 1997; Díaz-Cruz et al., 2001; 
Walton et al., 2001; Xiang et al., 2002). 
Nevertheless vitamin C supplementation 
alone is not enough to prevent or cure all 
these diseases.

Bone quality
Other investigations have been directed at 
discovering the possible role of vitamin C 
in preventing foot problems. Ascorbic acid 
stimulates renal synthesis of the active 
form of vitamin D3 (calcitriol, or 1,25-di 
hydroxycholecalciferol), acting as cofactor 
of the enzyme 25-(OH)-D3-1 hydroxylase. 
Ascorbic acid at a level of 250 ppm, 
combined with calcitriol in the feed, can 
reduce rickets under certain conditions 
(Roberson and Edwards, 1994; Rennie, 1995). 
At 2,000 ppm femur bone strength improved 
by 16% (Orban et al., 1993), although the 
combination of 200 ppm vitamin C and 200 
IU vitamin D was enough to improve bone 
strength (Lohakare et al., 2005a). Weiser et 
al. (1990) also demonstrated greater bone 
strength with levels of 100 ppm and variable 
levels of vitamin D in the diet. According to 
Whitehead (2002, 2005) these benefits are 
greater in hot environments. 

Vitamin C has also been used to prevent 
tibial dyschondroplasia. Initial studies in 
which very high levels were tried (500–1,000 
mg/kg) did not succeed in showing positive 
effects, or rather they were inconclusive, 
since improvements were found in some 
experiments but not repeated in others 
(Edwards, 1989; Roberson and Edwards, 
1994). The only consistent finding was a 
reduction of bone ash (Leach and Burdette, 
1985; Edwards, 1989), which by contrast 
increased when lower dosages were 
applied, both when vitamin C alone was 
used (Whitehead, 1995) and when it was 
combined with higher calcium levels (Doan, 
2000). Rennie (1995) indicated that dosages 
of 250–500 ppm were only effective with 
normal levels of calcium. 

According to Whitehead (2000) the 
combined addition of 250 ppm vitamin C 
and 10 µg/kg calcitriol to feed completely 

prevents tibial dyschondroplasia, and 
counteracts the reduction in the rate of 
growth usually provoked by calcitriol. This 
synergy, considered dubious by Edwards 
(2000), would be due not only to the 
stimulation of 1,25-dihydroxycholecalciferol 
production, but also to the fact that vitamin 
C promotes an increase in receptors for 
vitamin D and collagen biosynthesis, and 
therefore stimulates bone matrix production 
(Farqhuarson et al., 1998). This is why 
Whitehead and Keller (2003) conclude in 
their review that the combination of ascorbic 
acid and calcitriol is potentially useful for 
preventing tibial dyschondroplasia. Petek et 
al. (2005) published positive results with the 
addition of 150 mg/l to drinking water. 

Meat quality
The relationship between vitamin C and the 
quality of meat has also been widely studied. 
The addition of 0.1% ascorbic acid to the 
drinking water of chickens and turkeys 24–36 
hours before their collection and transport to 
the slaughterhouse significantly increased 
the carcass yield (on average by 1%) in 
practically all of the conducted tests (Figure 
6), and frequently also the breast percentage 
(Farr et al., 1988; Quarles and Adrian, 1989; 
Krautmann et al., 1991; Fletcher and Cason, 
1991; Völker and Fenster, 1991; Grashorn and 
Völker, 1993). Although some variation can be 
seen in the responses, these effects are more 
pronounced the more stressful the conditions 
of these operations, and that this treatment 
reduces the levels of stress indicators 
(Satterlee et al., 1991). Kutlu (2001) found 
that supplementing with 250 ppm reduced 
the lipid content in the carcass and increased 
carcass yield in broilers exposed to 35–37ºC 
for 8 hours a day. The improvement in yield 
is based on the reduction of shrinkage during 
transport and on increased water retention 
(Grashorn and Völker, 1993; McKnight et al., 
1996). The latter may be due to the fact that in 
treated birds less change has been found in 
the plasma concentration of aldosterone and 
in the sodium/potassium ratio (Pardue et al., 
1985; Satterlee et al., 1991). 

Leeson et al. (1995) cited sources from the 
turkey industry which indicated positive 
effects of vitamin C on the prevention of pale, 
soft exudative meat (PSE), which are known 
to be linked to the stress situations suffered 
before the slaughter of the birds. Yin et al. 
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(1993) demonstrated in vitro its antioxidant 
activity on myoglobin, which could improve 
color stability of the meat. Lohakare et 
al.,  2005a found an improvement in color 
stability at levels of 200 ppm. 

Vitamin C has an antioxidant effect in vivo 
by reducing the radical tocopheroxyl and 
thus restoring the antioxidant activity of 
vitamin E. It was therefore supposed that 
supplementing with it might favor the 
oxidative stability of meat fat. However, 
Morrisey et al. (1998) concluded in their 
review that this effect was small or non-
existent. Neither the addition of 1,000 ppm to 
drinking water 24 hours before slaughtering 
(King et al., 1993, 1995) nor supplementation 
of feed with 110 mg/kg ascorbic acid (Grau 
et al., 2001a, b; Bou et al., 2001) proved to 
have a protective effect against fat oxidation 
(measured by TBARS values), and they did 
not improve the organoleptic quality of the 
meat (Bou et al., 2001). 

In contrast McKnight et al. (1996) found that 
in stress situations the TBARS concentrations 
in the breast were reduced if a level of 200–
300 ppm was used during the 3 weeks prior 
to slaughtering. Young et al. (2003) obtained 
similar results when supplementing 1,000 
ppm vitamin C for 6 weeks together with 200 

Figure 6. Effect of adding vitamin C to drinking water (0.1%, 24 h) on carcass yield 
(1. Krautmann, 1989 2. Volker and Fenster, 1991 3. Grashorn and Volker, 1993)

ppm vitamin E. These effects of protecting 
against oxidation and the synergic action of 
the two vitamins were also confirmed in the 
experiment by Gheisari et al. (2004).

Interactions
The interactions of vitamin C with other 
substances have been studied in recent years. 
Vitamin C in combination with citric acid and 
phytase improved live weight and conversion 
index; there have also been reports of 27% 
increases in AMEn digestibility in diets low 
in calcium and phosphorus compared to 
values obtained when using phytase alone 
(Afsharmanesh et al., 2004). In a later study, 
Afsharmanesh et al. (2005) also added 
vitamin D3 to this type of diet, increasing live 
weight and protein digestibility by 18 and 
60%, respectively. Feed consumption and 
conversion also improved compared to low 
phosphorus diets. 

Under heat stress conditions vitamin C used 
at 250 ppm in combination with chromium 
supplemented at 400 ppm improved live 
weight, feed intake and feed conversion 
index, which demonstrated the synergic 
action of the two substances (Sahin et 
al., 2003). The serum concentrations of 
insulin, T3, T4, vitamin E and vitamin C 
itself also increased while plasma levels 
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VITAMIN A

Sources

In its active form vitamin A is scarce in nature, 
as it is found only in fish oil, meat meal, and 
oilseeds. Green plants contain ß-carotene, a 
precursor of vitamin A, although the content 
varies greatly according to the species, state 
of maturity, preservation, etc. The efficacy 
of its conversion to vitamin A is greater in 
birds (2:1) than in other species, but it falls 
to 5:1 with increased ingestion of carotene. 
Jensen and Edberg (1999) estimated that, 
in broilers, 1 mg ß-carotene is equivalent 
to 393 IU vitamin A, approximately 25% of 
the normally accepted ratio. Maize and its 
derivatives contain significant quantities of 
pigmenting carotenoids, but their provitamin 
activity is much lower. Provision of vitamin A 
in the diet of broilers and turkeys is therefore 
achieved mainly through synthetic forms, 
retinyl acetate or palmitate. Nowadays 
its stability is much improved, but losses 
through pelleting (5–40%), storage or fungal 
contamination may be significant.

Intestinal absorption of vitamin A is 
calculated as between 40 and 80%. It may be 
modified by many factors, either in a positive 
way, such as the inclusion of fats in the diet, 
the addition of antioxidants, and the use 
of moderate levels of vitamin E (Abawi et 
al., 1985; Noel and Brinkhaus, 1998), or in a 
negative way, such as high levels of vitamin 
E, the presence of aflatoxins, or enteric 
infections (West et al., 1992). Thus coccidiosis 
reduces its levels in plasma and hepatic 

FAT-SOLUBLE VITAMINS

reserves, which increases requirements of 
vitamin A because of poor absorption and 
oxidation induced by the cellular immune 
response (Augustine and Ruff, 1983; Allen, 
1988, 1997; Allen et al., 1996). Vitamin A 
deficiencies reduce resistance to coccidiosis 
(Chew, 1995; Dalloul et al., 2002; Dalloul and 
Lillehoj, 2005).

Functions

Vitamin A deficiency is unlikely in practice 
(Kidd, 2004). However, the efficiency of 
conversion of ß-carotene to vitamin A is 
reduced in situations of stress and illness, 
or due to mycotoxins. Marginal deficiencies 
may therefore result when working with 
minimum levels in feed (Bains, 1997), 
characterized by changes in skeletal 
development (Whitehead and Portsmouth, 
1989), a fall in the numbers of antibodies and 
reduction in cellular immunity (Friedman et 
al., 1991; Sklan et al., 1994, 1995; Dalloul 
et al., 2002), rapid depletion of hepatic 
reserves (Aye et al., 2002a), and a drop in 
muscle glycogen reserves (Sundeen et al., 
1980). With more pronounced deficiencies 
severe disruptions occur in respiratory and 
intestinal epithelia (Uni et al., 1998; Aye et 
al., 2000a; Chew and Park, 2004), and in 
extreme cases, blindness and death. 

Since the 1930s vitamin A has been known 
to be important in protecting the epithelial 
tissues and mucous membranes, which 
are natural barriers against pathogens, and 

of corticosterone, glucose, cholesterol and 
MDA fell. These researchers indicate that the 
synergism between the two nutrients might 
be due to the increase in insulin synthesis 
induced by the chromium, since the hormone 
contributes to the transport of vitamin C to 
the red cells. Vitamin C used in conjunction 
with acetyl salicylic acid (ASA) boosted the 
immune response, increasing the weight of 

the bursa of Fabricius, thymus and spleen, 
and the serum levels of antibodies, even if the 
birds were subjected to high temperatures 
(Naseem et al., 2005). The combined use of 
ASA, sodium bicarbonate and potassium 
chloride in drinking water produced 
improvements in production parameters in 
heat stress situations (Roussan et al., 2008).
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therefore in preventing infections (Latshaw, 
1991, Dalloul and Lillehoj, 2005). Vitamin 
A also has desirable effects related to 
immunity, which require a greater supply 
than that recommended by the NRC, and 
estimated as between 3 and 10 times more 
for chickens (Xu et al., 1989; Friedman 
and Sklan, 1989, 1997; Halevy et al., 1994; 
Lessard et al., 1997). Vitamin A is needed 
for the proper functioning of such important 
lymphoid organs as the thymus and bursa of 
Fabricius, and modifies leukocyte response, 
in particular of the CD4+ T cells (Halevy et al., 
1994), which is impaired in cases of deficiency 
(Sklan et al., 1994, 1995; Chew, 1995; Dalloul 
et al., 2002; Chew and Park, 2004; Klasing, 
2007). This has been confirmed by studies 
with chickens and turkeys, using various 
pathogenic agents (Davis and Sell, 1989; 
Sijtsma et al., 1990, 1991; Friedman et al., 
1991; Rombout et al., 1992; Chew, 1995; Aye 
et al., 2000b; Dalloul et al., 2000).

Requirements and recommendations 
for supplementation

Minimum requirements for growth have 
been estimated at between 1,500 (chickens) 
and 2,000 IU/kg (turkeys). For broilers, 
the NRC (1994) recommended 1,500 IU/kg 
feed, although in practice levels 5–10 times 
greater than these are used. For turkeys NRC 
recommends 5,000 IU, where the industry 
uses twice that amount. Using 15,000 IU/
kg improves growth and feed conversion 
index in broilers compared to lower 
dosages (Kucuk et al., 2003). Higher levels 
produce no further improvements in these 
parameters (Ballard and Edwards, 1988; 
Wyatt, 1991); in fact, in trials using extreme 
dosages (of the order of 50,000 IU/kg), these 
parameters have worsened in both chickens 
and turkeys (Jensen et al., 1983; Veltmann 
et al., 1986; Jiakui et al., 2008). A level of 
65,000 IU/kg increases the incidence of tibial 
dyschondroplasia in chickens (Jiakui et al., 
2008).

Immunity
The optimum dosage of vitamin A most 
appropriate to preventing or reducing certain 
pathologies is apparently not the same for 
all diseases. Faced with the Newcastle virus 
and other antigens, Seeman and Hazijah 
(1985) and Sklan et al. (1994, 1995) observed 
an increase in chickens and turkeys in 

the proliferation of lymphocytes and 
macrophages and in the numbers of specific 
antibodies up to a dosage of 18,999 IU. Faced 
with E. coli the immune response improved 
until 60,000 IU/kg vitamin A was reached 
(Tengerdy and Nockels, 1975; Tengerdy and 
Brown, 1977). Using 20,000 IU/kg Sklan et al. 
(1995) observed a greater increase in specific 
antibodies in the face of the chiken pox and 
Newcastle disease viruses after vaccination 
against these diseases than if they used 
6,700 IU/kg. However, in other studies an 
excess of vitamin A led to a depression of 
the humoral immune response (Friedman 
and Sklan, 1989; Friedman et al., 1991, 
Lessard et al., 1997).

A balance needs to be maintained between 
the fat-soluble vitamins, since they compete 
to be absorbed. An excess of one will alter 
the plasma concentrations of the others, and 
this may have critical concequences(Abawi 
and Sullivan, 1989; Aburto and Britton, 
1998a, b). An excess of vitamin A reduces the 
absorption of vitamin E and its concentration 
in the plasma and liver (Aburto and Britton, 
1998a, b), and can even affect the proper 
functioning of the lymphoid organs (She et 
al., 1997). In turkeys, adding vitamin E (30–40 
mg), vitamin A (12,000–15,000 IU) and a high 
level of oxidants (100–150 meq O2/kg) to the 
diet did not adversely affect health, but the 
turkeys’ vitamin E reserves diminished, as 
did hepatic lactate-dehydrogenase activity. 
A certain predisposition to infection by the 
virus causing hemorrhagic enteritis was 
also observed (Zduncyk et al., 2002). These 
risks, and the existence of legal upper limits 
on the inclusion of vitamin A in feed, have 
induced subsequent research directed at 
improving immunity by nutritional means 
to concentrate principally on vitamin E 
(Whitehead, 2002).

Nevertheless, a synergy between the two 
vitamins in birds suffering stress situations 
has been demonstrated using normal 
dosages of vitamin A. The use of 15,000 
IU vitamin A in conjunction with 250 mg/
kg vitamin E reduced serum and hepatic 
levels of MDA (a lipid oxidation indicator) in 
broilers subjected to thermal stress (Sahin 
et al., 2002).
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Bone quality
Other investigations have studied the 
role of vitamin A in preventing skeletal 
development anomalies such as rickets and 
tibial dyschondroplasia, but the responses 
obtained have been contradictory or not 
statistically significant (Waldenstedt, 2006). 
This appears to be related to the interactions 
between vitamins A and D3 (Jensen et 
al., 1983; Ballard and Edwards, 1988; Luo 
and Huang, 1991; Aburto et al., 1998). An 
excess of vitamin A (more than 20,000 IU/
kg) impairs the metabolism of vitamin D3, 
reducing its availability, and the inverse also 
occurs (Aburto and Britton, 1998a, b). In this 
situation reductions in growth and in bone 
ash content have been observed, as well as 
the appearance of osteodystrophies such as 
rickets, especially in turkeys (Veltmann et 
al., 1983; Britton, 1994; Aburto and Britton, 
1998a, b), and swelling of the growth 
cartilage (Veltmann et al., 1983; Tang et al., 
1984; Ruksomboonde and Sullivan, 1985). At 
normal dosages of 8,000–15,000 IU/kg there 
appears to be no interaction (Whitehead 

et al., 2004a), but if the vitamin D3 level is 
marginal by 500 IU/kg, even normal vitamin 
A supplementation levels can have negative 
effects which disappear on the inclusion of 
at least 100 IU vitamin D (Luo and Huang, 
1991).

Meat quality
Excessive levels of vitamin A can have 
adverse effects on carcass pigmentation 
(Jensen et al., 1981; Wyatt, 1991; Jiakui et 
al., 2008). Moreover some studies have 
been conducted on the possible benefits of 
a higher dietary supplementation of vitamin 
A or ß-carotene to improve meat stability 
against oxidation, but they have proved to 
be much less effective than vitamin E (King 
et al., 1995; Ruiz et al., 1998). However, there 
appear to be no adverse interactions in this 
area such as those described above, as the 
use of 30,000 IU/kg vitamin A did not impair 
the antioxidant action of vitamin E at 150 
ppm, although it had no protective effect 
against fat oxidation either (Bartov et al., 
1997). 

VITAMIN K 

Functions and sources

This term covers a series of compounds 
based on the structure of menadione 
(2-methyl-1.4-napthoquinone). Natural 
forms are phylloquinone (vitamin K1) and the 
menaquinones (vitamin K2), which are found 
only in green plants such as alfalfa and in 
fish and meat meal, but they are unstable. 
In practice, intake is provided by a synthetic 
product, vitamin K3, in the form of various 
bisulfite complexes with nicotinamide 
or pyrimidine (MNB, MSB-gelatin, MPB, 
MSB), which are more stable and potent  
(Huyghebaert, 1991). 

Birds can synthesize vitamin K in the 
intestine, but to only a very limited degree. 
Furthermore, its anticoagulant action is 
impaired by aflatoxins (Daghir, 1996) and 
by prolonged treatment with antimicrobials, 
which eliminate the intestinal flora that 
synthesize it (Bains, 1999). The most 
damaging of these is sulfaquinoxaline. 
According to Esmail (2002), in the case of 
coccidiosis vitamin K requirements rise to 8 
mg/kg – between 2 and 4 times higher than 

the current recommended supplementation, 
and 20 times higher than that indicated by 
the NRC.

Requirements and recommendations 
for supplementation

Portsmouth (1996) indicated that the values 
recommended by the NRC, based on work 
carried out more than 50 years ago, may 
be too low for current conditions and the 
stress produced by illness, but there is no 
confirmation of this because no studies 
have been published recently. Vitamin K 
requirements in turkeys between 7 and 14 
days of age were estimated in accordance 
with the concentration of prothrombin in 
the plasma and the coagulation time. The 
estimated requirements range between 
0.079 and 0.13 mg/kg. The biopotency of 
various compounds was also evaluated, and 
it was found that while vitamin K1 itself is the 
most potent and MBP is twice as effective as 
MBSC (Jin et al., 2001).

Trials conducted with dicumarol (a vitamin 
K antagonist) found higher shrinkage from 
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bleeding, and therefore a lower carcass yield 
(Marion et al., 1985), which led the authors 
to suggest that under field conditions the 
same could happen where there is a vitamin 
K deficiency. Scott et al. (1982) attributed 
the capillary fragility and the presence of 
muscular hematomas and petechiae to 
marginal deficiencies in vitamin K, but there 
is no clear evidence that this is the cause of 
such defects, which are now quite common 
in carcasses.
 
There is somewhat more information on the 
interaction of vitamin K with other fat-soluble 
vitamins. Vitamin K activity is impaired by 
excessive levels of vitamins A and E, which 
has repercussions on coagulation time 
(which maybe three times longer) and on 
broiler mortality (Abawi and Sullivan, 1989; 
Frank et al., 1997). An excess of vitamin K, 

VITAMIN D3  

on the other hand, causes focal necrosis and 
hemorrhages in the lymphoid organs (She et 
al., 1997). An imbalance between vitamins D 
and K adversely affects the feed conversion 
index (Abawi and Sullivan, 1989). In turkeys, 
the addition of 2 ppm vitamin K contributed 
to improved recovery from a case of rickets, 
and it was verified that in diets low in vitamin 
D, supplementation with up to 2.9 ppm 
vitamin K improved feed consumption and 
growth. This did not happen if the vitamin 
D level was adequate (Jin and Sell., 2001). 
Zhang et al. (2003) evaluated the effects of 
increasing vitamin K on bone development, 
and they obtained the best results with 8 ppm 
in the starter phase and 2 ppm subsequently. 
However, the possible importance of 
vitamin K for skeletal development under 
practical conditions is not well established 
(Whitehead, 2002a; Waldenstedt, 2006).

Functions and sources 

The term vitamin D covers many compounds, 
such as provitamin D (ergosterol) from green 
plants, which undergoes a photochemical 
reaction caused by ultraviolet radiation 
from sunlight to form previtamin D 
(ergosterol), and this then becomes vitamin 
D2 (ergocalciferol). Much more important in 
birds is vitamin D3 or cholecalciferol. Except 
in some fish oil and meal, vitamin D3 is scarce 
in feed ingredients, so supplementation is 
required. 

Birds can obtain vitamin D3 in quantities 
equivalent to 20–40 µg/kg through the action 
of sunlight on 7-dehydrocholesterol, a lipid 
secreted by the uropygial gland and which is 
present in feathers (Edwards, 2000). Where 
animals are kept indoors, this mechanism is 
of little significance, so vitamin D3 must be 
provided in the feed. Following its absorption 
in the intestine, cholecalciferol converts in the 
liver to 25-hydroxycholecalciferol (25-OH-D3), 
and in the kidney to the physiologically more 
active (but with a shorter average life) form 
of 1,25 dihydroxycholecalciferol or calcitriol 
(1,25 (OH)2 D3). Vitamin C is involved in this 
stage. There are further renal metabolites, 
such as 24,25 (OH)2 D3 or 1,24,25 (OH)3 D3, 
but they are of less practical interest. 

Calcitriol (1,25-DH) acts in a similar way 
to steroid hormones: together with the 
parathyroid hormone it regulates the 
absorption, transport, deposition and 
mobilization of calcium. Increasing 
the dosage of vitamin D3 increases the 
plasma concentration of ionized and total 
calcium, and reduces the concentration 
of phosphorus and sodium (Shafey et al., 
1990). It also improves the absorption and 
retention of phosphorus and the utilization 
of phytic phosphorus (Shafey et al., 1990; 
Mohammed et al., 1991), and intervenes 
in the differentiation and maturation of 
chondrocytes (Whitehead et al., 1994a). Thus 
vitamin D3 plays an essential role in the 
metabolism and development of the skeleton 
in chickens and turkeys, maintaining complex 
balances with calcium and phosphorus, 
although other vitamins (B6, folic acid, C and 
K) and mineral trace elements (Cu, B, F, Al) 
are also involved in the ossification process. 
1,25-DH is 10 times more efficient than 
cholecalciferol in the prevention and cure of 
rickets (Ameenudin et al., 1985). It has also 
been credited with functions regulating the 
cells of the immune system (Mireles, 1997; 
Aslam et al., 1998). 

Its precursor, 25-OH-D3, is also more 
potent than vitamin D3 (2.5–4 times more), 
and a greater proportion of it is absorbed. 
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However, it is 5–10 times more toxic; at 1 
mg/kg it induces calcification of the renal 
tubules. Of less importance is 24,25 (OH)2 
D3. Its physiological role is less clear, but 
it is excreted and eliminated very rapidly. 
To become active it has to be hydroxylated 
again to position 1, but it is 2.5 times less 
potent than calcitriol (Ameenudin et al., 
1985), and in practice it appears to be non-
existent (Mitchell et al., 1997a). A recent 
study evaluated 1-α-OH-D3 (Edwards et al., 
2002). It appears to have similar activity to 
1,25-DH, inducing much faster absorption 
and mobilization of calcium than vitamin D3, 
and it is 8 times more effective in increasing 
bone ash content. 

Requirements and recommendations

Vitamin D3 deficiency is manifested at the 
biochemical level by hypocalcaemia and 
hypophosphatemia. Cases of rickets due to 
lack of this vitamin show an enlargement 
in the proliferative zone of the growth 
plate, while if they are due to lack of 
phosphorus it is the hypertrophic zone 
which is enlarged. There are other skeletal 
anomalies associated with vitamin D, such 
tibial dyschondroplasia (TD). Up to 12 
different types of skeletal disorder have been 
identified in broilers and turkeys, entailing 
great losses to the poultry industry due to 
resulting mortality and seizures, which are 
valued in the United States at more than $120 
million per year (Cook, 2000). Furthermore, 
the continuous improvement in growth rate 
imposes a great strain on the skeleton, and 
for some time now foot problems have been 
a significant concern in breeding broilers and 
turkeys (Thorp, 1994; Bains, 1994; Whitehead, 
2004, 2005). 

Although it has been recognized for 40 years 
now, the incidence of tibial dyschondroplasia 
(TD) has increased in the last 15 years. This 
problem consists of the formation in the 
bone growth matrix of a non-vascularized 
cartilage mass which does not mineralize 
and causes fragility and deviation of the tibia. 
TD produces clinical lameness in chickens 
from 3 weeks of age, and also appears in 
turkeys aged between 11 and 14 weeks, 
although with less severity (Hocking et al., 
2002; Whitehead, 2005). This disorder and its 
genetic implications have been described, 
among others, by Whitehead (2004) and 

Leach and Monsonego-Ornan (2007) 
and it seems clear that it results from an 
interaction between genetics and nutrition 
(Broz and Ward, 2007), certainly involving 
the metabolism of calcium and vitamin D. 
Diets low in Ca and/or high in P and chlorine 
may induce TD, although increasing calcium 
or establishing an adequate Ca/P ratio does 
not prevent it completely (Edwards, 1992). 

Nutritional factors are therefore the most 
important in increasing bone quality, both 
through greater mineralization and better 
organization of the collagen matrix (Rath 
et al. 2000), and among them vitamin 
D and its metabolites are of paramount 
importance. This is why the tendency has 
been to supplement with ever higher levels 
of vitamin D.

The NRC indicates requirements of 200 IU/kg 
for broilers of any age, which corresponds to 
5 µg/kg (1 µg/kg = 40 IU/kg), based on studies 
from the 1960s, and aimed at the prevention 
of rickets. Whitehead (2000) considers these 
figures very low, especially in the absence of 
ultraviolet light (in windowless sheds), and 
that at times they do not even fulfill their 
original objective. 

In practice the normal supplement is 
between 3,000 and 5,000 IU/kg (75–125 µg/
kg) depending on the age of the broilers, 
due to uncertainty as to whether the birds 
are receiving an adequate quantity given 
the possible presence of stress, mycotoxins 
and poor absorption processes, which 
hamper the absorption and hydroxylation 
of vitamin D (Cook, 1988; Whitehead, 
2002a; Leeson and Summers, 2005; Rama 
Rao et al., 2007). Allowances must also be 
made for the possible presence in feed of 
antinutritional factors that interfere with 
vitamin D absorption and/or metabolism, 
as happens with raw soy and rice (Pierson 
and Hester, 1982), and of high levels of fat 
in feed, which lower calcium retention and 
bone calcification due to soap formation. 
Additional allowances must be made for the 
adverse effects on renal calcitrol synthesis 
of pathogens that affect the kidney, such as 
certain infectious bronchitis viruses or the 
Gumboro disease virus, even if they come 
from vaccines (Bains, 1999). Furthermore, 
it has been found on occasion that the 
various sources of vitamin D3 show variable 
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biopotency (40–134% in turkeys) (Yang et 
al., 1973), although this variability currently 
appears to be lower (86–118% in broilers) 
(Kasim and Edwards, 2000). 

Scientific research has also investigated 
vitamin D levels far higher than those 
recommended by the NRC. The earliest 
work was reviewed by Pierson and Hester 
(1982) and Ameenudin et al. (1985). Soares 
and Lofton (1986), after testing levels up to 
8,000 IU/kg, considered 400 IU/kg to be the 
most appropriate concentration to achieve 
optimum growth and calcification at any 
age. Subsequently, minimum requirements 
for growth have been estimated at 275 IU/
kg (6.9 µg/kg), at 550 (13.8 µg/kg) to achieve 
the maximum concentration of vitamin D 
in blood plasma, and at 900 (22.6 µg/kg) to 
prevent rickets in 800–1,000 IU/kg  (Edwards 
et al., 1994; Edwards, 1999). 

Whitehead (1995b) compared the effects of 
using 400 or 800 IU/kg, and with the higher 
level increased growth and the plasma 
concentration of 25 (OH)2. More recently, 
the same author indicated that 1,000–1,250 
IU/kg will still not achieve total prevention 
of rickets nor maximum bone ash content 
(Whitehead, 2002a, 2003). Kasim and 
Edwards (2000) obtained a maximum bone 
ash level within this range, with 1,100 IU/
kg vitamin D. In the absence of ultraviolet 
light these requirements would increase to 
1,600 IU/kg (Edwards et al., 1992a, Mitchell 
et al., 1997a), based on bone ash content and 
growth. Mireles (1997) compared the use of 
2,100 IU/kg in the starter phase and 1,300 IU/
kg during growth with levels 3 times higher, 
with no effects on production indices or on 
the incidence of tibial dyschondroplasia.

The estimation of vitamin D3 requirements 
can be affected not only by the evaluation 
criterion used but also by genetics, chick 
quality and vitamin nutrition of breeders, 
and the levels of calcium and phosphorus 
in the diet. These last factors present the 
most obvious interactions with vitamin D 
requirements (Huyghebaert et al., 2005), and 
will be dealt with in the section devoted to 
bone quality.

The vitamin status of chicks after hatching 
appears to be of importance to their 
subsequent vitamin D requirements 

(Hocking, 2007), which is explained by the 
fact that at an early age the 25-hydroxylase 
enzyme shows little activity (Rama Rao et 
al., 2007). Driver et al. (2006) used 250 and 
2,000 IU/kg in the nutrition of breeder hens 
and found that the higher level reduced the 
incidence of tibial dyschondroplasia in their 
offspring, although only in the hatchings 
of the middle and final laying phases, 
possibly because when egg production fell, 
more vitamin D3 was deposited in the eggs. 
Atencio et al. (2005a) supplied breeders with 
vitamin D supplementation between 125 and 
4,000 IU/kg, and their offspring between 200 
and 3,200 IU/kg. The broilers that received 
the higher level and that came from hens 
supplemented with 2,000–4,000 IU/kg were 
the ones that showed the best growth and 
highest bone ash. These results were repeated 
in other experiments (Atencio et al., 2005b), 
and these chickens also responded better to 
low calcium diets, exhibiting a lower degree 
of rickets and tibial dyschondroplasia. Rama 
Rao et al. (2007) state that if the hens’ diet 
contains insufficient vitamin D, the progeny 
will have leg problems whatever their own 
supplementation level.

Various studies have revealed the action 
of ultraviolet light emitted by fluorescent 
lighting but not by incandescent lamps. If 
broiler diets contain 200–2,000 IU/kg vitamin 
D3, or are supplemented with 1,25-DH, there 
is limited incidence of TD if the calcium level is 
correct. In the absence of UV light, however, 
TD is observed even with 2,000 IU/kg. Where 
there is UV light, TD starts to decrease with 
1,100 IU/kg except in genetic strains with a 
high incidence of the problem, which require 
much higher supplementation (Edwards et 
al., 1992a, 1994; Elliot and Edwards, 1997; 
Mitchell and Edwards, 1997a). TD is more 
prevalent with infections and vaccinations 
with the bronchitis virus (Mireles, 1997; 
Bains et al. 1998).

As indicated, clear differences in vitamin 
D metabolism have been found between 
genetic strains with high or low predisposition 
to tibial dyschondroplasia (TD). Those prone 
to TD respond better to higher levels of 
vitamin D (Shafey et al., 1990; Whitehead, 
1995b; Mitchell et al., 1997b; Shirley et al., 
2003). Growth rate during the first 2 weeks 
has a strong effect on the incidence of TD 
and on requirements for vitamin D and/or its 
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metabolites; both are reduced if birds gain 
weight more slowly in this period (Thorp 
1994; Elliot and Edwards, 1994).

The vitamin D requirements of turkeys are 
higher than chickens although, as with 
the other vitamins, few studies have been 
published. The situation is somewhat 
different, since in commercial production 
turkeys may suffer from rickets as a result of 
vitamin D3 deficiency. The NRC recommended 
1,100 IU/kg for all ages, but the North 
American industry has been using 4 times 
more on average in the starter phase, and 
2–3 times more thereafter (Coelho, 2000).

Even at these levels, rickets sometimes 
appears in the field, whether due to 
interference with vitamin D3 absorption 
caused by mycotoxins, to which this species 
is particularly sensitive, or to poor absorption 
processes, or to imbalances of Ca and P, or 
to unknown factors (Riddell, 2000). Bar et 
al. (1987) reported 22 cases of rickets which 
occurred in Israel, in which there were clear 
signs of vitamin D3 deficiency (low plasma 
concentrations of Ca, 25-OH-D3, and of the 
calcium carrier protein). The diet included 
111 µg/kg, i.e. 4 times the level indicated by 
the NRC. They were unable to identify the 
cause, but it is significant that the process 
was not repeated on an experimental farm, 
even using the same feed that had caused 
the problems in the field. 

Rickets develops more readily in turkeys 
than in chickens, and is more persistent 
(Perry et al., 1991). For this reason, vitamin 
D3 supplementation needs to be raised 
above the level recommended by the NRC. 
A minimum level of 1,200 IU/kg was already 
being recommended in 1980 (Whitehead 
and Portsmouth, 1989), and in 1991 Sanders 
and Edwards showed that at 21 days no less 
than 2,700 IU/kg were required to prevent 
rickets induced by low-calcium diets, and 
that continuing supplementation at this level 
improved growth up to 14 weeks of age.

Bone quality
 As previously indicated, the effects of vitamin 
D and its metabolites are dependent on the 
levels of Ca and P in the diet. If concentrations 
of these minerals are adequate, 35–50 µg/
kg (1 µg = 40 IU; 1 IU = 0.025 µg) is enough 
to achieve good cortical bone quality 

(Waldenstedt, 2006), and 40–45 µg/kg to 
prevent rickets completely (Ledwaba and 
Robeson, 2003), although other researchers 
have assessed this requirement to be as 
high as 77.5 µg/kg (Elliot and Edwards, 1997). 
25–75 µg/kg have generally been used to 
prevent TD, with poor results. Whitehead et 
al. (2004a) consider these levels ineffective, 
and according to their own results, 125–250 
µg/kg are needed for this purpose.

By increasing the calcium/phosphorus ratio 
in the diet, growth and feed consumption 
improved with levels of 660 µg/kg vitamin 
D3, and bone ash improved with 6,600 µg/
kg (Quian et al., 1997). The addition of 
incremental dosages of vitamin D3 was 
most effective where there was an excess 
of calcium, and utilization of phytate 
phosphorus improved, thus confirming the 
previous results of Edwards (1993). Baker et 
al. (1998) investigated the effects of various 
mineral combinations: adequate levels of Ca 
and P, marginal deficiency in calcium, and 
deficiency in both minerals. In the latter two 
cases they found the most effective level to 
be 8 times higher than that of the NRC; but 
where diets were deficient in phosphorus, 
supplementation at 250 times higher than 
the NRC resulted in an increase in bone ash, 
with no negative effect on growth or feed 
conversion index as in the other treatments. 
From this they deduced that chickens have 
a high tolerance to an excess of vitamin D if 
their diets are deficient in phosphorus.

Subsequently Rama Rao et al. (2006) found 
that to improve ash content and feed 
conversion index with diets low in Ca and 
P, a minimum of 3,600 IU/kg vitamin D3 
was needed in the starter phase. In another 
experiment using up to 9,600 IU/kg with 
diets both low and adequate in Ca and P, 
they observed improvements similar to 
those published by Whitehead et al. (2004a), 
although the improvement in growth was not 
as great as that which can be achieved with 
the correct levels of Ca and P (Rama Rao et 
al., 2008). In another publication (Rama Rao 
et al., 2003) the same authors indicate that at 
available levels of 1% Ca and 0.5% P, vitamin 
D3 requirements for maximum growth do 
not exceed 200 IU/kg, but that 800 to 7,900 
IU/kg are needed as Ca and P increase.
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There are discrepancies in the literature on 
the efficacy of vitamin D in preventing TD. 
Almost all the studies induced the condition 
with diets unbalanced in Ca and P, and most 
used between 1,000 and 3,000 IU/kg vitamin 
D3. Sometimes no positive responses were 
achieved under these conditions (Edwards, 
1989; Rennie et al., 1993; Mitchell et al., 
1997a; Whitehead, 2000), but in other papers 
significant reductions were obtained with 
2,000–4,000 IU/kg vitamin D3 (Edwards et al., 
1992a; Xu et al., 1997; Fritts and Waldroup, 
2003). In some experiments TD even 
increased with the same dosages (Edwards 
et al., 1992a). Edwards et al. (2002) suggest 
that when studying this vitamin there are 
inevitably factors, nutritional or otherwise, 
which vary between experiments (and 
even more so in the field), which may give 
rise to results which are hard to explain as 
a group, but which appear clear within one 
experiment. 

Whitehead (1995b) stated that at available 
levels of 1.2% and 0.6% Ca and P, respectively, 
25 µg/kg vitamin D3 is enough to prevent 

TD, but that the same dose is not effective 
if the diet has an unbalanced Ca/P ratio. 
Rama Rao et al. (2007) indicate that under 
these conditions there is a fall of 1–2% in the 
incidence of TD for every additional 400 IU 
vitamin D3 up to 2,800 IU/kg. Saxena (1996) 
considered that under practical conditions 
and with normal mineral levels (Ca, 1%; 
available P, 0.45%), broilers needed 4,000 IU/
kg (20 times NRC), and demonstrated that 
the NRC levels increased the incidence of 
TD.

It has since been confirmed that much higher 
vitamin D3 levels are needed to eliminate TD 
or reduce it to minimum levels. McCormack 
et al. (2002) and Whitehead et al. (2004a) 
compared levels of 200 to 10,000 IU/kg in 
starter feeds, and found a linear increase 
in ash content and tibia strength as well 
as better growth and a total absence of TD. 
These improvements were achieved with 
5,000 IU/kg in diets balanced in Ca and P and 
to a greater extent, but with 10,000 IU/kg, if 
they were unbalanced (Table XX). Whitehead 
et al. (2004b) concluded that current broiler 

Mineral levels Vitamin D (µg/kg)

% Ca % av. P 5 20 125 250

Exp. 1 Live weight, g 1.0
0.8

0.45
0.35

302 a
315 a

298 a
311 a

307 a
316 a

327 b
336 b

TD incidence, % 1.0
0.8

0.45
0.35

78 a
88 a

39 b
51 b

4 c
6 c

4 c
8 c

Tibia fracture resistance (N) 1.0
0.8

0.45
0.35

59.5 a
61.0 a

80.4 b
78.1 b

92.1 c
90.9 c

101.3 c
93.5 c

Exp. 2 Live weight, g

0.8
0.8
1.3
1.3

0.35
0.50
0.35
0.50

295 a
308 a
257 a
301 a

297 a
307 a
258 a
306 a

303 a
339 b
303 b
343 b

351 b
349 b
261 a
333 b

TD incidence, %

0.8
0.8
1.3
1.3

0.35
0.50
0.35
0.50

78 a
79 a

4
40 a

84 a
78 a

0 
39 a

22 b
52 b

4
8 b

  0 c
20 b

0
0 b

Tibia fracture resistance (N)

0.8
0.8
1.3
1.3

0.35
0.50
0.35
0.50

36.4 a
47.9 a
26.8 a
54.2 a

44.5 a
59.6 a
30.2 a
65.4 b

61.4 b
94.7 c
44.6 b
89.0 c

76.1 c
83.0 d
43.3 b
88.9 c

Table XX. Live weight, incidence of tibial dyschondroplasia (TD) and fracture resistance of 
the tibia in 14-day-old broilers fed on diets with different calcium, available phosphorus and 
vitamin D3 content. (Whitehead et al., 2004b)

Different letters indicate significant differences at P<0.01
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vitamin D requirements to prevent TD may 
be above the maximum limit permitted in 
the EU (5,000 IU/kg/125 µg/kg).

This limit does not appear to be currently 
justified. The tolerance of birds to high 
doses of vitamin D3 appears to be very high, 
especially if the levels of Ca and P in the 
diet are not the most appropriate. In early 
studies, Lofton and Soares (1986) observed 
a higher incidence of TD using 500 µg/kg 
vitamin D3, and Cruishank and Sim (1987) an 
increase in valgus-varus bone deformities 
with 100 µg/kg. Subsequently Yarger et al. 
(1995a) observed no renal calcification until 
they supplemented the diet with 3,450 µg/
kg (148,000 IU/kg), and Qian et al. (1997), 
with 6,600 µg/kg, also indicated no negative 
consequences. Baker et al. (1998), who 
used 1,250 µg/kg (50,000 IU/kg, 250 times 
the NRC level) found no signs of toxicity or 
reduced growth; in fact this dose produced 
good results in phosphorus-deficient diets. 
Papesova and Fucikova (2000), with diets 
supplemented with 2,500–125,000 IU/kg 
found toxicity from 25,000 IU/kg, i.e. 10–15 
times the normal supplementation, but only 
after administering it for 3 months. 

The review by Waldenstedt (2006) indicates 
that it is not known what concentration of 
vitamin D3 is excessive for current genotypes, 
although a recent experiment provides 
some indication (Nain et al., 2007). When 
the researchers used 80,000 IU/kg instead 
of 5,000 IU/kg in broilers, the higher dosage 
produced a 2.5 times higher mortality from 
sudden death syndrome, and they observed 
twice the number of birds with moderate 
arrhythmia and tachycardia after a stress 
event. Intense and prolonged hypercalcemia 
caused by the high dose of vitamin D proved 
harmful, since an adequate level of calcium 
is important for the proper functioning of the 
cardiac muscle.

The justification for higher vitamin D3 
levels would be in the increase in calcium 
requirements of modern, faster growing 
strains that need to form their skeletons more 
rapidly, which leads to more porous bones. 
The Ca/P ratio in bones is now 2.6:1 and not 
the traditional 2:1 (Williams et al., 2000a, b), 
with the effect that today’s broilers would 
require starter diets with 1.2% Ca and 0.45% 
available P, which raises requirements for 
vitamin D3 (Whitehead, 2005).

EU legislation imposes a maximum limit 
of 5,000 IU/kg vitamin D3 in feed (Directive 
85/429), although some countries have 
stricter standards. Research and commercial 
practice have focused on increasing supplies 
of vitamin D3 by including some of its 
metabolites in feed, in particular 25-OH-D3, 
given that they are more active than vitamin 
D itself. 

Interactions with other nutrients

High levels of vitamins A and E may reduce 
the status of vitamin D (Aburto and Britton, 
1998a, b). Vitamin A at very high dosages of 
45,000 IU/kg proved deleterious, increasing 
tibial dyschondroplasia. This negative effect 
was already apparent at practical levels, from 
1,500 to 15,000 IU/kg, if the concentration 
of vitamin D was low (500 IU/kg), since 
growth and bone ash were reduced, and 
the requirement of vitamin D to overcome 
these negative effects was 3 times greater. 
The adverse effect of vitamin D, in contrast, 
took place at levels of 10,000 IU, which are 
impossible in practice. Luo and Huang (1991) 
also observed that an excess of vitamin A 
reduced growth and increased the incidence 
of tibial dyschondroplasia unless the feed 
was supplemented with vitamin E levels 5 
times higher than those recommended by 
the NRC. 

The possible synergy between ascorbic 
acid and vitamin D3, and with its metabolite 
1,25-DH, based on the role of the first in the 
biosynthesis of the second, is dealt with 
in more detail in the section on vitamin C. 
In some trials the combination of vitamins 
C and D has succeeded in reducing rickets 
(Roberson and Edwards, 1994) and increasing 
bone strength (Weiser et al., 1990; Lohakare 
et al., 2005). Whitehead and Keller (2003) 
indicate that combined supplementation 
of 1,25-DH and vitamin C has a potential 
application in reducing TD. However, 
Edwards (2000) and Waldenstedt (2006) 
consider that the experiments conducted to 
date offer no conclusive results.

The metabolism of vitamin D3 may also be 
related to electrolyte balance. In cases of 
acidosis, generally induced by an excess 
of chlorine and low levels of sodium and 
potassium, calcitriol biosynthesis falls by 
50% (Leeson and Summers, 2005).
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VITAMIN D3 METABOLITES 

The discovery that vitamin D metabolites 
may reduce TD (Edwards, 1989; Rennie et 
al., 1993) opened up a new field of research 
on their role in broiler nutrition and in 
foot problems. The most effective are the 
1-hydroxylated, 1α-OH, and calcitriol or 1,25 
DH (Rennie et al., 1995; Elliot and Edwards, 
1997; Rennie et al., 1995), the metabolite 
which was the subject of most of the 
research carried out in the 1990s. 

Bone quality
Initially all the studies focused on 
evaluating the efficacy of the metabolite 
1,25-dihydroxycholecalciferol (1,25-DH), 
since there is a low concentration of this 
metabolite in the blood plasma of birds 
with tibial dyschondroplasia (Vaiano et al., 
1994), and it has often been confirmed that 
supplementing it in feed increases bone 
ash content (Edwards, 2000). Using 5 µg/kg 
calcitriol reduces TD significantly (Rennie 
and Whitehead, 1996a; Roberson and 
Edwards, 1996; Mitchell et al., 1997b), and at 
10 µg/kg it disappears completely (Edwards 
et al.,. 1992a). It was originally suggested 
that this supplementation be limited to 
the first weeks of life, given the fact that 
at this age chicks have a lower capacity 
for producing it (Vaiano et al., 1994), but 
this strategy was ineffective in reducing TD 
(Rennie et al., 1993). This metabolite has 
proven much more effective than levels of 

vitamin D even 10 times higher (2,000 IU/
kg) than those recommended in 1994 by 
the NRC (Rennie, 1994; Elliot and Edwards, 
1997). 

The use of 1,25-DH is constrainedby its high 
cost and limited availability, and especially 
because of its toxic effects, which are most 
evident in high calcium diets (> 0.9–1% Ca). 
Hypercalcemia and reduced growth have 
been observed at 5 µg/kg, and are marked 
at 10 µg/kg (Rennie et al., 1995; Elliot et al., 
1995; Roberson and Edwards, 1996; Mitchell 
et al., 1997a; Elliot and Edwards, 1997). If 
calcium levels are low, however, or the Ca/P 
ratio is unbalanced, the birds’ tolerance 
is higher and their growth is not impaired 
(Edwards et al., 1992a; Rennie et al., 1993, 
1995; Whitehead, 1995a; Roberson and 
Edwards, 1996). The use of 1,25-DH reduces 
TD with a dosage-dependent response 
(Edwards, 1989, 1990; Rennie et al., 1993), 
but its efficacy, as with other metabolites, 
depends on the incidence of this disorder 
(Rennie and Whitehead, 1996): in genetic 
strains with a higher predisposition to TD, 
higher supplementation is needed, from 
10–15 µg/kg, and in this case weight gain is 
not reduced (Thorp et al., 1993; Whitehead, 
1995a; Xu et al., 1997; Mitchell et al., 
1997b). 

The safe limit appears to be 3.5 µg/kg at 

Immunity
There are many studies on humans and 
laboratory animals that link vitamin D3 with 
immune status (De Luca and Zierold, 1998; 
Lal et al., 1999; Huff et al., 2000; Praslickova et 
al., 2008). While there is still little information 
on birds, the results point to a relationship 
with cell-meditated immunity, since it is 
needed for the maturation and functioning 
of macrophages, especially in the first two 
weeks of a chicken’s life (Garlich et al., 1992; 
Rama Rao et al., 2007; Saunders-Blades and 
Korver, 2008). 

Aslam et al. (1998) found a reduced immune 
response at cellular level and a reduction 
in thymus weight if there was a vitamin 
D3 deficiency, which did not appear with a 
supplementation of 800 IU/kg; but Fritts et 

al. (2004) found no improvement with levels 
between 2,000 and 4,000 IU/kg. Praslickova 
et al. (2008) demonstrated that resistance 
to Marek’s disease is connected to a marker 
in the vitamin D receptor gene, with the 
vitamin inducing a change in T lymphocyte 
response favorable to combating this virus. 
These actions seem to be more effective if 
the metabolite 25-dihydroxycholecalciferol 
is used. Saunders-Blades and Korver (2008) 
infected chicks of 1 and 4 days from hens that 
had received 2760 UI vitamin D or 60 µg/kg 
25-OH-D3 in their diet with E. coli and with 
Salmonella typhimurium. They observed that 
the latter treatment improved maturation 
of the macrophages and increased the 
proportion of bacteria destroyed by the 
phagocytes.
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normal calcium concentrations, but even 
under these conditions the safety margin 
between effective and toxic dosages is 
narrow, so that care would have to be taken 
with a possible commercial application 
(Whitehead, 2000). A practical strategy 
could be to combine it with ascorbic acid, 
since there appears to be synergy between 
the two substances (Völker and Fenster, 
1991; Rennie, 1995).This aspect is discussed 
in more detail in the section on vitamin C.

The metabolite 1α-hydroxycalciferol (1α-
OH) has also been assessed as 8–10 times 
more active than vitamin D3. It promotes 
the absorption and mobilization of calcium 
in only 2 hours instead of 24 (Edwards et al., 
2002), and appears to be about as effective 
as 1,25-DH, but at a much lower cost. In 
experiments with vitamin D3 levels between 
0 and 40 µg/kg, and dosages of 1α-OH from 
0.635 to 10 µg/kg, the bioavailability of the 
metabolite was 1.9 to 21.2 times higher than 
that of vitamin D3 (Kasim and Edwards, 
2000). The percentage of bone ash proved 
to be the most appropriate assessment 
criterion, and it increased by 35% with the 
maximum level of vitamin D3, and by 40% 
with 10 µg/kg 1α-OH. 

Using this metabolite, Rennie and Whitehead 
(1996b) were able to reduce TD at 21 days 
to minimal figures (5%). Biehl and Baker 
(1997) observed no negative effects when 
using up to 40 µg/kg in a low-calcium diet. 
Edwards et al. (2004) used 5–10 µg/kg 1α-
OH and obtained good results for weight 
at 16 days, bone ash and plasma calcium 
concentration, both in high – and low – 
calcium diets, but they still observed rickets 
where the calcium level was low. On the 
other hand, with a normal calcium level 20 
µg/kg 1α-OH produced hypercalcemia and 
reduction in growth, so that the authors 
recommended reducing the calcium level if 
this metabolite is used.  

Driver et al. (2005) evaluated the efficacy of 
5 µg/kg 1α-OH and 1,000 units phytase in 
diets very low in calcium and phosphorus 
during the starter and growth phases. 
The birds which had not been given the 
supplements presented many cases of 
twisted legs (valgus-varus), and those 
which had been had growth rates and foot 
conditions similar to those from diets with 

normal calcium and phosphorus. There 
were however differences between the two 
experiments for unknown reasons, which 
the authors attributed to a different quality 
of the day-old chicks. This influence has 
been demonstrated by Shim et al. (2008), 
who found that the age of breeders had a 
significant effect on the presence of rickets 
when feeding their offspring with low-
phosphorus diets. Using 5 µg/kg 1α-OH 
increased the live weight of broilers, but 
this increase was lower in those originating 
from young hens. In general, the use of 
this metabolite reduced both mortality and 
rickets caused by low phosphorus, and 
increased phosphorus retention and bone 
ash content.

In common with 1,25 DH, 1α-OH improves 
phosphorus retention synergistically or 
additively with phytases (Edwards, 1993; 
Mitchell and Edwards, 1996; Biehl and 
Baker, 1997). This allows calcium and 
phosphorus to be saved in diets (Roberson 
and Edwards, 1994; Biehl et al., 1995). 
In more recent experiments, Snow et al. 
(2004) assessed the use of phytases (300 
units), 1α-OH (5–15 µg/kg) and citric acid 
3–4%. The three products increased the 
utilization of phytic phosphorus, thereby 
providing from 0.02–0.04% of the available 
phosphorus. The use of 5 µg/kg 1α-OH 
reduced the requirement for available 
phosphorus by 0.04% to 5 µg. These effects 
were additive, so that the combination of 
the three substances liberated 0.13% of the 
available phosphorus.

The metabolite 25-OH-hydroxycholecalciferol 
(25-OH-D3), although less effective than 
calcitriol (Edwards, 1989), is in practice 
more useful for reducing TD, since the 
toxic dose is some 10 times higher than the 
effective one (Yarger et al., 1995b; Rennie 
and Whitehead, 1996a, b), so that it has 
been used commercially for some time 
now. 25-OH-D3 is seen as possessing an 
activity 2–2.5 times greater than vitamin D 
itself (Edwards et al., 1994; Ledwaba and 
Roberson, 2003), and higher intestinal 
absorption (90% vs. 70–75%).

In general, much higher concentrations 
are required (40–75 µg/kg) than if 1,25-
DH is used (Rennie and Whitehead, 1996a, 
Yarger et al., 1995b; Ledwaba and Robeson, 
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Days 
administered

Weight, 
kg

Consumption, 
kg

Conversion 
index 

% losses
% severe 

TD
Lesion rate

0 2.31 a 4.49 a 1.94 ab 3.56 16.0 0.8

21 2.33 ab 4.55 ab 1.95 b 2.19 12.0 0.4

33 2.34 b 4.51 ab 1.93 ab 2.53 12.0 0.5

42 2.38 b 4.57 ab 1.92 a 3.35 8.0 0.4

49 2.42 4.60b 1.90 b 4.48 4.0 0.2

Table XXI. Effect of the metabolite 25-OH-D3 (68.9 µg/kg) on productivity at 49 days and the 
incidence and gravity of tibial dyschondroplasia (TD) in 52 day old males. (Mireles, 1997.)

2003; Parkinson and Cransberg, 2004), 
but it is more effective in preventing TD 
than vitamin D3 itself (Fritts and Waldroup, 
2003). Although these supplements do 
not eliminate TD, they do reduce clinical 
lameness and improve production results in 
proportion to dosage (Yarger et al., 1995a; 
Ward, 1995; Rennie and Whitehead 1996b) 
and time of administration (Mireles et al., 
1996; Mireles, 1997, Table XXI).  

Early tests showed some variability 
(Edwards, 2000), and in stress-free 
situations supplementation was often 
ineffective (Roberson, 1999). In more 
practical situations, marked and progressive 
improvements have generally been achieved 
reducing the incidence and severity of TD at 
25-OH dosages between 70 and 250 µg/kg 
(Rennie and Whitehead, 1996a; Mitchell et 
al., 1997a; Zhang et al., 1997). 

The effect is clearer if diets are low in 
calcium or their Ca/P ratio is unbalanced 
(Rennie and Whitehead, 1996a; Ledwaba 
and Robeson, 2003). Results also vary 
according to the birds’ predisposition to 
TD (Mireles et al., 1999); if this is low, the 
improvement is slight (Roberson et al., 
2005), but if it is very high then low doses 
will not work (Mitchell et al., 1997). Ledwaba 
and Roberson (2003) published a series 
of five experiments conceived to try and 
elucidate the question.  In the diets designed 
to induce TD, supplementation with 40 or 
70 µg/kg 25-OH-D3 reduced the incidence 
and severity of this disorder, especially 
if calcium was low and/or no vitamin D3 
was supplemented. However, the TD was 
reduced even more when 1,100 IU vitamin 
D3 was added together with 10 µg/kg 25-
OH-D3. If the feed had a higher vitamin D3 

content (2,200 IU/kg), the addition of 25-OH-
D3 no longer improved the weight of the 
birds or their feed conversion index. 

Productivity and quality of the product 
Recent experiments have confirmed the 
benefits of 25-OH-D3 on production indices 
and product quality. Saunders-Blades and 
Korver (2006), using a commercial product  
(Hy D®) increased the rate of growth at 
all ages, as well as carcass yield and the 
weight and proportion of legs and breast. 
The plasma concentration of 25-OH-D3 
did not fall between 0 and 10 days of age, 
something which is observed with vitamin 
D, and consequently the mineral density 
and strength of the femur increased. Santos 
and Soto-Salanova (2005) conducted a 
commercial trial in 4 sheds of 20,000 broilers 
to compare the effects of using 3,000 IU/kg 
vitamin D3 and additionally including 300 
mg/kg Hy D. This last treatment improved 
live weight by 53 g (1.7%), reduced the feed 
conversion index by 56 g (-2.6%), increased 
bone strength by 9%, and reduced drip 
shrinkage in the carcass (20–40%) and 
breast (25–50%). With these improvements 
they	 calculated	 a	 benefit	 of	 €60,000	 for	
every million broilers reared under these 
conditions.

More research is needed to determine to 
what degree Hy D may substitute vitamin 
D3 intake, although in some studies the 
latter has been eliminated completely with 
no adverse effects (Rennie and Whitehead, 
1996b). Mireles (1997) used 69 µg/kg without 
vitamin D supplementation from either the 
first or seventh day of the chickens’ life. In 
both cases a greater reduction in TD was 
achieved than with the control diet, with 
adequate vitamin D supplements. In the 
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first case growth increased compared to 
the control diet, but the result was reversed 
in the second, which suggests that the first 
week of life is a critical period for response 
to this metabolite. 

More recently, Parkinson and Cransberg 
(2004) reduced TD and increased body weight 
up to 14 days with the same dosage  of 25-
OH-D3 and without vitamin D supplements. 
In other experiments they showed that 25-
OH-D3 was more effective than vitamin D3 
in increasing bone ash content, and that 
the advantages of using this metabolite are 
greater when working with low dosages of 
vitamin D3 (500 IU/kg), but that the benefits 
diminish at higher levels (2,000–4,000 IU/kg). 
Philips et al. (2005) presented data obtained 
with dosages between 35 and 560 µg/kg in 
diets without vitamin D supplementation. 
The weight of the broilers increased linearly 
up to 280 µg/kg, the feed conversion index 
fell by 5% from 140 µg/kg and the plasma 
concentration of 25-OH-D3 increased with the 
inclusion level. Koreleski and Swiatkiewicz 
(2005) tried substituting 50–60% vitamin D3 
with equivalent quantities of 25-OH-D3 and 
were able to improve bone strength and 
production indices, while Papesova et al. 
(2008) report a synergy between vitamin D 
and its metabolite, as they obtained better 
results with 62.5 and 50 µg/kg, respectively, 
than with only 50 µg 25-OH-D3 or 125 µg/
kg vitamin D3. It therefore seems possible, 
as Huyghebaert et al. (2005) indicated, that 
the two substances perform specific and 
complementary actions.

Other papers indicate the existence of a 
relationship between the vitamin nutrition 
of breeders and the efficacy of 25-OH-
D3 in their offspring (Atencio et al., 2005 
b, c). The initial work combined levels of 
vitamin D3 up to 2,000 IU/kg and 12.5 µg/
kg 25-OH-D3 in the feed of breeder hens 
and subsequently the chicks received 27.5 
µg/kg 25-OH-D3. Live weight and tibia ash 
content increased by over 20% if the hens 
had received supplementation very low in 
vitamin D (125 IU/kg), but with 500 IU/kg 
there was already little difference from the 
controls. The best results in all evaluated 
parameters were achieved if the breeders 
received 2,000 IU/kg vitamin D in feed. 
Rickets and TD increased in broilers whose 
mothers received only 3.1 or 12.5 µg/kg 25-

OH-D3, which clearly indicates that these 
quantities are severely deficient (Atencio et 
al., 2005b). Another series of experiments 
with higher levels of 25-OH-D3 and vitamin D 
(Atencio et al., 2005c) revealed that chickens 
which received unbalanced calcium and 
phosphorus diets supplemented with 40 
µg/kg 25-OH-D3 had a lower incidence of TD 
and rickets, gained more weight and had a 
higher level of calcium in bones and serum. 
These advantages were also achieved by 
including 4,000 IU/kg in the breeders feed, 
but the best results came from broilers 
whose mothers received this high level of 
vitamin D and an adequate calcium level as 
well as including 40 µg/kg 25-OH-D3.

The metabolite 25-hydroxycholecalciferol 
also seems to be useful in preventing 
another bone problem in broilers known 
as black bone syndrome (BBS), which is 
characterised by the blackening of the 
leg bones, more usually in the tibia but 
sometimes also in the femur of the broiler, 
and with the discoloration extending to 
the adjacent meat, especially after cooking 
(Lyon and Lyon, 2002; Saunders-Blades 
and Korver, 2006). This problem now 
appears more widespread than previously 
appreciated. It appears to be linked with 
diffusion of blood from the medulla 
through the bone structure, particularly 
when deboned cuts are frozen. Cooking can 
exacerbate the defect, as well as blackening 
the blood. The problem is already showing 
an impact on the market (Kam et al., 2007).

The cause of BBS appears to be a disruption 
of intramembranous ossification, due to the 
fact that the structure of the cortical bone 
is more porous in modern broilers (Rath 
et al., 2000; Whitehead, 2005). Saunders-
Blades and Korver (2006) demonstrated 
that improving bone mineral density and 
including 25-OH-D3 in the feed can reduce 
blood diffusion and discoloration, and 
improve acceptance of poultry meat by 
consumers. 

To prevent rickets in turkeys, better 
results have been obtained by adding the 
metabolite 1,25 (OH)2, D3 at a dosage of 5–10 
µg/kg than with higher levels of vitamin D 
supplementation (Sanders and Edwards, 
1991; Perry et al., 1991; Atia et al., 1994) 
and 25-OH-D3, at 40–100 µg/kg (Owens and 

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



191

OPTIMUM VITAMIN NUTRITION IN BROILERS AND TURKEYS

Ledoux, 2000; Owens and Ledoux, 2001). 
These supplements increased weight as 
well as, with the higher concentrations, 
bone strength and bone ash content, even 
without supplementing vitamin D3. At 90 
µg/kg, 25-OH-D3 produced effects similar 
to the inclusion of 3,650 IU vitamin D3 in 
combination with phytases (Owens and 
Ledoux, 2001). However, the response 
depends on the strain of turkey and the type 
of diet (Mireles et al., 1999), and these effects 
were small or non-existent when feed was 
very deficient in calcium and phosphorus 
(Owens and Ledoux, 2000).

However, no appreciable effect of vitamin 
D3 metabolites on tibial dyschondroplasia 
in turkeys has been observed (Sanders and 
Edwards, 1991; Nixey, 2005). Although the 
characteristics of the lesion are similar to 
those in broilers, it is less severe and does 
not cause deformities or poor gait and it 
tends to heal with age (Whitehead, 2005). 
Unlike in broilers, TD in turkeys appears to 
have no relation to calcium or phosphorus 
levels (Hocking et al., 2002), and Nixey (2005) 
proposed that the etiology of this disorder 
may be different in chickens and turkeys. In 
the latter it may be due to the lack of some 
trace element at an early age, possibly 
copper, given that TD may be  induced by 
the fusarium fungus and some fungicides 
responds well to treatments with copper. 
Pines et al. (2005) indicate that the two 
species show differences in the regulation 
of angiogenesis in the growth plate, which 
means that TD prevention would have to be 
accomplished by different strategies.

Immunity
Positive effects of the use of the metabolite 
25-OH-D3 on humoral immunity in the 
face of certain pathologies have also been 
published. Mireles (1997) reported a better 
immune response after vaccinating against 
Newcastle disease with the inclusion of 69 
µg/kg of this metabolite in feed and other 
experiments established an increase in the 
titer of infectious bronchitis antibodies, and 
a general increase in the titers of antibodies 
in the presence of coccidiosis (Mireles et al. 
1999). 

Gill (2002) published the results of a trial in 
which broilers were infected with the virus 
causing malabsorption syndrome. Adding 

37.5 µg/kg 25-OH-D3 to feed, as well as 
greatly increasing the concentration of this 
metabolite in blood plasma, also reduced 
mortality and resulted in better growth and 
feed conversion than 1,500 or 2,200 IU/kg 
vitamin D3/kg. In turkeys, Huff et al. (2000, 
2002) investigated the effects of 25-OH-D3 
on the prevention of turkey osteomyelitis 
complex, a disease involving E. coli and S. 
aureus. Using turkeys immunodepleted with 
dexamethasone and inoculated with E. coli, 
and administering 25-OH-D3 at 2,100–4,100 
IU/kg of bodyweight in drinking water, they 
found a reduction in losses, in airsaculitis 
and the lesions typical of this complex, and a 
lower heterophil/lymphocyte ratio. In a trial 
with the inclusion in feed of 99 µg/kg 25-OH-
D3 or 10 µg/kg 1,25-OH-D3 they were able 
to suppress colibacillosis lesions, although 
1,25-OH-D3 resulted in higher mortality and 
lower live weight in the turkeys than 25-OH-
D3.

Utilization of phytic phosphorus
Interest in the metabolites of vitamin D3 
has also increased in the US due to strict 
regulations on the use of bedding as 
fertilizer according to its concentration of 
phosphorus. In the European Union the limit 
continues to be that of nitrogen. The vitamin 
D metabolites liberate phytic phosphorus 
used separately or in combination with 
phytases (McNaughton and Murray, 1990; 
Soares et al., 1995), which allow reductions in 
the inorganic phosphorus supply in the diet 
and its excretion. According to Applegate 
et al. (2003), the likely mechanism is not a 
direct influence on the activity of intestinal 
phytases, but rather an intestinal calcium 
absorption, reducing its chelation with the 
phytin molecule and its solubility, which 
would make it more accessible to phytase 
action.

In the 1990s a number of trials were 
conducted with the aim of assessing the 
possibilities of reducing the available 
phosphorus in the diet by using different 
vitamin D metabolites in feed. Using 1,25-
OH-D3 at 5 µg/kg allowed the available 
phosphorus to be reduced by 0.030–0.059% 
(Edwards, 1993, 1995, 1999); with 1α (OH)D3, 
at 5 µg/kg, between 0.025–0.03%, and 0.06% 
at 20 µg/kg (Biehl and Baker, 1997); and with 
25-OH-D3 there were no significant effects 
at 5 µg/kg (Edwards, 1995, 1999), but with 
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35–70 µg/kg a reduction of 0.03–0.035% was 
demonstrated (Angel et al. 2001a).

Angel et al. (2001a) conducted two 
experiments directed at improving 
phosphorus utilization by broilers housed 
in cages and receiving a diet with low levels 
of calcium and phosphorus, comparing 
the efficacy of 200–500 units of phytase, 
35–70 µg/kg 25-OH-D3, 3% citric acid, and 
all combinations there of. The percentage 
of bone ash improved in all cases. The 
combination of the three additives saved 
0.116–0.126% of available phosphorus in 
the formulation, 25-OH-D3, 0.037%, and 
500 units of phytase 0.065%. The two last 
treatments combined reduced requirements 
for available phosphorus by between 
0.067% and 0.092%. 

Subsequently, in another trial with 3 flocks 
of broilers reared on bedding and with 
feed lower in phosphorus than the NRC 
recommendations, Angel et al. (2005, 2006) 
demonstrated that it was possible to reduce 
the cumulative available phosphorus 
consumption per bird from 18.2 to 8.65–11 
g, at the same time as reducing the total 
content of phosphorus in the bedding by 
60% with the use of these additives, and the 
quantity of soluble phosphorus by another 
60%. Neither growth nor bone fractures 
at slaughter were influenced by these 
treatments, in spite of using diets low in 
phosphorus. 

More clarification is needed on the 
specific conditions under which available 
phosphorus can be reduced and by how 
much in the context of supplementation 
with 25-OH-D3 and/or phytases, since there 
are some contradictory data. Ledwaba and 
Robeson (2003) found a linear increase 
in the retention of phytic phosphorus in 
low-calcium diets when adding 27.5 µg/
kg 25-OH-D3 and incremental dosages of 
vitamin D3 (up to 2,800 IU/kg). This retention 
also increased with higher 25-OH-D3 
supplementation levels (40 and 70 µg/kg) in 
diets lower in vitamin D, but the difference 
dimished when higher concentrations of 
vitamin D were used. With caged broilers 
that received no vitamin D supplementation, 
Philips et al. (2005) tried levels of 25-OH-
D3 between 35 and 560 µg/kg. They found 
improvements in phosphorus utilization 
of 49% and 51% at the highest dosages of 

25-OH-D3. Calcium utilization improved 
by around 40% with all levels of 25-OH 
supplementation.

Subsequently, Philips et al. (2008) assessed 
the effects of 69 µg/kg 25-OH-D3 and 750 
units of phytase in diets with three levels 
of vitamin D (200, 500 and 2,000 IU/kg). 
With the lower vitamin D concentrations 
the combination  of phytase and 25-OH-
D3 improved production results, tibia 
bone strength and ash content, as well as 
the utilization of calcium and phosphorus. 
Phosphorous utilization improved even 
further if the feed included 2,000 IU vitamin 
D, in contrast to the experiments of Ledwaba 
and Robeson (2003).

Angel et al. (2001b) reported 3 experiments 
in cages with turkeys with the same 
objectives as with broilers. The results, 
statistically and economically significant, 
are shown in Table XXII.

In another trial with 2 flocks of turkeys 
reared in floor pens, the same researchers 
compared the efficacy of 600 units of 
phytase and/or 50 µg/kg 25-OH-D3 in diets 
with phosphate levels in accordance with the 
NRC or the higher levels used by the North 
American industry. They estimated a saving 
of 0.03% available phosphorus, practically 
the same as with the battery trials. Phytase 
and 25-OH-D3 reduced the concentration 
of phosphorus in bedding when used both 
in combination and separately. Growth 
was not affected by these treatments. Bar 
et al. (2003) however conducted a series 
of experiments with different levels of 25-
OH-D3, concluding that the benefits were 
more evident in diets low in calcium or 
phosphorus, but only up to 20–30 µg/kg, 
and that at 75 µg/kg there was a decline in 
growth. It should nevertheless be pointed 
out that the results from different trials are 
not comparable and that in the majority 
of them the vitamin D3 supplements were 
below 3,000 IU/kg in the starter phase, when 
the current recommendation is 4,000–5,000 
IU/kg.

Some recent studies on broilers and turkeys 
have revealed that supplementation with 
69 µg/kg 25-OH-D3 was linked to the use of 
a higher level of all the vitamins in general. 
With this treatment, which included 90 µg/
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Treatment
Available P 

saving (g/kg)

Experiment 1

25-OH-D3, 35–105 µg/kg

Phytase, 600 units

25-OH-D3, 70 µg/kg + phytase, 300 units

25-OH-D3, 70 µg/kg + phytase, 600 units

0.033–0.046

0.092

0.074

0.124

Experiment 2

25-OH-D3, 35–70 µg/kg

Phytase, 600 units

25-OH-D3, 35 µg/kg + phytase, 600 units

25-OH-D3, 35 µg/kg + phytase, 600 units + citric acid, 2%

0.032–0.049

0.087

0.106

0.112

Experiment 3

25-OH-D3, 70 µg/kg + phytase, 500 units

Phytase, 500 units

Citric acid, 3%

Phytase, 500 units + citric acid, 2% 

NS

0.063

0.0.031

0.130

Table XXII. Effect of using 25-OH-D3 and other additives on the requirements of available 
phosphorus in turkeys. (Angel et al., 2001b)

kg 25-OH-D3-D3 up to the 6th week and 50 
µg/kg subsequently, Philippe et al. (2005) 
were able to delay locomotor problems in 
turkeys until 15 weeks of age and improve 
productivity and breast yield compared to 
the standard vitamin levels in France, with 
or without addition of 25-OH-D3. Pérez 
Vendrell and Weber (2007) conducted a 
similar trial with broilers using 62.5 µg/kg 
25-OH-D3 throughout the cycle, compared 

to the vitamin levels typically used in Spain, 
and without supplementing 25-OH-D3. The 
level of vitamin D3 (2,500 IU/kg) was used 
throughout in both treatments. The higher 
vitamin levels, combined with the 25-OH-
D3 supplementation, resulted in better 
growth and feed conversion index in the 
starter phase as well as better meat quality, 
higher breast proportion and improved lipid 
oxidative stability. 

VITAMIN E 

Sources

Vitamin E is a generic term referring to a 
group of compounds called tocopherols 
present in natural form in the lipid fraction of 
feed ingredients, mainly in oilseeds and by-
products of animal origin, although with very 
low stability. In oilseed meal the content is 
minimal, since it is eliminated on extraction 
of the oil. In practice, supplements are added 
in the more stable form of α-tocopherol 
acetate. Intestinal absorption of vitamin E 
depends on a number of factors but averages 
at 42% (Barroeta, 2007).

Functions

Vitamin E is the main antioxidant in blood and 
on a cellular level, it maintains the integrity 
of the cellular and vascular membranes. 
It also acts as a detoxifier and takes part in 
many other biochemical reactions. Vitamin E 
is essential for the fertility of adult birds. It 
has been found only relatively recently that 
this vitamin is involved in immune response, 
on a cellular as well as humoral level.

Requirements and recommendations

Requirements established by the NRC 
in 1994 for the prevention of the typical 
signs of vitamin E deficiency, namely 
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encephalomalacia and exudative diathesis, 
are based on studies from the 1950s and 
1960s and are relatively low. However, 
it was already common practice then to 
fortify the diets of broilers and turkeys 
with supplements at a level of 20–30 mg/
kg (Ward, 1993). It has been calculated 
that broilers selected for increased lean 
tissue have requirements 50% higher using 
the vitamin E plasma concentration as a 
criterion (Whitehead, 1991). In general, the 
use of much higher levels (150–400 ppm) 
has not led to improvements in production 
indicators on an experimental level, either 
in chickens (Blum et al., 1990; Bartov and 
Frigg, 1992; Macklin et al., 2000; Coetzee et 
al., 2001) or in turkeys (Applegate and Sell, 
1996; Sell et al., 1995, 1997; Kalbfleisch et al., 
2000). However, these very high levels are 
associated with benefits in other criteria, 
such as immunity and resistance to stress, 
and meat quality. These aspects have been 
studied extensively over the last 20 years.

The long recognized relationship between 
vitamin E and selenium has been further 
reinforced by experiments conducted 
recently. Thus improvements have been 
found in production parameters (Okolelova et 
al., 2006), the immune status of birds (Singh 
et al., 2006), and the oxidative stability of the 
product (Özkan et al., 2007; Ryu et al., 2005). 

Vitamin E metabolism is different in chickens 
and turkeys. In young turkeys, 7–10 days 
after hatching there is a marked drop in its 
levels in the liver, from 144 to only 0.5 µg/g, 
and in plasma between 7 and 21 days, and 
these remain low until 21 days of age (Soto-
Salanova et al., 1991; Waibel et al., 1994; 
Soto-Salanova and Sell, 1995, 1996; Surai et 
al., 1997). This phenomenon occurs, albeit 
to a lesser degree, even when the vitamin 
E level in starter feed is raised to 150 ppm 
(Applegate and Sell, 1996) or when the diet 
of breeding turkeys is fortified. However, 
Surai et al. (1999) found that using 365 ppm 
in breeder feed raised the concentration 
of vitamin E in the liver, brain and lungs 
of the chick between 3 and 5 times, which 
reduced the susceptibility of these organs to 
oxidation. 

Following a series of experiments focusing 
on the starter phase, Sell (1996) concludes 
that vitamin E requirements in young turkeys 

depend on the chosen evaluation criterion: 
growth (a maximum of 20 ppm), increased 
resistance of red blood cells to hemolysis 
(85 ppm), increased tissue concentration of 
vitamin E (more than 115 ppm), or achieving 
sufficient plasma levels of over 2 µg/l 
(minimum 150 ppm).

Resistance to stress
There are signs that vitamin E requirements 
increase under conditions of stress. In 
chickens subjected to excessive temperatures, 
positive physiological responses have 
been shown, such as a smaller rise in body 
temperature, reduced mortality, and a large 
increase of the hormone triiodothyronine in 
plasma (Kan et al., 1993; Qureshi et al., 2000), 
and Sahin et al. (2002) using a combination of 
vitamins E and A, which caused a reduction of 
50% in the concentration of malonaldehyde 
in the liver and serum of broilers subjected 
to heat stress. Erf et al. (2000) demonstrated 
that the use of 150 IU/kg vitamin E in turkeys 
reduced immunological stress caused by 
vaccinations against Newcastle disease 
and hemorrhagic enteritis, given that the 
lymphocyte count increased while that of 
heterophils decreased. This reduced the 
relationship between the two, which is 
usually interpreted as a lower degree of 
stress. 

More recent experiments have gone deeper 
into the physiological effects of vitamin E in 
stress situations. Maini et al. (2007) found 
that supplementing starter feed with 200 
ppm vitamin E reduced peroxidation of 
erythrocytes and in various tissues at 3 and 
5 weeks of age in chickens subjected to heat 
stress. With turkeys, Siegel et al. (2006) found 
that in cases of cold stress the mortality of 
day-old turkeys was significantly reduced 
when the hens had been supplemented with 
300 ppm vitamin E instead of only 10, and 
observed that the α-tocopherol concentration 
in the plasma of the offspring wa 7-fold 
higher. 

A field trial with 1.5 million chickens, using 
33 or 240 mg/kg vitamin E, obtained the 
following improvements: feed conversion 
index, -2.3%; live weight, +0.7%; viability, 
+0.1%; downgrading, -34%; septicaemia-
toxaemia, -25%; inflammatory processes, 
-61% (Boren and Bond, 1996). Subsequently 
other studies (Bird and Boren, 1999; Siegel 
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Figure 7. Improvement in carcass quality of broilers supplemented with vitamin E 
(240 vs. 50 ppm) in starter feed 
(Field study, China, 1.1 million broilers. Bird and Boren, 1999)

et al., 2000) with this same level achieved 
improvements in all production parameters. 
The large-scale trial run by Bird and Boren 
(1999) also confirmed an increase in breast 
yield, and a reduction in downgrading and 
the proportion of defects in the carcass and 
its cuts (Figure 7). In turkeys, McKnight et al. 
(1996) found that starter supplementation 
with 100–200 mg/kg vitamin E improved 
growth and feed conversion in different 
stress situations typical of commercial 
conditions. Sowinska et al. (1997) reported 
that transportation shrinkage was reduced 
from 2.3% to 1.5% after administering 30 
mg/l in drinking water to turkeys.

Results of this type have led some researchers 
to state that “the only valid scientific method 
to study optimum vitamin requirements 
is by evaluation in field tests using a large 
number of birds, provided that these be 
controlled in a precise and uniform manner” 
(Rice and McIllroy, 1988, quoted by Kennedy 
et al., 1992). 

Immunity
The role of vitamin E in the functioning of the 
immune system has been studied in depth 
over the last few years by several research 

groups, although there remains much to be 
learned (Klasing, 2007). It is believed that this 
action is based on the function of vitamin E as 
a lipophilic antioxidant, capable of preventing 
lipid peroxidation in membranes caused by 
free radicals. Disease is an important factor in 
the production of free radicals, either during 
prostanoid synthesis, or as a consequence 
of macrophage function.

The relationship between vitamin E and 
immunity first came to light in 1975, when 
researchers improved immune response 
using 300 ppm and reduced mortality in 
birds facing an E. coli challenge (Tengerdy 
and Nockels, 1975; Tengerdy and Brown, 
1997). Subsequent studies have found 
similar effects, with dosages between 100 
and 300 mg/kg, in cases of colibacillosis 
(Siegel et al., 2000), coccidiosis (Colnago et 
al., 1984), and listeriosis in turkeys (Zhu et 
al., 2003); and also in the immune response 
to vaccinations against Newcastle disease 
(Franchini et al., 1986, Hesabi, 2007) and 
bronchitis (Klasing, 1998, Figure 8; Hesabi, 
2007). Erf et al. (2000) recorded an increase 
in vitamin E concentration in the principal 
immune organs when using 150 IU/kg, which 
they related to the greater immune response 
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Figure 8. Effect of vitamin E supplementation level on titers of infectious bronchitis 
antibodies (Klasing et al., 1997)

elicited following vaccinations for Newcastle 
disease and hemorrhagic enteritis.

It has been shown that vitamin E is promotes 
the phagocytic activity of macrophages, 
especially at thymus level (Konjufca et al., 
2004) and in other immune mechanisms 
mediated by cells (Chang et al., 1990; Erf et 
al., 1998; Konjufca et al., 2004; Leshchinsky 
and Klasing, 2003).

Abdukalikoba et al. (2006, 2008) assessed 
the improvement in the cell response 
to challenges from vaccination against 
infectious bronchitis and in the humoral 
response to SRBC inoculation. Levels of 200 
and 400 IU/kg did not improve on results 
obtained with 80 IU/kg. The authors suggest 
that average supplementation levels are 
adequate if combined with arginine. Further 
research is required to clarify the question.

In general, the dosages of vitamin E 
proposed for improving immune status are 
much greater (100–300 ppm) than those for 
growth, which means that they represent 
an important extra cost. This raises the 
subject of their cost/benefit relationship, 
which has been assessed in some studies. 
Kennedy et al. (1992) monitored 168 flocks 

with a total of 3 million broilers and found 
significant improvements in growth and 
feed conversion indexes as a result of the 
continued use of 160 mg/kg vitamin E. The 
economic evaluation produced a benefit of 
8.4%, and, after deducting the cost of vitamin 
E (certainly high as this high level was 
maintained throughout the cycle) of 2.7% on 
average. This improvement was considerably 
higher for those producers who usually 
had poorer results. McIlroy et al. (1993) 
supervised 79 flocks in Northern Ireland, 
during a Gumboro epidemic, using either 48 
or 178 mg/kg vitamin E. Clinical symptoms 
were not detected because all the birds were 
vaccinated, but in 43 flocks subclinincal 
IBD was diagnosed by bursal lesions. With 
48 ppm vitamin E there was a reduction of 
28% in the net income, but with 128 mg/kg it 
improved by 10%. In healthy chickens a much 
lower improvement of 2% was obtained. 
Whitehead (2002) considers that more 
virulent strains of Gumboro virus vaccine, 
which are currently used in many countries 
and which entail greater immunological 
stress, may increase the benefits of using a 
higher vitamin E supplementation in feed.

However, contradictory results abound in 
scientific literature. Allen and Fetterer (2002) 
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considered that the results of Colnago were 
inconsistent, and in their own experiments 
they did not find improvements in live 
weight or in the prevalence of lesions after 
an infection of Eimeria maxima. Friedman 
et al. (1998) found the humoral immune 
response impared with 30 ppm rather 
than with 10 ppm following colibacillosis 
infection and vaccination against Newcastle 
disease, while for Leschinsky and Klasing 
(2001) levels of 25–50 ppm vitamin E are 
immunomodulatory in broilers, and they 
concluded that supplements of 100 and 200 
mg/kg were less effective in increasing the 
production of antibodies following bronchitis 
vaccination. 

Various hypotheses have been proposed to 
explain these discrepancies. First, the effect 
of vitamin E on humoral response appears 
to differ according to the antigen under 
consideration. Hesabi (2007) indicates that 50 
IU/kg were needed to improve the number of 
antibodies in the face of Newcastle disease, 
75 IU/kg for better protection against 
bronchitis, and up to 100 IU/kg to increase 
defenses against mycotoxins. On the other 
hand, in certain pathological processes 
the humoral immune response is the most 
relevant and in others, such as bronchitis, 
it is immunity mediated by cells which has 
special importance. An anti-inflammatory 
role has also been indicated for this vitamin, 
since it inhibits the production of certain 
cytokines in a dose-dependent manner 
(Leshchinsky et al., 2003). 

Other authors report that the magnitude of 
the response differs according to the degree 
of the pathogen challenge, which appears 
to vary between the different experiments. 
It is thought that the relationship between 
vitamin E and immunity can be altered by 
various factors such as genetic selection 
(Boa-Amponsem et al., 2006; Siegel et al., 
2006) and the strain of bird used, since some 
studies have found different responses 
depending on the strain under consideration 
(Maurice et al., 1993; Siegel et al., 2000; 
Boa-Amponsem et al., 2001). However, Yang 
et al. (2000) found no clear relationship 
between vitamin E supplementation and the 
production of antibodies in the face of the 
SRBC antigen or of a challenge from E. coli 
in chickens from strains selected for a low or 
high production of antibodies against SRBC. 

Maternal immunity still active at the time 
of the outbreak may also have an influence 
(Leshchinsky and Klasing, 2001), as may the 
vitamin status of the  day-old chick, which 
is related to the vitamin E supplementation 
level of breeders. These factors determine 
the efficiency of the chick’s antioxidant 
systems in the embryonic and early postnatal 
periods (Surai et al., 1997, 1999; Surai, 2000). 
The concentration of vitamin E in the chick’s 
tissues depends on the hen’s diet and its 
consequent accumulation in the egg yolk. 
Thus if breeders receive 365 ppm vitamin E 
instead of 150, the vitamin E content in the 
lung, liver and brain of the chick will be 6, 4 
and 2 times higher, respectively (Surai et al., 
1999). After hatching Vitamin E concentration 
falls rapidly in the yolk sac in only 9 days from 
566 µg/kg to 26.7 in broilers and from 156 to 
only 0.1 µg/kg in turkeys (Surai et al., 1997; 
Surai, 2000). If the breeder and starter feed 
of broilers contain high levels of unsaturated 
fats, the high levels of PUFA adversely affect 
the vitamin status of chickens and turkeys 
after hatching (Cherian and Sim, 1997, 2003). 

Haq et al. (1996) showed that chicks from 
hens that received supplementation of 300 
ppm vitamin E presented better humoral 
immunity and more active lymphocytes, 
which has recently been confirmed by Rebel 
et al. (2004). Hossain et al. (1998) found that 
increasing vitamin E to 75 ppm in the diet of 
breeders increased its concentration in the 
egg yolk and improved the antibody titers 
of their offspring after vaccination against 
Newcastle disease. Rebel et al. (2004) 
showed that broilers infected with the virus 
causing malabsorption syndrome suffered 
less damage and recovered sooner if the 
breeders had received a higher vitamin E 
supplementation. 

Research with turkeys, as with broilers, 
has centered on the effects of vitamin E on 
immunity, and the picture here is unclear . 
With 150 ppm vitamin E, Ferket et al. (1995) 
obtained lower mortality from colibacillosis 
and better feed conversion in coccidiosis 
challenge situations. Huff et al. (2004), using 
30 IU/kg per day in drinking water together 
with sodium salicylate 5 days before and 
during an E. coli challenge, were able to 
reduce mortality and colibacillary lesions and 
maintain growth rate. In contrast, Friedman 
et al. (1998) obtained worse results with 150 
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ppm vitamin E than with 50ppm, and Sell et 
al. (1997) used 300 ppm in an E. coli challenge 
without detecting significant improvements.

Qureshi et al. (1993) state that it takes 250 
ppm to induce an increase in IgG (which was 
confirmed by Ferket and Qureshi, 1999), and 
to stimulate proliferation of T-lymphocytes 
with these levels. Heffels-Redman et al. 
(2000, 2001) also observed this phenomenon, 
although 400–800 ppm vitamin E did not 
improve the rate of hemagglutination-
inhibiting antibodies following vaccination 
against Newcastle disease. The same was 
found in the experiment by Kalbfleisch et 
al. (2000), who did however confirm an 
improved humoral response to vaccination 
against hemorrhagic enteritis. It appears 
that vitamin E may act on immunity by 
several mechanisms, and it would be 
worth conducting similar studies to those 
previously indicated for broilers.

In conclusion, it is difficult to indicate with 
precision the optimum levels and period 
of vitamin E supplementation needed to 
improve the immunity of broilers and 
turkeys, since the degree of protection 
necessary will depend on the type and 
degreeof immunological pressure induced 
by different vaccination programs, nutritional 
and environmental conditions, as well as by 
potential exposure to different pathogens. 
With regard to vitamin E the focus should  
be the improvement of its metabolic status, 
rather than merely preventing its deficiency. 

One example of this approach is the study 
by Gore and Qureshi (1997), who injected 
10, 20, or 30 IU vitamin E into the amniotic 
fluid of turkey embryos 3 days before 
hatching. Levels above 10 IU led to a drop in 
hatchability, but at this dosage they observed 
more antibodies than in the control groups, 
and a greater proportion of macrophages 
in a post-hatch challenge with sheep red 
blood cells. The same occurred with chicken 
embryos. In broilers, Hossain et al., (1998) 
obtained similar results, improving titers 
against Newcastle disease, as well as 
significant improvements in weight at 42 
days, in viability, and in the feed conversion 
index. This may offer a promising way of 
improving the immune status of birds.

Prevention of disease
The antioxidant action of vitamin E has led to 
a number of studies on its relationship with 
hypoxic syndrome or ascites, a metabolic 
disease which continues to cause important 
economic losses, although less now than in 
previous years. In 1986, Dale and Villacres 
analyzed the first studies to note a possible 
relationship, and more recently, Malan et al. 
(2001) and Baghbanzadeh and Decuypère 
(2008) have reviewed the published evidence. 
Ascitic chickens exhibit a high production of 
reactive oxygen and a reduction in levels 
of ascorbic acid and vitamin E in liver and 
lungs and consequently indications of lipid 
peroxidation in these organs (Iqbal et al., 
2001; Envetchakul et al., 1993). Bottje et al. 
(1995) demonstrated that mortality from 
ascites was reduced when vitamin E implants 
were used, which liberated some 15 mg per 
day. 

However, tests using higher feed levels 
of vitamin E, mainly in starter feeds (100–
500 ppm), with or without the addition of 
selenium (whose synergies with this vitamin 
are well known), have only been partially 
successful or have not reduced the incidence 
of ascites (Bottje et al., 1997, 1998; Stanley et 
al., 1997; Roch et al., 2000b; Villar-Patino et 
al., 2002), while another study (Walton et al., 
2001) even linked the use of 50 ppm vitamin 
E to an increase in ascites, although it was 
combined with megadosages of vitamin C, 
which could have had a pro-oxidant effect. 
Belay et al. (1996) observed no reduction in 
mortality with a supplement of antioxidant 
vitamins 25% higher than the levels used 
commercially at the time, although the 
birds were significantly heavier without this 
entailing a higher incidence of ascites. More 
recently, supplementation with vitamin E, on 
its own or in combination with arginine, did 
not improve pulmonary relaxation following 
epinephrine challenge or bioavailability of 
the nitric oxide synthetase enzyme, although 
vitamin E levels of the order of 400 IU were 
associated with long periods of recovery 
from arteriopulmonary pressure (Lorenzoni 
and Ruiz-Feria, 2006). 

Whitehead (2002) indicates that nutrition is 
not the root cause of hypoxic syndrome, so it 
is doubtful whether it can really be prevented 
by changes in composition of the diet. Broz 
and Ward (2007) consider that since ascites 
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is a condition of multifactorial origin it is 
necessary to conduct more research under 
practical conditions to confirm whether 
either vitamin E or vitamin C can have a 
protective effect against this pathology.

Another line of research relates to “cellulitis” 
– a subcutaneous infection, generally by 
E. coli – a problem which is becoming the 
primary cause of downgrading in broiler 
slaughterhouses. Until now the results 
have been inconsistent, although in some 
experiments certain improvements have 
been noticed, particularly if the vitamin E 
supplement (50–100 ppm) is linked with 
zinc complexes (Downs et al., 1999; 2000; 
Macklin et al., 2000). In broilers intoxicated 
with ochratoxins the combination of 500 IU/
kg vitamin E and 0.1 ppm selenium improved 
growth and allowed the birds to recover 
better (Kurkure et al., 2004).

The scientific literature makes mention of a 
possible role of vitamin E in the reduction of 
skeletal problems, given that its deficiency 
increases the incidence of twisted feet, with 
deviations of the distal portion of the tibia 
or the tarsus at proximal level (Summers 
et al., 1984). However, vitamin E at levels 
5–10 times higher than normal can affect the 
utilization of vitamin D3 if this is at marginal 
levels (500 IU/kg), and thus adversely affect 
ossification (Aburto and Britton, 1998a, b). 

In turkeys particular attention has been paid to 
the efficacy of vitamin E in improving health, 
and it is usually added to the diet at levels 
3–4 times higher than those recommended 
by the NRC to prevent deficiencies (Ward, 
1993), although Sell et al. (1997a) considered 
that the NRC levels might be adequate in 
the absence of diseases. However, cases of 
encephalomalacia at 3–4 weeks have been 
reported (Klein et al., 1994) as does so-called 
“fatigue syndrome”, in which a significant 
reduction in the plasma concentration of 
vitamin E has been found in affected turkeys 
(Meldrum et al., 2000), which respond well 
to vitamin E supplementation in drinking 
water (Sell, 1996). Problems have also been 
observed with the inclusion of some fat 
sources in feeds, probably due to their state 
of rancidity, since an increase in oxidation 
products was found in plasma together 
with a corresponding reduction in vitamin 
E concentration (Csallany, 1988; Soto-

Salanova and Sell, 1995). This problem, and 
the protective effect of supplementing these 
diets with selenium and vitamins A and E has 
been described by Zdunczyk et al. (2002).

Meat quality
The beneficial effects of including high 
dosages of α-tocopherol acetate in feed on the 
oxidative stability and sensory quality of meat 
have been extensively researched. Oxidation 
processes are responsible for the occurrence 
of unpleasant smells and flavors, for changes 
in the nutritive value (reduction in the meat’s 
polyunsaturated fatty acid and fat-soluble 
vitamin content) and even for the appearance 
of components which are potentially harmful 
to health, such as cholesterol oxides. 

The risk of oxidation is increased if meat 
undergoes prolonged defrosting, and when 
restructured and pre-cooked meat products 
are manufactured, since salt and cooking 
accelerate oxidation processes. The problem 
is greater if the fat in the meat contains a 
high level of polyunsaturated fatty acids, 
which are highly valued nowadays from a 
nutritional point of view, but which are also 
very susceptible to oxidation (Barroeta, 2007).
The amount of published material on all of 
these aspects is vast, and important aspects 
now seem clear, such as optimum levels of 
supplementation, the required period of 
supplementation, and effects on composition, 
oxidative stability and sensory quality of the 
meat. Much information can be found on the 
subject, which may be found in reviews such 
as those by Morrissey et al. (1998), Sheehy et 
al. (1995), Jensen et al. (1998), Weber (2001), 
Fellenberg and Speisky (2006), and Barroeta 
(2007).

Vitamin E content of meat
The most immediate effect of supplementing 
vitamin E above the levels recommended by 
the NRC is the enrichment of poultry meat 
with this vitamin (Marusich et al., 1974; 
Koreleski et al., 2006; Hsiesh et al., 2002; 
Villaverde et al., 2008), which improves the 
nutritional content of the meat, although 
transfer efficiency is lower than in the egg 
(Flachowsky et al., 2001). The increase is 
more rapid in liver and kidney tissue than in 
muscle and fat (Sheehy et al., 1991; Surai et 
al., 1993; Flachowsky et al., 2001), and greater 
in the darker muscles of the thigh and leg, 
which have a higher fat content and are rich 
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in type I and IIa oxidative metabolism fibers, 
than in glycolytic metabolism fibers such 
as pectorals (Brandon et al., 1993; Jensen 
et al., 1998; Malczyk et al., 1999), in which 
the vitamin E concentration also diminishes 
more rapidly (Sheldon et al., 1997). Vitamin 
E is deposited in cellular membranes, where 
the process of oxidation begins (Asghar et 
al., 1990), and in subcellular organelles such 
as mitochondria and microsomes (Lauridsen 
et al., 1997; Mercier et al., 1998). 

The enrichment of meat with vitamin E is 
directly proportional to its levels in the diet 
and the length of the supplementation period 
(Sheehy et al., 1991; Bartov and Frigg, 1992), 
although a plateau is reached above 500 
ppm (Jakobsen et al., 1995; Flachowsky et 
al., 2001). Sheehy et al. (1995) calculated that 
every additional 100 ppm vitamin E in the 
diet increased the vitamin E content of meat 
by 7% of the recommended daily human 
intake. Thus, just 10 ppm would achieve 
1–2%, while 300 ppm could provide 21%.

It has however been demonstrated that 
the lipid composition of feed modifies the 
deposition of vitamin E, which in diets with 
a high degree of unsaturation is reduced 
by between 25 and 100%, in proportion to 
the degree of unsaturation (Maurice and 
Lightsey, 1995; Ahn et al., 1995). However, 
this level is 25 times higher than meat 
from unsupplemented chickens (Cortinas et 
al., 2001). Cortinas et al. (2003, 2005) and 
Villaverde et al. (2004b) demonstrated that 
the extent of enrichment varies in inverse 
proportion to the PUFA content in the diet, 
and that with an increase of 32 g/kg PUFA, the 
α-tocopherol content of meat was reduced by 
52% when 100 ppm vitamin E was added to 
feed. If feed has a high PUFA content (45–61 
g/kg) the vitamin E in the thigh rises by 0.6 
mg/kg for every 10 ppm increase of its dose 
in feed, while with a lower concentration (15–
34 g/kg PUFA) this increase rises to 1.14 g/kg. 
The vitamin E required to maintain its thigh 
content at a constant level rises between 2.5 
and 3.7 ppm for every gram of PUFA in the 
diet, and this makes supplementation of 200 
ppm necessary for broiler diets containing 
30 g/kg PUFA or more (Barroeta, 2007).

In feed with a normal composition, and using 
200 ppm vitamin E over 4–5 weeks, it has been 
possible to increase the vitamin E content in 

chicken meat by 4–6 times, from 3.5 to 14–
20 mg/kg (Brandon et al., 1993; De Wynne 
and Dirinck, 1996; Maraschiello et al., 1999). 
This means that a portion of chicken would 
provide up to 10–15% of the recommended 
daily intake in human nutrition (10 mg/
day). Bou et al. (2004) found that in diets 
with high levels of fish oil this percentage 
can vary between 14 and 19% if levels of 
70–140 ppm vitamin E are used. Barroeta 
(2007) indicates that vitamin E requirements 
increase between 2.5 and 3.7 mg for every 
gram of PUFA in the diet to achieve the same 
α-tocopherol concentrations in tissue. 

Supplementing feed with organic selenium 
can also increase vitamin E content in the 
liver and muscles. Skrivan et al. (2008) 
found that, in diets with 50 mg/kg vitamin E, 
the vitamin E content of breast and thighs 
increased by about 25% when 0.3 mg/kg 
organic selenium was included in the diet.

The capacity of turkeys for depositing vitamin 
E in their tissue is 4–5 times lower than that 
of broilers, even where the lipid composition 
of their meat is similar (Marusich et al., 1974, 
Sheldon, 1984; Surai et al., 1993). This has been 
explained by reduced intestinal absorption 
and greater tocopherol catabolism in this 
species of poultry (Sklan et al., 1982; Viau 
et al., 1998). The concentrations of vitamin 
E achieved fall with some rapidity in frozen 
meat, although if turkeys have received extra 
supplementation, the speed of the process is 
slowed to half (Wen et al., 1996; Higgins et al., 
1998a). The concentration also depends on 
the muscle under consideration (Viau et al., 
1998; Higgins et al., 1998b). Including oxidized 
fats in the diet considerably reduced hepatic 
reserves of vitamin E in turkeys (Zdunczyk et 
al., (2002).

Using supplementation levels twice as high 
as the NRC’s, the vitamin E content of muscle 
falls rapidly in the first three weeks and 
remained low subsequently. Even with 600 
ppm vitamin E in feed, its deposition is slow, 
equivalent to 0.3 µg per week (Wen et al., 
1997). Turkeys therefore require a higher and 
continuous vitamin E supply than broilers to 
achieve the same effects (Sklan et al., 1982; 
Morrissey et al., 1997). It takes 13 weeks to 
reach the accumulation plateau in the thigh 
muscle (Wen et al., 1997). The vitamin E 
content in turkey meat rose with an increase 
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in its level in feed to 275 ppm only between 
16 and 18 weeks of age, but the improvement 
is minimal, from 0.1 to 0.5 mg/kg (Sheldon, 
1984). Using 200 ppm over 6 weeks is also 
insufficient, especially if soy oil is used in the 
feed, and using 400 mg/kg between 11 and 16 
weeks of age the vitamin E content in meat 
is less than that in chickens that received 200 
ppm over 5 weeks (Genot et al., 1998; Viau et 
al., 1998). It took a minimum of 300 ppm for 
13 weeks or 200 ppm for 16 weeks to increase 
the vitamin E content of turkey meat by 6 
times (Wen et al., 1997; Mercier et al., 1998).

A relationship has also been demonstrated 
between vitamin E content in feed and 
meat, and treatments with the antimicrobial, 
enrofloxacin. Both substances are fat-
soluble and compete for penetration of the 
cellular membranes, which has an influence 
on the pharmacokinetic characteristics 
of enrofloxacin and the incorporation of 
vitamin E. Carreras et al. (2004) confirmed 
in chickens that the administration of 50 
mg/l enrofloxacin, applying a withdrawal 
period of 12 days, caused no excess residues 
of the drug in the breast, with a feed 
supplementation of both 20 and 100 IU/kg 
α-tocopherol acetate. However, treatments 
with the higher dosage of vitamin E without 
a withdrawal period produced a significant 
fall in the enrofloxacin content in the thigh 
and liver. The accumulation of vitamin E was 
significantly higher in the thigh than in the 
breast. This fact was confirmed in turkeys by 
Sárraga et al. (2006).

However, in the same study the interaction 
between the two substances presented itself 
differently from the previous experiment. 
The turkeys were supplemented with 30 
or 200 IU/kg vitamin E, and were given the 
same pharmacological treatment. This time 
the use of more vitamin E did not affect the 
concentration of the drug in the thigh and 
liver if an enrofloxacin withdrawal period 
was applied, but otherwise a higher level of 
residues of the medication was determined 
in the liver and thigh of the birds which 
received a higher vitamin E supplementation. 
There was no obvious explanation for this 
discrepancy with the results previously 
obtained in broilers. 

Oxidative stability
Most of the published studies on vitamin 

E and meat quality have been aimed at 
studying its effects on oxidative stability, 
which in poultry meat is lower than for beef 
or pork due to its higher polyunsaturated 
fatty acid content (Rhee et al., 1996).The 
determination of thiobarbituric acid reactive 
substances (TBARS), the most important of 
which is malonaldehyde, has mainly been 
used to assess these effects. Although the 
TBARS method has often been criticized for 
not being sufficiently specific, it is the one 
that has been used in the great majority of 
studies conducted on chickens and turkeys.

A significant negative correlation has been 
found between the TBARS values obtained 
and vitamin E ingestion (Bartov and Frigg, 
1992; Sheehy et al., 1993, 1997; Sheldon et 
al., 1997; Guo et al., 2003; Pesut et al., 2005; 
Cortinas et al., 2005; Sárraga et al., 2006, 
2008; Koreleski and Swiatkiewicz, 2006), 
as well as its content in meat (Gatellier et 
al., 1998; Ruiz et al., 1999; Hsieh et al., 2002; 
Bou et al., 2004; Yan et al., 2006) and liver, 
and plasma concentration in vivo (Guo 
et al., 2001). Using more sophisticated 
methods, such as the determination of 
volatile substances profiles, it has been 
established that higher levels of vitamin 
E in feed reduces the concentration of 
secondary oxidation products (aldehydes 
and ketones) by around 50%, especially 
hexanal (De Wynne and Dirinck, 1996; Wen 
et al., 1996; García Regueiro et al., 1998). 
Vitamin E supplementation in feed is much 
more effective in maintaining oxidative 
stability than adding it to meat post-mortem, 
since it is not then incorporated in cellular 
membranes (Vara-Ubol and Bowers, 2001).

Reduction of TBARS in fresh chicken meat 
normally ranges from 40% to 90%, and 
from 39% to 66% in processed and/or pre-
cooked products (Jensen et al., 1998). This 
wide range of variation suggests there are 
many factors which affect the levels, such as 
composition of the feed (principally, its lipid 
fraction), conditions of storage and packaging 
of the meat, type of product derived and, of 
course, dosage and administration time of 
α-tocopherol acetate. According to Barroeta 
(2007), the use of 200 ppm vitamin E 
prevents 84–88% of TBARS. In addition to the 
reduction in TBARS, other favorable effects 
of vitamin E have been shown, such as the 
reduction in protein oxidation in turkey meat 
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(Mercier et al., 2001; Batifoulier et al., 2002; 
Gatellier et al., 2003), and the reduction in the 
content of oxidized cholesterol compounds in 
chicken meat – an aspect of great nutritional 
interest, since these are substances which 
have been linked to the risk of cardiovascular 
disease. In general the compounds are found 
in meat after 6–12 days, and increase with 
time, showing a positive correlation with 
the TBARS index. Supplementation with 200 
ppm vitamin E reduces oxidized cholesterol 
compounds in chicken meat by 50%, and with 
800 ppm a reduction of 70-75% is possible 
(Galvin et al., 1998; Grau et al., 2001b).

The interrelationships between vitamin E 
and other vitamins also impact the oxidative 
stability of meat. Carreras et al. (2004) 
confirmed that α-tocopherol acetate increased 
the levels of vitamin E in raw breast, but the 
presence of 1.5 ppm ß-carotene reduced its 
deposition, and resulted in TBARS values 
no different from those of the control. Both 
vitamin E and ß-carotene reduced rancidity 
in meat; the combination of both of them 
modified its texture in terms of pastiness 
and firmness. Similar results were obtained 
by Sárraga et al. (2006).

It is necessary to include high levels of 
fat in the diets of broilers and turkeys to 
satisfy their high energy requirements and 
achieve maximum growth with the lowest 
possible feed conversion indices. This makes 
it necessary to include vegetable oils in 
the formulation of feed, mainly soy and 
sunflower oil, whose proportions in the diet 
are increasing given the tendency to aviod 
fats of animal origin. This may increase the 
likelyhood of meat becoming rancid, since the 
lipid composition of fat in birds is in a great 
measure a reflection of that in the diet, and 
these oils are abundant in polyunsaturated 
fatty acids. It is now well known that the 
optimum level of vitamin E supplementation 
to protect meat from fat oxidation depends on 
the lipid composition of the diet (Ahn et al., 
1995; Cortinas et al., 2001; Barroeta, 2007).

Comparisons abound in the literature 
between different sources of fat (tallow, 
olive, rape, soy, sunflower, palm, etc.), and 
the consensus is that if the most unsaturated 
ones are used, vitamin E at 200 ppm needs to 
be added for several weeks to maintain the 
oxidative stability of chicken meat (Sárraga 

and García-Regueiro, 1999; Malczyk et al., 
1999; Grau et al., 2000, 2001b; Cortinas et al., 
2001; Villaverde et al., 2004b; Rebole et al., 
2006). Less vitamin E is necessary if tallow 
or olive oil is used – not economically viable 
today – but improvements can be observed 
nevertheless (Lauridsen et al., 1997; O’Neill et 
al., 1998a).

In turkeys, if the feed contains soy oil, 
200 ppm is insufficient to maintain the 
oxidative stability of the meat (although the 
improvements are proportionally more than 
with rape or tallow), and it is no different 
from that in meat from turkeys which have 
not received extra supplementation. Using 
400 ppm vitamin E provides much better 
results if the fat in the feed has a high level 
of unsaturation (Genot et al., 1998; Viau et al., 
1998; Mercier et al., 1998a, b). 

Supplementation with high levels of vitamin E 
is even more important if the fat incorporated 
in the feed is altered by oxidation or by heat, 
which is more likely if soy, sunflower or linseed 
oil is used (Sweeney et al., 1992; Sheehy et 
al., 1993; Engberg et al., 1996; Galvin et al., 
1997; Jensen et al., 1997). In this case, levels 
of 30–50 mg/kg are ineffective. Table XXIII 
demonstrates the high degree of rancidity in 
frozen breast meat from chickens consuming 
oxidized fats, and the preventive effect of high 
dosages of vitamin E in the diet. 

An increase in the dosage of vitamin E is 
required if the aim is to raise the concentration 
of omega-3 polyunsaturated fatty acids in 
meat, which are of great nutritional interest, 
but also the most easily oxidized, the strategy 
thus entails a potential risk of abnormal flavors 
occurring (rancidity, fish). Incorporating 
fish and linseed oil in feed has been tried to 
achieve this objective. To prevent rancidity 
and its undesirable effects, a minimum of 
100 ppm α-tocopherol acetate is required if 
the degree of enrichment is moderate (Lin et 
al., 1989a, b; Huang and Miller, 1994; Zanini 
et al., 2003a, b), but this dosage should be 
raised to 250–300 mg/kg if these oils are 
included at a level of 2% or more (Gualtieri 
et al., 1993; Khattak et al., 1995; Nam et al., 
1997), especially if the meat is to be stored for 
long periods (Miller and Huang, 1993). On the 
other hand, supplementation with vitamin 
E or with mixtures of tocopherols permits a 
greater degree of enrichment with omega-3 
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Months 0 1 2 3

Diet

OX  0

OX  30

OX  200

6.79

2.20

0.46

8.02

4.19

1.00

18.89

4.39

1.11

25.27

4.80

1.41

N 30
N 200

0.46

0.46

1.60

1.07

1.87

1.27

1.57

1.21

Table XXIII. Effect of diets with oxidized (OX) or normal (N) sunflower oil and different levels of 
α-tocopherol acetate (0, 30, 200 ppm) on the oxidative stability of chicken breast cooked after 
freezing. TBARS values (mg malonaldehyde/kg meat) (Galvin et al., 1993)

PUFAs, especially in thighs (Ahn et al., 1995; 
Ajuyah et al., 1993; Surai and Sparks, 2001).

In a similar way to that indicated above 
for the muscle content of vitamin E, the 
protective effect is lower in fresh meat or in 
meat refrigerated for a very short time than 
in meat stored for 7–12 days and frozen 
meat, in which dosages around 200 mg/kg 
have been successful in preventing signs 
of rancidity in chicken carcasses (abnormal 
smell, discoloration), even after 9 months of 
freezing (Brandon et al., 1993; Coetzee and 
Hoffman, 2001; Fellenberg et al., 2006; Bou et 
al., 2004, 2006). In turkeys, supplementation 
with 150 ppm throughout the fattening period 
maintains frozen meat in good condition for 
up to 108 days (Bartov and Kahner, 2006), and 
with 300 ppm for up to 12 months (Higgins et 
al., 1998b).

The risk of oxidation is also increased by the 
manufacturing processes of meat products, 
such as mincing (Pikul et al., 1997), adding 
salt (O’Neill et al., 1999) or cooking (Grau 
et al., 2000). In these studies the dosages 
of vitamin E were effective in preventing 
the occurrence of bad flavor in pre-cooked 
products (warmed-over flavor), already 
detectable after being refrigerated for 
48 hours (Mielche and Bertelsen, 1994; Weber, 
2001). These positive effects were confirmed 
in raw and cooked turkey burgers, either 
refrigerated or frozen (Wen et al., 1996; Nam 
et al., 2003), and also in minced and frozen 
chicken meat (Pikul et al., 1997). Reduction 
in TBARS normally ranges between 39 and 
66% in processed and/or precooked chicken 

products, and between 50 and 77% in turkey 
products (Jensen et al., 1998; Higgins et al., 
1999). The effect is more evident in products 
packaged normally than in vacuum-packed 
products, a procedure which has its own 
protective effect against oxidation (Ahn et 
al., 1995; Higgins et al., 1998a; Ruiz et al., 
1999). On the other hand, supplementation 
with 600 ppm in turkey feed for 147 days 
removed the need to use nitrites as meat 
preservers, maintaining oxidation indexes 
and color stability (Walsh et al., 1998).

Meat irradiation, a decontaminating process 
now legal in the US, reduces its vitamin E 
content and accelerates oxidation, which is 
already intense in just 3 days (Lakritz and 
Thayer, 1992, 1994), particularly in turkey 
meat (Lakritz et al., 1995; Ahn et al., 1997). 
Fortification with 200 ppm vitamin E in the 
last 2 weeks did not succeed in counteracting 
this effect (Eslick et al., 1997), which is better 
overcome with continuous supplementation 
of 100 ppm, followed by 400–600 ppm in 
the last 14 days of fattening, provided that 
the meat is vacuum-packed (Ahn et al., 1998; 
Nam and Ahn, 2003). Similar conclusions 
were reached by Yan et al. (2006) following 
an experiment in which they also included 
conjugated linoleic acid to stabilize the final 
product. 

All these results demonstrate the difficulty of 
establishing recommendations for vitamin 
E supplementation which are applicable to 
all situations, since there are many factors 
which may affect optimum dosages, starting 
with the desired outcomes; and, as has been 
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pointed out, the polyunsaturated fatty acid 
content of the feed is decisive (Figure 9). 
However, it is clear that the efficacy of vitamin 
E supplementation increases in line with the 
dosage and the period of administration. 
Barton and Frigg had already demonstrated 
in 1992 that increased supplementation to 
broilers two weeks before slaughter gave 
meat moderate protection against oxidation, 
although this protection was improved if 
the higher level was applied throughout the 
fattening cycle, and Brandon et al. (1993) 
advised supplementing broiler diets with 
150–200 mg/kg α-tocopherol acetate for 4–5 
weeks. These findings were confirmed by 
subsequent research (Morrissey et al., 1997; 
Grau et al., 2000). The latter authors believe 
that using 225 ppm for 3 weeks before 
slaughter is equivalent to using 150 ppm in the 
last 32 days, which may be more economical 
(Figure 10). For turkeys, Morrissey et al. (1998) 
calculate the minimum supplementation 
needed as 300 ppm for 13 weeks, based on 
the results of Wen et al. (1997) and Sheldon 
et al. (1997).

Finally, it is worth discussing the work aimed 
at finding alternatives to the use of vitamin 
E. It seems evident that the protective 
effect of α-tocopherol acetate is superior to 
that of other vitamins or provitamins with 
antioxidant action, such as vitamin A (Bartov 
et al., 1997; Sallman et al., 1998), ß-carotene 
(Barroeta and King, 1991; King et al., 1993; 
Ruiz et al., 1999) or vitamin C (Grau et al., 
2001a, b; Bou et al., 2001). King et al.(1995) 
found an improvement in TBA values and in 
the sensory quality of the meat with a dosage 
of 150 IU α-tocopherol acetate throughout 
the fattening period, while ß-carotene, at 25 
ppm, or administering 0.15% vitamin C in 
drinking water did not have positive effects. 
Nevertheless, in situations of heat stress the 
combination of 250 ppm ascorbic acid and 
280 ppm vitamin E significantly increased 
the oxidative stability of meat during storage 
(Gheisari et al., 2004).

Some studies have also compared the 
effectiveness of vitamin E with that of 
essential oils of aromatic plant seeds, such as 
rosemary and sage (López Bote et al., 1998b), 
oregano (Botsoglou et al., 2002; Young et al., 
2003; Basmacioglu et al., 2004; Messikommer 
et al., 2005: Smet et al., 2005), grape skins and 
seeds (Mielnik and Skrede, 2003; Goñi et al., 

2007; Brenes et al., 2008), mustard (Khattak 
et al., 1996), sesame (Yoshida and Takagi, 
1999; Du et al., 2002), mint (Maini et al., 2007) 
and tea catechins (Tang et al., 2001; Gheisari 
et al., 2006). Although all these ingredients 
succeeded in reducing TBARS values and 
cholesterol oxide, vitamin E activity at a 
dosage of 200 ppm was superior by between 
30 and 50% (Table XXIV). 

Other trials assessed the results of using feed 
with high levels of oats but, while there was 
an important reduction in TBARS values and 
cholesterol oxide (López Bote et al., 1998a), the 
effect of vitamin E again proved to be much 
higher, and furthermore weight gain and feed 
intake of broilers reduces linearly in response 
to the increase in the oat content of the diet 
(Valaja et al., 2001). The incorporation of 1.5% 
carnosine (a natural muscular dipeptide) in 
feed has also been investigated; in this case 
a more comparable antioxidant effect was 
found, which was additive to that of vitamin 
E (O’Neill et al., 1998b, 1999). However, it 
may have potential as more than just a 
feed additive, as it may be added to meat 
during processing, together with vitamin E 
(Morrissey et al., 1998).

Organoleptic quality
Some studies have more directly evaluated 
the effects of high levels of vitamin E on 
the sensory quality of meat, using objective 
methods and/or panels of trained tasters. 
Olivo et al. (1998) found a lower drop in post-
mortem pH, which indicates a potential use 
in the prevention of pale, soft and exudative 
meat syndrome (PSE). Drip losses diminish 
(O´Neill et al., 1998a; Olivo et al., 1998), even 
when supplements are given only in the last 
2–3 weeks of fattening (McKnight et al., 1996; 
Malczyk et al., 1999). 

Sheehy et al. (1995) found an improvement 
in meat taste using 160 mg/kg vitamin E 
compared to the usual level of 20 ppm. An 
improvement in flavor was detected with 
just 80 ppm (Ristic and Lidner, 1992) and this 
continued up to 160 ppm (Blum et al., 1990). 
De Wynne and Dirinck (1996) and Janssens et 
al. (1999) found that continuous use of 200 
ppm vitamin E instead of 50 ppm significantly 
improved perceptions of texture, succulence, 
flavor, abnormal flavors and general 
acceptability, and that evaluation of flavor 
corresponded with the lowest concentration 
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Figure 9. Effects of vitamin E dosage and degree of dietary unsaturation on oxidative 
stability of chicken meat (Cortinas et al., 2001)

Figure 10. Effects of vitamin E dosage and administration time on oxidative stability of 
chicken meat (Grau et al., 2000)
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of aldehydes, especially hexanal. These effects 
are less pronounced in very fresh meat after 
1–4 days (Ruiz et al., 2001), but clearly evident 
with longer storage times of 7–12 days (Blum 
et al., 1990; Janssens et al.. 1999). The effects 
are undetectable if the diet is fortified only 
in the last week of fattening (Thomas et al., 
1988). An improvement in the color stability 
of meat may also be expected, by way of 
preventing the oxidation of myoglobin 
to metamyoglobin. This has been clearly 
demonstrated in other species, although the 
meat of birds, especially breast meat, has a 
lower pigment content (Jensen et al., 1998).

More data on the subject are available 
for turkey meat, but using higher levels of 
supplementation, between 250 and 600 ppm. 
In vitro studies have shown that myoglobin 

oxidation is reduced (Yin and Cheng, 1997; 
Lynch et al., 1998), which has also been 
confirmed on a practical level (Santé et al., 
1992), together with an improvement in the 
red (a*) value by spectrophotometry (Santé 
and Lacourt, 1994; Higgins et al., 1998b) 
and subjective color evaluation (Sheldon et 
al., 1997; Janssens et al., 1999). A reduction 
has been observed in the frequency of pale, 
PSE-type meat (Ferket and Allen, 1994), 
a problem which is now more prevalent 
in turkeys than in chickens. Significant 
differences have also been demonstrated in 
tasting tests: the frequency of “typical flavor” 
assessments increase, those of “abnormal 
flavors” decrease (Sheldon et al., 1997), and 
assessments of texture, succulence, flavor 
and general appreciation improve (Janssens 
et al., 1999).

Reference
Antioxidant and 

dosage
Type of sample

TBARS mg/
kg

King et al., 1995
Vit. E, 150 ppm

ß-carotene, 30 ppm
Cooked meat

0.29

1.85

Khattak et al., 1996 Mustard oil, 4% Fresh meat 0.67

López-Bote et al. 1998a

Vit. E, 10 ppm

Vit. E, 200 ppm

Oat, 20%

Refrigerated meat, 9 days

0.51

0.19

0.37

López-Bote et al. 1998b

Vit. E, 200 ppm

Rosemary oil, 500 ppm

Sage oil, 500 ppm

Cooked meat, 4 days

2.71

4.58

6.28

Tang et al., 2001
Vit. E 200 ppm

Tea catechins, 100 ppm
Frozen meat, 1 month

0.15

1.10

Botsoglou et al., 2002

Vit. E, 200 ppm

Oregano oil, 50 ppm

Oregano oil, 100 ppm

Fresh meat

0.42

0.25

0.10

Goñi et al., 2007
Vit. E, 200 ppm

Grape residues, 3%
Refrigerated meat, 7 days

0.28

0.35

Grau et al., 2001b
Vit. E 225 ppm

Vit. C 110 ppm
Cooked meat

2.91

4.08

Table XXIV. Comparative effects of vitamin E and other antioxidants on the oxidative stability 
of chicken thighs

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



207

OPTIMUM VITAMIN NUTRITION IN BROILERS AND TURKEYS

CONCLUSIONS

This review shows that much is known today 
about vitamin nutrition, but also that there 
are important gaps in our knowledge. In 
the last 15–20 years great advances have 
been made in research in some fields, such 
as the role of vitamin D metabolites in the 
prevention of foot and leg problems, or the 
effects of vitamin E on meat quality. But for 
other vitamins few studies are available and 
many of these are out of date. There is a lack of 
clarity over requirements in the final phases 
of broiler fattening, and the information on 
turkeys is deficient in many aspects. The 
relationship between vitamins and immunity 
is one of the areas which merits new research. 
Although considerable information is now 
available on this subject, our understanding 
is still incomplete. Its applications may turn 
out to be of great importance in the current 
situation in the European Union, in which the 
preventive and therapeutic pharmacological 
options are becoming ever more limited by 
regulation.

It is clear that the current recommendations 
by the National Research Council, directed 
toward the prevention of serious vitamin 
deficiency, are excessively conservative and 
are based on studies which are outdated; 
in some cases they are not even adequate 

to achieve their primary objective. In most 
cases they no longer correspond with either 
the requirements of birds whose genetic 
potential has progressed spectacularly in the 
last few years, or with the practical conditions 
in which production takes place, which often 
entails some degree of stress for the animals. 
But above all, they are not in line with the 
achievement of objectives which exceed the 
simple attainment of maximum productivity 
and which are ever more decisive, such as 
the well-being of broilers and turkeys and the 
quality and safety of their meat. Optimum 
vitamin nutrition should take all of these 
aspects into account.

Vitamins constitute a relatively small part of 
the cost of feed, yet they have a considerable 
potential impact on the health and production 
of birds, given the diversity and importance 
of the functions they carry out in many areas 
of animal physiology. The complexity of their 
interactions in many processes, the need to 
maintain delicate balances, and data arising 
from the most recent research, especially 
that carried out in field conditions, suggest 
that a general increase in vitamin fortification 
in broiler and turkey feed could be the most 
appropriate strategy in many cases.
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INTRODUCTION

Minimum and optimum vitamin 
recommendations 

Vitamins are defined as organic compounds 
necessary in small quantities to maintain 
animal life and production. The discovery 
of the existence and physiological functions 
of vitamins during the first half of the 20th 
century has been one of the most exciting 
chapters in the history of scientific discovery. 
It proved a milestone in the development of 
quantitative and applied animal nutrition, 
leading to an adjustment in nutrient supply 
corresponding to the needs of animals in 
each productive situation. However, it is much 
more difficult to establish with precision 
the requirements and recommendations 
for the different types of vitamin than for 
energy, protein, essential amino acids and 
macrominerals. In the first place, even 
small, not easily quantifiable variations 
may provoke marked effects when dealing 
with micronutrients. In this respect, small 
variations in the analytical methodology 
used for each vitamin from laboratory to 
laboratory and over the course of time (during 
which more precise instruments have been 
developed) are undoubtedly responsible 

for the great diversity in published results. 
Secondly, in most cases there are important 
concentrations of vitamins in ingredients 
used in ration formulation, although their 
values and availability to animals vary 
considerably and can also vary depending on 
storage time or the technological treatment 
applied. This makes it exceedingly difficult 
to establish precisely the quantity actually 
ingested by animals. All this means that, 
in practice, it is not possible to invoke the 
factorial method to calculate requirements 
and it is necessary to resort to empirical tests 
of feed to which different levels of vitamins 
are added and the response measured. 

In most cases, this type of test is done by 
including vitamins in conventional feeds 
(which contain a more or less constant 
concentration of naturally-occurring 
vitamins), and obtaining a dose-response 
curve which shows the optimum vitamin 
concentration which should be included to 
supplement that provided by the ingredients. 
The dose-response curve obtained in this 
type of trial is similar to those obtained 
for any other nutrients (Figure 1). The lack 
of an essential nutrient for a sufficiently 

Figure 1. Relation between quantity of vitamin intake and theoretical productive response.
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prolonged period is not compatible with 
production levels and with health. Thus, any 
increment in supply allows a substantial 
improvement in productive response, which 
may be adjusted according to an exponential 
equation which from a certain point follows 
the law of diminishing returns. That is to 
say that the benefit obtained by increasing 
the concentration of the nutrient in food is 
proportionally smaller every time until what 
may be called a plateau phase is reached 
where the maximum productive response 
is located. This curve enables the need for 
a particular nutrient to be determined, that 
is to say the minimum quantity which a 
healthy animal should receive daily to meet 
requirements for maintenance and a given 
production level. As these are “minimum” 
quantities, the values are usually increased 
within so-called “safety margins” whose 
objective is to correct deviations resulting 
from the biological variability of both animals 
and feed. The values obtained are referred to 
as optimum nutrient provision, and have a 
relatively wide range (Figure 1). 

In some cases this optimum supply may 
be exceeded, leading to surplus and even 
toxicity. In the case of vitamins toxic effects 
have only been observed with vitamins 
A and D (and only when administering 
quantities far greater than the ones used in 
practice). Since supplying a given nutrient 
in high concentrations increases the cost 
of a ration, in practice a quantity is chosen 
which represents the minimum supply that 
provides the maximum productive response 
within a safety margin (Figure 1). 

The introduction of the economic factor, 
essential in ration formulation and in the 
establishment of nutrient restrictions, 
represents an additional area of difficulty. 
As maximum productive response is 
approached, returns become smaller and 
therefore increments in the concentration 
of nutrients may become economically 
unviable. For this reason, ultimately, the 
establishment of each recommendation 
has an economic base, hence the concept 
of “economic optimum” which may be the 
minimum concentration of a nutrient which 
produces the maximum response, or even a 
slightly lower concentration which does not 
produce the maximum response but does 
produce the greatest economic benefit of the 

process. The need to introduce the economic 
factor in animal nutrition is linked to the fact 
that each productive situation is unique and 
therefore production strategy is also unique 
and the definition of formulation needs and 
criteria should also be specific to each case.
 
Calculation of the most appropriate level 
of supplementation in conventional feed 
may be confusing because feeds which are 
considered normal in some geographical 
areas or production conditions may not be 
used in other parts of the world. For example, 
a good deal of North American scientific 
production is obtained using feeds based 
on corn and soy, in which the content and 
availability of vitamins is very different from 
that in manioc, barley or sunflower. 

Is it necessary to revise vitamin 
recommendations for swine nutrition?

Most recommendations for vitamins in swine 
nutrition are based on studies carried out 
several decades ago. The question of revising 
these values is often discussed, although this 
is a topic that raises some controversy due to 
the fact that in some cases the information 
available is unclear and that commercial 
interests may at times make the actual need 
to update recommendations seem less than 
credible. Nevertheless, from our point of 
view, there are several reasons to suggest 
the need to review recommendations for 
vitamins (and other nutrients) for swine 
periodically. These include the following: 

•	 The majority of vitamin 
recommendations derived from 
different trials is expressed in 
concentration per kilogram feed. In 
pigs, changes brought about by genetic 
improvement geared to reducing the 
feed conversion index have had the 
marked indirect effect of reducing 
voluntary ingestion over the last few 
decades. These changes do not affect 
pigs during all productive phases with 
the same intensity, nor is the effect on 
both sexes the same.

•	 There has simultaneously been a 
marked increase in the productive 
capacity of the animals, ever 
approaching the physiological limit. 
It is likely that as the productive limit 
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is approached, more attention should 
be paid to the supply of the different 
nutrients to avoid imbalances. 
However, genetics continue to evolve. 
We are probably on the threshold of 
a revolution thanks to the massive 
application of techniques based on 
molecular biology. It will therefore be 
necessary to take the conditions for 
the optimization of feed formulation to 
the limit in order to maintain that rate 
of improvement in production.

•	 With the increase in knowledge of 
the science behind the phenomena 
which regulate animal physiology and 
productive processes, studies must 
consider other factors besides those 
strictly related to a lack of deficiency or 
to the mere optimization of response. 
Aspects like immune response 
capacity, breeder longevity, viability 
of neonatal pigs, adaptation to stress, 
response to vaccinations, susceptibility 
to pathological problems (edema, etc.), 
the capacity to overcome disease, 
the variability (and not only average 
values) in any production parameter 
calculated, etc., deserve ever increasing 
attention in modern swine production 
and have not until now been evaluated 
in sufficient depth. In Figure 2, different 
response curves for the same vitamin 
according to the parameter measured 
(growth, resistance to disease, meat 
quality, immune response, etc.) are 
represented schematically. 

•	 In the last few years consumers have 
been playing a more active role in the 

production process, and are becoming 
far more selective in their choices. For 
this reason, attention must be paid to 
their opinions and specific demands. 
Thus aspects like diversification 
of production, animal well-being, 
the content of potentially toxic 
compounds or residues, fortification 
of food with natural compounds etc. 
acquire particular relevance. Optimum 
vitamin nutrition in swine offers some 
interesting alternatives which must be 
studied and applied appropriately.

•	 During the past few years conditions 
in production have been modernized 
significantly, with improved genetics, 
facilities etc. The consequences of the 
technical revolution that this implies 
call for the optimization of nutrition. 

•	 The costs of the different ingredients 
(including vitamins) which are used in pig 
feed are variable and so too, therefore, 
are the vitamin levels which permit 
the optimum economic return in each 
case. In general, scientific and technical 
processes and large scale industrial 
production mean that production of 
synthetic vitamins is more efficient, 
and so the price of the vitamin supply 
is becoming proportionally lower in 
comparison with the other ingredients 
used in ration formulation. For that 
reason, the vitamin concentration in 
feed which corresponds to the economic 
optimum is tending to become higher, 
ever approaching the recommended 
concentration for optimum production. 
This fact demands special attention, 
since not all commercial vitamin 
preparations are of the same quality, nor 
are they of equal benefit to the animals.

•	 Some changes to feed guidelines (e.g. 
ban on meal of animal origin, ban on 
antibiotics) and other changes which 
will undoubtedly take place, mean 
that the entire production strategy 
(housing, vaccination regime, handling, 
etc.) should be reviewed, entailing re-
evaluation in economic terms of the 
supply of different micronutrients in 
different phases of the productive cycle. 

Taking all these considerations into account, 
this review looks at the study of vitamin 
requirements in swine nutrition and feed in 
the light of the latest discoveries.

Figure 2. Schematic representation 
showing different response curves for the 
same vitamin according to the parameter 
measured (growth, resistance to disease, 
meat quality, immune response, etc.).
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VITAMIN A

FAT-SOLUBLE VITAMINS

Chemical structure and units

Vitamin A is an unsaturated alcohol of 20 
carbon atoms (retinol), (Figure 3), although 
it also exists in esterified form (usually with 
acetic, palmitic or propionic acid). It is a yellow 
substance, insoluble in water, but soluble in 
fats and organic solvents. The molecule is 
very susceptible to oxidation, especially in 
its alcohol form. One international unit of 
vitamin A is equal to 0.3 µg retinol (1 mg 
retinol = 3333 IU vitamin A), 0.344 µg in 
acetate form, 0.359 µg propionate or 0.55 
µg palmitate. Other forms included in the 
generic denomination of vitamin A are the 
aldehyde or retinal form, which plays an 
important role in the development of vision 
and in reproduction, and the acid form 
(retinoic acid) essential in cellular growth 
and differentiation. 

Metabolism

Being a fat-soluble compound, vitamin A is 
insoluble in the aqueous media mainly found 
in the intestine. For this reason, attention 
must be paid to the fat-soluble fraction when 
formulating rations, in order to achieve good 
capacity for emulsion and micelle formation 
in the duodenum, the target site of vitamin 
A absorption. Interactions between different 
fat-soluble compounds competing for the 
same absorption mechanism have been 
described. This interaction has for instance 
been described for vitamin E in chickens 
(Pudelkiewicz et al., 1964) and in rats (Bieri et 
al., 1981) and in pigs there is evidence of the 
inhibition of retinyl acetate over tocopherol 
acetate in vitro (Lauridsen et al., 2001).
Esterified forms must undergo hydrolysis to 
free the alcohol, which is actually absorbed. 
The alcohol is esterified in enterocytes, and 

Figure 3. Schematic representation of vitamin A (retinol) and its provitamin form 
(β-carotene).

CH2 HO

 ß - carotene

Vitamin A1 (retinol)
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is delivered by chylomicrons to the liver, 
where it accumulates. The liver is estimated 
to contain around 90% of vitamin A deposits. 
When retinol is released from hepatocytes it 
binds, with great affinity, to a protein (retinol 
binding protein, RBP) which transports it to 
different target cells. The cytoplasm of these 
cells contains another protein, which also 
strongly binds retinol. 

Vitamin A is not found as such in vegetables, 
but is present in provitamin form, such as 
certain carotenoids which animals convert 
easily to vitamin A. About 100 molecules 
with provitamin A activity are known. Of 
these, β-carotene is the most abundant and 
active. Green foods contain a large amount 
of β-carotene, which is very sensitive to 
oxidation.

In pigs, conversion of carotene to vitamin 
A takes place essentially in the small 
intestine. Although, in theory, the cleavage 
of the β-carotene molecule may yield 
two molecules of retinol, in practice this 
conversion is not very efficient, especially 
in swine. Theoretically, 1 mg retinol is 
equivalent to 3333 IU vitamin A, but in the 
National Research Council (NRC) (1998) 
publication it is calculated that in practice 1 
mg retinol is only equivalent to 267 IU, that 
is to say, 12.5 times less. 

Vitamin A performs a number of functions. 
Probably the most studied and well-known 
is the function related to the physiology of 
vision. In this process, retinol is oxidized 
until an aldehyde is formed, which is also 
isomerized from the trans form to the cis form 
(Figure 4). From this, it can combine with a 

protein to form rhodopsin. On exposure to 
light, rhodopsin cleaves and releases the 
aldehyde in cis form which converts back to 
the trans form, producing a nerve stimulation 
responsible for vision. 

Vitamin A is also implicated in the formation, 
protection and secretory activity of skin 
and mucosa. It has also been linked to 
corticosteroid production in the adrenal 
glands. For these reasons vitamin A is 
attributed with an important function in 
resistance to diseases, especially those 
related to the respiratory tract. Although 
the implication of vitamin A in resistance 
to disease has scarcely been defined, there 
are data to indicate a negative effect of 
insufficient vitamin A supply (even at levels 
which do not give rise to other manifestations 
of deficiency) on antibody production and 
on the number of lymphocytes (Kelly and 
Easter, 1987; Bebravicious et al., 1987). 

Vitamin A is essential for maintenance 
of reproductive physiology and fetal 
development. Deficiency in this vitamin 
gives rise to an increase in mortality in 
sows and weakness in newborn piglets. 
Previous studies of the effects of injections 
of vitamin A or supplementation of the 
ration have demonstrated positive effects 
on reproductive yield in primiparous sows 
with deficiencies (Brief and Chew, 1985) or in 
the number of piglets born alive when it was 
administered in concentrations of 11,000 IU 
(Coffey and Britt, 1993). Vitamin A has been 
linked to the capacity of the ovary to produce 
steroid hormones, particularly progesterone 
(Talavera and Chew, 1988). Furthermore, 
it is likely that vitamin A is involved in the 
preparation of uterine mucosa. One protein 
has been identified which has a great affinity 
for retinol in the endometrium, the ovary, the 
testicle and the embryo. In the case of the 
uterus, progesterone is involved in regulation 
of the synthesis of this protein. Its participation 
has not been sufficiently clarified, although 
it could be linked to intracellular transport 
of vitamin A and its passage to the embryo, 
where it is probably needed to regulate 
cellular differentiation and proliferation, 
steroid production (Talavera and Chew, 
1988), immune response (Hoskinson et al., 
1992), transcription of specific genes, etc. In 
this respect it has also been demonstrated in 
pigs that mutations in the gene of the RBP4 

Figure 4. Representation of vitamin A 
participation in the physiology of vision.
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(retinol binding protein 4) are directly related 
to the number of piglets born and weaned 
(Terman et al., 2007).

Vitamin A has also been associated with 
certain characteristics related to meat quality 
such as intramuscular fat content or the 
percentage of certain fatty acids, thanks 
to the possible action of the vitamin in 
controlling the differentiation of adipocytes 
(Gregoire et al., 1998) and in the activity of 
certain desaturating enzymes (Miller et al., 
1997; Olivares et al., 2008). There are almost 
no data on the effects of vitamin A on the 
content of intramuscular fat in fattening pigs 
(D´Souza et al., 2003). However, experiments 
developed in cattle (Siebert et al., 2006), 
have demonstrated a negative relationship 
between vitamin A content in feed and 
percentage of intramuscular fat. The same 
authors (Siebert et al., 2006) observed that 
restricting the vitamin A content in the ration 
increased the proportion of saturated fatty 
acids in subcutaneous fat in cattle. However, 
the data are not consistent in this respect 
since other authors (Gonocica-Buefil et al., 
2007) found no alterations in the fatty acid 
profile.

In most if not all cases the mechanism of 
vitamin A action is similar to that of steroid 
hormones and is carried out by binding to 
specific receptors located in the cellular 
cytoplasm of target tissues. When the active 
form (retinoic acid) is bound to the receptor, 
the receptor translocates to the nucleus 
where it binds to chromatin acceptors and 
causes production of a messenger RNA and, 
as a consequence, of a specific cytoplasmic 
protein (Shin and McGrane, 1997). 

Some research carried out in the 1980s 
indicates that the role of β-carotene in 
reproduction could be quite different to 
that of retinol. It probably raises uterine 
protein concentration. Brief and Chew 
(1985) periodically administered 228 mg 
of β-carotene parenterally to gestating 
sows from conception to weaning and they 
observed reduced embryo mortality and an 
increase in the number of weaned pigs and in 
weaning weight. Coffey et al. (1983) observed 
a similar effect, although they indicated that it 
was impossible to determine whether in fact 
embryo mortality dropped or the production 
of ova increased. The same authors observed 

no effects in primiparous sows. However, 
Stender et al. (1999) observed no beneficial 
effects when administering β-carotene to 
high performance sows, indicating that the 
effect is probably limited to sows maintained 
in operations of low reproductive efficiency. 
It has not been possible to reproduce this 
effect in experiments adding raised levels of 
β-carotene to feed for sows, probably due to the 
low absorption of carotenes in this species. In 
bovine livestock, where absorption is greater, 
the possible specific effect of β-carotene in 
female breeders has been studied, and a high 
corpus luteum content and a specific location 
in microsomes described. This suggests a 
possible antioxidant function similar to that 
described for vitamin E. The identification 
of possibly different roles for vitamin A and 
β-carotene opens up an interesting field of 
research and requires the establishment 
of appropriate administration strategies 
in the pig industry. One interesting aspect 
which needs to be clarified is the interaction 
between vitamin A and β-carotene, as well 
as the importance of reserve levels of these 
compounds in the liver and their capacity for 
mobilization. Furthermore, recent research 
has shown that pigs can absorb β-carotene, 
albeit in small quantities (Schweigert et al., 
1995), and that as soon as it is absorbed they 
convert it to vitamin A (in contrast to other 
species). 

Although an antioxidant effect of β-carotene 
has been shown in other species, this is 
unlikely to prove useful in pigs due to its 
poor absorption and limited accumulation in 
muscular tissue.

Deficiency symptoms

One of the first symptoms of vitamin A 
deficiency is night blindness, also known as 
hemeralopia. In breeding animals, deficiency 
can give rise to infertility, and in gestating 
animals to abortion or birth of dead, weak or 
blind young. In less serious cases, reduced 
appetite and delayed growth are observed. 

Sources

Vitamin A is present in food of animal origin. 
It is found abundantly for example in milk, 
egg yolk and liver, associated with the fatty 
part. Foods of vegetable origin (basically 
green plants) contain the form of provitamin 
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(carotenoids) which are converted to vitamin 
A in animals. There is a synthetic form 
(retinyl acetate) which can be synthesized in 
the laboratory.

Recommendations 

As has been pointed out, both vitamin A and 
carotenoids are very susceptible to oxidation 
reactions, so significant losses may result 
from feed being stored, ground, exposed to 
air or heated. For this reason it is difficult to 
determine the actual supply from ingredients 
used in pig feed, and stable vitamin A is 
often added in sufficient quantity to meet all 
requirements, regardless of the contribution 
from other ingredients.

Vitamin A participates in a great variety of 
vital processes, some of which have not 
been studied sufficiently, and depends on 
many factors which are difficult to control. 
These include genetics, productive status, 
level of reserves in the liver, vitamin or 
provitamin content of ingredients, storage 
and technological treatments of feed, 
capacity for absorption of retinol or of 
different provitamin forms, capacity for 
conversion from provitamins to vitamin A, 
oxidative status of the animals, consumption, 
etc. For these reasons, establishing precise 
recommendations is complicated.

The NRC (1998) recommends 2200 IU/kg 
feed for piglets up to 10 kg and 1750 for 
piglets up to 20 kg (Table I). During fattening 
and finishing, the recommendation is 1300 
IU/kg (Table II). In feeds for gestation and for 
boars the recommendation increases to 4000 
IU, while for lactation it is set at 2000 IU/kg 
(Table III). These recommendations should 
be understood as minimum values. A more 
realistic view could probably be obtained 
from studies of the actual situation. 

In a recent review of the vitamin content of 
feeds used in Spain, Fraga and Villamide 
(2000) found an average value of 13800 IU/
kg of feed for piglets, 7800 UI/kg for fatteners 
and 11765 UI/kg for breeders (Tables 1-3). 
Thus the actual quantities are 5.5, 5.2 and 
2.6 times those recommended. Variations 
between different companies are very high. 
In a similar study carried out in the USA, 
Coelho (2000) obtained similar values, which 
supports the view that levels suggested by 

the NRC are widely exceeded in practice. 
In any case, the high variability described 
indicates the lack of information available 
and the prevailing confusion.

The only available work on the evolution 
of vitamin A content in commercial feeds 
in recent years indicates that in the last 10 
years its average value in feeds for gestating 
sows has increased in the US by around 
12%, probably due to the discovery and 
confirmation of its implication in reproductive 
processes described earlier. In this respect, 
a recent study carried out by Lindemann et 
al. (2008), in which intramuscular injections 
of high concentrations of vitamin A (250,000 
IU and 500,000 IU) were given to sows of 
different ages from weaning to breeding, 
demonstrated positive effects in the number 
of piglets born and weaned for younger sows 
(1st and 2nd litters), while in older sows (3rd 
to 6th litters) the effects were not so marked. 
This work once again demonstrates that 
the vitamin A requirements for maximum 
reproductive yield may vary according to 
age, and again raises the need for a revision 
of the recommendations currently in use.

Another aspect of interest which should 
be considered when establishing dosage 
in the formulation of compound feeds is 
possible interaction with other nutrients 
with similar characteristics, as in the case 
of vitamin E. There is evidence that the use 
of high doses of vitamin A in feed causes 
a depletion of vitamin E in the tissue of 
young pigs. However, the available data for 
fattening pigs are scarce and sometimes not 
very conclusive. Thus while Anderson et al. 
(1995) found no interference in growing-
fattening pigs when using concentrations of 
20,000 IU of vitamin A, Hoppe et al. (1992) 
found interaction in the hepatic tissue when 
using doses of 20,000-40,000 IU of vitamin A 
upwards, while no effects were found with 
lower concentrations (10,000 IU). Young pigs 
are more sensitive to the use of high doses 
of vitamin A, with a clear interaction being 
observed on the vitamin E content of tissues 
when concentrations of 13,000 IU of vitamin 
A were used in the feed (Hoskinson et al., 
1992).
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Chemical structure and units

The two most important forms of vitamin 
D are ergocalciferol (D2) and cholecalciferol 
(D3). One IU of vitamin D is defined as the 
activity of 0.025 µg of cholecalciferol (1 mg 
of cholecalciferol = 40,000 IU of vitamin D).

Metabolism

Cholecalciferol can be formed from 
7-dehydrocholesterol, a derivative of 
cholesterol which can be synthesized 

VITAMIN D

by pigs. Thus in certain circumstances it 
is not considered an essential nutrient 
(Figure 5). Vitamin D3 can also be formed 
from ergosterol of vegetable origin. Both 
precursors or provitamins can convert to 
the corresponding vitamins by the action 
of ultraviolet rays (especially between 
290 and 315 nm), usually from sunlight. 
In animals produced in confinement this 
activation is not possible (even when there 
are windows), so in practice it is necessary 
to include vitamin D forms in feed. Due to 
their fat-soluble properties the two forms 

Figure 5. Schematic representation of vitamin D metabolism.
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of vitamin D can be absorbed in the small 
intestine from micelles. Regardless of their 
origin (conversion in the skin or absorption), 
the vitamins are carried by blood to the liver, 
where they convert to 25-hydroxycalciferol. 
This compound enters the bloodstream 
and migrates to the kidney, where it 
converts to 1,25-dihydroxycholecalciferol, 
the biologically active form (Figure 5). This 
compound is carried in the bloodstream to 
the target tissues, intestine and bone. 

The 1.25-dihydroxy derivatives of the two 
vitamin forms enter intestinal mucosal cells, 
interacting with chromatin and producing a 
specific messenger RNA to form a calcium-
binding protein and other proteins with 
less well-known activity, which together 
stimulate calcium and phosphorous 
absorption. It is probable that they also 
modulate magnesium absorption. The 
mechanism of action of the 1,25-hydroxy 
derivatives is identical to hormone action 
as they are formed in a gland, enter the 
bloodstream and perform their function 
of modulating chromosome expression. A 
calcium carrier protein has also been found 
in the kidney where it probably regulates 
calcium reabsorption although it is probably 
of little quantitative importance.

Because of their link with calcium and 
phosphorous metabolism, there is a strong 
relationship between vitamin D derivatives 
and the hormones calcitonin and parathyroid 
hormone (PTH). PTH regulates synthesis 
of 1,25-hydroxy derivatives in the kidney. 
When the Ca concentration in blood is low, 
production of PTH increases, stimulating 
the formation of 1,25-hydroxy derivatives in 
the kidney and as a consequence increases 
intestinal absorption of calcium and 
probably reabsorption in the kidney, thereby 
increasing circulating calcium. 

It has been observed that vitamin D 
deficiency causes insufficient bone 
mineralization, causing rickets in young pigs 
and osteomalacia in adults. The presence 
of 1,25-hydroxy derivatives corrects this 
problem. It has also been observed that other 
hydroxylated derivatives of vitamin D may 
regulate physiological bone development 
(Bar et al., 1982). 

In certain circumstances vitamin D can 

participate in the mobilization of bone 
calcium, which requires the participation of 
PTH. Moreover, it is possible that vitamin D 
may participate in the formation of organic 
bone matrix (Gonnerman et al., 1976). 

In the last few years a series of effects 
of vitamin D on meat quality have been 
described. These effects are due to its 
relationship with calcium and the fact that 
several proteolytic enzymes are calcium-
dependent. Some studies carried out in 
the 1980s and early 1990s have shown 
that injection of calcium before slaughter 
leads to an increase in the concentration of 
intracellular calcium (McFarlane et al., 1996). 
Also the inclusion of raised levels of vitamin 
D in the days before slaughter may lead to an 
increase in the concentration of cytoplasmic 
calcium (Sparks et al., 1999). In cattle, it has 
been possible to verify that this procedure 
causes activation of calcium-dependent 
proteases and therefore an improvement 
in meat tenderness. Swanek et al. (1997) 
have shown that the inclusion of greater 
quantities of vitamin D (between 5 and 7 
million IU/day) in cattle feed during a period 
ranging from 7 to 10 days before slaughter 
reduces the strength needed to cut meat by 
between 7% and 18%, and the proportion 
of chops which can be classified as firm by 
around 22%. In the case of swine, however, 
this treatment is less effective, and could 
even have a negative effect on problems 
from an abrupt drop in pH (closely related 
to a massive input of calcium to muscle after 
slaughter), and therefore on so-called pale, 
soft and exudative (PSE) meat. Problems of 
lack of tenderness in meat from pigs are not 
necessarily comparable with those in beef.

However, Enright et al. (1998) have 
pointed out a positive effect of vitamin D 
supplementation in feed on the water holding 
capacity and color stability during storage. 
Lack of verification in other publications 
means that these results must be viewed 
with caution for the time being.

Deficiency symptoms

Vitamin D deficiency gives rise to a slower 
growth rate. Problems of ossification 
have already been mentioned (rickets, 
osteomalacia) may also be due to a lack of 
calcium or phosphorous. 
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Chemical structure units

Vitamin E has a hydroquinol nucleus or 
chromanol ring with an isoprenoid chain 
(four carbon atoms in a straight chain and 
a side chain of a single carbon) which is 
repeated three times in succession (Figure 
6). If the side chain is completely saturated, 
the product is given the name of tocopherol, 
but if it has an unsaturate for each 
isoprenoid group (that is to say a total of 
three unsaturates) it is called tocotrienol. In 
nature there are four natural tocopherols (α, 
β, δ and γ) and four tocotrienols (α, β, δ and 
γ) which demonstrate vitamin E activity. The 
differences between the different forms are 
due to the position and number of methyl 
groups in the chromanol ring. The different 
position of the methyl groups gives rise to 
the different racemic forms of tocopherols 
and tocotrienols. If the methyl groups are 
located on the same plane, they are called 

VITAMIN E

R forms, but if they are located on different 
planes, they are called S forms. The natural 
isomer of α-tocopherol possesses three 
methyl groups in positions 2, 4 and 8 of 
the isoprenoid chain on the same plane 
and for that reason is called 2R, 4R, 8R 
or RRR α-tocopherol, or sometimes D-α-
tocopherol. The synthetic form, known as 
DL-α-tocopherol or all-rac-α-tocopherol, is 
a mixture in the same proportion of the R 
and S isomers. The differences between the 
distinct racemic forms and their comparison 
with the natural form are becoming a 
subject of active investigation. In a recent 
study Lauridsen and Jensen (2005) find that 
of the 8 possible isomers, approximately 
99% of what is found in tissues consists of R 
isomers in position 2, probably because of 
differences in the affinity of the α-tocopherol 
transporting hepatic protein. Of the total 
tocopherol retained in the tissues, the 
RRR form predominates (more than 30%), 

Sources

Vitamin D is not abundant in feedstuffs used 
in pig feed. It is not usually found in food of 
vegetable origin, except in sun-dried forage. 
In the animal kingdom, vitamin D3 is found 
only in small quantities in some tissues such 
as liver and in fish oils.

Recommendations

Although in some circumstances vitamin D 
requirements may be obtained entirely by 
endogenous synthesis, in practice it is useful 
to include a sufficient quantity in feed to 
obtain all requirements. 

The National Research Council (NRC) 
recommends 220 IU/kg feed for piglets, 200 
IU/kg for pigs between 10 and 20 kg and 150 
IU/kg during the remainder of the fattening 
period. The quantity for breeders is identical 
in all cases and the recommendation is 200 
IU/kg (Tables I – III).

In their review of vitamin content of 
commercial feeds in Spain, Fraga and 

Villamide (2000) found average values of 
2120, 1112 and 1720 IU/kg feed for piglets, 
fatteners and breeders respectively, that 
is, approximately 10 times more than the 
figures indicated by the NRC. The coefficient 
of variation in this case is smaller than that 
given for vitamin A and is between 15% and 
22%. The review by Coelho (2000), carried out 
using data obtained from commercial feeds 
in the US, found slightly smaller values (1528, 
8418 and 1602 IU/kg for piglets, fatteners and 
gestating sows, respectively). Surprisingly 
in this case the coefficient of variation is 
higher and is between 45% and 56%, which 
indicates a very wide range of variation. The 
results provided by Coelho (2000) indicate 
that in the US there are probably two well-
defined positions: while some companies 
use relatively high concentrations of vitamin 
D (similar to those described in Spain), 
others use a much lower level. Also, when 
studying evolution over time, from 1992 to 
1999, a surprising drop of 16.7% is observed 
in the level of inclusion of vitamin D in feeds 
for gestating sows. 
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Figure 6. Schematic representation of vitamin E.

followed by the RRS and RSR (around 27%) 
and the RSS (around 17%). The four isomers 
SSS, SRR, SSR and SRS together make up a 
quantity of less than 1%, even if the animals 
have a high supplementation of all-rac-α-
tocopherol (Lauridsen and Jensen, 2005). 
Mahan et al. (2000) have observed a greater 
absorption of the natural forms in breeding 
sows and Wilburn et al. (2007) observed the 
same effect. 

In all cases, position 6 of the chromanol ring 
has a hydroxyl (alcohol) group which oxidizes 
very easily, producing a structural change in 
the molecule and giving rise to α-tocopherol 
quinone (with two ketone groups). Since it 
prevents other compounds being oxidized 
vitamin E acts as an antioxidant, and is 
therefore very susceptible to oxidation. To 
prevent it oxidizing so readily, the hydroxyl 
group from position 6 can be esterified in 
the laboratory with a fatty acid (usually 
acetic acid, although it may also be palmitic, 
propionic, etc.), giving rise to forms which 
are completely resistant to oxidation, 
although they also have no vitamin activity. 
In order for these esters to be active in vivo 
they must be hydrolyzed in the intestine, 
releasing the hydroxyl group. 

Many tests have been carried out to 
establish the vitamin activity of the different 
tocopherols and tocotrienols and it has 

been observed that the relative activity 
differs according to the function under 
consideration (capacity to prevent fetal 
reabsorption, hemolysis, and muscular 
dystrophy). Nevertheless, in all cases, the 
greatest activity is found in the α-tocopherol 
isomer, followed by β-tocopherol (between 
12% and 40% of activity depending on the 
function studied). The other compounds are 
much less active – γ-tocopherol between 
3% and 20%, δ-tocopherol between 0.3% 
and 1%, α-tocotrienol between 17% and 
29%, β-tocotrienol between 1% and 5%. 
The other tocotrienols can be considered to 
lack vitamin activity (Machlin, 1984). Of all 
the possible compounds (including esters) 
with vitamin E activity, the one which is 
most widely used in animal nutrition is 
DL-α-tocopherol acetate. Indeed, this is 
the compound used as the reference in 
establishing international units (1 IU = 1 mg 
DL-α-tocopherol acetate). 

Metabolism

Vitamin E is absorbed in the intestine, so 
tocopherol ester forms have to have been 
hydrolyzed previously by action of esterases 
(Mathias et al., 1981), which represents 
the point at which it becomes functionally 
active. It is absorbed in the form of bile 
salt micelles together with lipids from the 
ration, mainly where the upper and middle 
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Figure 7. Effect of supplying all-rac-α-tocopherol (70 vs. 250 IU) in the feed of breeder sows 
on the profile of α-tocopherol stereoisomers in alveolar macrophages of piglets one week 
after weaning (adapted from Lauridsen and Jensen, 2005).

third of the small intestine meet (Gallo-
Torres, 1980). The molecule is incorporated 
into chylomicrons and is transported in the 
lymphatic system, carried by lipoproteins 
(McCormick et al., 1960). Tissue distribution 
is explained by the presence of specific 
receptors in tissues for lipoprotein carriers, 
by passive diffusion from membrane 
lipoproteins to tissues or by action of the 
lipoprotein lipase which acts as a carrier 
protein (Parker, 1989; Traber et al., 1985). In 
studies carried out on humans using raised 
concentrations of the synthetic form it has 
been shown that consumption of more than 
900 mg DL-α-tocopherol acetate per day 
limits hydrolysis of the ester bond (Baker et 
al., 1986). It has also been shown that there 
is competition between fat-soluble vitamins 
for absorption, probably due to lipase-
mediated hydrolysis or due to competition 
for entry into micelles. 

The efficiency of absorption of α-tocopherol 
and of the different forms of vitamin E is, 
however, relatively low (Machlin, 1984). It 
depends on the effectiveness of the digestive 
system (Hollander, 1981), on the presence 
of vitamin A, which could reduce absorption 

(Morrissey, 1994), or of the ferric ion which 
could destroy vitamin E. Absorption 
increases with the addition of fat to the ration, 
in particular medium chain triglycerides, 
since the presence of polyunsaturated fatty 
acids reduces absorption efficiency (Gallo-
Torres and Miller, 1971). Other authors, 
however, have found more recently that 
the polyunsaturated fatty acid content of 
the ration does not change the apparent 
absorption of vitamin E (Lilian et al., 1997). 
In studies carried out with rats, Gallo-Torres 
(1980) found that absorption of α-tocopherol 
and/or its esters when ingested orally was 
20-40%. Similar data have been described 
in swine. In some cases, such as that of 
piglets, digestibility may be even less.

When comparing feeds with or without 
added fat, a higher concentration of 
α-tocopherol (between 10% and 15%) is 
generally observed in pigs given fatty 
feeds. This may be due partially to the high 
content of tocopherols in vegetable oils, 
although not exclusively so, because the 
same phenomenon is observed (to a lesser 
extent) when they are given animal fats 
(with very low vitamin E content), so it is 
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likely that tocopherol absorption is helped 
by the inclusion of fat in the feed. 

Once absorbed, α-tocopherol is distributed 
by all cellular membranes (including 
intracellular structures such as the 
endoplasmic reticulum or the nuclear 
membrane) (Figure 8). Nevertheless, this 
distribution is not homogeneous in all 
animal cells. Marked differences have 
been observed in α-tocopherol deposition 
depending on the oxidative capacity of 
muscle fiber. Oxidative muscles present 
a greater concentration of vitamin E 
associated with a greater phospholipid 
content, increased vascular development 
and greater activity of mitochondrial 
enzymes (Jensen et al., 1988a).

Vitamin E is the main antioxidant in vivo, 
acting in a coordinated way with a whole 
series of biological protection mechanisms 
against oxidation, which includes other 
vitamins (vitamin A, β-carotene, vitamin C), 
a whole series of enzymes, such as catalase, 
the superoxide dismutase (dependent on 
Zn and Cu), the glutathione peroxidase 
(dependent on Se), etc., and even small 

quantities of some natural or synthetic 
antioxidants (Wenk et al., 2000, López 
Bote, 2000). The crutial feature of vitamin 
E is that it is located mainly within cellular 
membranes and specifically prevents the 
oxidation of polyunsaturated fatty acids 
which constitute phospholipids (Figure 
8). Vitamin E neutralizes free radicals 
and gives way (as has been shown) to an 
oxidized form (α-tocopheryl quinone). The 
coordinated performance of fat-soluble 
antioxidants, principally ascorbic acid, 
enables regeneration of α-tocopherol and 
therefore allows it to continue to exercise 
its antioxidant function. 

By protecting phospholipid polyunsaturated 
fatty acids from oxidation, vitamin E carries 
out two clearly established functions. First, 
it allows maintenance of the structural 
integrity of membranes, even in the 
presence of free radicals. Second, vitamin 
E carries out an important function in the 
maintenance of cellular physiology, and is 
necessary for a multitude of functions, some 
of which are difficult to establish accurately. 
Thus, the role of vitamin E is linked to that of 
essential polyunsaturated fatty acids which 

Figure 8. Schematic representation of the location of the α-tocopherol molecule in the 
interior of the membrane and of the regenerative mechanism of free radicals formed thanks 
to the intervention of vitamin C (From Morrissey et al., 2000).
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constitute cellular membranes and generate 
highly metabolically active compounds, 
such as prostaglandins, prostacyclins, 
thromboxanes and leukotrienes. Vitamin E 
concentration has been directly linked to the 
functioning of the reproductive, muscular, 
circulatory and nervous systems, and even 
to immune response and resistance to 
various pathological conditions.

As with most fat-soluble compounds, 
once absorbed by the animal’s body any 
surplus not required to carry out short-
term biological functions can be stored, 
remaining dissolved in animal lipids. Thus 
there is a direct relationship between 
ingestion and tissue concentration. For this 
reason, unlike with water-soluble vitamins, 
in some circumstances it might be useful 
to administer higher quantities than the 
minimum levels established to obtain an 
additional benefit.

Deficiency symptoms

The first tests on the existence of vitamin 
E were related to the reproductive function, 
hence it was first classed as an anti-sterility 
vitamin. Other deficiency symptoms are 
muscular weakness, muscular degeneration 
(myopathy), hepatosis, discoloration of 
adipose tissue (waxy pigmentation), edema 
and even sudden death. 

Sources

Vitamin E is abundant in food of vegetable 
origin. In most cases, the available analytical 
data refer to α-tocopherol which, as has been 
pointed out, is the main active compound. 
Content is especially high in green forage 
(especially in leaves and buds). Tender grass 
contains around 200 mg/kg (Rey et al., 1997). 
Cereals are also a good source of vitamin E, 
with an approximate range of concentration 
between 10 and 40 mg/kg. Barley (around 
35-40 mg/kg) and oats (20-25 mg/kg) are the 
cereals which contain the largest quantity. 
In cereals, vitamin E is concentrated 
particularly in the germ, so cereal by-
products (rice bran, wheat germ, some 
by-products of corn) usually have much 
larger quantities (50-70 mg/kg), although 
these are very variable depending on the 
technological treatment applied. In general, 
legumes have a moderate α-tocopherol 
content (around 10 mg/kg). Oleaginous 

foods have very variable values depending 
on whether or not the oil has been extracted 
and on the extraction procedure itself. For 
example, the α-tocopherol content of whole 
soy seed is around 50 mg/kg. Cake obtained 
by mechanical extraction, however, contains 
around 7-10 mg/kg and cake obtained from 
solvent extraction has a value of around 3 
mg/kg. In general, products of animal origin 
have very low quantities, because in live 
animals the concentration rarely exceeds 
2-4 mg/kg of tissue, and the processing 
methods are usually very aggressive to 
tocopherols.

As has already been pointed out, vitamin E 
is highly susceptible to oxidation, therefore 
storage or some technological treatments 
(milling, dehydration, etc.) cause marked 
losses in a few days or weeks (up to 90%). 
For this reason, the vitamin E content 
of products like dried alfalfa can vary 
considerably depending on the production 
process (from 30 mg/kg or even less, up to 
a value of around 180 mg/kg).

Recommendations

Owing to the many processes in which it is 
involved and the possibility of using larger 
quantities to boost some aspects related to 
health or the quality of products, vitamin 
E recommendations can be established 
by different methods, so the figures 
recommended in the bibliography also vary 
considerably. This review will first study the 
established recommendations aiming at 
obtaining optimum productive efficiency, 
pointing out when necessary the existence 
of data to indicate the possible usefulness 
of modifying the supply according to 
the situation or to production objectives 
desired in certain circumstances. In the 
second part, we will look at the possible 
usefulness of providing higher quantities 
with the objective of improving meat 
characteristics. 

Vitamin E and productive efficiency

Some studies carried out in the last few 
years on breeder sows have demonstrated 
a positive relationship between vitamin 
E administration and the number of 
piglets born. Mahan (1991) included four 
concentrations of vitamin E (0, 16, 33 and 
66 mg/kg) in feed for breeder sows during 
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three consecutive reproductive cycles 
and observed a characteristic exponential 
response (Figure 9). This information has 
led the NRC (1998) to increase its previous 
recommendations for breeder sows to a 
level of 44 mg/kg. However, there is some 
information to indicate that use of vitamin 
E in the breeder sow goes much beyond 
improving number of piglets born or 
survival to 7 days. First, in cattle there is a 
relationship between vitamin E intake and 
some problems characteristic of the breeder 
female, such as retained placentas and the 
incidence of some pathologies. Also in 
bovine livestock, an apparent relationship 
has been shown between vitamin E intake 
and the number of somatic cells found 
in milk (Batra et al., 1992). Some of these 
functions could be affected by deficient 
production of prostaglandins whose 
concentration depends to quite an extent on 
the oxidative status of animals. The situation 
is not as clear for the sow, but an increase in 
the duration of parturition has been shown 
when vitamin E intake is reduced, which 
could be due to inadequate contraction of 
the smooth musculature. A relationship 
between vitamin E intake and the incidence 
of mastitis, metritis and agalactia (Mahan, 
1991) has also been shown. 

It is worth pointing out that vitamin E transfer 
through the placenta is very limited so piglets 

are born with very low levels of α-tocopherol. 
This is supremely important because it has 
been demonstrated experimentally that 
vitamin E increases immune response 
capacity (Wuryastuti et al., 1993). What 
is more, the administration of iron in the 
neonatal period means an overloading of 
the piglet’s limited antioxidant capacity (Hill 
et al., 1999). Thus, the importance has been 
recognized of establishing strategies which 
allow the concentration of α-tocopherol 
in the piglet to be increased, foremost 
among them the diet of the dam during 
the final stages of gestation and during 
the lactation period (Mahan et al., 2000). 
Given good physiological condition in sows 
fed with conventional feed, colostrums 
provides a very high concentration of 
α-tocopherol (more than 20 µg/ml), which 
permits a considerable increase in tissue 
concentration of α-tocopherol in piglets 
during the first few days of their life (Figure 
10). This is achieved by the sow drawing 
on her physical reserves of α-tocopherol, 
which in the days following parturition 
causes a sharp drop in the concentration of 
α-tocopherol in her serum (which goes from 
a value close to 2 µg/ml to a value less than 
1 µg/ml). The concentration of α-tocopherol 
in the milk falls during lactation until it 
reaches a figure close to 2 µg/ml and in 
consequence the concentration in the 
serum of the piglet also does so, until it 

Figure 9. Effect of administering vitamin E in breeder sows (From Mahan et al., 1991).
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Figure 11. Effect of the concentration of vitamin E in the feed of breeder sows on the 
concentration of α-tocopherol in the liver of weaned piglets 
(From Lauridsen and Jensen, 2005).

Figure 10. Estimate of the approximate evolution of the concentration of α-tocopherol in 
blood serum of a breeder sow (CC), in the colostrum and milk (— —) and in the blood 
serum of the piglet (- - -) from birth until weaning in pigs fed with feed with a vitamin E 
concentration within the range of commercial feed use. 
(From Lauridsen and Jensen 2005, Moreira and Mahan, 2002, Mahan et al., 2000). 
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reaches a figure close to 3-4 µg/ml. This 
behavior seems to indicate that it might 
be useful to increase the supply of vitamin 
E to the breeder sow in gestation and/or 
lactation so that there is a greater possibility 
of transfer to the piglet. Hidiroglou et al. 
(1993) observed a linear response in the 
α-tocopherol content of milk when including 
between 22 and 88 mg vitamin E/kg in feed. 
More recently, Lauridsen and Jensen (2005) 
have observed that the content in the sow's 
plasma and in the milk rises linearly when 
the concentration of vitamin E in the feed is 
increased from 70 to 250 IU and this response 
is maintained throughout lactation. Figure 
11 shows the concentration of α-tocopherol 
in the hepatic tissue of piglets according to 
the concentration of vitamin E in the dam’s 
feed during the lactation period. At the time 
of weaning (at 28 days) the concentration 
of α-tocopherol in the liver of piglets whose 
mothers received 250 IU is more than double 
that of piglets whose mothers received 70 
IU. Babinsky (1992) observed that inclusion 
of up to 136 mg vitamin E/kg in feed for sows 
during the pre-weaning period improved 
immune response in weaned piglets.

Another key moment in the life of the pig 
is when it is weaned, since while vitamin E 
continues to play a very important role as the 
pig’s limited digestive capacity at this stage 
leads to the concentration in the tissues 
diminishing markedly (Figure 10). In the 
case of blood serum the concentration can 
fall to less than half in just one week after 
weaning. This implies a high susceptibility 
to suffering oxidation processes during 
this critical moment in the life of the piglet 
(Soares, 1999). Teige et al. (1982) have 
found an inverse relationship between the 
presentation of clinical symptoms after 
experimental infections and the intake of 
vitamin E, and have consequently found an 
improvement in productive indices when the 
sanitary situation was poor. 

Different strategies have been established to 
minimize this dramatic fall in the concentration 
of α-tocopherol. Moreira and Mahan (2002) 
have demonstrated that the inclusion of 
vitamin E in high concentrations (up to 200 
IU/kg of feed) results in an increase in the 
serum concentration of α-tocopherol (Figure 
12). Nevertheless, effectiveness is limited 
due to digestive inefficiency and antagonism 

Figure 12. Concentration of α-tocopherol in the blood serum of weaned piglets as affected 
by the concentration of vitamin E in the feed (between 0 and 200 IU/kg) 
(From Moreira and Mahan, 2002).
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with other liposoluble compounds such as 
vitamin A (Ching et al., 2002): it is therefore 
necessary to supply a concentration in the 
feed of 100 IU/kg or more. The same authors 
demonstrated that the inclusion of fat in the 
feed (around 5%) is effective in preventing a 
sharp fall in the concentration of α-tocopherol 
in recently weaned piglets, especially during 
the first few days after weaning, so that an 
intake of around 60 IU might be sufficient 
(Figure 13). On the other hand, Lauridsen 
and Jensen (2005) demonstrated the benefits 
of supplementing weaned piglet feed with 
vitamin C (500 mg/kg of feed), especially if 
the piglets are starting with a low/moderate 
level of α-tocopherol in the liver, while this 
is less effective if the hepatic concentration 
of α-tocopherol is already high at the time 
of weaning.

With regard to growing pigs productive 
results are varied. Although some authors 
have found an improvement in zootechnical 
parameters when fortifying feeds with 
vitamin E (Asghar et al., 1991), most of the 
available literature indicates that there is no 

effect. In a recent work a lesser epithelial 
desquamation of the mucous membrane 
of the small intestine was found in pigs 
receiving 200 mg α-tocopherol acetate per 
kg of feed, compared with those receiving 
feed with a content around 20 mg/kg (López 
Bote et al., 2001). Bearing in mind the 
quantitative importance of desquamation 
of intestinal cells in pigs, the energy and 
amino acid saving could explain the possible 
zootechnical benefit found in some cases. The 
relationship between vitamin E intake and the 
phenomenon of apoptosis (cell death) could 
be the basis to explain this phenomenon (and 
possibly phenomena related to the decrease 
in the number of somatic cells in milk) and 
opens up an interesting field of research not 
just in pigs. 

As for boars, little information is available 
on the effects of supplementing feed with 
vitamin E. Cerolini et al. (2000) have observed 
that when including α-tocopherol in the 
diluting medium of semen, this vitamin is 
incorporated in spermatozoid membranes, 
increasing the spermatozoa's resistance to 

Figure 13. Effect of the concentration of vitamin E (20 vs. 60 IU/kg of feed) and the inclusion 
of added fat in the feed of weaned piglets on the α-tocopherol concentration in the blood 
serum (From Moreira and Mahan, 2002).
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oxidative deterioration, maintaining a higher 
concentration of some polyunsaturated fatty 
acids in phospholipids and significantly 
reducing the loss of viability of the ejaculate 
during storage. 

Vitamin E requirements have been estimated 
by the NRC (1998) on the basis of the 
minimum quantity required to avoid the 
appearance of biological problems and are 
given as 16 IU/kg feed up to 10 kg live weight 
and 11 IU/kg feed up to 120 kg live weight. 
For gestating and lactating sows and for 
boars the recommendation rises to 44 IU/kg 
(NRC, 1998).

Given the variability of swine production 
systems and the broad range of functions 
of vitamin E, practical recommendations 
can differ considerably. In their review, 
Fraga and Villamide (2000) found that the 
average level of added vitamin E supplied 
in the vitamin and mineral premix for feed 
for piglets was 31.4 IU/kg (with a range from 
3.3 to 100 IU), for grower-fattener pigs 9.5 IU 
(range from 0 to 20 IU) and for breeders 23.6 
IU (range from 5.4 to 53.6 IU). Coelho (2000) 
found much higher concentrations in the US, 
with average values for piglets, growers, 
fatteners and breeders of 52, 28, 20 and 54 
IU/kg, respectively.

Vitamin E and meat quality

Many studies have demonstrated a positive 
relationship between the administration of 
large quantities of vitamin E in pig feed and 
some attributes of meat quality. Therefore 
it is essential first to find what the possible 
positive effects are and then to establish 
quantity and guidelines for appropriate 
administration in each case. Kerth et al. 
(2001) have recently demonstrated that the 
effect of vitamin E on the quality of meat 
depends on whether the genotype carries 
the halothane gene, meaning that in the non-
carriers supplementation is more effective. 
The interaction of genotype with the action 
of vitamins (for both vitamin E and other 
vitamins) promises to be an interesting line 
of investigation in the coming years.

Vitamin E and oxidative stability 

Once an animal has been slaughtered most 
of the mechanisms which control oxidative 

processes become inactive and oxidative 
reactions occur. These cause marked 
alterations in meat properties within a few 
days. Oxidative deterioration is regarded as 
the main reason for these alterations in the 
meat after microbial activity, although this 
can be controlled with appropriate storage 
temperatures. Numerous experiments 
have shown that supplementation with 
α-tocopherol acetate produces a high 
tissue content of α-tocopherol, leading to 
an improvement in the oxidative stability 
of muscle in pigs (Monahan et al., 1990; 
Asghar et al., 1991; Morrissey et al., 1996). 
The effectiveness of vitamin E has also 
been observed in cooked muscle (Monahan 
et al., 1990) and in the presence of salt 
(Buckley et al., 1989). Different studies have 
also been carried out to investigate the 
antioxidant effect of vitamin E in relation to 
the fat composition of the ration. Monahan 
et al. (1992) observed a positive antioxidant 
effect of vitamin E when supplemented at 
200 ppm to pig rations fortified with 3% soy 
oil and tallow. 

Leskanick et al. (1997) observed similar 
effects. They also suggested that the greater 
the addition of unsaturated fatty acids, 
the greater the amount of vitamin E to be 
administered, since when adding the same 
quantity to rations containing 2% rape seed 
oil and 1% fish oil and to control rations 
containing tallow and soy oil, the levels 
were lower in the former. This could be 
explained by an increase in the metabolic 
demand on the vitamin as a result of the 
higher level of polyunsaturated fatty acids. 
Vitamin E requirement increases, therefore, 
when there is an increase in the proportion 
of polyunsaturated fatty acids (Wang et al., 
1996).

There are studies which indicate that 
supplementing the ration with α-tocopherol 
inhibits the production of cholesterol oxides 
(COPs) in heated and refrigerated pork (Rey 
et al., 2001). Monahan et al. (1992) observed 
a decrease in total COPs formed in pork 
from animals whose rations had been 
supplemented with 200 mg/kg α-tocopherol 
acetate compared with those consuming 
unsupplemented rations.
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Vitamin E and meat color

Meat color is determined mainly by the 
content and chemical form of the hemin 
myoglobin pigment. The heme group of 
myoglobin contains a central atom of iron 
which can form 6 coordinate bonds, four of 
which occur with N-atoms of the porphyrin 
ring and a fifth with a hemin apoprotein. 
The sixth bond, together with hematic iron 
status, determines meat color. If the unifying 
molecule is O2, oxymyoglobin is formed, a 
bright red color which with storage tends to 
oxidize and form methemoglobin causing 
dark coloration.

Rhee and Ziprin (1987) found a correlation 
between the total pigment and myoglobin 
content and lipid peroxidation in raw beef. 
Supplementation of animal rations with 
different quantities of α-tocopherol acetate 
brought about better color stability and 
a lesser reduction in “a” values (directly 
linked to the color red) than were found 
in unsupplemented animals. This has also 
been observed in pigs (Monahan et al., 
1994; Asghar et al., 1991; Lanari et al., 1995; 
Phillips et al., 2001), although data are less 
conclusive than with cattle (Faustman et al., 
1989; Liu et al., 1996) and lambs (López Bote 
et al., 2001). It has generally been observed 
that the greater the supplementation, the 
less the color loss (Asghar, 1991; Monahan 
et al., 1994) although some authors have 
not found significant differences between 
the high supplementation levels. Faustman 
et al. (1989) observed that to stabilize the 
color in beef muscle a concentration of 
3.0 to 3.7 µg of α-tocopherol/g of tissue 
was necessary. In pigs, Asghar et al. (1991) 
observed that when supplementing rations 
with 100 or 200 mg/kg, deposition in the 
longissimus dorsi muscle was 2.60 and 4.72 
µg of α-tocopherol/kg, which was sufficient 
to stabilize color. The possible actuating 
mechanism of α-tocopherol could be related 
to the inactivation of free radicals which 
can oxidize myoglobin or the systems of 
reduction of metamyoglobin from skeletal 
muscle.

Vitamin E and water holding capacity

Tests have shown that it is possible to reduce 
drip losses through the incorporation of high 
levels of α-tocopherol acetate in the ration. 

Asghar et al. (1991) observed that after 10 
days of refrigeration (4ºC) under fluorescent 
light, samples of frozen meat from pigs 
which had consumed rations supplemented 
with 200 IU of α-tocopherol acetate/kg of 
feed had lower drip losses than samples 
from pigs consuming feeds supplemented 
with 100 or 10 IU/kg. Monahan et al. (1994) 
obtained comparable results with fresh 
muscle. These authors suggested that this 
could be explained by the fact that changes 
in the α-tocopherol content could alter 
the passage of biomolecules through cell 
membranes and therefore the degree of 
muscle exudation, due to physiochemical 
interactions of α-tocopherol with molecules 
in the lipid membrane. Any other change 
in the lipid microenvironment could affect 
the ability of membranes to act as a semi-
permeable barrier (Monahan et al., 1994). 
Furthermore, α-tocopherol could act to 
preserve the integrity of cellular membranes 
of the muscle by preventing oxidation of 
their phospholipids, thereby impeding the 
passage of sarcoplasmic liquid through 
them (Asghar et al., 1991; Monahan et al., 
1994). As with color, the level of vitamin 
E supplementation affects this action, 
although the effect appears to be less 
pronounced (Cannon et al., 1996). 

Vitamin E and quality of meat 
products

The administration of vitamin E in high 
concentrations to improve meat quality is 
of special interest in swine as it has been 
shown that vitamin E accumulated in 
tissues remains there during processing, 
improving the technological properties of 
the meat (transfer of water) as much as the 
qualitative attributes of the products (color 
stability, acceptability, dryness, presence of 
unpleasant smells and flavors, etc.). It has 
been possible to observe these effects even 
in cured products processed for over ten 
months (Isabel et al., 1999). In this respect, 
it is useful to remember that products from 
Iberian pigs (best example of the quality 
of meat production in swine) show a high 
α-tocopherol content which they acquire 
from their particular outdoor feeding 
system (Rey et al., 1997). However, some 
data indicate that it is possible to reduce 
the amount of certain additives included 
during processing if the meat contains a 
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y = α-tocopherol in the tissues (µg of α-tocopherol/g of fresh tissue)
In = ingestion of vitamin E (mg of DL-α-tocopherol acetate/kg feed)

good quantity of antioxidants at the time of 
slaughter (Dineen et al., 2000), which brings 
a benefit to public health and the positive 
commercial implications associated with it. 

If the effects of the supply of fatty acids and 
antioxidants on the quality of these products 
are taken into account, as well as the 
production costs, interest in optimizing this 
supply appears to be justified. This means 
matching the cost of feed not to the carcass 
or to fresh meat, but to the end-product. This 
is a point of particular relevance in Spain, 
the world leader, where currently around 40 
million cured hams are processed. 

Recommendations and guidelines for 
administration

There are few studies which aim to establish 
in a systematic way the most appropriate 
intake and times of administration for each 
case. Additionally, the difficulty of analyzing 
tocopherols in feeds and in animal tissues 
means that the existing data in the literature 

are very heterogeneous and therefore make 
comparison difficult.

Roth and Kirchgessner (1975) added 
tocopherol acetate to the feed at amounts 
from 5 to 95 mg/kg and found a linear 
response to vitamin E incorporation in 
tissues depending on the amount given. 
Machlin and Gabriel (1982) however, 
working with rats, chickens, ducks and 
calves found a logarithmic response 
between the α-tocopherol supplied in the 
diet and that analyzed in plasma and various 
tissues. In a more recent study, Hoppe et 
al. (1993) administered 0, 20, 40, 80 and 
160 IU of α-tocopherol acetate/kg of feed, 
respectively, to groups of six animals per 
treatment. The α-tocopherol analyses were 
conducted by means of saponification of the 
sample. A fluorescence detector was used 
in the analysis. According to these authors, 
there is a logarithmic relationship between 
the ingestion of vitamin E (expressed in mg 
of DL-α-tocopherol acetate/kg of feed) and 
the content of α-tocopherol in the various 
tissues (expressed as µg of α-tocopherol/g 
of fresh tissue). Several equations have 
been established:

Plasma 
y = -(1.08±0.27) + (0.89±0.07) ln x (R2=0.61, p < 0.0001)

M. Longissimus dorsi
 y = -3.2 + 2.09 ln x (R2 = 0.77, p < 0.0001)

Liver 
y = -10.2 + 5.54 ln x (R2 = 0.62, p < 0.0001)

Adipose tissue 
y = -13.9 + 7.63 ln x (R2 = 0.63, p < 0.0001)
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Figure 14. Effect of the period of administration on the concentration of α-tocopherol in the 
muscle tissue of the pig (= 200 IU/kg during the entire fattening phase, = 10 IU during 
the same period, = 10 IU during the whole period, except during the last 7 weeks, where 
the supply becomes established at 200 IU/kg) (Morrissey et al., 1996).

It can be seen that the greatest quantities 
of vitamin E are found in adipose tissue, 
followed by liver and longissimus dorsi 
muscle. Nevertheless, when the data from 
these authors are compared with most of 
the existing literature it is evident that their 
values are higher (almost double) than the 
majority. Recently a research project was 
carried out within the scope of the European 
Union (Diet-Ox, 1998) which includes a total 
of 14 laboratories which interchange data, 
so that data are perfectly comparable. If 
the data supplied by these 14 laboratories 
only is used (and only in experiments in 
which feed fortified with vitamin E is given 
for at least seven weeks) the dose response 
curve obtained is very similar to that of 
Hoppe et al. (1993), but with much lower 
tissue content. According to data from 
these 14 research groups, the α-tocopherol 
concentration in muscle tissue should be 
between 3.5 and 4 µg/g for it to have an 
antioxidant effect. Below this concentration 
the effect is marginal. The effective level is 
equivalent to the inclusion of 100-200 mg of 
α-tocopherol acetate per kg feed. These data 

are in agreement with most of the existing 
literature and with the most widely used 
recommendations (Buckley et al., 1995).

Fortification of feed with vitamin E represents 
an additional cost. Therefore it is necessary 
to consider not only the optimum quantity 
but also the period of administration when 
trying to establish recommendations for 
vitamin E supplementation in pig feed.
In this case too the work of two research 
groups belonging to the group of 14 
constituting the Diet-Ox project has been 
selected. Firstly, Morrissey et al. (1996) 
found that supplementation with 200 mg/kg 
feed for 7 weeks before slaughter produced 
a concentration of 4 µg/g tissue, only 
slightly less than in animals receiving feed 
supplemented with the same concentration 
throughout the growth phase. According 
to this investigation, feed fortified for the 
last 7 weeks increases the α-tocopherol 
concentration in muscle tissue much more 
efficiently (around 0.07 µg/g per day) than 
feed supplemented for a much longer period 
(0.03 µg/g per day) (Figure 14).
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More recently Monahan (1999, personal 
communication) carried out a study which 
included various periods of administration 
and different quantities. Administering 
feed with 1000, 500 or 200 mg/kg vitamin 
E produces an average increase of 0.18, 
0.10 and 0.04 µg/g of muscle per day. 
That is to say, approximately 0.20 µg per 
g tissue per day for each mg vitamin E 
above requirements supplied in the feed. 
This means that if 1000 mg/kg feed were 
supplied, in just one week the level would 
reach 3.8 µg/g of tissue. In the experiment 
by Monahan this concentration in muscle 
was not reached in the four weeks of the trial 
in which 200 mg/kg was supplied, although 

a theoretical calculation puts the necessary 
period at around six weeks. Similarly, in the 
work by Morrissey et al. (1996) it took five 
weeks to reach 3.9 µg/g of muscle tissue 
with a supply of 200 mg vitamin E/kg of 
feed. 

According to these calculations the same 
concentration can be achieved in muscle 
by administering 1000 mg/kg for 1 week, 
500 mg/kg for 2 weeks or 200 mg/kg for 5-6 
weeks. In all cases the extra consumption 
is around 20-22 g per pig and the efficiency 
of tocopherol accumulation in tissues can 
be calculated as less than 5% of the total 
ingested.

Chemical structure and units 

The term vitamin K is used to designate a 
series of compounds which are characterized 
by possession of a quinone group and which 
have antihemorrhagic properties in animals. 
Vitamin K is essential because it cannot be 
synthesized in mammal cells. The two most 
important natural compounds are vitamin K1 
(phylloquinone), found in green vegetables, 
and vitamin K2 (menaquinone) which is 
produced in bacterial cultures (Figure 15). 
Vitamin K3 (menadione) is a product of 
synthesis and has a quinone group without a 
lateral chain (2-methyl-1.4-naphthoquinone). 
It is yellowish and has a viscous oily 
appearance.

All vitamin K forms convert to menaquinone 
in the liver, which suggests that this is the 
active form of the vitamin.

The different forms of vitamin K are relatively 
stable at room temperature, although 
they are degraded when exposed to light 
(especially ultraviolet light).

Metabolism

As with the other fat-soluble vitamins, 
vitamin K must be incorporated into micelles 
in association with food lipids in order to be 
absorbed. It appears that absorption takes 
place mainly in the small intestine, although 
it has been shown that it can also occur in the 

VITAMIN K

colon. It seems that phylloquinone absorption 
is an active process and occurs mainly in 
the small intestine, while menaquinone 
is absorbed by a passive process in the 
small intestine and colon. Digestibility of 
menaquinone is much greater than that 

Figure 15. Schematic representation of the 
different forms of vitamin K.
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Figure 16. Cascade of reactions involved in 
blood coagulation.

of phylloquinone. Griminger and Donis 
(1960) observed in rats that around 60% of 
the phylloquinone had been eliminated in 
feces 24 hours after ingestion, while in the 
case of menaquinone elimination was only 
11%. Retention in the liver, however, is much 
higher in the first case (Griminger and Donis, 
1960).

Vitamin K is necessary for synthesis of 
prothrombin, factor VII (proconvertin), 
factor IX, factor X and protein C in the liver 
and for the conversion of prothrombin to 
thrombin (Figure 16). Vitamin K acts as a 
coenzyme in the carboxylation process 
which gives rise to the formation of 
gamma-carboxyglutamic acid, to which 
calcium ions are linked prior to activation 
of prothrombin. Prothrombin is the inactive 
precursor of the enzyme thrombin which 
has the function of converting fibrinogen to 
fibrin, the principal compound responsible 
for blood clotting.

Some experimental data indicate that 
independently of its well-proven role in 
blood clotting, vitamin K could be linked to 
calcium metabolism (Kormann and Weiser, 
1984).

Deficiency symptoms

The main symptoms of vitamin K deficiency 
are the increase in blood coagulation time 
and anemia. 

Under normal conditions, deficiency 
symptoms occur infrequently, although 
there are some compounds with antivitamin 
activity, such as dicumarol, present in some 
plants, which can provoke symptoms. 
However, the administration of some 
antimicrobial agents in pig feed can cause 
an inhibition of vitamin K production by 
microbial flora, also causing deficiency 
symptoms. Finally, some mycotoxins can 
produce antivitamin K factors, causing 
deficiency symptoms (Osweiler, 1970). 

A characteristic symptom is the increase in 
coagulation time of the umbilical cord in 
piglets after birth. Other symptoms which 
occur are blood in the urine and subcutaneous 
hemorrhages.

Sources

Vitamin K1 is found in most vegetables, 
especially green ones. Dried alfalfa contains 
10 mg/kg vitamin K (phylloquinone) and 
cereals around 0.2-0.3 mg/kg (NRC, 1998). 
Foods of animal origin also contain vitamin 
K. Fish meal has a concentration of around 2 
mg/kg. Vitamin K2 is synthesized by bacteria 
of the digestive system, although there is 
some disagreement on the real importance 
of this synthesis in swine, since most 
production takes place in the large intestine, 
where there is the greatest microbial activity. 
In any case, if animals are in contact with 
feces, coprophagy is a very concentrated 
source of vitamin K.
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Recommendations

The NRC (1998) has established requirements 
as 0.5 mg menadione per kg feed for all 
ages and productive phases (Tables 1-3). 
No data have been published on vitamin 
K deficiency in pigs in good physiological 
condition and maintained in adequate 
production conditions. It is considered 
that microbial synthesis in the digestive 
system is sufficient to meet the needs of 
these animals. Nevertheless, when animals 
are produced in confined conditions, with 
little possibility of contact with feces, and 
particularly when animals are young and 
digestive flora are not well established, 
administration independent of the animal’s 
own production is recommended. In fact, the 
recent review by Fraga and Villamide (2000) 

on vitamin supply in vitamin and mineral 
premixes showed that most manufacturers 
choose to incorporate vitamin K in feed for 
pigs of all ages. Average concentration in 
piglet feed increases to 1.85 mg/kg feed, 
that is to say, some four times greater than 
the level recommended by the NRC. The 
range of variation between manufacturers 
of vitamin and mineral premixes for piglets 
fluctuates between 0 and 5 mg/kg. For 
growing pigs the average value is 0.67 
mg/kg (range 0-4 mg/kg) and for breeders, 
1.54 mg/kg (0-6 mg/kg). The coefficient 
of variation of this vitamin is among the 
highest. The situation in the US is different, 
since all manufacturers there always include 
vitamin K in the vitamin and mineral premix, 
average values being 3.58 mg/kg for piglets 
and 3.5 mg/kg for breeding animals. 

WATER-SOLUBLE VITAMINS

As their name indicates, water-soluble 
vitamins are soluble in water, so they are 
present in the plasma, cytoplasm and 
cellular organelles. Within this broad 
group of vitamins, two large groups may 
be differentiated: the so-called B complex 
(which includes thiamine, riboflavin, 
niacin, pantothenic acid, pyridoxine, 
cyanocobalamin, folacin and biotin) and 
ascorbic acid or vitamin C. The study of 
the B complex is difficult because the 
enzymes with which they are involved take 
an active part in cell metabolism, and they 
are interrelated in many ways, to the extent 
that individual recommendations are hard 
to establish. The genetic improvement 
achieved in recent years may affect the 
vitamin requirements recommended by 
the NRC (1998). These recommendations 
were based on experimental trials with 
animals which presented indications of 

growth less than those reached through 
current genetics and in accommodation 
very different from current housing. All this 
has caused nutritionists to decide on an 
increase in the supply of B group vitamins 
in feeds. A review carried out by McDowell,  
(2006) emphasizes the need to use higher 
vitamin levels due to diverse factors such 
as intensification of production, use of 
antimicrobials, the appearance of new 
diseases which compromize the animal’s 
immune system and also to provide 
adequate body reserves. The consumption 
of food enriched with these and other 
nutrients is a demand of the 21st century 
consumer.

In this study we will first carry out a detailed 
review of each vitamin, and then present an 
overview of requirements, although little 
information is available.
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THIAMINE (VITAMIN B1) 

Chemical structure and units

Thiamine is formed by one molecule of 
pyrimidine and one of thiazol linked by a 
methyl group. The presence of a hydroxyl 
(OH) group at one end allows it to form 
ester bonds with phosphoric acid, producing 
thiamine mono, di- or triphosphate. Most 
of the vitamin B1 in animal tissues is in 
the form of thiamine diphosphate, also 
known as thiamine pyrophosphate (TPP) or 
cocarboxylase.

Concentration and requirements of vitamin 
B1 are usually expressed in milligrams 
(mg).

This vitamin is highly soluble in water and 
sensitive to alkalis. Although it is quite stable 
in a dry state, thiamine tends to hydrate 
which, in practice, makes it deteriorate 
easily if not protected from contact with 
water.

Metabolism

The information available indicates that 
thiamine is highly bioavailable, being 
absorbed mainly in the duodenum. Although 
the mechanism of absorption is not known 
in detail, it is believed that it is by both active 
(mainly when it found in low concentrations) 
and passive diffusion. It has been shown that 
phosphorylation takes place in most tissues, 
although hepatic tissue seems to be the most 
important one.

In most species thiamine is not stored in 
tissues and reserves are depleted within a 
few days, so a continuous thiamine supply 
is required. For unknown reasons, however, 
tissue concentration in pigs is very high. 
Studies carried out more than five decades 
ago showed that as a result of this fact, pigs 
receiving feed lacking in thiamine can live 
for at least two months without showing 
signs of deficiency.

The main function of thiamine is to 
participate in the oxidative decarboxylation 
of α-keto acids. It participates, therefore, in 
the decarboxylation of pyruvate to acetate 
which then combines with coenzyme A 

and enters the tricarboxylic acid cycle 
to produce energy. It also participates in 
α-ketoglutaric decarboxylation to give place 
to succinyl coenzyme A, as well as in the 
pentose phosphate pathway (and therefore 
carries out an essential function in ribose 
synthesis, necessary in turn for formation 
of nucleotides) and in valine synthesis. 
Although a little-studied function, there is 
evidence of the intervention of thiamine in the 
physiology of the nervous system, probably 
through its involvement in the formation of 
neurotransmitters and transport of sodium, 
besides its well known involvement in 
the processes of obtaining energy by the 
neuron.

Deficiency symptoms

As in most cases, the symptoms of 
thiamine deficiency are quite unspecific 
and include loss of appetite (which can 
become extreme depending on the degree 
of deficiency involved), growth retardation, 
low body temperature, muscular weakness, 
progressive dysfunction of the nervous 
system and occasionally vomiting, breathing 
disorders and sudden death from heart 
failure. Inactivation of decarboxylise pyruvic 
acid leads to an accumulation of lactic acid 
and a drop in intracellular pH. As the acetyl 
coenzyme A is an important metabolite 
in fatty acid synthesis, deficiency reduces 
lipogenesis, or fat synthesis.

In Table IV we can see the principal clinical 
and subclinical symptoms of deficiencies 
of different vitamins (water-soluble and fat-
soluble).

Sources

Brewer’s yeast contains a large quantity of 
thiamine, as do cereals (usually between 3 
and 6 mg/kg), soy (up to 7 mg/kg for whole 
soy and around 1.5 mg/kg for soy cake), peas 
(2 mg/kg), etc. As the vitamin is generally 
concentrated in the germ and the aleurone 
layer, thiamine concentrations are usually 
higher in the by-products of these feedstuffs 
(bran 7-20 mg/kg). 
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Requirements and recommendations

Since thiamine is found in almost all 
feedstuffs, especially in cereal grains, it is 
unlikely that pigs suffer thiamine deficiency 
under practical conditions. According to 
the NRC (1998) a piglet of between 3 and 5 
kg requires 1.5 mg of vitamin B1 per kg of 
feed. In other cases (including breeders), 
recommendations are set at 1 mg/kg (Tables 
1-3). Bearing in mind the ready supply and 
availability of thiamine in almost all the 
primary materials used in pig nutrition, it may 
be thought unnecessary to include thiamine 
in feed for pigs. The NRC has however based 
these recommendations on studies geared 
exclusively to production parameters and 
carried out approximately half a century ago 
(Ellis and Madsen, 1944). 

More recently, it has been suggested that 
measurement of the activity of certain 
enzymes linked to the process of oxidative 
decarboxylation be used to establish 
thiamine requirements more precisely and 
improve enzyme activity. One of the enzymes 
proposed was erythrocyte transketolase. 
According to Peng and Heitman (1973) a 
concentration of approximately 4 times 
more than the amount proposed by the NRC 
(1998) is needed to obtain the maximum 
response in the activity of this enzyme. It 
has also been shown that a rise in ambient 
temperature from 20ºC to 35ºC causes an 
increase in thiamine requirements.

A relationship has also been described 
between thiamine requirement in pigs and 
the proportion of energy provided by fat and 

carbohydrates in feed. The higher the fat 
content of the ration, the less need there is 
for thiamine (Ellis and Madsen, 1944). 

In a recent experiment using different 
quantities of thiamine (between 200% and 
720% of the level recommended by the 
NRC) in feed for piglets weighing between 
10 and 27 kg, no significant effect was 
observed on production parameters or 
carcass composition (Figure 17) (Lutz et al., 
1999). Nevertheless this figure seems to 
show a certain tendency towards a quadratic 
response, with a maximum response 
between 4 and 5 mg/kg, although the 
anomalous behavior of one of the groups did 
not allow any significant effects to be seen. 
Nor did Woodworth et al. (2000) find any 
effects when comparing groups of piglets 
fed without added thiamine to others which 
received feed including 2.8 and 5.5 mg/kg.

In a recent review which studied the actual 
situation in Spanish industry, Fraga and 
Villamide (2000) found that while some 
vitamin and mineral premixes did not include 
thiamine (in any of the phases), others 
included a quantity up to 3 times higher 
than that recommended by the NRC (1998). 
In accordance with the composition and 
inclusion level of the vitamin and mineral 
premix, the average value of thiamine 
supplied by the vitamin and mineral premix 
in feed for piglets, growers and breeders in 
Spain is 1.5, 0.8 and 0.7 mg/kg, respectively. 
In a review carried out in the USA a similar 
situation is described, where some vitamin 
and mineral premixes do not include 
thiamine and others (mainly for piglets and 

Principal Clinical Symptom Principal Sub-Clinical Symptom

Thiamine
Epileptic convulsions Iron in plasma high

Analytic disturbance in urine

Vitamin B12
Retarded growth Low levels of B12 in plasma

Irritability Low lymphatic count

Born small and weak Enlarged liver

Choline
Piglets born with spraddle legs Fatty liver

Splay Leg Renal necrosis

Folic Acid Retarded growth Normocytic anemia

Biotin
Dermatitis

Foot lesions

Table IV. Main clinical symptoms of vitamin deficiencies
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breeders) follow the recommendations by 
the NRC. Average values in this case for 
piglets, growers, finishers and breeders are 
0.8, 0.4, 0.6 and 2.9 mg/kg of feed. There is an 
interesting difference between the situations 
described in the US and Spain, mainly 
regarding piglets and breeders. Audet et al. 

(2004) found a significant increase of motility 
in seminal cells and a positive tendency in 
sperm production in boars fed with 20 mg/
kg of feed, coupled with higher levels of the 
remaining B group vitamins (biotin, B12, B6, 
folic acid, niacin, riboflavin, pantothenic acid 
and choline).

Chemical structure and units

Vitamin B2, or riboflavin, is composed of a 
dimethylisoalloxazine nucleus combined 
with ribitol. 

It is a water-soluble substance of a yellow 
color. It is stable to heat in a neutral or acid 
medium. In aqueous solution it is sensitive 
to visible and ultraviolet light. This can be an 
important factor when pigs are given liquid 
feed. 

Metabolism

Vitamin B2 or riboflavin combines with 
phosphoric acid to form two coenzymes, 
flavin mononucleotide (FMN) and flavin 
adenine dinucleotide (FAD). These coenzymes 
are part of a prosthetic group of denominated 
flavoproteins which are involved in metabolic 
utilization of carbohydrates, specifically in 
intermediate steps in which the involvement 
of electrons is necessary in biological 
oxidation-reduction reactions. 

RIBOFLAVIN (VITAMIN B2)

Riboflavin is absorbed in free form. For this 
reason, when found in a covalent bond with 
proteins in food, it must be released by 
digestive proteases, just as phosphorylated 
forms must be released by phosphatases. 
Free riboflavin is absorbed very efficiently 
throughout the small intestine of the pig. 
If it is found at a low concentration in 
feed, absorption takes place actively and 
involves energy consumption, while if the 
concentration in feed is high it is absorbed 
by passive diffusion. Inside the intestinal 
mucous membrane riboflavin phosphorylates 
to FMN, then passes to plasma where it is 
transported bound to albumin. In the liver it 
can be converted to FAD.

In animals there is very little accumulation of 
vitamin B2, most of it being in the liver.

There is a close relationship between 
riboflavin and niacin, because flavoproteins 
can accept hydrogen ions from nicotinamide 
adenine dinucleotide (NAD) or nicotinamide 

Figure 17. Effect of the supply of thiamine at concentrations above those recommended by 
the NRC in piglets on weight gain (Lutz et al., 1999).
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adenine dinucleotide phosphate (NADP).
Besides its essential function in the metabolic 
utilization of carbohydrates, riboflavin also 
participates in the processes of oxidation of 
amino acids and fatty acids.

It has been possible to observe that uterine 
flow during the first moments of gestation 
contains a high riboflavin concentration 
and that this concentration varies with the 
supply of this vitamin in the ration (Bazer 
and Zavy, 1988). The specific reasons for this 
high concentration remain to be identified. 
Pettigrew et al. (1996) observed that 
cyanocobalamin must perform an essential 
function in the initial moments of gestation, 
metabolically adapting the uterine tissue.

Deficiency symptoms

Signs of lack of vitamin B2 in pigs are quite 
unspecific and usually involve the tissues 
and functions which are most dependent 
on energy from carbohydrates: epithelial 
and nervous tissue and functions related to 
reproduction. Signs usually include loss of 
appetite, growth retardation, poorer feed 
conversion, vomiting, dermatitis, alopecia, 
inflammation of anal mucosa, etc. A decrease 
in consumption of up to 30% has been 
described in sows consuming feeds which 
contained low levels of riboflavin (Frank et 
al., 1988).

Riboflavin deficiency has a negative effect 
on reproduction with anoestrus, embryonic 
death and reabsorption, birth of weak piglets 
which die in the first 48 hours, edema in 
piglets, premature birth (up to 2 weeks), 
litters without hair, etc. (Esch et al., 1981; 
Pettigrew et al., 1996).

In the last few years, it has been observed 
that riboflavin deficiency can affect the 
reproductive system of young sows.

Sources

Vitamin B2 is abundant in green vegetables 
(alfalfa 15 mg/kg), yeast, fungi and most 
bacteria (except lactobacilli) and products of 
animal origin (buttermilk 28 mg/kg, fishmeal 
between 5 and 10 mg/kg). 

Riboflavin is present at a low concentration 
in cereals (between 1.0 and 1.4 mg/kg, except 

for sorghum and rice, which contain up to 
4 mg/kg). For this reason special attention 
must be paid to this vitamin when large 
quantities of cereals are included in pig feed. 
Cereal by-products contain slightly higher 
amounts (for example, wheat bran contains 
approximately 3 mg/kg). 

Concentrates of vegetable protein generally 
contain appreciable amounts (whole soy 2.6 
mg/kg, soy cake 3.0-4.0 mg/kg, sunflower 
meal 7 mg/kg, peanut 6 mg/kg).

However, there is little information on the 
availability of riboflavin, although Chung and 
Baker (1990) have calculated that in chickens 
fed a conventional feed, based mainly on 
corn and soy, availability is less than 60%. It 
can be assumed that the situation is similar 
in swine (at least for young animals). 

Riboflavin is one of the most stable vitamins, 
but, as previously shown, it is very sensitive 
to light (especially ultraviolet light). For 
this reason, conditions of processing and 
storage may represent important losses if 
exposure to sunlight is not limited. Table V 
shows a summary of the content of water-
soluble vitamins in the raw materials most 
frequently used in pig feed.

Requirements and recommendations

According to the NRC (1998) the riboflavin 
requirement of pigs between 3 and 5 kg 
is 4 mg/kg; between 5 and 10 kg, 3.5 mg; 
between 10 and 20 kg, 3 mg; between 20 and 
50 kg, 2.5 mg and from then just 2 mg/kg. In 
breeders, requirements are 3.75 mg/kg in all 
cases (Tables 1-3). As previously indicated, 
these recommendations were established 
years ago and recent work by Monahan et 
al. (2007) has demonstrated that using levels 
of riboflavin in conjunction with niacin, 
pantothenic acid and vitamin B12 which are 
100% higher than those recommended by 
the NRC (1998) produces improvements 
in growth of pigs in the starter and growth 
phases but not in the final period (85-
120 kg). In the study, carried out with 660 
animals, a quadratic response was obtained 
on the inclusion of levels one, two or four 
times as high as those indicated by the NRC 
(Figure 18), although the use of three or four 
times NRC levels did not bring a significant 
response over an addition of double the 
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Thiamine
mg/kg

Riboflavin
mg/kg

Niacin
mg/kg

Pantothenic 
Acid

mg/kg

B6
mg/kg

B12
ug/g

Folic 
Acid

mg/kg

Biotin
mg/kgRaw 

Materials

Cereals 3–6 1–4 20–60 5–15 3.6 0.4 0.2

Cereal by-products 7–20 300 18–30 1.8 0.1

Whole soy 7 2.6 20–60 3.5 0.3

Soy cake 2 3–4 15 0.5 0.3

Sunflower meal 7 200 10 1.6

Peanut meal 6
150–
220

47 0.4

Peas 2 5 0.2

Alfalfa 15 30 4.5 0.3

Animal proteins 
(blood, bloodmeal)

28 500 1 0.1

Fishmeal 5–10 50–150 10–20 4.0 0.2 0.3

Brewer's yeast 33

Yeast, fungi and 
microorganisms

28
100–
400

Dairy by-products 20–45 0.4

Table V. Levels of water-soluble vitamins in raw materials commonly used in pig diets 
(FEDNA, 2003).

recommendations estimated by the NRC 
(1998).

Considering the variability of both content 
and availablility of riboflavin in most feed 
ingredients, it seems advisable to include a 
quantity of riboflavin in feed to complement 
the supply in the feed ingredients, especially 
for young animals and probably for breeder 
sows. 

Some authors have found including higher 
quantities of riboflavin (between 60 and 
160 mg/day) in the early stages of gestation 
to have a positive effect on the number 
of piglets born (Bazer and Zavy, 1988, 
Pettigrew et al., 1996), and this effect is most 
marked in farms with poor reproductive 
performance. Including higher levels of 
riboflavin (between 175% and 300% greater 
than NRC recommendations) in feed for 
piglets (between 10 and 27 kg) has also been 
observed to have a significant effect (Lutz and 
Stahly, 1998). Additional weight gain in this 
period may be calculated as around 6 g per 
piglet per day per mg riboflavin included in 

feed, with a linear response being observed 
(p < 0.05) (Figure 19). 

In the review by Fraga and Villamide (2000) 
on the composition of vitamin and mineral 
premixes used for swine in Spain, they found 
that riboflavin was included in all cases. The 
average inclusion for piglets (expressed as 
mg/kg of feed) was 5.9 mg/kg (with a range 
of variation between 1.0 and 10.1 mg/kg), 
for growers 3.35 mg/kg (range 0.5-8.0) and 
breeders 4.25 mg/kg (range 2.9-10). In the 
US Coelho (2000) found average values 
of 8.4 mg/kg for piglets, 5.4 and 3.8 mg/kg 
respectively, in growers and finishers and 7.8 
mg/kg in gestation. The difference between 
inclusion levels of riboflavin in these two 
countries is surprising – the level in the USA 
is between 40% and 80% higher than that in 
Spain – since the difference in composition 
of feed ingredients used in feed does not 
appear to justify such a wide variation. The 
study by Mahan et al. (2007) places value 
on the possibility of reducing the inclusion 
levels of riboflavin in the period from 85 to 
120 kg liveweight.
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Figure 18. Average daily gain in a pig (25-120 kg) according to the level of incorporation of B 
group vitamins in feed (Mahan et al., 2007).

Figure 19. Effect of the supply of riboflavin at concentrations above those recommended by 
the NRC in piglets on protein and fat deposition, and on weight gain 
(Lutz and Stahly, 1998).
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Chemical structure and units

Nicotinic acid (or pyridine-3-carboxylic acid) 
alters in the animal’s body to an amide 
(nicotinamide), which is the active form 
of the vitamin. As conversion takes place 
easily and very efficiently, it is considered 
that both forms possess the same vitamin 
activity. Frequently, the term niacin is used 
for both the free acid form and the amide 
form. Niacin content in feed and niacin 
requirements is usually expressed in mg per 
kg feed. Niacin is also known as vitamin PP 
(pellagra preventive) or, less frequently, as 
vitamin B3. 

Metabolism

Nicotinic acid and nicotinamide are 
absorbed without difficulty in the stomach 
and small intestine. Absorption is deemed 
complete when they are not in the combined 
form. If nicotinic acid is absorbed it can 
convert to the amide form in intestinal 
mucosa. Nicotinamide is carried by red 
blood corpuscles, thus reaching various 
tissues where it is incorporated into the 
corresponding coenzymes. Its preferred 
target is hepatic tissue, although it is also 
found at high concentrations in the kidney 
and in adipose tissue. Niacin is not stored in 
the animal’s body.

Niacin and its metabolites are excreted in 
urine, where nicotinic acid and nicotinamide 
can be found (principally when the animal 
receives large quantities which are excreted 
unabsorbed), as well as metabolites 
(methylated or oxidized derivatives). 

Nicotinamide is found in the animal’s 
body forming part of the active group of 
nicotinamide adenine dinucleotide (NAD) 
and nicotinamide adenine dinucleotide 
phosphate (NADP). These coenzymes are 
hydrogen donors and therefore carry out 
an essential function in oxidation-reduction 
reactions. They are involved in many 
biochemical processes, especially those 
linked to energy supply to the cell, the most 
important of these being glycolysis, the 
tricarboxylic acid (or Krebs) cycle, synthesis 
and catabolism of glycerol, synthesis and 

NIACIN

beta-oxidation of fatty acids, synthesis and 
oxidation of amino acids, etc.

Deficiency symptoms

Niacin deficiency produces a marked 
change in metabolism, and manifests itself 
particularly in the skin (dermatitis, hair loss) 
and in digestive organs (inflammation, 
necrotic ulcers, occasionally diarrhea, etc.). 
As in most cases, unspecific signs are also 
observed, such as growth retardation or loss 
of appetite. 

Most rations for pigs have sufficient quantities 
of niacin to prevent deficiency signs. 

Sources

It has been demonstrated experimentally that 
the pig can convert tryptophan to nicotinic 
acid, albeit inefficiently. The capacity to carry 
out this conversion depends mainly on the 
activity of a hepatic carboxyl which acts 
specifically on picolinic acid, such that the 
greater the activity of this enzyme the lower 
the capacity to obtain niacin from tryptophan. 
Its activity in pigs is markedly greater than 
in rats, humans or chickens, so the capacity 
to produce niacin is proportionally small. 
According to studies by Firth and Johnson 
(1956) around 50 mg of tryptophan is needed 
to produce 1 mg of niacin. As a result it is 
usually considered necessary to add niacin 
to feed for pigs.

Good sources of niacin are fishmeal (50-150 
mg/kg), yeast and peanut meal (150-200 mg/
kg), sunflower meal (>200 mg/kg) and soy 
meal (20-60 mg/kg), although around 40% 
of the niacin in oilseeds is in a combined 
form which cannot be utilized by pigs. 
Although cereals and their derivatives show 
an appreciable niacin content (for example 
wheat or corn, around 60 and 20 mg, 
respectively, wheat bran up to 300 mg/kg), 
less than 30% of this niacin can usually be 
obtained by pigs so it is common in practice 
to ignore its contribution. 

Nicotinic acid and nicotinamide are both 
very resistant to heat, air, light, acids, alkalis 
and oxidation.
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Requirements and recommendations

According to the NRC (1998) piglets 
weighing between 3 and 5 kg require 20 
mg niacin per kg feed. Within the weight 
range of 5 to 10 kg the requirement is 15 
mg, within 10 to 20 kg it is 12.5 mg, within 
20 to 50 kg it is 10 mg and above that it is 
7 mg. For breeders the recommendation is 
10 mg/kg of feed in all cases (Tables 1-3). 
These requirements may be considered 
low in comparison with the supply usually 
provided by the ingredients used in feed 
formulation for pigs and the possibility of 
obtaining niacin from tryptophan, which 
could suggest that inclusion of niacin is not 
necessary. Nevertheless, the little niacin 
available in most feed materials, the low 
tryptophan content in feeds (an amino 
acid which may represent a high marginal 
cost), the fact that these requirements are 
calculated for low production genotypes 
with higher consumption than modern ones 
and the great variety of factors which can 
lead to a higher niacin requirement mean 
that in practice niacin is included in the 
vitamin and mineral premix. 

In an experiment (Lutz et al., 1999) it was 
observed that the inclusion of niacin in 
feed for piglets (between 10 and 27 kg) at a 
concentration up to 3 times higher than levels 
recommended by the NRC (1998) has no 
positive effect on growth, the accumulation 
of protein or that of fat. 

In the review by Fraga and Villamide (2000) all 
the pig vitamin and mineral premixes studied 
in Spain included niacin. The same authors 
found an average value in the vitamin and 
mineral premixes studied (expressed per kg 
of feed) for piglets of 33 mg (range between 
8.3 and 75, with a coefficient of variation of 
52%), for fatteners of 15.5 mg (range of 7.5 
to 30 and a coefficient of variation of 30%) 
and for breeders of 21 mg (range 10-30, 
21% CV), i.e. a value around 70% higher for 
piglets and fatteners and up to twice as high 
for breeders as the values recommended by 
the NRC (1998). Coelho (2000), using data 
obtained in the US, found an average value 
of niacin in feeds for piglets of 46 mg/kg (37% 
CV), and in feeds for fatteners and finishers 
of 29 (28% CV) and 22 (41% CV) mg/kg, 
respectively. In breeders the average value 
was 42 mg/kg (30% CV). The higher niacin 
concentration in feeds used in the US than 
those in Spain is striking. It is also significant 
that in both cases the niacin concentration 
in feed for piglets is approximately twice 
as much as that in feeds for growers and 
fatteners, which is partly explained by the 
inability of the piglet to convert tryptophan 
to niacin (Firth and Johnson, 1956). 

The work of Real et al. (2002), with a range of 
13-55 mg/kg, may optimize the relationship 
between weight gain and feed consumption. 
These investigators also observed a tendency 
to improvement in meat quality with lower 
drip loss, and better color and pH.

PANTOTHENIC ACID

Chemical structure and units

Chemically, pantothenic acid is the 
amide of pantoic acid with beta-alanine: 
3-[(2,4-dihydroxy-3, 3-dimethyl-1-oxobutyl) 
amino]propanoic acid. It is sometimes 
identified as vitamin B5.

The form in which is marketed for animal 
feed is calcium D-pantothenate which has an 
activity equivalent to 92% of the free form. 
The racemic form (dl) exhibits only 46% 
activity. Requirements and concentrations in 
feed are usually expressed in units of mass 
(mg).

Metabolism 

Pantothenic acid is normally found in bound 
form in feed for pigs (mainly as CoA), so it 
must be released to be absorbed. Relatively 
little is known about this process, nor about 
the manner and site of absorption, although 
it is believed to be by diffusion. Some 
studies in humans indicate that availability 
of pantothenic acid is between 40 and 60%. 
In tissues it converts to CoA and other 
compounds. 

As with the other vitamins of the B complex, 
accumulation of pantothenic acid is very 
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limited and is found mainly in the liver.

Pantothenic acid is part of coenzyme A 
(CoA) and of acyl carrier protein groups 
(ACP). In both cases it plays an essential 
role in the transfer of acyl groups. CoA 
participates in many acylation reactions 
(choline formation, para-aminobenzoic acid, 
etc.), synthesis (fatty acids, cholesterol, 
sphingosine, porphyrins, sterols, etc.) 
and oxidation (fatty acids, pyruvate, etc.), 
and therefore has a key role in metabolic 
regulation. ACP participates in fatty acid 
synthesis. Chemically, CoA is 3-phospho-
adenosine-5-diphospho-pantothene.

Deficiency symptoms

Owing to its involvement in multiple 
biochemical processes, inadequate intake 
of pantothenic acid causes a series of 
unspecific signs and symptoms which 
include growth retardation, reduced 
appetite, diarrhea, hair loss, dermatitis, 
loss of immune response capacity, etc. In 
gestating and lactating sows, fatty liver 
has been observed as well as enlargement 
of the adrenal glands, hemorrhages, rectal 
congestion, atrophy of ovaries and reduced 
estrogen and progesterone synthesis, 
leading to uterine atrophy. Even with 
moderate deficiency, fertility decreases and 
embryonic development is compromized. 
As has been pointed out for other B group 
vitamins involved in the process of obtaining 
energy (especially from glucose), deficiency 
also shows in nervous degeneration, the 
characteristic “goose step”, as well as the 
effects on epithelial tissue and functions 
linked to reproduction. 

Pantothenic acid deficiency is rare in practice 
although pigs bred in intensive conditions 
may occasionally present some of these 
symptoms.

Sources

This vitamin is very abundant as is suggested 
by its name, which derives from the Greek 
pantothen (from every side). 

Concentration in cereals is around 10 mg/
kg, ranging from 5-6 mg in corn to 15 mg 
in oats. According to Southern and Baker 
(1981), availability of pantothenic acid in 

barley, wheat and soy is high, but it is much 
lower in sorghum. By-products of cereals 
generally have a much higher concentration 
(rice bran 22 mg/kg, wheat bran 18-30 mg/
kg, etc.), although it has not been possible to 
find information on its availability.

Amounts in vegetable protein concentrates 
vary. While peanut meal contains 47 mg/kg, 
soy and linseed contain around 15 mg and 
sunflower only 10 mg/kg. Legumes have a 
lower concentration (peas, 5 mg/kg). The 
concentration in milk by-products is between 
20 and 45 mg/kg and in fishmeal between 10 
and 20 mg/kg. Finally, the concentration in 
fibrous foods such as alfalfa is around 30 
mg/kg.

Requirements and recommendations

That pantothenic acid is found “everywhere” 
(in nearly all feeds) is frequently equated with 
“being very abundant”, even in some works 
on animal nutrition. This is incorrect because 
it is frequently found in concentrations which 
are inadequate to achieve high production or 
even to avoid deficiency symptoms.

According to the NRC (1998), the minimum 
requirement for a piglet of 3 to 5 kg is 12 mg/
kg, and reduces progressively for weights up 
to 50 kg; the recommendation for this weight 
upwards is 7 mg/kg of feed. For breeders, 
the established recommendation is 12 mg/
kg (Tables 1-3). Groesbeck et al. (2007) 
carried out a very interesting experiment 
intended to explain previous findings which 
pointed at a relationship between levels of 
pantothenic acid and meat quality (Stahly 
and Lutz, 2001); it also includes ractopamine-
HCl showing that the improvements this 
compound produces in growth should be 
associated with higher levels of pantothenic 
acid in the ration. 

The review by Fraga and Villamide (2000) 
shows that in Spain the average concentration 
of pantothenic acid provided in the vitamin 
and mineral premix is 15.6 mg/kg for piglets, 
9 mg/kg for growers and finishers and 12 
mg/kg for breeders. Pantothenic acid was 
included in all the vitamin and mineral 
premixes studied by these authors. Coelho 
(2000) found that in the US the average 
concentration provided in the vitamin and 
mineral premix in feed for piglets, growers, 
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PYRIDOXINE (VITAMIN B6)

Chemical structure and units

The term vitamin B6 includes three 
compounds with vitamin activity that are 
characterized by a common structure: 
3-hydroxy-2-methylpyridine. The three forms 
correspond to alcohol derivatives (pyridoxol 
or pyridoxine), aldehyde (pyridoxal) and 
amine (pyridoxamine). These three forms 
are inter-convertible in the animal’s body, the 
main active form being pyridoxal phosphate, 
followed by pyridoxamine phosphate. 

Vitamin B6 is fairly stable to heat and resistant 
to acids and alkalis, but it is sensitive to 
exposure to light.

Metabolism

The three compounds with vitamin B6 
activity are absorbed in dephosphorylated 
form in the small intestine, being carried to 
the liver by enterohepatic circulation, where 
they convert mainly to pyridoxal phosphate. 
Both niacin and vitamin B2 participate in this 
conversion.

Excretion is by way of urine, principally 
through its derivative acid.

Vitamin B6 participates as a coenzyme 
in nearly all reactions related to amino 
acid metabolism, including absorption, 
transamination, decarboxylation, deamination 
and synthesis of amino acids. It plays a key 
role in the interconversion of amino acids 
from food and from protein catabolism in 
substrate necessary for protein synthesis. 
More than 50 enzymes have been identified 
which use vitamin B6 as coenzyme and 
intensive work is being done to determine 
the mechanisms which relate this vitamin 
with the formation of imines (Sonnet et al., 
2008).

As part of its role in amino acid metabolism, 
vitamin B6 participates in conversion of 
tryptophan to niacin, which once again 
suggests the close relationship between 

different vitamins of the B complex, and 
probably an association in the requirements 
of some of them. Vitamin B6 is also 
involved in the formation of adrenaline 
and noradrenaline from phenylalanine 
and tyrosine, in the transmethylation of 
methionine, and in the incorporation of 
iron into the heme group of hemoglobin 
and myoglobin. On the other hand, there is 
evidence to suggest a role of vitamin B6 in 
the conversion of linoleic acid to arachidonic 
acid and in the formation of antibodies.

Deficiency symptoms

Vitamin B6 deficiency gives rise to a series 
of unspecific signs including appetite loss, 
growth retardation, dermatitis, hair loss, 
convulsions and anemia. Given its leading 
role in amino acid metabolism, deficiency in 
this vitamin is associated with a decreased 
capacity to utilize protein, with a marked 
drop in the nitrogen balance. 

In practice problems of vitamin B6 deficiency 
are uncommon, due to its abundance in most 
ingredients used in swine nutrition.

Sources

Vitamin B6 is found in most of the ingredients 
used in swine nutrition, especially in 
products derived from fish (around 4 mg/kg) 
and cereals (barley 3 mg/kg, corn around 6 
mg/kg, sorghum 3 mg/kg, oats 1 mg/kg). 

Requirements and recommendations

According to the NRC (1998) the minimum 
requirements for vitamin B6 in pigs 
weighing between 3 and 5, 5 and 20, and 
over 20 kg (including breeders) are 2, 1.5 
and 1 mg/kg, respectively (Tables I - III). If 
the concentration in most feed ingredients 
for pigs is taken into account, it might not 
be thought necessary to include additional 
supplies of vitamin B6. Indeed, in studies 
carried out more than 50 years ago, Ritchie 
et al. (1960) did not find an improvement 

finishers and gestating pigs was 27, 18, 15 
and 25 mg/kg, respectively. Once again, the 

differences between the situation in the US 
and Spain are striking.
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in reproductive indicators or in the growth 
of suckling piglets as a consequence of 
including 10 mg/kg of vitamin B6 in breeder 
sows. But nor did Easter et al. (1983) find 
appreciable benefits when they stopped 
including vitamin B6 in feed based on 
soy and corn for piglets or growers and 
fatteners. All this has led to the suggestion 
that this is one of the vitamins for which in 
practice it is least probable that deficiency 
problems will arise. 

Nevertheless, the fact that deficiency 
symptoms are infrequent does not 
necessarily mean that it is not useful to 
include quantities beyond those supplied 
in ingredients. On the one hand it should 
not be forgotten that losses of up to 70% in 
the concentration of this vitamin have been 
described as a consequence of the handling 
of feedstuffs during preparation and storage 
of feeds. On the other hand, information on 
the availability of this vitamin in different 
feed ingredients is incomplete, although 
there is evidence that it is not always 
equally available. According to a report by 
Hoffmann-La OVN (1979), availability of 
vitamin B6 in corn and soy is between 45 
and 65%. 

However, the experiment by Easter et al. 
(1983) showed that the inclusion of 1 mg/
kg pyridoxine in feeds for sows produces 
an improvement in litter size at birth 
and weaning. More recently, Russel et 
al. (1985) found significant differences 
in transaminase enzyme activity in red 
corpuscles and muscular tissue depending 
on the level of vitamin B6 included in the 
feed, such that activity (and therefore 
transaminase capacity) increased 
considerably when higher levels were 
included. These experiments show that the 
capacity for amino acid interconversion 
can be modulated according to the level 
of vitamin B6 included in the feed and that 
it might, therefore, be useful to include 
additional amounts depending on the total 
quantity of protein in feed and the amino 
acid imbalance. According to the results of 
these authors the minimum requirement 
for proper transaminase activity in gilts is 
achieved when feed provides at least 2.1 
mg of vitamin B6 per day. 

In piglets, weaning brings an abrupt change 

in the supply and balance of amino acids that 
they receive, as it is impossible to formulate 
feeds with an amino acid profile as perfectly 
balanced in essential and non-essential 
amino acids as milk. In humans, it has been 
shown that weaning involves a considerable 
increase in vitamin B6 requirements 
due to the need to modify amino acids 
(Bender, 1999). However, the vitamin B6 
concentration in milk is so low (around 
0.4 mg/l) (Benedikt et al., 1996) that it can 
barely meet half of the requirement (Matte 
et al., 2001). In consequence, the vitamin B6 
concentration in weaned piglets is reduced 
and the requirement is high. In a recent 
study, Matte et al. (2001) have described 
how administering 7.7 mg/kg vitamin B6 
to piglets weaned at 2 weeks (almost five 
times the amount recommended by the 
NRC) is sufficient to avoid the appearance 
of deficiency symptoms, but not to raise 
the pyridoxal-5-phosphate concentration in 
erythrocytes to within the optimum range, 
suggesting that an even higher supply is 
necessary (which they calculate as 20 times 
the recommendation of the NRC). Woodworth 
et al. (2000) also found a positive effect of 
fortifying feed for piglets with vitamin B6 (3.9 
and 7.7 mg/kg). 

In practice, the inclusion of vitamin B6 in 
feed reflects the discrepancies mentioned. 
The recent review by Fraga and Villamide 
(2000) on the composition of vitamin and 
mineral premixes in feed for pigs in Spain 
found that some manufacturers inclined 
towards not including vitamin B6 at all in 
any of the commercial feeds for different 
ages and production types, while the great 
majority did do so, reaching an average 
concentration of 2.4, 1.0 and 1.7 mg/kg 
feed for piglets, growers and breeders, 
respectively. Coelho (2000) describes a 
similar situation in the US, where some 
vitamin and mineral premix manufacturers 
did not include vitamin B6 either. The 
average values in this case are 1.2, 0.4, 0.9 
and 1.2 mg/kg for piglets, growers, finishers 
and breeders, respectively. 

In both reviews the coefficients of variation 
for this vitamin are among the highest, 
being between 54% and 82% in Spain and 
between 96% and 180% in the US, which 
indicates the great diversity of opinion. One 
possible explanation for the discrepancies 
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in current information might be the different 
effects of vitamin B6 depending on its 
quantity and availability in the different feed 
ingredients used in formulation, as well as 
possible different effects of supplementation 
depending on the level of protein included 

VITAMIN B12

Chemical structure and units

Vitamin B12 has a very complex structure 
which includes a corrin nucleus (itself 
containing four rings) with a cobalt atom 
in the center, in a layout reminiscent of 
the heme group. When there is a cyanide 
group bound to cobalt it is referred to as 
cyanocobalamin. Nevertheless, there are 
other compounds with vitamin B12 activity 
such as hydroxycobalamin. 

The reference product is cyanocobalamin, 
and requirements and concentrations are 
expressed in units of mass (usually µg per 
kg).

Metabolism

Vitamin B12 is absorbed in the ileum by a 
complex mechanism which first requires the 
release of the vitamin (which is frequently 
found in a protein matrix) by the action of 
digestive proteases (mainly trypsin). Also, 
although it has not been demonstrated in 
swine, it is believed that for released vitamin 
B12 to be absorbed, it has to be bound to a 
specific glycoprotein which is synthesized in 
the lining of the stomach, known as “intrinsic 
factor”. It is also known that pyridoxine and 
iron deficiency, as well as the presence of 
tannins, have negative effects on vitamin B12 
absorption. 

In the animal’s body two coenzymes are 
formed from vitamin B12; methylcobalamin 
(which is a carrier enzyme of methyl groups) 
and adenosylcobalamin (which carries 
hydrogen). Vitamin B12 coenzymes catalyze 
in three types of reaction: 1) intramolecular 
reordination, by the exchange of two chemical 
groups bound to two contiguous atoms of 
carbon, 2) methylation (as in methionine 
synthesis) and 3) reduction of ribonucleotides 
to deoxyribonucleotides (Stryer, 1996). For 
this reason vitamin B12 is involved in many 

functions that include purine and pyrimidine 
synthesis (therefore intervening actively 
in nucleic acid metabolism), transfer of 
methyl groups (intervening in the formation 
of methionine, folic acid, etc.), protein 
synthesis from amino acids and metabolism 
of fats and carbohydrates. The important 
role it plays in the transfer of methyl groups 
means that there is a close relationship 
between the metabolism and vitamin B12 
and folacin requirements (Matte et al., 2006). 
Also for this reason it is linked to choline and 
methionine metabolism and requirements. 
Erythrocyte synthesis and maintenance of 
the integrity of the nervous system stand out 
among the many functions that are affected 
by, and regulate, this vitamin, since it is in 
these functions that deficiency symptoms 
first present themselves. 

There have also been various studies in recent 
years which demonstrate the importance of 
vitamin B12 in reproduction (McDowell, 2000), 
its role as limiting factor for the effect of folic 
acid in the prevention of malformations (Guay 
et al., 2002) and the differences between gilts 
and sows with several litters, since sows with 
their first litters have lower levels of vitamin 
B12 in their tissues than other breeder sows 
(Matte et al., 2006).

Deficiency symptoms

The problems of vitamin B12 deficiency are 
much more frequent in young animals than in 
adults, whose intestinal flora can synthesize 
an important part of the requirements in the 
duodenum and jejunum, before absorption in 
the ileum. Nevertheless, the need for cobalt, 
which enables microorganisms to synthesize 
this vitamin, must be emphasized, as well as 
the possible effect of the design of the farm 
and the possibility of the pig having contact 
with feces.

in the feed – it is likely that the benefits of 
additional vitamin B6 increase as the protein 
included increases above the required 
level – or the imbalance in amino acids (for 
example, methionine).
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The most frequent signs of deficiency are 
growth retardation, dermatitis, poor hair 
condition, anemia and high mortality. 
Growth retardation is attributed essentially 
to a difficulty in protein synthesis and not 
to a problem related to energy metabolism, 
as occurs with other B complex vitamins. 
Nervous signs are also frequently apparent, 
characterized by uncoordinated movement, 
which mainly affects the hind legs.

Sources

In practice, the only natural sources of 
vitamin B12 are feed ingredients of animal 
origin or microorganisms. In fact, it is 
considered that the small quantities of this 
vitamin which are found in some foods of 
vegetable origin are probably due to the 
presence of microorganisms.

The concentration in fishmeal can reach 
more than 500 µg/kg, but in by-products 
of the dairy industry it is much lower (for 
example, in whey it barely reaches 10 µg/
kg). It is important to point out the high 
variability in the concentration of this vitamin 
in the feedstuffs indicated. In meat meal, the 
concentration is around 100 µg, while in 
bloodmeal it exceeds 400 µg/kg.

As has been pointed out, there is endogenous 
production of vitamin B12 by microorganisms 
in the digestive tract of pigs, although this is 
difficult to quantify. 

Requirements and recommendations

According to the NRC (1998) pigs between 
3 and 5 kg need at least 20 µg/kg of feed; 
between 5 and 10 kg, 17.5 µg; between 10 
and 20, 15 µg; between 20 and 50 kg, 10 
µg and from then on only 5 µg. In breeders 
requirements are 15 µg/kg in all cases (Tables 
1-3). These concentrations are lower than 
those found by Fraga and Villamide in Spain 
(average values of 30, 20 and 22 µg/kg in 
piglets, growers and breeders, respectively) 
and Coelho (2000) (37, 24, 19 and 34 µg/kg 
in piglets, growers, finishers and gestating 
sows, respectively) (Tables 1-3). In both 
cases, all vitamin and mineral premixes 
incorporated vitamin B12. 

Although there is some evidence that 
the inclusion of vitamin B12 at much 
higher concentrations than the minimum 
recommended by the NRC (1998) may be 
useful, it is not substantial enough due to 
the complexity of the processes in which this 
vitamin is involved, endogenous production 
and accumulation in the liver. In this respect, 
the studies carried out by Teague and Griffo 
(1966) more than 40 years ago indicated 
that the inclusion of raised levels of vitamin 
B12 in feed for sows had a positive effect on 
the number and weight of weaned pigs, but 
that this effect was only appreciable from 
the third litter onwards if supplementation 
continued uninterrupted.

In indoor production conditions, in 
accommodation where contact with feces 
is limited, special attention should be 
paid to this vitamin because there are few 
ways of correcting an inadequate supply. 
Taking into account the improved sanitary 
conditions of operations, it seems advisable 
to ignore supplies of vitamin B12 from pig 
flora and feces in order to avoid deficiency. 
The problem arises precisely when trying to 
establish these requirements with accuracy. 
Simard et al. (2007), in a study with gilts, have 
related the optimization of the reproductive 
function in sows with concentrations of 
B12 and homocysteine. As can be seen 
(Figure 20), an optimum maximum of B12 
is produced by administering 164 µg/kg of 
feed and a minimum of homocysteine with 
concentrations of 93 µg of cyanocobalamin/
kg of feed.

Furthermore, any aspect that may affect 
intestinal flora (parasites, antimicrobial 
agents, etc.) can have a negative effect on 
endogenous production of vitamin B12. 

Health problems derived from the use of 
feed of animal origin and their legal and 
commercial implications mean that it is 
probably advisable to increase the vitamin B12 
concentration in feeds in Europe, especially 
for young animals.
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Figure 20. Levels of vitamin B12 and homocysteine in plasma according to the level of 
cyanocobalamin in feed (Simard et al., 2007).

FOLACIN

Chemical structure and units

There is no agreement on naming a series 
of compounds with vitamin activity which 
is characterized as derivatives of folic acid 
(monopteroylglutamic acid). The most 
frequently used names are folacin, folic acid 
or folate. A molecule of folic acid is made up 
of a pteridine nucleus, a para-aminobenzoic 
acid molecule and one or several molecules 
of glutamic acid in a covalent bond.

Metabolism

When there is more than one molecule 
of glutamic acid in folacin, the action of 
intestinal peptidase is necessary to eliminate 
all but one of the residuals of this amino 
acid. Absorption is via active transport in 
the duodenum and jejunum. Most folacin 
is reduced to tetrahydrofolic acid (FH4) and 
can also be methylated (Nijhout et al., 2004; 
Figure 21). Folacin also enters the target 
cells by active transport. 

Folacin acts as a coenzyme in the transfer 
of single carbon groups. For this reason, 
it is very important in the process of 

interconversion of amino acids and in the 
synthesis of purine and pyrimidine, which 
are constituents of nucleic acids. Folacin 
has an especially important role in tissues 
active in protein synthesis and cell division. 
It participates in the increase of nuclei in the 
case of muscle cells. 

Its function in metabolism is closely linked 
to that of vitamin B12, choline and vitamin C, 
but also to vitamin B6, because of its role in 
the process of reassembling the profile of 
amino acids circulating in plasma on explicit 
demand by ribosomes which regulate the 
process of protein synthesis.

Various studies have recently been done to 
determine exactly the metabolic functions of 
folic acid, using piglets as a model because 
of the similarity between their digestive and 
circulatory systems and those of humans 
(Nijhout et al., 2004; Farhan et al., 2005). 
These authors emphasize the importance 
the consumption of folic acid has in humans 
for the prevention of diseases such as 
megaloblastic anemia, Down’s syndrome 
and various types of cancer, especially 
those related to the gastrointestinal tract 
and leukemia (Bailey, L.B., 1995;).
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Deficiency symptoms

Folacin deficiency produces a series of 
unspecific symptoms, such as anemia and 
growth retardation. Deficiency symptoms 
are uncommon as this vitamin can be 
synthesized by microorganisms in the 
digestive tract of pigs, although special 
attention must be paid to young animals, in 
which intestinal flora are still insignificant, 
and when substances with antimicrobial 
action are administered in the feed.

Sources

Folacin is found in high concentrations 
in food containing lush green leaves 
(hence its name folic, which derives 
etymologically from folium or leaf). Alfalfa 
contains around 4.5 mg/kg. Nevertheless, 
folacin is present in most feed ingredients 
used in swine nutrition. In cereals it is 
found in moderate concentration (around 
0.4 mg/kg), although in cereal by-products 
the concentration is higher (up to 1.8 mg/
kg). It is also found in oilseeds (between 
0.5 and 2.5 mg/kg), especially in whole 
seeds (soy bean 3.5 mg/kg compared with 
0.5 mg/kg in soy meal). Products of animal 
origin also have moderate concentrations 
(blood meal 0.8 mg/kg, fishmeal between 
0.2 and 1.0 mg/kg, whey 0.9 mg/kg, etc.). 

Also, as has been pointed out, folacin is 
synthesized by intestinal microorganisms 
in the pig. 

Availability of folacin in natural form 
is variable depending on the feedstuff 
in question, with a range of variation 
calculated as between 37% and 72% (Babu 
and Skrikantia, 1976). 

Folacin is very sensitive to heat.

Requirements and recommendations

Although folacin was discovered in the 
1930s, until very recently it has been 
considered a vitamin of little practical 
importance in pig nutrition. In part, this has 
been due to the fact that the first studies to 
evaluate requirements established a low 
value (Easter et al., 1983). In fact, even in the 
1988 report by the NRC the recommendation 
was still only of 0.3 mg/kg for all ages and 
production types. Also, there is evidence 
that synthesis by intestinal flora (and its 
frequent association with coprophagy) 
and the relatively high concentration in 
most pig feed ingredients is sufficient in 
almost all circumstances to meet these low 
requirements.

Figure 21. Description of the folic acid cycle (Nijhout et al., 2004).
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Research carried out more recently, however, 
indicates that none of these assumptions 
has a satisfactory scientific basis. On one 
hand, Matte et al. (1984) observed that 
periodic intramuscular administration of 15 
mg of folacin to future breeding sows from 
weaning up to 60 days after insemination 
increased the number of piglets born. These 
same authors also observed an increase 
in weight gain of the litter when between 
5 and 15 mg/kg folacin (Matte et al., 1992) 
was included in the feed for gestating sows. 
It is hard to draw clear conclusions as to 
possible recommendations because of the 
difficulty of working with animals that have 
such a long productive cycle as breeders 
and are therefore subject to many variables. 
It is also difficult to quantify levels of folacin 
stored in tissues (and therefore levels in 
feed before the beginning of the breeding 
phase). Thus, while in the first experiment 
folacin was supplied mainly during the 
growth phase of the future breeder, in the 
second a higher level was given during 
gestation only. 

Furthermore, the benefit produced by 
administration of high dosages of this 
vitamin was different (number of piglets 
born versus growth rate of the litter). It is 
essential to carry out systematic studies 
with more exhaustive experimental designs 
to draw clear conclusions. However, the 
information gathered suggests that the 
recommendation by the NRC in its 1988 
report includes little more than the minimum 
concentration below which deficiency 
symptoms can arise, with the obvious result 
that supplementation improves production 
indicators, especially those of reproduction 
and those obtained in young animals.

Lindemman (1993) administered feed that 
included 1 mg/kg added folacin to sows 
during gestation, obtaining a mean size of 
litter of 10.79 piglets instead of 9.86, that 
is to say, almost one piglet more per litter. 
Furthermore, the effect was more marked in 
subsequent parities, reaching a difference 
of 1.8 piglets in the third litter. Harper et al. 
(1994), studied a range of between 1 and 4 
mg/kg of folacin included in feed for sows 
during all the phases of their life of the 
breeder (including several litters), reaching 
the conclusion that there is no additional 
production benefit with highest levels of 

inclusion. These findings have led the NRC 
to recommend in their last report (1998) a 
level of 1.3 mg/kg in feed for sows during 
gestation and lactation, as well as in feed 
for boars. No specific recommendation 
has been indicated for gilts, in spite of the 
evidence described by Matte et al. (1984). 
However, Stanic et al. (1993) confirmed that 
the inclusion of up to 4 mg/kg folacin in feed 
results in an increase in embryo viability 
(88.5% in sows receiving feed with a high 
inclusion level versus 62.9% in control 
sows). In an experiment with boars, Audet 
et al. (2004) demonstrated an increase in 
sperm production when the quantity of B 
vitamins in feed was increased; in the case 
of folic acid the supplied dose was 40 mg/
day. Due to practical difficulties, the effects 
of folacin on reproductive parameters has 
not been studied over multiple parities.

Matte and Girard (1999) calculated 
folacin requirements of gestating sows 
by an indirect procedure based on the 
metabolic utilization of this vitamin during 
different phases of gestation. In theory, 
metabolic utilization is an indicator of 
current requirements. According to their 
calculations, folacin requirements are 10 mg/
kg feed during gestation (15 mg/kg during 
the early stages). These data have not been  
verified against production results.

Lutz et al. (1999) found no positive effects on 
growth and carcass composition in piglets 
weighing 8 to 23 kg as a consequence of 
folacin inclusion between 200% and 720% 
of the levels recommended by the NRC 
(1998), suggesting that the benefit is mainly 
limited to breeders. In fact the NRC, in its 
1998 report, gave the same requirements 
for piglets and growers and fatteners as 
those in previous reports (0.3 mg/kg).

This great variation and lack of verifiable 
results has led to heterogeneity in the 
implementation of feeding programs for 
pigs. The review carried out by Fraga and 
Villamide (2000) on the situation in Spain 
shows that some vitamin and mineral 
premixes still do not include folacin, even 
for sows. However, most vitamin and 
mineral premixes do include it, in some 
cases reaching a concentration of up to 5 
mg/kg in feed. The average value (taking 
into account vitamin and mineral premixes 
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BIOTIN

Chemical nature and units

Biotin (5-[(3aS,4S,6aR)-2-oxohexahydro-
1H-thienol[3,4-d]imidazol-4-yl]pentanoic 
acid) has a very characteristic structure 
which includes an atom of sulfur, a carboxyl 
group and three asymmetric carbons. 
Previously biotin has been known as 
vitamin H or coenzyme R. Requirements 
and concentrations are usually expressed in 
units of mass (mg or µg/kg).

Metabolism

Biotin is a cofactor of various enzymes which 
allow CO2 to be fixed or eliminated in organic 
molecules (pyruvate carboxylate, propionyl 
coenzyme A carboxylase, acetyl coenzyme 
A carboxylase, among others). It plays an 
essential part in lipid, carbohydrate, protein 
and nucleic acid metabolism. It participates 
in the synthesis of non essential amino acids 
from carbohydrates, but also in the reverse 
(gluconeogenesis) and has a key role in 
fatty acid synthesis because it participates in 
the initial process of combining a carboxyl 
group to acetyl CoA, generating malonyl 
CoA, whence the elongation process takes 
place in the enzymatic fatty acid synthetase 
complex by successive additions of 
acetyl groups. Biotin is also linked to fatty 
acid metabolism, and participates in the 
elongation and desaturation of linoleic acid 
to arachidonic acid (but not of n-3 essential 
fatty acids). Deficiency produces a lower 
concentration of eicosanoids derived from 
this fatty acid (Watkins and Kratzer, 1987). 
Furthermore, biotin participates in the 
production of energy from carbohydrates 
due to its intervention in the Krebs cycle by 
participating in the conversion of malic acid 

to pyruvic acid and in the carboxylation of 
pyruvic acid, among others. All the enzymes 
with which biotin is involved require ATP and 
magnesium for activation. 

For these reasons, biotin has very wide 
involvement in animal metabolism.

Deficiency symptoms

Owing to the multitude of metabolic 
processes in which biotin is involved, 
deficiency in this vitamin can express itself 
in various symptoms depending on which 
activity is most demanding in each swine 
production phase.

Deficiency is accompanied by a range 
of unspecific symptoms which include 
a reduction in growth rate, poor food 
conversion, reduction in reproductive 
efficiency, etc. Probably the most 
characteristic symptom in pigs is dermatitis 
(scaly and dry skin, exhibiting a drab color) 
which can be accompanied by alopecia and 
disorders of the hoof. Depending on the 
degree of deficiency and type of flooring, 
the claws may become deformed and soft 
(rubbery), or even cracked, which causes 
evident pain. In other animals such as 
dairy cattle, the relationship between biotin 
deficiency and the appearance of lesions in 
the extremities has been well documented 
in studies such as that by Fitzgerald et al. 
(2000). There is a compound (avidin) in raw 
egg white which binds to biotin and prevents 
its absorption. Some microorganisms 
produce anti-biotin factors, and can cause 
deficiency problems, although the factors 
are heat-sensitive.

which do not include it) is 1.34 mg/kg. In 
growers the average value is only 0.04 mg/
kg, while in piglets it reaches 0.44 mg/kg. The 
coefficient of variation of folacin supplied 
in feed by the vitamin and mineral premix 
is the highest of all vitamins in each of the 
phases studied, in all cases exceeding 100% 
(and in the case of growers reaching 317%), 
demonstrating the confusion in this sector. 

The situation in the US is slightly different, 
with generally greater inclusion values. 
Coelho (2000) found an average folacin 
value (supplied by the vitamin and mineral 
premix) of 1.0 and 1.7 mg/kg in feed for 
piglets and gestating sows, respectively 
(Tables 1-3). This same study shows that 
25% of vitamin and mineral premixes 
supplying a higher concentration have an 
average value of 2 and 3 mg/kg for piglets 
and gestating sows, respectively.
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Sources

Biotin is found in many feed ingredients. In 
cereals the concentration in most cases is 
around 0.1-0.2 mg/kg, although availability 
in the case of wheat, barley, sorghum and 
oats is very low. Although some studies 
carried out years ago on chickens showed 
availability of biotin from corn to be high, 
more recent studies have demonstrated it 
to be also very low, digestibility around 4%, 
(Kopinsky et al., 1989). Something similar 
applies to products derived from meat and 
fish. The availability of biotin in oilseeds is 
proportionately high although digestibility 
is no greater than 50-60%, (Sauer et al., 
1988). Biotin can be synthesized by some 
microorganisms, reaching an especially 
high concentration in yeast.

Biotin concentration in feeds is very 
variable.

Requirements and recommendations

For years it was considered that the botin 
requirements of pigs could be met by feed 
ingredients and synthesis by intestinal 
flora. However, where antimicrobial agents 
are present in feed, or when the animal has 
little possibility of contact with feces, the 
likelihood of insufficient intake increases.

According to the NRC (1998), most of the 
literature agrees that inclusion of biotin at 
between 110 and 880 µg/kg does not produce 
an improvement in production parameters 
either in piglets weaned between 21 and 28 
days or in growers and finishers (Hanke and 
Meade, 1971; Washam et al., 1975; Simmins 
and Brooks, 1980; Easter et al., 1983; Bryant 
et al., 1985; Hamilton and Veum, 1986). The 
situation is disputed, however, because 
other authors have observed beneficial 
effects (Adams et al., 1967, Peo et al., 1970, 
Partridge and McDonald, 1990). 

In sows, biotin inclusion in feed produces 
an improvement in hoof resistance and 
reduces the occurrence of toe lesions. An 
improvement has also been observed in 
hair and skin (Misir and Blair, 1986). Lewis et 
al. (1991), however, found that the inclusion 
of 330 µg/kg of biotin in feed for breeders 
improved the number of pigs weaned 
although surprisingly it did not have any 

effect on the hoof. Whitehead (1988) also 
added between 200 and 500 µg/kg to feed for 
sows and observed more piglets born and a 
higher weight at weaning. All of these points 
suggest that a biotin concentration within 
that range might be advisable. However, 
there is no agreement on the usefulness 
of including biotin in feed at above 200 µg/
kg, since some authors did not find positive 
effects (Watkins et al., 1991).

It is likely that the multiple interactions 
between different concentrations of 
vitamins and nutrients, the variability in 
the concentration and availability of biotin 
in feed ingredients (Brooks et al., 1977; 
Simmins and Brooks 1988) (rations based on 
barley or wheat present a biotin deficiency 
as opposed to the typical American corn-
soy), the possible effect of the genotype, 
and even the design of the accommodation 
(which governs contact with feces) may be 
responsible for the variability in results and 
in consequence the difficulty in establishing 
concrete recommendations. On the other 
hand, the effect of biotin on hoof lesions 
is difficult to quantify in small populations 
(as in most experimental situations), since 
they generally occur in a relatively small 
proportion of animals. In this context, using 
large scale field data obtained in Holland, a 
marked reduction in problems of limping in 
pigs was observed when biotin was added 
to feeds in a systematic way, reducing 
the number of sows culled for this reason 
to almost half. Knauer et al. (2007), in a 
study conducted with culled sows in the 
US, have related the lesions present in the 
reproductive system to low biotin provision 
in the feed.

Bearing all these inconsistencies in mind, 
and recognizing the difficulty of fixing a guide 
figure, the NRC (1998) chose to recommend 
only 80 µg/kg for piglets of up to 5 kg and 
50 µg/kg for the remaining growth period. 
In breeders the recommendation is 200 µg/
kg of feed in all cases (Tables 1-3).

The situation in practice reflects the confusion 
which exists. Thus, Fraga and Villamide 
(2000) observed that some manufacturers 
of vitamin and mineral premixes have 
chosen not to include biotin in any phase 
of pig production in Spain. Specifically, 
in the case of growers this appears to be 
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the dominant tendency, unlike the case of 
piglets and breeders. Other manufacturers, 
however, include 200, 100 and 250 µg/kg for 
piglets, growers and breeders, respectively. 
In fact some manufacturers not included in 
that review, or who have recently altered 
the formulation of their vitamin and mineral 
premix, currently recommend up to 300 µg/
kg. The average values found by Fraga and 
Villamide (2000) of 90, 7 and 150 µg/kg were 
for piglets, growers and breeding pigs, 
respectively. Once again the situation in 

the US is slightly different and the inclusion 
level in general is higher than in Spain. 
Coelho (2000) found an average value in 
feed for piglets (supplied by the vitamin 
and mineral premix) of 261 µg/kg, while in 
growers it was 46 µg/kg. In gestating sows 
the average value reached 153 µg/kg, a figure 
much closer to that found in Spain. In both 
cases the coefficient of variation is amongst 
the highest for vitamins, indicating the wide 
variation of values found in the market. 

The latest studies published on B-complex 
vitamins (Stahly et al., 2007, and Mahan 
et al., 2007) contemplate their joint use at 
levels higher than those recommended by 
the NRC (1998). These investigations found a 
higher average daily gain and improvement 
in production parameters in genotypes with 
a high growth potential.

Some members of the committee in charge 
of the review by the NRC point out that 
there is clear evidence that requirements 
of current genotypes are probably higher 
than those indicated in the 1998 report, 
although concrete information is lacking 
on the interrelation of requirements of 
different vitamins included within the B 
complex. For example, it is evident that 
thiamine, riboflavin, pantothenic acid and 
niacin are directly involved in the process 
of obtaining energy from carbohydrates 
via identical biochemical pathways and 
therefore their requirements are quite likely 
to be interrelated. It is thus impossible 
to establish concrete recommendations 
different from the ones previously indicated 
by the NRC itself (Lewis and Pettigrew, 1998). 
This situation gives rise to considerable 
uncertainty and, in practice, means that 
recommendations vary widely. 

Figure 22 shows a schematic representation 
of the complex interrelations of different 
enzymes associated with B-complex 
vitamins.

A series of studies carried out at the 
universities of Iowa and Kentucky (USA) 
supplemented piglets weighing between 9 
and 28 kg with a blend of B complex vitamins 

(niacin, vitamin B2, folacin, pantothenic 
acid and vitamin B12). The piglets received 
70%, 170%, 270%, 470% and 870% of the 
levels recommended by the NRC (1998). 
Results showed a linear and quadratic 
response which may be adjusted to give an 
exponential equation such as that shown in 
Figure 23 (Stahly et al., 1995). Surprisingly 
the response was more pronounced in 
genotypes with greater productive capacity. 
In fact Lutz and Stahly (1998) proposed that 
the quantities of some vitamins (such as 
riboflavin) required for muscle tissue are 
up to five times higher than the quantities 
needed for adipose tissue.

In the case of growers, Lindemann et al. 
(1999) observed a quadratic response in the 
feed conversion rate (G:F) for the two age 
ranges studied and for the thickness of the 
loin and the lean meat content of the carcass 
(Figure 24). This shows that the best response 
is obtained by supplying approximately four 
times the NRC (1998) recommendation for 
each of these vitamins.

Studies which relate the ingestion of 
vitamin B with an improvement in chronic 
pathological situations are of great interest 
due to discoveries made in humans 
(Andres et al., 2004). Simard et al. (2007) 
have established the relation between 
the concentration of B12 in plasma and 
homocysteine as a possible predictor of 
reproductive status in primiparous sows and 
their dependence on a greater concentration 
(close to 200 mg/kg) of cyanocobalamin in 
the ration. Audet et al. (2004) used levels 
ten times higher than recommended by 
the NRC (1998) for boars, and obtained 
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Figure 22. Schematic representation of some of the interrelations in the metabolism of 
carbohydrates, amino acids, nucleic acids and lipids and role of enzymes in the B complex.

improved sperm production. Without doubt 
the relation of water-soluble vitamins with 
reproduction and prevention of aging will 

be one of the most exciting lines of study in 
the near future.

B1 = thiamine
B2 = riboflavin
B3 = niacin
B5 = pantothenic acid
B6 = pyridoxine
B12 = cyanocobalamin.
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Figure 23. Effect of the simultaneous supply of five vitamins of the B complex (niacin, 
riboflavin, folacin, pantothenic acid and vitamin B12) in quantities equivalent to 70, 170, 270, 
370 and 470% of those recommended by the NRC (1998) in each case on the productive 
response in piglets of moderate or high productive potential to concentrations
(Stahly et al., 1995).
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Figure 24. Effect of the simultaneous supply of five vitamins of the B complex (niacin, 
riboflavin, folacin, pantothenic acid and vitamin B12) in quantities equivalent to 70, 170, 
270, 370 and 470% of those recommended by the NRC (1998) in each case on A.- the 
productive response in growing pigs in the period of 10-50 kg or 50-100 kg, B.- the thickness 
of the loin (mm) and % of lean meat content the carcass 
(Lindemann et al., 1999).
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VITAMIN C

Chemical nature and units

Vitamin C (2-oxo-L-threo-hexono-1,4- lactone-
2,3-enediol) exists in two forms: L-ascorbic 
acid (reduced form) and L-dehydroascorbic 
acid (oxidized form). 

Vitamin C is very sensitive to oxidation.

The requirements and concentrations are 
expressed in units of mass (mg/kg).

Metabolism

Unlike other species, pigs are able to 
synthesize ascorbic acid from glucose in the 
liver (Wenk et al., 1992) depending on the live 
weight of the animal (Rucker and Steinberg, 
2001). Evidence suggests that in some 
circumstances this endogenous synthesis 
may be insufficient (Riker et al., 1967). The 
capacity for vitamin C synthesis varies 
with age and hereditary predisposition. 
Palludan and Wegger (1985) studied plasma 
concentration at 11 to 14 weeks of life in pigs 
from different litters which were handled 
identically, and observed a considerable 
degree of homogeneity in the values among 
pigs of the same litter, but marked differences 
between litters, with average values between 
0.18 and 0.56 mg/dl. 

Vitamin C is absorbed efficiently in the 
small intestine – some estimates suggest 
availability is around 80%. From there it is 
distributed to all animal tissues, although 
experimentally a preference has been found 
for the brain, adrenal glands, corpus luteum 
of the ovary, testicle and leukocytes. 

Ascorbic acid converts to dehydroascorbic 
acid and is subsequently reduced in cell 
cytoplasm, playing an essential part in 
the phenomenon of electron transfer 
(oxidation-reduction). Vitamin C acts as an 
antioxidant in the aqueous medium of the 
body (cytoplasm, plasma, etc.), eliminating 
hydroxyl and peroxyl radicals, hydrogen 
peroxide, etc. It also allows reduction of 
tocopherol radicals which are formed from 
stabilization of fatty acid peroxyl radicals, 
thus assisting in maintenance of the vitamin 

E concentration and its physiological role in 
the cell (in particular the cell membrane).

Furthermore, vitamin C participates in 
collagen synthesis, since it intervenes in the 
process of hydroxylation of proline and lysine, 
which constitutes the basis for the crossover 
of tropocollagen molecules, giving rise to 
structures of great size and consistency. 
Also, because of its hydroxylation capacity 
it is essential in carnitine synthesis, and 
may for that reason be involved indirectly 
in fatty acid metabolism. Because of its 
chelating properties, vitamin C can boost 
absorption of some metals, as well as their 
distribution through the body (and probably 
their mobilization). It has also been linked to 
the process of healing wounds, adrenaline 
and anti-inflammatory steroid synthesis, the 
phagocytic function of leukocytes and the 
production of antibodies, besides being a 
natural inhibitor of nitrosamines which are 
potent carcinogenic agents. 

The high concentration of vitamin C in the 
testicle and ovarian corpus luteum suggests 
a physiological role linked to reproduction. 

Deficiency symptoms

In pigs endogenous synthesis guarantees 
a minimum intake which prevents the 
occurrence of deficiency symptoms. In other 
species, vitamin C deficiency produces 
edema, blood loss, emaciation and diarrhea. 
The structure of collagen is seriously 
affected, thereby producing marked defects 
in the skeleton, skin, cartilage, teeth, etc.

Sources

Well known sources of this vitamin are citrus 
fruits and green, leafy vegetables. Synthetic 
ascorbic acid is available commercially.

Requirements and recommendations

For years it has been assumed that the pig 
syntheisizes an adequate supply of vitamin 
C. Grollman and Lehninger (1957) estimated 
a production in the liver of pigs of 13500 
µmol of ascorbic acid per day. In fact, 
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different versions of estimated requirements 
of nutrients for pigs by the NRC, including 
the last one published in 1998, have 
proposed no concrete recommendation. 
Nevertheless,  there is evidence to suggest 
that, in some circumstances at least, it 
is necessary to supplement in order to 
achieve the maximum productive response. 
Pigs vary in their capacity for ascorbic acid 
synthesis, which could on occasion lead to 
a lack of response.

It has also been confirmed that vitamin C 
requirements are greater when the animal 
suffers some pathological processes 
(parasitic illnesses, infections, tumors, etc.) 
and in situations of stress (especially heat). In 
these circumstances, endogenous synthesis 
cannot meet the elevated demand for 
ascorbic acid and the plasma concentration 
diminishes. There is some evidence to 
indicate that calorie supply in the form 
of carbohydrates or fat could determine 
the endogenous production of vitamin 
C. Brown et al. (1970) observed a positive 
relationship between energy consumption 
(principally carbohydrates) and the vitamin 
C concentration in piglet serum, observing 
also that the addition of vitamin C produced 
an improvement in production indicators 
only when piglets received feed with a 
lower energy concentration (Brown et al., 
1975). It appears that if feed with a limited 
supply of carbohydrates is given, capacity 
for synthesis may be reduced. This may be 
useful if we bear in mind the tendency to 
increase the level of fat included in feed to 
increase its energy concentration, given 
the high productive potential and the low 
consumption of modern pig genotypes. 

On the other hand, it is possible that 
exogenous supply of vitamin C causes a 
negative stimulus on endogenous synthesis 
(Ching and Mahan, 1999).

For all these reasons, and some other non-
controlled variation factors, the literature 
is complex with regard to the possible 
usefulness of including vitamin C in feeds 
for piglets or growers. For example, Jewel 
et al. (1981) observed an improvement 
in growth when supplementing feed for 
piglets with vitamin C in one experiment, 
but not in the following one. Yen and Pond 

(1981) and Mahan et al. (1994) also observed 
a beneficial effect on weight gain of piglets 
of 3-4 weeks. An improvement was also 
observed by Cromwell et al. (1970) with pigs 
of up to 90 kg, although these same authors 
and some others did not find any effect in 
other experiments (Mahan et al., 1994).

The usefulness of including vitamin C in 
feeds for breeding pigs is even more evident 
than for piglets. In a trial with sows with 
a genetic defect in vitamin C production 
(Wegger and Palludan, 1994), it was verified 
that supplementation with this vitamin is 
necessary to avoid problems of edema, 
blood loss, calcification of the fetal skeleton, 
etc. Lauridsen and Jensen (2005) conducted 
a study which points to a close relationship 
between levels of vitamin E and C. They 
administered 150-250 ppm of vitamin C 
during gestation and then supplied 500 mg 
of vitamin C to the weaned piglets, finding 
higher levels of vitamin E in the tissues 
and of IgM in the plasma of the animals. 
Pinnelli-Saavedra et al. (2008), working 
with vitamin E and ascorbic acid, found 
improved immunity in piglets of sows which 
had received feed with vitamin C levels of 
10 g/day and vitamin E of 500 mg/kg. There 
is much evidence from cattle and laboratory 
rodents indicating a role for ascorbic acid in 
reproductive females. Sandholm et al. (1979) 
observed that the umbilical cord ceased 
bleeding sooner if the mother received 
an additional supply of 1 g of vitamin C 
during the last 5 days of gestation, and also 
observed an improvement in the weight 
of the litter three weeks after birth. Other 
authors have been unable to confirm this 
response of increase in the weight of a litter 
of sows given feed enriched with vitamin C 
(Lynch and O’Grady, 1981). 

The physiological role of vitamin C in the 
reproductive male is of great importance 
because it participates in the development, 
maturity and maintenance of semen 
production and in testosterone synthesis. 
There is evidence from work carried out 
with guinea pigs and from experiments on 
humans that deficient intake of ascorbic acid 
produces semen of poor quality, including 
a reduction in fertilization capacity of up 
to 50%, reduction of sperm motility, etc. In 
extreme cases the testicle, seminal vesicles 
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and prostate may be structurally affected. 
However, supplementation with 500 mg 
ascorbic acid daily improves motility 
and sperm concentration and reduces 
susceptibility to oxidation (Whittington 
et al., 1995). Lin et al. (1985) observed 
that administering 300 mg daily to boars 
during summer months – when thermal 
stress increases vitamin C requirements 
and it is more likely that the endogenous 
production is insufficient – produced an 
increase in sperm concentration and in 
motility, with a decrease in the proportion 
of malformations. Independent of stress, it 
is likely that situation in which a boar may 
be subjected frequently to semen collection, 
unrelated to physiology, could overload 
the capacity for endogenous synthesis in 
practice. Other authors have not found any 
positive effect of including vitamin C in feed 
for boars, probably due to all the previously 
indicated variable factors, such as inhibition 
of endogenous synthesis, energy intake 
from carbohydrates in the ration, etc. 
(Mateos et al., 1997). In rabbits, Castellini et 
al. (2000) determined the need to formulate 
levels of vitamin C in reproductive males in 
conjunction with an increase of vitamin E 
and a balance with the rest of the vitamins 
in order to prevent adverse effects on the 
reproductive functions.

Finally, ascorbic acid can have some 
effect on the quality of pork, as Wenk et 
al. (2000) point out in their review. One 
possible explanation is its antioxidant 
role, although it has not been possible to 
demonstrate experimentally the existence 
of a relationship between vitamin C intake 
and oxidative stability of meat. However, 
ascorbic acid is a precursor of oxalic acid. 
The sodium salt of this acid (sodium oxalate) 
is a potent inhibitor of the enzyme, pyruvate 
quinase, essential in anaerobic metabolism 
of carbohydrates and therefore involved in 
the formation of lactic acid, the main cause 
of a drop in intramuscular pH after slaughter. 
Mourot et al. (1990) administered 0, 100, 
250 and 500 mg/kg of L-ascorbic-acid to pig 
growers and finishers, observing a higher 
final pH and a slightly darker coloration of 
meat from groups with a higher inclusion 
level. Kremer et al. (1999) observed similar 
results, together with a greater capacity for 
water retention, which is to be expected 

bearing in mind the relationship between 
final pH of the meat and water retention. 
Although the usefulness of this observation 
in practice seems low in itself, the possibility 
of modifying the final pH and the pattern of 
falling pH in meat after slaughter by way of 
controlled feeding is an area of great interest, 
since it determines in great measure the use 
of technology in meat production. 

Many attempts have been made to modify 
the pattern of the drop in pH after slaughter, 
some of them based on modifications in 
feeding, most have been ineffective or 
impracticable. Studies must be carried 
out to link this effect to other production 
and handling parameters, such as period 
of administration, interaction with other 
nutrients, importance of the timing of 
withdrawal from feed, and to quantify not 
only the existence of an effect but also the 
consequences on variability of the drop 
in pH. The measure of variation (standard 
deviation, coefficient of variation) is of great 
relevance, but it is difficult to investigate, 
given the involvement of other variables and 
the need to use a very broad experimental 
population. 

The possibility of using the antioxidant 
activity of vitamin C and its possible 
synergetic use with vitamin E are of less 
interest because ascorbic acid reduces 
metallic ions such as iron or copper, causing 
them to convert from the Fe+++ or Cu++ forms 
to the Fe++ or Cu+ forms which, in practice, 
have much greater capacity to promote 
oxidative processes (Schaefer et al., 1995). 
King et al. (1995) found vitamin C to have 
no effect on the oxidative stability of broiler 
meat. These authors did, however, observe 
a significant increase in the concentration 
of vitamin C when supplying feed with a 
high content of this vitamin. The possibility 
of increasing the concentration of ascorbic 
acid through natural means may be useful 
because vitamin C prevents the formation 
of nitrosamines, highly carcinogenic 
compounds which accumulate in cured 
products derived from pig meat. In our 
view, the potential of animal feed to reduce 
the concentration of compounds of this 
type in meat products should be studied in 
more depth.
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In their review of 2000, Fraga and Villamide 
did not find vitamin C in any vitamin and 
mineral premix added to pig feed in Spain. 
More recent information, however, indicates 
that some manufacturers include up to 300 
and 200 mg/kg in pre-weaner and starter 
feeds, respectively, 400 mg/kg for breeder 
sows and up to 900 mg/kg in feed for boars. 
Vitamin C has not been found in vitamin 
and mineral premixes for growing pigs.
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INTRODUCTION

Vitamins are nutrients which animals 
cannot synthesize in amounts large enough 
to guarantee that the body will function 
properly. Quantitatively the supply in feed 
is of little significance because only small 
amounts of vitamins are required. The 
development of recommendations for beef 
production is highly complex owing to the 
diversity of production systems (extensive, 
semi-intensive, intensive), the different 
categories of animals (cows, weaner calves, 
feedlot calves, etc.) and the variety of breeds 
(native, imported). This diversity hinders the 
standardization of nutritional requirements 
in general and of vitamins in particular. 
Additionally, the availability of scientific 
literature is more limited for vitamins than 
for other nutrients.

The concept of vitamin supplementation has 
undergone an important change in the last 
few years and has moved from the minimum 
supplementation, which guarantees the 
functioning of the body and production, to 
necessary supplementation which also reduces 
the incidence of pathological problems and/
or improves the quality of the product. Under 
the conditions of stress frequently associated 
with intensive production systems (weaning, 
transport, poor adaptation to the feeder, 

restricted voluntary intake, the presence of 
pathogenic agents in the environment, etc.), it 
may be advisable to increase vitamin supply 
to above the established requirements in 
order to improve the immune status of the 
animals. 

Vitamins are either fat-soluble or water-
soluble. Fat-soluble vitamins (A, D, E and 
K) are considered essential, and should 
be supplied in the ration. Water-soluble 
vitamins (B group vitamins, vitamin C and 
choline) have traditionally been considered 
non-essential for bovine livestock due to 
the important contribution from synthesis 
by rumen microorganisms. The availability 
of certain water-soluble vitamins may be 
limited in some situations, however, and 
their supplementation can improve the state 
of health or production of the herd. 

In this chapter we aim to review and update the 
recommendations for vitamins in beef herds, 
with the purpose of supplying vitamin levels 
appropriate to this group of animals. When 
making recommendations on the necessary 
vitamin supply in the diet of fattening calves, 
we will also be considering the content of this 
in the final product for human consumption, 
which in this case is meat. 

VITAMIN A

Vitamin A is a family of molecules grouped 
under the name retinol. Vitamin A is 
measured in international units (IU), one IU 
being equivalent to 0.3 µg of all-trans retinol, 
its more active isomer of the same name. 
Retinol is obtained from the β-carotene (or 

pro-vitamin A) in forage, which converts 
to vitamin A in intestinal mucous. Bovine 
livestock can store some β-carotene in fat 
reserves. One milligram of β-carotene has an 
activity equivalent to 400 IU of vitamin A. 

FAT-SOLUBLE VITAMINS

The recommended supplies of fat-soluble 
vitamins in the diet of beef cattle are 
shown in Table I. There is no consensus 
among investigators when establishing 
the minimum and maximum requirements 

recommended for beef cattle, so that very 
wide margins of use are established between 
the recommendations and habitual practice. 
There is no consensus on the vitamin content 
of meat, according to origin or cut (Table II). 
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 Type of animal Optimum 
level

Maximum 
tolerable

Cows in 
gestation

Cows in 
lactation

Feedlot 
calves

Vitamin A

INRA (1988) 3,900 3,900 2,200 5,000-10,000 66,000

NRC (1996) 2,800 3,900 2,200 ...... ......

Vitamin D

INRA (1988) ...... ...... 300 500-1,200 22,000

NRC (1996) 275 275 275 ...... ......

Vitamin E

INRA (1988) 5 – 15 5 – 15 25 Anti-stress: ......

NRC (1996) ...... ...... ...... + 500 IU/day ......

Table I. Supplies of fat-soluble vitamins (IU/kg DM) recommended in beef cattle.
Source: Adapted from NRC (2000).

The concentration of β-carotenes in plants 
diminishes as they mature and also due to 
the oxidation processes which take place 
during storage once plants have been cut, 
so the concentration in hay and silage is 
very much lower than that in fresh plants. 
However, industrial dehydration conserves 
β-carotenes better than drying on the 
ground. Similarly, increased storage time 
reduces β-carotene concentration (Brunh 
and Oliver, 1978). Retinol is very sensitive 
to oxidation, light and the presence of acids, 
humidity and microminerals (NRC, 2001). 
Prolonged storage of the vitamin in premixes 
containing minerals, raised temperature and 
humidity, pelleting, processing in blocks 
or by extrusion, or the presence of rancid 
fats in the ration all reduce the stability of 
vitamin A. 

Of all the vitamins required in the feeding of 
beef cattle, vitamin A is of the most practical 
importance for production, since it is essential 
for normal growth and development, tissue 
maintenance and bone development (NRC, 
1996, 2000). Vitamin A fulfils many functions 
in the body, and the most important of these 
are its involvement in vision, in embryo 
development, in reproduction, in immunity, 
in maintenance of homeostasis, as well 

as the differentiation of a wide range of 
mammary gland cells (Goodman, 1980). In 
productive herds, symptoms of deficiencies 
are infrequent. However, there are periods 
when the availability of vitamins is less than 
optimum, which may affect reproductive 
performance and/or immune competence. A 
vitamin A deficiency is most likely to occur 
during the winter, in rations with a high 
proportion of concentrates, and when the 
feed provided has been exposed to sunlight 
and high temperatures or stored for long 
periods of time. On the other hand, toxicity 
due to an excess of vitamin A is not very 
likely in ruminants, since its high degree of 
microbial degradability in the rumen limits 
the quantity available to the animal (NRC, 
2000). 

Recommendations 

Suckler cows
According to the latest NRC report on 
beef cattle (1996) and its updated version 
(NRC, 2000), vitamin A requirements for 
gestating cows are 2,800 IU/kg of DM feed. 
This value is lower than that given by INRA 
(1988) for suckler cows in general (Table I), 
and is equivalent to approximately half the 
level indicated for dry cows in the latest 
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NRC report (2001) on dairy cattle. The 
NRC (2001) has considered it advisable 
to increase vitamin A levels in dry cows 
to boost immune competence and 
reduce mammary health and postpartum 
reproduction problems. However, it 
must be remembered that the vitamin A 
concentration in colostrum depends on 
the concentration of vitamin A received by 
cows during the dry period, and this has 
an effect on the quantity of vitamin A that 
weaner calves consume during the first days 
of life. If the cows calve following a long 
period of winter feeding during which they 
have ingested low quality hay, colostrum 
will have a low vitamin A content and it 
may prove useful to supplement calves 
with this vitamin. A special case where 
the same recommendation would apply is 
that of primiparous cows. These are prone 
to producing colostrum with lower levels 
of vitamin A (INRA, 1981), which may not 
be sufficient to meet requirements of the 
calves. 

Both the NRC (1996, 2000) and INRA (1988) 
recommend a vitamin A supply of 3,900 
IU/kg of DM feed for beef cows either 
lactating or suckling the calf. However, with 
the objective of maximizing productivity, 
promoting calf growth and taking possible 
stressful situations into account, INRA 
(1988) suggests that an optimum vitamin 
A intake should be around 200 IU/kg of 
LW, equivalent to 10,000 IU/kg of DM feed 
(Table I). These requirements are not always 
met in the case of suckler cows which calve 
indoors some time before being put out 
to pasture (e.g., in the middle of winter 
in the north of the Spanish peninsula, 
or in summer in the south). Under these 
circumstances, the β-carotene reserves 
accumulated by the animal itself may be 
useful, but if feed has been based on low 
quality hay or corn silage for a prolonged 
period, there is a risk that these reserves 
may become practically exhausted, leading 
to a shortfall, especially if the feed has been 
stored for a long period. For this reason 
INRA (1988) recommends a regular supply 
of at least 30,000 to 40,000 IU of vitamin 
A/day for cows in lactation as well as for 
those in late gestation. 

Weaner calves 
The most recent recommendations on 
vitamin A supplies for suckling calves or 
those on artificial feed are 110 IU/kg of LW, 
and correspond to those established for 
dairy cattle (NRC, 2001), which represents 
an important increase compared with 
previous reports. This is equivalent to the 
incorporation of around 9,000 IU/kg of DM 
milk replacer and around 4,000 IU/kg of DM 
starter feed (Table III). Fortunately it is normal 
practice to give weaner calves milk replacer 
containing vitamin A concentrations (20,000-
40,000 IU/kg of DM) above recommended 
levels (Erdman, 1992). A special case is the 
production of veal calves, for which INRA 
(1988) recommends 48,000 IU/kg of DM 
milk replacer (Table III). However, negative 
effects have been observed when giving an 
over-dosage of vitamin A to young calves 
supplemented with 30,000 IU/day during 
the first weeks of life (Franklin et al., 1998). 
These effects were attributed to interference 
by vitamin A with the vitamin E status of the 
animals, so that in this case the vitamin E 
level should be raised as well. 

Feedlot calves 
The NRC report on beef cattle (1996, 2000) 
established recommendations for feedlot 
calves of 2,200 IU/kg of DM feed (Table I). This 
figure agrees with that given by INRA (1988) 
and by the NRC itself in previous reports. 
Dosages higher than those given would 
be justifiable for animals under stress, for 
example after weaning, or on arrival at the 
feedlot after a long journey, when one of the 
more common symptoms is reduced intake. 
In these situations, the vitamin A supply 
may be increased up to levels of 4,000 to 
6,000 IU/kg of DM (NRC, 1996). The results 
of a descriptive analysis, based on surveys 
carried out among United States nutritionists 
(Vasconcelos and Galyean, 2007), indicate 
that the average recommended for diets 
in the final stage of fattening is 5,215 IU/
kg (range 2,205−11,023). This is far above 
the values recommended by the NRC for 
fattening beef cattle (NRC, 2000).

The specific feeding conditions in Spain 
must be taken into account, as most of the 
meat marketed there is produced through 
intensive feed, using rations containing 
around 90% concentrate. As indicated by 
Rode et al. (1990), ruminal degradability 
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of vitamin A is much higher under these 
circumstances than with rations rich in 
forage, so it seems reasonable to suggest 
a need to increase vitamin A supply. This 
increase should never exceed 100% of 
normal recommendations. Considering 
the possibility of negative effects the 
recommendation should be applied with 
caution and requires confirmation in 
operating conditions, given that excessive 
supplementation with vitamin A can lead 
to a reduction in the quality of the meat 
in beef cattle (Pyatt and Berger, 2005). It 
must be pointed out that using excessive 
dosages of vitamin A, for example three 

times higher than levels recommended by 
the NRC, has resulted in a drop in the daily 
live weight gain and in a poorer conversion 
index for feedlot calves (Hill et al., 1995), 
which could be linked to an interaction with 
the availability of vitamin E, restricting its 
oxidative capacity. One possible alternative 
would be the application of a normal dosage 
of vitamin A, but by way of intramuscular 
injection. In all cases maximum tolerance 
limits of each vitamin must be respected 
(Table I). However, recent data suggest 
that the vitamin A content in the ration 
may affect the location of fat deposition 
in beef cattle (Pyatt and Berger, 2005) and 

Natural milk
(whole) 

(INRA, 1988)

Milk replacer 
intensive 

fattening(1)

(NRC, 2001)

Concentrate
(Starter
and/or 

weaning)
(NRC, 2001)

Milk replacer 
Veal(2)

(INRA,1988)

Vitamin A 11,500 9,000 4,000 48,000

Vitamin D 307 600 600 2,800

Vitamin E 7.8 50 25 10 – 30

Vitamin K 0.64 ...... ...... 2

Thiamine (B1) ...... ...... ...... ......

Riboflavin (B2) 3.3 6.5 ...... 1.0 – 5.3

Niacin (B3) 12.2 6.5 ...... 0.8 – 2.5

Pirodoxina (B6) 9.5 10 ...... 10 – 14

Vitamin B12 
4.4 6.5 ...... 2.0

Biotin 0.05 0.07 ...... 0.02-0.06

Folic acid 0.30 0.1 ...... 0.11

Pantothenic acid 0.56 0.5 ...... 0.8

Choline 25.9 13 ...... 5 – 11

Vitamin C 1,080 2,600 ...... 1,440

120 1-2 ...... 100

Table III. Content in natural milk and recommended concentration of vitamins in milk replacer 
and concentrates for young calves (in mg/kg of DM, except vits. A, D and E in IU/kg of DM).

(1) Fed with reconstituted milk, feed and straw (pink meat or “baby beef”) 
(2) Fed with artificial milk (plus a minimum quantity of fiber granules). 
...... Data not provided
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Vitamin D, also known as an antirachitic 
vitamin, is involved in the regulation of 
calcium metabolism and in the maintenance 
of correct calcium levels in blood. This 
vitamin can be obtained from sterols 
converted by ultraviolet irradiation from 
the sun. A good amount of vitamin D is 
produced in the skin of animals through 
photoconversion of 7-dehydrocholesterol 
to vitamin D3 (cholecalciferol). Similarly, 
vitamin D2 (ergocalciferol) is obtained from 
sun-dried forage. The two forms (D2 and D3) 
have the same potential in ruminants (1g 
is equal to 40,000 IU). In order to become 
completely functional, these vitamins must 
be activated, first in the liver, where they 
accumulate as 25-hydroxycholecalciferol, 
and then in the kidneys, where they finally 
convert to 1,25-dihydroxycholecalciferol. 
To evaluate the status of vitamin D in the 
animal, the plasmatic concentration of 25- 
hydroxycholecalciferol (Horst et al., 1994) is 
generally recommended as a parameter.

Recommendations 

The NRC (1996, 2000) recommends a supply 
of 275 IU of vitamin D/kg of DM feed for beef 
cattle in general (gestating or lactating cows 
and grower or finisher calves), where one 
IU is defined as 0.025 mg of cholecalciferol 
(D3) or its equivalent. And INRA (1989) 
gives a similar recommendation (300 IU/
kg of DM) that would be valid for most 
growing and fattening cattle (Table I). Data 
recently obtained from a descriptive study 
(Vasconcelos and Galyean, 2007), indicate 
that in the US, supplies of vitamin D in the diet 
of fattening calves are higher than the NRC 
recommendations (averaging 329.9 IU/kg of 
DM), but with a wide range of variation (0.0 

VITAMIN D

to 1.102 IU/kg of DM). In the case of suckling 
calves (Table III) a supply of 660 IU/kg of DM 
milk replacer (and also in concentrate) is 
recommended, and this should be increased 
to 2,800 IU/kg of DM in the case of calves fed 
exclusively with milk (veal calves). 

Because vitamin D is synthesized easily in 
animals exposed to sunlight or given sun-
dried feed, a high percentage of bovine 
livestock (e.g. cows and calves in the field or in 
open sheds with sunny yards) do not require 
additional supplementation of this vitamin 
(NRC 1996, 2000). Recently, differences 
have been observed in storage capacity, 
tissue concentration and supplementation 
requirements of vitamin D between Bos 
indicus and Bos taurus cattle, which may 
be associated with a greater capacity for 
adaptation in the former (Montgomery et al., 
2004). However, it is evident that systematic 
addition is needed for animals permanently 
housed indoors. According to INRA (1988), it 
would also be appropriate to increase vitamin 
D levels in animals receiving significant 
amounts of β-carotene or suffering from 
metabolic acidosis, but these must always 
be within tolerance limits (Table I) to avoid 
the toxicity caused by an excess. However, 
recent data suggest that supplementation 
with raised quantities of vitamin D (between 
0.5 and 7.5 x 106 IU) during the week prior 
to slaughter improves the tenderness of the 
meat (Swanek et al., 1999; Montgomery et al., 
2002; Foote et al., 2004). This improvement 
in the quality of the meat may be associated 
with increases in the calcium concentration, 
which would cause greater proteolysis in the 
days following slaughter (Montgomery et 
al., 2000, 2002).

that is therefore not advisable to supply 
it excessively at the end of the fattening 
stage. In fact, it is recommended that the 
supply of vitamin A in the diet be reduced 
during this period, as a mechanism to 
favor deposition of intramuscular fat 
(Siebert et al., 2006, Gorocica-Buenfil et al., 
2007, 2008; Kruk et al., in press), which in 
addition favors the longevity of the color 

and reduces the oxidative capacity of lipids 
in the meat (Daniel et al., 2008). In view of 
this, it seems the recommendations of the 
NRC (1996) on the vitamin A requirements 
for calf diets in the final fattening phase are 
an over-estimate, and should therefore be 
reviewed. 
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VITAMIN E

Vitamin E is a group of molecules of 
which α-tocopherol is the most potent 
and common form in vegetables. One 
IU vitamin E is equal to 1 mg of all-rac-α-
tocopherol acetate. The vitamin E content 
of feed is very variable. Forage, depending 
on its state of maturity, contains between 
80 and 200 IU of vitamin E per kg of DM 
(Tramontano et al., 1993; Jukola et al. 1996). 
The α-tocopherol concentration reduces 
rapidly once the plant is cut. Prolonged 
exposure to oxygen or sunlight increases 
the speed of degradation (Thafvelin and 
Oksanen, 1966). Silage and hay, frequently 
used in winter feed for beef cattle, have 
between 20 and 80% less tocopherol than 
fresh forage. Concentrate feeds are low in 
vitamin E, except for whole soy bean and 
cotton seed. 

Vitamin E is a potent antioxidant agent 
which is very important in rations rich in 
unsaturated fatty acids. It stimulates the 
production of antibodies and enhances 
immune response (Craven and Williams, 
1985; Hogan et al., 1993; Rivera et al., 
2002). An optimum intake of vitamin E 
brings about a lower incidence of retained 
placentas and metritis, improvements in 
mammary gland health and the health 
of the reproductive system (Smith et 
al., 1985; Hogan et al., 1993; Harrison 
et al., 1984; Lacetera et al., 1996), and 
improvements in immune competence and 
meat quality (McDowell et al., 1996, 2000a; 
Rivera et al., 2002). It is difficult, however, 
to discuss vitamin E without considering 
the role of selenium, since the effects of 
both micronutrients are closely related 
in animal productivity (Patterson, 2002). 
Both elements are required by the animals 
and fulfill a metabolic role in the animal in 
addition to their antioxidant effect. In some 
cases, although not always, vitamin E can be 
substituted by selenium to a certain extent 
or vice versa. Although selenium cannot 
replace vitamin E completely as a nutrient, 
it does reduce the requirements for it and 
delays the appearance of symptoms of 
vitamin E deficiency in the animal (Spears, 
2000; Hemingway, 2003).

Recommendations 

Suckler cows
Neither INRA (1988) nor the NRC report 
on beef cattle (1996) give a specific value 
for the vitamin E requirements of suckler 
cows. INRA (1988) does, however, point 
out more generally that in ruminants these 
requirements would be around 5-10 IU (or mg) 
per kg of DM feed (Table I), recommending 
in the case of dairy cows (gestating and/or 
lactating) a supply of 15 IU/kg of DM feed. 
This value could probably be extrapolated 
and used directly for beef cows. 

The NRC in its report on dairy cows (2001) 
increased vitamin E recommendations 
for lactating cows considerably, by 30%, 
to 20 IU/kg of DM, and increased its 
recommendation for dry cows even more 
markedly (1.6 IU/kg of LW, equivalent to 80 IU/
kg of DM). The usefulness of applying these 
recommendations to beef cattle is debatable, 
since the increment recommended by 
the NRC (2001) for dairy cows is based on 
the improvement in immune competence 
in animals subjected to very demanding 
production conditions. However, the evidence 
of its effect on the health of the mammary 
gland and the reproductive function should 
be considered, given that the vitamin E 
reserves in a suckling calf are low. Some 
investigators recommend supplementation 
of prepartum gestating cows with vitamin 
E to increase the concentration of vitamin 
E in the colostrum (Weiss, 1994). The dose 
recommended for the supplementation of 
cows is 1000 IU/d of vitamin E (Zobell et 
al., 1995; Quigley and Bernard, 1995) and 
it has been proposed as an alternative for 
increasing blood levels of vitamin E in the 
cow and the colostrum, and minimizing 
the incidence of post-partum metabolic 
disorders. The adoption of this practice is 
also recommended as a mechanism for 
maximizing resistance to diseases in calves 
during the first weeks of life (Quigley and 
Drewry, 1998; Debier et al., 2005).

Weaner calves
According to the NRC (1996, 2000), vitamin E 
requirements have not been well established, 
although for young calves they are considered 
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to be between 15 and 60 IU/kg of DM (Table 
I). The recommendation for weaner calves in 
the new NRC report on dairy cows (2001) is 
within this margin, at 50 IU/kg of DM, which 
has increased by 25% compared with the 
40 IU/kg of DM in previous reports. In the 
particular case of veal calves (Table III), a 
supply of between 10 and 30 IU vitamin E/kg 
of DM is recommended (INRA, 1988).

The tendency to provide higher levels of 
vitamin E than those recommended is based 
on increased requirements of animals in the 
stress situations typical of current production 
systems, especially in feedlots which are 
becoming more and more intensive. Here 
an additional supplement of vitamin E can 
boost the immune system (Hidiroglou et al., 
1995; Reddy et al., 1986 and 1987; Carter et al., 
2005). However, the presence of unsaturated 
fatty acids in milk replacer can increase the 
risk of oxidation of the ration, increasing 
the need for antioxidants. Stobo (1983) 
suggested that vitamin E concentration in 
milk replacer should be formulated according 
to the unsaturated fatty acid content of the 
ration, and suggested a ratio of 1.5-2.5 IU of 
vitamin E per gram of linoleic acid. In normal 
milk replacer, this ratio is achieved with daily 
intake of between 25 and 63 IU/kg of DM. 

Although there is no solid evidence to 
justify the need to use in practice levels 
above those recommended for vitamin E, 
there are two situations that merit special 
consideration. First, the frequent incidence of 
digestive disorders in young calves reduces 
vitamin E absorption. Second, as has been 
previously indicated, supplementation with 
high quantities of vitamin A interferes with 
vitamin E absorption. For these reasons, 
and because of the wide safety margin of 
vitamin E (Table I), it seems reasonable to 
consider a possible increase in the supply of 
this vitamin above recommended levels in 
certain situations. 

Feedlot calves
The NRC (1996, 2000) recommends a vitamin 
E supply of between 15 and 60 IU/kg of DM 
in concentrate for feedlot calves, while INRA 
(1988) recommends 25 IU of vitamin E/kg 
of DM. These results should be increased 
in situations of stress, since vitamin E 
participates actively in the immune system 
and it is known that stress suffered as a result 

of factors such as weaning, transport, mixing 
with animals from other farms and adapting 
to the feedlot leads to rapid depletion of 
reserves of this vitamin (Hill and Williams, 
1995). Vitamin E supplementation (400 IU/
animal per day) during the first 3-4 weeks 
in the feedlot can have positive effects on 
growth, conversion index and incidence of 
disease (Lee et al., 1985; Droke and Loerch, 
1989; Galyean et al., 1999). For this reason, 
the NRC (1996) recommends a supplemental 
supply of 400-500 IU/d of vitamin E in 
these critical periods (Table I). More recent 
data demonstrate the favorable effect of 
supplementation with vitamin E in stress 
situations associated with transfer of animals 
to feedlots. Elam et al. (2006b) carried out an 
analysis of bibliographical data to evaluate 
the effect of the quantity of ingested vitamin 
E (range 0 – 2,000 IU/animal/day), in the 
productive response and health of calves 
just arrived at the feedlots. The results 
indicated that, although no positive effects 
were observed in daily weight gain or in the 
ingestion of food, the provision of vitamin E 
did produce a reduction in the incidence of 
respiratory diseases. The average reduction 
was 0.35% for each 100 UI of vitamin E 
ingested per day.

Supplementing with vitamin E during 
finishing with the aim of improving 
productive yield has had varied responses. 
In general, positive responses have been 
observed in animals which had previously 
suffered vitamin E deficiency (Hutcheson 
and Cole, 1985), but were not observed in 
those that had always been well fed (Carrica 
et al., 1986; Schaeffer et al., 1989; Arnold, 
1992). Improvements in growth rates and/or 
in conversion indexes are generally found in 
young animals with good growth potential 
which have undergone conditions of stress 
(Hill and Williams, 1995).

Another possible reason for supplementing 
higher vitamin E levels in rations for beef 
calves in the finishing phase is to reduce the 
oxidation of lipids, improve the color of the 
meat, and in consequence of this to obtain a 
product with a longer shelf life (Descalzo and 
Sancho, 2008). The supply of high quantities 
of vitamin E in the final fattening period 
improves the color stability of refrigerated 
or frozen meat (McDowell et al., 1996). This 
allows the display period of the fresh meat to 
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VITAMIN K

Vitamin K has antihaemorrhagic effects, as 
it is necessary for the synthesis of a series 
of blood coagulation factors (Combs, 1992). 
Vegetables (K1) and ruminal bacteria (K2) are 
important sources of this vitamin. K2 is the 
principal source of vitamin K in ruminants 
and deficiencies in ruminants are almost 
never detected. They are only reported in 

situations where anticoagulant substances 
have been consumed, such as when forage 
contaminated with fungal dicumarol is 
consumed. Therefore, recommendations 
are only given for veal calves, which require 
an intake of 2 mg vitamin K/kg of DM milk 
replacer (Table II; INRA, 1988).  

be lengthened from 1 to 3 days without loss 
of color and is important in meat destined 
for export. The loss of color in meat, which 
in the case of red meat production changes 
from bright to dark red, is due to the high 
potential for myoglobin oxidation. Oxidation 
of muscle pigments is one of the main causes 
of deterioration in meat quality (Faustman 
et al., 1989). Supplementation with a high 
dosage of vitamin E improves color and 
also inhibits fat oxidation, reducing the risk 
of rancidity (Schaefer et al., 1991, Arnold et 
al., 1992; Hill and Williams, 1993 and 1995), 
and lengthening the shelf life of saleable 
meat (McDowell et al., 1996). According 
to these latter authors, the α-tocopherol 
concentration in muscular tissue should 
reach 0.30-0.35 mg/100g of meat to obtain 
this kind of result, and this is possible by 
means of supplementation with 500 IU/d 
of vitamin E during a period of about 100-
125 days prior to slaughter of the calves 
(Schaefer et al., 1991; Stubbs et al., 1999; 
Rowe, 2004). In some countries the use of a 
quick and cheap spectrophotometric method 
in slaughterhouses has been proposed, 
which allows identification of meat from 
animals supplemented with vitamin E 
(Smith, 1994), with the objective of paying 
a better price to the farmer according to the 
quality of meat produced. Recent data also 
suggest that supplementation with vitamin 

E in a dose of 1,000 IU/day 125 days prior 
to slaughter improves the tenderness of the 
meat, given that it protects the calpain (the 
enzyme responsible for the softening of the 
meat) from oxidation (Rowe, 2004). It has also 
been suggested that supplementation with 
vitamin E during the final fattening phase 
of calves constitutes an effective method 
to increase the stability of lipids during 
cooking (Lanari et at., 1994), although this 
effect is not always evident (Robbins et al., 
2003). In an article recently reviewed, where 
the effect of the inclusion of antioxidants 
in diet on the characteristics and quality of 
the meat is analyzed (Descalzo and Sancho, 
2008), the conclusion is that the magnitude 
of the beneficial effect of supplementing the 
fattening diet with vitamin E is very variable 
and dependent on the basic diet offered 
(forage vs. concentrate; silage, nature of the 
supplement, etc.).

In conclusion, the available data suggest that 
current recommendations for feedlot animals 
(15-60 IU/kg of DM) may be increased during 
the period of entry and adaptation to the 
feedlot (400-500 IU/d) with the objective of 
improving their immune competence, and 
in the finishing period (500-1,000 IU/d, for 
about 3 months) if an economic profit may 
be obtained from an improvement in the 
quality of the meat produced.
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Thiamine is a coenzyme which participates 
in many metabolic reactions. The quantity 
of thiamine synthesized in the rumen 
(between 28 and 72 mg/d) is the same as 
or higher than that ingested in the ration 
(Breves et al., 1981). No requirements 
have been laid down for ruminants in 
good health and with a functional rumen. 
Supplies from microbial synthesis and the 
diet are sufficient to meet requirements 
of cows and calves, even considering 
ruminal degradation of dietary thiamine 
of 48% (Zinn et al., 1987). For ruminants, 
thiamine is not toxic and the safety margins 
in monogastrics are 1,000 times the 
recommended dose (NRC, 1987), although 
no safety limits have been established for 
ruminants. 

The requirements of thiamine for feedlot 
ruminants have not been determined, and 
it is assumed that ruminal micro-organisms 
provide a sufficient quantity (INRA 1988, 
NRC 1996). In the exceptional case of veal 
calves a supply of between 1 and 5.3 IU/
kg of DM is recommended (INRA, 1988). 
However, the NRC (2001) recommends 
the incorporation of 6.5 mg/kg of DM 
thiamine in milk replacer. By extrapolating 
the requirements for pigs, Zinn (1992) 
estimated the requirements for feedlot 
calves as 0.14 mg/kg LW0.75. Under normal 
conditions, intake from dietary thiamine 
and ruminal synthesis is sufficient. There 
are, however, situations in which the 
thiamine finally available to the animal can 
be a limiting factor (INRA, 1988, Zinn, 1992; 
NRC, 1996). For example, when rations 
contain high levels of concentrate or are 
rich in quickly fermentable carbohydrates, 
typical of intensive feed, abrupt drops 
in the ruminal pH can occur, leading to 
the release of thiaminases (exogenous 
enzymes) which destroy thiamine. Also, 
in situations of acidosis, destruction of 
thiamine by thiaminase has been linked to 
the appearance of polioencephalomalacia 

THIAMINE (VITAMIN B1)

(PEM) or cerebro-cortical necrosis. A 
similar situation may occur in rations with 
excessive sulfur levels (Zinn, 1992; NRC, 
1996; Patterson et al., 2002; Pritchard, 
2007). Conditions of low ruminal pH also 
favor reduction of sulfur to its gaseous 
form (H2S), increasing its concentration 
in the rumen. H2S, when eructed, can be 
inhaled by the animal and trigger PEM. 
This fact, coupled with the blood levels of 
thiamine, is considered responsible for the 
appearance of PEM in cattle (McAllister et 
al. 1997; Loneragan et al. 1998). The positive 
effect of supplementation by thiamine, 
independently of the clinical diagnosis of 
PEM syndrome, may be due to the fact that 
this precedes the sub-clinical apparition 
of PEM, or because supplementary 
thiamine may prevent the deficiency 
(Ward and Patterson, 2004). Under these 
conditions, thiamine supplementation may 
alleviate symptoms and improve animal 
performance (Ward and Paterson, 2004), 
although parenteral administration is more 
advisable. 

Another important aspect to consider is 
also the meat’s thiamine content, since 
this, together with the presence of the 
sulfurous components, principally cysteine, 
is involved in the production of certain 
intermediary compounds responsible for 
the development and boosting of certain 
aromas characteristic of meat while it is 
being cooked (Jooh et al., 2002). 

WATER-SOLUBLE VITAMINS
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Niacin is an active component of two 
coenzymes (NAD and NADP) which play a 
fundamental role in carbohydrate, lipid and 
amino acid metabolism. Niacin is found 
in high concentrations in by-products of 
animal origin and in cereals.

Ruminal bacteria synthesize abundant 
quantities of niacin (Zinn et al., 1987). Zinn 
(1992) calculated that niacin synthesis in 
the rumen was at a rate of 107.02 mg/kg 
of DOM. However, when it is added to the 
ration, the quantity of niacin which reaches 
the intestine may be even less than that 
provided in the ration, due to the inhibition 
of bacterial synthesis in the presence of 
exogenous niacin (Abdouli and Schaefer, 
1986). Moreover, between 94 and 99% of 
niacin present in the diet is degraded in the 
rumen (Zinn, 1992), although other studies 
have estimated that between 17 and 30% of 
dietary niacin reaches the small intestine 
(Harmeyer and Kollenkirchen, 1989; 
Campbell et al., 1994).

Niacin stimulates microbial protein 
synthesis (Mizwicki, 1976; Bartley et al., 1979; 
Ridell, et al., 1980; Arambell et al., 1982), 
the production of propionic acid (Ridell et 

Riboflavin is a constituent of many 
enzymes which participate in intermediary 
metabolism. In dairy cattle no requirements 
have been established, since ruminal 
microorganisms synthesize abundant 
quantities of this vitamin. This synthesis 
and the flow of riboflavin in the rumen 
appear to be independent of the level of 
concentrate in the ration (Zinn et al., 1987), 
and it is synthesized at a rate of 15.2 mg/
kg organic matter digested. Furthermore, 
ruminal degradation is almost complete 
(Zinn et al., 1987), and intestinal digestibility 
is approximately 25% (Miller et al., 1986; 
Zinn et al., 1987).

Neither the NRC (1996) nor INRA (1988) have 
established specific recommendations for 
riboflavin for beef cattle or feedlot calves, 
except in the case of veal calves, for which 

RIBOFLAVIN (VITAMIN B2)

NIACIN (VITAMIN B3)

a supply of between 0.8 and 2.5 IU/kg of DM 
milk feed is recommended (INRA, 1988), 
or its inclusion in milk replacer (6.5 mg/kg 
of DM; NRC, 2001). Zinn (1992) calculated, 
using data collected from pigs (NRC, 
1979), that the requirements for feedlot or 
finisher cattle were 0.32 mg/kg LW0.75. Taking 
into account that ruminal degradation of 
riboflavin provided in the diet is almost 
complete, and that riboflavin synthesis by 
ruminal bacteria is 15.2 mg/kg of DOM (Zinn, 
1987, 1992), it is very unlikely that riboflavin 
deficiencies occur in ruminants. Riboflavin 
deficiencies have only been observed in 
young preruminant animals (NRC, 1996). In 
any case, supplementation should only be 
considered in animals under stress and with 
a low feed intake, when bacterial supplies 
are diminished (Zinn, 1992). 

al., 1980; Arambell et al., 1982; Hannah and 
Stern, 1985), and digestion of cellulose 
(Hannah and Stern, 1985). On the metabolic 
level, niacin participates in lipid and energy 
metabolism. Supplementation with niacin 
leads to an increase in the concentration 
of glucose in blood, and a decrease in the 
concentration of β-hydroxybutyric acid 
and free fatty acids in plasma, which are 
indicators of its activity as gluconeogenesis 
stimulator. 

Niacin is required in rations for calves 
before weaning due to the scant microbial 
synthesis in the rumen. Hopper and 
Johnson (1955) observed that calves fed 
with synthetic milk deficient in niacin 
presented with diarrhea within 48 hours and 
that there was an immediate improvement 
the day after administering an oral dose of 
6 mg/d or an intramuscular dose of 10 mg/d 
nicotinic acid. The NRC (2001) recommends 
the incorporation of 10 mg/kg DM of niacin 
in milk replacer. 

There is no evidence that niacin 
supplementation improves the growth rate 
of calves. Ridell et al. (1981) supplemented 
calves between 110 and 370 kg with 1.3 
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Vitamin B12 is the cofactor of methylmalonyl-
CoA mutase (necessary for the conversion 
from propionate to succinate) and 
tetrahydrofolate methyl transferase (which 
participates in methionine metabolism). 
Up to 90% of vitamin B12 of dietary origin is 
degraded in the rumen (Zinn, 1992). Bacteria 
are the only natural source of vitamin B12. The 
NRC (2001) considers that the requirements 
of milk cows are between 0.34 and 0.68 µg/
kg LW. However, using the requirements 
for fattening pigs (NRC 1979), Zinn (1992) 
calculated the requirements for growing 
and/or finishing cattle as 1.42 g/kg LW0.75. Due 
to the high ruminal degradability of dietary 
vitamin B12, the supply by the rumen is of 
fundamental importance. Microbial synthesis 
of B12 depends on the presence of cobalt, and 
increases in a linear fashion when cobalt is 

As with other B group vitamins, neither 
INRA (1988) nor the NRC (1996; 2001) have 
established recommendations for adult 
bovines. In the case of veal calves, INRA (1988) 
recommends a supply of 2 IU pyridoxine/
kg of DM. The NRC (2001) recommends the 
incorporation of 6.5 mg/kg of DM in milk 

PYRIDOXINE (VITAMIN B6)

CYANOCOBALAMIN (VITAMIN B12)

g/d niacin and observed no benefit, which 
suggests that a functional rumen provides 
enough niacin for the growth and normal 
development of the calves.

Nor have recommendations been established 
for niacin in feedlot cattle (NRC, 1996; INRA, 
1988) due to the abundant synthesis of this 
vitamin in the rumen. Only in the case of veal 
calf production is the inclusion of between 
10 and 14 IU niacin/kg of DM in milk feed 
recommended (INRA, 1988).

By extrapolating the requirements for 
pigs (NRC 1979), Zinn (1992) calculated 
that the requirements for growing and/
or finishing calves were 1.75 mg/kg LW0.75. 
Considering that microbial synthesis is 
107.02 mg/kg DOM (Zinn, 1992), the supply 
by ruminal bacteria would be sufficient to 
meet these requirements. However, when 

animals are fed rations with an imbalance 
in amino acids, an inadequate supply of 
energy, or containing rancid ingredients, 
niacin requirements are altered (NRC, 
1996). Specifically, an excess of leucine, 
arginine or glycine, an excess of energy 
or the incorrect use of antibiotics increase 
niacin requirements. In experiments on 
production, niacin supplementation at up 
to 10 times the theoretical requirements up 
to entry to the feedlot improved productive 
yield (Cole et al. 1982, Zinn et al. 1987). 
However, Overfield and Hatfield (1976) 
observed improvements in growth when 
supplementing with niacin (250-500 mg/
kg). Hutcheson (1990) also observed an 
improvement of 20% in weight gain when 
supplementing starter rations for healthy 
calves with 125 ppm niacin, although in 
sick calves a positive response was only 
observed with a higher dosage (250 ppm).

replacer. Zinn (1992), extrapolating the data 
collected from pigs, recommends a supply 
of 0.14 mg/kg LW0.75 for feedlot and/or 
finishing calves. In the rumen, pyridoxine is 
not degraded but is synthesized abundantly, 
so a deficit is very unlikely (Zinn, 1992).

administered (in chloride form) up to levels 
of 0.2 mg/kg (Tiffany and Spears, 2005). 
Under normal conditions, ruminal bacteria 
synthesize at a rate of 4.1 mg/kg of DOM, and 
synthesis increases in rations high in forage 
(Sutton and Elliot, 1972; Walker and Elliot, 
1972). Considering the requirements and the 
capacity for ruminal synthesis of vitamin B12, 
it is unlikely that a deficiency would occur 
in beef cattle, except when there is a cobalt 
deficiency (Zinn et al., 1987). 

Supplementation in suckling calves may be 
necessary under some conditions (Lassiter 
et al., 1953). The NRC (2001) recommends 
supplementation of 0.07 mg/kg of DM in 
milk replacer, and INRA (1988) recommends 
a supply of between 0.02 to 0.06 IU/kg of 
DM in rations for calves destined for veal 
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Folic acid participates in the metabolism as a 
methyl group donor. Methionine is also used 
as a methyl group donor, so supplementation 
with folic acid increases the availability of 
methionine for productive functions. Zinn 
(1992) used data collected from pigs (NRC, 
1997) to extrapolate the requirements of 
folic acid for feedlot and/or finisher cattle, 
and concluded that the requirements were 
0.75 mg/kg of LW0.75. A significant amount 
of folic acid is synthesized in the rumen 
depending on the availability of energy (0.42 
mg/kg of DOM; Zinn, 1992). By comparing 

Biotin is a cofactor of enzymes which catalyze 
carboxylation reactions, and intervenes 
in the tricarboxylic acid cycle, that of 
gluconeogenesis and fat synthesis (Campbell 
et al., 2000). It is also involved in the control 
and production of keratin, which is why 
supplementation with biotin is recommended 
as a mechanism to reduce laminitis in beef 
cattle (Tomlinson et al., 2004; Schwab and 
Shaver, 2005). It has also been shown that 
supplementation with 10 mg of biotin/animal/
day (Campbell et al., 2000), exerts a positive 
effect in the prevention of foot problems in 
beef cattle. However, Chiquette et al. (1993) 
observed no differences in the digestibility 
or ruminal fermentation of growing calves 
supplemented with 2 mg/kg LW of biotin in 
diets based or forage or concentrate. 

Ruminal bacteria synthesize large quantities 
of biotin depending on the availability of 
energy (0.79 mg/kg of DOM) (Briggs et al., 
1964) although this synthesis reduces with 
an increase in the amount of concentrate 
in the ration. In experimental conditions in 
vitro it has been observed that in rations 
rich in concentrate (> 50% of the ration) the 
synthesis of biotin is reduced (Da-Costa-

production. Other than this exception, there 
is no evidence in the literature to suggest 
a need for vitamin B12 supplementation of 
rations for beef cattle, provided that the ration 
contains a sufficient quantity of cobalt, which 
according to the NRC (2000) should be 0.10 

ppm. More recent data, however, indicate 
that this value should be raised (Stangl et al., 
2000, Tiffany et al., 2003). 

BIOTIN (VITAMIN H OR B8)

FOLIC ACID

Gómez et al., 1998). Mock (1996, cited by 
Tomlinson et al., 2004) pointed out that a 
biotin deficiency is associated with a lesser 
pyruvate carboxylase enzyme activity, 
which is related to the development of lactic 
acidosis. It is therefore possible that the 
calves which receive higher quantities of 
concentrate in their diet, as in the case of the 
intensive beef production in Spain, may not 
have enough biotin in the rumen to convert 
all the lactic acid to pyruvate acid, and that 
this condition may be a precondition for 
acidosis (Tomlinson et al., 2004). However, 
biotin does not degrade to any great extent 
in the rumen (Frigg et al. 1993; Midla et al., 
1998). Zinn (1992) estimated the requirements 
of biotin for feedlot and/or finisher calves 
as 0.13 mg/kg of LW0.75. The combination of 
microbial synthesis and the supply in the 
base ration are generally sufficient to meet 
the requirements of both dairy as well as 
beef cattle.

Neither INRA (1988) nor the NRC (1996, 2000) 
have established recommendations for beef 
cattle, with the exception of veal calves (0.11 
IU/kg of DM) and in milk replacers (0.1 mg/kg 
of DM) (Table III; INRA, 1988; NRC, 0.2001). 

the estimated requirements with microbial 
synthesis of folic acid, Zinn (1992) concluded 
that folic acid could be a vitamin of limited 
use in cattle. 

In preruminant calves poor bacterial 
synthesis may lead to deficiency. Daily 
injection of 40 mg folic acid between weeks 1 
and 16 of life increased average weight gain 
by 8% between weeks 7 and 12 (Demoulin et 
al., 1991). Recommendations have only been 
established for the production of veal calves 
and for milk replacer (Table III), for which a 
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Vitamin C is synthesized fundamentally 
as ascorbic acid within the cells of adult 
ruminants, and it is provided depending 
on the synthesis of vitamin C in the liver, 
since most of the vitamin C delivered 
in the diet is degraded in the rumen. It 
is generally accepted that adult cattle 
synthesize sufficient ascorbic acid to cover 
their vitamin C requirement (Toutain et 
al. 1997). There are thus no data on the 
effects of oral supplementation of vitamin 
C in adult animals. However, ruminants 
are considered the domestic species least 
likely to present vitamin C deficiencies 
when in some cases the synthesis of 
ascorbic acid is insufficient. Calves cannot 
synthesize it until they are 3 weeks old, so 
it is considered an essential nutrient only 
for young calves. 

Vitamin C is an antioxidant and it participates 

Pantothenic acid is a constituent of coenzyme 
A, and it is essential in many reactions 
including fatty acid oxidation metabolism, 
amino acid catabolism and acetylcholine 
synthesis. 

As with other B group vitamins, there are 
no recommendations on requirements 
of pantothenic acid in bovines (INRA, 
1988; NRC, 1996; NRC, 2000; NRC, 2001), 
apart from some exceptions. INRA (1988) 
recommends a supply of between 5 and 11 
IU/kg DM for veal calves, and the NRC (2001) 
recommends the incorporation of 130 mg/kg 
of DM milk replacer. Zinn (1992) estimated 

Inositol is an important nutrient in the 
transport and metabolism of fats. Inositol is 
a constituent of phytic acid, very common in 

INOSITOL

PANTOTHENIC ACID

VITAMIN C (ASCORBIC ACID)

supply of 0.8 mg/kg of DM (INRA, 1988) and 
0.5 mg/kg of DM (NRC, 2001) respectively 
is recommended. Due to the high level of 
ruminal degradation (97%, Zinn, 1992), oral 

supplementation in adult animals would only 
be justified if a protection system against 
ruminal degradation were developed. 

plants, and a deficit is therefore unlikely in 
ruminants. 

from the requirements of growing pigs that 
the requirements of fattening calves were 
1.42 mg/kg of LW0.75. Taking into account that 
synthesis by ruminal bacteria is 2.2 mg/kg 
of DOM and ruminal degradation of dietary 
pantothenic acid is 78%, it appears that 
supplementation may be necessary (Zinn et 
al., 1987; Zinn, 1992), especially in the case of 
animals under stress or with low feed intake. 
It is possible that the development of forms 
which are less degradable in the rumen 
may provide an opportunity to improve 
the alimentary supply and obtain possible 
production responses.

in the regulation of steroid synthesis. 
Roth and Kaeberle (1985) suggested that 
it is implicated in immune response. 
Under conditions of stress, the plasma 
concentration of vitamin C diminishes 
as much in young as in growing calves 
(Cummins and Brunner, 1991; Hidiroglou 
et al., 1977). Oral supplementation of 1-2g 
vitamin C in preruminant calves increased 
the plasma concentration of vitamin C 
(Hidiroglou et al., 1995), which might be 
related to an improvement in the immune 
response (Eicher-Pruiett et al., 1992). In 
sheep, supplementation of the ration 
with 4 g/d vitamin C resulted in a rise in 
the plasma concentration of vitamin C 
(Hidiroglou et al., 1995). In no cases has 
supplementation with vitamin C shown 
an improvement in production. However, 
parenteral administration of vitamin C is 
indeed recommended in cases of stress, 
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CHOLINE

Choline is not a vitamin in the traditional 
sense as it is not part of an enzyme 
system, and it is required in grams and 
not in milligrams like true vitamins. 
Phosphatidylcholine is the main natural 
form of choline present in food, although a 
small quantity of free choline may also exist 
in vegetable matter. As a component of 
phospholipids and of acetyl choline, it fulfils 
an essential role in the metabolism, serving 
as a methyl group donor. Biologically active 
methyl groups may also be obtained from 
methionine, so one of the advantages of 
supplementing choline is an increase in 
the availability of methionine for protein 
synthesis. 

It has been demonstrated that both choline 
naturally present in foodstuffs and synthetic 
supplements of choline degrade by between 
80 and 99% in the rumen, depending on the 
source (Sharma and Erdman, 1989). The 
flow of choline of mircrobial origin to the 
duodenum is slight, and the little that is 
available comes from protozoal synthesis 
(Sharma and Erdman, 1988). Choline is 
an important nutrient in lipid transport 
and metabolism. Supplementation should 
therefore when necessary come from 
sources which can guarantee that it is 
protected from ruminal degradability.

since its provision in the diet for a prolonged 
period might cause adverse effects in the 
immune response, due to the potential of 
vitamin C for acting as pro-oxidant in high 
concentrations (Rose and Bode, 1993). 
The content of vitamin C in the tissues also 
varies according to the nutritional system of 
the calves. For example, the concentration 
of ascorbic acid (µg/g of muscle) in the 
psoas major muscle (selected for its high 
susceptibility to deterioration during 
storage), ranged from 15.92 in grain-based 
diets to 25.30 in pastured calves (Descalzo 
et al., 2005), (Table II). 

Although neither the NRC (1996) nor the 
INRA (1988) set recommendations for beef 
cattle, with the exception of the production 
of veal calves, where a supply of 100 mg/
kg of DM is recommended (INRA, 1988), it 
is necessary to monitor the requirements 
and supplies of this vitamin, above all 
in fattening calves fed with diets which 
include high quantities of concentrate, 
because of its effects on the quality of the 
carcass and the meat, such as its capacity 
to reduce the oxidative capacity of lipids, 
and the improvement and persistence of its 
color when treated post mortem (Descalzo 
and Sancho, 2008).

Johnson et al. (1951) observed a choline 
deficiency in one week-old calves when milk 
replacers contained 15% casein. The choline 
requirements calculated in this experiment 
were 260 mg/l milk replacer (1,733 mg/
kg of DM). The NRC (2001) recommends 
the incorporation in milk replacer of 1,000 
mg/kg of DM. In calves, signs of deficiency 
include muscular weakness, fatty infiltration 
of the liver and renal hemorrhage, as is 
observed in other species. In beef cattle, 
the only recommendation is to incorporate 
0.26% choline in milk replacer and 1,440 
UI/kg DM for veal production (NRC, 2000; 
INRA, 1988, respectively). Rumsey (1985) 
showed that supplementing rations for 
calves fed with concentrates did not alter 
the productive yields, or characteristics of 
ruminal fermentation, or carcass quality. 
The use of protected choline has improved 
the productive behavior of fatted calves with 
no negative effects on the characteristics of 
the carcass (Bryant et al., 1999; Bindel et al., 
2000). While Bindel et al. (2005), who carried 
out choline infusions in the abomasum (5 
g/d), with and without supplementary fat 
supply in the fatting calf ration, did not 
observe changes in the digestion of nutrients 
nor in the concentrations of metabolites in 
plasma.

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



325

OPTIMUM VITAMIN NUTRITION IN BEEF CATLE

Beef cattle are seen as an important source 
of nutrition, which ensure proper nutrition 
and diet for the human population (Table II). 
Our food supply in general, and its essential 
vitamins in particular, represent an important 
part of a human being’s recommended daily 
needs (Table IV). Various factors such as 
breed, the manufacturing system and the 
ingredients used in the feeding of livestock, 
the kind of cut you might consider, the post 
mortem handling of the carcass and of the 
meat, etc., will have an important effect on its 
composition and nutritional value (William, 
2007). The lean component of the red 
meats, beef for example, are well-known as 
an excellent source of human nourishment. 
They have a high protein content of great 
biological value with the makeup and 
proportion of amino acids they can provide, 
with vitamins like niacin, riboflavin iron, 
B6, B12, pantothenic acid, folic acid and 
sometimes even vitamin D, minerals like 
iron, zinc, phosphorus, selenium and 
copper, endogenous antioxidants and other 
bio-active substances (McRae et al., 2005; 
Williams, 2007). The content of these macro 
and micro nutrients, with their organoleptic 
properties of tenderness, texture, juiciness 
and savour, (McRae et al., 2005; Dhiman et 
al., 2006) make beef an essential ingredient 
in the human diet. 

Table II shows that the contribution of beef 
to daily vitamin requirements (estimated on 
the basis of a daily consumption of 100 g of 
beef and average vitamin content) is very 
important as regards B2 (18.8%), B3 (51.2%), 
B6 (33%) and B12 (90.4%). In this respect, and 
for certain vitamins, the consumption of beef 
constitutes a very important contribution to 
human nourishment.

The results of numerous studies indicate 
that supplementation with vitamins A, D, 
E, C, and those from the B complex or its 
precursors, can exert a positive effect on 
different parameters of beef quality. Thus, 
for example, some data indicate that vitamin 
D has a positive influence on improving 
the tenderness of meat and increasing the 

SUPPLY OF VITAMINS AND NUTRITIONAL VALUE OF BEEF CATTLE FOR HUMAN CONSUMPTION

levels of calcium in muscle (Swanek et al., 
1999; Montgomery et al., 2002; Foote et al., 
2004), even though the positive effects have 
not always been evident (Wertz et al., 2004). 
Nevertheless, this management practice 
has found little acceptance as a commercial 
strategy due to the fact that it reduces 
voluntary ingestion and animal productivity 
(Dikeman, 2007). In addition, excessive 
supplementation of vitamin D (in doses of 
2 x 106 IU/d of vitamin D3) can cause toxicity 
in beef cattle, and its harmlessness to 
human health has not been demonstrated 
(Dikeman, 2007). 

Vitamins A, C and E intervene in the 
metabolism of lipids and deposition of 
intramuscular fat, a characteristic which 
in turn is related to an improvement in 
the flavor of meat and a change in the 
profile and provision of mono and/or poly-
unsaturated long chain fatty acids (Siebert 
et al., 2003; Kawachi, 2006; Dhiman et al., 
2006; Dikeman, 2007; Gorocica-Buenfil et 
al., 2007, 2008; Kruk et al., in press). Another 
aspect related to the quality of meat is 
the longevity of color and resistance to 
oxidation in post mortem treatment, in the 
case of which this group of vitamins also 
plays an important role with its antioxidant 
effect.

Beef also provides an important part of other 
bioactive substances (e.g. ubiquinones, 
glutathione, carnosine, anserine, L-carnitine, 
taurine, creatinine, etc.) which act as 
endogenous antioxidants and contribute 
to an improvement in the human immune 
system (Arihara, 2006; Williams, 2007).  
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CONCLUSIONS

Vitamins play a fundamental role in 
numerous vital functions. In productive 
conditions, vitamin deficiencies should not 
only be considered from the point of view 
of maintenance of physiological functions. 
Vitamins should also permit optimum 
production and reduction in the incidence 
of clinical or subclinical pathologies. In the 
last few years, vitamin recommendations 
established by ration formulation systems, 
as well as those applied in field conditions 
by the industry, have increased. This is true 
especially of intensive systems, where the 
aims are to improve productivity and reduce 
pathologies. The most important increases 
in recommended levels affect vitamins A 
and E. Other vitamins, especially of the 

B group, which have not until now been 
considered necessary in formulations for 
adult ruminants, are necessary in the case 
of pre-ruminants, and may be necessary in 
adults under conditions of stress or high 
production, in which case systems must be 
developed to protect vitamins in order to 
avoid or reduce their ruminal degradability.

The establishment of requirements and 
provision of vitamins for the nutrition and 
feeding of beef cattle should be seen not 
only from the animal’s point of view but also 
for the implications on the final product in 
the production system, i.e. the meat, and the 
importance this has in the human diet. 
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INTRODUCTION

VITAMIN A AND THE ß-CAROTENES

Vitamins are nutrients essential for the 
normal functioning of living beings. 
They are required in small amounts and 
are constituents of enzymes, coenzymes 
or factors in metabolic reactions. The 
development of the concepts of requirements 
and recommended amounts of vitamins has 
been limited by analytical difficulties and by 
the lack of response criteria sufficiently clear 
to allow recommendations to be established. 
However, the increase in productive yield 
of the dairy cow has revealed a series of 
production problems which, in recent years, 
have enabled deficiencies of some vitamins 
to be identified, and recommended amounts 
of these vitamins for commercial conditions 
should be modified.

Vitamins are generally classified as 
fat-soluble and water-soluble. Water-
soluble vitamins have traditionally been 
considered non-essential for ruminants, 
due to microbial synthesis in the rumen. 
However, recent data suggest possible 
benefits from their supplementation. The 
National Research Council (NRC) in 2001 
established new recommendations on 
optimum vitamin levels in dairy herds. In 
most cases, the recommended levels were 
increased considerably from previous 
reports. This chapter discusses these new 
recommendations and their justification, 
and provides a critical evaluation based on 
the available scientific literature.

FAT-SOLUBLE VITAMINS

Introduction

Vitamin A activity is defined in retinol 
equivalent units. All-trans retinol is the 
isomer of greatest potency and activity, 
and the only important one for practical 
purposes (Ullrey, 1972). One international 
unit (IU) of vitamin A corresponds to 0.3 
µg of all-trans retinol (equivalent to 0.344 
µg all-trans retinyl acetate). Retinol is not 
found in plants, but it is obtained from the 
β-carotenes (or provitamin A). One milligram 
of β-carotene has an activity equivalent to 
400 IU of vitamin A (equivalent to 120 µg of 
retinol). In plants, most of the β-carotenes 
are found in the vegetative material, 
therefore forage is the main source of this 
vitamin. β-carotenes are transferred from 
the plant to the animal and can modify the 
color of milk and its derivatives, as well as 
the fat deposited in tissues (Priolo et al., 
2002; Havemose et al., 2004; Nozière et al., 
2006). Various factors affect the β-carotene 
content of plants, and thus the supplies of 
vitamin A. Among the factors indicated are 
their physical state, the pH value (important 
in silage), the temperature, and the presence 

of oxygen (Table I). These factors modify 
the availability for the animals which 
consume them. Their content diminishes 
with maturity, and they rapidly oxidize once 
the plant is cut, so that the concentration in 
hay and silage is much lower than that in 
fresh plants (Chauveau-Duriot et al., 2005). 
Furthermore, there is a negative correlation 
between length of storage and concentration 
of β-carotenes in forages (Chauveau-Duriot 
et al., 2005). Retinol is very sensitive to 
oxidation, light and the presence of acids, 
humidity and microminerals (NRC, 2001; 
Nozière et al., 2006). Williams et al. (1998) 
estimated that the average values of 
β-carotenes in forages are 196, 159 and 81 
mg/kg of DM for artificially dehydrated hay, 
silage and sun-dried hay, respectively. 

Commercial forms of vitamin A – the most 
common ones are all-trans retinyl acetate, 
palmitate or propionate – are more stable, 
loosing around 1% per month under correct 
storage conditions. However, when they 
are stored with other minerals or feedstuffs, 
losses increase to 5-9% monthly (Coelho, 
1991).
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Bioavailability

In the context of animal diets, the prime 
factor determining the bioavailability of 
a vitamin from a feedstuff is its stability. 
Prolonged storage of the vitamin in premixes 
or in the final product, vitamin premixes 
containing minerals, raised temperature 
and humidity, pelleting, processing in blocks 
or by extrusion, or the presence of rancid 
fats in the ration all reduce the stability of 
vitamin A. 

Bioavailability of vitamin A and β-carotenes 
in the animal depends on the degree of 
ruminal degradability, on the absorption 
efficiency in the intestine and, for 
β-carotenes, on the efficiency of conversion 
of β-carotenes to vitamin A, a process 
that takes place in the intestinal mucosal 
cells. Dairy cattle can absorb and store a 
significant proportion of the β-carotenes in 
a ration. Vitamin A can be stored in the liver 
and fatty tissue of ruminants in sufficient 
quantities to cover their requirements 
for a period of up to six months or more 
(McDowell, 2006).

Bioavailability of vitamin A
Several studies have observed that ruminal 
degradation of vitamin A varies between 
40 and 70% (Ullrey, 1972). Warner et al. 
(1970) indicated that ruminal destruction 
of vitamin A was 55% in rations containing 
50-75% forage, and increased to 65% when 
the percentage of forage was reduced from 
40% to 20% of the ration. Rode et al. (1990) 
observed degradation of approximately 
80% in animals fed with rations containing 
30% forage, compared with 16 and 19% in 
animals fed hay or straw, respectively.  Weiss 

et al. (1995) in their study also observed less 
ruminal degradation of vitamin A in rations 
containing 80% forage (20% degradability), 
compared with rations containing 50% 
forage (72% degradability). These results 
suggest that, in rations containing 50% or 
more concentrate, ruminal degradability 
of vitamin A is considerably greater 
than in those rations based on forage. 
In consequence, it seems reasonable to 
consider the possibility of using sources 
of protected vitamin A in rations rich in 
concentrate. Thus for example, Alosilla et 
al. (2007) evaluated the bioavailability of 
5 commercial sources of vitamin A (80,000 
IU/d) using a concentrate-rich diet in beef 
cattle, and they observed differences in the 
hepatic concentration of retinol – considered 
the best indicator for evaluating the status 
of vitamin A in the animal – between the 
different vitamin sources used. These 
differences were attributed to ruminal 
degradability and/or intestinal digestibility. 

There are no data on vitamin A absorption 
in the small intestine of ruminants. Data 
collected from humans and rats indicate that 
intestinal absorption varies between 20 and 
60% (Blomhoff et al., 1991). Donoghue et al. 
(1983) observed that vitamin A absorption in 
lambs supplemented with 0, 100, and 12,000 
µg of retinol/kg liveweight was 91, 58 and 
14%, respectively, suggesting an inverse 
relation between intestinal concentration 
and vitamin A absorption.

Bioavailability of β-carotenes
The ruminal degradability of β-carotenes is 
lower than vitamin A, and varies between 0 
and 30% (Potanski et al., 1974; Mora et al., 
1999). Intestinal digestibility was calculated 

+ = stable; − = unstable; ( ) = tocopheryl acetate

Table I. Factors affecting the stability of vitamins.

Heat Oxygen Light Humidity
pH

< 7 7 > 7

Vitamin A − − − − − + +

Vitamin D − − − − + + −

Vitamin E −(+) −(+) −(+) −(+) +(+) +(+) +(+)

Vitamin K + + − − − + −

Vitamin B1
− − + − + − −
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to be 78% (Wing, 1969), and was affected 
by the type and physiological state of the 
plant, the processing method, the amount 
of dry material in the plant, and the month 
of harvest. However, Cohen-Fernandez et al. 
(1976) recovered 90% of marked β-carotene 
administered to lambs in their feces, which 
suggests that it had a much lower level of 
absorption. Another study carried out in 
sheep, which evaluated the digestion and 
absorption of carotenoids from red clover 
(Cardinault et al., 2006), observed that 
apparent digestibility increased (>53%), 
although it varied according to the type 
of carotenoid considered. For β-carotenes 
the values were over 100% in some cases, 
suggesting that the ruminal microorganisms 
are capable of synthesizing them. 
Furthermore, the efficiency of absorption 
of β-carotenes and retinol depends on the 
quantity of fat and vitamin supplied in the 
diet (Blomhoff, 1994; Yeum et al., 2000). 
Yeum et al. (2000) indicated that in the 
presence of α-tocopherol, β-carotene is 
converted exclusively into retinol, while 
if α-tocopherol is absent, it splits into 
apocarotenoids and retinol. Lastly, most 
domestic species convert β-carotenes to 
vitamin A, but conversion in dairy cattle is 
low (24%), and their storage capacity varies 
according to breed, as some (e.g. Guernsey, 
Jersey) have a greater capacity than others 
(e.g. Holstein). In breeds such as Holsteins, 
supplementation may be beneficial. 

Functions

Functions of vitamin A
Vitamin A fulfils various functions in 
the body, the most important being its 
involvement in vision, embryo development, 
reproduction, immunity, maintenance of 
homeostasis, and the differentiation of 
mammary gland cells (Goodman, 1984; 
Baldi et al., 2008). Vitamin A deficiency has 
been associated with loss of vision, reduced 
growth and development, changes in 
spermatogenesis and in the maintenance of 
skeletal and epithelial tissue and a reduction 
in reproductive and immune functions 
(Ikeda et al., 2005). In commercial herds, 
symptoms of deficiency are infrequent. 
However, marginal deficiencies lead to 
reduced reproduction and/or disruption 
of the immune system. In fact, the NRC 
(1989; 2001) uses reproductive performance 

indicators as criteria to determine the needs 
of productive animals. Vitamin A deficiency 
in gestating cows leads to an increase in the 
incidence of abortions, retained placentas, 
and increased calf morbidity and mortality 
rates, as well as a reduction in fertility 
(Hurley and Doane, 1989).

Furthermore, although vitamin A is not 
considered an antioxidant as such, it plays 
an important role in the passive immunity 
of dairy cattle, since it intervenes directly 
in defense mechanisms through the 
maintenance of functional epithelial tissue 
and stimulation of the immune function 
(Chew, 1987; Bendich, 1993; NRC, 2001; 
Baldi, 2008). Stimulation of the immune 
function is complex, with intervention by 
elements of cellular, humoral and non-
specific immunity (Chew, 1987). Studies 
carried out in cattle on the effect of vitamin 
A on the immune function are limited. 
Michal et al. (1994) indicated that vitamin 
A benefits the immune response by 
stimulating proliferation of lymphocytes 
and their killing capacity (Figure 1). Tjoelker 
et al. (1988) also observed stimulation of 
the polymorphonuclear neutrophil function 
in cattle, but the response depended on 
lactational status and on the presence of 
β-carotene in the plasma. This stimulation 
of the immune function reduces mammary 
and reproductive problems, both in the 
dry period (Dahlquist and Chew, 1985) as 
during lactation (Chew and Johnson, 1985). 
It has been suggested that the minimum 
recommended level of retinol in plasma 
necessary to optimize immune action is 0.8 
µg/ml (Weiss, 1998). 

Recent studies bear out the importance 
of vitamin A in the immune biology of 
the mammary gland and its regeneration 
and in the activity of polymorphonuclear 
leukocytes peripartum. The results of an in 
vitro study (Meyer et al., 2005) indicate that 
retinoid compounds have a direct influence 
on oxidative capacity, in the potential for 
destruction of leukocytes and in apoptosis, 
but not in chemotaxis. Cheli et al. (2003) 
suggested that retinoids participate in 
the morphogenesis, differentiation and 
proliferation of the mammary gland cells. 
Although the way vitamin A acts at a cellular 
level is not known precisely, it may regulate 
effect normal growth of cells as it controls 
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Figure 1. Index of intracellular destruction of S. aureus by polymorphonuclear neutrophils 
of control cows () or cows supplemented with 120,000 IU of vitamin A () or 600 mg of 
β-carotenes () (Michal et al., 1994).

the genetic expression of various growth 
factors (Baldi, 2008). 

Function of β-carotenes
The β-carotenes act as provitamin A. 
However, in addition to their function as 
vitamin A precursors, they have several 
other functions in dairy cows which are 
independent of the functions of vitamin 
A (Lotthammer, 1979; Bindas et al., 1984a, 
b), and which affect the immune function 
and reproduction (Chew, 1993; Weiss, 1998; 
Chawla and Kaur, 2004; Akar and Gazioglu, 
2006; Chew and Park, 2004), as well as 
the quality of milk (Cardinault et al., 2006; 
Nozìere et al., 2006). 

The involvement of β-carotenes in the 
immune function was revised by Chew 
(1993), and Chew and Park (2004). 
β-carotenes act as antioxidants (Mascio et 
al., 1991; Zamora et al., 1991), and stimulate 
the capacity for action of neutrophils (Chew, 
1993; Chew and Park, 2004). Daniel et al. 
(1991) observed an increase in lymphocyte 
proliferation and in the bactericidal activity 
of milk lymphocytes against S. aureus 
peripartum. Furthermore, β-carotenes boost 

several aspects of the immune system 
during dry-off and peripartum in cows, 
depending on the physiological condition 
of the cows and on β-carotene and vitamin 
A blood levels (Tjoelker et al., 1988; Tjoelker 
et al., 1990).

The effects on the reproductive function 
of supplementing rations with β-carotenes 
have been variable. Hurley and Doane 
(1989) observed positive effects on the 
reproductive function in 12 of the 22 
studies reviewed. When a positive result 
is obtained, the mechanism of action is 
not clear, because it is frequently difficult 
to separate the function of β-carotenes 
from that of of vitamin A. The corpus 
luteum of cows is very rich in β-carotenes, 
which suggests a possible function in the 
synthesis of progesterone (Arikan et al., 
2002; Haliloglu et al., 2002). Lotthammer et 
al. (1979) observed an increase in fertility 
and a decrease in services per conception 
when rations with sufficient vitamin A were 
supplemented with 300 mg/d of β-carotene 
(Table II). 
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The supply of β-carotenes in the diet of dairy 
cattle is also important from the perspective 
of human nutrition. The β-carotene content 
of milk is highly variable, and depends 
on the type and quantity of carotenoids 
ingested by the animal (Havemose et al., 
2004; Nozière et al., 2006; Calderón et al., 
2007). The relationship between the diet of 
cows and its β-carotene content could have 
important implications from the perspective 
of product quality, because it can serve as an 
indicator in traceability studies for finding 
out the origin and systems of nutrition in 
cattle, particularly in the production of 
organic foods (Cardinault et al., 2006).

Recommendations for Vitamin A

Suckling calves 
According to recommendations the vitamin 
A requirement of suckling calves is 110 IU/
kg of liveweight (NRC, 2001). In normal 
conditions, this means the incorporation 
of approximately 9,000 IU/kg of DM in milk 
replacer, and 4,000 IU/kg of DM in starter 
feeds. These recommendations exceed 
the 42 IU/kg liveweight recommended 
by the previous NRC report (1989). The 
recommended increase is based on 
studies by Eaton et al. (1972) who, using 
as a selection criterion the dose which 
permits maintenance of appropriate 
cerebrospinal fluid pressure, established 
a recommendation of 97 IU/kg liveweight. 
However, the build-up or loss of vitamin A 
in the liver is a more precise measure of the 
vitamin A status of the animal. Swanson et 
al. (2000) used this criterion and observed 
that supplementation with 134 IU/kg of 
LW led to the accumulation of vitamin A 
in the liver, while supplementation with 93 

IU/kg led to reduction in hepatic reserves 
of vitamin A. These results suggest that 
appropriate supplementation is between 93 
and 134 IU/kg. 

The vitamin A status of calves depends 
greatly on the intake of vitamin A through 
the colostrum. Calves are born with very low 
levels of vitamin A because transfer through 
the placenta is very low. The transfer of 
vitamins from the colostrum to the calf is 
therefore vital to its health (Seymour, 2004). 
A delay in the supply from colostrum of 
more than 12 hours after parturition affects 
plasma levels of β-carotenes, vitamin A 
and vitamin E during the first month of the 
calf’s life (Zanker et al., 2000; Debier et al., 
2005; Puvogel et al., 2008). If the vitamin A 
levels remain low after parturition, the calf’s 
health and its subsequent growth may be 
negatively affected (Debier and Larondelle, 
2005). If the supply of appropriate quantities 
of a colostrum rich in vitamin A is insufficient, 
additional supplementation is needed. 

Cows fed with rations rich in vitamin A during 
the dry period produce more colostrum with 
a greater vitamin A concentration. On the 
other hand, underfeeding with vitamin A 
during the dry period generates colostrum 
with a low vitamin A concentration, which 
has an effect on the vitamin status of the 
calf (Debier et al., 2005). Supplementation 
to the cow should be achieved with sources 
of vitamin A and not with β-carotenes, 
due to its reduced intestinal absorption 
(Yonekura and Nagao, 2007) or low capacity 
for converting β-carotenes into retinol by 
the young calf (Nonnecke et al., 2001). These 
considerations demand the administration 
of a minimum of 165 to 200 IU/kg liveweight 

Table II. Effect of the supplementation of β-carotenes on the fertility rate and number of 
services per conception in cows supplemented with appropriate quantities of vitamin A 
(adapted from Lotthammer et al., 1979).

Fertility:

Vitamin A  
(220 IU/kg LW)

β-carotene (0.3 g) and 
vitamin A (100 IU/kg LW)

β-carotene + vitamin A 
vs. vitamin A 

1st service 40.0 68.4 + 28.4%

2nd service 55.0 89.5 +34.5%

No. of services 
per conception

2.0 ± 0.91 1.42 ± 0.69 +29%
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Table III. Recommendations (NRC, 2001), safety margins (NRC, 1987) and range of 
supplementations under commercial conditions (adapted from Erdman, 1992).

Type of Animal

Lactating Cow Dry cow
Heifers 

(12–24 months)
Calves 

(6–12 months)

Vitamin A

  NRC (2001) 63,800 39,600 22,000 11,000

  Upper limit 1,320,000 660,000 660,000 330,000

  Commercial dose 100–200,000 100–150,000 30–40,000 20–30,000

Vitamin D

  NRC (2001) 20,000 12,000 3,000 1,500

  Upper limit 80–200,000 48–120,000 12–30,000 6–15,000

  Commercial dose 20–30,000 12–15,000 3–4,000 1,500–2,000

Vitamin E

  NRC (2001) 308 154 242 121

  Upper limit 20–40,000 10–20,000 10–20,000 5–10,000

  Commercial dose 300–500 300–1000 200–300 100–150

for the first months of life to achieve normal 
hepatic reserves. Erdman (1992) observed 
that it is normal practice to supply vitamin A 
concentrations above recommended levels 
in milk replacers (Table III; 20,000-40,000 IU/
kg of DM). Supplementation at much higher 
levels (87,000 IU/kg of milk replacer; 44,000 
IU/kg of DM in milk replacer, Swanson et 
al., 2000) had neither positive nor negative 
effects. Therefore an increase to such high 
dosages does not appear to be justified. 
On the other hand, Nonnecke et al. (1999) 
observed negative effects of overdosage 
of vitamin A in young calves. Franklin et al. 
(1998) observed a deterioration in the health 
of calves supplemented with 30,000 IU/d of 
vitamin A during the first 6 weeks of life. In 
both cases, the deterioration in health was 
attributed to the interference of vitamin A 
with the vitamin E status of the animals. 
Therefore, where large amounts of vitamin 
A are supplemented, the vitamin E levels in 
the milk replacer should also be raised. 

Figures available indicate that the NRC 
(2001) recommendations for calves (110 
IU/kg liveweight) are higher than those 
established by the NRC (1989) and INRA 
(1988), and are probably adequate. However, 

where there are doubts about the intake or 
the quality of the colostrum administered 
to calves, or when stressful conditions are 
detected, often due to intensive production 
systems, the recommendation may be 
increased to 134-200 IU/kg of liveweight 
(Table IV) without risk of toxicosis. 

Adult Lactating Cows
The currently available information on 
vitamin A requirements does not suggest 
a need to modify the recommendations for 
dairy cattle in the last NRC report (2001), 
which are 110 IU/d of vitamin A per kg 
liveweight, and which are approximately 
equivalent to 85,000-100,000 IU/d of vitamin 
A (Weiss, 2007). These recommendations 
are higher than the 76 IU/kg liveweight 
from the previous NRC report (1989). The 
NRC’s 1989 recommendation was based 
on long-term reproduction studies of 
relatively low-yielding animals fed rations 
containing a high proportion of forage 
(Swanson et al., 1968). However, in current 
production systems, animals are fed with 
rations containing a higher proportion 
of concentrate. Rode et al. (1990) and 
Weiss et al. (1995) demonstrated that the 
bioavailability of vitamin A was reduced by 
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Figure 2. Incidence of retained placentas, metritis and milk fever in control cows or cows 
supplemented with 120,000 IU/d of vitamin A, or 300 or 600 mg/d of β-carotenes (Michal et 
al., 1994).
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30 to 60% in rations containing more than 
50% of concentrate. From these figures, 
it would appear reasonable to consider 
an increase in the recommendations for 
vitamin A. 

Some experimental studies suggest 
that increasing the vitamin supplement 
above these recommended levels may be 
beneficial. Oldham et al. (1991) observed 
an increase in milk production from 35 to 
40 kg/d when the ration was supplemented 
with 250 IU of vitamin A per kg liveweight, 
compared with rations supplemented with 
75 IU/kg liveweight. Michal et al. (1994) did 
not observe production responses when 
rations were supplemented with 200 IU of 
vitamin A per kg liveweight but the incidence 
of retained placentas and milk fever was 
reduced by 33% (Figure 2). Supplementing 
vitamin A in amounts much higher than 
those recommended (166 vs. 1,660 IU/kg 
liveweight) increased heat detection from 
26 to 60%, and reduced the somatic cell 
count in postpartum weeks 2-8 (Chew and 
Johnson, 1985). 

These results suggest that, under commercial 
conditions, in which animals are subjected 
to greater productive stress and in which 
rations contain a higher proportion of 
concentrate, the current recommendations 
(110 IU/kg liveweight) may be increased by 
50 to 100 %. It must be remembered that the 
current recommendations were established 
for rations based on forage, and that 
ruminal degradability of vitamin A increases 
from 40 to 80% as the forage content of the 
ration decreases (Ullrey, 1972; Rode, 1990). 
Furthermore, the wide safety margin of 
vitamin A permits the increase without risk 
of toxicity (Table III). However, in some cases 
there have been indications that supplying 
very high concentrations of vitamin A in the 
diet (approximately 8 times the NRC’s 2001 
recommendations) can provoke reductions 
in the production of milk and its fat content 
(Puvogel et al., 2005). These levels should 
serve as reference maximums.

Dry and Prepartum Cows
The NRC (2001) decided on the same 
recommendations for dry cows as for 
lactating cows (110 IU/kg liveweight). The 
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Figure 3. Normal plasma concentration of vitamin A () and β-carotene () in cows during 
peripartum. (Akar Y., Gazioglu A. 2006)

NRC (1989) previously recommended 76 
IU/kg liveweight for dry cows. Weiss (1998) 
endorsed this recommendation on the 
basis of improved immune competence 
and fewer problems with mammary gland 
health and postpartum reproduction. 
Many reasearch studies have confirmed 
a reduction in vitamin A concentration 
peripartum (Tjoelker et al., 1988; Michal et 
al., 1994; Akar and Gazioglu, 2006; Figure 3). 
This reduction is at least partially due to the 
loss of vitamin A in colostrum. 

Several studies show that supplementation 
during the dry period reduces the incidence 
of mastitis in the dry and productive periods 
(Dahlquist and Chew, 1985; Chew and 
Johnson, 1985; LeBlanc et al., 2004). Weiss 
(1998) suggests that recommendations for 
vitamin A should also be applied to dry cows 
(150 IU/kg liveweight). Tjoelker et al. (1988) 
compared the supply of 80 vs. 350 IU/kg 
liveweight with 300-400 mg of β-carotenes 
but did not observe improvements in the 
function of neutrophils and lymphocytes, 
which indicates that the current 
recommendations are appropriate. Michal et 

al. (1994) also observed that supplementing 
prepartum rations with 120,000 IU/d 
of vitamin A led to an improvement in 
polymorphonuclear neutrophil function 
and a 28% reduction in retained placentas. 
Supplementation at levels 50% greater 
than current recommendations (NRC, 2001) 
may be advisable, given the reduction in 
problems peripartum, as well as to maintain 
retinol concentrations in plasma and in 
the colostrum post partum (Puvogel et al., 
2005). 

Recommendations for β-Carotenes

The NRC (2001) and INRA (1988) consider 
that there are not enough data to justify 
specific recommendations for β-carotenes. 
However, the evidence that its concentration 
decreases peripartum (Tjoelker et al., 1988; 
Michal et al., 1994; Chawla and Kaur, 2004; 
Calderón et al., 2007; Kawashima et al., 
2009b; Figure 3) and the benefits observed 
in some experimental studies suggest 
that, under some conditions, β-carotene 
supplementation may be beneficial. 
The consumption of low-quality forage 
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during the dry period and the increase in 
immunological requirements peripartum 
may explain the reduction in the plasma 
concentration of β-carotenes peripartum, 
and the possible need for supplementation 
of the ration. 

Several studies have shown that 
supplementing rations with between 300 to 
600 mg/d of β-carotene results in an increase 
in the proliferation of polymorphonuclear 
neutrophils and of their phagocytic capacity 
(Heriman et al., 1990; Michal et al., 1994; 
Tjoelker et al., 1990; Figure 1), as well as 
an increase in the plasma concentration of 
both β-carotenes and retinol (Michal et al., 
1994; Chawla and Kaur, 2004). The improved 
response capacity of the immune system 
may explain the improvements observed in 
mammary gland health – reduced somatic 
cell count, reduction in the number of new 
mammary infections, etc. – during the dry 
period (Dahlquist and Chew, 1985) as well 
as during lactation (Chew and Johnson, 
1985). Chew et al. (1993) observed a 
negative correlation between the level of 
β-carotenes in plasma and the somatic 
cells count, because β-carotenes protect 
cells against oxidation, optimizing cellular 
function. However, the action of carotenoid 
compounds on the immune response is 
variable and depends not only on its type 
and concentration but also on the cell and 
species of animal (Chew and Park, 2004). 
Dietary supplements of 300 and 600 mg 
β-carotene reduced the incidence of mastitis 
and intramammary infections both during 
the dry period and peripartum (Chew, 1987; 
Wang et al., 1988; Chawla and Kaur, 2004; 
Akar and Gazioglu, 2006). Other authors did 
not observe effects on udder health (Oldham 
et al., 1991; Jukola et al., 1996), although it 
is possible that discrepancies are due to the 
presence of β-carotenes in the basal ration.

Hurley and Doane (1989) observed an 
improvement in the reproductive function 
following the administration of β-carotenes 
(300-400 mg/d). In their review, reproductive 
parameters improved in 12 of the 22 studies 
in which vitamin A was supplemented 
in quantities that met or exceeded those 

recommended by the NRC (1989). Cows 
supplemented with β-carotenes experienced 
more rapid uterine recovery (Wang et al., 
1988; Rakes et al., 1985; Kawashima et al., 
2009b), a shorter interval from parturition 
to first estrus (Rakes et al., 1985; Bremel et 
al., 1982; Kawashima et al., 2006), a more 
intense estrus, a shorter interval from 
parturition to conception (Lotthammer et al., 
1979), a higher conception rate, and lower 
incidence of follicular cysts (Bremel et al., 
1982; Larson et al., 1983). Michal et al. (1994) 
observed that the incidence of retained 
placentas fell from 41% in unsupplemented 
cows to 31% in those supplemented with 
300 mg/d of β-carotenes, and to 25% with a 
supplementation of 600 mg/d of β-carotenes, 
and the incidence of metritis was reduced 
by 25%. Although some authors observed 
no positive effects (Bremel et al., 1982), 
these studies were carried out on Jersey 
cows which accumulate β-carotenes 
(Bremel et al., 1982) or β-carotenes were 
only supplemented during lactation, and 
not during the dry period (Bindas et al., 
1984a). 

The available figures suggest that 
supplementation with between 300 and 600 
mg/d of β-carotenes during the critical dry 
period and the 2 or 3 months postpartum 
may improve mammary gland health 
and reproductive function. Furthermore, 
Aréchiga et al. (1998) observed that 
supplementation with 400 mg/d 15 days prior 
to insemination increased milk production 
by 6-11%, and Chawla and Kaur (2004) 
observed a 28% increase in milk production 
when supplementing with 1,000 mg/d 
of β-carotenes prepartum. These figures 
suggest that the benefits may be derived not 
only in the reduced incidence of pathologies 
and/or reproductive improvements, but also 
in an increase in milk production.
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VITAMIN E

Introduction

Vitamin E is a generic term used for a group 
of compounds which have α-tocopherol 
biological activity (Bramley et al., 2000), 
which is the most powerful and common 
form in plants. One IU vitamin E equals 1 mg 
of all-rac-α-tocopherol acetate. The vitamin 
E content of food is very variable. Forages, 
depending on its state of maturity, contains 
between 80 and 200 IU of vitamin E per kg 
DM (Tramontano et al., 1993; Jukola et al., 
1996). As with other fat-soluble vitamins, 
the concentration in plants and the quantity 
available to the animal depend on various 
environmental and agricultural management 
factors (Table I). The α-tocopherol 
concentration decreases rapidly once the 
plant is cut. Prolonged exposure to oxygen 
or sunlight increases the rate of degradation 
(Thafvelin and Oksanen, 1966). Silage and hay 
contain between 20 and 80% less tocopherol 
than fresh forage. Concentrate feeds are low 
in vitamin E (except whole soy bean and 
cottonseed). The most common commercial 
form is all-rac-α-tocopherol acetate. DL-α-
tocopherol has greater biological activity 
than DL-α-tocopherol acetate (Hidiroglou 
et al., 1989). The esterified form of vitamin 
E is more stable, with a loss of less than 
1% per month. When it is subjected to 
extrusion, losses increase to 6% per month 
(Coelho, 1991). In animal tissues, the most 
biologically active form of the vitamin is 
RRR-α-tocopherol (previously known as D-α-
tocopherol), as it represents approximately 
90% of the total (Bramley et al., 2000).

The main focus of the studies undertaken to 
evaluate the role of vitamin E in ruminants 
arises from its potential as an antioxidant, 
as it can prevent the damage caused by 
free radicals at tissue level, and therefore 
prevent or retard the development of certain 
degenerative inflammatory diseases. Vitamin 
E also appears to play a fundamental role in 
the immune function (Baldi, 2005; Baldi et 
al., 2008). 

Bioavailability

In evaluating the bioavailability of vitamin 
E in dairy cattle the principal limiting factor 

is the efficiency of absorption, which is 
relatively low (approximately 30%). Factors 
such as the dose, the form of presentation 
(physical and/or chemical) and the method 
of administration will affect its availability. 
The results of various studies suggest that 
vitamin E is absorbed at a constant rate 
when increasing doses are applied. Part of 
the vitamin E which is absorbed de novo 
can at least partially replace the vitamin E 
present in the circulating lipoproteins (Baldi, 
2005), which is an additional limiting factor 
if the plasma concentration of the vitamin 
is the parameter measured to evaluate the 
status of the animal (Bramley et al., 2000). 
Furthermore, it is probable that intestinal 
absorption is limited when the transporting 
capacity is reached (Weiss and Wyatt, 2003). 

There is no consensus in the literature on 
the potential causes of vitamin E deficiency, 
which include insufficient supply, ruminal 
degradability, lower intestinal absorption 
or higher post-absorption metabolism. 
Alderson et al. (1971) observed that an 
important proportion of vitamin E was 
degraded in the rumen, and degradability 
was greater the more concentrate the ration 
contained. However, Leedle et al. (1993) and 
Weiss et al. (1995) demonstrated that ruminal 
degradation of all-rac-α-tocopherol acetate in 
vitro was minimal. The discrepancy in results 
was attributed to the incomplete extraction 
of vitamin E from the digestive content in the 
methodology used by Alderson et al. (1971). 
Furthermore, as happens with vitamin A, 
the efficiency of α-tocopherol absorption 
depends on the quantity and type of fat 
present in the diet (Debier and Larondelle, 
2005; Debier et al., 2005).

Functions

In the course of inflammatory processes, 
leukocytes involved in phagocytosis generate 
reactive peroxides which are needed to kill 
pathogens, but which may at the same time 
cause lesions in the polyunsaturated fatty 
acids of the cellular membranes. Vitamin E 
is a powerful antioxidant agent integrated 
in the cellular membranes which protects 
them from attack by peroxides (Craven and 
Williams, 1985; Hogan et al., 1993; Baldi, 
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2005), thus maintaining the integrity of the 
cellular membrane, and participating in the 
metabolism of arachidonic acid. Arachidonic 
acid is a membrane polyunsaturated fatty acid 
from which prostaglandins, thromboxanes 
and prostacyclins are synthesized, these 
being molecules which are particularly 
important in the immune response (Craven 
and Williams, 1985). Within the immune 
function, vitamin E stimulates antibody 
production, polymorphonuclear neutrophil 
migration, phagocytosis and its catabolic 
capacity (Gyang et al., 1984; Reffett et al., 
1988; Erskine et al., 1989; Hogan et al., 1990; 
Grasso et al., 1990; Baldi, 2005). These actions 
translate into a reduction in the incidence and 
severity of mastitis, retained placentas and 
metritis (Smith et al., 1984 and 1985; Hogan 
et al., 1993; Harrison et al., 1984; Lacetera et 
al., 1996), improving both mammary gland 
health and the reproductive function.

Although the best known function of vitamin 
E is its role as an antioxidant, it has other 
useful properties. It seems that α-tocopherol 
is involved in a series of processes mediated 
by a protein kinase which modulate genetic 
expression, and it plays an important role in 
the transmission of cellular information (Azzi 
et al., 2000; Brigelius-Flohé et al., 2002).

Recommendations for Vitamin E

Suckling calves
The NRC (2001) recommends 50 IU/kg of 
DM, which is higher than the previous level 
of 40 IU/kg of DM recommended by the NRC 
(1989) and INRA (1988). This change is based 
on the increased requirement by animals 
in the stressful situations typical of current 
production systems, where an extra vitamin E 
supplement may boost the immune system. 
However, the recommendations depend 
greatly on the intake of colostrum and its 
vitamin E content, since transfer of vitamin E 
through the placental membrane is low (Van 
Saun et al., 1989). It is therefore essential to 
ensure the supply of colostrum in the first 
hours of the calf’s life, since from 24 hours 
after parturition the efficiency of its intestinal 
absorption is reduced. Weiss et al. (1992) 
observed that the vitamin E concentration 
in colostrum increased by 40% when the 
ration for dry cows was supplemented with 
70 IU/d during the dry period. Lacetera et al. 
(1996) observed an increase in colostrum 

production and in its vitamin E content 
when dry cow rations were supplemented 
with 25 IU/d of vitamin E during the 3 weeks 
prepartum. 

Hidiroglou et al. (1995) supplemented the 
ration of newborn calves with 1,000 IU/d 
vitamin E. They observed an increase in 
the plasma concentration in the first week, 
and this concentration remained constant 
afterwards. Immunoglobulin levels and 
average weight gain (0.34 kg/d vs. 0.42 kg/d) 
tended to increase in the group treated 
with vitamin E. Reddy et al. (1986 and 1987) 
observed that young calves supplemented 
with vitamin E had greater leukocyte activity, 
higher concentrations of immunoglobulins 
and serum cholesterol, and reduced indicators 
of cellular membrane lesions. In another 
study, Mohri et al. (2005) evaluated the effect 
of pre-weaning supplementation of suckling 
calves with vitamin E (300 IU/kg liveweight) 
and selenium (6 mg / 45 kg liveweight) 
administered parenterally at 24 and 48 hrs 
and 7, 14, 21 and 28 d after parturition. The 
supplementary supplies did not improve the 
immune response or post-weaning growth of 
the calves, except for a significant increase 
in the hematocrit and the concentration of 
β-globulins. On the other hand, Stobo (1983) 
suggested that the vitamin E concentration in 
the milk replacer should depend on the ration’s 
unsaturated fatty acid content, and suggested 
a ratio of 1.5-2.5 IU of vitamin E per gram of 
linoleic acid. In standard milk replacers, this 
ratio is achieved with daily intakes of between 
25 and 63 IU/kg of DM. 

Although there is no solid evidence to justify 
an increase in these recommendations, the 
NRC (2001) recognizes that it is necessary to 
undertake large-scale studies to determine the 
effects of additional vitamin E supplements on 
the health and production of suckling calves. 
In spite of the limited information available, 
there are two situations in which higher levels 
merit consideration. First, frequent digestive 
disorders in young calves reduce vitamin E 
absorption. Second, supplementation with 
high quantities of vitamin A interferes with 
vitamin E absorption. For these reasons, and 
because of the wide safety margin of vitamin 
E (Table IV), it may be justified to increase 
the recommendations, at least in some 
situations. 
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Lactating Cows
Because of the difficulty in determining the 
vitamin E content of feed ingredients, the 
NRC (2001) has made recommendations 
for supplemental vitamin E, and assumes 
that animals are fed on stored forage. The 
recommendations of the NRC (2001) for 
lactating cows are 0.8 IU/kg liveweight, 
approximately 20 IU/kg of DMI, or 500 IU/d. 
These recommendations are 30% higher 
than those established by INRA (1988) or 
previously by the NRC (1989; 15 IU/kg of 
DM, or 300 IU/d). This increase is based on 
the review by Weiss (1998), who established 
a clear inverse relationship between vitamin 
E intake and the incidence of mastitis. Many 
researchers have observed that the plasma 
concentration of vitamin E in herds with a high 
somatic cell count or with a high incidence of 
mastitis was lower than in those herds with a 
lower somatic cell count (Weiss et al. 1990), 
which suggests that low vitamin E plasma 
levels increase the risk of mastitis (Weiss, 
1998). Weiss et al. (1994 and 1997) suggested 
that the plasma concentration of vitamin E 
should be greater than or equal to 3 µg/ml 
in order to reduce the risk of reproductive 
or mammary gland problems. Weiss et al. 
(1990) observed that supplementing vitamin 
E in the lactation ration tended to reduce 
the incidence of clinical mastitis. The cases 
of clinical mastitis increased in over half the 
herds when the supply was below 23 IU/kg 
of diet, which suggests that supplementation 
above the current recommended levels 
could have some benefit on mammary gland 
health. 

Bourne et al. (2007a) evaluated the effect 
of the supplementation method in dairy 
cows at peak or mid-lactation (610, 1,864 
and 737 mg of vitamin E per day for the 
control, oral and parenteral treatments, 
respectively). Oral supplementation 
above the recommendations (1,864 mg/d) 
did not translate into an increase in the 
concentration of vitamin E in plasma 
compared with the control dose (610 mg/d). 
The vitamin E level was higher in cows 
which received additional supplementation 
parenterally (737 mg/d in the food + 2,100 
mg IM per week), which suggests that 
injection is more effective if the objective is 
a higher supplementation of this vitamin in 
lactating dairy cattle. 

Stowe et al. (1988), after supplementing 
the lactation ration with vitamin E (500 
IU/d) during two consecutive production 
cycles, observed an increase in the plasma 
concentration of vitamin E, and a tendency 
to fewer services per conception. Weiss et 
al. (1997) observed an increase in DM intake 
when vitamin E supplements increased from 
100 to 1,000 IU/d. 

It is difficult to discuss the requirements of 
vitamin E in dairy cattle without considering 
the requirements or supplies of selenium, 
because the effects of both micronutrients 
on animal health and productivity are 
closely related (Patterson, 2002). In some 
cases, although not always, vitamin E 
can be substituted to a certain extent by 
selenium or vice versa. Although selenium 
cannot replace vitamin E completely, it 
does reduce the requirements for it and 
delays the appearance of symptoms of 
vitamin E deficiency in the animal (Spears, 
2000; Hemingway, 2003). The NRC (2001) 
has recommended a maximum of 0.3 ppm 
selenium, limited because of its toxicity. If 
the rations have a selenium content lower 
than the requirements, an additional supply 
of vitamin E is recommended. 

Current vitamin E recommendations for 
lactating animals (500 IU/d) appear adequate 
for the majority of normal production 
situations (Weiss, 2005). In general, the 
quantity of ingested vitamin E is considered 
appropriate when the plasma levels of 
α-tocopherol are higher than 3.0−3.5 µg/
ml, or higher than 2.0 when expressed in 
relation to the concentration of cholesterol 
in plasma. No additional benefits have been 
observed with values higher than these 
levels (Baldi, 2005). Some researchers 
suggest potential benefit for mammary 
gland health, but the evidence is limited. An 
increase in vitamin E supplies should only 
be considered in those situations where 
there is an excess of vitamin A, or where 
there is a deficit of selenium. 

Another important aspect when 
evaluating the requirements and 
practical recommendations for vitamin E 
supplementation in dairy cattle relates to the 
quality of the milk and its vitamin E content 
(Haug et al., 2007). The concentration of 
vitamin E in milk depends on various factors, 
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among them the type, quantity and method 
of administering the vitamin E to the animal. 
Bourne et al. (2007a) observed that the 
concentration of vitamin E in milk was higher 
in cows supplemented parenterally with 
vitamin E (4,200 mg IM per day for 3 weeks). 
The same authors showed a significant 
relationship between the content of vitamin E 
in the plasma and milk of cows, although the 
correlation was significant only when cows 
were supplemented parenterally (r=0.435; 
P<0.001). A similar tendency was observed 
by Calderón et al. (2007), who observed the 
effect of supplying, over six weeks, increasing 
levels of vitamin E (73.9; 510.2; 942.6 and 
1384.9 mg/d) in the ration of dairy cattle in 
mid-lactation. The concentration of vitamin E 
in plasma increased in a similar way to the 
supply of vitamin E in the ration. 

Cows in the dry period
The recommendations of the NRC (2001) 
for lactating cows are 1.6 IU/kg liveweight, 
approximately 80 IU/kg of DM, or 1,000 IU/d. 
These levels are much higher than the 15 IU/
kg of DM (or 150 IU/d) established by INRA 
(1988) or the previous recommendation by 
the NRC (1989). This increase is based on the 

improvements in the response of the immune 
system which translates into better mammary 
gland and reproductive health. Stowe et al. 
(1988) demonstrated that supplementing 
the lactation ration with vitamin E (500 
IU/d) during two consecutive productive 
cycles did not allow the storage of enough 
vitamin E to maintain an unsupplemented 
dry period, indicating the need for specific 
supplementation during this period. In fact, 
the plasma concentration of vitamin E falls 
in the peripartum period (Smith et al., 1985; 
Weiss et al., 1990a, b; Weiss et al., 1992; Goff 
et al., 2002; Calderón et al., 2007; Figure 4). 
The reduction in the plasma concentration of 
vitamin E in this period is at least partially due 
to a combination of the increase in activity 
of the immune system, reduced intake and 
the excretion of vitamin E in colostrum. This 
reduction coincides with the most critical 
time with respect to immunocompetence and 
with an increase in the incidence of diseases 
(Smith et al., 1985; Weiss et al., 1990b). 

Oral or parenteral administration of vitamin 
E (1000 or 3000 IU/d) during the peripartum 
period improved macrophage and neutrophil 
function (Hogan et al., 1990 and 1992; Politis 

Figure 4. Evolution of plasma concentration of vitamin E in the peripartum.
(Weiss et al., 1990b)
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et al., 1995 and 1996; Ndiweni and Finch, 
1996). However, oral administration of up 
to 1,000 IU/d of vitamin E did not prevent 
a reduction in plasma concentration of 
vitamin E during the peripartum period. 
Only parenteral injection of 3,000 IU in 
days 10 and 5 prepartum was successful 
in increasing the plasma concentration of 
vitamin E during the critical peripartum days 
(Hogan et al., 1992; Weiss et al., 1992; Figure 
5). Recent data confirm the importance of 
the parenteral supply of vitamin E (Bourne 
et al., 2007a). It has also been suggested 
that the supplementary supply of vitamin E 
by this method could help to reduce the risk 
of oxidative stress which occurs peripartum 
(Castillo et al., 2005) derived from a reduction 
in feed intake (Grummer et al., 2004). 

Improved immune function translates into a 
greater capacity to fight mammary infections. 
Smith et al. (1984) reduced the incidence 
(-37%) and duration (-62%) of mammary 
infections and the number of cases of 
clinical mastitis by supplementing vitamin E 
at 1,000 IU/d during the 60 days of the dry 

period. Smith et al. (1985) also observed 
a reduction in the incidence of mastitis. 
Supplemental selenium and vitamin E during 
the prepartum period resulted in a reduction 
of 42% in the rate of mammary infections, of 
32% in the cases of clinical mastitis and of 
59% in the total number of infected days of 
lactation. Hogan et al. (1993) obtained similar 
results. Smith et al. (1985) observed that 
first lactation heifers, supplemented with 
1,000 IU/d during the 60 days prepartum, 
had fewer mammary infections, other 
infections throughout lactation, and clinical 
cases and the duration of the infections and 
somatic cell counts were reduced. Batra and 
Hidiroglou (1992) also observed a reduction 
in the incidence of clinical cases and their 
duration after supplementing vitamin E 
during the dry period (1,000 IU/d). On the 
other hand, Bourne et al. (2008) did not 
observe any effect on the somatic cell count 
with a supplementary supply of vitamin E 
and selenium (2 injections: 2,100 mg vit. E + 7 
mg of sodium selenite per injection, 2 weeks 
before parturition and 1 day after parturition) 
in three herds of dairy cattle (n=594 cows). 

Figure 5. Changes in the concentration of vitamin E in blood leukocytes in control cows (), 
or cows supplemented with 1000 IU/d of vitamin E orally (), injected vitamin E () or the 
combination of 1000 IU/d of oral and injected vitamin E () (Weiss et al., 1992).
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Figure 6. Plasma concentration of vitamin E in cows supplemented with 100 IU/d of vitamin 
E (), 1,000 IU/d of vitamin E prepartum and 500 IU/d of vitamin E postpartum () or 1,000 
IU/d of vitamin E in dry period, 4,000 IU/d of vitamin E over 2 weeks prepartum, and 2,000 
IU/d of vitamin E postpartum () (Weiss et al., 1997).

These results demonstrate that the increase 
in the vitamin E recommendations from 150 
to 1,000 IU/d established in the NRC’s 2001 
report, while not resolving the reduction in 
the plasma concentration of vitamin E during 
the peripartum period, does improve immune 
competence and mammary gland health. 

The summary presented by Weiss (2005) 
shows that, based on the data in the 
literature, the supply of high doses of 
vitamin E (above 1,000 IU/d) peripartum can 
be beneficial for a general improvement in 
the health of dairy cattle. Politis et al. (1995) 
observed that supplementation of 3,000 
IU/d of vitamin E from 4 weeks prepartum 
to 8 weeks postpartum prevented the 
reduction in the immune response by 
polymorphonuclear neutrophils and 
macrophages typical of the peripartum 
period, suggesting that supplementation 
above current recommendations could be 
beneficial. The results obtained by Weiss et 
al. (1997) who supplemented 100, 1,000 and 
4,000 IU/d of vitamin E during the 2 weeks 
prior to parturition, found that the highest 
level reduced the incidence of clinical mastitis 
by 80%, and intramammary infections by 
60%, but supplementation of 100 and 1,000 
IU/d did not prevent the reduction of plasma 

concentration of vitamin E peripartum. 
Supplementation with 4,000 IU/d of vitamin 
E maintained the plasma level throughout 
the peripartum period (Figure 6). Compared 
with supplementation with 100 and 1000 
IU/d, supplementation with 4,000 IU/d of 
vitamin E increased the concentration of 
vitamin E in polymorphonuclear neutrophils 
by 200%. The incidence of intramammary 
infections was reduced compared with the 
control group by 11.8, 31.8 and 32.1% with 
100, 1000 and 4000 IU/d, respectively. In 
staphylococcal infections, prevalence was 
26, 14 and 9% with 100, 1000 and 4000 
IU/d, respectively (Figure 7). The prevalence 
of clinical mastitis was 25, 17 and 3% of 
udders when supplemented with 100, 1,000 
and 4,000 IU/d, respectively (Figure 7). The 
effect of supplementation with vitamin E 
on the prevalence of clinical mastitis was 
greatest in primiparous (37, 14 and 0% 
of udders when supplemented with 100, 
1,000 and 4,000 IU/d, respectively). The 
results demonstrated, furthermore, that 
the reduction in the plasma concentration 
of vitamin E peripartum is an important 
mastitis risk factor, because if the plasma 
concentration was below 3 µg/ml, the risk of 
mastitis was 9.4 times higher. 
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Figure 7. Prevalence of clinical mammary infections in adult cows and primiparous cows 
supplemented with 100, 1,000 and 4,000 IU/d of vitamin E (Weiss et al., 1997).
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Vitamin E not only affects mammary gland 
health; there is considerable evidence 
of its effects on reproductive function. 
Harrison et al. (1984) demonstrated that 
supplementation, during the three prepartum 
weeks, of a combination of oral vitamin E 
(740 IU/d) and parenteral vitamin E (1 IU/
kg liveweight), and selenium completely 
prevented the incidence of retained placenta 
in a herd with a previous incidence of 20%, 
and resulted in a quicker return to estrus, 
although the incidence of mastitis and 
ovarian cysts remained unchanged. Lacetera 
et al. (1996) also observed a reduction in the 
incidence of retained placenta from 33% to 
8% following parenteral supplementation 
of selenium (5 mg per 100 kg) and vitamin 
E (25 IU per 100 kg) 3 and 1.5 weeks 
prepartum, and an increase of 10% in milk 
production. However, the increase in milk 
production is an effect which is not always 
evident (Kay et al., 2005; Pottier et al., 2006). 
Campbell and Miller (1998) reported a 
quicker return to estrus (from 60 to 42 days) 
and a reduction in the days to conception 
(from 71 to 62 days) when supplementing 
the ration for dry cows with 1,000 IU/d for 
42 days (Figure 8). Because vitamin E was 
not supplemented in the postpartum ration, 

the effects on reproduction were attributed 
to the residual effects of prepartum 
supplementation. Other authors (Harrison 
et al., 1984; Miller et al., 1993; Segerson 
et al., 1981; Brzezinska-Slebodzinska et 
al., 1994) obtained similar results which 
link supplementing the prepartum ration 
with vitamin E and improved reproductive 
activity. 

In their review, Bourne et al. (2007b) 
concluded that supplementation with 
vitamin E during the dry period is 
associated with a reduction in the risks 
of the occurrence of retained placentas in 
dairy cattle, since out of 44 studies analyzed, 
20 showed a positive effect, 21 showed no 
effect, and only in 3 was an increase in the 
incidence of retained placentas observed in 
the treated cows. Bourne et al. (2008) came 
to a similar conclusion, as supplementation 
with vitamin E and selenium was related to 
a decrease in the culling of cows from the 
herd because of reproductive problems, as 
well as a lower incidence of mastitis (8%) 
and retained placentas (dropping from 6.5 
to 3%). Furthermore, Bourne et al. (2007b) 
also compared the use of natural sources 
of vitamin E against synthetic forms, and 
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Figure 8. Effect of supplementation of 1,000 IU/d of vitamin E on the occurrence of the first 
estrus and days to first insemination (Campbell and Miller, 1998).
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recommended the latter, as they were more 
effective than their natural equivalents. 

Focant et al. (1998) studied the effect of 
supplementing vitamin E in rations rich 
in canola and flax seeds. Including these 
ingredients reduced the protein and fat 
concentrations in the milk, and increase  the 
C:18 content as well as the proportion of 
unsaturated fatty acids (from 2.7 to 10.8%). 
This increase in the degree of unsaturation 
in milk fat increases the risk of its rancidity. 
Supplementing raised levels of vitamin 
E (9,600 IU/d) increased the vitamin E 
concentration in the milk by 45%, and 
prevented both the drop in milk fat and 
oxidation of the unsaturated fatty acids. 
These results are similar to those obtained 
by Charmley and Nicholson (1994), who 
supplemented the ration with 8,000 IU/d. 

Kay et al. (2005) observed that the addition 
of 10,000 IU/d of α-tocopherol resulted in an 
increase of 6% in the fat content of the milk. 
The difference was even greater in the study 
conducted by Pottier et al. (2006), where the 
addition of 12,000 IU of α-tocopherol in the 
diet containing flax (extruded seed, 10% and 
oil, 1% of dry matter) increased the fat content 
in milk by 18% compared with the same 
diet without added vitamin E. These results 
suggest that the current recommendations 
for dry cows (1,000 IU/d) could be increased 
to 3,000-4,000 IU/d to boost the immune 
function, and to 9,000 IU/d for milk quality 
when selenium levels in the ration are 
marginal, the polyunsaturated fatty acid 
content of the ration is high, the incidence of 
mammary or reproductive disorders is high, 
or with the objective of reducing the risk of 
milk fat oxidation, without risk of reaching 
toxicity levels (Table III).
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Introduction

Vitamin D, also known as antirachitic, is a 
prohormone required for the regulation of 
calcium metabolism and in the maintenance 
of correct calcium levels in blood. Much 
vitamin D is produced within the skin through 
photoconversion of 7-dehydrocholesterol 
to vitamin D3. Vitamin D3 accumulates in 
the liver, and its concentration in plasma is 
very low (1-2 ng/ml). To evaluate the status 
of vitamin D in the animal, the plasma 
concentration of 25-hydroxycholecalciferol 
(Horst et al., 1994) is generally recommended 
as the parameter.

Vitamin D is involved in the active transport 
of calcium and phosphorus across the 
intestinal epithelial cells and boosts 
the action of parathyroid hormone in 
reabsorbing bone calcium. It has also been 
demonstrated that vitamin D is involved in 
maintaining immune function by stimulating 
humoral immunity and by inhibiting 
cell-mediated immunity (Reinhardt and 
Hustmyer, 1987; Daynes et al., 1995). Plants 
generally contain vitamin D2, while animals 
contain vitamin D3. Horst and Littledike 
(1982) demonstrated that ruminants obtain 
little biological activity from vitamin D2 due 
to its reduced ability to bind to the transport 
protein, which leads to faster metabolic 
degradation and a shorter average lifetime. 
However, the NRC (2001) does not look at 
these differences and considers that the two 
forms, D2 and D3, have the same potency in 
ruminants (1g is equal to 40,000 IU). There 
is little recent information with respect to 
the role of vitamin D in dairy cattle. 

Recommendations for Vitamin D

Animals exposed to sunlight, or animals 
fed with sun-dried hay may not need 
supplementary vitamin D. However, the 
NRC (2001) does not look at the vitamin D 
content of feeds, and the recommendations 
refer to supplementation of the ration. The 
latest recommendation by the NRC (2001) 
upholds the previous recommendations by 
the NRC (1989) and INRA (1988) of 30 IU/
kg liveweight (equivalent to 21,000 IU/d). 
As with other fat-soluble vitamins, oxidized 

VITAMIN D

fats in the ration can destroy the vitamin D 
present and limit its absorption (McDowell, 
2006). 

In recent years, interest in vitamin D has 
centered on its roles in anionic-cationic 
balance and the metabolism of calcium 
(Seymour, 2004). The normal concentration 
of 1,25 dihydroxy vitamin D3 is between 
20-80 ρg/ml at the end of gestation and 
between 70-200 ρg/ml at parturition. Levels 
can increase to 200-300 ρg/ml in recurrent 
cases of milk fever (Horst et al., 1997, 2005). 
The increase in the plasma levels of 1,25 
dihydroxy vitamin D3 comes as a response 
to the fall in the concentration of ionized 
calcium in blood. That is to say, there is an 
inverse relationship between the plasma 
levels of 1,25 dihydroxy vitamin D3 and the 
presence of hypocalcemia in dairy cattle 
(Joyce et al., 1997). However, the presence 
of sufficient levels of vitamin D or its 
precursors is not the only factor responsible 
for the maintenance of calcium homeostasis 
peripartum (Taylor et al., 2008). 

Horst et al. (1994) found that blood 
concentrations below 5 ng/ml were 
indicative of vitamin D deficiency, and 
levels above 200-300 ng/ml were indicative 
of toxicosis. Vinet et al. (1985) observed that 
the plasma concentrations of vitamin D in 
housed dry cows fed on maize silage were 
19 ng/ml 2 weeks prepartum, and only 10 
ng/ml 35 days postpartum. Supplementing 
the ration with 7.5 or 15 IU of vitamin D per 
kg of live weight was sufficient to maintain 
the plasma concentration between 25 and 
31 ng/ml. Ward et al. (1972) reduced the 
interval between calving and first estrus 
interval by 16 days by supplementing cows 
with 43,000 IU/d of vitamin D. In a review 
of several studies carried out at Ohio 
State University, Hibbs and Conrad (1983) 
concluded that cows supplemented with 
50-70 IU of vitamin D per kg liveweight 
produced more milk and generally consumed 
more dry matter than those animals which 
were not supplemented or which were 
supplemented with 100-140 IU of vitamin 
D per kg liveweight. Astrup and Nedkvitne 
(1987) reported that supplementation 
with 10 IU/kg liveweight was sufficient to 

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



354

OPTIMUM VITAMIN NUTRITION

VITAMIN K

maintain the vitamin D status of the cow. 
These observations corresponded to studies 
carried out in conditions of low exposure to 
sunlight. 

Based on this information the current 
recommendations by the NRC (2001) are 
sufficient, particularly where cows are 
exposed to sun as in Spain. Nevertheless, 

additional supplements of up to 50% may 
improve intake, production, and some 
reproductive parameters. However, an 
excess of vitamin D may be toxic (Table IV). 
The NRC (1987) suggests that toxic levels are 
reached with concentrations in the ration of 
2,200 IU/kg DM over long periods or short-
term at 25,000 IU/kg of DM in the ration.

Vitamin K includes a group of quinones that 
have anti-hemorrhagic effects. The most 
common isomers are polyquinones (K1), 
menaquinones (K2) and menadione (K3). 
Plant chloroplasts are an important source 
of vitamin K1, bacteria provide an important 
amount of vitamin K2, and vitamin K3 is a 
synthetic isomer used as a feed additive. 
Cows need vitamin K to synthesize a 
series of coagulation factors, and for the 
coagulation process by activating thrombin 
(Combs, 1992). Under normal conditions 
of production, good health and functional 
rumen, vitamin K deficiency almost never 
occurs, as the ruminal bacteria synthesize 
enough vitamin K to cover requirements 
(McDowell, 2006). Deficiency is only 
described in situations where anticoagulant 

substances have been consumed, as 
may occur with consumption of forage 
contaminated with dicumarol of fungal 
origin. The toxicity of vitamin K has not 
been studied in cattle. 

There are no recommendations for vitamin 
K for dairy cattle (NRC, 2001; INRA, 
1988), with the exception of the need to 
supplement veal calves with 2 mg vitamin 
K per kg DM (INRA, 1988). Lastly, it is 
important to remember that, as with other 
fat-soluble vitamins, ruminal synthesis, 
and consequently the intestinal availability 
of vitamin K, can be negatively affected by 
the presence of oxidized fats in the ration or 
when there are problems with fat absorption 
(McDowell, 2006). 
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Water-soluble vitamins have been 
traditionally considered non-essential for 
cattle, due to the contribution of synthesis 
by ruminal microorganisms. However, 
Erdman (1992) produced some estimates 
using published data which correlated 
animal requirements with live weight 
(estimated using data collected from pigs; 
NRC, 1987), milk production (according to 
the concentration of the vitamins in milk), 
vitamin synthesis in the rumen, and food 
supplements and their ruminal degradability 
(Table IV). 

This information suggests that intake of most 
vitamins is sufficient to meet requirements. 
However, the calculations indicate that 
supplies of folic acid, pantothenic acid 

WATER-SOLUBLE VITAMINS

and choline may be insufficient to cover 
requirements, so that supplementation is 
recommended. On the other hand, when 
the rumen is not functioning fully, as in the 
case of preruminant calves and abnormal 
ruminal situations (acidosis, indigestion, 
reduced intake, etc.) the intake of water-
soluble vitamins may be a limiting factor. 
There is a growing interest in knowing the 
real requirements, and how these vitamins 
affect the production and health of cows. 
There is also interest in the development of 
a method of improving the supply of these 
vitamins in milk and dairy products (Cooke 
et al., 2007; Ferreira and Weiss, 2007; 
Enjalbert et al., 2008; Girard and Matte, 
2005a, b; Drackley et al., 2006; Swensson et 
al., 2007; Baldi, et al., 2008). 

BIOTIN (VITAMIN H OR B8)

Biotin is a vitamin of the B complex 
considered essential for ruminants. Biotin 
acts as a cofactor of various enzymes which 
catalyze carboxylation reactions and other 
metabolic routes directly related to the 
synthesis of milk in the mammary gland, so 
that its supplementation can improve the 
productive response in high production dairy 

cattle (Weiss, 2005, 2007). Ruminal bacteria 
synthesize important amounts of biotin 
depending on the availability of energy (0.79 
mg/kg digestible organic material; Zinn, 
1992), although recent data suggests that 
this synthesis reduces when the amount of 
concentrate in the ration increases (De Costa-
Gomez et al., 1998), and it has been suggested 

(1) Based on NRC (1989).  
(2) Based on Zinn et al. (1987) and Miller et al. (1986).  
(3) Based on a cow of 40 kg/d production. 
(4) Extrapolated from swine requirements (NRC, 1988).

Table IV. Estimates of potentially limiting water-soluble vitamins in dairy cattle (mg/d)

Feed(1) Ruminal 
degradation 

Ruminal 
production(2)

Small 
intestine 

absorption

Excreted 
in milk(3)

Potential 
requirements(4)

Thiamine (B1) 90 47 100 147 18 25

Riboflavin (B2) 120 8 197 205 70 95

Niacin (B3)  700 210 1475 1685 38 250

Pyridoxine (B6) 150 150 150 300 26 25

Vitamin B12 0.10 0.01 49 49 0.17 0.38

Biotin (B8) 10 10 9.5 19.5 1.2 5

Folic Acid (B9) 40 1.2 5.0 6.2 2 75

Pantothenic Acid (B5) 300 66 26 92 139 300

Choline 30 1 0 1 5 30–50
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that this effect is associated with the fall in 
the cellulolytic microbial population which 
occurs when ruminal pH falls. Biotin does 
not degrade to a great extent in the rumen, 
and oral supplementation almost always 
results in an increase in the flow of biotin 
to the duodenum, and in its concentration 
in plasma and milk (Frigg et al., 1993; Midla 
et al., 1998). Estimates of requirements and 
supplies carried out by Erdman (1992) indicate 
that, under normal conditions, the supplies 
are sufficient to cover the requirements of 
cows in production (Table IV). 

Some studies indicate that biotin deficiency 
is related to the development of laminitis in 
dairy cattle (Distl and Schmid, 1994), because 
there appears to be a relationship between 
high levels of biotin in the plasma and the 
hardness of hooves, and an increase in milk 
production (McDowell, 2004). Thus, many 
studies indicate that supplementing 20 mg/d 
of biotin improves hoof health (Midla et al., 
1998; Bergsten et al., 1999; Fitzgerald et al., 
2000). Hedges et al. (2001) supplemented 
20 mg/d of biotin for 18 months in 5 
commercial herds in which the average 
incidence of laminitis was 69%. In two of 
the herds, biotin supplements reduced the 
incidence of laminitis by half. Pötzsch et al. 
(2003) also obtained similar results. These 
authors recommended supplementing cows 
over long periods (> 6 months) to achieve 
an effective reduction in the risk of the 
occurrence of these problems. 

Some authors have observed that milk 
production increased by between 1.0 kg/d 
(Midla et al., 1998) and 2.9 kg/d (Bergsten et 
al., 1999) in response to supplementation. 

Zimmerley and Weiss (2001) supplemented 
the rations of cows in production with biotin 
(10 or 20 mg/d) from two weeks prepartum 
to 100 days of lactation, and milk production 
increased from 36.9 in the control group 
to 37.8 and 39.7 kg/d, respectively, with 
supplements of biotin. Concentration in 
plasma, milk and colostrum also increased 
with the supplement. Several studies confirm 
the importance of the supplementary supply 
of biotin for dairy cattle (Table V). The 
production of milk or its main components 
is not always improved by supplementary 
biotin because the response may be affected 
by various factors such as the composition 
of the diet, the state of lactation and/or the 
status of biotin in the cow (Ferreira et al., 
2007).

Other results suggest that supplementation 
with biotin reduces the occurrence of fatty 
liver syndrome in high-producing dairy 
cattle. This effect has been associated with 
a reduction of non-esterified fatty acids in 
blood and of the concentration of lipids in 
the liver, and an increase of blood glucose 
levels (Rosendo et al., 2004). This effect may 
be due to the fact that supplementation with 
biotin favors gluconeogenesis (Rosendo et 
al., 2004) and lipolysis (Enjalbert et al., 2008) 
in the liver. 
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(1) Effect of treatment compared to control= +: increases; −: decreases; =: no change; NI: not indicated; 
NE: parameter not evaluated; NA= not applicable.
(2) Change in percentage terms from treatment compared to control.
(3) Refers to the score of incidences of hoof lesions. 
DMI (Dry Matter Intake)

Table V. Effect of supplementation with biotin on the incidence of hoof lesions and some 
productive parameters in dairy cattle 

Treatment(1) Hoof 
lesions

Production (kg/d)
Reference

DMI Milk Fat Protein Lactose

Control vs. biotin (20 
mg/d), 
primiparous, P vs. 
multiparous, M 

=/− NA NA NA NA NA
Pötzsch et al. 

(2003)

Change compared to 
control, %

P:NS 
M:−45.2

NA NA NA NA NA

Control vs. biotin, 
mg/d  
(A=20mg; B=20 
mg+B-complex; C=40 
mg+2xB-complex) 

NE +/= = =/− +/= +/−
Majee et al. 

(2003)

Change compared to 
control, %(2) NA A= +2.8 NS C= −3.3 A= +5.5 A= +6.0

Control vs. biotin (22 
mg/d) 

− = + + = NI
Margerison et 

al. (2003)
Change compared to 
control(3)

(3.06 vs. 
2.95)

NS +5.3 +6.7 = NA

Control vs. biotin (20 
mg/d) en peripartum

NE + NA NA NA NA

Rosendo et al. 
(2004)

Change compared to 
control, %

NA
+18 
(NS)

NA NA NA NA

Control vs. biotin (30 
mg/d) en lactation

NE = = = = NE

Change compared to 
control, %

NA NS NS NS NS NA

Control vs. biotin (20 
mg/d): 
Cows low(B); high 
production(A)

NE =/(A=+) =/(A=+) =/(A=+) =/(A=+) (B/A)=+/+
Ferreira et al. 

(2007)

Change compared to 
control, %

NA A=4.6 A=6.5 A=26.2 A=8.3
B=3.6/
A=12.3
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FOLIC ACID (VITAMIN M OR B9)

Folic acid is essential in the synthesis of 
purines and pyrimidines, and forms part 
of the enzymes involved in the transfer of 
methyl groups (Girard and Matte, 2005b). 
Methionine may also act as a methyl group 
donor, so that folic acid reduces the need to 
use methionine for this purpose. Deficiency 
of folic acid can be critical for cell division 
and protein metabolism (Mason, 2003; 
Girard and Matte, 2005a). Some studies have 
been conducted to evaluate the effect of 
supplementation with folic acid on productive 
responses in dairy cattle. However, there is 
insufficient evidence to date to determine 
requirements and make recommendations 
for its use in practical conditions (Weiss and 
Ferreira, 2006a, b). 

Most dietary folic acid is degraded in the 
rumen (approximately 97%; Zinn, 1992; 
Santschi et al., 2005a). On the other hand, a 
significant amount of folic acid is synthesized 
in the rumen depending on the availability 
of energy (0.42 mg/kg of digestible organic 
material; Zinn, 1992). The synthesis and 
degradation of folic acid in the rumen in 
turn determines the quantity available to 
be absorbed in the small intestine of the 
ruminant. Few studies to date have estimated 
the synthesis and degradation of this vitamin, 
so that there are no bioavailability values for 
the folic acid in feed ingredients for ruminants 
(Ragaller et al., 2008). The apparent intestinal 
absorption of folic acid seems to be very 
low, probably due to interaction with bile 
secretions (Santschi et al., 2005a). 

Until recently, the published data indicated 
that the amount of folic acid provided in the 
basal ration and synthesized in the rumen 
were sufficient to prevent symptoms of 
deficiencies in cows (Girard et al., 1995). 
However, this estimate is different from 
that of Erdman (1992), which suggests 
that supplementation of this vitamin could 
increase productive efficiency (Table V). Other 
studies support this hypothesis (Girard and 
Matte, 2005b; Drackley et al., 2006; Graulet et 
al., 2007). However, due to the high ruminal 
degradation, oral supplementation would 
only be justified if a protection against 
ruminal degradation were developed.

In preruminant calves poor bacterial 
synthesis may lead to deficiency. Daily 
injection of 40 mg of folic acid between 
weeks 1 and 16 of life increased average 
weight gain by 8%. In adult cows, parenteral 
supplementation of 160 mg folic acid each 
week from 45 days of gestation to 6 weeks 
postpartum tended to increase milk yield 
and milk protein production during the 
second half of lactation in primiparous and 
in multiparous cows (Girard et al., 1995). In 
the postpartum period, the protein content 
of milk increased during the first 6 weeks 
in multiparous animals. Girard and Matte 
(1998) observed a linear increase in milk 
production when supplementing rations 
with 0.2 and 4 mg of folic acid/kg liveweight. 
The plasma concentration of folic acid also 
showed a linear increase, which suggests 
that at least a part of the folic acid escapes 
rumen degradation. The observed responses 
may be a direct effect of folic acid, or an 
indirect effect, due to the reduction in the 
use of methionine as a methyl donor. 

Supplementation with folic acid (dose 
between 2 and 3 g/d) results in variable 
responses in production and composition of 
milk, and intake of dry matter. The positive 
response in dairy cattle has only been 
evident in cows with two or more calvings 
(Girard and Matte, 2005a). Graulet et al. 
(2007) evaluated the effect of folic acid (0 vs. 
2.6 g/d) and/or vitamin B12 (0 vs. 0.5 g/d) from 
the third prepartum week to 8 weeks post-
partum. In this case, supplementation with 
folic acid increased the production of milk 
(+5.8%), fat (+16.2%) and protein (+3.3%). 

There is insufficient information to establish 
practical recommendations (Girard et 
al., 2005; Santschi et al., 2005a, b; Girard 
and Matte, 2005a, b; Graulet et al., 2007). 
In a recent review, Ragaller et al. (2008) 
concluded that there are numerous 
questions regarding the effect of folic acid 
on dairy cattle, and that these should be 
addressed in future investigations before 
specific recommendations for dairy cattle 
can be made.
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NIACIN (VITAMIN B3)

Introduction

Niacin is an active component of two 
coenzymes (NAD and NADP) which play 
a fundamental role in carbohydrate, lipid 
and amino acid metabolism (Pires and 
Grummer, 2007). This water-soluble vitamin 
may be formed in the liver from tryptophan, 
and is found in two forms: nicotinic acid and 
nicotinamide. Both compounds have similar 
nutritional properties and can be used 
interchangeably to synthesize NAD, but are 
metabolized by different routes and have 
different properties when administered at 
supra-physiological levels (Carlson, 2005). 
As a vitamin from the B complex, niacin is 
widely available in products and byproducts 
of animal origin and in cereals. 

Bioavailability

The flow of niacin to the duodenum is 
generally greater than intake of niacin 
when rations are not supplemented, which 
indicates that ruminal bacteria synthesize it 
abundantly (Zinn et al., 1987). Zinn (1992) 
estimated that niacin synthesis in the rumen 
was 107.02 mg/kg of digestible organic 
material. However, when niacin is added 
to the ration, the quantity which reaches 
the intestine may be even less than that 
provided in the ration, due to the inhibition 
of bacterial synthesis in the presence of 
exogenous niacin (Abdouli and Schaefer, 
1986). While one review estimated that 
between 94 and 99% of niacin present in the 
diet is degraded in the rumen (Zinn, 1992), 
other studies have found that between 17 
and 30% of dietary niacin reaches the small 
intestine (Harmeyer and Kollenkirchen, 
1989; Campbell et al., 1994).

The study of the nutritional effects on the 
animal of supplying niacin is complicated, 
given the capacity of ruminants to synthesize 
niacin from tryptophan (with adequate 
levels of vitamin B6 and riboflavin), and its 
high ruminal degradation which determines 
the necessity of using protected sources 
(Seymour, 2004). 

Functions

Niacin functions in the rumen and in 
metabolic processes. In the rumen, niacin 
increases the efficiency of synthesis and 
production of microbial protein in vitro 
(Mizwicki, 1976; Bartley et al., 1979; Ridell, et 
al., 1980; Arambell et al., 1982), in a change 
in the molar proportion of VFAs towards 
the predominance of propionic acid (Ridell 
et al., 1980; Arambell et al., 1982; Hannah 
and Stern, 1985), and in an increase in the 
digestibility of cellulose in vitro (Hannah and 
Stern, 1985). Other studies have observed 
no effects on ruminal fermentation.

At the metabolic level, niacin participates 
in lipid and energy metabolism, reducing 
the risk of ketosis and fatty liver, and 
occasionally improving the production 
level and composition of milk. Zimmerman 
et al. (1992) observed that supplementation 
with niacin (12 g/day) interacted with the 
level of protein in the ration in multiparous 
cows, increasing blood glucose levels and 
reducing the concentrations of β-hydroxy-
butyrate and non-esterified fatty acids, only 
in rations with a higher protein level. Horner 
et al. (1986) also observed an improvement in 
milk and milk protein production. However, 
the data currently available indicate that 
productive responses are inconsistant. 

Supplementation with niacin leads to an 
increase in the concentration of glucose in 
blood, and a decrease in the concentration 
of β-hydroxybutyric acid and free fatty acids 
in plasma, which are indicators of niacin's 
activity as gluconeogenesis stimulator. This 
situation may be beneficial in cows in early 
lactation, since it helps to maintain energy 
levels and to meet intermediate needs 
in glucose metabolism. Furthermore, the 
presence of niacin spares tryptophan as a 
precursor. In these conditions, the greater 
availability of tryptophan for productive 
functions, especially in high-yielding cows 
in early lactation, may improve reproductive 
activity (Horner et al., 1986).
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Recommendations for Niacin

Suckling calves
Niacin is required in calf rations prior to 
weaning because microbial synthesis in 
the rumen is limited. Hopper and Johnson 
(1955) observed that calves fed with milk 
replacer deficient in niacin presented with 
diarrhea within 48 hours and that there was 
an immediate improvement the day after 
administering an oral dose of 6 mg/d or an 
intramuscular dose of 10 mg/d of nicotinic 
acid. The NRC (2001) recommends the 
incorporation of 10 mg of niacin per kg of 
dry matter in milk replacer. 

Dry cows and lactating cows
The NRC (1989; 2001) and INRA (1988) 
have not established recommendations 
for niacin. However, they recognize that 
supplementing adult cows with 6 to 12 g/d 
from prepartum to the peak of lactation 
has resulted in some positive effects. This 
supplementation results in increased milk 
production, often also raising the fat and 
protein content. It has also been found to 
prevent ketosis and fatty liver. 

Horner et al. (1988) observed that including 
niacin (3, 6, or 12 g in 20.5 kg DM) 
accompanied by whole cottonseed in the 
ration of Holstein cows in lactation affected 
neither the ruminal pH nor the ammonia-N 
concentration. The content of fat and 
protein in milk tended to fall, although total 
production of both fat and milk was greater 
with the addition of 12 g of niacin. 

Drackley (1992) summarized a set of 23 
studies and concluded that supplementation 
of niacin resulted in a slight increase in 
average milk production (+0.62 kg/d), and in 
fat content (+0.033 g/l) and protein content 
(+0.002 g/l). Most of the negative responses 
occurred when the basal ration contained 
supplemental fat (Drackley, 1992). Erdman 
(1992) carried out another comparison 
with 29 published studies and calculated 
an average rise in milk production of 0.3 
kg/d without effects on the composition of 
fat and protein. However, when the results 
were broken down according to lactational 
status, the average increase in production 
by animals in early lactation was 0.4 kg/d, 
a value close to that obtained by Drackley 
(1992). In three studies carried out on 

commercial farms in which supplements of 
6 g/d of niacin were given, the responses 
were inconsistant, from an absence in 
improvements (Jaster et al., 1983), to an 
increase in 1 kg/d during the first 70 days 
of lactation (Barttlet, 1983) or 0.9 kg/d 
during the first 90 days postpartum (Muller 
et al., 1986). The response observed in 
high-yielding cows was greater than the 
production response in less productive 
animals. 

More recently, Schwab et al. (2005) 
conducted an analysis of the published 
data from 27 studies related to the effect of 
supplementation with nicotinic acid in dairy 
cattle. The authors conclude that a response 
to the supplementation is achieved with 
levels of between 6-12 g/d, with small 
positive changes in milk production (0.4 
kg/d), and moderate increases in the fat and 
protein content. However, it is not clear that 
the response justifies the cost entailed by 
supplementation throughout lactation, and 
in any case its use is recommended during 
the peripartum period. In other cases, the 
use of high doses of nicotinic acid (48 g/d) 
over 30 days prepartum reduced the levels 
of non-esterified fatty acids in plasma and 
the fall in the intake of dry matter in the 
week prior to parturition (French, 2004), 
although a subsequent study conducted 
by the same group of investigators was not 
able to replicate these effects (Chamberlain 
and French, 2006). Pires and Grummer 
(2007) infused nicotinic acid postruminally 
(between 0 and 60 mg/kg liveweight) 
and observed a fall in the concentration 
of non-esterified fatty acids in the blood 
which coincided with an increase in the 
concentration of insulin and a slight effect 
on the concentration of glucose in the blood. 
The authors concluded that supplementation 
with nicotinic acid can be beneficial in the 
regulation of non-esterified fatty acids and 
in the prevention of problems related to the 
lipid metabolism during the transition stage 
in high-yielding dairy cows. 

Campbell et al. (1994) observed no benefits 
when supplementing rations with niacin 
or nicotinamide, although the apparent 
digestibility of most of the nutrients 
increased. Driver et al. (1990) observed with 
high-yielding cows in early lactation that 
the percentage of milk protein was greater 
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when heat-treated soy was supplemented 
with niacin (6 g/d), suggesting that niacin 
ameliorated the drop in milk protein which 
is frequently associated with the supply 
of large quantities of fat in the ration. 
Furthermore, niacin tended to reduce 
the blood plasma concentration of non-
esterified fatty acids. 

Erickson et al. (1992) observed in cows in 
early lactation that supplementing with 12g 
of niacin per day increased the levels of 
methionine and phenylalanine produced in 
the mammary gland, and the content and 
total production of protein in milk. These 
results agree with Lanham et al. (1992), who 
observed an increase in casein synthesis 
following supplementation of the ration 
with niacin at the beginning of lactation. 
Kung et al. (1980) also obtained positive 
results when supplementing niacin (6 g/d) 
in early lactation. As well as the production 
responses, niacin has been used to prevent 
ketosis and fatty liver through its antilipolytic 
action (Fronk and Schultz, 1979; Waterman 
et al., 1972; Jaster et al., 1983). In a total of 

14 experimental studies in which niacin was 
supplemented (NRC, 2001), non-esterified 
fatty acids in plasma were reduced in only 
one study, increased in two, and did not 
change in the others. 

The results from these experiments 
are contradictory. While the NRC (2001) 
concludes that there is no evidence to 
support clear recommendations on niacin 
requirements, in some cases the production 
response has been important. In these 
cases, it appears that the best responses are 
produced by supplementing 6 g of niacin 
per animal per day from the period just 
before parturition and during early lactation 
(up to 12 weeks), on the basis of improved 
production and/or composition of milk, and 
a reduced risk of ketosis. When symptoms 
of ketosis are apparent, supplementation 
with between 20 and 50 g niacin per cow 
every 2 hours reduces the likelyhood of a 
sudden fall in yield and improves normal 
plasma levels of free fatty acids, β-hydroxy-
butyrate, glucose and insulin.

PANTOTHENIC ACID (VITAMIN B5)

Pantothenic acid is a constituent of coenzyme 
A, and it is essential in many reactions 
including fatty acid oxidation metabolism, 
amino acid catabolism and acetylcholine 
synthesis. Ruminal microorganisms 
synthesize between 20 and 30 times more 
pantothenic acid than is required by the 
cow, hence supplementation is unnecessary 
(NRC, 2001). The rumen degraded 78% 
of dietary pantothenic acid (Zinn et al., 
1987). Erdman (1992) determined on the 
basis of calculations of maintenance and 
production requirements, and microbial 
and dietary supplies, that pantothenic acid 
might be limiting under some conditions 
(Table V). Although the estimates of vitamin 
requirements made in the latest version 
of the NRC report for dairy cattle do not 
recommend its supplementation due to lack 
of supporting scientific data, it mentions that 
pantothenic acid could become a limiting 
factor in high-yielding cows (NRC, 2001). 

There are no specific experimental studies 

that confirm the need to supplement dairy 
cows with pantothenic acid and, as with 
other B group vitamins, neither are there 
any recommendations on requirements of 
pantothenic acid in adult bovines (INRA, 
1988; NRC, 1996; NRC, 2001). However, the 
NRC (2001) recommends the incorporation 
of 13.0 mg/kg of DM in milk replacer. In 
the study conducted by Majee et al. (2003) 
which compared the effect of supplementing 
dairy cattle with biotin (20 vs. 40 mg/d) and 
a mixture of B-complex vitamins (thiamine, 
riboflavin, pyridoxine, niacin, biotin, folic 
acid, B12), which included 475 or 950 mg/d of 
pantothenic acid, they observed no additional 
benefit in response to the inclusion of the 
mixture of B-complex vitamins in the diet. 
As a final recommendation, they pointed out 
the need to use vitamin B sources which are 
resistant to ruminal degradation. Sacadura 
et al. (2008) conducted two experiments to 
evaluate the effect of a mixture of protected 
B-complex vitamins on the production of 
dairy cattle (at the start and mid-point of 

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



362

OPTIMUM VITAMIN NUTRITION

RIBOFLAVIN (VITAMIN B2)

lactation). The mixture contained biotin, 
folic acid and pantothenic acid. The results 
indicated an improvement in the production 
of dairy cattle at the start of lactation, in that 
supplementation increased production (kg/d) 
of milk, fat and protein, and improved the 
general state of the herd (physical condition 
and locomotion problems), without effects on 
the intake of dry matter. The positive effects 

of the supplementation were less evident in 
the case of dairy cattle in mid-lactation. As the 
supplementation was done with a mixture 
of vitamins, the beneficial effect cannot be 
attributed to any one vitamin. The authors 
suggested that the active mechanism in the 
supplementation of the mixture of B-complex 
vitamins contributes to a greater efficiency 
in the metabolic function. 

Riboflavin is one of numerous vitamins 
which participate in the intermediary 
metabolism, especially energy metabolism 
(Weiss, 2007), and oxidation-reduction 
reactions (Zempleni et al., 2007). In 
dairy cattle no requirements have been 
established, since it is presumed that 
ruminal microorganisms synthesize 
abundant quantities of this vitamin (15.2 
mg/kg of digestible organic material; Zinn, 
1992). Furthermore, ruminal degradation 
is almost total (Zinn et al., 1987; Santschi 
et al., 2005a), so that supplementary 
supplies should be resistant to ruminal 
degradation (Majee et al., 2003; Santschi 
et al., 2005a). On the other hand, it is 
estimated that intestinal digestibility is 
approximately 25% (Miller et al., 1986; 

Zinn et al., 1987). The NRC (2001) only 
recommends inclusion of 6.5 mg/kg DM in 
milk replacers. Although the requirements 
and practical recommendations for the 
incorporation of riboflavin in the ration of 
adult cattle have not been established, the 
data provided by the analyses of Santschi 
et al. (2005a, b) and Schwab (2006) indicate 
that the average intake of riboflavin in dairy 
cattle fed with a normal diet was 123 mg/d 
(Table VI).

As with the other vitamins of the B complex, 
the increase in the production of dairy cattle 
indicates that the requirements for riboflavin 
have increased in the same proportion. 
Furthermore the only experimental work 
known to date (Majee et al., 2003) evaluated 

(1) Adapted from Weiss (2007), who in turn used data supplied by Santschi et al. (2005a, b) and Schwab 
et al. (2006).
(2) Based on an average ingestion of 22.7 kg/d.
(3) Data obtained from bibliographical sources, with analytical methods different to the rest (Zinn et al., 
1987; Frigg et al., 1993; Midla et al., 1998). 

Table VI. Concentration of B-complex vitamins in cattle diets and typical vitamin intake in 
dairy cattle(1)

Vitamin
Average 

concentration
 (mg/kg DM)

Range of variation in 
concentration
 (mg/kg MS)

Average intake 
(mg/d)(2)

Thiamine 2.0 1.5—2.6 45

Riboflavin 5.4 4.3—6.7 123

Niacina total 46.0 22.6—94.8 1045

Vitamin B6
5.2 3.2—8.5 118

Total folates 0.5 0.4—0.7 11

Biotin 6.9 6.3—7.8 157

Biotin(3) 0.37 0.33—0.41 8
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the effect of the incorporation of biotin 
with or without a mixture of B-complex 
vitamins, which supplied 150 or 300 mg/d 
of riboflavin. Although the supplementation 
improved animal production in one of the 
experiments, the benefit cannot be attributed 

to any one vitamin. Given the limited 
number of studies and the inconsistency of 
the results, no practical recommendations 
for supplementation of this vitamin can be 
made. 

THIAMINE (VITAMIN B1)

Thiamine is a coenzyme which acts as 
cofactor in many reactions of oxidative 
metabolism of carbohydrates and proteins, 
and as intermediary in the synthesis of fatty 
acids (Harmeyer and Kollenkirchen, 1989; 
Weiss and Ferreira, 2006b; Zempleni et al., 
2007). The quantity of thiamine synthesized 
in the rumen (between 28 and 72 mg/d) is the 
same as or higher than that ingested in the 
ration (Breves et al., 1981). No requirements 
have been established for ruminants in good 
health and with a functional rumen. Supplies 
from microbial synthesis and dietary thiamine 
are sufficient to meet requirements of cows, 
even considering a ruminal degradation of 
dietary thiamine of 48% (Zinn et al., 1987). 
Recent data indicate that 66% of dietary 
thiamine degrades in the rumen (Santschi et 
al., 2005a), although Weiss (2007) suggested a 
lower value (53.1%). For ruminants, thiamine 
is not toxic (NRC, 1987) and deficiencies 
only occur in abnormal situations, such as 
consumption of feed rich in thiaminases or 
high in sulfates or situations in which the 
ruminal pH drops suddenly (Zinn et al., 1987; 
Harmeyer and Kollenkirchen, 1989; Gould 

et al., 1991; Zempleni et al., 2007). The NRC 
(2001) recommends the incorporation of 6.5 
mg of thiamine per kg of dry matter in milk 
replacers. 

Even where no specific recommendations 
for cows have been established, under 
certain specific conditions, such as the case 
of animals subjected to stress situations and 
in high-yielding dairy cattle at the start of 
lactation, some investigators recommend 
increasing dietary supplies of thiamine 
(McDowell, 2006). Because a significant  
proportion is degraded in the rumen, 
supplementary sources should be resistant 
to ruminal degradation (Majee et al., 2003). 
The average supply of thiamine is considered 
less variable than other vitamins in the B 
complex, with an average intake of 45 mg/d 
in diets normally formulated for high-yielding 
dairy cattle (Table VI).As with the majority of 
vitamins in the B complex, the scant data 
available (Shaver and Bal, 2000; Majee et 
al., 2003) do not allow a clear conclusion on 
the benefits of a supplementary supply of 
thiamine for dairy cattle.

VITAMIN B12

Vitamin B12 acts as cofactor in two important 
enzyme reactions in animal metabolism. 
The first is with methylmalonyl-CoA 
mutase, necessary for the conversion 
from propionate to succinate during the 
oxidation of branched chain fatty acids 
and the catabolism of ketogenic amino 
acids. The second is with tetrahydrofolate 
methyl transferase, which participates in 
methionine metabolism, and is therefore 
important for the synthesis of protein (NRC, 
2001; Zempleni et al., 2007). The ruminal 
degradation of dietary vitamin B12 ranges 
between 90 and 100% (Zinn, 1992; Schwab 

et al., 2006). Bacteria are the only natural 
source of vitamin B12, for which an adequate 
supply of cobalt is required (McDowell, 
2000). The NRC (2001) considers that the 
requirements of dairy cows range between 
0.34 and 0.68 µg/kg liveweight. Due to the 
high degradation of vitamin B12 in the rumen, 
the microbial synthesis of vitamin B12 is 
fundamental and depends on the presence 
of cobalt, the rate increasing linearly up 
to levels of 0.2 mg/kg. A supplementary 
supply of cobalt in the diet (0.17 vs. 0.29 mg 
of Co per kg of dry matter) higher than the 
NRC’s 2001 recommendations stimulates 
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Table VII. Comparison of measured and estimated (NRC, 2001) values for the apparent 
synthesis of B-complex vitamins

Adapted from Schwab et al., 2006
(1) Ruminal synthesis adjusted to dry matter intake

Vitamin

Apparent synthesis of B-complex, (mg/kg of IDM)

NRC, mean(1)
Average values

Mean Minimum Maximum

Thiamine 127 51 44 61

Riboflavin 232 238 206 254

Niacin 1603 1025 446 1547

B6
85 23 14 30

Biotin 12 -11 -16 -3

Folates 6.2 16 13 20

B12
62 80 60 102

the synthesis of vitamin B12, which suggests 
that these recommendations should also be 
set higher (Stemme et al., 2008).

Under normal conditions, ruminal bacteria 
synthesize at a rate of 4.1 mg of vitamin 
B12 per kg of digestible organic matter, and 
synthesis is higher in rations rich in forage 
(Sutton and Elliot, 1972; Walker and Elliot, 
1972). However, these data contradict the 
results obtained in dairy cattle by Schwab 
et al. (2006), who estimated an average 
synthesis of 7.8 mg/kg of true digestible 
organic material (range: 6.4-9.4). The total 
dietary supply is estimated between 60-
130 mg/d (Santschi et al., 2005b; Schwab 
et al., 2006; Weiss, 2007). Considering the 
requirements and the capacity for ruminal 
synthesis of vitamin B12, a deficiency in 
dairy cattle is unlikely, except where there 
is a cobalt deficiency (Erdman, 1992), if the 
NRC’s 2001 recommendations are taken as 
valid (Schwab et al., 2006; Table VII). 

Supplementing weaned calves may be 
necessary under some conditions (Lassiter 

et al., 1953). The NRC (2001) recommends 
supplementation of 0.07 mg of vitamin B12 
per kg of dry matter in milk replacers. In 
contrast, neither the NRC (2001) nor INRA 
(1989) establish recommendations for adult 
cattle. Nevertheless, the results of other 
recent studies (Girard and Matte, 2005b) 
suggest that supplementation with vitamin 
B12 in high-yielding dairy cattle in early 
lactation may interfere with other B-complex 
vitamins, such as folic acid, and become 
a limiting nutrient. Graulet et al. (2007) 
evaluated the effect of supplementation 
with folic acid and/or vitamin B12, and only 
demonstrated an additive effect of both 
vitamins for the fat content of milk, while a 
supply of vitamin B12 alone had no effects. 
Nevertheless, Girard and Matte (2005b) 
suggested the need to evaluate the possible 
deficiencies of folic acid and vitamin B12 in 
dairy cattle, since supplementation with 
vitamin B12 considerably increased the 
content of the vitamin in milk, improving its 
nutritional quality for human consumption. 
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PYRIDOXINE (VITAMIN B6)

VITAMIN C

Pyridoxine or vitamin B6 is a coenzyme which 
actively participates in the metabolism of 
amino acids, and requirements are therefore 
established according to the quantity of 
protein intake (Zempleni et al., 2007). The 
majority of published data indicate that the 
ruminal degradability of pyridoxine is very 
low and it is synthesized abundantly in the 
rumen, so a deficiency is unlikely (Zinn, 1992; 
Schwab et al., 2006). However, Santschi 
et al. (2005a, b) and Schwab et al. (2006, 
Table VIII) indicated that the intestinal flow 
of vitamin B6 could be between 50-70 mg 
lower than the estimates of the NRC (2001). 
Although not much is known about the 
factors which affect the ruminal synthesis 
of vitamin B6, it appears to be higher in 

Vitamin C plays a role as cofactor in many 
biochemical and oxidation-reduction 
reactions and processes (NRC, 2001; 
Zempleni et al., 2007). It acts as an 
antioxidant, protecting cells against damage 
from free radicals (McDowell, 2004), and in 
the regulation of steroid synthesis. Vitamin 
C is synthesized inside the cells of adult 
ruminants, principally in the liver and 
kidneys (Weiss, 2007), with the exception of 
young calves, which cannot synthesize it until 
three weeks of age (Cummins and Brunner, 
1991), so that it is considered an essential 
nutrient only for this type of animal. Vitamin 
C requirements also increase in conditions 
of stress (Padilla et al., 2006; McDowell, 
2006), when the plasma concentration falls 

rations rich in non-fibrous carbohydrates 
(Schwab et al., 2006). Vitamin B6 can also be 
important during the transition period, as it 
plays a strategic role as a donor of methyl 
groups (Mason, 2003). This role links it 
directly with the metabolism of lipids and 
the development of ketosis and fatty liver 
(Seymour, 2004; Zempleni et al., 2007). 
The importance of this productive period 
in cows should give rise to reflections on 
the need to revise the recommendations. 
As with other B group vitamins, neither 
INRA (1988) nor the NRC (2001) establishes 
recommendations for adult cattle. The NRC 
(2001) only considers the supplementary 
supply of 6.5 mg of pyridoxine per kg of dry 
matter in milk replacers. 

(Cummins and Brunner, 1991; Hidiroglou 
et al., 1977). Oral supplementation of 1-2g 
vitamin C in preruminant calves increased 
the plasma concentration of vitamin C 
(Hidiroglou et al., 1995). The positive effects 
attributed to vitamin C, refer to the immune 
response, as it stimulates the neutrophils 
and in some cases reduces mastitis 
indicators (Chaiyotwittayakun et al., 2002; 
Naresh et al., 2002; Weiss et al., 2004; 
Kleczkowski et al., 2005; Ranjan et al., 2005; 
Weiss and Hogan, 2007). Data on the effects 
of oral supplementation of vitamin C in 
adult animals show no solid evidence which 
would permit practical recommendations to 
be made (Weiss, 2007).
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CHOLINE

Introduction

Choline is not a vitamin in the traditional 
sense as it is not part of an enzyme system, 
and it is required in grams and not in 
milligrams like true vitamins. Choline can 
be formed from serine and methionine 
(Zempleni, 2007). Phosphatidylcholine is 
the main natural form of choline present 
in food, although a small quantity of free 
choline may also exist in plant material. 
Choline is necessary for the biosynthesis of 
phospholipids and acetylcholine (Zempleni, 
2007), and it plays a fundamental role in 
the metabolism as a methyl group donor. 
Biologically active methyl groups may also 
be obtained from methionine, so one of the 
advantages of supplementing choline is an 
increase in the availability of methionine 
for protein synthesis. Harper et al. (1977) 
considered that choline deficiencies only 
occur when the ration is deficient in protein. 
The majority of rations contain sufficient 
quantities of choline to cover the minimum 
requirements of ruminants. 

Bioavailability

Both choline naturally present in feedstuffs 
and synthetic supplements degrade by 
between 80 and 99% in the rumen, depending 
on the source (Sharma and Erdman, 1989). 
The flow of choline of microbial origin to 
the duodenum is slight (Mathison, 1986), 
and the little that is available comes from 
protozoal synthesis (Sharma and Erdman, 
1988). Due to the high degradation of dietary 
choline, it is probable that in high-producing 
dairy cattle methionine, betaine (derived 
from degradation of choline), and de novo 
synthesis of choline play an important 
role as methyl group donors (NRC, 2001). 
Choline is involved in the metabolism and 
transport of lipids, and its bioavailability is 
therefore associated with the fat digestion 
and absorption process (Zempleni, 2007; 
Weiss and Ferreira, 2006a).

Functions

Choline is involved in the transport 
and metabolism of lipids, so that its 
supplementation is associated with an 
increase in the percentage of fat in milk and 
the control of the development of ketosis 
and fatty liver (Pinotti et al., 2002; Juslin, 
1965; Zeisel, 1993). 

Recommendations for Choline

Suckling calves
Johnson et al. (1951) found choline deficiency 
in one-week-old calves given milk replacer 
rations containing 15% casein. The choline 
requirements estimated in this experiment 
were 260 mg/l of milk replacer (1,733 mg/
kg DM). The NRC (2001) recommends the 
incorporation in milk replacer of 1,000 mg/
kg DM. 

Adult lactating cows
Current sources for formulating rations 
have not established recommendations 
for choline for lactating cows (INRA, 1988; 
NRC, 2001). In spite of its important role in 
metabolism, the quantity of choline available 
for absorption in the small intestine is small, 
and the use of sources protected against 
ruminal degradation is recommended. 
Postruminal supplementation or 
supplementation in protected form of 15 
to 90 g of choline per day resulted in an 
increase in milk production of between 0 
and 3 kg/d. Grummer et al. (1987) obtained 
an increase in milk production (from 29.5 
to 31.6 kg of milk per day) on infusing 22 
g of choline per day. Erdman and Sharma 
(1991) supplemented 0.24% protected 
choline chloride between weeks 5 and 21 
postpartum, and obtained an increase in 
milk yield of 2.6 kg/d compared with the 
control group. 

Sharma et al. (1988) observed that while 
oral dosage of choline (0, 10 and 20 g/kg 
DM) resulted in low recovery of choline in 
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the duodenum and brought no production 
response, abomasal infusion of 30 g/d 
resulted in an increase of 0.45% and 0.14% 
fat and protein, respectively, in milk. Atkins 
et al. (1988) also observed no positive 
results on administering an oral supplement 
of choline. The NRC (2001) indicates that to 
establish recommendations for the transition 
cow and/or production cow would require 
more experimental studies.

However, since the recommendations of the 
NRC (2001), interest in the supplementary 
supply of choline has increased, as 
demonstrated by the growing number of 
studies published subsequently (Pinotti et al., 
2002, 2003; Piepenbrink and Overton, 2003; 
Brusemeister and Sudekum, 2006; Cooke et 
al., 2007; Elek et al., 2008). Table VIII shows 
a summary of the principal effects observed 
with the additional supply of choline in 
dairy cattle. Some of the data suggest that 

(1) CPR= g/d choline protected against ruminal degradation. 
(2) P-P= pre-partum; P-L= in lactation.
(3) NEFA= non-esterified fatty acids; BHB= beta-hydroxy-butyrate; Effect of treatment compared to 
control ( / ); (pre-partum/post-partum)= +: increases; −: decreases; =: no change; NI: not indicated; NE: 
parameter not evaluated; NA= not applicable. 
(4) Effect of treatment compared to control ( / ); (pre-partum/post-partum)= +: increases; −: decreases; =: 
no change; NI: not indicated; NE: parameter not evaluated; NA= not applicable.

Table VIII. Supplementary supply of choline resistant to ruminal degradation in dairy cattle 
Effects on some productive and metabolic parameters

Treatment / 
dose(1)

Lactation 
phase(2)

Metabolic parameters(3) Productive parameters(4)

Reference

NEFA BHB Glucogen
Lipolysis/ 
fatty liver

Ingestion Milk Fat Protein

45, 60 or
75 g/d CPR

21 d P-P – 
63 d P-L

(=/=) (=/=) (+/NI) (+/NI) (=/=) (NA/=) (NA/=+) (NA/=)

Piepenbrink 
and 

Overton 
(2003)

56 g/d CPR 21 d P-P – 
28 d P-L

(=/=) (=/=) (NI/=) (NI/=) (=/=) (NA/+) (NA/=) (NA/=)
Zahra et al. 

(2006)

20 g/d 14 d P-P – 
30 d P-L

(–/NI) NI NI NI NI (NA/+) (NA/+) (NA/=)
Pinotti et al. 

(2005)

14 g/d CPR 45-60 d P-P (–/NA) (=/NA) NE (+/NI) NA NA NA
Cooke et al. 

(2007)

25 g/d CPR P-P; 
50 g/d CPR P-L

21 d P-P – 
60 d P-L

NE NE NE (=/=) (NA/+) (NA/+) (NA/+)
Elek et al. 

(2008)

the supplementation of choline in a form 
protected from ruminal degradation may 
effectively improve the yield and composition 
of milk, especially in rations low in protein 
or with limited availability of methionine 
(Eastridge, 2006). Weiss (2007) summarized 
the results of 12 experimental studies and 
concluded that the median increase in milk 
production when rumen protected choline 
was fed was about 2,3 kg/d during the first 
2 months of lactation. With this level of 
response the additional supply of protected 
choline in the diet is considered profitable. 
The effects on the incidence of fatty liver 
are less clear (Weiss, 2007). With regard 
to the recommended dose, Pinotti et al. 
(2005) concluded that, although the data are 
insufficient to establish the real requirements 
of choline in dairy cattle, supplementation of 
between 12 and 20 g/d would be appropriate 
for dairy cattle in transition.
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NUTRITIONAL VALUE OF COW’S MILK FOR HUMAN NUTRITION

The ultimate objective of the production 
of foodstuffs of animal origin is to obtain 
nutritional, quality products for human 
consumption (Zempleni et al., 2007; Haug et 
al., 2007, Table XIII). Milk makes an important, 
although variable, contribution to providing 
the daily requirement of vitamins for human 
nutrition (Table XII).

The composition and proportion of nutrients 
supplied by cow’s milk depends on various 
factors intrinsic and extrinsic to the animal. 
Among the factors related to the animal 
are the lactation phase, age, breed, energy 
balance of the animal, health of the udder 
and the cow, etc. (Lucas et al., 2006; Nozière 
et al., 2006; Haug et al., 2007; Swensson 
et al., 2007). Even more important, the 
composition of the milk can be modified by 
means of different management and feeding 
strategies (forage to concentrate ratio, type 
and proportion of ingredients used, vitamin-

mineral supplementation, incorporation 
of specific food additives, etc.). Thus, for 
example, one can achieve considerable 
changes (> 100% of change) in the content of 
conjugated linoleic acid and vitamins A and 
E, moderate changes (between 25 and 100% 
of change) in the fat and unsaturated fatty 
acid content, and minor changes (< 25% of 
change) in the folate, riboflavin and vitamin 
B12 content (Haug et al., 2007). A study 
conducted in Sweden (Lindmark-Månsson 
et al., 2003), compared the changes in the 
composition of cow’s milk between 1970 
and 1996, and a significant increase in the 
content of total solids, fat, casein, calcium 
and phosphorous was observed, which is 
evidence that there is a real possibility of 
modifying the nutritional composition of 
milk. Another more recent study (Swensson 
et al., 2007), compared the changes in the 
vitamin supply of milk products per capita 
between 1970 and 2000 (Figure 9). In general, 

Figure 9. Contribution of milk and milk products to human daily vitamin requirements. 
(Swensson, 2007)

 %
 R

eq
ui

re
m

en
ts

0

5

10

15

20

25

30

35

40

1970 2000

For personal use by Veterinaria Biblioteca - DO NOT DISTRIBUTE
6fa7b93fd282c5b216c8d6b5affb41aeed15167b



369

OPTIMUM VITAMIN NUTRITION IN DAIRY CATTLE

the supply has decreased for the majority 
of them, with the exception of vitamin A, 
which increased by 1.3%, and vitamin B12, 
the supply of which remains constant. The 
most significant decreases have been in folic 
acid (71.4%), thiamine (47.2%), niacin (45.5%) 
and vitamin C (40.5%). Considering that the 

consumption of milk and dairy products is 
important in the human diet, it is necessary 
to reconsider some of the recommendations 
for the feeding of dairy cattle taking into 
account  the contribution of milk in the 
human nutrition.

Type of Cow(2)

Dry Peripartum
High 

Production
Low 

Production
Vitamin A

NRC (2001) 40,000 40,000 80,000 51,600

Average 104,000 121,000 158,000 121,000

SD 42,000 55,000 48,000 37,000

Vitamin D
NRC (2001) 10,000 10,000 25,000 16,000

Average 26,200 31,500 40,000 32,500

SD 10,000 12,500 10,700 8,200

Vitamin E
NRC (2001) 150 150 375 240

Average 760 1080 590 450
SD 280 170 160 160

SD = Standard Devitation
(1) Survey conducted on 40 companies and nutrition consultants (Weiss, 1998).
(2) Average weight of cows=600 kg; Peripartum=21 d prepartum; High production=45 kg/d; 
Low production=22 kg/d.  

Table IX. Survey on the supplementation of vitamins A, D and E in commercial operations in 
the US(1) (adapted from Weiss. 1998)

Source Source

Units
INRA 
(1988)

NRC 
(1989)

NRC 
(2001)

Units
DSM OVN 

(2011)
Vitamin A IU/kg LW 42 42 42 IU/ head day 20000-32000

Vitamin D3
- - - - IU/ head day 1400-1800

Vitamin E IU/kg DM 40 40 50 IU/ head day 100-150

Vitamin K - - - - mg/ head day 1.0-1.5

Vitamin B1
mg/kg DM - - 6.5 mg/ head day 2.5-5.0

Vitamin B2
mg/kg DM - - - mg/ head day 2.5-4.5

Vitamin B6
mg/kg DM - - 6.5 mg/ head day 2.5-4.5

Vitamin B12
mg/kg DM - - 0.07 mg/ head day 0.04-0.08

Niacin mg/kg DM - - 10 mg/ head day 9.0-18

D-Panthothenic 
acid

mg/kg DM - - 13 mg/ head day 7.0-9.0

Folic acid mg/kg DM 0.8 - 0.5 mg/ head day 0.2-0.3

Biotin mg/kg DM - - - mg/ head day 0.05-0.10

Vitamin C mg/kg DM - - 1.0-2.0 mg/ head day 250-500

Choline mg/kg DM - - 1000 mg/ head day 500-750

β-carotene mg/kg DM - - - mg/ head day 100

Table X. Recommended vitamin supplementation levels for calves by different sources  
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Content(1)

(per 100 g of milk)
Spain(2) Sweden(2) Denmark(4) United 

States(5)

Australia/ 
New 

Zealand(6)

Averages(7)

Intake
% of 
RDI

Water content, g 88.6 86.8 87.8 88.0 87.2 87.8 −

Protein, g 3.2 3.37 3.4 3.3 3.4 3.3 −

Lipids, g 3.6 4.34 3.5 3.3 4.0 3.7 −

Energy, KJ 260 NI 262 256 279 259.3 −

Cholesterol, mg 13.0 13.9 14.0 13.5 13.0 13.6 −

Vitamin A, (µg RE) 42 39.6 31 31 36 35.9 8.5

β-carotenes, µg 22 20 16 NI 19 19.3 −

Vitamin D, µg 0.03 0.03 0.10 − − 0.04 0.5

Vitamin E, µg 100 101 90 60 100 87.8 0.6

Vitamin K, µg NI 0.41 − 0.20 − 0.2 0.2

Thiamine (B1), µg 40 40 42 40 30 40.5 3.7

Riboflavin(B2), µg 180 141 170 160 180 162.8 13.6

Niacin, µg 80 64 100 80 70 81.0 0.5

Vitamin B6, µg 40 42 47 40 20 42.3 3.3

Vitamin B12, µg 0.30 0.41 0.5 0.44 − 0.4 17.2

Pantothenic acid, µg NI 340 340 NI − 340.0 6.8

Folic acid, µg 5.0 5.6 11 NI 7.0 7.2 1.8

Vitamin C, mg 1.8 1.16 − 0.82 1.0 0.9 2.1

(1) − no content;   NI= not indicated;   Vitamin A: µg of retinol equivalents.
(2) Adapted from: La Industria alimentaria (http://www-ice.upc.edu/documents/eso/aliments/ HTML/
lacteo-3.html); Moreiras et al. (2006); whole pasteurized milk.
(3) Adapted from: Lindmark-Månsson et al. (2003); raw milk.
(4) Adapted from: in National Food Institute of Denmark (http://www.foodcomp.dk/fcdb_details.
asp?FoodId=0156); whole milk, 3.5 % fat.
(5) Adapted from: in USDE, 2002. (http://www.nal.usda.gov/fnic/foodcomp/Data/SR21/nutrlist/sr21a318.
pdf); whole milk, 3.25 % fat. 
(6) Adapted from: Australian food composition tables, 2006 (www.foodstandards.gov.au/_srcfiles/
Final%20NUTTAB%202006%20Food%20Composition%20Tables%20-%20May%2020071.pdf); whole 
milk, 4% fat.
(7) % RDI= % of recommended daily intake. Approximate mean value, estimated from data available in 
the table; data appearing as – and Tr were computed as zero (0). RDI= recommended daily intake for an 
adult (19–65 years).

Table XII. Variation in the vitamin content of milk and comparison with the recommended 
daily supplies in different countries.
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Vitamins play a fundamental role in 
numerous vital functions. Under commercial 
conditions, vitamin deficiencies should not 
only be considered from the point of view 
of maintenance of physiological functions. 
They are also required to allow optimum 
production and to prevent clinical or 
subclinical pathologies. In the last decades, 
vitamin recommendations established by 
ration formulation systems, as well as those 
applied in field conditions by the industry, 
have substantially increased (Table V, Table 
VIII , Table IX and Table X), taking improved 
productivity health and welfare as evaluation 
criteria. The increases have been significant 
in vitamin E and moderate for vitamin 

CONCLUSIONS

A. Other vitamins previously considered 
unnecessary in the diet of adult ruminants, 
such as some of the water-soluble vitamins, 
may be beneficial under conditions of stress 
or high productivity (Table VIII and Table 
XI), although their use under commercial 
conditions might require the development 
of new forms less susceptable to degration 
in the rumen. Finally, the vitamin supply in 
dairy cattle is important not only from the 
perspective of animal production and its 
profitability. The ultimate objective is the 
production of quality milk that supplies all 
of the nutrients and vitamins in particular, to 
meet the requirements of consumers.
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