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Abstract: The B-complex vitamins which include thiamine, riboflavin, niacin, pantothenic acid, pyridoxine,
biotin, folic acid and cobalamin act as co-enzymes and are hence very important for the metabolism. Each co-
enzyme is specialized on specific metabolic reactions. While metabolic needs are similar, dietary needs for
vitamins differ widely among species. Some vitamins are metabolic essentials, but not dietary essentials for
certain species, because they can be synthesized readily from other food or metabolic constituents. Poultry are
dependent on dietary sources of vitamins to a much greater degree than are ruminants. An insufficient supply
of the B-vitamins will reduce the activity of the corresponding enzyme and result in metabolic disorders. The
deficiency of B-vitamins in poultry feed may result a great number of serious disorders in different tissue, organ
and systems of poultry, mainly in the skin, nervous, musculoskeletal, circulatory and hematopoietic systems.
Those disorders can be identified by their respective clinical signs and pathological findings. In addition to this,
deficient flocks may possess an impaired immune system and reduced performance and this has been the main
reason for economic loss through mortality and low egg production. Therefore, a sound nutrition program is
essential to have a successful poultry operation together with having proper knowledge and skill to identify
the clinicopathological features of the deficiency cases to apply appropriate measures in the treatment and
control of the problems.

Key words: Vitamin-B Deficiency  Poultry  Nutrition  Metabolic Disorder  Signs  Lesions

INTRODUCTION Vitamins are a group of organic compounds found in

Nutrition plays a fundamental role in determining the an essential part of a good nutrition program. Adequate
health and performance of birds and a correctly balanced intake levels of vitamins are necessary for normal body
diet is essential to avoid disease associated with a functions, growth and reproduction. Vitamin deficiencies
deficiency or toxicity of a particular nutrient. Furthermore, can lead to a number of diseases or syndromes. Vitamins
disease and nutrition are closely interlinked regarding a can be divided into two classes: fat- soluble and water-
number of clinical conditions which arise independently soluble. The fat-soluble vitamins include vitamins A, D ,
of errors in diet, but in which dietary modification forms E and K. The water-soluble vitamins include the B-
an important part of the poultry management practice. complex vitamins (thiamine, riboflavin, niacin, pantothenic
Nutrition management of birds involves assessment of the acid, pyridoxine, biotin, folic acid, choline and cobalamin)
nutritional requirements for various life stages and and vitamin C [2].
operational tasks and formulations of complete and Under commercial livestock and poultry production
balanced economic diets and/or therapeutic diets for conditions, vitamin allowances higher than requirements
different physiological and pathological conditions. Poor may be needed for optimum performance. The optimum
managemental conditions with respect to supply of vitamin supplementation level is the quantity that
nutrients may lead to starvation and infectious diseases achieves the best growth rate, feed utilization and health
in birds [1]. (including  immune  competency).  While  metabolic needs

foods in small quantities. Like the other nutrients, they are
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are similar, dietary needs for vitamins differ widely among first water-soluble vitamin discovered was called vitamin
species. Some vitamins are metabolic essentials, but not B to distinguish it from vitamin A. Later other B-vitamins
dietary essentials for certain species, because they can be were discovered and given names such as vitamin B , B ,
synthesized readily from other food or metabolic etc. Now the specific chemical names are used. In
constituents. Poultry, swine and other monogastric distinction to the fat-soluble vitamins, the water-soluble
animals are dependent on dietary sources of vitamins to vitamins are not absorbed with fats and they are not
a much greater degree than are ruminants [3]. stored in appreciable quantities in the body (with the

Poultry under intensive production systems are possible exception of thiamine and cobalamin). Excesses
particularly susceptible to vitamin deficiencies. The of these vitamins are excreted rapidly in urine, requiring a
reasons for this susceptibility can be described as constant dietary supply [8]. 
follows: (1) poultry derive little or no benefit from Vitamin-B deficiencies are most commonly due to
microbial synthesis of vitamins in the gastrointestinal inadvertent omission of a vitamin premix from the birds'
tract; (2) poultry have high requirements for vitamins; and diet; and multiple signs (health problems) are seen,
(3) the high density concentration of modern poultry therefore their treatment and prevention rely on an
operations places many stresses on the birds that may adequate dietary supply, usually microencapsulated in
increase their vitamin requirements [4]. gelatin or starch along with an antioxidant [9].

The B-complex vitamins are involved with many
metabolic functions including energy metabolism [2]. Thiamine (Vitamin B ) Deficiency: Thiamine was the first
Nevertheless, some cases of specific nutrient deficiencies vitamin discovered and has been given the name “water
can be directly related to neurological diseases, as is the soluble B”. It is also called the antineuritic vitamin.
case for thiamin, whose discovery came as a result of Thiamine is important as a component of the coenzyme
relating peripheral neuropathies with rice polishing in thiamin pyrophosphate (cocarboxylase). This vitamin is
Javanese birds [5]. Additionally, it is well known that present in yeast, milk, green leaves, eggs, fruits and the
niacin deficiency leads to reduced cognition and covering of grains. It is found most abundantly in yeasts,
dementia; while a number of other B-vitamins, especially but there are many other and much cheaper sources of
thiamine, riboflavin, pyridoxine, cobalamin and folic acid this substance. A deficiency is less frequently
are needed for synthesis of various neurotransmitters. encountered than deficiencies of other vitamins, since
Their deficiencies induce neurological diseases in birds thiamine occurs in abundance in whole grains which make
by congenital malformations, brain underdevelopment, up the major part of poultry diets. The minimum thiamine
errors of metabolism, reduced catalytic capacity or requirement of poultry is about 90 to 135 International
inhibited product synthesis [6]. Units per pound of feed [10].

Generally, the health and well being of chickens According  to  the  evidence  now available, vitamin
depends upon the interaction between their genetic B  is required for the proper metabolism of carbohydrates.
potential and exogenous factors like adequate nutrition, If hens are deprived of vitamin B  the sugar content of
proper growth environment, reduced exposure to their blood decreases and remains below normal for 10 to
stressors and appropriate managerial practices. Nutrition 14 days, then rises rapidly in the next few days to more
has a preeminent role in promoting growth, development, than twice of the normal. If vitamin B  is injected, the
immunity and reproduction. Micronutrients (vitamins and sugar content of the blood returns to normal. Different
minerals) are required for the integrity and optimal researches indicate that injections of vitamin B  produce
function of living animal systems [7]. appreciable decreases in the sugar content of the blood of

Therefore,  the  objective  of this seminar paper is to normal hens. Animals have relatively little capacity for
review the clinicopathological features of the B-vitamins storing vitamin B  and for this reason, when there is a
deficiencies in poultry. multiple deficiency of this and other vitamins, the

Deficiencies of the B-Vitamins and their
Clinicopathological Impacts in Poultry: Eight B-vitamins Clinical Signs and Pathological Findings
are important in poultry nutrition. In general they Clinical Signs: Clinical signs of vitamin B  deficiency are
participate  in  biochemical  reactions  as  enzyme similar in chickens and turkeys. A diet containing little or
cofactors that mostly affect the transfer of energy. The no vitamin B  causes a decrease in appetite even anorexia,
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symptoms of vitamin B  deficiency tend to appear first [3].1
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Fig. 1: Head retraction is a characteristic symptom of thiamine deficiency in the late stage (A). Curly toe caused by
riboflavin deficiency (B). Foot problems of a chick due to panthothenic acid deficiency (C)

Fig. 2: Duodenum from chick fed thiamine-deficient diet for 5 days. Crypt dilation is larger and more frequent. H&E, x
35 (A). The same chick with mucosal cells atrophying and sloughing into dilating crypts. H&E, x 375 (B)

followed soon by a steady decline in live weight. After 7 topple to the floor, where they may lie with heads still
to 10 days there is progressive development of general retracted. Thiamine deficiency may also lead to a decrease
paralysis. The extensor muscles of the legs are the first to in body temperature and respiratory rate [3]. 
become affected, but soon the paralysis extends to the
wings and neck and, finally, to all the muscles. In the early Pathological Findings: There are no macroscopic lesions
stages  of  paralysis the bird swallows feed or water with associated with thiamine deficiency [12]. Microscopic
great difficulty; in the later stages the body temperature lesions, surprisingly, were nil in the brain, spinal cord and
falls and the head is raised and drawn back. Death sciatic nerve, but every thiamine-deficient chick had
follows, usually within 1 or 2 days after the typical severe dilation of the duodenal crypts of Liberkuhn
symptom of head retraction which is commonly called as (Figure 2A). Mucosal cells may atrophy and slough into
polyneuritis (Figure 1A) [11]. dilating crypts (Figure 2B) [13].

Polyneuritis (paralysis of the peripheral nerves) in
birds represents the later stages of a thiamine deficiency, Riboflavin (Vitamin B ) Deficiency: Riboflavin is the one
probably caused by buildup of the intermediates of most likely to be deficient in poultry diets, since cereal
carbohydrate metabolism. Because the brain's immediate grains and plant proteins are poor sources of riboflavin.
source of energy results from the degradation of glucose, Therefore, all poultry diets need to be supplemented with
it is dependent on biochemical reactions involving this vitamin. Milk products have been used traditionally
thiamine. In the initial stages of deficiency, lethargy and in poultry diets as good sources of riboflavin. Other good
head tremors may be noted. As the deficiency progresses, sources are green forages and fermentation by-products.
birds may sit on flexed legs and draw back their heads in Riboflavin is required as a component of two important
a star-gazing position. Retraction of the head is due to coenzymes, flavin adenine dinucleotide (FAD) and flavin
paralysis of the anterior neck muscles. Soon after this mononucleotide (FMN). Diets are usually supplemented
stage, chickens lose the ability to stand or sit upright and with a synthetic source of this vitamin [8].
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Fig. 3: Duodenum from riboflavin-deficient chick, 3.5 weeks. Dilation of crypts of Lieberkuhn. Dead cells and debris are
present in the crypts. H&E, x 27.5 (A). Niacin-tryptophan-deficient duodenum. Crypts of Liberkuhn markedly
dilated and filled with cellular debris.  H&E, x 100 (B)

Clinical Signs and Pathological Findings synthesized by the bird from the tryptophan, but the
Clinical Signs: Many tissues may be affected by efficiency of conversion is low for optimal growth. It has
riboflavin deficiency, although the epithelium and the been claimed that a marked deficiency of niacin cannot
myelin sheaths of some of the main nerves are major occur in chickens unless there is a deficiency of
targets [14]. Changes in the sciatic nerves produce tryptophan, a niacin precursor [9]. 
“curled-toe” paralysis in growing chickens (Figure 1B)
[15]. Egg production is affected and riboflavin-deficient Clinical Signs: Niacin deficiency is characterized by
eggs do not hatch. When chicks are fed a diet deficient in severe metabolic disorders in the skin and digestive
riboflavin, their appetite is fairly good but they grow organs. The first signs are usually loss of appetite,
slowly, become weak and emaciated and develop diarrhea retarded  growth,  general  weakness and diarrhea.
between the first and second weeks. Deficient chicks are Affected chicks become nervous and irritable. In the
reluctant to move unless forced and then frequently walk niacin-deficient hen, weight loss, reduced egg production
on their hocks with the aid of their wings. The leg muscles and a marked decrease in hatchability can result. Turkeys,
are  atrophied  and  flabby and the skin is dry and harsh. ducks, pheasants and goslings are much more severely
In advanced stages of deficiency, the chicks lie prostrate affected by niacin deficiency than are chickens. Their
with their legs extended, sometimes in opposite directions apparently higher requirements are likely related to their
[14]. less efficient conversion of tryptophan to niacin. Ducks

Pathological Findings: The characteristic pathological bowing of the legs and an enlargement of the hock joint.
finding of riboflavin deficiency is a marked enlargement of There is conflicting evidence as to whether broilers
the sciatic and brachial nerve sheaths; sciatic nerves respond, in terms of growth and feed utilization, to niacin
usually show the most pronounced effects. Histological supplementation. However, it has been clearly established
examination of the affected nerves shows degenerative that chicks do have a requirement for niacin [16].
changes in the myelin sheaths [12]. Dilations of the
duodenal crypts of Lieberkuhn were exactly similar to Pathological Findings: The duodenum had dilations of
those seen in the thiamin-deficient chicks (Figure 3A) [13]. the crypts of Lieberkuhn (Figure 3B) and the pancreatic

Niacin/Nicotinic Acid (Vitamin B ) Deficiency: Niacin These lesions were identical to those present in the3

(nicotinic acid) is a constituent of two coenzymes, thiamin, riboflavin and pantothenic acid deficiency
niacinamide adenine dinucleotide (NAD) and niacinamide studies. The duodenal and pancreatic lesions were severe
adenine dinucleotide phosphate (NADP), which are in the group fed no niacin and 0.11% tryptophan [13].
important in metabolism. It is often deficient in diets
because feed grains (particularly maize) contain niacin in Pantothenic Acid (Vitamin B ) Deficiency: Pantothenic
a form mostly unavailable to poultry. Legumes, yeast, acid is a component of coenzyme A (CoA). It is the
wheat bran, fermentation by-products and some grasses prosthetic group of CoA, an important coenzyme involved
are good sources of the vitamin. This vitamin can be in  many  reversible  acetylation reactions in carbohydrate,

and turkeys with a niacin deficiency show a severe

acinar  tissue  was vacuolated, with loss of zonation.
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Fig. 4: Pantothenic acid-deficient thymus: Foci of pycnotic, necrotic lymphocytes. H&E, X 450 (A). Pantothenic acid-
adequate thymus: "Punched out" foci but lymphocytes appear mor- phologically normal. H&E, x 450 (B)

fat and amino acid metabolism. Signs of deficiency relate deficient chicks had small ‘punched out’ foci discrete
to general avian metabolism. Diets are often deficient in areas of mostly necrotic lymphocytes (Figure 4B) [13].
this vitamin since cereal grains and plant proteins are a
poor source of this vitamin. Good sources include Pyridoxine (Vitamin B ) Deficiency: Pyridoxine is a
brewer’s yeast, lucerne and fermentation by-products component of several enzyme systems. In general, diets
[17]. provide an adequate amount, in the free form or combined

Clinical Signs and Pathological Findings certain varieties of beans may contain pyridoxine
Clinical Signs: The main damages caused by a vitamin B antagonists. Pyridoxine is one of the vitamins that suffers5

deficiency involve the nervous system, adrenal during feed processing, 70-90% of the content in wheat
insufficiency and the skin. Symptoms are unspecific: being lost during milling. Pyridoxine deficiency occurred
dermatosis, changes in feathers and a reduction in only in the chicks receiving the high protein diet and only
reproductive yield. Deficiency may result in reduced egg when this diet contained 3.1 mg total pyridoxine per
production; however, a marked drop in hatchability is kilogram of diet or less [17]. 
usually noted prior to this event. Scabby lesions appear
at the corners of the mouth, on the edges of the eyelid Clinical Signs and Pathological Findings
and around the vent. In chicks, the first signs are reduced Clinical Signs: A vitamin B  deficiency causes retarded
growth and feed consumption; poor feather growth, with growth, dermatitis and anemia. Since this vitamin has a
feathers becoming ruffled and brittle; and a rapidly major role in protein metabolism, deficiency can result in
developing dermatitis. Corners of the beak and the area reduced nitrogen retention. Dietary protein is not well
below the beak are usually the worst affected, but the utilized and thus nitrogen excretion increases [12].
condition is also noted on the feet. In severe cases, the Increased iron levels and decreased copper levels are
skin of the feet may cornify and wart-like lumps occur on noted in the serum and iron utilization appears to be
the balls of the feet (Figure 1C) [18]. markedly decreased. The resulting anemia is likely due to

Pathological Findings: Liver concentration of Anemia is often noted in ducks but is seldom seen in
pantothenic acid is reduced during a deficiency, with the chickens and turkeys. Young chicks may show nervous
liver becoming atrophied. A faint to dirty yellow color may movements of the legs when walking and often undergo
be noted. Nerve fibers of the spinal cord may show myelin spasmodic convulsions, leading to death. During
degeneration [19]. Lymphoid organs were selectively convulsions, the chicks may run about aimlessly, flapping
affected by pantothenic acid deficiency. Lymph follicles their wings and falling with jerking motions. In pyridoxine
in the bursa of Fabricius and the thymus contained many deficiency, collagen maturation is incomplete, suggesting
necrotic lymphocytes (Figure 4A) and the germinal that this vitamin is essential for integrity of the connective
centers often consisted of a reticulum cell frame work tissue matrix [20]. A chronic deficiency can result in
surrounded by eosinophilic cellular debris. Only very few perosis (Figure 5A), with one leg usually being crippled
necrotic lymphocytes were present in the lymphoid and one or both middle toes bent inward at the first joint
follicles of the pair-fed control birds. The thymus of [21].

6

with phosphate. Some feedstuffs such as linseed and
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a disturbance in the synthesis of protoporphyrins.
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Fig. 5: Perosis and abnormal flexion of digits in chicks fed a 31.3% protein diet with 2.5 mg vitamin B /kilogram of diet6

(A). Disorganized zone of vesicular cartilage. Uneven vessel penetration. Islands of vesicular cartilage in marrow;
31.3% protein diet with 2.5 mg B /kg of diet, H&E, x 45 (B)6

Pathological Findings: Although the chicks receiving the observed in pantothenic acid deficiency. The feet become
basal diet and the lowest level of added pyridoxine rough and calloused and later crack open and become
evidenced severe neurological signs, no lesions were hemorrhagic. Eventually lesions appear at the corners of
seen in the brain, spinal cord, peripheral nerves or other the mouth and the eyelids may become granular [17].
soft tissues which could be attributed to the deficiency. Embryos are also sensitive to biotin status. Congenital
Starvation lesions such as loss of zonation in the acinar perosis, ataxia and characteristic skeletal deformities may
pancreatic cells were present in these chicks. No lesions be seen in embryos and newly hatched chicks when hens
in soft tissues were found in chicks receiving the high are fed a deficient diet. In general, biotin deficiency results
protein diet plus 2.5 mg vitamin B  per kilogram, but in impaired growth, reduced efficiency of feed utilization8

changes in the distal epiphysis of the tibiotarsal bone, the and buccal dermatitis [3]. 
proximal epiphysis of the tarsometatarsal bone and the
epiphyses of the digits were present (Figure 5B) [20, 21]. Pathological Findings: Occurrence of fatty liver and

Biotin (Vitamin B ) Deficiency: Biotin plays a role in the poultry producers. The trigger of high-energy diets led to8

synthesis of lipids and in glucose metabolism. Poultry investigation  of  biotin  in  carbohydrate  metabolism.
diets in regions using wheat as the main cereal source With a concurrent deprivation in feed intake or increased
commonly require supplementation with this vitamin. demand for glucose, hypoglycemia develops, leading to
Good sources of this vitamin include groundnut meal, adipose catabolism and the characteristic accumulation of
safflower meal, yeasts, lucerne meal, canola meal, fish meal fat in both liver and kidney. Birds with FLKS rarely show
and soybean meal. Chicks or poults fed raw eggs develop signs of classic biotin deficiency. Postmortem examination
biotin deficiency because biotin is inactivated by avidin, reveals pale liver and kidney with accumulation of fat [23].
one of the proteins in egg white. Cooked egg white does
not produce this effect. Biotin is also involved in the Folic Acid/Folacin (Vitamin B ) Deficiency: This vitamin
prevention of perosis and is essential for good functions as an enzyme co-substrate serving as an
hatchability of eggs. Biotin deficiency has also been acceptor or donor in many single-carbon reactions of
observed in turkeys, requiring supplementation [17]. In amino acids and nucleic acids (in metabolism and in the
broilers a concentration of 150 µg /kg feed is biosynthesis of purines and pyrimidines). It is a very
recommended, but several authors have advised higher stable vitamin but does not occur naturally in feedstuffs.
concentrations of at least 170 µg/kg, but sometimes even Instead it occurs in reduced forms as polyglutamates,
250-300 in specific situations [22]. For layers the which are readily oxidized. These forms are converted to
requirement is 0.1 mg/kg. The recommendation for folic acid in the body. Diets commonly contain sufficient
breeders is 0.10-0.16 and 0.10-0.20 mg/kg feed for chicken folacin but this is not assured. Folacin is therefore usually
and turkeys respectively [9]. included in the vitamin supplement added to poultry diets

Clinical Signs and Pathological Findings folate has an important role in embryogenesis due to its
Clinical Signs: A deficiency of biotin in the diet of young
chicks results in skin signs/lesions similar to those

kidney syndrome (FLKS) is important to commercial

9

to ensure adequacy [17]. It is generally established that

pivotal role in DNA synthesis to support normal cell
division [24]. 
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Clinical Signs and Pathological Findings Clinical Signs and Pathological Findings
Clinical Signs: Poultry seem more susceptible to folacin Clnical Signs: In growing chickens, a deficiency of
deficiency than other farm animals. Deficiency results in vitamin B  results in reduced weight gain and feed intake,
poor feathering, slow growth, anemic appearance and along  with  poor  feathering  and nervous disorders.
perosis. The abnormal feather condition in chickens leads While deficiency may lead to perosis, this is probably a
to weak and brittle shafts. Depigmentation develops in secondary effect due to a dietary deficiency of
colored  feathers  due  to  a deficiency of the vitamin. methionine, choline, or betaine as sources of methyl
While a folacin deficiency can result in reduced egg groups. Vitamin B  may alleviate perosis due to its effect
production, the main sign noted with breeders is a marked on the  synthesis  of  methyl  groups. Other signs
decrease in hatchability associated with an increase in reported in poultry are anemia, gizzard erosion and fatty
embryonic mortality, usually during the last few days of infiltration of the heart, liver and kidneys. Laying hens
incubation [25]. appear to be able to maintain body weight and egg

Pathological Findings: As anemia develops, the comb hatchability can be markedly reduced, although several
becomes waxy-white and pale mucous membrane in the months may be needed for signs of deficiency to appear
mouth are noted. There may be damage to the liver [14].
parenchyma and depleted glycogen reserves. Abnormal
structure of the hyaline cartilage and retardation of Pathological Findings: Embryonic death in chickens, with
ossification are also noted [24]. embryos exhibiting myopathies of leg muscles,

Cobalamin (Vitamin B ) Deficiency: This vitamin in embryos from B -deficient breeders include general12

belongs to a specific group of Cobalt (Co)-containing hemorrhagic condition, fatty liver and fewer myelinated
corrinoids with biological activity in humans and animals. fibers in the spinal cord [27]. 
The term vitamin B  is restricted to the recommended12

biochemical nomenclature for the form of cobalamin. CONCLUSION
Cobalamin does not occur in plants, it is synthesized in
nature by certain bacteria, fungi and algae [26]. Any To maximize production at the least cost, producers
occurring in plant materials is the result of microbial should pay close attention to the nutritional requirements
contamination. Microbes in the rumen of ruminants of the species. The B-vitamins are among the nutrients
incorporate Co into a corrin ring to form vitamin B  [22]. which are essential for building and maintaining a12

There  is  no  evidence  that  monogastric animals successful poultry flock due to the role that these trace
(pigs and poultry) require Co other than through vitamin nutrients have on various metabolic processes with focal
B . Consequently, there is no need for any Co roles in growth, reproduction, development and12

supplementation to the feed for these animals. Although maintenance of homeostasis in birds. The deficiencies of
Co is not necessary for nutrition of broiler chickens, it is these vitamins in poultry feed may lead the flocks to
often added into the vitamin-mineral premix. Poultry different metabolic disorders and immunosuppression that
obtain their B either preformed in feed or indirectly by may render higher possibility of mortality and lower egg12

ingesting faeces. Generally, poultry diets containing no production. Therefore, a sound nutrition program is
animal products require supplementation. Adequacy of essential to have a successful poultry operation together
vitamin B  is most critical for growing chicks, poults and with having proper knowledge and skill to identify the12

breeding hens [9]. clinicopathological features of the deficiency cases to
Vitamin B12 is an essential component of several apply appropriate measures in the treatment and control

enzyme systems that carry out a number of very basic of the problems.
metabolic functions in the animal’s body. Vitamin B  is12
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