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Abstract
Chromium (Cr) is one of the essential minerals which is required for improving productive performance in poultry due to its important
functions in metabolism, growth and reduction of lipid and protein peroxidation. Under heat stress conditions, Cr plays a crucial role in
poultry nutrition, production and health as well as enhances growth performance and quality of eggs in meat and egg type chickens,
respectively. Supplementation of Cr may increase body weight gain, improve feed efficiency and there is also increase in carcass yield
of broilers. Chromium is also a potent hypocholesteremic and antioxidant agent. The beneficial impacts of Cr have been linked with
improved the metabolism and immune system. Dietary addition of Cr has promising impacts on the immune system through increasing
relative weights of lymphoid organ such as thymus, spleen and bursa of Fabricius, declined heterophil/ lymphocyte (H/L) ratio, enhancing
the Cell Mediated Immune (CMI) response and improving the antibody response versus the infectious diseases. Dietary supplementation
of Cr may stimulate the secretion of digestive enzymes by improving the functions of liver and pancreas. Chromium present in many forms
differs greatly in stability and oxidation states; therefore the added forms and concentrations should be managed well. Further, the
increase in Cr dose in the diet could produce hazardous and toxic influences in chickens as well. This paper illustrates the positive and
negative impacts of Cr including its physical and chemical proprieties, practical applications in poultry nutrition, production, enhancing
immunity and health and a special reference to its toxic effects.
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INTRODUCTION

BENEFICIAL EFFECT OF CHROMIUM

Chromium (Cr) is a well-known essential trace element
for animals. Chromium presents in many oxidation forms,
among them trivalent (CrIII) and hexavalent (CrVI) chromium
are the most stable and common forms1.The most common
Cr forms used as supplements to poultry and animal diets
are Cr picolinate, Cr nicotinate, Cr tripicolinate, Cr yeast,
Cr propionate and Cr trichloride (CrCl3)1. Chromium is
employed in food, feed and pharmaceutical purposes owing
to its role in nutrient metabolism such as proteins,
carbohydrates, fats, amino acids and nucleic acids2. Previous
studies have identified Cr as a Glucose Tolerance Factor (GTF)
and its absence could result in hypercholesterolemia and
retarded growth3. The effects of Cr on the activities of different
antioxidant enzymes have been recorded4. Additionally,
beneficial impacts of Cr on productive and reproductive
performance as well as physiological traits had been reported
either under low or high ambient temperatures5. Meanwhile,
few studies also did not show any beneficial impacts 6,7.
Supplemental dietary Cr as chromium picolinate (CrPic)
alters glucose metabolism and decreases mortality rate in
broiler chickens8. In addition, supplementation of Cr increased
serum total protein, albumin and insulin, but corticosterone
and cholesterol concentrations were decreased in blood.
Reduction in corticosterone has positive effect in broilers by
increasing the carcass quality since corticosterone can affect
protein synthesis in the muscles8. Organic Cr sources have
shown better beneficial impacts on heat-stressed birds in
comparison with inorganic sources due to their increased
absorption and bioavailability9.
In laying hens, supplementation of Cr resulted in higher
weight, production, mass and best quality of eggs10. On the
other hand, supplemental organic Cr did not affect feed
consumption and body weight of laying hens11. Sahin et al.12
reported that chromium addition at 1200 ppb increased the
productive performance, egg quality and serum insulin level
of laying Japanese quails. CrIII is less toxic than CrVI so it is
used in low concentrations as an essential trace element in
animals and poultry diets to enhance growth and improve the
production and meat quality13. However, its addition face a
challenge as it should be used in the actually needed
concentrations to avoid toxic and harmful impacts14 such as
nephrotoxic, hepatotoxic, oxidative and DNA damaging
effects following Cr administration15. Therefore, the nutritional
properties of Cr are still needed a great attention. The present
article illustrates the beneficial and toxicological aspects of
Cr and its impacts in different doses in poultry nutrition and
production.

Growth rate and feed utilization: In this regard, dietary
supplementation of Cr (as chromium picolinate) at
1600 µg kgG1 increased growth rate expressed as live body
weight and body weight gain of broiler chickens in
comparison with control or other diets containing 800 and
3200 µg kgG1 of chromium16. Lien et al.16 also noted that
dietary supplementation of 1600 µg Cr kgG1, as chromium
picolinate, significantly increased feed intake in broiler chicks
fed diets containing either 800, 1600 and 3200 µg kgG1 of
chromium. While, feed conversion was not affected at all
levels. Body weights of broiler chickens and laying Japanese
quail were linearly increased with increasing chromium (as
chromium picolinate) levels (200, 400, 800 and 1200 µg kgG1)
under heat (32.5EC) stress conditions12,17. In addition, feed
intake and feed efficiency were increased and improved with
Cr supplementation, respectively.
Uyanik et al.10 reported that dietary chromium
supplementation (as chromium chloride) at level 20 ppm
resulted in 18.57% reduction in feed consumption and
improvement in feed conversion by 16.77%. But the higher
levels of chromium (40 and 80 ppm) had no significant effects
neither on feed consumption nor on feed conversion of broiler
chicks. Uyanik et al.18 fed laying hens on diets containing
chromium (as chromium chloride) at level of 20 ppm and
reported a reduction in feed consumption by 1.88% and an
improvement in feed efficiency by 4.28%. In growing Japanese
quail, Uyanik et al.7 reported no significant effects on body
weight, body weight gain, feed intake and feed conversion of
chromium supplementation (as chromium chloride) in
growing Japanese quail diets at levels of 20, 40, 80 and
100 ppm.
Sahin et al.5 fed growing Japanese quails on diets
supplemented with 400 µg Cr kgG1, as chromium picolinate
and noted a significant increase in feed intake and a
significant improve in feed conversion under heat stress
condition (34EC for 8 h). The same authors noted no effect of
chromium supplementation on body weight gain under
thermo-neutral condition. However final body weight was not
affected by chromium supplementation neither under heat
stress condition nor under thermo-neutral condition.
Anandhi et al.19 reported that organic chromium
supplementation in broilers diets at levels of 250, 500 and
750 µg kgG1 diet had no significant effects on body weight
gain, feed consumption and feed conversion. These results
are in line with those reported by El-Kholy et al.20 who
pointed dietary chromium supplementation did not affect
all performance (live body weight, body weight gain, feed
intake and feed conversion ratio) parameters during the
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percentage of egg albumin and shell weight as well as egg
shape and albumin indices were observed between the
treatment and control group.

overall period (2-6 week of age). Moreover, chromium
supplementation increased daily body weight gain of broiler
chickens subjected to heat stress21. The contradicting findings
among the abovementioned studies may be partially
returned to the following factors: Cr forms and sources,
Cr dose, supplementation method, the type and age of
experimental animals, or the kind and duration of induced
stress.

Semen quality and reproductive parameters: Only few
studies investigated the effect of Cr on semen quality and
reproduction performance in birds. Supplementing the diet of
Montazah chickens with 800 ppb CrPic improved semen
quality (ejaculate volume, advanced motility and a live
sperm%), reproductive organs weights (ovary and tests
weight) as well as fertility and hatchability percentage23. On
the same context, Hanafy24 showed a significant improvement
in semen quality by supplementation of chromium. The
improvement in semen quality may be attributed to the
antioxidant activity of chromium which maintained the
integrity of cell membrane and reduced the oxidants damage.
Long and Kramer25 confirmed that the reduction in
malondialdehyde concentration is a marker to the integrity
degree of sperm membranes and their ability of fertilizing.
In the winter season, supplementation of 400 ppb of
Cr as Cr-Methionine improved the hatchability of laying
Japanese quail compared with control26. Also, Contreras et al.27
reported that 200 ppb of chromium methionine enhanced
hatchability of laying Japanese quail under the temperate
areas (25EC).

Egg production: Lien et al.8 noted a beneficial impact on
egg production when laying hens fed diet supplemented
with 800 µg kgG1 of chromium, as chromium picolinate. Also,
Liu et al.22 observed that supplementation of chromium at
10 mg kgG1 in laying hen diets significantly improved egg
weight and egg number as well as prolonged the period of
laying peak.
Egg production and egg weight of laying Japanese quail
were linearly increased as chromium increasing when birds
fed diets containing 200, 400, 800 and 1200 µg kgG1 chromium
(chromium picolinate) under heat stress condition17. On the
other hand, a study by Uyanik et al.18 showed that
supplemental chromium (chromium chloride) in hen diets at
level of 20 ppm had no significant impacts on egg weight and
egg production. On the same context, Lien et al.6 confirmed
no effect of dietary chromium doses (800 and 1600 µg Cr kgG1)
on egg production and egg weight of laying hens.

Carcass traits: Dietary supplementation of 800 µg Cr kgG1 diet,
Egg quality criteria: There are conflicting results on egg

as chromium picolinate, significantly increased liver percent in
broiler fed diets containing 800, 1600 and 3200 µg Cr kgG1 16.
In line, Sahin et al.12 reported that increased supplemental
chromium resulted in an increase in carcass traits of broiler
chicks fed on the basal diet supplemented with chromium at
levels of 200, 400, 800 and 1200 µg kgG1 diet (as chromium
picolinate) under heat stress condition (32.5EC), as compared
with those fed on the basal diet. Moreover, Sahin et al.5
reported that supplementing diets of growing Japanese quails
with 400 µg Cr kgG1, as chromium picolinate, resulted in a
significant increase in cold carcass percent under heat stress
conditions (34EC for 8 h). However, cold carcass percent
was not affected by chromium supplementation under
thermo-neutral condition. Huang et al.21 reported that
chromium addition increased dressing percentage and
decreased abdominal fat percentage of broiler chickens
exposed to heat stress in comparison with control.
Supplemental Cr had no significant impacts on carcass
traits (carcass, dressing, giblets, liver, gizzard and heart) of
growing quails as compared with untreated group20. In
accordance to these findings, Anandhi 19 reported that organic
chromium supplementation in broilers diets at levels of

quality due to supplementation of Cr in laying birds. For
example, Lien et al.8 noted no impact on egg quality when the
diet of the laying hens supplemented with 800 µg kgG1 of
chromium, as chromium picolinate. Also, Uyanik et al.18 fed
laying hens on rations containing 20 ppm of chromium and
recorded no significant impacts on egg shape index, egg
specific gravity, Haugh unit and shell thickness. Lien et al.6
noted no significant effects on shell thickness of dietary
chromium supplementation, supplemented as chromium
picolinate, at levels 800 and 1600 µg Cr kgG1 of laying hen
diets. On the other hand, Liu et al.22 stated that chromium
(chromium chloride) supplementation at level of 10 mg kgG1
diet significantly improved egg quality in layers.
Shell thickness, egg specific gravity and Haugh unit score
were linearly increased with increasing chromium level, when
laying Japanese quails fed on the diet supplemented with
either 200, 400, 800 and 1200 µg Cr kgG1 diet (as chromium
picolinate) under heat stress condition (32.5EC) compared
with control diet17. Abdallah et al.23 pointed out that yolk
index and egg yolk % were increased as dietary chromium
doses increased, but no significant differences in the
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250, 500 and 750 µg kgG1 diet had no significant effects on
carcass yield. On the same context, Uyanik et al.10 reported no
significant impacts on carcass yield of Cr supplementation, as
chromium chloride, in growing Japanese quail diets at levels
of 20, 40, 80 and 100 ppm.
Hematological

parameters:

Dietary

protein and its fractions in plasma of growing Japanese quails
were not influenced by dietary Cr supplementation, in
comparison with un-supplemented group20. Taha et al.34
showed that T3 and T4 hormones were not significantly
affected by watery supplementation of chromium chloride. In
line, dietary chromium did not significantly (p>0.05) affect
plasma levels of AST, ALT, T3, T4 and T3/T4 ratio of growing
Japanese quails20.

chromium

supplementation (chromium chloride) in broiler diets at
levels of 20, 40 and 80 ppm significantly decreased H/L ratio,
as compared with un-supplemented group10. Contrarily,
El-Kholy et al.20 noted that no significant effect of Cr addition
on parameters of Hb, PCV or H/L ratio in growing Japanese
quails, as compared with un-treated group. Consistent with
these findings, Toghyani et al.28 reported that Hb and PCV
values were not influenced by dietary Cr (0, 500, 1000 and
1500 ppb). These results favorably compared with Kani29 who
stated that hemoglobin was not affected by chromium
addition.

Hypolipidemic, hypocholestermic and hypoglycemia
effects: Most pronounced effect of Cr in birds appears to be
the reduction of cholesterol and glucose concentration in
blood. Dietary Cr picolinate (800, 1600 or 3200 µg Cr kgG1 diet)
supplementation increased high density lipoprotein and
decreased low density lipoprotein and very low density
lipoprotein of the broiler chickens16, while serum glucose
concentrations were reduced only at levels 1600 and
3200 µg kgG1 of chromium. Similarly, supplementation of
chromium decreased total lipids, total cholesterol, very low
density lipoprotein and low density lipoprotein, but increased
the high density lipoprotein and triglycerides in serum34. Type
of chromium also has effect on LDL level of the blood. Study
reported that organic chromium decreased serum LDL while
inorganic chromium in poultry feed can increase the
LDL level29.
Sahin et al.12 fed broiler chickens reared under heat
stress condition (32.5EC), on the basal diet (control) diet or on
the basal diet supplemented with either 200, 400, 800 and
1200 µg Cr kgG1 (as chromium picolinate). They reported that
with the increasing in dietary chromium supplementation
serum glucose and cholesterol concentrations were linearly
decreased significantly, whereas serum total proteins
concentrations were linearly increased. In laying Japanese
quail, Sahin et al.17 found that plasma glucose concentrations
were decreased linearly as chromium increasing in birds
fed on the basal diet supplemented with 200, 400, 800 and
1200 µg Cr kgG1, as chromium picolinate, under heat stress
condition (32.5EC), as compared with group fed on the basal
diet. Also, Uyanik et al.7 mentioned that chromium
supplementation, as chromium chloride, in growing Japanese
quail diets at levels of 20, 40, 80 and 100 ppm resulted in a
significant reduction in serum levels of glucose and
cholesterol.
Sahin et al.5 reported that supplementing diets of
growing Japanese quails with 400 µg Cr kgG1, as chromium
picolinate, significantly decreased serum glucose and
cholesterol under heat stress (34EC for 8 h) and
thermo-neutral conditions. On the same context, birds fed
Cr at levels of 800, 1200, 1600 and 2000 µg kgG1 diet, had
lower some lipid parameters like cholesterol and triglyceride33.

Antioxidant activity: Stressors and diseases can increase
urinary excretion of chromium and may aggravate a marginal
chromium deficiency in poultry and domestic animals30. These
stressors including heat stress increased production of free
radicals which damage the body cells and result in increased
poultry morbidity and mortality2. Cooling of poultry buildings
is very expensive, nutritional manipulations31 such as use of
feed additives along with their different preparations is
suggested to improve the poultry performance. Lipid
peroxidation levels in the serum and liver were increased
under heat stress conditions5. Sahin et al.32 found that heat
stress increased the secretion of inflammatory markers like
C-reactive protein, interleukin-6 and TNF-α (tumour necrosis
factor-α). Supplementation of chromium in heat-stressed
Japanese quail diets decreased MDA in quail serum 12.
Liver and kidney functions and thyroid hormones: In broiler
chickens, serum total protein and thyroid hormones (T3 and
T4) concentrations were linearly increased with chromium
(chromium picolinate) supplementation (200, 400, 800 and
1200 µg Cr kgG1 diet), under heat stress (32.5EC) conditions12.
In broiler chickens, Uyanik et al.10 reported that total proteins
and globulin concentrations in serum were increased at all
levels (20, 40 and 80 ppm) of chromium, while serum albumin
was increased at level 20 ppm chromium only. Also, birds fed
Cr at levels of 800, 1200, 1600 and 2000 µg kgG1 diet had
higher blood protein concentrations33.
In growing Japanese quail, Uyanik et al.7 mentioned that
serum total proteins, albumin and globulin were not
significantly affected by chromium supplementation at
levels of 20, 40, 80 and 100 ppm. On the same context, Total
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Thyroid hormones
increased

Increase in carcass traits of broiler chicks

Increased lymphocyte count

Cholesterol
Improved semen quality

Increased bursa of
Fabricius weight

Glucose
Reduction in cholesterol
And glucose concentration
Chromium
In blood

Increased liver
weight

Egg production and egg weight
increased

Increased total antibodies
Feed intake, feed
Conversion ratio
increased
IFN-x expression unregulated

Shell thickness, egg specific gravity, egg yolk and
Haugh unit score were linearly increased

Fig. 1: Beneficial effects of chromium in poultry nutrition and health
Mirfendereski and Jahanian35 found that supplementation of
chromium-methionine at levels of 500 and 1000 ppb in the
diet, decreased cholesterol and glucose levels in plasma, but
triglyceride was not influenced by the same levels. Chromium
chloride supplementation at 30 mg LG1 water reduced the
concentrations of serum cholesterol, low density lipoprotein,
very low density lipoprotein, triglyceride and glucose but
increased the concentrations of total lipids and high density
lipoprotein34. Uyanik et al.10 reported that dietary chromium
supplementation (chromium chloride) in broiler diets at
levels of 20, 40 and 80 ppm had no significant effects on
serum glucose and cholesterol concentrations. In laying
hens, Uyanik et al.18 reported that dietary chromium
supplementation (as chromium chloride) at level 20 ppm in
laying diets had no significant effects on serum cholesterol
concentrations. Lien et al.6 noted no effect on serum
cholesterol
concentration
of
dietary
chromium
supplementation, as chromium picolinate, in laying hen diets
at levels 800 and 1600 µg Cr kgG1.
Plasma cholesterol and triglyceride were increased with
supplementation of organic chromium in the 21st and 42nd
days of broilers29. In addition, total lipids and glucose in
plasma of growing Japanese quails were not influenced by
dietary Cr, while cholesterol was increased with increasing
Cr doses. In contrast, glucose level was numerically decreased
with Cr in comparison with un-supplemented group20.

An overview on the beneficial applications of chromium
in poultry nutrition and health is presented in Fig. 1.
TOXIC EFFECTS OF CHROMIUM
Effects on productive performance and antioxidant
capacity: Chromium chloride (2 g kgG1) reduced the relative
mass of heart, kidney and lung to mass of body in broilers
with no change in the histological structures of these
organs36. Chromium intoxication also decreased the content
of B (1, 2 and 6) and E vitamins in liver, kidney, muscles and
serum of developing chicks37. Oral administration of chromium
inhibited the growth performance of chickens and induced
renal damage as reported by Liu et al.38 where , male Hyland
Brown chickens received three different doses of chromium
trichloride (CrCl3) representing 1/8 LD50, 1/4 LD50 and 1/2
LD50 in mg kgG1 body weight in drinking water, the samples
were collected at 14, 28 and 42 days after treatment and the
results showed that chromium decreased the gain of body, leg
muscles and chest muscles, reduced the glutathione
peroxidase, superoxide dismutase and catalase activities,
lowered the total antioxidant capacity while significantly
increased glutathione, hydrogen peroxide and
malondialdehyde levels in the kidney and induce
histopathological alterations in renal tissues dose and
time dependently. On the same context, the oxidative
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elevation in liver and bursa of Fabricius weights, declined
heterophil and monocyte counts as well as
heterophil/lymphocyte (H/L) ratio and increased total
antibody, lymphocyte counts, Cell Mediated Immunity (CMI)
to phytohemagglutinin (PHA) along with antibody titers
(IgG and IgM)18,20. Using of inorganic or organic chromium
(chromium L-methionine, chromium chloride) revealed a
statistical elevation in antibody titers, enhanced H/L ratio in
addition to relative weights of spleen and thymus in broilers
suffering from heat burden. Using the organic type was
reported to be better in reducing immunodepression related
to heat stress in broilers45. In broiler chickens, chromium
propionate addition to drinking water or feed improves the
immune responses through up-regulating interferon-gamma
(IFN-γ) expression after vaccination with R2B strain of
Newcastle Disease (ND)46. On day 1, IFN-γ expression in spleen
was about 2-4 times higher than control and on day 3
post-immunization, IFN-( expression was about 27-40 times
higher. However, on day 7 post-immunization IFN-γ
expressions reached basal concentration in all the vaccinated
groups45.
Rao et al.47 postulated that the addition of organic
chromium in broilers diet has no impact on heterophyl and
lymphocyte ratio and relative weight of immune organs like
thymus, bursa and spleen as well as antibody production
versus vaccination of Newcastle Disease (ND). But ratio of
lymphocyte proliferation improved with dietary chromium
addition. Furthermore, Rajalekshmi et al.48 studied the impact
of chromium propionate supplementation to male broiler
diet and reported that weights of lymphoid organ were not
significantly influenced through the whole study period
(42 days of age). Increasing chromium dose enhanced the
antibody response versus lymphocyte proliferation ratio
response and ND vaccination and. As well, H/L ratio declined
as an indicator to depressed heat stress level. Chromium
methionine supplementation to broilers increased antibody
level against NDV and IBV at 21 and 42 days after treatment.
Similarly Cr at concentration of 800 ppb in feed increased
lymphocyte while decreasing the heterophil to lymphocyte
ratios49,50. Recent study reported that Cr supplementation to
laying hens improved the CD4+ cells and also improved the
adaptive immunity in caecal tonsils of hens51.

damage and pathological lesions were reported in the liver
tissues of this type of chicken after chromium administration39.
Similar results were obtained for the chicken brain in the
study of Cheng et al.40 in which, male Hyland Brown
chickens exposed to three different doses of chromium
trichloride (CrCl3) representing 12.5% LD50, 25% LD50 and
50% LD50 in mg kgG1 body weight for 42days in drinking
water showed significant increase in hydrogen peroxide and
malondialdehyde while total antioxidant capacity, activities of
antioxidant enzymes (glutathione peroxidase, superoxide
dismutase and catalase) and total glutathione concentration
were decreased significantly in addition to sever
histopathological changes in the brain of chicken especially at
higher doses.
Oral administration of CrCl3 adversely affects the growth
performance of chickens and induced nephrotoxicity
represented by histopathological alterations in renal tissues
and reduced antioxidant capacity in relation to the time and
dose of exposure38.
Kumari et al.41 calculated the LD50 of potassium chromate
(K2CrO4) in broiler chicks as (277.95 mg kgG1) and found that
addition (1/5th and 1/3rd of LD50) to the diet of broiler chicks
for 30 days decreased the haemoglobin percentage,
haematocrit values, total erythrocyte count and total
leucocyte count while increased the clotting time in broiler
chick. While chromium in the form of potassium dichromate
(K2Cr2O7) induced oxidative stress by decreasing SOD activity
and glutathione level and increasing MDA content in the
brain of male Hyland Brown chickens consumed 6% LD50
K2Cr2O7 mg/kg B.W.). It also decreased the mitochondrial
membrane potential (MMP) and Ca2+-ATPase activity in
addition to histological damage in the brain tissue42.
Reproductive and developmental toxicity: Chromium (VI)
induced DNA damage, in the form of chromium-DNA binding
in liver and 8-oxo-2'-deoxyguanosine (8-oxo-dG) in red blood
cells of 14 days chick embryos depending on the dose.
Chromium cause toxic and teratogenic effects in the
developing embryos of mallard and decrease their hatchability
and viability43.
Chromium decreased the hatchability of sexually
mature Japanese quail males (Coturnix coturnix japonica)
by about 14%, increased the early embryonic mortality of
quails received 0.142 g kgG1 chromium as K(2)Cr(2)O(7)
subchronically for 12 weeks44.

CONCLUSION
The dietary Cr has useful impacts on feed utilization,
antioxidant defense system, immune enhancing effects, lean
carcass quality, growth and production indices and quality of
egg. Moreover, it is very helpful especially in birds exposed to
heat-stress conditions. Birds fed diet enriched with Cr revealed

EFFECT ON HEALTH
The impact of dietary chromium addition on health and
the immune responses in broiler chickens showed an
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4.

higher doses of Cr and other trace elements compared to
those without any supplementation. Beneficial impact of Cr
such as lowering serum concentration of total cholesterol,
triglycerides and glucose had been noticed in poultry species
fed diets supplemented with chromium, indicating the
positive health-effects. Discovering the possible modes of
action of Cr like its different nutritional biochemistry,
biological and pharmacological activities and molecular
mechanisms of actions are important to succeed in the
management of poultry and farm animals that may support
further understanding of the performance and health
ramifications of immune-endocrine interactions. Poultry fed
diet supplemented with chromium significantly revealed
higher levels of chromium and other trace elements compared
to those without any supplementation. The requirements of
various species of poultry and the quality of the different
trace elements used are the areas that warrant attention.
Chromium present in many forms differed greatly in their
stability and oxidation states, the added forms and
concentrations should be managed well, as the increase in
chromium level could be produce hazardous and toxic
influences in chickens.

5.

6.

7.

8.

9.

10.

SIGNIFICANCE STATEMENT
Chromium plays an important role in poultry nutrition,
production and health as well as enhances growth
performance. Chromium is also a potent hypocholesteremic
and antioxidant agent. The dietary Cr has useful impacts on
feed utilization, antioxidant defense system, immune
response, lean carcass quality, growth and production indices
and quality of egg.
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