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HIS STUDY was designed to determine the effect of Chromium methionine (CrMet) at

different levels on growth parameters, blood constituents, immunity, and anti-oxidative
properties of growing Japanese quail. A total of 150 at 7-days old unsexed Japanese quail chicks
were randomly distributed to five dietary treatments of thirty birds to a treatment. Each treatment
was replicated three times with ten birds to replicate. Five isocaloric and isonitrogenous diets
were formulated. CrMet was added to the basal diet at five different levels being 0, 200, 400,
600, and 800 mg /kg diet, respectively. CrMet supplementation improved body weight (BW)
at 6 weeks of age by 2.3%. compared with those on diet 1 (control). Feed intake (FI) increased
gradually by increasing CrMet levels in the diets compared with the control group and the
group fed on 200 mg CrMet /kg diet. The best (P< 0.05) value of feed conversion ratio (FCR)
was noticed in group fed 600 mg CrMet /kg as compared with other experimental groups.
CrMet improved (P < 0.01) the thymus, heart and testes weights, white blood cell (WBC)
counts, hemoglobin (Hb), packed cell volume (PCV%), monocytes, albumin/globulin ratio
and aspartate aminotransferase (AST) of growing Japanese quail. While, albumin, total lipids,
cholesterol, triglycerides, and lipid peroxide concentrations contents significantly (P < 0.01)
decreased. In summary, the inclusion of CrMet in growing quail diets may exert beneficial
effects on growth parameters, blood constituents, immunity, and anti-oxidative properties.

Keywords: Chromium methionine, Growth performance, Blood, Antioxidative properties,
Immune response, and Japanese quail.

Introduction methods not applicable in some regions and farms
for their impracticality and high cost. Instead,
nutritional manipulation could be a suitable

approach to poultry production (Shane, 1988).

High ambient temperature, especially when
merged with high humidity, leads to severe stress
which impaired the performance of birds. Many
ways to reduce the negative effects of heat stress
on productive of birds have been documented.

Chromium is an important microelement that
acts an essential role in nutrition of animals and

Methods such as shelter, ventilation, and cooling
methods are probably applicable (Armstrong et al.
1999). Effects of heat stress could be ameliorated
by acclimation (Yalcin et al. 2001). Some of these

human beings (Nattapon et al., 2012). The Cr in
2 distinct ways improves the bird’s production
for example egg and meat production (Tolimir et
al., 2005). The Cr helps in the fat, carbohydrates,
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and protein metabolism in animals. The Cr is also
known as “Glucose Tolerance Factor” as helps in
potentiation of insulin metabolism. Insulin impacts
lipid peroxidation (Cole et al., 2008), proposing that
Cr might also exert an antioxidant effect (Preuss
et al., 1997). Things that cause Cr depletion may
include stress, high carbohydrate consumption,
obesity, and intense exercise (Hayirli, 2005).
Moreover, Cr in organic types is relatively more
water soluble and absorbed to a much greater extent
in the gastrointestinal tract than Cr in inorganic types
(Anderson et al., 2001). The Cr steady form is the
trivalent state (III) and Cr also helps to reduce the
cholesterol level of plasma, muscle, and egg yolk
with the supplement of Cr in the diet (Skalicka et
al., 2008). The Cr is important trace element help
in physiological and nutritional function (Aslanian
et al., 2011). The Cr also helps in excretion, more
viability rate, and less growth rate (Kim et al., 1997).
Environment stresses influence the performance of
the poultry but supplements of the micro minerals
like Cr and manganese act as anti-stress components
(Gleuktin et al., 2009). The Cr affects the function
of a digestive enzyme (Pacheco et al., 2004). The
Cr supplement can decrease the negative impact
of environmental stress and decreased heat stress
during yolk building (Nasiroleslami and Torki,
2011). The Cr resulted in a decrease of average
fat and an increase in the muscling and it is a very
essential organic trace mineral that improves the
nutritious influences of poultry meat (Li et al., 2013).
Cr supplement has proven to be effective in reducing
the adverse impacts of stress, decreasing cortisol
levels, and enhancing immunity (Chang and Mowat,
1992; Kegley and Spears, 1995). Chromium relation
with L-methionine is a recently available natural Cr
form whose bioavailability and effects have not been
earlier revealed in growing Japanese quail. Therefore,
this study was designed to test the impacts of different
doses of CrMet on productive, blood constituents,
immunity, and anti-oxidative properties of growing
Japanese quail.

Materials and Methods

Experimental site, design, and animal management

The experiment was carried out at the Poultry
Research laboratory belonging to the Faculty of
Agriculture (Saba Basha), Alexandria University.
Alexandria, Egypt. The experimental design was
completely randomized with total of one hundred
and fifty-7-day old unsexed Japanese quail chicks
were randomly distributed to 5 dietary treatments
of 30 birds to a treatment of 3 replicates of 10
birds to a replicate. Cr was added in the form of
Chromium-l-methionine complex (containing 1 g
of Cr'kg 'CrMet) to the basal diet at five different
levels being 0, 200, 400, 600, and 800 mg CrMet
/kg diet, respectively. Treatments were applied
for 5 weeks. Throughout the experimental period,
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daily ambient temperature ranged between 30-33
°C and relative humidity ranged between 72-80%.
The diets were formulated to meet the nutritional
requirements for quail chicks according to NRC
(1994) and shown in Table 1.

Organs weight, blood sampling and biochemical
analysis

Data were collected on daily feed intake and
mortality while the weight gain of birds was taken
weekly. Feed consumption was determined by
subtracting the left over from feed given after
removing every foreign material from the left over
while the weekly weight gain was determined
by subtracting the initial weight of birds from
the final weight. Feed conversion ratio (FCR)
was calculated as the ratio of feed consumed to
weight gain. Six birds representing the average
live weight in each treatment were selected and
sacrificed to determine blood parameters, carcass
traits, and the relative weight of lymphoid organs
(spleen, bursa, and thymus).

Blood samples were divided into two equal
parts. The first was collected on heparin as an
anticoagulant (0.1 ml of heparin to 1 ml of blood)
according to Hawk et al. (1965) to determine
the blood hematological parameters. The second
part was kept clotting and then centrifuged at
4000 rpm for 15 minutes to split up blood serum.
The obtained serum was kept frozen at -18 °C
then analyzed. All biochemical analyses (total
protein, albumin, alkaline phosphatase, alanine
aminotransferase, aspartate aminotransferase,
total  lipids, cholesterol, height density
lipoproteins (HDL), low density Lipoproteins
(LDL), triglyceride, uric acid, creatinine, total
antioxidant capacity, glutathione peroxidase and
lipid peroxide were complete by using commercial
kits produced by bio - diagnostic — Egypt (www.
bio-diagnostic.com).

Determination of cellular immunity

Foot web index (FWI) was used as an index of the
cell-mediated immune response. At 6 weeks of age,
3 separate chicks from each treatment were chosen.
The right foot web area was then injected intradermal
with 0.25 mg of phytohemagglutinin (PHA; Sigma
L-8754, St. Louis, MO) dissolved in 0.05 mL of PBS.
Sterile physiological solution (PBS) (0.05 mL) was
injected into the left foot web and served as a control
group. A micrometer was used to determine changes
in the thickness of the right and left foot webs with an
accuracy of 0.01 mm. The Measurement was made
at 0 and 24 h after the injection, as described by the
method of Cheng and Lamont (1988) and Smits et
al. (1999). A stimulation index was calculated as
the difference in the change in thickness of the right
PHA-injected foot web from the change in thickness
of the left PBS-injected foot web.
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TABLE 1. Feed composition and calculated analysis of the diets for quail chickens

Ingredients %
Yellow corn 53.300
Soybean meal (44 %) 33.000
Concentrate (50 %) * 10.000
Di-calcium phosphate 0.200
Limestone 1.700
Sunflower oil 0.800
Vit. and min. mix. ** 0.500
Salt (NaCl) 0.500
Total 100.00
Calculated analyses':
Crude protein, % 24.05
ME (Kcal/ Kg diet) 2907.10
Ether extract, % 2.44
Crude fiber, % 3.63
Methionine, % 0.76
Methionine +Cystine, % 0.88
Lysine, % 1.42
Calcium, % 1.11
Av. Phosphorus 0.39

* Concentrate: ME (K cal/kg) 2870, Crude protein 50%, Crude fiber 1.51%, Crude fat 1.54%, Calcium 4.29%, Phosphorus 2.39%,
NaCl 0.8%, Methionine 4.6%, Methionine & Cystine 5.38%, Lysine 3.90%.

** Each kg of Vit. and min. mix. contained: Vit. A, 4,000,000 IU; Vit. D,, 500,000 IU; Vit, E, 16.7 g., Vit. K, 0.67 g., Vit. Bl’0.67 g., Vit.
B2,2 g, Vit. B 6, .67 g., Vit. B12, 0.004 g., Nicotinic acid, 16.7 g., Pantothenic acid, 6.67 g., Biotin, 0.07 g.yFolic acid, 1.67 g., Choline
chloride, 400 g., Zn, 23.3 g., Mn, 10 g., Fe, 25 g., Cu,1.67 g., I, 0.25 g..Se, 0.033 g. and, Mg, 133.4 g.! According to NRC (1994).

Statistical analysis

Data collected on performance, carcass, organs,
blood profile and serum chemistry were subjected
to one-way analysis of variance using General
Linear Model (Windows Version of SPSS (2007),
release 16), while differences in means where
identified were separated using (Duncan,1955)
option of the software.
The model used was:

Yij=p+Titeij.

where: Yij=An observation treatment.
p = Overall mean.
Ti = the treatment effect (I =1---- 5).
e 1j=The random error.

Results and Discussion

Body weight, body weight gain, feed consumption
and feed conversion ratio

The effects of CrMet supplementation on the
productive rate at six weeks of age are shown in Fig.
1 to 5. Groups fed diets containing different levels of
CrMet had significantly heavier body weights than
control group, except the group fed on 200 mg CrMet/
kg diet (Fig. 2). The highest (P< 0.05) value was
observed in quail fed on 600 mg/kg as related to the
other trial groups. This group surpassed the control
one by 2.3%. Impact of CrMet supplementations on
live body weight gain (BWG) of growing Japanese
quail had the same trend that observed on body
weight (figure3). The current results also showed that
FI increased with increasing CrMet levels (figure4).
The best (P< 0.05) value of FCR was noticed in
group fed 600 mg CrMet /kg as compared with other
experimental groups (Fig.5).

J. Sus. Agric. Sci. 46, No. 4 (2020)



116 WALEED M. DOSOKY et al.

44.20
“op 44.15
4+ 4410
=
20 44.05
L]
= 44.00
& 4395
o
0O 43.90
B 4385
=
< 43.80
43.75
Control 200 ppm 400 ppm 600 ppm 800 ppm
CrMet CrMet CrMet CrMet
Treatments

Fig. 1. Effect of Chromium methionine (CrMet) on initial body weight (g) of growing Japanese quail at one week of age.
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Fig. 2. Effect of Chromium methionine (CrMet) on final body weight (g) of growing Japanese quail at 6 weeks of age.
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Fig. 3. Effect of Chromium methionine (CrMet) on body weight gain (g) of growing Japanese quail from 1- 6 weeks of age.
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Fig. 4. Effect of Chromium methionine (CrMet) on feed intake (g/bird) of growing Japanese quail from 1-6 week of age
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Fig. 5. Effect of Chromium methionine (CrMet) on feed conversion ratio of growing Japanese quail from1-6 weeks of age

This observation is in the same line with the
results of El-Kelawy (2019) who approved that
chromium yeast (Cr-Yeast) supplementation
improved BWG, and FCR of growing Japanese
quail. Also, Abdelhady et al. (2017) found that Cr
supplement significantly (P<0.05) improved the
BWGQG, total FI, improved FCR and decreased the
mortality rate when compared with heat-stressed
quails. Ebrahimzadeh et al. (2013) found that BW
and FI of the chickens supplemented by CrMet
enhanced at 800-ppb concentrations of Cr (P <
0.05). The FCR was not influenced by different
amounts of additional CrMet in the chickens (P >
0.05). Also, Aslanian et al. (2011) mentioned that,
male broiler fed organic Cr had higher BW than
control diet during the finishing (21-42d) phase.
In earlier reports applying various sources of Cr
like Cr picolinate (Sahin et al., 2002), and Cr yeast

(Hossain et al., 1998, Kroliczewska et al., 2004),
enhancements in the FCR were stated. However,
that nutritional supplement with Cr picolinate
in heat-stressed chicks did not affect the FCR
(Toghyani et al., 2006). In contrast, Sahin et al.
(2003) demonstrated that a decrease BWG and FE
in chicks raised under heat stress is alleviated by
nutritional Cr and ascorbic acid supplementation.
It is clear that performance rates worsen when the
ambient temperature exceeds the thermo neutral
zone (Ensminger et al., 1999) and that a reduced
in growth level is partly the result of a reduction
in FI (Hurwitz et al., 1980). Also, heat stress
increases the secretion of chromium (Anderson,
1994) and thus may increase Cr requirements. In
the current study, CrMet administration improved
the performance rates of Japanese quail variables
by increased BWG, FI, improved FCR.

J. Sus. Agric. Sci. 46, No. 4 (2020)



118 WALEED M. DOSOKY et al.

This result is well recognized since Cr
stimulates glucose metabolic rate via potentiates
insulin hormone act (Jeejebhoy et al., 1977).
Supplementation of organic Cr in quail diets
decreased glucose level in the blood (Abdelhady
et al. 2017) which agrees with (Sahin et al., 2002;
El-Hommosany, 2008) who stated that Cr is
important for glucose metabolism and configure
glucose tolerance factor, which works with insulin
to transfer glucose to cells and increase the use
of glucose, therefore, an improvement was found
in BWG, FCR and carcass qualities. In addition,
Chromium supplement enhances the amino acid
acceptance by tissues and muscle cells, improves
protein retention, and usually improves BW
(Mertz, 1992).

Organ weights

The relative weights of carcass, liver, gizzard,
spleen, bursa, and ovary were nonsignificant
affected by CrMet supplementation, except
relative weight of heart, thymus, abdominal fat,
and testes were significantly (P< 0.00lor 0.01)
affected by CrMet treatments (Table 2). In this
respect, El-Kelawy (2019) found that Cr-organic
administration significantly decreased abdominal
fat and increases carcass percentage. However,
no significant impacts of different Cr sources
on inner body organs including such as liver,
gizzard, heart, spleen, pancreas, proventriculus,
intestine length and intestine weight. Also,
chicks supplemented with Cr-Pic (Sahin et al.,
2002 and 2003) and Cr-Yeast (Debski et al.,
2004) had higher carcass and lower abdominal
fat than control. Also, Sands and Smith (1999)
reported that Cr-Pic supplementation under
HS or thermoneutral condition enhances live
performance and percentage yield of carcass. Also,
Norain et al. (2013) found that broiler chickens
fed organic Cr had significantly higher carcass
dressing percentage than those fed control diet.
Suksombat and Kanchanatawee (2005) reported
that organic Cr (Cr-Yeast or Cr-Pic) improved
the carcass percentage of broilers. El-Kelawy.
(2019) showed that no significant impacts of Cr
on relative weights of Thymus and Bursa. Similar
results were observed by El-Hommosany (2008)
and Al-Bandr et al. (2010).

Hematological parameters

Among the hematological variables, the white
blood cells count, hemoglobin concentration,
packed cell volume, and monocytes were
significantly (P < 0.05) influenced by CrMet
supplementation. These variables increased in
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quail chickens fed CrMet supplemented diets
compared with those on the diet 1 (Table 3).
However, red blood cells count, MCV, MCH,
MCHCH, lymphocytes (L), heterophils (H),
H/L ratio, and eosinophils were not significantly
affected by different treatments. It was observed
that the group received 200 mg CrMet had the
highest red blood cells counts as compared to
other groups.

El-Kelawy (2019)refered that Crsupplementation
significantly increased lymphocytes and decreased
heterophile /lymphocytes ratio than the untreated
one. In addition, there was no significant effect
of the different sources of Cr supplementation on
the hematological criteria and white blood cells.
Like results were reported by Uyanik et al. (2002)
who found that heterophil/lymphocyte ratio was
reduced, and lymphocyte counts was increased by Cr
supplementation. In addition, Toghyani et al. (2007)
stated that H/L ratios decreased in boilers fed 1000
and 1500 ppb supplemental Cr. Moreover, Norain et
al. (2013) found that Cr supplementation resulted in
increased lymphocytes and decrease the heterophil/
lymphocyte ratio of heat-stressed chickens. Also,
Javed et al. (2003) indicated that non-significant
differences between treatments and control groups in
Hgb concentration and RBCs were obtained.

Immunity assay

Insignificant differences between treatments on
foot web index and the best value was logged in
the group given 400 and 600 ppm CrMet /kg diet
followed by the group received 200 ppm and then the
group received 800 ppm CrMet /kg diet (Table 3). In
fact, the thymus, and bursa of Fabricius are “central
lymphoid organs” in poultry and are important to
the ontogenetic enhancement of adaptive immunity
in birds. The T- and B-cell concept entered the
vocabulary of immunology only after basic study
with the chicken model showed an immunological
function for the bursa of Fabricius (Warner et al.,
1962 and Cooper et al., 1966) and the birds thymus
(Cooper et al., 1966) which involved in regulating
the humoral- and cellular- mediated immunity.

Serum biochemical profile

The data obtained on serum biochemical estimates
in quails as affected by CrMet are shown in Table
4. Serum total protein and globulin concentrations
were not significantly different in all groups. Also,
results showed that albumen was significantly (P <
0.05) increased in all treated groups. Also, albumin /
globulin ratio was significantly (P < 0.05) affected by
different treatments. The highest value was obtained
in the group received 400 mg CrMet /kg diet.
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The different levels of CrMet did not
significantly (P < 0.05) influence the serum
alkaline phosphatase (ALP) and ALT of growing
quail, while serum AST was significantly (P <
0.05) increased in the quail fed on 400, 600 and
800 mg CrMet /kg diet in comparison with control.
Serum total lipids, cholesterol, triglycerides
concentrations were significantly (P < 0.05)
reduced due to addition of different doses of
CrMet as compared with T1; However, LDL and
HDL concentrations were statistically equal to
the control group. Serum creatinine and uric acid
were significantly (P < 0.05) reduced by different
levels of CrMet. The lowest values of uric acid and
creatinine concentrations recorded in the groups
fed 400 and 800 mg CrMet/kg diet, respectively.

These data are not similar with those found
by Al-Bandr et al. (2010) and Al-Mashhadani et
al. (2010). The high total protein levels in plasma
may be because improved protein production and
greatly growth rate in the tissues of the organic
Cr supplemented groups (Cr-Yeast and Cr-Pic)
compared to un-supplemented groups, where
anabolism Overridden catabolism of the protein
(Sahin et al., 2002). No significant effects of Cr on
plasma albumin. These data are like those found
by Al-Bandr et al. (2010). El-Kelawy (2019)
found that Cr administration significantly reduced
triglycerides, cholesterol, and LDL and increased
HDL. Similarly, Aslanian et al. (2011) observed
that the addition of Cr organic decreased the
cholesterol and LDL levels, whereas HDL levels
were increased in blood. Addition of Cr decreased
total cholesterol, LDL and triglycerides, and
increased HDL (Suksombat and Kanchanatawee,
2005 Abdelhady et al., 2017). Our data are like
those found by Mustafa (2007) and Al-Bandr et
al. (2010) who revealed that no significant effects

of Cr on either plasma uric acid or creatinine
levels. Guo et al. (1999) revealed that chickens
fed on 0.4, 2.0, or 10 ppm of Cr from 3 - 6 wk of
age, any in the forms of CrCI3 or Cr- yeast, did
not have changed in ALP activity.

Liver antioxidant profile

Serum TAC was significantly (P < 0.05)
increased with increased CrMet levels in the diet
as compared to the control group, while serum
lipid peroxide concentration was significantly (P
< 0.01) decreased by increasing CrMet levels in
the diets (except the group had 200 mg CrMet was
significantly equal to T1 group). In contrast, serum
glutathione peroxidase activity was numerically
increased with increased CrMet levels in the diet
as compared to the control group (Table 4).

Our results have confirmed that adding CrMet
can increase antioxidant properties of birds and
reduce oxidative destruction affected by HS.
In this respect, Li et al. (2018) found that at
fourteen-day dietary supplementation of Cr can
significantly reduce serum MDA degree compared
with HS group. At twenty-one-day, SOD levels
in Cr-Pic group were significantly greater than
those in HS group. Moreover, at thirty — five day,
inserting Cr-Pic inclined to alleviate the reduction
of serum T-AOC levels affected by HS. Likewise,
chromium picolinate (Cr-Pic) would remarkably
enhance SOD levels in serum compared to the
control. Supplementation of Cr enhanced the
actions of antioxidant enzymes (GSHPx, and
GSH Rx), revealing that Cr addition gradually
decreased oxidative stress with an increase in its
levels in feed of broiler (Rao et al., 2012).

Results are in harmony with the results shown
in Table 2 and confirmed that thymus was more
developed due to dietary CrMet supplementation
in growing Japanese quail which, in turn,
translated into elevating the relative weight of it.

TABLE 2. Effect of Chromium methionine (CrMet) on relative weight of carcass and lymphoid organs of growing Japanese quail

at six weeks of age

Abdominal

Treatments Carcass Liver Gizzard Heart Spleen Bursa Thymus Ovary Testis
Control (T 1) 71.606 2.250 2.074 0.699* 1.100° 0.050 0.272* 0.151 0.840 2.054°
Control+200 ppm CrMet/kg diet 71.231 2252 1.968 0.641% 1.040* 0.055 0.137° 0.183 1.178 1.142°
Control+400 ppm CrMet/kg diet 69.897 2.229 2.062 0.626® 1.057¢ 0.070 0.152%® 0.174 0.775 2.549°
Control+ 600 ppm CrMet/kg diet 70.640 2.302 2.122 0.410° 1.104° 0.061 0.123° 0.149 0.887 1.276°
Control+800 ppm CrMet/kg diet 69.220 1.932 2.009 0.406° 0.873° 0.077 0.133° 0.185 0.288 1.837%
MSE 0.366 0.085 0.035 0.040 0.022 0.014 0.020 0.009 0.172 0.150
P Value 0.229 0.685 0.707 0.033 0.001 0.461 0.007 0.542 0.759 0.006

2 Means with different superscript in the same row are significantly different (p < 0.05).
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TABLE 3. Effect of Chromium methionine (CrMet) on some hematological and immunological parameters of
growing quail at six weeks of age

Treatments*
Items P
T1 T2 T3 T4 T5 MSE
value

Hematological parameters

4.133 4.600 4213 4.293 4.232 0.159 0.926
Red blood cells (RBCs 10%/mm?)
Hemoglobin (Hb g/dl) 11.233" 12.067® 12.568¢ 12.200% 12.233® 0.162 0.050
Packed cell volume (PCV %) 35.500° 37.532¢ 39.233¢ 38.867° 38.233¢ 0.371 0.002
MCV 0.890 0.823 0.990 0.953 0.996 0.037 0.705
MCH 28.590 26.263 31.550 29.803 29.080 26.655 0.735
MCHC 31.738 32.207 32.018 31.390 32.037 0.414 0.982
White blood cells (WBCs 103/mm3) 20.900a 18.833b 20.533a 20.400a 20.733a 0.213 0.003
Lymphocytes 64.668 63.66757 66.333 63.000 64.667 0.492 0.273
Heterophils 30.667 31.667 29.333 32.000 30.668 0.487 0.489
H/L ratio 0.473 0.498 0.443 0.510 0.477 0.019 0.398
Monocytes 3.332°0 4.000* 3.000° 3.333% 3.333® 0.104 0.021
Eosinophils 1.333 0.667 1.332 1.667 1.332 0.158 0.397
Immunological parameter

0.243 0.261 0.263 0.257 0.260 0.005 0.743

Foot Web Index (mm)

*T, (Control)” T, (Control+200 ppm CrMet /kg diet) - T3 (Control+400 ppm CrMet /kg diet) - T, (Control+600 ppm
CrMet /kg diet) - TS (Control+800 ppm CrMet /kg diet).
2-® Means with different superscript in the same row are significantly different (p < 0.05).

TABLE 4. Effect of Chromium methionine (CrMet) on some blood serum constituents of growing quail at six
weeks of age.

Treatments®
Items P
T1 T2 T3 T4 TS MSE
value

Blood serum metabolites

4.069 4233 4.571 4273 4297 0077 0364
Total Protein (g/dl)
Albumin (/dI) 2.406° 25100 3.006° 2,708 2.813® 0.075 0.049
Globulin (g/dI) 1.663 1.723 1.566 1.566 1.483 0058  0.730
Albumin /Globulin ratio 1.587% 1.458 22718 1.784% 2.052: 0.106  0.035
Alkaline phosphatase (IU/L) 92.555 92.777 90.667 93.556 93.666 0862  0.828
Q}j‘gﬂe aminotransferase 11.222 11.556 11.667 11.556 11222 0133 0.759
(Sff)mte aminotransferase 81110 8.889¢ 9.444- 9.556° 9.667 0.147  0.002
Total lipids (mg/dl 475.780° 433.560° 434.670° 420.220° 448.670% 5649 0018
Total Cholesterol (mg/1) 114.560° 111.110° 110.110° 100.220° 98.222° 1151 0.001
Triglycerides(mg/dl) 103.000 a 92.444c¢ 101.890ab  97.889b 101.000ab  0.880  0.001
ggﬁl‘;enmy lipoprotein 35.333 35.444 32222 32.333 33.000 0496  0.073
(nllgg /l)de“s‘ty lipoprotein 50.792 52.469 47.828 55.484 52592 1105 0277
Uric acid (mg/dl) 5316° 4.439¢ 4.101¢ 47230 4.899" 0086  0.001
Creatinine (mg/dl) 0.733° 0.611° 0.622° 07112 0.600" 0.141  0.002
Antioxidant profile
Slll‘;tathlone peroxidase (mu/ 32.978 33.826 34.402 34.520 34.576 0.141  0.408
mk’“dlaldehyde MDA (nmol/ 6 57, 10.429% 9.893b 9.999" 9.749" 0299  0.029
total antioxidant capacity(mg/ ¢ 0.676° 0.699¢ 0.719¢ 0.750° 0013 0.003

dl)
*T1 (Control) - T2 (Control+(200PPM CrMet /kg diet) - T3 (T3Control+(400PPM CrMet /kg diet) - T4
(T4Control+(600PPM CrMet /kg diet) - TS (T5Control+(800PPM CrMet /kg diet).
a - ¢ Means with different superscript in the same row are significantly different (p < 0.05)..
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Conclusions

Data obtained from this study indicated that
dietary supplementation with 600 mg CrMet /kg diet
resulted in improved performance, serum constituents
and hematology, immunity, and anti-oxidative
properties without compromising the health status of
the birds under high ambient temperature.
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