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Abstract: This study was conducted to evaluate the effect of different sources of chromium supplementation
on performance and immune responses of broiler chicks. Four hundred and thirty two broiler chicks (308 Ross)
were randomly allocated to 9 treatments and 4 replicates in a completely randomized design. Treatments
consisted oft Control group, Cr-chloride, Cr-yeast, Cr -nicotinate and Cr-methionine at two levels of 600 and
1200 pg kg™ Cr-supplementation. Feed intake, weight gain and feed conversion ratio measured in different
periods. Antibody titers against Newcastle and Influenza virus were measured at 20 and 31 days and
serum albumin to globulin ratio at 31 days. Results showed feed mtake and body weight of broilers received
600 pg kg™ Cr-nicotinate were significantly increased (p<0.03). Supplemental Cr had not significant effect on
feed conversion ratio. Broilers were fed 1200 pg kg™ Cr-methionine and 600 pg kg™ Cr-chloride had the highest
carcass yield and the lowest abdominal fat respectively (p<0.05). Antibody titers against Newcastle and
Influenza viruses were elevated in broilers received 1200 and 600 ug kg™ Cr-nicotnate, respectively. The results
of this experiment showed between different Cr-sources were used in this study Cr-nicotinate improved feed
mtake, body weight and antibody titer in broiler chicks.
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INTRODUCTION

Trivalent Cr 18 an essential element that 1s required
for the normal metabolism of carbohydrates, proteins and
lipids m humans and laboratory ammals (Anderson, 1997).
Primary role of Cr in metabolism is to potentiate the action
of insulin through its presence in an organometallic
molecule called Glucose Tolerance Factor (GTF)
(Vincent, 2000). Moreover, chromium 1s thought to be
essential for activating certain enzymes and for stabilizing
proteins and nucleic acids (Okada et al., 1984). Overall,
chromium deficiency can disrupt carbohydrate and
protemn metabolism, reduce insulin sensitivity in peripheral
tissues, also impair growth rate.

The supplementation of Cr in the livestock diet 1s
gaining importance since published reports have
indicated that Cr-supplementation can mmprove ammal
metabolism and thus, enhance production performance
and the composition of amimal products (Spears, 1999).
Dietary Cr-supplementation has been shown to positively
affect growth rate and feed efficiency in growing poultry
(Lien et al., 1999, Sahin et al., 2001 ; Kheiri and Toghyani,
2009). Supplemental Cr m diet of broiler has been
observed to have a positive effect on meat quality

(Amatya ef al., 2004; Toghyam et al., 2008) and carcass
traits (Ward et al, 1993, Debski et al, 2004).
Immunological function has been enhanced by trivalent
Cr and its effects seem more pronounced during times of
stress (Borgs and Mallard, 1998). Also benefits of Cr
supplementation in broiler under heat stress on some
immune responses have reported (Toghyani ef al., 2007).

Nevertheless, recommendations regarding the
dietary mclusion level of Cr in diets of livestock mcluding
poultry are yet to be finalized (NRC, 1994). Organic
Cr-compounds like Cr-nicotinic acid, Cr-picolinate or
Cr-yeast complex may elicit better responses from
livestock owmg to the better absorbability of orgame Cr
(Underwood and Suttle, 1999) though contradictory
reports are also available (Nam et al., 1995).

This study was conducted to compare the
effectiveness of morganic and orgamc sources of Cr on
performance and immune responses of broiler chicks.

MATERIALS AND METHODS

Four hundred and thirty two, one-day-old broiler
chicks (308 Ross) were randomly allotted by body weight
to nine treatments and 4 replicates pens of 12 chicks/pen
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Table 1: Composition of the basal diets

Ingredients (%) Starter Grower Finisher
Corn 55 58 64.1
Soybeanmeal (CP43%%) 40 353 29.9
Soybeanoil 1 3 2.63
!Dicalcium phosphate 1.94 1.73 1.63
Calciumcarbonate 0.86 0.8 0.77
Salt 0.36 0.35 0.35
*Vitaminpremix 0.25 0.25 0.25
*Mineralpremix 0.25 0.25 0.25
L-lysine 0.164 0.07 0
DL-methionine 0.316 0.24 0.15
Calculated composition

Metabolizable energy (Kcal kg™!) 2825 3000 3050
Crude protein (%6) 22.28 20.5 18.6
Calcium (%6) 0.94 0.85 0.8
Available phosphorus (9%) 0.47 042 0.4
Methionine + cysteine (%) 0.99 0.88 0.75
Lysine (26) 1.37 117 0.97
Cranalyzed (mg kg™") 5.57 4.75 3.40

'Dicalcium phosphate contains 25% Calcium and 16.4% phosphorus.
2Vitamin premix contains followings in 2.5 kg: vitamin A, 3,600,000 IU;
vitamin D2, 800,000 I, vitamin E, 7.2 g vitamin k3, 0.8 g; vitamin B1,
0.71 g witamin B2, 2.64 g niacin, 11.88 g; panthothenicacid, 3.92 g;
vitamin B6, 1.176 g; vitamin B9, 0.4 g; vitamin B12, é mg; vitamin H2,
60 mg; choline chloride, 100 g *Mineral premix contains followings in
2.5 kg: manganese, 39.68 g; zinc, 33.88 g; iron, 20 g; copper, 4 g; iodine,
397 mg; selenium, 80 mg

Broiler chicks were housed in floor pens (length
120 em * width 120 em > height 80 cm) equipped with
feeders and waterers. Chicks were maintained on a 24 h
light and allowed ad libitum access to experimental diets
and water.

In this study treatments consisted of the basal
diet supplemented with 0O (control), Cr-chloride
(contain 18% Cr), Cr-yeast {contain 160 mg Crkg™),
Cr-micotmate (contain 12.25% Cr) and Cr-methionine
(contain 1000 mg Cr kg™') at two levels of 600 and
1200 pg kg™' Cr-supplementation. The birds were fed a
maize soybean meal starter diets until 11 days of age
followed by growing diet from 11-29 and a finishing diet
from 29-42 days. Ingredients and chemical composition of
the starter, grower and fimisher basal diets are shown in
Table 1.

The basal diets were formulated to meet or exceed the
nmutrient requirements of broilers by the Ross manual
catalogue (2002). Cr-contents were 5.57, 4.75 and
3.40 mg kg™ in starting, growing and finishing basal diets,
respectively, as measured by atomic absorption
spectrometer with a graphite furnace (Perkin-Elmer,
AAmnalyst 600, USA).

Feed intake, weight gain and feed conversion ratio
measured in different periods and in overall growth
period. At 20 and 31 days of age two birds were chosen
from each replicate and blood samples were collected from
the wing vein to determine antibody titers against
Newcastle and Influenza virus. Also, concentration of
total protein, globulin and albumin in serum were
determined at 31 days.
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At 42 days of age, two broilers from each pen were
chosen, weighed, slaughtered and carcass yield and
percent of liver, abdominal fat pad, pancreas and
lymphoid organs (Buras of Fabercius and spleemn) as a
percentage of live weight were calculated.

The experiment data were analyzed using SAS
statistical program (SAS, 1997). General limear model was
used to analyze variance and sigmficant differences
(p<0.05) among treatments mean were determined using
Duncan’s new multiple range test.

RESULTS AND DISCUSSION

Effects of Cr-supplementation on performance of
broiler chicks are shown mn Table 2. Dietary Cr-source and
level had no significant effect on feed mtake m fimsher
period but feed intake w as significantly affected by
Cr-supplementation in starter, grower and overall
growth period (p<0.01). Broilers were fed 600 ug kg™
Cr-micotinate had the highest feed mntake.

Cr is generally accepted as the active component in
the Glucose Tolerance Factor (GTF), which increases the
sensitivity of tissue receptors to insulin, resulting in
increased glucose uptake by cells and increased oxidation
of glucose (Teejebhoy et al., 1977). Tt was hypothesized
that increased glucose uptake, decreased blood glucose
and increased appetite should mcrease feed mtake.
Lien et al (1999) reported that 1600 and 3200 ug kg™
Cr-picolinate supplementation m broiler diets increased
feed mtake. Sahin ef al. (2002) and Toghyam et al. (2006)
of the feed mtake by
supplementation diet of broiler under heat stress
condition with Cr-picolinate. However, Anandhi et al.

observed an increase

(2006) reported that supplementation with organic Cr in
diet of broilers revealed no significant difference in feed
intake.

Supplementation with different sources and levels of
Crhad no significant effect on body weight at 10 and
42 days, but body weight was significantly affected by
Cr-supplementation at 28 days (p<0.01) and broilers
received 600 ug kg™' Cr-nicotinate were the heavier than
other treatments at 28 days.

Supplemental Cr improve ammo acid uptake by
tissues and muscle cells and mcrease protem retention
and tend to increase body weight in some treatments.
Tt seems that increasing in feed consumption in
600 pg kg™ Cr-nicotinate treatment tended to increase
body weight in this group at 28 and 42 days.

Feed conversion ratio was significantly affected by
different source and level of Cr only in starter period. In
this period control group had the lighest feed conversion
ratic and 1200 ug kg~ Cr-chloride and nicotinate
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Table 2: Effect of different sources of Cr on performance of broiler chicks

Cr-chloride Cr-nicotinate Cr-methionine Cr-yeast
Parameters Control 600 1200 600 1200 600 1200 600 1200 SEM
Feed intake (g day™")
0-11 days 25.1% 24, 5% 25.1% 25.6° 24.1% 24.4% 23.8 24.1% 24% 0.89
11-29 days Qdfebe 90, 5 95.5% 97 92, 32bcd 94, 3k 90,9t 88.¢¢ 90.6™4 0.92
29-12 days 158 152.1 155.1 161 153.9 156.9 155 156 152.7 331
0-42 days 96, e 93,5 96. 72 99. 7% 95.1% 97.1% 94, 7o 93,5 92.9 1.45
Body weight (g)
10 days 202.9% 204, 7% 213.8 212% 206.6% 206.4% 203.5% 200.4® 199.3° 6.64
28 days 1177% 1108.4¢ 1188* 1226° 11952 1176% 1163%2 112804 11162 14.5
42 days 2148 2064 2108 2165 2092 2145 2097 2096 2057 54.6
Feed:gain (g:g)
0-11 days 1.58* 1.53%® 1.48° 1.52% 1.48° 1.51%® 1.50% 1.54%® 1.55% 0.003
11-29 days 1.74 1.81 1.76 1.78 1.68 1.75 1.70 1.73 1.78 0.061
29-12 days 2.12 2.08 2.20 2.16 2.23 211 2.16 2.33 2,12 0.039
0-42 days 1.88 1.90 1.92 1.93 1.91 1.90 1.89 1.95 1.90 0.05
*®Means within the same row without common superscripts differ significantly (p<0.05)
Table 3: Effect of different sources of Cr on the carcass traits of broilers

Cr-chloride Cr-nicotinate Cr-methionine Cr-yeast
Careass traits Control 600 1200 600 1200 600 1200 600 1200 SEM
Carcass LT 71.4% 72.5° 70.8 72% 71.8° T2 72.4% 72.1* 0.481
Abdominal fat 2.18% 1.74° 2,03 2,03 2,03 2.30° 2.23® 2.01% 1.82% 0.141
Liver 2.13 2.07 2.02 2.01 2.20 2.01 2.12 2.23 2.18 0.06
Pancreas 0.232® 0.200P 0.220% 0.226% 0.228% 0.252 0.215 0.230% 0.210% 0.014
#*Means within the sarme row without cornmon superscripts differ significantly (p</0.05), *: Percentage of live weight
Table 4: Effect of different sources of Cr on the lymphoid organs of broilers

Cr-chloride Cr-nicotinate Cr-methionine Cr-yeast
Lymphoid organ Control 600 1200 600 1200 600 1200 600 1200 SEM
Spleen 0.115° 0.147 0.133% 0.141% 0.133*® 0.120% 0.133% 0.111° 0.113° 0.006
Bursa of fabricius 0.149® 0.137%® 0.176® 0.176® 0.181%® 0.131%® 0.153® 0.184" 0118 0.003

“*Means within the same row without common superscripts differ significantly (p<0.03), *: Percentage of live weight

treatments had the lowest. It seems that role of the Cr on
feed intake 1s greater than body weight gain in starter
period and so all of the treatments had the higher feed
conversion ratio than control group. Studies with different
sources of Cr such as Cr-picolinate (Sahin et al., 2002),
Cr-chloride (Uyamk et al, 2002, Ahmed ef af., 2005),
Cr-yeast (Hossain et al., 1998; Kroliczewska et al., 2004)
showed improvement in feed conversion ratioc but
supplementation with Cr-picolinate in diet of heat stressed
broiler chicks did not affect feed conversion ratio
(Toghyani et al., 2006).

Effect of supplemental Cr on the carcass traits of
broilers as a percentage of live weight at 42 days are
shown in Table 3. Carcass yield increased in broilers
fed 1200 pg kg™' Cr-methionine and broiler received
600 pg kg™ Cr-chloride had the lowest abdominal fat. The
liver weight was not affected significantly by Cr-source
and level. Pancreas weight as a percentage of live weight
was significantly increased in broilers fed 600 pg kg™
Cr-methionine.

It has been shown that Cr-supplementation causes
significant changes m the chemical composition of ammal
carcasses (Lukaslki, 1999). Tt is well known that Cris

wwvolved in protein metabolism (Anderson, 1987). In
addition Cr has a role m nucleic acid metabolism as an
increase 1n stimulation of amino acid incorporation mto
liver protein in vitro was observed (Ohba er al., 1986).
Sahin ez al. (2002) and Toghyani et al. (2006) observed
that supplemental Cr-picolinate resulted n an
improvement in carcass yield. Hossam ef al. (1998) and
Debski et al. (2004) reported an mcrease in carcass yield
by supplementation with Cr yeast in diet of broiler chicks.
Gursoy (2000) found that supplementation with orgamc Cr
1n diet of broiler caused to improvement in carcass yield
but in other study supplementation with different levels
of organic Cr m diet of broiler chicks had no significant
effect on carcass yield (Anandhi et al, 2006). Cr is
essential for lipid metabolism and Cr-stimulates insulin
action and nsuln has an important role on lipid
metabolism and so leading to reduction of abdominal fat
pad n some treatments. In low levels of insulin, glucose
converts to lipid and store m adipose tissues
(Mertz, 1993). Broiler supplemented with Cr-picolinate
(Ward ef al., 1993; Lien et al., 1999, Shatun et al., 2002,
Toghyam et al., 2006), Cr-yeast (Hossain et af, 1998,
Debski et al., 2004) and organic Cr (Anandhi et af., 2006;
Gursoy, 2000) exhibited a decrease in abdominal fat pad.
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Table 5: Effect different sources of Cr on the albumin to globulin ratio and antibody titer against Newcastle and Influenza viruses in broilers

Cr-chloride Cr-nicotinate Cr-methionine Cr-yeast

Parameters Control 600 1200 600 1200 600 1200 600 1200 SEM
Albumin:Glebulin
31 days 2,15 3.40% 2.70% 2.96% 2.38% 319 2.20% 2.41% 3.35% 0.808
Newcastle titer (Log2)
20 days 3t 2.75¢ 3 3.38% 4.57 3.14¢ 3.75% 3.88% 3.75% 0.543
31 days 4 4 4 4.25 4 4.25 4.25 4.38 4 1.091
Influenza titer (Log2)
20 days 3.50% 3.38® 3.25% 3.63 3.38® 3 3.50% 2.63¢ 3® 0.419
31 days 3.25 3.38 3.14 3.38 3.63 3.63 3.63 3.38 4 1.534
*®Means within the same row without common superscripts differ significantly (p<0.05), *: Percentage of live weight

Significant differences in lymphoid organs of broilers REFERENCES

as a percentage of live weight was found in broilers
recewving Cr-supplement (Table 4). At 42 days broilers
were fed 600 ug kg™ Cr-chloride and Cr-yeast showed the
highest spleen and bursa of Fabricius as a percentage of
weight,  respectively. other
supplementation with different levels of Cr-picolinate in

live In research
diet of heat-stressed broiler no effect on lymphoid organs
were observed (Toghyani et al., 2007).

Supplementation with Cr had significant effect on
serum albumin to globulin ratio at 31 days and all of the
treatments had the higher albumin to globulin ratio than
control group (Table 5). Broilers were fed 600 pg kg™
Cr-chloride showed the highest albumin to globulin ratio.
Dietary Cr-source and level had sigmificant effect on
antibody titer against Newcastle and Influenza viruses at
20 days but treatments were not significantly affected by
supplemental Cr at 31 days (Table 5). Broilers received
1200 and 600 ug kg™' Cr-nicotinate had the highest
antibody titer against Newcastle and Influenza viruses at
20 day, respectively.

Elevating in antibodies titer may be relate to Cr role
on insulin and cortisol hormones. The immune function
may be affected in association with insulin and cortisol
activity, because of cortisol acting as a suppressor for
antibodies (Borgs and Mallard, 1998). Lee et al. (2003)
observed an improving in antibody titer against
infectious bronchitis in broiler were consumed 400 g k™'
Cr-picolinate. In other research, supplementation with
different levels of Cr-picclinate specially at 1500 ug kg™
level m diet of heat-stressed broiler clicks tend to
increasing antibody titer against Newcastle and Influenza

viruses (Toghyani et al., 2007).
CONCLUSION

The results of this experiment showed between
different Cr-sources were used in this study Cr-nicotinate
improved feed intake, body weight and antibody titer and
Cr-methionine and chloride improved carcass traits in
broiler chicks.
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