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Abstract

The objective of the study was to determine the effects of varying levels of chromium picolinate
(CrPic) on the growth performance and mineral retention of chickens during a 35-day experiment.
A total of 180 broilers were randomly allocated into O (control), 500 ppb (ug kg-1) Cr and 3000
ppb Cr groups with 6 replicates (10 birds/pen). Thirty-six birds were then subjected to the
metabolic experiment. The results of the study revealed that there were no significant differences
in average body weight gain between groups, but feed conversion ratio (FCR) in 3000 ppb group
was better than control group during 1-21 days. The carcass yielded slightly lower than control
after being given high concentrations of chromium picolinate. Retention ratio of Zn, Fe, Mn, Ca,
and P were significantly (p<0.05) increased in the 500 ppb Cr group. The addition of CrPic caused
the mineral concentrations in the livers to increase. It also decreased the H/L and heterophils ratio
and increased lymphocytes. The chickens did not exhibit the Newcastle disease antibody titer.
However, the added CrPic improved the retention of zinc, Fe Ca, and Cr in the liver.
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Introduction

Chromium is a mineral element that is essential for humans and animals. It helps in the digestion
of carbohydrates and helps in the production of proteins. Wang and Xu (2004) suggested that the
function of chromium in the intestine is dependent on its status. However, different forms of
chromium can provide different absorption rates. Organic Cr (Ill) has greater biological
availability (utilization ability of animal) than inorganic Cr (111) (NRC, 1997; Lukaski, 1999).
Inorganic and organic chromium can be different in terms of their concentration. In poultry,
supplemental dietary chromium can improve the feed conversion ratio (Sahin et al., 2001; Yildiz

et al., 2004).
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Inorganic chromium supplementation with a concentration of 1200 ppb was associated with higher
performance criteria and better serum insulin concentrations in Japanese quails (Sahin et al., 2002).
It also improved the breast meat yield and reduced the mortality rate of the animals (Hossain et
al., 1998). Ward et al. (1993) stated that organic chromium supplementation at 200 and 400 ppb
did not affect the weight gain, feed intake, or the feed conversion ratio of young broilers (three

weeks of age).

Cr has been known to improve the immune function of chickens (Luo et al., 1999). Most poultry
diets are basically composed of plant origin ingredients, corn-soybeanbase diet, which have
usually low content of chromium (Giri et al., 1990). It can also be observed that increasing levels
of Cr can trigger a more effective response during stressful situations (Borgs & Mallard, 1998). It
is widely known that a mineral's concentration can affect the effects of other minerals. One
particular mineral that can affect the uptake and retention of chromium is CaCO3 (Seaborn and
Stoecker, 1990). The knowledge pertaining to this antagonist in Cr still is in its infant stage. Iron-

binding proteins are involved in chromium binding, transport, and storage (Feng et al., 2003).

Studies also revealed that chromium can reduce the losses of various minerals such as copper, iron,
manganese, and zinc in stressed animals Sahin & Sahin, 2002; Schrauzer et al., 1986). These
findings suggest that supplemental chromium can improve the utilization of these minerals. It is
hypothesized that the chromium can also have an antagonist effect on the minerals' excretion and
growth performance. This study was designed to investigate the effects of chromium on the growth

and immunological response of broiler chickens.

Methods
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Experimental Design

Table 1. The basal diet composition of broiler chicken

starter (0-3wks)

grower (4-5wks)

Ingredients
____________ Ofymmmmmmmmmmmm

Yellow Corn 41.59 47.81
Soybean meal 22.5 125
DDGS! 5.0 10.0
Full fat soybean meal 17.5 15.0
Soybean oil 3.0 2.0
Lard oil 2.0 2.0
Fish meal 2.5 2.5
Wheat middling 2.5 5.0
Dicalcium phosphate (18%) 1.2 1.1
Limestone (35%) 1.4 1.3
Sodium chloride 0.3 0.3
DL-Methionine 0.2 0.15
Vitamin premix? 0.15 0.13
Mineral premix® 0.15 0.13
Total 100 100
Calculated value

Crude protein (%) 23.00 20.00
ME (MJ kg?) 13.24 13.26
Calcium (%) 1 0.90
Available phosphorus (%) 0.45 0.35
Copper (mg) 8 6
Zinc (mg) 40 44
Analysis value

Crude protein (%) 22.36 20.04
Chromium (ppb) 747.26 715.6

DDGS : Distiller’s dried grains with soluble.
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Vitamin PREMIX contains: retinol 12,500 1U, cholecalciferol 25,000 ICU, menadione 250 mg,
DL-a tocopheryl acetate 2,000 1U; pyridoxine 300 mg, pantothenate 120 mg, niacin 350 mg; biotin
200 pg; thiamine 200 mg and folic acid 100 mg. Premixes for mineral mixtures contain Fe
(Fe2(S04)3) 153 mg; Mn (MnS0O4) 200 mg; Cu (CuS04)17.64 mg; Zn (ZnO) 105.8 mg; Mg
(MgS04) 25.3 mg; Co (Co SO4) 0.4 mg; | (KI) 0.057 mg; Se (Na2Se03) 0.25 mg. A hundred and
eighty day-old broiler chickens were randomly split into three groups. The three groups were
respectively placed on a (Table 1) (control group), was formulated based on NRC (1994); (2) basal
diet supplemented with 500 ppb (ug kg-1) Cr, i.e., nanoparticles of CrPic (NanoCrPic); (3) basal
diet supplemented with 3000 ppb NanoCrPic for a 35 day trial with the trial period divided into
two stages, namely, the starter period (0-3 weeks) and the growth period (4-5 weeks). All birds
were floor-fed with uniform floors. They were provided with electric lamps and feeders. The blood
samples of the participating birds were analyzed at various intervals (14, 21 and 35 days) during
the experiment. The liver and carcass traits of the chickens 12 chickens (2 birds/pen) (pen is
experiment unit) in each group were also determined. The conditions of the chickens were ideal
for the study. The humidity and temperature were also ideal for the experiment. The average room
temperature was 28.2+2.50C and humidity was 71+£5.5%. A continuous lighting program was
provided during the experiment. The animals were kept in accordance with the University's animal
care and use guidelines. A day old chicks were inoculated with Newcastle disease + infectious
bronchitis (ND + IB). The B1 strains were inoculated for seven days. ND inactive vaccine was
injected on the 28th day of the experiment. Thirty-six chickens with average weight 1.5kg were
chosen for the experiment, with each group containing six birds. The animals were placed in three
different dietary groups and were observed to collect total excreta. The metabolic trial lasted for

seven days. The animals were also adapted to live for seven days. The data collected during the
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study revealed that the animals consumed about 125g of food a day. The mineral retention ratio

was also calculated using the formula:

Mineral retenti i = WFI X EF) — (WEV X EE)
tneral retention ratlio = X
(WFI x EF)

WFI=weight of feed intake (125 Q)

EF=concentration of element in feed

WEV=weight of total excreta voided

EE=concentration of element in total excreta

At 1to 21, and up to 35 days of age, the individual's weight and feed consumption were recorded
to determine the feed conversion ratios. The Basal Diet components of crude protein were analyzed
using the AOAC (2000) method. Chickens were euthanized by cutting the jugular vein off. The
blood samples were collected after centrifugation (1500xg, 15 min) to obtain a serum for analysis.
A method similar to that used by Giambrone in 1981 was used to determine the Newcastle disease
antibody titers. The chicken's blood was collected using a tube containing EDTA. The sample was

then air dried and subjected to 1000xmagnification to count the cells.

The method used for chromium analysis was based on the study of Anderson et al. (1985). For the
analysis, the samples were placed into crystal beakers with a weight of about 0.2 g of ground feed
and excreta. The liver and nitric acid were then rested for 8 h before beginning heat digestion
(about 80°C) for 8 h. The samples were allowed to cool at which point the samples were diluted
with 50 mL of de-ionized water. The chromium was then filtered using a polypolene bottle. It was

then analyzed using a polarized atomic absorption spectrometer.
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The following steps were established by AOAC (2000): Weighting 1 g of feed, excreta, and liver
of each pen samples in duplicates were crushed under a crucible. Following this, samples were
subjected to 5500C for 5 h in a furnace to be converted to ash. The crucible was subjected to 10
mL 3 N HCI under a heating plate and heated until the solution became clear. It was then allowed
to cool (filtration quantitative to 50 mL with 0.1 N HCI). An atomic absorption spectrometer
(Perkin Elmer, Atomic Analyst 100, USA) was used to analyze the copper, zinc, manganese and
iron contents. Also, the following steps were established in 2000 by AOAC. They involved
crushing the samples weighing 1 g of feed, excreta, and liver into a crucible. The samples were
then subjected to a temperature of 550 degrees Celsius for 5 h to convert them to ash. Then, the
calcium content analysis was performed by adding lanthanum 185.4 L at 50,000 ppm to a 6 mL
sample solution. For phosphorous determination, the samples were left standing for 10 minutes
while they were analyzed using a sub-ray spectrometer. The data was then analyzed using SAS
software. The statistical procedure was performed based on the general linear model. The model
was then used to determine the P values for the various parameters.

Y=p+Ti+Pj+eijk

Where Y is the dependent variable, p represents the mean, P is the pen (replicate, experiment unit)
effect and e is the random residual error term. The level of significantly different was set at p<0.05.

Results and Discussion
The Effects of Different Levels of Crpic on the Growth Performance of Chickens

Table 2. The effect of different level of chromium on performance of chickens
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a,b Means within the same row without the same superscripts differ significantly (p<0.05).
SEM: standard error of mean.

*n=6 (10 birds/pen).

The effects of CrPic supplementation on the performance of broiler chickens were shown in Table
2. Compared to the control group (p=0.05), the table shows that the group's feed conversion ratio
(FCR) in 3000 ppb CrPic improved significantly during the 1-21 days of age. In addition, the
average feed intake of the chickens was decreased by 3000 ppb of CrPic during the study period.
The effects of the supplement were were insignificantly different on the average body weight and

average size of the chickens.

Studies have shown that Cr supplementation at zero, 200 and 400 ppb did not affect the feed intake
and feed efficiency of broiler chickens at six weeks of age (Motozono et al., 1998). Moreover,
CrPic supplementation did not affect the body weight, feed consumption, or feed conversion ratio
of broilers during 1-21 days, the mortality rate was reduced, and breast meat yield was improved
with supplemental Cr at 300 or 400 ppb levels (Hossain et al., 1998). On the other hand, Sahin et
al. (2002) reported that increased supplemental chromium (200, 400, 800, or 1200 ppb CrPic)

resulted in an increase in body weight, feed intake, and feed efficiency in broilers reared under
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heat stress. In addition, studies conducted by Sahin et al. (2003) showed that increasing the
consumption of vitamin C and chromium reduced the feed efficiency and live weight gain of
broiler chickens.

Table 3. Effect of different level of nano-chromium on carcass characteristics and meat
quality of 35 day- old broilers

Supplemented dietary NanoCrPic (ppb)

ltem SEM P value
0 500 3000

Carcass weight (g) 1526 1488 1442 52.6 0.08

Dressing percentage (%) 80.3 80.4 80.4 0.55 0.97

Liver (g 100 g BW™) 3.03 2.79 2.74 0.15 0.23

Spleen (g 100 g BW1) 0.18 0.19 0.17 0.02 0.81

Thigh (g 100 g BW™) 27.1 28.7 27.3 1.96 0.81

Means within the same row without the same superscripts different significantly (p<0.05); SEM:

standard error of mean; *n = 6 (2 birds/pen).

Although the effects of CrPic on various carcass characteristics were not affected by the dietary
groups (Table 3), Sahin et al., (2003) and Saikat et al., (2008) reported that diets with the same
nutrients boosted the chickens' carcass yield. It is widely known that Cr is involved in the
regulation of protein metabolism and the action of the glucose tolerance factor. In this study, the
effects of CrPic on the carcass characteristics were not observed except that carcass weight was

slightly lower in 3000 ppb group than control group (p< 0.1).

The Effects of Different Levels of CrPic on the Minerals Retention Ratio in
Chickens
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Table 4. The effect of different levels of nano-chromium on minerals retention ratio of broiler
chickens

Supplemented distary ManoCrPic (pph)

Ttams (%) i = il SEM Fvalue
Cr 3int 19.86" 2403 1T 0.0001
Cn ) 320 2842 3.03 0.83
Zn 5148 §6.83" 67.42" 0.50 0.0001
Fe 51.88" &0.91" 5172 1.16 0.008
Mn 3587 48.69° 40.68" 1.12 0.01
Ca 4259 §0.11° 4884 0.68 0.0001

P 412 2004 2625 0.90 .01

a,b,c Means within a row with no common superscripts are significantly different (p<0.05);
SEM: standard error of mean;

Mineral retention ratio = (intake - excreta) + intake x 100%;

n = 6 (2 birds/pen).

Chromium and other minerals, namely Cu, Zn, Fe, Mn, Ca and P retention ratio in the broilers are
shown in Table 4. The mineral retention ratio of Cr (p<0.0001), Zn (p<0.0001), Fe (p=0.008), Mn
(p=0.01), Ca (p<0.0001) and P (p=0.01) were increased through NanoCrPic supplementation.
However, retention of Cu was not affected by dietary treatments. Amatya et al. (2004) reported
that supplemental Cr had effects on the retention of trace minerals and intake in broilers. Also,

exposure to environmental stress increases the chromium excretion from tissues.

The Effects of Different Levels of NanoCrPic on the Liver Minerals Retention in Broiler
Chickens

Table 5. The effect of different level of nano-chromium on liver minerals content of broiler
chickens
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Supplemented dietary ManoCrPic (pph)

Ttems 5 5 TG0 SEM P value
Criugks") 300" 563" 510" 363 00002
Cu{mgkg™) §.59 748 7.12 0.66 0.63
Zn(mgkg") 464 563 6.8 457 0.23
Fa (mzkz ) 179 185 193 11 .69
Mo (mzkz) 3.16 305 3.06 028 .86

Ca (%) 0.015" 0.024" 0.025" 0.001 0.0001

P (%) 0.13F 022" 0.218" 0.005 0.0001

a,b Means within a row with no common superscripts are significantly different (p<0.05).
SEM: standard error of mean.

*n =6 (2 birds/pen).

The effects of dietary CrPic on liver minerals are demonstrated in Table 5. This table shows that a
significant accumulation of chromium in the liver (p=0.0002), as well as the phosphorus
(p<0.0001) and calcium (p<0.0001) of CrPic groups were observed as compared to the control
group. Cu, Zn, Fe, and Mn were not affected by CrPic supplementation. Studies on the effects of
Cr supplementation on the liver and heart tissues indicated that it can protect against the effects of
stress on these organs (Schrauzer et al., 1986). Increased tissue concentrations of Cr, as observed
in the present study, would have such phenomena. In addition, increasing dietary chromium

concentrations boosted zinc and liver chromium concentrations. The results of this study support

the notion that liver minerals are accumulated in the body.

The Effects of Different Levels of NanoCrpic on Immune Responses in Broiler Chickens

Table 6. The effect of different level of chromium on concentration and subgroup ratio of
white blood cells (WBCs) parameter in 35 days old broiler chickens
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Supplemented distary MNanoCrPic (pph)

Hematological parametars SEM P value

[ 500 3000
WEC count (10" cells'mm’) 176 248 257 146 0427
WEBC sub group (%)
Basophils 12.5 11.0 122 0.84 043
Eosinophils 225 208 230 0.34 0.80
Lymphocytes 45.1" 50.6° 58.8 1.83 00004
Heterophils 27.5" 13.9° 23.8" 053 0.002
Monocytes 702 .00 050 128 0.68
H/L ratio 0.41" 047 0.41° 0.02 0.0001

a, b Means within the same row without the same superscripts differ significantly (p<0.05);
SEM: standard error of mean;

H/L: heterophils to lymphocyte ratio;

*n =6 (5 birds/pen).

At 35 days, the effects of CrPic on hematological factors were studied. Although the effects of the
supplement on different sub-groups of white blood cells were not significant, lymphocytes
exhibited a significant increase in response to CrPic. Statistical analysis in Table 6 revealed no
significant difference in white blood cells (WBC) and WBC sub-groups, namely basophils,
eosinophils, and monocytes. On the other hand, lymphocytes significantly increased (p=0.0004)
in chicken fed 3000 ppb CrPic, whereas heterophils and heterophil to lymphocyte ratio were

significantly decreased in both 500 and 3000 ppb CrPic groups (p<0.05).

Zha et al. (2008) studied the effects of CrPic on the lymphoproliferative response of Sprague-
Dawley rats. Zha et al. (2008) found that dietary supplementation of 150, 300, and 450 ppb Cr
from NanoCr enhanced the lymphoproliferative response in Sprague-Dawley rats; In addition,
Toghyani et al. (2007) showed that CrPic supplementation led to a decrease in the number of

lymphoproliferative cells in heat-stressed chicks.

The number of heterophils in the blood of corticosterone fed chicks increased during episodes of
chronic stress. The prevalence of these factors was then computed as an index of chronic stress.

The stress response associated with various stress factors such as water deprivation and
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malnutrition was also exhibited by the study. Thus, the results of this study indicated that CrPic

supplementation exhibits an anti-stress function.

Table 7. Effect of different level of chromium on Newcastle disease antibody titer in broilers

supplemented dietary NanoCrHac (pph)

Age (day) 5 G T SEM P value
KD antibody titer (log ,)

21 272 2 85" 354 018 0.01

28 343 387 364 014 0.18

35 387 3.85 308 0.17 0.87

a,b Means within a row with no common superscripts are significantly different (p<0.05).
SEM: standard error of mean.

1 ND: Newcastle disease.

*n =6 (5 birds/pen).

The effects of ingesting 3000 ppb CrPic on the levels of antibodies against Newcastle disease were
significant at 21 days. At 28 and 35 days, no effects were observed on the levels of antibodies
against the virus as shown in Table 7. Toghyani et al. (2007) reported that the levels of antibodies
against Influenza virus and Newcastle disease were higher in chickens that received 1500 and 1000
ppb CrPic. Guo et al., (1999), an immunological response against Newcastle disease was observed

in broiler chicks that had 2 or 10 mg Cr.

Conclusion

This study conducted on broiler chickens revealed that NanoCrPic supplementation can improve
the utilization of zinc, Fe, and Ca in the liver and decrease the Ca content in excreta.
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