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ABSTRACT 
 

Aim of this study was evaluate chromium methionine (CrMet) in growing and finishing male 
broiler. A total of 240 one day-old sexing Ross 308 male broiler chicks were randomly assigned 
into 4 treatment groups, (6 replicates per treatment and 10 chicks per replicate). The experiment 
was complete randomly design. Treatment was as the level of CrMet addition in the basal diet (0, 
200, 400, and 800 ppb). CrMet was used as chromium source. In the starter (0-21d) phase, none 
levels of CrMet effected on body weight (P>0.05), but in the finishing (21-42d) phase, male 
broiler that feeding with CrMet supplementations diet had higher body weight than control diet 
(P<0.05). There was no significant differ observeon the between diet content CrMet on feed 
conversion ratio (FCR) and mortality in male broilers (P>0.05), but CrMet supplementation 
increase feed intake at 21-42d (P<0.05). These findings shown starter and finisher period 
supplementation of CrMet decreased the blood concentrations of GLU, CHL, and LDL (P<0.05). 
Nonetheless HDL concentration has been increase (P<0.05). The CrMet supplementation had 
insignificant effect on blood metabolite between 0-21 and 21-42d (P<0.05).  
KEY WORDS: Chromium methionine, Serum metabolite, Growing, Finishing, Male broiler. 

 
INTRODUCTION 

 
Chromium had basically role in lipid and carbohydrate metabolism. Chromium (Cr) is an essential 

element required for carbohydrate, lipid, protein, and nucleic acid metabolisms (Anderson, 1987), activating 
certain enzymes and stabilizing proteins and nucleic acids (Mertz, 1993). Cr is considered essential for 
maintenanceof normal glucose tolerance by increasing insulin activity in animals and humans (Anderson, 1987). 
Beneficial effects of chromium in human health are well documented which include a role in maintenance of 
normal blood sugar and in cholesterol levels(Suksombat and Kanchanatawee, 2005).Cr is generally accepted to 
be the active component in glucose tolerance factor (GTF), which increases the sensitivity of tissue receptors to 
insulin, resulting in increased glucose uptake by cells (Mertz,1993). Without Cr, glucose tolerance factor has 
been shown to be ineffective (Toepfer et al., 1977). Also, through increasing the effectiveness of insulin, Cr 
indirectly potentiates ascorbic acid transportation (Seaborn et al. 1994). In addition, chromium is thought to be 
essential for activating certain enzymes and for stabilizing proteins and nucleic acids (Anderson, 1987). 
Research suggests Cr involvement in carbohydrate metabolism including glucose uptake, glucose utilization for 
lipogenisis, and glycogen formation (Anderson et al., 1991). It was hypothesized that increased glucose uptake 
should increase oxidation of glucose which would be otherwise converted to fatty acids and stored as 
triglycerides in adipose tissues.Moreover this organometallic compound consists of glutamic acid, cysteine, and 
glycine (Toepfer et al., 1977). Even though Cr deficiency is not common, the metabolic profile associated with 
Cr deficiency includes glucose intolerance, glucosuria, hyperinsulinemia, hypercholestremia, and 
hypertryglyceridemia in humans (Mertz, 1993). The trophic effect of Cr is to enhance communication between 
insulin and its receptors locatedon the cell membrane of insulin sensitive tissues by increasing membrane 
fluidity and rate of insulin internalization (Evans and Bowman, 1992). Nevertheless, requirement of nutrients, 
especially that of amino acids, must have been increased during the feed restriction, and Cr3+ as Cr picolinate 
sustained and facilitated the growth process by increasing the uptake of amino acids by the skeletal muscles 
(Evans and Bowman, 1992), which in turn enhanced total protein deposition in the muscles of the Cr3+ 
supplemented birds. Although Cr is not currently considered an essential trace element for poultry, this 
micronutrient may play a nutritional and physiological role. Moreover, the National Research Council (NRC) 
has recommended 300 μg Cr/kg diet for laboratory animals (NRC, 1995).Broilersreared with corn-soybean meal 
diets would have a moderate Cr deficiency. Forbetter performance and carcass quality, broiler diets shouldbe 
supplemented with bioavailable forms of Cr.Cr3+ itself does not have the capacity to cross the cell membrane 
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(Mertz, 1993). Uyanik et al., (2002) have shown that the absorption of Cr is higher when it is associated with a 
specific organic molecule. Inorganic forms of Cr3+ such as chromic chloride are poorly absorbed because of 
formation of insoluble chromic oxide, formation of chelates with naturally occurring chelate-forming 
compounds in feed and interference from other mineral elements (Borel and Anderson, 1984).There have been a 
number of studies on the effect of Cr+3supplementation on growth performance, carcass characteristics, pork 
quality, reproduction, and tissue deposition in domestic animals (Lindemann et al., 1995). Ward et al. (1995) 
evaluated several forms of Cr (chloride, acetate, oxalate, nicotinate, two sources of picolinate, and nicotinate–
glycine–cysteinate–glutamate) that were fed to supply 200µg Cr/kg feed. Published research related to 
Chromium Methionine (CrMet) supplementation of broiler diets is very limited, however, most of the studies 
prior evaluated chromium picolinate and Chromium Propionate effects on broiler.  
The objective of the present study was to evaluate extensively of dietary supplementation with chromium 
Methionine on bloodglucose, cholesterol, serum lipoprotein concentrations and performanceinmale broiler. 
 

MATERIALS AND METHODS 
 

A total of 240 one day-old sexingRoss 308 male broilerchicks were randomly assigned into 4 treatment 
groups, (6 replicates per treatment and 10 chicks perreplicate).CrMet was used as chromium source. 
Treatmentwas as the level of CrMet addition in the basal diet (0, 200, 400, and 800 ppb).Broiler chicks were 
housed in floor penmeasuring 1.5m × 1.5m during 8 weeks of feeding trial. The pens were separated with nylon 
wire netting, and housed in a room with 24 h light and air ventilation, and each pen housed ten birds. Body 
weight and feed intake were recorded weekly on group basis to calculate body weight gain and feed conversion 
ratio. During the feeding trial, dead chicks were counted to calculate the mortality rate. The mean value of daily 
temperature in the broiler house was similar to manual guided Ross 308.  
 
Experimental diets 
  Diet was provided ad libitum and water was provided by nipple drinker. The formula and chemical 
composition of basal diets of starting and finishing diets are presented in Table 1.The calculated nutrient 
composition is based on NRC recommendation (NRC, 1994). The starter and finisher diets were formulated to 
meet the requirements of the Ross 308 broilers. During the first (starter) period (1-21d) rearing, chicks were fed 
ad libitum a corn-soybean meal based diet containing 21.92%crude protein, 3,050 kcal/kg metabolizable energy. 
Moreover the second (finishing) period content of the (21-42d) crud protein and metabolizable energy in 
dietwere 20% and 3200 kcal/kg respectively.The levels of CrMet as in the starter and finishing period were 
sustained. The litter was composed of wood shavings, wheat straw. The birds received vaccination against 
Marek’s disease and Newcastle disease (live B1 strain) immediately after hatching. Subsequent vaccination 
against Newcastle disease and infectious bursal diseases was done on days 7, 14 and 21.  

 
Table 1: Composition of experimental diets 

Finisher (%) Starter (%) Ingredient 

56.19 51.88 Corn 
34.6 39.8 Soybean meal, CP 44% 
5.75 4.47 Soybean oil 
1.18 1.56 Dicalcium phosphate 
1.35 1.22 Calcium carbonate 
0.35 0.4 Salt 
0.25 0.25 Vitamin premix 
0.25 0.25 Mineral premix 
0.08 0.17 DL-Methionine 

  Calculated composition 
3200 3050 Metabolizable energy (Kcal/Kg) 

20 21.92 Crude protein (%) 
0.9 0.95 Calcium (%) 
0.35 0.42 Available phosphorus (%) 
0.72 0.85 Methionine + Cysteine (%) 
1.07 
3.85 

1.20 
3.39 

Lysine (%) 
Chromium analyzed (ppm) 

 
  Vitamin premix provides the following per 2.5 kg. Vitamin A, 9000000IU.Vitamin D3,2000000IU. vitamin E, 
36000 mg.Vitamin k3, 2000 mg; Vitamin B2, 600mg. Vitamin B6, 2940 mg. vitamin B12,15 mg. Vitamin H2,100 mg. 
B.H.T,1000mg. Chorine, 250000 mg. Niacin, 29700 mg. Ca-pantothenate, 9800 mg. Vitamin B12, 0.01mg. Folic acid, 1000 
mg. Thiamine, 1750 mg. Mineral premix provides the following per 2.5 kg. Manganese 99200mg. Iron 50000 mg. 
Zinc84700 mg. Copper 10000 mg, Iodine 990 mg. Selenium 200 mg. Choline chloride 250000 mg. 
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Blood samples  
Four chicks from each treatment were sacrificed and analyzed for blood metabolite. Blood samples 

were obtained from the whole blood collected from all birds under each dietary treatment on days 21 and 42.On 
day 42, blood samples were collected in sterilized syringes by a silicon catheter inserted into the wing vein 
through a needle. Blood samples were collected 12 h after feeding. Samples were centrifuged at 3000 rpm for 15 
min and sera were collected. Serum samples were then decanted into three aliquots and stored at -20o C for later 
analysis of serum glucose (GLU), high-density lipoprotein (HDL), cholesterol (CHL), low-density lipoprotein 
(LDL) were analyzed using commercial enzymatic kits (Wako Pure Chemicals Industries, Ltd., Richmond, VA).   
 
Statistical analysis 

All obtained data were analyzed by analysis of variance (ANOVA) using GLM procedures and SAS 
software (SAS Institute, 2003). For all data, the model included treatment as main effect. The experiment was 
complete randomly design. When a significant treatment effect was observed, a Duncan’s multiple range tests 
was used to compare means. Treatment effects were considered with the significant level at P < 0.05. 
 

RESULTS AND DISCUSSION 
 
Growth performance 

The data obtained from growth performance shown in Table 2. In the starter (0-21d) phase, none levels 
of CrMet effected on body weight (P>0.05), but in the finishing (21-42d) phase, male broiler that feeding with 
CrMet supplementations diet had higher body weight than control diet (P<0.05). There was no significant differ 
observeon the between diet content CrMet on feed conversion ratio (FCR) and mortality in male broilers, but 
CrMet supplementation increase feed intake at 21-42d (P<0.05) (Table 2). Nonetheless, CrMet supplementation 
had no effect on 0-42d feed intake (P>0.05). In this study supplementation CrMet had insignificant effect on 
performance at starter phase, but it has significant effect in finishing phase. 

 
Table 2.Effect of supplement of chromium methionine on the performance growth of male broilers. 

 
                          Chromium methionine levels (ppb) 
Item 0 200 400 800 SEM 
BW (g) 

21d 611.51 641.84 596.44 631.38 8.80 
42d 1507.98b 1746.47a 1641.39a 1726.93a 12.16 

ADFI(g/d) 
0-21d 51.43 52.06 51.43 52.74 7.8 

21- 42d 110.83c 126.50b 127.83b 132.18a 6.9 
0- 42d 91.40 91.95 91.99 94.26 8.5 

FCR   
0-21d 1.76 1.70 1.81 1.75 0.04 

21- 42d 2.59 2.40 2.56 2.53 0.07 
0- 42d 2.54 2.21 2.35 2.29 0.05 

Mortality (%)      
21- 42d 3.1 3.1 2.3 2.3 0.98 

a, b:Means in a row differ significantly (P<0.05) . BW: body weight. ADFI: average daily feed intake. FCR: feed conversion 
ratio. 

 
Lien et al., (1996) and Amatya et al., (2004) reported finishing dietary Cr3+ supplementation positively 

affected growth rate and food conversion in poultry at an inclusion level ranging from 0.1 to 1mgkg−1 diet. 
Similar these results were obtained in the same species when either Cr-Nicotinate or Cr-Picolinate was included 
in a high glucose diet (Pan et al., 2002b). However, Pan et al. (2002a) reported there was no significant effect of 
Cr-Nicotinate on growth or feed efficiency in the same species fed a practical diet. The linear increase in ADFI 
due to the increased CrMet intake may be related to possible elimination of Cr deficiency. Kim et al. (1995) 
reported that Cr-Picolinate had no effect on growth, but feed efficiency was improved. Also, Cupo and 
Donaldson, (1987) has shown that Cr as Cr-Picolinate improved growth performance of broilers during heat 
stress, but this response to Cr may be because of the heat stress challenge. Similarly, Lien et al. (1999) have 
reported that 1600 ppb Cr as Cr-Picolinate improved gain in broilers. However, not all research shows positive 
effects of Cr as CrPic on growth performance in broilers (Kim et al., 1995, 1996). Ward et al. (1993) reported 
that dietary inclusion of chromium (0, 200, or 400 ppb as chromium picolinate) did not affect ADFI and FCR of 
growing broiler chicks. Dietary chromium supplementation has been shown to positively affect growth rate and 
feed efficiency of growing poultry (NRC 1997; Lien et al. 1999; Sahin et al. 2001). Supplemental dietary 
chromium is also recommended by NRC (1997) for animals undergoing environmental stress. Comparable 
results were also reported by Kim et al. (1996) and Hossain et al. (1998). Kim et al. (1996) found that 
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chromium supplementation from Cr-Picolinate (0, 200, 400, 800 ppb) did not affect BWG and FCR but 
increased ADFI in broiler chicks. Hossain et al. (1998) reported an increase in BWG but no effect on FCR in 
broilers when 150 or 300 ppb Cr from Cr-Yeast was supplemented. Hossain et al. (1998) found that 
supplementation of 300, 400 ppb Cr from Cr-Yeast reduced mortality rate. Kim et al. (1996) also reported a 
reduction in mortality rate when Cr- Picolinate (0, 200, 400, 800 ppb) was supplemented. Steele and 
Rosebrough (1979) reported that Cr from CrC13.6H20 improved the growth rate of turkey poults. Chromium 
from CrC13.6H2O also has been shown to stimulate the growth of rats fed a low protein diet (Mertz, 1993). Lien 
et al. (1999) reported that 1600 μg/kg or 3200 μg/kg Cr-Picolinate supplementation in a broiler diet increased 
feed intake and improved weight gain. Sands and Smith (1999) also reported that dietary chromium picolinate 
supplementation increased growth rate without affecting feed intake in broilers. Sahin et al. (2001) shown 
chromium supplementation, particularly at 1200 ppb, increases the performance of Japanese quails. Similar to 
results of the present study, Sahin et al. (2002) reported that increase supplemental chromium (200, 400, 800 or 
1200 μg/kg Cr-Picolinate) resulted in an increase in body weight, feed intake and feed efficiency in broilers 
reared under heat stress. Lien et al. (1999) reported that 1600 and 3200 μg/kg Cr-Picolinate supplementation in 
a broiler diets increased feed intake and improved live weight gain. Lien et al. (1996) reported that chromium 
supplementation increased feed intake and improved live weight gain of broilers. Sands and Smith (1999) 
reported that dietary chromium picolinate supplementation increased growth rate without affecting feed intake 
in broilers. Saikat et al., (2008) shown live weight of the birds, which was 41.4 ± 0.23 g at 12 h post-hatch, was 
similar across the dietary treatments (0, 0.5 and 1 mg Cr3+ kg−1 diet) until day 30, indicating a subtle effect of 
supplemental Cr3+ on live weight and live weight gain during the starter phase significant improvement in total 
live weight gain and cumulative feed efficiency also occurred owing to Cr3+supplementation. Also, Saikat et al. 
(2008) Feed efficiency calculated on day 40 improved quadratically owing to Cr3+supplementation. 
 
Blood metabolites 

Effects of CrMet supplementation on blood metabolites are shown in Table 3. The starter and finisher 
period supplementation of CrMet decreased the blood concentrations of GLU, CHL, and LDL (P<0.05). 
Nonetheless HDL concentration has been increase (P<0.05). The CrMet supplementation had insignificant 
effect on blood metabolite between 0-21 and 21-42d (P<0.05). Interestingly, there was a dose response due to 
lower plasma HDL levels forbirds at 21d supplemented 800 μg/kg Cr compared with 42d.(P<0.05). 

 

Table 3. Effects of supplemental chromium on blood metabolites (mg/dl) of broiler. 
 

Chromium supplemented levels (ppb) 
 0 200 400 800 SEM 
Item in 
(mg/dl) 

21d 42d 21d 42d 21d 42d 21d 42d 21d 42d 

GLU  279.5a 287.41a 263.3b 267.32b 262.9b 266.45b 261.8b 266.02b 5.75 6.2 
CHL  123.33a 112.5a 112.6b 101.16b 112b 100.91b 111.99b 100.52b 2.86 1.83 
HDL 73.02b 48.91b 76.06a 51.06a 77.5a 51.9a 78.3a 52.07a 3.2 1.76 
LDL 32.7a 35.66a 29.02b 29.05b 28.99b 28.66b 28.03b 27.81b 1.3 1.00 

 
a, b: Means in a row differ significantly (P<0.05). 
 GLU: glucose, CHL: cholesterol, HDL: height density lipoprotein, LDL: low height density  

 
The net result was a significantly lower mean serum cholesterol concentration in the Cr3+ supplemented 

groups of birds (Saikat et al., 2008). CrMet supplementation did not affect liver TG concentrations. Besong 
(1996) also reported no change in liver TG concentrations. Chromium potentiates the action of insulin (Evans 
and Bowman, 1992). Chromium deficiency is associatedwith impaired glucose tolerance, which is reversed by 
Cr supplementation (Mertz, 1993). Glucoseintolerance is a symptom of insulin resistance thatis related to 
impaired insulin action at receptor orpostreceptor levels (Mertz, 1993). Insulinresistance is a generic term that 
can be evaluatedby insulin responsiveness (insulin response to glucose), insulin sensitivity (tissue 
responsiveness to insulin), or both (Sano et al., 1991).Following glucose infusion, peak concentration ofplasma 
glucose reflects insulin responsiveness and clearance rate (CR) of plasma glucose reflects insulin sensitivity 
(Sano et al., 1991). Moreover, plasma glucose or serum insulinconcentration alone may be difficult to interpret 
interms of evaluating the effect of Cr, because concentrations of both blood metabolites are harmonically 
regulatedby each other. Chromiumsupplementation decreased carcass fat percentage, serum low-
densitylipoprotein (LDL), and glucose and increasedserum magnesium (Mg) andCr content of kidney, liver, and 
muscle(Uyanik et al., 2002).A few reports indicated chromium reduced serumglucose that is consistent with the 
results of the presentstudy (Amoikon et al., 1995; Lindemann et al., 1995). It has been recognized thatchromium 
facilitates insulin membrane receptor binding and thereby increases biological insulin activity (Anderson et al., 
1985, 1987, 1991, McCarty, 1991). Elevated insulin activity from chromium picolinate supplementation could 
stimulate anabolism and inhibitedcatabolism. Glucose utilization is thereby increased (Cupo and Donaldson, 
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1987). The lipoprotein profile results showed that chromiumreduced VLDL+LDL and increased HDL. This is 
consistent Howard et al. (1993) indicated that chromium stimulatedlipoprotein lipase activity could increase 
VLDL metabolism. Brindley and Salter (1991) demonstrated that insulin increased liver LDL receptor numbers, 
and thus, theLDL+VLDL content were reduced and HDL was increased. McCarty (1991) revealed that a dietary 
chromium picolinate supplement could increase human HDL content. Severalreports indicated that chromium 
supplementation elevatedHDL-cholesterol and depressed the LDL-cholesterolcontent in humans and other 
animals (Anderson, 1986; Kim et al., 1996). 

 This phenomenon might be due to lecithincholesterolacyltransferase (LCAT) activity that 
wasincreased by chromium supplementation (Lien et al., 1999).This in turn, accelerated cholesterol 
esterification andexcretion. A previous study revealed that a hen's diet supplementedwith 800 ppb chromium 
picolinate reduced egg yolkcholesterol (Lien et al., 1997). In contrast to the present study, Kim et al. (1995) 
reported increased HDL cholesterol, decreased total cholesterol and higher ratios of HDL: CHOL in CrPic 
supplemented broilers. Total cholesterol and triglycerides in blood were reduced by organic Cr supplementation 
at both day 21 and day 49(Suksombat and Kanchanatawee, 2005). Supplementation with 200 and 400 ppb of 
both Cr- Yeast and Cr-Picolinate showed the lowest total cholesterol at both day 21 and day 49 (Suksombat and 
Kanchanatawee, 2005). The effects of Cr sources on HDL and LDL were variable, however, LDL increased 
with increasing level of Cr supplementation (Suksombat and Kanchanatawee, 2005). Several studies have 
shown that chromium supplementation decreased total cholesterol and triglycerides, and increased HDL (Kim et 
al., 1996). In monogastric animals, reduced serum cholesterol concentration by chromium supplementation was 
one of the most frequently reported responses in lipid metabolism (Mertz, 1993). Kim et al. (1996) reported that 
the total cholesterol content in serum was reduced and HDL was increased in chicks fed diets with Cr-
Picolinate. Pen et al., (2002a) found a reduction in total cholesterol and triglycerides by supplementing Cr-
Picolinate. Donaldson (1987) reported that chromium supplementation (20 mg/kg of CrCI3.6H2O) increased the 
rate of glucose utilization by 16%. Serum cholesterol concentration of the present study decreased upon 
chromium supplementation. Similarly, Lien et al. (1996) reported that dietary supplements of 400 and 800 
μg/kg of chromium decreased serum concentrations of glucose, lipid and total cholesterol in laying hens. In the 
present study, increased chromium supplementation decreased corticosterone but increased total protein 
concentration. In accordance with our results, Lien et al. (1999) reported that dietary supplements of 1600 and 
3200 μg/kg of chromium decreased serum glucose of broilers. Similarly, Cupo and Donaldson (Cupo et al., 
1987) reported that chromium supplementation (20 mg/kg of CrCI3.6H2O) increased the rate of glucose 
utilization by 16%. Serum cholesterol concentration of the present study decreased upon chromium 
supplementation. Similarly, Lien et al. (1996) reported that dietary supplements of 400 and 800 μg/kg of 
chromium decreased serum concentrations of glucose, lipid and total cholesterol in laying hens. Sahin et al. 
(2003) reported supplemental chromium and vitamin C resulted in an increase in serum concentrations of 
vitamin C and vitamin E and decrease in malonaldehyde concentration in serum. A decrease in glucose level 
may be attributable to the effect of chromium on insulin. Parallel to the results of the present study, Cupo and 
Donaldson (1987) reported that chromium supplementation (20 mg/kg of CrCl3.6H2O) increased the rate of 
glucose utilization by 16%. Increased glucose uptake is expected to increase oxidation of glucose which would 
otherwise be converted to fatty acids and stored as triglycerides in adipose tissues. Dietary chromium thus 
reduces body cholesterol and glycerol contents in birds (Cupo and Donaldson, 1987; Kim et al., 1996). Insulin 
has been shown to increase liver low density lipoprotein (LDL) receptors, thereby increasing LDL uptake of 
hepatocytes and reducing the blood LDL content and concomitantly the high density lipoprotein (HDL) 
proportion is increased (Brindley and Salter, 1991). In a human study (McCarty, 1991), it was reported that 
HDL content is increased by the uptake of chromium picolinate. Biotin is a coenzyme vitamin that is essential 
for some carboxylase enzymes which catalyse essentialmetabolic reactions in the metabolism of carbohydrates 
and fatty acids particularly in the utilization of glucose, the breakdown and utilization of fatty acids in energy 
metabolism (Dakshin et al., 1968). Hossain et al. (1998) also observed that the body weight of broilers at 3 and 
6 weeks was significantly increased by the level of Cr in the diet. The highest bodyweight gain was observed 
with 300 ppb Cr from Cr yeast in the diet. Feed conversion was unaffected by dietary Cr throughout the trial. 
Kim et al. (1996) fed broilers with 6 different levels of Cr picolinate (0, 100, 200, 400, 600 and 800 ppb) for 6 
weeks. They found that dietary addition of Cr did not affect growth performance and nutrient utilization. 
However, mortality appeared to be reduced with addition of Cr to the diet. Moreover, Cr supplementation 
significantly decreased serum cholesterol and increased serum HDL cholesterol. They also concluded that 
chicks fed diets containing 200 or 400 ppb Cr showed the highest protein content and the lowest fat content in 
their carcass. Recent findings on the positive effects of chromium supplementation for pig on carcass leanness 
and on reproductive parameters have been impressive (Lindemann et al., 1995).  
The study showed that CrMet supplemented increase blood HDL, but had been decreased body weight, but 
GLU, LDL and CHL. Ward et al. (1995) found that serum metabolites and endocrine parameter values were not 
affected by any of the forms of Cr. Also supplementation 200-400 ppb CrMet did not affect serum metabolites 
and growth performance in a study. 
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