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ABSTRACT 
This experiment was conducted to investigate 
the effect of feeding garlic powder (GP) on the 
performance, digestibility, digestive organs, car- 
cass cuts and lipid profile of broilers. A total of 
270 day-old Cobb-500 chicks were used in the 
experiment. Birds were partitioned into three 
experimental groups of 90 birds in each. Each 
treatment was composed of 6 replicates with 15 
birds in each. The control group was fed with a 
commercial starter and finisher diet. The second 
and third groups were supplemented with GP at 
the rate of 0.2% and 0.4% respectively. In the last 
week of experiment, 18 birds from each experi-
mental group (3 birds per replicate) were used in 
a metabolic trial. At the time of termination of the 
experiment, the same number of birds were 
killed for digestive organs and carcass compo-
nents measurements. Blood samples from 3 
birds per replicate were collected on 3rd, 5th and 
6th week post feeding from wing vein for blood 
lipid profile determination. Total cholesterol 
(COL), triglycerides (TG), high density lipopro- 
tein (HDL), low density lipoprotein (LDL) levels 
were determined. Results of this study showed 
that GP had no significant effects on broilers 
weight gain, feed intake (FI), feed conversion 
ratio (FCR), carcass cuts, visceral organs. How- 
ever, GP decreased (P < 0.05) COL, TG, LDL and 
increased HDL levels compared to control birds. 
The dry matter (DM), crude protein (CP) and 
ether extract (EE) digestibility were improved by 
feeding GP. It can be concluded that GP could 
provide positive advantages in broilers perfor- 
mance. 
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1. INTRODUCTION 

The use of antibiotics as growth promoters is facing 
serious criticism [1]. There are some important reasons 
that restrict the use of antibiotics such as the drug resis-
tance in bacteria and the drug residues in meat [2]. To 
overcome the poor performance and the increase suscep-
tibility to diseases resulted from removal of antibiotics 
from birds diets, attempts were made to find other alter-
natives. The utilization of growth promoters of natural 
origin become of an interest in recent years [1]. Garlic 
(Allium sativum) has bioactive components like sulfur 
containing compounds (Alliin, Diallylsulfides and Al-
licin) that act as antibacterial, antifungal, anti parasite, 
antiviral, antioxidant, antithrombotic, ant cancerous and 
vasodilator characteristics. 

Garlic has been found to lower serum and liver cho-
lesterol [3], inhibit bacterial growth [4], inhibit platelet 
growth and reduce oxidative stress. In broilers, it was 
reported that garlic, as a natural feed additive, improved 
broiler growth and feed conversion ratio (FCR), and de-
creased mortality rate [5]. 

Improvement of broilers performance and carcass 
merits can be achieved by supplementation of diets with 
GP [6-9]. It was reported that feeding GP at levels of 1.5, 
3 and 4.5% had no effect on birds performance [10], but 
caused a significant reduction in birds serum and liver 
cholesterol. However, Horton et al. (1991) [11] concluded 
that triglyceride was not affected by garlic in broiler 
chickens. Serum cholesterol was decreased with feeding 
garlic to layers [7,12] showed that addition of plant ex-
tracts to broilers’ diet has some effects on performance 
and microbial activity of intestinal tract but, none of 
them were significant. Using GP in broilers’ diet had no 
significant effect on performance but it influenced meat 
quality and carcass yield positively [11]. However, garlic 
effects on broilers performance, carcass characteristics 
and blood lipids are debatable. 

The objective of this study was to investigate the ef-
fect of feeding GP on performance, digestibility, blood 
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lipid profile, digestive organs and carcass cuts of broiler 
chickens. 

2. MATERIALS AND METHODS 

The experimental protocol describing the management 
and care of birds was reviewed and approved by the 
Animal Care and Use Committee of An Najah National 
University. 

2.1. Experimental Design, Birds, Housing 
and Diets 

A total 270 of one day-old broiler chicks (Cobb 500) 
purchased from a local hatchery (Poultry Company of 
Palestine, Tulkarm, Palestine) were used in a 6-week trial. 
Dietary treatments included: C (control diet, 0 GP); 0.2% 
GP and 0.4% GP. Chicks were randomly allotted to a 3 
treatments (6 replicates with 15 birds per replicate). Birds 
were subjected to a 2-period feeding program consisting 
of a starter (0 to 3 weeks) and finisher (3 to 6 weeks) 
periods (Table 1). All diets were formulated to meet nu-
trient requirements established by the NRC [13] (1994). 
The birds were housed in floor and routinely managed as 
any other commercial broiler flock.  

2.2. Growth Performance 

Feed intake (FI) and body weight were measured in  

the 3rd, 5th and 6th weeks to monitor the average daily 
gain (ADG), average daily FI and gain/feed (G/F) ratio. 

2.3. Blood Lipids 

At the end of 3rd, 5th and 6th weeks, three birds were 
randomly chosen from each replicate and bled via wing 
vein puncture to obtain blood samples. Serum samples 
from blood were separated by low-speed centrifugation 
(1500 g for 15 min at 20˚C). Commercially available kits 
(Sigma Diagnostics, Taufkirchen, Germany) were used to 
analyse the serum for COL, TG and HDL on an autoana- 
lyzer. LDL levels were estimated using the Friedewald 
equation [14]. Values were expressed as mg/dL. 

2.4. Carcass Characteristics 

At the end of the experiment, three birds were selected 
from each replicate. Feed was withdrawn 12 h before 
slaughter. Birds were defeathered and eviscerated after 
slaughtering by bleeding the jugular vein. The gizzard, 
heart, liver, small intestine, cecum and abdominal fat 
were excised and weighed and their relative weights to 
live BW (%) were calculated. Then, after removal of 
head, shanks and offal, ready to cook carcass was ob-
tained. The ready to cook carcass weight was then de-
termined, and the carcass yield percentage (dressing per-
centage) was calculated by dividing the ready to cook  

Table 1. Composition of the experimental starter and finisher diets fed to broilers (as fed basis).  

  Starter   Finisher  

Diet Control 0.2 GP 0.4 GP Control 0.2 GP 0.4 GP 

Corn 56 56 56 57 56.8 56.6 

Soybean meal 37.5 37.3 37.1 32 32 32 

Salt 1 1 1 1 1 1 

Methionine + lysine 0.2 0.2 0.2 0.2 0.2 0.2 

Oil 3 3 3 5.4 5.4 5.4 

Limestone 1 1 1 1.86 1.86 1.86 

Di-calcium Phosphate 0.75 0.75 0.75 1.37 1.37 1.37 

Premix1 0.75 0.75 0.75 1.37 1.37 1.37 

GP2 0 0.2 0.4 0 0.2 0.4 

Dry matter 90.1 90 90 90 90.1 89.9 

Crude protein 22 22.1 21.9 19.48 19.48 19.48 

Crude fiber 4.25 4.25 4.25 3.88 3.88 3.88 

Crude fat 5.46 5.46 5.46 7.93 7.93 7.93 

Ash 5.04 5.04 5.04 4.87 4.87 4.87 

Calcium 0.77 0.77 0.77 1.29 1.3 1.3 

Phosphorous 0.4 0.4 0.4 0.5 0.48 0.49 

ME, kcal/kg 2800 2850 2830 3000 3050 3030 

1Vitamin premix/kg diet: vitamin A—12,000 IU; vitamin D3—1500 IU; vitamin E—50 mg; vitamin K3—5 mg; vitamin B1—3 mg; vitamin B2—6 mg; vitamin 
B6—5 mg; vitamin B12—0.03 mg; niacin—25 mg; Ca-D-pantothenate—12 mg; folic acid—1 mg; D-biotin—0.05 mg; apo-carotenoic acid ester—2.5 mg; 
holine chloride—400 mg; 2The chemical analysis of GP (%): Energy (cal/100 g), 332; protein, 16.8; moisture, 5.61; fat, 0.76; total ash, 3.18. c 
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weight by the live BW of birds multiplied by 100. 
Weights of breast thigh, back, wing and neck were re-
corded. 

2.5. Digestion Trial 

At day 35 post feeding 3 birds from each replicate of 
the experimental groups were used in a total feed and 
feces collection trial. Birds were housed individually and 
fed their experimental rations. A six days total collection 
of feed and feces period was performed after an adapta-
tion period of 3 days. Digestibility of DM, CP and EE 
was determined. 

2.6. Chemical Analysis 

GP used in the experiment was obtained from a market 
from a commercial brand with the purity of 100%. It was 
analyzed for moisture and ash, feed and feces were ana-
lyzed for DM, CP, and EE according to the methods of 
the Association of Official Analytical Chemists [15]. DM 
was determined by drying at 105˚C until constant weight. 
Nitrogen was determined by Kjeldahl method (CP = N × 
6.25).  

2.7. Statistical Analysis 

Statistical analyses were conducted using the SPSS for 
Windows statistical package program, (version 18) to 
determine if variables differed between groups. Signifi-
cant effects were further explored using Duncan’s multi-
ple range tests to ascertain differences among treatment 
means. A significance level of P < 0.05 was used. 

3. RESULTS 

3.1. Growth Performance 

Both levels of GP had no effect on feed intake of 
broilers during the first three weeks of the feeding trial 
(Table 2). This trend was maintained until the termina-
tion of the feeding trial at day 42 (Table 2). Similar ef-
fects of GP were observed on body weight gain and F/G 
ratio at different periods post feeding. Birds fed the con-
trol diet had similar weight gain and F/G ratios compared 
to broilers fed the two levels of GP (Table 2). 

3.2. The Blood Lipids 

The mean of total COL, TG, LDL and HDL in birds of 
different groups is presented in Table 3.  

3.3. COL 

It showed a significant (P < 0.05) decrease in the level 
of COL in both levels of GP (98 and 90 mg/dL) in com-
parison to the control (149 mg/dL) at third week post  

Table 2. Effect of garlic powder (GP) on performance of broil-
ers (1 to 42 d), g1. 

diet Period Control 0.2 G 0.4 G P value

Body weight 21 d 533 570 614 0.20 

 35 d 1689 1780 1768 0.18 

 42 d 2050 2079 2099 0.11 

Weight gain 21 d 486 523 567 0.15 

 35 d 1642 1733 1721 0.23 

 42 d 2003 2032 2052 0.21 

Feed intake 21 d 693 752 798 0.33 

 35 d 2787 2990 2953 0.20 

 42 d 3690 3740 3736 0.21 

Feed: gain (g: g) 21 d 1.3 1.3 1.3 0.50 

 35 d 1.65 1.68 1.67 0.32 

 42 d 1.8 1.79 1.78 0.12 

1Means represent 90 chicks per treatment. 

Table 3. Effect of garlic powder (GP) on blood lipid parameters 
(mg/dL) of broilers1,2. 

Parameter Weeks post treatment Control 0.2 G 0.4 G P value

TG 3 210.9a 49.2b 59.4b 0.05

 5 214.0a 51.4b 53.7b 0.05

 6 217.0a 53.6b 55.0b 0.05

 Average 213.9a 51.4b 56.0b 0.05

COL 3 149.1a 98b 90b 0.05

 5 152.0a 100.4b 91.0b 0.05

 6 154.0a 102.3b 93.0b 0.05

 Average 151.7a 100.2b 91.3b 0.05

HDL 3 68.1b 85.8a 88.7a 0.05

 5 69.9b 88.0a 90.3a 0.05

 6 71.7b 90.1a 91.2a 0.05

 Average 69.9b 88.0a 90.0a 0.05

LDL 3 187.0a 110.0b 112.0b 0.05

 5 191.0a 113.0b 112.4b 0.05

 6 194.0a 116.9b 113.9b 0.05

 Average 190.7a 113.3b 112.7b 0.05

1Means within the same row with different common superscripts differ (P < 
0.05); 2Means represent 18 chicks per treatment. 

treatment. On 5th week post treatment there was signifi-
cant (P < 0.05) decrease in total COL concentration in 
GP treatments (100.4 and 91.0 mg/dL) as compared to 
control (152.0 mg/dL). Also, on sixth week of post treat-
ment there was a significant (P < 0.05) decrease in total 
COL concentration in birds fed GP (102.3 and 93.0 
mg/dL) as compared to control birds (154.0 mg/dL). 
When data (i.e., 3rd, 5th and 6th weeks) was pooled, it 
showed a significant (P < 0.05) decrease in total COL 
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level in birds fed garlic (100.2 and 91.3 mg/dL) in com-
parison to birds fed no GP (151.7 mg/dL). Garlic sup-
plementation inhibited the increase in COL level with 
advancement of age. 

3.4. TG 

There was a significant (P < 0.05) decrease in the level 
of TG in birds of GP groups (49.2 and 59.4 mg/dL) in 
comparison to control birds (210.9 mg/dL) at three 
weeks of treatment (Table 3). On 5th week of post treat-
ment there was a significant (P < 0.05) decrease in TG 
concentration in GP birds (51.4 and 53.7 mg/dL) as com- 
pared to control birds (214.0 mg/dL). On 6th week of post 
treatment there was a significant (P < 0.05) decrease in 
TG concentration associated with feeding GP (53.6 and 
55.0 mg/dL) as compared to control (217.0 mg/dL). 
When data (i.e., 3rd, 5th and 6th weeks) were pooled, it 
showed a significant (P < 0.05) decrease in GP groups 
(51.4 and 56.0 mg/dL) in comparison to control group 
(213.9 mg/dL). 

3.5. LDL 

It showed a significant (P < 0.05) decrease in the level 
of LDL in birds fed the two levels of GP (110 and 112 
mg/dL) in comparison to the control birds (187 mg/dL) 
at three weeks post treatment (Table 3). On 5th week of 
post treatment there was a significant (P < 0.05) decrease 
in LDL concentration in GP groups (113.0 and 112.4 
mg/dL) as compared to control (191.0 mg/dL). Also, on 
6th week of post treatment there was a significant (P < 
0.05) decrease in LDL concentration in both GP groups 
(116.9 and 113.9 mg/dL) as compared to control (194.0 
mg/dL). When data (i.e., 3rd, 5th and 6th weeks) was 
pooled, it showed a significant (P < 0.05) decrease in GP 
groups (113.3 and 112.7 mg/dL) in comparison to control 
group (190.7 mg/dL).  

3.6. HDL 

Results of this research showed a significant (P < 0.05) 
increase in the level of HDL in birds fed the two levels of 
GP (85.8 and 88.7 mg/dl) in comparison to the control 
birds (68.1 mg/dl) at three weeks post treatment (Table 
3). On 5th week of post treatment there was a significant 
(P < 0.05) increase in HDL concentration in GP groups 
(88.0 and 90.3 mg/dL) as compared to control (69.9 
mg/dL). Also, on 6th week of post treatment there was a 
significant (P < 0.05) increase in HDL concentration in 
both GP groups (90.1 and 91.2 mg/dL) as compared to 
control (71.7 mg/dL). When data (i.e., 3rd, 5th and 6th 
weeks) was pooled, it showed a significant (P < 0.05) 
increase in GP groups (88.0 and 90.0 mg/dL) in com-
parison to control group (69.9 mg/dL).  

3.7. Carcass Cuts 

Relative weights (%) of the carcass cuts and digestive 
organs investigated were not affected by GP (Table 4). 
Similar effect of GP in the dressing percentages and ab-
dominal fat weight was observed.  

3.8. Digestibility  

The digestibility of total tract DM, CP and EE digesti-
bility were improved (P < 0.05) by the addition of the 
garlic powder compared to that in the control diet (Table 
5). 

4. DISCUSSION 

4.1. Weight Gain 

The lack of GP effects on broilers feed intake, weight  

Table 4. Effect of garlic powder (GP) on relative weights (%) 
of selected digestive organs of broilers1. 

 control 0.2 G 0.4 G P value

Live wt 2050 2079 2099 0.21 

Carcass wt 1466 1486 1488 0.09 

D% 70.5 70.5 70.9 0.08 

Abdomen fat 1.91 1.90 1.89 0.11 

Head 2.1 2 2 0.08 

Neck 5 4.7 5.3 0.21 

Wing 7.3 7.3 7.0 0.12 

Back 14.6 15.0 18.7 0.23 

Thigh 17.7 20.0 19.0 0.22 

Breast 20.0 21.6 21.3 0.30 

Heart 0.8 0.7 0.8 0.23 

Liver 2.7 3.0 2.3 0.11 

Gizzard 3.7 3.0 3.3 0.09 

Feet 4.0 4.3 3.7 0.10 

Cecum 1.0 0.9 1.3 0.22 

Small intestine weight 4.3 4.7 5.3 0.15 

Small intestine length 165 160 170 0.21 

Cecum length 19 20 21 0.20 

1Means represent 18 chicks per treatment. 

Table 5. Effect of garlic powder (GP) on the whole tract ap-
parent digestibility of the diets of broilers. 

 DM CP EE P value 

Control1 71.0b 55.2b 86.0b 0.05 

0.2 G 74.1a 60.0a 90.1a 0.05 

0.4 G 74.4a 60.2a 90.4a 0.05 

a,bMean values within a column having different superscripts are signifi-
cantly different by least significant difference test (P < 0.05); 1Means repre-
sent 18 chicks per treatment. 
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gain and feed conversion ratio observed in this study is 
in agreement with previous observations that indicated 
that herbs, plant extracts, essential oil and/or the main 
components of the essential oil that did not affect body 
weight gain, feed intake or feed efficiency in broilers [6, 
10,16-22]. Lewis et al. (2003) [7] showed that addition 
of plant extracts to broilers’ diet has some effects on per-
formance and microbial activity of intestinal tract but, 
none of them were significant. The absence of garlic on 
feed intake and then general performance was probably 
due to the intense smell of garlic, which required a pe-
riod of adaptation of chickens to this kind of feed [11].  

4.2. Blood Lipids 

4.2.1. COL  
All of the blood lipid metabolites (COL, TG, LDL and 

HDL) tested were significantly improved by GP supple-
mentation. These results agree with previous reports 
where dietary supplementation of GP at both concentra-
tions (i.e., 1.5% and 3.0%) was found to cause a signifi-
cant decrease in the mean values of total COL as com-
pared to control broilers. Prasad et al. 2009 [23] reported 
similar findings were total cholesterol, triglycerides, LDL 
and VLDL were significantly decreased, while HDL was 
significantly increased by garlic supplementation in chicken 
up to 8 weeks of age in comparison to control group. 
This may probably be due to the possible mechanism of 
hypocholesterolaemic and hypolipidemic action of garlic 
products which depresses the hepatic activities of lipo-
genic and cholesterogenic enzymes such as malic en-
zyme, fatty acid synthase, glucose-6-phosphatase dehy-
drogenase [3,24] and 3-hydroxyl-3-methyl-glutaryl-CoA 
(HMG-CoA) reductase [25]. Afzal et al. (1985) [26] re-
ported that polyunsaturated fatty acids prevent athero-
sclerosis through the formation of cholesterol esters. 
They further reported the presence of higher polyunsatu-
rated fatty acids like arachidonate and eicosapentenoate 
in garlic which could well be responsible for preventing 
atherosclerosis. However, higher levels of GP (4.5%) 
showed no significant difference in mean values of pla- 
sma total COL. Similar findings were reported in rats 
where garlic powder failed to influence the lipid profiles 
in rats [27]. Furthermore, GP can facilitate activity of 
enzymes which are involved in the conversion of choles-
terol to bilious acids and subsequently, there will be less 
cholesterol in the carcass [28,29].  

4.2.2. TG 
Results of the study showed that GP significantly de-

creased the levels of TG. Both levels of GP decreased TG 
levels compared to TG levels in birds of the control 
group. This effect can be explained by the possible inhi-
bition of the Acetyl CoA synthetase enzyme that is nec-

essary for the biosynthesis of fatty acids [3,24]. Eidi et al. 
(2006) [30] reported that garlic extract significantly de-
creased total cholesterol, triglycerides in diabetic rats. 

4.2.3. LDL 
Both levels of GP decreased LDL levels compared to 

the levels in birds of the control group. This effect can be 
explained by the possible mechanism of antioxidant and 
antiperoxide lowering action of GP (S-allyl cysteine sul-
foxide) on LDL or the decrease in hepatic production of 
VLDL which serves as the precursor of LDL in the blood 
circulation [29]. 

4.2.4. HDL 
The significant effect of GP on the mean values of 

HDL compared to control can be explained by the me- 
chanism hypocholesterolaemic and the hypolipidemic 
action of GP. The compound allicin combines with the 
-SH group that is important in activation of CoA which is 
essential for the biosynthesis of cholesterol. Results of 
this study indicate the significant increase of HDL by 
feeding GP, however, reports on the effects of GP on 
HDL in different species are inconsistent [3,24]. 

4.3. Digestive Organs and Carcass Cuts 

Relative weights of liver, gizzard and heart were not 
affected by GP. The lack of GP effect on broilers visceral 
organs observed in this experiment is similar to that re-
ported by previous research. Raeesi et al. (2010) [31] 
reported garlic at levels of 1% and 3% had no significant 
effects on relative weights of carcass, fat pad, or diges-
tive organs among different treatments except for the 
small intestine. Similar trend was observed for small 
intestine and cecum relative weights. These findings are 
in agreement with the findings of Hashish et al. (1995) 
[32] and Ceylan et al. [33] (1998).  

Results of this study showed that all carcass cuts 
(thigh, breast, back and neck) were the same in broilers 
of control GP groups. This result is in disagreement with 
previous research where supplementation of 1% GP 
caused higher thigh yield while the poorest thigh yield 
belonged to 3% GP group. Groups received 1% garlic 
powder significantly had higher breast yield than others 
[31]. 

4.4. Digestibility 

The apparent digestibility of total tract DM, CP and 
EE was improved (P < 0.05) by the addition of the GP 
compared to that in the control diet. These findings are in 
agreement with previous research of Hernandes et al. 
(2004) [18] who showed that plant extract supplementa-
tion improved apparent whole tract digestibility of the 
nutrients.  
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The improvement of total tract digestibility in broilers 
fed different levels of GP was probably due to herbal 
effects in increasing the microbial population especially 
the number of bacteria such as E. coli, Clostridium spp. 
and Enterococci. The efficacy of any dietary feed addi-
tives observed under less hygienic housing conditions, 
especially under the separate floor pens equipped with 
wood shaving litter stimulates the activity of the feed 
additives. The isoprene derivatives, flavonoids, glucosi-
nolates and other plant metabolites may affect the physi- 
ological and chemical function of the digestive tract. The 
stabilizing effect on intestinal microflora may be associ-
ated with intermediate nutrient metabolism [11,34,35]. 
The active principles of essential oils act as a digestibil-
ity enhancer, balancing the gut microbial ecosystem and 
stimulating the secretion of endogenous digestive en-
zymes and thus improving growth performance in poul-
try [36-38].  
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