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 4 

ABSTRACT 5 

Poultry eggs are excellent source of all essential nutrient for persons of all ages but they have been 6 

reported to contain high level of cholesterol. This study was conducted to investigate the effect of 7 

graded levels of sun-dried garlic powder on performance, serum lipids and egg yolk cholesterol of Isa 8 

Brown laying hens. Fresh garlic bulbs were purchased from a commercial market in the northern part 9 

of Nigeria. The fresh garlic paste was subsequently thinly spread on clean a mat in direct sunlight for 10 

two days during harmattan period. The sun-dried garlic was added as an additive to the basal diet at 11 

1,2, 3, and 4% inclusion level. Fifty 18 weeks-old Isa Brown chickens were randomly distributed to the 12 

5 dietary treatments. No significant differences were observed for feed efficiency, egg weight and egg 13 

mass among the treatments. The highest feed intake was observed by chickens fed 1% garlic-based 14 

diet when compared with the control group, while 3% and 4% garlic-based diets obtained lower feed 15 

intake than the control. Birds on 1% and 2% garlic inclusion had the best hen day production. 16 

 17 
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 20 

1. INTRODUCTION 21 

Poultry eggs have been reported to be an excellent source of all essential nutrient for persons of all 22 

ages [1]. Unfortunately, poultry eggs have been reported to contain high level of cholesterol. The high 23 

cholesterol content of egg has limited its use in human diet. Kritchevsky and Krit-chevsky [2] recorded 24 

that the cholesterol content of egg could be as high as 208 mg/egg. High intake of cholesterol 25 

contributes a great deal to the development of coronary heart diseases. Weggemans et al. [3] opined 26 

that an intake of an egg per day increases coronary heart disease by 2%. This has therefore 27 

prompted a considerable research into production of low cholesterol eggs. Deposition of cholesterol is 28 

necessary to facilitate proper development of the embryo. This is why it was difficult to produce low 29 

cholesterol egg through genetic selection [1]. Research on production of low cholesterol eggs 30 

therefore centers mostly on diet and pharmacological interventions. But the high cost of 31 

hypocholesterolemic drugs limits use for investigating efficacy in lowering egg-yolk cholesterol. 32 

Reports show that lipid metabolism in chicken could be manipulated by dietary intake of fiber, spices, 33 

like onion, garlic, ginger and cholesterol lowering drugs like lovastatin and atocotrienol [4-7]. 34 

 35 

Studies on garlic have indicated that garlic contains hypoglycemic and hypolipidemic properties. The 36 

protective effects of organo-sulphur compounds from garlic on atherosclerosis have been attributed to 37 
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its capacity to reduce lipid content in the arterial wall. Orekhov and Griinwald [8] recorded that the 38 

organo-sulphur compound in garlic caused direct antiatherogenic (preventive) and antiatherosclerotic 39 

(causing regression) effects in the arterial wall. Mathevv et al. [9] concluded that the antiatherogenic 40 

of these organo-sulphur compounds could be attributed to the reactions that inhibit HMG-CoA 41 

reductase and other lipogenic enzymes. Though there have been controversial reports on the efficacy 42 

of garlic and its products as an hypolipidemic agent. Chowdhury et al. [10] reported that sun-dried 43 

garlic paste up to 8% could be used as a hypocholesterolemic agent in practical layers diets. 44 

However, some studies show that <3% of garlic powder was just enough to reduce both tissue and 45 

serum cholesterol in chicken [5, 11-12]. This study was designed to investigate the effect of graded 46 

levels of sun-dried garlic powder on performance, serum lipids and egg yolk cholesterol of Isa Brown 47 

laying hens. 48 

 49 

2. MATERIALS AND METHODS 50 

Locally produced 100 kg fresh garlic bulbs were purchased from a commercial market in the northern 51 

part of Nigeria. The garlic bulbs were gently pounded to separate into cloves. The cloves were ground 52 

to paste. The fresh garlic paste was subsequently thinly spread on clean a mat in direct sunlight for 53 

two days during harmattan period. The sun-dried garlic was added as an additive to the basal diet at 54 

1,2, 3, and 4% inclusion level. The calculated protein and energy content of the basal diet are 17.07% 55 

and 2600 Kcal/kg respectively. The composition of the experimental diets is shown in Table 1. 56 

 57 

Fifty 18 weeks-old Isa Brown chickens were randomly distributed to 5 dietary treatments. Each dietary 58 

treatment consisted of 5 replicates of 2 birds each. The birds were housed in galvanized iron cages 59 

under an intensive management system and the birds were allowed to acclimatize for 2 weeks. The 60 

experiment commenced at 20 weeks of age for the next 20 weeks. Feed and water were provided for 61 

the birds ad-libtum. Weekly feed consumption was obtained by finding the difference between the 62 

quantity of teed given to each replicate at the beginning of each week and the left over at the end of 63 

the week. The body weight of each bird was taken at the start of the experiment. After which the body 64 

weights for each bird were measured every 4 weeks.  The eggs laid were collected and the 65 

percentage hen-day production was determined from the daily egg production records. The egg mass 66 

was calculated thus: 67 

Egg mass = Egg production x egg weight  68 

100 69 

Eggs collected from each bird in each treatment at weeks 5, 10, 15 and 20 were used for the 70 

measurements of internal and external egg quality parameters. The weight of eggs laid by birds in 71 

each replicate was taken using a sensitive electronic scale. The weight of the shell was taken with a 72 

sensitive electronic scale. The egg shell thickness was taken using micrometer screw gauge. The egg 73 

yolk was separated from the albumen and the weight was also measured using an electronic scale. 74 

The yolk colour was determined using the colour range of Rouche colour fan numbered 1-15 while the 75 

yolk height was determined by the use of a vernier caliper. The vernier caliper was also used to 76 

measure the egg diameter. 77 
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 78 

Blood was collected from each bird at week 10 and 20 through the jugular vein. Blood samples for 79 

serum lipid analysis was collected in a sterile plain test-tube. The blood was allowed to clot and then 80 

centrifuged at at 2000rpm for 10 minutes. The sera samples were carefully removed using pasture 81 

pipette and were stored at -20°C until further analysis. The serum samples were analyzed for Total 82 

cholesterol (TC), Triglycerides(TG) and High-Density Lipoprotein Cholesterol (HDLc) using Randox kit 83 

(CH201, TR210 and CH203 respectively (Randox Laboratories Limited, Antrim, UK). Eggs used for 84 

analysis of yolk cholesterol were collected from each bird at 10
th
 and 20

th
 week of the experiment. The 85 

yolk was carefully separated from the albumen using a separating pan. The samples were stored at -86 

20°C until analysis. One gram of yolk was placed into a centrifuge tube. Twenty milliliters of 87 

chloroform: methanol (2:1) was added, blended on a vortex mixture. A 10//L volume of the clear 88 

extract was used for the assay of Total Cholesterol. Cholesterol Assay Kit by Dialab (D00119, Dialab 89 

GmbH, Austria) was used for the cholesterol estimation. 90 

 91 

Statistical analysis 92 

Data were analysed by analysis of variance of Completely Randomised design using SPSS version 93 

16 and the means were separated using Duncan multiple range test of the same software. Values are 94 

expressed as mean (standard error of mean(SEM)). The level of statistical significance was p<0.05. 95 

 96 

Table 1: Composition of the diets fed to experimental birds 97 

 98 

Ingredients 1(0%) 2(1% SDG) 3(2% SDG) 4(3% SDG) 5(4% SDG) 

Maize 44.5 45.0 46.5 47.0 47.5 

Palm kernel cake 9.0 9.0 8.0 8.0 8.0 

Corn bran 8.0 8.0 7.0 6.0 5.0 

Wheat bran 9.5 7.0 6.0 5.0 4.0 

Groundnut cake 7.0 8.0 8.5 9.5 10.5 

Soyabean cake 9.5 9.5 9.5 9.0 8.5 

Sun-dried garlic 0 1 2 3 4 

Fish meal 2.0 2.0 2.0 2.0 2.0 

Bone meal 3.0 3.0 3.0 3.0 3.0 

Oyster shell 6.6 6.6 6.6 6.6 6.6 

Salt 0.25 0.25 0.25 0.25 0.25 

Vitamin premix 0.25 0.25 0.25 0.25 0.25 

Methionine 0.25 0.25 0.25 0.25 0.25 

Lysine 0.15 0. 1 5 0.15 0.15 0.15 

Total 100 100 100 1 00 100 

Calculated      

Analysis      
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Crude protein (%) 17.07 17.14 17.06 17.07 17.08 

Metabolizable 2600 2596.5 2596. 1 2582.5 2568.9 

energy (Kcal/kg)      

 99 

3. RESULTS 100 

The performance parameters and serum lipids and yolk cholesterol of laying chickens fed varying 101 

levels of sun-dried garlic are presented in Tables 2 and 3 respectively, while Figure 1 shows the egg 102 

parameters of chickens fed varying levels of sun-dried garlic. No significant differences were 103 

observed for feed efficiency, egg weight and egg mass among the treatments. The highest feed 104 

intake was observed by chickens fed 1% garlic-based diet when compared with the control group, 105 

while 3% and 4% garlic-based diets obtained lower feed intake than the control. The 2% garlic-based 106 

diet compared with the control group. Garlic inclusion increased total cholesterol and HDL cholesterol 107 

in laying chickens, while it decreased LDL cholesterol and egg yolk cholesterol levels in the 108 

experimental animals. There was no significant difference recorded for the mean egg yolk weight, 109 

shell weight and shell thickness, among the treatment groups. The egg yolk height of layers fed diets 110 

supplemented with 2%, 3% and 4% SDG was significantly increased when compared with birds fed 111 

1% SDG and control diet. The egg yolk height of birds fed 1% SDG was similar to that of the control 112 

diet.  113 

 114 

 115 

 

Table 2. Performance parameters of laying chickens fed varying levels of sun-dried garlic  

Parameters Treatments 

 Control diet 1% Garlic         2% Garlic         3% Garlic         4% Garlic         

Average daily 

feed intake (g) 

99.7±0.57
b
 101.4±0.32

a
      99.3±0.46

bc
      99.1±0.83

c
      96.4±0.93

d
 

Feed Efficiency 2.53±0.24
ns

       2.34±0.10
ns

       2.49±0.12
ns

      2.52±0.21
ns

      1.99±0.09
ns

 

Egg Weight (g) 61.3±1.31
ns

         60.3±1.09
ns 

        61.2±1.02
ns 

      60.2±0.91
ns

       59.5±0.90
ns

 

Hen Day 

Production (%) 

66.9±3.27
c
      73.7±2.24

a
       71.7±3.27

b
      66.3±2.95

c
      60.9±3.31

d
 

Egg mass 

(g/day/hen) 

40.8±3.90
ns

         43.7±1.92
ns

         41.1±2.06
ns

       40.1±3.62
ns

       39.6±1.96
ns

 

ns = Nonsignificant, means with different superscripts within the same rows are significant different at 

P=0.05.  

 116 
 117 

Table 3. Serum lipids and yolk cholesterol of laying chickens fed varying levels of sun-dried garlic  

Parameters Treatments 

 Control Diet      1% Garlic         2% Garlic         3% Garlic       4% Garlic 

Cholesterol (mg/dL) 124.6±1.70
a
      101.4±4.06

b
      82.4±1.16

d
       91.7±1.12

c
      103.0±1.47

b
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HDL-Cholesterol (mg/dL) 29.4±3.68
d
      36.2±2.07

c 
     38.7±0.53

bc
        44.0±1.67

a
      40.9±0.54

b
 

Triglycerides (mg/dL) 81.3±0.51
a
       78.4±0.72

b
       75.6±0.97

d
      74.9±0.55

e
      76.9±0.67

c
 

LDL Cholesterol (mg/dL) 78.0±2.53
a
       50.0±7.78

b
       27.1±1.00d      32.0±2.88

c
      49.5±1.44b 

Egg yolk Cholesterol (mg/g) 14.4±1.06
a
        12.7±1.38

b
 10.2±0.87

c
        10.2±0.82

c
 10.5±1.01

c
 

ns = Nonsignificant, means with different superscripts within the same rows are significant different at 

P=0.05.  

 118 
 119 
 120 
 121 
 122 
 123 

A. Egg weight of chickens fed garlic         B. Yolk weight of chickens fed garlic                   124 

 125 

 126 
C. Yolk height of chickens fed garlic                   D. Yolk height of chickens fed garlic                   127 

  128 
Figure 1. Egg parameters of chickens fed varying levels of sun-dried garlic  129 

 130 
 131 

4. DISCUSSION 132 

The results indicate that birds fed 1% SDG powder had higher feed intake compare with others. This 133 

implies that 1% inclusion of SDG powder may increase acceptability of feed in laying hens. This is 134 
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consistent with the findings of Rahardja et al. [13] who observed an increase in feed intake when 135 

laying hens were fed 1% garlic powder. The feed efficiency for the treatment groups were similar, 136 

which is in agreement with this result of Sarranta and Dey [14] who reported that the inclusion of 137 

garlic powder in diet of Japanese quails did not affect the feed efficiency. The same trend was 138 

reported by Yalcin et al. [5] when laying hens were fed 0.5% and 1% garlic powder. In contrast, 139 

Shabby et al. [15] recorded that inclusion of 1-4% garlic powder in the diet of Nile tilapia fish 140 

increased feed efficiency. The highest Feed efficiency ratio recorded by Shabby et al. [15] was at the 141 

inclusion of 3% garlic powder. The reason for this disparity in result might be due to the difference in 142 

the genetic components of the animal used in each experiment. 143 

 144 

Egg weight was not affected by varying levels of SDG powder as averaged over 20 weeks period. 145 

The result of the present is in line with the findings of Khan et al. [16] who reported that inclusion of 2, 146 

6 and 8% oven dried garlic powder exerted no significant difference on egg weight of native Desi 147 

laying hens. Ashfaq [17] also reported that inclusion of garlic powder in diets of layers had no 148 

significant effect on egg weight in commercial layer stock. In contrast, El-Habbak et al. [18] reported 149 

that egg weight in commercial layers increased with supplementation of ethanol extracted garlic 150 

because egg laying rate was decreased. Also, Yalcin et al. [5] recorded an increase in egg weight 151 

when the diets of laying hens were supplemented with 0.5 and 1% commercial garlic powder. This 152 

may be due to the use of different preparation of the garlic powder and the use of ethanol extracted 153 

garlic which could yield different chemical constituents. Feeding of graded levels of garlic did not 154 

affect egg mass. This agrees with the reports of Chowdhury et al. [10] who recorded no significant 155 

difference in egg mass when laying hens were fed 2, 4, 6, 8, and 10% garlic powder. It is indicated 156 

that inclusion of 1% and 2% SDG could be sufficient to increase hen day production in Isa Brown 157 

layers. Olobaloke and Mulugeta [19] also recorded a decline in egg production at 5% inclusion of 158 

garlic powder in the diet of Dekalb white strain hens. In contrast to this finding, Reddy et al. [20] 159 

reported that egg production was not significantly affected by inclusion of 0.02% garlic oil in the diet of 160 

Babcock layers during the 8 weeks trial. The reason for this difference might be the use of low level of 161 

garlic concentration and commercial garlic oil used. 162 

 163 

The effect of the inclusion of varying levels of SDG on egg yolk weight was not significant. Also, 164 

Rahimi et al. [21] earlier reported no significant difference in yolk weight when laying hens were fed 165 

either 1.5% SDG or combination of 1.5% SDG and 200 mg/kg of cupric sulphate pentahydrate. 166 

Likewise, the study of Yalcin et al. [5] recorded no differences in yolk weights when SHSY-type brown 167 

layers were fed 0, 5, and 10g/kg garlic powder. The mean value of egg shell weight was not 168 

significant among treatment groups. It may be implied that intake of SDG did not exert negative 169 

effects in the formation of egg shell neither did it affect its weight. However, Canogullari et al. [22] 170 

reported that inclusion of 0.5%, 1% and 2% garlic powder exerted a significant decrease in egg shell 171 

weight of 50-week old Hyline white layers. Ghasemi et al. [23] also recorded decrease in shell weight 172 

when a 0.2%; mixture of garlic and thyme was included in layer diets. These inconsistent findings may 173 

be due to the differences in age and strains of the experimental birds. 174 
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 175 

The report of the study by Aouadi et al. [24] suggested that inclusion of 10% fresh garlic in the 176 

equivalent of 2-3% powder garlic to rat feed was sufficient to exert hypocholesterolemic effect on rat 177 

serum. A similar trend was also observed by Lim et al. [25] who reported that the levels of serum total 178 

cholesterol in hens fed diets containing 1%, 3% and 5% garlic powder were lower than that of the 179 

control. However, Canogullari et al. [22] found that inclusion of 0.5% - 2% garlic powder had no 180 

significant reducing effect on plasma total cholesterol rather a significant increase was observed in 181 

birds fed 1% and 2% garlic powder. This observation may be due to the difference in preparation 182 

method of garlic powder. Adebiyi et al. [26] also noted that 5% raw garlic in the diet of laying hens 183 

reduced feed intake while 2% inclusion of raw garlic had the highest hen-house production. The 184 

authors reported that the highest hypocholesterolemic effect was observed by hens fed 3% raw garlic, 185 

followed by those fed 2%, 4%, 1% and 5% raw garlic respectively. Yeh and Liu [27] also reported 186 

15% decrease in total cholesterol concentration of Sprague-Dawley rats fed 2g/100g of aged garlic 187 

extract. The reduction was attributed to both water-soluble and lipid-soluble compounds in garlic 188 

which they reported to be responsible for the cholesterol lowering effect of garlic. The reduced serum 189 

LDL cholesterol and increased HDL cholesterol observed in this study is in agreement with previous 190 

findings [6, 22, 26-31]. 191 

 192 

CONCLUSION 193 

Inclusion of sun-dried garlic at 1-5% inclusion levels decreased triglycerides, and low-density 194 

lipoprotein levels of laying hens, but increased high-density lipoprotein cholesterol. Birds on 1% and 195 

2% garlic inclusion had the best hen day production.  196 

 197 
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