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ABSTRACT: A total number of 90 Bovans White laying hens 25 weeks old 
were used in this study to evaluate fresh garlic as a natural feed additive in 
layer diets varying in their metabolizable energy content. The hens were 
randomly distributed into 6 groups of 15 birds each and assigned randomly 
for one of the experimental diets. Two experimental diets were formulated to 
be isonitrogenous (18.5% CP) but varying in their energy content. The first 
experimental diet contained low energy level (2700 Kcal/Kg diet) and was 
considered as negative control (E1), while the second experimental diet 
contained 2900 Kcal/Kg diet (E2), according to the strain catalog 
recommendation. Fresh garlic was used to substitute 0, 1.5 or 3% of the 
total feed mixture of each of the experimental diets. Accordingly, a total of 6 
experimental diets were used in (2X3) factorial design.  

The proximate analysis showed that garlic (on fresh basis) contained 
80.87% moisture, 17.80% organic matter (OM), 3.79% crude protein (CP), 
0.30% ether extract (EE), 1.86% crude fiber (CF), 1.33% ash and 11.85% 
nitrogen free extract (NFE) indicating its nutritious value in addition to its 
active medicinal substances. Regardless of dietary energy level, fresh garlic 
at 3%, decreased (P≤0.05) feed intake. Feed conversion ratio, 
insignificantly, improved due to feeding diets containing fresh garlic, when 
compared with the control. Average egg weight was improved, while egg 
production decreased (P≤0.05) due to feeding 3% fresh garlic diet. There 
was no significant difference (P≤0.05) between E1 and E2. Best feed 
conversion values were for E2 at 1.5% fresh garlic, followed by E1 at 3% 
fresh garlic, last treatment gave better economical efficiency (EEf) and 
relative economical efficiency (relative EEf), than control group (E2 
without garlic supplementation). Addition of 1.5 or 3% fresh garlic, 
insignificantly, decreased total yolk lipids (mg/g yolk), than control by 13.9 
or 7.7%, respectively. Fresh garlic had no significant effect on egg quality, 
except yolk color, Haugh unit score and yolk index. Addition of fresh garlic 
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to low energy diets improved digestion coefficients of the nutrients, while 
decreased the value of EE digestibility.  

Therefore, it is recommended to add 1.5% fresh garlic to the diets 
containing  the recommended energy, while 3% fresh garlic was effective in 
low energy diets to improve egg laying performance, bird viability, 
economic efficiency and to reduce total egg yolk lipids  

INTRODUCTION 
The possibility of developing resistant populations of bacteria and 

the side effects of using antibiotics as growth promoters in farm animals has 
led to the recent European Union (EU) ban on the use of several antibiotics 
as growth promoters in poultry diets. Therefore, there is an intensive search 
for alternatives such as herbs. These products were considered to play an 
important role in strengthening the animal defense system by improving the 
physical conditions of gut ecosystem and enhancing functions of the 
immune system of chickens (Guo, 2003). Craig (1999) reported that garlic 
(Allium sativum) has been used effectively as feed and medicine for many 
centuries. The compound that produces much of the activity of garlic is 
allicin, which is released when intact cells of a clove are cut or crushed. 
Allicin inhibits a wide variety of bacteria, molds, yeasts (including 
Candida) and viruses. The report of the same author indicated that garlic 
preparations have been found to exert an immunopotentiating effect by 
stimulating natural killer cell activity. The author added that dried garlic is 
less effective than fresh garlic or is not active at all. Research (Craig, 1999) 
has suggested that garlic protects against cardiovascular disease. Regular 
use of garlic can be effective in reducing the risk of heart attack and stroke 
because it lowers total and LDL cholesterol and triacylglycerol 
concentrations without affecting HDL cholesterol concentrations. Blood 
lipid concentrations are also favorably altered in normocholesterolemic 
subjects taking garlic. The preceding studies showed that garlic has a 
therapeutic action and it can reduce the activity of pathogens, thus 
eliminating the competitive bacteria for host nutrients.  Also, a connection 
between diet energy utilization and garlic administration was confirmed by 
Oi et al. (1995) who suggested that garlic supplementation enhances the 
triglyceride catabolism and growth of interscapular brown adipose tissue by 
increasing norepinephrine secretion. Therefore, the aim of this study was to 
evaluate fresh garlic as a feed additive in layer diets varying in their 
metabolizable energy content. 



Garlic,Natural Feed Additives, Metabolizable Energy, Laying Hen 

 319

MATERIALS AND METHODS 
A total number of 90 Bovans White laying hens 25 weeks old were 

reared under the same management conditions in egg production batteries. 
The hens were randomly distributed into 6 groups of 15 birds each. Each 
group was subdivided into five replicates (3 hens/ replicate) and assigned 
randomly for one of the experimental diets. Two experimental diets were 
formulated using linear programming to be isonitrogenous (18.5% CP) but 
varying in their metabolizable energy content. The first experimental diet 
contained low energy level (2700 Kcal/Kg diet) and was considered as 
negative control (E1), while the second experimental diet contained 2900 
Kcal/Kg diet, according to the strain catalog recommendation (E2). Fresh 
garlic was used to substitute 0, 1.5 or 3% of the total feed mixture of each of 
the experimental diets. Accordingly, a total of 6 experimental diets were 
used in (2X3) factorial design. 

The composition and chemical analyses of the control diets are 
shown in Table1. Fresh garlic was purchased from local market, it contained 
80.87% moisture, 3.79% CP, 0.30% EE, 1.86% CF, 1.33% ash and 11.85% 
NFE (on fresh basis). Mixing the control diets with well minced fresh garlic 
bulbs was carried out once a week. All diets were formulated to satisfy 
nutrient requirements of laying hens according to the strain catalog 
recommendation. Artificial light was used beside the normal day light to 
provide 16-hour day photoperiod. Feed and water were provided ad libitum. 
The experiment lasted for three months. 

 Data on egg production (EP), egg weight (EW) and feed conversion 
(FC) were recorded during the experimental period at the Poultry Farm, 
Faculty of Agriculture, Cairo University, Giza, Egypt. Representative egg 
samples (5 eggs) from each treatment were collected monthly throughout 
the experimental period in order to determine egg and shell quality. Shape 
index and yolk index were determined according to Romanoff and 
Romanoff (1949) as follows: 

Shape index (%) = (width / length) X 100 

Yolk index (%) = (height / diameter) X 100 

Egg shell thickness, including shell membranes, was measured using 
a micrometer at the equator. Haugh unit score was applied from a special 
chart using egg weight and albumin height which was measured by using a 
micrometer according to Haugh (1937), Kotaiah and Mohapatra (1974) 
and Eisen et al. (1962). The egg yolk visual color score was determined by 
matching the yolk with one of the 15 bands of the “1961, Roche Improved 
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Yolk Color Fan”. At the end of the experimental period two egg yolk 
samples from each treatment were separated from the broken eggs, 
calculated and extracted according to Folch et al. (1957). Yolk total lipids 
were colorimetrically determined using commercial kits, following the same 
steps as described by manufacture (Biodiagnostic Egypt).  

At the end of the experimental period, a digestion trial was 
conducted using six birds from each treatment to determine digestion 
coefficients of nutrients. Proximate analyses of tested fresh garlic, feed and 
excreta were carried out following A.O.A.C (1990). Chemical analyses 
were carried out at Animal Production Research Institute Laboratories, 
ARC, Ministry of Agriculture, Dokki, Giza, Egypt.  

Economical efficiency of egg production was calculated from the 
input-output analysis which was calculated according to the price of the 
experimental diets and egg produced. The values of economical efficiency 
were calculated as the net revenue per unit of total cost. 

Data from all response variables were subjected to a (2x3) factorial 
analysis using SAS (1990). Variables having significant differences were 
compared using Duncan’s multiple range test (Duncan, 1955).  

Model:    

Xij = µ + Di + Gj +(DG)ij +Eij 

Where: Xij = Any observation. 

             µ =Over all mean. 

            Di = Diets energy (i=1and 2). 

            Gj = Garlic levels (j=1, 2 and 3). 

           (DG)ij= Interaction between diets energy and garlic levels. 

           Eij= Experimental error. 

RESULTS AND DISCUSSION 

Chemical Composition of Tested Fresh Garlic 
The proximate analysis showed that garlic contained, on fresh basis, 

80.87% moisture, 19.13% dry matter (DM), 17.80% organic matter (OM), 
3.79% crude protein (CP), 0.30% ether extract (EE), 1.86% crude fiber 
(CF), 1.33% ash and 11.85% nitrogen free extract (NFE) (Table 2). The 
values, are within the ranges reported by Soliman et al. (1999) The 
chemical composition indicates the nutritious value of tested fresh garlic in 
addition to its active medicinal substances. 
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Laying Performance: 
The results presented in Table 3 showed that performance of laying 

hens was not, significantly, affected by energy levels (2700 vs. 2900 
Kcal/Kg diet). Regardless of the energy levels, fresh garlic at 1.5% level, 
insignificantly, improved egg production rate by 1.9%, when compared to 
the control diets, but egg production rate was, significantly decreased than 
control by 6.2% when birds fed 3% fresh garlic. Addition of fresh garlic at 
3% of the diet significantly (P≤0.05) increased egg weight, while decreased 
(P≤0.05) feed intake as compared to either the control or 1.5% fresh garlic 
diets.  

There was an interaction between energy level and fresh garlic level 
regarding egg weight, feed intake and feed conversion values. Addition of 
1.5% fresh garlic, to low energy diets improved egg weight, insignificantly, 
but the improvement was significant (P≤0.05) at 3% fresh garlic, when 
compared to the control diets.  

The 3% fresh garlic supplement improved (P≤0.05) egg weight of 
the birds fed the diet containing recommended energy (E2). Insignificant 
reduction in feed consumption due to addition of 3% fresh garlic to low 
energy diets was observed, while addition of fresh garlic (1.5 or 3%) to the 
diet containing recommended energy (E2) decreased feed intake 
significantly (P≤0.05), as compared to their controls.  

Addition of 3% fresh garlic to low energy diet insignificantly 
improved feed conversion ratio by 15%, while addition of 1.5% fresh garlic 
to recommended energy diet improved, significantly, feed conversion ratio 
by 17.5%, as compared to the control (E2). 

Regardless of the garlic treatments, the recommended energy diets 
scored better viability than low energy diet (96 vs. 91%). Also fresh garlic 
decreased mortality, especially at 1.5%, as compared to control. Least 
viability was observed for birds fed on the control of low energy diets and 
the recommended energy diet supplemented with 3% fresh garlic (73 and 
87%, respectively). Fresh garlic at 1.5% improved the viability of both low 
and recommended energy diet. A suggested mechanism, by which garlic 
enhance the utilization of diet energy, was explained by Oi et al. (1995) who 
revealed that diallyldisulfide, a sulfur containing, volatile, pungent 
compound of garlic, enhances norepinephrine secretion via increasing the 
activity of the peripheral sympathetic nervous system, but not epinephrine, 
in contrast to capsaicin. Norepinephrine secretion has been found to control 
the thermogenesis of interscapular brown adipose tissue (IBAT) via the 
regulation of uncoupling protein (thermogenin) synthesis in brown adipose 
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tissue (BAT). Published papers have suggested that BAT is important in the 
regulation of energy balance (Himms-Hagen, 1990).The results of Oi et al. 
(1995) suggest that increased norepinephrine secre tion accounts for a 
decrease in plasma concentrations of triglycerides and free fatty acids as a 
result of increased growth in IBAT by garlic supplementation.  

The insignificant increase in egg production due to 1.5% garlic, as 
compared with the control, was supported by Reddy et al. (1991), while the 
increase in the egg weight due to 3% fresh garlic was supported by El-
Habbak et al. (1989). Alm El-Dein (1999) observed, a positive effect of 
dietary garlic on egg production, but no effect on feed efficiency was 
observed. Prasad and Pandey (1995) supported the results of this study as 
they observed slightly improvement in feed conversion by adding 0.25% 
powder garlic to the diet of male chickens from poor growth layer strain. 
The previous results revealed that, regardless of garlic level laying 
performance was not affected by a reduction of 200 Kcal/Kg diet. Fresh 
garlic at 1.5% of the diet, regardless of diets energy, improved egg laying 
performance. Addition of 3% fresh garlic, to laying hen diets, improved, 
insignificantly, feed conversion value of the low energy diet, while 1.5% 
fresh garlic was enough to improve, significantly, feed conversion value of 
recommended energy diet.  

Egg Quality: 

External Egg Quality: 
External egg quality was not affected, significantly by diet energy, 

fresh garlic level or the interaction between them (Table 4). However, there 
was little improvement in shell weight and shell thickness due to addition of 
1.5% fresh garlic reached 2.74% and 1.61% from control, respectively. It is 
worthy to note that addition of 1.5% fresh garlic to low energy diet 
insignificantly improved shell weight, shell% and shell thickness by 2.70, 
1.60 and 6.27% of the recommended control, respectively.  

Internal Egg Quality: 
Table 4 shows that, diet energy did not affect yolk index or yolk 

percentage, while low energy diets (E1) resulted in higher (P≤0.05) haugh 
unit, yolk color and insignificant lower total yolk lipids (mg/g yolk) as 
compared with recommended energy diets (E2). Addition of fresh garlic at 
either 1.5 or 3% significantly (P≤0.05) decreased Haugh unit score, yolk 
index % and total yolk lipids, but had no effect on yolk %. Fresh garlic at 
1.5% improved (P≤0.05) yolk color. There was no significant interaction 
between energy level and fresh garlic level on internal egg quality, however 
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1.5% fresh garlic of low energy diet resulted in least total yolk lipids 
(11.61% less than the control of low energy diets, E1, and 16.85% than the 
control of recommended energy diets, E2). The insignificant effect of 
different treatments on egg quality was supported by Alm El-Dein (1999). 
The results presented by Alm El-Dein (1999) and El-Kaiaty et al. (2002) 
confirmed the reduction in yolk total lipids due to garlic supplementation.     

Digestion Trials: 
Dietary energy had no effect on digestion coefficient of nutrients 

values, except OM which was improved by low energy diet (Table 5). 
Addition of fresh garlic at 1.5%, significantly (P≤0.05) improved digestion 
coefficients of DM, OM and CP and insignificantly improved CF, NFE and 
nitrogen balance (NB), while it significantly decreased the values of EE 
digestibility (Table 5). Addition of 3% fresh garlic resulted in increasing CP 
and decreasing EE digestibilities. However, DM, OM, CF, NFE and 
nitrogen balance insignificantly recorded same improvements. Addition of 
1.5% fresh garlic to low energy diet significantly improved the digestion 
coefficients of DM and OM and insignificantly improved CF, CP and NFE 
by 2.43, 4.03, 27.06, 1.06 and 6.82% of the recommended control, 
respectively. On the other hand, it decreased digestion coefficient of EE by 
6.95%. Ghazalah and Ibrahim (1996) supported the results of this study, 
as they stated that Mascovi ducks fed either olive or garlic oils (1.25 mg 
/100 gm body weight) had the higher values of nutrients digestibility and 
nitrogen balance percentages. Also, Abdo (1998) found that 3% fresh garlic 
of broiler diet, improved OM digestibility and decreased digestion 
coefficient of EE, insignificantly when compared to the control diet (without 
garlic supplementation).  

Economical Efficiency: 
Table 6 showed the economical efficiency (EEf) and the relative 

economical efficiency (relative EEf) values. The values ranged between 
0.40-0.73 and 100-183% for the recommended control diet, without  
supplementation, and the low energy diet, supplemented with 3% fresh 
garlic, respectively. Regardless of the energy level, 1.5% fresh garlic gave 
the best relative EEf value (158 vs. 133). The most economical treatment 
was obtained when 3% fresh garlic added to the diet containing low energy 
level (E1), or 1.5% to the diet containing  the recommended energy, where 
they gave the best EEf (0.73 and 0.70 vs.0.4) and relative EEf (183 and 175 
vs.100 for recommended control).Therefore, it is recommended to add 1.5% 
fresh garlic to the diets containing the recommended energy, while 3% fresh 
garlic was effective in improving the economic efficiency of low energy 
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diets. Soliman et al. (1999)  indicated that best economic efficiency values 
were obtained by feeding diets containing 3% fresh garlic with either low 
corn oil or low poultry fat level (2.5% of the diet) as compared to the 
corresponding values of the unsupplemented diet. 

Table (1) The composition and chemical analysis of the 
control diets 

Ingredients Control 
(E1) 

Control 
(E2) 

Yellow corn 
Soybean meal (44%) 
Limestone 
Bone meal 
Corn oil 
Salt 
Premix1 
Methionine 

 
56.13 
30.98 
7.80 
2.84 
1.45 
0.31 
0.30 
0.19 

 
51.20 
31.85 
7.80 
2.84 
5.50 
0.31 
0.30 
0.20 

Total 100 100 
Calculated analysis: 
Crude protein % 
Metabolizable energy (ME Kcal/Kg diet) 
Available P% 
Calcium % 
Lysine % 
Methionine % 
Methionine + Cystine % 

 
18.5 
2700 
0.48 
3.91 
0.98 
0.48 
0.79 

 
18.5 
2900 
0.48 
3.91 
0.99 
0.49 
0.79 

1. Each 3 kg of Vit. & Min. Mixture contains: Vit. A 12000,000 IU, Vit. D3 2200,000 IU, 
Vit. E 10,000 mg, Vit. k3 2000 mg, Vit. B1 1000 mg, Vit. B2 5000 mg, Vit. B6 1500 
mg, Vit. B12 10 mg, Pantothenic acid 10,000 mg, Niacin 30,000 mg, Folic acid 1000 
mg, Biotin 50 mg, Choline 300,000 mg, Manganese 60,000 mg, Zinc 50,000 mg, 
Copper 10,000 mg, Iron 30,000, Iodine 1000 mg, Selenium 100 mg, Cobalt 100 mg, 
Ca CO3 to 3,000 gm.    

Table (2) Chemical composition of garlic 
 On fresh basis On dry matter 

basis 
Moisture,                                 % 
Dry matter (DM),                   % 
Organic matter (OM),            % 
Crude protein (CP),                % 
Ether extract (EE),                  % 
Crude fiber (CF),                    % 
Ash,                                        % 
Nitrogen free extract (NFE), % 

80.87 
19.13 
17.80 
3.79 
0.30 
1.86 
1.33 
11.85 

--- 
100 

93.05 
19.81 
1.57 
9.72 
6.95 
61.95 
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  الملخص العربي

   تقييم إضافة الثوم الطازج إلي علائق دجاج البيض
  المختلفة في محتواها من الطاقة

  ٢، زينب محمود أحمد عبده١عادل زآى محمد سليمان
   جامعة القاهرة– آلية الزراعة – قسم الإنتاج الحيواني -١

  . مصر– الدقي – معهد بحوث الإنتاج الحيواني -٢

تقيѧѧيم إضѧѧافة الثѧѧوم الطѧѧازج إلѧѧي علائѧѧق تطبيقيѧѧة للѧѧدجاج البيѧѧاض  أجѧѧري هѧѧذا البحѧѧث بهѧѧدف 
و تحتوي علي مستويين من الطاقѧة القابلѧة   ) بروتين خام% ١٨٫٥(متساوية في محتواها من البروتين  

بينمѧѧا ) آجѧѧم عليقѧѧة/  آيلѧѧو آѧѧالوري ٢٧٠٠( العليقѧѧة الأولѧѧي احتѧѧوت علѧѧي مѧѧستوى مѧѧنخفض   .للتمثيѧѧل
تѧم إضѧافة الثѧوم    ).آجѧم عليقѧة  / آيلѧو آѧالوري     ٢٩٠٠(  حتياجѧات الѧسلالة     احتوت العليقة الثانية علѧى ا     

 ٦وبالتѧالي تѧم اسѧتخدام    . من المخلوط الكلي لكل من العليقتѧين %) ٣, ١٫٥, صفر(الطازج ليحل محل   
 دجاجѧة بياضѧة     ٩٠تم اختبار هذه العلائق باستخدام عدد       ).٣ ٢x(علائق في تصميم إحصائي متداخل      

 دجاجѧة   ١٥ مجѧاميع بكѧل منهѧا        ٦تم توزيعها عشوائيا إلي     .  البوفانز الأبيض   أسبوع من نوع   ٢٥عمر  
  .في بطاريات

% ١٩٫١٣, رطوبѧѧة% ٨٠٫٨٧أوضѧѧحت نتѧѧائج هѧѧذه الدراسѧѧة احتѧѧواء الثѧѧوم الطѧѧازج علѧѧي    
, أليѧاف خѧام  % ١٫٨٦, دهѧن خѧام   % ٠٫٣, بروتين خام % ٣٫٧٩, مادة عضوية % ١٧٫٨٠, مادة جافة 
الي الازوت مما يوضح قيمته الغذائية بالإضافة إلѧي محتѧواه     مستخلص خ % ١١٫٨٥رماد و % ١٫٣٣

إلي ) بغض النظر عن مستوي طاقة العليقة  (آما أدت إضافة الثوم الطازج      . من المواد الاخري الفعالة   
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لم يكن هناك فѧروق معنويѧة فѧي الأداء الإنتѧاجي         . انخفاض المأآول  و تحسين معامل التحويل الغذائي       
أدت العلائѧѧق . لعلائѧѧق المحتويѧѧة علѧѧي المѧѧستوي الأول أو الثѧѧاني مѧѧن الطاقѧѧة      للطيѧѧور المغѧѧذاة علѧѧي ا  

ثوم طازج إلي تحسين معنѧوي فѧي متوسѧط وزن البѧيض بينمѧا أدت إلѧي انخفѧاض              % ٣المحتوية علي   
أعطت العلائق المحتوية علي احتياجات السلالة مѧن الطاقѧة المѧضاف        . معنوي في معدل إنتاج البيض    

يليها العلائѧق المحتويѧة علѧي الطاقѧة         , أفضل معامل تحويل غذائي   % ١٫٥ستوي  إليها الثوم الطازج بم   
آمѧا أدت العلائѧق الأخيѧرة إلѧي الحѧصول علѧي أفѧضل آفѧاءة           . ثوم طѧازج  % ٣المنخفضة مضافا إليها    

. اقتصادية مقارنѧة بѧالعلائق المحتويѧة علѧي احتياجѧات الѧسلالة مѧن الطاقѧة الممثلѧة بѧدون إضѧافة الثѧوم               
 ѧѧافة الثѧѧستوي   أدت إضѧѧازج بمѧѧصفار     % ٣ أو ١٫٥وم الطѧѧة لѧѧدهون الكليѧѧوي للѧѧر معنѧѧض غيѧѧي خفѧѧإل
إضѧافة الثѧوم الطѧازج      ). بدون ثѧوم  (علي التوالي بالمقارنة بالكنترول     % ٧٫٧ أو   ١٣٫٩البيض بمقدار   

إلي العلائق المنخفضة في الطاقة أدت إلѧي تحѧسين معѧاملات هѧضم العناصѧر الغذائيѧة بينمѧا أدت إلѧي                    
أظهرت النتائج العامة لهذا البحѧث خاصѧة عنѧد أخѧذ الجѧدوى              .  ت هضم الدهن الخام   خفض قيم معاملا  

إلي العلائѧق المحتويѧة علѧي احتياجѧات     % ١٫٥الاقتصادية في الاعتبار أن إضافة الثوم الطازج بنسبة   
مѧن مخلѧوط العليقѧة المحتويѧة علѧي مѧستويات منخفѧضة مѧن الطاقѧة            % ٣السلالة مѧن الطاقѧة أو بنѧسبة         

ستفادة من هذه العلائق حيѧث أدت إلѧي الحѧصول علѧي أفѧضل أداء إنتѧاجي وحيويѧة للطيѧور                      حسنت الا 
  .وآذلك تحسين جودة البيض وخفض محتواه من الدهون الكلية


