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Abstract | This study evaluated the dietary allicin supplementation on reproductive performance, milk production, 
blood parameters, and antioxidant status of ewes and the performance of their lambs during May breeding season. 
Crossbred ewes (n=48, 1/2 Finish Landrace x 1/2 Ossimi) with 2-5 y old at late pregnancy were distributed into four 
groups, 12 ewes in each. The controls were fed a control diet without supplementation. The other three groups were fed 
the same diet supplemented with allicin at the level of 0, 0.4, 0.8, and 1.2 g/kg, respectively. The experimental period 
lasted 150 days (45 d prepartum, 60 d suckling, and 45 d post-partum. Results showed that allicin (0.8 and 1.2 g/kg) 
had positive impacts (P<0.05) on ewe weight prepartum, and at lambing, suckling, and mating. Milk yield as 6% fat 
corrected milk, and fat and total solids per cent in milk increased (P<0.05) by allicin levels. Allicin (1.2 g/kg) improved 
(P<0.05) rates of estrus, pregnancy, lambing, and litter size. RBCs, hemoglobin, and neutrophils increased (P<0.05) 
by allicin (0.8 or 1.2 g/kg). WBCs increased (P<0.05) by allicin (1.2 g/kg), but lymphocytes and monocytes increased 
(P<0.5) by all levels. Allicin (0.8 and 1.2 g/kg) increased (P<0.05) total proteins and globulin, while decreased (P<0.05) 
creatinine, urea, total cholesterol, and triglycerides. Allicin supplementation reduced MDA and increased GSH, SOD, 
Gxp, catalase, and GPx. Allicin treatment of ewes (0.8 and 1.2 g/kg) increased (P<0.05) LBW and weight gain (total 
and daily) from birth to weaning, IgG, GSH, SOD, catalase, and GPx, while decreased MDA in blood serum of their 
lambs. Allicin dietary supplementation (1.2 g/kg) pre-May breeding season enhanced the productivity and general 
health of crossbred ewes and their lambs. Allicin exerts these positive impacts via its ability as a scavenger of free radi-
cals by enhancing the endogenous antioxidant enzyme activities, metabolism, immunity, and reproduction. 
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INTRODUCTION

In Egypt, small ruminants are used as investments and 
insurance because of their high fertility, rapid generation 

times, and capacity for adaptation (Khalil et al., 2013). Ex-
posing to different stresses from metabolism, environment, 
or nutrition causes oxidative stress, which alters a variety 
of biological activities and cellular activity (Ibrahim et al., 
2012). Feed additives have been employed to increase an-
imal output (Nassar et al., 2017). In this respect, antioxi-
dants can help to protect function of the cells by increasing 
the antioxidant defense system’s ability to counteract the 
oxidants’ cellular alterations (Mittler et al., 2004). Several 
research revealed that chemical feed additives could have 
negative consequences and provide risks to both humans 
and animals (Schwarz et al., 2001). This could be a result 
of the hazardous residues in milk and meat, which pose a 
health risk (Russell and Houlihan, 2003). For this reason, 
the World Health Organization (WHO) advocates the 
use of natural feed additives to prevent the negative ef-
fects of artificial additives   (Mohamed et al., 2003), such as 
dose-dependent, high manufacturing cost, level of toxicity, 
possible adverse side effects (digestive disorders, diarrhea, 
and nervous disorders) ( Jha et al., 2020).

Phytobiotics gained a lot of attention in animal production 
because of their antioxidant, anti-microbial (Vamsi Duvvu 
et al., 2018), anti-inflammatory and immune-stimulatory 
(Moustafa et al., 2020) activities, and ability to lower lipid 
levels in the blood and accumulated lipid (Abdelnour et al., 
2019; Latif et al., 2021). Garlic (Allium sativum) is one of 
the most important phytobiotics having a variety of medic-
inal purposes (Adulugba et al., 2017). Garlic’s main com-
pound, according to its phytochemical analysis is allicin 
(diallyl thiosulphate), a non-protein amino acid (Marchese 
et al., 2016), in addition to other allium compounds such as 
diallyl sulfide, γ-glutamyl-S-allyl-L-cysteines, and S-allyl-
L-cysteine sulfoxides (alliin) and ajoene (Li et al., 2015; 
Suleria et al., 2015). Researchers discovered that garlic has 
a wide range of biological functions, including antimicro-
bial, anti-inflammatory, anti-atherosclerotic, anti-diabetic, 
anti-mutagenic, anti-carcinogenic, antioxidant, and im-
mune-modulation properties (El-Sheakh et al., 2016; Sin-
gh et al., 2017). Phytochemicals   have the ability to im-
prove immunity and lipid profile (Abdelnour et al., 2019), 
and help in the regulation of glycolytic and gluconeogenic 
enzyme activity in the rat liver (Chetna et al., 2019). 

Garlic extract has been used as a supplement in livestock 
production to boost growth performance (Ikyume et al., 
2017), health status (Shokrollahi et al., 2016). Allicin, a 
biologically active substance extracted from garlic bulbs, 
can be chemically synthesized. Currently, the synthetic 
rate of chemical allicin is 85–90%, whereas the extraction 

rate from fresh garlic is only 0.3% (Nakamoto et al., 2020). 
The anti-inflammatory and immunomodulatory activities 
of garlic or its bioactive molecules and formulations were 
studied in vitro and in vivo. Allicin, as a garlic extract, ap-
pears to increase the functioning of the immune system 
via stimulation of some types of cells like macrophages, 
lymphocytes, natural killer cells, dendritic cells, and eosin-
ophils, by modulating the cytokine secretion, production 
of immunoglobulins, phagocytosis, and activity of mac-
rophages (Arreola et al., 2015). As a result of its low cost, 
high purity of active ingredients, and significant medicinal 
properties, chemically synthesized allicin has been widely 
used in animal production. (Chen et al., 2021). Recent-
ly, allicin was used as a strong natural antioxidant for im-
proving the activity of antioxidant enzymes, decreasing the 
inflammation and oxidative stress in rabbits (Alam et al., 
2018) and preventing apoptosis via activating extracellular 
signal-regulated kinase in rats (Abdel-Daim et al., 2017). 
Generally, allicin enhanced the reproductive performance, 
ovulatory response (ovulation rate, embryo quality, pro-
tein metabolism, antioxidant enzyme activities, and liver 
and kidney functions of doe rabbits (El-Ratel et al., 2020). 
Nevertheless, reported findings had no further support to 
the hypothesis of the allicin effects on the reproductive ef-
ficiency and healthy ewes during May breeding season in 
Egypt, which is characterized by low fertility of ewes in 
comparison with the September breeding season. 

Therefore, the current study aimed to evaluate the role of 
dietary allicin supplementation, as feed additives, to im-
prove growth, hemato-biochemical parameters, milk yield, 
immunity, and antioxidant status of crossbred ewes in May 
season. Also, the growth performance, immunity, and anti-
oxidant status of their offspring were evaluated. 

MATERIALS AND METHODS

The present study was carried out at Sakha Animal Pro-
duction Research Station, Animal Production Research 
Institute (APRI), Agricultural Research Center, Ministry 
of Agriculture, Egypt, in cooperation with the Faculty of 
Veterinary Medicine Kafrelsheikh University, Egypt. The 
experimental work was conducted during the period from 
January to Jun.

aNiMals, feeDiNg systeM, aND experiMeNtal 
DesigN
A total of 48 pregnant ewes (Crossbred: 1/2 Finish Lan-
drace x 1/2 Ossimi) with an age of 2-5 years and an average 
body weight of 45.51±1.49 kg was used in this study. All 
ewes were pregnant during the previous September breed-
ing season, 2020. Ewes were kept in separate groups under 
semi-open sheds with the same managerial conditions.  All 
ewes appeared healthy, sheared at the previous breeding 
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season in September 2020 and free from any ailments. 

The experimental ewes were fed on a diet including con-
centrate feed mixture (CFM) and fresh berseem (Trifolium 
alexandrinum, 2-3 cuts) with a roughage: concentrate ratio 
of 40:60, while fresh water and mineral salts were freely 
available throughout the experimental period. The diet was 
designed to meet the nutritional needs of ewes during late 
pregnancy and early postpartum according to NRC (2007). 
Chemical analysis on dry matter basis of CFM and fresh 
berseem according to the methods of the AOAC (1995) is 
shown in Table 1. The amounts of feed were adjusted ac-
cording to the physiological and productive stages of ewes. 
The animals were weighed every two weeks and feed was 
changed according to variations in body weight and the 
animals’ physiological conditions. 

Ewes used as experimental animals in this study were 
pregnant during September breeding season and at late 
pregnancy at the beginning of the experimental period 
( January). The experimental ewes (n=48) were distributed 
into four groups, 12 ewes in each, according to live body 
weight and reproductive stage. Ewes in the control group 
were fed the diet (CFM and fresh berseem) without any 
supplementation. The other three groups were fed the same 
diet supplemented with allicin (Anhui Ruisen Biological 
Technology) at levels of 0.4, 0.8, and 1.2 g/kg (on DM 
basis), respectively. The trial lasted 150 days, including 40-
45 d prepartum, 60 d suckling, and 40-45 d post-partum.

experiMeNtal proceDures
Live weight (LBW) of ewes was recorded 45- and 7-day 
prepartum, and at lambing, weaning, and mating. LBW 
of lambs was recorded at birth and weaning, and then 
total and average daily gain was computed during the 
birth-weaning interval. Milk production was estimated 
once/week for each ewe by a suckled-hand method accord-
ing to Baker et al. (2009) from the 2nd to the 8th week of the 
suckling period. Amount of the suckled milk = difference 
between LBW of lambs separated from their dams for 12 
h and suckling for 10 min. Daily milk yield = (the suckled 
milk + milk of hand milking after the suckling) x2. Fat 
corrected milk (FCM) yield can be calculated by the fol-
lowing equation: 
FCM 6% (kg/d) = milk yield (kg/d) × [0.472+0.0088×fat 
(g/kg)] (Milis., 2008)

Samples of the milk were taken for chemical analysis for 
the percentages of fat, protein, lactose, solids not fat (SNF), 
and total solids (TS) by Milko-Scan (133 BN. FOSS Elec-
tric, Denmark).   

blooD saMples   
Two blood samples (1st as whole blood and 2nd as serum) 

were collected from the jugular vein of 7 ewes and 5 lambs 
per group. Blood samples of ewes were taken at the end 
of the experimental period for hematological in the whole 
blood, and for biochemical parameters, lipid peroxidation 
markers, and antioxidant enzymes in blood serum. Blood 
samples of lambs were taken on the 3rd day of age for im-
munoglobulin, lipid peroxidation markers, and antioxidant 
enzymes in blood serum.

The first one was collected into a container containing 
EDTA to assess hematological parameters, including red 
blood cells (RBCs), hemoglobin (Hb), packed cells volume 
(PCV), white blood cells (WBCs), neutrophils, lympho-
cytes, monocytes, and eosinophils counts by the methods 
as described by (Coles, 1986; Coffin, 1995). The 2nd blood 
samples were collected without anticoagulant and left to 
clot, then centrifuged at 3000 rpm for 10 minutes to sep-
arate serum which was stored at -20 °c until used for ana-
lytical procedures.

aNalytical proceDures
Serum samples were analyzed for concentrations of to-
tal proteins and albumin (Henry et al., 1974), urea and 
creatinine (Siest et al., 1981), and triglycerides and total 
cholesterol (Richmond, 1973). However, globulin (Glob) 
concentration was computed by subtracting albumin con-
centration from TP. The serum enzymatic activities of ala-
nine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) were also assayed as described by Reitman 
and Frankel (1957). All biochemical analyses were per-
formed using spectrophotometer commercial kits (Bio di-
agnostics, Cairo, Egypt). All chemicals used in this study 
were of analytical grade.

Serum malondialdehyde (MDA) level was used to assess 
lipid peroxidation according to Ohkawa et al. (1979). The 
activity of glutathione peroxidase (GPx), superoxide dis-
mutase (SOD), reduced glutathione (GSH), and catalase 
was determined in the blood serum of ewes or lambs ac-
cording to Paglia and Valentine (1967), Owens and Belch-
er (1965), Beutler et al. (1963), and Aebi (1984), respec-
tively. We bought all of our kits from Biodiagnostics, Cairo, 
Egypt.

reproDuctive perforMaNce MeasureMeNts
After a one-month postpartum period, estrus was detected 
by exposure ewes to ram teaser. To recognize ewes in heat, 
the teaser ram was employed twice daily, from 6 to 8 am 
and 3 to 4 pm. Ewes in heat were offered to fertile ram. 
One mating was served for ewes discovered in heat and 
another mating was served 12 h later. Ewes were deemed 
pregnant if they had gone through two estrous cycles with-
out heating. 
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Estrus rate (number of ewes in heat/total number of ewes 
x100), conception rate (number of pregnant ewes/number 
of mated ewes x100), pregnancy rate (number of pregnant 
ewes/total number of ewes x100), lambing rate (number of 
pregnant ewes/numbers of lambed ewes x100), and twin-
ing rate (number of ewes with twining/number of lambed 
ewes x100) was computed in each group. 

statistical aNalysis
The results were tabulated as the mean ± standard errors. 
Before analysis, data were tested for normality and homo-
geneity by Shapiro-Wilk’s test and Levene’s test, respec-
tively. One-way analysis of variance (ANOVA) was used 
for all statistical analyses. A Chi-square test was used to 
analyze conception, pregnancy, lambing, and twining rates. 
The significant differences among means were separated by 
Duncan Multiple Range test and the significant differenc-
es were at values of P<0.05.

RESULTS AND DISCUSSION

live boDy WeigHt of eWes 
Allicin supplementation at levels of 0.8 and 1.2 g/kg had 
a substantial positive impact (P<0.05) on ewe weight at 
late pregnancy (45 and 7-day pre-partum), lambing, wean-
ing, and mating as compared to control. However, allicin 
treatment at a level of 0.4 g/kg increased (P<0.05) LBW 
of ewes only on Day 7 pre-partum and at weaning when 
compared to the control. Ewes receiving allicin at a level of 
0.8/kg were the heaviest at all stages (Figure 1). 
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Figure 1: Average live body weight of ewes at late 
pregnancy (45- and 7-day pre-partum), lambing, weaning, 
and mating as affected by allicin administration. (a and b: 
Significant group differences at P<0.05)

These results indicated a beneficial effect of allicin treat-
ment on LBW of ewes pre- and post-partum. The im-
provement observed in LBW of ewes may be attributed to 
that, allicin improves the rumen feed digestibility, which 
probably was at the expense of the flow of by-pass pro-
teins to the small intestine in dairy cows (Ghosh et al., 

2010). The dietary garlic oil administration decreased the 
concentration of reticular total short-chain fatty acids and 
tended to reduce the ruminal acetate-to-propionate ratio 
without effect on cattle ruminal pH value (Castillo-Lopez 
et al., 2021). Also, the addition of garlic juice in vitro was 
found to increase the production of propionate and decline 
the acetate-to-propionate ratio (Kekana et al., 2021). It is 
well recognized that antioxidants from natural sources are 
essential for enhancing the performance, immune system, 
and general health of the animal (El-Ratel et al., 2017). 
Antioxidants include anti-microbial, anti-inflammation, 
and immune-stimulating properties (Indrasanti et al., 
2017), which may include in animal growth enhancement. 
It is of interest to note that the loss in LBW of ewes at 
lambing was lower in allicin treatment groups than in the 
control group. In this respect, Shams Al-dain and Jarjeis 
(2015) observed the impact of antioxidants (ginger) by los-
ing lower weight in treated than in control cows.  

Milk proDuctioN
The average daily yield as a 6% fat-corrected milk and 
chemical composition of milk including fat and total sol-
ids percent were increased (P<0.05) by all allicin levels as 
compared to the control. The effect of allicin on milk yield 
and fat content was in a dose-response manner. However, 
allicin had a non-significant effect on percentages of milk 
protein, lactose, and solid not fat in treatment groups as 
compared to the control group (Table 2).

In association with enhancement in LBW of ewes in 
treatment groups, milk yield and contents of fat and to-
tal solids were improved (P<0.05, Table 2). According to 
several authors, animals treated with natural antioxidants 
such as black seed or ginger increased milk yield in ewes 
(El-ghousein, 2010) and dairy cows (Shams Al-dain and 
Jarjeis, 2015). In this context, the dietary inclusion of gin-
ger powder (5 g/h/d) boosted the fat percentage in ewe 
milk (Hendawy et al., 2019). These impacts may be a result 
of the high efficiency of ruminal activity, which improved 
milk quality due to the general improvement of farm ani-
mals’ immune systems. The increase observed in fat content 
in the milk of treatment groups may be caused by the al-
tered ruminal acetate proportion by allicin administration 
(Kholif et al., 2012). 

reproDuctive perforMaNce of eWes iN May 
breeDiNg seasoN 
Allicin administration at a level of 1.2 g/kg improved 
(P<0.05) the reproductive performance of ewes in terms 
of increasing estrus rate, pregnancy rate, lambing rate, and 
litter size in comparison with control. However, allicin at 
a level of 0.8 g/kg improved (P<0.05) only pregnancy and 
lambing rates as compared to the control. On the other 
hand, the lowest level of allicin failed to change any of the 
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Table 1: Chemical composition of concentrate mixture (CM).  
Item Chemical composition (%) TDN%

DM OM CP CF EE Ash NFE
Concentrate Feed Mixture* 92.33 92.41 14.36 11.08 3.16 7.59 63.81 78.76
Fresh berseem 17.25 88.13 14.08 25.95 1.88 11.87 46.22 74.52

Table 2: Effects of allicin treatment on milk yield and composition of ewes during the suckling period (60 days). 
Item Control

group
Allicin group p-Value
0.4 g/kg diet 0.8 g/kg diet 1.2 g/kg diet

6% fat corrected milk (g/d) 532.9±0.07c 563.7±0.09b 625.8±0.15a 641.5±0.17a 0.01
Milk composition
Fat (%) 6.41±0.03c 6.52±0.03b 6.67±0.05a 6.71±0.07a 0.03
Protein (%) 5.42±0.13 5.63±0.17 5.61±0.17 5.58±0.13 0.13
Lactose (%) 5.33±0.41 5.26±0.40 5.18±0.38 5.12±0.38 0.41
Total solids (%) 17.91±0.52c 18.12±0.55b 18.22±0.52a 18.17±0.52a 0.05
Solids not fat (%) 11.50±0.47 11.60±0.47 11.55±0.42 11.46±0.42 0.47

a, b, and c: Mean values within the same row with different superscripts are significantly different (P<0.05). 

Table 3: Effects of allicin treatment on reproductive performance of ewes during May mating season.
Item Control group Allicin group

0.4 g/kg diet 0.8 g/kg diet 1.2 g/kg diet
Total number of ewes 
Body weight at mating (kg)
Number of ewes with estrus
Estrus (mating) rate
Number of pregnant ewes
Conception rate
Pregnancy rate
Number of lambed ewes 
Lambing rate
Total number of lambs born
 Litter size (Prolificacy)
Number of twins
Twining rate

12
47.2±0.81b

9
9/12 (75.00b)
8
8/9 (88.89)
8/12 (66.66b)
7
7/8 (87.50b)
9
1.28±0.08b

2
2/7 (28.50b)

12
47.8±0.84b

9
9/12 (75.00b)
9
9/9 (100)
9/12 (75.00ab)
8
8/9 (88.88b)
10
1.25±0.08b

2
2/8 (25.00b)

12
49.8±0.80a

10
10/12 (83.33ab)
10
10/10 (100)
10/12 (83.33a)
9
9/10 (90.00a)
12
1.33±0.09ab

3
3/9 (33.33ab)

12
49.8±0.85a

11
11/12 (91.67a)
10
10/11 (90.90)
10/12 (83.33a)
10
10/10 (100a)
14
1.40±0.09a

4
4/10 (40.00a)

Note: Means within the same row with different superscripts are 
significantly different (P<0.05). 
Estrus, conception, pregnancy, lambing, and twining rates were 
statistically analyzed by the Chi-square test.

reproductive performance parameters studied (Table 3). 

The obtained beneficial effects on most reproductive per-
formance parameters of ewes in May breeding season in 
the group that received the highest level (1.2 g/kg) as com-
pared to the control or other allicin groups are similar to 
outcomes noted in ewes-fed diets with garlic in powder 
or oil form (Nassar et al., 2017) and in female rats admin-
istrated with garlic as aqueous extract (Raj et al., 2012). 
These results confirmed that ovulation and ovarian func-
tions in rabbits were improved by natural antioxidants pro-
duced by plants (Zhong and Zhou, 2010). Also, dietary 
allicin supplementation was reported to be positive on the 
reproduction of chickens (El-Katcha et al., 2016).

In reproductive aspects, allicin administration showed a 
significant increase in ovulation rate, CLs number, and 
live litter size at birth in rabbits (El-Ratel et al., 2020) 
and in rats (Al-Masri, 2015). Allicin’s numerous benefits 
for maintaining good health, including its anti-microbial, 
anti-inflammatory, and immunomodulatory qualities were 
reported (Indrasanti et al., 2017). Oral allicin administra-
tion significantly improved serum P4 levels during preg-
nancy and post-partum, and embryo quality in rabbits as 
compared to the control (El-Ratel et al., 2020). The in-
creasing litter size and twining rate in ewes receiving alli-
cin at a level of 1.2 g/kg diet may be attributed to that, high 
allicin level may increase GnRH (LH-RH) level, leading 
to an increase in LH level to keep CLs (Behnaz, 2014). 
Moreover, allicin treatment may improve embryo quality 
via a direct impact on ovarian tissues and/or an indirect 
impact on the health and immunity of ewes in treatment 
groups (El-Ratel et al., 2020). 
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HeMatological paraMeters
Red blood cell (RBCs) count, hemoglobin (Hb) concen-
tration, and neutrophils count increased (P<0.05 by allicin 
at a level of 0.8 or 1.2 g/kg. The count of WBCs increased 
(P<0.05) only by allicin (1.2 g/kg), but lymphocyte and 
monocyte count increased (P<0.5) by all allicin levels. On 
the other hand, PCV, erythrocytic values (MCV, MCH, 
and MCHC), and eosinophils were not affected by allicin 
treatment (Table 4).

Following the present results, several authors found an im-
pact of natural antioxidant treatment on RBCs in Zaraibi 
kids treated with Nigella sativa (Habeeb and El-Taraba-
ny, 2012). Also, RBCs, hemoglobin, PCV, platelets, and 
WBCs were improved in dairy cows fed ginger powder as 
compared to the control (Shams Al-dain and Jarjeis, 2015). 
The positive impact of medicinal plants on the hematolog-
ical parameters may be attributed to folic acid, iron, and 
vitamin C as blood-forming factors that stimulate blood 
production in the bone marrow (Khattab et al., 2011).

blooD biocHeMicals
The present results indicated that allicin levels (0.8 and 1.2 
g/kg) increased (P<0.05) concentration of total proteins 
and globulin concentrations, while decreased (P<0.05) 
creatinine, urea, total cholesterol, and triglycerides concen-
trations in blood serum of ewes. However, allicin at a level 
of 0.4 g/kg only decreased (P<0.05) serum total cholesterol 
and triglycerides. On the other hand, a non-significant ef-
fect was found for allicin treatment on the concentration of 
albumin and activity AST and ALT (Table 5).

Blood biochemical parameters can offer important de-
tails about the physiological status and give a sign of how 
healthy breeding ewes are. In our study, we observed an 
improvement in protein metabolism, in terms of increasing 
serum total proteins and globulin concentrations in ewes as 
affected by allicin treatment (0.8 or 1.2 g/kg). In this con-
text, El-Ratel et al. (2020) reported that allicin treatment 
(10 mg/kg body weight) significantly enhanced serum to-
tal proteins, albumin, and globulin in doe rabbits, but se-
rum AST and ALT activities were significantly decreased 
as compared to the control. We also found a slight reduc-
tion in transaminases activity (AST and ALT, P>0.05) in 
serum of ewes, as a marker of normality in liver function, 
whereas allicin also kept intact hepatic structure through 
the non-significant changes in serum hepatic injury bi-
omarkers. Positive outcomes of allicin on liver function 
were reported on broiler chickens (El-Katcha et al., 2016) 
and rabbits (Alagawany et al., 2016) treated with allicin, 
and also in buffalo calves given garlic (Vamsi Duvvu et al., 
2018). Moreover, aqueous garlic extract also helped rabbits 
with hepatic steatosis (Arhan et al., 2009). Organo-sulfur 
compounds found in garlic have a beneficial effect on liv-
er function in rats (Ajayi et al., 2009) by maintaining cell 

membrane stability and shielding the liver from noxious 
substances and free radical-mediated toxic damage (Alam 
et al., 2018). 

As markers of normal kidney function of ewes treated with 
allicin, urea, and creatinine levels were decreased (P<0.05) 
by allicin administration at levels of 0.8 and 1.2 g/kg diet. 
In agreement with this finding, Nassar et al. (2017) noted 
a decrease in urea concentration as a result of the inhibito-
ry effect of garlic oil on deamination in ewes. Also, allicin 
had a positive effect on lipid profile by decreasing the level 
of total cholesterol and triglycerides of ewes in our study. 
Amin et al. (2015) stated that the periodic administration 
of five ml garlic extract in grazing lamb declined serum 
cholesterol concentrations. This can aid in lowering the ac-
cumulation of fat in mutton and enhancing the quality of 
the meat. This result indicated the hypo-lipidemic effect 
of allicin. 

lipiD peroxiDatioN aND aNtioxiDaNt eNzyMe 
activity
Allicin supplementation improved (P<0.05) lipid peroxi-
dation by decreasing MDA level and increasing the activ-
ity of the endogenous antioxidant enzymes such as GSH, 
SOD, catalase, and GPx in comparison with the control. 
Allicin treatment at a level of 1.2 g/kg showed the high-
est impact on lipid peroxidation and antioxidant status of 
ewes (Table 6).

These results indicated that allicin, as an organic disulfide 
formed from alliin, exhibited potent antioxidant and an-
ti-inflammatory actions (Abdel-Daim et al., 2019), capa-
ble of decreasing ROS signaling pathways and boosting 
the activity of endogenous antioxidant enzymes (Abush-
ouk et al., 2017). Additionally, allicin may exert its effects 
directly or indirectly by activating phase II detoxifying 
enzymes through a nuclear factor erythroid 2-depend-
ent route (Abdel-Daim et al., 2019). Although the SOD 
is crucial for shielding cells from ROS-related harm, this 
may be because the right nutrients are being added to the 
diet as supplements. (Ashour et al., 2014). In the same way, 
allicin treatment reduced the level of TBARS, as a lipid 
peroxidation marker, but did not affect the activity of GSH 
and SOD in doe rabbits (El-Ratel et al., 2020). 

groWtH perforMaNce, iMMuNity, aND 
aNtioxiDaNt status of eWe offspriNg
Growth performance parameters of lambs produced by 
ewes treated with allicin at levels of 0.8 and 1.2 g/kg were 
increased (P<0.05) in terms of increasing LBW at birth 
and weaning as well as total and daily weight gain from 
birth to weaning in comparison with those produced from 
ewes in the control group and ewes treated with allicin at a 
level of 0.4 g/kg (Table 7).
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Table 4: Effects of allicin treatment on hematological parameters of ewes at the end of the experimental period. 
Item Control group Allicin group p-Value

0.4 g/kg diet 0.8 g/kg diet 1.2 g/kg diet
RBCs (x106/μl) 10.7±0.45b 10.94±0.41ab 11.06±0.82a 11.36±1.36a 0.03
WBCs (x103/μl) 9.52±0.42b 10.55±1.98ab 10.65±0.5ab 10.86±1.20a 0.05
Hemoglobin (g/dl) 10.56±0.26b 11.03±1.23ab 11.50±0.50a 11.73±1.23a 0. 05
Packed cell volume (%)                  30.1±2.66 32.33±2.4 31.58±2.72 30.9±0.57 0. 07
Erythrocytic values
MCV (fl) 28.10±0.4 28.27±1.01 28.63±1.39 28.50±1.55 0.98
MCH (pg) 9.87±0.57 10.10±0.55 10.40±0.82 10.32±0.53 0.98
MCHC (%) 35.13±1.61 35.66±1.09 36.32±4.6 36.28±0.39 0.98
WBCs fractionation
Neutrophils (x103/μl) 2.11±0.56b 2.33±0.38ab 2.48±0.41a 2.46±0.18a 0.05
Lymphocytes (x103/μl) 6.30±0.30b 6.97±1.14a 6.92±0.16a 6.99±1.13a 0.01
Monocytes(x103/μl) 0.82±0.06b 0.95±0.05a 0.94±0.07a 1.09±0.09a 0.05
Eosinophils(x103/μl) 0.29±0.10 0.30±0.23 0.31±0.11 0.32±0.04 0.76

Note: Means within the same row with different superscripts are significantly different (P<0.05). 
Abbreviations: RBCs, red blood cells; WBCs, white blood cells; MCV, mean corpuscular volume; MCH, mean corpuscular 
hemoglobin; MCHC, mean corpuscular hemoglobin concentration. 

Table 5: Effects of allicin treatment on biochemical analyses and activity of AST and ALT in serum of ewes at the end 
of the experimental period.
Item Control group Allicin group p-Value

0.4 g/kg diet 0.8 g/kg diet 1.2 g/kg diet
Total proteins (g/dl)
Albumin (g/dl)   
Globulin (g/dl) 
AST (U/ml)
ALT (U/ml)
Creatinine (mg/dl)
Urea (mg/dl) 
Total cholesterol (mg/dl)
Triglycerides (mg/dl) 

6.56±0.13b

3.54±0.16
3.02±0.13b

40.15±0.43
16.35±0.21
1.13±0.03a

25.56±0.11a

156.6±1.12a

111.80±0.96a

6.58±0.13b

3.56±0.16
3.02±0.13b

39.85±0.40
14.85±0. 20
1.14±0.03a

24.12±0.13a

131.7±1.13b

99.81±0.96b

6.73±0.14a

3.52±0.16
3.21±0.14a

39.16±0.35
14.75±0. 21
0.95±0.13b

21.95±0.13b

120.3±1.02c

92.35±0.96b

6.85±0.15a

3.59±0.16
3.26±0.14a

38.11±0.36
14.58±0.21
0.93±0.13b

20.11±0.13b

114.6±1.02c

87.56±0.96c

0.03
0.16
0.04
0.55
0.52
0.04
0.05
0.03
0.01

Note: Means within the same row with different superscripts are significantly different (P<0.05).

Table 6: Effects of allicin treatment on lipid peroxidation markers and antioxidant enzymes in serum of ewes at the end 
of the experimental period.
Item Control group Allicin group p-Value

0.4 g/kg diet 0.8 g/kg diet 1.2 g/kg diet
MDA (nmol/ml) 18.32±1.02a 16.94±1.09b 16.83±0.42b 15.41±0.85c 0.05
GSH (nmol/ml) 10.03±0.69c 10.76±0.70b 10.86±1.40b 11.20±1.49a 0.05
SOD (U/ml) 9.66±0.32c 10.07±0.49b 10.94±0.56b 12.16±0.87a 0.03
CAT  (U/ml) 10.26±0.17b 10.31±0.56b 11.06±0.74a 11.81±0.5a 0.02
GPx (pg/ml) 4.44±0.90c 5.83±0.57b 6.47± 0.53a 6.31±0.53a 0.01

Note: Means within the same row with different superscripts are significantly different (P<0.05). 
 Abbreviations: MDA, malonaldehyde; GSH, reduced glutathione; SOD, superoxide dismutase; CAT, catalase; GPx, glutathione 
peroxidase. 

Treatment of ewes with all allicin levels significantly im-
proved immunity, reduced lipid peroxidation (MDA), and 
increased antioxidant enzymes (GSH, SOD, catalase, and 
GPx in the blood serum of their lambs (Table 8).

The obtained improvement in growth and milk perfor-
mance, health status, protein metabolism, and antioxidant 
status of ewes treated with allicin (0.8 or 1.2 g/kg) during 
pre- and post-partum reflected in beneficial effects on
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Table 7: Effects of ewe treatment with allicin on growth performance of their lambs during the suckling period 
Item Control group Allicin group p-Value

0.4 g/kg diet 0.8 g/kg diet 1.2 g/kg diet
LBW at birth (kg) 
LBW at weaning (kg)
Total weight gain (kg)
Average daily gain (g/day)

3.41±0.24b

12.35±0.44b

8.94±0.95b

149.0±0.41b

3.38±0.23b

12.25±0.41b

8.87±0.95b

147.8±0.43b

3.75±0.20 a

12.95±0.52a

9.20±0.96a

153.3±0.52a

3.58±0.24a

13.28±0.46a

9.70±0.96a

161.6±0.56a

0.04
0. 05
0.05
0.05

Note: Means within the same row with different superscripts are significantly different (P<0.05). 

Table 8:  Effects of ewe treatment with allicin on immunoglobulin (IgG), malondialdehyde, and antioxidant enzymes in 
serum of their lambs at one week of age.
Item Control group Allicin group p-Value

0.4 g/kg diet 0.8 g/kg diet 1.2 g/kg diet
IgG (mg/ml) 2.56±0.47b 5.43±1.30a 5.36±0.65a 5.74±0.73a 0.01
MDA (nmol/ml) 13.86±0.55a 10.65±0.74b 10.22±0.29b 10.43±0.29b 0.01
GSH (nmol/ml) 4.38±0.71c 7.25±1.64b 7.75±0.58b 8.03±0.16a 0.01
SOD (U/ml) 6.46±0.57c 6.95±0.98b 7.39±0.62a 7.98±1.51a 0.01
CAT (U/ml) 10.08±1.0c 9.99±0.35c 10.84±1.47b 12.10±1.59a 0.05
GPx (pg/ml) 4.76±0.90c 5.54±1.12b 6.14±0.78a 6.48±0.51a 0.05

Note: Mean values within the same row with different superscripts are significantly different (P<0.05). 
Abbreviations: IgG, immunoglobulin type G; MDA, malonaldehyde; GSH, reduced glutathione; SOD, superoxide dismutase; CAT, 
catalase; GPx, glutathione peroxidase. 

their offspring in a dose-response manner. Abu Bakr 
(2019) stated that the body condition score of the dams 
and the preceding nutritional state of the ewes are two ex-
amples of factors that can affect the birth weight of lambs 
at birth and at weaning. The viability rate of kits increased 
by the treatment of doe rabbits with allicin (El-Ratel et 
al., 2020). In comparison with lambs of the control ewes, 
lambs of allicin-treated ewes showed significantly higher 
serum immunoglobulin (IgG) levels. Allicin improved the 
immunity of young animals (Wang et al., 2011) by elevat-
ing immunoglobulins levels of types IgG and IgM (Alam 
et al., 2018), and increasing phagocytosis and stimulating 
lymphocyte proliferation (Wang et al., 2011). This might 
be attributed to the positive effect of medicinal plants on 
the immune response that is advantageous for the animal 
as a whole (Lavinia et al., 2009). 

The majority of natural antioxidants play an important role 
in increasing the reproduction, immunity, and health of 
rabbits (El-Ratel et al., 2017). Allicin, as a natural antiox-
idant, has many anti-microbial, anti-inflammation, immu-
nomodulatory, and hypoglycaemic properties (Indrasanti et 
al., 2017). Garlic contains a lot of flavonoids, which stim-
ulate the humoral immune response directly or indirectly 
by promoting B-cell proliferation and differentiation with 
accelerating T-cell proliferation (Acamovic and Brooker, 
2005). Garlic has anti-microbial and immune-modulat-
ing effects due to its various organo-sulphur compounds, 
particularly allicin (Salem and Salem, 2016). Furthermore, 
garlic is able to decrease the growth and colonization of 

many pathogenic and non-pathogenic bacteria in the gut, 
which leads to better use of feed and improved immune re-
sponse in growing rabbits (Nozarian et al., 2011) through 
its inhibitory effect on a specific thiol-containing enzyme 
in microorganisms with stimulation of intracellular bacte-
rial thiol content oxidation by thiosulfate compounds in 
garlic (Lee and Gao, 2012). Improving the immune re-
sponse of lambs is associated with increasing the activity 
of antioxidant enzymes (GSH, SOD, catalase, and GPx) 
and decreasing MDA levels in blood serum. Allicin ad-
ministration (10 gm per kg LBW) exhibited the highest 
immunity response and lipid peroxidation of doe rabbits, 
in terms of increasing serum immunoglobulins (IgG and 
IgM), as immunity markers (El-Ratel et al., 2020).

CONCLUSION

According to the results of the current study, allicin dietary 
supplementation at a level of 1.2 g/kg during May breed-
ing season enhanced the productivity and general health of 
crossbred ewes and their lambs. Allicin exerts these pos-
itive impacts via its ability to scavenge free radicals and 
enhance endogenous antioxidant enzyme activities. Allicin 
also modulates organ functions, metabolism, immune re-
sponse, and reproductive performance. Allicin administra-
tion could be utilized to improve reproductive efficiency, 
milk production and composition, and to achieve higher 
gain and boost farmers’ net income. 
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