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IntroductIon

Small ruminants comprising goats and other are critical 
to the economy, especially in the food security of desert 

communities due to their ability to produce meat, milk and 
fibers under desert harsh conditions (Konlan et al., 2012). 
Animals in arid regions are subject to a variety of stresses, 
including physical, nutritional, and environmental stress. 
Heat stress is currently the most concerning among all due 
to climate change (Sarangi, 2018).  Reactive oxygen spe-

cies (ROS) are produced on by heat stress (Garrido et al., 
2004) and have a number of negative impacts on male live-
stock animals’ reproductive organs and testicular functions. 
(Pintus and Ros-Santaella, 2021). These adverse stressors 
include inhibiting spermatogenesis (Mieusset et al., 1998), 
decreasing germ cells, sperm mitochondrial malfunc-
tion (Baumber et al., 2000),  bad semen quality, abnormal 
sperm and DNA structure (Perez-Crespo et al., 2008), and 
oxidative degradation of polyunsaturated fatty acid-rich 
spermatozoa membrane lipids and proteins (Bromfield, 

research Article

Abstract | Garlic, ginger, and turmeric are all herbs with antioxidant and immunological properties; however, their 
combination may have a complementary effect on each another. That study was carried out to determine the efficien-
cy of supplementation phytochemicals mixture on semen quality, blood metabolism, oxidative status and testicular 
structures. Three groups of fourteen Damascus bucks were formed. The first group (control, n=4) served as the control 
group. The second group (n=5) supplemented with 10 g/head/day of plant herb mixtures (PHM), along with turmeric 
(Curcuma longa), ginger (Zingiber officinaleor), and garlic (Allium sativum). The third group (n=5) supplemented with 
5 g/head/day of commercial Quebracho tannins extract (QT). The findings showed that the PHM and QT groups 
had higher (P≤0.05) mean values of sperm concentration, mass motility, sperm motility, sperm viability, and cell mem-
brane integrity. Plasma testosterone concentration and number of red blood cells were higher (P≤0.05) in both treated 
groups. However alanine aminotransferase, cholesterol, total antioxidant capacity and glutathione peroxidase levels 
were reduced (P≤0.05) in both treated groups. It can be noted that, supplementing of plant herbs mixtures had positive 
effects on some reproduction and immunological traits in goat males under heat stress conditions. 

Keywords  | Herbs additives, Quebracho tannins, Antioxidants, Sperm quality, Damascus goats.

IbrahIm SamIr abd El-hamId1, alaa Emara rabEE2, mouStafa mohamEd m. a. Ghandour2, 
raSha Salah mohammEd3, ahmEd mohamEd. Sallam4

Influence of Phytochemicals on Haemato-Biochemical Parameters, 
Oxidative Status, Semen Characteristics and Histological Changes in 
Damascus Goat Bucks under Heat Stress Conditions

received | October 11, 2022; Accepted | November 15, 2022; Published | December 20, 2022  ,
*correspondence | Ibrahim Samir Abd El-Hamid, Animal and Poultry Physiology Department, Desert Research Center, Egypt; Email: Ebrahimsamir@yahoo.
com
citation | Abd El-Hamid IS, Rabee AE, Ghandour MMMA, Mohammed RS, Sallam AM (2023). Influence of phytochemicals on haemato-biochemical pa-
rameters, oxidative status, semen characteristics and histological changes in damascus goat bucks under heat stress conditions. Adv. Anim. Vet. Sci. 11(1): 112-123. 
doI | http://dx.doi.org/10.17582/journal.aavs/2023/11.1.112.123
ISSn (online) | 2307-8316

copyright:  2023 by the authors. Licensee ResearchersLinks Ltd, England, UK.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.
org/licenses/by/4.0/).

1Department of Animal and Poultry Physiology, Division of Animal and Poultry Production, Desert Research 
Center, Egypt; 2Department of Animal and Poultry Nutrition, Division of Animal and Poultry Production, Desert 
Research Center, Egypt; 3Department of Animal and poultry health, Division of Animal and Poultry Production, 
Desert Research Center, Egypt; 4Department of Animal breeding, Division of Animal and Poultry Production, Desert 
Research Center, Egypt.

http://dx.doi.org/10.17582/journal.aavs/2023/11.1.112.123
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
crossmark.crossref.org/dialog/?doi=10.17582/journal.aavs/2023/11.1.112.123&omain=pdf&date_stamp=2008-08-14


Advances in Animal and Veterinary Sciences

January 2023 | Volume 11 | Issue 1 | Page 113

2014; O’Flaherty, 2015). Additionally, heat stress affects 
males’ endocrine and biochemical states, increasing levels 
of thiobarbituric acid reactive substances (TBARs) and de-
creasing levels of glutathione peroxidase (GPx) in seminal 
plasma (Kowalowka  et al., 2008;  Marti et al., 2007) and 
reduction of  LH hormone in bulls and testosterone level 
in boars (Murase et al., 2007). Subsequently, the fertiliza-
tion capacity of sperm is reduced by an average (30% to 
80%) (Guthrie and Welch, 2012). Higher semen quality 
is required for obtaining high fertility rates following ar-
tificial insemination or natural mating in order to produce 
livestock animals effectively. The use of synthetic antioxi-
dants in animal diets has been outlawed by the European 
Commission (EC Regulation No. 1831/2003) due to evi-
dence of harmful effects on both human and animal health.
Therefore, attention was drawn to natural plant antioxidant 
sources for their effectiveness, abundance, and low cost 
(Ajao and Ola, 2021). Previous (in-vitro or in-vivo) stud-
ies on different species of animals confirmed that the use of 
plant herbs such as garlic, ginger, and curcumin (Elazab et 
al., 2022; Afele et al., 2020), either in the form of extracts, 
oils, powders, or in mixtures with other herbs, has a pos-
itive impact on the fertility and animal health (Vizzari et 
al., 2020; Maria et al., 2016). 

Phytochemical analysis of garlic reveals that garlic con-
tains varieties of enzymes (allinase, peroxidase and mira-
cynase), essential amino acids , carbohydrates (sucrose  and 
glucose),  vitamins, minerals, flavonoid (Ankri  and Mirel-
man, 1999; Focke et al., 1990), sulphides active compounds 
such as organosulfur (ajoene, allicin, dially disulphide, s-al-
lyl cysteine and s methylcysteine sulfoxide) (Shin and Kim, 
2004), allicin and allinin (Amagase et al., 2001), which 
makes it antimicrobial (Suleiman and Abdallah, 2014; 
Zouari Chekki  et al., 2014),  anti-inflammatory (Bozin  
et al., 2008), antioxidant (Asdaq, 2015). It outperforms 
synthetic antioxidants in terms of cytotoxicity (Sen et al., 
2010), anti- tumor activity (Wallace et al., 2013), and im-
mune resistance stimulation (Gafar et al., 2012). Addition-
ally, garlic reduces the LDL level and cholesterol oxidation 
rate (Yeh and Liu, 2001), regenerates liver tissue (Tatara 
et al., 2005), reduces blood pressure, and prevents heart 
disease (Varshney and Budoff, 2016). The phytochemical 
analysis of ginger reveals a variety of active components, 
including ascorbic acid, beta-carotene (de Lima et al., 
2018) and trace elements (Fe, Zn, Cu, Se, Ca, Mg, P, and 
K) according to (Sorokina and Steinbeck, 2020). In addi-
tion to, ginger is a natural antioxidant that inhibits lipid 
peroxidation, increases blood levels of glutathione, (Zhong 
and Zhou, 2013; Danwilai et al., 2017) and has androgen-
ic properties on males (Kamtchouing et al., 2002). Ginger 
also has anthelmintic properties (Kiambom et al., 2020), 
anti-inflammatory ( Jeena  et al., 2013),  and activates the 
immune system (Ali  et al., 2008). Turmeric has a variety of 

bioactive properties, including hydroxymethoxyphen and 
heptadiene (Anand et al., 2007), which play a positive role 
in sperm quality (Soleimanzadeh and Saberivand, 2013), 
energy promotion and protection in the testicular tissue 
(Bucak et al., 2012), as well as reducing ROS such as su-
peroxide and hydroxyl (Pulla Reddy and Lokesh, 1996), 
nitrogen dioxide (Unnikrishnan and Rao, 1992), and lipid 
peroxidase (Sreejayan and Rao, 1994).  Tannins (QT) are 
a chemical defence mechanism used by plants to protect 
them from stresses both biotic and abiotic (Huang et al., 
2018). QT has a variety of biological properties that are 
beneficial to both human and animal health, including 
immune stimulant, antioxidant properties (Ahmed et al., 
2021), coenzyme Q10 and vitamins (Lukusa and Lehlo-
enya, 2017). Several tannins sources have been applied in 
livestock species diets it had positive effects on productivity 
and reproductive performance ( Jerónimo et al., 2016). The 
objective of the current study was to investigate the impact 
of combination of garlic, ginger and turmeric compared to 
quebracho tannins as feed additives on hemato-biochemi-
cal parameters, testis structure, semen quality and antioxi-
dant status of Damascus bucks under semi-arid conditions. 

mAtErIAlS And mEthodS

anImalS and manaGEmEnt
The current study was carried out Mariout Research Sta-
tion (Latitude 31° 00’ N; Longitude 29° 47’ E), Desert Re-
search Centre, Alexandria, Egypt. 

Fourteen Damascus bucks’ goats were used in this study. 
They were aged 12 to 14 months and weighed an average 
of 30 kg ±1.23 kg. Bucks were kept in a fenced closed yard 
for the course of the experiment. All animals received 2.5% 
of concentrate feed mixture and 1.5% of Egyptian clover 
hay (Trifolium Alexandrinum) of their live body weight to 
meet their requirements (NRC, 2007). The chemical com-
position of concentrates and hay are presented in Table 
(1). Proximate analysis was done according to the official 
methods (AOAC, 2005). Neutral detergent fiber (NDF) 
was determined according to (Van Soest and Robertson, 
1985). Gross energy was calculated according to (Cor-
bett et al., 1990), GE (MJ/KgDM) = 0.0176 OM (g/kg) 
+ 0.0064 CP (g/kg) + 0.0214 EE (g/kg). Fresh water was 
available twice a day. All bucks were free of diseases or sex-
ual disorders.  The experiment was conducted in conform-
ity with the standards for protecting experimental animals 
established by the European Union in 2010/63/EU. Addi-
tionally, the study was approved by the animal care com-
mittee Ref NO: (VUSC 003-1-22), Faculty of Veterinary 
Medicine, University of Sadat City, Egypt

mEtEoroloGIcal data
Air temperature (AT, °C), Relative humidity (RH, %), data 
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table 1: The chemical composition (g/kg DM) of concentrate feed mixture and Egyptian clover hay 
Items dm om EE cP ndF GE* 

Egyptian clover hay 876.9   842.4 18.1 175.0 584.5 16.33

Concentrates Concentrate feed mixture 909.8 911.4 29.2 190.5 291.5 17.88
DM (Dry matter), OM (Organic matter), CP (Crude protein), EE (Ether extract), NDF (Neutral detergent fiber) and GE (Gross 
energy – MJ/KgDM)      
 GE (MJ/KgDM) = 0.0176 OM (g/kg) + 0.0064 CP(g/kg) + 0.0214 EE(g/kg) according to [53].

were collected from a climatological station at the Ministry 
of Agriculture and Land Reclamation’s Nubaria Research 
Station. The Temperature-Humidity Index (THI, %) was 
calculated according to the (Amundson et al., 2006) fol-
lowing formula: THI = (0.8 °C) + [(% relative humidi-
ty/100) (14.4 °C)] + 46.4. 

Figure (1) presents the mean values of various parameters.

Figure 1: Changes in means of ambient temperatures, 
relative humidity temperature-humidity index (THI) 
throughout the experimental period in Damascus goats’ 
bucks.

ExpErImEntal dESIGn 
Fourteen Damascus bucks’ goats were randomly divided 
into three groups. The first group (control, n=4) received the 
basal diet without any additive, while, the second group (n 
= 5) received the basal diet supplemented with plant herbs 
mixtures (PHM) (10 gm/head/day DM), which contain 
of garlic (Allium sativum) plus ginger (Zingiber officinale) 
plus turmeric (Curcuma longa) in proportions (1:1:1), re-
spectively. The third group (n = 5) received the basal diet 
supplemented with (5 gm/head/day DM) of commercial 
Quebracho tannins extract (QT). The feeding trial lasted 
three months from September to December 2021.

SEmEn collEctIon
Semen ejaculates were collected from animals using artifi-
cial vagina at monthly throughout experimental period (3 
months).  

SEmEn dIluEntS and EvaluatIon 
Raw semen samples were transported immediately to the 
artificial insemination laboratory, Mariout research sta-
tion, where ejaculate volume (mL) was measured using the 
graded collection tube. Additionally, each raw ejaculate’s 
pH, mass motility, and sperm concentration were recorded. 
Thereafter, all good quality specimens (4-5) mass motility 
score according to (David et al., 2015) were further diluted 
(1:10) with an extender consisting of tris (3.8g), citric acid 
(2.2g), and glucose (0.6g) in 100 ml distilled water plus egg 
yolk (2.5%) according to Shamsuddin et al. (2000). 

SEmEn aSSESSmEnt
Total sperm motility (%) was evaluated using a phase-con-
trast microscope (Leica) at 400 x magnification, and sperm 
vitality (%) was assessed using the differential staining 
technique. A mix of 10 µl of semen and 5 µl eosin-ni-
grosine stain was smeared on a warm stage and was exam-
ined at 1000 x magnification. Romanowski’s triple-stain 
method was used to evaluate sperm abnormalities and 
acrosome integrity (DIFF-QUICK III, Vertex, Egypt); a 
phase-contrast microscope with a 1000x magnification was 
used to evaluate the stained smears. Sperm plasma mem-
brane integrity (%) of at least 200 sperm at 400x magnifi-
cation was determined by the hypo-osmotic swelling test 
(HOST) according to (Mosaferi et al., 2005). 

blood collEctIon
Blood samples were collected monthly from all bucks 
throughout experimental period (3 months) in plasma 
vacutainer tubes 5 ml to determine biochemical and an-
tioxidant enzymes activities. After centrifuging at 5,000 g 
for 10 minutes, plasma was collected and stored at -20 °C 
for later analysis. A whole blood samples were collected 
at the same times to determine hematological parameters.   

tEStoStEronE aSSay 
Testosterone (TST, ng/mL) was analyzed using ELISA kit 
(Monobind, USA) according to (Lashansky et al., 1991).

plaSma bIochEmIcal and antIoxIdant EnzymES 
actIvItIES analySIS 
The analysis of total protein (TP, g/dL), albumin (ALB, g/
dL), glucose (GLC, mg/dL), cholesterol (CHO, mg/dL), 
triglycerides (TG, mg/dL), aspartate aminotransferase 
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(AST, IU/L), and alanine aminotransferase (ALT, IU/L) 
in plasma was performed colorimetrically using commer-
cial kits (Spectrum Biotechnology, Egypt). Glutathione 
peroxidase (GPX, U/mL), malondialdehyde (MDA, nM/
mL), and total antioxidant capacity (TCA, mM/L) were 
calorimetrically assessed using commercial kits (Biodiag-
nostic Research, Egypt).

hEmatoloGIcal paramEtErS 
A colorimetric kit was used to determine the concentra-
tion of hemoglobin (Hb, g/dL) according to (Diamond, 
Egypt). Thoms hemocytometer slide was used to count 
the total number of white blood cells (WBCs, 103/mm3), 
the number of red blood cells (RBCs, 106/mm3), and the 
packed cell volume percent (PCV, %) was estimated by the 
hematocrit tubes.

The equation used to calculate the mean corpuscular vol-
ume (MCV, m3) was (MCV, m3) = PCV (%) / RBCs (106/
mm3) × 10. The formula used to determine mean corpus-
cular Hb (MCH, pg) was MCH (pg) = Hb (g/dL) / RBCs 
(106/mm3) ×10. The formula for calculating MCH concen-
tration (MCHC, %) is MCHC, %=Hb (g/dL) / PCV (%) 
×100.

hIStoloGIcal ExamInatIon
Three bucks from each group were slaughtered, and their 
testicles were collected and processed for histology exam-
ination at the end of the experiment and tissue specimens 
were rapidly fixed in 10% neutral buffered formalin solu-
tion for at least 24 hrs. The tissue was embedded and dehy-
drated in a variety of ethanol solutions. Xylene and paraffin 
wax were used for clearing and impregnation, respective-
ly. Several paraffin sections of 3–5 micron thickness were 
obtained and stained with hematoxylin and eosin as de-
scribed earlier (Bancroft and Gamble 2002) and examined 
by a light microscope at various magnifications for histo-
logical studies, as described by Amao et al. (2012). 

StatIStIcal analySIS
Data of biochemical blood parameters, antioxidant ac-
tivities, hormonal profiles, hematological parameters and 
semen characteristics throughout experimental period 
were statistically analyzed by one-way analysis of variance 
(ANOVA) to test the significance among means. The dif-
ferences among means were detected by Duncan’s post-
hoc test. Significance was set at 5% and data were analyzed 
by IBMSPSS statistics program (IBM-SPSS, 2013). The 
statistical analyses were conducted according to following 
model:
Yij=µ+Ti+eij.
Yij  is the studied treat.
µ is the overall mean.
Ti is the effect of treatment (i= 1, 2, 3).

eij  is the random error.

rESultS 

chanGES In SEmEn traItS
The results  showed that higher mean values of both mass mo-
tility (P=0.05) and sperm concentration (P=0.01) in PHM 
group (3.50±0.32 and 2268.33±104.33 ×106, respectively) 
followed by QT group (3.17±0.32 and 1708.00±104.33 
×106, in order), compared with control group (2.17±0.32 
and 1830±104.33 ×106, respectively). Mean pH value was 
higher (P=0.04) in control group (6.68±0.07) compared 
with both treated groups PHM and QT (6.13, 6.30±0.07) 
respectively (Table 2). Increased mean values of sperm mo-
tility (P=0.02) and viability (P=0.01) in PHM specimens 
(91.66±2.15 and 92.66±1.36%) and QT (88.00±2.15%, 
and 85.00±1.36%), respectively compared to control spec-
imens (80.00±2.15 and 76.33±1.36 %). Mean values of 
sperm cell membrane integrity percentage in both PHM 
and QT specimens were (P=0.01) significantly higher 
(87.00±2.29 and 80.33±2.29%, respectively) compared to 
control (68.46±2.29%). While the percentages of acroso-
mal integrity, normal sperm, primary, secondary sperm ab-
normalities, and semen volume were not affected (Table 2).

tEStoStEronE hormonE and blood bIochEmIcal 
conStItuEntS 
The results showed that TST concentration was increased 
(P=0.01) in both PHM (10.00±0.46 ng/mL) and QT 
(7.76±0.46 ng/mL) bucks compared to those of control 
(4.93±0.52 ng/mL) Table. 2. However, levels of total TP, 
ALB, GLU, TG and AST were not affected. On the other 
hand, the mean level of ALT was declined (P =0.01) in the 
PHM group (71.48±3.76 IU) or QT group (82.58±3.76 
IU) compared with control group (90.94±4.20 IU). Like-
wise, CHO concentrations followed the same trend, where 
both treated (QT and PHM) groups recorded lower 
(P=0.05) values (65.68±10.34 and 71.61±10.34 mg/dL) 
respectively compared to control (84.84±11.56 mg/dL) 
(Table 3).

plaSma antIoxIdant actIvItIES
Treatment with mixtures plant herbs additive (PHM) or 
Quebracho tannins (QT) decreased (P=0.01) the overall 
of GPX concentrations of (3.92±0.63 and 4.55±0.63 U/
mL), respectively, compared to the control (7.08±0.71 U/
mL). A similar trend was also observed in TAC concen-
tration in both treated (PHM and QT) groups (0.83±0.01 
and 0.89±0.01 mM/L), respectively, compared to control 
(0.93±0.02 mM/L). However, plasma MDA concentra-
tion was not affected (Table 3).

hEmatoloGIcal paramEtErS
Overall means of WBC counts (103/mm3), blood Hb 
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table 2: Mean±SEM of physical sperm characteristics of Damascus bucks’ semen fed a diet supplemented with mixtures 
plant herbs (PHM) or Quebracho tannins (QT)
Semen characteristics treatments groups P value

control Qt Phm
Volume (mL) 1.00±0.16 1.4±0.16 1.6±0.16 0.09
pH 6.68±0.07A 6.30±0.07B 6.13±0.07B 0.04
Sperm concentration (×106/mL) 1830.66±104.33B 1708.00±104.33B 2286.33±104.3A 0.01
Mass motility score (5–0) 2.17±0.32B 3.17±0.32AB 3.50±0.32A 0.05
Sperm motility (%) 80.00±2.15B 88.00±2.15AB 91.66±2.15A 0.02
Live spermatozoa (%) 76.33±1.36C 85.00±1.36B 92.66±1.36A 0.01
Normal spermatozoa (%) 88.33±1.65 90.66±1.65 95.00±1.65 0.07
Primary sperm abnormalities (%) 2.00±0.54 2.33±0.54 1.33±0.54 0.46
Secondary sperm abnormalities (%) 9.66±1.44 7.00±1.44 3.66±1.44 0.07
Intact acrosome (%) 86.00±2.26 84.00±2.26 92.00±2.26 0.09
HOST (%) 68.46±2.29B 80.33±2.29A 87.00±2.29A 0.01

table 3: Mean±SEM of plasma biochemical parameter of Damascus bucks’ fed diets supplemented with mixtures plant 
herbs (PHM) or Quebracho tannins (QT)
Items treatments P value

control Qt Phm
Blood biochemical parameters
Total proteins (TP, g/dL) 7.06±0.42 6.77±0.37 7.58±0.37 0.32
Albumin (ALB, g/dL) 4.72±0.45 3.30±0.40 3.68±0.40 0.10
Glucose (GLC, mg/ dL) 55.45±7.05 68.78±6.31 55.61±6.31 0.28
Cholesterol (CHO, mg/ dL) 84.84±11.56A 65.86±10.34B 71.61±10.34B 0.05
Triglycerides (TG, mg/ dL) 46.43±8.91 48.57±7.97 48.57±7.97 0.98
Alanine aminotransferase (ALT, IU/L) 90.94±4.20A 82.85±3.76B 71.48±3.76B 0.01
Aspartate aminotransferase (AST, IU/L) 14.50±2.85 15.20±2.55 13.60±2.55 0.90
Antioxidant enzymes activities
Total antioxidant capacity (TCA, mM/L) 0.93±0.02A 0.89±0.01B 0.83±0.01B 0.05
Malondialdehyde (MDA, nM/mL) 10.39±1.50 6.77±1.34 5.77±1.34 0.10
Glutathione peroxidase (GPX, U/mL) 7.08±0.71A 4.55±0.63B 3.92±0.63B 0.01
hormonal assay
Testosterone (TST, ng/mL) 4.93±0.52C 7.76±0.46B 10.00±0.46A 0.01

concentration (g/dL), PCV %, MCHC %, MCH pg, and 
MCV µm3 were not affected by the supplementation. 
Overall mean of RBCs (106/mm3) was increased (P=0.05) 
by PHM treatment (13.96±0.56 106/mm3) compared to 
QT or control groups (10.27±0.56 and 9.49±0.63 106/
mm3) in order (Figure 2).

hIStoloGIcal chanGES
The histological sections of the buck’s testis of animals fed 
on mixtures of herbal plants (PHM) revealed the presence 
of intact seminiferous tubules and normal spermatogenesis 
(Figure 3, C), then the animals fed a diet supplemented 
with condensed tannins, which showed seminiferous tu-
bules close to normal appearance with slight degeneration 

and edema Figure 3, B). While the histological examina-
tion of the control group showed damage of seminiferous 
tubules, vacuolation and necrosis of spermatogonic epi-
thelial cells of seminiferous tubules, desquamated necrotic 
spermatogonic cells inside the lumen of the seminiferous, 
and thickening of interstitial tissue surrounding seminifer-
ous tubules as shown in (Figure 3, A). 

dIScuSSIon 

Regarding the effect of supplementation with mixtures 
of plant herbs (PHM) or quebracho tannins (QT) on the 
physical characteristics of buck’s semen,  the findings of the 
present study indicated that supplementing with (PHM) 
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Figure 2: Effect of plant herbs mixture (PHM) OR 
Quebracho tannins (QT) supplemented diets in 
haematological parameters in Damascus bucks’ goats 
(Mean ± SE).
A-B Letters among the group differ significantly (P ≤0.05).

or (QT) improved physical semen characteristics, includ-
ing  sperm concentration, mass  motility, sperm motility,  
sperm viability,  and cell membrane  integrity percentage 
(Table 2).

Elkelawy et al. (2017) reported that semen parameters of 
rabbit bucks were enhanced after injection with a lower 
dose of garlic (3mg/kg) for 8 weeks. Ajao and Ola, (2021) 
concluded that supplementation with ginger or garlic 
(15g/kg feed) for 8 weeks caused an improvement of sperm 
motility (%). Similar results were reported with fresh gin-
ger and garlic supplemented to rabbits’ diets for 7 weeks 
(Adeyemi et al., 2020). Moreover, the addition of 0.025 
g garlic to ram semen extender led to a slowdown in the 
deterioration of spermatozoa at 48 hrs of chilled preserva-
tion at 4oC ( Jerez-Ebensperger  et al., 2015). Tvrdá et al. 
(2018) revealed that the addition of (50µmol/L) curcumin 
(CUR) to the bull semen extenders led to improvements 
in motility, membrane integrity, and acrosomal integrity 
in frozen bull semen. All semen specimens treated with 
different levels of turmeric extract during cold preservation 
or post-thaw  showed an increase in sperm motility, vitality, 
and sperm membrane integrity (HOST) (Elsheshtawy, 
2020). 

Supplementing rams’ diets with encapsulated tannin or 
tannin extract (1.5, 3 g/h/d) for 16 weeks improved sperm 
concentration, sperm motility percentage and cell mem-
brane integrity percentage (Wurlina et al., 2020). Tannins’ 

beneficial effects on sperm quality are attributed to their 
antioxidant properties  (Seifi, 2011; Bahmyari et al., 2020). 
Testes have a potent antioxidant defense system that in-
cludes the enzymes SOD and catalase to counteract the 
detrimental effects of ROS. In a biological system, the cat-
alase enzyme protects SOD from H2O2 inactivation while 
SOD protects the catalase from superoxide anion inhibi-
tion. The elimination of superoxide and peroxide radicals 
produced in the tissues may therefore depend on main-
taining the balance of this enzyme system (Sharma et al., 
2012). 

Figure 3: Photomicrograph of the testes of bucks 
Damascus goats fed mixtures plant herbs (PHM) or 
Quebracho tannins-supplemented diets (QT).  
[A]: Histologic section of the testis of bucks in control 
group showing the damage of seminiferous tubules, 
desquamated epithelial cells in the lumen of seminiferous 
tubulles, haemorrhage and edema of interstitial tissue 
(blue arrow), vacuolation of spermatogenic epithelium of 
seminiferous tubules (black arrow), desquamated necrotic 
spermatogenic epithelium in seminifferous tubules (red 
arrow), thickening of interstitial tissue surrounding 
seminiferous tubules (yellow arrow) (H&E ×10).
 [B]: Histologic section of the testis of bucks in group CTS 
testis, showing somewhat normal histology of testis (red 
arrow) with slight degeneration and edema (blue arrow) 
(H&E ×10).
[C]: Histologic section of the testis of bucks in group 
PHM testis, showing clearly defined, intact seminiferous 
tubules and normal spermatogenesis (black arrow) (H&E 
×10).

Garlic, ginger, and curcumin include  a wide range  of 
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phytochemicals  that can scavenge free radicals (Charles, 
2013; Ghasemi et al., 2015), to  protect DNA and other 
important molecules to spermatozoa  from oxidation and 
damage  (Nasimi et al., 2018), through several mechanisms 
such as improving cellular scavenging enzymes  such as 
(CAT,GPX and SOD),  inhibition of low density lipo-
proteins (LDL) oxidation, inhibition of lipid peroxida-
tion, inhibition of homocystein ethiolactone formation, in 
addition to inhibition of nuclear factor activation (Ma et 
al., 2017). Additionally, antioxidants are compounds that 
inhibit ROS from damaging the spermatozoa’s gene ex-
pression system, maintaining ATP synthesis in the mito-
chondria, which is necessary for sperm motility (Zhu et al., 
2019; Barbagallo et al., 2020). Garlic, ginger and curcumin 
or condensed tannins supplementation may have an im-
provement effect by altering the shape of spermatogenic 
cells and leydig cells during the spermatogenesis process in 
the testicle (Figure 3. B & C). 

Therefore, it appears from the results of current study, sup-
plementation of (garlic, ginger and curcumin) combina-
tion or condensed tannins improved quality and quantity 
of sperm production sperm indicating good reproductive 
potential and fertility in either natural mating (Ekuma et 
al., 2021) or using advanced reproductive technology sys-
tem (AI) and (IVF) in goats under Egyptian conditions 
(Abd El-Hamid, 2019).

Our results clarified that supplementation of mixtures of 
herbs (PHM) or condensed tannins (QT) to animal diets 
reduced CHO and ALT levels compared to control (Ta-
ble 2). Similar findings were reported in different species 
in lambs (Sharifi and Chaji, 2019), sheep (Thamer et al., 
2020), goats  (Pirmohammadi et al., 2014), buffalo calves 
(Vamsi Duvvu et al., 2018), rabbits (Amaduruonye et 
al., 2020). Garlic includes the active ingredient (Allicin), 
which reduces fatty acid production and inhibit the pro-
duction of cholesterol and triglycerides (Eidi et al., 2006). 
Kiambom  et al. (2020) reported that levels of ALT and 
CHO were reduced by supplementing ginger to pigs’ di-
ets. Similarly, results were found in rabbits, (Shetaewi et 
al., 2017). Ginger has a hypolipidemic and hypocholester-
olemic impact related to a reduction in dietary cholesterol 
absorption, an increase in bile acid production, and/or fae-
cal losses (Goyal and Kadnur, 2006). 

The same results were founded in the impact of curcuma 
longa or condensed tannins in different animals. In lambs 
(Al-Zabaie and Sultan, 2020), pigs (Djoumessi Tobou et 
al., 2020), rabbits (Ayoub et al., 2019) under heat stress. 
This could be because curcumin inhibited or reduced cho-
lesterol absorption in the intestine, enhancing the activity 
of the enzyme cholesterol-7-hydroxylase and improving 
the liver’s conversion of serum lipids into bile acids (Hus-

sein et al., 2014). Also, the decrease in ALT activity ob-
tained with rations herbs powder or condensed tannins 
were due to the properties of hepato-protective (Zhang et 
al., 2010). 

The overall means of TAC and GPX activity were reduced 
in the treated groups (Table 2). Herbs or tannins have ef-
fects on antioxidant activity depending on their chemical 
composition (Vizzari et al., 2020), which contains flavo-
noids, fructans, alliin, allicin, gamma-glutamyl cysteine, 
and sulphur compounds, which are characterized by their 
powerful antioxidant activity It inhibits the activity of 
some enzymes, such as protein kinase C, which inhibits 
the production of ROS species by inhibiting lipid perox-
ide-producing reactions (Tan et al., 2018). 

The present results showed that overall means of RBCs 
counts increased significantly in the MHP group com-
pared to the QT or control groups (Figure 2). 

The increase in RBC production was in agreement with 
the reports of (Alagawany et al., 2016; Onu and Aja, 2011). 
Active components of garlic, ginger, and turmeric, or tan-
nins such as B1, B2, B6, B9, C, and E, have positive ben-
efits for stimulating the thymus, spleen, and bone marrow 
for RBC production (Fazlolahzadeh et al., 2011; Samson 
et al., 2012). Additionally, it stimulates the kidney to pro-
duce and secrete erythropoietin and has a stimulatory ef-
fect on cytokines that interact with certain receptors on 
the surface of haematopoietic cells. (Attia and Ali, 1993; 
Samson et al., 2012).

In the current study, histological features of the testis 
showed an improved cytoarchitecture in the HMP group 
followed by the QT group compared with control. Our 
findings are similar to those of (El-kashef 2021; Ekuma et 
al., 2021), which confirmed the positive effect of mixtures 
plant herbs on the testicular structure of males in different 
animal species. This improvement may be due to the com-
bined effect of the biologically active antioxidants in the 
PHM group that probably protected the testicular struc-
ture and sperm cells from depletion due to lipid peroxida-
tion caused by ROS within the testes of animals exposed 
to heat stress conditions (El-Kholy et al., 2021; Shinkut et 
al., 2016). This result is supported by Table (2 and 3).

concluSIonS

Our results indicated that both mixtures of plant herbs 
(PHM) and condensed tannins (QT) had a positive im-
pact as an antioxidant on plasma biochemical parameters, 
immune and oxidative status, and improved physical sperm 
characteristics, enhanced testosterone production, and 
preserved the structure of the testicles. Further scientific 
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research is needed to investigate effects of these feed addi-
tives on the efficiency of in-vitro and in-vivo fertilization 
in goats and other domestic animals.

AcKnowlEdGEmEntS

The authors express their gratitude to Prof. Dr. Yousri M. 
Shaker. Professor of Animal Physiology for his helpful 
comments in editing the manuscript. This manuscript was 
supported by Desert Research center (DRC) and grants 
from the Science, Technology and Innovation Funding 
Authority (STDF), The Egyptian Ministry for Scientif-
ic Research, within the activities of the ongoing research 
project entitled «An across-breed genomic approaches for 
improving production and health traits in Egyptian goats» 
with the reference number [43213].

conFlIct oF IntErESt

The authors have no conflict of interest.

noVElty StAtEmEnt

According to these results, the mixtures of plant herbs had 
a positive impact as an antioxidant on oxidative status, 
plasma biochemical parameters and immune functions, in 
addition to improving physical sperm characteristics, en-
hancing testosterone secretion and preserving testicular 
structures under heat stress conditions.

AuthorS’ contrIButIonS

Ibrahim S. Abd El-Hamid carried out blood biochemi-
cal and semen analysis in Artificial Insemination lab and 
DRC laboratories complex, performed the statistical anal-
ysis of the data and wrote this article. Alaa Emara Rabee 
and Moustafa, M.M.A. Ghandour designed the experi-
ment and have carried out field execution to all experi-
ment stages and collect blood samples and field data. Ra-
sha Salah Mohammed histological examination of testis 
samples. Ahmed M Sallam collect the samples and revised 
the manuscript. All authors read and approved the final 
manuscript.

rEFErEncES

Abd El-Hamid I.S (2019). Effect of adding different levels of 
caffeine in the extender on some biochemical constituents, 
enzymatic activities and physical characteristics of chilled 
and frozen ram semen. Reprod. Domest. Anim. 54(2): 225–
233. https://doi.org/10.1111/rda.13339

Adeyemi A.A., Yekini S.D., Oloyede O.J (2020). Antioxidant 
impact of Zingiber officinale and Allium sativum on rabbit 
semen. J. Vet. Andr. 5(2):18-22.

Afele T., Ikyume T.T., Allu R.P., Aniche O.S., Onuh M.E., Agbo 

E (2020). Effects of garlic (Allium sativum) and ginger 
(Zingiber officinale) powder and their combination on 
antioxidant and hematological response in sheep. MSAP. 
23(2): 29-39. Available on  h t t p : / / a g r i s . u p m . e d u .
my:8080/dspace/handle/0/20997

Ahmed O., Lehloenya K., Phmaphathi M., Hassen A (2021). 
Effect of acacia mearnsii tannin extract supplementation 
on reproductive performance and oxidative status of South 
African mutton merino rams. Animals. (11):11. https://doi: 
10.3390/ani11113266.

 Ajao B.H., Ola S.I (2021). Effects of dietary supplementation 
of ginger, garlic and onion on semen profile, hematological 
and serum antioxidant status of rabbit bucks raised in the 
dry season of the humid tropic. J. Agric. Sci. 17(1): 228–240. 
http://doi.org/10.4038/jas.v17i1.9622

Alagawany M., Ashour E.A., and Reda F.M (2016). Effect of 
dietary supplementation of garlic (Allium sativum) and 
turmeric (Curcuma Longa) on growth performance, carcass 
traits, blood profile and oxidative status in growing rabbits. 
Ann. Anim. Sci. 16 (2): 489-505. https://doi.org/10.1515/
aoas-2015-0079

Ali B.H., Blunden G., Tanira M.O., Nemmar A (2008). Some 
phytochemical, pharmacological and toxicological properties 
of ginger (Zingiber officinale Roscoe): A review of recent 
research. Food Chem. Toxicol. 46 (2): https://doi.org/409–
420. 10.1016/j.fct.2007.09.085

Al-Zabaie S.N.M., Sultan K.H (2020). Effect of shearing and 
(Curcuma longa) addition to ration in productive traits of 
Awassi lambs. Master Thesis, College of Agriculture and 
Forestry, University of Mosul, Iraq. http://doi.org/10.13140/
RG.2.2.17582.43844.

Amaduruonye W., Ekuma B.O., Onunkwo D.N., Herbert U 
(2020). Effects of garlic (Allium sativum) and vitamin E 
on blood profile, growth performance and internal organ 
characteristics of rabbit bucks. Niger. J. Anim. Prod.44(4): 
167–176. https://doi.org/10.51791/njap.v44i4.513

Amagase H., Petesch B.L., Matsuura H., Kasuga S., Itakura 
Y (2001). Intake of garlic and its bioactive components. J. 
Nutr.131: 55. https://doi.org/10.1093/jn/131.3.955s

Amao O., Adejumo D., Togun V (2021). Testicular Morphometry 
and Histological Changes in Rabbit Bucks Fed Cottonseed 
Cake-Based Diets Supplemented with Vitamin E. J Anim 
Sci Adv. (2): 803-812.

Amundson J.L., Mader T.L., Rasby R.J., Hu Q.S (2006). 
Environmental effects on pregnancy rate in beef cattle. J. 
Anim. Sci. 84(12): 3415–3420. https://doi.org/10.2527/
jas.2005-611

Anand P., Kunnumakkara A.B., Newman R.A., Aggarwal B.B 
(2007). Bioavailability of curcumin: Problems and promises. 
Mol. Pharm. 4(6):807–818. https://doi.org/10.1021/
mp700113r 

Ankri S., Mirelman D (1999). Antimicrobial properties of allicin 
from garlic. Microbes Infect. 1 (2): 125–129. https://doi.
org/10.1016/S1286-4579(99)80003-3

AOAC (2005). Official Methods of Analysis, 18th ed. Association 
of Official Analytical Chemists. Arlington, Virginia, USA.

Asdaq S.M.B (2015). Antioxidant and hypolipidemic potential 
of aged garlic extract and its constituent, s-allyl cysteine, in 
rats. Evid Based Complement Alternat Med. 20:7. https://
doi.org/10.1155/2015/328545

Attia M.H., Ali S. H (1993). Natural sulfur compounds as anti-
lead active substances. Egypt. J. Med. Sci. (14): 327–334.

Ayoub H.F., El Tantawy M.M., Abdel-Latif H.M.R (2019). 

https://doi.org/10.1111/rda.13339 
http://agris.upm.edu.my:8080/dspace/handle/0/20997 
http://agris.upm.edu.my:8080/dspace/handle/0/20997 
https://doi 
http://doi.org/10.4038/jas.v17i1.9622 
https://doi.org/10.1515/aoas-2015-0079 
https://doi.org/10.1515/aoas-2015-0079 
https://doi.org/409
https://doi.org/409
http://doi.org/10.13140/RG.2.2.17582.43844 
http://doi.org/10.13140/RG.2.2.17582.43844 
https://doi.org/10.51791/njap.v44i4.513 
https://doi.org/10.1093/jn/131.3.955s 
https://doi.org/10.2527/jas.2005-611 
https://doi.org/10.2527/jas.2005-611 
https://doi.org/10.1021/mp700113r 
https://doi.org/10.1021/mp700113r 
https://doi.org/10.1016/S1286-4579(99)80003-3 
https://doi.org/10.1016/S1286-4579(99)80003-3 
https://doi.org/10.1155/2015/328545 
https://doi.org/10.1155/2015/328545 


Advances in Animal and Veterinary Sciences

January 2023 | Volume 11 | Issue 1 | Page 120

Influence of Moringa (Moringa oleifera) and Rosemary 
(Rosmarinus officinalis), and Turmeric (Curcuma longa) 
on Immune parameters and Challenge of Nile tilapia to 
Aeromonas hydrophila. Life Sci. 16(4):8-15. Available on 
http://www.lifesciencesite.com

Bahmyari R., Zare M., Sharma R., Agarwal A., Halvaei I 
(2020). The efficacy of antioxidants in sperm parameters 
and production of reactive oxygen species levels during 
the freeze-thaw process: A systematic review and meta-
analysis. Andrologia. 52(3):13514. https://doi.org/10.1111/
and.13514

Bancroft J.D., Gamble M (2002). Theory and practice of 
histological techniques. 5th ed Churchill Livingstone, 
London.

Barbagallo F., La Vignera S., Cannarella R., Aversa A., Calogero 
A.E., Condorelli R.A. (2020). Evaluation of Sperm 
Mitochondrial Function: A Key Organelle for Sperm 
Motility. J. Clin. Med. 9(2): 363. https://doi.org/10.3390/
jcm9020363

Baumber J., Ball B.A., Gravance C.G., Medina V., Davies-Morel 
M.C (2000). The effect of reactive oxygen species on equine 
sperm motility, viability, acrosomal integrity, mitochondrial 
membrane potential, and membrane lipid peroxidation. J. 
Androl. 21(6):895-902. PMID: 11105916.

Bozin B., Mimica-Dukic N., Samojlik I., Goran A., Igic R 
(2008). Phenolics as antioxidants in garlic (Allium sativum 
L., Alliaceae). Food Chem. 111(4): 925–929. https://doi.
org/10.1016/j.foodchem.2008.04.071

Bromfield J.J (2014). Seminal fluid and reproduction: Much 
more than previously thought. J. Assist. Reprod. Genet. 31 
(6):627–636. https://doi.org/10.1007/s10815-014-0243-y

Bucak M.N., Başpinar N., Tuncer P.B., Çoyan K., Sariözkan 
S., Akalin P.P., Büyükleblebici S.,  Küçükgünay S (2012). 
Effects of curcumin and dithioerythritol on frozen-thawed 
bovine semen. Andrologia. (44): 102–109. https://doi.
org/10.1111/j.1439-0272.2010.01146.x

Charles D.J (2013). Antioxidant properties of spices, herbs and 
other sources. Antioxidants (Basel). 63:70. https://doi.
org/10.1007/978-1-4614-4310-0

Corbett J.L., Freer M., Hennessy D.W., Hodge R.W., Kellaway 
R.C., McMeniman N.P., Nolan J.V (1990). Feeding 
Standards for Australian Livestock Ruminants. Standing 
Committee on Agriculture, CSIRO, Melbourne pp. 266. 

Danwilai K., Konmun J., Sripanidkulchai B.O., Subongkot 
S (2017). Antioxidant activity of ginger extract as a 
daily supplement in cancer patients receiving adjuvant 
chemotherapy: A pilot study. Cancer Manag Res. (9): 11–18. 
https://doi.org/10.2147/cmar.s124016

David I., Kohnke P., Lagriffoul G., Praud O., Plouarboué 
F., Degond P., Druart X (2015). Mass sperm motility is 
associated with fertility in sheep. Anim. Reprod. Sci. (161): 
75–81. https://doi.org/10.1016/j.anireprosci.2015.08.006

de Lima R.M.T., Dos Reis A.C., de Menezes A.P.M., Santos 
J.V.O., Filho J., Ferreira J.R.O.,   Melo‐Cavalcante A.A.C  
(2018).  Protective   and   therapeutic   potential   of   ginger 
(Zingiber   offici‐nale) extract and [6]‐gingerol  in  cancer:  
A  comprehensive  review.  Phytother. Res. (32): 1885-1907. 
https://doi.org/ 10.1002/ptr.6134.

Djoumessi Tobou F.G., Tendonkeng F., Miégoué E., Marie 
Noel Noumbissi B., Fokom Wauffo D., Mube Kuitche H., 
Ebile Agwah D (2020). Effect of Dietary Incorporation of 
Curcuma longa Powder on haematology and serological 
properties of Guinea pigs (Cavia porcellus). Open J. 

Anim. Sci. 10(04): 750–760. https://doi.org/10.4236/
ojas.2020.104049

Eidi A., Eidi M., Esmaeili E (2006). Antidiabetic effect of garlic 
(Allium sativum L.) in normal and streptozotocin-induced 
diabetic rats. Phytomedicine. 13(10): 624–629. https://doi.
org/10.1016/j.phymed.2005.09.010

Ekuma B.O., Amaduruonye W., Onunkwo D.N., Herbert U 
(2021). Influence of garlic (Allium sativum) and vitamin 
E on semen characteristics, reproductive performance and 
histopathology of rabbit bucks. Niger. J. Anim. Prod. 44(3): 
117–128. https://doi.org/10.51791/njap.v44i3.648

Elazab M.A., Khalifah A.M., Elokil A.A., Elkomy A.E., Rabie 
M.M., Mansour A.T., Morshedy S.A (2022). Effect of 
dietary rosemary and ginger essential oils on the growth 
performance, feed utilization, meat nutritive value, blood 
biochemicals, and redox status of growing NZW rabbits. 
Animals (Basel). 12(3):375. https://doi.org/10.3390/
ani12030375.

El-Kashef M.M (2021). Effect of ginger (Zingiber Officinale) on 
sexual performance and fertility of quail birds under semi-
arid conditions. Egypt. Poult. Sci. J. (1):161-174. https://doi.
org/10.21608/epsj.2021.160063

Elkelawy H., Mansour M., El-Naggar R., Elkassas N (2017). 
Effect of garlic (Allium sativum) treatment on hematological, 
biochemical, hormonal and fertility parameters of male 
bouscat rabbits. EJRS. 27(2): 341–357. https://doi.
org/10.21608/ejrs.2017.46587

El-Kholy K.H., Wafa W.M., El-Nagar H.A., Aboelmagd A.M., 
El-Ratel I.T (2021). Physiological Response, Testicular 
Function, and Health Indices of Rabbit Males Fed Diets 
Containing Phytochemicals Extract Under Heat Stress 
Conditions. J. Adv. Vet. Anim. Res. 8 (2): 256–265. http://
doi.org/10.5455/javar.2021.h510

Elsheshtawy R (2020). Assessment of Cattle Bull Semen 
Preservability Using Tris Extender Enriched with Turmeric 
Extract. EJVS. 51(3): 357–362. https://doi.org/10.21608/
ejvs.2020.27051.1168

Fazlolahzadeh Keramati F., Nazifi K., Shirian S., Seifi S 
(2011). Effect of Garlic (Allium sativum) on hematological 
parameters and plasma activities of ALT and AST of 
rainbow trout in temperature stress. Aust. J. Basic Appl. 
Sci. 5(9): 84-90. Available on http://ajbasweb.com/old/
ajbas/2011/September-2011/84-90.pdf

Focke M., Feld A., Lichtenthaler H.K (1990). Allicin, a naturally 
occurring antibiotic from garlic, specifically inhibits acetyl-
CoA synthetase. FEBS Letters. 261(1): 106–108. https://
doi.org/10.1016/0014-5793(90)80647-2

Garrido N., Meseguer M., Simon C., Pellicer A., Remohi J 
(2004). Pro-oxidative and anti-oxidative imbalance in 
human semen and its relation with male fertility. Asian J. 
Androl. 6(1): 59–65. PMID: 15064836.

Ghasemi K., Bolandnazar S., Tabatabaei S., Pirdashti H., 
Arzanlou M., Ebrahimzadeh M., Fathi H (2015). 
Antioxidant properties of garlic as affected by selenium and 
humic acid treatments. N. Z. J. Crop Hortic. Sci. 43 (3): 
173–181. https://doi.org/10.1080/01140671.2014.991743 

Goyal R.K., Kadnur S.V (2006). Beneficial effects of 
Zingiber Officinale on goldthioglucose induced obesity. 
Fitoterapia. 77(3): 160–163. https://doi.org/10.1016/j.
fitote.2006.01.005

Guthri H.D., Welch G.R (2012).  Effects of reactive oxygen 
species on sperm function. Theriogenology. 78 (8): 1700–
1708. https://doi.org/10.1016/j.theriogenology.2012.05.002

http://www.lifesciencesite.com 
https://doi.org/10.1111/and.13514 
https://doi.org/10.1111/and.13514 
https://doi.org/10.3390/jcm9020363 
https://doi.org/10.3390/jcm9020363 
https://doi.org/10.1016/j.foodchem.2008.04.071 
https://doi.org/10.1016/j.foodchem.2008.04.071 
https://doi.org/10.1007/s10815-014-0243-y 
https://doi.org/10.1111/j.1439-0272.2010.01146.x 
https://doi.org/10.1111/j.1439-0272.2010.01146.x 
https://doi.org/10.1007/978-1-4614-4310-0 
https://doi.org/10.1007/978-1-4614-4310-0 
https://doi.org/10.2147/cmar.s124016 
https://doi.org/10.1016/j.anireprosci.2015.08.006 
https://doi.org/ 
https://doi.org/10.4236/ojas.2020.104049 
https://doi.org/10.4236/ojas.2020.104049 
https://doi.org/10.1016/j.phymed.2005.09.010 
https://doi.org/10.1016/j.phymed.2005.09.010 
https://doi.org/10.51791/njap.v44i3.648 
https://doi.org/10.3390/ani12030375 
https://doi.org/10.3390/ani12030375 
https://doi.org/10.21608/epsj.2021.160063 
https://doi.org/10.21608/epsj.2021.160063 
https://doi.org/10.21608/ejrs.2017.46587 
https://doi.org/10.21608/ejrs.2017.46587 
http://doi.org/10.5455/javar.2021.h510 
http://doi.org/10.5455/javar.2021.h510 
https://doi.org/10.21608/ejvs.2020.27051.1168 
https://doi.org/10.21608/ejvs.2020.27051.1168 
http://ajbasweb.com/old/ajbas/2011/September-2011/84-90.pdf 
http://ajbasweb.com/old/ajbas/2011/September-2011/84-90.pdf 
https://doi.org/10.1016/0014-5793(90)80647-2 
https://doi.org/10.1016/0014-5793(90)80647-2 
https://doi.org/10.1080/01140671.2014.991743 
https://doi.org/10.1016/j.fitote.2006.01.005 
https://doi.org/10.1016/j.fitote.2006.01.005 
https://doi.org/10.1016/j.theriogenology.2012.05.002 


Advances in Animal and Veterinary Sciences

January 2023 | Volume 11 | Issue 1 | Page 121

Huang Q., Liu X., Zhao G., Hu T., Wang Y (2018). Potential and 
challenges of tannins as an alternative to in-feed antibiotics 
for farm animal production. Anim Nutr. 4(2):137–150. 
https://doi.org/10.1016/j.aninu.2017.09.004

Hussein S.A., Afaf D., Abdel-mageid Omnia M. Abd-Elhamed., 
Al-Harthy H.S (2014). Biochemical role of curcumin on 
kainic acid-induced epilepsy in male swiss albino mice. 
BVMJ. 27(2): 225–240. Available on https://www.bvmj.
bu.edu.eg/issues/27-2/22.pdf

IBM-SPSS (2013). Statistics for Windows, Version 22.0. IBM 
Corp., Armonk, NY.

Gafar M. K., Itodo A., Warra A., Abdullahi L (2012). Extraction 
and Physicochemical Determination of Garlic (Allium 
sativum L) Oil. Int J Food Sci Nutr. (5): 2 -12.

Jeena K., Liju V.B., Kuttan R (2013). Antioxidant, anti-
inflammatory and antinociceptive activities of essential oil 
from ginger. Indian J. Physiol. Pharmacol. 57(1): 51-62. 
PMID: 24020099. 

Jerez-Ebensperger R., Gil L., Gonzalez N., De Blas I (2015). 
The combined use of honey, garlic (Allium sativum L.) and 
skimmed milk as an extender for chilling sheep semen. 
CryoLetters. 36 (4): 243-251. PMID: 26575999.

Jerónimo E., Pinheiro C., Lamy E., Dentinho M.T., Sales-
Baptista E., Lopes O., Silva F (2016). Tannins in ruminant 
nutrition: impact on animal performance and quality 
of edible products. In Combs CA, editors. Tannins: 
biochemistry, food sources and nutritional properties. New 
York: Nova Science Publishers. p.121-168.

Kamtchouing P., Fandio G.Y.M., Dimo T., Jatsa H.B (2002). 
Evaluation of androgenic activity of Zingiber officinale and 
Pentadiplandra brazzeana in male rats. Asian J. Androl. 4 
(4): 299-301.  Available on https://pubmed.ncbi.nlm.nih.
gov/12508133/

Kiambom T., Kouam M.K., Ngangoum C.D., Kate B., Teguia 
A (2020). In Vivo Anthelmintic Effect of Ginger (Zingiber 
Officinale) Powder against Gastointestinal Nematodes of 
Artificially Infected Pigs. Arch. Vet. Sci. 4(1):1-12. https://
doi.org/10.26502/avsm.020

Konlan S.P., Karikari P.K., Ansah T (2012). Productive and 
blood indices of dwarf rams fed a mixture of rice straw and 
groundnut haulms alone or supplemented with concentrates 
containing different levels of shea nut cake. Pak J Nutr. 
11(6): 566–571. https://doi.org/10.3923/pjn.2012.566.571

Kowalowka M., Wysocki P., Fraser L., Strzezek J (2008). 
Extracellular superoxide dismutase of boar seminal plasma. 
Reprod Domest Anim. (44): 490– 496. https://doi.
org/10.1111/j.1439-0531.2007.00943.x.

Lashansky G., Saenger P., Fishman K., Gautier T., Mayes 
D., Berg G., Di-Maritino-Nardi J., Reiter E (1991). 
Normative data for adrenal steroido-genesis in a healthy 
pediatric population: Age- and sex-related changesafter 
adrenocorticotropin stimulation. J Clin Endocrinol Metab. 
73(3):674-86. https://doi.org/ 10.1210/jcem-73-3-674.

Lukusa K., Lehloenya K.C (2017). Selenium supplementation 
improves testicular characteristics and semen quality of 
Saanen bucks. Small Rumin. Res. (151): 52–58. https://doi.
org/10.1016/j.smallrumres.2017.04.016

Ma X., Deng D., Chen W (2017). Inhibitors and Activators 
of SOD, GSH‐Px, and CAT. In: Senturk M, editor. 
Enzyme Inhibitors and Activators. London. https://doi. 
10.5772/65936

Maria Eugenia Cervantes-Valencia., Yazmín Alcalá-Canto., 
Hector Sumano-Lopez., Adriana Margarita Ducoing-

Watty., Lilia Gutierrez-Olvera (2016). Effects of Curcuma 
longa dietary inclusion against Eimeria spp. in naturally-
infected lambs. Small Rumin. Res. (136):27-35. https://doi.
org/10.1016/j.smallrumres.2015.12.035

Marti E., Mara L., Marti J.I., Muiño-Blanco T., Cebrián-Pérez 
J.A (2007). Seasonal variations in antioxidant enzyme 
activity in ram seminal plasma. Theriogenology. (67): 1446- 
1454. https://doi.org/10.1016/j.theriogenology.2007.03.002

Mieusset R., Bujan L., Mansat A., Pontonnier F., Grandjean H., 
Chap H (1998). Glycerophosphocholine in seminal plasma 
of fertile and infertile men. Int J Androl. (11):405–413. 
https://doi: 10.1111/j.1365-2605.1988.tb01013.x.

Mosaferi S., Niasari-Naslaji A., Abarghani A., Gharahdaghi 
A.A., Gerami A (2005). Biophysical and biochemical 
characteristics of bactrian camel semen collected by 
artificial vagina. Theriogenology. 63(1): 92–101. https://doi: 
10.1016/j.theriogenology.2004.03.021.

Murase T., Imaeda N., Yamada H., Miyazawa K (2007). Seasonal 
changes in semen characteristics, composition of seminal 
plasma and frequency of acrosome reaction induced by 
calcium and calcium ionophore A23187 in Large White 
boars. J Reprod Dev. 53(4):853-65.  https://doi.org/doi: 
10.1262/jrd.19026.

Nasimi P., Tabandeh M.R., Roohi S. (2018). Busulfan-mediated 
oxidative stress and genotoxicity decrease in sperm of 
Satureja Khuzestanica essential oil-administered mice. Syst 
Biol Reprod Med. 64(5): 348–357. https://doi.org/10.1080/
19396368.2018.1449915

NRC (2007). National Research Council of the National 
Academies. Nutrient requirement of small ruminants: 
sheep, goats, cervids, and new world camelids. The National 
Academies press, 500 Fifth Street, NW, Washington DC, 
USA.

O’Flaherty C (2015). Redox regulation of mammalian sperm 
capacitation. Asian J. Androl. 17(4): 583–590. https://doi.
org/10.4103/1008-682X.153303

Onu P., Aja P.M (2011). Growth performance and haematological 
indices of weaned rabbits fed garlic (Allium sativum) and 
ginger (zingiber officinale) supplemented diets. Int. j. Food 
Agric. Vet. Sci. 1(1): 51–59. Available on https://cibtech.
org/j-food-agri-veterinary-sciences/publications/2011/
vol%201%20no.%201/08-10-jfav-onu.pdf

Perez-Crespo M., Moreira P., Pintado B., Gutierrez-Adan 
A (2008). Factors from damaged sperm affect its DNA 
integrity and its ability topromote embryo implantation 
in mice. Androl. (29): 47–54. https://doi:10.2164/
jandrol.107.003194.

Pintus E., Ros-Santaella J.L (2021). Impact of oxidative stress 
on male reproduction in domestic and wild Animals. 
Antioxidants (Basel). 10(7):1154. https://doi.org 10.3390/
antiox10071154.

Pirmohammadi R., Anassori E., Zakeri Z., Tahmouzi M (2014). 
Effects of garlic supplementation on energy status of pre-
partum Mahabadi goats. Vet Res Forum. 5(3): 207-12.

Pulla Reddy A.C., Lokesh B.R (1996). Effect of curcumin 
and eugenol on iron-induced hepatic toxicity in rats. 
Toxicology. 107(1): 39-45. https://doi.org/10.1016/0300-
483X(95)03199-P

Samson E., Olasunkanmi A., Joel J., Alfred E (2012). 
Haematological and hepatotoxic potential of onion (Allium 
cepa) and garlic (Allium sativum) extracts in rats. European 
J Med Plants. 2(4): 290-307.  https://doi.org/ 10.9734/
EJMP/2012/1517

https://doi.org/10.1016/j.aninu.2017.09.004 
https://www.bvmj.bu.edu.eg/issues/27-2/22.pdf 
https://www.bvmj.bu.edu.eg/issues/27-2/22.pdf 
https://pubmed.ncbi.nlm.nih.gov/12508133/ 
https://pubmed.ncbi.nlm.nih.gov/12508133/ 
https://doi.org/10.26502/avsm.020 
https://doi.org/10.26502/avsm.020 
https://doi.org/10.3923/pjn.2012.566.571 
https://doi.org/10.1111/j.1439-0531.2007.00943.x 
https://doi.org/10.1111/j.1439-0531.2007.00943.x 
https://doi.org/ 
https://doi.org/10.1016/j.smallrumres.2017.04.016 
https://doi.org/10.1016/j.smallrumres.2017.04.016 
https://doi 
https://doi.org/10.1016/j.smallrumres.2015.12.035 
https://doi.org/10.1016/j.smallrumres.2015.12.035 
https://doi.org/10.1016/j.theriogenology.2007.03.002 
https://doi 
https://doi 
https://doi.org/doi 
https://doi.org/10.1080/19396368.2018.1449915 
https://doi.org/10.1080/19396368.2018.1449915 
https://doi.org/10.4103/1008-682X.153303 
https://doi.org/10.4103/1008-682X.153303 
https://cibtech.org/j-food-agri-veterinary-sciences/publications/2011/vol 1 no. 1/08-10-jfav-onu.pdf 
https://cibtech.org/j-food-agri-veterinary-sciences/publications/2011/vol 1 no. 1/08-10-jfav-onu.pdf 
https://cibtech.org/j-food-agri-veterinary-sciences/publications/2011/vol 1 no. 1/08-10-jfav-onu.pdf 
https://doi 
https://doi.org 
https://doi.org/10.1016/0300-483X(95)03199-P 
https://doi.org/10.1016/0300-483X(95)03199-P 
https://doi.org/ 


Advances in Animal and Veterinary Sciences

January 2023 | Volume 11 | Issue 1 | Page 122

Sarangi S (2018). Adaptability of goats to heat stress: A review. 
J. Pharm. Innov. 7(4): 1114-1126.Available on https://
www.thepharmajournal.com/archives/2018/vol7issue4/
PartR/7-4-94-414.pdf

Seifi S (2011). Effect of garlic (Allium sativum) on hematological 
parameters and plasma activities of ALT and AST of 
rainbow trout in temperature stress. Aust. J. Basic Appl. 
Sci. 5(9): 84-90. Available on http://ajbasweb.com/old/
ajbas/2011/September-2011/84-90.pdf

Sen T.K., Mohammod M., Maitra S., Dutta B.K (2010). 
Removal of Cadmium from Aqueous Solution Using 
Castor Seed Hull: A Kinetic and Equilibrium Study. Clean 
- Soil Air Water. 38(9): 850–858. https://doi.org/10.1002/
clen.200900246

Shamsuddin M., Amiri Y., Bhuiyan M.M.U (2000). 
Characteristics of buck semen with regard to ejaculate 
numbers, collection intervals, diluents and preservation 
periods. Reprod. Domest. Anim. 35(2): 53–57. https://doi.
org/10.1046/j.1439-0531.2000.00199.x

Sharifi A., Chaji M (2019). Effects of processed recycled poultry 
bedding with tannins extracted from pomegranate peel 
on the nutrient digestibility and growth performance of 
lambs. South Afr. J. Anim. Sci. 49(2): 291–300. https://doi.
org/10.4314/sajas.v49i2.9

Sharma P., Jha A.B., Dubey R.S., Pessarakli M (2012). Reactive 
Oxygen Species, Oxidative Damage, and Antioxidative 
Defense Mechanism in Plants under Stressful Conditions. J. 
Bot. 1-26. https://doi.org/10.1155/2012/217037

Shetaewi M., Bakr E.S., Mousa M., Abdel-Samee A.E.S., Ahmed 
A., Ibrahim I (2017). Effects of supplemental feeding with 
some medicinal plants on semen characteristics, blood 
metabolites and histology of selected organs of New Zeland 
male rabbits in North Sinai. EJRS. 27(2): 219–244. https://
doi.org/10.21608/ejrs.2017.46573

Shin S.H., Kim M.K (2004). Effect of dried powders or ethanol 
extracts of garlic flesh and peel on lipid metabolism and 
antithrombiogenic capacity in 16-month-old rats. Korean J 
Nutr. 37(7): 515-524. Available on https://koreascience.kr/
article/JAKO200412910471050.pdf

Shinkut M., Rekwot P.I., Nwannenna I.A., Bugau J.S (2016). 
Spermiogram of Rabbit Bucks Fed Diets Supplemented 
with garlic (Allium sativum). J. Agric. Vet. Sci. 9(2):20-26. 
Available on https://www.iosrjournals.org/iosr-javs/papers/
vol9-issue2/Version-2/D09222026.pdf

Soleimanzadeh A., Saberivand A (2013). Effect of curcumin on 
rat sperm morphology after the freeze-thawing process. Vet 
Res Forum. 4(3):185-9. PMID: 25653795

Sorokina M., Steinbeck C (2020). Review on natural products 
databases. J. Cheminformatics. (12):20. https://doi.
org/10.1186/s13321-020-00424-9

Sreejayan Rao M.N. (1994). Curcuminoids as Potent inhibitors 
of lipid peroxidation. J. Pharm. Pharmacol. 46(12): 1013–
1016. https://doi.org/10.1111/j.2042-7158.1994.tb03258.x

Standing Committee on Agriculture SCA (1990). Ruminants 
feeding standards for Australian livestock. CSIRO 
publications, Australia 

Suleiman E., Abdallah W. (2014). In vitro activity of garlic 
(Allium sativum) on some pathogenic fungi. European J 
Med Plants. 4(10): 1240–1250. https://doi.org/ 10.9734/
EJMP/2014/10132

Tan B.L., Norhaizan M.E., Liew W.P.P., Rahman H.S (2018). 
Antioxidant and oxidative stress: A mutual interplay in age-
related diseases. Front. Pharmacol. 6(9):1162. https://doi.

org/10.3389/fphar.2018.01162
Tatara M.R., Sliwa E., Dudek K., Mosiewicz J., Studzinski 

T (2005). Effect of aged garlic extract and allicin 
administration to sows during pregnancy and lactation on 
body weight gain and gastrointestinal tract development 
of piglets. Bull Vet Inst Pulawy. (49): 349–355. https://doi.
org/10.1.1.1060.7071&rep=rep1&type=pdf

Thamer A.R.M., Ali W.J.M., Ahmad W.K (2020). Effect of 
garlic oil and vitamin E on productive performance and 
some hematological and biochemical blood parameters of 
Awassi male and female lambs. Kufa. J. Agri. Sci. 12(2):9-16. 
https://doi.org/10.36077/kjas/2020/120202

Tvrdá E., Greifová H., Mackovich A., Hashim F., Lukáč N (2018). 
Curcumin offers antioxidant protection to cryopreserved 
bovine semen. Czech J. Anim. Sci. 63(7): 247–255. https://
doi.org/10.17221/33/2017-CJAS

Unnikrishnan M.K., Rao M.N.A (1992). Curcumin inhibits 
nitrite-induced methemoglobin formation. FEBS 
Letters. 301(2): 195–196. https://doi.org/10.1016/0014-
5793(92)81246-I

Vamsi Duvvu M., Ananda Rao K., Venkata Seshaiah C., Srinivas 
Kumar D (2018). Effect of Garlic Supplementation on the 
Growth Performance and Body Condition Score in Murrah 
Buffalo Calves. Int. J. Curr. Microbiol. Appl. Sci. 7(2): 2972–
2977. https://doi.org/10.20546/ijcmas.2018.702.361

Van Soest P.J., Robertson J.B (1985). Analysis of Forages and 
Fibrous Foods. Cornell Univ. USA. p 202.

Varshney R., Budoff M.J (2016). Garlic and heart disease. J. Nutr. 
146(2): 416-421. https://doi.org/10.3945/jn.114.202333

Vizzari F., Massányi M., Knížatová N., Corino C., Rossi R., 
Ondruška Ľ., Tirpák F., Halo M., Massányi P (2020). 
Effects of dietary plant polyphenols and seaweed extract 
mixture on male-rabbit semen: Quality traits and antioxidant 
markers. Saudi J. Biol. Sci. 28(1): 1017–1025. https://doi.
org/10.1016/j.sjbs.2020.11.043

Wallace G.C 4th., Haar C.P., Vandergrift W.A 3rd., Giglio P., 
Dixon-Mah Y.N., Varma A.K., Ray S.K., Patel S.J., Banik 
N.L., Das A (2013). Multi-targeted DATS prevents tumor 
progression and promotes apoptosis in ectopic glioblastoma 
xenografts in SCID mice via HDAC inhibition. J 
Neurooncol. 114(1):43-50. https://doi.org/10.1007/s11060-
013-1165-8

Wallace G.C., Haar C.P., Vandergrift W.A., Giglio P., Dixon-
Mah Y.N., Varma A.K., Ray S.K., Wurlina W., Hariadi 
M., Safitri E., Susilowati S., Meles D.K (2020). The effect 
of crude guava leaf tannins on motility, viability, and intact 
plasma membrane of stored spermatozoa of Etawa crossbred 
goats. Vet. World. 13(3): 530–537. https://doi.org/10.1007/
s11060-013-1165-8

Wurlina W., Hariadi M., Safitri E., Susilowati S., Meles D.K 
(2020). The effect of crude guava leaf tannins on motility, 
viability, and intact plasma membrane of stored spermatozoa 
of Etawa crossbred goats. Vet World. 13(3):530-537. https://
doi.org/10.14202/vetworld.2020.530-537

Yeh Y.Y., Liu L (2001). Cholesterol-lowering effect of garlic 
extracts and organosulfur compounds: Human and animal 
studies. J. Nutr. 131 (3): 989-993. https://doi.org/10.1093/
jn/131.3.989s

Zhang L., Lin Y (2010). Antioxidant tannins from Syzygium 
cumini fruit. Afr. J. Biotechnol. 8(10): 2301-2309. Available 
online at http://www.academicjournals.org/AJB

Zhong R., Zhou D (2013). Oxidative stress and role of natural 
plant derived antioxidants in animal reproduction. J. Integr. 

https://www.thepharmajournal.com/archives/2018/vol7issue4/PartR/7-4-94-414.pdf 
https://www.thepharmajournal.com/archives/2018/vol7issue4/PartR/7-4-94-414.pdf 
https://www.thepharmajournal.com/archives/2018/vol7issue4/PartR/7-4-94-414.pdf 
http://ajbasweb.com/old/ajbas/2011/September-2011/84-90.pdf 
http://ajbasweb.com/old/ajbas/2011/September-2011/84-90.pdf 
https://doi.org/10.1002/clen.200900246 
https://doi.org/10.1002/clen.200900246 
https://doi.org/10.1046/j.1439-0531.2000.00199.x 
https://doi.org/10.1046/j.1439-0531.2000.00199.x 
https://doi.org/10.4314/sajas.v49i2.9 
https://doi.org/10.4314/sajas.v49i2.9 
https://doi.org/10.1155/2012/217037 
https://doi.org/10.21608/ejrs.2017.46573 
https://doi.org/10.21608/ejrs.2017.46573 
https://koreascience.kr/article/JAKO200412910471050.pdf 
https://koreascience.kr/article/JAKO200412910471050.pdf 
https://www.iosrjournals.org/iosr-javs/papers/vol9-issue2/Version-2/D09222026.pdf 
https://www.iosrjournals.org/iosr-javs/papers/vol9-issue2/Version-2/D09222026.pdf 
https://doi.org/10.1186/s13321-020-00424-9 
https://doi.org/10.1186/s13321-020-00424-9 
https://doi.org/10.1111/j.2042-7158.1994.tb03258.x 
https://doi.org/ 
https://doi.org/10.3389/fphar.2018.01162 
https://doi.org/10.3389/fphar.2018.01162 
https://doi.org/10.1.1.1060.7071&rep=rep1&type=pdf 
https://doi.org/10.1.1.1060.7071&rep=rep1&type=pdf 
https://doi.org/10.36077/kjas/2020/120202 
https://doi.org/10.17221/33/2017-CJAS 
https://doi.org/10.17221/33/2017-CJAS 
https://doi.org/10.1016/0014-5793(92)81246-I 
https://doi.org/10.1016/0014-5793(92)81246-I 
https://doi.org/10.20546/ijcmas.2018.702.361 
https://doi.org/10.3945/jn.114.202333 
https://doi.org/10.1016/j.sjbs.2020.11.043 
https://doi.org/10.1016/j.sjbs.2020.11.043 
https://doi.org/10.1007/s11060-013-1165-8 
https://doi.org/10.1007/s11060-013-1165-8 
https://doi.org/10.1007/s11060-013-1165-8 
https://doi.org/10.1007/s11060-013-1165-8 
https://doi.org/10.14202/vetworld.2020.530-537 
https://doi.org/10.14202/vetworld.2020.530-537 
https://doi.org/10.1093/jn/131.3.989s 
https://doi.org/10.1093/jn/131.3.989s 
http://www.academicjournals.org/AJB 


Advances in Animal and Veterinary Sciences

January 2023 | Volume 11 | Issue 1 | Page 123

Agric. 12 (10):1826–1838. https://doi.org/10.1016/S2095-
3119(13)60412-8

Zhu Z., Kawai T., Umehara T., Hoque S.A.M., Zeng W., Shimada 
M (2019). Negative effects of ROS generated during linear 
sperm motility on gene expression and ATP generation in 
boar sperm mitochondria. Free Radic. Biol. Med. (141): 159–

171. https://doi.org/10.1016/j.freeradbiomed.2019.06.018
Zouari Chekki R., Snoussi A., Hamrouni I., Bouzouita N 

(2014). Chemical composition, antibacterial and antioxidant 
activities of Tunisian garlic (Allium sativum) essential oil and 
ethanol extract. Mediterr. J. Chem. 3(4): 947–956. http://
dx.doi.org/10.13171/mjc.3.4.2014.09.07.11

https://doi.org/10.1016/S2095-3119(13)60412-8 
https://doi.org/10.1016/S2095-3119(13)60412-8 
https://doi.org/10.1016/j.freeradbiomed.2019.06.018 
http://dx.doi.org/10.13171/mjc.3.4.2014.09.07.11 
http://dx.doi.org/10.13171/mjc.3.4.2014.09.07.11 

