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Effects of garlic powder extract on selected fecal characteristics  
and health of neonatal Saanen goat kids

A.C. Gök,¹ᵃ Ç. Kara¹ᵇ*

1 Bursa Uludag University, Faculty of Veterinary Medicine, Department of Animal Nutrition and Nutritional 
Diseases, 16059 Görükle, Bursa, Türkiye

ABSTRACT: Twenty-seven newborn goat kids were used to investigate the effects of garlic powder extract sup-
plementation on selected fecal characteristics, body weight (BW), average daily weight gain (ADG), occurrence 
of diarrhea and hematological traits. Kids were assigned to one of the three groups (C: control group, G1: group 
supplemented with 50 mg/kg BW garlic product, G2: group supplemented with 100 mg/kg BW garlic product) 
at 3 days of age. Each group consisted of 9 kids. Each kid in G1 and G2 was supplemented with 50 or 100 mg/
kg BW/day garlic powder extract from 3 days to 28 days of age, respectively, whereas the kids in C did not re-
ceive garlic product. There were no differences (P>0.05) in BW, ADG, fecal score and body temperature among 
the groups. There were no differences (P>0.05) in fecal pH at 3 and 21 days of age among the groups, whereas 
fecal pH was lower for G1 in comparison to C at 7 days of age and G2 had a higher fecal pH than C and G1 at 
28 days of age (P=0.05). Fecal total coliform population results were not different (P>0.05) among the groups. 
The mean numbers of days with diarrhea were not statistically different among the groups (P>0.05) but were 
numerically decreased in G1 and G2 compared with C. No difference (P>0.05) in the incidence of diarrhea was 
found among the groups. The incidence of diarrhea was numerically higher for G2 in comparison to C while 
G1 had a lower incidence of diarrhea numerically than group C. There were no differences (P>0.05) in total 
white blood cell, lymphocytes, neutrophils, monocytes and eosinophils counts at 29 days of age. G1 had a lower 
basophils concentration (P=0.05) than C and G2. Based on the results of fecal pH, it can be reported that garlic 
product supplementation had no consistent effect on fecal pH. Because of both decreased mean number of days 
with diarrhea in G1 and a lower incidence of diarrhea in G1 compared with C, it may be stated that 50 mg/kg 
BW/day of garlic product helps to decrease the occurrence of diarrhea in newborn kids. 
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INTRODUCTION

Garlic (Allium sativum) has been used as a me-
dicinal herb and growth promoter in animals 

(Ghosh et al., 2010; Shokrollahi et al., 2016; Duvvu 
et al., 2018; Ding et al., 2023). It has been reported 
that garlic has antiparasitic, antioxidant, anti-in-
flammatory, antibacterial, antifungal, and immune 
enhancer effects and these potential benefits of garlic 
are generally attributed to its organosulphur com-
pounds (Tsai et al., 2012; Ding et al., 2023). The 
primary organosulphur compounds are ɣ-glutam-
yl-S-allyl-L-cysteines, which are hydrolyzed and 
oxidized to yield alliin during storage (Matsuura, 
1997; Keyu et al., 2019). Alliin is converted to alli-
cin, an active secondary metabolite, via enzymatic 
reactions when raw garlic is crushed, cut, or chewed. 
Allicin is considered to be responsible for most of 
the pharmacological activity of crushed raw garlic 
(Amagase, 2006; Keyu et al., 2019).

Studies in animals have shown that garlic or dif-
ferent garlic products can alter microbial populations 
of feces (Ghosh et al., 2010), fecal score (Ghosh et 
al., 2010; Ghosh et al., 2011) and hematological 
parameters (Shokrollahi et al., 2016; Afele et al., 
2020; Kairalla et al., 2022) and have the potential 
to positively affect host health (Kewan et al., 2021; 
Özkaya et al., 2023) and growth performance (Ghosh 
et al., 2010; Ghosh et al., 2011; Shokrollahi et al., 
2016).

Survival of newborn kids is an important deter-
minant of profitability in goat farms. Mortality in 
preweaning kids is one of the major factors causing 
significant economic losses (Shokrollahi et al., 2013; 
Petros et al., 2014; Chauhan et al., 2019). Newborn 
animals are exposed to a variety of environmental 
and physiological stress and immunological chal-
lenges. It has been reported that the period of greater 
mortality risk is during the first weeks of life of the 
kid and the main causes of mortality are hypother-
mia, starvation, maternal undernutrition, bad ma-
ternal care, infections and accidents (Shokrollahi et 
al., 2013; Dwyer et al., 2016; Chauhan et al., 2019). 
During the preweaning period, especially the first 
month of life, diarrheal disorders are considered to 
be the most common causes of neonatal kid loss 
throughout the world (Smith and Sherman, 2009; 
Petros et al., 2014).

Since the use of antibiotics causes residue in 
foods and pathogen resistance, in recent years, more 
attention has been paid to the use of herbal feed 
additives or phytochemicals in animal nutrition for 

disease prevention, health and growth performance 
(El-Naggar and Ibrahim, 2018; Kekana et al., 2020; 
Ding et al., 2023). Garlic has been one of the most re-
searched herbal remedies (Tsai et al., 2012; Özkaya 
et al., 2023). The effects of garlic or different garlic 
products on growth performance and health status 
have been investigated in calves (Ghosh et al., 2010; 
Özkaya et al., 2023), lambs (El-Naggar and Ibrahim, 
2018) and kids (Shokrollahi et al., 2016) and some 
information is available on effects of supplementing 
garlic in selected species mentioned above. Howev-
er, data on the efficacy of garlic are variable due to 
the different forms, daily dose and supplementation 
duration of garlic used in the studies and animal 
characteristics (species, age, health status) and are 
not yet fully conclusive. The study aimed to evaluate 
the effects of garlic powder extract supplementation 
on fecal score, fecal pH, fecal concentration of total 
coliform, body weight, average daily weight gain, 
the occurrence of diarrhea and hematological traits 
in Saanen kids. 

MATERIALS AND METHODS
Study Area and Animals
The study was carried out at Bursa Uludag Univer-
sity Applied Research Center for Veterinary Faculty 
Unit in Bursa, Türkiye. This study was conducted 
under a protocol approved by the Animal Care and 
Use Committee of Bursa Uludag University (deci-
sion no. 2020-10/01). 

Twenty-seven newborn Saanen kids (18 female 
and 9 male) were used in this study. The kids were 
sorted by parity of their dams and assigned to one 
of the three groups (C: control group, G1: the group 
supplemented with 50 mg/kg BW garlic powder ex-
tract, G2: the group supplemented with 100 mg/kg 
BW garlic powder extract) at 3 days of age. Each 
group consisted of 9 Saanen kids (6 female and 3 
male).

Management and Experimental Design 
The kids were housed with their dams in a paddock 
equipped with feeders and waterers, with straw bed-
ding, for the first 45 days after birth. At 45 days 
of age, kids were separated from their dams and 
housed in another paddock equipped with feeders 
and waterers, with straw bedding, until weaning (60 
days after birth). During the suckling period from 
day 45 to 60, kids were given 12 hours of access to 
the dam. The kids and their dams had free access 
to drinking water, pelleted concentrate (Matlı Feed 
Industry, Karacabey, Bursa, Türkiye), and alfalfa hay 
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during the suckling period. Nutrient analyses (dry 
matter, crude protein, ether extract, and crude ash) of 
pelleted concentrate and alfalfa hay were performed 
according to AOAC (2003). Neutral detergent fiber 
(NDF), acid detergent fiber (ADF), and acid deter-
gent lignin (ADL) values of pelleted concentrate 
and alfalfa hay were analyzed as described by Van 
Soest et al. (1991). Nutrient compositions of pelleted 
concentrate and alfalfa hay were presented in Table 
1. During the suckling period, kids were closely 
monitored to ensure sufficient sucking. Each kid in 
G1 was supplemented with 50 mg/kg BW/day garlic 
powder extract (Talya Herbal Products Co., Ltd., 
Kepez, Antalya, Türkiye) from 3 days to 28 days 
of age. Each kid in G2 was supplemented with 100 
mg/kg BW/day garlic powder extract (Talya Herbal 
Products Co., Ltd., Kepez, Antalya, Türkiye) from 
3 days to 28 days of age, whereas the kids in C did 
not receive garlic powder extract. The garlic powder 
extract used in the study was dissolved in 10-fold 
(weight/weight) with distilled water and was admin-
istered orally to the kids in G1 and G2 via a syringe. 
The daily dose of garlic powder extract was deter-
mined by body weight measurement every week. 
The garlic powder extract contained 4.22 % allicin 
according to the analysis reported by Talya Herbal 
Products Co., Ltd. Garlic powder extract was ob-
tained by the transformation of a garlic juice extract 
into a dried powder using spray drying technique. 
During the study, garlic powder extract was stored in 

a sealed container at 4 °C. In previous studies, differ-
ent doses of garlic have been used depending on the 
different types or forms of garlic product, intended 
use and animal characteristics (species, age, stage of 
production, health status). In some previous studies, 
daily dose of 250 mg/kg BW aqueous garlic extract 
prepared using garlic bulbs and water was effective 
in maintaining normal fecal score, decreasing fecal 
total coliform concentration and increasing ADG. In 
the current study, lower doses than 250 mg/kg BW 
were offered since there is a paucity of information 
on effects of garlic in suckling kids and garlic pow-
der extract was used, unlike aqueous garlic extract 
in our study.

Measurements and Sample Collection
Kids were weighed on birthday and 3, 7, 14, 21, 
28 and 75 days of age. Average daily weight gain 
(ADG) was calculated for each kid. Fecal samples 
were collected daily from each kid by retrieval from 
the rectum and were scored with respect to con-
sistency by the same researcher on all collection 
days according to the following system: 1 = watery, 
diarrhea; 2 = soft, unformed; 3 = soft, formed; 4 
= hard, formed; and 5 = hard, dry pellets. At 3, 7, 
21 and 28 days of age, each fecal sample was di-
luted immediately 10-fold with distilled water for 
pH measurement. The mixture of fecal sample and 
distilled water was homogenized and fecal pH was 
immediately measured using an electronic pH meter 
(pH 80+ DHS, XS Instruments, Italy) fitted with a 
glass electrode. For fecal total coliform analysis, 
fresh fecal samples were collected from each kid at 
29 days of age (a day after the end of the experimen-
tal period) through retrieval from the rectum using 
sterile gloves. Following collection, fecal samples 
were placed in sterile sampling bags, immediately 
packed in ice and transferred within 30 min to the 
laboratory for fecal coliform enumeration. One g of 
fecal sample from each animal was aseptically trans-
ferred into a sterile stomacher bag and homogenized 
with 9 ml of saline peptone water in a Stomacher 80 
Lab System (Seaward® Inc., Port Saint Lucie, FL, 
USA) for 2 min. Serial 10-fold dilutions were made 
in saline peptone water and plated onto relevant se-
lective media. Total coliform was grown on Violet 
Red Bile agar (VRB, Oxoid CM0107, Basingstoke, 
Hampshire, UK) using the pour plate technique and 
the plates with 30 to 300 colonies were used for enu-
meration after 24 to 48 h of incubation at 37°C. All 
red colonies with or without halos, except pinpoint 
colonies, were recorded as coliform. The bacterial 

Table 1. Nutrient compositions of starter 
concentrate and alfalfa hay on a dry matter 
basis.

Item Pelleted Starter 
Concentrate*

Alfalfa 
Hay

Dry matter (%) 89.87 90.96
CP (%) 20.57 16.22
Ether extract (%) 4.21 2.13
NDF (%) 24.13 51.91
ADF (%) 12.50 40.83
ADL (%) 3.04 9.92
NFC (%) 42.58 20.54
Ash (%) 8.51 9.20

*: Matlı Feed Industry, Karacabey, Bursa, Türkiye. Contained the 
main ingredients: ground corn grain, ground barley grain, wheat 
bran, soya bean oil, soya bean meal, corn gluten meal, sunflower 
meal, molasses, mineral and vitamin mixture, limestone, salt.
CP: crude protein, NDF: neutral detergent fiber, ADF: acid detergent 
fiber, ADL: acid detergent lignin, NFC: 100 – (NDF % + CP % + 
ether extract % + ash %).
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counts were expressed as log10 colony forming units 
(cfu) per gram of fecal samples. Health status of the 
kids was monitored daily during the study. Body 
temperature was measured daily per rectum using a 
digital thermometer at 30 min after supplementation 
during the study. Fecal score of one was considered 
to be diarrhea. In addition, tail and/or hind limbs 
stained with feces were evaluated as a finding of 
diarrhea. Kids with diarrhea and kids treated for 
diarrhea were recorded. Blood samples were tak-
en from the kids via jugular puncture at 2 days of 
age for measurement of serum total protein with 
an optical refractometer (Hand-held refractometer, 
Atago, Sur-Ne, Japan). At 29 days of age (a day after 
the end of the experimental period), blood samples 
were collected from each kid via jugular puncture 
in 10 ml evacuated tubes containing EDTA for total 
white blood cell (WBC), lymphocyte, neutrophil, 
monocyte, eosinophil and basophil counts. Hema-
tological traits were measured by a hematology an-
alyzer (VH5R, Hasvet Medical Software and Health 
Services Co., Ltd., Kepez, Antalya, Türkiye).

Statistical analysis 
All statistical analyses were conducted by using 
Statistical Package for the Social Sciences software 
(SPSS, 2021). Data for body weight, ADG, fecal 
score, fecal pH, fecal total coliform concentration, 
the number of days with diarrhea, body temperature 
and hematological traits were analyzed by one way 
ANOVA. According to the results of Leven’s test, 
Duncan or Games-Howell test was chosen as the 
post test. The incidence of diarrhea was analyzed by 
Chi-square test and the results were interpreted using 
Pearson or Fisher exact test. Differences among the 
groups were considered significant at P ≤ 0.05. 

RESULTS
In the current study, mean serum total protein values 
were 9.69, 9.59 and 9. 68 g/dl in control group (C), 
group 1 (G1; 50 mg/kg BW garlic powder extract) 
and group 2 (G2; 100 mg/kg BW garlic powder ex-
tract), respectively, at 2 days of age.

Body weight (BW) and average daily weight gain 
(ADG) results were presented in Table 2. There were 
no differences (P>0.05) in mean BW measurements 
at 3, 28 and 75 days of ages and all mean ADG values 
among the groups. 

Fecal score, fecal pH, fecal total coliform popu-
lation, the mean number of days with diarrhea and 
the incidence of diarrhea results were given in Table 
3. Fecal score was not different (P>0.05) during the 
period from 3 days of age to 28 days of age among 
the groups. There were no differences (P>0.05) in 
fecal pH at 3 (the beginning of the study) and 21 days 
of age among the groups. There was a difference in 
fecal pH at 7 days of age (P=0.05) between C and 
G1. Fecal pH was lower for G1 in comparison to C 
at 7 days of age. Fecal pH results were similar at 
28 days of age (the end of the study) between C and 
G1, whereas fecal pH at 28 days of age was higher 
for G2 in comparison to C and G1 (P=0.05). Fecal 
total coliform population results were not different 
(P>0.05) at 29 days of age (the day after the end of 
the experimental period) among the groups. Mean 
fecal concentration of total coliform (cfu log10/g 
fresh feces) was numerically decreased in G1 (8.06) 
and G2 (8.03) compared with C (8.23). The mean 
numbers of days with diarrhea were similar (P>0.05) 
for all groups during the experimental period (from 
3 days of age to 28 days of age). The results of in-
cidence of diarrhea were 66.7, 55.6 and 77.8 % in 
C, G1 and G2, respectively, during the experimental 

Table 2. The effects of garlic powder supplementation on growth performance (mean ± SD) of kids.
Item C1 G12 G23 P-value
BW at 3 days of age (kg) 3.73 ± 0.48 3.78 ± 0.39 3.70 ± 0.51

P>0.34BW at 28 days of age (kg) 9.67 ± 0.80 9.43 ± 1.05 9.80 ± 1.26
BW at 75 days of age (kg) 15.34 ± 1.72 15.29  ± 1.66 15.06 ± 0.85
ADG (kg)
From 3 days to 28 days of age 0.24 ± 0.03 0.23 ± 0.03 0.24 ± 0.05

P>0.34From 28 days to 75 days of age 0.12 ± 0.04 0.12 ± 0.03 0.11 ± 0.03
From 3 days to 75 days of age 0.16 ± 0.02 0.16 ± 0.02 0.16 ± 0.02

1: control group.
2: the group supplemented with 50 mg/kg BW garlic powder.
3: the group supplemented with 100 mg/kg BW garlic powder.
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period (from 3 days of age to 28 days of age). No 
difference (P>0.05) in the incidence of diarrhea was 
found among the groups.

The results of body temperature and hematolog-
ical traits were presented in Table 4. No differences 
(P>0.05) in body temperature measurements were 

found among the groups. There were no differences 
(P>0.05) in total white blood cell (WBC) count, lym-
phocytes, neutrophils, monocytes and eosinophils 
concentrations at 29 days of age (the day after the 
end of the experimental period). G1 had a lower ba-
sophils concentration (P=0.05) than C and G2 while 
basophils levels were similar for C and G2. 

Table 3. The effects of garlic powder supplementation on fecal score, fecal pH, fecal total coliform 
population, the mean number of days with diarrhea (mean ± SD) and the incidence of diarrhea in kids.
Item C1 G12 G23 P-value
Fecal score 2.94 ± 0.06 2.97 ± 0.07 2.94 ± 0.07 P=0.36
Fecal pH
3 days of age 6.47 ± 0.12 6.38 ± 0.28 6.38 ± 0.15 P>0.33
7 days of age 6.67 ± 0.32a 6.40 ± 0.27b 6.53 ± 0.23ab P=0.05
21 days of age 6.77 ± 0.30 6.67 ± 0.31 6.84 ± 0.19 P>0.23
28 days of age 6.76 ± 0.20a 6.82 ± 0.28a 7.10 ± 0.26b P=0.05
Fecal total coliform population4  
(cfu log10/g fresh feces) 8.23 ± 0.64 8.06 ± 0.86 8.03 ± 0.75 P=0.61

The mean number of days with diarrhea 2.67 ± 1.51 2.20 ± 1.30 2.14 ± 0.69 P>0.57
The incidence of diarrhea (%) 66.7 55.6 77.8 P>0.32

1: control group.
2: the group supplemented with 50 mg/kg BW garlic powder.
3: the group supplemented with 100 mg/kg BW garlic powder.
4: for fecal total coliform analysis, fresh fecal samples were collected from each kid at 29 days of age (the day after the end of the experimental 
period).

Table 4. The effects of garlic powder supplementation on body temperature and hematological traits 
(mean ± SD) of kids.
Item C1 G12 G23 P-value
Body temperature (°C)
3 days of age 39.14 ± 0.37 39.20 ± 0.47 39.24 ± 0.42

P>0.32
From 3 days to 7 days of age 39.45 ± 0.19 39.49 ± 0.10 39.50 ± 0.14
From 8 days to 14 days of age 39.65 ± 0.10 39.66 ± 0.11 39.59 ± 0.20
From 15 days to 21 days of age 39.70 ± 0.18 39.78 ± 0.13 39.79 ± 0.22
From 22 days to 28 days of age 39.52 ± 0.28 39.54 ± 0.16 39.47 ± 0.16
Hematological traits4

Total WBC5 (109/l) 10.38 ± 1.28 9.42 ± 2.20 10.02 ± 1.52 P>0.27
Lymphocytes (109/l) 4.80 ± 0.82 4.71 ± 1.62 4.59 ± 0.85 P>0.72
Neutrophils (109/l) 4.67 ± 1.57 3.96 ± 1.24 4.59 ± 1.22 P>0.31
Monocytes (109/l) 0.79 ± 0.15 0.68 ± 0.22 0.71 ± 0.15 P>0.21
Eosinophils (109/l) 0.08 ± 0.04 0.05 ± 0.02 0.09 ± 0.05 P>0.25
Basophils (109/l) 0.04 ± 0.02a 0.02 ± 0.01b 0.05 ± 0.03a P=0.05

1: control group.
2: the group supplemented with 50 mg/kg BW garlic powder.
3: the group supplemented with 100 mg/kg BW garlic powder.
4: at 29 days of age (the day after the end of the experimental period), blood samples were collected from the kids for hematological traits.
5: white blood cell.
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DISCUSSION
Serum total protein measurement is an economical 
and a practical application to determine the passive 
transfer status in newborn ruminants (Deelen et al., 
2014; Thornhill et al., 2015; Batmaz et al., 2019). 
In the study conducted by Batmaz et al. (2019), the 
cut-off value for serum total protein in the first 3 days 
was calculated to be between 5.1 and 5.3 g/dL in 
Saanen kids. In addition, the cut-off point for serum 
total protein of newborn kids was found as 5.4 g/dl 
by O’Brien et al. (1993). Serum total protein levels 
at 2 days of age were adequate for all kids used in 
the current study. 

In this study, mean BW and ADG results were 
similar for all groups. BW and ADG were not af-
fected by garlic powder extract supplementation at 
the level of 50 or 100 mg/kg BW/day. In the study 
conducted by Shokrollahi et al. (2016), newborn 
kids were fed milk supplemented with 62.5, 125 or 
250 mg/kg BW aqueous garlic extract for 42 days. 
Shokrollahi et al. (2016) reported that aqueous gar-
lic extract supplementation did not affect BW in 
newborn kids during the experimental period. In 
addition, Shokrollahi et al. (2016) observed an im-
provement in total body weight gain when newborn 
kids were fed milk supplemented with 62.5, 125 or 
250 mg/kg BW/day aqueous garlic extract and this 
increase in total body weight gain was the highest 
for the kids supplemented with 250 mg/kg BW garlic 
extract. In a previous study (Ghosh et al., 2010), 
supplementation of 250 mg/kg BW/day aqueous gar-
lic extract mixed with the milk improved ADG in 
calves during the preweaning period up to 2 months 
of age. Ghosh et al. (2011) reported that 250 mg/kg 
BW/day aqueous garlic extract added to milk from 
5 days to 2 months of age significantly increased 
ADG in calves. Özkaya et al. (2023) stated that BW, 
ADG and dry matter intake were not different among 
the control group and the groups supplemented with 
garlic when newborn calves were fed milk supple-
mented with 10 or 30 mg/kg BW dried garlic powder 
until the weaning age. The effects of garlic on BW 
and ADG of newborn ruminants are variable, which 
may be caused by the different types or forms of 
garlic product (liquid extract prepared using garlic 
bulbs and water, dried garlic powder, commercial 
powder product), supplementation level, the duration 
of supplementation, animal characteristics (species, 
age, stage of production, health status) and the envi-
ronmental conditions. It has been reported that the 
positive effect of garlic supplementation on growth 
performance (BW, ADG and / or feed efficiency) 

may result from improved enteric health due to the 
antimicrobial effect of garlic and antioxidant effect 
of garlic, as well as the effect of garlic on rumen 
ecology (Ghosh et al., 2010; Ghosh et al., 2011; 
Ding et al., 2023).

Fecal scores were similar among the groups in 
the current study. The mean values of fecal score 
recorded daily during the study were within an ac-
ceptable range for all groups. The result of fecal 
score in our study was in agreement with the data 
reported by Özkaya et al. (2023), who supplemented 
10 or 30 mg/kg BW dried garlic powder to calves 
during the sucking period. In the current study, there 
were no differences in fecal pH at 3 and 21 days of 
age among the groups, whereas fecal pH was lower 
for G1 in comparison to C at 7 days of age and G2 
had a higher fecal pH than C and G1 at 28 days of 
age. Based on the results of fecal pH in our study, 
it can be reported that garlic supplementation had 
no consistent effect on fecal pH in suckling kids.

Organosulphur compounds of garlic may sup-
press the growth of pathogens in the intestinal flora 
due to the antibacterial properties (El-Naggar and 
Ibrahim, 2018; Ogbuewu et al., 2019). In the current 
study, concentrations of fecal total coliform were 
similar for all groups at 29 days of age (a day after 
the end of the experimental period). The result of 
fecal total coliform concentration in the study con-
ducted by Özkaya et al. (2023) was in agreement 
with that of our study. However, Ghosh et al. (2010) 
observed that fecal concentration of total coliform 
was significantly lower in the group supplemented 
with aqueous garlic extract than control group in 
calves during the preweaning period. Ghosh et al. 
(2011) reported that the calves supplemented with 
aqueous garlic extract had a lower concentration of 
fecal coliform than control calves, although there 
was no significant difference in fecal coliform count 
between groups. Based on the results of aforemen-
tioned studies and our study, it can be reported that 
the effect of garlic supplementation on fecal coliform 
concentration is affected by the different forms of 
garlic (liquid extract prepared using garlic bulbs and 
water, dried garlic powder, commercial powder prod-
uct), daily dose of garlic product and the duration 
of supplementation.

Excluding diarrhea, no health problems such as 
respiratory diseases were observed during the ex-
perimental period. In our study, no kids died up to 
75 days of age. The number of kids treated for di-
arrhea was one in each group. Kids with diarrhea 
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were treated by the farm veterinarian according to 
protocols established by the Department of Inter-
nal Medicine, Faculty of Veterinary Medicine. In 
our study, the mean numbers of days with diarrhea 
were not statistically different among the groups. 
Fecal scores were recorded daily and kids were 
monitored daily in respect to diarrhea during the 
experimental period. Fecal scores of 1 and 2 were 
considered to be diarrhea. In addition, tail and / or 
hind limbs stained with feces were evaluated as a 
finding of diarrhea. Özkaya et al. (2023) observed 
that the supplementation of 10 or 30 mg/kg BW 
dried garlic powder significantly reduced the num-
ber of days with diarrhea in calves. In the current 
study, the mean number of days with diarrhea was 
numerically decreased in G1 (2.20) and G2 (2.14) 
compared with C (2.67). However, the incidence of 
diarrhea was numerically higher for G2 (77.8 %) in 
comparison to C (66.7 %) while G1 (55.6 %) had a 
lower incidence of diarrhea numerically than group 
C (66.7 %) during the experimental period. In a 
previous study using calves (Kekana et al., 2020), 
diarrhea frequency and the mean number of days 
with diarrhea were numerically decreased when 5 
g/day dried garlic powder was added to milk during 
the preweaning period. Because of both decreased 
mean number of days with diarrhea in G1 and a 
lower incidence of diarrhea in G1 compared with 
C, it may be stated that 50 mg/kg BW/day of garlic 
product used for the current study helps to decrease 
the occurrence of diarrhea in newborn kids under 
the circumstances where the incidence of diarrhea 
is high as observed in our study. 

Body temperature is evaluated as a useful in-
dicator of describing the health status of animals 
(Ayışığı et al., 2005; Thayne, 2007). Normal body 
temperature in kids ranges from 38.8 to 40.2 °C 
(Jackson and Cockcroft, 2002). In our study, body 
temperature of all kids was measured daily to detect 
health status and inadequate milk sucking during the 
experimental period. Mean body temperature values 
in the different periods of the study remained within 
an acceptable range and were similar for all groups.

In the current study, total WBC, lymphocyte, 
neutrophil, monocyte and eosinophil counts were 
similar for all groups. Mean values of total WBC, 
lymphocyte, neutrophil, eosinophil and basophil 
were within reference ranges (Jackson and Cock-
croft, 2002) in all groups. Mean monocyte counts 
were higher for all groups than reference range. 
Basophil count was significantly lower for G1 in 

comparison to C and G2. Afele et al. (2020) reported 
that basophil concentration (% of WBC) was lower 
for the group supplemented with garlic than control 
group when rams were fed the diet containing 2.5 g/
kg diet dried garlic powder for 84 days. In our study, 
the difference in mean basophil count for G1 may 
not be due to the treatment effect since the results 
of basophil count were within reference range in all 
groups and were similar for C and G2. Özkaya et al. 
(2023) reported that total WBC counts at 28 days 
of age and weaning age were not different among 
the control group and the groups supplemented with 
garlic when newborn calves were fed milk supple-
mented with 10 or 30 mg/kg BW dried garlic powder 
until the weaning age. Shokrollahi et al. (2016) ob-
served the changes in total WBC count, neutrophil 
and lymphocyte concentrations (% of WBC) when 
newborn kids were fed milk supplemented with 62.5, 
125 or 250 mg/kg BW aqueous garlic extract for 
42 days. Shokrollahi et al. (2016) stated that total 
WBC count was significantly higher in the group 
supplemented with 125 mg/kg BW aqueous garlic 
extract compared to control and other groups with 
garlic extract. In addition, Shokrollahi et al. (2016) 
reported that neutrophil concentrations were signifi-
cantly lower and lymphocyte concentrations were 
significantly higher for all groups supplemented 
with garlic extract in comparison to control group. 
These results in the study conducted by Shokrollahi 
et al. (2016) were not in agreement with those of our 
study, which may be due to the different forms, daily 
dose and supplementation duration of garlic used in 
the studies and health status of animals. No health 
problems, except diarrhea, were observed during the 
study. Different hematological results on the effects 
of garlic supplementation may be obtained for kids 
facing an immune challenge and health problems.

CONCLUSIONS
Garlic powder extract supplemented to kids did not 
affect BW at 28 days of age and 75 days of age 
(15 days after weaning) and all mean ADG values. 
Based on the results of fecal pH in our study, it can 
be reported that supplementation of garlic product 
had no consistent effect on fecal pH in suckling kids. 
Daily doses of garlic powder extract and / or the 
duration of garlic product supplementation were 
not enough to decrease fecal concentration of total 
coliform. Because of both decreased mean number 
of days with diarrhea in G1 and a lower incidence 
of diarrhea in G1 compared with C, it may be stated 
that 50 mg/kg BW/day of garlic powder extract helps 
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to decrease the occurrence of diarrhea in newborn 
kids under the conditions of this study. The results 
of our study will be useful to determine the dose 
and duration of garlic supplementation in future 
studies investigating the effects of garlic on growth 
performance, fecal characteristics and health status 
in neonatal ruminants.

CONFLICT OF INTEREST
There is not conflict of interest with any person or 
institute and organization regarding this manuscript.

ACKNOWLEDGEMENT
The authors would like to thank the workers of Bur-
sa Uludag University Applied Research Center for 
Veterinary Faculty Unit for help during the study. 

REFERENCES

Afele T, Ikyume TT, Allu RP, Aniche OS, Onuh ME, Agbo E (2020). 
Effects of garlic (Allium sativum) and ginger (Zingiber officinale) 
powder and their combination on antioxidant and hematological 
response in sheep. Mal J Anim Sci 23: 29-39.

Amagase H (2006). Clarifying the real bioactive constituents of garlic. 
J Nutr 136 (Suppl): 716-725.

Ayışığı K, Ataşoğlu C, Yurtman İY, Mendeş M, Pala A (2005). Effect 
of probiotic supplementation shortly before and after weaning on 
growth of Turkish Saanen kids. Archiv Tierzucht 48: 601–611.

Batmaz H, Kaçar Y, Topal O, Mecitoğlu Z, Gümüşsoy KS, Kaya F 
(2019). Evaluation of passive transfer in goat kids with Brix re-
fractometer and comparison with other semiquantitative tests. Turk 
J Vet Anim Sci 43: 596-602.

Chauhan IS, Misra SS, Kumar A, Gowane GR (2019). Survival anal-
ysis of mortality in pre-weaning kids of Sirohi goat. Animal 13: 
2896-2902.

Deelen SM, Ollivett TL, Haines DM, Leslie KE (2014). Evaluation of 
a Brix refractometer to estimate serum immunoglobulin G con-
centration in neonatal dairy calves. J Dairy Sci 97: 3838–3844.

Ding H, Ao C, Zhang X (2023). Potential use of garlic products in 
ruminant feeding: A review. Anim Nutr 14: 343-355.

Duvvu MV, Rao KA, Seshaiah ChV, Kumar DS (2018). Effect of garlic 
supplementation on the growth performance and body condition 
score in Murrah buffalo calves. Int J Curr Microbiol App Sci 7: 
2972-2977.

Dwyer CM, Conington J, Corbiere F, Holmøy IH, Muri K, Nowak R, 
Rooke J, Vipond J, Gautier J-M (2016). Invited review: improving 
neonatal survival in small ruminants: science into practice. Animal 
10: 449-459. 

El-Naggar S, Ibrahim EM (2018). Impact of incorporating garlic or 
cumin powder in lambs ration on nutrients digestibility, blood con-
stituents and growth performance. Egypt J Nutr Feeds 21: 355–364.

Ghosh S, Mehla RK, Sirohi SK, Roy B (2010). The effect of dietary 
garlic supplementation on body weight gain, feed intake, feed con-
version efficiency, fecal score, fecal coliform count and feed cost 
in crossbred dairy calves. Trop Anim Health Prod 42: 961-968.

Ghosh S, Mehla RK, Sirohi SK, Tomar SK (2011). Performance of 
crossbred calves with dietary supplementation of garlic extract. J 
Anim Physiol Anim Nutr 95: 449-455.

Jackson PGG, Cockcroft PD (2002). Normal physiological values and 
laboratory reference values: hematology. In: Clinical Examination 
of Farm Animals. Wiley-Blackwell, Oxford, UK: pp 301-302.

Kairalla MA, Alshelmani MI, Aburas AA (2022). Effect of diet supple-
mented with graded levels of garlic (Allium sativum L.) powder on 
growth performance, carcass characteristics, blood hematology, and 
biochemistry of broilers. Open Vet J Vol. 12: 595-601.

Kekana TW, Nherera-Chokuda VF, Baloyi JJ, Muya CM (2020). Im-
munoglobulin G response and performance in Holstein calves 
supplemented with garlic powder and probiotics. S Afr J Anim 
Sci 50: 264-271.

Kewan KZ, Ali MM, Ahmed BM, El-Kolty SA, Nayel UA (2021). The 
effect of yeast (Saccharomyces cerevisiae), garlic (Allium sativum) 
and their combination as feed additives in finishing diets on the 
performance, ruminal fermentation, and immune status of lambs. 
Egyptian J Nutrition and Feeds 24: 55-76.

Keyu C, Kun X, Zhuying L, Yasushi N, Kozue S, Amzad H, De-Xing H 
(2019). Preventive effects and mechanisms of garlic on dyslipidemia 
and gut microbiome dysbiosis. Nutrients 11: 1225.

Matsuura H (1997). Phytochemistry of garlic horticultural and process-
ing procedures. In: Neutraceuticals: Designer Foods III. Garlic, 
Soy and Licorice. Food and Nutrition Press, Trumbull, CT, USA: 
pp. 55–69.

O’Brien JP, Sherman DM (1993). Field methods for estimating serum 
immunoglobulin concentrations in newborn kids. Small Rumin Res 
11: 79-84.

Ogbuewu IP, Okoro VM, Mbajiorgu EF, Mbajiorgu CA (2019). Benefical 
effects of garlic in livestock and poultry nutrition: a review. Agric 
Res 8: 411–426.

Özkaya S, Kumbul BS, Erbaş S, Mutlucan M, Altinay R, Demirel E 
(2023). Effects of garlic powder-supplemented milk on growth and 
health indicators in Holstein calves. Anim Biotechnol 34: 3819-
3826.

Petros A, Aragaw K, Shilima B (2014). Pre-weaning kid mortality 
in Adamitulu Jedokombolcha district, Mid Rift Valley, Ethiopia. 
JVMAH 6: 1-6.

Shokrollahi B, Mansouri M, Amanlou H (2013). The effect of enriched 
milk with selenium and vitamin E on growth rate, hematology, some 
blood biochemical factors, and immunoglobulins of newborn goat 
kids. Biol Trace Elem Res 153: 184–190.

Shokrollahi B, Hesami SM, Baneh H (2016). The effect of garlic ex-
tract on growth, hematology, cell-mediated immunity response of 
newborn kids. J Agr Rural Develop Trop Subtrop 117: 225–232.

Smith MC, Sherman DM (2009). Digestive system. In: Goat Medicine, 
2nd ed, Wiley-Blackwell, Oxford, UK: pp. 472–478.

SPSS (Statistical Package for the Social Sciences) (2021). SPSS v28.0 
Statistical Software, IBM Corp, CA, USA.

Thayne JT (2007). The effects of Bio-MOS on lamb growth and immune 
function. MSc Thesis. Texas A&M University.

The Association of Official Analytical Chemists (AOAC) (2003). Official 
Methods of Analysis. 17th ed., Association of Official Analytical 
Chemists, Maryland.

Thornhill JB, Krebs GL, Petzel CE (2015). Evaluation of the Brix re-
fractometer as an on-farm tool for the detection of passive transfer 
of immunity in dairy calves. Aust Vet J 93: 26–30.

Tsai CW, Chen HW, Sheen LY, Lii CK (2012). Garlic: Health benefits 
and actions. BioMedicine 2: 17–29.

Van Soest PJ, Robertson JB, Lewis BA (1991). Methods for dietary fiber, 
neutral detergent fiber, and nonstarch polysaccharides in relation 
to animal nutrition. J Dairy Sci 74: 3583-3597.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

