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Abstract 

Diarrhea in calves is one of the most prevalent diseases the veterinarians encounter in practice. Diarrhea is 

responsible for major economic damages in livestock husbandries.   Escherichia coli (E.coli) has been regarded as 

the main factor that causes white diarrhea in calves’ first three weeks of life. Antimicrobial treatment of E. coli is 

difficult since these bacteria naturally show resistance against most antibiotics. The aim of the present study is to 

investigate the antibacterial activity of aqueous extract of garlic on Escherichia coli isolated from calves with 

diarrhea. This descriptive cross-sectional study was carried out to investigate the effect of aqueous extract of garlic 

on 100 samples of calves with diarrhea collected from traditional and industrial livestock husbandries crops in 

Kazerun during February and March 2016 and April 2017. The isolates susceptibility to different antibiotics was 

tested by the disc diffusion method and the antibacterial activity of garlic extract was measured by MIC and MBC 

methods. In this study, the highest resistance was seen against ampicillin and tetracycline (0± 0.4 mm, 0± 0.5 mm) 

and the lowest resistance was against ciprofloxacin (40 ± 2/54 mm). The halo diameter formed by aquatic extract of 

garlic was similar to streptomycin (15 ± 1/00 mm). In general, the results showed that garlic has the potentiality to 

be used as an antimicrobial drug, especially in the treatment of E. coli-induced diarrhea in calves.  

Key words: aquatic garlic extract, calf diarrhea, Escherichia coli, Kazerun 

 

Introduction 

 

Diarrhea in calves has been an important serious problem and is one of the major causes of 

economic losses in each husbandry due to their fatality, their inevitable treatment costs and a 

reduction in calves’ growth (Andrews et al., 2004). Neonatal calf diarrhea is not associated with 

only an agent but it is a multi-factorial disease. The infections factors are mainly related to E. 

coli, salmonella, rotaviruses and coronaviruses, some protozoan organisms such as 

cryptosporidium and coccidia parasite (Shams et al., 2010). The Escherichia coli are the most 

 [
 D

O
R

: 2
0.

10
01

.1
.2

71
73

78
.2

01
7.

1.
3.

2.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
av

m
.k

az
er

un
.ia

u.
ir

 o
n 

20
25

-0
2-

06
 ]

 

                             1 / 15

https://dor.isc.ac/dor/20.1001.1.2717378.2017.1.3.2.2
https://joavm.kazerun.iau.ir/article-1-44-en.html


Journal of Alternative Veterinary Medicine, Kazerun Branch, Islamic Azad University, Vol.1, No.3, 2017  

 
 

139 
JOAVM, 2017, 1(3):138-152 

 
 

prevalent cause of diarrhea in calves in the first three weeks of their lives (Nagy and Fekete, 

2005). 

In recent years, commercially available anti-microbial drugs have been used to control 

infectious diseases. The excessive use of antibiotics has led to the development of multiple drug 

resistance in most bacterial pathogens (Erdogrul, 2002; Ouahouo et al., 2004). Concerning the 

increasing use of antibiotics and consequently the increased antibiotic resistance and different 

susceptibility to E.coli in different parts of the world, the aim of the present study was to 

determine the prevalence of E.coli in diarrhea of calves in a number of traditional and 

industrialized animal husbandries in Kazerun city through the culture method, utilizing aqueous 

extract of garlic instead of antibiotics.  

Garlic (Allium Sativum), a plant belonging to the Liliaceae family, is native to Central Asia 

(Haciseferogullari et al., 2005). It has antibacterial, antiviral, antifungal, antioxidant and anti-

inflammatory properties (Banerjee and Maulik, 2002; Peng, 2002). Moreover, garlic has been 

recognized as a strong antibacterial agent and its inhibitory effect on both gram-negative bacteria 

and gram-positive bacteria has been proven (Ankri  and Mirelman, 1999;  Sivam, 2001). 

According to a study by Shobana and his colleagues (Shobana et al., 2009), garlic extract inhibits 

intestinal pathogens such as Escherichia,  Proteus mirabilis,  Salmonella typhi, and  Shigella 

flexneri. Sadeghian and Ghazvini  (2002) also observed that all tested isolates of Shigella  were 

susceptible   to garlic extracts, showing no resistance to these extracts. In a study on 289 E. coli 

samples isolated from calves’ faeces,   Blanco and some other researchers (1988) reported that 

20.5% of the samples were Verotoxigenic Escherichia coli (VTEC). Further, the effects of these 

bacteria on rats were examined. 

Using culture medium, Fukushima and his colleagues (2004) studied 605 bovine feces samples 

in order to detect shiga toxin-producing Escherichia coli. The reported that  31 strains (1.5%) 

were infected with Verotoxigenic Escherichia coli.  

In his research, Bulgin and others (1982) observed that 20% of the female dairy calves and 12% 

of males were infected with diarrhea recognized as multifactorial.  They also regarded 

multifactorial issue of diarrhea in calves as normal. The prevalence of enterotoxicogenic E.coli 

in calves with diarrhea varies in different herds according to their age in different areas. (Bulgin 

et al., 1982). 
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Materials and Methods 

In this research, 100 samples of feces swabs from calves (under one month of age) with 

clinical diarrhea were collected from some husbandries in Kazerun. The swabs were inserted into 

the tubes containing Selenite F Broth and transferred to a microbiology laboratory at Islamic 

Azad University, Kazerun branch. 

After completion of sampling, the enrichment of samples was done on Selenite F Broth and 

isolation on MacConkey Agar, MAC (Lab. M) containing 0.05 mg/l Cefixime (Oxoid company), 

and 2.5 mg/l potassium tellurite (Oxoid) at 37 ° C for 24 hours. To evaluate the lactose 

fermentation and to determine the identity of isolated bacteria, Eosin Methylene Blue agar, EMB 

(Merck, Germany) was used (Islam et al., 2007; Park et al., 2002; Rivas et al., 2003).  

In this study, aqueous extract of garlic was prepared according to Bucker and Douglas (2005). In 

this method, fresh garlic were washed, peeled, cleaned, and sliced, and then dried for 7 days on 

the sunny day (shade). Garlic slices were then homogeneously powdered with an electric mill. 10 

grams of this powder was transferred to a container containing 100 sterile distilled water. The 

dish was incubated for 48 hours at room temperature under shaking conditions (rotary shaker) at 

120 rpm. The extract was centrifuged for 20 minutes at 6000 rpm at 25 °C., and then filtered 

with a Whatman No. 1 filter paper. The final concentration of garlic extract was measured at 100 

mg / ml and it was stored at 4 ° C. 

The minimum inhibitory concentration (MIC) and the minimum bactericidal concentration 

(MBC) were determined using dilution method in the tube. To determine MIC, a series of 11 test 

tubes were used for extraction. 9 test  tubes were used to test different dilutions of each extract, 

one tube as positive control (containing diluted extract plus culture medium) and a tube as 

negative control (containing microbial suspension plus culture medium) (Aksoy et al., 2006; 

Ayepola and Adeniyi, 2008;  ISIRI 6806/1, 2005; Sindambiwe et al., 1999).  
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Results and Data Analysis 

 

Of the total samples in this study, 36 samples (36%) were related to male calves and 64 (64%) 

were related to female calves (Chart 1). 

 

 

 

 

 

 

 

 

 

 

 

 

Chart 1. The sample frequency  

 

The absolute and relative frequency distribution of the population under study based on the age 

is presented in Table 1. 

 

 
Table 1.  Absolute and relative frequency distribution of the population based on age 

Age (Day) 0-5 6-10 11-15 16-20 

Frequency 17 (17%) 33 (33%) 35 (35%) 15 (15%) 
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Chart 2.The frequency of sample population in terms of age 
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Absolute and relative frequency distribution of the population under study based on gender 

has been presented in Table 2. 

 

 

Table 2. Absolute and relative frequency distribution of the population based on gender 
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Chart 3. Comparing E.coli contamination rate between male and female 

 

The calves diarrhea samples were cultured on mechanical culture medium, the bacterial growth 

was observed on 70 plates while pathologic bacteria did not grow on 30 plates. Then, these 

bacteria were cultured on EMB( Eosin Methylene Blue agar) in which  4   colonies in a  right 

metallic green color were grown after 24 hours of incu ation at      , indicating the  resence of 

E.coli bacteria. 

 

 

Female male Age(day) 

12(18.75%) 5(13.89%) 0-5 

23(35.93%) 10(27.77%) 6-10 

21(32.81%) 14(38.89%) 11-15 

8(12.5%) 7(19.44%) 16-20 

64 36 Total 
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Figure 1. Culture of calves diarrhea samples on a MacConkey culture medium 

 

 

 
 

Figure  2. Culture of calves diarrhea samples on EMB 

 

Minimum inhibitory concentration (MIC) 

 

The minimum inhibitory concentration (MIC) is the minimum concentration that can 

prevent the bacterial growth up to 90%. The results obtained from the minimum inhibitory 

concentration of aqueous extract of garlic are presented in Table 4. The lowest antibacterial 

concentration of aqueous extract of garlic on Escherichia coli was found as 6.25 mg/ml (Table 

4). 

 

Table 4. The result of MIC test in different tubes 

 

Garlic Extract Extract Concentration Tubes No. 

+ 50 1 

+ 25 2 

+ 12.5 3 

+ 6.25 4 
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- 3.125 5 

- 1.562 6 

- 0.781 7 

- 0.390 8 

- 0.195 9 

- 0.097 10 

 

Minimum bactericidal concentration (MBC) 

 

The minimum bactericidal concentration (MBC) is the minimum concentration of extract that 

prevents bacterial growth up to 99.9%. The evaluation of MBC test was carried out for 

concentrations 6.25, 12.5, and 25 mg/ml and the results showed a progressive growth of the 

bacteria.  

 

 
 

 

                             Tube number 4                            Tube number 3                         Tube number 2 

                   (concentration 6.25 mg/ml)       (concentration 12.5mg/ml)      (concentration 25 mg/ml) 

 

 

Figure 3. The results of MBC on aqueous extract of garlic 

 

 

 

 

Agar diffusion with disk 
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The results for the diameter of the growth inhibition zone are shown in Table 5. The 

aqueous extract of garlic on the growth of E. coli showed inhibitory effect (15 mm). All 

antibiotics used on Escherichia coli bacteria were effective except for ampicillin and tetracycline 

which showed resistance. The highest effect belonged to ciprofloxacin and gentamicin (40 and 

30 mm) and the least effect was related to streptomycin (15 mm). 

 

Table 5.The results of antibiotic gram 

 

Holo Diameter   

in Galic    Plates 

 Antibiotic 

20±1/52mm Cefixime 

22±1/46mm Chloramphenicol 

25±1/31mm Nitrofurantoin 

15±1/15mm streptomycin 

0±./5mm Tetracycline 

23±1/63mm Nalidixic acid 

0±./4mm Ampicillin 

40±2/54mm Ciprofloxacin 

30±2/08mm Gentamicin 

15±1/00mm Garlic extract 
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Figure 4. Results of diffusion disk for garlic extract 

 

 

 

Discussion  

 

In the present study, using 100 samples of calf diarrhea isolated from animal husbandries around 

Kazerun through culture method, 43 samples (43% of the cases) were E. coli. 

Similar studies in some other areas have reported comparable results with the present research 

findings. In 1988 in northwestern Spain, Blanco and his colleagues studied a total of 289 

colonies isolated from diarrheic calves and reported that 20.5% of samples were E. coli (Blanco 

et al., 1988).  In Japan, Fukushima and some other researchers (2004) investigated 605 cattle 

(caws and calves) feces, using culture and PCR method, to search for Shiga toxin-producing 

Escherichia coli (STEC).  As they reported, 31 of samples were infected with Escherichia coli 

(Fukushima and Seki, 2004). 

Different cases of E.coli-induced diarrhea have been reported in Iran. In a study by Shams and 

his colleagues conducted through using mPCR in Fars province, 5.3% were reported as E. coli 

diarrhea (Shams et al., 2010). On the other hand, using agglutination method in Babol and 

Ghaemshahr was reported this rate as 1.07% (Lotfollahzadeh et al., 2005). It seems that some of 

 [
 D

O
R

: 2
0.

10
01

.1
.2

71
73

78
.2

01
7.

1.
3.

2.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
av

m
.k

az
er

un
.ia

u.
ir

 o
n 

20
25

-0
2-

06
 ]

 

                             9 / 15

https://dor.isc.ac/dor/20.1001.1.2717378.2017.1.3.2.2
https://joavm.kazerun.iau.ir/article-1-44-en.html


Journal of Alternative Veterinary Medicine, Kazerun Branch, Islamic Azad University, Vol.1, No.3, 2017  

 
 

147 
JOAVM, 2017, 1(3):138-152 

 
 

the disparities are related to the differences in the prevalence rate of Escherichia coli diarrhea in 

these areas. Moreover, the sensitivity and specificity of the methods used are also different. 

The antibiogram test also indicated that the isolated Escherichia coli were susceptible to most 

antibiotic groups used in the treatment of diarrhea. This drug susceptibility was found to be less 

frequently in traditional animal husbandries compared to the industrial ones.  It might be due to 

the uncontrolled and constant use of a certain drug or the lack of therapeutic doses of antibiotics. 

Bulgin and his colleagues (1982) also observed that Salmonella and Escherichia coli were 

resistant to certain drugs in laboratory conditions, especially those used to treat calves diarrhea. 

In this study, E. coli isolated from dairy farms from around Kazerun was not susceptible to 

tetracycline and ampicillin. 

Breuer's  (2001) studies in America, Radu (2001) in Malaysia, Kim (2005), Kargar (2005) in 

Jahrom, Nahaie (2007) in Tabriz also reported isolated strains resistance to ampicillin which 

were in line with findings of this present study. On the other hand, kanamycin resistance in 1996 

in Japan (Kim et al., 2005), erythromycin resistance in 2005 in Korea (Kim et al., 2005) and 

penicillin resistance in 2005 in Jahrom have been reported,  the reason for this disparities could 

be   due to the climatic conditions. 

Garlic is one of the most important aromatic herbs with a wide range of antimicrobial activity 

against a variety of microorganisms, including pathogens and corrosion agents or food poisoning 

(Aneela et al., 2001; Shobama et al., 2009). The active ingredient in garlic is a sulfur compound 

called allicin. Allicin is a chemical substance found in the crushed or chewed garlic. Allicin is 

very potent used as an antibiotic that helps control microbial growth and replication, with an 

antiviral, fungal, bacterial and antioxidant properties. 

It seems that allicin and its thiol-disulfide exchange reactions with free thiol groups of various 

enzymes are a mechanism that leads to all these activities. Therefore, the antibacterial effect of 

cooked garlic and commercially available garlic pills is less than the effect of inhibitory effect of 

the raw garlic (Ankri and and Mirelman, 1999; Miron et al., 2002). 

Alzowahi and his colleagues (2013) examined the effect of garlic extract on some 

enterobacteriaceae species. They observed that MIC of this extract on Salmonella, Enterobacter, 

and Escherichia coli species were 6.25%, 12.5% and 1.56%, respectively. Daka  and Awole 

(2009) also evaluated the antibacterial performance of aqueous extract of garlic on E. coli, 
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Shigella strains and Salmonella strains, and found that MIC of this extract for all tested 

organisms was higher than 30 mg / ml but its MBC values for Shigella and Salmonella were 30 

mg / ml and for Escherichia coli 5.37 mg / ml. In addition, Gull and other researchers (2012) 

studied the antimicrobial activity of aqueous, ethanolic and methanolic extracts of garlic and 

found that both tested gram-positive and gram-negative bacteria were susceptible to the extracts 

under study, but the susceptibility of the gram-positive bacteria to these extracts were higher. 

They also observed that the aqueous extract of garlic demonstrated significant antibacterial 

activity to all tested bacteria except Escherichia coli and Shigella. Shobana and others (2009) 

also stated that low concentrations of aqueous garlic extract inhibit the growth of intestinal 

pathogenic bacteria such as Escherichia coli, Salmonella typhi and Shigella flexneri. Durairaj 

and his colleagues (2009) studied the antimicrobial effects of aqueous garlic extract on 17 

bacterial isolates with multiple drug resistance and observed that  MIC range of this extract on 

gram-negative and gram-positive bacteria was 7-21 mg / ml and 6-11mg / ml. 

Siwam (2001) also examined the antibacterial effects of garlic extract on Helicobacter pylori, 

which is associated with gastric ulcers and gastric cancer, and stated that this extract has 

synergistic effects on antimicrobial activity of omeprazole and on the tested bacterium.  

The results reported by some other researchers (Alzowahi et al., 2013) are highly in line with the 

findings of this study. In contrast, the levels of MICs reported by Daka  and Awole (2009) were 

higher and MIC values observed by Shobana and his colleagues (2009) were lower than the 

MICs obtained in the present study. 

 

Conclusion  

The findings in this study showed that garlic extract concentrations that were effective on E.coli 

varied from the concentrations obtained on other gram-negative bacteria, which were in line with 

the results of the previous studies (Alzowahi et al., 2013; 1Gull et al., 2012). 

Overall, the results of this study revealed that garlic has the potentiality to be used as an 

antimicrobial drug, especially in the treatment of E. coli-induced diarrhea in calves. Though 

clinical experiments on patients are recommended after their garlic extract intake in order to 

confirm these data, it seems that further studies are needed to investigate the effects of this 

extract in intravenous conditions, to standardize it, and to conduct clinical evaluations. Finally, 
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this extract can be classified as a formulated herbal drug in veterinary pharmacies available to 

livestock breeders. 
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