
CC S.
. =

BY NC ND

             BioTechnologia                                    vol. 98(2)  C  pp. 121-129  C  2017       
               Journal of Biotechnology, Computational Biology and Bionanotechnology RESEARCH  PAPERS

http://doi.org/10.5114/bta.2017.68311

Decreased antibiotic susceptibility and enhanced probiotic
production potential of goat milk fermented curd

in comparison with cow and buffalo milk

JYOTI LAKHANPAL,  JEENA GUPTA*
Department of Bioengineering and Biosciences, Lovely Professional University (LPU), Phagwara, Punjab, India 

Abstract

The present study was carried out to characterize and compare the production potential and antibiotic suscepti-
bility of probiotics isolated from goat, cow and buffalo milk. The probiotics isolated from milk fermented curd
were compared with regard to their number, morphology, gram staining, motility, bile salt tolerance, pH-resi-
stance, catalase activity, oxidase production and antibiotic resistance. We demonstrated that the probiotics isola-
ted from milk fermented curd of all three species were gram positive, motile, catalase negative, and oxidase
negative and were able to produce lactic acid. Further, we observed that buffalo milk is more potent in forming
curd with the highest count of probiotics per ml (3.53 × 10!5) as compared to cow (5.8 × 10!6) and goat milk
(7 × 10!7); moreover, goat milk bacterial isolates were more tolerant to acidic pH but were less bile-salt tolerant
than cow milk. Also, probiotics isolated from goat milk curd were more resistant to antibiotics (resistant to 12
out of 15 screened antibiotics) than those from cow and buffalo milk (resistant to 8-9 antibiotics). This report
shows that goat milk fermented products possess the highest antibacterial potential and are highly acid-tolerant.
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Introduction

The term “probiotic” (used by Lilly and Stillwell for
the first time in 1965) refers to non-pathogenic microorga-
nisms (bacteria and yeast), which when ingested reach the
intestines in sufficient numbers to confer health benefits
to a host (Schrezenmeir and De Vrese, 2001). The most
commonly used bacterial probiotics include Lactobacillus,
Bifidobacterium, Streptococcus, and some Enterococcus
species (Morrow et al., 2012). Intake of probiotics stimu-
lates the growth of beneficial microorganisms and redu-
ces the number of pathogens, thereby improving the
microbial balance of the host and reducing the risk of
gastrointestinal diseases (Fuller and Cross, 1991; Cross,
2002). Probiotics have been reported to have anti-
carcinogenic, anti-mutagenic, anti-hypertensive, anti-
osteoporosis, and immunomodulatory effects (Chiang,
2012). A recent report has demonstrated that probiotics

can also enhance the effect of allergen specific immuno-
therapy (AIT) on allergic asthma (Liu et al., 2016).

As it is highly nutritious, milk is also a rich source of
probiotics (Aydenova et al., 2013). Probiotics are res-
ponsible for the anti-oxidant properties of fermented
milk which can be further enhanced by additives such as
cocoa, coffee, tea and fruit pulps (Najgebauer-Lejko and
Sady, 2015). Probiotics such as Lactobacillus bulgaricus,
and Streptococcus thermophiles are used in the manu-
facture of yogurts from milk. Other species such as
Lactobacillus lactis, Lactobacillus acidophilus, and Lacto-
bacillus casei are used for the production of cultured
milk, ripened cheese, and butter (Zhang et al., 2015).
The unique presence of probiotic microorganisms in the
intestinal epithelium and gastrointestinal tract, and their
traditional use in fermented foods prove their safety
(Pangallo et al., 2008). 
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Probiotics are also known to possess intrinsic anti-
biotic resistance that is considered a desirable trait to
recover intestinal microflora after the extensive use of
antibiotics (Broaders et al., 2013). Lactic acid bacteria
are known to possess resistance against a variety of anti-
biotics, e.g. beta-lactams, macrolides, aminoglycosides,
chloramphenicol and tetracycline classes (Sharma et al.,
2014; Davirgiliis et al., 2013). However, certain studies
have reported that probiotics, especially Lactobacillus
species, also act as a reservoir of antibiotic resistance
genes and are responsible for their transfer to patho-
genic organisms in the intestinal lumen (Mater et al.,
2008). The screening of probiotics for antibiotic resi-
stance could therefore serve as a platform for in depth
characterization of determinants of antibiotic resistance.

As per nutrition parameters, cow milk contains less
fat than buffalo milk, but a higher level of cholesterol
which may be linked to various health problems, i.e. in-
tolerance ranging from atopic dermatitis, constipation
and diarrhea. About 25% infants around the world suffer
from a cow milk allergy due to the high content of casein
(milk protein) (Ruszczyński et al., 2016). Goat milk has
been described as having higher digestibility, which
leads to a smaller number of allergic reactions than is
the case with cow milk (Alferez et al., 2001). It has also
been reported to have a balance of essential amino acids,
high levels of calcium, selenium, phosphate, and to be
rich in vitamins A and B, but deficient in folic acid and
vitamin D (Alferez et al., 2006; Riberio et al., 2010).
Furthermore, goat milk contains bioactive components
such as angiotensin converting enzymes (ACE), inhibi-
tory peptides, and peptide hypertensive agents which
are responsible for providing immunity to non-immune
diseases and controlling microorganism infections (Ha-
yes et al., 2006).

Nahar and coworkers compared cow, goat and buf-
falo milk for their physical and chemical compositions,
i.e. proteins, fats, and total solid and ash content (Nahar
et al., 2007). However to the best of our knowledge, this
is the first report that directly compares cow, goat and
buffalo milk in terms of their probiotic potential and
antibiotic resistance. The aim of our study was to isolate
probiotics from the milk of different animals (cow, buf-
falo and goat) and characterize and compare these to
obtain a clear picture of their nutritional benefits and
their role in human health and physiology. Our results
show that buffalo and goat milk are better than cow milk,

as they exhibit greater probiotic potential, pH tolerance
and better antibiotic resistance.

Materials and methods

In this study, all the cultivation mediums and chemi-
cals were provided by Hi-Media Co (India), including
MRS (Man-Ragosa-Sharpe) agar, MRS broth, catalase,
oxidative disks, and Gram straining kits. The Bile salt
agar medium was provided by CDH Co (India).

Collection of samples

A total of 3 milk samples of cow, buffalo and goat
were randomly collected from different producers at the
same time in sterilized bottles from different areas of
Ludhiana, India. All milk samples were boiled to kill
microbes and the standard curd inoculum was intro-
duced in all as starting cultures. The preparation was
then allowed to ferment into curd for 7-8 h at room
temperature (30-35EC). The prepared samples were
then kept in a refrigerator to stop the fermentation pro-
cess and to preserve samples for future use. 

Isolation of probiotics

To isolate the probiotics from milk samples we follo-
wed a standard microbiological procedure (Kale, 2014).
Briefly, the curd samples were serially diluted from 10
to 10!9 under aseptic conditions. From these dilutions,
the 10!5, 10!7, 10!9 and 10!12 diluted samples were
spread-plated (in triplicate) on MRS agar medium and
the plates were then kept in an incubator at 37EC for
24 h. After the incubation, well-isolated colonies were
counted using a colony counter and were identified using
standard morphological, culture and biochemical rea-
ctions. The selected colonies were then separated by
streaking on fresh MRS agar plates.

Total viable count 
The colonies observed were counted using a colony-

counter. The Colony Forming Units (CFU) were calcu-
lated and the total viable count per microlitre was de-
termined using the formula as follows: 

The viable count per microlitre of the curd samples is:

Bacteria/microlitre = CFU ÷ dilution factor 
    × amount of sample

CFU – colony forming units (number of colonies); di-
lution factor – colonies observed at a particular dilution;
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amount of sample – amount of curd sample spread on
the MRS agar.

Gram staining of colonies

Gram staining was performed according to the stan-
dard method by Collins and coworkers (Collins et al.,
2004). The morphology of isolated colonies was exami-
ned under a light electronic microscope at a magnifica-
tion of 10 ×, 40 × and 100 ×. 

Catalase test

The production of catalase is indicated by the break-
down of 3% hydrogen peroxide to release oxygen as
effervescence and water molecules. 

Oxidase activity test

The oxidative disk test was used to determine if
microorganisms possessed the cytochrome oxidase en-
zyme. The appearance of a deep purple/deep blue color
indicated positive results, while no change in color in-
dicated negative results.

Motility test

For the identification of motile bacteria, the hanging-
drop wet method was used (MacFaddin et al., 2000). For
this investigation, the depression slide with hanging
drop was observed under an electronic microscope at
a magnification of 40 × and 100 ×, respectively. 

Lactose utilization test

The lactose utilization test was performed to deter-
mine the production of lactic acid by bacteria (Thoesen et
al., 1994). A change in the color of the broth (to yellow)
indicated that the bacteria had produced lactic acid, while
no change in color showed no lactic acid production.

Characterization of probiotic properties

Bile salt resistance

The characterization of isolated bacteria was conduc-
ted on the basis of their resistance to bile salt (Niazi
Amraii et al., 2014). The sub-cultured bacterial colonies
were inoculated (10% w/v) into MRS broth and incuba-
ted at 37EC for 24 h. Loopfuls of overnight-grown fresh
cultures were streaked on MRS agar (containing 0.3%
(w/v) bile salt) and  kept at 37EC for 24 h. Only bile
resistant bacteria grew on agar.

pH testing

Acid tolerance of isolated bacterial species was
determined by their growth in broths with different pH
(Niazi Amraii et al., 2014). The MRS broth was prepared
in 100 ml sterilized flasks, pH was adjusted to 2, 2.5, 3,
3.5, 4, 5 and 6 using HCl or NaOH. Nutrient broths with
pH 3, 4 and 5 were used as controls. Inoculums of
isolated bacteria grown overnight were introduced into
test tubes containing 5 ml of each media with varying pH
and kept at 37EC for 24 h. Growth was observed after
24 h in the form of turbidity.

Antibiotics resistance test

The antibiotic susceptibility test was used to deter-
mine which antibiotic affected probiotic growth in the
tested curds (Huys et al., 2002). Using the Disk Dif-
fusion Method, the antibiotic resistances of probiotic
strains were assessed with a Hi-Media Antibiotic Disk.
Fresh cultures of isolated bacteria grown overnight from
buffalo, cow, and goat were spread on Muller-Hinton
Agar (MHA) using cotton swabs. The antibiotic disks
used were ampicillin/sulbactum (10/10 μg), amoxycillin
(30 μg), ampicillin (25 μg), clindamycin (10 μg), cefotaxi-
me (10 μg), chloramphenicol (25 μg), cefoxitin (30 μg),
kanamycin (5 μg), methicillin (30 μg), meropenem (10 μg),
neomycin (30 μg), oxacillin (1 μg), penicllin-G (10 units),
streptomycin (25 μg), and tetracycline (10 μg). These
antibiotics disks were placed on the MHA surface. The
plates were incubated at 37EC for 24-36 h and the results
were recorded afterwards.  

Statistical analysis

Experimental values are expressed as means ± SEM.
A comparison of mean values between various groups
was performed by one way-analysis of variance (one way-
ANOVA). P -value < 0.05 was considered to be signi-
ficant.

Results

Physical characteristics of cow, goat and buffalo milk
fermented curd

Curd was prepared by adding identical and equal
amounts of curd inoculum as initial cultures to pasteu-
rized milk samples obtained from cow, goat and buffalo.
The physical (organoleptic) characteristics of the three
curd samples were ascertained (Table 1). We observed 
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A B C

Control 10!9

10!5

10!7

Control

10!9

10!5

10!7

Control

10!9

10!5

10!7

Table 1. Comparison of organoleptic characteristics of curd prepared from cow, buffalo and goat

Number
of

species
Parameters Goat Cow Buffalo

1 color creamy-white yellowish-golden creamy-white

2 texture thin (liquid form) thick very thick

3 taste sweet slightly acidic acidic

4 smell odorless slightly acidic highly acidic

5 time of curdling 24-25 hours 12-14 hours 7-8 hours

Fig. 1. Probiotic colonies from the tested curd. The curd samples were serially diluted from 10 to 10!9 under aseptic conditions.
From these dilutions, 10!5, 10!7, 10!9 and 10!12 were selected. The spread plate technique was used to introduce bacteria onto
MRS agar medium, and the plates were then kept in an incubator at 37EC for 24 hours. Images shown above are (A), cow (B)

and goat (C). Experiments were performed in triplicate

that curd from cow milk was yellowish-golden in color,
whereas goat and buffalo milk curd were creamy white.
The time taken for curding of goat milk was almost twice
as long (24-25 h) as that for cow milk (12-14 h) and even
longer than that of buffalo milk (curdles in 7-8 h). Even
then, the goat milk curd was more liquid in form, where-
as the buffalo milk curd appeared to be the thickest.
This was consistent with a previous report which had
showed that due to the higher fat content in the buffalo
milk, the thickness and consistency of the curd was the
highest (Nahar et al., 2007). The goat milk, on the other
hand, contained much less fat, and thus showed a softer
consistency. In addition, we also observed that the goat
milk was odorless and sweeter than the cow and buffalo
milk curd; the latter was also more acidic in taste.

Comparison of the total viable count of probiotic species
in cow, goat and buffalo milk fermented curd

Since the same curd inoculum was used, the colo-
nies were observed for growth and morphological fea-

tures. The colonies were small-sized, white to cream in
color and round without any pigmentation (Fig. 1). Co-
lony Forming Units (CFU) from all the above mentioned
dilutions for each curd sample were estimated using
a Bacterial Colony Counter. The results are collated in
Table 2. Buffalo fermented milk showed the highest
number of CFUs (121 ± 7.767) and goat fermented milk
showed the lowest (2 ± 1.53) at 10!9 dilution. Further,
we also evaluated the Total Viable Bacterial Count
(Table 2), which is the number of viable bacteria present
per microlitre of sample in each of the fermented milk
samples, and we observed the highest count in buffalo
milk (3.53 × 10!5), followed by cow (5.8 × 10!6) and goat
milk (7 × 10!7) at 10!9 dilution. 

Characterization of the probiotic species isolated from
cow, goat and buffalo milk fermented curd

The characterization of isolated probiotic species
from the colonies obtained from milk fermented curd of
cow, goat and buffalo milk was conducted using the 
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Table 2. Number of colonies formed and the total viable count of probiotics from cow, goat and buffalo
at different dilutions (experiments were performed in triplicate (n = 3))

Number Milk
sample

Dilution rate (10!5)
number of colonies

Dilution rate (10!7)
number of colonies

Dilution rate (10!9)
number of colonies

Total viable
count

1 goat 44 ± 9.643* 22 ± 2.081* 2 ± 1.527 7 × 10!7

2 cow 52 ± 5.507** 36 ± 7.211* 19 ± 4.509* 5.8 × 10!6

3 buffalo 190 ± 7.767*** 169 ± 5.508*** 121 ± 14.29*** 3.53 × 10!5

Fig. 2. Digital microscopic image for Gram staining of isolated bacteria of goat, cow and buffalo curd at 100×. Gram staining was
conducted according to the method by Collins and coworkers (Collins et al., 2004). The morphological and culture examination
of the isolated colonies was performed and colonies were observed under a light electronic microscope at 100× magnification 

following: Gram staining procedure, catalase test, oxi-
dase test, mobility test and lactose fermentation test. 

Gram staining

Following the standard gram staining method, we
observed that the colonies selected from all the three
samples appeared to be purple in color, i.e. they were
gram-positive. They were all rod-shaped, and appeared
in either singles or in doubles (Fig. 2). 

Catalase test

Effervescence or bubble production after addition of
H2O2 indicates a positive catalase test. No effervescence
was seen in any of the test tubes after the addition of
H2O2. This indicated that the isolated probiotic bacterial
stains could not mediate the decomposition of H2O2 to
produce oxygen and were therefore catalase negative.

Oxidase test 

For the oxidase test, the overnight grown bacterial
cultures were poured onto the oxidative disks. There
was no change in the color and appearance of oxidase
disks due to the isolated bacteria from all three samples.

This showed that all the isolated probiotic bacterial
stains were oxidase negative.

Motility test 

Using the hanging-drop wet method, we observed
that all the isolated probiotic bacterial cultures from all
the samples were non-motile. This is a characteristic
feature of Lactobacilli spp. Thus, the isolated bacteria
from all curd samples resembled the characteristics of
the Lactobacillus spp.

Lactose utilization test 

In the lactose-utilization test, the production of lactic
acid by the bacteria was confirmed. This test resulted in
a change of the color of the broth, which indicated that
the isolated probiotic bacterium was capable of produ-
cing lactic acid. Due to this characteristic, Lactobacilli
sp. is also known as Lactic Acid Bacteria (LAB).

From all the performed biochemical tests (Table 3),
we concluded that the bacteria isolated from the curd
samples of cow, goat and buffalo may belong to the
Lactobacillus species, as they possess the characteristics
typical for Lactobacillus. Further confirmatory tests 
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Table 3. The results of biochemical tests to identify pure cultures of cow, goat and buffalo milk samples
(all experiments were performed in triplicate)

Number Milk
sample

Gram
staining (±)

Catalase
test (±)

Lactose
fermentation test (±)

Oxidase
test (±)

Motility
test (±)

1 goat  + – + – non-motile

2 cow + – + – non-motile

3 buffalo + – + – non-motile

were performed on the curd samples, in order to check
the probiotic potential of the isolated strains.

Bile salt tolerance and pH tolerance of isolated probiotic
bacterial species from cow, goat and buffalo milk

Bile salt resistance test 

One important property of probiotics is that they are
able to resist the inhibitory factors present in the
gastrointestinal tract, such as bile salt. For this purpose,
the effect of 0.3% of bile salt (high concentration) on the
growth of isolated probiotic bacteria on the MRS agar
was investigated. The result (Table 4) showed that all
the isolated bacteria had the ability to resist the bile
salts at 0.3% concentration. However, some variations
were observed in the curd samples. The bacteria iso-
lated from buffalo curd samples were more bile-salt resi-
stant than those from cow or goat curd samples.

Table 4. Comparison of bile salt resistance of bacteria
from different milk sources 

Number Samples Results

1 goat +

2 cow ++

3 buffalo +++

Tests were performed in triplicate (n = 3): (+) small tolerance,
(++) moderate tolerance, (+++) high tolerance 

pH testing

Another characteristic property of probiotics is their
ability to grow at different pH, generally in the acidic
range. The major selection criterion for probiotic strains
is their ability to resist low pH (Cakir, 2003). The results
of the bacteria cultures grown in media with different pH
conditions were observed and recorded (Table 5). The
appearance of turbidity of the media in the pH range
from 3.5 to 7 indicated that the isolated probiotic strains
from all the three species had the ability to grow in neu-
tral and acidic conditions.

Table 5. Effect of different pH on the growth of probiotics
isolated from different milk sources 

Sample
pH Goat Cow Buffalo

2.0 – – –

2.5 – – –

3.0 – – –

3.5 + – +

4.0 + ++ +++

5.0 +++ +++ +++

6.0 +++ +++ +++

7.0 ++ – +

All experiments were performed in triplicate: (–) no growth,
(+) slight growth, (++) good growth, (+++) very good growth (n = 3)

Antibiotic susceptibility of isolated probiotic bacterial
species from cow, goat and buffalo milk

Using the Disk Diffusion method, different antibiotic
disks were introduced onto the Muller-Hinton Agar
(MHA) containing bacterial cultures. After 24 hours, the
growth of bacteria with respect to the antibiotics was
observed. The zones of inhibition indicated the extent of
the bacteria’s inability to survive in the presence of anti-
biotics, whereas clear zones or smaller zones of inhi-
bition indicated the resistance of the bacterial isolates to
the respective antibiotics (Table 6). We observed that
probiotics isolated from goat milk curd were more resi-
stant to antibiotics (resistance toward 12 antibiotics and
sensitivity toward 3) as compared to cow (resistant to 9,
sensitive to 4 and with intermediate results to 2 anti-
biotics) and buffalo (resistant to 8, sensitive to 5 and
with intermediate results to 2 antibiotics). This clearly
showed that goat milk was more beneficial in aiding the
recovery of intestinal microflora after the use of the
tested antibiotics.
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Table 6. Effects of different antibiotics on the growth of isolated probiotic strains from different species curds

Number
of species

Zone of inhibition
by antibiotic disk Abbreviations Disk units

[ug] Buffalo Cow Goat

1 Ampicillin/Sulbactum A/S10/10 43017 21 ± 2.08**
S

19 ± 1.527**
S

17 ± 2.516*
S

2 Amoxycillin AMX30 30 14 ± 2.08*
I

16 ± 2.645*
I

12 ± 2
R

3 Ampicillin AMP10 25 –
R

–
R

7 ± 1.732*
R

4 Chloramphenicol C30 25 23 ± 4.163*
S

21 ± 2.081**
S

18 ± 2.08*
S

5 Clindamycin CD2 10 17 ± 1**
I

9 ± 2.039*
R

8 ± 2.081
R

6 Cefotaxime CTX30 10 20 ± 1**
R

16 ± 2*
R

15 ± 3.055*
R

7 Cefoxitin CX30 30 18 ± 1**
S

13 ± 2.5166*
I

13 ± 1.527*
R

8 Kanamycin K30 5 16 ± 1.527*
R

–
R

–
R

9 Methicillin MET5 30 –
R

–
R

–
R

10 Meropenem MRP10 10 14 ± 0***
R

13 ± 1.527*
R

15 ± 2.081*
R

11 Neomycin N30 30 11 ± 1.527*
R

13 ± 2.516*
R

6 ± 2.516
R

12 Oxacillin OX1 1 –
R

–
R

–
R

13 Penicllin-G P2 10-units –
R

–
R

–
R

14 Streptomycine S10 25 18 ± 1**
S

15 ± 2.51*
S

12 ± 2.516
R

15 Tetracycline TE30 25 ± 1***
S

21 ± 1.52*
S

16 ± 2*
S

R – resistance, I – intermediate or S – sensitive) concluded on the basis of Zone Size Interpretative Chart using MHA (n = 3); all experiments
were performed in triplicate; all values are represented as means ± S.E.M. ***P  < 0.001, **P < 0.01 and *P < 0.05

Discussion 

Milk and fermented milk products (curd) are bene-
ficial for human health, as they provide supplements
which help to maintain the intestinal balance associated
mainly with the presence of different probiotic bacteria
(Mokoena et al., 2016). Curd is the most preferred dairy
product due to its high probiotic potential. In this study, 
three different types of curd (cow, goat and buffalo) were
prepared and analyzed on the basis of their physical qua-
lities and probiotic potential. The color and texture of
the curd prepared from goat and buffalo milk were simi-
lar; however, in the cow curd a golden-yellowish color

appeared, indicating a higher carotene content (Nahar
et al., 2007). The curd from goat milk was sweeter in
taste than cow or buffalo milk curd.

The isolation of probiotic bacteria was conducted
using a serial-dilution method from curd of all three spe-
cies. A comparison was performed on the basis of colony
forming potential. The results showed that the buffalo
curd produced the highest number of colonies, resulting
in the highest Colony Forming Unit (CFU) value (Fig. 1
and Table 1); whereas the goat sample gave the lowest
number of colonies, which resulted in the lowest CFU
value. We concluded, therefore, that curd obtained from
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buffalo milk offered the highest probiotic potential as
compared to cow and goat curd and was consequently
much more beneficial for human health. 

The colonies isolated from all three test samples
were creamy to white in color. On the basis of a micro-
scopic examination, morphological and cultural characte-
ristics were determined. Gram-staining of the bacterial
culture showed that all the isolated strains from all three
species were Gram positive, rod shaped and non-motile
(Fig. 2, Table 3). The catalase test showed inability to
produce bubbling when mixed with 3% H2O2, which in-
dicated the absence of a catalase enzyme, a characte-
ristic feature of Lactobacillus sp. Further, no change in
the color of oxidase disks confirmed that the isolated
bacteria did not contain cytochrome oxidase enzyme,
another property of Lactobacilli species. We also perfor-
med the Lactose Utilization Test to confirm that the
isolated bacteria could produce lactic acid. A phenol red
lactose broth medium was used as an indicator. All the
curd samples resulted in a change of color from red to
yellow, which indicated that the isolated bacteria were
capable of producing lactic acid. As the isolated probio-
tics showed characteristic features of Lactobacillus, they
were determined as being Lactic Acid Bacteria (LAB).

The bacteria to be used as probiotics should have
the potential to resist the inhibitory factors present in
the gastrointestinal tract, e.g. the bile salts and low pH,
as they have to pass through the stressful conditions of
the stomach (Cakir, 2003). The isolated probiotic strains
were screened for their ability to tolerate bile salts and
low pH conditions. The results indicated that bacteria
isolated from buffalo curd showed the highest bile salt
tolerance as compared to cow or goat curd (Table 4).
Further, bacteria isolated from goat and buffalo curd
showed turbidity from pH = 3.5 to pH = 7 MRS broth,
highlighting their ability to grow in low pH (Table 5).
The main difference occurred at pH = 7, where goat bac-
terial isolates showed good growth, while those from the
buffalo curd showed only a slight growth. The cow bac-
terial isolates started showing turbidity at pH = 4. We,
therefore, concluded that bacterial isolates of goat curd
were viable in a wider pH range (3.5-7), while those from
buffalo curd could not survive at pH = 7. Also, bacteria
isolated from cow curd showed normal growth from
pH = 4 to pH = 6. Standard probiotic strains were stable
from pH = 3 to 7, but sensitive to pH = 9, as had been
shown by Alpay and coworkers (Alpay et al., 2003).

We further screened the nature of resistance of
probiotics isolated from curd samples to fifteen different
types of antibiotics (Table 6). The results were inter-
preted based on the Hi-Media Zone Size Interpretative
Chart. Antibiotics such as ampicillin, sulbactum, chlor-
amphenicol, and tetracycline affected the growth of bac-
teria, producing large zones of inhibition, which proved
that they were sensitive (Table 6). The majority of the
isolated probiotic strains were highly resistant (no or
little effect) to eight different antibiotics, although not all
to the same extent.  The bacterial strains isolated from
goat curd proved to be highly resistant, showing resi-
stance against 12 out of 15 antibiotics, while the buffalo
bacterial isolates showed lower resistance (resistant to
8 out of 15), and were mainly affected by cefoxitin and
clindamycin. Thus, goat curd showed the strongest pro-
biotic potential in comparison with cow or buffalo curd.
Based on previous reports, we can state that these pro-
biotics represent a reservoir of antibiotic resistance
genes and the ingestion of these probiotics may influ-
ence the presence, establishment, and dynamics of anti-
biotic resistance bacteria after antibiotic ingestion du-
ring disease treatments (Gueimonde et al., 2013). These
probiotic strains comply with the FAO/WHO (2002) cri-
teria and may be used to prevent enteric bacterial in-
fection (FAO/WHO, 2002). 

Dairy products are important for human health. This
comparative study of cow, goat and buffalo fermented milk
products has revealed that probiotics isolated from goat,
cow and buffalo curd are pH-tolerant from acidic to neutral
growth conditions, bile- salt tolerant at 0.3% concentration
and resistant to most of the antibiotics tested. Our results
clearly show that goat milk fermented products possess
the highest antibacterial potential. Recently, a study by
Chen and coworkers has also demonstrated the optimiza-
tion of the formulation of a probiotic goat milk tablet
which can be used to provide health benefits by maximi-
zing the probiotic viable count (Chen et al., 2014).

Conclusions

From this comparative study, we concluded that the
goat milk fermented product showed the highest antibac-
terial potential and was highly acid-tolerant. Prominent
probiotics present in goat curd help in the maintenance
of the normal microbial flora of the intestines, as they
can resist the acidic conditions of the stomach and small
intestines and show resistance to many antibiotics.
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These probiotics also have the potential to prevent side
effects arising from antibiotic therapy and may help to
strengthen the immune system. 

The authors declare that no conflict of interest exists with the
publication of this study.
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