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Abstract
Curd is a potential source of probiotic Lactobacilli species. This study was carried out to isolate and 
characterize Lactobacilli species available in curd samples sold in the market.
Nine curd samples prepared from cow and buffalo milk were obtained from the local market in Kandy 
district. A total of seven isolates (LB 1-7) were identified based on their colony morphology and 
biochemical characteristics and evaluated for their probiotic attributes such as low pH tolerance, 
resistance to bile salt, antimicrobial activity against Escherichia coli and Pseudomonas aeruginosa, 
antibiotic activity against Erythromycin, Chlorardphenicol and Norfloxacin, haemolytic activity and 
DNase activity.
It was observed that all the isolates were able to grow at low pH (pH=3.0) and able to survive at 0.3% 
bile salt, however, the viability decreased with time. LB7 showed very low viability to bile salt 
compared with the others. All isolates exhibited antimicrobial activity against the two pathogenic 
organisms tested and the maximum zone of inhibition (18±1.13mm) was observed against E.coli by 
two isolates (LB1 and LB2) and against P. aeruginosa by four isolates (LB1, LB2, LB6 and LB7). 
Only LB6 and LB7 exhibited resistance to all three antibiotics tested while the other isolates were 
found to be sensitive. In general, a higher sensitivity was shown against Erythromycin and 
Chloramphenicol compared with Norfloxacin. Furthermore, all the isolates exhibited 8-haemolysis 
(non-haemolysis) while none of the isolates showed any DNase activity.
Further investigations are in progress to identify the Lactobacilli strains available in these isolates.
Introduction
Probiotics are live microorganisms used as food 
supplements, which provide health benefits when 
consumed, through improving the intestinal 
microbial balance of the host. Most probiotic 
organisms belong to lactic acid bacteria (LAB) 
which comprise of a wide range of genera and 
include a considerable number of species especially 
L actobacillu s, B ifidobacterium  and E n terococcu s  

species. These bacteria are the major component of 
the starters used in fermentation, especially for 
dairy products, and some of them are also present 
in the gastrointestinal microflora. L a c to b a c illi are 
one of the most important genera of LAB which are 
present in raw milk and dairy products such as 
cheeses, yoghurts and fermented milks and curd is 
one of the best-known foods that contain 
probiotics.
L a cto b a c illi comprise of a large and diverse group 
of gram positive, non-spore forming, catalase 
negative rod bacteria, able to produce lactic acid as 
the main end product of the fermentation of 
carbohydrates. They are considered as generally

recognized as safe (GRAS) organisms and safely 
used as probiotics for food, medical and veterinary 
applications.
Probiotics should be resistant to specific conditions 
of the gastrointestinal tract (GIT), remain resistant 
for more than 4 hrs to proteolytic enzymes, low pH 
values (1.8-3.2) prevailing in the stomach and to 
bile concentration, pancreatic juices and mucus 
which are part of the small intestine. Furthermore, 
bacterial strains to be used in probiotics obtention 
are supposed to be resistant to antibiotics 
eventually administered in animal diets and, are 
also to be a producers of antimicrobial substances 
such as lactic acid, hydrogen peroxide, 
bacteriocins, etc.
Materials and Methods

S am ple  co llec tion

Clay potted curd samples prepared from cow and 
buffalo milk were randomly collected from local 
market in Kandy area.
Iso la tion  o/Lactobacilli
A loopful of curd samples was streaked on the 
sterile Rogosa SL Agar by quadrant streaking
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method under aseptic conditions. After streaking 
Petri plates were incubated at 37°C for 24 hrs under 
anaerobic conditions. Subsequently purified 
cultures were obtained by sub culturing on Rogosa 
SL agar by incubating at 37°C for 24 to 48 hrs. 
Iden tifica tion  an d  ch aracteriza tion  o f  p u re  culture

Morphological examination was carried out by 
using Gram’s staining method described by H. C. 
Gram (1884).
Biochemical examination of culture
E n dospore  sta in in g

Bacterial smear was prepared on microscopic slide 
and heat fixed. Malachite green (primary stain) was 
applied and heat fixed. Slide was removed from the 
flame and rinsed with water until water run clear. 
Then the slide was flooded with the counter stain 
diluted carbol fuschsin for 30 seconds and rinsed 
with water. After that slide was air dried and 
observed under the light microscope.
M o tility  Test

Motility of strains was examined by “hanging drop 
method”. A drop of bacterial culture was placed in 
the centre of a coverslip. A drop of paraffin placed 
at each comer of the coverslip. A cavity slide was 
inverted over the coverslip so that it was stick to 
the slide and the drop of bacterial culture was 
suspended in the central depression of the cavity 
slide. Motile organisms were observed under 
microscope.
C ata lase  Test

A clean microscopic slide was taken. A drop of 3% 
H20 2 was taken on the microscopic slide 
aseptically. A loopful of bacterial culture was 
added on 3% H20 2 solution on the slide and 
allowed to react for 30 seconds. The presence of a 
bubble was recorded as catalase positive and 
absence as catalase negative.

Probiotic characterization of pure culture

R esistan ce  to low  p H

L a cto b a c illi isolate obtained from overnight culture 
was inoculated in MRS broth and incubated at 
37°C for 24 hours. The culture broth was 
transferred into 10ml MRS broth adjusted to pH 3 
with cone. HC1 and incubated at 37°C under 
anaerobic condition. Resistance was assessed in 
terms of viable colony counts enumerated on 
Rogosa agar in triplicate at 0, 1, 2, 3 and 4 h. Plates 
were incubated at 37°C under anaerobic conditions 
for 48 h. The survival rate of L a c to b a c illi was

observed for colonies grown on Rogosa agar 
compared with the initial bacterial concentration. 
B ile  s ta te  to lerance

1 ml of overnight culture was added to 10 ml of 
0.3% bile containing broth and incubated at 37C 
under anaerobic condition. Viable colonies were 
counted for every hour of incubation time at 0, 1, 2, 
3 and 4 h. Plates were incubated at 37C under 
anaerobic condition for 48 h.
A n tim icrob ia l ac tiv ity

Antimicrobial activity of the L actobacillu s  sp. was 
determined using the disc diffusion method on 
nutrient agar against pathogenic strains 
P seu dom on as aeruginosa  and E scherich ia  coli. 
The pathogenic strains were inoculated on nutrient 
agar plates using sterilized cotton swabs. Sterile 
paper blank discs of 9 mm dia. were dipped in fresh 
overnight culture and placed on the surface of agar 
plates. The plates were kept at 4°C for 30 min to 
permit diffusion on the assay material, and 
incubated at 37°C for 24 h. Zone of inhibition was 
measured in mm. The assay was repeated 30 times. 
Discs dipped in sterile water served as control. 
A n tib io tic  A ctiv ity

Fresh overnight culture was spreaded evenly on the 
surface of Rogosa agar plates using sterile cotton 
swabs. Antibiotic discs of Streptomycin and 
Gentamicin were placed on agar plates and kept 
for 30 min at 4°C for diffusion of antibiotics. Discs 
dipped in sterile water served as control. The plates 
were then anaerobically incubated at 37°C for 24 
hrs. Zone of inhibition diameters were measured 
inclusive of the diameter of discs.
H aem oly tic  a c tiv ity

Blood Agar plates were prepared using Blood Agar 
Base and 10% human blood. Fresh overnight 
cultures were streaked on blood agar plates and 
incubated at 37°C for 24 hrs in anaerobic jars. 
After incubation, the agar plate was observed for 
zones around the colonies. The assay was repeated 
30 times.
D N a se  test

Fresh overnight broth culture was inoculated on 
DNase agar and incubated at 37°C for 24 hrs. After 
incubation, DNase agar plate was flooded with HC1 
and excess was removed. After 5 min, agar plate 
was observed for a “halo” appearance surrounding 
the strains. The assay was repeated 30 times.
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Data analysis
Data were analyzed by using analysis of variance 
(ANOVA) and Comparison of means was carried 
out. Some experiments were repeated in triplicates 
(n=3) and some were replicated for 30 times 
(n=30).

Results and Discussion

Isolation o/Lactobacillus
A total of seven isolates were obtained from curd 
samples by streak plate method and classified as 
LB1, LB2, LB}, LB4, LB5, LB6 and 
LB7. Considering the storage condition, curd 
samples were divided into four groups as shown in 
Table 1.

Buffalo curd Cow curd
Refr. Non-Refr Refr. Non-Refr.
LB1 LB4 LB7 No isolates
LB2 LB5
LB 3 LB6

Table 1: Isolates from cow and buffalo curd samples 
Reff. -  Refrigerated, Non-Refr. -  Non-Refrigerated

Identification o f  pure culture 

Isolated colonies were characterized and identified 
based on their colony morphology and biochemical 
characteristics. Most o f the colonies were small, 
smooth and white-cream in color while colony LB6 
having a rough texture. All isolates were found to 
be gram positive, rod shaped, non-spore forming, 
non-motile and catalase negative while LB6 
showed long rods compared to other isolates.
Based on these morphological and biochemical 
characteristics, the isolates tested were identified as 
Lactobacillus sp. The results were comparable with 
those reported .

Isolate Colony Morphology Gram
staining

LB1 White-creamy, smooth + rods
LB2 White-creamy, smooth + rods
LB 3 White-creamy, smooth + rods
LB4 Creamy, smooth + rods
LB 5 White-creamy, smooth + rods
LB 6 White-creamy, rough + Long rods
LB 7 White-creamy, smooth + rods

Table 2: Morphological/Biochemical characteristics 
All isolates showed negative results in endospore 

staining, motility and catalase tests

Resistance to low pH

In this study, the resistance to low pH was assessed 
in terms of viable colony counts which resist at 
pH=3, for 4 h of incubation. All isolates were able 
to grow at low pH while their viability decreased 
with time. Most o f them showed significant growth 
at pH 3.0 even after 5 h of incubation. But the 
number o f viable colonies decreased. However, all 
isolates were able to retain constantly at low pH as 
shown in Fig. 1.
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Fig. 1 : Survival rate o f isolates at pH 3.0

The probiotic isolate must travel through human 
stomach and survive in the acidic pH 1.5 to 2.0, 
before reaching the intestine to colonise and to 
establish metabolic activity. Survivability of 
isolates in in low pH and high levels of bile allows 
the probiotics to survive through gastric transient in 
the stomach and reach the intestine and thus 
maintain gut flora. As they establish in the GIT, 
microorganisms enhance their active metabolic 
pathways resulting in the release of some organic 
molecules which are beneficial to host. Therefore, 
pH 3.0 is set as the standard acid tolerance for 
screening the acid toleranceThis is also due to the 
fact that a significant decrease in viability o f the 
strains is often observed at pH 2.0 and below. In a 
study, no viable cells were found at pH 2 after 30 
min, but at pH 3, the number of viable L. 
acidophilus cells decreased with time, whereas in 
the case of L. casei, the number of viable cells were 
found to be constant at pH 3.

Resistance to bile salts

The study showed that all isolates were able to 
survive at 0.3% bile salt concentration, although 
viability decreased with time. After 2 h of 
incubation, a drastic reduction in viability was 
observed in all isolates. Fig. 2 illustrates the 
variation o f the isolates in resistance to bile salt 
after 2h of incubation. LB6 showed highest growth 
compared to other isolates whereas, LB7 showed 
no growth at 2 h o f incubation.
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The tolerance against bile salt was carried out 
based on the intestinal bile concentration, 0.3% and 
staying time of food in small intestine is 4hr.13
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Fig. 2. Bile salt tolerance of isolates 2h of 
incubation

A n tim icrob ia l ac tiv ity

The study also showed antimicrobial activity of the 
isolates against pathogenic organisms E scherich ia  

co li and P seu dom on as aeruginosa . The diameters 
of zone of inhibition were measured. Two isolates 
(LB1 and LB2) exhibited maximum zones of 
inhibition against E .co li while four isolates (LB1, 
LB2, LB6 and LB7) showed inhibition against P. 
aeru gin osa  (Table 3).
Lactic acid bacteria are known to produce 
antimicrobial substances such as organic acids, 
hydrogen peroxide, diacetyl which are capable of 
inhibiting the growth of pathogenic and spoilage 
microorganisms.
A n tib io tic  A c tiv ity

In this study, resistance was tested by the disc 
diffusion method using antibiotic discs of 
Erythromycin, Chloramphenicol and Norfloxacin.

Table 3. Antimicrobial activity of isolates (Mean± 
SD). Means with same subscript are not significantly 

different

Isolate Diameter of zone of inhibition (mm)
P. aerug inosa E .co li

LB1 17.89±0.80a 18.29±0.51a
LB2 17.78±0.25a 17.58±0.11b
LB3 16.11±0.36a 16.88±0.22a
LB4 14.78±0.53a 13.64±0.1b
LB5 16.78±0.26a 15.05±0.15b
LB6 17.62±0.40a 15.23±0.45a
LB7 18.89±0.16b 16.05±0.26a

Only LB6 and LB7 exhibited resistance to all three 
antibiotics tested while the others were found to be 
sensitive. In general, a higher sensitivity was 
shown against Erythromycin and Ciprofloxacin 
compared with Norfloxacin.

As shown in Table 4, LB4 shows significant 
difference in antibiotic activity against both 
Erythromycin and Chloramphenicol compared with 
other isolates. A significant difference was also 
observed with LB2 against Norfloxacin. The 
resistance of probiotics to antibiotics helps to 
replenish normal microflora in an individual after 
antibiotic therapy. Probiotics have been used to 
prevent antibiotic associated diarrhoea, which 
results from an imbalance in gut microflora caused 
by antibiotic therapy.

Table 4. Antibiotic resistance of isolates against 
antibiotics (Mean±SD) Means with same subscript are 
not significantly different; Chloram.=Chloramphenicol

Isolate Diameter of zone of inhibition (mm)
Erythromycin Chloram. Norfloxacin

LB1 19±0.57a 21±0.57a 23±0.57a
LB2 29±0.57a 27±0.57a 7±1.15b
LB3 21±0.57a 20±0.57a 17±0.57a
LB4 31±1.73b 30±1.15b 24±0.57a
LB5 14±0.57a 17±1.00b 0
LB6 0 0 0
LB7 0 0 0

L a c to b a c illi are known to have a high natural 
resistance to some antibiotics including bacitracin, 
ciprofloxacin, gentamicin, norfloxacin and 
streptomycin.
H aem oly tic  a c tiv ity

All the tested isolates exhibited 8-haemolysis (non­
haemolysis) which is considered as a safety 
character for good probiotic bacteria. Non- 
haemolytic activity of probiotic isolates are 
considered as a safety prerequisite for the selection 
of a probiotic organism. L. case i, L. delbru ek ii and
L. lactis have been reported to show 8-haemolysis. 
D N ase  a c tiv ity

DNase activity of L a cto b a c illi isolates grown on 
DNase agar was examined for the hydrolysis of 
DNA molecules. It was determined by observing a 
“halo” appearing round the isolates after applying 
HC1 solution. In this study, none of the isolates 
showed DNase activity. S taph ylococcus aureus  

was used as control strain. It has been suggested 
that DNase could be used to identify potentially 
pathogenic Staphylococci.
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Conclusion
Isolated bacteria were found to be rod shaped gram 
positive, non-spore forming and non-motile and 
therefore confirmed as L actobacillu s  species. And 
none of the isolates produced catalase enzyme. The 
isolates tested demonstrated probiotic attributes 
such as resistance to low pH, tolerance to bile salt, 
antimicrobial resistance, antibiotic activity, non­
haemolysis and no DNase activity. No significant 
difference of probiotic attributes was observed 
between refrigerated and non-refrigerated 
conditions of curd. Further investigations are in 
progress to identify the L a c to b a c illi strains 
available in these isolates.

References
11. R. Fuller, Probiotic in man and animals, A 

Review J. Appld. B acteriology, 1989, 90, 3452- 
3453

12. G. Klein, A. Pack, C. Bonaparte and G. Reuter, 
Taxonomy and physiology of probiotic lactic 
acid bacteria, Intnl. J. F ood  M icrobiology, 1998, 
41, 103-125.

13. F. Leroy and L. De Vuyst, Functional lactic acid 
bacteria starter cultures for the food fermentation 
industry, Trends in F ood Sci. and Techn., 2004, 
15, 6778.

14. V. Coeuret, S. Dubemet, M. Bemardeau, M. 
Gueguen and J.P. Vemoux, Isolation, 
characterisation and identification of Lactobacilli 
focusing mainly on cheeses and other dairy 
products, Lait, 2003, 83, 269-306.

15. R. Pelinescu, E. Sasarman, M.C. Chifiriuc, I. 
Stoica, A. M. Nohita, I. Avram, F. Serbancea 
and T.V. Dimov, Isolation and identification of 
some Lactobacillus and Enterococcus strains by 
a polyphasic taxonomical approach, Romanian 
Biotechnological Letters, 2009,14, 4225-4233.

16. S. L. Gorbach and B.R. Goldin, Lactobacillus 
acidophilus United States Patent, 1991, (5): 32, 
399.

17. M. M. Patil, A. Pal, A. Anand and V. K. 
Ramana, Isolation and Characterization of Lactic 
Acid Bacteria from Curd and Cucumber, Ind. J. 
Biotechnology, 2010, 9 (2), 166-172.

18. C. L. Dunne, L. O’Mahony, L. Murphy, G. 
Thornton, D. Morrissey, S. O’Halloran, M. 
Feeney, S. Flynn, G. Fitzgerald, C. Daly, B. 
Kiely, G. C. O’Sullivan, F. Shanahan and J. K. 
Collins, In vitro selection criteria of probiotic 
bacteria of human origin: correlation with in vivo  
findings, Amer. J. Clin. Nutr. 2001, 73, 386S- 
392S

19. R. P. K. Sahadeva, S.F. Leong, K.H. Chua, C.H. 
Tan and H.Y. Chan, E.V. Tong, S.Y.W. Wong 
and H.K. Chan, Survival of commercial probiotic 
strains to pH and bile, Intnl. F ood Res. J., 2011, 
18, 1515-1522.

20. N. Dave and P. Shah, Viability of yogurt and 
probiotic bacteria in yogurts made from 
commercial starter culture, International D airy  
Journal, 1997,731-741.

21. J. Prasad, H. Gill, J. Smart and PTC. Gopal, 
Selection and characterisation of Lactobacillus 
and Bifidobacterium  strains for use as probiotics,

/)'. Intnl. D airy  J., 1998, 8, 993-1002;
22. E. Both, E. Gyorgy, C. Z. Kibedi-Szabo and E. 

Tamas, Acid and bile tolerance, adhesion to 
epithelial cells of probiotic microorganisms, UPB 
Scie. B u ll, 2010,72.

23. A. M. Kumar and N. Murugalatha, Isolation of 
Lactobacillus planatarum  from cow milk and 
screening for the presence of sugar alcohol 
producing gene, J. F ood M icrobiology and A nti­
m icrobiology, 2012, 4 (1), 16-22.

24. Z. N. Yuksekdag and B. Aslim, Assessment of 
potential probiotic and starter properties of 
P ediococcus spp. isolated from Turkish-Type 
fermented sausages (Sucuk), J. M icrobiology and  
B iotechnology, 2010, 20 (1), 161-168.

25. O. Adagbada, S.A. Adesida and C.O. Akitoye, 
Antibacterial potentials of probiotics, Asian J. 
Pharm aceut. Health Sci., 2012, 2, 346-351.

26. M. Danielsen and A. Wind, Susceptability of 
Lactobacillus spp. to antimicrobial agents, Intnl. 
J. F ood  M icrobiology, 2003, 82, 1-11.

27. P. A. Maragkoudakis, G. Zoumpopoulou, C. 
Miaris, G. Kalantzopoulos, B. Pot and E. 
Tsakalidou, Probiotic potential of Lactobacillus 
strains isolated from dairy products, Intnl. D airy  
J., 2006,16, 189-199.

28. B. G. Weckman and B. W. Catlin, 
Deoxyribonuclease activity of micrococci from 
clinical sources. J. B acteriology, 1957, 73, 747- 
753

220


