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Abstract. Probiotic lactic acid bacteria play role as functional food and it is very important to know their 

identification and characterization. The diversity of lactic acid bacteria isolated from Ettawa crossbred and 
Saanen crossbreed goat milk was studied in terms of morphology, physiology and their characteristics. A total 
of 33 lactic acid bacterial strains were isolated and 18 isolates passed the initial selection.  The second step was 
in vitro test, namely their resistances to low pH (2, 2.5, and 3.5) and bile salt (0.3%) were evaluated to know 
their potential as probiotic.  The results showed that all strains grew well at acid condition (pH 2, 2.5, and 3.2) 
and seven strains grew well at bile salt (0.3%). Identification with API test for seven isolates showed that two 
isolates were Lactobacillus rhamnosus, 1 isolate was Lactobacillus plantarum and four isolates were 
Lactobacillus plantarum 1.  
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Introduction 

Probiotic lactic acid bacteria are often found 

naturally in foodstuffs such as meat, milk, and 

vegetables. Probiotic represents all species of 

microorganisms that are beneficial if they are 

consumed in living condition and proper 

number. While in the processed food products, 

the number of probiotic bacteria should be 106-

107 CFU/g or 108-109 CFU in 100 g or 100 ml 

daily food consumption in order to get the 

medicinal benefit (Jayamanne and Adams,  

2006).  This is because the microbes must be 

able to survive against great stomach and 

intestinal conditions; therefore, they are 

effective to keep the equilibrium of intestine 

microbial population.  Milk and its processed 

products represent one of the growth media for 

the LAB. There are great numbers of probiotic 

lactic acid bacterium explorations to obtain 

starter cultures that are useful to yield 

functional fermentation products in order to 

maintain health. 

Lactic acid bacterium identifications can be 

conducted via its morphology and biochemistry 

tests. Its morphological characteristic’s 

identification is then conducted to know the 

genus of the bacterium, which includes Gram 

coloring and its physiological characterization 

which includes catalyses test (Sujana, 2008), its 

survivals at various temperatures, pHs, 

salinities, CO2, dextrans, and NH3. While to 

determine the kind of species, its ability to 

ferment various kinds of sugars (carbohydrates) 

is tested using API test. The pre-conditions of a 

probiotic lactic acid bacteria, besides its 

mandatory to be in the category of GRAS 

(Generally Recognized as Safe), it should also be 

recognized as having excellent survival in 

gastric acid and bile salt conditions (Rasyid et 

al., 2007;  Khalil et al., 2007 and Abdelbasset 

and Djamila,  2008). 

Materials and Methods 

The principal material in this study was goat 

milk from Ettawa crossbreed (PE) and Saanen 

crossbreed (PESA). The MRS broth and de-Man 

Rogosa Sharp Agar media were used. In-vitro 

characteristic test was conducted using 0.1 N 
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HCl, oxgall bile salt, and Phosphat Buffer Saline 

(PBS).  The implements used in this study were 

pH meter, autoclave, centrifuge, magnetic 

stirer, vortex, cooling box, digital scale,  API 50 

CHL  and various kinds of glass wares. 

This study was conducted in 2 phases, 

namely (1) isolation and identification of  LAB 

and (2)   characterization of probiotic LAB using 

in-vitro test.    

Isolation and identification of LAB  

This study was initiated using goat milk 

sample collection, with a working procedure as 

follows (Sujaya et al.,  2008): the sample was 

taken aseptically as much as 1 ml, enriched with 

100 ml of liquid MRS (MRSB) and was icubated 

anaerobically at 37oC for 24 hours. Stratified 

dilution was conducted thereafter, followed by 

dispersion of 0.1 ml of the solution at MRS agar 

medium that contained purple bromocresol in 

petri dish. The next step, the petri dish was 

incubated  at similar condition as above.  The 

LAB colony appeared as a colony surrounded by 

a yellow-color zone, then it was isolated and 

streaked on the  MRS agar medium. The streak 

was conducted continuously, until a uniform 

colony was obtained.  

At the first step after isolation, 

morphological characteristic test was done 

which included Gram coloring (Prescott, 2002) 

and physiological characteristic of LAB tests 

(Harrigan, 1998) that included  catalyses, 

growth at various temperatures (10, 37, and 

45oC), survival at various pHs (4.0, 7.0, and 9.6), 

survival at various salinities (4 and 6.5%), and 

ability to produce CO2 gas, dextran, and NH3.  

The results of physiology test were compared 

to those recommended   by Axellson Table 

(2004).  The identification of LAB isolates was 

conducted using API 50 CHL (Conter et al., 

2005) consisted of 50 micro tubes that 

contained carbohydrates and their derivatives 

(heterocide, poly-alcohol, uronic acid).  The first 

tube did not contain active ingredient and was 

used as the negative control.  The observed 

parameters were the change of color after 48-

hour incubation period.  The change of color 

occurs because of the aerobic production of 

acids that can be detected by pH indicator of 

the selected medium.  The results of the 

observation were then processed using Apiweb 

software ™. 

Characterization of probiotic LAB by  in-vitro 
The in-vitro tested probiotic LAB 

characterizations were as follows: test on their 

survival against low pH and bile salt (Lin et al., 

2006). The survival test against low pH was 

conducted according to the method of 1 ml, 24-

hour old LAB culture was poured into 9 ml PBS 

at pH  2, 2.5, and 3.2.  The pH of the pre-used 

medium was manipulated by using 0.1 N HCl, 

followed by 3-hour incubation (Gropper and 

Groff, 2001).   Before and after incubation, the 

numbers of cells was count by using MRSA 

pouring method, followed by a 37oC, 48-hour 

incubation . 

The test toward  bacterium survival against 

bile salt was conducetd as follows: 1 ml, 24-

hour old LAB culture was pipetted into 9 ml of 

MRSB medium that contained 0.3% bile salt 

(Oxgall). The control medium was MRSB 

without bile salt, thereafter, both media were 

incubated at 37oC for 48 hours,  followed by cell 

counting using MRSA pouring method. 

Data analysis 

The data of LAB tests on their survivals 

against pH and bile salt were statistically 

processed by applying one way analysis of 

variances, followed by Duncan test.  

Results and Discussion 

Morphology, physiology and biochemical 
characteristics of LAB isolates 

The isolation of LAB from the milk of Ettawa 

crossbreed (PE) resulted in 16 isolates had been 

identified, whereas the isolation of LAB from 

the milk of Saanen crossbreed (PESA) produced 

17 isolates (Table 1). 
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The results of Gram coloring showed that 33 

LAB isolates from the milks of PE and PESA 

were positive Gram bacteria of rod shape (26 

isolates), of short rod shape (1 isolate), of 

round, oval shape (3 isolats), and of round 

shape (3 isolates) with the characteristic of 

negative catalase.  According to Salminen et al. 

(2004), LAB are positive Gram bacteria in the 

shapes of rod or round and have the 

characteristic of  negative catalase.   All of the 

isolates in this study were able to grow at 37oC  

(100%) and 24 isolates at  45oC (73 %), 

however, those that were able to survive at 

10oC were only 18 isolates (54,5%).  The test of 

LAB tolerances toward salt concentrations of 4 

and 6.5 %  showed that all isolates of LAB were 

capable of surviving for 7 days.  All of the LAB 

isolates  were able to survive at alkali pH (pH 

9.6), however,  only  17 isolates (52%) that 

were able to survive at acidic pH (pH 4.4). 

 Based on CO2 production, 20 isolates (61 %) 

had a hetero-fermentative characteristic, 

whereas 13 isolates (39%) had a homo-

fermentative characteristic. The test of NH3 

production that was origined from arginine 

showed that no isolates showed any positive 

results. This case was beneficial because NH3 

production yields fermentative products that 

have undesirable ammonia odor. The round-

shape LAB isolates did not yield any dextrin, 

therefore, it could be concluded that the 

isolates were not included in the category of 

Leuconostoc. One of the characteristics of 

Leuconostoc is the production of dextran that is 

viable as mucous. Dextran is defined as water-

soluble poly-glucosaccharide that is formed 

from α1-6 glucosidal bond with a proportion 

range of 0-20 %.  In this study, as many as 18 

LAB isolates were identified as Lactobacillus.  

The isolates were further tested to evaluate 

their potential as probiotic via survival tests 

against low pH as well as bile salt.   

Identification of LAB isolates using API 50 CHL 
There  were  only  7  LAB  isolates  that  were  

identified using API 50 CHL, namely  LAB 

isolates that had good survival against bile salt; 

isolate number 2, 3, 4, 10, 14, 26 and 28. The 

seven isolates had positive fermentative 

characteristics to ribose, glucose, fructose, 

manose, N-acetylglucosamin, amigdalin, 

arbutin, esculin, salisin, sellobiose, maltose, 

lactose, threhalose and B-getibiose.  The ability 

of LAB isolates to ferment oligosaccharides 

represents one of the desirable probiotic 

characteristics because the mono saccharine 

that exist in the gastro-intestinal tract will 

affect the life of micro-organisms in the 

intestine (Kaplan  and  Hutkins, 2000). 

On the basis of reference strains 

(bioMérieux, 2006), isolates number  2 and 3 

were identified as Lactobacillus rhamnosus with 

the similarity levels of 99.9 and 99.3%, 

respectively.  Isolate number 4 was identified as 

Lactobacillus plantarum with the degree of 

acidity of 89.2 %, while isolates number 10, 14,  

26 and 28  were identified as Lactobacillus 

plantarum 1 with the degree of acidity of 99,9 

% for each isolate.   

The survival of LAB isolates against low pH and 
bile salt 

The results of this study revealed that all the 

tested LAB isolates were able to survive at pH 

2.0, 2.5 and 3.2.  The decrease of LAB colony 

forming unit (CFU) at the low pH condition was 

lower than 1.0 log unit (Table 2).  The results 

indicated the high ability of LAB isolates from 

goat milk to survive through acidic, great 

stomach (gastric tract).   The results of this 

study  was  in  line with  those  of Minellia et al. 

(2004), who found out that four strains of 

probiotics were able to survive at  pH 2 for as 

long as 2 hours and were able to grow at pH 3.0 

and 4.0. The characteristics of LAB, 

Lactobacillus plantarum and Lactobacillus 

rhamnosus  against low pH were also studied by 

Kalaui et al. (2007). He found out that all the 

tested isolates were able to survive at pH 2.0 

that lasted for 3 hours.  At the application level,  
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Table1.  Physiological characteristics of LAB isolates from goat’s milk 

No. 

The 
origin 
of 
isolates 

Isolate 
code 

Catalase 

Temperature 
(oC) 

Salt 
concentration 

(%) 
pH Production Initial identification  

10 37 45 4 0 6.5 4.4 7.0 9.6 CO2 dextran NH3 
 

1 PE 1 - + + - + + + - + + + - - L.heterofermentatif 

2 PE 2 - + + + + + + - + + - - - L. homofermentatif 

3 PE 3 - + + + + + + + + + - - - L. homofermentatif 

4 PE 5 - + + + + + + + + + + - - L.heterofermentatif 

5 PE 6 - - + - + + + - + + + - - L.heterofermentatif 

6 PE 9 - + + + + + + - + - + - - L.heterofermentatif 

7 PE 11 - + + + + + + + + + - - - L. homofermentatif 

8 PE 13 - - + + + + + - + + - - - S.homofermentatif 

9 PE 19 - - + + + + + + + + + - - L.heterofermentatif 

10 PE 22 - - + + + + + - + + + - - L.heterofermentatif 

11 PE 23 - - + + + + + + + + + - - L.heterofermentatif 

12 PE 26 - + + + + + + - + + - - - S.homofermentatif 

13 PE 28 - + + + + + + + + + - - - L. homofermentatif 

14 PE 29 - + + + + + + + + + + - - S.heterofermentatif 

15 PE 31 - + + + + + + + + + + - - L.heterofermentatif 

16 PE 32 - + + + + + + - + + - - - L. homofermentatif 

17 PESA 4 - + + + + + + + + + - - - L. homofermentatif 

18 PESA 8 - - + - + + + - + + - - - L. homofermentatif 

19 PESA 10 - + + + + + + - + + - - - L. homofermentatif 

20 PESA 12 - - + - + + + - + + + - - L.heterofermentatif 

21 PESA 14 - + + + + + + - + + - - - L. homofermentatif 

22 PESA 15 - + + + + + + + + + - - - L. homofermentatif 

23 PESA 16 - - + - + + + - + + + - - L.heterofermentatif 

24 PESA 17 - + + + + + + + + + + - - S.heterofermentatif 

25 PESA 18 - - + - + + + - + + + - - L.heterofermentatif 

26 PESA 20 - - + + + + + - + + + - - L.heterofermentatif 

27 PESA 21 - - + + + + + + + + + - - L.heterofermentatif 

28 PESA 24 - + + + + + + + + + + - - L.heterofermentatif 

29 PESA 25 - - + - + + + + + + + - - L.heterofermentatif 

30 PESA K11 - + + + + + + - + + - - - S. homofermentatif 

31 PESA 33 - - + - + + + + + + + - - L.heterofermentatif 

32 PESA 34 - + + - + + + - + + + - - S.heterofermentatif 

33 PESA 35 - - + + + + + + + + + - - L.heterofermentatif 

 

if LAB enter into human body, the first 

constrain is when they are exposed to gastric 

acid with very low pH level, around 2 for the 

empty stomach and 3 for the full one (Martini 

et al., 1997).  The LAB survival increases with 

the existence of food in the stomach, which 

affects pH and there is a possibility that the full 

stomach condition will protect LAB from 

degradations by gastric acid and pepsin 

enzyme.   Some  commercial  strains of LAB 

have several differences in their survival ability 

against low pH (Lin et al., 2006).  The LAB 

tolerances against acids are due to their 

abilities to keep the constant, higher alkalinity 

of cytoplasm relative to that of extracellular 

condition (Hutkins and Nannen, 1993). The LAB 

tolerance against acids is very important to 

withstand  initial  stress  in  the stomach, on the  
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Tabel 2.  The decrease in the number (log cfu/ml) of LAB isolate colonies at low pH and  0.3% bile 
acid condition 

No. LAB Code    The decrease of colony (log cfu/ml) 

pH 2.0 pH 2.5 pH 3.2 0.3 % of bile salt 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

2 
3 
4 
8 

10 
14 
15 
19 
21 
22 
23 
24 
26 
28 
29 
32 
33 
35 

0.94±0.03 f 
0.27±0.03 cd 
0.18 ±0.05 bc 
0.25±0.004 cd 
0.03±0.11 ab 
-0.04±0.13 a 
0.13±0.03 cd 
0.51±0.01 de 
0.16±0.09 bc 
0.59±0.12 abc 
0.13±0.17 abc 

0.04±0.02 abc 
0.96±0.08 f 
0.19±0.13 bc 

0.58±0.15 e 
-0.06±0.09 ab 
0.18±0.06 bc 
0.26±0.17 cd 

0.14±0.11 cd 
-0.15±0.07 ab 
0.46±0.04 e 
0.01±0.04 bcd 
0.07±0.14 bcd 
0.29±0.14 de 
0.05±0.09 bcd 

-0.03±0.01 bcd 
0.06±0.11 bcd 
-0.07±0.21 bcd 
-0.02±0.06 bcd 
0.04±0.02 bcd 
-0.06±0.19 bcd 
-0.07±0.06 bcd 
0.44±0.01 e 
-0.33±0.01 a 
0.14±0.04 cd 
0.04±0.04 bcd 

0.16±0.13 fg 
0.19±0.02 fg 
0.15±0.13 efgh 
-0.23±0.06 abc 
0.13±0.07 efgh 
0.05±0.06 defg 
-0.26±0.02 ab 

-0.308±0.02 a 
-0.08±0.07 bcd 
0.05±0.11 defg 
-0.04±0.13 de 
0.04±0.12 defg 
-0.103±0.01 bcd 
-0.13±0.08 abcd 
0.25±0.04 h 
-0.16±0.02 abc 
-0.08±0.07 bcd 
0.20±0.01 fg 

1.70±0.16 a 
2.48±1.22 c 
2.11±0.83 a 
4.31±0.38 c 
1.70±0.42 a 
1.81±0.40 a 
4.17±0.47 c 
4.43±0.62 c 
4.60±0.37 c 
4.52±0.20 c 
4.50±0.53 c 
4.63±0.04 c 
1.74±0.02 a 
2.75±0.19 ab 
4.53±0.01 c 
3.61±0.57 bc 
3.57±0.10 bc 
3.12±0.68 bc 

 Values bearing different superscript at the same column differ significantly (P<0.05)  
(+): there was a decrease in the number of microbial colony; (-): there was an increase in the number of microbial colony 

 

other side; acid condition in the long run is 

required by the LAB as a carrier of food such as 

in yoghurt (Minellia et al.,  2004). Beside of 

acid, physical and chemical characteristics of 

food carrier also function as buffer and affect 

the survival of LAB  in the digestive tract (Patel 

et al.,  2004). 

After being exposed to the acidic pH, the 

LAB isolates were further tested for their 

survival against bile salt (Table 2).  As many as 7 

isolates out of 18 (39%) were able to survive 

0.3% of bile salt.  Isolate of numbers 2, 3, 4, 10, 

14, 26  and 28 only experienced the decrease in 

the number of cfu as much as 1-2 log, 

therefore, it could be stated that LAB isolates 

were able to survive at bile salt condition.  The 

survival at bile acid condition is one of the 

critical points for the microbes. Several strains 

of Lactobacillus are able to hydrolyze bile salt 

by using specific enzymes, bile salt hydrolysis, 

that is able to decrease the solubility of bile 

salt, which in turn, decreases or eliminates the 

toxic effect of the bile salt to the LAB. This case 

is one of the factors, why some LAB isolates are 

capable of surviving at bile salt condition. 

Whereas 3 LAB isolates experienced a decrease 

of colony number as much as 3 log, namely 

isolates of numbers 32, 33 and 35, the others 

experienced a decrease in the number of 

colony as much as 4 log.  According to Succi et 

al. (2005), the decrease in survival of LAB at bile 

salt condition,  is due to the ability of bile salt 

that is secreted to the intestine to destroy the 

main components of cell membrane, fat and 

fatty acids, of the LAB and in turn, it affects the 

permeability of cell membrane and viability of 

LAB. On the other side, there are interactions 

between cell membrane with its environment. 

A further study by Erkkilae and Petaeja (2000) 

to test L. curvatus and P. acidilactici revealed 

that the bacteria were also able to survive 

against acid and 0.3% bile salt.  In addition, 

Burns et al. (2008) compared the survival 

against bile salt of two Lactobacillus strains, 

one of which was collected from digestive tract 

and another one was from milk product.  Their 

results showed that Lactobacillus that was 

isolated from digestive tract was more resistant 
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relative to Lactobacillus that was isolated from 

the milk product. 

Conclusions  

This study has successfully identified 16 LAB 

isolates from Ettawa crossbreed (PE) goat and 

17 isolates of LAB from the milk of Saanen 

crossbreed (PESA) goat.  Physiological test 

indicates that all LAB isolates have negative 

catalase characteristic, are able to grow at 37 

and 24 isolates at 45oC (73%), however, there 

are only 18 isolates (54, 5%) that are able to 

survive at 10oC.  All LAB isolates are able to 

survive up to 7 days in salt concentrations of 4 

and 6.5 %, survive at alkali pH (pH 9.6) and only 

15 isolates (45%) that are capable of surviving 

at acidic pH (pH 4.4). Twenty LAB isolates have 

the hetero-fermentative characteristic (61 %) 

and 13 isolates (39 %) are homo-fermentative.  

All isolates do not produce  dextran and NH3 

from arginine  and  18 isolates are able to 

survive at pH  2.0,  2.5, and 3.2 with the 

decrease in the number of microbial colony of 

less than 1 log unit.  As many as seven isolates 

are able to survive in   0.3% of bile salt, namely 

number 2, 3, 4, 10, 14, 26, and 28 with the 

decrease in the number of microbial colony, in 

the range of 1-2 log units.  

The results of genus and species 

identifications by using   API show that the 

potential isolates as probiotic LAB   are 

Lactobacillus rhamnosus (isolates of number 2 

and 3), Lactobacillus plantarum (isolate number  

4) and Lactobacillus plantarum 1 (isolates of 

number 10, 14, 26 and 28). 

It is recommended that in-vivo test is 
needed to evaluate the seven isolates that have 
potential as probiotics, therefore, the isolates 
can be applied and used as the starter cultures 
for functional food.    
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