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 5.1 Conclusions 
 
1. Among nine Lactobacillus isolates, Lactobacillus plantarum was 

the most dominant in dairy samples as well as having best inhibitory 

effect against all test bacteria. 

 

2. Selected Lactobacillus plantarum isolate, have the ability to 

produce β-galactosidase  metabolizing lactose.   

 

3. Inhibitory effect of probiotics bacteria was increased when various 

prebiotic substances were added. 

 

4. Fresh whey (40%) v/v and dried whey (3%)w/v  enhanced the 

inhibitory effect of probiotic bacteria. 

 

5. Third fold concentrated filtrate of Lactobacillus plantarum that 

propagated in media containing prebiotic substances give the best 

inhibitoriest effect compared to that propagated in MRS alone. 
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5.2 Recommendations 
 

1. Using other different synthetic prebiotic substances like dietary fiber to 

detect its healthy enhancing properties. 

 

2. Extended studies are needed to show the effect of prebiotic on another 

species of lactic acid bacteria. 

 

3. In vivo studies needed to investigate the synergistic effect of probiotic 

and prebiotic on gut microbial populations. 
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4.1 Isolation of Lactobacillus   Species: 
 
     From a total of 17 dairy product samples collected from Baghdad local 

markets, nine isolates of Lactobacillus were obtained. They were firstly 

identified depending on their ability to form clear zones around the 

colonies when cultured on MRS agar containing 1%CaCO3, due to the 

acid produced by the isolates which dissolved the CaCO3. Then the 

isolates were further identified depending on their cultural, morphological 

and biochemical characteristics. 

 

4.2 Identification of Lactobacillus   Species:  
 
4.2.1 Cultural Characteristics: 
 
    When grown on MRS agar, suspected Lactobacillus isolates produced 

colonies surrounded by clear zones. Colonies were white to pale in color, 

round, soft, mucoid, convex and having smooth edges. Such cultural   

characteristic are concerned with those of Lactobacillus species   

(Kandler and Wess, 1986).     

 

  4.2.2 Morphological Characteristic:  
 
    Microscopical examination after gram staining demonstrated that 

suspected Lactobacillus isolates were Gram +ve, short or long bacilli, 

grouped in long and short chain containing (3-8) cells but sometimes are  

single, non-spore former and non-motile. So they are related to the 

Lactobacillus spp (Atlas et al., 1995).           

 

4.2.3 Biochemical Tests: 
 
     Biochemical tests shown in table (4-1) indicated that suspected isolates 

were able to produce clot when grown in litmus milk medium  
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leading to decrease the  pH from 6.5- 4.5. Furthermore, all suspected 

isolates gave negative results for the catalase test when no bubbles were 

observed after addition of hydrogen peroxide to the colonies. The isolates 

also gave negative results for both oxidase and gelatinase tests. In 

addition, they were unable to produce ammonia from arginine-

supplemented medium when the color of medium stayed unchanged 

(orange) after addition of Nessler reagent, unless some species. Moreover 

all isolates were unable to grow on nutrient agar. Some isolate were able 

to grow at 45ºC, while other able to grow at 15º C. 

     In order to differentiate the nine isolates of Lactobacillus  species, 

carbohydrates fermentation test was performed. The isolates were 

different in their ability to ferment the carbohydrate sources used..The 

isolates which fermented all sugars but not xylose were identified as 

Lactobacillus plantarum, while those fermented all sugars and failed 

to ferment only manitol were identified as Lactobacillus fermentum. 

Isolates that fermented all sugars except maltose, manitol and lactose 

were classified as Lactobacillus brevis.      Finally isolates which were 

unable to ferment both xylose and manitol but ferment other sugars were 

considered to be belonging to Lactobacillus acidophilus (Hammes and 

Vogel, 1995).                        

   According to the above result, four isolates were identified as Lb. 

plantarum, three isolates were identified as Lb. fermentum and one 

isolate was identified as  Lb. acidophilus while the another one was 

identified as Lb. brevis.    

 

  

 

 



 Chapter four                                                                                        Results and Discussion 

 

 43 
 

  4.3 Inhibitory Effect of Lactobacillus  Isolates 
against Test  Bacteria  

4.3.1 on Solid Medium:       
  
    Testing the inhibitory effect of Lactobacillus isolates was done 

against some pathogenic test bacteria by propagating on MRS agar 

medium at different incubation periods (24, 48 and 72) hr. 

     Table (4-2), showes the inhibitory effect of Lactobacillus isolates 

grown on MRS agar against all test bacteria. It was found that most 

isolates possess inhibitory effect at various levels. However, isolates of 

Lb.plantarum were more effective by exhibiting highest inhibitory 

effect against all test bacteria. Like Lb.plantarum 1 isolate exhibited 

good inhibitory effect against test bacteria when the inhibitory zone 

reached 10 mm and 12 mm after (24hr) with Staphylococcus aureus 

and Bacillus cereus, and 8 mm for both Pseudomonas aeruginosa 

and Escherichia .coli, respectively. While increasing incubation period 

to 48 hr and 72 hr,  was showed slight decreases in the inhibition zone 

observed when it was ranged between (7-10.5mm) after 48 hr incubation 

period and ranged between 7.5-10.5mm after 72 hr incubation period 

against test bacteria. Lb.plantarum 2 isolate was recorded the highest 

inhibitory effect after 24hr incubation period when inhibitory zone 

reached 10, 14.5, 10 and 13mm against S.aureus, B.cereus, P. 

aeruginosa and E.coli, respectively. Figure (4-1) shows that both Gram- 

positive isolates (S.aureus and B.cereus) and Gram-negative isolates 

(P.aeruginosa and E.coli) were highly affected by isolate, 

Lb.plantarum 2 after 24hr of incubation. Almost similar results were 

obtained by Jimenez-Diaz et al.(1993) and Nitagu and Gash (1994) who 

found that Lactobacillus plantarum excreted good inhibitory effect 

against Gram-positive and Gram-negative bacteria. Increasing incubation 
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period to 48 hr showed no improvement in the inhibitory effect when 

inhibition zone diameter remain as it is.                                                       

                

Table (4-2). Inhibitory Effect of Lactobacillus Isolates Against Test 
Bacteria on Solid Medium (MRS agar) after Different Incubation 
Periods. 

  

(-)= No Effect   

  

  

 

Inhibition zone diameter  Incubation 
Periods 

(hr)  

Isolates  

Tested Bacteria 
B.cereus  p.aeruginosa E. coli  S.aureus 

12 
10.5 
10.5 

8 
7 

7.5 

8 
8.5 
8.5 

10 
9.5 
9 

24 
48 
72 

Lb.plantarum1  
  

14.5 
14  
11 

10 
10.5 
10 

13 
13 
9.5 

10 
10 
8 

24 
48 
72 

Lb.plantarum2   

10 
10.5 

9 

8 
12.5 
11 

9 
12 

12.5 

11 
12 

11.5 

24 
48 
72 

Lb.plantarum 3 

10.5 
13 
11 

11.5 
12 
11  

11 
12  
13 

11 
13 
11 

24 
48 
72 

Lb.plantarum.4 

8 
6 
6 

9.5 
9 
9 

11.5 
11 
11 

12 
10 
10 

24 
48 
72 

Lb.Fermentum.1  

8 
10 
7 

5 
7 
6 

7 
7.5 
5.5 

5 
8 
5 

24 
48 
72 

Lb.Fermentum.2 

8 
8 
- 

10 
10.5 

9 

11 
11.5 
10 

5 
5 
- 

24 
48 
72 

Lb.Fermentum.3 

11 
12 
12 

9 
11.5 
11.5 

9.5 
11 
11 

10 
12 
12 

24 
48 
72 

Lb.acidophilus. 

5.5 
14 
12 

5 
11 
10 

6.5 
9 
9 

5 
10 
9 

24 
48 
72 

Lb. brevis. 
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In contrast, after 72hr less inhibitory effect was observed, when inhibition 

zone diameter decreased to 8, 11, 10 and 9.5 mm against S.aureus, 

B.cereus, P.aeruginosa and E. coli, respectively. Lb.plantarum 3 and 

Lb.plantarum 4 isolates also have inhibitory effect but less than 

Lb.plantarum1 and Lb.plantarum 2 isolates, when inhibition zone 

diameter ranged between (8-11mm) after 24hr with Lb.plantarum3 

isolate and ranged 10.5-11mm with Lb.plantarum 4 isolate, with same 

incubation period. However extending incubation period to 48hr show 

better inhibitory effect for both isolates when inhibition zone reached to 

12, 10.5, 12.5 and 12mm, against S.aureus, B.cereus, P.auroginosa 

and E. coli, respectively with Lb.plantarum3, while reached to 13, 11 

and 12mm against S.aureus, B.cereus, P.auroginosa and E.coli with 

Lb. plantarum4. This result almost agreed with those obtained by Al-

Dulemy (2000) who found that the inhibitory effect of LAB increased 

after 48hr of incubation. But Al-Jeboury (2005) found that LAB gave 

good inhibitory effect after 24hr. On the other hand, after 72hr incubation 

 no increases in inhibitory effect for both isolates (Lb.plantarum 3 and 

Lb.plantarum 4) isolates was obtained, when range of inhibition zone 

diameter remain without changes (9-12.5mm) with Lb.plantarum 3 and 

(11-13mm) with Lb.plantarum 4. Lb.fermentum 1 isolate showed 

varied  inhibitory effect with different incubation periods. It has good 

effect at 24hr against test bacteria when inhibition zone diameter were  

12, 8, 9.5 and 11.5mm against S.aureus, B.cereus, P.aeruginosa and 

E.coli, respectively. With increasing incubation period to 48hr and 72hr, 

inhibitory effect decreased and inhibition zone diameters were 10, 6, 9 

and 11mm for S.aureus, B.cereus, P.aeruginosa and E.coli, 

respectively. Lb.fermentum2isolate have less inhibitory effect against 

all test bacteria at all incubation period, when maximum inhibitory effect 

recorded for this isolate after 24hr was 8mm for B.cereus, maximum 
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inhibitory effect of the same isolate after 48hr was 10mm against 

B.cereus also. Increasing incubation period to 72hr, result in decreasing 

inhibitory effect to very low level when it reached 5, 7, 6 and 5.5mm for 

S.aureus, B.cereus, P.aeruginosa and E.coli, respectively.                  

Lb.fermentum3 isolate, have no inhibitory effect  against S.aureus  after 

24hr of incubation but it has good inhibitory effect on G- bacteria also on 

B. cereus, this agreed with result obtained by Al-Obidy (1997) how           

found that LAB gave inhibitory effect after 24hr. While increasing 

incubation period to 48hr have the same effect when inhibition zone 

remain as it is. While after 72hr on incubation period Lb. fermentum 3 

isolate have no effect on Gram-positive S.aureus and B.cereus, but 

showed slight effect on Gram-negative bacteria P. aeruginosa and E. 

coli when inhibition zone reached to 9 and 10 mm, respectively. 

Lb.acidophilus, exhibited moderate inhibitory effect after 24hr of 

incubation against the test bacteria when slight increases were recorded in 

the inhibition zone, which diameters were estimated as 10 and 11mm for 

Gram-positive(S.aureus and B.cereus) and 9-9.5mm for Gram-

negative(P.aeruginosa and E.coli). The same increases was also 

recorded when incubation period increased to 48hr and 72hr for such 

isolate, when inhibition zone diameters reached to 12, 12, 11.5 and 11mm 

for S.aureus, B.cereus, P.aeruginosa and E.coli, respectively               

The last isolate Lb. brevis differ from other above isolates, it has slight 

inhibitory effect against all test bacteria in all incubation period especially 

24hr,  inhibitory zones were 5, 5.5, 6 and 5mm against S.aureus, 

B.cereus, P.aeruginosa and E.coli, respectively. But it increased when 

incubation period become 48hr with diameter 10, 14,11 and 9mm with 

S.aureus, B.cereus, P.aeruginosa and E.coli, respectively.                   
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    A) S.aureus                                               B) B.cereus 

 

 

C) P.aeruginos                                            D) E.coli 

 

 

 

 Figure (4-1). Inhibitory Effect of Lb.plantarum 2 Isolate against Test 

Bacteria after Propagating on Solid Medium for 24 hr.   
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. Present results were nearly close to the results obtained by Al-Yas 

(2006) who found that inhibitory effect of LAB increased after 48hr of 

incubation. Generally, incubation period 24hr resulted in production of 

more inhibitory effect by almost all Lb. isolates especially 

Lb.plantarum2. Aktypis et al.(1998) referred such differences in the 

inhibitory effect at different incubation periods may be needed  to the 

nature of LAB isolates used against test bacteria. While Vingholo et al., 

(1995) referred that to the test bacteria itself. For its highest inhibitory 

effect, Lb.plantarum2 isolate was selected for further experimenting in 

this study.   

4.3.2 in Liquid Medium 
  Well diffusion method was used to determine the inhibition effect of 

selected LAB isolate ( Lb.plantarum 2). Filtrates of this bacteria was 

applied in this experiment after propagation in MRS broth at different 

incubation periods (24, 48 and 72 hr) against test bacteria. By filling the 

wells of nutrient agar plates that have been cultured by test bacteria with 

the filtrate. Table (4-3) exhibits the inhibitory effect of Lb.plantarum2 

filtrate. It was found that 24hr period of incubation showed best 

inhibitory effect against Gram-positive bacteria when inhibition zone 

diameter reached to 16 and 13.5 mm for both S.aureus and B.cereus, 

respectively and 15.5 and 13mm for P.aeruginosa and E.coli 

respectively.It was found that Lb.plantarum2 isolate give highest 

inhibitory effect when grown in liquid medium than on the solid medim 

for all incubation periods used, when maximum inhibition zone diameters 

reached 16mm, which is higher than that recorded by the solid media.        

This due to the ability of MRS broth to exhibit wide spectrum inhibitory 

effect against Gram-positive and Gram-negative bacteria (Gupta et al., 

1998).  Figure (4-2), shows inhibitory effect of filtrate of Lb.plantarum 

2 isolate when propagated in MRS broth after 24hr period of incubation. 
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Increasing incubation period to 48hr showed less inhibitory effect against 

Gram-negative bacteria when inhibition zone diameter reached to 10 mm 

for E.coli, and no change was observed against P.aeruginosa. Also, in 

Gram-positive bacteria such as B.cereus  after such period, less 

inhibitory Effect was obtained when inhibition zone diameter reached to 

10 mm. While increasing period to 72hr resulted in less inhibitory effect 

effect for Lb.plantarum filtrate against all tested bacteria, when all 

inhibition zone diameters decreased to 8.5, 9, 8 and 7.5mm against 

S.aureus, P.aeruginosa, B.cereus and E.coli, respectively. These 

results agreed with those obtained by Al-Jebory (2005) who found that 

increasing incubation period to 48hr and 72hr were unable to increase the 

inhibitory effect  instead less Effect was recorded. While obtained results 

was disagreement with those obtained by Al-Dulemy (2005) who found 

that the inhibitory effect increased after 48 hr. The reason for such result 

may be that the inhibitory materials (plantaracin) are secreted outside the 

cells after increasing the incubation time causing decrease in the 

inhibitory effect.  

 

Table (4-3): Inhibitory Effect of Unconcentrated Filtrate of Lb. 

plantarum2 Isolate Against Test Bacteria after Propagating in 

MRS Broth for 24 hr.   

Diameter of inhibition zone (mm)      

Incubation Periods(hr) Test bacteria 
72 48 24 

 
 

8.5 16 16 
 

S. aureus 

9 15.5 15.5 P. aeruginosa 

8 10 13.5 B. cereus 

7.5 10 13 E. coli 
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 A) S.aureus                                          B) B.cereus  
 

 
  

 
  
  

       C) P.aeruginosa                              D) E.coli 
 

      
  

 
Figure (4-2). Inhibitory Effect of Unconcentrated Filtrate of 

Lb.plantarum2 Isolate against Test Bacteria after Propagating in 
MRS Broth for 24 hr. 
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Pfeiffer and Radler (1982) found a relationship between the diameter of 

inhibition zone and concentration of the inhibitory substances, so filtrate 

of Lb.plantarum2 isolate that propagated in MRS broth after 24hr 

incubation period was concentrated to three folds, by freezer-dryer, and 

as shown in figure (4-3) the inhibitory effect increased against all tested 

bacteria when the filtrate of it was concentrated. One fold concentrated 

filtrate show slight increases in effect against test bacteria when 

inhibitory zones ranged between 15-17mm. While two fold filtrate 

showed noticeable inhibitory effects with zones diameter of 18, 18, 16.5 

and 17mm against S.aureus, B.cereus, P.aeruginosa and E.coli, 

respectively. Three fold filtrates exhibited the highest inhibitory effects, 

when diameter of inhibition zone was increased and reached to 23 and 

23.5mm for both S.aureus and E.coli, respectively and recorded 21.5 

and 22 mm for P.aeruginosa and E.coli (figure 4-4). So increasing 

inhibitory effect was associated with increases concentration. 

 

Figure(4-3). Effect of Concentrated Filtrate of Lb. plantarum2 

Isolate  when Propagated in MRS Broth. 
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A) S.aureus                                           B) B.cereus                                     
   
 

 
 

  
C) P.aeruginosa                              D) E.coli                                         

  
  

Figure (4-4). Inhibitory Effect of Three Folded Concentrated 
Filtrate(12.5%) of Lb.plantarum2 Isolate against Test Bacteria 

after Propagating in MRS Broth for 24 hr. 
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4.4 Production of β-galactosidase by Lb.plantarum: 

    Culture of Lactobacillus plantarum was grown in X-gal-MRS 

medium to investigate its ability of β-galactosidase production in vitro. 

Results in figure (4-5) showed that the isolate was able to produce β-

galactosidase after hydrolyzing the chromogenic substrate X-gal and 

forming blue color. Turning to blue color took more than two days due 

to the need for oxygen when the bacterium was incubated under 

anaerobic conditions.                                                     

  

  

 

Figure(4-5) : Ability of Lactobacillus plantarum2 Isolate for 

Production of β-galactosidase (in vitro) on Xgal-MRS Agar 

 Medium.  
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4.5 Inhibitory Effect of Lb.plantarum Propagated in 
Fortified MRS Medium.  
a) in MRS Medium fortified with Lactose:  
    Five lactose concentrations (1, 2, 3, 4 and 5%w/v) and three incubation 

periods (24, 48 and 72hr) were used for improving the inhibitory effect of 

Lb.plantarum2 isolate on the test organism. 

Results in table (4-4) shows that, 1% lactose have not increase 

Lb.plantarum Effect at all incubation periods when inhibition zone 

diameter range between 8-11mm, against test organism, but it was clear 

that increasing lactose concentration to 2% and 3% cause increase in 

inhibitory Effect as with 2% of lactose at 24hr incubation period when 

inhibition zone diameter increased to a range between 13-16 mm against 

test bacteria. This range of inhibition zone diameter was increased at high 

level and become 16-18.5 mm when incubation period was 48hr and 

72hr. 

      Table (4-4). Inhibition Zone Produced By Lb.plantarum 2  Isolate 

Propagating in MRS Broth Fortified with Different Lactose 

Concentration against Test Organism 

  Diameter of inhibition zone(mm) on                             
         Test Bacteria 

 
  

 
Lactos   

   
E.coli P.aeruginosa 

   
B.cereus S.aureus  Incubation 

period(hr) 
Conc. 

(%w/v) 
9.5  
9.5  
9  

10  
11  

10.5  

9  
8  
8  

9  
9.5  
9.5  

24 
48 
72  

1 

14 
16 
16  

16 
18.5 
18  

15  
17 

17.5  

13 
18.5 
18  

24 
48 
72  

2 

17 
16 
16  

16.5 
15.5 
15.5  

17 
16 
16  

18 
17 
17  

24 
48 
72  

3 

10 
11 

10.5  

9.5 
8 
12  

14  
12 
11  

12 
10 
10  

24 
48 
72  

4 

10 
10 
8  

8 
9.5 
9.5  

6.5 
7 
7  

8 
6 
5  

24 
48 
72  

5 
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The same increases were recorded at 3% of lactose at 24hr and 48hr when 

inhibition zone ranged between 15.5 -18 mm against test bacteria, but  at 

72hr incubation period there was slight decreases in the inhibition zone 

diameter when reached to 17, 16, 15.5 and 16mm against S.aureus, 

B.cereus, P.aeruginosa and E.coli, respectively. This result was higher 

than that recorded when Lb.plantarum propagated in MRS alone 

(without prebiotic) while give inhibition zone diameter between 13-

16mm, almost similar results were obtained by Kontula et al.(1999) who 

found that LAB may utilize lactose, and the probiotic action of the strains 

could be enhanced. The effect of Lb.plantarum 2 isolate decreased 

when increasing lactose concentration to 4% at all incubation periods 

against all tested bacteria, especially Gram-negative bacteria 

(P.aeruginosa and E.coli) at 24hr incubation period, when inhibition 

zone diameter decreased  to 9.5 and 10mm, respectively. The same 

decreases was recorded for 5% of lactose, like at 24hr incubation period, 

inhibition zone diameters decreased to a range between 6.5-10mm, and 

become 6-10 mm and  5-9.5 mm,  with increasing incubation period to 

48hr and 72 hr. This may due to the effect of high concentration of 

lactose on β-galactosidase enzyme which metabolizes lactose in the 

medium. It was concluded that Lb.plantarum 2 isolate can grow well 

and exhibit good effect against Gram-positive and Gram-negative 

bacteria in a medium containing disaccharide (that is added as a substrate 

supporting probiotic growth and Effect) and this enhanced by LAB 

enzymes that help in breakdown lactose to glucose and galactose 

(Lonnerdal, 2003). From above results it was clear that filtrate of 

Lb.plantarum 2 isolate that propagating in MRS broth fortified with 2% 

lactose at 48 hr incubation period gives highest inhibitory effect against 

test bacteria. (Figure 4-7). So this filtrate was concentrated into three fold 

by freezer-dryer. Results in Figure (4-6), shows that the inhibitory effect 
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were increased with increasing folds. One fold concentrated filtrate 

exhibit inhibitory effect more slightly than filtrate without concentration, 

when inhibition zone diameter ranged between 16.5-19mm (figure 4-6). 

Two fold concentrated filtrate have noticeable increases in inhibitory 

effect when inhibition zone diameter increased to 20, 19.5, 21 and 18mm 

with S.aureus, B.cereus, P.aeruginosa and E.coli, respectively. This 

higher than that recorded by two-fold concentrated filtrate of 

Lb.plantarum 2 isolate when propagated in MRS alone, when inhibition 

zone diameters reached to 18, 16.5, 18 and 16.5mm, respectively. Third 

fold exhibiting the highest inhibitory effects when diameters of inhibition 

zone reached to 29, 28.5, 29 and 27mm with S.aureus, B.cereus, 

P.aeruginosa and E.coli, respectively. So prebiotic (lactose) can 

improve the effect of probiotic bacteria( Macfarlane and Cummings, 

1999).   

  

 

Figure (4-6). Effect of Concentrated Filtrate of Lb. plantarum2 Isolate  when 

Propagated in MRS Broth Containing, Lactose 2% 
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A) S.aureus                                          B) B.cereus 
  

    
 
 
C) P.aeruginosa                                    D) E.coli                    

  
  
  

Figure (4-7). Inhibitory Effect of Unconcentrated and Concentrated 

Filtrate of Lb.plantarum2 Isolate Propagated in MRS Fortified 

with Lactose after 48 hr Incubation. 

100 = Filtrate Only  

50 = One Fold  

25 = Two Fold 

12.5 = Three Fold 
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b) MRS Fortified with Fresh Whey: 
 

From result in table (4-5) it was shown that different concentration of 

whey effect on inhibitory effect of  Lb.plantarum at different 

incubation periods when inhibition zone was increased in some 

concentration of whey. Concentration of whey at 10% and 20% , with 

incubation period 24 hr, have good inhibitory  effect with inhibition 

zone diameter of 7-10 mm.                                                                      

 

Table(4-5). Inhibition Zone Produced by Lb.plantarum2  Isolate Propagating 

in MRS Broth Fortified with Different Fresh Whey Concentration against 

Test Bacteria 

 

Diameter of inhibition zone(mm) on                               
       Test Bacteria 

  Whey  

E.coli P.aeruginosa 
   

B.cereus S.aureus  Incubation 
period(hr) 

Conc. 
(%v/v) 

7 
7 
5  

7.5 
7.5 
9  

9 
10.5 
8.5  

8.5 
9 
10  

24 
48 
72  

10 

7.5 
7 

13.5  

8 
8 

13.5  

9 
13 

13.5  

10 
12.5 
13  

24 
48 
72  

20 

14 
15 
14  

13 
12 

12.5  

14 
12.5 
13.5  

13.5 
13.5 
13  

24 
48 
72  

30 

17.5 
17 

17.5  

16.5 
19 
19  

15 
18.5 
18  

15.5 
19 

18.5  

24 
48 
72  

40 

9.5 
9 
10  

10 
9.5  
9.5  

8 
7.5 
7.5  

10.5 
11.5 
11  

24 
48 
72  

50 

 

 

Increasing incubation period to 48 hr with the same fresh whey 

concentrations (10% and 20%), show increases in inhibitory effect 

against Gram-positive bacteria (S.aureus and B.cereus) when range 
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of inhibition zone diameter reached to 9-13mm.  But Gram-negative 

bacteria not affected when inhibition zone diameter remain as it is.  

This result agreed with that obtained by Sharba (2006), how found 

that lactose utilization was increased with increasing incubation 

period to 48 hr, increasing incubation period to 72 hr the effect 

increased slightly against all tested bacteria when inhibition zone 

diameter ranged between 8.5-13.5mm. At 30% concentration of fresh 

whey, filtrate of Lb.plantarum have better inhibitory effect at 24hr 

and 48hr, against all tested bacteria, in 24hr incubation period 

inhibition zone diameter ranged 13-14mm, and increased slightly 

when incubation period 48hr and become 13.5-15mm. Increasing 

period to 72hr, have no increases in Effect when inhibition zone 

diameter remain as it is. At 40% concentration of fresh whey, 

Lb.plantarum have maximum inhibitory effect compare with other 

concentrations, especially at incubation period of 48 hr. when 

inhibition zone reached to 19, 18.5, 19 and 17 mm against S.aureus, 

B.cereus, P.aeruginosa and E.coli, respectively. Such inhibitory 

Effect was remaining as it, after increasing period of incubation to 

72hr, when diameter of inhibition zone not changed. Increasing fresh 

whey concentration to 50%, inhibitory effect was decreased, to low 

level at all incubation period  compared to the above concentrations of 

fresh whey, and this may due to inoculums size insufficient to 

consume increases of  lactose concentration, found in fresh whey. 

Like at 24hr incubation period, inhibitory effect was decreasing for all 

test bacteria, when inhibition zone diameter decreased to a range 7- 

9.5mm, such decreases in inhibition zone diameter was also recorded 

for 48hr and 72 hr incubation period, when it was ranged between 

7.5- 11.5mm for both. From above result it was clear that, the filtrate 

of Lb.plantarum2 isolate propagated in MRS broth fortified with 
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40% fresh whey, at 48hr incubation period, have maximum inhibitory 

effect against all tested bacteria. So this filtrate was concentrated to 

three fold by freeze-dryer. From figure (4-8), it was clear that 

increasing the inhibitory effect was associated with increases number 

of folds. It was shown that one fold of concentrated filtrate have effect 

against all tested bacteria in a range 17.5-19.5 mm, but this effect 

increases with two fold concentrated filtrate and inhibition zone 

diameter was at range 21.5- 23 mm. Third fold have maximum 

inhibitory effect compare with one and two fold when inhibition zone 

diameter reached to 28.5, 30, 31 and 29mm against S.aureus, 

B.cereus, P.aeruginosa and E.coli respectively and considered as 

higher than that recorded for concentrated filtrate when 

Lb.plantarum propagated on MRS alone. Result in figure (4-9). 

 

Figure (4-8). Effect of Concentrated Filtrate of Lb. plantarum2 Isolate  

when Propagated in MRS Broth Containing Fresh  Whey 40%v/v 
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A) S.aureus                                                B) B.cereus  

        

 
   
C) P.aeruginosa                                       D) E.coli 

 
 

Figure (4-9). Inhibitory Effect of the Three Folded Concentrated 

Filtrate (12.5%) of Lb.plantarum2 Isolate Propagated in MRS 

Fortified with Fresh Whey after Incubation for 48 hr. 
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c) MRS Fortified with Dried Whey: 
  

   Inhibitory effect of filtrate of Lb.plantarum2  grown in MRS fortified 

with different concentration of dried whey at three incubation period was 

tested, against test bacteria. Table (4-6) shows that the inhibitory effect of 

Lb.plantarum varied with different concentrations of dried whey. 1% 

concentration of dried whey, have no improving effect on Lb.plantarum 

Effect against all test bacteria  at 24hr, when inhibition zone diameter 

remain in the same range when it propagated in MRS alone (13- 16 mm). 

Increasing incubation period to 48hr, resulted in slight decreases in 

inhibitory effect against Gram-positive bacteria (S.aureus and 

B.cereus), with inhibition zone reached 11.5 and 9 mm, while no effect 

was observed against Gram-negative bacteria. While at 72hr incubation 

period, no increase in the Effect was obtained when inhibition zone 

diameter ranged 9 -13 mm. Increasing dried whey concentration to 2% at 

24hr, have good inhibitory effect when inhibition zone diameter increased 

against all test bacteria, to 13 and 12.5 mm, for S.aureus and B.cereus 

and to 13.5 and 12 mm for both P.aeruginosa and E.coli. After 48hr 

incubation period there was continuous increases in inhibitory effect 

against all test bacteria when inhibition zone diameter reached to 14 mm 

for P.aeruginosa.  The best inhibitory effect was obtained at 3% 

concentration of dried whey at 24hr incubation periods when inhibition 

zone diameter ranged to 10-13 mm, but inhibitory effect was increased 

and inhibition zone diameter reached to 19, 18.5, 20 and 18mm, against 

S.aureus, B.cereus, P.aeruginosa and E.coli this at 48hr incubation 

period. Diameters of inhibition zone were remain at the same range when 

   incubation period become 72hr.                                                             
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Table(4-6). Inhibition Zone Produced by Lb.plantarum 2  grown in 

MRS Broth Fortified with Different Dried Whey Concentration 

against Test Bacteria  

 

  Diameter of inhibition zone(mm)on Test Bacteria   
  

Dried  
Whey                 

E.coli P.aeruginosa 
   

B.cereus S.aureus  Incubation 
period(hr) 

Conc. 
(%w/v) 

16 
15.5 
13 

15.5 
12.5 
12 

10.5 
9 
9 

13 
11.5 
12.5  

24 
48 
72  

1 

12 
13.5 
13 

13.5 
14 
14 

12.5 
13 

12.5 

13 
13.5 
13.5  

24 
48 
72  

2 

11.5 
18 

19.5 

10 
20 
17 

13 
18.5 
18.5 

12.5 
19 
18  

24 
48 
72  

3 

11.5 
12 
10 

14 
12 
6 

13 
12.5 
9.5 

11 
11 
9  

24 
48 
72  

4 

10.5 
10.5 

8  

7.5 
7.5 
7.5 

8 
8 
8 

9 
9 

7.5  

24 
48 
72  

5 

 

At concentrations 4% and 5%, inhibitory effect of Lb.plantarum  

filtrate was decreased, at all incubation periods, as with 4% dried whey, 

inhibition zone diameter was at range 11.0 – 14 mm at 24 hr, and to 11- 

12.5 mm, at 48hr. This range decreases largely to 6-10 mm, at 72hr 

incubation period. The same decreases was observed with 5% dried 

whey, when inhibition zone diameter ranged 7.5-10.5 mm, at 24hr and 

48hr incubation period, and to 7.5-8 mm when increase incubation period 

to 72hr. From all above result, it was concluded that filtrate of 

Lb.plantarum2 isolate that propagated in MRS broth fortified with 3% 

dried whey at 48hr incubation period give highest inhibitory effect 

against all tested bacteria, so it was concentrated by freezer-dryer to 

three-fold. Increasing number of fold leading in increases inhibitory 

effect, results in figure (4-10), show that the inhibitory Effect was 
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increased at each fold of concentration against all tested bacteria. One-

fold of the concentrated filtrate exhibit good inhibitory effect when it 

ranged to 17.5- 20.5 mm, with all tested bacteria. While, fold increased to 

two, inhibition zone diameter reached to highiest value with S.aureus 

when it reached to 23 mm and 21, 22.5 and 22mm with B.cereus, 

P.aeruginosa and E.coli, respectively. Three fold concentrated filtrate 

have the highest inhibitory effect when inhibition zone diameter reached 

to 30mm with both  B.cereus and P.aeruginosa and 29 mm, 29.5 mm 

for both S.aureus and E.coli.  Figure (4-11) 

 

 

 

Figure (4-10). Effect of Concentrated Filtrate of Lb. 
plantarum2 Isolate  when Propagated in MRS Broth 

Containing Dried Whey 3%. 
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 A) S.aureus                                       B) B.cereus    

  
  

  

 

  C) P.aeruginosa                                         D) E.coli  
  

  

  

 

Figure (4-11). Inhibitory Effect of Three Folded Concentrated 

Filtrate (12.5%) of Lb.plantarum2 Isolate against Test Bacteria 

after Propagating in MRS Broth Fortified with Dried Whey for 24 

hr. 
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4.6 Minimum Inhibitory Concentration (MIC,s) of 
Concentrated Filtrates of LAB When Propagated 
in: 

 
A- MRS Medium: 
    To determine MICs of the Lb.plantarum filtrates required to inhibit 

microbial growth, serial dilutions were prepared from the three-fold 

filtrates of Lb.plantarum2 isolate, as previously mentioned (3.2.10). 

Table (4-7) contains MIC of the concentrated filtrate of Lb.plantarum 

propagated in MRS broth. Results of the table declared that the first two 

concentrations (1:9 and 2:8) had no observed effect against all bacteria 

when heavy growth of these bacteria was noticed after incubation. While 

growth of S.aureus and B.cereus decreased to the moderate level at the 

following two concentrations (3:7 and 4:6) and at 4:6 for the other two 

test bacteria P.aeruginosa and E.coli.   

Table (4-7). Minimum Inhibitory Concentrations (MIC,s)  of Concentrated 

Filtrates of Lb.plantarum2 Isolate Propagating in MRS Broth against Test 

Bacteria. 

Concentrated Filtrates: Nutrient Broth 

Isolate 1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2 9:1 

S. aureus +++ ++ ++ ++ + _ _ _ _ 

P.aeruginosa +++ +++ +++ ++ ++ + _ _ _ 

B. cereus +++ +++ ++ ++ + _ _ _ _ 

E. coli +++ +++ +++ ++ ++ + _ _ _ 

Heavy Growth = +++ Medium Growth = ++ Light Growth = + No Growth = - 

 

Sharp decreases in growth to the light level were recorded by S. 

aureus and B. cereus after treatment with a concentration of (5:5) 

of the filtrate and with (6:4) for E.coli and P.aeruginosa. 
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 The last three concentrations of Lb.plantarum isolate (7:3, 8:2, 9:1) 

were quite enough to retard any growth of all the test bacteria.                    

From the above results it may be concluded that filtrate concentrations of 

(6:4) is the MIC,s for P.aeruginosa and E.coli, and 5:5 for B.cereus 

and S.aureus. Such results agreed with those obtained by Al-Jeboury 

(2005) who found that the MIC of Lb.plantarum concentrated filtrates 

were (50%) and (60%) that completely inhibited the growth of 

Lb.plantarum.                                                                                            

B) MRS Fortified with Different Substances: 

   To determine the differences in MIC values of concentrated filtrates of 

Lb.plantarum2 isolate after propagating in MRS broth containing 

prebiotic substances,  steps in (4.6.A) were repeated.                                 

Results in table (4-8 a), shows the MIC of the concentrated filtrate of 

Lb.plantarum propagating in MRS fortified with 2% lactose. Values of 

MIC were decreased to 5:5 (concentrated filtrate: nutrient broth) for P. 

aeruginosa and E.coli, and 3:7 for S.aureus and B.cereus, this differ 

from that when propagating in MRS alone. (Table 4-7). Similar results 

were obtained when Lb.plantarum propagated in MRS fortified with 

dried whey. (Table 4-8 c). While sharp decreases in MICs values were 

noticed for the filtrate of Lb.plantarum 2 isolate propagated in MRS 

fortified with fresh whey when MICs value were 3:7 for S.aureus, 

B.cereus and E.coli and be 4:6 for P.aeruginosa. (Table 4-8 b).                                                                                      
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Table (4-8).  Minimum Inhibitory Concentrations(MIC,s)  of Concentrated 

Filtrates of Lb.plantarum2 Isolate Propagating in MRS Broth Fortified 

with a) Lactose b) Fresh Whey c) Dried Whey against Test Bacteria. 

a) 

Concentrated Filtrates+Lactose: Nutrient Broth 

Isolate 1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2 9:1 

S.aureus +++ ++ + _ _ _ _ _ _ 

P.aeruginosa +++ +++ ++ ++ + _ _ _ _ 

B.cereus ++ ++ + _ _ _ _ _ _ 

E.coli ++ ++ ++ + + _ _ _ _ 

b) 

Concentrated Filtrates+Fresh whey: Nutrient Broth 

Isolate 1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2 9:1 

S.aureus ++ + + _ _ _ _ _ _ 

P.aeruginosa +++ ++ ++ + _ _ _ _ _ 

B.cereus ++ + + _ _ _ _ _ _ 

E.coli +++ ++ + _ _ _ _ _ _ 

c) 

Concentrated Filtrates+ Dried whey: Nutrient Broth 

Isolate 1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2 9:1 

S.aureus +++ ++ + _ _ _ _ _ _ 

P.aeruginosa +++ +++ ++ ++ + _ _ _ _ 

B.cereus +++ ++ + _ _ _ _ _ _ 

E.coli +++ +++ ++ ++ + _ _ _ _ 

Heavy Growth = +++ Medium Growth = ++ Light Growth = +  

No Growth = - 
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   4.7 Growth Curve Measurement of 
Lp.plantarum2  Grown in: 

 

4.7.1 MRS Broth: 
           Growth characterization of the selected Lactobacillus isolates 

was done to determine the extent of their growth phase when propagated 

in MRS broth alone, and comparing it with that propagated in MRS broth 

containing prebiotic substances.                                                                 

   When a bacterium inoculated into a new MRS broth culture medium,  it 

exhibits a characteristic of growth curve which is consisted, in the normal 

growth, from four phases: lag, log (exponential), stationary and death  

phases( Atlas et al., 1995)                                                                       

   Figure (4-12) shows that lag phase took about 2 hr. During this phase 

no increase in cell number was detected which may be related to 

preparation of cells for synthesis of DNA, inducible enzymes needed for 

cell division and reproduction. This phase was followed by the log phase 

when the number of cells was increased. A logarithmic growth was 

noticed during the first 8 hr, then growth rate become at a slower speed 

for 24 hr. Mostly, the isolate entered the stationary stage (Emanule et al., 

2005).                                                                                                

  

4.7.2 MRS Broth Fortified with Prebiotic Substances: 
 
Testing the improving effect of prebiotic substances on probiotic growth 

was done. The growth curve of Lb.plantarum2 isolate  grown in MRS 

broth containing 2% lactose were examined as in figure(4-13). The lag 

phase also take about 2 hr and same result was obtained figure (4-14) and 

(4-15) when Lb.plantarum was propagated in MRS broth containing 

40% fresh whey and 3%dried whey. This may due to the similar 

conditions in the media (temperature and nutrient compound), from 
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which the organism taken and the one to which they are transferred. The 

logarithmic growth stage of Lb.plantarum took about 10 hr when it 

propagated in MRS with 2% lactose and it took about 12 hr when it 

propagated in a medium with 40% fresh whey and 3% dried whey. These 

periods of log phase of Lb.plantarum growth when propagated in MRS 

broth fortified with these substances considered to be longer as compared 

with that propagated in MRS alone. Such differences in the period of each 

phase may be due to the addition of new carbon sources (lactose), while 

makes the bacteria take more time to ferment it. Meulen et al.(2004) 

found that the addition of prebiotic substances in media changing in 

growth behavior and this result was likely in agreement with our result.    

                                                                                               

 

Figure(4-12). Growth Curve of Lb.plantarum2 Isolate in MRS 

Medium 
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Figure(4-13). Growth Curve of Lb.plantarum2 Isolate in MRS Medium 

Fortified with 2% Lactose  

  

  

Figure(4-14). Growth Curve of Lb.plantarum2 Isolate in MRS Medium 

Fortified with 40% Fresh Whey  
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Figure(4-15). Growth Curve of Lb.plantarum2 Isolate in MRS Medium 

Fortified with 3% Dried Whey  

  

4.8 Lb.plantarum 2 Cells Number before and after 

Prebiotic Treatment: 

       The effect of three prebiotic substances, with defined concentrations 

on bacterial numbers of selected probiotic strain Lb.plantarum2 were 

studied, by using plate count method (Bryant and Burkey, 1953). Table 

(4-9), shows the number of Lb.plantarum before and after prebiotic 

treatment at different incubation periods and from result it was shown 

that lactose, fresh whey and dried whey enhance Lb.plantarum growth 

and resulted in increasing bacterial numbers at different incubation 

periods (24, 48 and 72 hr), but in general the highest increasing in 

Lb.plantarum numbers were recorded after 48 hr incubation period. 

Like after 24 hr incubation period with lactose 2% w/v there is slight 

increases in number of cells when it reached to 4.1 × 108 while it was 2.2 

× 108 with those without lactose enrichment. Increasing incubation period 

to 48 hr shows better enhancing in  growth when cell number reached to 

3.3× 109 . While with those without lactose enrichment the number of 
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cells reached to 2.9 × 10 8.  Increasing incubation period to 72 hr shows 

lower effect on growth. Largest increasing in Lb.plantarum number was 

recorded after treatment with fresh whey 40% at 48 hr incubation period 

when the number of cells reached to 5.1 × 109.  At this period good effect 

was obtained on Lb.plantarum growth as compared with number of 

cells after 24 hr and 72 hr when it becomes 2.4 × 108 and 2.1 × 107, 

respectively. The same increasing in number of Lb.plantarum was 

recorded when it was propagated in MRS broth fortified with dried whey 

3% w/v, but less than that recorded for whey . 

   It was found that after 24 hr incubation period with 3% w/v dried whey, 

the number of cells reached to 1.2 × 108 and reached to 1.1 × 109 when 

incubation period become 48 hr. While increasing period of incubation to 

72 hr result in less cell numbers. From above results it was concluded that 

prebiotic treatment enhance the growth of Lb.plantarum especially at 

48 hr. incubation period but opposite effect was observed after 72 hr 

incubation period for all three treatment,  and also when propagated in 

MRS without prebiotic treatment, and which may due to highly decrease 

in pH (less than 3) and this may cause inhibition the growth of  

Lb.plantarum cells and hydrolysis of its cells. 
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Table (4-9). Number of Lb.plantarum before and after Prebiotic 

Treatment 

Lb. plantarum Cell Numbers  
Prebiotics 

72 hr 48 hr  24 hr 

1.8×108 2.9×108  2.2×108 MRS alone 
 

2.1×108 3.3×109 4.1×108 Lactose 
2%w/v 

2.1×107 5.1×109 2.4×108 Fresh 
Whey 40% 

v/v 
6.2×107 1.1×109  1.2×108 Dried 

Whey 
30%w/v 
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1- Introduction: 

 

    A great attention was paid to use microorganisms or their metabolites 

in the industry, food safety and treatment of some diseases. Bacteria are 

the first type of microorganisms used in this approach.           Among 

bacterial group is the Lactobacillus spp. which have a great role in 

probiotics, due to it's presence in mucous membrane of intestine and 

digestive tract of  human as normal microflora, safe used in food industry 

and it's ability to produce inhibitor materials such as organic acids, H2O2 , 

CO2 , amino acid, di-acetyl, acetaldehyde and bacterocins (Runar, 1998). 

    Beneficial effects of feeding an exogenous probiotic may be enhanced 

and extended by simultaneous administration of a prebiotic , that is non- 

digestible food ingredient beneficially affects the host by improving 

human health (Meulen et al., 2004).                                                          

    Many types of prebiotic were found naturally like prebiotic 

carbohydrate found naturally in fruits, vegetables and grains as well as 

other classes like dietary fiber and oligosaccharides. All those enhance 

growth in a number of ways. 

These synergistic effect of probiotic and prebiotic contributes to health, 

ones example of prebiotic is disaccharides (lactose) that is primary 

carbohydrate of mammalian milk, and it is hydrolyzed into two 

monosaccharides (glucose and galactose) by the intestinal brush border 

enzyme lactase (Lin et al., 1991). Lactose that is not digested by small 

intestine becomes a substrate for fermentation by bacteria in the colon by 

β- galactosidase enzyme. Resulting in production of short chain fatty 

acids that restrict the growth and activity of less beneficial species (Vaux 

et al., 2000). 

 Dairy by-products are exclusive sources of the lactose disaccharide, 

which is a by-product of dairy industry mainly from cheese processing. It 



Chapter One                                                                                                                Introduction   

 2 

contains divers biologically components like lactose as a carbohydrate 

and other components of health benefits (Lois and McBean, 2003).  

    Despite that, several healthy important components are found in whey, 

but it was rarely used due to many causes. Condensed (dried) whey is 

easier to use due to its potential in various field such as prebiotic.     

However not much attention was conveyed to use some materials as 

prebiotics in Iraq. For such reason, this study was aimed to:-                  

  

 1. Isolation and identification of lactic acid bacteria from local 

sources as probiotic.     

 

2. Evaluation the ability of the selected isolate (Lactobacillus 

plantarum) for β-galactosidase production. 

 

3. Using prebiotic available substances to test their effect in 

enhancing properties of the probiotic bacterial growth and/or 

activity. 

 

4. Determining the minimum inhibitory concentrations of 

concentrated filtrate of Lactobacillus bacteria before and after 

addition of prebiotic substances. 
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3.1 Materials 
 
3.1.1 Apparatus and Equipments: 

  
  
  
  
  
  
  
 
 

Company (Origin)  Apparatus or Equipment 
  

Gallenkamp  (England) Autoclave                                    
                

Rodwell  (England) Anaerobic jar 

Hermlex labortech Nik (Germany) Centrifuge (Portable)                 

Harrier (England)   Cooling centrifuge 

Olympus (Japan) Compound light microscope 

GFL (Germany) Distillater 

Gallenkamp( England) Electrical incubator       

Gallenkamp(England) Electrical oven 

Christ (Germany) Freeze-Dryer 

John poutten Ltd (England) Glass Pasteur pipettes 

Millipore and Whatman( England)  Millipore filter unit(0.4 µm)  

Millipore and Whatman(England) Millipore filter unit(0.22µm) 

Oxford (U.S.A) Micropipette 

Metter GmbH-Teledo(England) pH meter 

Gallenkamp Shaking incubator 

Aurora Instruments Ltd (England) Spectophotometer 

Delta Range ( Switzerland) Sensitive balance 

Stuart Scientific Co.Ltd (England) Vortex 

Gallenkamp(England)  Waterbath  
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3.1.2 Chemicals  
  
    Chemicals used in this study were classified according to the 

manufacture companies, as follow: 

� BDH (England) 

Calcium carbonate, Glycerol, Sodium hydroxide, Hydrochloric acid, 

Peptone, Glucose, Iodine, Argenine, Agar-agar, litmus milk, Mannitol,    

Lactose, Maltose, Sucrose, Xylose, Sodium chloride. 

 

� Biolife (Italy) 

   Meat extract, Yeast extract and Skim milk. 

 

� Fluka (Switzerland) 

   Manganese sulphate (hydrate), Magnesium sulphate (hydrate), 

Crystal violet,   Hydrogen peroxide. 

 

� Merck (Germany) 

   Sodium acetate trihydrate and  Triammonium citrate. 

 

� Oxoid (England)  

   Gelatine. 

 

� Difco (USA) 

   Fructose, Raffinose, Arabinose, Galactose and N, N, N, N- 

tetramethyl-p-phenylenediamine dihydrochloride, X-Gal. 

 

� Sigma (USA) 

    Tween - 80. 
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3.1.3 Culture Media: 

3.1.3.1 Ready to Use (Powdered) Media: 

Media Company(Country) 

Nutrient Agar                                                                                           Biolife (Italy)    

Nutrient Broth                                                                                                Oxoid  (England)   

MRS-Agar                                                                   Hi-media laboratory limited. 

Brain Heart Infusion Broth(BHI) Oxoid 

 

 3.1.3.2 Laboratory- Prepared Media: 

     The following media were prepared in the laboratory from their 

contents:                                          

� Man-Rogoza-Sharp (MRS) Broth.  

� Gelatin Medium 

� Arginine -MRS Medium 

� Litmus Milk Medium 

� Fermentation Medium 

� MRS Broth Media Fortified with Lactose, Fresh  

Whey and Dried Whey. 

� X-Gal MRS Agar 

 

3.1.4 Solutions and Reagents: 

3.1.4.1 Normal Saline Solution: 

      It was prepared by dissolving 0.85g of NaCl in 100 ml of distilled 

water the pH to 7.0 ( Atlas et al., 1995). 

 

3.1.4.2 Nessler’s Reagent: It was supplied ready by (BDH) company. 
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3.1.4.3 Phenol Red Reagent: 

       It was supplied by (Fluka) company. 

 

3.1.4.4 Catalase Reagent (H2O2) (Atlas et al., 1995):- 

    A concentration of (3%) H2O2 was prepared for catalase production 

enzyme. 

 

3.1.4.5 Oxidase Reagent (Baron et al., 1994):- 

A solution of (1%) N, N, N, N-tetramethyl-p-phenylene dihydrochloride 

was prepared in sterile distilled water was needed for oxidase production. 

         

3.1.5 Bacterial Isolates: 

    The following bacterial isolates were obtained from the Department of 

Biotechnology / College of Science, Al-Nahrain University, Baghdad. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Isolates 

Escherichia coli MS1 isolated from urinary tract 

infection 

Staphylococcus aureus B1 isolated from burns 

Pseudomonas aeruginosa H3 isolated from burns 

Bacillus cereus HI2 isolated from canned food 
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3.1.6 Prebiotic Raw Materials: 

 The following two prebiotic materials (in addition to the lactose) were 

used: 

  

 

 

 

 

 

 

 

3.2 Methods: 

 3.2.1 Sterilization (Baily et al., 1990): 

     Three methods of sterilization were used:-  

 

3.2.1.1 Autoclaving  

    All media and solutions were sterilized by autoclaving at 121 ºC 

(15Ib/in2 

 ) for 15 min. 

 

3.2.1.2 Heat Sterilization  

       Electric oven was used to sterilize glasswares by heating at 160-180 

ºC for 2-3 hr. 

3.2.1.3 Membrane Sterilization  

   Millipore filters (o.22mm), was used for sterilization of bacterial 

filtrates and some sugar solutions that were needed for the fermentation 

media. 

Prebiotic Supplied by 

Fresh Whey   Agricultural 

College/Baghdad 

University. 

Dried whey                 Zhashkov Dairy Plant 

Company/Ukraine 
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     3.2.2 Media Preparation: 

          3.2.2.1 Ready-to Use Medium: 

     The media listed in (3.1.3.1) were prepared according to the 

instructions of the manufacturer. They were brought to boil in water to 

dissolve all constituents completely, and then the pH was adjusted before 

sterilized by autoclaving. They were incubated at 37 ºC for 24 hr to 

ensure sterilization.       

 

   3.2.2.2 Laboratory Prepared Media:-  

                 3.2.2.2.1 Rogoza-Broth Medium (MRS):- 

      This medium was prepared as described by Deman et al.(1960) by 

dissolving the following ingredients: 

10 g                                              Peptone 

10g           Beef extract 

5g Yeast extract 

20g Glucose 

1ml Tween-80 

5g Sodium acetate hydrate 

2g Triammonium citrate 

200mg MgSO4.7H2O 

50 mg MnSO4.4H2O 

 

 In 950 milliliter of distilled water. Then pH was adjusted to 6.0, 

before autoclaving. This medium was used for growing lactic acid 

bacteria. 
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         3.2.2.2.2 Fermentation Media: 

       It was prepared according to Forbes et al. (1998) by using sterilized 

MRS broth after substituting glucose and meat extract by 1% of each of 

the autoclaved sugars (lactose, fructose, raffinose, maltose, manitol, 

sucrose) or filterated sugars (arabinose, xylose, calactose). After adding 

0.004% of chlorophenol red reagent, the pH was adjusted to (6.2-6.5). 

This medium was used for the identification of Lactobacillus spp. 

 

        3.2.2.2.3 Litmus Milk Medium: (Baily et al., 1990; 

Baron et al., 1994). 

  A quantity of (5)g of litmus milk medium and (100)g of skim milk 

powdered was dissolved in 100 ml D. W. then sterilized by autoclaving at 

121ºC for 10 min. This medium was used for identification of 

Lactobacillus spp.                   
  

          3.2.2.2.4 Gelatin Medium (Stolp and Gadkari, 1984):  

       Gelatin 12% (w/v) was dissolved in MRS broth medium, then 

sterilized by autoclaving. It was used for identification of Lactobacillus 

spp.  

        3.2.2.2.5 MRS Arginine Broth Medium (Harrigan and 

MacCane, 1976):  

     This medium was prepared by dissolving 0.3% (w/v) of L-Arganine 

monohydrochloride in 100ml MRS broth, sterilized by the autoclave. It 

was used for identification of Lactobacillus ssp. 
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3.2.2.2.6 Fortified MRS Broth Media: 

a) MRS Fortified With Lactose: 

     This medium was prepared by adding lactose at different 

concentrations (1 %, 2 %, 3 %, 4 %, 5 %) w/v to MRS broth (Item 

3.2.2.2.1), then the medium was sterilized by autoclaving for 7 min at 

121º C. 

 

b) MRS Fortified With Fresh Whey: 

       This medium was prepared by dissolving the content of laboratory 

prepared MRS (3.2.2.2.1) into different concentrations (10, 20, 30, 40, 50 

%) v/v of fresh whey. The medium was sterilized by autoclaving for 7 

min at 121 ºC. 

           

              c)   MRS Fortified With Dried Whey: 

     The medium was prepared by adding different concentration of dried 

whey (1, 2, 3, 4, and 5 %) w/v into MRS broth (Item 3.2.2.2.1), and then 

the medium was sterilized by autoclaving for 7 min. at 121º C. 

 

3.2.2.2.7 X-Gal MRS Agar: 

  A quantity of 0.4g/ml of X –gal solution was sterilized by Millipore 

filter (0.2µm), after cooling down it was a septically added to previously 

autoclaved MRS agar before let for solidification (Ibrahim and  Sullivan, 

2000). It was used for detection the bacterial ability for production of β- 

galactosidase in vitro.  

3.2.3 Samples Collection: 

    Seventeen samples of dairy products (yoghurts and crude milk) were 

obtained from Baghdad local markets. Samples were then transferred as 
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quickly as possible to laboratory in sterile containers under aseptic 

conditions. 

 3.2.4 Isolation of Lactobacillus spp:- 

    Lactic acid bacteria were isolated from the sample according to 

Harrigen and MacCane (1976) as following: 

  A portion of 0.1 ml of sample was added to a previously sterilized test 

tube containing 9.9ml MRS broth, then incubated at 37 ºC for 24 hr. 

under anaerobic conditions (in anaerobic jar). After incubation, serial 

dilutions were made, and 0.1 ml from last dilution was streaked on the 

surface of MRS agar containing 1% CaCO3 in Petridishes, and then 

incubated for 24 hr. at 37 ºC. After incubation, one colony that 

surrounded by a clear zone was transferred and streaked on surface of a 

plate containing MRS agar for purification , plate was then incubated at 

37 ºC for 24 hr. After that, part of the growth was transferred to MRS 

broth in a test tube and incubated under anaerobic condition. 

 

 3.2.5 Identification of Lactobacillus Species. 

     The suspected LAB isolates were identified by the following tests:      

   

  3.2.5.1 Microscopic Examination (Harely and Prescott, 1996) 

         A loopfull of lactic acid bacteria culture was fixed on a microscopic 

slide, and then stained by Gram stain to examine cells shape, Gram 

reaction, grouping and non-spore forming phenomena. 
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3.2.5.2 Biochemical Test 

    3.2.5.2.1 Catalase Test (Atlas et al., 1995): 

    A loopfull from each of the suspected isolates was transferred to a 

sterile glass slide and a drop of H2O2 (3%) was added to it. Positive result 

was observed through formation of gas bubbles indicating the ability of 

bacteria to produce catalase enzyme.  

     

 3.2.5.2.2 Oxidase Test (Atlas et al., 1995). 

      A clump of suspected colonies from bacterial growth was picked up 

with a sterile wooden stick and smeared on filter paper that moistened 

with a few drops of a freshly prepared oxidase reagent.  

 

 3.2.5.2.3 Gelatinase Test (Baron et al., 1994).                        

       Gelatin medium agar was used to detected gelatin liquification in 

tubes, by inoculcating 1% of LAB isolates, and incubating at 37 ºC for 48 

hr. After that it was put into the refrigerator at 4 ºC for 30 min. This test 

was performed to demonstrate the ability of isolates to hydrolyze gelatine. 

 

    3.2.5.2.4 Acid Production and Clot Formation Test: 

        Tubes containing 10 ml of litmus milk medium were inoculated by 

1% of the suspected bacterial culture and then incubated at 37 ºC for 48 

hr. to detect color change, crude production and pH decrease as positive 

result.            

   

3.2.5.2.5 Production of Ammonia from Arginine (Briggs, 

1953): 

       Tubes containing 10 ml MRS- arginine medium  were inoculated by 

1%  of each lactic acid bacteria then incubated at 37 ºC for 24 hr. After 
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that, 1ml of bacterial culture was added to a same volume of Nessler 

reagent. Inability of the isolate to change the color of medium indicates 

that the bacteria are not producing ammonia. 

 

   3.2.5.2.6 Carbohydrate Fermentation Test: 

     Tubes containing fermentation media were inoculated with 1% of 

lactic acid bacterial isolates and incubated with the positive control tube 

(only fermentation medium) and the negative control tube (contained 

MRS broth) at 37 ºC for 5 days. Changing the color to red indicates (pH 

alkaline) while to yellow indicates (pH acids) also CO2 production 

considered as positive result.   

 

   3.2.5.2.7 Growth on Nutrient Agar (Atlas et al., 1995):  

      Lactic acid bacteria was cultured on nutrient agar then incubated at 37 

ºC for 24 hr, after that growth was observed. 

 

3.2.5.2.8 Growth at 45 ºC and 15 ºC: 

     Tubes containing 10 ml MRS broth were inoculated with 1% of lactic 

acid bacterial culture then incubated at 15 ºC and 45 ºC for 24 hr. After 

incubation, growth was observed in the tubes and compared with control 

tube (growth at 37 ºC). 

 

   3.2.6 Maintaining of Lactobacillus  Isolates 

    Maintenance of bacterial isolates was performed according to Conteras 

et al. (1997) as follow: 
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3.2.6.1 Daily Working Culture 

     MRS broth was inoculated with the Lactobacillus isolates and 

incubated at 37 ºC for 24 hr. After incubation, 1% CaCO3 was added to 

the tubes and stored at 4 ºC. 

   

    

 3.2.6.2 Stock Culture    

       Lactobacillus isolate was cultured in MRS broth medium for 24hrs 

at 37C. Then, 1ml of freshly preparation of bacterial growth was added to 

Bejo bottles containing 20% glycerol, and stored at -20C.   

 

3.2.7 Determining Inhibitory Effect of Lactobacillus 

Isolate against Test Bacteria:  

    3.2.7.1 on Solid Medium  

        A culture of Lactobacillus was inoculated in MRS broth then 

incubated at     37 ºC for 24 hr.  After that, the culture was streaked on 

surface of MRS agar then incubated at 37 ºC for (24, 48 and 72) hr. (Silva 

et al., 1987). 

   After incubation, discs was made by the aid of cork borer (5mm). The 

disc was fixed on the surface of nutrient agar plate that is previously 

spreaded with test bacteria, and then incubated at 37 ºC for 48 hr. After 

incubation, inhibition zone around the discs was measured. 

After measuring inhibition zone diameter, selection of isolate giving best 

inhibitory effect was done. 

 

   3.2.7.2 in Liquid Media: 

       After inoculating MRS broth alone with 1%  of Lactobacillus   

isolate that selected in (3.2.7.1) culture in a test tube,  the tube was 
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incubated at 37 ºC for different incubation periods (24, 48  and 72) hr. 

(Lewus et al., 1991). After incubation, the culture was centrifuged at 

6000 rpm for 10 min to get the supernatant which contained the filtrate of 

grown cell. Then it was filtered through Millipore filter 0.22µm unit. 

Wells diffusion method that mentioned by Ryan et al. (1996) was used to 

detect the inhibitory effect of Lactobacillus against test bacteria by 

making wells on nutrient agar surface, and filling them with the filtrates 

of Lb.plantarum. After incubation the diameter of inhibition zones 

around wells were measured and compared with that containing MRS 

broth as control (Choi and Beuchat, 1995). 

 

3.2.8 Production of β- galactosidase (In vitro): 

   Loopfull of bacterial culture was inoculated in X- gal MRS medium 

and incubated at 37° C for 2-3 days. Changing to blue color considered to 

be β-galactosidase  producers. 

     

3.2.9 Determining Inhibitory Effect of Lb.plantarum 

Propagating in MRS Fortified with Different Substances:  

    Bacterial culture were prepared by inoculating 1% of previously 

activated bacteria (Lb.plantarum isolate), into the MRS broth enriched 

with lactose, fresh whey, and dried whey at different concentrations 

(Kontula et al., 1999). After adjusting pH to 6, they are incubated at 

37°C for (24, 48 and 72) hr. then centrifuged at 6000 rpm for 10 min. 

Free cells supernatant was taken and filtered  throughout Millipore filter 

(0.22µm). 

Well diffusion method was applied to detect the inhibitory effect of 

Lb.plantarum (Ryan et al., 1996), by streaking each pathogenic test 

bacterial isolates on surface of nutrient agar plate with a sterile spreader, 
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then wells (5 mm) in diameter were made by the aid of a cork borer  on 

surface of nutrient agar. Each well was filled with the filtrate of 

Lb.plantarum and incubated at 37oC for 24 hr. then inhibition zone 

diameter was measured. 

  The filtrate of Lb.plantarum that propagated in MRS broth was 

concentrated to-three fold and also the filtrate of Lb.plantarum that 

propagated in MRS broth medium containing the best concentration of 

prebiotic substances that have best effect on activity of Lb.plantarum 

was concentrated into three fold and the well diffusion method was 

repeated also.     

            3.2.10 Minimum Inhibitory Concentrations (MIC,s) of 

Lb.plantarum Filtrate against Test Bacteria: 

       Serial ratios (10 ml each) of the three- fold concentrated filtrate of 

Lb.plantarum previously propagated in MRS broth medium were 

prepared by using nutrient broth for dilution. After the following ratios 

(0:10; 1:9; 2:8; 3:7; 4:6; 5:5; 6:4; 7:3; 8:2; 9:1) as concentrated filtrate: 

nutrient broth were prepared in test tubes. They were inoculated with 0.1 

ml of each pathogenic test bacteria culture then incubated for overnight at 

37°C. Growth intensity of each tube was observed and recorded as; light 

(+), medium (++), heavy (+++), and no growth (-). Growth was estimated 

by measuring optical density (OD.600) nm was read for each dilution. 

Results were matched with the growth intensities mentioned in Midolo et 

al., 1995. 

     Same procedure was repeated for three-fold concentrated filtrate of 

Lb.plantarum previously propagated on MRS broth fortified with 

lactose, fresh whey and dried whey, separately. 
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3.2.11 Measurment of Lb.plantarum Growth Curve. 

       Two hundred  ml of MRS broth without prebiotic substances was 

inoculated with 1 % exponentionaly growing culture of Lb.plantarum, 

then incubated on shaker incubator in anaerobic condition of 180 rpm at 

37 ºC, and optical density ( 600 nm) at the time of inoculation and then 

each 2 hrs. for 24 hr. 

      These producers were repeated by using MRS broth containing 

prebiotic substances (in three concentrations giving best activity on 

Lb.plantarum).  

 

3.2.12 Enumerating Lb.plantarum Cells Number Before 

and After Addition of Prebiotic Substances: 

    Counting Lb.plantarum numbers before and after addition of 

prebiotic substances were estimated by plate count method. After 

preparing serial dilutions from the isolate of Lb.plantarum, 0.1 ml from 

each dilutions were transferred into MRS agar plates, after incubation for 

24, 48 and 72 hr at 37° C,   numbers of colonies were calculated. The 

same procedure repeated for Lb.plantarum that have been propagated in 

MRS broth fortified with prebiotic substances (Bryant and Burkey, 1953). 
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  2-1 Microbial Ecology of the Human Gut:-  

        The human intestinal tract is inhabitated with more than 400 bacterial 

species, among these, only 30 to 40 species constitute 99% of the mass 

culturable intestinal flora (Tannock et al., 2004). The effect of these 

microorganisms can profoundly influence nutrient synthesis and absorption , 

as well as the host’s local gastrointestinal tract (GT) and peripheral immune 

system (Macfarland and Elmer, 1995).                  

       Mital and Garg (1995) stated that environmental factors, physiological 

interactions and others govern the distribution of the microflora in different 

regions of the gut. Of other factors, diet is a major factor that regulates 

frequency and concentration of individual species and groups of 

microorganisms colonize the human gut. 

 

2-2 Human Gastrointestinal Microflora:- 

      Bacterial cells that inhabitant human gastrointestinal tract constituted an 

enormously complex ecosystem that includes both facultative anaerobic and 

anaerobic microorganisms. For example, microflora of the stomach are 

predominantly Gram-positive anaerobes with a concentration of<10
3 

 
 

colony forming units (CFU)/ml. The highest concentrations of these 

microorganisms are in the large intestines (Balmer et al., 1994).                   

      Number of bacterial cells in the human colon is approximately, 

1014which is 10 times more than the total number of cells in the human 

body(1013) (Saxelin et al., 1991).  
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    At birth the gastrointestinal tract is practically sterile, however, it is very 

soon colonized by microbes, at first from the mother and then by all ingested 

food materials ( Bezirtzoglou, 1997).                      

     Yaeshima (1996) found that Bifidobacteria are dominant flora in the 

intestine, of infant, and breast feeding may impact positively on the 

development of bifidobacterial flora because of bifidogenic substances in 

milk, and by the age of two, the gastrointestinal microbiota is similar to that 

of an adult. Subsequently, only major changes are detected in microbiota in 

adults. 

    The amount of bacteria in the mouth is abundant, decreases in stomach, 

then increases again in the intestine and finally rapidly increases in the colon, 

where saccharolytic, facultative anaerobic strains are dominant. The most 

dominating species belong to the genera Enterobacter, Bactericides, 

enterococci and Bifidiobacteria, while Lactobacilli comprise <10 % of 

the microbiota (Tannock et al., 2004). 

     Lactobacilli are perhaps the most well known of these favorable 

microorganisms. A number of species of Lactobacilli resides in the human 

intestine in a symbiotic relationship with each other and with other 

microorganisms (Fuller, 1991).  Gibson and Roberfroid (1995) declared that 

only the most acid-tolerant species of Lactobacilli can survive in the 

stomach, while in the small intestine Enterococci are also encountered. 

      The intestinal microbiota can further be divided into beneficial, neutral 

or harmful microbes having several functions in the colon. Harmful or 

pathogenic effect which include diarrhea or constipation, infection, liver 

damage, cancer, encephalopathy and intestinal putrefaction, can be attributed 

to Pseudomonas aeruginosa, Proteus, Staphylococci , Clostridia and 
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Veillonae. Neutral species can induce a disease when they dominate in high 

numbers .These species include Enterococci spp, E.coli,  Streptococci 

and Bacteroides spp.  In addition to lactic acid bacteria and 

Bifidiobacteria, Eubacteria may have health beneficial effects (Moore 

and Moore, 1995).                          

 

 2-3 Probiotics:- 

  The word probiotic derived from Greek and means "for life" ( Lilley and 

Stillwell, 1965), and this name is now mostly used to refer to concentrated 

supplements of beneficial or good bacteria take by humans and animals. 

     Probiotics can be defined as organisms and substances which contribute 

to intestinal microbial balance (Fuller and Gibson, 1997; Guarner and 

Schaafsma, 1998).                

        Lilley and Stillwell (1965) were first used the term (probiotic) to 

describe substance secreted by one microorganism to stimulate the growth of 

another, and thus was contrasted with the term antibiotic. On the other hand, 

Fuller (1989) attempted to improve the definition of probiotic with the 

following distinction (a live microbial feed supplement which beneficially  

affects the host health by improving it’s intestinal balance). 

       Havenaar et al., (1992), defined probiotics as a viable mono- or mixed 

culture of microorganisms which applied to animal or man, beneficially 

affects the host by improving the properties of the endogenous microflora. 

Further more, Salminen (1996) defined it as a live microbial culture or 

cultured dairy product which beneficially influences the health and nutrition 

of the host. 
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       Probiotic also termed as biotheraputic agent because it’s therapeutically 

use to modulate immunity, lower cholesterol,  treat rheumatoid arthritis, 

prevent cancer,  improve lactose intolerance and prevent or reduce the effect 

of atopic dermatitis, crhon’s disease, diarrhea, and constipation as well as 

candidiasis and urinary tract infection (Mercenier et al., 2003). 

                   

 2-3.1 Probiotic Microorganisms: 

      Many strains are used as probiotic microorganism. Ideally all of them 

should have a beneficial effect and do not cause harm to the host. Also all 

they should be studied comprehensively prior to use in humans and animals 

to be Generally Regarding As Safe (GRAS). As table (2-1) shows the 

probiotic microorganisms and their infection potential. 

     The effects of these strains are based on specific capabilities and 

enzymatic activities even within one species (Ouwehand et al., 1999; Bernet 

et al., 1993).                    

     The most probiotic microorganisms used are lactic acid bacteria (LAB) 

including the genus Lactobacillus, especially  Lb.acidophuils, 

 Lb.plantarum, Lb.rhamnosus, Lb.fermentum (Havenaar et al., 1992; 

Greene and Klaenhammer, 1994).  

     In general, a group of requirements have been identified as important 

properties for Lactobacilli to be effective probiotic microorganisms (Ried, 

1999; Salminen et al., 1994). These includes; adherence to cells (Ouwehand 

et al., 1999), exclude or reduce pathogenic adherence to cells, persist and 

multiply, produce acids, hydrogen peroxide, bacterocins antagonistic to 

pathogen growth (Reid and Burton, 2002) and resist vaginal microbicides 

including spermicides and be safe, and therefore non 
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invasive, non carcinogenic and non- pathogenic, coaggregated from a 

normal balanced flora (Spanhaak et al., 1998).                     

 

Table (2-1), Probiotic Microorganisms  and Their Safety Status. 
(Donohue and  Salminen, 1996). 

  
      

2.3.2 the History of Lactic Acid Bacteria:- 

      There is a long history of health claims concerning living 

microorganisms in food, particularly lactic acid bacteria. In 76 before 

century, the Roman Historian Plinius recommended the administration of 

fermented milk products for treating  gastroenteritis (Schrezenmeir and 

Vrese, 2001). Since the advance of some investigators of the microbiology 

Organism 
(genus) 

Infection Potential 

Lactobacillus Mainly non pathogenic 
Lactococcus Mainly non pathogenic 

Streptococcus Opportunistic; only S. thermophilus is used in dairy 

product. 

Enterococcus Opportunistic, some strains exhibit antibiotic resistance.  

Bacillus Only B. subtilis GRAS status is report in probiotic use. 

Bifidobacterium Mainly no pathogenic, some strains are isolated from 

human infections. 

Propionibacterium Dairy Propionibacterium group is a potential 

candidate for probiotic. 

Saccharomyces Mainly nonpathogenic, some strains are isolated from 

human infection. 
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era have been attributed such health effects to shifts in the intestinal 

microbial balance (Tissier, 1984). 

      Well before, it was believed that intake of yoghurt containing 

Lactobacilli results in reduction of toxin producing bacteria in the gut and 

that result in increasing the longevity of the host. It was found that the long 

and healthy life style of Bulgarian could be attributed to the consumption of 

fermented milks (Abee et al., 1995). 

      Over the last 30 years, intensified efforts to identify and characterize 

lactic acid bacteria have revealed their many critical roles in dairy foods. 

(Salmine, 1994). Tissier (1984) recommended that administration of 

Bifidobacteria to infants suffering from diarrhea could supressed the 

putrefactive bacteria causing the disease, he added that Bifidobacteria were 

predominant in the gut flora of breast- fed infants. 

      In 1926 it was found that Lactobacillus acidophilus may survive in the 

human gut (Apella et al., 1992; Ried, 1999), while  the significant role of 

the intestinal microflora to resist to disease was showed in 1954 (Agerholm-

Larsen et al., 2000;  D'Souza et al., 2002). 

        

2.3.2.1 Characteristics and Requirements of Lactic Acid 

Bacteria:  

       Lactic acid bacteria have common properties of Gram positive have 

cocci or bacillary shape, single, pair or arranged in chain shape, non spore 

former, non-motile, anaerobic or microaerophilic and catalase negative. 

Beside producing lactic acid as the main product of fermentation processes 

( Holzapfel et al., 1998).                      
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   Lactic acid bacteria need complex nutritional requirements; they are those 

groups of microorganisms that have lost their ability to synthesize their own 

growth factors (Narayanan et al., 2004).                  

      LAB can be propagated on complex culture media containing adequate 

growth factors usually with yeast extract (as source of vitamins) as well as 

peptone , manages , acetate and stimulatory tween 80 , as well as a low pH 

ranging between 4.5-6.2. (De man et al., 1960).                    

 

2.3.2.2   Inhibitory  Materials Produced by LAB:- 

    Various species of lactic acid bacteria exert antagonistic action against 

intestinal and food born pathogens (Oyetayo et al., 2003). They are capable 

of preventing the adherence, establishment ,replication and pathogenic 

action of specific enteropathogens (Donnet-Hughes et al., 1999).                           

These antagonistic properties are manifested by :- 

a) Decreasing the luminal pH through the production of volatile short 

chain fatty acids such as acetic acids, lactic acid or propionic acids. 

b) Rendering specific nutrients unavailable to pathogens. 

c) Decreasing the redux potential of the luminal environment. 

d) Producing hydrogen peroxide under anaerobic conditions. 

e) Producing specific inhibitory materials. 

 Sanders (1993) reported that the following inhibitory materials are 

usually produced by LAB by several investigators:                     

 

A) Organic Acids :- 

   Through fermentation, LAB produces organic acids, mainly lactic and 

acetic acids that have inhibitory action (Wee et al., 2006). 
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   There actions are due to three reason that include low pH , dissociation 

constant pK value , and mole concentration ( Podolak et al., 1996).                           

    Lactic and acetic acid are lipophilic acids in associated forms that can 

prevent the microbial cell membrane synthesis, and at higher intracellular 

pH dissociate to produce H+ ions that interfere with essential metabolic 

functions (Cintas et al., 1998). 

  While both organic acids have good inhibitory action against pathogenic 

bacteria, acetic acid has more antimicrobial activity against undesirable 

microorganisms (Richards and Xing, 1995). 

 

B) Hydrogen Peroxide (H2O2)  

       Lactic acid bacteria produce hydrogen peroxide in the presence of 

oxygen that accumulates in the medium resulted from the inability to 

produce H2O2 degrading enzyme such as catalase. It has been reported 

that production of H2O2 by Lactobacillus and Lactococcus strains 

inhibited Staphylococcus aureus, Pseudomonas spp and Vrious 

psychrotrophic microorganisms in foods (Conne, 1993; Bae et al., 2005). 

   

C) Bacteriocins:- 

        Lactic acid bacteria produce a variety of antagonistic factors that 

include metabolic end-products, antibiotics like substances and 

bacterial proteins termed bacteriocines (Bae et al., 2005).                  

These antimicrobial agents are species specific and exert lethal activity 

through adsorption to specific receptors located on the external surface 
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of sensitive bacteria, followed by metabolic, biological and 

morphological changes resulting in the killing of such bacteria. 

      LAB produces a wide range of bacteriocins like nisin, diplococcin, 

lactocin and lactostrepsin (Eijsink et al., 1998). The most important 

species that produce bacteriocin are Lactococcus, Streptococcus, 

Lactobacillus, Leuconostoc and Pediococcus. The in vitro studies 

have demonstrated that some bacterocins have a broad inhibitory 

spectrum against many Gram- negative bacteria (Carpa and Ackermann, 

2006). 

 

D) Carbon Dioxide (CO2):- 

      It's mainly produced by heterofermentative LAB. The precise 

mechanism of its antimicrobial action is still unknown. However, CO2 

may play a role in creating anaerobic conditions which inhibits enzymatic 

decarboxylations, and the accumulation of CO2 in the membrane lipid 

bilayer may cause failure in permeability (Gibson and Wang, 1994). CO2 

can effectively inhibit the growth of many food spoilage microorganisms, 

especially Gram- negative psychrotrophic bacteria (Farber, 1991; 

Hotchkiss et al., 1999).                         

 

E) Diacetyl and Acetyldehyde  

      Diacetyl is produced by strains within all genera of LAB by citrate 

fermentation. The antimicrobial effect of diacetyl has been known since 
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the 1903 (Hugenholtz, 1993). It inhibits the growth of Gram-negative 

bacteria by reacting with arginine binding protein (Marteau et al., 2001).                       

     Jay (1982) showed that Gram- negative bacteria were more sensitive 

to diacetyl than Gram-positive bacteria; the former was inhibited by 

diacetyl at 200 mg/ml and the latter at 300mg/ml. 

     Diacetylactis and the acceptable sensory levels of diacetyl are at 2-7 

mg/ml (Motlagh et al., 1992). It's practical use as a food preservatives is 

limited, diacetyl may act synergistically with other antimicrobial factors 

and contributes to combined preservation systems in the fermented foods, 

Acetaldehyde formed during carbohydrate metabolism of 

heterofermentative LAB also could be reduced to ethanol by reoxidation 

of pyridine nuclotides, catalyzed by an NAD-dependent alcohol 

dehydrogenase, acetaldehyde imparts the typical aroma of yoghurt . 

       Piard and Desmazeaud, (1991), found that the antimicrobial activity 

of acetaldehyde was (10-100) ppm against food born pathogens (E.coli, 

Salmonella typhimurum and S.aureus) . 

 

2.3.3 Importance of Lactic Acid Bacteria in Food Industry:- 

       Lactic acid bacteria have been used to ferment cultural foods for at 

least 4000 years (Hull et al., 1992). It's found in a number of fermented 

food products and used for their proposed health promoting properties 

(Fernands et al., 1992). These lactic acid bacteria contribute to their 

preservation, nutrition availability and flavor; they are used in particular 

in fermented milk (Chenoll et al., 2006).                   

    A number of these dairy products are produced using 

 Lactobacillus either alone or in combination with other lactic acid 
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bacteria. Dairy foods fermented by lactic acid bacteria has long been held 

in special favor as safe and nutritious foods that may also elicit positive 

effects on health and well being (Hove et al., 1999).  Soured milk bore 

the first pure bacterial culture, bacterium lactis and later the probiotic 

concept. Acidophuilus milk is an example of fermented dairy product and 

Lactobacillus acidophilus is the organism used to produce it. 

    Vegetables are fermented with Lactobacilli to produce products 

including pickles and olives.  Members of Lactobacillus genus are 

natural contaminants of vegetables and take their place in the 

fermentation process along with a number of other microorganisms. 

Lactobacillus species also play an essential role in bread making, and a 

number of unique strains have been identified in products, most notably 

sourdough bread , typical species of Lactobacilli identified in sourdough  

bread include L.acidophilus,  L.faciminis,  L.delbruecki,  

L.plantarum, L.rhamnosus, L.brevis and  L. fermentum(Walker 

and Duffy, 1998). 

 

2.3.4 Importance of Lactic Acid Bacteria to Human Health:- 

      Many have advanced the theory that certain LAB (those normally reside 

in the human intestine) may exert a positive influence on human health 

(Oyetayo and Osho, 2004).  Lactobacillus is considered as a especially 

beneficial bacteria due to it's ability to aid in the breaking down into proteins, 

carbohydrates, and fat in food then helping absorption of necessary elements 

and nutrients such as minerals, amino acids and vitamins required for human 

and animal to survive (Bartram et al., 1994). They are used to treat 

disturbed intestinal microflora and increased gut permeability which are 
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characteristic of many intestinal disorders such as acute rotaviral diarrhea, 

food allergy, colon disorders and changes associated with colon cancer 

development (Dunne and Shanahan, 2002).                        

     LAB have many other physiological  effects to benefit the host, such as 

absorption of nutrients  that is primary function in intestine by salvaging 

energy from carbohydrate not digested in the upper gut. Also LAB have a 

role in the synthesis of B vitamines and metabolism of the bile acids,  other 

sterols and exenobiotics (Cummings and Macfarlane, 1997).                       

     Also LAB have a role in allvation of lactose intolerance symptoms 

(Priebe et al., 2006), this symptom is present in a wide range of the world 

wide population (Montes et al., 1995). 

 Further more, some species of LAB have anticarcinogenic and 

hypocholesterolemic properties as for example in  L. acidophilus due to 

inhibition of  3- hydroxyl 3- methylglutary reductase which is a rate limiting 

enzyme in endogenous cholesterol biosynthesis in the body . So the use of 

probiotics to reduce this risk seems very attractive, especially if consumed as 

a part of a normal dairy nutrition( Pereira et al., 2003;Taranto et al., 1998).                       

     LAB also have many immunomodulatory effects, so the potential health 

benefits of it include protection against enteric infections , use as an oral 

adjuvant, the immunepotentation in malnutrition and the prevention of 

chemically induced tumor(Perdigon et al., 2001). 
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2.4 Prebiotics:- 

     Prebiotic is defined as a non-digestible food ingredient that beneficially 

affects the host by improving human health due to it’s nature that is 

undigested or partially digested in the small intestine. (Grizard and 

Barthomeuf,  1999). 

    The term prebiotic was first introduced by Gibson and Rberfroid           

(1995) to the substance that promotes the growth and /or activity of a limited 

number of bacterial species in the gut. Also prebiotic have selective 

stimulation effects on certain groups of colonic bacteria in the large intestine 

(Quigley et al., 1999).                      

     Meulen et al., (2004) stated that in addition to their selective effect on 

Bifidiobacteria and Lactobacilli, they influence many aspects of bowel 

function through fermentation. 

     Beneficial effects of feeding an exogenous probiotic may be enhanced 

and extended by simultaneous administration of a prebiotic that the probiotic 

can utilize it in the intestinal tract (Macfarlane and Cummings, 1999).                     

     In order for prebiotics to be effective, they must escape digestion in the 

upper gastrointestinal tract and be released in the lower tract to be used by 

beneficial microorganisms found in the colon; (Rolfe, 2002). So                    

the mechanisms by which prebiotics works are via (Gibson et al., 1995):- 

a) Stimulation of microbial growth.  

b) Increase in bacterial cell mass. 

c) Stimulation of peristalsis by the increased bowel content. 
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2.4.1 Prebiotic Action: 

     Prebiotics are vital to probiotic organisms to survive and thrive in the 

human gut, so prebiotics have been shown to enhance health in a number 

of ways through support growth of the probiotic bacteria in the gut. For 

example, short chain fatty acids (SCFAs) are products of prebiotic 

fermentation by these gut microflora and are crucial for human health, so 

the probiotic bacteria and SCFAs restrict the growth and activity of less 

beneficial species (Vaux et al., 2000). This considered as the 

gastrointestinal effect of prebiotic. Potentially, the most important effects 

of prebiotic carbohydrates are to strengthen the body’s resistance to 

invading pathogens, thereby prevent episodes of diarrhea (Cummings and 

Macfarlane, 2002).  Beside, prebiotics may have anticarcinogenic 

activities by maintaining healthy bowel function and hence may play an 

important role in preventing colon cancer (Duggan et al., 2002). Also 

prebiotic may have antimicrobial, hypolipidemic and glucose- 

modulatory activities; they may have activity in improving mineral 

absorption balance. 

     Prebiotics have mild laxative effects and many other actions which 

include lower triglycerides levels in some, the mechanism of this possible 

effect is unclear, decreased  hepatocyte synthesis of triglycerides is one 

hypothetical possibility (Flickinger et al., 2000).                  

Oligosaccharide, a type of prebiotic may lower total cholesterol and Low 

Density Lipoprotein (LDL) cholesterol levels in some, the mechanisms of 

this possible effect is unclear but it may due to propionate (a product of  
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oligosaccharide fermentation) may inhibit HMG-Coa reductase, the rate 

limiting step in cholesterol synthesis (Chinda et al., 2005).                   

2.4.2 Synergistic Effect of Probiotic and Prebiotics:- 

     Prebiotic are the food of fuel for the healthy bacteria. Studies show 

that the consumption of a wide range of prebiotics can improve gut health. 

However, when a food formulation can combined both into one food the 

result is called symbiotic (Schrezenmeir et al., 2004).                     

Symbiotic is a combination of probiotic and a prebiotic in which the 

prebiotic is used to increase the intestinal survival of the health  

promoting bacteria with the ultimate goal of modifying the gut flora and 

it’s metabolism.  

      The symbiotic relationship of probiotic and prebiotics significally 

contributes to health together their by (Fooks et al., 1999):- 

a) anticarcinogenic activity. 

b) Antimicrobial activity. 

c) Lowering triglycerides level. 

d)  Stabilizing blood glucose levels. 

e)  Boost the immune system. 

f)  Ridding the gut of harmful microorganisms. 

g)  Helping to prevent constipation and diarrhea. 

 

2.4.3 Prebiotic Digestion and Fermentation:- 

        Prebiotics are all carbohydrates of relatively short -chain length that to 

be effective must reach the ceacum in some form. A fraction of substances 

due to their chemical structure must escape digestion by pancreatic and 

small bowel enzymes in the human gut, and therefore arrives in the large 
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bowel (Ellegard et al., 1997; Bach-Knudsen et al., 1995). Any carbohydrate 

reaches the cecum is a potential substrate for fermentation by the microbiota. 

In vitro, many different materials support bacterial growth and produce 

various fermentation derived products (Molis et al., 1996; Rossi et al., 

2005).  The major products of prebiotic metabolism are short chain fatty 

acids (SCFAs), the gasses (hydrogen, carbon dioxide) and bacterial cell 

mass (Cummings et al., 1995). 

              

2.4.4  Prebiotic Foods:- 

     Prebiotic carbohydrates are found naturally in many fruits, vegetables and 

grains such as (bananas,  asparagus, garlic,  wheat, oat meal, barely and 

other whole grains,  flax seed,  tomato,  onions and chicory,  greens and 

legumes) like lentils, kidney beans,  white beans,  black beans.(Rastall and 

Maitin, 2002).                        

     From the definition of prebiotic”non digestible food ingredient “, 

prebiotics could also include several classes like: 

 a) Dietary fiber: that is a mixture of many complex substances. It’s 

considered as a fraction of the edible part of plants or their extracts or 

synthetic analogues (Mure et al., 2004). The characteristic property of 

dietary fiber has been defined as the ability to reach the large intestine in an 

essentially unchanged state so it resist to digestion and absorption in the 

small intestine (Joy et al., 1999; Chinda et al., 2004). Examples of these are; 

cellulose, hemicelluloses, lignin, various gums, algal or synthetic 

polysaccharides and peptic substances (Stark and Madae, 1994).                       

b) Oligosaccharides: they found in many natural products such as plant 

cells and milk (O'Sullivan, 1996). Disaccharides have also been introduced 
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to be like prebiotic oligosaccharides in case when they enter the colon 

(Playne and Crittenden, 1996). Oligosaccharide include; 

fructooligosacchariedes that are widely found in the nature (onion, oats, 

wheat); they composed of sucrose and from one to five molecules of 

fructose. Also there are glucooligosacchriedes, maltooligosaccharides and 

Xylo-oligosaccharides (Voragen, 1998). Various oligosaccharides are 

classified as prebiotics and added to the processed foods as additives 

(Vander Meulen et al., 2006). 

2.4.4.1 Lactose:- 

     Several hundreds of LAB resides in the human large intestine and these 

LAB metabolized non-digested dietary carbohydrates (resistant starch,  non 

starch polysaccharide,  and other sugars like lactose,  raffinose and 

stachyose ) to variety of products such as SCFAs (e.g.:- acetic acid, 

propionic acid, and butyric acid), other organic acids (lactic acid , succinic 

acid and pyruvic acid ) and gasses (H2, H2S , CO2, CH4)(Macfarlane and 

Macfarlane, 1997).                      

    Dairy products, foods prepared with the use of dairy ingredients, are 

exclusive source of the disaccharide lactose in human diets. Before 

absorption, lactose is hydrolyzed by the intestinal brush border β-

galactosidase(lactase) into glucose and galactose, these monosaccharides are 

absorbed and used as energy sources. 

      Rosado et al., (1992) found that before fermentation, lactose content of 

the foods mix generally is ~6%. One example of significant bacteria – 

induced change that occurs during the fermentation process is the hydrolysis 

of 20-30% of the disaccharide lactose to its absorbable monosaccharide 

components glucose and galactose. In addition a portion of the glucose is 

converted to lactic acid. Undigested lactose remains in the intestinal lumen 
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and as it reaches the colon, it is fermented by colonic bacteria.Lactose 

content varies with the duration of the storage after fermentation, In addition, 

the bacterial lactose activity corresponds with the survival time  

of Lactobacilli after ingestion, then enhanced digestion of the lactose is 

explained partly by the improved lactase activity after food ingestion and 

partly by other enzymatic functions such as the activity of the lactose 

transport system (permease), that allows lactose to enter probiotic cell.      

Animal studies have suggested that LAB may induce lactase activity of the 

gut intestinal endothelial cells(Marteau et al., 1990). Lactose (milk sugar), 

bacteria use it and consider it as carbon source for growth (Salminen and 

Salminen, 1997).                    

    A carbohydrate source like lactose is poorly utilized by many 

pathogenitically significant species of the families Enetrobacteriaceae and 

Vibronaceae and the genera Pseudomonas. About 20% to 30% of the 

lactose in the yoghurt base are broken down to glucose and galactose and 

that glucose be converted to lactic acid during yoghurt fermentation. 

Bacterial enzymes can help break down the remaining lactose in the 

intestinal tract (Lonnerdal, 2003). 

                  

2.4.4.2 Whey:- 

     Whey is a by-product of cheese industry, also known as a residue of milk 

after removal of casein and most of the fat as in cheese making, also known 

as lacto- serum (Kulozik and Wilde, 1999). It is recognized as a value-added 

ingredient in many food products including dairy, meats, bakery and 

beverages ( Brassart, 1999).                     
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     When cheese is made, most of protein, fat and minerals go into the 

cheese. After the cheese curd is removed, the remaining liquid whey is 

consisted mostly of water and lactose along with a small amount of high 

quality whey protein. Whey is also formed in the making of yoghurt being 

the thin liquid that forms on the top of the settled yoghurt.                      

    Whey is a reliable source for a number of high quality and biologically 

active components like  proteins, vitamins, traces milk fat, minerals (calcium, 

phosphorus, magnesium, zinc, sodium and potassium), and lactose as 

carbohydrates, (Howarth, 1996).This component capable of improving 

health and prevent disease (Horton, 1995).                          

 

2.4.4.2.1 Prebiotic Properities of Whey Components:-  

     Whey derived carbohydrate components with prebiotic activity have been 

found (Naidu et al., 1999). Lactose in whey has been shown to support LAB, 

such as Bifidobacteria and Lactobacilli. Sialic acids (types of 

oligosaccharides) which are typically attached to proteins commonly found 

in whey have also been shown to have prebiotic effects ( Harper, 2002).    

Lactose from whey is an important precursor for prebiotic products. For 

example galactooligosaccharides can be produced through a 

transgalactosylation reaction when lactose is enzymatically hydrolyzed.  

 

2.4.4.2.2 Health Enhancing Properties of Whey Components:- 

      There are five beneficial areas of intestinal health modification with 

whey components, they are:- 

a) Prebiotic Effect:  this is because of carbohydrate components (lactose, 

sialic acids) derived from it (Naidu et al., 1999).                      
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b) Antiviral and Antimicrobial Properties of Whey Components:- Abd 

El-Salam et al.(1996), found that whey contains several unique components 

with broad antimicrobial properties that protect against toxins,  bacteria and 

viruses including immunoglobulins (Igs), lactoferrin, lactoperoxidase(Lp), 

sphinogolipids and  peptide derivative( Brody, 2000).                       

    Significant levels of these components have been shown to survive 

passage through the stomach and small intestine and arrive as intact proteins 

in the large intestine, where they exert their biological effects (Warny et al., 

1999).  

c) Anticancer Properties of Whey Components: - Whey is a source of      

specific components that animal and cell culture studies suggest have 

anticancer properties (Bounous, 1991).  The first are the sulphur amino acids 

(cysteine and methionine) which are found in high levels in whey protein. 

Cystein and methionine are utilized in glutathione synthesis. 

     Glutathione is the widly distributed and is a substrate for two classes of 

enzymes that catalyse detoxification compounds and bind mutagens and 

carcinogens facilitating their elimination from the body (Parodi, 1998).                

 

d) Cardiovascular Health: - Whey components may have positive effect on 

cardiovascular health (Schrezenmeir et al., 2000). Whey derived peptides 

may protect against hypertension, inhibit platelets aggregation and lower 

blood cholesterol levels.                  
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e) Immune Enhancing Properties of Whey Components:- 

    The human GI tract houses the largest portion of immune system. The gut 

associated lymphoid tissue and mucosal associated lymphoid tissue,  

together these tissues help to preserve and promote the integrity and function 

of GI tract,  thus contributing to the maintenance of overall health.                                                                                                                                 

2.4.4.3 Dried Whey:- 

      Fresh pasteurized liquid whey is rarely used due to high transportation 

costs and susceptibility to deterioration during storage, so one of  ways  of  

utilizing  cheese   whey is  to  condensed   it by evaporation,  reverse 

osmosis or  ultrafiltration  to  condensed   products  or maximally  

concentrated  by  drying( Walzem et al., 2002).                   

      From whey,  whey   powder , whey  protein  concentrates , whey protein 

isolates,  reduce-lactose whey  and  demineralized  whey  are  produced. 

These  dried  whey  produced  or  concentrated  by   methods  above ,  are 

either undergo evaporation or ultrafiltration can be also used in this method. 

        The  whey  must  clarified ( the fat is removed) before  concentrations  

by centrifugation,   pasteurized   then dried   to provide  a fine  light  cream  

to slightly   yellow   color . Dried   whey has the same   healthy   benefits of 

whey. 

     The final product of whey powder is mostly lactose (about 68%), with 

some protein about 12% and   ash about 8%. The typical content of dried 

whey is shown in the   table (2-2):- 
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Table (2-2). Typical Nutrients Composition of Dried Whey :-( Ensminger 

et al., 1978): 

substances % 

  

Dry matter 

Lactose 

Protein 

Minerals 

• Calcium 

• Phosphorus 

• Sodium 

Amino acids 

• Lysine 

• Threonine 

• Tryptophan 

Metabolizable energy, kcal/ibz 

  

93 
68 
12 
 
 

0.86 
 

0.76 
 

1.30 
 
 

0.94 
 

0.89 
0.3 

 
1,500 
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 I

Summary 
 

    A total of 17 samples of dairy products were collected from Baghdad 

markets. Nine isolates of Lactobacillus spp. were obtained, and 

identified as (4) Lactobacillus plantarum, (3) Lactobacillus 

fermentum, and one of each of Lactobacillus acidophilus and 

Lactobacillus brevis (1 isolate). Inhibition activity of Lactobacillus 

isolates against some pathogenic bacteria was tested on solid medium for 

different incubation periods. After that one isolate of  Lb.plantarum 

was selected due to its highest inhibitory activity. The inhibitory effect of 

this isolate was also tested but in MRS broth at different incubation 

period. Results showed that 24 hr were the most efficient period of 

incubation for such purpose. 

     Ability of the selected Lb.plantarum isolate to produce β-

galactosidase enzyme was detected in vitro by using X-gal as 

chromogenic substrate for β-galactosidase which turn the color of colony 

from white to blue. 

To improve ability of the isolate in exhibiting inhibitory activity, various 

prebiotic substances (lactose, fresh whey and dried whey) with different 

concentrations (1, 2, 3, 4 and 5%) w/v (for lactose and dried whey) and 

(10, 20, 30, 40 and 50%)v/v (for fresh whey) were used,  and three 

incubation periods (24, 48 and 72) hr were applied with defined 

inoculums size . 

Results testing inhibitory activity of Lb.plantarum with the above 

substances showed that Lb.plantarum propagated in MRS fortified with 

2% lactose, 40% fresh whey  and 3% dried whey  with incubation period 

48 hr (for each) had the best inhibitory activity  compared to propagating, 

of  Lb.plantarum in MRS alone.  



 II

Minimum inhibitory concentrations ( MIC,s) of Lb.plantarum diluted 

concentrated filtrate were determined after propagated in MRS broth, and 

the same steps were repeated but when propagated in MRS broth 

containing the best three concentrations of prebiotics on Lb.plantarum 

activity. It was found that MIC,s value became lower after prebiotic 

treatment, with improving the activity against pathogenic bacteria. 

The ability of prebiotic substances for improving growth of probiotic, 

growth curve of the Lb.plantarum isolate propagated in MRS broth was 

determined then the growth curve was evaluated but when propagated in 

MRS broth fortified with the three prebiotics at concentration giving best 

effect on Lb.plantarum activity. It was found that growth of the 

probiotic bacteria was changed. 

 Total viable count was performed for Lb.plantarum propagated in 

MRS broth with and without prebiotic after each incubation period (24, 

48 and 72) hr. Results show that growth of probiotic bacteria was 

enhanced after the addition of prebiotic substances, this with 

concentrations of 2% lactose, 40% fresh whey and 3%dried whey. 
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Table (4-1). Biochemical test of Lactobacillus spp. Isolated from Dairy Product. 

+: Positive fermentation. 
–: Negative fermentation. 
(  ): Number of days.  

Isolate 
NH3 
from 

Arginine  

Growth in 
Litmus 
Milk  

Gelatinase 
Test 

Oxidase 
Test 

Catalase 
Test 

Growth at Growth 
on 

Nutrient 
Agar 

Carbohydrate fermentation test 

15°C 45°C 
arabinose Xylose Calactose Manitol Maltose Raffinose Lactose Fructose Sucrose 

Lb.plantarum1 _ + _ _ _ + _ _ (1) + _ (1) + (1) + (1) + (2) + (2) + (1) + (1) + 

Lb.plantarum2 _ + _ _ _ + _ _ (1) + _ (1) + (1) + (1) + (2) + (1) + (1) + (1) + 

Lb.plantarum3 _ + _ _ _ + _ _ (2) + _ (1) + (1) + (1) + (1) + (1) + (1) + (1) + 

Lb.plantarum4 _ + _ _ _ + 
_ 
 

_ (2) + _ (1) + (1) + (1) + (1) + (1) + (1) + (1) + 

Lb.fermentum1 + + _ _ _ _ 
+ 
 

_ (2) + (1) + (1) + (1) + (1) + (1) + (3) + (1) + (1) + 

Lb.fermentum2 + + _ _ _ _ 
+ 
 

_ (1) + (1) + (1) + (1) + (1) + (2) + (2) + (1) + (1) + 

Lb.fermentum3 + + _ _ _ _ 
+ 
 

_ (1) + (1) + (1) + (1) + (1) + (1) + (2) + (1) + (1) + 

Lb.acidophilus _ + _ _ _ _ 
+ 
 

_ (1) + (1) + (1) + (1) + (1) + (1) + (4) + (1) + (1) + 

Lb.brevis + + _ _ _ 
 

+ 
_ 
 

_ (1) + (1) + (1) + (1) + (1) + (2) + (1) + (1) + (1) + 
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