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ABSTRACT 
 

  The antibacterial activity of kefir cultural metabolites with and without neutralization and heat treatment 
after fermentation under different conditions of incubation temperatures and times against Pseudomonas 
aeruginosa, Escherichia coli O157:H7, Bacillus cereus, Salmonella typhimurium, Listeria monocytogenes and 
Staphylococcus aureus was determined. The present study also aimed to investigate the survival of the most 
sensitive strains from Gram-positive and Gram-negative bacteria and examine the associated microbial groups 
in Tallaga cheese and kefir-Tallaga cheese made by addition of 1% kefir metabolites as the most acceptable one 
for sensory evaluation during cold preservation at 7°C for 28 days. The Staphylococcus aureus was the most 
sensitive indicator to kefir metabolites with the diameter zone of 25 mm whereas the Pseudomonas aeruginosa 
was the most resistant one. The optimal conditions achieving the best antibacterial activity of kefir metabolites 
were 28°C for 48 h. The obtained results revealed that the kefir cultural metabolites lost most of their 
antibacterial activity power after neutralizing (pH 6.5) and heat treatment (72°C for 15 sec) against the bacterial 
indicators specially Gram-negative bacteria proving that the antibacterial activity of kefir metabolites returns to 
its organic acids towards Gram-negative bacteria and to its antimicrobial compounds (bacteriocin, hydrogen 
peroxide, etc.) against Gram-positive bacteria. The survival of Escherichia coli O157:H7 and Staphylococcus 
aureus and reduction of their counts in kefir- Tallaga cheese proved the bacteriostatic effect of the antibacterial 
activity of kefir metabolites. Kefir metabolites appeared to extremely affect the counts of total colony, coliforms 
and moulds & yeasts in kefir- Tallaga cheese compared to control cheese. The kefir-Tallaga cheese produced 
was accepted by the panel and was characterized as a high quality product. The application of kefir cultural 
metabolites could be used as a potential mean either to reduce the use of chemical preservatives or to extend the 
shelf-life of soft cheese products with reduced salt content for people with hypertension. 
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Introduction 
 

The safety and control of pathogenic and spoilage microbes especially in food and dairy products represent 
the major challenge to food producers, legislators and microbiologists and remain important issues over the 
world (Okda, 2009). 

On the contrary of the increasing knowledge of microbiology and the implementation of safety approaches 
such as HACCP, Hazard Analysis and Critical control Point, the worldwide incidence of food poisoning 
outbreaks are increasing in gravity instead of tendency to decrease (Kelly et al., 1996). The World Health 
Organization reported hundreds of millions of people worldwide suffer from foodborne diseases. Foodborne 
diseases cause approximately 76 million illnesses, resulting in 325,000 hospitalizations, and 5,000 deaths each 
year in the US alone (Chung, 2003). 

Many approaches have been used to control food pathogens and spoilage bacteria. Although therapeutic 
antibiotics are prohibited for use in foods, the utilization of antagonistic additives with preservative or 
antimicrobial properties has become a trademark approach in food safety and preservation (Chen and Hoover, 
2003). 

A better solution to this dilemma is the use of antimicrobial metabolites of fermentative microorganisms 
(Soomro et al., 2002).  

Kefir, a unique product among the cultured milk varieties, is produced with an original native starter called 
as kefir grains. Kefir is defined as the yogurt of the 21st century (Gorski, 1994). The kefir grains consist of slimy 
materials in which yeast and bacterial cells are firmly embedded (Frengova, et al., 2002).The grains have a 
specified structure and behave as biologically vital organisms. They grow, propagate and pass their properties 
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on to the following generations of new grains (Simova, et al., 2002). Kefir is a fermented beverage, which is 
reported of being beneficial to health. Antimicrobial activity, better gut health, anticarcinogenic activity, control 
on serum glucose and cholesterol, control on lactose intolerance and better immune system can be achieved 
through its regular consumption (Ahmed et al., 2013). The large number of different microorganisms found in it 
and the variety of bioactive compounds produced during fermentation distinguishes it from other probiotic 
products (Dimitreli et al., 2013). 

Kefir, considered a probiotic, consists of grains and a supernatant. It is a mix of microorganisms, 
polysaccharides, aminated molecules, vitamins, acids, ethanol, and volatile substances (Bergmann et al., 2010). 

The function of the microorganisms constituting the kefir grains which consist of lactobacilli, lactococci, 
leuconostoc, acetic acid bacteria and yeasts. (Magalhaes et al., 2011) may include production of lactic acid, 
antibiotics and bactericides, which inhibit the growth of undesirable and pathogenic microorganisms in kefir 
milk (Angulo et al., 1992).  

Many researchers studied the survival of some pathogens during kefir fermentation in the presence of kefir 
culture with contradictory results (Garrote et al., 2000; Gulmez and Guven, 2003; Karagozlu et al., 2007 and 
Ulusoy et al., 2007). And others evaluated the use of the kefir culture as coculture starter for producing some 
cheeses like kefir-feta and kefir-whey cheeses types (Kourkoutas et al., 2006 and Dimitrellou et al., 2007). 

The current study aimed to determine the antibacterial activity of kefir cultural metabolites after 
fermentation under different conditions including temperature and time of incubation, neutralization and heat 
treatment affecting the inhibitory power against some food-borne pathogens in vitro. The present study also 
aimed to evaluate the sensory properties of Tallaga cheese made with different ratio of kefir metabolites and 
investigate the survival of E. coli O157:H7 and Staph aureus and examine the associated microbial groups in 
kefir-Tallaga cheese made by addition of 1% kefir metabolites. 
 
Materials and Methods 
 
Materials: 

 
Pathogenic bacterial strains including Pseudomonas aeruginosa, Escherichia coli O157:H7, Bacillus 

cereus, Salmonella typhimurium, Listeria monocytogenes and Staphylococcus aureus as indecator strains were 
obtained from Central Public Health Laboratories (Ministry of Health, Egypt). These strains were maintained 
and propagated in tryptone soy broth and agar until use. 

Kefir grains were obtained from Microbiology Laboratory, Department of Dairy Science, Food Industries 
and Nutrition Division, National Research Centre, Egypt. Commercially bottled, homogenized UHT milk was 
used to produce kefir cultural metabolites.  

Milk used in preparation of white soft cheese (Tallaga) was a mixture of cow’s and buffaloe’s milk 
obtained from the herd of the Faculty of Agriculture, Cairo University. 

Chymocin rennet powder was obtained from Chr. Hansen’s Lab., Denmark. 
 
Methods: 
 
Culture preparation of pathogenic strains: 

 
The pathogenic strains, B. cereus, E. coli O157.H7, Staph. aureus, Sal. typhimurium, L. monocytogenes and 

P. aeruginosa were routinely transferred into brain heart infusion broth (Oxiod) and incubated at 37°C for 24h. 
The activated strains were diluted 1:10 in brain heart infusion broth and 100 µl of each indicator were plated on 
nutrient agar or inoculated in cheese samples for determination the antibacterial activity of kefir metabolites 
against indicators in agar media and the survival of test pathogenic bacteria in the presence of kefir metabolites 
in prepared cheese samples, respectively. 
 
Kefir cultural metabolites preparation: 

 
Commercially, homogenized UHT milk used to produce metabolites of kefir cultures was inoculated with 

fresh kefir (5% v/v) made by using kefir grains according to Marshall and Cole (1985).  Fermentation was done 
in three groups at 25, 28 and 37°C for 24, 48, 72 and 96 hours. At the end of fermentation period, The cell free 
culture supernatants (CFCS) containing kefir cultural metabolites were obtained by centrifugation at 5000 rpm 
for 15 min at 4°C (El kholy, 2000) and stored at 4° C until antimicrobial activity was tested. Whilst the separated 
grains were washed and preserved in milk at 4°C.  
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pH measurement: 

 
The pH of the samples of both fermented milk kefir and kefir-Tallaga cheese was measured using a pH 

meter (Hanna instruments Hi 931401 Microprocessor pH meter).  
 
-Antimicrobial activity of kefir cultural metabolites: 

 
The disc diffusion method as described by Cadiric and Citak, (2005) was used for detecting the 

antimicrobial activity of kefir cultural metabolites using the determination of inhibition zone diameter in 
millimetres as follows. The indicator strains were freshly diluted in brain heart infusion broth and 100 µl of each 
were plated onto nutrient agar plates. Plates were air dried for 15 min and the discs (5mm diameter) impregnated 
with 30µl of kefir CFCS samples were stabbed on them. After incubation at 37°C for 24 h, the diameter of 
inhibition zones was measured in mm around the discs. The control inoculated plates were prepared as the same 
described but without adding CFCS samples. 
 
Factors affecting the antibacterial activity of kefir metabolites: 
 
- Effect of incubation time and temperature: 

 
The effect of incubation period and temperature were studied by inoculating 5% active kefir cultures (v/v) 

into flasks of homogenized UHT milk, 100 ml each. The inoculated flasks were incubated at 25, 28 and 37° C 
for 24, 48, 72 and 96 h. Individual flasks were kept for each incubation period. At the end of incubation period, 
the kefir metabolites (CFCS) obtained as previously prepared were examined for antimicrobial activity using the 
disc diffusion method as described by Cadiric and Citak, (2005). 
 
- Effect of neutralization and heat treatment: 

 
The kefir metabolites (CFCS) produced from fermentation of homogenized UHT milk were separated at 

5000 rpm for 15min at 4°C, then were divided to two portions. The first one was used as a control, i.e. without 
neutralizing or heating treatment. The second was pH adjusted to 6.5 using 1M NaOH and heated at 72°C for 
15sec. The antimicrobial activity of the two portions was assayed against the tested microorganisms using the 
disc diffusion method as described by Cadiric and Citak, 2005.  
 
Kefir- Tallage cheese making: 

 
Tallage cheese making was carried out according to Fahmi and Sharara (1950) and modified with addition 

of kefir cultural metabolites as follows: The bulk milk was divided into four parts. Part 1: without kefir cultural 
metabolites or indicator pathogens to be used as a control for sensory evaluation. Part 2: with different ratios of 
kefir cultural metabolites, 0.5, 1, 2 and 3% to be used for sensory evaluation. The more popular and acceptable 
one in respect to sensory was used for the following experiment concerning to the survival of indicators. 
Part 3: inoculated with freshly diluted E. coli O157:H7 and Staph. aureus (104 CFU/ml for each) to be used as a 
control for determination of their growth and survival in the absence of kefir metabolites. Part 4: inoculated with 
freshly diluted E. coli O157:H7 and Staph. aureus as the same count above and kefir cultural metabolites, 1% to 
be used for determining the effect of of kefir metabolites on the growth and survival of indicators. 

All portions were heated at 72C for 15 sec then cooled to 37-40°C, salted at 3% NaCl, then CaCl (0.02%) 
was added and followed by adding rennet (0.05% w/v). The curds were whey out and the obtained cheeses were 
packed in plastic containers and stored in a refrigerator at 5-7°C. Samples of cheeses were taken for analysis 
when fresh and after 7, 14, 21 and 28 days for sensory evaluation for the first two parts and at the same intervals 
for determination of the cell counts of indicators and the associated groups of coliforms and moulds & yeasts 
beside the total colony count for the later parts. 
 
Cheese analysis: 

 
Cheese samples were taken aseptically fresh and after 7, 14, 21 and 28 days of storage period. Samples 

were microbiologically analyzed and organolepaly evaluated. 
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Organoleptic properties: 

 
Organoleptic properties of cheese samples were evaluated according to El Koussy(1966) when fresh, 7, 14, 

21 and 28 days of refrigerated storage by ten expert panel of members of Dairy Science and Technology 
Department, National Research Centre. 
 
Microbiological analysis: 

 
Cheese samples (25g each) were homogenized for 1min with 225 ml of sterile solution (2% w/v) of sodium 

citrate. Methods of microbiological analysis were followed according to APHA (1992). Samples were serially 
diluted and subsequently, 0.1 or 1 ml aliquots of each sample were pour plated or spread plated onto selective 
agar media in duplicates. Total bacterial count was enumerated using plate count agar (Oxoid). Total coliforms 
were counted on violet red bile agar (Oxoid), moulds and yeasts were determined on acidified potato dextrose 
agar (Oxoid).For the enumeration of Staph. aureus and E. coli O157:H7, the samples were serially diluted with 
saline solution (0.85% w/v), and the viable populations were determined by plating 0.1 ml of the diluted 
samples on baird parker agar (Oxiod) and sorbitol macconkey agar (Oxoid), respectively.The samples were 
incubated at 37°C for 24-48 h.  

 
Results and Discussion 

 
Antibacterial activity of kefir cultural supernatant: 

 
The antibacterial activity of kefir cultural metabolites (CFCS) was determined using disc diffusion method 

after fermentation at different incubation temperatures, 25, 28 and 37°C for different incubation times, 24, 48, 
72 and 96 h.  

The kefir cultural metabolites, according to Table (1) and Fig (1), showed strongly inhibitory activity 
towards Staphylococcus aureus, B. cereus and E. coli O157:H7 as the most sensitive indicators with the 
diameter zones of 25, 24 and 23 mm, respectively. While the P. aeruginosa, L. monocytogenes and Sal. 
typhimurium were less sensitive and more resistant ones, repectively. These results were agreeable to those 
reported by Rodrigues et al., (2005) who investigated the antibacterial activity against pathogenic 
microorganisms. The best antimicrobial effect of kefir was against Staph. aureus, P. aeruginosa, Streptococcus 
pyogenes and Streptococcus salivarius with inhibition zones of 30, 30.2, 27.2 and 24.9 mm, respectively. Other 
similar results were obtained by Cevikbas et al., (1994) against Gram-positive bacillus and Gram-positive 
coccus (Staph. aureus). and by Zacconi et al., (1995) and Garrote et al., (2000) who stated kefir has 
antimicrobial activity against wide variety of Gram-positive and Gram-negative bacteria specially E. coli.  

The incubation temperature and time had great effect on the antibacterial activity of kefir metabolites as it 
could be noticed from Table (1) and Fig (1). The best and greatest antibacterial effect was achieved at 28°C for 
48h as incubation temperature and time with inhibition zones of 25, 23, 21, 22, 15 and 15 mm against Staph. 
aureus, E. coli O157:H7, B. cereus, Sal. typhimurium, P. aeruginosa and L. monocytogenes, respevtively. The 
following affective ones were at 37°C for 96h, 37°C for 48h, 25°C for 96h, 28°C for 96h, 28°C for 24h, then 
25°C for 48h. Whilst the worst one was at 25°C for 72h with inhibition diameter of 6, 10, 13, 0, 0 and 0 mm 
against the same test indicators, respectively.    

 
Table 1: Effect of incubation time on antibacterial activity of kefir metabolites against some pathogenic bacteria after fermentation at  
               different incubation temperatures. 

Inhibition zone (diameter in mm) 
                                         
                                                                25°C                                                        28°C                                                  37°C 
 
                                          24h        48h         72h          96h          24h            48h         72h         96h           24h        48h     72h           96h 
      
 
Staph. aureus 

 
6 

 
15 

 
6 

 
15 

 
12 

   
  25 

   
  8 

  
  18 

 
7 

 
8 

 
18 
 6 
24 
 - 
 - 
 - 

  
  22 
  16 
  21 
  15 
   - 
  18 

E. coli 10  9 6 17  9   23   9   17 9 19 
B. cereus 13  6 10 20 14   21   12   12 16 18 
Sal. typhimurium. -  9 - 12 14   22   -   16 - 18 
P. aeruginosa - 15 -  -  -   15   -   - - 12 
L. monocytogenes -  6 - 16 19   15   -   15 - 11 
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Fig. 1: Effect of incubation temperatures on antibacterial activity of kefir metabolites against some pathogens  
            after fermentation for different periods (A- 24 h, B- 48 h, C- 72 h, and D- 96 h). 

 
Subsequently, the conditions of kefir fermentation are of great importance in respect to antibacterial activity 

of kefir metabolites produced by kefir grains. 
These results were consolidated by those established by Sirirat et al., (2010) who studied the antibacterial 

activity of kefir made by cow and rice milk at 24-26°C for 24 and 48h of incubation against some pathogens. 
Their results showed E. coli to be the most sensitive micoorganism to both kefir while Staph. aureus was 
sensitive only for 48h with small diameter zone (10 mm). Also, bacterial inhibition effects of both kefir were 
noticed against B. subtilis with small zones only after 24 h of fermentation. Bensmira and Jiang (2011) stated 
that exopolysaccharides production and pH evolution were significantly affected by fementation time of kefir. In 
contrast to current results, Ulusoy et al. (2007) reported that no significant difference was obtained between 
antimicrobial zone diameters of 24 and 48 hours fermented kefir. The best antimicrobial effect of 24 and 48 
hours kefir was seen against Staphylococcus aureus with the diameter zones of 21.4 and 21.1 mm respectively. 

The antibacterial activity of kefir metabolites against the pathogens tested herein may be attributed to either 
organic acids such as lactic and acetic produced by kefir culture, causing a reduction in pH, or to production of 
antimicrobial compounds such as bacteriocin, exopolysaccharides, hydrogen peroxide, alcohol and CO as 
reported and stated by Ryan et al. (1996); Santos et al. (2003) and Raja et al. (2009).  

The above results supported 28°C for 48h (Table 1 and Fig. 1-B) to be the best conditions for producing 
kefir metabolites for further experiment to study the effect of heat treatment and neutralization on inhibition 
power of kefir cultural metabolites. 
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Effect of heat treatment and neutralization on antibacterial activity: 

 
Data illustrated in Table (2) showed the effect of heat treatment and neutralization on the antibacterial 

activity of kefir metabolites after incubation at 28°C for 48 h as the best conditions for the greatest inhibition 
power against the test pathogens. It could be obviously revealed that the kefir cultural metabolites lost most of 
their antibacterial activity power after neutralizing (pH 6.5) and heat treatment (72°C for 15 sec) against the 
bacterial indicators. Salmonella typhimurium, E. coli O157:H7, P. aeruginosa and L. monocytogenes became 
completely resistant to the antibacterial activity of the neutralized- heated kefir CFCS which lost 100% of its 
power at all cases of incubation times. However, Staph. aureus and B. cereus showed some sensitivity to treated 
kefir CFCS with small diameter of inhibition zones , i.e. 8 and 7 mm for 24 h and 12 and 10 mm for 48 h, 
respectively. Anyway, the treated kefir metabolites lost 44 and 52 % of its power against Staph. aureus and 50 
and 52.4 % towards B. cereus after 24 and 48 h of incubation at 28°C in comparison to controls, respectively. 
The obtained results were in agreement with those reported by Takahashi and Kawakami (1999) who analyzed 
the antibacterial activity of kefir against strains ATCC 25922 and O157: H7 of E. coli under different pH 
conditions. Under neutral pH conditions bacterial growth was not influenced by the presence of kefir. However, 
in an acidic pH environment growth inhibition of both stains occurred in short time, suggesting the existence of 
an antibacterial substance in kefir activated in an acidic environment. In another study, Taheri et al. (2011) 
reported the inhibitory activity of neutralized supernatants of LAB isolate was declined to about 50% of its 
power comparing to control against Staph. aureus ATCC6538. In the same trend, Junior et al. (2009) reported 
that the antimicrobial activity of fermented broth kombucha was dramatically affected by pH initial values 
against Sal. typhimurium which was sensitive only at pH 3. But, Raja et al. (2009) reported no effect of pH or 
heat treatment on culture filterate activity of Lactobacillus lactis subsp. cremoris isolated from kefir against 
wide Gram- positive and Gram- negative pathogens. The current results also revealed Staph. aureus was the 
most sensitive strain among the test indicators and 48 h was the best incubation time for producing the greatest 
inhibition power of kefir metabolites. Hence, the incubation time and temperature, neutralization and heat 
treatment are important factors extremely affecting the antimicrobial activity of kefir metabolites.  

Looking through the results along the Tables (1 and 2), it could be noticed that converting of Sal. 
typhimurium, E. coli O157:H7, P. aeruginosa and L. monocytogenes from sensitivity to resistance case against 
antibacterial activity of kefir metabolites after neutralization and heat treatment proved the organic acids such as 
lactic and acetic produced by kefir culture causing a drastic reduction in pH were the main factor of antibacterial 
activity inhibiting those pathogens. The pH values of kefir metabolites after fermentation at different incubation 
temperatures and times were given in Table (3).  The reduced values of pH after 48, 72 and 96 h in comparison 
to 0 and 24 h of incubation reflected the action of kefir cultural microflora and therefore, its role of inhibition 
activity against the test indicators. On the other hand, the sensitivity of Staph. aureus and B. cereus to kefir 
CFCS before and after neutralization and heat treatment may be due to presence of antimicrobial compounds 
such as bacteriocin, exopolysaccharides and H2O2 produced by natural microbialflora in kefir. 

 
Table 2: Effect of neutralization and heat treatment on antibacterial activity of kefir metabolites against some food-born pathogens after  
               fermentation at 28°C. 

Inhibition zone (diameter in mm) 
 
                                                    24h                                         48h                                        72h                                         96h 
 Control Treatmet Control Treatmet Control Treatmet Control Treatmet 
 
Staph. aureus 

 
12 

 
8 

 
25 

 
12 

 
8 

 
- 

 
18 

 
- 

E. coli 9 - 23 - 9 - 17 - 
B. cereus 14 7 21 10 12 - 12 - 
Sal. typhimurium 14 - 22 - - - 16 - 
P. aeruginosa - - 15 - - - - - 
L. monocytogenes 18 - 15 - - - 15 - 

 
Table 3: Changes of pH values after fermentation of kefir at different incubation temperatures and periods. 

Incubation                                                            pH values 
 temp 
                        0h                    24h                     48h                    76h                       96h 
25°C                6.62                4.92                     3.98                   3.86                      3.61 
28°C                6.62                4.20                     3.82                   3.70                      3.60 
37°C                6.62                4.32                     3.50                   3.40                      3.41 

 
Organoletic properties of Kefir-Tallaga cheese: 

 
The main purpose of Kefir-Tallaga cheese preparation was to recognize which ratio of kefir metabolites 

(0.5, 1, 2 and 3%) added to Tallaga cheese would be more popular and acceptable to the consumer in respect to 
sensory. Subsequently, this one could be used for further experiment to determine the survival of some 
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pathogens during storage at 7°C for 28 days. The cheeses were evaluated for taste, flavour, body & consistency 
and appearance. Data concerning to the overall evaluation and preference of cheeses on storage at 7°C for 28 
days were illustrated in Fig (2). As shown, the presence of kefir cultural metabolites raised the score points of 
the resultant Kefir –Tallaga cheeses in comparison to Tallaga cheese used as a control. The addition of 1% of 
kefir metabolites to the milk had achieved the highest score amongst cheeses. In general, it could be said the 
addition of kefir metabolites enhanced the cheese quality. This could be attributed to fact that kefir metabolites 
contain vitamins, menirals and essential amino acids as well as organic acids. Diacetyl and acetaldehyde as 
aromatic compounds are also present as reported by Bakhshandeh et al. (2011). These results are in agreement 
with Dimitrellou et al. (2007) and Kourkoutas et al. (2006) who used freeze-dried kefir coculture as starter for 
production of whey-cheese and Feta-type cheese, respectively. They reported both of cheeses were accepted by 
the panel and were characterized as high quality products with increasing of preservation time. 
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Fig. 2: Organoleptic Properties of Kefir- Tallaga cheese containing different ratios of kefir metabolites. 

  
Survival of E.coli O157:H7 and Staph. aureus in kefir-Tallaga cheese: 

 
Tallaga cheese was made by addition of 1% of kefir cultural metabolites and artificially contaminated by 

inoculation with 104 CFU ml-1 of both of E.coli O157:H7 and Staph. aureus. The control was made in same but 
without addition of kefir metabolites. After coagulation, they stored for 28 days at 7°C and intervals analysed. 
The growth and survival of E. coli O157:H7 and Staph. aureus and the association of microbial groups 
examined during storage of kefir-Tallaga cheese and it’s control are presented in Fig. (3). 

It could be indicated that kefir cultural metabolites had a bacteriostatic effect on E. coli O157:H7 strain 
which was reflected in reduction in viability in kefir-Tallaga cheese in comparison to the control along cold 
storage period. The cell counts of E. coli O157:H7 decreased by 0.3, 0.3, 0.5, 0.7 and 0.6 log CFU/g in kefir-
Tallaga cheese against the control at 0, 7, 14, 21 and 28 days, respectively. In both of cheeses, E. coli O157:H7 
was able to grow and survive with variable increasing of cells where the growth was slower and the increasing 
rate was lower in kefir-Tallaga cheese comparing to the control. The E. coli O157:H7 reached the maximum 
counts on the 14th day of preservation at 7°C (5.1 and 5.6 log CFU/g in treated and control cheeses, 
respectively), then declined (Fig.3-A). The obtained results were agreeable with those established by Garrote et 
al., (2000) who reported that in contrast to yogurt, kefir has been stated to cause a bacteriostatic effect on E. coli 
possibly due to competition for nutrients between kefir microbiata and the test strain and/or due to substances 
that could appear at early stages in the milk fermentation. Contrary to current results, Gulmez and Guven (2003) 
did not monitore a bacteriostatic effect of yogurt or kefir against E. coli O157:H7, L. monocytogenes 4b and Y. 
enterocolitica O3 during fermentation. While E. coli O157:H7 and L. monocytogenes 4b survived for up to 21 
days in all samples of kefir and yoghurt, Y. enterocolitica O3 survived only for 14 days in modified kefir. Based 
upon their findings, it may be speculated that the pathogenic microorganisms grew easily in the early stage of 
yogurt and kefir fermentation when the development of acidity and other antimicrobial substances produced by 
fermentative cultures is limited. They also stated pre-fermentation contamination appeared to cause more health 
risk than postfermentation contamination due to the growth of pathogens during fermentation period and, hence, 
their possible adaptation to the matrix. According to Karagozlu et al. (2007), E. coli O157:H7 was able to 
survive and multiply during fermentation of kefir in spite of decrease of pH (4.6) and the reasons may be 
attributed to that stationary-phase strain of E. coli O157:H7 are acid tolerant and can survive during acid 
fermentation as well as kefir can act as a medium for growth and survival.  
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The growth and survival of Staph. aureus in both treated and control cheeses are given in Fig. (3-B). The 
results emphasized the bacteriostatic effect of  kefir cultural metabolites on Staph. aureus strain as the reduction 
in it’s viability in kefir-Tallaga cheese in comparison to the control on cold storage period was obviously  
achieved. The cell counts of Staph. aureus in control cheese decreased by 1.1, 2.4, 1.1, 0.5 and 0.5 log CFU/g in 
kefir-Tallaga cheese at corresponding days of analysis, respectively. In both treated and control cheeses, Staph. 
aureus was also of ability to grow and survive with variable increasing of cell counts where the increasing of 
growth rate was higher in control cheese than in kefir-Tallaga cheese. The maximum counts of Staph. aureus 
was on the 14th day of preservation at 7°C (5.8 and 6.9 log CFU/g in treated and control cheeses, respectively), 
then declined. The current results were similar to those obtained by Kourkoutas et al. (2006) and Dimitrellou et 
al. (2007) who found staphylococcus counts were significantly (P ˂ 0.01) lower in unsalted kefir cheese and 
kefir whey cheese, respectively, not only compared to rennet cheese but more importantly compared to similar 
cheeses which had been salt treated (Nikolaou et al. 2002; Gerasi et al. 2003). In another study, Karagozlu et al. 
(2007) reported Staph. aureus strain survived in kefir and grew from 3.06 log CFU/ml to 3.64 log CFU/ml at the 
end of fermentation. From the results, it could be seen that the antibacterial activity of kefir metabolites added in 
1% (v/v) to Tallaga cheese had greater effect on Staphylococcus aureus than on E. coli O157:H7. This may 
return to that the antimicrobial compounds produced in kefir metabolites may be more effective against Gram- 
positive than Gram- negative bacteria. 

 
Association of coliforms and moulds & yeasts in Kefir-Tallaga cheese: 

 
The association of microbial groups examined during preservation of kefir- Tallaga and control Tallaga 

cheeses at 7°C for 28 days is presented in Fig. (3). Kefir metabolites appeared to extremely affect the counts of 
coliforms, moulds & yeasts and total colony  (Fig 3-C, D and E, respectively) in kefir- Tallaga cheese compared 
to control cheese. The total colony counts decreased in kefir-Tallaga cheese by 0.8, 1.1, 0.7, 1.1 and 0.6 logs 
CFU/g compared to the control cheese at corresponding time of analysis. From data illustrated in Fig. (3-C) it 
could be seen that coliform counts markedly decreased in Tallaga cheese containing 1% kefir metabolites by 0.9 
and 1.2 log CFU/g at fresh and the end of storage time in comparison to the control cheese. In contrast to the 
control cheese, as seen from Fig. (3-D), neither moulds nor yeasts could be detected in fresh or after 7 and 14 
days of cold stored cheese containing kefir metabolites. The results were compatible with those reported by 
Kourkoutas et al. (2006) and Dimitrellou et al. (2007) who studied the effect of freeze-dried kefir culture added 
to unsalted feta and unsalted whey-cheese, respectively, on the association of microbial groups when cheeses 
preserved at different temperatures. Dimitrellou et al. (2007) found that kefir culture appeared to affect 
significantly counts of total aerobic bacteria at 5°C, coliforms at 10 and 5°C and enterobacteria at 5°C. They 
also stated that microbial counts of toatal aerobic bacteria and yeasts did not result in any substantial differences 
between the treated cheese and it’s control, but coliforms, enterobacteria and staphylococci counts were 
significantly lower in unsalted kefir-whey cheese at 10°C. In kefir-feta cheese, Kourkoutas et al. (2006) found a 
significant effect of kefir coculture on total aerobic counts at 5°C and yeasts growth at 10 and 5°C, but apart 
from those of staphylococci, all microbial counts increased steadidly and reached similar levels in both kefir 
cheese and rennet cheese. The counts of coliforms and total colony bacteria in current research were lower than 
obtained by both Kourkoutas et al. (2006) and Dimitrellou et al. (2007). This may be attributed to the effect of 
3% salt added to Kefir-Tallaga cheese, while both of kefir-whey and kefir-feta cheeses were completely 
unsalted. The obtained results were also consolidated by those obtained by Tawfik et al. (2004). They studied 
the effect of Propionibacterium thoenii metabolites on microbiological properties of Domiati cheese and 
reported no moulds and yeasts could be detected in all fresh and stored cheese in a refrigerator containing Prop. 
thoenii metabolites, but were detected in control cheese during the storage period. Although moulds and yeasts 
were much lower than their counts in traditional domiati cheese, Aly and Galal, (2002), total colony count and 
coliforms in kefir-Tallaga cheese were higher. That may be explained by inhibitory action of pasteurization, 
high content of salt 7% and ripening of cheese in boiled salted whey (7%). 

Once again and through the results btained in this work, it could be stated that kefir cultural metabolites 
have a bacteriostatic effect on pathogenic bacteria and associated groups. The antibacterial activity of kefir 
metabolites may be due to either organic acids produced by kefir culture, causing a reduction in pH, or to 
production of antimicrobial compounds as reported and stated by Ryan et al. (1996); Santos et al. (2003) and 
Raja et al. (2009). While E. coli appeared to be affected by acidic environment, Staph. aureus was sensitive to 
kefir metabolites in both acidic and neutralized media. 
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Fig. 3: Effect of kefir metabolites on survival of E. coli O157:H7 (A) and Staph. aureus (B) and on association 

of coliforms (C), moulds and yeasts (D) and total colony count (E) in kefir-Tallaga cheese.  
 
It seems that use of kefir metabolites may be less effective than the use of kefir culture because of the fact 

that the presence of kefir culture microorganisms have great ability to grow, produce organic acids causing 
reduction in pH and compete the other existing undesirable microorganisms for nutrients in the tested 
environment explaining the limited action of kefir metabolites on indicators in kefir-Tallaga cheese. 
Nonetheless, it should be taken into consideration that the test strains were inoculated in milk prepared to 
manufacture Tallaga cheese at high counts and they were from fresh culture. Besides, the two test indicators 
were inoculated together and not separately added. All these reasons may explain the limited action of kefir 
metabolites towards pathogens in Tallaga cheese. That will encourage more studies investigating the use and 
test the antibacterial activity of kefir culture against food-porne pathogenic bacteria in synthetic media and dairy 
products. 
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Conclusion: 

 
The present study demonstrated the antimicrobial activity of kefir metabolites as a bacteriostatic effect 

against some food-borne pathogens in both synthetic media and Tallaga cheese. The kefir-Tallaga cheese 
produced was accepted by the panel and was characterized as a high quality product. The application of such 
metabolites could be used as a potential mean either to reduce the use of chemical preservatives or to extend the 
shelf-life. 
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