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The inhibitory activity of Lb. plantarum NRC AM10, Lb. curvatus NBIMCC 3452, Lb. paracasei NRRL B-4560 

and Lb. gasseri NRRL B-14168 were investigated against the microbial contaminants in raw milk soft 

cheese. Cultures were added at the level of 5 % in T1, T2, T3 and T4 respectively, and the control treatment 

made without starters.  Microbial counts in raw milk sample showed 10.25, 6.85, 5.89, 4.76, 4.42, 4.44, 

3.77, 3.64 and 3.46 log cfu/ml for total viable count, total coliforms, Staphylococci, moulds and yeasts, 

Enterococci, fecal coliforms, spore forming bacteria, psychrotrophic and Salmonella respectively. Some of 

microbial groups in control cheese were increased in the first 5 days of storage and others were increased 

until 10 days then all microbial groups were gradually decreased with extending storage period. 

Staphylococci reached to the lowest counts 3.11 log cfu/ml after 20 days, on contrast moulds and yeasts 

reached to the highest count 5.22 log cfu/ml at the end of storage period.  The inhibition rate % (IR) were 

influenced by the variety of strain added in cheese treatments and the highest IR 32.58 and 33.96 % against 

total coliforms and Enterococci were recorded in the treatment containing Lb. plantarum NRC AM10 while the 

highest IR 25.84 % against fecal coliforms was recorded in the treatment containing Lb. curvatus NBIMCC 

3452. Meanwhile, the IR 35.19 and 15.84 % were recorded against Salmonella and spore forming bacteria 

with strain Lb. gasseri NRRL B-14168. The strain Lb. paracasei NRRL B-4560 showed IR 42.23 and 44.4 % 

against Staphylococci and psychrotrophic respectively. Moulds and yeasts talked a revers trend of IR 

because of increasing the counts by acidity development. In conclusion, the only addition of functional 

cultures to control the growth and survival of pathogens in raw milk products is not enough to produce safe 

product. Use of pasteurized milk, good hygienic and good manufacturing practices are essential to reduce the 

risk of microbial contamination and health hazards in dairy products.  
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INTRODUCTION 

  In recent decade, food safety has emerged as an 

important global issue to ensure safe food 

throughout the food chain from primary producer 

to the ultimate consumers. Production and 

consumption of locally white soft cheese is still 

under way especially those produced in most 

villages, small dairy units  

and supermarkets distributed in our developing 

countries. In addition, small-scale dairies in south 

Europe still have been using raw milk for cheese 

production, especially those close to rearing 
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facilities [1, 2].  Meanwhile, in some world regions 

people continue to consume raw milk cheese and 

minimally processed foods even though numerous 

epidemiological studies have shown clearly that 

raw milk contaminated by a variety of microbial 

pathogens some of which are associated with 

human illness and disease [3, 4]. The food risks 

associated with raw milk and artisanal dairy 

products consumption vary considerably between 

developed and developing countries. It could be 

extremely risky and dangerous to people with 

weakened immune systems, older adults, pregnant 

women, and children due to carry harmful bacteria 

[5]. The consumption of raw milk cheese has been 

associated with foodborne outbreaks and this 

constitute a public health hazards [6, 7]. In this 

regard, the control and prevention of 

contamination with pathogens are of primary 

importance to ensure public health [8]. In general, 

pathogenic microorganisms can contaminate raw 

milk from various sources like the external 

surfaces of udder and teats, mastitis, milking 

equipment, air and environment [9]. Raw milk 

contains a complex of microbial community 

because of its high water content and neutral 

conditions which allow the growth of spoilage or 

potentially pathogenic species including the genera 

Staphylococcus, Streptococcus, Bacillus, 

Micrococcus, Coliforms and Corynebacterium that 

affect the quality of dairy products [10, 11]. Several 

studies confirmed that pathogenic bacteria have 

the ability to survive during manufacturing process 

and/or the ripening period [12]. Raw milk cheese 

samples (245 sample) were evaluated 

microbiologically for coagulase-positive 

Staphylococci were evidenced in all samples tested 

whereas E. coli was evidenced in 20 samples. The 

results suggested that they need improvement of 

good manufacturing practice and milking 

operations [13]. The impact of spoilage 

microorganisms and pathogens in foods will 

become even more challenging as consumer 

demand for food products without chemical 

additives increases and the population ages [14]. In 

recent years, consumers and food manufacturers 

not prefer the synthetic and chemical additives in 

foods. Dairy industry is going toward safe products 

and natural additives by applying different 

strategies like use of lactic acid bacteria and/or its 

metabolites for controlling the growth of spoilage 

and pathogenic bacteria in the products [15, 16]. 

Continuous good farming practices, good 

manufacturing and hygiene practices throughout 

the dairy chain production to reduce the risks 

associated with milk and dairy products. 

Pasteurization of milk is the basic treatment 

performed in order to eliminate pathogenic bacteria 

from the final product. In addition, recognition of 

smallholder dairying and informal markets 

through training and certification would be very 

significant in ensuring the safety of milk and dairy 

products. The outcome of all these would be a 

well-functioning dairy system that not only brings 

economic incentives, but also protects the health of 

the consumers [17]. The aim of the present study 

was planned to use functional cultures for 

inhibiting the common spoilage microorganisms 

and foodborne pathogens in soft cheese type 

produced from raw milk during storage period. 

MATERIALS AND METHODS 

Origin of multifunctional cultures 

       The probiotic cultures were as follows: 

Lactobacillus paracasei NRRL B-4560 and 

Lactobacillus gasseri NRRL B-14168 provided from 

Northern Regional Research Laboratory (NRRL), 

Illinois, USA, Lactobacillus curvatus NBIMCC 3452 

supplied by National Bank for Industrial 

Microorganisms and Cell Cultures (NBIMCC), 

Sofia, Bulgaria and Lactobacillus plantarum NRC 

AM 10 was isolated, characterized and identified by 

[18].  

Raw milk soft cheese manufacture 

Raw milk sample was taken and 

bacteriologically analyzed before milk worming 

then cow’s milk (15 kg 3.2 % fat) was heated to 30o 

C (for renneting) then divided into 5 equal portions 

(3 kg for each portion). The first portion was kept as 

a control without starter addition and the other 

portions (T1, T2, T3 and T4) were inoculated with 

protective starters at the level of 5 %. The starter 

cultures were activated in 12 % reconstituted 

sterile skim milk and incubated overnight then 

added to four portions as follows: Lactobacillus 

plantarum NRC AM10, Lactobacillus curvatus 

NBIMCC 3452, Lactobacillus paracasei NRRL 

B-4560 and Lactobacillus gasseri NRRL B-14168 

respectively. The inoculated milk portions were 

stirred gently and incubated at 37o C for 1 hour 

after that, rennet powder was added at the rate of 2 

g /100 kg of milk then all portions were held in 

incubator to fully coagulation. The curd was left to 

whey drain at room temperature after sodium 

chloride 3% was added between cheese layers. The 

resultant cheese cut and distributed into plastic 

containers (250 g) then stored in refrigerator at (5 ± 
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2 o C) for 20 days. The resultant cheese were 

analyzed when fresh (zero time) 5, 10, 15 and 20 

days of storage period for microbiological 

evaluation. 

Microbiological analysis 

Total viable bacterial counts 

Total viable bacterial counts were determined 

by using standard plate count agar medium 

(Oxoid) according to [19].The plates were 

incubated at 32 ±2o C for 48 h. 

Total and fecal coliform counts 

Total coliform and fecal coliform counts were 

enumerated on violet red bile agar medium 

(VRBA) according to the method described by [20]. 

The plates were anaerobically incubated at 37o C 

for 48 h and at 44o C for 48 h for total coliform 

and fecal coliform respectively. 

Mould and yeast counts  

    Moulds and yeasts count of all cheese samples 

were determined by using rose bengal 

chloramphenicol agar medium (Oxoid) according 

to [21]. The plates were incubated at 25o C for 3-5 

days. 

Aerobic spore forming bacteria, Salmonella  

Aerobic spore forming bacteria, Salmonella 

and psychrotrophic bacteria were detected 

according to [22]. The plates were aerobically 

incubated at 37o C for 24 h for aerobic spore 

forming bacteria and Salmonella and at 7o C for 10 

days for psychrotrophic bacteria. 

Psychrotrophic enumeration  

Psychrotrophilic bacteria were enumerated 

according to Standard Methods for the 

Examination of Dairy Products [23]. The plates 

were aerobically incubated at 7o C for 10 days. 

Staphylococci counts  

         Staphylococci counts bacteria were detected 

on Baird parker agar supplemented according to 

the method described by [24]. The plates were 

aerobically incubated at 37o C for 24 h. 

Enterococci counts 

Enterococci were estimated using bile esculin 

azide agar according to the method described by 

[25]. The plates were incubated anaerobically at 

37o C for 24 h.  

The inhibition rate (%) 

  The inhibition rate percentage of functional 

cultures against microbial contaminants was 

calculated from these equations: Inhibition rate of 

pathogenic bacteria = CPc-CPt/CPc ×100. (1). 

Inhibition rate percentage of spoilage bacteria = 

CSc-CSt/CSc ×100. (2). Where CPc is the count of 

pathogens in control (Log cfu/g) and CPt is the 

count of pathogenic in treatment while CSc is the 

count of spoilage bacteria in control (Log cfu/g) 

and CSt is the count of spoilage bacteria in 

treatment. 

RESULTS AND DISCUSSION 

COMMON MICROBIAL COUNTS IN RAW MILK  

The results of common microbial contamenants in 

raw milk sample used in cheese manufacture are 

presents in (Figure 1). The results showed that the 

common microbial contamenantsin raw milk 

sample had high bacterial load and the average of 

total viable bacterial counts is 10.25 log cfu/ml. 

The other microbial groups in milk sample were 

found as follows: 6.85, 5.89, 4.76, 4.42, 4.44, 3.77, 

3.64 and 3.46 log cfu/ml for total coliforms, 

Staphylococci, mould and yeast, Enterococci, fecal 

coliforms, spore forming bacteria, psychrotrophic 

and Salmonella respectively. These results were 

similar with found by [26, 27]. They reported that 

white cheese may be subjected to spoilage by 

coliforms from raw milk or these microorganisms 

enter as post-pasteurization contaminants or from 

infected workers during cheese handling. Raw milk 

can contaminate from different sources and the 

high bacterial load could be due to the poor 

sanitation of the milking conditions, dirty udders, 

and unclean milk equipment. Moreover, the data 

indicated that there are several genera of 

pathogenic bacteria were found in raw milk e.g. 

Staphylococci, Salmonella and Enterococci spp., 

and Bacillus. These results are in the harmony with 

those reported in several studies, which have 

investigated the microbiological quality and 

outbreaks, caused by raw milk consumption [28 29, 

30, 31].  

Figure 1: Common microbial counts (Log cfu/ml) 

in raw      milk sample. 

Behavior of common microbial contamenants 

(Log cfu/ml) in control raw milk soft cheese 

during storage time 

  As presented in (Figure 2) the results indicated 

that all microbial groups detected in raw milk 
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samples were transferred to the cheese product 

and survive during storage time. The total 

coliforms count started with 4.76 log cfu/g at zero 

time and the total coliforms count increased 

reached to the highest count 5.65 log cfu/g after 10 

days of storage period. After that, the counts were 

gradually decreased with extending the storage 

period and recorded 4.14 log cfu/g at the final of 

storage period. Fecal coliforms count recorded 3.5 

log cfu/g and decreased by one log cycle reached to 

2.82 log cfu/g at the end of storage period. The 

decreasing in total and fecal coliform counts may 

be attributed to the acidity development in cheese 

and other metabolites, which lead to inhibit the 

coliform bacteria. The results were agreement with 

that reported by [32]. On the other hand, 

Staphylococci recorded at zero time 5.27 log cfu/g 

then the count gradually decreased to 3.11 log 

cfu/g by two log cycle at the end of storage period. 

The results were in agreement with those found by 

[33, 34 and 31]. He mentioned that the use of 

probiotic cultures leads to significant reduction in 

Staphylococcus counts in cheese products. Mould 

and yeast teak a gradually increase by two log cycle 

with prolonging storage time from 2.65 log cfu/g at 

zero time reached to 4.76 log cfu/g at the end of 

storage period. The highest count 5.74 log cfu/g of 

Enterococci spp. was found after 10 days of storage 

time. Aerobic spore forming bacteria recorded 3.12 

Log cfu/g and psychrotrophic bacteria recorded 

3.72 log cfu/g after 5 days of storage then both of 

them decreased by one log cycle [27, 35]. Finally, 

Salmonella count recorded 2.91 log cfu/g at zero 

time and still in the same log during all storage 

time.  These results coincide with those found by 

[28, 36]. They reported that the cheese made from 

raw milk showed high microbial counts of Bacillus 

cereus and E. coli, Salmonella spp. and 

Staphylococcus aureus and the raw milk had been 

shown to be a potential source of cheese 

contamination. 

 
Figure 2: Behavior of common microbial 

contamenants (Log cfu/g) in control raw milk soft 

cheese during storage time. 

Inhibition rate percentage of functional 

cultures against all microbial groups in cheese 

model during storage period. 

Inhibition rate functional cultures against 

coliform group 

     The inhibition rate (IR) of functional cultures 

against coliform group in cheese model during 

storage period are presented in (Figure 3). The 

results indicated that coliform bacteria in cheese 

samples were inhibited because of adding 

functional cultures because of these strains able to 

produce inhibitory substances in cheese like 

organic acids and bacteriocins.  The IR of all 

functional cultures strains against coliforms were 

increased with prolonging the storage time.  At the 

end of storage time 20 days, the IR were recorded 

32.58, 30.11, 28.54 and 27 % with strains 

Lactobacillus plantarum NRC AM 10, Lactobacillus 

curvatus NBIMCC3452, Lactobacillus paracasei 

NRRL B- 4560 and Lactobacillus gasseri NRRL 

B-14168 respectively. These results were similar 

with those obtained by [37, 38]. 

 

Figure 3: Inhibition rate of functional cultures 

against coliform group in cheese model during 

storage period. 

Inhibition rate of functional cultures against 

fecal coliform  

        Moreover, the IR of functional cultures 

against fecal coliform in cheese model are 

illustrates in (Figure 4). The results indicated that a 

good IR of all functional cultures against fecal 

coliforms in cheese. The IR of all functional 

cultures against fecal coliforms were increased 

with prolonging the storage time. The higher IR 

25.84 and 23.16 % were recorded with 

Lactobacillus curvatus NBIMCC3452 and strains 

Lactobacillus plantarum NRC AM 10 respectively. 

The data were coincide with found by [12]. They 

mentioned that the levels of E. coli O157:H7 

detected in Gouda and Cheddar manufactured 

from raw milk after 94 and 108 days in 

respectively. 
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Figure 4: Inhibition rate of functional cultures 

against fecal coliforms in cheese model during 

storage period. 

Inhibition rate of functional cultures against 

Staphylococci 

      All functional cultures showed higher IR 

against Staphylococci in cheese model as illustrates 

in (Figure 5). The IR % against staphylococci in 

cheese at the end of storage period were 42.23, 

41.12, 40.61 and 39.8 % with Lactobacillus 

paracasei NRRL B- 4560, Lactobacillus curvatus 

NBIMCC3452 Lactobacillus gasseri NRRL B-14168 

and Lactobacillus plantarum NRC AM 10  

respectively [24, 37].  

Figure (5). Inhibition rate of functional cultures 

against Staphylococci in cheese model during 

storage period. 

Inhibition rate of functional cultures against 

mould and yeast 

      As shown in (Figure 6) the IR of functional 

cultures against mould and yeast in cheese model 

the data indicated that the IR of all functional 

cultures against mould and yeast in cheese toke a 

revere trend with increasing the storage time 

because of reducing. The IR were decreased with 

prolonging the storage time due to the acidity 

development in cheese that the good condition for 

mould and yeast growth. The highest IR 16.5 % 

was recorded with Lactobacillus paracasei NRRL B- 

4560 after 5 days then all strains showed low IR tell 

the end storage. The results are in agreement with 

findings of by [26, 34 and 31] they mentioned that 

these microorganisms enter as post-pasteurization 

contaminants from raw milk. 

 
Figure 6: Inhibition rate of functional cultures 

against mould and yeast in cheese model during 

storage period. 

Inhibition rate of functional cultures against 

Enterococci 

   The results are presents in (Figure 7) indicated 

that the IR % functional cultures against 

Enterococci in cheese model was increased with 

prolonging the storage time reached to 33.96, 

32.1m 30.19 and 28.11% in the treatments 

containing strains Lactobacillus plantarum NRC 

AM 10, Lactobacillus curvatus NBIMCC3452 

Lactobacillus gasseri NRRL B-14168 and 

Lactobacillus paracasei NRRL B- 4560 respectively. 

The data in similar with obtained by [39, 31] they 

mentioned that, the presence of Enterobacteriaceae 

in cheese generally indicates fecal contamination of 

raw the milk or the product during processing. In 

addition, these microorganisms survived in 

embedded cheese manufactured from raw milk. 

Figure 7:  Inhibition rate of functional cultures 

against Enterococci in cheese model during storage 

period. 

Inhibition rate percentage against 

psychrotrophic and spore forming bacteria 

         The IR of functional cultures against 

psychrotrophic and spore forming bacteria in 

cheese model are illustrates in (Figures 8 and 9). 

The results showed that the high IR of all 

functional cultures were observed against 

psychrotrophic bacteria. The IR of all strains were 

increased with prolonging the storage time reached 

to 44.4 % in the treatment containing Lactobacillus 

paracasei NRRL B- 4560, 41.35 % with 

Lactobacillus plantarum NRC AM 10, 38.57 with 

Lactobacillus gasseri NRRL B-14168 and 34.25 in 

the treatment containing Lactobacillus curvatus 

NBIMCC3452 at the end of storage time. The 
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results were confirmed the information mentioned 

by [40, 41, 42 and 43]. They reported that, 

spore-forming bacteria bacterial communities are 

widely distributed in dairy farms and are easily 

introduced into raw milk often present in dairy 

products, are able to survive different heat 

treatments and form biofilms within pipes and 

stainless steel equipment. Also, The results 

indicated that the IR against spore forming 

bacteria were increased with prolonging the 

storage time reached to 14.34 % after 15 days in 

the treatment containing Lactobacillus gasseri 

NRRL B-14168. Increasing in IR % were recorded 

at the end of storage time reached to 15.11, 11.7, 

12.3 and 15.84 in the treatments containing 

Lactobacillus paracasei NRRL B- 4560, 

Lactobacillus curvatus NBIMCC3452, Lactobacillus 

plantarum NRC AM 10 and Lactobacillus gasseri 

NRRL B-14168 respectively. The results are in the 

harmony with those reported by [27, 44]. They 

mentioned that psychrotrophic bacteria were 

found in raw milk cheeses due to inadequate 

pasteurization, sanitizing milking equipment and 

utensils of milk or use of unpasteurized milk. 

Psychrotrophic bacteria can cause quality defects 

in dairy products and lose in milk fats and proteins 

and influence milk and milk products’ shelf life. 

Figure 8:  Inhibition rate of functional cultures 

psychrotrophic in cheese model during storage 

period. 

Figure 9: Inhibition rate of functional cultures 

against spore forming bacteria in cheese model 

during storage period. 

Inhibition rate functional cultures against 

Salmonella 

       The IR of functional cultures against 

Salmonella in cheese model are illustrates in 

(Figure 10). The results showed that high IR of all 

functional cultures were observed against 

Salmonella. The IR of all functional cultures 

against Salmonella were increased with prolonging 

the storage time reached to 35.19 % in the 

treatment containing Lactobacillus gasseri NRRL 

B-14168, 33.65 % with Lactobacillus curvatus 

NBIMCC3452, 31.22% with  Lactobacillus 

plantarum NRC AM 10 and  29.43 % with 

Lactobacillus paracasei NRRL B-4560 at the end of 

storage time. The results are in agreement with 

findings of [31]. 

 

Figure 10: Inhibition rate functional cultures 

Salmonella in cheese model during storage period. 
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