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ABSTRACT ARTICLE INFO  

In this research, the effect of five different treatments as adjunct 

culture, including different combinations of lactic acid bacteria strains 

(isolated from cheese curd, fresh cheese, Lighvan ripened cheese, and 

yogurt) on the physicochemical parameters (% dry matter, % acidity, 

pH, % salt, % fat, % total nitrogen, proteolysis (% soluble N to total 

N), and lipolysis of feta cheese prepared by the traditional methods 

were investigated during 60 days. Five Treatments in this study 

include: T1: Lactiplantibacillus plantarum+Lb. helveticus, T2: 

Enterococcus faecium + Lb. helveticus, T3: Lactococcus lactis + 

Streptococcus thermophilus + Lb. delbruckeii, T4: Lb.plantarum+ 

Ent.faecium and T5: (control): Lac.lactis ssp lactis+ Lac.lactis ssp 

cremoris.  The results showed that as the storage time progressed, the 

pH of all treatments decreased (from 6.3 to 5.9) and the acidity 

increased (from 0.27 to 0.66) significantly (p<0.01). Among 

treatments, the highest pH belonged to T1(6.21) and the lowest pH, 

belonged to T5 (5.94). Also dry matter of all treatments experienced 

declining trend (from 38.46 to 34.008) significantly (p<0.01) with 

storage time. The highest amount of % dry matter, % total N and % 

salt, was related to T1 on day 60. The measurement of the proteolysis 

and lipolysis indices showed that the highest amount at the end of the 

storage period was related to the T3, 10.40 and 10.199, respectively. 

In general, the outcomes of this research showed that with the help of 

T1, (Lb. plantarum and Lb. helveticus) to feta cheese formulation, a 

product with desirable physicochemical characteristics can be 

produced.  
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1-Introduction 

From the Food and Agriculture Organization 

(F.A.O) and the World Health Organization 

(W.H.O) point of view, cheese is the fresh or 

ripened solid or semi-solid product which is 

produced from milk, skim milk or curd by the 

action of rennet or other suitable coagulants. 

This product contains high-quality protein and 

is very rich in essential amino acids. Cheese is 

well-known as a functional food, so that its use 

has a direct and significant impact on health. 

Cheese is a food which is rich in whole and full 

protein that can be consumed instead of meat. 

Cheese is considered as a source of bioactive 

peptides, during the cheese-making process, 

protein hydrolysis occurs, the resulting peptides 

act as bioactive molecules [1]. 

Cheese, as the most important milk-derived 

product, is a rich source of essential nutrients 

such as fat, fatty acids, proteins, peptides, 

amino acids, vitamins, and minerals. 

Nowadays, many types of cheese are produced 

with different taste, texture, and appearance 

characteristics. This diversity in cheese 

production has given cheese a specific rank in 

the diets of worldwide communities [2]. 

Feta cheese is one of the most famous types of 

brine cheese in the world, manufactured by 

traditional and industrial methods. As a genuine 

representative of brine cheeses, this type of 

cheese has originated in Greece. Feta cheese 

has a white color and a soft texture that has a 

relatively salty, slightly acidic taste, and a 

pleasant aroma and flavor. This cheese is often 

made from sheep and goat milk, but in higher 

demand cases for feta cheese, cow's milk may 

also be used [2]. 

Feta cheese is a soft cheese popular in many 

countries in Africa, Europe, and elsewhere. It 

was traditionally made from goat's milk, but 

these days, a variety of milks, including sheep's, 

cow's, and buffalo's milk, are used to make feta 

cheese. Traditionally, feta cheese was made 

from raw milk; however, more recently, due to 

changes in the flavor and characteristics of the 

cheese over the years, the milk is pasteurized 

before being used to make feta cheese. The 

natural microbiota, found in raw milk results in 

a short ripening time and intense flavor, but can 

also lead to undesirable defects in the cheese's 

characteristics or pose a health risk to the 

consumer due to the presence of pathogenic 

bacteria. 

Consequently, traditional feta cheese is 

manufactured from pasteurized milk to 

guarantee consumer safety and to maintain the 

typical characteristics of the cheese throughout 

the year. However, feta cheese produced from 

pasteurized milk has several challenges due to 

the lack of flavor intensity compared to feta 

cheese made from raw milk [3, 4, 5]. As a 

result, several studies have focused on the 

production of feta cheese from pasteurized milk 

using different starter cultures, additives, 

different milk sources, and changes in 

processing conditions to induce flavor and 

texture compared to raw milk feta cheese. The 

conventional process of feta cheese production 

is carried out using lactic acid bacteria (LAB). 

LAB in feta cheese usually increases with 

increasing acidity at the beginning of ripening, 

when stored at 5–7°C, and then the number of 

LAB remains constant for up to 60 days [5]. On 

the other hand, mesophilic starter cultures 

decrease during early ripening of feta cheese, 

especially in the presence of higher salt content 

(6–8%) and pH less than 5. Therefore, 

thermophilic bacteria and probiotics have been 

used as adjunct starter cultures to improve the 

flavor of feta cheese [5]. 

 

Industrial production of this cheese needs 

pasteurization of milk and addition of starter 

cultures, but the use of commercial cultures 

results in loss of the unique characteristics of 

traditional cheeses, as the natural complex 

microbiota is replaced by commercially defined 

cultures. Thus, the use of indigenous starter 

cultures consisting of LAB isolated from 

traditional soft cheeses with proven 

technological capabilities can both improve 

product quality and maintain the identifying 

characteristics of traditional cheeses [6,7]. The 

objective of present study was to investigate the 

effect of storage time or ripening period and the 

type of adjunct culture and their interaction on 

the physicochemical properties of the resulting 

feta cheeses. 

2-Materials and Methods 
 Strain Preparation 

 The lactic acid bacteria isolates used in this 

study included: Lactiplantibacillus plantarum 

which have been isolated from fresh Lighvan 

cheese, Lactococcus lactis from Lighvan 

cheese curd, Enterococcus faecium from 

ripened Lighvan cheese, Streptococcus 

thermophilus, Lb. helveticus, Lb. delbrueckii 

isolated from yogurt were used for the 
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preparation of cheese treatments. [8, 9] The 

commercial starter cultures for the production 

of the control cheese sample included 

Lactococcus lactis ssp lactis and Lactococcus 

lactis ssp cremoris, which were obtained from 

Pegah Khorasan Company. 

To activate the strains that were stored in a 

freezer at -80°C, they were first removed from 

the freezer and each strain was cultured in its 

respective culture medium, which was MRS 

culture medium for Lb. plantarum, 

Lactobacillus helveticus, Enterococcus 

faecium, and BHI culture medium for 

Lactococcus lactis, Streptococcus 

thermophilus, and Lb. delbrueckii. They were 

incubated at 37°C for 24 hours and a suspension 

of 108 cfu/ml of each strain was used for 

inoculation in cheese milk, using the 

McFarland standard [8]. 

The milk used for cheese production was 

obtained from Khorasan Razavi Dairy Factory, 

and its physicochemical characteristics are 

presented in Table (1).  

 

 

Table 1. Milk Characteristics used in cheese production. 

Characteristics of 

Milk 
(Lactic Acid 

%)        Acidity 

pH  Fat (%) Density Non Fat 

Solids(NFS) 

Amounts (Mean ± 

STD) 
14.4±0.0 6.73±0.01 3.325±0.09 1.03±0.0 8.25±0.04 

 

Cheese-making 
The production of Feta cheese was carried out 

according to the standard method No. 2344 

[10]. Pasteurization of the milk was performed 

at 72°C for 15 seconds in a water bath. Then, to 

reach a microbial population of 108 cfu/ml, 

starter cultures of the desired lactic strains were 

separately prepared as a suspension with a 

concentration of 108 cfu/ml using the 

McFarland method, and 1% v/v of this 

microbial suspension was added to the milk. 

This was done at a temperature of 32–34°C, and 

the mixture was kept at this temperature for 20 

minutes. 

In the next step, calcium chloride was 

incorporated at a concentration of 15 grams per 

100 liters of milk. Then, rennet was added at a 

rate of 1 gram per 25 liters of milk. After about 

one hour, the formed curd was separated from 

the whey and placed inside a cloth. The 

completion of the process was determined 

based on the initial clot amount and in 

consultation with a cheese producer. The curds 

were then pressed using weights and cut into 

pieces measuring 2 to 3 cubic centimeters with 

a sterile knife. Subsequently, the curds were 

salted with a 10% brine solution and stored at a 

temperature of 10 to 12°C for two months. 

During this period, sensory evaluation and 

sampling were performed by panelists on days 

15, 30, and 60. The control sample was 

prepared under the same conditions using only 

commercial starter cultures. 

The bacterial strains used in the treatments 

prepared in this study are listed in Table 2. 

Table 2. Treatments used in this study. 

 

Physicochemical properties of cheese 

Measurement of Dry matter (%) 

The measurement of dry matter in cheese was 

performed using a moisture analyzer (Sartorius 

Ltd., Epsom, UK). One gram of the cheese 

sample was evenly spread on a paper and 

placed in the device. After the water 

evaporated, the device displayed the percentage 

of dry matter [11]. 

Determination of % acidity 

Strains Used Treatments 
& Lb. helveticus Commercial starter +Lb. plantarum T1 
Lb. helveticus  Commercial starter +Enterococcus faecium & T2 
Commercial starter +Streptococcus thermophilus    & Lactococcus lactis   
&  Lb.  delbrueckii 

T3 

& Enterococcus faecium  Commercial starter + Lb. plantarum T4 
& Lactococcus lactis ssp lactis     Commercial starter (Lactococcus lactis 

ssp cremoris) 
T5(Control) 
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According to the method of the National 

Standards Organization, No. 2852 was carried 

out [12]. First, the required solutions were 

prepared: 0.1 N sodium hydroxide, 

phenolphthalein, 1% solution (1 gram of 

phenolphthalein in 100 milliliters of alcohol), 

0.1 N potassium hydroxide, and neutral ethyl 

alcohol. The cheese sample was completely 

homogenized in a mortar or blender and 

transferred into sealed containers. Twenty 

grams of the sample was weighed in a beaker, 

then dissolved in a certain amount of carbon 

dioxide–free distilled water and diluted to 250 

milliliters in a volumetric flask. After filtration, 

25 milliliters of the clear solution were 

transferred into a beaker. 0.5 milliliters of 

phenolphthalein was added and titrated with 0.1 

N sodium hydroxide. The titration was 

continued until a faint pink color appeared and 

remained stable for 5 seconds. 
𝑁×0/009×100

𝑀1
×

Volume of volumetric flask used

𝑉
 

=Acidity  

N = milliliters of 0.1 N sodium hydroxide used 

in titration, M₁ = weight of the sample, equal to 

20 grams,  

V = test solution volume, equal to 25 milliliters 

pH Measurement 

pH was measured using a pH meter (Metrohm, 

Germany). In this step, the electrode was 

directly inserted into the homogenized cheese 

matrix to obtain the pH value [12]. 

Measurement of Salt Content 

To measure the amount of salt in cheese 

samples, the Mohr method was used. Two 

grams of cheese were mixed with distilled 

water in a 250-mL volumetric flask. Then, 25 

mL of the diluted solution along with 1 mL of 

potassium chromate indicator was titrated with 

0.1 M silver nitrate solution. The percentage of 

salt was calculated using the following formula 

[13]. 

Salt percentage = (V × 0.1 × 5.58) / 2 

In this equation, V is the volume of silver 

nitrate consumed, expressed in millilitres. 

 Fat Measurement 

The fat content of the cheese was determined 

using the Gerber method. For this purpose, 3 g 

of cheese were weighed into a butyrometer. 

Then, 5 mL of warm water was gently added 

and mixed until the cheese was completely 

dissolved. Subsequently, 10 mL of 90% 

sulfuric acid was carefully added along the wall 

of the butyrometer. Next, 1 mL of amyl alcohol 

was added, followed by enough water to bring 

the volume of the mixture up to the narrow part 

of the butyrometer. The butyrometer was then 

placed in a water bath at 65 °C for 5–10 

minutes. After that, it was centrifuged for 5 

minutes at 1100 rpm. Finally, the butyrometer 

was placed again in a water bath at 65 °C, and 

after 10 minutes the fat content was read 

directly from the butyrometer scale [14]. 

 

Total Nitrogen 

The total nitrogen content of the cheese 

treatments was determined using the Kjeldahl 

method. The sample amount for each cheese 

treatment was 0.5 g. The total protein content 

was calculated by multiplying the measured 

nitrogen content by the conversion factor of 

6.38 [15]. 

 Total Nitrogen =
1.4007×0.1×ml   𝐻𝑐𝑙 consumed 

sample weight
 

Proteolysis Evaluation 

Determination of Soluble Nitrogen at pH 4.6 

The preparation and extraction of soluble 

nitrogen at pH 4.6 were carried out according to 

the modified method of Kuchroo and Fox 

(1982). Thirty grams of cheese samples were 

homogenized with the addition of 60 mL of 

distilled water. The pH of the samples was then 

adjusted to 4.6 using 0.1 N HCl and NaOH 

solutions. The samples were left to stand for 30 

minutes, after which the pH was readjusted to 

4.6 and the mixture was centrifuged at 4000 × 

g for 30 minutes. After centrifugation, the 

samples were filtered through Whatman No. 42 

filter paper, and the soluble nitrogen content 

was determined using the Kjeldahl method 

[16]. 

Lipolysis Evaluation 

Cheese samples (10 g) were thoroughly 

homogenized with 6 g of anhydrous sodium 

sulfate and transferred to a screw-cap container 

with 60 mL of diethyl ether. The mixture was 

stirred thoroughly with a magnetic stirrer and 

then filtered through Whatman No. 1 filter 

paper. The remaining residue was washed twice 

consecutively, each time with 20 mL of diethyl 

ether. The filtrate was titrated with 0.1 N 

ethanolic KOH in the presence of 

phenolphthalein indicator. After titration, the 

solvent was evaporated under a fume hood. The 

residual fat was weighed, and the total free fatty 

acids in the cheese were expressed as 

milliequivalents per 100 g of fat (meq/100 g) 

[17]. 

Statistical Analysis 
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Analysis of variance (ANOVA) was performed 

using the General Linear Model, defining 5 

treatments from different combinations of lactic 

acid bacteria (as adjunct starters) and 4 

evaluation times or ripening intervals (day 0, 

day 15, day 30, and day 60) in the model. After 

running the model, the normality of the 

residuals (observation errors) for all traits under 

study was confirmed. Mean comparisons were 

conducted using Tukey’s test at a 5% 

significance level. All statistical analyses were 

performed using Minitab software, version 21. 

3-Results and Discussion 

pH 

The analysis of variance showed that the effects 

of treatments (different types of adjunct 

starters), time, and the interaction between 

treatments and time on pH were significant (P 

< 0.01). Comparison of mean pH values under 

different treatments indicated that, overall, this 

variable ranged from 4.6 (in treatment 1) to 8.5 

(in treatment 5) (Figure 1-a). Treatments 2, 3, 

and 4 showed pH values slightly different from 

those of treatments 1 and 5. Figure 1-b 

illustrates the changes in pH during the ripening 

period of Feta cheese. The interaction between 

factors indicated that in treatments 1, 2, and 3, 

a decreasing trend was observed until day 30, 

followed by an increasing trend. In treatment 4, 

an almost consistent decreasing trend was 

observed, whereas treatment 5 showed a 

relatively irregular trend, likely due to 

differences in the strains used in this treatment 

(Figure 1-c). 
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Figure 1. Effects of different treatments on pH of Feta cheese (a). Treatment 1(T1): Lb.plantarum & 

Lb.helveticus, Treatment 2(T2):Ent.faecium & Lb.helveticus; Treatment 3(T3):Lb.delbrueckii & 

Str.thermophilus, Treatment 4(T4): Lb.plantarum & Ent.faecium, Treatment 5(T5): Control. Effects of 

ripening period on pH of Feta cheese (b). Effect of interaction of treatments and ripening period on pH 

of Feta cheese (c).  
The results of the study showing the pH of 

different cheese treatments compared to the 

control sample are presented in Figure 1-a. The 

findings indicate that the pH of all the 

treatments under investigation was higher than 

that of the control sample (treatment 5). Among 

the treatments, the highest and lowest pH 

values were observed in treatment 1 

(Lactobacillus plantarum and Lactobacillus 

helveticus) and treatment 5 (control), 

respectively. Additionally, based on another 

part of the statistical analysis, pH significantly 

decreased (p ≤ 0.05) with increasing storage 

time (Figure 1-b). 

pH is one of the factors that has a significant 

impact on cheese stability, microbial growth 

conditions, enzymatic activity, and the rate of 

biochemical reactions during cheese ripening. 

The decrease in pH during the ripening period 

is mainly related to the conversion of lactose to 

lactic acid by lactic acid bacteria, and, to some 

extent pH increase during prolonged ripening, 

is associated with the production of amino acids 

and fatty acids through proteolysis and lipolysis 

[18]. A rapid decrease in pH during the early 

stages of cheese production is essential for curd 

formation and for preventing or reducing the 

growth of undesirable microorganisms in milk 

[19]. Other researchers have also reported a 

decrease in the pH of Iranian white cheese 

during the ripening period [20, 21]. 

Additionally, Gholamhoseinpour et al. (2022) 

and Montazarani et al. (2018) reported a 

decrease in the pH of Feta cheese containing 

different starters during the storage period [22, 

23]. 

In this study, throughout the storage period, all 

treatments had higher pH values than the 

control sample. Among the different samples, 

those containing Lactobacillus plantarum–

Lactobacillus helveticus and Enterococcus 

faecium–Lactobacillus helveticus showed 

higher pH than the other samples. This is likely 

due to the low ability of these bacteria to 

ferment lactose and produce lactic acid [24]. 

The main characteristic of lactic acid bacteria is 

lactose fermentation and lactic acid production; 

however, not all lactic acid bacteria acidify 

milk to the same extent. Some rapidly lower the 

pH of milk, while others do so slowly. 

Enterococci belong to the lactic acid bacteria 

group and generally have low to moderate 

acidifying capacity [24]. Several studies have 

reported that Enterococcus strains exhibit weak 

acidification, with only a small percentage 

capable of producing enough acid to reduce the 

pH below 4.5–5 after incubation at 37 °C for 

16–24 hours. 

In agreement with the results of this study, 

Siousia et al. (2013) reported that the pH of 

Cheddar cheese containing Lactobacillus 

plantarum isolated from Caciocavallo cheese 

was slightly higher than that of the control 

sample [25]. Kayaoglu (2006) investigated the 

effect of Lactobacillus brevis and Lactobacillus 

paracasei as adjunct starters and reported that 

on day 30 of ripening, the pH of cheese 

containing these adjunct starters was higher 

than that of the control cheese, which contained 

Lactococcus lactis subsp. lactis and 

Lactococcus lactis subsp. cremoris. This 

difference was attributed to the type of 

microorganisms present in the adjunct starter as 

well as the ratio of viable cells [26]. 

Acidity 
The analysis of variance showed that the effects 

of treatments (different types of adjunct 

starters), time, and the interaction between 

treatments and time on acidity were significant 

(P < 0.01). Acidity exhibited a significant 

increasing trend during the storage period 

(Figure 2-a). Comparison of mean acidity 

values under different treatments indicated that, 

overall, this variable ranged from 0.4 (in 

treatments 1 and 4) to 0.69 (in treatment 5) 

(Figure 2-b). The statistical findings of acidity 

in different cheese treatments during the 

storage period are presented in Figure 2-c. The 

results showed that at different storage 

intervals, the acidity of the control sample was 

higher than that of all treatments (P < 0.01). 

According to another part of the findings, 

increasing the storage time had a significant 

increasing effect (P < 0.01) on the acidity of the 

different treatments and the control sample, 

with the highest acidity observed at the end of 

the storage period. 
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Figure 2. Effects of different treatments on acidity of Feta cheese (a). Treatment 1(T1): Lb.plantarum 

& Lb.helveticus, Treatment 2(T2):Ent.faecium & Lb.helveticus; Treatment 3(T3):Lb.delbrueckii & 

Str.thermophilus, Treatment 4(T4): Lb.plantarum & Ent.faecium, Treatment 5(T5): Control. Effects of 

ripening period on acidity of Feta cheese (b). Effect of interaction of treatments and ripening period on 

acidity of Feta cheese (c

). 
The results showed that the increasing trend in 

acidity of the cheese samples was similar to the 

decreasing trend in pH. Acidity and pH have an 

inverse relationship, and during storage, due to 

the production of lactic acid and hydrogen ions, 

acidity increases while pH decreases. The 

titratable acidity and pH of cheese are of high 

importance because of their effects on 

microbial growth, enzymatic activity during 

ripening, rheological properties of cheese, and 

sensory evaluation [27]. 

In agreement with the results of this study, 

Kendili et al. (2002) reported that the acidity of 

Kashar cheese increases during storage due to 

lactic acid production and pH reduction [28]. 

Similarly, Sadeghi and Nateghi (2020) reported 

that during ripening, the activity of bacteria 

increases the acidity of brined white cheese 

[29]. In line with this, Gholamhoseinpour et al. 

(2022) reported that during ripening, the acidity 

of Feta cheese samples containing various 

commercial starters (SafeIT 2, FRC-65, and R-

704) increases [22]. These researchers 
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attributed the increase in acidity to the 

formation of lactate, as well as the production 

of free fatty acids and amino acids through 

lipolysis and proteolysis. 

In another study, Montazarani et al. (2018) 

reported that the acidity of Feta cheese 

containing Lactobacillus paracasei isolated 

from kefir and the control sample increased 

with storage time [23]. According to another 

part of the results, the cheese treatment 

containing Lactobacillus delbrueckii, 

Lactobacillus lactis, and Streptococcus 

thermophilus had higher acidity than the other 

treatments during ripening. This was likely due 

to greater lactic acid production and the more 

advanced progress of lipolysis and proteolysis 

by these microorganisms (which aligns with the 

results of the lipolysis and proteolysis tests 

discussed later in this study). 

In this regard, Hiyaloglu et al. reported in 

studies conducted in 2005 and 2013 both 

significant and non-significant effects of 

starters on the acidity of various cheeses [30, 

31]. Contrary to the results of this study, 

Gholamhoseinpour et al. (2022) reported that 

the type of starter did not have a significant 

effect on the acidity of Feta cheese, which could 

be due to differences in the type of cheese used 

in that study [22]. 

Fat content 

The analysis of variance for fat content showed 

that the effects of time, treatments (different 

types of adjunct starters), and the interaction 

between time and treatments on fat were 

significant (P < 0.01). Comparison of means 

indicated that the highest fat percentage 

(21.77%) was observed in treatment 1, while 

the lowest percentage (18.75%) was observed 

in treatment 4. Treatments 5, 3, and 2 had fat 

percentages that were among those of 

treatments 1 and 4, respectively (Figure 3-b). 

Changes in the fat content of different cheese 

treatments during the 60-day storage period 

showed a significant increasing trend (P < 0.01) 

(Figure 3-a). Figure 3-b illustrates the effect of 

different Feta cheese treatments on fat 

percentage, which was also significant (P < 

0.01). 

The findings indicated that among the different 

cheese treatments, treatment 1 (21.77%) had 

significantly higher fat content (P ≤ 0.01) than 

the other treatments. The next highest fat 

content was observed in treatments 3 and 5, 

which also differed significantly (P ≤ 0.01) 

from the remaining treatments. The lowest fat 

content was found in treatments 2 and 4. No 

significant difference was observed between 

treatments 2 and 4, while both differed 

significantly (P ≤ 0.01) from the other 

treatments. 

The interaction effect of time and treatments on 

fat content is shown in Figure 3-c. As observed, 

treatment 1 exhibited an increasing-decreasing-

then-increasing trend, treatments 2 and 3 

showed a continuous increasing trend, and 

treatment 4 showed a slight initial decrease 

followed by an increase. 
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Figure 3. Effects of different treatments on % Fat of Feta cheese (a). Treatment 1(T1): Lb.plantarum & 

Lb.helveticus, Treatment 2(T2):Ent.faecium & Lb.helveticus; Treatment 3(T3):Lb.delbrueckii & 

Str.thermophilus, Treatment 4(T4): Lb.plantarum & Ent.faecium, Treatment 5(T5): Control. Effects of 

ripening period on % Fat of Feta cheese (b). Effect of interaction of treatments and ripening period on 

% Fat of Feta cheese (c).

 
The decrease in fat content during storage in 

treatment 4 (containing Lactobacillus 

plantarum–Enterococcus faecium) and the 

control sample can be attributed to the progress 

of lipolysis and the hydrolysis of fat into free 

fatty acids [22]. Various studies have also 

reported changes in fat concentration in 

different cheeses during ripening. Milci et al. 

(2005) and Shahab Lavasani et al. (2012) 

observed that with increasing ripening time, the 

fat content of cheese samples decreased, mainly 

due to the hydrolysis of fat into free fatty acids 

and volatile compounds [32, 33]. 

In contrast, Aly (1995) observed that the fat 

content of Feta cheese increased during 

ripening and explained this phenomenon by a 

decrease in moisture over time [34]. Moisture 

increase leads to a decrease in fat content 

during storage; in other words, moisture and fat 

have an inverse relationship. Similarly, Sadeghi 

and Nateghi (2020) reported that with increased 

moisture in Feta cheese during storage, fat and 

protein content decreased, showing an inverse 

relationship between moisture and fat [29]. 

 

In another study, consistent with part of the 

results of this research, Milci et al. (2005) and 

Lavasani et al. (2012) reported that increased 

ripening time led to a reduction in fat content 

[32, 33]. Consistent with this study, 

Gholamhoseinpour et al. (2022) reported that 

Feta cheese containing different starters 

exhibited different fat patterns during ripening, 

with some treatments showing a decrease in fat 

while others showed an increase; however, 

these changes were not statistically significant 

[22]. 

Dry matter percentage 

The results of the analysis of variance showed 

that the influence of treatments (different types 

of co-starters), time, and the interaction effect 

of treatments × time on dry matter were 

significant (P < 0.01). Figure 4-a illustrates the 

changes in the percentage of dry matter over the 

storage period of Feta cheese, which showed a 

significant decreasing trend (P < 0.01). Figure 

4-b presents the analysis of variance results of 

the dry matter percentage of different cheese 

treatments compared to the control sample. 

Mean comparisons indicated that the highest 

dry matter percentage (37.79%) was observed 

in Treatment 1, while the lowest percentage 

(33.38%) was in Treatment 5. 

Figure 4-c shows the interaction effect of time 

and different Feta cheese treatments. With 

increasing storage time, the dry matter content 

of all treatments exhibited a decreasing trend, 

except for Treatments 1 and 3, which showed a 

decreasing trend until day 30, followed by a 

slight increase from day 30 to day 60. The rate 
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of decrease, however, varied statistically 

among the different treatments. 

Comparisons of different treatments on day 0 of 

storage showed that the dry matter content of 

Treatment 1 was significantly higher (P ≤ 0.01) 

than that of other treatments, and significant 

differences (P ≤ 0.01) were observed among the 

other treatments and the control sample. On day 

15 of storage, the dry matter content of 

Treatments 1, 2, and 4 was higher than that of 

the control, unlike Treatment 3. 

 

 
Figure 4. Effects of different treatments on % Dry Matter of Feta cheese (a). Treatment 1(T1): 

Lb.plantarum & Lb.helveticus, Treatment 2(T2):Ent.faecium & Lb.helveticus; Treatment 

3(T3):Lb.delbrueckii & Str.thermophilus, Treatment 4(T4): Lb.plantarum & Ent.faecium, Treatment 

5(T5): Control. Effects of ripening period on % Dry Matter of Feta cheese (b). Effect 

of interaction of treatments and ripening period 

on % Dry Matter of Feta cheese (c).  
As mentioned, with an increase in storage time, 

the dry matter content of different treatments 

decreased, and this decrease was significant in 

some samples. There are conflicting reports 

regarding the effect of storage time on the solid 

content of cheeses in different varieties. Aly 

(1995), Azarnia et al. (1997), Al-Otaibi and 

Wilbey (2004), and Lopez et al. (2007) reported 

that with increased ripening time, the solid 

content increases. They stated that high storage 

temperatures of the curd, which affect casein 

hydration, lead to an increased degree and 

intensity of syneresis due to higher salt 

concentration in the curd. Water evaporation 

during storage and minimal water absorption in 

cheeses with low pH could also explain this 

increase. 
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Conversely, Milci et al. (2005) and Shahab 

Lavasani et al. (2012) reported a decrease in 

cheese solid content during storage. The 

migration of water-soluble proteins and 

peptides from the curd to the surrounding brine, 

lipolysis, and the transfer and migration of free 

fatty acids from the cheese matrix to the brine 

have been suggested as the main factors causing 

this reduction in cheese dry matter. 

Consistent with the results of this study, 

Lavasani et al. (2010), while examining 

changes in the physicochemical characteristics 

of Liqvan cheese, reported that the dry matter 

content of the cheese decreased over the 

ripening period and sometimes remained 

constant. During the storage period, the 

treatment containing Lactobacillus plantarum–

Lactobacillus helveticus (treatment 1) had 

higher dry matter (lower moisture) than other 

treatments, which could probably be due to the 

weaker ability of Lactobacillus plantarum–

Lactobacillus helveticus bacteria to retain water 

in the casein network, resulting in more whey 

loss. 

In a study by Sobhi Sarabi et al. (2014), in 

agreement with part of this study’s findings, it 

was reported that there was no significant 

difference in the dry matter content of sheep 

milk cheese with the addition of Lactobacillus 

casei–Lactobacillus plantarum strains isolated 

from traditional Liqvan cheese. 

Gholamhosseinpour et al. (2022) also reported 

that the type of starter culture did not have a 

significant effect on the dry matter content of 

Feta cheese after ultrafiltration. Similarly, 

Haines et al. (2003) and Hayaoglu et al. (2005) 

reported comparable results. 

Protein (Total Nitrogen) 

The results of the analysis of variance showed 

that the effects of treatments (different types of 

adjunct starters), time, and the interaction of 

treatments and time on total nitrogen content 

were not significant. Statistical findings on 

changes in the protein content of different 

cheese treatments compared with the control 

sample during the storage period are presented 

in Figure 5. With increasing storage time, the 

protein content of sample 1 showed a 

continuous upward trend, while samples 2, 4, 

and 5 displayed a similar pattern—an initial 

increase up to day 15 followed by a decrease up 

to day 60. On day 0 of storage, the protein 

content of treatments 2, 3, and 4 was higher 

than that of the control sample, although the 

differences were not significant (p ≤ 0.01). 

However, the protein content of treatment 1 

was significantly lower on day 0. Moreover, on 

day 15 of storage, the protein content of all 

treatments showed no significant differences (p 

≤ 0.05) from one another. 
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Figure 5. Effects of different treatments on % Total Nitrogen of Feta cheese (a). Treatment 1(T1): 

Lb.plantarum & Lb.helveticus, Treatment 2(T2):Ent.faecium & Lb.helveticus; Treatment 

3(T3):Lb.delbrueckii & Str.thermophilus, Treatment 4(T4): Lb.plantarum & Ent.faecium, Treatment 

5(T5): Control. Effects of ripening period on % Total Nitrogen of Feta cheese (b). Effect of interaction 

of treatments and ripening period on % Total Nitrogen of Feta cheese(c). 

As mentioned, with the increase in storage time, 

the protein content of all treatments and the 

control sample exhibited different trends 

(Figure 4-C). In this regard, 

Gholamhosseinpour et al. (2022) reported that 

the protein content during ripening at 4 °C 

decreased until day 40 and then increased until 

the end of the ripening period [22]. The initial 

decrease in protein at the beginning of storage 

may be due to proteolysis reactions, while the 

subsequent increase is likely related to the rise 

in dry matter content. 

On day zero of storage, comparison among 

treatments showed that the third treatment had 

the highest protein content, while the first 

treatment had the lowest. By day 15, the fourth 

treatment exhibited a higher protein content 

than the others, although this difference was not 

statistically significant (Figure 4-C). This 

observation is probably attributable to the lower 

water absorption of this treatment compared to 

the others during the storage period. 

Salt content (%) 

The results of the analysis of variance showed 

that the effect of treatments (different types of 

adjunct starters) and time on salt percentage 

were significant (P<0.01), while the interaction 

effect of treatments × time on salt percentage 

was not significant. Comparison of the mean 

salt content under the influence of treatments 

indicated that, overall, this variable ranged 

from 3.61% (in treatment 1) to 2.71% (in 

treatment 3) (Figure 6-b). 

The effect of time on salt content is shown in 

Figure 6-a, where illustrates that with 

increasing storage time, the salt content 

increases. The statistical findings regarding the 

salt content of different cheese treatments 

during the storage period are presented in 

Figure 6-c. On day zero of storage, the salt 

content of treatment 1 (T1) was significantly 

higher (P<0.01) than that of the other 

treatments. Among the treatments, the highest 

and lowest salt contents belonged to treatment 

1 and treatment 3, respectively (Figure 6-b). On 

day 15 of storage, treatment 1 still had the 

highest salt content, while no significant 

differences were observed among the other 

treatments and the control sample. 
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Figure 6. Effects of different treatments on % Salt of Feta cheese (a). Treatment 1(T1): Lb.plantarum 

& Lb.helveticus, Treatment 2(T2):Ent.faecium & Lb.helveticus; Treatment 3(T3):Lb.delbrueckii & 

Str.thermophilus, Treatment 4(T4): Lb.plantarum & Ent.faecium, Treatment 5(T5): Control. Effects of 

ripening period on % Salt of Feta cheese (b). Effect of interaction of treatments and ripening period on 

% Salt of Feta cheese (c). 

As mentioned earlier, no significant differences 

were observed among the treatments during the 

storage period; in other words, as stated above, 

the interaction effect of time × treatment on salt 

percentage was not significant. An increase in 

storage time led to higher salt content in some 

treatments; however, this increase was 

significant only in treatment T1, which 

contained Lactobacillus plantarum–

Lactobacillus helveticus. Azarnia et al. (1997) 

stated that this increase may be due to water 

loss and the gradual diffusion of salt from the 

brine into the cheese curd during storage [35]. 

In line with the results of the present study, 

Gholamhosseinpour et al. (2022) reported that 

during the ripening period, the salt content of 

ultrafiltration Feta cheese samples containing 

different starters increased, which was likely 

due to the gradual diffusion of salt from the 

surrounding brine into the cheese matrix during 

ripening [22]. According to some researchers 

(Hynes et al., 2003; Muir et al., 1996), the effect 

of the starter on the salt content of various 

cheeses was not significant [39, 40]. In contrast, 

Hayaloglu et al. (2013) reported a significant 

effect of starter type on the salt content of 

Gokceada cheese [31]. 

Different results have been reported regarding 

changes in salt concentration during cheese 

ripening. No significant increase in salt content 

DEFG

ABC
AB

A

EFG

BCDEF
ABCD

ABC

G
FG

EFG
CDEF DEFG EFG

ABCDAB

FG

EFG

ABCD
ABC

2

2.5

3

3.5

4

4.5

0 15 30 60 0 15 30 60 0 15 30 60 0 15 30 60 0 15 30 60

Sa
lt

 %

Time (Days)

c

T1                  T2                           T3                         T4                  T5 

A AB

C

AB

B

2.5

2.7

2.9

3.1

3.3

3.5

3.7

3.9

1 2 3 4 5

Sa
lt

 %

Treatments

b

B
B

A

A

2.5

2.7

2.9

3.1

3.3

3.5

3.7

3.9

0 20 40 60

Sa
lt

 %

Time (Days)

a



Fatemeh Khosravi et al                        Evaluation the impact of lactic isolates from local... 

 

307 

 

during cheese ripening was observed by 

Azarnia et al. (1997) and Shahab Lavasani et al. 

(2012) [33, 35]. However, Karimi et al. (2012) 

reported a non-significant decrease in salt 

content [41]. 

Ratio of soluble nitrogen to total nitrogen 

The results of the analysis of variance showed 

that the effect of treatments (different types of 

adjunct starters), time, and the interaction of 

treatments × time on the ratio of soluble 

nitrogen to total nitrogen were significant 

(P<0.01). The ratio of soluble nitrogen to total 

nitrogen in different cheese treatments 

compared to the control sample during the 

storage period is presented in Figure 7. With 

increasing storage time, the proteolysis index of 

all treatments and the control sample increased 

significantly (p≤0.05), indicating the 

progression of proteolytic reactions. 

On day zero of storage, all treatments had lower 

proteolysis indices than the control sample. 

Among the treatments, the highest and lowest 

values of this index belonged to treatment 3 and 

treatment 1, respectively. On day 15 of storage, 

treatments 3 and 4 showed higher proteolysis 

indices than the control, while treatments 1 and 

2 had lower values than the control. 

The effect of adjunct and starter cultures on the 

ratio of soluble nitrogen to total nitrogen 

depends on the strain type and whether the 

strain is thermophilic or mesophilic in nature. 

An increase in the ratio of soluble nitrogen to 

total nitrogen during the ripening of 

ultrafiltration Feta cheese has also been 

observed in previous studies [42, 43, 44]. 
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Figure 7. Effects of different treatments on % Soluble N to Total N of Feta cheese (a). Treatment 1(T1): 

Lb.plantarum & Lb.helveticus, Treatment 2(T2):Ent.faecium & Lb.helveticus; Treatment 

3(T3):Lb.delbrueckii & Str.thermophilus, Treatment 4(T4): Lb.plantarum & Ent.faecium, Treatment 

5(T5): Control. Effects of ripening period on % Soluble N to Total N of Feta cheese (b). Effect of 

interaction of treatments and ripening period on % Soluble N to Total N of Feta cheese (c). 

The amount of soluble nitrogen only provides 

information about the intensity of primary 

proteolysis and does not reveal details 

regarding the composition of soluble nitrogen. 

Therefore, the total amount of soluble nitrogen 

may be similar in different samples, but due to 

the production of different proteolysis products, 

diverse flavors and aromas may be generated 

[45]. Primary proteolysis of cheese proteins 

mainly results from residual rennet activity and 

endogenous proteinases, while the complex 

proteolytic and peptidolytic systems of starter 

and non-starter microorganisms lead to 

secondary proteolysis [46]. 

Enterococcus species play an important role in 

cheese ripening through casein degradation via 

their proteolytic and peptidolytic activities. In 

this regard, proteolytic activity has been 

reported for Enterococcus faecalis, 

Enterococcus faecium, and Enterococcus 

durans isolated from various cheeses. It is 

noteworthy that Enterococcus strains possess 

stronger proteolytic activity compared to other 

lactic acid bacteria, which makes them 

important in cheese ripening [47]. 

Lactobacillus species have been reported as 

dominant organisms in cheeses made from raw 

milk, as they are able to grow under harsh 

selective conditions and, due to their excellent 

proteolytic properties, play a key role in 

developing the sensory characteristics of the 

product [48]. As mentioned earlier, at the 

beginning of the storage period, the cheese 

treatments had lower soluble protein content 

compared to the control, whereas at the end of 

storage, the results were reversed. In this 

context, Lane and Fox (1996) stated that the 

addition of non-starter lactic acid bacteria 

(NSLAB) does not play a major role in casein 

breakdown [49], and the primary proteolytic 

ability of NSLAB is generally weak and 

variable [50]. 

In another study, Di Cagno et al. (2006), 

investigating the effect of mesophilic 

lactobacilli on proteolysis in Caciotta cheese, 

reported that although NSLAB contribute little 

to primary proteolysis, their peptidases play a 

major role in secondary proteolysis by acting on 

peptides produced during primary proteolysis 

[51]. Similarly, Hynes et al. (2002), in a study 

on the use of different starter cultures and 

adjunct Lactobacillus strains in washed-curd 

cheese after 28 days of ripening, reported that 

the soluble nitrogen content of adjunct-

containing samples was equal to or slightly 

higher than that of the control [52]. 

 

Higher levels of secondary proteolysis in 

Cheddar cheese containing adjunct 

Lactobacillus strains have also been 

demonstrated by Ong et al. (2007) and Sihufe 

et al. (2013), who attributed the observed 

increase to the higher peptidase activity in 

cheeses made with adjunct cultures [53, 25]. It 
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was found that the ratio of soluble nitrogen to 

total nitrogen increased during the storage 

period, which is consistent with the findings of 

Franco et al. (2001), Atasoy et al. (2008), and 

Gholamhosseinpour et al. (2022) [22, 54, 55]. 

Lipolysis 

Figure 8 shows the lipolysis index of different 

cheese treatments compared to the control 

sample during the storage period. With 

increasing storage time, the lipolysis index 

increased significantly (p≤0.05) in all 

treatments as well as in the control. On day zero 

of storage, treatments 3 and 4, in contrast to 

treatments 1 and 2, had higher lipolysis indices 

than the control. On day 15 of storage, the 

lowest lipolysis index was observed in the 

control sample, while all treatments showed 

higher lipolysis indices than the control. 

Among the treatments, the highest and lowest 

lipolysis indices were related to treatment 3 and 

treatment 5, respectively. 

 

 

 

 

 
Figure 8. Effects of different treatments on Lypolysis of Feta cheese (a). Treatment 1(T1): Lb.plantarum 

& Lb.helveticus, Treatment 2(T2):Ent.faecium & Lb.helveticus; Treatment 3(T3):Lb.delbrueckii & 

Str.thermophilus, Treatment 4(T4): Lb.plantarum & Ent.faecium, Treatment 5(T5): Control. Effects of 

ripening period on Lypolysis of Feta cheese (b). Effect of interaction of treatments and ripening period 

on Lypolysis of Feta cheese ©. 

The hydrolysis of milk fat during cheese 

production and ripening is caused by milk’s 

endogenous lipase, lipolytic enzymes of starter 

and non-starter bacteria, and lipases produced 

by psychrotrophic bacteria. Lipolysis plays an 

important role in cheese ripening. It leads to the 

formation of free fatty acids, which contribute 

to flavor development and serve as precursors 
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for compounds such as methyl ketones, 

alcohols, and lactones. Major factors affecting 

the extent of lipolysis include the type and 

quality of milk, milk pasteurization temperature 

used for cheesemaking, the starter culture, 

storage and ripening temperature, brine 

concentration, and milk lipase [45]. 

 

Lipase in cheese originates from six sources: 

milk, rennet, starter cultures, adjunct cultures, 

non-starter bacteria, and exogenous lipases if 

used [56]. It has been shown that when the 

levels of non-starter lactic acid bacteria in 

cheese increase significantly, these bacteria 

may balance lipase and esterase activities and 

contribute to the release of free fatty acids 

during ripening [51]. 

 

Hynes et al. (2002) studied the effect of 

different starter cultures and adjunct 

Lactobacillus strains (five strains of 

Lactobacillus plantarum, one strain of 

Lactobacillus pentosus, and four strains of 

Lactobacillus casei) on the ripening of washed-

curd cheese [52]. They reported that regardless 

of the type of commercial starter used, after 28 

days of ripening, the level of lipolysis and free 

fatty acid content in all cheeses containing 

adjunct cultures was higher than in the control 

samples. These findings are in agreement with 

the results of the present study. 

As mentioned earlier, in all treatments, lipolysis 

increased during the storage period, which is 

consistent with the findings of Xanthopoulos et 

al. (2000), Atasoy et al. (2008), and Lavasani 

(2011) [33, 55, 57]. 

 

4-Conclusion 
In this study, the effect of different lactic 

isolates (obtained from curd, fresh cheese, 

ripened Lighvan cheese, and yogurt), in the 

form of five different treatments, on the 

physicochemical properties of traditionally 

produced Feta cheese was investigated. The 

results showed that with increasing storage 

time, pH decreased while acidity increased, 

with the highest and lowest pH values 

belonging to treatment (1) containing 

Lactobacillus plantarum–Lactobacillus 

helveticus and treatment (5) (control), 

respectively. 

The analysis of dry matter indicated that with 

increasing storage time, the dry matter content 

of the control and all treatments decreased, and 

the highest dry matter at the end of the ripening 

period belonged to treatment (1) containing L. 

plantarum–L. helveticus. Moreover, the highest 

total nitrogen and salt contents at the end of 

ripening were also observed in treatment (1). 

The higher salt content at day 60 could 

potentially act as an inhibitory factor against 

spoilage microorganisms in cheese. 

The evaluation of proteolysis and lipolysis 

indices of different treatments and the control 

sample during storage showed that the highest 

values of these indices at the end of storage 

were related to treatment (3), containing 

Lactobacillus delbrueckii–Lactococcus lactis–

Streptococcus thermophilus. 

Overall, the findings of this study demonstrated 

that the addition of the lactic isolates 

Lactobacillus plantarum–Lactobacillus 

helveticus to the formulation of Feta cheese can 

lead to the production of a product with 

desirable physicochemical properties. 
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بر  های لبنی بومی به عنوان کمک آغازگر و دوره رسیدگی فراوردههای لاکتیکی حاصل از تاثیر جدایه بررسی

 فتاپنیر فیزیکو شیمیایی  خصوصیات

 1، لیلا یوسفی3، محمدباقر حبیبی نجفی2* ، محمد رضا عدالتیان دوم1فاطمه خسروی طالبی

 دانش آموخته کارشناسی ارشد، گروه علوم و صنایع غذایی، دانشکده کشاورزی، دانشگاه فردوسی مشهد.  -1

 دانشیار و عضو هیات علمی گروه علوم و صنایع غذایی، دانشکده کشاورزی، دانشگاه فردوسی مشهد  -2

 استاد بازنشسته گروه علوم و صنایع غذایی، دانشکده کشاورزی، دانشگاه فردوسی مشهد.  -3

 دانش آموخته دکتری گروه علوم و صنایع غذایی، دانشکده کشاورزی، دانشگاه فردوسی مشهد.  -4

 دهیچک اطلاعات مقاله                        

 مقاله :   یخ هایتار

 02/04/1404افت: یخ دریتار

 29/05/1404رش: یخ پذیتار

  کیلاکت   دی اس  یهایباکتر   به عنوان کمک اغازگر شامل ترکیبات مختلف   مختلف  پنج تیمار  ریتأث  ق یتحق  نیدر ا

شامل    فتا  ریپن  ییایمیکوشیز ی ف  یهایژگیو ماست( بر و  قوانیل  دهیرس  ریتازه، پن   ری، پن پنیر  )جدا شده از دلمه

  ، درصد نمک، درصد چربی، درصد ازت کل، پروتئولیز)نسبت  pHدرصد ماده خشک، درصد اسیدیته،  

تیمارهای مورد  شد.    یبررسروز دوره نگهداری،    60کل(، لیپولیز، طی مدت زمان    نیتروژن  به  محلول  نیتروژن

تیمار   از:  بودند  عبارت  تحقیق  این  در  پلانتاروم:    1استفاده  باسیلوس  پلانتی  لاکتوباسیلوس  و    لاکتی 

،  لاکتوکوکوس لاکتیس:    3، تیمار  لاکتوباسیلوس هلوتیکوسو    انتروکوکوس فاسیوم:    2، تیمار    هلوتیکوس

ترموفیلوس دلبروکی و    استرپتوکوکوس  تیمار  لاکتوباسیلوس  پلانتاروم:    4،  باسیلوس  پلانتی  و    لاکتی 

فاسیوم تیمار    انتروکوکوس  شاهد(:    5و  لاکتیس)نمونه  لاکتوکوکوس  و    لاکتیسزیرگونه    لاکتوکوکوس 

) از کاهش  مارهایت  یتمام  pH،  ی زمان نگهدار  افزایشنشان داد که با    جینتا.    کرموریسزیرگونه    لاکتیس

. در بین تیمارها نیز بالاترین  افتی(  P<0.01)معنی داری    شیافزا(  66/0به    27/0)از    تهیدی اسو    (9/5به    3/6

pH    زانیم،  ی زمان نگهدار  افزایشبا  ( بود. همچنین  94/5)  5( وکمترین آن به تیمار  21/6)    1متعلق به تیمار  

یابد. می  008/34به    46/38( از  P<0.01)معنی داری  کاهش    مارهای ت   یدرصد ماده خشک نمونه شاهد و تمام

ل   زیشاخص پروتئول   یریاندازه گ  جینتا   یمختلف و نمونه شاهد در طول مدت نگهدار  یمارها یت  زیپولیو 

ب  داد که  پاشاخص  نیا  زانی م  نیشترینشان  نگهد   انیها در  ت  یارزمان  به  ترتیب  3ماریمربوط  و    40/10به 

  لاکتی پلانتی باسیلوس پلانتاروم های  هینشان داد که با افزودن سو  ق ی تحق   نیا  ج ینتا،  یبه طور کلبود.    199/10

مطلوب    ییایمیکوشیزیهای ف یژگیبا و  یتوان محصولفتا می  ریپن   ونی به فرمولاس  کوسیهلوت  لوسیلاکتوباسو  
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