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Abstract 

The purpose of this study was to see what effect adding starter culture to raw milk had on the physicochemical, 
microbiological, and sensory properties of braided cheese (Gibna mudaffara). The raw milk was warmed to 45°C before 
adding 2% w/v starter culture to the first treatment (T1) and no starter culture to the second treatment (T2). Both 
treatments contained sodium chloride (2% w/w) and rennet powder (1.3 gm/50 L milk). After manufacturing, the 
cheese was kept in the whey at 4°C for 45 days. At 1, 15, 30, and 45-day intervals, physicochemical, microbiological, and 
sensory characteristics were assessed. Results revealed that protein (18.21%), total solids (50.27%), ash (7.29%), and 
titratable acidity (0.65%) were found to be high in T1 cheese, while fat (19.66%) and moisture (48.97%) were found to 
be high in T2. The ripening period had a significant (P<0.001) effect on all physicochemical characteristics except fat. 
T2 cheese had high counts of total viable bacteria [TVB] (log10 6.60 cfu/g), Staphylococcus aureus (log10 2.35 cfu/g), 
Escherichia coli (log10 2.01 cfu/g), and yeasts and moulds (log10 5.91 cfu/g). In T1 cheese, all microbes under study 
decreased significantly as the ripening period progressed, whereas in T2 cheese, all microbes decreased during ripening 
except TVBC. T2 cheese scored higher on colour, flavour, and overall acceptability, while T1 cheese scored higher on 
taste and body. All sensory properties of both cheeses were significantly affected by the ripening period. This study 
concluded that heat treatment and adding the starter culture is required for the production of safe and high-quality 
braided cheese. 
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1. Introduction

Artisanal dairy products are those manufactured with traditional techniques using raw milk without heat treatment or 
the addition of selected starter cultures [1]. Cheese is a dairy product in which casein, fats, and other milk nutritional 
compounds remain in the curd, and the main goal of cheese making is to preserve the nutritional components in non-
spoiling conditions without losing the desired flavour [2,3], and cheese comes in a wide variety of flavours, textures, 
and designs from around the globe [4]. In addition to other cheese types like mozzarella and white (Gibna bayda), which 
differ in composition, texture, colour, taste, and flavour, braided (mudaffara) cheese is thought to be one of the types 
made traditionally in Sudan [5]. Mudaffara cheese is a type of cheese that is braided and not aged, with a semi-hard 
texture. It originated in the Mediterranean region and is characterized by its dense consistency, yellowish colour, 
slightly acidic, and salty taste. This cheese is commonly consumed by rural communities in Sudan [6]. Many families and 
workers have historically consumed raw, untreated milk because they think it is safe and has health benefits that 
pasteurization destroys [7]. Many different types of bacteria can contaminate cheese made from raw milk, causing it to 
spoil or possibly endangering human health [8]. There are numerous factors that can influence the presence of spoilage 
and pathogenic microorganisms in raw milk, such as the condition of dairy animals, the hygienic milking process, 
storage conditions, farm management practices, location, and seasonal variations [9]. 
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As a common practice to inhibit microbial growth in milk, heat treatment has emerged as the most significant aspect of 
milk processing [10]. The complex microbial ecosystems that reside in milk and milk products are the primary cause of 
the wide range of tastes, aromas, and textures found in these foods. Pathogenic bacteria that contaminate milk and milk 
products are primarily brought on by handling, processing, and unsanitary conditions [11]. During the production and 
transportation of cheese, various sources such as mastitis milk, contaminated air, equipment used for storage and 
transportation, brine, starter cultures, floor and packaging materials, cheesecloth and curd cutting knives, cold room 
and production room air can all lead to microbial contamination of cheese12,13]. Starter cultures are one or more 
strains of one or more desirable bacteria that are used to inoculate raw or pasteurized milk in order to produce 
fermented food by accelerating and guiding the fermentation process [14]. During cheese production, the main role of 
starter cultures is the production of lactic acid by metabolizing lactose, leading to the improvement of the milk 
coagulation process, making the curd stronger and protecting the final product against contamination [14]. 

The production of cheese necessitates the utilization of starter cultures comprising thermophilic/mesophilic lactic acid 
bacteria, which serve the primary purpose of generating lactic acid and flavoring compounds. Different microorganisms 
are employed in crafting various varieties of cheese, resulting in variations in taste, aroma, and texture [15].  The 
purpose of this study is to investigate how starter culture addition can affect the physicochemical, microbiological, and 
sensory aspects of braided cheese (Gibna mudaffara) made from raw milk.  

2. Material and methods 

Rennet powder and Direct Vat Set (DVS) starter culture (Lactobacillus bulgaricus and Streptococcus thermophilus, 1:1 
combination) were obtained from Chris Hansen’s Laboratory (Denmark). The salt was purchased from a local market. 

2.1. Cheese manufacture 

The cheese was produced according to the method of Harun et al. [16]. Fourteen liters (14 L) of fresh whole cow's milk 
was heated to 45°C, followed by addition of sodium chloride (2% w/w). The milk was then transferred to two stainless 
steel containers (7 L each) and subsequently cooled to 42°C. The starter culture (2% w/v) was added to the first 
treatment [T1], while no starter culture was added to the second treatment [T2]. The milk was left undisturbed for 30 
minutes to develop acidity, then rennet powder (1.3 gm/50 L milk) was dissolved in 50 ml distilled water and added to 
both treatments at 40°C. The milk was then stirred thoroughly and allowed to stand to form a curd, which was then cut 
with a sterile knife to drain the whey and placed in an incubator (40°C) for 3 hours until the curd was ready to boil in 
water (75°C) for 5 minutes to promote sufficient elasticity. The curd from both treatments was formed into balls and 
stretched on the clean table, the black cumin (0.5% w∕w) was mixed with the curd and braided into the final shape, and 
the braided curd was kept in salted whey (10% w∕w) for 24 hours, after which the cheese was kept in the whey at 4°C 
for 28 days. The physicochemical, microbiological and sensory characteristics were determined at intervals of 1, 15, 30 
and 45 days. The production of the cheese was carried out in triplicate. 

2.2. Physicochemical analyses of milk 

The physicochemical analyses were carried out on a sample of mixed whole raw milk. The fat, total solids, protein 
contents and titratable acidity were determined according to the standard methods of the Association of Official 
Analytical Chemists [17]. 

2.3. Physicochemical analysis of cheese 

The fat, protein, total solids, ash contents, and acidity were determined according to AOAC [17], while the moisture 
content was determined by subtraction (100% - total solids%). 

2.4. Microbiological examination of cheese 

2.4.1. Preparation of samples 

The sample (11 g) was aseptically weighed into a sterile blender container and 99 ml of sterile peptone water was added 
and mixed for 2 minutes to make a 10-1 dilution. A tenfold dilution was made with a sterile peptone water up to 10-8. 
After inoculation at the required temperature, the results were calculated as colony forming units per gram of sample 
(cfu/g) [18]. 
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2.4.2. Total viable bacterial count (TVBC) 

Plate count agar medium (Himedia, M091) was used for the determination of TVB. The plates were incubated in an 
inverted position at 37°C for 48 hours. The colonies of each plate were counted using a manual colony counter (Scan 
100) and the total number of viable bacteria was calculated as cfu/g [19]. 

2.4.3. Staphylococcus aureus count 

Mannitol salt agar (Micro master, DM160) was used for the enumeration of coagulase-positive staphylococci. Plates 
were incubated for 48 hours in an inverted position at 37°C and colonies were counted using a manual colony counter 
(Scan 100) and considered as cfu/g [18]. Suspected colonies of S. aureus were confirmed by Gram stain and various 
biochemical tests, including catalase test, oxidase test, indole production, methyl red, Voges-Proskauer test, nitrate 
reduction, acid from various sugars and coagulase test [20]. 

2.4.4. Escherichia coli count 

Brilliant Green Lactose Bile (BGB) broth (Merck, 736) and peptone water (Himedia, M028) were used for the 
enumeration of E. coli using the most probable number technique. Eosin methylene blue agar (EMB) (Millipore, 70186) 
was used to confirm the presence of E. coli [18]. Four to five suspicious colonies were taken from each plate, cultured 
and identified by various biochemical tests: Gram stain, catalase test, indole, methyl red, Voges-Proskauer test, nitrate 
reduction, urease production, Simon citrate agar and various sugar fermentation tests [20]. 

2.4.5. Yeasts and moulds count 

Yeast extract agar medium (Himedia, M456) was used for the enumeration of yeasts and moulds. Plates were incubated 
in an inverted position at 25°C for 5 days and colonies were counted using a manual colony counter (Scan 100) and 
recorded as cfu/g [21]. 

2.5. Sensory evaluation of cheese 

The samples were left to stand at room temperature for two hours before sensory testing. All samples were presented 
in plastic trays. A panel of ten untrained tasters aged 25-30 (6 women and 4 men) who were familiar with the product 
were selected and asked to assess the quality of the cheese (colour, flavour, body, taste, saltiness and overall 
acceptability) using a score sheet, with colour ranging from 1= unacceptable to 4 = acceptable; flavour 1 = bland to 4 = 
extremely intense; taste 1 = non-existent to 4 = too sour; body 1 = soft to 4 = pasty; saltiness 1 = moderate to 4 = too 
salty; overall acceptability 1 = unacceptable to 4 = acceptable [22]. 

2.6. Statistical analysis 

Statistical analyses were performed using the Statistical Analysis Systems (SAS, ver. 9). A factorial design (2×4) was 
used to determine the influence of starter culture and ripening period on the physicochemical, microbiological and 
sensory properties of the braided cheese (Gibna mudaffara). Duncan's Multiple Range Tests were performed for mean 
separation between treatments (P≤0.05).  

3. Results and discussion 

The physicochemical characteristics of the raw milk from which the cheese was made are 5.2%, 3.62%, 13%, 0.7% and 
0.2% for fat, protein, total solids, ash content and titratable acidity, respectively.  

3.1. Effect of starter culture on the physicochemical properties of cheese 

The physicochemical properties of cheese produced with and without starter culture are shown in Table 1. All 
physicochemical properties were not significantly affected by the addition of starter cultures (P>0.05), except ash 
content and titratable acidity. The highest protein, total solids, ash contents and titratable acidity were reported in 
cheese made with starter culture (T1), while the highest fat and moisture contents were found in cheese made without 
starter culture (T2). The starter culture addition increased the contents of protein, total solids, ash contents and 
titratable acidity, and did not affect the contents of moisture and fat. The chemical composition and physical properties 
of cheese are influenced by many factors, such as the type of milk, the season of milk production, the fat separation 
method used, the microflora of the milk and/or the addition of starter cultures, the additives in the milk and the storage 
time and temperature [23]. Increasing the rate of starter culture in heat-treated buffalo milk Feta type cheese was found 
to increase fat, protein, moisture content, and decrease total solids content [24]. According to Vapur et al. [15], white 
cheese made with 80% thermophilic cultures plus 20% mesophilic cultures had a slightly higher fat content and pH 
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than cheese made with 60% thermophilic cultures plus 40% mesophilic cultures, and this increase was attributed to 
the thermophilic culture's activity. The results of this study are consistent with the findings of Salih and Abdalla [5], who 
found that the addition of starter cultures had no significant effect (P>0.05) on all physicochemical properties of white 
cheese made from pasteurized milk with and without starter culture addition, with the exception of ash content, which 
was higher in cheese made with the addition of starter cultures. The protein content result is contrary to Hussein and 
Shalaby [25], who reported that cheese made with yoghurt starter showed an increase in total protein content, and to 
Najafi et al. [26], who reported that the protein content of cheese increased with the addition of starter cultures. The 
total solids result agrees with that of Sert et al. [27], who reported that the use of culture leads to a higher titratable 
acidity in the cheese, which increases the extent of whey separation and leads to an increase in total solids. The moisture 
content result is in agreement with Ekici et al. [28], who found that the starter culture did not significantly affect the 
moisture content. When more starter cultures were added to buffalo milk feta type cheese, its fat content, fat content in 
dry matter, protein content, and salt content increased. However, when more starter cultures were added to the cheese-
making process, its total solids content decreased [24]. Mudawi et al. [29] reported that increasing the concentration of 
starter culture added to milk for the production of white cheese from 0% to 2.5% increased the moisture content and 
acidity, and decreased the fat, protein and total solids content. In their analysis of costeño cheese, Fajardo et al. [30] 
found that the use of starter culture increased the acidity of the cheese, while pasteurized milk without starter culture 
produced cheese with lower acidity. The relationship between acidity and lactic acid production from lactic acid bacteria 
may account for the higher acidity of cheese made with starter culture addition as compared to cheese made without it 
[30]. 

Table 1 Effect of starter culture addition on the physicochemical characteristics of cheese made from raw milk 

Physiochemical characteristics (%) 
Treatment 

SE SL 
T1 T2 

Fat  19.28a 19.66a 0.544 NS 

Protein  18.21a 17.77a 0.662 NS 

Total solids 50.27a 50.23a 0.819 NS 

Moisture  49.73a 48.97a 0.821 NS 

Ash  7.29a 6.51b 0.260 ** 

Acidity  0.65a 0.48b 0.041 ** 

Means in each row bearing similar superscripts are not significantly different (P>0.05); NS = Not significant; SL = Significance level; SE = Standard 
error of means; T1 = cheese made with starter culture addition; T2 = Cheese made without starter culture addition 

3.2. The physicochemical properties of cheese during the ripening period  

The results in Table 2 show the effect of ripening period on the physicochemical properties of raw milk cheese produced 
with and without a starter culture. The ripening period significantly affected all physicochemical properties, except fat 
content in both treatments, which fluctuated during the ripening period reaching the lowest (18.97%) and highest 
(20.09%) contents on days 15 and 45, respectively in T1 cheese, while T2 cheese showed an insignificantly (P>0.05) 
increasing trend from 18.75% on day1 to 20.00% on day 45. This result disagrees with the that reported by Salih and 
Abdalla [5] who reported an increasing trend in fat content during the storage period of white cheese made from 
pasteurized milk with the addition of starter cultures, and Kheir et al. [31] who reported an increasing trend in fat 
content of white cheese made from heated milk without the addition of starter cultures. The protein content 
significantly (P<0.001) decreased in both treatments during the ripening period, from 20.16% on day 1 to 15.91% on 
day 45 in T1 cheese, and 20.90% on day 1 to 15.20% at the end of the ripening period. 

This result agrees with Harun et al. [16] who found a decreasing trend of protein content in mudaffara cheese from 
22.30±1.47% at the beginning of the storage period to 21.61±3.57% at the end. Salih and Abdalla [5] concluded that the 
protein content of white cheese made from pasteurized milk with and without starter culture increased significantly 
during the storage period. However, the results contradict the findings of Kheir et al. [31], who found an increasing 
trend in the protein content of white cheese from pasteurized milk produced with both rennet and Solanum dubium as 
coagulants without the addition of starter cultures. The decrease in protein content during storage could be due to 
protein degradation, which leads to the formation of water-soluble compounds [32]. Total solids significantly (P<0.01) 
decreased from 50.53% (T1) and 52.95% (T2) on day 1 to 48.83% (T1) and 49.70% (T2) on day 30 before slightly 
increasing to 49.20% (T1) and 49.96% (T2) at the end of the ripening period. The result in this study is in disagreement 
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with Harun et al. [16] who reported an increasing trend of total solids content in mudaffara cheese from 45.102±3.73% 
at the beginning to 58.45±15.70% at the end of the storage period of 28 days. In a previous study, an increase in the 
total solids content of white cheese made from pasteurized milk with and without added starter cultures was observed 
during the 45-day storage period [5]. 

Table 2 Physicochemical characteristics of raw milk cheese made with and without starter culture during the ripening 
period 

Physiochemical characteristics (%) 
Ripening Period (days) 

SE SL 
1 15 30 45 

With starter [T1] 

Fat  19.75a 18.97a 19.47a 20.09a 0.192 NS 

Protein  20.16a 18.18b 17.06b 15.91c 0.234 *** 

Total solids 50.53a 49.46a 48.83b 49.20a 0.289 ** 

Moisture  49.48a 49.04a 48.12b 49.80a 0.290 * 

Ash  8.00a 7.66b 6.71b 6.70b 0.092 *** 

Acidity  0.52b 0.57b 0.75a 0.77a 0.015 *** 

Without starter [T2] 

Fat  18.75a 19.44a 19.98a 20.00a 0.784 NS 

Protein  20.90a 14.24b 16.49c 15.20d 0.656 *** 

Total solids 52.95a 50.70b 49.70c 49.96b 1.040 ** 

Moisture  48.05b 49.30a 49.00a 49.54a 1.040 ** 

Ash  8.92a 5.66b 5.44b 5.63b 0.336 *** 

Acidity  0.21c 0.50a 0.65b 0.51a 0.063 *** 

Means in each row bearing similar superscripts are not significantly different (P>0.05); *** = P<0.001; NS = Not significant; SL = Significance level; 
SE = Standard error of means 

The moisture content significantly increased during the ripening period reaching the maximum content of 49.80% at 
the end of the ripening period in T1 and 49.54% in T2. These results agree with those of El Siddig et al. [33], who 
reported an increasing trend in the moisture content of white cheese during the storage period of four months, and 
disagree with those of Salih and Abdalla [5], who reported that the moisture content of pasteurized milk white cheese 
produced with and without starter culture decreased during the storage period. Ash content significantly (P<0.001) 
decreased in both treatments from 8.00% (T1) and 8.92% (T2) on day 1 to 6.70% (T1) and 5.63% (T2) on day 45 of the 
ripening period. The results agree with Salih and Abdalla [5] for white cheese, and disagree with Harun et al. [16] who 
reported an increasing trend in ash content of mudaffara cheese from 5.53±0.51% at the beginning of the storage period 
to 17.18±12.98% at the end. The titratable acidity significantly (P<0.001) increased with ripening period in both 
treatments from 0.52% (T1) and 0.21% (T2) at the beginning of the ripening period to 0.77% (T1) and 0.51% (T2) at 
the end of the ripening period. This result is consistent with that of Harun et al. [16] who reported an increasing trend 
of the acidity of mudaffara cheese from 0.42±0.11% on day1 to 0.50±0.09% on day 28 of the storage period. The increase 
in acidity during the ripening period may be due to the formation of acidity through the activity of cheese lactic acid 
bacteria [5,33]. 

3.3. Effect of starter culture on the microbiological characteristics of cheese  

The microbiological quality (log10 cfu/g) of the cheese, which was influenced by the addition of starter cultures, is shown 
in Table 3. All microbiological properties were significantly higher in cheese made without addition of starter culture 
(T2). Total viable bacteria (TVB) (log10 6.60 cfu/g), S. aureus (log10 2.35 cfu/g), E. coli (log10 2.01 cfu/g) and yeasts and 
moulds (log10 5.91 cfu/g) counts were higher in T2, compared to counts in cheese made with starter culture (T1). These 
results agree with those of Salih and Abdalla [5], who 
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Table 3 Effect of starter culture addition on the microbiological characteristics (log10 cfu/g) of cheese made from raw 
milk 

Microbiological characteristics 
Treatment 

SE SL 
T1 T2 

TVB 5.54b 6.60a 0.015 ** 

S. aureus  1.58b 2.35a 0.162 ** 

E. coli  0.26b 2.01a 0.382 *** 

Yeasts and moulds  4.53b 5.91a 0.037 *** 

Means in each row bearing similar superscripts are not significantly different (P>0.05); *** = P<0.001; NS = Not significant; SL = Significance level; 
SE = Standard error of means 

found that the addition of the starter affected the microbiological quality of the cheese, with the total number of viable 
bacteria, S. aureus and yeasts and moulds being significantly (P<0.05) lower in cheese with the addition of the starter 
culture. The result of TVBC contradicts the results of Mudawi et al. [29], who showed that the total bacterial count was. 
highest (4.1x106 cfu/g) in cheese made with a 2.5% starter culture and lowest (2.3x104 cfu/g) in cheese made without 
a starter culture. S. aureus count result is consistent with Arques et al. [30], who found that S. aureus counts were lower 
in cheese made with a starter culture than in cheese made without a starter culture. White cheese made with 80% 
thermophilic culture plus 20% mesophilic culture and cheese made with 60% thermophilic culture plus 40% mesophilic 
culture did not differ significantly (P>0.05) in the S. aureus count, according to Vapur et al. [15]. The decrease in the 
number of S. aureus, as well as E. coli can be attributed to the starter cultures' inhibitory effect against pathogenic and 
spoilage microorganisms, which includes the production of organic acids and subsequent pH reduction, acting as strong 
competitors for nutritional factors like nicotinamide, biotin, or nicin [35,36,37]. The result of the yeast and mould count 
agrees with that of Salih and Abdalla [5] who found that yeasts and moulds count was significantly (P<0.001) higher in 
white cheese made without starter culture compared to that made with starter culture, and Shah [38], who reported 
that lactic acid bacteria produce some components that have a bactericidal and bacteriostatic effect, leading to the 
retardation and/or disappearance of fungal growth in the samples during the storage period. The yeast count was 
significantly (P<0.01) higher in white cheese made with 80% thermophilic culture plus 20% mesophilic culture 
compared to cheese made with 60% thermophilic culture plus 40% mesophilic culture [15].  

3.4. The microbiological properties of cheese during the ripening period  

The results in Table 4 show that the ripening period significantly affected the microbiological properties of both 
treatments under study. For cheese made with starter culture {T1), all microbes steadily decreased towards the end of 
the ripening period, except TVBC which decreased to the lowest count of log10 5.40 cfu/g on day 30 before increasing 
again towards the end. For cheese made without starter culture (T2), all microbes under study increased during the 
ripening period, except TVBC which decreased as the ripening period progressed. The results of TVBC agree with those 
of Al-Ghamdi et al. [39], who found decrease in the total plate count of white cheese during the 60-day storage period, 
and Abdalla and Omer [40], who described that the total plate count increased from log10 7.68 cfu/g in raw milk to log10 
7.91 cfu/g in milk delivered to the market when white cheese was processed using traditional methods. Abdalla and 
Mohammed [41] described that the total viable bacteria count increased insignificantly from log10 8.10±0.047 cfu/g on 
day 1 to log10 8.20±0.047 cfu/g on day 60. The number of S. aureus decreased significantly (P<0.001) during ripening 
from log10 2.62 cfu/g on day 1 to log10 0.95 cfu/g on day 45 in T1 cheese, and increased from log10 2.29 cfu/g on day 1 
to log10 2.87 cfu/g on day 45 in T2 cheese. The decrease in S. aureus count in T1 cheese may be due to the effect of acid 
produced by lactic acid bacteria which lead to decreasing the number of bacteria [40], while the increase in the count 
in T2 cheese was mainly due to the lack of the effect of starter culture. Abdalla and Omer (2017) found a decreasing 
trend of S. aureus during the processing of white cheese using traditional methods, and Al-Ghamdi et al. [39] reported 
an insignificant increase in S. aureus during the 60-day storage period of white cheese. Kheir et al. [31] reported that S. 
aureus fluctuated during the storage period of white cheese made with rennet without starter culture, reaching the 
maximum count of 9.02 x 104 cfu/g on day 60. E. coli decreased on the 15th day of ripening and not detected thereafter 
in T1 cheese, while in T2 cheese significantly (P<0.001) increased from log10 1.50 cfu/g on day 1 to log10 2.58 cfu/g on 
day 45. In a previous study it was reported that the use of lactic acid bacteria in Pasta Filata cheese manufacture resulted 
in a decrease in the total number of E. coli count compared to the control cheese [42]. 
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Table 4 Microbiological characteristics (log10 cfu/g) of raw milk cheese made with and without starter during the 
ripening period 

Microbiological characteristics  
Ripening Period (days) 

SE SL 
1 15 30 45 

With starter [T1] 

TVB 7.08a 5.95b 5.40b 4.59c 0.024 *** 

S. aureus  2.62a 1.37b 1.32a 0.95a 0.057 *** 

E. coli  0.72a 0.32b ND ND 0.093 * 

Yeasts and moulds  5.31a 4.92a 4.15b 4.09b 0.032 *** 

Without starter [T2]  

TVBC 7.88a 6.31b 6.32b 5.89c 0.100 *** 

S. aureus  2.29c 1.75d 2.62b 2.87a 0.228 *** 

E. coli  1.50c 1.97b 2.00b 2.58a 0.128 ** 

Yeasts and moulds  5.15b 5.64b 6.44a 6.58a 0.139 * 

Means in each row bearing similar superscripts are not significantly different (P>0.05); *** = P<0.001; NS = Not significant; SL = Significance level; 
SE = Standard error of means 

The results in T1 cheese agree with the findings of ElOwni and Hamid [43], who reported that the number of E. coli 
decreased during the storage period of white cheese from log10 2.14±0.16 cfu/g on day 0 to log10 0.16±0.43 cfu/g on day 
120 and was not detected thereafter. Salih and Abdalla [5] reported that E. coli was not detected on days 1 and 45 of the 
storage period of white cheese made from pasteurized milk without a starter culture and on days 1 and 30 for cheese 
made with a starter culture. The number of yeasts and moulds decreased from log10 5.31 cfu/g on day 1 to log10 4.09 
cfu/g on day 45 in T1 cheese, while in T2 cheese the number increased from log10 5.15 cfu/g at the beginning to log10 
6.58 cfu/g at the end of the ripening period. The results of T2 cheese agree with the findings of Salih and Abdalla [5] in 
white cheese made without starter culture, while the results of T1 cheese disagree with their findings. Previous studies 
reported that yeasts and moulds increased during the storage period of white cheese [33,39]. 

3.5. Effect of the starter culture on the sensory properties of cheese  

The sensory properties of the cheese, which were influenced by the addition of starter cultures, are shown in Table 5. 
The addition of starter culture significantly affected all sensory properties except the colour.  

Table 5 Effect of starter culture addition on the sensory characteristics of cheese made from raw milk 

Sensory characteristics 
Treatment 

SE SL 
T1 T2 

Colour  3.16a 3.30a 0.037 NS 

Flavour  2.53b 2.70a 0.039 * 

Taste  2.43b 2.08a 0.031 *** 

Body  2.26a 1.85b 0.030 *** 

Saltiness  1.44a 1.28b 0.019 ** 

Overall acceptability  2.79a 3.20b 0.046 *** 

Means in each row bearing similar superscripts are not significantly different (P>0.05); *** = P<0.001; NS = Not significant; SL = Significance level; 
SE = Standard error of means 

The taste (2.43) and body (2.26) of cheese made with starter culture (T1) scored better, and cheese was slightly salty 
than cheese made without starter culture (T2), while the colour (3.30), flavour (2.70) and overall acceptability (3.20) 
scored better in cheese made without starter culture (T2). A previous study found no significant differences (P>0.05) 
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in colour, appearance, odour, taste, flavour, and overall acceptability between white cheese made with 80% 
thermophilic culture plus 20% mesophilic culture and white cheese made with 60% thermophilic culture plus 40% 
mesophilic culture, but there was a significant difference (P<0.05) in body and texture [15]. The overall acceptability 
result agrees with Frau et al. [44], who found that cheese made with commercial starters had lower acceptability due to 
its strong acidic taste. The colour and flavour results are in disagreement with Sabbagh et al. [45], who reported that 
the addition of adjunct cultures had a significant effect on flavour and colour. The result of body is in agreement with 
Sulejmani et al. [46] and Kourkoutas et al. [47], who found that Feta cheese made with freeze-dried cultures had better 
texture and structure, probably due to the effect of lactic acid bacteria and the formation of slightly acidic conditions 
that facilitate the action of the rennet. The salt content was not significantly affected by the addition of starter cultures. 
Mudawi et al. [29] reported that as the concentration of starter culture used for cheese making increased, the colour 
deteriorated and reached the lowest score for cheese made with 2.5% starter culture, while the best scores for taste, 
texture and acceptability were obtained for cheese made with 1.5% starter culture. Salih and Abdalla [5] found that the 
addition of starter cultures in the production of white cheese improved the colour, flavour and overall acceptability, 
while the body of the cheese deteriorated. 

3.6. The sensory properties of cheese during the ripening period 

Table 6 shows that the ripening period significantly affected all sensory properties, and cheese of both treatments 
scored better in all sensory properties during the ripening period, and cheese became salty, indicating that the addition 
of starter culture resulted in better sensory characteristics and increased the ripening index. These results are 
consistent with Mohammed and Abdalla [48] who reported that the colour of cooked and unheated white cheese 
improved until the 40th day of storage and then decreased. Salih and Abdalla [5] stated that during the ripening period, 
the taste, flavour, texture and overall acceptability of white cheese made with and without starter culture improved, 
while the colour deteriorated. The improvement in flavour may be due to the formation of lactic acid or from the natural 
flora of the raw milk or from the yeast culture added to the milk before cheese making, resulting in the suppression of 
unwanted microorganisms [43].  

Table 6 Sensory characteristics of raw milk cheese made with and without starter Culture during the ripening period 

Sensory characteristics 
Ripening Period (days) 

SE SL 
1 15 30 45 

With starter [T1] 

Colour  3.23ab 3.19ab 3.41a 3.09b 0.009 ** 

Flavour  2.45b 2.38b 2.70a 2.93a 0.009 *** 

Taste  1.90c 2.31b 2.20b 2.59a 0.008 *** 

Body  1.43b 2.30a 2.19a 2.31a 0.010 *** 

Saltiness  1.10d 1.65a 1.26c 1.43b 0.006 *** 

Overall acceptability  2.83b 3.15a 3.08ab 2.94ab 0.009 * 

Without starter [T2] 

Colour  3.00b 2.90b 3.75a 3.55a 0.139 *** 

Flavour  2.80a 2.40b 2.75ab 2.85a 0.127 * 

Taste  2.00b 2.45a 1.65c 2.20ab 0.120 *** 

Body  1.30c 2.35a 1.80b 1.95b 0.103 *** 

Saltiness  1.00c 1.70a 1.10bc 1.30b 0.076 *** 

Overall acceptability  2.90b 3.15ab 3.40a 3.35a 0.124 * 

Means in each row bearing similar superscripts are not significantly different (P>0.05); *** = P<0.001; NS = Not significant; SL = Significance level; 
SE = Standard error of means 
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4. Conclusion 

In the cheese making process, adding starter culture to milk is an important step in improving the cheese during the 
processing and subsequent ripening. This represents an improvement in the cheese's microbiological quality, as well as 
an improvement in the cheese's physicochemical and sensory characteristics. The physicochemical properties 
improved as well as its quality and sensory properties. During ripening, the cheese's microbiological quality improved 
as well. Pasteurization of milk and the addition of starter culture for the manufacture of mudaffara cheese should 
therefore be encouraged in order to improve the quality of mudaffara cheese and ensure that the use of starter culture 
in the production of handmade white cheese is a safe product. 
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