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Abstract 

This study was conducted to determine the effect of heat treatment of milk on the physicochemical, microbiological, and 
sensory characteristics of white cheese (Gibna bayda).  The cheese was made from raw warmed (45 °C) milk (T1) and 
heat-treated (72 °C/1 min) milk (T2) to which the starter culture (2% w/w), sodium chloride (2% w/w) and CaCl2 
(0.02% w/w) were added. After manufacture, cheese was preserved at 5 °C for 45 days and subjected to 
physicochemical, microbiological, and sensory analysis.  The results revealed that T2 had longer coagulation time (75.5 
min) and higher cheese yield (17.1 kg/100 L) compared to T1.  Fat (25.28%), moisture (55.70%), and ash (6.40%) 
contents were higher in T1, while protein (18.51%), total solids (47.49%) contents, and acidity (0.56%) were high in 
T2.  Total viable bacteria [TVB] (log10 6.64 cfu/gm), Staphylococcus aureus (log10 1.88 cfu/gm) and yeasts and moulds 
(log10 5.53 cfu/gm) counts were high in T1, while Escherichia coli count was log10 <1.0 cfu/gm in both treatments.  T1 
scored better in taste (2.43), body (2.26), and overall acceptability (2.79), while T2 scored better in colour (3.44), 
flavour (2.79), and T2 cheese was slightly salty (1.45) than T1 cheese. The study concluded that heat treatment of milk 
improved some physicochemical and sensory characteristics of cheese, and heat-treated milk cheese was safer for 
human consumption than raw milk cheese.  
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1. Introduction

Cheese is the ripened or unripened soft, semi-hard, hard, or extra-hard product, in which the whey protein/casein ratio 
does not exceed that of milk, obtained by coagulating fully or partially the protein of milk, skimmed milk, partly skimmed 
milk, cream, whey cream or buttermilk, or a combination of these materials [1].  Cheese is one of the most common milk 
products produced by raw or pasteurized milk [2], and cheese making is the main method of preservation of milk in 
Sudan, especially during the rainy season when plenty of milk is available [3].    

White cheese is the major cheese in Sudan [4], and it varies in composition, texture, colour, taste, and flavour due to 
milk composition, production methods, microbial flora, packaging type and microbial activity during the ripening [5].  
It is unique among cheese varieties in its high concentration of table salt which is added to the milk before processing, 
with no starter culture added and only natural lactic acid bacteria of the raw milk carry the fermentation process 
required for cheese maturation [6, 7].   

Heat treatment has become the most important part of milk processing representing the common practice of inhibiting 
the microbial growth in milk [8]. Despite developments in alternative technologies such as high-pressure processing 
and pulsed electric field technology for the destruction of microorganisms, heat treatment remains the method of choice 
in the dairy sector [9]. Heat-treated milk at higher temperatures shows longer coagulation times and forms weaker and 
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finer curd that retains more water, and these effects arise from the formation of complexes between denatured whey 
proteins and micellar 𝜅-casein, leading to alteration of the surface characteristics and interactions of casein micelles 
[10].  Heat treatment of milk before cheese-making is not only an effective way of preventing the harmful effect of 
microorganisms but also causes changes in physicochemical properties of milk components which eventually lead to 
variations in the quality characteristics of cheese [11]. Compositional properties such as ash, acidity, and protein of the 
white cheeses are significantly affected by the heat treatment of milk, while fat content was not affected [12].   

The sensory quality of the cheese is influenced by a heat treatment that induces changes in the physicochemical 
properties of milk components [11].  It is important to investigate the possibility of improving the properties of 
Sudanese white cheese, by changing the manufacturing processes through the introduction of pasteurization and the 
use of starter cultures.  Hence, this study was conducted to study the effect of the heat treatment of milk on the 
physicochemical, microbiological, and sensory characteristics of white cheese (Gibna bayda).  

2. Material and methods 

2.1. Materials 

Fresh raw cow milk was obtained from Sudan University farm at Kuku, Khartoum North, Sudan. Rennet powder and 
DVS starter culture (1:1 combination of Lactobacillus bulgaricus and Streptococcus thermophilus) were obtained from 
Chris Hansen’s Laboratory (Denmark) and salt was purchased from the local market. 

2.2. Cheese manufacture 

Two treatments were prepared as follows: In the first treatment, the milk was only warmed to 45 °C [T1], while in the 
second treatment, the milk was heat-treated (72 °C /1 min) followed by cooling to 45 °C [T2].   The starter culture (2% 
w/w), sodium chloride (2% w/w) and CaCl2 (0.02% w/w) were added to both treatments.  The milk was left 
undisturbed for 30 min to develop acidity, then the temperature was adjusted to 40 °C, followed by the addition of 
rennet (1.3 g/50 L milk).  Milk was stirred for 5 min and left to develop a curd, and after coagulation, the curd was cut 
by a sterile stainless-steel knife and left for 5 min for whey separation, the whey was then collected for further use in 
preservation.  The curd was transferred into clean wooden moulds lined with a clean sterile cloth and pressed overnight 
(1 kg weight).  The next day, the curd was cut into cubes (2.5×2.5×2.5 cm), weighed and preserved in the heat-treated 
(72 °C/1 min) salted (2% w/w) whey for 24 h.  The cheese was then stored without whey at 5 °C for 45 days, and 
subjected to physicochemical, microbiological, and sensory analysis. 

2.3. Physicochemical analysis 

The fat content was determined by the Gerber method [13], while the protein content was determined by the Kjeldahl 
method [13] as nitrogen content, then the protein content was calculated as follows:  

Nitrogen (%) =     
T × 0.1 × 0.014 × 20× 100   

Weight of sample
 

Protein (%) =     Nitrogen (%) × 6.38 

Where: 

T = Titration figure (ml) 

0.1 = Normality of HCl 

0.014      = Atomic weight of nitrogen /1000 

20           = Dilution factor 

The total solids content was determined according to the modified method of AOAC [13] by forced air oven drying at 
100 °C for 3 h followed by cooling and weighing, and the weight of the sample after drying was divided by the weight of 
the original sample followed by multiplying by 100. The ash content was determined by incinerating the sample in a 
muffle furnace at 550 °C for 2 h followed by cooling and weighing, and the weight of the material left after incineration 
of the organic matter was then divided by the weight of the original sample and multiplied by 100 to get the ash content 
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[13].  The titratable acidity was determined by titrating the sample using 0.1N NaOH and the titration figure was divided 
by the weight of the original sample followed by multiplication by 4 to get the titratable acidity [13]. 

2.4. Microbiological examination 

2.4.1. Preparation of samples 

Eleven grams were weighed aseptically in a sterile blender jar, and 99 ml of sterile peptone water were added and 
blended for 2 min to make 10-1 dilution. Tenfold dilution was made up to 10-8 using a sterile peptone water [14]. 

2.4.2. Total viable bacterial count [TVBC] 

Plate count agar medium (Himedia) was used for the enumeration of total viable bacteria [15].  Sample decimal dilution 
(1 ml) was transferred into Petri dishes in duplicate followed by the addition of 18-20 ml melted and cooled medium 
(45 °C), mixed thoroughly by rotating the dishes firstly in one direction and then in the opposite direction. The 
inoculated plates were incubated at 37 °C for 48 h. Colonies of each plate were counted with a colony counter and TVBC 
was calculated as colony-forming units per gram of the sample (cfu/gm). 

2.4.3. S. aureus count 

Mannitol salt agar medium (Micro master) was used for the enumeration of S. aureus.  Sample decimal dilutions (0.1 
ml) were transferred onto a pre-solidified medium and spread plated using a sterile glass rod. The plates were incubated 
in an inverted position at 37 °C for 48 h.  Bright yellow colonies were recognized as S. aureus. Colonies were counted 
with a colony counter and regarded as colony-forming units per gram of the sample (cfu/gm) [16].    

2.4.4. E. 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 [17]. Positive MacConkey broth tubes in total coliform 
counts were gently agitated and one loopful from each tube was transferred to a tube of BGB broth and another loopful 
to a tube of peptone water.  Both tubes were incubated at 44.5 °C for 24-48 h, after which 0.2 ml of Kovac’s reagent was 
added, shaken and left to stand for 10 min for indole production.  Tubes of BGB broth were examined for turbidity and 
gas production in Durham tubes.  Positive results were indicated for the presence of E. coli and used for further 
confirmation by streaking a loopful from each tube on Eosin methylene blue agar (EMB) for identification of colonies 
which show a nucleated dark center with or without metallic sheen which are characteristic features of E. coli in the 
medium. The isolates were further characterized by biochemical tests according to Barrow and Feltham [18]. Special 
attention was paid to the pattern of reactions of the organism in IMVIC tests.  E. coli most probable number per ml of 
sample was calculated from the number of positive tubes of BGB broth and peptone water.  

2.4.5. Yeasts and moulds count 

Yeast extract agar medium (Biomark) was used for the enumeration of yeasts and moulds.  Sample decimal dilutions 
(0.1 ml) were transferred onto a pre-solidified medium and spread plated using a sterile glass rod [19].  The plates were 
incubated at 25 °C for 5 days. Yeasts and moulds colonies were counted by a colony counter and recorded as colony-
forming units per gram of the sample (cfu/gm) [23]. 

2.5. Sensory evaluation 

A panel of ten untrained panelists were chosen and asked to judge on the quality of cheese (colour, flavour, body, taste, 
saltiness and overall acceptability) using an evaluation sheet, where colour ranged from 1= not acceptable to 4 = 
acceptable; flavour 1 = bland to 4 = extremely intense; taste 1 = absent to 4 = excessive acid; body 1 = smooth to 4 = 
pasty; saltiness 1=  moderate to 4 = too salty; overall acceptability 1 = unacceptable to 4 = acceptable [20]. 

2.6. Statistical analysis 

The statistical analyses were performed using the Statistical Analysis Systems (SAS, ver. 9).  Completely Randomized 
Design (CRD) was used to determine the effect of heat treatment of milk on the physicochemical, microbiological, and 
sensory characteristics of cheese.  Mean separation was carried out using Duncan multiple range tests (P≤0.05). 
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3. Results and discussion 

3.1. Physicochemical characteristics of cheese milk 

The physicochemical characteristics of raw milk were 5.2%, 3.62%, 13%, 0.7% and 0.2% for fat, protein, total solids, 
ash contents, and acidity, respectively.   

3.2. Effect of heat treatment of milk on the coagulation time and cheese yield  

Coagulation time was 45 min, and 75.5 min for T1 and T2, respectively, while cheese yield was 12.1 kg/100 L and 17.1 
kg/100 L for T1 and T2, respectively (Table 1). Cheese yield is influenced by cheese-making processes such as cold 
storage of milk, heat treatment, standardization, coagulation, curd cutting and cooking, draining, pressing, and salting 
or ripening [21].  The result of coagulation time is consistent with Singh and Waungana [22] who found that milk heat-
treated at higher temperatures shows longer coagulation times and forms weaker and finer curd that retains more 
water, and these effects are considered to arise mainly from the formation of complexes between denatured whey 
proteins and micellar 𝜅-casein, which subsequently modifies the surface characteristics and interactions of casein 
micelles [22]. Ismail et al. [23] reported that heating cow’s and buffaloe’s milk to 85 °C/15 sec increased rennet 
coagulation time and decreased curd tension and syneresis values.  The result of cheese yield is consistent with that of 
Aly and Galal [24] who noticed that the highest cheese yield was obtained in pasteurized milk cheese.  This may be 
attributed to the effect of pasteurization on κ-casein forming a complex with β-lactoglobulin increasing clotting time 
and subsequent cheese yield [25].   

Table 1 Effect of heat treatment of cheese milk on the coagulation time and yield of white cheese.  

Treatment Coagulation time (min) Cheese yield (kg/100 L) 

T1  45 12.1 

T2  75.5 17.1 

      T1 = Raw milk cheese; T2 = Heat-treated milk cheese 
 

3.3. Effect of heat treatment of milk on the physicochemical characteristics of white cheese 

Physicochemical characteristics of white cheese as affected by heat treatment of milk are presented in Table 2.  Total 
solids and moisture contents were significantly (P<0.001) affected by heat treatment of milk, while fat, protein, ash 
contents, and acidity were not.  The total solids content was significantly higher (47.49%) in T2 cheese compared to T1 
cheese (44.28%).  The results of protein, ash contents and acidity are in agreement with the findings of Mohamed and 
El Zubeir [26], while the results of total solids and fat contents are not. The result of total solids content is in line with 
Zeng et al. [27] and ElZubeir and Hashim [28] who found the higher total solids content being in heat-treated milk 
cheese.  This could be due to the heat treatment of milk preventing losses of milk solids during storage [29].  Moisture 
content was significantly higher (55.70%) in T1 cheese, and this result is in disagreement with that of Aly and Galal [24] 
who found that heat-treated and pasteurized milk cheeses revealed higher moisture than raw milk cheese. The ash 
content was insignificantly higher (6.40%) in T1 cheese, a result which is consistent with the results of Abdalla and 
Ahmed [12] and Ocak et al. [30] who found that the ash content of raw milk cheese was higher than heat-treated milk 
cheese.  Although the fat content was not significantly (P>0.05) affected by the heat treatment of milk, the slightly higher 
content was in T1 cheese (25.28%).  These results are in line with the findings of Abdalla and Ahmed [12] and Lau et al. 
[31] who reported that pasteurization has no effect on the recovery of fat in cheese, and in agreement with Aly and Galal 
[24] who reported that the fat content was slightly lower in heat- treated and pasteurized milk cheeses than in raw milk 
cheese.   
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Table 2 Effect of heat treatment of milk on the physicochemical characteristics of white cheese (Gibna bayda). 

Physiochemical 
characteristics (%) 

Type of cheese 
SE SL 

T1 T2 

Fat  25.28a 24.30a 0.360 NS 

Protein  18.21a 18.51a 0.565 NS 

Total solids 44.28b 47.49a 0.584 *** 

Moisture  55.70a 53.44b 0.570 *** 

Ash  6.40a 6.33a 0.172 NS 

Acidity  0.55a 0.56a 0.004 NS 

Means in the same 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 

 
Protein content was not significantly (P>0.05) affected by heat treatment, although higher content (18.51%) was 
reported in T2 cheese.  Similar results were reported by Abdalla and Ahmed [12] and Ocak et al. [30].  Acidity was not 
significantly (P>0.05) affected by heat treatment, although the slightly higher value (0.56%) was in T2 cheese. Warsama 
et al. [32] reported that the possibility of improving the properties of Sudanese white cheese, particularly through 
modifications of the manufacturing processes such as the introduction of pasteurization and the use of starter cultures, 
need to be examined, and that the compositional properties such as ash, acidity, and protein of the white cheeses were 
significantly affected by heat treatment of milk, while fat content was not [12]. Fajardo et al. [33] reported no significant 
differences in the physicochemical properties (pH, acidity, humidity, protein, fat) of cheese manufactured from 
pasteurized milk with Lactococcus lactis and Lactococcus cremoris compared with the traditionally manufactured 
Costeño cheese (control). 

3.4. Effect of heat treatment of milk on the microbiological characteristics of white cheese                                         

Microbiological characteristics (log10 cfu/gm) of white cheese as affected by heat treatment of milk is presented in Table 
3.  S. aureus and yeasts and moulds counts were significantly (P<0.001) affected by heat treatment of cheese milk being 
high in T1 cheese (log10 1.88 cfu/gm, and log10 5.53 cfu/gm, respectively), while TVB and E. coli counts were not, 
although the slightly high count of TVB was in T1 (log10 6.64 cfu/gm), and E. coli count was log10 <1.0 cfu/gm for T1 and 
T2.   The high microbial content of soft white cheese reflects the poor hygienic conditions during cheese production, 
lack of cooling and heat treatment, while the contamination of cheese with S. aureus suggests inadequate care during 
processing, and such foods certainly pose a danger to consumers [34].  This result is in agreement with Johnson et al. 
[35] who found that the heat treatment at 68 °C significantly reduced S. aureus count.  The result of TVBC is in line with 
Hadi-Sulieman [36] who reported that Jibna Beyda made from raw milk was high in TVBC compared to that made from 
heat-treated milk.  E. coli count was not significantly (P>0.05) affected by heat treatment.  The appearance of E. coli in 
heat-treated milk cheese could be due to contamination during the processing of cheese or post pasteurization 
contamination [37].  The results of yeasts and moulds count are in line with the results of Aly and Galal [24] who found 
that moulds and yeasts count was significantly (P<0.01) higher in cheese made from raw milk in comparison with the 
heat-treated milk cheese.   Heikal et al. [38] analyzed 150 samples of traditional white cheese made from raw milk, and 
reported high microbial counts of log10 6.80 cfu/gm, log10 4.41 cfu/gm and log10 4.37 cfu/gm for total aerobes, coliforms, 
and staphylococci, respectively, while E. coli, Salmonella spp. and S. aureus were found in 26.7%, 6.7%, and 6.7% of 
examined samples, respectively.  Therefore, they suggested that the raw milk and the equipment were the potential 
sources of contamination during cheese manufacture.  However, pasteurized milk cheese samples collected from 
different processing plants located in Western Ae-gean region of Turkey were reported to contain log10 9.43 cfu/gm and 
log10 4.87 cfu/gm for TVB and S. aureus counts, respectively, while E. coli and L. monocytogenes were determined in 
26.6% of the samples [37].  Mohamed and El Zubeir [26] outlined that there was highly significant (P≤0.01) differences 
in S. aureus and coliform bacteria counts in cheese samples collected from traditional (13; 65%) and modern dairy 
plants (0%), while yeasts and moulds were not detected in cheese samples from both processors, therefore, they 
concluded that Sudanese white cheese produced in modern dairy factories is safer than that produced traditionally. 
Pasteurized milk cheese samples had significantly lower levels of enterococci and enterobacteria than raw milk cheese  
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Table 3 Effect of heat treatment of milk on the microbiological characteristics (log10 cfu/gm) of white cheese (Gibna 
bayda). 

Microbiological 
characteristics 

Type of cheese 
SE SL 

T1 T2 

TVB 6.64a 6.61a 0.005 NS 

S. aureus  1.88a 0.76b 0.122 *** 

E. coli  <0.10a <0.10a 0.115 NS 

Yeasts and moulds  5.53a 4.85b 0.114 *** 

Means in the same 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 

 

samples, while yeasts grew at similar levels during the storage at 4 ⁰C, and all cheese samples were free of Salmonella 
and Listeria monocytogenes [39].  Coagulase-positive staphylococci exceeded the 5-log safety threshold in fresh raw milk 
cheese samples, whereas they were suppressed in all pasteurized milk cheese samples [39].  Pyz-Łukasik et al. [40] 
reported that the levels of coliform bacteria, E. coli, and coagulase-positive Staphylococcus in the traditional short and 
long-ripened cheeses made with raw and pasteurized cow’s milk indicated insufficient hygiene procedures during the 
production and that the cheeses did not comply with the criteria for food safety and hygiene according to the legislation. 

3.5. Effect of heat treatment of milk on the sensory characteristics of white cheese 

Sensory characteristics of white cheese as affected by the heat treatment of milk are presented in Table 4.  The colour 
(3.44) and flavour (2.79) scores were significantly higher in T2 cheese, while the overall acceptability (2.79) score was 
significantly (P<0.01) higher  in T1 cheese, and taste (2.43) and body (2.26) scores were not significantly affected, 
although the higher scores were in T1 cheese, and T2 cheese was slightly (1.45) salty although the difference was not 
significant.  The result of the body is in disagreement with that of El Zubeir and Hashim [28] who found that the heat-
treated milk cheese received a higher score for texture in comparison with raw cheese milk.   

Table 4 Effect of heat treatment of milk on the sensory characteristics of white cheese (Gibna bayda). 

Sensory  

characteristics  

Type of cheese 
SE SL 

T1 T2 

Colour  3.16b 3.44a 0.005 *** 

Flavour   2.53b 2.79a 0.006 ** 

Taste  2.43a 2.30a 0.006 NS 

Body   2.26a 2.18a 0.007 NS 

Saltiness   1.44a 1.45a 0.004 NS 

Overall acceptability  2.79a 2.48b 0.007 ** 

Means in the same row bearing similar superscripts are not significantly different (P>0.05) 
*** = P<0.001; **   = P<0.01; NS = Not significant; SL = Significance level; SE = Standard error of means 

 

The result of colour is in line with Frau et al. [10] who found that cheese made with pasteurized milk at 75° C had a 
higher score in visual appearance.  The result of flavour is in agreement with Gosh and Singh [41] who found that cheese 
produced from pasteurized milk had a better flavour than that produced from raw milk.  The taste score was not 
significantly affected by the heat treatment of cheese milk.   Cheese made from raw milk scored much higher in flavour 
compared to thermized and pasteurized milk cheeses, while thermized and pasteurized milk cheeses were 
characterized by a more compact body and smoother texture [42].  Aroma scores of raw and heat‐treated milk cheeses 
made with starter were not significantly different, and the panelists scored cheeses made from raw milk without starter 
as the best in body and texture [43].  Sensorial analysis of Costeño cheese showed a greater preference (P<0.05) in 
cheese manufactured pasteurized milk with Lactococcus lactis and Lactococcus cremoris compared to other types [33]. 
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4. Conclusion 

Heat treatment of milk positively affected the coagulation time and yield of cheese, while the protein, total solids 
content, and acidity were improved by the heat treatment of milk.  The microbiological characteristics of cheese were 
improved by heating milk for cheese making since the counts of TVB, S. aureus, and yeasts and moulds significantly 
reduced in cheese made by heat-treated milk and the E. coli count was reduced to log10 <1.0 cfu/gm. Heat treatment of 
milk improved the sensory properties of cheese except for overall acceptability.  Therefore, milk heat treatment for 
making white cheese leads to a safer product with better quality from a physicochemical and sensory point of view.  
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