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ABSTRACT 
This study was aimed  to investigate the potential of cellulose gum as a substitute for fat in Mozzarella 

cheese production and evaluate its impact on the cheese's physicochemical, rheological, and sensory 

properties. Cellulose gum was added in different ratios of 0.1, 0.2, 0.3, 0.4, and 0.5%, revealing 

treatments  A1, A2, A3, A4, and A5 to skimmed milk, respectively. As well as the positive control 

treatment C+ manufactured from whole milk, there is a negative control treatment C- made from 

skimmed milk without cellulose gum. After processing, several tests were conducted to determine the 

quality of the product. Chemical tests were carried out to measure moisture, protein, fat, lactose, and 

ash  and total acidity  percentage. Physical tests were also conducted, including, pH, compression, and 

elasticity measurements. In addition, sensory evaluations were conducted immediately and after 120 

days of storage at (5 ± 1) º C. The results revealed that the cellulose gum treatments contained a higher 

moisture content than C+ and C- recorded at 48.13 and 50.40 %, respectively. In comparison, it varied 

from 56.85 to 55.00 % for cellulose gum treatments A2 (the best treatment in sensory properties). 

During 120 days of storage at (5±1)ºC, all treatment values significantly reduced moisture content. Fat 

content increased significantly in all cellulose gum-treated skimmed milk, while lactose percentage 

remained constant across all treatments. Adding cellulose gum to cheese production improved its 

rheological test results for compression and elasticity compared to the control group. Also, adding 

cellulose gum enhanced cheese yield and improved the sensory properties of low-fat Mozzarella 

cheese. 

Keywords: flexibility , cheese yield, melting test ,total acidity. 

 
 لفتة                                                                                            2107-2094(:6(55: 2024 -مجلة العلوم الزراعية العراقية

 والحسية لجبن الموزاريلا قليل الدسم الفيزيوكيميائية والريولوجيةاستخدام صمغ السليلوز في تحسين الخواص 
 شيماء سعدي لفتة   

 استاذ مساعد
 جامعة بغداد -كلية علوم الهندسة الزراعية  - قسم علوم الأغذية 

 المستخلص
الخواص الفيزيائية  فيودراسة  تأثيره  جبن الموزريلالدهون في إنتاج عن ا بديلاإمكانية استخدام صمغ السليلوز  التحري عنهدفت هذه الدراسة إلى 

، A1 ،A2٪، متمثل  بالمعاملات 0.5، و 0.4، 0.3، 0.2، 0.1والكيميائية والريولوجية  والحسية للجبن. تمت إضافة صمغ السليلوز بنسب مختلفة 
A3 ،A4 و ،A5 الموجبةزوع الدسم، على التوالي. بالإضافة إلى معاملة السيطرة للحليب من +C  المصنعة من الحليب كامل الدسم، وكذلك معاملة

لتحديد الفحوص ، تم إجراء العديد من المعاملة بصمغ السليلوزالمصنوعة من الحليب منزوع الدسم بدون صمغ السليلوز. بعد  C- البةالسيطرة الس
 الفحوص. كما تم إجراء والحموضة الكلية  الكيميائية لقياس نسبة الرطوبة والبروتين والدهون واللاكتوز والرماد لفحوصا أجريتجودة المنتج. 

يوماً من التخزين  120وبعد  مباشرةالحسية الفحوص  كما أجريتوالمرونة.  الأنضغاطو  والأس الهايدروجينيقياس الحموضة الكلية ب المتمثلةالفيزيائية، 
 كانت أذ Cــو C+صمغ السليلوز تحتوي على نسبة رطوبة أعلى من المضاف لها معاملات ال. وأظهرت النتائج أن  Oم( 1±  5عند درجة حرارة )

وقد تبين أن  % 55.00إلى  56.85فقد تراوحت من مع المعاملات  المصنعه بأضافة صمغ السليلوز   بالمقارنة  ،% على التوالي50.40و 48.13
محتوى الرطوبة بشكل أنخفاض تبين ،  Oم( 1±5يوما من التخزين عند ) 120)أفضل معاملة في الخواص الحسية(. خلال  A2صمغ السليلوز  معاملة
بصمغ السليلوز، في حين  ة الدسم المعامل ةمنزوع المعاملات. ارتفعت نسبة الدهن بشكل ملحوظ في جميع أنواع لجميع العينات خلال الخزن  ملحوظ

 مثل الأنضغاط ةالريولوجي الفحوص إنتاج الجبن إلى تحسين نتائج  فيظلت نسبة اللاكتوز ثابتة في جميع المعاملات. أدت إضافة صمغ السليلوز 
 الحسية لجبن الموزاريلا قليل الدسم. صفاتلالجبن وتحسين ا تصافي. كما أن إضافة صمغ السليلوز أدى إلى تحسين سيطرةلوالمرونة مقارنة بمجموعة ا

 .، الحموضة الكليةنقطة الذوبان ، تصافي الجبن ، المرونةالكلمات الأفتتاحية : 
Received:12/10/2023, Accepted:24/1/2024 
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INTRODUCTION 

Today's global markets tend to meet consumer 

desires to provide functional foods with health 

benefits (18,26). The consumer has become 

more aware of the link between diet and 

healthy food, so the demand has increased for 

the manufacture of functional foods that use 

natural alternatives to provide a specific health 

benefit (33,34). The positive impact of 

functional foods encourages food 

manufacturers to develop new products that 

possess healthy properties, which made them 

face the challenge of determining the type of 

these alternatives, as well as the nutritional 

value they possess and their efficiency in 

providing products that possess good 

functional qualities (13,35,41). Fat plays a 

significant role in food and highlights flavor, 

texture quality, and cohesion. Reducing or 

removing the fat percentage while maintaining 

sensory quality and texture is food producers' 

biggest challenge (18,19). Research papers 

have shown that removing fat from dairy 

products can has a negative impact on their 

texture (16,21,22). Thus, modern studies have 

inclined to add specific substances as 

substitutes for fats, named Fat mimetics, that 

work to develop the product's rheological 

properties. Fat substitutes have a different 

chemical composition than fats, but share 

similar physical characteristics. These 

substitutes are added to food products to give 

them a creamy taste, a soft texture in the 

mouth, and a viscosity that matches the quality 

of the manufactured product. (27). Grains are 

composed of both soluble and insoluble fiber 

varieties. Oats, barley contain a high 

percentage of insoluble fiber, such as cellulose 

gum, which are Hydrophilic colloids with high 

viscosity that ferment in the intestine by 

intestinal flora. Therefore, they are used as 

sound sources for producing functional foods 

that are free of fat (12,22). Dietary fiber and 

the cellulose it contains, which is characterized 

by its great ability to act as prebiotic, increase 

bodily immunity, reduce cholesterol and blood 

sugar(28), in addition to its effects in reducing 

weight and reducing the incidence of cancer, 

pointed to the use of fats in some food 

products. Furthermore, (19) used Gum Arabic 

to improve the texture of yogurt, and enzymes 

were used as fat substitutes, such as the 

transglutaminase enzyme, to improve the taste, 

flavor, and texture of the drinking yogurt to 

which it was added. Given modern trends in 

the use of fat substitutes in the dairy 

manufacturing and the good functional 

properties they possess in addition to their 

nutritional properties, as some of them contain 

high percentages of biologically active 

compounds, furthermore to their effective role 

in reducing energy, enhancing the immune 

system, reducing cholesterol (26), and 

improving texture of many dairy products that 

are free or low-fat. Therefore, many recent 

studies have been performed on manufacturing 

different low-fat cheeses, such as mozzarella, 

cheddar, kashkaval, and edamame (19). 

Because dairy products made from whole milk 

affect the health of the consumer while 

removing fat affects the texture and 

consistency of these products. Accordingly, 

the current study aimed to use fat substitutes 

represented by cellulose gum, demonstrate the 

effect of using them as fat substitutes when 

manufacturing fat-free mozzarella cheese and 

then examine their effect on processed cheese's 

physicochemical and rheological properties. 

MATERIALS AND METHODS 

The positive control treatment C+ for 

manufacturing mozzarella cheese involves 

using raw cow's milk, a full-fat mixture. While 

the skimmed cow's milk  used in the cheese 

manufacture refers to negative control 

treatment C-. In comparison, Cellulose gum was 

added in different ratios of 0.1, 0.2, 0.3, 0.4, and 

0.5%, revealing treatments  A1, A2, A3, A4, and A5 

to skimmed milk, respectively, were prepared 

from the dairy factory - College of 

Agricultural Engineering Sciences - University 

of Baghdad. As for the microbial rennet used 

in Cheese manufacturing was produced by the 

Danish Chris Hansen Company. The cellulose 

gum has a molecular weight 700000 Daltons 

and it was produced by the Fooding Company. 

Manufacture of mozzarella cheese 

Mozzarella cheese was made according to 

(26), where bulk quantities of raw cow's milk 

were obtained from the dairy factory - the 

College of Agricultural Engineering Sciences - 

University of Baghdad. Then, the milk was 

divided into two parts; the first part was 

untreated to cheese manufacturing (the 

positive control treatment C+). The other part 

was subjected to a skim process and divided 

into two parts; The first part was left without 
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any treatment to manufacture (the negative 

control cheese treatment C-). As for the second 

part, the fat substitute, represented by cellulose 

gum powder, was added to it in proportions of 

0.1, 0.2, 0.3, 0.4, and 0.5%, represented by 

treatments A1, A2, A3, A4, and A5, respectively. 

The homogenization process was carried out 

for the milk of the treatments, and it was 

pasteurized at a temperature of 63°C for 30 

minutes, then refrigerated to 25°C. Citric acid 

was added until a pH of 5.3 was reached. The 

temperature was slowly increased, and the 

Danish Chris Hansen company's microbial 

rennet (chymosin) was added. It was first 

dissolved with distilled water, following the 

production company's instructions. The 

mixture was left to settle for half an hour until 

coagulation occurred. The curd was cut both 

lengthwise and crosswise, then left 

undisturbed for 5 minutes. After that, 

temperature was raised gradually with slow 

stirring until a temperature of 48-49°C was 

reached. The curd was collected, formed into a 

ball, and then placed in water at 9-11°C. Then, 

the cheese was salted with a 15% brine 

solution for ten hours, and stored in the 

refrigerator at a temperature of 5±1°C in air-

tight bags, Finally, a portion of it was taken to 

conduct the necessary tests after 1, 30, 60, 90, 

and 120 days of storage. 

Chemical tests for mozzarella cheese  
The moisture percentage, ash, total acidity, 

and pH in the cheese were estimated according 

to the method mentioned in (32), and the fat 

percentage according to what was mentioned 

in (10, 31). 

The concentration of lactose in mozzarella 

cheese samples was estimated according to 

(1,20,33). 

Physical tests for mozzarella 

Compression test 

The study estimated the compressive force 

cheese models can withstand using a Uniaxial 

compression device, which measures in small 

parts of Newton units according to the method 

mentioned by (5,39) with some modifications. 

It was the device features a cylinder that has a 

diameter of 49 mm, The cheese sample was 

cut into a cylinder shape measuring 2.4cm in 

diameter and 1.6cm in height at a temperature 

of 6°C. It was placed in a tightly closed 

container to prevent moisture loss from the 

sample, then it was stored at room temperature 

for four hours. It was placed in the device, and 

pressure was applied by lowering the non-axial 

compressor on it at a speed of 50 mm/min 

until the sample was destroyed, the reading 

was recorded in Newton Units. 

Flexibility test 

The flexibility of the cheese models was 

estimated using the method of weights of 

known weight by placing the cheese sample on 

the support of the measurement corresponding 

to the scale, placing weights with fixed 

weights on it, and calculating the compression 

distance at which the descent stops and the 

time required for that. Then, the weights are 

removed, and the time required for the test 

sample to restore its initial state is calculated 

before the pressure (26). 

Elongation test:  

The elongation ability of cheese samples was 

measured after they were cut into 10 x 10 mm 

to suit the work of the device. As for 

measuring the ability of cheese samples to 

elongate, a sample was taken, and the samples 

were cut with a sharp, hollow tool to obtain 

samples in the shape of a cylinder and 

measuring 30 x 10. mm, the sample was fixed 

to the device and the metal base so that the 

elasticity was measured with the device, and 

pressure was applied to it to measure the 

extent of the sample's resistance to elongation 

(6,26). 

Melting test 

This test was conducted according to (24). A 

cheese sample with a diameter of 10 mm and a 

thickness of 10 mm was placed in the oven at a 

temperature of 90.6°C for 3 minutes, and the 

diameter rate was measured. 

Cheese yield: 

The yield percentage was calculated by 

dividing the mass of produced cheese by the 

milk weight used (24), as in the following 

equation: 

(%)𝐘𝐢𝐞𝐥𝐝 =
𝐂𝐡𝐞𝐞𝐬𝐞 𝐰𝐞𝐢𝐠𝐡𝐭 

𝐖𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐦𝐢𝐥𝐤 𝐮𝐬𝐞𝐝
× 𝟏𝟎𝟎 

 Sensory evaluation of cheese:     

Sensory tests of mozzarella cheese samples 

were accomplished in the Food Sciences 

Department - College of Agricultural 

Engineering Sciences - University of Baghdad 

by 10 specialized professors about  according 

to what was stated in the sensory evaluation 

form used by (30). 
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Statistical Analysis                                        
The Statistical Analysis System- SAS (37), 

program was used to detect the effect of 

difference factors in study parameters. Least 

significant difference –LSD test (Analysis of 

Variation-ANOVA) was used to significant 

compare between means in this study. 

RESULTS AND DISCUSSION 

The overall composition of cheese 

Moisture: Table (1) shows the moisture 

percentage results for the mozzarella cheese 

treatments of the treatment C+ and the cheese 

of the negative control treatment C-. However, 

the cheese of the treatments made from 

skimmed milk and cellulose gum was added to 

it in proportions of 0.1, 0.2, 0.3, 0.4, and 0.5%, 

represented by treatments A1, A2, A3, A4, and 

A5, respectively. The treatment that was 

sensory superior to the rest of the treatments 

was chosen, represented by treatment A2 and 

all tests for this treatment were followed up 

throughout the storage period. The moisture 

values  directly after manufacturing for 

treatments C+ and C
 ـ
were 48.13 and 50.40%, 

respectively, while their values for the 

treatment A2 was added were 56.85%. 

Furthermore, it is observed from the table that 

there are differences between the moisture 

percentage of the C+ treatment cheese and the 

cheese of the treatment containing cellulose 

gum, as it is noted that the moisture 

percentages are higher in the latter and a 

decrease in the moisture percentage for all 

treatments with storage, as after 120 days for 

the C+ and C- treatments it was  46.40 and 

48.10 %, respectively, for the treatment with 

55.00% cellulose gum added. This supports 

the results of (4,6) that the moisture content of 

soft cheese decreases over time during storage 

Protein: Table (1) shows the protein 

percentage results for the previously 

mentioned mozzarella cheese treatments, 

where it was 26.4 and 29.70%, respectively, 

immediately after manufacturing for treatment 

C+ and C-. The statistical analysis shows 

significant differences (P<0.05) between the 

C+ treatment and treatments with cellulose 

gum If protein percentage for the treatment 

containing cellulose gum immediately after 

manufacturing reached 20.2%. An increase in 

the protein percentage is observed through 

storage for all treatments. After 120 days, it 

was, 27.4% and 32% for treatments C+ and C- 

As for the treatment containing cellulose gum, 

it was 21.9 %, respectively. The protein 

percentage increases during production 

company's in structionsoisture percentage, 

which increases the total solid’s percentage, 

including protein. The results are consistent 

with what was found by (7,38), which 

indicated an increase in the protein percentage 

in the cheese of the C-, as protein becomes 

dominant and, formed into a ball, because of 

acidity and percentage of total solids in the 

absence of fat. 

Fat: The fat percentage results in the different 

mozzarella cheese treatments are listed in 

Table 1. The fat percentage for treatments C+ 

and C- was 19.60 and 2.9%. The table also 

shows a significant difference (P < 0.05) in the 

fat percentage between the C+ , C- treatments 

and the A2 treatment; the percentage instantly 

after manufacturing reached 2.8%. It can be 

noted that the fat percentage increased in all 

treatments and for all storage periods. After 

120 days for the treatments C+ and C-, it was 

20.40 and 3.95%, respectively. For cheese of 

treatment with added cellulose gum, it was 

3.40%, respectively. This is reliable with what 

was found by (3), who pointed an increase in 

the fat percentage during storage and attributed 

it to the whey separation and the decrease in 

moisture, thus to the increase in total solids. 

Lactose: Lactose percentage results for the 

different mozzarella cheese treatments are 

listed in Table 1, as it reached 3.97 and 

15.38% directly after manufacturing for the 

C+ and C- treatments, respectively, The reason 

for the increase in lactose in the C- and the A2 

treatment compared to the C+
 
is due to the 

separation of fat and the increase in moisture 

in the previous two treatments, and thus the 

proportions of the remaining components 

increase., and for the cheese treatment 

containing cellulose gum,it was 17.9%, 

respectively. Statistical analysis shows 

significant differences in the percentage of 

lactose between the C+ and C- treatments and 

the A2. Likewise, a decrease in the lactose 

percentage with storage and for all treatments 

can be noted. After 120 days, it was 3.40, 

14.40%, respectively, for the C+ and C- 

treatments, and for the cheese of the treatment 

A2, it was 16.26%, respectively. The decrease 

in the percentage of lactose sugar during 

storage is attributed to the conversion of some 



Iraqi Journal of Agricultural Sciences –2024:55(6):2094-2107                                                             Lafta 

2098 

of it into lactic acid by the action of lactic acid 

bacteria, or it may be attributed to the loss of it 

occurring during whey separation(26). 

Ash: the ash percentages in the different 

mozzarella cheese treatments are listed in table 

1, which reached 1.90 and 1.62% instantly 

after manufacturing the C+ and C- treatments, 

As for the ash percentages in the cheese of the 

treatment A2 were 2.25%, respectively. It is 

noted that adding cellulose gum to cheese 

increases its ash percentage compared to C+ 

and C- treatments. This is due to the cellulose 

gum effect as a fat substitute, which increases 

the ash content of the cheese (14). It is worth 

noting that the ash percentage increases for all 

treatments during storage, as shown in the 

table. After 120 days, it was 2.40 and 2.00% 

for the C+ and C-
 
treatments, respectively, and 

for the cheese of the treatment with cellulose 

gum added, it was 3.44%. 

pH: Table (1) shows the results of the pH 

values for the different mozzarella cheese 

treatments, where the pH value immediately 

after manufacturing for the C+ and C
ـــ
 

treatments was 5.58 and 5.42, respectively. As 

for the pH value for the cheese treatment A2, it 

was 5.54. According to statistical analysis 

results, there were no significant differences in 

pH values between the cheese treatments. 

During storage, the pH values decreased, 

reaching 5.10 and 4.92 after 120 days for 

treatments C+ and C-, respectively, and for the 

cheese of the treatment with cellulose gum 

added, they were 5.33, respectively. The 

statistical analysis results indicate no 

significant differences within a single 

treatment between the start and the end of the 

storage time for all treatments(15,26). 

Total acidity: Table (1) shows the total 

acidity values (calculated based on lactic acid), 

%, for the different mozzarella cheese 

treatments, reaching 0.53 and 0.63% 

immediately after manufacturing for treatment 

C+ and C-, respectively. As for the cheese of 

the treatment containing cellulose gum, it was 

0.60%. It is also observed that the percentage 

values of restorative acidity increased during 

storage, which after 120 days for the C+ and 

C- treatments were 0.71 and 0.76%, 

respectively, and for the cheese of the 

treatment to which cellulose gum was added, it 

was 0.68%. The reason for this increase at the 

end of the storage stage is due to the 

conversion of part of the lactose sugar into 

lactic acid (20). The statistical analysis results 

shows that there are no significant differences 

in the total acidity values between the first day 

and the last day of storage for C- and A2 

treatments, especially Psychrophilic bacteria 

and different cheese treatments at the end of 

the storage stage. There are also significant 

differences within a single treatment between 

the beginning and the end of the storage period 

for the C+(19,26).  

Table 1. Chemical analysis, pH values, and restorative acidity for mozzarella cheese 

treatments during storage at 5±1°C 

Treatment Age of 

cheese 

(days) 

% Components  

Moisture  Protein  Fat  Ash  Lactose pH Total 

acidity 

C+ 1 48.13 26.40 19.6 1.90 3.97 5.58 0.53 

30 47.6 26.90 19.7 2.00 3.80 5.49 0.62 

60 47.3 27.03 19.81 2.12 3.74 5.34 0.66 

90 46.70 27.60 19.9 2.17 3.63 5.30 0.69 

120 46.40 27.40 20.4 2.40 3.40 5.10 0.71 

C
ـــ
 1 50.40 29.7 2.9 1.62 15.38 5.42 0.63 

30 50.10 30.10 2.95 1.67 15.18 5.40 0.70 

60 49.70 30.4 3.1 1.70 15.10 5.35 0.73 

90 49.50 30.6 3.2 1.78 14.92 5.00 0.75 

120 48.10 32 3.5 2.00 14.40 4.92 0.76 

Mozzarella 

cheese with 

added cellulose 

gum 

A2 

0.2

% 

 

1 56.85 20.2 2.80 2.25 17.90 5.54 0.60 

30 56.6 20.36 2.90 3.00 17.14 5.47 0.63 

60 56.3 20.63 3.00 3.12 16.95 5.43 0.65 

90 55.9 21.3 3.2 3.22 16.38 5.40 0.67 

120 55 21.9 3.4 3.44 16.26 5.33 0.68 

LSD value 5.617 * 4.702 * 4.147 * 1.088 * 4.935 * 0.673 

NS 

0.144 * 

* (P≤0.015). 
*Each number in the table represents an average of three replicates, the positive control treatment C+ manufactured from whole 

milk, negative control treatment C- made from skimmed milk without cellulose gum 
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Sensory evaluation: Table (2) shows the 

sensory evaluation results of cheese samples of 

the different treatments during storage at a 

temperature of (1±5) °C for 120 days. The 

results showed that the scores given to the A2 

treatments with added cellulose gum were 

higher than those of the cheese of  

the C-treatment. An improvement is also noted 

in the sensory properties increased by 

increasing the added percentage of gum to 

reach the best in the treatment with the 

additional percentage 0.2%. This is consistent 

with what was found by (9) regarding the 

deterioration of the sensory properties of low-

fat cheese free of fat substitutes. Furthermore, 

the results are consistent with the findings of 

(4), who observed the superiority of the C+ 

treatment made from whole milk over the C- 

treatment manufactured from skimmed milk. 

The results are also consistent with (38), that 

adding cellulose gum to best results compared 

to the rest of the treatments. It is also noted 

from the results that the scores given to most 

of the studied traits decreased as storage 

progressed. This is consistent with what was 

found by (17) who found that soft cheese’s 

sensory properties gradually decrease as 

storage progresses. The statistical analysis 

results indicate that there are no significant 

differences in the scores given to all traits and 

all treatments on the first day. However, as the 

storage periods progressed, the cheese   

treatments to which cellulose gum was added, 

especially the 0.2% treatment, exceeded all 

treatments in all the studied sensory properties 

Table 2. Sensory evaluation of mozzarella cheese, made from whole milk C+  and  skim 

milk C
ـــ
 treatments, and low-fat cheese treatments containing different percentages of 

cellulose gum during storage at a temperature (5±1) °C for 120 days. 
Treatment Age of 

cheese 

(days) 

Taste and 

flavor 45 

Texture 

35 

Color 10  Bitternes

s 10 

Total score 

out of 100 

C+ 1 41 33 9 9 92 

30 40 32 9 9 90 

60 39 32 9 9 89 

90 39 31 9 9 88 

120 38 31 8 8 83 

C75 9 7 23 36 1   ـــ 

30 34 21 7 7 69 

60 33 20 7 7 67 

90 31 20 7 7 65 

120 29 19 7 7 62 

Mozzarella 

cheese with 

added cellulose 

gum 

A1 

0.1% 

1 38 25 9 9 81 

30 37 24 9 9 79 

60 36 23 8 9 76 

90 36 22 8 9 75 

120 35 21 8 8 72 

A2 

%0.2 

1 43 32 9 9 93 

30 42 31 9 9 91 

60 41 31 9 9 89 

90 40 30 9 9 88 

120 39 29 9 9 86 

A3 

0.3% 

1 41 29 8 9 87 

30 40 27 8 8 83 

60 39 26 8 8 81 

90 37 25 8 8 78 

120 36 24 8 8 76 

A4 

0.4% 

1 39 27 8 9 83 

30 37 25 8 8 78 

60 36 25 8 8 77 

90 35 25 7 8 75 

120 33 24 7 7 71 

A5 

0.5% 

 

1 37 27 7 9 80 

30 36 25 7 8 76 

60 35 24 7 8 74 

90 34 23 7 7 71 

120 33 23 6 7 69 

LSD value 4.219  * 4.077 * 1.834 * 1.659 * 8.952 * 

* (P≤0.015). 

Each number in the table represents an average of three replicates 
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Compensability 

Figures (1, 2, 3) show the hardness test results 

for cheese of the C+ treatment made from 

whole milk, cheese of the C- treatment made 

from skimmed milk, and cheese in treatment 

A2 with 0.2% cellulose gum added throughout 

the storage period of 120 days. The figure 

showed apparent differences in the amount of 

force applied to the cheese samples of the 

different treatments, indicating their hardness 

depending on their chemical composition, the 

type of milk used in their manufacture, and the 

fat substitute material. It is noted that the 

cheese hardness of the C- treatment was higher 

than the cheese hardness of the C+ and  A2 

treatment. The results are consistent with what 

was found by (41) for mozzarella cheese made 

from skimmed milk, whose hardness was 

greater than that of treatments to which fat 

substitutes were added, represented by extra 
polysaccharides. The results are also consistent 

with (8), who found that Al-Dhafair cheese 

made from skimmed milk had a greater 

hardness than treatments cheese to which 

plant-based fat substitutes were added, 

represented by CMC and guar gum, added at a 

rate of 0.25%. In addition to the fact that fat 

particles in low-fat cheese are few in number 

and small in size compared to the fat particles 

in full-fat cheese (40). 

  
Figure 1. The force required to compress samples of cheese produced from whole milk C+ 

during storage at a temperature of (5±1 °C) for a period of 120 days. 

 
Figure 2. The force required to compress samples of cheese produced from skimmed milk C

ـــ
 

during storage at a temperature of (5±1 °C) for a period of 120 days 
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Figure 3. The force required to compress cheese samples produced from skimmed milk with 

added cellulose gum A2 treatment during storage at a temperature of (5±1°C) for a period of 

120 days. 

Flexibility: Figures (4,5,6) show the test 

results of the cheese's ability to resist the 

weights placed on it for a fixed period and 

return to its original state that it was in before 

the weights were placed on it directly after 

manufacturing for the cheese treatments C+ 

and C- and the cellulose gum treatment. It is 

clear from the figure that there is a clear 

difference in the time it takes for the different 

cheese samples to return to their original state, 

and thus their difference in the degree of 

elasticity they possess, which is naturally 

affected by their chemical composition and the 

type and quantity of the fat substitutes. It is 

noted that the C- treatment took longer to 

return to its normal 3.8 min. condition than the 

C+
 
treatment, which took a shorter time to 

return to its original state 8 min. This is 

consistent with what (23,31) found of higher 

elasticity in the fresh, full-fat Kashar cheese 

treatment compared to the low-fat treatment 

made from skimmed milk. The reason for this 

is the high protein content of this treatment 

because it is made from skimmed milk, which 

gives it a compact and rough protein matrix 

and reduces the spongy nature imparted by the 

presence of fat permeating the protein matrix, 

as is the case in the C+ treatment cheese, 

which makes it easy for the cheese matrix to 

return to its original state. As is evident from 

the figure, the flexibility of the cheese 

treatment with added cellulose gum A2 was 

increased, and thus, the period of time it took 

to return to its original state compared to the 

negative control treatment is short. 

 
Figure 4. The time taken (minutes) to measure the elasticity of cheese samples produced from 

skimmed milk only C
ـــ
 during storage at (5±1 °C) for 120 days . 
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Figure 5. The time taken (minutes) to measure the elasticity of cheese samples produced from 

skimmed milk only C
ـــ
 during storage at (5±1 °C) for 120 days . 

   
Figure 6. The time taken (minutes) to measure the elasticity of cheese samples produced from 

skimmed milk to which 0.2% cellulose gum was added during storage at (1±5 °C) for 120 days  

This is consistent alongside (4), which 

observed that soft cheese made using fat 

substitutes represented by CMC and inulin, 

added at a rate of 0.2 and 2%, respectively, 

took less time to return to its normal state 

compared to the negative control treatment, 

which took a longer time to return to its 

original state. 

Ability to elongate or stretch:  

The results in Figures (7, 8, and 9) show that 

the fat substitutes that were added to develop 

the cheese production properties improved the 

texture and softness of the curd. Besides, its 

ability to elongate in varying proportions, 

compared to the C- treatment, which was 

characterized by a weak ability to elongate. It 

required a higher elongation weight than 

treatment A2, which added cellulose gum. (2) 

indicated that the mozzarella cheese quality 

can be determined by the extent of its ability to 

elongate, which is affected by cetain factors 

such as pH , temperature and shelf life. The 

results are regular with (8) results, who 

realized that the addition of CMC, guar gum, 

and C. sebestena, it improved the texture and 

softness of the curd and its ability to elongate 

compared to the C
ـــ
 treatment. 
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Figure 7. The force required for elongation for the C+ treatment of cheese produced from 

whole milk  during storage at (5±1 °C) for 120 days . 

 
Figure 8. The force required for elongation for C- treatment of cheese produced from skim 

milk  only during storage at (5±1 °C) for 120 days . 

 
Figure 9. The force required for elongation for treatment A2 to which cellulose gum was 

added during storage at (1±5 °C) for 120 days . 

Melting test: Melting is one of the distinctive 

characteristics of this type of cheese, which the 

consumer prefers in the production of pies, 

pastries, and pizza. One of the factors that aid 

in melting cheese is the low pH; with the heat, 

the cheese turns from solid to melted. Figures 

(10, 11, 12) show that mozzarella cheese, 

produced from skimmed cow's milk, has 0.2% 

cellulose gum added, which is represented by 

treatment A2, as this addition worked to raise 

the moisture levels for the above treatments 

compared to C- treatment. However, treatment 

A2 obtained the highest melting values 

compared with the C- treatment due to its 

influential role in holding moisture. Since the 

additives improved the solubility of the cheese 

produced. (29) indicated that adding 

polysaccharides in the low-fat mozzarella 
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cheese production improved its solubility 

properties, as raising the moisture content in 

the cheese has a direct role in improving 

solubility. This variation in solubility values 

may be attributed to the material's ability to 

hold moisture. It can be concluded that 

moisture has an effective role in improving the 

solubility of fat-free mozzarella cheese. The 

results are reliable to what was noticed by (8), 

who concluded that adding fat substitutes of 

plant origin improved the solubility of Al-

Dhafair cheese compared to the C- treatment. 

This is because the cheese used in this 

treatment is made from skimmed milk. as well 

as the ability of the substances added to the 

milk in this treatment to retain water, increase 

the level of moisture in the cheese., as well as 

reduce the total solids values. 

 
Figure 10. Melting test for the C+ treatment of cheese produced from whole milk C+  after the 

manufacturing process and while being stored at a specific temperature of (5±1)°C for 120 days 

 
Figure 11. Melting test for the C

ـــ
 treatment of cheese produced from skim milk only after the 

manufacturing process and while being stored at a specific temperature of (5±1)°C for 120 days 

 
Figure 12. Melting test for treatment A2 manufactured from skimmed milk with added 

cellulose gum after the manufacturing process and while being stored at a specific 

temperature of (5±1)°C for 120 days 
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Cheese yield: Table (5) shows the yield 

percentage results of the cheese for the C+ and 

C- treatments and the low-fat cheese 

treatments containing cellulose gum A2 at a 

rate of 2.0%, where the yield percentage was 

9% after manufacturing for the C+ treatment. 

This is disagreed with (11) findings, which 

indicated that the yield percentage of soft 

cheese made from full-fat cow's milk was 

12.78%. The statistical analysis results also 

showed significant differences (P < 0.05) 

between the yield percentage of C+ and C-
 

treatments, which amounted to 8.00%. This 

difference in treatment yield is due to the 

cheese from the C-treatment being made from 

skimmed milk,  which has a lower yield 

percentage. This is consistent with (37,38) that 

a low percentage of yield characterizes cheeses 

made from skimmed milk due to their low 

total solids content. Substances added to milk 

prepared for cheese making also increase its 

yield percentage, depending on their quantities 

(38). It is also noted from the statistical 

analysis results that there are significant 

differences between the yield percentage of 

cheese made from skimmed milk with 0.2% 

cellulose gum added to treatment A2, which 

reached 12.5% immediately after 

manufacturing, and the C+ and C
ـــ
 treatments. 

The results are agreed with (8) who noted that 

the use of carbohydrate fat substitutes 

represented by CMC, guar gum, and C. 

sebestena when manufacturing low-fat Al-

Dhafair cheese contributed to raising 

manufactured cheese of the yield percentage in 

comparison to the cheese of the control 

treatment. The yield percentage of Al-Dhafair 

cheese made from skimmed milk with the 

above fat substitutes added was 13.13, 12.84, 

and 10.33%, respectively, compared to the C-
 

C-treatment, where the yield percentage 

reached 9.73%. The findings align with (4) 

study findings, who used fat substitutes 

represented by CMC and inulin in the 

manufacture of soft, low-fat cheese, which 

contributed to raising the yield percentage of 

the manufactured cheese compared to the C+ 

and C- treatments. However, the yield 

percentage for the C+ treatment was 12.5%, 

while the C
ـــ
 treatment was 8.75%, and the 

treatment to which inulin was added was %. 

18.25, and the treatment with added CMC 

reached 15.13%. From the above results, the 

cheese treatment with added cellulose gum 

was superior in the yield percentage. 
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