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ABSTRACT 

Background:  In the case of Iraqi soft cheeses, researchers have noted that the moisture content of these cheeses 

decreases over time in storage and reaches its maximum depletion in the final storage period. This information was 

found to be true for all samples that were tested. As storage times increased, this decline was followed by a rise in the 

ratio of fat and protein, which reached the maximum at 21 days for all samples under investigation. Additionally, 

research was done on the impact of thyme, rosemary, and lemongrass oil additions on the microbiological and sensory 

properties of the soft cheese generated during storage. 

Objective: This study set out to ascertain the impact of adding oils such as thyme, rosemary, and lemongrass on the 

chemical, microbial, and sensory properties of Iraqi soft white cheese made from cow's milk and stored for 21 days at 1 

± 5°C. 

Materials and Methods: The wild thyme and rosemary were obtained from local markets in Baghdad, while the 

lemongrass was obtained from one of the nurseries in Abu Ghraib / Baghdad in December 2022. The essential oils were 

extracted by water distillation according to the method described. 

Results: As storage went on, the number of Staphylococcus aureus bacteria increased; on day 21, they reached 1.75, 

3.54, 5.41, 6.75, 1.20, 2.14, 3.21, and 4.20 CFU / g of cheese, respectively. This was the largest rise in the count. By 

contrast, these values dropped when thyme oil was added, coming down to 1.54, 1.48, 2.10, and 2.88 CFU/g of cheese, 

respectively. In the sample to which rosemary oil was added, the quantity of Staphylococcus aureus bacteria fell as 
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well, reaching 1.54, 1.76, 2.88, and 3.31 CFU /g cheese, respectively, despite the fact that they were not present at all. 

Additionally, there was no Staphylococcus aureus germs present, in contrast to the cheese sample that had lemongrass 

oil added, which had both Staphylococcus aureus and coliform bacteria entirely missing. The findings also 

demonstrated that, when compared to the cheese samples treated with wild thyme oil, rosemary oil, and the control 

sample, the cheese sample treated with lemongrass oil exhibited superior sensory qualities, such as flavor, color, 

texture, and bitterness over various storage times. 

Keywords: Soft Cheese, Thyme Oil, Rosemary Oil, Lemongrass Oil, Chemical composition, Storage period 
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INTRODUCTION 

The salted white cheese industry is widespread in the 

Mediterranean and Balkan countries and is traditionally 

made because the high percentage of salt acts as a great 

preservative [1-2]. The process of making cheese 

transforms milk into a cohesive food substance with a 

low moisture content that can be preserved for an 

extended period [3]. Iraqi soft white cheese is one of the 

most essential local cheeses widely produced in Iraq due 

to its high nutritional value. It is produced traditionally 
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in the countryside and in dairy factories. Due to the lack 

of liquid milk production locally, the supplementation of 

imported powdered milk has been used to produce or 

fortify some dairy products. In previous studies, 

powdered milk has been used in the production of soft 

cheese, as reconstituted milk was used in manufacturing 

Egyptian Damietta cheese [4]. Concern has increased 

regarding the safety of chemical food additives and 

doubts surrounding the extent of their safe use as 

artificial antioxidants that inhibit microorganisms. 

Researchers have turned to preserving foods in ways 

that ensure their survival naturally, preserving their 

properties for the most extended possible period by 

finding natural extracts that can scavenge free radicals 

or their effect on microorganisms contaminating food 

[5]. Thymoquinone, considered an antioxidant 

compound [6], and its derivatives serve as antidotes to 

various microorganisms and fungi [7]. Lemongrass 

extract demonstrates efficacy against a range of 

bacteria, including Gram-negative and Gram-positive 

types, as well as fungi such as Staphylococcus aureus, 

Shigella, E. coli, Aspergillus flavus, and Aspergillus niger 

[8]. Studies have indicated that both alcoholic and 

aqueous extracts from the rosemary plant exhibit 

antibacterial activity against Gram-positive bacteria like 

Staphylococcus aureus and three Gram-negative 

species, namely E. coli, Proteus mirabilis, and Salmonella 

typhimurium [9].White cheese is defined as a fresh 

product obtained from coagulating fresh, whole or 

partially defatted milk, or from recovered or 

reconstituted milk with the addition of rennet or 

acidification [10]. Herbs that contain essential oils are 

usually used in foods and cheeses to add special flavors, 

prolong their shelf life, and improve human health [11]. 

Cheese is typically eaten in many meals due to its high 

nutritional value and its availability in all regions and in 

multiple forms. The white cheese industry is widespread 

in various parts of the world and is produced in some 

countries traditionally without health control resulting 

in contamination with pathogenic microorganisms that 

cause food poisoning in humans [12]. Therefore, the 

study aimed to prolong the shelf life of soft white 

cheese by using oils of wild thyme, lemongrass, and 

rosemary, and to demonstrate the effect of these oils on 

the chemical, microbial, and sensory characteristics of 

the cheese produced. 

MATERIALS AND METHODS 

The wild thyme and rosemary were obtained from local 

markets in Baghdad, while lemongrass was obtained 

from one of the nurseries in Abu Ghraib / Baghdad in 

December 2022. The essential oils were extracted by 

water distillation according to the method described by 

[13]. The milk was obtained from a milk processor in the 

city of Ramadi. In conjunction with the sensory tests, 

the production of soft white cheese took place. The 

manufacturing process occurred at the Dairy Processing 

Laboratory within the Department of Food Sciences, 

College of Agriculture, University of Anbar.  

Production of soft white cheese: Soft white cheese was 

made using cow's milk, the content of which was 

calculated with the Danish Milkoscan equipment [14]. 

The milk underwent a 30-minute pasteurization process 

at 63°C. After cooling the milk to 35°C, the providing 

firm's instructions were followed in order to produce 

the microbial rennet, which was obtained from the 

Danish SACO business. After allowing the mixture to 

coagulate for 35 to 45 minutes, it was sliced both 

lengthwise and crosswise, left for 5 minutes, and then 

agitated until the coagulation was observed and the 

whey was extracted. It was then infused with 10 ml/1 kg 

of curd, thyme, rosemary, and lemongrass oils, 

respectively. Subsequently, the curd was compressed to 
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create cheese molds and refrigerated at 1±5°C. The 

cheese was tested at one, seven, fourteen, and twenty-

one days. 

Tests of the gross composition of cheese: 

pH measuring: The pH of the cheese was estimated 

according to weighing 10 g of cheese and mixing it with 

90 ml of distilled water in a ceramic mortar. The pH was 

then estimated using a pH meter [15]. 

Acidity measuring: The acidity percentage of cheese 

was estimated by weighing 3 grams and mixed well in a 

ceramic mortar with 10 ml of distilled water, then 

titrated with a 0.1 N sodium hydroxide solution, and the 

percentage of acidity was estimated according to the 

following equation [16]. 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑐𝑖𝑑𝑖𝑡𝑦(𝑇𝐴) =
(𝑁𝑎𝑂𝐻)𝑣𝑜𝑙𝑢𝑚𝑒 × 0.09 × 0.1

𝑠𝑎𝑚𝑝𝑙𝑒𝑤𝑒𝑖𝑔ℎ𝑡
× 100 

Estimation of fat percentage: 3 grams of cheese were 

carefully weighed and combined with 10 milliliters of 

distilled water in a Gerber tube. Next, 10 milliliters of 

concentrated sulfuric acid and 1 milliliter of amyl alcohol 

were added. The tube was then well-shook and placed 

in the Gerber centrifuge for three to five minutes, at 

which point the percentage of fat in the cheese was 

measured from the fat column [17]. 

Estimation of the moisture percentage: Sterilized and 

clean drying racks were used to assess the cheese's 

moisture content. After drying and cooling, it was 

weighed empty. Then, 3 grams of cheese were added, 

and it was baked for 3 hours at 1 ± 105 °C. It was then 

weighed again after cooling to a constant weight, and 

the percentage of moisture was calculated using the 

following formula [18]. 

Estimation of total nitrogen percentage the percentage 

of total nitrogen was calculated by weighing 0.4 g of 

cheese. Next, 5 ml of concentrated sulfuric acid was 

added to the cheese. Finally, 1 g of digestion powder 

was added to finish the sample digestion process. This 

powder contained 25 g of potassium sulphate, 2 g of 

blue copper sulphate, and 1 g of selenium oxide. A 430 

Buchi device was used to finish the digestive process, 

and a 320 Buchi device was used for the distillation [16]. 

The following equation was utilized to determine the 

proportion of nitrogen present overall: 

𝑇𝑁% =
(𝑉1 − 𝑉2) × 0.014 × 0.1

𝑠𝑎𝑚𝑝𝑙𝑒𝑤𝑒𝑖𝑔ℎ𝑡
× 100 

V1= The volume of HCL consumed in titration with the 

sample 

V2=volume of HCL consumed in blank titration  

Microbial  examinations: Soft white cheese samples 

were prepared for Microbial  examinations by weighing 

11 grams of the samples to be examined and mixing 

them with 99 ml of Ringers solution prepared by the 

British company BDH using a sterile glass electric 

blender, then prepared the decimal dilutions, and 

calculated the coliform and Staphylococcus aureus 

bacteria using the pouring plate method according to 

the [20] using the culture media: Mannitol Salt Agar and 

MaCconkey Agar supplied by the Indian company 

Himedia [19-20]. 

Sensory evaluation: Sensory evaluation of white cheese 

was conducted by specialists in the Department of Food 

Sciences, College of Agriculture, University of Anbar, as 

outlined in the questionnaire prepared by Al-Warshan 

SH et al [21]. The assessment involved modifications, 

encompassing attributes such as flavor, texture, color, 

and taste (Table 1a). Each characteristic received a score 

ranging from 0 to 10 [21].  
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Table 1a. Sensory evaluation form 

Treatments Sensory 

characteristics 

Storage period (day) 

Flavor (0-10) 

Texture (0-10) 

Color (0-10) 

Bitterness (0-10) 

Total (40) 

RESULTS AND DISCUSSION 

Chemical composition: Table 1 shows the chemical 

composition of the raw milk prepared used to produce 

soft white cheese, and if it was of good quality in terms 

of chemical composition, titration acidity, and pH [22]. 

Table 1. Chemical composition of raw milk used in the study. 

Chemical composition of raw milk 

Moisture% Protein% Fat% Ash% Lactose% pH Titration 

acidity% 

87.85 3.81 3.23 0.63 4.48 6.40 0.14 

Chemical composition of processed cheese: The soft 

white cheese samples, which were stored at 1±5 °C for 

21 days, were mixed with thyme, rosemary, and 

lemongrass. The control sample's chemical composition 

is displayed in Table 2. 

Table 2. Chemical composition tests of soft white cheese treatments during storage 

Treatment Age of cheese 

(Day) 

Moisture % Fat % Protein 

% 

pH Titration 

acidity% 

Control 1 63.8 15.7 17.5 6.4 0.17 

7 63.4 15.8 17.9 6.1 0.18 

14 63 15.86 18.4 5.7 0.34 
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Treatment Age of cheese 

(Day) 

Moisture % Fat % Protein 

% 

pH Titration 

acidity% 

21 58.7 16.2 18.6 5.3 0.46 

Thyme oil 10 

ml/kg 

1 62.9 15.9 18.1 6.4 0.17 

7 62.4 16.2 18.5 5.95 0.23 

14 62.1 16.5 18.7 5.42 0.31 

21 59.7 16.6 18.95 5.32 0.40 

Rosemary oil 

10 ml/kg 

1 62.5 15.8 17.8 6.4 0.18 

7 61.5 15.96 18.3 6 0.22 

14 60.1 16.64 18.6 5.7 0.33 

21 59.8 16.67 18.89 5.4 0.41 

Lemongrass oil 1 63.1 15.7 18.1 6.35 0.17 

7 62.4 15.9 18.3 6.14 0.24 

14 61.9 16.3 18.7 5.6 0.35 

21 60.01 16.5 18.9 5.5 0.42 

The white cheese and control samples had moisture 

contents of 63.8 and 63.4, 63 and 58.7%, after 1, 7, 14, 

and 21 days, respectively, according to the data. After 

adding wild thyme to white cheese samples, their 

moisture percentages were 62.9, 62.4, 62.1, and 59.7% 

during the aforementioned storage times, in that order. 

For the same prior storage periods, the white cheese 

samples that had rosemary added had moisture 

percentages of 62.5, 61.5, 60.1, and 59.8%. In contrast, 

the samples of white cheese to which lemongrass was 

added had moisture percentages of 63.1, 62.4, 61.9, and 

60.01% [22-23]. The variations in the pressing 

operations across the different treatments might be the 

reason for the disparity in the moisture content in the 

initial stages of cheese production The ripening of the 

whey was thought to be the cause of the moisture 

content reduction during the storage periods. 

Alternatively, the pH may have dropped, tightening the 

curd and causing moisture to leak out of the cheese. 

These findings corroborated those of [24-26]. The Iraqi 

standard specification for soft cheese (1988) stipulated 

that the moisture level in all treatments must be at least 

50%. The study's findings, displayed in Table 2, 

demonstrate the proportion of fat in soft cheese for 

each treatment. For the control treatment, the 

percentage of fat was, respectively, 15.7, 15.8, 15.86, 

and 16.2% after 1, 7, 14, and 21 days, which is the 

lowest amount. For the preceding storage periods, the 

highest percentages for cheese made with 10% 

rosemary addition were 15.8, 15.96, 16.64, and 16.67%, 
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respectively. Regarding the cheese treatment that 

included lemongrass and thyme, the results were 15.9, 

16.2, 16.5, 16.6%, and 15.7, 15.9, 16.3, and 16.5% for 

the aforementioned storage times, respectively. It was 

found that several soft cheeses imported from Iraq have 

a fat content ranging from 15.87 to 16.35%. The findings 

of that the fat content of Iraqi soft cheese made from 

cow's milk varied between 15.87-16.43% and 16.67%, 

respectively, were also supported by the results. The 

findings corroborated those of [27-28], who showed 

that the fat content of Iraqi soft cheese rose from 16.9% 

on the first day of storage to 20.13% on the fourteenth. 

The study's findings, however, differed with those of 

[29], who claimed that the fat content of Iraqi soft 

cheese in the Basra Governorate ranged from 10.54 to 

15.91%. It is important to remember that the [10] 

specification for soft cheese stated that the product's fat 

content should be 1±16%. The quality of the milk used 

in manufacturing and the proportions of its constituents 

may be to blame for the variations in fat percentages. 

Furthermore, it is evident that the production process 

has an impact on the fat percentage since some fat may 

be lost along with the whey during drainage. 

Additionally, the other ingredients in the cheese, 

particularly the moisture percentage, have an impact on 

the fat percentage. The percentage of titration acidity in 

soft white cheese samples, the control sample, and the 

samples that were treated with thyme, rosemary, and 

lemongrass oils and kept at 1±5°C for 1, 7, 14, and 21 

days are all displayed in Table 2. As storage extended, 

the titration acidity results increased for every sample 

examined; for the aforementioned samples, 

respectively, and for the aforementioned storage 

periods, they reached 0.17, 0.18, 0.34, 0.46, 0.17, 0.23, 

0.31, 0.40, 0.18, 0.22, 0.33, 0.41, 0.17, 0.24, 0.35, and 

0.42%. The existence of non-pathogenic microorganisms 

such as lactic acid bacteria, which were not eliminated 

during pasteurization procedures, may be the cause of 

the increase in titration acidity after storage. For every 

sample examined, the highest rise occurred during the 

final storage phase, and the control sample performed 

better. The increase in titration acidity was ascribed to 

the growth and reproduction of lactic acid bacteria, 

which increases their metabolic efficiency and raises the 

phosphate ion concentration; alternatively, the 

accumulation of lactate or other organic acids could 

have caused [30]. Table 2 makes it evident that the pH 

values attained during the current investigation were 

within the range of 5.32 to 6.4 on the first day of 

storage and for all treatments. As the storage period 

extended, these numbers dropped until they reached 

the twenty-first day (5.5 5.3). The pH of soft cheese 

from Iraq is 6.1. Given that the values varied from 5.3-6, 

the findings were similar with [31], who discovered that 

Sudanese white cheese produced with 0.5% gum Arabic 

had a pH of 5.1. The findings are consistent with those 

published by [29], which stated that Mexican soft 

cheese made from pasteurized milk had an average pH 

of 6.04. The present investigation yielded lower findings 

than [6], which examined the chemical composition of 

soft cheese produced by adding inulin and discovered 

that the pH values varied between 6.76 and 6.71. It is 

important to note that the for soft cheese required the 

pH of the cheese to be no more than 0.2±6.4. The rise in 

the number of bacteria during storage may be the cause 

of a drop in pH values. This rise in organic acid 

production results in high acidity and low pH [32-35]. 

The proportion of protein in the soft cheese produced 

for each treatment is displayed in Table 2. On the first 

day of storage, the protein percentage values for the 

different treatments varied from 17.5 to 18.1%, and on 

the twenty-first day of storage, they increased from 18.6 

to 18.95.19%. 
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These findings corroborated the findings of those 

who reported that the protein content of soft cheese 

rose throughout the course of the 21-day storage 

period, from 22.65-24.18% on the first day to 17.93-

18.63% on the last day. Furthermore, the observed 

outcomes closely align with previous findings that 

investigated the protein content in soft cheese made 

from cow's milk. In that study, it was revealed that the 

protein content increased from 18.11% on the first day 

of storage to 21.71% on the fourteenth day." The 

findings also matched the findings of [36,37], which 

stated that the protein content of soft cheese ranged 

from 18.34 to 19.35%. However, the results of this 

investigation were not as high as the 26.27% protein. 

Microbial tests: Table 3 shows the number of coliform 

and Staphylococcus aureus bacteria in the control 

sample and the samples to which thyme, rosemary, and 

lemongrass oils were added (stored at five °C for storage 

periods of 1, 7, 14, and 21 days). The logarithmic 

numbers of coliform bacteria of the control sample at 

the above periods amounted to 1.75 and 3.54, 5.41, and 

6.75 CFU /g of cheese, respectively, increasing with the 

progression of storage periods and for all treatments, 

and their numbers exceeded the rest of the samples. 

While the samples of cheeses to which thyme and 

rosemary oil were added in the storage periods of 0, 7, 

14, and 21 days reached (1.4, 1.48, 2.10, 2.88) and (1.54, 

1.76, 2.88, 3.31) CFU /g of cheese, respectively, at the 

same time, the cheese treatment with lemongrass oil 

did not show any growth of coliform bacteria 

throughout the period. 

      Table 3. Number of coliform and Staphylococcus aureus bacteria in different cheese treatments 

Treatments Sensory 

characteristics 

Storage period (day) 

1 7 14 21 

Control Coliform bacteria 1.75 3.54 5.41 6.75 

Staphylococcus 

aureus 

1.20 2.14 3.21 4.20 

Thyme oil Coliform bacteria 1.41 1.48 2.10 2.88 

Staphylococcus 

aureus 

- - - - 

Rosemary oil Coliform bacteria 1.54 1.76 2.88 3.31 

Staphylococcus 

aureus 

- - - -

Lemongrass oil Coliform bacteria - - - - 

Staphylococcus 

aureus 

- - - - 
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The logarithm of the Staphylococcus aureus bacteria 

numbers appeared to be affected by the oil of thyme, 

rosemary, and lemongrass added to soft white cheese. 

This was evident because the control sample had higher 

numbers of Staphylococcus aureus bacteria, reaching 

1.20, 2.14, 3.21, and 4.20 CFU / g cheese for storage 

periods of 1, 7, 14, and 21 days, respectively. However, 

in cheese samples that had oils of thyme, rosemary, and 

lemongrass applied, respectively, no Staphylococcus 

aureus germs appeared throughout the storage times 

indicated above [38-39] found that in comparison to the 

control sample, black seed, ginger, cinnamon, thyme, 

mint, and cloves have an impact on extending the shelf 

life of soft white cheese. The presence of hydrophobic 

or lipophilic molecules contributes to the inhibitory 

effect that essential oils have in lowering or suppressing 

the activity of microbes through a variety of methods. It 

has been demonstrated that lemongrass essential oil 

efficiently inhibits the development of several bacteria, 

including Staphylococcus aureus. Additionally, fish balls' 

shelf life while refrigeration is significantly increased 

with lemongrass oil [40-43]. 

Sensory tests: The sensory assessment findings for the 

soft white cheese treatments (the control sample and 

the cheese made with the addition of thyme, rosemary, 

and lemongrass oils) are displayed in Table 4. The 

results indicate that the soft white cheese treated with 

lemongrass oil is superior.  

Table 4. The effect of adding aromatic herbs on the sensory characteristics of soft white cheese during the storage period 

Treatments Sensory 

characteristics 

Storage period (day) 

1 7 14 21 

Control Flavor 8 7 - - 

Texture 8 7 - - 

Color 9 8 - - 

Bitterness 10 8 - - 

Total 35 30 - - 

Thyme oil 

Flavor 9 9 8 7 

Texture 9 8 8 8 

Color 9 9 8 8 

Bitterness 10 10 8 8 

Total 37 36 32 31 

Rosemary oil Flavor 8 8 7 6 
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Treatments Sensory Storage period (day) 

Texture 9 7 6 5 

Color 9 8 7 7 

Bitterness 10 8 5 3 

Total 36 31 25 21 

Lemongrass oil Flavor 9 9 9 8 

Texture 10 10 9 9 

Color 10 10 9 8 

Bitterness 10 10 9 9 

Total 39 39 36 34 

Characteristic received eight marks. Due to the growth 

of acidity and the bitter taste in comparison to cheese 

made with thyme, rosemary, and lemongrass oils added, 

its flavor grew intolerable as the storage age increased, 

ranging from 1 to 14 days. The enzymes of psychrophilic 

bacteria that were not destroyed by pasteurization, 

which are often proteolytic and convert proteins into 

short-chain peptides, may be responsible for the change 

in flavor and taste. The unwanted flavor is also caused 

by lipolytic enzymes, which degrade volatile short-chain 

fatty acids. Regarding the lactic acid bacteria, these are 

responsible for of the acidity that develops and the pH 

shifts while storage goes on. 

Furthermore, the flavor and bitterness of the cheese 

samples made with lemongrass oil outperformed those 

made with thyme and rosemary oil. This is because the 

oils of these herbs have a preservative effect that 

inhibits the growth of microscopic organisms when 

compared to a control sample. The cheese samples that 

had thyme, rosemary, and lemongrass oils added to 

them had a better texture than the control sample. 

Regarding the color characteristic, it was observed that 

the cheese sample treated with lemongrass oil 

performed better than the samples treated with thyme, 

rosemary, and the control treatment. Hypothesized that 

the acrid flavor in cheese is attributed to minuscule 

enzymes catalyzing the hydrolysis of proteins into 

peptides. The impact of spice extracts on soft white 

cheese was investigated in a number of studies, one of 

which focused on the essential oil of lemongrass.  This 

study found that the oil significantly increased the shelf 

life of fish balls during refrigerated storage, decreased 

the microbial load, and improved the fish balls' flavor, 

taste, color, texture, and acceptability over the course 

of 15 days [43-46]. 

CONCLUSION 

The essential oils of thyme, rosemary, and lemongrass 

play a crucial role in influencing the chemical, microbial, 

and sensory properties of Iraqi soft white cheese. These 

oils contribute to extending the shelf life of the cheese 

during refrigerated storage by reducing microbial load 

and enhancing sensory attributes, particularly overall 

acceptability. Treatment (treated with 10 ml/kg oil) 
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showed the best properties in maintain of 

Microbiological and sensory properties during 21days at 

1 ± 5°C of refrigerated storage. 

Abbreviations:  CFU:  colony forming unit; °C: Degree 

Celsius. 

Authors Contribution: Firas Najm Ismael: Formal 

analysis; Methodology; Project administration; Funding 

acquisition; Validation; Writing-original draft. Sara 

Thamer Hadi: Data curation; Formal analysis; 

Methodology; Project administration. 

Competing Interests: The authors declared no conflict 

of interest. 

Acknowledgment/Funding: The authors would like to 

acknowledge the contribution of the University of Anbar 

(www.uoanbar. edu.iq) via their prestigious academic 

staff in supporting this research with all required 

technical and academic support. 

REFERENCES 

1. Bintsis T and Papademas P. Microbiological quality of

white‐brined cheeses: A review. International Journal of

Dairy Technology 2002; 55(3), 113-120. DOI: 

https://doi.org/10.1046/j.1471-0307.2002.00054.x.

2. Fox PF, Guinee TP, Cogan TM, McSweeney PL, Fox PF,

Guinee TP and McSweeney PL. Overview of cheese

manufacture. Fundamentals of cheese science 2017; 11-25.

DOI: https://doi.org/10.1007/978-1-4899-7681-9_2

3. Alinovi M, Mucchetti G, Wiking L and Corredig M. Freezing 

as a solution to preserve the quality of dairy products: the

case of milk, curds and cheese. Critical Reviews in Food

Science and Nutrition 2021; 61(20), 3340-3360. DOI: 

https://doi.org/10.1080/10408398.2020.1798348

4. Hamad MN, Yahia AK and El-Ashrey HF. The Effect of

Adding Microbial Transglutaminase Enzyme to Cheese Milk 

on the Quality of Halloumi-Like Cheese Made from

Recombined Skimmed Milk Powder. Egyptian Journal of 

Chemistry 2023; 66(7), 577-591. DOI:

https://doi.org/10.21608/ejchem.2022.114132.5191

5. Tajkarimi MM, Ibrahim SA, and Cliver DO. Antimicrobial

herb and spice compounds in food. Food control 2010;

21(9), 1199-1218. DOI:

https://doi.org/10.1016/j.foodcont.2010.02.003

6. Khan MA, Tania M, Fu S and Fu J. Thymoquinone, as an

anticancer molecule: from basic research to clinical

investigation. Oncotarget 2017; 8(31), 51907. DOI:

https://doi.org/10.18632/oncotarget.17206

7. Escobar A, Perez M, Romanelli G and Blustein G. Thymol

bioactivity: A review focusing on practical applications.

Arabian Journal of Chemistry2020; 13(12), 9243-9269. DOI:

https://doi.org/10.1016/j.arabjc.2020.11.009

8. Mukarram M, Choudhary S, Khan  MA, Poltronieri  P , Khan

MM ,Ali J., ...and  Shahid  M. Lemongrass essential oil 

components with antimicrobial and anticancer activities.

Antioxidants 2021; 11(1), 20. DOI: 

https://doi.org/10.3390/antiox11010020

9. Nieto G, Ros G, Castillo J. Antioxidant and Antimicrobial

Properties of Rosemary (Rosmarinus officinalis, L.): A 

Review. Medicines (Basel) 2018;5(3):98. DOI:

https://www.doi.org/10.3390/medicines5030098

10. Fox PF, Guinee TP, Cogan TM, McSweeney PL, Fox PF,

Guinee TP, ... and McSweeney PL. Fresh cheese products:

Principals of manufacture and overview of different

varieties. Fundamentals of cheese science 2017; 543-588.

DOI:  https://doi.org/10.1007/978-1-4899-7681-9_16

11. Bhat S, Kaushal P, Kaur M. and Sharma, HK. Coriander

(Coriandrum sativum L.): Processing nutritional and

functional aspects. African Journal of Plant Science 2014; 8:

25-33. DOI: https://www.doi.org/10.5897/AJPS2013.1118

12. Amatiste S, Sagrafoli D, Giacinti G, Rosa G, Carfora V, Marri

N and Rosati R. Antimicrobial activity of essential oils

against Staphylococcus aureus in fresh sheep cheese.

Italian Journal of Food Safety 2014; 3(3). DOI:

https://www.doi.org/10.4081/ijfs.2014.1696

13. Ismael FN and Hussein SA. Studying the effect of adding

WPC and CMC on the microstructure Materials by SEM and

CLCM confocal electron microscopy. Materials Today 2022:

Proceedings 49, 2876–2881. DOI:

https://doi.org/10.1016/j.matpr.2021.10.218

14. Bekele B, Hansen EB, Eshetu M, Ipsen R and Hailu Y. Effect

of starter cultures on properties of soft white cheese made

from camel (Camelus dromedarius) milk. Journal of Dairy 

Science 2019; 102(2), 1108-1115. DOI: 

https://doi.org/10.3168/jds.2018-15084 

http://www.ffhdj.com/
https://doi.org/10.1046/j.1471-0307.2002.00054.x
https://doi.org/10.1007/978-1-4899-7681-9_2
https://doi.org/10.1080/10408398.2020.1798348
https://doi.org/10.21608/ejchem.2022.114132.5191
https://doi.org/10.1016/j.foodcont.2010.02.003
https://doi.org/10.18632/oncotarget.17206
https://doi.org/10.1016/j.arabjc.2020.11.009
https://doi.org/10.3390/antiox11010020
https://www.doi.org/10.3390/medicines5030098
https://doi.org/10.1007/978-1-4899-7681-9_16
https://www.doi.org/10.5897/AJPS2013.1118
https://www.doi.org/10.4081/ijfs.2014.1696
https://doi.org/10.1016/j.matpr.2021.10.218
https://doi.org/10.3168/jds.2018-15084


Functional Foods in Health and Disease 2024; 14(1):1-13  FFHD   Page 12 of 13 

15. Association of Official Agricultural Chemists – AOAC.

Official Methods of Analysis of AOAC International, th18

ed. Maryland: AOAC International2005.

16. Hool LC. Acute Cellular Oxygen Sensing in the Heart-A Role

for Mitochondria? Vascular Disease Prevention 2004; 1(3),

197-206. DOI: https://doi.org/10.2174/1567270043404854  

17. Min DB and Ellefson WC. Fat Analysis. In: Food Analysis.

Nielsen, S.S. Fourth Edition. Springer Science and Business

Media 2010; 118-132. DOI:

https://doi.org/10.1007/978-1-4419-1478-1_6 

18. Bradley RL, Arnold E, Barban DM, Semerad RG, Smith DE

and Vines  BK. Chemical and physical methods. Standard

methods for the examination of dairy products1992; 16,

433-531.

19. Kra KAS, Mégnanou RM, Akpa EE, Assidjo NE and Niamké

LS. Evaluation of physico-chemical, nutritional and

microbiological quality of raw cow’s milk usually consumed

in the central part of Côte d’Ivoire. African Journal of Food, 

Agriculture, Nutrition and Development 2013; 13(3). DOI: 

https://www.doi.org/10.18697/ajfand.58.12165

20. Andrews W. Manuals of Food Quality Control,

Microbiological Analysis. FAO Food and Agriculture

Organization, Washington, DC, USA. 1997.

21. Al-Warshan SH, Hadi ST and Sultan LJ. Efficiency of plant 

extracts on Aspergillus growth and aflatoxin B1 production

in Zea mays. Pak. J. Bot 2023; 55(4), 1545-1550. DOI:

http://dx.doi.org/10.30848/PJB2023-4(22)

22. Al-Bedrani DI. Manufacturing of low energy dairy products

by using fat mimetics and study their physicochemical and

nutritional properties (Doctoral dissertation, PhD. thesis.

College of Agriculture, University of Baghdad 2016.

23. Al-Jandal AHM, Jassim A J. The effect of adding two types of

natural stabilizers on the properties of laboratory-produced

soft cheese. Proceedings of the Eighth and Second

International Scientific Conference, College of Agriculture -

Tikrit University 2020.

24. Kelly AL, Huppertz T and Sheehan JJ. Pre-treatment of

cheese milk: principles and developments. Dairy Science

and Technology 2008; 88(4-5), 549-572. DOI:

https://doi.org/10.1051/dst:2008017

25. Kapoor S, Singh MP, Vatankhah H, Deshwal GK and

Ramaswamy HS. Production and quality improvement of

Indian cottage cheese (Paneer) using high pressure

processing. Innovative Food Science & Emerging

Technologies 2021; 72, 102746. DOI: 

https://doi.org/10.1016/j.ifset.2021.102746 

26. Dimitrellou D, Kandylis P, Kourkoutas Y, Koutinas AA and 

Kanellaki M. Cheese production using kefir culture 

entrapped in milk proteins. Applied biochemistry and

biotechnology 2015; 176(1), 213-230. DOI: 

https://doi.org/10.1007/s12010-015-1568-4.

27. Kindstedt PS. The history of cheese. Global Cheesemaking

Technology: Cheese Quality and Characteristics 2017; 1-19.

DOI: https://doi.org/10.1002/9781119046165.ch0a

28. Abbas KS, Azhar JH, Laila A. Study the effect of adding

mustard powder and oil on improving Iraqi soft cheese's

sensory and storage qualities. The Second Scientific 

Conference of the College of Agriculture. University of

Karbala 2012. 1176-1183. DOI:

https://www.iasj.net/iasj/article/92581

29. Al Manhal, AJA. Study Iraqi soft white cheese's microbial

and chemical content traded in Basra markets. Basra

Journal of Agricultural Sciences 2013 - 26 (2): 100 – 109

30. Papadimitriou K, Alegría Á, Bron PA, De Angelis M, Gobbetti

M, Kleerebezem M, ... and Kok J. Stress physiology of lactic

acid bacteria. Microbiology and Molecular Biology Reviews

2016; 80(3), 837-890. DOI:

https://doi.org/10.1128/MMBR.00076-15

31. Jassim FH, Mulakhudair AR and Shati ZRK. Improving

Nutritional and Microbiological Properties of Monterey

Cheese using Bifidobacterium bifidum. In IOP Conference

Series: Earth and Environmental Science 2023; 1225(1), p.

012051). IOP Publishing. DOI:

https://www.doi.org/10.1088/1755-1315/1225/1/012051. 

32. Al-Saderi AMA. Nutritional status assessment of the

technical and vocational students' community in Riyadh,

Saudi Arabia (Doctoral dissertation, Liverpool John Moores

University) 1991;

DOI: https://www.doi.org/10.24377/LJMU.t.00005013

33. Tunick MH and Van Hekken DL. Rheology and texture of

commercial queso fresco cheeses made from raw and

pasteurized milk. Journal of Food Quality 2010; 33 (1): 204-

215. DOI:

 https://doi.org/10.1111/j.1745-4557.2010.00331.x.  

34. Iraqi standard specification for soft cheese / Central

Organization for Standardization and Quality Control. Dairy

products. Cheeses. Iraqi Standard Specification No.

(1/693)1988.

https://apps.fas.usda.gov/newgainapi/api/report/downloa

http://www.ffhdj.com/
https://doi.org/10.2174/1567270043404854
https://doi.org/10.1007/978-1-4419-1478-1_6
https://www.doi.org/10.18697/ajfand.58.12165
http://dx.doi.org/10.30848/PJB2023-4(22)
https://doi.org/10.1051/dst:2008017
https://doi.org/10.1016/j.ifset.2021.102746
https://doi.org/10.1007/s12010-015-1568-4
https://doi.org/10.1002/9781119046165.ch0a
https://www.iasj.net/iasj/article/92581
https://doi.org/10.1128/MMBR.00076-15
https://www.doi.org/10.1088/1755-1315/1225/1/012051
https://doi.org/10.24377/LJMU.t.00005013
https://doi.org/10.1111/j.1745-4557.2010.00331.x
https://apps.fas.usda.gov/newgainapi/api/report/downloadreportbyfilename?filename=Iraq%2520FAIRS%2520Report%25202011_Baghdad_Iraq_3-24-2011.pdf


Functional Foods in Health and Disease 2024; 14(1):1-13  FFHD   Page 13 of 13 

dreportbyfilename?filename=Iraq%20FAIRS%20Report%20

2011_Baghdad_Iraq_3-24-2011.pdf  

35. Fox PF, Law J, McSweeney PLH, Wallace J. Biochemistry of

Cheese Ripening. In: Fox, P.F. (eds) Cheese: Chemistry,

Physics and Microbiology. Springer, Boston, MA1993. DOI:

https://doi.org/10.1007/978-1-4615-2650-6_10 

36. Morgab MAH, Hussein AD, Hadi  ST.Extraction and

purification of polyphenol oxidase from edible mushroom

(Agaricus bisporus) and its use in the manufacture of

pastries. Food Research 2023; 7 (4), 64 – 70. DOI:

https://doi.org/10.26656/fr.2017.7(4).006

37. Guglielmotti DM, Marcó MB, Golowczyc M, Reinheimer JA

and Quiberoni AD L. Probiotic potential of Lactobacillus

delbrueckii strains and their phage resistant mutants.

International Dairy Journal 2007; 17(8), 916-925. DOI: 

https://doi.org/10.1016/j.idairyj.2006.11.004

38. Fadel NG. The impact of the addition of a number of plant 

extracts on the properties of soft cheese factory laboratory.

Journal of Tikrit University for Agriculture Sciences, Special

Issue for the first scientific conference of the Department

of Food Science 2013; 190- 197. DOI:

https://www.iasj.net/iasj/article/78629

39. BADAWI SKh. USING OF ESSENTIAL OILS EXTRACTED FROM

SOME SPICES TO EXTEND THE SHELF LIFE OF SOFT WHITE

CHEECE. Mesopotamia Journal of Agriculture, 2009; 37 (4).

DOI: https://www.doi.org/10.33899/MAGRJ.2009.27505

40. Valková V, Ďúranová H, Galovičová L, Borotová P, Vukovic

NL, Vukic M, Kačániová M. Cymbopogon citratus Essential

Oil: Its Application as an Antimicrobial Agent in Food

Preservation. Agronomy. 2022; 12(1):155. DOI:

https://doi.org/10.3390/agronomy12010155

41. Tawfik SM. Synthesis, surface, biological activity and mixed 

micellar phase properties of some biodegradable gemini

cationic surfactants containing oxycarbonyl groups in the

lipophilic part. Journal of Industrial and Engineering 

Chemistry 2015; 28, 171-183. DOI:

https://doi.org/10.1016/j.jiec.2015.02.011

42. Zaid K. Kamona Amer H. H. Alzobaay. Effect of essential oil

extract from lemongrass (cymbopogon citratus) leaves on

viability of some pathogenic bacteria and sensory

properties of fish balls. Iraqi Journal of Agricultural Sciences

2021;52(2):268-275.

DOI: https://doi.org/10.36103/ijas.v52i2.1288

43. Subramaniam G, Yew XY and Sivasamugham LA.

Antibacterial activity of Cymbopogon citratus against 

clinically important bacteria. South African Journal of 

Chemical Engineering 2020; 34, 26-30. DOI: 

https://doi.org/10.1016/j.sajce.2020.05.010  

44. Tajkarimi MM, Ibrahim SA and Cliver DO. Antimicrobial

herb and spice compounds in food. Food control 2010;

21(9), 1199-1218. DOI:

https://doi.org/10.1016/j.foodcont.2010.02.003

45. Hadi ST, Hussien HD, Abe, MA and Alhadithi HJ. Chemical

analysis of ginger rhizomes and sensory and microbial

evaluation of Ginger Juice during storage. International

Journal of Pharmaceutical Quality Assurance 2020, 11(4), 1-

4. DOI: https://www.doi.org/10.25258/ijpqa.11.4.14

46. Martirosyan DM, Lampert T, Ekblad M. Classification and

regulation of functional food proposed by the functional

food center. Functional Food Science 2022; 2(2): 25-46.:

DOI: https://doi.org/10.31989/ffs.v2i2.890

http://www.ffhdj.com/
https://apps.fas.usda.gov/newgainapi/api/report/downloadreportbyfilename?filename=Iraq%2520FAIRS%2520Report%25202011_Baghdad_Iraq_3-24-2011.pdf
https://apps.fas.usda.gov/newgainapi/api/report/downloadreportbyfilename?filename=Iraq%2520FAIRS%2520Report%25202011_Baghdad_Iraq_3-24-2011.pdf
https://doi.org/10.1007/978-1-4615-2650-6_10
https://www.scopus.com/authid/detail.uri?authorId=58619163200
https://www.scopus.com/authid/detail.uri?authorId=57869118400
https://www.scopus.com/authid/detail.uri?authorId=57603860500
https://www.scopus.com/authid/detail.uri?authorId=57603860500
https://www.scopus.com/authid/detail.uri?authorId=57603860500
https://doi.org/10.26656/fr.2017.7(4).006
https://doi.org/10.1016/j.idairyj.2006.11.004
https://www.iasj.net/iasj/article/78629
https://www.doi.org/10.33899/MAGRJ.2009.27505
https://doi.org/10.3390/agronomy12010155
https://doi.org/10.1016/j.jiec.2015.02.011
https://doi.org/10.36103/ijas.v52i2.1288
https://doi.org/10.1016/j.sajce.2020.05.010
https://doi.org/10.1016/j.foodcont.2010.02.003
https://doi.org/10.31989/ffs.v2i2.890

