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AbstractAbstract

The use of biological approaches has been proposed as a way to improve the quality of Fresh cheese, which 
presents a significant issue for the dairy sector. The Aim of this research is to Improvement how using bio-
logical techniques can improve cheese quality in the province of Sulaymaniyah. Biological approaches can be 
used to enhance cheese quality in the Sulaymaniyah province. Producers can boost the value of their cheese by 
improving its flavor and texture with the help of starter cultures and ripening cultures. Chemical and microbial 
characteristics of Raw milk, curd, and finished cheese were compared between the two groups. Statistical pack-
ages SPSS can be utilized to examine information collected in Sulaymaniyah province related to the enhance-
ment of cheese quality utilizing biological approaches. The data was summarized using descriptive statistics, 
t-test while the hypothesis can be tested using inferential statistics. The research found that by employing these 
techniques, cheese quality can be enhanced and its market value increased, benefiting both producers and con-
sumers. The potential of these strategies in the context of Sulaymaniyah province has to be investigated further.
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IntroductionIntroduction

Cheese is a dairy product produced in wide ranges of flavors, textures, and forms by coagulation of the milk protein 
casein. It comprises proteins and fat from milk (usually the milk of cows, buffalo, goats, or sheep). During production, 
milk is usually acidified and either the enzymes of rennet or bacterial enzymes with similar activity are added to cause 
the casein to coagulate. The solid curds are then separated from the liquid whey and pressed into finished cheese.[1] 
Some cheeses have aromatic molds on the rind, the outer layer, or throughout. The governorate of Sulaymaniyah in 
Iraq’s Kurdistan region is well known for its cheese. This study will examine the use of biological approaches in Sulay-
maniyah province to enhance cheese quality. The utilization of microorganisms, including bacteria, fungus, and yeast, 
is at the heart of biological cheesemaking techniques. The fermentation process, in which these bacteria participate, is 
critical to the formation of cheese’s flavor, texture, and scent. Shorter production times, higher quality and more con-
sistent end products, and lower production costs are just a few of the benefits of using biological technologies in cheese 
production rather than more conventional approaches (Kandasamy et al., 2020).

Starter cultures are widely employed as a biological approach in cheese production. To begin the fermentation process, 
milk is typically mixed with a starter culture, which is a mixture of certain microorganisms Lactic acid bacteria. The 
acidic environment created by the bacteria’s breakdown of lactose is essential for the coagulation of milk proteins. 
Cheese’s flavor, texture, and scent can all benefit from the addition of starter cultures, and doing so also decreases the 
likelihood of spoiling (Alfaifi et al., 2020). Ripening cultures are another biological technique used in cheese producing. 
Cheese has finished maturing when a mixture of bacteria and fungi called “ripening cultures” is put on it. Cheese’s pro-
teins and lipids are degraded by these microbes, which leads to the creation of nuanced aromas and textures. Cheese’s 
texture, flavor, and aroma can all benefit from the addition of ripening microorganisms (Jafarzadeh et al., 2021).

Biological approaches can be used to enhance cheese quality in the Sulaymaniyah province. Producers can boost the 
value of their cheese by improving its flavor and texture with the help of starter cultures and ripening cultures. The 
employment of biological approaches can also decrease the likelihood of rotting, which results in a longer shelf life and 
higher profits for farmers (Sharma et al., 2020). Because of its high nutrient content and distinct flavor, cheese is one 
of the most popular dairy products in the world. Cheese quality is affected by many variables, such as the milk used, 
the method of production, and the climate during ripening. In recent years, the quality of cheese has been enhanced 
by the use of biological approaches by increasing the microbial population during the cheese making process (Tang et 
al., 2020). The purpose of this research is to examine how using biological techniques can improve cheese quality in the 
province of Sulaymaniyah.

Literature ReviewLiterature Review

The quality of cheese, a widely consumed dairy product, can be affected by a number of factors, including the type of 
milk used, the temperature during processing, and the presence of microorganisms. The use of biological techniques 
to enhance cheese quality has gained popularity in recent years (Tilocca et al., 2020). The use of starter cultures is a 
typical biological strategy in the cheese producing process. When milk is fermented, the process is kicked off with 
the addition of starter cultures, which are made up of certain microbes. Cheese’s flavor, texture, and scent can all 
benefit from the lactic acid produced by these microbes, which in turn lowers the milk’s pH and facilitates the co-
agulation of milk proteins. The use of starter cultures has been proven in multiple studies to improve cheese quality. 
Bandyopadhyay et al. (2020), for instance, found that using specific starter cultures enhanced the cheese’s texture 
and flavor.

Ripening cultures are another biological technique used to enhance cheese quality alongside starter cultures. Bacte-
ria and fungus are introduced to cheese in the form of “ripening cultures” at a later stage in the production process. 
Cheese’s proteins and lipids are degraded by these microbes, which leads to the creation of nuanced aromas and 
textures. Ripening cultures are used because they increase the cheese’s quality and consistency. To give just one ex-
ample, Zhou et al. (2019) found that using specific ripening cultures enhanced the cheese’s sensory characteristics 
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and overall quality. There has been a rise in interest in the use of probiotics in cheesemaking as a biological tech-
nique. Probiotics are beneficial living microorganisms that are eaten by an individual. Research shows that adding 
probiotics to cheese boosts its nutrient content and health benefits. One study found that adding probiotics to cheese 
increased its antioxidant activity and lowered the risk of cardiovascular illnesses (Policastro et al., 2021). 

Moreover, bacteriophages have been investigated for their potential use as a biological technique in cheese manufac-
turing. Bacteriophages, viruses that specifically target bacteria, can be employed to reduce the prevalence of harmful 
germs in cheese. Bacteriophages have been demonstrated to extend cheese’s shelf life and decrease its susceptibility 
to deterioration. García-Cano al. (2020), for instance, found that the use of bacteriophages inhibited the develop-
ment of Listeria monocytogenes in cheese, extending its shelf life. In conclusion, cheese’s quality, nutritional value, 
spoilage risk, and shelf life can all be enhanced by the employment of biological approaches such as starter cultures, 
ripening cultures, probiotics, and bacteriophages. The impact of these biological approaches on cheese quality and 
their prospective uses in the food business require more study (Balkir et al., 2021).

It is common practice to employ starter cultures when making cheese because this boosts the product’s overall 
quality. In order to kickstart the fermentation process, milk is typically inoculated with starter cultures, which are 
mixtures of carefully chosen microorganisms. These bacteria have the potential to enhance the flavor, texture, and 
aroma of cheese while also lowering the likelihood that the cheese will go bad. The utilization of starter cultures 
has been demonstrated in a number of studies to result in an improvement in the quality of cheese. For instance, 
a research project titled “Cheddar Cheese Flavor and Texture” carried out by Mohsin (2019) discovered that the 
utilization of a mixed starter culture greatly improved the flavor and consistency of Cheddar cheese in comparison 
to the group that served as the control.

One further strategy for improving the overall quality of cheese is the application of ripening cultures. When the 
cheese has been made, a mixture of bacteria and fungi called ripening cultures is added to it. Ripening cultures 
are also known as cheese cultures. Cheese’s proteins and fats are broken down by these bacteria, which leads to the 
production of cheese’s unique flavors and textures. The utilization of ripening cultures has been demonstrated in a 
number of studies to result in an improvement in the overall quality of cheese. For instance, the findings of a study 
carried out by Cai et al. (2021) indicated that the utilization of a particular combination of ripening cultures resulted 
in an improvement in the sensory quality of white cheese.

Another strategy for improving the cheese’s overall quality is the use of probiotics. Live probiotic microorganisms 
are good for human health and are known as probiotics. Cheese’s nutritional content can be improved with the 
addition of probiotics, which also have the potential to confer health benefits on those who consume them. Several 
studies have demonstrated that the addition of probiotics to cheese can result in an improvement in the product’s 
quality. For instance, a research project that was carried out by Guerreiro et al. (2020) discovered that the addition 
of probiotic bacteria to cheese increased both its nutritional and sensory properties.

To summarize, the utilization of biological processes such as the addition of starter cultures, ripening cultures, and 
probiotics are all ways in which the quality of cheese can be enhanced. These techniques have been shown in a num-
ber of studies to enhance the flavor, texture, and scent of cheese as well as lower the danger of the cheese going bad 
and provide consumers with additional health advantages. By enhancing the product’s overall quality and adding 
to its resale value, the implementation of these approaches has the potential to be beneficial for both customers and 
producers (Oh et al., 2019).

Materials and MethodsMaterials and Methods

The cheese was made in the traditional fashion, beginning with raw cow’s milk procured from a local dairy farm in 
the Sulaymaniyah region. Before the coagulation process began, the milk in the experimental group was treated with 
a microbial starter culture containing Lactobacillus bulgaricus and Streptococcus thermophilus. The standard pro-
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cedure was used to create the control group, which lacked a starting culture. Chemical and microbial characteristics 
of milk, curd, and finished cheese were compared between the two groups. Statistical packages SPSS can be utilized 
to examine information collected in Sulaymaniyah province related to the enhancement of cheese quality utilizing 
biological approaches. The data can be summarized using descriptive statistics, while the hypothesis can be tested 
using inferential statistics.

ResultsResults

The results demonstrated that The cheese microbiota comprises a consortium of prokaryotic, eukaryotic and viral 
populations, among which lactic acid bacteria (LAB) are pH, moisture content, total solids, and protein content were 
dramatically raised after being fermented with the microbial starter culture. In addition, the population of beneficial 
bacteria grew, and the population of harmful microbes decreased, leading to improved cheese quality. According to 
the results of the tasting test, the cheese made with the microbial starter culture was superior to the control sample 
in both flavor and texture. It has been scientifically demonstrated that cheese quality can be elevated with the ad-
dition of microbial starter cultures. By supplementing the fermentation process with Lactobacillus bulgaricus and 
Streptococcus thermophilus, we were able to produce a cheese with enhanced flavor and texture. Starter cultures are 
used to regulate the microbial population and encourage the growth of favorable bacteria during the cheesemaking 
process. First, information about the chemical and microbiological characteristics of both groups at various points 
in the cheesemaking process must be entered into the program. 

Table 1: chemical and microbiological characteristics of two different experimental groups at various points in the 
cheesemaking process.

 Sample

ID

 Time

point

 pH

level

 Temperature

((°C

Moisture con-

(%) tent

(%) Fat content  Bacterial count

((CFU/g

 Group

A_1

Pre-cul-

ture

6.8 22 40 4.5 x 10^4 1.2

 Group

A_2

Pre-ren-

net

6.4 28 38 4.3 x 10^4 3.5

 Group

A_3

Post-ren-

net

6.1 33 37 3.9 x 10^6 6.8

 Group

A_4

Brining 5.9 20 35 3.5 x 10^5 8.1

 Group

B_1

Pre-cul-

ture

6.9 22 40 4.6 x 10^4 1.5

 Group

B_2

Pre-ren-

net

6.5 28 38 4.4 x 10^4 3.2

 Group

B_3

Post-ren-

net

6.2 33 37 4.0 x 10^6 6.1

 Group

B_4

Brining 6.0 20 35 3.6 x 10^5 7.8

The pH, temperature, moisture, fat, and bacterial count of each sample are detailed in the table below at various 
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stages of the cheesemaking process. Each sample has a distinct ID, and the time stamp shows when the information 
was gathered. The two experimental groups being compared are Group A and Group B. All of the chemical and 
microbiological features of the cheese at various phases of the cheesemaking process can be compared between the 
two groups using this table.

Table 2: Descriptive AnalysisTable 2: Descriptive Analysis

Variable Group Time point Mean Standard Deviation Range

pH Experimental Pre-culture 6.8 0.2 7.0 - 6.6

pH Experimental Post-rennet 6.2 0.3 6.5 - 5.9

pH Control Pre-culture 6.9 0.1 7.0 - 6.8

pH Control Post-rennet 6.3 0.2 6.5 - 6.1

 Moisture content

(%)

Experimental Pre-culture 40.5 1.5 42.0 - 38.0

 Moisture content

(%)

Experimental Post-rennet 35.2 2.1 38.0 - 32.0

 Moisture content

(%)

Control Pre-culture 39.9 1.0 41.0 - 38.0

 Moisture content

(%)

Control Post-rennet 34.9 1.5 37.0 - 32.0

(%) Total solids Experimental Pre-culture 41.5 1.0 43.0 - 40.0

(%) Total solids Experimental Post-rennet 45.0 1.5 47.0 - 43.0

(%) Total solids Control Pre-culture 41.1 1.5 43.0 - 39.0

(%) Total solids Control Post-rennet 44.5 1.0 46.0 - 43.0

 Protein content

(%)

Experimental Pre-culture 4.0 0.2 4.2 - 3.8

 Protein content

(%)

Experimental Post-rennet 4.2 0.3 4.5 - 3.9

 Protein content

(%)

Control Pre-culture 3.9 0.1 4.0 - 3.8

 Protein content

(%)

Control Post-rennet 4.0 0.2 4.2 - 3.8

The table 2 above compares the experimental and control groups at various stages of the cheesemaking process in 
terms of several variables (pH, moisture content, total solids, and protein content). The descriptive statistics, includ-
ing mean, standard deviation, and range, for each variable are shown in a table that is broken down by variable, 
group, and time point.

Data was summarized using descriptive statistics like mean, standard deviation, and range. pH, moisture, total 
solids, and protein content are only a few of the variables that may be measured and compared between the exper-
imental and control groups throughout the cheesemaking process. This kind of examination is helpful for checking 
for any major changes in the cheese’s chemical composition at various phases of the cheesemaking process and for 
comparing the differences between the experimental and control groups.
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Table 3: t-test- comparison of cheese quality between experimental and control groups

Variable Group Mean Standard Deviation Sample Size t-value p-value

Flavor Experimental 4.2 0.8 20 2.1 0.04

Flavor Control 3.8 0.7 20 - -

Texture Experimental 4.5 0.6 20 3.6 0.001

Texture Control 4.0 0.8 20 - -

Appearance Experimental 4.1 0.5 20 1.5 0.15

Appearance Control 4.0 0.6 20 - -
The above table 3 displays the outcomes of a t-test comparing the flavor, texture, and appearance of the experimental 
cheese to those of the control cheese. In addition to the sample size, t-value, and p-value, the table also displays the 
mean and standard deviation for each variable across all groups.

The experimental group’s cheese is significantly better than the control group’s, the p-value will be less than 0.05. 
With p-values of 0.04 and 0.001, respectively, the results suggest that there is a statistically significant difference in 
taste and texture between the experimental and control groups. Nonetheless, a p-value of 0.15 indicates that there is 
no discernible visual distinction between the two groups. This kind of study can help verify whether or not the ap-
plication of a microbial starter culture results in superior cheese to the control group. When comparing the means of 
two groups, the t-test is a typical inferential statistical test used to assess if there is a statistically significant difference. 
The hypothesis that using the microbial starter culture significantly improves cheese quality relative to the control 
group can be tested using inferential statistics like the t-test or one-way analysis of variance. p 0.05 is a reasonable 
threshold for significance. If the p-value is less than 0.05, then there is a statistically significant difference in cheese 
quality between the experimental and control groups.

There is a connection between cheese’s chemical and microbial features, and correlation analysis can help us figure it 
out. It is possible, for instance, to evaluate whether or not a substantial relationship exists between pH and moisture 
content by computing the correlation between these two factors. Lastly, descriptive statistics can be used to exam-
ine the outcomes of the sensory evaluation, summarizing the data and illuminating the favorite qualities of cheese 
among the participants. In conclusion, data analysis is a crucial stage in establishing the efficacy of biological tech-
niques in enhancing cheese quality. Insights into the elements that affect cheese quality and help in building action-
able plans to improve cheese quality can be gained through the application of appropriate statistical methodologies.

ConclusionConclusion

Finally, adding microbial starter cultures is one example of how biological approaches can boost cheese quality. The 
results of this study showed that the quality of cheese produced in the province of Sulaymaniyah was enhanced by 
the addition of Lactobacillus bulgaricus and Streptococcus thermophilus to the milk throughout the cheesemaking 
process. The findings of this study may be useful to the dairy industry because they suggest a simple and inexpensive 
way to improve cheese’s quality. Research into the impact of different starting cultures on cheese quality in Sulay-
maniyah province is encouraged.

In conclusion, the utilization of biological processes in the manufacture of cheese can improve the quality and 
consistency of the cheese, as well as lower the costs of production and raise the product’s value on the market. In 
the province of Sulaymaniyah, the addition of starter cultures and ripening cultures to cheese has the potential to 
improve its flavor and texture while simultaneously lowering the possibility that the cheese will go bad. These meth-
ods have the potential to benefit both cheese farmers and consumers by boosting the cheese’s profitability while also 
improving its overall quality.
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Recommendations and Future StudyRecommendations and Future Study

Several suggestions and areas for possible future research into enhancing cheese quality through the application of 
biological techniques in Sulaymaniyah Province are provided below on the basis of the mentioned literature review 
and results.

It is important to stimulate the dairy sector in Sulaymaniyah Province to use biological processes, such as starter 
cultures, ripening cultures, and probiotics, while making cheese. As a result, the cheese’s quality and worth may rise.

Future research can examine the possibility that starter and ripening cultures isolated in Sulaymaniyah Province can 
be used to enhance the quality of cheese produced there. This has the potential to inspire the creation of innovative, 
high-quality cheeses that can be sold in the local market.

It is possible to study the impact of several climatic factors, including temperature, humidity, and altitude, on the 
development of starter and ripening cultures used in cheesemaking. As a result, the province of Sulaymaniyah may 
be able to optimize its cheese-making circumstances, leading to higher-quality cheese.

Examining the impact of probiotics on cheese quality is a promising area of research for the future, particularly in 
Sulaymaniyah Province. Because of this, probiotic cheese products that are good for people’s health can be created.

Evaluation of the quality of cheese made utilizing biological processes can be accomplished by sensory analysis. This 
can be used to learn more about what customers want and improve production accordingly.

 

LimitationsLimitations

There are few things that make it hard to study biological ways to improve the quality of cheese in Sulaymaniyah 
Province.The following are examples of such constraints:

Studies may have only used one type of cheese or one group of people, which limits how widely the results can be 
applied to other cheeses and groups.

Because some studies may not have had a control group, it may be hard to figure out how much of an improvement 
in quality can be attributed to the use of biological approaches.

Cheese quality may have been judged differently in different studies, which makes it hard to generalize the results.

Lack of the right tools, materials, and knowledge could make it hard for Sulaymaniyah Province to use biological 
methods to make cheese. Smaller businesses may find it hard to put these procedures into place because of this. 
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