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Abstract

In this study, mozzarella cheese covered with edible and biodegradable
films was manufactured from whey proteins reinforced with green
alcoholic extract to preserve the environment from degradable plastics
surrounding it. Two types of mozzarella cheese were manufactured.
The first made unwrapped mozzarella cheese (control sample), and the
second treatment was mozzarella cheese coated with whey proteins
fortified with green tea at a concentration of (3%) (envelope sample),
and its effect on prolonging the storage life of the processed cheese
was evaluated by chemical and microbiological tests, as the moisture
content on the first day was 53.26 and 53.30% for each of the control
sample and envelope sample, respectively. Moreover, this percentage
was decreased with significant differences on the last day (P<0.05)
between the two samples to 47 and 51.06%, respectively. As for the pH
decreased during the storage period, and it was found that there was a
development in acidity during storage and for the two samples with
insignificant differences(P<0.05), The Acid value (AV) for both
control and envelope sample was 0.13 (mEq / 100 gm fat). And the
value of AV increased with significant differences in storage samples,
control sample, and envelope sample until it reached 2.0 and 1.1 (mEq
/ 100 gm fat). As for the microbiological tests, the total number of
bacteria on the day of storage was 3.5 x 102 and 2.7 x 102. control and
envelope samples, respectively, decreased at of the storage phase 3-6
logarithmic cycles in the envelope sample compared to the control
sample. The numbers of Gram-negative E. coli bacteria were lower by
two logarithmic cycles in the envelope sample compared to the control
sample. The envelope sample was free of lipolytic bacteria, proteins,
Salmonella sp, yeasts, and samples, for the length of the storage period.
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1. Introduction

Packaging is an essential part of food manufacturing operations to contain and facilitate the transportation,
distribution, and sale of food comfortably and to maintain its natural specifications throughout the period
between manufacturing, packaging, and consumption locally or after export without the food being exposed to
chemical [1], physical and biological damage. Plastic wrapping represents 70% of the total packaging materials
used in packaging food products [2], and most plastic materials are not biodegradable and are derived from non-
renewable materials. Their durability makes them useful, but their presence in the environment constantly and
the difficulty of disposing of their waste, which is raised annually, constituted a major obstacle to its use and the
need came to find an alternative, the food packaging industry in the last two decades has received great attention
from those interested in food safety and environmental preservation, as attention has been directed to how to
create edible and biodegradable packaging materials [3]. In general, proteins are considered suitable polymers
for forming edible and biodegradable films and covers because they have excellent mechanical properties as well
as their ability to retain moisture, gas and odour and act as a barrier to deter the invasion of microorganisms in
the food product and their ability to carry food additives [4]. In addition, it is edible and is produced and formed
under cold conditions. The edible packaging, or the so-called biofilm, includes cellulose derivatives,
carrageenan, alginates, caseins, and whey proteins, incorporating antimicrobial factors into them [5]. Among the
antimicrobial factors that can also be used in this type of packaging is an extract. Green tea acts as an
antioxidant. The consumption of green tea has shown various health benefits. Scientific research has shown that
the compounds in tea have anti-cancer, anti-microbial, and anti-viral properties. In addition, these compounds
protect against heart disease and have anti-diabetic properties [4]. The secret of the many benefits of green tea is
due to the multiple phenols contained in its leaves, the most important of which are flavonoids, specifically the
catechins group, which constitutes from 90-80% of the flavonoids and about 40% of the water-soluble solids,
which makes it a valuable substance in Oral Health Benefits [6]. Mozzarella is one of the unripe soft cheeses
belonging to the Pasta-Filata family. Its original homeland is Battipaglia in Italy. This type of cheese has been
used for over 50 years in the pizza industry [7]. A soft white cheese characterizes mozzarella cheese with a shiny
and attractive surface, slight saltiness, and a high stretchability in hot water. - 5.4 Most of it turns into
Monocalcium paracasienate, responsible for the processed cheese's shiny appearance and high extensibility.
Among the main characteristics of mozzarella cheese is the bright white colour; buffalo milk is preferred over
cow's milk in its manufacture [7]. This study aimed to develop the functional character and increase the ability to
preserve the biodegradable wrapping mozzarella cheese produced from whey proteins and its inclusion in green
tea extract, which is essential in limiting microbial growth.

2. Materials and Experimental Work

2.1. Green Tea Extracts Preparation

Dried green tea leaves (Mahmoud) were purchased from the local markets in Baghdad. The dried leaves were
ground using an electric grinder, and then the ground leaves were sifted by using a sieve (70/100 mesh) to get
green tea powder. Finally, extraction was carried out according to the method mentioned [8].

2.2. Preparation of Casings isolated Whey Proteins and Green Tea Extract

The casing solution was prepared according to the method described by [9] with some modifications as follows:
Dissolve 10 g of whey protein isolate in 100 ml of non-ionic distilled water while stirring the solution until
dissolution using a magnetic stirrer with a hot plate for 30 minutes, then heat the mixture at a temperature of 90
C° with continuous stirring, then leave the solution to cool at room temperature and then Filter the solution using
a piece of gauze to avoid the presence of any lumps or insoluble materials in the solution, then adjust the pH to 7
using one standard sodium hydroxide solution, then add 5% glycerol to the previous solution and mix it for 5
minutes, then add the alcoholic extract of green tea at a concentration of 3% to The prepared solution and to get
rid of the air bubbles inside the casing solution, use a vacuum pump for 10 minutes, then keep the solution in the
refrigerator under dark conditions to prevent oxidation processes.

2.3. Mozzarella Cheese Production

Making mozzarella cheese according to the method described by [10] which includes the following with some
modifications: Receiving 5 kg of the bulk milk from the diary mill- food science division- agriculture college-
Baghdad university of 63° C / 30 minutes and cool the milk to 4° C and add citric acid until the pH is reached 5.3
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The temperature was gradually raised, and microbial rennet (chymosin enzyme) prepared by Danish company
CHR-HANSIN was added after dissolving it with distilled water and according to the instructions of the
producing company and leaving it for half an hour until coagulation occurred, The clot was cut longitudinally
and transversely, and then left for 5 minutes without moving, then the whey was drained. The curd was collected
and then served (pulled and stretched) inside the hot sauce at 90 °C until it became a ball with a diameter of 5-10
cm and the balls were placed in water at a temperature of 9-11 ° C, then placed in a saline solution with a
concentration of 15% for 10 hours. The cheese section was divided into two parts, the first was left unwrapped
by the control treatment (control sample), and the second section was covered with casings reinforced with green
tea extract at a concentration of 3% by immersion method (envelope sample) so that the weight of the sample
was approximately 100 g. The samples were left at a refrigerator temperature of 4 °C +1 and humidity a
proportion of 40-40% until the film hardened on the surface of the cheese after stirring from time to time. The
cheese was subjected to the necessary tests (chemical and microbiological) after 1, 30, 60 and 90 days of storage
at a temperature of (5+ 1) C.

2.4. Chemical Tests for Mozzarella Cheese

2.4.1 Moisture Analysis

The percentage of moisture of cheese was estimated after packaging during the preservation period during days
1, 30, 06, 09, according to the method modified by [11] 3 g of cheese was taken and dried in the oven at a
temperature of 105 ° C after reaching the dryness stage and until stability was measured, the weight was
measured the dry matter and the initial weight were subtracted to extract the percentage of moisture according to
the following equation:

% humidity = Weigh the sample before drying - Weigh the sample after drying / Weigh the sample x
100%

2.4.2. Estimation of the Percentage of Fat
The percentage of fat in cheese was estimated by Babcock method by taking 4.5 g of cheese and using Babcock
bottles graded from zero to 40 [12].

2.4.3. pH Determination
Weigh 3 g of cheese and mix well with 10 ml of distilled water, then the pH value was estimated after the
mixing process using a pH meter according to the method mentioned [12].

2.4.4. Titratable Acidity

The acidity represents the number of milliliters consumed from the base for an equation of 100 gm of cheese in
the presence of a drop of phenolphthalein alcohol solution (2%), the acidity was estimated according to the
standard method mentioned in [13] by weighing 3 g of cheese sample prepared for the examination and mixing it
well with 10 ml of distilled water. After that, the model was smeared with (0.1) molar NaOH, and the percentage
of acidity was calculated based on lactic acid according to the following equation:

Note that the gram equivalent weight of the lactic = 90

Acidity percentage %= Equivalent gram weight of lactic acid* base caliber* base volume consumable/
Sample Weight (gm)

2.5. Microbiological Analysis of Mozzarella Cheese

The total number of bacteria, molds and yeasts was estimated according to APHA [14] using Nutrient agar,
E.coli bacteria using MacConkey agar, Salmonella bacteria using SS agar medium, lipolytic bacteria and protein
using Milk agar component. (100 cm 3 of 10% + Nutrient agar screened milk) as stated in [15].

2.6. Statistical Analysis
All data were analyzed using the SAS statistical analysis system using the least significant difference (LSD) test.
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3. Results and Discussion

3.1. Chemical Assays of Mozzarella Cheese Unwrapped and Coated with Whey Proteins fortified with
Green Tea Extract

3.1.1. Checking Moisture Content

The results of Table (1) for the moisture content of unwrapped mozzarella cheese samples, treated as control
sample and cheese samples coated with whey proteins casings fortified with green tea extract at (3%) envelope
sample indicated a decrease with significantly different (P< 0.05). in the moisture percentage values for all
samples with the progression of the storage period of 90 days as a result of the loss of water vapor during
storage, as the moisture percentage on the first day was 53.26 and 53.30% for each of the control sample and
envelope sample, respectively, and this percentage is higher than what was found by [15] for mozzarella cheese,
where the moisture percentage was 47.79%, as well as higher with What he found [16] for mozzarella cheese,
which amounted to 47.74%, and close to what was found by [17] in Sudanese soft cheese, where the moisture
content was 55.69%, These differences depend on the manufacturing method, the temperature and acidity used,
and the moisture content of the resulting cheese. This result is considered in conformity with the Iraqgi standard
specification for soft cheese [18], which indicates that the moisture content of soft cheese is not less than 50%.
As for storage, a gradual decrease in the percentage of moisture is observed after the passage of 30, 60 and 90
days Figure 1 , where the percentages of moisture reached 52.12, 51.04 and 47.00% for control sample
respectively, while for envelope sample they were 52.78, 52.00 and 51.06%, respectively, and it is noted that
there are A difference between the percentages of moisture loss in cheese samples and that the reason for these
large differences between the two treatments is due to the composition of the whey proteins casings Fortified
with green tea extract, which plays a role in retaining moisture and reduces the amount of evaporated water lost
from it during storage to an extent in which it is efficient in the moisture-reserving properties and this supports
what was mentioned by [19] Al-Mudhafra cheese, where the moisture content decreased from 56.5 to 52.5% and
also agrees with [20] The moisture content decreases during the storage period.
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Figure 1: Moisture percentages of treatments for unwrapped mozzarella cheese (control sample) and cheese
samples coated (enveloped sample) during storage period.

3.1.2. Percentage of Protein in Different Cheese Treatments

The protein substance is a source of many changes in the sensory characteristics related to the flavor and texture
of cheese during the storage period because of this relationship to proteolysis [21]. The proportion of protein
during storage is affected by the proportions of other components, especially the moisture content [22]. The
results of Table 1 show the percentage of protein in content control sample and enveloped sample during the
storage period (90) days, as the treatment control sample after a day of manufacture was 25.30%. This result is
identical to what found [15], which indicated that the percentage of protein in mozzarella cheese made from
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cow’s milk was 25.30% and higher than what was found [23] in mozzarella cheese made from whole cow’s
milk, amounting to 18%, and close to what was found [24] in Sudanese al-Mudhafra cheese, which amounted to
22.30%. As for the envelope sample immediately after manufacturing, it was 25.22%, and these percentages are
less than the result mentioned by [17], which amounts to 30.22%. During storage,an increase in the percentage
of protein is observed with insignificant differences. (p<0.05) , and this is due to the loss of moisture during
storage, which leads to an increase in the percentage of total solids present in cheese, including protein, but the
losses The moisture in the packaged cheese treatment was less than what it is in the unwrapped cheese, where
the protein percentage at the end of the storage period for both treatments control sample and envelope sample
was 26.85 and 26.23%, respectively Figure 2, These results agree with his findings in [25]which confirmed that
the high The percentage of protein during the storage period is due to the decrease in the moisture content of the
cheese, and the increase in the decrease in the moisture content in the cheese during the storage period affects the
state of balance of the proportions of other components, including protein, which leads to an increase in the
proportions of these components and is consistent with what | found [15] and also with what was found by [26],
who noted that the rate of increase in protein ratios during maturation.
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Figure 2: Protein percentages for treatments of unwrapped mozzarella cheese (control sample) and cheese
samples coated (enveloped sample) during storage period.

3.1.3. Percentage of Fat

Table 1 shows the percentage of fat in the cheese of the different control sample and treated enveloped sample
mentioned previously, as the percentage of fat one day after manufacturing for the control sample cheese was
22.35%, and this result was closed to what [18] found for mozzarella cheese made from cow’s milk, which
amounted to 20.7%. He found it and found it [16] and found it and found it in the treatment of 23.21%. As for
the percentage of fat in the enveloped sample treated, it was 22.35%. The statistical analysis results indicate that
there are no significant differences (0.05 (P<0.05) between the control and envelope samples. 25.12% Figure 3,
and the result was found, close to what it found [27] for mozzarella cheese made from cow's milk 24.50%. The
percentage of the total chemicals that were viewed during the storage period and the results are also consistent
with his finding [28] who noted the high storage period, and this is due to the composition of the casing s of
whey proteins supported on green tea, which plays a role in sequestering and storing the amount of evaporated
water for moisture, which leads to increase the proportion of fat.
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Figure 3: Fat ratios of treatments for unwrapped mozzarella cheese (control sample) and cheese samples coated
(enveloped sample) during storage period.

3.1.4. Total of Titratable Acidity in Chees

The results shown in Table 1 show the values of acidity (calculated based on lactic acid) and express the natural
acidity and the developed acidity of the cheese of the different treatments. The results showed an increase in the
acidity values, as these values were a day after manufacturing for the control sample. 0.27% and then increased
until it reached 0.87% within 90 days of storage. As for the envelope sample treated, the acidity percentage was
0.35% initially, and it reached 0.63% at the end of storage.

It is also noticed that there are significant differences (0.05 (P<), and these results agree with what It was
reached by [19], [15] and [29] that the percentage of acidity of the covered and unwrapped Triumphal cheese
samples rises during the treasury period, and [30] and [19] indicated that the acidity of the unwrapped
Triumphant cheese increased with the increase in the storage period, as It was higher than the acidity of the
packaged cheese, and this reflects the superiority of the packaged treatment over that of unwrapped cheese.
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Table 1: Chemical analysis of mozzarella cheese packaged with green tea extract casings during storage period.

Moisture protein Fat total acidity
1 53.26 +3.14a | 25.30+2.05a | 22.35%2.47a | 0.27 £0.08 d
30 52.12+3.06a | 25.90+1.39a | 22.99+1.94a | 0.58 +0.bc
Control sample 60 51.04 £+2.17 b | 26.01+2.42b | 23.89 £2.62 0.66 +0.25 b
ab
90 47.00+2.02 ¢ | 26.85+1.27b | 25.12+2.97c | 0.8710.33 a
1 53.30+3.48a | 25.22+1.94a |22.35+2.08a | 0.35+0.09
cd
30 52.78+3.82a | 25.78 t1.66a | 22.80+2.56a | 0.43 +0.12
Envelope sample bc
60 52.00+3.68a | 26.12+2.07b | 23.14+2.82b | 0.58 £+0.18
bc
90 51.06 +3.08 b | 26.23 +1.38 23.95+2.04b | 0.6310.27 b
ab

Means in the same column not bearing similar superscript letters are significantly difference (P>0.05).

3.1.5. pH Values in Different Cheese Samples

The pH represents the natural acidity and the developed acidity resulting from the fermentation of lactose sugar
and its transformation into lactic acid by the action of enzymes from the initiator bacteria. The acidity shares a
balance with other compounds to give the cheese taste and flavour and thus affect the degree of consumer
acceptance of cheese. The results are shown in Figure 4 show the pH values of the coefficients For control
sample and envelope sample cheese, the pH values a day after processing for T1 were 5.75, and this result was
higher than what was found by [16] for full-fat mozzarella cheese, which was 5.32 and very close to what was
reached by [24] for Sudanese Muzaffar cheese. As for the envelope sample treated, it was also 5.75. It is close to
what was found by [31], which estimated the pH of Al-Mazfour cheese was 5.45, and close to what was found
by [32], which estimated the pH of Al-Mazfour cheese, which ranged between 5.50 -5.45. During storage, a
decrease in pH values was observed for all treatments. After 90 days, for cheese, control and envelope samples
were 5.09 and 5.12, respectively. The reason was due to the decrease in the pH of lactose consumption by
microorganisms producing lactic acid. It is also noted that there were significant differences (P<0.05) within one
treatment between the beginning and end of the storage period.
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Figure 4: pH values of treatments for unwrapped mozzarella cheese (control sample) and cheese samples coated
(enveloped sample) during storage period.

3.2. Results of Microbial Tests for Mozzarella Cheese

3.2.1. Total Count Bacteria

The results shown in Table 2 indicate that the number of treated bacteria (control sample) for unwrapped
mozzarella cheese (control treatment) was higher than the number of bacteria of treatment (envelope sample) for
cheese coated with whey protein casing s reinforced with green tea extract and these differences persisted
between control sample and envelope sample During the storage period until its end, which led to the appearance
of signs of spoilage in the control sample model faster than the envelope sample wrapped cheese model. It was
noted that the bacterial numbers decreased by approximately 3-1 logarithmic cycle in the envelope sample
treated compared to the unwrapped cheese, where the total number of bacteria for the treated cheese was control
sample on the first day was 10° x 3,5 CFU/gm and reached 10° x 5.2 CFU/gm at the end of the storage period.
The envelope sample on the first day of manufacture was 10 x 2.7 CFU/gm and reached 10° x 8. 9 CFU/gm,
which is still within the standard specification for soft cheese, which states that cheese is sensually acceptable
and edible when the total bacterial count in it does not exceed 10° CFU/gm. The higher microbial numbers in
control sample than in envelope sample may be due to non-encapsulation. cheese and expose it directly to the
atmosphere, which is more susceptible to contamination [33]. as well as to casing s of whey protein isolates
enriched with green tea extract As it leads to the inhibition of aerobic bacteria by reducing the entry of oxygen,
which is essential for the growth of microorganisms, and on the other hand, the anti-microbial activity of the
green tea extract, which supported the coating against bacterial species (positive and gram-negative) because it
contains the phenolic compounds it contains. Green tea extract, especially catechins and ECGC determination,
[34,19] reported that the total number of bacteria was decreased in whey protein-coated strands cheese compared
to non-coated cheeses.

158



Journal of Applied Sciences and Nanotechnology, Vol. 3, No. 1 (2023)

Table 2: microbial tests of mozzarella cheese packaged with green tea extract casings during the storage period

E-coli
age in Total CFU Lipolytic Proteolytic Salmonella.sp | Molds &
Samples c?a ) count bacteria CFU / bacteria CFU / Yeasts
> I Jcrugm | cru/ gm gm CFU/gm | CFU/gm
gm
1 102 x3,5d 10"; 0c 0c 0b 0b
30 103 x2,5 ¢ 1302: 0c 0c 0b|Ob
control 102 102x3.4
sample | 60 104x3,3b 42: 10x2.4b 10x3.1b 0b | X3
90 106x52a | 102X 102x3.7a 102 x4.5a 10x3.1a | 102*81
6,3a a
1 102x2,7d Oc|Oc Oc Ob|O0b
30 102 x3,1 zlgg 0c 0c 0b 0b
envelope iO ”
sample 60 103x29c 36b Oc 10x1b Ob Ob
10 x
90 103x89¢ | o 0c 10x 1.4 b 0b 0b

Mean * SD. Having different superscript letters on columns are significantly different (P<0.05)

3-2-2 Preparation of E-coli Bacteria

The results are shown in Table 2 showed that the number of E-coli bacteria in the control sample treatment was
10 x 3 CFU/gm after one day of manufacture, while the envelope sample treated representing the packaged
cheese was devoid of growth, and it was observed that the number of bacteria increased during the progression
of the storage period. For cheese workers, where for control sample and envelope sample at the end of the
storage period CFU/gm were 10% x 6.3 and 10 x 5.0, respectively, it was noted that there were significant
differences (p<0.05) between the control sample and envelope sample, as it was found in two logarithmic cycles
and the reason for this is due to the effectiveness of The casing s in the inhibition of E-coli bacteria, especially
the anti-bacterial action of green tea extract against microorganisms, and these results came close to what was
mentioned by [35] that it was shown that the non-packed cheeses contained more E-coli bacteria compared to
their numbers in packaged cheeses. The reason for this rise is due to the lack of cheese packaging in this
treatment and its exposure to the direct atmosphere, which may be a direct cause of its contamination.

3.2.3. Number of Lipolytic Bacteria

The results of Table 2 indicate that no countable lipolytic bacteria growths (i.e. less than 30 colony-forming
units/gm) appeared in the control sample and envelope sample at the beginning of the storage period, as the
numbers appeared in the last period of storage, as these growths appeared bacteria when detected in control
sample only, where it reached 10° x 3.7 CFU/gm. The reason for the absence of growth in cheese for the
envelope sample factor is attributed to the activity of the alcoholic extract of green tea against lipolytic bacteria;
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that is, the reason is due to the encapsulation process that contributed to preventing the proliferation of
microorganisms [30].

3.2.4. Number of Proteolytic bacteria

The results are shown in Table 2 indicate that no numbers of proteolytic bacteria appeared in each of the control
sample and envelope sample, at the beginning of the storage period, but it appeared in the last period of storage
in the control sample only, it reached 10 x 4.5 CFU/gm, and for the envelope sample treated it is 10 x 1.4, that
the absence of growths in the envelope sample treated is due to the new environmental conditions that were
formed by the packaging process and the effect of the natural antimicrobial agents present in the green tea
extract and added on the other hand [35].

3.2.5. Salmonella Bacteria Number

The results shown in Table 2 indicate that the envelope sample treated was free of Salmonella.sp bacteria, in
which whey protein wrappers were used, reinforced with green tea extract throughout the storage period, in
contrast to the control sample, which showed a clear growth in the last period of storage after it was free in the
first period, where it was in The end of the storage period CFU/gm 10 x 3.1.These results agree with what was
found by [26], as it was shown that the casein-coated mouterine cheese was free of Salmonella.sp bacteria
throughout the cheese storage period. These results indicate the effectiveness of the casing s of whey protein
isolates enriched with green tea extract in preventing the growth and proliferation of microorganisms due to its
anti-microbiological activity because it contains active phenolic compounds such as catechins and determination
of the (ECGC) compound present in the green tea extract that supported the casing against bacterial species
(gram-positive and gram-negative) [34].

3.2.6. Preparation of Yeasts and Molds

It is possible that yeasts and molds are present in dairy products through contamination, especially after the
pasteurization process[36], because pasteurization in itself is a determining factor for the presence of this type of
microorganisms[37], and this group of organisms that can lead to protein and fat decomposition, which is usually
accompanied by the production of substances that affect the taste The flavor[38], of cheese is evident from Table
2 that no growth of molds and yeasts appeared on the first day in the control sample and envelope sample, but
with the progression of the storage period for cheese, growth began to appear in the unwrapped control sample
until the end of the storage period, as it was 10? x 8.1 CFU/gm on the Unlike the envelope sample treated of
coated cheese, growth did not appear in it throughout the storage period, and these results are in agreement with
[19] where it was found that the number of molds in triumphant cheese coated with whey protein casing s is less
than in unwrapped cheese Molds and yeasts prevent the entry of oxygen and the effectiveness of the natural
antifungal agents found in whey proteins and anti-microbial additives. It also agrees with [39] that a decrease in
the number of molds and yeasts was found during storage of cheese with whey proteins with natamycin for 45
days at 11 °C and 85% moisture compared to unwrapped cheese.

4. Conclusions

Whey protein casings enriched with alcoholic extract of green tea have proven their ability to inhibit a number of
microorganisms and yeasts and molds, making them efficient for food preservation purposes.and that the use of
isolate casings of whey proteins and their support with the alcoholic extract of green tea had the effect of
reducing the microbial content of the coated samples of cheese compared with the unwrapped samples,as well as
in slowing the chemical and physical changes of the cheese during storage, which in turn was reflected in the
sensory evaluation. and the ease of conducting the packaging process with isolated proteins and whey-bearing
anti-microbial growth factors compared to wax encapsulation.

Acknowledgement
The authors express thanks to College of Agriculture/University of Baghdad for sponsoring this project.

Conflict of Interest
Authors declare that their present work has no conflict of interest with other published works.

160



Journal of Applied Sciences and Nanotechnology, Vol. 3, No. 1 (2023)

References
[1] M. P. Souza, Vaz, A. F., Cerqueira, M. A,, Texeira, J. A., Vicente, A. A., & Carneiro-da- Cunha, M. G.

Effect of an edible nanomultilayer coating by electrostatic self-assembly on the shelf life of fresh-cut
mangoes. Food and Bioprocess Technology, 8, pp. 647-654, 2015.

[2] H. Arnon-Rips, Elena Poverenov. Improving food products' quality and storability by using Layer by Layer
edible coatings, Trends in Food Science & Technology, 2018. doi: 10.1016/j.tifs. 3:11.

[3] A. Farhana, N. Mohd Hani. Active edible films based on semi-refined x-carrageenan: Antioxidant and color
properties and application in chicken breast packaging, Food Packaging and Shelf Life (24):5, 2020

[4] A. Rashidinejada,b, E. John Bircha, David W. Everettb. Antioxidant activity and recovery of green tea
catechins in full-fat cheese following gastrointestinal simulated digestion, Journal of Food Composition and
Analysis. 48, pp.13-24, 2016.

[5] Ch. Ruan, Yumeng Zhanga, J. Wang, Y. Suna, Xueling Gao,Guoyuan Xiong, Jin Liang. Preparation and
antioxidant activity of sodium alginate and carboxymethyl cellulose edible films with epigallocatechin
gallate, International Journal of Biological Macromolecules 134, pp.1038-1044, 2019.

[6] B. V, Morin P, Pouliot Y,and M. Britten. Physical properties of pizza Mozzarella cheese Manufactured
under different cheese making conditions. J. Dairy Sci., 96:4804-4815, 2016.

[7] S., P.Bagus, P.; Evy, D. and Yopi,Heni R.(2015).Characteristics of Mozzarella Cheese from Water Buffalo
Milk In North Sumatra. Applied Research Journal vol.1 no. 4, pp. 216-221, 2015.

[8] Chan, E.W. C., Lim, Y. Y., & Chew, Y. L. Antioxidant activity of Camellia sinensis leaves and tea from a
lowland plantation in Malaysia. Food chemistry, vol. 4 no. 102, pp. 1214-1222, 2007.

[9] R., M., Fernandez- Pan, I., & Maté, J. I. (2010). Antimicrobial effectiveness of oregano and sage essential
oils incorporated into whey protein films or cellulose- based filter paper. Journal of the Science of Food
and Agriculture, vol.9 no. 90, pp. 1513-1519, 2010.

[10] Al-Bayer, Muslim Mohsen Kazem. (1980). A study on the Mazdour cheese industry in Irag. Master Thesis .
faculty of Agriculture. Baghdad University.

[11] Kosikowski, F. V .Cheese and fermented milk foods.2nd . Ed. New York, U.S.A.Kumar, A., Kumar, A,
Thakur, P., Patil, S., Payal, C., Kumar, A., & Sharma, P. (2012). Antibacterial activity of green tea
(Camellia sinensis) extracts against various bacteria isolated from environmental sources. Recent Research
in Science and Technology, vol.1 no. 4, pp. 19-23, 1982.

[12] E.R . Ling "A textbook of dairy chemistry".Vol. Il practical, Chapman and Hall.LTD, (London), 2008.

[13] Association of Official Analytical Chemists. 1980. Official methods of analysis. 13 th ed. A.O.A.C.
Washington. DC

[14] American Public Health Association. (1978). Standard Methods for Examination of Dairy Products. 4th ed.
Marth .E .H. (Ed).American public Health Association.Washington .D .C.

[15] Al-Azzawi, Shaima Saadi Lafta, Kifah Saed Doosh., Study Effect of Feeding on Low Fat Mozzarella
Cheese Using Fat Mimetic such as Beta —Glucan and Inulin in some Health and Physiological Indicators of
White Mice, PhD thesis-collage of Agriculture-Baghdad University, 2018.

[16] Bi, W., Zhao W., Li D., Li X.,Yao C.,Zhu Y. and Zhaang Y. Effect of resistant starch and inulin on the
properties of imitation Mozzarella cheese. International Journal of Food Properties.19, pp. 159-171, 2016.

[17] O Yerlikaya, Ecem Akan, Ozge Yildiz Bayram, Ayse Demet Karaman, Ozer Kinik. The influence of plant
addition to some physicochemical, textural, microstructural, melting ability and sensory properties of
Mozzarella cheese, 2020.

[18] The Central Agency for Standardization and Quality Control. Dairy products - cheese / Iragi Standard
Specification No. (693/1), 1988.

[19] N. Hussein Saber Al-Jaruri. Production And Characterization Of Whey Proteins Edible Films And it’s
Application In Coating of Madfor Cheese, PhD thesis. College of Agriculture .University of Basra, 2014

161



Journal of Applied Sciences and Nanotechnology, Vol. 3, No. 1 (2023)

[20] O. L. Ramos, Reinas, 1., Silva, S. I., Fernandes, J. C., Cerqueira, M. A., Pereira, R. N., & Malcata, F. X.
Effect of whey protein purity and glycerol content upon physical properties of edible films manufactured
therefrom. Food Hydrocolloids, vol. 1, no. 30, pp.110-122, 2013.

[21] D., Kifah S. and Sawsan M. Abdul-Rahman. Effect of Lysozyme lIsolated from Hen Egg White in
Elongation the Shelf Life of Iragi Soft Cheese Made from Buffalo Milk, Pakistan Journal of Nutrition vol.
1, no. 13, pp,635-641,2014.

[22] R. -UR REHMAN, YANPING WANG, JINJU WANG and WEITAO GENG. Physicochemical analysis of
Mozzarella cheese produced and developed by the novel EPS-producing strain Lactobacillus
kefiranofaciens ZW3, Science of Dairy Technologies. 2017. doi: 10.1111/1471-0307.12445

[23] M. Alinovi, Lars Wiking, Milena Corredig, and Germano Mucchetti. Effect of frozen and refrigerated
storage on proteolysis and physicochemical properties of high-moisture citric mozzarella cheese, American
Dairy Science Association.11:14, 2020.

[24] Kh. 1. I. Harun, Mohamed Osman M. Abdalla and Osman A. O. El Owni.(2015). Chemical Composition of
Mudaffara Cheese Manufactured by Solanum dubium Coat Extract and Chymosin, U. of K. J. Vet. Med.
Anim. Prod., vol.6, no. 1, p. 27-37

[25] V. Bansal, Santosh Kumar Mishra. Reduced-sodium cheeses: Implications of reducing sodium chloride on
cheese quality and safety, COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY,
2019.

[26] D. Ibrahim Gru Al-Badrany,. Effect of fortification with antimicrobial agents on the viability of edible films
in cheese preservation. Master's thesis - College of Agriculture - University of Baghdad, 2011.

[27] M.C. Goncalves, Cardarelli, H.R., Composition, microstructure and chemical interactions during the
production stages of mozzarella cheese, International Dairy Journal. 10.1016/j.idairyj. 7:15, 2018.

[28] M., Ihab Mahmood Abdulhadi, Kifah Saeed o,Raia haron. Study on the Effect of using Inulin in The
Physio-Chemical and Microbiological Properties of Low fat Cheddar Cheese. Thesis. Alnilain University,
2017.

[29] E. Tirloni, C. Bernardi, P. S. Rosshaug, and S. Stella. Potential growth of Listeria monocytogenes in Italian
mozzarella cheese as affected by microbiological and chemical-physical environment, J. Dairy Sci. 102, pp.
1-12, 2018.

[30] G. Gorrasi, Valeria Bugatti, Loredana Tammaro, Luigi Vertuccio, Giovanni Vigliotta,Vittoria
Vittori.(2016). Active coating for storage of Mozzarella cheese packaged under thermal abuse, Food
Control (64) 10:16

[31] F. Najm Ismail Al-Hadithi,. Improving the rheological and sensory properties of low-fat Iragi braided
cheese. PhD thesis - College of Agriculture - University of Baghdad, 2015.

[32] M. S. Alsaggaf, Shaaban H. Moussa, Ahmed A. Tayelc. Application of fungal chitosan incorporated with
pomegranate peelextract as edible coating for microbiological, chemical and sensorialquality enhancement
of Nile tilapia fillets, International Journal of Biological Macromolecules. 99, pp. 499-505, 2017.

[33] Sh. Jafarzadeh, Jong-Whan Rhim, Abd Karim Alias, Fazilah Ariffin, ShahromMahmud. Application of
antimicrobial active packaging film made of semolina flour, nano zinc oxide and nano-kaolin to maintain
the quality of low-moisture mozzarella cheese during low-temperature storage, 2018.doi: 10.1002/jsfa.9439

[34] J. Manuel Lorenzo, Paulo Eduardo Sichetti Munekata. Phenolic compounds of green tea: Health benefits
and technological application in food, Asian Pacific Journal of Tropical Biomedicine, 2016.
d0i:10.1016/j.apjtb.2016.06.010.(16)32

[35] S. Amjadi & Sana Emaminia & Maryam Nazari & Shabnam Heyat Davudian & Leila Roufegarinejad&
Hamed Hamishehkar. Application of Reinforced ZnO Nanoparticle-Incorporated Gelatin Bionanocomposite
Film with Chitosan Nanofiber for Packaging of Chicken Fillet and Cheese as Food Models, Food and
Bioprocess Technology 12, pp. 1205-1219, 2019.

162



Journal of Applied Sciences and Nanotechnology, Vol. 3, No. 1 (2023)

[36] H. Lukman, Purwadi, S.; Imam, T.; Herly, E.; and Abdul, M., Physical and Chemical Properties of
Mozzarella Cheese Analogue Microwavable. International J. of Chem.Tech.Research vol. 9, no. 7 pp. 171-
181, 2016.

[37] W. F. Harrigan and McCance, M. E., Laboratory methods in food and dairy microbiology, Academic Press,
London, P:400, 1976.

[38] M. Henriques, Santos, G.; Rodrigues A.; Gomes, D.; Pereira, C. and Gil, M. Replacement of conventional
cheese coatings by natural whey protein edible coatings with antimicrobial activity. Journal of Hygienic
Engineering and Design, pp. 34-47, 2013.

[39] X. Ma; J. Bryony, Z. Lu. and Emma, E., Correlation mozzarella cheese properties to production processes
by rheological, mechanical and microstructure study: Meltability study and Activation energy. Procedia
Food Science 1, pp. 536-544, 2014.

[40] SAS. 2012. Statistical Analysis System, User's Guide. Statistical. Version 9.1th ed. SAS. Inst. Inc. Cary.
N.C. USA.

163



