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Abstract

Pomegranate peels powder (PPP) contain total phenolic compounds and
antioxidation activity, which can provide numerous health benefits. White soft
cheese was prepared from mixture of buffalo’s and cow’s milk and supplemented
with different levels of pomegranate peels powder (0.5, 1 and 1.5%) and estimated
for numerous storage quality parameters and oxidative stability under ambient
(18+£2°C) and refrigerated (6+2°C) conditions. Adding of PPP increased
antioxidant activity, total nitrogen, soluble nitrogen, fat content and Lactococci
count. Whilst the total bacterial counts, yeast & moulds and acid degree value
decreased. Coliforms groups were not detected in all treatments. The counts of
lactic acid bacteria increased up to the thirty days of storage and then decreased up
to the end of storage period. Cheese sample supplemented with 1.5% PPP gained
the highest total antioxidant activity. Moreover, T2 & T3 stored in 60 days at room
temperature had lower total scores than other treatments. While T2 & T3 stored at
ambient temperature for 30 days as well as T1 & T2 stored at refrigerator
temperature for 45 days had superior total scores than other treatments. Generally,
PPP contained elevated levels of phenolic compounds, consequently it revealed
efficacy antimicrobial properties and high antioxidant activity. Therefore, the PPP
can be used in production of functional white soft cheese. This study indicates that
peel of pomegranate can be used commercially in the dairy industry as potential
natural preservative.
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Introduction

Lipid oxidation is one of the primary reasons of spoilage in quality of fatty
foods and dairy products. It reduces the organoleptic properties of dairy products
and imparts rancid and unacceptable flavors in oils and fats, thus making them
unpleasant to consumers. Also, the oxidation of lipids produces many free radicals,
which have been implicated in asthma, atherosclerosis, cancer, early aging,
cardiovascular diseases chronic inflammation and cardiovascular diseases
(Siddhuraju and Becker, 2003). In order to delay the oxidative reactions progress
in dairy products, natural or artificial antioxidants are commonly added (Estévez
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and Cava, 2006). However, increasing interest for natural foods has obliged the
food industry to contain natural antioxidants in several products to retard oxidative
degradation of lipids, improve nutritional value and quality of foods, and substitute
artificial antioxidants (Camo et al., 2008). An increased preference has been
directed towards plant-based extracts as a source of phenolic antioxidants (Skerget
et al., 2005) and antimicrobials in food products (Velasco and Williams, 2011).
While extensive studies toward the use of polyphenols from rosemary, green tea
and other herbs as a good natural antioxidants source (Bozkurt, 2006), interest in
the antioxidant properties of pomegranate peels has lately emerged. Pomegranate
(Punica granatum) is a powerful source of bioactive compounds and has been used
in many centuries in traditional medicine. The antioxidant activity displayed by
phenolic compounds from pomegranate peels has been mentioned in terms of
inhibited the oxidation of lipid (Naveena et al., 2008).

Domiati cheese is the most common and popular soft cheese in Egypt. It is a
distinct compare with other pickled cheeses by the high percentage of salt up to
15%) which is added directly to the cheese milk before rennet (Abou-Donia, 2007).
It is consumed when fresh or after pickling period for several months (Ayad, 2009).
It made from cow's milk, buffalo's milk or a mixture of both, by coagulating the
milk with rennet. Although Domiati cheese has a tremendous market potential and
is considered a delicacy, however, the product is rich in fat. Further, owing to its
relatively high fat content, the product is susceptible to progress of rancidity and
fat oxidation.

Therefore, the current investigation was aimed to study the utilization of
pomegranate peels powder as a natural preservative in cheese and estimate the
impact of various concentrations of pomegranate peels powder on the storage
quality and cheese lipid oxidative stability.

Materials and Methods
Materials

Whole fresh cow’s and buffalo’s milk were obtained from the Herd of
Animal Production Department, Faculty of Agriculture, Al-Azhar University,
Assiut, Egypt.

Active Lactococcus lactis sub sp. cremoris and Lactococcus lactis sub sp.
lactis were obtained from Dairy Department, Faculty of Agriculture, Al-Azhar
University, Assiut, Egypt.

Methods
Preparation of pomegranate peels powder (PPP)

Pomegranate fruits were washed by deionized water then peeled.
Pomegranate peels were air dried in a ventilated oven at 40°C for 48 h and ground
and passed through a 24-mesh sieve to get a fine powder as described by Shan et
al., (2009).
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White soft cheese making

Mix of buffalo’s and cow’s milk (1:1) standardized to 6% fat, milk was
heated at 72£1°C/15 s in thermostatically controlled water bath, then cooled to
about 40+2°C according to Abd-Elhamid (2012). Pomegranate peels powder (PPP)
was added to warm milk at the rate of 0, 0.5, 1.0 and 1.5% (C, T1, T2 and T3;
respectively). 1% starter was added to prepared milk containing PPP and 6% of
sodium chloride, and then add microbial rennet with ratio of 0.02 g/l of milk. The
inoculated milks were incubated at 40+2°C until complete coagulation. The curd
was ladled into 40 cm?® wooden frames lined with cheese cloth. Allowed to drain,
wrapped in cheese cloth, and then covered with muslin cloth. A weight of about
50% of the curd weight was placed on top and left overnight for complete drainage.
The curd was cut into cubes, weighed, and then pickling by canning about 300 g
of cheese in plastic cans of 750 g capacity, filled with its own drained whey after
adjusting to about 6% salt, sealed manually, then stored at room and refrigerator
temperatures; 1842 and 6+£2°C; respectively. All samples were stored at ambient
and refrigerator temperature and it was analyzed when fresh, 15, 30, 45 and 60
days of storage. Chemical, microbiological and sensory evaluation were
determined after each storage period, the whole experiment was triplicate.

Chemical analysis

Total solids were determined according to Hooi et al., (2004). While, fat
content, total and soluble nitrogen were determined according to AOAC (2020),
pH was measured using laboratory pH meter (model 68 ESD 19713) with a
combined glass electrode.

Determination of antioxidant activity

Samples were extracted using methods described by Zielinski et al., (2008).
The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay was carried out according to the
method described by Lee ef al., (2003).

Determination of acid value (AV)

ADV is a measure of the amount of free fatty acids that generated in dairy
products in a certain period, it was determined according to Richardson et al,
(1985).

Determination of peroxide value (POV)

Peroxide value is the number of milliequivalents of peroxide per kilogram of
fat samples, where hydroperoxide is the primary product of lipid oxidation; it was
analyzed according to AOCS (1975) procedure. The lipids of cheese samples were
extracted as previously described by Folch et al., (1957) method.

Thiobarbituric acid (TBA) Measurement

Thiobarbituric acid was determined according to the method described by
(Tripaldi et al., 2020).
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Microbiological analysis

Total bacterial count was determined according to Marshall (1992),
Lactococci count was estimated by using the selective media for Lactococci MRS
media as suggested by the IDF Standard 117B method (1997). While, coliform
count, mould & yeast were determined according to IDF Standard 94A method
(1985).

Sensory evaluation

The organoleptic properties of WSC were carried out by 10 panelists from
the staff members of Dairy Science Department, Faculty of Agriculture, Al-Azhar
University, Assiut branch. The organoleptic evaluation was conducted for the
sensory attributes of the cheese samples at fresh and after 15, 30, 45 and 60 days
of storage according to Mehta et al., (2017).

Table 1. Chemical composition of WSC supplemented with different levels of PPP
during storage at ambient (18+£2°C) and at refrigerator temperature (6+2°C)

Chemical Storage period Treatment’
properties (days) Control T1 T2 T3

A R A R A R A R
0 40.73 40.73 41.37 41.37 41.78 41.78 41.90 41.90

15 4401 41.81 4543 42.08 4560 4222 4577 4232

TS % 30 4580 42.79 46.57 43.17 46.76 43.57 46.89 43.85
45 4640 4322 47.45 43.61 4781 43.87 47.98 4424

60 4778 43.48 48.81 4446 4939 4499 49.66 45.55

0 16.67 16.67 16.67 16.67 16.70 16.70 16.73 16.73

15 17.60 1753 17.60 17.67 17.63 17.73 17.80 17.80

Fat % 30 18.63 17.77 18.70 18.10 18.77 1827 18.93 18.37
45 20.50 19.37 21.03 19.53 22.17 19.73 22.67 1997

60 20.67 20.10 21.27 20.17 2230 2043 2287 20.73

0 6.72 6.72 6.51 6.51 6.34 6.34 6.07 6.07

H 15 5.58 6.63 5.51 6.19 5.48 5.71 5.42 5.63

p 30 5.03 6.54 5.00 6.09 4.92 5.66 4.88 5.58
45 4.57 6.46 4.41 6.01 4.36 5.67 4.27 5.54

60 4.51 6.42 393 593 3.82 5.74 3.52 5.48

0 2.57 2.57 2.61 2.61 2.66 2.66 2.69 2.69

15 2.64 2.59 2.68 2.63 2.73 2.70 2.74 2.71

TN % 30 2.72 2.63 2.76 2.68 2.86 2.80 2.90 2.82
45 2.85 2.68 2.90 2.79 2.97 2.88 3.05 2.89

60 2.86 2.71 2.95 2.84 3.02 2.92 3.09 2.94

0 0.076 0.076 0.076 0.076 0.081 0.081 0.086 0.086

15 0.105 0.097 0.131 0.099 0.164 0.104 0.167 0.108

SN % 30 0.144 0.112 0.165 0.116 0.189 0.134 0.195 0.140
45 0.186 0.135 0.198 0.135 0.216 0.149 0.228 0.152

60 0.205 0.157 0.217 0.166 0.235 0.171 0.243 0.179

*Control cheese: had no additive. T1, T2 and T3: pomegranate peels powder was added with the
percentages of 0.5, 1 and 1.5%, respectively. A (Ambient temperature), Ref.(Refrigerator temperature)
TS= Total Solids, TN= Total Nitrogen, SN= Soluble Nitrogen
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Results and Discussion
The Chemical composition of WSC with PPP

The results in Table (1) showed the chemical composition of WSC
supplemented with different levels of PPP stored at ambient and refrigerator
temperatures.

Total solids content (TS)

The TS content of WSC made with different levels of PPP are presented in
Table 1. The TS content of WSC was increased as the storage periods progressed
up to 60 days in all treatments. This would possibly result from the loss of moisture
during storage. These results are in harmony with those found by Kebary et al.,
(2018). In addition, regarding to samples stored at ambient temperature, the total
solids in WSC at the beginning of the storage was 40.73, 41.37, 41.78% and 41.90
in control, samples supplemented with 0.5, 1 and 1.5% PPP, respectively and
reached 47.78, 48.81, 49.39 and 49.66% after 60 days. While samples stored at
refrigerator the total solids reached 43.48, 44.46, 44.99 and 45.55% after 60 days.
It is clear that control samples had lower TS than that of cheeses fortified with
PPP, which were gradually increase as the PPP concentration increased. This
increase can be due to the PPP added, which contained high TS, or might be due
to the development of acidity that led to shrink contract the curd that helps to expel
the whey from the curd (Kebary et al., 2018). Similar findings were reported by
Ahmad et al., (2014) in moisture content of Kalari during ambient storage. On the
other hand, TS contents of WSC found to high of the samples stored at ambient
temperature than that in cheese stored at refrigerator temperature in all treatments.

Fat content

The fat content of WSC made with different levels of PPP is shown in Table
1. In all treatments, as the storage period progressed, fat content gradually
increases to reach the maximum fat content at the end of storage periods at
refrigerator or ambient temperatures. In addition, regarding samples stored at
ambient, fat content in WSC at the beginning of the experiment was 16.67, 16.67,
16.70 and 16.73% in control, samples supplemented with 0.5, 1 and 1.5% PPP,
respectively and reached 20.67, 21.27, 22.30 and 22.87% after 60 days. While
samples stored at refrigerator the fat content reached 20.10, 20.17, 20.43 and
20.73% after 60 days. It could be noticed that control samples had the lowest fat
content. While, cheeses fortified with PPP had higher fat content as the PPP
concentration increased. This might be due to its acidity levels were high and this
led to an increase in the expulsion of the whey from the cheese and curd shrinkage,
which increase TS. These results are in agreement with Kebary et al., (2018). On
the other hand, the fat content of WSC was higher in samples stored at ambient
temperature than that of cheese stored at refrigerator temperature in all treatments.

pH values

The pH values of WSC made with different levels of PPP are shown in Table
1. The pH values of the cheeses fortified with PPP showed lower values than
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control samples overall the storage period which can be due to the acidic and
phenolic compounds present in PPP (Devatkal et al., 2010). In addition, regarding
samples stored at ambient temperature, the pH values of WSC at the beginning of
the experiment was 6.72, 6.51, 6.34 and 6.07 in control, samples supplemented
with 0.5, 1 and 1.5% PPP, respectively and reached 4.51, 3.93, 3.82 and 3.52 and
after 60 days. While samples stored at refrigerator the total solids reached 6.42,
5.93, 5.74 and 5.48 after 60 days. This decrease might be due to the formation of
acidic degradation products (Rashidinejad et al., 2013). Also, Kebary et al., (2018)
attributed this increment to prebiotic effect of PPP that stimulate the growth of
lactic acid bacteria and increases the ability to ferment lactose and consequently
decrease pH of cheese. Moreover, the pH values were decrease with increasing of
storage periods up to 60 days at refrigerator or ambient temperatures in all
treatments. These results are in harmony with those stated by Hala ef al., (2010).

Furthermore, the pH values of WSC found to lower in samples stored at
ambient temperature than that in cheese stored at refrigerator temperature. These
results are in agreement with those reported by Saleh and Khalil (2019).

Soluble nitrogen (SN) and total nitrogen (TN)

The SN and TN values of WSC made with different levels of PPP are shown
in Table 1. It could be noticed that cheese fortified with PPP had an increase of SN
as well as TN than that of control samples in all treatments. This increase could be
attributed to the activity of proteinases and peptidases released from starter culture
microorganisms, which resulted in higher proteolysis. This increase in SN could
also be due to the enzyme activity, which agree with the results obtained by
Moatsou et al., (2004). Moreover, SN as well as TN values were increase as the
storage periods proceeded up to 60 days at refrigerator or ambient temperatures in
all treatments. These results are in lined with those reported by Saleh and Khalil
(2019). In addition, SN and TN of WSC found to high of the samples stored at
ambient temperature than that of cheese stored at refrigerator temperature in all
treatments.

Acid value (AV)

The AV of WSC made with different levels of PPP is shown in Table 2. The
AV of the cheeses treated with PPP showed lower values in comparing with
control samples on all days of storage in all treatments. In addition, regarding to
samples stored at ambient temperature, the AV of WSC at the beginning of the
experiment was 0.50, 0.47, 0.45 and 0.42 in control, samples supplemented with
0.5, 1 and 1.5% PPP, respectively and reached 1.38, 1.22, 1.15 and 1.06 after 60
days. While samples stored at refrigerator the AV reached 0.82, 0.77, 0.72 and
0.68 after 60 days. Moreover, the AV were increase with increasing of storage
periods up to 60 days at refrigerator or ambient temperatures in all treatments. This
may be attributed to the liberation of free fatty acids Caused by the fat hydrolysis,
which cause gradual increase in rancidity during storage period. In addition, T3
recorded lowest acid value followed by T2 and T1 when fresh and during the
storage period. From the obtained results, the acid value decreased with increasing
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of PPP which containing phenolic compounds act as antioxidant and this improved
cheese properties. These results are agreement with pervious investigators
(Gutiérrez-Larrainzar et al., 2012). Furthermore, AV of WSC found to be higher
in samples stored at ambient temperature than cheese stored at refrigerator
temperature in all treatments.

Peroxide value (POV)

The POV of WSC made with different levels of PPP are shown in Table 2.
The obtained data showed that, the POV of WSC at the beginning of storage was
0.98, 0.95, 0.93 and 0.92 in control, samples supplemented with 0.5, 1 and 1.5%
PPP, respectively and reached 3.04, 2.05, 1.73 and 1.68 after 60 days. While
samples stored at refrigerator the POV reached 1.79, 1.74, 1.60 and 1.55 after 60
days. WSC supplemented with the different concentrations of PPP had lower POV
than that of control samples in all treatments. The data demonstrated that the POV
increased as the storage period progressed at refrigerator or ambient temperatures
in all treatments, while POV increase with increasing the concentration of PPP in
cheese due to the phenols compounds and antioxidants activity, which improved
and extend shelf life of WSC. These results are in agreement with those reported
by (El-Shourbagy and El-Zahar, 2014). In addition, POV of WSC found to higher
in the samples stored at ambient temperature compare with samples stored at
refrigerator temperature in all treatments.

Thiobarbituric acid (TBA) value

The TBA of WSC made with different levels of PPP is shown in Table 2.
The obtained data shows that, WSC supplemented with the different
concentrations of PPP had lower TBA than that of control samples in all
treatments. The data demonstrated that, the TBA increased as the storage period
progressed at refrigerator or ambient temperatures in all treatments. It could be
noticed that, regarding the ambient storage, The TBA of WSC at the beginning of
storage was 0.45, 0.43, 0.42 and 0.40 in control, samples supplemented with 0.5,
1 and 1.5% PPP, respectively and reached 0.98, 0.86, 0.84 and 0.76 after 60 days
of storage. While samples stored at refrigerator the total solids reached 0.85, 0.75,
0.72 and 0.66 after 60 days. Cheese samples supplemented with PPP as natural
antioxidants had lower TBA values when compared with control cheese up to 60
days. This means that phenolic compounds of natural antioxidant had highly
efficient antioxidative than control cheese. These results are in accordance with
the results of Mohdaly et al. (2010). Although TBA values followed an increasing
trend, the values of the cheeses treated with 1% and 1.5% pomegranate peels
powder were decrease than control samples on all periods of storage.
Comparatively lower TBA values of supplemented cheese may be interpreted to
antioxidant properties of pomegranate peels powder (Devatkal et al., 2010). In
addition, TBA of WSC found to high of the samples stored at ambient temperature
than that of cheese stored at refrigerator temperature in all treatments.
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Table 2. Antioxidant activity, acid value, peroxide value and TBA of WSC
supplemented with different levels of PPP at ambient (18+2°C) and at
refrigerator temperature (6£2°C)

. Storage Treatment*
Chemlc‘al period
properties (days) Control T1 T2 T3
A R A R A R A R
0 0.50 0.50 0.47 0.47 0.45 0.45 0.42 0.42
Acid value 15 0.57 0.52 0.55 0.50 0.52 0.49 0.49 0.45
30 0.65 0.57 0.59 0.55 0.58 0.54 0.56 0.49
45 0.98 0.64 0.87 0.62 0.82 0.58 0.71 0.55
60 1.38 0.82 1.22 0.77 1.15 0.72 1.06 0.68
0 0.98 0.98 0.95 0.95 0.93 0.93 0.92 0.92
Peroxide 15 1.09 1.02  1.03 0.99 1.01 0.99 0.97 0.96
value 30 1.62 1.08 1.37 1.05 1.34 1.05 1.28 1.01
45 2.25 1.21 1.64 1.11 1.60 1.08 1.59 1.07
60 3.04 1.79  2.05 1.74 1.73 1.60 1.68 1.55
0 0.45 045 043 0.43 0.42 0.42 0.40 0.40
15 0.61 0.52  0.52 0.49 0.49 0.46 0.47 0.45
Thiobarbituric acid 30 0.78 0.63  0.65 0.60 0.58 0.54 0.55 0.51
45 0.86 0.77  0.78 0.67 0.75 0.63 0.69 0.57
60 0.98 0.85 0.86 0.75 0.84 0.72 0.76 0.66
0 6.62 6.62 2031 2031 49.73 49.73 8697 86.97
Antioxidant 15 5.10 6.08 18.28 18.09 4520 46.62 8544 85.78
activity % 30 4.17 529 16.72 17.21 4279 4441 82.06 83.53
45 334 471 15.19 16,57 40.13 4248 79.86 8l1.51
60 2.55 397 1449 1582 37.61 40.09 77.03 78.72

*To clarify the treatments, see Table 1.

Antioxidant activity (AA)

The AA of WSC made with different levels of PPP is shown in Table 2. The
obtained data shows that, WSC supplemented with PPP had higher AA than
control samples. Moreover, the data showed that the radical scavenging activity
(RSA/DPPH) (%) of pomegranate peel powder increased with increasing of PPP
concentration in all treatments. T3 with 1.5% PPP recorded highest level of AA
followed by T2 with 1% PPP, then T1 with 0.5% PPP, while control samples
recorded the lowest activity in the case of both ambient and refrigerator
temperatures. On the other hand, gradually decrease in AA was noticed as the
storage period progressed in all treatments. These results are in agreement with
those reported by Amarowicz et al., (2004). It could be concluded that PPP can
used as industrial by products of dairy as a natural preservation retard oxidation
and extend the shelf life of WSC. In addition, AA of WSC found to high of the
samples stored at ambient temperature than that of cheese stored at refrigerator
temperature in all treatments.

The microbiological composition of WSC supplemented with PPP:

Total bacterial count (TBC)

The TBC of WSC made with different levels of PPP is shown in Table 3. The
obtained data showed that, WSC supplemented with different concentrations of
PPP had lower TBC than control samples in all treatments. It could be noticed that,
regarding the ambient storage, total bacterial count of WSC at the beginning of the
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experiment was 7.8, 7.7, 7.6 and 7.4 log cfu/gm in control, samples supplemented
with 0.5, 1 and 1.5% PPP, respectively and reached 7.5, 7.5, 7.4 and 7.3 log cfu/gm
after 60 days. While samples stored at refrigerator temperature, the TBC reached
7.0, 6.7, 6.4 and 6.4 log cfu/gm after 60 days. These results may be attributed to
the antimicrobial properties of pomegranate peels powder (Devatkal et al., 2010).
Moreover, the gradual increasing of PPP levels led to gradual decrease of TBC in
all treatments. The TBC were higher in the samples stored at ambient temperature
than that of the samples stored at refrigerator temperature in all treatments. In
addition, the data showed that, TBC were increase with increasing storage period
up to 30 days then decline gradually in all treatments. These results were in
agreement with those reported by Omar et al., (2006).

Table 3. changes in microbiological composition of WSC supplemented with
different levels of PPP at ambient (18+2°C) and at refrigerator temperature

(6£2°C)
Component Storage Treatment*
(%) period C T1 T2 T3

(days) A R A R A R A R
0 78 78 7.7 7.7 7.6 7.6 7.4 7.4
15 80 79 7.9 7.9 7.7 7.8 7.6 7.8
Total count 30 8.1 7.9 8.0 7.9 7.9 7.9 7.7 7.8
45 78 15 7.7 75 7.6 72 7.6 72
60 75 7.0 75 6.7 7.4 6.4 73 6.4
0 67 67 6.8 6.8 71 71 7.4 7.4
Lactococeus 15 69 6.8 75 7.1 7.7 72 7.8 7.4
et 30 70 68 75 72 7.8 73 7.9 75
45 6.8 6.1 75 73 7.8 7.4 7.8 75
60 65 59 7.2 7.0 72 72 7.6 73
0 ND ND  ND ND ND ND ND ND
Yeasts 15 ND ND ND ND ND ND ND ND
& 30 27 ND 230 ND ND ND ND ND
Molds 45 113 7 5.0 3 3.0 ND ND ND
60 253 16 120 97 8.0 6.3 ND ND
0 ND ND  ND ND ND ND ND ND
Coliform 15 ND ND ND ND ND ND ND ND
30 ND ND ND ND ND ND ND ND
group 45 ND ND ND ND ND ND ND ND
60 ND ND ND ND ND ND ND ND

*To clarify the treatments, see Table 1. ND: Not Detected
Lactococci count

The Lactococci count of WSC made with different levels of PPP is shown in
Table 3. The obtained data shows that, WSC supplemented with the different
concentrations of PPP had higher Lactococci count than control samples in all
treatments. Moreover, the gradual increasing of PPP levels led to gradual increase
of Lactococci count in all treatments. Regarding the ambient storage, the
Lactococci count in cheese samples was 6.7, 6.8, 7.1 and 7.4 log cfu/gm in control,
samples supplemented with 0.5, 1 and 1.5% PPP, respectively and reached 6.5,
7.2, 7.2 and 7.6 log cfu/gm after 60 days. While samples stored at refrigerator
temperature, Lactococci count reached 5.9, 7.0, 7.2 and 7.3 log cfu/gm after 60
days. This increment may be due to prebiotic effect of PPP. These results are in
agreement with those reported by Kebary et al., (2018). The Lactococci count were
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higher in samples stored at ambient temperature compare with samples stored at
refrigerator temperature in all treatments. In addition, the data showed that,
Lactococci count were increase with increasing storage period up to 30 days then
decline gradually in all treatments.

Yeast, Moulds and Coliform group

The yeast, moulds and coliform counts of WSC made with different levels of
PPP are shown in Table 3. The obtained data shows that, WSC supplemented with
the different concentrations of PPP was free of yeasts and moulds in fresh samples
or up to 15 days of storage with or without PPP, but it was detected and increase
gradually with the progress of storage than 30 days till 60 days in all treatments.
These results were in agreement with those reported by Omar et al., (2006). The
cheeses made with PPP had lower counts of yeasts and moulds than that of control
samples during storage period at refrigerator or ambient temperatures. These
results may be attributed to the antimicrobial phenolic compounds in PPP. These
compounds can degrade the cell wall, disrupt the cytoplasmic membrane, damage
membrane proteins and interfere with membrane-integrated enzymes, which may
eventually lead to cell death (Shan ef al., 2007). Similar findings were obtained by
Devatkal et al., (2010).

Moreover, Coliform group were not detected in all treatments, this may be
due to high hygienic condition during manufacturing and storing of cheese. In
addition, the counts of yeasts and moulds were higher in the samples stored at
ambient temperature than that of the samples stored at refrigerator temperature in
all treatments.

Generally, it is clear from data above that there a great difference in microbial
counts among the control cheese and cheeses made with PPP. Low microbial
counts found may be due to pasteurization of cheese milk and high hygienic
condition during manufacturing and storing of cheese.

The organoleptic properties of WSC fortified with PPP

The organoleptic properties of WSC made with different levels of PPP is
shown in Table 4. The data revealed that, the organoleptic properties such as
flavor, body & texture and appearance of WSC were influenced by percentages of
PPP during storage periods at refrigerator and ambient temperatures up to 60 days.
Mean values of the organoleptic scores within each treatment, were examined by
panel test and score were awarded for flavor (50), body & texture (35) and
appearance (15 points) according to Dinakar and Mistry (1994).

The obtained data shows that, WSC supplemented with different
concentrations of PPP had higher flavor than that of control samples in all
treatments. The obtained data observed that, T3 stored at refrigerator or ambient
temperature had the superior flavor followed by T2, then T1. This might be due
to the prebiotic effect of PPP that enhance the growth of lactic acid bacteria, which
subsequently increases the metabolic activity of starter bacteria, which increased
changes of cheese matrix such as proteolysis ability. These results are
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disagreement with those reported by El-Said et al., (2014), who reported that there
were no significant differences in flavor scores among cheeses fortified with PPP
and control cheese.

Table 4. Effect of varying concentrations of organoleptic properties on AA of WSC
during storage periods at refrigerator and ambient temperatures up to 60 days

. . Storage Treatments*
Microbial type (days) Control T1 T2 T3
Ambient temperature
Fresh 41 42 43 45
ol 15 41 43 45 46
avor 30 45 46 47 48
(50)
45 43 44 45 44
60 37 39 40 38
Fresh 30 31 32 32
Bodv & 15 31 32 33 32
ody & Texture 30 32 33 33 34
@35)
45 29 30 31 32
60 27 29 30 31
Fresh 12 11 10 9
A 15 13 11 11 10
ppearance 30 14 12 12 11
as)
45 13 13 12 11
60 12 13 13 12
Fresh 84 85 87 86
Total 15 87 88 90 88
otal score 30 92 92 93 93
(100)
45 86 88 87 87
60 78 82 81 81
Refrigerator temperature
Fresh 41 42 43 45
ol 15 41 43 44 45
avor 30 4 43 45 46
(50)
45 44 45 46 47
60 39 41 42 43
Fresh 30 31 31 32
Bodv & T 15 30 31 32 33
ody & Texture 30 32 32 33 33
@35)
45 33 33 34 33
60 31 30 31 32
Fresh 12 11 10 9
A 15 14 12 11 10
ppearance 30 13 12 11 11
as)
45 12 14 12 10
60 12 13 12 12
Fresh 84 85 86 82
Total 15 87 87 88 34
otal score 30 88 89 90 86
(100)
45 90 93 93 87
60 84 85 86 83

Regarding body & texture, the presented data showed that, the body & texture
of WSC was influenced by PPP incorporation and during storage periods at
refrigerator and ambient temperatures up to 60 days. The obtained data observed
that, T3 had higher scores of body & textures in the samples stored at room
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temperature on 45 days compared with other samples, while control samples at
room temperature recorded the lowest value ever on the 60 days. This may be
attributed to increased hardness caused by loss of moisture, breakdown of fat and
degradation of proteins by bacterial action. Furthermore, the data indicated that the
scores were increase with increasing the percentage of PPP. This increment may
be due to the antimicrobial and antioxidant properties of PPP that may have
resulted into less degradation of proteins and fats in treated samples. These results
were in agreement with those reported by Hala et al., (2010).

Regarding appearance and color, the data showed that control samples had
higher appearance and color scores than that of other treatments. There were
decreasing trend in the appearance and color scores for cheeses fortified with PPP
whenever the PPP concentration increased during storage periods at refrigerator
and ambient temperatures up to 60 days. Change was observed in the scores of
pomegranate peels treated cheeses in comparison to control. The fresh WSC
prepared from mixed milk had a white color. While cheese fortified with PPP has
a slightly yellowish color which gradually fading as the storage period proceeded
(Chandralekha et al., 2012). Thus, the appearance values of treated cheeses were
increase with increasing the storage periods at refrigerator or ambient temperatures
till 60 days in all treatments. These results were in lined with those reported by
(Ahmad et al., 2014). On the other hand, T3 was the lowest of all of them in scores.
This may be attributed to samples were appeared yellowish when compared with
control samples and variation the traditional color of WSC.

Regarding total scores, the data indicated that, the total scores of WSC was
influenced by addition of PPP and condition of storage at refrigerator or ambient
temperatures up to 60 days. Moreover, T2 and T3 stored on 60 days at ambient
temperature had lower total scores than that of all other treatments, while T2 & T3
stored at ambient temperature after 30 days as well as T1 & T2 stored at
refrigerator temperature on 45 days had superior total scores than that of other
treatments. Similar findings were also mentioned by Ahmad et al., (2014) in Kalari
during ambient storage.

Conclusion

It could be concluded that, PPP contained high levels of phenolic
compounds, consequently it exhibited effective antimicrobial properties and high
antioxidant activity. Therefore, the PPP might be used to production of functional
WSC. This study indicates that peel of pomegranate can be used commercially in
the dairy manufacture as potential natural preservative.

References

Abd-Elhamid, A.M. (2012). Production of functional kariesh cheese by
microencapsulation of Bifidobacterium adolescentis ATCC 15704. Adv. J. Food
Sci. Technol. 4: 112-117.

Abou-Donia, S.A. (2007). Recent developments in Egyptian Domiati cheese research: An
overview. Egypt. J. Dairy Sci. 35: 35-49 .

Assiut J. Agric. Sci. 54 (1) 2023 (50-65) 61



Aziz et al., 2023

Ahmad, S.R; Pathak, V.; Bhat, Z.F. and Bukhari, S.A.A. (2014). Effect of sorbic acid on
the storage quality of Kaladhi-an acid coagulated milk product. J. Food Sci.
Technol. 51: 4040—4046.

Amarowicz, R.; Pegg, R.B.; Rahimi-Moghaddam, P.; Barl, B. and Weil, J.A. (2004).
Free-radical scavenging capacity and antioxidant activity of selected plant species
from the Canadian prairies. Food Chem. 84: 551-562.

AOAC, (Association of Official Agriculture Chemists) (2020). Official Methods of
Official Analysis Chemists. 19" Ed. William Hornitz, (Ed) pub Association of
official Agric. Chemists, Washington, D.C., U.S.A.

AOCS (1975) Official Methods and Recommended Practices of the American Oil
Chemists’ Society. American Oil Chemists’ Society, Champaign, IL.

Ayad, E.H.E. (2009). Starter culture development for improving safety and quality of
Domiati cheese. Food Microbiol. 26: 533-541.

Bozkurt, H. (2006). Utilization of natural antioxidants: Green tea extract and Thymbra
spicata oil in Turkish dry-fermented sausage. Meat Sci. 73: 442-450.

Camo, J.; Beltran, J.A. and Roncalés, P. (2008). Extension of the display life of lamb with
an antioxidant active packaging. Meat Sci. 80: 1086-1091.

Chandralekha, S.; Babu, A.J.; Moorthy, P.R.S. and Karthikeyan, B. (2012). Studies on
the effect of pomegranate rind powder extract as natural antioxidant in chicken meat
balls during refrigerated storage. J. Adv. Vet. Res. 2: 107-112.

Devatkal, S.K.; Narsaiah, K. and Borah, A. (2010). Anti-oxidant effect of extracts of
kinnow rind, pomegranate rind and seed powders in cooked goat meat patties. Meat
Sci. 85: 155-159.

Dinakar, P. and Mistry, V. V. (1994). Growth and viability of Bifidobacterium bifidum
in Cheddar cheese. J. Dairy Sci. 77: 2854-2864.

El-Said, M.M.; Haggag, H.F.; El-Din, H.M.F.; Gad, A.S. and Farahat, A.M. (2014).
Antioxidant activities and physical properties of stirred yoghurt fortified with
pomegranate peel extracts. Ann. Agric. Sci. 59: 207-212.

El-Shourbagy, G.A. and El-Zahar, K.M. (2014). Oxidative stability of ghee as affected
by natural antioxidants extracted from food processing wastes. Ann. Agric. Sci. 59:
213-220.

Estévez, M. and Cava, R. (2006). Effectiveness of rosemary essential oil as an inhibitor
of lipid and protein oxidation: Contradictory effects in different types of
frankfurters. Meat Sci. 72: 348-355.

Folch, J.; Lees, M. and Sloane Stanley, G.H. (1957). A Simple Method for the Isola-tion
and Purification of Total Lipides from Animal Tissues. Journal of Biological
Chemistry, 226: 497-509.

Gutiérrez-Larrainzar, M.; Rua, J.; Caro, L.; de Castro, C.; de Arriaga, D.; Garcia-Armesto,
M.R. and del Valle, P. (2012). Evaluation of antimicrobial and antioxidant activities
of natural phenolic compounds against foodborne pathogens and spoilage bacteria.
Food Control 26: 555-563.

Hala, M.F.; Ebtisam, E.D.; Sanaa, I.; Badran, M.A.; Marwa, A.S. and Said, M.E. (2010).
Manufacture of low fat UF-soft cheese supplemented with rosemary extract (as

Assiut J. Agric. Sci. 54 (1) 2023 (50-65) 62



Utilization of Pomegranate Peels Powder as a Novel...

natural antioxidant). J. Am. Sci 6: 570-579.

Hooi, R.; Barbano, D.M.; Bradley, R.L.; Budde, D.; Bulthaus, M.; Chettiar, M.; Lynch,
J. and Reddy, R. (2004). Chapter 15 Chemical and Physical Methods. E.A. Arnold,
ed. American Public Health Association.

IDF Standard 94A. (1985). Milk and milk products. Detection and enumeration of yeasts
and moulds. International Dairy Federation Standard.

IDF Standard 177B. (1997). Yoghurt: Enumeration of characteristic microorganisms.
Colony-count technique at 37 degrees® C.

Kebary, M.K.; El-Den, E.A. and Omar, N.S. (2018). Novel functional kareish cheese.
Egypt. J. Dairy Sci. 46: 183—-192.

Lee, S.C.; Kim, J.H.; Jeong, S.M.; Kim, D.R.; Ha, J.U.; Nam, K.C. and Ahn, D.U. (2003).
Effect of far-infrared radiation on the antioxidant activity of rice hulls. J. Agric.
Food Chem. 51: 4400—4403.

Marshall, R.T. (1992). Standard methods for the examination of dairy products. methods:
Standard methods for the examination of dairy product s (Chapter 15). APHA,
Washingt. DC, USA.

Mehta, D.; Kumar, M.H.S. and Sabikhi, L. (2017). Development of high protein, high
fiber smoothie as a grab-and-go breakfast option using response surface
methodology. J. Food Sci. Technol. 54: 3859-3866.

Moatsou, G.; Moschopoulou, E.; Georgala, A.; Zoidou, E.; Kandarakis, I.; Kaminarides,
S. and Anifantakis, E. (2004). Effect of artisanal liquid rennet from kids and lambs
abomasa on the characteristics of Feta cheese. Food Chem. 88: 517-525.

Mohdaly, A.A.A; Sarhan, M.A; Mahmoud, A; Ramadan, M.F; Smetanska, 1. (2010).
Antioxidant efficacy of potato peels and sugar beet pulp extracts in vegetable oils
protection. Food Chem. 123; 1019-1026.

Naveena, Basappa M; Sen, A.R.; Kingsly, R.P.; Singh, D.B. and Kondaiah, N. (2008).
Antioxidant activity of pomegranate rind powder extract in cooked chicken patties.
Int. J. food Sci. Technol. 43: 1807-1812.

Omar, M.A.M.; El-Hadldl, A.A. and Mansour, A.LLA. (2006). Studies on the use of
vegetable oils and stabilizers in making tallaga cheese-like. J. Food Dairy Sci. 31:
3791-3800.

Rashidinejad, A.; Birch, E.J.; Sun-Waterhouse, D, and Everett, D.W. (2013). Effects of
catechin on the phenolic content and antioxidant properties of low-fat cheese. Int.
J. food Sci. Technol. 48: 2448-2455.

Richardson, G.H., Ed. (1985) Page 327. In: Standard Methods for the Examination of
Dairy Products, 15th Edition, American Public Health Association, Washington
DC.

Saleh, K.A.H. and Khalil, O.S.F. (2019). Extension Shelf Life of Domiati Cheese Made
by Using Some of Nat-ural Preservatives. Assiut J. Agric. Sci. 50: 1-14.

Shan, B.; Cai, Y.-Z.; Brooks, J.D. and Corke, H. (2007). The in vitro antibacterial activity
of dietary spice and medicinal herb extracts. Int. J. Food Microbiol. 117: 112—-119.

Shan, B.; Cai, Y.; Brooks, J.D. and Corke, H. (2009). Antibacterial and antioxidant effects

Assiut J. Agric. Sci. 54 (1) 2023 (50-65) 63



Aziz et al., 2023

of five spice and herb extracts as natural preservatives of raw pork. J. Sci. Food
Agric. 89: 1879-1885.

Siddhuraju, P.; Becker, K. (2003). Antioxidant properties of various solvent extracts of
total phenolic constituents from three different agroclimatic origins of drumstick
tree (Moringa oleifera Lam.) leaves. J. Agric. Food Chem. 51: 2144-2155.

gkerget, M.; Kotnik, P.; Hadolin, M.; Hra$, A.R.; Simoni¢, M. and Knez, Z. (2005).
Phenols, proanthocyanidins, flavones and flavonols in some plant materials and
their antioxidant activities. Food Chem. 89: 191-198.

Tripaldi, C.; Rinaldi, S.; Palocci, G.; Di Giovanni, S.; Campagna, M.C.; Di Russo, C. and
Zottola, T. (2020). Chemical and microbiological characteristics of homogenised
ricotta cheese produced from buffalo whey. Ital. J. Food Sci. 32: 292—-309.

Velasco, V. and Williams, P. (2011). Improving meat quality through natural
antioxidants. Chil. J. Agric. Res. 71: 313-319.

Zielinski, H.; Michalska, A.; Ceglinska, A. and Lamparski, G. (2008). Antioxidant
properties and sensory quality of traditional rye bread as affected by the

incorporation of flour with different extraction rates in the formulation. Eur. Food
Res. Technol. 226: 671-680.

Assiut J. Agric. Sci. 54 (1) 2023 (50-65) 64



Utilization of Pomegranate Peels Powder as a Novel...

bl Gl Caadl dolia & Basas Adabla BaleS la ) Hd8 (3 saua aladiia
2gaaa 3 gana daa) dpall aad dala daa) deaa Zalad e Jale ] ju 00 daaa

).AA‘L):\...»\ cﬁJY\auhcac\JJ\@Scuu\]\Hél
)AA‘L);:“\cbjm\aubcic\JJ\US6uuY\eu§2

uadlal)
3208 Al Jalii 5 A g3l LS all o paall e (PPP) lell 8 (3 sansa 5 5iny
Olll Bla (ge gkl ) Cpal) st 0 daal) 2 e a3 58 O (S Sl
&35 (%1.55 15 0.5) oty lajll 38 (3 gmane ddlia] iy ¢(1:1) Ay 5815 (oua salal
285 AUl 3 ) m Ay A8 jall B a Aa jd Gt Al Ba e Hulaa g 32uSY) U_I\.ua.um
Shsall Jiall s g il g KU s g sl 5 300 Cilaliae Bl 33l 3 ) PPP ddla) ol
A;J.Jj )JLA;S\} C"_i\_:‘)ksj\j L:‘).\SS.\H L.;S” ddall uaddi) Lain <[ actococci J e U‘Q.ﬂ\ MJ
LS eSlalaall wsan 8y sl e sama CLES) 5y oy | JSH ail) s y0 G5 pH )
(O A B 8 Al s (addil o3 (n AN (e La gy 00 (s SASIUN (aas Ly 40585 dae o)
Clias My 3200 dloae Ll el o157 PPP = dwcaall (pall die chlias N
e J8 Adlaa) sy e A8 el 5 ) s A 0 8 g 60 32 433 T3 5 T2 S kbl
52al 8 _all 5 ya a0 B 45580 T3 5 T2 dlebaall o (a3 s AY) EBlaall e
Legd OIS Lag 45 8aal 423U 3l ja Aa 53 (B 43N T2 5 T1 S hlaall XS5 s 30
e (S8 Ellad) guan 8 (5 AY) O llaall 33 sa sl @l (g el dllen) cla
3alime Allad Gaibiad Helal s ol sl LS el o e Glsine Jle PPP (s sis
Ul sob s ZUY PPP aladiu) (Say Gl ausY) cilibiad Glle Uabii g il s Ssall
3 5aS LYl delia 8 U lad deladiind Sy el 8 o ) dal jall oda i LS ik

Assiut J. Agric. Sci. 54 (1) 2023 (50-65) 65



