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Abstract

The peel of pomegranate fruits (Punica granatum L.) contains valuable bioactive
substances. Due to its sensorial taste and abundant fruit processing, it generates a huge
amount of by-products such as seeds and peels, leading to environmental pollution (26 to
30% by weight) if not handled carefully. The study was carried out to enhance the
nutritional and functional properties of pomegranate juice by adding detanninated
pomegranate peel extract (DPPE) as a natural preservative The treatments were TO =
Control (PJ with 0.1% sodium benzoate), T (PJ + 2% DPPE:), T, (PJ + 4% DPPE), T; (PJ
+ 6% DPPE), T4 (PJ + 8% DPPE), Ts (PJ + 10% DPPE). All the samples were stored at
ambient temperature for 100 days and basic quality parameters like ascorbic acid,
reducing/on-reducing sugar and sensory (colour, flavour, taste and overall acceptability)
were evaluated at 20-day intervals. Fruit juice was significantly affected by DPPE,
enhanced the nutritional contents of the juice, and also showed a preservative effect on its
shelf life. The addition of DPPE up to some extent (6%) juice samples was acceptable to
panels of judges and got the maximum mean score. However, increasing the DPPE from
8% showed an adverse impact on the acceptability of juice. Statistical analysis showed
that DPPE as a natural preservative has a significant (p<0.05) effect on pomegranate juice

for about 90 days at ambient temperature.

1. Introduction

The Pomegranate fruit (Punica granatum L.) is a
member of the family Puniceae native to the Middle
EAST, laterally called Mediterranean (Lansky and
Newman, 2007). Commonly, pomegranate grows well in
dry air, hot summer, and cold winter weather of semi-
arid, mild temperate to the subtropical regions such as
Iran, Afghanistan, India, Japan, China, Spain, Turkey,
Greece, The United States and Russia (Akbarpour et al.,
2009). Pomegranate is the oldest source of eating and
healing properties for humans in the past 6500 years. In
Egypt, for the first time in BC- 1550, it is known to be
Ebbers Medical papyrus. The word pomegranate was
translated to “Anar” from Persian and is nowadays used
as “Nar” in Turkish (Ozgen et al., 2008). India, Pakistan,
and Iran are considered to be the homeland of
pomegranate fruit production. In terms of production,
Turkey ranked 4™ all over the world (Machado et al.,
2003). Due to its high adaptability and benefits, fruit is
becoming popular day by day and generally gives fruits
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after 3-4 years of planting (Abid et al., 2017).

In recent years, a widely accepted interest has been
improved from consumers, researchers, and the food
industry in terms of how food products can affect human
health and how diet plays an important role in the
prevention and control of many diseases (Viuda-Martos
Ruiz-Navajas, Fernandez-Lopez et al., 2010). At the
moment, importance is given to functional food due to its
nutritional value and other physiological benefits which
play a crucial role in disease treatment and control of the
risk of chronic diseases (Viuda-Martos, Lopez-Marcos,
M.C., Fernandez-Lopez et al., 2010). Therefore, an
increasing interest has been seen in pomegranate
products due to their multi-functionality as a nutritional
and medicinal product because of the presence of
bioactive compounds that help to decrease the possibility
of various diseases (Martinez et al., 2006; Jaiswal et al.,
2010). Pomegranate fruit can be eaten fresh or used as a
beverage. Due to high antioxidant activity and
antimicrobial properties, pomegranate peel and peel
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extracts were used as food additives in the preparation of
various food and food products (Akhtar et al., 2015).

The edible portion of a pomegranate can be eaten as
fresh fruit or can be used for the processing of canned
beverages and other processed products such as jelly,
jam and paste. It is also used for the preparation of
colouring and flavouring beverage products (Fadavi et
al., 2005). Pomegranate is mostly used in cosmetics,
food seasoning and therapeutic formulas. Due to several
beneficial impacts in controlling diseases, it is known as
a healing food (Vidal et al., 2003). For ages,
pomegranate has been used as an anti-helminthic for
removing parasites and helps to control/treat many
diseases such as ulcers, aphthae, acidosis, diarrhea,
dysentery, microbial infection, hemorrhage and
respiratory infections. Pomegranate juice and peels were
utilized as antipyretic and analgesic drugs in children to
cure various diseases, especially fever, instead of
chemical or synthetic drugs (Larrosa ef al., 2010; Lee et
al., 2010). Pomegranate peel is known as a waste product
having a more important polyphenol compound than that
of fruit without any added value and is used as animal
feed. The polyphenol compound of peel, having
antioxidant, antimicrobial and anti-inflammatory
properties, is very important for human health (Xi et al.,
2017).

Due to the high amount of antioxidant activity,
phenolic compounds and essential oils, pomegranate peel
powder helps in extending the shelf life of food and food
products (Abdelhedi et al., 2018). Therefore, this
research was carried out to extract the pomegranate peel
and its utilization for the preservation of the pomegranate
juice as an alternative to chemical preservatives.

2. Materials and methods
2.1 Preparation of pomegranate peel powder

Good quality and fresh pomegranates of the
Qandahari variety were randomly collected from the
local market. Peels were removed manually the arils
were crushed by a juicer and the residues left on the filter
were removed. Peels were thoroughly washed to remove
unwanted residues and dried using the oven method and
natural drying in sunlight. To obtain uniform particle
size, the samples were sieved with 50 mesh size and
stored at ambient temperature or further usage.

2.2 Extraction of tannins from pomegranate peel powder

Tannins from pomegranate peel powder were
extracted by aqueous ethanol solution according to the
standard method of Orak et al. (2012) and Abid et al.
(2017) with slight modifications. Briefly, 10 g of
pomegranate peel was added to 200 mL of 70% ethanol
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aqueous solution in a 250-mL conical flask and was
heated in a water bath for 3-5 hrs at 45°C. The extract
was filtered using a microfilter (10—15 pum) to remove
residues. The aqueous extract was called detanninated
pomegranate peel extract (DPPE), which was stored at
4°C for later usage in addition to pomegranate juice as a
preservative.

2.3  Pomegranate juice preparation and quality

evaluation

Fresh pomegranate fruits obtained from the local
market were thoroughly washed using tap water. After
washing, fruits were sorted and peeled and then juice
was extracted by using an electric juice extractor.
Pomegranate juice (PJ) was poured into 250 mL PET
bottles and different treatments were prepared as follows.
TO = Control (PJ with 0.1% sodium benzoate), T, (PJ +
2% DPPE), T, (PJ + 4% DPPE), T; (PJ + 6% DPPE), T,
(PJ + 8% DPPE), Ts (PJ + 10% DPPE). The total volume
of each treatment was equilibrated to 100 mL. All the
treatments were pasteurized at 75°C for 20 s, according
to the methods described by Ahmed et al. (2002) and
Ahmed et al. (2004) and different quality parameters
were evaluated at day 0 and every 20-day interval for
100 days. Ascorbic acid content was determined by the
standard procedure of Association of the Official
Analytical Collaboration (AOAC) International (2012)
and was calculated by the following formula:

L x F = 100 = 100
DxP

Where L is the volume of dye (mL) used, F is the
dye factor, D is the volume (mL) of the sample dilution
and P is the volume (mL) of sample titration

Ascorbic acid (mg/100 g) =

Reducing and non-reducing sugars (%) were
determined by the standard method of AOAC (2012).
Organoleptic evaluation (colour, flavour, taste and
overall acceptability) of pomegranate juice was carried
out using 9 9-point hedonic scale of Larmond (1977). A
total of 20 panelists from students and faculty members
were selected from the Department of Food Science and
Technology, The University of Agriculture Peshawar,
Pakistan. Samples were analyzed in the sensory
evaluation laboratory. The Larmond scale was described
as 1 = dislike extremely, 2 = dislike moderately, 3 =
dislike very much, 4 = dislike slightly, 5 = neither like
nor dislike, 6 = like slightly, 7 = like moderately, 8 = like
very much and 9 = like extremely.

2.4 Statistical analysis

All the data was analyzed statistically using Statistix
8.1 software. Data were analysed on each sampling day
to find the statistical difference (P < 0.05) with Duncan’s
multiple range tests within treatments.
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3. Results and discussion
3.1 Ascorbic acid and total soluble solids

Ascorbic acid content was significantly affected by
pomegranate peel extract at p<0.05. Results showed that
an increase in the percent peel extract from 2% to 8% in
juice samples, retained the ascorbic acid content from
oxidation during storage. Similar results were also
investigated by Akhtar et al. (2015) research work on
fruit juice and showed a decreasing trend in ascorbic acid
content during storage. Maximum oxidation was
observed in TO (27.11%) and gradually decreased to
14.16% in sample T4 (PJ + 8% DPPE), followed by
sample T3 (PJ +6% DPPE), 17.72 % as shown in Figure
1 and Table 1. For treatments, the maximum mean value
for AA was observed in samples having 8% DPPE
(Table 2), while for storage period control was found
best due to less oxidative stress as shown in Table 3.
Similarly for treatment, the mean value of TSS for
sample T4(PJ + 6% DPPE) was 11.34, while for storage
mean value was recorded as 12.34. The autoxidation of
ascorbic acid and increase in TSS were also observed by
Abid et al. (2017) and Jalal et al. (2018), who stated that
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Figure 1. Effect of various levels of pomegranate peel extract
on ascorbic acid content of pomegranate juice.

Table 1. Effect of treatments on the physicochemical
parameters.

ascorbic acid is sensitive to light and heat and therefore
could be declined during storage.

3.2 Reducing and non-reducing sugar

The conversion of disaccharides and polysaccharides
to their simplest form occurs during the storage of food
and food products. The conversion will continue until
maximum conversion rates occur by the enzymatic
reaction and also due to biochemical reaction which
increases in reducing sugars of the samples (Vidal et al.,
2003; Martinez et al., 2006). Our results showed that
pomegranate peel powder extract significantly affected
the conversion of di and polysaccharide to its
hydrolysable form as found in all samples from TO to T5
were (32.330), (31.440), (31.220), (25.110), (28.550) and
31.66 which significantly increased to (34.66), (31.22),
(35.55),(37.88), (31.33) and 36.44 respectively (Figure
2). The control sample having no peel powder extract
showed maximum conversion TO (24.33%) followed by
T1 21.33% having DPPE 2%, samples having 8% and
6% of peel powder extract retained the quality of juice
during storage and showed minimum conversion in
sample T4 (7.2%) and T3 (9.73%) as shown in Figure 3.
During storage, the maximum mean value (34.51) for
reducing sugars was observed in the sample (PJ + 10%
DPPE) as shown in Table 2, while for treatment
maximum reducing sugar was observed in PJ + 10%
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Figure 2. Effect of various levels of pomegranate peel extracts
on reducing sugar (%) of pomegranate juice.

Table 2. Effect of storage intervals on the physicochemical
parameters

Treatments TSS AA RS NRS

(°Bx) (mg/100g) (%) (%)
Control (1% sodium ) g1 5 614 97808 2985°

benzoate)

PJ+DPPE: 2%  12.48® 2.61¢ 34.06* 31.10¢
PJ+DPPE: 4%  12.01™ 247° 3345 34.19°
PJ+DPPE: 6%  11.34% 3.48° 30.08° 37.16°
PJ+DPPE: 8%  10.95° 3.41° 33.13°  41.30°
PJ +DPPE: 10%  11.72% 333 33.91" 37.18°

Values are presented as means. Values with different
superscripts within the same column are statistically
significantly different at p<0.05. AA: Ascorbic acid, TSS:
Total Soluble Solids, RS: reducing sugar, NRS: non-reducing
sugar.
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Treatments TSS AA RS  NRS
(°Bx) (mg/100g) (%) (%)

Control (1% sodium ¢ 1+ 329" 30.05¢ 42.77°
benzoate)

PJ + DPPE: 2% 9.83¢ 3.18° 30.83¢  39.62°

PJ +DPPE: 4%  10.77° 3.08° 31.71°  36.47°

PJ +DPPE: 6%  12.34° 2944 3237% 33.48¢

PJ +DPPE: 8%  13.31° 2.82° 33.07°  30.82°

PJ+DPPE: 10%  14.61° 2.60" 3451 27.62°

Values are presented as means. Values with different
superscripts within the same column are statistically
significantly different at p<0.05. AA: Ascorbic acid, TSS:
Total Soluble Solids, RS: reducing sugar, NRS: non-reducing
sugar.
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DPPE as shown in Table 1. The results of this study are
in line with Jaiswal et al. (2010) who worked on
pomegranate juice. An increase in the reducing sugar and
a decrease in the non-reducing sugar in pomegranate
juice was also observed by Mahmood et al. (2016) and
Singh et al. (2018).

3.3 Organoleptic evaluation of pomegranate juice
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Figure 3. Effect of various levels of pomegranate peel extract
on non-reducing sugar of pomegranate juice.

Colour, flavour and taste of the food and food
products also change along with other quality
parameters. Initially, the colour of the sample (TO to T5)
was 7.2, 83, 7.2, 8.0, 8.12 and 7.5 which gradually
decreased to 4.50, 4.40, 5.50, 6.40, 5.80 and 6.20,
respectively. During storage, the maximum decrease was
observed in TO (45%) followed by T1 (43.75%), while
the minimum value was observed in T4 (8.57%)
followed by T3 (11.42%) as shown in Table 3. The
results obtained in this study were in agreement with the
work of Chen et al. (2020) and Saleh et al. (2021) who
reported that change in colour in food products occurs
due to biochemical changes and enzymatic activities
within the food.

Flavour of the pomegranate juice was significantly

Table 3. Mean score of judges for overall acceptability of
pomegranate juice during storage.

Treatments Colour Taste Flavour Acz\;/)i;?)lillity
Contrgirles/a";‘)’d‘“m 62° 65 648 6.41°
PJ + DPPE: 2% 6.25% 6.5% 6.45" 6.43"
PJ + DPPE: 4% 6.68"  6.56" 6.55" 6.5°
PJ + DPPE: 6% 6.61*  6.65° 6.68" 6.65"
PJ + DPPE: 8% 6.73"  6.73"  6.65" 6.75"
PJ+DPPE: 10%  6.46° 6.56° 6.38° 6.36"

Values are presented as means. Values with different
superscripts within the same column are statistically
significantly different at p<0.05.

affected by various concentrations of pomegranate peel
extract. The sample having 8% of peel extract was less
affected during storage (Table 3). The results are in
agreement with the findings of Ozgen et al. (2008) and
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Jaiswal et al. (2010) that flavour is mainly concerned
with the change in organic acids and biochemical
reactions which leads to a decrease in the mean score
value of flavour. Similarly, the taste of treatments was
significantly affected by the addition of peel extract in
which minimum mean values of judges were recorded in
sample TO (6.5) and T4 showed a 6.65 mean score of
judges (Table 3). The results obtained in this study were
in agreement with the work of Hayouni ef a/. (2011) and
Lacivita et al. (2021) during preservation of food
products. Similar results were also reported by Masci et
al. (2016).

4. Conclusion

Extracts of pomegranate peel powder contain a high
amount of bioactive substance which could be used as
the best alternative preservatives to synthetic chemicals.
In this study, an extract of pomegranate peel powder was
used as an alternative to chemical preservatives in the
pomegranate juice. Results showed that among other
treatments, T4 (where 6% of the pomegranate peel
extract was used) was the best on the basis of
physicochemical analysis during storage. Peel extract
retained the quality parameters of the juice during
storage. Similarly on the basis of sensory evaluation the
sample T4 got the maximum mean score of judges
followed by T3 during 100 days of storage.
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