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ARTICLE INFO ABSTRACT

Article History Pomegranate peel, a fruit by-product, is a rich source bioactive compound. This study evaluated the effects of shade
Received 29 March 2024 (SD) and oven drying (OD) on the bioactive content and antioxidant properties of pomegranate peel. The
Revised 30 July 2024 antioxidant capacity was evaluated by reducing power activity, radical scavenging, and metal chelating assays.

Results showed that total bioactive compounds and antioxidant capacity were influenced by drying methods. The

Accepted 21 August 2024 study indicated that pomegranate peel could be utilized in food and pharmaceutical industries.
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1. Introduction

In recent years, there has been increasing global interest
in food by-products (such as peel, seed, and leaves). These
non-edible parts contain higher content of bioactive
compounds when compared to the edible parts (Osorio et al.,
2021). Food by-products had significant biological activity
including anti-inflammatory, antioxidant, antidiabetic,
antimicrobial, and anticancer (Mateus et al., 2023).

Punica granatum L. (Pomegranate), which belongs to the
Punicaceae family, is a significant fruit with medicinal
properties (Elfalleh et al, 2012; Jurenka, 2008).
Pomegranate, mainly the peel, contain various phenolic
compounds like gallic acid, punicalagin, ellagic acid, caffeic
acid (Kazemi et al, 2016). The previous phytochemical
studies of pomegranate peel established the presence of
phenolic compounds. Yenil et al. (2023) were the determined
phenolic compounds from different varieties of pomegranate
peels, identifying ellagic acid, as the most abundant
polyphenolic compounds. Phenolic compounds such as
gallic acid, chlorogenic acid, caffeic acid, and quercetin have
been identified in peel of P. granatum by Kafeel et al. (2023).

Many studies have demonstrated that pomegranate peel
extracts have been used to treat Alzheimer’s, diabetes,
arthritis, and cardiovascular diseases due to its antioxidant
potential (Gullon et al., 2016; Wasila et al.,, 2013). In addition,
pomegranate peel can be used as source for food, cosmetic
and pharmaceutical applications.

Drying methods is an important factor affecting
biological activity and bioactive compounds (Belwal et al,,
2022; Wojdylo et al., 2020). Akther et al. (2023) evaluated
the antioxidant properties and phytochemical profile of
mango powder by different drying methods. The results
demonsrated that the drying methods affected bioactive
compounds and antioxidant activity. Another study has
reported the effects of different drying methods on the
quality of brocade orange peels (Wang et al, 2023).
Conventional extraction methods, such as soxhlet, infusion,
and decoction extraction, are widely used extraction of
bioactive compounds. However, these methods have some
deficiencies including low extraction rates and long
extraction time (Meng et al, 2024). Modern extraction
techniques such as ultrasound-assisted and supercritical
fluid extraction address drawbacks these shortcomings
(Fang et al, 2018; Ray et al, 2023). Ultrasound-assisted
extraction has nowadays gained prominence as green
technology, cost-effectiveness, fast, and low-energy (Kumar
etal, 2021).

The present research aimed to evaluate the possible
effects of two drying methods (shade and oven drying) on the
phytochemical content and antioxidant capacity of
pomegranate peel.

2. Material and Methods
2.1. Plant materials

The pomegranate samples were purchased a company.
The peels were dried by oven drying and shade drying
methods. Oven drying (OD): the peels dried in oven at 75 C°
for 20 h. Shade drying (SD): the peels were dried in the dark
at the temperature of 25 C°. The peels were powdered by a
laboratory mill.
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2.2. Preparation of the extraction

The plant materials were extracted by Ultrasonication
assisted extraction (UAE). 5 g plant samples were sonicated
with 100 ml water for 1 h at 30 °C. The extracts were filtered
and then were lyophilized. The extracts were kept at +4 °C
until future analysis.

2.3. Total bioactive contents

The total phenolics and flavonoid content were evaluated
using the Folin-Ciocalteu and AlICls methods (Uysal et al,
2017).

2.4. Antioxidant assays

The antioxidant properties were performed by different
assays including ABTS, DPPH, FRAP, metal chelating assays
and CUPRAC. The details about the antioxidant methods can
be found in our previous research (Uysal et al., 2017).

3. Results and Discussion
3.1. Total bioactive compounds

The total phenolic and flavonoid content obtained by two
drying methods are shown in Figure 1 and 2. Shade drying
contained higher levels of total phenolics content compared
to oven drying. Oven drying procuded had the highest
flavonoid content than shade drying. Higher drying
temperatures resulted in a higher bioactive content of
pomegranate extracts (Tontul & Topuz, 2017). Ozay-
Arancioglu et al. (2022) reported the effect of drying
methods on the bioactivite and bioaccesssibility in
pomegranate arils. Total phenolic content of arils extracts
ranged from 6.13 to 7.88 mgGAE/g extract. In the same
study, the total flavonoid content varied from 0.33 to 0.49
mgCE/g and extracts displayed very low flavonoid content.
Compared with our results, pomegranate peel contained
higher levels of total phenolic content compared to
pomegranate arils. Hamid et al. (2020) found that the total
phenolics of different parts obtained from wild pomegranate
fruits were determined. Calin-Sdnchez et al. (2013)
demonstrated that total polyphenols in pomegranate rind at
different drying methods ranged between 57.3 mgGAE/g -
118 mgGAE/g.
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Figure 1. Total phenolics of Pomegranate peel extracts, SD: Shade
drying, OD: Oven drying.
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Figure 2. Total flavonoids of Pomegranate peel extracts, SD: Shade
drying, OD: Oven drying.

3.2. Antioxidant capacity

The antioxidant properties of extracts derived from
pomegranate peel was determined using the ABTS, DPPH,
FRAP, CUPRAC, and metal chelating activity. The extracts
displayed significant scavenging activity on DPPH and ABTS.
Oven drying exhibited higher scavenging activity than shade
drying. Fig 3 presents the antioxidant results of pomegranate
extracts. The reducing power activity was determined by
CUPRAC and FRAP assays. The shade drying showed higher
CUPRAC activity with value of 795.97 mgTE/g as compared
to oven drying (733.67 mgTE/g). In the FRAP assay, oven
drying exhibited the highest activity. Similarly, oven drying
(30.2948.97 mgEDTAE/g) presented the highest metal
chelating activity as compared to the shade drying
(21.38+3.12 mgEDTAE/g). Several studied indicated that
oven drying technique for pomegranate peel considered
potential technique for quality of dried pomegranate peel
(El-Said et al., 2014; Mphahlele et al., 2016).

Our findings are supported by the previous studies (John
etal, 2017; Mphahlele et al,, 2016; Sarkar et al., 2024). They
reported the drying method impacted the bioactive
compounds and biological actvity of pomegranate peel.
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Figure 3. Antioxidant capacity of Pomegranate peel extracts, SD: Shade
drying, OD: Oven drying.

According to Hamid et al. (2020) the antioxdiant activity
of different part of wild pomegranate fruits affected by their
drying methods. Ozay-Arancioglu et al. (2022) also found the
antioxidant properties could significantly affected the drying
methods. In investigation by Muhammad et al. (2023), the
radical scavenging activity of pomegranate peel dried by
different methods against the DPPH radical was determined.
The obtained results showed solar drying method showed
the highest activity than oven drying and sun drying method.
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Also, Setlhodi et al. (2024), indicated extraction of
pomegranate peel at 78 °C displayed the most potent
antioxidant capacity. Sarkar et al. (2024) reported the effect
of four drying technigues on the bioactive compounds and
antioxidant activity of pomegranate peels. According to the
results, the freeze-drying method exhibited the highest total
phenolic content and DPPH activity.

4., Conclusion

This study concluded that pomegranate peel, which is a
by-product, is major source of bioactive compounds.
Pomegranate peel extract displayed good antioxidant
capacity. The drying methods affected total bioactive
compounds and antioxidant capacity. Pomegranate peel can
be a potential candidate for food and pharmaceutical fields.

CRediT author statement

SU: Methodology, Original Draft, Investigation, Writing -
review & editing

DEA: Investigation, Original Draft, Writing - review &
editing

References

Akther, S,, Jothi, J. S., Badsha, M. R., Rahman, M. M., Das, G. B,,
& Alim, M. A. (2023), Drying methods effect on bioactive
compounds, phenolic profile, and antioxidant capacity of
mango powder. Journal of King Saud University Science,
35(1), Article 102370.

Belwal, T., Cravotto, C., Prieto, M. A., Venskutonis, P. R,
Daglia, M., Devkota, H. P, Baldi, A, Ezzat, S. M., Gémez-
Goémez, L. Salama, M. M. Campone, L. Rastrelli, L.,
Echave, ], Jafari, S. M., & Cravotto, G. (2022), Effects of
different drying techniques on the quality and bioactive
compounds of plant-based products: a critical review on
current trends. Drying Technology, 40(8), 1539-1561.

Calin-Sanchez, A., Figiel, A,, Hernandez, F., Melgarejo, P., Lech,
K, & Carbonell-Barrachina, A. A. (2013), Chemical
Composition, Antioxidant Capacity, and Sensory Quality
of Pomegranate (<i>Punica granatum</i> L.) Arils and
Rind as Affected by Drying Method. Food and Bioprocess
Technology, 6(7), 1644-1654.

El-Said, M. M., Haggag, H. F.,, El-Din, H. M. F,, Gad, A. S, &
Farahat, A. M. (2014), Antioxidant activities and physical
properties of stirred yoghurt fortified with pomegranate
peel extracts. Annals of Agricultural Sciences, 59, 207-212.

Elfalleh, W., Hannachi, H., Tlili, N., Yahia, Y., Nasri, N., &
Ferchichi, A. (2012), Total phenolic contents and
antioxidant activities of pomegranate peel, seed, leaf and
flower. Journal of Medicinal Plants Research, 6(32), 4724-
4730.

Fang, X. S, Gu, S. B, Jin, Z. Y., Hao, M. Q,, Yin, Z. Z., & Wang, .
H. (2018), Optimization of Ultrasonic-Assisted
Simultaneous Extraction of Three Active Compounds
from the Fruits of Forsythia suspensa and Comparison
with Conventional Extraction Methods. Molecules, 23(9),
Article 2115.

Gullon, B,, Pintado, M. E., Pérez-Alvarez, J. A., & Viuda-Martos,
M. (2016), Assessment of polyphenolic profile and
antibacterial activity of pomegranate peel (Punica
granatum) flour obtained from co-product of juice
extraction. Food Control, 59, 94-98.

Hamid, Thakur, N. S., Thakur, A., & Kumar, P. (2020), Effect of
different drying modes on phenolics and antioxidant



S. Uysal and D. Efe Arslan / Selcuk Universitesi Fen Fakiiltesi Fen Dergisi 50 (2) 2024

potential of different parts of wild pomegranate fruits.
Scientia Horticulturae, 274, Article 109656.

John, K. M. M., Bhagwat, A. A., & Luthria, D. L. (2017), Swarm
motility inhibitory and antioxidant activities of
pomegranate peel processed under three drying
conditions. Food chemistry, 235, 145-153.

Jurenka, J. (2008), Therapeutic applications of pomegranate
(Punica granatum L.): A review. Alternative Medicine
Review, 13(2), 128-144.

Kafeel, S., Inam-ur-Raheem, M., Khan, M. R, & Faisal, M. N.
(2023), Phytochemical characterisation and antioxidant
capacities of pomegranate peel. International Journal of
Food Science and Technology, 58(9), 4543-4550.

Kazemi, M., Karim, R,, Mirhosseini, H., & Hamid, A. A. (2016),
Optimization of pulsed ultrasound-assisted technique for
extraction of phenolics from pomegranate peel of Malas
variety: Punicalagin and hydroxybenzoic acids. Food
chemistry, 206, 156-166.

Kumar, K., Srivastav, S, & Sharanagat, V. S. (2021),
Ultrasound assisted extraction (UAE) of bioactive
compounds from fruit and vegetable processing by-
products: A review. Ultrasonics Sonochemistry, 70, Article
105325.

Mateus, A. R. S., Pena, A,, Sendén, R., Almeida, C., Nieto, G. A.,
Khwaldia, K., & Silva, A. S. (2023), By-products of dates,
cherries, plums and artichokes: A source of valuable
bioactive compounds. Trends in Food Science &
Technology, 131, 220-243.

Meng, L., Chen, Y., Zheng, Z. ], Wang, L., Xu, Y. H,, Li, X. ],, Xiao,
Z.]., Tang, Z., & Wang, Z. S. (2024), Ultrasound-Assisted
Extraction of Paeonol from Moutan Cortex: Purification
and Component Identification of Extract. Molecules,
29(3), Article 622.

Mphabhlele, R. R, Fawole, O. A,, Makunga, N. P., & Opara, U. L.
(2016), Effect of drying on the bioactive compounds,
antioxidant, antibacterial and antityrosinase activities of
pomegranate peel. Bmc Complementary and Alternative
Medicine, 16, Article 143.

Muhammad, A., Dayisoylu, K. S., Pej, ]. ], Khan, M. R,, Salman,
M. Ahmad, R, Ullah, H, & Noor, G. R. (2023),
Compositional analysis of natural pomegranate peel
powder dried by different methods and nutritional and
sensory evaluation of cookies fortified with pomegranate
peel pow

Osorio, L. L. D., Flérez-Lépez, E., & Grande-Tovar, C. D.
(2021), The Potential of Selected Agri-Food Loss and
Waste to Contribute to a Circular Economy: Applications
in the Food, Cosmetic and Pharmaceutical Industries.
Molecules, 26(2), Article 515.

Ozay-Arancioglu, 1., Bekiroglu, H., Karadag, A., Saroglu, O,
Tekin-Cakmak, Z. H., & Karasu, S. (2022), Effect of
different drying methods on the bioactive,
microstructural, and in-vitro bioaccessibility of bioactive
compounds of the pomegranate arils. Food Science and
Technology, 42, Article e06221.

Ray, A., Dubey, K. K,, Marathe, S. ], & Singhal, R. (2023),
Supercritical fluid extraction of bioactives from fruit
waste and its therapeutic potential. Food Bioscience, 52,
Article 102418.

Sarkar, A., Haque, M. A, & Alam, M. (2024), Unlocking the
potential of pomegranate peels as a valuable source of
bioactive compounds through effective drying strategies.
Food Chemistry Advances, 4, 100622.

Setlhodji, R., Mashile, B,, Izu, G. O., Gbashi, S., Mashele, S. S.,
Bonnet, S. L., Makhafola, T. J., & Chukwuma, C. 1. (2024),
Modeling the Influence of Extraction Temperature on the
Ellagitannin and Antioxidant Profiles of "Wonderful"

59

Pomegranate Peel Using Advanced Chemometrics
Analysis. Food and Bioprocess Technology, 17(1), 83-99.

Tontul, 1, & Topuz, A. (2017), Effects of different drying
methods on the physicochemical properties of
pomegranate leather (pestil). Lwt-Food Science and
Technology, 80, 294-303.

Uysal, S., Zengin, G., Locatelli, M., Bahadori, M. B., Mocan, A,
Bellagamba, G., De Luca, E., Mollica, A., & Aktumsek, A.
(2017), Cytotoxic and Enzyme Inhibitory Potential of
Two Potentilla species (P. speciosa L. and P. reptans
Willd.) and Their Chemical Composition. Frontiers in
Pharmacology, 8, Article 290.

Wang, Z. R, Zhong, T., Mei, X. F.,, Chen, X. H,, Chen, G.].,, Rao, S.
Q., Zheng, X. F, & Yang, Z. Q. (2023), Comparison of
different drying technologies for brocade orange (Citrus
sinensis) peels: Changes in color, phytochemical profile,
volatile, and biological availability and activity of
bioactive compounds. Food chemistry, 425, Article
136539.

Wasila, H,, Li, X, Liu, L. W., Ahmad, I., & Ahmad, S. (2013), Peel
Effects on Phenolic Composition, Antioxidant Activity,
and Making of Pomegranate Juice and Wine. Journal of
Food Science, 78(8), C1166-C1172.

Wojdylo, A., Lech, K, & Nowicka, P. (2020), Effects of
Different Drying Methods on the Retention of Bioactive
Compounds, On-Line Antioxidant Capacity and Color of
the Novel Snack from Red-Fleshed Apples. Molecules,
25(23), Article 5521.

Yenil, N., Yemies, F., Sabikoglu, I, Memon, N., & Giiler, A.
(2023), Comparative Analyses of Few West Turkish
Varieties of Pomegranate (Punica granatum L.) Peels for
Phenolic Content Using Liquid Chromatography.
Polycyclic Aromatic Compounds, 43(5), 3941-3957.



