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Abstract

This investigation is conducted research to obtain bioactive compounds from the peels of the Bala
Mursal, Azerbaijan Guloyshe, and Nazik gabig pomegranate varieties obtained during processing from
wine factories located in the Aghsu and Goychay districts and to study their health benefits for the
purpose of food supplement applications. Pomegranate peels contain many fatty acids. The antioxidant
properties of these acids further contribute to their broad functions such as protection against oxidative
stress and reducing the risk of chronic diseases, including anti-cancer, antibacterial, and cardiovascular
protection. For this purpose, fatty acids composition analyses of the research samples were carried out
using modern equipment in accordance with the relevant methodology in the "Complex Studies"
laboratory of the Azerbaijan Food Safety Institute, in the "Food Technologies" laboratory named after
Aziz Sancar of the Azerbaijan State University of Economics. During the study, significant differences
were observed in the analysis results depending on the growing conditions and characteristics of the
varieties. The high content of fatty acids in the composition of pomegranate peel makes it possible to
use it both as a food additive and as a substitute for chemical preventive agents.

The aim of the research is to better reuse waste sources for physiological applications by revealing the
health benefits of the waste sources through a deeper understanding of the fatty acids in pomegranate
peels obtained during processing in the winery industry in Azerbaijan.

Keywords: cultivated varieties, crude oil, fatty acids, varietal characteristics, growing conditions

Introduction

Approximately one-third of the food produced globally for human consumption is lost or wasted.
In quantitative terms, this includes both food processing by-products and food losses, amounting to
approximately 1.3 billion tons, with an estimated value of around 990 billion USD [1, 2]. Among these,
the fruit and vegetable processing industry is one of the major producers of by-products, accounting for
approximately 45% [3]. Another significant contributor in this regard is the wine industry, where
pomegranate peels generated during processing constitute a substantial portion of waste, representing
approximately 26-30% of the total fruit weight [4]. Globally, the pomegranate juice industry produces
an average of 1.9 million metric tons of pomegranate peels annually. The composition of the fruit is
approximately 46% juice, 43% peel, and 11% seeds [5, 6].

The improper utilization of these by-products not only leads to resource wastage but also
contributes to environmental pollution. Pomegranate peels are rich in various bioactive compounds,
including fatty acids, catechins, antioxidants, minerals, vitamins, polyphenols, dietary fiber, flavonoids,
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punicalagins, anthocyanins, and ellagic acid, which offer numerous potential health benefits [7,8]. These
bioactive constituents play a crucial role in promoting human health, providing protective effects against
serious conditions such as cardiovascular diseases, oxidative stress, inflammation, diabetes, obesity, and
certain types of cancer [9].

The multiple applications of pomegranate peels in food bioprotection and their potential use as
functional food additives have been extensively studied. The presence of these bioactive compounds
provides a basis for their utilization as value-added resources and functional ingredients. Considering
that there are approximately 500 pomegranate varieties worldwide, with over 60 variaties cultivated in
Azerbaijan, there exsists a favorable framework for the rational use of pomegranatw peels generated
during wine production.

The present study aims to analyze the fatty acids composition of pomegranate peels obtained
during wine processing, highlighting their potential health benefits when used as food additives and
adding value to the pomegranate industry.

Material and methods

In the initial stage, the pomegranate peels (a rich source of natural compounds), which were the
object of our research, were washed and cleaned, then cut into small pieces and dried in a drying device
in 2 stages at a specified temperature and moisture. The moisture content of pomegranate peels varied
by variety, and was 61% in Azerbaijan Guloyshe, 60% in Bala Mursal, and 59% in Nazik gabig. Thus,
in the first stage, the pomegranate peels, which we conducted the research with 4400 grams for each
variety, were cleaned and placed in a drying device for 50 minutes at a temperature of 60 degrees,
depending on the variety, until they reached 14-16% moisture content. The first stage of the drying
process was completed with a mass of 2624-2620 g for each variety and a moisture content of 35-37%.
In the second stage of the process, the shells with a mass of 2624-2620 g were placed in a drying device
for 2 hours at 55 degrees Celsius for each variety until the moisture content reached 7-9%. After the
drying process was completed, the mass of pomegranate peels was determined by variety - in the range
of 1.026 - 1.019 g and the moisture content was determined as 9% for Azerbaijan Guloyshe, 7% for
Nazik gabig, and 8% for Bala Mursal. Then, the pomegranate peels were ground.

The determination of crude oil method

First, extraction pouchs were prepared. Filter paper measuring 11090 mm was used for prepare
the pouchs. The filter paper was made in the form of a pouch, then was kept in a soxhlet in ether for 1
hour, then was put into a weighing bottle. With the weighing bottle lid open was dried in an oven at
105°C for 1 hour, then was placed in a desiccator, cooled, and weighed on an analytical balance with an
accuracy of £0.001 grams.

1.0 gram of sample was dried and placed into the weighed pouch on an analytical balance to an
accuracy of £0.001 grams, the mouth of the pouch was closed, the pouch was placed into the used
weighing bootle during drying and kept in a drying oven at 105 °C for 3 hours, then was cooled in a
desiccator and weighed on an analytical balance to an accuracy of +£0.001 grams. The weighed pouch
was placed into the extractor of the Soxhlet apparatus vertically. The feed particles were extracted with
diethyl ether. The ether appropriate for the feed type was poured into the flask of the Soxhlet apparatus.
At this time, ether is poured into the flask of the Soxhlet apparatus in such an amount that the total
volume of solvent after draining from the extractor does not exceed 2/3 of the volume of the flask. The
sample was kept in the apparatus with ether overnight, and extraction was continued the next day. The
next day, extraction was carried out in a Soxhlet apparatus for 5—8 hours. At the end of the extraction,
the pouchs were removed from the Soxhlet apparatus and the ether was allowed until evaporate.

The determination of fatty acids method

Oil samples obtained from the peels of Bala Mursal, Azerbaijan Guloyshe, and Nazik gabig
pomegranate varieties using the Soxhlet method were individually weighed into a 0.5 g centrifuge tube,
then 5 ml of n-hexane was added and mixed. Then 200 pl of KOH-methanol solution was added. It was
mixed in a vortex device for 1 minute and allowed to stand for 5 minutes. 0.5 g of Na,SO4 was added
and centrifuged at room temperature for 3 minutes. Then the sample oils were placed in a gas
chromatography device and the fatty acid composition was determined.
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The devices

Drying process: Chinese-made “Heat Pump Dehydrator” model “AGHD-15ELC”; grinding
process: 2020 Turkish-made “Model SM 108 Super Mixer Grinder”; crude oil: by the Socs plus-SCS-
6AS instrument based on the Soxhlet method according to the GOST13496.15 2016 standard; fatty acid
composition: “Agilent technologies 7820A” model gas chromatography with ISO 12966-4, ISO 15884
IDF 182 standards;

Results and their discussion

Oils were extracted from different varieties of pomegranate peels (Bala Mursal, Azerbaijan
Guloyshe, and Nazik gabig) by the Soxhlet method and the fatty acid composition of the oils was
studied. Thus, during the analysis of fatty acids, 19 fatty acids were detected in the peels of the Bala
Mursal, Azerbaijan Guloyshe, Nazik gabig varieties (Table 1).

Thus, myristic acid was found in the amount of 3.33725% in Azerbaijan Guloyshe, 3.17332% in
Nazik gabig, and 2.98725% in Bala Mursal.

Trace amounts of pentadecanoic acid were also found in the pomegranate peel oils studied. Thus,
this fatty acid accumulated in the amount of 0.37894% in Azerbaijan Guloyshe, 0.32114% in Nazik
gabig, and 0.31912% in Bala Mursal.

It was clarified that the palmitic acid amount in pomegranate peel oils is slightly higher. Thus,
this fatty acid accumulated in Azerbaijan Guloyshe - 17.25311%, in Nazik gabig - 17.13674%, in Bala
Mursal - 16.93512%.

Later, it was found that palmitoleic acid was present in small amounts in the oils. Thus, it was
found in Azerbaijan Guloyshe - 0.70263%, in Nazik gabig - 0.68447%, in Bala Mursal - 0.67972%.

Stearic acid, which belongs to the group of saturated fatty acids, was also found in small
amounts in the studied pomegranate peel oils. Thus, this fatty acid constituted 9.90530% in Azerbaijan
Guloyshe, 9.62831% in Nazik gabig, and 9.56436% in Bala Mursal.

Cis and trans isomers of oleic acid were also found in pomegranate peel oils. Thus, the cis
isomer of oleic acid was 20.98883% in Azerbaijan Guloyshe, 20.80446% in Nazik gabig, and
20.97265% in Bala Mursal. The trans isomer of oleic acid (elaidic) was 0.75470% in Azerbaijan
Guloyshe, 0.75226% in Nazik gabig, and 0.74964% in Bala Mursal.

Linoleic acid was also found in significant amounts in pomegranate peel oils. Thus, this fatty
acid was found in the amount of 19.99353% in Azerbaijan Guloyshe, 19.98575% in Nazik gabig, and
19.12647% in Bala Mursal.

Trans-linoleic acid was also found in trace amounts in pomegranate peel oils. Thus, this fatty
acid was found in the amount of 0.30361% in Azerbaijan Guloyshe, 0.29968% in Nazik gabig, and
0.28947% in Bala Mursal.

During the analysis, arachidic acid was found in small amounts in pomegranate peel oils. Thus, it
was detected in the amount of 1.05148% in Azerbaijan Guloyshe, 1.04996% in Nazik gabig, and
1.04993% in Bala Mursal.

During the study, a-linolenic fatty acid was also found in significant amounts in the oils. Thus,
this fatty acid was found in the amount of 7.91444% in Azerbaijan Guloyshe, 7.78012% in Nazik gabig,
and 7.27364% in Bala Mursal.

Eicosenoic fatty acid, which is one of the valuable indicators for oils, was found in significant
amounts. Thus, this fatty acid was found in the amount of 7.14878% in Azerbaijan Guloyshe, 7.12317%
in Nazik gabig, and 7.11576% in Bala Mursal.

During the study, y - linolenic fatty acid was also found in the oils. Thus, this fatty acid was
found in the amount of 0.42199% in Azerbaijan Guloyshe, 0.42114% in Nazik gabig, and 0.40178% in
Bala Mursal.

During the analysis, it was found that pomegranate peel oil also contains a small amount of
behenic acid. Thus, this acid was detected in the amount of 1.74832% in Azerbaijan Guloyshe,
1.67236% in Nazik gabig, and 1.65785% in Bala Mursal.

Docosadienoic fatty acid was found in certain amounts in the oils. It was clarified that this fatty
acid was in Azerbaijan Guloyshe - 2.33762%, in Nazik gabig - 2.32639%, in Bala Mursal - 2.17826%.
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Lignoceric acid was also found in trace amounts in pomegranate peel oils. Thus, this fatty acid
was in Azerbaijan Guloyshe - 0.56868%, in Nazik gabig - 0.53972%, in Bala Mursal - 0.52654%.

Eicosapentaenoic acid was also found in insignificant amounts in the oil samples. It was detected
in the amount of 1.20275% in Azerbaijan Guloyshe, 1.16538% in Nazik gabig, and 1.16483% in Bala
Mursal.

Nervonic acid was also found in trace amounts in pomegranate peel oils. It was determined that
this fatty acid was in Azerbaijan Guloyshe - 1.62729%, in Nazik gabig - 1.62521%, and in Bala Mursal
- 1.61912%.

During the analysis, docosahexaenoic fatty acid was also found in a small amount in the oils. It
was clarified that this fatty acid was in Azerbaijan Guloyshe — 2.34575%, in Nazik gabig - 2.34118%,
and in Bala Mursal - 2.32112%.

The results of the analysis showed that the highest fatty acid amount was found in Azerbaijani
Guloyshe (Figure 1). It was clarified that unsaturated fatty acids predominated in the composition of
pomegranate peels. Thus, saturated fatty acids were 34.24308% in Azerbaijan Guloyshe, 33.52155% in
Nazik gabig, and 33.04017% in Bala Mursal. Unsaturated fatty acids were found 65.69692% in
Azerbaijan Guloyshe, 65.30921% in Nazik gabig, and 64.89246% in Bala Mursal. The high content of
unsaturated fatty acids compared to saturated fatty acids in pomegranate peels also indicates a
nutritionally favorable lipid profile and the potential for beneficial applications for health [10]. The
diversity of the composition and amount of fatty acids in the peels depends on their genotypic
characteristics and growing conditions [11].

Table 1. Fatty acids in pomegranate peels

Pomegranate peel
Varieties
Fatty acids, % Bala Mursal Azerbaijan Nazik gabig
Guloyshe
C14:0  myristic 2.98725 3,33725 3.17332
C15:0  pentadecanoic 0.31912 0.37894 0.32114
C16:0  palmitic 16.93512 17.25311 17.13674
Cle:l palmitoleic 0.67972 0.68763 0.68447
C18:0  stearic 9.56436 9.90530 9.62831
Cl18:1c  oleic 20.97265 20.98883 20.80446
C18:1t  elaidic 0.74964 0.75470 0.75226
C18:2c  linoleic 19.12647 19.99353 19.98575
C18:2t  trans isomers of linoleic 0.28947 0.30361 0.29968
C20:0  arachidic 1.04993 1.05148 1.04996
C18:3n3 alpha-linolenic 7.27364 7.91444 7.78012
C20:1 eicosenoic 7.11576 7.14878 7.12317
C18:3n6 gamma-linolenic 0.40178 0.42199 0.42114
C22:0  behenic 1.65785 1.74832 1.67236
C22:2  docosadienoic 2.17826 2.33762 2.32639
C24:0  lignoceric 0.52654 0.56868 0.53972
C20:5  eicosapentaenoic 1.16483 1.17275 1.16538
C24:1 nervonic 1.61912 1.62729 1.62521
C22:6  docosahexaenoic 2.32112 2.34575 2.34118
Amount of saturated fatty acids, % 33.04017 34.24308 33.52155
Amount of unsaturated fatty acids, % 64.89246 65.69692 65.30921
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Figure 1. The fatty acid amounts in peels of Azerbaijan Guloyshe pomegranate

Conclusion and Suggestions

The fatty acids composition of pomegranate peels, which are obtained as waste from the winery
industry in Azerbaijan was analyzed in detail for the first time. The conducted research on pomegranate
peels has proven the richness of many important fatty acids in their composition. By determining the
fatty acid composition of pomegranate peels, 19 fatty acids were detected. The highest fatty acid
amounts were found in linoleic — 19.12647-19.99353%, oleic acid - 20.80446-20.98883%, a-linolenic -
7.27364-7.91444%, palmitic 16.93512-17.25311%. It should be especially emphasized that the highest
amount of fatty acids was found in Azerbaijan Guloyshe.

The results of the study clearly showed that the diversity of the composition and amount of fatty
acids in pomegranate peels depends on their variety (genotypic characteristics) and growing conditions
(climate, soil, region).

It can be concluded from the results of the study that environmentally safe, balanced in terms of
composition and technologically convenient this pomegranate peels indicates the possibility of its use as
a food supplement with its fatty acids. The obtained pomegranate peel powder is intended to be used as
a functional food by adding it to yogurts and teas in the future. This research work, which is being
carried out for the first time in Azerbaijan, is expected to be the result of further investigation of the
therapeutic potential of new nutrients and ongoing research activities.
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NAR QABIGI BiOAKTiV YAG TURSULARININ MONBOYi KiMi: TOHLIL VO
POTENSIAL TOTBIQLOR

Viigar Mikayilov
Umidos Macnunlu
Azarbaycan Dovlat Neft vo Sonaye Universiteti, Azorbaycan Kooperasiya Universiteti.
Azorbaycan Dévlot Iqtisad Universiteti, Uziimgiiliikk vo Serabgiliq Elmi-todgiqat institutu,
Azorbaycan Kooperasiya Universiteti

Xiilasa

Bu tadgiqat Agsu vo Gdygay rayonlarinda yerloson sorab zavodlarindan emal zamani olds edilon Bala
Miirsal, Azarbaycan Giiloysasi va Nazik qabiq nar sortlarinin gabiqlarindan bioaktiv birlogsmalarin alda
edilmosi vo qida olavolorinin istifadesi moqsadi ilo onlarin saglamlifa faydalarimin Syronilmasi
mogsadils todqigat aparilir. Nar gabiginin torkibinds ¢oxlu yag tursulart var. Bu tursularin antioksidan
xiisusiyyotlori oksidlogdirici stressdon qorunmaq vo xorgong oleyhino, antibakterial vo iirok-damar
sistemi do daxil olmaqla xroniki xastaliklorin riskini azaltmaq kimi genis funksiyalarina komak edir. Bu
mogqsadlo Azorbaycan Qida Tohliikosizliyi Institutunun “Kompleks Todgiqatlar” laboratoriyasinda,
Azorbaycan Dévlot Igtisad Universitetinin Oziz Sancar adina “Qida texnologiyalar1” laboratoriyasinda
miivafiq metodologiyaya uygun miiasir avadanliqdan istifade edilmoklo todqiqat niimunslorinin yag
tursularinin  torkibinin tohlili aparilmisdir. Todqiqat zamani sortlarin bdylime soraitindon vo
xlisusiyyatlorindon asili olaraq analiz naticolorindo ohomiyyatli forglor miisahido edilmisdir. Nar
qabigmin torkibindoki yag tursularmin yiiksok olmasi ondan hom qida olavesi, hom do kimyovi
profilaktik vasitalorin avozi kimi istifads etmoys imkan verir.

Tadgiqatin moqgsadi Azarbaycanda sorabgiliq senayesinds emal zamani olds edilon nar gabiglarinin
torkibindoki yag tursularini daha deorindon basa diismok yolu ilo tullanti menbaslorinin saglamliq
faydalarini iizo ¢ixarmaqla tullanti manbolorindan fizioloji magsadlor ligiin daha yaxs1 tokrar istifade
etmokdir.

Acar sozlar: yetisdirilon sortlar, xam yag, yag tursulari, sort xiisusiyyatlori, yetisdirma goraiti
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KOXYPA I'PAHATA KAK UICTOYHHUK BUOAKTHUBHDLIX )KUPHBIX KUCJIOT: AHAJIN3
N BO3MOXHOCTHU IIPUMEHEHUA

Byrap Muxkaunos
Ymuae MexuyHy
Azep0baiikaHCKUH TOCYAaPCTBEHHBIA HEPTHU U MPOMBIIIUIEHHOCTH YHHUBEPCHUTET, A3epOaiiKaHCKHiA
KOOIIEPAaTUBHBIN YHUBEPCUTET.
AzepbaiipkaHCKUI rocy1apcTBEHHBIN SKOHOMUYECKUN YHUBEpcUTeT, HaydHo-1cciaeoBaTenbcKuii
MHCTUTYT BUHOI'PAJapCTBa U BUHOAEIMS, A3epOaiipkaHCKUI KOOTIEpAaTUBHBIA YHUBEPCUTET

Pe3rome

JlaHHOe McceJoBaHuE IPOBEIECHO € LEJIbIO MOJIyuYeHHUs] OMOAKTUBHBIX COEMHEHUH U3 KOXKYpbI IpaHaTa
coproB bama Mypcenb, AzepOaiimkan [tonwéiime u Hasux ['aObIr, MOMy4YeHHBIX B IpolEecce
nepepabOTKH Ha BUHOJENbHSAX ArcyuHckoro u I'effualickoro palloHOB, a TakKe M3yYEHMs UX MOJIb3blI
JUISL 370POBbs C LIEJIBI0 MCIIOJIb30BAaHUS B KauecTBe NMUIIEBBIX J00aBok. Koxxypa rpaHara coaepkuT
MHOXECTBO KHUPHBIX KHCIOT. AHTHOKCHJAHTHbIE CBOMCTBA ITHX KUCIOT O0YCIAaBIUBAIOT WX LIMPOKHUHA
CHeKTp (yHKIMI, TakMX Kak 3amUTa OT OKHUCIUTEIBHOTO  CTpecca, HPOTHBOPAKOBEIE,
aHTHOaKTepuaJIbHbIE CBOICTBA U CHMKEHHE PUCKAa XPOHUYECKUX 3a00JIeBaHUM, B TOM YHUCIIE CEPIACUHO-
cocyucTbIX. C 9TOM LEIIbI0 KUPHO-KUCIOTHBIM COCTAaB UCCIIEAYEMBIX 00pa3LoB ObLI IIPOAHATU3UPOBAH
C HCIIOJIb30BAaHUEM COBPEMEHHOI'0 00OpYyIOBaHMS 110 COOTBETCTBYIOLIEH METOJIMKE B J1aOOpaTOpHsX
«KowmruiekcHbIe nccneoBaHusy A3zepOailKaHCKOTO MHCTUTYTa 0€30MaCHOCTH MHUIIEBBIX MPOIYKTOB U
«IIumeBble  TexHosmormu» uMeHHM Asuza Canmpkapa AsepOailJUKaHCKOro  TrocylapCTBEHHOI'O
9KOHOMHYECCKOI'0 YHUBCPCUTCTA. B X0JA€ HCCICA0BaHUA ObLIIM BBISIBIIEHBI CYLICCTBCHHBLIC pa3JInuuAa B
pe3yibTaTax aHaju3a B 3aBHCHMOCTH OT YCJIOBHUM BbIpalllMBaHUS U OCOOEHHOCTEH copToB. Bricokoe
COACPIKAHUC JKUPHBIX KUCIIOT B KOXKYPE I'paHaTa MO3BOJIACT UCIIOJIB30BaTh €€ KaKk B KauyeCTBE HI/IHIGBOﬁ
N00aBKH, TaK U B Ka4eCTBE 3aMEHbl XUMUYECKUM MpoduIaKTHUeCKuM cpeacTBaM. Llenb uccnenoBanus
— IIOBBIIIICHUEC B(i)(l)eKTI/IBHOCTI/I IOBTOPHOTO HMCIIOJIB30BaAHHA OTXOOJOB B (1)I/I3I/IOJ'IOFI/I‘-ICCKI/IX neiaax
yTEM BBISBICHHUS UX IOJIB3bI IS 3I0POBbsI TOCPEICTBOM Oo0Jiee ITyOOKOro N3y4eHUs JKUPHBIX KUCIIOT,
COJEpXKAIIMXCA B KOXype TIpaHara, IMOIy4eHHOW B Ipolecce NepepadOTKH B BHHOJENBUYECKOU
IPOMBIIIIEHHOCTH A3epOaiiikaHa.

KiroueBble cioBa: BO3JENBIBAEMBIE COPTA, CBIPOE MAaCIO, JKUPHBIE KHUCIOTBI, COPTOBBIE
XapPaKTCPUCTHUKH, YCIIOBHA BbIpallluBaHUA

Mogale daxil olub: Tokrar islonmoyo gonderilib: (Capa gabul olunub:
01 sentyabr 2025-ci il 10 sentyabr 2025-ci il 30 sentyabr 2025-ci il
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