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Abstract.

Kumquat, known as the little jewel of the citrus family, is a fruit of the plant Citrus japonica Thunb. or Fortunella japonica
Swingle. Kumquat is widely grown for its fruit, but such parts of the plant as leaves and bark are left as waste without being
utilized. Therefore, we aimed to determine the chemical composition of essential oils from kumquat fruit and leaves (main
species and 6 mutants) grown at the Mersin Alata Horticultural Research Institute.

The fruits and leaves of Citrus fortunella trees were collected and their essential oils were obtained by hydrodistillation. Gas
chromatography-mass spectrometry (GC-MS) was performed to analyze the components of the essential oils.

Among the essential oil components determined by GC-MS analysis, limonene (69.9-94.4%) was detected at the highest
levels in the fruit essential oil, while the leaf essential oil was rich in elemol (13.2-14.8%), f-eudesmol (9.3-11.0%), a-guaiol
(8.5-10.8%), spathulenol (8.1-10.5%), and alismol (6.5-7.9%). Our results showed that essential oil can be produced as
a by-product from the leaves and fruits of C. fortunella trees.

Kumquat fruit and leaf essential oils contain large amounts of chemical components with potential biological activity, both
major and minor. Therefore, they can be used as an herbal resource in different industrial fields such as medicine, perfumery,
and cosmetics.

Keywords. Kumquat, Citrus fortunella, essential oils, limonene, elemol, f-eudesmol, a-guainol, spathulenol, alismol
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AHHOTAIHSA.

Kywmxsar (Citrus japonica i Fortunella japonica) — pacTeHue ceMeCTBa IUTPYCOBBIX, IUTOJBI KOTOPOTO IIMPOKO IIPUMEHSIOTCS
B MUIIEBON MPOMBIIUIEHHOCTH, OJHAKO €T0 JIUCThS ¥ KOpPa, Kak MPaBUIIO, BEIOPACHIBAIOTCS B KadecTBE 0TX0H0B. Llens manHOM
paboTHl — M3yUUTh XUMHUYECKUI COCTaB H(UPHBIX MACeN, OIyUYSHHBIX U3 MJIOA0B U JHCTHEB KyMKBAaTa OCHOBHOTO BH/JIA U IIIECTH
mytanToB (MHCTHTYT pacTenneBoacTea «Mersin Alatay, Typrus).

D¢upHbIe Macia II0/I0B ¥ JINCThEB KYMKBATa MOJIyJaly METOIOM THAPOAUCTIILIINN. KOMIOHEHTHBIH aHaIu3 23pHUPHBIX Mace
MIPOBOJIMJUIN PU TOMOIIY Ta30BOM xpoMarto-macc-cnekrpomerpun (I'X-MC).

B a¢upHOM Macie n3 oo caMbIM pacIpoOCTPaHEHHBIM KOMIIOHEHTOM OKa3aJicsi TUMoHeH (69,9-94,4 %); B a¢upHOM Macie
n3 TucTheB — anemodn (13,2-14,8 %), f-synecmon (9,3-11,0 %), a-rBaiion (8,5-10,8 %), cnatynenon (8,1-10,5 %) u ammcmon
(6,5-7,9 %). CormnacHO MOIy4EHHBIM Pe3yIbTaTaM, 3(PUPHOE MACIO MOXKET MPOU3BOIUTHCS KaK ITOOOUHBII MPOAYKT U3 INCTHEB
u wionoB C. fortunella.

D¢dupHbIe Maca MI00B ¥ JUCThEB KyMKBaTa COJAEPIKaT OO0JIBIIOE KOJINIECTBO XMMUIECKHX KOMIOHEHTOB C Pa3HbIM yPOBHEM
OMOJIOTMYEeCKOH aKTUBHOCTH, UTO JIEJIaeT BO3MOKHBIM MX HCIIOJIb30BaHNE B KAYECTBE HCTOYHNKA PACTUTEIHEHOTO CHIPbS B Pa3iIny-
HBIX 00JIACTSAX MPOMBIIUIEHHOCTH, TAKMX KaK MEJUIMHA, Hap(QIOMepHs U IIPOU3BOJCTBO KOCMETHKH.

Kuarouessle cioBa. Kymxsar, Citrus fortunella, 3pupHbie Macia, TMMOHEH, 31€MOJ, f-3yAECMOI, -T'Bali0J, CIIATYJICHO, aTUCMOT

®unancupoBanue. lccnenoBanne ObUIO BBIOJHEHO NMPHU pUHAHCOBOM moaaepkke yuuBepcutera Muénto, Typuus (BAPB,
rpant Ne TYL-2018-1108).

Jas nutupoBanus: Krouyk6aii @., brorokkopmas Y., Ozek I, Ozek T. Xumudeckuii coctaB d3pUpHBIX Macen kKymksara (Citrus
fortunella) u myTranToB. TeXHUKa ¥ TEXHOJIOTHS MUIIEBBIX Tpou3BoAcTB. 2025. T. 55. Ne 1. C. 29-44. (Ha anra.) https://doi.org/
10.21603/2074-9414-2025-1-2553

Introduction multiple indications and can be used to address a wide

Herbal medicine has been used for centuries and range of health concerns [2]. However, herbal medicines
many traditional cultures still rely on it as their primary must still meet certain criteria for safety, effectiveness,
form of healthcare. Despite today’s prevalence of synthe-  and purity to ensure that they do not have negative ef-
tic and semi-synthetic drugs, there has been a renewed fects on human health. Additionally, the effects of herbal
interest in natural medicines due to concerns about the medicines often result from a combined action of multi-
side effects of modern drugs. Many people prefer to ple bioactive compounds found in the plant, rather than
use natural remedies as they are believed to be safer just one single active ingredient. This makes it more
and have fewer side effects [1-3]. difficult to study the effects of herbal medicines compared

Herbal medicines are increasingly being used in deve- ~ to chemical medicines [4, 5]. Since isolated bioactive
loped countries as a way to maintain good health and compounds may not have the same effect as their combi-
prevent disease, rather than just to treat illness. One of nation in a plant, whole plant extracts are often preferred
the reasons for this is that herbal medicines often have in traditional medicine.
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In recent years, there has been an increased interest
in natural food and nutritional supplements to promote
good health. Tropical and subtropical plants are believed
to have protective effects on health due to their unique
chemical structures and essential oils. Kumquat, a tropi-
cal fruit, is a member of the same family as citrus fruits,
but is classified in a different genus. Kumquat has a uni-
que flavor, with a sour flesh and sweet peel, due to the
presence of flavonoids and terpenoids. This flavor has a
characteristic citrus taste [6, 7]. Like other citrus fruits,
kumgquat is a rich source of vitamin C, which helps to
strengthen the immune system. Additionally, the terpe-
noids and flavonoids found in the peel of the fruit make
it beneficial to consume the peel as well. Kumquat is
also used in a variety of culinary applications, such as
jams, marmalades, liquors, confectionery, pickles, and
dried products. The fruit is known for its unique sweet-
sour flavor and its versatility in cooking [8—10]. The
essential oil obtained from the bark of the kumquat tree
is also used in perfumery, pharmacy, and food industry.
The oil has a distinct citrus aroma, which makes it a
common ingredient in a variety of products such as per-
fumes, cleaning agents, and food flavorings. Kumquat
essential oil is also applied in traditional medicine for
its multiple therapeutic properties, including antioxidant,
antifungal, anti-proliferation, and anti-inflammatory ef-
fects [10-12].

Kumquat was first described in China in 118 BC.
Its name is thought to have originated from the Canto-
nese language, where it is literally translated as “golden
orange,” or “golden tangerine,” meaning “golden luck”.
The name “kumgquat” is a combination of two words,
“gold” and “good luck” (or “quat” in Cantonese), reflec-
ting a belief that this fruit brings good luck and pros-
perity. The fruit was also considered as a symbol of
wealth and prosperity due to its golden color and round
shape. Kumquat is known by a variety of names in dif-
ferent languages, such as cumquat, jinju, and kinkan.
In Tirkiye, it is also known as “golden orange”.

The chemistry of essential oils of Citrus fortunella
and its mutants studies the chemical compounds present
in the essential oils of kumquat fruits and leaves, as well
as any variations in these compounds that may occur in
different kumquat cultivars or mutants. This research
is important for several reasons. Firstly, understanding
the composition and quality of kumquat essential oils
is important for the food and beverage, cosmetics, and
pharmaceuticals industries. Secondly, this research can
provide insights into the genetic and environmental fac-
tors that influence the chemical composition of kum-
quat essential oils. Thirdly, it can become a basis for
evaluating various kumquat by-products. Noteworthily,
while some kumquat mutants have been found to have
different chemical contents in their essential oils, further
research is needed to fully understand the potential the-
rapeutic benefits of these compounds and to confirm
their effectiveness in preventing discase.
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Kumquat, a tropical fruit that has both a delicious
taste and a rich nutritional profile, is becoming increa-
singly popular in Tiirkiye. The cities of Antalya, Alanya,
Anamur, Mersin, and Rize, which have hot climates,
are especially well-suited for growing kumquats. There
have been significant investments in kumquat produc-
tion in these areas and people’s awareness about the
fruit is also increasing. More and more people are consu-
ming this healthy and delicious fruit. Despite its small
size and delicate appearance, kumquat’s popularity in
Tirkiye is expected to rise. However, there is still a
lack of research on the chemical content of kumquat
and its by-products, which makes it difficult to provide
accurate information about the nutritional profile and
potential health benefits of this fruit. This also limits
the awareness of kumquat’s potential uses. Therefore,
more research is needed to explore the potential benefits
of this fruit and increase the awareness of its potential
as a medicinal plant.

With the increased production of kumquat in Tiir-
kiye, it is important to explore ways to make use of the
chemical contents in its fruit and by-products. Producers
should focus not only on cultivating kumquat fruit for
consumption, but also on using its by-products, espe-
cially those considered as waste, as high value-added
compounds. Yet, scientific literature lacks data on the
essential oils from kumquat fruits and leaves grown in
Turkey. Therefore, we aimed to determine the compo-
nents of essential oils obtained by hydrodistillation from
the fruit and leaves of C. fortunella rootstock species
and 6 mutants in the Mersin region. Future studies sho-
uld focus on isolating and producing active substances
that may have financial value, and creating a roadmap
to bring these products to market according to their pro-
perties. This will help to increase the competitiveness
of kumquat in the market and create new opportunities
for its use in different industries.

Study objects and methods

Plant materials. The Citrus Fortunella fruit and leaf
samples used in the study were obtained from the Mer-
sin Alata Horticultural Research Institute, the Ministry
of Agriculture and Forestry, in January and November
2018. We studied the samples from the rootstock species
(EP (Old Parcel); EP.4, EP.29, EP.31) and six mutants
(YP (New Parcel); YP.117, YP.141, YP.188) (Fig. 1).
The leaf samples were dried at room temperature and
stored in a dry and cool environment. The fresh fruits
were frozen, sliced into 2 mm thickness, and dried in a
lyophilizer for 72 h. This method of preservation and
drying ensured that the samples were in the best condition
for the analyses.

Essential oil extraction procedure. Kumquat es-
sential oils were obtained by hydrodistillation. For this,
20 g of dried plant material was mixed with 250 mL of
distilled water and placed in a 500 mL round bottom
flask. The mixture was distilled for three hours using
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Figure 1. Citrus Fortunella fruit and leaf samples

Pucynok 1. O0pa3ibl 10108 1 JUCTHEB KyMKBAaTa
(Citrus Fortunella)

a Clevenger-type apparatus. The process was repeated
three times in parallel for each plant material. After dis-
tillation, the essential oil was collected in a capillary
tube and then transferred to a separating funnel. A small
amount of n-hexane was added to the mixture and the
essential oil was separated from the water. The oil was
then transferred to a tared dark vial and stored at 4°C
until analysis.

Gas chromatography-mass spectrometry. Gas chro-
matography—mass spectrometry (GC-MS) analysis was-
performed with an Agilent 5975 GC-MSD system (Agi-
lent Technologies, Santa Clara, CA, USA). An Agilent
Innowax FSC column (60 mx0.25 mm, 0.25 pm film
thickness) was used with He as a carrier gas (0.8 mL/min).
The GC oven temperature was kept at 60°C for 10 min,
increased to 220°C at a rate of 4°C/min, kept constant
at 220°C for 10 min, and then increased to 240°C at a
rate of 1°C/min. The split ratio was adjusted to 40:1,
and the injector temperature was 250°C. MS spectra
were monitored at 70 eV, with a mass range of 35 to
450 m/z.

GC analysis was performed on an Agilent 6890N GC
system. To obtain the same elution order as with GC-MS,
the line was split for the flame ionization detector (FID)
and the MS detector, and a single injection was perfor-
med using the same column and appropriate operatio-
nal conditions. The FID temperature was 300°C. The
essential oil components were identified by comparing
their mass spectra with those in the Wiley GC/MS Lib-
rary (Wiley, NY, USA) and Adams Library. A C~C,
n-alkane standard solution was used to spike the sam-
ples to determine relative retention indices. Relative
percentage amounts of the separated compounds were
calculated by analyzing the FID chromatograms.

Results and discussion

The essential oil components of kumquat fruit and
leaves were analyzed by comparing the mass spectra
of each component to the mass spectra of the original
samples from the Adams Library and literature (Table 1).
The main component of kumquat fruit essential oil is
limonene. Limonene is a terpene compound that is found
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in high concentrations in many citrus fruits and is res-
ponsible for their characteristic citrus smell. The percen-
tage of limonene in kumquat fruit essential oil can vary
depending on the variety of kumquat, the method of
extraction, and the growing conditions. It was reported
that the percentage of limonene in kumquat fruit essential
oil ranges from 69.9-94.4%.

The composition of essential oils in the Citrus for-
tunella leaves is different from that in the fruit samples.
The main components of kumquat leaf essential oils are
elemol (13.2-14.8%), f-eudesmol (9.3-11.0%), o-gua-
iol (8.5-10.8%), spathulenol (8.1-10.5%), and alismol
(6.5-7.9%). These compounds are terpenoids that are
typically found in high concentrations in essential oils
of leaves and twigs of many plants. They are known for
their medicinal properties such as anti-inflammatory,
anti-cancerous, and anti-bacterial properties [13].

For our study, kumquat fruits and leaves were harves-
ted at the Mersin Alata Horticultural Research Institute,
the Ministry of Agriculture and Forestry, in January and
November 2018. The essential oils were obtained by
applying the hydrodistillation technique, which is com-
monly used to extract essential oils from plant materials.
The chemical contents and composition of the essential
oils were determined using GC and GC-MS analysis.
Numerous components were identified in both the fruit
and leaf essential oils of kumquat.

Limonene was the main component in the essential
oil of kumquat fruit. Our results were in line with previ-
ous studies [14—-16]. Limonene is a terpene compound
that is found in high concentrations in essential oils of
citrus fruits and many other plant species, including kum-
quat fruit. Limonene gives citrus fruits their characte-
ristic citrus smell.

Limonene is a cyclic molecule (C, H, ) that can exist
in two symmetrical forms, D-Limonene and L-Limo-
nene. The D-form is found in higher concentrations in
the essential oil of citrus fruits [15], while the L-form is
found in the essential oil of mint and other plants. Limo-
nene has many applications as a flavoring agent in the
food industry and perfumery, as well as in cleaning pro-
ducts. It is also used as an intermediate in the produc-
tion of other compounds such as carvone. Limonene has
been reported to have some medicinal properties such
as anti-inflammatory and anti-cancerous effects [17-24].
Limonene is also a sweetening agent listed as Generally
Recognized as Safe (GRAS) by the US Food and Drug
Administration [25].

In addition to being used for aromatizing purposes
in the cosmetics industry, limonene is also used in drug
production to facilitate the in vitro and in vivo percu-
taneous passage of drugs [26—29]. Roberto ef al. obser-
ved a greater antioxidant effect in lymphocytes exposed
to 1-1000 pg/mL limonene and H,O, at lower concen-
trations (10-50 pg/mL) than at higher concentrations
(100-1000 pg/mL). Furthermore, the radical scavenging
effect was similarly greater at lower concentrations
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(10-50 pg/mL) than at higher concentrations (100—
1000 pg/mL) [30]. This suggests that limonene has anti-
oxidant properties and may be able to protect cells from
oxidative stress caused by hydrogen peroxide. However,
it is important to note that more studies are needed to
fully understand the mechanisms of antioxidant activity
of limonene and its potential therapeutic applications.

Choi studied the essential oil of Fortunella japonica
Swingle peel using GC and GC-MS analysis [31]. In the
study, myrcene was found to be the second dominant
component in the essential oil, with a concentration of
1.84%. This value is in agreement with myrcene concen-
trations in our study (1.10-1.80%). Myrcene is a ter-
pene compound that is commonly found in essential oils
of many plants and is known for its sedative and anti-
inflammatory properties [31]. As seen in Table 1, the
main components of leaf essential oils of kumquat are
elemol (13.2-14.8%), f-eudesmol (9.3—11.0%), a-guaiol
(8.5-10.8%), spathulenol (8.1-10.5%) and alismol (6.5—
7.9%). These are terpenoids that are typically found in
high concentrations in essential oils of leaves and twigs
of manyplants. It is important to note that the essential
oil of kumquat leaf has its own unique composition and
properties, different from those of the fruit essential oil.

Elemol is a terpenoid compound that is found in the
leaves of certain plants. It has been found to have insec-
ticidal and antitermite properties, i.¢e., it can be used to
kill or repel insects and termites [32]. This makes elemol
a potential candidate for use in pesticides and other in-
sect control products. The essential oil of kumquat lea-
ves contains 13.2—14.8% of elemol. However, the yield
of essential oil from kumquat leaves is relatively low
compared to the yield from other plant parts. Therefore,
for kumquat leaves to become a valuable commercial
source of elemol, efforts have to be made to increase
the yield of leaf essential oil.

p-Eudesmol, the second major component of kum-
quat leaf essential oil, has been found to have anti-can-
cerous properties. Studies have shown that it can inhi-
bit the formation and development of various types of
cancer, including breast cancer and leukemia. However,
more research is needed to fully understand the anti-can-
cerous properties of f-eudesmol and its potential in can-
cer prevention. In addition, essential oils are not recom-
mended for internal use without proper dilution and pro-
fessional guidance, as they can be toxic if taken in large
doses or used improperly [33].

Guaiol is a hydroxyl sesquiterpene that is found in
the essential oils of many medicinal plants, including
kumquat leaves. It has a guaiane skeleton and is a key
metabolite in the biogenesis of many guaiane natural
products. Guaiol has a long history of use as a natural
remedy. It is known for its antimicrobial, antifungal,
antioxidant, antibacterial, antitumorous, anti-inflamma-
tory, and insecticidal properties [34-37].

Spathulenol is a tricyclic sesquiterpenoid found in the
essential oils of many plant species, including kumquat
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leaves. It has an aromadendrane carbon skeleton and is
known for its strong aroma. Although research on the
biological activity of spathulenol is limited, it has been
reported to exhibit antimicrobial, anti-inflammatory, anti-
oxidant, and insecticidal properties [38—43].

Alismol is a sesquiterpenoid compound that is found
in the essential oil of kumquat leaves. In our study, it was
detected at levels between 6.5% and 7.9% in the essential
oils of kumquat leaves. Alismol was first isolated from
the rhizomes of Alisma orientale by Oshima ef al. in
1983 [44]. Some studies have shown that sesquiterpe-
noids isolated from the rhizomes of A. orientale (a spe-
cies of ginger) and various parts of the Lauraceae family
exhibit enhanced biological activity [45-49].

Thus, we analyzed the essential oils obtained from
the fruits and leaves of C. fortunella species collected in
the Mersin region. The chemical composition of these
essential oils has not been previously reported in li-
terature. We determined the chemical content of the
essential oils and identified a variety of compounds.
A limited literature review showed that these chemicals
have potential uses in the prevention of various diseases.
However, more research is needed to fully understand
the potential therapeutic benefits of these compounds
and to confirm their effectiveness in preventing disease.
Our results can be used not only to provide information
about the nutritional value of kumquat when consumed
as fresh fruit, but also to form a basis for evaluating
various kumquat by-products. This may include the use
of kumquat essential oil in food and beverage, cosmetics,
and pharmaceuticals industries. Further research will
provide a deeper understanding of the potential benefits
of kumquat for human health and a more comprehensive
use of kumquat resources.

Conclusion

In this study, we determined the chemical compo-
nents of the essential oils obtained from Citrus fortunella
fruits and leaves (Mersin region, Tiirkiye) by GC-MS.
We found that the kumquat fruit essential oil was rich
in limonene, while the leaf essential oil contained large
amounts of elemol, f-eudesmol, a-guaiol, spathulenol,
and alismol. Thanks to these beneficial volatile oil com-
ponents, kumquat is as valuable as other citrus fruits in
a variety of applications for medical, pharmaceutical,
aromatic, and other purposes. However, since the safety
of chemical preservatives in the food, cosmetic, and ag-
ricultural industries has been questioned, further studies
are needed to evaluate kumquat fruit and leaf essential
oils as alternatives for use in various industries.
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Kpurtepun aBTopcrBa
®. Krouykbail — KOHIEIHS UCCICAOBaHUSA, PYKO-
BOJICTBO cOOpOM NTaHHBIX, HamucaHue craTthi. Y. Brorok-

Kopkmas, ['. O3ex u T. O3ex — aHaNU3 U HHTEPIPETAIHS
JTAaHHBIX, HAITMCAHUE CTaThH. ABTOPBI B PABHOHN CTETNIEHU
y4acTBOBAJIM B HAIIMCAHUM CTaTbU U HECYT OTBETCTBEH-
HOCTB 32 ee coziepkanne. Bee aBTopsI 0100puin GuHATIH-
HYIO BEPCHIO CTaThH.

KondaukTt narepecon

ABTOpr 3as1BUJIN 06 OTCYTCTBHUU NMOTCHIMAJIBbHBIX
KOH(IMKTOB MHTEPECOB B OTHOLICHUH HCCIIE0BaHUS,
ABTOPCTBA M / VI ITyOJIMKAIIMU JAHHON CTaThU.

Baarogapuoctu

ABTOpBI BBIpaXaroT 0JIaroJJapHOCTh YHUBEPCUTETY
Wnénto, Typuus, 3a ¢punancuposanue npoekra (BAPB,
rpaat Ne TYL-2018-1108).
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