
29

Кючукбай Ф. [и др.] Техника и технология пищевых производств. 2025. Т. 55. № 1. С. 29–44
2025 Т. 55 № 1 / Техника и технология пищевых производств / Food Processing: Techniques and Technology ISSN 2074-9414 (Print)

ISSN 2313-1748 (Online)

*Fatümetüzzehra Küçükbay: zehra.kucukbay@inonu.edu.tr, 
https://orcid.org/0000-0001-7784-4138 

Çağrı Büyükkormaz: https://orcid.org/0000-0002-4238-3586 
Gülmira Özek: https://orcid.org/0000-0001-8908-6098 

Temel Özek: https://orcid.org/0000-0003-4251-8783

F. Küçükbay, Ç. Büyükkormaz, G. Özek, T. Özek, 2025

Received: 25.06.2024  
Revised: 30.09.2024 
Accepted: 01.10.2024

https://doi.org/10.21603/2074-9414-2025-1-2553                                                                                          Original article
https://elibrary.ru/WBNHUK                                                                                              Available online at https://fptt.ru/en

Chemical Composition of Essential Oils  
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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%), β-eudesmol (9.3–11.0%), α-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.
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Аннотация.
Кумкват (Citrus japonica или Fortunella japonica) – растение семейства цитрусовых, плоды которого широко применяются 
в пищевой промышленности, однако его листья и кора, как правило, выбрасываются в качестве отходов. Цель данной 
работы – изучить химический состав эфирных масел, полученных из плодов и листьев кумквата основного вида и шести  
мутантов (Институт растениеводства «Mersin Alata», Турция). 
Эфирные масла плодов и листьев кумквата получали методом гидродистилляции. Компонентный анализ эфирных масел  
проводилли при помощи газовой хромато-масс-спектрометрии (ГХ-МС).
В эфирном масле из плодов самым распространенным компонентом оказался лимонен (69,9–94,4 %); в эфирном масле  
из листьев – элемол (13,2–14,8 %), β-эудесмол (9,3–11,0 %), α-гвайол (8,5–10,8 %), спатуленол (8,1–10,5 %) и алисмол 
(6,5–7,9 %). Согласно полученным результатам, эфирное масло может производиться как побочный продукт из листьев 
и плодов C. fortunella.
Эфирные масла плодов и листьев кумквата содержат большое количество химических компонентов с разным уровнем 
биологической активности, что делает возможным их использование в качестве источника растительного сырья в различ- 
ных областях промышленности, таких как медицина, парфюмерия или производство косметики.

Ключевые слова. Кумкват, Citrus fortunella, эфирные масла, лимонен, элемол, β-эудесмол, α-гвайол, спатуленол, алисмол
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Introduction
Herbal medicine has been used for centuries and  

many traditional cultures still rely on it as their primary 
form of healthcare. Despite today’s prevalence of synthe- 
tic and semi-synthetic drugs, there has been a renewed 
interest in natural medicines due to concerns about the 
side effects of modern drugs. Many people prefer to 
use natural remedies as they are believed to be safer 
and have fewer side effects [1–3]. 

Herbal medicines are increasingly being used in deve- 
loped countries as a way to maintain good health and 
prevent disease, rather than just to treat illness. One of 
the reasons for this is that herbal medicines often have 

multiple indications and can be used to address a wide 
range of health concerns [2]. However, herbal medicines 
must still meet certain criteria for safety, effectiveness, 
and purity to ensure that they do not have negative ef- 
fects on human health. Additionally, the effects of herbal  
medicines often result from a combined action of multi- 
ple bioactive compounds found in the plant, rather than  
just one single active ingredient. This makes it more 
difficult to study the effects of herbal medicines compared 
to chemical medicines [4, 5]. Since isolated bioactive 
compounds may not have the same effect as their combi- 
nation in a plant, whole plant extracts are often preferred 
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, 
kumquat 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 “kumquat” is а 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 Türkiye, 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 disease.

Kumquat, a tropical fruit that has both a delicious  
taste and a rich nutritional profile, is becoming increa- 
singly popular in Türkiye. 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 
Türkiye 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 Tür- 
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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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 m×0.25 mm, 0.25 μm 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 C8–C40 
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  

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%), β-eudesmol (9.3–11.0%), α-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 (C10H16) 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 et al. obser- 
ved a greater antioxidant effect in lymphocytes exposed  
to 1–1000 μg/mL limonene and H2O2 at lower concen- 
trations (10–50 μg/mL) than at higher concentrations 
(100–1000 μg/mL). Furthermore, the radical scavenging 
effect was similarly greater at lower concentrations 

Figure 1. Citrus Fortunella fruit and leaf samples

Рисунок 1. Образцы плодов и листьев кумквата  
(Citrus Fortunella)

  



33

Кючукбай Ф. [и др.] Техника и технология пищевых производств. 2025. Т. 55. № 1. С. 29–44
Ta

bl
e 

1.
 E

ss
en

tia
l o

il 
co

nt
en

ts
 in

 C
itr

us
 F

or
tu

ne
lla

 fr
ui

t a
nd

 le
av

es

Та
бл

иц
а 

1.
 С

од
ер

ж
ан

ие
 э

ф
ир

ны
х 

ма
се

л 
в 

пл
од

ах
 и

 л
ис

ть
ях

 к
ум

кв
ат

а 
(C

itr
us

 F
or

tu
ne

lla
)

R
R

I
C

om
po

un
d

EP
.4

 - 
Le

af
 

ex
tra

ct
s

EP
.2

9-
Le

af
 

ex
tra

ct
s

EP
.3

1-
Le

af
 

ex
tra

ct
s

Y
P.

11
7-

Le
af

 
ex

tra
ct

s

Y
P.

14
1-

Le
af

 
ex

tra
ct

s

Y
P.

18
8-

Le
af

 
ex

tra
ct

s

EP
.4

-
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

EP
.2

9-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

EP
.3

1-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

Y
P.

11
7 

- 
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

Y
P.

14
1-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

18
8-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

11
7-

Ex
tra

ct
s 

fr
om

 
fr

es
h 

fr
ui

t

K
um

qu
at

-  
Le

af
K

um
qu

at
- 

Ly
op

hi
liz

ed

G
S7

80
A

G
S7

80
B

G
S7

80
C

G
S7

80
D

G
S7

80
E

G
S7

80
F

G
S7

80
G

G
S7

80
H

G
S7

80
J

G
S7

80
K

G
S7

80
L

G
S7

80
M

G
S7

80
N

G
S7

80
P

G
S7

80
R

90
0

N
on

an
e

 
 

 
 

 
 

 
 

 
 

 
t

t
 

 
93

1
2-

Pr
op

an
ol

 
 

 
 

 
 

 
 

 
t

0.
1

t
t

1.
2

 
96

5
1-

M
et

hy
lc

yc
lo

he
xa

-
1,

3-
di

en
e

 
 

 
 

 
 

 
 

t
t

 
 

 
 

 

10
00

D
ec

an
e

 
 

 
 

 
 

 
 

 
 

 
t

 
 

 
10

24
2-

B
ut

an
ol

 
 

 
 

 
 

 
 

 
 

 
 

 
0.

9
 

10
32

α-
Pi

ne
ne

 
 

 
 

 
 

0.
3

0.
3

0.
4

0.
4

0.
4

0.
4

0.
2

 
0.

3
10

35
α-

Th
uj

en
e

 
 

 
 

 
 

 
 

 
 

t
 

 
 

 
10

48
2-

M
et

hy
l-3

-b
ut

en
-

2-
ol

0.
2

 
 

 
 

 
 

 
t

t
 

t
0.

1
 

t

10
76

C
am

ph
en

e
 

 
 

 
 

 
 

 
t

t
 

t
 

 
 

10
93

H
ex

an
al

 
 

 
 

 
 

 
 

t
t

 
 

t
 

 
11

00
U

nd
ec

an
e

 
 

 
 

 
 

 
 

t
t

 
 

t
 

 
11

18
ß-

Pi
ne

ne
 

 
 

 
 

 
 

 
t

t
t

t
t

 
t

11
32

Sa
bi

ne
ne

 
 

 
 

 
 

 
 

t
0.

1
t

t
t

 
t

11
59

δ-
3-

C
ar

en
e

 
 

 
 

 
 

 
 

 
 

 
t

 
 

 
11

74
M

yr
ce

ne
 

 
 

 
 

 
1.

3
1.

7
1.

7
1.

8
1.

8
1.

8
1.

1
 

1.
6

11
76

α-
Ph

el
la

nd
re

ne
 

 
 

 
 

 
 

 
 

 
t

t
 

 
 

11
88

α-
Te

rp
in

en
e

 
 

 
 

 
 

 
 

 
 

 
t

 
 

t
12

03
Li

m
on

en
e

 
 

 
 

4
 

82
.3

94
93

.8
94

.4
91

.4
92

.3
69

0.
2

92
.5

12
18

ß-
Ph

el
la

nd
re

ne
 

 
 

 
 

 
0.

1
0.

2
0.

2
0.

2
0.

3
0.

3
0.

1
 

0.
2

12
23

p-
M

en
th

a-
1,

3,
6-

tri
en

e
 

 
 

 
 

 
 

 
t

 
 

t
t

 
t

12
24

o-
M

en
th

a-
1(

7)
,5

,8
-

tri
en

e
 

 
 

 
 

 
 

t
 

t
t

 
 

 
 

12
25

(Z
)-

3-
H

ex
en

al
0.

6
 

0.
1

 
 

 
 

 
 

 
 

t
t

0.
4

 
12

53
tr

an
s-

A
nh

yd
ro

lin
al

oo
l 

ox
id

e

 
 

 
 

 
 

 
 

t
t

 
t

 
 

t

12
55

γ-
Te

rp
in

en
e

 
 

 
 

 
 

 
 

 
t

t
t

 
 

t
12

66
(E

)-
ß-

O
ci

m
en

e
 

 
 

 
 

 
 

 
 

t
 

t
 

 
 

12
80

p-
C

ym
en

e
 

 
 

 
 

 
0.

1
t

0.
1

t
t

t
t

 
0.

1
12

90
Te

rp
in

ol
en

e
 

 
 

 
 

 
 

 
t

t
t

t
t

 
t

13
00

Tr
id

ec
an

e
 

 
 

 
 

 
 

 
 

t
 

 
 

 
 



34

Küçükbay F. et al. Food Processing: Techniques and Technology. 2025;55(1):29–44

C
on

tin
ua

tio
n 

of
 T

ab
le

 1

R
R

I
C

om
po

un
d

EP
.4

 - 
Le

af
 

ex
tra

ct
s

EP
.2

9-
Le

af
 

ex
tra

ct
s

EP
.3

1-
Le

af
 

ex
tra

ct
s

Y
P.

11
7-

Le
af

 
ex

tra
ct

s

Y
P.

14
1-

Le
af

 
ex

tra
ct

s

Y
P.

18
8-

Le
af

 
ex

tra
ct

s

EP
.4

-
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

EP
.2

9-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

EP
.3

1-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

Y
P.

11
7 

- 
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

Y
P.

14
1-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

18
8-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

11
7-

Ex
tra

ct
s 

fr
om

 
fr

es
h 

fr
ui

t

K
um

qu
at

-  
Le

af
K

um
qu

at
- 

Ly
op

hi
liz

ed

G
S7

80
A

G
S7

80
B

G
S7

80
C

G
S7

80
D

G
S7

80
E

G
S7

80
F

G
S7

80
G

G
S7

80
H

G
S7

80
J

G
S7

80
K

G
S7

80
L

G
S7

80
M

G
S7

80
N

G
S7

80
P

G
S7

80
R

12
80

p-
C

ym
en

e
 

 
 

 
 

 
0.

1
t

0.
1

t
t

t
t

 
0.

1
12

90
Te

rp
in

ol
en

e
 

 
 

 
 

 
 

 
t

t
t

t
t

 
t

13
00

Tr
id

ec
an

e
 

 
 

 
 

 
 

 
 

t
 

 
 

 
 

13
19

(E
)-

2,
6-

D
im

et
hy

l-
1,

3,
7-

no
na

tri
en

e
 

 
 

 
 

 
 

 
t

t
 

 
 

 
 

13
20

H
yd

ro
xy

ac
et

on
e

 
 

 
 

 
 

 
 

t
 

 
 

t
 

 
13

27
3-

M
et

hy
l-2

-b
ut

en
ol

 
 

 
 

 
 

 
 

t
t

 
 

 
 

 
13

29
Pi

no
l

 
 

 
 

 
 

 
 

t
t

0.
1

t
t

 
t

13
60

H
ex

an
ol

0.
2

0.
3

0.
1

 
 

 
 

 
 

 
 

 
t

0.
3

 
13

85
H

ep
ty

l a
ce

ta
te

 
 

 
 

 
 

 
 

 
t

 
 

 
 

 
14

00
N

on
an

al
 

 
 

 
 

 
 

 
 

 
 

t
 

 
 

14
00

Te
tra

de
ca

ne
 

 
 

 
 

 
 

 
 

t
 

t
t

 
 

14
08

1,
3,

8-
p-

M
en

th
at

rie
ne

 
 

 
 

 
 

 
 

t
t

 
t

t
 

 
14

10
4,

8-
D

im
et

hy
l-1

,3
,7

-
no

na
tri

en
e

 
 

 
 

 
 

 
 

t
t

 
 

t
 

 

14
12

(E
)-

2-
H

ex
en

ol
0.

1
 

 
 

 
 

 
 

 
 

 
 

t
 

 
14

29
Pe

ril
le

n
 

 
 

 
 

 
 

 
t

t
 

 
t

 
 

14
43

2,
5-

 
D

im
et

hy
ls

ty
re

ne
 

 
 

 
 

 
 

 
 

 
 

0.
1

 
 

 

14
46

2,
6-

D
im

et
hy

l-
1,

3(
E)

,5
(Z

),7
-

oc
ta

te
tra

en
e

 
 

 
 

 
 

 
 

 
 

 
t

 
 

 

14
50

tr
an

s-
Li

na
lo

ol
 o

xi
de

 
(F

ur
an

oi
d)

 
 

 
 

 
 

 
 

 
 

0.
1

 
 

 
 

14
52

α,
 p

-D
im

et
hy

lst
yr

en
e

 
 

 
 

 
 

0.
1

0.
1

0.
1

0.
1

 
 

0.
1

 
0.

2
14

58
ci

s-
1,

2-
Li

m
on

en
e 

ep
ox

id
e

 
 

 
 

 
 

0.
3

t
0.

2
0.

1
t

 
0.

2
 

0.
1

14
66

α-
C

ub
eb

en
e

 
 

 
 

 
 

 
 

 
t

 
 

t
 

 
14

68
tr

an
s-

1,
2-

Li
m

on
en

e 
ep

ox
id

e
 

 
 

 
 

 
0.

1
 

0.
1

0.
1

t
 

0.
1

 
0.

1

14
79

δ-
El

em
en

e
0.

2
0.

3
0.

4
0.

5
 

0.
4

0.
1

 
 

 
 

 
0.

2
0.

2
 

14
83

O
ct

yl
 a

ce
ta

te
 

 
 

 
 

 
 

0.
1

0.
1

0.
1

0.
1

0.
1

 
 

0.
1

14
93

α-
Y

la
ng

en
e

t
t

0.
1

0.
1

 
0.

1
 

 
 

t
 

 
t

 
 

14
95

B
ic

yc
lo

el
em

en
e

 
t

 
0.

1
 

t
 

 
 

 
 

t
 

 
 

14
97

α-
C

op
ae

ne
0.

1
t

0.
1

0.
1

 
0.

1
 

 
t

t
t

t
t

 
t



35

Кючукбай Ф. [и др.] Техника и технология пищевых производств. 2025. Т. 55. № 1. С. 29–44
C

on
tin

ua
tio

n 
of

 T
ab

le
 1

R
R

I
C

om
po

un
d

EP
.4

 - 
Le

af
 

ex
tra

ct
s

EP
.2

9-
Le

af
 

ex
tra

ct
s

EP
.3

1-
Le

af
 

ex
tra

ct
s

Y
P.

11
7-

Le
af

 
ex

tra
ct

s

Y
P.

14
1-

Le
af

 
ex

tra
ct

s

Y
P.

18
8-

Le
af

 
ex

tra
ct

s

EP
.4

-
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

EP
.2

9-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

EP
.3

1-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

Y
P.

11
7 

- 
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

Y
P.

14
1-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

18
8-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

11
7-

Ex
tra

ct
s 

fr
om

 
fr

es
h 

fr
ui

t

K
um

qu
at

-  
Le

af
K

um
qu

at
- 

Ly
op

hi
liz

ed

G
S7

80
A

G
S7

80
B

G
S7

80
C

G
S7

80
D

G
S7

80
E

G
S7

80
F

G
S7

80
G

G
S7

80
H

G
S7

80
J

G
S7

80
K

G
S7

80
L

G
S7

80
M

G
S7

80
N

G
S7

80
P

G
S7

80
R

15
00

Pe
nt

ad
ec

an
e

 
 

 
 

 
 

 
 

 
 

t
t

 
 

 
15

06
D

ec
an

al
 

 
 

 
 

 
 

 
 

t
0.

1
0.

1
t

 
0.

1
15

28
α-

B
ou

rb
on

en
e

t
t

t
t

 
t

t
 

 
 

 
 

t
 

 
15

32
C

am
ph

or
 

 
 

 
 

 
 

 
t

t
 

t
 

 
 

15
35

ß-
B

ou
rb

on
en

e
0.

1
0.

2
0.

2
0.

3
 

0.
4

0.
1

 
 

t
 

t
0.

1
0.

1
 

15
49

ß-
C

ub
eb

en
e

0.
1

 
 

0.
1

 
 

t
 

t
t

 
t

t
 

 
15

50
ci

s-
D

ih
yd

ro
-a

-
te

rp
in

eo
l

t
 

 
 

 
 

 
 

 
 

 
 

 
 

 

15
53

Li
na

lo
ol

 
 

 
 

 
 

0.
2

0.
2

0.
1

0.
1

0.
1

0.
2

0.
2

 
0.

1
35

8,
9-

Li
m

on
en

e 
ep

ox
id

e 
I

 
 

 
 

 
 

 
 

t
t

 
 

t
 

t

15
62

O
ct

an
ol

 
 

 
 

 
 

 
 

t
t

 
t

t
 

 
15

68
1-

M
et

hy
l-4

-
ac

et
yl

cy
cl

oh
ex

-1
-

en
e*

 
 

 
 

 
 

t
 

t
t

 
t

t
 

t

15
72

8,
9-

Li
m

on
en

e 
ep

ox
id

e 
II

 
 

 
 

 
 

t
 

t
t

 
 

t
 

t

15
89

ß-
Y

la
ng

en
e

 
 

 
0.

2
 

 
 

 
 

t
 

t
 

 
t

16
00

H
ex

ad
ec

an
e

 
 

 
 

 
 

 
 

 
 

 
t

 
 

 
16

00
ß-

El
em

en
e

1.
2

2.
4

2.
2

3
1.

1
3

0.
4

t
t

t
t

t
0.

7
1.

2
t

16
10

C
al

ar
en

e 
(=

ß-
gu

rj
un

en
e)

 
 

 
 

 
 

 
 

t
 

 
 

t
 

 

16
08

ß-
C

op
ae

ne
0.

1
t

 
t

 
 

 
 

t
t

 
 

t
 

t
16

11
Te

rp
in

en
-4

-o
l

 
 

 
 

 
 

t
0.

1
0.

1
0.

1
0.

1
0.

1
0.

1
 

0.
1

16
12

ß-
Ca

ry
op

hy
lle

ne
1.

1
2.

4
2.

3
3.

1
1.

6
3.

3
0.

2
 

 
 

 
t

0.
3

1.
1

 
16

16
H

ot
rie

no
l

 
 

 
 

 
 

 
 

t
t

 
t

 
 

t
16

17
6,

9-
G

ua
ia

di
en

e
 

t
 

 
 

 
 

 
 

 
 

 
 

 
 

16
24

tr
an

s-
D

ih
yd

ro
ca

rv
on

e
 

 
 

 
 

 
 

 
t

t
 

 
 

 
 

16
28

A
ro

m
ad

en
dr

en
e

 
 

 
0.

2
 

 
 

 
 

 
 

 
 

 
 

16
37

p-
M

en
th

-1
-e

n-
9-

al
 

 
 

 
 

 
 

 
t

 
t

 
 

 
0.

1
16

38
ß-

C
yc

lo
ci

tra
l

 
 

 
 

 
 

 
 

 
 

 
t

 
 

 
16

39
tr

an
s-

p-
M

en
th

a-
2,

8-
di

en
-1

-o
l

 
 

 
 

 
 

0.
1

 
0.

1
0.

1
 

 
0.

1
 

0.
1

16
41

ci
s-

ß-
Te

rp
in

eo
l

 
 

 
 

 
 

0.
1

0.
1

0.
1

t
0.

1
0.

1
0.

2
 

 



36

Küçükbay F. et al. Food Processing: Techniques and Technology. 2025;55(1):29–44

C
on

tin
ua

tio
n 

of
 T

ab
le

 1

R
R

I
C

om
po

un
d

EP
.4

 - 
Le

af
 

ex
tra

ct
s

EP
.2

9-
Le

af
 

ex
tra

ct
s

EP
.3

1-
Le

af
 

ex
tra

ct
s

Y
P.

11
7-

Le
af

 
ex

tra
ct

s

Y
P.

14
1-

Le
af

 
ex

tra
ct

s

Y
P.

18
8-

Le
af

 
ex

tra
ct

s

EP
.4

-
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

EP
.2

9-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

EP
.3

1-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

Y
P.

11
7 

- 
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

Y
P.

14
1-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

18
8-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

11
7-

Ex
tra

ct
s 

fr
om

 
fr

es
h 

fr
ui

t

K
um

qu
at

-  
Le

af
K

um
qu

at
- 

Ly
op

hi
liz

ed

G
S7

80
A

G
S7

80
B

G
S7

80
C

G
S7

80
D

G
S7

80
E

G
S7

80
F

G
S7

80
G

G
S7

80
H

G
S7

80
J

G
S7

80
K

G
S7

80
L

G
S7

80
M

G
S7

80
N

G
S7

80
P

G
S7

80
R

16
50

γ-
El

em
en

e
0.

4
0.

6
0.

5
0.

8
 

1.
1

t
 

t
t

 
t

0.
1

0.
3

t
16

61
A

llo
ar

om
ad

en
dr

en
e

 
 

0.
1

 
 

 
 

 
 

 
 

 
 

 
 

16
67

ß-
G

ua
ie

ne
0.

5
 

 
 

 
 

 
 

 
 

 
 

 
 

 
16

68
C

itr
on

el
ly

l a
ce

ta
te

 
 

 
 

 
 

 
 

t
t

t
t

 
 

t
16

69
Sa

fr
an

al
 

 
 

 
 

 
 

 
t

t
t

t
 

 
 

16
78

ci
s-

p-
M

en
th

a-
2,

8-
di

en
-1

-o
l

 
 

 
 

 
 

0.
1

t
0.

1
0.

1
t

t
0.

1
 

0.
1

16
87

α-
H

um
ul

en
e

0.
5

0.
9

0.
8

1.
1

0.
6

1.
1

0.
1

t
 

t
 

 
0.

2
0.

5
 

16
88

Se
lin

a-
4,

11
-d

ie
ne

 
(=

4,
11

-E
ud

es
- 

m
ad

ie
ne

)

 
 

 
 

 
 

 
 

 
t

t
t

 
 

 

16
90

C
ry

pt
on

e
 

 
 

 
 

 
 

 
t

t
 

 
 

 
t

16
94

D
rim

a-
7,

9(
11

)-
di

en
e

 
 

0.
1

0.
1

 
 

t
 

 
 

 
 

t
 

 
16

95
(E

)-
ß-

Fa
rn

es
en

e
 

 
 

 
 

 
t

t
 

 
 

 
 

 
 

16
96

γ-
Te

rp
in

yl
 a

ce
ta

te
 

 
 

 
 

 
 

 
 

 
t

 
 

 
 

17
00

H
ep

ta
de

ca
ne

 
 

 
 

 
 

 
 

 
 

t
t

 
 

 
17

00
p-

M
en

th
a-

1,
8-

di
en

-
4-

ol
 (=

Li
m

on
en

-
4-

ol
)

 
 

 
 

 
 

 
 

t
t

 
t

t
 

t

17
04

γ-
M

uu
ro

le
ne

 
 

 
 

 
 

 
t

 
 

 
 

 
 

t
17

05
Zi

za
ne

ne
 

0.
9

0.
9

1.
3

0.
9

1.
3

t
 

 
 

 
 

0.
2

0.
9

 
17

06
α-

Te
rp

in
eo

l
 

 
 

 
 

 
0.

8
0.

2
0.

4
0.

2
0.

5
0.

6
0.

5
 

0.
2

17
07

δ-
Se

lin
en

e
 

0.
2

 
0.

2
 

 
 

 
 

 
 

 
 

 
 

17
08

Le
de

ne
 

 
 

 
 

 
t

 
t

t
t

 
 

 
t

17
15

G
er

an
yl

 fo
rm

at
e

 
 

 
 

 
 

 
 

t
t

 
 

 
 

t
17

15
γ-

Te
rp

in
eo

l
 

 
 

 
 

 
 

 
 

 
 

t
 

 
 

17
22

D
od

ec
an

al
 

 
 

 
 

 
 

 
t

 
 

t
 

 
 

17
26

G
er

m
ac

re
ne

 D
1.

2
0.

7
0.

8
1.

2
0.

7
0.

8
0.

1
0.

5
0.

2
0.

2
0.

6
0.

6
0.

1
1.

5
0.

4
17

37
(Z

,E
)-
α-

Fa
rn

es
en

e
 

 
 

 
 

 
 

 
t

 
 

 
 

 
 

17
38

p-
M

en
th

a-
1,

5-
di

en
-

8-
ol

 
 

 
 

 
 

 
 

 
 

 
t

 
 

 

17
40

α-
M

uu
ro

le
ne

0.
9

 
0.

1
0.

2
 

 
t

 
t

t
t

t
t

 
t

17
40

Va
le

nc
en

e
 

t
 

t
 

 
 

 
 

 
0.

1
t

t
 

 
17

41
ci

s-
α-

B
is

ab
ol

en
e

 
 

 
 

 
 

 
 

t
 

 
 

 
 

 
17

42
ß-

Se
lin

en
e

0.
9

1.
5

1.
5

1.
6

0.
7

1.
9

0.
4

 
 

t
 

t
0.

6
0.

8
t



37

Кючукбай Ф. [и др.] Техника и технология пищевых производств. 2025. Т. 55. № 1. С. 29–44
C

on
tin

ua
tio

n 
of

 T
ab

le
 1

R
R

I
C

om
po

un
d

EP
.4

 - 
Le

af
 

ex
tra

ct
s

EP
.2

9-
Le

af
 

ex
tra

ct
s

EP
.3

1-
Le

af
 

ex
tra

ct
s

Y
P.

11
7-

Le
af

 
ex

tra
ct

s

Y
P.

14
1-

Le
af

 
ex

tra
ct

s

Y
P.

18
8-

Le
af

 
ex

tra
ct

s

EP
.4

-
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

EP
.2

9-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

EP
.3

1-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

Y
P.

11
7 

- 
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

Y
P.

14
1-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

18
8-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

11
7-

Ex
tra

ct
s 

fr
om

 
fr

es
h 

fr
ui

t

K
um

qu
at

-  
Le

af
K

um
qu

at
- 

Ly
op

hi
liz

ed

G
S7

80
A

G
S7

80
B

G
S7

80
C

G
S7

80
D

G
S7

80
E

G
S7

80
F

G
S7

80
G

G
S7

80
H

G
S7

80
J

G
S7

80
K

G
S7

80
L

G
S7

80
M

G
S7

80
N

G
S7

80
P

G
S7

80
R

17
43

α-
C

ad
in

en
e

 
 

 
 

 
 

 
 

 
t

 
 

 
 

 
17

44
α-

Se
lin

en
e

0.
2

0.
3

t
0.

2
 

 
t

 
t

 
 

t
0.

1
 

t
17

47
tr

an
s-

C
ar

vy
l a

ce
ta

te
 

 
 

 
 

 
 

 
 

 
 

t
 

 
t

17
51

C
ar

vo
ne

 
 

 
 

 
 

0.
6

 
 

0.
1

 
 

0.
5

 
 

17
55

B
ic

yc
lo

ge
rm

ac
re

ne
0.

2
0.

9
0.

5
0.

8
0.

5
0.

9
 

0.
1

t
t

t
0.

1
 

0.
2

t
17

58
(E

,E
)-
α-

Fa
rn

es
en

e
 

 
 

 
 

 
 

 
 

 
t

t
 

 
 

17
65

G
er

an
yl

 a
ce

ta
te

 
 

 
 

 
 

t
0.

5
0.

4
 

0.
4

0.
3

 
 

0.
5

17
73

δ-
C

ad
in

en
e

0.
3

0.
5

0.
4

0.
5

0.
3

0.
6

t
t

t
t

0.
1

0.
1

t
0.

4
0.

1
17

76
γ-

C
ad

in
en

e
0.

2
0.

1
0.

1
0.

2
 

0.
2

t
 

t
t

t
t

0.
1

0.
1

t
17

79
B

ou
rb

on
-1

1-
en

e
t

 
 

 
 

 
 

 
 

 
 

 
 

 
 

17
82

ci
s-

C
ar

vy
l a

ce
ta

te
 

 
 

 
 

 
 

 
t

t
 

 
 

 
 

17
96

Se
lin

a-
3,

7(
11

)-
di

en
e

 
 

 
 

 
 

 
 

 
t

 
 

 
 

 
17

96
C

ab
re

uv
a 

ox
id

e-
V

 
 

 
 

 
 

 
 

 
t

 
t

 
 

 
17

97
p-

M
et

hy
l 

ac
et

op
he

no
ne

 
 

 
 

 
 

t
 

t
t

 
t

t
 

t

17
99

C
ad

in
a-

1,
4-

di
en

e 
(=

C
ub

en
en

e)
 

 
 

 
 

 
 

 
 

 
 

t
 

 
 

18
07

Pe
ril

la
 a

ld
eh

yd
e

 
 

 
 

 
 

0.
1

0.
1

t
0.

1
t

0.
1

0.
1

 
0.

1
18

08
C

ab
re

uv
a 

ox
id

e-
V

I
 

 
 

 
 

 
 

 
 

t
t

t
 

 
 

18
11

tr
an

s-
p-

M
en

th
a-

1(
7)

,8
-d

ie
n-

2-
ol

 
 

 
 

 
 

t
 

t
 

 
 

 
 

 

18
24

C
ab

re
uv

a 
ox

id
e-

V
I

 
 

 
 

 
 

 
 

t
 

 
 

 
 

 
18

25
G

er
an

yl
 p

ro
pi

on
at

e
 

 
 

 
 

 
 

 
t

0.
3

t
t

 
 

t
18

45
tr

an
s-

C
ar

ve
ol

 
 

 
 

 
 

0.
4

0.
2

0.
3

0.
2

0.
2

0.
1

0.
4

 
0.

3
18

53
ci

s-
C

al
am

en
en

e
 

 
 

0.
4

 
t

0.
1

 
t

t
 

 
 

0.
5

t
18

53
Ita

lic
en

e 
et

he
r

 
 

 
t

 
 

 
 

 
 

 
 

 
 

 
18

54
G

er
m

ac
re

ne
-B

0.
4

0.
6

0.
4

0.
2

 
0.

4
 

 
 

 
 

 
 

 
 

18
57

G
er

an
io

l
 

 
 

 
 

 
 

t
t

t
t

t
t

 
t

18
64

p-
C

ym
en

-8
-o

l
 

 
 

 
 

 
 

 
t

t
t

t
 

 
t

18
65

Is
op

ip
er

ite
no

ne
 

 
 

 
 

 
0.

1
 

 
t

 
 

 
 

 
18

71
p-

M
en

th
a-

1,
8-

di
en

-
10

-y
l a

ce
ta

te
 

 
 

 
 

 
t

t
t

t
t

t
 

 
t

18
82

ci
s-

C
ar

ve
ol

 
 

 
 

 
 

0.
2

0.
1

0.
1

t
0.

1
0.

1
0.

2
 

0.
1



38

Küçükbay F. et al. Food Processing: Techniques and Technology. 2025;55(1):29–44

C
on

tin
ua

tio
n 

of
 T

ab
le

 1

R
R

I
C

om
po

un
d

EP
.4

 - 
Le

af
 

ex
tra

ct
s

EP
.2

9-
Le

af
 

ex
tra

ct
s

EP
.3

1-
Le

af
 

ex
tra

ct
s

Y
P.

11
7-

Le
af

 
ex

tra
ct

s

Y
P.

14
1-

Le
af

 
ex

tra
ct

s

Y
P.

18
8-

Le
af

 
ex

tra
ct

s

EP
.4

-
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

EP
.2

9-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

EP
.3

1-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

Y
P.

11
7 

- 
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

Y
P.

14
1-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

18
8-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

11
7-

Ex
tra

ct
s 

fr
om

 
fr

es
h 

fr
ui

t

K
um

qu
at

-  
Le

af
K

um
qu

at
- 

Ly
op

hi
liz

ed

G
S7

80
A

G
S7

80
B

G
S7

80
C

G
S7

80
D

G
S7

80
E

G
S7

80
F

G
S7

80
G

G
S7

80
H

G
S7

80
J

G
S7

80
K

G
S7

80
L

G
S7

80
M

G
S7

80
N

G
S7

80
P

G
S7

80
R

18
96

ci
s-

p-
M

en
th

a-
1(

7)
,8

-d
ie

ne
-2

-o
l

 
 

 
 

 
 

 
 

t
t

 
 

 
 

 

19
00

ep
i-C

ub
eb

ol
 

 
0.

1
 

 
 

 
 

 
 

 
 

 
0.

4
 

19
07

α-
A

ga
ro

fu
ra

n
 

 
0.

1
 

 
 

 
 

 
 

 
 

0.
1

 
 

19
16

Pe
ril

la
 a

ce
ta

te
 

 
 

 
 

 
 

 
t

t
t

 
 

 
t

19
41

α-
C

al
ac

or
en

e
0.

2
0.

2
0.

2
0.

3
 

0.
3

 
 

t
t

 
t

t
 

t
19

45
1,

5-
Ep

ox
y-

sa
lv

ia
l-

(4
)1

4-
en

e
0.

9
0.

8
1.

3
1.

2
0.

7
1.

2
0.

1
 

 
t

 
 

0.
1

0.
7

 

19
53

Pa
lu

st
ro

l
 

 
 

 
 

 
 

 
 

 
 

t
 

 
 

19
57

C
ub

eb
ol

 
 

 
0.

2
 

t
 

 
 

 
 

 
 

 
 

19
81

ci
s-

G
ua

i-6
-e

n-
10

-o
l

1.
9

 
 

 
 

2.
5

 
 

 
 

 
 

 
1.

7
 

19
84

γ-
C

al
ac

or
en

e 
 

 
 

0.
1

 
0.

1
 

 
t

t
 

 
t

 
 

20
00

Ei
co

sa
ne

 
 

 
 

 
 

 
 

 
 

 
t

 
 

 
20

01
Is

oc
ar

yo
ph

yl
le

ne
 

ox
id

e
 

2.
2

 
 

 
 

0.
1

 
 

 
 

 
0.

2
 

 

20
08

C
ar

yo
ph

yl
le

ne
 o

xi
de

 
3

4.
4

4.
3

3.
7

4.
5

4.
4

0.
7

 
 

 
 

 
1.

2
3.

4
 

20
08

p-
M

en
th

a-
1,

8-
di

en
-

10
-o

l
 

 
 

 
 

 
 

 
t

 
 

 
 

 
 

20
28

Ju
ne

no
l

 
 

 
 

 
 

 
0.

1
0.

1
t

0.
1

0.
1

 
 

0.
1

20
29

Pe
ril

la
 a

lc
oh

ol
 

 
 

 
 

 
 

 
t

t
 

t
 

 
t

20
37

Sa
lv

ia
l-4

(1
4)

-e
n-

1-
on

e
0.

5
0.

2
0.

3
0.

3
 

0.
2

t
 

 
 

 
 

0.
1

0.
7

 

20
50

(E
)-

N
er

ol
id

ol
4

4.
9

4
3.

9
5.

9
4

0.
4

0.
1

t
t

t
t

0.
9

4.
2

 
20

57
Le

do
l

 
 

 
0.

1
 

 
 

 
 

t
t

t
 

 
 

20
71

H
um

ul
en

e 
 

ep
ox

id
e-

II
0.

6
0.

8
0.

8
0.

7
0.

7
0.

7
0.

2
 

 
 

 
 

0.
3

0.
7

 

20
74

C
ub

eb
an

-1
1-

ol
 

 
 

 
 

 
 

 
t

t
 

t
 

 
t

20
80

C
ub

en
ol

 
 

 
 

 
 

 
 

 
 

 
t

 
 

t
20

81
1,

10
-d

i-e
pi

-C
ub

en
ol

0.
3

 
 

 
 

 
 

 
 

 
 

 
 

 
 

20
96

El
em

ol
14

.8
13

.4
14

.8
14

.1
13

.2
13

.8
1.

4
 

 
 

 
 

3
14

.6
 

20
97

Fu
ro

pe
la

rg
on

e 
B

0.
8

0.
8

1.
1

1
 

 
 

 
 

 
 

 
 

 
 

20
97

Sa
lv

ia
di

en
ol

0.
7

 
t

0.
4

 
 

 
 

 
 

 
 

0.
2

0.
8

 
20

98
G

lo
bu

lo
l

 
 

 
 

 
 

0.
1

 
t

t
 

 
0.

1
 

t
21

00
H

en
ei

co
sa

ne
 

 
 

 
 

 
 

 
t

t
t

t
 

 
t

21
04

V
iri

di
flo

ro
l

 
 

 
 

0.
8

0.
8

0.
1

 
t

t
t

t
0.

2
0.

8
t



39

Кючукбай Ф. [и др.] Техника и технология пищевых производств. 2025. Т. 55. № 1. С. 29–44
C

on
tin

ua
tio

n 
of

 T
ab

le
 1

R
R

I
C

om
po

un
d

EP
.4

 - 
Le

af
 

ex
tra

ct
s

EP
.2

9-
Le

af
 

ex
tra

ct
s

EP
.3

1-
Le

af
 

ex
tra

ct
s

Y
P.

11
7-

Le
af

 
ex

tra
ct

s

Y
P.

14
1-

Le
af

 
ex

tra
ct

s

Y
P.

18
8-

Le
af

 
ex

tra
ct

s

EP
.4

-
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

EP
.2

9-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

EP
.3

1-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

Y
P.

11
7 

- 
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

Y
P.

14
1-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

18
8-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

11
7-

Ex
tra

ct
s 

fr
om

 
fr

es
h 

fr
ui

t

K
um

qu
at

-  
Le

af
K

um
qu

at
- 

Ly
op

hi
liz

ed

G
S7

80
A

G
S7

80
B

G
S7

80
C

G
S7

80
D

G
S7

80
E

G
S7

80
F

G
S7

80
G

G
S7

80
H

G
S7

80
J

G
S7

80
K

G
S7

80
L

G
S7

80
M

G
S7

80
N

G
S7

80
P

G
S7

80
R

21
15

4-
H

yd
ro

xy
-4

-
m

et
hy

l-c
yc

lo
he

x-
2-

en
on

e

 
 

 
 

 
 

 
 

t
t

 
 

 
 

 

21
27

10
-e

pi
-γ

-E
ud

es
m

ol
 

1.
0

1.
2

0.
9

1.
0

1.
2

0.
1

 
 

 
 

t
0.

2
 

 
21

44
R

os
ifo

lio
l

0.
1

 
 

0.
2

 
 

 
 

t
t

t
t

 
 

t
21

44
Sp

at
hu

le
no

l
9.

7
9.

4
9.

2
8.

1
10

.4
8.

6
1.

0
0.

1
t

t
t

t
2.

3
10

.5
0.

1
21

56
α-

B
is

ab
ol

ol
 o

xi
de

 B
 

 
 

 
 

 
 

 
t

t
 

t
 

 
t

21
85

γ-
Eu

de
sm

ol
1.

9
1.

4
1.

5
1.

6
1.

7
1.

6
0.

3
0.

1
0.

1
t

0.
1

0.
1

0.
5

1.
4

0.
1

21
87

T-
C

ad
in

ol
2.

2
2.

5
2.

4
2.

3
2.

6
2.

5
0.

3
 

 
 

 
 

0.
6

 
 

21
90

Er
em

ol
ig

en
ol

5
5

4.
7

4.
6

5.
4

4.
8

0.
4

 
t

t
 

t
0.

7
5.

3
t

21
92

α-
G

ua
io

l
9.

4
9.

9
9.

5
8.

5
10

.8
9.

6
 

0.
1

t
t

t
t

2.
5

10
.0

2
 

22
00

D
oc

os
an

e
 

 
 

 
 

 
 

 
 

 
0.

1
t

 
 

t
22

09
T-

M
uu

ro
lo

l
 

 
 

 
 

 
0.

1
 

t
t

0.
1

0.
1

 
 

0.
1

22
26

M
et

hy
l 

he
xa

de
ca

no
at

e 
(=

m
et

hy
l p

al
m

ita
te

)

 
 

 
 

 
 

 
 

 
t

t
t

 
 

t

22
37

Va
le

ria
no

l
2.

3
2.

5
2.

3
2.

2
2.

4
2.

3
0.

3
 

t
t

 
 

0.
5

2.
2

t
22

50
α-

Eu
de

sm
ol

4.
0

4.
3

3.
8

3.
8

4.
8

4.
2

0.
3

 
t

t
t

t
0.

7
3.

7
t

22
55

α-
C

ad
in

ol
 

 
 

1.
7

 
 

0.
2

0.
1

0.
1

t
0.

1
0.

1
 

 
0.

1
22

56
To

ril
en

ol
 

(=
1-

hy
dr

ox
y-

6,
8-

cy
cl

o-
4(

14
)-

eu
de

sm
en

e)

0.
8

 
 

 
 

 
 

 
 

 
 

 
 

0.
7

 

22
57

ß-
Eu

de
sm

ol
10

.2
10

.8
10

9.
3

11
10

.6
1.

6
 

t
t

t
t

3.
3

9.
9

t
22

89
A

lis
m

ol
 (=

G
ua

ia
-

6,
10

(1
4)

-d
ie

ne
-

4ß
-o

l)

6.
8

6.
8

6.
5

6.
6

7.
9

6.
8

0.
8

 
t

t
t

t
1.

6
7.

0
t

22
73

Se
lin

-1
1-

en
-4

α-
ol

 
 

 
 

 
 

 
 

t
t

t
 

 
 

t
22

98
D

ec
an

oi
c 

ac
id

 
 

 
 

 
 

 
 

 
 

t
t

 
 

 
23

00
Tr

ic
os

an
e

 
 

 
 

 
 

0.
1

0.
1

t
t

0.
2

0.
1

0.
1

 
0.

1
23

20
Ju

ni
pe

r c
am

ph
or

 
 

 
 

 
 

 
 

 
 

 
t

 
 

 
23

68
Eu

de
sm

a-
4(

15
),7

-
di

en
e-

1ß
-o

l
1.

2
0.

5
0.

7
0.

6
 

0.
5

0.
1

 
 

 
 

 
0.

3
1.

4
t



40

Küçükbay F. et al. Food Processing: Techniques and Technology. 2025;55(1):29–44

En
d 

of
 T

ab
le

 1

R
R

I
C

om
po

un
d

EP
.4

 - 
Le

af
 

ex
tra

ct
s

EP
.2

9-
Le

af
 

ex
tra

ct
s

EP
.3

1-
Le

af
 

ex
tra

ct
s

Y
P.

11
7-

Le
af

 
ex

tra
ct

s

Y
P.

14
1-

Le
af

 
ex

tra
ct

s

Y
P.

18
8-

Le
af

 
ex

tra
ct

s

EP
.4

-
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

EP
.2

9-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

EP
.3

1-
 

Ex
tra

ct
s  

fr
om

  
ly

op
hi

liz
ed

  
fr

ui
t

Y
P.

11
7 

- 
Ex

tra
ct

s 
fr

om
 

ly
op

hi
liz

ed
 

fr
ui

t

Y
P.

14
1-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

18
8-

 
Ex

tra
ct

s  
fr

om
  

ly
op

hi
liz

ed
  

fr
ui

t

Y
P.

11
7-

Ex
tra

ct
s 

fr
om

 
fr

es
h 

fr
ui

t

K
um

qu
at

-  
Le

af
K

um
qu

at
- 

Ly
op

hi
liz

ed

G
S7

80
A

G
S7

80
B

G
S7

80
C

G
S7

80
D

G
S7

80
E

G
S7

80
F

G
S7

80
G

G
S7

80
H

G
S7

80
J

G
S7

80
K

G
S7

80
L

G
S7

80
M

G
S7

80
N

G
S7

80
P

G
S7

80
R

23
92

C
ar

yo
ph

yl
la

-
2(

12
),6

-d
ie

n-
5ß

-o
l 

(=
C

ar
yo

ph
yl

le
no

l I
I)

 
 

0.
4

 
 

 
 

 
 

 
 

 
 

 
 

24
00

Te
tra

co
sa

ne
 

 
 

 
 

 
 

 
t

t
0.

3
0.

1
 

 
t

24
56

(Z
)-

9-
M

et
hy

l 
oc

ta
de

ca
no

at
e 

(=
M

et
hy

l o
le

at
e)

 
 

 
 

 
 

 
 

 
t

t
 

 
 

t

24
62

Eu
de

sm
a-

4(
15

),7
-

di
en

e-
1-

ol
 is

om
er

 I
1

0.
4

0.
7

0.
6

 
 

 
 

 
 

 
 

 
 

 

25
00

Pe
nt

ac
os

an
e

 
 

 
 

 
 

 
 

t
t

0.
4

0.
1

0.
1

 
0.

1
25

03
D

od
ec

an
oi

c 
ac

id
 

 
 

 
 

 
 

 
t

t
 

t
t

 
t

25
09

(Z
,Z

)-
9,

12
-M

et
hy

l 
oc

ta
de

ca
di

en
oa

te
 

(=
M

et
hy

l l
in

ol
ea

te
)

 
 

 
 

 
 

 
 

t
t

 
t

 
 

t

25
83

M
et

hy
l l

in
ol

en
at

e
 

 
 

 
 

 
 

 
t

t
 

t
 

 
t

26
00

H
ex

ac
os

an
e

 
 

 
 

 
 

 
 

 
t

0.
3

0.
1

 
 

 
26

04
α-

C
os

to
l

 
 

 
0.

1
 

 
 

 
 

 
 

 
 

 
 

26
06

ß-
C

os
to

l
 

 
 

0.
2

 
 

 
 

 
 

 
 

 
 

 
26

22
Ph

yt
ol

 
 

0.
2

0.
2

 
 

 
 

 
 

 
 

0.
1

 
 

26
30

ep
i-N

oo
tk

at
ol

*
0.

2
 

 
 

 
 

 
 

 
 

 
 

 
 

 
26

37
2α

-H
yd

ro
xy

-
am

or
ph

a-
4,

7(
11

)-
di

en
e*

 

0.
2

 
 

 
 

 
 

 
 

 
 

 
 

 
 

26
70

Te
tra

de
ca

no
ic

 a
ci

d 
 

(=
M

yr
is

tic
 a

ci
d)

 
 

 
 

 
 

 
 

 
 

 
 

t
 

 

26
94

14
-H

yd
ro

xy
-

ca
la

m
en

en
e

 
 

 
 

 
 

 
 

 
 

 
 

t
 

 

27
00

H
ep

ta
co

sa
ne

 
 

 
 

 
 

 
 

t
t

0.
3

0.
1

t
 

 
28

00
O

ct
ac

os
an

e
 

 
 

 
 

 
 

 
 

 
0.

2
 

 
 

 
92

.4
95

91
.8

94
94

.2
96

.3
97

.5
99

.2
98

.9
98

.8
98

.9
98

.4
95

.9
90

.9
2

98
.2

N
ot

e:
 *

Te
nt

at
iv

e 
id

en
tif

ic
at

io
n 

fr
om

 A
da

m
s.

П
ри

ме
ча

ни
е:

 *
П

ре
дв

ар
ит

ел
ьн

ы
е 

по
ка

за
те

ли
 в

зя
ты

 и
з 

би
бл

ио
те

ки
 д

ан
ны

х 
A

da
m

s.



41

Кючукбай Ф. [и др.] Техника и технология пищевых производств. 2025. Т. 55. № 1. С. 29–44

(10–50 μg/mL) than at higher concentrations (100– 
1000 μg/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%), β-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. 

β-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 β-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  

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 et 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, Türkiye) 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, β-eudesmol, α-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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