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Fatty acid composition and organoleptic characteristics of 7ilia caucasica Rupr. fruit oil
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Abstract: The article reports the results of
physicochemical, organoleptic characteristics and the
fatty acid composition of the oil obtained from the fruits
of Tilia caucasica. Data on the qualitative composition
and quantitative content of fatty acids for oil from T
caucasica fruits growing in Azerbaijan, as well as
physico-chemical and organoleptic indicators for oil of
this species were established for the first time. It was
determined that oil yield of the fruits of 7. caucasica
was 12.89%. The color of T caucasica fruits oil was
light yellow, with a pleasant taste and had the following
characteristics: content of free fatty acids - 1.99 mmol/
kg, peroxide value - 3.02, iodine value -128.4, mass
fraction of phosphorus-containing substances - 91mmol/
kg. The determination of methyl ester level of the
oil fatty acids by gas-liquid chromatography revealed
the presence of 13 fatty acids: muyristic, palmitic,
palmitoleic, heptadecanoic, heptadecadienoic, stearic,
malvalic, oleic, elaidic, linoleic, linolenic, gandoic,
and sterculic. Linoleic acid (46.06%) was the major
polyunsaturated fatty acid, among monounsaturated
acids - oleic (16.92%), among saturated acids - palmitic
(9.36%) and among cyclopropenoid fatty acids sterculic
acid (13.35%) presented the highest levels. The
evaluation of the physicochemical and organoleptic
characteristics, the content of biologically valuable
fatty acids in 7. caucasica fruit oil allow to recommend
it for use in food, medicine and cosmetic purposes.
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INTRODUCTION

The genus 7ilia L. (Malvaceae Juss.) includes about 22
species and 12 subspecies [Alverson et al., 1999; Bayer
et al., 1999; Pigott, 2002]. Four species and two natural
hybrids grow in Europe and South Asia, four in North
America, and the others in East Asia [Liesebach, Sinko,
2008; Mccarthy, 2012]. There are three species of

Accepted for publication: 15 April 2020
"E-mail: samire.afandiyeva@gmail.com

31

linden wildly growing in Azerbaijan: 7. caucasica Rupr.
(= Tilia begoniifolia Stev. = T. prilipkoana Grossh. and
J. Wagner.), T" cordata Mill. (= Tilia parvifolia Ehrh. Ex
Hoffm.) and T' platypyllos Scop. [Askerov, 2006]. The
most widespread species in the republic is 7. caucasica
which is most common in mixed forests of the eastern
and western parts of the Greater Caucasus (within
Azerbaijan), the Quba massive, the northern and central
parts of the Lesser Caucasus and also Lenkaran from
the lower to upper mountain zones [Flora of Azerbaijan,
1955].

Linden flowers of the species 1. platyphyllos Scop.,
and T. cordata Mill are useful as a sedative, diuretic,
diaphoretic and expectorant in folk medicine. The
flowers are also widely used for the treatment of
headaches and stomachaches, fainting, diseases of
the liver, intestines, and kidneys [Gulnur, 1995]. In
Jordan Pharmacopeia, the plant is used to treat diabetes
[Otoom et al., 2006]. In addition, the fruits are known as
a hemostatic and astringent [Kusmenoglu, Toker, 1998].

Many scientists have studied the chemical com-
position of different parts of linden species. It was
revealed that flowers contain flavonoids, essential
oil, tannins, glycosides, saponins, vitamin C, volatile
oils, carbohydrates [Ahmadi, Mirza, 1999: Akyuz et
al., 2013; Fitsiou et al., 2007; Kowalski et al., 2017;
Lupinskaya et al., 2010; Popov, Zarubina, 2013; Toker
etal., 2001a, b; Zarubina, Popov, 2012].

There were polysaccharides, tannins, triterpene
saponins, 35 bioelements, organic acids (malic, oxalic,
succinic), vitamin C, flavonoids, and phenolcarboxylic
acids in linden bark [Orlovskaya et al., 2013].

Vitamin C, carotenes, amino acids, tannins, flavo-
noids were found also in linden leaves [Akyuz et al.,
2013; Delnavazi et al., 2015; Zarubina, Popov, 2012].
M.I. Lukanyuk and S.M. Marchishin [2012] studied the
fatty acid composition of leaves of five 7ilia species
and reported that palmitic acid among saturated fatty
acids, linoleic and linolenic acids among unsaturated
were the most abundant in the leaves of all species.

Vegetable fatty oils are the main source providing
our body with such essential fatty acids as linoleic,
linoleic and arachidic. They are also widely used in
the manufacture of medicines [Grigoryeva, Lisishchin,
2002]. One of the important sources of essential fatty



PLANT & FUNGAL RESEARCH

acids may be products of plant origin, in particular,
oils extracted from seeds of wild and cultivated plants.
Therefore, identifying new natural sources of essential
fatty acids is a priority area for modern science
[Zeynalova, Novruzov, 2019].

Despite there are some data contains the composition
of fatty acid of oil of various linden species in literature
[Bogdanov et al., 2012; Dowd, Ermakov, Panasenko,
2003; Farve, 2013; Karomatov, Abdukhuhidov, 2017;
Kusmenoglu, Toker, 1998; Lukanyuk, Marshichin,
2012], but there are no data about species in Azerbaijan.
Among three species of the genus T7ilia growing
in Azerbaijan, 7. caucasica has a large stock and
widespread distribution.

Taking into account we set out to study the oil content
physicochemical parameters, and the composition of
fatty acids, of fruit oil 7 caucasica, in order to reveal
the beneficial properties of this oil.

MATERIAL AND METHODS

Plant material. The plant material (fruits of T
caucasica) was collected in September in 2018 in the
phase of full ripeness of fruits in the Quba region of
Azerbaijan (48°23'24”E; 41°18’ 40.95°N).

Extraction. The fruits were dried at 105° C for 2 hours
on a FAM-100 and then were extracted with n-hexane
on a Soxhlet apparatus. The solvent was distilled off in
a Rotary Evaporator (ROVA-N2L) and a yield 12.89%
of light yellow oil was obtained.

Oil preparation for analysis was carried out according
to GOST 31663-2012. In a test tube with a capacity of
20 ml, 1 g oil was weighed out and dissolved in 10
ml of heptane. Then 0.5 ml of a methanolic solution
of potassium hydroxide was added to the resulting
solution and vigorously shaken for 2 min. After settling,
the top layer was selected for chromatographic analysis.
Identification. Fatty acids were converted into their

methyl esters according to GOST 31663-2012. HP
6890 gas-liquid chromatograph with flame ionization
detector (FID) was used for identification of fatty acids
methyl esters (FAMESs). The separation was achieved
with capillary column “Agilent 112-88A7” (0.25 mm
1.d.x100mx0.20 pm film thickness). The temperature
program was initiated at 140° C, held for 5 min and
then increased to 240° C at 4° C per min. Carrier
gas was H,, sample injection with flow division. The
analysis duration was 45 minutes. Individual FAMEs
were identified by comparing to the retention times
of standards (Supelco 37 FAME Mix No. 47885-U
standard (Sigma Aldrich)). Results are expressed as
percentage of total FA [%FA].

Physicochemical and organoleptic indicators were
calculated according to standard following methods:
GOST R 50457-92; GOST R 51487-99; GOST 18848-
73; GOST 5475-69; GOST 5478-2014; GOST R 52676-
2006; GOST 5472-50 [GOST R 50457-92; GOST R
51487-99; GOST 18848-73; GOST 5475-69; GOST
5478-2014; GOST R 52676-2006; GOST 5472-50].

RESULTS AND DISCUSSION

Physico-chemical and organoleptic properties. In the
literature there are no data on the physicochemical
and organoleptic indicators of oil from the fruits of 7.
caucasica. These data are very valuable and important
for the use of new vegetable oils for food, medicinal
and cosmetic purposes, as well as standardization. The
results of physico-chemical and organoleptic studies of
the oil extracted from the fruits of 7ilia caucasica are
presented in table.

The oil was light yellow in color, with a pleasant
taste and saponification number of 192.8 mg / kg. This
indicator is close to sunflower oil [Shah et al., 1984],
and to olive oil [Ermakov, Panasenko, 2003], therefore,
T’ caucasica fatty oil can be recommended for food use.

Table. Physicochemical constants and organoleptic properties of fruit oil of 7ilia caucasica Rupr.

Experiment

Result

Organoleptic parameters
appearance

colour

smell

taste

clear liquid

light yellow
without smell
a pleasant taste of seeds

Free fatty acids,%

Peroxide value, mmol O,/ kg
Iodine value, IV
Saponification value, KOH

1.99
3.02
128.4
192.8

Mass fraction of phosphorus-containing substances, mg /kg 91




AFANDIYEVA AND NOVRUZOV: FATTY ACID COMPOSITION OF TILIA CAUCASICA

The amount of free fatty acids for 7. caucasica is
1.99 mmol/kg, the peroxide value is 3.02, the iodine
value is 128.4, and the mass fraction of phosphorus-
containing substances is 91 mmol/kg.

Comparison of the data obtained by us on the

physicochemical parameters of 7. caucasica oils with
those of oils from 7. platyphyllos seeds show that they
differ greatly. Oils from 7. caucasica fruits have iodine
number 128.4, and T platyphyllos 59.5, saponification
number 192.8 and 240, respectively [Ermakov,
Panasenko, 2003].
Fatty acid analysis by gas-chromatography. Gas-liquid
chromatography analysis of fatty acid is a very effective
method, since separation occurs at a lower temperature
and a shorter analysis time. A representative spectrum
of gas-liquid chromatography of fatty acids of oil from
linden fruits is presented in figure 1. As can be seen
from the spectrum, complete separation occurs within
30 minutes.

2. From figure 2, it is evident that linoleic (46.06%),
oleic (16.92%), sterculic (13.35%), palmitic (9.36%)
and malvalic (8.09%) acid are the most abundant fatty
acid, but heptadecanoic (0.11%), gandoic (0.12%) and
palmitoleic (0.15%) acids are the less represented fatty
acid. The proportion of the other identified fatty acids
is totally 5.23 %. The percantage of unidentified fatty
acids are 1.13%.

A study of the composition of fatty acids of three
linden species (7. argentina, T. platyphyllos, T. rubra)
growing in Turkey showed that T. platyphyllos and
T' rubra contain 10 and 7. argentina 9 fatty acids
[Kiismenoglu, Toker, 1998]. In the oil of all studied
species palmitic, amoung saturated fatty acids, linoleic,
oleic acids, amoung unsaturated were dominant.
Species differ in the total amount of individual fatty
acids. The main fatty acid in 7. rubra oil was linoleic,
however, in 7. platyphyllos - palmitic, in 7. argentina
was oleic acid.
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Figure 1. The chromatogram of the fatty acid composition of the oil from the fruits

of Tilia caucasica Rupr.

The chromatogram shows that 13 fatty acids
were identified in the composition of fatty acids of
Tilia caucasica oil: myristic, palmitic, palmitoleic,
heptadecanoic, heptadecadienoic, stearic, malvalic,
oleic, elaidic, linoleic, linolenic, gandoic, and sterculic.

It can be seen from the chromatogram that the amount
of individual fatty acids respect to the total amount is not
the same and varies from 0.11 to 46.06%. The identified
fatty acids and the percentange of individual identified
acids respect to the total amount are presented in figure
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M.K. Dowd and M.C. Farve during the study of
the fatty acid composition of oils obtained from seeds
of 7 linden species, found that in all samples of Tilia
spp. seed oils, linoleic acid was the main component
of fatty acids; oleic and palmitic acids were present in
a smaller amount. This ratio of major and minor fatty
acids is characteristic of oils from the seeds of the
family Malvaceae. Fatty acids such as myristic, stearic,
arachidic, behenic, lignoceric, palmitoleic and cis-
vaccenic have been established in the oil of seeds of
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Figure 2. Fatty acid composition of 7ilia caucasica Rupr. fruit oil.

various linden species. Heptadecanoic, 9-heptadecenoic,
9,10-epoxystearic, and vernolic acids were in small
amount. In the seed oil of 7. caucasica they identified
15 fatty acids. As dominant fatty acids they reported
linoleic-52.4%, oleic-21.1%, palmitic-9.76%, and
malvalic-6.14% [Dowd, Farve, 2013]. The percantage
of these acids in our study are 46.6%, 16.92%, 9.36%,
and 8.09%, respectively. As shown they do not differ
so much from our results. But among all fatty acids
amount of sterculic acid is more significant different. We
determined share of this compound 13.35%, however,
they presented only 4.30%.

Malvalic and sterculic acids are cyclopropenoid
fatty acids. Cyclopropenoid fatty acids were discovered
in oil seeds of T_ platyphyllos by Raju and Resier [1966]
for the first time. The total amount of these acids in the
oil was 3.2%, while M.K. Dowd and M.C. Farve [2013]
reported an higher amounts (9.3%). A comparative
analysis of the literature and our data on the content
of cyclopropenoid fatty acids (malvalic - 8.09% and
steric - 13.35%) shows that the fruit oil of 7. caucasica
growing in the territory of Azerbaijan contains a rather
high amount of these acids respect to previous published
data. We believe that perhaps these differences are
related to the quality of the seed sample (collection time,
fruit maturity, soil and climatic conditions), as well as
the technique of obtaining derivatives of thiomethyl
used to stabilize the acids. Some authors believe that
this is due to the decomposition of compounds in the
form of methyl esters during chromatography. Perhaps
this occurs during the esterification of acids since
cyclopropenoid acids are not stable in acid composition
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[Dowd, Farve, 2013].

The analysis of literature data shows that the content
of fatty oil from the fruits of various linden species
depends on the species and the place of plant growth.
So, the fruits of large-leaved linden growing in Russia
contain 10-15% [Bogdanov et al., 2012; Ermakov,
Panasenko, 2003] of fatty oil, and in Turkey 8.12%. The
yield of oil from the fruits of 7. argentina and T. rubra
was 5.6% and 6.16%, respectively [Kiismenoglu, Toker,
1998]. The results of our studies showed that the fruits
of T. caucasica differ from other species in their high
yield (12.89%) of fatty oil.

Linoleic and linolenic acids are essential nutrients
for the body and are not naturally produced in it.
Therefore, they must be acquired by the body through
food [Grigoryeva, Lisishchin, 2002].

Caucasian linden oil is a very valuable product
containing a significant amount of essential fatty acid
(C18: 2), which is necessary for human health. Our
data allow us to consider linden oil as a semi-drying
fatty oil with a high content of essential linoleic acid
(46.06%). It should be noted that linoleic acid, which
belongs to the fatty acids of the m-6 family (omega-6),
is a structural element of cell membranes, regulates
cholesterol metabolism, participates in the formation of
tissue hormones - prostaglandins, and is a biochemical
precursor of linolenic and arachidonic acids. Under
the influence of microelements, enzymes and vitamins
in the body, it turns into gamma-linolenic, from
which prostaglandin E| is synthesized, which, in turn,
increases immunity, reduces the risk of cardiovascular
diseases, reduces inflammation, regulates the brain and
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nervous system, normalizes insulin level, accelerates
metabolism [Vles, Gottenbos, 1989].

The high content of linolenic acids in fruit oil from
T caucasica makes it suitable for the preparation
of cosmetic and dermatological compositions as an
antioxidant. The results reported in this work suggests
that Caucasian linden oil is a valuable food, medical and
cosmetic product and can be used for these purposes.

The results of the investigation of physico-
chemical and organoleptic characteristics and fatty
acid composition of Caucasian linden seed oil allow
to consider the seed oil of this plant as a good source
of dietary fatty acid, especially linoleic acid and
recommend it for use in food, medicine and cosmetic
purposes.
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Tilia caucasica Rupr. meyvalorindan alinan
yagin yag-tursu torkibi

Samirs E. O9fondiyeva

Eldar N. Novruzov
AMEA Botanika Institutu, Badamdar sossesi 40, Baki, AZ1004, Azarbaycan

Moqalodo T caucasica meyvalorindon oldo edilon
yagin yag tursu torkibi, fiziki-kimyovi vo orqanoleptik
xlisusiyyotlori  gostorilmisdir. Azorbaycanda biton
T. caucasica ndvinin meyvolorindon alinmis yagin
komiyyst vo keyfiyyat torkibi hagda molumatlar vo
homin ndviin yagmin fiziki-kimyavi vo organoleptik
xtisusiyyotlori ilk dofo miioyyon olunmusdur. 7T
caucasica meyvalorindon 12.89% yag almmusdir.
Yagin fiziki-kimyavi va orqanoleptik xtisusiyyatlorinin
Oyronilmosi gostordi ki, 7. caucasica meyvolorindon
alman yag xosagolon dadli, agiq sar1 rongdedir vo
asagidaki xiisusiyyatloro malikdir: sorbost yag tursulari-
1.99 mmol / kq, peroksid odadi -3.02, yod adodi-128.4,
torkibinde fosforun timumi miqdari-91 mmol/ kgq.
Qaz-maye xromatoqrafiya lsulu ilo yagin torkibindo
13 yag tursusu miioyyon edilmisdir: miristin, palmitin,
palmitolein, margarin, heptadekanin, stearin, malvalin,
olein, elaidin, linolein, linoleik, gandoin vo stearin. Poli-
doymamig yag tursulari arasinda linolenin (46.06%),
monodoymamig tursular arasinda olein (16.92%),
doymus tursular arasinda palmitin (9.36%), tsiklopropen
tursular1 arasinda stearin (13.35%) dominantliq toskil
edir. Qiymotli yag tursularinin olmasi, o ciimlodon
yagin fiziki-kimyavi vo orqanoleptik xiisusiyyatlori,
T caucasica meyvalarindon aldo edilmis yagin qida,
dorman vo kosmetik moqsadlorlo istifadosini tovsiyo
etmoyo imkan verir.

Acgar sozlor: meyva, yag, xromatoqrafiya
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7KupHO-KHCIOTHBINA cocTaB MacJia
mionoB Tilia caucasica Rupr.

Camupa J. Ipenanena

Saspaap H. Hospy3os

Uncmumym bomanuku HAHA, baoamoapckoe wocce 40, baky, AZ1004,
Aszepbatiodcan

B nannoi ctaThe NpUBOASATCS PE3YABTATHI IO U3YUYEHUIO
JKUPHO-KHCIIOTHOTO COCTaBa, (PM3MKO-XUMHUYECKHUX U
OpPraHOJECNTUYECKUX XapaKTEPUCTUK MAacia, MOJIy4yeH-
HOro U3 10A0B 7. caucasica. JJlanHble 10 KaUeCTBEHHO-
MY COCTaBY U KOJTUYECTBEHHOMY COAECPHKAHUIO >KUPHBIX
KHUCIIOT AJi Maciia u3 IioaoB 1. caucasica, mpouspac-
Taiomero B AsepOaiiukaHe, a Takke (QU3MKO-XHMH-
YECKHE U OPraHoJICITUYECKHUE MOKa3aTeNu AJis1 Maclia
JIAHHOTO BMJIa YCTAHOBJICHBI BIIEpBbIC. BbUIO ycTaHOB-
JICHO, YTO BBIXOJ )KUPHOTO Maciia B tuionax 7. caucasica
cocraBisier 12.89%. Pesynbrarbl u3ydeHUs: (QU3HKO-
XUMUYECKUX M OPraHoJICNITUYECKUX XapaKTEPUCTHUK
Macja ToKa3ajid, 4TO Macio U3 IonoB 1. caucasica
CBETJIO-KEJITOTO 1IBETA, C MPUSITHBIM BKYCOM M UMEET
CJICAYIOIINE TOKA3aTeIN: CBOOOIHBIC KHUPHbBIE KUCIIO-
ThI COCTABISIOT 1.99 MMoII/KT, epekncHoe yrcio-3.02,
romHOe uncino-128.4, Becoas noinst Gocdop comepxa-
mux BemecTB-9 1 MMon/kr. VzyueHnne MeTHIOBbIX dQu-
POB SKUPHBIX KHCIOT Macjia METOAOM Ia30->KUIKOCT-
HOH Xpomatorpaduu BBISBUJIO HAJIMYKHE B €T0 COCTaBe
13 >KUPHBIX KUCIIOT: MUPUCTHHOBAS, MAJIbMUATHHOBAS,
MaJbMHUTOJIEUHOBAsI, MaprapuHOBasi, TENTaICIEHOBAs,
CTEapUHOBAsl, MAJIbBAJIMHOBAS, OJIEUHOBAs, dIaUIUHO-
Basl, JIMHOJIEBAs, JTUHOJCUHOBAS,, TaHJOUHOBAas, CTEp-
kynoBas. Cpely TOJHMHACKHIICHHBIX KHPHBIX KHCIOT
npeobnamaet nuHoneHoBas (46.06%), cpenu MOHOHE-
HACBIIEHHBIX KHCIOT - onewHoBas (16.92%), cpenu
HACBHIIICHHBIX KHUCJIOT-MMAIbMUTHHOBasA (9.36%), a u3
LUKJIOMPONEHOUAHBIX KUPHBIX KUCIOT MEPBOE MECTO
3aHUMaeT cTepkyioBas kuciora (13.35%). duzuko-xu-
MUYECKHE U OPTaHOJIENTHYECKUE IT0KA3aTeNH, COCTaB U
coepkaHue OMOJIOrMYECKH LEHHBIX XHPHBIX KHUCIOT
Macia mionoB 1. caucasica mO3BOJISIOT PEKOMEHA0BAThH
€ro JJIs UCIOJIb30BAHUS B MMUILIEBBIX, JIEKAPCTBEHHBIX U
KOCMETHYECKUX LIENSIX.

Knrwoueswie cnosa: nnoo, macno, xpomamoepaghus



