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Abstract The study aims to investigate and compare the
proximate composition and the fatty acid profiles of Allium
orientale Boiss., Eremurus spectabilis M. Bieb., Anchusa
officinalis L. and Arum elongatum Steven collected in
spring 2020 and 2021. C16:0, C18:0, C18:109 and
C18:2m6 were found major fatty acids in four species.
Essential fatty acids C18:2w6 (34.4 and 31.2%) and
C18:3w3 (21.4 and 16.5%) were detected significantly high
in A. elongatum in both years, respectively. The proportion
of toxic C22:109 in E. spectabilis (4.6 and 4.1%) was
found close to the danger limit (5%). The C18:1®9 level in
A. orientale (27.3 and 29.9%) and A. officinalis (33.2 and
29.51%) was significantly higher than the C18:1»9 level in
E. spectabilis and A. elongatum in both years. C24:109,
involved in the biosynthesis and maintenance of nerve cell
myelin, was found in relatively good levels in A. orientale
(2.1 and 1.9%) and A. officinalis (2.8 and 2.2%). The
> SFA level was found to be higher in A. orientale (53.9
and 52.1%), E. spectabilis (52.4 and 55.82%) and A.
officinalis (48.9 and 50.80%) compared to their > MUFA
and > PUFA levels in both years. Conversely, in A. elon-
gatum, the > PUFA ratio was found to be quite high (55.8
and 47.7%). The total lipid level varied between 1% and
0.4% in 2020, and 0.6% and 0.9% in 2021. Crude protein
content was found to be low, around 5% on average in both
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Introduction

Edible wild edible plants are used as food and traditional
medicine for their beneficial ingredients such as vitamins,
antioxidants, antimicrobial components, essential fatty
acids, omega fatty acids, lipids, minerals, bioactive com-
pounds, proteins, amino acids, carbohydrates, secondary
metabolites, riboflavin, and folic acid. Allium orientale
Boiss., Eremurus spectabilis M. Bieb., Anchusa officinalis
L. and Arum elongatum are edible wild plants used for
various purposes. A. orientale (Eastern onion) native to the
eastern Mediterranean, Egypt, the Levant, Libya, Cyprus,
Sinai and Turkey, is a species of the Alliaceae family, and
its bulb and leaves are used as vegetable in many tradi-
tional dishes. Its flowers are also eaten as an accompani-
ment to salads. In most rural areas, people use it as an
antimicrobial medicine due to its high antioxidant and
antibacterial content [1]. E. spectabilis (Foxtail Lilly),
native to Turkey, Iran, Lebanon, Iraq, Ukraine, Syria,
northern Caucasus, Palestine, South European Russia,
Transcaucasia and Turkmenistan, is a member of the Lil-
iaceae family and its short stems and leaves are tradition-
ally cooked as vegetables in a wide variety of dishes. Cell-
based studies have shown it to be effective in prostate
cancer, breast cancer, antifungal and antimicrobial activi-
ties and increase white blood cell count [2, 3]. A. officinalis
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(Alkanet) is a species belonging to the family Boraginaceae
and its native range extends from Europe to the Caucasus.
Its leaves and young shoots are cooked and eaten like
spinach. In parts of Anatolia, it is believed to have a
calming and relaxing effect by wrapping its powdered
forms in wet cloth and placing it on the forehead of
epileptic patients [4]. A. elongatum (Cuckoo pint) is a
species in the Araceae family and is distributed in Turkey,
Bulgaria, Ukraine, Greece, Palestine, Crimea, southern
Russia, northern Caucasus and Transcaucasia. Species of
the Araceae family are known as medicinal plants and have
high antioxidant effect [5]. The sap of the plant is drunk to
ease the pain of women giving birth in Anatolia and is
considered beneficial to postpartum women for regenera-
tion [4].

A lot of research has been done on fatty acids and the
effects of fatty acids, especially essential and omega fatty
acids on the human body have been proven by most of the
studies. Many fatty acids have important contributions to
the human body. For example, long-chained omega-3 fatty
acids are essential for growth and development and play an
important role in the prevention and treatment of coronary
artery disease, hypertension, diabetes, arthritis, inflamma-
tory diseases, autoimmune diseases and cancer [6, 7]. In
addition, fatty acids participate in the structure of the lipid
bilayer of the membrane, in the biosynthesis of eicosa-
noids, in the transfer of the cell signal, in the expression of
genes, in the hormonal functions, etc. [7, 8]. The essential
fatty acids, linoleic acid (LA, C18:2w6) and o-linolenic
acid (ALA, C18:3®3), are mainly involved in the synthesis
of the cell membrane, in the development of the brain and
the nervous system, in the functions of the thyroid and
adrenal glands, in the production of hormones, the regu-
lation of blood pressure, liver functions, the transport of
cholesterol in the blood, the coagulation of blood and the
regulation of immune and inflammatory responses [7, 9].
The examination of these four edible plants has been
considered important because of their popularity in tradi-
tional medicine, their high consumption, wide distribution,
easy availability and many previously reported medicinal
benefits.

In this study, the proximate compositions and fatty acid
profiles of edible leaves of medicinal and nutritional plants
A. orientale, E. spectabilis, A. officinalis and A. elongatum
consumed by most of the local population (mainly in the
Middle East, Near East and Anatolia) are presented by
comparing two consecutive years.
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Material and Method
Sample collection and Preparation

Plant materials were harvested in fresh, edible form during
the first two weeks of growth. A. orientale was collected
from the village of Balveren (Sirnak) in April 2020 and
2021 (altitude 1342 m, coordinates: 37° 29’ 3.6960” N and
42° 32" 57.7464" BE); E. spectabilis was collected from the
west of Mount Namaz in May 2020 and 2021 (altitude
1760 m, coordinates: 37° 32’ 19” N and 42° 29’ 30" E); A.
officinalis and A. elongatum were harvested in March 2020
and 2021 in Kumgati (altitude 522 m, coordinates: 37° 27’
57.2832” N and 42° 17’ 17.2896" E). The plant species
were brought to the laboratory and photographed with a
high resolution camera. Then they were tagged and iden-
tified based on Turkish flora and plants databases. In
addition, for the identification of the species, the assistance
of expert biologists in diagnosis and taxonomy was
requested. The preserved specimens are labeled according
to the techniques of the herbarium. The edible parts
(leaves) of the individual plants were separated and cleaned
with water and the external moisture was wiped off with a
dry cloth and then stored in the freezer at — 20 °C. The
edible and consumed parts of plants have been studied as a
whole.

Fatty Acid Methylation and Total Lipid Extraction

Approximately 2.5-3 g of samples was used for the anal-
ysis of total lipids. The samples were weighed into a
250 ml flask and 100 mL of a 4 M HCI solution was
added. Acid hydrolysis was carried out by boiling on a hot
plate for 1 h. The hydrolyzed sample was filtered through
filter paper and washed with hot water until its acidity was
eliminated. The filter papers were extracted in the appa-
ratus for 3 h, after 20 min of washing and 20 min of
evaporation, they were brought to constant weight in the
oven at 105 °C for 1 h and the final weighing was carried
out.

For fatty acid metal esters (FAME), the sample was
placed in a Falcon tube. Ether was added thereto and
shaken vigorously with a vortex. Then the Falcon tube was
centrifuged. The upper phase was evaporated at low tem-
perature with nitrogen. 8-9 drops of the oil obtained were
placed in a 15 mL Falcon tube. 0.6 mL of 2 M KOH and
10 ml of nHeptane were added thereto. After mixing the
sample with a vortex, some of the upper phases were added
to the vial and prepared for analysis.
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Gas Chromatography-Flame Ionization Detector
(GC-FID) Conditions

The determination of FAME was carried out in the flame
ionization detector (FID) HP-88 of the gas chromatograph
AGILENT 7890B, 100 m x 0.250 mm x 0.2 pm (maxi-
mum temperature 260 °C). The detector temperature was
255 °C; 50:1 split ratio. Gas flows, He (29.061 mL/min),
H, (30 mL/min), Dry air (400 mL/min); inlet temperature
250 °C, Column temperature (oven): 130 °C, holding time
0 min; 170 °C at 4 °C/minute; 1.7 °C/minute to 215 °C,
retention time 20 min; from 240 to 100 °C/minute, holding
time 1 min; total analysis time: 57.7 min. The sample was
injected into the instrument at 0.2 pl. A mixture of FAME
(Sigma-Aldrich chemicals) was used as a standard for the
identification of fatty acid metal esters. FAME chro-
matograms and total amounts of fatty acids were obtained
from the computer program HP 3365 ChemStation
(Chem32). Peaks on the chromatograms of the analyzed
samples were identified by comparing the methyl ester
retention times of all the fatty acids in the standard. The
results are given in qualitative fatty acid value. Each
measurement was performed in triplicate and the results
were averaged.

Analysis of Proximate Composition

The protein content (nitrogen) was determined according to
the Dumas method [10]. The analysis was carried out on a
Velp brand, Dumas nitrogen analyzer NDA 701 device.
Combustion tube operating temperature 900 °C, reduction
tube operating temperature 650 °C, average gas pressure
analysis 850 mbar, flow rates of gas (mL/min); MFC1 He
190 mL/min, MFC2 He 220 mL/min, MFC1 O, 400 mL/
min. EDTA (ethylenediaminetetraacetic acid) was used for
calibration and verification. About 100 mg of the sample
was weighed into aluminum foil. Then the sample was
placed in the autosampler of the device. The device was
ignited in the combustion tube at approximately 900 °C,
and then the released nitrogen was reduced in the reduction
tube. A nitrogen peak has occurred in the detector. The
results were read in % nitrogen and multiplied by the
appropriate conversion factor to calculate the protein level.
The moisture percentages (%) were calculated using the
technique of drying the sample for 18 h in an oven (WISD/
WON-105) at 103 °C. The ash content (%) was calculated
by analysis for 12 h in the oven (Prothem/PLF 110/15) at
550 °C. Each measurement was performed in triplicate,
and the results were averaged.

Statistical Analyses

The statistical program (SPSS 12.0) was used for the
analysis data. All analytical values were performed in
triplicate. Mean values were calculated with these three
replicates. Statistical analyses of the proportions of fatty
acids were carried out by analysis of variance (ANOVA),
and comparisons between means were carried out with
Tukey’s test. Differences between means were assessed as
significant at p < 0.05.

Result and Discussion
Fatty Acid Composition

In the fatty acid analysis of A. orientale, E. spectabilis, A.
officinalis and A. elongatum, Caproic acid (C6:0), Caprylic
acid (C8:0), Capric acid (C10:0), Lauric acid (C12:0),
Mpyristic acid (C14:0), Palmitic acid (C16:0), Margaric acid
(C17:0), Stearic acid (C18:0), Arachidic acid (C20:0),
Lignoceric acid (C24:0) and Behenic acid (C22:0) were
detected as saturated fatty acids (SFA). Palmitoleic acid
(Cl6:1w7), Heptadecenoic acid (C17:1®8), Oleic acid
(C18:1m9), Eicosenoic (Gadoleic) acid (C20:109), Ner-
vonic acid (C24:1w9) and Erucic acid (C22:10w9) were
detected as monounsaturated fatty acids (MUFA). Linoleic
acid (LA, C18:2w6), a-Linolenic acid (ALA, C18:3®3)
and Docosadienoic acid (C22:2wm6) were determined as
polyunsaturated fatty acids (PUFA).

In several studies, the fatty acid composition of wild
plants has been investigated and the components C16:0,
C18:0, C18:1m9, C18:2m6 and C18:3®3 have been deter-
mined as major. For example, in a study of the Lamiaceae
family, the major fatty acids were determined as C16:0
(13.49-27.71%), C18:206 (10.85-19.47%) and C18:3w3
(40.68-56.53%), it is also pointed out that C16:0 was found
as the main fatty acid in all taxa [11].

In another study, the seed oil samples from 57 mustard
genotypes belonging to six species, (Brassica juncea, B.
rapa, B. napus, B. nigra, B. arvensis and B. alba) C18:1%9
(7.42-24.54%) and C18:2m6 (9.61-25.11%) were deter-
mined as major components [12]. Besides, in the study of
the fatty acid composition of the seeds of wild plants
Carapa grandiflora sprague, C. procera, Maesopsis eminii,
Pentaclethra macrophylla, Myrianthus holstii, M. arbor-
eus, Tephrosia vogelii, Millettia dura, Podocarpus usam-
barensis, Cardiospermum halicacabum and Treculia
africana, C16:0, C18:0, C18:109, C18:2w6 and C18:3m3
have been reported to be dominant components [13]. The
fatty acid composition of the seeds of four Anchusa species
(A. azurea var. azurea, A. leptophylla, subsp. leptophylia,
A. arvensis, subsp. orientalis and A. undulata subsp.
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hybrida collected from different parts of Turkey was
investigated [14], and it was stated that C16:0 (4.4-16.3%),
C18:109 (29-42.7%), C18:206 (12.5-32%), C18:3m3 (0.3-
10.8%) and C22:109 (3.4-17.9%) were the major fatty
acids [14]. In a study of Allium species, the fatty acid
compositions of 10 different A. cepa’s seeds were inves-
tigated, and A. cepa’s seeds oil were rich in C18:2w6
(49.42-60.66%), followed by C18:1®9 and C16:0, respec-
tively [15]. In another study on A. officinalis, the fatty acid
composition of the seeds of the species was examined [16].
The species was examined in two groups and the samples
were harvested from wild areas in Turkey’s Marmara
region, and dominant fatty acids were reported as C18:2w6
(24.4-25.8%), Cl18:109  (23.2-25.5%), Cl18:303
(14.5-15.1%) and C18:3w6 (12.5-12.6%) [16]. Addition-
ally, significant differences were reported between the
percentages of > PUFA (56.27-56.41%), > MUFA
(26.47-31.38%) and > SFA (10.12-11.95%) [16]. The
results of the present study indicated that major fatty acids
were also C16:0, C18:0, C18:1®m9, C18:2w6 and C18:3m3
in A. orientale, E. spectabilis, A. officinalis and A. elon-
gatum in both 2020 and 2021 (Tables 1 and 2). C16:0 was
found at over 30% in A. orientale, E. spectabilis and A.
officinalis in both 2020 and 2021 (Table 1), while in A.
elongatum it was found at a level of 15.8% (p < 0.05) in
2020 and 21.8% in 2021 (Table 2). The C18:0 level did not
exceed 13% in four species in both years. C18:1m9 was
detected in A. orientale at 27.3% in 2020 and 29.9% in
2021, and in A. officinalis this component was detected in a
proportion of 33.2% in 2020 and 29.51% in 2021. The
major and minor fatty acid profiles of the species, which
were determined at two consecutive years, were close to
each other. This result indicates that the species probably
exhibit the same physiological behavior each spring. Dif-
ferences in species fatty acid profiles are known to be
caused by most external factors such as season, soil
structure and components, nutrients, minerals, sunlight,
amount of water, temperature, etc. Considering the levels
of > SFA > MUFA and > PUFA and major fatty acids,
significant differences were observed compared to previous
studies mentioned above. This should be considered nor-
mal as seeds contain a higher percentage of Y PUFAs than
leaves and other tissues. In addition, different fatty acid
profiles can be observed among the tissues of wild species.
The studies cited above are mostly related to the fatty acid
composition of seeds or the inedible part of wild plants.
However, local people never consume the seeds of A.
orientale, E. spectabilis, A. officinalis and A. elongatum as
food. Rural people harvest vegetative forms of these ther-
apeutic and nutritional species from the wild in the spring
and use them in many types of dishes and treatments.
Therefore, studying the fatty acid content of the edible part
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of the species will contribute to the nutritional value of the
species, human health and diet.

The level of > SFA was found to be higher in A. ori-
entale (53.9 and 52.1%), E. spectabilis (52.4 and 55.82%)
and A. officinalis (48.9 and 50.80%) in 2020 and 2021,
respectively (Table 1, 2). However, in A. elongatum, the
level of > PUFA was found to be quite high (55.8 and
47.7%) in 2020 and 2021, respectively (Table 1, 2). A high
level of > PUFA is completely considered affirmative for
the reduction of serum cholesterol and atherosclerosis, the
preventing heart disease, the synthesizing of mediators for
brain biochemistry [15]. In contrast, the level of > PUFA
was found to be quite low in A. orientale (8.4 and 11.9%)
and A. officinalis (9.5 and 13.1%) in 2020 and 2021,
respectively (Table 1, 2). The levels were significantly
different (p < 0.05) from A. elongatum. In particular, it has
been reported that growing at high temperatures like the
Mediterranean area during vegetation stimulates the syn-
thesis of PUFA particularly C18:10w9 and inhibits the
synthesis of C18:2w6 [17].

The high percentage of C18:2w6 (34.4 and 31.2%) and
Cl18:3w3 (21.4 and 16.5%) in A. elongatum would be
associated with the harvesting the plant in March (still
cold) month. As known, herbaceous plants in cold season
generally tend to store PUFA rather than SFA [17]. On the
other hand, the high content of C18:109 MUFA (27.3 and
29.9%) in A. orientale would be related to the hot season
because A. orientale was harvested at the end of April
(hotter than March in the collected area). But above all, the
fatty acid content of a plant varies according to its genetic
heritage and many environmental conditions. In support of
this, significant differences in the fatty acid profiles of
some plants grown in ecological regions located in differ-
ent latitude zones have been reported [18]. Increasing
temperatures in southern latitudes have been reported to
encourage plants to synthesize less than C18:2w6 and more
than C18:1@9 [18].

C16:0 is one of the most abundant components in
organisms. The high level of C16:0 in A. orientale, E.
spectabilis, A. officinalis and A. elongatum is usual. As
known C16:0 is used as the main source of energy needed
by cells to fulfill their biological functions [19]. Addi-
tionally, C16:0 taken with food is used as a building block
in the synthesis of other fatty acids and phospholipids,
which are the structural building blocks of cell membranes
[19]. In the current study, the high level of C16:0 was
expected, because this fatty acid is commonly present in
the seeds and tissues of many plants [11, 13, 16].

It is a remarkable finding that C18:1®09, which plays a
crucial role in the synthesis of essential fatty acids in plants
[20], is high in A. officinalis and A. orientale (Table 1, 2).
Foods high in C18:109 have been reported to have very
important human health benefits [21]. In particular,
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Table 1 Fatty acid compositions of Allium orientale, Eremurus spectabilis, Anchusa officinalis and Arum elongatum (% of total FA) harvested

in spring 2020

A. orientale
(Meanx £ S.D.)%%

Fatty acids E. spectabilis

(Meanx £ S.D.)%%

C6:0 0.3 + 0.04a 0.1 & 0.02a
C8:0 0.2 + 0.04a 0.2 + 0.04a
C10:0 0.1 & 0.01a nd
C12:0 0.7 + 0.02a 0.8 + 0.02a
C14:0 1.2 + 0.03a 1.1 £ 0.03a
C16:0 35.2 + 0.25a 36.8 &+ 0.26a
C17:0 0.3 £ 0.01a 0.4 + 0.02a
C18:0 12.9 £ 0.10a 7.6 + 0.06b
C20:0 1.7 + 0.06a 2.6 + 0.09b
C22:0 0.6 + 0.04a 1.2 £ 0.07b
C24:0 0.7 + 0.05a 1.6 + 0.12b
Cl6: 107 2.7 £0.23a 1.6 + 0.14b
Cl17:1m8 0.3 + 0.03a 0.5 + 0.05a
C18:1m9 273 £ 0.12a 7.9 + 0.03b
C18:109- nd nd

trans
C20:109 0.4 £ 0.02a nd
C22:1m9 0.5 + 0.05a 4.6 + 0.42b
C24:129 2.1 £ 0.18a nd
C18:2m6 7.2 + 0.05a 10.2 + 0.06b
C18:2m6- nd nd

trans
C18:3m3 1.2 + 0.02a 18.7 £ 0.31b
C18:3m3- nd nd

trans
C22:2006 nd nd
> SFA 53.9 52.4
> "MUFA 333 14.6
> "PUFA 8.4 28.9

A. officinalis A. elongatum
(Meanx =+ S.D.)%% (Meanx + S.D.)%%
0.2 + 0.02a 0.1 £ 0.01a
0.2 + 0.03a 0.1 £ 0.01a
0.4 + 0.03b 0.1 £ 0.01a
0.5 =+ 0.01b 0.3 + 0.01c
1.3 £ 0.03a 0.4 + 0.01b
34.2 + 0.25a 15.8 £ 0.11b
0.4 £+ 0.02a 0.1 £ 0.01b
10.7 £ 0.08c 34 4+ 0.03d
1.0 + 0.04c 1.1 £ 0.04c
nd 0.4 + 0.03a
nd 0.5 + 0.03a
3.0 £ 0.26a 1.3 £0.11b
0.3 + 0.04a 0.1 &+ 0.02b
33.2 + 0.15¢ 17.8 + 0.08d
nd nd

0.3 + 0.02a 0.5 + 0.03a
nd 0.1 £ 0.01c
2.8 + 0.24a 0.1 &£ 0.01b
9.0 £+ 0.06ab 344 + 0.22¢
nd nd

0.5 £ 0.01a 21.4 + 0.35¢
nd nd

nd nd

48.9 22.3

39.6 19.9

9.5 55.8

SFA saturated fatty acid, MUFA monounsaturated fatty acid, PUFA polyunsaturated fatty acid, nd not detected

*Values are means & SD (standard deviation) for 3 replicates. Results were expressed as a percentage of total fatty acid methyl esters

“*The mean values of different characters on the same line vary significantly (P < 0.05). (Results are expressed as % fatty acids of total lipids)

C18:1®9 is one of the most concentrated fatty acids in the
human body [19, 20]. This component makes up about half
of the fatty acids in organisms [19, 21]. Many studies have
pointed out that it lowers blood pressure and has anti-in-
flammatory effects[19, 21], lowers the level of cholesterol
and low-density lipoprotein (LDL) and increases levels of
high-density lipoprotein (HDL) in the blood [21]. The
concentrations of C18:1w9 in A. orientale, E. spectabilis,
A. officinalis and A. elongatum were 27.3 and 29.9%, 7.9
and 12.2%, 33.2 and 29.51%, 17.8 and 19.9% in 2020 and
2021 respectively. This component was found in close
proportions in two consecutive years. The small

fluctuations in C18:1@9 for the species studied may be due
to environmental factors.

The high content of essential fatty acids C18:2w6
(34.4% in 2020 and 31.2% in 2021) C18:303 (21.4% in
2020 and 16.5% in 2021) in A. elongatum were significant
results. The level of C18:2w6 in the other three species was
detected in moderate amount between 7.2% and 10.02% in
both years. In a study on the fatty acid composition of
mustard genotypes of Brassica species, it was reported that
the levels of C18:2w6 and C18:3w3 were about 20% and
10%, respectively [12]. In the study of the fatty acid of the
seeds of 14 common wild plant species from 3 different
families (Brassicaceae, Dipsacaceae and Asteraceae),

@ Springer
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Table 2 Fatty acid compositions of Allium orientale, Eremurus spectabilis, Anchusa officinalis and Arum elongatum (% of total FA) harvested
in spring 2021

Fatty acids  A. orientale E. spectabilis A. officinalis A. elongatum

(Meanx £ S.D.)%%

(Mean £ S.D.)%%

(Meanx £ S.D.)%%

(Mean £ S.D.)%%

C6:0 0.2 + 0.03a nd 0.1 &£ 0.02a 0.1 £ 0.01a
C8:0 0.3 + 0.04a 0.3 + 0.03a 0.1 & 0.02a nd
C10:0 0.2 + 0.02a 0.1 + 0.02a 0.4 + 0.03b nd
C12:0 0.6 + 0.03a 0.9 4+ 0.04b 0.3 + 0.03¢ 0.4 + 0.02¢
C14:0 1.0 + 0.04a 1.3 £+ 0.04a 1.2 + 0.03a 0.2 + 0.01b
C16:0 33.7 £ 0.21a 37.8 + 0.23a 36.1 + 0.26a 21.8 + 0.14b
C17:0 0.5 + 0.02a 0.5 + 0.03a 0.4 + 0.02a 0.2 £ 0.01b
C18:0 11.8 £ 0.12a 10.12 £ 0.13a 9.9 + 0.09a 5.3 £ 0.02b
C20:0 2.3 + 0.07a 2.5 + 0.08a 2.1 £ 0.05a 1.9 4+ 0.03a
C22:0 0.5 + 0.03a 1.1 £ 0.08b 0.1 &£ 0.01c 0.5 + 0.03a
C24:0 1.0 + 0.08a 1.2 + 0.13a 0.1 = 0.01b 0.2 + 0.01b
Cl6:1w7 3.8 +0.17a 1.7 £ 0.13b 42 + 0.14a 1.2 + 0.10b
Cl17:1m8 0.2 + 0.02a 0.6 = 0.03b 0.1 £0.01a nd
Cl18:109 29.9 £+ 0.22a 12.12 £+ 0.14b 29.51 £+ 0.21c¢ 19.9 £ 0.17d
C18:1m9- nd nd nd nd

trans
C20:19 0.7 + 0.03a 0.2 + 0.01b nd 0.4 + 0.02ab
C22:19 0.3 + 0.03a 4.1 £ 0.12b 0.1 £ 0.01a 0.1 &+ 0.01a
C24:109 1.9 £0.11a 0.3 £ 0.02b 22 £ 0.14a 0.2 £ 0.01b
C18:2m6 8.1 £ 0.06a 9.6 + 0.07a 10 & 0.09a 31.2 £ 0.21b
C18:2m6- nd nd nd nd

trans
C18:3m3 3.1 & 0.09a 15.1 £ 0.21b 3.1 &£ 0.05a 16.5 + 0.25b
C18:3m3- nd nd nd nd

trans
C22:2006 nd nd nd nd
> SFA 52.1 55.82 50.8 30.6
> "MUFA 36.8 19.2 36.11 21.8
> "PUFA 11.2 24.7 13.1 47.7

SFA saturated fatty acid, MUFA monounsaturated fatty acid, PUFA polyunsaturated fatty acid; nd not detected

*Values are means & SD (standard deviation) for 3 replicates. Results were expressed as a percentage of total fatty acid methyl esters

“*The mean values of different characters on the same line vary significantly (P < 0.05). (Results are expressed as % fatty acids of total lipids)

C18:2mw6 and C18:3m3 were reported to be between 7.04%
and 66.22%, and 8.33% and 38.93%, respectively [22]. In
the current study, the level of C18:3®3 (18.7% in 2020 and
15.1% in 2021) in E. spectabilis differed significantly (p
< 0.05) from A. orientale and A. officinalis. This compo-
nent increased to 3.1% in 2021 in A. officinalis; however,
the last year, it was found that the C18:3w3 content was
0.5% for the same species. There is a possibility that this
increase is due to internal or external factors. The benefits
of C18:2m6 and C18:3m3 (essential fatty acids) for human
health have been described in many studies [6, 9, 19].
Today it is known that omega-3 fatty acids (especially
C18:3w3) are essential for growth and development and
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can play an important role in the prevention and treatment
of coronary artery disease, hypertension, diabetes, arthritis,
inflammatory diseases, autoimmune diseases and most
cancers [6, 19]. In addition, C18:3®3 is a pioneer in the
synthesis of eicosapentaenoic acid (C20:5w3), docosapen-
taenoic acid (DPA, C22:5®w3) and docosahexaenoic acid
(DHA C22:6®3), [20, 23] three types of long-chain omega-
3 -fatty acids, which have vital roles in brain function,
coronary artery disease, body development, cardiovascular
and inflammatory responses, and most tissue function
[9, 19, 23].

The trans fatty acid isomers (C18:1®w9-trans, C18:2m6-
trans and C18:3m3-trans) were not detected in the tissues of
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A. orientale, E. spectabilis, A. officinalis and A. elongatum.
Trans fatty acids have been shown to cause stress, preterm
labor and miscarriage, and can cause serious problems
during lactation, including milk production, immune sys-
tem disorders, and even diabetes [24].

The harmful fatty acid C22:1®9 occurs naturally in
various plants along with other fatty acids and high levels
of C22:1m9 have been shown to be harmful to the body
[25]. The fact that the level of C22:1®9 (4.6% in 2020 and
4.1% in 2021) (Table 1, 2) in E. spectabilis is close to the
danger limit indicates that when consumed Caution is
advised. According to the regulations of the Turkish Food
Codex Contaminants Regulation the maximum limit of
C22:1m9 is set at 5% in total fatty acids of vegetables and
10% in other foods (Turkish Ministry of Agriculture and
Rural Affairs, Notice No.: 2008/26).

Research has found that vegetable oil containing greater
than 5% C22:1w9 causes significant myocardial fat accu-
mulation and cardiac tissue damage in experimental ani-
mals [25]. Fat accumulation in the myocardium has been
reported to result from the negative effect of C22:109 on
enzymes that break down fat [25]. For this reason, foods
and vegetables that contain little or no C22:1®9 are now
preferred in many countries. The level of toxic C22:1®9 in
E. spectabilis (4.6% in 2020 and 4.1% in 2021) was found
close to the danger limit (5%). However, the rural popu-
lation consumes E.spectabilis unknowingly, unaware that
the C22:1®09 content is near the dangerous level. Although
the C22:1®9 level was near the danger limit for both years,
a detailed study of C22:1@9 of E. spectabilis is recom-
mended. On the other hand, the C22:1m9 level was very
low in A. orientale, A. elongatum and A. officinalis. The
results were significantly different (p < 0.05) from E.
spectabilis.

Another significant fatty acid, C24:109 was detected at
2.1% in 2020 and 1.9% in 2021 in A. orientale; 2.8% in
2020 and 2.2% in 2021 in A. officinalis (Table 1, 2).
C24:109 is involved in the biosynthesis and maintenance
of nerve cell myelin and forms the basic building block of
neurons in the brain and nerve tissue [26, 27]. C24:1®9 is
difficult to synthesize and is sometimes ingested from food
or in pill form when deficient. Therefore, the detection of
C24:109 in plant species is considered an important out-
come. Previous studies have reported that the plants Acer
truncatum, Tropaeolum speciosum, Malania oleifera,
Borago officinalis and Xanthoceras sorbifolium contain
C24:109 [26]. In a seed oil analysis study of 138 acces-
sions from 14 populations of Acer truncatum (Aceraceae)
native to China, the level of C24:1®9 was reported to range
from 3.9% to 7.85% [26]. Wild plant Malania oleifera was
examined and C24:1w9 (55.70%) was found as the main
component [28]. The presence of significant amounts of
C24:109 in A. officinalis and A. orientale suggests that

these plants can synthesize C24:1®9 and this makes them
nutritionally important. In addition to genetic factors,
environmental factors such as temperature, pH, nutrients,
precipitation and mineral concentration now also play a
role in the fatty acid composition of plants. The fatty acid
composition of plants can vary according to many eco-
logical, morphological, physiological, and cultural factors,
as well as the genotype of the plant.

Proximate Composition

The total lipid levels of the edible parts of A. orientale, E.
spectabilis, A. officinalis and A. elongatum in 2020 were
determined to be 0.6%, 0.5%, 0.4% and 1.0%, respectively
(Table 3). In spring 2021, the total lipid concentration was
found to be 0.7%, 0.6%, 0.6% and 0.9% for A. orientale, E.
spectabilis, A. officinalis and A. elongatum, respectively
(Table 3). The lipid levels of A. elongatum differed from
those of the other three species (p < 0.05). The total pro-
tein levels of A. orientale, E. spectabilis, A. officinalis and
A. elongatum were observed as close levels as 5.1%, 5.6%,
5.0% and 5.2%, for 2020, and 5.4%, 5.3%, 5.2% and 5.5%
for 2021, respectively (Table 3).

In a study conducted on the seeds, the crude protein
content of Brassicaceae and Dipsacaceae species was given
as between 9.4% and 32.6% [22]. Cinar et al. reported that
the total lipid level was 0.46 g/100 g and total protein was
0.12 g/100 g for E. spectabilis on a wet basis [29]. In
addition, in a study on A. elongatum, the total protein
content was given as 8.47% [30]. In a study on the seeds of
Allium species, the total lipid level of A. cepa (2.96%) was
lower than that of A. sativum (5.98%). In the same study,
total protein levels were reported to be between 12.53% (A.
cepa) and 15.82% (A. sativum).

In another study of Allium species, 10 different seeds of
A. cepa were examined. Analysis showed that A. cepa
seeds contained high levels of total lipids (between 21.86%
and 25.86%) [15]. The fatty acid composition of the seeds
of four Anchusa species (A. azurea var. azurea, A. lepto-
phylla, subsp. leptophylla, A. arvensis, subsp. orientalis
and A. undulata subsp. hybrida) harvested from different
parts of Turkey was investigated [14]. The total seed oil
content was found to be 11.2% in A. azurea var. azurea,
22.8% in A. leptophylla, subsp. leptophylla, 19.80% in A.
arvensis, subsp. orientalis and 21.5% in A. undulata subsp.
hybrida. [14]. Various factors can directly or indirectly
affect the quantity of protein and lipid accumulation of
plants tissues. For example, soil factors such as inorganic
and organic matter content, pH, nutrients and water con-
tent; weather and climatic factors such as temperature,
precipitation and light intensity, and genetic and physio-
logical factors can affect the plant physiology. Considering
the above data, it can be concluded that the species A.
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Table 3 Proximate composition of A. orientale, E. spectabilis, A. officinalis and A. elongatum harvested in spring 2020 and 2021

Proximate compositions (%)

Plant species harvested in spring 2020

A. orientale

E. spectabilis

A. officinalis

A. elongatum

Total lipid (Mean* £+ SD)** 0.6 + 0.02a 0.5 + 0.02a 0.4 + 0.01a 1.0 + 0.03b
Crude protein (Mean* £ SD)** 5.1 £ 0.54a 5.6 £ 0.60a 5.0 £ 0.54a 5.2 £+ 0.56a
Moisture (Mean* £ SD)** 87.7 £ 0.84a 88.21 + 0.92a 90.02 + 0.88a 89.40 4+ 0.78a
Ash (Mean* + SD)** 1.02 £ 0.05a 0.95 + 0.04a 0.87 £ 0.04b 0.92 £ 0.03a
Proximate compositions (%) Plant species harvested in spring 2021

A. orientale E. spectabilis A. officinalis A. elongatum
Total lipid (Mean* £ SD)** 0.7 £ 0.03a 0.6 £ 0.03a 0.6 £ 0.02a 0.9 + 0.03b
Crude protein (Mean* £ SD)** 54 £ 0.33a 5.3 £ 0.40a 5.2 £ 0.44a 5.5 £0.43a
Moisture (Mean* £ SD)** 85.7 £ 0.73a 87.11 £ 0.82a 91.01 £ 0.77b 88.3 + 0.81a
Ash (Mean* + SD)** 0.98 + 0.04a 1.01 £ 0.06a 0.94 £ 0.05a 0.98 + 0.04a

Results expressed as a percentage (%) of total lipid, Crude protein, Ash and Moisture

“Values are means + SD (standard deviation) for 3 replicates

““The mean values of different characters on the same line vary significantly (P < 0.05)

orientale, E. spectabilis, A. officinalis and A. elongatum are
low in protein and cannot be recommended as a diet in
terms of protein and lipid. The ash content of the plants
varied between 0.87% and 1.04% for 2020, and 0.94% and
1.01% for 2021 (Table 3). The moisture ranged from 87.7
to 90.02% in 2020 and from 85.7% to 91.01% in 2021.
These results were quite normal for fresh plant leaves.

Conclusion

As a result, the consumption of the edible wild plants A.
orientale, E. spectabilis, A. officinalis and A. elongatum is
recommended due to valuable fatty acids such as C16:0,
C18:0, C18:109, Cl18:2w6 and Cl18:3w3. However,
detailed studies are needed on E. spectabilis, whose
C22:1®9 level has been close to the danger limit (5%) for
two consecutive years. Further research on these uncon-
ventional wild edible plants will show if they can be
included in addition to local food sources and potentially
be considered as new food sources. Although the current
paper discusses the nutritional values of the wild plants,
data of the fatty acid and proximal compositions of the
species also contributes to taxonomic and physiological
properties of the species studied. Since studies on the fatty
acid content in A. orientale, E.spectabilis, A.officinalis and
A.elongatum are limited in the literature, it is anticipated
that the data will also contribute to the literature. Note
again that the presentation of a plant nutritional value can
serve as an important opportunity to identify some gaps in
the literature and identify the need.
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