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FATTY ACID COMPOSITION OF SOME 

Astragalus SPECIES FROM TURKEY
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In  this  study,  the  fatty acid contents of some Astragalus L. (Fabaceae) species from Turkey were
determined by  GC and GC-MS techniques. The seed oils of  Astragalus sp. (A. echinops Aucher ex. Boiss.,
A. subrobustos Boriss., A. jodostachys, Boiss. & Buhse., A. falcatus Lam., A. fraxinifolius DC.) contained
linolenic (between 23–41.%), linoleic (23–37%), and oleic acids (8–19%) as the major components. Fatty acid
composition of the studied Astragalus taxa showed uniform fatty acid patterns. Palmitic and stearic acids
were the major saturated fatty acids in the seed oils. The amounts of unsaturated fatty acids were higher than
saturated fatty acids.
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The Fabaceae (Leguminosae) is a family of flowering plants comprising about 269 genera and 5100 species [1] and
is one of the largest plant families in the world and also in Turkey. It has 68 genera and more than 900 species in Flora of
Turkey [2–4]. This is a more important family of food plants, especially pulses (beans, gram, peas) and oil (soya, ground nut),
but also tanbarks, timber, copal, gums, insecticides and cultivated ornamentals, as well as medicinal plants [5, 6]. Astragalus
is also considered to be the largest genus in angiosperms in Turkey, with more than about 450 taxa [2, 7].

Leguminosae is well suited with respect to chemical components. Lipids from some more common legumes have been
investigated to some extent; other legume lipids have not been studied in any great detail because of their low lipid content and
limited or negligible use for oil purposes [8–10]. But there are few reports on the Turkish Fabaceae,  particularly on Astragalus
genus  [11, 12]. The storage lipids of legume seeds are a major of dietary fat [13]. Omega 3- fatty acids are polyunsaturated fatty
acids that are associated with many health benefits [14].

In this study, the fatty acid content of some Astragalus species (A. echinops Aucher ex. Boiss., A. subrobustos Boriss.,
A. jodostachys, A. falcatus Lam., A. fraxinifolius DC.) from Turkey were investigated.

In this study, the fatty acid compositions of some Astragalus patterns from Turkey were determined. The results of the
fatty acid analysis and the oil yield of the taxa are shown in Table 1. The total lipid contents of the studied Astragalus species
were found to be between 28.9% (A. echinops) and 36.1%, with A. falcatus showing the highest oil content (Table 1). The fatty
acid (FA) composition of the studied Astragalus taxa was uniform. However,  small quantitative differences were also found.

Saturated acid components of the seed oils such as lauric, myristic, and pentadecanoic acids were absent or present in
trace amounts. Palmitic acid (16:0) is the highest in A. falcatus (10.3%) and A. echinops (9.60%). This fatty acid is a constant
constituent in most of the Leguminous genera seed oil, present at medium levels (ca. 5%), when considering Hedysarum
cappadocicum (5.62%) and Onobrychis huetiana (4.9%) [11, 15]. Some Lathyrus sp. has palmitic acid more than 10%  in the
seed oils [11].

Stearic acid (18:0) was found at low levels in Astragalus seed oil (between 1.91 and 3.48%), but there are some reports
on legume seed oils from different genera. Onobrychis hypargyrea (4.20%), Vicia cappadocica (3.91%), Lupinus (3.77%), and
Trigonella (3.63%) have higher concentrations, and V. peregrina L. (7.26%) and V. hybrida L. (9.13%) [12]have higher ratios.
On the other hand, this fatty acid is reported in a lower quantity in some Vicia sp.- Vicia faba (1.40%) [16] and V. sativa
(1.30%) [17]. Colutea melanocalyx (1.38%) and Onobrychis altissima (1.79%) have very small stearic acid content [15].
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    TABLE 1. Fatty Acid Composition and Oil Content of Some Astragalus sp. Studied

Fatty acid
Plants

A. jodostachys A. echinops A. falcatus A. fraxinifolius A. subrobustos

14:0
16:0
cis7-16:1
cis9-16:1
17:0
18:0
cis9-18:1
cis11-18:1
cis9,12-18:2
cis9,12,15-18:3
20:0
cis11-20:1
22:0
22:1
24:0
cis15-24:1
TSFA
TUSFA
Oil content (in wt%)

0.20
7.5
0.1
0.4
0.1
2.1
13.8
0.3
24.7
33.1
0.4
0.6
-
-
-
-

10.3
73.0
31.05

0.1
9.6
0.1
0.7
0.20
1.9
19.3
2.6
37.4
23.4
0.4
0.4
-

0.7
-
-

12.2
84.6
28.9

-
10.3

-
-
-

3.5
19.3
1.2
34.2
34.7
0.5
0.7
-

0.7
-
-

14.3
85.1
36.1

0.1
8.0
Tr.
0.1
0.1
2.0
8.6
0.7
35.2
41.1
0.2
0.3
0.1
0.2
0.1
0.1
10.7
86.1
32.1

0.1
6.6
0.8
-

0.2
2.5
13.6
1.3
23.9
35.7
0.4
0.5
-

1.2
-
-

9.8
77.0
30.02

     ______
     Saturated acids (SFA) and unsaturated fatty acids (USFA). a: Data shown are peak area (%) from GLC.

From unsaturated acid (USFA), linoleic and linolenic acids were the major constituents of the studied Astragalus seed
oil.   The  highest  linolenic  acid  was found in A. fraxinifolius (41.13%) and A. subrobustos (35.7%).   It was found at the
lowest level in A. echinops (23.4%) (Table 1). This fatty acid was reported to constitute 34 and 7.8% in A. pycnocephalus and
A. condensatus, respectively [18]. Thus it is possible to say that this FA varies in these sections and species in Astragalus genus.
In general, this unsaturated fatty acid comprises less than 10% of the oil in Onobrychis hypargyrea (7.8%), Gonocytisus
dirmilensis  (2.1%),   Colutea  melanocalyx  (8.5%),  Trigonella  cretica  (3.5%),  and  most  of  the  Lathyrus taxa reported
(L. tuberosus (4.71%), L. roseus (4.30%)) except for a few leguminous patterns like Hedysarum cappadocicum (21.10%), Vicia
michauxii var. michauxii (39.1%), Lathyrus laxiflorus subsp. laxiflorus (16.5%), Onobrychis huetiana (18.25%), and Lathyrus
vinealis (11.5%) [15, 19].

At the same kind, linoleic acid cis 9,12-(18:2) was the second major fatty acid in the Astragalus studied. It was found
to be very high in the seed oil, 23.9 and 37.4% in  A. subrobustos and A. falcatus, respectively. This FA was reported to be
higher than that in A. pycnocephalus and A. condensatus, respectively (35 and 53%) [18].  The high content of this component
is characteristic for the some legume seed oil. This fatty acid was reported to very high in some legume seed oil like in Colutea
melanocalyx (62.76%), Gonocytisus dirmilensis (67.4%), Lupinus varius (57.80 %), Vicia cappadocica (50.9%), and
Onobrychis major (51.74%) [15]. The amount of linoleic acid is important with respect to the quality of the oils consumed as
a food resource with the oleic acid. Bailey [20] and Hemavathy and Prabhakar [21] reported that these are the most adaptable
of all oils and are excellent edible oils. GC analysis of the methyl esters of fatty acids showed that linoleic and linolenic acids
were the most prominent constituents of the oil, respectively 33 and 27% in Ononis natrix L. (Fabaceae) [22].

The highest oleic acid content was found to be between 8.55 and 19.28% in A. fraxinifolius and A. echinops (Table
1). It was found to be 14.5 and 7.7% in A. pycnocephalus and A. condensatus, respectively [18]. It was reported in Trigonella
cretica to be 46.9%; in Onobrychis hypargyrea, 34.4%; and in Lathyrus laxiflorus subsp. laxiflorus, 30.4% [15]. But some of
the seed oil of the Fabaceae family showed similar results to the studied Astragalus sp., Vicia michauxii var. stenophylla
(12.34%), Colutea melanocalyx (12.70%), Gonocytisus dirmilensis (13.19%), and Onobrychis huetiana (13.3%) [15]. On the
other hand, oleic and linoleic acids were determined to be the major unsaturated fatty acid in the oil of Psophocarpus
tetragonolobus (L.) (Fabaceae) DC, which is used as a winged bean in some countries [23].
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The content of the other fatty acids of Astragalus seed oils (between 20:0 and 24:0 arachidic and lignoceric acid and
their unsaturated forms) was found to be less  than 1% except for  A. subrobustos for the 22:1 fatty acid (1.17%). There are some
reports on the poisonous effect of erucic acid (22:1) content on animals and humans. Some researchers have indicated that oils
with high levels of behenic acid (22:0) may be difficult for humans and animals to digest [12, 24, 25]; it was absent or in trace
levels in the Astragalus species studied (Table 1).

As far  as the unsaturated fatty acid content is concerned, the present study is supported by previous Leguminous studies
[26–30]. All these studies showed that the saturated and particularly unsaturated FA contents of Fabaceae seed oils are closely
related to each other and that the amount of unsaturated fatty acids is higher than that in saturated fatty acids.

The results obtained from this study show that Astragalus seed oils are of the linolenic–linoleic type. Also, oleic and
palmitic type fatty acids are the predominant  oils. It is reported that linoleic and oleic acid are abundant components of  most
of the leguminous genera (Vicia faba [16], Hedysarum cappadocicum, some Lathyrus sp., such as Lathyrus inconspicuus,
Lupinus varius, Trigonella cretica, Vicia freyniana, and Onobrychis  sp. reported in Bagci et al., [15]). But some results showed
that linoleic–palmitic type FA is typical for some genera like Cassia nodosa, Berlinia auriculata, Bauhinia monandra, Parkia
clappertoniana [24], some Astragalus sp. [18], and some Ebenus species reported from Turkey [31]. The seed oils of all
leguminous members contain very low levels of linolenic acid, as reported  by Bagci et al., [15] and from the literature [21, 25].
The seeds oils of Crotalaria species are of the simple linoleic-oleic-palmitic type [32]. Garcia-Lopez et al. [33] reported that
some Lupinus sp. oils contained a high concentration of palmitic and linoleic acid. The evaluation of fatty acids in a wider range
of species in Fabaceae, particularly Astragalus genus, is a powerful tool that might contribute to the characterization of new
renewable resource and evolutionary relationships among the genus of this family. 

EXPERIMENTAL

Plant Materials.  Seed specimens (natural) were obtained from the seed bank in the Aegean Agricultural Research
Institute, Izmir. The accessions of the plant samples are: A. echinops, A. subrobustos, A. jodostachys from Van, and   A. falcatus
and A. fraxinifolius from Erzurum; both localities are in the Eastern Anatolian region.

Oil Extraction and Preparation of Fatty Acid Methyl Esters (FAME) .  Impurities were removed from the seeds
and the cleaned seeds were ground into powder using a ball mill. Lipids were extracted with heptane in a straight–through
extractor. The triglycerides were transesterified to methyl esters with potassium hydroxide in methanol according to ISO method
5509.

Capillary GLC .  The fatty acid methyl ester composition was determined on two different gas chromatographs,
Hewlett-Packard HP5890 (A) and HP6890 (B), each equipped with a fused silica WCOT capillary and FID ( Institue of Physics
and Chemistry of Lipids, Munster, Germany) and retested with the Agilent 5973 N HP GC-MS system in the Plant Products
and Biotechnology Research Lab. (BUBAL) in Elazig.

a) Silar 5 CP, 50 m × 0.25 mm ID, 0.24 µm film thickness, nitrogen as carrier gas, 1:50 split ratio, pressure 160 kPa,
oven temp.: 5 min isothermal at 163°C, then 163 to 205°C at 1°C/min; Inj.= 230°C, Det. 260°C.

b) DB-23, 60 m × 0.32 µm (J&W), 0.25 µm film thickness , hydrogen as carrier gas, 1:50 split ratio, pressure 69 kPa,
oven temp.: 1 min isothermal at 80°C, then 80 to 150°C at 25°C/min, then 150 to 240°C at 3°C/ min, 5 min isothermal, PTV-
Inj. 80°C, 12°C/s to 250°C, 5 min isothermal, Det. 250°C.

Data analysis was done with a chromato-integrator D 2500 (Merck-Hitachi) and Chemstation integration software,
respectively. Peak identification was achieved by comparison of relative retention times with those obtained from test mixtures
of known composition on two different columns. 
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