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Abstract

Seed oils of 16 Lathyrus (Fabaceae) species belonging to different sections viz., Cicercula,
Orobastrum, Orobon, Platystylis, Lathyrus and Pratensis were investigated for their fatty acid
composition with gas liquid chromatography. Unsaturated fatty acids, particularly linoleic and oleic
acid comprised more than 50 % of seed oil. The fatty acid composition of the studied Lathyrus taxa
were found as identical qualitatively, but some quantitative differences were observed in
infrasectional and interspecific level. Linoleic acid was found major component as unsaturated fatty
acid (average 48 %). Oleic and linolenic acid were the second highest major unsaturated fatty acid
components. On average, palmitic acid was the major saturated acid present (average 14 %).
Lathyrus species showed linoleic - palmitic acid type FA patterns. Similar conclusions were
detected in the sectional classifications of Lathyrus sp., as reported earlier. The results obtained
from this study were discussed with the genera and family patterns. Some differences were
determined in the main type fatty acid in family patterns in particular subfamily Mimosoideae and
Caeselpinioideae. Chemotaxonomic and renewable resources implications of the components of
fatty acids and plant taxa are discussed.

Introduction

In response to an ever increasing global demand for food and feed resources and the
need to diversify modern cropping systems, the legume genus Lathyrus is receiving
increased attention by scientists. It includes a range of grain, forage, pasture and
ornamental crops (Enneking, 1998). The Fabaceae (Leguminosae) is one of the largest
plant families of flowering plants comprising of about 269 genera and 5100 species
(Mabberley, 1997) in the world and also in Turkey (Davis, 1970,1988; Se¢men et al.,
1989). The Papilionoideae (Lotoideae) (Leguminosae, subfamily) is much larger than
either of the other two subfamilies (Mimosoideac and Caesalpinioideae). About 30
genera contain 100 or more species (Heywood, 1978). Lathyrus L., is placed in the tribes
of Vicieae, Fabaceae (Papilionideae subfamily). Kupicha (1983) lists 152 species in the
Lathyrus genus (Fabaceae) which is distributed from the sub-arctic to the sub-tropics. It
shows a broad diffusion throughout the world (Alkin et al., 1986). Some species of this
genus are very important in terms of economy and agriculture throughout the world and
also in Turkey. It is distributed in the whole region of Turkey particularly in the east and
southeast Anatolia and is represented by 67 —70 taxa with 8 section in Flora of Turkey
(Davis, 1970, 1988).

Some species of family Fabaceae (Leguminosae) are a source of cheap protein for
both humans and animals (Tewatia & Virk, 1996). The pulses are also important as
potential sources of natural tocopherols, tocotrienols and fatty acid composition all over
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the world (Krishna et al., 1997; Bagc1 et al, 2003). It has been demonstrated in recent
studies that Lathyrus sativus and L. cicera have considerable potential as grain legume
crops on fine textured, soil types in southern Australian Mediterranean—type
environments (Hanbury et al., 2000). There are also some taxonomic problems on this
genus. L. cicera resembles L. stenophyllus in their narrowly linear leaflets, it can be
referred to L. cicera due to some of their morphologic properties (Davis, 1970).

The content and composition of fatty acids of seed lipids can serve as taxonomic
markers in higher plants (Shorland, 1963; Harborne & Turner, 1984; Hegnauer, 1989;
Aitzetmuller, 1993; Aitzetmuller & Tesevegsuren, 1994; Bagci et al., 2003). Unsaturated
acids based on C16 and C18 are widespread in both leaf and seed oils and a number of
rarer fatty acids are found as lipid components, many occuring characteristically in seed
oils of just a few related plants (Harborne & Turner, 1984). On the other hand, seed oils
with a substantial amount of very long chain of FA have attracted attention because of
their value for industrial purposes (Bauman et al., 1988). Furthermore these compounds
can be of chemotaxonomic significance (Spitzer et al., 1990).

Seed oils of plants of Leguminosae were investigated and it has attracted interest of
researchers (Kleiman, 1988; Chowdury ef al., 1984, Chowdury & Banerjii, 1995; Ferlay
et al., 1993; Ucciani et al., 1994; Muraliharudu & Nagaraj, 1995; Bagc1 & Vural, 2001;
Bagci et al., 2003). But, very scant information is available on the lipid composition of
this genus particularly in Turkey (Senatore & Basso, 1994; Grela et al., 1999, 2001).

In order to extend our knowledge of the FA composition of the Lathyrus (Fabaceae)
seed oils, it was considered desirable to investigate more members of the genus and
family with modern analytical methods. In this study, some selected samples from
different sections viz., Cicercula (Medic.) Gren. & Godr., Orobastrum (Taub.) Boiss.,
Pratensis Bassler, Platystylis (Sweet) Bassler, Lathyrus and Pratensis were analysed for
seed oil fatty acid. We aimed to indicate the fatty acid composition and chemical
relationships among this taxa in relation to chemotaxonomy. It is reported that, especially
in the interspesific hybridization studies in the genus Lathyrus are essential for clarifying
the genetic relationships among species of this important genus (Yamamoto, 1984). The
results are also important in point of renewable resources and systematic relationships in
interspesific and infrasectional classification of Lathyrus sp.

Materials and Methods

Plant materials: Seed specimens were obtained from natural habitats of different regions
of Turkey (Table 1).

Oil extraction and preparation of fatty acid methyl esters (FAME): Impurities were
removed from the seeds and the cleaned seeds (5 g) were ground using a ball mill into
powder. Lipids were extracted with heptane (Merck) in a straight through extractor 0.1 pl
of sodium methanolate solution was added. After seeing the phase separation, aqueous
layer was removed and added HCI (100 pl) containing methyl orange and centrifuged
(Anon., 1989).

Capillary GLC: Fatty acid methyl ester composition was determined on gas
chromatographs, UNICAM — 610 GC. BPX- 70, (15 m x 0.32 mm.,) carrier gas; N,
ml/min- 2.5, 1: 40 split ratio, oven temp.: 3 min isothermal at 80 °C, then 80 to 185 °C at
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Table 1. Accessions provenance and field knowledge details of Lathyrus sp.

Species Region Locality Altitude
Lathyrus saxatilis Vis. Mersin ~ Silifke, Narlikuyu beach edge. 10 m.
(Vent).
L. vinealis Boiss. & Noe. Elaz1g Hazar lake, Forest seedling 1250m.
field.
L. sphaericus Retz. Burdur Salda Lake, Forest camp 1150m
L. inconspicuus L. Elaz1g F.U. Campus 1020 m.
L. setifolius L. Isparta Senirkantkapi Mountain edge 940 m.
L. tuberosus L. Konya Beysehir Golyaka, 1200 m.
L. pratensis L. Isparta Aksu Yenisarbademli 1800 m.
L. digitatus (Bieb). Fiori ~ Burdur Salda 1200 m.
L. roseus Stev. Konya Hadim 1300 m.
L cicera L. Elazig Sivrice village entrance 1225 m.
L. annuus L. Elaz1g Ieme village 1040 m
I. gorgoni Parl. var. Antalya Prison around. 40 m.
gorgoni Fenzl.
L sativus L. Antalya Korkuteli, Avdan Village 1000 m.
L. stenophyllus Boiss. &  Isparta Aksu, Yeniserbademli Road 1600 m.
Hedr.
Lathyrus hirsutus L. Isparta Egirdir, Balkir1 Village 910 m.
L. chloranthus Boiss. Isparta Sarkikaraagac, 1230 m.

5 °C/min, then 185°C to 220°C at 3°C/min. Peak identification was achieved by
comparison of relative retention times with those obtained from test mixtures of known
composition on columns and representative studies in other GC conditions. All
determinations were performed in duplicate and the mean values were reported.

Results and Discussion

Fatty acids of seed oils of some Lathyrus taxa belonging to different sections
(Pratensis, Platystylis, Lathyrus, Orobon, Orobastrum, Cicercula) from Turkey were
determined. Sixteen species of Lathyrus genus comprising a representative sampling of
these group were examined for fatty acid composition (Table 2). Studied Lathyrus taxa
belonging to different sections showed similar fatty acid composition, with few
exceptions. Wolff & Kwolek (1971) compared available data on fatty acid composition in
Leguminosae. They reported that the most satisfying results, chemotaxonomically, would
have been to find chemical compositions unique to particular morphologically
determined taxa below and above the generic level. For this reason to obtain chemical
and for some phylogenetical relationships, Lathyrus a large genus of Fabaceae in Turkey
was selected.

From saturated acid components of the seed oils; palmitic acid (16:0) was found
abundant. These results were supported by other studies (Bagc1 & Vural, 2001; Bage1 et
al., 2003). It ranged between 11.39 and 17.64% (L. inconspicuous and L. pratensis)
except for L. roseus. It was the highest in L. pratensis (17.64 %) and L. sphaericus
(17.55%). This fatty acid is very constant lipid constituent in the studied Lathyrus sp.,



EYUP BAGCI & AHMET SAHIN

406

ECTF888S 0T F8ECT  ITOF06'T  TOOOFTO0 - [LOF9I'ST  SO0FLY0 snso4aqny 7 sHAdyn g
96’07 6TTL ST F6E01  +90789C - CO0FFTO  ITLTE98  L00TFHED snasoa u0qo.LQ)
CCOFI609  SFIFISL  6E0FE0Y 010 TO0F8TO  96°0F+9LL  SI0FELO sisuaad 7 SISUB D]
CSCTFPS9F  STIFSTLL €S0 F6LC  POOOF900 1000+T00 STIFLIOL 800 FSS0 smopsp 7 SHGsaig
LFOF  FFOFC06 090 F1TS - 00F100  ETFFLFL 1T0OFI1L syupxDS ]
COOFEI09  6LOFFE6  FOTFERS 600 - TF091 LTOFILO snijoflias
SITF06TS 860FS0S  60FICY - - €6'0FSSLT 80881 snolapds 7 SRIIG0I0)
[OCF LIS SLOFOL6L  8TOFOTT  SO00FH00 - FITF 61T €E0FITS snnopdsuoour
SOOFETS  FTLFEEL 9T0F99°C  TOOOFEO0  FOOFETO  $TFEOFL CO0TFELO SHDAUIA ]
9L C F '8t C0F698 60°0FT6°1 FLO0D - L= CeLl SL0F91°1 SHfRUDAOLYD ]
FCLF0PF SLOFSHL  1TTFST6 €0°0 8000 FILO PTOFFLSL  SLTFHL9 43313 7]
CLTT88SE 8107061  €TIF8F9 FLO0  SO0DFRO0  TELFOFI ITOFECT  O3.103 IBA 105405 ]
FTFFst SLOFH]11 980 T8¢t ) =+ 6l - 9C’ L = ¢Frl CCOFo66t smnsay -y
DIH2.4221)
6LEFLERS  89°0FL06  SKFOFLYS  PIOFE00 - [60F95ST  6T0FL6' snjjiydouays 7
LIT68  WITI60L +6STH6'S  +OOOFFOD TOOOFIO0 6I'1F90CTL  1€0TFISE SHAUDS ]
SHFOFR9F  STIFF6I  1H0FH6'S -- L0F 0] 61078171 SRAUUD SHACID]
6y
781 6V I8l 0:81 0:L1 LV 9] 0:91 0:F1 BXE |, uondIg

sjmuodwo’)y pray ANey

spuepg

DD woay o/, - eaae ead aae umoys vyeq ds snadyp ysopan g dwos jo uonisodwod proe Apey 7 aqeL



407

proe .hﬁ:m— pajeanjesun B0 = V1L
‘proe m:_u._ pajednies [ejo], VASL

POl FL6OL L0 FIS0T 1070 F€H0 - LOOFS60  PIO=PTO  TLOFILY snso4aqn) 7 sty
SI'LFHL98 01 79T - - 00+ +TT PO00F 900 6£0F 90t snasod u0qo1Q)
IWWTFLTPL  PLIF9PT 0005 T00 F00'0F800  SI'0FT0T  SOOFHED  6L0OFLLS sisuaad T SISUIDA]
SLT=S99L  107T=90°TC €000 900 - €000=TP0  SIO=10TT  SLT=98°Tl smopdip 7 SISy
1ITT+S09S 9T +T6'ST P00+ 8LO - 8000 F9€°0  SODFTLO 801 F 099 SHUDXDS
LIFE€9L  LTLF66TT 000 600 - €000 810 900°0F 600  T0'1F 189 snijofisas 1
S6'0FTLLY POT=PERT 80070+ STO - S000 =800 100970  $8°0F6L6 SOITYIS T e emaveg
I'EF9P9L 160 795761 - 100°0 F€0°0 100 TL'0 - S90F0°S snopdsuoouy
TPFISLL SI'TFISIT - - 8000 7 6+°0 - SOL 911 sipauta
CTFYEL STLF9KTT t00F19°0 COOFELO  SOOFE0  IHTF I SAYIID.A0JYD"]
PRI F6LS  160% TTE - - 90°0F $6'0 1000600 160F SH9 42010 ]
LOEFHPL  S61FT6TT €000 200 - STOFLO' - STIFIS6 103408 “tvA 103108 ]
61 F8I'0L  FTF9CT  IL0FSHO - LOOF9T0  F6OFI10'T  T6'1F0L6 smnsany
DI
0EF9IVL  LVEFLSWT - - 800760 610FTH0 190+ 799 snjjdydouaisy
0TTFLSVL €LOF607TT - - LOOFHF0 K0 F01'0  +6°07F 9Lt SnAUDS ]
COTFCOL  SLIFSTTT  600FLTO - POOFTLO 1007 L00 snnuup Snidifing
VAL VASL 02 1:7T 0:7T 0:07 exe | TIEER
spuauodwoy pray Ane STHE

FATTY ACID PATTERNS OF SEED OILS OF LATHYRUS SPP.

(*puo)) Zaqel,



408 EYUP BAGCI & AHMET SAHIN

and also in most of the Leguminous genera seed oil (Bagc1 ef al., 2003). 16:1 and 17:0
(margaric acid) fatty acids were not detected or were in very small amounts (Table 2).
Stearic acid as second major saturated FA was found between 1.92 and 9.25 % in L.
chloranthus and L. cicera, respectively. Cicercula section showed close relationships in
this fatty acid and also Cicercula and Orobastrum sections members showed similar
stearic acid composition.

In the studied Lathyrus species, linoleic, oleic and linolenic acids were the main
USFA components. Seed oil analysis showed that unsaturated fatty acids comprised most
of the oil. Oleic acid (18:1) was found very variable in the Lathyrus taxa particularly in
infrasectional level. L. inconspicuous (19.7%), L. annuus (19.4%) and L. gorgoni var.
gorgoni (19.0%) have the highest oleic acid (18:1) composition. L. sphaericus showed
the lowest oleic acid composition (Table 2). Linoleic acid was the predominant
component of seed oils of this genus. This unsaturated fatty acid (USFA) was highest in
L. roseus (72.29%), L. pratensis (60.91%) and in L. setifolius (60.15%). The range of this
FA in studied Lathyrus patterns was between 40.4 and 72.29 %. Linoleic acid comprised
more of the half of the oils. But some members of the Cicercula section were below this
concentration like L. cicera, L. chloranthus and some others (Table 2). This is also
reported for L. odoratus (45.12%) (Chowdurry et al., 1984), L. laxiflorus subsp.
laxiflorus (36.6%) and in L. inconspicuous (36.9%) Bagci et al., (in press). In the
Orobastrum and other section members of this genus showed high level of this
component at above 50% of oil. This is also reported for L. davidii Hancl. (Gorjaev &
Evdakova, 1977). The high content of this fatty acid is an important characteristic of the
Fabaceae and its subfamilies, Mimosoideae, Caesalpinioideae and Lotoideae.

A number of studies suggest that the unsaturated fatty acid component of
Leguminosae seed oils resemble each other and oleic and linoleic acid were the main
components in seed oil (Kwieicinska & Matyka, 1986; Daulatabad et al., 1987). Some
groups of Fabaceae do not show these series, sometimes this grouping might be different
in some genera (Table 2). Oleic and linoleic acid are the principal component acids with
(about 65% of the total fatty acids). Percentages of these two acids are inversely
correlated —some of the legume oils are rich in linoleic whereas in others oleic acid is in
larger amount (Wolff & Kwolek, 1971).

Linolenic acid was also detected in the seed oil of Lathyrus sp., but it was in very
low level in all of the patterns when compared with the linoleic and oleic acid. Its
amount was found between 4.06% and 16.3 % in L. roseus and L. chloranthus. L. roseus
(4.06%), L. tuberosus (4.71%) and L. sativus (4.76%) showed the lowest level of this FA.
For edible purposes an oil should have a minimal amount of linolenic acid since it is
commonly thought to be the prime constituent responsible for reversion to undesirable
flavours in stored oils and in food products containing vegetable oils (Wolff & Kwolek,
1971).

Poly- saturated and unsaturated (PUFA) fatty acid components were found in very
low amount in the Lathyrus seed oil. This is also characteristics of the most Fabaceae
genera (Hemavathy & Prabhakar, 1989; Bagc1 et al., in press). However L. hirsutus and
L. digitatus (1.01%) showed more than 1% amount of the 20:0 (Arachidic acid) in the
studied seed oil. Behenic acid (22:0) was also detected in L. gorgoni var. gorgoni, L.
digitatus and L. roseus at more than 1%. Other polyunsaturated FA components were
found not more than 1 %. In some country like Japan, PUFA intake is not only from fish
and shellfish but also from edible vegetable oils, exclusively rapeseed and soybean oils
(Sugano & Hirahara, 2000). The polyunsaturated fatty acids 18:2 and 18:3, are
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commonly found in seed oils, and they play a role in the initial oxidative processes
whereby fatty acids are converted to carbohydrates, because of their ease of peroxidation
(Holman, 1948). In Fabaceae 18:2 linoleic acid was predominant FA in Lathyrus sp. On
the other hand linolenic acid was found in general lower than 10 % in most of the
Lathyrus sp., except L. annuus, L. chloranthus, L. vinealis and L. digitatus. This is also in
most of the legume seed oil. According to Wolff & Kwolek, (1971), lower than 10 %
linolenic acid was determined in only Mimosoideae and Caeselpinoideae subfamily
genera patterns. This high content of linolenic acid more than 10 % was found in some
genera from Lotoideae like Lupinus, Phaseolus, Vigna and Medicago.

Total saturated fatty acids (TSFA) of studied Lathyrus sp., were found between 12.6
and 32.2%. TSFA content were not more variable among Lathyrus sections and species.
But there are some extreme Lathyrus patterns like L. roseus and L. cicera (Table 2). Its
amount was between 57.9 — 86.74 %. Total unsaturated FA composition (TUFA) of
Lathyrus species also did not show more sectional differences. Similarly L. cicera, L.
saxatilis and L. roseus showed some differences from the others. Other Lathyrus species
were found very closely related with each other. Thus, as far as unsaturated fatty acid
content is concerned, the present study is supported by previous reports (Sengupta &
Basu, 1978; Tharib & Veitch, 1983; Hamberg & Fahlstadius, 1992; Bagci et al., in press),
which suggested that the unsaturated FA contents of Lathyrus and other legume seed oils
closely resemble each other and the abundant components are the linoleic — palmitic and /
or oleic acids type FA. The results obtained from GC analysis showed that these triplet
fatty acid components were abundant in Lathyrus sp., examined and their sections. But
inter and intrasectional studies on this genus patterns needs detailed studies.

L. roseus (Section Orobon) was found different from the others. This is also reported
in the sectional classification of Lathyrus. Section Orobon is monotypic (Davis, 1970).
These results were confirmed with FA analysis. On the other hand, L. sativus and L.
cicera were found very different in the studied Lathyrus species, in particular myristic
(14:0) and oleic acid (18:1) in Cicercula section. These two Lathyrus sp., are reported as
more complex taxa in Flora of Turkey. Jachson & Yunus (1984) studied the morphologic
variation of Lathyrus sativus and found that L. sativus had high similarity between L.
cicera and L. gorgoni. Chemical results obtained from this study were supported by these
findings partly. It would suggest that the systematic position of Lathyrus saxatilis Vent. is
doubtful. It was found different from the other members of Orobastrum section in terms
of fatty acids. This species was also distinguished from Orobastrum section and included
in a monotypic section “Viciopsis” by Kupicha (1983). In the karyotype analysis of L.
saxatilis, L. vinealis, L. inconspicuus and L. setifolius (Sahin & Altan, 1990),
chromosome number of these species were found as same 2n=14, but some karyologic
differences were found. L. saxatilis was different in terms of three subterminal
chromosomes from other Lathyrus species. In the description of Cicercula section, it is
reported that it was a rather diverse group. Dogan et al., (1992) divided Lathyrus genus
into Orobus and Lathyrus subgenus. Then they reduced the section number of Lathyrus
from 10 to 9. The fatty acid analysis of Lathyrus sp., studied have given important clues
in sectional classification of Lathyrus genus (Table 2).

Fatty acid results showed that Lathyrus species contains linoleic — palmitic and oleic
type FA patterns. Since the FA patterns of Lathyrus (Papilionideae) seed oils showed a
remarkable uniformity in terms of their high content of the linoleic and palmitic acids. It
is proposed that this can be of chemotaxonomical interest and their quantity may indicate
closer or more distant relationships between the considered members of the genus. Our
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results on Lathyrus sp., seed fatty acids are in good agreement with some reports of Bagci
et al., (2001, in press). The major unsaturated acids in ten members (Adenanthera
paronina, Tetrapleura tetraptera, Cassia nodosa etc.) of the Leguminosae, seed oils were
oleic and linoleic acids, both comprising an average of 68.4% of the component acids
(Balogun & Fetuga, 1985). Some genera from subfamilies Mimosoideae, Lotoideae and
Caesalpinoideae showed same type of main fatty acid (Balogun & Fetuga, 1985). But
some differences particularly relative contents of linoleic, oleic — palmitic and linolenic
acid were observed (Akpar et al., 2001; Bagc1 et al., 2001; Azcan et al., 2001).
Tsevegsuren et al., (1998) reported that Leguminosae seeds contained two groups of seed
oil fatty acid profiles which are rich in linoleic acid (Ammopipthantus, Trifolium,
Thermopsis) or rich in linolenic acids (Oxytropis). The seeds from 3 plant species
belonging to Crotalaria was analysed by Chowdury & Banerjii (1995), for fat and fatty
acids where all the seed fats resembled the simple linoleic-oleic-palmitic type.

There is some evidence that the rarer fatty acids, like non protein amino acids, may
be harmful to animal eating the seeds. Erucic acid (22:1), a characteristic acid of the
Cruciferae, has been described as having toxic effects in mammals if ingested in
sufficient amounts (Harborne & Turner, 1984). It was not determined in this and
previously studied Lathyrus seed oils (Bagci et al, 2001, in press).

Studies on the distribution of fatty acids of seed oils have been driven by economic
and taxonomic interests. Some relatively recent examples are the interest raised by the
finding of the distribution of FA in seed oils of Cuphea (Lyrthaceae) and some other
genera from different families (Saturejoidae, Ajugoidae, Boraginaceae, Cannabaceae and
Scutellarioideae (Marin et al., 1991; Velasco & Goffman, 1999; Bagci ef al., 2003).
These have been shown to be of valuable taxonomic character at the infrageneric level
(Graham et al., 1981 a,b.; Wolf et al., 1983; Graham & Kleiman, 1987; Knapp et al.,
1991; Bagc1 & Vural, 2001). Their existence has renewed on interest in the further
development of this species as a pulse crop. It is possible to say that fatty acid
composition of Lathyrus species had given some clues on the chemotaxonomic
relationships of Lathyrus, but it is necessary to enlarge the study with all of the genera
and family patterns. The number of species sampled here was very small to draw definite
taxonomic conclusions. Our study on the family is currently being carried out. However
recent studies (Bagci er al., 2001; Bagci er al., in press) revealed that some
underexploited leguminous seed crops contain appreciable amounts of oil which could
warrant their screening for increased edible oil production in Turkey. In particular this
genera patterns from Leguminous plants are very important as the food for animals. Oils
rich in oleic and linoleic acids, according to Bailey (1951), are the most adaptable of all
oils and are excellent edible oils. These species might have potential as a new oilseed
crop for the food industry if growth and yield behavior can be improved.
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