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Abstract: Lathyrus species including L. ochrus and L. sativus are known for their food, feed and
horticultural uses. Despite their widespread uses and cultivation, there is limited information on their
chemistry. Previously, only the essential oil composition of L. rotundifolius, L. vernus and volatiles of L.
odoratus have been reported. In the present research, volatiles of seven Lathyrus L. species, namely, L.
aphaca, L. ochrus, L. cicera, L. sativus, L. gorgonei, L. saxatilis and L. blepharicarpos var. cyprius were
analyzed by SPME GC-MS for the first time. Plant materials were collected from five different locations in
Cyprus (February-March 2012). The main components of L. aphaca volatiles from four locations were
yomogi alcohol 26.1-16.5%, camphor 21.6-10.1%, tetradecane 14.3-0%; L. cicera from five locations were
yomogi alcohol 20.3-3.0%, camphor 18.7-2.0%; L. gorgonei from two locations were yomogi alcohol 24.5-
13.1%, camphor 17.1-9.0% and L. sativus was yomogi alcohol 11.4%, camphor 9.0%. Yomogi alcohol was
not present as the major compound in L. ochrus (2-methyl butanoic acid 7.2%), L. saxatilis (hexanal 7.7%)
and L. blepharicarpos var. cyprius ((£)-3-hexenal 8.6%) volatiles. The volatiles of the Lathyrus species were
also compared with each other quantitative and qualitatively using AHC analysis to find out differences
among the species. The irregular monoterpene yomogi alcohol is reported from the Lathyrus and the
Leguminosae family for the first time. The existence of yomogi alcohol in Lathyrus volatiles points out that
the irregular monoterpenes are not restricted solely to Asteraceae family.
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1 Introduction L. ochrus L.(Aerial parts oil phytol 49.39% and hexadeca-

Lathyrus L. species of Fabaceae are well known with
their food, livestock feed and horticultural uses as well as
for the notorious “Lathyrism” illness caused by the over
consumption of the Lathyrus species that contains the
special amino acid of this genus “oxally di amino propionic
acid” . This genus is represented with nine species in
Cyprus. Lathyrus ochrus(L.)DC.(Luvana)and L. sativus
L. are cultivated for edible and livestock feed uses® . Previ-
ously there are only a couple of investigations on the vola-
tiles or essential oil composition of the Lathyrus species.
These include essential oil composition of L. rotundifolius
Willd. (Germacrene D 50.4%; germacrene B 18.7%;
y-elemene 9.5%), L. vernus L.(Flower and stem oils re-
spectively palmitic acid 34.2 - 35.3%, 1-octen-3-ol 49.8% ),

noic acid 20.64% ) and volatile composition of three differ-
ent cultivars of L. odoratus ((E)-B-ocimene 46.5-22.9%,
linalool 26.2-16.6%, nerol 10.1-3.3%, (Z)-B-ocimene 7.3-
2.3%, geraniol 6.5-4.5%)° %, Non-volatile secondary me-
tabolites reported from Lathyrus species include new fla-
vonoids, flavonols, chalcones, pterocarpans, saponins as
well as known sterols” . Additionally new primary me-
tabolites were also reported from Lathyrus species that
include amino acids a-N-oxalyl-L-a, f-diaminopropionic
acid (@-ODAP), B-N-oxalyl-L-a, B-diaminopropionic acid
(B-ODAP) and carbohydrate L-bornesitol'™ " .

Previously, very little information related to the volatile
composition of the Lathyrus species existed in the litera-
ture and no report was present on L. ochrus and L.
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sativus cultivated as food products. Prior to this study we
have investigated essential oil composition of L. ochrus
which we have reported to have the main components of
the oil as diterpenes and alkanes. However to our surprise
we have not identified any monoterpene and sesquiterpene
type compounds‘r’). Previous reports indicated that essential
oils of other Lathyrus species contained monoterpenes
and sesquiterpenes. In our present study, we attempted to
identify the volatile composition of the Lathyrus species of
Cyprus as a part of our phytochemical composition and bio-
logical activity screening of this genus. Here, we report on
the volatile composition of seven species including L.
aphaca L., L. ochrus(L.)DC., L. cicera L., L. sativus L., L.
gorgonei Parl., L. saxatilis(Vent.)Vis. and L. blephari-
carpos Boiss. var. cyprius Meikle. Volatiles of these
species were obtained by solid phase micro extraction
method and analysed by gas chromatography — mass spec-
trometry. Comparison of the volatile composition of the in-
vestigated Lathyrus species was performed using agglom-
erative hierarchical cluster analysis in order to provide
similarity/dissimilarity of the volatile secondary metabolite
profiles of the mentioned species. To the best of our
knowledge, their chemical compositions are reported for
the first time.

2 Materials and Methods
2.1 Plant Materials

Plant materials were collected during the flowering
period between 11 February — 13 April 2012 from five dif-

ferent locations (Yenicekdy, Kalavac, Kaleburnu, Haspolat,
Giizelyurt) in Cyprus. Voucher specimens have been depos-
ited at the Herbarium in the Near East University, Cyprus.
Plant materials were identified by Dr. Kaan Polatoglu and
Dr. Salih Gucel. The collection dates and locations of the
plant materials used in the research and their voucher
specimen numbers were given in Table 1.

2.2 Isolation of the Volatiles

Aerial parts of the fresh plant material (0.5 g)were
placed in a 10 mL vial and sealed with parafilm. Headspace
solid phase micro extraction (Headspace SPME)was used
for the isolation of the volatiles. A manual SPME injector
(Supelco, Ballafonte, PA, USA)that have a fibre coated
with a layer of polydimethylsiloxane/divinylbenzene (65 pm
- PDMS/DVB-blue) was used for the adsorption of the vola-
tiles. Prior to the analysis of adsorbed volatiles on the fiber
a blank run was initiated with the fiber to make sure it does
not contain any contamination. After the blank run the
fiber was inserted into the vial through the parafilm and
exposed to the plant volatiles for 15 min at 50C. The
SPME injector than inserted immediately to the injection
port manually for desorption of the plant volatiles for GC/
MS analysis.

2.3 Analysis of the Volatiles

The volatiles were analyzed by GC-MS using a Hewlett
Packard GCD system. An HP-Innowax FSC column (60 m X
0.25 mm, 0.25 um film thickness)and helium as carrier gas
(0.8 mL/min). The oven temperature was programmed to
60T for 10 min and raised to 220C at a rate of 4T /min.

Table 1 Collection locations and voucher specimen numbers of the plant materials used in the research.
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Plant Species Collection Location Collection Date  Altitude  Herbarium No.
Lathyrus aphaca Yenicekdy 11.02.2012 79 m 6795
Kalavag 19.02.2012 179 m 6798
Karpaz — Kaleburnu Kéyii Location I 17.03.2012 24 m 6810
Karpaz — Kaleburnu Koyt Location 11 17.03.2012 8l m 6814
Lathyrus blepharicarpus var. cyprius Karpaz — Kaleburnu Koyt Location I 09.03.2012 24 m 6808
Lathyrus cicera Haspolat — Location I 25.02.2012 267 m 6800
Haspolat — Location II 04.03.2012 267 m 6802
Kalavag 04.03.2012 179 m 6804
Karpaz — Kaleburnu Koyt Location I 09.03.2012 24 m 6807
Karpaz — Kaleburnu Kéyii Location 11 17.03.2012 81 m 6811
Lathyrus gorgonei Haspolat — Location I 25.02.2012 267 m 6799
Karpaz — Kaleburnu Kéyii Location I 09.03.2012 24 m 6806
Karpaz — Kaleburnu Koyii Location [ 17.03.2012 24 m 6809
Lathyrus ochrus Giizelyurt 18.03.2012 - 6772
Lathyrus sativus Karpaz — Kaleburnu Koyii Location I1 13.04.2012 81 m 6817
Lathyrus saxatalis Karpaz — Kaleburnu Koyt Location 11 17.03.2012 8l m 6813
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The temperature kept constant at 220C for 10 min and
then raised to 240C at a rate of 1°C/min. The injector tem-
perature was set at 250C. Splitless injection mode was
employed. Mass spectra were recorded at 70 eV with the
mass range m/z 35 to 450. The relative percentage of the
components of the volatiles were calculated from the inte-
gration of the peaks obtained from GC-MS analysis. The
results of the analysis are given in Table 2.

2.4 Identification of the Components

Identification of the essential oil and volatile components
was carried out by comparison of their relative retention
times with those of authentic samples or by comparison of
their relative retention index (RRI)to series of n-alkanes.
Computer matching against commercial (Wiley GC/MS
Library, MassFinder 3 Library) '™ '¥, and in-house “Baser
Library of Essential Oil Constituents” built up by genuine
compounds and components of known oils, as well as MS
literature data" was used for the identification.

2.5 Agglomerative Hierarchical Cluster Analysis

Volatile composition data of L. odoratus” reported in
the literature and the present work was used in the ag-
glomerative hierarchical cluster (AHC) analysis. The data
set was prepared based on the qualitative and quantitative
properties of the volatiles reported in the literature and
from the Headspace SPME GC/MS analysis performed in
this research. AHC analysis was performed using XLSTAT
—2014.5.01 program trial version (Addinsoft, New York-U.
S.A.). AHC analysis was done using Pearson's dissimilarity
method and unweighed pair-group average as aggregation
criterion. Dendrogram was obtained showing dissimilarity
of the analyzed oils within the range 0-1. The dendrogram
obtained from the AHC analysis was given in Fig. 1.

3 Results and Discussion

Seven Lathyrus species of Cyprus obtained from six dif-
ferent locations were investigated for their volatile compo-
sition by SPME/GC-MS. The identified portion of the inves-
tigated Lathyrus volatiles ranged between 84.4 — 38.3%
(mean 67.2% for 16 analysis). The main reason for the low
percentage of identified parts of the volatiles is due to the
unknown main component that occurs nearly in all of the
Lathyrus volatiles except for the L. gorgonei sample
(6809). The relative percentage of this unidentified com-
pound ranged between 14.8 - 2.3%.

Previously, essential oil composition of L. rotundifolius,
L. vernus and the volatile composition of L. odoratus cul-
tivars were investigated. The reported essential oils were
predominated either by sesquiterpenes or by higher
alkanes and the volatiles of L. odoratus cultivars contained
acyclic monoterpenes™ * 9 In our analysis we expectected

to observe a similar volatile profile as explained by these
reports. However high composition of irregular monoter-
pene yomogi alcohol and cyclic monoterpene camphor was
present in most of the volatiles. Volatile composition of
Lathyrus aphaca from four different locations produced
three different groups that were separated from each other
at 0.28 dissimilarity level in AHC analysis. According to the
volatile analysis of L. aphaca samples from Karpaz I
location (6810 - 24 m)and Kalavac location (6798 — 179 m)
were clustered in one group. The plant samples (6810,
6798)in this group contain yomogi alcohol (26.1% and
16.5%), camphor(21.6% and 12.4%), 2-butoxy ethanol
(6.0% and 5.5%), (Z)-3-hexenal(8.6% and absent)and
dihydromyrcenol (absent and 5.1% )respectively. These
samples were clustered in a group that is described with a
dissimilarity level smaller than 0.1 where dissimilarity
ranged 0-1. The second and the third groups were the
samples from Karpaz II location (6814 — 81 m)and from
Yenicekdy location (6795 — 79 m) separated from each other
at 0.28 dissimilarity level. These samples contain tetradec-
ane(14.3% and 4.0%), camphor(10.1% and absent),
hexanal (absent and 7.7%), (Z)-3-hexenal (absent and
7.2%)and dihydromyrcenol (absent and 6.7%) for the
samples 6795 and 6814. Volatile composition of L. cicera
samples from Haspolat location (6800, 25.Feb.12 - 267 m
and 6802, 04.Mar.2012 - 267 m), Kalavac location (6804
-179 m), Karpaz I location (6807 - 24 m)and Karpaz II
location (6811 — 81 m)were clustered in three different
groups which were separated from each other at a
minimum 0.31 dissimilarity level in AHC analysis. The first
group contains the samples from Karpaz I1(6807), Karpaz IT
(6811)and Haspolat (6802)locations. The volatiles of this
group contained yomogi alcohol (15.4%, 11.4%, 20.3%),
camphor (11.3%, 6.5%, 18.7%), 2-butoxy ethanol (5.8%,
1.4%, 10.7%), 1-pentanol(0.7%, 7.6%, absent), (Z)-3-
hexenal (2.8%, 8.5%, absent)and hexanal (2.3%, 10.1%,
absent)for the samples 6807, 6811 and 6802 respectively.
The samples of this group are separated from each other
with the maximum of 0.13 dissimilarity level. The L. cicera
samples from the other two locations Kalavac (6804)and
Haspolat (6800) are separated from each other and from
the rest of the other samples with a minimum of 0.31 dis-
similarity level. Volatiles of the second and third group
contains carvone (16.5%, absent), p-cymene (9.8%),
absent), yomogi alcohol(6.7%, 3.0%), (Z)-3-hexenal
(4.0%, 4.2%)and tetradecane (absent, 3.0% ) for the
samples 6804 and 6800 respectively. Three L. gorgonet
samples were collected from two different locations includ-
ing Haspolat (6799 — 267m) and Karpaz 1(6806, 09.Mar.12 —
24m; 6809, 17.Mar.12 — 24m). All of the L. gorgonei
samples were clustered in the same group with 0.13
highest dissimilarity level. Volatiles of the L. gorgonei
samples contain yomogi alcohol(13.1%, 19.1%, 24.5%),
camphor(9.0%, 14.0%, 17.1%), (Z)-3-hexenal (7.7%,

243

J. Oleo Sci. 65, (3) 241-249 (2016)



K. Polatoglu, S. Arsal and B. Demirci et al.

- ¥l 0¢ (43 6’1 ¥l ¥'C 8T 0C - (174 8T ¥'C 0¢ 1'c 60 [eNDOPAD-g | 8€91
_ _ _ _ vt 90 _ _ _ _ _ — — — _ — QUOAIRIOIPAYI-sun.iy | 791
- - - - - - - - 90 - - - - - - - [0-1-URO-T | 1791
_ _ _ _ _ — — — — — — S0 — — _ - 9)e)o0e [AUI0QOST | 09T
— — — — — — — @O ?O — — — — — — — OCOCNUQGNKQI :u@—
89 34 €6 6°L 134 9's VI 6'S 9 9°¢ €Tl 0°6 €01 9 - €T Jdusmowyun | [091
- - - - - - - - - - 91 - - L0 L0 - QUEBIIPEXAH | 0091
- L0 L0 - - - - S0 01 - - - - - L0 - suotoydosy-o | 0091
- - L0 - - - I'1 01 - - S0 80 - - - - auoxoydosy | 0091
- 90 - - - L0 - S0 0 - - - - - L0 - ojejooe [Autog | 1651
_ 1 — — _ €1 —_ — — — — — — — S0 — 911208 [AUSIUBSAIYD)-510 | 78ST
60 - L0 L0 60 - - S0 €0 - - S0 - - - - QUO-Z-URIPEIO-S'E (7°7) | €LSI
S0 - L0 L0 L0 - - - S0 - 10 S0 S0 L0 90 - [ouepQ | 7961
L1 €1 L1 9°¢ 0¢ 9T - |4 €1 - - 0¢ 0t I'c ¥l - [oofeury | €6S1
91 'l L1 €T 9T Tl 9'¢ (14 ¥l I'1 L0 8’1 0C [ [ 91 opAysplezudg | S
06 L'81 0¢C <9 134 €1 - - - 91T o1 - var 06 T'LT 0vI Joydwe) | €S|
- - 0¢C - - - 8’1 143 0¢ - - 9T - - - - QUO-Z-UBIPEO-S°E | 0TS
- 6T - - - - - - - - - -0 - - 80 - [0YOJ[e BISIWAMY | QST
'l Tl 7l Tl 80 S0 - Tl - - - 7l L0 - Tl - revatperdoy-4°z (7°7) | L0ST
- - - - - - - - - - 8’1 - - - - - [eueddq | 90ST1
- - - - - - - 0 - - 01 - - - - - duedIpEIUR] | 00ST
9l 0C 'l (! 01 91 70 90 60 - Sl L0 'l 91 6’1 Sl Jouexay [APF-Z | 96¢1
- - - - - - - €0 - - - $0 - - - - [euoipeidoH-°7 (') | 6LY1
[ €T [ - 3 6'C - (3 60 - - L9 I's - €T - [OURIAWOIPAYIT | €LY1
- - - ¥l 80 6'C €T 80 (44 - - €1 - L't Sl 60 [0-¢-UdO-T | TSP
VI €07 0¢ 1L L9 st - - 6°S 19T - - 91 Tl ST 6l [0409[ 10WOX | €0p1
- - 0¢ - - - - V'S - - (541 oY - - - - Quedopen_], | 00¥1
6C L01 - LA - 8¢ - - - 09 134 - s's 08 9Y 6'¢ [oueyio Axomg-z | S6€1
(44 s€ L0 0'¢ vl Tl 4! (44 €1 - - Tt 01 Tl - Tl [0-[-UXoH-¢-(7) | 16€1
€8 Tl €1 (34 9T 91 ST 0C |4 94 e 8¢ L't T Pl S0 [OUBXdH-T | 09¢1
€T L1 - [ - 80 - €1 ¥l - Sl [ Sl 1'c - - 2u0-z-uddoy-G-[AYIBIN-9 | 8pET
— — — — — — — — — — — — — S5 — — QUOUBXAYO[IA[APIOWLI] -9‘7T | 8TEI
_ _ _ _ 86 7T _ _ _ _ _ - - — — — Quowk)-d | (0871
3 - - 9L - L0 L1 - - 01 - - - - - - [ouejudd-1 | 09C1
89 - (94 '8 0y 8'C - 9 98 98 - L - L'L L9 - [euoXoH-¢-(z) | STTl
- - - - - - - e s - - - - - - - dueddpod | 00Tl
_ _ _ _ _ _ _ — — 01 — — — — — — QUAIAN | PLIT
- - - - - - - - - - - - L'E - - e auedzpun) | O0T1L
6v - - 101 y'e €T 0L L'L - - - L'L - 9°6 8T - [euexoH | €601
- - - - - - - - - 0C - - - - - I't duaLneurjojues | €401
- - - - - - - - - |4 - - - - - 9T aueddd | 0001
- - - - - - - - - 6'1 - - - - - - [euejud 0L6
- - - - - - - - - 0T - - - - - S€ (Teueing [Ayyow-¢) IPAYIP[RISNBAOS] | [€6
- - - - - - - - - 01 - - - - - - Teuenq [APOIN-Z | ST6
L189 089 0089 1189 7089 L089 TLLY €189 8089 0189 S6L9 7189 86L9 66L9 6089 9089 punoduwio) Y

‘sn1d£D Ul SUo1Ed0[ SNOLIBA WOL) P)OI[09 SA10ads s1.4diypT JO S9[1IR]OA 9Y) JO SIsA[eue SIN-DD NS 9dedspeoy 7 d[qeL

244

J. Oleo Sci. 65, (3) 241-249 (2016)



»

I

Unexpected Irregular Monoterpene “Yomogi Alcohol” in the Volatiles of the Lathyrus L. species (Leguminosae) of Cyprus

(09t “(S)€S (LTSS “(9€)8S “(11)69 “(00DTL “(SDH8 “(61)58 “(2$)S6 “(€€)0TT “(S)ETT “(LTISTT (D)+AI9ST :(aur “[o1) z/uwr ‘A2 (L ‘SINIA :] UMOUNU[  *00Bx) i1} |

869 'v8 €8¢ L'SL 808 6'1L 9'LS S09 667 18 S'19 196 8'89 6'9L 8T8 799 1ejoL
£6¢ 99t coc 1454 £0T L'ce (%4 8'¢tY 1's¢ £0¢ 6'7¢ 8¢ 60 STy L'8T 86T SPYWO
_ — — — — - — — — - - - - - - — sauadaa)mbsag pajeuasixQ
_ _ _ — — _ — — — — — - - - - - soudd.19)inbsag
§0¢ 8'LS 1'81 £0¢ L'0S Ly LTI L91 8Pl L'Ly 99T 181 6Ly ¥'se I'vs £9¢ soudd.1)OUOA] PEUdSAXQ
_ _ _ _ 86 7T — — — 5 - - - - - 't souadadjouoy
- - - - - - 144 - - - - - - - - - proe drouedopod | €0ST
n - - 90 I ¥'0 €1 S0 0 - 0C 90 L0 L0 1’0 ¥'0 SPIOIPIUNOROIPAYIT | 08€T
- - - - - - - 7’0 - - - - - - - - apAyopye orureuuo]AXoH | 08€T
L'l - - 90 - S0 01 S0 S0 - €1 ¥'0 81 L0 R 80 apeuowsel oIPAYIPIAPOIN | 80€T
- - - - - - - Lo - - - 0 - - - - apeourdopexay [APSIAYPIIN-1 |  0¥CT
_ _ _ _ LT _ _ _ _ _ _ _ — - — — [010BAIRD) | 6ETT
- - - - - - 6'¢ - €0 - - - - - - - proe dlouetoN | 761T
- - - - - - - - - - - 0 - - - - [ouedopen_y, | 6L1T
- - 0 - - - - - - - L0 - - - — — auoueIny-(H)g-oudprfyuad-g-Apowiq-yc | 6L1T
- - - - - - - S0 - - L0 0 90 - - - Jouedspeiudd-1 | $LIT
_ _ — — — _ 9¢ — L0 — _ _ - - - - proe atouep) | 4807
01 - €0 - - 0 - 90 - - - 90 90 - 80 - eI | TLOT
¥'0 - ¥'0 90 €0 L0 01 S0 ¥'0 - €1 S0 S0 S0 90 - aprxode-9*G-ououo-g-suny | 600T
- - - - - — - - - - - - L0 — — — Quouor-o-[AYRIN-9 | 8861
- 0 - - - - - L0 0 - - €0 - - Lo - jouedopod-1 | €L61
- 0] 80 - - - - - S0 - - - - - L0 0 proe orouexay [APF-7 | $961
¥l L0 LT Sl 01 81 €e ¥'C 91 - 6 91 91 Sl €1 S0 auouol-g-(x7) | 8561
- 60 - 80 - 80 e 60 01 - 60 0] - 80 - 01 [oyoo[e [Azudg | 9681
- - T'T - - - 6’1 - 01 €T - 90 - S0 €1 90 proe orouexay | [L81
90 60 - S0 - - - 90 - - 80 - - S0 ¥'0 - U032 [AuereD (7) | 8981
- 43 - - - - - - - - - - - - - - [oruey | £681
- - - - - - - - - - 80 - - - - - 210euLoPOp [AYI [AYRIN-T | 1+81
- L0 - - - - - - - - - - - - - - [ofpuon) | 7LLI
- - - - - - - 90 ¥l - - €0 - - - €0 oudfeqiydeN | €9/1
- - - - S91 6'¢ 0 - - - - - - - - - QUOAIRD | [GLI
_ _ _ _ _ _ _ _ _ _ _ €0 _ _ _ _ Qejaoe [Azuog | LpL]
_ _ _ _ _ _ — — — _ _ — - S0 — — ouojoe[exoH-4 | 9ZLI
- - - - - - - - - - - - - - L0 - eueddpo( | TTLI
_ _ _ _ 1 T _ _ — _ _ _ _ _ _ _ Joulqes-sun.y | 0ZLI
- ST - - - - - - - - 60 - - - 80 - joautog | 6ILI
- - - - - - 60 - - - 80 90 Lo - - - auo1oydosioxQ-9 | €0LI
61 6T - - 1'c S0 - - - - Sl - 91 - LT 9y PIoe OLID[BAOST | G89
— — — L0 — S0 — — — — — — — — — — [oaATROOULJ-sun.Ly | (L9]
- - - - - - L - - - - - - - - - proe dtoueng [AQPON-7 | 1991
I'T 1 A Il L0 ¥'0 €1 ¥'1 0 - - - 60 8’1 - 90 [euenes | 1991
80 S0 I'T - - - - - - - - - - 60 - - suojoejoring-4 | 1691
_ _ _ _ R — _ — — - - - - - — — QUOAIRD OIPAYIPOS]-s19 | GH9[
L189 2089 0089 1189 089 L089 TLLY €189 8089 0189 S6L9 189 86L9 66L9 6089 9089 punodwo) R

‘panunuo) 7 AqeL

245

J. Oleo Sci. 65, (3) 241-249 (2016)



K. Polatoglu, S. Arsal and B. Demirci et al.

L.sativus - 6817

:
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Fig. 1 Dendrogram obtained from the “Agglomerative Hierarchical Cluster” (AHC) analysis of Lathyrus sp. volatiles

of Cyprus and the previous literature data.

absent, 6.7%)and hexenal(9.6%, absent, 2.8%) for the
samples 6799, 6806 and 6809 respectively. Volatile compo-
sition of L. ochrus(6772)were hexenal 7.0% 2-methyl bu-
tanoic acid 7.2%, dodecanoic acid 4.4%, nonanoic acid
3.9%, octanoic acid 3.6% and benzaldehyde 3.6%. The
volatile of L. ochrus separated from the rest of the samples
with 0.24 minimum dissimilarity. The L. sativus volatile
composition contains yomogi alcohol 11.4%, camphor
9.0%), 1-hexanol 8.3% and (Z)-3-hexenal 6.8% as the main
components. This plant produced a cluster together with L.
cicera sample (6811)at 0.06 dissimilarity level. Both plant
samples contain the same substances with similar amounts.
The volatile composition of L. saxatilis contain hexenal
7.7%, (Z)-3-hexenal 6.4% and tetradecane 5.4% com-
pounds as the main components. L. saxatilis(6813) clus-
tered together with L. aphaca sample (6814)which con-
tains the similar compounds with similar amounts. The
endemic L. blepharicarpos var. cyprius (6808) contains
(Z)-3-hexenal 8.6%, yomogi alcohol 5.9% and dodecane
5.1% main components in its volatiles. The volatiles of this
plant are separated from the closest group with 0.18 dis-
similarity. The agglomerative hierarchical cluster analysis
clearly revealed the similarity and dissimilarity of the
samples of the same species from different locations and
collection dates as well as with the samples of different
species. According to the results there are three different
potential chemotypes of L. aphaca in the analyzed
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samples. These potential chemotypes contain yomogi
alcohol/camphor (6810, 6798); hexenal/(Z)-3-hexenal
(6814)and tetradecane/camphor (6795)main components.
The similar situation is also present for L. cicera that pro-
duced three different potential chemotypes. The potential
chemotypes for L. cicera are yomogi alcohol/camphor
(6811, 6802, 6807); carvone/p-cymene/yomogi alcohol
(6804) and (Z) -3-hexenal/yomogi alcohol/tetradecane/
B-cyclocitral (6800) . The significant differences encoun-
tered for the volatile composition of the L. aphaca and L.
cicera volatiles point out the occurrence of different che-
motypes. The fact that the compounds that creating the
difference in the proposed chemotypes are the compounds
that have different biosynthetic origins and it seems these
compounds are restricted to different locations. However it
should be noted that it seems plausible for certain case dif-
ferences could be related to seasonal variations for certain
compounds such as hexenal and (Z)-3-hexenal. These
compounds seem to be produced at certain times in the
season as could be clearly seen for L. gorgonet samples
(6806 and 6809) which were collected from the same site
with one week difference. The difference in collection
periods or the altitude of the location could produce these
changes. However the existence of compounds that have
completely different biosynthetic origins such as yomogi
alcohol, camphor, carvone and tetradecane specifically at
samples from certain locations produce a strong clue that
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Fig.2 Structure of yomogi alcohol.

the observed differences are not caused by the seasonal
variations.

The essential oil composition of L. ochrus® and its vola-
tile composition differed from one another however both
oil and volatile contained high amount of alkanes. Volatile
of L. ochrus contained mostly simple alkane alcohols,
ketones and aldehydes where as essential oil of L. ochrus
contained mostly alkanes, alkane aldehydes and acids with
higher carbon number. The non-existence of the higher
alkanes and diterpenes in volatile could be explained by
their low volatility.

Unexpectedly volatile composition of the most of the
Lathyrus species samples contained irregular monoter-
pene yomogi alcohol with high amounts. The irregular
monoterpenes are formed by the isoprene units which are
attached in non-head to tail fashion. They are reported to
be restricted only for the species of the Asteraceae
familyw, However there are some exceptions in which
certain irregular monoterpenes were observed in other
plant families including the occurrence of “Necrodols” in
Lamiaceae and Convolvulaceae®™ *?. The irregular mono-
terpene “yomogi alcohol” was first isolated from Japanese
Artemisia feddei Lév. et Van. also known as Himeyomogi
in Japanzg). After one year of its discovery, molecular struc-
ture of the yomogi alcohol was also confirmed by its syn-
thesis?. Until now yomogi alcohol is reported from the
members of the Asteraceae and Eryngium burgei of Apia-
ceae. Achillea, Artemisia, Anthemis, Bombycilaena, Er-
tocephalus, Otanthus and Tanacetum species were re-
ported to contain high amounts of yomogi alcohol® .
Structure of yomogi alcohol was given in Fig. 2. It is note-
worthy that the volatiles we have investigated also con-
tained compounds that were known only from synthetic
sources. However the type of fragrance compounds which
we have encountered in our studies including dihydromyr-
cenol, lilial, methyl dihydrojasmonate, hexylcinnamic alde-
hyde, 6-methyl-a-ionone, 2-butoxyethanol were previously
also reported from natural sources™ ™.

4 Conclusion

In conclusion, the volatile composition of seven Lath-
yrus species including L. aphaca, L. blepharicarpos var.
cyprius, L. cicera, L. gorgonet, L. ochrus, L. sativus and
L. saxatilis are reported for the first time. Three potential

chemotypes of the L. aphaca and three potential chemo-
types of the L. cicera species were observed with signifi-
cant chemical differences. These potential chemotypes re-
quires verification by employing DNA comparison studies.
Additionally, it is worthy to note that Lathyrus species are
highly suspected to display a seasonal variation in the
quantity of the major volatile components including yomogi
alcohol, camphor, (Z)-3-hexenal and hexenal. The seasonal
variation study in this investigation was very limited there-
fore there is also a need for a detailed seasonal variation
study of Lathyrus species. All of the investigated Lathyrus
volatiles except for L. gorgonei contained an unknown
substance (M "156) which could be a new oxygenated
monoterpene. Most of the investigated Lathyrus species
including L. aphaca, L. cicera, L. sativus, L. gorgonet, L.
blepharicarpos var. cyprius contained the acyclic irregu-
lar monoterpene yomogi alcohol as the major component.
Additionally, other irregular monoterpenes santolinatriene
and artemisia alcohol were also observed in some sample
of L. cicera(6802), L. gorgonei (6809, 6806)and L.
aphaca(6810). Only L. ochrus, L. saxatilis and two pro-
posed chemotypes of L. aphaca (6795, 6814)did not
contain the yomogi alcohol or other irregular monoter-
penes. Previously, only in Asteraceae species and in one
species of Apiaceae this irregular monoterpene was report-
ed as mentioned above. Our results indicate that the irreg-
ular monoterpenes are not restricted only to the members
of the Asteraceae. Until now there has been limited infor-
mation on the volatile secondary metabolite composition of
Lathyrus species therefore we believe this study will stim-
ulate future research.
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