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Introduction
Iran is a region that is incredibly rich in terms of both the number and variety of medicinal plants. The province of

Sistan and Baluchestan is not only one of the richest provinces in terms of medicinal plants in the country, but it is also
a major center for the distribution of cumin in Iran. Green cumin (Cuminum cyminum L.) is an annual, herbaceous, and
aromatic plant, native to the East Asian region. The seeds of cumin are the most important part of this plant and are
considered the main source of its active compounds. Considering the medicinal and economic importance of cumin, this
research was conducted to investigate, compare, and identify the various phytochemical compounds present in the
essential oil of cultivated cumin in different regions of Sistan and Baluchestan province. This study aims to determine
areas with potential for high essential oil yield and phytochemical compounds to develop the cultivation of cumin in the
province and utilize the results of this study in future research.

Materials and methods
This research was conducted to evaluate the quantitative and qualitative aspects of the essential oil of cumin cultivated

in various regions of Sistan and Baluchestan province. For this purpose, seeds grown in four selected farms within the
geographical areas of the targeted counties, including Mirjaveh, Zabol, Taftan, and Khash, were harvested. The
essential oil was extracted using water distillation, and after measuring the amount of essential oil, the separation and
identification of compounds were performed using gas chromatography and gas chromatography coupled with mass
spectrometry. The experiment was conducted in a completely random design with three replications. The main
components found in cumin seeds obtained from four different regions of Sistan and Baluchestan province include
cumin essential oil and 15 distinct phytochemical compounds. These compounds consist of gamma-terpinen-7-al, a-
terpinene-7-al, cumin aldehyde, 4-trans-caranone, gamma-terpinen, 1,8-cineole, limonene, p-cymene, a-terpinene, a-
phellandrene, myrcene, beta-pinene, sabinene, a-pinene and a-thujene.

Results and discussion
Based on the results of green cumin harvested from different regions of Sistan and Baluchestan province, a significant

difference in the percentage of essential oil was observed. The difference ranged from 2.44% to 3.56%. The highest and
lowest percentages of essential oil were in the Taftan and Zabol regions, respectively. In addition to the essential oil, 15
phytochemical compounds with different percentages were identified in the cultivation of the following regions. The
highest and lowest amounts of myrcene were related to the green cumin of the Khash and Taftan, respectively. Green
cumin cultivated in the Khash region exhibited the highest concentration of a-phellandrene. According to the results,
the green cumin from the Khash region has the highest amount of aromatic essential oil due to having the highest
amount of myrcene and a-phellandrene. The results related to a-phellandrene phytochemical composition showed that
the Khash region had the highest amount (0.915%) and Taftan had the lowest amount (0.348%). According to the
results, the highest and lowest amounts of phytochemical composition of p-cymene were related to Zabol (8.43%) and
Khash (5.48%) regions, respectively. The results of the comparison of mean cumin aldehyde showed that the regions of
Mirjaveh (14.52%), Zabol (14.56%), and Taftan (12.96%) had the highest amounts of cumin aldehyde. The results
showed that the phytochemical compounds gamma-terpinene (26.34%), gamma-terpinene-7-al (25.46%) and f-pinene
(18.59%) are the most (in total more than 70% of phytochemical compounds present in cumin) and phytochemical
compounds a-terpinene (0.19%), 1,8-cineole (0.28%), limonene (0.36%) and a-thujene (0.39%) the least (in total one
percent of the phytochemical compounds in cumin) constitute the total amount of identified phytochemical compounds.
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The correlation relationships between the phytochemical compounds in green cumin in this study showed that these
relationships can be used as indicators to estimate the amounts of other phytochemical compounds. The biplot results
demonstrated a wide diversity among Sistan and Baluchestan province regions regarding the phytochemical
composition of their green cumin.

Conclusions
In this study, the persentage of essential oil from green cumin cultivated in different regions varied between 2.44% and

3.56%. Analysis of the results showed that there were significant differences among the studied regions in terms of five
phytochemical compounds. Accordingly, the highest percentage of essential oil was found in cultivated green cumin p
in the Taftan region, the highest percentage of myrcene and alpha-felandrene in cultivated green cumin in the Khash
region, and the highest percentage of cuminaldehyde and p-cymene in cultivated green cumin in the Zabol region. The
results of this research indicate the impact of higher altitudes (Taftan and Khash) on the cultivation of essential oil and
some essential oil components. Thus, with the increase in altitude above sea level and consequently increased rainfall
and decreased temperature, the percentage of essential oil and essential oil compounds such as myrcene and a-
phellandrene increased, while with decreasing altitude and consequently reduced rainfall and increased temperature in
the Zabol region, the phytochemical compounds cuminaldehyde and p-cymene increased. Therefore, these areas can be
used for the cultivation of cumin rich in these compounds. Additionally, these regions can be introduced as suitable
locations for further research in the field of producing these phytochemical compounds.

Keywords: Alpha-phellandrene, Essential oil, PCA, Secondary metabolites, Taftan.

/Citations: Shahrakinia, M., Dahmardeh, M. and Jahantighi, H. (2025). Evaluation of Phytochemical Compounds\
in the Essential Oil of Cumin (Cuminum cyminum L.) Cultivated in Various Regions of Sistan and Baluchestan
Province, Plant Production Technology, 25(1), 69-85. https://doi.org/10.22084/ppt.2025.30042.2139

© 2022 The Author(s). Bu- Ali Sina University Publication. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Online ISSN: 2476-5651 Print ISSN: 2476-6321

)

70


https://doi.org/10.22084/ppt.2023.23939.2039
https://doi.org/10.22084/ppt.2023.23939.2039
http://creativecommons.org/licenses/by-nc-nd/4.0/

VErE Ol 5l /A0 Sl /) 8jled /oy 5 oy M /AL Sl 5 (5555 - Y
4 https://doi.org/10.22084/ppt.2025.30042.2139 o

3 e ki S (Cuminum cyminum L) jew o ) eilesl olbod 28 OLS 5 0L 5!
Sl g 5 Ol Sl bl

Evaluation of Phytochemical Compounds in the Essential Oil of Cumin (Cuminum
cyminum L.) Cultivated in Various Regions of Sistan and Baluchestan Province

rd"‘:’“i’L@?‘ e 5 o3 a3 (s ‘\\:395;6-5 4a goaze

VECE/ Y0 5 Gt VERT/A AT 23l s 200
G-L\S?

- e

el Ol s 5 Ol Ol s Gblie 5 5 55 sdBCES i o) bl (4S5 (oS bl Sa b ass ol
Ol ¢ 15 coslr oo Jold s (gladlin g oLl a 055> )3 ol o30Sl 5l ok 28T ol Il ) shaie ity (25 3
elolid 5 3l (bl e (6 Se3Il 51 ey 5 el plonl ST L s fgya bl gl s il B
B s bl s bl o il w0 fuate (8 S les S 5 8 SIS Sl S sbabss Sl eslinad L oS 5
Gole s 5 4 Bype it ld Loss 0S5 ke ol el 23S ool LSS e b sl LS b
wlobd pwy m5yse bl 3 eddciS o 5 el 3 gled md (S 50 sl ISy sbas 5y (Y/88) 15 5 (F/07) ol
VA0R) (g =k 5 (o3 YO/8) JT-V= iy 5 =Ll (Ao YVTE) (i 5Ll plard sz S 5 48 5ls 0L mls A2
Cr 03 S g5 s kamsolid Ol il L bas s LSS eld Sl Slegdmd OLS 5 IS 5l do,s Ve 5l iy (Ao
o 023 el LS 5 53 08 W1 5 o o Ol (i 230 s 023 03 25750 pleandsid LS 5 K 5l Gl oyl
Oljes ot 5L A odalice L3 Ol gl jow 05 il SLS 5 03 T e S 5 e = o Ol (oo i 5 5L adlaie
50k ble 53 oS pew 03 3 O —WT 5 e ple i Suled eyl OLS 5 2 5 s Jlasaad il
W5l osShe bl 5 5l Jpame ool &S 5 Shas 53 ate 86 Lo mao 51 gl o8 6 Sens Ol5 e (Sl

ML’L;‘ J:uj.Ua.d e ej.’) 6:&&.25‘

PCA (w5l slacd plie ol « bl (0,60 WT 1 g AdS (slaosly

KJM;M.S (Cuminum cyminum L.) 5w o 55 il slardsnd OLS 5 Lol (VE0E) TS0l e e ems e LSS el 4l 4 tu,,nx
https://doi.org/ 10.22084/ppt.2025.30042.2139 A0-14 (V) F0 « sl ldd s (565 aloms Bliwir 5y 5 Ol Ol Gblis 5 3

Commons Creative LiCENSE 5, »e oo ok nsi 5 o ul (O8) ol ng a o lane 25 3 >

55 1y eds Ol (gallis das e o5l s s Attribution (http://creativecommons.org/licenses/by-nc-nd/4.0/) @ o))

EY MG

o)Ll il ol s A Jlie gl Sl s 5 i S Cidge B 4ol b o35 STzl 4 wlils

YEVIIYY 1l LLs YEVI-0101: K g S Ll

\_ J

Ol el el o&iils cosl )3 05,8 Glidils 5 dd sl Ll yIS amst gl 2ils ol as Y 5
Ol el cOlal3 Oty sy 5 Ol Ol (63,5158 3l ( SLEL p ke (585 Y

Email: dr.dahmardeh@uoz.ac.ir J s ok 55 1

\al


https://doi.org/
https://doi.org/
https://doi.org/10.22084/ppt.2025.30042.2139
http://creativecommons.org/licenses/by-nc-nd/4.0/

Sy GAANT S 5 e 45 035 OLE a5 035
CioH120 J5T5e Jgo b b Malll S (il ol
ol Al g8 plsbas ool Gl s el
SlaslS 5 (SSslsm ol 00 S SR el S S
5l o~ -(Nirmala et al.,, 2020) wla o Wl 5w 0,3
L e 005 bl slisle SLS 5 sdes dallop S
ke g B (5 5SS 5 (P Glacn S
— ol T mWI e Olse SlS S ol dex
2,5 okl isad 5 Vi —LS M s W S
mals Julel gy p ladls s (Bahrami et al., 2024)
Sler cilin gla, iS5l edd (Soslaer o o) sla
5 3 DSl S5 s Olal S ka
03300 53 Geill sl o3l & A3 308 okl
sl Lol W%UJAS 95 Dy e deoys VA-VVAA
g Al 5 TNV = s — N e andlas ool 5 o
—EV0) (gds ek 53 S5 I 65 dea ]
55 A W JT =Y s —t0 -l 5 (Ao TANY
(Karik et al.,, 2021) 55 (o5 £Y/V-0NA) bls L.
0355 Yo bl s Slas 5 oS 5 g55 e 0 O S0
S5 paeme 3 S Laped OIS Gl s 0
o Pl S ad GBS e o ns bl s alend
JSI (s p3 4/80-Y /M) sl (Ao ys YUYV-0Y/AY)
(Lo, AFY=AYAL) o 5 (Loyn VY=YV 0/YY) w003
e 03 calies (glaes 5y aS sl OLES Ol @Ld VIR
S 5 eilal 5 Shas (Guilal lge 5 510 G
O 0 el s sdalin (gl pme sl bl LS S
35 (bl Olie o i 330 035 (o) 2058 Slres 5
Moghaddam and Pirbalouti, ) sls 0Lz 1, sl 5 uslul

e aﬁ) U’"’L“’J\ qus 9 Ja.”S C_}J JL.’.))\ W (2017

# . Cuminaldehyde

Y. a-Pinene

A. B-Pinene

4. P-cymene

\-. a-terpineol

V). y-terpinene

Y. Chemotype

\¥. P-mentha-1,4,-dien-7-al

VY

o bl alend g OLS 5 25,1 0L Kes 5 S 4
4ndle .\

Sl Dlpae Sl SGme Sy s e Sd0n Lol
e 4 Gler 3,505 5 SRS Ol et 3 aland
Ol Com e 31l aBl 1B Lyl OlS
55 ahlsn QInl Gob s s Bl Ol sy 5 Ol
S5l 5035 20ls OLS ¢l 51 2 olsn 5
oS
Cuminum ) ;.. s 55 .(Mohammadghasemi et al., 2021)
adbaie gy Gl e WG alS (cyminum L.
a Ol s 03 1S jsbas 0is el S AEL e Ll G s

Dy CAS Llnde by adl gba,s iS5 e

b).‘i:‘_;a e Q(ﬂ‘ B B bﬁj

SLS 5 el pie s ol i o e o) slaals
LS -1 (Singh et al., 2017) K3, o Jle—ia OF Jld
Fa 5 U ol Ogmen e LSS dbulse
ol s s Sl 5 aldlas (last sl ol
5 el s a8 (IS e 3 Wil e ol
b e il slbagolen ln s Ok 5 clbl
5 bl Ol Luly s 5> (Korinek et al., 2021)
Gl OIS s sprse pleddigd OlSS
colil @S dule e Wl Lol aso il s GlodiS s
Ob g eslamal gl s 1y ol (bS5l Sl ¢ ERE
Slser Ol codler i)l 5 gl Gloys 3 OlalS
(Allag et al., 2020) >3l .
S AL e ilie S STV ol e L
ls ol ol Slss ol s ke 53 elid 28 plas
Olsear oS diea SLS 5 doml Topaen 5 "o Sl
et Lgd o LD e 0 bl Gl n S
e oS Az LS5 Ks Sl s IS8T e
135S 5SS BT pledlas Dl dalgay s
Nollet, ) Wby 5o s Sloys ol 53 age ok
03 34 ge eilad Ol aS S 5418 glaxdlas 53 (2023

)lf; M))GZ.;U)J e)j.bm)bja:ﬁ &;ijﬁ}:.wlbﬁjj-l{

1. Aldehyd
2. Pinene

3. Cymene
4. Limonene
5. Agnol



VEE Dl 5 5le / AO-N8 Dilomis /gl 5 5ladd /o2ty 5 oy Mr / 2LS Sl 5 Soss

Thymus ) b O..:,JJT «(Layegh Haghighi et al., 2017)
b oiosl 5 (Torras et al, 2007) (vulgaris L.
(Ghasemi Pirbalouti et al., 2013) (Thymus daenensis)
bl Ol 5 s maw Sl i) e te Soes
NGV IS W T
G350 B 55 el SLS 5 gas el Jolse LG
G A U Ul s s Jele S 4l
5 Lo e Sl gl o e aaly 5 S e 1S
Thymus ) 055 53 Js SIS e bl slprl 51 (&
Karousou et al., ) (Satureja thymbra) . ,» 5 (capitatus
Thymus vulgaris ) &L -yl 53 °d s )V A 5 (2005
Olee m &S =55 AL o (Torras et al., 2007) (L.
O35 5 g A L) LSS 5l S

(Satureja  thymbra) (Thymus capitatus)

S
SUo sl s VI 5 (Karousou et al, 2005)
;,:,JJT s (Torras et al., 2007) (Thymus vulgaris L.)
k|, (Habibi et al., 2006) (Thymus kotschyanus) . S
el 233 35 5 2
okl Cowal dbaulsas sew o) &S Sl Sha (UN
2 e 28 Gl Sl b sl Ll VY
Ol 5 5 Ol a0l Ol ) S ans 5 S bl
b LS 5 sl olS cpl sl O 558 Ll 15 55 035
St Caglie 5 oS ol L Cleay 5 ool 550
LS LSy ag osba  mbel el Ll s s WS e
ol e i 6 S grsdol bis e ent
@3basl B Sl g e SIS Gl pesdle il oSS
o adeie e300 5 O5sLS Gl e S BB Ble Ll e
o ey L (Karimi Afshar et al., 2021) s, 1 Olis)l
Sla b tass pl G e p ool 5 ool Coeal
e placdgnd laaaS S pleld 5 anlie (ou)
Olial limes bl )3 0l SClS sow 0 5 il 3 5 g 50
O o ) Sl Sda Al el Ol sl 5 Ol
2L plendgnd SLs 5 ulal e35b bt bl

5. 1,8- cineol
. Thymol
v. Linalool

\an

- k6 g5 s asilis g b, Olul = Ol calee bl s
Loos oS cal bl D3 3 pmpe DS 5 Sl s 4 g
sble oy Suilul jo edd Slulls SlS 5 slaws &Sy
—ow S bl el S A bl o slite (i
JO,0 —WTJT - = s 5 -8 el e s T -8
o5 ool 53 e W G —l e e -
§55 oon! S o S nda bl eled 5l edd Sl o g
o3l s Jolge a1y e 03 bl S50 50
sl gl sy s S lpscl kil o)
= (Abbaszadeh et al., 2021) dails o guin s
oS 5 kS S el pade nl Kl sdais Sligios
e Jolgs 53U o gsls OIS 3 s ge LS S
g St il 5 g5 ealsn 5 o lul 2 oS85 ale
JB gl Gt s Glaas e g1 (BLos L5
2 s elS sy il e s cnl pesdle 5,8
ol el e 5 S s e el bl
S sl b Sdoes ol Syl sl sdaline QLS
L oVsame W5 5 LS oa)ls ol 51 ool e e
Abbaszadeh et al., 2021; ) 4w, o Jhia 5)5,0 CoiS
os il e el L3 (Priva et al., 2015
53 ans QLS LS 5 5 bl Ol (555 S 5 o,
Karousou et ) as S 51 3 oy 5550 s sla iass
Ol 5 Ly cia.ﬂ e e (ol Lils, 5 (al, 2005
SR IN IR CI I RSP VN A I IN I O Y
«Kofidis et al., 2008) (Nepeta nuda L.) S S o slua s
Vokou et al., ) (Origanum Vulgare L. ssp) s>,
Gholami et ) (Thymus migricus) el 31 -0 51 (1993
(Satureja  bachtiarica) (s Lo o5, «@l, 2012
Thymus ) s sl 5 (Khadivi-Khub et al., 2014)
FU) o e abal, (Habibi et al., 2006) (kotschyanus
23 Ko p el edd E1S bl Olgee 5 Ly e )

(Nepta pogonosperma) s luay b JblS

\. Terpinen-4-al
Y. y-terpinene-7-al
v. a-phellandrene
f. Sabinene



O35/ (p8) adslosle it 055 X Ver [V dlail)]
bl s = () sl

Ko 5l eslizal L ulel olsS s ol

4 Je B S5ks 5 (GC) 38 B, Sy s
el Ao s Al e (GCIMS) 2> powib
S b Jrols il o f e ol CodS fpnnd Gl A2
S o SR 4 et sl 58 S sl S
S8 oKews (Adams, 1994) i S Gl .
Hewlett-Packard =5 & HP-5890 Juas) IS 5bs S
S350 53 &S ol S Al e sl (el el
s Yo Sl amns 5 Sy 0V Ol i
555 35y 335 e T Dy e W5 e o5 AL
O 35 oo plal Vovt) Cod b GO g pa Ladd o
b 5 ks Y s 5 e 0n b e
S OSde Jute i 5l Od 5 ey S YO S
HP-) o Sobisl g5 51 5505 il ediS
wl, a3k . (5970 mass-selective detector-USA
Sl Dlis b oslS sl amys Yor B Ver S S5~
St bl Gg ke 5las S e esliad 4By 3 4o
g g ol ol 58 Ol gsa aids o ) Je S e
Voo Sl amns s s 0 Ve Ol e 655
Sl 535 o ola 05 e W5 sl 0l S b
plowil LT o ouf p 5 sola3k Oles bl S 5
sble oLl s> olaws (Askari et al., 2019) 5,5 .
Dbz gl 5 Ol Ol 53 s 025 (Sl 300 (5T mer
Jsdr ol Sl alid s el ol 41| 53
5 A VWAL 0SS oo fay bl (p ey 5 (i

e ) gUsl xe EAY L L5

o) bl b b OLS 5 oL 0L e 5 5 S 4
)Qb_ﬁ‘)éj_ﬁzﬂ)wﬂ)c}awij

AL e g Dlidss s asllae bl S Se e

sy 3l Y
SBlar 855 53 e o ass5e sl B L sl o
A3 L (A 5 ObE bl sl e Jold) Ol g Sl
Consy b i Sles Dgmes 30 B S
Rzl 5 50l ales aspie Cupde 5 S S5
Sl | golpe el el S5 Y A Sl )5
5 oS oS bug edd Wy OLSS God eg
JKoa 45 s g el sl "OLILN Oldes 5 e s
Lo Jguamen Codls y ls Sdlad o) opl 3 aass
355 al e 53) VEY ols sls 2 g ans 3 Olajen ) sbay
(oS ) b plal (8 Aoss Av JulS 0
@ i e il bl Gl Al o S Y gl an
Sl od Glad g e S Sl Bl O g
b bl DS 5 e s 5 plalid eslal Ol e e
2 @Bl S Bl s b K Slidies s oo
Sl bl b B s el s S Jll 25 4
ol S5 e by sl

Lo ol b ki o) S eslimal b bl 2 sl
05 00 skrecndy .3 S plnil (Clevenger) IS olSes
I SG3 03S Sl 5l e pa e i 5
Aol b 5l e d sllier cole dw Sdea Jhie O
Lol iio by Sl e densa bl (g S il
Ol 53 oS Copb, doss s b bl Aoy
o) 5l eslinal b Wged S 035 e 65 el
.(Haghir Ebrahimabadi et al., 2018) . aul=s 5

Table 1: Geographical coordinates of the regions for cultivated samples of cumin in the Sistan and Baluchestan province

Cumin cultivation regions Latitude & Longitude Altitude (m)
Mirjaveh & 29.0161521 N 61.4493842 E 837

Taftan 28.5404375 N & 60.7605864 E 1639

Khash & 28.2197 N 61.2131 E 1410

Zabol 61.4978 E & 31.0297 N 482
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Table 2: Analysis of variance for phytochemical compounds of cultivated cumin in various regions of Sistan and Baluchestan province (including Zabol, Taftan, Mirjaveh and

Khash)

Mean squares

S.0Vv df Essential oil a-thujene a—Pinene Sabinene B-Pinene Myrcene a-phellandrene a- terpinene

Cultivated — Cumin in 5 **0.856 0.004" 0.018"™ 0.007" 1.47" 0.023™ 0.004"

each region

Erorr 8 0.025 0.001 0.006 0.001 0.73 0.001 0.001

C.V (%) 5.25 8.40 8.60 4.36 4.60 3.42 6.05

Mean squares
trans-4 . i -7-

S.0Vv df p-cymene limonene 1,8-cineol y-Terpinene cuminaldehyde a-Terpinene-7-al y-Terpinene-7
caranon al

Cultivated — Cumin in 4 5.20" 0.001" 0.019" 0.771s 0.006" **17.86 9.34™

each region

Erorr 8 0.32 0.003 0.008 9.27 0.001 1.26 3.67

C.V (%) 7.66 20.90 23.25 11.55 14.33 8.76 7.53

ns and **: non- significantand and significant at 1% of probability levels, respectively

Table 3: Mean comparisons of phytochemical compounds of cultivated cumin in various regions of Sistan and Baluchistan province

Cumin cultivation regions Essential oil (%) z\él/oygrcene a-phellandrene (%) ;()O-/Z:)ymene Cuminaldehyde (%)
Khash 3.40+0.23? 1.18+0.05? 0.91+0.062 5.47+0.32° 9.37+0.65°
Mirjaveh 2.73+0.15° 1.10+0.05" 0.69+0.05° 7.74+0.452 14.52+0.69*

Zabol 2.44+0.10° 1.03+0.04°¢ 0.49+0.05¢ 8.43+0.522 14.56+0.742

Taftan 3.56+0.20° 0.97+0.04° 0.35+0.04¢ 8.03+0.43? 12.596+0.59%

In each column, means with at least one similar letter had no significant difference based on LSD at 5% of probability level.
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Table 4: The number and percentage of phytochemical compounds of cultivated cumin in various regions of Sistan and Baluchestan province

Number of E.S sential . . . - . The percentage of
Name of the - oil a-thujene a—Pinene Sabinene . a-terpinene . "N
- combinations B-Pinene Myrcene (%) phellandrene identified
region : o (%) (%) (%) (%)
identified %) (%) (%) compounds
Mirjaveh 15 2.63 0.42 0.89 0.98 18.01 111 0.70 0.14 100
Taftan 15 3.46 0.33 0.92 0.97 18.35 0.98 0.35 0.18 100
Khash 15 331 0.40 3.40 1.07 19.61 1.18 0.92 0.23 99.12
Zabol 15 2.35 0.39 1.00 0.96 18.38 1.03 0.49 0.18 100
Average phytochemical compounds 3.04 0.39 1.55 0.99 18.59 1.07 0.61 0.19
- trans-4 -
Name of the Nun;)per Qf p-cymene limonene 1,8-cineol o inaldehvd a-Terpinene- ro Lhe p:_rc;ntage of
region combinations (%) %) %) Terpinene  caranone  cuminaldehyde 7-al (%) Terpinene-  identifie
identified (%) (%) (%) 7-al (%) compounds
Mirjaveh 15 7.74 0.24 0.30 27.08 1.00 14.52 3.47 23.52 100
Taftan 15 8.04 0.25 0.16 26.26 0.50 12.96 3.26 26.61 100
Khash 15 5.48 0.29 0.34 25.97 0.31 9.37 3.40 27.25 99.12
Zabol 15 8.44 0.65 0.32 26.05 0.59 14.57 2.63 24.44 100
Average phytochemical compounds  7.42 0.36 0.28 26.34 0.60 12.86 3.19 25.46
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Table 5: Correlation coefficients between phytochemical compounds cultivated cumin in various regions of Sistan and Baluchestan province

2 ° T =
s = 2 o ~ N~
g, = B o _ o g 2 2 g
S o = @ 5} S S S = = 5} I} = =i 2 < =9 s
ge 5 =z £ £ £ S g 5 g 5 2 5 s £ 5 5
2 S S a > o = = = [ —
£3 i 3 L g iy s 5 5 2 £ S L 3 3 5 .
Cumin essential oil 1
a-thujene -0.43m 1
a—Pinene 0.23m 0.17ms 1
sabinene 0.38m™ 0.22m 0.41m 1
B-Pinene 0.37" 0.23m 0.37m™ 0.85™ 1
Myrcene 0.03m 0.70" 0.38™ 0.75™ 058" 1
a-phellandrene 0.04" 0.59" 0.45™ 0.61" 0.36"™  0.90™ 1
a- terpinene 0.47m -0.20m 0.45™ 0.65" 0.65"  0.40™ 0.41" 1
p-cymene -0.42™  -0.18™  -0.61" -0.70 0 48 -0.74™  -0.81™ -0.70" 1
limonene -0.34m 0.06™ -0.02ms -0.09ms 6 15m -0.05" -0.13m™ 0.03™ 0.14 1
1,8-cineol -0.40m 0.30™ 0.57" 0.28™ 0.11"  0.48™ 0.49m 0.31" 644”5 0.26" 1
y-Terpinene 0.01m 0.04ns 0.34m 0.10m 0.13"  -0.03™ -0.07m™ -0.14m 0.23™  -0.10™ 0.06™ 1
4-trans-caranone -0.52m 0.39m -0.34™ -0.38™ 648”5 -0.06™ -0.11™ -0.84™ 0.49™  -0.05™ 0.04™  0.14" 1
cuminaldehyde -0.58" 0.02m -0.52™ -0.71" -0.70"  -0.54™ -0.56™ -0.79™ 0.83™ 0.42™ 615,]5 0.08m 0.72*" 1
a-Terpinene-7-al 0.39m 0.17ms -0.03™ 0.09ms 0.08™  0.24" 0.26M 0.02ms i ns  -0.35"™ i s -0.08™ 0.29™ -0.06" 1
0.16" 0.09ms
y-Terpinene-7-al 0.45" -0.46M 0.35" 0.10m 0.05™  -0.02m 0.14ms 0.53m 654,15 0.28" 0.02"  -0.28™ -0.73™ -0.68" -0.28™ 1

ns, *and **: non- significantand significant at 5% and 1% of probability levels , respectively
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Fig 1: Two-dimensional PCA biplot for phytochemical compounds in four regions of Sistan and Baluchestan province
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