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Abstract

Background and Objective: Satureja bachtiarica belongs to the Lamiaceae family and
contains valuable compounds such as thymol, p-cymene, and carvacrol. Sixteen aromatic plant
species of the genus Satureja grow in Iran. In this study, different ecotypes of S. bachtiarica
were collected from llam, Kermanshah, Kurdistan, and West Azerbaijan provinces. Since
ecological and environmental factors influence the quantity and quality of phytochemical
compounds in aromatic plants, this research investigated and compared the phytochemical
composition and antioxidant properties of S. bachtiarica essential oil across different habitats.

Methodology: Samples were collected during the flowering season from various habitats
with distinct ecological conditions in the provinces of Ilam, Kermanshah, Kurdistan, and West
Azerbaijan. Dried plant powder was used for extraction and essential oil isolation. Total phenol,
flavonoid content, total antioxidant capacity, and DPPH radical scavenging capacity were
measured using spectrophotometric methods. Essential oil was extracted by hydrodistillation,
and both quantitative and qualitative analyses of the essential oil were conducted using gas
chromatography (GC) and gas chromatography/mass spectrometry (GC/MS).

Results: The data showed that extracts of samples collected from Baneh and Gilan-e-Gharb
had the highest and lowest phenolic content (4.648 and 2.034 mg gallic acid/g dry weight) and
flavonoid content (0.164 and 0.090 mg quercetin/g dry weight), respectively. Likewise, the
highest and lowest antioxidant activity were recorded in the Baneh (42.67%) and Gilan-e-Gharb
(27.06%) samples, respectively. The strongest DPPH radical scavenging capacity (percentage
inhibition) was observed in samples from Baneh (43.16%), while the weakest was found in
samples from Gilan-e-Gharb (31.87%). A significant positive correlation (r > 0.9) at the 1%
probability level was detected between total phenol content and both antioxidant capacity and
DPPH radical scavenging capacity, as well as between antioxidant capacity and DPPH radical
scavenging capacity. A significant positive correlation (r > 0.875) at the 1% probability level
was also observed between total flavonoid content and both antioxidant capacity and DPPH
radical scavenging capacity, in addition to a significant correlation between total phenol and
total flavonoid content. The main constituents of S. bachtiarica essential oil included thymol, p-
cymene, and gamma-terpinene, with their levels varying by region. Comparison of essential oil
components in the studied habitats indicated that thymol (28.8-42.78%) was the dominant
compound in four of the habitats, whereas p-cymene (35.2%) was the major constituent in the
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Miandoab habitat. Correlation analysis revealed a negative and significant relationship between
thymol (the principal essential oil component) and total flavonoid content, antioxidant capacity,
and DPPH radical scavenging capacity. Although thymol also showed a negative correlation
with total phenol content, this correlation was not significant. The highest and lowest essential
oil yields were observed in samples collected from Miandoab (2.75%) and Baneh (0.87%),
respectively.

Conclusion: The findings demonstrated that the principal components of S. bachtiarica
essential oil collected from regions with varying ecological conditions include thymol,
p-cymene, and gamma-terpinene, with their levels differing across habitats. Overall, essential
oil yield and the quantitative and qualitative composition of essential oil constituents depend on
ecological and environmental factors, which play a crucial role in shaping the phytochemical
characteristics of aromatic plants.

Keywords: Satureja bachtiarica Bunge, phenolic compounds, antioxidant capacity, essential
oil.
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Table 1. Geographical characteristics of Satureja bachtiarica ecotypes collecting sites

L Altitude . . Average Precipitation Re'e!t".’e

Samples Collection site Longitude Latitude temperature humidity
(m) °C) (mm) %)
S1 Ilam- Kabir Kouh Mountain 1818 33 27" 02" 46 39' 03" 22.6 628.6 38
S2 Kermanshah- Gilan-e- Gharb 1246 34 02' 59" 46 04' 14" 28.4 253.6 42
S3 Kurdestan- Bane 1980 35 46' 43" 45 52' 32" 12.3 660 44
S4 West Azarbijan- Bukan 1465 36 32' 28" 46 17' 12" 13.3 373.8 50
S5 West Azarbijan- Miandoab 1302 36 57' 28" 45 55' 59" 11.1 453.2 53

s (Yoo 7)ol 8an 5 LeNUCC 2y 5 4 o swie o1 IS
Loosns of dde /8 5 oslas alde /) s
(Jolie 53 Sl el 70 Jskoe) Y7 AICI; ) Lo
sdil s el FYe 5o Gl aids Ve 5lam 5 s bl
A eSS e gbckle b osjlulid s as
r;ak“ e oslae a5 8 Glgme al

S |8 Sas 055 08 53 e 5SS

NER RN ROV R e
Gy 4 belas IS sl sl el
APulido et al., 2000) sz 42 Oladsesansd
Sosse dl) Oladsesind O il Je ¥
poisel 5 Vpede YA Slid e Yse o/
boslae 51 ads S Yoo OV Jue ¥ oolid s
r; ;.j plam )y aids 4. Swea 15 S Wl
Gl SapsSal al s § 15 ol S sl as s 40
2 bass Ol as elawd splulil) s .
4 JS sl sl el e g Seslul et £40
S )9 r;f 2 &)ﬁj o] r;fﬁﬁsﬂ oo

A 1S 4 e

DPPH b JCsl, g(v\-‘-'s‘.-’ul-? b b

Blois dew 55 LU olsl sl o351 ISl Hlge Ll

slacdbs o u gl ALS Lo, las g
Sl ol

cbedws e cgr 2lS olas ag ol
(Y+-9) o, es 5 Wijeratne Ly, 5 slaas] s
6::\.3 S Hop 3 Ka pf Yool o solid
P T VRSV JU SO L COM Y P B TR PO
A r\;gu’\ PYRER Q.,\.aqﬁo‘;u;d\.u

IS I8 sl (e
S8 —ods e, 4 s Glse e
Looolas od doe o /Y 0z rb,.‘:\ (Tsantili et al., 2010)
s G s /Y V) e Sl S Al e Y
5 ooad bl onins o e Y8 5 ssn
53 Jho nl Gda s 84S0l I les s aads 4
s SesInl gy S ) esliad U el VS
2 ag SIE sl Gilises lacdale b oo luled i
033 08 5> SIE ael o S s s S5 Sl

s S ol S Sas

A3 59N (g gime (s

u)-w&) oray b esladd b gl g gl



7Y

e VL slas wd e Vs o Seslul (VA0A)
s Yo Saeay s bolie Jse b /Y 5k DPPH
skl e gb OV 5 Ll gl .28 S 1 3Y0C o
el o olinad asle olyen olae 256 Jpke s
BIOIS, ) 0t areelons 15 o3 b ol GaJWsl, sl

.(1958

¥ooolet Y e ol e s sl oS Sliis anlilas

S 31 ol Jo o 5 4k 2L A0A JLe s
G g sl S8 IS 4 sles g Olidos b g
@l eolatal 5550 a2y cn o8, 5l S DPPH
eols s sl e wlasl sl e s
=) o) bl JGsl, S el b sl) s d sl s S
Blois _zs, 4 (DPPH) Jshus b So -Y — L o

Inhibition (%) = 100x [(OD control-OD sample)/OD control]

f. LD Los \.A.u\ D9 J") Sl A u.'LAJ g}"ﬁﬁj s
;&WQMJMFLU@;YQMQJ\Jf@L@-}:
dm o VP gl 4 e, b aids :\Jfﬁ.’s\.w > Y
caly Lol B ;\ﬁ@ib a0 YA & 4ids s\;&;&\.w
u.ejf O3 a\;dﬁ\.w a5 YA gley 5o adds Y
555 aads 5 e ) e ol 5B 0L e
a0l ety Geslil s 5 5l dm 05 TO BV ¢ sunl 55
a5 b u;u.wu.ia —L;)'\f vébfjs’\..g; oK
Sl sl pasle Juj gboWl 25 S &
sloasle b gl anlie culg 5o 5 amle OS5
L;l\.u\.au U""’L'“\ o.X.Lh)J,.S.i‘J [N 6\.&;_,\..5}’ sc‘{-JA

AL

sl 4 o

ST sl ol kS (LT b 5l eolisad
Sl ) el b il gblis 5 Jols slaesls oy
aed gl .cs S S5 Jdousa 2 5,50 TY ass SPSS
Sl i a5 L o 1S5 e sa bl sla e
shalial slos 5 (Sl ol &) pon bass o
oslols U 51 eslaad b bodesl was ol (SE)
5 olinad b bSile anglis 5 (ANOVA) 4505
oLl (P<-/-0) a0 0 bl claw 5s Tukey o))
GLM s, 51 bl asm Gl cmimes i
A& eslawl (General Linear Mode)

2z, a3l eI, slge ao s dnhibition%
G1 ISl L s plasd) sl ,lasl
sl ods 0D control

4 a5 e :OD sample

S bl i

03 s &) T b i 25 4 Sl e
aws S eslizal by (e O 4 2l Sas asle
olel aons p as pll (Cele ¥ ooue w) S
25 Al Sas b 0 S i al e O son
.(Maral et al., 2017)

SIS s S 5 GC) 58 S5k, S (85 K
(GC-MS) o 7 imcich = 558
S 5l bl SoS 5 ao)s aml
SheS cale Agilent-6890 Jue 38 31 S5l S
58 5 FID) glades iy sl el b S, | Agilent
oolizal 3550 (gt A o3l Jals 5 Glstea 055 55
S e v Iob gl 8 B S5k S s
oo S /YO ol Sl 56 culis 5 e /Y0
oy L Lulel bS5 GCIMS  5JGT sy,
e i b &S Finnigan Thermo 58 ol S 5l S
(model GC TRACE; TRACE MS plus) s e s Sl
30 M X)) o e g 5l s ool g s e
sslizwl (0.250 mm, 0.25 pm film HP-5MS thickness



e 5 ol lsime e

Sy Gand sl e b S ais JS Ui
250 050 Sbaised sl DPPH JSl, soslpen
e b g o\ Sl chﬂja anllae

7YY

eS| ST Cools ay by o s
Gl Sl sl cwols by 4525 ¥ s
Gl 5y O\ B e olas olisy o) 0 s o

ol o) 0 Slio B w1 b Ll asms - Jsas

Table 2. ANOVA of ecotype effects on some Satureja bachtiarica traits

S.O.V. df. : M.S. - :
Total phenols Total flavonoids Total antioxidant capacity DPPH
Ecotype 4 3.294™ 0.003™ 143.127 59.268™
Experimental error 10 0.008 0.000 0.779 0.145
C.V. (%) 6.96 5.89 4.84 2.91
**: significant at 1% probability level.
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Table 3. Means comparison of some Satureja bachtiarica traits affected by ecotype

Total phenols

Total antioxidant

.., . Total flavonoids (mg . . DPPH radical Essential oil
Ecotype  (mg gallic acid.g . capacity (ug ascorbic .
1 bw) Quercetin.g™ DW) acid.g DW) scavenging (%) (%)

S1 4.409 +0.051% 0.154 + 0.0083* 40.51 +0.311° 38.00 £ 0.253" 2.11 +0.055°
S2 2.034 +0.048° 0.090 + 0.0057¢ 27.06 +0.766° 31.87 £ 0.292¢ 1.42 +0.037°
S3 4.648 £ 0.049° 0.164 +0.0077% 42.67 +0.694% 43.16 £0.177° 0.87 +0.043¢
S4 3.748 £ 0.069" 0.114 +0.0079“ 32.16 £0.110° 35.06 + 0.244° 1.62 £0.047°
S5 3.192 +0.032° 0.129 + 0.0060" 29.27 +0.345° 35.06 + 0.029° 2.75 +0.051%

S1, S2, S3, S4, and S5: populations from Ilam- Kabir Kouh Mountain, Kermanshah- Gilan-e- Gharb, Kurdestan- Bane, West Azarbijan- Bukan, and
West Azarbijan- Miandoab, respectively.; In each column, means (+ SE) with common letters are in the same statistical group at 1% probability level

(Tukey test).
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Table 4. Traits correlation in Satureja bachtiarica ecotypes

1 2 3 4 5 6 7 8

1 Total phenols 1 08757 09217 09027  -0.177 -0.428 -0.210 0.096

2 Total flavonoids 1 0.859™ 08747  -0072  -0.684" 0.157 -0.225
3 Total antioxidant capacity 1 0.920"  -0.377 -0.543" -0.134 -0.223
4 DPPH 1 -0.374 -0.547" 0.057 -0.206
5 Essential oil 1 -0.253 0.387" 0.184

6 Thymol 1 -0.689" 0.702™
7 p-Cymene 1 -0.669"
8 y-Terpinene 1

and **: significant at 5 and 1% probability levels, respectively.
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Table 5. Essential oil compounds in different Satureja bachtiarica ecotypes

Compound amount in ecotypes (%)

Compound RI

S1 S2 S3 S4 S5

1 a-thujene 929 0.3 0.9 0.3 0.5 0.4
2 a-pinene 934 0.5 0.5 0.5 0.5 0.7
3 camphene 949 0.0 0.1 0.0 0.0 0.0
4 B-pinene 975 0.0 0.1 0.0 0.0 0.0
5 -myrcene 985 0.8 0.7 0.7 0.9 1.0
6 a-phellandrene 1002 0.0 0.1 0.0 0.2 0.2
7 a-terpinene 1014 1.8 15 1.4 2.8 2.2
8 p-cymene 1023 26.2 285 29.4 19.3 35.2
9 limonene 1026 0.9 0.3 0.0 0.0 0.0
10  y-terpinene 1056 10.3 8.2 8.3 20.5 11.9
11 Cis-sabinene hydrate, 1066 0.0 0.3 0.0 0.0 0.0
12 o-terpinolene 1086 0.0 0.2 0.0 0.0 0.0
13 linalool 1097 0.8 4.9 1.3 0.6 0.9
14 borneol 1168 0.3 0.6 0.7 0.0 0.3
15  terpinene-4-ol 1180 0.3 0.6 0.5 0.2 0.3
16 p-cymene -8-ol 1193 0.0 0.1 0.0 0.0 0.0
17 thymol 1292 28.8 37.3 304 42.7 30.7
18 menthyl acetate 1294 7.6 11 6.6 4.4 2.7
19  indol 1299 10.9 0.0 6.3 55 0.0
20 carvacrol 1305 8.4 10.7 0.0 0.0 115
21 thymyl acetate 1350 0.3 0.5 0.4 0.0 0.4
22 carvacryl acetate 1373 0.0 0.2 0.0 0.0 0.0
23 Trans-caryophyllene 1425 0.5 0.9 0.8 0.8 0.6
24 B-bisabolene 1509 0.0 0.5 0.0 0.0 0.0
25 spathulenol 1578 0.3 0.2 0.7 0.2 0.1
26 caryophyllene oxide 1584 0.7 0.8 1.8 0.5 0.3
Total 99.7 99.8 90.1 99.6 98.8

S1, S2, S3, S4, and S5: populations from llam- Kabir Kouh Mountain, Kermanshah- Gilan-e- Gharb, Kurdestan- Bane, West Azarbijan- Bukan, and

West Azarbijan- Miandoab, respectively.
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