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Fig. 1- Sahandian savory at its natural habitat ‘Paakal’, llam province
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Table 1- Date, collection place and growth stage of Sahandian savory

Sxglaes &)U Sy Al yo Sy9laes oo
Date of harvesting Growth stage Collection place
21.4.2011 Lf“‘"’f) JSL’ Lf"‘“"o °1S‘:'i5)
Vegetative Natural habitat, Paakal
21.5.2011 Lf“‘"’f) JSL’ Lf"‘“"o °1S‘:'i5)
Vegetative Natural habitat, Paakal
21.6.2011 Lf“‘"’f) JSL’ Lf"‘“"o °1S‘:'i5)
Vegetative Natural habitat, Paakal
21.7.2011 s29) ) JSL’ Lf"‘“"o °1S‘:'i5)
Preflowering Natural habitat, Paakal
21.8.2011 uh’\'ls 89)’“" JSL’ Lr"*‘"” °1S‘i‘€.5)
Flowering Natural habitat, Paakal
7.9.2011 s )‘)" 9 J“’K um“\‘lf JSL’ L;"*‘"” °l§‘:%5)
Full blooming & seeding  Natural habitat, Paakal
2.9.2011 Sl 2l5 wlls
Full blooming Greenhouse
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Table 2- ANOVA of essential oil yield of S. sahandica at
different phenological stages

s qalio 63l 4y Ubiﬂw&w

S.0vV df —S

bl 5 Slos
Oil yield
t.';.«f)‘b).g @)L‘ - 5 0023**
Date of harvesting
s 12 0.001
Error
CV (%)

2o ys S Jlein] o 3l gxe *F
**: Significant at 1% of probability level

ol duoyd p Cwild g Gloj 1 Sile Ay lio -3 Joua
Table 3- Mean comparison of harvesting time impacts on
oil percentage

)Log; &Lw‘ M)J
Treatment  Oil percentage

L’)ﬁ'\)f-)é 0.34bc*
April
i) 0.42°
May
REJES 0.38%
June
» 0.32°
Julay
)‘)).o O 23d
August
September
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* Means with at least one similar letter have no significant

diference at 5% of probability level based on Duncan's
multiple range test.
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Table 5- ANOVA of main compounds of essential oils at different harvesting dates

oSl

Slasye

MS

N HETIY)

i aabie

bl Jo g

ORels

Jsdi 55 W1 Jo 515,65
Camphene

a-Terpineol

Jold
Linalool

Jg 5 -

4-Terpineol

2988

Camphor

Jsd 9

df

S.0.V

Bornyl

Carvacrol

acetate

Borneol

22.05" 36.26™ 10.40" 31.46" 5.64"

71.73" 12.417

112.40"

iy oles

Date of harvest

0.56

0.38

0.31

1.08

0.49

9.03

14

Error

O

25.25

34.03

10.09

27.35

10.53

6.97

5.77

8.17

CV (%)

dop S Jloin] g 3 Iy gixe e

**: Significant at 1% of probability level
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Table 6- Mean comparison oil compounds percentage at different harvesting times from habitat and greenhouse

. . . Olwl Jo S 5 =4 . Sy W .
s Jpi s S R iy ST o s
Treatment Borneol Camphor acetate Terpineol Linalool Terpineol Carvacrol Camphene
0229° 20.34"  471° 12.96° 4.99° 7.64° 7.09° - 2.82°
April
“‘*‘“M 23 34589 4.81° 9.42° 6.72° 9.35° 8.26° - 256
ay
;")5 43.14% 7.09° 6.86° 7.67" 4.66° 6.80° - 2.80°
une
» 44.71° 14.39° 9.99° 4.81° 1.29¢ 4.41° - 2.87°
Julay
e 37.31°  15.20° 12.25° 8.58" 1.29° 5.10° - 2.03
August
(o5a2y)) 2925 29.30¢ 15.26° 9.25° 11.82° 0.99° 4.38° 4.92° 1.77°
September (Habitat)
(lsdS) 5 00
September 39.02" 7.56 9.54 4.00 1.41° 2.97° 7.88° 5.93°
(Greenhouse)

Sl e Sl (laials dix yg0jl oll g oy gy Jlosin] o )3 I3 gxe OS] 18l S yuie B SO JBlis (s (slacpSibe e pm » *
* Means in each column with at least one similar letter have no significant diference at 5% of probability level based on Duncan's
multiple range test.

ilisa (Sl 53 el JS Ji6 (gm0 9 (a1 T Cllad (il ly 28 =7 Jgo
Table 7- ANOVA of antioxidant activity and total phenol content of oils at different harvests

Olasyo (ibe
a5 gle (il aay MS
S.0Vv df ST 51 cyllad J5 B ggime
Antioxidant activity Total phenol content
s.';.«ﬁ‘)).g L)L") ok *k
48.58 107.67
Date of harvest
e 12 9.56 2.31
Error
(20 )a) Ol o pd
5.79 7.51
CV (%)

2o ys S Jlein! gl (3 )l gime FF
**: Significant at 1% of probability level

s2rg (303 12128) sl po g (003 12/96) (23198 (32 (s o stme
6 Jgss) cuils
3 gme 5 Gl il Clled oy by o8 s
GMS] bl i lie (glm e e 45 30 s bl JS
(T Jgaz) il 5929 10> SO Jloiol w3 (5l stne
o by iy 4 eS|l Clled aop o ieS  oppidey
bl ks 51 aS 54 ()3 49/53) 513 50 g (o> 61/06) s yoes

LCusls D929 g & C)i3)9)-é ‘_glbo‘.a 9 .)1.5).4 O ‘_g)bul.m s

O3S g Oy 4 3> (LIS y9aelS (Sl (1e0lie dunlie

9 (30> 15/26) ;02 s 905 42 by i &1 S 5 ol oy
22395 o 9 (103 14139) 15 5 (105 15/22) 3150 y90 100
anlio i oanlidie (amo ) 4181) cigun )l o (ams )2 4/71)
g i 4SO s b bl j3 39550 bl Lye (ke
12/96) (1235958 4 bgmsyo iy an Sy ol Juoyd (ppieS
SBWsl (glol Jas 5l oS wis 39y (wuoyd 6/86) 135 4 (1)
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Table 8- Mean comparison of harvesting time effects on antioxidant activity and total phenol content of essential oils

s (300,3) (Flaps T T Cadlad

(bl i Juo 1t SIS 0,8 o) JS Jid (s g5me

Treatment  Antioxidant activity (%)  Total phenol content (mg Gallic acid/ml Essential oil)

02292 51.76" 14.90°
April
“‘*‘“M 23 53.87° 20.43°
ay
;"P 51.87° 14.41°
une
» 51.92° 24,04
Julay
e 49.53 17.78°
August
IR 61.06° 30.06°
September

Sl e S (laials dix yg0jl Loll g oy gy Jlosin] o )3 I3 gxe M) 18l S yuite B O JBlus (s (slacpSibe e pm » *
* Means in each column with at least one similar letter have no significant diference at 5% of probability level based on Duncan's
multiple range test.
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3 il 45gy oyl as oas ol il 3, Shes )3 (6 St
90 9 e Gl Jelge 15l cov Wy e il e
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L odyb 5l 09 plai paw anly 13 cloas (clacs S slaws jtals
TSl ) 4 odag) lapteye bt g (IS g9y
5 sloas Lo S sl ials & 33,5 o s Ly ;)
i B dlgs o 1) il 1y alS o CoBlae
"Il il S g S B 50 g sl e
iy i laylsle LS5 5 bl slaesle i 5 el o
2 Al o > il g el LY 1 S wlg e
DPga> > §ind ol ol (Madgd et al., 2008) wsb JolS
2l b il 3 Slas ST Jlastl (gl catlsyy oloj oyt
&y Kinisy 0y , (Sefidkon et al., 2007) ), Kan 5 oS dyiw

4o by iy il JS 8 (i (5 yieS g (i
Sy g (el yud e ol SIS 25 Lo 30/06) )0 100
s 5148 29 (il jidsleo s sl SUIB 5 Lo 14/41)
prS oo 14190) 2,558 5 3.8 i ()l stme ST (5ol
(8 Usiz) 120,%5 eamlite (sl 2 oo 2 il SIS
Co gdigw 050 (olon pluil 5l ol uilul do s duslds
PS4 S ol s o8ty 5l ey calisee slagle; il
olo i)l 3 g olS ol 51 1) (auoyd 0/42) Ll 50
hleSen g Lo ST as el Jls 3 ol oyl cwd 4
0jp0 (S5 0395 dw _will 03;L (AKbarinia et al., 2009)
5 05l (g3 il ab sladose load (g yglaen (saige
OHLSer g (Shbw g 20y 2121 5310 313 s 4y olas)]
1 g 0jp0 (2lgn pluil uill 03;L (Sefidkon et al., 2004)
ot 5 (losy s olomlydl) ot Jloss o il plil
IS5 S5 i o o 2o UB20B |, o) (5)
Jaie 1 S pMT il 50 oSl il 033l ol by X350
OhbSer g pacde Jlgd) bl oo Gliime cpl bawgi 0l (3)l38
oslwl s> o 5YL (Rezvani Moghaddam et al., 2013)
slales 2,28 U cos |y arde 2o g o byl 13 0550
01 S ot S 555 oS 5 sl (sl 20y 23T s (358
033 53 Cglds oy oo Jlad 4 3905 (Y15 CamgeeS 00)gt lind



1395 ¢ L ojlonts B8 wlor «(55y9LiS quslih o2 4 pis 10

obo by (g (25 1 i Aloya U J5S19)l8" mres slens 03l
gm0 53 )l ine BULS 3529 pie 50 pre SIS 00
o sine B3 g oty 5 bl Ciliske (slale; )3 aolS
oloj o 2929 L conipan 2 SIBS 5 (g iged 3
Ao olo you e 3 GBS g oiog sladises cuitlyy 35
e 0B clacglis diged g3 ol jl odel Cund @ slacaS
J9S 19l elad oS 5 Jl (B S5m0 (g diged > izl
A8 s )3 39 imly SIS 505 & a5 oalS
5 Jstiny =4 Jotig Wl S0 oS 5 5l pdm 200
s Loy ol Oliee 5l (86 Wi or s cpl 29 SV 980lS
RS 53 &8 A8l il s b badye (3 sladsgecme ol
Madgd et al., ) asb oo ito 43y dls yo y2 )3 oo Jolge b
(2008
S 8 gme 5 STl e b so s adllas |
diliseo Joalhe U oot Oliwgad ol 45 1b jascide
Cdled (i oy S yob 43555 00 )3 ol (SKjelgid
Cwd ay JoolS (a5 dl> yo )3 S Jib ggime g (SlansST 3
oo dus 4y Capms (4l sine el olo 3 )3 IS Jib (ggime sl
Cod ol 3 5> JS 8 (sgme il cde ol ol ol ) ey
by 0y Sl o) b glgice s o S 8 (otagy e
4Bl Gl odag) L) cle 15 50 A8 STas 093 e Canily
ol b olo e 53 (ool Al JSut (sl 1) 395 0lS 4
ialS 4 oxie (ol Allgr oSS jslate 4y 3l 3 05, alS
{192788) JolS (218 dljo 3305 0 JS 28 (s5ime (30
sl b g 093 (giluoslal (el |y (Sgid gloceS 5 olS
Olie Olalj3) a ot o 031> geod )y ST g (18 (S
S9-dise ol I B sy Jolye 4 o o ol 3 S8 S8
Sy yuii e 503 5)ke 4 (Sellami et al., 2009)
I g diga 5> JolS (2lS dsye 3 o] alidl g IS Jid
5 0580LS Jotin 5 =4 1l odae (LS 5 e Ol
3o Lts 9 Jgin 4 psbplon s adle JsSTs)l
3929 IS5 U2 e g oS 5 ool o G ite (Ko
2 e 5 aw cpl Jlade aS ol lis 4 Jods ol Cpsmen 1,
-t i o 1 8 oo 40 s (92 008) JolS (28 s o

sl

2009) L c,—S1 ¢ ;Saéw o(S. rechingeri Jamzad)
ol el callas (caigu o) 0 » (Sefidkon & Akbarinia,
VL (ol (gl Ay g op it 1y (25 gl Gl
L sl 3iod @bt L3S ()] €55 95 el il i
Lty 5 (Sefidkon et al., 2003) ), San g Stk (laazsly
ol ool .coil calas (Nepeta heliotropifolia Lam.)
oo dy 23Sy dl g 5l 6lS LIS L wis oyl 5 oS izl
oS nlpliy 29 il o il e ) S8 (2l
bl (5o 183 1 gusy oo a5l Gilisee LS ool
i s 21 o] S g ol e e 4 8l gl
I8 U s oy ploj g (SaglsS] bl alaasg 4 (5>
(Miguel et al., 2002) 5,5
S 31> L5 i 050 ] plosisd oS 5 s
Joyg cudlby e (olos )3 uill 0aimd S5 252 (3 irotn
agy by 8 by o b cov ] ke 48 i a0,
obo (03)9,3 jloslo cpl duo > a5l (LS J5y00 o p> Sl
395 (e Sl arole 5 )3 g 03905 il Bl ) g9y gy 4
Ol e sl adpo 9y 4 (05 S35 L g 0
bS5 Se glgis 4 JoSs 0jgpel 2)135 o 18 4y g) oS 5
Liu et al., ) obdls {Amiri, 2012) 9,50 Ao Cools
o3 «3lis (Horvathova et al., 2009) > ,Ls 45 4 (2011
5 S groaiS Sy iyl oo dageeld 1 5 ol
Olg=e 4 Je8ye olwls (Bhatia et al., 2008) ¢ ol
“OSIF b ) il 53 s 0550 il ) S 5 (g Fodes
Sefidkon et al., 2004; Tabatabaei-) iw liixe sl
o 2 Jges oliie oyl .cusls o plie (Raisi et al., 2007
0j 0 4595 ) pilnl SLuS 5 nyiers Clgie a1 ]y (i 5 LB
Ui Gl g 0, es )3 odas Cglis (] Nidged (Byme (AR
A5 18l ligeS elacglis 5| b olj Jlozn] & bl s1im
Sl e bl b g (LS cuig) (iSen n Jolbs 395
 Lnpllings > ool g 5 2y il o e (loolSits,
Bl s ilise Jelse 58b cos cilise anb (slaolSidyg,
)58 plblan cnadse 9 Loy o jlelisl adlate
doyd et Loyl 5 S (Hadipanah et al., 2011)
S92y pie ((Sefded il Jolpe 53 (il oaimd JSis gl



o)y bl (o bsowdigind cuS 5 (o)

8

11

"K1oAnoadsal ‘joad) Anjiqeqoad Jo Juaoiad | pue G 18 JUBOYIUSIS [y y PUB 4
# 6 g o (v @oimmg™ ol e BR 6 A oy
yuejuo)) jouayd [ej0],
I L1190 L9570~ L8SL°0 LS1°0- ,S85°0~ JLY0 6S1°0- LE19°0 Lov°0" ¥0€°0- kD e o
AJIA1OR JUBPIXONUY
e . e (- . o . e e ,, )
I 96T°0 8590 981°0 €80°0 L1290 LIES0 °w€To 680°0 80%°0 o1 110 5
. . . . ) . . . PRK IO
1 WTS9°0 120 L1870 909°0 €1T0 LI6L°0 W19L°0 STE0 sopsce (e
) ) ) ) ) ) ) [0I0BAIED)
! 6L1°0 oLV O LOIL0 ry0 w0 96¢ 68¢°0 450
. ) . . . ) 91e1o3E. [Aulog
I 910°0 €870 LELYO 980°0 160°0 610 &SP
Todu1dio-n
I L1€0" S9T°0- .788°0- L7670 ¥0T°0 (A<EAD
_o\u:_ﬁro_..v
I 09¢°0- LELY0 LEY'0- 9¢v'0- e
[oduiog
I 910 ee0- €€T0 ek
) ) Joydure)
I LP160- 06¢£°0- s
. [ooreury
I 8ST°0 el
auayduwe)
! G0
judu0) R
joudyd Jueprxonuy PRA 11O ey -
o101 I .ﬁ o [o1dBAIRD) N [0durd.ad)-n [odurdr - [oduiog q o) [ooeury dwaydure)
' ’ 06,56, e L] #eb o6t s o
Py o (e SO ke o IEEEED ofp A el A
T UL N

*S[10 [BNUISSI JO Juduod [oudyd [&)0) pue £)1Ande juepixonue ‘spunodwiod Jo UONBPLIOD S UOSIBI] -6 I[qEL
6 Y= i Wk © £ gitayp g o |07 vy € ek o o e



1395 ¢ L ojlouts 8 alor «(53,9LaS (ol pgt s 12

oyen 5 LT (M. alba L.; M. nigra L.) cgs 4565 ¢5
5 (H. pruinatu) <!, |5l lasgS ,s (Ayan et al., 2007)
T. ) o—dugl jl slaseS uilwl > (Senatore, 1996) ,gl.
Ayan etal., ) o, Ken 5 5L ol b 5 cilas (pulegioides L.
H. nummularioides Trautv.; H.) _el, J5 (slaass )3 (2007
hyssopifolium L.; H. pruinatum Boiss. and H. scabrum
5 J=3 oo 4 cl ord jasuie sjgpel cudly @ plie (L.
dox 5l 2L gla el 4y ddlaio o GlalS Slas] sl el
5 St aLS Giliee slaalsS ¢ glis)) S dgn o ]

(David & Zbigniew, 2010)

S 35 o
Jeolye 3 Gl (il o 3305 el il kol
o be Sl ol g andly (3L (S 5 (o Slacglds ad) calisea
Olbej 08 s 4T Sl uill Sl (ol CadSTL eSSy

MLUA olﬁf W]D)J

8 oo b Jsti 5 Wl g Sl s alaceS 'y (B0
P LaceS 5 onl glie 09 omb g 03 QLS (e (Sten JS
el o ey slaplej plow & Cons Jol5' (215 dl> o
ol 04 (g dipuw 0y (pilwl (LS Cosld i)l

" sleedle (ol Syt (b bS5 oS byl
Salehi et al., Alizadeh et ) ssb o jlaxo LS ) Jluws]
9 Jstimp =4 CS 9> o (Siuwen {al., 2010; 2007
ml b ao o L Jsts: slyire (ke (Stuan 5 J5S15)
1y Lo 53058 3 (lasS] il Edled duoys il33l £ ilpusS]
Cdlid do)d Cuto (Sunod 4 4295 b opizmen el o0 Ay
e Gilidl e s IS S sgme 5 (Sl ]
"Bl eld ao ) Bl 4 oxie olo o b 3 (JiB LSy
sl 05 S|

Jsb )3 IS b s5ime g (|l clled a0 s ) i
o5 3 IS S oo 5 o] clise ol 5 oS 3 ol
(Syvacy & Sokmen, 2004) oS g g swlgaw gl b (saipu

&bo

1- Ahmadi, L., and Mirza, M. 1999. A study of chemical composition of essential oil from Salvia officinalis L.
during different growth stages. Journal of Sciences and Technology Agriculture and Natural Research 3(2): 93-99.

2- Ahmadi, S., Sefidkon, F., Babakhanlo, P., Asgari, F., Khademi, K., and Karimifar, M.A. 2009. Comparing
essential oil composition of Satureja bachtiarica Bunge. before and full flowering stages in field and provenance.
Iranian Journal of Medicinal and Aromatic Plants 25(2): 159-169. (In Persian with English Summary)

3- Akbarinia, A., and Sefidkon, F. 2009. Identification of essential oil components of Satureja sahendica Bornm., In
cultivated condition in Qazvin. Journal of Qazvin University of Medical Sciences 13(2): 60-63. (In Persian with
English Summary)

4- Akbarinia, A., Sefidkon, F., and Razaz Hashemi, S.R. 2009. Essential oil components of cultivated and wild
accessions of Satureja sahendica Bornm. Iranian Journal of Medicinal and Aromatic Plants 25(3): 376-385. (In
Persian with English Summary)

5-  Alizadeh, A., Khoshkhui, M., Javidnia, K., Firuzi, O., Tafazoli, E., and Khalighi, A. 2010. Effects of fertilizer on
yield, essential oil composition, total phenolic content and antioxidant activity in Satureja hortensis L.
(Lamiaceae) cultivated in Iran. Medicinal Plants Research 4(1): 033-040. (In Persian with English Summary)

6- Amiri, H. 2012. Chemical composition and antioxidant activity of the essential oil and methanolic extract of
Salvia multicaulis Vahl., Journal of Medicinal Plants 11(8): 111-117. (In Persian with English Summary)

7- Ayan, A K, Yanar, P., Cirak, C., and Bilgener, M. 2007. Morphogenetic and diurnal variation of total phenols in
some Hypericum species from Turkey during their phenological cycles. Bangladesh Journal of Botanically 36: 39-
46.

8- Bhatia, S.P., Letizia, C.S., and Api, A.M. 2008. Fragrance material review on borneol. Food and Chemical
Toxicology 46: 77- 80.

9- British Pharmacopoeia. 1988. British pharmacopoeia, 20, London, HMSO, 137-138.

10-

David, R., and Zbigniew, A. 2010. Aqueous extract of Achillea millefolium L. (Asteraceae) inflorescences



13

s G 0 3o (il (o oo gid S ) (o

11-

12-

13-

14-

15-

16-

17-

18-

20-

22-

23-

27-

28-

29-

suppresses lipopolysaccharide-induced inflammatory responses in RAW 2647 murine macrophages. Medicinal
Plants Research 4(3): 225-234.

Ebrahimi, S.N., Hadian, J., Mirjalili, M.H., Sonboli, A., and Yousefzadi, M. 2008. Essential oil composition and
antibacterial activity of Thymus caramanicus at different phenological stages. Food Chemistry 110: 927-931.
El-Gazzar, A., and Watson, A. 1970. Taxonomic study of Labiatae and related genera. New Phytologist 69: 451-
486.

Hadipanah, A., Golparvar, A.R., Ghasemi Pirbalouti, A., and Zaynali, H. 2011. Determine optimum of harvest
time on the quantity/quality of essential oil and thymol of thyme (Thymus vulgaris L.) in Isfahan. Journal of
Herbal Drugs 2(1): 23-32. (In Persian with English Summary)

Horvathova, E., Slamenova, D., Marsalkova, L., Sramkova, M., and Wsolova, L. 2009. Effects of borneol on the
level of DNA damage induced in primary rat hepatocytes and testicular cells by hydrogen peroxide. Food and
Chemical Toxicology 47: 1318-1323.

Hosni, K., Msaada, K., Taarit, M.B., and Marzouk, B. 2011. Phenological variation of secondary metabolites from
Hypericum triquetrifolium Turra., Biochemical Systematics and Ecology 39: 43-50.

Jordan, M.J., Martinez, R.M., Goodner, K.L., Baldwin, E.A., and Sotomayor, A. 2006. Seasonal variation of
Thymus hyemalis Lange and Spanish Thymus vulgaris L. essential oils compositions. Industrial Crops and
Products 24: 253-263.

Kulkarni, A.P., and Aradhya, S.M. 2005. Chemical changes and antioxidant activity in pomegranate arils during
fruit development. Food Chemistry 93: 319-324.

Liu, R, Zhang, L., Lan, X,, Li, L., Zhang, T.T., Sun, J.H., and Du, G.H. 2011. Protection by borneol on cortical
neurons against oxygen-glucose deprivation/reperfusion: involvement of anti-oxidation and anti-inflammation
through nuclear transcription factor kappab signaling pathway. Neuroscience 176: 408-419.

Madgd, A., Nedzaad-Sataari, T., Khavari Nedzaad, R., and Doosti, B. 2008. Evaluation of qualitative and
quantitative changes in essential oil components of the medicinal plant (Satureja khuzistanica J.) during plant
genesis and its oil in vitro antimicrobial properties. Journal of Sciences Islamic Azad University 18(70/1): 51-60.
(In Persian with English Summary)

Miguel, M.G., Duarte, F., Venancio, F., and Tavares, R. 2002. Changes of the chemical composition of the
essential oil of Portuguese Thymus mastichina in the course of two vegetation cycles. Acta Horticulturae 576: 83-
86.

Murakami, S., Li, W., Matsuura, M., Satou, T., Hayashi, S., and Koike, K. 2009. Composition and seasonal
variation of essential oil in Alpinia zerumbet from Okinawa Island. Natural Medicinal 63: 204-208.

Omidbaigi, R. 2005. Production and Processing of Medicinal Plants. Astane Ghodse Razavi, Mashhad, Iran 347
pp. (In Persian)

Rezvani Moghaddam, P., Aminghafori, A. Bakhshaie, S., and Jafari L. 2013. The effect of organic and
biofertilizers on some quantitative characteristics and essential oil content of summer savory (Satureja hortensis
L.). Journal of Agroecology 5(2): 105-112. (In Persian with English Summary)

Salehi, P., Sonboli, A., Ebrahimi, S.N., and Yousefzadi, M. 2007. Antibacterial and antioxidant activities of the
essential oil and various extracts of Salvia sahendica in different phenological stages. Chemistry of Natural
compounds 43: 328-330.

Samsam Shariat, H. 1992. Extraction of plant materials and quantitative evaluation. Mani, Isfahan, Iran 293 pp. (In
Persian)

Sefidkon, F., Abbasi, K., Jamzad, Z., and Ahmadi, S. 2007. The effect of distillation methods and stage of plant
growth on the essential oil content and composition of Satureja rechingeri Jamzad., Food Chemistry 100: 1054-
1058.

Sefidkon, F., and Akbarinia, A. 2009. Essential oil content and composition of Satureja sahendica Bornm. In
different stages of plant growth. Journal of Essential Qil Research 21(2): 112-114.

Sefidkon, F., Jamzad, Z., and Barazandeh, M.M. 2005. Essential oil of Satureja bachtiarica Bunge. a potential
source of carvacrol. Iranian Journal of Medicinal and Aromatic Plants 20(4): 425-439. (In Persian with English
Summary)

Sefidkon, F., Jamzad, Z., and Mirza, M. 2004. Chemical variation in the essential oil of Satureja sahendica from
Iran. Food Chemistry 88: 325-328.



1395 )lgg L o)lais 8 wlor 1(53)9LiS (ol pr 25 14

30- Sefidkon, F., Kalvandi, R., and Mirza, M. 2003. Chemical variation of the essential oil of Nepeta heliotropifolia in
different stages of plant growth. Medicinal and Aromatic Plants Research 19(3): 225-267. (In Persian with English
Summary)

31- Sellami, I.H., Maamouri, E., Chahed, T., Wannes, W.A., Kchouk, M.E., and Marzouk, B. 2009. Effect of growth
stage on the content and composition of the essential oil and phenolic fraction of sweet majoram (Origanum
majorana L.). Industrial Crops and Products 30: 395-402.

32- Senatore, F. 1996. Influence of harvesting time on yield and composition of the essential oil of a thyme (Thymus
pulegioides L.) growing wild in Campania (Southern Italy). Food Chemistry 44: 1327-1332.

33- Singleton, V.L., Orthofer, R., and Lamuela-Raventos, R.M. 1999. Analysis of total phenols and other oxidation
substrates and antioxidant activity by meas of folin-Ciocalteu reagent. Methods Enzymology 299: 152-178.

34- Syvacy, A., and Sokmen, M. 2004. Seasonal changes in antioxidant activity, total phenolic and anthocyanin
constituent of the stems of two Morus species (Morus alba L. and Morus nigra L.). Plant Growth Regulation 44:
251-256.

35- Tabatabaei-Raisi, A., Khaligi, A., Kashi, A., Asnaashari, S., Bamdad mogadam, S., and Delazar, A. 2007.
Antioxidant activity and chemical compositions of essential oil of aerial parts of Satureja sahendica Bornm.,
Pharmaceutical Sciences 3: 1-6.



Journal of Agroecology o=t S39LiS (bl pgr 4yl
Vol. 8, No. 1, Spring 2016, p. 16-1 A5 1-16. . 1395 4l ol o lois 8 wl>

Evaluation of Phytochemical Composition of Sahandian Savory (Satureja
sahendica Bornm.) Essential Oils at Different Phenological Stages

H. Ghamari*, M. Saidi*", A. Ghaasemnejaad® and A.R. Ghanbari*
Submitted: 14-03-2015
Accepted: 25-05-2015

Ghamari, H., Saidi, M., Ghaasemnejaad, A., and Ghanbari, A.R. 2016. Evaluation of phytochemical
composition of sahandian savory (Satureja sahendica Bornm.) essential oils at different phenological stages,
Journal of Agroecology 8(1): 1-16.

Introduction

Sahandian Savory (Satureja sahandica Bornm.) is an indigenous perennial aromatic plant growing in the
West and North West of Iran. Its growing season starts from March till end of September. Oil and its quality are
abundantly variable among different Savory species (Ahmadi et al., 2009). Although, Thymol, p-Cymene and vy-
Terpinen have been determined as the main components of Sahandian Savory oil by Sefidkon et al. (2004), little
data on its Phytochemistry and phenology genealogy? is available. The present study investigated the
phytochemical properties of essential oils of (S. sahendica Bornm.) at different harvest times from Pakal habitat
and a specimen grown in greenhouse.

Materials and methods

The aerial parts of plants were collected on one month intervals from 20th April till 20™ September. A
specimen cloned from the wild plants and grown in research greenhouse, college of Agriculture, Ilam, was
harvested at full blooming stage in September. Essential oils were extracted using Clevenger apparatus by hydro-
distillation. Isolation and identification of oil components were carried out by gas chromatography (GC) and
coupled gas chromatography with mass spectrometer (GC/MS) at Medicinal Plants and Drug Research Institute,
Shahid Beheshti Medical University, Tehran, Iran. Antioxidant activity and total phenol content were measured
following Singleton et al. (1999) methods, respectively.

Results and discussion

The ANOVA showed that harvest time significantly affected oil yield of samples at one percent of
probability. Mean comparison analysis revealed that the maximum and minimum oil yield were belonged to May
(0.42%) and September (0.19%) harvests, respectively. The essential oil percentage of plants grown in
greenhouse were extremely low and negligible samples collected from their natural habitat. Analysis of
variances for antioxidant activity and total phenol content showed that the traits were also significantly affected
by harvest time. The highest and lowest antioxidant activity recorded for harvests in September (61.06%) and
August (49.53%), respectively. On the other hand, maximum and minimum total phenol content recorded from
samples harvested in September (432.71 mg Gallic acid/ ml essential oil) and June (191.28 mg Gallic acid/ml
essential oil), respectively. Phytochemical analysis by coupling gas chromatography with mass spectrometer
(GC/MS) identified 75 different components. ANOVA of oil compositions exhibited a highly significant
difference between different harvest times. Borneol was the main component of oil at all harvests. In early stages
(April and May), Borneol (29.34 and 34.58 percent), Bornyl acetate (12.96 and 9.42 percent), Linalool (7.64 and
9.35 percent) and a-Terpineol (7.09 and 8.26 percent) were the main components. By the end of spring (Mid
June) Borneol and Camphor content was increased slowly so that Borneol reached to its peak (44.71 percent) in
end of June, but the other main components were declined by the last harvest. On full flowering stage (mid-
August and early-September) an increase was recorded for Bornyl acetate, the highest content of Camphor
observed; Carvacrol was identified as the main oil component (4.92 percent) and Borneol content decreased.
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Phytochemical composition of oils extracted from greenhouse sample at flowering stage was significantly
different from those obtained from wild plants at the same growing stage. Plants grown in the greenhouse were
rich in Borneol, Bornyl acetate, Carvacrol, Camphor and Camphene (39.02, 9.54, 7.88, 7.56 and 5.93 percent,
respectively), while oils extracted from wild plants, mostly formed by Borneol, Camphor, 4-Terpineol, Bornyl
acetate and Carvacrol (29.30, 15.26, 11.82, 9.25 and 4.92 percent, respectively). The results showed that growing
Sahandian savory in the greenhouse which is free from climatic stresses may be led to beneficial changes in its
essential oil composition.

Conclusion

The study revealed that the highest essential oil can be achieved in May, the best quality essential oil
regarding antioxidant activity and total phenol content should be obtained at the full blooming stage and to get
the highest amount of Borneol, harvest must be done in July under llam province conditions.
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