[ Downloaded from jmp.ir on 2026-06-18 ]

[ DOR: 20.1001.1.2717204.2019.18.72.36.3 ]

[ DOI: 10.29252/jmp.4.72.122 ]

ZEIE Q\.al.f aoll2b oee——

Sap il Sl 5 ploard 52 (K5 g1 Dl oS ] S el
SSis i cew (Carthamus tinctorius L) K08 o gyls ol slaws| sl

"l s S e O Olasls A

e plal Ml o8l (anks e 5 (6555128 0aSls (AL (glosig 5 S5 05 S Sbskul )
Oyl cpaid o)

Onlg S (AR sl oasls OLLS saSia s (o s)ls QLS Slidss S . Y
g\ﬁ\u,)-s‘(w)é;ﬁ}rulwlmam\g‘ﬁb@u}@)}u.s”s:.;u‘@g;gf,uwij;)t@m -
plal (ol o815 o 5 1o (53205 (o)) (un plal el o821 ks (o553 a5l oo
YEVFAGFAIA ¢ g )S ¢ ALS (Gla5ig 5 G5 05,8« ommb mlio 5 (65,5058 0uSLiils (o) e

YA YYVAS VY 2l ((CYA) YA\ YYS il

r.khademian@eng.ikiu.ac.ir : <Ly =Sl s

doi: 10.29252/jmp.4.72.122  AN/Y/A s g Gl AARA TSI B
oS>

4 45 ool (Asteraceae) ols Kbl o5 po,ls LS slag S o2 # e ) (Carthamus tinctorius L.) K8 ol tandie
Olss sl 8 e b 53 5 odd Qo O okl 5 LSS ad g p ag)ls JWS OLS S 28 e Olse
Sad g esliiul Al slag,le

w‘&hﬁj IS %4 b\:a:‘ 6ub‘ijj|j)é &g.ajlf)‘ C'..bu})é .\._.w‘ \Sf}a-ﬁl’ﬂw)j adao Ui‘)‘ ERTY JM
Sl (s sl 5586 s ol S5 aw b (Bolas SIS b B s o) sS6 Dp g0 & IS o3l ol f gy 2 B0
f' "('/9FC) gf‘)).“;“;é} M)b?' &('/AFC) gbj &L-’J.} MJ.)/\' G(FC) ‘f‘)}q} M)b\" ch"l)\.@—‘:)b“s.bﬁ
g (Vg de V5070 ao) CBE 4w j3 deul K gl :J..Uls‘:;:,_,:ﬂé..x& Jlsl (/FFC) )5 cud b do s

Sis 5 3aemST s 3456 515 5 50 gamms AenST 3 g SYBIS dSle Sl 5T sl 51l ool s 4 slaosls ulul » b
didd IR W ﬁ|f|bs§3}§ a\:f B d-\:ﬁ}lj)ﬁ} d‘f’ ‘5|‘,::u} Ry g.\:.h.\ﬂd: b}’b g&:.‘jﬁ: ¢-\:~o‘ &ﬂiﬁuég}
s el S ie Do (55 (K25 25 UL O del S gelr S0 fdd B S adel s 4 gl 303
Aisls QLX.:J.::JJi Cysgdon Cod (5l sme jab 4 By 53 s el O sladeul pslie

o 4 als (K mal b alilis (ol KIS Sl SR s e G el S sl 45 31 DL gl 16 S et
58 o plonil 456 o b Jlae Gl 5 SilnST ST slag 5T e 3 gog o b 51 el

PP I A AP O - PSP PN R N YOI KU { - N S 1 L5 P

1A 0L 9o g dliady fuduo olod (P olex 0595 adxd Sl



http://dx.doi.org/10.29252/jmp.4.72.122
http://dx.doi.org/10.29252/jmp.4.72.122
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.36.3
https://jmp.ir/article-1-2707-fa.html

[ Downloaded from jmp.ir on 2026-06-18 ]

[ DOR: 20.1001.1.2717204.2019.18.72.36.3 ]

[ DOI: 10.29252/jmp.4.72.122 ]

AL s kS sl e ) il Sl
S 53 s JBa S e R Gk Sl s
o Jed e Al e ke Ll
G G5 il o V] ssde olS 5 (S
5 S Ol o Gl SR el el S el
oS s sl ol 5 S sl ol Olee 21531 55
Sl Sdlas SRl s men S5l 2 pds
GV Glsemss ST pn da oS 2
Sl Sl 5 SleSly 0ssb S GlSss, 05508
AT 5 s 2 slast

(oialer e 5l gl el alS s KIS LS
NS RS 4 Gl Ll OAS s A S (s
e ye 53 sgmpe DL Ll s e ol
S oosk 4ol sl i Gl Saale
ke 36 o 1 oS s Bl b (S 1S
b bl & s 13 SKSdnne sl STy
e Jle 5SS P asd e s Ses 5 A, S
e slge JUSl (SIS unails Jsb s (S50 5
Sl cus woas ol Wb 4 aulS 5l LS e
Gy (Sh g0l Olppe ol (S Ll 2
oo baddls & s sl 5l SUs esle sdae 5 55
AT 5515 sl 0,3 slge b b 5 gdudls Dl Jgb
Lile SLLS ciS el plml Olids 4 L
e e g ]
i slaednS (B b5 ol slgs oS 54 Al
Jols Sl Ol glp ol Jltal &y @
L Gaios cpl 10 V0] a5,8 515 eslinal 5,450 25 5
Slie F o Guy S A8 Sl ey Gaa
Al Slyme 5 805 Olies plncdisnd (U555 58
Jole Ol & Sl el (28 5 SIS ol
At Gl HLOL S Dl AT eSS

o sl S ganlm

PRV

o0 2 oS S (Carthamus tinctorius L) )8
S .l (Asteraceae = Compositae) ols sl esl sl |
ol o sl milg 5 gl gl e oo (e B las
s (A3 Too¥e) pos; ale onlpe ondls s w4 olS
Sladss a5l (Aeps Y=4) Sy S 5 (ho)s VO-T)
3l (b= olS g ge DLE1S bl s [V] 5l VL
VI-V0) Sdpd el dile pLiE O sladead 5l VL
V=F) Sl dead 5 (Ao 19 Sl el (ds
% QLS 3l S Ul 4 K8 sl 4ol (Ao
RETTI AU QU W R PSYRIISEN | § FCUNPRE-PLEE Ry
3 peeilogs i Sla e Ol (sl (e b 3 0lS
[P 555 g0 o3lizud O ezl S s

Gladul b s Il sbmyl ol (S 15 JS) 5k &
(S S gle sl s O Ll il S5y s
[¥] s5d 00 QLS 55 Lo sasl JWEl 5l (e g
Jl sl S (s3b5 Jlie ol oS 25 3 s ol » odle
Lol g $oAS s 5 Sy IS 55 (ROS) O]
Ldssdse ol 5 Lpdor slenSt A5 slml Crpe &S
CLISGsl, Sl s Sl I, ol Loses
oLS ol sy [O] Liten U5 55008 AT 5 JenS 550
cles il SlaanST ol bS5 gl bl sl s
SMeST 055658 GVBE asle ST 5T slags 5
LS 5 ka5 glacd plie ol 5l 5 50 sens denS) 5 5
S G O Dl &S Sose 53 el G S N6 5 Jgb
Jelse 5 g sl dIsly AL ol s A
SIBl e &S 3pd e sl G5l pde SlaeS|
My B W Gl sladgd dagnls g O senliens]
o ol (St s il (ulgns 5 0l dadliss e
Caslie SlapslSe Sy culaly [8] 5,5 0 13 G
(S e sk s Sl Sed LS
oRP e s 2l Mg S 5 plerdse


http://dx.doi.org/10.29252/jmp.4.72.122
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.36.3
https://jmp.ir/article-1-2707-fa.html

[ Downloaded from jmp.ir on 2026-06-18 ]

[ DOR: 20.1001.1.2717204.2019.18.72.36.3 ]

[ DOI: 10.29252/jmp.4.72.122 ]

I 5 Olesls

S5 paia ekl o 6y Al Jlsl Olej s
e Vrs el cpl 515U s e e Tl (sl SO sal
a0 Jol e T b g e 5 0l o S0 2
G kel Sl (Shd e A8 el RIS, e e
Sy ats Al s slem) s e 03 S 93 s
oo 53 Cug S KASS l ais gy 4ol 4 (Cis
Joied e T L als OLS imas .25 8 plnil 215

K b e (J 51 1) Je Ve (sl

(RWC) & 5 O o (gl 5 (5 S 03100

S S 5 S ST e Sl S0
Voo a5 (FW) wus 05 cdls o 5l s akslBdl
< ol (TW) FLBl 055 B s esls 13 ke Of 3 ol
Co sl s cele FA Sle 4 S 5 e LT s
055 e85 3l e 3 A enls 513 51 S il a4 55 VO sles
Ol e Sl Solgns Ad e 6T (DW) i
A aalome 5 g b Sl eslinal L S

RWC (%) = ((FW - DW) / (TW/ FW) x 100

eS| ST sl 5T b 5 S35 5 3 78 sl 2 g S 0310
s Bradford iy, 5l el U S 8, Ol e
el b Ol (5 Se3ll [NV ] 2 5 alowl (14Y5) O lSen
s (Lu et al, 2009) 3semss uSlpsw 5 YES (cla
5 eslizud L (Haluskova et al., 2009) jla..sl, 055648
ol Y Y] b S A DS s s
ol 53 A B S 0 S e Aol e skel s
S35 s Ol o oo D s e a0 il
Ad 6, Sesll 55 (MDA) dalies ol pslis alS Jler
Shesliad by (Yerd) Obes 5 LU 255 b oLl ()
oo b 3 MDA e VY] a f\";" o gt g iSd
A dlons J g 53 e a8l 100 XV S L 5 ol

QbKaA 9 Bates ui_}) d.:uaﬂ ojt:’ 6“5)’ B bb] Q,:j_}}a: )(J.}.a

el 0398 (xSl (2918 O dolLad
1FAA 30b 298 9 Slany  fulus olols

L g, 5 39
S gomsler ol 5 (K3 S5 e Jlesl 5 ol B Ll 2

Sl 2l LB s LSt s & bl ol
SIS Lyl 5 5o 1SS e 5 el 0 5 LSS e b ol
Voo %;@@Lﬁic@m Jol Jsl L8560 el gl
FC) els cud b awss A (FC) el b b us s
Cud,b dos Yo (/7 FC) el o b as s £ (/A
S ol o e Lol 5 0 g 5 SL 5 (4/F FC) =13
B5 Yk ) 500 Gl lachle b S S 4 Al

¥ oSSl b Sos s S Sa i Jlesl gl
Gl Il s eslizad (e sl Y x Yo sliwl 4) OluS
S Gsbes olie OIS a8 s Sl 2S5
O3 o2 LUK plo oS Glas8 w0 ad w05, 80w
03531 L 5 A St S 03 b oS e OF 51 e il
A e O s 5l camiles sl o Ll S 0
S el YY1 s s eliliy esiedl Lsd L OIS
5 i b0l Casby sy a Al ot A O
318 Bl a3 100 glos o O3l s 55 0585 S
e Sl ds S O by Kby bl auloe

A eslaad 5 e b 5l S Cugb ) o ys aculs g
Sk Cashy Aoy = (a5l 05— 456 055 /(458 055 x Vo

b g Olghol Hdy 0L oS5 51 KIS oS

e B atd Jgeme O b Loyl 10l S sieds sl
4 ol 5 S 15 Ao Ve J bl s BT e @
At e el Lo (sl Lo 1/O s 4y IS s J gl
Jade OF L SL T clens 5 Al JUEl adds T ot &
SO 55 L mal jedy CllS Wad esls piaad s xl
Dl O3 B OIS e plnil o ol S (55l
S ia Sl 5 LS (bl white 5b 4 bazalS LS
ol Sosemlr Al 5 SO S5 glsles oS
ssb (Lo ds )5 AV 5l i L Sigma-Aldrich &s s


http://dx.doi.org/10.29252/jmp.4.72.122
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.36.3
https://jmp.ir/article-1-2707-fa.html

[ Downloaded from jmp.ir on 2026-06-18 ]

[ DOR: 20.1001.1.2717204.2019.18.72.36.3 ]

[ DOI: 10.29252/jmp.4.72.122 ]

G S LS S Ol e gl g Bi 53
Li; OlalS T o (gl S (5658 @ 5500 Wl (5 50
AF/EY) dol Sosenlr Vg o )l Cow sl
AL (Ao s 0 Jlal mlaws 53) (olspme IS5 4 (Lo
Cdlad Ulir ey 2 3 (A3 VAAT) J 28 (sladd yos
5 Sbsed eSlse VB SilaesSI ST sl
s e el S KIS OS5 sl 05568
Aol S poilr e glac kil 5 (bl ks sla
S (lame S b T el Sllad Ol o8 s 0L
2B bl O lad Jsds) @38 15 sl ol LU
AeeST g SYB Gla 5T cdled o iy sl s
NVAY Dsles C5 5 @) SISt 055608 5 56 ses
il L35 OLLS 53 (s 0 0 S ke » 15 VP4 5V YOY
Lol S solr Sled Jlesl A sdalive +/f FC Lyl & 5
o n Sl Olgee esle ol lale 5l LS sl 0l
Moo Vol 53 8 S8 4 il I
Ay GYBIS (la 5Tl Olpn el S gl
S INY AYA (o a slaSly 058 5 50 semas
St g b auglio 13 45 55 85 0 8 L Aol VAV
S50 4 ) Sl Vs e o Bl el L
(Y ol ) wsls 0L 1y g 5VL cdlas (gyls s
0 oS e odal s 4 (laesls ool aes el
53 Solsgme JSE a4 del SSpelr Llas a5 o0k
DS A da s 0l S 5 Ol (opa ) Jlel o
Ol i ol slaesls G () sjlad Jsdsr) o
Solbigme S5 4 Si ol oy VL L aadlies
o /P FC Lils s S5 opl Jde 5 3V 5wl )3l
S dleel (5 035 08 1 sy See SAFY) Lol s
oS 53 dadliss Ol S 5 malS el sl Syl
S gomlr gl Lot jlas alS ladiped s S8
ASNO 5 AMPIN s b o pas Ve de V5 /0 A
G) dald OLS b alie 53 5 Gis o8 Jes S
Shls s MB Ko a4 (5 035 05 » Jses Ses 41/50

(Y oo Jsdr) L3 (5 50l dadlliss Ol

o sl S ganlm

sVernieri iy 5l estid b Sl dond 5 [VF] A2
DO a6 ,Se3I01018A9) O, Ken

S FN y Iy pb (gl gomn oo

LSS oS s s 5 Jsd ol SlS 5 ol sl
olul s S el dgle I 5 Ol g5 Sl ealizd
s 4y glaelas A5 H 5 I (glgmn Ol (55
— s e Sy slaias Sl eslil b5 el
sl sy il 5 23S el el IS 5 S
bas o5 5 del S8 dalas 05 oo o 25 4
o las f;f 5 O 5 S Jalrs fﬁ&:‘ 5 (mg GAEs/g)
[V#] 4 ol (mg QEs/g)

G el xS 03l 5 s ) P!

S g oSt bS58 w31 855 2l A
I S 5 ey 1255 el 018 IV Sl eslinal b
g 4 g Sl s Ol b oKy bu g
O bl 5l ral e gl B as 518 Ao
GC, Younglin ) ;8 3l S5y S bawy T J00 5
Hama L.y o 5,08 s, 5l eslizl L (6500
DVles s Pl (Y4 1Y)

bl Jow 5 42

Dl 3l baesls Lo 5 a3 5 (solel Slwlone (51 5
o313 1Sl delie ‘pimeen A oslizad V#/¢ 4 SPSS
0 Jlazl = shaw 53 (STl (glarals i O ge30 51 slizul b La
W rl?g." Aoy

@Lﬁ
2 S Ol o Glgme Sy el &S £ 80ks
Jsdz) Sy (gols pme Ol (gLl il el
Qo3 MIVA Jsles OF Sl op 2aS 5 o i 5 () ojle
sdalis /Y FC s FC ol 5 i 5 a0 do s VA/PY
K sanls ciliis glaclle Jlasl (Y ojled Jsd>) A


http://dx.doi.org/10.29252/jmp.4.72.122
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.36.3
https://jmp.ir/article-1-2707-fa.html

S oS s adlhae 500 Dlis el S penle Dglite glac il 5 (ol e slaea s ST Ll 4 -V e led J gl

Sl Sk
sl - ) 05 8 A1 g e - e sse e o
s 5l g oA Sl P Arlgs O Ja Yl - p £ e
RSP : Hasly JLepoa &, &l

YT OVER THeaph® VORELFH SEAE S YHe o AVEE QF VA HE VYL EE LCERLPVL L AU LYL i LO TRl g r sl 32
VETY TV R FEFO¥E VAR RE Fooye (AT AR AN A* VYVErEEE FOvIVE 48,75 Y Aol S5 gl
x gl gy Blse
FYFOEE AF R eFTT A Y™ NZEA aviv TTAQT S VVFp YEFO™ 5 i ol
87080 Frayv SeAV YAAY YV ARFZA S \OFN ERA T V4 TEIFS ¥ rh..rmm ..mrrv
24¥ Atk VB 49 Y TIA vy YA o #¥ - (ao32) O pdi o 2

Aoz Y g do ;s 0 Jlansl g 3 s S S e b s g R s

.hufl_mh_b_luuuvyu\, k?f&an}lgrﬂhuu{h?uu%f%u%&\uOfOﬂ.ﬁ.r...rlurmbl.ﬂ nur?h rvu.hh.'

OLHen 5 Olasls

Sl aeadliss o dle Sy 0y 48 30 pas A5 53 Syl ool g »
(S I - T slad
(4s 53) (G055 pf pdams o) (ospefm 2l (oSsnpfibe 2 ols)  (Fsn pfde nanly) (4,5
\¥g C Vo e 1y v vasd DAIYAE AANVAY FC M
UL AR wovies AN FEAC Ao +/AFC sl slaps 3
YiYa ab qri. yb 4\/4.._..0_, ,.}..D_, 5_Ku...,u? A jE%D 5 FC w“ W
\AE Ay @ Th§s VFOY 2 Vevine® Weipv e EFC 5 mu
A
VT © quEn e ey b Ve¥AE vyisy b VAT P (asle) iw @
. Al S gl . w
Xien b AFiA b ¥ ab Vavp b VAAS B Asj¥y ab Ve e 0 ) 3 o
: (Y ge e S5 o
YOFE A Afvo b YA A yyra A¥SLE N N Jad m o
Diopx D Sond dml e gl e ol YRS MEE Dy a8 e O S0 il s sl b 4 mm
2 <
ay
s L
¥
-

[ 8T-90-920z uo Jrrdwf woij pepeojumoq ] [£9£2.8T°6T0C02.T.2 T"T00T 02 :HOA ] [ 2zt vdwlzszee ot :10a ]


http://dx.doi.org/10.29252/jmp.4.72.122
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.36.3
https://jmp.ir/article-1-2707-fa.html

[ Downloaded from jmp.ir on 2026-06-18 ]

[ DOR: 20.1001.1.2717204.2019.18.72.36.3 ]

[ DOI: 10.29252/jmp.4.72.122 ]

Sgamlr Ve do VSl Cos /F FC Lyl i js s
skel e 4 2l Al L (Y o)l JS2) A etalie s
ol i Jleel lajles sbuas LI B - uss w
Sy o Uil 4 b slac ) sl

Slag 52 4S5l O3 KIS o w8 5l Jool
o 53 1 GE s JS doss ded S salr 5 50k ol
Whesls L3 30 o (hoys Vb mlaw) (515 e
Sl by slie T i s Bl L esled Jsd)
s a5l Ly Ol O pwe Aol K ganslor 035330 L Lol aily
Ve ko ) Sl Cow ey deons (F ol i) S
3 dls Dlad g w4 Sl (ol pme Rl il SO senlr
(ol ISK5) sls Ol JY 50 e +/0

SHpd 5 deol S5l cenl Solal el Sl
Sl S8 o) 53 s se ol o el Jlexr A
ol Ao sdal s 4l bl (F ojles S05)
DL ol pme DMt T e slagysy o LS 5
S s 5 Sl Hlade o iy (Y oyl Jgd) Lol
OalS s (dwoys Ve 5 Y44 Lolie L s 5 ) el
53 e sdalin (FC) (olol Jlo s Lol i o sl ooiS
ORIl ShE S e ded Sl ke s -
OF Sldie [il5l 3 gols pme 3U 55 ol Soad Lol il
Olpe Slais » oSl Wig,y (F ojled dsuxr) Codls
o5 Jlesl g sline o sladed o5 L el S
ol Eel el b b as s fr gAY - s S
S S eSSl Sl
S5 pl M e 1A 4 e (/Y FC) s
S salr e Jlesl o8 31 0L sal s 4 s S
S o Skl Sllie 5 55 (ool iae Sl Al
AV oyl Jod) il andlas

o sl S ganlm

5 OPan e & bse laesls ulls w s olul
23 Gl 23548 3.5 dalie Ol o (S5 IS oS ol S 5]
33 uﬁ)l.lf,;t Slae (635 A Sy dess ) dk:}\cb.w
LS 5 i 3 b gme Jdend S genlr Jleg S J-
e ) esled S8 () o led o) ol 42315 5 S ke
(255 Lo edd 2SS IS OlaLS 3 5 g s ded Sl 5
Sl sdalie BB L 4 e e 0L ) (bl il (gl
33 e QLS el Jlesl Sl Sud (il Lo«
Sae VL el wsl (I gl e K8 4 S S
05 2 s S AT Dolae i ol Sl 5 s
sdalin /f FC oy o LS s ol g VWPIO 5 5 03
b il doys AF 5 V0 (5 IS L alis 53 oS L3
Aas OLEs

Pl S gl Sl eslizal 5 okl sla s, Jles!
oS S e 55y doys ) Jlax| Cla“ﬁ Sl sne
SSsp Jis S g 4 () esled dsdx) clils K8
Sl bajlas ple b (o V/FA) bl dals [l s
Sl e S22 Jsl ol O ey LG
S5 e VL 5 edd SIS elS s s W
¥ FC Lyl b o asl i, 0llS s doys VO Jsles
Yo ol 5 ool Kosamlr clale 21550 el s w
Sk ges oS GlosS 4 As OblS s s, e 3
0350 D b deed S salr )Y 50 oo ) cBle Lol L
doys VY dals @0 b aglie 3 opSs s doys V/FY
Aas e QLS 1 s,

= Ab o K5 oS ki g 5 S5 Gl
2 ol IS8 4t S samlr glasless 5 5ol gl
20 kel Jadr) 55 My e (Ao ) Jlazl <o
S a SLS S el s a M i Jol i el
soskas o8 el SUE Dolee o3 e NAEY olie L

MSQLAL? BE) co)L.a.O r;j u.:.l'.w;js Jalxe (;Jfé:‘ Ar


http://dx.doi.org/10.29252/jmp.4.72.122
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.36.3
https://jmp.ir/article-1-2707-fa.html

[ Downloaded from jmp.ir on 2026-06-18 ]

[ DOR: 20.1001.1.2717204.2019.18.72.36.3 ]

[ DOI: 10.29252/jmp.4.72.122 ]

OLHen 5 Olasls

100

90

80

% 70
-

H e

Z o
s

c "O
£

= 30

20

y 10
i

0

160

140

\ 120

!
§

Ao S

(ppm)
&

i

FC 08FC 0.6 FC 04FC

Sl Kl S5 2 59, L “5,91_51:.;“@?,_;,@&;? oS () gl sl 5 (W) g 0 Ik anglin =Y o5led K5

140

120

100

80

60

40

20

AL o Hlne

BTPC (mg GAEs/g) ETFC (mg QEs/g)

S S il ghls palie el S pemlr 5 S5 25 il sl jled Cow KIS oLE AS SN 5 S5 s aslis —Y o el SS

Plex

Al Sl Bl Sy D (555 WA Al el e (5 el I 3 S

0,95 e Jlu (29510 VLS 4olikad
IFAA 50 (9 § 3L udus 0leds


http://dx.doi.org/10.29252/jmp.4.72.122
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.36.3
https://jmp.ir/article-1-2707-fa.html

[ Downloaded from jmp.ir on 2026-06-18 ]

[ DOR: 20.1001.1.2717204.2019.18.72.36.3 ]

[ DOI: 10.29252/jmp.4.72.122 ]

o sl S ganlm

KA oS oz dl (sl 5 s he s 2 solel it a5y 5 dl S samlr 1 b ls 45 Y o led J gl

Sl o 5Kl
ol S 5 e S Aol Sl el Sl g ey sl5T A s g
EIVE\R* A/PVAY** V/ s VOAY R YVTVYE VFAIYQ L H* ¥ @l w3
/YYF TS AR ey WASVARRL AY/AYA** A Sl S5 gl
/OFOS AYAD™S ¥ GYYEDS F/Y5Y S 5 @l&grﬂ\?xwtﬁiﬁb&m;u
VY JALTE /Y04 I EEAV T/AY Ve Sabesl glas
V/0 YV ey 2\ &/ - (U0 33) Sl s o2

* *

doys ) s doys 0 lecjkﬁ)z)i;wjjh@mﬂ;\ﬁ:jy‘* B)

sk SLs 9 del SS el il 7 glaw o S ol 55 0t lgon 5 gy Moy 5SSl amglis —F o lad Jgur

Al S g2 el S ! Al S, ! ol Sy Js o8 6ol =3
(dp3) (% ,3) (hp3) (%2 ,3) (p3)
VE/ea Y/AYD v/492 Y/AA D YE/0A R FC
VA/VYD yy/qyeb Y/As B 108 VAT «/AFC
Ve/fy© VE/YOR y/5\ b \ALE TY/AD P /¢ FC
#v/0+ ¢ VY08 Y/Ye© f/¥q 2 Y5/8Y © /¥ FC

(40350 5S0l3) sl po Hlaime (g bl OBl WBL (g o 55 S i G G BBl gyl (sla Sl

45

c b

35 T ]’
ok i

30 E-:ii-:.:?. :'-::-:i':‘-:l

25 T T

*

OFy) ey
7
o
&

20 s % n e

15

()

10

JA1 JA2 JA3
Vo /0 o sl hile sumsili oo 5 4 JAZ 5 JA2 JAT) el S5 el Cilisie (5o jled o pE gy dyd Amlis Y oy led S

AL e Szl Sl 05t 2 595 SLLL (Ml o doml S gomlr Y 50 L


http://dx.doi.org/10.29252/jmp.4.72.122
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.36.3
https://jmp.ir/article-1-2707-fa.html

[ Downloaded from jmp.ir on 2026-06-18 ]

[ DOR: 20.1001.1.2717204.2019.18.72.36.3 ]

[ DOI: 10.29252/jmp.4.72.122 ]

I 5 Olesls

€1 TP 71—

€T 61

i

[mV]

el 0398 (xSl (2918 O dolLad

1A 5k P93 § SUas fuduo 0slads

IT T0E —=
0T 96 %
L 6LT 2—0°8 dl
9 Tl T—*T
S 85
b §
T ¥ —T
T ¢¥ic+—
= 5 = = = 5
3 2 g 8 = =
26ejjon
KAS oS by okins JoSi oz Wl IUT 4 b gy o GC ol S 5ly S5 -F ojlad JS2

45

40

35

30

25

20

15

[min]

me


http://dx.doi.org/10.29252/jmp.4.72.122
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.36.3
https://jmp.ir/article-1-2707-fa.html

[ Downloaded from jmp.ir on 2026-06-18 ]

[ DOR: 20.1001.1.2717204.2019.18.72.36.3 ]

[ DOI: 10.29252/jmp.4.72.122 ]

02080 ol 5 SilnSI BT lan T s (215 G b
© bl 5 IS il SlalS s aadllss ol Ol
IYVOYF] ol o, U

Joe & il alggespa s alar ) Aol S
Ll pd 53 5 oo is) bibwe adshe O W5 Lol
53 IYOT 555 o Waijs, OAS dtew omge o] Cudsdoue
Cdd Sl Lol s el Kl e o andllas ol
S Al sl s el al o aml ol T i
el (S Ll el el 00 Sl Bl

oob S Lres eate DLS S 4l glacd sl
Ly cilite gladnl 3 s 5 adls sy OllS s s 1S
St msls 5 SOSslen Ol Al S el e 5
(ST ST ol ol dosl, Lles oUly ik
SIS S 5 ol 5l b S 5 Gl s IS
Ll 5o 0blS sl ple (gl g5 5 Ol el el
52 oS ols Glagmaly 5o 5 Ak e aes sllasl
Y8 V] S o il bl iE Jases gl 25
s dpbe o Jege dhax 5l GAISNL 5 Jpd DLS S
Gk 5l s aily wlieS BT CJls &S ks alS 4 5
S5 e 5 0LlS cuglis el sl dsl, i
L a8 3ls Ol G cnl oml [YA] Lpd oo pltenS| gl
oS 55 WigM 5 Jgd Ol S 15 Sl )58l
Sl ol S5 LS 5 Ol l3al s S Iy il S8
Catharanthus .l dise 0LLS 55 Six (o
Dendrobium ,[v+]Withania somnifera [Y4] roseus
5,08 addlas ool s ol sd 55158 ¥V ] moniliforme
I3 Glsms 53 olssme SRl Bl Sl 50 el S pailr
2 AL Gk SIS Ll ) A SIS S 1
AR SLLE 55wl e Slsl oS S sl (gl s
IFYT sl o o158 50 Olowy

Ol & SIS o, Gl gla Sns 5 oS
el DS S e s abertse Slopat L3l
b e a4 Slis pl s sy ke OT 43 54 e
LS e O3 Sis 28 dexr S ek gla i

o sl S ganlm

Cow

Cllad sl b (S A5 S e (e DS

S L OlalS AT 5ls it b ol sl Lguﬁﬁ
055658 5 36 s A1 g VOIS a5 o 5T ol
Lbl,s Cod S (ROS) 058! Jed sl S L slast,
Sl S e i b e bl ol il s Sas
3555 0] T gin s (St 25 o bl ol las
Sl o sl bt Olgpe ool 0 1S [Y0 ] 0S5 V4]
ST A5 o ol b ok d b 03T Jleb o S b
9 Vb [NV ] el g e S| ST gt Sl Ol
55 bt sbul Co o 33T GdISosly cpl s o310 51 i
OseldenSly Shles ol 0 3500 & 5500 Jsbo LS
03 ok sl ens bl sLie s s g O sladld
Wile Sor S LS5 5 4 e Dshe slis o slaa
G OseldeeSly g Jpame S 25500 dadlss O
b lie ol 3l adle S5l s il 5 cla
Ol Sl gme il oy o canlllas cnl mls pley [YY] 5l e
O ol Sad b Oleses Sl ST lan sl ol
S5m0 Ly Gyl 55 el W 5 sl Osle pslie ( Sit
ol 5 dallen O Jle Ol e 4l a5 b o Sols e
Gk 3 Jhe gl el Dol Ol Gl el
i S 55 St US e wmlan DSy
Oy Sl oS #5 ule Ol 4y (I 5T (slage 5T
EYE G [ I I RPC IR S G
Gl oS 4 S g (6503 o ol e Sl 2l
L bl o oS Cod S dher 5 Jaoee gla i b ablis
Sl 5T cdlad (58 5 b 5l olS oy nilSe oy
sl Sl plid gla o o O genldonS] 2 5 ol
BB ol s @ 2W o3 S 4 Ska e O | el
re il a5 ) S el G e (e ol
Sgme 2l s 5 CiliuS] sl Sl sl ol s
Wy lie bl sl asls o s ) dadlles ol
5 slaS) 25 ol jarls Olge 4 a0l
S gl el el Sosenlr g sl S


http://dx.doi.org/10.29252/jmp.4.72.122
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.36.3
https://jmp.ir/article-1-2707-fa.html

[ Downloaded from jmp.ir on 2026-06-18 ]

[ DOR: 20.1001.1.2717204.2019.18.72.36.3 ]

[ DOI: 10.29252/jmp.4.72.122 ]

I 5 Olesls

Aol SUS 5 5 ) Ol say Sa 5 e
dox I Carthamus o> 31 <5 0 5 o>
o 8 uly &5 02 315 Carthamus tinctorius
E) LgJL:;T Jlﬁf ..b_“j.; o JJ‘}A 4:_2; BEEE I ERY )\3;5.‘*"
ASaMQb*{Alelaﬁd‘):cW.w‘ebf)bwuiﬂ
Osee 6550 53 dbop (bl & s 25 Jal 3 s
el oz el SLS 5 5 e, Ol s S0 lanlllas
Aol a5 Sl el Cd &S A 518 S A S
Lol asl il dawge OF 35S Ll s s S8y
ool 0T b e 2alS s ol o 35S b s
Al JolS s 3 ol G 5 Jol b b s,
Ssonlr slad Jlasl a5 03 8wt Oy o Sulgys

MLSL'J”‘);@ ;<.-Jk§ eL.s)J Sfua&.;dlj&cu.k?w\
5 S Sl sy S 5 e ot
Susl sbadple JLlBl 5 Al s corse (plond g

g u_u)\selﬁfiﬁl

3 P e Dlas Ly s Ol aadllas nl 3 conl s
or s O Bl Ced oS ) o el (s s
S0 Ol o el DS S s e LS
Skl Gl sy Do 53 ile olan 3 IS 8, Lo
ol Ly bl axilsy ool pme Dl Al S genls
oy &S Gusb 4y e Sae Sl Slag 53 3 s
LLl il mals i 20 ods JlBl LS e,
oS 03 i By Ol el sl Olgs G215
i 5 A5 0l 55 08 S 4 Sles A3 A5 SIS
bt g 5 (S35 sladnl B 81 53 el o e
Loy T3 a8 sazme nl 31 (S0 55 e M5 oS 35 olS
Jolss LS adblie Lile SO el S penlr 5 2
Coadl a5 b Al o olS A 53 J5e Jase o llasl
3 e mle Wl Ol 5,08 5 o sladel
DMe s e Jelse Sl ave) 53 (g3date Dlallas ¢ o g5ls
Olye 4l 4 S pll il olals s wls s ool
Olpe 8 A3 S5 Lgw olS oy lanllas 55 b
S A cmbie Ll Il 3 55 ks W5 O ladd

55 M) el ey Sas A5 als cow T sl

1. Rahamatalla A, Babiker E, Krishna A and Tinay
AE. Changes in fatty acids composition during seed
growth and physicochemical characteristics of oil
extracted from four safflower cultivars. Plant Foods
Hum. Nutr. 2001; 56: 385 - 95.

2. Yeilaghi H, Arzani A, Ghaderian M, Fotovat R,
Feizi M and Pourdad SS. Effect of salinity on seed oil
content and fatty acid composition of safflower
(Carthamus tinctorius L.) genotypes. Food Chem.
2012; 130: 618 - 25.

3. Khalid N, Khan RS, Hussain MI, Farooq M,
Ahmad A and Ahmed I. A comprehensive
characterisation of safflower oil for its potential
applications as a bioactive food ingredient-A review.
Trends Food Sci. Technol. 2017; 66: 176 - 86.

el 0398 (xSl (2918 O dolLad
1FAA 30b 298 9 Slany  fulus olols

&b

-

4. Jaleel CA, Gopi R, Sankar B, Gomathinayagam M
and Panneerselvam R. Differential responses in water
use efficiency in two varieties of Catharanthus roseus
under drought stress. C. R. Biol. 2008; 331: 42 - 7.

5. Lum MS, Hanafi M, Rafii Y and Akmar A. Effect
of drought stress on growth, proline and antioxidant
enzyme activities of upland rice. J. Anim. Plant Sci.
2014; 24: 1487 - 93.

6. Faroog M, Wahid A, Kobayashi N, Fujita D and
Basra S. Plant drought stress: effects, mechanisms
and management, Sustainable agriculture. Springer.
2009, pp. 153 - 88.

7. Martin D, Tholl D, Gershenzon J and Bohlmann
J. Methyl jasmonate induces traumatic resin ducts,
terpenoid  resin  biosynthesis, and terpenoid


http://dx.doi.org/10.29252/jmp.4.72.122
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.36.3
https://jmp.ir/article-1-2707-fa.html

[ Downloaded from jmp.ir on 2026-06-18 ]

[ DOR: 20.1001.1.2717204.2019.18.72.36.3 ]

[ DOI: 10.29252/jmp.4.72.122 ]

accumulation in developing xylem of Norway spruce
stems. Plant Physiol. 2002; 129: 1003 - 18.

8. Wu H, Wu X, Li Z, Duan L and Zhang M.
Physiological evaluation of drought stress tolerance
and recovery in cauliflower (Brassica oleracea L.)
seedlings treated with methyl jasmonate and
coronatine. J. Plant Growth Regul. 2012; 31: 113 - 23.
9. Koutroubas SD and Papakosta DK. Seed filling
patterns of safflower: Genotypic and seasonal
variations and association with other agronomic
traits. Ind. Crop. Prod. 2010; 31: 71 - 6.

10. Ghassemi-Golezani, K and Hosseinzadeh-
Mahootchi A. Improving physiological performance
of safflower under salt stress by application of
salicylic acid and jasmonic acid. WALIA J. 2015; 31:
104 - 9.

11. Bradford MM. A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal.
Biochem. 1976; 72: 248 - 54.

12. Lu S, Su W, Li H and Guo Z. Abscisic acid
improves drought tolerance of triploid bermudagrass
and involves H,O.,- and NO-induced antioxidant
enzyme activities. Plant Physiol. Biochem. 2009; 47:
132 - 8.

13. Haluskova Lu, Valentovicova K, Huttova J,
Mistrik | and Tamés L. Effect of abiotic stresses on
glutathione peroxidase and glutathione S-transferase
activity in barley root tips. Plant Physiol. Biochem.
2009; 47: 1069 - 74.

14. Bates LS, Waldern RP and Treare ID. Rapid
determination of free proline for water stress studies.
Plant Soil. 1973; 39: 205 7.

15. Vernieri P, Perata P, Armellini D, Bugnoli M,
Presentini R, Lorenzi R, Eccarelli N, Alpi A and
Tognoni F. Solid phase radioimmunoassay for the
guantitation of abscisic acid in plant crude extracts
using a new monoclonal antibody. J. Plant Physiol.
1989; 134: 441 - 6.

16. Mafakheri S and Asghari B. Effect of Seaweed
Extract, Humic Acid and Chemical Fertilizers on
Morphological, Physiological and Biochemical

o sl S ganlm

Characteristics of Trigonella foenum-graecum L. J.
Agric. Sci. Technol. 2018; 20: 1505 - 16.

17. Hama JR. Comparison of fatty acid profile
changes between unroasted and roasted brown
sesame (Sesamum indicum L.) seeds oil. Int. J. Food
Prop. 2017; 20: 957 - 67.

18. Khan A and Ashraf M. Exogenously applied
ascorbic acid alleviates salt-induced oxidative stress
in wheat. Environ. Exp. Bot. 2008; 63: 224 - 31.

19. Kumar RR, Karajol K and Naik G. Effect of
polyethylene glycol induced water stress on
physiological and biochemical responses in
pigeonpea (Cajanus cajan L. Millsp.). Rec. Res. Sci.
Technol. 2011; 3.

20. Hasheminasab H, Assad MT, Aliakbari A and
Sahhafi SR. Influence of drought stress on oxidative
damage and antioxidant defense systems in tolerant
and susceptible wheat genotypes. J. Agric. Sci. 2012;
4:1-20.

21. Guo Y, Tian S, Liu S, Wang W and Sui N.
Energy dissipation and antioxidant enzyme system
protect photosystem Il of sweet sorghum under
drought stress. Photosynthetica 2018; 1 - 12.

22. Jia X, Sun C, Li G, Li G, Chen G. Effects of
progressive drought stress on the physiology,
antioxidative enzymes and secondary metabolites of
Radix Astragali. Acta Physiol. Plant. 2015; 37: 262.
23. Kheiry A, Tori H and Mortazavi N. Effects of
drought stress and jasmonic acid elicitors on
morphological and phytochemical characteristics of
peppermint (Mentha piperita L.). Iran. J. Med.
Aromatic Plants 2017; 33.

24. Alam MM, Nahar K, Hasanuzzaman M and
Fujita M. Exogenous jasmonic acid modulates the
physiology, antioxidant defense and glyoxalase
systems in imparting drought stress tolerance in
different Brassica species. Plant Biotechnol. Rep.
2014; 8: 279 - 93.

25. Kuromori T, Seo M and Shinozaki K. ABA
transport and plant water stress responses. Trends

Plant Sci: 2018; 23 (6): 513-522.


http://dx.doi.org/10.29252/jmp.4.72.122
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.36.3
https://jmp.ir/article-1-2707-fa.html

[ Downloaded from jmp.ir on 2026-06-18 ]

[ DOR: 20.1001.1.2717204.2019.18.72.36.3 ]

[ DOI: 10.29252/jmp.4.72.122 ]

I 5 Olesls

26. Akula R and Ravishankar, G.A. Influence of
abiotic stress signals on secondary metabolites in
plants. Plant Signal. Behav. 2011; 6: 1720 - 31.

27. Karker M, Falleh H, Msaada K, Smaoui A,
Abdelly C, Legault J and Ksouri R. Antioxidant, anti-
inflammatory and anticancer activities of the
medicinal halophyte Reaumuria vermiculata. EXCLI
J. 2016; 15: 297 - 307.

28. Jaleel CA, Riadh K, Gopi R, Manivannan P, Ines
J, Al-Juburi HJ, Chang-Xing Z, Hong-Bo S and
Panneerselvam R. Antioxidant defense responses:
physiological plasticity in higher plants under abiotic
constraints. Acta Physiol. Plant. 2009; 31: 427 - 36.
29. Jaleel CA, Manivannan P, Sankar B,
Kishorekumar A, Gopi R, Somasundaram R and
Panneerselvam R. Induction of drought stress
tolerance by ketoconazole in Catharanthus roseus is
mediated by enhanced antioxidant potentials and
secondary metabolite accumulation. Colloids Surf. B.
Biointerfaces 2007; 60: 201 - 6.

30. Singh R, Gupta P, Khan F, Singh SK, Sanchita
Mishra T, Kumar A, Dhawan SS and Shirke PA.
Modulations in primary and secondary metabolic
pathways and adjustment in physiological behaviour
of Withania somnifera under drought stress. Plant
Sci. 2018; 272: 42 - 54.

el 0398 (xSl (2918 O dolLad
1FAA 30b 298 9 Slany  fulus olols

31. Coban O and Goktiirk Baydar N. Brassinosteroid
effects on some physical and biochemical properties
and secondary metabolite accumulation in
peppermint (Mentha piperita L.) under salt stress.
Ind. Crop. Prod. 2016; 86: 251 - 8.

32.Ztotek U, Szymanowska U, Kara§ M, Swieca M.
Antioxidative and anti-inflammatory potential of
phenolics from purple basil (Ocimum basilicum L.)
leaves induced by jasmonic, arachidonic and -
aminobutyric acid elicitation. Int. J. Food Sci.
Technol. 2016; 51: 163 - 70.

33. Nanos GD, Kazantzis |, Kefalas P, Petrakis C
and Stavroulakis GG. Irrigation and harvest time
affect almond kernel quality and composition. Sci.
Hort. 2002; 96: 249 - 56.

34. Nazari M, Mirlohi A and Majidi MM. Effects of
drought stress on oil characteristics of Carthamus
species. J. Am. Oil Chem. Soc. 2017; 94: 247 - 56.
35. Zhu Y, Taylor C, Sommer K, Wilkinson K and
Wirthensohn M. Influence of deficit irrigation
strategies on fatty acid and tocopherol concentration
of almond (Prunus dulcis). Food Chem. 2015; 173:
821-6.


http://dx.doi.org/10.29252/jmp.4.72.122
https://dor.isc.ac/dor/20.1001.1.2717204.2019.18.72.36.3
https://jmp.ir/article-1-2707-fa.html

[ Downloaded from jmp.ir on 2026-06-18 ]

[ DOR: 20.1001.1.2717204.2019.18.72.36.3 ]

[ DOI: 10.29252/jmp.4.72.122 ]

Effect of Jasmonic Acid on Physiological and Phytochemical

Attributes and Antioxidant Enzymes Activity in Safflower (Carthamus

tinctorius L.) under Water Deficient
Khademian R (Ph.D.)**, Ghorbani Nohooji M (Ph.D.)?, Asghari B (Ph.D.)3

1- Genetics and Plant Breeding Department, Agriculture and Natural Resources Faculty,
Imam Khomeini International University, Qazvin, Iran

2- Medicinal Plants Research Center, Institute of Medicinal Plants, ACECR, Karaj, Iran

3- Department of Horticultural Sciences Engineering, Agriculture and Natural Resources
Faculty, Imam Khomeini International University, Qazvin, Iran

*Corresponding author: Genetics and Plant Breeding Department, Agriculture and Natural
Resources Faculty, Imam Khomeini International University, Qazvin, Iran

Tel: +98-28-33901246, Fax: +98-28-33780073

Email: r.khademian@eng.ikiu.ac.ir

Abstract

Background: Safflower (Carthamus tinctorius L.), is an important medicinal plant of
Asteraceae family, which is a rich source of pharmaceutically active compounds including
phenols, flavonoids and fatty acids. In traditional medicine this plant has been used as an herbal
medicine to treat various diseases.

Objective: The aim of this study was to evaluate the role of jasmonic acid to protect safflower
against drought damages.

Method: The greenhouse experiment was conducted as a factorial experiment in a completely
randomized design with three replications. The first factor was irrigation regime, which was
applied at four levels: field capacity (FC), 0.8 FC, 0.6 FC and 0.4 FC. The second factor was
application of jasmonic acid in three concentrations (0, 0.5 and 1 mM).

Results: According to the obtained results activities of antioxidant enzymes including catalase,
superoxide dismutase and glutathione peroxidase, and also the amount of compounds like
abscisic acid, proline, malondealdehyde, protein, phenols and flavonoids contents were
significantly increased in safflower by enhancement of water stress. Conversely, relative leaf
water content (RWC) exhibited a significant decrease due to water deficit. According to the
obtained results, application of jasmonic acid can mitigate the adverse effect of drought stress on
the mentioned attributes. Also, the amount of main fatty acids in the oil were significantly
changed due to water deficient.

Conclusion: The results illustrated that jasmonic acid has an important role in increasing
safflower ability to cope against drought stress through improvement of antioxidant enzymes
activities and enhancement of secondary methabolites.

Keywords: Carthamus tinctorius, Abiotic stress, Antioxidants, Fatty acids, Secondary

metabolites
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