VeoY :l:/} AR 0,93 NEA cJ\La.fJ s\;\‘j_i‘ Jl'\& CL&&)(&}LOM

www.fsct.modares.ac.ir :aksws colu

‘;i'.h}jg’_‘;ol& Il

ol dls Sl dlbean; OLS 5 mlpeal 2 s Sl g Gle G (S ST 63 sl s, AU

TS Lo T i B deee dw TS o LIl gy dies

U‘Ji‘ cQLw) kdl?u) oK.ii\: sdj)‘gu;s Rt gu_i‘.)& @pr Lf‘”"')"é" B r)lﬁ 53; ‘g}'ﬂl‘l'é J]}A ngjl;é .l.ir)' UAL'“L)LS—\

dl}i‘ u_)l}u_) ch}u) al{.«i.’v\) ‘Lg)J)L:S oA ES]s nu..v‘U.G GL& J.»J\—.éﬁ 9 rj.l& a‘jj§ )l:..':..-'\:—Y

Ol Olgtol ms oKl ¢ pand owlige odSESls  and owilige 03,5 slal-Y

oS>

dlas Ol

SC-CO2) Sl G55 (0 S Aol (3 gl ot (5 Sa s U ol g 5o
gl 2 (CSE) sy s 355 i o 5 (MAE) 555 S0l S 0 >
e cp VL 25 S 15 andllas 3,50 oy S sl olS il 51 Jlabay s OS5
&S I 53 el cows 4 CSE 25, 51 ealizad U (ds s YV/E0E0/10) oS 5 Shes
S g iy heoys 00 5 M 550> 55 5 5 4 MAE 5SC-CO2 sla iy o1
oS 5 huwy HO® 5 DPPH" 55T gladiKsly Slee oUls Ol V0 5
lsome (S o3l 51 Jool ol b3 3 0alie SC-CO2 s, 5l Jool> Jlabie s
5 (S 2 del SJE Uslas 08 s VeVATENE) o 2l oS sls 0L S J g
G bpe S a ol (S 5 el KB dslee £ 5 e VH/00ENA) oy 208
Sheslizal by el Ly il 0 CSE 5SC-CO2 sla s 3l Jool= olS 5
Lol S5 o gladnd 3 8 Lald o Sl ISaT= 318 ks S 58 ol
Oledl Olg o IS @y gmas Ldd olulls I8 o ladnl Olpea Ll Sl
Sheslial &8 Wib e b s SLS 55l 8 e el olS A oS s
S oy Gl sl gla 3l Sl 5 e MAE 5SC-CO2 g slacsisS

A3 OF a3l LS 5 Jlasaial g

FUERPPIAF R

ERAVARVA DO PR IE

VEYN Y i f

1gds wlads

e

WJd sy LS 5
(ol OB S Sl
99,500 S 4 IS

10.22034/FSCT.21.148.30.

F e J pe
mandana.bimakr@znu.ac.ir

30


http://www.fsct.modares.ac.ir/

VoY :‘:J;'- AR 69 NEA d‘)t&.‘;

Ol gl o 5 pske aloe

03,5 2y ool ax s ALS b Sl Jled
N el

5 3kl s, K (CSE) aluS s Lz i,
ol gl al sla sl s Shas U5 6l o 0
Sdle 3 ¥ 15,8 o 13 eslinad 5 50 Oleen 45
(SFE) "l 355 b 31 eslizul b o1zl 5
Slasosls sl ol ol s S Ulgsa
e SIYL AL il LS 5 (glulder 55 p g o
W Candly ol [E ]l a3 S 513 a5 50 b
Leomly slales 53 Vpeme J2g) nl & ol B
L oaglie o I 51 oS Jldis 5 ol sS 2| sl Oley
slie ( (SVsb Oloy e 4 S 2l sl sl g, S0
[V 0] i o plsil ca)ls 5L VL slales 5 I L5
05 1y Sl 358 Jlw S oy 05 ol o dls
Olgoas S 5 (b 3500 I8 s /5 5L8 i U
@ Oy o Jie gl Lo bl SFE sladd>
SeS 5y OUg Dby OISa ok e S
LS o lacn Sasden 5 Ll sls 15808 o) g 035 %0
o 4 S St 3 bl b el o5Lal 5550
ol Ol R 02 e B 5 G0 025 e
(pl pede A V] Caul an § 15 ax 55 5,50 A
5% (p S ST (63 5l ealiial Lol ol il S 5
foml Olge 4 S ke (SC-CO) Tl
Wl Cany 4 o108 3l 50 53 eslizul o (GRAS)
Sosb ol 51 esdaze Dladllae 3 0 5SE [A] Sl 0l
S el ol oozl Jbcan s Sls 5 oLk gl
S S et 5 sl esle g sl b bl d 4 s
2o pl GRS Ol e e Sus
DY O ] ol oal Gzt A4S 5 oS 2]

3 -Supercritical Carbon Dioxide
4 -Generally Recognized as Safe
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1 -Conventional Soxhlet Extraction
2 -Supercritical Fluid Extraction
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5 -Microwave Assisted Extraction
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7 -Gas Chromatography—Mass Spectrometry
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6- Fatty Acid Methyl Esterification
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8-Generalized linear model



gl oS oS Gl o LS e SN )
I 5 e 3585ty o Sl 5l aSul o Dle w03 S
AL oLk il 5 alS SOl Jole oilps w
Ol 2 SC-CO2 ag, 36 sleal, 53 [YA N O] 355 o
AL OF sles 5 5Lis &S (glosle a4y oS 3500 Ol
53 g OBl Sl G55 v AL Sl o ahas
A pleze US| 2l s 8 bl Sl
sl Gt S St 6ol Sl 58 VL
3 QU ol 5l Ol il g A ddel i
Gsd OVlw amd 3 S e Sk, 3l il 3
(B EEt S O A KO CH K WP [V Jo
bl 5l ekl J 5 I LlS (sslulaz 5 oS
b S (Bl Sl s Gl B8 VL S0
J3 er 5 el i 4 o5 b 55 VL )
53 Sl obme b ol s (ool 358 Ul
ol S Gl L8 X a5 5 S el
b coas ekl s 4 glaeslas WS 3 Sles
Ol b b asly (ol oS Col |l s (sla s
55yl s [YA] 0L Kan 5 eslils, law s odd
AU s [T 0L 5 e S5 (slanllas
S 3l b s SIS 5 ol gl il sl s,
Slie cp VL S sl 315 5 Ll sl L
liws JB daS s 2y Sl eslital LS 5 Shes
S (S AS) (63 5l ealital b zaS slis 5 ol

10- lonic conduction

36

Jlasaal OlS 5 (Sislem slacdls Ll o J=
Oljpe S 5 0 ol 2t DS 5 Ol 5 5 40 0
DS T 2l (Ko SaSG 4 Al sl
Sl SO s ke e lad g IS b 4 e
O35 Bk 5 b 1y slad dad sl 51 (S0 ke
gl ol 8ln 5l sk o3 505 513 ke
ol ol bl lalS krle 1 Gls 5l
QLkily (Rl 53 cage A Sk o5l (g i3 58
Cosbme abeS g e h9) 55 30l Zl ARl e s
o YU glos b SV5b sl Gl (gl 4 sal
Slbl e 4 S Jilo 5l s SLS 5 Ll
oo me 3 wiges S JKAMAE 5 55 [Y0] 555
W5 glr ol GlapslSe 0,8 0 513 5o Sl
Colbe st s i x5 Sl g ool >
3 bl S5 s G sl b U s
S Ol g3 e slml S Sl Ol 4 &b
Sl osi e by 4 e 55 il co e
s Sl 4 i 655 K Ll 3,5 0
b slad Sse 05 Gy (ks i x50 pde
LS o PN S 3 sl (ome
ol e 5 Las i Ol s 53 |y 355 (S g
ol Mg s bd S SRl skl o e
Sy 53 ampe b JiSse nfege O s
By il S Ol 53 0T lsoms oS A3 o (K530
SaS 4 25k s [YV Y] s5ls ol 50 555,500
oS WSl alS sl 035 0 8 5l Gde (s S
oS il (ALS slad ko 53 55 go s iledl ST 05 S
S ye Lasby oS JMe S el iy opl s 00
2ol a5 s e SEt alS ele il
LS ol A sk oolss S e 30y sk o)l
ClLS S o e Sl 4 A e 5 eld s
Sl a5 48l e Gl edys ol b 51 b5

oalaiul U'Z";:("A st&ﬁ S8 Coua CJL:SJ: Lf’li)b eJ)'Lg

9 -Dipole rotation



\i"“:léj} AR 69 NEA AJLQ...Z

25 ~ a

= = )
o 3 o
1 1 1

Quantitative efficiency (%)

(6]
1

0 -

mCSE
MAE
m SC-CO2
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able 1: Fatty acid composition of bioactive compounds obtained using different extraction techniques and its comparison with soybean and sunflower

Plant
Fatty acid (%) Soybean®  Sunflower” el S marianum
122 122 122] Soxhlet MAE SC-CO,

Palmitic acid 16:0 11.23+ 0.2 6.5+ 0.0 8.25+0.2 8.042 £ 0.12 7.962 £ 0.15 8.00*£0.15
Palmeotic acid 16:1 0.05£0.2 0.04+0.3 0.07£0.1 - - -
Stearic acid 18:0 47+0.2 4.07£0.2 6.67£0.1 6.722 £0.11 6.692 £ 0.13 6.78*+£0.12
Oleic acid 18:1 2252+0.1 31.27£0.0 31.58+x0.4 31.622+ 0. 15 31542+ 0.11 31.582+0.14
Isomer oleic acid Iso-C18:1 1.5+0.3 0.75£0.2 0.53£0.2 0.58*+0.15 0.60°£0.10 0.61*+£0.13
Linoleic acid 18:2 52.07£ 0.2 56.04+0.4 45.36+0.2 45,208 £ 0.13 45,14 £ 0.16 45,222+ 0.12
Linolenic acid 18:3 6.89+ 0.5 0.27£0.0 0.87£0.3 0.942+0.11 0.872+£0.13 0.922+0.11
Arashidic acid 20:0 0.43£0.2 0.31+£0.3 4.11+0.2 3.80°+0.14 3.752 £ 0.17 3.812+£0.12
Eicozantoic acid 20:1 0.2+0.2 0.19+0.4  0.088+0.0 - - -
Behenic acid 22:0 0.47£0.0 0.75£0.1 2.6 0.0 2.65*+£0.10 2.602+0.10 2.662+ 0.0

“Same lower letters in each row represents not significant difference (p>0.05)
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In the current study, the effect of different new extraction methods
including supercritical carbon dioxide extraction (SC-CO.), microwave-
assisted extraction (MAE), and also conventional Soxhlet extraction
(CSE) were investigated on bioactive compounds recovery from Silybum
marianum seed. The crude extraction yield (22.40% 0.15%) was obtained
using CSE, while the efficiency of SC-CO.and MAE were about 89 and
50% of those obtained using CSE. The highest free radical scavenging
activity in terms of DPPH and HO radicals was obtained in an extract
obtained using SC-CO.. From the TPC analysis, the highest and lowest
value was determined in extracts obtained using SC-CO; (102.93+ 0.14
mg GAE/g) and CSE (14.50+ 0.18 mg GAE/qg), respectively. Fatty acid
composition was analyzed using Gas Chromatography—Mass
Spectrometry. Linoleic and oleic acids were determined as the main fatty
acids. Finally, it can be concluded that S. marianum seed is a potential
source of bioactive compounds and new extraction techniques of SC-
CO2 and MAE could be suggested as promising methods to substitute
conventional method for successful recovery of bioactive compounds.
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