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3 -Supercritical Carbon Dioxide
4 -Generally Recognized as Safe
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1 -Conventional Soxhlet Extraction
2 -Supercritical Fluid Extraction


http://dx.doi.org/10.22034/FSCT.21.148.30
https://fsct.modares.ac.ir/article-7-67412-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-22 ]

[ DOI: 10.22034/FSCT.21.148.30 ]

(CSE) 4l g n 35 s 1 il ~Y-Y
SIS s DS 5 gl el el s«
s 1) (CSE) Al e e sy b ol s
doys AY) o JSbloda Dl 5 dged Bl e
(ol 533 ViV Cand Soley b (Lee/ oo
Aol p 23S 5 S oKies 3 5 Al eslal
Al pladl 51 ey A el el T Do 4
5> I Gl shiee sdel Cosay oslae )
s b gles s et ot 0Lt eliS e oS
el ) Sl w0 O 5l e 5 A esls 15 gk
St oslas 31 S 15 I als Gl g 0l

A3 S eslizal gy (Lol sasT plnil (g1 et

Sl OB S S| g5 by gl Al Y-Y
(SC-COy)

S Sra w dedien s OS5 pl el b el
(0 57) iwme s (SC-CO2) Sl oy G52 (0 S eS|
OB gl o pase abaizes 53 0l e3lel (455l |
JLis oS ol ol sl Gy el 02 8 S
S Sl e s WS B e JLEE s 228
L3 33 8 o3lal ol st (gl 2 omy 5 B> Ol s
VU g 455 00 oles 5 5 s gl 3 5L0S
el 2 sl Clbasl s w8 ks JSLLK
53 olaus nl Sl £k Al adsl Sl
Gl DS ol olrus cpl ol ol € ) S
(38 S (s I S AS) 5o 8
(83308 S AenS1 (63 o sazee VU LIS iy
S ol oS (e S ol gl Ot calbie S
Lol b pladl Sl el wigad Goslper BB
Dsbeas sdal s @ o slae wids 1 Do 4 2] S
St Co G eSS oKaws 3 D Gl
a0 O 31 ey 5 0303 13 ks a3 £0 glos

D3 I S Gl e 0sl s csle ) o

32

(MAE) ° 555 S0l S8 4 Dl 2l s,
LS gl S e s s sl B S
bt Ol 5o il LS mle 5l Jlbci;
(bl el Ol s a2l o) cpl el
Sl3b O3 2alS (ol iy pa (e Jae L (85
5 S b Sy el s el Sy
Jebdoss OS5zl sl b, g
Sl Gy ol O e st Sldlee s 3L e
D101 Y] el 0 el Jlabii 3 LS 5 o) i
25 ol Glandlas 5o V] OLSen 5 o e
e oo nl S eslial Qaal iy ok plonil Slinis
o3 dilastls o gline G\;ﬁ Sldise s 5 lez:wl
Do b s a DIV] 0L 5 WIS L ((glasdlas
LS 5 dlaszal 5 gw 555 L 0T awslie s MAE
Sl @..éy“«.,p"y s et il Sl b 5
LTI E AR R i JRE T JE .
Al sl Aol B s e s ol 4 30 LIS e s
YL osls il ) el oS Sl @ s L
SC-COz 5 MAE (sls iz cmore 5 ol 355
Ol B i gl g g kel 2l Sl sla
Sl 5 Sk Gla fsy L0 ) andla
o ORereR S oS ol 5l Sl el SlS 5
oY laesls Sledbl oL Olpea Llg o anllas
Py pgeme plARA Al 008 e S
Jallee Joa, b el mls Gl S5 S osdlew
A5 S aolie S 5o
Ubuf:‘gj 9 .s|_5.o -Y
slg0 Y-
A 3 @Bls Joee L Sl el psls olS L
O 3aad Sl e Wl gl .5 S (6ol 5 Ol Olgaos]
e 3 om0 ARELST bl s by
A sles bsg b s 5o Gt et Oles B ol
A (IS s a3

5 -Microwave Assisted Extraction
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Fig 1. Schematic diagram of supercritical fluid extractor [33, 38]
leé v\ibjf oslaul S 6LAQ)AJT €L>r.s‘ 6‘]’ ol
NGV P eJJJ]Y Jg.i_)b aKZ.wb &gu (MAE) ﬁj}ﬂb“ﬁC‘ﬁh' -Y-¢

O deies s DL 5 sl b el sl
3 ere sl 1) (MAE) 555 Sile oS & IS
L (Lo oo Ao s Ar) I 515 s0en I 5 450
RO NN (o 559 VY s Sols,
oS Al aul B s S 18 s,k Sl
A bl a2 VY Ol 5 ol Ve pus Lyl i
Wl e a5l LT el e sl
33 A 83l g o A 1 ped Al b bl ey
55 D Gl hieny sdel Cs 4 olae sl
a=ynhe 6UJJJL5A>'-AL>JOL>'-J>T-0.,\;;§J:5=§0L<LAA
sy el ) Sl w0 O 5l e 5 A esls 15 gde
S o las 5lcd S 13> el Gl e 0]

1
‘ —=——— Condenser

Microwave
oven

Mixture of sample
and solvent

Fig 2. Schematic diagram of microwave assisted extractor
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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
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Fig 3. Effect of different extraction techniques of MAE, SC-CO, and CSE on quantitative efficiency

oS e YA el 4l 5l ol S b S 5
3y ge IO Ll 518 0 S el UK sles
S B 5 e ol slaasl b ol adlle s o
s Jdbceny bS5 oLl b by, o ol
DTl ls (S5 5o S

EasS53 slaadllas 53 MAE b5, (5,138 156 0ol s
cer MAE (o5t il agr o VY] 0L
Morus nigra sl S, 31 Jgb ols s bt
MAE (¢35t 31 015 o a5 Lsls 3,158 Ll sl
Vi) Jgd ol 5 ol ly ke Sose w
SLS 5 31 (S 2 ded SUE Usles o 8 e £V4/14
S s s T s pad eslinal asdllas 5 50 oS
L - P S L R ER S R R s
23 Y] O 5 gpwpe [TY] dxlls 55 Sl
2 e 3 SC-CO2 sla sy U amlio 4 (glantllas
S 3 edal s 4y J b Jlad o3 LS 5 sl s
plie &S Wsged olil o Ll dastls p I olS
55SC-COz s, leslinal b Jyb LS 5 51 650
ool Tl Jlasaad LB e (255 b aslie
el S5 sk 0328 a5 LD
A3 pes Ol Gl O58 Il 5o Sda LS 5

37

Slyow g andlas 5,00 gla gy HU gy Y

SIS s
S Lzer Jb cans OS5 el Jo ol S
SLS 5 ol g e 28l alS b 5o 63 28 b
Lodzes 450 slbaadpbe 5l S o Jeb e
AU b sl o 3BT SISl 055 s
adlas 3 [TV] Wsd o OS] 2ST ol
Cows ay Jdess OLS 5 S J58 (lyms 21
Sb Gl i BU S el oS Ll Sl el
SC-COz 5 MAE oSy ol asllhae 3,50 Cilisee
osbOlen ol st e ,51 £ IS s bt 5 S e
Slsoms (A 5 (eSS w25 e edalls &S
oS s 5l edel ews 4 by LS 5 IS J g
il o SC-COp 5 CSE (slo s, b s o ol
AV obbas oy 4 MAE (65U 5l Jol ol
@ ol (p<e/e0) 55 CSE iy, 5l Jols sl
Ao B DS Gl e Sl Al e
o 5l 5 S 5 il S 25 L
Jusl & wzen 5= LG Jld gy LS 5
6356 e Bl o SV b Ol e (6l VU (slabes
Sl glantlas {3 [FY] O 5 gdamesl [V] 355 LT


http://dx.doi.org/10.22034/FSCT.21.148.30
https://fsct.modares.ac.ir/article-7-67412-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-22 ]

[ DOI: 10.22034/FSCT.21.148.30]

w2 G S St g gla a6

Qb&@}&»ﬁdﬁv\m

120

100 -

80 -

60 -

TPC (mg GAE/Q)

40 -

20 -

0 -

mCSE
MAE
m SC-CO2

Fig 4. Effect of different extraction techniques of MAE, SC-CO; and CSE on TPC
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able 1: Fatty acid composition of bioactive compounds obtained using different extraction techniques and its comparison with soybean and sunflower
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Plant
Fatty acid (%) Soybean”  Sunflower” ReTine S. marianum
122[ 122[ 1221 Soxhlet MAE SC-CO;

Palmitic acid 16:0 11.23+0.2 6.5+ 0.0 8.25+0.2 8.04*+0.12 7.96* £ 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 4.7+0.2 4.07+0.2 6.67+0.1 6.722 £ 0.11 6.69*+0.13 6.78%+0.12
Oleic acid 18:1 2252+0.1 31.27£0.0 3158+0.4  31.62*°+0.15 31.54*+0.11 31.58*+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 0.612+0.13
Linoleic acid 18:2 52.07+0.2 56.04+04 45.36+0.2 45.20°+0.13 45.14*+ 0.16 45.22*+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 3.75%+£0.17 3.812+0.12
Eicozantoic acid 20:1 0.2+0.2 0.19+04  0.088+0.0 - - -
Behenic acid 22:0 0.47+0.0 0.75+ 0.1 2.6+ 0.0 2.65°+0.10 2.60*+0.10 2.66%+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-CO2), 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-CO2and 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/q), 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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