[ Downloaded from arcpe.modares.ac.ir on 2024-04-11]

Supercritical extraction
Optimization
Saponin

Response surface

* corresponding author:

sargolzaei@um.ac.ir

Investigation of Optimum Condition of Saponin Ex-
traction by Carbon Dioxide Super Critical Fluid and
Solvent

Amin Hedayati Moghaddam?, Javad Sargolzaei?’, Pardis
Shahsavarzadeh Jangi?

1-Department of Chemical Engineering, Faculty of Engineering, Central Teh-
ran Branch, Islamic Azad University, Tehran, Iran
2-Department of Chemical Engineering, Faculty of Engineering, Ferdowsi
University of Mashhad, Mashhad, Iran

Research subject: Saponin compounds have been considered as
anti-cancer, antimicrobial, antifungal, anti-inflammatory, and antiviral
activity agents. In addition, they are also used as foaming agents in
some food industries. There are few studies for assessing the extraction
of this substance, yet. The main purpose of this study is to assess and
compare the extraction yield of Saponin by conventional extracting
using solvent and super-critical fluid method.

Research approach: In the extraction with solvent, the effect of three
operative parameters including mass of solid material, percentage of
ethanol solvent, and time of extraction on process performance were
investigated. Yield of extraction and Saponin concentration were
considered as indexes for evaluating the process performance. In the
super critical fluid extraction, the effects of extraction time, pressure,
and temperature were investigated. In this method, carbon dioxide was
used as super critical fluid and %80 ethanol was used as co-solvent.
In order to design of experiment and process optimization, response
surface methodology and central composite design were used.

Main results: In optimum condition of extraction with solvent, the
mass of solid material, ethanol solvent percentage, and extraction
time were 5.4 g, %77.5, and 7 h, respectively. In this condition, the
maximum efficiency of extraction yield of 1.12 mg of Saponin per a
gram of dry primary substance was obtained. The results indicated
that time and solvent percentage were significant parameters. Further,
interaction between two factors of time and solvent percentage were
significant. For supercritical fluid extraction, in optimum condition,
extraction time, pressure, and temperature were 10 h, 400 bar, and 50
°C, respectively. Extraction yield in this condition was %20 more than
the yield of conventional method. It is concluded that the supercritical
fluid extraction method has higher performance than conventional
method.
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Table 1 operative parameters of extraction process with solvent

variables symbols levels

a +1 0 =il a-
Amount of solid material (g) A 7 6 5 4 3
Ethanol solvent percent
(%volume/volume) B 100 20 80 70 60
time (h) C 10 8 6 4 2

Sleds gl anl Sllee sla e Y Jgoo
Table 2 Operative parameters of supercritical extraction process

variables symbols levels

a +1 0 =1l a-
time (h) A 10 8 6 4 2
pressure (bar) B 450 400 350 300 250
temperature (2C) C 60 55 50 45 40
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Table 3 Experimental design layout of Saponin extraction by solvent

independent variables responses
row | solid amount | ethanol solvent | time | saponin concentration* | efficiency

(g) (%) (h) (mg/L) (%)
1 7 80 6 145 0.59
2 4 90 8 120 0.74
3 4 90 4 65 0.84
4 5 80 6 200 1.1
5 3 80 6 73 0.61
6 6 90 8 186 0.59
7 6 90 4 110 0.75
8 5 80 6 181 1.02
9 5 80 6 195 1.08
10 5 60 6 117 0.6
11 5 80 10 161 0.72
12 4 70 4 88 0.35
13 5 80 6 230 1.27
14 6 70 8 191 0.95
15 6 70 4 131 0.3
16 4 70 8 149 1.03
17 5 80 6 240 1.34
18 5 80 2 42 0.25
19 5 80 6 188 1.04
20 5 100 6 53 0.89

* concentration in 10 microliters of sample

oy = (oo (cwiino 6075 S gl (s Ay o (A9 (oole alilad WY


https://arcpe.modares.ac.ir/article-38-41292-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2024-04-11]

bl oges Aez Joibl oga> L Ve ez Jobl 51 P>
ke 15l e 9 (ol 0y, Sl il el
Oglaw gl ool g cbale o sals oSy,
4-—-’&9)[—-“) C‘ |°°}L€9 “ [ . =L§

Slomeas T 58 S g g, 50 45 coul s o]
Cdad poli8l g lo o u—fT 508 51 e lw ol o lac
el jise Jlasl celb Fer Lo Azl Plo s
uLﬂ) 9 ..\_AL‘> col_o )L.\_CLA )_>‘ bY jb\ du)|05m )o
..\_b\)‘so ULMAJ 4.1_....59.,.» U’““B)A_") 0J)l_35g,_u£)_a
=S e g 38l S ol e rolidl aS
‘rm_v‘)ﬁ‘ )_v‘ .\))‘b U""}'L“ C‘)M‘ ob)’l_g 9 khb-l.c =
Oo=lpln e onley slaanl g ads g > il

yield {mg of saponin/gr D.M)

yield (mg of saponin/gr D.M)

yield (mg of saponinigr D.M)

— | :
s —
D ——

=

C: time (hr) e — " B: solvent (%)

) % sl gl Al age llpd )

2 g gy d AlaS g g j0 Dgield Sy 5l ]
Cwloddsesly uL—.MaJ AEA 6Lb ‘i_..:

s b)Y slajloses gal gal sloa,loges oV JS & o
= s sl e Dl s 5150 (pelie 0, BY
odal i gl gl s wloojly g o lale slagwly
gl ol abg,aY gal slaloges ;o 095 0
o Ale Gl dods ol eole jlage ol L
Sl gl zlmiwl gl Pl o yiws )0 diiges
ool S ymolie sl la—uly (—22lS 0y,
cbanazgbas aoul Jdo ol an mul asl>
Sl P Gl S g (b9, 5> P> )‘:-‘—5-‘ 0o
9009 B 8 rae aal> ol 5l aJUT 2l el
i il 35l S Bl alS ey i

el 00

Sl J)l_> (e & lad )\ LS)I "-ncJ)l_> Ao o

reT ™ 7
! |
T |
& |
E L
2
o
H
2
| |
=zl =
gt "
o — =1
B: solvent (%) = --a;TS.»’ . A dry material (gr)

conentration (ppm)

conentration (ppm)

C: timee (hr)

I sloslaul Gog,y yo zlswuwl 003l g gl cdale 5 Sldas gl pse SV S
Fig.-1Effects of operative parameters on Saponin concentration and extraction yield in extraction by solvent

i g o B 095, Bad ool 0,5 o 3l ey
o,liac ;o Bas ool clale polidl ecel ey aolidl

009 (o—had a a5 Lo 09, e ,LLaul Joilblas s
Oemlaw ool g otale aulial o, Leas daysglw
(o Comdad 8L s ol L w0sd cnnl i

VY ok - ooad owiiten 602,15 o gy sl 4 o (Audghy (oole aolidiad


https://arcpe.modares.ac.ir/article-38-41292-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2024-04-11]

b9 & Ol gl Al age llpd )

Obsy Sla 4 S 09 B oo Jalod asgS ol @l
ol ol Sl pley ;s 48 (A o
HlassSenl g oyls Pl @jad an  SKiws ojlas oo
el s 8 Pl s 5 ey o it

S 3l g gl il gy Y-V
ool Ly i s Sl 55 4t S5l

Gy gl (509

otl ez 5 (F Jso) Loagiales] el 3—b
ol J—lie , 3L id (L) slausin L aosls
ot e po Les g jsd Jolie ;5T JLad
lglad (la) sls psie g o Hlol e o bale
Joae o Les g Lid Jolae ;51 g Leo g ,Lid Jolake
59 a0y jlolme gl Zldewl ool o s
W?L“U—bkﬁJﬁ*—MéL“)M)—‘-’bMu—"
gl g o gl S 5l o gl il o33l
g gy A A2 s Ly Gl 35800 S enSlig0

Cwloadosls Las Vo gla s jo 2wl

Sy b daS g (B9, 50 Bk ot oe (2 F]
o5 Pl e 2 ol o Pl 05
g—b ol g e bile oo 5l @ ile g 0,5 s )l8

oy e JUES Gials ale amets jo 05b e e ile
ot S5 oo glyilooily g o ile pals ol as
el sl Pl e Bl ojas oSl Jlasl
098 >l o lac ey e a8 L Bue ool
5 Sl Jodme (o (slod (5 e po cbile o il
Hle ol 5l (i 8, Gl A e ol
ol gl b cbale pals ogb o0 (51 4o
sl e s gl g a3 ey

)|09_A.3 o g 00 PL’ C—A&JL éla_.w du)‘ow B
PRV S C_’“"L C.la_‘» )‘09_40.; e u_fa)yé.u c)

030 gl gl vl ooily o s g ooy

. °‘>}l—.’ ul_A) 9 \.Jb )9_'5l3 9° UL") (amd u,..._|‘)3‘ l—‘

Sl 358 Uty @ ol gl o Slaalel Sk iz T s
Table 4 Experimental design layout of Saponin extraction by super critical method

independent variables responses
row time pressure temperature concentration efficiency
(h) (bar) (&Y (ppm) (mg/g D.M)
1 2 350 50 70.32 0.33
2 4 400 55 80 0.60
3 8 300 55 101.3 0.71
4 6 350 50 110 0.77
5 4 300 55 73 0.34
6 8 400 55 120.5 0.96
7 6 350 40 75 0.35
8 4 400 45 81 0.38
9 8 300 45 94.2 0.96
10 10 350 50 146 1.31
11 6 350 50 105.7 0.74
12 6 250 50 66.3 0.59
13 6 350 50 104 0.73
14 8 400 45 123 0.98
15 4 300 45 68 0.32
16 6 350 50 106.9 0.75
17 6 350 50 108.3 0.78
18 6 350 60 78.5 0.37
19 6 450 50 98 0.88
20 6 350 50 105.2 0.74
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Fig.-1 Effects of operative parameters on Saponin concentration and extraction yield in extraction by super critical

method
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