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A eslad C]JPJM‘ oS 3,8 ee Odwy S 4 s
A3 S el ST b 55 oliglesl 4ds

3508 5 Jaes gl it BU (pm) p V-T
(PR > baws 5 1 Sl

s 8es sl peloly s 5w il F s o
ok &l & ls oS S 5l b sy LS 5 gl
w53 sl i dslas ool s 4 S 4 5 Lo
S gl A s es s lp eslinad 5)e po2
L5l O a3l b (P S 0) 5 sl me (5]
Syge dde O3p clie Sl &S (P >0 /00) 350 b s
il g p Mo Glaane S gty Gl eslindd
2 S b e Jiee o pane plod AL
Sl sdel Gyl il gl WS s Shee
(Reagiaste* 143+ RP=4/890A) ke Siran sl
boodel Gy g S5 e 0 Dby Gl Sy 33
ke e g 3 O @YU s s ilesl 5 e b
S50 pd arp Gldar d Jde Oaaly AL e anls
lie ool gl 3 Slas Ol iy Gln oslinad
das e 0L | el S

0 adaf

Y=19.13+1.66 A+ 0.94 B + 1.53 C — 2.40A
1.10 B
-1.28 3-0.13 AB-0.20 AC + 0.25 BC

C‘J’.‘:’""‘ o 5 S es ke J"<.'L:'.’Y G dal, )5 &S
3 ke D5l oS S 5l b s ol L olS s
sl b an bS oS w C.,B A sl
edle ay Ll e Al Oy 5 Hes DSl Sl
Sl e dd pn S polie Loedd edalie jislés anslie
Syl ol a8 (V IS8) das e 0L 1 slael ol sz
5 S b ekl sy zb o St

ol bl sy Lol ow i polis
Qs slajine SIS0 SLosl ke 4 addlas cpl o

v ol e 5 Gl s lasbse Ol el il

1. Lack of Fit


http://www.sid.ir

wdbd ey GoslLols s ol Al sl g

Oes 5 S s Bl

I OLen 5 essle SKs sd e b il
S oRlsS ds Sl 5 gl gl oboee I s
Yo bl [M] L eslixel Jabuticabals .,
Ao LS 5 gslalde Ol Slos 4 CIJ;LM\ Ol el
o o B O 5 oozl il s LS
ol e gl WS s Sas (R 20700) Sl pxe il
S odalie (O 5 DY S 55wzl s S axdllas
0338 gl Faal Oty Ose 2 W 535 ok 5l eslinad
pbze O Sl eslizad 555 e slanl S boles s S
be ) Jsho Sl S d e Slss 2w e e
ebOe 0L 2 5 Lo 51 Ol e ealial (oo 505 0 SV
e o 3 5 Jobe slie lle 53 (SO skl o
Sldllae 53 S Gl S w0 [N] ssb e sbe slpe 25>
DRSO NPT T T ESTRPN plil dals
S ekl b sl s Shas 53 (P <0/00) (5ol sne
(LT Jbw) obie b Sl eslizal O3 5 (bl 0L
s by el gl alas s e A3 S odalis
0L,z sl eslizal a5 s § LI (YY) OKas 5 o g5l
1o olS 5 gl Sbdly s e D (DO
ol adlas 5o [N] s S sal 3 5y 4 LS
Gl 35w game A= B e oS 15

55 Sl ol S 5l b s a5 L ol 5

gl Obkly o oaddlae sy Jies lagize 36
gl Aol b o ple ol S 5l Jed s LS
JS8 00 s v by sl ) soas (DM A b
edalive a5 sboles ol ol edls QLA (G—Jl) \s
il s Ses 5 padeie e Ules 5l L sgd e
olsl 55 e 355 0 03538 Jlad ey ool L oLS 5
3phn Sl gl s Shae Olpe Sl Loy mlace (L1531
(P >1/00) olspms pmhaw 3l falS pl S o S
I 558 w2 SRl o Lo Gl 31 s, 5
G 51U [V 35 il Sl 3 45 5
Sl 0o s eSS s 4 L lales S eslinnd S
Al Oldily Al w e Jd Cens OLS S
bt oS 3 Sl by W 06 cpl sd e
sor odane Sladllas 5 b cany S5l Lo ols 5
ssbolen IV-Y4] ol ol csa ol @ s edd
2 0bs SRl L st e etalie (7 5 ) Y S s oS
03938l Jd sy S5l L olS S ol Al s Shes Ole
e Jsl ol alsl Gk 5 ol Al s o
4o Bl 4 A Gl Sl eliE e oL
oal sty S el 355 e Al Ol 58l
5ol osls 5 adsl Cola b b 2l Ol i
5 odd analS b L5 DS 5 g3lulder e 5 e

Table 1 Levels of independent variables and related codes.

Codes and related levels

1 ) 1 Symbol Independent variables
45 35 25 A Extraction temperature (°C)

300 200 100 B Agitation intensity (RPM)
6 4 2 C Extraction time (h)

Table 2 Actual values for Box-Behnken design matrix anghoese values for the extraction yield
valuable bioactive compounds

Extraction temperature (°C)

Agitation intensity

Extraction time Extraction yield (%)

(RPM) (h)

1(C) 35 200 4 19.12
2(C) 35 200 4 19.17
3 45 200 2 15.80
4 45 100 4 16.50
5 25 100 4 13.00
6 25 200 6 15.50
7 25 300 4 15.00
8(C) 35 200 4 19.14

35 100 6 17.00
10(C) 35 200 4 19.12
11 35 300 2 16.00
12 35 300 6 19.50
13 25 200 2 12.00
14 45 300 4 18.00
15 45 200 6 18.50
16 35 100 2 14.50
17(C) 35 200 4 19.11
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Table 3 Analysis of the variance (ANOVA) for the secondler polynomial model.

Source Degree of Freedom Sum of Squares Mean Square F Value P Value
Model 9 88.12 9.79 1376.89 < 0.0001
Extraction Temperature (A) 1 22.11 22.11 3109.26 < 0.0001
Agitation Intensity (RPM) 1 7.03 7.03 988.73 < 0.0001
Extraction Time (C) 1 18.60 18.60 2616.21 <0.0001
A? 1 24.32 24.32 3420.33 < 0.0001
B? 1 5.13 5.13 720.98 < 0.0001
c? 1 6.88 6.88 967.79  <0.0001
AB 1 0.063 0.063 8.79 0.0210
AC 1 0.16 0.16 22.50 0.0021
BC 1 0.25 0.25 35.15 0.0006
Residual 7 0.050 7.11x10° - -
Lack of Fit 3 0.047 0.016 27.78 0.0039
Pure Error 4 2.28x10° 5.70x10" - -
Total 16 88.17 - _ _

Fxtraction vield(94)
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Fig 3 Response surface plots (3D) showing the
interactive effects of extraction temperature (°C),
agitation intensity (RPM) and extraction time (h) = o .
on the extraction yield of valuable bioactive % L
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Table 4 Predicted and experimental values of the respansptimum conditions.

Extraction yield (%) Extraction time Agitation intensity Extraction temperature
Predicted Experimental (h) (RPM) (°C)
20.05 20.19+0.11 5 235 38
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Optimization of valuable bioactive compounds extraction from
Mulberry leaves using agitated solvent extraction method
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This study was conducted to optimize valuable bisacompounds extraction from mulberry leaves
using agitated solvent extraction through Box-Be&mkesponse surface methodology. The effects of
process independent variables including temperg28et5 °C), agitation intensity (100-300 RPM)
and extraction time (2-6 h) on the extraction yiefd/aluable bioactive compounds were studied. In
this study, the optimized conditions aimed to abtaighest extraction yield were 38 °C, 235 RPM
and 5 h of extraction time. Under these conditighg, extraction yield was 20.05%. The results
revealed that the model obtained explains theioalship between the independent variables and
response very well and also suitable for predicértgaction yield using any combination of values
for the independent variables. Antioxidant activdfyextract obtained under optimized conditions was
determined using Diphenyl Picrylhydrazyl (DPPH) agllrogen peroxide (#D,) assays. The total
phenolic content (TPC) of the extract was deterohibg Folin-Ciocalteu reagent. The TPC and
antioxidant activity measured using DPPH angDHassays were 38.12+0.15 mg GAE/g extract,
66.54+0.12% and 4.87+0.16%, respectively. Finalhe results obtained were compared with the
results of Soxhlet extraction method. The res@t®aled that applying agitated solvent extractah |
to obtain more extraction yield with higher antidaint activity within shorter extraction time.

Keywords: Mulberry leaves, Phenolic compounds, Antioxidaativity, Optimization, Response
surface methodology.
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