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1. Aseptic

\RA

dodle—

gl wl p dcass Sls s sl eslaad & Ll o5 4l
S s b sl OLLS ol Wl nl sl
bS5 daeslas e ulll wsle Jldcan; olsS s
IS ol ol 5 D ates oS, uled s
oslinal mildgs il 5 Sals o glis o sdles 28
bS5 5 Al sl glacdpbe 5l laeslas s s
03 sl Vs sl alBl L Y s | Sles

el Sl eslial sasls OLLS GBS A S Ol

sl LSk pbaeslas A5 gl mlanal glag s

ols i Ll sl s s Y] Klels,l g
S AL gl S b osd e Sl SLLS Sl by
Gl sy Sl eslizal b 3laS Lis [ oS b sl

Olebily 3 28 L& o Ll o cslie D= L il

ORSIA i g ekas e sla s [E]s S 2l s
Al p oo I latens oS Al o ilie S 3 olS
Wiy ol alom 51355 e eslinad 0sls oyl b 03500
L0015 505 oLal §5aN S 0 5 Ol S s o Ol oo
Blee Js dzen 5055 5 ole xSl o lasis,
3 S3A SBaan pedle 5 daea LU 5 pan e 0l
ol ol Boes 5 Wl 35wl Obeily ol Jde
Ol gocpl Sl tlpd o odd ol pul ojlae w0 )l ~
3 mbe pl Al e g glah) ) eslind dbise
FB bl st Gl ts anas LAl e ays s

Olkily 35 (I SN G as 2alS a5l gx s

Ssad a0kl Bl 4 el ool s

Gl o om ) el sl e laiss &

boglasl sdesd oobas Sl dl 50 sl
Sliss il dexr 5l Spolp sl 5 5 LSS
S Cnl hgy eslie sl > anl s [N s s
33 sl el Oy gon OF 5l eslizad 1 gadaze gla )18
e slie sl 0586 el a0 1) b il ]
U s 3 Shas 350 lp sdiasoled gy S Olsea
B S R e e LT

NV Vel sas


http://dx.doi.org/10.22034/FSCT.19.135.141
https://dorl.net/dor/20.1001.1.20088787.1402.20.135.12.8
https://fsct.modares.ac.ir/article-7-67631-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-31 ]

[ DOR: 20.1001.1.20088787.1402.20.135.12.8 ]

[ DOI: 10.22034/FSCT.19.135.141 ]

Ve Y C;.«i.@.:;_.))‘ AK 09 AYo b)Lo...:

Ikl Gras Lol anglie 5 geslie s> i,
C\Jse.:.ﬂl Aol giluang cBda aalsl s il e Cb;‘::.ﬂ\
2 s Sl eslie sl By boagm s S eslas
Gladae b az 3 S 5l ojlas o) sl St ) 2 Sl

il 0T 5 fae Jelses o2 St

Uhu.f&jJ 3 J‘y—"

3l o=V -¥

e 3 o 1L 51 (Raphanus sativus L) e 5 S 5
5 dubdes b)) — e oY Yl ol 2 Ol
G (6D ol WS oS0 Slede Sl S
316l s (O S o oS 8 51 SB35
e b gledd ol ple s 8w 1 LeS oS
w5 (Sl ol LS 28,8 51 5 AR LST ol
s S

& 903 5 5lwoslal-Y-Y

Gloz 3 bk ged o Ol 3 agu s GS  pdaed 1 e
s b 2) L3 0 Cosby @ Ol B o gnds 455 YO
Sheslizal L oedaSis am s S, bas S wle (5
AT Sl e 5 3 8 Sl AT Sl
0555 Slilesl bl Ol b 5 A esls 5pe VA te L
A3 S IS Cashy 5 1gn 4 pdls sl ST glaas
o las C‘;a..d—\"—\'

e Ol e gesliema sl > ey sl gl s
Olay dbiss Wl & S bls elie Aol
35Uy IS e o 5 Ao SV i Sl glan 1S
oslizal sl 5 Cblis e 5 gles S golacn Sl
s Sy L SLols Oles b ogdis mie (0 JSE) 4 8
P ORI IRCU IS RCA PR S A orl Y PR

S sleied b elie kB Jle b sl i Al

\RAN

Ol sl bl Ol 53 w5 ojlas &S
LT 0 YT ol e Ol 5 guS slacssis ool
53T a5 oS s e LS a5 oS LSS e
5 I s el SolasS ol ST ald 4 ss L
ol wm S ey s ale b oSl
5 whardsd ol aes oo Slides [V N4]W s s
SOOI 5 S IV Il 3 sdome b e 5 S 0 ol
5 Slds ol 5 8 GRlSus Shosat sl
O Ol5 oo 05 o0 4y 33 Y saxs S el O L 4
% KV B PR PO K N VRN PRI S R WS
5 Sl Ao Lol gl LS lizmes 5 3 5e eslizad
Gl il lais, A N Elamea 0 L Ao
S eslie el s el s a5 S gl A

A2 |l s sl
Bt 5 el (D g Gl 0Lal S il b el ge
by 5 M= pH (M 0 osle el (3 o311 (M= 03 9
sl A Dol S w gl Al SadS s bl
Lol Fse Jelse s Sl L Ol e Mt S5
Calaws g 5all8 Tl 4 S 5 oS Bl 5l 2l s
Gl DY DU N sl cs 4 ol Al Sln b s
Y gl B J S 5 Gaote (Jdedon (b
Oledily Jols o JUEl anls e slajgize U o
sladie 51 Ol e skl Gl Lpd pasia ] Sl
ladde 350 eslital ml sl Stow oo e 5L
3l (S ) s 4t Jie wle i oo (S
St Soledde gl it Gla s 00 ohd 6058
o ITEYTT el e eslind Ll b ojlas 2l
Cwe) 43 g 0SS U &S das e QLi..}q,l:suct,e
sl pal By b S Sl elas gl sl
Jol s 5o Lol Jags 5l Gas 10 sl ol el
50k ey (I o bl ilite Lolge U

L:Aeuﬁ gffejwc‘fﬁ.ﬂ‘%jdbxbfjwjQl.::l_)i


http://dx.doi.org/10.22034/FSCT.19.135.141
https://dorl.net/dor/20.1001.1.20088787.1402.20.135.12.8
https://fsct.modares.ac.ir/article-7-67631-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-31 ]

[ DOR: 20.1001.1.20088787.1402.20.135.12.8 ]

[ DOI: 10.22034/FSCT.19.135.141 ]

Q\)&w 9 (SR s

o) sless 4 ates 5 3 8 Jame eslie a3l > e
Aol gles ool p s ¥obV o) 5W5 0bal S s ()
olas gl a0l (rgpede wms T LT
doys Voo BT O a4 Jgbl cad 5 (aads YabYe)
DAL skl gl sl esls B s, e (e (ame)
dos Gy s Sled @ o (6 Seslas Al b Lass xSl Ol

Sl s 538 s Ak V0t e b S
il gl K gl o s oKaws glass S
Aol bl ke & o e Bl b ol Lasy SN alols
Cond) Pl 2 ea T L5 S o 0 ST gl
gl wols 5l 48 s a8 bl (el 3V
o bee glos 3 mlmal Co 5 Ol I8 ke
abbizes 4 bglss dalsl s s slilus = s el ) e

Table 1 Design matrix of the response surface methodology.

. Time(Mi Temperature Voltage
Solvent ratio (%) n)( 1(30 0) gradient (%7 /em) un
65 20 30 20 1
44.2 25.9 36.1 14 2
65 20 45 20 3
85.8 14 36.1 259 4
65 20 45 10 5
65 20 45 20 6
65 20 45 30 7
30 20 45 20 8
65 20 45 20 9
442 14 53.9 25.9 10
85.8 259 53.9 14 11
65 20 60 20 12
85.8 259 36.1 25.9 13
65 30 45 20 14
65 20 45 20 15
65 10 45 20 16
85.8 14 53.9 14 17
100 20 45 20 18
44.2 25.9 53.9 259 19
44.2 14 36.1 14 20
65 20 45 20 21
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2. Rotary evaporator


http://dx.doi.org/10.22034/FSCT.19.135.141
https://dorl.net/dor/20.1001.1.20088787.1402.20.135.12.8
https://fsct.modares.ac.ir/article-7-67631-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-31 ]

[ DOR: 20.1001.1.20088787.1402.20.135.12.8 ]

[ DOI: 10.22034/FSCT.19.135.141 ]

Ve Y g;..i.g.ﬁ.))‘ AK 09> AYo b)Lo...f:

£ 2 el SIS Jobas 05 e s IS 55 6l e
lSIs Sl ey [YY VIS 0L sslas 035
SLadICsl; Slee b (Sl b Sl a5 S 1o las
A3 el (DPPH) Lslas LSy -) s =Y 5 A\
ST sl ll L ol s oS el IR UNETIR
Olsee IS o i 5,5 4 iy Sl Jsbwe K, DPPH
SLS 5 by sl Gdesl e oL Sl 1 K5
0P geib oKas beg ol by JCslAs
S8l gl OV mge ok s i elpsle e
Jbhbol Lol G, olas 3Lad e ¥ ke pl 55 o0
o e Y L (ke 2 p Sk 20 ol k)
st & Jols Lyl st byl (Y, +/))DPPH
GBI sles 55 5 Kol 5o 4ids Tr e 4 5 A esls OIS
05 b s Lo i sl o e 00l 13
38 Sl gl OV e Jgb iy elpsle e
aloee ¥ ey b 51 DPPHGGT GladiGsl; Slee s

EAANARE .Llsjf

5 %100

A, - A
DPPH(%) = ‘T
c D)

sl e pod 5 Aald g0l Sl Ol sl e A 5 Aess

.J\JLUA e)u&

boamlas 5 #lAaul auld g5leag-0-Y

olas A4S 5 oS G Sy 2bi,-E-Y

el (aoss EY)olas lsalbiil, ¢ Solul o,
al:? S3%) S8 L C‘jxi.w‘ Olelly Hldde s 6ﬁ§AJ|Ju‘ (Mex
el Cowsay Vel Sl eslizal L (Mg o 8) Kot

Mox

EX (%) =

x 100
Mgp )

S8l 58 = b 55, b (TPC) S J g (sl yomes
G bl Gk Sl eSS s ) S
Sl 5 Ul Jams 53 Sy LS5 b S b
S A S Yo skl sl bl o Jos Sl oSS
VOt s A5 byl JS61 51 e YL elas
(ot sazm) o3 0 1V) 5l 38 B e s S
L 5 BUI gles 43 aids 0 Do w53 S Ll Lol o
el « e Dl S 25 Sea VO aalsl 53 asls 13 S
Calgoadd asla)l 3 (S05s aids A e w5 A3 S LS
olas 5l eslial Lpesil VWA #5e dob s il Ol
0 sk 4 A (6 S el hiy sl e 5 il
Verr B ) Jebl e el SUB Jsle ojliilind poeis
G b 0T JS U lyme 5 A g (R Joe 53 p S5 S

3. Folin-Ciocalteau
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Table 2 Mathematical models used to evaluate the extraction kinetics.

Reference Equation Model
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Table 3 ANOVA table showing the extraction variables as linear, quadratic and interaction terms on each
response variable

Yield Total phenolic content (mg DPPH
Source (%) GAE/g extract) (%)
Sum of Sum of Sum of
p-value p-value p-value
square square square
Model 388.35 <0.0001 1379.60 <0.0001 394.76 <0.0001
A-Voltage gradient (V/cm) 49.00 <0.0001 176.34 <0.0001 70.54 <0.0001
B- Extraction temperature 0.0937 0.6698 162.00 <0.0001 33.05 <0.0001
C- Extraction time 6.55 0.0095 54.12 0.0019 42.98 <0.0001
D-Solvent ratio (%) 174.00 <0.0001 318.40 <0.0001 22.99 0.0001
AB 58.57 <0.0001 63.97 0.0012 6.96 0.0033
AC 0.2237 0.5146 6.68 0.1127 1.95 0.0570
AD 0.9462 0.2044 243.39 <0.0001 41.25 <0.0001
BC 0.1999 0.5371 0.0055 0.9592 0.0036 0.9181
BD 0.2612 0.4827 0.0630 0.8628 1.17 0.1015
CD 7.94 0.0062 5.93 0.1306 0.4851 0.2602
A? 6.51 0.0097 0.0179 0.9266 0.9810 0.1275
B2 3.66 0.0312 173.31 <0.0001 32.34 <0.0001
C? 3.91 0.0276 0.5204 0.6228 34.79 <0.0001
D? 58.86 <0.0001 46.43 0.0027 1.30 0.0878
Residual 2.80 11.62 1.88
Lack of Fit 1.96 0.0911 6.84 0.1690 1.14 0.1577
Pure Error 0.8454 4.78 0.7481
Cor Total 391.15 1391.22 396.64
R’ 0.9928 0.9916 0.9953
Cv 2.91 1.13 0.79

* p-value<0.05 is significant at 0<<0.05 and lack of fit is not significant at p-value>0.05.
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Fig 2 Perturbation plot for extraction yield.
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Fig 4 Perturbation plot for total phenolic content.
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Table 4 Multi-response numerical prediction results.

Predicted values Experimental values
Extraction yield (% w/w) 36.80 37.18+0.59
Total phenolic content (mg GAE/g extract) 132.69 130.95+£2.13
DPPH (%) 79.29 80.32+1.21
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Table 5 Kinetic parameters and statistical values of first-order, adsorption and sigmoid models.

Extraction yield Total phenolic content
First-order model
K, 0.2011 0.2147
Ceq 23.11 114.07
R’ 0.9847 0.9830
MSE 2.8682 45.49
Adsorption model
b 2.2964 2.1510
Ceq 23.11 114.07
R’ 0.9470 0.9348
RMSE 9.7732 169.90
Sigmoid model
to 3.1549 3.9427
T, 4.3919 5.3743
R 0.9943 0.9986
RMSE 1.0750 2.7359
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Ohmic heating extraction of radish (Raphanus sativus L.) leaf
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ABSTRACT

ARTICLE INFO

This research aimed to model the kinetic of ohmic heating extraction method of
radish (Raphanus sativus L.) leaf extract in order to understand and optimize the
extraction process .The effect of extraction parameters on extraction yield, total
phenol content and DPPH scavenging activity was discussed, at a gradient voltage of
10-30 V/cm, temperature of 30-60°C, solvent ration (Ethanol to water) of 30-100%
and extraction time of 10-30 min. Different empirical models such as first order,
adsorption and sigmoid models presented to predict the kinetics of mass transfer
without taking into account the underlying phenomena. Results indicated that the
effect of gradient voltage, extraction time and solvent ratio (ethanol to water) on the
extraction yield, total phenolic content and DPPH scavenging activity were
significant (p<0.05). Although increasing extraction temperature significantly
resulted in a lower total phenolic content and DPPH scavenging activity of extract
(»<0.05), however, this parameter no significant effect the extraction yield (p>0.05).
Under optimum conditions, the experimental extraction yield and total phenol content
were close to the predicted values calculated from the quadratic response surface
model.Based on kinetics modeling that has been done, it can be said that the sigmoid
kinetic model more can represent well the experimental results of radish leaf extract
by the ohmic heating method when compared with the first-order and adsorption
kinetic models.
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