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Table 1 Design matrix of the response surface methodology.

. Time(Mi Temperature Voltage
Solvent ratio (%) n)( 1(30 0) gradient (%/ /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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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 3 Changes in extraction yield of radish leaf extract vs. independent variables.
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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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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.

Article History:

Received 2023/ 02/21
Accepted 2023/ 04/ 25

Keywords:

Ohmic heating,
Radish leaf extract,
Total phenolic content,
Extraction yield,
Kinetics modelling.

10.22034/FSCT.19.135.141
DOR: 20.1001.1.20088787.1402.20.135.12.8

*Corresponding Author E-Mail:
Zandi@znu.ac.ir

Yov




