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Table 1 Independent variables and their coded and actual values used for optimization.

Independent variable Symbol 1 Codeci)level I
Time (min) X, 5 27.5 50
Temperature (C°) Xz 25 45 65
Concentration of ethanol (%) X; 0 50 100
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Table 2 Analysis of variance of the quadratic model adjusted for total phenolic compounds.

Squares DF Sum of Square Mean Square F-Value P-value
Model 5 14858649 2971730 1.08 0.385
X 1 5501 5501 0.00 0.965
X, 1 1905304 1905304 0.69 0.410
X3 1 2260780 2260780 0.82 0.370
X’ 1 3640055 3640055 1.32 0.256
Xo*X; 1 3215376 3215376 1.16 0.286
Error 51 140952817 2763781
Lack of fit 13 34834638 2679588 0.96 0.506
Pure Error 38 106118179 2792584
total 56 155811466
R’ 9.54%
Adj. R? 0.67%
Pred. R? 0.00%

Y4¢


https://fsct.modares.ac.ir/article-7-33164-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-23 |

\YA/\)}{J@_\;‘\-\ n)‘j)A\n)Lq.fa

‘f”\.l.'c GL&)(}R

el gl 5 DPPH o1 Gl  Sas
il sy ) Osee S5 s L po3 4ry? bl
Shay by oS cll abize 5 o golgiy Jae O dsle
o o (o

DPPH= \¥AV+ « 6 \¥X+ VA YEXo+ « e vIvX;s-
CeoaX s o AsXo R s 8vY X D Wsles
e 5 s Ol o5 a0 Xy 5 Xo Xy Gos ol o
Oley s el oS sls OLis Jde ol ool P> 53 J 53U
iy e Sl of = bl DY e s e
<+/v0) DPPH 5151 sla J0sl, 5les Ao ys &b e
bl e P <e/00) ols pme blis S piomen 5y (P
“ o Sl dde cls s Ll sdalie s sla
A5 bV S S5 a5 35 L DPPH sl
Sl il osd e sdalin VIS s S 4 Sles
b33 Sose 4 f = JSB Cands Loy Olo il
Il Slge @pdd g iy oS sl OLES b A
04,0 5 4a3s V8,0 Les 5 Oloj 45> i 5 4 DPPH sl5T sl
53 bl clle 5 0k ys (A - K2 sl Sl a s
sy s B SK8) asp 00 5 aids Yo A D
Loy 0F0 5 sl Sl a3 0V Y D= s Jgbl chle
Somb s SV elie s a8 wl sdalis (C Y S)
Boods S5 gla bl
a e ol 5 il Jnals ST GGl (Sus il o
el el ol s s oS aul g
o @l (Jies bl e a3 8 ks LS sk a
ST sl ISl Slee pls op iy oS Sl OLES s
SS o abadd bl 5 s ool o @ 15 o,lze 3 DPPH
EE YT Sode w5l S il a5 01V (gles s e il
warg Ll ol asps 07,0 Pl s Jebl chls
Oloy )3 g9 4,0 G\faﬂl slaaysa alS Coenl
4 olle gl Ll b eyl b S Bes
5w Slae b OgesT opl 51 Jeols Bl s

DA Y] sl Cislgn 0K 5 Sr S 5 0LSn

Y40

b S sy s ol Sl sk ol @l i
A6 T = i s 0y e s (sla
35 Koo oslas Jub DS 5 gl gl (P>0/00) s e
Mee el w5 ST bl s s ees &
SLS 5 Ol ol G 53 3 S e 5 LS 5
S Sk 1800 LTS S il slaejlas b
Lidge Goinw 1 ol mls & & 43 s o8 Ve
Soayp (a8 Ve 5 e S e VEA0AY) UL 5 o)
5 JSb P 5l Gaies pl 5o oS s sl oy
olizal o las ol Aral dnl b g Gl 355 CO2 s,
5 b GRS ) 5o el S s Sy V0] Wl
Lol Ol e bl & sl olas oL
o 5 (U615 O Ol5e) Pl e (S gl
o LS 5 plAaal b U el sl 4 DD
YA Sloy Lol i 55 oS, 5b a4 cils 5SS oslae IS
b o = cud 5 Aoy YYN0 D= cble aads
As edaline L3 OS5 ol sl o i YO 4 40 Ko
gl Gleag 25 S K ais 2 [Y]
S ds S asite i gladl iy e ey 5 LS5
Tl sl 4 D= cld ol Al Lo o e
S gl D5l Al b aids YO Oley 5 o Kvlwas ;5 10 gl
S ols Olas s Gudes @ oeaes [YV] L3 S sdalis
PH 2alS 5 Sl 5l ol 3 Oles 5 Lo l33l L
2 S e A Rl 688 g G DLS Sl Al
PH 5 5l Kluwas s £0 B Y0 (glos wids 00 L Y0 Ol

LY S Jol-10 67

el g s 56T Y-

DPPH /31 JIsl, SuuS jlgs ooyls —\-Y-¥
sl 5 DPPH ST ldilsl, ([Saws,lge e
SHeSI ST b Ol L3l sl Oleedl BB 5 e
555 o oalizad OF 5l Sl pyee 3 oS Ll oo jlas

s doys Ol ilols T =B ol DA]


https://fsct.modares.ac.ir/article-7-33164-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-23 |

e oS Slans ol cdle 5l ang

O‘)K""“Jj’.‘:""\)ijj;'

2

p £

5 LT T i

™ 50 |t ©

% = f"’""...'.. . \ -?E N o Concentration
= w0 Concentration E 15 " N 0 of ethanal
E E o . of ethanol Time

=] Temperature s

DPPH radical-scavenging (%)

Fig 1 Response surface plot for the effect of different parameters on the amount of DPPH radical-scavenging
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Table 3 Analysis of variance of the quadratic model adjusted for DPPH radical-scavenging assay.

Squares DF Sum of Square Mean Square F-Value P-value
Model 6 3159.4 526.57 3424 0.000
X 1 94.46 94.46 6.14 0.017
X, 1 337.16 337.16 21.92 0.000
X3 1 54.96 54.96 3.57 0.044
X’ 1 104.53 104.53 6.8 0.012
X, 1 194.14 194.14 12.62 0.001
X5’ 1 1457.61 1457.61 94.78 0.000
Error 50 768.91 15.38
Lack of fit 12 767.37 63.95 1575.68 0.000
Pure Error 38 1.54 0.04
total 56 39.28.31
R’ 91%
Adj. R? 88%
Pred. R 84%
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Table 4 Analysis of variance of the quadratic model adjusted for FRAP test.

Squares DF Sum of Square Mean Square F-Value P-value
Model 6 3562.61 593.77 43.03 0.000
X 1 164.46 164.46 11.92 0.001
X, 1 416.97 416.97 30.22 0.000
X3 1 56.01 56.01 4.06 0.049
X’ 1 116.98 116.98 8.48 0.005
X5’ 1 159.35 159.35 11.55 0.001
X5’ 1 1628.71 1628.71 118.04 0.000
Error 50 689.93 13.80
Lack of fit 12 685.63 57.14 506.01 0.000
Pure Error 38 4.29 0.11
total 56 4252.53
R’ 94%
Adj. R? 94%
Pred. R? 89%
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Fig 2 Response surface plot for the effect of different parameters on the amount of Fe™ reduction power
(FRAP test).
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Fig 3 Response surface plot for the effect of different parameters on the amount of oxidative stability index.
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Table 5 Analysis of variance of the quadratic model adjusted for oxidative stability index.

Squares DF Sum of Square Mean Square F-Value P-value
Model 6 27.80 4.63 41.78 0.000
X 1 1.33 1.33 12.01 0.001
X, 1 2.77 2.77 25 0.000
X 1 0.76 0.76 6.86 0.012
X’ 1 1.0386 1.0386 9.37 0.004
X5’ 1 0.92 0.92 8.30 0.006
X5’ 1 13.06 13.06 117.74 0.000
Error 50 5.5452 0.1109
Lack of fit 12 5.5090 0.4591 482.80 0.000
Pure Error 38 0.0361 0.0010
total 56 33.3432
R’ 93%
Adj. R? 91%
Pred. R? 88%
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Table 6 Comparison of the observed value and predicted data by central composite rotatable design
eqations of Response surface methodology

Independent variable Dependent variable Total

Tim Temperatur Concentration DPPH radical- xidative stabilit phenolic

Runs (miné ¢ (I‘)’eC)tu ¢ of cthanol scavengin(;c(%) FRAP test © igdexe(lfoubr) Y content
(%) (mg/100gr)

Observed Predicted  Observed Predicted Observed Predicted Observed

Xi Xy X3

value value value value value value value

1 50 65 50 62.68+0.12 60.55 69.03+0.90 66.16 5.93+0.04 5.8 1450+15
2 5 45 0 40.9+0.40 41.18 45.04+0.14 44.63 3.75+0.01 3.63 1396+17
3 50 25 50 50.4+0.20 54.86 55.00+0.82 57.82 4.82+0.02 5.07 1424+16
4 50 25 0 41+0.50 38.18 45.88+0.12 43.82 3.80+0.10 3.55 1397+11
5 27.5 25 50 50.88+0.12 53.91 56.18+0.11 58.31 4.934+0.03 5.12 1426+13
6 50 65 100 48.5+0.30 49.48 53.80+0.20 54.65 4.65+0.03 4.76 1412421
7 50 65 0 41.17+0.03 43.87 46.20+0.10 48.15 3.92+0.03 4.18 1398+18
8 50 45 50 61.71+0.10 59.75 67.17+0.06 65.66 5.69+0.03 5.49 1447+19
9 27.5 45 50 61.4+0.10 58.80 64.38+0.10 63.16 5.51+0.02 5.37 144622
10 27.5 45 100 45.19+0.06 47.73 50.55+0.01 51.65 4.31+0.01 4.33 1407+17
11 5 25 0 38.12+0.08 36.29 41.23+0.03 39.80 3.48+0.02 3.45 1394+13
12 27.5 25 100 43.02+0.03 42.85 47.22+0.08 46.81 4.03+0.01 4.08 1401+17
13 5 25 100 43.36+0.030 41.90 47.56+0.14 45.30 4.11+0.01 4.03 1402423
14 50 25 100 45.02+0.03 43.80 48.11+0.12 48.32 4.18+0.04 4.13 140727
15 27.5 45 0 59.07+0.25 58.80 62.14+0.13 63.16 5.36+0.02 5.37 144325
16 5 65 100 48.26+0.09 47.59 51.13+0.11 51.64 4.40+0.00 4.38 1410+19
17 5 65 0 40.31+0.01 41.98 44.19+0.47 46.13 3.66+0.01 3.80 1395+16
18 5 45 50 55.83+0.03 57.85 59.62+0.08 61.64 5.1+0.02 5.25 1437+29
19 27.5 65 50 62.15+0.12 59.60 68.03+0.03 65.65 5.84+0.01 5.61 1450+19
20 27.5 45 100 51+0.1 51.80 55+0.10 55.53 5.01+0.04 4.85 1432+11
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Optimization of antioxidant activity of Ferula persica by
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In the present study, the optimization process of phenolic compounds extraction and antioxidant
activity (DPPH radical-scavenging assay, FRAP test, and oxidative stability index) of Ferula persica
was evaluated using ultrasound waves through response surface methodology (RSM). To optimize the
extraction process from the central composite design with three independent variables including time
(5, 27.5 and 50 minutes), temperature (25, 45 and 65 ° C) and ethanol ratio in water-ethanol solvent
(0, 50 and 100% ) was used. In general, the results of analysis of variance showed that independent
parameters had a significant effect on the DPPH radical-scavenging assay, FRAP test, and oxidative
stability index of Ferula persica extract, their Correlation coefficients (R*) were 0.91, 0.94 and 0.93,
respectively. However, the proposed model for total phenolic compounds does not indicate the
significant effect of these mention parameters. The results showed that the optimum conditions for
antioxidant activity of Ferula persica extract were at 52.9 ° C and 53.5% ethanol concentration in
water-ethanol solvent with 34.1 minutes for sonication. It was also found that the experimental results
were close to those predicted by the response surface methodology. Evaluation of the antioxidant
activity results of various extracts of Ferula persica showed that in most conditions, it has a suitable
antioxidant power.

Key words: Ferula persica, Ultrasound waves, Antioxidant Activity, Optimization, Response
surface methodology.
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