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1. 2,2-diphenyl-1-picrylhydrazyl (DPPH)
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2. Thiobarbituric acid
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Table 1 Independent variables and the levels used in the response surface methodology for Rapeseed
(Brasica napus L.) extract extraction
Factor levels

Independent variables symbol 1 0 1
Concentration (ppm) A 800 500 200
Time (hours) B 30 20 10
Temperature (°C) C 55 45 35

Table 2 Independent variables and the levels used in the response surface methodology for soybean oil
Factor levels

Independent variables symbol we| 0 1
Concentration (ppm) A 800 500 200
Time (hours) B 72 48 24
Temperature (°C) C 65 55 45
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Table 3 Analysis of variance of the effects of independent variables on DPPH free radical scavenging
activity in Rapeseed (Brasica napus L.) extract

P-Value F-Value Mean Square df Sum of Squares Source
0.0023 11.07 37.19° 9 33472 Model
Significant
0.6483 0.2269 0.7626 ™ 1 0.7626 A-Concentration (ppm)
0.1460 2.67 8.99™ 1 8.99 B- Time (hours)
0.0094 12.58 42277 1 4227 C- Temperature (°C)
0.9643 0.0021 0.0072™ 1 0.0072 AB
0.0963 3.69 12.39™ 1 12.39 AC
03357 1.07 3.59"™ 1 3.59 BC
02127 1.88 632" 1 6.32 A’
0.0329 7.02 23.60" 1 23.60 B’
<0.0001 7341 246.73" 1 246.73 c?

Significant difference at 1%
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DPPH (1%)

C: tempeature

B: time (min)

C: tempeature

* Significant difference at 5%

35 7200

" Not significant

el slaesls 53 Slabar 55 Gy S5 T (6,55 U
31 g s e 5 JBe Sl st o dlaly st Sl
Ly (£) doles Ao s Q0 clg.ﬂ BRI IO | - ¥ e
313 OLES 55 (8) aslan .ol o &) &S ol 35 153l 5
Les Olas Oljpe oo 3l Jgl amys il 4 bgs o OMer oS
o slas 3 DPPH 5137 sladCsl, Saus s ol (C)
e S e amss LI 4 b OBl 5 amils 1S
S ilee s (C) by e it 5 B?) 0l
il 1518 o lae 53 DPPH 5131 sladiSsl,
(8) dsles

Y (%) =+ ¥Ano + Y+ C+ Yy B - van C?
<0y B DPPH 15T cladisl, Saus les s ()Y
Ls:C
Sl Ly s Ol wcble il gla e Blie

DPPH (1%)

300 A: concentration (ppm)

2
/ 00
20
500
B: time (min) 15 40
300 A: concentration (ppm)

107200

Fig 1 Interaction effects of variables on DPPH free radical scavenging activity; (A): Concentration; (B): Time; (C):
Temperature.
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Table 4 Analysis of variance of the effects of independent variables on the total phenolic content in
Rapeseed (Brasica napus L.) extract

P-Value F-Value Mean Square df Sum of Squares Source
0.0002 2241 405" 9 378.49 Model
Significant
0.1881 2.13 3.99™ 1 3.99 A-Concentration (ppm)
0.0036 18.44 34.61" 1 34.61 B- Time (hours)
0.0015 25.67 48.17" 1 48.17 C- Temperature (°C)
0.0661 4.73 8.88™ 1 8.88 AB
0.0215 8.68 16.28° 1 16.28 AC
02017 1.99 372" 1 3.72 BC
0.0008 32.17 60.36 " 1 60.36 A’
0.0003 42.73 80.18" 1 80.18 B’
<0.0001 71.72 134.59™ 1 134.59 c?
Significant difference at 1% * Significant difference at 5% ™ Not significant
s bl lsesls 5 gladkar 55 O S5 ST S L
(0) dslre 3l s e 5 (B Slasiiie o dlaily Gt Gl

Y (%) =+ YA+ Y AB+ Y80 C-Y/ Y ACH+
¥va A%+ ¢ B - o0 C
B bl A (SUps olS 5 S Ol (mg GA/E) Y
Loy :C ol
JS Ol b 5 Obey chale Jis gls,ze lize
el a3 esls OLAS (V) K2 55 S pé olS 5

TPC (mg GAE/g of exract)
TPC (mg GAE/g of exract)

C: tempeature

B: time (min)
35710

357200

L g (0) dsles Lo )5 Q0 clu BRI | - ¥ e
05 0L 55 (0) aliles ol ot w1 ST ol 52 138l 5
5 (B) 0l Ol e 3l sl s i by e
5 Sl IS oslas 53 SIS SlS 5 S Ul 5 (C) s
Ly x5 e 6 (AC) s-clale Llize | akex
65 B ols 5 (A?) chile cote 36 pss 4z i oy

\JLS a)L,AF BE) ;i.:.‘j.»ﬁ CJL.:SJJ JS Q\j:.a 2 (C2) Lo ng

(A)

TPC (mg GAE/g of exract)

Fig 2 Interaction effects of variables on the total phenolic content; (A): Concentration; (B): Time; (C): Temperature.
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Table 5 Analysis of variance of the effects of independent variables on soybean oil peroxide index

P-Value F-Value Mean Square df Sum of Squares Source
0.0004 Significant 19.54 1.037 9 9.23 Model
0.4656 0.5952 0.031™ 1 0.0313 A-Concentration (ppm)
0.0676 4.67 0.24™ 1 0.2450 B- Time (hours)
0.2075 1.93 0.10™ 1 0.1013 C- Temperature (°C)
0.4117 0.7619 0.040™ 1 0.040 AB
0.5336 0.4286 0.0225™ 1 0.0225 AC
0.4117 0.7619 0.040™ 1 0.0400 BC
0.0141 10.54 0.55° 1 0.55 A’
0.4590 0.6140 0.032™ 1 0.032 B’
<0.0001 148.88 7.82" 1 7.82 c?

™ Not significant
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Fig 3 Interaction effects of variables on the peroxide index of soybean oil; (A): Concentration; (B): Time; (C):
Temperature
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Table 6 Analysis of variance of the effects of independent variables on thiobarbitoric acid index of
soybean oil

P-Value F-Value Mean Square df Sum of Squares Source
0.0011 13.79 0.0096"" 9 0.0869 Model
Significant
0.0149 10.29 0.0072° 1 0.0072 A-Concentration (ppm)
0.0217 8.64 0.0060" 1 0.0060 B- Time (hours)
03205 1.14 0.0008 ™ 1 0.0008 C- Temperature (°C)
03762 0.8929 0.0006™ 1 0.0006 AB
0.0003 43.75 0.031" 1 0.031 AC
0.8555 0.0357 2.500E-005 "™ 1 2.500E-005 BC
0.0069 14.30 0.0100 " 1 0.0100 A’
0.0345 6.85 0.0048 " 1 0.0048 B’
0.0007 32.72 0.023" 1 0.023 C?

Significant difference at 1%
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Fig 4 Interaction effects of variables on the thiobarbitoric acid index of soybean oil; (A): Concentration; (B): Time;
(C): Temperature

* Significant difference at 5%
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Table 7 Data used in optimization

Importance Weight  Upper Limit  Lower Limit Goal Parameter
3 1 800 200 Is in range Concentration (ppm)
3 1 72 24 maximize Time (hours)
3 1 65 45 Is in range Temperature (°C)
3 1 1.8 1.8 minimize peroxide index
3 1 0.3 03 minimize thiobarbitoric acid index

Table 8 Optimal characteristics of the selected model soybean oil

Desirability The desired limit Parameter
1 200 Concentration (ppm)
1 72 Time (hours)
1 45 Temperature (°C)
0.73 2.388 peroxide index
0.89 0.329 thiobarbitoric acid index
0.868 -- Total Desirability
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ABSTRACT

ARTICIE INFO

Natural antioxidants are nowadays used to replace synthetic antioxidants to delay or
prevent the oxidation of edible oils. In this study, Rapeseed (Brasica napus L.) was
used as a natural compound to improve oxidative stability and increase shelf life of
soybean oil. In this study, the extract was extracted under the influence of three
variables at three levels: concentration (200, 500 and 800 ppm), time (10-30 minutes)
and temperature (35-55°C). After extraction optimization, extracts with the highest
antioxidant activity and total phenolic compounds were added to soybean oil with
three concentrations (800, 500 and 200 ppm) and then oil samples at three levels
temperature (72, 48 and 24 hours) and temperature (65, 55 and 45°C) were
maintained. After various experiments on the extracts, the best extraction conditions
for the extracts were determined using response surface methodology and extraction
at optimum conditions. The results of the extract extraction optimization process
showed that in the hydroethanolic extract, the optimal concentration was 200 ppm,
the optimal time was 30 minutes and the optimum temperature was 47.028°C, which
was used to evaluate the optimal amount of inhibitory free radical activity and total
phenolic compounds in hydroethanol extraction were 43.885% and 39.852 mg GA/g,
respectively. The time obtained from the oxidative stability of the oil showed that the
time was 72 hours, the concentration was 200 ppm, and the temperature was 45°C.
The results of oxidative stability of oil showed that the peroxide and thiobarbiotic
acid indices in hydroethanolic extraction were 2.388 meq O,/kg and 0.329 mg/kg,
respectively. The results of this study showed that natural antioxidants can be used as
an alternative to synthetic antioxidants in edible oil formulations.

Article History:

Received 2019/ 04/ 18
Accepted 2021/09/ 04

Keywords:

Peroxide,

Phenolic compounds,
Thiobarbituric acid,
Response level,
Rapeseed.

10.52547/fsct.18.121.4

DOR: 20.1001.1.20088787.1400.18.121.10.4

*Corresponding Author E-Mail:
yasamin.latifil 31 @yahoo.com

00



