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1. 2,2-diphenyl-1-picrylhydrazyl (DPPH)

A

3l 5 Sl g esdle [Nr] a5 elie il
33 A1y il Ol cp Sl 45 Wsls OLES YN Y Jle s
Sl glachle e s el b iy,
wen ojlae Gledd glgmal b oS s
o eadlae ol plowil 3 Gaa [V ] el s s ps S
3o S b (S5 Olse 4 IS olS 5 eslinad OIS

A5k e b 58,5 6Bk Olos 5 O sesldnST (I

Lhdfia}) 9 .>|‘9A -Y

8 903 5 5lweslal—V =Y

slsles 5\ (Brasica napus L) 1S olS < iass ool 52
AUl e s S ol Dl Ol gl 53 iee
Sl ek b 5 (5355LS oKy bl S Ol
ol 2als e oo S 15 eslinal 355 0150
£l ool e bl Oles b (S5idsm 5 i
535 B Pl Ja s D (S 5SSl a5
53 G L ilesT gl 5 edd esls e £r isl SIS
L35 (e S 3 SL e

el g b G‘Jﬁd.w‘ -Y-Y

Lol a LA w) G a4 > 5 0l o ol W se
Siep Al Voow ) s 4 Jsbl 5 O D kus
chls aw L I 5w byl S 15 eslitd
b 53 gl el (o ime 53 Cplgig Yor 5000 Ave)
(o Kl a3 Y0 £0 000) Los a5 (4ids V2. Y+ 0F) Obe
ol Sl Il oais 51 eslizal b &gl s S )3
solsber SoB Ll te g die T il oS
Saghes Voo Jsb e e VRS L psilis G SIH G
DYT s plnil cycle)

PP RPIRPVIE

155 o las ‘)‘yﬁ olS 5l ‘_gﬂfaﬂ.\ﬂ—\—"—"
38 bl s g g sy b I LS 5 IS Ol
St S5 K el Jeb bS5 S s L) ol e
ol Al SIS S 5l sl Ll 3 &S es ol

Oy el SIE S ke s & OF 4 5 w3 8 0L


http://dx.doi.org/10.52547/fsct.18.121.4
https://dorl.net/dor/20.1001.1.20088787.1400.18.121.6.0
https://fsct.modares.ac.ir/article-7-41013-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.20088787.1400.18.121.6.0 ]

[ DOI: 10.52547/fsct.18.121.4]

S eSSl eslas £l Sl $ileang

OLes 5 sole s

2 b b oSy dolshs el sl b
ol 53 3, e 515 sl 3,5 e by O sl S)
e Vo s by el Sl S e 00 e Opa
Y e 31 il eV e S
Bl O e ISl s st S iy Lo
5090 ol sl WY ol sl s F
3 i3 V0 Sds 4 O 3l ey 5 A eals 15 s Sl
FFLOTY ma Jpb o Jslows Clda e ds S
i el el lis s g0 meweinb oS by
doa o gl o W Syl el

DV as S 058 e 08 53 dadliss

Selesl by
Silotng 55 S ol (bl LSS 5l slas some RSM
Sl by 350 gl S 3550 IS oladnl
ol dde SIS et S L3 Ll o e i
O SeST Ll o el gy (550 o3l o
Jle ul o oS 5wl 2als L nlesT sl (s bl £ b
s 35500 BB ey pSB Ll A 5 pss 4z 3 e S
LSt Blize 5 ol SUT oy Guiod ol s o tage
Rl 2 s bl gl mha LT 2 b s ol )y
Chle i glspize s p oske 4 s onl 03 el
Sl o las 2l leking 2 (©) Lz (B) 0l (A)
b s b e S e (Brasica napus L.) 1;S ol8
S5 ki JIST 0 5 Sl WY sl L S st
C\J_>'=:.,J\ Colwang 3l Ao aslsl 5 (Y Jeds) s C\JM\
s Olye SV L olae S s g IS o las
S o333l b sy & SLS 5 IS Ol 5 Sl
Jie e we Jald S0 SL b s el e )
VY 5 EA TE) Ol (el Are s 00 Yer) kb
Sl WV 3l b (18 sl 53710 500 80) Les 5 (el
(Vo) Co5 15 s 3550 555 0 4hail 1 LIS 0
o35 a3 daly losas ol mlaw oy 3 eslisal 3550 Jula
R Lose d e a3 dde AL e WS pgs a3 b S

£y

53> &S s JSl e jlas s nd Aol o5l s
Ui 5 GeSI BT S bVl el 8 dds
Voo edd S BlS el oleae SUp8 olS S
ot s 5N Ly 855 40 g A 100 a=Y o) oo
Foobe 4 e U3 53 eiblite Ojen (SKaS & bS]
A e @ ged By b a bales SIS e s S el aids
O3l 53 e 805 O grllenS1 (535 p 385,08 & slajles
Sl VY ke 4y (3,8l 455 10-00-£0) Los dane ¥
S (el VZEAYE) csle Yo b Sl Jolss s 5
doel Soosbss Sl 5 LSty el G G b

10738 13 s p 359

bow o) &S S Shs oy n0-Y
deS |y 308 (5 xS 05100 =V —0-Y

Jsboes 3 eslinal U 5 (g So3ll Jglie s, 40 eS| s0e
5 (T Sl Aol 0 3518 Cd) (s 35 15 Saalitead
s s S el Jlo i /) s S s g5 b 0T 0 gl 25
53 0k ol (25 4 sad p S 0 /10 &S 34 s ks S
Ak T 5 el 055 Al s YO Slosbians s Lo )
0 e 5 03338 OF 4 235 JS 5 Al Sl b sl
L ool s 5 Jslons 3 S Wil Ll iy Lty 2 e
I A e Yo e a3US O350 Oy i3 ) e
055530 0T 4 il o a8 s 5 65 5 6Ll 0T 4 ke
S g5 b e 35 3l Jylos s T Ky K S
wlsl psbe ol Sy ) o BB dbe /)
Olo 55 p8 Vo 5 Sl OV ST s oy 5 i
Noluws S

(Y) dsles

AeST e = (Ve X alle 3 X 5 e O sl 23 ) + (4505 o)
Aol S sl eSS a—uloeY-0-Y
(TBA")

A lis30 dla o S o el S stslss LS
SV ga e Ol 3 il oo S Ve 3oy e
35 A leSIS Oy asl () S 5, O gl oS
s (glos S g da T O Pl 3, S e 15 eslin

2. Thiobarbituric acid


http://dx.doi.org/10.52547/fsct.18.121.4
https://dorl.net/dor/20.1001.1.20088787.1400.18.121.6.0
https://fsct.modares.ac.ir/article-7-41013-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.20088787.1400.18.121.6.0 ]

[ DOI: 10.52547/fsct.18.121.4]

by oad £l daly oL Wl Lud s ule P o
oy s Lol Wl ol s alie 3 b 51 Joe (¥) Wsles

Design i3l o5 51038 513 s p 3550 Jo Jan s o

k k
s s el lw 5 g sle o Expert V.1 Zﬁ Zﬁ 2+Z§ﬁ

y=Boti=1 x+ITL x; iiXiX;

Lo ssds Gilusng lp a8 oolinal (gdn ww glajls sai
ol oaslatwl C‘Jx:..n\ oS AJ_QA.:« Oy Sl 4y Coua

el

S S wilre 5w B sl B B ey ) s
> i DI e DG S S 2
dle oo bl ke 4 dzes JEs sl i Xj 5 X
Jie R slie 33l i b O 05031 cokd sl 33,
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 e 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 ] 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 02269 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 1239 1 12.39 AC
0.3357 1.07 359" 1 3.59 BC
02127 1.88 632" 1 6.32 A’
0.0329 7.02 23.60" 1 23.60 B’
<0.0001 73.41 246.73" 1 246.73 c?
Significant difference at 1% * Significant difference at 5% " Not significant
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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 4.05" 9 378.49 Model
Significant
0.1881 2.13 399" 1 3.99 A-Concentration (ppm)
0.0036 18.44 34617 1 3461 B- Time (hours)
0.0015 25.67 48.177 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 3.72™ 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
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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 1.03" 9 9.23 Model
0.4656 0.5952 0.031™ 1 0.0313 A-Concentration (ppm)
0.0676 4.67 024" 1 0.2450 B- Time (hours)
0.2075 1.93 0.10™ 1 0.1013 C- Temperature (°C)
04117 0.7619 0.040™ 1 0.040 AB
0.5336 0.4286 0.0225™ 1 0.0225 AC
04117 0.7619 0.040™ 1 0.0400 BC
0.0141 10.54 055" 1 0.55 A’
0.4590 0.6140 0.032"™ 1 0.032 B’
<0.0001 148.88 782" 1 7.82 c’?
" Not significant * Significant difference at 5% ™ Significant difference at 1%
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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
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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 0.3 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.
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