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Study on the Antioxidant Effect of Different Fats and Compound
Antioxidants on Sesame Naan

LI Wanrong, Gulnazar Sireyil, ZHANG Wenhao, WU Hao, HUANG Wenshu ", FENG Zuoshan, BAI Yujia

(College of Food Science and Pharmacy, Xinjiang Agricultural Univercity, Urumgqi 830052, China)

Abstract: The accelerated oxidation method was used to determine the acid value and peroxide value of sesame naan
during storage (60£1) “C. The effects of different oils, antioxidants and synergists on the antioxidant effect of sesame naan
were investigated by single factor experiments. On this basis, response surface methodology (RSM) was used to optimize
the compound antioxidant formula. The results showed that compared with butter, rapeseed oil and sunflower oil, the
addition of palm oil could effectively delay the oxidative rancidity of sesame naan at 60 °C. D-optimal mixture design was
used to optimize the formulation of the screened antioxidants, and the results showed that when the formula was TBHQ
0.007%, BHA 0.005% and ascorbic acid 0.008%, the acid value and peroxide value of sesame naan stored at 60 °C. for the
third day were 0.6 mg/g and 0.005 g/100 g. It was verified that the acid value and peroxide value of sesame naan added with
the optimized formula were 0.628+0.017 mg/g and 0.0060+ 0.0003 g/100 g under the same conditions, which was slightly
different from the predicted value, sesame naan had the best antioxidant effect. When stored at 30 °C for 20 days, the acid
value and peroxide value of sesame naan in the experimental group were 1.320 mg/g and 0.031 g/100 g, which effectively
inhibited the oxidative ranceness of sesame naan oil and would provide a reference for prolonging the storage period of
sesame naan.
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1.1 MRS5S

FEH—SF /N Y (FE AR 11%) . AR il &5
PR . PRl SERFIN . SEETH . 2507 . RSl . XS ER
WA F7/E B A AT BUT EA K i (TBHQ) . T
R FLTH T RE(BHA) © 2,6- AT KXty (BHT) |
KWy, 4R B MR, PURImiR  Bihgk, Yol
YR FRAF; A EE(30~60 °C) | ffbsR | AT %
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1.2.1.1 T 2Zmf FREBUEELCNEZ R . HAE . BEEk.
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PR — A TR— K5 1]
1.2.1.2 FEAEZE A a flE : FREUSE R — 2 /N 2280
500 g, MR I 10% JHAR . 1.8% £k 3% FEDKE .
0.52% M+ . 6% JS7E . 40% /K (DL _FFEeRHY LA By
B, KT E MR SNR A T, G i

b.— YRR A« HE AN 04 1T A 43 H A5l 250 g 19
7R, SRR A CHT AR RLR, PR R S BT
30 °C ISR TFIER 1 h 2244

c. IR A : B— IR IR R S5 A THI R 43500 6 e B0 B
R, MEHEH Z 55 050EK, Z /55T 30 C IEE T
AT IR o

d. AR AR TR R R A e A T 5 il el A
] Y 3 25 )52 (4.05: 0.5~0.7 cm., 8 1.2~1.5 cm) By
PR, IR SR JE P TR ET A 0 B S BN RERR Y
8L

e S5 AE AL M IRER SR AT I 50k &8 FiAb 3
FZZRR, SRS PR B TR I, IR STy
FoK, PGS URE - (R 200~210 °C)
JZH] 10~13 min.,
1.2.2 AN[EIVHAE X2 BRI G S BT e 3 SAE
FITE AT 10% CLATEDB A I o0 SRy JE 4 ) 1 Sk
BT AR . ZEAET, 5 IR SR A TS HIE
RV, W R A 2 R A S e A s F YA
EHLE O, B TER T A T (60+1) °C ST,
TR0 3 d B—URAE, 58RI AE T A i = BRI AR
RCEH A S LRI O, e B TMAR, P T Sy .
1.2.3  HA—HrE AT 2 R S B A S
& GB 2760-2014 [#iE, BHA. BHT. TBHQ. ZE4:
= E. XM R BI85 b I KRB I & 43 5
0.2.0.2,. 0.2, 02, 04 g/kg(LLymgH & &),
[l NN TR BEiA e N ) L e S N E i = A | 120}
PUAAAROR . FREUECRL, 435 AE (CASF AT
JMA BHA. BHT. TBHQ. 4i/t: 3 B, XL HFP
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AN S B T IR A TR (60+1) °C #EAT
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Table 1 Different compounding methods

TRIMFAIFPE KA N
4150 0.01% 0.01% 0.01% 0.01% 0.01%
BHA BHT TBHQ HER PRI
X, v v
X, \ N
X, \ N
X, v J J
X, v v v

1.2.5 D-EARiREFEITEEE: eI iy 2Ll I,
PEH TBHQ(A) . BHA(B) . JTIAIMLAR(C)3 A
FEIHAG RN & S AR i, $ IR S AR TE (BT
A S O A, 5 e o s A 1 L]
ZAIRARFEAE 1 YEFE ) U, A5 56558 P& Design
Expert(8.0.6) K 4;:H1 A D-optimal 1=, LIFR . 4
ARAE i SBT3 Ak, 11T
TRANAIE ¥ PR 2 BORSFR (LR 2), @S iR g0
U, RRHA 3 AT, SR SRTE

2 REHARL st

Table 2 Optimum design of mixture test

bSE S Ykt ARMA e {E
A TBHQ 0.005% 0.015%
B BHA 0.005% 0.015%
C LR MR 0 0.01%

1.2.6 FEHRE
1.2.6.1 BRI
M,

1.2.6.2 =AM A9 &
BEATIMEN,
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Z:H8 GB 5009.229-2016 #17
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Table 3 Sensory evaluation of sesame naan

TiH PO 1445
FRAAR . TOAR R 8~10

U Frk— i, 0 Sk 5~7
FURIEIR . AR AR 2-4

FRFA KRG | Btilisg v, AT 8~10

1 FHRERBRMGE . HRERIE | 7 0 A g 5~7
TRE, M B DR 2-4

1.3 #IEAIE

iz FH Origin 2018, SPSS26.0. Design Expert
(8.0.6) X B A HEAT /- M S Gt H Ab B, W 2 K F
P<0.05, BRLH S EAE — IR,
2 BR5SH
2.1 AENHAEXTZ BN M R AT R0
2.1.1 A[FENHARXS Z RS N 0952 m I AE & dIE
ZERRRERS AN AT BB RO — o TR SN ESR AL
R AL T AR 11 8%, {H Al 2 {5 2 IRV I 6T
B R Th Rz DG B R MR TR EEE Y
SN, NI | S22 PRI B AL I BRI IRhAR S
LR G AR R R A P AR AR AN SR 4 TR, AR
ZEAEAN . FEI L SRR I 0 W) 4G R M 43 A 0.604
0.181. 0.822. 0.143 mg/g; £ 15 2 BREIIBR N TE
550 d A BIFE G KT 36%. 80.1%. 44%. 85%, 4%
HZRAEAEI W25 55 . B I TR AT E 1<, 2
IR TR AN 52 B0 SE RS T i A B, IX PP sfb i
PAEARSCF L0 Tt Z2 U H B, 33X ] REFR 2 K13
MG = G, AR R, Nl B s A
ThE ), 2 FREELE 200 °C 24T EET b 2 il i ik,
eI a] B 25 1 I B R B AR, TR A AN RIS

F 4 AR Z RRERR N 520

Table 4 Effect of different oils and fats on acid value of sesame naan

W K Ek (d) FRAE I LA gl SERFIM
IR 0.604+0.019* 0.18120.005* 0.822+0.030* 0.143£0.016™
0 0.949+0.009 0.909+0.003% 1.466+0.003%° 0.933+0.004%®
3 0.781£0.007°* 0.831+0.010°¢ 1.256+0.007°° 0.799:+0.019°A8
0.789+0.007°" 0.841+0.001°¢ 1.262+0.015°° 0.749+0.007°*
0.767+0.010** 0.837+0.013" 1.327+0.015¢ 0.783+0.013
12 0.834+0.009°* 0.867+0.008 1.989:0.001°° 0.8710.009°*

T FISIBREA /NG PR R 2257 3 (P<0.05), A TAREA RIS T RER R 22 57 1.3 (P<0.05); R 5~K Tl
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FACAETEN K 0~6 d B, BARILF HAL =20, 227 8
F(P<0.05) . WEEE 9~12 d I, Syl Ak hE vl g it
SFARE AT ZEAETM ISR, HLEEVH |« AR == h]

2R A E(P>0.05) . B BEHETH . SRR, 3546
T AR E DT TR 55 5243 0 R 56%77. 48.77%. 7%.
11%P%, ZEN G FR R IR (AL R U5 12 1 L )
S8 kA RN e A St E ALY S B R S A
BT, EE AR T AR RIS T iR & b dsc LAt P
TR =, TR A N 5 R 71, (53 A (B 4R
IS, T SE LT RN SR T S Sk 5T I i AT R AR D
Wi, 3t e it o A SE A R A G A, S
R o S A B T o

2.2 B—S AR ZREN R RS

2.2.1 PA—HUAEALFIXT 2 RRIERR N R ASIAR
[FIHC AT 00 2 BRI R [F] P PR A AR fh N 32 6
JIT7R, 76 0~12 d PTG PN, 2RI R A 25 52 3 L
e RGN A, U InPT A AR R AN ],
HZRIERR M A 22 S I . AR 6 ATLUE S, I
A 6~9 d B, BRINZSZ Wy . BHT M2 RREMITR M
a5 (U2 R IR M 2 R] TG . 525 53 (P>0.05) , 1]
W TBHQ 142 pRERR M 55 X RRZH R A AH b 25 55 b
Z(P<0.05), HngikE £ E 2 BRIERR Hr & SRR #adh
AR, PEBIER . BEAAKTE, TR AEAERIXT 2 R
R FR TR R P RIS S )& TBHQ>BHA>
BHT>4E3R E>Z5E W, SR nTEE2H A TBHQ
PTG GE PR 2, R TR P T A ARV E i
3 ; BHA Y2 ; BHT X sl s e 8 b R 4E
FHEGE, XY EIMIR AR E ST, HAE ik
T —E I AR S 2 iRt 22, G2k
Y AE e i AR h 25 5 R A AR AR T REAIS T X Al
B FFDHIE S

2.2.2 F—PrEALFINT RS EALE AR o
SEARAE RIS, U6 FH 22 RR A b ) T R SE Tk 1 R B

5 ANIFRHARO 2 R A R R

Table 5 Effect of different oils on peroxide value of sesame naan

T R A (d) PRI LT T SR
YT 0.024+0.001 0.0610.0006° 0.0940.0079° 0.062:+0.0005¢¢
0 0.0100.0004* 0.013+0.0003* 0.014+0.0002*° 0.008+0.0007*
3 0.013+0.0002°* 0.035+0.0005"° 0.015+0.0003* 0.014+0.0007°®
6 0.014+0.0003"* 0.052+0.0003° 0.015+0.0005"® 0.016+0.0001°%
9 0.023+0.003® 0.090:£0.001 0.025+0.0005"® 0.015+0.0003%
12 0.033+0.0005% 0.228+0.0055 0.032+0.0002"* 0.047£0.0001
F 6 B—PUEAALTINSZ IR M 195 10
Table 6 Effect of different antioxidants on acid value of sesame naan
. A ] (d)
s 0 3 6 9 12
= 1.065+0.06" 0.936+0.003* 1.056+0.009°*® 1.268+0.026"C 1.090+0.010*8
BHT 0.962+0.02°* 1.090:£0.004% 1.048+0.021*® 1.216+0.008"C 1.0850.005°%¢
BHA 0.904+0.03* 0.899+0.003"* 0.969+0.012"" 1.1810.009*¢ 0.864+0.004**
TBHQ 0.887+0.001%" 0.933+0.015°4® 0.947+0.051%® 1.055+0.017* 0.841+0.003*
Y KE 0.951+0.03® 1.136+0.005¢ 0.847+0.012* 1.177+0.058"C 0.8830.0048
KL 0.864:£0.04* 0.846+0.007* 1.220+0.011® 1.260+0.032°® 1.31340.1°®
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Table 7 Effects of different antioxidants on peroxide value of sesame naan

IR AL (d)
eS|
0 3 6 9 12

ZE 0.038+0.004°* 0.057+0.002¢ 0.060+0.0014¢ 0.063+0.0006° 0.054+0.0002°®
BHT 0.024+0.003** 0.025+0.001* 0.032+0.0005*" 0.036=0.0003*" 0.033+0.003"
BHA 0.015+0.006™ 0.0260.000" 0.038+0.0003" 0.032+0.0006* 0.034+0.003*°
TBHQ 0.022+0.001"* 0.0460.001"° 0.0420.0005"* 0.032+0.0002*4" 0.037+0.008*®
YEHERE 0.035+0.001 0.051+0.001°® 0.072+0.003° 0.069+0.0028° 0.084+0.005
LW 0.042+0.0034® 0.049+0.001°" 0.045+0.002°"® 0.039+0.0021** 0.050+0.002°"
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R AR A AV E DY, i3 534 B 4507 iR gE 45 21
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AEIIIGT 25 A2 R S AUE, 525 H4 AR
2555 35 (P<0.05) , 33X 156 I A PO 20 $i AU AR 7 24 Tk
A M ] 2 PR I R R i AR E A . X
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JeFizbrE R R e .
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Fig.1 Effect of compound antioxidants on acid

value of sesame naan
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Fig.2 Effect of compound antioxidants on peroxide
value of sesame naan
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P = L A 5 A Jm B B A iy SRR YR E
FLfy e A AR R ) AR e MR 22, DRtk DR
X, MEMRWE A SS THURInmR S X, MPMNEIER .
24 D-mUBRRHARERS
2.4.1 AEHIEEST K BT 32 Design Expert
(8.0.6) FAFHXF IR IS 45 2 (32 8) AT T IRy L ST
J 5T, 4 HAS 3] T MY . i S E S 45 I EE Y
EANIEIIIE iy ih

iz #t =0.62A+0.57B+0.63C+0.14AB—0.24AC+
0.42BC+1.27ABC+0.03AB(A—B)—0.38 AC(A—C)—
0.56BC(B—C)

it 4 1k {8 =7.017E—0.003A+0.010B+8.017E—
0.003C+7.632E—0.003AB—7.521E—0.003AC—5.034E
—0.003BC+9.589E—0.004ABC+0.034AB(A—B)+
0.016AC(A—C)+0.023BC(B—C)

8 D-IALIRRHAL BT )7 2 Mg 1

Table 8 D-optimal mixture test design and results

LT A B C Ly SUEER A IEl
1 0.0050 0.0150 0.0000 0.590 0.011
2 0.0050 0.0150 0.0000 0.557 0.010
3 0.0050 0.0100 0.0050 0.674 0.008
4 0.0080 0.0050 0.0070 0.623 0.005
5 0.0050 0.0050 0.0100 0.632 0.008
6 0.0100 0.0100 0.0000 0.655 0.010
7 0.0050 0.0080 0.0070 0.748 0.006
8 0.0100 0.0100 0.0000 0.634 0.011
9 0.0050 0.0100 0.0050 0.742 0.008
10 0.0100 0.0050 0.0050 0.541 0.005
11 0.0080 0.0080 0.0020 0.693 0.008
12 0.0120 0.0050 0.0030 0.563 0.007
13 0.0100 0.0100 0.0000 0.611 0.011
14 0.0100 0.0050 0.0050 0.568 0.006
15 0.0066 0.0117 0.0017 0.623 0.009
16 0.0150 0.0050 0.0000 0.622 0.007

R 9 AN, LARR U R B (E YRR P=0.0163<
0.05, Wi BHIZ A5 10 5t I 2 2= 2 R I T0 P=0.3183>
0.05 A2, [MIH e 2% R°=0.9080, & IEJLE &
B R?,4=0.7700, Uit WIZA5E 10 15 1 46 445 ARADL A5 B 42
I, ATEE 91%, FRUIZGAE0 Al {5 BERS =, IR n] &g, v
LAIR 31 F FZ AR B Tl A3 A i A8 Ak H e o X
ZERRVETR P 5 MR B I 25 R 2R T2 BC>AC>
AB, H. it BC TR A % i 2 52 0 (P<0.01), 58 1.
I AB. AC XTHEIRI SIS 235 (P>0.05) ,

FH 2 10 AT, DLk A fE A e (B 4SS 780 P=
0.0005<0.05, Ui iZA R T I 2, TBHQ. BHA
R IR Z (8] i 28 EAEF 35, R0 P=0.6338>

e T ONEVEL S EES )

Table 9 Analysis of variance of acid valency regression model

PO BIHRH% AdE Y2 FIH PlH
pryisiil 0.052 9 5.723E-003  6.58  0.0163*
LMRA  8.890E-003 2 4.490E-003  5.16  0.0427*
AB 1.697E-003 1 1.697E-003  1.95 0.2120
AC 4.332E-003 1 4235E-003 487  0.0695
BC 0.012 1 0.012 1431 0.0091%**
ABC 1.774E-003 1 1.774E-003  2.04  0.2031
AB(A-B)  1.215E-004 1 1.215E-004  0.14  0.7214
AC(A-C)  1.445E-003 1 1.445E-003  1.66  0.2449
BC(B-C)  1.189E-003 1 1.189E-003 137  0.2867
B2 5.218E-003 6 8.697E-004
JAUT 1.028E-003 1 1.028E-003  1.23 0.3183
PRZT 4.190E-003 5 8.379E-004
A 0.057 15

PR B (P<0.05), " FIR 7 B (P<0.01)

F 10 ST R ARSI ) Jr 25 00 b
Table 10  Analysis of variance of peroxide value regression
model
FECKE  FHRE HEE Bz FlE Pl
SRR 6.200E-005 9 6.889E-006 23.59 0.0005™
LMIRE  4.366E-005 2 2.183E-005 7474  <0.0001""
AB 5.146E-006 1 5.146E-006 17.62 0.0057"
AC 4.284E-006 1 4.248E-006 14.54 0.0088"
BC 1.812E-006 1 1.812E-006 6.20 0.0471"
ABC  1.004E-009 1 1.004E-006 3.438E-003  0.9551
AB(A-B)  1.592E-006 1 1.592E-006 5.45 0.0583
AC(A-C)  2.450E-006 1 2.450E-006 8.39 0.0275"
BC(B-C) 2.054E-006 1 2.054E-006 7.03 0.0379"
¥ 1.752E-006 6 2.920E-007
K2 8.562E-008 1 8.562E-008 0.26 0.6338
WET 1.667E-006 5 3.333E-007

A 6.375E-005 15

" TR E R B E (P<0.05), “**" FIR LT D E (P<0.01), "3
TN 255 .35 (P<0.0001) .

0.05 AN 35, UL IZASERY 500 45 R 405 B3 AT, [m]
VP SE BB RP=0.9725, (B IR E REL R, ;=0.9313,
VEIHIE BB 97% AR AT LR FHIZAS R IR A T e
T, SCHRZER/N, FE R . HP X 2 R
SEAGAE 5 R 53 51 8 AB>AC>BC, Hob AB.
AC X} i 455 Y ) 52 i) 52 p W 35 M 22 % (P<0.01),
AC(A-C). BC(B-C). BC XZAS T (1 52 i 12 i 3525
5 (P<0.05), ABC. AB(A-B) U525 (P>0.05) .
2.4.2 ZZHAEAGSHT  ARIEXT D-FRiREHE TR
VR ST, LR AR I IR Z RIS HAE T, 22
il TBHQ. BHA . HTIRIMNER — 38 B0 —fAnm N
TEREIFE EL ], & 3. & 4 230, 38 A(TBHQ).
B(BHA) . C(HLHRMLAR ) =4~ H 2 Z [Al47 46 38 H A
JHE, K 3 ATLAE H, BHA X2 BRAEIRR N AT 455 A
EEEIVEA, BEE BHA USHN & 02 i o, i &
PR SN A 3, TBHQ FIHLIR MR IR = . M
E 4 LA Y, 7 TBHQ #SINAY—E LI, HEA AL
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A: TBHQ
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Fig.3 Influence of different antioxidant ratio on the acid price of sesame naan
A: TBHQ
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Fig.4 Influence of different antioxidant ratio on peroxide value of sesame naan
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2.4.3 HEEPUEAAFIRALE ) aGSr il Design-
Expert #4500, e BRI . i AL (E U/ IMEAS 2]
&l P E AT B B Bt 5 4 TBHQ 0.007%, BHA
0.005%, HLIRIMER 0.008%, 1A T A5 Y T 2 JBR
PRI N 0.6 mg/g, i AKEN 0.005 g/100 g, A2
Pz EL T 7E 60°C MIEMH T A TH RS, A5
ZERRUEIE R 3 d MY SEBRER YA 0.628+0.017 mg/g, itk

HYBC U TS L

2.4.4 wAREBCYUEAIAE 30 °C X2 RIS T
SO R S BT A AR A 22 BRI A R S5
21, [RIRF RV EABSIPTAAAT B 2R Dy 2= X R
ZH, 5 PR 2 0 ) e 1) 2 R T AR R 1) SR A T I
S, BER 5 d P—R SR TAE PR, K 11 BB ESm
M EECHUEATI G TE 30 °C 19504 T X2 R

S ABME N 0.0060

+0.0003 g/100 g, 5 TINAE AH 22 %%

M A EARE L 28 SUBVE AT R

M, AT RAE

T ZIRMERE 30 °C T AR L
Table 11  Quality change of sesame naan at 30 °C
2H 51 KE(d) AV (mg/g) POV(g/100 g) L YL R M
0 0.930+0.02° 0.008+0.0004" 68.08+0.71% 53.76£1.79° 7.80+0.60% 7.80+0.98°
5 1.210+0.01¢ 0.020-+0.0002° 62.23+2.18° 53.19+£3.79° 6.87+0.60*¢ 6.60+0.80"
X HEZH 10 1.297+0.01° 0.032+0.0018¢ 64.45+4.23% 57.31£3.27° 6.05+0.85% 6.30+0.98
15 1.653+0.03" 0.040+0.0009° 62.65+0.70° 59.394+2.09 5.95+0.72% 5.90+0.70™
20 1.666+0.02° 0.04440.0007" 61.35+0.58° 53.19+3.44° 5.30+0.60* 5.45+0.79*
0 0.844+0.01° 0.008+0.0001* 67.66+0.77" 56.70+1.88° 8.50+0.81°¢ 8.55+0.65"
5 1.158+0.02%¢ 0.018+0.0003° 64.91+2.97%¢ 55.47+2.43° 8.30+0.60° 7.60+0.66%"
SR 10 1.140+0.01° 0.029+0.0008¢ 69.32+1.20° 64.30+3.17° 7.30+0.78% 7.05+0.79°%
15 1.311+0.002° 0.022+0.0002° 69.01+0.55°¢ 64.19+1.56° 6.45+0.72% 6.70+0.46>¢
20 1.320+0.04° 0.031+0.0006¢ 68.10+1.27™ 57.74+2.29* 6.40+0.66" 6.45+0.65"

T FFBREA /NG T 1R 22 57 1 3 (P<0.05)
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PRIV Z R BB B BRI FE bR Z —, 3R 11
AR, K FEZH Oy RV 18 LN s TR 3 ARG T
SRR LT, Horh PZH A0 Y L7255 135 (P<0.05),
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PRZHAE S LA Bl B ] 4 e 52 80 R AR 1
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PE . KRSV E R PRI 45248120
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ARWFFELARRYY . i S AME e b, 3 e ik
T RESESE 2 R A ARG TR b o il
L5 2B AR . TBHQ. BHA . BHT XJiifig %4k
AR R B I . S I 25 2R 3R W, TBHQ.
BHA | PUIR LR 52 WC At FHASCR A7, il aek DIt
BRI BT E T I CHE L h: TBHQ 0.007%, BHA
0.005%, PLIRIMLAR 0.008% ., ASSZEGLEHL T HANA L
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