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ABSTRACT: Objective To investigate the effects of whole grain flour of Chenopodium quinoa on antioxidative
properties of Naan. Methods Whole grain flour of Chenopodium quinoa, sorghum flour and millet flour were added
into pure wheat flour to investigate the effects of different grain content on the content of polyphenols and flavonoids
and antioxidant activity of Naan, on the basis of single factor test, Box-Behnken test was used to optimize the
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the changes of antioxidant activity with the time of cold storage were investigated. Results The optimal preparation
conditions of Naan were as follow: Whole grain flour of Chenopodium quinoa was 10.5%, sorghum flour was 11.5%,
millet flour was 10%, yeast consumption was 1.0%, water content was 52%, and the fermentation time was 86.0 min,
the average sensory score of the composite cereal flour Naan prepared under this condition was 80.43, the flavonoid
content was 1.2 mg/g, and the polyphenol content was 61.26 mg/g, which were 3.4%, 9.1% and 16.46% higher than
that of the pure wheat flour Naan, respectively. The DPPH +, ABTS" + scavenging rate and the reducing power of the
composite cereal flour Naan were 58.83%, 51.58%, and 10.67 mg/g, and with the increase of 22.05%, 15.39% and
10% higher than those of pure wheat flour Naan, respectively. With the extension of storage time, the content of
flavonoids and polyphenols in composite cereal flour Naan did not change significantly, but the scavenging rates of
ABTS" - and DPPH - and the reducing power of ferric ion reducing antioxidant power (FRAP) decreased with the
increase of storage time. Conclusion The preparation of Naan with wholegrain flour of Chenopodium quinoa,

sorghum flour and millet flour can significantly increase its flavonoid and polyphenol content and its antioxidant

13 E

properties. However, it is necessary to solve the problem of reducing antioxidant capacity during storage.
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H 4 (Chenopodium quinoa) & BA E AR R 41 41 (Food
and Agriculture Organization, FAO)IA & ME— iy BAAEY BT
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feEEoh BN, EREXTHLIR AT oh g S Ha B AL Im 1 | Pk
FERCRU BRI AR [ Y e A S R, Z el
AR A P A B R Gk e L P A A RE T, (W]
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DPPH - )l 2,2-BX4(- —(3- L - AT meme-6- it iR) — Bich T 4
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ion reducing antioxidant power, FRAP) M JBE 5 i, %%
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1 MRERE

1.1 #E5IR

B (BB RMBLE R ), /INKRAEA 18, %
FHTT AV BE 2= BE) « 1 5 (TR KA AR T AE ), THIR G bR
A PR, PR SRERE R A FR A FD)

TR 95%) . W ETFRAEMEIE 98%).
ABTS' -, DPPH -, fRkBHARICGERE Sigma AR, LEE, GRR
B OREEREN . AERRER . AEMREN. RIORRRE . BRI . B
W, —E R, RO, BRI R A FD).
1.2 UE5EE

FDV DUTPUT-2HP UM ML H A 06 A FR 2 7)),
FA2004N H T3 R 0.1 mg, FiEALAEA BRA
Al); UV-3802S TS ANt B 11/ 4T WL A6 e i (1
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AR B RR ), JIDI-18D &R E A% mm g Lo



%84

RN, S B PR BT R AR R RIS 2635

R PR F); HH-US BRI (T8 22 By
A B D), FYL-YS-128L AR vKA b5 & Bk A A R
/~wl); DCDWMEF-86 A BS B Ry AL (T ma KRR M AE )
1.3 WA

131 4wy

Hid et WS PBR 2R, VASRAL B GRAK A 14%~16%,
K4y pH 7.0~8.5, il FEIE 10 h), Zead (KA B B R L
B S i A BE A2 A K, it . /N OK T R BT
10 min, 3 80 Hfi.

FREUE A M (FEEZ A /NKK . S RN
T BIRA) . b, K. BERE, R, HAm AR e
FH 2 B SCER P22 R0 B R R AR IR
80% . JEJE 35 °C, —KMEEA 1 h fl REEA 15 min, HFEE
BT TR A R AR 17 em ., PR N 0.6 cm; %%
JEEEA: 1.3 em Y BIRESR, FESHRR S s, &k
Tk 260 °CHERIHRE 15 min JFHUH, FEBIRYIH, A
FERAR SRS 3 min, BUHPY,

1.3.2 Skt

S35 BN INAE 22 YRy L /N KM T SR
BN R e, NGE KR ERE R I, A TR S R, H
HREEFE ARy L /N K T SR B R 0 A AR AR Y
BN 0%, 5%. 10%. 15%. 20%. /K MEALTE
Bl 40, 45, 50, 55, 60 mL. BEEEys N 421070 F N
0.70., 0.75. 0.80. 0.85, 0.90 g. KM% {k30 Fl 2 80,
85. 90, 95, 100 min, XMEEFIEM TS . BB E . K
i . DPPH - iEBREES . ABTS' - EI4RE 11 BB Tib
JRRE ST PIREM . AR R ILIR A R A IR -, DURT S
1645, H¥E Box-Behnken FF.UH A SEI0 R TR FEXT 6 4B A
R R EEAL SRS, BEZEACERE 1.

133 EBAEEFLSENT

(1) 5 2 A 5

SRR LR M h . MERRRER | g R T IfH
WEAYHER A B TR0, A 13 mL 45%28%, I1RE12,
1E45°C, 600 W 45 A7 50 min, 75 4000 r/min 204 T 85
020 min, B 1 mL ST 10 mL 25559, B0 1 mL Ak
BHAR, $5), #E 6 min, A 2 mL 7.5%RERENA T,
FEACERZZBE, B2, §E 90 min, LAZRIBK I H
XTRE, 7E 760 nm ZbM R GE, 3 WllE BOEE ., LI
BT & OB AAR(X, pg/mL), WO AHNALR(Y), 5
[ FE ¥=0.1109X-0.0019 (+=0.9989), MELl mg ¥

B2 g TYRFRR.

(2) B0 H A 5 22 0

KRR 1 g VR IR MR K & B0,
A 10 mLARFS- 5L 60% 11 £ BE, 1RG5, 740 °C.600 W
£ A 30 min, 7E 4000 r/min £5£FF 2.0 20 min, B
BRI BOK 5 mL T 25 mL A&, F 60%Z Frtkh
& 10 mL, Jil 1 mL 5%WAHEREN, $&5), & 6 min, F
il mL 10%fER4R, $##5), #E 6 min, Tl 5 mL 10%
NaOH, J1H 60% M EREXEL, $#5], #E 15 min.
LI 60%Z. 1 A28 AT R, 7E 510 nm AR OG1E, 3 Uil
FEBCEE. DL T SRR, me/mL), WO N
PABR(Y), FREIHFE ¥,=1.0757X,-0.0054 (*=0.9995).,
BV mg BT Mg/ TYIRER.
134 #HEMMENZ

FREL2 g 2 R TR AR S, DA 45 mL 2%
(60%~70%), {RAE~], 150 W A HEEL 80 min, 7 8000 r/min
AT B 15 min, WEIER, REFELIRR—K, &
IR, FERIRE, IR e 28 kv redn, F e
ZAZE 10mL, RINAE AR .

(1)DPPH & BREE 1 B 2

% AMIOT S5V ke 5 3%, FFRfEselt . FJeK
LR DPPH-BC 1 254 pmol/L 4 DPPH - VAWK . JURE S
& 1.2 mL, A 0.8 mL Jo/KZ B, FiA DPPH- LMK 2 mL,
FEERNY 30 min, TR 517 nm ZEMEWGIE . H2IEA
K (1)31453 DPPH- fIE B3

DPPH'?%%%E/%=% x 100% (1)

K A RE A S DPPH- SN IR0 I ROBAE; Ao R2s
FI4H, BIKERCS DPPH- SN IS 1WA

(2)ABTS™ - iHBREE T I

# 7 mmol/L ABTS™ « ¥ (IUAC) 5 2.45 mmol/L K,S,05
FEROREDHE 11 IR A, KAl TR CE 12~16 h,
HTEK R R ABTS™ 5, [HHAE 734 nm AWOBIE N
0.70+0.02, 153 ABTS® « I HX 0.3 mL A5, A
0.2 mL ABTS" - WK, #EJGN 30 min, 7EJE K 734 nm
AR E AR . R BA N (Q2) 5 ABTS - 1 BR#%:

§ . A, - A
ABTS" - 5 %/%= CTAl x 100% )

L A NRESERS ABTS + SONRUSN AOAE 4. s
P4, BDJOK CREAM S ABTS' « SN IR SN G

# 1 Box-Behnken LR ITERSKFR
Table 1 Box-Behnken test design factors and level table

C MU /% D EERRRME/% E/KBME/% F & FE/min

KFHER  ARELBYHEINE% B /NKKRIRINE/ %
-1 0 0
0 10 10

1 20 20

0 0.4 40 30
10 0.8 50 90
20 1.2 60 150
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B 1 mL ARSI, A 2.5 mL 0.2 mol/L (pH 6.6) iR
P, FIMA 2.5 mL K;Fe(CN)g (1%, m:V), 185,
F 50 CARBE AR 20 min, FFIIA 2.5 mL =52
(10%, m:V), PAZIERM . 3000 r/min 5.0 10 min, .05
B35S 2.5 mL HRRINA 2.5 mL ZE887K #1 2.5 mL =484k
BRI (0.1%, m:V), 700 nm FHESEEEE, FA7iE 3
WHEOFBIME, DL FRR & i B AL BR (X5, mg/mL), WOt
B9k Ak bR (Y3), 15 [ 7 R ¥3=0.0178X3-0.0064
(17=0.9987), FRAP Dl mg & Tl Y Ht/g TYIRFER,
1.3.5 HEBERN

BEE/NMR AR 8 4 AL AR, R
U ) PR HE B AT PR, o AR P R A
WIS S min NTEHY, RURFIE 765 2U5 30 min
WL, BEACRRIETE S SR 12 h AT 0E . PRAMRTELL
(S BB VR R R PR b ) PSRy St IR 1 ke
R, PEILER 1, e HUR] € 52 00 % s WM fe b FiTE 43

FRUE) , BDLLSRPEE S HIE, 85 S AES o
1.3.6 f#@AL

B B 3 2 s (poly ethylene, PE)AHUIASS M,
i FEAE(7.0+0.5) °C~, 758 10 d BFfA], 23 507E 0. 1. 3. 6.
10 d IRUREIN A2 .
1.3.7 #IEAE

[ Excel 2007 JE47 % AbHE, b 3R R P15 (=
Frudw2s; A SPSS 19.0 #4775 22004, X LB k4T
R R B - B b B3 PR 22 B (least significant
difference, LSD)Ki5%, J3tfrdicdh 22 7 W& E(LL P<0.05 %
RZER ), R H Origin 2016 #1724 K .

2 FERE55H
21 BEX2/UH. MRS RHTMEIED
RENM S B2 BRI

AR ARy IR /KA AR I X v B A
Z WS R AL 1~20 B 1R, BEE R AR |

2 IESOER
Table 2 Table of scoring criteria
i H o bR U
by KRB ZI(EAE>2 mm), SELAIBEST 4~5 4, TR, SALRS) 1~3 45 BRI 0~1 43
AL R 4~5 735 B 2~3 2y, fIEZ 0~1 4
BRORETE P 8~10 43 1 B I AR T A 4~7 43 B K 1~3 43
i REF 8~10 4%; KA 4~7 2%, HisF 0~3 43
DI 5] P8 4~5 4%, UIEEIIS) . WA AR F4% 2~3 435 YITHAST4 0~1 4%
T 4~5 435 FMBOCH 2~3 45 Fbi WL BEE 0~1 2
SN R RV 4~5 435 FMBTIE 2~3 4, FHEIRGEEEIE 0~1 5
FIMICH B L 4~5 4 RWARHA/NRE 2~3 43 REAAHERL 0~1 4
it A 8~10 70 IREA  BEALUARE 4~7 4 A HE AR 0~3 4
" OB EET 8~10; FBEISIHMA BRE H3E 5~7 /7 W RER AR 1~4 5
Sk WRIRTE . ATHIK 10~15 43 WR—W, TC5BK 5~9 43 A 0k 1~4 43
HABE TR 11~15 435 JOFFBR 6~10 4; A S 1~5 43
35 120 - YL LB
A T
30| s ol /KA
h
~ 251 _ :
3 B 80F 5 LB 1
& 20 £ b N9 b R 7 .
I e d mH 60 E 2 B NS
glj 2P g gz s%zl§‘f &
= 0: .:: % N Z %
& 10 7 E’.?E R 40 o:‘i?% N I
o0 P < NN NS 7
0.5 & SN NS N
\ 0 g% NN ;/, o
0 } 5 10 is
IR/ % TINE%

T KPR AR PR AR BEE 2R P<0.05, T A,
B 1 BEZ BN RRE . /IR TSI o S I R Y
R (n=3)
Fig.1 Effects of the wholegrain flour of quinoa, the flour of
sorghum and millet on the content of flavonoids in Naan (n=3)

2 HAEARYRY . SR DKM B X 2
I (n=3)
Fig.2 Effects of the wholegrain flour of quinoa, the flour of
sorghum and millet on the content of polyphenols in Naan (n=3)
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SR /INAH IR IR ARG, Pk 5 R B R i
I, MEA YIS I I E] 20%0F, ST R R 0
J39M(2.278+0.05) , (1.87£0.05)F1(1.57+0.05) mg/g, Eb4li/)\
FHEEE SR AN T 50.86% . 47.24%F 61.86%. H
(& 2 AIHL, MBI =Rk NI 20%
B, BT AR 0 R 2 B & a4 R (92.41£0.26) |
(84.51+2.15)F1(78.40+2.28) mg/g, LLAHN A4/ N2 3 rh B
TR IIEIT 44.91%. 47.23%H1 46.21%; HAE
AHFE = SO, BRI & = S AUR I H an
Y>>/ N, X 2 & AT AR 2R/
>0 SR>/ N R (P<0.05) . ISINZEZ 5K . =5
/NS Tl 25 () VR ) SR BT A0 22 1 5 T o P D PR T i
JERGE | ERAUINK TR K R S R TN E BT, H
B RN T S S R N 22 ) 2 S AR LT ) 1
7 ity v B R 22 I A T 25 R
22 EZL2/UH. KBS ERMRmTIES
BEBREE IR
HERRYR . SRR . /N KR X2 DPPH A
ABTS" - R Z B0 WLIE 3~4, fi[&l 3 W5, BEEZERE S
B L R L NN ES I N 0% N E] 20%, i
i DPPH-T# & /3 I B (15.37+0.78)% . (14.73+1.04)%FI
(14.77£0.99)% B & F T+ F(54.26£1.34)%. (63.91£0.21)%F!
(59.17£1.06)% (P<0.05). HIE 4 W, MEEZELZ LS50 .
RSN . AN IR A 0% g 20%, iR ABTS ™5
BB 11 (37.77£0.15)% . (36.99+0.27)%F1(37.06£0.26)%
ZH LT E(62.20+£0.45)% ., (57.58+0.50)%F1(56.78+0.26)%
(P<0.05), 20%S I B, FrA343E0Y DPPH 1% bR 28 (1) 58 55 11
NFFF 2 2 e Ry >/ N KA >R LR WKy, ABTS - 1 bR AR
TR FI T R F A2 PR > = S~ A .

100
o0 | DAEEZERYE
NPy

80 | EZE/INKI

70
60
50
40
30
20
10l
0

DPPH- 15 /%

— -
WINE/ %

K3 LAYk BB ANKRBESIE X DPPH - R
AR (n=3)
Fig.3 Effects of the wholegrain flour of quinoa, the flour of
sorghum and millet on the DPPH- scavenging rate of Naan (n=3)

100 ~

o0 | EREELAN
NS
80 | EZZVINKAY
i 70 ¢ h
& O LAt 4]
o TR
0| el
JUAEL DA @l & 2
0 5

—_
(%]

B
[\
S

10
IR/ %

K4 BAESRYR . SRE . ADKRBESIEXEE ABTS” - HER
I (n=3)

Fig.4 Effects of the wholegrain flour of quinoa, the flour of sorghum

and millet on the scavenging rate of Naan ABTS" + free radical (n=3)

BFEEYR . ERRY . AN R R IR [ T s
T 5. S ATA, BEERZ AN . SRE . K
0% 38 hin B 20%, 1 A9 I8 5 J7 43 ) i (11.25£0.31) |
(11.06£0.12) F1(10.53+0.27)% {3 34 5% & (23.98+0.43)% .
(14.80+0.33)%F1(16.06£0.29)% (P<0.05); 20%7sH0&Emt,
TR IR S5 TR S T B2 AR >/ K> i 5 o

BYP L BEE R S5H DPPH-M ABTS' - i
[ERESiNP- AL TE ¥ P SN ¥ =¥ TP A Sy ] ke
i, H ABTS' -, DPPH-TEFRFRMAES ik, B, 1%
AT IRRR/INZE R I AT 24 %) 2o T L TR R X B ) 2
FEBYH . RN /AT LA SR = 1) DPPH -,
ABTS" - JBRHHIA S 112,

40

R R
FiE)

0
s /N

B %
K5 BEREBYE. REE. KBTI X FRAP R0
(n=3)

Fig.5 Effects of the wholegrain flour of quinoa, the flour of
sorghum and milleton the reducing power of Naan (n=3)

23 EZLARYMENT ML

1EBA N R L A9 LAl |, M348 Box-Behnken .04 G
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Table 3 Response surface design results and representation

[E‘zr‘—»

BB A% B%  Cl% D% EP Fimin o
P

1 0 0 0 12 50 90 77.8
2 10 10 20 12 5 30 52.3
3 10 20 10 08 40 150 4.1
4 20 0 10 12 50 90 46.6
5 10 10 0 12 50 150 78.9
6 20 20 10 04 50 90 50.9
7 10 0 0 08 40 90 58.6
8 0 10 20 08 50 150 60.2
9 10 0 10 08 50 90 85.4
10 10 10 20 04 50 150 57.8
11 0 10 10 12 60 90 79.3
12 10 10 0 04 50 30 67.7
13 10 20 10 08 60 30 59.2
14 10 0 10 08 60 150 63.9
15 20 10 0 08 50 150 64.7
16 10 0 10 08 40 30 56.1
17 10 0 20 08 60 90 71.8
18 20 10 10 04 60 90 52.8
19 20 100 20 08 50 30 50.7
20 0 0 10 04 50 90 715
21 10 0 10 08 50 90 84.2
22 10 20 20 08 40 90 48.0
23 0 10 0 08 50 30 56.7
24 0 10 10 04 40 90 52.2
25 10 100 10 08 50 90 75.3
26 10 20 0 08 60 90 64.7
27 20 0 10 12 40 90 62.6
28 10 0 0 08 60 90 64.8
29 20 10 20 08 50 150 56.6
30 20 20 10 12 50 90 60.1
31 20 0 10 04 50 90 63.8
32 10 0 10 08 60 30 59.3
33 10 10 0 04 50 150 62.3
34 0 0 10 12 40 90 56.9
35 100 20 10 08 60 150 53.2
36 20 0 10 12 60 90 55.3
37 10 100 10 08 50 90 81.5
38 10 0 10 08 40 150 53.1
39 0 0 10 12 50 90 70.4
40 0 10 0 08 50 150 67.3
41 20 10 10 04 40 90 57.4
4 10 10 10 08 50 90 82.2
43 10 100 20 04 50 30 36.3
44 10 20 0 08 40 90 51.5
45 10 10 0 12 50 30 59.1
46 20 10 0 08 50 30 62.6
47 10 20 10 08 40 30 54.4
48 10 10 10 08 50 90 78.2
49 10 0 20 08 40 90 52.6
50 0 20 10 04 50 90 56.8
51 0 10 20 08 50 30 56.5
52 0 100 10 04 60 90 60.4
53 10 20 20 08 60 90 58.1
54 10 10 20 12 50 150 54.1

DIV E PR AT 43 W AR, XF 6 Fhsgmi R R AT
BORIA, 5820 R B R R ¥=81.13-6.344—
4.82B-6.41C+3.47D+5.72E+2.64F-0.284B-0.344C-3.984D

—1.584E+0.474F~1.38BC+4.81BD+0.61BE-1.26BF+0.52CD
—1.26CE-0.27CF+2.69DE+0.71DF+0.49EF-7.874>-12.308>

—10.13C*-7.46D*—12.43E*~7 A8F*, )7 004 s, F=7.57,
P<0.05, HERIE % i Design-Expert 8.0.6 3k {44347, 154
BEBWBRNRAER L 2R 4: 10.34%., B: 11.41%. C:
9.97%. E:0.96%. D:51.81%. F: 85.94 min, EE PE4> 15

WMIE A 80.02, F L briefE R S IE7E N, AL &
1EH: 4:10.5%., B: 11.5%. C:10.0%. D: 1.0%. E: 52.0%.
KIEES] F: 86.0 min, MM FEE L 3R, HF—
P /NADEATIESY, 188 E PR 159k 80.6,
M T HAE, xRN 0.49%, HAIA[5E, H Hai/)
R B E IR m i 3.40%, ULEY, EEA/Y
RIS 1.20 mg/g. ZEIERN 61.26 mg/g, 439
Fbali/ N2 R B TR AN Z B B AR S T 9.10% 1 16.46%;
DPPH - 155K 58.83%, ABTS' - R #4491 N
51.58%, ERJE S K 10.67 mg/g, 733 Hali/NFE R
() DPPH - ABTS" 4% BR R A JF IR T 22.05% .15.39%
F110.00%.
2.4 fEEATEXTEIE RIS
ARV TG 10 d, BESERTI R 3,
LWy MHITER Y 41.63 mg/g FEAIKE 10 d 19 40.74 mg/g; &
R 2 AWILR 9 2.05 mg/g FEAKE] 10 d 19 1.95 mg/g, £
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