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Abstract: The quinoa and wheat flour were mixed in a certain proportion. The gelatinization characteristics of the mixed powder were
evaluated by rapid viscosity analysis. The rheological properties of the wheat-quinoa frozen dough during the frozen storage were determined by
rheometer. The moisture, water migration and fermentation volume of the dough during were detected by nuclear magnetic resonance. The
relationship between the characteristics of the frozen dough and their product quality was analyzed. The results showed that quinoa flour can
improve the quality of wheat flour, dough and bread. The quinoa flour can reduce the gelatinization viscosity and disintegration value of the
mixed powder system. When added 5% quinoa, after frozen storage, the elastic modulus and viscous modulus of the frozen dough increased, the
loss tangent value of the frozen dough of wheat flour increased by 4.73%, and the loss tangent of the frozen dough increased by only 0.41%. The
free water content of wheat frozen dough increased by 3.90% after frozen storage, but that of wheat-quinoa frozen dough only increased by
2.40%. It can be seen that the quinoa flour can reduce the degree of water migration of the dough. The addition of quinoa flour can also maintain
the integrity of the dough gluten network structure, and the fermentation volume increased from 26.42 mL/h to 29.17 mL/h. Different amounts
of quinoa flour have different quality improvement on dough and bread. The optimum addition amount was 10%. After baking, the specific
volume of bread was 3.08 mL/g and the hardness was 2803.48 g. This study could provide a theoretical basis for the development of quinoa
frozen dough and had important guiding significance in the development of new products for quinoa.

Key words: quinoa; frozen dough; rheological behavior; nuclear magnetic resonance; microstructure

CERBERTE EES & — BRI 9 75
Bk, TSz BEs AR RORR ], T E ARG
Ja ] 77 2N, PR TR A A A R
1o NFRDEXE R, AU AN s TN E
GREA IS, AURIRK S BAEREY, T 2 4
#FSHHEA: 2019-11-04
EeWH: EREANFESHEINE (31660481)
fEEEN: BE (1994-), &, WL, ARAE: RENIS5RE
BREE: REFR (19735, B, HL, BEE, #RAE: EAFE

112

gk, TR SRR R R, SEURA
il LB USRS 221, R, ey Axe T A
i ORI 0

WETERIL, NSRS INRE LA v VR 1HT 4]
. BB T ISR T R R B
PR VRS0 . X RIS IR 22K
RERAR A IR T P A AT R A /K IR 3, 5 T A 1 T 77
45, Camilla Ohgren™45 \F AN B 220 5 R 19
Vo VR T AN A B A R T A v, AT DA 25 3 e i 1



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.12

FUMIE 9, 3280% . Mahsa Majzoobi! P55 1 FHE 2 6]
PEVR VR REE,  RILIRIN 10%#632 87, RefFKA
VRETJE T EL LS R B, s i =

A FE— Pl R N A0 75 S R IR AR A
i, EIRENE, R EETEL. TR, W
s b ohaelY, B EABMIEL, STk, #
FVERn EE DL R SR e AP, Sk
e EEE, FatfaetiirY, g s A
K7y %o oK o T, R i T 67 % 1 4 R T, ot o ) 52
>4, Stikic! g R IR E A R AR AR
RS EY AR, b hME TR REER
&, G RMTEEM AT E ML, Ref AR
T TCER R T AL AR, (Bt LRI St AL SR R A T ]
SR IE .

TERIBOE R FR 7K 73 1T R8 A2 5 R T 4] i o7 257 1 B
B K2 —Cl, R R R v A il L3R A% i
TEANEIR T B BT, W5E HoK a3 AR S
IR IERE L

KNG EE A 5N IR G, RIS RE
R TR AR RE R T K RS, T
RAAR J R B TRIR R, RIS 3R 5 4= i
IR R

1 MR5ERE

L1 A5 A

SR NER (AR 13.70%. K5
13.18%), MR AR AR 2 (EAMR
11.00%- 7K5> 8.24%) &FpFEbE, BT Ekniseit 80
Himes A, Pt hvadril; st TRk, eiEs)
I A PR AT 5 PUIEORS A, B S T8 A AR A F
MicroMR-25 W IEIRMAG AT A, gl 1R}
FAMRAT: ISM-6490LV 3t 72 sE, HA
JEOL /A #]; TA-XT Plus #4431, FE[H Stable Micro
Systems /A &]; Discovery HR-1 B4y A8{%, & TA X
ARAF.

12 iedrix

1.2.1 AR EA AT 6 H &

F20. 5% 10%- 15%- 20%[0 LI InZE 245,
WG INE-BE ARGk . THIFIEAR T N0
AH 100 g EIEPETEERE 1 g. FIRDHE 20 g4 2R 1 gs
T 10 g ZRMK 51 g FHHUREE R IHEE, &
F 5 COKFPFAT 30 min, AL 30 g4,
-80 ‘CI##: 20 min, P T-17 COKFEH &M FR

4 g THAIET 10 mL BESFE IR+, FHilT-17 C
UKFEH T AR ILIR 4
122 N ER-FE RS & 6T
eI, B 25 mL £ K, )
PN AR EMIK Y S EIMA—ERRERH, R
3PP IR AT RIAL I 2 BEREE R 7T 10 s M 960
t/min, 2 J5°4 160 r/min. & E ¥ E: 50 CIEIE 1 min,
FHE 3.75 min £ 95 C, 95 “C1HIE 2.5 min, F&E 3.75
min £ 50 C, 50 ‘CHHIR 2 min.

123 E-FEELGETASDSREF 4N
-

WA RTERT 5 CUKAE g 1 h, BRI 3 g MR
T TP . 38 Buresoval ™l & T AR 1 5%
HRTEES, KA EAR 40 mm (996 BPHR, S2iipkss
[EEE 1.5 mm, R2E25 C, ZF5HF1A] 3 min CPN
D1 BT o 1 AT B4 4 LURf e ThD (41 (1) 2% Pk
X, % 1 Hz, A 0.01%~100%. FiET
SRR, NAF 0.1%, T 0.1~10.0 Hz.

124 NE-FREAKE B KT 4R

BT 4 CHEMF TR, BT RAR O
AT RSAAZ R IR 5256 . SR Q-FID {36 1 1 3
PeHOTER, Q-CPMG HikiH 7 F1 I PR 17 5t 74
IHE (T,), SIRT FikdiT iz H . K SH: 90°
kPR EATIK 58 P1=T7 us, 155 KL A5 TD=156492,
REEREL NS=64, EHE RFEFRFN[A] Tw=1500 ms,
]33 M40 NECH=5000; IHZHL: TR A B/ M
0.01 ms, SHIEHSAIEHAE: 10000 ms, ERIREL:
100000,

WEREIEIR UG S 56K FH 22 )2 E BE 1751 MSE,
TR S P R 2R RE AR SR B AR
Tt B SREDURE (i AR5 72 5 G OIRZ D, Fid It
MATLAB Zifef3 80y B0, F o seue 8. B
/] TR=1000 ms, Hif% 128x128, RFEREL NS=4, 5
S 58 SW=40 KHz.

1.2.5 /AR EA A @ BRI AT

AR5 1 JEIRR 4 JE /N2 A R T A, 8040k
TG, UIECHGimA], SRS O R A T A ot ]
5, W4 40 s JERI R EEEE . SR Inid i
JE 15KV, BURTHORAREECH 3000 fif.

12,6 NE-FR A& B K BRI T

S P << Ly 00 s AL IS ) P AR T A 1)
R, B30 g T 5 COKFE % 1 h JEE TN
BEVRAT ) G R (250 mL) w, #fEid i bt
TSI REFIREE 37 C, 1R 70%, KEZR A
2h.

113



MR B MR Modern Food Science and Technology 2019, Vol.35, No.12
127 NE-FEALADMAGOT SO K1 IBM SPSS Statistics 20 Hf-1E47 HdE 472,
12.7.1 ORI B i Origin 8.5 R PR Hm AE ]
S E PR Christian R 757, EmI A0 _
SRIHEFOY, FUA Perfection V330 Photo F3Hi(GE 2 ORI IE
AT AT . U A B oK/ 4 emx4
cm, FIH Image J 738447 94T
1.2.7.2  /NFZ-REF2 AR TH A1 T A Eb 250 e
AR ERAIMAEREEM () KV (mL)

2.1 NR-FEZR e M R A AT

4000 - —temperature 4100
—o—quinoa
—e—Flour

3000  —*—10% quinoa

M CRATMESE B, mmtsE sV (mLig) it N {80

HARK: SV=VM. é ool ;&

1.2.7.3  /NFZ-F 3 VA V5 T 1A T A el 00 2 E o e
1000 - 7

VAR, K%, 1R KR KR 200 C oA ‘
TR O min, AHIEZIRJE, BT 2 om EH ola s
£, RIS E AR . RACRA P/36R 0 100 200 300 400 500 600 700 800
PR3k, DRTHEREEA 5 mm/s, 0o RERTI i R 2 1A / s

B NE-FEEREMC T ErhZE

mm/s, BN NS g, FEEEEA 1 em.
Fig.1 The pasting properties curve of wheat-quinoa mixing
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Table 1 Pasting properties of wheat-quinoa mixing powder
REMNIE AT HEE Jep ARBFE ) Jep AR fEB/cp RAHEE ep = 5 A#/cp
0 2987.67+12.42°  1897.33+16.29° 1090.33+4.04*  3327.33+15.57% 1430.00+7.81°
5% 2847.67+16.50°  1777.67+31.79°  1070.00£15.59*  3344.67+24.19*  1567.00+£12.29"
10% 2616.33+12.66° 1623.00+2.65° 993.33+10.02° 3294.33+0.58° 1671.33+3.21°
15% 2513.67+38.18¢  1572.00+19.05¢ 941.67+19.76° 3325.00+£32.05°  1753.00+13.00°
20% 2362.33+28.71°  1482.67+21.50° 879.67+9.29¢ 3307.33£37.63°  1824.67+16.26°
100% 549.00:2.65" 470.67+2.89" 78.33+0.58° 582.33+3.21° 111.67£0.58"
E: RALFEEAFTIRAREIEZAGLERZHEZF (p<0.05). &3 F.
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Fig.2 Schematic diagram of the formation process of wheat-quinoa mixed powder gel
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Fig.3 Effect of quinoa on elastic modulus G' and viscous

modulus G" of frozen dough during storage
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Table 2 Effect of quinoa addition in different store time on the contents of three forms of moisture in frozen dough

ZAREKAARS B A

RENFE A

A21 A22 A23
0 19.20+0.40° 80.10+0.60" 0.70+0.80'
5% 14.60+0.60% 82.50::0.80° 2.90+0.20"
10% %1 12.9040.60¢" 83.60+0.10% 3.40+0.602"
15% 12.00+0.20' 84.80+0.80% 3.20+£0.70¢"
20% 10.600.50’ 85.40+0.30° 4.00+0.20%
0 17.40+0.20° 79.10+0.20 3.60+0.50¢"
5% 15.10+0.10% 80.30+0.20" 4.50+0.20
10% %38 13.70+0.20" 81.70+00°™ 4.60+0.10°
15% 12.40+0.10" 82.40+0.40° 5.10£0.40%%
20% 10.50+0.20" 84.30:£0.40% 5.20+0.50>%
0 17.10+0.30° 78.60+0.30 5.00+0.80%"
5% 15.00£0.40%% 80.00:£0.60' 5.30:£0.50"%
10% %5A 13.5040.20® 81.40+0.10% 5.10£0.30°%
15% 12.40+0.20" 82.20+0.50° 5.40+0.40%%
20% 10.40-+0.60' 83.50+0.30% 5.800.6a0°¢
0 15.60+0.10° 79.90:0.60' 4.60+0.80
5% 14.40+0.50° 80.30£0.40" 5.30:£0.80™%
10% %70 12.90+0.10%" 80.90£0.20¢" 6.10£0.20™
15% 12.10+£0.40' 81.80:£0.50° 6.20£0.90™
20% 10.00£2.50/ 83.30£1.90d 6.70+1.40°

E: REHAR—IEATIAR, ELFEH EAFRRIREBEZA A AR ZHEF (p<0.05).
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Table 3 Picture analysis of the effect of quinoa on the quality of frozen dough bread under different freezing time
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Fig.10 The surface texture illustration of wheat-quinoa frozen
dough bread
E: a: 0, week1; b: 10%, week 1; c: 20%, week 1;
d: 0, week7; e: 10%, week7; f: 20%, week 7.
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