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Abstract: The effect of quinoa flour substitution on wheat flour quality and noodle quality was investigated. The results showed that with
the increase of quinoa flour substitution, the peak viscosity of flour decreased by 47.73%, wet gluten content decreased by 42.52%,
sedimentation value decreased by 53.32%, stabilization time decreased by 56.07%, weakening degree increased by 84.62% and flour processing
quality decreased. The contents of glutamic acid and proline in the mixed flour decreased, and the contents of the other 16 amino acids increased.
The contents of lysine and histidine increased (p<0.05) by 73.33% and 80.00%, respectively. Lysine and isoleucine accounted for 10.94% and
12.67% of the total amino acids, which were close to the proportion recommended by FAO. The results of noodle sensory evaluation showed
that 15% quinoa flour substitution could reduce the elasticity, hardness and toughness of the control wheat flour noodle. Under 15% quinoa flour
substitution, the noodle had the flavor and color of quinoa, their surface was smooth, soft and hard moderate, and the taste was good. The results
showed that the content of wet gluten, sedimentation value, formation time, stability time, elongation and maximum tensile resistance were
positively correlated with the total score of noodles, while the weakening degree was negatively correlated with the total score of noodles, and all
of the above indexes were negatively correlated with the taste. Results of this work can provide theoretical basis for the application of quinoa
flour in noodle products.
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Table 1 Sensory evaluation standard of quinoa noodles
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Table 2 Effect of quinoa flour substitution on physical and chemical properties of wheat flour

s RENBREY%

0 5 10 15 20 25 30
L’ 90.70+0.05°  84.10+0.10°  80.00+0.02°  79.30+0.03"  78.80+0.10°  77.40+0.05"  76.90+0.06°
a 270+0.03"  360£0.08°  450+0.05°  470+0.04°  500+0.01°  5.10+0.04*  530+0.10°
b* 7.40£006°  870+0.12"  9.60+0.12°  10.00+0.05"  10.30+0.08°  10.60+0.14°  10.90+0.05%
EGRI% 13.85+0.12%  13.90+0.04"  14.11+0.05° 14.26+0.04°  14.43+0.12°  14.75+0.06°  14.94+0.06°
AL 4% 1.00+0.04"  1.04+0.06°  1.15#0.05%  1.1740.02°  1.20#0.03" = 1.21#0.11°  1.23+0.07°
1% 0.62+0.05°  0.64+0.07°  069+0.10°  0.7240.09"  0.77+0.05°  0.80+0.05"  0.85+0.04*
A% 62414016  62.10+0.10°  61.66+0.07° 61.38+0.12°  61.54+0.10°  60.81+0.25"  60.05+0.12¢
R AHAEI%  3347+0.14°  3254+021°  31.18+0.15°  28.97+0.09°  26.03+0.13°  22.96+0.05"  19.24+0.08°
SUHAEIML 46.83+0.12°  44.34+0.16°  40.60+0.04° 37.52+0.02°  33.65+0.11°  26.04+0.09"  21.86+0.04°

E: RARRFEHEATEZFEE (p<0.05).
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Table 3 Effect of quinoa flour substitution on amino acid composition of wheat flour

poye HENHREI%

AT 0 5 10 15 20 25 30
R BR% 0.30£0.01 0.31+0.01° 0.33+0.00° 0.3520.021 0.40+0.01° 0.47+0.02° 0.52+0.02%
&5 B % 0.09+0.01° 0.0940.3° 0.11+0.03*  0.10£0.02®  0.10£0.00®  0.12+0.05° 0.11+0.01°

KA EELY% 0.72+0.02° 0.72+0.03° 0.70£0.05° 0.71+0.04¢ 0.73+0.01° 0.75+0.02° 0.78+0.05%
BB FRY% 0.124000°  0.11+0.01°  0.14+001°  0.13+002°  0.14+0.01*  0.14+0.02% 0.15+0.03?
FEBERIY% 0.44+0.01° 0.44+0.02°  045+000°  0.46+0.04°  050+0.02°  0.55+0.03° 0.58+0.05°
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BELER
T AL 058+0.03°  0.54+#0.02°  052+0.03"  055:0.01°  052+0.05°  057+0.02°  0.60%0.06*
R BRI 0.82+0.019  0.84#0.05°  0.89+0.03°  093+0.10°  110+£0.04°  1.16+0.01°  1.28+0.05"
BEBRIY% 0.70£0.05°  0.71+0.02°  0.7240.01°  0.75+0.01°  0.66+0.02"  0.78+0.01°  0.82+0.05°
RAZRBI% 0.64+0.03°  0.67#0.01"  07020.01°  0.72+0.05°  0.79£0.08°  0.81+0.10°  0.86+0.03"
L2 ZFRI% 0.66+0.05" 0674002  0.65+0.02°  0.71+0.01°  0.73+0.02°  0.74+0.06°  0.78+0.10%
BEEIY 540+0.15° 5224020  4.83+0.19°  4.60£0.12°  4.25+0.10°  3.79x0.06"  3.38+0.14°
JiE 2B Y% 0.99+0.10°  0.96+0.05°  0.90+0.06°  0.85+0.04°  0.84+0.10°  0.84+0.08"  0.80+0.05°
R EI% 051+0.02"  056+0.04°  0.63+0.01°  068+0.06°  0.71x0.10°  0.73+0.22°  0.72+0.15°
7R E% 043+0.04" 0424004  045:+0.06°  0.44+0.07°  044#010°  0.50+0.05°  0.55+0.05%
JRE B % 0.18+0.01°  0.19+0.01*  0.16+0.00°  0.17+0.02°  0.18+0.05°  0.16x0.01°  0.20+0.02*
4 2 BRI % 0.14#0.00°  0.14#0.02°  0.15#0.01°  0.16+0.05°  0.14+0.01°  0.15+0.04*  0.15+0.02*
L0 B FAI% 0.25+0.05°  0.26+0.06°  0.33x0.02°  0.39+0.01°  042+0.08° 044004  0.45%0.05°
AR BRI 0.30£0.04"  0.33+0.01"  041x0.01°  047+0.05°  055+0.10°  0.61#0.11°  0.68+0.08"
BEI% 13.3#0.25"  13.18#0.33"  13.07#0.20° 13.17+0.25° 13.200.15°  12.31+0.16*  13.41+0.22°
E: RARRFEHATEFEE (p<0.05).
* 4 EEHBRII AL ESEBRLLHIRET
Table 4 Effect of quinoa meal substitution on the proportion of essential amino acids in human body
- Bt SRR L%
FER FRAB HEAR FAR SRR AR RNARR GAR
0 2206 15.32 1854 790 1160 327 19.05 2.48
50  22.35 14.72 1925 813 1151  3.14 18.43 2.64
100 2313 1356 1877 887 1170 367 18.16 2.86
REDEKREZN 150 2470 13.60 1994 884 1211 338 18.71 2.85
200  26.55 12.59 15.9 963 1209 344 17.69 2.44
250 2547 12.98 1804 1050 1164 3.0 16.73 2.22
300  26.84 12.67 1723 1094 1215 312 16.30 2.39
RABERRAEIZISG  17.20 12.90 1410 1250 1000 1070 19.50 3.10
* 5 BEMBERINEEEAARESF AR
Table 5 Effect of quinoa flour substitution on the thermo mechanical properties of wheat dough
RENBKREI%
1647
0 5 10 15 20 25 30
AW E/C  80.00+0.37° 73.7020.25" 74.1020.34°  74.40+0.45° 7540%0.26°  76.50+0.30°  77.20%0.28"
U418 455 IBU 1764323 1574255  12042.69°  116+3.10°  114#3.33"  107+2.78° 93+2.90"
RAHEE/BU 201+4.68*  255+3.92°  203#3.44°  2004.01°  197#3.69°  192+#3.72"  185+3.28
A fR4EIBU 4120.25° 39+0.33° 3740.21° 33+0.36" 3120.19° 2740.37" 250,25
=1 4 {#/BU 176+4.01°  146+#355°  114+2.48°  111#3.13°  109+3.45° 95+1.87" 86+2.10°
BIKFE Y% 57.30+0.64° 57.90+055° 62.20+0.64° 63.30+0.40° 64.10£0.35" 64.50+052" 65.40+0.48"
% p B 18] fmiin 7.00£0.42°  7.30£0.59°  8.20+055°  7.40+0.34° 7102033  6.7020.45°  6.50+0.30
A& B 1E]) /min 10.70£0.12°  8.40+0.25°  6.70+0.33°  6.90+0.24"  6.30+0.30°  6.00+0.15'  4.70+0.20°
531K EIFU 65+1.52 70+2.11° 87+1.65° 90+1.44° 10142.25°  114+167°  120+1.40°
S 45min  221+870°  205+6.66°  173+5.48°  165#¢559°  150+7.04°  130+6.32" 1254509
, 90 min  238+7.22° 2104631  200+6.45°  179+5.88°  162+4.26°  15246.00" 14245279
fem 135min 1854325  166+2.44°  136+#3.16°  138+4.05°  130#3.27°  126+2.88"  113+3.73°
TR

188



R EmiB Modern Food Science and Technology 2020, Vol.36, No.7

#EER
. 45min  15242.17°  160+3.09°  151+2.50°  15042.44°  147+4328"  14142.60° = 133+2.89'
90min  127+0.86a  128+0.75a  123+0.98b  120+1.12c  112+1.04d  111+0.67d  103+0.73d
fmm 135min  110£250°  107+2.31°  105+1.86°  104+2.14°  100+2.67° 98+1.55° 96+1.78"
S 45min  6324541°  65446.33°  660+4.97°  573+5.88°  586+5.10°  560+6.27°  523+6.16°
90min  876+10.02" 926+10.70° 1000+12.34° 1109+14.94° 1150+17.63° 1010+10.86° 974+12.25"
e 135min  924+8.45°  930+#6.58"  1000+£7.09°  1145+858°  1248+6.34°  1117+7.17°  988+6.94°
45min  755%12.40° 868+10.56°  932+11.60°  960+10.77°  987+8.91°  859+11.64°  704+12.30°
i‘l j;;iEﬁ 90min  901£9.919  916#8.77°  1000+11.12° 1177+12.06" 1301+7.88*  1126+9.06° 1167+10.59°
135min  947+12.65° 985+14.33"  1000+£10.54° 1155+11.70° 1321+13.00° 1217+12.35° 1196+14.47°

E: FAT AR FHAT 2R EF (p<0.05).

23 M ABRI /N ZE B RAURE

®

si [7e] el M 7T A A AR B AR 5% -5 % A
b, 20%5 25%AHEL, BRI AN R3S . AT
SRR, WA BERENEM, mEARKEFA
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%, [F)—FACEBET 90 min fifHEERE T 45 min. 135
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AHRE ) B KA E g3 R e fa i,  TEREE R B R
B 20%. WEIH 135 min IHASIEK, AN T 7K fet
W SRR BE ) B R B AdpE 135 & R R s

B FE A B ARE I IN, TR R Ak 5 B PRI
3.50%, WA G5 PR AR 47.73% . 2R A% 36.42% .
IR RO IO XE B RS, ST 2k IR (.
TRE . Bhbkss B IEARSER, e e sl Blpr g e i
{ECRG BE PRI T B2 BT 22300 TR SCREE M & B3 =i P
FP T SRR AR 2 . BEE AN B A R I TR A
B PTARERRIG, SRR e ARE TR & Bt
AL, Sy AP TR gk 5.

CEEDI R B RN W, iRy
PERTAS H BEAE BRI, Tk I T 5 TUZ i 51k
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* 6 MEFEEFMEREEITN
Table 6 Noodle cooking characteristics and sensory evaluation

Ay w5 RE TR

gig ‘fﬁ}i% @% EFE ERVRA!  REE b dBM RIEMW AR B
1% e A TS NN 204 254 254 54 54 1004
0.0 544+025" 89.21+0.38"  7.20 8.80 1600 2250 2070 4.80 1.00 81.0
5.0 548+0.11"  89.45+0.45  7.50 8.70 1730 2170 2140 4.60 1.30 82.5
10.0 562+4020° 90.11+0.66°  7.80 8.40 1780 2210 2170 4.30 3.00 85.1
15.0 6.44+0.14° 91.47+024°  8.10 7.80 1850 2350  21.00 4.20 3.40 86.5
20.0 7.79+0.08° 92.25:0.60°  8.30 7.00 1560 2240  19.10 4.00 3.90 79.9
25.0 8.44+0.15° 9657+0.55°  7.50 6.50 1430 1950  16.60 3,50 4.20 721
30.0 8.73+0.10° 101.96+0.71* 570 5.40 1110 1560 1520 3.10 4.50 60.6

E: R AR FHEATEFEE (p<0.05).

T 6 78 f B B 52 T A 5 B A e Ve R WAL
PRI, RN T BRI &R B R LTt
37.69%, & HIT- VKD 15 /0T - S50 141 D9 % 5 Ak 555
TXTUERYRLE R AR, S I R e AR i

TR /K RN 14.29%, A RESE T 22320 g ef
PR R AW 5N EMAFRTEL AR
KRG AR TR 2 P 2 AP, R VRN S SR R
B R BRI, AR AR, B
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25 HAFMAFE

=7 EEFRAFE
Table 7 Texture characteristics of noodles

= EB TPA X35 EIRZNE FAR X

BAEIY  FER Mt ARMgs ®AM vHeiE BTnARElg #Mlgs - RKAEMR g BEAIEE/mm
0.0 2070+14.32* 0.91+0.08° 0.80+0.07% 0.76+0.10* 1439+85° 335+850° 753+10.65° 37.50+0.66°  72.90+1.80°
5.0 2021+11.38° 0.90+0.04° 0.78+0.09° 0.75+0.04* 1417+11.3° 342+479° 761+6.82° 37.80£0.74°  70.10+1.37°
100  1955+10.80° 0.88+0.12° 0.77+0.11° 0.69+0.05° 1361+7.1° 323+3.96° 742+12.27° 35.90+0.31°  65.60+0.95°
150  1833+16.457 0.85+0.05° 0.75+0.20° 0.66+0.05° 1333+8.7% 306+7.33% 7364755 33.40+0.44°  61.20+0.74°
20.0 1728+7.93°  0.82+0.01° 0.75+0.03° 0.65+0.12° 1299+6.6° 278+6.53° 724+9.91° 28504053  53.70+1.07°
250  1710+13.24" 0.80+0.21° 0.74+0.14° 058+0.11" 1270+11.0" 243+6.40" 588+4.76" 24.00+0.45°  50.00+0.48"
30.0  1701+20.25° 0.80+0.16° 0.74+0.05° 0.54+0.04° 1265+12.7° 204+5.86° 496+3.68° 22.30+0.32"  45.40+1.30°

E: FAT AR FHAT 2R EF (p<0.05).

TPA IRIeLE R BN, MG LS RERNEM,
SBFIRAERE 17.83%. it FRE 12.09%. ZHEM N
7.50%. [R5 28.95%. MHIEEE R F4% 12.09%. BITJRK
IaE R IR, DY A T A& BT UIE R S 53 i e T
XTHR, 2 R R B AR E RIS N, T % BT DR

NFE 40.53%. S RPLHEEE R FE 41.01%. R
TN HSS T T ] P 350 DX 285 T A e 1, S350 2% )
FEPERMA S, T — e FERE I A TE PR T 24 A
PIVER[EI, ATSRAG U, BT TR

2.6

RXRBRADZER & RS T4 R

T % 40.35%. 19 T & 34.82%., hufiiiG gt BN,

T A BCHI ) AR B E R M B AR SOOI

TA, 2 R EL BRI, iy PO O AR
= 8 BEMEBEN/IEEM ST SE LB NIRRT RS

Table 8 Correlation between quality characteristics of wheat flour replaced by quinoa flour and sensory evaluation indexes of noodles

Fein eF  EIRE HRAE Sl Fabk g Aok B
RE@AAE -0402*  0.994%* 0170  0.816**  0.905** 0947** -0935**  0.631**
TR -0.383*  0.984** 0.168  0.850**  0.920**  0.956** -0.984**  0.654**
Bk F 0.712%*  -0849** 0296  -0.541** -0.664** -0.849** -0.951**  -0.258
T R 18] 0.079 0.660**  0581**  0.651**  0.703**  0.493*  -0478*  0.662**
R -0.634%*  0.784**  0.690%*  0529**  0595**  0.782**  -0.849**  0.536**
B54LE -0.524**  -0.940** 0015  -0.755** -0.839** -0.957** (0.953**  -0.518**
FAbseE -0612**  0906**  -0.131  0.697**  0.780**  0.871** -0932**  0.410*
AP 0233 0.918** 0.265  0.797**  0.890**  0.841**  -0.779*  0.665**
RAREAIS  0.759** 0.280 0.951**  0.611**  0544** 0581**  -0472*  0.845**
M -0.653**  0.830**  -0272  0574**  0.660** 0.830** -0.893**  0.280

E: *RTREMK, P*RTFHEEMX.

TR it SR RN SRR . (. MRS K A7, THITERUN TR FEE I SRR K

P BRPERATEA I E B RN, AR A
B VIR E ST AR E T A4 BREE IEM, X
PRITHEHE FFE, TOFVLRAS. WMk, R, Sewgtk
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