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Development and quality evaluation of quinoa-konjac dried noodles
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Abstract: [ Objective] To develop nutrient-rich quinoa-konjac dried noodles with distinctive flavor characteristics for enhancing the quality
of wheat-based dried noodles and investigate quality evaluation methodologies for quinoa-konjac dried noodles, aiming to address the
limitations in current evaluation systems for dried noodle products. [Methods] The cooking quality, textural properties, and sensory
characteristics of quinoa-konjac dried noodles prepared under different conditions of quinoa flour addition, water addition, konjac flour
addition, and curing time are systematically analyzed. The quality of quinoa-konjac dried noodles is evaluated through a fuzzy
comprehensive evaluation method that systematically integrates multidimensional quality indices with fuzzy mathematical principles.
Building upon single-factor experiments, the response surface methodology is adopted to optimize the formula. [Results] The optimal
formula is as follows: quinoa flour addition of 22.40%, water addition of 48.40%, konjac flour addition of 1.80%, and curing time of 19 min.
The quinoa-konjac dried noodles prepared under these conditions have a cooking loss rate of (8.274-0.04)%, firmness of (49.520.06) N,
adhesiveness of 3 116.61+7.27, chewiness of 3 066.16+5.41, a sensory score of 87.140.2 points, and a comprehensive score of 61.45+
0.13 points. [Conclusion] The quinoa-konjac fried noodles prepared with the optimized formula exhibit a smooth texture, high elasticity,
appropriate firmness, a distinctive golden-yellow color, and a characteristic quinoa aroma. The fuzzy comprehensive evaluation method
proves effective for precise quality assessment of quinoa-konjac dried noodles.

Keywords: quinoa; konjac; fried noodles; fuzzy comprehensive evaluation; quality evaluation

EEWE KR A0 H (4655 :2023YFD1600705)

BEMEE SEH(971—), 5 REEE K42 1+ . E-mail: cexiang@tjcu.edu.cn

YfE B #3:2025-0123  B[E HH 202570820

Sl AR DR St AL, S . A 0 e T A0 BT A B PR AR LD ). £ A S HLI, 2026,42(1) :176-184.

Citation:MA Chengcheng, CHAI Chunxiang, DU Linong, et al. Development and quality evaluation of quinoa-konjac dried noodles[J].
Food & Machinery, 2026, 42(1): 176-184.



F&M | Vol.42, No.l

HRrE2eiig LiHEm, 22 LG/ EHm A &,
LR — B FRBEZ SR AR A A S i
BB A FURE AT DA 2 1 A0 IR R R HOR R LR
Jn B — £ i JEURE S L Bl 2 B R S EURLE IR AR KUK
o R )RR AR L R R DR 1) AN FH B A 5 X
Bb, BEFTHERAD AR kK E Y IR B
B SRR HAER W THm T, N
Ry TP AN 55 T 26 1, AN BR T BURR 2 1) THI 457 ) 255 4%
@5%&35*@%?& JBE BB TUﬁﬁ?ﬁDI@%ﬁ
Rk o AR A B UG I A B oK
SR AP A AT DL T B A 0 4% P R v B
Al O S RE R A L R R T O T, &
5 T R T T i AT T DA e T R
Hlih T

HE T 5 T AR (0 52 W, 2 45 HE T8 0% LAY
TRk R AR RCE VTN A 33X 26 TS AR AT R TR Y
uuﬁi‘&‘w*ﬁﬂé,ﬂﬁﬁn WL SR B — R PR X

7, |:|
Z A i

T AT B4R o R AN SRR ST B UL A AT
05 32 R 22 5 IT ORGP R2 R — 15

B TC ¥k i Ak 2 4 S5 AR AE R TR IR 5 S A . XT3
6 G2 )y B AE 25 VEAN RS RN 45 S )y T A A T 0
Mo AT A A b ST R T DR R ﬁﬁmﬁﬁﬁf%‘;
[ 458, MR A ST 22 48 B B ) a3 AT 09 B2 PR A R &
AR RT3 B AR 255 PP A 0 T LARSE 0L 288 0 1 3 4"
BRI (s SR AR e £ 5 BB AN T R B T M
Pt MR T A% G E AN, e 0 S R A R
CRA TP REE R A TR 2R R Y A AR AR AR
s BEAE 38 o SJ T B pR 0 T AR AR A IO AR OC &R 5 e g Ok
TR 43 TC R AL 00 0 9T Ot 2, B v 2

5% 100445 B B2 22 R0 JBE 5 1) 8 SR A 1 RUBR 5 M AN Ty
AR L R A () HLRE Ok S A% e/ HE T Y
WY i TR TR e s AN ke T o S
VR L 4 v SO T R BN SR A 4 O I A AR T R A
43 % HE T B HEAT AT, DA S T 2SI R R
T 4R 1 TS AR A
1 kRS Tk
1.1 R

INZE R R R 9.6% ., I 1.6% , KL &4 73.0%,
FAFFI TR A BR S A

LN E AR 12.1%, I§ i 5.4%, Kk &9
69.4% , H ol 4B 2 4 FEAT HLAR L & S AT BRA ] 5

JE NGB £ 27 4 91.0% , 1T 1 T3 R 52 lb A BRA
1.2 U=E5E&

B fE YR 2 0 - HY S-300 74, b 5038 W K e WL AR A

R w5

DREERS REEFEAENTHRRRITHN

L K
NGB

i 2l R T AL : FKM150-2 78 3 Y145 7k BRE 17 & J el 2%
AT

AL AR XUT R AR - T01FA-3 TR, B HOGAL 2R A
PR

£ J) e B BE b - C21-RT2148 %4 | 26 (1% 42 F % 1y A R

: FA2004A #Y | I ifg R5 K F U 4% 3 R

/A\

Il

JiE A8 A
AT
13 BZEFHEEASIE
1.3.1 FEZFEFHm 120

B (@b Ak EF
JE 3 > T R S
1.3.2 B B8 A 4 1T I VR 22 0

(1) BERL ¥ /N 22 0y (B2 32 B ik 80 H 0 , 4% BFE 22 3
S JO0 B2 BR BBC TR A AR 22 R TR A B 3L 100 g5 LIRS 8 &
Ry A AR IO R EE ] A RS R K I 4 R R
ALK .

(2) FTAT W5 1 2 2 0 R BE 2 K5 RS 0 TR i B L 491
RAT,25 “CHIE 10 mine AT i A AP BE 3 25 A0 ) % 4
FRH 558 v, R0 &5 0 PR SR R R R T

(3) W2 % gy i i A AR B AL 2 fE 25 CF
e RO W () E 47 0 o

(4) JEAE - K5 187 PO TG 25 DL, RS0 F RS 2 8 R T
8 Y, R AE 4 1) T A JEE 4 1 mm,

: TA.XT plus # , & [# Stable Micro System

A5 by LK) el > F AL —

(5) YI4& K m A T 2 ML 4%, 75 B 9E 3 mm, )&
1 mm [T 45 -

(6) T B VI 4% J5 04 ThT 242 g e, ) P 8 XU T M
Fi,7E45 CF TS h

(7) J 8 T S8 A HE I, 3% BH 20 em K A9 RS 1)
VBT, 45 381 e THI A
1.4 R HE

S BB ARG b AU Oy ik, 45 A Y
TR, 75 2] 52 ) 2 A2 R A B A T R R R RO B
RS T KOS R RS SRS R VS N e A AL )R] R
B PR R A58 R o 10 T U0 8 A0 B 22 T R I T A S
141 HREERRAK

(1) B 22 3 VS I ek % B2 A2 3 4 e Tl O %) 52 1)« 4% )
HEE WIS IR 43900 0%, 10% ,20% , 30% , 40% , 7K 78 in
50% , JE 2R 0 VR I i 2% , 2P AT 20 min, 4535 2o 4
T 2 28 5 8 A e B T4 S 5 A T 43 (S T

(2) 7K WS T 2t %o 2 247 B 4 T JO 1) 5 ) < 2 ol KR
T 53 5 R 40%, 45%, 50%, 55% , 60% , FE A 7% N
20% , JBE R B VR i 2% , AL BT A] 20 min, 483 2o 4

T 28 8 90 0 2 A e R T 4 S ER G T A R I

177



% K Fl DEVELOPMENT & APPLICATION

(3) K5 0 5 om0 ) 2 22 B8 = 4 180 o SO 0 5 0«
Tl JBE RS B 2 R 0%, 1% ,2% , 3% , 4% , 38 3% Fy s
JmEE 20% , KBS B 50% , AL B[R] 20 min, #8350 H X HE 1
BN IR TR JRE TS R SR A TS RS

(4) A [i) ot B2 22 o == b T 5 0 190 5 i« 428 11 2 fk

I ) 23 314 0, 10,20, 30,40 min, 22 22 B3 B8 S 20% , K
JIHE 50% , 8 25 A B U8 04 2% , 453 H) HE 1w 2 R
TR R R TP A LR A T4 R
1,42 ma i S A S Z e A Al B AR 4l Box-
Behnken X 5 3% 71 B0, LLZE G PF 53 S i I {8, SE R 2E A
AN 0 KR A | B R R S i de e AR TR 4 A4S [
FON A AR R B PY PR 2 =K mi R i AR B, LA Ak
HER RN T LS5,
143 T R PE DN A O HEAT HETE & B T R
T 5 TR 28 B ] . 275 GB/T 40636—2021(H i )
B9 T77 1, LR A o PR AT B T 50 fi5 T K I 25 208
AR WO ARAS o BRI 10 g 58 B 4k 1A, LA Wk K
FFURIFRT . 2 min J5 FF @R IR B IR 30 s B etk 1 4R
Heom, A BB 5 R, W R S A H L H
ST I BT T 3 A BF ] B Sy 4 T 28 D AR R A 50
G55, J5 SLR I T U B HE T 2% 2 [R] 4 4 min.

(1) T J50 4 AR 0 S0 ) THT 2% 2 47 I3 b 359) T 4 A7
(TPA) I E o ML 10 g+ TH 25 2 4 min J5 37 BI85 i, CAS
KV 30 s, SR J5 B7 R WK A I E L B3 AR A A B
AT, JH O A0 TR A% 2% 18 09 7K 43 W T, OF HECE TR A 3
Yok, 589 60 EE AT 5 B PI36R RSk T E
T 45 (% TPA $8 4% , 3 M8 5 IO AT IR 50 . TPA S8k -
A7 B 0.80 mm/s, P 3K B B 2.00 mm/s, M J5
0.80 mm/s, M i # 2 Strain, JE 45 L 1 70.0%, fik & 71
0.05N.,

(2) 10 28 28 1 2% % 00 5« BT O =X 0 i B
500 mL ¥ 7K 1 28 25 L DR K S0l bR 2 L BRI 10 g 8 4%
B T, A K TP, ZE A 4 min, SR 5 K 4 R K .
P WA AR I, 28 % K 4> 2 100 mL 2 47, F &+
B T ERA N L 75105 CF P EE T, %A ()it
R 5 ) R e T ¥

Lzmzim]XlOO%, (1)
o

L—HE T AR A, %

m—ﬁﬁﬁﬁ:ﬁ,g;

m, &, g

m— T R R G A TR B g

(3) BEBEFHE IR E VA - S5 R 58Ik
2553 B8 2l I Y 1 T ) S B R SR AR B T o E R A
R E AT br i . 22 B HE TR ST /N AL iR 1044

HE 2918 | 20265 1 A | RGBS

BOE PR B ARG, A UK A Tk st R
S M R 7 TR AR VAN A G R I R R . B
JHE A T A R R A R P (PR AR v LR 1) FRR
#5584 100 45 o

R EEBEFHARBREBEIISRAE

Table I Sensory scoring criteria of quinoa-konjac dried
noodles
WM bR W0y P b 1

8% 10 if7 4% 2 W 8 L B 60, 003 50 % (8~104))
B SE A 5] R IR (4~743)
B IS VR T3 (1~343)

FWRES 10 RIFHEH T4, LHL(8~1047)
FAMB I AT B (4~753)
Fm MRS A HE(1~343)

EHM 20 HWEE R (16~2043)

A 4 8 A B (9~15 43 )
B ol AT (1~8 43)

Pk 20 EATHRYE AT S (16~20 4))
PP B — i (9~1543)
PAPERL 2% TE S (1~843)

Rt 20 AHETF,HE 0 (16~2047)

Wil 28, B2 HE 11 (9~1543)

i, AP0 (1~84))

1R ¥ (8~1043)

FURBOG I (4~753)

LB (1~3 43)

Bk 10 22 XKW & (8~1043)

T 5k (4~743)
AW (1~34)

bl ieRis 10

1.4.4  REZZ FEFHE 5 RO 255 3T i

(1) B 22 3 2 15 RO 255 A (1 48 < 4 180 4
BLE AT AR AR A U, i=11,2,3, - ,nt o SH M
FEP0 IR B R B D R R O R B R R U,
W U, R Uy DR U, R T4y Us 4R T S T
W dn . Horh 28 BB R Ul fum 8 AR, A GE ) 5
Br o M5 B 50 A B & 3R R U U=5%~15%, U,=
39.23~58.84 N, U;=2 000~4 000, U,=2 000~4 000, Us=
60~100 43

(2) 7 SR T i R BR - B 32 8 2 T A A TN 4
T [B] 45 0 A7 AE 22 5 Uk, AT IR 28 5 IF M , 5 20 A5 4
o 0 ol 5P TR AL, AR A £ A TR o <7 SR T R R

IE I HEAR A N

P(U)=—"——, (2)



F&M | Vol.42, No.l

TR IR A A -
M— U,
P(U,)= N (3)
Ko
P(U) T hr U AR 8 A
N—8 45 U, 1) I/ ME

M—45 k5 U, e KA

(3) LRI 3 L2 B 1T 40 N 45 S BTN d8 hm SR )
FEAH 5 AL PP A i 2 b i o AR SR AR LR, $e 2 (4) 3
WLEAESY .

Z=>"_ P(U)W,x 100, (4)

Ao

Z—L A4y

W——%% it JT VT A 48 B 26 0T O 4 & b i o5 AR
Hip>" wo=1.

ST IR G & 6 bn X HE 16 BT R )
0 T AR B A% o T PR AN PR AR AE T A A R e T A
W R w,=0.10, W,=0.15, W,=0.15, W,=0.15, W=
0.45,
1.5 HESITSHH

AR S0 AT B 3 UK U0 45 R DL A £ o 2
27K, FH Excel B Ge 11 56 %9 , Origin 2021 3R {4 il 151
IBM SPSS Statistics 27 4k 4 i 17 & 35 ¥ 7> #7 , Design-

K2 HEMFMEMBEZEFEARREGREESITES

DREERS REEFEAENTHRRRITHN

Expert 13 4435 3 1o i 3856 7 48 o

2 a5 ahr

21 BRFKK

2000 B AN N X AR A B E T S BT R
e 20T B A B A Ry v 0 A B o TR A R R
T EL IR 32 5% 52 7 348 R 1 3 5 sk | P SR R Tl A T
FHES . R 2TTA, BEAE B AU I 0 B, HE
HAEBREAWE . XTREER A MAZRERE, 2
2 Ky JU-T- AN 5 T A B 1, S G R T B+ A T A B 1 AR
THT 7 1) A0C R R0 T S AR 1 09 45 A R R T 4% O 0t AR
Rk SN B 32 A A TR A I I AR 1, T
Rtk AR AL AT RE 5 A B A AR A G Y BN
T8 RURE S 1) THT 377 ) 265 285 40 , B A T 1] ) A e, (0
R SV, SEEE R RN BB R LR
N 3 DAY R R I A 2R G I ) S 1 K S
N TEFEZE RS N 20% B B . A YU INEE & R i
THT , PS8 22 0y (0 A7 TR 78 15 & A7 W 2y, 10 XUk e, [ i
HEMFFWNEE L TR G, EERB NG 2, #
TAT /A 75 €8 2 W TR, 28 22 v 109 R 0 SIS 0 O 6 o 1 ™ A R
TR . BB R A A W R TN KR
BT HE U E SR R, AR OGSOk YR B A% Y
FREPE S8R A B R ARG, 28 H A Sl P |
R

cEALN

Table 2 Effects of quinoa flour addition on quality indicators and comprehensive score of quinoa-konjac dried noodles
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Table 3  Effects of water addition on quality indicators and comprehensive score of quinoa-konjac dried noodles
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Table 4 Effects of konjac flour addition on quality indicators and comprehensive score of quinoa-konjac dried noodles
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Table 5 Effects of curing time on quality indicators and comprehensive score of quinoa-konjac dried noodles
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Table 6 Factors and levels of the Box-Behnken design
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—1 10 45 1 10
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7Z=60.533 6+1.457 11A—4.554 29B—0.691 81C—
0.795 068D+0.102 125AB+0.061 656 2AC—0.391 894AD—+
0.046 903 1BC—0.742 167BD—0.078 721 9CD—4.559 18A’—

222 WIRCHEIAK LR R Design-Expert I38MF 6285 948> 4.395 37¢*—5.334 7507, (5)
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Table 7 Response surface design and test results
[E s A B C D BAEPRE/%  EERE/N B 2 A HEE OREIES LRI

1 1 —1 0 0 8.75 50.53 319431 2930.05 81.9 55.41
2 0 —1 —1 0 8.65 50.15 3022.28 2912.54 83.1 55.21
3 0 —1 0 —1 7.79 47.91 3044.08 2930.12 82.5 53.94
4 0 —1 0 1 8.51 48.50 3019.36 2901.84 82.5 53.30
5 1 0 1 0 9.31 50.49 3180.45 2 887.63 79.9 52.25
6 —1 0 1 0 8.12 46.65 2 948.58 2789.61 81.0 49.17
7 1 1 0 0 9.42 49.16 3.034.55 2779.09 78.3 47.35
8 1 0 0 1 9.15 49.68 3142.42 292431 79.3 51.09
9 —1 —1 0 0 7.56 46.55 2965.48 2 824.86 83.3 52.63
10 0 1 1 0 9.36 47.88 2903.15 2720.36 78.2 44.87
11 1 0 0 —1 8.49 49.18 3181.31 2951.57 80.6 53.27
12 0 0 0 0 8.28 50.61 3269.72 2947.19 85.4 60.61
13 0 0 0 0 8.37 50.67 3241.73 2980.92 85.1 60.30
14 0 0 1 —1 8.45 47.98 3037.94 2910.59 80.4 50.84
15 —1 0 —1 0 8.14 47.69 2921.67 2 828.36 81.2 50.35
16 —1 0 0 —1 7.28 45.47 2961.28 2 826.54 81.1 49.68
17 0 1 —1 0 9.35 48.78 2 865.37 2741.38 78.8 46.15
18 1 0 —1 0 9.37 51.47 3 146.52 2 938.97 80.0 53.18
19 0 0 —1 1 9.10 49.51 2 985.44 2917.34 80.7 51.32
20 0 0 —1 —1 8.38 48.86 3013.16 2 944.62 81.1 52.41
21 0 1 0 —1 8.52 46.49 2 894.17 2 754.96 78.6 45.33
22 0 —1 1 0 8.75 49.39 3 048.06 2 882.52 82.4 53.74
23 0 0 1 1 9.15 48.54 3014.22 2867.31 79.9 49.44
24 0 1 0 1 9.20 44.26 2 865.45 2 720.68 77.9 41.72
25 0 0 0 0 8.44 50.36 3281.29 2992.52 85.6 60.88
26 —1 1 0 0 8.25 45.38 2 813.35 2 665.53 79.2 44.16
27 0 0 0 0 8.34 50.26 3275.19 2962.29 85.2 60.21
28 —1 0 0 1 7.94 46.05 2926.47 2 818.69 81.1 49.07
29 0 0 0 0 8.31 50.33 3269.83 2951.78 85.6 60.67

181



182

% K Fl DEVELOPMENT & APPLICATION

SCo EE T R M O R AL RPN 0.994 5 4% IF B i R B R,
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AD .BC.CD X £ & PP 4r M2 WA 8. . i FAE AT 0, 44>
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Table 8 Analysis of variance of response surface test

results
KW CEM AmE ¥y F P BEM
LAY 746.50 14 5332 18241 <C0.0001  **
A 25.48 1 2548  87.16 <<0.0001  **
B 248.90 1 24890 851.48 <C0.0001  **
C 5.74 1 574 19.65  0.0006  **
D 7.59 1 7.59 2595 0.0002 @ **
AB 0.04 1 0.04 0.14  0.7113
AC 0.02 1 0.02 0.05  0.8229
AD 0.61 1 0.6143  2.10  0.1692
BC 0.01 1 0.01 0.03  0.8647
BD 2.20 1 2.20 7.54  0.0158 *
CD 0.02 1 0.02 0.08  0.7752
A? 134.83 1 13483 46125 <<0.0001  **
B? 256.30 1 25630 876.81 <C0.0001  **
c? 12531 1 12531 42870 <<0.0001  **
D’ 184.60 1 18460 631.53 <C0.0001  **
B2 409 14 0.29
I AT 3.78 10 0.38 4.85 0.070 9
ali it 2% 0.31 4 0.08
SR 750.59 28

T OrFIREF B E(P<0.05), **F R 25 Ak 2 (P<0.01),
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Figure 1 Comparison of sensory score and comprehensive
score of quinoa-konjac dried noodles
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