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Abstract: Objective The effects of different water additions on the cooking loss, water absorption, texture, and sensory
properties of whole wheat noodles were analyzed to optimize the amount of water added in the preparation process of whole
wheat noodles. Methods The effects of different water contents (40%, 41%, 42%, 43%, 44%, 45%) on ten quality
indicators of whole wheat noodles, including hardness, adhesiveness, elasticity, cohesiveness, gumminess, chewiness,
springiness, cooking loss, water absorption, and sensory scores, were determined. Correlation analysis was conducted on
the quality indicators, and principal component analysis (PCA) was used to obtain the principal component factors and
their related data indicators. The comprehensive scores of the quality indicators of whole wheat noodles at different water

additions were calculated. Results The effects of different water contents on the cooking loss, water absorption, texture,
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and sensory properties of whole wheat noodles varied, and there was a significant correlation between the quality
indicators. Among the six levels of water addition, noodles with the water content of 41% had the highest comprehensive
score, followed by 43% and 42%. Moreover, the quality indicators of whole wheat noodles with water contents of 41%,
42%, and 43% differed significantly from the other three groups (p<0.05). Conclusion The water addition significantly

affects the quality of noodles, and the optimal comprehensive quality index of whole wheat noodles is achieved when the

water content is 41% of the whole wheat flour.

Keywords: whole wheat noodles; water addition; quality; principal component analysis
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Table 1 TAP experimental probe and parameter settings !
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Table 2 Sensory evaluation method for optimizing the process of whole wheat noodles
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Table 3 Quality indicators of whole wheat noodles at different water additions

MRE/ U F/g REW R R/ BREW %  KER/g AR/ BN % ERERXE/ % BKRE/ D BREEN/H
40 1065.32+74.09 —3.1420.50 0.6520.14 0.38£0.004 399.72+23.44 262 64+63.30 0.17+0.005  0.039+0.00 0.75+0.012 86.40+7.74
41 1007.61+4.04 -2.98+0.26 0.85+0.04 0.40+0.02 368.16+28.88 311.38+31.13 0.20:0.008  0.053:0.02 0.75:0.012 75.10+6.58
42 649.57x63.44 -2.91x0.41 0.7420.16 0.43+0.02 279.89+13.91 206.31+38.48 0.21x0.006 0.079:0.009 0.7620.04 76.10=1.50
43 705.74%83.86 -2.29+0.21 0.69+0.21 0.48+0.12 277.29+6.52 190.52+53.92 0.19:0.005 0.059£0.02  0.74=0.03  73.006.23
44 604424329 -3.21x0.53 0.6020.12 0.38+0.005 230.06+2.15 138.16+28.78 0.17+0.013  0.046£0.01  0.69+0.00 70.40=5.93
45 566.14x12.91 -2.89+0.49 0.6620.11 0.38£0.005 215.26£26.98 141.7620.82 0.15+0.012  0.053:0.02 0.67+0.004 69. 60=5. 89
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Table 4 Correlation analysis between quality indicators of whole wheat noodles

¥ A7 BOE b A ook BRI &2 ik wk EAMKE RAKE REFRS
AR 1. 000

* A -0.227 1. 000
Rk 0. 443 0.174 1. 000

% i -0.218 0.904 0.232 1. 000

B B 0.983*  -0.188 0. 472 -0. 124 1. 000

ik Jc 0.915*  -0.102 0.760° -0.039  0.928™ 1. 000

o $ 0.267 0.318 0.657" 0. 629 0.399 0.531 1. 000

AAMEE  -0.429 0. 406 0.421 0.611 -0.288 -0. 083 0.668" 1. 000
Rk F 0.645° 0.178 0.633° 0. 422 0.758" 0.786™  0.889" 0.348 1. 000
AEIFS 0.802"  -0.267 0.088 -0.170  0.864™ 0.648" 0.269 -0. 261 0.653" 1. 000
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Fig.1 Crushed stone chart of principal component analysis
of quality indicators of whole wheat noodles
with different water additions

PCA A P 2R 803 R 75 D 4 72 J ] 9 A
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WO T 1 ARSI ISR R g b A 35 B SR R
P ELIEHE | [T e R K R RRE A, AL 1o 5 5i1)
7-0.931.0. 684 .0. 926 0. 948 .0. 703 ,0. 934 0. 746, 4t
XHERIRT 0. 6, Ud B0 42 22 T 4% A9l B IR AR 5
R T 2 A S B T Kd i b L R R R R
P I 2R REAE 430 0.795,0. 894
0. 606 ,~0. 905 , X 42 42 Th1 A% Y ity BT WA AR 15 o3
T 3 4 G Y I 0 K3k 18 b O 501k, AL 1A R
—0. 548 X} 4 Z 1 S5 10 TR I AR

x5 ARMKELERERRIEGENITIHBRETE
Table 5 Total variables explained by principal component
analysis of quality indexes of whole wheat noodles with

different water additions

F6 AEMKELZMESERAIERER ST HEER
Table 6 Principal component loading matrix of quality indexes

of whole wheat noodles with different water additions

M H B 1 B2 BT 3
AR -0.931 0.299 -0.132
EE 0.019 0.795 0. 468
e 0. 684 0. 381 -0. 548
3 c 0. 166 0. 894 0. 407
Jie b 0.926 -0. 355 0. 093
PR 0.948 -0.139 -0.189
o F b 0.703 0. 606 -0. 088
AABEK 0. 022 -0. 905 0.324
e 0. 934 0. 266 0.075
BEEN 0. 746 -0. 456 0.339

A B F 4RI R
HAE{E FERKE/ % RIFTRE/ %
1 5.043 50. 434 50. 434
2 3.276 32.764 83. 198
3 0. 980 9. 800 92. 998

PCA 370 2 KO P I by AR A 1] 2 A0 i 750
HOIFR RS (7Y B s o P B e el DR 37 B P
T 5 BTFE bR PCA 11553 REGERE,

xR7 AEMKELZEFREIERERSTF57ERE
Table 7 Principal component score matrix of quality indexes

of whole wheat noodles with different water additions

R H B 1 HF2 H-F 3
b 34 -0.415 0.165 -0.133
*s M 0. 009 0. 439 0.473
L e 0. 305 0.211 -0.553
b3 L 0.074 0. 494 0.412
ik e 0.413 -0.196 0. 094
ol o P 0.422 -0. 077 -0.191
S 0.313 0.335 -0. 089
AAB K 0.010 -0. 500 0.328
HK 0.416 0. 147 0.076
BB 0.332 -0.252 0. 343

4% 32 B 53 R 115 43 R A

Y, =-0. 415X, +0. 009X,+0. 305X,+0. 074X, +
0. 413X, +0. 422X, +0. 313X, +0. 010X, +0. 416X, +
0.332X,,

Y,=0. 165X,+0. 439X, +0. 211X, +0. 494X, -
0. 196X,-0. 077X, +0. 335X,-0. 500X, 0. 147X, -
0.252X,,

Y, =-0. 133X, +0. 473X,-0. 553X,+0. 412X, +
0. 094X, -0. 191X, ~0. 089X, +0. 328X, +0. 076X, +
0.343X,,

Hrp X, ~ X, RG22 mpnfE S A BUE
F 2 (3) THAAR R [F N 7K & 4 22 T 4% b SR A
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41% B IK B 255 15 51 ey, FoUOR: 43% 1 42% 19 N
K, H 41% 42% 43% =K B k6 1Y 4 242 1 4%
i IR PR SR B AR o, A 3 B U 22 5 (p<
0.05) . AMZKEAR, HEA T, 1H A& KA 2,

INFERAE FRA L, ] 45 ) 2242 T 2% (ORI 50 SRR
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Table 8 Comprehensive scores of quality indicators of whole wheat noodles with different water additions

ImRE/ % BF 1 3 ) 3 K] E
40 1. 165+0. 203" -1.924+0. 657™ 0. 081+0. 088" -0.035+0. 030"
41 2.455+0. 473" -0.013+0. 014%" -1.253+0. 668 1. 111+0. 731™
42 0. 482+0. 163" 1. 944+0. 672 -0. 887+0. 662" 0.793+0. 418"
43 -0. 122+0. 081 2. 496+0. 684™ 1. 157+0. 728™ 0. 870+0. 471"
44 -1.755+0. 359" -1.553+0. 686" 0. 531+0. 396"™" -1.342+0. 556"
45 -2.225+0. 690™ -0.951+0. 795" 0. 371+0. 393"%" -1.397+0. 528"

E RS RRGNE FERFEFREKRE(p<0.05) , KB FE AT £ F & B HEFAKTF(p<0.01),

(a) £ EEAHHEE
2
Fig.2 Pictures of whole wheat dough and noodles
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KA 22 T 2% i U HR A B 25645 4, 45 2R R 2 ik
O A M TR RN 419% 042 2 T 4% S T N 25 A 45
IriE, R 43% M1 42% , B 41% 42% 43% =
KA 1Y) 4 22 T 4% B e b 5 LA, 3 4 g ik 2 22
5 (p<0.05)

WFSE R . 4222 T 55 A0 il A8 B, 7K o 25 X T 2% i
F A 2 R JS S A S R DOR K A —
A PR 2% 5 R B () IR B AR I R AT AC L R £
PRI 2550 4 22 THT 2% i JB 52 W), Shy 4 22 THT 4% 114 i) 4 42 it
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