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Abstract: The water state is closely related to the quality of the flour product, but the relationship be-
tween water state and the quality characteristics of noodles is unclear. Additionally, the use of water
state as a research method for noodle quality characteristics has rarely been reported in wheat quality
breeding. This study used 12 wheat varieties as raw materials, measured the quality characteristics of
wheat flour, analyzed the texture, cooking characteristics, and sensory properties of the noodles, and
used low-field nuclear magnetic resonance to measure the water state of fresh and cooked noodles.
Statistical analysis showed that there were significant differences in the water state of noodles made
from different wheat varieties(P<C0. 05). The T,; and A,; of fresh noodles are significantly correlated
with the tensile energy., tensile resistance, and maximum tensile resistance, while A, and A,, are sig-
nificantly correlated with the water absorption rate, trough viscosity, and setback value; the T, of

cooked noodles is significantly negatively correlated with the protein content, peak viscosity, and final
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viscosity(P<C0. 05). The T,; of fresh noodles is significantly correlated with textural adhesiveness
and fracture distance, while A,; is significantly negatively correlated with textural adhesiveness and
fracture force; the T of cooked noodles is significantly negatively correlated with textural elasticity
and chewiness. The T, of fresh noodles is significantly negatively correlated with the boiled water ab-
sorption rate, and A,; is significantly negatively correlated with the sensory elasticity score; the T, of
cooked noodles is significantly negatively correlated with the dry matter loss rate; the T,, is signifi-
cantly negatively correlated with the sensory elasticity score, and the A,; is significantly negatively
correlated with the dry matter loss rate. The results showed that the water state parameters can bet-

ter reflect the quality characteristics of wheat flour and the quality characteristics of the fresh noodles.

This result had important reference value for the breeding and identification of wheat varieties special

for noodles and the development of special flour for fresh noodles.

Keywords: Wheat flour; Fresh noodles;
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Table 1 Sensory score items and standards of fresh noodles

Wi H Item  &E4> Score P44 Scoring rules
1% FLA AR B O BE 65 20~17) s A A SEE— B A6~10); G E K KREO~1D.,
S 20 Milky white/milky yellow with lustrous appearance(20—17) ; White with dull tone(16 —10) ; Grayish or
Color
dark color(9—1).
%0 JEHE I (10~ 9) s BG83~ s AR MR (6~5) s Bl Eali Wi sk (4~1)
A 10 Smooth and regular texture(10—9); Fairly smooth with minor irregularities(8—7); Slight blistering or
ppearance uneven surface(6—5); Severe blistering or broken strands(4—1).
Tt g 20 B R 3E P (20~16) ;s BUBF B K (15~10) 5 i BB F(9~ 1D,
Hardness Moderate firmness(20—16) ; Slightly hard or soft(15—10) ; Extremely hard or soft(9—1).
K P ARG 5~13) s IR (12~10) 3 B (9~ 6) s RK BT G~1
Stickiness 15 Non-sticky and refreshing(15 — 13); Slightly sticky (12— 10); Moderately sticky (9 — 6); Extremely
Stickiness . : . -
sticky(sticks to chopsticks) (5—1).
Rk 25 SRPEARAF (25~ 21) 5 PR L L (20~16) 5 SR PE— i (15~ 11) 5 SfPE 4R 22 sl B A # M (Lo~ 1),
Elasticity ° Excellent springiness(25—21); Good elasticity(20—16) ; Moderate elasticity(15—11); No elasticity(10—1).
et - FEH LW (5) el (D s BOEH (3) Mk (1~2).
Smoothness o Extremely smooth(5); Smooth(4); Fairly smooth(3); Coarse texture(1—2).
frig FFWARS) s ZFTWREIR (D) s I H Z T (3) s FATF K (2)  F K 7K (D
Flflvor 5 Strong wheat aroma(5); Moderate wheat flavor(4); Slight wheat scent(3); No distinct odor(2); Musty

or off-flavor(1).




St

%6 4] T SO AR AR R TE R K A RS 5 7 R R S RS « 767 o
A B T 2% 1 K A R3S S B0 T 22 50 B 45 R

2 R A 1 T T
(F 3HFEW »E@fﬁmﬂ‘hﬁﬁ?‘lﬂ%ﬂﬁﬂ Ty Ty
2.1 NEBHREHH Ty FUIKIFIRAS OB Ay (As A 75 S R R A7

Xof (3R /N 22 0 oo R R AT IR S O A AR B
PR, B T A A A B B B A E By
i WK SRR e B )RR R AL B BH ) | RE
i e R BEL 7 A0 AU | 0 A R R R ¢
B RE B 5 E A A3 AT 5 T 4R B AR (A G R L R
A A 2R E S A6 .

X 12 AN /INZ b AT R T R 0 0 A 4 AR
(K 2)FR W, B W 2 8L Fl (8] 47 76 10 35 25 %
(P<0. 01) , Ho b i i) iz Al B 1L L H A BH 77
e SR A BE T3 R0 0 i 0 0 AR S R B AR (>
40260 , THI i 8 B0 W 80 B A% (B 260 B s A 6
(75 5 BB T 40 % F0 20 % 2 8], Hi A B8 28
RPN T 20% .
2.2 INEBEMKSREDT

TR I /N R AR AR K RS S U I
BRI R R, AR Ty To A
A FIA, BRIESA, Ty, BAEES 305 &
AR To o Too s Toy vAu VA Ay T Ay A
Ay BRIES .

FEW 2R (P<T0.05); Hf, Ty, Ml Ty Ay M
Ay B 7 REE K (C>10.00%)

RS K RS SEN T 22 0 Wi 85 R (3R
D FW KA IBIEEFIE] Ty JTop T2y FIKAPARZS LA
Aoy A As A Agy TESFR I AEAE B2 22 R
(P<<0.05), H, Ty . Ts Ay As F1 A, +A,,
78 S R B K (>10.00%) . Ty IS R
ik 47.64% ., To WS T,, W BLAZS, v g
T 7E S B KRR S R [ 45 4 B 2 T
K3 B BB 8 3 Ry TG At B R A Ut
ANBETE NMR 3t 5 5 o 58 42 X 43 th 0 A AS [ 445
B R JBE 1 7K DR AL R T 0 6T 7 L g
2.3 ZNEEREENREHHEST

AT 4% Jo 2 AR 1 2 5000 IE S PR ARG 56 45 SR R
A REVE S Rrb R EE ORGP SR | R Ry
T RIEAS A, W 4G B R AR RS 0 A B R
i RS e S LI e 8 NN L A S NN 1Y
PR CHLEDE 3 L RE ) B RIOK T B R
RN e R 4 SRS

k2 NEMREHHE
Table 2 Quality characteristics of wheat flour

characteristics arameter Average Variation range Range F value Variation/% deviation
LR S50 B A& Protein content/ % 12.33 10. 87~13. 90 3.03 272.91" " 7.88 0.97
Fhysico o i & B Wet gluten content/ % 32. 28 27.72~37.35 9.64  46.62"° 9.58 3.09
characteristics I /i 46 %% Gluten index/ % 74.71 38.98~98. 40 59.42  124.34% " 28.56 21.34
V% 7% %018 Falling number/s 406. 79 340.50~492.50  152.00 28.47" 10. 74 43.70
WA EN & i Damaged starch/% 25,71 22.98~29. 35 6.37 50,58 * 8.13 2.09
AR EE S B % 7K ¥ Water absorption/ % 63.97 58.15~69. 05 10. 90 996.80* * 5.70 3.65
heological g i Dough stability/min 11,77 1.87~24.74  22.87  84.35 60. 04 7.07
Hif e Energy/cm? 99.57 30.90~175.75  144.85 54,88 49,52 49. 30
B /) Resistance/BU 378. 31 120.00~677.75  557.75 98.80* 46. 46 175.78
S Extensibility/mm 146. 50 118.80~168. 05 49. 25 12,177 8.73 12.79
RS Maximum/BU 520. 25 127.90~982.65  854.75 84.62" 53.02 275. 83
FERE 2% WIMBIEE Pasting temperature/°’C 58. 60 57.15~60. 33 3.18 8.96" 1.63 0.95
Ch:ﬁ‘:j‘;:gm WA BE Peak viscosity/BU 1 289, 29 781.33~2 080.67 1299.33  255.90" 30.51  393.33
BAEFEE Trough viscosity/BU 912, 21 512.00~1 218.00 706.00 249. 84" 31. 31 285. 62
A BB Final viscosity/BU 1 885.60  1235.67~2304.5 1068.83  235.45 21.09 397.73
i Breakdown/BU 377.08 254.00~936.33  682.33  143.71 49.70 187. 40
[8] 7} Setback/BU 890. 86 609.67~1 046.5 436.83  123.96" 15. 85 141. 20

* 3 P<C0.05; * x ; P<C0.01.
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Table 3 Water status of fresh noodles
e KGR [E] T2 /ms KRB Ar/ %
Variety T T, Ty A Az Ass
Th4¢ 822 Xinong 822 0.1640. 02f 5.7040.27c  182.00+29.39bc  20.634+0.67b  78.7540.67¢  0.6240. 08cde
Vi 20 Xinong 20 0.1840.02def  6.0120.00b 202.03£25.42b  20.48+0.95b  78.94+0.98de 0.57%0.03de
/ME 22 Xiaoyan 22 0.2040.00cde  6.0120.00b 171,068, 10be  17.69+0.58d  81.4840.59¢  0.8340.02a
i 169 Weilong 169 0.26+0.02a 6.0140.00b 190.57+8.79be 14,181, 19f 85.1841.17a  0.63=40. 02cd
Pi4 979 Xinong 979 0.18+0.01def  6.0140.00b 193.04+38.37bc  21.56+0.20ab  77.89+0. 20ef 0.5540. 02de
KA 986 Wunong 986 0.18+0.02def  6.0140.00b 196.07+15.87b  20.79+0.16b  78.64+0.21le  0.5740.05de
T4k 207 Bainong 207 0.24+0.0lab  6.184+0.29b 180.8114.63bc 16.82+0.68de  82.47+0.66bc 0.7140.05b
Pi4¢ 511 Xinong 511 0.18+0.02def  6.0140.00b 180.81+14.63bc 19.35+0. 45¢ 79.9540.40d  0.7040. 05bc
Pi4k 805 Xinong 805 0.2140.02cd  5.5440.00c 151.40£30.09c  16.21+£0. 21e 83.0440.15b  0.76240.06b
tf 4 578 Zhongmai 578 0.26+0.01a 6.0140.00b 212.15-0.00b 14, 89+0. 67f 84.56+0.66a 0.5540.02¢
A 26 Xinmai 26 0.2240.02bc  6.88+0.32a 264.62+32.04a  20.6140.19b 78.82+0.20e  0.57+0.03de
Fi# 45 Xinmai 45 0.17+0.01ef 6.01+0.00b 206.64+9.53b 22.07+0.75a 77.3740.73f  0.56+0.03de
""""" THME AVG  0.2040.04  6.03£0.32  194.27427.62  18.77+2.71  80.59+2.67  0.6440.09
W2 R 0.10 1.34 113.22 7.89 7.81 0.28
AREBCV/% 17. 60 5.24 14. 22 14. 41 3.31 14.78

I 51 B S TR <7 3 7 it i ) 2 55 B 35 (P <20, 05) ., TR,
Different letters after the values within the same columns indicate significant differences among different varieties at 0. 05 level. The
same in the following tables.
R4 EBAABEEHKIRE
Table 4 Water status of boiled fresh noodles

o KBRS E] T2 /ms KPR A Az /%
/J\fuuﬂ‘
Wheal Varlely T'_)l TZ_’ T23 AZI AZZ AZI +A22 A23
Pife 822 . .
. 0.29+0. 05de 2.04+0.09b 46.81+2. 22bc 6.35+0.63a 9.96+0. 21c 16.3140.44b  83.6940. 44e
Xinong 822
Pi4e 20 _
; 0.33740.00d 1.6540.00d 44.35+2.04cde 5.73+£0.84ab 10.154+0.99¢c 15.9640.20b 84.04=+0. 20e
Xinong 20
X(i:){}lir%éZ 0.49-+0. 00c 1.9340.00bc 45.5340.00bed 5.024+0.26bc  8.8740.13de 13.8140.18e¢ 86.1940.18b
ke 169

. 0.58=+0.05b 2.04+0.09b 45.53+0.00bed 5.50%1.15ab 8.06+1.37e 13.5340.22ef 86.4740.22b
Weilong 169

P4 979 0.16-50.00g  1.7440.08cd 48.09-2.22ab  3.2440.00d 12.76-20.00a 14.60-£0.25d 85.58-0.12¢
Xinong 979
A 986 — 1.6520.13d  45.530. 00bed — — 15.1620.18c  84.85-0. 18d
Wunong 986

ﬁﬂ 207 — 2.4040.11a 49.37+0.00a — — 13.2340.07f 87.06+0.12a
Bainong 207

Pige 511
Xinong 511

iR 805
Xinong 805

0.204+0.00fg  1.8840.09bc 45.53%+0.00bed 6.24+0.22a 11.544+0.34b 17.5640.15a 82.4440. 15f

0.47-+0.10c 2.28+0.18a 45.53+0.00bed 4.3140. 30c¢ 9.31+0.73cd 13.62+0. 44ef 86.38+0.43b

2 578 0.684+0.06a  1.79=+0.1ded 43.17+2.04de 5.44740.32ab 8.01+0.28¢ 13.4540.08ef 86.55=0. 08ab
Zhongmai 578
xﬁi?% 0.2440.0def  2.04+0.09b 44.35+2 0dcde 4.98-0.45bc 11.99+0.16ab 17.04-0.31a  82.96+0. 311
Xﬁiﬁu 0.2540.03ef  1.79240.14cd 41.9940.00e  6.16%0.74a 11.23+0.44b 17.24240.65a 82.76=0. 65f
COEHME AVG 0.3740.17  1.9440.24  45.48+2.00  5.3040.97  10.19+1.66  15.121.63  84.91+1.67
W% R 0.52 0.75 7.38 3.11 1.75 1.33 1.62
AR CV/ % 47.64 12.29 4.39 18. 24 16. 25 10. 81 1.97

FRKEN Ty W5 Top W BUZE T RAFES A RIN Top I,

— means that the T peak and T, peak overlap with each other and finally show a single peak of T»,.
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Table 5 Texture characteristics of boiled fresh noodles

TPA %t TPA parameter P 2% Extensograms

i .
Vl;‘jr?iy B , Adhesiveness/ ?éﬂ: ﬂﬂ"ﬁj‘fﬁ:‘ Iﬂ[ﬂj} uéfrﬁi?r;‘i‘gl
Hardness/g (g+s b ’ Springiness Chewiness Breaking force/g length/mm
P4k 822 Xinong 822 286.96+1.70j —2.9740.27d 1.05+0. 10cd 198.80+19. 35¢ 15.1541. 04de —72.83£7.89bc
P4 4% 20 Xinong 20 293.85+2. 201 —1.9140.08a 1.37+£0.05b 275.18+11.11c 20.33+0.50a  —135.047+8. 42fg
/IME 22 Xiaoyan 22 299.61+2.00h —4.6440.51g 1.0040. 05d 194. 4449. 80e 13.09£0. 771 —61.91+9. 36ab
il 169 Weilong 169 335.29+11.5lc  —2.6340.16cd 1.45+0.03b 319.61+10.25b 19.92+1.08ab —135.42+7. 14fg
P54 979 Xinong 979 322,28+ 1.99ef  —3.4440.48e 1.1540. 21c¢ 241.93+42.29d 17.2940.76d  —105.74+20. 14de
4 986 Wunong 986 285.4942.49j —2.2840.23bc  1.37+£0. 14b 259.43+26.48cd 17.9940.87cd —132.14417.011g
H 4% 207 Bainong 207 317.7243. 291 —3.8040. 31f 1.0240. 10d 215.37+20. 5% 18.3440.74cd —135.22+15. 35{g
P4 511 Xinong 511 392.9442.92a —4.6940.49¢g 1.03+0.06d 258.63+15.32cd 17.4441.54d —89.69+20. 73cd
Pi4% 805 Xinong 805 325.49+3.42de —4.60+£0.19¢g 1.39+0.08b 271.49+17.65¢ 13.3540. 90f —51.75+9. 16a
7 578 Zhongmai 578 368.69+4.08b —2.7040.12d 1.4940.02b 350. 8510. 60a 18.8440.92bc —144.39414.93¢g
#i 4 26 Xinmai 26 327.78+£2.66d  —2.3040.05bc  1.4140.02b 316.10£5.94b 18.5941.00cd —119.83E11.52ef
Hr A 45 Xinmai 45 312.444+1.21g —2.0140.07ab  1.66+0.05a 345.70+£9. 08a 18.514+0.85cd —130.60+16. 45fg
O wmaAvG 322.38+32.19  —3.16+1.04  1.2840.22  270.63453.66  17.4042.35  —109.55:32.50
W2 R 107. 44 2.78 0.66 156. 41 7.24 92.63
BREBCV/ % 9.98 —33.00 17. 20 19. 83 13.53 —29.67
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Table 6 Quality characteristics of boiled noodles made by wheat varieties
JBE i Sensory quality & il 457 Boiled characteristics
fif ﬂl N N N N . R 2 0 Bk 2=
Vaety ey BENS OREEWS SRS 4 wEmokE  Fammxk  EBICK
< Hardness Stickiness Elasticity w Boiled water Dry matter :
Color score Total score 0 0 expansion
score score score absorption/ %4 loss rate/ % 0
rate/ A
T4 822 o R . _ ; . . F _ _ _
" 13.3+2.28de 15.14+0.74def 11.840.45bc 19.4£0.42bed 75.143.13e 95.71+£1.79a 5.9940.25b 168.52+2. 54bc
Xinong 822
Xﬁiiﬁ;go 14.4+1.34cd 16.441.08ab 12.2+0.45abc 21.2+1.48a 80.2+2.56ab 85.95+1.98bed 5.6340.09cd 157.77+2.08de
X:{‘OE?H 15.340.97bed 15.34-0. 84cdef 11.5740.50c  18.840.84cd  76.8%1.75cde 90.984+4.99ab 5.52740.18de 169.593 1. 68de
ik 169 ) - - R
" . 14.940.22cd  16.240.84abc 12.041.00abc 20.5%40.50ab 79.741.92bc 90.42+4.6lab 5.8640.27bc 165.41+ 2cde
Weilong 169
i 979 12.042.55e  14.940.74efl  12.340.45abc 20.440.65ab  75.64-2.68de  88.5342.23bc 5.95+0.17b 162,245, 2bed
Xinong 979
R A 986 . 0 -
W 12.3£2.91e 16.040. 7labed 12.540.50ab 21.4+1.19a 78.1%+3.03bed 82.40%+2.84cd 5.987+0.07b 158.21+£4.92bed
unong 986
A4 207 - - - - . R - -
Bai 15.640.42abc 15.3+0.45cdef 12.2+0.45abc 20.7740.45ab 79.741.40bc 90.96+3.18ab 5.5340.18de 162.54=+5.95de
ainong 207
Xﬁf}gﬂﬁl 17.440.55a 16.640.65a 12.6+0.89ab 20.240. 84abc 82.9+1.29a 87.28+5.9bc 6.61+0.15a 170.88+4. 74a
EES 805 17 040.00ab 14.6--0.55( 11.840.45bc  18.341.92d 77.5+1.80bede 91.4242.12ab  5.3240.08e  173.58=+5. 76e
Xinong 805
L PESTS s 0 42bed 15,70, 45abede 12, 840, 45a  20.440.55ab  80.2-20.76ab 88,0946, 45bc  4.99-0.07f  161. 1144, 0de
Zhongmai 578
X%’f“fung 14.6+0.55cd  15.640.55bcdef 12. 140, 22abc 20.2740.57abc  77.92+0.82bcde 79.83+1.06d 6.4340.02a 183.75+10. 86ab
X;§£f1{123 15.2+0.67bed 15.340.45cdef 12.240.27abc 20.4+1.52ab 78.6+2.10bc 85.64+1.52bed 5.94740.18b 177.9349. 23bede
q;iééa 14.76+1.63 15.58=0.62 12.1740.37 20.16+0.91 78.53+2.18 88.1+4.30 5.8140.45 167.63+8.01
W2 R 5. 40 2.00 1.30 3.10 7.80 15.88 1.60 25.98
A5 5 R - . )
cV/ Y% 11.05 3.95 3.00 4.51 2.78 4. 88 7.77 4.78
=~
S5 B DR B
DRSS SRAFYYY
@ @ o O O [~) G- 7 )
FFERIE Q TEFIXIQ
&Y AT RTRVEY &Y Rl A A 4
ZE H U & Protein content o ! % H & & Protein content !
Y1 55 & Wet gluten content L 0.80 B A5 & B Wet gluten content L 0.80
B¢ B4 Falling mumber £ L J ¥ ¥ & Falling mumber
W EH & & Damaged starch content ~0.60 BEiRTEH & B Damaged starch content 2@ ro0.60
% 7K % Water absorption 0.40 % K % Water absorption |® & L 0.40
# %2R A Dough stability Y- #a 52 B [A] Dough stability .
P EER Energy ® L 0.20 LB & Energy @ L 0.20
BifiBH #7 Resistance * HLIFPH J7 Resistance ®
FEf 1 Extensibility ~0.00 FEA H: Extensibility - 0.00
PR S Maximum g ~0.20 B KPP S Maximum ® L _0.20
#4L 18 ¥ Pasting temperature ro Wi{LIRE Pasting temperature :
WAE RS B Peak viscosity ®| | —0.40 VEAEDRS BE Peak viscosity L _0.40
F &K Final viscosity ® B &N Final viscosity
555 Gluten index * 1 -0.60 E A EEL Gluten index - —0.60
BE RS BE Trough viscosity 056 AHERSE Trough viscosity |® @ 0.5
BB f#AE Breakdown e B f#{E Breakdown [ =u.
[l F+E Setback -1 [l FHE Setback |@ & -1
a b
* ; P<C0. 05.
B1 MNEBREHFEESEEKSRENHEXME
Fig. 1 Relationship between wheat flour quality characteristics and water state of noodles
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JFHI T Hardness 1 JUATE B Hardness 1
SRR Adhesiveness 3 0.60 JEHRE M Adhesiveness @ 0.60
JEH 5 Springiness ®| 0.20 SR PLPE Springiness 0.20
HH W, Chewiness ®| -0.20 TE V¥ Chewiness ~0.20
W% ) Breaking force ~0.60 Wi J) Breaking force ® ~0.60
W7 245 B Breaking length @® il _q iS4 5 BS Breaking length 1
a b
S
S 5 S
@@@@.f&g @é\§~$§§"§
& & & & & 3 ¥ & & & F 8
L 9 AR
&,&" &'\7 &;‘3’ &r\'f &;V &r? L S A A A A
&% PE4) Color score 1 FEPESr Color score 1
T BE PB4} Hardness score 0.60 T BE PE4) Hardness score 0.60
FitEPE4r Stickiness score FhPEPESY Stickiness score :
344> Elasticity score © 0.20 L PES Elasticity score (-] 0.20
J&PF43 Total score -0.20 B PF4) Total score —~0.20
& HIHK 2 Boiled water absorption ] & % 7K % Boiled water absorption
F 4 45 55 Z Dry matter loss rate ® -0.60 TF ¥ B 41 5% 2 Dry matter loss rate ® ® O -0.60
% 1 % #K 2 Boiled expansion rate -1 ) i HK- 2 Boiled expansion rate ~1

c

d

a: RS s I 6] (T 5 ) 5 18 2% B A AR A B0 5 28 5 b2 K O3 FE 91 CA o) 5 1T 2% SRR R M 1) 9 28 5 ¢ K 0 st BR8] (T2 ) 5 1 246 Y D 2

R B9 2 5 d 2 IR 23 FE A CA o) 5 1 2% S8R o A R PR A S R

* ; P<70.05,

a:Relationship between water relaxation time(T) and texture characteristics of noodles; b:Relationship between water ratio(A )

and texture characteristics of noodles; c:Relationship between water relaxation time(T2) and noodle sensory quality and cooking charac-

teristics; d:Relationship between water ratio(A;) and noodle sensory quality and cooking characteristics. * ;P <C0. 05.
B2 KkoREEEEREHHENXR

Fig. 2 Relationship between water state and noodle quality characteristics
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