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Abstract: This study aimed to elucidate the complicated relationship between diverse characteristics of rice flour and the
quality indicators of fresh rice noodles, while at the same time as figuring out key parameters and threshold ranges for flour
for fresh rice noodles production. Gui Chao rice was used as the foremost uncooked material. Rice flour underwent

processing through a range of milling methods (dry, wet, and semi-dry) and grinding sizes (60, 80, 100, and 120 mesh),
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yielding 28 unique rice flour samples. The rice flours had been comprehensively with the aid of assessing a vary of
imperative parameters, together with amylose content, crude protein levels, damaged starch proportion, particle dimension
distribution (Ds), water absorption properties, and pasting behavior. Furthermore, the quality of the fresh rice noodles was
meticulously assessed via texture profile analysis, cooking quality attributes, and sensory assessment scores. An exhaustive
and systematic evaluation was once conducted to elucidate the tricky relationship between rice flour traits and the quality of
fresh rice noodles, involving an array of state-of-the-art multivariate statistical methods, which included descriptive
statistics, correlation analysis, principal component analysis, stepwise regression, and cluster analysis. A tailored theoretical
assessment model specifically designed for the specialized flour for fresh rice noodles was once developed, and the results
characteristic indicators alongside with their corresponding threshold degrees were identified and delineated. The results
indicated no statistically significant differences in amylose content and crude protein levels amongst rice flours produced
using a variety of milling methods. Under identical grinding size conditions, wet-milled rice flour achieved superior overall
scores in comparison to dry and semi-dry milled flours, resulting in accelerated sensory satisfactory in fresh rice noodles.
Among the number of grinding sizes, flours with a mesh dimension of 100~120 demonstrated the highest basic and sensory
scores. The evaluation model for the specialized flour intended for fresh rice noodles was represented by the equation Y=
—28.141-0.06X,+1.035X,+0.05X, (R>=0.937, P<0.01). The most reliable threshold values for characteristic indicators in
the processing of fresh rice noodles were as follows: Semi-dry milled flour needed to have a Dy, ranging from 88.65 to
146.21 pm, whereas wet-milled flour had a Dy, ranging from 10.34 to 47.36 pm. Additionally, rice flour should
demonstrate a water absorption exceeding 10.15 g/g and a peak viscosity surpassing 3235.00 cP. This learn about
appreciably contributes to the advancement of flour for fresh rice noodles, enables the development of on-line flour
blending systems, and has substantial implications for the standardization and industrial production of flour used in fresh
rice noodles.

Key words: multivariate statistical techniques; specialized flour for fresh rice noodles; assessment system; milling process;
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Table 1 Fuzzy mathematical sensory assessment criteria of fresh rice noodles
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Table 2  Statistics of fuzzy sensory scores of fresh
rice noodles

EEan v, RV, v, #V,
Ay, 7 2 1 0
SN L, 0 2 2 6
bR, 7 1 1 1
Wiku, 6 1 2 1
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X, =AXxR, =(0.15,0.25,0.35,0.25)x

07 02 01 O
0 02 02 06

07 0.1 0.1 0.1

06 0.1 02 0.1

=(0.50,0.14,0.15,0.21)

3 BB E S SN

Table 3 Comprehensive sensory evaluation of fuzzy
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Table 4 Descriptive analysis of the qualitative properties
of different rice flour

Ef=L2 ME BRI P R 2R R E(%)

BHEEN (%) 2202 2288 2241 0.20 0.88
gy, HEE(%) 813 888 858 016 1.86
PEBU mefitieih(%) 168 980 461 217 47.04

Dyy(pum) 1034 218.00 9023  69.63 77.16
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WktE(ge) 1098 1332 12,04 0.55 4.59

WEAEAGEE (cP) 2916.00 3688.00 3419.10 167.13 4.89

AHEAGEE(cP) 2338.00 2974.00 2733.95 140.31 5.13
éfé HHE(CP) 42200 969.00 673.71 102.65 15.24

RZHEE(cP) 4444.00 5001.00 4688.93 139.34 2.97

WA (CP)  1709.00 2216.00 1956.17 112.96 5.77

XF 1.2.8 FREEEAAT S BEA T R R . 28R
P BRI EIIE, W 5. S5 RRW, ZEERT KM
JECRA R DT T, SR L PN SRR A AR S AR RO /)S, TiRH
MR B RERR AR S R B . FEZE AR
T, W 255 R SR AR Y 78 5 SRS 35%, UL
[ i) 53 792 i) 5 S R KO3y P8 28 8 B A A B i 2%
o Horp, WA e RO, S 154.44%, UiIHE
o T AP 1 IO B A5 ORI S B PP 00 I A S AR B
3.80%. Zi LTIR, A AHEAS I E (E B i 220, U]
il BRE S B —e AR, 2RI, T IOKR S
HAEERRAOR S il BT AR A) STERRE RE AN ], /e 28t —20 00
Fir FAIRFEPREIIAHRSE R

K5 BEHTARA TR REE T

Table 5 Description and analysis of the quality indicators
of fresh rice noodles

fabR I/ME ORI FIME bR B 2 80(%)

R (g)  5931.98 9986.62 7702.76 1005.99 13.06

FifE(g's)  71.64 19927 11097 28.67 25.83

TR P 0.86 095 090 0.2 2.13
AR 057 074 067 0.5 6.75

MHIEHE  4001.23 5911.33 4799.43 492.12 10.25
S, %ﬁ%%(%) 0.00 050 008 0.12 154.44
(%) 112 481 240 093 38.90

BOURE BRI (0) 7635 9245 8787  3.34 3.80

23 XM

XiF 2.2 HORCK B i BRI BT KGR S T
KWy AR AR IEA T AR SCHE ST, DLIEL 1. SR,
R BT T, EEETER SRR . WiaesR ., g
{HE2 W IEASR(P<0.05), 55tk AERMEE B E R
FHIE(P<0.05) o 3X I Sk BLAE TEA TERI AL RN BEIRSE
SRR i A SR, BENS LR R R R KA 1Y
ZEA S TR SR REPER T HL AR (1 S W AR R 2
e i 2 I EAHIE(P<0.01), SR BRE T 2 3
AHIE(P<0.05) . BXA&FE 8 A 5T 5 iEM A BAE
JFHAT DA e 0 KA 1 25 R 11 8%, ARk s i & T
AE THLiE eI bt R b B X 25 23544, S350
SRR PP BT S A OKR e i T
AR, KNBYY] . . flkE . BRI 2 R LARAE
F1F A B BE R HEORE, 38 R B GE R S R, fif
TR ZEEREN: . B ok, SR | 5B
P WSS 3R A | HE M W3 IEAR DS (P<0.05),
5Py R PR A I 2 F A < (P<0.01) 5 Dy,
WAEFR A - PR, HL SRR | FhBAME . A L BT
R HEIRAE A S IE AR S (P<0.01), S5k N
Btk BB PRS2 R S A (P<0.01) . X 2EH
SAPRLEE RS TR FE N B b Jevk s i ik, 5
B HE T UEERE BRI, e il B IRy
LI SEARA T KA 55 S WS N7 T R T T
BRG 0 W Ak MRS PN RV | IR TS SR A S A G
(P<0.01), SRHEHEE | ZhHE: . PEHEE . WiseR ., ik A
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W IFAESC(P<0.01), 5N RIMEFNBE TS5 A0 25
TAHSC(P<0.01); KA 5 R ME BV E T 5 3
TEAEZE(P<0.05), SHEEE | BHIEME . Wises, IR a2
e i 2 AHIE(P<0.01) . £ FJTR, HEELER R
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TR 1.00
GIEASE N - | 0.80
AR TE RS .

o I 0.60
K 0.40
K
et 020
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*P<0.05 **P<0.01
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Fig.1 Correlation between the physical and chemical properties
and hydration characteristics of rice noodles and the quality
of fresh rice noodles
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Fig.2 Correlation between the gelatinization characteristics
of rice noodles and the quality of fresh rice noodles
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Fig.3 Scree plot
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Table 6 Total variance interpretation

FIARAFEAE SRR T7
R JrZ2msrtl BB(%) FHMEE rEdal 28(%)
9.013 45063 45063  9.013 45063  45.063
2.864 14320 59.383  2.864 14320  59.383
1.623 8.114 67497  1.623 8.114 67.497
1.300 6.502 74.000  1.300 6.502 74.000
1.118 5.590 79.589  1.118 5.590 79.589
0.860 4.300 83.890  0.860 4.300 83.890
0.775 3.874 87.763  0.775 3.874 87.763

~N N B W~

PC3 (8.114%)

K4 BfilEl
Fig.4 Load diagram
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ik, Wa(7)~(13):

F, = —=0.108X, = 0.115X, + ...... + 0.297X,, + 0.301X,,
= (D

F, = 0.168X, + 0.001X, +...... — 0.086 X, + 0.070X,,
= (8)

F, = =0.164X, = 0.350X, + ...... —0.094X, — 0.024X,,
7 (9

F, = —0.356X, +0.2240X, + ...... + 0.106X,, — 0.132X,,
2 (10)

F, = —0.384X, + 0.241X, + ...... + 0.114X,, — 0.143X,,
A (D

F¢ =-0.657X, - 0.020X, +...... —0.008X,, —0.084X,,
. (12)

F, = 0.241X, +0.742X, + ......— 0.164X s + 0.072X5,

A (13)

B dr 2=\ o b 5 B TTERR Z LB WA EE, 3
=0 (14)IHEAS B IR a2 5957 Fo

F =0.513F, +0.163F, + 0.092F, + 0.074F, + 0.064F ;+
0.049F + 0.044F,

X (14)
AP 8 I, IBREHERA SR G HER B
— 3, FERH TR ST P ESAR AR ] 5, BRAE 2L R
Koy 5 EERA LG T, o, BESS 110 AR
12, BEdh 15 FIRESh 16 MIZEE b iifE, L5180
AL 1.7, HIX 4 DFRES IR R . Bl Ry B AL
FIEE N, ZR A 4542 DI, 4 100 Hik 120 HEY
REREE, X5 Yu W R g5 e —2G A,

KT H TSR 7]

Table 7 Eigenvectors of each principal component

FEFR PCA1 PCA2 PCA3 PCA4 PCA5S PCA6 PCA7

HEEVER -0.108 0.168 —0.164 —0.356 —0.384 —0.657 0.241
HMEH  -0.115 0001 -0350 0224 0241 —0.020 0.742
WARTER  —0.188 0330 0351  0.018 0.020 0.054 0.264

Dy,  —0260 0.035 0372 -0.019 -0.021 0.149 0.170
WoKPE 0243 -0.002 0339  0.155  0.167 —0.096 0.005
JKEEPE -0220 0349  0.094 0154 0.166 —0.023 —0.007
WHKPE 0182 0155 0440 0246 0266 —0.125 0.002
VE(ERSEE 0283 0217  0.044 —0.111 —0.120 0.046 0.194
EKSEE 0275 0.001  0.095 0263 0284 -0262 0.115
HEIE 0142 0245 0.032 -0.524 -0.565 0433 0217
BAKEE 0221 0315 —0.110 0.180  0.194 —0.084 —0.056
MIAME 0076 0393 -0.258 —0.092 —0.099 0.237 —0.248
(503 0297 —0.126 0.222 —0.011 —0.012 0.070  0.090
FMHE 0171 0423 0.097 0059 0063 -0.037 —0.020
WPE 0115 0051 0239 0496 0.534 0366 0.158
WL 0218 —0.190 0.108 -0.103 —0.111 0218 0215
M 0239 -0292 0.179 —0.061 —0.066 0.040 0.139
WiZ&® 0294 0149 -0.114 0.161 0.173 -0.026 —0.164
MK 0297 -0.086 —0.094 0.106 0.114 —0.008 0.000
BEVESY 0301 0070 —0.024 —0.132 —0.143 —0.084 0.072
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Table 8 Comprehensive scores of principal components
and sensory scores for fresh rice noodles

JEBYRLEE ety BUNEE

FE A ..
17 VAN
gy TR Ty BERSE Ta Thes
1 60 ~4.003 28 28
2 ‘ 80 ~2.980 27 27
3 Tk 100 ~1.887 25 21
4 120 -0.303 19 18
5 60 ~1.043 21 19
6 80 0.023 15 17
N=B —1-
7 k=101 100 0.863 9 6
8 120 1.210 6 9
9 60 -0.287 18 16
10 80 0.373 12 15
YRS -
11 ik=1:2 100 2.500 1 1
12 120 2373 2 8
13 60 -0.013 16 14
14 80 0.347 13 10
YT -
TR s 100 1.767 4 3
16 120 2.057 3 7
17 60 ~1.897 26 25
18 80 ~1.080 2 23
o
g FFER0% G, 0.207 14 4
20 120 0.853 10 12
21 60 -1.627 24 26
2 80 ~0.313 20 2
Mz 3= 40,
0y HTERM% 0.817 11 4
24 120 1233 5 11
25 60 ~1.207 23 24
26 80 -0.173 17 20
> k=080
0y HTERS% 1.027 8 2
28 120 1.163 7 13
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W3 HEBR AR TERY . Do WKYE . ZKEIE  FIKPE
UEEAEDAN RE | AT EDRGBE | S0l i . Fe 2R ) A AL 78
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5 2 10 ARy L By B TP LAY . Y=—28.141—
0.06X,+1.035X+0.05X4(R*=0.937, P<0.01), #7441
B, Horb X\ X, Xg 43900 Dy ok P
fEDREE o 2.2 7 28 REANAY Dyo . WK R AR
REEEARASRAY S, AR KM OB [ 7553, FFHE

255 E AT AT BRI ZE 51500 BOEVET
SrIEATARSCAE ST . AnlEl 5 AT, 3 SR PRIA] g A
B FIEAHSG(P<0.01), UEUZAR R vl 5 . 255 b ik,
VP Dyo. oK IGEDRG BEAE S S E BRI TR
RS ENE R = E

1.0
RIS 0.885 0.887

0.5
QIR 0997 0

—0.5
LRATHSY
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*P<0.05 **P<0.01
K5 Zegfior. AT BE AR

Fig.5 Correlation analysis of comprehensive scores, regression
scores, and sensory scores
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Fig.6 Heatmap of the cluster analysis of the scores of each

principal component
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