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Abstract: To explore the effects of brown rice from different regions on starch properties and eating quality of instant
noodle sheets (NS), refined wheat flour (FD) was blended with six types of brown rice flour from different regions at a ratio
of 25%, and the mixtures were processed into instant noodle sheets by extrusion. Fourier-transform infrared spectroscopy
(FTIR), differential scanning calorimetry (DSC), and X-ray diffraction (XRD) were used to analyze the structural
differences in starch. Microstructure of NS was observed using scanning electron microscopy (SEM), and quality of NS was
evaluated by measuring its rehydration and digestion properties. The results showed that brown rice addition significantly
increased the dietary fiber content in NS (1.26%~1.78%), while reducing the contents of total starch, amylose, and protein
(61.50%~71.43%, 8.64%~23.67%, and 8.73%~10.83%, respectively). Starch in NS exhibited a V-type crystal structure.
Owing to the high amylose content (23.67% and 19.90%) and suitable lipid-binding abilities, the Jilin-Instant Noodle Sheets
(YZ-NS) and Hubei - Instant Noodle Sheets (HB-NS) had increased crystallinity (26.16% and 20.61%, respectively) and
denser microstructures. The Jiangsu-Instant Noodle Sheet (JS-NS) had the highest dietary fiber content (1.78%), resulting
in a looser starch gel structure, which shortened the sample rehydration time (3.20 min), but it resulted in the highest broken
noodle rate (19.50%). In contrast, YZ-NS had a rehydration loss rate of 8.17% and broken noodle rate of 13.75%, indicating
better quality. The digestion results showed that YZ-NS had the lowest in vitro digestibility due to its high crystallinity
(26.16%) and V-type complexes formation, whereas wheat flour-Instant Noodle Sheet (FD-NS) had the highest digestibility
(85%) owing to its high amylose content (37.72%) and low dietary fiber content (0.67%). In conclusion, the addition of
brown rice affects the starch properties and eating quality of NS by changing the distribution of starch-lipid complexes and
dietary fiber. Among them, YZ-NS exhibited the best rehydration quality and lowest digestibility, providing a theoretical
basis for the development of nutritious instant noodle sheets.
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Table 1 Different compound flour basic components
ok EMERE  ERHEmaE EAEE eI E R
(%) (%) (%) (%)

FD 73.35+6.22% 37.72+1.02° 12.06+0.09° 0.67+0.02¢
ZX-F  68.81+0.17°  22.01+1.84™ 9.17+0.40% 1.67+0.33*
NM-F  71.43£0.10° 8.64+1.68° 9.87+0.06% 1.41£0.02%
CL-F  69.01£0.35°  21.64+1.86" 9.22+0.03% 1.26+0.16°
YZ-F  70.70+0.6° 23.67+0.38° 10.83+1.28° 1.45+0.10"
JS-F  61.50+0.08° 14.96+0.64° 10.42:0.04" 1.78+0.05"
HB-F  65.07+2.45¢ 19.90+1.98° 8.73+0.13° 1.34£0.17*

T A Rl 5 R R n B #5425 5 (P<0.05) ; #2~K6[A] .
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Table 2 Different combinations of flours and instant noodle
sheet properties
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P/ T AEBEHARSON, , TR 2E T DE M 55 B8 0T i A 544
AR M Z R, JS-NS FE LY Re 801K (14.32%),
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Fig.1 XRD patterns of different instant noodle sheet
3 N[ K 4SS
Table 3 Crystallinity of different instant noodle sheets

- FIOWIAERS  NSHIMIfERE  NSHOMIMLE  NSHUE(EIRE -
(J/g) J/g) (%) (c) FLIES 25 (%)
FD  4.38+0.02° 1.13£0.26°  74.14£5.91% 92.67+0.47° FD-NS 14.43+0.84°
ZX  2.55+0.05"  0.61£0.12°  76.32+4.13% 96.00:£0.50" YZ-NS 26.16+0.61°
NM  2.92+0.08  0.57+0.13° 81.52+4.80° 95.53+1.76" NM-NS 17.26+0.63°
CL  3.27+0.14° 1.19+0.06° 64.72+3.09¢ 93.00+0.75° CL-NS 16.190.72¢
YZ  3.46x0.06°  0.69+0.11" 80.07+2.93° 95.93+0.21° ZX-NS 15.66+0.03¢
IS 3.05£0.02¢  0.97+0.20"  68.23+6.27" 92.57+1.40° JS-NS 14.32+0.43°
HB  3.06+0.02¢  0.70+0.12" 77.26+4.21° 96.30+0.17° HB-NS 20.61+0.73°
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Fig.2 Infrared spectra of different instant noodle sheet
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Table 4 Deconvolution results of different instant noodle sheet

ﬂl% R1047/1 022 R1022/995
FD-NS 0.94+0.00° 1.06+0.00°
ZX-NS 0.95+0.00¢ 1.08+0.00*
NM-NS 0.97+0.00° 1.06+0.00°
CL-NS 0.95+0.00¢ 1.06+0.00°
YZ-NS 1.23+0.00° 0.95+0.00°
JS-NS 0.92+0.00° 1.05+0.00°
HB-NS 0.98+0.00° 1.06£0.00°
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S 07 T B2 AR ET RO ZE A4 . IR 3 T, FD-NS,
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W, Bk FD 4h, YZ-NS Fl HB-NS B 5 AR I ios
H S INESCEE AU PSS, 33X R e 1) LR VE R

H(23.67% F1 19.90%) Fgh 543 (26.16% Fl 20.61%)
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Fig.3 Microstructure of different instant noodle sheet sections
(600x)
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Table 5 Rehydration characteristics of different instant noodle sheet
2 I EE K] (min) WK #(%) SRR (%) W5 4(%)
FD-NS 4.00+0.03° 160.23+0.76" 7.41+0.38° 11.50+2.12¢
ZX-NS 4.41+0.02¢ 149.05+4.50® 9.87+0.95" 15.50+1.41%
NM-NS 3.61x0.02° 141.02+6.69 11.39+0.88° 17.25+1.06™
CL-NS 4.22+0.01¢ 138.99+4.33 10.38+0.48™ 16.50+0.00™
YZ-NS 5.21+0.02° 156.00+5.83™ 8.17+0.30" 13.75+1.06"™
JS-NS 3.20+0.01# 123.59+4.63° 12.25+0.91* 19.50+0.00°
HB-NS 4.80+0.02° 144.12+6.23® 8.59+0.78" 13.75+1.06"™

0.01 min(JS-NS)~5.21+0.02 min( YZ-NS) ., YZ-NS
i 18 2 K ] G, O K SR 45155 (156.00% ) ,
I K AL T K S8 B S 12 AR WK BB J13 54
X A] RE-S H s AR TE A S B AR S 1Y ARG A
Ko = EEETEM & BARUEIE B 5 R B S E 1Y
V B AW, i sE AR X L, ELR K 43 BIGHE
JEUT JS-NS FEEH IR /KBl 256 (3.2 min), 7K
WARAK(123.59%) , (R /K F 0] IR T = TG B ef 4
TS HEPERY B B, A HE S BN T HE 5 X Eu 3
RS Ial S, ITTREAIR T /K BE F18) . sk, 2
FEEUERY I 15 B 53 S SRR BRI T Ve 5K ST as S
e 77, #t— i T B AR TERERY I REL,

ASTRVRE S 0 KR AE 7.41%~12.25% Z 1] .
FD-NS F 5 B 5 7K 433 I eIk, R HAE = Ko 12
et AR E o X AT RE R TR ali/ N DB 2 A
LA R AR Bt B 474 S (TOREK IS I, (75 T8 45
FlEgh A, U IKEE 14 . AL, JS-NS FE %
B A KRR R, o H B K G R R S A PR B,
Tl e T R AT 4 RN 59 B SRR A A A (IR
R 0471000 LT T FRISE A J1 AR 2P, ksh,
YZ-NS 1 HB-NS F£ 5k 2 K 28 25535 2R 8.17%
F1 8.59%, YA, 33X 5 FLASOWLES A4 1) 38O HEAH G,
FH T HEEVER SRR R ES IR s 2 G A
TAEKETR], IAREAR T vEREE L 5 2.2.3 ThHTER
SRR FFRE(1.23 ., 0.98) G5 R AR—3L 1,

JS-N'S #f s Wi 25 R 5% 171 (19.50% ), 1fif FD-NS ££
Fm IR (11.50%) . X FRBHE ok K SRR 2518 58
FPEAT TR I, JUHUE IS-NS, it T arge & i
FURF A P4k, HAE S K SRR TP U R 22,
Ko KAWL, XS, BIEK S, YZ-NS
HB-NS #£ 5 3RI INBAR I Wr£52(13.75%), s i

I RILEFIRRETE . S EAE T LB RIE R g A A
RV RIS A YA B RS AR S T A LR
PATITREEAR I K A v 7 2 1A XU 2

Z% Ak, FD-NS £ 5 R H e E R g e
PEFIWZ K PERE, 1525 T gl INAZ D A 2 R R EC I £
LS, M YZ-NS BEA RS B /KBl (H
IK R NGER TR E R B o Y, Wi &R, SR 45
B
2.3.2 THALARPERIIE T ARARE T A R T
B IERERNVER BERE A AT B ZE R P, AR
Al BT AL R BER R AR L UNER 6 BT R . 20 min B, 71
AL B, FEBIE 30%~40% 0], Bl AL
[E] 4L 25 60 min, #5185 BYTH AL R B 23T, Hod
FD-NS JHbLFILF] 70% 247, I T YZ-NS, T H:
EEMA- T E Z A, # 240 min B, & IHEILFR
FH =5 24331 8 FD-NS. NM-NS, CL-NS. HB-NS,
ZX-NS. JS-NS. YZ-NS., FD-NS H& & 4 1kt FE K
85% 2+, M YZ-NS MM RN, A FFES I E
FEVER i BRI SN . B LT 4 & i D e 2
L Rl T AR . FD-NS T BHARE
¥y S i e (37.72%) HIE B L4 5 = /iR (0.67%),
VENY 53 T 25 Ty 1l R, TR L ELA B R A T Ak
3, M YZ-NS BSREAETEN & B (23.67%), B
SRR GIERL T REtfaEm vV BE &Y, #t—4F
PSR T 45 (26.16%), WA RRAR T BEAFRCR . iX
BeZb IR 5 Hu 4505°% G TUEM S b4 M S in ke
B —2. HB-NS fll ZX-NS £EAEETH LR R
HaEH AR, HB-NS AL ERE T RIS T
HOGE B9 BEE UE OB (19.90%) I H & 45 5 R
(20.61%), BELRAFFE TIEM I3 T BEEE AR E M, L

# 6 AR KR HIMF LR (%)
Table 6 In vitro digestibility of different instant noodle sheet (%)

iES 20 min 60 min 120 min 180 min 240 min
FD-NS 39.32+1.22° 70.84+1.21° 82.90+1.38" 85.02+1.07° 84.07+1.27°
ZX-NS 34.33+0.96 63.44+1.00° 73.12+0.47%¢ 75.61+0.11° 75.00+0.13%
NM-NS 36.69+1.56™ 67.33+0.57° 78.20+0.81% 79.8242.09° 81.81+0.31%
CL-NS 35.02:+0.06™ 65.06+0.73" 78.05+1.10% 78.64+0.30™ 78.91+1.40"
YZ-NS 32.09+0.38° 57.00+0.26° 68.38+2.38¢ 68.85+0.74¢ 70.10+0.55°
JS-NS 34.18+0.41% 58.72+1.05¢ 69.70+1.85% 70.96+1.05¢ 71.74+1.87%
HB-NS 33.43+0.64% 65.28+0.55" 74.12+1.90" 77.22+0.76™ 77.17+1.34°
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