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Abstract

To meet the demand of people with hyperglycemia for low-GI staple foods, composite noodles were
prepared with buckwheat flour, corn flour and wheat flour as the main raw materials. Single-factor
experiments were conducted to investigate the effects of the additions of buckwheat flour, corn flour,
saltand water, and an L9(34) orthogonal experiment was then carried out using sensory score, broken
rate and cooking loss rate as indicators, while the contents of rapidly digestible starch (RDS), slowly
digestible starch (SDS), and resistant starch (RS) in the noodles and the estimated glycemic index (eGI)
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of the noodles were determined by an in vitro simulated digestion test. The optimal formula, based on
100 g of mixed flour, consisted of 10 g of buckwheat flour, 15 g of corn flour, 1.0 g of salt and a water
addition of 50%. The noodles achieved a sensory score of 94.7, a broken rate of 0, a cooking loss rate
of 4.21% and an eGI of 48.3, indicating a low-GI food. Compositing buckwheat flour with maize flour
can improve the nutritional composition and cooking quality of noodles. The resultant noodles exhibit
favorable sensory attributes and low postprandial glycemic response, which can provide a reference
for the development of low-GI staple foods and dietary options for individuals with diabetes.

Keywords

Buckwheat-Corn Noodles, Formula Optimization, Sensory Evaluation, Estimated Glycemic Index

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 51§

AR EATE R FE G, EHKEZ /N AR BERRY, KNS,
MR H Vi =G R S R B SR bR 5 B TH 1], W /N 32 T 26 AS B D v B B G A R i R
EHIEMER . HREEASHS 5 MR MBS $(glycemic index, GD)FIZ4 MR F R, H A& Hif B E I 5K
BRI DIRE PRI &, RA B T-H PR i 582 (R | 2] [3].

FREEGTERA . B4 LR S GRSy, B YU BRI . 5% I [ R 8 1
SVER4][5]: BRBSEEEE, HESHIEER. WML R E, T 30 ki B0 AL i 12 %k
i B RRAE[6]-[8], &G GIEAMK GI 12K AR R

IAER, K Gl 26T 7 2 4 T I BHE R SRC LA . Beniwal 28[9)RILAYIE & 2B & e vl 4
IS P R A AR R SR, B RC GL ELEE R RSE TE fE 5 I S 4 S IR R R
NiZF[10]; Choo %[ 111HRIBERIN 30%5k (L7F BN B 10% e B8 R ME AT Yk 2 e MK il BRIKTHI 2% GL; 9K
FE[ 1200 eGIARE 45 IZEFE W% 8455 75 [ 131UESE M s NS 22 £ G Bh T 11 200 FRops 25 3 1) T b
il FISE141 ATk . B Mk BRCHE N, % Gl R 42.73; HEHEE( 158 1)K
2 A% Gl %% GI  48.94.

Gl AT &K &Y 5| L85 MU R B FEEE . KR EFIK GL AR PTFRAS 2 BUBEIRG . 4F
R SVRE PRI LR IR O IR S5 R A X[ 16]-[20]. BE 8 RE B IR R 9, Ik GI L& g
JIER[21][22]. AWFFELAFEZ N . KR 7 B AN ZE I E AoRR T 2%, it 5 IR 300 A IE A2 i ae AL,
Bedr, W ZEE SRS eGlL, DU R & s s ABERIK GLTH 2%, HOAZmRE e it 2%523].

2. MN57EE
2.1. MRS

FEB(EBFER TR FARAT) TAKCEr 2 8 RGN TABRITEN 7)) DR (R
ERHENARA ) BER(TE) Al RWUNERISEBIEIRAR]); o-iEkle. BEAM. R,
HEPEE R W AR &, oK EE. HCL. NaOH. NaHCOs, R34 50 #réti.

22. UES5RE
PYT-224 -7 RF, B FRHEAERAR: IM-4-260 2P, A650E SEERH U B & A B2 A ;
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DC22-TD06 HLRELI KBS, KALESEH BHAEHE AR AT 202-00B HAVEE S T4, Rkt
URARAT; KIBREGE, HMNEIER KRG RAF .

2.3. REH5E

23.1. AR LERERIBEES

T Wk FRDRR A — FH — 4k — A — V) 5% — T

PRAEE S BT RIGGRZENS . R AN RRE], IINEA |4k, FIEATE 10 min,
EREAGEYS) . R RN IR 30 ming F T &HLE S EE ZH A B4 1.5 mm, YIRK
20cm. % 4 mm W%, BHTENTER 0L, HEHAH.

2.3.2. BERFRRE

PUR AR SR 100 g i, 205 EFFZMBINERE0% 5% 10%-. 15%. 20%, [HE T KN 15%.
b 1.0%-. 7K 50%) T KM INE (0% 5%~ 10%- 15%- 20%, [EEFRZEH 10%). 2 EHFMEO. 0.5%-
1.0% 1.5%- 2.0%, [EEFFEN 10% FKB 15%)FKAR I E(46% 48%- 50%. 52%-. 54%, [&HEFF
R 10% FKH 15% B 1.0%) X MK EIFr . Wik R MR .

2.3.3. IE3TIAE
ER R ZARIG I b, EBEFFENRINE(A) . TR INEB) K I E(C) & &) A K
%, HH7 L9B4)IERZ L, HEEAKFEIE 1.

Table 1. Factors and levels of the orthogonal experiment

=1 EXRBERSKF

7K A FERRINE/% B EXBERINE % C /KT INE/% D B EBINE/ %
1 5 5 48 0.5
2 10 10 50 1.0
3 15 15 52 1.5
2.3.4. REVFMN

10 B4 E LI R BIEE /N, S8 LS/T3202-1993 (RN [24], WEF.
FRORZS . e 2h. FPE. k. SRR 7 AN J5 T & P 23T VR4, T 100 4, PRAr bR L
#2, SERBIME.

Table 2. Sensory evaluation criteria of noodles

= 2. MEREITFNIRE

TLH (748) PR or{E
HEBRE S, i 8.5~10

E10 73) FLRE— 6.0~8.4
KRG RIK SEZE 1.0~5.9

eI RN e 8.5~10

FRIIRZS(10 47) — 6.0~8.4
FHAE . 2R B SR 1.0~5.9

L N BAEE 17~20
20 37) R S B 12-16

DOI: 10.12677/hjas.2026.1611192 1617 ol


https://doi.org/10.12677/hjas.2026.1611192

{E7KIE &

g

INTIEWNY 1~11

A 17~20

W20 43) —& 12~16
AR 1~11

MHIGEE . AREET 17~20

Fitk0 4) RO, BET 12~16
O, KFh 1~11

UNEBECD =g 8.5~10

HAFPE0 77) —fK 6.0~8.4
TR 1.0~5.9

EERGEUN 8.5~10

JABE(10 43) BTG ek 6.0~8.4
A Ak 1.0~5.9

2.3.5. ZEEHMNE

RIS TA]: 1] 500 mL /K HR N 20 AR SR I ORRRGIS, AFR% 10 s HOHS 1 AR, etk 00 22
Oy 0 58 AV R PR T [R] R Sy fe A 78 S I )

Wrok 2. HU 20 MR ZE AR i EEZR B A8 ), 1E W R iR N, 263 = NJ20 < 100%.

ABEBURE: I 25 g (m)ET 200 mL @K &S] 3 min 587, 7 CIEEFFIL
(mo)F, T 80CHTEIEHE(ms), BEIUERZE = (m3— ma)/mi x 100%.

2.3.6. FIMNEHS eGI HE
ZHESCHR[25] [261 R AR AMEAE th i BERAS o-Te KA N 38 MR TR 0L 1 JEs LI, DL SR Al T

37°C4b3E 30 min RN VAL, RN\ B REGRDVE A i 40 B T B VR A BRI W A, 4 BIAE 204 120

min BURE , S FF A6 460 Bt ) S 0 e 1 4 0 2, 120 aR(1D)~aR3) TSR Ab B2 K (RDS) L 183 1 46 e K (SDS)

FPTIETE R (RS) & & .

(G, —FG)x0.9

RDS = «100% )
G0 G, )x0.9

sps = (G =G)x09 o0, ?)

RS = 100% — RDS — SDS 3)

K G Groo 7 HINTEAL 200 120 min BB Z i &, mg; FG NIFESME AN E, mg; WH
B S E R i, mg.
AT AN Z YK ARTE 2 HI = 100), $25E k0 K MR h 2 N A5 I, 9042 30(4) TH R TAl o A=
RAEEL eGI [26],
eGI = 0.862HI + 8.198 4

2.4. BIBSHT
BUNRIGEE 3 Wk, SR UIMER R FH Excel 2016 47 5E 51 5 E AW 224041, SPSS #fi3k
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1727 B EES P (p <0.05).
3. BERESH
3.1. BEZAEER

3.1.1. FFERRMEXN EERRHF

W7 2% ZRAR R B I 2% 8 S MELT, ABIVRRICRHE TR RE . HIE 1 vk, FERRNE
FE 10% A I, SR W7 SR R AR BBV R AANAR,: B 10%)5 & 2T E, XeR it &7
B T MLS, WSS R, MBS . BE 3 AT, BB IR N 2 e TS
Beiadh, ININE 10%0 A F] 94.9 47, Ak 7 XA 4k SR I TH 2R TRLRE . B0, R 72 .
CEETE TR IE IR IR 10%.

10 |- —m Wikx 425
- ERBRE {

Wrcx (%)
S
\\
it

EFEEMIINE (%)

Figure 1. Effect of buckwheat flour addition on cooking quality of noodles
1. FEMRMEXNEFEE AR

Table 3. Effect of buckwheat flour addition on sensory quality of noodles
= 3. FEMRMEINE R RE MRS

FRARTIIE/ % e 2 ) W Fitk i R 5
0 9.3 8.9 15.0 16.0 17.0 7.8 8.6 82.6
5 9.0 8.4 16.7 17.2 16.5 8.8 9.1 85.7
10 9.8 9.5 18.8 19.2 18.6 9.6 9.4 94.9
15 9.4 9.4 18.7 18.2 18.5 8.8 9.1 92.1
20 5.7 7.2 17.2 16.7 12.5 8.3 6.8 74.4

3.1.2. ERMEMEXNEERRAFI

FKRBAGHAEA, BINGSHR BRI SELE . B 2 T, BRI ImER N, W
FABPURRFEST S INEANEI 15%B Wi ZI R AR E, @il 15%/EH& 5. k4, £
KRN 15%0 BB PP i m(97.2 47, & & TR IR 7 101 4% 4 3% (L A FOKTE A s s imu) o
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A ZE . RIS . ZEEHE RN IEERINEN 15%.

20
L —m— 2R T
10 Cm g
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/]
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- /)L
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7\ / // B A
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Figure 2. Effect of corn flour addition on cooking quality of noodles
B 2. EARMAMEXNEFEEB MR
Table 4. Effect of corn flour addition on sensory quality of noodles
4. BARMRMEXNEHZRE RRAFID
FAMBINE % AP e L] Itk Rk T AR Moy
0 9.2 8.6 16.5 16.8 17.5 8.2 8.7 85.0
5 9.5 8.8 17.6 18.4 17.8 8.8 9.4 90.3
10 9.6 9.7 18.5 19.5 18.4 9.8 9.5 95.0
15 9.8 9.7 19.7 19.2 19.5 9.6 9.7 97.2
20 7.7 7.6 17.3 17.7 14.5 7.3 6.5 78.6

3.1.3. RERMEXNEFRRPENMD

EE AR PSR I A . SCETARE M. B 3 AL, SRR 1.0%0 T 4% W7 44 R A
E=Xin! %zﬂxfﬁﬁ FE I S BRI 2 B R T . AR 5 T, O A R AT S T 2K KU aw
5y E, BN AR, MRS, SRR 1L0%MNEEES N 95 0. LaiE S HEER
&N 1.0%.

Table 5. Effect of salt addition on sensory quality of noodles
=5 BEAMENE&FRE RN

RN/ % (EERES e 2 ) W FitE i R 5
0 9.2 8.6 16.5 16.8 17.5 8.2 8.7 85.0

0.5 9.5 8.8 17.6 18.4 17.8 8.8 9.4 90.3

1.0 9.6 9.7 18.5 19.5 18.4 9.8 9.5 95.0

1.5 9.8 9.0 18.4 18.6 18.2 8.4 9.1 91.5

2.0 9.5 8.5 18.5 16.5 18.5 8.5 9.0 89.0
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Figure 3. Effect of salt addition on cooking quality of noodles
E 3. RRRMENEEEZRRRIMN

3.1.4. KHRMEIEFHRENEN

TR & BRI TH 5 X 48 T . I 4 TR0, 7K S0% 0 TH 2% I 2% %6 28 BB R 3R e Ak IiakoAR
JEIN TR A TR 2% R TEHDRE , Ik 2 T TR Ak T 28 AT, BT 26 RN Ak 35338 . | 4% 6 ] %,
I7K 50% BB 1743 i 51(96.5 43), SRR WS AR s ARSIk U Th 2% s . P IR 22 . 45
A & B KNI 50%.

7 22
—m— EERE %) i 2
—E— R () I
. - 18
- 16
= - 14
% T ~_ 12 E
3 4 g - =
1KE N -5
- 1
3 -
-2
————§— Lo
2 L I ] )
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KA IE (%)

Figure 4. Effect of water addition on cooking quality of noodles

4. FKRINE X H FFRE R REFE
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Table 6. Effect of water addition on sensory quality of noodles

6. KARMEN EHREE RRAIFT

KT INES% JEERES e gl otk Rtk T R By
46 9.4 8.8 17.5 17.8 18.5 8.3 8.6 88.4
48 9.7 8.6 18.4 18.4 18.8 8.5 9.6 92.0
50 9.6 9.7 19.5 19.5 19.4 93 9.5 96.5
52 9.8 9.1 18.5 18.7 18.3 8.4 9.7 92.5
54 9.7 8.2 18.8 16.6 18.4 8.2 9.3 89.7

3.2. EXREEREWIE

3.2.1. EZRIELER

DURE VP Bk AR B BN TR, IERIRIGLE R 7. WESITRH: & HZEE WD
FIEZIAGT N A>B>C=D, BEERMNLAAN AB;CiDy; Wik 2 Z 1K K (1 K m P8 D >
A>C>B, ®MRHAEHN AB;CiD: Fl AiB,CiDye MBI =R AR I LURE N, i BER SepR ic
778 AiBsCiDy, RIFEZERY 10% KK 15% 7K 50%. & 1.0%.

Table 7. Results and analysis of the orthogonal experiment

F 7. EXABERS R

N oass A B C D Widk /% ZEERRE % EKEFS

1 1 1 1 1 0 4.15 87

2 1 2 2 2 5 438 91

3 1 3 3 3 10 5.10 88

4 2 1 2 3 15 5.55 85

5 2 2 3 1 5 4.44 89

6 2 3 1 2 0 425 86

7 3 1 3 2 10 5.16 83

8 3 2 1 3 15 5.76 84

9 3 3 2 1 10 5.20 81
Ki 5.00 8.33 5.00 5.00
tr Ko 6.67 8.333 10.00 5.00
i Ks 11.67 6.67 8.33 13.33
R 6.67 1.67 5.00 8.33
Ki 4.54 4.95 472 4.60
wa K 475 4.86 5.04 4.60
BRE K 5.37 4.85 4.90 5.47
R 0.83 0.10 0.32 0.87
Ki 88.67 85.00 85.67 85.67
wy Ko 86.67 88.00 85.67 86.67
WK 82.67 85.00 86.67 85.67
R 6.00 3.00 1.00 1.00

TE: K RAENEEIED FREDHrasR.
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3.2.2. BiERE
XS EAREL /7 AiBsCiDy #H4T 3 IRE R IRAE, JF5 IEACRES 45 A RIEF A A L, o5 Rk
8o HAREL T IR 25 WT 2620 0, REIRKZE 421%, KEIFS 94.7 4%, W THAW S, KHIZE

Table 8. Verification experiment results

7= 8. WIEI 4R

Wk Wi 2% 2% /% HAEDREY% BEED
A1B2CiD2 0 4.44 93.5
A1B3CiD2 0 4.21 94.7
A1B3CiDy 0 4.36 93.8

3.3. {FSNELS MBEE RIEH

RIE GI 73 28b5#E, GI < 55 MK GI &%, 55~70 N GI 8%, GI > 70 A G 8. &AE 7
2% [1) RDS. SDS 1 RS & &llELE R WA 9, Ve /KR ILE 5. BEEARAIER, 2% JE M 7K if 32 0E
WA IE T, B BT A aS By ittEA % oGl v 48.3, B TLGL &Y, RWFHEHE
TR ERC AT IEZUE R TH AL BRI 5 IS S

Table 9. RDS, SDS and RS contents of the noodles
9. M RDS, SDSFIRS S &

i H RDS/% SDS/% RS/%
W 5E 45 33.32+2.47 5842 +1.99 8.17+0.13
100
—m— P (B
W %
80 |- §———'f'*"i*’*””E'flfi
60 |

K AEZE (%)
\\
i \

50 100 150 200
i) (min)

Figure 5. Starch hydrolysis rate of noodles
B 5. mFEMIKEER

DOI: 10.12677/hjas.2026.1611192 1623 g R}z


https://doi.org/10.12677/hjas.2026.1611192

{E7KIE &

4. ¥Wig

FRAZ K R0 KM A B THI 7 B 1, 3 B VA O 2 5 o A T 5 D 286 S 2 i, A o R 2k 2 s 3L
ARENE S, SEBARMAEFREIE27]; Sl B RN e Z S E A TR EE, 1.0%
I T A P 4 B B, 2R TR . AT G PR & 483, —H 5 KiEM i m B S8, 7%
£ 4 S R e A B (D 1) DR [28], 5 — 7 THI 7 2 T 1HI J3 0 488 Xof S K ROURL I E5 A BB AR 4P
AU E VP 2RI RA Gl =F A I W N4 5E 8V ST A RS G — R R 1 4%
[ B TR 7 s B B O AR R AUR AT A R . SRR AL, A AT eGI (48.3) 5 227 THI 4%(45)-
INKREE TG 25 (48.94) 55T, MZABBRFE21%) B, HRILT HRBINES TZSHCPENMR S &
W IE AR FT e SEM M4 14 J RVA/DSC BIACRFERAE, ARRAAE I — P50 UE EaR HLBE AW

5. &t

AW CLFRZ N . TR B B AN R AR GT 4%, i B ARG . IR A iR 96 A 6 E iR 56
SEREERC T : PURAF SRR 100 g it FFEHR 10 g TKK 15 g, &2h 1.0 gv KIFINE 50%. %7
MZBE D 94.7 43, WidkHR N 0, ZBEMKEK 421%; HRINHILIEH Gl K 48.3, J& T GI &4.
77 5 FOKE M BESGE 1 I 40 E FREE IR M, R PR 1 S MBS IS, BT i T %08 4 v i
WSS @ o E &, AR GL R EBIIFRIEHES %

E&WE

Bt KA BB A I 2RI H (S202511396087); B 44 K2 A GIHT GME I ZRI0 H (S202611396063);
P ¥ 5 o 18 RIS ) 35 H (23SK'Y026)
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