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precipitate), and gluten were used as raw materials, the influence of debranched wheat starch on the digestion

characteristics, cooking properties, and thermal properties of rolled wheat noodles was studied. The results

showed that adding debranched wheat starch could reduce the hardness and chewiness of wheat noodles.

Relative crystallinity of noodles increased from 9.37% (control) to 18.25% (50% debranched supernatant).

Compared with the control group, when 50% debranched precipitate was added, the noodles' gelatinization

onset temperature (7;), peak temperature (7)), final temperature (7¢), and gelatinization enthalpy (AH) all

increased, indicating improved thermal stability, and the resistant starch (RS) content increased from 11.37%

to 22.19%, while the estimated glycemic index (eGI) decreased from 87.71 to 78.57, demonstrating good in

vitro digestion results. The above study proved that the addition of debranched wheat starch could reduce the

digestion rate of rolled noodles in vitro, and provided ideas and methods for the development of staple food

products for patients with chronic blood sugar diseases.

Key words: debranched wheat starch; noodles; cooking property; digestive characteristics in vitro

MHAEFRE R RS FA KL 4 000 245
A& AT, REEREANEE G2 —, %
HRIVEIFRE AT 43 /N 2E | R R AR = R 4%,
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Kitchen Aid {56 A FIE AL . 35 [E Kitchen Aid
/v H]; IMTD-168/140 3255 B #2541 . Jb ot B AEA
FRAF; UV-6000 M0t AUt drid
AL ER A R BEAE A 3 DSC-204F1 2278 J 4 B #4
{¢: Hit METERLE {{#A B2 ; AxSD8 X-
SFEATEH PR E A 7 AXS A PR A 5 S-3400N
IR BT . HAS H AR A R A A TAXT
Plus JFi#4J4% : #<[E] Stable Micro Systems Led 23 ] .
1.2 BiZ/NZEBEIE &

Jit S /NAZ TE R AR Wang Z5EAEIAR (10 7 vk AT
W T B FREUNETERY 600 g,
6 L ZEIR/KIE G LI 5T (ARG A 381 002 3 59
KREE, THER 100 °C, i} 30 min, FREH
St MG RS IE KRG H 2 58 °C, INATE
K Biat 10% (60 mL ) A& 2 M T2, 12h
J& 100 °CHEAT K AL HE , 15 2 A AE 4 000 rpm
B 3 min f3 BB S B AL TONE, I
¥ L EWAUIIE 55 CHETIF BN, T 100 H i
#H .

1.3 EFRINEEMECEENG&

AR A ] JEOREC H il & 4 (8 1), FREX
100 g & & TR A R AL, 5 TR A
$iEdE 3 min, PRIEEREZ [EIR A4, L 85 rpm
4 2 min, 135 rpm B PE 5 min K45 1 45 18 A (A
), KRB K 20 min T &0HE, ik
AN AR DL 1.5 O A 3 k)L 1.3, 1.1,
0.9 mm FYERZERIE, )5, B YIA 0.9 mm
JERYTE SR EERE (20 cm ), BrEERE H AR T, BT
TR ORAE o

F1 EREEHFEREAR
Tablel Samplerecipetable of five kinds of noodles

g, MR R BT KL
Mg EW/g  TElg /mL

X R 95 0 0 5 34
25%B % i 70 25 0 5 35
25%B T ULIE 70 0 25 5 36
50%MWi32 i 45 50 0 5 38
50%Mi T ULHE 45 0 50 5 40

1.4 TEHFRZFAFFERNNE

I AEZE BT A E 2 B Zou 4519 7 1A IR
T AR, K G S i 4 A R R G
HEAT7E, B 15 s BUE — R4k, VI 1 em Y
Fic%, BB D IETE R, B SR IH A%
HH F RN T 2R P sF ) SFe 0 A A o 1 B (2R
BFE] o WK K 25 AR AT AR A 300 mL 7
W Y ZE 1K h 2 Fe AR ZE AT ], R ZE IR K ik
1 min J5 HIE4UI IR K 53 WAKRITTEWT .

Mk 2% o =72 ="M L 100% £ (1)

m

2 my Tl my 43 53R 4578 8 AT A Y HL
g. EAEMIKRSHHEERIW M T O EE
o, B 25 MR AR IF DSk, TE R ERE A R Y
AR EBIFBGE, FREmEANIKRH REIRE
FEZF] 500 mL A EIEH . B 100 mL W T2
fH A BEA T, 105 CRYMEA TPt T = E, i
SR ZEE IR R AN

stk = 5x M= Mo 0000 5% (2)
Myx(1-W)

b My Ry =S BEM it BRSO, g5 M,
AR BT B B, g5 M, fif
MR AR I, g5 WONEBRREIZH EOKE, %,
Wi 2RI - 25 MRS, KT 458 = iR AR
AREE, S5, JRRKRI, WS AR W 2%
L, BB B2 (I8 n), WAt R AT

%ﬁ%%%:%um% X (3)

1.5 TWE&RREFFERIE

JFAERERI E B % Zhang BTN, # 30
FRFTEETH A5 500 mL & Wp 2R IR/K b B e fE7E
SR, HIRZEMRKYE 1 min, FHUELCIE
ZARIKATfE e 5, B RGE AR 3
HRTAT A5 P TR A U 15 b S ORE ] B B B AH TR
fdiFH P/36R #4535 L) 1.0 mm/s A FRE, 0.8 mm/s
AL, 1.0 mmy/s PYEEBEIR ], S R4 ik
R 75%, BRI 2 s, AR 6 YEK
I
1.6 BiEMFEEASENNE

K H 25 78 = Y ( Differential scanning
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calorimeter, DSC ) Il % A 37 3 53 A1 & A O RE ) T _ 100(ug of D — glucose) #+ (6)

SRMAERE ., ERH BT, HERMIK (1:2)
R IO SZUE M FIRE i T AR YR (13.0~6.0 mg )
W5 ) £/ MBS 120 I, TERS AR
10 °C/min PYIFAEREMN 25 CHRZE 135 °C,
TAZE R EE 25 °C. e IBEE (T,).
B BE ( T, )\ S5 AR BE ( T ) R RS S ( AH ),
FEME R LIVER (T3 315,
1.7 BiZiEMFEE X (T8 HNE

X fSt B E 2 M Lin g9 E™, RN &
RFBELEN X AT SRS 2 1 M3 S 3 A FH T 5%
AIZE S, E 40 KV I 40 mA &M Figfr. FrfS
FEMTE 4°~40° (20) JEEIN LA 2°/min /Y385 #E 4T
i, 2K 0.02°, F MDI Jade 6.5 345417 54
IS W 3G T 0 S o | R I BTN R N
Oy Fe HO A AR R 2 R, A
1004, .
) X (4)

Hort RC RIRAHXTSE b, A, FR 45 I Y
TR, A, AR fb A 0 1) T8 R
18 FHEBTERES

A H B ( Scanning electron microscope,
SEM ) WLERAE 20 Ifl 2% (1 22 1 AR DT THT , 5 78 24
PR S PEVR A PR TS, 480 3 IR & b3,
it 4 Uk 35 &) b B 5 AR T AR R 1 b AR S SE PR
BLIR R LI 5 LR R
1.9 EFHEMESEMNE

% & QIN %5 [ ik I ERs Ve ! FRE IFIF
BEZ) 2 g MRS A5, EAE 60 Hifi . FrigoR
(RE WA 30 mL ZJkVER 3 ¥k, FRiEA 150 mL
85% LIV 3 Ik, KBRATEMME . H 100 mL 7K
VEAEERE, A 6 mol/L R % 30 mL [ 2 h,
FHRKE I, ] 40% NaOH A 1 6 mol/L Ehiz
AR 2148 SR R ORI S OK R . A
20 mL 20% "M PERSPREV IS, DITER AT . R
FHABZR T, A 20 mL 10%F4 NaySOy4 14 1 25
AT o PR 2 AT T 0 S VR R
Wiera, AT AR &

TS(%):AAxeFVxO.9

W

RC(%) =

X (5)

absorbance for 100 pg of glucose

Horbr A4 G2 X A RO (g ), FV
SRV e 2R R, mLs w2 T4 A
R, mg.
1.10 WEHFEEBEINEL R E

JIE ST 53 AR 5 THT 2% 1A S/ A 3 10 0 2 7
Englyst 2517507 g (i SLmll b HEATAY . OB RE L T 4%
(7% 200 mg JEHT, T HONEERN ) 75 f 28 20w H]
TEAFETEM, K3 g EDMIHET 20 mL
EBEFKTIRGE 10 min, K 15 mL EiEHEBEEE
O, A 1.1 mL JE 5 78 2 W 1 e e 25 o
200 mg [A] 5B AL AT 18 mL AR ZE v (pH 5.20)
MABLE S, BEOETIMA 6 ABEHER
2 mL MHES Y . WA TE 37 “CHRG /KN
JKf#. AE 0, 20, 60, 90, 120 A1 180 min, MAEES
B T BUHKAR= EERL (0.1 mL), 5 0.9 mL
90% LBEE IR & . B0 R, A E R A AL
(K-GLUC) ia{5f1I5E b & W oK e i i i

%RDS = (G20 - G0)x0.9x100/ S K (7)
%SDS = (G120 - G20)x0.9x100/S = (8)
%RS =[TS — (RDS + SDS)]x100/S = (9)

A, RDS fa P L iEss . SDS 518 M i
¥y . RS FRPUHETEN; GO, G20. G120 434l MkE
fih THT 2% 28 3 0y 481 780 W T W R B K R 0L 20,
120 min JE/KfE =Pz pE & i, me; S NIH
A EAEM &R, mg. MAEAXITE 180 min T
H K 2R T T AR, /K #4845 ( Hydrolysis index,
HI) MM SSHES (A ) WA ES
#., eGI HIi+54 R 1] Granfeldt 2512y =18,

eGI =0.862x HI +8.198 X (10)

1.11 FHIEAE
F L B/ EE 3K, R SPSS18.0 4T
it , Origin 9.0 # kAT VERIALFE
2 ZER55H
21 BITNEZEERMHIEER
2,11 /N TE R R SZ /N2 TE A 1 TR
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63.38 °C. 76.25 °C. 85.11 °CHl3.26 /g, /%
TR L, B BWEWA T, T,. T. f1 AH K
94.76 °C . 103.25 °C. 111.09 °CHl 7.89 J/g; Wi
UUWER T, T, T. 1 AH 4 107.21 °C . 115.16 °C.
121.76 °CH119.87 J/g, Wi )5 REMS 1 28 o035 e by
MFARRPE , RN JE M 700 S TR 25 i B v g
UL T B B SRR SE R o Cai S5 RE T S i
FRWEH Y DSC, ZIMILEEERE 92 °C~
141 °C, X FEEH TH X TEMBEEAIE 25 CHY
] A T A 3 e 1) AR R 254, T DB S J5 A A
BRI R BRSO T, T, T A
AH B SE s X B e T S DO 4
AP 2 A A 1 ELREVEA . WS MK
TER FIER Ay S BEVE Ry, AR R 1Y ELBE TE R
ML, BT DL S B 4 R S DTTE vE R B
A B R PR A O RO A (0
F2 NERMFBSINE R IR

Table2 Thermal characteristics of wheat starch and
debranched wheat starch

FEh T,/°C 7,/°C 7/°C AHI(J-g™")
INZETENY 63.38£0.67° 76.25£0.19° 85.11£0.62° 3.26£0.25°
JRSZ B 94.76+0.52° 103.25+0.33° 111.09+0.37° 7.89+0.27°
WSZURE 107.2120.22° 115.16+£0.69° 121.76+1.02° 19.87+0.45°

T RPBEAEAFNEG FRWEE Z A R EEER
(P<0.05), T,

Note: Data marked with different lowercase letters in the

table have significant differences (P<0.05), the same applies below.

2.1.2 /NEETER RIS /N VE R 1) X AT S

HE 1R, /NETERTE 20 {60 15°, 17°,
18°F 23° A FEAEIE, ALYy A RIZEH, I SC
TEMIE 5.5°, 14.4°, 17.2°, 22.2°, 24.0°4 B B 1Y
FROEWE, S SLAYE) B RUZERE . /N2 Tk A X 45
A 13.16% , 57 1T VA AH G 25 R N
72.81%, = TS UTTE I AR5 & B (53.67% )o
JU S T oy R XT38 i R T e i PR g 3 = i R i
/INZZ VE R T AEMLAE ThEE 45 . Wang SEEAT TR0
IR, e IRAE TE A I S 1 s 448 i aed A v I S o
Wy A U F A A, 45 S LR Tt
T M 32 37 L 0 S 70 3 AH X 4 B v ) D R 2
SR TN BIE FEAEKE M ERE ik, B
DUIE F 2 K ELEEvE Ry M /D S B Ve AL s, 5
K BE LR VE A RIS BE VE M AR L, A ELREVE Ry B

AE s, AR TR LR ELS,
H O R AT I S AL R Y

— NEREM — BB — BRSO

13.16%

72.81%
53.67%

5 10 15 20 25 30 35 40
200°)

TREE

1 INEEBRZNEERE X GT5E
Fig.1 X-ray diffraction of wheat starch and
debranched wheat starch

2.1.3  /NZEVERY R ST /N VE B AR S IE AL R

M3 3 AL, /NETER T RS FHH 7.41%,
AT /N VE Ry, W SZ i A S ide B
MIPLIHAEPE , RS & 5371 28.34%H1 36.26%,
HBSZUTHER RS & i & m TS s B
SEYERY RS i 03 0 U R T R TR AR
P B ) FET HE S T B ARG F DX I e, 4
ST 45 a DX R S EAE T, NI i T R
TR AR S E 11122, Ozturk ZE0F5% B0 T 250 Y 45
H, X B EOKVE R AT 2L W S, L
H4E A TER R RS A 40% 44, X
TR TR HER R T 4G A XA B R R
Pl e S Ui A B RS SR AR
PRI B S T P I R S R 5 S v R i
HE ELREVE B A L AR AR TE s Ak, B
B BT AR skt R S TG A X 4
AR TP VA P i v 1 S

F3 NEEHRMBINE R L

Table3 Digestion characteristics of wheat starch and
debranched wheat starch

FE i RDS SDS RS
INFZ VE D 89.28+0.78° 3.31£0.39° 7.41+0.46¢
3% bV 68.77£0.81° 2.89+0.65"  28.34+0.58"
J S DLvE 60.860.41° 2.88+0.29°  36.26+0.52°

22 AREFRMEBRZ/NEREHEFHZERETNE
THT 2% B9 Fre 2 AN I | IR OK R A 2R A R
VIFSE T AR 28 A SO BE bR . Ik 4 B, 4
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1o /N TSR W B A 2R BT B] R 4.50 min, 78K
PR 8.34%., SaliE i/ N mISAHLL, Bl
SCUERYUN IR A0, 1T 2% 1) B AR 7R A A T 3
iR, FEAEPURBWHGIN . YN UTE R
N 50%0T, TSR AR AEZE A TR 4.20 min,
AR R 15.11% WIS/ N TER “Fike”
TR TR A AR 0 R, B0 AR S 1 T A
ML, IR 7oK F s, 465
T AR ZE AN R]

R4 FERAMEBHFZ/NE LERMN
RENERREFNFET S
Table4 Cooking characteristics of debranched wheat
super natant and debranched wheat precipitate
noodles with different additive levels

R ZEEME/min WiZR/% WK% FEEBK/%
YR 4.50+£0.10° 90.13+5.01*  8.34+1.31¢
25% b3 4.40+£0.10 94.33+4.23* 11.15+1.12%¢
25%ULHE  4.30+£0.20" 95.28+4.16" 12.27+2.21™
50% 7% 4.25+0.10™ 96.77+6.22" 15.07+1.01°°
50%ULHE  4.20+0.10° 96.21+5.11°

S ©oO o o O

15.11£1.10°

(B, R X A 55 1% T 5 0 4% B IED 2% (0 254
NG R, E R A I R P S A R R T A
HEHEY R Z, D HZE BB .

2.3 AERMERH /N Z B E SN RAEE

— MR, PR AR A . ORGHLE  MH
MRS, VP AR T E R AR, ANk S BT
AN, 2l A N 22 T A% I A R R L O 43 il Sy
4595.34 g fil 3 220.76 g, S4li & fHi/NEZ HAAHLE,
Wi 5 150 S T A VA P 38 o, R L W 3 i
W o U 50% M ST RE R, B PR AL =
3680.41 g, MHIEPERFEIRE 2 164.55 g. IR ZAAYAE
JEEAR T A D R 8, T AR O S MR B, T
G T TP ST TS Nt o SN
VE A R T A AR AR AR, A (A5
THT S5 H T A5 DO 265 R A9 R G IO 0% 0B R RRAIG L
LG SIORE B R AIG . LR 5 A TR O
TR S BE A, I A s B ey, RELIR MRy . ez,
R A R 19 ML P AR 5K

x5 AREHFMERINSZINE EE R /N F T H 50 R IE
Table5 Textural characterization of debranched wheat supernatant and debranched wheat
precipitate noodles with different additive amounts

HE i T /g Hitk/gs it R 1 NELIE1: /g [l 52 4
it HR 2 4 595.34+5.33" 27.84+1.66° 0.79+0.02° 0.87+0.01° 3220.76+3.99° 0.79+0.02°
25% b3 4390.53+0.97° 34.58+0.13° 0.74+0.02° 0.74+0.00° 2933.13+2.70° 0.68+0.03°
25%TIE 4135.80+4.12° 33.38+0.98" 0.73+0.02° 0.69+0.01° 2779.23+3.17° 0.66+0.01°
50%_I- i 3 877.92+5.05¢ 32.74+0.78° 0.70+0.01° 0.67+0.02% 2170.61+6.22¢ 0.63+0.01°
50%ULIE 3 680.41+4.69° 34.41+1.12° 0.67+0.00° 0.66+0.01° 2 164.55+5.49¢ 0.62+0.01°
24 AEFEMERT/INEENEZHAISME DUPETI R0 T Ty To AU AH FLUSTINBE 2 1355

HiZ 6 Al A, i@ fifi /N2l 2 T, N
82.32°C. T, & 94.67 °C. T. A 100.30 °C. AH
H1.04 Vg HURIN 50%BE 3 b g, TH AW T,
Ty, T. A1 AH 3 99.88 °C. 110.17 °C. 118.63 °C,
2.33 J/g; THHERAN 50%MB S UIVERT, AR T,
Ty T F1 AH 25 110.51 °C . 116.17 °C.121.11 °C.
2.87 J/go X Ul WML SZ3E s B A8 N BE A8 £ iy 1 2%
) To. Ty. To A1 AH, HEINMBE S U0EE i 419
To. Ty T H AH CE I SZ FWEW A& A
it S T A58 I T A PR R M i A i DR O R S T
oy 3o I S 4 S R B R AP R, TR
ST A T 25 J TG 2% 1 AR B P VR e 52

2% e 1 D DR O S DL TP I B B A 9 A B
FELHETEAD AR FOXE LUWIAE , B AT 5 ey 1o H A 1L 3 A
WIAEHE(E

* 6 AEKMEMEZNE EFRRM
B Sz /NETUE E &R A
Table6 Thermal characteristics of debranched wheat

supernatant and debranched wheat precipitate noodles
with different additive levels

B T,/°C T,/°C T./)°C AH/(J-g ")
pagiit::l 82.32+0.43°  94.67+0.03° 100.30+0.28° 1.04+0.03¢
25% i 91.55+£0.05¢  97.5+0.22¢ 103.98+0.17¢ 1.8+0.12°
25%UTHE  108.71£0.21° 107.67+0.27° 113.03£0.03°  2.11+0.07°
50% 34 99.88+0.75° 110.17£0.13° 118.63£0.04° 2.33+0.10°
50%ITVE  110.51£0.49° 116.17£0.27° 121.11£0.06* 2.87+0.12°
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25 AEFRMEHI/NEEHESEMN X 75
WEl 2 FroRs, Sl /N 22 T 2% AR T2 i
1 9.37%, UHN 50% M S ITVE A TH 45 AU N 50%
I S TR R TED S RE R 4 A RE AT S R 17.76% N
18.25% o X B 2H 411 =3 77 /INA2 T 2R AE 20 29 15°.17°,
18°F 23 B e, 2 ILHLAY ) A B W) UE K
FIATEZS XRD BB, 1707 e (E 58 3 Bt 2 A
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Fig.2 X-ray diffraction pattern of debranched wheat

super natant and debranched wheat precipitate
noodles with different additions
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Note: (a) cross-section of pure high-gluten wheat flour noodles; (b) cross-section of noodles with 25% debranched supernatant added;
(c) cross-section of noodles with 25% debranched precipitate noodles added; (d) cross-section of noodles with 50% debranched supernatant
added; (e) cross-section of noodles with 50% debranched precipitate noodles added.
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Fig.3 Cross-sectional SEM images of debranched wheat supernatant and debranched
wheat precipitate noodles with different additions
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Fig.4 Digestion and hydrolysis curves of debranched

wheat supernatant and debranched wheat precipitate
noodles with different additions
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noodles with different additive levels

FE i RDS/% SDS/% RS/% eGl
popiic) 86.62+1.01* 2.01+0.83° 11.37+1.13° 87.71+0.51"
25% 3 82.58+0.77° 3.33+£0.36° 14.09+0.79° 86.44+0.26"
25%ULHE  80.54+0.51° 2.31+0.38*° 17.15+£0.33° 83.53+0.33°
50% 3% 76.14+0.37% 4.15£0.92" 19.71+0.57° 79.94+0.13¢
50%I0HE  73.16£0.28° 4.65+0.55"  22.19+0.67* 78.57+0.18°

3 4Fig

ARSCHFFE T 32/ INZ B By X /N2 T AR 28 i
JERETER S SRR, WS S /N Az v R g
WA T 2% (2% B IB) . A B FIEL I, B s i
FMAREME (T, T, T30 ), FLAHX 25 i
JEHL N 9.37% (XFHR ) BEME] 18.25% ( 50%/ %
R o S L W ORI S DI RS RS 4
H 28.34%F1 36.26%, W 50%JW 52 /NAZ DLTE S
45/ RS AEBEINE] 22.19% . eGl {HFEKE
78.57, HA B HIRIMNEIERE . & E NP
R 1) & BRI T LB RN 1

SE Wk

(1] EhSear, XIsR3g, skocdg, ¢ b EZeeim & 2 e mrst
0. MRS IF 4, 2015, 36(20): 181-184.

MA X H, LIU J S, ZHANG W L, et al. Study on staple food of
multigrain noodles in China[J]. Food Research and Development,
2015, 36(20): 181-184.

[2] SAGILI V S, CHAKRABARTI P, JAYANTY S, et al. The
glycemic index and human health with an emphasis on
potatoes[J]. Foods, 2022, 11(15): 2302.

(3] FEH. AR s Bk m i BT SR oA R ok BB 1t
FUHRIWESE[D]. B PIRIRE, 2015,

TIAN B M. Study on the development of low glycemic index
noodle and its effect on glucose and lipid metabolism in diabetic
rats[D]. Chonggqing: Southwest University, 2015.

[4] AR, W, XIHE, S5 BT RN/ VR LR R R
W], SRR, 2021, 46(05): 205-212.

HE J C, ZENG L R, LIU X, et al. Effect of tannic acid on
digestion characteristics of wheat starch[J]. Food science and
technology, 2021, 46(05): 205-212.

[5S] OHIK,BAEI1Y, LEE H G. In vitro starch digestion and cake
quality: Impact of the ratio of soluble and insoluble dietary
fiber[J]. International Journal of Biological Macromolecules,
2014, 63: 98-103.

[6] LI'Y, CHEN W, LI H, et al. Effects of heat-moisture treatment
whole tartary buckwheat flour on processing characteristics,
organoleptic quality, and flavor of noodles[J]. Foods, 2022,
11(23): 3822.

[71 SUN Q, ZHANG W, HUANG Q, et al. Evaluation of
physicochemical properties and in vitro starch digestion of
noodles enriched with thermally assisted potassium carbonate
treated sweet potato residue[J]. LWT, 2023, 182: 114837.

[8] LIU G, HONG Y, GU Z, et al. Preparation and characterization
of pullulanase debranched starches and their properties for drug

controlled-release[J]. RSC Advances, 2015, 5(117): 9766-9775.

145



mRER

ﬁg IBHEETE:

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

335 2025 E 18

[9]

[11]

[12]

[13]

[14]

[16]

[17]

[19]

[20]

[22]

[23]

BOONNA S, TONGTA S. Structural transformation of
crystallized debranched cassava starch during dual hydrothermal
treatment in relation to enzyme digestibility[J]. Carbohydrate
Polymers, 2018, 191: 1-7.

CERVINI M, GABRIELLI M, SPIGNO G, et al. Characterization
of durum-wheat pasta containing resistant starch from
debranched waxy rice starch[J]. Foods, 2023, 12(2): 327.
WANG D, ZHENG X, LIU W, et al. Preparation and
characterization of debranched starches: Influence of botanical
source and debranching time[J]. Food Chemistry, 2023, 407: 135141.
ZOU S, WANG L, WANG A, et al. Effect of moisture
distribution changes induced by different cooking temperature
on cooking quality and texture properties of noodles made from
whole tartary buckwheat[J]. Foods, 2021, 10(11): 2543.

AT, TR, MR, SE T ARSI R R R
WFFE[I]. B TR, 2023, 44(03): 76-83.

PUHY, YIN ZH, HU K K, et al. Study on the quality change in
the process of preparing noodles[J]. Science and Technology of
Food Industry, 2023, 44(03): 76-83.

ZHANG M, ZHANG L, LI M, et al. Inhibitory effects of sorbitol
on the collapse and deterioration of gluten network in fresh
noodles during storage[J]. Food Chemistry, 2021, 344: 128638.
LIU F Y, GUO X N, XING J J, et al. Effect of thermal
treatments on in vitro starch digestibility of sorghum dried
noodles[J]. Food Funct, 2020, 11(4): 3420-3431.

QIN K, ZHANG R, QIN W, et al. Construction and in vitro
digestibility of recrystallized starch encapsulated in calcium
alginate beads[J]. Foods, 2023, 12(12): 2379.

ENGLYST H N, HUDSON G J. The classification and
measurement of dietary carbohydrates[J]. Food Chemistry, 1996,
57(1): 15-21.

GRANFELDT, I BJORK, et al. An in vitro procedure based on
chewing to predict metabolic response to starch in cereal and
legume products[J]. Am J Clin Nut, 1994, 59: 777.

CAI L, SHI Y, RONG L, et al. Debranching and crystallization
of waxy maize starch in relation to enzyme digestibility[J].
Carbohydrate Polymers, 2010, 81(2): 385-393.

LI C, GONG B. Insights into chain-length distributions of
amylopectin and amylose molecules on the gelatinization property
of rice starches[J]. Int. J. Biol. Macromol, 2020, 155: 721-729.
LI C, HU Y. Combination of parallel and sequential digestion
kinetics reveals the nature of digestive characteristics of short-
term retrograded rice starches[J]. Food Hydrocolloids, 2020,
108: 106071.

MIAO M, JIANG B, ZHANG T. Effect of pullulanase debranching
and recrystallization on structure and digestibility of waxy maize
starch[J]. Carbohydrate Polymers, 2009, 76(2): 214-221.
OZTURK S, KOKSEL H, KAHRAMAN K, et al. Effect of
debranching and heat treatments on formation and functional

properties of resistant starch from high-amylose corn starches[J].

(24]

&iE:

European Food Research & Technology, 2009, 229(1): 115-125.
ALHAMBRA C M, DE GUZMAN M K, DHITAL S, et al.
Long glucan chains reduce in vitro starch digestibility of freshly
cooked and retrograded milled rice[J]. Journal of Cereal Science,
2019, 86: 108-116. &

AR A B F ] MATIE M (http://lyspkj.ijournal.cn ), H
FERIR . D705, 4. kR AR T BRI




