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Abstract: Pretreatment methods affect the properties of bean starch and thus the application of bean products. This article
reviewed the effects of different pretreatment methods on the properties of bean starch such as particle morphology,
molecular structure, solubility, pasting properties and resistant starch content, and analyzed the impact of those pretreatment
methods on the application of beans in the development of low GI foods. Hydrothermal, ultra-high pressure, dry heated,
irradiated, ultrasonic and enzymatic treatments under certain conditions increased the content of resistant starch or amylose
starch in bean starch, which was beneficial for the application of bean in the development of low GI food. In addition, this
paper summarized the current status of the application of different pretreated bean products in the development of low GI
food, and provided an outlook on the future prospects.
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HERE G AEY PR 43Tz, WRES. W
S (R EDE AN I SIS IS A A = s R
H ek &8 22%~45% HAXE A /LRI =
RERRTEM TGP, GBI, 7T L AR
LR e | R aT 4 e PonEE a5 | BEAED,
Tl SN B S B | A 2R AN ER BE (A A W T
AT, FERGSRNARGPIE T | SR T T B
—EAEFYY, S2ETE M BT RRR i A5 A AR A ARr
P, HORIIGER KRS C IR S B AR TERS AN
PorETEMN S B, BASHE AR, BT
KB H GI(Glycemic index, GDE ML, JTdES, —8b
AN GLAE T Q2 TN AR B, AE S TER
FRSORLZE A4 . BRAL . T AL S D7 TE R, R 2
UL RE R B N HEBE T o ARSCAE T S350k
F A RN A . TAL By S L g A et
S, XA B A SR AN S e TR GT &S
BN AT T 4538
1 SAEMREIIFIIRL R
1.1 S2EEMRBRERER 2 454

AN [F) 4 B2 GE A A AN [R] 19 i Y6 T 25 R UKL T
R, — R G A B A e A AR
ARPEVE AT B L5 TR X SRS, n] LUKy Uk
Sy AL B, C =R, A BUGER UL — 8 AN HE
WE 30, B TIGERY Uk A ERIE sk B[R, C R3E
TR SR B TS, — ki, A BITEARS T 5 Ak, K
BT ZEMITER SR C Y, H GI B LS,
XIBA™ B gE 2R, R4 22 DER URIAE 30~40 um,
SINRESAT WG L TEARFRN, Z A, 55 WI5ER
g 22 57 4 5

RN E—FP o R AR IR AT ALY 1,
53 R ERETE R A SCBEVEN o B CEETEM EZEH a-D-
1, 4 BHF AR, FOIRG B —RAE 100 % 10000 Z
() T SZBETEN A5 SZ N a-D-1, 6 BEFFEERE, 1’
A — BT 10000010 PIEZETEMSEFA . PR AN
Tife L ZERIRK . EHEETEM B A LME M . BEINE
2%, i SCAETEA WA SCBELEN Y, BT T AL
18 HAS S8 AT/ NG AT E AL, T =2 6E W B 7 b
O, T PR E T EAEVE R A S S
VENR o B ISVEM T BLEEVEM — M TE 20% F] 30%
ZIa], i SIS ) HAETE R BERIIL 30% LA P,
FSTERIAH LV S B TE R B LR TE R O = 1Y oK UE
o 2 T AL, (B2 B R AR B DE R s AR SR DE AN
ZyiEAe s Bt TE L FE BRI Ry . RARP U TE
i AR TERY . AhE e TE R AN B TE By -IE T S
TEMY, 1 &2 BT B PR TE R — A o P B AL
B, AR EEAIS, ARSI >3
5T K B A 2 G PP LE R S 11.89%, Wik
N 2.45% . JEWE T SN 3.39%",

1.2 STEHMRIIEERE
1.2.1 BERCHERE  SIETEM B R S T R I
BRI SRR 2R, SERYEE RS T B, 5 BE R 1R
s EEEVER ISR . TEA IR BE R A A S
AN[RIFPZE I 5 S GE AR I T B AN [R], 590 TR IR e
R JEE AT P 2 e AR S e A, i3 TS
A3 ) LA DE R 5t S T S SRS T E R Y
FEUER S s R GRTER LIRS I, BT
TSR, ¥ A A P ST gl Shai s . o
SEGER T ELREDEAS 10 B R, BRI O itk
A, BRI S AEN T BRSPS R GE R R 25 S E R AE
8% MITEMHEE T, STEMHEE 6% F1 10% AHLL, TERL
FRGE R BE ISR 5 B /N | S R A
1.2.2 #feRErEmE EREE b R
WK REZRK, SAREEAATE IS, SrTIRl g A g A HE, 52
JINFAIELRE K G355 e R, T WA TR IR S PR T
FERE el RPIRI Y, FE ISR b R b, EEEDE
B3-S ok, TEM BOAS E YEANDTBY VI BE 1 ks ke
R LR PO T B2 SR GE Y B SR TR AR 22, YE
i Zitk, e etk 2200 . AT PHEY wgE R
Jiit S TEA PR E T S R MR S TE AR G, RO IR ik
15, VEBPRA R e R A . BRIk A1, TSTE R
FRATRE R /I 52 M DE R (RGP o, 7 D
DUV RIF S S B0 550 A OB (R REAR LSt B R, Wi
SEM MER N NSy R AR, e R AT
e, FESTRIH T 28 BBEDERY & AR 2 LS F RS P
e, 0] AT R GBS B
1.2.3 % ke HETE R I RK E A
I R I AR — . ST R I K T
JEZRK A At A v, S EA 43 ELAE R A, T
BEGERY ) 45 b XN RS i X 22 A A9 28 A 23, 5
SETERY BT G AE 15%~45% 2 ], iRk
TE 0~30 g/g Z[a], P& I RENR I 1 T g T gt o4,
SO BEAERY WG R I, /N T GE R I ELAE DER
FRRE 2 S, MK AE I RNV A B B -, 5 S FE
WL S0 S R IR A SC . IR PR S el e 2
TP TR ORI R, EIAETER AR R
Rl Bk A A R
2 AEFCIEG R ZIE M EIR
SIETER I FALER T ook =S, AR ERTR
CAnYE AL FE | i R A BE | B R AL BRI #ub B
) AR (AR Ak | kAL AN S B AE ) ANy (an
JH a-TER . M L FEEAN D) . R T bR B aTS
Gy ARG IRE By 545 3, B A A 2
ANt BAS AL, HAZ BT bR, T HEZEAR
FITERAR T AR FAL By =X 5 P Ry (A2 i, FF5 0T
T X se AN P R UE SR TE R G BT &
TRz AT REM:
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2.1 SRR

Vi Ab 3 (Heat moisture treatment, HMT) J&—
Fh BRI TER I T AT 75, T ZILT 35% MI7K4T,
HRE—BERTF 90 °C DA K — 5 BUALERRT a2, ddk
Kb PRI 75 S A TE R RN S B TE B TR A PR A
HEAHE AR, A S 2E0ER ST g A AR e o R 2R
PR, SEN R R ALFR IR | KAy EERTR

Piecyk SN F5E TR HIIK 43 (15%. 30%) Al
FE(100. 120 C)HOX & FIEMAIFEIN, £8 15%, 120 °C,
30%, 100 °C F1 30%, 120 °C IBFLLIE 2 h J5, B 5
VEM S C BUEEAR Sy A 5 15%. 100 °C i
A R ZH A T pE R PR T AR TE R (37.1%) FIPLTETE
A B i (45.1%) b 35 v I A2, TRIRS GE R i R
| QAR =T /T S5, /) b =R £ O ) LN e BAe i, 31 O [ 151 7o
Az [ EEHE, B 9R TEM TE AL HEP TR . Han 450
ST IE, 5ARANIHZAFA L, 30% 7K 55, 120 °C {4
AL 2 h f5 B0 R SIER T POE AR TERY B 4]
TRET 14.0% F1 15.1%, 12 AL TE B S 25534
T 2.8% Tl 4.7%, PrtEIEMN & =4 T 11.2%
1 10.4%; i ZHIPUIETER: & & R REIE /N, TTRR
N S EBETERY Y DPb-12 55 K R THI S,
OV M A TR B B4 R T 45 A S B g ELAS TR 7K o
Hyun 231 58 1 {2 TR X B S I BUS20, Bl D e
BIHEIK TN 25%, 120 °C FIEFHAETE 0~12 h, JEHHHY
25 MR S S RIS Bt SrE N T 1.65%~3.8%,
ForpyR i 12 h BFPUrETE s e T4 h B, i
SIEM RS R C BIARSH A

FHUE AT L, SETE TR IR 53R 15%~30% FlI
RN 100~120 °C FYSH |, Sead—E R Al Zb 3,
VENT S5 R A R R AR , BUPETE R & EA RGN, RSk
Al A AR GT &S s 51 % .
22 EBEEAE

#E = EF R (High hydrostatic pressure, HHP) f&
— PRI T IR, T ZAL A =i (—
A 100~1000 MPa) DL K — 5 B [E], B HT R
PH PRI JE R A TR P A E A2

A T AL R A S S PR R A K K,
{AREEFARAS, FHEGEEI LA R R A AR
Lin &8P WF5Y R, ST M4 300, 450 F1 600 MPa
WIALANIRSS , Bt R 703G, 25 BERG N, WG IR R s
fEKs BERHRL R IK S AT BE/INT 32 2 W 48 71, BERY
PRPR SR RS Bt B it i ety [
SASER B AP IMETER S AR L. Guo D IF
FIRTEFG LR S IEM 53 HAE = 300, 450 £ 600 MPa
BEAT WAL AL B, 55K 600 MPa 4t FH = FEHR 19 XRD
% BoR HATSHAAR S . C BRIk J<; eah, =Fh
S T E RIS TEARE R AR IR A, C 2 i,
HU i PRy, BLBHIE R &AM S PR G, nT BB
= EAETER AN C BIZE Y B R4y B AlfE, N EHT
HE USRI C TG 5 RAN IR SR T vERTAE E, JL

e i PR A FRA) b S i T HUME SR 10 A, O
AR R R ARG [ T 4R G IER ORI, EAEIER FNSZ
FEVE MY R A A, SR GER Y AR R] . £ BJTUR,
JE 712544 300~600 MPa, Xt 5 2E5ER Y C TULhE 4
R AR AT — 2 S, [R) A8 T PrrEse ks &
i, AFTIFEIL GI &,
23 ATFAE

R 2P R — PP 1) TS S Ty =X, eIl
M IR R &R0, & 2 S oA O 2 pE My Aok
MR TIERS | EHSCBETE A AU IER 19 3 2 A JE Ry Y
VEMEESE . Liu 8807 o 3 BH & 2R 4 S e A5 ok
BT Zs A 2 T PR, 2% RN, (R C BUZh MR &
AR S AR E/NT 80 °C, B K IR S R
SLIEAHSG, 2R N RAR T A A KT ST A BT
5, VESNBE R IR, T A IELEE R 90 °C B, G
AAZ, Benitez 5508 R FREHUTL & M .4 K S,
H B pER& 8. PriEiEm &8 TR, ORI A
B FER B AOTEPESR ES o Yin Z5E0B% WFoe L 3q5s 1 24
SR R ZEAC AT A S R e A S R 35 2/100 g
FAKE] 27 2/100 g, EAEEH M 26 g/100 g FEIRE
20 g/100 g. HEAFTERYIY & HRRIUR T o & i
VERY 5T Al BEHR /K M, F=e T 8BRS D8 My A olop
i, NStk A E AR, Swieca ZEHY HF5Y
T, REZFAIS R Jm SOMBE S, G R GER
PRTH AN T IR A e B0 (e GI 1H) i 48 =5, 4
T2 eGl HIL R 89.87, LIRWIFT SR, K2
AR ST TR I B BT L, ST S
AL, A ZEAN T T S 25 7EMK G &R
B FHASF
24 FFEAIE

B RAL R — P4 S it . S [A] R AR A R,
T BN R B K B A B U] S, Je—Fp
HH L B AILEE S URAS LG R B RS S
ek KA — e b AR b, ankifk . B RSB DL
TLBER TR, s i) BB 2 ARG TRLEE | L K 53 P i

N7 AREEN TG R ISR R A4 2 2 ey
[ T S0 5 Wi A [, 8 1 O 0 0 A B R i Ak R Sy
85 °C. /KA 1N 14% FFFRIEAT4E 3R 29 Hz 4%
T, TERY RIS MRARRETE R, (H Y E R B2 bR
Ky S54RI 85 °C T 14% st Uk FE S 22 %K
SRS H 28I ; FeEiEad 29 Hz, W AL 52
% gk IR . Pasqualone Z& ™ W 5% T AN [6] $F JE 45 14
(100 °C, 220 r/min F1 115 °C, 230 r/min) X} Jii SLIEH
WAL BFZIN, i S LS 115 °C, 230 r/min 55445540
F, HCpER Il A (B A AIK O 280 B FORA AL 3 o sy
B AT SRR B TR 04 R AT BB R K il & 2
A5 FIURE AR LA 3 R B 1 s MR it Sl il v, S
BT AT Arribas A5 PSR R ER, KA
MR GIRGH RS, SARBEAXTREZAH H, BTEs:
Fra N, B/ ST U, SRS ELr 4kl b T 25% 42
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o MATERY E RGN AT BES BT R LR PR R Y 2
A%, BL/ 37 B REAR S T B T M Pl S B e Ay 52 3]
BYYI s A 24550, rE A S IEARI N B R

FHFHF AN B S S 2509 B/ 57 FLBIREA . Wi fe e
FEHE T, HA S AL, B ARX T S 2EEM AL GI
BT AR T R HASF]

2.5 FHAE

T AL FR (Dry heat treatment, DHT) J&—FniE
BRSO T IAIERER T, HARESIN K43 eiZ8r<09n
T ARG, A B — X R R 4 NS N
AR/, X GERY S5 5 AR AT — R B 1 52 i B0,
SN PR 22 A 5 TR IR ) 45

Ge &N BIgE AL 130 °C THUbHE 1.3 f19h
FALT S SEM B AR AR, BhEAS e H R
A 4458 <AL, rea pI2LaE S iR s ek Bz 3l
K LG TER T EHEETEM & i 24.33% KRR
16.25%~23.47%, 1 IHACTER FRPCIETE R 19 & S Has
T 0.81%~2.23%. Liang 2552 BIFST & 4R T 3ER
22 130 C THALFHE 6~18 h )&, T8RRI C IS5,
FLFs K 7 ARG BEAT — 8 R R A AR, G I b s 4%
(81.07~88.1) B E T AREA LA IAEFEEL(100.03) .
TEAGT R K 3 RN 28 R ARG ) Dt R A 3 S E My
2% i X EHHES |, HAEE A S 1P B E s N3
Bt TE R 19 A BT MR 5 B (IR R 22 2T 44
e 10 22 RUEE LS TN o3-F-18] &A= FE HES, TERAS
DR TERAIEE Y, PR, A i R S 2 e
5 B A DE A N S B DR R I HES AR AR, 320
SRUEHCHTTE M KA R, A BT S 2SR
GI &I RPN H .

2.6 HEEEAE

A A I A PR FE PR P R — AT 20 kHz 19
0 T ARFE Ty P, FETE B A5 B FUSR R s AN ER
A3, il ok ms A LR IR 32 POVE L 5158 C-C B WF
2, (e RAE MM .. SIEm B S,
LE R AR AR 2 AR A, AnTE A I R R | SR 2
T . 375 FH B ATy & LAY, Hag i DR R
A D 3RAE

R BHAE B B3 SR H SR R RS0 5 A T S TR
(100~600 W) | Bf[a] (5~30 min) . #H % (20~28 kHz)
FIRLRE (5~50 °C) X B 7 JEMY 2N, B8 2 VERY g
W4k 2 (25 min, 25 kHz, 200 W F1 35 °C) &&=
AACBHEH ; B A HREE | ERANThER AN, TEA
PRPRIAR AR K, AR VERI/L, HAETER R e T H
FEVEN K AEWTR, Siat & he 14855 . Hu 600 5%
& PRER RN S S AR (25~40 kHz) AL 90 min
J& , BEAE RS SRR AN, 21 A FLIF B WY 2 HA7E
TR TER L, SRR AR X e A S . A
ISR A R R B Y A BLAAA R TE T AR
VERY I A B, AFLES 7S B TRl R sl P it &y, il e
SIRTER B S FZEAGET Gk pF s R BIAE

FRFEIE] 45 min IR 450 W N ALPRH S HER, 4k
5 90 57 GEM IR WA ZN T A, TSR RN, e A AR
ATERY . PRI, AR A BRAE AR B S i 2 )
TEBLT, DEA TIURL I 235 Sh 853202, DTS i F AL
PR, & Y 4R a8 R AL BE AT N S ST R e Y
ARTER i, A AT F SRR GL &5 IF T .
2.7 GEERALIE

A B — PP B £ S TR AR, R L S
TSR S A TP AL 0T, 3= T A7 4 B HE Y
SN A ARAERAE KNG A . SE B AR
SEMRF I A KR BRI e 4

Chung 25P¥ WF9E T f#E BEFI & (0. 10, 50 kGy) XF
P SLTERY KAl 10% ) PRSI, % BE R oA,
VEA U (R S B ER 22, 4 i R TRRATR; SR EE R X iR
ZH (0 kGy) AL, $EREALBHEZH (10, 50 kGy) B BLEETE
BrE UL T 1.1% Fil 6.3%, BUHALTER SR in T
0.8% Fl1 3.2%, EIHLIEM S HEIEINT 2.1% F1 6.4%,
PUMETER SR T 2.9% Fll 9.6%, X &/ T y S74%
FEAEYIE S SR ST A 3, B AETE RS
HEVEMIFEAESY S X RNGE S X A A A, [ B A H R
i H A AN 5 B Tk A ) DE Ry 25 R B T AR e B & 2
THAb. Sofi P BSE T HMAEHIE(0. 5. 10, 15 kGy)
Ko B S GERY OKAF BB M 20%) FISZII, il 25 4 1 7]
HERG O, PR 2441 22 WA ZE R BRI, & A R
Ko RAD PR T A 20 5 RIS T BB TR by
24, PERYIN ST HE B BRI S B DE Ry I S DE Ry SRt
HEpeor,

BUA T 5 2 HH 58 TE AL AT 1) TP 5 py it 14
i, ZFARTEAL GI &SN A RRE— 25T
2.8 BEEALTE

it Ak B 2 Tl X S At e Y R AT K S, 7 2 R S
M ELREVER 53T, ELBEDER 73T SRAE S5 TE RIS i 2h
w1 R, LS e PR 2R il L S S TE] R i R
SN ARG TERE UM o-TE R .
o 24 AT A AR R A

Hoover 5 WFSEHLIE 28 o-TE M) Filg A 35 1) Js 27
TEMIURE R DS I 7= A FLBR, 4R GIEM 4 a-TE
A TEAL L, JE RO 2R T U6, SR i[5 Bz i
LEAY LU AN B S SE A A R AR )N, 3 R
TR B2 9 T PERY S AT I/ INURLTE Y B 22, AR B
o EEMSOY BIFGY R BRAR T DEAR B T 2L (56 C,
3 h) AR, GEM A OB B i, A R e R L& i X
S a1

it Ab 3L 7kl R 4 A AR PRy =X, BE i 52
TEM AR . SRR I & BRI A 4R RE (3 kGy) Fil
22 (60 °C, 24 h) BEGACIRLE T IER . W IR TER
FNZZAZ e Ry SRl e bt veks, EAETERs S, ¥
i S BRARG, T PR BB VE M T i S EE M ST 4,
TE AR SE R S R B0 . AT WS R IR S UE MY
2 R # (28 min, 121°C) Flfiff ( o-3E #5 i 9.56 min.,
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95 °C 247 3.34 h, 60 CHEESALIRS, 452
B R ARk, D C B ARFE AR Sy B4V R, Pl
NI A THIANFE AT DA 5 S GER 19 ARSI Y, fif
ELHE DE R BT VE Ry B a0, AR G S UE A A
ik GI & &I & PN .

AN T AR Ry 2 5 S GE R 1 4548 RN L A4
PERSZ AN R], FEARIE T ISTEMEAR GL &I &b
R AT BT 25 5%, 26 1 fagh 17 LRI T A BE )7
AT B SR . X T SVER 52 M 25 S DL B AR, o
3 MAEEXREMER GI RRPHIKA

I% GI K& 7 TR FNYVE YT —Lopg P Qe 7
B AR EEAVER, BB PRIE SIS . 5 I
SERIPIRE, B GIE S &S TP TER S
A K, WNATHAITE, SR 5 ey 4aE
P47 A T A B, A3 S bR GE A S SR R
EVER, BSmB B PR B TR i, AR
FREARE Y GI (.

— 71T, SRR 2 A TAL B, T
i3 JE R A0 A BT 22 4 GE R -RE i 52 6 P BX 3 UE
A~ FR U, YD TS GER A, RIS A Y
THAEPERECS 7 B TAL A S AR S b, A A
TREILE S MY GLHE, WS PRI A A, Sankhon™
P LV IRAE PR AR S TR 53/ N2 By ok il E T A,
L5 ORI PCPETER & N 7.74%~8.68%, i
EE X B BT BE R B i (1.67%) oSBT R
T 22 BRRFA AE AT BR A B ) B Ay o) e il 23
T, BShnRORAR B BB SRy, U T RIP TR S R
T 7.7%, BN MUBETE S0 86.49 B Ik T AR AL FHLH
PET(109.33) . B0 iF 5T HRAE TR ARA B P 25

e, 2 B B TE R BE LA BA2E, PoPETER & 5L
RS, M 2SS G {Eh 39.54,

5 —J5 1, SRS TS, BhnE ey b
A A, BIangE T A R RE SR, AT A
o e A FIVE T A e A S SN, FEAR T B
i GI{EU", Sanz-penella ¢ 1 5% 3% BH 18 1 34
ACFHE S IER 1 h J53RASPUMETER, ¥ 30% mybitk
TEAS 55 /INZE A S T B T, TR A B AT A 5
WOINT 1.59 g/100 g, AFIFIEENRP MBS, 7%
FHO FFTEARAE TSR . Lk SR TER R IR (3 kGy)
FE 22 (60 °C . 24 h) BRGASFHARIS S -G PrrEie
By, BINE S HOrERERY (55%) Hi B R sl >k, 4
K EIPTHEVER & & LS E KR B I T 26.66%, H: GI
{E>R 62.24, /N8 AOK Y 88.76, (HINATHAL 3
) EBE RIS, PTRESE B S S BT . AR BT
E R INWE S TERY AR A IR A FEAS BB TER, B
LB A 20% J5, 18 Sk 114 Jo A4 4P TR oSS AT T R
1. A PTHETER T 25 (5 10% BYAS ey ) 262830
I FA AR A BB TACBE S Hotkie
TS IIEAE 10%~20%, B IR W BT FE AR 2%
HEAZ A R N,

4 BSRE

AL FR )7 ZCEE2 M S TERs T iE Mg i X SRS,
A X A HES | LA T RIS A T ) e A A
VEFHSE, (I G ETER RIS | o T R/IN. iR
SRR ORI | BERREE AU E SR 1 S R
AR R ARAD R | e A FE R A FR A T A
Ry 2 G ey T bR e T AL TE A S,
XHEE GI & sh I & A Fl .

F 1 AT A GTER 5

Table 1 Effect of pretreatment methods on bean starch
AR FENE
Bk sy 2 sy X AT GUETRIF% T JLifs e SR
AT T 75
KO H15%30% i VeI STHON, 25 FI T B CRUFe L o
UL R100-120 CRIEE WA, HOPEVERY FHRRILVERY & RIF, AR - MPRERPED sy
6]50~12 h P TLTER £ RIS "
BREHA  R#RE300~600 MPa ﬁ%ﬁ*ﬁa@l@%uﬁiﬁgﬁ%ﬁﬁ, vERR HH THREARTA L (R ﬁgigﬁ [32-35]
- . SRS BN, SR . ERERR A L REERA
LR /1 T80 SUPETERY & KEASAT TRE N A T A - [39-41]
TLPEH85~130 C. 5 ., — , . N,
e R S TR, o BN T
PRI 3 Jooa 230 vmin il S IR, SR A iR - [42-48]
: N B TR ST
: ABEAE130 CAedr, I VERTIC A AR E RS, TTREVER) & b A LT e
T FI-ish B SRR G A R - PRI sy
HEFE IR 100~600 W,
i 530 min, B G IR TG AL, VA 9 18 A b e e
HUSBIEEL Sp0qo il vk R L a0 ETILRIEIER R [54-56)
5~50 C
e ORI B SERUR A S, SR, L RERCEMLER o
FIUEIE mono-sokGy  WYAANEFRIE, HbEER) A R AR Tapmry RS 5760
e CUEBINSO-60 T, MMM, SO BAVI, o JDRMEREE o o1

B 595 CIEVER UL ) A R

Ty LI HUCA 5




. 434 - é’uﬁ&‘r\“/ﬂ*ﬁ

2023 4F 3 A

ERIRTIT OSSR S Vit U= W St 30 R /M 7 =1
WFFE, 7R GI B itk BRI %D . S T B4
TF R FIETER RS, 7T LU LLR Iy Tk pF o I8
ABFFEAS[F) AL 7 2] RSP TE Ry 1 2 AL,
5675 THAL BT EASY (4 BRI 3 SR )2 U AL T
I P PAL B G ek BB Tl L, HEsh 2
VEMTEDIREME B A T A SR o PRI, AR SCRE T3
AR R R T A 3, WIFE S22 Tk i A BT =,
PRI S T A SRR TR

S 3k
[1] BFsk. 2 TE8LBREA AL ERADILL P ERAMRT
[D]. 245 iz & K5, 2020. [ MA Z L. Study on the application of
tannase producing lactic acid bacteria in legume sour dough steamed
bread[D]. Wuxi: Jiangnan University, 2020. ]
[2] X9, g iety TR0 T B HIH B HL I o5 X R
RJ6 ¥t A8 SN [D]. v RiE: AR K F,2017. [LIU
M. Adaptive mechanism of pea starch staple food processing and
evaluation of its processing methods on postprandial blood glucose
homeostasis in mice[D]. Harbin: Northeast Agricultural University,
2017. ]
[3] CAMPOS-VEGA R, LOARCA-PINA G, OOMAH B D. Mi-
nor components of pulses and their potential impact on human
health[J]. Food Research International, 2009, 43(2): 461—482.
(4] #acdh, AL A, BRI, 5.3 F0 7 S0 S B 69 LA
[J]. &= A4, 2010, 31(21): 186-190. [ YANG H D, DU S K,
ZHOU L Q, et al. Comparison of physicochemical properties of
three kinds of soybean starch[J]. Food Science, 2010, 31(21): 186—
190. ]
(5] BB 4o SR il Ak B 4 A R 35 4069 % v B AR
7% [D]. b7 P ERLAFE, 2020. [ YANG X X. Study on the
influencing factors of starch digestibility and glycemic index of
adzuki bean[D]. Beijing: Chinese Academy of Agricultural Sci-
ences, 2020. ]
[6] 37, ikgkms, x4, 5. 2 RiepwRatkJ]. &K TR,
2020,41(7): 58—64. [ LIUN, ZHANG T P, LIU T, et al. Research
progress of soybean starch [J]. Packaging Engineering, 2020, 41(7):
58—64. ]
[7] GUZEL D, SAYAR 8. Effect of cooking methods on selected
physicochemical and nutritional properties of barlotto bean, chick-
pea, faba bean, and white kidney bean[J]. Journal of Food Science
and Technology, 2012, 49(1): 89-95.
[8] L F#, Fk, Ripik, F. TR AR AR A A
Ak AR R 1], F B R e 524k, 2018, 18(8): 99-106. [ MA S X,
LIT, SONG H B, et al. Physicochemical properties of typical crys-
talline starch modified by superheated steam[J]. Chinese Journal of
Food Science and Technology, 2018, 18(8): 99-106. |
[9] WArR. &R A EH# L 2 ot AT R 2R K M 547 [D].
A #ri X 5, 2020. [ SHEN S M. Study on structure and func-
tional characteristics of sorghum starch and correlation analysis[D].
Hangzhou: Zhejiang University, 2020. ]
[10] Zruis, HpAkor, 38 AR#7. RERRIEA LR SM B A
Zhan £ by m A AR 1) 34 & I F 4R, 2019, 31(3):
1053-1060. [ LI X Y, YANG G Q, GUO D X. Research progress

on the composition, structure and application of starch from differ-
ent sources in animal production[J]. Journal of Animal Nutrition,
2019, 31(3): 1053-1060. |

[ 11] RENGADU D, GERRANO A S, MELLEM J J. Physico-
chemical and structural characterization of resistant starch isolated
from Vigna unguiculata[J]. International Journal of Biological
Macromolecules, 2020, 147: 268-275.

[12] Kahl, REE, &R FMERHH & B AR AR it
Je [J]. 3 de R e A4, 2021,25(2): 93-98. [ LONG J L, ZHANG
A X, SHENG Q H. Research progress on preparation and hypo-
glycemic effect of resistant starch[J]. Hebei Agricultural Sciences,
2021,25(2):93-98. ]

(137 kF, SLHAL, €L 20AN. 3R 1R R 5 7 69 52 A B oh 3T
R R[] R F4R, 2015,29(2): 327-336. [ ZHU P, KONG X
L, BAO J S. Research progress in the application and efficacy of re-
sistant starch in food[J]. Journal of Nuclear Agricultural Sciences,
2015,29(2): 327-336. |

[14] ¥ B2 AAMGE 28 QT RARA G H 6
[D]. Z4): it X%, 2021. [ CHENG X. Effects of moisture-heat
and multi-bacteria fermentation on nutrition and flavor characteris-
tics of white kidney bean bread[D]. Wuxi: Jiangnan University,
2021. ]

[15] KATEKHONG W, CHAROENREIN S. The effect of rice
aging on the freeze-thaw stability of rice flour gels[J]. Carbohy-
drate Polymers, 2012, 89(3): 777-782.

[16] #WLit. &k am B L nBACK R 5 2 AP T 5 (D], &
Fea: 9 3k R ARA 3 K %2, 2011. [ YANG H D. Study on physico-
chemical and functional properties of Soybean powder and its
starch[D]. Xianyang: Northwest A & F University, 2011. ]

[17] FKIESR, A, 5 #F 2 R admay kst 2 (7], F
Aob 52 4R, 2019, 34(3): 38-44. [ ZHANG Z M, ZHOU Y. Com-
parative study on gel properties of 5 kinds of bean starch[J]. Chi-
nese Journal of Grain and Oil, 2019, 34(3): 38—44. |

[ 18 ] BILIADERIS C G. Structural transitions and related physical
properties of starch[M]. Starch. Academic Press, 2009: 293-372.
[19] F 0. AAP G MACA R T A R 55 B I 09 % R
[D]. %% A3 K5, 2017. [ DONG B B. Gelatinization and
rheological properties of eight kinds of starch and their relationship
with gel properties[D]. Xi'an: Shaanxi University of Science and
Technology, 2017. ]

(20 ] Ek. i ag ML B AR A & AT [I]. 1R85
JmI,2021,21(2): 67-73. [ WANG L. Study on gelatinization and
gelation characteristics of starch and edible quality [J]. Preservation
and Processing, 2021, 21(2): 67-73. ]

[21] HOOVER R, HUGHES T, CHUNG H J, et al. Composition,
molecular structure, properties, and modification of pulse starches:
A review [J]. Food Research International, 2010, 43(2): 399—413.
[22] LIU Q, DONNER E, YIN Y, et al. The physicochemical
properties and in vitro digestibility of selected cereals, tubers and
legumes grown in China[J]. Food Chemistry, 2006, 99(3): 470-477.
[23] ALCAZAR-ALAY S C, MEIRELES M A A. Physicochemi-
cal properties, modifications and applications of starches from dif-

ferent botanical sources [J]. Food Science and Technology, 2015, 35


https://doi.org/10.19554/j.cnki.1001-3563.2020.07.008
https://doi.org/10.19554/j.cnki.1001-3563.2020.07.008
https://doi.org/10.1007/s13197-011-0260-0
https://doi.org/10.16429/j.1009-7848.2018.08.014
https://doi.org/10.16429/j.1009-7848.2018.08.014
https://doi.org/10.3969/j.issn.1006-267x.2019.03.010
https://doi.org/10.3969/j.issn.1006-267x.2019.03.010
https://doi.org/10.1016/j.ijbiomac.2020.01.043
https://doi.org/10.11869/j.issn.100-8551.2015.02.0327
https://doi.org/10.11869/j.issn.100-8551.2015.02.0327
https://doi.org/10.1016/j.carbpol.2012.04.007
https://doi.org/10.3969/j.issn.1003-0174.2019.03.008
https://doi.org/10.3969/j.issn.1003-0174.2019.03.008
https://doi.org/10.3969/j.issn.1009-6221.2021.02.011
https://doi.org/10.3969/j.issn.1009-6221.2021.02.011
https://doi.org/10.1016/j.foodres.2009.09.001
https://doi.org/10.1016/j.foodchem.2005.08.008
https://doi.org/10.1590/1678-457X.6749

544 5 S )

ik M, AF BRI L SSER T

BRI R AEAR GI B R - 435 -

(2):215-236.

[24] Ra% HAdk, k5w, 5 atawhh AL 2xhHhR
AP B Yo AT T [T]. F B 53R, 2019, 34(9): 33-38. [ WU
H Q, YANG Q G, HUANG M D, et al. Study on the properties of
Lima bean starch and lima bean starch[J]. Chinese Journal of Grain
and Oil, 2019, 34(9): 33-38. ]

[25] DE BARROS MESQUITA C, LEONEL M, FRANCO C M
L, et al. Characterization of banana starches obtained from cultivars
grown in Brazil[J]. International Journal of Biological Macromo-
lecules, 2016, 89: 632—639.

[26] NAJ, LI XJ, CHAO Q, et al. Effects of heat moisture treat-
ment on the physicochemical properties of starch nanoparticles[J].
Carbohydrate Polymers, 2015, 117: 605—609.

[27] 7%, 2&44, A ¥ I BRI BET0 2 2K R
# % vh [J].F B 42 b 5 3R, 2021, 36(11): 42-48. [ QIAO A,
WANG Z W, ZHOU Z K. Effect of damp heat treatment on physico-
chemical properties of millet powder and starch[J]. Journal of the
Chinese Cereals and Oils Society, 2021, 36(11): 42—48. ]

[28] DA ROSA ZAVAREZE E, DIAS A R G. Impact of heat-
moisture treatment and annealing in starches: A review[J]. Carbo-
hydrate Polymers, 2011, 83(2): 317-328.

[29 ] PIECYK M, DOMIAN K. Effects of heat-moisture treatment
conditions on the physicochemical properties and digestibility of
field bean starch (Vicia faba var. minor)[J]. International Journal of
Biological Macromolecules, 2021, 182: 425—433.

[30] CHUNG H J, LIU Q, HOOVER R. Impact of annealing and
heat-moisture treatment on rapidly digestible, slowly digestible and
resistant starch levels in native and gelatinized corn, pea and lentil
starches [J]. Carbohydrate Polymers, 2009, 75(3): 436—447.

[31] HANLH,CAOSP, YUY T, et al. Modification in physico-
chemical, structural and digestive properties of pea starch during
heat-moisture process assisted by pre- and post-treatment of ultra-
sound[J]. Food Chemistry, 2021, 360: 129929.

[32] ktl, Bm, Rde. 235 EAILAZ R K I LA 600
(7). *F B & & 54k, 2021, 21(10): 116-124. [ZHU C, YANG L,
SONG L H. Effect of ultra-high pressure treatment on processing
characteristics of black barley[J]. Chinese Journal of Food Science,
2021,21(10): 116-124. ]

[33] JIANG B, LI W H, HU X S, et al. Rheology of mung bean
starch treated by high hydrostatic pressure[J]. International Journal
of Food Properties, 2015, 18(1): 81-92.

[34] LINTT, FERNANDEZ-FRAGUAS C. Effect of thermal and
high-pressure processing on the thermo-rheological and functional
properties of common bean (Phaseolus vulgaris L.) flours[J]. Food
Science and Technology, 2020, 127: 109325.

[35] LIW H, GUO HM, WANG P, et al. Physicochemical char-
acteristics of high pressure gelatinized mung bean starch during re-
crystallization [J]. Carbohydrate Polymers, 2015, 131: 432-438.
[36] #2F. LAhafEFEREREL EHMS TR
B2 F MR e R AE (D). KA FHKF,2020. [ZHENGL .
Study on the changes of nutrients and active components in seven
kinds of bean sprouts and the production of bean sprout crisps[D].
Changchun: Jilin University, 2020. ]

[37] LIUY, SUCY, SALEH A S M, et al. Effect of germination
duration on structural and physicochemical properties of mung bean
starch[J]. International Journal of Biological Macromolecules, 2020,
154: 706-713.

[38] BENITEZ V, CANTERA S, AGUILERA Y, et al. Impact of
germination on starch, dietary fiber and physicochemical properties
in non-conventional legumes[J]. Food Research International, 2013,
50(1): 64—69.

[39] YINY Q, YANG R Q, GU Z X. Organ-specific proteomic
analysis of NaCl-stressed germinating soybeans[J]. Journal of Agri-
cultural & Food Chemistry, 2014, 62(29): 7233—7244.

[40] KAYEMBE N C, JANSEN VAN RENSBURG C. Germina-
tion as a processing technique for soybeans in small-scale farming
[J]. South African Journal of Animal Science, 2013,43(2): 167—
173.

[41] SWIECA M, GAWLIK-DZIKI U. Effects of sprouting and
postharvest storage under cool temperature conditions on starch con-
tent and antioxidant capacity of green pea, lentil and young mung
bean sprouts[J]. Food Chemistry, 2015, 185: 99—105.

[42] ROCHA-GUZMAN N E, GALLEGOS-INFANTE J A,
GONZALEZ-LAREDO R F, et al. Functional properties of three
common bean (Phaseolus vulgaris) cultivars stored under accelerat-
ed conditions followed by extrusion[J]. Food Science and Technol-
ogy, 2006, 39(1): 1-10.

[43] LI M, HASIIM J, XIE F W, et al. Shear degradation of
molecular, crystalline, and granular structures of starch during extru-
sion[J]. Starch-Stirke, 2014, 66(7-8): 595—605.

[44] E5A&, It REAGESBTER LN BB RO Ya
[J]. R = d&/m 1,2017(16): 1-3, 7. [ WANG L D, SHEN D. Ef-
fects of different extrusion parameters on the morphology of chick-
pea starch particles[J]. Agricultural Products Processing, 2017(16):
1-3,7.]

[45] PASQUALONE A, COSTANTINI M, LABARBUTA R, et
al. Production of extruded-cooked lentil flours at industrial level: Ef-
fect of processing conditions on starch gelatinization, dough rheo-
logical properties and techno-functional parameters[J]. Food Sci-
ence and Technology, 2021, 147: 111580.

[ 46 ] MOSIBO O K, FERRENTINO G, ALAM M R, et al. Extru-
sion cooking of protein-based products: Potentials and challenges
[J]. Critical Reviews in Food Science and Nutrition, 2022, 62(9):
2526-2547.

[47] NATABIRWA H, MUYONGA J H, NAKIMBUGWE D, et
al. Physico-chemical properties and extrusion behaviour of selected
common bean varieties[J]. Journal of the Science of Food and Agri-
culture, 2018, 98(4): 1492-1501.

[48 ] ARRIBAS C, CABELLOS B, CUADRADO C, et al. Extru-
sion effect on proximate composition, starch and dietary fibre of
ready-to-eat products based on rice fortified with carob fruit and
bean[J]. Food Science and Technology, 2019, 111: 387—393.

[49] LIMST,HANJ A, LIM H S, et al. Modification of starch by
dry heating with ionic gums[J]. Cereal Chemistry, 2002, 79(5):
601-606.

[50] LEINY, CHAI S, XU M, et al. Effect of dry heating treat-


https://doi.org/10.1016/j.ijbiomac.2016.05.040
https://doi.org/10.1016/j.ijbiomac.2016.05.040
https://doi.org/10.1016/j.carbpol.2014.10.005
https://doi.org/10.3969/j.issn.1003-0174.2021.11.008
https://doi.org/10.3969/j.issn.1003-0174.2021.11.008
https://doi.org/10.1016/j.carbpol.2010.08.064
https://doi.org/10.1016/j.ijbiomac.2021.04.015
https://doi.org/10.1016/j.carbpol.2008.08.006
https://doi.org/10.1016/j.foodchem.2021.129929
https://doi.org/10.16429/j.1009-7848.2021.10.013
https://doi.org/10.16429/j.1009-7848.2021.10.013
https://doi.org/10.1080/10942912.2013.819363
https://doi.org/10.1016/j.carbpol.2015.05.076
https://doi.org/10.1016/j.ijbiomac.2020.03.146
https://doi.org/10.1016/j.foodres.2012.09.044
https://doi.org/10.1016/j.foodchem.2015.03.108
https://doi.org/10.16693/j.cnki.1671-9646(X).2017.08.029
https://doi.org/10.16693/j.cnki.1671-9646(X).2017.08.029
https://doi.org/10.1080/10408398.2020.1854674
https://doi.org/10.1002/jsfa.8618
https://doi.org/10.1094/CCHEM.2002.79.5.601

- 436 - £ Tl B4

2023 4F 3 A

ment on multi-levels of structure and physicochemical properties of
maize starch: A thermodynamic study[J]. International Journal of
Biological Macromolecules, 2020, 147: 109—-116.

[51] GEXZ,SHEN H S, SU CY, et al. The improving effects of
cold plasma on multi-scale structure, physicochemical and digestive
properties of dry heated red adzuki bean starch[J]. Food Chemistry,
2021, 349: 129159.

[52] LIANG S Y, SUC Y, SALEH A S M, et al. Repeated and
continuous dry heat treatments induce changes in physicochemical
and digestive properties of mung bean starch[J]. Journal of Food
Processing and Preservation, 2021, 45(3): e15281.

[53] CHICD, LI X X, LU P, et al. Dry heating and annealing
treatment synergistically modulate starch structure and digestibility
[J]. International Journal of Biological Macromolecules, 2019, 137:
554-561.

[54] FHik. 2w e a5 st LB = %P & [D]. RiE: R
A H K F, 2015. [ MENG X. Ultrasonic modification of pea
starch and its product development[D]. Tianjin: Tianjin University
of Science and Technology, 2015. ]

[55] BRIaAFE. AR 5 AL T2 R B dh AL I b0 25 M) BRI AL AR #9
#w [D]. |kib: b kA X, 2021, [OUYANGQF. Ef-
fect of ultrasonic treatment on the structure and physicochemical
properties of different crystalline starch[D]. Changsha: Central
South University of Forestry and Technology, 2021. ]

[56] HUAJ, LU J, ZHENG J, et al. Ultrasonically aided enzymat-
ical effects on the properties and structure of mung bean starch[J].
Innovative Food Science & Emerging Technologies, 2013, 20: 146—
151.

[57] CASTANHA N, MIANO A C, SABADOT V D, et al. Irradi-
ation of mung beans (Vigna radiata): A prospective study correlat-
ing the properties of starch and grains[J]. International Journal of
Biological Macromolecules, 2019, 129: 460—470.

[ 58] CHUNG H J, QIANG L. Molecular structure and physico-
chemical properties of potato and bean starches as affected by gam-
ma-irradiation[J]. International Journal of Biological Macromole-
cules, 2010, 47(2): 214-222.

[59] SOFIB A, WANII A, MASOODI F A, et al. Effect of gam-
ma irradiation on physicochemical properties of broad bean (Vicia
faba L.) starch[J]. LWT-Food Science and Technology, 2013,
54(1): 63-72.

[60] KARIM A A, NADIHA M Z, CHEN F K, et al. Pasting and
retrogradation properties of alkali-treated sago (Metroxylon sagu)
starch [J]. Food Hydrocolloids, 2008, 22(6): 1044—1053.

[61] &l 3R M1 & B it 3 AL 22 % 58 At AL ML w0 AT 5T
[D]. #& R i%: %A R EH X %, 2020. [ LEI M. Thunder effects of
partial gelatinization and enzyme debranching on physicochemical

properties of starch[D]. Harbin: Harbin Business University, 2020 ]

[ 62] HOOVER R, ZHOU Y. In vitro and in vivo hydrolysis of
legume starches by a-amylase and resistant starch formation in
legumes: A review[J]. Carbohydrate Polymers, 2003, 54(4): 401—
417.

[63] M. 2 LAL BRI THRRIERL TR R
A& [D]. kA& F#H AR LK F, 2021. [ ZHANG X. Processing
characteristics and staple food product development of multiple
complex high resistant starch[D]. Changchun: Jilin Agricultural
University, 2021. ]

[64] KR¥. suasutbicsreg &Rt asl s e mmD]. K
R KX E I K%, 2017. [ ZHU Z. Preparation of pea resistant
starch and its application in flour products[D]. Wuhan: Wuhan Uni-
versity of Light Industry, 2017. ]

[65] LAL MK, SINGH B, SHARMA 8, et al. Glycemic index of
starchy crops and factors affecting its digestibility: A review[J].
Trends in Food Science & Technology, 2021, 111: 741-755.

(66 ] &F &, Em i, iR, 5. SR otk A IR TR
(J]. #b s A, 2021,29(3): 147-156. [ YAN Z H, WANG L
P, TAN B, et al. Research progress on glycemic index of cereals[J].
Cereals, Oils and Food Science and Technology, 2021, 29(3): 147—
156. ]

[ 67 ] BHATTARAIR R, DHITAL S, MENSE A, et al. Intact cel-
lular structure in cereal endosperm limits starch digestion in
vitro[J]. Food Hydrocolloids, 2018, 81: 139—148.

[68] SANKHON A. 3F il #2264 ¥ttt B 3 5 A BT 52 (D). 4
LK%, 2013. [ SANKHON A. Study on the digestibility and ap-
plication of African locust bean seeds[D]. Wuxi: Jiangnan Universi-
ty, 2013. ]

[69] Fp#-rf. B &Mt 2 A 5 i F bFF 224050 i B0 K
P45t g AR L AR ST (D], dLTa: Jfa )R sE X 4, 2021, [ GUO S
L. Study on correlation between cell wall integrity of black bean and
physicochemical quality and starch digestion characteristics of cook-
ies[D]. Shenyang: Shenyang Normal University, 2021. ]

[70] #237, % 3%, JACOBO O, ¥. B#AAEAFRAL NG EZE
&R A AR Fn ] R &% 5 BTk, 2021, 47(13):
59-65. [ CHENG X, HUANG J, JACOB O O, et al. Effects of wet
heat treatment and mixed fermentation on starch digestibility of
white kidney bean bread[J]. Food and Fermentation Industries,
2021,47(13): 59-65. ]

[71] BAIYX,LIX X, JIHY, et al. A review of the design and
architecture of starch-based dietary foods[J]. Engineering, 2021, 7
(5):663-673.

[72] SANZ-PENELLA ] M, WRONKOWSKA M, SORAL-SMI-
ETANA M, et al. Impact of the addition of resistant starch from
modified pea starch on dough and bread performance[J]. European
Food Research and Technology, 2010, 231(4): 499-508.


https://doi.org/10.1016/j.ijbiomac.2020.01.060
https://doi.org/10.1016/j.foodchem.2021.129159
https://doi.org/10.1016/j.ijbiomac.2019.06.137
https://doi.org/10.1016/j.ijbiomac.2019.01.221
https://doi.org/10.1016/j.ijbiomac.2010.04.019
https://doi.org/10.1016/j.ijbiomac.2010.04.019
https://doi.org/10.1016/j.lwt.2013.05.021
https://doi.org/10.1016/j.foodhyd.2007.05.011
https://doi.org/10.1016/S0144-8617(03)00180-2
https://doi.org/10.16210/j.cnki.1007-7561.2021.03.020
https://doi.org/10.16210/j.cnki.1007-7561.2021.03.020
https://doi.org/10.1016/j.foodhyd.2018.02.027
https://doi.org/10.13995/j.cnki.11-1802/ts.027104
https://doi.org/10.13995/j.cnki.11-1802/ts.027104
https://doi.org/10.1016/j.eng.2020.12.007
https://doi.org/10.1007/s00217-010-1294-7

	1 豆类淀粉的结构和理化特性
	1.1 豆类淀粉的颗粒特性和分子结构
	1.2 豆类淀粉的理化特性
	1.2.1 凝胶特性
	1.2.2 糊化特性和黏度稳定性
	1.2.3 溶解度和膨胀能力


	2 不同预处理方式对豆类淀粉的影响
	2.1 湿热处理
	2.2 超高压处理
	2.3 发芽处理
	2.4 挤压处理
	2.5 干热处理
	2.6 超声波处理
	2.7 辐照处理
	2.8 酶法处理

	3 预处理豆类淀粉在低GI食品中的应用
	4 结论与展望
	参考文献

