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mg ) PO K& 35 A L) (13 ) 52 5 A RN W) 5 22 20 bk
a—TE K3 E (500 Ulg) , i A5 (D) A= 9 45 AR A BR
NN
12 EE5EE

JULABO SW23 4§ ¥ 10 i K i Al | A 3 i R
(At A BRA T ;DGCG-9203 U H #h i iR B X+
PR, U RS IR 5 A AT B A s Polystat K6 fH
K5, 75 1E Huber 23 7] ; Millipore—Q %% 2 1 &8
ali /K4, 3% MILLIPORE /2 @ ; FE-SEM 14 i
T, R R 4% R 4R A1 BELSORP-minil 4>
A af b m AMFLBUE e A, HARZ & wFHRA
BN s WAXS T X S Ui 4544 o B4l v
FEU A 28 7] ; Dionex 1CS-6000 B T (gL (FA
ik 22 55 46 0 2% ) \GS-520HQ {3 4 Al CarboPac
PA200 iAKW o0 B ke, FEER I REHE (b
VA FRZN 1] s Viscotek 2246 I 28 BE IR (6,15 R 40, e
[ T /R SCA FRZA W 5 DSC2500 2275 H4i B VL, 38
TA AXEF 2~ A AL104 B R°F, M 4F i —FE A
ZAERARAF
1.3 Fik
1.3.1 ZALIERWHEIE  FRE10 g KORTER (T
) BT 20 mL 20 mmol/L R ER #4 A1 5 mmol/L
CaCl,(pH 5.5) %% #h & (MA A F ) 5% 20 mmol/L
RN (pH 4.5)Z% thilt (AMG AL W5 ek i
WCE 60 CARKW Nk 30 min, SRJ5 ,AMG 5 MA
e B s UERY 100 U 1978 0 £ 43 31 A JE #3 %5 WR
H,60 C/KIBIR Y (180 r/min)FF 3,6,12 h il 24
h, TEFEMHAR T INA 40 mL 55 7K, i ik ik
AR TE B WORL , 25 B TR BE T 3 I, R AE 60 C
B4 20 min J57E 130 CT 4 2 h K T4 95
Ky AR S A EE 0 (100 H) A2 7E TR e, 4%
H o SE AR SO B BR R BRI A, A 25 3R TR
t.
1.3.2 ZALyE R WOk R AE 19
1.3.2.1  ZFLIE N BORLI SO & il >R H
5 #8557 (Scanning electron microscopy, SEM)
I 22 LU B ORL 9 SO B 45 0 B 1 g R
FHVE A% 2 100 mL JC/K B B RE AT 1 T 7
WY b TE 50 CF TR 3 h BEHE AL RS
T A T H BT IO AR R A, e R
3.0kV,

1.3.2.2 & Ay Wik b 22 i F1 (Brumauer emmol
teller, BET) BJMIZE  Joks f& A # w78 100 C'F
T8 6 h, SRJ5 5 %A i (200 mg) £ 125 CF i
K24 h R AMA (-196 °C) 38 1 43 B 3
I3 B A (2 L) I AR R R 7 (PIP,) R X et &
AR, B2 (E R BET #1150,

1.3.2.3  ARGHAS Wh LRI S M 25 B R )
X g4 %) (Wideangle X —ray scattering,
WAXS)FEAT I, 205 Ve by 1 2 2 3 A
A R R L 0, 12000 5

1.3.3  SCHEVEMEER AT AIE R R Y] B
F 2 # 23%  (High performance anion exchange
chromatography, HPAEC )% & ik i 22 15 46z I 25 I
SE SCHETE R HE IS 3 AT o B BE R RE L (5 mg/mLL) A
WIAL 7€ 40 °CF il 73 € ¥y i (2 WL, 250 U/mg) Fl
SHETEN B (2 WL, 50 U/mg) B 32 AR B L K 10 pL
S EA ISR WA 0.5 mL/min, VML
£ .0 ~2 min, 150 mmol/L. NaOH;2 ~5 min, 150
mmol/L. NaOH , 110 mmol/L Fif fR £l (£& 1 #6 J& ) ; 5~
130 min, 150 mmol/L. NaOH,400 mmol/L B 2 4H
(MR B ) | 25 T4 DU e o) B U R A7 FRL 3 RS O
1.34 PR AARNE BT =EmHRN )
[ 40 HEBH £ 3% 7 (Size—exclusion chromatography
with triple detection array, SEC-TDA) 174>+
I3 Sk 43 A BN A 3 2 B o HEBE €3 ik
(SEC)H5E . Z ARG FL A GS-520HQ ik, i
F 3 TDA302 #E e (= H AR M FE A ) | 245 P fal 45
TN 22T OCAG I 25 Rl FEE TG ) g ARG IS A I s
DI AR A I 8% rh A G IR AR A O IO 4 A
T 5 DLAR JIURL T by ) 45 RE ORI UKL BE B (5
mg) W 7E 25 wL 2 mol/L E AL B b, 7E 4 CF
W 24 h, RIFEHEIFTE 975 L Z B 1K,
7E 80 CA M 4% (1200 r/min)5 h, 5 4 i it ¥
JE 1 mg/mL, DASZHEGE KD A bm e il SR T REHE  FE
i B 40 R R B (10 mmol/L) YB3 3 0.5 ml/
min, #EFERE 50 wL, A 60 CEE . i H OM-
NISEC H -4 ot 73 B,

1.3.5 ¥ K ORI R B D E W K
(Swelling capacity, SC) F1¥%s f# 15 %2 (Solubility
index, SI) il % 2 % T Rosell 48P0 J7 1 - F
AL . BRI 100 mg JE R RE A B0 AE TR
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A 10 mL £ B F K, 1€ 60 C T in# 30 min, 2R J5
L 4 000 r/min 250> 15 min, B b5 B R 2 15 97
ML 78 110 C TS RO AR E . L3l TR 51
1) {1 A 0 3 P A RV A A K TP i T A

SI(%)=(T LG W BTt/ T iE R i )x100 - (1)

SC(glg) =VTVEW ot f /[ T V& B ot 2 x (1-S/
100)] (2)
1.3.6  WIAL R E A I 2 i PR 2 R 43 BT A
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H 2.5 g TEFEAL UK I3 & 14%) B8 Hl RVA
RN 25 mL B Tk, RVA CE & ) 50 €3
95 CH# 282 s, FifiJ5 7F 300 s W& EIE 50 °C, ¥
BRI FE A 960 v/min, FFZE 10 s, R )5 LA 160 o/
min 38 B
1.3.7 IR ERME R 258 il Y
(Differential scanning calorimeter, DSC)Z3HrAE i
HIFA T 2 OB 10 mg BE S 2038 AR, B
30 mL 25 BTk, KRR B B RS IR AR T P
24 h J543#r., LS °C/min B HIHGE SR M 25 CTH &
130 CHEATIAIHT o FERD 4RI BE (T)) 8 M AR 5 T
TROR b 1) T B8 3 3 0 R T (T, ) | DR A IR
(T,) H5 oIR BE (T,) W16 B Y5 BBl (AT=T.~T,) Al
55 (AH)
1.4 HIEHH

A REEE 3 W, 85 R LR N E bR
WEMR 227, 7 22 0 Hr kG i 45 SR i Rl Tk 3
IRERRE (P<0.05), M SPSS 25.0 #l
OriginPro 2016 #47 AR CEHE Y Gt 4347
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Fig.1 SEM images of rice starch
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with MA or AMG based on SEM images
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Fig.3 Specific surface area of porous starch
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Iy ORE RO SE AR R IR MA R — P Y U)K i
fitg, 7T A SOK i T R UL PN Y oo R B I
I, MA b3 7 3 #y FLBR b AMG 78 TR,

R T Bk — A 5 A A BT AR AR A X
WA R, WAXS 60 AH X 25 A gk 1
FIE7R , AMG it B8 41 f) A G &5 5 28 3 8 5 K SR U
BeA X, SR, MA T B8 45 K IR B2 K A HE A
X &5 i BB T B & B T UE R AE pH 5.5 Ab BEET
SEOFFEBHEI I, AR A X B MR AR
TENMT AL, BT AT G AL B A TR AR X &5 A A
FIEEEIN ., B AL B E] Y ZE K 28 AMG AR BRI
KK TE M FH X 45 0 B 2 PR N A, 4 MA
it i ) KOKTE RS AE 3 h P, 45 B 300 = 28.06% .,
MA Ab 38R K TERY 12 h B A T 45 & 2 F AMG
b B ROKGE K 24 h R G 25 & R A B i
435 33.26%F1 29.05% ., it % Ak LS [a] ) ZE K
MA SBEIRZE T IX, S E 24 h B RKTE H A9 A X
gE R R 27.79%, 145 R R W, AMG SR K il
PROR 2 H AT DUFE R 5 X% 8 K A MA 1K i
A PA SR IR S X

F1 FRBLEZFHTARENHFESE

Table 1 Characteristic parameters of rice starch under different enzyme treatment conditions

# 5 1 A A x4 & % KL FL 44 R 4B 1% IR ge g 7 IR 35 31%

R R E A 23.74 +0.17° 30.58+0.107 2.91 +0.12 0.40 + 0.09"
MA-3 % 78 21 26.01 + 1.19¢ 30.95 + 0.03* 3.02+0.17 0.45+0.11"
MA-3 28.06 + 0.54¢ 29.93 +0.11¢ 2.75 +0.13% 1.46 + 0.18"
MA-6 %} 8 41 25.65 + 0.78 30.41 + 0.07 2.94 + 021" 0.81 +0.16°
MA-6 27.74 +0.75° 29.13 + 0.09¢ 2.68+0.19% 1.65 + 0.25%
MA-12 4 J& 28 25.32 + 037" 30.58 = 0.07' 3.09 +0.25% 1.04 +0.29°
MA-12 33.26 = 0.56' 29.01 +0.03" 2.51+0.19° 1.85 + 0.09¢
MA-24 *F & 20 2391 +0.15% 30.85 + 0.21% 3.54+0.14 1.31+0.21%
MA-24 27.79 + 0.05° 29.17 +0.12% 2.77 + 0.08% 2.57 +0.20"
AMG-3 *f 848 23.65 + 0.09° 30.89 + 0.04* 3.25+0.24¢ 121 +0.17°
AMG-3 25.54 +0.68¢ 30.65 + 0.09" 2.79 +0.31" 0.42 +0.25"
AMG-6 *F .20 23.13 +0.21° 30.20 = 0.11" 3.15+0.10* 1.09 +0.11°
AMG-6 25.77 + 0.59* 29.53 + 0.16' 2.65 + 0.09% 0.40 = 0.18"
AMG-12 %} 1848 24.24 1 0.08% 29.41 +0.054 3.50 + 0.28" 1.19 +0.32¢
AMG-12 28.79 + 0.75° 28.92 +0.04" 2.99 +0.17* 0.13 + 0.03*
AMG-24 *f .48 2273 + 1.56° 30.53 = 0.06' 3.82+0.29" 1.87 + 0.28¢
AMG-24 29.05 +0.17° 28.78 + 0.07° 2.86 + 0.32 0.11 +0.02°

E A R/NG PR IR 22 53 3 (P < 0.05),

22 RMEETHHINE
K ML A I E HARTER & &, Hgh
DL 1, RIRKKIER &H 30.58% 1 % M H #E T

oy, J8 T e ELBERORYEAS , B ARl X T L L B
oy B B AR /DN, (RS OO IR ALAR L, MA A
AMG 25 AR TR ERETE b i & 1, BEE TS
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Fig.4 Differences in chain length distribution of branched chain starch in rice
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Fig.5 Changes in molecular weight of fraction I and II
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Table 2 The gelatinization characteristic value of rice starch treated with different enzymes

H5n 4 AR A2 E/C W A8 £ B /mPa- s AR fEAE/mPa- s R AR5 JE /mPa-s ) A {i/mPa-s
R AR Ay 79.5% 2 617° 552bd 2 918% 841°
MA-3 &40 79.1% 3 027 766# 3 026° 762%
MA-3 79.5 2 200® 525M 2 295% 618
MA-6 *f 8 40 79.5° 2 748 6994 2 786" 734%
MA-6 80.3¢ 2212 412 2 272% 470
MA-12 *f 8 2a 79.1% 2 9974 756% 3 037¢ 794¢
MA-12 80.7¢ 2 196® 411 2 306® 518%
MA-24 ¥ B8 41 79.1%¢ 2 910% 693k 2 939 719
MA-24 81.1° 2 017¢ 337¢ 2 117* 436®
AMG-3 *f B8 40 79.5% 3113f 720 3 008° 612b
AMG -3 81.1¢ 2 718 563 2 575¢ 418
AMG -6 *f e 79.1° 2 988 719¢% 2 8014 527%d
AMG -6 81.1¢ 2 595¢ 606 2 448%™ 456
AMG —12 =+ 79.8% 2 9624 6330k 2 7744 442
AMG -12 81.5¢ 2 755 591¢ 2 550¢ 383
AMG 24 s+ 4 79.9:4x 3122 768¢ 2 966% 609"
AMG -24 85.9¢ 2 657¢ 563¢ 2 401% 301°

TE AR/ NG SRR 225 3% (P < 0.05)
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Table 3 Thermodynamic characteristic values of rice starch treated by different enzymes

o b ERT Y AL AL B WA IR E 2% RIBE AR TR ¥ (AH)/
°° (THIC (e (T)/IC (T)IC (AT)/C Jog!
P 60.2° 69.6 75.0% 80.8" 20.6" 14.1"
MA-3 & 48 64.7" 69.5¢ 74.4% 79.62 15.0 13.1¢
MA-3 65.6°% 69.9% 74.6" 80.0" 14.5% 14.1°
MA-6 & 48 66.2%% 70.1¢ 74.6™ 80.0™ 142 12.5¢
MA-6 66.5 70.5% 75.0% 80.4 13.50bede 14.2"
MA-12 st f& 40 66.7¢ 70.8# 75.2°% 80.4 13,8 11.5"
MA-12 67.6% 71.1' 75.5¢% 80.6¢" 13.1% 14.0
MA-24 *+ P& 48 66.8/ 70.2¢ 75.3% 8(). 3¢l 13.50bede 10.6¢
MA-24 67.2¢ 71.07 75.6" 80.4 13.28x 13.2¢%
AMG-3 *f B8 41 63.5" 69.1° 74.4% 79.9bd 16.5¢ 11.0®
AMG -3 66.5% 70.0¢ 74.8% 8(). 3¢l 13.9bdd 13.84
AMG -6 R4 65.1¢ 69.1¢ 74.1¢ 79.3¢ 142 11.0®
AMG -6 66.4"% 69.4" 74.1* 79.7% 13.3¢0 14.8¢
AMG -12 %} 2a 65.3% 70.0¢ 75.0% 79.9% 14.6 10.9®
AMG -12 67.9 70.6% 75.1% 8(. 3¢k 12.5¢ 13.84
AMG 24 st P& 4n 65.3¢ 70.6#" 75.6" 80.3% 15.0 11.0*
AMG -24 66.8" 71.07 75.2°% 80.5% 12.7% 13.1¢

A R/NG PR ROR 225 B E (P<0.05),



28 hoE B

i oF i

2023 455 5 #

(AMG) ZE BR ) 22 FLIOKTERS HEAT XS L3 Hr . 25
FMW] . AR B2 5 WA A AR RS i O3 (4 URL 45
Ay, 28 il Ak ) DROR TR o AT 14 A X 245 it B2 o T
RARVENT BAHS 45 A . MA RF S P 6 i 1 %
SCHEVEBYBEIF RV 45 B 22 MA R AMG 4b
) S o TR A R ARG, EL A% (L R 5 A
(L 5 2 60 R R [ A L, A ol vy o A R
A R (R X 5 it FEE 8 D T 52 ol 5 A5 AL 119 44
FAREE AR SE o A TEAR AL T Rl A [ B
RAKTE 3 FURL B AN R FHBLR] , 55 R AR TR A LE
28 1o Tl Ak BEATE HTRE RS I Ak 22 FLROK e B 1) BELAL R
P, TEARK, 2225 WE o TE by K 2 10 0P E 4 il
F T T 52 BBOR 2 1 6T, AMTIERENE O & A
R o= o T A0 30 o 0 Y Al Ak B 1) 22 AL OROK B
Hor BRI 3 BT B AT — i 1) BRI SR A

(11 /7%, H2qE, TkFE, 5. Rk EEEER 5K

Wy P B R R Y BT B0 G IR R AR B SE D] B R,
2018, 43(10): 219-223.
LU Y, LU X H, ZHANG Q F, et al. Correlation
of rice amylose with physical properties and taste
quality of rice [J]. Food Science and Technology,
2018, 43(10): 219-223.

2] XUMLEE, 2O, B0, S JOKTE R 458 5 R

PEAE 5 I D] h B R 2 4, 2019, 34 (12):
107-114.
LIU C J, LI H H, TANG S W, et al. A review
on structures and properties of rice starches[J]. Jour-
nal of the Chinese Cereals and Oils Association,
2019, 34(12):. 107-114.

[31 BELINGHERI C, GIUSSANI B, RODRIGUEZ -
ESTRADA M T, et al. Oxidative stability of high—
oleic sunflower oil in a porous starch carrier[J]. Food
Chemistry, 2015, 166(6): 346-351.

[4] YAIZA B G, DOLORES R, ROSELL C M. Thermal
stabilization of probiotics by adsorption onto porous
starches[J]|. Carbohydrate Polymers, 2018, 197
558-564.

[5] E#, B, FUCE. JORTER S 5 B &R
R BFFEUERE(]. PR AR AR, 2020, 20(1): 1-9.
WANG J, MAO H J, LI H Y. Research progress

of starch structure and rice texture [J]. Journal of

Chinese Institute of Food Science and Technology,
2020, 20(1): 1-9.

[6] triai, MR, SRz, % HRATE ROKGER A

P e By 22 AR )] o B R AR e R, 2019, 19(12):
193-200.
XU X R, ZHOU J, LU Q Y, et al. Changes in
the physicochemical properties of rice starch before
and after extrusion[]]. Journal of Chinese Institute of
Food Science and Technology, 2019, 19(12): 193-
200.

[77 LI H, HO V T, TURNER M S, et al. Encapsula-
tion of Lactobacillus plantarum in porous maize
starch[J]. LWT-Food Science and Technology, 2016,
74 542-549.

[8] XU L Y, CHEN G J, PENG C Y, et al. Adsorp-
tive removal of fluoride from drinking water using
porous starch loaded with common metal ions [J].
Carbohydrate Polymers, 2017, 160. 82-89.

[9] YUSSOF N S, UTRA U, ALIAS A K. Hydrolysis
of native and cross-linked corn, tapioca, and sweet
potato starches at sub-gelatinization temperature us-
ing a mixture of amylolytic enzymes [J]. Starch —
Starke, 2013, 65(3/4): 285-295.

[10] DURA A, BIASZCZAK W, ROSELL C M. Func-
tionality of porous starch obtained by amylase or
amyloglucosidase treatments [J]. Carbohydrate Poly-
mers, 2014, 101. 837-845.

[11] CHEN G, ZHANG B. Hydrolysis of granular corn
starch with controlled pore size[J]. Journal of Cereal
Science, 2012, 56(2): 316-320.

[12] GREWAL N, FAUBION J, FENG G, et al. Struc-
ture of waxy maize starch hydrolyzed by maltogenic
a—amylase in relation to its retrogradation[J]. Journal
of Agricultural and Food Chemistry, 2015, 63(16):
4196-4201.

[13] LI X L, LI D, TIAN H, et al. Reducing retrogra-
dation of gelatinized rice starch and rice meal under
low temperature storage by addition of extremely
thermostable maltogenic amylase during their cooking
[J]. Food Research International, 2014, 62. 1134-
1140.

[14] AO Z, SIMSEK S, ZHANG G, et al. Starch with a
slow digestion property produced by altering its
chain length, branch density, and crystalline struc-
ture[J]. Journal of Agricultural and Food Chemistry,
2007, 55(11): 4540-4547.



236 H5M

7 ) Bl b 223 % 5L R ORI A A

4% v 29

[15] MIAO M, XIONG S S, YE F, et al. Development

[16]

[18]

[19]

[20]

[21]

[22]

of maize starch with a slow digestion property using

maltogenic @ —amylase [J]. Carbohydrate Polymers,
2014, 103: 164-169.

LE Q T, LEE C K, KIM Y W, et al. Amylolyti-
cally—resistant tapioca starch modified by combined
treatment of branching enzyme and maltogenic amy-
lase[]]. Carbohydrate Polymers, 2009, 75(1): 9-14.
MARTINEZ M M, PICO J, GOMEZ M. Synergistic
maltogenic « —amylase and branching treatment to
produce enzyme-resistant molecular and supramolec-
ular structures in extruded maize matrices[J]. Food
Hydrocolloids, 2016, 58. 347-355.

BRUNAUNER S, EMMETT S, TELLER E J. Ad-
sorption of gases in multimolecular layers[J]. Journal
of the American Chemical Society, 1938, 60 (2):
309-319.

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

WICKRAMASINGHE H, BLENNOW A, NODA T.
Physico—chemical and degradative properties of in—
planta re —structured potato starch [J]. Carbohydrate
Polymers, 2009, 77(1). 118-124.

KLUCINEC J D, THOMPSON D B. Fractionation of
high —amylose maize starches by differential alcohol
precipitation and chromatography of the fractions|[J].
Cereal Chemistry, 1998, 75(6): 887-896.

ROSELL C M, YOKOYAMA W, SHOEMAKER C.
Rheology of different hydrocolloids -rice starch
blends. Effect of successive heating—cooling cycles|]].

Carbohydrate Polymers, 2011, 84(1). 373-382.

(23]

[24]

[25]

[26]

[27]

(28]

[29]

DURA A, ROSELL C M. Physico—chemical proper-
ties of corn starch modified with cyclodextrin glyco-
syltransferase [J]. International Journal of Biological
Macromolecules, 2016, 87. 466-472.

BENAVENT-GIL Y, ROSELL C M. Morphological
and characterization ~ of

physicochemical porous

starches obtained from different botanical sources

and amylolytic enzymes [J]. International Journal of
Biological Macromolecules, 2017, 103: 587-595.
ZHAO A Q, YU L, YANG M, et al. Effects of the
combination of freeze—thawing and enzymatic hydrol-
ysis on the microstructure and physicochemical
properties of porous corn starch[J]. Food Hydrocol-
loids, 2018, 83(10): 465-472.
BING Z, CUI D, LIU M, et al

starch: Preparation, characterization and adsorption

Corn  porous

property[J]. International Journal of Biological Macro-
molecules, 2011, 50(1). 250-256.
BENAVENT-GIL Y, ROSELL C M. Comparison of

porous starches obtained from different enzyme types

and levels[J]. Carbohydrate Polymers, 2017, 157:
533-540.
ERIC B. Understanding starch structure: Recent

progress|J]. Agronomy, 2017, 7(3): 56-57.
MERTENS J A, SKORY C D. Isolation and charac-
terization of a second glucoamylase gene without a
starch binding domain from Rhizopus oryzae|]]. En-
zyme & Microbial Technology, 2007, 40(4):. 874-
880.

XIE Y, LI M N, CHEN H Q, et al. Effects of the
combination of repeated heat—moisture treatment and
compound enzymes hydrolysis on the structural and
physicochemical properties of porous wheat starchl[]].

Food Chemistry, 2019, 274. 351-359.

Effects of Different Enzyme Treatments on the Properties of Porous Rice Starch

Wang Cuiling', Dai Changjun',

Pan Bo',

Wang Jing',

Liu Qing?,

Sun Lirong',

Dong Xiaohui®, Shi Dongmei',

Li Wan'
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Abstract Porous rice starches were prepared using maltose a—amylase (MA) and amyloglucosidase (AMG), respective-

ly, and their characterisation was compared and analysed. Scanning electron microscopy showed that both enzymes pro-

duced a honeycomb-like porous structure on the surface of starch granules. The relative crystallinity of the enzymatically



30 hoE N % R 2023 445 5 1]

treated rice starch granules was higher (25.54%-33.26%) than that of the natural starch (23.74%). The MA treatment in-
creased the number of short—branched starch chains and reduced the molecular mass with increasing enzyme treatment
time. The solubility, apparent straight—chain starch content, peak viscosity, disintegration value, final viscosity and re-
generation value of starch granules decreased in both MA- and AMG-treated starch granules compared to the control.
The solubility of starch granules from the MA treatment was higher (1.46%-2.57%) and the solubility of starch granules
from the AMG treatment were both less than 0.42%. Compared to the control, the starch paste temperature of the en-
zyme—treated rice would be delayed by 0.8-6.0 “C, with an increase in enthalpy change in the range of 1.0 to 3.8 J/g.

Keywords porous rice starch; maltogenic a—amylase; amyloglucosidase; structure characterization; characteristic analysis



