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Table 1

EPERIEIIEERIEMRERKE
Levels of each single factor for the preparation

of resistant japonica rice starch by heat moisture

A% K
K4 F 1% 10 15 20 25 30
R HGBEIC 90 100 110 120 130
2 A B ) /h 3 4 5 6 7

x2 EREFEAEEREHEERKE
Table 2 Levels of each single factor for the preparation

of resistant japonica rice starch by heat pressure

B % K
I ESEI% 20 25 30 35 40
JE R E/C 100 110 120 130 140
JE # B 18] /min 10 20 30 40 50

®3 BEEHNENEERENRERKTE
Table 3 Levels of each single factor for the preparation

of resistant japonica rice starch by ultrasonication

W % K F
WM ES /% 10 20 30 40 50
# iB EI°C 10 20 30 40 50
A8 7 BF 9] /min 10 20 30 40 50
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h 30 °C, 8 75 BFE] A 30 min DL 75 R E O K
I T 5 3 L 5T 1t 23 Bh 30% , 8 A5 I E] 2 30
min ; LA A I 1] O PR 26 S 3 4 L R A0 B
H 30% , #7530 °C,
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Fig.1 Single—factor test results for the preparation

of resistant japonica rice starch by heat moisture
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Fig.2 Single—factor test results for the preparation

of resistant japonica rice starch by heat pressure
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Fig.3 Single—factor test results for the preparation

of resistant japonica rice starch by ultrasonication
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Table 4 Pasting characteristics of resistant japonica starch prepared by different physical methods

e Al 5 JE [P B8 55 L cP B AL/cP R &R cP =) £ i /cP
JS 2 836.00 +£9.31* 1203.67 + 8.68* 1632.33 +6.28* 2774.33 +9.37* 1 570.66 + 8.36*
HMT-JS 2 009.00 + 8.07¢ 1102.00 = 5.24" 907.00 + 5.69¢ 2282.67 + 8.50" 1180.67 +7.15"
PT-JS 583.00 + 4.83¢ 301.00 + 3.60¢ 282.00 + 4.08* 449.00 + 3.73¢ 148.00 + 2.73¢
UT-JS 2 533.00 + 8.52" 1116.67 + 6.42" 1416.33 + 6.03" 2268.67 + 8.04" 1152.00 +3.45"

TE :JS HEORFERY ; HMT-JS : 30 HOE ST BEOR JE By ; PT-)S  FEIAE UMK S B s UT-JS A ik UMK e A, [ 91 7 B AN T) 7 4 ) 22 5

53 (P<0.05), F I,

2.5 IS
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FTAE , Horr, G R W i) J2& B B A2 T2 I 0k 2T IR 1Y
fE 7, BP0 8 530 1 I 5 G ke ) 2 5 S R 1K
BUT S A BE T, BISE A0 B4 Mk B & da
4b de 43RS VER I G’ .G" tand Fifi 4 %A% Ak il
2k 11 4a 4b A0, 7E 0.1~20 Hz S, BF A A

i G IR T G, HZ R A 38 X, R WPRUK 38
3 Ko 3 eI DK U by 14 Ay B ) 58 AR AR
TE 3 A A RN B o AR b SRR RRAE T R PR R
fiE R R RIS T A AR AE 580K E 4 A
Lt , 3 PR ERTER B G/ R GMHIREL, X &
TR TES & A R YA B, vk o T HERE
fitt A7 P PEREATG , 358 I 1) 65 SRR AR, tand MIE 67
5 G A tand K, R R RGME S ORI
Z g AR, BB de AT, BT FE L AE 0.1~
20 Hz M55 250 Bl N 9 tand £/ T 1, IR 5 2
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Fig.4 Dynamic rheological properties of resistant

japonica starch prepared by different physical methods
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Fig.5 Rheological properties of resistant japonica

starch prepared by different physical methods
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Table 5 Fitting parameters of the Herschel-Bulkley model for the static rheological properties

of resistant japonica starch prepared by different physical methods

o SRR A1 7/Pa L F # K/Pa-s" MR R n M R ER?
JS 14.87 = 1.42 31.70 £ 2.93 0.28 = 0.01* 0.9967
HMT-JS 11.01 £ 1.02° 20.73 £2.56" 0.31 +0.02° 0.9954
PT-JS 4.19 £0.811 15.61 = 1.81° 0.28 £0.02* 0.9948
UT-JS 13.59 £ 1.33 21.67 +2.59" 0.34 = 0.02 0.9944

R A5 B 43 F R K, 9 #0155 7K A
HAERIRRE JIB, YE R OB 2549 43 KNV
4 8 LA B S/ B R M) T A R RN R 0 B RN
AN [F] B ) 86 P R K B o 1 3 ik B R i)
TEERMNFE 6 i,

H 2 6 F 1,3 b B PR K E By ) A R
P38 3 AH CRE K VE R A — e Ak, o AE 3 Fhdit
PEAE K JE K o HMT=JS (07 B eI, B e ) e
i, UT=JS 5 fiff B d5c e, B2 D) eI, SRR
PR AR S , VERY T 3 S AE AR TR SRR A
N RA WS A L ) B VE A, 1 E A P R
FHES], G0 T L E A 5 SCEEE A [R] 1Y 22 BLAR
FH WU e 25 4 A8 A5 BT X985 | 0 by 9 B0 A B 4
1, VE A RIURE N 3 1) 23 F AN B v L OTE R K Y
G55 RE 1A T BRARES by b mT LA T R i X
TE N FIURE I YR SE R B IR TE S B B, ml R A X
M EEEVE R, K AT SRR TER S5 &,
T 458 R o T 98 AR 55 A P T O A X A5 5383
27 HFRBREMESN

T BRG0P 1 DA /N IS e T oy B A 28 3 ¥4 R il
WG, TR A AR E 45, 5Em T
SEFY | H A S H g B AT o Mok R ok %
N BT K A VR R R e PR 22 AR T AT LA
153 AT IS Sk, HMT-JS 1 PT-JS 17 Rk
EME IR T 2.27%,13.56% , 1 UT-JS 14 fl
o PR 2 PERRAIG . 2 I AR P Ak 3 S 1)
VER 3 5K G R B AE A el E R
Bk A AR 4y F R BERE R R VR Al AR T 42
o, WA R 5 T AR A A SR — 2 I A S
ST S A ER G, SK TSR
A T RREAR BT 7K 338 R VR RS e PEREAIG
2.8 BRI RER AT

A [F] 0 B ) 8 s BT P A K E A ) R TP

®6 AEWEERFHHEERTENHARE
R
Table 6  Solubility and swelling power of resistant

japonica starch prepared by different physical methods

H o 7 R FE 1% 18 A/ (glg)
IS 13.63 £ 1.88* 16.55 = 1.15°
HMT-JS 8.60 £ 0.85° 14.90 + 0.23"
PT-JS 1045+ 1.77° 13.06 + 1.87¢
UT-JS 11.07 £ 1.54" 12.67 + 1.03¢
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Table 7 Freeze—thaw stability of resistant japonica

starch prepared by different physical methods

e MK 1%
IS 38.40 +2.26
HMT-JS 36.13 £2.08"
PT-JS 24.84 + 1.45°
UT-JS 43.75 + 3.85°
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Fig.6 Scanning electron micrographs of resistant

japonica starch prepared by different physical methods
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Fig.7 Infrared spectra of resistant japonica rice starch

1

prepared by different physical methods

R 8 B K G & BB K TE M A R AR I IR L (B
Table 8 Characteristic peak absorption ratios of resistant

japonica starch prepared by different physical methods

o R onon/cm™
JS 1.22 £ 0.01°
HMT-JS 1.48 +0.03*
PT-JS 1.32 £0.02
UT-JS 1.27 £ 0.02
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Fig.8 X-ray diffractograms of resistant japonica starch

prepared by different physical methods
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Fig.9 Hydrolysis curves of resistant japonica starch

prepared by different physical methods
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Fig.10 Kinetic fitting curves for in wvitro digestion

of resistant japonica starch prepared by different

physical methods at first level
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Table 9 Kinetic equation characteristic parameters, hydrolysis index and glucose production index

of resistant japonica starch prepared by different physical methods

# F#r R IE Cd% 3 A1 % % # k/min™ K 3% 4 HI o ¥ R A8 3 eGl
JS 38.93 +1.97 0.18 = 0.03" 97.89 +2.07 92.58 +1.72°
HMT-JS 23.02 £ 1.18¢ 0.25 £ 0.04* 76.86 £ 1.25¢ 74.45 £ 1.29¢
PT-JS 31.74 £ 141" 0.20 £ 0.03* 86.75 = 1.76° 82.98 £ 1.54°
UT-JS 35.42 £ 1.50° 0.19 = 0.03 91.44 +1.92" 87.02 = 1.67
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Structure and Physical and Chemical Properties of Resistant Japonica Rice Starch Prepared
by Three Physical Methods

ZHANG Chujia', JIA Jianhui'?, GAO Man', WANG Zeran', LIU Ying', DOU Boxin", ZHANG Na'
(‘College of Food Engineering, Harbin University of Commerce, Harbin 150028
*College of Life Science and Technology, Mudanjiang Normal University, Mudanjiang 157011, Heilongjiang)

Abstract Comparison of the structural properties of resistant japonica starch prepared using various physical methods
provides a theoretical foundation for industrial production. The resistant japonica starch (denoted as HMT-JS, PT-JS, and
UT-JS, respectively) was prepared by the heat moisture method, the heat pressure method, and the ultrasonic method
using japonica starch as raw material. The optimal preparation conditions were determined by single—factor tests, and the
structure and properties of the resistant japonica starch under the optimal process conditions were investigated. The results
showed that the optimum conditions for the preparation of resistant japonica rice starch by different physical methods were
as follows: HMT-JS: moisture content of 20%, heat moisture time of 6 h, heat moisture temperature of 110 C, resistant
starch content of 24.31%; PT-]S: starch emulsion mass fraction of 30% , heat pressure time of 30 min, heat pressure
temperature of 110 °C, resistant starch content of 16.68%; UT-JS: starch emulsion mass fraction of 30%, ultrasonic time
20 min, ultrasonic temperature 30 °C, resistant starch content of 15.02%. Compared with japonica starch, the solubility
and swelling power of the three resistant starches were reduced, the thermal stability was significantly improved, and
they were less likely to regenerate, and the freeze—thaw stability also changed to different degrees; the rheological results
showed that japonica starch and the three resistant starches were weak gel systems and pseudoplastic fluids; the surface
of the three resistant starch granules became rough and adhered, and the relative crystallinity and short-range orderliness
increased. The results of in vitro digestion tests showed that within the same hydrolysis time, the hydrolysis rate of the
three resistant starches was lower than that of japonica rice starch, with HMT-JS having the lowest glycaemic index of
74.45%. The results of the study provide a reference for the development of deep processing products of japonica starch.

Keywords japonica starch; resistant starch; physical method; structural properties



