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Abstract ;: The indica starch pregelatinized by microwave as raw mate-
rial, the effect of ultrasonic auxiliary-dual enzyme method and seed
induced-dual enzyme method on the structure and physicochemical
properties of indica rice resistant starch of type RS; were researched
in this study. The results showed that the structure of the raw starch
was polyhedron, the edge of the surface was distinct, the crystal
form was type A, and the crystallinity was only 8.9%. While the
structure of RS; were made by ultrasonic auxiliary-dual enzyme
method and seed induced-dual enzyme method became rough and un-
even, the solubility, swelling degree and water holding capacity were
decreased, the crystal forms were dense and stable type B or type
B+ V., and the highest crystallinity was 20.10%. There was no new
functional group was formed during the formation process of RS; and

their chemical structure has not changed. The enzyme addition se-
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quence showed that pullulanase was added before isoamylase better
to promote starch crystal formation of ordered structure.
Keywords:indica rice resistant starch of type RS;; X-ray diffraction;

infrared spectroscopy
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Table 1  Double enzyme adding order and sample name
e A MU
U-IP-RS; o6 57 VE M i 3 2
U-PERS; i & = i 5 5 08 4

1.3.3 RS BURIK 5T M UE By 09 o B0 5 3 — WU I 1l % AR
B0 g S8 54 m . 28 48 /K T ) Ve b B & 40 80k 109019
LB UE R 3L, 85 TCOKIB & T B L 30 min, H 2 IEH FL
SEFEEERCR)GE T 120 Ci R &M T AR 30 min, R H G
BT 4 CUKR R 24 he B3 Goni 357 Xt 4 A 2L i 4k b
PRI 175 RS, T B 4% B h 1 T M 0 A

T BB A BBl TR ARl oK BE By . JH pH Dy 5.0 MY BE R 1
2% I VT T R B R A R 10 20 I TE R 3L 85 CCE TRK
WA T AL BE 30 min, FHR 2 50 °C 8 B A F T 35 5k
fitt 8 U/g, 5 V€ 0y i B % 4 h. 85 CHE R AK W &M T Kl
10 min, ¥ #1, ] 0.1 mol/L HCl #& pH % 4.5,60 °Cfd 5 /K
WRMTEME S 20 8 U/g, T & 2 i M# 3.5 h,85 CIE
TR K S8 K 10 min, B H1 5 40 C LB F 526 R
SN VE R LR S T 4 CUKAE MR 24 h, RS, BUALCKHT M
ER A AL 2 % Goni 357,70 CHEAE BT 8 by & M.
RS, BRI K ST UE 3 19 075 3 — WG L 45 L 28 = iy
il R 5 22 o A VS I SR R AR L3R 2,

x 2 WEHMIAEFSiKEAR

Table 2 Double enzyme adding order and sample name

I FE 2 B [352
S-IP-RS; SE 5 VE R S N 2L
S-PI-RS; S 2L R 5 VE R B

1.3.4  WRIEA R B S BT Mic-PS, U-PI-RS; |
U-1P-RS; .S-PI-RS; fil S-1P-RS, Tk 412,
1.3.5 Wi B WEAK B R K M E  Mic-PS,U-PIRS,; |
U-TP-RS; .S-PI-RS, #1 S-TP-RS; 19 7 fift B % i B 1435 7K g
W 5E 22 k[ 24~26],
1.3.6  X-SFekfir b AIH X5 L A7 4 52 # Mic-PS, U-PI-
RS, ,U-IP-RS; . S-PI-RS, fl S-IP-RS; @K 25, A7 41 5 1
FRAE ST 2R CuKa, A SR A S, BB E 40 KV, H I 30 mA,
FMTEE 20 Sy 470°, FHHHBE 10/min"™" , KFERY LS N
e i DX TR AR5 e DX R I A0 DX TR SR I LR S
1.3.7 fEHE LS b R R R 2D A 583 4 T Mic
PS, U-PI-RS; , U-IP-RS, , SPI-RS, fl S-IP-RS, 4 T 3% H
AR
2 giRk5nbr
2.1 RSBk FME R B BRI A S

A1 ORT A B ORI AR R VE By Mic-PS 2 £ i itk
JE) BB 0 085 O 5 A £ 4 W o % T A S 0 SR el L R IR s R
Yy o HE N AT BB R K 43 T A Bk R A R 3 1 R R A TR
TR B B R AR S B A TARR FIER,
XS TRAN AL R T B S S R Y R HE b T AR . U-TIP-RS; |
U-PI-RS; .S-IP-RS; fl S-PI-RS; #f 5k 25 J5 A 7€ F ik 51
JoW B FE AR AT 0 WO 5 LR U A 0 IR 4
), STP-RS; H 3 T IR B AR R 7T LG WL 2 RR 454
U-PI-RS; F 12515 MoK B FASE i AE & Wl . 2 i R B
AT R 2 P I A N LR E R 43 N 7 A R T e UL E R
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Mic-PS (x35) U-IP-RS3 (x500)
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Figure 1
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Table 3

B B BE L F 7k

Solubility, swelling power and water holding ca-

pacity of raw starch and indica RS; %
FE i Vi A 2 1 ik 2 K1
Mic-PS 7.86 33.03 687
U-IP-RS; 3.80 12.83 452
U-PI-RS; 3.10 12.18 395
S-IP-RS; 2.13 11.45 284
S-PI-RS; 2.82 11.58 346
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Scanning electron microscope photos of raw starch and indica RS;
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Figure 2 X-ray diffraction pattern of raw starch and indica
RS; prepared by ultrasonic auxiliary-dual enzyme

method
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X-ray diffraction pattern of raw starch and indica

RS; prepared by seed induced-dual enzyme method
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Table 4 Relative crystallinity and crystal structure of raw

starch and indica RS,

BE i LS ECT Y W Vo o
Mic-PS 8.96 A
U-IP-RS; 15.82 B
U-PI-RS; 17.81 B+V
S-IP-RS; 18.69 B+V
S-PI-RS; 20.10 B+V
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Figure 4 FTIR of raw starch and indica RS;

bipiE
Light transmittance/%

£ . U-PI-RS;, U-IP-RS,. S-PI-RS; fI S-IP-RS, 7E
1478 cm ' B3 1) —CH, 75 iy 9 2 #8514 548, 158 W] 3E by 242 8 A
ity By XL v R P S — U I AL S L 7 A T BN A
FEE, A Fp RS, 7E1 182 cm ' b 1 W Wi 06 47 3% 58, 154 B 19
T 0 Ak 335 4 32 B S R HEZ SE O o R, 5 Fh UE M TE
1182 cm ™ 4k f9 W% i 5 58 55 S-PI-RS, > U-PI-RS, >
S-TP-RS; > U-TP-RS, > Mic-PS, 13, Bl 56 %5 fin 3% € 2 {6 J5 %5 i
SV TG P AU AR VR TE U )T A
3 H51

(1) R 00T A0 Rl oK U2 A B0 S A 30 5, 2 2 A IR
T RSs BlOK Ht 1 08 k3 2k 26 A TE M B 3, 2% ThT 5 900 e
AR VAR S R REGE L S ARG R B HLIR A,

(2) 787 1) =X Al B Ot 2 0 ot R 5 R — LT 12k 1 45
RS 1 ¥ A B 2 K B8 R4 7K g J4 40 T Binle TR A Rl oK 3 4
22 WV o) A 25 #B R AR AR VT S5 R B N B BT
MBI fE RS, A,

(3) Tl TOMT A Rl K JE M S A BS54, 45 & AL R
8.96 %6 5 fl Rl 2 — AUEHA W5 RS, M FRI N B+V RIZEH
i V) X By R 3 24 RS I A S S E R U
ZWFEE, BT AS RS, R B B RIS M, Y B R 0T Oy 5
A IR EENT TS RS B BV RIS, U0 A
ol g 3 — O 1 2 A 7 () B =X Bl UG vk T e A 2800 R R
SRVE R Il 2 i T AR RS, By 45§ IR R Rl 3k 20.10%.

(4) TR UM ARl K U by 55 8 A T A =X Al Bl B g 32 A
AP S S — BB % A5 RS, (9 2T 1 6 3% 3 A 56 80 A 01 6
AN ol v B o 7 N a1 i v R e O B S
il 2 L2143 RS, 2R V€ R 45 @ X (1 182 cm ™ ') B 30T 110 Wi g 06
SRR 55« 2% WA TS 0 T L DA IS O 22 S S 0 R B
G T A AR 3 RS, AR K

2 % 3Tk

[1] GIUBERTI G. GALLO A, MASOERO F. et al. Factors affect-
ing starch utilization in large animal food production system: A
review[ J]. Starch-Starke, 2014, 66(1/2): 72-90.

C2] I, vrimA: . G R 4E. Uk e B TUAE OR 4 D) Ak K i £ i iF
ek LI]. BUARBIBG S 2%, 2011, 38(23): 4 845-4 847.

[3] GHODKE S K, ANANTHANARAYAN L. Health benefits of
resistant starch[J]. Agro Food Industry Hi Tech, 2008, 19(1):
37-39.

[4] ARAVIND N, SISSONS M, FELLOWS C M, et al. Optimisation
of resistant starch Il and IIT levels in durum wheat pasta to reduce in
vitro digestibility while maintaining processing and sensory character-
istics[ J]. Food Chemistry, 2013, 136(2): 1 100-1 109.

(5] MEAR, FH, AW, 55 PovkiE b (9 4 9 2 D BO%TE & f
TH R L] s B R AR, 2015, 33(5): 1-7.

(6] 20308, sRAMERE . Werm ok, 5. & &MU T 88 5T PE o 2 2L
HALEREL) ], AR, 2015, 36(21): 68-73.

[7] SAYAGOAYERDI S G, TOVAR J, BLANCASBENITEZ F J,
et al. Resistant starch in common starchy foods as an alternative

to increase dietary fibre intake [J7]. Journal of Food &. Nutrition

17



E33EFESH

WA P 85 2 26 - RS TIOR8 36 M A 6 7 32 o JHL 45 g A0 B8 A 4 J5i 4 52 i

Research, 2011, 50(1): 1-12.

(8] W PErE . AW, XBU. s fobk Ve Mo 35 FLUORHH & T8 5E )],
S Z BRI, 2016, 52(4) . 7-11.

LOT XUbdb, A0, SB52HT . 5. mHo ke s ok 2L 0Ok £ e 1k iF
()] &SP, 2013, 38(6) . 229-231.

[10] A7 /NZ2 RS, BLpTE JE B 1 ) 4 S L2l e
% BRPGRHI R, 2016 55-62.

[11] LILJEBERG E H. Resistant starch content in a selection of

BEwrFE (D], 74

starchy foods on the Swedish market[ J]. European Journal of
Clinical Nutrition, 2002, 56(6): 500-505.

[12] HU Pei-song, ZHAO Hai-jun, DUAN Zhi-ying, et al. Starch
digestibility and the estimated glycemic score of different types
of rice differing in amylose contents [J]. Journal of Cereal Sci-
ence, 2004, 40(3). 231-237.

[13] BKIHE =, e, @ 1% 3. 78 7 il B UG 125 T 4% RS, RN K HiT
PN LSBT ] &8 Tk B, 2016, 37(23):
176-182.

[14] 5K, EHRE, RENE. JUUESS Ml R p s m S e AR LT, 1k
R, 2002, 43(6) : 326-328.

[157 fEMs . XUAEME, T, 5. Dhal /K Mo I5 I 25 3 1) 3 &
INGRE TS A F o [T, b2, 2015, 36(11): 1 928-
1 935.

[16] skifgae, #R) . dFE2A8, 5. oA HUBEMR & 2R R &Rl S 4
TRAL 43 F 9 b M B ORFLT ] AR 2 2 3. 2012, 70(23): 2 387-
2 392.

[17] PR, 226 3. G, SFika M ZSM-5 43§ B i BF
FLIL. AR 5T, 2013, 44(11): 24-28.

[18] LIAN Xi-jun, LIU Li-zeng, GUO Jun-jie, et al. Screening of

seeds prepared from retrograded potato starch to increase retro-

gradation rate of maize starch[J]. International Journal of Bio-
logical Macromolecules, 2013, 60(6): 181-185.

(190 FFEWs . XISL . SRR A, . SR 1= Ik o 4% 2 [l A= T 4 1 4
AR T K G R A i B AR (D). & Tk B HE. 2016 (3) .
131-148.

(200 SAb, XIEF, TR, 5. FE-FEE G 4 RS P mm T2
[J]. B 501 % . 2010, 31(2): 19-23.

(210 Rers5], FEm . SR, . (ol fil Bl i 5 i 45 B R B0 JE A
T EMsR0]. &aAE,. 2010, 31(18): 203-205.

[22] R4, AHk, REH, . I HL ] 4 B0 0 vk e A STk
BARE LT, dh Tl BHEE . 2013, 34(20) ¢ 149-152.

(23] FEEUE, XIMHk, BEARLT, 5. TR AL 45 4 I 5 VR il o) 45 /N2 B0
PEVE R B LR Ak b B A R L] BAR & s R, 2013 (3).
519-522.

(247 ZEsuk, JEM. B Vb HUETE R 1 ) o o 64 30 s iy W o LT .
i Toll, 2015(11) ; 78-82.

(250 JKFMEMS, JEH, T30, 4. Bi D@k 5 58 EE k. TORER
FRALPE BT LB LT, £ dh ol BHEE . 2016, 37(4): 183-186.
[26] Smisth, A B0, S0, 5. T8 S50 1 Y B L0 1 5 1 F 52

[J]. v EEEE . 2016, 35(7): 117-122.

(270 B 2%, SkAR L, BRA 5. TR & R TS mos rik0)]. & f
B2z, 2011, 32(9) . 68-71.

[28] MANFUL J T, GRIMM C C, GAYIN J, et al. Effect of Varia-
ble Parboiling on Crystallinity of Rice Samples [ ]J]. Cereal
Chemistry, 2008, 85(1): 92-95.

[29] MR/, XUME 25, B0, B0 T8 00 0k S0 15 1k 3 25 49 28 k1
W], &k TR, 2013, 34(15); 115-118.

(300 Al s Bt KOR RS, BIPTM: Ve B 10 56 ) B8 36 2 98 1 AL 1
RFsT kLT ] & & TR, 2012, 33(8): 431-435.

(k3% 13 )

(5] Wltke, KM, B, %. RBaaqutkS AR el
BRI S IF %, 2016, 37(10) . 207-210.

[6] Mimid , Bl Wi, 55, 0k B X AR Bk v IR £ 21 4t 2 fg
PERTRE LT ). A 5HL. 2011, 27(1) . 11-14, 18.

(7] E3xfle, skER, KEMW, & F4EZEH &S EERDRE
Y T2 A S PR 2010, 26(2) . 118-122.

[8] sk, TI5. ARNENG ., 2. o IR BT AOK R A S g5 R 1k
Rtk m ], &5 5 P00, 2016, 32(6): 9-12.

[O] ¥ M, TR EE, BRANMR . 5. 1oy 0 i) 35 B 6 B3 K R I
PERG B F Aot TR s L) ], & a4, 2015, 36(15):
81-85.

[10] P s . SRIRAE , AT, S5 Sod: a4 B s I 1 2F 4 i1 3 Ak 1k 5

eI iRk, 2012, 33(15): 171-177.
C110 fRARA: s, Bk, 5. D8 2 il AT Ik i 2 2F e B by
PR T2, & i S HLAR . 2015, 31(6): 186-189.
[12] KOLOKASSIDOU K, SZYMCZAK M, WOLF M, et al. Hy-
drophilic olive cake extracts: Characterization by physicochemi-
cal properties and Cu ( [[ ) complexation [J]. Journal of Hazard-
ous Materials, 2009, 164(2/3) . 442-447.

L13] Tybvb, BESTHT, SRBHL . 45, JHUAHONE SR i /K R %5 TR I 1 27 4 2%
FFRAE B AR SP R I RE TSR LT ). £ & Tk BHEE, 2017, 38(3):

18

108-112.

[14] Shmets . N, BRALFE, 5. A4 R85 M e k], &
BB E5HA, 2012, 31(2): 75-78.

[15] Tk, #amr, SORMT, 5. it MO S5 i I 1 2F e ik 4R I T
A BB FRF S LT ] Mo R 5 Tl 2017, 37(1) .
116-122.

[l6] #hR2, W5, 0%, & WG KOS g re k4
HriJ]. PEAERE, 2016, 35(4) . 122-126.

L17] 8N, By ot B . KRG T R 4Ex) Ph?t \Cd?t \Cr?
W B AE T A SR 0. £ i ok R, 2007, 28(11) ¢ 103-105.

[18] PARK K H, LEE K Y, LEE H G. Chemical composition and
physicochemical properties of barley dietary fiber by chemical
modification[ J]. International Journal of Biological Macromole-
cules, 2016, 60(6): 360-365.

[19] Mhoelh, BOXB AR, E0E . 5. T MG £ 27 2k i) 45 4 3R AE KB4
EHERTSELT]. P E Kb . 2016(6) . 22-26.

[20] sk&UH) . WL, RiE, S R0 2R 508 R LLAM s R SR
@I, S0l RS, 2007, 33(4): 549-552.

[21] Dok, Bl W&, LRMIFPARBRR CPAERMITER
W25 oy BT ST ] A R 4, 2015, 17(6) ¢ 70-79.

[22] HERF, E3. BEELFAEny ot RO e ds vk m s m I ], &
FEERIN T, 2009(3) 5 17-20.



