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Optimization on starch preperation from broken rice by Fractional steps
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Abstract: The broken rice starch was prepared from the rice process-
ing by-products. By single factor tests and orthogonal experiments,
taking the extracting rate and purity as the indexes, the rice starch
was prepared by alkaline hydrolysis method of microwave-assisted
with alkaline protease extraction. The optimum conditions were as
followed: the ultrasonic time 25 min, enzyme content 5 mg/g. en-
zyme hydrolysis time 2 h, enzyme hydrolysis temperature 45 C,
ratio of solid to liquid 1 : 4 (g/mL). Under the conditions, starch
extraction yield reached 98.56 % . and the purity was 99.13%.
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IO FE Ak 3L R 5 AR K TR B 1 e AR B ISR 4 L IR AR AL ok
VERY 2 AR I ) & 2 R OKRVE R IR LR 2%,
1 MRStk
1.1 #REMNE
LL1 #5iE5

FURIBREOK 4 P18 LK 4 5.92% ML 7B 1 8.85 % JHLIE#
69.4% HIEE T 1.4% K4 3.4% , ISR IEH 5

AR R BRER BN . L BRER BN VR R L & RS .
Sy M el B 2R A R A
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FRAHE .,
1.1.2 FEAURS
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il 38 7 PR 2 | 5
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R T U B R R A . UP250 B0, 5 I 37 2 A W Bl 4% B 4
AT

JK A3 B AL : HB43-S &R, Hii -+ Metter Toledo 2] 5

K E R IR 4% - SHA-B B, 5 M AR s 28 IR A Al

pH il & # PHS-3C AL, I ifg {0 Bl 22 A48 I 1 A BR
/NEIE

B0l LX]-TB®, BigZs RS .
1.2 Ak
1.2.1 (R ACHL € A3 0 4 U o il B

Zl

B R B LA P TS



AR

2018 % 6 4

BT REEL T, 80 B . 18 T K8 . 4 NaOH [ & it
DI R VAU 4 — [ TR LGB T OROR I T R K U
TE 25 5 2H 248 B HL T 38 AR 30 min, 4 3 0 S 09 3 48 I 4
BOE T HEZ TR ORI 15 min, FIBE 7 80P 55 BE T
25 min, A WR A 50 DTS T TR B 0 07 B B 45 TR I )
BRI ], KV W A B0 AL L3 000 r/min B0 3
WL AR 15 min, 335 A 85 %0 & BV T BE NS - T 76 B 0 HL A
PL5 000 r/min B0 K% 3 R, iR 10 min, B2 T4, # i
S AT ML A3 5 K HEL TG 3 4 — 2 [0 9R Lb o A 0 A R 75 IR R
Ui 16— 38 Z AT A B8 2 B AE KO IR 35 K R — B
[, 7E 5 000 r/min B0 KB 3 W, FIK 10 min, T )5
il 15 & v B
1.2.2 R ERRR

) HLTE Ay 5 D 28 a0« A1 0K I 42 BB 38 5 0
S 2% 26 NaOH ¥ & (0.1%.,0.2%.,0.3%.0.4%.0.5%,
0.6%) JEWEH[1:4,1:5,1:6,1:7,1:8 (g/mL)].4&H
BFRI(1,2,3,4,5,6 )3 AR XM IE M IRBORZm, 4
PEEHE — R AT R e, B R & AR
NaOH ¥ BE 0.3% W I 1 4 (g/mL) 3B ] 2 h, #4F
3 WH 5.

(2) 2l v py B B 28956 DA IR oK T o 4 B 26 4R A L 43
5 2 5 8 75 i A 3B ) (10, 15,20, 25,30, 35 min) | [ L
[1:3.1:4,1:5,1:6,1:7,1:8 (g/mL)].JffEF (30,
35,40,45,50,55 C) [ I & (3,4,5,6,7,8 mg/g) . Hi fif i}
B (1,2,3,4,5,6 h)5 4~ [K 2 %t 4 & A R R B9 5 . 24 1k
A — B TR B 2R 0 B, A BB S R B S U
Ab B ] 25 min, B 10 4 (g/mL) . i B iR) 2 b, i 7
W 45 CL#fT S RE KR,
1.2.3  IEZCIA AR R U 45 A R VE R 4R LA A A
FIEI 3 AN IKOF 5 4l e I 3 B A R B 4 AR, B
R K JE M 4 LR Oy 5 2848 b . E AT 3 IRE E T .
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(1) ¥E 80 5 « e GB/T 5009.9-—2008 (1 B2 /K fift 1
AT

(2) B[ 5E : # GB 5009.5—2010 i 9L K & Al %
PAT.

(3) HArI5E 3% GB 5009.4—2016 447,

(4) N8I 5E 4% GB 5009.6—2016 47,
2.6 Fdgeitobr IR R A Excel 2003 #A1EK ,
FHIEZE B F 30 AT 2% 447
2 HiRkS5nbr
2.1 MAEHMRENERRRRE
2.1.1 NaOH ¥R B X5 K ML JE M $2 BOR 52 |l 1 7]
A28 NaOH #e B2 0.3 %6 A2 A7 Bt 4 2K U By 1 42 TR B i
KRR R AKMEF R AR PBIT 24 5 SR H R & h
80 %6, BRI ME Ay 2 2 1 BT B O 2R TV A AR A TR
e, DTS A3 0K 380 00 43 B9 1 o . 24 NaOH ok B2 i KB,
TR K VE o 1) 45 4 R T 32 B IR 0K T8 R BR IBCR T R . ik
NaOH ¥ B £ £ 7E 0.3 %0 BHL .
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Figure 1 Effects of NaOH concentrateon on starch yields

from broken rice
2.1.2 TV OO BEAORLIE A SR IR 52 Mg dy 8] 2 AT %0, B
VARG s 9 0K TE B 4 TR S T o TR AR 2 R LR
105 (g/mL) B REOK JE A SR IR I o 3602 T — 2 1Y B
PO AT R e 18 0K A 1) R DU {FL I 3 T R WK N R 2R
I BTN RE 55 30 0 15+ AT A 448 K 3 A 1) B IO R e . BT LA
BEREW L 115 (g/mL)B A AE .
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Rate of broken rice starch/%
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Solid-liquid ratio(g/mL)
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Figure 2 Effects of ratio of solid-liquid on starch yields

from broken rice
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2.1.3  PRIGURE [a) %0 BEK BE Ry SR IR AR i 18] 3 WML B
A EIBORT (] 9 4 4, B9 OK B A 19 4R IR B R 4R I3 h
Jai AR T ARG R IR G 2 08 . X 2 T R S

NaOH @R KK VE R &5 44 AT T 03K 25 1 GE R oh 40 g
MREAS 25 1 R AR I ] L e 4 7E 3 h A .
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Different extraction time/h
B3 R R FRIBAS ) Af AR SRR 4G
Figure 3 Effects of different extraction time on starch

yields from broken rice

2.2 EXKE

2.2.1 IETEH FKFHE  IESCIE I E KL 1,

2.2.2 ERREEER TN R 2 AL HEER IR A

WS AR AR IR 1 E IR F R KK C>ASB B T A4

AR ABCy BIBRIR M E 0.4% , EIWR L 1 ¢ 4 (g/mL) .12 $EH}

] 2 h, BAETEHAAEARIEELRAE P FERMAEEKMT
HEATHGUE ST 56 , 25 RARTCR N 91.67 %0 4l 96.58 %,

£l EXRBEREHEKFEER

Table 1 Factors and levels of the orthogonal experiment

KA AREEE /D BB (e/mL)  C NaOH ¥ E/ %

1 2 103 0.2
2 3 1:4 0.3
3 4 105 0.4

F2 EXREURNEERRSWN
Table 2 Results and analysis of extraction rate by

orthogonal experiment

e A B C TERPRIE/ X%
1 1 1 1 88.83
2 1 2 2 90.36
3 1 3 3 90.79
4 2 1 2 87.82
5 2 2 3 89.99
6 2 3 1 88.34
7 3 1 3 89.34
8 3 2 1 87.25
9 3 3 2 88.25
""" ki 89.99 8866 8814
k> 88.72  89.20  88.81
ks 88.28  89.13  90.04
R 1.71 0.54 1.90
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2.3.1 R A F A )RS AR OK A E R SR IR I B 4
T B 7 A S B A G A K Y 4 IR S T SR BRI
A 25 min B K GE A RO SR IO B . T AR R

T I AT A PR AL e — o R P R R R R v el s

1 B8 R B SR R e I A R R .
R FE P AL FEAT A BE25 min 245 .
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Figure 4 Effects of ultrasonic treatment rime on starch

yields from broken rice

2.3.2 VR EL XA oK 4l VE B R BRI S R 1] 5 Al bl
5 1 b 10 8 o TR oK i S 1 i BSRS89
e 105 (g/mOB A3 KME. SOEH T8 m. &H
ity 5 8 P 0 S DA T {6 2 1 T O 5 R A VR TR D Y SE
BTN ES . LB EESE 105 (g/mL)ZEAT

2.3.3 AR B G WEOK 4l VE A R B A 6 Wl A,
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Solid-liquid ratio(g/mL)
B5 BERustsgRezHnREyP.
Figure 5 Effects of solid-liquid ratio on starch ylelds

from broken rice
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Figure 6 Effects of hydrolysis temperature on starch

yields from broken rice
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i 5 3852 ) T v A OR S B B BRI 2 i R
e 45 “C I K JER PR IBUCR IR d ik 98,7200 i Tl E T
19 RS P T 3 A s IR R B 45 C L Rl R
Thes BRI AE TR . PR R A 4 AE 45 CTRUR

2.3.4 WA R AL VE R R ORI R i E 7 AT,
1 oK JE oy B B3 Bl Tk 0 39 S T s O e IR Y g T &
B 5 mg/g, BEARGE MR IR X B R AH . N O Bl G G
B TR B S R SOR L R E 5 me/g Y
it ) 00 ) 0K R A ) SRR . R L B L S mg/g
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Figure 7 Effects of enzyme contentration on starch

yields from broken rice
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K T R FIORE 25 R S A A S AT ULIE TR I 1 9 1Y
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Figure 8 Effects of hydrolysis time on starch yields

from broken rice
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241 ERZHBMREAFRTHE ECRBERRAKTE 3.
2.4.2  SEVEMIESTIRIREE R BT th3R 4 W], BAOK Sl E
3 BRI T2 52 o A A U A AR IR ) R R AR IR K
B>A>D>E>C I TZEHA AR AvB,C. D Ey, B 75 3%
SEPRIFIR] 25 min, B A5 5 me/g, B IR 2 h, A IR
45 °CL, MWt 115 (g/mL). mETZHAAAREIEREN
B TR T AT IR S, 25 R e PR IR
1£98.56 % , 4l ik 99.13% .

®3 EXREERKER

Table 3 Factors and levels of the orthogonal experiments
KT A ALIE  BRgHE/  CHEfER DE#R E BRI
B /min+ (mg-g™ ") & /h g/C o (g/ml)
1 10 3 1 30 1:3
2 15 4 2 35 1:4
3 20 5 3 40 1:5
4 25 6 4 45 1:6

x4 EXHBRHNELERRSN
Table 4 Results and analysis of extraction rate by

orthogonal experiment

R = A B C D AT
IR/ %
1 1 1 1 1 1 92.25
2 1 2 2 2 2 94.85
3 1 3 3 3 3 96.10
4 1 4 4 4 4 95.55
5 2 1 2 3 4 95.03
6 2 2 1 4 3 95.75
7 2 3 4 1 2 94.86
8 2 4 3 2 1 95.38
9 3 1 3 4 2 95.55
10 3 2 4 3 1 95.28
11 3 3 1 2 4 97.85
12 3 4 2 1 3 96.29
13 4 1 4 2 3 96.56
14 4 2 3 1 4 95.88
15 4 3 2 1 1 98.26
16 4 4 1 3 2 95.52
T e i wea o waw
ko 95.255 95.440 96.108 96.160 95.195
k3 96.242 96.767 95.727 95.482 96.175
k. 96.555 95.685 95.563 96.278 96.077
R 1.867 1.920 0.765 1.458 0.980
3 i

AR R AR A — o DA AT B A RUR

R AR DR TR 11 B B 3 R 0 R AR O REL TR R 1Y e A R R A% 1R
BB B 0.4% JEWREL 10 4 (g/mL), B uF A 2 h, M
MAREUR N 91,67 % . 4l B 5K 96.58 % 5 4l VE MY 1Y fi AL B B 4%
PR R 15 (g/mL), fE75 FE] 25 min, %1 2 1 B 9
WeBE 5 mg/g. B[] 2 h, IR 45 °C L FER ER IR K 98.56 % L 4l
B3k 99.13% . 2= B4R BOKOK 38 A A KK R 38 18 h FEAT
SR ROKVEA 5 2 33 AU B ROK B T RRE 5 h AR R
T 91 S K 4 HCUE B T R 4 HI R 9L SR T T A A K K
¥y 0 T2 45 G R D TR JE M R 7 AR S Bl L R
(F#% 220 )
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