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Abstract: The recombinant rice was prepared by twin-screw extrusion with broken japonica rice flour as raw material and a
certain amount of resistant japonica rice starch. The study investigated the effects of die temperature, moisture content and
screw speed on the quality of the recombinant rice. On the basis of single factor, the extrusion process conditions were
optimized by response surface methodology. The pasting, rheological, cooking, and digestive properties of the recombinant
rice were subsequently determined. The findings indicated that a composite score of 70.7+0.5 of recombinant rice was
achieved at a die temperature of 100 °C, moisture content of 28%, and screw speed of 96 r/min. The pasting properties
indexes of recombinant rice were less than commercially available japonica rice, but slightly higher than blank recombinant
rice, considering viscosity, retention value, and pasting temperature. The G' and G" of the recombinant rice were lower than
those of commercially available japonica rice but slightly higher than those of the blank recombinant rice. Recombinant rice
had higher water absorption, volume expansion, and cooking loss than blank recombinant rice and commercially available

japonica rice. The recombinant rice had higher SDS and RS contents and lower RDS contents compared to the blank
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recombinant rice and commercially available japonica rice, which were respectively 51.62%, 9.37%, and 39.01%. The study

results may serve as an experimental foundation for the creation of low-digestible recombinant rice products.

Key words: recombinant rice; extrusion; performance; resistant japonica rice starch
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Table 1 Response surface test factors and levels

7K
-1 0 1
ARSI EE(C) 90 100 110
Bk (%) 26 28 30
CIBHF#434 (r/min) 80 100 120

1.2.4 JEEIFY  HADRKEE IS ENE /Y
D7k, BOEVEE NG 10 A&RIE R Ll A
SUEAE.



CHERE TR ] w18, A BOREADRAH S L2 S ERERIT Y <171 -

1.2.5 JEFgRerElE AR YESCHER [13—-14] #iR 5
R TIE M, FEAE TN 11 1.5(m:m) 1Y
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Fig.1 Effect of die temperature, moisture content and screw
speed on the quality of recombinant rice
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2.2 MaszmEE
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Y=69.98+2.05A+1.45B—1.02C—2.20AB+1.00AC—
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X [N )7 BRPEAT 7 2250 HT, G5 a3 3 iR .
rh 22 3 A2, ALY F AR 38.64, HUAHRZ Y P E/NT
0.01, ZRBHTE v i FH A [l YA IR EL AT A L i 28 A4
Mo RYUIT F=6.03, XTRLH PAE N 0.0577, A 3%
(P>0.05), RIRIEFAS AR R 0] 520, B R 4T
IHLGTE . IZBIRI P E BB R 2 0.9803, FKLIESS
& 0.9549, SR Iy BRI E R4, I HAE S H240(1.33)
AR, DI A s, Rl SETEs .
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Table 2 Design and results of response surface test

s ABSGRE  BKOER CIRTHE  YZREITS
1 0 0 0 69.8
2 0 0 0 69.6
3 -1 0 -1 62.5
4 1 -1 0 65.3
5 1 1 0 62.5
6 0 -1 -1 62.9
7 0 -1 1 60.9
8 0 0 0 70.5
9 -1 -1 0 57.3
10 0 1 -1 67.6
11 -1 0 1 58.9
12 0 0 0 69.5
13 0 1 1 64.6
14 1 0 1 65.5
15 -1 1 0 63.3
16 0 0 70.5
17 0 -1 65.1

3 [RIEROR K Tr 2200

Table 3 Regression model and analysis of variance

3 SFH A ¥y Ffi P
TREAY TG 260.00 9 28.89 38.64 <0.0001™
A 33.62 1 33.62 44.97 0.0003"
B 16.82 1 16.82 22.50 0.0021"
C 8.40 1 8.40 11.24 0.0122°
AB 19.36 1 19.36 25.90 0.0014™
AC 4.00 1 4.00 5.35 0.0539
BC 0.25 1 0.25 0.33 0.5812
A? 83.00 1 83.00 111.03  <0.0001"
B’ 49.83 1 49.83 66.65 <0.0001"
c 27.16 1 27.16 36.34 0.0005™
B2 5.23 7 0.75
ERiM 428 3 1.43 6.03 0.0577
aiiR e 0.95 4 0.24
S22 265.23 16
R*=0.9803 R, ;=0.9549 C.V.%=1.33

e " FREREE (P<0.05); “**" FIR 22 F L E (P<0.01),

2, F AT ] AR ) e 1B A 8 BRI R O E /N
ABESR ) >B (K438 138 >C (IRAFFHE ) .

222 FHHEELZHAEHEWSNT A HEELHEAEH
Ay 7 T P DAL T 2 P PRI 260, ) R T 3 SR I T )
T, e S AE B B 2 KT AR I R, 2
{BLSUS, & X FE RS B 2R 7K B 22 T 41K, ma 7
TET B i ek, R AR 56 2 Y el N A e B 4%
o A FD B B8 B T E e BE U, ma s (AR b B
K, FRIKRE Z W32 BEAEA LR A Fi C. B Fil
C PHZHXH I A i 7 T AF P20, P ZH A 2 22 [R)
MIZE BAEFH EEECES o

2.2.3 WKIEGKUE 4844 Design Expert 8.0.6 #4443
AT A5 3] e 7 T DL A B8 T ZH K I e T2 2R A A
BLSLIEE 101.72 °C, /K5y & & 28.32%, MRFF 5%
96.48 r/min, BLE FYZEATESTR 704, 25 SRR
VE, BB AR B ARSI 100 °C, /K505



CHERE TR ] w18, A BOREADRAH S L2 S ERERIT Y <173 -

s 88 27 55
vk 2 Ly
R (o, i) 80 26 xJ
B2 BSLIREE . K E b SRR (R 3 BAE X 25 A1
Bl

Fig.2 Influence of the interaction between die temperature,
moisture content and screw speed on the comprehensive score
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IXUEHR 2 T O A6 R B DA R o] A (B 1) 4 3 T B2
LK IR . [P AR T Bk, Ui B4 K E
A RIS e PG, AT T EEZH KA LT s
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PP T 2RO IRBEARY . 52 U EAKARLL,
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PEVEMY VRN, P DRI REEE . U B S IRTERY
TERR T HTET YRR 71, EEZH K A = BRI 125
LK, DL SR ZH KGR R T B DI RE 1847 .
2.4 REFFESH

SHAS AR 2EA] T 00 A TR AR i s, X
S I AR AN Bz ] HA AR R B A (B
KBS AEF A E 3 s, HIE 3 7]
1, KB REREAL R (G KT HAFERLE (G"), H.
G'Y5 G"HEE PRGNS B o, R
TR, S IR (G S5 EE AR R AFNERY . ER]—
BN, ALK ZS (AR G GBI A T
EBEK . XA AE SHY R AR IR ST IR DG,
H H e B T BE Ry 3 B i BRI &% 53 S ) Rafi T
BESSHISS TERY 7T Al AR EAE T, HE5RIEM BERE T
S, TE RS W BER S5 AT . Wani 5507 TENFSEEY
X U A5 R I A8 AR P 1) 5 e B o A ) T 2RI 45
Heo AN, EAKEY G G TAS ALK, BT
PEBEKGER S NS B2 K A R 5P 2], FEZH K
FAS B 2H KA LB TRl s, BELS A 2 4%
SEAAEXT SR . PFESR IEYI{E (tand) 2 G"5 G119 EL
{H, tand BRI, UL FR ORGP LU BB, T sl o,
S Z WS P B R . IR 3e AT, HEZH K tand
T EEDK, X RUISTE SRR s R, H
A REFIIFRAKRM . =R tand /T 1, BB
SRR ORI ) SRR, T HLREE AR AR A
W o, RUIRES, GUBEMTRIYAEfL L G, AE 5
BT IR AT
2.5 ZAREFFEST

K B 25 B AR e B 2R /R LR 5L T, &R
ZHK | A5 FHE AR AT B K A 28 R E =R 5 P
Ne HIFR 5 ATHN, =Rk Z M 288 R rrE B A W

* 4 HADREOMIRRE

Table 4 Gelatinization characteristics of recombinant rice

FEfh VA 2 (cP) BAERGEE (cP) TR (E (cP) TAFE (cP) IA{E (cP) WIEIREE(C)
GiEP N 551.00+3.51° 257.00+2.65" 294.00+2.52¢ 582.67+2.35" 325.67+2.50° 74.25+0.35
2 HEAK 524.00+2.08° 222.67+2.52° 301.33+2.48" 528.00+2.13° 305.33+2.39° 73.45+0.46°
Qi3S 2757.67+11.83" 1836.00+5.57° 921.67+6.03" 2996.00+12.27" 1160.00+5.98* 75.10+0.48"

TE: A5 EARFREAR R FOR AP EAEP<0.05K - BA BE 25, RS, Kol
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Fig.3 Rheology characteristics of recombinant rice
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Table 5 Cooking characteristics of recombinant rice

FE S Wk (%) AEBUEIKRE(%)  ZEEBRE(%)
UK 242.18+2.51° 150.30+1.35° 7.100.23"
ZHEAK  239.79+2.09° 146.18+1.37° 6.38+0.19°
K 114.71£1.16° 124.60+1.18° 4.22+0.15°

P22 5 (P<0.05) o WK FETT L BRACK AEZ5 B o 12
R IR K 43-BE 1 B 55T, Bwa 8PN IF g R, oK
LI W AR FE TR I 33 22 (A7 i 3511 TEAH G G
R, WK FR IR i AR K R i e s . Sk
A 2 7K 38 A BRI ik 8 B vy, 43 0 oA 242.18% A
150.30%, iX Al BB 2 HH T 57 R S i IR bE A5 19 4 4%
oy, B Gk B0 S B, DA F LK HA B Y

B, R, (EIR K SR RA R I R o & 2 5 R
K BERI, TCFGTVE, B H g FgK
B 708 AP R A< T EREK, X AT RESE T 7E sl
= TR B VIS BT, ks e iite, Kor14)

WL RS NGB, AT SR, DT 53R
LK ZEB I ™,
2.6 JHEFMESR

FAUK AR 6 PR, B3 6 AT JI,
LK 25 I E AR AT BRI TE AR AR
E22 57 (P<0.05) . a5 HE4IKP RDS S B BT
K, SDS 1 RS & &t i 2 & T i Bk ok (P<
0.05), X "] A2 P AR I DER 43T S HEE sl i
AN, B AR R S IR R S TE R A, AN
PR T A P, FREZOER S RDS $41k
A1 SDS B¢ RS, Yishinbot K iE s 5, TRk
71 SDS F1 RS & & it— 253800, Ui BH PP R IE
FAES IR B K B TR AR A PR SV E A, X AT RS
FH AT AR K GE R A A B T A R i
FOLEFU 25 b, A2 s 4R AT B EK, ]
ZH>KY SDS F11 RS F#=, RDS &3k, HA R
/SR E IR A 6
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Table 6 Digestion characteristics of recombinant rice

FEM RDS & (%) SDSE (%) RSEE (%)
EAK 39.01+0.31° 51.62+0.55° 9.37+0.10*
2 HEAR 47.04+0.39° 49.00+£0.47° 3.96+0.09"
AR 56.26+0.46° 41.77+0.38° 1.97+0.05°
:!:\
3 zn 'l«'e

ASBIFFE AR KMy FITT B K GE K S 5T TR
il e EEZH K, JE A B PR 2R R 7 T a0 3 i) A TR 2H
K FAE T 258640 R FEKIREE 100 °CL K53 & &
28% . BRFFH%3H 96 r/min, TEMLIEAF R HF il 25 1
KR IILEETEST N 70.7+0.5, BIFFE4 SR #H, B K
ST EERAH L, (B R | A BRI
LR IRV IR 2 i 25 A 525 I H
KAH L, S0 (E FEARG, 6 RE [ 2 (B FUR Ak i 32 T
o UARSAERMESGE SRR, Ak G G T
B, W TS UK . EAKRAIK AR AARTH
B JHK S5 N 2 2 A O A My s T A8 1 A OR R T B
Ko 5 HEADKRATTEBORA L, KR BA R
19 SDS. RS FIAAIKIHY RDS, PLitifbEReR ;. At
IR OS2 E B STbi s ol I S 0 SR PO B ER2E R S
PRI AP R, it 2D P T LK B
T ERSWFFE S, XS R I AR BT IR A AL
FHHEAEZEZ L,
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