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Optimization of Preparation Technology of Lotus
Seed Starch Reconstituted Rice

GUO Yaging', JIA Jianhui"’, WANG Xukun', GAO Shuai', DOU Boxin',
ZHANG Zhi*, ZHANG Na"“*, LIU Ying""

(1.College of Food Engineering, Harbin University of Commerce, Harbin 150028, China;
2.College of Life Science and Technology, Mudanjiang Normal University, Mudanjiang 157011, China;
3.Heilongjiang Beidahuang Rice Group Co., Ltd., Harbin 150090, China)

Abstract: Mixing different ratios of lotus seed starch and broken rice flour to prepare extruding the recombinant rice, the
proportion of reconstituted rice with lotus seed starch was determined by analyzing the gelatinization characteristics of the
mixed powders and the sensory quality, textural properties, and cooking loss rates of the reconstituted rice. The optimum
extrusion conditions of lotus seed starch reconstituted rice were optimized by response surface methodology with water
content, die temperature and screw speed as factors. The results showed that with the increasing content of lotus seed starch,
peak viscosity, valley viscosity, disintegration value, final viscosity and retrogradation value of the mixed powders
increased. The sensory score increased and then decreased, and the sensory score was higher when lotus seed starch content
was 30%. In texture characteristics, hardness increased gradually, while elasticity, chewiness and cohesiveness increased at
first and then decreased, and reached the maximum when lotus seed starch content was 30%. The cooking loss rate
increased gradually. In a comprehensive analysis, the reconstituted rice quality reached its best at 30% lotus seed starch
addition. The results showed that the optimum extrusion conditions were as follows: The moisture content of the material
was 40%, the screw speed was 210 r/min, and the die temperature was 95 °C, the score of the recombinant rice was 69.13.
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1.2 SLWHE
1.2.1 #HETFIEBIERI S FEED 7 ikJfik
THEE . Kahm F5 N IR 6 h F 3 5 AFHAYZE
WK, HUEE, A E R A LS FLA 3
AR ZE K A TR, 3t 120 H 2 e iEA,
PEVEW S ETUE 8 ho PFUTIE FHZEME /K Py PR, J5
FH 95% BRI RIE e—Ik, #E— 2L VRBRAR B W) 5 .
B 26 oA TEFE A, 45 °C FHET 24 b, BRI
i 100 Hf.
1.2.2 IREBIIHIFE Bkt 100 Hif s S5
TUEMIRA, #3E T 0EM LL B 43 51128 20%. 25%.
30%. 35%. 40% MY L1853 5] SRR G, 14581 A]
FETVEM SRR AR, 75
1.2.3 FEAUKMTE T rER SRR G
S5, FIFHSUSEFTET B LAE B 2 5 AR H | iRt
BTN AT R E A, Bk K E 30% . ARk iR
B 90 °C. MEFFHE I 180 r/min, FT15 3 ¥ 5 4H K AE
45 C T8
1.2.4 RAbdrrE Il il PR R 4 BT AL
(RVA) XHE A8 BEA TR AR PR i I, FRIBGE T €
RIS A 3.00 g, VTR S 14%, BIAL
FHERTET PN, U0 25 mL 248K, BB AR EIsE .
A FET22% GB/T24852-2010 bR X SCHRFAT! T,
1.2.5 BESJERIEY T IER LUK B E Y
RS2 SCERUS 2 GB/T 15682-2008 #4717,
TR 10 BEdh Tl AR, 10 g T4l
KR F R, AT AR E P53 - 10 g
KL FZEVREBEN N, B 7 mL ZEIK, FEA 28
30 min J&, & K5 10 min S5 B, PEFT MR B IR
BT

FE IR = KRB E PR X 30% + K UURE T2 x 70%

2 1. 28 2 43 A LK AR FUR R ) 8 B 1T
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Table 1 Sensory scoring criteria for reconstituted rice grains
PEETHE (4)) PO br i I3E(5y)
Bl s, AR 21~30
Pita(30) Bl ALS], AL 11~20
BRI S, TEHeE 0~10
FEARKN, SE TR 31~40
H1ME(40) JEARBERIIN, B 2R 16~30
TERAKIN, 2URH % 0~15
&= 21~30
BYIEE(30) BoEW 11~20
ANz 0~10
1.2.6 Bkl o EE KRBV S, feH

PSRRI 3 AT BoAg S L EA e, P4 T RE 9
U, 53 PR P B AR e/ IMEL 5 57, B4R AR ME
IG5 UMREUE A EE! . BARS R
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Table 2 Sensory scoring criteria for reconstituted rice

TEETH (43) RSt 588 (51)

BEIEH, I H 8~10
BB, K 47
BlEAIEH, &R 0~3

EED RES 8~10
HMIL(30) THAGEE 4~7
ToE 0~3

S B, ORI o6 8~10
TR EEH B, PR e 4~7
R A5 ™ 5 0~3

FUABAYEF R 15~20

S (20) BIRIRIETEHS 8~14
THEFER, HAFK 0~7

EERCGIN WIS 15~20

Wk (20) FIRIR A SR 8~14
T TFIFHR 0~7

I, AR 8~10
HRE, BARA 4~7
AR, KT 0~3

i WEZh 8~10
J#(30) FHAT @) 4~7
TCIEE, BiAs 0~3

TR 8~10
TR o R 4K 4~7
ARAEEAR K 0~3

20224 1 H
3 EEBKIERE
Table 3  Standard of cooking loss score
) P ARAE(53)

1 FEEBIRH < 3%: 90~100
2 FEEBIRH3%~6%: 80~90
3 FEEBIRH6%~9%: 60~80
4 R <9%: 40~60

T AR TPA 55K #4838 P/36R; ARG . . /5
SR 2.00 mmy/s; TEAEHE: 50%; PR 45 ] B HF
[f1]: 5.00 s; filh & J1{H: 5.0 g.
1.2.7 ZEZ R BRI E 7T BB b e
3.00 g(mg) ZEFIEM ELHK, FIA 50 mL 281K, 7E
100 °C /KIS H 2574 10 min, BT K GHEB RS —
FLEEBEA (m) N, BT 105 °C M4 b 2= Fedr(a
H(m,)P, AT
ARBIRFE (%)= [(m, —m,)/m,] X 100

1.2.8 KSR R ST E I EA
KEFA VRS HUBCE PR . B RE: A 25 e 3 36
SIPE R (R 3)120, HARJ R R,
LRATVEGr IR BT X 40% + AT X 30%+
REPBRIF x30%
JEA TV A T
JRAIVEST (10053 =f 2 (2557) + #E(2550)+
FHENEQS S + IHMEPE(5 )
st | EHIR M . PEERE S TR IR AR O, S
SEHFESE, TE AN
e REEVE. PHBHEIE > = 25X (A/B);
T EIE 4 = 25-25% (A/B)
K A TP IIME S R/ IMEZ 25, B 45
Fabri KAE S i IMEZ 2%
Horp, ZEZE BRI PN T

1.2.9 FRRZFEILE FEETIEMRINE R 30% 5k
T, 1l e B AR R R B, LIRS ok &l
40% .. WEFTHL R 180 r/min. BISLIELEE R 90 °C Mkt
fith, AH R, 2CAR 25 B 19K Pkk& Kk B e
30%. 35%. 40%. 45%. 50%; BEFTHE 3 BEE N 120,
150, 180, 210, 240 r/min; # 3L iR E i %E A 70, 80,
90, 100, 110 °C, #HfTERHZEIYG, MRPEESr EH
KPER R, S A5 L ALK A5 100, M AS-51)
5 FE A R A3l P RS K L BT S RIS
1.2.10 e riiales: A g 9 Hho e g A6
AT R M A PR R S R0 45 51, 3 N RS
IR BEURF R T M ARSI IR U, IR H 3 KA T
17 A58 5 pg i R e (R 4) . FHIRERST 3 4~
EDONEEEAER SE AN A N RPN E N LR P e

4 WA N R AR

Table 4 Factors and level of response surface test

) IR
H#E
-1 0 1
A YRR (%) 35 40 45
B 24T 4% (r/min) 150 180 210
C BRI (C) 80 90 100

1.3 IR

K SPSS19.0. EXCEL %4 #E47 B Ab 3 5y
Br; >R ORINGIN 8.5 #4471l 15l ; >R Design
Expert 4440 B 37 A
2 RS9
2.1 EFEHARMEINE SRR

5 NIRE IR gE IR, SE I Sk
BHR A S I REE . A EFE | R . iR
B . [R]85 47 i 326 7 U 090 VS 0 L 4] ¥4y 4485 DR 1
Ko WEAEZRGEE M) L THAT BEJE P R 3E e 0y b B TE
By o e, BRI K ELGE R ORI/, 1 5 kA
WK A, (AR AR OB EE(E_ETH [l AR s e
PSR TER EA MG O, S DEARR 8 ELRE VEA Z R 2E
ATHEFR G IILIEER . AR AL R e
AR PR AR T A DA FIURE I R R B 1224 B
TRA Y HPE T IR BN EL B R, A e E S [ A(E
UERC L Bl NS DSkl =R N SO NS RS RAEY v (= AW AEY vag )
msE e, [ H LS 5 kA Ak, BRI, RGBT
AR ESZ 213 TSRS I A RE ), 48 BRI mT
HEAB LS A K AR o
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Table 5 Effect of lotus seed starch addition on the pasting characteristics of mixed flour

JHf#E (cP)

IRAHHE (cP)

[FAE{E (cP)

434 0 1)
BT VERTES I (%) WE R BE (cP) AHEFREE (cP)
20 2376.67+43.46° 1722.35429.14°
25 2425.33+35.10° 1735.33+40.07°
30 2515.33+27.51° 1789.67+32.91°
35 2557.67+25.51° 1818.33+30.61"
40 2610.67+35.91¢ 1855.46+14.52°

654.32+18.33"
708.67+22.55°
715.94+15.39°
739.87+13.11°
750.42+14.72¢

3098.05+71.97*
3156.72+76.74°
3237.69+59.94°
3311.67+34.95¢
3364.23+38.31¢

1421.54+43.66"
1438.77+61.60"
1453.65+21.22°
1460.35+30.44°
1483.67+24.02°

T WP R/ING FREROR 22 53 .3, P<0.055 361

22 EFIREHNNENBEEERRE RRHF
£ /S B S /A i = FE B e S V= = e 8 o 4 £ S
JEE P A TR BN AR R S B SE T
Ja R RS, B U TR U IR 30%. H4
KPS INEE T EAY AY T H 2 K DA Y A ORIT2%
R o TEE AR BSINE 2 93T 3k A B TR Rk
PRI AR B A ML, [RIHHOLE2 s 1 3% 7 0Emsy
HAPKIYEE PR . BEAHOK HP R T i as IR g 4
K, FEGEAE AR ERG IS, 52 1 11k, HA S8
$e2z, IS I o 30% )5, B PF53 6 TR

64

15 20 25 30 35 40 45
FEFVEM TN (%)
B 1 SEFER S I S AR B T 2R
Fig.1 Effect of lotus seed starch addition on the sensory quality
of reconstituted rice

2.3 EFIEMIRMENHFEEE KR RRAIRN
SETIER UK B RS AN 6 s, Bl
25 T T UE A BN EAB) 4 1 R, e R R G A, g
FHERPE L NEIEAA DU S IS U )N, RIS T DER S I
SR 30% BRI . SETIEM AR 53
e g5H8 A AR TE], 1RG5 T BB AR AN K ER
R, Sxga B LRI AL, BEEE S T Ve A I i
WO, Leid FEAE B A KR A 22 L B AR, 4 . A
B 5 E AR B AFFE S TUF DG M, S | B ER

£ 6 FEFTERS AT H T AR TR R 5
Table 6 Effect of lotus seed starch addition on the textural
properties of extruded reconstituted rice

FEFVERY
WIN: (%)
20 1246.28+80.19* 0.852+0.003° 1.271+0.003* 267.97+18.48"
25 1304.87+73.14* 0.861+0.002° 1.313+0.006° 295.45+25.04°
30 1410.31£76.83° 0.879+0.003° 1.414+0.005¢ 333.97+23.75°
35 1556.45+92.92° 0.843+0.002° 1.356+0.003° 289.63+24.62°
40 1722.64+80.17¢ 0.830+0.003* 1.322+0.003° 275.45+21.44"

W (g) HPE(gs)  MHIEME(g) RN

P RELERE DU Sy TEAR SRR 20 AR TPy di 4]
AP TR e PR A R W A S T T SR S
30% FYSAE T EFEARRIRY B LK HEE
2.4 EFIRMRIMEISEEERESIRARN
&l 2 Fros B ZHOK I 28 AR IS R B T 3E s
IR ARERIEE R . LK TP RE S RN,
HZEEIIRWAEAWH N Ppkhrh e et B
FJE UG A A, S5 RETT, e AR RS, (AT B L K
Sl R AR S TERT B S TR . IUAh, Tk A
ARSI AR R ARE, SECEEARIIZE
Wi RIE W F Tt

9_

8 »

HEHEIIE (%)
o
\

10 2‘0 3‘0 4I0 5‘0
HETYER B (%)
(12 S FUEM BN X5 s 2 K 28 B S A 52
Fig.2 Effect of lotus seed starch addition on the cooking loss
rate of extruded reconstituted rice

ZEEIRE B BRI A R A BB 4 K A S S R
JTRE) BT . ZE AR R SIS A R ST T A, T
VEMYISIN LGSR 30% B, 7T H B B LH K BT dse 4
25 HKEIZSHMHK
2.5.1 WrkRbE K BB R ADK MRS & 3
JIT7N AR T BE MY SR LK ) S B AR IR kL K e
MIZEH . ¥ETIEM EAURNLES TR PR S 7K
HE ARG SERE TN, EELE KRR 40% 1Y
AT, LA PTorih B . EmAUKRIET H ST sZ 4
BLE KRR SE, 2 S oK R IRAT, (A5t a] ) EE
WA, BF H B A PRI E HL S 15 AL, Tekmmife s
SE4r, e LSRR IS, TE AN SR E SR, Pk
AT BN 5, TERLEE P B8 B Ta) 4, 55 H BB
BARK FLAE S AN 20 iy, Jgeist [a] AR, SEm st it 45
TS R AR LUK, PR R S S S K
i, AL T Pk S e RE 2 [a] (BRI R 8, 1A 3] —E
T S R AT S Ak
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YRl E K (%)
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Fig.3 Effect of material moisture on the quality of extruded

reconstituted rice

2.5.2 MEAFFEEI BT R ALK S BT K] 4
NSl Y RS TR e e SN AT SR N
PRI, 3E T30 B ZH R I 2R 5 PE 3 e 18 s I
/N, SR VPO TEREAT AL N 180 r/min I feis . Wk}
AEHILTET PN B i B A ) 152 B U 7 -5 BRAT A S 1 R )
A RET, Y AR ], PR EALEET PN B B
[EISER, EARE TR R B8y 8 S8 /)N, BEAK T 3E8y
HORITRIRE, 52 G BT IEAT AL e — e X TRl Rl N 1
RS, ket a2 20 A 55 U1 TR, A5k Ak 1 1 7 -tk
R, P 1T VERT IR RE JJ, (A5 LK) b B 2T
FeHRIRAS . (IR i), S TR EN L P

BT B SF ], ANBETE RS RE LIl se I i G, SERT Y

FRIIR GRS 4, SECT e AN SE ST

YRS IR TR, 23 RS RS A RO R
TIZEAG S R A AR, 7 A, SRR A KA

64
,i\

62+ )
— x
80 -
o 58+
% ¢

56 -

54 ' - ' '

90 120 150 180 210 240 270
BRATHE . (t/min)

P4 SEATA OB e S 20 K il BT Y 52
Fig.4 Effect of screw speed on the quality of extruded
reconstituted rice

2.5.3 FCELIREXTBT R EAK S BAgs2m  1&] 5
TN ARSI X R PR B A K A BTSN o T
TR ELZH KR Y ZR-G PEor B AL MRS A0 T S ok
JEUIN, LR PPIMERERIRIE DY 90 °C I Hk
LR BRSSO AR AR RS . IR A
SKLRE SRR ORI AL EE , 2Bt H )™ b 25 A B
FA, At TS MEME R 22, R PRARG, 28 B3I =
e A T AR R e M AR, {HA e i B T
B M E LR ZE A I S AR e T R ), Akl

b, X DR D e i B A RS o A L TR
JBRA RIS R RE S 2 (B L ™ i SR 2, 2
LRI AT ™ A, 7™ S AR TR o

64 ¢
-
e
62 + -
" L]
T 60
R
dz 58 ‘
56t -
54 : - - -
60 70 80 90 100 110 120
FESLIRIE (°0)

s AKX BT RS2 K 5T 1 S0
Fig.5 Effect of die head temperature on the quality of extruded
reconstituted rice

2.5.4 maR AL 7R ER SR RO SERT |, L
YIRS K (A) | SEFTH I (B) A S B2 (C) S5
BES I R B SRR SNES e w8 Soa WS LIE IV (=g ZeZ I RE L
P TREPCACE TRy LK PY 28, HAa 54521
WA 7.

F 7 WAL B TS 4

Table 7 Response surface test design and results

RS AWPRREKEE B BATHABTAGE C BRI Y 25180 (4))

1 0 0 0 68.25
2 0 0 0 68.71
3 0 0 0 68.04
4 -1 1 0 65.62
5 0 1 1 66.42
6 1 1 0 63.94
7 1 0 -1 41.37
8 -1 -1 0 64.97
9 -1 0 -1 52.51
10 0 0 0 67.88
11 1 0 1 66.48
12 0 1 ! 47.80
13 1 -1 0 63.72
14 0 -1 -1 50.74
15 0 0 0 67.28
16 0 -1 1 66.89
17 -1 0 1 60.11

MR R A 53 BT 45 HHAH O 18T A 38 8800 — K [l
JrRR:
Y =68.03—1.02A - 0.37B +8.44C—0.11AB +4.38AC+
0.62BC -3.16A* - 0.31B* -9.76C

XPIZAETIGFEAT RIS 534, 25040 3% 8.

Fh 2 8 I WT 0, IS P<0.0001 (i ik
), KRB P=0.1092>0.05CF R3E), BT Rikit
AIAT, AIAT S0 (1) R P AR A [T, AR [
UH 2% R?=0.9912, UiIHII AR N BT, @#idsr
P83 COEESLIE ) . AC. A2 Il C2 il 3 (P<
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Table 8 Regression model and analysis of variance

BT PR AEE B FfH PfH B
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B? 0.41 1 0.41 0.66  0.4426
C? 400.86 1 400.86  646.65 <0.0001
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Fig.6 Response surface and contours of the effect of interaction
between material moisture content and screw speed on the
quality of extruded reconstituted rice

1.00

C: 1R %
(=]
3

~1.00 ~0.50 0.00 0.50 1.00
A YrR-EK

K7 WpRkE K SRR IR A AR PR B R S 2K i B
WP 57 T 145 o %
Fig.7 Response surface and contours of the interaction between
material moisture content and die head temperature on the
quality of extruded reconstituted rice

0.00

C: ARk

—-0.50

—1.00

~1.00  -050 0.00 0.50 1.00
B: 144

70— —
651
60

B ()

» ! = = S

g —0.50 T~ 0.00

‘g‘}?%}f}:%l ~1.00 —1.00 —0.50 -
& C: fﬁ%k‘{mi?r-

050 100

Pl 8 MBI A S Sk il B 28 A G 5 P T 2K i I3
)P e 7 T 45 o 2
Fig.8 Response surface and contours of the interaction between
screw speed and die head temperature on the quality
of extruded reconstituted rice



<178 - £ Tl B4

20224 1 A

KR A R AR B i e S B R R R, B
PR 2 BAAAE— B N BAEA, (BVERIF A3,
ARSI R S ER LH K R AR A

ma] 7 TG Ak E B B 2R R RS K B 39.8% . 1R
FFF% 3 209.7 r/min. BESLIREE 94.4 C, T35
FEE AT EE ST 69.49 4y 5 EF|SZPRA
PR R, B SAE IE LS K B 40% . MR RL HE
210 r/min. #SLIREF 95 °C, Z M F A=A 4H K
PE4R 69.13 43, SHLHS(HIR2EH 0.52%, WEIZG
AT AP AT

3 g
I 25 3 T TS TR DI B, TR A AL A
HP 4% SORUEE SR IT (P<0.05 ), 28 Sl

PETVER S INE BB IR N . S T IER A
TE 30% I, S ZH K AR SV E VEo0 a8, HUBTR v g e
PR BERVE . HEPEULIA BRI . 255518, 4K
HEEFIER IS IN N 30%. LLEEFIEM B 41K
HIZE G Vo bR, ARG B PR 2R S0 AT L 6 45
RIFGE G A M B BB AL T 24 Rk &K
1 40% . BEATHEEE 210 t/min, BEILHREE 95 °C, 1Ei%
FAF A I EACKINLEE IR 69.13 47, SERE
{HIRZEN 0.52%, BLIHIZIALTT S G B,
Sk
[1] ZENGHL, CHEN P L, CHEN C J, et al. Structural properties
and prebiotic activities of fractionated lotus seed resistant
starches[J]. Food Chemistry, 2018, 251: 33—40.
[2] MBLF, @& Gk, F ESETRHDEAFRGY
w1 [J]. & & B ALK, 2020, 36(3):7-13. [CHEN Y Y, OU Y J,
ZENG H L, et al. Effect of monosaccharide on the retrogradation of
lotus seed starch[J]. Food & Machinery, 2020, 36(3): 7-13. ]
(3] RIEERE. EF M550 Lo H & A ALH AR
[D]. # M : 48 2 KA X 5, 2019. [ ZHAO B B. Research on the
preparation and physicochemical properties of the lotus seed starch-
green tea polyphenol complexes[D]. Fuzhou: Fujian Agriculture and
Forestry University, 2019. ]
[4] FR3. pH *FiE F i e & M43 06 HF 7 [D)]. 48
M 4 R K %, 2020. [ CHEN Z. Study on the effect of pH on
the physicochemical and structural properties of lotus seed
starch[D]. Fuzhou: Fujian Agriculture and Forestry University,
2020. ]
[5] LINX, SUN S W, WANG B L, et al. Structural and physico-
chemical properties of lotus seed starch nanoparticles[J]. Interna-
tional Journal of Biological Macromolecules, 2020, 157: 240—246.
[6] GUO Z B, ZENG S X, ZHANG Y, et al. The effects of ultra-
high pressure on the structural, rheological and retrogradation prop-
erties of lotus seed starch[J]. Food Hydrocolloids, 2015, 44:
285-291.
[7] mkok, et EFmpmiadmasmrll]l 2Ry
JF%,2014,35(22):21-23. [ JIANG H B, MEI X Y. Study on pro-
cessing properties of lotus starch[J]. Food Research and Develop-
ment, 2014, 35(22): 21-23. ]
[ 8] UDACHAN I, SAHOO A K. Quality evaluation of gluten free

protein rich broken rice pasta[J]. Journal of Food Measurement and
Characterization, 2017, 11(3): 1378—1385.
(9] Fwie, §HF, Tmak, F. LHEAH-HRKRSH BT
A AR EA KSR LS T A, 2018, 39(17):
94-98,111. [LEI W Y, ZENG X K, ZHANG L L, et al. Pasting
properties of rice powders blending with potato granule and the
quality of restructured potato rice[J]. Science and Technology of
Food Industry, 2018, 39(17): 94-98,111. ]
[10] X, HFRE, KR, F. HRAIL > S b9 57 LR (1]
A 5%, 2020(22): 36-39,42. [ WU S J, CHEN F L, ZHANG X
Y, et al. Research and development of broken rice and its
products [J]. Modern Food, 2020(22): 36-39,42. |
[11] Tk, HER, £4E F TREARGHFLREN]. R
7= & I.,2019(2): 63-65. [ SHEN'Y G, XIAO Z G, CHAI Y, et
al. Research advance of restructuring rice[J]. Farm Products Pro-
cessing, 2019(2): 63-65. |
[12] FmHh. ZHEZHFETARNERLRRAR [D]. ki
W i Rk X 5, 2017. [ ZHANG L L. Preparation and properties
study of potato rice by extrusion cooking technology[D]. Changsha:
Hunan Agricultural University, 2017. ]
[ 13 ] HUANG S Q, ROMAN L, MARTINEZ M M, et al. Modific-
ation of physicochemical properties of breadfruit flour using differ-
ent twin-screw extrusion conditions and its application in soy pro-
tein gels[J]. Foods, 2020, 9(8): 1071.
[14] ATHRR, R, LR, & MEHFEL LSRR EL
RBEERRYast R D] R LHEE K4, 2017(9): 63-68.
[HEZY,MA T W, WANG QF, et al. Study on the effect of twin-
screw extrusion process on the sensory quality of extruded compos-
ite grain rice[J]. Agricultural Science& Technology and Equip-
ment, 2017(9): 63-68. ]
[15] MORETTID, LEE T, ZIMMERMANN M B, et al. Develop-
ment and evaluation of iron-fortified extruded rice grains[J]. Journ-
al of Food Science, 2010, 70(5): 330-336.
[16] ik, an1u, $hdh, F HETAEFR I LKL
FAAFHA R [T]. 5% T LA, 2020, 41(8): 137-142,150.
[ WANG J J, SHAO Z H, HAN J, et al. Optimization of process
parameters and antioxidant activity of extrusion recombinant purple
sweet potato rice[J]. Science and Technology of Food Industry,
2020, 41(8): 137-142,150. |
[17] G@mE. RE SA R K H BB AR [D]. LM L
Fa R b K 5, 2019. [ BAI X R. Study on extrusion characteristics
of different brown rice varieties[D]. Shenyang: Shenyang Agricul-
tural University, 2019. ]
(18] k4. LA F 5 fek By & T E A4 [D]. K & datk
#3 K %, 2016. [ ZHANG H. The formulation and process optim-
ization of potato extrusion rice[D]. Changsha: Central South Uni-
versity of Forestry and Technology, 2016. |
[19] A& FRFEMALKS S T T E A &R [D]. K
R KiX#FE T KF,2019. [ ZHU D P. Study on processing techno-
logy and quality of extruded rice products from highland barley[D].
Wuhan: Wuhan Polytechnic University, 2019. |
[20] 2, ek, RIRE F EMFARTARGHERL
WA AR (0] A S A, 2019, 35(8): 142-152.


https://doi.org/10.1016/j.foodchem.2018.01.057
https://doi.org/10.1016/j.ijbiomac.2020.04.155
https://doi.org/10.1016/j.ijbiomac.2020.04.155
https://doi.org/10.1016/j.foodhyd.2014.09.014
https://doi.org/10.3969/j.issn.1005-6521.2014.22.006
https://doi.org/10.3969/j.issn.1005-6521.2014.22.006
https://doi.org/10.3969/j.issn.1005-6521.2014.22.006
https://doi.org/10.3969/j.issn.1005-6521.2014.22.006
https://doi.org/10.3969/j.issn.1005-6521.2014.22.006
https://doi.org/10.1007/s11694-017-9516-3
https://doi.org/10.1007/s11694-017-9516-3
https://doi.org/10.3390/foods9081071
https://doi.org/10.1016/j.foodchem.2018.01.057
https://doi.org/10.1016/j.ijbiomac.2020.04.155
https://doi.org/10.1016/j.ijbiomac.2020.04.155
https://doi.org/10.1016/j.foodhyd.2014.09.014
https://doi.org/10.3969/j.issn.1005-6521.2014.22.006
https://doi.org/10.3969/j.issn.1005-6521.2014.22.006
https://doi.org/10.3969/j.issn.1005-6521.2014.22.006
https://doi.org/10.3969/j.issn.1005-6521.2014.22.006
https://doi.org/10.3969/j.issn.1005-6521.2014.22.006
https://doi.org/10.1007/s11694-017-9516-3
https://doi.org/10.1007/s11694-017-9516-3
https://doi.org/10.3390/foods9081071

43 % 1

ST , . ET R ARSI L2 <179 -

[ WANG X, GUO S L, LU B X, et al. Preparation and digestive
characteristics of artificial rice supplemented by selenium-rich
taro[J]. Modern Food Science & Technology, 2019, 35(8): 142—
152.]

[21] R, R R B A AR5 b e ah b e % vl (1], AR
54 % Tk, 2020,27(4): 7-9,13. [ WU X L. Effects of different
storage conditions on gelatinization characteristics of wheat
flour[J]. Cereal & Food Industry, 2020, 27(4): 7-9,13. ]

[22] SANDRINR, CAON T, ZIBETTI A W, et al. Effect of ex-
trusion temperature and screw speed on properties of oat and rice
flour extrudates[J]. Journal of the Science of Food and Agriculture,
2018, 98(9): 3427-3436.

[23 ] TANGSRIANUGUL N, WONGSAGONSUP R, SUPHAN-
THARIKA M. Physicochemical and rheological properties of flour
and starch from Thai pigmented rice cultivars[J]. International
Journal of Biological Macromolecules, 2019, 137: 666—675.

[24] M. L& 2 %430 KK HHIR G0 ZAIH R [D].
T4 i # K5, 2015. [ CHEN L. Effects and mechanism invest-
igation of pullulan on the properties of rice starch[D]. Wuxi: Jiang-
nan University, 2015. ]

[25] NOOSUK P, HILL S E, PRADIPASENA P, et al. Structure-
viscosity relationships for that rice starches[J]. Starch,2003,
55(8):337-344.

[26] Bk, #3Es, WAL, . 5 IR A T L aghAT].
AR5 T4, 2019,40(7): 123-129. [MAX,LIJY,GULN
Z, et al. Optimization of cooked convenient pilaf processing techno-
logy[J].  Food Development, 2019, 40(7):
123-129. ]

Research  and

[27] OZLEM AKTURK GUMUSAY, SEKER M, SADIKOGLU
H. Response surface methodology for evaluation of the effects of
screw speed, feed moisture and xanthan gum level on functional and
physical properties of corn half products[J]. LWT-Food Science and
Technology, 2019, 111: 622—-631.
(28] & X46. 23RS S AT R AN AL AR G F 8
¥ [D]. &4 Fa: & A K %, 2017. [ GUAN Y X. Effects of
combined ultra-high pressure and thermal treatment on physico-
chemical properties and proteins of rice flour[D]. Mianyang: South-
west University of Science and Technology, 2017. ]
[29] skt ARE-D4AFI RAF/ELLGHR [D]. b
# 2 I X%,2019. [ ZHANG Q. Study on extrusion technology of
cistanche deserticola-potato composite rice[D].Zibo: Shandong Uni-
versity of Technology, 2019. ]
[30] GIMENEZM A, GONZALEZ R J, WAGNER 1, et al. Ef-
fect of extrusion conditions on physicochemical and sensorial prop-
erties of corn-broad beans(Vicia faba) spaghetti type pasta[J]. Food
Chemistry, 2013, 136(2): 538—545.
[31] LIUC, ZHANG Y, WEI L, et al. Preparation, physicochem-
ical and texture properties of texturized rice produce by improved
extrusion cooking technology[J]. Journal of Cereal Science, 2011,
54(3): 473-480.
[32] XA, R, F8, F HFELRCFRILHAHTES
wy%a [J]. b AR TR FFIR (8 KRFFMR),2020,34(1): 40-45.
[ WU C Y, ZHANG Q, LI X, et al. The effect of process paramet-
ers of extruding sweet potato rice on pressure[J]. Journal of Shan-
dong University of Technology(Natural Science Edition), 2020,
34(1): 40-45. ]


https://doi.org/10.3969/j.issn.1672-5026.2020.04.003
https://doi.org/10.3969/j.issn.1672-5026.2020.04.003
https://doi.org/10.3969/j.issn.1672-5026.2020.04.003
https://doi.org/10.1002/jsfa.8855
https://doi.org/10.1016/j.ijbiomac.2019.06.196
https://doi.org/10.1016/j.ijbiomac.2019.06.196
https://doi.org/10.1016/j.lwt.2019.05.083
https://doi.org/10.1016/j.lwt.2019.05.083
https://doi.org/10.1016/j.foodchem.2012.08.068
https://doi.org/10.1016/j.foodchem.2012.08.068
https://doi.org/10.1016/j.jcs.2011.09.001
https://doi.org/10.3969/j.issn.1672-5026.2020.04.003
https://doi.org/10.3969/j.issn.1672-5026.2020.04.003
https://doi.org/10.3969/j.issn.1672-5026.2020.04.003
https://doi.org/10.1002/jsfa.8855
https://doi.org/10.1016/j.ijbiomac.2019.06.196
https://doi.org/10.1016/j.ijbiomac.2019.06.196
https://doi.org/10.1016/j.lwt.2019.05.083
https://doi.org/10.1016/j.lwt.2019.05.083
https://doi.org/10.1016/j.foodchem.2012.08.068
https://doi.org/10.1016/j.foodchem.2012.08.068
https://doi.org/10.1016/j.jcs.2011.09.001
https://doi.org/10.3969/j.issn.1672-5026.2020.04.003
https://doi.org/10.3969/j.issn.1672-5026.2020.04.003
https://doi.org/10.3969/j.issn.1672-5026.2020.04.003
https://doi.org/10.1002/jsfa.8855
https://doi.org/10.1016/j.ijbiomac.2019.06.196
https://doi.org/10.1016/j.ijbiomac.2019.06.196
https://doi.org/10.1016/j.lwt.2019.05.083
https://doi.org/10.1016/j.lwt.2019.05.083
https://doi.org/10.1016/j.foodchem.2012.08.068
https://doi.org/10.1016/j.foodchem.2012.08.068
https://doi.org/10.1016/j.jcs.2011.09.001

