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Process Optimization of Nutrient Restructured Rice and the

Effect of Nutrients on Quality
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College of Food Science & Nutritional Engineering, China Agricultural University (Beijing 100083)
Abstract  The rice flour was used as raw material, a certain amount of ascorbic acid was added, and the recombinant rice was
prepared by twin-screw extrusion technology. Based on the single-factor experiment, the optimal extrusion condition of nutrient-
recombinant rice was obtained by the response surface optimization method. The results showed that the reconstituted rice had
the best sensory quality at a temperature of 110 °C, a screw speed of 20 Hz, and a feed rate of 9 Hz. Under this process condition,
different food additives were added to determine the quality of recombinant rice and the retention rate of ascorbic acid. The
results showed that the food additive had the effect of increasing the hardness of the recombinant rice and the retention rate of

ascorbic acid, and the sodium alginate had the greatest effect on the retention of ascorbic acid retention
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1.3.2.1  BURATHF He AL R AT 3 Xt o 2 DK ki it Jot 1)
A

$1600 g7k BE KKK F10.45 BT IA i B2 12 He TR
A, NS0 /KA. TERERLEEET Hz, HFRIREE100
CEMTF, LA15, 18, 20, 22F125 HzME AR 5%
JERL, Bk AR T-48 h, TE190 °CHEAH ik 34
90 s, I A AT AL A BRI
1.3.2.2  WUBRAF45% e ML R AR T8 B of o 2 KA it Jo 1Y)
Al

$1600 g/K BE KK F10.45 BT IR i B2 12 He TR
A, 150 g/K T, FEEFF 22 Hz, $5HIEEE100
CEZMT, L3, 5, 7, ORI Hzf)MERHE B 57 R 1k
B, CBRRE AR T 48 h, TE190 CHERS AL BRI s,
R it AR B SR T
1.3.2.3  RURFFHT R AL B %) 55 20 KOk & T 1)
Al

$1600 g7k BE R KK F10.45 o BT IR i B2 12 He TR
A, 50 o/KIERT, TEIRFTH R 22 Hz, WEOREEE
N7 HeWZ0E R, LA100, 110, 120, 13041140 °CHY
B AL, BB AR AT48 h, #E190 C
JEFATPALERO0 s, A Bt KO O SRR TR -
1.3.3 Mo i 0

DABF R | MEURh BT R IBAT 4 3 I 2R
JEAR R, RESBFCAmNAE (YRR ), B
N ARG . AR R A5 R, e PRk R
BV ETES~11 Hzz 8], FFEEEAE100~120 CZ
], B IEMEATHE oG AR 15~25 HzZ 0], iRIGH RS
IR BN 1 TR .

1 TEBITR

B2 4] 3B AF
-1 0 1
X EBE/C 10 100 110 120
X33 AF 453k /Hz 5 15 20 25
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1.3.4 JEEEH

ZMGBIT 15682—2008 (HUMAGE: R . Fokz
FEMMBRETEN L) , EADRIEE TN ARE DL
o, KRS EAKRFKLIL 2 0.8 (g/mL) HH)
RA TZEM 78820 min, {RIH10 min, BUHCE T
FREE T AL 1607 L VIR E PR B4R
PR /INAL, MEEADKRIABR . AMIEER . 3 D
ML RIS AT T B TR P . EEADRIER
BN ARE WL ER2,

x2 BAXBEITMIRE

—A8AR ZRARAR BARAF RS (5H)
“k B R R 6 E AL A ARAR (18~204)
Q047) AR Q04Y) AR A A, KIRES (15~1740)
PRI F A, FARRE (12-14%)
KR T Ak, BTk (7~1247)
RABA SR (0~627)
SMLEEH RE (7)) RIRREF G (679
(204 FREIET (4~597)
RARK S BRI (0~347)
KiF G2 AARREF (7~84)
A HF (5~64)
FHE (0~4%0)
AR TN RIREM R R, AR R ERAT (455
(%) KAR KM B 2 (3%
KA HIRIE (0~2%°)
ok R (102) R AR, RHET (8~109)
(304 R ABIE, RATAET (6~74)
HEBIE, 57 SRR (0~59)
Bk (10%Y)  KIRAHE (8~10%)

R 2 (6~7%7)
KARFRAN . KA, Bt A (0~59)
BRERIE P (8~10%)
B e AR IR (6~747)
REASEARAR RAREK (0~59)
ek GhIEM . FA ORI, AEORARG F A AR (22254
(25%) M54 vESRE, A RE e E A ek A dtek (18~
214)
L B, K A vk R ek, A2 B ek
(16~17%%)
CE A, Rk A RSk, A2 Stk
(0~15%)
AR H AR AR BN, ABRRMEAT, RUEE T (4~549)
(5% M. BRJE (54) W, FERMANE, AR (2~34)
AL, FEREE ARAE (0~19)
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R T
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PR, o3 S I e R A | IR e S R 2
JEIRA TR, KRR SRR T48 h, 7190 CHEFEH
ARFEOO s, A2 B S AR BUIR IR A PR BE R . TR
Ji . WK R A,
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AL, HHFTCRAGN & . FiigiileE 24k |
1235 mmPyRAEIEESL, MR 60 mm/s, 4 LL il
70% .

KA EME . SBEEE W L. FR—
A, KR HI20 min, 3E, FRHEEE, 4
SN 5 LK SR T A BE
1.3.7  HdEsrr

K HISPSS 19.048 4t A7 77 22004, A5 4l 22
A BEM (p<0.05) 3 KMOffice 2013 FEE]; RH]
Design—Expert 1053470 07 181 5 3 HFNZE R 7347

2 HREHMN

2.1 FRERAELS
201,10 SR S E ORI TR R )
TEAFEFF L AT, AR PPN 1
BLANR3FTR . EAUKTEFE 18 Half, 7EK . FMIR
2N T A o e, AR ANIE TR Oy T A5t B 7
SIS, RO s WRAT R MUAE25 HzB, 38
FUME L 5 R  J7 TE A0 da e LR e s o
x®3 AEHELZGTEAKRMBREITH

ARSI/ AR/ MWL/ EwW/ ER/ BB B/
Hz % % » » 2 %
15 165 135 220 185 25 73.0
18 175 150 240 205 3.0 80.0
20 160 145 225 200 25 75.5
22 155 150 240 200 35 78.0
25 16.0 170 255 205 4.0 83.0

2.1.2  WEREIE R HE A R R TR A5
FEAREEREHRE 50T, EADKMEE PR 45 5%
WFAFT 7. WERIHEEO Haf, & OPE S5 0154 i
w, HABRERRWRL, HEm; WRRbEE
7, 9FI1 HzaX 3454 T e 258 K.
x4 AREBRRLEEEZGTEAKRNBRE TN

Atk E/ Avk/ ML/ Eak/ #Eek/ BARRW/, Ea/
Hz % % % % % %
3 16,0 16.5 235 19.5 4.0 795
5 175 15.0 25.0 20.0 4.0 81.5
7 175 16.0 25.0 205 4.0 83.0
9 175 16.5 26.0 20.0 4.0 84.0
11 165 155 27.0 205 4.0 83.5

LK E 2 RSB R T 5
TEARNFEREZT, EAUREE PR 25 R I ES
Fs . IREE100 CHF, AL, 1& FE W 7 iS4
H S 7EREE120 CRPAM . 3& HPE W )7 T
1353

LRGN RN T, B ma e T2 S
B WE100~120 °C, MRAFFEH15~25 Hz, PROBHEEE
5~11 Hz,

2.13

®x5 AREBETEARMNBEREITN

BIE/C ATk SN/ o E TR/ R/ AR B/

90 17.0 125 27.0 21.0 3.0 80.5
100 17.0 19.5 26.5 21.5 3.5 88.0
120 17.5 14.5 26.0 21.0 3.0 82.0
130 16.5 15.0 24.0 21.0 3.0 79.5
140 17.0 19.5 27.5 22.0 35 89.5

2.2 FEADKA N A

M o7 TR S B 235 5 02 T 250 BT W6 fIZR 7 . 400 HT
AR AR L . Y=245.50-3.38X,+3.39X,-2.79.X,—
0.04X,X,+0.14X,X,+0.02X,> . HF7)7 220 Hr s ]
I, BERIpME R0.008 1<0.01, FFFERIEINE B2 i
HAZME R 1 2 R BIR =82.75% , 72 WAL 5 S bRl
BUALE BAF, ZMERIRT . ROr 22l B, SH
WAB, BCEMHEE (p<0.01) , WEASLEE
(p<0.05) . 2 ZE B ERERTCNE FEE > 12
T 1 > PR

6 MMEIREIRITRER

BE BA RATHE RHEA YREFNES (H5100%)
1 110 15 11 82.0
2 100 25 8 85.5
3 110 20 8 80.7
4 120 15 8 84.5
5 110 25 11 83.5
6 100 20 11 82.0
7 110 20 8 81.4
100 20 5 84.0
9 120 20 5 85.0
10 100 15 8 81.5
11 120 20 11 84.5
12 110 20 8 81.5
13 110 15 5 84.5
14 110 25 5 77.5
15 120 25 8 80.0
16 110 20 8 80.8
17 110 20 8 81.1

K7 AUBERETFNEINHTESTER
l

ERERR  FhAe wE  HFrE  FlA p
BEA 56.66 6 9.44 572 0.008 1%*
A 0.13 1 0.13 0.076  0.7889
B 45 1 45 272 01299
C 0.13 1 0.13 0.076  0.788 9
AB 18.06 1 18.06  10.93  0.007 9
BC 18.06 1 18.06  10.93  0.007 9
A’ 15.79 1 15.79 955  0.0114

5K E 16.52 10 1.65
KPR 16.02 6 267 2136 0.005 3%*
shig £ 05 4 0.13
BT 73.18 16

E: R RFMRE T (p<0.05); #FERFHEE ZF (p<0.01)
PR URIE20 0, il BT AL P R TR S 4
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fb, BEEEVEHIRGSR, REGNEEEIM, InEIPE R
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S B, o i 1) TE ADOKR BUSK IR f B8 R o
37.30%, i B9 BE 3R M 59.40% IR INIR GRS Y
HRBERE B, M12.08 N, Hifth s hin ) s Al e 2148 hn
FEARIEFE VR o TR SRR A AN 2 1 R S i T 4 g
TR K, E TR S A4 U 0 AR R 2H K A %
AR S 3RS IR 2K )9 SR S R R FEE R
%, Hod IR SRS B fe K o
X8  AEESIFINFRE A AL G R FLIR M B

REBERZI
/E’:wg: /ﬁ%j}ﬂ flll ZQ}?{/N '1%%7 »%"—/‘% %7}43"—/‘% «Zl ﬁ »%"—/‘%
vC 9.49+1.27 37.30 454 144
VC+iE#ER4  11.18+0.66  59.40 5.07 117
VC+HRRER 12.08+£1.98  55.50 4.12 82
VCHRHEK AR 10691182 56.00 4.59 122
3 #ig

I e 7 TG AR 35 X S I IR ) 5 3 EE 4
KB T2 A, S BRI iR S 7= EADK R
VRO S URAT A PRORH S RN e RLE A [l A AR AL
P LAY AR A5 21 A PT IR I R 8 3R UK I e BT TR T
Zih s WEFFEL 20 Hz, MR Hz, HYERE110
Co TERTEFMT, WINEBEERRE . TR G
PERGHEIRIR GH ., M BRI e 5 55 ALK A i
FPTIRIMERPR BE %, RIS E M hniE, =
KRB, AKGMERTC WA . [FE, 3%
IR S TR AR Or B SRR B AR, b
PR EAYE B Wk .
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