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Study on Drum Drying Production Process of Germinated Brown Rice Instant Powder
ZHANG Wei-hua'?, SONG Yu?, TAO Shu?, HONG Ying®, DUAN Yi-meng"?, CAO Lei®,
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Abstract: In order to improve the edible convenience of germinated bhrown rice and reduce the energy
consumption of processing, the process parameters were optimized by orthogonal test and fuzzy mathematical
judgment.The changes of the productsuch as y — aminobutyric acid  (GABAY , dietary fiber, gelatinization
degree, rehyvdration degree and viscosity, were clarified by optimizing the technological conditions. The resulis
showed that under the conditions of 1 : 2.0 (g/ml) ratio of matenal to liquid, 80 mesh of particle size, 40 v/h
rotating speed of drum and 130 C steam temperature, the rehyvdration of instant nutritional powder was 916% ,
viscosity was 7 968 mPa-s, stability coeflicient was K=0.015, caking rate was 56% . sensory score was 98,
GABA content was 13.05 mg/100 g, soluble dietary fiber content was (113 gfo, phytic acid content was 6.75 mgle.
According 1o rapid viscosily analysis, the gelatinization temperature of instant nutritional powder was signifi-
cantly lower than that of germinated brown rice powder (P<0.05) , and the difference of retrogradation value and

peak viscosity were not significant,
Key words: germinated brown rice; drum drying; functional nutrition: instant nutritive powder; punching char—

acteristic

W@ X H - & B BHEED A0S T C18030701 148) ¢ 4 5% R 2% B 4 52 B (CAKZDXK2015B04) ¢ % 8 47 o b BHSE B T 3 o 16 3y B O
(2020YLOTT) 5 4057 T A ST 5% 1181 C20190406020049) 5 S f f™ Shin Coiml Ak &

T BT Ae 96 A C1006—D , A GO0 i AT 2 BIF S O 1) e P S 1 R

AR A 1963, B3 WFSE R WTFEAT ) - RTINS A et R Rt (1968— L Hh R WP [« of N N g



1 1T e | ST A e | TR
1904-202 | China Academic

20212 H
i 42 B 4
—_— 24
HE€ 5.

REMRSFE

R FHEAR

I KR HHLF AT RAT SRR TIRA S LR AR ERAR S A, 2021, 42(4):123-128.
FHANG Weihua, SONG Yu, TAO Shu, et al. Study on Drum Dryving Production Process of Germinated Brown Rice Instant
Powder]J].Food Research and Development, 2021, 42(4): 123-]28,

e BERAE — SE R BRI B AT R, 9 B0 A&
FROK, BT i—Hd, BEKEFE
He— 2L TR PR e th K I, dn y-BAE TR (y-
aminobutyric acid, GABAY | #FMEHBE . 75445 KR
BE L NG HE B LR, HAT Tl R
50111 L ol 1 7 v G T <8/ A
ISR IR TR D B ATTE SRR D
R I £ O L B v A i) A= B B £
SROCKI I, AR 34— F s GABA & &, pPita
RE PRI B RO R T

Al B R A o 5 3 A B TR,
FrIERZ AR T, A T HEE TR a8
B ) URHEAT N L, B TR e R AR LY
e LAl CTE RN Trp )iz BRI, 4 I 4% 8 4
B TREY oK CEEAOR 8, T S R
AE R TR (A N B, BT T 2 BE, F AR AR,
TR 7K 73 25 R, A ) 08 S B 1 2 T A ) )
VR A8 LB AR S REACh SR TR B T
B R e i A ORI i 4 D

R KA SR IR O K E 339 JE9T RS I, SR A
REE T T 2R WEE s, BRI L
18 AR VCIRL P | 8 o i 2 T 2R R R R A R K )
BRI S RETE R 2 PR R SR P Rl P
7 i B BRI 8 R A RN R 1 T AR P SR
SHRERE RN, TR T E B, R
HREE EAKEL . SRl & R AR 2R b
HED o SRk, TR AR P R R — R
M AR KB

1 HM8S5HEE

1.1 Hks{ss
1.1.1  #E5RH

FORG: R B iy S0 — W RS 2-Mi 3 206
GABA FrifEfh GHFE =99%) (N o-SEEEE 4 000 Ul .
8 EINF (1.2x 10" Ul i SRV C(1x10° Uy | B g b
HE ) AL =95%) | Eh AR PRl 40 4F 2 Bk (L b fh i
FUE A el | O AD | PU S0 (el . [H
S bR A ]

Journal Electronic Publishing

[

usc

1.1.2 {5

SBIM-FBSO e 1% [ifg e DL R WLk A B 26
i ; EMGOS0S 3% i TEe S ITHE KRG TR AN
7 LTA8KW-07 2V TR RS iR & E&msd
B 7 7] ; DVESRVTIO 3% B 1| : Brook FIELD 2 ] ; CSF-

. [ Waters 25 ] s RVA—4 PREESRE 5 (L
{8 X IE Newport 25 7],
1.2 e ik
121 REFRERAEM L 2N

fK— i K3 28 C. 8~ i Q8 1,
9 b — 0 11 S 2Rl 26 H
122 HEEFHRES LS

PGB R A R R R —
SRR R RD rE FE— e
123 EETE LML

PEUERALE [1:16,1:18,1:20.1:22.1: 24 (gimD) |,
Fi i 40.60.80, 100,120 H) ¥k 20.30,40,50,
60 v/hy FEFTIRLE (110.120,130.140, 150 O JE47 R
i, FHEENEL R IR ARV R
PRive QUINewEE = ik BHEET Sl =F) a1 0 Gh el i o
s FEED H GABA 55 EEM
1.24 /AR EREE RIS BE VR

PR B Gl i HERE SR D) B, vk TR 1
BB b B B a5 O VP gt i i i o
LT GABA S BL EREE BV R T R K g
BRE 6 MR BUEY, BIZE & 1T 4r=0.3xGABA 5
0. 2B K PR 0.2 B BT +0. 1R HE+0. 1 x B2 52 PE+0. 1%
SiHe, FREEAT IEAS AR, i M TR R L&,
125 EETHRLZHENK

7 FUER S A AG BE R L, b B R AR B 1 5
5 5 Ol 2 RIACE R, B DY P AP IR
1.2.6 7= 50E FEEEE I E

GABA FRWE: & RBs ik, i & 86k
AH €3 LU g

M6 o £ 000 5 < SR R A 52

FELTR ) 5« A% P 2 20 M TS 3 ) 0 i o o A

All rights reserved.  httpy//www.cnki.net



2021 2 H

R AR EmMtRSH A BREBAM
F1 FErEBEE 1.2.74 gt e
Tablel Orthogonal test factors FRIBFESD 5 g B T 250 mL 88460, LA 70 CiY 2
W& A 100 mL, BL 10 vmin 800 retiditdE 30s. &2k
K A B CHEMR D AT P T e, RO AR 8 — UG ST 105 °C
Gty DA (o RS
: o FHETFHTFEEEY, HHEAKLWF
' 4 - - 4 bl U3 0= (o Hu B () I B AFE ) iﬂlm
2 1:1.8 100 50 140 . - 15 e *
3 1:2.0 120 60 150 12.7.5 AV
% B OCHR[201 7 SR s B, i 20 Ll A
[ BT T SOV s AL R L R TR R A e R
B 1 0 5« SR P PR 3 A T (X Grapid viseo— A KR VR 3 A AT 8 VR, B A TR bR
sity unalyz&rvﬂ\’ AD 8005 LR, LA RV bk WL 2.
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FE ey T 50 mL BLOVEF A, oA 20 mL 258 2K, B

¥z, (J; 25 CHE#R P HCE | h G, B8 4 000 v/min
ST B0 30 min, M EDCIEMNG ML R AGE

RI%= (ma—my) fmx 100
R A BKAE G my S SRR R gims A
HWKERE, g.
1.2.7.2  FHIERE

FEFESATE 105 CEEL T RSP T 12h, B HE
25 °C, #RHL 20 g £ A 200 mlL 80 “CHFAK , FiL
TS 3 B 10% AR, LA 30 ofmin $4 B3 8EAT B 790
FE 2 min, FUE 10 min, J0H R0
1.2.7.3 HEMEREK B

23 [ LG P SN 5 3 0T I BACSCE BRI 20 g
1 250 mL S, A 80 °CL 140 mL HuK it

B 3 min, S LFRHEE h AP SR
FRITH K H.
K=h/H
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Table 2 Sensory evaluation standard
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Table 3 Effect of the ratio of material liguid on instant nutritional powder of germinated brown rice

FHELE (g/ml) GABA/ G 100 ) SLAAt T (mPas) TP REK £t REHF A
1:1.6 10.47+0.84° 80321673 7 983+71.40" 0.052:0.004° 70.67+1.14° 87.60+2.51"
L:1.8 10.86:40.10° 876+ 1.00 7 964432.32° 0.0230.001° 56.67+0.01" 89.200.05"
L:20 10.7420.10° 983+11.02° 6 98042100 0.01120.001" 41.0040.58 90.500.30"
1322 10.62:+0.04* 938+1.73" 6 649279.62" 0.02620.001° 52.30:0.01" 88.70+0.07"
1:24 10.35+0.71° 658+5.06° 4 837+38.08" 0.03120.052" 56.90:6.41" 86.20+0.68'
i ) P BEA ) e 2 5 A 5 (P<0.05)
fERifE 80 H , JEFIF I 30 o/h, F&GHRIE 130 TR LB 7 i B P AR B K SR, 3 GABA 5 & 52100

FF BEREHERRBU K, GABA 4 S iy
WA RIS TR PR, Bt RROK
A B T RIS PR, B F R, RHi
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Table 4 Effect of raw material particle size on instant nutritional powder of germinated brown rice
ftiH GABA/ (mgl 100 ) okt B (mPass) BHUETEREK HibhAiw T
40 11.52+0.13" (962, 64" 3 353:20.88 0.050+0.007 62.03x1.66" B6.80+1.30"
6l 11.45+0.07" 869+17.57 4 658+92.50" 0.0330.009" 60.32+].25 §7.20+1.48"
80 11.40£0.15" O85+1.00" T 749498200 0.01320.001 55.67+2.4(0r 90.30+1.78
1060 9.60+0,07 9862.00" 7 8366421 0.0120.001" 57.38+] 83 86.90+0.89"
120 H.30+0.39" O89£ 100 7 964+31.21 0.01 40,002 57421197 85.20+1.18"

T [l P AN B AN R e 22 5 ik 2 (P<0.05)
f 008 1O B Mo A2 A, W R E PR R L K SEm A AN TR B, A B IR AT, BE R IN T T 2.
R FL 8 e v En B E, e ST E 2.1.3 iR EEN N

1 501.32.666.47 .998.94 1 008.76 fil 1 019.43 ¢ kK A EE YL FE 5 By,
il b, EFEEE SR BRI 3 4, B T AR R R 80 H, VLT 130 TR FL Bk 1 -

F 5 FEENENEFHRERE SRR
Table 5 Effect of rotating speed of roller on instant nutritional powder of germinated brown rice

Y G CABA/ (mg/100 g L S il FhIE (mPaca) Bt R K g AR
20 9.96:+0,26' OK§£5.56° 5 48E=80.02° 0.026+0.007* 4142045 #7.90£0.97"
0 10.58:0.39" O86=1.00° 6 85224694 0.014£0.001" 41.2+0.38" G0.0320.04°
40 10.6220.15" QRG2.00° 7 7149+59,78° (L016:20.005" 43.6:0.03 #9,20+0.38
50 11402059 759+6,08" 7 854£25.06" 0.03320.006" 4810200 86,3020.52
60 11412068 69110.58 7 9622608 0.036:0.003° 45.940.24" #3.70£0.38

i [A3) ANEG FREAS R et 22 7 B 3 (P00
2(g/mb) &AF F, FEEAER I GABA HaE 771.08.907.69.998.08 .963.89 Jﬁl 960.65 {F LAl
FEMEi R Sl ETH s, faetE R K 2B T EHETW R ER 34, SRt EAd g, IJ
WeiG BT ad, et Rk ETHE T RRE ﬂl%‘I';z-.’?'r'?’ﬁﬁﬂ'ﬁL'ﬁ%-fﬁﬁmﬁi-&ﬁfjﬂll.I_ B
P R0 R o R KPR 5 i K, R 5 B 214 ZEFGREERISEW
B, ARNERHEEXGT, mRRESITESEN PREG & L 3k 6 Ff

#6 FREENEFRREAEF N

Table 6  Effect of steam temperature on instant nutritional meal of germinated brown rice

AR C GABAS (mg/ 100 &) KA B (mPars et R K EEEE A R
1o 11424039 GR2£15.100 4622435816 0.026x0.011" 58.90+0.31" 87.60:2 36"
120 11.25+0.07° T75+9.16¢ 6 H)B+£68.55" 0.01620.002" 54.333.07 89.20=0.36"
130 10.98+0.08 U4545.19" 7 685496.62" 0.014£0.003" 41.02+0.04" 90304078
140 11.68+0.09 956+31.00 T 850+82.27" 0.013=0.020" 5240073 #9.00+0.86°
150 9.23+0,78" 9B9+7.94* T 966+28.84" 0.013=0.010¢ 56.70+0.86" 88.90+1.14"

P B AN 7 AR I 4 7 2 5 2 (P<0.09)

FEREAT 80 H , 78 {0 #6330 o/, BHEE 1: 2 (g/mD ﬁHﬂiiJ 678.45.872.45.982.96.1 050.27 1 1 020, 7E 1k
AT F, B AR F &L, GABA B & e # el b, EEL S 3 41, R E AR
FK B FERG, A R L aia%., gt iﬁe.xfrw S R T, S B T .
PTG LAY, BE A 2k LS TR 22 EETHR L4 AL
th, ERIREN S GABA & fEmE g, wiiase TERFRRB s 780 = 1 fE b, GABA & R
PERE K B . ARG > SR EE ST PE0 U SR I B RETE A7, SR L, BT
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Table 7 Orthogonal test results
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Table 9 Effect of drum drying on main components of instant

nutritional powder

RS A B [ D et
1 | | | 1 951.5
2 | 2 2 2 701.8
3 | 3 3 3 769.3
4 2 1 2 3 8902
5 2 2 3 1 701.1
6 2 3 1 2 8111
7 3 1 3 2 056.8
B 3 2 | 3 949.2
9 3 3 2 1 966.7

FRARE A A8 3% T BT 2 b P i e g B30 AT AR
F4rkT, W 8 Fin.
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Table 8  Range analysis

K A B G 1]
I #07.5 9358 903.9 §73.1
2 803.8 7840 8559 823.2
3 937.6 849.0 809.1 8726
32 153.8 151.8 46.8 499

M 8 SrMT R, I E M B IRIE J5: ASB>D>C,
ALK EA SR ABCD,, EE T8
MR T8 b BHEE 1: 2.0 (gml)  FifR 80 H R
L 40 o ZEEILE 130 °C, WA G IF AR IR IE
AR, FEHRE CEAS PR, K
G EA 102652, W FE & TEAC R iy 9 4l
Brfqar.

GABA &l nBPPENE A4/

fiptz (/100 2 (o HEE (gl

fl 36.30+0.42" 0.270.02" 38412069

BEEER 44.13:0.08° (172003 32.36=0.18"
M E At 13.05+0.044° 0.13=0.02" 6.750.16

T« [ F S BEAR R A 2 i 1 (P<0.05)
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HREEMW, FEER R EREA TR e &
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Tablel) Gelatinization characteristics

P BRI (mPare)  IARE (mPace)  BREESRIE/ (mPa-9  BREE (Wimin MR VRS (wPace fREFFAES (mPa-s)

iz A 1146711735 317.00:28.16° 1 106.67+1.54 5.57+0.25¢ BO.ST+2.04° 308972071 797.70:175.57
BRI 243533415485 102802:130.02°  2003.00:221.31°  591:0.06° 86.120.46° 595.60:28.15  1407.31272.04°
BEECE TRt 280280472210 1028134085 24604610407 4624027 6407129 5957921273 1 864.67:149.58"

s FAAA SR A R R 2 B3 (P<0.05)

TR E I P 5 P R, ek (1 e {1 86 )R vy ™,
D AR B e, A B T 2 892.80 mPa-s,
LA SRR (0 B 2 38 B (P<0.09) L 3
BH B £ 37 0 6 W0 4k ot R o L A A I B R
(] A= e 2% 0 158 5 R A TR S ) 2 1 S i i 4k
(10 A HA o 0] A1 (A vy O 2 b o T 1 B M vy, L) 0

194-202 | Chma Academic Journal Electronic Publishing House. A

FEr O] 45 4 B i, o4 595.79 mPa s, 5 K 2 RE A (9]
AR S S AN B B R R A iR S EOE B IR T
LR (SO FEE B8 T e R0 33 11 65 4e) A~ 9] i
{706 2 5, B 1k A, 32 00 52 WL BT R e &
el W TRk ML IR PR IR AR, O 64 °C, HREK R
SRR R R B B B3 2 (P<0.05) .
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