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Optimization of Ozonated Water Pretreatment for Brown Rice before
Germination Based on Segmented Moisture Conditioning Method

Qiu Shuo Jia Fuguo Han Yanlong Jiang Longwei Zeng Yong
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; To increase moisture of brown rice before germination, traditional soaking method provides
a suitable environment for the growth of microorganisms, and segmented moisture conditioning method has
no proper disinfection technique, which brings potential safety hazard to germinated brown rice.
Therefore, an ozonated water treatment technique was proposed to enhance safety of brown rice before and
after germination. The segmented moisture conditioned brown rice was selected as raw materials, with
Design-Expert 8. 0. 6 software, a central composite rotatable orthogonal experimental design with four
factors and five levels was employed to study effect of brown rice moisture content, initial mass
concentration , treatment time and temperature of ozonated water on disinfection rate in aerobic plate count
and germination rate of brown rice, and mathematical models for effect of each parameters on disinfection
rate in aerobic plate count and germination rate were established. The mathematical models were
extremely significant and parameters were optimized to increase disinfection rate in aerobic plate count
above 97% and germination rate above 90% , and brown rice moisture content of 27. 5% , initial mass
concentration, treatment time and temperature of 4.7 mg/L, 6.5 min and 29. 5°C were decided to be
optimal levels. Under this treatment condition, actual disinfection rate in aerobic plate count and
germination rate were (97.49 +0.11)% and (91.89 £0.26)% . Compared with segmented moisture

conditioning method without disinfection treatment, germinated brown rice produced with ozonated water
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treatment technique had significantly reduced amount of aerobic plate counts (P < 0.01), and

germination rate and vy-aminobutyric acid content were increased by 0.49% and 1.23 mg/(100 g).

These verified that ozonated water pretreatment effectively disinfected aerobic plate count and increased

germination rate of brown rice, which offered a basis for safety production of germinated brown rice.

Key words: germinated brown rice; ozonated water; disinfection; germination rate; y-aminobutyric acid
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KRR B A A (R T 2 B
BHFHI L E T TR K i & 2R K A
T E AT HAR SR AT A K
JRR A T KR 5 2 TR A IR 2, B
i AV SRR IR VA K SR FE 1 T S 4, R —
RSB U0 o 200 A, LUK G R O K LA — < S
TP, A R A AR T R K
WK MU A A 4R AR R BoimE T 2
LR R 2E M y- 5 T W 46 R R AL
MR T AR . (A% T 2 R K
FeAR S S AT AEE R 0 e R, R T
3 R TR

SUE N — R AR ROR R BA T
SOETCTG YR ENAMEE R AR B
KB BT T — R510F5¢ . MENDEZ
200 L R X /N 22 R A s e e 5
AR AR B35 CHEN 251 % 3122 6.0 mg/L
FLAE AT A6 B 7 R R ARG 65.8% , L
BB E R Z RERN, DS R IRk
e 2 I AR P LA B IR R 1 RO
B AR A X R AR PR Y R T
ALE RAEUK (2.0 mg/L) 6 Y S Rk K & 28 14
P, RIS 2 B UK b B A T R 2 2R y-4
TR RARE . B AT K R 2R M K B OR
LA PRI R LARE

7R S P LA K T b 34 B IR B K, SR
TURIE SR L 4 A T R B, IR TORE K
TRE SLEK IR T v B3 L 5L SR K A BN ] | L4
IR X K R 2 AR R . SRR YRR
A S ALK A R T R R T R T
R 4, I e 30 T 336 5 /K L L R 2T K R
KL LBHAE

1 iS5 7%

1.1 R3esrst

BEK 50 i AR 4% i Fl A 2R A 429, 2014 4F
10 JWOGRF AR ACAN R ZFE KR, 1 5 i e
FEAFREK AF L SR TR BRI i g A e}, A

BERWIUR T KN 11.4%

F2F R R RNV T, RIS AR R A
B  BAR B IR A | T 4% R, R B0 b i)
A BT LA BRER , KK 11k 25l A BR A
Al 5 AR RO B 97 3 L AL, S AR B
RAEBRAH
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FRZSF] s DZKW — S — 6 FUE i K i 8, A6 5t 7k 6
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i, AU AR B A A BR A /] s DNP — 9162 7
FLAAE I B SR A8, DR 2 LB R A PR A FD
Agilent — 1100 78 & 25 & AH € 355 20 BT X, 5 [ % B
R BR A
1.3 RBHE
L3.1 BERFEAN &

BIHE 4 K ol 11, 4% [ ks K L4y B g
W BRI SR AR IR BT 5 Bl Kk S K
A, DAL 50 g MREA At 45 29 4147 T 0 A %
BN, DI e 25 T
1.3.2  BLEUKFEAH &

PR 7518 7K (250 mL) Y BEAR I E KB N
P I e R AR ) SR AR T A ZR IR K v A
TRV I R AR AR O A ) T S [
JEE FRIA) U S G 1 R SR o R BRI R MR P A
GB/T 5750. 11—2006 Hh fit &y & I, DL 7 12
il 28 T T LUK FEAA .

1.3.3  RAEUKTIANFIRR & 20K

ORI T R RE K (50 o/41) BT A
JIT it Tk B N e O VA R AR I AR N, o
RHOAL BRI ], ARATRERFEACTE RAUK B BT
2% H BEALERH 500 i FH Al K B V& 20 , B 4EUK
AL B 5 7E AR AUREORATE A HP B AL 5 B 500 7 A7 5
TEECD S
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1.3.4 KA ZFIFE
B2 1. 3.3 AL PR S BELURE KRR A S -4 4%
PTG RSP (3 29 41) , B F 30°C o $u e i
IR R R 24 WY R 2R S N AL REAR P L
PRI 500 Fi, DL J5 224 ZE R I E o
1.3.5 REAUKWAEE T 2R3
FETA IR W LAl I SRR KR (&) R
FUKRIR T W (xy ) L SRLARUK AL BRA ] (x5 ) VR
SFUKIREE (x,) AIRIR &, LR (y, ) FIE ZF %
(y,) R HFReREL, SR FH U B 7 7K B9 — R GE 38 e
el A AR T o IR R R KT g I
1,

&1 HBEERKFHBD

Tab.1 Experimental factors and levels

ESES
- R REUKWIEG  REK RAUK
Frk 3 BUidyk e 4bFn ) TR BE
%,/ % xy/(mg-L°")  x3/min x,/°C
-2 22.0 2.45 3.0 15
-1 23.5 3.20 4.5 20
0 25.0 3.95 6.0 25
1 26.5 4.70 7.5 30
2 28.0 5.45 9.0 35

L4 RIEIERNE
1.4.1 KEXR
TEVR SRR A SCHR L 1S T Y 5 5 o T 7% &)
VR B 10° A5 15 7%, g S AL B TR AT B B 9% 1L
PWAEZS DR IR, KRR R
y, =(Ny,=N)/(N, -N") x100% (1)
Arb oy —KEE, %
N——BL UK T4k BH RS K 3 V% B AR
lg CFU/¢
No— LUK T4 3 5 R K T Y TR 40k B
lg CFU/g
N'—Xf BREH BRI V% TR 1AMk 2, 1g CFU/ g
1.4.2 K#HFEX
BRI R & 2ERIE 2 BT E ik,
HHEAX N

y, =N,/N, x100% (2)
Ay —REFR, %
N, BEKFEA K 2R
N,—RERAEA Bk AL

1.4.3 y-ZATIRERNE

y- BT R S AR AU T B LLAR
R EE (OPA) by i AR 4 700 1 o 250V AH £ 3%
(HPLC) ¥,

1.5 Xftbikieigit

A BLAAUK PAL BT 25 5 YR R A AL BT 25
TCKFEAEIE T A AT XT ke, A 5 4% 1. 3.4 7
TR

REE K WAL B 2085 03 BOIR 22 5 K R
27. 5% FREARREAZ WA i Jow e v J3 A 23 901)
g 4.7 mg/L F129. 5C Y R KH 6.5 min,

YA AL B T 20K 2 BN 2 35 7Kk %
R 27. 5% IR R AR AR HLLE R TS 0. 5% IR
ER4N - 15 min,

TCRK AL FE T2 SR 43 B 1 1 4 4 bl
KA 1% L 2l B 5 K %8(29. 2% )

FA% 3 TR A 255 R ZFREARE S N T V%
BORFRM y- B AT RS &, HE S YOHICE1
{Ho
1.6 HELIE

K H Design-Expert 8. 0. 6 Z{FXF H.00 2 A1 50
Bl b #1543 b, >R A SPSS 22, 0 B kA7 % He ik
B B ) 2 R A
2 HRE59Mm
2.1 RIWEHER

RAAUK UL PR A 2R T 20050 7 8 5 45
RIWNE2,

2.2 HAFEMEISEZMESW
Xof KR AR 2 R AR AT 0, 153
MUEWE S|
y, = —182.147 1 +5. 869 6x, +38.256 3x, +
22.493 1x, +0.459 O0x, —0. 093 Ox} —
3. 058 8x5 —0. 589 7x3 —0. 025 5x; —0.293 9, x, —

0.094 2x,x5 +0. 057 3x,x, —0.912 8,1, +

0. 373 2x,x, —0. 269 6x,x, (3)

y, =214.660 2 - 10. 655 5x, —0. 325 7x, +

1.433 0w, —1.291 3w, +0. 211 4x] -
0.223 3x; +0. 123 1x5 +0. 011 2x] +

0.081 1x,x, —0. 033 3x,x, +0. 039 8x,x, —

0. 102 2,2, +0. 038 3x,x, —0. 042 3x,x, (4)

T 2E5r M 5 W E MR I A R L3R 3 4. K
HZEBIH R P <0.000 1, 2648135 P =0.158 8, Y
FHR N 0.964 65 % 2EFR MIF 7R P <0.000 1,2
AT P =0. 195 2; J5E BEL R J90. 9673, X EH R
FIPA TP g 45 R T PRI, AR R i &
IS, R EH R B M, TE o =0. 05 EAF K
TR I, A5 2L Ay N
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y, = —182. 147 1 +5. 869 6x, +38. 256 3x, +

22.493 1x, +0. 459 Ox, —3. 058 815 —0. 589 7« +

0.373 2x,x, —0. 269 6x,x, (5)
y, =214. 660 2 - 10. 655 5x, +1. 433 Ox; —

1.291 3x, +0. 211 4xf +0. 123 1x§ +0.011 in +

0. 039 8x,x, —0. 042 3x,x, (6)
x2 REALEBIZAUREARSER
Tab.2 Optimization experiment design and results of

ozonated water treatment

B % e
e — . . W% RFH
g PR SUUKME REKE kT
GkE O EOKE BN
1 -1 -1 -1 -1 65.52  83.65
2 1 -1 -1 -1 67.33 86.24
3 -1 1 -1 -1 81. 85 84. 36
4 1 1 -1 -1 83.17 86. 62
5 -1 -1 1 -1 78.23 85.95
6 1 -1 1 -1 80.00  89.12
7 -1 1 1 -1 93.15 86. 32
8 1 1 1 -1 94. 26 89.24
9 -1 -1 -1 1 67.74 84.72
10 1 -1 -1 1 74. 06 88. 62
11 -1 1 -1 1 94. 35 85.36
12 1 1 -1 1 96.04  90.54
13 -1 -1 1 1 77.02  86.68
14 1 -1 1 1 79. 21 89. 62
15 -1 1 1 1 94. 35 86. 96
16 1 1 1 1 97.03 90. 66
17 -2 0 0 0 81.98 85. 62
18 2 0 0 0 89. 16 90. 85
19 0 -2 0 0 68. 11 85.92
20 0 2 0 0 90. 94 85.74
21 0 0 -2 0 72.44 85.52
22 0 0 2 0 89.76  89.36
23 0 0 0 -2 78.74 85.54
24 0 0 0 2 88.98 89. 36
25 0 0 0 0 85.04 86. 28
26 0 0 0 0 87.80  86.16
27 0 0 0 0 88.58 86. 32
28 0 0 0 0 86.22 86. 82
29 0 0 0 0 85.04 85.84

A 25 07 J5 F % A BE IR AR 22 (&Y
T, FEATER 7 2200 W , K AR R A 2 AR A
(P AL E B R 53510 0.929 2 F10.934 7, [l
VT AR ELA A R4, nT B A B R K K

FE 3 0 RE K 35 7K 3 | B SR A0 o Jo A o 2
SRR AR BN [ R B 4R 7K i RE e TR R R A
HIZE 4 A RER 75 7K | B4R A BRLSS A] FTIRL AEK i
JEX T 2 AR A 2, SR AR A0 i Jo A e JRE X LY

F3 REEREBARBMATESR
Tab.3 Variances analysis of regression model of

disinfection rate in aerobic plate count

ARRRE FHM HAHE B F P
i 2321. 12 14 165.79  27.24  <0.000 1
X 46. 07 1 46. 07 7.57  0.0156
%, 1516.07 1 1516.07 249.09 <0.000 1
x5 398.78 1 398.78  65.52  <0.000 1
%y 134.28 1 134.28  22.06  0.0003
x 1. 14 1 1. 14 0.19  0.6722
2 76. 81 1 76. 81 12.62  0.0032
o 45.68 1 45.68 7.50  0.0160
x3 10. 52 1 10.52 1.73  0.2097
X%, 1.75 1 1.75 0.29  0.6003
X, %3 0.72 1 0.72 0.12  0.7363
L 2.95 1 2.95 0.48  0.4977
%y 16. 87 1 16. 87 2.77  0.1181
%)%y 31.33 1 31.33 5.15  0.0396
X3, 65. 41 1 65. 41 10.75  0.0055
T4 85. 21 14 6.09
ES) 74. 86 10 7.49 2.89  0.1588
eoa 10. 35 4 2.59

SR 2 406. 33 28

R4 RERMARBNFTESHR
Tab.4 Variances analysis of regression model of

germination rate

TSR Forfn AfmE Bk r P
TR 107.73 14 7.70 29.62 <0.000 1
% 57.41 1 57.41  220.97 <0.000 1
) 1.08 1 1.08 4.17  0.0604
x 20.39 1 20.39  78.47 <0.0001
% 15.52 1 15.52  59.73  <0.000 1
3 5.87 1 5.87 22.59  0.0003
x 0.41 1 0.41 1.57  0.2300
3 1.99 1 1.99 7.66  0.0151
o 2.03 1 2.03 7.80  0.0144
x4, 0.13 1 0.13 0.51  0.4857
X0 0. 09 1 0.09 0.35  0.5655
X%, 1.43 1 1.43 5.50  0.0343
Xy 0.21 1 0.21 0.81  0.3821
Xy 0.33 1 0.33 1.27  0.2783
X3y 1.61 1 1.61 6.21  0.0259
Pl 4z 3.64 14 0.26
KA 3.14 10 0.31 2.50  0.1952
PR 0.50 4 0.13
¥ i 111.37 28

VIRNTE S T R S Ve S
JBE, RO TR R 2 R Fy Oy« B K 0 6 T R
(2.645) | 55 K Ak B A] (2. 625) | 540K I
(2.233) KK 757K 3 (0. 868) 5 B2 A 2F R 2 KU It
J¥ 0 RAEUKAREE (2. 790) BEK 757K 3 (2.360) R
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2.3 BEXHEMMRERMEZF RIS
I AR B S KA i R L AU

JE SRR AR BRI )55 B S KRR 22 f) A2 L 3k £

B ZE K RIS e 2 AT rpoR K 5 7K 3R B4R
IR SR SR AR BRI [R] 55 5L SUK IR B 22 () 58 1005k
IR FEAK BE 2 AR R AR, #5857
2AHRB S H R, WK 1.2,

BT A8 SO0 K TR 3 A4 I 37 i T

Fig.1 Response surface plots of disinfection rate as a function of interactions between various factors
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Fig.2 Response surface plots of germination rate as a function of interactions between various factors

H L 1 AT, B AR ) iR o vk R R R AR R
JEXT KRR 2 . IRk 15 ~ 25°C 1), K R
TE R FUKWIIG BT W 2. 45 ~3. 95 mg/L I 2 T7H4K
P,3.95 ~5.45 mg/L i $2 T R BEAR, BLAAK YR
Jo VA R G TR SR 1 R ) A7 A R DX A iRk
XU YR A 25 ~35°C I, K B R B R A KRG B
SR E T R TR AR o AU 1 SO % B
SEUKIRE T mmon ke, &b 10CHE s 2 ~3 4
S G K07 o ASBIE T PR B S K 00 56 R
3.95 mg/LAf, 20°C F+ £ 30C i & p K 5 % M
83.57% J+ % 88.38% , [m] i 4 5L & /K W) 46 ot o vk
JE R AR 43 A4 5. 45 mg/L I 35°C 1, K
PRZRIRE] 100% , 5 i 25 ) 46 Tk B 5L AR K A Ao
ODIRoIE

I 1 AT, R AR K A T S ) R R AR K TR o
KRG w2, R (15 ~20°C) 5 % 40 3 i
[ (3.0 ~4.5 min) 2 & TCIE R RAOKH, K EHA
57% ~ 75% . 1% i 4k 2% %€ K 4b B E] (4.5 ~
7.5 min ) s A0 PRA ) 4R S22 =5 B (20 ~30°C) /]
i K B AR GH AR T, WA 53 )l 85% i 88% Fitq .
{HER (30 ~35°C) 5KALFEFE] (7.5 ~9. 0 min) 2]

B KR E MR BEREAR . XN 5 AR N 3 ikl
TBUAR A — 2SR R , o5 T B AR B2 L e LR
AKALHL 7.5 min [N BLAES 5 KO ik 8 = ) T AR AR
ROARARFERES

it K 5 7R L AR IR L X e 2 AR
LB 2, 1 KA (26.5% ~28. 0% ) 1= i (30 ~
35°C) HA MR ZF R RIRIE T, E(E IR 96% o K
ZF IR R RIS 1) A BRAS 1 5 8 7, 721
ELRE K 5 7R FIRL KRB T WMIEAT o BER F5 7K
FREGARIN G FE 70805 PR -8 A3 Tl A 5 1 1 %
KRG 1) /N5 LD B A 003, ok 4
PR ZF DB IRS RE R . SR AAUK B BER BEK A
2 AT 28 5 K A B T R 35 7K SRR s 1 K
I KR S W KGH R AR o ol I K 201 19
PR LY, WK s AR, B PR T IR OK R T
EDZ_B] .

TSR 7K Ak PR T SR SR JRLBE R A 24 A )\
FLLE 2, RV 15 ~20°C 8 5 AR K Ak B
6] 3.0 ~4. 5 min If, 25 Rl 55 — S B KPR T
MZENEThm o MR EUKIELEE 30 ~35°C I, % 28 Ak
RAE KA BRI ] 6. 0 min i J5 5 B/ BE So AR S
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Thsa, W] v I IR 1 I 2 400 il P RS 1,
] AL HE (3.0 ~ 6.0 min) I % 2 i 72 52 2] il 55 70
il s TR ] AR P (6. 0 ~ 9. 0 min ) B 2K T AR AL 14 ]
WPl (P 1), K B A% K A ] T RS K &l 28
AR

2.4 fRALsHr

1E4 RS BEEEN R A R AE R
P E T 20 0 5 9%, I8l Design-Expert 8. 0. 6
BUEMACTT Ik, LUK R R M A 2 R d A H
B [l AT T SR gk , 75K A A5 2 9 4507 58 P ik
FERKFARRT 97% FHARUEZFHRRT 90% 1975 %
RAFEAAL T2 REK &R R 27.5% (R
UKD 4 R W 4.7 mg/L | BSR4k B TE]
6.5 min B K 29. 5C , WL R K RMA
ZERI IS N 98. 30% F192.26%

DAL T2 PUAb A A 2R oK, B4 SR R < 4k
PR 7 A RS (5. 15 £0.22) 1g CFU/g, AR B
JE R R H (0. 13 £0.04) lg CFU/g, K R
H7(97.49 £0.11)% , K 2EHF 4 (91.89 £0.26) % ,
5% AEISHET . UESEKTE AR ZF 3 ] 5 )7 7
HORURIIIES € 353/ S 38
2.5 ik 5itie

AT X IR E R WK 5. R AAUK FiiAab P
5500 K AL FEAR BE, R R TR R TR MR B R R 2
5.20 lg CFU/g, K 2E K525 0.49% , v-Z 5 T R
FE (R ) 32 1. 23 mg/ (100 ) ;-5 U FRINTI
ALPHAR LY , A5 i 1 7 T MRV E AR 24 0. 03 1g CFU/ g,
KEFHRPERAN3.95% , v- 2 B T M & &
5.20 mg/ (100 g) o S AA/K TiAL P AE 1 35 PR A 2 hi
KIS SEAE— B B R -2 T
PR .

®5 FRTEMULRIELBER
Tab.5 Results of contrast validation experiments

of different treatments

T T B AR L/

y-EIET R e R

pogicE| RFH/ P
(lgCFU-g™") (mg-(100g) *")
REUKPALEE  0.24 £0.08"  91.89 £0.26°  29.48 +0.21°
WARMITALBE 0.27 £0.05"  88.40 +0.24>  24.27 +0.37"
T KA Ab 5.47 £0.30°  91.44 £0.23"  28.25 +0. 33"

TE Bl e P ME = FRAEZE” (n = 3) 5 [RIZV B A 1R) 5
FFRRZEFBE(P<0.05),

REEUKRTE tH HARE TS 5 R0 T HHE S
FCOM G I FEFE ROk [R) S2 , BRLESYF R
BT 20 M B, (A B o 2 401 X2 S 20
BRI BB O 100 T LA I, [ A R R RSB T, R
SEUKAEBR S P T AU RE 1 (5. 23 £0.07) Ig CFU/g [

# (0.10 + 0.06) lg CFU/g, K B % (8.09 =
0.20) % . U R &M 11 b R 5 1R 75 B AR Mk il
(5.36 +0.12)lg CFU/g [&%1(0.22 +0.04)1lg CFU/g,
KI#(95.90 £0.07) % . BLAAKFNR AR KT
SR MUK B R R R y-E I TR R
B, B LA

I R 2 K B AL BRI T VR BB A
Fo S ERIRAEE T R o P B 5, H R BT R B
TR T T DS B B B AR TS YR SR B AN
B AL TR () 5% AT TR V& 02 i 17 2 2R Bz
HH S 303 DR L B AN A

AFAEFE T 2T R ZEREORFE G y-2 3 TR &
WAL, v 2 TR KB R, R
ST TR AT A i, Uk SRR K e (] b 2
AR Z M R i, RN B & 2F %
BTG IR A B L AR K TAL PR O R 2 R I R
KJE2 M T2E TR AR ZRARE, KA
FRAN B AR PR R, T TRy il 5 2 1 A e 35 T B
501 it AR SR N [ o 7 -
v-BIE T RN E

SR TAL FRA) T y-2 5 T R & 4 1 A] g it
KA 2 R IBUR G (GAD ) TG PE T+ i, 4 2 R e ALk
N-FHE T RRACE I, GAD 2454 v- 2L TR A
S B R, B AR P K VR A R T
GAD WAkt B A B (H ) f77E, JL3E M AE M
Ji pH AR N 5.5 ZEA kB ™ o BRI 72
S H ISR N, RS R S 3 A B
B RIBMBRES T HEEAMRE T (0H ) X
NA R A A Ak (HO, - ) R A
(-0,) nEMBR A T 5L Al L (-OH) Jx
N AL HO, - A AT (0,) 03X 2 ANBY B e
HO, - 73R H T F- 0, 1 Ry, SRAAUK H H T MR
B TE o 24 HT K 5 T35 33 HE K VR 40 s
JE P pH BT R A T ER PR A

3 &g

(1) FEST 1 T 40 BOIR 7 v 1 5L UK Fikk 21
T ASHCGREA I R 2R R LA i 5
B, A I BRI G R4, W LA J0T 0 S 407K T4k 34

(2) RAUKTIALBERE & R K T2 S Bl
BN REK KA 27. 5% | LK W) i T i ok B
4.7 mg/L 5L /K 4b #EI ] 6.5 min | B4 7K I
29.5C WL &AM N KEHH(97.49 £0.11) %
RN (91.89 £0.26) %
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