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FE:ARLRESAFORREETFREFEFFEDAMNE
i AR AFARABAFATELAR AT LABER AL S
HATHAL, FREBZTZRA G TR, GRXBHTE
48 4 iE w R B E B G i@ id Plackett-Burman X B8 3 AN E
ZHaR T BE RAF NaCl, REBE3IAZTEZH0E T
RO KRR R B RIK B 09 F B A K . R A Box-Behnken
KR 3 AE 3ARF M va @5 AR, RALBGRA R
A B JR R 6 R R 4 A ¥R 3.38 g/100 mL A K
10.71 g/100 mL,NaCl 0.24 g/100 mL, /> % 3 0.25 g/100 mL.
X % 3 0.50 g/100 mL,(NH,),SO, 0.50 g/100 mL #= % v}
# 0.025 g/100 mL, KA A L x4k & B 3% A K 2t AT B iE 5%
BF R ER M 5.35 X 10" CFU/mL, & & a4 K 8 & 35 5
KA EFR#(5.71X10° CFU/mL) % 9.37 1%, Wik £ 35090 v
B kAR B 6 R RO 5 S IR R AR A

KPR ARBEBALFAK T LML

Abstract; The mixed fermentation process of enzymatic brown rice
was optimized by the response surface method. In order to optimize
the growth of Saccharomyces cerevisiae and Lactobacillus plantarum
in short-term mixed fermented brown rice. the fermentation medium
components of the traditional brown rice enzyme were optimized and
the interaction between the constituent components was analyzed.
Firstly, the main factors were analyzed by pre-experiemntal. The
vital influencing factors of biomass, such as honey, brown rice and
NaCl, were determined by Plackett-Burman test. The direction and
step size of the steepest climbing test are set according to the three
important factors effect intensity. Finally, the Box-Behnken test was
used to design a 3-factor 3-level response surface analysis test. The

optimum fermentation medium was honey 3.38 g/100 mL, brown
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rice 10.71 g/100 mL, NaCl 0.24 g/10 OmlL,
(NH,;)» SO, is 0.5 g/100 mL, tea

malt 0.25 g/100 mL,
barley germ 0.5 g/100 mlL,
powder 0.025 g/100 mL. After cultivating with the above culture me-
dium, viable count was 5.35X 107 CFU/mL, which was close to the
prediction, and was 9.37 times as much as that of basic medium with
5.71X10° CFU/mL.

Keywords: enzymatichrownrice; medium; viable count; technical op-

timization

B K (Brown rice) JE 48 BR T 4078 Z AN R OR B 1) 2 4 L
HUB R B ARE M 3 R TR k™ RO &
FEHT s ARG A B K& B, T TSRS BRI B %
TR 3K 1026 ~20% " . BRI 2L AE bR P A e 5 37
ZEAF SR FH IR B S R IR T 0000 T RE k1 SRR . oA i
A B 1y P R S 6 9 7 A — R A I AR k2 AR 4k R AR
B TR T BT R B R R SR R 1 SGE S R
R TR ZHE W 4B Y  GABA fl GSH &0
AR YR . 3 TR OK BB IO 5 [ A1 2B R R, B AR A
S B A A M3 T SCHR A3 e 3 R FLOK R B
Zmi I AR e ST PETFECAREKREEE
HIRF R RaE R E BRI TR RS EN R TS
ZPF 0 B BE R ST DL IR JEORE O RE B oM IR AR Ak T & B
[¥) o P A5 5 P B () R S I o 5 ke 45T DL R B R RV
bR 0 %G O M & B T AR T ek ks B 96 %D L GSH
o FEARBA GE T ORE K RO 9 TR EL L K L B A A R Ok
JAS I B TS 0

{BA% LM RE K B 28 R B T 2 A7 46 L s . © R R
PAT KA AR P L W R A D P LS g 0
@ AT RS R 2 R BA 7™ 58 WA 5 0k R B
FRF AR PR BRIE, IR EBEATE, REBERITLZ
FRETPT0 @ R R K B 26 A & R P A5 a2 B 3 % I
MAESHA SR . ALl E st 7L RS T2, A
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F PG % £k (Saccharomyces cerevisiae) 5 4 5% 5y %5 {5 56 (AT 4
HNFEE Lo, (Lactobacillus plantarum ) Y& & % B, 78 Bt
LR B9, AR PB R 56 (Plackett-Burman) ™ | Bt BE e
Pl e 5 w3 i BB 3K 36 (Box-Behnken) 5 %R A &
T B SR HE AT AL L B TR B0 0 R TR B () PN AR AT BRI
WA LR GABA 5 GSH SRS = g fL &0 7, 3
Job PR AL 200 22 TR R R I B R RE S TSN K T L 2 Al
Bl Kk AN iy 2 52 ) [F) 6O T 0 A T BCHE R 2 T T 9T LA
I B AR O K B AR AT I T AL . B A JE S e R AR
TR e R et 2% .

1 MRS 5%

L1 il E#k

T P P - - 2 BHC R B I 03 A R D

TEFUAT B Lo« Hy A 52 56 38 7 08 22 0T
1.2 #E5iRH

MRS W% bt R AW HE ARG R A A

B R < bR XUBE I A o 3 R R A T

B BER A B E Oxoid 247

e A PR EC % £ A B A

B K B VLA B T IR R R R A

KR /NFEZF MGl (0 A R AR A BR 2 A 5

ZE KR E B o A B

NaCl,(NH, ), SO, : 53-#r 4l . R HE i 8 R 250 .
1.3 EHFEEHE

YPD 8 77 A (I i e B Fh 7 0% AL 6 D - BB R B
10 g/L. A H Wk 20 g/L. W% b5 20 g/L;

MRS 4 77 1k (I AE 47 ZLAT B Fl 35 10 A8 D) < AR 4 i 3%
TEHIFRI 48 g/ L i # s iR 5 40 %%, 121 “C i JE K 15 min
SRR EIE 5

B R WS IR VAR IR 8 g RAFKEKM 9 g, /NS
¥y 1 g.NaCl 2y 1 g Wi EBAM 0.1 g, /K% 100 mL, ¥Efk
WALJE 2 B KK .6 h N #EFh . R B ds pH 45.8,
A EE Y& 1o 11.0 Brix,

14 UFEHEE

KRR IR % f8: LY20-A B, [ BRI 88 % 45 A 1R
B0 AL LD5-2A A, Jb 5t 5t B0 AL BRA A 5

Wi LAE G SW-CJ-1FD B, Ji M Z = L AR A KR

/L\\#

/L\\A

Zl

&l

AL B 4 . SPX-250B-Z A, | ifg 1 Sl A7 FR S | B
g - I
FRIZ T PHS-25 T, AL iRl 2= U # A IR A A .

1.5 IZRBRIBEER

BEOK & ZRAR BT R R G 80 H D — 3% 55 4k
PEEC— B AL AL (TF IR AR .37 C 4R 10 min; 52 C {4 iR
40 min; 65 C £ IE 1 h; 78 CAR R 10 min)™® 2 ¥ i1 —
200 H UEA i g — 250 B EIE IR (4 360X g Bf [A] 15 min) —1if
Pit— [ [ 2 1 (62 "C AR 1R 35 min, 2R BHRBEZY 62.09 PU)P —
B f—~ kB (12 Hh—Rok R
1.6 FAIAMERYS=HNE

SR T HE By DL S A0 2
1.7 BHEFE

FHAEFER 53 531 B9k M TR PG 7 8 A 0 FLAT T Lo, — PR FD
T YPD B 7 i s 52 5 MRS B 55 98 By il b, se o R
i AE 34 CEEFRAR 43 | ¥ B R . MREE T 0 E rY 2R Kith
2% 7E 10 h F1 15 h B 43 591 35 2 % 04 K 01 oR 1, DA
3 mL/100 mL(JEE%) 1.71 X 10" CFU/mL, #1829 2.15 X
10% CFU/ mlL) 35 izt i 12 3 2 A B K L Atk & I 85 % B 1 =
M. 34 CHERBIRG IR 12 h EHB . B ERBERAGT
MRS -4 376 AR
1.8 Rt
1.8.1 PBiRE&IT  FEFAL A LA b, DL 7 Fh 4l 45 B 8%
B OREK N R FE 2 NaCl, (NH,), SO, FIZE/E R £,
VAR IR A N =9 M350 07 ik 4T PB IR K iT.2 8
AR 5 F TR 2248 1 B A IR 3 B IR A KO K
EMRK TR 2 f5. WIS RS ER 3 A EEE W
KR,
1.8.2  fBEEHRE  RIE PB XA B M &L — B 7.
VLR S B i 56 1 100 B a3 A 3 5% i IR R A e 3 T 1) A 2B
Ko T A5 B 3 A4~ B 7 1 doc A3 41 6 v 31 181 LA 3 30 e R i iy
X,
1.8.3 Wi R I %I (RSM)  PBRIGHIE T 3 D FE ¥
M) R 2R e I T 5 3 6 0 1 sk K el 7 X A R i 7 X3
st 5 AR 4 Box-Behnken (1) 50 8 A 3 R EE L B3 S

W E KK 3 A K3t 3 IR 3 K F Y Box-Behnken

R,
1.8.4 HiEadr WIS aEE 3 A AT IR, BUE D 3
A 5 19 F 3 . Plackett-Burman i 3% #% i fl Box-
Behnken {5 % i1 % ] Design Expert. V8.0.6 {458 1% .
2 giRk5nbr
2.1 Plackett-Burman iR I i i EE & E &

Plackett-Burman i 5 P 2 1K F WL 3% 1. DL B 4K
Y g g 8, IR0 T K e i {E L3R 2, 4% R 3R A 52 &K
R 3,

& 1 Plackett-Burman iX I [F = f1 Kk F
Table 1 Two levels of variables used in the Plackett-Burman design g/100 mL
75 Frigs Foliok  Fa/hEZE FoRFEH  Fs NaCl Fe(NH),SO,  FrA8H Fg 25 3 Fo 25 3
—1 3 5 0.25 0.25 0.25 0.5 0.025 — —
1 6 10 0.50 0.50 0.50 1.0 0.050 — —
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TR S R T R IR R B L2

% 2 Plackett-Burman i 3§ 1% 31 & W5 &z {5

Table 2 Plackett-Burman design and response value
FE R F, F, F, Fs Fs F Fs Fy n
(X107 CFU « mL~1)
1 —1 1 1 —1 1 1 1 -1 -1 3.88
2 -1 -1 -1 -1 -1 -1 -1 -1 -1 3.86
3 1 -1 1 1 S —1 1 2.49
4 1 -1 -1 —1 1 -1 1 1 -1 2.56
5 1 1 1 -1 -1 -1 1 —1 1 3.71
6 -1 -1 1 —1 1 1 -1 1 1 3.10
7 —1 1 1 1 -1 -1 -1 1 -1 5.87
8 1 -1 1 1 -1 1 1 1 -1 3.52
9 1 1 -1 -1 —1 1 -1 1 1 4.65
10 1 1 -1 1 1 1 -1 -1 -1 3.76
11 -1 -1 -1 1 -1 1 1 —1 1 4.43
12 —1 1 -1 1 1 - 1 1 1 5.13
F 3 Plackett-Burman iR 38 & B & X & B H 8 & My R Tt
Table 3 Results of regression analysis of PB design Y, =+3.91—0.46F, +0.59F, —0.15F; +0.29F, —
o) e ZES F A P {f{ b 0.43F; —0.023F; —0.042F, , (D
i 8.80  0.026 4 ES TR A R*=0.939 1, fe i b A 100 A % PB il 36
F, 6 1 0.46 15.68 0.013 6 9 2k W, AR )8 %8 B (Adeq Precision) 2l 9.965>4, )M
F, ok 0.59 2496 0.006 1 1 HE— 25 Ui W I A AL R R T HE
Fs INGZ 2 —0.15 1.67  0.230 9 5 2.2 HBEMCYIR U6 18 i B K M B (X 45
F, S 0.29 5.96  0.067 5 4 MG PB R 3645 2 1 5 U — B 77 B2 T 0, X0 3 TR ECA TR AL
F; NaCl —0.43  13.20  0.0177 3 IV 114 PR 2R A RE DK R R 22 2 ST 3 2 A TR 3R 7 i 7K T o YR B
Fy  (NH),S0, —0.023  0.039  0.957 0 7 WEFE T A R XS T BCR T8O 1 R O N E A
F, Kt —0.042  0.13  0.756 0 6 NaCl, (NH, ), SO, HlZs i, BB X 5 A B 2 7E KA T B X iR 7

2% 3 AT A B R 2 (0.01<CP<C0.05) , Ko 4%
BB PR 3RO I T RO G 3 M BT Ol R ok > e >
NaCl> Kk 3 2 > /N3 3> 250 > (NH, ), SO, . bk B4
B3R (P<<0.01) , # % F1l NaCl ELA /& FE 2 35 40 (0.01<C
P<C0.05) . it A I 3 FBURS K | 16 2 1 NaClL VS i d2k £ Ay i )i 1
W REFE, @R R T Y MR-

5
KEGE T A ) o A5 B 2T e AR Y 5 I 1 S S U S
it A > e % > NaCl> K & 25 > /N 32 2F >4 > (NH, ), SO,
HorpoRE K (e A NaCl Shy i 25 5% i) R 3%, Bt oK N 78 30A B o
WeBE b kS 3% KL 8 B A NaCl 1 76 BUA B8 ok ¥ b 4k 22
b, H o PR R e R L T 97 2050 308 B XY v B R OR 2 23F N2
ZEEMFL(NH,), SO, it ¥k B 43 53 2 0.25,0.50,0.025,
0.50 g/100 mL &5 BEMCHE IR LG , /K- FIZE R W3 4,

®4 RERKRABERZITRER

Table 4 Experimental designs of the steepest ascent and corresponding responses

e AW/ B k&K / C NaCl/ w0/
’ (102 g+mL™ 1) (102 g+mL 1) (1072 g+mL™1) (X107 CFU » mL™1)
1 5.0 6.5 0.45 3.67
2 4.5 7.5 0.40 4.79
3 4.0 8.5 0.35 4,90
4 3.5 9.5 0.30 5.07
5 3.0 10.5 0.25 5.18
6 2.5 11.5 0.20 1.96
7 2.0 12.5 0.15 4.61
8 1.5 13.5 0.10 1.26
9 1.0 14.5 0.05 3.02
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TESS 5 4 o B 0 25 L B oK | NaCl %5 i 4 43 1) 24 3.00,
10.50,0.25 g/100 mL W, % 14 %l K Rk B 5 41350
rh & 1 5 0 PR B A Dy o 7 T B P R
2.3 Box-Behnken it 1% it

& Plackett-Burman {58 $RAG 1Y 3 4~ 3 25200 [H £ LU
e fi 5 TE 3 230 75 3 1) e A T S vk B2 L 43 il R B 3 A K-
DL T BOVE Ry i i (8 (Y2 #3 3 IR 3 7K F ) Box-Behnken
R, &BER MK ILE S BBt LR ILE 6.,

%* 5 Box-Behnken i 1§ E & &K F

Table 5 Box-Behnken experiments design g/100 mL
A A Mg B ok C NaCl
—1 2.5 9.5 0.20
0 3.0 10.5 0.25
1 3.5 11.5 0.30

% 6 Box-Behnken i & i% 11+ & I [ {&

Table 6 Box-Behnken design and response value

Yg/
535 A B C )
(X107CFU +» mL 1)
1 —1 —1 0 141
2 —1 1 0 4.53
3 0 —1 —1 4.90
4 0 1 1 5.05
5 0 0 0 5.33
6 1 0 1 4.60
7 0 0 0 5.17
8 0 0 0 5.43
9 0 1 —1 4.63
10 0 —1 1 4.43
11 1 —1 0 1.35
12 —1 0 —1 4.45
13 —1 0 1 1.69
14 1 1 0 14,90
15 0 0 0 5.55
16 1 0 —1 5.03
17 0 0 0 5.25
11.5
L
E11.0
=1}
w'b
D105
23
<
=
£10.0
:
=)
9.5
25 27 29 3.1 33 35

Honey/(107% g * mL™")

(a) FmLH

2.3.1  ZWREIAREI S J5 224087 il id B A Design Expert.
V8.0.6 X BB X5 17 20 45 #E AT 713 5347, I Zead [l 5 J5 72
A 75 30 3 6 DR o i {5 W) £ bR B R IR 0h

Y, =+5.35+0.10A + 0.13B — 0.030C + 0.11AB—
0.17AC+0.22BC—0.43A*—0.37B*—0.22C"*, (2)

FIRIT5 22 43 B 3t IR J7 AT F R 36, F (624 16.52, A
KF F LT 0.000 6, 3681 1% 77 B2 35 10, R A] {5
JEw . Hod AUBLAC.BC, A% (B, C? X i W {5 Wi @ 25 . %
B =R A I A5 A AR R R R R R T
R?=0.955 0, JH7& 5 0.897 2., 13 B 12 A5 750 g % 1 b A5 481
IR IE IR 0 25 31 UM A4 Pred-R* Ny 0.814 2, & 5K IE
PERBR— 8L MBEREE R ERAR C V.=
2.56.F A5 L E s A B R K % (Adeq Precision) =
10.199>>4, 3 BB Y A] DL Sz il B0 5E (9 3 40 { . Box-behnken
W 220 Wk 7.

A TR U5 B e 2 R DK R NaCl Xt TR B A I8 75 B 40
#o i8I Design Expert. V8.0.6 fif i} 3 4~ 25 i [X]
T 2Z A1 38 BLAFE T A o o g T 1 RO A R R DL IET 1~ 3,

% 7 BoxBehnken i@ HZ o'

Table 7 Results of regression analysis of Box-Behnken

design

o3 F-J7 Fl H 1 Y75 FAf P i

LAY 2.30 9 0.26 16.52 0.000 6
A 0.080 1 0.080 5.17 0.057 3
B 0.13 1 0.13 8.40 0.023 1
C 7.20E—003 1 7.20E—003 0.46 0.517 3
AB 0.046 1 0.046 2.98 0.127 7
AC 0.11 1 0.11 7.25 0.031 0
BC 0.20 1 0.20 12.79 0.009 0
A? 0.78 1 0.78 50.09 0.000 2
B? 0.57 1 0.57 37.07 0.000 5
C? 0.21 1 0.21 13.67 0.007 7
wEW o1l T o.015
L8 0.019 3 6.43E—003 0.29 0.832 3
R 0.089 4 0.022
eyl 2.41 16

T R2% 0.955 03 Adj-R? 3 0.897 2;Pred-R%% 0.814 2,

~ 6.0

*mL

Vialde count/

(x 107 CFU

8y,
Ihh/,
4
& ny ’ \Xo‘\e‘?
(b) Hﬂ [ﬂi[ﬁ]

Al RESEENEARIZY M uaBFcFI4A

Figure 1

The surface and contour maps of the interaction effects of brown rice and honey on Y,
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TR S R T R IR R B L2

0.28

At

NaCl/(107 g » mL™)

29 3.1 33 35
Lo
Honey/(107 g + mL™)

(a) ez

—~6.0
IE 55
®E
Eig
®Eg
> —
X
: 3
4 0. )
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% W
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(b) M

B2 #ERNaClHEABRELH OB TEFFHEE

Figure 2 The surface and contour maps of the interaction effects of honey and NaCl on Y,

iR
NaCl/(107 g - mL™)

10.5

Bbrown rice/(107 g + mL™)
(a) Ezi

*mL™

AL
Vialde count/
(x 10" CFU

(b)) v

A3 #kA NaClAERRKREIH B @EAFT LA

Figure 3 The surface and contour maps of the interaction effects of brown rice and NaCl on Y,

2.3.2 EEHWN R B A TR E AR IE i
Design Expert. V8.0.6 4347 7] %1 8 % B >k 1l NaCl $5: £ 4 % {8
43 B4 0.756,0.198, — 0.260, 43 HI % 137 52 B fH Sy 3.38,10.71,
0.24 g/100 mL, >N T BaJE A B vfi a1 SR BRI A S 1) 488 7 3%
IR ¥ % 3,38 g/100 mL., K K 10.70 g/100 mL. NaCl
0.24 g/100 ml./NZ 2 0.25 g/100 ml., K Z& 2f0.50 g/100 mlL.,
(NH,)-S0, 0.50 g/100 mL %M #50.025 g/100 mL #4778
WREE12 h, & IE WA 5.35 X107 CFU/mL, B A 5 i jif
T T A9 306 TR 85 (5.21 X 107 CFU/mL) B2 30T , A& Jik fith B oK 12 R
B 35 TG B (5.71X10° CFU/mL) 9 9.37 £,
3 ik

H BRSO [ 38 K 22 HOR T I B 314 Kk I8 . L 25 U 7% A
X 7 B e DL FEAT R 2 AL PN . AR IR TE BN TR TE 1Y B AL
I BETIIT OB N L B K T2 I o R R ROR 4 R B
TRA K BEVE T AHOCHESE i o8 M 28 REOK W NaCl /N2 28 R &
2 (NH,), SO, . 25 8 78 & 4 %124 3.38,10.71,0. 24,
0.25,0.50,0.50,0.025 g/100 mL, My iz ¥ 45 9 ] 0 0 25 B
KA NaCl g L A5 R 52 B AR I TR BT 14 25082 i 45K 18 1]
B iE MR AL 803 e DA B AR A TR A 1R RO 1 B A ) 5L
FE T K T B4 0 S B . AS BIF 9% T SR TR TR kT i R T 3% 4 fit
S 2%, A B Ay K TR AR 77 A 26 7 i B a0 Rl 5 e K A

B T AR I 2R TV AT P AT DA VR T8 BRE BB
P2 ) S B0 n] 5 TECR PG DA UL 55 W RO T S
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