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Optimization of the Fermentation Conditions of Poly-y-Glutamic Acid
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Abstract: In order to explore the optimal fermentation conditions for the poly-y-glutamic acid (y-PGA) production and
sensory quality of fermented natto, the comprehensive score of y-PGA production and sensory evaluation after natto
fermentation was used as an index to optimize the natto fermentation process by single factor test, Plackett-Burman test
design, steepest climbing test and Box-Behnken response surface method. The optimum fermentation conditions of natto
were determined as follows: Soybean soaking pH7.2, fermentation temperature 37.10 °C, fermentation time 24.20 h,
inoculation amount 4.00%, bottling amount 19.90%. Under the optimized conditions, the production of y-PGA was

3.65 mg/g, the sensory score was 31.67, and the comprehensive score was 10.04. There was no significant difference
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between the experimental results and the model prediction values, which was stable and reliable.

Key words: natto; y-PGA; sensory evaluation; Plackett-Burman experiment design; Box-Behnken response surface

methodology

2 K228 )5 A g = 2R AT B (Bacillus
subtilis natto) & BT, ALPR T A4S, HARN &N
S s CAGA T Z2A4E ), IS SR R Ee
YT, NN T UEEE . 43 K, &8, B T O AR
o5« TR BTBAS . K& MUBE . BRI A S A A 4R
fRThREN . HAT, XS AT REY Rt oY R4S
TE 9N TPk A4 A # K, X H A T BB 42 BT i iE 3R
b y-BRASE IR (poly-y-glutamic acid, y-PGA ) J&44 &
KRR R AR ) — PR EE L R MR BT, B PO,
PEBEAS K AE T REN 1, p-PGA 29N & Zh A 3=
BRGNP TR A, BRIB T IR B
fiR, BT M 2R, hr 24, iR PRI gl & Y =
FERRUAETT

7-PGA JZ H D/L 43 24 1R B4 5l P -~ X B A4 38
T a-ZFERN p- PRI IE 2 8] (Y L e s i e e — 2 1Y BH
BTk, HERGFELE 1000~15000 2 [a], 43k,
FhE R = US, PGA B RIFp/kEPE, - HAE
T RS, X AR S TC R E TCIT 4, 7E B
mi A At FNER 2555 5 THEAR ) Iz I RO
H R p-PGA W71 FEEE G R IRG AL, =Y
AL R s T R A p-PGA B
B BTG 3N L N SR AL P

H AT, Y A= p-PGA ZHURHBS A,
ik = XN G L R BT p-PGA SR UL AR n4 A S
FE o ARTLEG SR 4N 2R IEFT R R BN T, B
Plackett-Burman i 5 1% i1 4% & Box-Behnken Hij i
M, L p-PGA F=Az i Fgl GUECE i R A &= &
PEONFERR, MO R AR T AL . WhE T 9N
5. y-PGA MR RS, #E3h T =™ p-PGA 9.
FYTIT A R o
1 MR5RE%

1.1 MRI5EE

YN G ZEFFT B (Bacillus subtilis natto)  ASSLIG
FELLEG BV 10 5. ELPE 13 5 AR 3 5 B
15, BN 25 BN 35 6 MR RE B
Ay I 2EARZEBE R G5y R R I S R AL Sk
o R RORAEEIAT)  ARE TNER L
AEHRCE R E] IR BNy Jtt B R A
YIHARA RTAT A A, p-REERPAMES PRt FEZE
Wr A= Wy BB R w5 oS b B = R Ak g%
(CTAB) g se MAE LR BRA R S fkEN

KRR EFIERAE; #hir ka2
F) s Jok R E2 g b E A BRA ]

HZS-H /KinRas  WI/RERBRHEFHORIF K&
HRRAF; HYL-C3 &R IWARIGRIR S
HBRAFE]; SW-CI-2F i TAES 0 F R FIoR 22

A FTARG R T YX-24HDD FH2 0% J17587%
KRy VLREVLEIT IR &G BRAF; HC-3018 &
HELOHL  LZEP R ER S A BR A E] UV-
1750 24T W46 6 T H AR EY AN ] BCD-
215YD UKFE 5 SR R

1.2 KWHE

1.2.1 BEFREECH] RIS IR 4R 0.5%, 8
FIE 1%, 5180 0.9%, ZiiiE 1.5%, pH7.2; Fi F57 5%
He: A HF 0.5%, HE IR 1%, &b 0.9%, pH7.2,
FRTA IR T 121 ¢ F K H 30 min 512
#HH.

1.2.2 IS ZEMFF IR TR IR SR RN & 2R AT
PR LB R BEA RS 3R 5L |, 37 C ik 24 h,
Wit 2 o B L BN S ZE AT B SR B A B
FrE, A 37 °C fHIR /K 180 r/min #7377
24 h, )5 5000 r/min 2.0 10 min, F 0 A JCH K,
JE % 1x107 CFU/mL 1Y B 2 W, VE N IR AR AT -
1.2.3 YN R p-PGA W T 20AR

1.2.3.1 Ikl XTOREHFTHRE . 1EYE, b
T [ SR IRIZ N 18 he BRI 0 R Z U6 T,
TR, 121 °C FZE35 30 min, HAREHIE 37 °C &
i TR (e 5 T Z R S RS R D, &
B%. REFSEAUSHT 4 °C vKAE NI T/E24 24 hP72%,
1.2.3.2 »-PGA mJwI2b4lifk  FREL 1 g N T E L
rh, A 10 mL Z£48 7K, 8000 r/min £5.0> 15 min,
2B, B BV, N 3 f5ARFR I JG/K 2B, 7E
4 °C T a1k s, 8000 r/min B .0 15 min, BUIT
E, INAS 7B BARTUAR S5 2848 /K 55, BT s
20 e HHATINE o

1.2.4 FARZESCE B ARESF G R BRGNS, R
Sy G T ) WALt Y S oa Al B 5 o
KEIZUL pHT7.0, R R 4%, 2R 15%. KB
BE 37 °C ML PEERTIE] 24 h BUE B S1F T, 43545
KIGIZHL pH(6.6. 6.8, 7.0, 7.2, 7.4) . R E (1%.
2% 4%, 6%. 8%) . ZLHHE (5%. 10%. 15%. 20%.
25%) . REEHRE (33, 35, 37, 39, 41 C) Ak EER]E]
(18,21, 24, 27, 30 h) XTgN & KB T 2 IS
AEZEIAT 3 RPATEEE, id 5 P EIE .

1.2.5 Plackett-Burman iz & ¢ 1]-  Plackett-Burma
(PB)J&—Ff 2 ZK 386 77 %, v LI/ 1 5256
PAARZ2 5 i) PR] 32 H P 2 S 3 i i PRI 38200, AR
PEHTH] AR SIS 45 I, X KGR pH. ERP R,
B E . KRR | ARIETTa] 5 NIRRT HE, i
AR 2R B (1) AR (= 1) 7K, 3 3 e dl
B, B N=12 i PB R4 (FL 1),
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2% 1 Plackett-Burman i 5453 H Z /K

Table 1 Plackett-Burman experimental design factor level
2z K
-1 1
A KEEEpH 7 7.4
B %A (%) 3 6
C 2 (%) 15 25
D R RERE (C) 35 39
B K] (h) 21 27

1.2.6 IfxBEMeyaXys  mpmlA e R iR
BAE (A5 ) B X A HE 58 A5l B S
Ol o PRI, 75 2838 3o I 8 TR 3 58 38 T e 0B X8R,
A TR LI ST . ARYE PB RG4S R, 159 2%
ZEE ISR A B A 3 NN R, TR P HOE T sk
MBETHAEATIAEA T 0] oAb HE S E NS IR0, 2
Z WA AN, T 5 B e A ) 7 [k P07

1.2.7 Box-Behnken M A gs AR5 PB 5%
T BENCH I S BT &s SR e i 3 N, LIZEETF
Gy R AR, XN EZE P 3 DKEEETT (-1, 0.
+D S, AR SO T 3 e EEIERN
FoRAH SR, SIRGRON 1Y R ZR K. Box-
Behnken #6511 (BBD) fii K 2 K /KL 2.

Z 2 Box-Behnken i35 K & 5K
Table 2 Factors and levels of Box-Behnken test

K
HE
-1 0 1
AZRE (%) 18 20 22
BAEFERE(C) 36 37 38
CRERTIE] (h) 23 24 25

1.2.8 y-PGA MIE A Yan 550" LT
KBEIN . p-PGA IAE

1.2.8.1 p-PGA bRfERMMAIECH] RS FRE— a2 B
B p- RS IR ESD, FHZEIEK G %, ik =&l
100 pg/mL 1Y y-PGA Fr#fE . K% HEHL 10, 20, 30,
40, 50 mL _BiRBW, - 5E T 1~5 ST, FH
PR EZEZE 100 mL, #2457, 198 10~50 pg/mL ¥
7-PGA PRUEE, R

1.2.82 CTAB R MIECH] Bl 2% NaOH ¥,
LU R, A CTAB, SRR, ekl 5 g/L
i CTAB i -

1.2.8.3 CTAB Lbhik  HL 2 mL A T8,

HWETANA 2 mL CTAB iU, ¥R, # & 3 min,
B B B AR EL L, DAZEME /KA CTAB iR TR
HAVEREE A, PEAEPE K 224 nm FRIESE(E. DL y-
PGA Bl BE AR AR, 224 nm Ab TR SCIE A
e, 15 3] p-PGA PR HE T R By R PE 7 2 o Y=
0.0216X+0.0734, R*=0.9913 . ¥ JIr il £5 f A6 i e S
{EACASRUERTER, FEARYE F=R(1)I5 p-PGA & h:

PRI (ug/miL) x R 4 107
o BER E gmL) D

y-PGA(mg/g) =

1.2.9 BEEIFMH YR &g 2l B A 54l Rk
PP/ INL(S B3 5 L) XN LI EPE L AR L SERR A L
2L TVEST, S ETE I 0~10 4382, gy SR RSy
FRUEDLZE 3.

1.2.10 ZEGVErMTHEE Tk LL y-PGA J7 i FlE
BV LRGPP AERRBEA T4, i R (2):

y-PGA/ f(mg/g) JRE

LA =05 4 Lk
A X(manmgy.PGAﬁcf:?ﬁﬂmmg/g)*mzmm@,w

x10

E’ﬁ:{ﬁ)
@)
1.3 HEAIE

AN FE &L 3 Z W E 3 WK, il FH Desgin-Expert
8.06 FRALXIR IS 45 AT 4307, i s B R 4%
PRI AR PE TUM 25 AT 5 . SR SPSS 16.0 X4k
PEBEAT W PR AN 22458, SR A Origin 2018 fEK .
2 HBRE5Sh
2.1 BERMALERRMG
2.1.1 AERE WP g R T, e
LWPE 10 =, 2VY 13 5. 42K 3 5 B/heg 1 5 Bh
w25 BN 35 6 PR AT AN GIENE BT AL -
PGA &, itHALRETV5r. HIE 1 Al Hl, 6 i Fh R
RPN E TS p-PGA MHERE SRR —E 225
AR L, 2 E KO ME/NER TR T p-PGA
7 e M HURE S T TP R SR RN S, HL -
PGA FPAERMPI G RE M2 —EMIELR R, &
/NEE 2 SN p-PGA AR LRGP s, 435
iK% 3.28 mg/g F1 9.45, 4 H 3 S RE B im N
31.83, EPH 10 5445 y-PGA F=Ad B LR STk
B, 43310 2.30 mg/g Fl 8.07, /N 3 S 8B B
AR 30.00, RIELI_EZER, #E/H p-PGA F=Az A0
CEATVES e P B/ NEE 2 S il TS SR R TR
2.1.2 ARIEIRGIEN pH X T LB p-PGA 5
M RE K F IR pH6.6. 6.8, 7.0, 7.2, 7.4 [N

#3 AEEEINR

Table 3 Natto sensory evaluation table

I3EL PR (0~1043) E(0~1043) R (0~1043) $i22(0~1043)
10 TR S, B EAGE SRR, BN G IER HokE, W, TOJE T FhvEs, hizg
8 TR E G, R AEPE HOWEE, BENEES BEHIORR, I, JOJE R Bk, Pz
6 TR, R TORPE AR E, ARIRIN G BN, IR, JE TR B, Pz —i
4 TR, TR TR HRKE, LTFEAENTEHER BN, B IR, TR TR FhlERs, Pkl
2 TR £, R TORPE SREVE LR, TN T HS SR, TR, TR E JLF TR, Brksa
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W45 1
3.8 7 r 34 r 10
3.6 4
gg 33
3.0 L 32 9
%5 2.8 1
&b 2.6 o L
g 2.2 L 30 2 o
£ gt <z
g Lo B [7 &
I
b
£6
0.0 0 -0

BT AR E SRR RN T -PGA 225+
Fig.1 The difference of y-PGA produced by fermented natto
from different soybean varieties

2 SN ERE RS B p-PGA i, THRZE ST
4y, KEGIZHL pH X945 R SEmAnEl 2 B, B
&l 2 AT, BEZE 121 pH IO K, p-PGA 77 A 1 M 25
HIEr RIS L FHE PR BT, M pH ik
#] 7.2 B, p-PGA 7= REFE VR E R RE, 2
JEIFURREAR . FTRBR A pH o @ sl S Ik, AT
PR BT, e ZIE ALEFE1, 1551877 p-PGAPY, [H
SRR B LTRREA AR, BEBH I pH X [A]X
NS SIS, BRI, NS K1 p-PGA
YRS EiE pH o 7.2,

3.87 V-PGA r 34 r 10

3.6 JEE Y

4] - B8 % ST
E I \ 5
% ;3 % 29% 7 &

0.0 ~= 3 /% = 3 -0 -0
6.6 6.8 7.0 7.2 7.4
KEIZHpH
P2 TR LB pH TR -PGA BB
Fig.2 Effects of different soybean soaking pH values on the
production of y-PGA by natto fermentation

2.1.3 ARIAHEF R G R »-PGA BIRZI
EEF RN 1%, 2%. 4%. 6%. 8% [ H/INEE 2 54
SRR BT M p-PGA b, TR LSSy, 1ERh
BTN S SRS AnE 3 fros, mE 3 Al1E, BEE
MR R, I T p-PGA P2 R | BYE M FLE
G e aak BT E TR, e
FhE/INT 4% B, = PR R TR, 302
SRy MR R IR, S 2R AT R AN BN 2 Sy
K, A SRR RIS 4% B, 90 5 2EAOFT o AE e KRR
BEHL AR G B IR 5, I p-PGA F= A i J&
B ROMZEE TR B E, MM E T 4% B,

ZATVEMFEbR SR TR, TTREE R R 2, B AGE
Hro AT RESE T E IR R U b S HARIE =
BEhnIm T A B R, SEUNE p-PGA PR AR,
T ST FNZEGPEATBEAREY, Rk, 98 & K 1™ -
PGA BIEAEIEF RN 4%,

3.8 34 110

3.6 7-PGA 33

341 B EE RS L 32
5321 GO e T 1 13 [0
Ei
31 Bsre s
i 54 ] -28f@ 4&
22 r27 5 z
201 SR
& 1.8 A L
VST 1 26

. :: / 4

ol M| L L

1 2 4 6 8
FERE (%)

K3 AR R ™ p-PGA BRI
Fig.3 Effects of different inoculations on production of y-PGA
by natto fermentation

2.1.4 RNREZSHEXTN G LBE™ p-PGA B2
EHIEE N 5%. 10%. 15%. 20%. 25% 15 /N T
2 SN EE B4 B p-PGA i, TS ESY,
B ELXT N T BT s AN Kl 4 BoR . IR 4 AT
15, BB AIIE R, N5 p-PGA FoAE R JBE A
Sy RNZEE RS R e sl ETHE ke, 24
BEIRE N 20% B, U5 y-PGA FoAd | BV B Fl
LRGP e, X S RIS BEAEPY | Yang SEP (OBIFSY
ZEIR 3, X P ReSR R AR /DR, E IR Tk
Z, ARV SCPE TR A A B, e 2T Y, 1551k
77 y-PGA; At 20, & S BUE TRV A RERE
R RFNH, BEREATEA:, BB AL DRI, 485
K™ p-PGA WA 20%

38w y-vaa ; :i;‘ r10
§§:§E§:§ L322 Ly
1] A
=26 % eI
22 / P28 |
< L ®a N
& 2.0 1 / 7 B[ K
v % 26 |
5 10 15 20 25
B (%)

Kl 4 AR X4 P p-PGA 1520
Fig.4 Effects of different bottling quantities on production of
y-PGA by natto fermentation

2.1.5 AREIABEEX NG LTS p-PGA BIFEH

B S A AR A S AR R L I
EEAR S 33,35, 37,39, 41 °C AYE/NEE 2 54400
MERE B M p-PGA &L, THRZE G 1T, KB
JE ST T IR BRI AN E 5 B, fIE S nl s, BERS
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R WETR I IR, DN T p-PGA PP 2R R | BCE A3A
2 R R WA R wbs STl WA W =5 ol N S E ) B
KWERE N 37 °C B, & p-PGA P8 BVE By
FIZEA T4 fe s, 3X 5 Feng 2509 pRFSE 45 AR IT .
TR A R B ANO B AR %) 1E H A= 5, i EL
A RN T R B R T R R NG, TEAIIE RGeSz
FIFEEIGHNH], T2 -PGA W7~ =58, KA
SE4, BB ShRAR R I, NS R R »-PGA [
B RBRIRE N 37 C.

v6 ] 22 rPoA Sol
ag%—-—%’gﬁg \} ML
L5 2.4 4 % % hg W[
ﬂaz.z- % / _27{‘12 L7 4‘;
e & IF 1B

REERE (°C)
K5 ORI R IR X 98 LR 8% p-PGA 52
Fig.5 Effects of different fermentation temperatures on y-PGA
production by natto fermentation

2.1.6 AIEIEERT A X9 G LT p-PGA RIS

M A BER AN 18, 21, 24, 27, 30 h A/ 5 2 5
YN IRCE B M p-PGA &, IR LG5y, &
PR A E) o 2 5 SR P S I AN ] 6 s, B IET 6 AT,
Bt 5 Al A Y IE K, UK p-PGA 74 BB R
Sy RNEEG VPGB, X R R A1k 24 h B, =~
PP FEPRIA RIS, I SRR RSP Yang 450 9B
SELER B, ZJF y-PGA P54 | BB B LES
PSRBT B s TP AR s S 18 Ik . R IR TR]
A B AR B BB B B AN S B SR s — 2
S . RIERII, AN = B R, p-PGA
PrhAR R BYE BT AR R TR ] B
FBl, 2 2 PRI I, BB ANF TR 0B SR R,
y-PGA 7741 | BV S T PR s G212 P,

871, (34 10
§2 y»-PGA e
61 jrasi N
34 BRI L 32 9
321 = RV ) L3
CENE
22381 QPR ¥ R
= 261 Vol o=
ﬂﬂj 241 B, &
e 278 [ g5
o) 20 - 6 S [N
al-' 18 1 L 6
= 1.6 :: =
0.0 - o Lo

18 21 24 27 30
JZEERFIE] (h)

Pl 6 AR BN XA R R 9-PGA BT

Fig.6 Effects of different fermentation time on the production

of y-PGA by natto fermentation

K, 94 &R B 77 p-PGA 19 543 & BR8] 2l 24 he
2.2 Plackett-Burman 3%

NG LTS p-PGA 55743 Plackett-Burman
S 25 R K )y 20T L3 4. 2 5. FllHH Design
Expert 8.0.6 ¥4, ARGV Y N {E, 155
H 52~ Y=7.81—-0.018A—0.017B—0.050C+0.66D+
0.33E, R*=0.9987 . FHHIZ[RIAr FRAAY (U5 B R
by, AT R EAAERME. Hi R, =0.9976, KK
HIGE FH T 99.76% MBI NAH . 3R 5 5 25404 R i
N, REEIRE (D). ZEERTE](E) . 295 (C) 4h
XTLFRA B (YY) A B 2 52 (P<0.01), 5 K 22520
R/ NR D>E>C, Hofth 2 A4~ PH 22 52 AS i 25, dlHR
KPR | & PR TR] AR X — PR R U T e 42
&I

Z% 4 Plackett-Burman i 361% 11 545
Table 4 Plackett-Burman test design and results

»-PGA/ & BE 5

HEs Y A B C D (me/e) [V

1 9 1 1 -1 1 1 2.98 29.50 8.78
2 4 -1 1 1 -1 1 2.50 25.17 743
3 11 1 -1 1 1 -1 2.78 27.17 8.12
4 7 -1 1 -1 1 1 3.01 29.83 8.86
5 6 -1 -1 1 -1 1 2.54 25.17 8.48
6 8 -1 -1 -1 1 -1 2.82 27.50 8.24
7 5 1 -1 -1 -1 1 2.56 25.50 7.56
8 3 1 I -1 -1 -1 225 23.83  6.87
9 10 1 1 1 -1 -1 222 23.17 6.72
10 2 -1 1 1 1 -1 2.77 27.17 8.11
11 1 I -1 1 1 1 2.97 29.17 8.71
12 12 -1 -1 -1 -1 -1 2.26 23.67 6.86

25  Plackett-Burman i85 117 220 #r

Table 5 Analysis of variance for Plackett-Burman trial design

gkl PR pmm sy PE P Bk oM
TR i = AT
HE 6.51 5 130 900.79 <0.0001 ***
A 4033E-003 1 4.003E-003 2.79 0.1458 4
B 3333E-003 1 3.333E-003 231 0.1795 5
C 0.030 1 0.030  20.77 0.0039  ** 3
D 5.20 1 520  3600.58 <0.0001 *** ]
E 127 1 127  877.50 <0.0001 *** 2
5% 8.667E-003 6  1.444E-003
M 6.51 11

R=0.9987; R ,=0.9976; R*p,,=0.9947; C.V.%=0.49

%7 RR i EIKFE(P<0.05), " FR B EIKE-(P<0.01), “***7 3%
ZRA R K- (P<0.001) ; K8l
23 mFERHIRIELER

MR 6 HRTLIE Y, BEE RO . KEHRE . &
Pz s ] 3 = A~ EE B PR 2R Y e AR AR, aN T -
PGA 7= | BB B MSE 1R 550 S R
raA, I HAESE 3 Lm0 T, = Hahris 3
Femi. Bk, RLzaageed Sy — 25 g g ) Ao s
AL, AT T
2.4 MR ESHEER

N REE p-PGA Z5-G P51 N 8 5346
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Table 6 Test design and results of steepest climb

PRt RRERE  REERTE

y-PGAFE B ORE %A

=)

F5 T (o) (h) (mgfe) B W
1 16 35 22 2.25 23.83 6.87
2 18 36 23 3.21 30.33 9.23
3 20 37 24 3.63 32.00 10.07
4 22 38 25 3.19 30.67 9.26
5 24 39 26 3.10 30.33 9.06

LERULFE 7, VAR RY Y 7 28 o0 WL 8. A

Design Expert 8.0.6 #AXF 3 7 L4 G P4 B 3t

[ty & - 1N = EiYE= S /= by -3 /(11 O Yo i sy —

10.04—0.029A+0.065B+0.096C+5.000E—003AB—
7.500E—003AC+0.010BC—0.27A°—0.60B*—0.25C>,

27 Box-Behnken iRI& %t M 4%
Table 7 Box-Behnken test design and results

P-PGAT . EE LR

g BT A B C (mg/e) B
1 13 -1 -1 0 3.26 28.83 9.13
2 14 1 -1 0 3.29 29.00 9.06
3 17 -1 1 0 3.25 30.00 9.28
4 10 1 1 0 3.25 30.33 9.23
5 7 -1 0 -1 3.31 31.00 9.51
6 8 1 0 -1 3.34 31.00 9.47
7 11 -1 0 1 3.34 31.17 9.60
8 6 1 0 1 3.37 31.33 9.53
9 12 0 -1 -1 3.26 28.50 9.00
10 3 0 1 -1 3.24 29.17 9.08
11 0 -1 1 3.28 31.17 9.29
12 15 0 1 1 3.25 31.17 9.41
13 9 0 0 0 3.61 31.67 9.99
14 5 0 0 0 3.63 32.00 10.07
15 2 0 0 0 3.68 31.67 10.08
16 16 0 0 0 3.65 31.83  10.07
17 1 0 0 0 3.65 31.33 9.99

2 8 I, LRGPV ALY F{E N 47.09, P<
0.0001, V& AT IRY 47 vy B Wl 38, R ST o AR ABIIT
4.14, P>0.05 A~ 5 35, 56 BH SR 20 DAL 22 X6k S5 565 114 5 i
Ao AL R? Dy 0.9838, R,y A 0.9629, HI W%
TR AT LS 96.29% 19N 5. & L3 G VESr 1078 1k,
AT KA 3.71% ABACASRERL T . ABEHRY 5 S PRI
P BRI LT, W] 40T 5 T 45 DR 38 %9 W7 K 1
7= p-PGA ZEEPESTIIFEI . 3 8 WA, Iyt —

7 8 Box-Behnken 85 [l T4 K Jy 2553 Hr
Table 8 Box-Behnken test regression model and variance
analysis

e

TERE B2 AmE B P(E Wi

PlH WM

AT 2.36
A 6.612E-003

B 0.034

c 0.074
AB  1.000E-004

9 026  47.09 <0.0001 ***
1 6.612E-003 1.19 03115
1 0.034  6.08 0.0431  *
1 0.074 1333 0.0082  **
1 1.000E-004 0.018 0.8972
AC  2250E-004 1 2.250E-004 0.040 0.8463
BC  4.000E-004 1  4.000E-004 0.072 0.7962
A’ 0.30 1 030 5330 0.0002 ¥
B’ 1.50 1 1.50  270.69 <0.0001 ***
c 0.25 1 025 4557 0.0003 ¥
R 0.039 7 5.558E-003
JANI 0.029 3 9.808E-003 4.14 0.1018 A3
A[IRIEFE 9.480E-003 4 2.370E-003
M2 2.39 16
R*=0.9838, R*,;=0.9629, R’

W = N 9 0 O~

~0.7972, C.V.%=0.78

pre

WKI B XN & R BT p-PGA MLEG V4 52 i 35
(P<0.05), Ti— K3 C WA REE™ p-PGA LEE
PEAr R i 5 (P<0.01), —IRIM A%, B, C? U5
e 5 35 (P<0.001) , UE B 2% X1 38 X 48 2 K 19 7 p-
PGA ZEE PP isEmn 52 RS &R, midEfa 2Lk
KF W F AR AT HI2S R BT LR A PRS- 52 1 R
NI Ry: C>B>A, B A B TR]> A2 s > A
25 MEEEREWRZEERS

ST U IREE 3 R 2 2 a] i 32 HAE
RELFA PSR o ARYE 38 [T U5 7 R A ] U= 455750
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A P Ry FLAE v R I (18] 7) o i o i A R AE AR
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PNIED 7 B 5 1T 43 A B T AR Y, HE— s
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Fig.7 Response surface and contour map of the interaction of pairwise factors on the comprehensive score
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