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Isolation and Identification of a Strain of Bacillus Producing
v-PGA and Its Fermentation Conditions Optimization

LI Chen-xia, LIANG Jing,SUN Li-hui "

(School of Food and Environment, Dalian University of Technology,Panjin 124221, China)

Abstract ; Objective ; A strain with high — yield of the y— PGA (y — polyglutamic acid) was isolated and purified, and the

fermentation conditions for the y—PGA production were optimized. Methods: A strain of high—-yield of y—PGA production was

isolated and identified from the soil around the tofu workshop, the strain was isolated and purified by plate dilution method, and

then the strain was identified by the morphological and its 16S rDNA sequence.On the basis of single factor experiment, with

temperature , pH , rotating speed and substrate concentration as experimental factors, the Box—Behnken method was adopted to

optimize the fermentation conditions.Results : The strain was named as Bacillus siamensis.By the experiments of single factor and

Box—Behnken design,the optimal culture conditions were as follows ; Temperature 37.5 °C ,pH7.48 ,speed 240 1/min ,substrate
concentration 52.70 g/L,in the condition of shaking flask fermentation 36 h,y—PGA yield was of 24.82 g/L, the substrate

utilization of monosodium glutamate was 47.10% , increased by 25.19% than before optimization.Conclusion:It was convenient

and feasible to optimize the fermentation conditions by the response surface method, which is beneficial to the further

development and utilization of the y—PGA.

Key words : y—PGA ; Bacillus ; isolation ; identification ; response surface methodology
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Gk R E Y R W R y—PGA HAg Hoph
FERDE R, A « S 3% A0 X TR BT Y /N (N SR A
IRANEE . 1 y—PGA MR KA 7=, B3R 3600
ZH 3 L Ry X K 1 S A4 0 8 i R 45 e 35 2 T y — PGA
PO T4 W 4 B A XS 4 i DA R =2, IR E
SR Z B OB KWL A v-PGA LIS T 1R
Z SRR B BRI S AR e E — RN 22
Ab |, BIRIEC ) AT 22 N ) R R A sl R W A L
BAR , X L [A] UERAS R T y—PGA 14 Tk Ak A= 77,

AN AE D5 ] 2 i = M EORE |, B 158 3R AR —
PR 7= y—PGA (38 % 2R AT TR, I3 Aok B[R 38 S 5
e 7 TR T H e W AR R AT Ak, B T y—PGA
B i R A, S R AR T2 v — PGA 1 Tl AL 244
—E M ELA
1 #RlER*
1.1 RSN

ARSY AT N R SR AEDT B - R
FEL,ERE L, FEES em #1110 em 9 1 ; PCR P 359 41 B
16S tDNA k7l & \PCR R E/AEPW TR (K
) BRAF; E 2R aRN S HFREEEY
BARERAE; 4 A RE A B  BUR.
D—H 0 . D-1Zb L- B2k dbat i 2y
RABRTAL LA A BRAE (AR E 12 =99% ) 21
MERKE A PR A\l EokIR scia = A il HoAth i
IS5 i T

HiHL3%: VITEK 2 COMPACT 4= |4 3h i A Wy 46 5
1 BEMEIRAE Z R R Eg R BRA
] ;SW-CJ-2FD {55 TES N EREIBEARE
PR H] s HPX-9272MBE Hi B IR IEFR4E iR
TAMLABRA T ;ZWY-1102C fEIR R FRIR G4 i
B STHT AR i 15 A BRS F] s DF—101S 42 $4 C1E ViR
InFEE ISy EIRARPUNES A R A A e2e W
WL TG I A BR S B s SBA-40C A )
RIRSTHTAL IR A BB T I T .
1.2 XZWH*E
121 FEREMEH s PR IR E (/L)
Na,C,H;0, 16, C;H,NO,Na 40, NH,Cl 7, K,HPO, 0.5,
MgS0, 0.5,CaCl, 0.16 ,MnSO, 0.104, FeCl, 0.104 , i+ 5
5,%5085 20, H il 16, pH7.0~7.4,115 °C KB 20 min;
1A & i 33k (g/L) : C,H,NO,Na 80 ,NH,C1 7 ,MgSO,
0.5,K,HPO, 0.5 ,MnS0, 0.104, CaCl, 0.05 , 7 %5 % 45,
7R I 40, B2 H8 20, pH7.0,115 °C K 20 min;
PR R (g/L) A0S 10, 28 HR 10, BB S,
NaCl 5,pH7.0,115 °C KE§ 20 min,
1.22  BEERMTGE  BGE & AR IA 30 mL JCE /K
LIRS AR E 2 h, I L)E W 100 plL, 5
900 pWLICEA 7K IR & $957, ¥ b 77 v5 3647 e B2 Bh B2
B PR TR AT IR BERE S 1070 (1077 (107° (1077,
HAFREE YR 3 D PARAE N AT, A AR B
200 pL,37 CHE3%E 24 h, FRPAU s S HSHaER
I B P HEAT S5, MR IR B P B WA R TR B 5 S
1,37 °C ,220 r/min £55% 36 h, S CHk[11 ] 8907
FIE y—PGA 17=8, K 2 BEW P y—PGA &
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L, PR y— PGA & f5 = 1O B AR, R4 T 1 — 2B 4lifh
T4 PP IR, AT S 2P o .

1.2.3  PHERAOIRIR 4% 2% RO A" O Bk L
WAEFh BRI IR, 37 °C,220 v/min #5357 18 h,
PBeFhFE5 LS 40% i HIM 12 LIRA, T-20 CHE IR

1R
1.2.4 FHEREE
1241 BEEASEE IR OLEE ) 55 P48 55

B BRI IE 2, AR S PRI B TR T 2R A REAT
AN S ERTi KR UE ~ 2
1.2.42 T2 %aE 16S tDNA JEH P45 55
Bro PEHCE: 3% 5E B AY TR A T 50 L TaKaRa Lysis
Buffer for Microorganism to Direct PCR( Code No0.9164)
Fh AR A S0 (12000 x g 4 °C,30 min) BB 3§ AR
M, 2w 5480 °C , 15 min; 4R J5 {fi Ji] TaKaRa 16S
rDNA  Bacterial Identification PCR Kit ( Code
No.RR176) #£47 PCR ¥ 14 H iy Jv B, 28 Bt la Bl 5 Jie
ks BT W H i R B, AR TR (RIE) A
FRZS FIEA T I A, i 3k NCBI 04l 2 7E 2k BLAST &
Gk AT e S LLX, AT 2 RS o

RGER T W B 4] BLAST #4 16S rDNA il
JF 45 B AE NCBI (Chttp : //www.ncbi.nlm nih.gov/) F bt
X, 78 X 45 5% v g 45 45 X PR Bk, i [R) 51 9 R 4
L] MEGA 5.0 A= )27 84, o0 P 3 B e AR RF DG
AR 2 47 5 i3 47 LE XT 53 87 B Neighbor — Joining
TT ARG B o
1.2.43  AdAfdE PRESEALRY BRI 2 3 mL
AEERER KR YRGB IR S S, R 22 G RSO 7 TR A
WRIh IR R 1.80-2.20 ZF [QHk BE , #% I BCL 2 H AT 54
B RV ERAE UL A5, #5147 VITEK 2 COMPACT 4 H
S AT RGE ST o
1.2.5  BADZRSISG 4000 LA 2 08 | 22 2008 L b |
VEMY RBE S B R, B RN R YR A 5Dl 40 g/ L 4y
S DA RVES R R PR MR L ORISR R S A
W, B R0 SR B9 A B 2 40 ¢/L, F 37 °C (pH7.0,
220 r/min fHIR YR 5 37 36 h, B EA R Bk S IR X
y—PCAFLALSR I RE N . H2 345 43 T AR 5T e 3 ik AR
Ao ¥R B2 E 30 .35 .40 .45 .50 .55 .60 .65 .70 g/L B}, F
37 °C .pH7.0,220 r/min {B {5 3E ¥ 5% 3% 36 h, %K
vy-PCAW % b R 0 A8 fb, LLIR B (25.30.35.40,
45 °C) ,pH7.0,%% 3 220 v/min;pH (5.0.6.0.7.0.8.0,
9.0) , 7 B 37 °C, %3 220 r/min; 5% 3 (160,180 .
200.220 .240 r/min) , & B 37 °C,pH7.0, T 1.2.1 A
AR K Wb 7 25, PR 57 15 9% 36 h, I & H y—PGA 1Y
FURD, B AR (pH L XS y—PGA 197 5 1 R .
LS 45 Z R 5 A< B2 (20 .30 .40 .50 .60 ¢/L) , Hoqxdy
5 1.2.1 R 09 W AK Kk g 55 9 BRAH A, RLBE 37 °C,
pH7.0, %43 220 v/min YR I%3E 36 h, Z LYk &
X y— PGA B (b B2 2 122 FF 4 Iy ok 73
y-PGA™ &, R T Ay i+ R LR, A o2
WA 3 IR,

v—PCA FeAL A (% ) = R v—PCGA Jii vk J&
(g/L) /P )& (g/L) x 100
1.2.6 i o TS 7R R DR AR S i RE Al B, 2R R
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TR (pH Fh o B R e B ik DU A~ (R R AE R 2 R K A
MG, LL y—PGA =8 4E A iy
B, A 3 177 4 Box — Behnken Design J7 75 3¢ 1
SLYG SEE A I R KSR DL 1,

# 1 Box-Behnken fv.00 A SEB BRI FIKP
Table 1  Factors and levels of Box—Behnken design
K-
A= -1 0 1
AVRE(C) 25 35 45
B pH 5.0 7.0 9.0
C %3 (r/min) 160 200 240
D JEPIHIE (¢/L) 20 40 60

1.3 ZEIEAIE

FAR R B0 45 9 ] Design— Expert 8.0 #4247
Sy MTAREE, R F origin Pro 8.0 HE4TIEIFEL: i,
2 HZRE5HH
2.1 &= y-PGA E#kHIFIE

FIFH 53 B PR 5 35 LK Y 12 Bl g, 38 2 Wi
LRV 25, W1 20 10 2 X SE T AR B ZRAEAF T . % I
IRAS A B AR ST BN AT RIS 357, B A4 M37 C,
220 r/min, 3537 36 h, FIHZZZ SCR [ 11 ] Fros 5k,
Kl % W y—PGA B &, S5 R 2 iR,

H 2 2 Al A, AN ZEEFF I y-PGA IR AN
A, NZRJZ i 2k H i pE Ak ( LA B FF Sk Y8R5 ) 7™
v—PGA WHEE ST BIF TN T+ 5 em (LA X5 FF3k
FIZRZ) , F35 10 em( LA X10 A3k M 4R 5 ) i LR
Ui 8 HH A PR , BRAR B—6578 77 y—PGA 1 RE JJ AH X
w158 17.53 o/L, A bl He e — 25 43 B alifh, £/
TAEH o
22 HHHERE
221 JEAmEOMEE KRR B-6578 TE[E {4k 3% &
E3%EFE 36 h o, BRSSP B BB VR 2 DB, B
AL, FE A R A, W, N IE I 3 ZOR 5E, B IR
HO(E 1a) 2 RG2S N BHPERE (& 1b) , 2
R
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2 AFIKREERT y-PCA i SR
Table 2 Comparison of y—PGA production

after fermentation by different bacillus

e y-PGA &5 . y-PGA &5
ARG RS
(g/L) (g/L)
B-801 11.84 X5-524 4.24
B-227 14.17 X5-146 3.16
B-358 15.58 X5-238 4.39
B-6578 17.53 X5-581 2.53
B-125 13.68 X10-147 1.89
B-254 9.34 X10-367 0.00
~ y S
. . ; 7 ] &
¥ > 2
o N -~ ! =
| \ A .
\ 5 ] ot :
”~ 2 p ’ =
{ PR
- ',/\_‘, s P -
=g >

Bl 1 Gikk B-6578 TRiRIEAS (a) M 2 RYL BTG ZE R (b)
Fig.1 Colony morphology(a)and Gram-stain microscopic

examination(b) of strain B-6578
222 BEHBE 16S rDNA JFF) 4381 LB R 3L B 240
DNA SR , 283 PCR ™34 )5 , 47 1% BRlighi e e
FLUK, H B9 B 2920 1500 bp , ff PCR ™4 [nl i 4l
ABJE I T, W 2 12 v BESEBR B S 1513 bp, 12751
T 423Z Genbank, & i 5 2 MG066538 . 1% )7 1 1E
NCBI 1 Blast [t x) & 8L, B bk 5 g 2 28 #0 4T 5
( Bacillus siamensis ) , it TE ¥y 2 8 #F B ( Bacillus
amyloliquefaciens ) , M K ZF 1 #F W ( Bacillus
licheniformis ) ) [F) P PEAR &5, )7 AR PE IS 2] 99%
i 43 F 5744 MEGA 5.0 X B-6578 FHARLRE 5 & Y TR
RHAT Z 72 LEXT 43 B, 37 F) A Neighbor— Joining J5
ARG R AR (K 2) o mEAT LA, 2R
B-6578 518 % ZF K 1 ( Bacillus siamensis ) [7) 5 14

72

90

99| B-6578
| Bacillus siamensis KCTC 13613(GQ28199)

{ Bacillus licheniformis ATCC 14580(CP000002)
99 Bacillus amyloliquefaciens ATCC 23350(X60605)

=l

Bacillus circulans ATCC 4513(AY724690)

Bacillus megaterium ATCC 14581(GU252112)

38

Bacillus psychrosaccharolyticus ATCC 23296(X60635)

Bacillus coagulans ATCC 7050(DQ297928)
Bacillus cereus ATCC 14579(AF290547)

A
10

&l 2

36 Bacillus nakamurai NRRL B-41091(KU836854)
95 |: Bacillus badius ATCC 14574(D78310)

ZEAIATE B-6578 £ T 16S tDNA ¥4I} Neighbor—Joining I R G K B W

Fig.2 Phylogenetic tree of bacillus strain B-6578 using neighbor-joining based on 16S rDNA
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3 [k B-6578 Az B A b Sz M 2k IR

Table 3 Identification results of physiological and biochemical test of strain B-6578
PR D-H &b D- 14k L- B2k
B-6578 - + -
Bacillus amyloliquefaciens ( X60605 ) '’ + - +
Bacillus siamensis( KMB17270) H¢ - + -
Bacillus licheniformis(NO.8) *'! + + -
e, B A B S E SRR A5 R (K 3) , e e 604
AT 50l
A 2 H6 R B R 43 D R A AR B S 1 < 40 e
FH L R TT B T 5 /N A, S BN 7 1 ~
UG A 3 5 1 P T ), 2l 2 72 0
I ZEAUAT B 0T 2 R MR PO RE T B oy ? 201
AR, R IL A TR MR TE v — PGA A 7 451 3 1) AH G i 104
3 I L AR SRS R 5 2 AL FT T 77— PGA () % 2 4% ol | | |
PEBEFF O P Vhaween

23 HREZEILW
23.1  RIAIBRIE T & RO FER FE BLRE S R 5L 0 5L
fill b, A3 I 40 o/ L A2 HH 2 2P0 M L TR R
WV B T5, 25 AN [ BBV X & T 200 (11 3) o A4
A, BRI VEHRS  RERE 0 BE J1 822, 4= K22 3
- R A 5 AR L 2 R R R TR
UFIR) y—PGA [l AR 7= | 2556 2 i A 7 AR F DR Sk
VSIS PR 22 0 SRR A R AR R E b
WF5E 407 s 78 265 Wi ok B2 R 30 ~70 /L %o 4 8% 119 5% Wil
(Pl 4) o 255 S0, Bt 35 8 20 00 e I3 (g 1 I, 2 T VAR
thiy— PGA [ 2V J3E T2 4T G I 100 300 785 2 M ol 3
45 g/ LIt ,y— PGA 55 AL F B w5, i )5 , B % 91 4R
B G BN, y— PGA (1955 Ak 23 52 T HH B F [
BORAFA 33T BE R Hh T v v R LT, R I TR
538 FERG I, DA T b B A4 A K R AR i il — 5 1
IR . PRI T 3355 5 1 y— PGA FE AL, ikt
L 5 WV J3E S B A 0 i B 1 O A L S I ek R
BT HA I AUy 45 o/ L, AT R RS 3%

50—+

H

IS
=
|

H
Hi

W
S
|
H

HH

y-PGABAL (%)
T

=]
|

S

R ZEIERE MR
B3 BRIEFSEXT & E y—PGA 5200

Fig.3 Effects of different carbon sources

on the fermentation y—PGA
2.3.2  AN[EIEIEXT R BERISZ 0N TS B R AL i AL
fih b, 435 LA 40 o/ L g4 S BRI JRE H R LR
At BERE AR g IR, P I R R S T & B
y-PGAE (E 5) . ME S thal LI, R H ik
FIEERE Y y—PGA B F AL R I i i T HAB A, X
AT RE S N o IR R AT B b R A S R

104 20184 51941

4 HEHEAR LN KR y-PGA RYRE
Fig4 Effects of different glucose concentrations
on the production of y—PGA
T 3% , vl LA R A A K AR i s 2 R,
RHBRE AR SR 2 1 5 AW EAT L
PR T R RAT B AR, R IR
BRI UL g 30~70 g/ L Xf K BERIR2M ([ 6) ,
SRR, MR R G R IMRIE N 40 ¢/L I, y-PGA
B A3 e v, DAL, DUJBR 3 1 VR R0 I8 BV B9 L
2: 18955 RIRAFRIE R BN 40 g/ L
50+

T
==

S
=)
|

W
(=)

|
HH

[\
(=]
|

H

P-PGA(FE LA (%)
H

—_
(=]
|

(=]

dWE EAK BEEAK KK EEREE
5 RPN K EE y-PGA ()52 1H

Fig.5 Effects of different nitrogen sources
on the fermentation y—PGA

233 REEXPAFERISEN IREEXT RS y—-PGA 1Y
SEMAZERANE 7 Fras . WL, YRR SN 35 C Y, 2R A
FFEE B-6578 & A% y—PGA [ y” Gz, 2 2039 ¢/L,
el 2 3 e Bl A AN A TR AR 0 A B AR A R T
R A O BT s A B v R R AR, TEARIR RIS
PEAZ BRG], T332y — PGA 177 B FEAIG
T 4% 4 A A5 2 A 1) A 0 20 AT B I S R, T R AE
37 CHf,y-PCGA By~ & B i, 5 A SCHY G5 R FEAAH
T R, ABFSEBEEE 35 CAE itk — 20 B lEIE IR m
M .

234  pH X AN IEE A pH 2R KR
WL S A, B B S o B ) T AR 1 AT AR, AT
AR E T . B X pH ik 2 B (& 8) ,
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AR VR E (g/L)

K6 S5 RIRA Rl B X A ™ y—PGA IR

Fig.6 Effect of different compound nitrogen source

concentrations on the production of y—PGA

304

25 30 40 45

35
BE(C)
7 UBEXT B-6578 5 AL y-PGA [N
Fig.7 Effect of temperature on y—PGA production
from bacillus strain B—6578
FEE W UG pH B A W38, 28 f AT B-6578 & ik
y—-PCARYEWAEA W, 2w 4f pH 155 7 1, 7~
B, N 17.28 ¢/L, Z S BEAE P hh pH B94ESE3 N,
y—PCA B i JIBE Wi B, D3 4h, X R TE pH 2y
6~8 I, AE L4 5 B 47 1 2B S, T AT 14 56 25 Al Feng
ST R IA  pH S 7 I, y—PGA Hyre S, 5
ASCEERANFRT o UL, e 4% pH S 7 At — 20 A

iy pH,
30
~ 20
=
S
]
A 10
0 T T T T T
5 6 7 8 9
pH

%18 pH X} B-6578 il y—PGA IR0
Fig.8 Effect of pH on y—PGA production
from bacillus strain B-6578

2.3.5  BEEXTRBERIRZE BR IR B ORI A R
W) 35 A T R P 94 A AR ) 5 i, X0 T A SR AR W 1
KW — N ZEE 77 y—PCGA % 2R AUAT I
AR, HLAE y—PGA IX Bl 26 5 i & e 25 bt
ZEHY, y=PGA 1)) 0 5 S 19 1% 128 FIURE 19 40 2 2K
FAOC, [ W Oy 50 mL/250 mL [, % 7 A

= [24]

B 1= o
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A I X e TR B BT O A B (IR 9) , 24 FE R T
200 r/minf},y—PGA {4 /=g 3 & , Fe AR, tHF
Vod 2 S I E R I 2 = [ W i S R 7 N S EA R s
v-PGA = RS 8. R I, 338 5% 33 200 r/min
AT IE—2 KRB

30+
~ 20+
=
=
itz
™~ 10

0 T T T T T
160 180 200 220 240
B3 (r/min)

F9 HENT B-6578 4% y-PGA BRI
Fig.9 Effect of rotational speed on y—PGA
production from bacillus strain B-6578

2.3.6  JRYIUHSEXT L BERIFE I IR Y AT AR BN R
y—-PCAG BLHI 2 AN 10, 0] DAFE H , B2 45 24 1R B
HPERIIE vy —PCA FYFAL R LB MW A, 2945 2R
PNHCE A2 O 40 g/L B, y = PGA IR e R,
44.78% , Z J5 BEAE 45 A PR AU L Y 4R 223 K,y — PGA
B AL A St B B o T UL IS vk BE ek e ), AT
AESSFRARZ 5 I I Y I 1%, DA T A3 350 52 o e b 3R [
8o TEZFAUAT B AR y—PGA [ e b, VR i
PIRIAT Z TR N e B 28 S HE 28, vk G AIG, TR AR AN
REFCAT AR AR AL AL 00 RE T, W B2 i v D) 2% 3t i
AR, A I . AT 4 35 251 58 5 TE 38 50
B, A AR AN AR XT y— PGA 7 4 B 52 i B R
L, VEPEAT 2 MR BN B M BE O 40 o/ L BEATHE— 20 K% .

i P#'%//g\\¥-{

y-PGAELLZ (%)
.88

—
[=]
L

20 30 50 60

40
JEAIR I (g/L)
K10 R EXT B-6578 451 y-PGA (520
Fig.10 Effect of substrate concentration on y—PGA

production from bacillus strain B-6578

24 MMNERWEFAITE B-6578 4 y-PGA
%1%

241 WARETX R R L5 AR 4R Box— Behnken
U 2L BT BT, eI pH B R T
oA Z B, LA g o 37 {8, XoF 2E F KT 74 B-6578 %&
W27 y—PGA SR HEAT P PN 22 = /K OV 0 17 i B3 ], &%
HWZ 4, K Design—Expert 8.0.6 Hi 1, xif 52 6 %4
PERIEAT 0k Z2 T (RS 4BL A, 101 U 4% 51 5 0y 2 4347 L
25,18 B bR B 54 E LR &k
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Z¢4  Box-Behnken SZ56 1 B 4h
Table 4 Experiment design and results of Box—Behnken response surface
S5 AlE BpH CH DEMIKIE R, SRS AMWE  BpH  CHdl DIJRWIKE R, (/L)
1 1 -1 0 0 13.28 16 0 0 0 0 24.89
2 -1 0 0 -1 9.13 17 1 0 0 1 17.26
3 -1 0 0 1 24.36 18 -1 0 -1 0 13.98
4 -1 1 0 0 8.46 19 0 -1 1 0 8.93
5 1 1 0 0 12.58 20 0 0 0 0 25.66
6 0 0 0 0 29.31 21 0 -1 0 1 8.96
7 0 1 0 -1 7.26 22 -1 0 1 0 18.29
8 0 -1 0 -1 10.37 23 0 1 0 1 20.34
9 1 0 -1 0 9.54 24 0 -1 -1 0 8.16
10 -1 -1 0 0 8.23 25 0 0 0 0 25.38
11 0 0 -1 1 20.86 26 0 1 1 0 15.29
12 0 0 -1 -1 11.72 27 1 0 0 -1 6.84
13 0 0 1 1 23.51 28 0 1 -1 0 9.86
14 0 0 1 -1 1291 29 1 0 1 0 15.22
15 0 0 0 0 25.46
25 Box-Behnken 325675 22407
Table 5 Variance analysis of Box—Behnken experiment
ZEFRIR Rl FI H1 ¥or FAH P18 BFE
A 1224.67 14 87.48 10.58 <0.0001 * %
A ViR 4.98 1 4.98 0.60 0.4507
B pH 20.96 1 20.96 2.53 0.1337
C fE 3343 1 3343 4.04 0.0640
D Yk g 271.32 1 271.32 32.81 <0.0001 * %
AB 0.22 1 0.22 0.026 0.8739
AC 0.47 1 0.47 0.057 0.8152
AD 5.78 1 5.78 0.70 0.4170
BC 5.43 1 5.43 0.66 04314
BD 52.49 1 52.49 6.35 0.0245 *
CD 0.53 | 0.53 0.064 0.8033
A’ 279.39 1 279.39 33.79 <0.0001 ok
B 615.88 1 615.88 74.48 <0.0001 ok
c? 173.74 1 173.74 21.01 0.0004 *
D’ 132.47 1 132.47 16.02 0.0013 *
Bk 115.77 14 8.27
ERON 102.89 10 10.29 3.19 0.1371
iRz 12.88 4 3.22
M2 1340.44 28
R* =0.9136 R, =0.8273 CV(Ar R 2 %) =18.70
Vs x HIESEILE (p<005) ; 5 K25 Sk B (p <0.0001)
B (p>0.05) B S250: HTA8H 1y — 0 Iy T e 1 X4

R, = 26.14 - 0.64A + 1.32B + 1.67C + 4.76D —
0.23AB + 0.34AC — 1.20AD + 1.17BC + 3.62BD +
0.36CD-6.56A" —9.74B* —5.18C* —4.52D’

HH R, 2 y-PGA /=4 (g/L) ,A B .C.D 43
HAIREE(C) ,pH, FE 3 (r/min) JIRPIREE (2/1) o

P32 5 AN, ABEIRIAR 25 (p <0.0001) |, (R AF & 5
PR g5 7R 2 MM R B (R =0.9136) 4%
TR JE H A E R BR R, = 0.8273 , 1 B 32 K5 75U BE i Bt
82.73% ma N AHAE Ak, PL-AFR BE R, HASHLIUA ) 25
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i 7 ABLEA T TR, R RE R4 Tl y— PGA (197 4 Bl
S-S o) § B S-S i ok 7/ R -4 Dtk R ap SN E VN 1 B i
A%, DAY (B® 3% (p <0.0001) ,BD (C* | D* 3%
(p <0.05) , HAFZ W AN .35 (p >0.05)
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AR 2R IR AT DA DU Y S e 4% PRl 3R 2 18] 58 EATE FH ) i
BEN i1 BN S b e R (S E L R A O P A B S
AR RN AT S AR AT UL Bt A% R 3R
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Y REBEUY , 45 i ZR S [RE , U W™ B X JRe ) ok B2 A
pH 922 b FE R BURR, SRR Wy e AN pH 2 [8] 52 5 AR
B, X R B 2 Wk 35 (p = 0.0245 <0.05) o 1117 IS
Wy FE AR L (pH AN R 5L IR e A pHL
JIEH A BE AN 3 2 [ 1) 22 AR AN 1113 (14 (15
16 JIr7s , Wi JOL AT F4 35 82 45 R ~F- 2%, 45 i 2R I (LU IR
JIt LAR e i pHL A RS | A S I B L A ekt
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240 r/min, JIEY) 45 E R BN 52.70 g/ L 1 254k, ]
15 y—PGA fyF=ia ok 24.82 o/ L, iZ 45 5 S54RI 1 I Y
ZER W ARk, Nk, Pifb)E v — PGA B LR R
47.10% , tbfifbnnde s T 25.19%
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