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B E NP REEE (DNPAOs) TR, LU AL B T BS A TR A R AR I, I Bk oK
TR G WE AR, DI B B VRIS IR R, A T TR 35 95 FE 288k R TR AR TC L ( W/ W)
85%:15% PR E g 4 mL-g™ T, REEBUTE N 4 mL- g TR0 S 0E T H045 T8 12 300 FL 4l 308 M
O FE 5K AL PR 7 IR R ZUAT , T3 R 790 B A B0 B A & VR pHL (LR 5.5, 1K R 370 Xk 2 7 R i RS TR
ERHURLEIE 1) L BRER ] 35 43.26% 92.76% 1 65.77% ;@4 FEAL I F R SBsET , W R 456554 F Bl #5109 T
TR BT P B A R U pH BR 6.5, IZ R RN Ak 22 75 U L A R 3 RN A 1Y L B R T 3K 44.41% ,56.21%
1 87.30% . A 4R i B8 BARKI & F IR I, IS = S e H T B A K Ok e, TS B8 1]
78 TR I, Bl O TR b B K i B AT & LT AL.
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Preparation and application of denitrifying polyphosphate
accumulating microorganisms B8 powders

CHEN Jing'?*’ CHEN Ping' DENG Wen' ZHOU Xincheng' ZHANG Wenyi'**
(1. School of Environment & Safety Engineering, Changzhou University, Changzhou, 213164, China;
2. Research Center for Marine Biology and Carbon Sequestration, Qingdao Institute of Bioenergy and
Bioprocess Technology , Chinese Academy of Sciences, Qingdao, 266101, China;
3. Graduate University of Chinese Academy of Sciences, Beijing, 100049, China)

Abstract: To obtain dry microbial inoculums powder of denitrifying phosphate accumulating
organisms ( DNPAOs) , denitrifying phosphate accumulating bacterial B8 in inoculums solution was
cultured in this study. The mixture of wheat bran and corn powder was used as the carrier for B8,
and the beef extract peptone was employed to be the fermentation broth for bacteria B8. The dry
inoculums powder of DNPAOs was successfully prepared at the wheat bran to corn powder ratio of
85:15, the inoculums solution to the carrier ratio of 4 mL+g " and the fermentation broth to carrier
ratio of 4 mL+g™'. The prepared dry microbial inoculums powder was used to improve the remove
efficiencies of COD, NO,-N and total P during the treatment of wastewater. When the pollutant was
NO,-N, the optimum fermentation broth pH of dry microbial inoculums powder was 5.5, and the

efficiencies of COD, NO,-N and total P were 43.26%, 92.76% and 65.77%, respectively. When
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the pollutant was total P, the optimum fermentation broth pH of dry microbial inoculums powder was
6.5, and the efficiencies of COD, NO;-N and total P were 44.41%, 56.2% and 87.30%,
respectively. Scanning electron microscope images revealed that the bacterial B8 was attached to the
carrier, and absorbed nutrients from the culture solution for reproduction, growth and fermentation.
The bacterial B8 was immobilized at the carrier in the dry microbial inoculums powder, which would
play role in improving the efficiency of wastewater treatment when put it into the wastewater. This
study provided a theoretical and technical reference for the microbial inoculums preparation of
denitrifying phosphorus accumulating organisms, and the further removal of nitrogen and phosphate
in effluent from wastewater treatment plant.

Keywords : denitrifying poly-phosphate accumulating microorganisms( DNPAOs) , bacterial powder,

denitrification and dephosphorization.

UEARR T Yt R AE W BRI & H 2532 8B e R A B HEBCEDR v, 75— 20
5 KA BT AN IE K 3 AE IR BRBIEROR T2 S i AL SRl 71 ( DNPAOs ) WFFE T A U .
J R A SRl T e — ST DR AR P58 v WS 0K LA 0y 22 3R B U0 T MR ER IO, [w] I B 1A P 1) 22 SR
FRER (Poly-P) J3-fifk , IR B R AR A A RO B 5 A S/ S AR b, DA S A o 7 #O L T
ST R W A Ak TR R MR A A B Y A R, TS K P S A AR
83 o HE R A A T e i A5 7K 2 B

] PN A D T 7)o 66 B R A5 52 7 254 380 Sprocati 8Bl F T 4% i RN 25 4 J@ 2L [R] 75 e + 3R
BB, A I 75 Gt 98 P 7 32 3 BAT R A BE ) 1) TR BR 25 1) B ENEALAMOSS B 71, K 10 B 70 500
S eyt 0 4 Jm L[] 75 Yt - 58 P ] fd IR ARk 75%! " ; Nalini 1 Parthasarathi 51 %454 T & H
( Serratia rubidaea) SNAO2 1A i e A 47 o 390 7 A 1) SRR R R A AN, FH R TR 5T 15 B SNAO2 2
T 22 S50 R 19 mahua 7T LA RLCGE fHHC 70 08 B2 W A Ok A% SEAE W0 D T, 1A BR 0% L BN 1Y 2 4 ol
L2 ,%Bi%%’l%‘ 15 mL 53 B 1A FC R ) G s ik [ fit o 2N3( Klebsiella jilinsts) WEFh 225 ARJE oK
By FE R TR G Bk L (FARCLE D 80:10:5:5) , IR VR I 10 mL ¥ FRWU5 & 8% 36 h, fExH#FT35 C
T 5 e S i e Al TR R, L SR T R P R T 36 85,39 M LT BRI R LA D /i i LA L 5
T A, HET DNPAOs BG4 918 T SR 1o Ak T 52 06 % T e B B, o DAL A2 7 R
R ARSI N

AR B ATERTIARE S, ELOFAS 1 BRI RS AL SR B BRT (BY) , & B RIAD P BB K8 A
IR o N TR V5 K A B TR K R A B B B A T A A 1 AR LR T B R R TR
A JE TS WS RIAAAEAE T3z 5 DR B0 At ] T 205 2% N AR A AN 2 TR, AR A
FELL B8 G XF 4 LA TR R i A 1 T 2550 BB G4 T 6 A 1 o0 2 A R R S 18 e
FRI e pH X4 B8 75 B A% 0 52 e, 1) T4 4 F - 2 BT DNPAOs 189 B 5 Bt A2 8RR 317
FOWEE  FEREHINATC A TR K %5 58 B R RER UM COD RYRBRECR , LD DNPAOs T4
790 ] 2R AR B At SRR RN AR SR

1 #BS 5 ( Materials and methods)

11 SRk
It PAM Bi 321 (NH,),S0, 2.75 g, Na,HPO, 3.06 g, KH,PO, 3 g, MgS0,: 7H,0 0.25 g, CaCl,
0.25 g, Fr5mel 4.0 g, NaCl 2.5 g, BEHE 0.01 g,
FETHA RS 2R (MRS FR 0 R IR 10 g, 5 3 g, NaCl 5 g, pH 7.2—7.41%,
TITRERER T R S g
KE %M :1.03x10° Pa, 121 C,20 min.
1.2 JRIKOK
S K N CEC i R K, HAR LA 2 : SR 300 mg NH,Cl 14 mg, Na, HPO, 100 mg, MgSO,
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45 mg,NaCl 18 mg,CaCO, 40 mg KNO, 250 mg 7&{#/K 1000 mL. 32565 FH/K KR ANEE 1 fw.

1 SEHAKK

Table 1 Quality of experimental water

F6 4% Index COD/(mg-L™") TP/(mg-L™") NO3-N/(mg-L™")
J [l Range 101.33—186.67 9.60—18.60 3.91—5.48
SEHIE Average value 152.29 11.87 5.02

1.3 B8 My sl 45 ik

L B8 TR AR G il & H TR , i A A N SR AR HRAE  BGE R 30 °C (120 remin”' PI4G pH 6.5
FAFTEE 20 h 25 & i Poly-P FURLAY B8 Fl T (T K 6.25%x10"—8.55%10 cfu-mL™") , F
3800 r-min”' &> 16 min J5 2845 B8 AP, FFHJC AR HER KIEUE 3 WK, 20 mL & EERK S5 2 mL PAM
BRI A R E RS K LA R ER S AUR 6 PR 0 (200 H) B 5 g SRR AR KB 8 h
(130 r'min™",35 C) , /e HE TEA 8 JZLMMYIEFRMA T4 R R N 20 C) &5 KR
F 10%.

1.4 B8 TH Il & &1k

RS ATAC N TR K, I B H S BT 2 HUS 26 A B8 8 B R AE R )R I e
BRI , 5 2 AN ) S A (B v ot AR AR A R VR S TR A VA R BV pHL) X B8 83 B 7 1 1 A
E1i7EN N R
1.4.1 =

43 51H0,10,20,30,40 .50 mL FJ7E 30 °C \120 r-min~" FJ4H pH 6.5 F5F FHEE 20 h 152100 = & &
Poly-P MUk i) B8 P&, 43 3% H: 3800 r+min™" B0 16 min J53KAF B8 RFl, P JC 1A Ak BEER /K 35 Uk
3 WAHH 20 mL BERRR S 2 mL PAM K53 ITR A (pH 5.5) LRJEEIA LI 5 ¢ 20k (R4
R KRG W25k 4.25 ¢, BB 0.75 ¢) AT EARE SR ARE 8 h(130 remin™',35 C) , J/5HHE T
A8 EL A YL FR LN T4 (IRBE 20 °C) ZE/KFAMRT 10% , RIS 58 5 i i, I % A4 2k A 7 7 %
TR 1 g RS 100 mL A TRESUE K 3 h PR -12 h B4k 38 4 8 0B AT A 38U BUKAE 15
W5 K RE B HUR 23 BN E I COD, TP NO;-N & & i Jn i A i A i iR M IR Eh A
FFRF H L2 H A,

1.4.2 ARG A%

il 7 B8 Fh I B DR B Bl TR A BB S BAGL 0  5 ¢ ZRAR CREAEFRSE W ot W e AR
3N 75%:25% .80%:20% 85%:15% .90%:10% 95%:5% . 100%:0% ) [FEAFE e B 8 h, B B He T4
(20 C) BEKBLT 10% , BIGIFS BB , IR 2 T TR T THECRE 1 g TR A 100 mL
N TARIE K, 3 h IREE-12 h BRI R 8 a1 T A0 RS UK RE | PR KRR B30 BOR, 4300 5 1
#+ CoD,, TP NO;-N f4t.

1.4.3  RFERERIF W =

il £ B8 Fh I HL BSOS FD , VR 20 mL BERHE I EL 5,10 .15 .20 .25 30 mL 4 EE
FREE RIS 2 mL PAM 8535 IR A (pH 5.5) 385 B G 0 09 4R B AR RE S8 & 19 8 h, fieJmolg I
T4 (20 C) EEKRMET 10% , BIHIAS 508, 35X BRI T & B 1 g BRI S A
100 mL A TSR 3 h IRE-12 h SRR s 1T AL 355 BOKEE | PR KRR B0 O, 437
& FIEW R CcoD,, TP \NO;-N .

1.4.4 KEFH pH

Hil 45 BS Fh IR HL B OARASH R TE VRS M 20 mL 2R A & A G 3R L5 2 mL PAM R38R0 TR
A (pH 5.5.6.0.6.5.7.0.7.5 8.0) Hi& e , 1A Ik i A0 AR [ 144 52 A 9 8 b, i Je 4 AT TR 22 %
IKFART 10% , BIVIAS RR ah , IFXF B AR S #E A TR VR T A 1 g BRI AR A 100 mL A TABSBLE
JKH 3 h PRER-12 h R4 A B AR AR RS A T A FRLS BUKAE , PR KRR 2.0 BUR, 23 5N 2 L3 oD, |
TP \NO;-N & &.
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1.5 FAHH H BERE A i A5 ik

B3zt 200 F 7 4 T 770 15 ot ARG T AR I AT 2.5% B TR ZBEAE 4 °C [ 5E 3 b, R HZE TS BRI
PR LB S B RO e T R UL Sy, B P A SR B R RAE R I &R B R
HUER IR DLV SRR i S8 8, FR AR IR T ot 58, IRl T 28 S A0 P B AT EARHR R R B e A
1.6 ZMATi s Iy i

(1) 7K B 434 532 R FH ORI K i 43 A 72 ) (BRI i) 1o, Herf COD 0 SR P o 4k 1 1 5
WATTH R, TP I SR R R B0 VA SR HT A OB EE T, NO S -N I 5 SR B R 43 6 e B

(2) TR TR B35 B A 52 R ] PAM 355 35 5T HR08 A 40

(3) B8 THRFIFE S IE SIS R Tl .

2 ZEHL 59718 (Results and discussion)

2.1 B8 TRTE 7l S A by
2.1.1 BRIt

T 1 B P12 AT AR Bt 2 BT VB0 (4 18 o, PRI 7003 e 4 = 398 o e R R R R, TG B A
%F TP NO3-N . COD FI B} P-4 22 B 383 51K 9.26% 11.11% 51.84% , 3% 5 J2: 1 T J0 1 B AR ok A 45
R H TR, A5 — 7 10 R R i 850 Bt P BT o A 3, R 57U TP NOS-N . COD f°F- 2 2B
KWL AE Y REFN B 20 mL I SEAER TP Rk 32.03% , 1l NO3-N ,COD HYE-H 25
AR 42.91%F 64.12% W5 A3 TR TP S35 25 [ 258 Bl 42 ol 81 98 o 385 s B AEG, % NOS-N -1
FBRFRE T 39.44% A 47 B8 TRy iR i YR AR HU R (R COD 22 BRAE F1) B 25 43 BRI VA0 o 1) 386 o S22 4
LTSN B B —REAR ¢ KT, A P — SR AR TR AL B R () TP R NOS-N P 2B as (b By
22 5ME (P<0.05) S5 R B, BB At /D 2800 B B AR 1 BY B AR AR R A 2, A B R
ZBRAIFNEI 5 BS T R B AE 1, DA% 20 mL BEERER HIH 5 2 mL PAM OIS (pH 5.5) IR A
5 g AR (EARA N K G R 225k 4.25 ¢, ToKKY 0.75 o) Bl 45 A9 8 B 700 B0 o 438 71 T 0
20 mL, MW EH 4 mL-g™ T8,

©
(=]
™

100_‘

o —=— TP

£ 70 %F  —=NO;

= %Y 80F  —>— COD

S 60T %¢ < ok l / /%

X 15} + T

2 s0p / 2 6o 1/5/1\1

2 40 / & s T L ;

5[ 50

g 30 / g 40_- / \%,__”n /

£ 50l / g T — T

i

= 0 / 200 g /

210 / 10

Zg 0 [ PZZ2777 A Aé 0- 1 1 1 L 1 L 1 1 ! 1 1 1
10 20 30 40 50 0 10 20 30 40 50

Inoculating liquid quantity/mL Inoculating liquid quantity/mL
B 1 e T VA 0 TR TR R ) B2 e T R 0 T 7R R 5 R A5 )
Fig.1 Effects of inoculating liquid quantity on bacteria Fig.2 Effects of inoculating liquid quantity on

number by microorganism agent decontamination by microorganism agent

2.1.2  HUARBLLAEAL AT

H Il 3 Sl 4 AT LUE H Bl 22 50000 5 ROR 4R AR E HE A 3 K, T 590 16 A 80P 2R AR L EE K 85% 2 15%
I 38 B U {1 5 22 KR KoMy 1) LU A 25 52 ) B8 T893 T 7 6 U SR A 5CR , L TP NOS-N P34 25 B R B
R FRST I B LG R, 1 COD 3425 [ 3 A2 22 kRN T KR Eb 5 i A I 35 24
HEFE AR EARBC L h 85%: 15% I, B8 T T 771 &t X A TLHC il B2 7K (9 TP -3 2 bk 6 5K 3| g
31.65% , B} H: NOS-N|, COD -5 25 b % 53 5l Ry 35.76% F1 59.65%. 24 2% %k A 5 K ¥y 3 AR FC Eb A
90%:10% I}, B8 TRy I EH XS A TRCHIZ K NOS-N ) EERAGABNE(E 35.95% , LI H: TP .COD ~F-1
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LRI BN 26.01% 1 72.97% 38 i B —FEA 1 K0 73 A , 153 B — 2 PE AN R AL R /Y TP -4 5 B
AL (P<0.05) Fl NOJ-N V-2 LERFAEM (P<0.01) B A 22 5. 25 IE ST B8 1Ry 18 1) J5 2ok iz H]
THMREE R, BRI COD &) TR E R MAEY A, AT X T 20 mL $ R 20 mL BERHR T

52 mL PAM BIRE W (pH 5.5) 1B A 5 g AR AT 45 A9 8 B 5770 B B A 3 AR L Ry 85%:15%.

45

Carrier composition(W.ypeat branWeorn)

B3 A MATC R 0 TR e

Fig.3 Effects of carrier composition on bacteria

number by microorganism agent

2.1.3  REERZER A AT LA 70 B

= 100 - —u— TP

5 40 L —o— NO;

g %0 - COD

35 <80F

< 5

S S0l X
>5; 30 2 Z/& /%\é/l
£ 25 260 T =

220 £5f

@20 E

5 s r z 40 - /a o

5 g L]

= 3 30 o — T T— \

E0 ~ 20 ;7! E\

5 L

ot

5 st op " :&6
E 0 0 1 1 1 1 1 1

75%25% 80%:20% 85%:15% 90%:10% 95%:5% 100%:0%

Carrier composition(Wyheat bran™Wcor)

4 ARPRHC OO R BR TS5 BOR B

Fig.4 Effects of carrier composition on

decontamination by microorganism agent

R RIS TR 08 T 750 R R 11 3 T i A S MR SR BR WA AR )2 DL 2.y 36 2 T, 2 A I vl 4

PRI T R 48 R A DRV B MR R R 6 I, ST 28 A A A 100 0% B 5 L B VE T (R B RO B R
W R R TR AN 5.15%10" cfu-g " s REERCH A B B A RIS IR R TG BN 6.33x10° cfu-g™') ,
WK R T TP A1 NOS-N SRR, AR & AR A B B RS IR 3L )5 , I IR R s i 5 1S T NOS-N
1 COD 403l FH 5 T 2.01 mg- L7 F1 14.36 mg- L™ fHZEE 7087 B8 A5 B AU SR BRI, , I v] DU Hh e
A R R PR RE IR BE T A BY R AR TR SUIT 32 18 75 BRI, BRI TRE LA S B8 100 D7) & v ol 3.

R2 ORI TR BR 15 RO B SR
Table 2 Effects of fermentation liquid type on decontamination by microorganism agent
TP FBRE/ 2 NO3-N KBRR/ P2 COD ZBRae/ 2
Removal rate of TP/Deviation ~ Removal rate of NO5-N/Deviation Removal rate of COD/Deviation
32.78%/0.45%
67.51%/0.39%

K BRI
Fermentation liquid type

BRI M Yeast extract
2 A B B 15 Beef extract peptone

31.93%/0.22%
94.91%/0.02%

59.14%/0.47%
55.22%/0.31%

5 R SRR X T 7990 R AR ) S DL S, A IR a0 51 ol 2R R AR S i LT 6.

Ferment liquid quantity/mL

S e
T TN

Ferment liquid quantity/mL

B 5 PR R o BRI T K

Fig.5 Effects of ferment liquid quantity on

B 6 AR IO R B 5 28R A R
Fig.6 Effects of ferment liquid quantity on

bacteria number by microorganism agent decontamination by microorganism agent
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I K BRI 5 A 20 mL B 284 I B ) B R0 B A B i KAE, 5 LRI B, B8 B X TP
NO;-NF- 2y 2= [ Rty By ik B A, 43910 64.30% 92.67% , 1l COD 22258 K 61.82%.38 13 B —FEA
¢ RIS A5 B — SRR AR B R 19 TP FINO; -NV-35 55 R A p A i 2 5 (P<0.01) . iy 17T
U MG 22 B0t S R 23 5 ) B8 WS 2 AR I 1) 358 PRI, 20 7 s i I 2 ok e 1 B A R . U A
EFXF T 20 mL W R FRFEAKERERES 2 oL PAM MRS (pH 5.5) 1R A 5 ¢ 8K
(W W N 85%:15% ) JIT il A5 14 1493 1 390 1ol it foe A6 R TR VRV 2 8 20 mL, B & RV FH 24 4 mL- g™
FH53.

2.1.4  KEEH pH Ak bt

2 TRV pH R TR 700 TR IR 5 M UL T 7, K TR pHL X B 751 I8 2 53 e A0k R 2 g DL ] 430 5k B — AR ¢
K3 A, 45 B — S F Y AR [RI AL B R B9 TP FIl NOS-N SEH) LR Asfp B ETE 2 S (P ¥/ T
0.01) .Y KRB pH6.5 B, B8 B FIXT TP P34 LB IK HWE(E , 2 87.30%, 1fif NO;-N, COD “F-¥ J: R4
YN 56.21% 44.14% . 24 K B H) pH {E R 5.5 BF, B8 B FIXT NO;-N P KRRk 2IE(E , 492.76% ,
1M TP, COD VX EBRFHIH 65.77% 43.26%. 11 H.24 pH {EH4 7.0 B, T8 B8 BT TP /-3 % 5k
RIRSR T W, SR SE I 25 5L B8 FhF0GE B 45 2% M MW 4G pH6.5—7.07 s Ag 2= LI R 7 1
IR S AR IR ST h Z B E 1, G AT B8 ARG A= K DT &5 TR AL, (H & 76 2 R BR 5% (pH <6.0)
PR B T A A BRI 7K 25 DNPAOSs 32 BRI IR BRI S i st sl 1 24 pH {H4 5.5 BF, B8 1
FIXF NO-N (1735 K B 353k BEEAE T TP (1 73 KBRFRAUN 65.77% 7 BIERE. 1M 24 pH>7.0 B, B 7
AR [ B8 I TR AT A 02 T (R U BR 8 01 2045 T L T 9 D00 s A0 355 £ 2 1 6 A
Rk ULTE" ™ UL IITE AT G AR ER A, X 20 mL R 20 mL 2F R E R IR
52 mL PAM BRABIRA S g BRIK (W Wy N 85%:15% ) BTl #5103 18 70 1 i 9 e 2 pHL {8
R 5.5 T AE S BLA PR G o0 SR U () 55 4% 14 T T A5 R B R0 B 1 e A pH (B 6.5.45% BT
A B2 325 K A B R A R AR U, TR TR R B R R R VR pHL (Bl 5.5, I R KA T AR
i HERER E SR LB R AT 15 43.26% 92.76% F1 65.77% ; 111 24 =B AL BRI F- 8 Sms it | 0] [a] 45 4 4
T E AR A A T R S B A R TR pH M 6.5, % I XL S T A R R IR R AR R S R R
Al ik 44.41% 56.21% 1 87.30%.

100 r
90 I
x 80.
70 i
‘5 60 i
50

-
¥ 1

Number of microorganisms X 10'%/(cfu-g™!)
&~ W [
T T T
N
\\ \\\\
\
Removal efficiency/%
T T T T T 1
> -
> |
>3] / |—\\H
{
N
M/L/x

s 1
2k / / 30 r -a— TP
F / / 20 -0- NO;
! I / . ] 10k -2~ COD
0 / / % 7 A 0 [ 1 1 Il ! 1 1 | ! 1 )
5.0 55 6.0 6.5 7.0 75 8.0 55 6.0 6.5 7.0 7.5 8.0
pH of ferment liquid pH of ferment liquid
7 I pH X TR AR TR R R 8 I pH XTI Bk 5 88CR B
Fig.7 Effects of pH of ferment liquid on bacteria Fig.8 Effects of pH of ferment liquid on
number by microorganism agent decontamination by microorganism agent

2.2 B8 TR R EIER

B8 TS I FI2S P34 (243 200 H ) Bk 10000 43 /5 44 v B8 DL I 9. ¢k 18] 9 T2, 28 P 44
FETHR 10000 755 e M 3 1 45 S - W, A8 B A 20 S AS RO 2 R ) S0 490 5 17 B8 0 B 700 7 il K
10000 75 J5 9 B 75 28k (A 2 T s dURE , L A7 6 4 I S A FFOIR B8 ik ( BV B8) 5 WA B8 B bk mT Bt 25 Tk
i TG B AT FL2H K 85%: 15% 2% K AN F KA B 2R A b, IR R B N 2R (IR 3R 3 5 PAM IR B
(pH 5.5—6.5) (& IR T Z5t L K X B, TH5 B8 AT [ E T4 b, Bk Ak T 15 A 3% /K v B
AR I AL
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=
i
=
ES

36 &

._”';m Mag=5.00 KX Signal A=SE2 WD=7.7 mm EHT=5.00 kV ‘_H}n Mag=5.00 KX Signal A=SE2 WD=7.4 mm EHT=5.00 kV/

9 B8 THYBEA AL (a) FIZS AR (b) I F LB IR
Fig.9 SEM photographs of B8 bacteria powder products (a) and sterile carrier

2.3 B8 TR AR TG bR AR

Wi 55 S A B I 20 L, BRAREC L Wy W o ey N 85%:15% , % B I35 I A TR Y 28 1R 33 97
FHH W 20 mL, ZEEK pH {HR 5.5—6.5 i, #1715 5 ¢ B8 M5 B i L B I AR 45 4 - MR
EURROMR, B R AR M B R (5.7—57.4) x10° cfu-g ™", JEMUAE W43 R 22 5k 00 KR AR 4
Xof JEURH T A A A SR R, A5 21 B8 83 B 70 B AR 852 0.19 JE.

KR S T LY B8 RRCRT TR B AR 43 5 AT LA SO 2 (SBR) |, 43001 % 25 7R IR AR
Z M R IBAT IS N AR BRI SBR BIFE B B X TP M B AT A — B A8 B8 ol ) 24 R A
5571 K SN A SBR W B Bh 1 2% R AL K, N 12584, S INEURY 9 SBR WSl 12k R R K, N
2.0379. F AT UL, 495 B 7R S A R RORE L, e A K, B8 AL AR BT

3 %518 ( Conclusion)

(1) FIH 1 g B8 THHEFSAAIBEA 100 mL A THEAE KN 3 h JRE-12 h Ba b, 15 1 AR R 45
b P AR A T 0B R W BE T B0 i A6, DA T 2% B BS T 11 391 1 4 S 8 5 o i 3R A R B
FAVHHWCRE | L W pH Xt B8 0 BRI 1 B B AR LA 52 M. BY K93 B 703 ‘0 4 2% 1R M 4 TR
a4 mLeg BRIRICH Wy Wy R 85%: 15% , JRREEE FH 2 ARG 2 14 R85 95 5 FLCHI AL 4 mL-g ™'
T FLRN BN G R R R U, R TR R B 1 B R R pH [N 5.5, iR A0 i A% 1 R R X Ak 2
TR HREL AR S0 22 0] 35 43.26% 92.76% F 65.77% ; T 7% 325 AL FRXT 4 S SR I , DU] [] 25
SAETR TR AT B T B R 8 B A R VR pHL (R 6.5, 3R S5 T il A A TR0 X Ak 2 5 A i R PR
AR R R BRIk 44.41% 56.21% F1 87.30%.

(2)3#5t B8 TR FIA N B8 T AN Y25 FHEAATIOK 10000 A5 5 494 B 58 B % LL, Ui ] B8 TR Pk
A RR5 TF a 07 LK B B B AARTE L 2E 8 (W W) 9 850 15% B BR AN E KM O BAA | IF 4 A= B
FEEFER IS PAM B 3RMUAIRA IR (pH 5.5—6.5) 38 38 T 2 4 K R kB, T4 )5 B8 vl [ E T
BRAR b PR A T AR AL R K v BIVRT 45 LR AL
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