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Screening, degradation characteristics, and fermentation
optimization of aniline-degrading strain

GUO Nannan', YANG Chuanlun, ZHANG Xinqing, CAI Qianqian, ZHOU Qian,
ZHANG Xiaoxiao, FU Yingxun, TIAN Jiewei, MA Chunfeng

Chambroad Chemical Industry Research Institute Limited Company, Binzhou 256500, Shandong, China

Abstract: [Background] In recent years, aniline compounds have aggravated the pollution of
ecological environment, and biological treatment of aniline wastewater has great development
potential and broad application prospect. [Objective] To isolate a strain that can degrade aniline
efficiently from activated sludge contaminated by aniline compounds for a long term, and
optimize its medium and degradation conditions to provide strain and gene resources for aniline
bioremediation. [Methods] The high-efficient degrading bacteria with aniline as its sole carbon
and nitrogen source and energy were screened out from the enriched and acclimated strains by
plate method. The strain was identified by 16S rRNA gene sequence analysis. The degradation
conditions were optimized by the single factor screening test, and the culture conditions were
optimized by the orthogonal experiment. [Results] An aniline-degrading strain BA-6 was
screened out and identified as Microbacterium sp. The strain removed more than 98% aniline
with the initial concentration of 600 mg/L within 24 h. The efficient degradation temperature
and pH for the strain BA-6 were 30-37 °C and 6.5-7.5, respectively. The substrate utilization
test showed that the strain BA-6 had the ability to degrade many aniline compounds. The
optimal fermentation medium was obtained, and the viability of the strain was up to
3.06x10'"" CFU/mL. [Conclusion] Based on the strong abilities to degrade aniline and adjust to
the environment, BA-6 strain has certain application potential in the remediation of ecological
pollution of aniline compounds.

Keywords: aniline; microbial degradation;
fermentation conditions

degradation characteristics; optimization of

A RAO. . WL PR AL BN
P EEA T F) — P B Y JEORES AN T
AN B B B, SRR ) T R R
MR 2R (0 S A A iz oAb AP RE R 2
YRR ZE . FOREIINGE, SECRET
ek gr BRI, R OGSk R E R e
SRAS R TR A ROV A R
SRR I s YT, N T AR T
WG FiHAEDERE . EPEiiR. 5
i BR8N B AR A R AR

KRB, DR, 78 BREE Db 200 K 428 i 2
A HETA -
XERBERAC G YA ik, AT
ST, WA A A | SRR
A B R AT e E R 5 Y e ), BT LA
T BAMRKR KRG U, B, BFRAR
T M BRI rh 0 5 ) BB AR A R g AR e T A= W
B, LS 2R I (Bacillus sp)' . TFFEE
(Arthrobar sp.)[16] BB\ E B E (Gomamonas
acidovorans)' | RENFT i J& (Acinetobacter)!™ |
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41 Bk W J& (Rhodococcus)'™ | #, /R & %5 #i &
(Delftia)™ . RN (Pseudomonas sp.)* " F7 KL
[CT# (Shewanella sp.)*14% | {HH: v i 25 ) 5
R EARITAZ, I H R BRI AR 78 23 2R e AT
W, TS N> . . Gomamonas
acidovorans AN3"" FUREFI FH A e A £ R R e
ANEEF AR AT s Pseudomonas sp.*)
HREA R R AT 2 B8 R, (HANRE A I
MR G o AR, A X A e iy
o e ATL L I e A G il B DR R A e, A
AIF 5 i T P 3 e T v 5 R R A L O 4 L 1R
BB HES 2 S P R R B 1 3
12 T B U A R fi RN IR SRR R PR, BRI LR B
MBI, TE A B RRE AR S 2E T
AR SOE,  DNH R A A K R i 75 A9 e At o

itk — 20 = ELAG AN [R) R A i %) TR bk 5
PRIGEIR, ABIFSE A 32 8 i 75 G i T P s e
b B BT R AR R R R I TR P, T LR
FARE L R H IR SE 0 BT X TR AR Y e e iR AT
VAR & R K, DA 2R el e ik R
A S R AR Ry VA SR

AR

1.1 ##
1.1.1 #&
FEBR B IR M T 15 K AL B 2R 40 0
15
1.1.2 EHxEE
BEBFEL): EOF 10.0, %
10.0, K,HPO, 1.0, KH,PO, 1.0, NaCl 5.0, pH
7.0-7.5. TAHLEREEFR I (/L)P . KH,PO, 0.09,
K,HPO, 0.22,NaH,P0,0.26,, MgSO,-7H,0 0.23,
CaCl, 0.28, FeCl; 0.003, pH 7.0-7.2, MR 775
ERESRIL NG R R 15 @/L, FRMH TN
A, pH 7.0-7.2. FhF¥555(g/L): WAL Ak

10.0, FEREHEEUY) 5.0, NaCl10.0, pH 7.0-7.2,
1.1.3  FZERFIFLEE

Wi, BRI BR A A PR
DNA #& Bk Il ) £ f 2 8 PCR 9 3517 &
RIEWBHEA R AT R, iR
RAUEARRA R ERRE R, =k
PR A BRA ] AT AR g, b
A AR A RS A W) B TAER,
R ST A AR R A IR A A b
s, TR (Leica)[UARAT PR H o
1.2 A&
1.2.1 E#AYYIL 5 iFiE

B 10 mL 3RS Je A 90 mL & A 55 57 5
H, 35°C, 150 r/min R H 5% 2 do Z )5 A 10%
FIER R R R AR TR, L 2-3 d A—AYIMLE
W1, B R IEMHE (100, 200, 400, 600,
800 5 1 000 mg/L). LA B LB A
[ e BB (1071, 1072, 1072, 107%, 107° A1 107°)
J&, B 100 pL ¥4 F & 500 mg/L 5 800 mg/L
R R BE RS SR b F 35 cCE I FRAH 5 &
FiFR 48 h, PREUEVEIE S DA —Z B 7%
FAR R B AR b4 g5 alidl, ARAS AT 32 & ik
ARV B B TR
122 SHMNEAE

g T 25 B P T R W R AR T AN SRR T R A
FERpFEEFREEH, 35 °C, 170 r/min $2 RS 57 25T
B K H(ODgoo 90 0.6)F, L 3% 3 Rl 422 Fh
Z SRR TCHLER B SR I E A T IR e B A S5

1) R A

T o N A S S R M A AR A R TR
Je R MR RE T SE 0, BERRHE — R AT LAy Sl R s e
I TERN . PR VR B 2 kS5 SCIR[27 ). R
R R R AR R PRI AR RE T, T AR
o6 1 235 (Vo) =R G 1) s W J3E — % e ) 4 R B )/ 2%
JHeA) 4 W % <100,
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2) YT A A E

R TCHLER R SR IR, SR TSR
HNAT LG EE TN E B 5% 24 h BRI ODeoo fH.,
FH )42 P e A s S B A E g AR IR L
1.2.3 BEHRERERBRA MR

WP I 3% 0 Fe M e b 22 5 2R i i)
ToHLER R SR A, B R S I 5 AN [
JE(25. 30, 35, 37, 40°C). ¥4 pH (5.0, 6.5,
7.0, 7.5, 8.0, 8.5, 9.0). FKWHILHIRIE (100,
200, 300, 400, 500, 600, 700, 800. 900,
1 000 mg/L){E 170 t/min §R¥% 1537 24 h &4 F
o e BT 10 B AR AR, DT AR A e o AR A 2% 1 o
1.24 BEHBEE

1) EEUE

B o0 B Y TR R TE B SR BN B R AR b
P aife, F 35 cClERBE A B B R S 48 h,
WLEE TR VA& T2 25 AL G058 T 9 TR RRAE .

2) SR E

R A7 508 R 16S tRNA 2
DLEEAT 0 5 3B, RIRR A9 2, DNA $2HL. 16S
rRNA JE R 18 K2 77 5100 7 2 BROCHR (2813447 o
PR DNA - P& ORI 0] 5 B kS R
2H J R HRHEAT 16S rRNA L 1 PCR Y14 . PCR
51918 27F (5'-AGAGTTTGATCCTGGCTCAG-3')
F1 1492R (5'-GGTTACCTTGTTACGACTT-3")
PCR JZ WK Z& (25 pL): 27F F1 1492R 5|4
(20 pmol/L)%% 0.5 pL, 2xPCR Mix 12.5 uL, DNA
FEAT 1 uL,ddH,0 10.5 L PCR S 2k 14 : 95 °C
5 min; 94 °C 1 min, 50°C 1 min, 72 °C2 min, {§
PR30 7%; 72 °C 10 min, PCR F=¥12 1% fE b
e e HL UK A I, 3% A AR RR (R A R
5w S8 N o W 45 SR $E 5E NCBI (www.nebi.
nlm.nih.gov)E1 781 LEXT, 3 EUR UM 5 = Y
J¥ 51 Fil neighbor-joining 531 74347, K F MEGA
7.0 TERGFKEW

1.2.5 BEHEABIESEERS MK

1) FER 7 2 0 i 1k

WEFPF I LA 5% R HE R 4 22 B 4% 5
Jerp, 37°C, 170 r/min $2 KRR 5 5% 24 h, 3
Tl REFRIAT 5 LT o

B 1 (g/L): HEME 10.0, T KIEH 5.0,
A 40.0, AR 5.0, BilREL 5.0, BELEER 5.0,
WilR%h 0.4, pH 7.0-7.4,

Bd l 2 (g/L): #i%HE 15.0, FKH 20.0,
FAREKTH 10.0, BilREL 4.0, #EREL 0.4, i
FREE 0.5, i iR W42 0.05, & 4L55 0.2, pH 7.0-7.4,

W7 3 (g/L): %k 10.0, FHKHK 15.0,
M1 40.0, EALEE 2.0, BLERES 0.2, FREREE 0.5,
TR K 0.05, S 1bH5 0.2, pH 7.0-7.4,

B 4 (g/L): H&EBE 10.0, FKEM 15.0,
FRIETH 5.0, HEW 15.0, GBREE 0.5, W
iR — A 0.5, FRES 6.0, pH 7.0-7.4,

BiJr 5 (g/L): % 15.0, T kiEk 150, &
#1100, HEFIME 5.0, BiiREL 1.0, BifREE 0.5, i
RGE 0.4, BFR —2U81 0.2, S4kaN 0.1, pH 7.0-7.4,

2) T %

TG tH Y EEREEE IR, 43I 1.0%0Y
AN . TEREVE AR, DL 1.5%0) FOKTE
¥y KM 5 AT VE MR SRRk, U
TR IR A T 5 0

3) AR T 1k

SRl LL 0.3%) 8 I . B AR S AL
A, L 2.0%F KK TR . GHIERZESA
P, BOCHE IR ) R AT 0 3k S 5

4) PUH R =K P56

DLRA PR 2R DA K P X T AR B 5 S AR Y
S Ry A, DA DR 3R S 7 3 ) R AR Al T
MAWB R ZFHER, RAMAR =KFIEASE
B EAT RE SR IEAAL 258, AP H TR PR e R
e FERE IR L L EL o
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2 EREGHN

2.1 [ERRERATFIEFAS L

WG e A AR R, oy Al
21 FRRE AR e oAy W — i Y5 FH RUUR I A P o X 1A
PRIEA TR B AR BE RS20, R PR BA-6
A DR i A i — B U5 R LI A JE ML 8% 5 3
AR, 48 h X R R AR R IR 3 100%, PRIt
T PR R AR ABUS 2R 5T
2.2 E¥k BA-6 EESTIIMBLEE

B PR BA-6 1675 FRBUIE R 73 AR KO
R, BE, 55T, AR ). BE
¥k BA-6 1) 16S rRNA H:[H F 414247 GenBank
BlE e, FPHE SRS A OP024282, 5 NCBI
Bt 2 b A 5 P A R AT EE X R R Sk
AW 2). WK 2 P, Wk BA-6 HEE
Microbacterium Sp.*ﬁ{u’@%%, ik 100%., HRIE
1 45 ST M5 B bk BA-6 VHE TP 8
2.3 Btk BA-6 HYPERRYS
2.3.1 EENE BA-6 FEREARM RN

TEANE 500 mg/L. #)4G pH 7.0 54T, 4%

1 FEEPERRE BA-6 RO SHHIE
Figure 1 Morphological characteristics of aniline
degrading strain BA-6.

BRI RETAREERSE 24 h, Wik BA-6
AW SRR B AN 3A R, TR AR
BA-6 BEFE 30-37 °C3i [l P X 28 e b 4 7 v sl ko
fift, FEMEREIR 99%LA by 7 35-37 °CHE Al
Wi SE A, ORI IRERT 40 °Cali/h T
30 °CHY, TZTRMRNT R B 0 R ik 2 35 G AN [R) R B
R B o 3K AT RE R R T B 5 I BB A8 5 i il
TR, DA 0 SEL S e 4 A A sk R

91— Microbacterium flavescens strain 401 (NR029350.1)
100 |~ Microbacterium flavescens strain 3373 (EU714363.1)

69 L Microbacterium oleivorans (CP031421.1)
r Microbacterium lacticum 3388 (EU714364.1)

1001 Aicrobacterium Mavum KR3 (MK796056.1)

Microbacterium saccharophilum strain Marseille-P2065 (LT223599.1)

61 Microbacterium flavescens strain HRT9 (JF778699.1)
100 rMicrobacterr’um schleiferi strain HBSD-C (GU198196.1)
100 Microbacterium schleiferi strain DSM 20489 (NR044936.1)
Microbacterium sp. BA-6 (OP024282)
98 Microbacterium sp. strain LFL02 (MZ713077.1)
e
0.10

2 EKERMERE BA-6 RFE X BEREIME
(%); ZIFE 0.10 [CERIFH £ 5

TS PS5 MRS WA EREUER A RE

Figure 2 Phylogenetic tree of aniline degrading strain BA-6. Numbers in parentheses represent the
sequences’ accession number in GenBank; The value on the node is the self expanding value (%); The scale

0.10 represents the sequence difference.
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B C— Degradation rate
120 —@— Cell growth (OD,,,) 1.4
100 - 8 1=
e 11.0
a~
< B0F
P ||
g ﬁ/ 108 _
= z
g 60f Q
E 106 <
'_:E
@ 40+
/A 104
20y 102
L L 1 1 L 00

0 1
50 65 7.0 7.5 8.0 85 9.0
pH

3 AEIRE(A)S#%E pH (B)X E# BA-6 4 < F0FE AR 2K B2 HY 208
Figure 3  The cell growth and biodegradation of aniline by strain BA-6 under different temperatures (A) and

initiative pH (B).

2.3.2 pH X E# BA-6 PR E BRI R B9 820

TEZEME 500 mg/L | 35 °CE AR, MRk R
B TARIE] pH Ki9% 24 h, Pk BA-6 A& 5K
e B B s L A 1 3B e, % RIFRRETE pH
6.5-7.5 I Bl N X OR Bl A T R AR R, B AR
35 95%0LA b 7E pHAE N 7.0-7.5 B [ AR S5UR 5
£, 24 h FEMAARIKRF] 100%; 4 pH LT 6.5
R RV I O 7 0 N 1 0] S @ =
FLJ PR AT RS2 pH 52 M DA R AR 1A T8 A A A5 44
1 PR IR A e S R e R L, S E
MR LE R, NI B bR BA-6 X 2K fik
MIREfRA . L, PRk BA-6 [RAR R ik
pH {H N 7.0-7.5,
233 AEVEREZRITELR BA-6 FEHER
apAl

1E 35 °C. WIth pH 7.5 5040 F, B RIAR
BT AR e 7555 24 h, ME SRR ARG
KRR . WE 4 s, YIRRYIG WK E N
100-500 mg/L i}, Btk BA-6 7£ 24 h N ALK
Wi ot AR s YRR IR M Bl 600 mg/L B,

24 h PR ATIR 98%L I ORI LR R BE
1 000 mg/L I}, 24 h [EMREZRAUH 11.0%, FEE A
il vl JBE R 14 G, LR A o3 S AN [ R B R FRAIK
A il I DR Bt 2 A e v B A 3, HLX P AR AR
SISURSPE R N [ = 3: O I DR e Y

952 30 h, WIGRHEER 600, 700, 800, 900

120 ¢
100Fr oM M -~
80
60

40 r

0 1 1 1 1 1 1
100 200 300 400 500 600 700 800 9001 000
Concentration of aniline (mg/L)

Degradation rate (%)

El 4 EH BA-6 M REIRE RAZHY 24 h PERER
Figure 4 Degradation rates of different concentration
of aniline in 24 h by strain BA-6.
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F11 000 mg/L 44151 B A K 5351 24 100% .100%
65.8%. 55.4%F1 44.4%, FiFRE 48 h, ¥Rk
JE4 1 000 mg/L LA R R 75.3%, A
R R R IIARK, BEAE 5 100%.
234 Btk BA-6 £ KESKRBEEMMET K
X R

WiE 5 fF7s, 76 35°C, pH 7.5, 170 r/min,
3% RN . WILR IR B Ry 580 mg/L Ay JCALER
B Rk BA-6 TR IR E N A
1UH 4h, BHRAEYRAE 24 h NZEHHE K, 20 h
Bf ODgoo M 0.94, BEAERD IR 93%; MEEsF
24 h )5, BEFRMAY ODgoo M 1.0, P EEFR U
WBE Ry 580 mg/L (2R i 58 4 A o X U W R e
) R A 5 B AR A 0 i R A G, A TR AR
SRR R RN T RS IR AR A EH
HEMIEFEX,
2.4 [ERE BA-6 X AEEMAIF] FH

TE ML R IR 2 b 170 r/min HR 755555 48 h
Jei 38 I TR 2 A ) B A W R AR R

700 - —o— Concentration of aniline 7 1.20
cool. ~® OPao
= 4 1.00
&
E 500}
ﬂév 4 0.80
E 400 - 5
o 10.60
£ 300f
E 1040
5 200 +
g
ST 40.20
0 0.00

8 12 16 20 24
Time (h)

0 4

5 BEHBA-6HEKEMKRILXESHRET
LA:NESES

Figure 5 The relationship between the biomass of
the strain BA-6 and the residual of aniline.

JEMIIRE S, Htk BA-6 FI AR Y H1E
W% 1 fR . Hkk BA-6 REFIH 300 mg/L A%
Jiie . ARERREIRME . 2,3- T H IR . AR H AR R
Jig . X FARIE IR . W SRR . AR M
] 2R A 2,4-— F LR e — AR U . )
P85S REWE, {EMER P XTI 2R .
2.5 Ttk BA-6 BYAEELIL
2.5.1 BA-6 EfliE I EAiHIE

e 5 AR AT R MR BA-6 LA 3% 5 ik
MO e, AR AEF RN 5%, TE 37 °C.
170 r/min 514 F 5535 24 h, BH& 6 A1,
Har 0 25 FC 5 A BV ) T B, e A SRR G SR AR
By 5, 24 h & A k%] 1.46x10" CFU/mL.
RIL, J5 A7 BL e 7 i LAl bk — 25 Ptk e Ty
BPEEREAL 5 6 MlC T 5 (g/L): HiAiHE 15.0,
FRIER 15.0, TR 10.0, AN 5.0, ke
1.0, BiMREE 0.5, BilR%EL 0.4, WEfR S # 0.2,
SAk4N 0.1, pH 7.0-7.4,

£ 1 Ftk BA-6 F|BIKYIAY R

Table 1 The test of strain BA-6 using the substrate
127} FIRIE &L
Substrate Utilization
W Aniline ++
LB N 2-fluoroaniline +

8] FH 2K m-toluidine +

X} H R p-toluidine -

LB B BB o-toluidine +

LB A LR o-anisidine +

X H A B R E p-anisidine +

X BB FHEK N 4-ethoxyaniline ++

2,3- B IEIRBE 2,3-dimethylaniline ++
2,4- " H FIR M 2,4-dimethylaniline +

++ ARGFFH (B R 60%LL )5+ T UM (FEfig 5
10%-60%); —: MEF (/R T 10%)

++: Well used (degradation rate above 60%); +: Can be used
(degradation rate 10%—60%); —: Difficult to use (degradation
rate less than 10%).
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1.80
1.60

Lao | i
1201 T
1.00 | ‘} J}

0.80
0.60
040
0.20 -

0.00
\ 2 A A 5
goﬂ““\a ?o\'\"“‘)\%L goﬂ"‘“\a Qo‘:\"““\a goﬁi\“\a

Total bacteria count (x10' CFU/mL)

Bl 6 E#k BA-6 EHlifL /iR 4R
Figure 6 The results of the basic formula screening
of strain BA-6.

2.5.2 E#k BA-6 BRRF IR

R 4 i A 07 2 1 ) SR A A B SR 5, 4300
DA ZBE . REMEAE A S A, AR OKTER
K 55 ATV I T A A A G At D A A T e S
55, HARRFREA AL, Hi5F 24 h 5 X K RE
WO TR BRI, WE R IR, | 7A
SERERMY, BUR A S S EOKTE K I T A
RIS AERRIE A WA S K TER -
2.5.3 Etk BA-6 FURF AL

R 4 i A 07 0 1 ) SR A A B 53, 4300
DIE R B VR AR, AR T
M. EOMIE M BRI T e Se e, HiAr ks
FRILH Y AAS | KSR 24 h J5 0] R BEWR AT s
WAL, e ERE . K 7B 2R, A
P50 GRS R I e i e, RIS AR
TS EEERR
254 EXRBEENE

Fe DU PR 2R =K1 TE A8 5 12 B v i 1R 00 7
i, s HIESS oA B a5 Rk A 7400,
FK2ATLVAE & B2 i ERIUT . A>C>
D>B, BN G Bk > EORTEN 5 TR

e KEHE R 4B,CD,, B E S fER
el 52 S/ U7 (g/L): A& BE 10.0, EoKRIEM
12.0, K1 20.0, BEEEH 4.0, GREREE 0.5, fk
MR A0 0.2, BRFRER 0.4, SAL4N 0.1, Wik
1.0, pH 7.0-7.4, 1L R#k BA-6 1 kML ILAE
55, K15 TR I R e R AL )y, el
PRI 24 h &, 16 B R 3K 3.06% 10" CFU/mL,
e Kb 2 T Tk Ak & e A 7= B 7oK

3 W54 #®

AHIF 5% A 9952 2R e 15 4 i ¥ e v B
B — R R R T BA-6, HoAT DURFHZR BN
ME—RRIR . AR S REIR, XX 600 mg/L Y
e H R R 1k 98% LA F, XF 500 mg/L LA i
IR H RN 100%, 225558 Microbacterium
sp.c AT EI, Microbacterium sp. H A
SRR PR, TEAEWIE S T Qe IR )y T B
BN R WM FANE, W1 Microbacterium sp. 7]
N TR R oA A o i PR e AR B i
SRR HER T HRDY . AR BUAE RS, M
A X Microbacterium sp . 1EEYMEE Z K21k
GG YR T AR A B . AR,
WFFE 2 PAIR I v 43 185 1 6 3 A [m] o 24 1 2 i o
fE TR, 2R KA I 32 e 5 e + g rp 43 3
—Fk Rhodococcus sp., TE 48 h Bl 500 mg/L
WL T- 58 M . Liu ZEPOIE M5 e b 4y
B — bk BB 8 1 2% i B & TR A e AR Ay o —
fe . AFNRE fe R IR Y 4R Delftia sp. AN3, BE
B 7R e VR B = i 5 000 mg/L 19 4644 T AE K
Bigk 7 d AR, Jiang UPTHGE T
— MR MR JAL, X TERAESE T (pH 7.0,
25 °C), 24 h A]¥; 800 mg/L HIFE I JLT- 58 4%
ft . EKR Dietzia natronolimnaea JQ-AN 15 A
ZBRENIEE IR LR R FE 120 h, A# 300 mg/L
B R e F i 87%P% . Erwinia sp. HSA6 1E 24 h
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> 2001
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X
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£ 0501 ﬁ
00 1 1 1 1 1
Peptone+ Peptone+ Peptone+ Yeast Yeast Yeast
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7 ik BA-6 B, WIRREERIKE  A: Wbk BA-6 RIEAK RS B: Bkk BA-6 Z IR H K FRiAK:
Figure 7 Carbon and nitrogen source single factor experiment of strain BA-6. A: Carbon source single
factor experiment of strain BA-6. B: Nitrogen source single factor experiment of strain BA-6.

T ALK 500 mg/L A e A REAED . L5 ERTIA, BG4 8 0 1t I R B R R T BA-6, HL
WANE 732 R BR U B MR R M A TR AR AN TE /D R AR A 30 B3 B2 30-37 °C, = &L %A% pH
5, M HERRES A AR SUARGERN R EEER 6.5-7.5, MR 95%LL E, FIFEK
PR, AT B RIRE Microbacterium — BA-6 A HSRIIATEIFTRE S, XHRE . pH
sp. BA-6 M IR GBS PRGN BRIIZAE NI, R BT IR A A AR
BRI, A — s AR T RS g T . J1 BxH s e R BRRE 1, B B A
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*2 EXHEEE
Table 2 Orthogonal experimental data

4151 A HEWE B EKIEH C T D T REHy [k
Group A Glucose B Corn starch C Soybean meal D Yeast powder (x10" CFU/mL)
(%) (%) (%) (%)
1 1(1.0) 1(1.0) 1(1.0) 1(0.2) 1.68
2 1 2(1.2) 2 (2.0) 2(0.4) 3.06
3 1 3 (1.5) 3 (3.0) 3 (0.6) 2.71
4 2 (1.5) 1 2 3 2.66
5 2 2 3 1 2.06
6 2 3 1 2 2.29
7 3(2.0) 1 3 2 1.05
8 3 2 1 3 0.95
9 3 3 2 1 0.98
18 1 Average 1 248 180 164 157
18 2 Average 2 234 202 223 213
I 3 Average3 99 199 194 211
% % Range 149 23 59 56
WIBEE W T AZEPY 2 RKFPE L BRTORMSRE R A8 378 . 2,3- I 3%
SEVOBFGLGE R, Wbk BA-G XTRIRIOMEMA M. ASFRRILHME . XL | X2

RE N 5 Jin FPY L gk CERIR S
SPRAHLL, WPk BA-6 AT LAARMAE Ry oE— Atk
R, X RIBAIEFE TR ZEOK, Jish, s
I R R 2 A LI e, e, %E
R BA-6 25 MU IR R AL & 10 1) Kk A
RE A AT U N E S, BRI R R i
KW EAREZHGE, (B2 KRZHH HEER
FVE A A BRI 2= F S U0V o 1R 21
BRTRI J& (Rhodococcus sp. )RR FHZR & | 4 H IR
g . X EOR AN 2,5- G R M, ANRER ]
LR 2,4- HUEORE; Fujii S0URI0E5
ZBH , Acinetobacter sp. YAA BeF| F 78 g F12 HH
BETR M, ASBEA) P ) FFRE 28 e A 0o R LA 5
Fukumori %5125 Liang 5§ 3T F 5% e BH
Pseudomonas putida UCC22 5 Delftia tsuruhatensis
AD9 HBEF AR e | T B BEA JHe R R BE TR
ANBER FHAR B0 ke o SR M A ST IS ) 1 1k
FIH SR, Rk BA-6 35 A X4 58

A RBIARMe 6] PR R 2,4-  FREIRN
{EER G B, AHSGHIF ST IR SE 1 IX JLAP
J¥ig it VAT O SIC P G A [R] L 9 7S TR AR R 4 DT A
R ) IR A REA AN R RR B A 22 57, AT 5
BRI PR R A HA AR 2> T AL o ASBIESE
NI IER L BRIR AL TC R RN, FE T
A TR Y IR 3, 2 PT LA R R AT 5T
FREfR ALY, BORToE g A T T Bk R R
WEE A T

[RIE, AWFFEXT RN R BA-6 BRI
B IR LA TR BT, LASRAT B B0 R T K-
A SCHIRES HH A P A A X AR 22 A LB R AR
YR SR B R, SR ST
KU, EFEMRERET, R 2 WSO/
SRR, (ELAR TR 1K B — 7 ik I R AR R LA
PRI o A AR O A o R A A R 1
LSk SN TTPO N Z NE S S AR AT S N
PR, AR i KRS T SO R Y)
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Fefd R M s, PR R PR
I G T BOA R A RE TR, P AR R
AR, YRR . BB R e
W) 255 45 25 TR A A K Rk JEG W %) ok e 15 O i
o WRESEYIIE N, R YR R A
A FIFICYIRERRE, Y0 5% F 2R B A B it 1
BN . R, XERF RS, AR
HEMIREE R AN X R, ARE
—HOAN, A Y Rl A B —E = A BE
B 2 PERR PR R, ot 0 I AR A TR A
AKX 5 K AL BRA Tl % LA RE R . ARFSY
3 o0 B DR 3R R O A8 3t o a5 AR B Al A AT T A
b, A —Fh e Lk Welc G I ik 3
3.06x10" CFU/mL. BLAfbi &R 73 A4 5
RS R R A ZEE T JEal, ATy
LA, AR R FHER A T 5T At

5 TR, ARMFRTHEE K BA-6 IR
5 T OR B R PR PR UL L R A, ELAT S AU
KIEHIBE T, X 600 mg/L AUZE[E 24 h [EfRR A
98% A I, IR RA i R RV R 2 30-37 °C,
pH {EIE IR 6.5-7.5, BEMFIL 95%LL F. %
R B IR P B A e, AT R 2 R R e ik
G, F&E T ORREEEAR IR R . SR
Wk R SRS AR T ST R T, AE
— R TR A R A A TR Tl A N FH B E T
Kl
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