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Abstract: Growth and de-emulsification efficiency of Bacillus subtilis under different carbon and nitrogen
sources were investigated. The fermentation conditions were also optimized with orthogonal tests. The re-
sults showed that medium containing glucose as sole carbon source and compound medium containing glu-
cose and liquid paraffin as carbon sources could enhance the fermentation production of the Bacillus subtilis.
Higher de-emulsification efficiency was obtain with medium utilized glucose as sole carbon source, com-
pound medium utilizes glucose and gasoline as carbon source as well as medium utilized ammonium nitrate
and yeast extract as nitrogen sources. The orthogonal tests showed that the incubation temperature was the
most influential factor for the fermentation production of the Bacillus subtilis. The optimal combination for
fementation was as follows: incubation temperature 25°C, shaker revolution 140 r/min, pH 7.0, inoculum
concentration 6 mL and incubation time 24 h. The most influential factor for the de-emulsification efficiency

of the fermentation products of the Bacillus subtilis’s fermentation products was the shaker revolution. The
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optimal combination for de-emulsification efficiency was as follows: incubation temperature 25°C, shaker

revolution 140 r/min, pH 7.0 and incubation time 24 h.

Keywords: Bacillus subtilis, Biological de-emulsifier, Fermentation conditions, De-emulsification activity

TE AT Tl AP o T R Jslh i 1) AL, H TR
TR N S P2 SR e o3 1 | I N W 2 1
HARR, PR BRI S R BT TS gL, A
Bt BUEY BRI B A R Y a0 AR B i
PR AR L A PSR AL, T F i A K
{0 S TRGER o W) 1 S I P VR R
FFALRLRE . R x — LR, A
FURIZT 30 ZAEMBFTE, ©H & meslsn i
M IFTRAN T AR S LR B A AL, AR B LR A
FACHE . FRRYE L AT IR T A A
W L) 0 e ST B AT AR i T e e TR AL 2
Al LR TE LU ALY o S RTWF 5 b e A W e L5 7
AR RO AR, A BT TR B TR
LT AED) BB ZEHAT B R AR LR A 1968
4 Arima S5 A B E AR A RIS MY, HCRY
GR A AL 2 2 R 2 B T4k, R B 2 MR
HUINRE, A B Y AR B T e 2 Wy Jo 3k T ik
T kel AR ok Jr, ek A oy e Fn A
W AR 5, LA T A W e KON 5 9 o
A

ARG B XA G 2F AT AR A R R IR
FREEI A K AL AREEAT TS, i IR A2
60 X0 A 2 AT TR 0 R AR R AT A, XA K
LRFLBEAT T 0 Hr o Al B 2 AT A O AR A EL
FRITE SR B A 7 L P Ao

1 MRS G %

1.1 ##

111 EFCRIRE: 000 % A $E L i — PRAL B 2R AT
W (Bacillus subtilis).
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I, REEREFRIE: NH,NO; 4.0 g, K,HPO, 4.0 g,
KH,PO,4 6.0 g, MgSO,-7H,0 0.2 g, & ICEHEW
1 mL, BEEEE 1.0 g, ®ZHE 10.0 g, WAKA LS
4%, B F/K 1000 mL, 1 x 10° Pa K& 20 min,
1.2 REAHE

1.2.1  O/W B ARG & (1) JHAH: 0.028% (V/V)
Span 60~ J5L 3 (1000 mL); (2) 7KAH: 0.072% (V/V)

Tween 60-7KJE 7 (1000 mL), FIFIEK LA 6.5:3.5 (V/V)
RA, A% 5000 r/min FLALTTUIHLBEFE 3 min,
A I R I 1) ZE 200 h LA F AR TR R MR
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Fig. 2 Effect of different nitrogen sources for the demulsi-
fication rate and the growth result of Bacillus subtilis
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Effect of different carbon sources for the demulsification rate and the growth result of Bacillus subtilis

2.3 ZEFBRAREDBIMIEE

H it WFLIE Y, X BRI R
W PR e BT R 5 W
IVEB LIS, 25 3, St BRI IA A
SRR FLARE, e B B 2 ST T AR 20 M X LR
TR FLROCR B WA AR, 4 TR AR 200 B A A )
A A WEFLRE ST, Tk AR 5 2F AT T 19 Pl
AR B AR SC BT AU A G L . PR
A E R R AU T 2R, LA AL
B TN ATTE v, b R RIRY B 2 A T
AR L o

© PEMERMEMFRTEATIBRSHEER http://journals. im. ac. cn



(AN AR S R O = 3§ R W SR e g 583

0 ¢ B24h §48h ©52h £1 HEFOAEABEHEZRTSKER
60 | §: Table 1 The orthogonal factors and levels of Bacillus
§ Efg subtilis fermentation conditions
= 50 N
<X g5 RS KF1 AF2 KFE3 KF4
J;; 5 40 r Egi Factors Level 1 Level2 Level3 Level4
ol %%
=2 30 - % A: BEFRIRE(°C)
EE NS o8 15 25 35 45
= E 20 | §§§ Egi A: Temperature (°C)
I NKKS 0% - .
2 N N B: 4 HR £ (e/min)
&l T\ B: Revolution of cradle 80 120 140 160
LYK NN NN, .
0 (r/min)
1 2 3 . 5 C: Hi% pH fii
— ’ 6 6.5 7 7.5
NG C: pH
Different components D: HERE#(mL)
3 AEFBRESBAWLRRERLEE D: noculated-pathogen 2 4 6 8
Fig. 3 The results of de-emulsifying test of each part of the quar:hl 15 (‘m )
culture compare chart E: SR 1) (h) 20 22 24 26

E: Culture time (h)
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Table 2 Orthogonal test intuitive analysis chart of Bacillus subtilis fermentation conditions (1)

RV A=

— A B © D E ODg3
1 1 1 1 1 1 1.078
2 1 2 2 2 2 0.069
3 1 3 3 3 3 2.178
4 1 4 4 4 4 0.160
5 2 1 2 3 4 2.051
6 2 2 1 4 3 2.107
7 2 3 4 1 2 2.313
8 2 4 3 2 1 2.246
9 3 1 3 4 2 2.043
10 3 2 4 3 1 2.250
11 3 3 1 2 4 1.411
12 3 4 2 1 3 1.853
13 4 1 4 2 3 1.696
14 4 2 3 1 4 1.535
15 4 3 2 4 1 2.154
16 4 4 1 3 2 1.675
T\ 0.871 1.717 1.568 1.695 1.932
T 2.179 1.490 1.532 1.355 1.525
Ts 1.889 2.014 2.000 2.038 1.958
T4 1.765 1.484 1.605 1.616 1.289
X1 0.109 0.215 0.196 0.212 0.242
X2 0.272 0.186 0.192 0.169 0.191
X3 0.236 0.251 0.250 0.255 0.245
X4 0.221 0.186 0.201 0.202 0.161
R| 1.308 0.530 0.468 0.683 0.669
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Rl 45 3 K-V i, C R i 4% 3 /K- e dl, D
T $E 3 K i, E Rk $ 1 A k.
Fir AR B R LA G )2 AB3C3DsE,, WU # 2 AT 1
F1R) 25 T 7 ) 1 7L 28 o v 1 R T 2R AR AR AR 285 2R
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Table 3 Orthogonal test intuitive analysis chart of Bacillus subtilis fermentation conditions (2)

St B . 5 . ) \ 24hﬁl€%ﬂa$ . 48hﬁl€%ﬂa$ _
Test No. 24 h De-§mu1s1fy1ng 48 h De-§mu151fy1ng
ratio (%) ratio (%)
1 1 1 1 1 1 21.5 65.5
2 1 2 2 2 2 10.0 10.0
3 1 3 3 3 3 62.0 100.0
4 1 4 4 4 4 6.2 15.0
5 2 1 2 3 4 17.3 62.5
6 2 2 1 4 3 55.0 100.0
7 2 3 4 1 2 70.5 100.0
8 2 4 3 2 1 51.8 64.8
9 3 1 3 4 2 23.0 33.8
10 3 2 4 3 1 56.8 100.0
11 3 3 1 2 4 21.5 100.0
12 3 4 2 1 3 37.5 100.0
13 4 1 4 2 3 18.0 413
14 4 2 3 1 4 13.5 23.0
15 4 3 2 4 1 58.3 100.0
16 4 4 1 3 2 9.5 16.3
T, 24.925 19.950 26.875 35.750 47.100
T, 48.650 33.825 30.775 25.325 28.250
T3 34.700 53.075 37.575 36.400 43.125
T4 24.825 26.250 37.875 35.625 14.625
X 3.115 2.494 3.359 4.469 5.888
X2 6.081 4.228 3.847 3.166 3.531
X3 3.448 6.634 4.697 4.550 5.391
X4 3.103 3.281 4.734 4.534 1.828
[R] 23.625 33.125 11.000 11.075 32.475
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SRR IR, N A B2 A TR A I 7 S e /N Y
SRR IREL RO pH . SRS Ry HEFRIRE 25°C,
PEIREEHL 140 r/min, 5537 pH {H 7.0, HER & 6 mL,
Ki SR A] 24 h

(4) 15 B RE PR 5% B0 A L 28 ST TR 1 A I 7 )
(RN LA RE S Wi Fe K, FLUROR R SR ], PR 1%
FRMREE, XoF A B ZF AT TR A I ) ) 1 L A RE 5 i 4
NIRRT PR AR pH B, KBS LS,
Sl BEFRIRE 25°C, BEIKRFEL 140 r/min, pH {H
7.0, JEFEEEE] 20 h,
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