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Ammonia gas is one of the major pollutants which cause environmental pollution and damage to the human and the
livestock. The objective of this study was to investigate the important parameters for the development of efficient removal of
ammonia gas by Bacillius subtilis 1B101 and to optimize the medium composition for the mass production of B. subtilis
IB101. The ammonia gas removal efficiency was evaluated at different growth phases and by changing culture conditions
(temperature, pH). The effect of (NH4)>SOs concentration in preculture medium was examined. Medium optimization for the
mass production of B. subtilis IB101 was performed by using Plackett-Burman design and one factor at a time method. The
removal of ammonia gas was more efficient at exponential phase by 20% than at stationary phase. The ammonia gas
removal was the highest at pH 4 and 30 °C. There was not any significant influence of concentration of (NH4)>SO4 on the
removal of ammonia gas. The components of optimized medium for the production of viable Bacillus subtilis 1B101 was
yeast extract 10 g/l, soluble starch 2.5 g/l, MgSQ4 6 g/l, CaCl> 1.55 g/l, (NH4)2SO4 5 g/l, KH2PO4 0.75 g/, soy bean meal 8

gfl.

Key Words : Ammonia gas, Bacillius subtilis 18101

N E AFrUolE AFAAE ¥ wte, 5F7 44, T
2%, A% 3 g 0 FA%7te s

FE7tM Y 7MY Bhe EYLY, £490%9 1 ) H 43 9Fs vAH 4R
I g71ES Rt 538 AHEAE HEH 4G Yok JhEo AEHOR =goRM ARd, A5k X
dB29e shto stm  SAAE, 28 AHEY dsd AE FLs ATQ).

ATHL). 2 F 71 F3rE & Aol YrYo} sixolt) 20054 2¢ 1094 B EAFoZ AyF Qe o3

ojH T FEUol= 7t A

HAES B <] S e gERYol, MEHe, Fsied T 227}
3 dasdEo]l MY AogA 23t BEFESA o A 4L AALHEAR Az o T gRyole) 3}
2017 AR 2 AU Ba AAE, QFoz wj¥d A2 F29 HBNESFEE 94T MEd8E HHE 4
o]l 2 74 EdoItH). 7} 1~2 ppm, 0.02~0.06 ppmOo.& A|A|3lz it} wjE&HE

Agol 234G A GANEAAY AP EE AR A}

, , £5A AES o HH YA ol F Yok EF S
T Corresponding Author : Department of Biological Engineering, Aukel o]kl WA Tol Hipm 2= uk3). ol FA

Inha University, Incheon 402-751, Korea 22027l & Boio] o ZuHbe] glon, kI of3E

Tel & Fax : +82-32-860-7517 AAAE "&Holn 283 EA7 Ft. A% 7} o)A
E-mail : hyunshik @inha.ac.kr

162



Kim, S. Y., Ammonia Gas Removal by Bacillus subtilis IB101 and Optimization of Culture Media 163

E4A A
A7) Al Fst.

ROWAM ABEG FHEZAAAA o3

ARG AAHE fuse FEYLE IRy AT o
T7F OstA ASEH ok G4 A E UHes 3
718 B3 "Wo] 9oy oniols iR 249 3

V& AAE SA -rH 100 m oo 7jejgtol EFS @
A7 AZHd = $7)ge] "oz e
ol Fol BWTH2). Biofilterg ©] &3t 9%424347 =2 oY
FA QHE SA AAT F o Lol FHA
2893 FABY} fAGAD FAAY ALDI} 2
7kol7) W&o A go] "o Th@d). JE’JW BRIl &
T AAge S5 A ALY T 2HBH| A
et A-E3 % R F3 biofiltery o] 48 E o4,
5. AR BNA FEo) we A% WaEe ghEuol
b Aol FE HRo) e GAokH A, Bacillus
subtilis, Lactobacillus, Saccharomyces cerevisiae &S %7}t
o 2x FAAME FEYol Fp2RA nXE G o
3 ATHAemE oA 1% A4Re APE ASED
Aok e} AHEe ReAe SHAAdE B} sle
U Exd #EF 4olA HEA I f3e "olxa 9
.

agt e 52AE ol &8 dRYol AA & 54,
terpene 0. & R Yo} ThA9) RI(7), BFAAAMAE, 714
2 #8714 59 BENAE 29T SAAS 08T =
w9 @74 B Yol A9 ohAZaEAE), 304
&%l Vibrio alginolyticusE ©}-&3F 2t 1o} 712 A A9}
A2 EFRYL AT Hrtstd =% Fulg 34 S
dru o}, FA3IFME T DAAZEAIF10) I A7)
9990, 28y 23 AUngez Qd wFA4,
ALEE A EA ] 93 2310 So8 FA8HT YA
23 Aol

AR o] HZAHZFE 93 " o= Plackett-Burman
design?} one factor at a time}H-& |83} th Plackett-
Burman design fractional factorial design W = 3h=E
2L factor7} £ w] AL 3o AT FQ factor
E AEE 4 9oy Fo JEL Fiddd 5 9= vho)
T}(11, 12). One factor at a time HWH& T2 njz] ARS
2RAAT B A A ART Ge FEa Artehe
o th(12, 13).

2 d7dAe Mol 7tdst BA|Holn il
L A g rAEAE A% APAdTE FHu|, =
AL, BRoA AWt 185 dEYol A AFFQ Bacillus
subtilis IB101&- ¢]83td £& dRUo} 7}lA AA &aFHE
Hole #7474 2A% U@ WIE 4 e AR
#H23lo]| f3) &3}

M

IHE Ol die
i Lo = |

o U H A
2 HAYM AL dFe HE], EAL Endia 2
S} Bacillus subtilis 1B101 (MG Intobio Co., Korea)o|®] 7]E&

B K] ¢] FAJ-& yeast extract (Becton Dickinson, USA) 20 g/l,

T8 (Seorim Foods Co., Korea) 8 g/l, com starch
(Samchun Chemical Co., Korea) 5 g/l, MgSO4 (Duksan
Chemical Co., Korea) 6 g/l, CaCl. (Kanto Chemical Co.,
Japan) 1.55 g/l, (NH4):SOs (Samchun Chemical Co., Korea)
10 g/l, KH,PO, (Junsei Chemical Co., Japan) 3 gflo|H, o]
Bl A& o83t 30°C, 250 rpmellA viFstTh v A9
H45 APo|AE DG AL LBAAE o] ahe] 30
°C, 250 rpm<] shaking incubator (Vision Scientific Co.,
Korea)o| A v} &F&} At

HLE 7]
AAS SR GEUYoL k29 AAE FAHE7]
&) lab scaleZ ZA} U] 37L& simulation® 4 ¢+ 500 ml

HHE-71E AR R tHFig. 1), g7 W wiA= 20 mlZ
71 FAL yeast extract 5 g/l, tHFE 8 g/l, soluble starch
10 gl, MgSO: 1.5 g/l, CaCly; 1.55 g, (NH):SO; 2.5 g/l,
KH;PO, 3 g/lojt}. SAe] EUYol F& 200 ppm(14)2]
2748 227 98 3% ¢wyols (Samchun chemical
Co., Korea) 0.5 mlo] A7}t 1, H7FE d2v]old=7} uf
Ao AR "= AL " sl7] 93] glass bead (5 mm,
Galstechnoque, Germany) 200 g-& ¥t} CellE 1% 5t
2 2AT Be F gEU} AT AR RS &

kA

e FE 24 A5
7] (Gastec Co Ltd, Japan)E ©]-8-3}
porto] 71%- & 100 ml & AFH st &
aagen GEel ek A58

He 2.5~200 ppm, 10~1,000 ppm&] 3 La, 3
(Gastec Co., Japan)S ©|-8-8lFH T}

0% HI
e
M

£ o
= [IF

Jh«

&3 24| A5H AA

¢

£
oY,

N
-

A #-S sampling
oF 7

".
9;1’1:“

T =
&) =

A

LI

=

aks)
2 off F
R

Figure 1. Diagram of the laboratory-scale reactor ((1) Sampling port;
@ Clamp; 3 500 ml volume reactor; 4) 5 mm glass beads).
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Figure 2. Removal of ammonia by inoculation time of B. subtilis
IB101 and cell numbers (wem : Ammonia gas concentration, @ : Cell
numbers).
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Figure 3. Removal of ammonia gas by pH and temperature ((a) 207,
(b) 25C; (c) 30C ( mmmm ; Control, @A ; B. subtilis IB101)
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Table 1. Cell numbers by pH at 30C (CFU/ml)

pH 2 pH 4 pH 6 pH 7 pH8 | pH S | pH 10
307 |2.76x10°| 2.36x10"] 8.7x10° | 3.16x10% | 7.6x107 | 1.3x10°| 1x10°

Table 2. Cell numbers by temperature at pH 4 (CFU/ml)
20°C 25T 30°C
pH 4 1.4x10° 2.73x10° 2.36x10"
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Figure 4. Effect of (NH4);SO4 on ammonia gas removal.
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Table 3. Plackett-Burman design

Cl;{rltlirelr ezfr?ctt Ss(z:::}lle MgS0, | CaCl; |(NH4),S04 KH:PO,|  OD
1 al ! -1 1 1 1| 0032
2 ! | -1 1 1 1 ] 0355
) - 1 1 1 I I ] 0126
4 1 ! :! ! 1 1| 0284
> L I -1 1 I 1| 0204
6 1 1 N 1 1 1| 0108
/ 1 -1 ! 1 1 1| 0348
8 1 1 o 1 I | 0030
) | 1 1| - I 110197
0 | -1 1 RS 1 1 | 01s8
3 1 1 1 1 1 I | 0.640
12 L ! 1 -1 1 1| -0016
13 1 1 1 1 1 1| 0037
14 0 0 0 0 0 0 | 0078
5 i q 1 1 1 1| 0240
16 1 1 1 I ] 1| 0010
17 1 1 R 1 1 | 0531
18 1 1 1 1 1 I | 0349
19 1 1 1 1 ] 1| 0155
20 | -1 1 -1 i 1 0.099
21 1 I 1 1 1 1| 0662
22 1 -1 1| -l 1 1| 022
23 L L 1 I I 1 0110
24 1 1 1 1 1 I | 0081
2 1 1 1] - 1 1004
7|2 R 9] ZA O 2 Plackett-Burman designg ©]-8-3}¢]

ODo] «938kS vX+ F8 factorE AHHUC Yeast
extract, soluble starch, MgSO,s, CaCl,, (NH4)>S0s, KH,PO4 &
2+ SR (e -50%, (H)ole +50%8 W3A) 7|3 ODE
ZA 39 tHTable 3). 7= Z3} yeast extract, soluble starch,
(NH,);SO,7} OD9] v]x+ FL8 factordd & & F AR
o] 37}A] AR-L () effect= A& 1o wgl ODgZLol
Z74ste AL HYT () effect AE<Q] yeast extract,
soluble starch, (NH),80:8] ZAL 71EZAA -50%=
8la] yeast extract 10 gfl, soluble starch 2.5 g/l, MgSO, 6
g/l, CaCl, 1.55 g/l, (NH:):SO4 5 gfl, KH:PO, 3 glle] 240
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22 (), O HAA ODE FAH3YY. 1 A3} KHPO,
7} OD9] J&F& "R F8 factorROw o] JEL (o)
effect® 2H8-31H 0. KHPO2l ZEAE -50%E 3l yeast
extract 10 g/l, soluble starch 2.5 gfl, MgSO, 6 g/, CaCl,
155 g/l, (NHy,SO: 5 g/, KH,PO, 1.5 g/le) ZA 02, TIA
(), OE WHIAA ODE SAsAY. 1 A A3
KH,PO,9] A E-o] F8 factor2 (-) effect2 &3S & &
AR TA] KH PO ZAS -50%3}] yeast extract 10
g/l, soluble starch 2.5 g/l, MgSOs 6 g/l, CaCl, 1.55 g/,
(NH.),S0: 5 g/l, KH,PO, 075 gl¢] Aoz Agatdch
2 A3 (NHg:S8049] AEo] ODo) FEFE v F8
factorZ2 (-) effect2 ZHE3tG oL} () effect2 288 uff o
OD gt S7HE HolA Uy () effectz  A-§-3t
(NH4).S0,8] ZAE -50%% 3} yeast extract 10 g,
soluble starch 2.5 g/l, MgSOs 6 g/, CaCl;, 155 g,
(NH4)2S04 2.5 gfl, KH,PO4 0.75 g/l.cﬂ ZFAo 7 A3 4
3} soluble starch®} KH,PO,7} (-) effect®, MgSO,7} (+)
effect2 ODo|| WA= FFo] M3ttt wepr ODgLol
(-) effect == (+) effecte w2} 718l A= A
H X yeast extract 10 g/l, soluble starch 2.5 g/l, MgSO;
6 g/l, CaCl, 1.55 g/l, (NH4)S0s 5 g/l, KH,PO, 0.75 g/1¢]
Z4o] HA AP E AztyolY. 7|EnA Y 245}
Plackett-Burman designS- ©|-£3l] Ao FA o7 250 ml
flask 2 30°C, 250 rpmoll A 24A7 WO} % B subrilis
B1012] Hg4E SAFH(Table 4). 7)1 Eujz]e] =448
T} Plackett-Burman designg ©]-83l dojz ZAd A ¢
T2 AdF7l 24U} Plackett-Burman designS %8}
of AojZ XA o] B subtilis IB101e] A5 27} =&
FHE B Aol E 4 Qo

Table 4. Cell numbers by medium composition

Components Cell numbers
(CFU/ml)
Sample 1 Basal medium 2.4 x 10"
Sample 2 P 3.4 x 10"
Sample 3 | P + soy bean meal 2 g/l 3.9 x 10"
Sample 4 | P + soy bean meal 4 g/l 43 x 10"
Sample 5 | P + soy bean meal 6 g/l 4.63 x 10"
Sample 6 | P + soy bean meal 8 g/l 6.5 x 10"
Sample 7 | P + soy bean meal 12 g/l 4.63 x 10"
Sample 8 { P + soy bean meal 18 g/l 2.6 x 10"

P . Components of medium by Plackett-Burman design

o &ol Bioscreen CZ ©]-83}
'IH o] one factor at a time 4}t
Hog ffFfe] Adgd vAe g AHRJ.
Plackett-Burman designS 535ld HZA el Ao 8 WHZH =
wjRle] =43 3, dFEY %S GolEr] A3 250
ml flasko] TjS3He) 2, 4, 6, 8, 12, 18 gl 72 HA7}ste
30°C, 250 pmel A 24417 MF F AF4E 2T
Table 4). 74 TDE 359 PFRe Ate 2%
Plackett-Burman designs- E3td Lol XA (Sample 2)R
o ¢ B2 Ausrt SAHE Ao Hol gFEe] FH
7}l Zo| B. subtilis IB1018] thgA o] ] 333U &
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T 9tk 281 TR k8 g/ldA e w29 o
%‘:-% kgt A vs] o g2 A SEEHUY-
WA o2 B subtilis IB1012] t] LS g HFH Y ]
A ZA-& yeast extract 10 g/l, soluble starch 2.5 gfl, MgSO,
6 g/l, CaCl, 1.55 g/l, (NH4).SO; 5 g/l, KH,PO4 0.75 gfl, ©j

=82 8 gflojddh.
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A &g&o] of 20% AT +3AT 30°C, pH 49 ¥ d=
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hes AA Bt Aol GATh AASH WA 74
A B2 yeast extract 10 gfl, soluble starch 2.5 g/l, MgSO, 6
g/l, CaCl, 1.55 g/l, (NH:),SOs 5 g/l, KH,PO, 0.75 g/l, T =
£ 8 glojAutt.
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