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A Bacterial Strain Identified as Bacillus licheniformis using

Vitek 2 Effectively Reduced NH; Emission from Swine Manure
Joung-Soo Lim, Deug-Woo Han, Sang-Ryong Lee, Ok-Hwa Hwang, Jung-Hoon Kwag,
Sung-Back Cho*

National Institute of Animal Science, R.D.A., Wanju-Gun 55365, Korea

ABSTRACT

An attempt to produce more pigs in limited spaces inevitably generalized concentrated feeding
operation (CFO). As concentrated pig production practice expanded, concerns on environmental
issues grow concurrently. Since odor is the concerned most among those, we attempted to develop
means to tackle odor emission from livestock operations. Previously, we excavated few micro-
organisms from pig manure and, one of them, Bacillus licheniformis was particularly useful to
handle odor problem. In this study, we conducted our investigation to further characterize Bacillus
licheniformis. Strain identification was conducted using Vitek 2 compact, and the optimal temperature
and pH conditions to growth B. licheniformis were searched for by analyzing turbidity on O.D 600 nm.

Results of this study can be summarized as these, (1)it was re-verified that the bacterial strain
that purified from pig manure was, in fact, Bacillus licheniformis, (2)the bacterial growth was
highest when the temperature was kept at 30°C, also (3) growth rate was dependent on media pH
as it was high at neutral (6, 7 and 8) but dropped when it was diverged from neutral (4, 5, 9 and
10), and (4)regarding ammonia removal efficiency, B. licheniformis recorded 64% effectiveness
after 48 h incubation and reached its highest (80%) at 72 h.

(Key words : Livestock, Manure, pH, Microorganism, Bacillus licheniformis)
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gow, EEgFe] #EHEAS S NA
(Nutrient Agar (NA, Difco Co.) ®j#]o] ==kgh
% 35T A incubatorol] A wljoF3}e] colonyE
Ealstglon], FAHH colony?] A3} RFE
sl WAES A slgid oAl A
HE FFF Tryptic soy broth (TSB, Difco
Co.) ¥lA]o] HE3te] 35C %2 AA= Shaking
incubator(VS-8480SR, Vision Scientific co., Itd)
Z o]83} 150 rpmeF 24 hr b wlek3}
o AP REAo Agsiglen, B
48 hr 7HAo 2 Aulek ste] 4TelA B
shaie.

2. 39 48 §4

(1) #F2 3% A

weFEal wiAlelA 27 12h7kAlE 3 hr
tAe 7 ZAsg o, 24~72hr E<F 4hr
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Spectrophotometer (Shimadzu, UV-2700, Japan)
< AH83}e] 0O.D. (Optical Density) 600 nme]|
A ¥ geg 24t
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(2) L& W3l 2 9
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3 pHe Wl WE 3P
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soy broth ®|A& Y3 A 8= Bacillus

licheniformis TF% 10% (viv)7} H =& HE

g F, pH 4~10042) & 4% = Ak}
St} ¥l x]1¢] pH+= 0.1 N-HCIZ} 0.1 N-NaOH
o] &3] A3} ).

i

@
I

=
43 38

s 27 | 7o EARESH A4S
A4 plateell Al ¥kt TS Macrogen
Inc. (Korea)®ll 2]Z|3}o] 16S tDNA sequencing
Wiel ejAste] FAs o]F 27144
& x%3}%] NCBI(The National Center for
Biotechnology Information, http://www.ncbi.nlm.
nih.gov/)o| 4] A|&3}= Advanced Blast search
(Altschul et al, 1997)% ©]|3} Genebank
(NCBI, Bethesda, MD, USA)2] 1714 <3} n)
wehsle,

HiE
[=h=

-
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of FHE AR 2A ¥
Vitek densichek (bioMérieux, Inc., France)Z ©|
£3lo] E% 2 McFarland2 @eslo] AL-g-3}
dch. A= FAL Vitek AE rackol] 14
3t & Bacillus licheniformis 5732 $3l BCL
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Table 1. List of the cards in Vitek 2 compact

AbA A Z A Es) 2] Al 21 35

_ Card _ Standard Analysis
Organism types Reaction turbidity TAXA
(MFC) (hr)
Gram-negative
(Fermenters & Non-Fermenters, GN 47 0.6 180 2~10
Escherichia coli O157)
Gram-positive GP 43 0.6 122 2~8
Yeast YST 47 2 53 18
Bacill
(B. anthmc(;s, 1;: cereus) BCL 46 2 47 14
Neisseria Haemophilus NH 30 3 26 6
Anaerobic bacteria
(Clostridium perfringens) ANC 36 3 63 6
Coryneform species
(Actinomyces, Corynebacterium, CBC 36 3 68 8
Lactobacillus)
7] $1ske] AA AAEE oF 112 LH: 16.1 0.6
cm, r: 4.7 cm) AEH HHE7] kel FEI] £ os L
o}

FH Fx s0ge FAS ¥ k&I
Zha AR SIHA717] $iske] 35T R A
A= Incubatoroll Al 3 hr FoF WA & 7}
2 AE" HZ (GV-1008, Gastec Corp, Japan)
¢} 7} A3 (Gastec detector tube No. 3M
and 3La for NH;, Gastec Corp, Japan)s A&
skl NH; 7k~ 528 2433t

o
23 9 2z

1. 2k

Bacillus licheniformis 055 <X W3}
w2 A wiFxeAs ARt d3
A ek 225 Al $3ke] Tryptic
soy broth ®lX]ell #& AE3}e] 25T, 30T
4 35Tl A 48 hr FoF wiksAA, &+ A%
= A (Fig. 1).

F5o] AAEAES 25T, 30T % 35T %
£ exxda 7 4ol 94 sk 8

0.D. (600 nm)

Time (hr)

Fig. 1. Effect of temperature on the growth
of Bacillus licheniformis.

(@: 25T ; 0: 30T ; ¥:357)
A9k 35T+ wleF & 6 hr 4 W 0D
o] M Ee AL HAT  gglom, 9 hr
°! o A%

el OD. gto] FH&skgle
vl & 1224 hr 7}A] O.D.7ko] £A3I] =
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71l A E}J% T Aok whEbA, 25
T, 30C ‘;-1 T 2xHoAx Ao
75 AuE, 30Tl wleFAZE 24 b w)

0.D.3t°] 7}7‘ == A FAFE R}

2. pH

Bacillus licheniformis 2] 2|2 w|F pH
£ x4}317] $138}e] pH buffer solutions ©|
43le] pH 4, 5,6, 7, 8, 9 ¥ 102F A|x3
Tryptic soy broth ®ljoF ®l|x]el #& HE3}e
72 hr 5+ vk kA 7 pH 271 wE
F A% 9 pH W5E 2Rk (Fig. 2)

oo AESA A3 23 pH 4, 5, 9 B
10914+ pH H37E A ehda dgre
oW, F ARE T A 2AEYc e,
pH 6, 7, 8¢lA= 6hr o]& pHI} A% =7}
s Aoz 2AE QT

3. & Medss 2ol #o =+=d
al =X
= O o

Fig. 32 Bacillus liceniformise &7]7] (Eclipse
TI-U, Nicon, Japan)= ©]&3}%] x1,000ul ol A]
#2Z3k Zlolo) FAlE Tryptic soy broth ]

Ao A 30Tl A 24 hr vjFdt 2 Do
dergh & WAy =3 229 # 54

3t Bacillus licheniformis®] %73 W NH;, A% & ¥}

O (6040 nim)

Dt} 5 12 18 24 30 36 42 4B 34 &0 &5 T: TR
Time (hr)
Fig. 2. Effect of pH on the growth of
Bacillus licheniformis.
(@:pH 4; O: pHS5; ¥: pH 6; A: pH
7; I pH 8; [J: pH 9; @: pH 10)

A= 1,525 bpE W Few, T4 4714
de] FAM AHAL NCBIA A3l
BLAST searchE ©]-8-8F 22} Bacillus licheniformis
ok 98%2] ¥ Fed= Btk
Bacillus licheniformis= &5 A AA 7
83k JE 3= AlFoeE, dF oF
oheFgt TR AHEAAAY FAEA
AABA = FH 5 F
A A|el, UF-= biogenic amines 3l
53 (Kim et al, 2001)3} se}o|= A EA
_
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Fig. 3. Cellular morphology of Bacillus licheniformis grown in NA plate culture at 30T

(x1,000).



SatA 87 s3] 2 Al21 W 3%

ot 4= A it} (Dischinger et al., 2009;
Jung et al., 2009; Konz et al., 1999; Yakimov
et al, 1995; 1993). I3
Bacillus licheniformis= 2AF9) T (Salmonella
typhi, Shigella sonnie, E.coli O-157, E. coli
HGU-3)E29 A4S dAIsk: a3s 7z

Zuber, et al.,

Ao}t (A, 2001). o) e}7+o] Bacillus licheniformis
= A4 2 AN E BT Aabdal
ol HE A4S JAEE 2dE A n
et dHA Gk o] Ao & AT
= Bacillus licheniformiss ©]83Fs] WA
292 =g

Table 2. Characteristics of biochemical utilization of the isolated Bacillus licheniformis strain

Biochemical Results Biochemical Results
1 | BXYL BETA-XYLOSIDASE + 31 |dMAN D-MANNITOL +
LysA L-Lysine-ARYLAMIDASE (+) |32 | dMNE D-MANNOSE +
4| AspA | L-Aspartate ARYLAMIDASE — 34| dMLZ D-MELEZITOSE +
5| LeuA | Leucine ARYLAMIDASE — |36| NAG N'ACETYL'EE}LUCOSAM —
7| PheA |Phenylalanine ARYLAMIDASE| + 37| PLE PALATINOSE +
8 | ProA L-Proline ARYLAMIDASE — 39 | IRHA L-RHAMNOSE +
9| BGAL BETA-GALACTOSIDASE (+) |41 |BGLU| BETA-GLUCOSIDASE +
10| PyrA [L-Pyrrolydonyl-ARYLAMIDASE, + |43 BMAN| BETA-MANNOSIDASE (—)
11| AGAL ALPH-GALACTOSIDASE + 44| PHC | PHOSPHPRYL CHOLINE +
12| AlaA Alanine ARYLAMIDASE — 45 |PVATE PYRUVATE +
13| TyrA Tyrosine ARYLAMIDASE — 46 | GALU | ALPHA-GLUCOSIDASE +
BETA-N-ACETYL-GLUCOSAM

14| BNAG INDASE (—) |47 |dTAG D-TAGATOSE
15| APPA | Ala-Phe-Pro ARYLAMIDASE 48 | dTRE D-TREHALOSE +
18| CDEX CYCLODEXTRINE 50| INU INULIN +
19| dGAL D-GALACTOSE — 53 | dGLU D-GLUCOSE +
21| GLYG GLYCOGENE (—) |54| dRIB D-GRIBOSE +
22| INO myo-INOSITOL (—) |56 |PSCNa|PUTRESCINE assimilation +
24| Mdg |METHYL-A-D-Glucopyranoside| - | go | NaCl | o i 6 S04 Nac +

acidification 6.5%

KANAMYCIN
+ —

25| ELLM ELLMAN 59 | KAN RESISTANCE

OLEANDOMYCIN

26| Mdx METHYL-D-XYLOSIDE 60| OLD RESISTANCE
27|AMAN ALPHA-MANNOSIDASE + 61| ESC ESCULIN hydrolyse +
29| MTE MALTOTRIOSE - 62| TTZ TETRAZOLIUM RED -

. POLYB PLOMIXIN B
+ +

30| GlyA Glycine ARYLAMIDASE 63 R RESISTANCE




A4 5 : Vitek 2 Compact System= ©]-83F Bacillus licheniformis®] £7 % NH; A7 &}

4. Vitek 2 compact system= O|Z2¢t
Bacillus licheniformisS| &7

24, 9% 5 7IE o
g FofellA wAE 4 2 FAA A
HlAEo] o]&5 1 9o (Kim et al, 2009;
Funke et al., 1998; Gavin et al, 2002), ®]-&
o BAA7E 52 w#3le] Vitek system]
H7h 9 w2 A7l B E v} (Thompson
et al, 1994; Wang et al, 2009; Yang and
Chang, 2007). webA, v]dE 54 A==l
Vitek 2 compacts |83} Bacillus licheniformis
F59 467bA AskEA wree zAekich
(Table 2).

5. NH; M&E=

V&% Bacillus licheniformis 55 7%
T3 F 72 hr T NH; 7k& A7sS 244
3t 7] NH; 5% 95 ppmv (0 hr) & o
Bacillus licheniformis o5 5mlE 53132
o, % 3h¥ A A oF 31.43% NH;
7t S E7F AASIGARL 24 e A F 5

— uCont

B. bchenifornis

NH3 concentration (ppms)

0 1 3 6 12 24 48

Time (hr)

Fig. 4. Effect of ammonia concentration on
Bacillus licheniformis.

A A3 NH; 7f2 3571 2718t} ol=
Kim 5 (2008)°] &% #+3 v]A=AA A
Sol digt dFAe A oF 19%2] NH; #A
237 depgttn skglen, 7 ShrFef

= ©o

A3} Bacillus licheniformis® 93 % 2w,
o] #F2 o AAZEHY HA Wik =4
& dolrsit). A¥AI 2% 30T, pH 6,
7, 8] 27NN o Aol 53 el
ot &3, NHy JtAvEE T T 2}
53% ol AzFsglom, 24hr AH F FE
7} k& Sbskelch shAlRE, R $ 290 (48
hr) 77k 3 <F 4286%7HA F7kskslow, 3
A (72 hr) A Foll= oF 50%7HA] AAEE
o] F7IEkLh ol 7] o viFd BE
Al 3 el A S A== 84 71AI”]l NH;

S <)
F o
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