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Sulfur-oxidizing, ammonium-oxidizing, and nitrogen-oxidizing media were used to isolate bacteria
to degrade malodor gas effectively in piggery manure or soil. Twelve different strains were isolated:
Paenibacillus amylolyticus, Rhodococcus jostii, Rhodococcus qingshengii, Rhodococcus opacus,
Alcaligenes faecalis, Alcaligenes faecalis, Kastia adipate, Kastia adipata, Microbacterium oxydans,
Halomonas campisalis, Acinetobacter oleivorans, and Micrococcus luteus. By inoculating each strain
in the piggery liquid manure by 1%, the pH in most strain treatments was maintained at 8.0. Total
bacterial counts were maintained at 7.3~7.9 log CFU/ml until 15 days, and then they dropped dramati-
cally down to 5.1~5.5 log CFU/ml. On the 30th day, the treatment group inoculated with Rhodococcus
opacus SK2659 showed a relatively high level of ammonium nitrogen removal, which was 39% of
that of the control group. When Rhodococcus opacus SK2659 was inoculated, H>S concentration after
100 days was 3.23% compared with the control (no inoculation), suggesting that Rhodococcus opacus
SK2659 is an excellent strain for removing malodor gas. The gas production of the treatments was
lower than that of the control. The total accumulated amount of gas production in most strain treatments
was a quarter of the gas production compared to the control throughout the experimental periods.
Acinetobacter oleivorans SK2675 showed the lowest level at 12.39% compared to the control in gas
production. In conclusion, the use of mixture strains, such as Rhodococcus opacus SK2659 and
Acinetobacter oleivorans SK2675 isolated in this study could increase the efficacy of malodor gas
reduction in the biological treatment of piggery manure.
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A-=o] ¥ 31[29], 5,000 ppm ©1/49] FEANAE TFo] W
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AHAA L HFE ‘:‘ﬂ%} | $18te] b9 3F<] Al
o2 & o] &3tATH3]. st EEE wiA] 2HL
KH,PO, 2.0 g/l, K;HPO, 2.0 g/l NH.,CI 0.4 g/l, MgCl, 0.2
g/l, FeSO4 0.01 g/l, Na,SO; 8.0 g/l, Agar 15.0 g/l; FEF4F
3l 288 A =4S Na,HPO, 13.5 g/l, KH,PO, 0.7
g/, MgS0; 0.5 g/l, FeCl, 0.014 g/l, CaCl, 0.18 /I, (NH,),SO4
0.5 g/l, Agar 15.0 g/l; Aa2ksld 28 WX 242
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150 g2, 121 Coll A 2087 H & 27k HIhjA &
ARS8 AT

=2t EZUM Mol 22| ¥ S3

ER59 EYS 47 1 g8 FH5 0.85% NaCl &40
2 #4393, 9% FHHOR 1x10°~1x107 F X
dlget= AES 100 nl 2 FHshe] HAufA o] =2atqd
o} 30CellA] 24~36 A2 vl & ol gt FEN Y] colony®l
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e 38 755 FA57] sk 16S IDNA 34}
A dS #4359 th(SolGent, Korea). PrimerZ 27F (5-AGA
GTT TGA TCC TGG CTC AG-3)¢} 1492R (5'- GGT TAC
CTT GTT ACG ACT T-3)2 AR&3}] ABI PRISM 3730XL
DNA analyzer® 413} %t Homology -2 NCBI¢
BLASTE ©] &3t G333t
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Indophenol H[8]o & EEENE 2+ AZMNERZ FHF

Y4122 7](5415 D, EPPENDORF Co., Germany)Z “-2
ol A1 10,000 tpm, 3 min Y42 T F5Hof| phenol color
reagent$} alkali-hypochlorite RF-8-2-& Z7}8lod A2 0 A
208-7F HH-S-A171 & 96 well plate] welld A1Z 200 ul &
D31, Micro plate reader (Synergy2, biotech Co., USA)Z
3RHE A3 £XE blank 422 BAZ H-S F 3}k

otehel F4ol A5l A,

NH4-N AE = 0D
= ——————xStandard &
(mg/100 m)) _ Standard 0D rndard '8
=iEs a9 Jtx A FE S5 st 2
gyl Aztd 7 23] FY(Jensen, USA)ZE TAY
=722 TR §EFAE 0|85 =AY

= =

o} #3854 7k £4-2 ODSA-PI Sensor Gas Chromato-
graph (FIS Inc. Japan)Z ¢t 714 AZ 0.1 ml& FH 371
0.9 m¥} Egtste] A3

otF M7 DIME #F9 A32d Y 3
2 AFNAME %%}hsa} EYS 2eldoz sko it
sl Aasbslt, %Eﬁﬁi}& AR o) 4 Aete 2
ZEUE 747 B3 3, LB HAu A oA Aol A 244
Zro| & At FEYES E}/\l AEaH T Bl A
SK2654, SK2656, SK2657, SK2665, SK2672, SK2673, SK
2675 9! SK2676 5 8709 w2} Eol A= SK2658, SK
2659, SK26608}F SK2662 5 4705 E3tsle] & 12709 o
TES FR3A °)F %“Ji}ﬁ e ul =) o] A SK2654,
SK2656, SK2657, SK2658, SK2659, SK2660, SK2662, H 4
2bshat A A] ol A SK2665, %*E‘fr*@}# 2]l A o
A} SK2672, SK2673, SK2675, SK2676< sk, ol &
TFEol disle] 168 rDNA FZ Aol o gt ?371/‘1%33%
E1 Gene bankol| Al 354 S #2413} th(Table 1). SK2654
5 Paenibacillus amylobyticusS} 99% 3538 YEH
0113} Paenibacillus amylolyticus' = Z%3 TE&7 oA <
F AEolv FAFA2] #H<oll A PVA (Polyvinyl alcohol)
ete ZAoE BaEATH4, 10]. SK26567 SK2659

g
& s
w5+ 272t Rhodococcus jostii®t Rhodococcus opacus <}



Table 1. Strains isolated in this study
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Strain Media isolated Source isolated  Identified by 16S rDNA Covg;l;y %) i(li\gr?txi;;m?’;l) reR;; li[;se
SK2654 Sulfur oxidizing Piggery manure Paenibacillus amylolyticus 100 99 [3, 10]
SK2656 Sulfur oxidizing Piggery manure Rhodococcus jostii 99 99 [40]
SK2657 Sulfur oxidizing Piggery manure Alcaligenes faecalis 100 99 [31]
SK2658 Sulfur oxidizing Soil Rhodococcus qingshengii 100 99 [13, 27]
SK2659 Sulfur oxidizing Soil Rhodococcus opacus 99 99 [20]
SK2660 Sulfur oxidizing Soil Kaistia adipata 98 99 [2, 14]
SK2662 Sulfur oxidizing Soil Kaistia adipata 99 99 [2, 14]
SK2665 Nitrogen oxidizing Piggery manure Microbacterium oxydans 100 99 [37, 38]
SK2672 Ammonium oxidizing Piggery manure Alcaligenes faecalis 99 100 [26]
SK2673 Ammonium oxidizing Piggery manure Halomonas campisalis 100 99 [12, 25]
SK2675 Ammonium oxidizing Piggery manure Acinetobacter oleivorans 100 99 [24]
SK2676 ~Ammonium oxidizing Piggery manure Micrococcus luteus 100 99 [6]

99% “E48& Bom 2427t phenol E3 o B A & 50

%L(Biodesulﬁlrlzatlon)oﬂ sle] B EATH20, 40]. SK

26573 SK2672 7= F3rAaE AATD T Ue HO=E asl

4R Alcaligenes faecalzsg} Z¥2} 99%, 100% “3578<S Y

ERJ ATH26, 31]. SK2658 #F= A ESA 233448 7}

A3 )= Rhodococcus qingshengii®F 99%[13, 27], SK2660 Z 8ot

I SK2662 T phenol A& 7HAHA AHAA Y ES

o 2RY B9 Kastia adipata®} 99%] FAE S BA

tH2, 14]. SK2665 #F= Y% ALY o 2 B3lFAE sy

o)l &3l= HFFolal EEA HAEH Microbacterium oxy—

dans9t 99% ‘3573 eI ATH37, 38]. SK2673 &+ 70 . . . ‘

dryole}l A AATFOE EE IR Halomonas campa— 0 10 20 30

Time (day)

niensisF 99% 4544 S R ATH12, 25]. SK2675
223} M2 Acinetobacter oleivorans2t 99% -rr/\}/‘é% ‘/]-
EFI R 3[24], SK2676 ¥ FE Yo} 4kStAF Micro-
coccus luteus2F 99%2] A3 S YERY A THE).

Bourque 5710l &3t Y= me H RS Bl A
TN A Acinetobacter calcoaceticus T+ phenol®} VFA
(Volatile fatty acid)E, Alcaligenes faecalis T+ p-cresol
3} VFAE, Corynebacterium glutamicum3} Micrococcus sp.
+ phenol, p-cresol?} acetic acid®} propionic acidE =3l Al

718 W9 &7 olgka kAT

ERuo) A B AEES %2 AT
el A ¥°l Aol wel pHO| WEE Z43hrh A
W F pH 78004 Azkste] 80744 Asd o BE
i%EHLOﬂH 2 WS Eo] A YehsdthFig 1). 1 % 39
A ZAolN MAES HEHA e TETONA 830
A5s ATl O 8002 HEEE AL Sl
Aoz AEe HED RN MnA e pH

£ YERN S Kang 51819 79l 23t =R =R

Fig. 1. Change of pH in piggery liquid manure.

HE 8404 B&S AXHA 7.67HA] A5 AeES
Eoit‘r Szanto 5[39]2] ATl olstd En] X g A

A ERef pHiz 830 % WolA = A9} 852 3
°W— Aol A= ol & AY AFEn pHYF =
2 =2 Holt}h g 2] §U)4 e 5 Yelo g 9lF)
el 2 R A i i s [ B AR S R O i R R e P
F7} kA stE A ERERF N pHYL T4 ZH A
AP gE Rux JTH15].

i o dle

=Rl E7 W

ER =l SK2654, SK2656, SK2657, SK2658, SK2659,
SK2660, SK2662, SK2665, SK2672, SK2673, SK267 &
SK2676 & 12758 HFT A2 7o} & HFA &
< EHZFLOH 10141 0, 1, 3,7, 15, 21 2 3093} &9t T
TE AEEIE $tete] W34S Fig 20] WERRL
ot A& 7Y 27FA] Rhodococcus jostii SK2656 dF5 F
T AIETE AYT ZE AT E2TollA 73~
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Fig. 2. Cell growth in piggery liquid manure.
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ammonia gas accumulation.
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