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Table 1. Identification and production of enzymes by the isolated
microorganisms

Strains® Enzyme produced by isolated strains® Strain identi-
Amylase Protease Cellulase Lipase fication®
| + + 4 n COWﬂt?bfl;t;‘rium
varibilis
2 - - - -
3 - - - -
4 - - - +
5 - - - -
6 + + + + Bacillus spp.
7 + 4 + - Pseua'fomonas
spinosa
9 - - - -
10 * + + + Bacillus spp.
11 - _ — +
12 - - - +
13 + + + + Acetobac.ter
calcoaceticus
14 + _ _ _
15 - _ _
16 - - +
17 + + + 4 Athrob.act.e.r
cumminsii
18 - - — -
19 + + _ +
20 - + - _
21 - - + -
1-1 - - + +
1-3 - - _ 4
1-4 - + + +

“The numbers indicate the strains isolated from the livestock manure.
*Strains producing all the four enzymes were identified and character-
ized.

“+ and — indicate the production and nonproduction of enzyme, respec-
tively.
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223 679 #5529 amylase B4 (Fig. 2), cellulase 73
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Fig. 1. Time course of growth of the isolated bacteria A) and the
representative pattern of cellulase activities associated with the growth
of cells (B). Cells were grown at 37°C in a nutrient broth (pH 7.0).
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Fig. 3. Effect of pH (A) and temperature (B) on the cellulase activities.

Enzyme activities were measured at 37°
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Fig. 2. Effect of pH (A) and temperature (B) on the amylase activities.

pH and at for the effect of temperature on the enzyme activity,

reactions were performed at pH 7.0.

To determine the effect of pH on the enzyme activities, reactions were

performed at 37°C with various pH, and the effect of temperatures

were determined at pH 6.0.
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Enzyme activities were measured at 37°C to determine the effect of
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Fig. 5. Effect of pH (A) and temperature (B) on the lipase activity.
Enzyme activities were determined at 37°C for the effect of pH and at
pH 8.0, the effect of temperature on the lipase activity was measured.

wizbA Beld 670 ot AL protease HA] EB]Ble] &
7] SAleET} Eu|slr) MaEe] 7pHA 2571 Ad o)

2 #al5Ee] U9 ST F v



Vol. 37, No. 3

7t 229 lipased] A4S £Y§ AoFig. 5) TR

Hr} 4o] AtHow ysgith olw HulE a4 ure:uu
§71EE Z lipide] dteko] @A @58 AlXERE Zlolt) 7zt
o) B TAL pH 8.0 ololA HHoR e S HY
o2H o5 AAEE 44 lipase ¥ AoE WZHETKFig.
5A). pH 80014 £59] wisjo] tha lipase IS Lw7b 22}
7ol et F7ishe AFE Jeen] 37~70°C Aol 9] W
o5 el EA VePdthFig. SB). WebAl lipase SA #)4]
&lo] 27| gl AR HHlslr) "aEo] pHA LE7) s
3t w) 7 Halsdo] 2AHL &3 2= 9}

| &

2 A7 "éﬂ}i 2o 3 Bwolr] ¥ #EES 47}
EARL amylase, cellulase, protease®} lipaseE-& &
F ‘g/“ ]: E4E 7N Yes BReH, ol ahse o
Aol Ay A -& Al (growth-associatedy= HJ{ T} 28t
l\pase«1 %} Jo] thg AT W duidom v o & Hol
gt 7] B lojAl= 1pase/} 24 BEEA &L Ao
2 Azbgct g3 gREe] gFEe] W pH Yo7 vl
FE 2RolA] 4 Ao zcﬂﬁ}g ogx, B At ALg-H
TFEL F4 B a7 dart ZgEed 1 Sz
7I7A gAshe At f7ES Aikehs AoR AzbEct
2 cellulase F2 849 A5 37°C A 7V H8 €4
S HQl Wby e eri} 2o Lroie 898 vERlA &
ToEA, O] HAE Ak vAES] A FA4F | 2
Z719} o] el Ha 7] B
AE TZ(microbial flora)e] TFES A8} of= &4
o] QoA i REAIR] Fuks Halls & BAHE
A9} Fo] Ma v oA AT ofye} MR T
Z 935 s =g} @ F 4= gl

==

‘m toj
o
rﬂ

i
A

At &t

B xro gty A9 AEE AFAE (RRC/NMR)S
A Slel] o]F-ojF on olef FA=HYH.

N8
1oo1ME, AR, ABlA, A1, S, 285 1999, F4F

Ho] uEAe] 2 XAYE A3 Bonrvococcus braunii
2] gk, Kor J. Appl. Microbiol. Biotechnol. 27, 166-

2. ]”Z 73512 gHY, 2315 1999. Tubular bioreactoroll
4 Botryococcus  brauniis o] &3} Al o] 1E Y.
Kor. J. Appl. Microbiol. Biotechnol. 27, 153-158.

3. Antoine, P., X. Tailueu, and P. Thonart. 1997. The degradation
of L-tyrosine to phenol and benzoate in pig manure. Appl.
Biochem. Biotech. 63-65,707-717.

4. Baumgarten, E., M. Nagel, and R. Tischner. 1999. Reduction

FohtmolA Beg At Y 219
of nitrogen and carbon content in swine waste with algae and
bacteria. Appl. Microbiol. Biotechnol. 52,281-284.

5. Beaudet, R., C. Gagnon, J.G. Bisaillon, and M. Ishaque. 1990.
Microbiological aspects of aerobic thermophilic treatment of
swine waste. Appl. Environ. Microbiol. 56,971-976.

6. Boopathy, R. 1996. Isolation and characterization of a
methanogenic bacterium from swine manure. Biores. Technol.
55,231-235.

7. Georgacakis, D., A. Tsavdaris, J. Bakouli, and S. Symeonidis.
1996. Composting solid swine manure and lignite mixtures
with selected plant residues. Biores. Technol. 56, 195-200.

8. Hamer, G. and 1.D. Bryers. 1985. Aerobic thermophilic sludge
treatment some biotechnological concepts. Conservation &
Recyeling 8,267-284,

9. Hawkins, J.C. 1978. The handling of animal wastes. Agri.
FEng. 102,162-165.

10. Imbeah, M. 1998, Compostion piggery waste: a revew. Biores.
Technol. 63,197-203.

11. Ito, S.. S. Shikata, K. Ozaki, S. Kawai, K. Okamoto, S. Inoue,
A. Takei, Y. Ohta, and T. Satoh. 1989. Alkaline cellulase for
laundry detergents: Production by Bacillus sp. KSM-635 and
enzymatic properties. Agri. Biol. Chem. 53,1275-1281.

12. Lesuisse, E., K. Schanck, and C. Colson. 1993. Purification
and preliminary characterization of extracellular lipase of
Bacillus subtilis 168, an extremely basic pH-tolerant enzyme.
Eur J. Biochem. 216, 155-160.

13. Liao, C.M., H.M. Liang, and S. Singh. 1997. Swine manure
cleanup criteria calculation for odor causing volatile organic
compounds based on manure-to-ventilation air exposure
pathway. J. Environ. Sci. Health B. 32, 449-468.

14. Morel, I.L., F. Colin, J.C. Germon, P. Godin, and C. Juste.
1985. Methods for the evaluation of the maturity of municipal
refuse compost. pp. 56-72. In Composting of Agricultural and
other Wastes, ed. J. K. R. Gasser. Elsevier Applied Science,
London and New York.

15. Ozaki, K., S. Shikata, S. Ito, and K. Okamoto. 1990.
Molecular cloning and nucleotide sequence of a gene for
alkaline cellulase from Bacillus sp. KSM-635. J. Gene.
Microbiol. 136, 1327-1334.

16. Park, S.H. and M.Y. Pack. 1986. Cloning and expression of a
Bacillus cellulase gene in Escherichia coli. Enzvme Microb.
Technol. 8,725-728.

17. Sonnleitner, B. and A. Fiechter. 1983. Bacteria diversity in
thermophilic aerobic sludge. Eur J.  Appl.  Microbiol.
Biotechnol. 18,47-51.

18. Terry, C.M. 1999. A swine integrator’s perspective on nutrient
management procedures. J. Anim. Sci. 77,445-449.

19. Tiquia, S.M., N.F.Y. Tam, and 1.J. Hodgkiss. 1996. Microbial
activities during composting of spent pig-manure sawdust
litter at different moisture contents. Biores. Technol. 55, 201-
206.

20. Yanagida, N., T. Uozumi, and T. Beppu. 1986. Specific
excretion of Seratia marcescens protease through the outer
membrane of E. coli. J. Bacteriol. 166,937-944,

21.Zhu, J., D.S. Bundy, X. Li, and N. Rashid. 1997. The
hindrance in the development of pit additive products for
swine manure odor control-a revew. J. Environ. Sci. Health A.
9-10,2429-2448.

(Received August 16, 2001/Accepted September 12, 2001)



220 Jin-Sun Kim et al. Kor. J. Microbiol

ABSTRCTS : Isolation and Enzymatic Characterization of Bacteria from Livestock Manure
Jin-Sun Kim', So-Sun Chung', Joon-Suk Lee!, Mieyoung Chei**, Seong-Yum Seo,>* and
Hyune-Hwan Lee'** ('Department of Bioscience and Biotechnology, Hankuk University of
Foreign Studies, Yongin 449-791, Korea, 2Department of Biological Sceince, Sun Moon Uni-
versity, Asan 336-840, Korea, *Department of Biology, Kongju National University, Kongju
314-701, Korea, “Regional Research Center for New Materials by Recyclings, Kongju National
University(RRC/NMR) Kongju 314-701, Korea )

To develop the effective composting system, we isolated bacteria that have the abilities to degrade organic
matters such as cellulose, carbohydrate, protein and lipid during the compositing of livestock manure.
Among 24 strains, 6 bacteria have all the enzymatic activities of protease, amylase, cellulase and lipase.
These microorganisms were identified as Corynebacterium varibilis, Bacillus spp., Pseudomonas spinosa,
Acetobacter calcoaceticus and Athrobacter cumminsii. All the enzymes produced by the bacteria showed
activities at the broad pH range and the maximal activities were obtained at 60 °C. It seemed that after the
increase of temperature caused by fermentation of livestock manure, the enzymes started to degrade the raw
materials, which are added for the control of humidity. However cellulase activity was maximum at 37 °C,
suggesting that the cellulase-producing bacteria work at an early stage of livestock manure fermentation to
provide the organic material for the growth of other bacteria. The production of the enzymes were growth-
associated and maximal activities appeared at the early stationary phase of growth.



