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Several microorganisms were isolated and characterized for the development of fermentation accelerator of animal manure.
Firstly, 61 species were isolated from rice bran extract. Secondly, five strains of microorganisms were screened by the
analysis of hydrolysis activities for organic compounds including protease, cellulase, amylase, and lipase. From a
deodorization test for ammonia gas using the isolated strains, finally three bacterial strains were selected (NA 2, 12, 15).
The selected strains, NA 2 and 15 were identified as Bacilius acidocaldarius and Planococcus sp. respectively. The media
composition of key nutrients and pH for the mixed culture of the three selected strains were optimized using an

experimental design method (response surface method) as folows :

beef extract (4.59 g/L), peptone (8.72 g/L) and pH 6.3.

Consequently, the isolated microorganisms seem to have potential applicability in the animal manure treatment.
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AN BaE A FEEEFTEE A £
Qeoz 39 #FE £4 2Ysiath TEIHHZEL nutrient
agar (NA, beef extract 3 g/L, peptone 5 g/L, agar 15 g/, pH
6.8), yeast-maltose agar (YM, yeast extract 3 g/L, malt extract 3
g/L, peptone 5 g/L, glucose 10 g/L, ampicillin 0.05 g/L, agar 15
g/L, pH 62), Bennet’s agar (BA, yeast extract 1 g/L, beef
extract 1 g/L, glucose 10 g/L, agar 15 gL, pH 7.2) 8jA & A}

B3t a1, 242 wiR|el A 35T} 55TelA 23U A= v
< P4E ©Y FEYE BT

M

FFEYE ¢ f7180 U A4H Raeg st
(R, A, 7441, "*‘%iﬁz u
gagoz Mrbe Hyix|o) 35T} 55CAA 22} 2

d e wigst] A F49 FEES dFUh G
Bal58 £457] 93l skim milk agar (beef extract 3 gL,
peptone 5 g/L, agar 15 g/, skim milk 10 g/L, pH 6.8)9}
gelatin agar (gelatin 15 g/L, peptone 5 g/L, KNO; 1 g/, pH
6.8)5 AHE3IA I, BrStE Eal% Y S starch hydrolysis
agar (beef extract, infusion from 5 g/L, soluble starch 20 g/L,
tryptose 10 g/, NaCl 5 g/L, agar 15 g/L, pH 7.4)$} cellulose
agar (cellulose powder 10 g/L, yeast extract 1 g/L, NaCl 0.1
g/L, (NH.).SO. 2.5 g/L, K:HPOs 025 g/L, MgSO - THO 0.125
g/, FeSO, - THO 0.0025 g/L, MnSO;, - 4H,0 0.025 g/L, agar
15 g/L, pH 72)914 et =3, AL Bas 4
93 tibutyrin agar (tryptone 10 g/L, yeast extract 3 g/L,
tributyrin 5 g/L, NaCl 10 g/L, agar 15 g/L, pH 7.4)-S ARE-31Y
=3

a8y =5

F718 Hego] & #FE A¥st amylase, protease
lipase$} cellulase®] AL ZAsuch A¥E dF
nutrient broth Wi || A 55ColA 24, 48, 7247t B Hﬂ%k
¢ Wgle BA%0R Al $AS SYssd. 24
Fre o WYAS SHFE A F AP ol 5
0CoAM ARAA AZTAZ ZH3AT

Amylase activity : 7)2Z 1% 784 AEEN 5 mL
AHE8EA, DA MAZRE agarE AQElal AT AAH ]
oA vl wiFd 75 wFAE 1 mLA ARESte} A3
o FAZTF (blank tesHZE T wFd A FFF 1
ALgstgch BhEE AR} 1"1%‘—?% 0.1
M—it%%%"—‘“?—i #2 pH (pH 6.8)8 %51, 2559

P 5A-71AAS §REAIZ & (40TOlAM ]%E’- ih)

A WEAS YA aie S
L& 20 mLE 715t 660 nmellx &%
EE ZA3ch 1 wmite 123 T2 1 ggo] FAEHA 3}
T BAYOR B3} TkE).

Protease activity : Aol 2% 71289 (casein) 1 mL
g ot W 40T Y 2z FoA 72 ¥, v 4
0CE FAAZ oA wigky 1| mLE 718t 2 E3slz 4
0CANM WSAATE viFdE 715 o5 108 Fo 04 M
TCA 2 mLE 7}3lo] & E¢stx 308 F<t $AA AL 7t
€ds A4 qFsn JAAGE AAsL, 99 05 mLE AF
Ao 21 0.4 M NayCO: 89 2.5 mLE 7}3) & £330t
FolinA]¢¥ 0.5 mLE 7}sbe] 2 E§H6t3 40ColA 1087 7}
23 F, 660 mmolAe FREE ZAPT FAEE
tyrosine =2 A7) Y8 tyrosine FEE Hizi}/\l?i*‘]
Jol 27 waslel ¥EEAL o A4 S,
unitS- 15-74o) tyrosine 1 pg A2 F] AAHAEES A o}--—
FAFoT FYTHI).

Lipase activity : 7122 olive oil 35 g3 &g 50 g, gum
arabic (10% £<) 200 mLE &7 blenderd] 21 u}&slo
ZH FrstAZtHe] W Y82 blenderdl| A ‘/}% g WA
7] 98t &

_Q,

F4 04 AR 7149 WS s
9a 152 DA0Z faAA WA ATe 2ol 9 &
Arh. 714 4 TN BBHEA ALGIALT FEE 0348
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Mollty. &4 whg el 001 M-Tris €% (pH 9.0) 0.2 mL,
CaCl; £ (1 mM) 02 mL, 7|28 02 mL % ?:_]7‘4‘“4:,]
F29 | mLoE FHHYCH HF ¥oe FR4E 3
mLo] HE8 HANEw, Bx WSAS 3STo|M 3087
WSAZ F ethanole A7l WSS FAANATG A4E

28] A4S phenolphthalein®] &2 d}ollA] 0.01 N KOHE
doz F3 HAIYD Y = A wigd oA F
FrE AMESl g2 AES FsETh | ounitS T4 ]
mLg 127kl 10 pmold] 2] AHHE AAdeHA &l &
48] goz HoFFTiI0).

Cellulase activity : 7]4-& 0.05 M citrate-NaOH buffer
(pH 5.0)0l =9 1% cellulase &4 0.5 mLe) B4 0.5 mL
£ 7lste 50TolA] 3027 ¥-&A]Z] &, DNS &9 3 mL&
7]'3]'04 A9E LGS 550 nmolA FBEE SASAT
2= ¥rwe AESth 2% 349 1 umole)
e £52 1 witg FSFF 1.

o, MM
to

o
=
S

rlo b

etauof &5 =3

17 28 Wit gad ¢ mL)E HA A8 100 mL
o 1 mL #E3do 200 pmo 2 REEE= bz 55T Y 7.‘_]%
HjE7]o) A 48A17) wiYsle] o Wik S EHISIATh 3
A AFEQ S HA R =S DHAIZ] 500 mL a}qga}
23} 100 mLY Qo] 217} 55T ”ujgr|oA] 14)2¢
Ax 71eA7l %, 71248l (KORINS Co., Korea)S A}&35}]
ol 7k MARE ZAHRT. A Bwo) o}
Nz WA% 2 F, vl 2 B 35 e | mL
£ FHrletd Al gdrUol A2 HEEe S5

=
M FFo| EEiY
4% Q89 7FE Sl NPHGT AL nutrient

broth (NB, beef extract 3 g/L, peptone 5 g/L, pH 6.8)5 A}
23191, 150 pmo g FASE 55T Agujekr)o)A 48
A7 HleEsETHI2),

AEAENZ 0|88 HIX|=2 A|X S

APAAE WS EHA Y (response surface method)¢l 5
MEAAA YR (central composite design)g AlEEe] F2 ¥
&3 453g F& TS dolHE 243y
o]

(13). 282 ¥k gle] 27kA19 MY (-1, +1) WA 169
AlPetdtt. SUMSE (beef extract, peptoned] 9F Z uj=x] el

Sd5 @FAATDI Y AATHA
Bezzol Y Aedg 3 Axe w
8—%@—5 Taack ARAA =2 338 Design-Expert 6.0
Software (Stat-ease Inc., USA)E A3k
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o
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79| 742 Bergey's manual(14)0] whe} HF Ad¥d @
o thall  147}A]  (Gram  test, extracellular protease,
extracellular amylase, catalase, &€}, NaCl (1%, 2%, 3%) &
A oMo A, 4FRE, IERTOERE 4 44T,

citrate ©]&, phenylalanine deamination, indol ¥4, Voges-
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proskauer test, KOH test, spore-staining)?] 544%-S& Y314
th(15, 16).
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D 7S wes) s YA, BB, AT ¥
2 93l 27 NA, YM, BA WIAS £ HjA2 485
9ok AEE T AR S4se] A £Fe uA
EPeie] 77 35T} 550 LA 482 T uj
A3}, Table 194 B upe} Zol 32&4 it AEF, 20%

959 WAFeR Hole % 617lel BYER
e @R %% WA o8 ot A

Table 1. Isolation of microorganisms from the rice bran extract

Incubation Nutrient agar Yeast-maltose agar  Bennet’s agar No. of
temperature (NA) (YM) (BA) Isolated colony
. NA29-NA i1 yM2 BA2-3,BA S,
35C (20 colony) BA9 31
(4 colony) Y (7 colony)
NA 1-NA
55C 28 B o 30
(28 colony) Y
Total 61

g f71% o] ol 17le] HlERA
& 227) QEA, #7180 A2 F4E & JTE
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AL =233tk Fig. 194 BE nlel Zo], NA 2 739
749 48A17F vjoFA] amylase®} protease®] FAlo] Z+zt 2.89
unit/g cell$} 4.22 unit/g celli A JeRdal, cellulase 9}
lipase &AL 72417 A3 & Zbz; 3820 unit/g cell$} 1.35
unit/g cell®] z+-S Bk NA 159 3% amylases 48A4)7F
"l 3= 3.25 unit/g cell, protease, cellulase$} lipased] ZAl-&-
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Table 2. Hydrolysis activities of isolated microbes

. NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Organic compound ™ 2 3 4 5 3 7 8 9 10 1 12 13 14 15 16
Casein L H L M L L L L M L L H L
Gelatin H H H M H H H
Starch L M M L L M L L M M M L
Cellulose M M M L L L L M
Fat L M L L H M M H H M H L L M
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Casein L M L L L L L L L
Gelatin M H L
Starch H L M L M L H H L L H H
Cellulose H L M L L L L L
Fat L H M M M M H L H
YM YM ™ YM ™M YM Y™ ™M YM YM ™M YM YM YM YM YM
1 2 4 5 6 7 8 9 10 11 12 13 14 15 16
Casein L L L L L L
Gelatin L
Starch M L H M H M M L L L L L
Cellulose L L L L L L L L L
Fat H H H H
Y™ YM YM YM BA BA BA BA BA BA BA BA BA
17 18 19 20 i 2 3 4 5 6 7 8 9
Casein H M M M M M
Gelatin L M M
Starch L L L M M H M H L M L
Cellulose L L L L L
Fat M M M M M M L M M L L
H : clear zone over 1 cm, M : clear zone of (0.5-1 cm), L : clear zone below 0.5 cm
Table 3. Optimization of culture media for the mixed microorganisms by an experimantal design method
Factor 1 Factor 2 Factor 3
No black A: beef extract B: peptone C:pH Responsehgrg_rlo Wi rate
(gL (g/L)
1 blockl 0 10 7.3 0115
2 blockl 6 10 6.3 0379
3 blockl » 0 0 6.3 0.046
4 blockl 6 0 73 0.122
5 block2 3 12.07 6.3 0.17
6 block2 7.24 5 6.8 0141
7 block2 3 5 7.51 0111
8 block2 3 5 6.09 0211
9 block1 3 5 6.8 029
10 blockl 3 5 6.8 0372
11 blockl 3 5 6.8 0.184
12 block2 3 5 6.8 0.383
13 block2 3 5 6.8 0.387
14 block2 3 5 6.8 0236
15 block2 3 0 6.8 0.098
16 block2 0 5 6.8 0.101

T2AIZY dR%E Al ZHZE 6.08 unitfg cell, 39.45 unit/g3} 1.48
unit/g celle. @ elgdth ymz] 37119 #F (NA 5, 12,
1% Hls3 €4S e 3484 Z29E 248
3}, protease®} lipase BAJS] 749 48-72A17F HjF A], =
245 Jebii, amylase activitys 24-4847F v A
cellulase E/44-2 72A17) W% Alo] E& 84E YT =
HlF Z7)ollE amylased] /90] B, 7)o protease s}

rlo md

jhah

lipase, F719l| < cellulasee} BAJo] A Vet weba o

g V) F8 ELSS UFE BAL ol WIS |, =

stmuo} 5 &5
NEd sed QoM oA F s ¢

RS A
Yot 59 oA 7haef Ao, @ wAHL VEE
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=AM B7he] SR NdSRe A7 Ho g A4S
AT FFe mAZ FmUel shxnel AEHA AA7} o)
S Fasit g B AT0AE §718 Eelol $53
HME grEUo} gHF0] $58 FFo) HAES AR
'H@‘vc’ A EaEA] & NA 2, 5 12, 15, 18
dFe gEYo} 7}* 23 4%e s tedAw
= A °4 Z7) w9 B, o7 EFNYG F 8A7
% 7002 Fo IS} Shre ABTE FHIL Fig,
2004 Hi= ule} ZHo] NA 2 d-FE= 7047 _§_ ]“: olgqo}
A oF 95%7HA) ZAAAZI, NA 129} 1 =z}
65%2t 57%H ZaAA T 9.}3140} 7y %wgo_
ol Aoz yEhyith

41:

rii’L'n°F

T8

X

HEAEHE 0|83t HiX| =7 = -1|’—‘1§}

otmyo} 7hae) & BHASS HolE 3% FF NA
2, 12, 158 &¢ Hjgste 43A %“%19] dE:ol WA
ol o) Age HAsln AF}EZ FAs9t}h Table 33
Zo] WHe-FAA Y (response surface method)e] FAF4]7)
B (central composite design)ol]l &3 F 167}x]2] wjz] %
AdA A8e 53 @A HFAEEE ARG FAF

6
(a)
=5
) ~
I \\
o
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=
>3
>
8 2}
Q
W
o
g
o . . ,
o 24 a8 72

Time (hr)

60

50k (c)

a0}

30

2

cellulase activity {unit/g-cell)

Time (hr)
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AAZHE 23 olgel BA wg goE BEEd gely
BEHAoZ AL 5= Hbgolth Beef extractd] 5L 0-7.24
g/L, peptone2 0-12.07 g/L, pH= 6.09-7.517bA) thofst =34
ol APe A3}, #A9 4FEEE 0.046-0.387 hr'
A9 Z& Uitk §9) o] A3l 9 ¥z AFde
SAREAAYY o3 o)A FHER AEHIL, ©F
S|ARA I Table 49} 22 AF EdAS ?:‘° T AR
o AF RS A By pH7} o2 ¥
A &R & 4T

HAL B3 2o F

& T3] 98 AFE BAE & 4, pHYL 6328 1
EE ©, beef extract®} peptoned] WElol] WE AALLe
Wel= Fig 3% Zo| udeiwth HZF wjz 2L beef
extract 4.59 g/L, peptone 8.73 g/LY w), AA&%7} 034 hr'
2 Hazs JEddE RS Zaoade) o) EAFom
A28 4 U9k =3 AAE HF x 2Ho= 539
A% A94d3 Z2aYed 93f <= 3k 03490 s <&
94%0) s 032 he' e AL & UYL, o|2RH F
AAAGY e sl dS5E AR A APFATGA el
& AFA0) S U £ UATHTable 3).

1
O(

(b)

Protease activity (unit/g-cell)

0 24 48 72
Time (hr)

(d)

Lipase activity (unit/g-cell)

Time (hr)

Figure 1. Enzyme activities of the selected microbial strains: (a) amylase activity, (b) protease activity, (c) cellulase activity, (d) lipase activity.

(@ :NA2 O:NAS5 W :NAI2, V:NAIS5 H:NA 18
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Table 4. Equation for the cell growth rate in terms of experimental
factors in experimental design method

Cell growth rate =

-7.435

+0.192 x [beef extract]

+0.152 x [peptone]

+2.133 x pH

- 8.369E-003 x [beef extract]

- 2.722E-003 X [pe;otone)

-0.151 x pH

+ 7.763E-004 x [beef extract] x [peptone]
-0.019 x [beef extract] x pH
-0.017 X [peptone] x pH

*[ ] represents concentration of each component.

Table 5. Experimentally estimated growth rate for the selected
microorganisms cultured by the optimized conditions

Trial No. 1 2 3 4 5
Growth 9356 0.298 0.310 0319 0324
Avsfage 032

60

Ammonia gas conc.(ppm)

Time (hr)

Figure 2. Ammonia-deodorizing activity for pig manure by the selected
strains (@ : NA 2, O : NAS, W:NA12, Vv : NA 15, [l : NA 18
] : blank).

growth rate
Pred’ict 0.34

io.oo

A beef extract

Figure 3. The effect of peptone and beef extract concentrations on the
growth rate predicted by an experimental design method.

Table 6. Identification of the selected microorganisms

Strain NA 2 NA 12 NA 15
Gram(+)(-) + - -
Extracellular protease low middle middle
Extracellular amylase low low not
Catalase + + +
Morphology rod rod cocci
Growth in NaCl
1% + + +
2% - - -
3% - - -
Growth temperature 50-60TC 50-60°C 50-60°C
Acid from glucose ND + ND
Utilization of citrate - - ND
Deamination of phenylalanine ND + +
Formation of indol ND ND -
Voges-proskauer test ND ND ND
KOH test - + +
Spore-staining + ND ND
T i YWNAI2
Identification result aciBocilys . (unknown) P lamlec)f)ccus

+F 83
BT 2HAFANAS %% veld 3% (NA

212,159 #F] s 147}x}4 Ba9e Pasch
Table 694 Hi& nlel o] NA 2& Baczllus acidocaldarius
2 EAEYAL, NA 158 Planococcus sp. 8 B8 FARE L.
H, NA 12 Bergey’s manual Aol 2a3}1% sick

ode) HPo JEERY AHFE P 3% LES
g dEYol gAEol $48 T vidE dFE
Aoz RE ¢F Zelsgn AFALYel J8 Ao 2
axdg d%o}rﬁ:}.

0
2

2 AFAAME THEERS 2
groY AAE 17‘]/\]@_ 4 UE VA HEEZ uA
Sl < 5 FZEREH & 6179
4 a3, —CF—’F e A3 v, A
= A484  (amylase, protease,
cellulase & lipase), o} 7t29] EHAFTE AN
HEZO0E NA 2, 12, 159 3F9) ¢FE AEIAUL. FE
Awg #3d delN FRLRE SuF AT, NA 2E
Bacillus acidocaldarius® 3% 3, NA 155 Planococcus
sp.2 REFTAHL. ol Eyd vAES /EERAEA
2 as] A% Ao EF wid 220& 73] 93 &
SHUAYGH o WA 2T pHY 22 23 HEEe
gy A432L 55 T dolEHE EAF Ay, HF
oF 2718 beef extract 459 g/L, peptone 8.73 g/L, pH 6.3
2 23590 29 SAESe wEEA 2 dwel g
# 950l $EHIAE 208 pBEERA A
= O

Al Lol Aol 2 peEn.
& Al
B AvE 47998 NS (2002-2003)9)
Agulsl FUAANE A AR AT ALe] o3
Sesglen, olo] ZAERU
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