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ABSTRACT: Bacillus subtilis SRCM 101269 having safety and amo gene isolated from Korean traditional fermented food and their
investigated characterization to apply the cow manure such as cellulase and xylanase activities, 16S rRNA sequencing, and ability of
removal of livestock manure odor. Cow manure application results for the removal of livestock manure odor, the ammonia gas was
reduced more than two-folder compared to the control group after 6 days, and reduced to less than 10 ppm after 9 days. In the case of
cow manure added fowl droppings and other wood-based mixture components, ammonia gas maintained constant after 3 days of
fermentation. However, in the case of sample inoculated 5. subtilis SRCM 101269, ammonia gas reduced in course of fermentation time,
and concentration of hydrogen sulfide also reduced for 65 ppm. Changes of nitrite concentration according to fermentation time no
showed different for cow manure, however nitrite concentration in mixed livestock manure increased when compared to control. And
then sulfate concentration in cow manure decreased, and no showed different when compared to the initial fermentation. No apparent
change of sulfate concentration in mixed livestock manure detected. Through the previously studies, 5. subtilis SRCM 101269 has high
potential in industrial application manufacturing the cow manure as removal of livestock manure odor.
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Fig. 1. Phylogenetic tree based on 16S rRNA gene sequence of strain SRCM 101269. All the sequences used here were from Bacillus type strains. GenBank
accession numbers are given in parentheses. The branching pattern was generated by maximum likelihood method. Bar, 0.005 substitutions per nucleotide

position. Bootstrap values are expressed as percentages of 1,000 replicates.
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Table 1. Extracellular enzyme activities of the isolated strains

Extracellular enzyme activity”

Isolated strains

Amylase Protease Cellulase Xylanase
SCKB 1443 2.34 1.89 1.90 2.15
SRCM 101269 4.79 322 1.62 1.91
SCKB 1455 2.83 2.90 1.68 1.89
SCKB 1456 437 2.31 1.62 1.88
SCKB 1458 2.57 292 1.75 1.96
SCKB 1461 1.92 1.36 1.63 1.92
SCKB 1469 1.78 2.16 1.76 1.92

* Enzyme activity = size of halo (clear zone diameter) / size of paper disc (6 mm).
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Fig. 2. Agarose gel electrophoresis of PCR product to detect the ammonia
monooxygenase gene (amo) of Bacillus subtilis SRCM 101269 using
specific primer. PCR product size was 295 bp. Lanes: M, DNA size
marker; 1, PCR product of SRCM 101269.
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0|2 Holz] ¢kerory, A F3¢] SRCM 1012695 HE3t

A

it

Aol A 6
Hol 7kA7E 7 S 2ol
O o} 7kA0] Feh Faghs ghelskiich B3 &
O] A9 WE 3R] 275 R
oo} 712 0] =7} Fat 30 ppm O fhAsH=
2 B3, 3Y o] Fof| = g 2L N. europaeas A3t
Fol| Al A r|te] ool uhet 2 MIFE HolA] ggke
L}, SRCM 1012692 &3} 3R A =3 o]Tof| i X4
20 2 ghasto] a9 3 5 11 ppm7hA] YR of 7k
7} ash= 12 815t Table 2). BHH Bal=40] 79
S-EI} T mRof|A] o 2t 9l B Aol A= o]
#3512 Wolz] ko), SRCM 1012695 %3t gzg;q]
Medaod Fa & ¢ E"J-]r S3E B H4t 65 ppm =F

O 2 Z43}o(Table 2), 2 -5 F-of 4@ 7 SRCM 101269
o o=y OMEZ@P—’FiE e =X ] ko) B A= e
of 3 Ageks& Ay i B =32 vzl A& 7Hs
T AU el

Table 2. Changes of NH; gas during composting periods by inoculated
strains in cow and mixed manures

S. novella  B. subtilis
(KCTC SRCM

Composting

b
WERTG O Period Control

sample (ppm)

(days) 2845) 101269
0 >99.0 >99.0 =99.0
3 >99.0 >99.0 =99.0
NH;
6 <51.0 < 62.0 <20.0
Cow 9 < 46.0 <31.0 <8.0
manure 0 >99.9 >99.9 >99.9
3 >99.9 >99.9 >99.9
HaS
6 =999 >99.9 >99.9
9 =999 >99.9 <678
Manure  Odor” Composting N. europaea B. subtilis

Period Control (KCTC SRCM
(days) 12270) 101269

0 =>99.0 =99.0 =99.0
< 28.0 = 26.0 =320
= 30.0 <28.0 <21.0

sample (ppm)

manure” > 999 >99.9 > 999

=99.9 =99.9 =99.9
=99.9 =999 =999
9 =99.9 =999 =65.7

* Mixed manure is composed of 70% cow manure, 10% fowl droppings and 20%
sawdust.

® MultiRAE lite, RAE systems has detection range about analysis of degradation
ability. (NH3, 0-100 ppm; HaS, 0-100 ppm).

The experiments were carried out in triplicate (P < 0.05).

3
6
Mixed 9 = 32.0 =320 =11.0
0
3
H,S

6
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Fig. 3. Changes of nitrite concentration by composting periods in cow and
mixed manure. Mixed manure is composed of 70% cow manure, 10% fowl
droppings, and 20% sawdust. Straight line is nitrite concentration in cow
manure, and broken line is nitrite concentration in mixed manure. Circle
symbol is control (closed, cow manure; opened, mixed manure), square
symbol inoculated N. europaea (closed, cow manure; opened, mixed
manure), and triangle symbol inoculated SRCM 101269 (closed, cow
manure; opened, mixed manure).
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Fig. 4. Changes of sulfate concentration by composting periods in cow and
mixed manure. Mixed manure is composed of 70% cow manure, 10% fowl
droppings and 20% sawdust. Straight line is sulfate concentration in cow
manure, and broken line is sulfate concentration in mixed manure. Circle
symbol is control (closed, cow manure; opened, mixed manure), square
symbol inoculated N. europaea (closed, cow manure; opened, mixed
manure), and triangle symbol inoculated SRCM 101269 (closed, cow
manure; opened, mixed manure).
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Fig. 5. The time course profile of multiple odors in compact compost
inoculated SRCM 101269. Compact compost manufactured using mixed
manure (70% cow manure, 10% fowl droppings and 20% sawdust). (L],
control; M, B. subtilis SRCM 101269).
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Fig. 6. The time course profile of cellulose content in compact compost

inoculated SRCM 101269. Compact compost manufactured using mixed

manure (70% cow manure, 10% fowl droppings and 20% sawdust). (O,
control; @, B. subtilis SRCM 101269).
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