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Abstract

This study was conducted to find means to reduce the foul smell emitted from chicken
manure. Rice water was inoculated with Zactobacillus sakei and then examined to determine
the bacterial survival rates during storage, and whether fermentation had occurred. Rice
water was an excellent medium for the growth of L sakers, given that a viable cell count was
maintained for 15 days during storage at 4°C and decreased slightly thereafter. Furthermore,
microorganisms in chicken manure were separated and 14 species were identified. The
antibacterial activity of an L. sakei supernatant against the identified microorganisms was
measured using the agar diffusion method. The growth of 11 out of 14 species was inhibited,
and only Corynebacterium variabile, Enterococcus faecium, and Raoultella ornithinolytica
survived. Rice water was fermented by inoculation with L. sakei and mixed with chicken
manure, and the quantities of ammonia, ethyl mercaptan, and hydrogen sulfide were
measured after 48 hours. Emissions of ammonia and ethyl mercaptan were reduced
significantly.

Keywords

lactic acid bacteria, probiotics, antibacterial activity

M E

B2 A9 oF 70% oV AR, 5] e ATt 21 ZE o] Q). olgt B9 AFT=
Bty F2 B9 098 Aty & 4 Qi) B Ul M 2 099 FE614(24,028
Am’/Q), ARIEIS2,5118mY/Y), 223 E44(19773m’/ Q) 508 Yepta YekPark er al,
2002). 11 %, Ao 9 0 QUL AlA|, 2418 9 BrE o] h91o2 YKCho er al, 2004).
STy FHEY] F29l ¥R g uf WA= BEEo] 31 - QFo A FHO] Halek)
5 AHIE 7L Qltk. Park 5(2002)°] SJohd =i9] & AH[RRS 7|02 &g Al |1t 8,500
£ Jro] Bg AH[ske Ao A=, o] Ao gt H[&0= oF 2009¢l0] AH|HckL

g3t

s

o

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © Korean Society of Milk Science and Biotechnology. All rights reserved. | 25



2 7P3EE ofde}, & 7E 3 AlEHEolA il
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Kim 5{(2011)2 BxE0] ¥F 3} & Iu/dE HIkE RARE
235 BH, A543 g@eokE 392 3E A 93.8%014 R
T 44.8%2 A TAASIPoH Wg T X8 oA Jgja
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1. HX| 2 M3 5
Lactobacillus (1) sakei® /3-8 i} z]= De Man, Rogosa
and Sharpe (MRS) broth(Difco, USA)E AR5 o] B
o=XE BeH 1459 2 77t SPC agar(Difco, USA)SF LB
agar (Difco, USA)o] Histo] Adlo] o]85t9irt. et 3l4A
peptone(Difco, USA)S o859t BEEL2 @eto] A (An-
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seong, Korea)22HE FFHo} A[o] o519t} pH 42
pH meter(Mettler toleda, Switzerland)E o]-&s}o] 4513t
B L. sakeig FEot, wid 2 AR F By 82
A AEE B S4H(0.1% peptone) 2.2 104 34 H wh
2t 5]4et &, MRS agar°lA 37C 271914 &7 vt

2. Ho| 2Ho=RE Dl8=e| 2, Y ¥ SH

9| £ 2R 9 B AT YA EEE A4S
9] EixE peptoneso] 104 3l4Hof| wet 514 & SPC agar
9} LB agar©] F&sto] 37C 9} 25C &ojlA 7+ 5719} §7]
SHE i gFolgict. 2+ wiA oA e JEts 5 A2} Bl
Zpo]7h U= TRt ke A3l thy, 5 #iAIE ol8sto] &
& BEoltt. o5 s 7552 242 SPC agar®} LB agar
o F&ste] 37T 25C =04 sttt vdEY] 582
SERIAI(Solgent)oll =I5t $3Y513irt. Databaseo]| 554
HE #¥(type strain® 7P #2 A58S el 2R
S A71AEo] sfigsl= BtElEot2 A4Sk

v
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3. L. sakei Q| H{YMH 3|4

L. sakei= BEEC| HE ¥, 37C F27101A 24417 27] wieF
SIoITE. HiFol Bt B2 IS oA 2081t A &, YA
E2)7](Hanil, Korea)olA 4,000 rpm/20 min/4C 2 YAE
Sto] NS FJ5s5ioich AAH 0.2 M} 0.4 #M Syringe
filter(Advantec, Japan)E o}8sto] ojsiict. 181l oz A
A -20Co] BolHA, Ho| Ex=siE Eed ngE] 4
S94] Ago| o]-8stoirt.

B

4, Y =4
9| 2 RE dojzl n Yzl thet L. sakei AR B5A
A5 agar diffusion H} 96-well plate -2 ol-&sto] &3l
STt Agar diffusion ¥ Z2+9] 20 mL LB agar(0.7%)S
120CO0A 20 BotL, #iAl 2525 50C7H] ¥4et &, &
2E B uYES 47 1% HESHo] petridish(SPL LifeSci.
Co. Ltd., Korea)oll Fo] Z3th. Z¥219] o] HEH B x| EHA
L. sakeiZ2FE Aol MG 100%, 50%, 25%, 123 12.5%
9] vr 2 B paper discoll S2AA, 37C 2710 vjFs}
WA et S SAs5eiTh
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ek §o Ehe 717 100 g4 EHlsk, AmEo] HikH L
sakei I MNFHS Hiot STt T, 3 L9 8710] Yol T4
YTulE SYR R EHE Fgol7t YA A 2 & &
7VEolA 24417t et ARt L. sakei T BiGo]
S3olA] o2 tixtt ol thoto] L. saker S YA
Ll(w/w), T 1:0.5(w/w)2] HI&=2 S35t A[ATREE 4R
yol, g3 9 oEHRIETEA HAYRRS SA5I0IT 24417
T &7y 2HH" 7tAEL 7EAHAI7I(GV-100S; Gastee, Co.,
Korea)E o]-&sto] A YobdA|IHGastec No. 3 L, Japan), &
SeAaARHGastec No. 4 HH, Japan), 181 AeH7iebAA|
Gastec No. 72, Japan)Oo& HAEFS =731t

23 ¥ 18

1. BEES0| AN L. saker 2 ‘WE K2 KE 5 WESH
YA = BEES] pHe 6.98% 4= oM, . sakei7} A%
st7lol A3l pH 24 YeQIt}. Atd BEE| . sakei
£ AF T i 12411} 2441710 AE 573 Ak Fig.
13} 2t 8ieF 1281709 L sakerd] A<= 2F 10.6 log CFU/mL
off =gsiaion, Hiek 24A17k00= oF 11.3 log CFU/mLoll =2
slgich Wb BEEL [ sakei Q] A0l ol £L iz E
SRI=|IH.

BEE [ sakeig 3Tt viF 24A17100 viRE SAIG 7,
4T ¥ BaotaA Bag S48 2 Fig. 29 2o Y
TR T [ sakei® iS5 9F 11.27 log CFU/mLolRoH,
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Fig. 1. Changes of viable cell counts during the growth of Lacto-
bacillus sakei in rice water.
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Fig. 2. Changes of viable cell counts of Lactobacillus sakei in rice
water during the storage for 4C.

34 & AHd4E 11.3 log CFU/mLelleH, A% 0¥ 3=
11.2 log CFU/mL, A% 99 ¥+= 11.15 log CFU/mL, A% 12
2& 11.03 log CFU/mLE AF2719] FH5E FASISH. 11
U A% 1595 € FA5E 10.63 log CFU/mL, A% 20¢€ &
& 9.68 log CFU/mLE Ueto] A% 15%5E B+7t 3
Aoh= Zo] ERl= et

2. 59 Ex=2REH OME &2

SOl En 2R ngE9] Hele A4S 99 ExE peptone 5
o] 3]4 & SPC agar®} LB agarol HZ3}o] 37T 25C &%)
A Z}zt 3719 A7) AE R wiefelaitt. rlES] Eele WA
Fd 2249 plate’d =249 Fejjo] wpet At $, Gram stain
< &oto] 4o el et 242 1404719 FEYE Attt
1439 ARvYEe] &2l - 54 2= Table 1% 20 & &
9] Bio] k8% w|RYEL Klebsiella oxytoca, Salmonella bon-
gori, Escherichia coli, Enterococcus faecium, Corynebacterium
variabile, Arthrobacter protophormiae, Raoultella ornithinolytica,
Enterobacter ludwigii, Arthrobacter mysorens, Leclercia ade-
carboxylata, Escherichia hermannii, Brevibacterium epidermidis,
Enterobacter sp. 133l Microbacterium profundiZ &3

.

3. 59 B Rl OPYS0ll CHSt L. saker BHYAO| St gy
Ho| En2RE doj7l 14F9] vz thet L sakeio] FEH
100%, 50%, 25%, 1811 12.5%2] s=& HaH paper discol
SZAIA 37C incubatoro] HldoPHA FSAAGTHE agar
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Table 1. The microorganism isolated from the feces of chicken

NO. Strain

1 Arthrobacter mysorens
2 Arthrobacter protophormiae
3 Brevibacterium epidermidis
4 Corynebacterium variabile
5 Enterobacter ludwigii

6 Enterobacter sp.

7 Enterococcus faecium
8 Escherichia coli

9 Escherichia hermannii
10 Klebsiella oxytoca

1 Leclercia adecarboxylata
12 Microbacterium profundi
13 Raoultella ornithinolytica
14 Salmonella bongori

diffusion Ho& I8t Ail= Fig. 33 2t} L sakei® 44
B2 100%2t 50% wEolM FARE FALEE UEM d5e
Arthrobacter mysorens, Arthrobacter protophormiae, Brevibac-
terium epidermidis, Enterobacter ludwigii, Fnterobacter sp.,
Escherichia coli, Escherichia hermannii, Klebsiella oxytoca,
Leclercia adecarboxylata, Microbacterium profundi, Z28/7
Salmonella bongoriz BRIEICY. T8 Corynebacterium variabile,
Enterococcus faecium 2 Raoultella ornithinolytica= L.
sakei 737 HE] oJwgt Fof s BSA 42 YERdt
A gt ol A= 96 well plate HoOME T Hif=
Yelf2icHdata not shown).

4, HiQF MO oFXZ F4t

L. sakei & TS YRS T Bt 2H 1:1(w/w), 1:0.5
(w/w)2] Hl&& &gsto] ol g3t 9 odmziertA
Y oA avtE &9 AYRe= Fig. 49 £t

Fig. 4-Ax YEYol PA¥RkS 795 gho s, |ol Hutt g
27 Al= 14 ppm/100 mLe] o] WASIA O, L. sakei
T AEE HaHS H7IsE F AIEoAE dRYokAart W
AYSIA] Ikt 18] T Fig. 4-BE ofgjzietria ghARke =4
oF 22 Uerilch 59 Bt A tixoAl= 120 ppm
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Fig. 3. Antibacterial activity against microorganism in feces of
chicken using the supernatant cultured for 24 hours of Lacto-
bacillus sakei. 1, Athrobacter mysorens; 2, Arthrobacter protophormiag;
3, Brevibacterium epidermidis; 4, Corynebacterium variabile; 5,
Enterobacter ludwigii; 6, Enterobacter sp.; 7, Enterococcus faecium,
8, Escherichia coli; 9, Escherichia hermannii; 10, Klesiella oxytoca;
11, Leclercia adecarboxylata; 12, Microbacterium profundi; 13,
Raoultella ornithinolytica; 14, Salmonella bongori. A, 100% super-
natant; B, 50% supernatant; C, 25% supernatant; D, 12.5%
supernatant of L. sakei.
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Fig. 4. Total emission of ammonia (A), ethylmercaptan (B), hydrogen
sulfide (C) in chicken feces by Lactobacillus sakei treatments. 1,
chicken feces; 2, chicken feces + 1/2 Lactobacillus sakei; 3, chicken
feces + Lactobacillus sakei.

o14/50 mLY] 7tAg ko] WAYSIGITY. ESE L. sakei ¥ BMEE
HENT o] BEiE 1:0.5(w/w) 3 A= 60 ppm/50
mLE oEZE7tA Aol asiylon, S5 Lokt A
T= 29 ppm/50 mLE HizRto]| vl @A5] o HiiETIA W
Aol Zrad A &QIstt. $HA, Fig. 4-Cx Jsled WAy
T ST 2 ESE A2 ZEEE BE ARolA
G3prano] WA 0.1% ofst= Aol % A

FT 50 AqP=|o] & 7I5ARSS] WS}t WHs} HIe tr|e
A 24 3], w7F FHolA BIHsH| A7 == o e op|
Skl Qo fEuRis 2005958 AlYE JFHAA o
2] 2 578 AolA A9 0 dfjsta, EMiE 71 2 e
£ 75l we, SAbs7lolMe FAYY A& S #
AJPAA] 4201/ WOl AFotal 7HHgE o A=t He A
Ql 7IEEe A7l 7ol AlEs] 8=1 Yt Ministry of
Environment, 2005).

Py, Ao}, wE2RT AFAE 5 22 4 L =

=
N
{ Y
Q «'4\"
&u‘/

AL TfRt AR R0l A HiiEE o] = S B2 YRS HIA|
I ek E9] oj#et 42 B A2, of - HeAE, olF
AR, A, EHgt A 5 7| ZRAVEOIAE g & Bl
ZHHCho et al, 1992; Park er al, 1992; Park et al, 1993;
Park, 2003). oA 5= NH; 7tAe SAbs7HETE oy
2, 9 uro7iA] B2 gsiE 1 ok AA HollA HEE
NH; 7kAae Al2d2e] ol 244 £4t opel, BlE 59 4
of =l EYY 43} H Y] RYYRE 2ok B4
7]% SFcKVan breeman, et a/, 1982; Buijsman and Erisman,
1988). F3lrA(HoS)= 754 7HolH, 37]Ee FAE 2ol &
Ao|al, W SoME G A= WAL EASke] £5, ofA]2
&, HAAE 52 Fdoks F8 dllolth. E4REE Tt
QIet Tt o ARAE o838 A7t A== FEell A
oAl Firo] 8 FEARI NH; 7HA%} HoS 7HAE AlASH ] 9
ghabgo g nBEAA H7E 7P Aol stk Jang er
al., 2004; Kang et al, 2006). Kim $(2001)& u]BEAA| &
BAE Fo7t $4E 9 HISEY et B Wi oA
g Aol YBAAE o83t RARE 0.5~1% 71
3% AT SAZol FIENL, FAF W NH; 7kA9F HoS 7FA7L
HAEQH Bk,

ATE0] HRHS Mo AEA AHRAEA Adst 882
W itk ofF EES ofd oA Httt 715E st
o, A& F&, ZTIEA FoadE doA Fufju|gEe] 34
oA & RufolHE WAstal, AP oMk H3tanE Hol=
RAog HiEo] QItiCho er al, 2004; Kim et al, 2011). 11
2111 Hong 5(2009)2 E=H[2otglol oJ3t o]HE 43I &
Hog ArEo] o]g-Z Ao, AR 517t 5255
o|37t dA 5] Aottt Bsigict E3F Ha 5(2007)2 2
e P gt ekl AlH 9 A=AETY] AurES v
AYet Ay, BEE WaNS Fscherichia col?y Salmonella
typhimuriumePl Wl FEIE YERHSI T B 5ol o
2hA o] 8 580] =1L BEGE0] =2 L sakei= SAF
Hof oF Azto wie- axpHolztal & 4 Qi

2 U7 9O Sz E A Wt R, IR L. sakes
9o vijzad A F PYdE ARSI 121 & 2k 2R E
UAES £ - S ol vl iRt L. sake®] It
S AESHAT. Y L. sakei I HEE FAHo] H Fi ]

OIS ALAZIA Hetel 4TS Stk Aras, B
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B [ sakeivd) o] £ iz SRAHCH, A 7t
% AZEE 43 0% FHEA. W L satert Ho) B
25 BejE o vy Y £ oA 08 et
gtk oleid Y48 B ARAE0R Ko BV} B
ZAHO] thste], L saker® |8 HlopEl MBS ok g
2 A & Qe Ao ARt goo] BEEe /7t Ay
w4) o} Irf2 SR wel) Ho] $ede fulew o
Nuoiey), S4k W] ofgt o AA, 7154 AR o8
5 AgaoR we $80] 48 Aoz lgErh

Ol

el 2

B A7 201595 ARIEIAET AsdaA TS L@ =
ARJEAZT 294 SAEE EIPAIRAR) A Po= =9l
o, 2ol FA=EY .
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