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Livestock manure is a valuable source of nutrients and organic matter for plant. Thus, livestock manure
compost is commonly used fertilizer in organic vegetable and fruit production in many countries. However,
contaminated or inadequate manure compost can give negative effect to soil microorganisms. This study was
conducted to investigate the survival difference of Salmonella enterica and Listeria monocytogenes in chicken
and pig manure compost under the selected environmental conditions. Commercially available manure
compost (pig, chicken) was inoculated with S. enferica and L. monocytogenes. Manure compost was incubated
at 25 C and consistent moisture content. Samples had been collected during 200 days depending on the given
conditions. 8. enterica survived for 130 days in pig manure compost and over 200 days in chicken manure
compost, respectively. L. monocytogenes persisted for 120 days in pig manure compost and over 200 days in
chicken manure compost, respectively. It is noted that the number of S. enterica and L. monocytogenes
gradually decreased over time. The results indicate that S. enterica survived longer than L. monocytogenes in
manure compost at 25 C. S. enterica and L. monocytogenes survived longer in chicken manure compost than
in pig manure compost. Increased knowledge of pathogen behavior in agricultural environments is a valuable
part of future work on improving risk evaluations and, in a longer perspective, in providing data for guidelines
regarding safe handling of pathogen-contaminated manure compost and soil.
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Decimal reduction time (DRT) for S. enterica and L. monocytogenes in chicken and pig manure compost at 25°C.

Pathogens Treatment Regression equation )id DRT (days)
Chicken manure compost Logied = -0.0211¢ + 9.5621 0.87 473
S. enterica )
Pig manure compost Logied = -0.0622¢ + 9.1384 0.96 16.0
Chicken manure compost Logied = -0.0365¢ + 8.757 0.96 273
L. monocytogenes )
Pig manure compost Logiod = -0.0589¢ + 8.8832 0.90 16.9
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Introduction

Aafts moolq A7) whie] s 0w Eof
ZASHE Tl vk $ilo] =B Elo] oIt} (Beuchat
et al., 2001). 77 71%53P4 7EXI7h Flofut Aai A%
o AL FABH: @) 20149 AF 4n] EUC s
of we} U Ao R Zhdurn itk (Sakai, 1995), A4
3 TlT Ao 5 A AR 4ulrt ZUlERA A2
AR Tl R A 3t AFE wgo] 2k Qi
(Sivapalasingam et al,, 2004), B4 o] =& 7L} &)
25 Ae oAM= AAEA kol AF=ARaet A7t
U= Aoz defA glom (Beuchat, 1996), Tt S
o] A nEo] AT5S oI = AR oI5 Shigella
spp., Salmonella, E. coli O157:H7, Campylobacter spp.,
Listeria monocytogenes, Staphylococcus aureus, Yersinia
enterocolitica, Bacillus cereus, Clostridium botulinum, viruses
o Ay et 22 A FAkER BElste A=
AL 9l =19 7o) EAe A Aol Sl AL
2 RIET} (Burnett and Buechat, 2001).

gl AAROR 715E 0] HEHEA] Aok 2}
Hste] Wi o= 7Hg ol Z-8-Ea1 gt} (Yun et al., 2012).
Ful= oot Hlg Ao zA vidshes, HY, AAA
SollA del AREEAL QUH} (Lung et al., 2001), 12U
A ndEe] EAIS: EH7E Bl o8 € o sk
oF FARES QA 4= QlTk (Pell, 1997), FH3] H5H
A & EHHlE sAkEol o3t AFE ALY e o] 2
2= olet, WHUA u|YEQ] Salmonella= 728 o) 243
T AL EQFolA 160~ 2009 7HA] EL 4= Qlet (Holley
et al., 2006). E coli O157:H7= 9= vH|FEoA Wa=
Foto] FEFE LGAE 5 qloH, P der Ho]
2 4= QJthar SFITE (Solomon et al,, 2002), -2 ®HA
ngEo] EQfollA eiEet AES 4= Q7] wleell 7SR
xe7b Aol o] 57 Hofl EH|S}t dgS AXH st
Zolo] YFAS =Y 4= At} (Bolton et al,, 2012), Jung et
al. (201)2 F-55h= 715 EH]olA =t i+t B
cereus 50| HAEE|QL S enterica?} I, monocytogenes=
AEHA QUL sh3iet. 120 Bu|at S AXER
7t ERlolA WU ndEe] HEE g5 53] 94
T SES Feabge ARNA @AY B9 ARl Bkl
o A5 BEA nEe] HEdE 7/l Slch

_1

il

Sefufehs AREm|o} EREN7E 2 ke 9A
g3 B SGES o el FFe) vt o
Aol QleA ATE Bavt gk PUA naEe A

o
Foll RElRt Hu] FRE BARE QPRSI S

Az A EE A o] B8 Foja Bask 9 Aolt
# AT SN GRS 7R SIS go R gy
Z5o w2 HYA vRBE (S enterica, L, monocytogenes)

o] AT W AEZIRE v, FA4skL R sike A

ol
AR 917 Eule) obagt BT} o] go] B3t 7|2 RE

Materials and Methods

ME ZF H AMEMF U FAHY] 38 S5 =
A% she] Bid FURL G, FEHE /S 2
£ £A5H9 A AE 452 S enterica ATCC 133112} L,
monocytogenes ATCC 153135 ARESIATEH AREH F=
Tryptic Soy Broth (Difco Co,, Detroit, MI, USA)of A=
3to] 37C shaking incubator (VS 8480, Vision Science,
Korea) 250~280 rpmof|A] 18A17F vjokslsich wfjofeie
10,000 rpmof|A] 247+ @14 E2]sto] AFHS Wil 0,1%
Buffered Peptone Water (Difco Co., Detroit, MI, USA) 20

& 718t & washing 1785 23] AARE th Alta7t
o 10° CFU mL 0] =S F=g gho] ANgaiaih. Ut
H EH] Z+2F 300 g2 "UwtE polypropylene box (2.3 L,
Locknlock co,, Korea)ol| @1, o]7]of &H|3 =& ZFzH9]
@ 1E 30 mLg Fle F 2Asc AR A
< 53 polypropylene box (Locknlock) 2] =E<=Alo] 7 9]

=
Aolup] gk A& BIstela, e 429 Hu) 483
oz

(]

SoljojMEe| 22| & S™ S enterica®} I, monocy—
togenes®] Hal= A3t A|2E FAF3 5§ 3 g2 HF|A
buffered peptone water (Difco) 27 mLel| HZESE & stomacher
(easyMIX, AES CHEMUNEX, France)® 2% 52t #2135}

Table 1. Chemical properties of chicken and pig manure compost used in the experiment.

Compost pH C/N ratio T-N T-P,0s T-K,O T-CaO T-MgO
(%)

Chicken manure compost 7.82 31.06 67.71 1.43 1.67 1.41 6.24 0.90

Pig manure compost 5.48 45.00 81.70 0.75 0.67 0.69 0.61 0.33




Kyu-Seok Jung, Sung-Gi Heu, Eun-Jung Roh, Min-Ha Kim, Hyun-Ji Gil, Na-Young Choi, Dong-Hwan Lee, 471
Jeong-A Lim, Jae-Gee Ryu, and Kye-Hoon Kim

Aot #2138 © AJ#E buffered peptone water (Difco)S

o]gsto] 1084 A< S|ASIIT) S enterica®} I, monocy—
togones®] A RS QJShA] SFolA] ZUIa AIE 1 L
£ xylose lysine deoxycholate agar (Difco) 2} oxford agar
(Difco)$Jell ZHzt wsto] 37°C of| 4] 24~48A17F 313l
ok, BleF 7 7H o)A 9ol WAH colonyE A8k} colony
forming unit (CFU) g ' @& Yehfgich QA-eke Al
Sola} ulSSk AME-0] A3l TTkS= API test (bioMerieux,
Marcy 1'Etoile, France), FH&A| Q] S3HH-S-A 7= whts)
L Latex test (Oxoid Ltd., Hampshire, UK) T+ PCR<
Fayste] A5kt

DRT E™A  v]Eo] 90% AFEsk= d dele AlZE
@] DRT (decimal reduction time) g} thaa} -2 Xlof| -8
3to] AAFSIT} (Himathongkham et al,, 1999). Regression
equation-2 Microsoft Excel L2132 o]-835fo] L5FTh

DRT=—log(Ny/ N/t
N S| 27|dE, NouEe] HFUE, o ARE

Results and Discussion

7I=2 EH|0IM S enterical| MZEHSE oA
Bl 715 ol S entericaE &5t A& AT}
W& TARE A= Fig. 13 Atk S enterica®l BEF
2 BHESol wheba] o2 ARE VeI St AR E
Hof|A] e &SI, ERERA = APEEET HEt
o}, AEEH A 7] 893 log CFU g 0] ¢al 0~7
U7 = ot F7kskebzt 1 o] RA} asskoict ==
EH]o|4] Z7]%% 7,96 log CFU g 0]l 0~ 774
= o F7PI ot 1 o]% = g4 8] APESERITE Nyberg
et al, (2010)= S Typhimurium} % coli O157:H70] -5

Hro} AlRS 2313t BEofoA] ¢ Q] AEE T APELEE
* ‘-E"E‘w ey B AvE n)$st 43RS B} o]
Also] WU nAEe] L;Fet HET £ o= IF

—t=Chicken manure compost

~8-Pig manure compost
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0 »
0 20 40 60 80 100 120 140 160 180 200 220
Days after inoculation

Fig. 1. S enterica survival in chicken and pig manure compost
at 25°C (#=9, enor bars=SD).

o) 1t wo] mgkelo] 97| wRolzk Azkale). Jones
(1986)2 A9] HEo] 323ty EoFo||A Salmonella spp. 7}
3009 ot AESIAL, 7SRt Z3HE EollA 256
2 ok AEHTER B0n] EAIE 9652 7H] AlEs
Aol H3lIT} Kudva et al, (1998)2 £ coli O157:H7
o] 2:9] BHlolA] 2179 < ATAT HAE 7150
2 FR7IsH AE717to] 47)d ol qlrkar 3}9&@. EHE
v} AZEH|of whe} AFEEES] Zpol= AT 12047}
Al EHoA BEStER AEPHS -‘?4@5’}% A=A QL
A 8arb F o Qo] XS Fo7F Pasie eyt
N FEEE =R} ﬁl—tiilHIﬂ S enterica®| 2

= w A7IE AED o Qoke Ae HoFal ik
Francis et al, (2003)- total coliforms®| 11-2-0] HFA5H=
Eu]sl 3 Folle 149 oF BED 4= ok sH3laL £

coli= 45 FoF WES 4= ufal B uslgc) ol= 7=
s} ] s Sk S Y ol
So) 24 - 913 AT E] ol AET 4 ol

Nz Abe] 1olo] @ 4 gk 242 oJulgie). Kim et
al, (2009)- 8] o{Ho|| X Salmonella spp.©] T4 &<t ZF
7¥eIltkaL SH=Tl S entericaZt =t E|H| 9} AL E]H] o
A HE AT SRR 2 ARAne} AT =1 E
oF ARLEH7} S entericacl] LFE S W) FAIE = QU
ool B9 A Q] g ke EA] PEE Fosfjof gt
a1 A7k} Jones (1986)-2 EOFo||A Salmonella spp. 2]
o) GFS WAL RelOR Z7] BgEe] S %, A
o, U, 4w B, W, B4, fI1EU, T2 v)
(1)—]

o EA1f ol Qlrka sheit] EREm|e} Ay

>

= T o
W= 7[5 RV 288 S enterica®] Y=ol A=
| 285 Aolekal Azieich, 7t MU

£ agle

S A wiAAR 2=} (Veling et al,, 2002).
Boes et al, (2005)-2 Salmonella®} & HYA] v|YELS
HRAFAL A Sl o= M), ehmuel,
84, BH|S}; A2 5ol okl sheleh o]2g W S A
A= vmA 7Hx]= AR de] o] &5 Wholetal
ST BB TRl ARt AT} A7 BRE T}
1 31912 (Bolton et al,, 2012), O oA 249}
gravio} Helt obska AR HolEA Leielo] ke

Table 2. Decimal reduction time (DRT) for S. enterica in
chicken and pig manure compost at 25°C.

. . > DRT
Treatment Regression equation
(days)
Chicken
manure Logid = -0.0211¢ + 9.5621 0.87 473
compost
Pig manure

Logied = -0.0622¢ + 9.1384 0.96 16.0
compost
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PN = o= o2k STt (Ottoson et al., 2008),
vt BHE AeE 7Py de] ARESkaL Qlet. Table
22 EH| W S enterica®) DRTEFS UERH Ao|ch AEE
vl A 47 3%, E=REH|o|A 16,.0¢0| =t AREEH]
A o e AEshs AIe ot

7= E|H|OIA L monocytogenes2| MZEHS} Fig,
= 715 EH] W L monocytogenes®| AYEHASE UEf
Aok, AREN|o|A] 27)%F%E 8.00 log CFU g ©|3}
0~ 40U7HAE HE SES GABP L 0|7 A
| Zraskint, EEEH NS 27455 7.94 log CFU g '
O|%laL 0~ 10U7Al = AR Fd 120 FLeof 25 Ak
. Table 32 E¥] Y L, monocytogenes®] DRTZ}
Aoz AFEMA 27,3, E=EH|oA] 16,9
d] S enterica®} TEI7IAZ AREH||A T &
e AE 2SIt} Table 194 HH AEER]7}
A, QUAE Ze, A3, vl 59
o 2uff o) Hth= A& & 4 qUrk =R ER|E ARE
Hlof] T2 Fe] fHto] = o] Qi A nES] A
o] © fegh 24ol7] wiZo] e FES 4= Qrkar
AZ1RITE. L monocytogenes= A E-EH| 2} EEEH] o A
S, enterica®ith W] AfEsh= WS H=H o= L
monocytogenes2] E|H|o)| X 9] E5T 0| S entericakth
drh= A8 & 4= ok Kim et al, (2009)2 EH]olA L,
monocytogenes’} S, enterica®R Tk APE&E7| w2l &)
el 2 AAANe} 22 AFeS Bdvh S enterica’}
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Fig. 2. L. monocytogenes survival in chicken and pig manure
compost at 25C (#=9, error bars=SD).

Table 3. Decimal reduction time (DRT) for L. monocytogenes
in chicken and pig manure compost at 25C.

Treatment Regression equation R DRT (days)
Chicken

manure Logied = -0.0365¢ + 8.757 0.96 273
compost

Pig manure

Logiod = -0.0589¢ + 8.8832 0.90 16.9
compost

=EEH|eL ARE] oA HF AT STV HFE B
A9 L, monocytogenes 57Fo1A Qa1 vl5:gt =2&

AeF3iet.
7hE ol TRkt Wl nlAEe] 23E ] QL

Tt FEEe HEAE 5 e Sa% 2ddo] E 4 9l
T} (Maule, 2000). B/ vldEe] 29H Bl F
7h sAkEel HEE o] Alto] 2 SARES AFsHE A%
Eo] 2S5 9t} (Morgan et al,, 1988), Maule (2000)-2
W mgEo] BEoFo|u BH|of AAITE ET 4= Q1AL Q1
Zrol|A Aol7t ¥o] FAAIE 4= UrkaL sF3Itt. Morgan et
al, (1988) =ollAl £ coli 01579 I3k Xx9] AlF=
Atals Bl @ Wty dojEo] okl st
Al 247 9] gk} 5 150 AMGSEITE wheEbA] sAkEel
Ot A= ARLE Ash] fleiMe 2dde] E 5 2l
= EH|9} W49] kA TEl7t 8351} Larney et al,
(2008) EH|3} S Foll 7S E FE9]
of| thAHEo] 7~8 log CFU g 'of|A] 2~3 log CFU g '&
Ao, B oS AEEA okt sk
t} Lung et al. (2001)2 ¥l EAol= B T ]
1] mAES EHEE I S WA EE Dol o5t
L= ST IS o o e =2 = R o2 o g T = i S o o
FES Bty AX= Aol R Sasith
it & A72nE £ o EREHS ARER7}
enterica®} I, monocytogenes 742 HYUA n|AEo] <
Hephd ARER o] 9ol ¥ au=, AlREH] A

HAS 5
35

St porle
K2 h
ot
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A BRI BEAAE AN g F eRdRelo] o
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Conclusions

2 Aqts FUelA fEERE 7HSE ERlE te R E
HE5oll w2 WY/ v (S enterica, I, monocytogenes)
o) AEs W AZ7IE v, FASRL PRt sikeE A
Aksl7] f1ste] Elu) 9] QbR AAkL o] 8of| 7| ZA RS AT
S e, T SEER 7S o] S enterica
9} L, monocytogeness 4Esto] EH|EFol wE Y= W
SlFS AR AT S enterical] AYENLL EW|EF
of| whebA] T2 73RS UEt =Tl AlREERol|A] 22f =St
QL =REM|OA = AFESETMSITY L monocytogenes®)
AE=sE A dah, =REREC AlREH] oA T o]
MZEsl= AE BTt S enterica®t I, monocytogenesS-
A H]ol| A AEE o] 7] wfjtoll AlREH] AFAF Alo] T
< Fo7F dasioal Azt S YAkt of 8
B&717HE AXH 11202 Q13| B vjgEo] AFdst
7] wiZof| Sttt Bs717hE Stk o] 4k o

= fIsto] Ri=A] Hasioial weEh
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