HA & 71 F THA 7 Ziklod
A7HA D ARTAA ATE} |FAAR| AFA | YA
0]_;(_]}.;}\]_%/(/\ O Ol hm =4 ) b) %§7]%% -
PEhE ks IR A=k A sy | 2126 | ] g4 o}
100 Q]__
Z2E f3UAE 24§ . o | EAAED |
oA e SRR | 202V | o | @Al
22180 SEEH], A WA, ERlEss, e
ABSTRACT

This study examined the presence and antibiotic resistance of pathogenic bacteria
in 124 manure-based compost samples (76 cattle, 34 swine, and 14 poultry) from
Gyeonggi Province, South Korea. Pathogenic and indicator bacteria, including
Escherichia coll, Klebsiella pneumoniae, Salmonella enterica, Enterococcus Spp.,
Staphylococcus spp., Acinetobacter spp., and Pseudomonas spp., were identified
using 16S rRNA gene sequencing and tested against 26 antibiotics. S. enterica from
poultry manure showed 100% resistance to tetracycline and nalidixic acid.
Enterococcus faecium and E. faecalis exhibited high resistance to gentamicin (86.0%)
and quinupristin/dalfopristin (58.0%). Staphylococcus spp. from poultry also showed
100% resistance to quinupristin/dalfopristin, while  Acinetobacter spp. and
Pseudomonas spp. displayed high levels of multidrug resistance. Compost maturity
was evaluated based on ammonia (NHs) emissions, with immature composts showing
elevated NH; levels and Dbacterial counts, indicating incomplete pathogen
inactivation. A controlled trial confirmed that mechanical turning with aeration
enhanced compost maturity and eliminated £ coli and Salmonella spp. To ensure
the microbial safety of agricultural products, it is essential to control potential
pathogens present in poultry manure compost self-produced by farms. This study
suggests that effective management of harmful microorganisms during the
composting process can contribute to enhanced safety of the final produce.

Keywords: Livestock manure compost, Antibiotic resistance, Compost maturity,
Agricultural product safety
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Z2E|H] QHO|HE ZAF Y QHFMRIA| D& JHY O

1 9458
A Aol B B Zvkek @A AN Az Anyt 1EI solua Qo
A Aae we, aug, Aol s 59 Jgart FREL 154 LS i
T gle] doiele] A 283 XS ARty Yok 21U M i v}
zg A glo] Moz HAHE EHoz Qs wAESA 5o 3 Fait
A Atk YA mAEd o AEE WAL WY FFo] Ee AP
= A% Z7lsta glon, B3 4l iﬁi—% %f& *—1%——% At 7b A%

I UTHHong et al, 2012). ©]= AWEA 0
7H2011~2021'd) AA F2EF3 BH"E A5 % é*ﬁ °4°1€r% F2 andag, &
g U\ & (Escherichia coli O157:HT7), 2l2H g0} R AP EA Y2~ Foln, dY
FOoRE AL, ZHQl A, b, 0], G2, EVE, $FFF 5 AaF[UE F
o]F3 i stHTtHeon et al., 2022). 2&FolfEkH ]  2016~2020 3 =

e g > HJ{N' IV L A i A )

oX,
u)
o
FJU
_l

ATs A fﬂ%L of med, AaF7t FA HF5 SR 67%6,034%3)

ft
N
AN
ot

25 T TS F AT, TAFNAE T
LH¥e®E AFHI Yot FHAA FEEH
T3t EY FERE MAEeE 7714 HIERE g
nAEe] o]l 2 4 o
A " Eo] EAT JhsAdol
7F AZ1=EI Ao @A gk
vloll sl £ coli O157:H73%
] ofF ohal 7gstal ATHAhn et
, 2021). P ﬂ‘ﬂlgl Fas o Heds, SHE: B3] B2 a9
%X}%O}‘?&. o] 70 ©]7) oF dti(Mls T4 AA, =& H
| A2024-28%). Z1ejvt vl H I JhEERY Atoldl Al ELA|7F o] T}
SRl o3 ERle Hls@e ol vlsl i ARV @A %] He AA otk
THEE F2 s7tAA AAA R AxsteE HEY A, AHE HYle &
4 4319% A HATE AHE o] FARA] e F Udvhe Aotk AriAl =
Hl o Hsto mE i+t 9.0353 A A3, S48 B HHldA e o
AEEA &gkoy, 5ol & H FH|oM s A TFo] HAEE A HLarney et
al, 2003). o= FAH3 En s} JJr7§ o] B WAESY A} AAHE AAH
olggt wjANA B AF= A7IE W SEEH EAEhs FalvAdE 2 9 A
HAa e E4S A Ay a<ls Hrtsta, ol ZIRteE FEEH kA
#e] Jes MEFO BN FAE AL dAAA LS FHIFuA YT
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2 AE 8 By

A D FEEHY F/7E d4 ZYUEHA

2022 FE] 2023712 HFEE S8 764, =1 343, AR 4 ANEE AFHS
WAGHE Byaste] AFAE EHgE F 2443 oo A3FS AASATHE D.
2F 7% 2 A9 uAHEAGHEMEDS, 2020)0] &A%t mAYE PSS A
o F2EY EQF, o dwtMd, AT, A (Escherichia col)e] 7 %A
B8 Az"Evl A (Aerobic count plate 3M petrifilm, E. coli/Coliform Count Plate
3M Petrifilm, 3M, St. Paul, MN, USAE ©]&3ty ZFZUY(colony)E AF35he]
colony-forming unit (CFU)/ge.2 Uetdch i3S AS2ZHE AR ZAF o
A (E col), #HBetohF(Klebsiella pneumoniae), Z&wH(Enterococcus faecalis, E.
faecium< W3 F8 AFEHAA AmdeNSaimonella spp.), FNMIT= AT
(Staphylococcus — spp.), &8 WAAR A (Acinetobacter  baumannii,  Pseudomonas
aeruginosa) S &9tk 23 AldS 16S rRNA G714 E8 2438191 BLAST
W © 2 Genebank (http://www.ncbi.nlm.nih.gov/)) A&} vl A3t FA 3
a% SAAIASQ E coli K pnemoniae, Salmonella spp., Acinetobacter spp.2
Pseudomonans spp.&t 1% <A Staphylococcus spp.¢V E. faecalls, E. faecium=
TAE AlTRbs AAste] FAAA A AR ARESHATE AFERE FAAIE 265 0E
JggAd el tisAl+= amikacin(AMI), ampicillin(fAMP), azithromycin(AZD), cefotaxime(FOT),
cefoxitin(FOX), ceftazidime(TAZ), ceftriaxone(AXO), chloramphenicol(CHL),
ciprofloxacin(CIP), colistin(COL), gentamicin(GEN), imipenem(MI), nalidixic Acid(NAL),
streptomycin(STR), tetracycline(TET) % trimethoprim/sulfamethoxazole(SXT) & 16&
o FAAE ARESEY. =3, I8 ST didiAs ampicillintAMP),
chloramphenicol(CHL),  ciprofloxacin(CIP), ~gentamicin (GEN), streptomycin(STR),
tetracycline(TET), tylosin tartrate(TYL), vancomycin(VAN), daptomycin (DAP),
erythromycin(ERY), florfenicol(FFN), kanamycin(KAN), linezolid(LZD),
quinupristin/dalfopristin(SYN), salinomycin(SAL) % tigecycline(TGC) & 1652 A
5 ARSI T EEd Aldd g FAA HAYAFEEE  Sensititre  ARIS
HiQ(Thermo Fisher Scientific Inc.,)9} E-test stripeS ©]-&3}e] E2%2(Jones et
al., 2015; Kim et al., 2021) &AA A3FAd oF= CLSI2020) 7|Eo 2 AAH3IAT

¢

T 1. =33 A Z5(022~202339)
=3
ﬂ = ) =
= EE g @A
2022 56 7 5 68
2023 20 27 9 56
g A 76 34 14 124
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HEEIH QMOIYE ZA Y AR 21 Y QO

AE 2> FEEH F5=¢9 FUAE 4adA 79
2022 FE] 20233d7HA] EFHEE S8 35d, 28 30H, AR 37H ARE AF
FHE & 24ANZE ol ARPE
CAFE IE A vAAEA
AHMEDS, 202000 ojAste wAE APS FHsATE IubAlAF, oo, o
Zit(Escherichia colp®] A% L AGEHES A ARAFHAE FAFR7] Al 192
, BB S AE DI Y% BE o R BAEATH S EENH A z2A A7|EE
S5 zAREH] 98 F9(CoMMe-100)S AMg3te] REEE ZASIAT 5%
A oA ARE 2AZ WA &7]o EAMZGA EHHE €
o] ZHe 71EKit-A, KitB)E 1A § F74& 2 25T oA 3083t 4t
H 71EE AL 8794 EEAA FsE #AH 7| ¥o] FAHIATHRDA,
2010). F= Yo} 7k A FL ANFS B F 300gS 7t Y &) ¥
ste] Ao 242 AR F 7FAEA7)(GASTEC GV-100S, Japan)E o] &3t <
R U oHGASTEC detetector tube, ammonia no. 3M, 3La, 3L, Japan)S 243t3t}.

X 48 N o B
oo o o M)
o

rlo
o
i

AIE 3 FEHY FAE A7 AL

B AEL MG Y ALY FARAA RS ARS YISt d5E AMESA S
H, 20249 % 4€FE 10€71A o]HA THW FZAE o AT FItlA FHEA
ot g3t MEle FAE gz, J93737] Y AT, SFFolz+H [ AY A
gTE FASAT FFvo]ZE A Eo] 10cme! PVCHS Atgstgon, #ol =¥
ol 5A19F 7A WEgoE 1.5cme FHE Fi FHIE Fo] wgE I E
T Abo] HAE 40cmE wgEtAt ZF A7 Hvle Eol 1.5mE A F5%
SEHZ gojFo] yA" rAES 53 7] #8585 £33 Hulg ieg 2
et Huigu)e FH377) 2 12K56.9), 234(5.27), 33H6.24), 43H8.25) 0.2 F
3] AAEHeH, A 2T AL o] &3t Hu] AAVF FAF Fo|=F At
A B L2 =43}y 9ste] L=44(Hobo Temp/RH data logger, USA)S & 2
o Ao, FY % stdk FEol 7 ARt Aztde] HHEE SHEAT &
ZYo} 7bx AT g Hu] X A A 2D FYT o R 743
Aok H¥ A 2 HAHE & g

Aol shgom, FAEE A
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3. A% & u&

Al D SEEHH F/7E ddA8 ZEUER

E coll 713755 &893, FAA 15T sl A ARZE 3% 23
tetracyclinedl] gk A Eo] 233%= 7P =3%on, o2 ampicillin(17.8%),
chloramphenicol(16.4%), ciprofloxacin, nalidixic acid(8.2%), cefotaxime, ceftriaxone,
gentamicin(1.4%) 2 2 A Vet E D.

100.0 %5
280.0 %
60.0 %%
40.0 %

20.0 %%

17908 e 1608 %
1.4 1.4 sk 1.4 8.2

0.0 %%
AMI AMP AZI FOT FOX TAZ AXO CHL CIPF COL GEN Inl MNAL TET SXT

m R(%) m (%) mS(%)
a9 1. SEFN &8 E colitl FABA A 98

K. pneumoniae 16755 ™3O &2 FAA 15F] el A AR s 2o,
ampicillinel] 3k WA Eo] 93.8%0.2 714 =3kow, t}3 2 & chloramphenicolol]
gk YA Eo] 125%=2 =931, tetracycline, trimethoprim/sulphamethoxazole(6.3%)
O E YERGTHIY 2).

Antimicrobial resistance pattern of K. pneumoniae isolates(n=16)
100

80
60
40

20

AMI AMP AZI FOT FOX TAZ AXO CHL ciP COoL GEN i MNAL TET SXT

- R(%) ™ 1(%) = S(%)

1Y 2. FEEY) B8 K pneumoniaed-2| FAA WA g€
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HEEIH QMOIYE ZA Y AR 21 Y QO

S enterica 57+ FE WA CE FAA 16F sl A AB8E AT A
nalidixic acid¥} tetracyclinee] 100%2 WAEo] 7 =3kom, o422 2 ampicillin,
cefotaxime, ceftriaxone, chloramphenicol, trimethoprim/sulphamethoxazole(80.0%)©]%.2.H,
cefoxitin 40% %22 JepGti29 3).

100.0 %
80.0 %
80.0 %

40.0 % 20 kY 80 %% 20 96 20

20.0 %% 40

0.0 %5
AMI AMP  AZI FOT FOX TAZ AXO CHL <P COL GEN InI MAL TET SXT

B R(%) mI(%) = S(%)

a9 3. 2Ryy Ba S entericadd IAA WA A=A

E. faecium 50455 Qo2 A 1650 thall A A 2AS 33
ZA 3} gentamicin, streptomycin(86.0%)2] W&l 7F4 &4, quinupristin/dalfopri
stin(58.0%), ciprofloxacin(54.0%), tetracycline, daptomycin(20.0%) <=2 YEPFTH1H 4).

100.0 %%
80.0 %%
60.0 25
40.0 25

20.0 %%

1600 26 2088 26 20888 26

% ool B 12% 2

0.0 %%
AMP CHL CIP ERY FLO GEN KAMN LMNZ STR SYN TET TYL VAN DAP SAL TGC

mR(%) mI1{%) mS(%)

a9 4. SEEN B E feaciumste FAA WA HE
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E. faecalis 54l thall A 44 =4S T3 A3 AAAd el gentamicin,
quinupristin/dalfopristing #1<)3}ar streptomycin(100.0%)ol thg WA Eo] 71 Egkon,
tetracycline(57.4%), erythromycin(29.6%), daptomycin(20.4%), chloramphenicol, kanamycin
(16.7%), florfenicol(14.8%), ciprofloxacin(11.1%), ampicillin, vancomycin(1.9%) o2
= YEFSTHIE 5).

100.0 %
80.0 %
60.0 %5
40.0 %

20.0 %

29

I 18 % 5 94, 14 )
1180 1188 % 1.

0.0 %%
AMP CHL CIP ERY FLO GEN KAMN LNZ STR SYN TET TYL VAN DAFP SAL TGC

mR(%) mI{%) mS(%)

a9 5. 28] B E feacalis7o FAA WA €

Staphylococcus spp. 50055 o2 A 135 sl 4 AA-S 3
A3} ol Fgto] FAto]| =4 A2l ampicillin, kanamycin, gentamicin(100%)ol] A]
o2 FAA ) viE] WAEC] W EUHIH 6).

100.0 %6
80.0 %
60.0 2%
40.0 %
20.0 %%

12888 o5

0.0 % [ po n 2
AMP CHL CIP ERY FLO GEN KAN LNZ SYN TET TYL VAN DAP

H R(%6) mI{%) W S(%)

a9 6. SEEY) B Staphylococcus spp.e] FAA WA HE
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Acinetobacter spp. 22975 o2 FAA A AAS T3 Ao, AAAE
ampicilling A3t o] =Feto] FALo| =A] YA ceftazidime, ceftriaxone, cipro
floxacin(94.1%)ol 733+ WS RS ™ imipenem(20.6%), cefotaxime, colistin(11.8%) <=
A2 YWAHES BPHZ™E 7).

100.0

80.0

60.0

40.0

20.0

0.0
AMI AMP FOT TAZ AXO CIP COoL GEM Inal SXT

mR(%) m (%) mS(%)

a9 7. 28] B3 Achmefobacter spp.2l IAA WA A&

Pseudomonas spp. 2905 U4 oZ A A AAS S A, AAugd
ampicillin, cefotaxime, chloramphenicol, tetracyclineE <] o}‘?ﬂ azithromycine| 72.4%=
7+ =gk ow imipenem(10.3%), ciprofloxacin(3.4%) <= & EFFTH Y 8).

100.0
80.0
&60.0

40.0

20.0

AMI AMP AZI FOT TAZ AXO CHL ciP CcoL GEN InAl TET SXT

= R(%) ®I(%) = S(%)

19 8. =8gv) 28 Pseudomonas spp.o) FAA WA 4
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SEEH A 27 E coll T334 FAA HABES AR A+ & 29 A
3 AW ES 2AGE A9 Ao m AR fFd F5oA w=3ker, 34
AEE 2 zol7t AT AE F8 1¥F+= ampicillin, chloramphenicol, ciprofloxacin,
nalidixic acid, tetracycline W4 &°] 100%°.2 YEFSTE.

2. FEEY 2 AT FA4A HYE

=5

Trimel
i . - e hoprim
Ecoli  Amika Genta Ampic ASUC Cefota Cefoxi Ceftwz Cefi o (P00 Coligi Imipe “on! Tewac
(n=73) cin micin  illin Y Kime tin idime axone P n nem < ycline  Sulpha
n icol n Acid
methox
azole

$-5{n=59) 0.0 17 6.8 0.0 17 00 00

FH{n=13) 0.0 0.0 0.0 0.0 00 00

H&n=1) 0.0 0.0 1000 0.0 0.0 00 00

ZHEEH A BEEl$ K pneumoniae 16772 FAA WAHES A 3= £
37 2t} Gentamicine 33 TAIGlC] =2 FAAWAHES YEI o1, ceftriaxo
net tetracycline2 =&ollA 28 oA A o] eyt

% 3. 5N B9 K pneumoniae®] FAYA WAHE
Trimet
K Amika Genta Ampic A Cotota Cefoxi Ceftar Ceftri 10R - GO cojig;  pipe  Nalldl iy BOPEI
poeuamonde ¢p o micin  illin Y yime  Gn  idime axome P 0 nem . ycline
(n=16) n icol n Acid methox
azole
2 2{n=10) 0.0 1000 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 00 0.0 0.0

FE{n=4) 0.0 0.0 0.0 0.0 0.0 0.0 500 00 0.0 00 0.0 00 50 0.0

HE(n=2) 0 100.0 0 0 0 0 0 0 0 0 0 0 0 0 0

S. enterica= AlEE Bl AT bF7F EEE Ao H, o|Fe A WAZE

oEE —LA]'—@'
A3} nalidixic acid, tetracycline WA &©°] 100%=2 UE S ™, ampicillin, cefotaxime,
ceftriaxone, chloramphenicol, trimethoprim/sulphamethoxazole 80%% e} f-lact
am AlE FAANA F2 HAEEC] YEFRTHE 4).

3T

¥ 4. 2EEN By S entericad) FAA WA E

Trimet

Soncs.  Amka Genta Ampic (7UY Celota Cefod Ceftw Cefiii [00F [POT Colisti Imipe g Terac oRTH

(n-5) cin micin illin p xime lin idime axone icol " n nem Acid ycline methox

azole

9-5#{n=0) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 00 0.0 0.0 00
EEm0-0) 00 00 00

0.0 00 0.0 00 0.0 00 0.0 0.0 00

0.0 00 00
HE{n-5) 0.0 0.0 - 0.0 - 400 00 00 00 (I 1000 1000
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ZEEH| A B3 E faecium 50752 YA WAHAES F 5
oA BElH E faecium= T2 FFol vlE] dlFE] FAA ) o o] A
Uelgton E3], AAWALS e quinupristin/dalfopristing A 2]3}H ciprofloxaci
nel WA Eol 50.0%°13 02 71 =dth =734 A 2 A RUEYE B
2(2023)0 M=, FH4E F4HE A Ee8l®E Enterococcus spp.+= ciprofloxacin(38.
9%), quinupristin/dalfopristin(33.3%), tetracycline(24.1%)N4 =& WAHAES RITL
RuEAn) 3, ALFoAl 23 dAAQ linezolidew= =S FFolA A WA
o] YelUR] &t} E faecalis b4+ FAA WA 2 E 63 2o E faeca
1ise] 74-% linezolide®} vancomycin =& Al g2l A A %—?7} —w—xH o} om E3
vancomycin resistanct enterococci(VRE)= 23 HdAH 7Y
AKim et al., 2007). VRE= o] A2k o8 WA o] A5, ofo gk HY
;1 WA A8 FHEe A F7F 77 st

X 5. =BEY By E faecium FAAA HAE

E faecium ... Chloram Ciprofl Dapto Erythro Quinupristin/ . . .
(n=50) Ampicillin phenicol oxacin mycin  mycin Linezolid Dalfopristin Tetracycline Vancomycin
-2 (0=37) 0 0.0 b1 N6 27 0.0 514 108 0.0
FH{n=5) 0 0.0 60.0 400 60.0 0.0 60.0 0.0
H5n-8) 125 375 500 0 50 0 375 125

X 6. SEEY B E faecalis®] FAA WAHE

E fapcalis .. Chloram Ciprofl Dapto Erythro . Quinupristin/ " . .
(n=54) Ampicillin phenicol oxacin mycin  mycin Linezolid Dalfopristin Tetracycline  Vancomycin
$-£(0=30) 33 6.7 33 6.7 33 1000 0.0 0.0 100.0
EE0=17) 0.0 k3 17.6 88 253 1000 412 0.0 100.0
HED=T) 0.0 143 386 57.1 143 1000 8.6 0.0 100.0

Hlol| A B-e)3+ Staphylococcus spp. 50752 YA WAHES A3 dAaes
2t} Quinupristin/dalfopristinell ™3l - 84.4%, =i 87.5%, Al 100%<]
S WAEES BERon, 53] ARdA EeE FFe A s A
< WAES UEET ol FEEH S0lA FgA Ao R Qg APt
o] ZH&AS TS AlAEHH, A AT F4 WA E A7 FHE) A9

=
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% 7. REW 29 Staphylococcus spp.o] &AA WAE

&apby‘;c:f:;;us AP s}}:::zzgi Ciprofloxacin Erythromycin Linezolid ?Ju;ln];s:l:z:’ Tetracycline Vancomycin
8 (n=-32) 31 0.0 125 0.0 0.0 31
=5(n=8) 125 0.0 125 12.5 0.0 0.0
HE(n=10) 60.0 40.0 50.0 20.0 0.0 50.0

ZEE oA B3 Acinetobacter spp. 347F2] YA WA ES ZAS A=

% 83 o RE ZFo|A ceftazidimed} ciprofloxacinell thal]l 90%°]4 HAES X
Ao, AlEolA EeE dFE0] o A sl Aol o] AN T
7HsAd o] =3kt Trimethoprim/Sulfamethoxazoled] tsiA = EE +57F A3 S
LR AT
¥ 8. =EEW B Acnetobacter spp.2] FAAA WA E
Acinetobacter spp. ¢ . icin  Ampicillin  Ceftazidime  Ciprofloxacin  Colistin rimethopriny
(0=22) pr Sulfamethoxazole
926 00 48 48 0.0
ER(p-12) 00 0.0 0.0 0.0
A E(n=4) 455 545 273 0.0

SEEH A E8l’?F Pseudomonas spp.< AFAWAd <] ampicillin, cefotaxime, chloram
phenicol, tetracyclineZ #) 2|3}l azithromycineo] & WAES RYtHE 9). Tetracy
clinee &3 AEANA 66.7%, 75.0%2 =2 WAHES EHJ I, Imipenem ZE
Foll A A WS e 21, amikacin, gentamicin, ceftazidime, trimethoprim/sul
phamethoxazoledl] sl = BE FF7F A4S UeRyATh

ZRE 8] Ba Pseudomonas spp.o] FAA WA E

Pseudomonas Amika Genta Ampic Azithro Cefota Ceftaz Ceftri Chloram Ciprofl Colistin Imipe Tetrac  Trimethoprim
[?S;'n cin  micin illin  mycin xime idime axone phenicol oxacin nem ycline /Sulfamethoxazole
9 H(n=15) 00 00 6.7 0.0 6.7 . 00
EH@s10) 00 00 00 00 100 @ 200 00

A (0=4) 00 00

00 0.0 50 . 00
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AR 2> FEEH B5=¢ TN E 4334 79

20233 Bt A AxFA HH 56FH($E 204, B8 27H, AL 9 ARE A
Azt AYAZAF @ FEEE B4 A94E ® 1038 2o 24 A9, 98, =
=, ARdA HEE dvtMd 2=+ 47 6.52~9.58 log CFU/g, 5.47~9.73 log
CFU/g, 8.22~10.15 log CFU/ge. 2 uEhsth Krueger 5(2002)2 4+ E®olA = 8
log CFU g ol&te] 747t AEdta By, Salanitro S(1997)% SAHEH
o 9~10 log CFU g %9 F#57F EA%da At i@dwTe 4% $&
A 3.00~5.65 log CFU/g, =804 246~8.08 log CFU/g, A%olA 3.39~8.02 log
CFU/ge] A=At i &4 2.00~6.58 log CFU/g, =&A 3.37~9.06
log CFU/g, A|%oll A 3.62~7.05 log CFU/go] 7AZ % th

# 10. 20239 SEEH AAAEA T D R 24 A
(&9: log CFU/g)

HE  AEW TR FIRAE diRETE L2 e
1 23LMC-1 & 6.97+0.14  3.20+0.31 3.02+0.28 F=4=B60%)
2 23LMC-2 ” 6.87+0.09  347+0.17 2.16+0.06 F=A5B0%)
3 23LMC-3 G 7.51+0.20  353+0.21 4.73+0.04 F<=<5(80%)
4 23LMC-4 v 8.35+0.06 ND 5.66£0.05 F<¢5(80%)
5 23LMC-5 v 8.56+0.06  4.56+0.07 518+0.25 F<2A5(80%)
6 23LMC-6 v 8.44+0.03  4.60£0.21 4.57+0.23 F<2A5(80%)
7 23LMC-7 ” 7.39+0.19 3.00=0.0 ND <2k 5(80%)
8 23LMC-8 ” 9.00+0.01  4.60+0.06 3.85+£0.20 F=A5B80%)
9 23LMC-9 ” 8.32+0.13 ND 5.96+£0.10 F<=<5(70%)
10 23LMC-10 ” 6.52+0.27  3.67+0.18 2.36+0.32 F=A5(70%)
11 23LMC-11 ” 8.284+0.15  4.68+0.12 5.08+0.10 F=A5(70%)
12 23LMC-12 ” 9.27+0.07  5.65%+0.16 6.34+0.28 F=A5(70%)
13 23LMC-13 ” 9.58+0.05 ND ND T35 (70%)
14 23LMC-14 ” 6.88+0.26 ND ND F<=271(40%)
15 23LMC-15 ” 8.20+0.18 ND ND T 580%)
16 23LMC-16 ” 8.394+0.18  530+0.30 6.58+0.31 HF<=¢45B0%)
17 23LMC-17 ” 7.34+0.20  4.24%+0.17 2.00£1.73 F=A45(70%)
18 23LMC-18 % 6.53+0.28 ND ND F<=2h5(80%)
19 23LMC-19 ” 7.11+0.08  4.46+0.20 ND F<2k5(80%)
20 23LMC-20 % 8.84+0.07 4.44+0.29 ND <2 5(80%)
21 23LMC-21 =% 8.67+0.08  7.63£0.13 ND F=25(70%)
22 23LMC-22 G 8.78+0.02  6.41+0.22 ND F= 2 580%)
23 23LMC-23 G 8.58+0.16  6.24+0.06 ND T4 5(80%)
24 23LMC-24 4 8.98+0.01  5.49+0.20 ND F< 2 580%)
25  23LMC-25 v 8.92+0.05  6.81+0.28 ND F= 2 580%)
26  23LMC-26 ” 7.32+0.15  4.78+0.16 5.98+0.21 F<=45080%)
27  23LMC-27 % 6.17+0.19  5.25%0.20 ND F 2 580%)
28  23LMC-28 v 7.16+0.09  5.96+0.10 ND T 5(80%)
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29  23LMC-29 =& 6.28+0.16  4.33%0.20 ND 2291 5(80%)
30  23LMC-30 2 8.04+0.06 3.78+0.53 3.37£0.26 HELE(70%)
31  23LMC-31 2 5.47+0.01 ND ND 2H H<+(100%)
32 23LMC-32 2 6.31+0.20 ND ND A F-<(100%)
33 23LMC-33 2 5.77+0.07 ND ND F-<57](40%)
34 23LMC-34 2 8.21+0.18 5.40+0.15 595+0.13  FZ&%7](20%)
35  23LMC-35 2 7.06+0.16 ND ND B2 75(70%)
36 23LMC-36 2 9.73+£0.07 8.08%£0.13 9.06+0.08 F<==(80%)
37  23LMC-37 2 7.02+0.14 5.10%+0.25 527+0.24 F<=92(80%)
38  23LMC-38 2 7.87+0.11 ND ND F5571(40%)
39  23LMC-39 2 9.46+0.05 5.37+0.60 4.79+0.36 HF<=22(70%)
40  23LMC-40 2 8.37+0.22  5.14+0.16 ND 2= 5(70%)
41  23LMC-41 2 750+0.15  3.99+0.18 4.26+0.24  F<2H=(80%)
42 23LMC-42 2 9.26+0.07 4.73+0.55 4.96+0.24 F<=22(70%)
43 23LMC-43 2 9.09+£0.06 5.18+0.39 545+0.40 H=%=(70%)
44  23LMC-44 2 9.04+0.07 2.54+0.34 ND B2 =271(20%)
45  23LMC-45 2 9.69+0.03  2.46+0.28 ND -5 71(40%)
46  23LMC-46 2 7.39+0.08  4.03+0.47 3.41+0.29 F<22(80%)
47  23LMC-47 2 8.14+0.23  4.36+0.10 4.24+0.28  F=5(80%)
48  23LMC-48 AXE 9.22+0.09 ND ND 2= 2(70%)
49  23LMC-49 2 9.27+0.11  6.68+0.03 6.55+0.03  F<=37](60%)
50  23LMC-50 2 9.84+0.03  5.47+0.10 ND H2=%71(20%)
51  23LMC-51 2 8.22+0.17 ND ND 2= 2(70%)
52 23LMC-52 2 ND 5.57+£0.26  5.40+0.23  F<Z7](40%)
53  23LMC-53 2 9.23+0.06 3.39+£0.11 3.62+0.23 H<=x7](20%)
54  23LMC-54 2 9.54+0.37  5.62+0.08 ND B2 A 5(70%)
55  23LMC-55 2 10.15+0.45 8.02+0.38 7.05+0.55  H<37)(60%)
56  23LMC-56 2 9.22+0.03  3.74+0.11 ND B.2=271(40%)

J ND: Not Detected

20243 7t A A zFQA HHE 46H (- 153, =8 33, A& 28t AlHEH|
108 9] A8E A AYAFTAT B FEEE E4T A3 % 11394 2o &
A A3, 7, =8, A, ASEYA HEd dukAd 2E= 47 6.92~9.30
log CFU/g, 5.72~8.87 log CFU/g, 4.83~9.05 log CFU/g, 5.26~7.76 log CFU/ge.2 4}
Ebtom, AN 7 @Ge mAE BXE BRI tiAdTTe A9 A
3.14~6.43 log CFU/g, =& 179 Alm9lA 572 log CFU/g, Al&ollA 1.40~5.15
log CFU/gel A=HAom, AlFEHoAE HEHA FAdth AT FEolA
2.10~5.29 log CFU/g, =& 1719 AlE9lA 6.11 log CFU/g, Al&ol4 1.30~5.58
log CFU/gel AZH AL, ARFH A= HEHA Fdrh 20220 mAE D=9
Fsegl SAAS w7 821 #AAGC] Holx gkol 2023l ¢EUYol 7t~
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TEE SA%AY. 1 2F =2 F5E00~100%)9 AERES tx NH; &
Z(0~25 ppmE HolH, @& HEx(20~40%9 AsEE2 tiEE =2 NH; %00
~400 ppm)E YERITH A FEH O] Mg AT ATl AEHA FoF v
=H oz AN oY, EEEHA s AA AR 108S 43
mEol it ol S=HME FUS ARSI FUAE e A A @ A=
A3E Hedo] WAsta = HHE AWste 277 Aok o=’ 4L
= SHHA X3 AHAA FEHL dee AARRH
o Fa A4 AXY HEE AFEEHA, & AT
]

=,

[ES

flo

45 AT B% Ago] BEE ngwe/AFel $Hs AEsA e )
NA FRAUAY, B HA ol Hulzt ngAHoR BelHo] ALAAUL T
54 ARG et dAZZOAES ERdos FEAIY PadE SR
54 Bgo] WMEA o FolAo FH, F% o Felx Hulsl AodEA =S

A% 914 #elst Basho

1L 2024 SR WATAT UE, REE, Fryol 24 Az
(&91: log CFU/g)

e A=Y 3R ke dReE dRE ¥E . of)
1 24LMC-1 & 7.22+0.07 ND ND H-<%-71(40%) -
2 24LMC-33 ” 7.92+0.17 ND ND F<25(80%) 1
3 241 MC-34 s 7.29+0.19 ND ND T2 5(80%) 1
4 24LMC-35 G 828+0.03 4.09+0.11 411+0.03 F<=+5(80%) 22.5
5 24LMC-36 v 8.64+013 4.48+0.13 433+010 F<<2H=5(80%) 1
6 24LMC-37 ” 806011 378+0.16 3624012 HF<<2k=(80%) 2
7 241 MC-38 ” 7.56£0.06 ND ND s 2(70%) 50
8 24LMC-39 ” 9.15+0.02 3424024 258+051 HF<=45(80%) 25
9 241L.MC-40 G 7.14+0.17 ND ND a2k =(80%) 1
10 24LMC-41 v 9.30+0.09 6.43+0.03 454+0.08 F-<<H=(80%) 0
11 24LMC-42 s 6.920.08 377+0.28 236+0.32 HF<<2k=(80%) 1
12 24LMC-43 s 7374013 3144026 238+044 F<=A5(80%) 1
13 24LMC-44 ” 7.16+0.11 ND 210017 F-<=5(80%) 0
14 24LMC-45 G 7.8620.09 ND ND <k 5(80%) 5]
15 24LMC-46 G 9.00£0.03 ND 529+0.08 F-<2+5(80%) 10
16 24IMC-2 =¥ 887+004 568+017 611012 HF<=45(70%) 18
17 241 MC-3 G 6.48+0.18 ND ND T4 5(70%) 3
18 24L.MC-4 ” 5.72+0.12 ND ND < 5(80%) 1
19 24LMC-5 A& 7.64+0.05 ND ND F<245(80%) -
20 24L.MC-6 G 8.32+0.03 ND ND F<=45(70%) -
21 24LMC-7 G 6.28+0.05 ND ND F<27120%) -
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22 24LMC-8 A& 4.83+0.33 ND ND B=271(20%) 150
23 241.MC-9 Z 5.70+0.24 ND ND Ha=27120%) 40
24 24L.MC-10 % 5.92+0.10 ND ND B==271(20%) 100
25 241 MC-11 Z 6.231+0.25 1.40+0.17 ND H=A2(80%) 2
26 241 MC-12 Z 6.31+0.14 ND ND B 5(70%) 4
27 241 MC-13 Z 6.69+0.21 ND ND Ha=27120%) 100
28 241 MC-14 Z 8.00+0.06 ND ND Ba==71(20%) 400
29 241 MC-15 Z 6.45+0.11 ND ND F2=12(80%) 7
30 24L.MC-16 % 7.25+0.04 ND ND Ba==71(20%) 150
31 241 MC-17 Z 8.80+0.09 ND ND F=2(80%) 2
32 24L.MC-18 v 8.81+0.04 ND ND B2==271(20%) 200
33 241.MC-19 Z 8.17+0.04 ND ND FHeA5(70%) 2
34 24L.MC-20 % 7.24+0.05 ND ND B2=%71(20%) 50
35 241 MC-21 Z 7.74+0.40 515+0.21 558+042 F<A=5(80%) 2
36 24L.MC-22 % 9.42+0.09 2724010 130+£030 F=L45(70%) 11
37 241 MC-23 Z 7.99+0.07 ND ND HE=%27120%) 250
38 24L.MC-24 % 9.05+0.02 3.35+0.19 341+0.16 F<=A5(80%) 15
39 241 MC-25 Z 7.83+0.10 ND ND He271(40%) 50
40 24L.MC-26 % 8.02+0.09 342+023 212+022 R<=%71020%) 50
41 241 MC-27 Z 8.32+0.11 4.50+0.65 ND B 5(70%) 4
42 24L.MC-28 z 7.38+0.17 ND ND H 2= 2(70%) 3
43 241 MC-29 Z 8.58+0.14 ND 4901013 HFEA5(70%) 7
44 24L.MC-30 z 7.01+0.11 3.73+0.05 ND B2 5(80%) 0
45 241 MC-31 7z 8.47+0.35 ND ND SEAR2(100%) 3
46 241 MC-32 Z 8.31+0.09 ND ND B2=%71(20%) 50
47 24LMC-47 A& 7.76+0.10 ND ND H2=271(20%) 200
48 24L.MC-48 % 7.65+0.04 ND ND R 5(80%) 2
49 241.MC-49 Z 5.37+0.27 ND ND H2=%71(20%) 400
50 24L.MC-51 Z 550+0.14 ND ND B2=%71(20%) 200
51 241 MC-52 Z 5.52+0.10 ND ND A H-2:(100%) 0
52 24L.MC-53 z 6.28+0.13 ND ND HZ=212(80%) 0
53 241 MC-54 Z 5.26+0.17 ND ND H2=%71(20%) 200
54 24L.MC-55 Z 7.70+0.23 ND ND HZ=212(80%) 1
55 241. MC-56 2z 6.95+0.12 ND ND H2=215(80%) 1
56 24L.MC-57 z 6.64+0.09 ND ND HZ=212(80%) 0

J ND: Not Detected
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ANE D FEHY FARBE ARV AL

Hul Az 7IF &< e ATl B 1Y F ¥ R =7 %7—%?] &
ato] 65~70C o =3t om, o) F M Faste 4F< ‘RiE‘r. =3 Hu grjE
AdS AFols 2571 A At of 60C WA =2ednrt, gAl AA
8] st HBl gl fA37I= WE 2571 50T olstz WHEzke WE Ve
o2 AAEAT. 42k HF7] ol Fele o ol FEHE & Aol UEUA %ol
Raol g5d oz Adkday 9.

_L4
_4

DT R L ETELE]
axh @ 3*h

70.0 LIETE LR
(4%h —mrl

G800 25|

x|

| g SR A
Lol WoN

2E(Q)
8
s

o v
° g
SH(E.2)

# EHuF7] 13K6.9), 22H5.27), 32H6.24), 43K8.25)
a9 9. g4 A=V F WELE g

gH Az 7|7 5 2E AT % 12 2 22 HRA7] AF7A] 7
Aol dstdor, ol HHl W f7]=<9 &7t of2 &dd] 3 UL oA
o ol%F 3z HAV] AHFHE B iiﬂ oA Rsots AEHC =il o]
FE FHH| Y °P7a§‘r7} gl = AT 45 AHY dEYoMNHy) F=%
A, HA/+EE ATl AR 5%% =2 (22.5ppmE UER o] Hulgst 1
aRHo= Ol—roixd ZAoZ Aotk v, FA g 12 3aF HAFH7] & gFERYo}
(NHy) 557} 100ppmes 718 =9km, 43 H%7] o]Fo|= 50ppm FFO2 &

A>
mlm
=
Bl

Hlo), B&4e dunmgoy Ay &L e AT et meA Hulsh 33
A $EL PAP AW Aele ReEe e FAL PASE d mRAQ
g ow FETHE 12).
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A& FHI7 1A FAR7) 2% HAR7] 3% A7) 4%
HA Haxrl  Razr] FSSE0H; S0ppm)  F<4=NHy 27.5ppm)
AW+ % HExr] HBEzr] BsdsNH; 50ppm)  F<Sks(NH 22.5ppm)
THY  Fezy] FHEr] REGENH 100ppm  F4ENH; 50ppm)

Hust e AR s 2= HEE 4% 29, FEUAMATe AY e
< ATl 2 AolE HolA &gkom, o= FHIE 3 T vAE o] A
2

HFHA=E Aridn. T A, HnlE ol HRAI+FET ATl HEH
Al ol A aart 7P et Ao YEigt diddS HuElgk & Aol A

HAEHA &gtom, WAA A< Salmonella spp. D E. coli O157THT= 8] A% =
= A BdA HEZHA Fol FHulo] A <kHdo] drE ZAoE ATATHE 13).

=

%13 89 Az A F AR AE 25 W
(&9: log CFU/g)

e A _ A7) 47
FOVAE REE | ORE o A
FHR71 854 =00 ND ND 807 =011 349 £05 ND
TR+ 76 £0A ND 50 £+ 007 771 £012 ND ND
T4 79 +043 ND ND 843 £007 2.9 +04 ND

% Salmonella spp., E. coli O157:H742 A 2|

g}

3 REARON BEER %S

4. 3 8
2 A= A7 FEER EAske FeindE we] 2 A A Y 24

Fal AAA 9 8dS Hrista, ol& VWt ® FEEH AR VEs MEFe

2 A= A A bAARS GEstuA £ AFEA?E v o

ANE D 298 F7E ¢H4 Z=UEHY

7V F 124319 ANERXFE E coli 71375, K pneumoniae 164, S enterica
5¥FF+, Enterococcus spp. 104++5=, Staphylococcus spp. 50¥+5, Acinetobacter
spp. 224+, Pseudomonas spp. 29757} E2 = St}

W E colil T3HFE Uz A 1565 dis] A AAES s A
tetracyclinel  ti3d WAEo] 233%= HF E=%oew, ampicillin(17.8%),
chloramphenicol(16.4%),  ciprofloxacin,  nalidixic  acid(8.2%),  cefotaxime,
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ceftriaxone, gentamicin(1.4%) <A=& WA ES Rt

th. K pneumoniae 167575 thA o2 A 15%0) thal 44 HAAS 33 2
Z  ampicillinel  dig WP ECl 93.8%=  TJHF  E=don, So7
chloramphenicol(12.5%), tetracyclin, trimethoprim/sulphamethoxazole(6.3%) <=4
2 YAHES EATh

2}. Salmonella enterica 5dF+ E5 AlRolA E2E o, tetracycline¥} nalidixic
acidell dis] 100% WAES X3, ampicillin, ceftriaxone, chloramphenicol,
trimethoprim/sulphamethoxazoleoll sl 80%<] %o WA ES vl

vl E. faecium 507+ gentamicin} streptomycinell thgk WA E0] 86.0%= 7 =3
ow, E faecalis 54v+F+= streptomycinoll thsll 100%2] WAELS R tAAl+F
A 7hs A S AT

vt Staphylococcus spp. 5075 o= FAA 13F] s 7+

=5
o,
Y
o
o

=1 3

gt Ay ARNA EEE 57 U9 SFTERO YA Ao
quinupristin/dalfopristinol] tha - 84.4%, =% 87.5%, A& 100%2] %<& U
< Bt

Ay Acinetobacter spp. 229FE iAoz qAA A AARLS £ A
cephalosproinAl B o] A<l ceftazidime, ceftriaxoneo] 3} quiniloneAl g 2] 3t
A AQ1 ciprofloxacine] A 94.1%2] WA E©] YESTH

o}. Pseudomonas spp. 29TFE Ao R FAA A HAAES FY3 A
cefotaximeeo] 96.6%= 7} =3ro ™ ampicilline] 93.1%°.2 7} =3kow
chloramphenicol(79.3%),  azithromycin(72.4%),  tetracycline(51.7%),  imipenem
(10.3%), ciprofloxacin (3.4%) =X Z WA ES EATh

7k w28 89 FIrAES] A WAEAES AREE BAT A AlZdA &
¥ E colvt G2 Alge) Hls) =A JEelsta £3] ampicillin, chloramphenicol,
ciprofloxacin, nalidixic acid, tetracyclineol s uWAE<l =wowW, K
pneumoniaes A &9 FAglol FFH 22 gentamicindll WA Eo] w}oH, =
Bo|A Bgld FFolA ceftriaxoned} tetracycline WA Eo] &tth.

zh. EFo ot A WA EC] BEA vEgen, 53] AR fFHd EHulA A

W o2 F4A WA E] A4 WEETH

N

AE 2> SEIH B2 {IvAdE AA8A4 79

7h 2022-20239 Sk & 10279 AvbAlz Hul @ 1079 AWHHES BA
Az} YubAF WEE= $E(6.52-9.58 log CFUl), =8(5.47-9.73 log CFU/g),
AE4.83-10.15 log CFU/g), AEHI(5.26~7.76 log CFU/QZ Uleldon,
A ZERZE 7H e mAE RXE BT

. gigdT A B 60.0% =5 76.7% AR 37.8%Gom, AEudA=
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<Al
7}

2 5 62.9%, =& 40.0%, AR 24.3%0A4 A=A
< AT - T 95 9 NHys =7t 1=t
8 o] i EdEdE B, 55 20~40%
e =2 gAFT L95(3.00~9.06 log CFU/@7} #2= t).
=Z(80~100%) AlE+= & NH; &%(0~25ppm), W2 H-5%(20~40%)
%2 NH3; 5 %(50~400ppm)E 11%11:}

AgE fAE U959 7txs w57 BF ol
Fsert nyEsHs °W4”J+ UHe &4
Hgol HAAL wAE AAd AU
=

o e
Ay

>
I b
b

2

Hir
fl rlo §
rr W

o o >
b
e
b

i ofy
M deorlr
o o

> SEHY FenAE AA7e A

4 TAH EH 19 F Hu WP 257} 6575044 AEPon,
| ZEuitk oF 60C /A A AEEhE AHE Btk

A% A An BE AYTE 128 HAAAA $Ha] eAGoL,
A7) olF R&eE e =g

B 9 Al gEUe}l FEb HAMEE AUTM g e 25pme
o, R/ AYTE sppm FAY UETE S0ppmeE b

o 40 g oo
J%U;\NTrlnw

w
N
A b

WS B3 & JA7J7+EET AgTFolAT EHEHJA(E=T 2.29 log
CFU/g, HAR71%: 349 log CFU/), w2 Ee AHgFolA HEHA ot
AG71+EF A7 7P A Aoz Sl=AH.
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