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Fate of Escherichia coli and their antibiotic resistant pattern

in food waste composting process
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Abstract

This study was investigated a potential pathogenic bacteria and antibiotic resistant bacteria (ARB) from
the food waste composting. Moreover, study on environment factors may effect to pathogenic bacteria and
ARB persistence under food waste composting. Escherichia coli as a representative bacterial in this study.
Investigated compost for 8 weeks in 150 L reactors in aerobic condition. The results of ARB from materials
before composting indicated multiple antibiotic resistant (MAR) index of E. coli was 0.312. First phase of
composting, temperature inside composts were increased to 37.0-57.0 °C. E. coli survival under high
temperature condition had developed to high level of antibiotic resistant and decreased to low level
depended on time period. The results of ARB development in 8 weeks of composting was decreased, MAR
index of E. coli was 0.214. Most of E. coli survival classified as ARB which resisted to 1 antibiotic group (60%).
Moreover, MAR index of E. coli (0.405) from leachate of food waste composting was higher than in compost
and decreased depended on ferment time period (7™ week, MAR index = 0.150). Therefore, using of food
waste compost should be needed more time for completely composting or prolonged compost using to
reduced ARB contamination. To reduce the high level of ARB may contaminate in compost, there should

be an appropriate leachate management system for protecting the widespread of ARB to the environment.

Keywords: Organic fertilizer, Composting process, Food waste, Antibiotic resistant bacteria
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mgarsazansnulnu (Peptone water) $oaz 0.1 Adldrunanvsslsifounaslsn (NaCl) $ouaz 0.85 MuUSRIIEIU
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9?1LﬁumﬁLﬁmsﬁmi?ﬁ”amﬂﬁ%’auwaﬁiﬂlamﬂéf’;@&haﬂwﬁﬂﬁﬂmﬁaz 1 ¥t Tnsusazsoghavinnsdauen
Slalasuau 20 lolman (solate) uazdsdimaduimmesilusegremsloninifufsluguuuuisniadudeaty
Tnslumsusnidedlalasnediede wvhnsauenlalaiifevesdlala (i) UULHUNTBY
Tnenhustaslaladiidaueninuuseluemns Tryptic soy broth (TSB broth) (Himedia, India) 7 35 ssmivadea
QuszFuANuilAYINAY McFarland Standard we$ 0.5 (1.5x10° Telafl/fadans) andurhnisaey (Swap)
\delihe s Mueller Hinton agar (Himedia, India) 2195 (Disk) B1UfFuzuuewns vuil 35 ssriwaidoa
Hunan 16-18 $1lus srumanisvagetlasmsiavuiaduihugudnansuinaiidolitu (Clear zone) soufaden
Tumhefadiuns  uduusiaidualiosiTaug  (Susceptible (9), fuwlthmauiludnsiesosufiug
(Intermediate (1)) LLasﬁyaaiamﬂﬁ%’mz (Resistant (R)) Memsiilgufiuaunsgunuisnisaiuauves Clinical
and Laboratory Standards Institute, CLSI (2012) 91ntasinnisussidiuanfesazuasnislases (@unsd 1) wazen
SiinisiosUitauretnates 2 wilnen w3ed1 MAR index (Multiple antibiotic resistant index) (en13i 2) usiu
g1UfTur (BD BBL™ Sensi-Disc™) fllimndeuazasaunquentisdu 7 ngu Fslddmiuuuaiidounsuay s1ufls
SlalafidununiiGeud guUsENaUAIENaNeT Aminoglycoside (Gentamicin 10 pg (GM)), nquen Tetracycline
(Tetracycline 30 pg (TO), nquen Fluoroquinolone (Norfloxacin 10 pg (NOR)), Ciprofloxacin 5 pg (CIP)), naen
Sulfonamide (Sulfamethoxazole/Trimethoprim 23.75/1.25 pg (SXT)), nguen Chloramphenicol (Chloram-
phenical 30 pg (CP)), nguen Fosfomycin (Fosfomycin 200 pg (FOS)) wagngsen Beta-lactam (Cefuroxime 30
g (CXM), Cefotaxime 30 pg (CTX), Ceftazidime 30 pg (CAZ), Ampicillin 10 pg (AMP))

dunuiedinanma susceptible

%S = ikanie SU x 100 (1)
Fnusethaiun
dunuiedsiivanma Intermediat
%l = oo Iy x 100 )
Suaufegiomn
dunuieduiinans Resistant
QR = ot R x 100 (3)
Sunuiegnaianun
. Snnudadefiusislalauanwa Resistant
MAR index = x 100 (4)
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adafldlunsieseinanisfnyndunisldadfdanssann (Descriptive statistics) UsEnaudie nsuanuas
AuddeAFosas (Percentage) Msinunlindigaudnarsieaade (Mean) uaznsinnisnszaneseen
drudeauunnsgu (Standard deviation) wardin1s14adfensds (nference statistics) 3B uiisuauduiug

SEWINMILUIAIENITIATIZINITAAD0BLTIEUDE199Y (Simple linear regression analysis)
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q

dunIdvainvateviln d1e8199U Scytalidium thermophilum, Chaetomium thermophilum, Corynascus
verrucosus, Scopulariopsis breviacaulis, Streptomyces sp. Wag Bacillus subtilis Waziilaasu 8 dUn19 YT

JAUVSINIMUAanannae 4.21x10" CFU/g dmsuiiusduuaiiienelsanguladvesuuuailiSouazdlalaniinsey

Sadunuaiidonguandyiidelianlsalussuumadiuetns waedoulfiludsis infuograunivans fuulily
USunaanasnnuszesnanduientu InefiuSunasuduil 9.02x10° CFU/e way 3.70x10° CFU/g anuddu wazd
USunauanaainde 2.33x10° CFU/g way 1.98x10° CFU/g m1udsu (n15197 1) azsiulesn aunsdaiela
nszvaumaviindimsisuuamasanssuiunsdatututiadesns 4 wu gamgd vtasemsiiiudselon
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94.6 pud1Au wandliiudn nszuaunsuinuuuldenieiiondaleaunsaanusunanuaiiienelsals (Gou et
al, 2018) FegrusnilgamgiineluledunidifivasduasdunanuinUSunasuaiienelsnizanadod 1959057

doliiuinenmgiguludnladefdmadoUSinauuafisonguaing

v
a6 o

M13197 1 YSinaduvsdvianun lndnesuuuaiise uardlalanglinssuiummiindeaniavens

USunaqdunsgusziaveing q Tudendinainiave1ms (CFU/g)

ﬁlﬂﬂqﬁﬁ a a 6 3 a L3 a A =)
AUNTINIVUA ladnasunuailse dlala
0 6.08 x 10° 9.02 x 10° 3.70 x 10°
1 231 x 108 6.99 x 10° 8.04 x 10*
2 4.38 x 108 3.65x 10° 9.24 x 10*
3 2.87 x 108 4.14 x 10° 2.90 x 10*
q 4.20 x 108 561 x 10% 1.88 x 10*
5 1.72 x 108 6.29 x 10* 3.44 x 10*
6 1.47 x 108 4.38 x 10° 6.88 x 10*
7 9.88 x 10’ 1.19 x 10° 1.17 x 10*
8 4.21x 10’ 233 x 10° 1.98 x 10*

wuafiZeRosufiausiidauenandeuiniavemis
Tunsfinwiilagshnsdadondunudlalasnievsniessay 20 lolsian uwinismaaey sadu 140
lolwian @ slunmsamnuin dlaladrulngnunisiesnufdauzfosar 96.4 Tasnmsusedunisnos1ves
8lala w3A1 MAR index ¥rai3udiunsmingdan 0.312 sewinsnszuaunisvsdn Tudun1vidl 2-0 MAR index e
0.321-0.357 ualudUnnsid 8 fidn 0214 (U7 9) uandliFuindimsinuauautRnmsiodes U fiuegfinduly
F¥MINNTEUIUNTULANYe wiilonszuiunsudaiaiaseiunisiesmestlalainuavanas iefinnsuiuiuds
sULuuMshesUjiiusvesdlaladenisiienidaud 17 nauenfitanshnismeaey wuiwanisdnyndullly
fiamaiafuiunisdnuan MAR index nanifiearnamsiunansinu nuslalavindesosuiiauzdoue 2-5
nauetuly fSamdruiianamuszezing ntaauduiinuinndsnadiuiosas 80 wardaianaduduaiii g
widedosas 40 Tuvmsiinulalafioresfies 1 nquen Wudufefosas 60 (U @) Seafuayunanisinwaine
MAR index fiszyinsedunisiosndfirusvosnuaiiievstiudsimvormsiissfuananderunszuaunimin
uaﬂmﬂﬁé’wjuﬁwmﬁmamﬁ’mLL&JﬂﬁIﬂlamﬂ“lfwzﬂamﬁ’mmﬁmmqmauﬂ’ﬁmﬁam Fagrausnveanmisminge
(§Un13ifl 1) wuein MAR index (0.405) gandnlusaemsin uaziidanseduasnlndifssiulutimds @Unmid 7,

MAR index = 0.150) (ldifinsuansdeya)
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Beta-lactams wila Cefuroxime (CXM), Ampicillin (AMP) wag Cefotaxime (CTX) agluseAugenaonnssuiuns
indlesuidisuiunsiedesndgudug Tnsfidadennonszezina 8 dUai FUaid 1-8) egfisoray 54.2
(Adrudosuunnsgiu 35.7), fevaz 67.5 (Adrudsauuinsgiu 34.9), uazdesas 70.0 (Ardudoauy
Mg 27.09) Ay ntanuindlaladianulasesingy Aminoglycoside (Gentamicin, GM) wawhasioen
n&u Fluoroquinolones (Ciprofloxacin, CIP uaz Norfloxacin, NOR) Tuseaudisnunn tneilaadsnaonszevioan
nMsnadou (§Uniifl 1-8) ogfifera 6.7 (Adrudoauumnsgiu 12.1) uay Sovay 10.8 (Adrudsuuumnnsgu
22.0) uddy daug sz q dneaeu wuhissiunishosunaadesudsulunmmsimen @
finun1siesingu Beta-lactams luszdugaiosnnnalanisengiifefugvesuuaiiounsuay wu slala 39
SadunuafiFonduladvledy indulnenisnanioulss Beta-lactamase 3 ¥in13gosaA182UIIY Beta-lactams

vespdsnaliomungns lunsyiatsuuaii3e (Rupp and Fey, 2003; Mesa et al., 2006) iunalndinuldogng
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narasinvesuuafiile JeanunsaatevearuduainuuaiiieniaseiluguuaiiFenlidauaudfdinardlaui
nsrvIuMsisendnNsatevenduluwwisu (HGT) deihliideuuafiloarusaatevendus druaeiugiule

(Kelly et al., 2009)
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A15199 2 BlalanfedeenuTiusurassiinnelinssuiunisuinleiaverms

dlalanndeniinavomnsinerneenujTiusudavein (Gevaz)

- » o — o~ «© < © ©

SVCERI T K= K= K= K= K= s s
Gentamicin (GM) 0 0 0 0 0 0 0
Tetracycline (TC) 5 55 45 0 70 20 5
Chloramphenicol (CP) 50 0 50 10 35 15 0
Ciprofloxacin (CIP) 0 0 10 0 30 0 0
Norfloxacin (NOR) 0 0 10 0 55 0 0
Sulfamethoxazole/Trimethoprim (SXT) 65 0 20 90 0 10 35
Fosfomycin (FOS) 30 10 25 25 5 20 15
Cefuroxime (CXM) 95 10 85 95 20 40 75
Ampicillin (AMP) 95 5 95 95 55 65 90
Cefotaxime (CTX) 85 30 95 95 65 a5 90
Ceftazidime (CAZ) 10 15 10 30 25 15 35

£

uenaniinaeditedsldinsduietisloninaniavermnsifimsinislinedonuszesiaan 4 dai
(leurin 12 §Uanst TuarnTuil Funszuauniaviin) wvhnimmageu Sauiisedunsiesdiiiuzvesdialalu
amsufia1anas Inefian MAR index 0.121 (lalfinsuansdona) Sntanusnaraudlalaiilidesuashesosn
UfTausiios 1 nquen Sovay 35 wazdenar 55 mudiy FaflaszduanusuLssvesnishesosianianiio

4+ oa a6 o

Wisuileuiuleduvsddunmin 8 Felinudlalanlidesn wuanzdlalanosn 1 nguen Sevas 60 Wty wansli
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Wiudn msfiadasnailideniinianisminuanysauiefinisindeviindislazdianseduanuguusswoingy
wunAfiseiedesufturadls aeonaunszurumandnuuulForneduiuannsfidnaiumsanuiosujiouglu
{Jovsin (Guo et al,, 2021; Li et al., 2021, Qiu et al., 2021) SnviannuansAnwiuansiiiuinludevsinanues
AT UG DIRINTUNInSzeNsReresUfTurluuadi Fauiieatuiulutaguindsussannyadad
uailalldfisrduguusavin iesanlunsidssdn finsvshafimsldsnuituslaenss (Wang et al, 2014) ustoenslsf
pu Tneialurssiavemnsnumsuud sudsuffusvionuaiidefes e fsoramnaniagivluns
UsgneuamnaUssavang q musasdandsesiulsemuiionaduiioussuuaiiieiesufidaug (Chen et
al,, 2021; Zhao et al, 2022) A915UTUVUNTIRAUINTTA o7 081U §T2urvesdlalalud susiniawemaile
Wisuisunusrezinamui finnuaonadesiunaainnisussdiuat MAR index uagnnsiosInIunguenva 7
nqu dunaldainguuuunisi esndiasuuatlunislunssuaunisnin 817 n13A 081 Tetracycline (TC),
Ciprofloxacin (CIP) waz Norfloxacin (NOR) wnuazldnululaladedu usndunusydunisheeriiudusening
nszuaumanin wazduasianulusgius (TO) uaglinu CIP wag NOR Lﬁaéuqmizﬂquaw 8 & gULLUUmso‘%
819849 Chloramphenicol (CP) ag Fosfomycin (FOS) WUizﬁUﬂTﬁﬁyaﬁl’laﬂﬁ”laﬁLﬁlaﬁyuq&]ﬂizvﬁur]’]i%ﬁﬂ WHudu
Tums@nwifldvinamernudiiussenintafoundeunisldnssuiunaiings @anudunsess gamgd
Aty sl anudn Uinuasdunidansuey lulasiau uazdnsduaivauselulasiaw) furinisie

soeUfTuzudazeiialudlala linuidadewindenduuslafiazdmadoguuuunisaeenluseduas (A R Wiilnd
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1) Fedlalafifiosos Ceftazidime (CAZ) wazszaumuAnvasladugfianuduiusiunniign (R? = 0.547) Tu

¥ '
=~ =

nmavageuil lneszAunisiesn CAZ vesdlalaindudlodranufululdegedu delndifsaiu Zhang et al. (2019)

U

o oA '

ﬁwu*jwmmmLﬁuLflui’jaaﬁmaawamaﬂml,wimzmEJGUaa@uﬁam‘uﬁ%auwmﬁuﬁnmmamm
MnnsAnmideiiieados nunsidsuulassUuuuuazsedunsiesufauglunssuiunsusinge
\Aweuns fdvBwamnanmnasundassiauuaiiFelunszuiuns uardadedaunnden Fansdsuulasie
vosuuaiFeddadendninannisidsuilasesgumgil TnslutisFudunsminduangifiarsemsuiua
undszneuifvgamgiifiiiugeduneliannmenisasysiulauuuutsiuiu (Microbial competition) warlussy
dalvveamsminideansemnsiuanasgnoiinufduiusluguuuunisegorfesauiu (Microbial cooperation)
dsnalviuafiiSefiogseainnsusudinazannissdufanssu (Zhao et al, 2022) Inglutisnisiadgiulnuuy
wistuturesnuafiSearduaiulmanfuiionjiuslussuuifindu luensfiinsdufduiusuuuegendesiuves
wuafiFeuaznsiinnszuiunsvsindefiauysal Yaandrduinissenvesudn (Germination index) fidunnniy
Yovar 92.6 wwdswaron1sanduiingnn (Zhao et al, 2022) Fdenndasiunisdnmiiianusnanuuaiisevsd
vindlalalutloninadlddosas 94.6 Mnnismanisainanisinmil Slala 1.98x10° CFU/g Tvdesenluduniid 8
dnduslalaestamun uiszdunsiossiias Taefislala 1.18x10° CFU/g Smfudlaladiorosnufiundes 1
nawen (evaw 60) lunuzfislala 7.92x10° CFU/g Fmibuslalafteros1ufifauy 2-3 nduen (Sovas 40) uonanil
Famu f8afemsanmuandendu q AlisviwadenmsiesufFusaneldnszuaunisuiin wu mmdunsesis
Umnaunnsuey uazlulasiau (L et al, 2021) Fsmsmusunszurumswandeminliogluannziiinnsminetis
auysal daanmnuaasgiuiunIsiisanssduaususadld naenaunsiivsszansindensinield

WelidingisayseAuaNNTULIBLUATiSERse U Tugladntomnamils (Zhao et al., 2022)

ungay

mndoauuigiuresniideiannsoaguliiniavemsiidadutandaiulunssuiunanindednnsnsany
wuafiSeusd SlaladifinuautAnorosUfiiuy tnodidn MAR index = 0.312 uazdilalassdu 3.70x10° CFU/g
meldnsruaumandndowuuldernadmalfidonsusveriaa 8 Uani aunsnansydunisierosUurves
5lalals (MAR index = 0.214) Snvisdianusunadlalaatlddeas 94.6 (1.98x10° CFU/g) Tuseninenszuiunis
nindoimvermmanusUuuunishosfiudsusadulaeifiussdugatlugasusnvosmsndnuasdes 1 anamy
srovnamandn wudlaladeses1ufiiusndy Beta-lactams (CXM, AMP, CTX way CAZ) g lunaigitlainunis
?iyaﬁiamﬂfju Aminoglycoside (GM) 1uéau6uad1fwzamﬂwﬁmhqLLsﬂsuaqmwz]’ﬂwwh MAR index (0.405) g4n
Tushilevsin wagfirnanszivasmuszeznaiuiu (@Uanid 7 A MAR index = 0.150)
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wuaiSuReegdwindon azdwalinaiiauuinisimugadluniswauinssuiunisuindedunigniaiy
Unendedoguaminngslu Yeiaueuuzdmiunisveeranisaniunuidelueuian Wy astinsiunguiiuny

wupiliSenalsanviinsnageu msinsvenenanisAnwsliuunshenseUfdiusvesuuaiisedunulagiiiy



] ]
= v

MsasnunsAtansuazvalulad | U0 4 atui 3 Aueieu - SunAu 2566

v
o

sreznalumsfnwserinnisndniidludiuveslendin disedendn viedrsiiviimaiiuinvidedunsd 8nvisnas
Winiiunsmaaesiedunidlumganiiednyinisunsnszatevesuuaiiisefesujiuslufiuuasnisazaxly

N WJuduy

AnRNIsuUIZANA

£
a v Al

NAfeilasunsatiuayunuideandinaunsideuriena (39.) Yaudseuna w.e. 2561
14 a
LN

nauArnIsineas. (2564). nénnasinsinsantafenasdnivdunidivetunsdeuiionsd @iuiuus u
Suil 7 unsaeu 2564). dudle 25 N3N 2566. https://www.doa.go.th/psco/wp-content/uploads/
2020/06/COrganic_1.pdf.

AOAC. (2000). Official Methods of Analysis of AOAC International. 17" Edition. Maryland, USA.

APHA, AWWA, WEF. (2012). Standard method for the examination of water and wastewater. 22" Edition.
Washington, DC, USA.

Chen Z, Li Y., Ye C,, He X. and Zhang S. (2021). Fate of antibiotics and antibiotic resistance genes during
aerobic co-composting of food waste with sewage sludge. Science of the Total Environment. 784:
146950. doi:10.1016/j.scitotenv.2021.146950.

CLSI. (2012). Performance standards for antimicrobial susceptibility testing; twenty-second in formational
supplement. Clinical and Laboratory Standards Insititute.

Collins C.H,, Lyne P. M., Grange J. M. and Falkinham IIl J. O. (2004). Microbiological Methods. 8™ Edition.
Oxford University Press Inc. London.

Furukawa M., Misawa N. and Moore J.E. (2018). Recycling of domestic food waste does food waste
composting carry risk from total antimicrobial resistance (AMR). British Food Journal. 120(11):
2710-2715.

Gou M., Hu HW., Zhang Y.J., Wang J.T., Hayden H., Tang Y.Q. and He J.Z. (2018). Aerobic composting
reduces antibiotic resistance genes in cattle manure and the resistome dissemination in agriculture
soils. Science of the Total Environment. 612: 1300-1310.

Guo W., Huang C,, Xi B., Tang Z., Tan W., Li W., Zhang Y. and Li W. (2021). The maturity period is the main
stage of antibiotic resistance genes reduction in aerobic composting process of swine manure in sub-
scale farms. Bioresource Technology. 319: 124139. doi:10.1016/j.biortech.2020.124139.

Kebibeche H., Khelil O., Kacem M. and Harche M.K. (2019). Addition of wood sawdust during the co-
composting of sewage sludge and wheat straw influences seeds germination. Ecotoxicology and
Environmental Safety. 168: 423-430.

Kelly B.G., Vespermann A. and Bolton D.J. (2009). Horizontal gene transfer of virulence determinants in

selected bacterial foodborne pathogens. Food and Chemical Toxicology. 47: 969-977.


https://www.doa.go.th/psco/wp-content/uploads/

] ]
= v

MsasnunsAtansuazvalulad | U0 4 atui 3 Aueieu - SunAu 2566

Li H., Zheng X., Cao H., Tan L., Yang B., Cheng W. and Xu Y. (2021). Reduction of antibiotic resistance genes
under different conditions during composting process of aerobic combined with anaerobic.
Bioresource Technology. 325: 124710. doi:10.1016/j.biortech.2021.124710.

Mesa R.J., Blanc V., Blanch AR., Cortés P., Genzalez J.J., Lavilla S., Mir6 E., Muniesa M., Saco M.,

Tortola M.T., Mirelis B., Coll P., Llagostera M., Prats G. and Navarro F. (2006). Extended-spectrum
B-lactamase-producing Enterobacteriaceae in different environments (humans, food, animal farms
and sewage). Journal of Antimicrobial Chemotherapy. 58: 211-215.

Palaniveloo K., Amran M.A., Norhashim N.A., Mohamad-Fauzi N., Peng-Hui F., Hui-Wen L., Kai-Lin Y., Jiale L.,
Chian-Yee M.G., Jing-Yi L., Gunasekaran B. and Razak S.A. (2020). Food Waste Composting and
Microbial Community Structure Profiling. Processes. 8: 723. doi:10.3390/pr8060723.

Qiu X., Zhou G., Chen L. and Wang H. (2021). Additive quality influences the reservoir of antibiotic
resistance genes during chicken manure composting. Ecotoxicology and Environmental Safety. 220:
112413. doi: 10.1016/j.ecoenv.2021.112413.

Rupp M.E. and Fey P.D. (2003). Extended spectrum B-lactamase (ESBL)-producing Enterobacteriaceae
considerations for diagnosis, prevention and drug treatment. Drugs. 63(4): 353-365.

Wang N., Yang X, Jiao S., Zhang J,, Ye B. and Gao S. (2014). Sulfonamide-resistant bacteria and their
resistance genes in soil fertilized with manures from Jiangsu province, southeastern China. PLOS ONE.
9(11): 1-11.

Wang P., Chen X, Liang X., Cheng M. and Ren L. (2019). Effects of nanoscale zero-valent iron on the
performance and the fate of antibiotic resistance genes during thermophilic and mesophilic
anaerobic digestion of food waste. Bioresource Technology. 293: 122092.
doi:10.1016/j.biortech.2019.122092.

Wellington E.M.H, Boxall A.B.A., Cross P., Feil E.J., Gaze W.H., Hawkey P.M., Johnson-Rollings A.S.,

Jones D.L., Lee N.M., Otten W., Thomas C.M. and Williams A.P. (2013). The role of the natural
environment in the emergence of antibiotic resistance in Gram-negative bacteria. Lancet Infection
Disease. 13: 155-165.

Zhang Y.J., Hu HW,, Yan H., Wang J.T., Lam SK, Chen Q.L., Chen D. and He J.Z. (2019). Salinity as a
predominant factor modulating the distribution patterns of antibiotic resistance genes in ocean and
river beach soils. Science of The Total Environment. 668: 193-203.

Zhao Y., Chen W., Zhang P., Cai J., Lou Y. and Hu B. (2022). Microbial cooperation promotes humification
to reduce antibiotic resistance genes abundance in food waste composting. Bioresource Technology.

362: 127824. doi:10.1016/j.biortech.2022.127824.



