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Abstract: This study was to develop the test kit for detecting antibiotic residuals in raw milk, using
the principle of yogurt producing. Water samples were collected from three hot springs located in
Ratchaburi and Kanchanaburi province. After purification, species of microbes were identified by
Polymerase Chain Reaction (PCR). DNA sequencing presented about 97% similarity of all samples to
Geobacillus stearothermophilus. Three isolates were conducted Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal Concentration (MBC) that the data from MIC and MBC used to
support the selection for further steps. The conditions of stock preparation were 64°C of incubation
for 18-20 hours produced the maximum spore of 10" CFU/mL and the minimum spore of 10°
CFU/mL. The test kit consisted of 10° CFU/mL of G. stearothermophilus spore adjusted pH 9.5 and
used bromocresol purple as a pH indicator could detect antibiotic residual at 5 hours of 64°C of
incubation. Detection limits of Amoxicillin, Penicillin, Ampicillin, Ceftiofur, and Oxytetracycline were
4,8, 8, 100, and 200 pg/|, respectively. The detection limits from the developed test were close to
the standard of Codex Alimentarius International Food Standards and Australian Pesticides and

Veterinary Medicines Authority.
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Table 1 Reaction mixture for bacterial 16S rRNA

Reagent Volume (ul)
nuclease free water 67
10X PCR buffer 10
MgSO,4° 8
dNTPs® 2
primers Eub-B 1
primers Eub-A 1
Tag DNA polymerase 1

HARSNURATE NG LBLTavE QNN
MIIRLAU DNA 6835 electrophoresis {11 1.5%
agarose gel L@y DNA product A&EINTIINIE1AY
a1sugnssulag Axil Scientific Pte Ltd. Usgina

¥ a =

dealus doyadrdudandlolnddila danivinns
Wiguiguiuteyalugudayadinmuediion19ds

(GenBank)

Table 2 PCR Reaction Conditions

*Magnesium sulfate

®Deoxynucleotide triphosphates

fegrsiia 3 faoge gninanldluenvng
Aouie Tryptic soy agar (TSA) Lmsﬂmﬁqm%nﬂﬁ
64°C \Jwnan 24 $alus iilensdnuenialadidien
Feazgninludendunsy uagvaaeunisdiedl ¢e
3% motility test, citrate utilization test, urease
test, starch hydrolysis, citrate utilization test wag
nitrate reduction test ‘uaﬂmﬂﬁgu L%af\]’mﬁy’ﬂ 3
waszgniuduaneiug menslasgvianuilng
lolnauasdu 165 rRNA 2835 Polymerase Chain
Reaction (PCR) Iaald universal bacterial primers
Fub-Atfusi3salusiues §efldduiva i
AAGGAGGTGATCCANCCRCA Wwa ¥ Fub-B + U u
Wosiisalusiued Fefidaduiva Ao
AGAGTTTGATCMTGGCTCAG  (Kirchman et al,
2003) a1auiandlelnaidinuievindu 1,551 bp
FuneunIsIAIELDIRUsENEULATan11¥lun1SYn

PCR wandlu Table 1 way 2
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Step Temp Time Cycle
(°O) (min)
Pre-denature 94 3 1
Denaturation 95 0.5 30
Annealing 55 0.5 30
Extension 72 1 30
Final extension 72 5 1

MIC wag MBC testing

Tunsfiansandadonide 1 arewugain
favua 3 F10819 Wieldludunounisimuiye
nagousialy aviin1siatsananseauaulives
Hosos1UTauy dreiinsmanududusiiian
01810 Tz lunsdudadordunid (Minimum
Inhibitory Concentration; MIC) Fuen 598n Av
Ampicillin, Penicillin, Amoxycillin, Ceftiofur Wa ¥
Oxytetracycline N1INAABURININUA 20 AW
WuduveseufTaug Fuduil 512 pg/ml uagsin
two-fold dilution A28 Mueller-Hinton broth auia
AL dugasinef 0.0009 pg/mlL uraza1u
duduri 3 61 wazdifarugudusnufdiug uas
pINFABNTD MHB fiusianidle viinsuuil 64°C
Juian 24 $2lua mssrunalieruaududu

L% ! = [ <@
zjm‘maﬂaummimﬂmzﬂaumutmmzﬂm
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LUANLSY (Minimum Bactericidal Concentration;
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suaamﬂﬁ%ausﬁwmmﬂ%mauﬁa NANTNAFOUT
1#970 MIC uag MBC Hu thanldRansadaden
\Feimeihluimuganeaeuludunousioly
NITUIUNIINMTHAIUIYANATDY
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a
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anzfiuandng 4 wuu Ao ownsiasaie 2 viia
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U1f9NnLEe 100 mlL #98 1% CH,qO;, 0.5% MnCl,

way 0.5% CaCl,) waguulu 2 @anigiluana1eny Ae

Uslugunilgumgll 64°C uazUuiigamail 60°C Tu
\Sesgniianui 100 seusioundt iunan 18-20
Falus ndannasunatuide asvinstuliun
To feTs spread plate Uy Tryptic soy agar (TSA)
figauvndl 64 OC w1y 20-24 Falua AAsziuideansdl
107-10°
ToiAsnildazgminnlfifowionyanaasu
Tutudel TnemsUssudfisuUssansnmaannaey
3 Yo fo Usnaudensiulugannaeu (3o
yagoufiaududuidio 10° 107 uag 10° CFU/mL),
A1uUTENaUveIYANAARY (Wuufl 1 Usznausig
Wenauduihnduusaanideuas 1.2% ClyFeH,,0;
uazwuuil 2 Usgneude Wenanfuthnduusaan
L%Ia hag 3% CeH1407, 1% MNnCl,, 1% CaCl,, 1.2%
Cl3FeH;,04) ey pH U83YANAdDY (maauﬁ pH
7.5,9.5 Uag 10) A719819909YANAADUITYNUILN

nageuAvIUNTINaNee1UTIue 5 vila L

Aadenaine1uiiiusdnsldogodraunsmansly
n1siavslauy Ao Ampicillin, Penicillin,
Amoxycillin, Ceftiofur, & & ¢ Oxytetracycline
Uszaninmussyaneaeugnusziiiulagganaiy
WuduiidiigauesrfTrusdsyanaaovarunsa
MTIINUNITANAALA (Limit of detection: LOD) wa

NSNAFBUNIVUALYNUNAUDMIUANRALTINTTUU

NANIINAADY

mﬂmamﬁmeﬁﬁaaénﬁﬂs‘z’fqlé’mﬂﬁm
Sou 3 unas uu TSA wuanwuy Lalatinay dnaes
gou Ju Ay veudsu vidlalainuduaounduy
dlovumeageuniaduedl nanudn Weenia 3
waslvmavilounu Ao TrnaulInde motility test,
starch hydrolysis, gelatin liquefaction test Wway
nitrate reduction test Laglinaaume citrate
utilization test wa ¥ urease test SIUDINTS
wigivlaldfigungd 6a:C Faadiniude G
Bacillus

stearothermophilus (3 @ + @

stearothermophilus)

3000 bg

1000 bp

Figure 1 PCR analyses of Geobacillus spp. from
three locations in Ratchaburi and Kanchanaburi

province
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iieBusuaeiugvontofegneia 3 fae
8NT015 naan Gel electrophoresis fauangly
Figure 1 FaLAAILAUYBIANTNUTNTINVUIA 1,551
bp #an1sUSEUBUTTATUgNITUAUTOYAD19BS
Wyl Wedog1ea1niie 3 undsiinuaonadodis
97% U G. stearothermophilus strain NASA2 67
165 ribosomal RNA gene 1M 51u@18 W15V 04
ﬁaaﬂwqfﬂwﬁﬁummmﬁq 3 uvdsudiiu drdtudialy
fio Manadeudennity 3 unds guUszAMBaMNIS
Judsuazsiiaieide (Minimum Inhibitory
Concentration; MIC kag Minimum Bactericidal
Concentration: MBC) wan1snadouiildaglddu
naslunsdndudniden 1 aneiug 9aniavua 3
areug eldluduneunisWamnyanaaeunis
anAseUfTugludrsudaly nan1saaeu MIC
waz MBC uandlu Table 3 uansmutdudugisi
fiandilaimunsiaiondeuuaiiossTs MIC ua
MBC wud1 1feantindeutinszuay dauta
neyauy3 dnnssendinanerufTusiie 5 4 4

AR | v = = &
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NN 3 WHAIRAITY o nToulnssuaz sl

UszdnSanlunisuaninan1 snnAaeseuidue

l9Anan

q

INANANITNAFBUAILAT MIC wag MBC
WU 1¥e G. stearothermophilus &alganiuniau

FaNTEuar 2.0190aUYT gnindnlameeuiueina

q' o = o A

5 vfiananududuifgn Asiudagnaadend miu

Y
1% '

JUADUNTNAUITIV

Qe

mﬁﬁwmsqmmaau%u’wialﬂ
MsnageuUsEansnnvesyanadeuan 3 Yady
fio aududuvendelugannaey, drunauve
NAAOU warszAuANTuNTA-ATeIYAVIAdeY
WU MIVITD G. stearothermophilus futiail
Usannidodigungd 64°C 1ulnan 18-20 dalu

annsalviinaaUesgeanldil 107 CFU/mL waz

'
[

A1andl 105 CFU/mL wagganageulissd@nSnna

a

Nanlun13nI9N150NANT0e U TIue LiaLnTey

P

yampaeulsitiades 106 CFU/mL luthndudsaan
1.2% Cl3FeH1206 7 pH 9.5 laald

¥
=1

YDA Y

bromocresol purple Ju pH indicator

Table 3 Minimum concentration of antibiotics preventing visible bacterial growth (Minimum

Inhibitory Concentration; MIC) and minimum concentration of antibiotics causing bacteria death

(Minimum Bactericidal Concentration; MBC)

MIC (pg/mL) MBC (pg/mL)
Antibiotic
BK' VK? LT? BK VK LT

Ampicillin 0.008 0.004 0.008 0.002 0.002 0.004
Penicillin 0.062 0.062 0.062 0.062 0.062 0.032
Amoxycillin 0.016 0.008 0.016 0.004 0.004 0.008
Ceftiofur 2.000 1.000 2.000 8.000 4.000 8.000
Oxytetracycline 0.500 0.250 0.500 0.250 0.250 0.250

'BK: Bore Klueng Hot Spring
2VK: Wang Kra Chae Hot Spring
*LT: Lin Thin Hot Spring
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Table 4 Antibiotic levels detected by the developed test kit and Maximum Residue Limits (MRL) of

contamination in milk

Antibiotic levels (ug/l)

Antibiotic MRL (pg/V)
- + +

Amoxycillin 1 2 4 g

Penicillin <8 - 8 g4t

Ampicillin <8 - 8 10?

Ceftiofur <50 50 100 100*

Oxytetracycline <50 50-100 200 100*

'MRL indicated by CIAFS, (2018)
’MRL indicated by APVMA, (2017)

NaIINYANAABUATan11gAena1aLile
ATRIINIIANEsTesEUiTug i 5 wia anunse
Tiwaldfidalusd 5 1ilevinsund 64°C wan1s
NAFOUUARIAIEAT detection limits (ppb) Lantay
Tu 3 ngu A wauln (+) munefs Awdsudalou
nanfualddeujTiuy, naau () vuneds @l
Wagy wandueiinnsand1suess Ui wasua
ffs () vnefle Adeulidaiau (Table 4) oy
fusnanesgruiismualinuldluduaiu Sesimue
1ae Codex Alimentarius International Food
Standards (CIAFS) (2018) W & ¥  Australian
Pesticides and Veterinary Medicines Authority
(APVMA) (2017) WudnUsgansnnvesyanaaauiin
nsia TinansaaoudilndiAssfuanasgiud

AMuuaty

33150iNan15nAa9
Geobacillus sterothermophilus \Jutiiaf
wuldmusssuyf wu unseu, Au, viosiuludsly

PAANMNTIUNITHEN 19U 15991uNanIul (Burgess

o

et al, 2017) anurunlglunszuliunisnaasy

Y

Uszansainiasesioniusidanntdanig

WoaUuRN1T TaudamnsanA1sveseU vl
druniv wazerms (Tangmunkhong et al., 2007;
Gondova et al., 2014; Gaudin, 2017) 3nAMENUR
yurudeuvesaes Wealesegluanitziindey
funzan szgnnszulviialuiduwadundls
1239niifl G. sterothermophilus anansaLa3aylel
Ao 40-75°C (Kotzekidou, 2014; Novik et al., 2018,
Coorevits et al., 2012)
NANNIIVNYANAFBUNITANAIIYDIET
UiTauglutsdulaeill Ae nisléavasues 6
stearothermophilus fivsmnamildluemsideade
fimngay dunldnaaoufuiiuuiv ey
srovnamimonisusmiuufuTiuiuido awgns
WasuAvesomnadeadertu Fuduiustunisnndng
Yo981UJ¥ue L9u MaxSignal®, Useinea
anigelisng uay Delvotest®, UsvinAluisasiaun
ag13lsAnu ndnnsvinletise Ae nslduuiu
EJWWI?LE%ENL%@ %GL%E) Geobacillus spp. @MIOLUS
1 2 @aneWugudne Ae diary wag non-dairy R
non-dairy faaantalunslduaning ludiuuld

(Burgess et al., 2017)
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= ' I
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Tasfu Wi wadleania uenainiunisanfees
gn3uq uenuiieangufioue Fuilideduium
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limits (Gondova et al., 2014; Rueda, 2015)

206

denadosfunanisvaaesi esniniilerianig
yaaouyAnadaUfsuAy N nUdsuuUag
yosdlddalaumniuisuiisuiunismaaeuiily
thun UHT
nstdeludanndoniamganagoy
nsanA19veIe1Ufiiurlueinis Iseauly
n15AnwIves Phiryayon et al (2016) & 14130
Yuiteuluemsdns Ao Bacillus smithii ¥
Wawin13asian1sanAeeUfduslunssuiung
Ao iR Medinsldomsdentewuuuds
Tuanuneaes (agar well diffusion method) wan1s
naaaunuil Wolilszdnsnmiisuiifude
1IMIFIU LU G. stearothermophilus ATCC 7953
Fadudemasgiu edrlsfinmn madenlidedidu
11M557U LU ATCC azilunad Lilosainauisn
AruANAMAIMYDIFITANI9Tan wtug TdRn

(Guizelini et al., 2012)

d3d

9

v 1%
' A o

MnuanIImaaesEnuIdeantmSoud
andnidenlunisAnuiuiiuszansainlunisliug
n1nAgauUN1IANAYeIeUTuelalndifesdu
sefuiifvualives CAFS way APVMA Lilayn
naadsudUiutaavess 10° CFU/mL# pH 9.5
spgnseIunad 5 alus Snitamnfinnsani
FuyumInanuesisiudl aunsnanalddeluns
n3rnamndeeteUjurluiuliegidesng
azgliiu 3 v egslsian MsAnwnulym fAe
USmnaadesiildanduuneunisuniviuaildasd
\Dunariliganaaeviilddanuaaiandoulunis
#3729 fedu Sududesinisiaminssuiunisva
ToiAfe Lilovnaniefmunzaufiagyililddiuau

auastuuSununmi



Kananub, S. et al. / J. Mahanakorn Vet. Med. 2021. 16(2): 199-2009.

a

AnAnsIuUIENA
nsAnwildsunisatuayudunuain
U3EN 891500 (Uszinalne) 91dn sWalasanis
aN.62/HUVED3 vavauRnviigutugaslindnl
Arunswaudinsunisaduayugunsailunis

YINISAENEN

Conflict of interest
ynanulifinistanauselewd (conflict of

interest) NludinvawETmUsEiusiarlududug

LONET819D4
Australian Pesticides and Veterinary Medicines
Authority (APVMA). 2017. Agricultural and
Veterinary Chemicals Code Instrument
No. 4 (MRL Standard) 2012: 283 pages.
Guizelini, B.P., LP.S. Vandenberghe, S.RB.R.
Sella, C.R. Soccol. 2012. Study of the
influence of sporulation conditions on
heat

resistance of Geobacillus

stearothermophilus ~ used in  the
development of biological indicators for
steam sterilization. Arch Microbiol. DOI
10.1007/500203-012-0832-z.

Burgess, S. 2016. Characterisation of dairy strains
of Geobacillus stearothermophilus and a
genomics insight into its growth and
survival during dairy manufacture. PhD
thesis. Massey University. New Zealand.
248 pages.

Burgess, S.A., S.H. Flint, D. Lindsay, M.P. Cox, and
P.J. Biggs. 2017.

Insights into the

Geobacillus stearothermophilus species

based on phylogenomic principles. BMC
Microbiology. 17(140): 1-12.
Chinpan, K. 2003. Development  of
microbiological test kit for detection of
antibiotic residues in milk. MS Thesis.

Chulalongkorn University, Bangkok. (in

Thai)

Codex  Alimentarius  International ~ Food
Standards  (CIAFS).  2018.  Maximum
residue  limits  (MRLs) and  risk

management recommendations (RMRs)
for residues of veterinary drugs in foods
CX/MRL 2-2018: 46 pages.
Coorevits, A., A.E. Dinsdale, G. Halket, L. Lebbe,
P.D. Vos, AV. Landschoot, and N.A.
Logan. 2012. Taxonomic revision of the
emendation  of

genus  Geobacillus:

Geobacillus, G. stearothermophilus, G.

jurassicus, G. toebii, G.
thermodenitrificans and G.
thermoglucosidans (nom. corrig,

formerly ‘thermoglucosidasius’); transfer
of Bacillus thermantarcticus to the
genus as G. thermantarcticus comb.
nov.; proposal of Caldibacillus debilis
gen. nov., comb. nov.; transfer of G.
tepidamans to Anoxybacillus as A.
tepidamans comb. nov.; and proposal of
Anoxybacillus  caldiproteolyticus  sp.
nov. Int J Syst Evol Microbiol 62: 1470-
1485.
Department of Livestock Development (DLD).
2010.

Standard methods for the

207



Kananub, S. et al. / J. Mahanakorn Vet.

examination of dairy products. Bangkok.
Thailand. (in Thai)

Gaudin, V. 2017. State of the art in the validation
of screening methods for the control of
antibiotic residues: is there a need for

Food Addit

Contam Part A 34(9): 1528-1552.

further development?.

Gondova, Z., |. Kozarova, Z. Polakova, and M.
Mad’arova. 2014. Comparison of four
microbiological inhibition tests for the
screening of antimicrobial residues in the
tissues of food-producing animals. Ital J
Anim Sci 13(3521): 728-734.

Stephen L.A.H. and J. Faragher. 2012. Validation
of the Delvotest SP NT DA Performance
Tested Method®™ 011101. Journal of
AOAC International. 95(1): 252-259.

Jayalakshmi, K., M. Paramasivam, M. Sasikala, and
A. Sumithra. 2017. Review on antibiotic
residues in animal products and its
impact on environments and human
health. J Entomol Zool Stud 5(3): 1446-
1451.

Kirchman, D.L., L. Yu, and M.T. Cottrell. 2003.
Diversity and abundance of uncultured
cytophaga-like bacteria in the Delaware
Estuary. Appl Environ Microbiol 69(11):
6587-6596.

Kotzekidou, P. 2014. Geobacillus

stearothermophilus (Formerly Bacillus

stearothermophilus). Encyclopedia of
Food Microbiology 1: 129-134.

National Bureau of Agricultural Commodity and

Food  Standards

(NBACFS).  2017.

208

Med. 2021. 16(2): 199-209.

Guidance in the application of Thai

agricultural standard: good

manufacturing  practices  for  milk
collection center. Ministry of Agriculture
and Cooperatives. (in Thai)

Novik G., V. Savich, and O. Meerovskaya. 2018.

Geobacillus bacteria: potential
commercial applications in industry,
bioremediation, and bioenergy

production. In: Growing and handling of
bacterial cultures. 36 pages.

Phiriyayon. S., W. Jantaramongkon, and S.

Aimhun. 2016. Development of test kit

for antibiotic determination in animal

feed production by microbiological
assay. BQCLP E-JOURNAL. 8(1): 266-296.
(in Thai)

Priyanka, S. Panigrahi, M. Sheoran, and S.
Ganguly. 2017. Antibiotic residues in
milk- a serious public health hazard. J
Environ Life Sci 2(4): 99-102.

Rueda, T.R. 2015. Evaluation of false positive
results in microbial inhibitor tests for
screening antibiotics in goat milk. Ph.D.
Thesis.  Universitat  Politecnica de
Valencia. Spain. 196 pages.

Sumpradit, N., S. Suttajit, S. Poonpolsub, R.
Chuanchuen, and P. Prakongsai. 2015.
Landscape of antimicrobial resistance
situation and action in Thailand. 1 ed.
Bangkok: Aksorn Grphic and Design
Publishing Limited Partnership. 143

pages. (in Thai)



Kananub, S. et al. / J. Mahanakorn Vet. Med. 2021. 16(2): 199-2009.

Suriyasathaporn W., V. Chupia, T. Sing-Lah, K.
Wongsawan, R. Mektrirat, and W. Chaisri.
2012. Increases of antibiotic resistance in
excessive use of antibiotics in
smallholder dairy farms in northern
Thailand. Asian-Australasian J Anim Sci
25(9): 1322-1328.

Tangmunkhong, P., S. Viriyarampa, S. Cumsing,
and P. Jala. 2007. New test kit for
detection antibiotic residue in  milk.
Proceedings of the 45" Kasetsart
University Annual Conference: Animals
and Veterinary Medicine, Bangkok,
Thailand. 30 Jan - 2 Feb 2007: 458-463.
(in Thai)

Yamaniu, M.I,, L.M.A. Al-Kurd, M.S.Y. Haddadi, and
R.K. Robinson. 1999. A simple test for the
detection of antibiotics and other
chemical residues in ex-farm milk. Food
Control 10: 35-39.

Yazdany, S. and K.B. Lashkari. 1975. Effect of pH
on sporulation of Bacillus
stearothermophilus.  Appl  Microbiol
30(1): 1-3.

p =
A
N

209



