nsnaudauaNlYlavesisnsranenvlinuazusunm Clostridium perfringens Tuawsand
wae ude algwa Beaiiys Junu Sunsuana dns Aaunsien uazguian n1lu

UNANELD

nsmuaeuauldlaveisnsranenyianazUsuia Clostridium  perfringens IngUfus
Srademuvarmunves 1SO 152132 : 2023 lumsnageundsiilunisiiudosnsds Clostridium
perfringens ATTC 27853 (WDCM 00025) 1agn15%1 Implementation  verification wagn15vin
(Food) Item verification fwuaaududuveatalnenis spike iWo 3 inoculation level (g4 nans
#) mum’mL%’m%’uﬁﬂ3aUﬂqwd’NGuam'ﬁUuL?jaummﬁwma (Natural contamination) fisgfiu
aadudy 10° cfu/e, 10° cfu/g uay 10’ cfu/g MuaeU 1nN1siUa Clostridium perfringens Wa
A1 Sk AldaInnsAIa Sawindu 0.03094 Wiowunuseufisuiu lowest mean value of Sy
nundulumunueiniseensu (Acceptability limit) vesn1smiugeuauldlavediSnadeu was
/i eBias Mldanmsiuwandulumunasiniseensuresmsmuagsuanuldldvesiinadeu s
nuanIuaauaulylavesisnsianenviinuasuiuia Clostridium perfringens esufufinisga
3N NGUATIRABUAMNINEIMTENT drlinaTivaeununInduRdadnd awnsatisnsnedeu
wltlunmsnsranenadiauayusunu Clostridium perfringens Tusegnsemsdnila

AaAey : Clostridium perfringens, 115897, Msmaiugauaulglavesis
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Method validation for detection and enumeration of Clostridium perfringens in
livestock feed
Palisa Mahachai, Nattaphol Liangpetch, Wantana Jantaramongkon, Siriporn Deesongkhro and

Suchada Kapuan

Abstract

A method validation for the detection and enumeration of Clostridium perfringens
was performed in accordance with I1SO 15213-2:2023. The study employed the reference
strain  Clostridium  perfringens ATCC 27853 (WDCM 00025) for both implementation
verification and food matrix-specific verification. Artificial contamination (spiking) was carried
out at three inoculation levels—high (103 cfu/g), medium (102 cfu/g), and low (10! cfu/g)—to
represent the expected range of natural contamination. The calculated Systematic Inter-
laboratory Reproducibility (Sg) value was 0.03094, which complied with the acceptability
threshold when compared to the lowest mean value of the Standard Deviation of
Reproducibility (Sg). Furthermore, the estimated eBias value fell within the established
acceptance criteria. These findings confirm that the microbiological method is fit for purpose
and can be reliably implemented by the Laboratory of Microbiology, Division of Animal Feed
Quality Inspection, Bureau of Livestock Product Quality Inspection, for the detection and

enumeration of Clostridium perfringens in animal feed matrices.

Keyword: Clostridium perfringens, Livestock feed, Method validation

Feed Quality Control Laboratory Division, Bureau of Quality Control of Livestock Products. Department of

Livestock Development



uni

TsaRnilonananiifion (Clostridial Disease) tuidulsafiinanngadnralsa (pathogen) 7
iunfigainsuiu Tngdndenadouadn fuarddidindug windannuuaiideiideliiinlsadu
wgldifnsonieduinuandnilussdnd wiaunsoundideldgouasnuldialan  (MSD  Animal
Health, 2024) uwuafiselunquaneansifeuiloguinunevialevile wiille Clostridium perfringens
(C. perfringens) Lﬂumﬁﬂuﬁaﬁmaszi’aLﬂuﬁLﬂwstmﬂuawmaﬁﬁﬂﬁwia{]zqummwﬁﬂﬁmaqé’m’i
Tnglanizogadednindongies 1wy lsadlddufinluung 15a Necrotic  enteritisluld Tsadnld
sniauluduaglsavieasisluny (Uzal F. A. et al., 2010)

Clostridium perfringens \Juuupfiisaunsuuin sUs1eviou (rod) asvadesuaziasaylamiu
anmgl¥eandiau (anaerobic) (Ryan et al., 2010) fnmautRlunisrefiv uaznisudnasiiy We
Clostridium perfringens wulgvlulusssuand A 1 MAAURIMSVRIERILAzNYES (Yao P.Y.
kag Annamaraju P., 2023) ﬁgqﬁaﬂaésuau%ml,mﬁﬁa Clostridium perfringens @1u1sanuaailade
Aeuenineg 197 19U nudemsidsuutasanudou nunubuuilugumniiududs nusioansiad
waznuraANAUlA (Paredes-Sabja et al., 2007; Li kag McClane, 2006) Fatue v SARILUNTLUS
E‘ULLéj’ﬁﬁETQF’Nﬁﬂ’mllL?iIEJ\TGL‘HﬂﬁWUﬂﬁwgiysllaﬂaﬂa%%aﬂL%@Lwﬂﬁﬁﬂ Clostridium perfringens
(Murrell wag Warth, 1965; Murrell, 1998) 3niaavasveadonuaiieiiinuautfnliaraisluh
Fefuiaiauamsolunisingfauuiuiavesgunsalineg waslinudssiiezduitouaduy
Hansusiemnsdn Il

ﬁm%’uﬁwﬁnmmaauqmmw%uﬁwﬂ@é’@’iﬁu lafin1smsaam Clostridium perfringens \ag
33113 conventional method lurAnsnsiodn? unkauazinasus o1msnszdes (Canned food &
Pouch) (d1iinnsaadeunmnwdudUadnd, 2567) uidilifinisnsramluommsdnd femeien
@I dafuanuddyresmnihssfiuasnistiosiu nsnsafinanade eusslevie
aunmvesauuardn’ SeldinTeunundoulidmiilddanuiieiungul uasdunsufoa
Fefumhesnuledng fanusuduiisdoridumilumsnsmuasuamuldldvesisnmausnvia
wavUSana Clostridium perfringens Tusmsdnd iioidunisiiiulszdnsamuasarmanansaly
namsaRnmaInesdnt nvadielfidugiuteyauazuumislunisnsatieseyt Clostridium
perfringens \fiesosiuamsdniividrdieenvasusemnelng

1.3ngUszaen
1.1 iensrausnyiauazUsune Clostridium perfringens Tuspgnse1msdnd
1.2 WislfidugudeyalunsdmimssnedydRnuauamnmemsdeld
2. YBuY
dievaugeupuldldveislunsnsawenafinuazy3unas Clostridium perfringens T

f798199191115807)

3, Uszlgaifianndnazldsu

3.1 ﬁgmﬁﬁagaﬁuau?ga Clostridium perfringens luomsdn

32 14lunistlesfunazidiaseTdlusmisdnsiaseitindn-deeen ietdunisiiuda
ALENNTAVRINSHN-depRne SR IvesUsyinelng



4. \w3esiie YaginenAansuanfeinnsgiu

4.1 \p3eaile
411 wieatarnudunse - wa (pH Meter)
012 wesilenidegduriemesyuuussiulet
4.1.3 ﬁﬁm%@ (Incubator)
4.1.4 @ﬂaam%@ (biosafety cabinet)
015  naemmainlandouhdmiuidsnteqdunid vla Anaerobe
4.1.6 éwﬁwmmuqmmﬁ
4.17  viaoannansniournae)
4.1.8 Petri dish 4119 20x100 mm
4.1.9 Graduate pipette
4.1.10 vhadede (loop) %38 Judende (needle)

4.2 seinaremsiaende
4.2.1 Bacteriological agar
4.2.2 Buffered Peptone Water (BPW)
423 oMsiasuTe Typtose sulfite cycloserine agar (TSA)
424 ewnsaBaide Sulfite indole motility agar (SIM agar)
4.2.5 D-cycloserine solution
4.2.6 Kovacs reagent

4.3 L%ammgm
4.3.1 Escherichia coli ATTC 25922 (WDCM 00013)
4.3.2  Clostridium perfringens ATTC 27853 (WDCM 00025)

5. A5andums
5.1 fregnafidnw
feesvnsdninnveutneidmmanguasiaaeununnesdnd Jeuuseann 2568
5.2 MILHFLNFBENLAZIS N IIAERULENTEALayUINal Clostridium perfringens
5.2.1 dudndegns naudegliiidunsiegudniud dueddmiuneaey 4
A981991M5dR T 50 + 1.25 N3
5.2.2 LA Buffered Peptone Water (BPW) U3u1as 450 fladans adludieeia wgia0gnafia
Ty 20 wift AewhludiaIesfnaufegnafininudasesusi (Low) wiu 60 3wt (dilution 107)
5.2.3 gaasazansiiegn 1 fadans aduaumiziasade 2 5e dilution (vimn dilution
Faust 107 quile 107 wemnsdsade TSC agar Uszand 12 - 15 ladansg UL AT
dielviegansyaeidrfuemsdeute sidilfomsidsatounded udunemsidsade
TSC agar Uatu seslilemnsidisadoudss ledosiumsifin Spreading Colonies
5.2.4 Yuidsluguudotigungd 37 « 1 osmwaiea luanmylfennia i 20 + 2 $2lu



5.2.5 dhunaiiedulaladves Clostridium perfringens Tneidonaumnzdeiifaladsm
visedimaidewasnima (yellow-brown) entfuanaumizide dilution #ilsiualalail 10-150
Tnladideaumsia e

5.2.6 wageuiuduriiaie Clostridium perfringens Tngldviadaide (loop) wie Wudede
(needle) unglaladiifidnuarzasdeinndude Clostidium perfingens uda stab \Teasems
Apaidle Sulfite indole motility (SIM) agar Umﬁqm‘mgﬁ 37 + 1 sapwaided uu 22 +2 Falus Ty
anmgl¥enme ulananaaoulnegnisasns Sufite, Motility wagmsviaaay Indole tilenea Kovacs
reagent mumiwﬁ' 1
a9l 1 mswmamiwmaauﬁuﬁwﬁﬁmL%Ja Clostridium perfringens

N1SNAFUEUIUT LAY

o Y
138979 sufite Motility Indole

Nndwmdedluvasn SIM agar | 2 siAseyy | LANLUELAS
(+) (+) (+)

Clostridium perfringens

5.3 nMsmugeuaulglavesis
5.3.1 N15%11 Implementation verification
53.1.1 Wudesneds Clostridium perfringens asluAIDININAADY AIUTLAUAIM
L%’usﬁuﬁﬂsauﬂqmmwaqmﬁﬂmﬁaummaasmﬂﬁ (Natural contamination) uazduLAUTeyaREd
Tor 10 Feghe wiegseandi 2 test portion A il 1

‘ Laboratory sample ‘

[}
! Test sample |

_________________ ;_-_-_--_-_-_-_--‘
‘ Homogenize ‘
Test portion Test portion
A B
4
s Artificial .
Imtla_l [¢— contamination [— lnltla.l
suspension A (if needed) suspension B
v
Analysis Analysis
y —
Result A Result B
(N

< Different conditions: a, b, ¢ >

Amd 1 FupeunsvedeuLiienen Intralaboratory reproducibility standard deviation (SIR)




5.3.1.2 Wantied19ds adlusognmaany 3 seiuaandutu muglufusoehails)
{Hudos198s (Negative control) Lﬁalﬁaeﬂuizﬁ‘ummLﬁé’fwﬁufjmﬁw Wiy 10° cfu/g, 107 cfu/g
way 10° cfu/g

53.1.3 maaumm%’umau%a 5.2 Wianaen Intralaboratory  reproducibility
standard deviation (Si)

5.3.1.4 Wasunanisnegeuiduan log 10 el Normal distribution wazily
ATUIUNIAT Intralaboratory reproducibility standard deviation (Sg) INGAT

|, =

[T
Sig = ;E Z(J’m ~¥i5)?
N T

e S = Intralaboratory reproducibility standard deviation (SIR)
i = 91UIUYBIFBE1 i = 1 D9 n (n > 10)
n = Snnufegdinadeuiiaun
Yir-Yi) = ma@i’mijﬁ’]ﬁlﬁmﬂmimaa‘uLLGiamjj (log §7u 10)
5.3.1.5 1Na9iN158auTU (Acceptability limit) a1nnsnageummlylavesisnageu
Usuas Clostridium perfringens Tuseenie1msdn (SO 152132 : 2023) wuin #1 Sy fildann
M3AnEIRe 0.626 RINN1AT 2
AN3197 2 Summary of Sg values from the validation study for ISO 15213-2 : 2023

Sg values from the validation study

Mean value
Food Item Medium
Low level High level of three
level
level
Multi-component foods or meal
0.621 0.654 0.688 0.654
component
Processed fruits and vegetables 0.453 0.637 0.797 0.629
Environmental samples (food or
0.457 0.475 0.629 0.520

feed production)

Pet food and animal feed 0.626 0.606 0.793 0.675

Ready-to-eat, ready-to-re-heat

0.356 0.543 0.309 0.403
fishery products
Ready-to-eat, ready-to-re-heat 0.481
0.408 0.653 0.383
meat products
Infant formula and infant cereals 0.396 0.403 0.356 0.385

nsAnw1 Verification study gnesnuwuunivelilvimfsiswanssnures (food) Item 1 Sk
Anald asihunldussudisuiuanaiengn 109 Sy 19 Item la ineaeuly Validation study
ISR HUIINAITNI 2 ALRREYBY Sg axHAYINAY 0.675 (Pet food and animal feed)




MTUTAINRLUNITERUSU (Acceptability limit) 989n15Anw Verification study f®

Sk < 2 x the lowest mean value of Si
SIR < 2 x0.675
Sir < 1.35

5.3.2 71591 (Food) Item verification

5.3.2.1 fadendet1d non-challenging sample ua challenging sample Liayi
artificial contaminate 31134 3 s¥AUAUTNTY TukdazsEAuANTNTUALldfag19Auay Code
number 1 1A non-challenging sample ivesuftRnsidentd Lo mﬁmﬁm%wsgﬂmmﬁaﬁmi
wuuill @ challenging sample Wenldingavaindn’

5.3.2.2 \3e artificial contaminate 91U 3 s¥auAALTY TinseuAguYItves
nsUuteunussIuYIA (Natural contamination) Wideunmzidies Weglussduanududy
gaving fail 10° cfu/e, 10° cfu/g wae 10" cfu/e

5.3.2.3 nadeusesdluusiarszdunisuuiou Tnevaasuiuy Duplicate (nnaey
A uag B) wiouiun13vin inoculum suspension without (food) item mﬂwaamﬁuawﬁaﬁgﬁumud
fulu nageumitnaaeuveiasl AT A i 2

U

/ Expected x cfu/ml \

Inoculation in the initial
suspension

Uninoculated test portion Initial suspension A Initial suspension B
(negative control)
Method to be verified with (food) item Method to be verified without (food) item
| |
______ 1
1
Vo Vooeoow o M
|

OX®) OO O

Same method (plate, medium)
AN 2 Example of quantitative method verification (eBias) using artificial contamination

5.3.2.4 naaeuiiogeiilidléifiude artificial contaminate (Uninoculated test
portion) tfiatunldu) Root cause analysis Tunsdifinanisuial (Food) Item verification laitduly
AULNUINNITEBUSU (Acceptability limit)

5.3.2.5 AUIUMAN eBias 1MNENT

eBias = |log;y cfu/ml (inoculum) — mean logyo cfu/test portion (artificially contaminated (food)iterm)|



5.3.2.6 INa9IN158015U (Acceptability limit)
|logyq cfu/ml (inoculum)-mean log, cfu/test portion (artificially contaminated (food) item) | <

0.5 log,, for each of the inoculation levels

6. HANINAADY

6.1 N15%1 Implementation verification

sfuINA Sg vewieslfiRinindenldfedmnveuiielunmeaeuldidessddundy
Clostridium perfringens LLazLauaﬂuéffsaaﬁﬂﬁmamqwdwuaﬂmiﬂulﬁaumuﬁﬁu"ma HANTS
NARBURINITIT 3
a15197 3 man1smuaeunLldldvesiiveaeuySunn Clostridium perfringens luensdn?

n o Analyst Log;o Analyst 1 Log,, Analyst 2
Sample YUANIDE9 Analyst 1 4 S0 s S0 it Yia - Y (Ya- V)’
2 (YiA) (YiB)
1 JngAvandn’ 23 24 136173 138021 -0.01848 0.00034
2 vﬁ]iﬁ‘u%?ﬂﬁ?j 28 21 1.44716 1.32222 0.12494 0.01561
3 aﬁi.‘ﬂﬁmﬁjﬂ 21 25 1.32222 1.39794 -0.07572 0.00573
q a5 FUANY 25 22 1.39794 1.34242 0.05552 0.00308
nanSugLUIIUIIN
5 ¥ oo e a 23 21 1.36173 1.32222 0.03951 0.00156
Wadnfuuuily
6 E]WWW?U'UL??EJ’J 279 281 2.44560 2.44871 -0.00310 0.00001
NARSaLUIIURIN
7 Y ow e oa 246 250 2.39094 2.39794 -0.00700 0.00005
Wedniviladin
8 ngRvanded 281 283 2.44871 245179 -0.00308 0.00001
9 vﬁ]iﬁ‘u%?ﬂﬁ?j 289 291 2.46090 2.46389 -0.00300 0.00001
10 aﬁi.ﬂ]ﬁmﬁﬂ 243 233 2.38561 2.36736 0.01825 0.00033
11 BRI 1543 1559 3.18837 3.19285 -0.00448 0.00002
NARSLUIIURIN
12 Yoo . 1650 1672 3.21748 3.22324 -0.00575 0.00003
Wedniuuuil
13 E]’]WWTUUL%?J’J 1540 1552 3.18752 3.19089 -0.00337 0.00001
NARSaLUIIURIN
14 Yoo oa g 1596 1607 3.20303 3.20602 -0.00298 0.00001
Wedniviladin
sum (Y- Yo | 0.02681
n 14
2n 28
! & — 1yn . —V.)2 _ [L
wnuanluansazle Sir = |3 2%=1(Yia — Yip) = \/28 x (0.02681)
=v0.0009575
~ 0.03094

A1 Intralaboratory reproducibility standard deviation (S,) 111U 0.03094



6.2 N15911 (Food) Item verification

6.2.1 HANIIMIUADUNITMIAT (Food) Item verification Tusiee19 Non-challenging

sample AIR19197 4
A15199 4 HAN1TNIUABUNISIAT (Food) Item verification Tusae19 Non-challenging sample

Mean result artificial

For comparison

Inoculum
contamination (food) Result artificial Result inoculum )
level/test o ) ) eBias Result
. ltem contamination (food) suspension [without
portion (log, cfu/g) ltem (log,, cfu/test (food) Item]
portion) (logyp cfu/g)
10° cfu/g 3.388 5.0872 4.8439 0.2434 | Acceptable
(average of 3.3502 (122,250 cfu) (69,800cfu)
and 3.4232)
102 cfu/g 2.3892 4.0881 3.8129 0.2752 | Acceptable
(average of 2.3729 (12,250 cfu) (6,500 cfu)
and 2.4048)
10 cfu/g 1.4232 3.1222 2.9504 0.1719 | Acceptable
(average of 1.3802 (1325 cfu) (892 cfu)
and 1.4624)

HANIINIUABUNITNIAT (Food) Item verification Tuf78819 non-challenging sample 1amn

eBias < 0.5 log,, for each of the inoculation levels aqﬂlé’ﬁm@umm%ﬁaam%’ﬂﬁ (Acceptable)

6.2.2 HANIINIUADUN1T1IAT (Food) Item  verification Tusaeg1e Challenging

U d‘
sample PIN131N 5

A9 5 Han1IvIUERUA1IIIAT (Food) Item verification Tu@aeene Challenging sample

Mean result artificial

For comparison

Inoculum o
contamination (food) Result artificial Result inoculum .
level/test o ) ) eBias Result
' ltem contamination (food) suspension [without
portion (log,o cfu/g) Item (logo cfu/test (food) Item]
portion) (logyo cfu/ml)
103 cfu/g 3.8296 5.5285 5.2780 0.2498 | Acceptable
(average of 3.8182 (337,700 cfu) (190,000 cfu)
and 3.8406)
10° cfu/g 2.8398 4.5388 4.2553 0.2835 | Acceptable
(average of 2.8338 (34,575 cfu) (18,000 cfu)
and 2.8457)
10’ cfu/g 1.8837 3.3900 3.5826 0.2926 | Acceptable
(average of 1.8573 (1,950 cfu) (3,825 cfu)
and 1.9085)

HANISYIUADUNITNIAN (Food) Item verification Tu@egne Challenging sample ldiAn

eBias < 0.5 log;ofor each of the inoculation levels aqﬂlﬁ’iﬂa&ﬂumm%ﬁaau%ﬂﬁ (Acceptable)




7. @gUNANIINAADY

MnransmugeuauldlaveisnsianenasiauazUsuna Clostridium  perfringens 1u
9IMN5dRT (1SO 15213-2 : 2023) Vel Uin159a%33nen nqunsIvaeuAnnInemsdnd d1iln
ATIvEeUAMNINGUA1UAR T laun15v1 Implementation  verification  ka¥n15%1 (Food) Item
verification 2MnAMSWUARAAT Sk AAaINATSAILIN SAIAU 003000 WovhaUIsuLTieusy
lowest mean value of Sy (1.35) INANTIT 2 WU Sg < 2 x lowest SR mean value
determined in the validation study [0.03094 < 1.35 (2x0.675)] kansinduluaanusiniseeusu
(Acceptability limit) vain1sninasuaulildveiinaaey @runisulana eBias fildannig
FUUAINANTIT 4 LAy 5 WUIIAT eBias < 0.5 log10 for each of the inoculation levels wangin
Julumuinueiniseensuvesnismuasuanuldlsvesisnageu Jeanunsadanldlunisnsiauen
ylauavUsunn Clostridium  perfringens  lusiag19019m15dn IveeosUURN159a83INnen nay
ATIRABUAMNINDITENT d1tinasIvaaunmn nduiUadn il

8. UDLAUdLUY

9. NAANssUYUITZNA

YOUDUANUEHRINNEGRAY WodunsEowIsn1sdinasaaeuamn nduAUadn]
Alvnsaduayulunisdiiuny wazyaainsnugadiinerdmiuanusuiiolunsufianuli
d5aqanlulaces

10.18n81991989
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