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Comparison and Improvement of Detection Media for Sub-lethal

Injured Clostridium perfringens
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Abstract

Recovery of heat-injured vegetative cells and spores of Clostridium perfringens was evaluated on selective
media, CW Egg-yolk agar with kanamycin (ECW™*A), Tryptose sulfite cycloserine agar (TSC*A) and modified
Handford agar (mHFA). As a result of heat treatment at 54°C for 15 min, viable counts of C. perfringens
vegetative cells on a selective medium (ECW*A) was significantly less than those on non-selective media. This
means C. perfringens vegetative cells should be in an injured state. Comparing of the three selective media, TSCTA
was the best growth and recovery of heat-injured C. perfringens vegetative cells. Recovery on ECW*A was 1 log

CFU/ml less than that on TSC*A.

Supplementation of TSC*A with sodium pyruvate (0.1-0.5%) further enhanced recovery and detection of heat-
injured C. perfringens vegetative cells, and its efficacy was the highest on TSC*A supplemented with 0.3% sodium
pyruvate. Supplementation of TSC*A with sodium pyruvate did not affect recovery of heat-injured (95°C, 2 or
60 min) C. perfringens spores. These findings suggest that TSC*A is the most favorable medium for enumeration
of C. perfringens and supplementation with sodium pyruvate improves recovery and detection of heat-injured C.

perfringens.
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Clostridium perfringens (7 =)V 2 B8) 13FHEE T 5
LEHEORERSEETH D, 15, Wm)llk EDBERA
PN, BIORE R EWCIR S EAET MIETH S (Oka et
al., 1989 ; Oka and Oishi, 1989), AEOHIZIZT> 7 1 b
FYUEREETDHDOBEEL, O XD LEREAKC
BRENLREMEERT 2 2 L TRFEVRHFET S (FIU
5, 1960; Bauer et al., 1981; 24 « B2, 1961), AL
B o C perfringens Z53HES % 753513 2N g TEHEER
EXNTHBY (Harmon et al, 1971; Hauschild and Hil-
sheimer, 1974 ; Shahidi and Ferguson, 1971), Z®Dw>x< D
WIANER E 73R U TSI TW S, TBEICEB
JAREDSD C perfringens DRI IZ, 3 FEEEDEEH,
ThbbhT <A ¥ EEINEN CW FERRMI, Tryptose
sulfite cycloserine (TSC) #XRE B L SN K75+ —F

W RIFERES S R LR AE RS TES (2003) THERRE SN TE
D, ZOHTHhF~A ¥ U EEINEIN CW FERES I
BRI L 2 EEBHIE 2T BIcESFIAS LT
%o —77, WA TIE TSC FEREEH 2 HERE L T 24 03%
W (AR, 2001; US. FDA, 1995), ZiL5 O, g
HEERLL 72 53 2 BB & LT 528, SBIRFIL LTE
Y 2HEWE OREE L EE IR S RERR D B,
—ic, FEESCHR A b VA RZTMEY T, FO
ORI SRR S 2> DIBIGERAIS B % 12 0, FEHIESZ
HRHBREORBERMEDOESEZ 5 FRith, 1989;
Straka and Stokes, 1959), B TELE F 72 X RMLFRE I
&I 24, REOBYE - FEERE TRL %A bV
A (hnEs, (KiR, HHS, pH, SIMRREELR L) 2% 5
LEZOND I ENnD, —EOMEMNZZ D & S HEEGE
ELTHEL TW S ERFITHRINS, 2Dk, 1H5
BRI HEAE U735 83, SIS T T X
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WZENRLUIFLIEFA T S (Chambliss et al., 2006 ; Miller
et al., 2006 ; Rayman et al., 1978), L7435, R4
Vit o sk - GRS R CHEEL, BhEeL S
I RREESRE I LT 5,

Z TR TIE, WOET C perfringens DRI R
BITH W &N T B3EIRE T OGRS C perfiingens
ORI B L HEEEUERIORIRIC D W TiET L 7z,

HRELUFE

HERER

REECHER U7z Clostridium &3 X % O OME 13
Table 1 IZ/R L7280 TH b, Clostridium Jg1X GAM 7' 4
3 (HAKBIER) 2 HwvC 30 £721% 37°C T 24 B 0 Bk
[EEEEToN (T Au Ny, ZEH ALE), Clos-
tridium JELSF OHE 13 Tryptone Soya Broth (Oxoid) % f
W 30°C, 24 FFIFSIEE L 77,

HnEALEE & TR RIRE

C. perfringens ATCC3624 O 37 féf 55 22 W % 3% 0 55 H
(10,000< g, 253H) THEE L2, 0.1% 7 b > KT

QE) L, 2% 0.1% =7 b /KICFHE®E L T, C perfrin-
gens EEIRE1572 (8 log CFU/ml), Z® C. perfringens
IRV 005 ml %2, T 5S4°C IR L 72 0.1% =7 h >k
495 ml ICHHAEL, 54°C THIEMILEE L 7z, IEMLEYE > & 5
SRS CEENR 2 AL L, 0.1% <7 b > /K THE 10 {58
FEERR S, SRRSO Fl W REB R L5 T
AERBHIE 21T 5 72, 7 BASEER T3, Brain Heart Infusion
SEREEH (BHIA, Difco), b-¥ 27 v V) VIR & UIER
J TSC SERESM (TSCHA I8 X O TSC-A, Merck), 7 1@ X
Y Y7 HIERRH (CCA, HAKRER), Jigny > <4 v
VEEB X UTRE CWEREH (ECW*A 8 L ' ECW-
A, H/KBEE), N> N 75— FREREM (mHFA, %
WHE2E) %2Rz, CCA B XU mHFA 1337 71
TEEHID I, REBR TR EEE T 5104721
Ny FETOFERRED 0.6 FRETHA Lz (HAKE
ez, 2001), 52 DFEREAR X 37°C, 24 FEEOBG 2R
(7 xay 7, Z2EhH AbE), R ECHR Lo u =—
BoeeHL, ERBeEH Lz,

ENE BT M) LDRE
iR FERED FETIHELL 72 C perfringens ATCC3624

Table 1. Bacterial strains used in this study

Species Strain Species Strain
Clostridium perfringens JCM1290"* Bacillus cereus JCM2152*
ATCC3624 B. coaglans JCM2257"
NCTC8235 B. megaterium JCM2506™
NCTC8238 B. thuringiensis 1AM 12077
NCT(C8239 B. weihenstephanensis DSM11821
NCTC8449 Enterococcus durans JCM8725"
NCTC8679 E. faecium JCM8727"
NCTC8798 E. hirae JCM8729"
NCTC9851 Lactcoccus lactis subsp. cremoris 1FO3427
NCTC10611 Listeria grayi ATCC25401™
NCTC10613 L. innocua ATCC33090"
NCTC10614 L. ivanovii subsp. ivanovii ATCCI19119"
NCTC10239 L. monocytogenes ATCC7644
C. baratii ATCC27638" L. seeligeri ATCC35967"
C. botulinum Iwanai L. welshimeri ATCC35897"
Mashike Micrococcus luteus IFO3333
C. butyricum JCM1391™ Pediococcus acidilactici IFO12231
C. pasteurinum JCM1408™ Staphylococcus aureus JCM2413
C. sadinense ATCC27555
C. sporogenes JCM1416" Aeromonas hydrophila 1FO3820
Escherichia coli IF03301
E. coli O157:H7 RIMDO0509939
Pseudomonas fluorescens JCM5963"
Salmonella Enteritidis IFO3313
S. Typhimurium 1ID1000*

*T ; type strain
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WIS YB I 0.05 ml & 0.1% 27 b > 7k 495 ml W ERE L,
B 54C, 15SHTHNENL C, NIEMEE C perfringens %
TESLL, AEBIE 21Tz, EEEHIEICH 2> T,
TSCTAICENVEVEF bV 7 A (Pyr) 2 0-2% WL 72
B2 5 U, SRR & - TEZEIE L7z, &8,
SEARERHIIE 37°C, 24 B OBSIEE 21T > 72,

7z, Pyr IRNBHROEREIC & 2 R E2MEST 5720
\Z C. perfringens 71k (ATCC13124, NCTC8235, 8238, 8239,
8798, 10611 38 X TF 10614) 1Zxt L T & [FERDEER 21T - 7=
(Pyr BB ; 0.3%)o

KIZ Pyr FRAINC & 2 TSCHA 553 0 B % 3~
720 T B, C perfringens 21 Bk &te&Et 458k (Table
1) OFEEREETE % 0.3%Pyr+ TSCHA SEHR B Iz 8HE L,
37°C, 24 BRI OB ER:, R DI Lz an=—0
R (B3R & TR) ZER~I,

FRADRE L 1R

C. perfringens ZF fd O ] 81, 55 B\ ZF K I B ER
(ATCC3624) Tl Jose & (1992) DF5es, F77, MEMESE
Jie 7% BE Bk (NCTC8238) T 1x Ando & (1985) O J5 ¥ 12
o THHBIL 72, 27, FHBIL - HHIREI % 75°C, 2045
MIIEEAL U 7o t8, ZEVESFRRER L 95°C, 2 53, *
7=, MMEMESRIRENR X 95°C, 60 SMENEVE, 512 TSCH
A B LU 0.3%Pyr+TSCHA BN RIEMER L 72, K4
DIAIEHIL 37°C, 24 OB, AR HEE L
720

& xR
C. perfringens SRIEHIC & DIRHELLLE

FEEGERI A b vV A BTz C perfringens SEEH
fao &N 5 2RHESR KT 2 2 Lic X DB
FEE 23 L7z (Fig. 1)o 54°C BRI OFEEFER T
X, EIESHE ST 6 FEORM ClMEERIC R h
FERS Ko7z (653-6.71 log CFU/ml), %D, 54°C
TONBLBEREDR 72 2 12O THR DI BT %
C. perfringens MiHHEHICEZD RS X U7z, 54°C, 154>
MIDIIEME ORISR i3 % &, CCA, TSCTA B L U
TSCA THHBE$ A% < 6.43-6.49 log CFU/ml TH -7z
73, BHIA, ECW-A ¥ & U mHFA T i3 6.07-6.15 log
CFU/ml & 720, BiaRossHh & g3 2 L #9 50% FEE Lo
WHET&RProlz, &5, HAT C perfringens DRRHIC
X <Hws N2 ECWHA TOMRHERZ 544 log CFU/ml
L, BAROMHEESZR LIz CCA (649 log CFU/ml)
DHI10% L RHTE T, WMEFOMICITEREENH -7
(p<0.05),

INEIES C. perfiingens DIRHBIZRIZFTEINE VEEF b
1)) LDESEE

54C THIEVLEE U 72386 C. perfringens 1233 3 L E
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Fig. 1. Viable cell counts of C. perfringens on the different
culture medium during heating at 54°C.
The viable counts were enumerated with Brain-
heart infusion agar (), Tryptose sulfite cycloserine
agar base (QO), Clostridia count agar ([]), CW
Egg-yolk agar without kanamycin (A), Tryptose
sulfite cycloserine agar (@), Handford Modified
agar () and CW Egg-yolk agar with kanamycin
(A).

Viable count (log CFU/ml)

2 1 L 1] ]
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Fig. 2. Effect of sodium pyruvate on the viable counts of
heat-injured C. perfringens.
The viable counts were enumerated with Tryptose
sulfite cycloserine agar supplemented with sodium
pyruvate after the heat treatment at 54°C for 15 min.

VI b Y T A (Pyr) OB RNz (Fig 2), 54°C, 15
SIEIIER D C. perfringens ATCC3624 ¥ROHNINISR W %
b E L, PyriEEE DS % TSCTA TOMHFEE R Hhig
L 720 Pyr FEGMITSCTA GHIRIX) DB A 5.62 log
CFU/ml TH->7zDIizxt L, PyriffEs0.1-0.5% Tlt, C
perfringens BB OBEIAR S5, 0.3% IIIRFICEHK &
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Fig. 3. Effect of sodium pyruvate on the viable counts of
heat-injured C. perfringens.
The viable counts were enumerated with Tryptose
sulfite cycloserine agar ([C]), Tryptose sulfite
cycloserine agar supplemented with 0.3% sodium
pyruvate ([]) after the heat treatment at 54°C for
I5min. ATCCI13124" (a), NCTC8239 (b),
NCTC10614 (c), NCTC8235 (d), NCTC8798 (e),
NCTC8238 (f) and NCTCI10611 (g) were used as C.
perfringens strain.

2572 (5941og CFU/ml), L L, 0.5% & D EREE T Pyr
POIIU TGS CIE, 1BE FFICHE> T C perfringens i
HEBUTE T L7z, 2.0% OWRNINITIEd 35 2.76 log CFU/
ml LR TE oz,

Rz, ATCC3624 BRLISND C. perfringens THRIZXTT %
Pyr YHIBHSE 24T U 72, 54°C, 15 SRt o A B2 Ml
ELTzE 25, 03%Pyr IIIOFNFIZERIC LV ZIZRS
NIz 03T XN COBEKRT Pyr YSIIEEH COME R EUL Pyr JE
WINOHE XV E ol (Fig 3). ¥ 12 C perfringens
NCTC10611 #£TlE, Pyr FEGMN TSCTA Tl RN
(<21og CFU/ml) L FHli& n7zzBTd, 0.3%Pyr FiN
& 5T 5.08 log CFU/ml OEHEEH & ntz,

TSC*A D Pyr i ilic & 2 BRI~ DB E %
Table 1 IZRTHEEZ AW THN, ZORKE, 0.3%Pyr il
TSC*A ETOD C. perfringens 13, Pyr FEGINOEE L Rk
OHRFRBEAD a0 = — 2R LTz, fEEICBWTD
Pyr JERINDEE L& e 5 72,

Pyr iZ5h0 TSCA I2& % C. perfiingens SFRANIEH

B 72 C perfringens ZERAOMHIC Pyr 32 A KIT
THRES LTz, 95°C, 2 M DIEVIIE 21T - 7= Bl
(ATCC3624) %% ¥8 & D 0.3%Pyr+TSC*A & TSC*A T D
BMHEBIC ZEEZZED o g,z (p>005 Table
2o F7z, MEVEZEH (NCTCS8238) T 95C, 604D
TR 12 A B ECHIE 21T > 7225, 0.3%Pyr+TSCA &
TSC*A TORHBEEICIZEEZIZ R o7z (p>0.05),

Z =

FHBER R A bV A RS2 TEUEGEOREEXK
T & FEAIBSZ L, R CHEENR RS Z enFIsnT
W3 (FRHMb, 1989 ; Straka and Stokes, 1959), EH, AL
ORI TIE, FEE DR D & %1858 « 5513 5 729
BRI AR e BTEE S (—RICHIEWE) »EisnT
W53, ZNE TIZ, Escherichia coli, Listeria monocytogenes,
Staphylococcus aureus 7% £ D% { ORPBHMEICB W T
b, JEBBENR A N VA BRZITIGEIT 20 o OMEHHE
B L2, MHAEREHICEE S WA PEYE T
BREZMUNEEY, EX TR b s THHETRREL
5 EDHREIINTWS (Alonso et al., 1999 ; Calabrese
and Bissonnette, 1990 ; Sandel et al., 2003 ; Yan et al., 2006),
L7edio T, BIEOEEERN 2 B EYIRAE T L, FE
WiF [4&Twa | Mifasd 212 B o T4 E LT
T E TORWATREE R SN D, L1235 T, C
perfringens DRRHIZ BT HEOIEEIRE Gl 51
Fo) ic k- T, HAROMBEVEOEMR, Y, ks
=, BSOS, MELLR EEEVNGERT 2 0805 H
%, HFE, FHHOFERMEIET & 5 LR OMHIENTE
{72 Z e bEMESN TS (Hood et al, 1990), HAT
X C. perfringens &t 70X ) V7 OMHICIZ N F
FErRAWLHELDH LN, ZOHEZ 1) EEPRERDON
BiEL VR, 2) BRCUESEEE 2 LB & ¥ THRETED
TEBE0SFEIED 50, HEDREICBHTWD
PRESDIERI N TL S @SS, 2001), AFFEICB
THHGEER LI HARTE CHWS NS ECWHA (RE
5, 1966) 12 & HHHIBEHE, WA TISHEHASINS
TSC*A (Jong et al., 2003) 12 X 2HHEI L D D em-o

Table 2. Detection of heat-injured C. perfringens spores

Bacterial counts (log CFU/ml)

Heat sensitive spores (ATCC3624)

Heat resistant spores (NCTC8238)

Control 95°C, 2 min Control 95°C, 60 min
TSC*A 3.71£0.04 2.69+0.07 3.73£0.00 3.360.05
0.3%Pyr+TSC*A 3.77£0.02 2.5940.07 3.76+0.03 3.36+0.05

Mean = Standard deviation (n=3)
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720 o OREEROZE (REGEL) SIBEEE <
351200 T, TRbLNMEREGERENKE kb Icoh
THE & s> 7z (Fig. 1)e ECWYA % A CHIEVES % 5%
7z C. perfringens ZFiH 3358, A F~A4 ¥ antd
BREZENIHARL, ECWYA PR ECTau=—2BR T
28570, MAINIZERNCIEA F~A ¥ U TNEDR;
H (ECW-A) 22 Z LRI NT WS GRE S,
1966), —75, TSC*A IZIHERYIEH & L Tp-> 70t
YHRIME N T %75, Barach & (1974) 13, MEGES C
perfringens FRID [EERFIC DU TRRET L, TSC H5Hhhifil
DOFEEHL L D IR <, EIERPUEAITIE 2
FRA YDy DY ut) DI HEEGE
NDFEEDYVIT N EBRLTW5, 72, Jong & (2003)
B X Of Brodsky and Ciebin (1979) & C. perfringens O
FIsEHb DR 2 e L, TSC 85 COMHEBDR S %
{2 ZERHELTnD, SOITEE, HF~vA YV
MRS C perfringens 12 X 5 RHEHEG b EE SN
72 (PR S, 2008), L7435 C, C. perfringens %S
R OEGOD 2 RSN SHRET 285811, 7~
4V RBERFIE L ECWFA XD -y 7k v %
EHI VT TSCTA OSTPEGE % b & o7k - FHilia
TEZ2HRTENTVWEEEZ NS,

EVEVERT N YA (Pyr) 2REME I L TEIE
BIREET S L3I MBS TS (Chambliss et al,
2006 ; Hood et al., 1990 ; Nebra et al., 2002), %7z, BERE
B EREBML, EREOENZES W LR ITE, #H
BEROEIE 215 L T Pyr BRINIE T 5, TRMEERSIE
WD C. perfringens DHREMALIC 38> T b HEEEIEIC Pyr
PERNCENE, BMHEEBOEEIL, % OEHERIRIX 0.3%Pyr
WINTHRRTH o720 Pyr iNIIC & 2R IEEDOEKRT %
FIE TR & > TEUERIRICEN R S s, INEES
L OCGEMEFII RO W 3T L T H Pyr OFRINEHE
hThotz, £z, C perfringens HFRIOMHIZ BT Pyr
ISR L e dp o Tz, Pyr 1, SEBIEIE L D b
REHEE G2 2 0 1B OBRBRIBICETH D,
B ORI ICEEHAA D 2 & TR ISR % FE
T2 ENRESN TS (Chambliss et al., 2006 ; Hood
et al, 1990), & 512, Pyr iZHCEMLOERA & & % bR
TERIGDO LRI O RHERIR 5 5 Z & bl 3
T\ % (Baird-Parker and Davenport, 1965; Nebra et al.,
2002), ko, TRHBFEMED C. perfringens (2%t LT & [F]
FRZZHEREC & - T Pyr MREBEURICE G L7z b D L HERE S
N3, TSCtA ~O Pyr iiNC & 255D ZRME & A E
TOD C. perfringens \ZHEI 72 Bt 0 0 = — DR %
Nfz & 22, Pyr ORI & 272137 55 7z, BT
WBWTHEFR SN 572 L6, Pyr ik TSC
B DEERIRENDOREIL LD 5 T2,

KL TIE, C. perfringens DNEGEE AN ORI
0.3%Pyr Z¥RINL 72 TSCTA OFERIMEER L1285, C per-
Sringens SKEEMNEAHY 4C DRI A b L A & o THREHER

Lol gEcd, BHIAO Pyr iR ERITH D 2 & H
HwEENTWwD (Hood et al, 1990), L7235 7T, AP
BB CICFEEL, [Mor0BBEEZIT T EEZ LN
% C. perfringens %3 2356, BAHEAMRAEES CHE
VAN TOIOHEITIX TSCTA 2T 2 2 L% %
L<, 722N Pyr 2T 52 &TC, LD bHHIEE
BHRIEOLNE ZEDRHSHER ST,

X [
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