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ABSTRACT - The present study aimed to compare the accuracy of the compact dry and culture plate methods
for natural flora (yeasts/molds, coliforms, and total bacterial count) and artificial inoculum (Escherichia coli) in
dosirak (meat-based), meal kits (seafood-based), and Doenjang (traditional food). Compact dry TC, EC, CF, and
YMR were compared with culture plate methods using a suitable medium for each bacterium. The total bacterial
count, coliforms, yeasts/molds, and E. coli were assessed with 3M Petrifilm (aerobic bacterial, coliform, yeast/mold,
and E. coli count plates) using culture plate methods. Analysis of the recovery rates of target microorganisms in the
three food samples showed that the compact dry method for total bacteria, coliforms, and E. coli exhibited recovery
capabilities equivalent to those of the culture plate and Petrifilm methods, with no significant differences (P>0.05).
Overall, compact dry TC, CF, and EC showed a good correlation between the methods used in this study, indicating
rapid and convenient microbial enumeration by saving time and requiring less space.
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I AZZE(Petrifilm$y)2] AHES 5913}

152 AEY] A Fast S ET cold water
soluble gel, FHAAAIF 5 AF Il wjx]e] #
A BEHRT, MF Al AHFE B 2 S
AE Aol ot o] HPA-S A AAAIZ O Z Association
of Official Analytical Chemists (AOAC),
Organization for Standardization (ISO) & =A% A& 7]
oA FAE AFPORE SAH AREE AL STk ol
AME AZo nAgE AZFL Y3 AEH 2L geAe =
o]7] Y&l 2]FEeFEorAA I A12004-41500 2] A}
of UAukAllt thogdtw, thdstoll el dxZEwiol

i

International

_c&

ARigion), the PR UE AZUEL ofF AEF
Aol SAHA Eoha Qe AHelt, 4F g WA
CESE N BT P TE L PR
@ 24929 54 oA} AER 28] A sk o
= Qg8 F oy mE A& . > a1

s, Y et AFel et A9 )

Compact Dry (NISSUI Pharma. Co.)& Alare] A2
AGLE 98] AMdE Ax"oz Wl wix|7} T =
T /\*Lﬁﬂ‘: ANESH Wegd AsA7E Az FEHE A E
of Y= Q3L o]E 553 HA FER7F "L Ao F
g3 ZHRAg o] S EATH. 53], Compact Dry= AR
G AFLRE SA AR 7sEtal, JE Al A7F G4
o] 7k, Mg A &5 9 71 BE 77k FHE
ZVAI AL dvh BEgF AuAlE, N, A, SR/
o], FAMF =4 Sl thd Compact DryH-2 AOAC
o] PTM ?l%, EU9] MicroVal 915, 583 <] NordVal ¢!
T 5% 5399,

Mizuochi & B¢ 2%S tHASE Compact Dry
TCS ®¥F ZHolE 7}2E HW(SPC), Petrifilm TM
Aerobic Count PlatesS B3} Al 2852 H 71319
t}. 2 A3} Compact Dry TCE= 1SO 4833 W3} v w3}
o] ‘:“_7_7] ook/\Pi PR /ng/q Ho " Hoayg o9 =
LHE FTHTE HasAs o -rr«Vq 2ol & HolA| %
ATHP>0.05). EE?} ol AF T T 2 A A
FE #1831 Compact Dry EC W3} 1SO %' (16649-2 2
4832y Hlwet A, ALY A4S T ouy 7ke] 3}
o= HEF O, (<05 log,) EE AE njEE 2] o)

T W Apole] ATAIFER?) 0.92 ooz ZAME A}
#A7F A AT, Mizuochi ¢ Nelson®e] B0 w=w,

Compact Dry YM2 Z#d dg ZAWHZ Erlg, X2
(Wensleydale), ¥, vfoy|= 2 QdIx] 29 g5 2 &
Fo] o] A s 98l 180 (21527-1)%HS A
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wElA 2 A= Compact Dry2] v & 7%\}}1 B
Hogn &8 7MsAS Z}\}.o]_7] 93] A|TEQ =AY
(FAHE w0y, I E(GFAHE Wo]k), % %Q%(Qz})o
E2HY kA, % &%, O, ER/EF] 5 A%
el A7 He 1S Eelehr] S8l FaniA A, 2
F3dol SAE 3M Petrifilmi, 123

< sty FHAAE B

Compact Dry¥

Materials and Methods

A7

2 A= AE HARS ZFo]ulA] (Compact Dry; Nissui
Pharmaceutical Co., Ltd., Tokyo, Japan)e] 2]3&m|AE 7]
ARE EAHO R &8 7S EMEr] flEl A
o 54 Holde HAE 2 AZXLEGM Petrifilm™
3M Microbiology Products, 3M, St. Paul, MN, USA)2] ©]
AE 3l7eS vttt d+S EMBHIAE o] &3
Hl A 2 A2 EHS AHEste] Compact Dry W

 wlasksit.

q=
AE ABEE FE UIE, 27 F AFZYA A4S
2 5 -
T

SN, A543 gstol AHgSIIT. A

H{H
o rlo
r
ol
o filo
2

27H”’“ :rL‘”O R F 33] W ’é’@ﬁ}&’i‘:}. 7 NEe
EE AEE H+ (Nasco, Whirl-pak, Fort Atkinson, WI,
USA)l 2xtste] w43t g 5 10 g¥ 2)F st ARSI

A 23

AWM, SR /FF0], hHTS AFAE Wl EA
St A 4F 2 AESIAU AL, Escherichia coli (ATCC
10536)~ American Type Culture Collection (ATCC,
Manassas, VA, USA)A E% 2ol 30% (w/v) glycerol
(Thermo Fisher Scientific, Waltham, MA, USA)S $H
st gdo 7 gF5 -80°Co| R#Ast] AYHFT AL
EIa=

LE ANEEH U 7 FF

E. coli~ Luria-Bertani broth (LB; Difco, Becton
Dickinson, Detroit, MI, USA) 10 mLol| @¥sle] 37°C
ZZANA 2447F 8% T 10,000rpm 4°Co|A] 108 F<F
Y4 B2 3F3L Phosphate-Buffered Saline (PBS; Oxoid,
Basingstoke, UK) SH 02 A& sl A2 FH|315 T
359 AFE ANFEAE, UE, BHE Had 10 g¥

g & 27|1HF F5 5 log CFU/g7t H =5 &9 0.1 mL
= AET F, 3088 2R dASAR 1520 72
A7 71 F 90mLe] 0.1% PWE F7tste] 187
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2 3}(BagMixer400VW; Interscience, St. Nom, France)3t

S, 1 mL 433} diluent saline (3M, Saint Paul, MN,
USA) 9 mLZ 10818 A&z o =7 32sle] zF wjx|o] 3
Z st

AE Ul 1A2F (LU, 12/57F0], i) A&

k|

LA

WA He] A, dit AER FJAl FAE AP
ol 1 mLe} Plate count agar (PCA; OXOID, Basingstoke,
UK) oF 15 mLE &8t LA & g4k ko] Ay
S JAIE7] 98] oAl PCA 3 mLE 718te] FHAATH
S HER] HAl= FF o] 35°ColA 48417k wli kst
(k. AxZER] A, AEEY 1 mLAE Petrifilm™
Aeorobic Count (Petrifilm AC; 3M)ell #F3}3L 35°Col|A]
481 7F Wi & F& FEE Alskith. Compact Dry'
o] A5, A1gEd 1 mL¥S Compact Dry TCO| 53}
a3 o] 35°CoA 48A1 7 Mg F FAE e HE
AgataArt.

¢}

tlo

CH & =2 (Coliform)

B o] A9, " AEHA ol 3AE A8
1 mL$} Desoxycholate Lactose Agar (DCLA; Oxoid) <F
15 mLE £t Xl & Fibgete] wls oA
&17] 913l tAl DCLA 3mLE 7tete] SHAIAT. 3L
AIZL HEZHZAI= FFo] 37°CelA 24717 st
AZDEN] 735, A8l 1 mLALS Petrifilm™ Coliform
count (Petrifilm CC; 3M)ll #&5=8FaL 37°CollA] 2441 7F Hll
¥ F 7127t 948 HFoA FHE At Compact
Dry ¥ 45, A1844 1 mL¥-E Compact Dry CFol
EFstal FFo] 37°CollA 24417 wiF & FAEE A4

2 2/3%0]|(Yeast/mold)

Ay e] 75, Het AEY FJAl A E AHE
A 1 mLe} Potato Dextrose Agar(PDA; Oxoid) °F 15 mLE
ekl AT & Fhk Fe] HAS oAlE] S8l
Al PDA 3mLE 7] SHAIZAT. S/ dEY 4
Al FF o] 25°ColA 597 v sttt = EH e 73
S, Algdg&d 1mLAE Petrifilm™ yeast and mold
(Petrifilm YM, 3M)oll 33kl 25°ColA 5U7F wj<F 5
2t 2E JES AlFetth. Compact DryH <] 75, Al
HE&d 1 mLAS Compact Dry YMRoI| 53132 F 3o
25°Col A 72217 viYF - AW &R A9 g &

o hl
E A, Bgele] A9 HE me] AL A,

Ix [] x
AS U A BFex dE

o

87t

CHEE(E. coli)

B A e A9 E coli Aol §-FEtaL A& Al
of AHE 7hsshH, A&l A9 JFE E coli®l Al
AREEIAE A HlR]Ql Eosin-Methylene Blue agar (EMB;
Oxoid)E A3, A& 1 mLE Fddo= HF3}
Lgsto] 37°Col|l A 24X 7F w et & AP A =
/g dde] Feks Attt dxd gy A, A
o 1 mLe Petrifilm™ E. coli Count Plate (Petrifilm
EC, 3M)ol| &53FaL 37°CollA] 24417k v & 7|2 E &+
wheb= A Hehs AlFskth Compact Dry'H @] 739
Compact Dry EColl #3238 A8 | mLS HF ¥ 37°C
NA 24x]7F wiFSE 5 FA, A T kS ATt

Ak.

FAXY

33] WHE-S AAJEle] AolZ bacterial count Fe Ho
+HFHXE T35 Log CFU/gC 2 35l th 54 A2+
Graphpad Prism ver. 9.5.132273(GraphPad Software Inc.,
San Diego, CA, USA)S ©]&3}l%] One-way ANOVA &
A& AYSAL, AFFEA S Tukey tests A0,
BTAA FolFEe P<0.05 2 Hrierdch AR 2
x5 A7) 98 = Z3(Google colabyS ©]-8-3H31
ot 37 =de] AL B AZstel= Python 222
Aok AREHS e, 58 glo|Hejg]2+= Pandas, Seaborn,
Matplotlib, Statsmodels”} Z3H= Tt tlo|EH= Ao %
gatAl AR T, A F 95% AlE| L] E3kE 1
HZE AYA3H7] QA8 Statsmodels 2Ho]E.22]2] Ordinary
Least Squares (OLS) W'HS 2-&3l3c}.

Results and Discussion

Qldhj3=(total plate count) M

DI E, ZAl, @7 Al 7HA] A1F o] A o= A
H Yk Felst] f1g "yl PCAS} Petrifilm
AC, Compact Dry TC9| 35452 vwsiion, 1 A3
= Fig. 19 YelRd vk} 2t PCA, Petrifilm AC, Compact
Dry TCHl 93l w2]¥ EINE A|Fe] dvtAllt= 22t
6.62+0.13, 6.56+0.08, 6.49+0.12 log CFU/ge]em™, A2}
A F-L 3.58+0.10, 3.46+0.08, 3.45+0.17 log CFU/g, 12|
B AFL 7.03+0.04, 6.96+0.12, 7.09+0.06 log CFU/gC.Z
UrERstTE AA 07 Al 7ER] o] 2 Fo 2 RE EEE vyt
Al 37 RS ol FelA]l Zlel7t IATHP>0.05).
53}, Compact Dry TCHH | WMt logak@t PCAMH 9]
3 E2E dukAlF52] log 3 T Petrifilm ACH ]3]
EE AT logats s 3AFaE F3k &
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Fig. 1. Comparison of PCA, Petrifilm AC, and Compact Dry TC for total bacterial enumeration in foods. (A) meal kits, (B) dosirak, and
(C) doenjang. There were no significant differences in all samples (P>0.05).

(A)

y = 0.9679x + 0.0383 :
RZ = 0.9721 X

Log CompactDry TC count

3 95% Confidence Limits
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Log PCA plate count

(B),

y = 0.9857x -0.0225 .
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Fig. 2. Scatterplot of colony counts (log CFU/g) by three analysis methods from dosirak, meal kits, and doenjang samples. (A) Compact

Dry TC and PCA, and (B) Compact Dry TC and Petrifilm AC.

FAATE Fig. 201 Yeh ATk Compact Dry TCH 3 PCA
W Abole]l AFASFRY)E 09721, Compact Dry TCS}
Petrifilme 0.9682% %2 434S B o] A3
=, ohFgE AF (5T, 1 A7, g, IR, o 5)el
A] PCAS} Petrifilm ACH-S Hlw st A3}, BE 2FolA
FRAFTE 096 o1FOZ P>0.05 WA FoHQ) Ape)

= e A& Yo, Ginn 599 Aol E -f
2 A= sl PCANT Petifilm ACHS W7 3713 2
I AAl g2 HaEghkS P>0.05 WA felFel 2ol
o] = EARY 7He] Aol gl ASE YERRTh
Mizuochi &'99] AtellA] 977FA] 2FA BollA LRbAHS
HEshe= WHo 2 PCAX, Petrifilmy, Compact Dry TCS]

o
dog Hlagh Ao Al 7Ex] Wy 7ke] frelF )l xje](P>0.05)
= lem, 7} WhH7ke] G A 09701 = 10
TWHE 7S 818 Y. Compact Dry TC= Petrifilm® o]
vig)] B4 @7i7F A9 oF 30% A-ESIRL, AR 7HAs)
of BAAZE A g &8 SUEE oS 7HAIH,
| 71% Wit $Lat7] wZel A W
]

UPgaat (coliform) 5= 22

DINE, ZAE, B Al 7] 2F W] AR oz
AE fFAS stz 9l i<l DCLASH
Compact Dry CF, Petrifilm CC2] 3|54 %5S H| WSR2
™, 22 A3+ Fig. 39l Yebd vie} 2tk DCLA, Petrifilm
CC, Compact Dry CFHol 2J3] £2]€ U7 E AF9] U
T3 5 27 4.9620.11, 4.92+0.03, 4.95£0.04 log CFU/g,
Z=AE AFY A 1.52+0.10, 1.5120.13, 1.43+£0.19 log
CFU/g, 2813 EgA1Fe 735 2.17+0.09, 2.20+0.10,
2.24+0.12 log CFU/go.® et A8 o= A 714
AFE AR B A W e FAIA SR fon e
zpo] & HolA| 2AUTHP>0.05). ©] ¥ Compact Dry CFH
o] A log#tat DCLAW Y 2J3] B2l dd+ &
9] log % T+ Petrifilm CCHoll 9Jal w#a]¥ it
T logahS sl IAAME 73 & FAATE Fig.
40 YRR QI Compact Dry CFS} 32 (DCLA) A}o]
o] A#AASFE 09856, Compact Dry CFS} Petrifilm-S
094752 & FA8 S Bt PakVe thd#<l E
gerogenesS} K. pneumonias ©]-83}4 Petrifilm CC <}
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Fig. 3. Comparison of DCLA, Petrifilm CC, and Compact Dry CF for coliform enumeration in foods. (A) meal kits, (B) dosirak, and (C)
doenjang. There were no significant differences in all samples (P>0.05).
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=0.9475

v

IS

Log CompactDry CF count
N w

0 95% Confidence Limits

0 a 2 3 4 5 6
Log petrifilm count

Fig. 4. Scatterplot of colony counts (log CFU/g) by three analysis methods from dosirak, meal kits, and doenjang samples. (A) Compact

Dry CF and DCLA, and (B) Compact Dry CF and Petrifilm CC.

DCLARM S| & AeS vl Hrteislct. 2 A3 7 W
W 7ke] Aol BAF SR {7 Zol7t I H (P>0.05),
olggt A= Petrlﬁlm CC7t g+ ¥ g4 A%

< % AFA 9 dF A 2D S A
AFgtt}. Compact Dry CF 9 A Petrifilm3} #2] T3 A
s EE5g 7HA o] 71E T Petrifilm CC
HE AT & A= &3 HHdS
Compact Dry CF= W& &
2HAg ARS AlFetd, vlaE #e A7
AS T Ao] AFAERE o2} A ] A
DE% Compact Dry CF7} 7]&¢

QIet. olel et
BRI PY 3} Perrifilm CC WS A so] 2F b4l

/\]._g_ EU]- E%x-lgg Zl\__ﬁg?:s___]— :'I: A= H]—H—] oz
&2 F UASE AAFE

19 9 Z™o|(yeasts and molds) 3= B

YNE, A, f3 Al 7] AE AdF oz A
H ax, #3olg sty s HAuA A PDAS}

Compact Dry YMR, Petrifilm YM2| 3|44 5S B3}
om, 2 A= Fig. 50 e viel o 971E Alg

oA &%, &3] #£E]5S PDAS} Compact Dry YMR,
Petrifilm YM Alolel] -] x}o]7F IATHP>0.05). 814
9 SA g FZA] 84 = Compact Dry YMR®E] 2]
53 Petrifilm YM2] #2852 55¢ v (P>0.05), PDA
Holl ®lal] 7 4 W] ago] fFoFoR WA O
EFSTHP<0.05). ol # g ztel= AF A8 YA W)
(food particle interference)®} o] FAMAS] =71, wiA]
o] A7) T o8 81l 7Idlshs ALoE HLATHY, 53],
Algtat "o A Compact Dry YMRE] E& 50| 32
o Hla) fFolmsiAl W& Aoz YEPEH (P<0.05), ©]

oy
_

= AF AR Wl Z3E okt dAE wiA] EHel 3L
2A E2EA A wjA k] FoAgolA WeiE W
< T W WEL F Ak olgd YA Welle A=
o] #dg AEE oA TEo, BTl dFSs wH
Tk B8, Fgo] A A717F & 73, Compact

Dry YMR #lX¢] 2717 Aojs o zo}
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Fig. 5. Comparison of PDA, Petrifilm YM, and Compact Dry YMR for yeast and mold enumeration in foods. (A) meal kits, (B) dosirak,
and (C) doenjang. The mark (*) on the bars within three different methods is significantly different at P<0.05.
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Fig. 6. Comparison of EMB, Petrifilm EC, and Compact Dry EC for E. coli enumeration in foods at 5 Log CFU/g inoculation level. (A)
meal kits, (B) dosirak, and (C) doenjang. There were no significant differences in all samples (P>0.05).
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HAE AlgsA Bl HE Ggel =7t A
T3k Kim'” 59 Ay E 8, 85 52

g AEAFoN AZIENI PDAYH

A, A A golA EelE EX 49 log B

YMH o] 432 Log CFU/ml, PDA "ol 4.41 CFU/mL—E— B

o, o]g3 A= PDAYS W Aegoz <la 3

57 ol dnkdlste] A A5 ﬂl%ﬂi hekst

Ao, 53] PDAS} Petrifilm YME] -5 597 v YA

Zto] F Q3o 4|3 Compact Dry YM° T2A17F Hjke

2 FZHQl AIZF H ko] 7hsslt). welA, Compact Dry

YMRE AHES wjoll= O]ad 8%1& JElste] B4 4
Foll Aget WS desitiH, ARgo] ZHASIAL 4] A
7+ Aok e J’Qi fr&st 282 & IS
Zolgt AlRE T

U= E. coli) == BN

W7 E, mAE, @ g (E. coliys AR
%3t & EMB 39X 2} Compact Dry EC, Petrifilm EC

= Fig. 69} 7
% 5 log CFU/go]
A(E. coli) = E}T:‘-Jr
%, EMB 4.48+0.09, Petrifilm EC
4.40+0.05, CompactDry ECH 4.40+0.05 log CFU/go2 =
AE o, 7F] felgel zpole YUATHP>0.05).
TAEg AZe] 9ol % EMB 4.39+001, Petrifilm ECH
4.4140.05, CompactDry ECH 4.38+0.04 log CFU/gC.Z2
22l 2]zt FATHP>0.05). WAIRe.Z, H7 A EelA
= EMB 4.28+0.10, Petrifilm EC¥ 4.25+0.06, CompactDry
ECH 4.25+0.05 log CFU/gC.& 9JA] f¢72l z}o|7} 1}
EhbA] 22TH(P>0.05). Compact Dry ECH 2l thAH(E.
coli) 52| log @3 EMBWl &3] 22]¥ thZ(E. coli)
9 log & E= Petrifilm ECHel ¢J3l #2]¥ dA(E.
coliy 59 log#ts Blael] 3AZANE 73 & FaAT
£ Fig. 7°1 YERNSITE. CompactDry EC9} 3 Fhuj =]
(EMB) Alole]l A#AFE 09719, CompactDry EC2}

Petrifilme 0.9503% =2 4#AXE Bt

olE
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Fig. 7. Scatterplot of colony counts (log CFU/g) by three analysis methods from dosirak, meal kits, and doenjang samples. (A) Compact

Dry EC and EMB, and (B) Compact Dry EC and Petrifilm EC.

EMB ®jA19] A9 {9, oA, MAAEF7E H7tE]
o] lactose =X sucroseES ©]&5t= EH’é T3 W AF e
Efel A=A F54 F9e FEYE YA ARt
Enterobacter aerogenes} 72 -ror/'\}?} & 94 EMB 1A
oA A&o] 7hestr] Wzl F74El E SAVE 2
stt}. SFAI R Petrifilm EC2] 73-$- beta-glucuronidase <}
beta-galactosidase®t= 507128 ARS8t ti a3 o
et 2ol 7hs 3k, Compact Dry EC 9A] o7+t
d74-& 918k 5-bromo-4-chrolo-3-indoxyl-beta-D-glucuronic
acid (X-Gluc)®} o2 A8 4 4745 ¢ 5-bromo-
6-chloro-3-indoxyl-beta-D-galactopyranoside (Magenta-Gal)
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