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Distributions of Microorganisms and Identification of
Pathogenic Bacteria Isolated in Raw Beef of Jangzorim
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Raw beefs used for Jangzorim production were evaluated for contamination of pathogenic bacteria and
microorganisms related to spoilage and food safety. Eleven groups of mesophilic, psychrotrophic, and anaerobic
microorganisms, and total coliforms were selected to evaluate degree of food contamination. Nine strains
including Bacillus cereus, Clostridium botulinum, C. perfringens, and Listeria monocytogenes were selected to
evaluate incidences of pathogenic bacteria. Raw beefs harbored large populations of microorganisms, which
decreased greatly after heat treatment. Psychrotrophic microorganisms were found to be more abundant than
other microorganisms. B. cereus, C. perfringens, and L. monocytogenes were isolated from raw beefs, whereas C.
botulinum, Escherichia coli O157:H7, Salmonella spp., Shigella spp., Staphylococcus aureus, and Yersinia
enterocolitica were not isolated. Isolates from Cereus Selective agar, Clostridium Perfringens agar, and Oxford
agar were in 99.8, 99.9, and 98.6% agreements with B. cereus, C. perfringens, and L. monocytogenes at species
level, respectively. B. cereus produced enterotoxin with CRET-RPLA method, whereas C. perfringens did not

produce enterotoxin with PET-RPLA method.
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Y el Qe wlE 43telA o] e 79lst
of WS R(<7°C) SWHated 242170 ool mlE BE Y
A5 M) By Ao ARgsith A7) $EH 600g
S 75 1200mLel] Yol 100°CoA 2087 7FE A 25k
EAxE HES|e D4E &

48 2 71 AHE v SEel g S, AR
A, G714 5 4F vAE BEEE Zed 4o §-
w4 500 0.1% E+t HEFT 50mLE FH7Fske] 11,000 rpm
o4 58 FoF #23Hmodel AM-10, Nihonseiki Kaisha, Tokyo,
Japan) 39T, 0.1% Hd HWEFZ 109 A Xt F
27T AT plate count agar(PCA, Difco Laboratories,
Detroit, MI, USA)o E2ated 36°Col|A 48A17F, 21°CoA 72
A 7b zZhzE eieksiddnt. 871487 PCAYl =Estd 714 i
2k7](modular atmosphere controlled system, Don Whitley Sci-
entific Ltd,, England)E ARE-3}ed 36°CollA] 48A17F Wi YFali L
, WAL 100°Coll A 1087 71 Helste] YN EE A
AL & PCAS| =&l 36°Colr 48717+ BiEIGATE. E. coli
9} e violet red bile agar with MUG(Difco) HiA1E&
ol &3te] 36°CollA 24417+ i3I, Enterobacteriaceae™
violet red bile glucose agar(Difcoy® AMEsle] 36°CollA] 24A|7F
kst o, k9= MRS agar(Oxoid, Basingstoke, UK)
£ AMgsl] 36°Colx 48717 B gele] FrE S sk
Clostridium spp.< reinforced clostridial medium(Difco)& AR
gt 714 27A0M 36°CAlA 48A17E vl ksl e, Bacillus
cereus, Clostridium perfringens 2 Staphylococcus aureus= V|
2 FDAS] bacteriological analytical manual(®]3} BAM)ol| w2}
#FE FANATQ). #re 2H T E2UIADS cfwgE
ZAs9on 23] wkE Agsgr

HalgMze 22 ¥ 3

A8 2 7K HeEd A7) S 25g8 FaHeE FHst
o 0.1% B HEFT 225mLE 71l 11,000 pmellA] 5% &
ot #&3Hmodel AM-10, Nihonseiki Kaisha, Tokyo, Japan)3}>]

Table 1. Distribution of microbial groups in raw and heated beefs

Skt Eaheks)a) 2] 36 WA 45 (2004)

oo g A3t C. perfringens, E. coli O157:H7, Salmo-
NERH PA@OR
A2, B cereus, Clostridium botulinum, L. monocyto-

nella spp. 2 Staphylococcus aureus=
PP ph)

genes, Shigella spp. 2 Yersinia enterocolitica™ V=% FDA2]
BAME| #R 32 Agslr).

B. cereuss APl 50 CHB(bioMerieux, Marcy I'Etoile, France)
9} API 20E kit(bioMerieux)S AH8-3t% 3L, C. perfiringens®
APl 20A kit(bioMerieux)& AFE-31.2H, L monocytogenese
CAMP &, hemolysis 2% 2 API listeria kit(bioMerieux)&
ARgEIAEl. e BEl +FE AP kit®h ATB plus software
(bioMerieux)& AH2-3}<] Bergey’s manual of systematic bacteri-
ologyoll 71&¥ AvHHQl Wl Fate] FASATHS,6).

Enterotoxin &9l AlY

Azd A8 o)M Euldt B cereus @& brain heart infu-
sion broth(Difco) BIRI S AME-3led 32°CellA] 18A]7F w3l
3,000 rpmol A 2087+ Y41E2](model Micro 17R, Hanil Sci-
ence Industrial Co., Ltd., Inchon, Korea)dte] CRET-RPLA
(Denka Seiken, Tokyo, Japan)Z& AM8-3}e] enterotoxin A4 5%
g8ty C. perfringens= Thioglycolate medium(DifcoyE A}
B3] 37°CoA 20A17F BgsE F 75°CellA] 2027 7HE A Y
%k % Duncan strong medium(yeast extract 4.0g, proteose
peptone 150 g, soluble starch 4.0g, sodium thioglycolate 1.0g,
Na,HPO, - TH,0 100 g per 1,000 mL)ol| &3t 37°CollA 24
A|7b wekstd el vl ke 3,000 rpmol A 2087 A4 Ee
(model Micro 17R, Hanil Science Industrial Co., Ltd., Inchon,
Korea)dl<] PET-RPLA(Denka Seiken)E AF3la] enterotoxin A¥
s A

AT % g

=P HESRe| DIYE &

A8 2 718 s ] EAY RAE BEE Table
toll JeRHAT R EolX T3 23X10-8.0X10° cfw/
go 2 st #xE Ro 7HEAE § AEEHA FUTh

A2 AAFE YESAM AR R FolA 7P 52 EEE Y
Epd WHA sHEAE] $ A dasined, @142 F

Microbial count (cfu/g)
Microorganisms Sample 1 Sample 2 Sample 3 Sample 4
Raw Heated Raw Heated Raw Heated Raw Heated
Mesophilic microorganisms 6.4%10° nd" 23X 10' nd 82X 10' nd 8.0x10* nd
Psychrotrophic microorganisms 9.4 X 10* nd 3.7x10' nd 1.7 X 107 nd 12X10°  6.0X10°
Anaerobic microorganisms 46X 10° nd 32x10' nd 28X 10! nd 1.4x10* nd
Spore-forming microorganisms 2.0 X 10' nd nd nd nd nd 20x10' nd
Lactic acid bacteria 2.0X 10" nd 1.0X10 nd 2.0x10 nd 1.0x10' nd
Enterobacteriaceae nd nd nd nd nd nd nd nd
Coliforms nd nd nd nd nd nd nd nd
Escherichia coli nd nd nd nd nd nd nd nd
Bacillus cereus 2X10° nd nd nd nd nd nd nd
Clostridium perfringens nd nd nd nd nd nd nd nd
Staphylococcus aureus nd nd nd nd nd nd nd nd

"Not detected.
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Table 2. Incidence of pathogenic bacteria presented in raw and
heated beefs

Microorganisms Raw beefs Heated beefs
Escherichia coli O157:H7 -0 -
Bacillus cereus 42 -
Clostridium botulinum - -
Clostridium perfringens + -
Salmonella spp. - -
Shigella spp. - -
Listeria monocytogenes + -

Staphylococcus aureus - -
Yersinia enterocolitica - -

UNegative, *Positive.

A, AAFH A BXE BT o] 58 3-89
A ZeAMlde] 1010 cfwem®e 2T BEIYaLT), ©) B
AF SSolM FAAT 13X10° cf/g, A2 F 14X 107
cfw/g, Ot 52X 100 cfu/gel2tal B om(g), ¥ A
o fAKSE A#E Bk ¥R F @AM 2010
cfuge] FEXE BIoY, 7tdx|d 7] $EaMe 7
ZH2] Ut o]AE olF b st MEe &g 9%t
Aoz FAFAH, 718 F ML &4l o8] U FHo=w
71&9] wjehiHoR AEEHA &E 4 7] Wi 7y F
A F olE nAlEe] WlE BEslol & Holth9). YES
ol fFARFEE 1.0X10-20X10' cfwge] BXE B9l whd
7HE Azl 437 SEHAE HAEEHA St AL,

E. coli, Enterpbacteriacea, C. perfringens, S. aureus 5 &

Table 3. Characteristics of Bacillus cereus isolated from ground beef using Cereus Selective agar

Characteristics Results Characteristics Results
Gram stain + Cellobiose +
Shape Rod Maltose +
Spore formation + Lactose -
Cell diameter>1.0 um + Melibiose -
Sporangium swollen = Saccharose -
Spore shape Ellipsoidal Trehalose -
Spore position Central Inulin +
Catalase + Melezitose -
Anaerobic growth + Raftinose -
Egg-yolk lecithinase + Starch +
Glycerol + Glycogen +
Erythritol - Xylitol -
D-Arabinose - Gentiobiose -
L-Arabinose D-Turanose -
Ribose + D-Lyxose -
D-Xylose - D-Tagatose -
L-Xylose - D-Fucose -
Adonitol - L-Fucose -
-Methyl-D-xyloside - D-Arabitol -
Galactose - L-Arabitol -
D-Glucose + Gluconate -
D-Fructose + 2-Keto gluconate -
D-Mannose + 5-Keto gluconate -
L-Sorbose - (;:’lt::t;)rlligg-phenyl— -
Rhamnose - Arginine +
Dulcitol - Lysine -
Inositol - Ornithine -
Mannitol - Simmon's citrate -
Sorbitol - Hydrogen sulfate -
a-Methyl-D-mannoside - Urea -
o-Methyl-D-glucoside - Tryptophane -
N-Acetyl glucosamine + Indole -
Amygdalin + Voges-Proskauer -
Arbutin + Kohn's gelatin +
Esculin + NO, production +
Salicin +

UPositive, *Negative.
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Table 4. Characteristics of Clostridium perfringens isolated from ground beef using Clostridium Perfringens agar

Characteristics Results Characteristics Results
Gram staining + Xylose -
Shape Rod Arabinose -
Spore formation Gelatin +
Catalase = Esculin -
Tryptophane - Glycerol -
Uresae - Cellobiose -
Glucose + Mannose +
Mannitol - Melexitose -
Lactose + Raffinose -
Saccharose + Sorbitol -
Maltose + Rhamnose -
Salicin - Trehalose +
Aerobic growth + Egg-yolk lecithinase +

Anaerobic growth -

YPositive, ?Negative.

S 71E A golM BT HEER] WUeH, B. cereuss S
AAAA 20cfu/ge] EFXE BSoL 718 HelgoA HEE
A Itk O RSN D4R BEE 5O A% 1
out 7le F FA48 paske Ao Ut

Hel Mo 22 8%

u g Eo] Z25l7)o] HFe A8 KM B cereus, C. per-
fringens 2 L. monocytogenes 5 BAGAIFe] 335 FEE v
W, C. botulinum, E. coli O15T:H7, Salmonella spp., Shigella
spp.. S. aureus, Y. enterocolitica= ¥ Aol 2] &%k
TH(Table 2).

EAZ ASR= B cereus Bl #F= 18 22
T2 Z mannitobS H3)3HA] 252, lecithinase YFH2E NO,
A A, glucose, fructose, mannose, starch& -3 3F3L lysine 2t
omithine decarboxylase “d, arginine dihydrolase 2=
ATB automated identification system®l*] B. cereus Foll thsl
99.8% AHEAS HATHTable 3). Bacillus cereuss L1H g
ZAYY o R Y, B AiRAE, &7 § €el #3E
o] A+ AE=FO2(10), Y5 B. cereust 4-5°Collx] S24]0]
7Fsstn e WAAE, A2A4EAIE, cook-chill AlFlA EA
7F 2 4 AT,

EY = &7, keRe 22 4F, 29 g A 5
o da] BEEe UE C perfringens= 18 YA (Ko =
F215 A mannitolS 3515 lecithinaseE A4 8131
(12). 213 catalase &4, 3714 UM vEgsilon,
lactose, mannose, saccharose, maltose, trehaloseE -3l 3™, C.
perfringens £l thall 99.9%2] 4+&/dS K TKTable 4).

AB8 S EEE L monocytogenest Oxford agarol A
esculing &3t 2HFY HdoZ CAMP AEoA S
aureus ¥, Rhodococcus equi 273, hemolysis FHL= L
monocytogenes Zo thall 98.6%2] 45798 HSItHTable 5). L.
monocytogenesi= 87 EEolA ST 4 Jon EY &, At
B e 589 Y 5 AAgAd ey EEEe] Qo] 4lad
&, Ax a2z 2k 7FEAE) 2d9%] listerosisE A
7le HYd VIBER dEA o He AF e &
ollA ol FEEAL UTH3).

Table 5. Characteristics of Listeria monocytogenes isolated from
ground beef using Oxford agar

Characteristics Results
Shape Rod
Gram staining +
Motility +
Catalase +
B-Hemolysis +
CAMP test (Staphylococcus aureus ATCC 25923) +
CAMP test (Rhodococcus equi ATCC 69389) 2
Differentiation L. innocualL. monocytogenes -
Esculin +
o-Mannosidase +
Acid production from D-Arabitol +
D-Xylose -
Rhamnose +
o-Methyl-D-glucoside +
Ribose -
Glucose-1-phosphate -
D-Tagatose -

PPositive, ?Negative.
g

Enterotoxin &2l

28 A7)0 M BelE B cereuss CERT-RPLA Wiie] €]
3l enterotoxing- A3AdS+ WHH, C. perfringens PET-RPLA
ol ol&f Z4AE AR %AUT) Fang 52 B. cereusv 7
45 T 1757 AA 545 ARSI Baskiiti(4).

B Ao M= B cereus, C. perfringens 2 L. monocytoge-
nes2t 728 WYAo]l AEHAL, 289 EXE aH|RelA 3
A& a7t EANS}. C botulinum, C. perfringens, B. cereus
5 e x-S X E B3A APEERA &) A&
ol cook-chill A|FNA b 1ol HIL AIL, ¥ entero-
colitica, L. monocytogenes= 2% 715742 o} o=y
Bl cook-chill #|&e] 22k2.99] 7Fado] om, ¥R EdA
37gE 4= 90o] cook-chill AEFA] 3k A HF o] ]
e gWedwolnh1n. wEkA FxE 4554 BuE

&O
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23932, B. cereus, C. botulinum, C. perfringens, L. monocy-
togenes T & 9FFe T8 WYL BEE A=t
At YESoM HAEREE R 22 BEE RYoy
71 A FoM e R FEHA FUTE YESM AL
e QIAFMT BN 7P & BEE UERE 9,
7FEAMEl & 45 gAY AF5d B cereus, C
perfringens B L. monocytogenes 5 3071 QEFIA FH¥
YW, C. botulinum, E. coli O15T:H7, Salmonella spp., Shi-
gella spp., S. aureus X Y. enterocolitica= F2|HA] vt €
5 23714 EE® B cereusi= CERT-RPLA "ol <]3
enterotoxins Ad s WHH, C. perfringenss= PET-RPLA "% oll
o8 HaF AR kel

HAte| 2

E dte dageEAdd M Aldst 20019 HEATF
(KRF-2001-042-G00020) ZAzhe] dFojm oAu] 2o 7hA}
=z,

&

L

Ao

1. Creed PG, Reeve W. Principles and applications of sous vide pro-
cessed foods. pp. 25-56. In: Sous Vide and Cook-Chill Processing

e

)

P

£

2.

3

.Korea Food and Drug Administration.

.Sneath PHA. Endospore forming bacteria. pp.

.Everis L. Injured bacteria in foods. Nutr. Food Sci. 31

.McClane BA. Clostridium perfringens:

e gMel B8 687
for the Food Industry. Ghazala S (ed). Aspen Publishers, Gaith-
ersburg, USA (1998)

Chung MS, Lee SW, Park GY, Lee JH, Lee CS, Lee JH. Analy-
sis of microbiological hazards at pork processing plants in Korea.
Korean J. Food Sci. Anim. Resour. 19: 36-40 (1999)

.Jackson GJ, Merker Rl, Bandler R. FDA's Bacteriological Analyt-

ical Manual. Available from: http:\\Wwww.cfsan.fda.gov. Accessed
2001.

Korea Food Code.
Moonyoung-Sa, Seoul, Korea (2002)

1104-1207. In:
Bergey's Manual of Systematic Bacteriology. Sneath PHA, Mair
NS, Sharpe ME, Holt JG (eds). Williams & Wilkins, Baltimore,
MD, USA (1984)

. Kandler O, Weiss N. Regular, nonsporing Gram-positive rods. pp.

1235-1245. In: Bergey’s Manual of Systematic Bacteriology.
Sneath PHA, Mair NS, Sharpe ME, Holt JG (eds). Williams &
Wilkins, Baltimore, MD, USA (1984)

.Lee SH, Seong SK, Kim SM, Kim DK, Kim SH. Studies on the

bacteriological qualities of retailed Hanwoo beef and retail stores.
Korean J. Anim. Sci. 39: 309-316 (1997)

.Lee YW, Park SG. Distribution of indicator organisms and Influ-

ence of storage temperature and period in commercial animal
foods. J. Food Hyg. Safety 13: 430-440 (1998)

. 84-87
(2001)

. Kramer JM, Gilbert RJ. Bacillus cereus and other Bacillus spe-

cies. pp. 21-70. In: Food Borne Bacterial Pathogens. Doyle MP
(ed). Marcel Dekker, New York, NY, USA (1989)

.Moir CJ, Szabo EA. Microbiological safety aspects of cook-chill

foods. pp. 311-336. In: Sous Vide and Cook-Chill Processing for
the Food Industry. Ghazala S (ed). Aspen Publishers, Gaithers-
burg, USA (1998)

pp. 351-372. In: Food
Microbiology. Doyle MP, Beuchat LR, Montville TJ (eds). ASM
Press, Washington, DC, USA (2001)

. Swaminathan B. Listeria monocytogenes. pp. 383-409. In: Food

Microbiology. Doyle MP, Beuchat LR, Montville TJ (eds). ASM
Press, Washington, DC, USA (2001)

.Fang TJ, Chen CY, Kuo WY. Microbiological quality and inci-

dence of Staphylococcus aureus and Bacillus cereus in vegetarian
food products. Food Microbiol. 16: 385-391 (1999)

(200441 39 2290 AHS 2004 74 129 A9



