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Changes of Indicator Microorganisms and Pathogenic Bacteria
in Spinach during Cook-Chill Process
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Spinach minimally processed using cook-chill and sous vide techniques was vacuum-packed in low gas permeable
plastic film, pasteurized at 70°C for 2 min, cooled rapidly at 3°C, and stored at 3 and 10°C. Contents of
mesophilic bacteria, psychrophilic bacteria, anaerobic bacteria, spore-forming bacteria, total coliforms, yeast and
molds, fecal Streptococcus, and Enterobacteriacea were measared to identify the degree of food contamination.
Number of mesophilic bacteria, detected at 2.2 X 10® cfu/g in raw spinish, decreased to about 6.0 x 10° cfu/g after
cook-chill process. During the storage at 3 or 10°C, levels of mesophilic, psychrophilic and anaerobic bacteria
increased, whereas total coliforms, yeast and molds, fecal Streptococcus, and Enterobacteriacea were not detected.
Twelve strains of Aeromonas hydrophila, Escherichia coli O157:H7, Plesiomonas shigelloides, Pseudomonas
aeruginosa, Salmonella spp., Shigella spp., Yersinia enterocolitica, Bacillus cereus, Campylococcus spp., Clostridium
perfringens, Listeria monocytogenes, and Staphylococcus aureus were examined for detecting the presence of
pathogenic bacteria in spinach. B. cereus and C. perfringens were isolated from raw, washed, and cook-chilled
spinach, whereas A. hydrophila was isolated only from washed spinach. S. aureus was isolated from raw and
washed spinach, but not from cook-chilled spinach. Other pathogenic organisms were not detected in raw,

washed, and cook-chilled spinach.
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Do) NE A FX 9 cook-chill 71E2) =YL 98 wx}
2 FEE UE 2893 €E C5045(Cryovac Division,
Sealed Air Corporation, Duncan, SC, USA)E AF&-8] 500
g TE AF TR ottt dx)7] 2AF 719 Z2719
A AB)3l, texture®} ascorbic acid ¥F 5 E¢]3eE
7+2 E3 X7l A7EH cook-chill 27 A
Texture A3}ol| o3t £ AR vlx)7] IS Al 4
At ABAE FF TAJ F 1A 7120 22X Listeria
monocytogenes®] 6D APEZAE FAHA HEdl AF ¥
A AFA AEY F4 &5 710°C7F HEE 3 2R
7HE AM2ste 30| EM F43] WAAHTE FF3EA
chamber® ZF¥%7|(model M-6TM, H=LAAEY, F3)
AHE-3t Tt
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48 g FAE AFRS} 24 AlFH AEL 3C8 10°C
of AZsHA LGANEFS FHE I #F= 2
2 o Z2UIATY (cfug)E SAs0eH 23] v A3
3k, Li 59 g 43t AdFsiinh

LEANEAY] FAE FH5P] S5k AlEA 25¢00 0.1%
g7 HES 225mlE ZA7Fskd 10,000 pmelA] 28 B9
A 8H(model AM-10, Nihonseiki, Kaisha Tokyo, Japan)3}53
3, 01% B JEFE HZ 436 S84 A
LAl Plate Count agar(®]3} PCA, Difco, USA)l =
dled zhz} 35°Coll A 48A17F, TeColA 10€7F viekstT) &
713 M #FL PCAY =23t 100% d4AE 2 F3F BBL
anaerobic jar(Difco)oll 4] 35°C, 48A17F viekatict. HEA Al

2 80°CollA 1027t 71 AElste] FLEAEE APEAR
T PCAY| =T3led 35°CollA 48A17F w3l &

F¥ol= pH 3.52 Z&3 Potato Dextrose agar(Difco)E ©]
§3te] 25°CelM 797t Bidsta, i d 22 Violet Red
Bile agar(Difco) PiX|S o}t 35°CoAA 24717 w3t
th. Enterobacteriaceae’= Violet Red Bile Glucose agarg At
£3to 35°CoA 2407F WIS, B AN TS KF
Streptococcus agar(Difco, USA) ®i#]o Z=@ste] 35°Cel| A
48717t v gt #E ST

HaldMz £

N2 25g8& FFHeZ FHdA 01% Hd HEF
225mLE 7}8ted 10,000 pmol A 28 &< FE SHmodel
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353t e v FDAS] Bateriological Analytical Manual
(13} BAM)®| WO HYFFN

Salmonella= Selenite F broth(Difco)®} Rappaport-Vassilia-
dis R10 broth(Difco)& AHE-3t 35°ColM 24717t Fdul ¥
3led Hektoen Enteric agar(Difco)?} SS agar(Difco) A= 8]
o] AN =t 35°ColA] 24~48A17F BRLSHATY. Shigella,
Yersinia enterocolitica 2 Escherichia coli O157:H7+= BAM
o] wAed| wel AFBNNIL, A hydrophila®t Plesiomonas
shigelliodes= Alkaline Peptone Water(pH 8.6, Difco)E AH&-
3le] 30°CollAl 24X 7F Fotull skl MacConkey agar(Difco)
o A maste] 30°ColM 24417 B3I oxidase ¥
ARHA J2He A

B. cereus, Campylobacter jejuni, L. monocytogenes % C.
perfringensc BAMS] BIHOS R AL, Staphylococcus
aureus= 8.5% sodium chlorideE 7§+ Tryptic Soy broth
(Difcoys AME-std 35°CollM 24417 Zauld3sled Egg Yolk
715 Mannitol Salt agar(Difco)?} EY Tellurite Enrichment
£ H7}8 Baird-Parker agar(Difco)ol] &4 Z=23led 35°Ce|
Al 24~48R1 70 AT

Ba7#3F = API kit @ ATB expression(bioMeriex, France)
S A}2-3le] Bergey’s Manual of Systematic Bacteriology®ll
Z1ed gubEQ YO FE3lo TR
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Al T 44X107 cf/gl B 80% ZASAT). 7MddE ¥
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Table 1. Change of indicator microorganisms in spinach during cook-chill process and storage (cfu/g)
Storage days at 3°C Storage days at 10°C
Microorganisms Raw  Washed C(.)Ok ge gy
-chilled 3 5 7 9 3 5 7 9
Mesophilic bacteria 22x108 44x107 6.0x10° 66x10° 78x10° 1.0x10* 3.0x10* 72x10° 85x10* 4.0x10° 6.0x10°
Psychrophilic bacteria 34x100 5.1x107 3.5x10° 4.1x10° 4.9x10° 58x10° 1.2x10* 4.5x10° 9.4x10* 1.0x10° 5.9x10
Anaerobic bacteria 15x107  4.1x10° 1.0x10° 1.Ix10° 11x10° 1.Ix10° 20x10* LIx10° 9.7x10° 3.7x10* 4.8x10°
Spore-forming bacteria 3.0x10° 1.0x10° 1.0x10° 1.0x10° 1.0x10° 1.1Ix10° 1.5x10° 1.0x10° 2.2x10° 3.5x10° 1.0x10°
Coliform subgroup 7.0x10"  3.0x107 0 0 0 0 0 0 0 0 0
Yeast and molds 1.5x10°  3.9x10* 0 0 0 0 0 0 0 0 0
Fecal Streptococcus 3.3x10°  2.Ix10° 0 0 0 0 0 0 0 0 0
Enterobacteriacea 1.1x10%  4.2x107 0 0 0 0 0 0 0 0 0

FARAAME 5.1X107 cfu/gS 2 FAsIPT AL A3l AE
ANMe 7] AE Bl 35X10° cfu/gl® 74Tt
3°C% 10°C Ag AlgolMe T2ATd AY fAE W
35 HAFEA

7ML 98 AFHAME 1.5X10 cfugdl BEES
Hou 4 F 4.1X10° cfwgl 2 73% 253, 7kE
2t B FFE LOXI0 cfw/gl® 24T 3°C A&
Me A 997HA HIRA g E 2E 58 fXE F 3
Ao, 10°C AR Adle A% 9dx) A% A 71FES 2
Fetdvt. HEGHHS A8 FAIgE AlFX9 cook-chill
T AN A9 12 BxE HY.

HE AR 8 2 FFole 1.5X10° cfwg, AT
T2 7.0X10" cfu/g, Enterobacteriacea'= 1.1X10° cfu/g, &
LA TS 33X10° cfge] BEESE IO cook-
chill 7} AFXN= BF HEHA &t d9 F1&
Robert 578 98 <, 4o, 55 H3 =
Bk

Cook-chill 7+ AlFX]= 7FEA ol 23] nYEo] 7
28021, cook-chill AFe] A2 10°CHT} 3°CoA 1)
AZ8AQ] bdAdo] &skoH| 3Ce A wiAE gql oY
7EA] QEA 3oL, 10°ColA A48 cook-chill A& A4
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A. hydrophilast-> A AlgX]o A TE B2 E o),
B ANFAL cook-chillt AlFA M= R R} o
AL P F AEE Aol 2¥9H Aer AlgHn
Aeromonas spp= WV SRR B, SR, 92AY
g B, Q¥E EdA EYEHIL, MH=s) oA} e
e AFLZRE EIHAT YA F4T S gl
o, AF 7FEEY &7 e BEA EAT £ Y7 BE
o) cook-chill A& 22} 2FY 7FsAlel AT} Cook-chill
AZFANX Aeromonase] FX o 2§ AE=-2 3°C o]l A
28% olsl® AMAsla, HFskr] Mol A A 7pdel 9
3l Y 4 AT, Marchetti 59 A|HE L UL ready-
to-use Ok A=A A hydrophilaS 10°~10° cfu/g =0
2 skt

XEAE A B cereusdS Y& AFA L M A
FX]9} cook-chill & HZAAIHANA & EST) B, cereus=
37149 ZAYAY O AF5Y dRIFSE & S,
FAIE, okl 59 98 AFON 7HAEAA A
w0 BE B cereust 4-5°Collxl Z2)0) 7petEE WA
A E, A2A#AFE, cook-chill AFAA FA7F €k, B.
cereuss FNH O R 22 E B BvF FHL HORE ofF
ready-to-eat 2]l EAISIH, oA 4lAMgh ofxlelA] 9.2%
EHHATY, Choma 5102 A7F3EA] o5& A2 A3 of
A FEAA 2k 20 B EALH, ZF 10 cfug o3ttt

C. perfringense EY, B, §7, 77 22 2F, 19
3L FE9 A 5ol dY BEHS gon, Dol WAgl
AE JAE B £2 2noA g WME S
2lehe SRR A2 BuEE 2Fe] 2] oA
FAGg WYzto] C. perfringenso] & AF=e] Fo% o
clo|t}, C. perfringenses ¥R AEA, £AS AFH 2
cook-chill 7F&8F A|FA M 2% EFHA o, 10 cfug ©]
32 Gilbert 59 7151020l w2} kA EHATE. Gillespie
£ ready-to eat A|ENA 10 cfug ©l5k] AFo] 91Ad HE
ATk C. perfringense] 28 oA H317] YA 10°C ]
ate] W A4, nisinT AEHZAQ bacteriocin
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Table 2. Isolation of pathogenic bacteria in spinach for cook-
chill process

Cook-

Washed chilled

Microorgainsms Raw

Aeromonas hydrophila
Escherichia coli O15T:H7 - - -
Plesiomonas shigelloides - - -
Pseudomonas aeruginosa - - -
Salmonella spp. - - -
Shigella spp. - - -
Yersinia enterocolitica - - -
Bacillus cereus + + +
Campylococcus spp. - - -
Clostridium perfringens + + +
Listeria monocytogenes - - -
Staphylococcus aureus + + -

UNot isolated.
Isolated.
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E. coli O157:H7, Salmonella spp., Y. enterocoliticar= Sori-
ano 597} 7ro] g9} cook-chilldt AFAA HAEFHA &Sk
o P shzgellozdes P aeruginosa, Shigella spp., Campylo-

TR ere] B

coccus spp. R L. monocytogeness. 9FE A FA|, LA AlF
2] &} COOk-ChﬂFﬂ' AEAA AEEHA G
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ANFAE 5 ’11%94 A2 AHE3EE7) 18] cook-chill
743 sous vide 71 AMESIATE AlEAE 500 g DHE
Ay BELS /‘}%—6}01 AFEEASIIL Listeria monocytogenes
9] 6D APERZANNA A4 EsIaL 3°CAAN F&3] Wzhet
the 3°C8t 10°CoIM A AslAA F2& 35T 2F8A
R Z_Q_/Hk]lﬁ X}.Q_/H/q]il- §7]klk]]£]- LHo:]/Hk“ﬂ_ ];H
X}&E, g% 2 FFo|, Enterobacteriacea R A A
‘TL A5 98 AFANAE 22X10° clugE =
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o], A, BEAAAMN I T 2 Enterobacteriacea= cook-
chill 7+ FolE HEHA FUTh. 27 WA
& Aeromonas hydrophila, Escherichia coli O157:H7, Plesi-
omonas shigelloides, Pseudomonas aeroginosa, Salmonella
agFEeEE
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spp., Shigella spp., Yersinia enterocolitica,

gens, Listeria monocytogenes, Staphylococcus aureusS 23]
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vt} B. cereusS} C. perfringens= QE AlFX], AT AlF
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HBFE AFR S} FAGE AFH AT EEHATY L oY ¢
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