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Summary

Heat resistant putrefactive microorganisms causing spoilage of canned and processed foods were
surveyed in the compost on mushroom growing bed, casing soil, raw mushrooms and canned prod-
ucts before sterilization at canneries located at 8 places including Buyo in Chung-Cheung-Do and
monitored the total count and spore formers from the sample taken.

The 9 strains of most severe heat resistant among the selected 140 spore formers were selected
and determined D and Z value by TDT method.

The most strong heat resistant strain was No. F~10, facultative thermophile, which was isolated

from raw mushroom in Buyo area and it’s Z value was 21.1°F (M/15 phosphate buffer solution)

and D* was 6.6 min.
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Spore former2| EUHMRE®'® Mesophilic spore
formerss} Clostridium§ 10552 HE" HK$ 100
ml screw cap bottles] Hu3le] 80°Cefl A 144 (EHEFE
B soEs)REH CEMNE o (AN
Thermophilic spore formersi 100°Cel A 384 (EiZ]
MR sHE) BE, &%0d At

(2) BEHE

Total count, aerobic and anaerobic mesophiles R
aerobic thermophilest & MM 2/ES]  Petri
dishel pour plate method® 2, Clostridium2 HE
g RAE 1mlE =YY A (Miller-Prikett oval cross
section tube)®o] W3 MEAHA i 15ml F=§
EEA G2 283 tube 7153 o] EEAAZL

(3) ERGE

23}

@ Total count(aerobes and anaerobes) : Brain Heart
infusion ager(Difco)

©® Aerobic mesophiles : Plate count agar (Oxoidit
)

® Anaerobic mesophiles : Reinforced clostridial medi-
um (Oxoid¥t #&h)

@ Aerobic thermophiles : Dextrose tryptone agar®
(Bromcresol purple 0.04g/13 71)

® Anaerobic thermophiles : Liver Broth®

® ClostridiumB§® :

@ iz | Distilled water 1
Tryptone(Difco) 15¢

Yeast extract(Difco) 10g

Bacto agar 15¢

pH (0.1 N NaOH) 7.0+1

© NaS0s (1FA ) 10g
Distilled water 100ml

® Iron citrate 5g
Distilled water 100ml

® 120°C, 20% MG EREEH 100mle] millipore
flters &EMAT OOK 4 Im¥ & BaY ®
o] ol A EEEe vt & colony¥ Clostri-
diumB o2 HE}A T

R WA

Total count @ mesophiles : 35°C, 24~48FFH

Aerobic thermophiles : 65°C, 24~48FM

Anaerobic thermophiles : 65°C, 72~96F[H

Clostridium&§ :35°C, 5~10HMH

IEAEURIE : Aerobic conditiong ¥EfEd Plate® =+

2 el A s onl  Anaerobic conditiong
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catalyst7l €918l& anaerobic jar(Baird and Tatlock
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BEi8te] Aerobest plate count agar slante] Anaerobes
£ R.C.M slanto] #iEA Mgl 4°C SR &
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slantel A 2~38M F#43] sporulationste] o} 7le] 5ml
9] #W¥ neutral phosphate buffer solut-iong H st
o] suspension® =HEo| 1 tubeo] 204 TDT tube($}
#& 7mm, Z°] 100mm)o] 1ml¥ Hidtd 105°C 110°C,
115°Cei A 55 H MR slo] EHshe o}

(5) WM FRERES MR

Sporulation: Aerobic mesophiles$} aerobic thermo-
philesi= Plate count agar slantof A 28N 53, spor-
ulationd 2™ Anaerobic mesophlies4" *® & tube
slanto] ##E3te] 35°C anaerobic jarel A 38R ks
o] sporulationd o= ERAEH ERE S At
@ Soybean-casein Digest Agar Medium

(General Biochem, Co.)

4%

Meat extract (Difco.) 1%
® Brain heart in fusion (Difco) 0.45%
Na,HPO, 50ppm
Bacto agar 1.5%

spore suspension2] EEHLUY : 543 sporulations]
A HEPQ slant& M/15 phosphate buffer solution

AXM - BEX - £EX - BAE

TFA Ees A
o2 E¥E, ol W& glass woolZ @3 3,000 r.p.
mo 2 540 FEiFRES o E¥E ¥z M/L5 phos-

" phate buffer solutione & 3JEKH FeMe stz IFEfamer

7} 105~107/ml=| Al ##4BA #A screw cap bottled] F o
4°CEHMEEA frksta

&9l spore suspension® TDT tube(#& 7mm,
7ol 100mm)sl 1ml¥ 453} HEE propane gas
burner flame bl & SE23 ®H, #tRAstd .

RUERS B - B st {F P spore suspens-
ion tube® oil bath(Sam Ik Science Co.) Lol % &
Bz —ERN SREBR% ¥ 848474 0.1% peptone
Koz B, @R BEEWS petri dishe]l pour
plate method 2 #M, XMW, L£FEWE BEZ D-
valueg HESIH o9 & EEH D-value2 semi log
paperel plot3te] Z value® katglch.

Bl b= Aerobic mesophile, aerobic thermophile
2 Plate count agar (Oxoid)e} 0.1% Yeast extract
(Difco) & Hinste] A5G = anaerobic mesophile&-
R.C.M(Oxoid) & A% .
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FE ERE HEY T e Bl o8 SRR
o gl BEK HIEE MRHE R, EEY #HE
B o%E WER AR Table 1.3 Fetf,

Table 1.0l 4 2 ubel 7bo| total aerobes: 6.1x
10'~1.5x 10°(F3# 3.8Xx10%), total anaerobes: 1.6
x108~3. 3x 108(F# 8.8x10"), Aerobic mesophilesi=
3.9x10°~6.9x 10"(F# 3.0x10"), Anaerobic mesop-

Table 1. Bacterial count of the compost on mushroom growing bed by regional groups

} Total count Mesophiles Ther¥n§philes
Classification h -

' aerobes fanaerobes aerobes {anaerobes 'clostridium aerobes %anaerobes
Chung Cheong | Buvo @ 6.2x107 2.9x107 4.2x107 6.7x109 0.3x10Y 1.9x10Y 1.6x10®
Do Buyo & 8.1x10% 7.7x10% 6.4x10" 1.9%10° <10Y% 5.2x109 1.7x10%
Kimje 6.1x107 1.6x10% 3.9x109 2.5x10° <10t —_ 1.5x10%
Chun Ra Do Cheongup 5.0x10% 3.2x107 1.5%x107 1.0x108 <101 — 2.1x10*
Suncheon 2.3x108 3.5x107 1.8x107 2.4x10% <10 2.4x105 2.1x10%
 Chinyarg @ | 4.9x109 3.3x104 6.9x107 6.3x10¢ <10 3.0%x104 3.6x10°
Kyeung Sang Do Chinyang @ 1.6X10% 2.1x10% 6.6x109 4.3x108 <10% 2.3x% 105 4.4x103
Eulju 1.5x10% 5.8x107 2.9x107 2.7x109 <104 3.2x104 7.5x10°
Standard deviation | aexiof 1.2x109 2.5x1070 2.4x10] | | 6.6x10°

3 Number of bacteria/lg of samples
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Table 2. Bacterial count of casing soil on mushroom growing bed by regional groups.
Total count Mesophiles Thermophiles
Classification -
aerobes | anaerobes | aerobes i anaerobes |clostridium| aerobes | anaerobes
Chung Cheong Do Buyo 5.1x10%" 2.5x 10“ 1.8x 10" 3.2x104 <10%  1.9x 10°‘ 2.3%x10%
Kimje 4.5>10°8 <10% 1.2x108 8.3X10’! 3.3x10Y 2.1x10% 1.5x10°
Chun Ra Do Cheongup 4.7x108 <109 1.8x109 8.1x104  <10Y 6.8x10% 4.4x102
Suncheon 3.3x10% 5.5x10" 3.9x10% 1.0x10? <101 3.6x10% 2.9x103
Kyeung Sang Do| Chinyang 8.1x107 8.1x104 7.3x109 6.3x107 3.3x109 1.4x100  —
Eulju 1.2x108 9.9x10% 5.5x108 3.8x109 <10Y 2.7x104 1.1x10%
Standard  deviation 1.2x10° 3.2x109 1.5x108 8.3x 105|
3% Number of bacteria/lg of samples
hiles 2.4X10°~6.7x10°(F# 1.3x10%), aerobic —BAE REKE BEEQTH Sl BER &

3.0X 108~5. 2 X 108(Fi51. 2 X 10°),

anaerobic  thermophiless 1.5x103~2. 1 X 10*(Fi5
5.4x10%) el 32 ClostridiumB-& M8 (0. 3% 101/g) |
o R A= 10EHBRKA Y Ri=A geked
Total count= BERIM>R2EESEHEE MEoldou
Mesophile @ Thermophile spore formerst: HgKFIZ
5 & A

2. MR XRNBEEEEL BREN

FHELES Wi HREe 31 BRES
KRELE g2 R, Ml BEN 26E #|E
T ERE Table 2.9 o,

Table 2.6} 4 2 ¥ wt9} zro] Total count, mesoph-
ile @ thermophile® #IRFIZ FERE7 gden
ClostridiumB§-2 10E5MEEAK 4 RWEIRS Bl
HA ggtov 2EE, BFEEMRAAE BT

thermophiles¥

gvtat 2ELN) FHEER 9.5x105/g 2 BEBEX
(1968) 7t SES BiLk A mELBMe TS
B O1.6x105/gx vt @ A Fol A=t

Aeropic mesophiles¥ Smith(1975) 19 7} A3 £H
8l Virginia® {E4REEH LS THEENK9.0x10°
/gt A9 ¥l %89 2] Anaerobic mesophilesi Smith
(1975)7} AEY B RAFS frpRe LB F
GBI’ 2.57x10%/gxu ot AL 7 Folct.

Aerobic thermophiles¥ Fields(1972)® 7} /&3 %
California® asparagus I%i# Lo FHHMEK
6.0x10%/g3}t A vl 5=8tg 2o Fields(1974)® 5 0] 3
Y XBA 10059 —@ 1K) By 1.6x10%/gn
o B Agelgie.

Anaerobic thermophilest: Fields(1974) 0] &S
ZH A F —LS] T35 123/100g3 o B A

Table 3. Bacterial count of raw mushroom by regional groups.

Total count Mesophiles Thermophiles
Classification

aerobes | anaerobes| aerobes |anaerobes |clostridium{ aerobes {anaerobes
Buyo @ 6.2x10% 6.9%x104 2.1x10% 3.2x10% 3.3x109 6.OX103’ ~1.5Xx10%
) Buyo @ 2.8%x10% 1.0x109 1.5%10% 7x10! <10Y 4.3x104 1.1x10
Chung Cheung Doj g, 2.2x10% 4.1x104 2.6x109 4.0x104 1.0x10Y 1. x104 1.5x10?
Buyo @ 5.1x10% 4.1x104 4.1x104 2.1x10% 1.0x1Q! 9x 104 1.5x102
Buyo ® 6.6*105 2.3x10% 1.7x10% 1.6Xx10? 5x109 4.7x10Y4 1.4x10!

Chun Ra Do Kimje 2.3x10% 2.6x1 3.1x109 <103 3.3x10° 5% 107 -

Cheongup 9.8x109 1.3x10¢ >10° <104 3.3x109 <103 —_

Kyeung Sang Do |  Chinyang | 6.2x109 4.8x109 3.4x10y <100 <101 2.7x10° -
Eulju 1.3x10 6.0x10%  6X10Y <10} <10y  3x10Y 1.5x10!

Standard deviation ‘ 3.3x 10"' 4.3%x108

% Number of bacteria/lg of samples
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3. iR REAENE @Em

FENEANE BIRIZ BN, M8 HEn 5468
MER &R Table 3.3} 7o},

Table 3.4 3 ulg} 7Fo] aerobesy 2.2x10%~
9.8%10°(F# 1.3x10°), anaerobest 2.3x10*~1.3X
10°(FR38 1.7x10%), aerobic mesophilese 1.5Xx10%~
>10%(3#5 4.0x10%), anaerobic mesophilesE{10'~
3.2x10% (4 2.3x10%), aerobic thermophilesi= 9x
10'~1.5x 10*(F# 3.5x10%, anerobic thermophiles
£ L1xX101~1.5x 102 8.1x101)] QA =t

Total count®} aerobic mesophilest B EY ) &
B, ZEEREAA @l vdegov 2 Yo
WAl JERE B 4 it ClstridiumBL 105
BEARKIA BFaEd s BitEA gged £iFEE
9 ZEHAA = M= A

4. FEE hITES HEN Bt

BN AR BBIA BBRFENA BT ¥
BE WITE+ MRy BLs: BRFENE R8T &
& Table 4.8t 7},

Table 4.0] 4 v vt} o] FRERHEY —BME

AXEM - pEK - SEX - BRE

TFA F24%3] A
B HefEst Wtol Hatd gol BRAPE AL & &
glen Moz S2ydd A BMEN Total counts}
FRELES v vehd AL MITES g
MES B 9 5%el de A2 BH= " mesoph-
iles @ thermophiles®] sproe countt BHI¥EHRFER
A8 WAHH
5 REXHE BEERY OE BEN FRES
=@ Ee WM L

HeakIR Sl MMA PR Httd EREA
FEREREE mIsd & A 5 KBS FEE
Ta3e 4 & Bostd BEw 529 H#AE R
ol Bl Mot MIE FHREE K& RRIT £Re
Table 5. 8} 7o},

Table 5.1 4 2& uts} Zo] FRERFES MITH
o WA 5 FHALAS W EERAFERE ML
3198 # B.v} Total countd] 4] FHEAILE B HR
EE deded 529 Wik EHEEQ anaerobic
spore formerso] 4 mesophiles BiER-T gslevt
thermophilest HMAYY ERE Rk MIATA &
BREES BERM fESe 2L MEF B 2 Hiel
2 49 H ¥ S FE TR 2

Table 4. Bacterial count of each steps of mushroom processing line from raw mushroom

to end products.

Total count Mesophiles Thermophiles
Classification
aerobes l anaerobes ' aerobes | anaerobes Iclostridium aerobes | anaerobes
The compost after pasteurization 6.2%x107 2.9% 10"} 4.2x107 9.4x10° 3x10% 1.8x10% 1.6x10°%
The compost after spawning 8.1x107 7.7x108 8.7x10% 1.9x10% <104 5.2x108 1.7x10%
Casing soil 5.1x107 2.5x10° 1.8x10% 3.2x104 <10 1.9x104 2.3x10!
Raw mushroom 8.4x10% 1.3x105 2.4x10% 2.3x107 5.6x109 5.0x10% 9.5x10
Syrup before filling 4x10° neg 0.5x 107 neg. <10% 0.2x109 neg
Before sterilization of can 2.6x108 4.4x10% 7.3x10Y 2.4x10! <104 5.4x104 6.5x10!

% Number of bacteria/lg or 1ml of samples

Table 5. Comparison of the bacterial count in can just before sterilization at buyo factory.

\ 1 . .
Raw material ¢, filled with the | Can, filled with the
Classification mushroom at same day | mushroom over night
’ aerobes 2.85x10% a 4.9 xX10° b
Total count anaerobes 2.16X10° a 8.63%10° b
. aerobes 1.11x10% a 3.4x10t ¢
Mesophiles anaerobes 2.0 x10' a 2.9%10! a
. aerobes 5.27x10! a 5.63x10! a
Thermophiles anaerobes 1.1x10° a 1.2x10' b

a. Average of 3 replications. Averages followed by same letter are not significantly different at the 5%

level of probability.
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—RCFREREN AEr 40BH%RE TRREIIS
o o] FolA fiMke] BT IEkE BMIS BEHR
#e B®T BRE Table 6,7,8. 7 3o},

Table 6. 14 2+ uls} Zo] 713 Eikdko]l BHe
mesophilic spore former A-47(¥cfkit), XML 35
BREET R84 NId BREN BFRES2]AdAS
B2 Esty. J. R (1922) @ %-o] %% Cl botulinum
(Z=18, F=2.78)¥.t} Z value:= 3} Dyo] &AA
ebxket.

Table 7¢] 4 2 ¥& ul9} #o] anaerobic mesophile
D-23, D-20(kERi S MFEREEREANA S8+ CL
botulinum¢] Z value$} st 2 zholv} Dasee CL
botulinum®] 2.78%.5} AA ®& grolc}.

Table 8. & Fig 1,261 A 3. ulg} o] 713 misuds:
o] ®% thermophilic sporeformer F-10(dfet i EHE
HIR A BRI FHHEREdNA 582 ClL botulin-

Table 6. Thermal resistance of aerobic mesophiles

D value
Strain Z value| Do
109°C | 111°C | 115°C
min min min °F min
A-15 5.3 3.7 1.4 19. 6 0.38
A-37 2. 25| 1.0 - 11. 4 —
A-47 7.2 5. 4] 2. 05 20.0 0.62

Table 7. Thermal resistance of anaerobic mesoph-

AR HAERKE 70 AXAR

50
Z=21.1
Dgsg = 6.6
/2
g
0 &
L
g 510
©
°E
o4
5
3 . . . :
235 240 245 250

iles
D value
Strain Z value| Daso
100°C | 104.5°C| 107°C I
min| min min| °F| min
D-23 \ 3.6 3.2 2.3 57.0 0.9
D-29 6.0, 4.9 3.9 68. 5 1.75

Table 8. Thermal resistance of aerobic thermoph-

iles
D value
Strain Z value| Dag
115°C I 118°C | 120°C
min| min min °F min
F-10 21.9 10.9 8.2 21.1 6.6
F-17 18.4 8.3 3. 6| 12.8 3.1
F-18 15.4 3.7 2.8 12.1 1.7
E-11 20.3 9.1 2.6 9.1 2.0

-_
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10 [
. D115 =21.9 min.
© Dyyg ~ 10.9 min,
ADypp ™ 8.2 min,
AL o
1]
B
k4 (d
E °
6
% 10 - s
b .
©
[
% \
(]
10% e .
8 10

Time in Minute

Fig. 1. Death rate curve of F-10
(aerobic thermophile)

Temperature in Degree F

Fig. 2. Thermal death time curve of F-10
(aerobic thermophile)

umitt Z valuest Duosol A Yebxien  Fields
(197) © 5 c] %E 9EMS] LM A WEG AF A
94 Kol WH California soil Dyy°C=6 minutes,
Minesotad} Mississippi soil Diz°C=6.0 minutes®t}
aA vdeEgon 6L o] Bol facultativeol 22 E1
HEYE LEA Atz B

= E 3]
T2¥ ¢ mBREARLS BEEEEQ R R R

o H3el EWEE &k § 23 sEbRS] BREN
ITHE fdoz FRERNEE, Bt FHELE
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9 EENT Y WA e —fEE R FRUK
B R Mot WA FRVYRE 408EKE SR

BRERR 25 o] FolA WMol BE FWERE 9

EE TRBH, ol B4 #td D-valuest Z-value®

Rt et -
ol& 7% fif#dtol |E Bk E aerobic thermophile

spore former F-10(3kf 7 FREREIA 482
Z=21.1F(in M/15 phosphate buffer solution),

6.6 minuteo] gl =}.
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