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1. XEE S
WAEMSL:
L. monocytogenes

j(@kN02

A mathematical analysis of microbial inactivation at linearly rising temperatures:calculation of the
temperature rise needed to kill Listerla monocytogenes in different foods and methods for
dynamic measurements of D and z values.
.
C.AMiles and B.M.Mackey
Hig:
Journal of Applied Bacteriology 1994,77,14-20
-
ERA2BE LR TR SN BAEDOREEEEZBEROICHN L, W22 T77 7
P—%EETHI LT L oT, ARBEREFBY S ECI0OLELERGBRE LR 2 TR
TEDD—D2OFNLHN Y, ZOBRARIMETCARENLTWAD RV zELY &
(2, #k% 7284 % @ Listeria nonocytogenes % R iEMHILT 3 DI R E /2 BES FH L,
EHRNYQRE LAPCBONAABRERC LV EPNEZD R zHEICES 200F LW
ERRFELBAT D,
2. Fik
-FEERPE 4 L. monocytogenesEikS (BEIAN T T3 45 lE)
R BREL=FRI T
~WIEEE:2X 108,/ 8gFHILF
NERIBIE (1C/ DORE ERR) R EH
-HEEHIE R 25C, 3@
« AL : Listeria Selective Agar TSR LRI %
3. R
*FERSNTCHRODIE, ZIEF#RIUXAL,
(14)  T=T.+2z./2. 303X [In(D,r/z) +In(2. 303n)]
TRE, T, EEORE. D T, Io8F 5D, r; BE LAR n=9.3
FORFFEIR 1. BRIERE T ERIETIL67~ 68T Thro7=45, HEETIZ65. 5~

68. 8°C¢& .a<_‘§[,; Table 1 Temperature at which an inoculam of 2 x 10° Listeria

manocytogenes is reduced to zero during heating at a linearly nising
rate of 1°C min ™!

Do Calculared temperature o
Reference (min}  z (°C) inactivate inoculum {°C)

Gaze ¢r al. (1989) 8-32 598 68-8

Farber (1989) 312 492 65-6
Mackey er al. 3-8 6-8 67-3
{1990)

Calculations based on published D and z values derived from
experiments performed in minced beef. Values were inserted in
eqn (14) with » = 93, see texr.
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Table 3 Heat resistance data for Listeria monocytogenes: D and z values

Code no. Substrare Temperature D {min) z {°C) Reference

1 Ground meat 60 312 4-92. Farber (1989)

2 Ground meat plus cure 60 16-7 35 Farber (1989)

3 Beef 60 832 5-98 Gaze er al. (1989)

4 Beef 60 6-27 5-98 Gaze et af. (1989)

5 Chicken 60 5-29 672 Gaze of al. (1989)

6 Chicken 60 502 7-39 Gaze ot al. (1989)

7 Beef, chicken (fitted 60 3-8 6-8 Mackey er al. (1990)

values from combined data)
Cured sausage

{no heat shock) 64 33 — Farber and Brown (1950)
(heat-shocked 48°C
i2 h) o4 8-0 — Farber and Brown (1990)
8 Liquid whole egg
(5 strains) 60 15 66 Foegeding and Leasor {1990}
g Tryptone soya broth 60 +1 6 Quintavalia and Campanini (1991}
10 Pork emulsion with fat, 60 73 68 Quintavalla and Campanini {1991)
curing saits
Pork emulsion/slow
heating 60 12-95 — Quintavalla and Campanini (1991)
11 Liver sausage slurry
{calculated from
linear part of curve) 60 2-4 62 Bhaduri er af. (1991)
12 (calculated using Gompertzz
equation) 60 16 47 Bhaduri er al. (1991)
13 Ground beef, lean 62-8 06 517 Fain et al. (1991)
14 Ground beef, fatry 62-8 1-2 6-33 Fain et al. (1991)
15 Crab meat 60 2-61 84 Harrison and Huang (1990)
16 Ground roast beef
{(inoculated/tryprose agar) 60 5-40 83 Schoeni et al. (1991)
i7 Ground roast beef
(inoculated/LLPM agar} 60 5-26 8-7 Schoeni et al. (1991)
i8 Ground roast beef
{natural contaminant/ 60 1-68 70 Schoent et al. (1991)
tryptose agar)
19 Ground roast beef
(natural contaminant/ 60 1-06 7-5 Schoeni et al. (1991)
LPM agar)
20 Fermented sausage mix 60 7-18 10-4 Schoeni o al. (1991)
(Tryptose agar)
21 Fermented sausage mix 60 500 8-6 Schoeni et al. (1991)
(LPM agar) !
22 Various foods 60 25 69 Mackey and Bratchell (1989)
(mean value)
23 Milk (sealed tube
method) 60 22 6-1 Mackey and Braccheli (1989}
24 Miik (slug flow heat
exchanger) 60 1-8 74 Mackey and Bratchell (1989)
Homogenized whole milk
{cells grown at 43°C,; 62-8 405 — Knabel et al. (1990}
anaerobic recovery)
(cells grown at 37°C,; 62-8 0-6 — Knabel er af. (1990)
aerabic recovery)
Phosphate buffer 60 0-63 — Boyle £ al. {1990}
Beef/water 20/80 60 2-54 — Boyle e al. (1990)

Quoted D values are usually experimentally observed values at a particular temperature. Ideally, fitted values derived from D values
obtained at a range of temperatures should be used in calculations. In many cases such ‘frred” values are not quoted in the original papers.
The values of D for the datz of Schoeni er af. (1991) are fitted values calculated from their data; the two values listed for each set of
conditions were based on data obtained using either tryptose agar or lithium chioride-phenylethanol-moxalactam (I.PM) agar as recovery

media,
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HAX BRRBE=LHEE+ZH 2. 303X (In (NEEE TODE Xr (NEEHE))
+1n(2. 303 % (n=TDf&))

B REOMBIRARIZIBITBL. monocytogenesDiiEAME (SCRRE. %3)
R3ODIE, Z ErbRDEFERE: K4

Table 4 Temperatures {7,p) required to reduce viable numbers of Listeria monocyrogenes by 7 log; units during heating at linearly rising
temperatures

Rate of temperature rise

(°C min~ ")

Code no.* T, (O D (min) z (°C) 0-1 1-0 10-0
1 60 312 492 60-0 65-0 69-9
2 60 167 35 63-1 66-6 70-1
3 60 832 5-98 62-1 68-1 741
4 60 627 5-98 6l-4 67-3 733
5 60 529 672 60-7 67-4 74-1
6 60 5-02 739 60-3 67-7 751
7 60 38 68 59-7 66-5 733
8 60 1-5 6-6 571 63-7 70-3
9 60 41 6-0 60-3 66-3 722

10 60 73 6-8 61-6 68-4 752

11 60 2-4 6-2 58-7 64-9 711

12 60 1-6 4-7 58-8 63-5 681

i3 62-8 -6 5-17 59-0 64-2 69-4

14 62-8 1-2 633 59-5 65-9 722

15 60 2-61 84 57-5, 65-9 743

16 60 5-4 83 60-2 68-5 768

17 60 526 87 59-9 63-6 773

18 60 1-68 7-0 57-1 64-1 711

19 60 1-06 7-5 552 62-7 70-2

20 60 7-18 10-4 60-5 709 §1-3

21 60 5 8-6 59-8 68-4 770

22 60 2-5 6-9 584 65-3 72:2

23 60 2-2 61 58-6 64-7 - 70-8

24 60 1-8 74 570 644 71-8

* From Table 3.
t T, is the temperature ar which the decimal reduction time, D, , was determined.
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Bacillus stearothermophilus 3

j(ﬁ@kNo5

A study on optimizing heat treatment milk. I .Pasteurization.
EE:
C.PERI,Ella PAGLIARINI and S.PIERUCCI
Hig:
Milchwissenschaft 43{10)1988
-
BICHT O A—VEFMT D, RONRTFA—F— O THHF LA, B.
stearothermophilus 33 &k CTHBMEI/ ooy BAD TR, MM ToT7 7 —H LU —FD R
&L, HMF, 70y UV ITI30 57 F an—ADAER, FTI IV OB THS,
PRDRE -FFHOMEAEDETHETOPREZFHBEL AR ERRERGEAMNIE TEE a2y
FLEERTHIEB BRI THS, il LT —F 00RO ZEH RN L=,
ORBMAROBBELNI KT, 75C20IHEARTRIEL LTIV AV DL RV R
RELBFENTETHS, 85T4. SHOARNBEETHAS), QBRFLBRITFLCHFEMN,
RENCEIROL LBV SR HRRRD, EERAROL7I/7 FHORETELE
BEZEEZRLE,
2. ik
* B4, : Bacillus stearothermophilus NDCO 10003 (JaF)
INFALLA A FL
IR EH:10° / mIAE L
ME:AANNR X EF)—F 2—T
3. R

wicimrEdzL, (K1, &)
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" _ e e e ———
's in The ekt Yeatment of itk

Reaction Order of P:‘s' <o F;HE . Activation  npt-bf 'Conccntrniic.sl\, References
reaction K values ar indicated energy temperature assumed for
temperature {°C) {}/mole} (*c) raw mili
c 2 | Lipase 1 Ko = 115 x 1077 (sec™) 53037 70—150 100 Calculated from
& & inactivation {Arbitrary activ-  data in {20)
§ o ity units)
e
s % | Protease 1 Ko = 1.25 x 1077 (s5ec™!) 63963 70-150 100 Calculated from
Y25 | inactivation {Arbitrary activ data in {20)
- § ity units)
Furosine 0 K 20 = 0.487 (umol/l x sec) 81637 120150 0 mgfl Calculated frem
formation data in (22}
Thiamine 2 Kypp = 3.01 x 707 100800  120—150 0.4 mg/l (11)
loss {mg/l x sec)
Lysinoalanine 0 Kipo=3.87x1077 101377 110--130 0 mg/l Calculated from
formation {pmol/l x sec) data in (23)
E-a | Available 2 Ki05212x107" 103000 130—-160 2880 mg/l {11)
=5 |lysine loss {mg/l x sec)
s
FE
-3 2 | Colour 0 K = 1.66 % 1073 {sec™ 1) 116000 50—3760 o (1)
E > |formation {An arbitrary scale
.‘5’5 E" is adopted by set-
Yo -5 ting as unity value
i %l the threshold of
browaing percep-
tion)
Lactulose o K30 = 5.38 (umol/l x sec} 120224 60—145 0 mg/l Calculated from
formation data fn (21}
Total HMF 0 K 30 = 0.22 (umol/l x sec) 135098 75—-130 0 mg/l This work
formation
Thermoduric 1 K,o= 1.38 (sec™?) 3299835 60—90 10* Celis/ml (19)
Lw | micrococea-
=
3 | ceae cells de-
S |struction
% | B. stearother- 1 Ko =110 x 107 (sec™) 345357 110—140 100 Spores/ml This work
& | maphiius
c
& | spore de-
struction

Table 2- o " B
able 2: Optimization of milk Pasteurization: pracesses are calculated by assuming a2 1072 reduction of therioduric bacteria cells

Temperature (*c) T0 75 80 a5 50 95 100 105 110 P
asiaur-
Time (sec iy
(sec) 529 M 200 4.2 0.51 0.21 0.048 0018 0.003 I';‘l;:'g?
- 20 sec
Stabilizing effeets; Assumed con-
centration in
faw milk
8. stearothermophilus
spores/ml|
100 No significant variations
Thermoduric bacteria,
cellsfml M -
10 107" By assumption 0.4 x10%
Frotease residual
aclivit
vity, % 100 68 1] g7 99 100 100 100 100 100 98
Ulpase residual
activir
ity, % 100 56 87 96 29 100 100 106 100 100 97
Heat damage effects:
Color index [perception
threshold = 1 - -
shol ) a 05x107%  0.2x107%  QEx10°* 0.2x10°"  0.8x107* 0.3x107* g7 0.5x107%  0.2x1077  Qg3x107? 10™*
’ .. . 3% [/
Availabie iysine loss, % 788 mEg/100 m} No significant variati
iations
Thiamioe losses, %
T4 mgsi No sigaificant variations
Total HMF, | - : -
mg/ ] 35x1077 1.3x107" 5.04x10°" 2.0x106°"  B.25x10°4 34x107° 15307 63x107% 2 Bx10-? 2.6x10°% .| 5x107
Lactwlose, mefl = - o
0 4.6 1.6 572107 23x107' 79x107 3x1077  1.2x10°? 5.0x107% 2.1xi07  32x107' 13
Furosine, | - N - V
mg/ 0 2.2 6.3x107"  1.Bx107'  5.7x10°7  1.Bx30°F 57x107'  2.0x107F  7.0x187%  2.5x107* 1.2x107  2.1x10"
N N ) ) - . Ax
ysincalanine, mg/| a 6.8x1077  .2x10°7  T.0x107' 2.d4x10°? B3x107 302107 1.0x107" 494107 1.6x107°  4.3x107?
R . . LAx107
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1. XMES
WAEMAL .
Bacillus stearothermophilus fal+

iﬁNO 0:

A study on optimizing heat treatment milk. Il .Pasteurization.
E
Ella PAGLIARINI, C.PER and S.PIERUCCI
H:
Milchwissenschaft 43(11)}1988
B
ERREEE, ST T — P ORENE R CROF A-- VBT 5E BRI &I, o0
B RRODELIMLI. 2 2T —all—ar O Rk, BRRERMREE
o BEREFEMREAER TS RS EEN, HRMIFR. BFE R TIOICHEH T
Br iR AL, ERREEL. R ENBLIUEENSE LI EIBVTERED UHT
BEFLICERKL, —F. S EREFRCBOCCREL-E MM AETRELICERT5LE
bivs, BREHOHERLOIEALD, BRLFBOER OLOMAEHEERLL,
2. J7#E (SLMRNa.5 &R L)
3. &R
+60°C2084r ~95T 234 T10~ 3~ 10"
«145°C2. 581075 ~10" i
+118C305r ¢10~ iz
bz LicREN S MT —F 137201,

LB EOERREETe—: X2
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b

Tabie 1: Effects resulting from a combined process including low temperature treatment and UHT treatment (145 °C/1.9 sec). Minimum
’ requirements: heat-resistant protease: less than 1 9% residual activity; B. stearothermophilus spores: more than 5 decimal re-

i iainie

duction.
lLow temperatyre Stabilizing effects Heat damage effects
process conditions
| Temperature Time B. stearo- Protease  Lipase Colour Available Thiamine Total Lactuiose Furosine LAL
4 (°C) (min) thermophilus residual  residual index lysine losses HMF (mg) (mg/)  (mgh)
spores, deci-  activity  activity (perception  {osses (%} {mgfi)
" mal reduc- (%) (%) threshold (%)
tion =1)
1 60 208 10°% to 1076 0.93 0.042 0.061 .03 1.8 0.8 62 23 0.7
| 65 148 10% to107® 0.93 0.065 0.072 0.3 21 0.9 73 25 0.8
- 70 106 10°% to107¢ 0.93 0.100 0.087 0.4 2.5 1.0 87 28 6.9
=75 77 1075 1o 107¢ - 0.93 0.140 0.100 0.5 2.9 1.2 105 30 1.1
80 56 10°% to107¢ 0.93 0.200 0.130 0.6 33 1.5 128 33 1.3
85 47 0% t0 1076 0.93 0.270 0.150 0.7 39 1.8 158 38 1.6
| 90 31 10°% to107¢ 0.93 0.360 0.150 c.8 4.5 23 195 38 1.8
1 95 23 10% to 1078 0.93 0.470 0.230 1.0 5.2 2.9 242 42 2.1
1 Standard UHT
.treatm:;.nt (145°C{ 10* to 1077 90 93 0.035 0.1 0.0 0.82 41 1.7 0.18
. 2.5 sec

L} Standard steriliza-
 tion treatment 1077 8.8 8.2 2.5 9.0 31.7 40 2741 250 18
| (118 °Cf30 min)

Heating UHT treatment
{30°C}) {145 °C/1.9 sec)
Holding : Aseptic filling
in an aseptic tank {at 90 °C)
{90 °C/31 min) l
UHT treatment Holding
{145 °C/1.9 sec) the containers in a
tunnel pasteurizer
(90 °C/31 min)
Aseptic filling Cooling to room
temperature

Fig. 2: Ailternative flow sheets of a two-step process for milk ste-
. rilization,
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1. XREF

mAEmA4

Clostridium tyrobutyricum, Bacillus cereus,
Bacillus stearothermophilus

i@(NO? :

Thermoresistsnce anormale de spores bacteriennes chauffees par injection directe dans vapeur
EH:
O.CERF et J.HERMIER
High:
LE LAIT/JANVIER-FEVRIER 1973/521-522
B
ClL. tyrobutyricum, B. cereus }2 TF B. stearothermophilus DR FZEBEBEE (UHT /7D
Ay MR EEOBAR PICEALTHRAL, MR EIT102~105C, #HERFEIIX
L0 EL T, BB LL TORKCITBE IR, 2L PLUMAE I 2E R LE, RN
MO EIZIZX I —FELTRAFL U IN—2E AL, BMEKREZT7T 7V (TDTRRE)
TER2ZEECMALTHAEARIA— Y —EREL. HRFEDREZEH LA, CL
tyrobutyricum B T8 B. cereus OERAIFZEDIRIT, EBREAMNERELVL. 220 L7EE -
72 F7c, CL tyrobutyricum DR &, MAKFEREH BRI ELL L, TS5, 7oA AHRTM
UIZREDZIEA9. 8 CTH DT LT, BAPITEFMNTEALLLED Z Hi213CT
7=, B. stearothermophilus DRFiL, AEKFPCEATILH AR ER{EER=DIC
LT, RREICT AP TMBTHEES LS,
2. 5k
‘B BR4 : Cl. tyrobutyricum CNRZ 510 % (X514, B. cereus 111 T
B.stearothermophilus FS 1518(ATCC7953)
< FRAGPERL : Cl. tyrobutyricum FXTGESHI, 37°C. FBATIE
B.stearothermophilus iXWanghf #i, ROUXZ 72, 55T
B.cereus: HermieriS i, ROUX7Z5 A2, 30°C
“HIRAE:10°,/ml
B # M) 7E : Cl. tyrobutyricum iXHirsch. Grinsted, S & 5%, 35°C
B.stearothermophilus FXWangh$#, 55°C
B.cereus:Hermierts Hi, Wanghsi 30°C

T TR

MBS 0. 02MYBRAYD AR (pH=7. 0), UV AHRHE

77 & E100mm, AE8mm
SN B

# & : Laguilharre OF BB AL Moy 7 I8 (1)
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InEtas ik IS FL. 27 (0. 02MY BRI MEHHE (pH=7. 0))

3. fR
T T A
U BRAT bR P (£3)
DIE (53) RELABESEE  ZE(CC)
90C 120C
Cl.tyrobutyricum 510 5.5 80—97 8.25
514 21 85—105 9.8
B.cereus 111 44 85—100 9.8
B.stearothermophilus FS1518 10 80—130 7.5
AR F o (F4)
Cl.Tyrobutyricum 510 6.6 80—97 9. 25
514 85—101 9.9

SRR FORUTRG

BLEBRADRLIBEALCRTFHEEBRE O OX
Cl.Tyrobutyricum 5140 Z{HiZ13C(T 7/ hix9. 8C)
Lo: 7oA TMRLTHALNAEDE, ZE2E-TEHL-2EHE
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. : -~y TABLEAU 5
o1y 7 13 R (ha) TABEEAT S
Efficacité stérihisairice du traitement avec 1njection dans la vapeur sur les spores
de Cl. tyrobutyricum 514

Efficacité stérilisatrice

, oD i-.‘— L
Milieu de chauffage Tem?%’ ‘)’ture o
3 ’ L. L. L.

P oot F (expérimentale) (calculée)

2 Ye (b

Tampon phosphate 102 0.5 0.2 25
111 29 1,6 1.8
115 >7 32 2.2
Lait entier 105 1,0 08 12
111 4,6 2.6 18
R 115 7 52 >13
Lait écrémé 102 1,0 0.4 2,5
105 1,7 08 21
B af. 111 33 26 13
115 7 52 ~13

s . .y wLABLE
‘)—B‘;‘u\p ki e a\}ﬁ-sff'- ?33"&7)% (& X 5
Efficacité stériTisatrice c%u traitemen av"é‘cémlg ction dans la vapeur sur les spores
chauffées en tampon phosphate

Efficacité stérilisatrice
Souche Température L.
(C L. L, L.
TX (expérimentale) (calculée)

Cl. tyrobutyricum S10 102 42 1.2 35
105 53 23 23
111 =7 75 —

B. cereus 111 102 0,7 0,1 7
105 07 0.2 35
111 1,7 0,8 2,1
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1. XRESE
MAYA
Enterobacteriaceae,Coliform s,Fecal coliforms

j{ﬁkNO8

Accelerated Decrease of Enterobacteriaceae Counts During Ripening of Raw Milk Manchego
Cheeseby Lactic Culture Inoculation

x4

PILAR GAYA,MARGARITA MEDINA and M.NUNEZ

Higg:

JOURNAL OF FOOD PROTECTION,46,APRIL 1983

A

14 Rybgy D= FxdF— A GHOXELLIVRE L, TON 7T 2OEBRBR G/ SvMZ
FEBEAR A TR B L7 Strptococcus lactis B/ F ¥ —F 1% ML, Y 7 22>\ TikbL
Fr—REMOHBRYLTALL, REGFTCORELERLE, ARYVBFOEBRAF—X
R F — X LB LT, 272001 pH THY, BB O TOERKIZ BT, FOFLE
§30.2 282 T e, AL Sy bR OO FE R % #E B H1% Enterobacteriaceae 735.90,
coliforms 73 5.64, fecal coliforms 23 4.00 Tdh-7-, 60 A NG 3 BWOMAEYBHOERTF
— X PO HERIEITE « F1, 1.83, 1.46, 1.02 Thofe, —F, WF -0 LR 3
EOBEEIZ OV TH £, 3.78, 3.60, 2.64 Thots, EBRATF—X Lot BF—XHTE%ORE
ZTh-o7z, 60 B MM L-F—X LY Enterobacteriaceae &L T Enterobacter cloacea.
Escher ic hia coli. X ("Hafnia alvei 23k &7, BEENFMT — ¥ CRIERAF—I KT
HBF—XDE sy, Ko BICHEEETECE RSN,

2. Hit

REERAL FADPOREY

“HLER A /LF v —:Strept. Lactis12

SEFEE A QABE LT v REM (L)

@ BN CERD
‘BEERE
EHEE PCA
coliforms VRBA

Enterobacteriaceae VRBA+ 1% a—2R
fecal coliforms VRBA({44. 57)
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3. HR
1. 28 ernt,

Ak SPC 28 coL &€ BH

B8 EnT b FEC

4 650

550

v v soo
M. 2 T 30 &0 days
Figure 1. Changes in total viable courts (SPC), Enterobac-
teriaceae (ENT), coliform (COL) and fecal coliform (FEC) num-
bers and pH values during the 60-d ripening period of experi-
mental Manchego cheeses manufactured from raw sheep milk in-
oculated with 1% of a Streptococcus lactis skim milk culture.

tog thu/g ad 8PC -8 col G PH pH
B8 env b FEC

6.00

4 530

5.00
M, ? T 0 B0 deyn

Figure 2. Changes in fotal viable counts (SPC). Enterobac-
teriaceae (ENT), coliform (COL) and fecal coliform (FEC) num-
bers and pH values during the 60-d ripening period of control
Manchego cheeses manufactured from non-inoculated raw sheep

milk.
(BB *T EAE)
HF 60H #%
AP —=F— A avbrz—lb
coliforms 5. 64 1. 46 3. 60
Enterobacteriaceae 5. 90 1. 83 3.78
fecal coliforms 4. 00 1. 02 2. 64
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1. XEEE
MEMA -
Listeria monocytogenes

IF@(NOQ :

Acid Adaptation of Listeria monocytogenes Can Enhance Survival in Acidic Foods and during
Milk Fermentation
EE:
CORMAC G.M.GAHAN,BRID O'DRISCOLL,and COLIN HILL
g
Applied and Environmental Microbiology,Sept.1996,P.3128-3132
E#:
2 FELLATIC . Listeria monocytogenes D T EEeBEER F LR (pH3.5) T%t4 B mitE
A3, R ER (pHS.5) - 1 BIGEE S Z itk -~ THEHEIh L L2 BE L.
F OB FRMPER)S (acid tolerance response : ATR) » 4 -3it7, ATR @ L3#EME
BEUEFREET SO, HeikiFe RBERAT ¢, BIFUS LB XU LTnin
HOETFHER =, BESE, v T —VF—X, =N, 2EFF—F—X
FEDFBERLRMAL T TO Listeria monocytogenes DAETFMEZH L &8, BIEL S
7= L. monocytogenes X7/, ABBHICL Y REL CTWA4HLP T, TOAEFMEIHM
LTS Z & LE, R, ARBRUANAOEEZ ST pH OEVES (AL P Pa—
AROHSH Ly o) PiIiBnTh, BIFEG S H-EiIRBOCAEFERMm L
DEERLE, LBLERG, BTy Yr L I7F—X, BIlROAvT—VF—Z, $H5
WIRERRW F = #—F - XD X 572, It~ TRRE W pH ORHPTrE, BBIER
EFHEEFA LI ERVE I THo, BAFLEnc, FHLU2< L REMICBETE S
¥f o 72 L.monocytogenes O REK# Bl L7, AR TIX, TO—D2DERK, ATM56
A pH OBEVRETEICEEL T 24APICHE T, SR LB L TRWATRE
HNEFRLE, PRYOEGo ATME6 2, TO0R#CEx, 2B L ORI F = & —
PRLEMFT L ENTEE, BUT, TOT—FIZATRO A A= XL, ZEHTH
hFEHTHN, pH DEVESET & Vo RIEN T? L. monocytogenes DA FEMEIZ X
EREBERZIL TR EEZFELTNS,
2. Hik
IR R4 (L. monocytogenes LO28(serotype 1/2 c). ATMG6 (BeftEZ Bik)

LO28¥RZDHS. 5iT 1HFE#E IS & & BRI —BRIFIS1.O28

7.0 —RIEMFELO28

- EE# 0. 6% BRI + N h Y — YA (YSB—YE)
A FRE : 600nmiBE
R VATUT BT (LSA, A v/ A7 4 NHLK)
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SRR . G — T A TV F A F e —F— K
3. &R
(1)L. monocytogenes i= 8 BATR: [X] 1

1000

100 <

Survival

Ya

Reled] T - 1
0 50 120

Time {minutes)
FIG. 1. ATR in L. monocytogenes. The survival of acid-adapted (@) and

nonadapted (O) L. monocytogenes LO28 and nonadapted ATMS6 (O) cultures at
pH 3.5 is shown. Error bars represent the standard deviation for triplicate

experiments.

O MR TOHEE
3—2 b (pHS. 90) B BIERLO28>ATMS56 > JENERLo28 (X2 —

A)

s Ho T T (pHA. T1) RIS LO28 = ATMS6 > 3EEELO2s (X2 — B)
1000 5 (A
1000
100
10 o 100 i
™ —
213 z
; E 10
a4 E E

o '§

Nol Delected
Re il

A LR L L L L
6 2 4 6 B 10 12 14
Time (days)

———
o 12 24 36 48
Time (hours)

0001
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