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Effects of Heat Treatment on the Nutritional Quality of Milk
Effect of Heat Treatment on Killing Pathogens in Milk
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Abstract

A small amount of milk is sold as 'untreated' or raw in the US; the two most commonly used
heat-treatments for milk sold in retail markets are pasteurization (LTLT, low-temperature
long time; HTST, high-temperature short time) and sterilization (UHT, ultra-high tempe-
rature). These treatments extend the shelf life of milk. The main purpose of heat treatment
is to reduce pathogenic and perishable microbial populations, inactivate enzymes, and
minimize chemical reactions and physical changes. Milk UHT processing combined with
aseptic packaging has been introduced to produce shelf-stable products with less chemical
damage than sterile milk in containers. Two basic principles of UHT treatment distinguish
this method from in-container sterilization. First, for the same germicidal effect, HTST treat-
ments (as in UHT) use less chemicals than cold-long treatment (as in in-container sterili-
zation). This is because Q10, the relative change in the reaction rate with a temperature
change of 10°C, is lower than the chemical change during bacterial killing. Based on Q10
values of 3 and 10, the chemical change at 145°C for the same germicidal effect is only 2.7%
at 115°C. The second principle is that the need to inactivate thermophilic bacterial spores
(Bacillus cereus and Clostridium perfringens, etc.) determines the minimum time and
temperature, while determining the maximum time and temperature at which undesirable
chemical changes such as undesirable flavors, color changes, and vitamin breakdown should
be minimized.
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A, T BolA /-5 Aetsfof gtk AA| thet AR
7F o]FolZl o] %of|, FAIEC AHEER= YFE RIEA] Aatsfof
Stk A2 vl BlAIRE SoflA 1948do] A A= Siet
19879 Hl= AZQJOFHFDA)E AfolA] 92 972 A4 ut
ti(Interstate sale)E FAAHE TEAT Stateo|49] TS
Ak HES 7 Fuith o, Hlas 972 A=amfo] of
3 HAlE S FAA ol A (retail outler)o] W
o] 51-87HA] Hfeitt. HlAE 979 wrjrt B FoAE
cow-sharel herd-share agreement(84)S E3 33 = 3
=4, cow-share agreement= A7} AR 2-5-9] H-&
et di7tE iR RS RS S5olA AEske AlkolH.
HAE 9 2-80] B89 ZA7F deol® Efolar, BlAt
S-oll izt =871 S716kal Q= A2 S22 dolrh vl=o
A HAEE SRR QIR T Ag= 2007~2009 3070004
2010~2012¥1 51740 & Z710™, Campylobacter spp. &
gk o] 7P =XTHT7%).

-9 A7 A Gl vAlE FF Y Al |
< 9 GAol oot Bt APERY e AlEC R FYSt
o -GS w57t 2Hd6ieinh AR 2 ol EAeks HAgAl
ol gJsto] A== Ao gt -8t dAe] Aol gt A
TATE0] AASHA AAIE|O] qlof, Tekso| FHe}7|o] FES
77} ekl ek ey B2 U8 FollA] SHE SEAH
£°] osfist7] olEHH AL 7Hdste] sl o, dde Q1
BZHo] ZAlSHA 7]€Q°1 UA] QL7 Wiz, = ARHIAI
19Jo] Zho} Thz7] QI8 FAI o= HHIQIANRE 2 4= ¢l
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Fig. 1. Outbreaks associated with nonpasteurized milk, by etiologic
agent and year, United States, 2007~2012. Three outbreaks involved
multiple pathogens: Campylobacter spp. and Salmonella enterica
serotype Typhimurium; Shiga toxin—producing Escherichia coli
0157:H7 and Campylobacter and Cryptosporidium. E. coli sero-
groups: 0157 (10 outbreaks), 0111 (1 outbreak), 026: H11 (1
outbreak), O157:H7 and 0121 (1 outbreak).
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sjo] wisgo] e o7} 19009 ol o
2 7K BEE F3to] el Zlo] jl=glon, of=fet 9
Y B ) Ao B S A B
01 AcHBryan, 1983).

S0 o] e tRe] A9, BRREA ke AL
83} qielo] Uik, ol tiite] By TS AL
0 @4 shgol] Amscks A BRle) FE Zlole

S0l 9-F i7E A} 11 BUAE S8A] Hie AL Sal-
monellosis, Campylobacteriosis, Staphylococus &=%, Bru-

S-E A=

l‘

cellosis, Yersiniosis 5°] 1t}

ol SHoEs] A ZANENR Srizig Ao
Hato] G| o] thet A dnt A24wte] 71 AE aato] st
o 17|12 gk
SQUHY T Welw
S A O EANIEE 7|Eote], 1) ZEfioll S8AE=
A3t 11 HYA, 2) A BAlol FFEAR R A
¥} 11 BEA, 3) SRl slaskA Yeiue A HeAE
=2 & Stk
19009t 27258 19459 717t Foll= & A8 a3
o] Zgo] TPE|Qlou, 1 oS thFEo] SR+ AetElon
= WYE2 F435] dAsiylth
F-79] A4 19009 270l TFEATH o= ofn £

o HAEAR ]J 2] HgER= ol vl=] A%, vl BA
go ool e SAZTFES 19249 A EREUL, 1

O F-FE 24 ] =7H8 ZFdoflA F2E A 19504 o]%
o= A<t Oqﬂf% A A A7t =5] Ao A4t o] 717t
T IR T glom, i1 715 wet dAElekA] R o
+8& Azsh| fEQl ZeE weErh
Table 1°1= 109 F712 sto] vl=io] QlojA -Rai7ig 2
RIS Uehfiglom, of7]of AXE S5t AR 1900+
B 1940W7A= e A7 Sfuf7ig 8 Ao|glod, 1
20917 1 EAES 34T @ig Uehfio] 19604 o]Fo=
A HAo] R} Avtksto] MAE It Hale figith
1900L%_ETE1 19304 717kl AHI=r} = wiAl = =9k A

2 A AES(ET Y0l o, 11 o % o] AH WA
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Table 1. Percent of reported milk-borne diseases by decade(USA)

Disease 1900~1909 1910~1919 1920~1929 1930~1939 1940~1949 1950~1959 1960~1969 1970~1979 1980~1982

Arizonosis 1
Botulism 1 <1 1 1
Brucellosis 1 8 4 9 1
Campylobacteriosis <1 3 40
Diphtheria 8 2 4 1 1
Escherichia coli diarrhea 1
Haverhill fever <1
Hepatitis A <1 2 1
Histamine intoxication 1
Iron intoxication 1
Milk sickness <1
Petroleum poisoning 2
Poliomyetilis <1 <1 <1
Pseudomonas aeruginosa <

infection
Q fever 1
Salmonellosis 1 3 2 7 21 28 41 50
Shigellosis 1 2 4 3
Staphylococcal intoxication 8 26 50 30 5
Streptococcal intoxication 45 15 18 27 8
Toxoplasmosis 1
Typhoid fever 78 80 68 50 17 3
Yersiniosis 1
Unknown etiology <1 1 3 8 26 17 31 41
4510] @AYol A9 WA 117} Ql= Aol tIg|2jol= 7t creameli= Ak 7okt o] 717t F Salmonella A5 &
T by Akt BIEGoL 19469 o) Fos Ukt eiotth AT 7Y 2 MR edgkio] gl Zlo) Selsgin. X129} 4
BT AFEET AR 9% € H9FS ¢4 ek Ao sk Ao fABOR ANEl, dukoR o4
+ A9 5ol Zdlols B9 tide] Heletl, F& otolAady = #A" &48 B A8 A7} chocolate milke=
B A2 5o] o] Ay AT AvkE Ag ST 4 T FAE A Y At oF 24 LY HE Zlos udE
(Bryan, 1983). At
A el g} e 1% o % Qi SPYo] 19704 ol F8.
ot A5 wiZiA Ao ghole B 9Jom, Campylobacteriosis LoAx 2|0 2lst -?I:Jﬂ- Al s}

= Fagt éltﬁ_i s
197099l eii7ig 2 2A3el Qlo wiziAl= 28t
% FAES FFe Table 201 A=A 7004 Xih% ice

1. 2 HRIHE 2 Mol iEga Alds

Azl ZFd2(Salmonellosis): ARdlal 74¢&0] 2

oA
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Table 2. Milk and milk products reported as vehicles of disease outbreaks

Moon et al.

1970~1979(USA)

Staphy- Esche- Petro-  Hista-
Salmo- lococcal " richia  Yersi- Arizo- Bru- nga- Toxo- leum  mine IrF)n n-
nellosis  intox- °°7°% coi  niosis nosis Col s plas- poiso- intoxi- PO known Total
cation rlosis diarrhea A mosis ning  cation
Raw milk 3 1 1 2 7
Milk, unspecified 1 1 1 8 12
Certified milk 2 1 3
Pasteurized milk 2 2
Chocolate milk 1 1 1 3
Milk formula 1 1
Powdered milk 2 1 3
Butter 1 2 3
Whipped butter 1 1
Whipped topping 1 1
Cheese 1 1 1 1 10 14
Sour cream 1 1
Cheese puff 1 1
Milk shake mix 2 2
Ice cream 26 1 1 12 40
Unspecified, dairy product 1 1 2
Human milk 2 2
Total 40 5 3 1 1 1 1 1 1 2 1 1 40 98

o R B9t 9RE WA L FolA YT Al

1928 3Rt EF--fcertified milk)7} W72 HE =l
wjof) w2} A, E6, Cheddar cheese™ Azt=l= 3271 Qleh
Salmonella dlublin, Salmonella newbrunswick, Sa/monella
geiderberg, Salmonella derby 5°] HYHo=Z EI=Act,
-+ 3ol o] YA A== RS AR e A W9 3
O g RE ZYEo] EHOR ujdolA =Hu, 49 wRel fio]
o] HYAZ HE|o] SRE o] AAFH= BT AUt
Ao 3t Salmonella®] AFERI = 55T A 60%%F, 60T
oflAf 15~2087t 719 wf APEEt. HAFolA Salmonella=
62.8TOA 3.6~5.7% ofwioll APEsta, 65.6C0A 1.1~1.8%,
68.3CoA= 0.28~0.52% 7FFol| 9Ja ApPdgttHRead et al,
1968).
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Salmonella 5 F°NA 7V AP0l =2 dF= Salmo-
nella Senftenberg 775 W=A] 65.5Cl|4] 34%, 68CAA 10z,
71.7COA 1.2%, 73.9C91A 0.55% 713t o ApEShct. wjet
A BE ARdEETE AFES] Qlof 62.8T oA 18.4%Rt 71
Stejets SES Arairt 1S ZoE weE.

Salmonella sp. & E313t o8] S7 B vZARZA AT
7heArE 2743 1 WEA2 Fig. 20 YehhItHKessler, 1981).
E3H UHT Aol ZAAPEZR AT} W0l ste] AA|
wo] Ak

A 24 Z9%(Campylobacteriosis): ©] IHL w2, I
AFERE Fietolla] 2o 9fsf wizliEo] WEH Hivt 9lo
o F2 5ot EF-R7F WiAAR 28H Ao= gt

URE 1] oA Campylobacter jejuniZt B-2=91 W
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Fig. 2. Time-temperature diagram of the heating of milk(modified
from Kessler, 1975). P: long-time pasteurization, HTST: high-tem-
perature-short time pasteurization, VHT: very-high-temperature pas-
teurization, UHT: ultra-high-temperature treatment, ST: sterilization,
B.st: decimal reduction of Bacillus stearothermophilus in milk (Miller
and Kandler, 1967), B.c: decimal reduction of Bacillus cereus in
milk(Miller and Kandler, 1967).

YAZ gRI=lY. B T/ ZFsE0] C jeunPl A2
4= 3lom, o] HYAF AR, &, EH_O‘: =7, |, o327 B
oA EejH v Qlck E3F o] A% Zﬂ%, A<, B SolAE
24 v Qlo] olF &A% o2 24 € 4 Qi
Campylobacter jejuni= 56C°ﬂ A 587 7Fhohd APEEE R
Aol A F45] AFERIE Uehd & It Waterman,
1982).

C. jejuni= 71gol tisto] 7176t 55C oA DAJ= peptone &
oA 2.2580|1L, C. fetus subsp. jejuni® BRI SN AFEA
ol T3t Ad(Doyleetal, 1981)°14 48T oA DX]7} 7. 2~12 8
£, 55COA 0.74~1.020]912H, 95 "Oﬂ T} =S

A 27AZ 55CNA 1082t 71E ot S465] Aats= 74—1_:'-
gelsich.

Gill 5(1981)9ll 2J5}# o] W0l 9x10°~2.3x10%/mL 53

o7 9AE ARE T2TATHFHHTSD R A2E off 32
St AF s 4L 707 FOI5H3 T, Christopher $(1982)
L& =g9AG Zo\A C jeuni® C intestinalis= 60TAA 18
7tdo]| tiste] AESHA] Z51al, 50T D values C Jjejuni

= 1.3~4.5%, C intestinalis= 1.0~3.780]2tl B}t

C. fetus subsp. jejuni 5dF5 48T 50T, 53C 9 55C|A]

AFEAZ|=H A8AI7RE 43 2k Table 30 AA1E vie}

Zor o] wat 55T D value?t 0.74~1.080F XJol&
AHDoyle and Roman, 1981).

ELATGA A1%55(Staphylococcal intoxication): 2k} o] &
HIZ JZokA] k2 AR AAto] HH3BlE7] o]He] 94,
AFo =R AFE A7t R ASEE 4o= ”H
7_<ﬂ7} H Zo= gold H Qlrk. EEA Ushte dlEA 94 e
T A= o] Wt o glom F5 AxE Rl ofsiA =
TR AEFe] WAl 1AL, AR, ofo| AT, HEE wiAf
A= 285t A7t B vF Qi
Staphylococcus aureus’} HZQ] HUAOZE SOIF QYA o]
HAFL 499 97 S teat canal)oXE A5 QAR
1 3 A Allato] EH $-f-RAlEo] o] HYwtol <fs)
QE= AR YT 34Y SUEEY &0l =0l )
L=, o] HHAY A 9zt S0l YERol olA= F
B3} 9] enterotoxin®| AJAke|ojof Sttt
o] Y9 0”1%}33 o 2ol 10075E 65T 357t
7} ZL 3750 Bl 63~64T A 30
AoRpARe: i Eq1 ]‘_ 2} Lo] APE3HL. Enterotoxing: AJAFo= vk
272 EF FolA 23Tl 24A17E, Atfollad= 12407F vigst
W EAAR] 7RssE Ao g H11sk vl 9ItHBonzovic, 1963).
T3t coagulase® AAVSR= Staphylococcus S5 -7 50
A 71EE o] 60TOIA 18%, 63COIA 5%, 66TIA 2%, 71.6T
oA 1& 71¥stH "]’Eﬂ%}oﬂﬂ SATA T HYE AEAY
N2 ERISHAT}. oM BHE Staphylococcus aueus &
-7l vieksta 7HEA 2T W 60T OllA D values 0.87+8°]1L

PFE ShRSH= HIAA D value: 0.62%80]9loH, o] BY

Table 3. D-values for different strains of C. fetus subsp. jejuni
as determinedat different temperatures

D value (min) at

48T 50T 53C 55T

FRI-CF3 12.8 54 1.57 0.74
FRI-CF&6 7.2 47 1.83 1.00
FRI-CF8 1.7 3.5 1.85 0.93
FRI-CF12 12.8 44 1.56 1.00
FRI-CF 16 1.7 5.1 1.95 0.86
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2 71N SR EE THEEALS o, STt w7}
ST S7FolH, 70T ZEotH 7Hasdat Aol BHalsh=
Ao FOISIHT}. ESE 7 value: 9.46CE EQISIATHFirs-
tenber 5, 1977).

R %914 enterotoxing AAFE] oAA S aureuss 10°~
10° /mL HE& HZ3 3 6~8 A7t 0|9 enterotoxin®] &
% 7Fsgt &l o|27|7HA] AAElo W, 61TlA 1827t A
AR 990 T £EO7 HES AL At
4~6AIZI0] Fofl 1.2x10° /mL 30l =8kl 47} AJAtso]
A E SRl o] AFo AeHTt golgt A o= SR
et

S aureus= enterotoxing A Z FLES FHlol= SAS
Holw =Z47F HF =4 g8 A=sta, AT YEA
o 1 Q91 WEA|A] ettt S aureus’t AAFSE entero-
toxin EA=F 25,000~35,000 dalton®] T Tz A G
ot oFg A4S ¥4 &t} Enterotoxin B7}F A, DETF QA4
o] EOou}, pHell & ¥ ToH, enterotoxin BE A45-&]
A 110C 8% 7HE Al E8493F=9.0H, beef brotholl A m}aA|
71= Hloll= 110CoA 60&0] £3F It} Beef broth oAl
7tgaka Alto] AAtElE AR o] B 8o 70" A
o2 HoltKLee, 1977).

BEAAES(Brucellosis): @A 2|oFA] gF2 AFRE THE cheese
7} BRASI Ao] Q= AlEIZF HaEglom, £35], Mexico
A|Gof| A AAFE ARG cheeseZt EAIAERL Qict.

Ah fAY B4 § 2E aloks 580 Brucellad) BdA7}
g 5 olom, o] HedS dAlE dAY AZF vl Foll U=
=9 Ao =] o] AHH T2 ATt HIRE B5
BrucellaZ ¥}&5HA At

Brucella= ZA9E 7153 FEsHAY, widE, WA 5ol 93 &
A=, o]52 BF Foll o= AFESt &0l 7155kl cheese
ol U7t BEIT

Brucella abortus®l LFE Y45 63CA 3087 ALGA7E
At HTST(72€ 15%) A2|3t £ guinea pigell H&st 8%
b8 AEI Aot AdS et A, SAJ0E gRIEo] &
HZLofA bdstt= AMdo] ERIEIQItHHeever er al, 1982).
Foster $(1953)9] AN Brucella abortus 2308°] -5
250l QIS Wl 142° FollA 23%, 161°FolA 4527 71d€E
o AFEEIQIC Y B skt

Yersinia3(Yersiniosis): A3-f= W7/AAIZ sto] HAAT S4to]
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LB AF5l Ado] vhASt o7} B EQ0H chocolate milkE T
AAQ] dkE g o7t Hare Bf itk

Yersinia enterocolitica®l 2Joto] Y S/do] YErATE Yer-
sinia pseudotuberculosis®| 2Joto] BZ} HAL L BEH T
Aol Yeh7] % gttt BE0| V. enterocolitica HAE A5
A5 B glom AR o] ¥ Hato] QFH 7t 3lof
S5 ol2fet AU Ysto] eAH AR FHstal Qi
Y. enterocoliticaZ AUHCE S50l A7I3t the A4St
T ANEE 7R 43, 100 A= 5 94 1719 AlgoilAgt £
7Fsstgou g A4l Sfsto] Asfo] BiFA 0= o|Fofzirt
£ Akdo] gRl=git

1) A FL [07HY EH HyMQ| LG Hat AfHS}
ZE|ZA Salmonella ) 23 HH == A4S T Aol wet 4
STHE EEH, o] 342 HEFeE Y|k sS4l
UEE A9 Stk 3780l A4 0= yehtr] o= 31579
o] UL FE LA} miEtE| IAC] FL-0} o] NASATS
Hhok= A9E don, ASE3A0lA Uehte Za5/d7 1
29 34 Holx= A 5ot

HEIAE= 970 A2Ato] HHBIE7] ofd Al7lde /&
i7RA|E stof RILEH Ao, 11 WUA= Salmonella Typhi
ofc}. AE| A o]gE|QIH Algtolut o] U9 carrier?l A
H 52 7S T AE A SRS et Ale] o] 2 &
AL, BatAlEo] A4 2 B 78718 FFTE Qlsto
$-5oll 22 2 @=t.

olg} i oo g 587 4 7|HE AlFHsk: &2 Eot
LFEE o leH, gxte] 7P oz RE dE P-RHe Fot
o] 999 4 9t} Salmonella Typhis G4 E 8] 2
A713, WS 2ARE A3HE B MRl 101 #72 A
AT FESH T 71TCoA 19%7E, 85ToA 1227t 71EE o
100 #57F APl 83 SRISH 4= JISE Ao s K uf
ULt

uek )

oA Qllom, HLakto] HEs}E7| o] Ao A AlAZ oz
2P HF Qlk. o] YWl ol LYEE AZE FHd o]
T 599 F9 55 5ol 2 Al YRE olFskA "k
AFo] carrier7} Hlo] 40 A¥ o] LAYEE o7} 9lo
o] 4% T52 W2 9] A (streptococcilE F-F=
EoHA "t ol S35 Aok YL uhAA EH Wgot
Al =& Aolth
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Streptococcus pyogenes’} 2 QwolH, o] HPEL 56T
ol 3057 7HEA] AEEE R A 2Alto] oA o]Fold
§ AltE.

vz gjof: A2Ato] HgE7] o]o= Hg|2|o} o] &
b Ao} yepdut ot B4 Dsk= ARl Coryne-
bacterium diphtheriae®| carriero]Zut AL 79 Lol 22
g 4 Sl

o] Y 7Hge] Qlsto] A AFEEE= PYER ERol 2.9E
Aol 58Tol 1087 AR Apdsict

S FolA QS 53 23S HH 143°FolA] 0.064%,
161°FollA 0.096%°]H, chocolate milk FollAE 143°Fof|A]
0.025% 161°FAlA 0.02z=2 &RId H} ot

ZA&l(Tuberculosis): & A3t Mycobacterium bovis= Y5
o 9Jsto] Hupd 4= glom, QA Hof st HYHtS F 4
ol FFste] AR AupEoA HHS BEA T
S WRARSI Mycobacterium bovis7t AFEo|AZ Azt
2 & Qltk= A7 AAE vE QloH, 1 Hujo] RS F= 8
l o= % 3ol U Lo7l= 24, & M bovis7t 2
g o= 7139 4 B0l 2ok vdE &, d9Y EA
1=
e

L
2 9.6 oAl 54 Sol Ik

ol

o] B 2o 2o g9
F29 Hol= M bovis7} e 4= 910w, o] A Halo]

RN

gisto] a0l 44, o], &Y Fole EAT 4= itk B
19E FHoly 587]0) EAcls Bt o =RE odd &
At TEAA SRE 2Fd d= TEL, GAPIE B
At g0l M. bovis O] B F7F AFEEITH

B FAIFCIAN ZAot] 7HEol oJgt AFE AH(Stemin, 1958)
oM Mycobacterium tuberculosis 2dFE S} ice cream
mix9] 7Fskal, 70Tt 82TollA Z¥2F dAf2star, 7L Ak
Zo2 ARE AF5}9] guinea pigol FoIst A3} 714 njst
AL B2 70CoA 15% 71E8E Al=o] ojA L ABESHA|
3. T2HAAO] gt AtgrgollA Adte] AFEO
et AP AT Harrington, 1965)°] 2Jotd AAAItO R At
H 717X 5} A2TGAEO R 3597 A& FollA At Hdr
ZlE 913t guinea pig AAEH, AAES 242 1.1%2F 0.03%
A DA AtAEE AR At Ego] B2 Foz 9l
Xt Mycobacterium tuberculosis, M. bovis, M. avium=}
M fortitum 52 FSEE AHE ollA BE EAF] 2
A7l & 62.8CNA 308, 71.7CAIA 15% 71Eet & AFBaINE
gRQlIgt A¥t & APEETh

A

gy

1ok

= ge . F S0 ot S Aldait

=

o] (Shigellosis): -2} cheese”} ¥9lo] ¥ o]A 9] o] B
1 o] Sl=d|, 7 9 AR EHFAERE o & ¥
SHA] @2 AElollA & AIZE HRE Al AdFske] WEE Ae

2 ZRI=Ith

Shigella dyseteriae, Sh. flexerni, Shigella sonnei S9°] °]Z&
< YOo7)= HQHo & THho] o3t AFERAE ARt Adt AL
Alato] SHlolA 3E 49, ol Bt APEE= 2R &
o1=]ItHNevot et al, 1960).

Shigella spp.©ll tet Aol et AgofA] 2-fofl 2x107/
ml $£EOE F7I%E & 62T7HA] o¥] 7FEEk ok 70T, 74T,
80T Y] F24RoA 1522t 71Estitt. 11§ o] e+ 4
45 HrIst 23} 80T ol 2koflA] 15~20%7t A E st
W Shigella sonnei7} AFEEATH H 15K Milyanovski,
1970).

2) 3|t LIE= £7 Di7hd
=

HEZE3(Botulism): B4 WAH 5719] botulinum% &
of 270] -2} AE|o] WEE A=, botulinum 2 EF
A= Cottage cheese®} Neufachtel, Lieder kranz cheese &
ol AL, Yoghurt™= HIZHZ AEEUZ A= AL
Nt Clostridium botulinunP] F8 HYHO=Z X spore)5
BAstERE GuiAdo] Hi- ot AFEAIZI7] HlsiAle B 2
ol X7} 879} Clostridium botulinum® W23 8%
3 70l Tt dEA Yeik=tl A~G 639 833 FollA EF
o] 7P Y& gdo] Fsh F 71t WE/dol Astal, A¥ BY
< FHHEY] YIS ephdth

100COIM #ole F=2 A=z AY &2 BR2 ZAE =2
33t A71Ae ok, BEA0E ALY AlFolA o] MYt
FAE AESH| It 12D AEE 45t 121ToA 7Hdst
= AL BRI, ¢ botulinum®) D value= 100TA 100~
330+0]t.

Cl. botulinum ZEA2] GASL 2ol AAgt viel Zo] & ¥s}
25 Uehfia glom IR0 FFE F= 89S 896 o
=3 gtk

et HaH HEga Al

(1) YA M| HHYAIZION of5t Fat

Esty2} Myers(1922)°]l Js1d viF 7]7t0] B2 St =2 AlE
9| Cl botulinum FA7} 2 vigE e EAET /o]
=t %3 Sommer(1930)9] Earof oot 4~8Y i =9 (I
botulinum FAL] FAZAC] 7MF &=Qkttal si9iom, wlazt
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Y4 AL FINE GAYO) WSS Rk WY AT
o S5 HAEES APRAF H4F47] 271 el 7}
A 9prh Basch

(2) ZXHN7I7t B9 SHFxR0| M2 g

Williams 6(1937)2 B¢ T At A& FollA] B9 24}
9] Y&/ o] UurSollA FA ] W] F2 A= A/dH ZApEh
oF 3l Ak WFdol 73t Ao FRIESIAL Sugiyama(1951)2]
B9 951 L botulinum ¥iA] Fol Fe** & Ca™*9] 57}
Y73t pEolotE TAE Aol 2R Aol TaE=
ZZ gRlotoirt. T3t A Ate] EAfel: A 2AS] WA
< S7KRal Barskoin)

Amaha®t 0dal(1957)2 W7W} 20| Bacillus coagulans®)
WEddE S7HIRL Y WEES gHsE] fsiM= A3=Y
Tt 9 2 5 27F gol2o] AAgt o E EAfslof gkl
Elyl=g

Sugiyama(1951)= ZARALE7t ZARS] Aol 3k mIA]
o 12004 AE ZA= A204] AAE ZAET dui/del =
1, EJ 27| S 2AS] FuiAe] HhAS2 et A
= ARYS2E7t =2 TR0 Yol =l HRth
AR o s AGH A= IHoE FEAR] ZAET WIS
o] =2 7o YEeRIth Soberheim¥} Mundel(1938)9] X 170j
OJslH AHAH o g A EAE Aok e EYOIA AN
OF FrH IO| HYHT} 6~8u] ZA7F A7t QFH
Sof, ZAL9] YE/3 X9l S84 Aol metAE 2 ZolE
Hol= A Zt}. o= AF o REARl ZAE tdo R A

AR Zolet,

() 38 HHiXIe] Fa

7t o] %o ¥ ato] HikE 24§ iR 2/do] ZHAAEAIRE
o £ 93 v|d & Ut Williams® Reed(1942) ¥ Sugi-
yama(1951)9] A+23ol| Clotd (I botulinum EAE FA
3 29| 32 9 s ot a0 S wxItaL
HEoh & 24T, 27C 9 31T 2 wikd . botulinum
FA7} 37CoA HidE AHETE Blg=go] E3kom, of=3t AH
< AFAIE o] 583t 2J9)7} Slrt.

(4) pHY H&

71E media®] pHE WEAl 2 93 v|A}. ¢ borulinum
o 2o1A pH 6.3~6.99] LA 7Fg =& WE/ 3 Hol=H],
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o] 2R nEES 54 pHolA WEdol =thEsty
and Meyer, 1922).

FA0|2FE0 F7h= 5 WEAAS AAAZI=T, Lang(1935)
2 (. botulinum ZEAF] 7<- pH 5.2~6.8 H9lolA pHe} W
3719 A EAaT 4= fisitkes Eat /e, pH7F 4.9
A Aol WG9 F43 4t ERIF Tk B syt ®
St Xezones®?} Hutchings(1965)= A& FolA CL botulinum
IAL] pHoll 2J3t YE/d HigkE AR A3, gAe] 257 B2
785 pHY o] HEAQol IA mZIttal Hirskgict

(6) gR

Weiss(1921)= Cl botulinum EAF] YEA0] AFE 3% =4
ol ok A4S0, AREEE SR wet AR 54
5] A 202 UREY. I8y AFsko] e a3} o]
k= AHEA YERE ol 912, Esty@l Meyer(1922)°] Jst
9 O botulinum® WEAHL FE7} 1~2% 245 wat 27}
SIL 8% OVFOE AFEEE A5AIX Aol HE/del 34
3] 7445} Cameron(1951) (. botulinum EAS] WA
o] 110T ©oJsl9] LkoA= ARl ofst] A Akt F31
o] YeRtot, 110~112C 2= Ploie F5ie Aaadtes ¢l
ATkl shgic.

o] JR Bik= 5k, WERHIAY 7 AR 5ol T
2} 7hAA o, o]Fo] Ag-2 Aol 23t pHe| ®ig} 7]et &4
2] Hajo] 7]R1H Ao R ekt

(6) 27, HHd 9 EXiof 2ot J3¢

g5, 12AIE 718 HISAAEES A= 71 Higt A &
Fof| Foto] A+LgE Ak, of=et B4o] TR FEE ST A
§ APE LS A7 AoE YETh
Sugiyama(1951)9] 7ol oot L botulinum EAS] B
32 ARo] 2T BF- F7eIloH 12.5% HES ¥ L&
Ago] H7HE|QE wol ko] APES A,
Gelatino|4 41 HE 5 FHEELL nPESC] SlofA Fol
et Hoakgo] Q= AR HH vl 9lo™(Anzulovic, 1932),
Murray®} Headlee(1931)= peptone® 22 §7|29] 42 &
7WANZTH pH 7.0904 C. tetani ZEAE] 7FEAME AI7ES Aok
B} QIS BASIglN, 714 AR FAl vlAle 4%
=71 AAE9] aFe] A3 ATE T 23 S S
Aol 100 ppme] ascorbic acidE H7Iel W} Clostridium
spp. 2| 7FEAPBAITES 24~368E AFAIFL, Vitamin KE 7t
3t A% AP HAEIE HEI



[eYer=$

[e]e]
TITa2

R EXE7t it Jl OiRls ggk . 25 SX20f ofgt

|—<J|I

(7) Aol Fat

olg] A7Ate] ATAIE S, Aolv flo &3] 9l

AT Bof| EatEo] Sl A9HT} 71 ARdo] oyt
o, Lang 5{(1935) ol&fgt B37} oil WA W

S

QA Zelgich Sk

L
-

H 75} Hp

o
L

Oiloll @&t Clostridium botulinum EXR= o] u|AEo] gut
ZHog APHEl= 2ANAE &3 B 13k ¥l 9lov, Nichols

(1940)= - = 28 59 AFAFol F7HN Bacillus
subtilis TAQ] YIS Z7lslA= Qgkehal 6493t

(8) AM=He Fat

7tE media Fll AAEE] 24T F¢ 71EAH =
Ao d&3t £ it Michener $(1959)2 /. Sporogem«]
Aol mA= 65089 E2o] Hoto] Aet 23t ethyl
oxide, diepoxy butane, #4telr4Ay, formaldehyde, dodecyl

guanidine, hydrobromide, cetylmethylammonium bromide,
;(1 oJ—/H o

A

OLE

2 - methyl-1,4-naphthoquinone, garlic oil &
Hadle Ao® YEETh

FRYEZ 20| subtiling 14 ppmO2 A7Vl W ¢/ botu-
linum3}+ PA 3679 ZAR] QAP W= ti2 din] 47%2]
AAFS HYow, O borulinum EAF= L3t AEr 24
StollA] tixTETE 63%2] BA143E HERHITE O’ Brien(1956)
2 pea puree®] subtilin® nising H718F % CL botulinum

9] D valueZ} A5

PPBUL 1A AT JL WAL o 2R
OhE WA = goud Uk ool 348 oA §U2
S O 4 G SES P A9 F= 2] e 52
SICHD Wl Sick olefer ojgol 2islel B B2 A8

H2tx C botulinum EAS] EZAIE st 585 HA F=x
242 olal 3w ok Zolt,

RT v v&E

O

! Brie cheese”} Escheri-
QoA 9 UQHOE B

E. coli %Y. Camiemberti cheese &
chia coll 23t A} Tro|
< o 9,

E35] fol FolA ol
9] F coli€

E coli & HYEC] =} Aoy 5=
Hyowg Hﬂgo]—tq O] D]/\ﬂ 2 75|7T-‘c=)‘]-
4 el A4, 3 AE 9 cheesed A= 55
HET gt oA Fofl thet Wiido] 743t 20455 &
1‘4‘— froll A&l 628C°ﬂ 7¥gstal EAEE ST 2
‘E“%‘— 408, T 1955 205, 7o 10870 STt
9 Wt 7HEAPEAIS Olson 5(1952)2] &

rlo _II

,9_
5% 3o =h

21T

Lrﬂﬂmo

o
E‘—Txé?_]:

J

TANE B, B2E 139 #59 S 135°FolA AFEd] =
G5k Algo] 5% o[stHRE 150+ oVd7HA| B HAE U
At Bacterium coli B2 Allto] 7F¢ HE/do] At Aoz &
A=A, £58FH coliform®] 718 AFEAIRES QAH w7}
HESFE AR 716150 BEA £ coli & A2AERol 24
o} o] T3t AFoflA Papavassiliou(1957)= @04 il =
£ 375A RS AARF SOl BYA E coli7h EE=A 4%
ong WA £ coli & ALTIAEAAZ 0] Qs AFEH Ao
2 AZE0H, WEA coliforme 9F 3.7% H& 5—1113]-h

2 BIUsIYLL £ coli= enterotoxing Aok 45k O‘X]
T, EAE AR the A S, ARl £ c0/1 7F AH
SEAY enterotoxin®] &) st} HAE doX ]E}

E coli7} A= toxin® 710 tist AdAS 2743t 2
60T oA 587 713t o] =49 AL 1/32 71-/\0}93\_1—_1 60
CollA 158 71dol= 90%7} s Z o= gRld HE QthMun-
dell, 1975).

Pseudomonas aeroginosa 8. Pseudomonas aeroginosas
o] 9ISt enterotoxing A, -8 ZA5t] AHe o
07]1_ e Xﬂi 01310101]7“ Hj_o] u]-tﬂs}_‘: 7-10] Eﬂo]\:}
ooJ Ps. fluoresence, Ps. putida®t T B34 MAE
Aol E4o] Qo] F3BAA Pseudomonas groupL&E 55
o, EY, & EH] LR HUEEd EXITh

& HYA PAES ASotHA dePgAde] &2 phytotoxindt
Foll 4A == Exotoxin AE A5k, SR} Adwof 3
A 8 E84 HEs Yo7l= A0E SRIFIL o] npgES 55T
of 1AZt 7149 v APgEthParker, 1983).

o

=

E

2. D
T

O_L4

o

Xy

=

=

gl AH|ElolS(Listeriosis): Listeria’} A& E3]A Q7oA
A=A o] Bl RIEA] PgkoLt, Yf7t shte] HRlo]
T U ACoE yEEI itk
Potel(1953) <ol 29 ZaoA 274 /e
ARR7} Aol S 2AGISIT, o] R4k Hjols X F 0 o]F
o] multiple tumorE 7™ Efoel 2-f-
cytogeness we|oh=t] g5ttt
Listeria®-2 A0Ax WAH v} QU1 40X B9 L. mono-
cytogenesl| Hoto] Aed B o Y 7HSAE SOlA L
monocytogenes®] WG #3t ﬂ:rL— 3%t Bradshaw &
(1987)2] B0 9514, . monocytogenes Scott AdEE 10°/
mLe] T AejollA DEH tubeFol 52.2~79.4C 2E0|A]

ofgf7}A] AZEO2 7H¥8LaL D valueE 273t A3}, LA =]

oco= 09-5-}?:]

SXE| [jsteria mono-
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A9l D valuei= 71.7CollA 0.9%, Ba-7olA9 D value:= 2.7
Z9tt. Ice cream mixOIA19] D values= 79.4Coll4 0.5%%1
ZOE et

WFRAZNA Z valuers 5.8~7.1CE Ut Lfoll 245t 4
o] o]FIAH [. monocytogenes= YE0| BTt Ao2
arlg s 9

543tF9] Listeria monocytogeness AEA 9 FAERZ100A
e AeE AP 2704 o] #59] SFATHHS BAT
of "&sto] 65ColA 35%, 75ColA 10%, 85C0lA 20% 71
o AFEE QLA 85T oA AAE FUA ebdetioR FA
23t A3t nE #5271 AFEEIHDedie and Schultz, 1957).

Clostridium perfringens 2. o]&lo] ARl Q1o & (] per-
fringens %&E0] 710E A7t )oH, C perfringens= -7l
A 2EE & A I TR AATFA Y BES 5= S
# ofyet A4kt AR QIste] ZAE gemination AE 4
o, SRoll=s rdEo] BEol| 2 B2 JYAE TRt
W] W20l FAE 2o 4 ot 28y EAEE RE ¥
St 2R} JFF AlES FAS HAT 4= Slrh

C. perfringens® WEAL 90TOA D value?} 0.01580 25
H 8.71% WslZo] Yt} X3t C perfringens= A4 A0
ofsff APEE]R] gom g Agtfol QlojA nE Hx =S S
Jol= A= E8d 4 Slrh

Bacillus cereus H: $-72 ofo|AA 0| Bacillus cereus®l
OJgt A e] g dglo g glH vt Qlrt. ofdolof lof o] 7
o A W Bt Qlom, B cereus ] LAYUCE HAO|A
A" EFAR 10°~10°/g9] B. cereus 7+ EAJ5H= Ao&
RIS (Labot er al, 1965), Fx 59| 24w 10°~10%/g
FEold AlAE 759 2YEE 10°~10°/cm’® Tt Zfo]
£ B3t

Bacillus cereus®] WAAL A5 212 HWH(Lonscu er al,
1966), 58719] A& F 42719 A& {2 A=} 10°/mL &
o], A2t ool 80% = L5ttt Bacillus cereus E
A1) Holof] Qlojx] AA2|9] FakS FARRE A}, whey H7h=
ZA} Hokg EZAFL, HIST AAE ZA19| Holkg FXIA|
7= Ao 2 et Wilkinson er al, 1973).
Rajkowski(1987) B. cereus 17¢5+9] AJststd] 4 AYefslz]
58S ARG, BEdo] AAE Eoll4 100CTIA D va-
lue® 0.6~27%0]H 7 value: 7.4~14.5%0]ict}. &oj 9Jst o]
WUt AFE BTE RARE 23} B cereus®] 2 0] =
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wolli= UHTF HTST Agjo] &fstoi= BE7Fsdo] ikl 54
SEoAT.

B. cereuss EF3F 5714 ZAGA n|AES] B 9804 A
GAIZEE Table 49} Table 591 AAGIAL, B cereus?t THE 2
TFE Capillary Wl 9J51o] 140TolA AFEATS ZARE A
T Fig. 3°f AXSIHHMillere} Kandler 1967).

Q fever: ol EAfoHH, WA= Coxiella burnetti ©1Bryan,

Table 4. Decimal reduction time (D in seconds) of spore suspen-
sions in water and milk (Miller & Kandler, 1967)

Tempe- B stearothe-

. B. subtilis
rature rmophilus

B. cereus

(C)  Water Mik  Water Mik  Water Mik
105 28570 28560 278 286 1205 1124

120 38.6 - 4.54 - 4.18 -
130 8.77 7.35 3.06 2.70 2.63 2.27
140 3.85 - 2.14 - 1.28 -
150 244 1.59 1.09 1.15 0.97 0.71
160 1.37 - 0.46 - 0.66 -

Table 5. Thermoresistance of Bacillus spores in a skim milk medium

Heating temperature F

Organism

203 207 212 Z value

D value (mins) (0]

B. licheniformis A-1 17.76 640 285 6.4

B. licheniformis A-5 20.56 6.00 4.10 6.8

B. licheniformis ATCC 10716 12.10 6.00 287 78

B. cereus 1 10.16 6.45 3.10 9.6
B. cereus 7 14.40 7.90 2.70 71
B. pumilus 4.03 1.65 0.875 75

B. cereus var. myccides  10.90 5.30 240 7.6
B. coagulans ATCC 7050 6.90 3.53 1.97 91

B. laterosporus 5.95 3.13 1.18 7.0
B. circulans 475 2.70 2.35 8.4
B. megaterium 9 6.50 2.70 2.35 8.4
B. sphaericus 7.60 4.20 2.25 9.1
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Fig. 3. Time-dependent inactivation of spores of Bacillus stearo-
thermophilus, Bacillus subtilis and Bacillus cereus at 140C as
determined with the capillary methed (Miller and Kandler, 1967).

1979). 9871 o] ¥ vwi7igt s 24 EAl(complement)
£ Ale A et ARE A AR g2 AR
FHoNA #=A Uehdthe Aol 2ARE Zlolth. AAE A=HH
ZARE AAE TR 2oy 5&, WA, 230 FFske Aol
7Vsst HAH =27 & & At} Coxiella burnetti= 61.7ColA
3087t 718 wfofl= AESIERZ 62.8TollA 30, 71.7COlA
15% A% 71dstd ArdEth= ARdo] gelE | Qltk

Enright 5(1957)9] ZAF2%}, S-RAIR 37670 5 1470 A& 5

= O

ol Coxiella burnetti 7y ZAto] ERIEAY, 1 Y F=2
1 10% /mLolH, 2FE BEE 143°FolA] 308 71D Alofl= A
TE|A] 9kout 145°F2 30% 7HE T wf 5] APdstelo,
HTST gA2ollA= 161°FollA 1522t 71gsloR 2s] Apast
= A T e

X

AMlatoxin $5% Aspergillus flavus T Aspergillus parasi-
ticus 7} A% = A20] ER510] Aok TN 47} A
AEl =, o] SAE MFfohe AF A B 710l S5
UERfA Hck

u]=to] 3¢ 197840l 9-follA] aflatoxin M; LFARL7F B s
o7} glom, 1981do= o]e} [fARE ARaL7F Hars HE Qi

Aflatoxin® 2711 §3o0] $-% Zof ek & 9101} afla-

toxin B1o] S48k FJEQl aflatoxin My@oltt. $-frofl 2HH
Aflatoxin M;j(AFM)2 AZFE3te] whe} 1 5= FHAsto] 0T
oflAf 4do] HfobH 40%, 6Q A3 Fol= 80%7t A4t
(Mc-kinney, 1973). =4 5Col|4 1~3¥7F ARsl= 717t 5
11~25% A2E&S VeI

Purchase 5(1972)9] 1] oot AAHA = -7 59
ARM; T-55F AstAlZIH EAY 257t 225 aflatoxin
9] E&Yok= 71, 62C0A 3087 @4 off B3}
g2 32%, 72C 2 80T A 4527+ HTST Ajg of £44
slel EASERS ZH7F 45%9F 64%ATHL gt

AYH o =R aflatoxing LA 75 AT B9l B
/J2tE]A] glth= Bl Qlo] =o)7F B RSt HH, UHT A
Alofl= AFM;0] ZHAsk=H] aflatoxinol] 28H F9= 1 kg/em?

9] Z719K(121C)lA 2087+ Ay w 80%9] aflatoxin E&A

s et Ao =2 B 1EQtHPurchase et al, 1972).

a=

- Foll LF=o] Al A& dod 4 = HYAE 39
FE2 v 22} gAdFOo R GAEof Qsto] APEEmE A

FHL RAES] Y FRE 910 7183 Bl UHT A2l
£ % ol TAYHRY A AEAYIDE QR BE
X FAL Slste] F |2 Zc

e RS RS 29 B4, age, pH, U7 97, B
4, A, AR 5O EAC vk G Wk S 4F 3

HollA B cereus?} Cl perfringens= ¥A35| wtu=|z] At
79 A2 HE7|7E Fof ol 9 FAlsto] o] o]27]0=
B/ Z0g molEc
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