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Sterilization Effects of Hydrostatic Pressure and Low Temperature
Treatments on the Jujube Wine

Hee-Joeng Park, Young-Kyoo Min, Kwang-Yup Kim and Shin-Wook Kang
Department of Food Science and Technology, Chungbuk National University

Abstract

To prevent deterioration of the jujube wine quality by heat sterilization during commercial production, ultra
high hydrostatic pressure and low temperature treatments were applied. Sterilization effects on microbial flora
at various pressures (100 to 700 MPa) and temperatures (-20 to 0°C) were investigated. During storage at
35°C (£2°C) for 60days, changes in microbial counts of jujube wines pastuerized by different methods were
compared. The jujube wine was completely sterilized at SO0 MPa, 5 min or at 70°C for less than 5 min or
63°C for 30 min. But it was partially sterilized with the low temperature treatment and the highest sterilization
rate of 60% was observed at -20°C, 3days followed by melting at 20°C for 4 hours. Microorganisms of wine
were decreased < 10 CFU/mL after commercial treatment. The microorganisms resistant to pressure and heat
were identified as Bacillus sphaericus and Bacillus megaterium respectively. Completely sterilized jujube
wine by either heat or pressure didn't show any microbial growth through the whole storage periods. But
jujube wines partially sterilized or unsterilized showed some microbial growth, but the microbial populations
decreased significantly in 20 days and only normal bacterial strains were detected around the level of 10 CFU/
mL afterwards. Just jujube wine of low temperature treated and un-treated were decayed showing light sticky
brown sediments. Therefore sterilization effect of ultra high hydrostatic pressure on the jujube wine was
proved and that of low temperature treatment was unsatisfied.
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7y, A, G E St FA) ¥ F3E njAg
(Marquis, 1976). wiehr 4 F nf/-¢ A& HoH
HESe At o2 ugA e 34 did @4o
Zd =3 Yot FELD e PHoRE AV, 2
7%, 224k, o238 ZAL FHA, 280, YYER
A8 $o] it} (Mertins 2} Knorr, 1992).

ZagHale AFDLF v d JFIEE 1
2§28 F 2 o, nEEA) A Eute] &40
2 % AgEd =3 vehlle 2oz geA o
(&334 5, 1996). 2ol #F AF2E v E
AF2 A (Ludwig et al, 1992)3} F2Feo AadxA
(Ogawa et al, 1991: ©}%E< &, 1995: Yen¥} Lin,
1996)y& AR A7 9loH, 2 F9] dgo] ud
ol vlAle L ZAI A -(Horie et al, 1991)
So] glth <o #@E 23k dFe FAH AF
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Z9 v|PE B8l B3 A7 (Hara et al, 1990)
7} &1, 300 MPadl|A] 1087 )RS w) Y=o
AN 2 ARE AEEUR o]F 30°CellA 11K
BEdl e F4o] A =HAG 2 g}

YAy E WAL B85S AdAA T & AFE
It glen, olge] ZtE AW B P L A3
AARAE ATHE) AT AdE, 1989). WL
g vy Ee YE&EL o 8 wel deiAy,
ole] #Z AFTE A2 3 7, #F, FF9
AAGA S w2 o EF(Meynell, 1958), 3] EA} v]jx] <]
o] Y&l 1| o GH(PattersonT} Jackson, 1979)
2ol B3 B3} ot

E AZgAE dFEsd 2¢ ¢ s A8
3lo] ANTAIE AN AHE BastaA gt

ME X 9y

oL

WFEe PUEETF 5, 199590 wet A zshel
As(me| i3h7], LBI9B0-920)% F AH¢3He %, A
# d3ee die AzsAAAL AFURE 2
$E T3] AL BT

Algef XMz

J9bAEl: vld-87)d tFE 10~30 mlAEE ¥
i, 71EY #YE gol dEF Fo ZG(MFP-
7000, Mitsubishi Heavy Industries Co. Japan)© 2 3 2]
st o] M A MEE FFFE AHEEET, S
F9 27 2Ev 16°Coldon, 48d 42
+ 100, 300, 500, 700 MPacf|A] z}z} 23.7, 26, 27,
30°Col ATt 71HAIZER o] ZABIAA 212 5&, 108
© 2 39 ed], E3%] 500 MPasil A & 0.1%, 30%, 1,
3,5, 10822 Al¥sigch

H2xel: 95% ethanol= A%+ 100 mL cap tube
o A|8E& 30 mLA Yo, 20, -10, 0°CE ZA§ WH
Tl 647t AGEHEA 39 HH o uigE ¥3l
g ZARBIEG. A4 AlREE 1L f2E8d dEed
800 mL¥ o} -20°C (£2)ell A 34zt ALH & F,
20°C 3}-2-7](BOD Incubator, Vision Scientific Co. LTD.)
oA} 4A 7k WA Bl Bl Bj F AMESH T

7t al: 50, 60, 70, 80°CE T+ water bath(Jeio.
Tech Co., model WBC 1510A)°Y4] 5, 10, 15, 20, 25, 30,
35, 405-%5<t Ztz} 719 3te] capillary-method (Peggy
9} Susan, 1995)2 WA E HIE AT AEE
AN8E EE A ALE-3hs W 63°C, 108)

&3t ZId A st & 700 mL feio) tids
£ 400 mL¥ o}, 63°CE 23 water bathol] A 133
F-9E€ 1087 7148t o] o, thF&e] 271ex
£ 18~20C2 dlgjon 719 Fols AHE: 28~
30°C)oliA) A 48] Pzttt

Mg £

M7 vjA 2= PCA (Plate Count Agar/Difco)S A
3191, AAHTS A2+ Rogosa Agar (Lactobacill
Selective Agar/Merck)ol] acetic acidE 0.133% 713t F
% pHE 552 Z23Fde] A&l R4 w2 E
SDA(Sabouraud Dextrose Agar/Difco)o] 95% ethanol¥}
chloramphenicol & z}z} 1, 0.5%% 3 7}8te] ALg-3+
o. e AOAC WH(1984) what S8t
A3 AT 3TCAA 48X7 Wit d4E
A4 a, N TFE 2% agarE 5% X CO, &
=7} 18%=2 ZA¥E gL27|(CO; Incubator, Vision
Scientific Co. LTD)of| A} w4kl &8l a, ARE
25°Cel|l A 72X 3t w3t w48 &4 st

0
2

o 22|
YIRS @A Az AEET Y dFE(63°C,
102) FolA WA= ¥rEd th3<E BHI (Brain
Heart Infusion/Difco), PDA (Potato Dextrose Agar/Difco),
22] 31 Lactobacilli MRS (Difco) #i#] S-& A}&3ld
ZZ ujoksted 1000 CFUmL ooz ehte
colonyE Eal3lo] 7 er ARt WA
£ 2xg] thF&-< 100, 300, 500, 700 MPas] &4
A 5%, 1087 Helg 23 500 MPa o] /oA UE}
U 129 colonyE WHEd o2 AA s A
B U #Fc GramgGA, catalaseRt$Ad, 84,
ZAFFA ddte] ZAME F, 9|AE REE5A 7
(Vitek-System) 2. #-2] 5% St ch(R A 3 &, 1996).
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5%), WA EAT dFE(-20°C, 39), Z1EA AT
e(63°C, 108) R AlH thF%e] 5% A|8E 35°C
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3Rl A E] HEE dided] Aol A3
ot A& AE5e 42 WelE 400~1400 MPac]
9, o] g e FHrt Fol=e W3go g Wk
o] ZZE}. Fu|d R Bdte FTRATL 3y
=Y 237 IvbE ez agbsidA s vlmA kst
o FnigEe] A3 AAE 5 YUrhMarquis, 1976).
wZtA JFEMEA] tege] Fuled EAE AAE
1A et e e A ASE F st

A o] 271: A9 A7) dFge] AR nR|
= 4 &-g A8kl 100, 300, 500, 700 MPazZ &
£ 2elsld 2} 5, 1083t H 23 Al Table 17} 2
o HF&& 100 MPas M & A3 AFE A ekska,
300 MPaol| M= dRbAjgle] i A&sln AT
I ARE HFHYLH, 500 MPad| N & o HAE A
&3 B3t Mk ALy Aol OE Al
o Wigted QFel YRS &+ U, AT
583 10870 AFEIe Apelr) gloy, dds
o Mg TL A duAFY S ¢ 5 Uk =
o AdAdhe gEe 2719 39 YA ve
SCH(Ludwig ef al,, 1992). 3 T4 FF:Fo] 34
43 EXE 300 MPaoj|A] 102 A2 P& o A3
At (Hara et al,, 1990)=| 9o}, WEA)So) Wiy &
2% Candida tropicalis’= 300 MPaol|lA] 1087} 71}
A e A A9 AaEA] FAHERY T, 1996).
olg AYAMAl TFolt &9 F A7 74x] 89l9]
del] dEE YR Y& AAMSTE A A
ole ZFEX Al nfRsX R A& A uet
Ahtgo] geldo. ARy Fgol8 HFA7 4zt
FroE pHY f714atel] oais AtEo] g Bx
= Y1 (Ogawa et al., 1991), 3% & 50°Brix2 &7}
7] A o] AR EIE A Fck(Horie er al., 1991). E.
coli®] 7% salt, amino acids, glucose S& 23]
43 oy dFEIHUL $Edn g
(Ludwig et al., 1992).

Candida tropicalis2] 73-%-9 400 MPa 10% g]A]

A X7} FEEAEA BHo] FEH 1, 20~30702 A
¥7} cluster?] el 2 B3 A Xeo] &48 ol
A EFEAE AT AEEo] 2EFJHEAR
S, 1996). YA A PlYEL 0|9} KA EvlH
Qo] B E APY A2 AR

BrHA] 2 Fe] Aa2AE AR, guava puree
(&7 10°~10° CFU/mL):= 400 MPa, 25°C, 158
A2 3tad 200~5200 CFUmMLE 7+4319 5 600 MPa
A e zHeoz A2dE me 10 CFUML )3t
2 AFEAcHYen Lin, 1996). A M2 =827 &
41 10° CFU/mL)2 558 MPa, A Lo A 78 X2 & o
el dito] 7He st thel B &, 1995). <143
2ol AALE e o A YE L BE 400~600
MPatiiegts & 4 sled, 2& 499 gdetn
ME W 2 g E 1 Azte] AeERE ¥
BA Aot Mt diF&e] ¢YzAL SEQH A
2]7} ¢85 500 MPao] 233 Ao 2 woidr).

7R} A7k =e] A7 tiFg Ao vAe &
FE ZALGE A3, 500 MPaZ A3 1 o] e
A 7}SEAIZEe] AFel wlAlE FEgE Al mA
7zt 0.1%, 30%, 1, 3, 5, 1083+ 7142l d dne
Table 29} 21},

ZRAFI ERE 500 MPaol| A& 71HAZhel] oA
o] 843U ol &AH F(1996)e] 27}
500 MPacll A= 10| o] B8 ks Bug
FANRE 2Rk B4 dutd e 4Ee] 379
el WS BARol, 7HdAITe disiE WA &
Hol SEL 7istA s o BEASE AT & %
YoM 2 Az AFEHNF N, ¢
< YN E AT E 9238k4 ggttin Bad
uke} SAMBITH(Ludwig et al., 1992). £5 AL
dAYA =z It WS EFed ol ExdA
WS Bl #5371 Al E WA & Yekdtt
= B39t FAgE A3t (Ogawa et al,, 1990). o] A
o] AR R gFEe ngdTd A& 500 MPa,

Table 1. Sterilizing effects of different pressure levels on microorganisms in the jujube wine (CFU/mL)
Pl"essure. Un-treated 100 MPa 300 MPa 500 MPa 700 MPa
Time (min)
Culture Medium 0 5 10 10 5 10 5 10
SDA 22x10°  1.5x10° 1.9x10° - -
PCA 99x%10° 1.1x10° 12x10° 50x10° 1.4x10°
LA 53x10° 13x10° 15x10°

PCA (with top agar*) 68x10° 13x10° 20x10°
LA (with top agar*) 5.3x10° 1.0%x10° 1.6x10°

60x10'" 5.0x10'

*Facultatively anaerobic conditon: 18% CO, Incubator, 37°C

SDA (Sabouraud Dextrose Agar), PCA (Plate Count Agar), LA (Logosa Agar: Lactobacilli Selective Agar)
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Table 2. Sterilization effects of different pressure times at 500 MPa on microorganisms in the jujube wine (CFU/mL)

- — ,
Culture Mogm— L (min) 0 01 sec 30 sec 1 min 3 min 5 min 10 min
SDA 22x10° y - - -
PCA 9.9x 10° 7.8%x10' 8.5x 10" 1.5x 10* 4.0x10°
LA 53%10° - . - -
PCA (with top agar®) 6.8x10° 1.3x10° 8.5x 10
LA (with top agar®) 5.3% 10° - -

*Facultatively anaerobic conditon: 18% CO, Incubator, 37°C

SDA (Sabouraud Dextrose Agar), PCA (Plate Count Agar), LA(Logosa Agar: Lactobacilli Selective Agar)

5oz A3E 4 YU

LiRtM T

2t E3e-g 99 2Ad et A= 4
3}, 300 MPa (102 WA & Faded viasld H&
HE nAdE B2l HE, colony 27] S HTHE 3}
o]2 YehiA] &tert, 500 MPa (38)0] A4 1%
9] colony’} YERGTH 2 #F+= Gram (+), motility
(+), catalase (+)9] 7224 Vitek-System o 2 573 &
Z 3} Table 394 B vt} 7o), Bacillus sphaericus
2 B3 HAH(P<0.01). o]&= G (-) MFte] G (+) Al
o BElA A E FlA o A AHEETE B
19} X8t AFHUTHStyle et al, 1991). 2, &
4FE 23 XA E PA gL FHAT SdA=
u]$- e ¥E(<100 CFUmL)E ZAstg e A7)
v ol M = o - Bl okt S B webA o] &
& e A 2A 247 2ok & e
W DY A7 2HL 500 MPa, 58] HAF Ao
AR "

W2oll ot g4

BeAee ugee] A8L FAAA HFS B
g A B 1A A3, 1989)0 24
X ¥ v E AL AR FF L A

A, Bz 9 SlEEE, Aelex 3 A7 3 EA) bR
o] 24 § o7 AR 93l el ch(Patterson}
Jackson, 1979). o1& AA 2 ZA&7] & 24L& A
gz AztolEl & £ glong old Uit AR
IBE ZARIEH.

25 W A2t

Wexe 2xe} AZte] tidae ANt WX
I8 2AE ZAFE Table 49} 2o} HelLxo] ot
2 AFEAE AHEYR 20CAE 3YL A=EE
o) #Fo|] w}t 10'~10° CFU/mL H YA 7=
3 -10°C8} 0°CollM &= & %.qto] 10" CFU/mL TE A
ZE waEA AZlexst @EsE Agas)
2S¢ £ Ut uAES dPETsE 100~
1000°C/mino] 4o} 4| E o] ice crystale] BAE &
A ZW ZZ(intracellular ice)Z Il E-EATH R
o, Wzt 57} 1~10°C/min He A& A 319 9
do] gHule] Jof MEye 5o £&3ta v|E4d
8] FRJE £40] Y FH 2 A= AEY
%2 (extracellular ice formation) AE}7} €t} o] “JE)
v YA A & ot A7zt AGA] Axe} FelE
QoA ApdslA "rkel g 7AdE, 1989). 2 4
Y 24L& I FFslnz 647 AR AbRo
28317 @& AR AZAEY B8 WA A A

=

Table 3. Identification results of pressure-resistant strain of Bacillus sphaericus

NEG suc TZR TAG GLU INO
GAL ARA XYL MAN RAF SAL
AGA INU RIB - MLT TRE PLA
SOR NAG + AMY + KCN NCL MEN
OLD NAA + ARB - PAS NAE ESC
THRM -
99% Bacillus sphaericus : 0000030200
AMS ID # 020001-0 (C1-20) DSAMSO-R09.1

Report Date : Tue Feb 13 07:52:35 1996
Type : Bacillus Card
FINAL Elapsed time: 15 hours
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Table 4. Effect of low temperature treatment on microorganisms in the jujube wine (CFU/mL)
Storage time (days) 0 3 6
Temp (°C)
Culture Medinm Control -20 -10 0 -20 -10 0
SDA 2.1x10° 1.3x 10 3.9%x10° 6.5x 10 7.0x10' 3.9x 10 4.9%10*
PCA 8.5x%10° 3.2x10° 2.6x10° 3.3x10° 24x10° 3.0x10° 3.6x10°
LA 53x10° 1.5x 10 2.8x10° 33x10° 2.3x10" 2.9%10° 32x10°
PCA (with top agar*) 6.7x10° 1.4x10 1.9x10° 1.9%x10° 1.0x10' 2.0x10° 3.0x10°
LA (with top agar®) 52x10° 2.3%x10° 2.4x10° 2.3x%x10° 1.4x10° 23x10° 25x10°

*Facultatively anaerobic conditon: 18% CO, Incubator, 37°C

SDA (Sabouraud Dextrose Agar), PCA (Plate Count Agar), LA (Logosa Agar: Lactobacilli Selective Agar)

TEIE 57wt A7 vlEld ata ske
ol (Meynel, 1958), G &7} B¢ dFgd SAs=
EL UF71E A¢ DA B2 YA AdEY
7t At e Aoz AZHET. HPAILE 6d =2 AR}
sloi AR EAE 339 237 BF A W)
Qth. &, AT HARE ARsAE At Ee
€ o o) F718kA] @ken, ARE -20°C, 3R
oA 6d=E 717HE dFPE 9 10' CFU/mL 2+ 4
TEZ7L F7HEAT. geb AlgEc $5271 WA
oj| N7 Ao 2 VYeWYT). E. coli, Staphylococcus
aureus 52 1, £CAA < 3047 AAF A% log 3~
Ao A8 H¥ctn 2ug vl vHPatterson?}
Jackson, 1979). wEtr thFEM T F&A el 7H&

AT AREHRE FUANY F g ALE 4
AEY, Y5477 AlE AR §@01A Y
Aolch 2y A7 Yexge BH el gan
2 E ddzdoMe Yexee 2de 20C, 3¢
o gkt

7igdo]| 28t AR

AR AHEHR e A3 71g9AE daaas
FARLARL 7HE 22 9 AP R 35 HEE =
AV8l 3L A = Table 59 2t}

= % A2

71EA e 23 duiAge] AEdAn RAAdFEH

Table 5. Changes in microbial counts of the jujube wine after heat treatment (CFU/mL)
Culture  Temp Heating Time (min)
Medium  (C) 0 5 10 15 20 25 30 35 40
50 . - - - - _
60 - - - - - - .
23X
SDA o 22510 ] ] ) ) ) ) ) )
80 - - - - - - - -
50 40x10°  1.0x10° - - - - -
0 - - - -
PCA 00 Hagxqr  30%10 -
70 - . - - - - -
80 - - - - - - -
50 - - - - - - -
60 . - - - - - -
3 X
LA o 2310 ) ) i i . .
80 . - - - - . . .
c 50 40x10° 1.0x10° 3.0x10° 1.0x10" - - - -
PCA 0 0 0 0 )
. 5% 35x10°  4.0x10°  3.0x10 . - .
(with top Sg 269x10p  2OX100 35%10
agar™ - - - - - ) - -
gar*) 80 ) ) ) ] ) ) )
A 50 - . - - - - - X
(with top 33 2.58% 107 ) ) ) ) ] i i
agar®)
80 - - - - - - -

*Facultatively anaerobic conditon: 18% CO; Incubator, 37°C

SDA (Sabouraud Dextrose Agar), PCA (Plate Count Agar), LA (Logosa Agar: Lactobacilli Selective Agar)
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Table 6. Identification results of heat-resistant strain of Bacillus megaterium

NEG - suUC + TZR - TAG - GLU + INO +
GAL + ARA + XYL + MAN + RAF + SAL -
AGA - INU - RIB - MLT + TRE + PLA -
SOR + NAG + AMY + KCN + NCL - MEN +
OLD - NAA - ARB - PAS - NAE - ESC +
THRM -

99% Bacillus megaterium: 23760675010

<1% Bacillus circulans

AMS ID # 600002-0 (C1-30) DSAMSO-R09.1
Report Date: Fri Feb 2 18:05:09 1996

Type: Bacillus Card

FINAL Elapsed time: 6 hours

ARE 50°C, 5% EAu2 Abdston, ¥714 o
WA AEEC] A UERT. ole A A
Aol WS Bl A A 2H2 fdgol 3
g FFt A9 e vehdte Bast A3

FEo] Gofl i WAL Holx) gt A i
<ol AHE 3 Sl A A< 63°C, 1083 7}
EA2 e NFEFe v4ES 10 CFU/mL o3l 7+
AA1ZIYh. E£3 10 CFU/ML 2 u|AjEo] 273 fd

AtHOgawa et al., 1990). thE&59] v HEL 60°C,
3083 EA A 2EHAR, 70°Co e 5B MR

& 35°C A%F VB A dagez <t
435K Table 7). 2R = BT830 A BF HFE

Table 7. Changes in microbial counts of jujube wines pasteurized by different methods during storage at 35°C  (CFU/mL)
Culture Storage time (days)
Medipm ~ STPI° 0 10 20 30 40 50 60
N 22x 107 - - - B B _
A - - - - - - -
SDA B 1.3x10° - . - - - -
C - - - - - - -
D - - - - - - -
N 23%10° 1.2x10' 2.5%10' 3.0x10° 5.0x10° 3.0x10° 4.2%x10°
A - - - - - - -
PCA B 3.1x10? 1.2x 10" 3.0x10° 6.0x10° 2.5x10° 3.0x10° 3.0x10°
C 8.0x10° 1.0x 10! 30x10° 5.0x10° 1.0x 10° 3.0x10° 1.0x10°
D - - - . - - -
N 2.9x%10° - - - - - -
A - - - - - - .
LA B 1.5x 10 - - - - - -
C - - - - - - -
D - - - - - - -
N 1.3x10° 7.0x10° 1.5% 10 2.0x10° 4.0x10° 2.0x10° 4.0x10°
PCA A - - - - - - -
(with top B 1.6x10° 3.0x10° 4.0x10° 3.0x10° 40x10° 1.0x10° 2.0x10°
agar*) C 2.0x10° 5.0%10° 2.0x10° 5.0x10° 40x10° 2.0x10° 2.0x10°
D - - - - - - R
N 2.1x10° - - - - - -
. A - - - - - - -
ma(g“;‘f p g 17X 107 - - - - - -
C - - - - - - -
D - - - - - - -

N: un-treated, A: pressured at SO0 MPa, 5 min, B: treated at -20°C, 3days, C: heated at 63°C, 10 min, D: commercial product.
*Facultatively anaerobic conditon: 18% CO, Incubator, 37°C
SDA (Sabouraud Dextrose Agar), PCA (Plate Count Agar), LA (Logosa Agar: Lactobacil Selective Agar)
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o] o7} BAPSH= ol fe AFe) tiF A A,
FZY GEF € dAF FHog nfo] Hol 71
T2 UKo 227} B@ddied Aol B3R o
FolF7] W2 Aoz AIAHHR LT 5, 1995).
g2z ARE S0°C, 52 719 E BEAEE T, 34
T2 55°C, 58 7182 107 =2 ZAsh) dolid
AP ARElD 258 B9HE i e Ut
I ATl AR 3, 1990). o[ME tF&o] H§FH
o} 7@ A £ AL gRse A3 gry
nYYAe} thpe] v g AAHY L, Fee] =
& 4AE BTAA 79 7liso] FEEAN dEes
wetett.

LM

Al Az A e WFE63°C, 108) Fo
A Ao MEE tFee 7lgx e F5o] e
2 AZtRQc). iy o33 SA3lE nAESE
A7) A8l 3, YA RAA dF T B=
ol}e 2 Hed ¥FE MH sl AT B
stEck. HeEl5de Hi Gram (+)8] Ho=
motility (+), catalase (+), endosporeZ B AJ st o, =}
3} n|HE 547719 Vitek-System . 2 T35 &
3} Table 694 Hi= w9} 7ol Bacillus megaterium©.
2 YESITHP<0.01).

MEE o|yEHE

4719l A¥ 23 ojdte] AP ugkAE At
(500 MPa, 5%), W&xa] AH(-20°C, 3Y), 71 A
A dFed Ag dFEeg 35C (+2°CplA A
ZFEHA 10d AR vYPE W E AN 2
£ Table 73} Zt}

2gHE L e AgEe A Fo o] 4
THAD AF AN T v|PEo] HE HAEHA
gt FENEG sdE 7193 o dubATT
o] A& 1 AAZ= % 10 CFU/ML | 3+2 Al &3
A AEFdtt. FAHEen X golv 27
o 24z} 10°, 10° CFU/mL 9 o] ER)stl=dl, 24t
T3 27 e BAEled YAees 25 1044
ArEE ] o] Wr7A AEHA ¥Wskm, dukAd
& 2A&dME 208U WA e 10Y
ool 10 CFU/mL & 743l o]% 10 CFU/mL ©]
stz sl FA4E diFs 59 vjgEe] 27
o 10° CFU/mL oA 20 Wo] 10 CFU/mL o]&8}& 2}
4% Ao Hol &£ Ao n|YEL Ao
B RAAEE ¢ F AU sl g qFE X

Adhe el et nAEL, 4%M e AT
AR gFFo] FAHAT FHole dAHT 8%
dqAe dE-Ee AELS FEHA gedn g
A EHE, 1990).

@ge] WstE Aurd, THley YA
HEEE ATo] AAETE o] HAY o]
FAHEA A=A, 05, 7HE 2 AR dFee
FAHA ¥t ol vF%-E 10 CFU/ML ©]3l=2
AT o HFEE uidte Ao, FEF 7|
HELE A5 343 o Hod #qditte
AT, Al e R85 RoiEe €elo] A

$Eolehe g suAlel &0k
2 =

dE3se] F4E AsiAe 719 E S vd
Aoz dalsly] st ZndA el (100~700
MPa)s} W23 2] (-20~0°C)8 A &3l HATEHE =
ARt AL, 35°C (£2°Cyell A 6097 A3t HEA] v Y&
A3l 9 oA} AslE 2AME dae oea 2

FE=L, 1AAEA] 500 MPaol| A 5% Fotd ¢
28] AE R, W2 e A 20°CoA 3Y T BB
F20°Col A 4x] 7t Bl ER& o Hol 60%71A) A
At 71EA B AlE 60°Co A 308 HE) 2 =3 A
TH AL, 7004 5% ool AaHATH A<
A7(63°C, 108) Fo| &= 10 CFU/mL o] &2 A5l
o} WAA 7L Bacillus sphaericus 2 EA 90 R
A 7+& Bacillus megaterium® 2. TR E ). A3
ArE A Eled AlE Qe A AVidEet
u| &L FAo] gldth 18ln WX s, 79
2le, FAEgdrM e 47k nAE FHE Bo
W A% 209 ool §4 3] Zasle] oo YRt
AlFEwte] 10 CFUMmL ©|8le] £=Fo2 ZHZHAUT
Aoz FAHEE WaAeleve] A4F ¢
2 o] Holy Mg BolEA RHAHA. o] ¢
Zo], Fgd g nsrdele AL 7 g &l
BH i, WA gd s Aol ol dEH
2= FHgo] oj2gug thE F7HARL At &
Tk =3 ngA g e e ME F #Fed
E2dsle) #g A7l A&Hor o|Rojxol ¥
Aot}

ZAlel 2

o] & #Hetr|EeH st AWt G-7 projecte] A



170 DA E2E A 27 A 35 (1998)

SrEy AEF FATY T A48 A 74
o] YRoln ATHE Ags) & HeIIEAY ¥
2434 EPUG. 203 A¥E =943
FRY 299749 o gEYAE WMoz IS
gy,

B #

VA, A, 949, 248, 184, Y3, d948 ¥
A. 1996. A Em| Y28 A, F £

N4, ol B E, A, 1995, AEF9) AYsrlEe ATR
A,

uREet. 1996 §59) AE W& AY Bt

Wi, A9, P, ngE. 1990. AL Al 2%
o] BE F3. ARV ET3]R]. 18(3) : 322.

2738, FEF, FEY, ol¥F. 19%. ngADe] g
Candida tropicalis®] 2@43} 9 AxFze] Wz &=
2| 322 28(3): 587.

ol 5, HAE, ol FH, JYH. 1995. 2R o] 8T A
Az =59 4T % 24 K o) BRI BIAE
Te}E) R] 27(6): 991.

ojgtyt. 1997. g9 AxFA T /1ol €9 £4
o Plxe G FEN D AL A=

ol g4, A . 1989. | FA ). FEpAL

FEE. 1990. A EHHE. WFMH.

A.Q.AC, 1984. Official Method of Analysis. 14th ed,,
Association of Official Analytical Chemists, Whashington,
D.C, p 822.

Hara, A., Nagahama, G., Ohbayashi, A. and Hayashi, R.
1990. Effect of high pressure on inactivation of enzymes
and microorganisms in nonpasteurized rice wine. J. Agri.
Chem. Soc. Japan, 64: 1025.

Horie, Y., Kimura, K., Ida, M., Yosida, Y. and Ohki, K. 1991.
Jam preparation by pressurization. Nippon Nogeikagaku
Kaishi, 85: 975.

Ludwig, H., Bieler, C., Hallbauer, K. and Scigaila, W. 1992.
Inactivation of microorganism by hydrostatic pressure. High
Pressure and Biotechnology, 224: 25.

Mertins, B. and Knorr, D. 1992. Development of Nonthermal
Processes for Preservation. Food. Tech. 46(5): 124.

Marquis, R.E. 1976. High-pressure microbioal physiology.
Adv. Microbial Physiol., 11: 159.

Meynell, G. G. 1958. The effect of Sudden chilling on E.
coli. J. gen. Microbiol., 19: 380.

Ogawa, H., Fukuhisa, K., Sugawara, K, Kubo, Y. and
Fukumoto, H. 1991. Effect of hydrostatic pressure on sterili-
zation of citrus juice. In High Pressure Science for Food,
Hayashi, R., Ed., San-Ei Pub. Co. Kyoto, 225.

Ogawa, H., Fukuhisa, K., Kubo, Y. and Fukumoto, H. 1990.
Pressure Inactivation of Yeasts, Molds, and Pectinesterase
in Satsma Mandarin Juice. Agric. Biol Chem., 54(5),
1219.

Patterson, T. E. and Jackson, H. 1979. Effect of storage at 1
and 4°C an viability and injury of Staphylococcus aureus,
E. coli and Streptococcus. faecalis. J. Applied bacteriology,
46: 161.

Peggy, M. F. and Susan, B. L. 1995. Heat Resistance and
Growth of Listeria-monocytogenes in Liquid Whole Egg.
J. Food Protection, 53(1): 9.

Style, M. F., Hoover, D. G. and Farkas, D. F. 1991. Response
of Listeria monocytogenes and Vibrio parahaemolyticus to
high hydrostatic pressure. Int. J. Food Sci. 56: 1404.

Yen, G. C. and Lin, H. T. 1996. Comparision of high
pressure treatment and thermal pasteurization effects on
the quality and shelf life of guava puree. Int. J. Food Sci.
31: 20s.



