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(Staphylococcus aureus)® i * ¥ 1% @F(Bacillus cereus) s Frc % o g% 7
£% D FHFAEIus IR > 125kV/iem T H R A > 7 " 1 3.79 log)o
B R AR 12us FREFR AR 10.5kV/iem T HR R P T 'E 03,72 logy (B
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Abstract

Pulsed electric field (PEF) is a non-thermal process for inactivating
foodborne microbes. The process can be applied on liquid foods with merits, such
as easy operation, and low energy consumption. Electric field, treatment time, and
temperature are major operation parameters, in the of PEF process. In this study,
effect of PEF operation parameters on inactivating Escherichia coli,
Staphylococcus aureus, and Bacillus cereus has been detected. The survival ratio
of S. aureus was reduced to 3.79 log;, values, when the operation parameters
were fixed at 9us pulse width and 12.5 kV/cm electric field and 0.027 sec.
treatment time; the survival ratio of E.coli was reduced to 3.72 log,o values, when
the operation parameters were at 12us pulse width and 10.5 kV/cm electric field
and 0.036 sec. treatment time; the survival ratio of B.cereus was reduced to 4.48
logyo values, when the operation parameters were at 12us pulse width and 9.75
kV/em electric field and 0.036 sec. treatment time. The critical specific energy
values of these three bacterial strains were determined as 770, 590 and 577 J/g,
respectively. In addition, four regression models of electric field effect on the
survival ratio of E. coli, S. aureus, B. cereus, and A. orientalis derived from
experimental data under the condition of pulse width fixed on 6us. These
regression models were available to predict microbial inactivation effect of PEF
treatment at various electric fields. The methodology of PEF was applied on
inactivating microbes in noni ( Morinda citrifolia L.) juice. A strain of A.
orientalis isolated from fermented noni juice was adopted as an index. The
survival ratio of this bacterium was reduced 1.37 log;, value, as the PEF
treatment performed at 9us pulse width and 13.13 kV/cm and 0.027 sec. treatment

time. The dominant microbial strain of the fermented noni juice was A. orientalis,



hence the fermented juice might not need to be sterilized. The non-thermal PEF

treatment is believed preserving more biofunctional compounds of the juice.
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(=) "% # 3 H(pulsed electric fields; PEF)# #

F el & #&i}u’ﬁ FEREET A1 TS 2 ajie 2 £ (Prochownick
and Spaeth, 1890 ; Thiele and Wolf, 1899) > 12 300 mA E /it 7. 4v £ 2 4 > 5 2 4w
v g 5§ § 3R F(Staphylococcus aureus) e 317 1920 £ % 5 FE TR F 4o 7 )
*RBQ20 V)BT T G FAF 0 i B A2 FC” Electropure process
(Beattie and Lewis, 1925 ; Fetterman, 1928 ; Moses, 1938) > & ] * & 57 chqg [ &
BB P 2 (SR R G A PR 2R % S 42 8 B K FFi2 (Ultra high
temperature ; UHT) 4 # it 4p B # 7 (Toepfl ez al., 2007) -

R TR R L]0 1950 # {8 A AEE S B FE Y b ko
FHREREFEGEENI TR P 0 T 32kV T R > P ARA 5 VElectrohyd
raulic” » 3 R {6 TR T € A4 T i%(arcs) )2 - BETIL G K bk
A4 -7 B E RERMA 7= (Gilliland and Speck, 1967) - F] i “Electro-
hydraulic”3 — M pF»c% 2 Tl - RER > FILBRA B ERR L HF
) 1% 5 Bk 2 (Allen and Soike, 1967) » ffe £ 7 B 453 % Svaf 7% iR B
A F B ¥ 4 (Sale and Hamitlton, 1967) > # ® Fi & 3% & &% (B 34K )8 4%
P RH BRI EROPETT R USERREIY T ARG S R
B FLIRARARLEITWUS 5P 2 ERES 5 "$ TV R R kiR
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FH R Ak TEARE R TR 6 B A5C o RFE B R T L ME KR
% (Anonymous, 1987)° 31| 7 1990 & {5 4 #-pt JB Hjiep £ it > T * 203 F4r 1 o
# 7 (Jeyamkondan et al., 1999) - % 1995 # d Pure Pulse Technologies = # 3% 3+ —
FRFREETFRALE > B E NN BT E RS S5 ¢ Z(USFDA)R
oo AR T 3] 2 Rk 08K F(Barbosa-Canovas and Altunakar, 2007) ¢ #% i
THR T RPN E A BF AAFLF LS FH? 0 wDNA

transformation (Miller et al., 1988) -
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PEF it% cnam g B8 LE30a 2P > AR (Klsec) %113 %

BT H(G~T0KViem) i3S 8 mY gl o A H AR S o

ke
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#15 @ K (1)T # f2( electrical breakdown){r(2) & % 3 ( electroporation) e

(1) T &jz: 2 P2 wie Wiio- T3 F > e p W BTEF > T
fmRe W bR Z G 10mV o SEEF R Ch T BRI A o @ RS R PINEZE L0 f
io¢b % R £ 423§ Critical transmembrane potential (40> @ ALy H) 5 1V) > Bl €
i¢ F2 5 4 3L F (transmembrane pores)® 3T T 0 I FIR e S A fF o dm e WEE [
[ f oL AT AR E Ik A T PR L 0 IR TR TR i 3
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Fig 1. Schematic diagram of reversible and irreversible breakdown. (a) cell membrane
with potential V'm, (b) membrane compression, (c) pore formation with reversible
breakdown, (d) large area of the membrane subjected to irreversible breakdown with

large pores.

(Zimmermann, 1986)
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Al =~ (A)AsE (2-1)
H ¥ Ay (Critical transmembrane potential); f'(4)&_w *z £137) 1k F]+ (Shape
factor) > o3k ~ R R ok B Ap(um)E L2 T HF- 2w o d iz d
Il o e R BB, E (KV/em)A_ ¢t 4 § 35 & (Zimmermann ef al,1974) -

SA)emt 5 = e

f(A) = - (2-2)
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(Toepfl et al, 2007)

Fig. 2 The definition of ' (4) and A4 for ellipsoidal cell.

Ft o R AP OIRE R 7 TR R A B R FL B H i B
5nm> Ay 5 1V Bl§eh & 35 & (Critical electric fields strength) Ec % 2000

kV/cm (Zimmermann et al, 1996) o



(2) TFI: G- e T R H g HE IR
FEIRG 0 LB EA S T F 7 (Electroporation) (Castro ef al, 1993) » 42 4~ 52 ¥4
A FETFEEFARFRAKRT RN GE R IR § R R
Bk R ARIRBE B GRB 0 B FAWE > B E R0 R o 4
b R HEY AA TR G R R R R T R A BIOPET S0
(Permeability)# ~ > 4cBl= > 5 < )I%ﬂ # propidium iodine ¥ %% » AN F %
PR M e o dR R e0i% 3 (Unal et al, 2002 ) - 2 R X ALY €k 42

B~ HARETRTT AR o



Pore Initiation Water Influx Membrane Rupture

*Elect‘ic Field
L 499 Q . ]
¢ L) e
T y ) ¢ L
00 & ’ : Lo ¢
¢ ¢ ® 040
Yo oy 8 0
N 0
¢ ¢
Water 0 ¢
I relling | ; 2
l Swelling I Cell Lysis Inactive Ce]l_l

Bl= ~ et §53VER w7 = AR o

Fig 3. The died processing of electroporation on a cell membrane for the cell.

(Vega-Mercado ef al. 1996)
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1. PEFJs * 0 ind & S8
. PEF # A 427 > Electrical breakdown #_i #& %2} = < € 34 JF » @ Electro

-poration R E_2 5re WC L chjed B RS PR R 0 NE DS A P R ik

ab

AP AFOEEFLAE ARRETNRESI R E R 2R EE
FEFp E0 4 - & 2 o LB ARNTE Y MUR R EE AR RO BB
PEF fetple B Fpak /27 MV RS HPh vk~ ¢ Ffog £ 24 72 L P K,ért

TR 8 R T # & 302 % 1 B (Yeom et al., 2000 ; Bendicho et
al., 2002 ; Hodgins et al., 2002 ; Elez-Martinez et al., 2005 ; Odriozola-Serrano et al.,
2006) -

UHINT AT AR SR AR R hive R YR B A & Co
S 20 F R RS A TN IARE i & R )
R I T Froorein MBS L S il S E MK F(pasteurization)if A2

AL ERMFE DR AL HA MG F s 2= 4 (Stahl & Sies, 1996 ;
Nicoli et al., 1999 ; Rao & Agarwal, 1999 ; Braddock, 1999 ; Arab & Steck, 2000 ;

Davey et al., 2000 ; Dumas et al., 2003) - 5 ~ )]?e;}% I A& A % 7+ (Melon juice) 4
OSU-4F |85 PEF ik B A&J2(E: 35 kV/em; Ty 1250ps; t: 4us) » % "% gk i s 175
250 Hz FF » ¥t E. coli ~ Sal. enteritidis e%x *];?]*;:% AR RF AN *,;E]g,: 3.91 ~ 3.75 log)
B ¥ AJZiSE R ¢ AAZiE 40°C(Jonathan ef al., 2007) » 8 & - ;77§ H i ¥ R4k
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kV/em » # & S 8c(Tt ~ 7~ f)% 4 3 1250ps ~ 4ps ~ 100 Hz » {24 3 2050ps ~ Tps »
250Hz > AR5 R B 2428 40C - % &1 %40~ 0 A+ ¢ dlycopene 7 £+
#\}%@EJ_%Q BoARES 7.6%13%;m * 90°C EJI2 30 7f/'j » lycopene 7 € 7 #%
B 4.67%> £ 2 4CA i3 lycopene € p § i@ 423 H 41220 &% - iF
"1 PEF AJE {5+ 4p it #44e 1 4 (90°C; 30 £)» 7 Seds i § lycopene (0.8 ~ 1.7%)
¥l % 8 ¥ pF>PEF }%y_—_"ﬁ’ R vt A Ae o —T;]" ® 20.7~29.5%;m ¥ Vit. CR| ¥ € T "5 >

5 PEF AU 15 4 £ 86.5% » 5% #1 72% > & r#4e 1 (90°C; 30 £)) AL Rl £

80.4%; bt 5 R s £ > A HLPEF & R4l v LA H S AT HER!

s
»

(Isabel et al., 2008 ; Gemma et al., 2009)  ¢* ¢t » 2 PEF rJdZ § % iF)~ % % (E: 31 ~
384 kV/em) > F#cw & W' X 3 49 logo B F ¥ H ¢ ¥ T u A F R (Puértolas
et al, 2009 ; Zhao et al.,2008) » 2L % — o

B ABMFAT ¢ XU B g SR L (thermophysical)ih7 e > & FHE
BEEFF - R EFBAEAP PP P R aTAL - BRPAR G
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EEIRRAFETIT LY TRE BECREFT LN L IR SR
(5 A A E B EF T 1/1000) % i 2E(Heinz ef al., 2003; Phusique & Industrie) « it
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% F & & 7% ¥ (Wouters et al., 2001) -
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75 PEF 2 ﬁﬁi% » i8¢ ¥ PEF 2 ﬁﬁi% # 4o3p #p (Martin-Belloso et al., 1997 ;
Zhong et al.,2005) - 45 % W& 5% ¢ 12 5 (USFDA)R 2> Ji* *0iR i § &
BT & JEF "E M Slog e Ak A i Bt B & A R eni [(USFDA,
2002) o Fpt o FHHE RS T s B PEF B EpTk o R - B W BEFE
mFE AR E X R ES F 0 (Mittal & Griffiths, 2001 ; Smith ez al., 2002 ;
Raybaudi-Massilia ef al., 2006) > &]4= PEF(90 kV/cm ; 30 pulses ; 45°C)fe & & *
nisin §= lyzsome }""ﬂ% FE AP *p%‘]’mlﬂ-i *p%‘]"%;ﬁc% ¥ T '% 4.28 log), i (Liang et al.,

2002) -
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Tablel. Examples of recent data on the inactivation of microorganism in food products by PEF.

b

. . . E a T TS f T Logio
Microorganism Fluid Food . ) Reference
(kV/cm) (us)  (us) (Hz) (C) reduction
L. innocua Whole milk 29 312 0.8 250 100 36 2.0 Picart et al., 2002
L. innocua Dairy cream 37.5 250 1.0 250 100 36 2.0 Picart et al., 2002
L. innocua media 20 6 6.2 112 50 35 6.0 Toepfl et al., 2007
) ) Fleischman et al.,
L. monocytogenes Skim milk 20 10 325 325 - 35 1.0
2004
E. coli O157:H7 Apple cider 90 10 20 20 - 42 591 Iuetal., 2001
o Malicki et al.,
E. coli Liquid egg 32.9 180 0.17 30 - 20 4.7
2004
o Jonathan et al.,
E. coli Melon juice 35 38 4.0 1250 250 39 391
2007
o Bazhal et al.,
E. coli O157:H7 Liquid egg 11 40 2.0 80 1 60 4.0
2006
) ) Sobrino et al.,
Bacillus cereus Skim milk 31 20 - 6.0 - 25 0.7
2001
o Cserhalmi ef al.,
Bacillus cereus Apple juice 25 83 2.0 100 - 30 1.3
2002
Bacillus megaterium media 20 6 6.2 112 50 35 6.0 Toepfl et al., 2007
) ) Evrendilek et al.,
S. aureus Skim milk 35 124 3.7 459 250 40 3.7
2004
S. aureus Green tea 38.4 - 2 200 667 25 49 Zhao et al., 2008
. . Sobrino-Lépez et
S. aureus Skim milk 35 600 4.0 2400 100 25 1.0
al., 2006
o Walkling-Ribeiro
S. aureus Apple juice 40 100 1 667 15 57 5.4
etal., 2008
Sal. Typhimurium Orange juice 90 50 2.0 100 - 55 5.9 Liang et al., 2002
o Jonathan et al.,
Sal. Enteritidis Melon juice 35 38 40 1250 175 39 3.75 2007
. Puértolas et al,
Sacch. bayanus Wine 31 100 - - 1 30 3
2009
a: number of pulses. ; b: pulse width. ; c: treatment time (us). ; - :No reported.

11
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Table 2. Literature review on the effects of pulsed electric fields on enzymes.

Enzyme Operating conditions Medium Pulse characteristics T(C) Inact.(%)
Continuous (45 ml/min.) SMUF
Plasmin E=30kV/iecm,w=2us
Electrodes: parallel, 100ug 15 90
(bovine milk) Np=150,f=0.1 Hz
V=8cm’,d=0.6 cm plasmin/ml
Protease Continuous (0.5 I/min.) E=15kV/cm,
(Pseudomonas Electric: coaxial, Skim milk wW=2/S 50 60
fluoresxens M3/6) V=28.5cm’, d=0.6 cm Np=98,f=2Hz
Alkaline E=15kV/cm,
Batch
phosphatase Raw milk w=400us 22 60
Electrodes: d = 0.6 cm
(bovine milk) Np=70
Batch Exp. Decay
Lactoperoxidase
Electrodes: Raw milk E=21.5kV/cm NR 0
(milk) 5
V=25cm’,d=0.5 cm
Batch Exp. Decay
Lipase Deionized
Electrodes: E=87kV/icm,w=2us 20 85
(wheat germ) 5 water
V=495cm’,d=0.3 cm Np=30,f=0.5 Hz
Buffer
Glucose-oxidase Batch Exp. Decay
(pH 5.1)
(Aspergillus Electrodes: E=87kV/iecm,w=2us 20 75
5 +50 mM
niger) V=49.5cm’,d=0.3 cm Np=30,f=0.5Hz
Na- acetate
a -Amylase Batch Exp. Decay
Deionized
(Bacillus Electrodes: E=80kV/cm,w=2pus 20 85
5 water
licheniformis) V=49.5cm’,d=0.3 cm Np=30,f=0.5Hz
Buffer
Batch Exp. Decay
Peroxidase (pH 6.0)
Electrodes: E=87kV/icmw=2 s 20 27
(soybean) +100 mM

V=49.5 cm3,d =03 cm

K- phosphate

Np =30, f=0.5 Hz

12
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2. REEE MR TS

P PEF Mk 58 (%7 > doR 3% &R (E; kV/iem) ~ rJ2pE (Tt ;
us) ~ "% g & (f; Hz) ~ g B (7 us) s H&E R (T; C) = #&FiE(d; cm)
A5~ 2 H-5 (Static/Continue step) ~ # =% & (C; S/em) ~ JiiE (ml/min.) ~ #c2 47
S & e B AT 8 S A A 7§ B PEF R Rk o 3 Y

T HRE R ASUREE S hoi R ol S Rk

&
=k
1|
o
de
9
&
A
=
ER
frehs

(Specific energy ; Wopeeinc) (J/g) » @ BB ~ PR #FA A fobicd Fo < 0] & mie BG4
2_(Castro et al,1993; Stapulionis et al.,1999; Loske et al,2002; Ravishankar et
al,2002) «
(1) 7 &3 & ( Electric field intensity )

THRAAMANLEF L - F RHERRTHAEZ TP BT R
R T A AN BREpTE §RERE R A M e S > A L THRA
AR A TR % 3% & (Critical electric fields strength ; Ec)( Qin et al., 1998 )
o i&5 % ¥7 electroporation FZFAR 3 & o Tt e N b A B A E T 2
AR B RH SR 2 Eex g FS B rlwte o] I BRG AR 2 R
% & (Pulse width) 7 fe @ 5 #7% i+ o

FERSLABCE AR gL R BRI EY o R Ec it o deRle
T MRS 2 e Fo B Be o] om 1 i A B R R ehim e BER G (5) 15~80 nm)
PR TRy B RIS AR R4 F R e By = R R B R

13



F 3 10~15 nm- F]p* ¥t PEF # 4 g i (Castro et al., 1993 ; Mazurek et al., 1997 ;
Jeyamkondan et al., 1999 ; Dutrueux et al., 2000 ; Toepfl et al, 2007) - 1395 },;FJ% ) 3%
<+ %t PEF iy drud b g > A %] 5 32 + S 4 P % (inner membrane ) ~ 32 =+ &=
(spore wall ) == FFR %> I RPN RPET R 7 3 M & (inner coat) ~ ¢t
# (outer coat) % 3z + “t & (exosporium) 74 £ (cortex ) ° &ﬂ:ﬁ?f L SV
KB E I E e B RS X o4 sk (Marquez ef al., 1997) - Schoenbach % 4
(1997 )3 B2 32 + ¢ Ec > Pulse width > 50 us » Ec 3 4.9kV/cm » Pulse

width < 2us P] Ec % 40kV/cm o
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"]
@
O
] I
E 0.1
- g m | &
=] & 3 | &
= 3 = %
3 :
8 0.01} 3
L &
: 10 100

Field Strength [kV/em]

Characteristical Dimensions [um]:
Saccharomyces cerevisiae

(A4, A3, A2)
Escherichia coli

(A 2.0; A, 0.7, A 0.55)
Listeria innocua

(A, 0.625; A 0.255; A 0.253)

Ble  Ap 2T He T HE S 5T 0 7 kR 7S TR T e

B 8%
-

Fig. 4 Impact of orientation of ellipsoidal microorganisms relative to the electrical

field E. At a cell specific threshold level the field strength inside the cell membrane

exceeds a threshold level E;.
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(2) EI2P# I ( Treatment Time )

PEF B2 (T35 > ;8 2 ' Tt=1 x f x t(Sale and HamiHon , 1967 ) > #
Por(us)E H R EET R o f (Hz) 236 47 % R 5 o f (sec.) 87 Sk iepr /o
BRERAE SN EcPR > Ec"EFREFE A B 4o " 0 % PEF Pk & %0
% ol Bt PEF MR enf SO B R M 0 ek & T (bl Saccharomyces
cereuisiae, Salmonella Enteritidis and Escherichia coli’) » 3§ #c 7% fbrjf #ic B B e %
¢ & R4 fok i (Barbosa-Canovas et al., 1999 ; Jonathan et al., 2008 ) » i F if <
R R AR S g 0 ) 100 ~250 Hz o fe SR v gk B SREPIE SR
(>1000 Hz) > ¥ 4 ! PEF &4k 7> % (Zhong et al., 2005) - % 3 % tr3 /& ¢ ¥ 3% &
R R E M AR B S F Y BATE P T2 T 0 T g ok PEF Bt
% oo F R AT V0 2 PEF aJZRF 0 ¥ AR PEF 2R AR 7 B R4 Ar
PR OELASLERAREAE A B3 RTIRDERE bk o
(3) te&iE A

PEF #3842 ¢ "y »~ 00 i0 & (Wgpeape)*e * 7 RIFRIE R T = > it I
WAENE PFFE] §)) 0 £ 4t B F N O PEF AUZH ¢ R BE L F 54T
% > ¥yt PEF 2427 i b 2 B HERKR A BT L E 2
FATE B AR E R o A PF FREFRIL AR SR - R T
AR AT HBSRE Y FRA D SR FIRT F RS~ R T T4
e ePB R P % 0 1~ 5 % F(Escherichia coli) & ] > A4tk A de B R 5 35C o
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& ' 4 3 logo B FpTk F 60 Klkg chie 5@ § AR R & 65CRF > R & S
KJ/kg cic £ FF 5 49 fe 2 F)»< % (Heinz et al., 2003 ; Toepfl et al., 2007 ) » F]* 5
ok 4 ?\%&,%w AFFHFTD - TR R 0 £ %01 PEF 2 0 2 {8 4 4P "R 0 T AR
a SR AR AR e Ve 1 iF BAF B Fp % (Jaeger et al., 2008) o 7~ 5 F &
T o PEF BOT fs A 4 chdh s wolc kAo B A AT ol 5o ST 0 4 A
AIERREE BRAITRETTRE > PRI RO 2 > LRI o
(4) "% bmg A

% A5 5 exponential decaying ~ square wave fr oscillatory bipolar (or instant
charge reversal pulse)= f& - # ¢ oscillatory pulse #< jFj7x % # 4 » @ square wave
pulse ** exponential decaying pulse e3c% & 4% » % & fLiy o @ & 4 square wave
pulse » exponential decaying pulse j& 2} 72k & &2 LB T 7 fr o 0 F A * 3F SR
g o (SF RIEP g o Ft A § ¥ A 2 o dhit £ (De Haan et al, 2002) » ®
TRLE(V)E rIZPF R (Tr)™ » exponential decaying pulse € /27 # % i &
(McDonald et al., 2000 ; Picart et al., 2002) » & # iE 477 $ * bipolar ** monopolar
vx% & 4F > )% bipolar ji § H RPN AR A F |2 B R A iR A R

pU TR RE e Bi} m { % BB (Hoetal., 1995 ; Qin et al., 1994 ) > bipolar { it

3T B F MG & FAY T B cndk¥ - Instant charge reversal pulse £2

bipolar 2 £ %] &3t %  *% P2 {5 - #& relaxation time > Instant charge reversal pulse

17



(5) 8 Flesan

ab

g ST PR s Bed St PEFRIZEARY A 2 chp d A RS
P2 XA a HfE, TP e R B S s iRk PEFHAKRE S 447
d £ - ¢ g2 %kﬁ%’»flj PR E R FT S BA 0 5 SR 4 (Martin-Belloso et
al.,1997) c & &-¢ HET R € FEPEFR Fpre%k » $T A @ * —‘F‘f » jI‘lt,%L?l A
P RARL 0§ A4 ol T 3R AR 0 FIU B Fp % L (Hiilsheger er al.,

1981 ; Vega-Mercado et al., 1996 ) pHiE A% |- > 3¢ = ¥¢ p H' er3if 4 > F]@ B3R DNA
NATPE » @ FHcA ¥ % 7% 53 + (Vega-Mercado et al., 1996 ) - — #&/m 5 » &%
#c ¥ (logarithmic phase )i 2 o et A Bk fi > 50 7h 4 0L TR 5 Fl @ MR T
PGB T AT G &R m%ﬁi = B AR 5 M (Hilsheger et al.,

1983) = & /R ¥% e g -4 i 4 4L A Epc % 3 B F (Keith e al., 1997 ) -
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40kJ/kg
electrical enerqy

Tina Tin2
10°C 38kJ/kg 55°C 210kd/kg
L Heat Treatment
Exchanger Chamber
TI'I'Iiii(
66°C 250kJ/kg
Tog
17°C 64kJ/kg 14kJ/kg
enthal py out heat loss

®Z - BT PEF# ~ 40 kI/Kgrt iy & edZAcdeig B 5 55°CH i fea £ w e 4l
oo ddE R A A S 3.8k) kg Ko P B ARG A F AZES% o

Fig. 5 Enthalpy diagram of a energy recovery that suggested PEF treatment system for
liquid sample with an initial temperature of 55°C and a specific energy input of 40 kJ/

kg. As specific heat capacity 3.8 kJ /kg* K was used, the heat loss in the heat

exchanger was estimated for 5%.

(Jaeger et al., 2008)

- BeiE s 10CTF#255C 0 GPEFAJE (S » SER 1 H T AL mi i
AR R R g5 B bR AL+ Fek i £ 914 kg
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2.PEF&* *t 8 F4c 1

PEFi®* R IZ £ plife WogiE 3k g o el B4 > P PFF 6 LR E F i
BoRIT T 6541 AT A BAE R AR e 2 g K1
Fer SR 2GR o M 35 B GPEFT se T 54 1 4w
(1) 22 g% R o5 B

BBAY R S RIS a2 R RS S BRI EE
FACR R e i RN R SRR I e s Rl 2 F A E A e
SR SEEURY R - R A AR A e Tt - B RIAR Y T ¥ LT 455 & PEF
B B ESAS AR, o BPEHERSY pHE CBRE CBREYT €5 R
2¥(E:0.1~0.52 kV/cm) (Bazhal and Vorobiew, 2000 ; Fincan et al., 2004 ; Lebovka et
al., 2004 ; Toepfl et al., 2005);* PEF it % s 2 F 32 B b "q A & > LBl o 5PEFi*
ATt 2 g Py o BREFIEARY o W ¢ A A oig RAEM - 8 VI TR R
it lepd fgiaps s ¥ F 7 E R A F#& B (Guderjan et al., 2007); 7 ¥ jE 7% 3
%R e BN afg V40 v F 2 %5 4= (> (Eshtiaghi and Knorr,
2000 ; Fincan et al., 2004 ; Balasa et al., 2006 ) °
() #eit %

I+ M H5 R SPEFRIZHE f» i » @R {Ede e iR LR D TR M e P o

R > @ FE e —kgﬁ.u AR om gt S BT R M FRE S s £

—E

(Fincan and Dejmek, 2003 ; Janositz et al., 2005); 5 § % ~ %A ¥ ¥ M= AT F5%
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B 2. PEFRJg2(0.5~1~24kV/iem) > ¥ ¢ 5 fsit &4 7 3 4r > APEROT A 2 %
Ao BRI EF T EABERBIZ3%22%T028 % ;@ SRS RIFE B4 %~ 15
% ~ 14 % (Balasa and Knorr, 2006) ; $f{8 4~ 2 %5 120.22 ~ 1.6 kV/em2. T 5% &

WRILS 0 F P ORHFERICEP TR R > & g £ 0 F R £ ok ok
TR ORET 8 5 ¢ AR 7 £ (Rastogief al., 1999 ; Ade-Omowaye et al.,
2001) -

(3) *H BB 4 4

- EA A IS et - A LR ST RS SR €A
IS o F P, SR G BELE BN B B e s NN s Sl SR S LN T i o L A

g é‘i _ %*}}y}i& p;\fh ‘_’é;]';v’?f'é’ (MltChell etal 1996) ° * LL ¥ %J? N

Laniy

35 RPEF(0.5~24kV/em)it 5 - ¢t AR+ > firkt— 2§ &4 F20¢F ATk o @8
R A P e d e g 2 NP AT chs s i 3 B (Doenenburg and Knorr,
1993 ; Guderjan et al., 2005) -

(4) P R

Y
*

)

it £

=

WSS W R N e - BREY e LA R
5 (nitrite) » B AK-p R h gz FHHRFEM O RAFEZA R o KT H
5 R PEFQ kV/ecm)EJSL | &1 » 7 10 i f R S e R TR T LR P

W~ L e ® o ~ £ (Hafsteinsson et al., 2000 ; Toepfl and Heinz, 2007) »

ot

SPEFRJZIS f F AR 21T FHFR S KA o
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(5) Bk 2

f1* ¢ % 7 5% R PEF(15 kV/em)eJd@ -k 0 F i Ltk cnF R T
RADISCH > TR F ML DT FF A(CODF G 47 > L kee g
i i A ¢ B %ok (Loeffler ef al., 2001) » Ap >t B Sugg® = 2 > B3R 425 i

Fed2 > ¥ I PEFRJ2 ¥ 11 % *{{ﬁr_@;}g (TP o
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90
("I Royal Gala
[ Jona Gold

s

80+

70+

Juice vyield (%)

Control Enzyme 3 kJ/kg 6 kJ/kg

Bl ~ MPEFQ kV/em)$a A& % % AR AL W IRET P BT A
i

RO % AR R -
Fig. 6 Juice yield obtained in baling press from two apple varieties after PEF treatment

at 2 kV/cm and different specific energy input in comparison to enzyme treatment and

untreated sample.
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Untreated
I PEF 3 kV/icm

Hexane Supercritical CO2 Pressing

Bl= ~ e b oy S B i o b ik BUT 2 % UPEFH 1 § £ L7 (53 AJL(3
kV/cm; 15 kl/kg)ts i g A it o

Fig. 7 Oil yield comparison of untreated and electropermeabilized (3 kV/cm, 15 kJ/kg)

maize germs extracted with different methods.
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A
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)] A F I| il ¢ i i -. TR o
[Sei] -: rI! \ || |i ) .""I o ,;51-'::' / v A
® 8004 { :I o Ll Y o n.p,-.';.’*“:“.; L
h I:I. I: ) . _-"""'\\.I'I N i l.‘-"II ol
0 [ W Untreated
] 4w
| ¥y ¥ ’
E} 6004 § | !
— . I l"\. Y ey
.15! I' '|III ‘_HHI i ,i“ - ¢ .I'J IVH"",_.-“'_.'\. =t v Y s ,_,‘:' :|I
w‘.,' Wt Y ﬂ"l . ’
O 4004} el it A
1 v L = e
4 Il'
|
200§ PEF

U | ' 1 ' ! " I ! I
0 2 4 6 8

Displacement [mm]

’ 2 E; gQK
m,\g/_g- o

B~ ~ 2512 (1.2kV/em, 10 kJ/kg)z. PEF/&JI2 15 » %15 45

AE LR H S = LR L T
Fig. 8 Impact of a PEF-treatment (1.2 kV/cm, 10 kJ/kg) on textural properties of

potato tissue.

Bold lines show the average of three samples of untreated and PEF-treated potato .
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- “PEF Jo ¥ 03 & i chdae
(- ) R &g

# W% 0 B ¢ 5 :Morinda citrifolia Linn. > {3 & ¥ 2 (Rubiaceae) ~ 7% = 3% %
¥ (Morinda) > % ¢ % noni> B o~ ¥ 5 ot R A Rl LG
KAASBH e ERx{frB R @R -

oL ¥ S L F A EF SN FFASRD L8 o RS EE

EdF 5 PREEED S 2ZREE ARFFESG I > R E L AT 2§
Re P REAFRER T S TEFL PR TG ALY 3 E R

O RFAIMRFLEAFAD PR OB LEREL FF 2o £ B
efz % L & (Wang et al., 2000 ; Yanine ef al., 2006 ; Nelson et al., 2006) -

HEER Lo FEBRRE FLE Y R AEF TS E RDRIRG S
4= & 1 & (USFDA):% 2% GRAS(Generally Recognized As Safe) i% 47 (Levand and
Larson, 1979) K 57 23 #F 5§ £ XA NEZHAMG Zeni FHH o 4o &
4%~ HyF o~ =AR - #F pr(flavonoids) ~ P H (glycosides) ~ 4 % ~ H
(anthraquinones)4 2 % = % 4 {v?y 354 (Sang et al., 2000; Wang et al., 2000 ; +

F-2003)cpt b R R Y R 7 3 B R BAR Y & 4 4o damnacanthal ~ scopletin -
morindone - alizarin ~ aucubin ~ nordamnacanthal ~ rubiadin{rrubiadin-1-methyl ester -

H ¥ gcopletinz H j=4 3+ >4 & % (coumarin)#E (Best, 1994) o
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R FS AR5 F S B P EFTHET T
1. 3 v (antioxidant)
FRESD LR REBG AP LG R LR Al
B it3me » FE %P4 d 1L g -tocopherol ~ butylated hydroxyl toluene (BHT)
& % 143 (Mohd e al.,2001) o & B % 42 ~ F 5 fr % § 1o fho fF e
FAB AR LA Y BEBREERE G ER S ROERD G R LS

H(Zin et al., 2002)

2. Fupk 24 47 (anti-microbial)
FHE ;Y s g it & 4 0 e acubin ~ L-asperuloside ~ alizarin ~  scopoletin >
¥ 1 yrd|Staphylococcus aureus ~ Pseudomonas aeruginosa ~ Bacillus subitis ~

Escherichia coli ~ Salmonella spp.f-Shigella spp. ¥ Ffich2 £ > ¥ 3 % ¢ ffrn

J

aﬂ'

X B4 ¥ e Mycobacterium tuberculosissh2 £ (Saludes et al., 2002) > 7= 3

-
o

¥ pedp & RIS AR R K § F Bl b 2k (Dittmar et al., 1993) ¢

3. # e (anti-carcinogenic)

FALAS R %Y P M 4o glucuronic acid ~ galatose ~ arabinosefr
rhamnose® 1 T-cellfr E v o2 (macrophage)# = » ¥ & 4 v n I iwie 4 £ 52
(cytokines) > k¥ % £ £ F BT L 5 FRE ~ 1700 £ # sx(Hirazumi ef al., 1993 ;

Hirazumi and Furusawa, 1999) -
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4. *% = B (hypotensive)
3 dp R MR % ¢ 2scopoletin it £ 4 B 4R TR
IO g PRk A i D F B2 7 5 (Ojewole and Adesina, 1983) 0 F % iF ¢ g
¥ fF #f: apigenin ~ luteolin ~ kaempferol-3-O-a-arabinopyranoside ~ kaempferol-3-O-
p-galactopyranoside ¥ > & ¥ e i ¢ 1z 5% #& i* p¥(Angiotensin Converting

Enzyme ; ACE) » i angiotensin I 7 A& f#Li 25 = angiotensin II » & 3| *% & /& cxé 3%

(Loizzo et al., 2007) °

5. #u# X (anti-inflammatory)
5 2 },?% e RSP 22 REES T @ Hscopoletin ~ quercetin %

ursolic acid » ¥ F »xds e L Ap B FlF+ 4 = > 4 ! % & interleukin-1f3

7 7L % E2 (prostaglandin E2 5 PGE2) {= ¥ %18 %

(IL-1B) ~ interleukin-6 (IL-6) ~

it f# (myeloperoxidase ; MPO) » £ 3| #us I # & (Yu et al., 2004)

(Z) RS FHEEE DML F B

EN RS S R L IR S LR RS RN ST
(6 AN BEFTEY H>NFTEFEI~121FLL ’iifﬂ!éﬁ%‘)igﬁ o - LI A
SRS S IPEIE S RN

TFEARd o SRR R - PRS0 AR

JoORAF et g 0 F ol 8~12 itfﬁ % 1 (Nelson and Elevitch, 2006) -
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G@ip RERERY LK KGR P EH R R
e vk o 4 F %y B e 10%E PR B 1T 5 8 B AR AR F R T 2
ADFF MR (B0 2007) 0 fe £ A AkiEAY B AR LT 6 R PER
S s A PRI Ar oA G v AR o AR v phie o A aok L R
gt L 25 - FRLAFRTIIFEREA(F 8%) - HY P RE
R R ERRE T R AV EFT T ATERS
PRl M~ RN S f;‘:]’;fg & 37 P A w2 (Yanine ef al., 2007);m < )I?%(*@? » 2009)
CORE R B RN R SR AR R E HE G R
B > &7 ¢ g Acetobacter ~ Gluconobacter ~ Gluconacetobacer ~ Acidomonas -
Asaia ~ Kozakia % = 48> 2 ® % 11 Acetobacter sp. 5 1 ° R ¥3 et F 57 3 %
RA PR BREBS o RIAT C R o

%?.?z%éﬁj; F% J_'—T?z _@)@Lp{:], E‘]au‘zgﬁ% imrﬁw‘ﬁf%‘}n‘n}ii é’ ~

/ \

P& BT A8 MR R FE (pasteurization; 63°C,30 min) kA & &0 5 Tk

AF oA NP REEIEIRIFT > IV 0 BRI T A BT

7 #£ 3114 PEF B~ % pasteurization 7% {74+ o
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N
i

ESTTT R
- ~F &R

(- ) #=&pFt

1. Bacillus cereus 10250 :P£ p & 51 ¥8 BF 7 *TFfAY © o
2. Escherichia coli 11288: fp & &1 ¥ % EF 7 “THMAY © o

3. Staphylococcus aureus 10779: PLp & 51 £ F B L *TFfAY © o

(=) 3R * R

AR B TR 2 \ZPE%F?WI P&-B jﬁ‘/‘m iﬁ'%ﬁ@ﬁ‘ B R %

lL.2x i
(1) PCA (Plate Count Agar); PDB (Potato Dextrose Broth); MRS broth (Man, Rogosa
and Sharpe); FTM (Fluid Thioglycollate Medium); TSB (Tryptic Soy Broth); Agar,

Granulated ¥#2fp Difco = &
QB % &
fis ik Flie it~ P2 AR T 08 & A 5 Schramm & Hestrin (1954)

STEF B 2 8 % A 0 {4 S&H medium » H & A 4o
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S&H broth:

Glucose 20.00g
Yeast extract 5.00g
Peptone 5.00g
Sodium phosphate 2.70g
Citric acid 1.15¢g
Water 1000 ml
Ph 6.0
2.5 5

(Dpe g2 A5 # &

NaOH (Sodium Hydroxide) ML B FEERRG TP
Glucose PER frk ¥ 1 X450 €Ak
Yeast extract; Peptone g AL B PEFERRG LD
Sodium phosphate PEp B ELEHRN A
Citric acid PR frk S #F1 R g A
(2)% |

Rapid Gram Stain BA-40112; Spore Stain PR ECATA B A P

(3)PCR *7% % &

Primer (Forward and Reverse) N N O S o LR PN
Taq DNA Pol 2.0x Red Master Mix AP 23 HA2PFFEG IS
OEEEEE

Agarose I, Biotechnology Grade; 1kb Mass DNA ladder; EZ-Vision™ Three; 50X TAE

buffer, Ultra Pure Grade 5 B SRS e o L L B S
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AT 2 PEF 8% §d L A X BT %> H7¢ B4 £ PEF & §
EROTHRERF B LA EREERMRIF > 2 RBATR Y A5 2 A
A (square wave) > H Bl LBl -L - »EBHEd oA KRR HY C2EERR

(A) > HEphs BALTA Ma 22 Pl TREY) A ighs RLSKViEwLE
BIFFR > # R 5 Spus A %ibFE R Ed RIE DO BF PHARIZ I & Y RS
Boie X BREITH  HRATAP #F 369 12pus e %07 A - XE Y T
BV A Rusiaafh BATEY 0 LR L0 2N R L AR
MREE T e SR M P A R T RE M o BB (TR

&%???Qm%”’& BREMBUEES PREEEELE O RS
EREEERIR Y AL 02 Sk TR RBE(VRAD I F KPRV E 2
B AR R 25 SR TRENE GREET RA 0 A AT kR A
PER It B BRERA BRERETR AL BEERERN AR

FoarFmErFLESN RSN S TROERS dmm- B ARLFL = o
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&% & & E(HVG) Bt Ak ”&ﬁéggﬁm

S2

WM

R T A 2 B

Fig. 9 Block diagram of wide pulses electric field generator.
LR RAZ BHVG):? 33 iR E o fREHRFFIS G A 21U 83
P B (MOSFET) > ¥ iy » e d 2R+ 2750 KT TR
B~ 10 kV; VAC%J% 01 T 110V Sd BRETE > 0 AT BED D
B12Vy(d i * B TR RAF NFERN O A A ARG LFH R TR
¥+ 7 ;;:]ml&;;:] E s S ”Lr'lﬁsal »ERPBENERTRAEREERK) -
QEEN AE(C)A R EEY TR RAEFEERT N B3 RASL Bih
ﬂ?@%%—:gﬁﬂ’uﬁhi PEE

’_]
3.%% ftrw BB B e (PVSS):d F3p i amtRens F £ % L3 H4 (Power

‘E

Metal-Oxide-Semiconductor-Field-Effect-Transistor : Power MOSFET ) 8 Fm
= PEBPBR Mok - 3R A RERM > U KA 2 FRETR o
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DR TS SRS RN 2 BRSNS SR

Fig. 10 Schematic diagram of wide pulse electric field generator.
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[

4
W EaRUre P o (5 20 F 2 pknkMath) P 3 i) =4 minMath) [ PR -~
value 1.310v =2l 4.8 kY asly
Atz o o L o
R | ETTERT [E3[C]
I 1000 ' il 00 Eyidey F] & 00 e | FFLE 1HEY

O offset 5 000 il 12352 25 G55 | Bk iE

Bl -~ BRAREGERHA L BRI DR TR B -

3T RKV) G 5KV,

\

v C2 R B RITR(A) H 4iphE 1 A Ma A2t B

-
-V

b s r g R > F R Sps e
Fig. 11 Illustration of wide pulse forms from PEF.

Ps: C2 is measured electric current (A) and 1A per division for y-line; Ma. is measured
voltage (kV) and 5 kV per division for y-line; the x-line is pulse width 5 us per

division for x-line.
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B~ FrE R
Fig. 12 Appearance of cuvette.
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2.8 58 R A~ 1T

7 A B st (Microscopy) : OLYMPUS BX50, Japan
%2 ¢ ¥R (Color Video Camera) : SONY SSC-DC 83, Japan
T RS BRI E (Hot Plate/Stirrer) : CORNING PC-420, USA

= 7% (Autoclave) : YANG TA MIN INSTERUMENT CO., LTD. Model : YMT

pH meter : EUTECH instruments, Cyberscan 510, Singapore

248 (Oven) : Risen, Taiwan
#£ F)#% 1T 5 (Laminar flow) : TH320, Taiwan
128 32 % 48 (Incubators) : Sanyo, Japan

k% # (Anaeropack) : Oxido, Taiwan

& &3+ (Digital Thermometer) : YOKOGAWA 2455, Japan

T

7 7% 7+ 8% (Colony counter) : SUNTEX 570, Taiwan

¥ 3 &3 (Conductivity meter) : SUNTEX SC-110, Taiwan
3.PCR F Jis % E

£ F A3 % (Centrifuge) : UFO 2100, Taiwan

§7 34 4 # B (Heating Block) : BIOER HB-100, Taiwan

ekl (Microwave ovan) : = [+ TMO-2010, Taiwan

PCR instrument: AB Applied Biosystems Veriti'* 96-Well Thermal Cycler,
Singapore

DNA 7 7 % % (Electrophoresis System) : TOYOBO Gel Mate 2000, Japan

%5 B AP~ 5 5 (Gel Electrophoresis Image system) : Gel 312, Taiwan
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(-) P&~ %

ARHIRA S AL F AL e 50 AR ES AR RIREA

Rk ieA 2 BAREDCS 0 AIIHR B F BRI 0 2 R

TWIARE kp 73
REH ST 45 R FIRE R A RT R AR S R S
%o

A ERS AT RFEER PR TR FEEKA SR 0 g
B ERIORE S RS E R 2 BRI A TRE REH

B2 o O PR o
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(=) F&R#*H
(1) PEF % & 59 4 75 ft ek foc () B 5 SSEE T KA

/— rj’— 3‘-[/

&R R J [ Fa AL R ]

v \ 4

[ ghiai ] B w R ]
[ B0k A% etk AL ] /@ s & A 1
| 1 %2 Rk
[ﬁm% * J 2. i R
3. W% ik
[ ) 4. R§ Ak

Bt A 47 ] \\

16S tDNA 2 ]
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() BEAZ WA
L g3 % A
Fepif £ 8B £ 30g/L o SR A1 0 BeSmlii ~ F SR ERE Y R
{5 (121°C, 15 min)i4 #r * o
2R A A
(1) 55~ £ 51TSB (30 @/L) ; MRS (55 g/L) ; PDB (24 g/L) ; FTM (29.8 /L) ; PCA
(23.5g/L) > & i 4e 15 g/L Agar > ¥ s FELY 4B % o @ F(121°C, 15 min)
AT ASC LR rAFBEA Y > EFARCSH Y o

(2) FrpcfFE 1~ 3H 2 B3 5% & 2 (Schramm & Hestrin © S&H medium)

Glucose 20.00g
Yeast extract 5.00g
Peptone 5.00g
Sodium phosphate 2.70g
Citric acid 1.15¢g
Water 1000 ml
pH 6.0
Agar 18.00g

4“%@?%\; ﬁ%é(lzloc, 15 min) > /—» frv_]_ 45C _ﬂ I:LI ‘;;E ‘f%]' %’E El y 3:_—: %g}éqil};:]

/l‘(/
fb‘%);* o

(=) iRl3#* PEF ek g
L R 1 2 R B
Bacillus cereus 10250 ~ Escherichia coli 11288 ~ Staphylococcus aureus 10779

PAaSLI Ry B MH R A SmITSB Rt % A % 230C;37C %
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12150 rpm B s & 24 ] PER-H RN o2 (5 EATEA 1% FR I AT TSB iR
BARA TR EERE > L EFEEKY S 10~10°CFU/ML » £ 2 37 B4R

VRETR A5 13~15mS/em e d S ET R E L F 0 B PEF ASLERE B

\m E’(

h
A

Q4
>
T

VT REZRS O FRCRERAFRL 1000 B0 S ET R E S 37

~39 mS/em » F#H 5 10°~10° CFU/ml -

2.PEF g2
(1) #F37 B R - T HR A R 7 SR o S
B 1ml10° & ﬁ%—f 7% (E. coli ~S. aureus ~ B. cereus) ¥ ** 4 mm #r Ff ¢ >

TR FERE RIS FRER T s JI* B ETRR T RIRFER
BAHEEE36912us T 090~ 170 REF(V)Ed FBBHREF] 3~65 F
REKV)RRET  FBRESIH 222N T3 NERERAR
Tiekkz o BARATE FBT SRS CHEC O c B RRGD - @ e

FUFFR B~ 100 p1 2 TSA Y > 2 Ligthif4R3a3 » £ 52t & ° 37C
BA18~24 ) HP A EREFERS BOC 2L AEFEETEA S
RS SRS Sl SANEE St St has £ St 3% 2 2 B 7% % (Microbial
reductions) » 3+ 5 2 4o

Microbial reductions = Log;o(N/Ny) (3-1)

N:#& % H#i (CFU/ml)

No:Ae 45 F# (CFU/ml)
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B s B3t 08 Sigmaplot 10 fs i i A 47 #icdy o
(2) FA* FicA Fiph THR A

{295+ pr(Hiiisher er al,1981) > » 4258 (3-2)7 ¥ 3+ 5 7 F 2 5 chfeh
@ 33 & (Critical electric field; Ec ):

In S = - by(E— Ec) (3-2)

B SEA T AEEAFESOE A O EEFE S R SR A 0 Ec Ak
R T 3% B (KV/iem) o by Pl E_%Bic(cm/kV) o #-7 % Fg R 2 2 5% R é
A 24 B FPpT % 11 Sigmaplot 10 4 47 T'F%Jilll“i‘}“ﬁﬁ?&\%fr o AAPITEHIRHFBRAT 0 7
o e fB5E S PRERER AT B R F I w AR o w2 AR 2
AZN(B2)efi > TE AR A PRI RATFBRENE B s T F S
e g et e (bp) o Blhert% R R 2 RN S RN IES 7
A5 BF RABT o F 2P A P GEARE A bR E EcAp s 0 BECE
£~ T H A BFp R g o
B) "R FHAPFRTTE N

%% < pt(Jonathan et al,2008,and Zhong ef al,2005) » 2= 4§ — +* i £ % >

P
VxIxTt
WSpeciﬁc = XV (3_3)
Tt= TXf Xt (3-4)
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2P 2255 (5) 0 Wpeaine (J/g);@gl et B V(V)EE =% rT g B > T(A)
R EH =0 e T g o T (us) AR BRIEY > o(glom’)Z_Fik (h% A v (ml)
LRRIEH DA A > 425 (3-4) 0 7 (ns) £ H 0% e IR f(Hz) 8005 47 7%
PR 5 0 t(sec) AR i (FPRER 0 A AR B¢ ORI ()T 5 1000 Hz. o 3 iF

FROMNETEIF o d 208783 BRIEFETRTRFS S &8 2000 1

F ,;ﬁ?g} PR TR PRAEMA SR ET R EDLE R T U B
%é%‘g— %‘ﬁ']‘ F*Lmé&,i‘j\" Eﬁkﬁ&\gqu\}j\“ _—L"L‘ "ixlj&‘ﬁﬂ‘m)f‘k
ﬁﬁi% o

(4) Ffrr e E V2

#PEF AJ2iE42 7 % BP%rh A N 2 T8 %A J1* 3 2833) 5 m
I H - 32t 5 £ (specific energy ; Wopeepc)(J/g)7 I 11 3% 5 £ & A#H T T F TR
TR AR TREARTHRAE > BRI AR R BT ZREE LT LR .
IR R AL 6ps 0 B TRY 100~170 REF(V) > 5d FRAL BERT
4~61 FRFEVTRET > T FFRFEIH R F22NTFINERT
BIHE R s o | B EAR - JOUAFR o B~ 100l 2 TSA + - 2 L
ABEHFET > LR R ARY 3TC BA 18~24 P H Y WA T EFHIR A
B30C 26 * AEFERETEA R DU RNG-DFEH R EE

B S £ * 23t g8y Sigmaplot 10 4 7 #cdy o
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() R F REA PP S

dREARZ R L PORG G N PR SR o S ki p R R 2

SRR Y ARl b FcHP B R AR AR 2 o

IR S A0 X

Fig.13 Appearance of mellow noni.
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2. 7 PRI T EE A

TR RAFFIRE XA 0 R L EHYE » = B

=R
PEHMAOSA G THER 4000 c 2 B A S REMF ¢ (R

£ 350 mL) » et iz 3 % 5 %F#%:ﬁ“ﬁ W R R (25-35-45-55C) =

T::E
iR ARY CBEF 123 4FF 2 FPFFEFME -

3. BB R AW AT

(1) B2 Ak~ L Ak PRAK RS A2~ 49
N EREEEREY R AT FERERBEIEELEE05g

% > 3% p F4% 4k PCA PDA~MRS = faF iz % 4+ > PCA > 30C™
|32 % 2 % ;PDA* 25C T H/E 32 % 3~5 2 ;MRS > 30C T #|B 42 % 2 % ;m
G X

£393 WL B Y Iml % * 4 %% 4 & PCA-PDA~MRS-
FTMA v ## i3 % 34 » PCA~ PDA ~ MRS £ % = ;2 245 F; FTMA 4r » Jk¥

(S 30CT HERAS 2% > BPIEN S AFFE - RE PR ORS A RE

Bt ~ 7Rk B T B (FI7E ot 25050 B 2 AP 6 ek e AR 6 Ho) -
¥ =00 CFU/ml 4 7% o F#ict 8 = 540

: , (Number of colonies)/N
Colony-Forming Units (CFU/ml) = — (3-5)
0.1xDilution”

N: &4 #ic
0.1: %32 st &

Dilution”: ¥ & #(10")
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2 {8 £ 123 0k Sigmaplot 10 ~ 477 F #F FEREFR ~ B R T 5 A P4 g o
(2) = # 8 - 7%

MfrE R 2R ERET S PDASPCA-MRS-FIMA v #F iz % A% 7 F
AP AR ) FES D A R RRFAERE > BRI
RFEE AR RE B ERAGE > LU REAE R ITIR ALY B
RATRE-FABRO FEREPIENBE DL E- AL A gpdianE - F
PR ke 7 A E A AT o
4. 11 PCR & 7 ~ #Z_F40

(1) #c# % genomic DNA % B~

4

Bpicd P genomic DNA 5 37 % 202 » A B3 A8 7* 3 0 o Bl i s
P imie B2 5P~ genomic DNA - 3 {5 38 5 » LB~ 1lop W it {8 el - FE73
f21 200l & Fp kY o3 99 C T 4 g 15 A 480 2 (6 1 13,000 rpm 3¢ B 5 4

0 BB bR A AT R E (1.5 ml) Y o BT 20T kg oo

*BF T ATE Y chd 513 (primer) €% < )I%(John et al.,2005) » ¥ #* 3t g

T % S 5 B F 0 Primer B 740

16S rDNA primer
Primer Sequence (5°-3°) Target” site Production length
11F GTTTGATCCTGGCTCAG
16S
338-518 1515 bp
1515R | GGYTACCTTGTTACGACTT | (338-518)
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Aok it * chPCR F BB % Veriti'™ 96-Well Thermal Cycler (AB
Applied Biosystems, Singapore) » #74v » chk Bid R AP £ F H2 P FBKF G
¥ 2 @ ¢1 Taq DNA Pol 2.0x Red Master Mix ° 288 5 40ul c7PCR &~ R:&#® ¢
¥ z Template DNA % 4ul > Forward primer (10 % ##) 2ul ~ Reverse primer(10
#1%) 2 ul ~ Tag DNA Pol 2.0x Red Master Mix 20 pl 72 2 14 pl £03 &= -k o PCR

ERIEAI e JRE (T AR S PCRE #2228 2 o B 40T L 9T

%= ~PCR EAFIF &K 2o

Table 3. The conditions of PCR processing.

Temperature Cycle numbers Reaction

Stage 1 | 94°C > Smin. 1 cycle Denature
94°C - 30sec. Denature

Stage 2 | 52°C » 50sec. 5 cycle Annealing
72°C > lmin. Extending

94°C - 30sec. Denature

Stage 3 | 55°C » 50sec. 30 cycle Annealing
72°C > lmin. Extending

Stage 4 | 72°C ° 10min. 1 cycle Extending

(3) PCR-16S IDNA % £.3f 73 %3 48 T ¢ 14 40

- HEP 1 ERFGLPCR F is A # o 4 PCR & it (7 el

47



AEFF TR 2513 (1IF)i2 7 PCRF fsts » € A4 % 1515bp chir it & 4
Fpt i€ * 1%k K& 7 agarose gel 217 A o A BH T AREH I P~ 05¢
agarose = & > 4r » 50 ml £70.5 X TAE buffer(¢ 50X TAE buffer #f 7 =) > 14 fic
AVt B I R 2B FEIA0~50CHEE > T AR HET Y FFH T KT
fs B * 2% 0.5 X TAE buffer -k T 3% & A (TOYOBO Gel Mate 2000, Japan)

¢ 5 3 3-5u1 DNA A 4 £ 1 pl EZ-Vision'™ Three ¥23 ;R & #5731 » %a8¢ » L 1

S R SRS 1T

N}

100 RAFTREF T A FFRE L 50 & 480 2 {58
i 5u(Gel 312, Taiwan) @ » 12 ¥ ek B BR ot » I % PEL 2T A &IGE R (S € Bz 312 nm
AR PRGN > d RF Nz} 2B pFE 7 R A 9 DNA marker ¥ T E
E A SRR AR - iR PCRIFEL TRy 123+ 52
AFEH - EITDNAAF A F 2B PRAPFPEIP RFHELRFF AP
TR 0 2 {5 R4 ®A 5% 02 NCBI 2k ¢ Blast # & & fesk ¢ TR W 45 A 47
GERRBI G PRAABTHE S > BP0 R Y £ 98% ~ 100% > B fs L ¥
CLC Main Workbench 5.0 $r#8 45 fie ¢ FE T Ffdz A 7| KA {7 3% 57 5 P fd
FifR T EfEE e BT 1972 (Unweighted Pair Group Method with Arithmetic
Means » UPGMA ) i 7% 1 #t o

UPGMA 1R 32 841 % f1H fe & i fh ik ch B 4o id 5 9 A BT 2 9 8 1 0t eh
o @ E TR E S B2 e R - kAR A A T
FUA AT R e AR FH (s 0 g ARE B IA A U R Rk ue- T
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SFVEF o R E R L BEAR R RS - A2 > 5 - #F (cluster) > RS R B
FIepR 7] ¢ Bid B R 7S Ap - B > Hiea BRHF R 3T 2] 4 47
(Sneath and Sokal, 1973) -

Bofs B EER N EBY o PE D AR S F Y SRR ¥ PEF
WOLAPITENT § S8 LR PEF 2 RO Epc R X 2 2 S B S 5 R

v PEF 8 B ek > 337 b AT R FE L B o
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- “PEF 8 &7 4 5 R fer o %

AR B 14~ % A% F(Escherichia coli) ~ 3 % 3k 7 (Staphylococcus aureus) ~
A F A% F(Bacillus cereus)® ¥ L 8 ¢ A p R RIGEE A F T Wk
=% 3 A& 2 % (Pulsed electric field generator PEFG)«H Mk fFpc % » I #4173 e fitic
25 AT HERAET R RIRET R SR FITE 1%%ﬂ * e RR R R R T
Fpe s 2 AN AR 7 s 2§ R T 3% & (Critical electric field Ec) > #4 s

3 AEN(B3) (B4 FacA P2 R B 1 E IR AN (3-3)2 i ¥

(—)  PIREFE R HEFIE LB

B BEFH ER T FE AL FEAYE TSBirin A4 ¥ E
37°C i % E4E 0T 150 rpm R F 24 ) B > L #-H kAT 1075 0 @ A
EFAEY 15~16mS/cm "% 3 43 ~48 puS/em » B W] #-= fEfc A 20 F % ER R
(B3 6-9~12ps)T » U F T HRRAIL 0 RJILEARL T F S8 RS- -
S s MHRZ o BASE R Z FiR AP 100 Wl 353 H A HERE A TSA P
THRBEHITC WAEEFPOCHEA 18~24 > L UFEFESFEEA
w Fdc 0 e A2 (3-DF B B BEPT R 0 ki £ 4 Sigmaplot 10 (TSR v §F A
o

4B E T B 3569 12 us 0% R A B R R 5 R 14.63 -
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13.13~12~10.5 kV/em 2. PEF /2 > 7 18 3| 5 B > A W) 2% M4 8 1.91
229328 372logp & » AR+ = -PEF 435 F5kF - WA EBEFETT 1
AT R R X AN T ERMET AR D FHFATRASFEF £32629ps
ZREREER R T RIS 0§ F T R A S 15751375 12.5kViem BE 0 = fE
R R T S RFE > A W E K 0.19~3.68~3.77log E 0 LB T
oA 4% FE PEF R 0 &R HR A 5 16132135 11.38 2 9.75 kV/em & »
B BT ARG 69 12 ps)ehbe % B EPTE A B K 2,40 ~ 3.70 ~ 4.28
448 logp & » LBl-L = o d b it %% B PEF chk ik € S F PR 00T A& chs 4o
AEE O IEFRETASH A R RMADTHFRATTEI AR A D I
PR o

EAF R REE () JITEFR () Y F LS 1000Hz~3 F) > T 13357 42
7 (3-4)#% & = PEF A2 i A2 S B pE ¥ (T7) o % PR 0F 5 B 3 4o P > @ enph iV
'z WL > GBI 3562912 pus v FIREFE A AR AT 1B A7 R PR
(Tt)~ %) % 0.009 ~ 0.018 ~ 0.027 ~ 0.036 #) > FIpt M Frc %k 7™ § 52 H4v o 25 2
Frie s o bR BRI S pF 0 PRI S B 4 PEF AT & A F B F(A100 5 175
250 Hz) » ¥ A MR R 5 ~ B "% Br % & PF | 5 #0033 (8 7 »< % (Sobrino-Lbpez et
al.2000); F F% » 75§ 2 phdn JU B SRR BRI (£ 828 ~ 1035 ~ 1242 ~ 1449 Hz) it §
— F_PH A% % (Zhong et al., 2005) o Fpt A F % ¢ FR% B S5 T 2 1000
Hz e 3 = pedp & o 4 3% & B RUEA40 kV/iem)p¥ - #% 875 % (0.3 ~ 2 ps) & ‘=3

51



:3)&5?] 2% (Fox et al, 2008) » =87 A F ety oo i ¢II§FJ€‘J e e
Ap (f)‘f’”ﬁ 25Hz > ® " fFy B % '“;‘Ejl"il”ﬁ X o F]pt A g&ﬁ"f R R B M
%Kfé"g IR ];r] EaR: S

4 L

“

2

b ERRERE R AJEPEER A W S 12us > 0.036 FiPF 0 X BRE - &

=5

A FE A EREFREL051252975kV/em T H% AT > PEF ik Fpc
5 4 W FE K 372~ 377 ~ 448 logo B ApERIT 2w 2 )EJ\" A B FER S RA
R R SRR RE R A B 5 35kViem ~4.0 ps fo 1250 pus o w5 4 391 logy B
(Jonathan et al.,2007) > £+ 3 § #F = 35kV/iem ~3.7ps 459 ps ™ » BT %%
3.7 logo E(Evrendilek et al., 2004) » @ i1 A ¥ & *;;%]"%? 25kV/em ~2.0 us 4= 100 ps
T 5 '8 ™ 1.3 logyo E(Cserhalmi et al.,2002) » &+ F % ~ 5 F~ £+% § § 5
FI2 2 B R ARAT 0 @ A E A BBk L AP R T g A
M2 gy B R ARATR G S S o e il 30 PEF RJZ 1S 1 R
Frcsk o FIUC R E R ¢ % Flonid (ml/min) ~ # T E(MS/em)F > T AF %Y 0
EOE RS kA ﬂf HeiE o ;e:fmgw SR A S v R R S R eh L
(Zhong et al.,2005) BER A F % ¥ JLPFF L 0 RAFTE DR H % AP A

32 )I%ﬁ;:tsi(< 13 kV/ecm) o
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Fig. 14 Effect of the pulse width on the inactivation of Escherichia coli under various

electric field strengths.
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Fig. 15 Effect of the pulse width on the inactivation of Staphylococcus aureus under

various electric field strengths.
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-1.0
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— .35
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- A 6us
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*  12us
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Fig. 16 Effect of the pulse width on the inactivation of Bacillus cereus under various

electric field strengths.
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(=) BFpek Rk TRk

#-PEF $t= fail2 # 67 bR R F % (FaRliw f 7 7w 72 4250
(4-1)~(4-11) » B ¢ = 4255 (4-1) ~ (4-4) R < % 4% Ferii Fig % 0 A B %
TR A Y3629 12pus LEL 2 AN @5~ @D L EF T HELS
6~9pus = f&"% fﬁrﬁ’)}ém&p@]% AB-LT @ihA ﬁ*}&”p@‘]’,’fﬁ~6~9\ 12 ps = &
R R T 0 T R AN (4-8) ~ (1M LB c FHEEE A
B F75 1 B f AR B AR £Av b - ik ABR AR T At o T ARS
¢y nERE P iR AR R R RS T B fo R BB A B AT L R AL
st (y=ax+b) 8P a LA F b A EREE - R PIEZ 2 4250 i bl i
] Rzﬁifi,\‘}#&ﬁ‘ 1o Zeom 7 G BRI SZ 801 2 4758 (4535 > Tk T AR Y ek
LZEH] -

B AN AR T R EpL R TR R e R E
Q)*Jc(Hmsher et al, 1981 ; Zhong et al., 2005)Z& F > = 4254 (3-2):

In S = - by(E— Ec) (3-2)
A PGE £ RIER F P fAME $ PTRAg T % R (Ec) °

BT R ‘?"ETF AT B S 2 AR (32) et > TR BRI A R A

EX T ERATIAERERALTRRFTAT R&ANEFWATFRALS R L

22 (A)~B)~(C)> d > A F {72 W’Ep: S A7 58 H U log % o1 0 T 2R fg st
(B-2)& 7 chp AR¥E(n) 4 7 0 Flt @ ERT L f 2302 0
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y=-02981x+3.059 R*=0.72 4-1)

y=-0.5799x +5230  R’*=0.97 (4-2)
=-0.6187x + 4. =0. ]
y=-0.6187x+4.263  R*=0.99 (4-3)
y=-1.097x +7.8030  R*=0.99 (4-4)
=-0.0339x + 0. =0. ]
y=-0.0339x+0.377  R*=10.80 (4-5)
=-0.7287x +6.721  R*=0.87 (4-6)
y
y=-0.9998x +8.340  R*=0.87 (4-7)
y=-0.2886x+2.289  R*=0.99 (4-8)
y=-0.6176x +4.820  R*=0.74 (4-9)
y=-0.9719x +6.828  R*=0.91 (4-10)
y=-1.051x+5.7310  R*=0.99 (4-11)

% PEF e A27 TRl TH R A €& F AL D " Mo dos B
MEEEAEY Jus L RusrE o At e AR d 1026% 1 7.12kV/iem; & §
PERATRETAY SusHU T Ous B TR T HE R AR Y 1112 % 3 834
kV/iem;m i A F 4% AP B F A d 3pus 42 3 R2us o Rt R AR d 7.93 %
3 545kViem: igs FREMEFRELT AT {0 e Foo 33 by (em/kV)
BRI AL EctpF o § bp §~ 47 & PEF A4z > B ZRATEKET R
WS R 0 Ldr (A)~ (B)~ (C) » 2 @ 2 JRRIG F R0 5 HIRR 7
B, B (Zhong et al., 2005) » % "% HE 5 d 207 Hz % % 3 1449 Hz /% > 520t 7
HRld 4.06kViem % 3 1.61kViem o 2 fx ¢ LHASE T H AL A 20kViem » 7
AF Y BT B X L 16.13kV/iem o ® PR EHE K B 2 5 1000 Hz > 4p252. 7

AR Y AP RSTT RS THRAE €8T pris il o
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Boh o TRR RN R A LT g B (R A Je Ak s 28] R e

RS 0 14 A2 (2-1):

AUym =~ (A)A4sE (2-1)
B AUy L e W 2533 4 F TR TR S (A) L e Ak T3 Ay Ltwe
W B e AR ¥ 2 e BT S wp e E B 4o 7 35 & (kViem)o H ¢ f(A4)

2

h
2-A 4545 jﬂ 1f(f5+5r}( 1W|_5'+A2 )),.

4 = (2-2)

il 288 e A s Ay s As B dme P oos G B IE ) v S enpEaR > TP i% dm P o

¥ e L RIAE Ape] 0 m AR E HFRIA 2 R R R PEE Apfi o F Ap
BB FERAPRA TR N et A4V F e R 4
fadd ApBeE R F o f 20 A b e e S B PTRR T Rk -
PEFAB ARG E A 25 (15~ 80 nm); e NS e B 2 K
fe (10 ~ 15 nm)» F Pt e ff A B M Fm e BER & 2 TV Bt TRl T e

-

N RN LY ]vip;];g o M Blw & | Saccharomyces cerevisiae % 5= ﬁi:]' AR

(\,\

7% TR T #K(4 kV/iem) Listeria innocua i ¥ fF X B L FE A ] 0 T
% & B iR T 3% R (15kV/em) ; Eschericaia coli % 1 jf “ 1127 » A ¥

%2 Rb %A L 125kV/em ¢

58



%0 LA S BALE Y AR L2 R Y Bo) i 900t & PEF AULiE

fel TREAORRTHERAE LEr (A)~B)~(O)-

59



e RETAMASBEFA AT TIRA A EBHRATERA LD -
Table 4. The effect of pulse wave width on critical electric fields of inactivating

Escherichia coli, Staphylococcus aureus, and Bacillus cereus.

(A)Escherichia coli
Pulse wave E.coli
(ks) b.(cm/kV) E (kV/cm) R’
3 0.6862 10.2616 0.72
6 1.3349 9.0188 0.97
9 1.4242 6.8902 0.99
12 2.5253 7.1145 0.99

35 E.coli 5% FIAHR 10° 2 15 > =42 ¥ 3 10° CFU/mI

(B)Staphylococcus aureus

Pulse wave S.aureus
(ks) b.(cm/kV) E (kV/cm) R?
3 0.0780 11.1208 0.80
6 1.6775 9.2233 0.87
9 2.3015 8.3417 0.87

xS aureus &% 7)) ﬁ%ﬁ 10° 2 1% > d2dn A 5 10° CFU/ml

(C)Bacillus cereu

Pulse wave B.cereus
(ks) b.(cm/kV) E (kV/cm) R?
3 0.6644 7.9317 0.99
6 1.4781 7.9225 0.74
9 2.2373 7.0251 0.91
12 2.4194 5.4529 0.99

30 B. cereus 55 FI4F1R 10° ® {5 > A4:F# 5 10° CFU/mI
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Table 4. General characteristics of pathogenic microorganisms.

Characteristics E. coli S. aureus B. cereus
Shape Rod Spherical Rod
Diameter (pm) 0.9~1.5 0.5~1.0 1.0~2.0
Length(pm) 2.0~6.0 _ 3.0~5.0
Type Gram-negative Gram-positive Gram-positive
T ture'
eml()fga)‘ Hre 7 ~ 46(37%) 7 ~ 48(37%) 4~ 55(35%)
Oxygen Aerobic or facultatively  Aerobic or facultatively ~ Aerobic or facultatively
conditions anaerobic anaerobic anaerobic
pH? 4.0 ~9.0(7.0%) 4.2 ~9.5(7.0%) 4.3 ~9.3(7.0%)
Spore-forming Not Not Yes

'Growth temperature range.

*Growth pH range.

*Optimum values of growth.

- :No reported.
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;oo
B

Fig. 17 Influence of the specific energy on the inactivation of Escherichia coli,

Staphylococcus aureus, and Bacillus cereus by PEF treatment.
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SERBFFET AR EHASEE £ T FRE 0 LB FHOY

Eﬁ;“"’ A2 4 B H (4-12) ~ (4-14)40 1t

y=-0.0072x +0.7486  R*=10.94 (4-12)
y=-0.0074x + 1.4832 R*=10.89 (4-13)
y=-0.0075x +0.2257 R*=0.87 (4-14)

d W= ¥ 40 PEF AJLIEAY g~ cnic B g 4 il B ek s

e § o pdp o R R R A P POt PEF hiT BRI E G T A K SR Ap
BE o o§ (E EE?F?@% » AR ¥ fm%]% P %(Jonathanetal.,2007)° Fl o
Fo? D RIREER ARG 6912 ps) T2 Bk B R EET R L 12 ps
H o ERE AP £y PEHATT R R 2 & WA G 0
Ous;* B~ &% §F 5 2RE > A E45 {4 B 1372 3.77 ~ 448 logo & >
LA R 2~ o g RETR R A0 0 BE L 70~ D
GBS AR A A E R B FRE > T T HEREAE (A) (B) (O e
Tl THRAE - EHF RAMKE AR TRANTE S

st g~ BRE P B PEF RJRiEAL G RERES o F YRl ¥R
B3 30°C P e it A 3 B T enig A RS S R il g
B BRF30CH ik S € # + % & 4P (liquid-crystalline phase) » 222

wPE SR R R s Heha B R A 2 1T T 3L stk (electroporation) (AT R R %

B 0w { F 5 AR - 7~ (Aronsson & Rinner,2001; Heinz et al, 2003) -
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BAF IR AR R F MO 30C 0 EF R WA R A B 4 &2
ALY ER PRHRSORERFERIALEOCNC L RFEALF N Lm0
Bhot 2P B LM PSR AR ET AL L4T AR A o

T BCHOR R F 8 BB FE R M (pasteurization: 63°C,30 min.) > £ 4v F & F B erifk i

PR R G 34y Fl P TEARY A R A 3R 5] PEF RS o
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2~ R R (us) ~ B H5 B (KV/em) ~ T ia(A)E Wit B (J/g)eh PEF % %

TR F R 2 ISR R

Table 6. The effect of the pulse waves, electric fields, intensity of current, and specific

energy on the inactivation of Escherichia coli and treated temperature increment.

Pulse wave  Electrical fields Intensity of current ~ Specific energy Logio(N/Ng) Temperature
(ps) (kV/em) (A) (J/g) (C)
3 9.50 0.83 85.16 -0.03 28.2
10.00 0.9 97.20 -0.05 30.8
11.00 0.92 109.30 -0.13 32
12.00 1.04 134.78 -0.20 35.7
12.88 1.25 173.81 -0.57 38.4
13.63 1.3 191.30 -0.62 37.6
14.63 1.5 236.93 -1.91 44.5
6 8.88 0.8 153.36 -0.12 333
9.50 0.92 188.78 -0.14 31
10.50 1.09 247.21 -0.64 44.8
11.50 1.05 260.82 -1.41 42.6
12.00 1.42 368.06 -1.90 50
12.63 1.59 433.59 -2.18 49.7
13.13 1.59 450.77 -2.29 49.6
9 7.38 0.63 150.54 -0.44 37.3
7.88 0.84 214.33 -0.61 38.4
8.88 0.88 253.04 -1.14 46.5
9.50 1 307.80 -1.48 45.3
10.50 1.13 384.43 -2.20 53.6
11.50 1.38 514.19 -2.85 56.3
12.00 1.46 567.65 -3.28 57.3
12 7.38 0.63 200.72 -0.47 35.6
7.88 0.75 255.15 -0.70 40.1
8.63 0.92 342.79 -1.57 46.8
8.88 1 383.40 -1.80 48.1
9.50 1.05 430.92 -2.74 52.2
10.00 1.21 522.72 -3.19 52.6
10.50 1.3 589.68 -3.72 60.3
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Table 7. The effect of the pulse waves, electric fields, intensity of current, and specific

energy on the inactivation of Staphylococcus aureus and treated temperature increment.

Pulse wave  Electrical fields Intensity of current ~ Specific energy  Log;o(N/Ny) Temperature
(ps) (kV/em) (A) (J/g) (C)
3 9.25 0.85 84.92 0.03 30.80
11.50 1.28 158.98 -0.01 33.40
13.00 1.35 189.54 0.01 37.30
14.50 1.74 272.48 -0.12 4.10
15.75 2.00 340.20 -0.19 44.00
6 8.25 1.03 183.55 0.14 33.75
10.50 1.25 283.50 -0.41 43.5
11.75 1.54 390.85 -0.88 45.50
12.00 1.67 432.86 -2.27 49.7
13.00 1.93 541.94 -2.71 53.90
13.50 2.04 594.86 -3.44 56.00
13.75 2.09 620.73 -3.68 57.30
9 9.13 1.23 363.65 -0.94 44.50
9.50 1.34 412.45 -0.85 47.2
9.75 1.10 347.49 -0.89 43.80
10.50 1.55 527.31 -2.33 50.2
11.00 1.63 580.93 -3.65 55.60
12.25 1.94 769.99 -3.79 60.30
12.50 1.80 729.00 -3.77 60.90
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Table 8. The effect of the pulse waves, electric fields, intensity of current, and specific

energy on the inactivation of Bacillus cereus and treated temperature increment.

Pulse wave Electrical fields Intensity of current Specific energy Log;o(N/Ng) Temperature

(us) (kV/em) (A) (J/g) ()
3 12.75 1.34 184.52 -1.40 36.50
14.00 1.65 249.48 -1.78 38.70

14.50 1.70 266.22 -1.88 41.20

15.00 1.77 286.74 -2.00 41.50

15.50 1.91 319.73 -2.18 43.00

16.13 222 386.61 -2.40 44.50

6 10.38 1.19 266.68 -2.02 38.60
11.00 1.38 327.89 -1.56 42.00

11.88 1.49 382.19 -2.42 45.30

12.50 1.50 405.00 -2.39 47.00

12.75 1.74 479.20 -3.62 50.80

13.50 1.84 536.54 -3.70 54.00

9 9.50 1.21 372.44 -2.58 45.30
10.50 1.37 466.07 -2.98 48.40

11.25 1.50 546.75 -4.28 53.60

11.38 1.54 567.57 -4.28 54.40

12 8.38 1.05 379.89 -3.05 47.50
8.50 1.12 411.26 -3.18 49.80

9.00 1.30 505.44 -3.82 54.60

9.75 1.37 577.04 -4.48 56.10
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G AR L RS o 2 B RETER] PEF Mk o )t (8 4RI PEF

A AN AL ot~ i £ 1)

o

YRS R R F R Gps £ A
NCONCERESII R TR L e S L NS Es

SE D EL A o

|:|_
— 11
=
Z
Z
e
=
&1 2]
=]
]
-3 4
'4 T T T T

200 400 600 500
Specific Energy (J/g)
B+ ~ ~ E coli ~S. aureus ~ B. cereus - FT_6 us "k 75 B T 0 * Bt it £ PEF
ELIES & S
Fig. 18 The effect of various specific energy of PEF with 6 us pulse width on inactivation

of Escherichia coli, Staphylococcus aureus, and Bacillus cereus.
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G FEATET @ AN 415~ @-17) AR AR S B E - &5 § ¥ RET

ih A H R f;%]' » Jo T AT

y=-0.0070x + 1.4651 R*=0.91 (4-15)
y=-0.0056x + 1.0897 R*=0.97 (4-16)
y=-0.0068x +0.5951 R*=0.94 (4-17)

ta gt R ARG R F [P AR (-12) ~ 1) EF T RE S 0 E R
RETTR AL Opus | R DR > 2 2 FEREPR RS R AT

HeY 2% 9§ 5 AHPEF A E > A X %45 7> PEF i 4 £ 7

gy

A EEAF om 2DV REBE - B AT HFRG AR R AAESR > T Rk
BEVREDRNAGCDERFF N AEREY PR R E SRR R T
B R EEE R

2 @A w S AR (A-15) ~ (4-17) B T AR R BB R v
GRSIERI R R RR TS FREPCESLBE B LEL (A)(B) (O
BRAL (A-B) O rhifplefrfgey L&kLE LI REFER
2 HET A ERIFEAI L 0 F Lbz;jc«“;ngk SRS R VEA S a)
(Zhong et al., 2005) = & % 77 2 = fhh R A Fpe s iR R A £ H R7
T 095 A B REEF T IRE A EEFR EA 9 0.968040.9557
09719 B % AW+ 1 ~Hl=+ W=+ - o d HETFEHBTEL wF S

F ¥ U RIFPIAE PEF > 7 vt iy fl_mz@;g:] 3% o
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Table 9. Comparison of the predictive survival values of Escherichia coli,

Staphylococcus aureus, and Bacillus cereus derived from regression model with

measurements.

(A) Escherichia coli

Linear regression: y = -0.007x + 1.4651 R*=10.9126

Specifi J/

pecific energy (I/g) Prediction Observation
216.37 -0.05 -0.24
312.20 -0.72 -0.37
440.64 -1.62 -1.40
557.05 2.43 -2.35
635.73 -2.99 -2.60

(B)Staphylococcus aureus

Linear regression: y = -0.0056x + 1.0897 R*=0.9683

Specific energy (J/g) Prediction Observation
232.24 -0.21 -0.04
303.02 -0.61 -0.38
430.40 -1.32 -0.76
589.80 -2.21 -2.24
693.37 -2.79 -2.37

(C)Bacillus cereus

Linear regression: y = -0.0056x + 1.0897 R*=10.9683

Specific energy (V/g) Prediction Observation
223.95 -0.93 -0.80
281.88 -1.32 -1.32
409.54 -2.19 -1.66
487.46 -2.72 -2.28
603.42 -3.51 -2.68
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Fig. 19 The correlation between the predicted survival ratio of PEF treated

Escherichia coli and measurements.
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Fig. 20 The correlation between the predicted survival ratio of PEF treated

Staphylococcus aureus and measurements.
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Fig. 21 The correlation between the predicted survival ratio of PEF treated Bacillus

cereus and measurements.
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oAl RE Flic RE BRI, 0 AMER R P g > AP ag
RE(F0F)EP 05 FIGHR * AFMET 57 A2 F 4R Flot Bk R4 3
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CRF FERELESIB - L= ~Bl- =497 o

dR- S FER O ERFFMARERFTALTH R Fk B2 R
FRARME R AERE I F I A A F 2 AR Ry A
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BF BT L R F#kmF 100 ~10°CFU/ml > 4248 4 5 % 7 fcd 4 5 8 iz 2
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Fig.22 Changes of total fungus, total bacteria, lactic acid bacteria, anaerobic bacteria

counts in noni fruit during fermentation at 25°C.

77



le+7
—&— Total fungus
—a— Total bacteria
—#&— Lactic acid bacteria
—%— Anaerobic bacteria

le+6 -

le+5 +

le+4 ~

CFU/mlI

le+3 ~

le+2 H

le+l +

le+0

0 1 2 3 4 5

Fermentation Time (weeks)
SAZBHEREENISCT A RFEYF AL Ao B2 AEc R AK R
§ e R
Fig. 23 Changes of total fungus, total bacteria, lactic acid bacteria, anaerobic bacteria

counts in noni fruit during fermentation at 35°C.
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Table 10. The isolated bacterial strains of fermented noni juice.

s HAEpEY 2 PCA~PDA~MRS 122 FTMA 3 % &7 » 3435 F#l 37

Time (weeks) Room temperature

25°C

35°C

0
1 Paenibacillus macerans
(BWO1)
Staphylococcus warneri
(BW21BNO)

2 Bacillus subtilis (BW22a)

3 Bacillus cereus (BW33a)

4 Bacillus megaterium

(BMO1F1a)

Bacillus cereus (BMOle)
Bacillus subtilis
(BMO1F2)
Acetobacter orientalis
(BMO1a)
Staphylococcus caprae
(BW241a)
Staphylococcus capitis
(BW241c)

Pantoea spp. (PCB15)
Paenibacillus taichungensis
(PCBI12)

Bacillus cereus (MRB13)
Bacillus megaterium (MRB11)
Bacillus cereus (MR251a)
Bacillus megaterium (MR2516)
Acetobacter sp. (PD2516)

Acetobacter sp. (PD2522)
Gluconobacter japonicas
(MR2522)

Gluconobacter japonicus
(PC2533)
Staphylococcus aureus
(PC2531)
Acetobacter orientalis (PC2541)

Pantoea spp. (PCB15)
Paenibacillus
taichungensis (PCB12)

Lysinibacillus spp.
(PC3513)
Curtobacterium spp.
(PC3511)
Bacillus subtilis
(MR3521)
Acetobacter orientalis
(PD3521)
Staphylococcus aureus
(PC3531)

—: No detected the microorganisms.
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FrEEATER R Y PCA P B A Fh 65 eBlZ L (A) A
n] §_PCBI1-1 ~ PCB1-2 ~ PCBI-3 ~ PCBI1-4 ~ PCBI1-5 4= PCB1-6 » # ¥ PCBI1-2 &_
Paenibacillus spp.> PCB1-3 4= PCB1-5 &#_Pantoea spp.> PCB1-5 = PCB1-6 % Bacillus
spp. ) BEBEAA? TEPRBERFH FHERFI2CP FRE IR Y
%+ PDA + 7 (@ F) 6 ik 4 0 A B 5 PD251-1 ~ PD251-2 ~ PD251-3 -
PD251-4 ~PD251-54=PD251-6> # # PD251-2~PD251-3-PD251-4 &_Gluconobacter
sp. > PD251-6 | &_Acetobacer sp. > PD251-2 5 PDA 2 & A ¢ #7ib 1t b d % 2 f7
Ao LBl te B) e HFRFA2CP FRISF2 -3fc4F BuBH%
i+ % 3> PDA ~ PCA ~ PCA }+ » ¥ & w]{# 3] PD252-1 ~ PD252-2 2 2 PC253-1 ~
PC253-1 ~ PC253-3 = PC254-1 % A% » # ¢ PD252-1~PC253-3 & Gluconobacter
sp. > PD252-2 4= PD254-1 5 Acetobacter spp. ° PC253-1 | &_Staphylococcus sp. °
& A enF4p ¢ 1 PD252-1 ~ PC253-3 ~ PD252-2 ~ PD254-1 ik fia + et ] o o
BT AT B R RSN 2SCE BRI F BRI AR BERED

= B FE o LB I (A)B)~(O)-
BB R 350 ARl 24c 3 Rt o P A PCABERLY o W

H

mﬁ.

i# % 7 3] PC351-1 ~ PC351-2 ~ PC351-3 14 2 PC352-1 fr PC353-1 % [/
PC351-3 % Lysinibacillus sp. » PC352-1 % Acetobacter sp. > PC353-1 | &_

Staphylococcus sp. ° 35 % FeFAp ¢ 11 PC352-1 fhfie = et & o d pt 7 505 3%
REFISTY #pL 5 2% BREETS BREAY LEBINIEE
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Bl-Lw s 2R EATHE 20 25CHR Lk %7 0 A %4 PCA(A)

1= PDA (B)® 2 #c2 4 F4p °
Fig. 24 The dominant species in PCA (A) and PDA (B) for fresh noni juice and one

week fermentation noni juice at 25°C, respectively.
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Blo -3 ~HEE25C#m2-3 42 %7+ & 5§53 PDA(A)

PCA (B)fr PCA (C)* 2 fic2 4 F4p °
Fig. 25 The dominant species in PDA (A), PCA (B), and PCA (C) for two, three,

and four weeks fermentation noni juice at 25°C, respectively.
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Fig. 26 The dominant species in PCA (A), PCA (B), and PCA (C) for one, two, and

three weeks fermentation noni juice at 35°C, respectively.
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Fig. 27 The dominant species in MRS for fermentation noni juice by factory.
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Fig. 28 The PCRprofile representing 16S rDNA of bacteria isolate from noni juice.

Lane 1: 1Kb DNA marker
Lane 2: BM06a

Lane 3: BM36d
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A 2 16 £ * CLC Main Workbench 5.0 $ic 88 #5 fie @ F& 2 Ffd2 B 7| k&2 474 4
dERFAP AR AP L VRARA T UAEEFEL BT I02
( Unweighted Pair Group Method with Arithmetic Means * UPGMA ) % @ H j# it
Ao deBl-Lt4 B2+ B=21t- " B=Z1tz Btz d B F BT
VLTRSS B2 BRS¢ vEfEL B A MG RITH R AT &
- #(class)? » F3 p - HZFAE T hFly - H- v &g PERE
BIZARLY AL 6 e o5 Vit FE - RARAFEERDFME -
it UPGMA (R IET o4 o fh2 B ARG ET 2 R A 0 ke w3
Ao XRfwms T o NRrRRHEFAREELALARL - BEHT AT R
T BRE PF T Acetobacter spp. ~ Bacillus spp. ~ Curtobacterium spp. »
Gluconobacter sp. ~ Lysinibacillus spp. ~ Microbacterium testaceum ~ Paenibacillus
spp. ~ Pantoea spp. ~ Rummeliibacillus sp. ~ Staphylococcus spp. & ° 1p > 2
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Fig. 34 The effect of electric field on the inactivation of Acefobacter orientalis,

Escherichia coli, Staphylococcus aureus, and Bacillus cereus by PEF with 6 us pulse

wave width.

96



® [Fcoli

B Saureus
0 - *  B.cereus

A A oeientialis
_1 -

LoglO(N/NO)
N

Electricfield strength (kV/cm)
Bl= -1 ~ " 23 %A & 9us "% &% A& 7 PEF R F/edl] Fﬁ’r;*’ SRR £
S EE LR S R -
Fig. 35 The effect of electric field on the inactivation of Acetobacter orientalis,

Escherichia coli, Staphylococcus aureus, and Bacillus cereus by PEF with 9 us pulse

wave width.
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Table 11. The critical electric fields of Acetobacter orientalis at 6 ~ 9 us pulse wave by

PEF treatment.

Acetobacter sp.

Pulse wave
(ks) b, (cm ! kV) E.(kV/cm) R
6 0.1277 8.5129 0.85
9 0.2509 8.5029 0.92
FIAFFE 107 £ 15 0 Ak F#c¥ 5 10° CFU/ml

:x: Acetobacter orientalis 5 %
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Fig. 36 The effect of specific energy on the inactivation of Acetobacter orientalis,

Escherichia coli, Staphylococcus aureus, and Bacillus cereus by PEF treatment.
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Table 12. The effect of the pulse waves, electric fields, intensity of current, and specific

energy on the inactivation of Acetobacter orientalis and treated temperature increment.

Pulse wave  Electrical fields Intensity of current Specific energy Log;o(N/Ny) Temperature

(bs) (kV/em) (A) (/g ©)
6 8.50 0.58 106.49 -0.03 32.20
9.45 0.62 126.55 0.21 32.90

10.55 0.74 168.63 -0.26 34.60

11.35 0.87 213.29 -0.29 37.80

12.15 0.95 249.32 -0.36 39.00

12.95 1.04 290.91 -0.46 40.00

13.93 1.12 336.87 -0.63 41.60

14.28 1.20 370.01 -0.96 40.90

9 8.33 0.58 156.44 -0.08 33.40
9.28 0.66 198.34 0.18 35.10

10.08 0.83 270.94 -0.40 38.50

10.88 0.91 320.64 -0.48 40.00

11.44 1.04 385.31 -0.62 41.30

12.15 1.10 433.03 -0.80 44.50

12.65 1.14 467.24 -1.06 45.60

13.13 1.22 518.81 -1.37 46.50
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Table 13. Comparison of the predictive survival values of Acetobacter orientalis derived

from regression model with measurements.

"% % & 6 ps e PEF AR AL B

137] A T S

CAR R E A

Specific energy (J/g)

Linear regression: y = -0.0044x + 0.2789

Prediction Observation
152.33 -0.39 -0.13
212.45 -0.66 -0.24
265.73 -0.89 -0.78
322.36 -1.14 -1.11
402.41 -1.49 -1.29
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Pulse wave  Peak Voltage  Electrical fields  Intensity of current ~ Specific energy
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3 3.8 9.50 0.83 85.16
4 10.00 0.9 97.20

4.4 11.00 0.92 109.30

4.8 12.00 1.04 134.78

5.15 12.88 1.25 173.81

5.45 13.63 1.3 191.30
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4.2 10.50 1.09 247.21

4.6 11.50 1.05 260.82

4.8 12.00 1.42 368.06

5.05 12.63 1.59 433.59
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3 3.70 9.25 0.85 84.92
4.60 11.50 1.28 158.98
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4.20 10.50 1.25 283.50
4.70 11.75 1.54 390.85
4.80 12.00 1.67 432.86
5.20 13.00 1.93 541.94
5.40 13.50 2.04 594.86
5.50 13.75 2.09 620.73
9 3.65 9.13 1.23 363.65
3.80 9.50 1.34 412.45
3.90 9.75 1.10 347.49
4.20 10.50 1.55 527.31
4.40 11.00 1.63 580.93
4.90 12.25 1.94 769.99

5.00 12.50 1.80 729.00
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S~ F R R R R (us) ~ TURKV) ~ B3 A (kViem) ~ T in(A)E i £ (/g

e PEF #1004 ¥ 45 FAaT 2 %k -

Pulse wave  Peak Voltage  Electrical fields  Intensity of current  Specific energy

(ks) V) (kV/em) (A) (/g
3 5.10 12.75 1.34 184.52
5.60 14.00 1.65 249.48
5.80 14.50 1.70 266.22
6.00 15.00 1.77 286.74
6.20 15.50 1.91 319.73
6.45 16.13 222 386.61
6 4.15 10.38 1.19 266.68
4.40 11.00 1.38 327.89
4.75 11.88 1.49 382.19
5.00 12.50 1.50 405.00
5.10 12.75 1.74 479.20
5.40 13.50 1.84 536.54
9 3.80 9.50 1.21 372.44
4.20 10.50 1.37 466.07
4.50 11.25 1.50 546.75
4.55 11.38 1.54 567.57
12 3.35 8.38 1.05 379.89
3.40 8.50 1.12 411.26
3.60 9.00 1.30 505.44

3.90 9.75 1.37 577.04
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T 3 R R R (us) ~ TURKV) ~ B3 A (kViem) ~ T in(A)E i £ (J/g)

1 PEF %175 i 3] o @ 2. %8¢ -

Pulse wave Peak Voltage  Electrical fields Intensity of current  Specific energy
(us) kV) (kV/em) (A) (J/g)
6 34 8.50 0.58 106.49
3.78 9.45 0.62 126.55
422 10.55 0.74 168.63
4.54 11.35 0.87 213.29
4.86 12.15 0.95 249.32
5.18 12.95 1.04 290.91
5.57 13.93 1.12 336.87
5.71 14.28 1.20 370.01
9 3.33 8.33 0.58 156.44
3.71 9.28 0.66 198.34
4.03 10.08 0.83 270.94
4.35 10.88 0.91 320.64
4.57 11.44 1.04 385.31
4.86 12.15 1.10 433.03
5.06 12.65 1.14 467.24

5.25 13.13 1.22 518.81
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