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Abstract

Apple juices were sterilized by continuous pulsed electric field (PEF) treatments of pulse width of 25 ps at electric
field intensity of 20.0 kV/cm, and with the varied pulse frequencies of 35 Hz (40 kJL), 55 Hz (70 kJVL), 72
Hz (100 kJL) and 85 Hz (130 kJ/L). The PEF treatments of apple juice reduced the microbial counts from 5.3
log CFU/mL of initial state to 3.0 log CFU/mL after PEF treatment at energy density of 130 kJVL. Also yeast
and fungi after PEF treatments were reduced from 5.3 log CFU/mL to 3.0 log CFU/mL and Escherichia coli were
from 5.3 log CFU/mL of initial state to 4.7 log CFU/mL to <10' CFU/mL. The soluble solids and free sugars
did not significantly differ (p<0.05) depending on conditions of PEF treatment. The total phenolic contents and
antioxidant activity such as the DPPH and femic reducing antioxidant power (FRAP) by PEF treatments were
significantly partly reduced, but the PEF-reduced value came in smaller quantities than the heat treatment at 65°C.
The iterative PEF treatments with pulse width of 25 ps and pulse frequency of 85 Hz at electric field intensity
of 20.0 kV/cm showed limited in microbial reduction. Also, total phenolic contents and antioxidant activity such
as DPPH and FRAP, significantly decreased depending on treatment numbers of PEF (p<0.05).
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195 o] &3] 913 HEdt 7FES YR &
2159 #4 7 AskE ZdiskAl ok ol g A
AL A7) S O E UAE B8O F AMEF
| $13 vI7tE A grleelv #d7EEe] 7Fsst tiA7HE
|&o] 55 9 ti(1,2).
Pulsed electric fieldPEF) 7|&-2 AP0 g £ oA
o] we} 2Eg A ¥ F5(0.5~1.5 kV/em, 0.5~5 ki/kg),
M| 2] electropermeabilisation(0.7 kV/cm, 1~10 kl/kg), &
215 Ao B2 A &0.7~3.0 kV/em, 1.0-20 kJ/kg),
v Y2 B3493H15~40 kV/em, 40~1,000 kJ/kg), sludge
dlslntegratlon(IO 20 kV/em, 50~200 kJ/kg) 59 &89
£ Zt=th PEF 71&9 874 &85 S8l 17134
Ag] a5 el dA99<] @%ﬂr 71& ¥4%} PEF
8 A g AlFe FA gk A7) A ofor
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stt). AlE7Fgtobol| A1) PEF At 71&9] &81
o &
B
= AL YA H7F a79} tEo
7tgare] e 3o} YT E4AS Hase
A7) W Eoltk3). AFAE YFZ 3 PEFY] A& &l
dair e Aadadel tao] F4849 pH, 7H3 1F
&, 2=, polyphenol oxidase(PPO) % peroxidase(POD) &
3, HIEl C 2 ZEjulEA S, A= T tigh A7t
FE o]Fo] Hi14-8), PEF A2]7} pH, A%, 7H8A 119
5, BElY) C ¥, Ale Sole 9FS vXA gEta
A Th4-11). o9t PEF A 2](1~5 kV/cm, n=30 pulses)3+
At 2hEod o] FejHlE e ksl dde dixe)
FrolZQl Aozt IATHE Ba(12)% e ¥ 35 kViem,
n=1,200 pulses® A g+ At} F2oX e HlE4 SHgHEe
o] 1449% 7HAstlal 3 shehEo] B4l 7HAE)
the Ba% tk3). o]AS PPOY PODS} 22 f4 &4
7 #Ado] Q= Aoz s 4skar JUARE PEF #2](100 ps,
40 kVjcm)Z PPO%} POD &49] &Ao] 74z Al 71%<}
68% HAadThs ATAT13) = U7 W] T2 &
s WE FERIAe dsiMe $6 B A7 28
sltk. F2Foll gk PEF A 2] E3= vl gkl a+
7} o] FoiA AAw B I 29 (pulse profile), B2
=4 (pulse polarity), E2~2] <=4 (pulse duration), B2~ 1
Z(pulse frequency), A 71732 7= (electric field strength)
59 HFFollA A7 e} A7) Alzte] 7MY Fagth
842 3853 Urki4,15).
wehx] PEFS] 2t &3¢} tjEo] #4443 AHE
o tigt A5 = PEFY] &84 SHolA ¢ F8%h
7HAE vt B AFolxe 2k Akl dial A
2 P AL = 7HEA2]9f PEF A&t &
o|gletd F4 Ax AE 2 HsA SHE T
S vlaAstaat sk
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Aol AHE-g AlgbE <A (Fuji) FE5 22 2012
A g Ao 88t RS AU A A1y Ui
A NA Y T &Fo] AR I} TLTH
ZARES Aste] AREStATh Aol AR Ale] Wit
T 14.35£044 °Brixo|om, FEIES 8672+
037% Atk AFLE ol oF 2023 A A o A2 S
gl B82S AEA A-SHed(MGB-32, Hankook
Fujee Industries Co., Suwon, Korea) 73} &33+ U
screw press type %25 7](Angelia 5000, Angeljuicer Co.,

Busan, Korea) 2 #5313l SIE 2 o33 g A A
o A8=2 ARSI

Alek A HHX]

ujj Fol] A3} nutrient medium, LB medium, plate count
agar, deoxycholate agar, potato dextrose agar medium &=
DifcoAH(Difco lab., Michigan, MI, USA)9] A|%-S AH8-3151
a1, A2 Sigma Aldrich AH(Sigma-Aldrich Corp., St. Louis,
MO, USA)9] tannic acid, Folin-Ciocalteus‘s phenol reagent,
1,1-diphenyl-2-picrylhydrazyl, 2,4,6-tris(2-pyridyl)-s -triazine,
acetic acid, sodium acetate, iron(Ill) chloride hexahydrate, iron
(Isulfate heptahydrate S AH8-3}ATE

Pulsed electric field(PEF) X 2|

PEF A 2] TY¢tstael] B/5<] PEF ZA& ©]83
Aok & A AR H2H7 AR= 5 kW Ead
2 7](pulse generator), H2~*]2]-87](treatment chamber), ==
Z+e) A (control panel) 2 TAEH Ao Z BAFAAX] = 9
B2HE 344400V ARFE F5 2o WS 98 oil
bathtol] $]1%] 3t capacitordl] 57135 IGBT(insulated gate
bipolar transiston) 2 T4 E 29XE M-S AHEE
H229] Y= bipolar square FE] 2] 7} ARE-E T
PEF A2l AR 25594-S 40, 70, 100, 130 kLS AlUAE
A71 Al AEALZAWAA 717 Al 71 20 kV/emell A
H2> F(pulse width) 25 ps, B2~ ¥ = (pulse frequency) 35,
55, 72, 85 Hz® 717} A& Atk d&4 e
treatment chamber 10 mmol 21 L/hre] o2 Z&FHA
Rk A=

7t & Az

A& 100 mLE B A g Al el Fskal 7hdu
7|(BT5D, Grant, Cambridge, UK)oll =¢J3ka A g]x=d
65C, 10 min ¥ 30 min, 75°C, 10 min, 95C, 1 mino.Z

[e=]
AT

o tlo %

O|MEZHAL

T 2 dZAT-S AR 108]52] Ea A A E
[0.85%(w/v) NaCl]E 7}3+ & Z~Ev}#(Stomacher 400
circulator, Seward, Worthing, UK)Z 260 rpm®l| A 2583t o
Aslet o 3144 vl 2] pour plating3}al 35+1°C Bl
710014 48A13F Rt uiFeE £ bt JE CFUmLS.
2 kst el ith #3309t aR e Hes 74
313t A|5E 1071 3]A8te] E]AA|50) HiA]E pour plating
3hal 25+1°C wjF7]olA 72417t v kg = yehd F
25 CFUmLO.Z 3Hibete] Yehd it
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Tokyo, Japan)E AH&-ste] S8t F2]de =4 2
stk Qa2 AR E 045 ym membrane filter (Millipore
Co., Bedford, MA, USA)Z <33t & HPLC(LC-20A,
Shimadzu Co., Kyoto, Japan)Z #2413} t}. o] f-2]3<]
EXZ7A0F AHL carbohydrate column(3.9x300 mm),
AHLLTE= 40T, ©]572 80:20=acetonitrile:water(1.5
ml/min), A&7]E RIE 22 AME-3IATh frelde] 54
R BFE 2 £ AFFS AFESH oF FFEHOR
A8 T

Z ¥y e &2 0.1 mLol Folin-ciocalteu’s
phenol reagent(2 N Folin-ciocalteu’s phenol reagent :
DW(distilled water)=1:2, v/v) 0.2 mLE 7}5}¢] 25Tl A
1E7F 9RSAIZ] U 5% NaxCOs 89 3 mLE 7fshe] A2
o Al 2A17HE2F RESAIH Y o] WHS-8AS FFF T
(V-760, Jasco, Tokyo, Japan)Z ©]-&3}o] 765 nmol A &%
T2 =489 Gallic acidZ 243 5 Ag=4
olgeel FAERRE F Ax BIL TN

O

tlo

sl gy £

DPPH Uz &A%

DPPH ZZ 427%< a,a-Diphenyl-B-picrylhydrazyl
(DPPH, Sigma, St. Louis, MO, USA) 8 mgS 300 mLo]l
o] of7skal o] g 5 mLol FERF2 S|4 A 05 mLE
&3st & AA1E-2](3,500g, 3 min) 3t A3 NS 3|45l
2] 108 Z-o] UV/VIS spectrophotometer(V-570, Jasco Co.,
Tokyo, Japan)Z 525 nmol A FF=E SA3IATh
DPPH &tz &AF2 o3 2o] AlLtstath
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DPPH #UZ A 75(%)=(Ab-As)/Ab x 100
Ab: A8 TRV FRE, As: AR A7F FE=

FRAP(ferric reducing antioxidant power)

FRAPS =43}7] $8te] w8 89 300 mM acetate
buffer(pH 3.6), 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) &
3} 20 mM ferric chloride(iron(Il) chloride hexahydrate) S
10:1:19] v]-&=2 &3}sle] Working frap reagent(WFR)S
Azgt 5, AY 7R 37CE A8k ARkt oF2F
T2 o3} 60 Lol SF< 250 uLZ WFR solution 3.6
mLE E33t 303t §HEAIZ] ¥ 593 nmell A FEEE
ZA3l9 o, HFEAZ+= iron(Il) sulfate heptahydrate

g AHgs

SAAz|

A Aze] A 2)2]E SPSS software(ver. 14, SPSS Inc.,
Chicago, IL, USA)E ©]&3}4 p<0.0594 94 £4S
AT

Zzn 3 o

e oflxY A s3f
A7) A7) 20 kV/em, 2~ Z 25 oA B2 HIE
35 Hz(40 kJ/L), 55 Hz(70 kJ/L), 72 Hz(100 kJ/L) 2 85
Hz(130 kL) E 2t 54 AUAE 7|F0 2 Al 2
Z4o] PEF A& A a3=E 243 23E Fg 13
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Fig. 1. Effect of pulsed electric field treatments of different input energy (a) and heat treatment (b) on microbial reduction in apple juice.

Symbols: .; Total aerobes count, D; Coliform count, D; Yeast and mold count. PEF treatment parameters: Control; untreated, 1; 40 kJ/L(20.0 kV/em, 35 Hz, 25 ps),
2, 70 KJ/L(20.0 kVfcm, 55 Hz, 25 us), 3; 100 kJ/L(20.0 kV/cm, 72 Hz, 25 ps), 4; 130 kJ/L(20.0 kV/ecm, 85 Hz, 25 ). Heat treatment conditions: Control; untreated, I;
65C for 10 min, 2; 65°C for 30min, 3; 75°C for 10 min. Different letters are significantly different at p<0.05 by Duncan’s multiple range test. All values are expressed

as meantSD triplicate determinations.
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2tk T4 oA STt wet dRkAld, a8 9 5%
ol gdTTE BT FH R AU I
iﬁT—t— %7] 53 log CFUmLAA] 130 KI/L9] oA =2 A e
3193 o) 30 log CFUMLE 74393 85 2 Fgole
%7] 46 log CFU/mMLAA] 130 KLY olUAZ e & <10
CFU/mL °©]3t2 ZFAstdth 18al tigddaTE 7]
4.7 log CFU/mLAA 130 kI/L9] oA A& 1 log
CFUmL ©|3}& 7+43}9th Ha S5(16)S B 29 H7}
d AP AME 171 A171(10~40 kV/em)oll A 212
A1 7H8~2563], 6.4~204.8 us)S HBIA|7|HA 223 4
I 27173 A717F =l vAE dEFe] AAIRE Bk
Atk 3k} AL, 11.74 kV/em o]l A7|Z o= A7H
o] M7I7t S7VESE A EdTE Skl Stk ¢
WA 2] 73-9- 40 kViem®] 7)o A= F 4 log CFU/mL
Ar o] 2t E9E HYuha Stk PEFel 2|3 vl7}gat
T 83 Ao g2e vAE 3 7P 2 93
et 5, 27) Ly AR A, 271v 2F Sl
o5t gFo] Atkal dHA Utk YRIF O EE Y5
719l d= ABES o] 7P Erh B3 Gram
BthE Gram STV aR7) A 0] =11 ZFo|ut
AR Al el A= oFd HEstA A A &
th At Faol 2o ST E 9F 5 log CFUML 752
Azst a3 vkl Band v ok 2 AfedAe F9)
AYA e wE F3gs £} }25171 ol 71789
A7 S S7HE 39 Bt & A7) s

ofd

Ao g FaH Ak F9, 719 2] F$ Fg. 2°ﬂ*19)r
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o} 2 log CFUmML A% w1 o+, 558 2 %%OH
%ol <10' CFUMmL ©]8t2 A5 A ¥UTh Par
17y Al F220) A& At 2 3.2 Afoll A 65T, 10’1_[‘
o]del A xNAM e dlFE vAE<] /\Pjé- 2] =]
B3 u} QAT B A A gol= 271 HA=7h “3&7]
o] E848E] ztol7t YEhd Ao 2 fe

o|3FetE Aol s}

durA o 2 AAF20] 7HEA 1R Y pHE 7
T 38T AF 74 YA AR /‘}%E]bfﬂ ol&
=73 A3}= Table 13} 2ok 7184 ¥ E &2 PEF
AT, 7hE Aok FA 2T Abolell A<l &fol 7t
B/\Mv—‘l] 12 °Brix lﬁﬂi "]’E]'u'q % :5!: PEF 7(4‘:"] ‘};

7FEAE7F 7MY 1R el 9SS vAA G

Aoz weEsl.

PEF A 2o} 7}E Ao mE Al F29] f72d =
H38}= Table 29F 2t} B Wk o) $71 2 7HdA =
Appizze] fele gerel frolHel Holg 4 gk Ao
Z A Ath Glucose, sucrose 2 fructosed] e 72
Hzsh 75C 102 A2) ABAAE tha ase 23S
BRou F942Q1 2fol& YEP A= 23ttt olelgt 4
e 7HEA IR AR AR AR
PEF A= T o= FFS vAA| & 302 Aty
Atk Aol thgk PEF A & 2535 AV B3
0] 70T 7FEA T ¥ 2F3 AP FAFET =2
= B OK18), o701 Attel thgh PEF A 2]A] 2%
kel o2l Wyl gl AoE Bu12)dte] FF

|

(¢3

60

DPPH radical scavenging activity (%)

Control 1 2 3 4

Treatments

®)

Fig. 2. Effect of pulsed electric field treatments of different input energy (a) and heat treatment (b) on total phenolics content in apple

juice.

PEF treatment parameters: Control; untreated, 1; 40 kJ/L (20.0 kV/em, 35 Hz, 25 ps), 2; 70 kJ/L (20.0 kVjem, 55 Hz, 25 ps), 3; 100 kJ/L (20.0 kV/em, 72 Hz, 25 ps),
4; 130 KJ/L (20.0 kVjem, 85 Hz, 25 ps). Heat treatment conditions: Control; untreated, 1; 65°C for 10 min, 2; 65°C for 30 min, 3; 75°C for 10 min. Different letters are
significantly different at p<0.05 by Duncan’s multiple range test. All values are expressed as meantSD triplicate determinations.
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Table 1. Effect of pulsed electric field treatment of different input
energy and heating treatment on soluble solids, pH and titratable
acidity of apple juice

Treatments Soh;?}l;ﬁ)s(())lids pH T;?(ﬁl})lle
(%)

Control” 12300007 449:001"  028:0.00°

40 WLGS Hy)  1203:006  443:006°  0.28+0.00°

70 KIILGSS Hz) 1243006 4.54:008°  0.29+0.01"

100 KJL(72 Hz)  12474006"  4.59:0.08®  0.28+0.01™

130 KIL®S Hz)  1230£000°  448:0.11°  027:0.00°

65°C, 10 mn  1237:006°  455:005°  028:0.00°

Heating 65°C, 30 min  1247:006°  448:006°  0.28+0.01"
75°C, 10 mn -~ 1240£000°  447:0.04°  029:0.00"

"Control presents non-treatment apple juice.

PEach value presents the meantSD.

IMeans with different letters within the width are significantly different at p<0.05
by Duncan’s multiple range test.

Table 2. Effect of pulsed electric field treatments of different input
energy and heating treatment on free sugar contents of apple juice

Free sugars (%, wiv)

Treatments
Glucose Sucrose  Fructose Total

Control” 748+0.107Y 231:002" 3.14#0.06 12.93%0.18"

40 KI/L(3S Hz) 7.35€006" 226+0.09" 2.85+0.09" 12.46+0.23"
PEF 70 KI/L(55 Hz) 742+0.07" 2.17+0.02" 2.68+0.09" 12.27+0.18"
100 KI/L(72 Hz) 6.93+0.06" 2.80+0.03" 2.78+025" 11.86+0.34"

130 KI/L@85 Hz) 733+0.17" 2.24+0.17° 2.88+0.03" 12.45+027"

65C, 10 min  7.13:0.04" 223+0.01" 290001 12.26+0.05"
Heating 65°C, 30 min  6.56+0.12" 2.05+0.02" 293x001" 11.54%0.14"
75C, 10 min ~ 7.0420.06" 2.10+0.03" 2.90+0.02" 12.05+0.10"

)
2)
)
9

Control presents non-treatment apple juice.

Each value presents the meantSD.

Not significant.

Means with different letters within the width are significantly different at p<0.05
by Duncan’s multiple range test.
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7 PEF Agd 229 {23 g2 A5 544 weba
A &7 zpol7t BAStE oz ATE T
39, & H=3eke] Wshs Fg. 2049} 7Fo] PEF A
o wet FoF o= tha THAskglth 3k 7HE A7) A
20| Aol 7Hd 270l webs F92Q1 AaE Ve
Witk 28 F el loixe F-A4 279} PEF A&
ToAE 1.3~1.38 mg/g®] FF= HEHAIL 7HEA 2T
N 1.21~127 mg/g®] FFol ATt ©]2 g PEF # &0
2 F dE dF9 A AL Xiufang 5(19)2
polyphenol oxidase(PPO)<] 2H-&-3} ##lo] = Ao=2 F
A3+ Aguilar-Rosas 5(3)%= PEF A2 2 °F 14.49%2]
HeA s5E A4 B vt itk PEFY 7]39

Al719F =4 SIghEe] el AT dokar 43t
31 QT PPO= AR 229] 4 g} #o] Jla #=
3 3= 4kshE Eafoll glo] RbEE B Ao|TH?20).
w2t PEF Aol & F s 3] PPOo] &%
o] kil Adste Zo] deF FELE 44E
o} ot &x0) 93 JEke 7t wE HEA s5hEo]
I E A Lee 52D AHE F5E & Aokl A7
21=N

L o -

DPPH radical©o] 3+1%] o] &4 radicalol] A=}
© 24 DPPH &9 A9 AP S Ak 5
sl PEF A 2e] &gk A}#h5=2-2] DPPH radical 427
=743 A¥= Fg 30 YehH Itk DPPH radical 427
Z HE g AR S el B2 Hixs 74
7o} Hlaaste] {2221 o]z} §lla, 7HE =9} Al
Zrol] & Fo A1 zlol& gil oy F-Ajg e} 7t g
Toke] BAAME F2AQ1 2oz} A HATE FA
T-¢} PEF A 2] ol HE 46~50% 2] 5 Vel 7}
AT T 2~48%2 TS YA F Hls
DPPH #t#e] A#AAE UubF oz vj$ e Roz
&4 )3l PEF A2l whZ DPPH k2] #214 z}ol=
aithe Ao] tiAlF A7 AH192223)2 £ A3 4
= oo AFATe} AR HES YERd Zlo= wtt
=3

PEF Ao w2 Al}5229] ferric reducing antioxidant
power(FRAP)Z =743+ A3}= Fig. 49 YERN ST FRAP
A Ave d2 st FAETE Blasiols o F94
Q1 zpol7} AL, 7HE Lo} AlZte] whE fo) AR A}
= 9oy X Te) 7 g eke] BAAE fre
221 ztolE Btk FA4 2|79} PEF A2 F-ollA = 51~58
mM/g® FFES UERIA Z7FEAE Tl e 43~51
mM/g®] %< e QIT) ]38 73S DPPH radical
2A% 2 F HsdEd AR dsE e Sl
Eberhardt 5(24) AtHe] &itslso] 159 ZEuE
Fol| 719lske Ao R Hilslglon, EvtE 55 A PEF
A2 BEvlE FEEY eSS F7HA7]131(25),
PEF A28 X% FEE9 iislaAda) Aaste g+
7t FA gl vt giksldAdo] F7hgk Ba126)9)
ARF A3 eI & HlE 3Fa FRAP 2 ORACEE
Abololl e F9] 2 <) (p<0.05) TE FJA4L giA A
FHBAE Hole Ao] dRbE o|th12,19).
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tllo ol

ox, [
off off ° &
fo tlo ofo mo

PEF gtg X2| &3

s 5402 g PEF A2|dlA A7 Al7|= A
AIZFe] S7HR T g4 o] Bk G 3HAQ1 Ao Lk o]
o} A& A7 Ao Al Qo] HMF& v el Slof

o
AYH o e qUAE fA ARl Usl v Ao
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Fig. 3. Effect of pulsed electric field treatments of different input energy (a) and heat treatment (b) on DPPH radical scavenging activity
in apple juice PEF treatment parameters: Control; untreated, 1; 40 kJ/L (20.0 kV/cm, 35 Hz, 25 us), 2; 70 kJ/L (20.0 kV/cm, 55 Hz,
25 ps), 3; 100 kJ/L (200 kV/em, 72 Hz, 25 us), 4 130 kI/L (20.0 kV/cm, 85 Hz, 25 ps).

Heat treatment conditions: Control; untreated, 1; 65°C for 10 min, 2; 65°C for 30 min, 3; 75°C for 10 min. Different letters are significantly different at p<0.05 by Duncan’s
multiple range test. All values are expressed as meantSD triplicate determinations.
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Fig. 4. Effect of pulsed electric field treatments of different input energy (a) and heat treatment (b) on ferric reducing antioxidant power
(FRAP) in apple juice. PEF treatment parameters: Control; untreated, 1; 40 kJ/L (20.0 kV/cm, 35 Hz, 25 ps), 2; 70 kJ/L (20.0 kV/cm,
55 Hz, 25 us), 3; 100 kJ/L (20.0 kV/ecm, 72 Hz, 25 ps), 4; 130 kJ/L (20.0 kV/cm, 85 Hz, 25 1s). Heat treatment conditions: Control;
untreated, 1; 65C for 10 min, 2; 65°C for 30 min, 3; 75C for 10 min.

Different letters are significantly different at p<0.05 by Duncan’s multiple range test. All values are expressed as meaniSD triplicate determinations.
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2R o] A A 223 Q40T B AFA= o2 7 12~13%, sucrose °F 18% % F-2]2]7-9} W 22| - Afo]
317) 915 200 Wi, 85 H, 25 530 WS] o) ) 91491 Ao/} eI A RkekTable 3, 3, PEF
1~49 WHEa)e 33 vAE A a9 2 sy 5 AR AET gl ARHeR 9% 034 e
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o

o 743 thFg. 5). F-A4E AM F24E 4.6 mgmL, 13]
A Ab F2E 4.5 mg/mL, 23] A2 AR} FAE= 37
mg/mL, 33] X2 Al3} F2E 3.5 mgmL, 43] A8 Abzt
F2E 3.6 mgmLE 217 210](p<0.05)2 YERAA
3 DPPHE A E T4 8] Al 2 57.5% 13] 28
AV} F2E 524%, 23] 2] A FAE 482%, 33] 2E)
AV F2E 300%, 43) A7) Al FAE 322%2 594
2Fo](p<0.05)F LER ATHFig. 6). FRAPS] 7%l &= 4]
g A F2E 538 mMjg, 13] A8 Alg F2E 446
mM/g, 23] 7] Al F2E 36.8 mM/g, 33 Ag At
F2E 226 mMjg, 43] A2 Al F2AE 21.8 mM/gE
94 Aol (p<0.05)F HEMHATHFig 7). YRIF SR 7
0T, 30% Ax9] A& AFHTR= 100C L] et
A7t ZEvlEey dEsEs 2 el Ja26),

Table 3. Effect of intensities and frequency on free sugar contents
of apple juice by number of pulsed electric field treatments. PEF
treatment parameters were 2 kV/cm electric field strength, 200
Hz of frequency, 25 ps of pulse width and pulse number of 175

Number of Free sugars (%, wfv)
PEF treatments  Glycose Sucrose Fructose Total
control  7.93:0.117™  246:001™ 3661003  14.05:0.15"
1 80:005™ 248004 3621005  14.10£0.14"
2 8.09+0.04™  255:0.04"  362+0.04"  14.26+0.16"
3 8131006  253:005° 367:004"  14.33:0.18"
4 792:005"  247+003" 361004  14.00:0.12"

"Control presents non-treatment apple juice.

'Each value presents the meantSD.

Not significant.

Means with different letters within the width are significantly different at p<0.05
by Duncan’s multiple range test.
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Fig. 5. Effect of pulsed electric field treatments on total phenolics
content in apple juice by number of pulsed electric fields treatment.
PEF treatment parameters were 20.0 kV/cm electric field strength,
85 Hz of frequency, 25 ps of pulse width.

Different letters are significantly different at p<0.05 by Duncan’s multiple range test.
All values are expressed as meantSD triplicate determinations.
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Fig. 6. Effect of pulsed electric field treatments on DPPH radical
scavenging activity in apple juice by number of pulsed electric
fields treatment.

PEF treatment parameters were 20.0 kV/em electric field strength, 85 Hz of frequency,

25 s of pulse width. Different letters are significantly different at p<0.05 by Duncan’s
multiple range test. All values are expressed as meantSD triplicate determinations.
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Fig. 7. Effect of pulsed electric field treatments on ferric reducing
antioxidant power (FRAP) in apple juice by number of pulsed
electric fields treatment.

PEF treatment parameters were 20.0 kV/cm electric field strength, 85 Hz of frequency,
25 s of pulse width. Different letters are significantly different at p<0.05 by Duncan’s
multiple range test. All values are expressed as meantSD triplicate determinations.

Ao 2= FEYs T Filst @A) AABAE
7}2th23). TFEF PEF A ]9 Aol FE2420 2% 5
B YeRY] wjiZe] o]t FEEHE o] 7has)
DPPHZ} 2 FRAPZLS] 7447} A<43) PPOS} e &4 7
"ol ofgt Ao g v tAsh= A2 FE7t tal AZE
=3

HHE A2l wE w|AE 7t a9E 43 27 Fg.
8ol A9} Lo FdFE A7 A7) 200 kVjem, B4 HIE
85 Hz, B2 % 25 1s9] A= FA A 722 35 log
CFU/mL, 13] #2]A] 2.2 log CFU/mL, 23] *]2]A] 2.4 log
CFU/mL, 33] *2]A] 2.2 log CFU/mL, 43] 24| 2.2 log
CFU/MLE 1~43] 22| A} F2ox= o] &Ql #o]
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Fig. 8. Microbial inactivation on microorganism in apple juice by
number of pulsed electric fields treatments. PEF treatment
parameters were 20.0 kV/jem electric field strength, 85 Hz of
frequency, 25 ps of pulse width.

Symbols: .; Total aerobes count, D; Coliform count, D; Yeast and mold count.
Different letters are significantly different at p<0.05 by Duncan’s multiple range test.
All values are expressed as meantSD triplicate determinations.
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