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Abstract

The aim of this research project was to study the effect of intensity of electric field to inactivate
microorganism and quality of milk tea after pulsed electric field pasteurization. The experimental results
were compared with these belonging to thermal pasteurization. Quality analysis of milk tea including physical
properties which were color, viscosity and sensory, chemical properties which were pH, total soluble solid, fat
and protein content and biological properties in term of E. coli reduction. The results showed that the electric
field intensity of 20 kV/cm with pulse number of 1,250 was optimum. This setting could inactivate E. coli for
5 log reduction. The results from the analysis of physical quality including color and viscosity showed that
both pasteurization gave similar value. Chemical properties results including fat and protein contents showed
that the amount of fat in milk tea by thermal pasteurization was more than the pulsed electric field while the

protein contents were similar.

Keywords: Pulsed Electric Field, Microorganisms, Pasteurization, Beverage, Milk Tea

Please cite this article in press as: P. Sardyoung, A. Yawootti, P. Intra, C. Singkat, P. Thongbai, and O. Sriyod, “Effect of electric field
strength on quality of milk tea undergone pulsed electric field microbial inactivation process,” The Journal of KMUTNB., vol. 27,
no. 2, pp. 265-279, Apr.—Jun. 2017 (in Thai).
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sHadidladaszuy

TAUAUHIHED sasdlaslay

Wasinga

Tuuvunyuion ¥adanmslna

(n) 3UdnBATaIduILLY

2

naaa iuaamsinam

DC Pulsed High

Voltage power supply

Product tank

Treatment
Chamber

Flowmeter
Product tank

Valve

Pump

() HWATWMIINNIG

U 3 dunuusznugugngarfunidluatasind

dan1sinuszauiesljuanis lasldinalulad
Amunzaudgmiumsldnunmeludssne uazaams
fawnalulafanneansdszine é’oﬁmﬁaiﬁms@
Wnanefidslwesdufadeefieenuuutiunazdos
mmmﬁﬁfﬂL%aga%wslummsmmﬁﬁﬂﬁl,ﬁﬂm
Ao E.coli LLa:L%aga%wﬁugmmms:munw
auanlnslwisiuildnanunludnedn nszuaunisans
°1JaaL'fna&%aqa%wa:ﬁaaﬁmmmLﬁmaaamwle‘Wﬂ
meluiesiuiagassdosidaininnin 20 kViem
uasdanwoutdunadlusi9 (Pulse Durtion) Uszanmh
1-2,000 ps dosin lumsdnmrilazimualiusoiu
T fisneliaiEninsalifin 20 kV wazdinseua
"Lwﬂwgaq@ﬁ 1 kA $1falusrsiawad 1-2,000 ps
LLa:ﬁmmlﬁﬁé’mm‘ﬂmmaal,ﬂ'%;aaﬁwagﬂu"ﬁaa 1-5
L/min Annuduvasiaiasaunolwsinfuaanudm
usIBINAfe 1 bar duuwuugnaenuuulasiadiy
Ilydudonisuinsuiinlsznauesiavinla
fUNINEATIFIANLET e LA NaLAT ARG
1adne LLazﬁswmﬁunulumiﬁngn LAZHENAN
wosiufagefeanuuuazdasiianulasadsluns
lfawul,l,azﬁmiﬂﬁd%'ﬂmﬁw

[
o

108U AUGULINIZL AN UINNRKBITU
\Tay falWilnusigs (High Voltage) Aidaliiiy
18ianinsafiagauluiiosinsauinlninng
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AULATHARY %qé’ummmﬂ"LWWwngammm
ﬁﬂﬁaﬂaﬂvﬂﬂUﬁwmmmuVLWWWﬁV’amUVLWWWLLidga
LLazﬁ;@ﬁﬁmsL%amiaﬁu mumnqﬂﬂszﬂwﬁw
wssgslag eanainiu LLa:mi‘L“ﬁia@amuﬁﬁ
anutdnaniwlnifganaiiodosiunisifia
UszmualWiuszmssarsas Wi lus el fidon
wazfafinnstlasdiunisunsnszanovasauy i
LLa:amaJLL&imﬁﬂ'éiumm:uug‘(@’ﬂﬁﬁ&muﬁw
annsW1Iuad (Faraday Cage) WBZITULNTIINT
TaseaivadiaiasduuuyY

Eﬂﬁ 3 meﬁmmmzuuEl'uﬂy'm,%aﬁﬁuﬂ%ﬁ
Tuin3esduiadniaman lagszuuiiwaudu
szdyznaudisunaiinslnlusiauganad (DC
Pulsed High Voltage Power Supply) #8348y 50
L‘%afgau‘ﬂ%g (Treatment Chamber) ¥nandLanlnsa
FUAWLAENT AN B UARIZIUIIUIN 2 LHULAS
Tassafaftdunaninlnfnednsd Teflon las
T H¥ITERINSINBEnInTaLszN s 0.8 LTUELNAS
uasidIunasdszanm 79 §ﬂmﬂﬁmuamm LAY
FTUUNNTIRAVBIVRIIAA (Fluid Flow System)
filsznauds drdamslna é’aﬁ'ﬂmmﬁmﬁamuqu
mslna MIvinauesszuuezSudulasnnsldily
Inaidouasesauandaiunanaa (Product Tank)
Lﬁﬁg&ﬁaaﬂ"u5’0L%aﬂﬁuw%ﬁﬁﬁé’nwmuﬂuﬁama
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nzUaNTanLARIINLAzNTBLAN INTad 1wluas
andnpusauliiinzuaasuuuNadiiasing
awrnliiidanudugenioluiesdudasay
Uszunm 20 kV/em sdanaliafunidaagluainis
a A A oA, . v oo
wnawlaetashuiiwdn lWludesdugagegnihane
FUNITUINNTDLAN AT INLITULALHAIINHIUR D
¥ X o 4 4 S e e = -
fudngaudnaiasduazgninldiililudafvnania
AN 2 LLamauﬁamaﬁzuumiﬁuﬁaL%aﬁgauﬂ‘%ﬁ
ANMUTn

6

a19191 2 szuunIdudasenaunidy i

a

&
AUV

ANTIOULATNNN

Gawlalunmseanuuy 4
2891A309

Sk rauResljians

THAVDIDNARIILAAT it

anuduvasawa i 41NN 25 kV/em

Taiifin 20 kV
Taitfiu 1 kA d10@f 2,000 ps

ussaulWindsiannge
nazualwihduandua

FIIIANUDINAEH atluzaa 12,000 ps

dneluiin SRITEN)

PR ) o X
eadniiinda E. coli unzaaTwnugu
AMNTUBIANITINIU 1 bar

a3 navedinIaddy 1—5L/min

4.35m 5298
o a = v Y Alnl
IugnSumsanv NNV NEWI N WA N
@iaQmmwmawmuluni:muﬂ’mﬁuEl'aL%a E.coli
v Y £ o‘g vaa g 33 21 nl'
arpawN WA L uNadahazlt3Tn1Tud LT an
1 A a g; z v Y o 6
d9nufe mMIdudaTelagltauwa AU UNSE Laz
nmyfudadalaslfainusan INRRINTIRINHY
MILUEITANG 2 Uy mm’sﬁtmwzﬁqmmwmaﬁm
a a = a > 6
MEAIN AR BRSTIN WIS ULAE Y Imma@uazqﬂmm
ms‘mﬂaaaﬂs:nauéﬁaﬁamsqmumﬁumm@ 10 8915
ﬁmﬁhﬁmmﬁmumﬁuT@ﬂmuwammmuwﬁmmd
Usznauaiamng 400 NI ¥aanity 1,000 NI

A3NLTBN 1,000 N5V ASuBNTun I usRansasludn
2,000n3% LLa:wﬁmﬁmﬁuué’nﬁuﬂgammi 1,000n3u
flvmmumuﬁﬂumaq Sanso 3% PMD-311 ﬂi:mﬂtjﬂu
qﬂnirﬁ‘ﬂé‘@li’lmi"lmml,uwjuaawaa Blue Point
3% S—4 Series v fiususammlnavesnuuiin
viosnuluainvad Toyox Toyospring (PVC) 314040 Stock
ﬁwsfhﬁL%au@iaqﬂmtﬁnﬂﬁwaﬁ:uu Laz#R B
fuifaie ﬁmﬁ'\ﬁEJ"U5‘0L%aqauﬂ%ﬁﬁﬁlumumﬁuiﬂy
EHIBIIUNVUREIN ﬂWﬁnmﬁugqﬁﬁ'@um%u
mmwil,‘%mmzl,l,ml,uuLﬁwﬂﬁuﬁ‘uﬁaaﬂﬂmguq@
1/5emy (Rotating Spark Gap) luﬂwsﬁﬂmﬁazv‘hmi
namoulsz NS MW siuiage E.coli lummwain
vnlaglduuaitizy E.coli wnziaesluamsiasate
LB luuiafi 37°C il 24 59 Ts Ladeuansuaauaas
204 E.coli fiflanududuizudu 108 CFU/ML teialu
uuiufiidudasnslumsiufigedmeduuuuszuy
msiuiage lesudsmsanwaanidu 3 mmase s Ae
1) MInagaulIEanInIwIzLY fudagesoawalui
WUUWRE (WLUNY) 2) msnareulsAniainszuy
fudagdadusmuliuouiad wuulng) uas 3)
mneseulszansmwsuuiuiadauuummandled
daianlaluensfi 3 Tasvnmsmassstn 3 mnaaes
luﬂwsmaaaﬁmmuszuumsﬁu&L%aﬁ;’ﬁuﬂ%ﬁ nniin
nmsiiudmassmuuiudSana 10 mL lunaaa
NARBINEIBENIRLALNYINNNTLE BRI LT D
aIUNOMILAEI Ta R Ine A9 aTiia Nutrient
Agar (NA) llae Eosin—Methylene Blue Agar (EMB)
fMSLEETa E.coli lwammnsitadeisms Spread Plate
ﬂuﬁqmwgﬁ 37°C 1iluaan 24-48 F2lag niEuaih
VLﬂﬁmi'lmuL%aﬁ;auw‘%ﬂﬂUﬂﬁl,ﬁuéﬁashu%a Bacteria
fidasnyTasn OD (Optical Density) A620 lua1ws
NB uaz EMB US3naw 3 mL wazthldiienesions
Lﬂ%"a\‘l Spectrophotometer U84 Biochrom L'ﬁlaiﬂm ODA620
Saen lagldindosind (ColorFlex) #au3zun CIE LAB
Y9915 Color flex Taanumniia laglHia%as Brookfield
TnotadasTaanumniia Brookfield Viscometer 1w
\aasTanmN uTunilauuuunuAYL (Rotary Viscometer)
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SaUsurmvasuifiazarovonua lasldiataq
Hand Refractometer 283U39n ATAGO @61 pH
Tawldin3a9 pH Meter 289 OAKTON SiamzHsunm
1156 lae 3% Block Digestor Method 3t 3nzhLSanm
s 1ae3% Modified Mojonnior Ether Extraction
Method waznasaulszaMANAE (Sensory Test) lae3d
nagavuuuauuuvladin (Hedonic Test) loinasay
Powae 31 A

MN13N 3 13 au"l,ﬂumimaaa QAL LIZUUNIIIULN

A A s
L‘H@ﬁgﬂu'ﬂiﬂ
sgazdun FRMINAFOU

aNUNINAF 2.5ms
anfiviad 1 usz 2 Hz
o a 4
IWIRNRE 100, 500, 1000, 1250 waz 1500
L3I0 0 — 30 min
HTIAUNST 15 uaz 20 kV
daTMIMATBI0MITANT | | uas 5 L/min

5. wan1suazanlsgua
5.1 Havaslsza@ndnnszuusugaza
5.1.1 Wan3TuUdITe E.coli snagwin Wi

NRFLLULUNT

lwiuaaunsNagaUNTIULEITD E.coli dy
sV WA LN &I la g nnI T e T N T I wNLE Y

X e e or X 4 o ¥ X .
WazI@a E.coli vnanfiuiadialasiasastiuisisasis
N T AaERImMIUSua N Wi 15 was
20 Alahaddarudiuas aNd 1 waz 2 LEIOT wa
FUIUNREN 100, 500, 1000, 1250 waz 1500 Was
6’1’5\‘1waﬁvlei’mﬂmiﬁﬂmLLamlugﬂﬁ 4 1ngUfi 4 1Au
Tannanuduswd i 20 Alaladdaisudiuas
FNNINOUEILTD E.colivlﬁgaq@ﬁa 100% Laz&INIT0
U8 E.coli Ieaninnanuduawiuni 15 Alalad
. - de ¥ X ua o e
dairudiuas Ndusudelagigaadi 38% Ndwan
Was 1250 Waslyinuiigaanaadny Kungsadan [3]
lananlih enuduswnlWidnaduiagdunisd
"ﬁuagﬁ’wmmm:gﬂiﬁwmLﬂnaﬁiwﬁamwgu

& A . o o P &

vaugasiiisagneldauwinluin Wairasfizuia

120.00

100.00

E.coli

w15 kviem, 1 Hz

&

FLTUANTIIAVDILTD

80.00

=15kv/cm, 2 Hz

m20 kviem, 1 Hz

60.00

720 kviem, 2 Hz

40.00

<

s

1a

100 500 1000 1250 1500
TIUIUNAA (Pulsed)

31ft 4 Wofifudmaauuonde E.coli firuns
Tuifsdadoaw WA WaduuuLunga
anuduama i 15 uaz 20 Alaladde
LTUALAT AN 1 Uaz 2 LETATR0sIWINRAR

a@aaﬁJW@TaamimmLiT&lamaJ"LWW'lﬁmﬁu Loan
mﬂiw‘nmaﬂumLﬂumaﬂ"ﬁmmmuamﬂwﬂﬁ
momﬂw mtRuanuduam e Wi dun i
ﬂswa‘ﬂﬁmwslummumma@aumwuagﬂum
AuAINwladidnnin (Dielectric Strength) Va3
2191708 Heinz [5] Fimafiuanudua Wi
Lﬂumawuinaﬂﬁmwsl,umismmmaaaumm
EF ‘nm’mLwamﬂwmmmﬂumwmwﬂu
Ao 1 8306 uaz 2 15305 wuinewd 1 Esad
fNT0IUETe E.coli l6@ninanwd 2 155ad
o199l uinszdesnfinvesiaiasduiugosis
sw Wi uuuwagaldlumsnasey vldAnnud
PAGRIE Y WIIAUGIFA (PeakVoltage)"Lnjﬁoag@ \fiasan
wiaudadlWifidasnisdadszaluinlwdafiu
Ui:qﬁﬂmﬁmwaﬁumwﬁga WAL NI
ﬂi:ﬁﬂwﬂ’l Charging Time NU Discharging Time
Vlajé‘mﬁuﬁ‘ﬁuﬁdﬁﬂﬁmLLiaé’ugaqﬂﬁ 2 \Byad
dnin 1 15509 Teannuuandsvesnnuieslid
mans:wuﬁas:ﬁumsﬁﬂmm%aﬁ;ﬁuﬂ%ﬁu@iéaﬁﬁﬂ
IWnmesssuandsnude adidlsznauvadanniy
Tuarrsdssfiany adddszneveIniIialng
LANENINWIUARLFUNINNBAIN LTY AR
mmﬁﬂﬂﬁwLLa:i‘hmum&n']ﬂlu’uaammmamﬁ
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1% Qoad1n19lnTuIng Fotudulyl0led
asfsznavamsansTiaiuazldnanmaseedi
AR an% ﬁﬁ’aqmmﬂ@vl,wiammﬁﬁa:uammﬁu
2ONUNBHNTALIWAD aaﬁﬂs:ﬂaummiﬁﬁqmauﬁa
Hwnenanudumuiaslifnaiuanud e
psddsznauawilquanddidudinvysza lnih
(Capacitor) arfinafuanuidessuuiudagefls
sl,umimaaafzﬁauﬁﬂﬁﬂ%ﬂﬂ?aluamﬂmL‘%‘awm
mstnidsusesndaulas i lidsasinssa
Uszaginineia

5.1.2 m3fiuiada E.coli srnamwalniniad
wuylna

Wa9IINMINAReINsTuiaTe E.coli e
sl RasuuLUN TR ATy Ena i
20 Alahaddalmudiuns AN 1 155ad uazinumn
Wad 1250 Wad fdszansawlumsiuiage E.coli
ldgegatis 100% valle E.coli fidasmsanadly
5.5Log CFU/mL JhnmImesaunIdy SOL%B E.coli
Moz wasuuylna lagazutenszuiuns
Tnadulnariuuazlnadoiios dwuannuduswa
Wit 20 Alaliaddotudiuns Anwd 115509 uas
FruIwad 1250 Wad vinmsnagoufisan wa 1 uaz
5 Aasdawf "%’{1Naﬁvlﬁﬂ’mﬂ’]iﬁﬂ‘b}’]LL&@]GI‘I«LEU“?% 5

msiuiagedsaun i wasuuy nari
wazlnadaiiiasfisnmslve 1 uas 5 Sasdaund
Tasdnsimuannudusmnulnig 20 Alalad
ROLTURLAT AN 1 L1570 LazSIWINRAR 1250 Wad
WANITUITe E.coli 109n3lnanuydatiiaed
Sasmslua 1 fasdewdl ¥lwide E.coli insaans
WGF 17% wasfidgamslng 5 aasdewd (5o
E.coli fm3anadlUlei 12% srunansiuds 1de
E.coli vosm3mauvvlnariuiisasnsleg 1 503
fauwf iliiZe E.coli Smsaansluldud 7.5% uas
Aganmslng 5 dasdewd 1Ta E.coli IM3aaas
le@ 6% (é’agﬂﬁ' 5) ugealWifininnsiudage
famu i waduuynadatiasliszansam
Tunsfudsigadninnisiudsigadioauwialvi

E.coli
>

@
&

UDUANITIANYVDILDD
)

r, 1 L/min

m 5 L/min

L‘]_Iarq <.

o
Ivadaiilas

Inaru

dyzinnmslng

U7 5 Wesigunsaneveate £.coli 18IN3TUL
Wwaarogwd i waguuy lnariuwaz lna
GoLitaIndaTIMITIng 1 kaz 5 Fasdaui

E.coli
=

X

ATUANIIANLVDILDD
=N
S

1 L/min

05 L/min

3

40

< =

20

ila

Y =

Tnadafias wung

wsaaslsd 68.2°C 30 min

Uszinnmasinige

311 6 Wasidudminevasite E. coli. lunszuauns
Juiisaudazlszian

Waguuvlwarinu enadwwznsiudageuoyine
douiasldszuziamuinwmuiaganuiinnualy
lunsnasauuanisiusagonuulnariunlale
T5zzaauinwiniasniinualy daldszes
paaudasimswaiitmuald 1 uas 5 aasdaud
s9ldnangnefinana 3 edu 1evinnsnanes
nsTUTIBe E.coli luiaiasansiuuiindis
s Wi Rafuuuuundussmsiuiote E.coli
FroguwlWiwasuuy nadaiasnosasuuuud
IgfinmnasesnsiuiaitelatasaumuwuLiug
mswwawaﬂs‘ﬁﬁqmwgﬁ 68.2 2IALTALTHR LIA0
30 Wil Wavinsisufeudssansaanlenis
fuiiadie E.coli é’aLLa@ﬂugﬂJﬁ 6
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auHIWAITUEITaa 8 PEF

9]
e
=h.
9
.

NAUBINTITOUHILTLATIANTIBNLE UG8
SN NN FUULWUNTLTD E.coli Mt asiFudons
lugsfigailaifisufiumadugagadinamuliiied
wuulnadattaInaznIsTUTILTaLATaIANTINY
LRGIENIINIRLAS L3 laansTudTaLnIa Ay

& v o ¢ ¢ A .
TN IR0 IUI N INA VNI FUU UL UNT LT E.coli
Ilasifudnsenads 100% wIadswiIwea E.coli
nfasan

o o & X A A o«

waIN3TudwTaN 0 CFU/ml daduldanw
anasunRaAmsiguuLEuiifnualidn Coliform
#891488n31 1 Colony Forming Unit (CFU) GiaTn Lt
100 §aRENT (VWD.107/2548) [22] §3wN1THULY
Agl‘ di di = U £ 6
Waladasaumuatiudlroauwin I Ly uWa fuuy
Tnadawitos Wa E.coli Mitlasidudmaans 17.10%
NaaTIMI e 1 Rasdawfi 11.84%Naamslna 5 aas
dawfinsalsnuiwda E.coli Nindasaa

waansdudasasgh 2.1x106 CFU/ml uaz
5.4x106 CFU/ml auS10L WazNNIIUEdLTaLA3896 4

= o ¢ X A ¢ = &
TR UL TNIRLIDTLIBLTD E. coli TilasiFud
mm’m‘lﬂgaqﬂﬁa 40.64% w3aRINWINDD E. coli
finiesaanaansdiudaseagf 6.24x102 CFU/ml
o a = 3 P o & X A oA
(93171 6) Fraziuldimidudgainiasfumu
Wndruawd Wi Wasuu UL USRI TainanuLTe
E.coli laanimslganasaunazduldamanasgin
NAITIBHAAAUATNTUT DU UdN1ITUTILT e

A oA & @ 9 o & M A

L3a9aN T RILERF RN T WadLuL Ina Tl
UszanTnnawalumsvinanuite E. coli U 7-11
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3UM 8 wAdkw PEF 20 Alabaddeimufiuns aaad
1 1§y 1250 Wad

3UN 9 wasiu PEF20 Alahnddaiaufiuny anwud
a 6 a =
1 1§30 5 favwil

317 10 Wik PEF 20 filabinddoirudiwuas anad
11850 5 Rav/wi

Aa

3N 11 wasnsdudagediuanuioniigunnil
68.2 BIFLTALTLE U1t 30 W17
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X _ XX .
LRAILDD E.coli USRI 0N o H LSRRI
MygueLaniy PEF

5.2 Naﬂ"li(ﬂi')ﬁ]'qlLﬂiﬂzﬁ@mﬂ’]ﬂﬂ’]dﬁ’]%ﬂ’] NNV
[
VAN W

ANFANBINTATIIIATIZA LT TN U L

=

Hunszuaunsdusugefuniduazldmuaibn
NUWMTEUEN L%afg?mﬂ%ﬁ 2 wuumen lea TuuLin
A e a a
ﬂmumiwwama%‘lmﬂqmﬂgu 68.2 BIALTALTER
381 30 W1 LA TWULEUNEN UM THUE TR LFUIN
T uuuiad lagldvinnsamadiesey a1 aanamniia
uazmsdszannanda wiuuanuseaulassis (Hedonic
Test) lAHaGIULFAIIUANTIN 4

NN 4 FVaITIUNLIWNHIWATIUE DD
NIFDILUUWREN LU HN WA TTU I B0 LN RY 89
FAIRNLEUA LN HIRATIU T T T AR NIV DI
WINNY 52.75 @UT NN UANTI U Taa 8

6 1 1 = ' Qs
NNINIFLIBT LI THAIAMNRINIVBIFNNNY 55.62
WRETIBNLEWNHIRNTTUT I Tad2 88w 0 WA
LUUWARRANIAMNEINNVRITYINAY 48.76 TILFAI
FAIFUNLERARNIUITTUTIT S UNIITNIFLD DS b3T
FA1ANNEINNVRIFNINA TN LI UARNIUATE LS
:.3.4' v a [ I q' Nl
a8 N WA LU U W R ezt 1L DN b3l b
NI2UIBNNTIVEI T daua1 a* tHud1nninua
anutduFuasnIaz@oalasdr a* Wuuinazuan
anutduFuaanazon a* Wuauazuanaianuidn
a A =2 & AN 1 o & X a.
R UITINATIWNLEUN LI WNISTUTIL T AN
anuLiuFuasagi 22.57 FIUTIRULIUNHIWANTTD
g v 6 1 | a Idl
mamUmswwmaa‘?l‘ssﬁummﬁmﬂummaagﬂ 19.04
WRETIUNLTRNHIUNTTUT I T a2 0 guI o W
LLuuﬁaﬁﬁ@hm’mL‘ﬂu%umagﬁ 23.68 Waz@ b*
Wuarmnuannudufinissniafings lagien
p* uuinazuananuluniiniosas b* tHuay
2zuanANNL U U TITUULEUN LEw T
z a | a A |1iI 1 = dl ]
reddnanuduiiviadagi 36.17 daumuuiiniau
MITUTITaFIINMINIRLDST IS AN T uErA
v A & A v & X o

agl 29.75 uazTwULIUNRIWNITUS T a8

@AITNN 4 HANITATININATIZHQANTNNIAU
MENWYBITIRNLE

AWNINNWNIBATN

Usznn
AL

i AMNTaY
nIdugae

Tagsaw
(Hedonic Test)

ANMNRIA
(Pa.s)

& (CIE Lab)

L* a* b*

gwafindlairnm |52.75] 22,57 | 36.17 17.6 -
mMydugage

TWUEUANY  [4876] 19.04 (2975 | 17.6
MIdutasaaae
PEF

7+0.98

mumﬁuﬁmu 55.62|23.68/38.17 18.4 7£1.05
M3futasaaae

mswanaasld

swinIWiuuuiaadaanuduiiniasedn 38.17

FIUANNTURLAVDIT 1NN WNEHWATIUES
LB aNIRBILUULREA bHIWANTIUS T 22LRn 30
ANANNTURLAVDITINUL DU b HIWATTU L T8

| A =2 ' ' & A
8gfl 17.6 Pas F91UuANE19INNT IRV LI WA H
o & A o o eaa o P

M3TudTaaagIN W agN T At unile
g1 17.6 Pa.s (infuuazmwaduisdwnsiudige
L3 €A 1 v = IISI
mﬂmiwwmaﬂsmummwmwuﬂagw 18.4 Pa.s
uaﬂmﬂﬁmnmsﬁﬂmqmmwmawmmﬁuﬁmu
MITUTITMEFMN WAL UNAFLRZ N IN§L903 3T
(68.2 ad@LTALTHR Wt 30 W) NI MTUAR
Lﬁaﬁnvl,ﬂ‘nﬂaauqmmwmaﬁi:mﬂﬁwﬁmmu AN
1aulae 52 (Hedonic Test) WUl SnARNIWANT
FUHI TN WAL UL RRE LN INFL DS 3T
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L iuii w3 ged s I LU UWaE
lasvinIanadianedguaumaaiizasmuaiin
ldun Uswnazesudefiazameldnonua (TSS) ¢
anutdunsa-a1e (pH) YSualdsduuazisunm
lygunsnualumuuduldnadinansluassi s
NATWR 5 HaMTeTEANUIER g IR TY
AlurruwnsiuiageuazAniunisduiige
ﬁ”'daaaLLuuﬁqmmwmaLﬂﬁﬁ"LaJﬁLmﬂ@mﬁ’uIm
wRnldindanadunia-a1e (pH) wazdSanm
ls@uaglugig 6.90-6.94 uaz 0.58-0.67 ninde
100 n3u saudSanaasudefiszas lanonua (TSS)
fanuuanesiuassfimsiufagedomsmnaneilss
S amasudfiazansldomuaunnnii Ssonaudln
mszenuauldinmsszanssiianaludiunaues
i Rug ulagnn ez ansueIaTueNINT wiL
mﬁmaammﬁaﬁﬁuag}iﬁugmﬁgﬁ Lfiaqmﬂgﬁgd%u
an’mzmsazmyﬁazg«ﬁu LLazqm%QﬁLﬂuﬂﬁwﬁa
Avnldaniwnisazasldvesasidaowudasly
waszluameiarUsunaloduldfinandrain
ataAnlata laun Fuazanuniavasmuuiin
amaudanisdssanauda l&ur naw saT1d@
laun13vinSensory Test qmagutianisiafl ldun
Asnrdsunmldsdn lodw d1 pH uazdSum
vosudsfinzaeld (Brix) lumuaidu IRELLICEBIL
MITIAN bFUA msmmmﬂ%mmqauﬂ%ﬁﬁﬁa
liiialsa

A13191 5 Nﬂﬂ’]i@]i’]’fﬂ%Lﬂi’]zﬁQMﬂ’]Wﬂﬁdﬁ’]%Lﬂﬁ

<
VRIDIWNLE b
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S aeny | U [USanmla
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Tansnan (pH)

(TSS) Brix
Control 17 6.90 0.62 2.66
Pulse electric field 17 6.92 0.58 3.23
Pasturerization 21 6.94 0.67 3.57
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=S 1 a a 1 1 a a 6
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