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CHANON SRISUMA : MILK PASTEURIZATION USING RADIO
FREQUENCY HEATING TECHNIQUE. THESIS ADVISOR : ASSOC.

PROF. CHANCHAI THONGSOPA, Ph.D., 92 PP.

FOOD PASTEURIZATION /RADIO FREQUENCY HEATING /ELECTRIC FIELD/

ELECTORDE PLATE /BACTERIA

This research presents, food pasteurization using radio frequency heating
technique, the results of both the heating and the intensity of the electric field strength,
to eliminate contaminated bacteria in food. In the pasteurization industry, the use of heat
because heat can eliminate bacteria most effectively. But the heat is used, the principle
of convection and conduction heating, which method of heating is less efficient and use
a lot of energy. Currently, radio frequency heating technology is gaining much attention
and has been widely exploited, in various industries. Due to its high efficiency and
energy saving. Which characteristics of radiofrequency heating works by transmitiing
radio frequency electromagnetic waves into the material. The material can be heated by
radio frequency, it must be a material that responds to electromagnetic waves, and that
is, it must be a material with a polar molecular structure or dielectric material. Which is
radio frequency heating, design is a power amplifier at 65 MHz frequency, use high
currents and low voltages in heating. In this research, we have designed food
pasteurization using radio frequency heating technique. By using triode tubes to
generate radio frequency signal at 40 MHz and providing voltage of up to 9.8 kVDC,
input power to LC series resonance circuit. By design, the electrode plate that is the
capacily of the resonance circuit, and it is also the part that emits electromagnetic waves

to the raw milk load or dielectric load, the convert electromagnetic energy into heat in



raw milk load and gives an electric field strength of 1.2 kV / cm. This research will
analyze and design food pasteurization using radio frequency heating technique, which
can eliminate bacteria by heat and received the results of the electric fields strength in
the eliminate bacteria. The system can reduce the number of bacteria in raw milk and

raw milk does not lose quality.
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(V.M. Silva & Gibbs, 2009)

QNN (°C) N
68.2 30 W
71.7 15 20
88.4 0.1 M
97.6 0.05 0
100.0 0.01 0
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c=Af
@2.1)
Tagh ¢ A9 ANUITIVDALT (3.0 X 108 m/s)
A A9 AN (m)
f Ao ANUD (Hz)

= = a = A
A15197 2.2 ms1fTeumeuanudiazanueIna Y (Tang et al., 2000)

AAUAIND AR INgY luTasn
A0 (MHz) 13.56 27.12 40.68 915 2450
ANUEIATY (m) | 22 11 7.4 0.33 0.12

Y 9 a g a A o ac a 1 A [
mslinnufeunuyladianain e faq ladianain wu 0113 Aeegluauun
[ Y Y Y Y
ThaduluermisegiiTuwananddania i wu 11 nazdr TuanamaiiieziilaTna
4 c?/’ { @ 4 1
Tutuua (Electrical dipole moment) Hnfollszquanuazilszgauiisesiu ioogluaum v
Uszyuanuazdszyavusg Tende ldu luaauai 9 veslumnamuauin I wazildg
¢ & < 2 N\
mslwar sy (Polarization) dnduauinlwihady 1rvesluanavevyulduia
{ { o Y 1 z
avuw Iihin)aounias dsingmsaitiisendn nsnyuuesda (Dipole rotation) (Marra et al.,
9 a’dyz: a = A Y
2009) A101l51ngMIsAlIAAINMIHYUYEITEUT AT UBd Tuana Jlasundau
4 Vg o . - o a2 ,
yopanauaunudman i ldiduanuiou nagiildguugineluiaqiuiu vy
1 091} A a A Y [
uana1991nd Tuana leeeuluermisiuenesnainszimamanaeulva ldurdeandeiy
au il TushuewReardunanemamaou lvanuanareiu lduameaun livhady
9 a d? 1% A a M o csy
anuiouazinaduneluiaginiannmsduveslosou ldunluiaa Buffler, 1993) na'lnil
Y
Fon11 mavtlenideloasu (lonic conduction) M3milenidie loosuasnsvyuueii
1< o o @ adg a {a q’j
Wunalnandndmsumsldanufeunvuladianaindaronnudinguas luIasn Weaeq
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na lnvuegiuanuduauylWihnuanud
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]
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ad a [ 09/1 ] o a 1
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A A oo ]
1o € A9 ANINANNYDN (Permittivity)
1] v o a
& A9 ANNANVIONTURNTIFaHoU (Relative complex permittivity)
g AD ANMNANUIDNVDITYNINA (8.854 X 10712 F /m)
= [ H v o Jd . . .
&5 Ao AMAINANINANNONTUNNT (Relative dielectric constant)
" o @ ad Aa o o J . . .
& Ao ‘ﬂTli]ElﬂﬁqmulﬁﬂsumulﬂﬂmﬂﬁiﬂﬁN‘W‘ﬂ‘ﬁ (Relative dielectric loss factor)
' = | 1 ~ add a . y
& o ﬂiﬂﬂ‘l/lﬁllm"lﬂ’tllaﬂﬁiﬂ (Dielectric constant)
" A o v = ad a ! .
£ 9 ﬂﬂ%ﬂﬂWiqmuLﬁﬂﬂlﬂﬂllﬂﬂlaﬂﬁiﬂ (Dielectric loss factor)
j An V=1
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uan &) wie ¢ 1weTieanuaunsavesaglumansznendny tesninna lnd1ae
voams Twanl54 (Polarization) AW NITiTHARDNISAAFUNEI M AT MTAANB VBN
aaue Wih ilufigaszneldifanudenluTag
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Q = VI, = VI tans = 2nfV*Ctand (2.7)

diausady I ld Tanuduiussuanuduenyidh (£) naasnueaunsi 2.8

v
E= 7 (2.8)
e E An anuduaww i (v /m)
= 1 1 =g e
d o szozresTNANandian lnsa (m)

A, 4
Woihaums (2.8) unu lueaumsi (2.7)

Q = 2mepelfE?dAtand = 2meye, fE2dA (2.9)

9
£ o w

1] 2
Lﬁ’f] dA ﬁ'ﬁ] Usinasveslvan é’quumawmmsﬂizfuwaiuwuaaﬂimmuﬁﬂﬂﬁﬁﬁ

P = 2mépe, fE? =5.50 X 10~ 1¢, fE? (2.10)

e P An M3nszaenasnuaenuelsinasiinannuiouluiag (w/m?)

A a [ ac a 1 1] {
anuaso lumsiuguugivesidg lasdnainlaonisldnusoudroniud

=

a ~ o A [ < Y I Y d? (% 1
ng enldsuudaswdsnuaauudmian i ldduaneden Yuegiuaanmanuesu
Yo3¥eg AW uazanuuvesauy Wi 1d Orfeuil, 1987) dunsadiumgungin

nlasuli1dnnasmsi 2.11

21EgE fLE?
AT = —"—+"— 2.11
oCo (2.11)
e AT fio guurginnlasumlas ()
t A0 528D NYUNYUINNUU (5)
f Ao ANUD (Hz)
& A0 ANNANWLONVOITYAING (8.854 X 10712 F /m)
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" Y/ (%3 = L'\i =
£ Ao ﬂ%i}ﬂﬂﬁqmzﬁﬂmaﬂﬂmaﬂﬁm (Dielectric loss factor)
E Ao anutueaww i (v /m)
p Av ANURULUYeIag (kg/m?)

Co o ANUPUIUNIE (Specific heat) (J /kg. °C)
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d, =——— (2.12)
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- 1
C = anfc

(2.14)

A A 9 = o .
V3] X A9 AU UM UUDIVAAIALYIHYIUT (Inductive reactance)
A 9 v ..
Xc e mmmumuﬂummmuﬂizg (Capacmve reactance)
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Absmraci— An analysis and design of dielectric heating system
by wing radio frequency electric field (RFEF) will be presented for
the milk pastenrization process. It is a techmique to transmit the
electric fields into the intermediary by using the EFEF. To
determine heat distribution in the dielectric loads, which electric
field imtemsity are amalyzed to be sumitable for fluid and milk In
heating process, the heated material must be the polar molecules to
perform the best efficiency of electric field frapsmission imto the
medinm in order to increase the temperature of medium to greater
heizhis. The electric field distributions on the lossy medinm was
analyzed wsing the CST EM STUDIO program. To investizate the
difference of electric power on heating predicted by the theoretical
moedel In order to verify the simulatiom results. The proposed
syitem is realized and experimentally examined The applicator of
RFEF with excited by 40 MHz signal and electric field sirength of
L EViem. In the results, it is found that the temperatore of milk
wonld be imcreased about T1.3°C, the process will be fake
approzimately 3 minwtes, and reduced population of bacteria
109 260 fu/ml Moreover, the investization result revealed that the
temperature of 71.7°C, it will be eliminated the bacteria in milk
and extended shelf life of mille The advantage of the principle of
radio frequency electric fields is that it can be apphied to eliminate
the bacteria in milk pastenrization.

Eeywords— radio freguency eleceric flelds; pasenrizamion;
elimingie; bacteria; milk

I. INTRODUCTION

At present pasteunzation industry shil wsed the heat
exchanger to elmminated the bactena, causing disease all kmd
of food and extend the chelf life. This method, if temperature 1=
too high the food will have lost outnfional value then it
requires a lot of energy on the part of the heat exchanger [1.2].
State-of-the-art of pasteunzation by using an elecinic field 1= to
breaking the cell membrane of the bactena [3]. The induced
membrane potential and hence the breakdown wvoltage are
proportional to the external electnie filed strength. At the
erthical external eleetne field strength, bactena died by
electrical breakdown of the cell membrane that cansed 2 hole m
the cell membrane [4.5]. Since it ehnumnated the bactena wath
elecinic fields and thermil we wll prove the effechve of an
electne field strength (.23 kV/em at 20 MHz, 99.5% of E. coli
at = 40 °C can be elmunated [6]. However, details of the
experment apparatus and procedwe mot desenbed Study
results of the effects of radio frequency energy on hiposomes,
veast and bactena appears that the frequency ramge 27-100
MHz can mereaze the rate of breakdown of the bactenial and
liposomes but electnic field less than 0.34 V/m cannot eliminate
the bacteria and liposomes [7]. Therefore, study mimimal
electric field can ehminate the bacteria, find the mumimal
electnic field at 0.5 kViem [8] Applymg electme feld
technology in pastemnization of milk can eliminate E-coli E-17

and Lizteria inmocua. Power of electric field 15 2 KW at 27.12
MHz have been used to nse the temperatuwre of the mulk
mcrease about 63 °C which decrease E-coli K-12 and Listeria
mmocua [9]. After that the radio frequency electne field
develop wherewith the electrie filed strength merease 15, 20
and 23 kVicm at frequency 20, 30 and 40 kHz, and flowing
rates are 540 and 1 400 ml'min. In electc fisld, bactena died
by heat that destroyed the cell membrane at 65 and 73 °C [10-
12]. But ugher frequency will make the electnic field power
lower. The process eliminate bactena must make gap electrode
very namrow. [herefore, we analyze and desigm, hugh elecinic
filed strength, high frequency and gap electrode wade to
destroy the cell membrane and eliminate bactena wath thermal
energy wherewith gap electrode wide apply food pasteurization
In-Contalrer.

In thiz paper, the analvsis and design of dielectric heating
system by using radio frequency electnic field (RFEF) wall be
presented for the mulk pasteunzation process. To mvestizate
the difference of electric power on heating predicted by the
theoretical model The electne field distributions on the lossy
medium was analyzed wing the CST EM STUDIO program.
To investigate the difference of elecine power on heating
predicted by the theoretical model In this system, the
applicator of RFEF with excited by 40 MHz sipnal and electne
field strength of 1.6 kViem. In the results, it 1s found that the
temperature of milk would be mereased about 72.3C, the
process will be take approximately 2 minmtes, and reduced
populztion of bacteria 109,260 cfu'ml. The mvestigation result
revealed that the temperature of 71.7°C, it will be eliminate the
bacteria in milk and extended shelf life of mulk. The advantage
of the principle of radic frequency electric fields 15 that it can
be applied to eliminate the bactenz in mlk pastenrization.

I ANALYSIS AND DESER

A. Analysiz of Radic Frequency Electric Fialds

The process of RFEF, destroy cell membranes of bacteria
ar call electropermeabiliztion [4]. The study found that lowest
electiic field strength at 05 kV/iem ecan destrov cell
membrapes. Therefore, we use software CST EM STUDIO
amulation to analysis the dismbuton of the electmic field
Build electrode plate size 32x36 em, cvlindnical bottles glass
redins 3 em and high 25 em and the distance befween
electrodes plate 8 cm on CST EM STUDIO as show in Fig. 1.
The electrodes plates are aluminum and use default value of
raw milk set in software. Define voltage at 12.6 kV, frequency
at 40 MHz, and port signal ipput 4, § and 16 port as shown n
Fig. 2 (a), (b) and (¢} respectively.




Fig 1. Modal of build in CET EM STUDLD

Fip. 2. Famby simmintion of C5T EM STUDTD signal impeet £ (1) sigmal
inprat B (%) and sigmal impuz 16 (<) shew sdectric Salds smngih

Fig. 2 (g) and (b) show that the maxinmm elecmic Helds
strength cannot distribution all area of a bottle, but Fig. 2 {c)
maxinmm elecmic Selds soenzth can diswibution whole ares of
a borle. Wherewith port sizmal inpur at elecoode plates are
entered, the elecoic fields soength a1 port will have maxinmmm
elecmic fields soength and the Selds stength pradmally
distmbuted be crcular. Which shown m Fig. I electnc felds
smength at 1.58 KV/cm that valuwe greater than 0.5 KViom thres
times. The anabyzis region has electric Selds soengih more
than 0.5 EVicm, bacteria will be killed. It is clearly that 14
input port is better than 4 and 8 iopus ports.

But the process of EFEF, can make raw milk temperature
up high that is “dieleciric heafing™ [13.14]. The hesied
material nmst be the polar molecnle. To perform the best
efficiency of power transmissicn in form of an elecmic feld
imbo the material dielecmic matenals such as most agriculoural
products can store part of the electric enerzy and comvert the
other part into heat in an elecromagnetc feld. The increase in
tempersmre of 2 materisl 2z 2 resnlt of the absorbed
electromagznetic energy [14]. Therefore, we simulate power
loss density of raw milk by CST EM STUDIO as shown in
Fig. 3 (a), (b) and (c).
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Fig. 3. Rasults simmlation of CST EM STUDLD signal imgret £ (3] sigmal
input B [b) and sigmal input 16 {2) thow slocmic Salds smangth

Fiz 3 (a) shown that the power loss density in raw milk by
signal input 4 port, minimal power loss density in raw milk
which value maximmm power loss demsiry 435 MWm® is
fFom equatdon of Melson [15], power loss density convert to
the temperatires that happened within raw milk. From squation,
we nse ime of operate 120 second, the remperature of raw milk
at 4 *C mcreases to 72 °C, for temperature at 72 °C bacieria in
raw milk can be kill. Figure 3 (b) and {c) we use siznal imput §
and 16 port, the power loss density all equal within raw milk
From Fig 3 (b) and (c) the temperature all within raw milk are
high enongh to be kill bactaria.

B. Dwsign of Radio Frequency Electric Fialds

Amalyzis of BFEF we will entered sigmal input 16 port,
which electric felds soength dismibuted and power loss density
throughout raw milk in the botle. Block diagram of the system
for kil bacteria in raw milk is shown in Fig_ 4.
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Fig. 4. Block dizmam of system mdio fequency slectic Salds

Desizm of szource of elecmic fields and frequency, the
system comprised 3 mansformer source voltage output 9 KV
and converted to DC voltage with bridze rectifier 12.6 k' and
the oscillator circuit at frequency 40 MHz and use aluminom
parallel plates that act like capacitors size 32-36 cm LC-
teries Tesonan? cirouwit matching network is a must have for
maximize the heat of the raw milk it is depend to the value
dielectric of the raw milk. Adjusting the indoctance matching
series LC resomant shown im Fiz 5 (a). EFEF prototype
system for the milk pastenrization process shown in Fiz

B
—
{ o
b
{2 (L3}

Fig. 5. {2} Adjesting the mdnctence matching series LT resomnt (b) the
nadin fnquency slectric Salds squipment system Exparieecnt and Bocults

C. Measurement Tools

The sizmal output of the proposed system is messured by
using an Agilent techoology digitsl storage oscilloscope
(Model DS0-X-2002A 70 MHz) by using inductor coil




isolated The temperatures were measured using the thermal
camera (FLIE TGE165 Imaging IR Thermometer). By
Emiszivity adjustment to the water in order to messured
temperatare acourately.

. Maeerial

Faw milk used im the experiment is stored at a temperatume
4°C, the pH 6.73, total solids 11.02, fat 3.1%, solids nonfat
792, and specific pravity is 1.027.

E. Experiment result

The results of BFEF system we have designed Becanse
of the siznal cannot be measured by directly equipment cannot
withstand wvoltage 12.6 EV. We took the sigmsl by using
inductor isolated. Signal frequency 50MHz but we designed
circuit series LC resonant, matching resonant the frequency at
40 MHz, due to the calculation of the capacitors that we did
not tike into account Zap air betwesn botle. But our system
work, and we adjustng the inductance matching at Fequency
40 MHz shown in Fiz §.
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Fig 6. Signal from the coal molate by adpesting Sie minrtance matcking at
frequancy 40 MEz

The experimental BFEF system for 2 moimimes.
Temperature from IF. camers shown in Fig. 7.

Fig 7. Ths temperxtume of the themeal camar

The thermal from RFEF is around 72°C all the same
temperature imside the bomle Suggests that pathogenic
microbes are destroyed by thermal, and the temperature at 71.7
°C a temperature stamdard pasteurization Owr RFEF systems
desizn can be used i pastewrization Afer that we tske raw
milk inspect number of bacteria. BFEF system can kill bacteris
and through standsrd ‘pastewrizagon indusTy, can reduced
popualation of bacteria 109 260 cfu/ml.

OI. CoMCLUSIONS
The amalysis and desipn of dielecmic heatmg system by
using EFEF are presented for the milk pastewrization process.
To imvestigare the difference of electric power on hestng
predicted by the theoretical model. The elecmic feld

dismbutions oo the lossy medium was analyzed nsing the C5T
EM 5TUDIO program. To imvestigate the difference of elecimic
power on heating predicted by the theoretical model In the
results, it is found that the temperamme of milk would be
mmcressed about 72.3C, the process will be take approximately
3 mimites, and reduced population of bacteriz 108260 cfi'ml
The imvestization result revealed that the temperamre of 71.7°C
and the elecwmic fields strength more 0.5 EViem it will be
eliminated the bacteria in milk snd extended shelf life of raw
milk The advanfape of the principle of RFEF 1= that it can be
applied to eliminate the bactera in milk pasteurizaton In
addition, this principle is being developed to be used more in
pasteurization industry and drying indusoy.
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ABSTRACT

In thiz paper, the microorganizms elimnated for wine
packazing in a sealed glass bottle by wing the principle
of radio frequency heating (FFH) are presented. To
determine the relationship of the power and Sequency
appropriate for the killmg of bacteria in wine, mchiding
the relationship between temperanme vartations with the
distance of the electrode plates. It is a technique fo Snd
that invelves heating directly to dielecmic, because of
thiz method involves heating efficiency is very high In
addition, the heating is also used ame pertods less than
conventional methods. In the experimental. the elecrode
plates was be designed by using an aluminum material
and excited by 51 MHz sigmal. The results found that the
temperatare of the wine would moease fom 25 ° C o
29-63 = C, it will be take approximately 30-120 seconds.
The temperatme range of 50-80 * C, it will be killad
bacteria to effectively. The advantaze of the principle of
radic frequency heating is that it can be applied 1o
eliminate the micreorganisms for wine packaging in a
sealed glass botle

1. INTRODUCTION

At present the wine processes zfier fermentation
secessfinlly, have pastenrization wine for eliminatng
micToorzanisms n wine and clean bottle for eliminaang
microbial residue in the bonle, before bottling, and then
sealed were faken of dismibute, ot find problem
micToorganisms residues inside a sealed bottle. The
micToorganisms Tesidwes reactive fermentstion inside tha
bottle, the results of the reaction; that is carbon dicxida
bubbles so making bottle bowmb: fFacmre and bad tzste
wine. However, the solufica by In-container
pastenrization, packaged food to be pastennized
hermetcally sealed packaging and use principles heat
wansfer to the food, (PP Lewicki, 20{03). But present has
pnnciples of radio frequency heaang, this hesting the

material directly, the interest and smdy in this solation.

Smdied, technelogy FF snd mucowave heating are
technology tempersture increases of dieleciric material.
The incraase I temperanme of matesial as a result of the
absorbed elecoomarnenc energy (Welson, 1994).The EF
hesting is direct matenials, therefore, all pieces of the
same materizls temperanme. This technology has been
applied n warious applications. The Agricalhmre applied
to the dielecmic heating for killing moth in mice by
electric field plate, rice and moth in between plate The
nice and moth is dieleciTics materials as & result of the
absorbed electromammetic  energy  the temperatore
increase, this the tempersfure mcrease killing moth in
nice (Santalonzi 2015), etc. The food applied to the
dielectric heating pasteurization, sterilizadom and
post-harvest Fadio frequency heating as a postharvest
treztment against codling moth m chemies (T Ikedisla,
2001). Radio frequency heating at 27.12 MHz for the
pasteurization of ham samples repacked in plastic flms,
the samples were brought to intemal tempersnmes of
T5°C and 35B°C in 5 min (VOrsat, 2004).Radio
frequency electic Helds tresment on Escherichia codi
bacteria in apple juice at 25 kV/cm and operated at 25°C,
55°C and 75°C for 3.4 milliseconds at a flow rate of 540
mlmin (Dike Q. Ukuku, 2012), etc.

In thiz paper, the micToorzanizms eliminated for wine
packaging in a sealed plass bottle by using the principle
of radio fequency headng (FFH) are presented. It ds a
technique to find that mvolves heatng divecdy to
dislectric, because of this methed inwolves heating
efficiency is very high In addition, the heating is also
used time periods less than comventonal methods. To
determine the relstonship of the power and Seqoency
approprizte for the killing of bacteria o wine, inchuding
the relafion:hip berween temperature variations with the
distance of the electrode plates. The elecrede plates was
be desizned by usmg an alumimum plate size of 31<34
on and excited by 51 MHz sipnal output voltage is




7,000 V. The temperatore of the wine would be increased
from 25 ® C to 29-63 * C, it will be take spprosimately
50-120 seconds. The temperamme range of 50-80 ° C, it
will be killed bacteria to efactively The advantzge of
the principle of radio frequency heating is that it can be
applied to eliminate the microorganisms for wine
packaging in 2 sealed glass bottle.

1. EXPERIMENT

1.1 Experimental Apparatas

Principles of radic frequency snd microwave hesting
Dislectric materizls, such as most agricalhmal products,
can stare part of the electric energy and convert the other
part into hest in an electromagmetic Seld ceated by a BF
of microwave system. The imoesse in temperature of a
materisl as a result of the absorbed electromagnetic
eneTgy can be expressed by (Ielson, 1994)

AT
Py = 5.563 % 10711 fE2e" (b

where C,is the specific heat of the matenal

(Tkg '1."1:‘%, o is the density of the material (kg.m™%),
E is the electric field intensity (W.m™), F is the
frequency (Hz).£" is the dielectmic loss factor of the
material, At iz the time duration (s) and AT is the
temperatare rise in the material {*C).
From equation (1), design sowrce elecric field and
frequency which a vanable we can design and build. By
we tmild radio frequency heating system comprised a
ransformer source voltage output 7,000 velts and design
electronic oscillator at Fequency 50 MHz and use
almminum is plate size 32«34 cm in Fig. 13).

The sipnal oufput we using tools Agilent Technology

digital storage oscilloscope (MModel DEO-X-20024 70
MH=) by using inductor isolate (Fig. 1(b)) measurement
sigmal oufput, sample temperanras were measired using
the thermal camera (FLIE. TGl65 Imaging IR
Thermometer).
Ingease energy Seld by adjusting the distance between
the plates, for test the difference of the aleciric feld, the
temperamre moresse of wine by used same mme while
the operation. The wine bottles are sesled and placed
between the plates snd the experiment was only one
bottle (Fig. 2).

B INP
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Fig. 1 () ahuminmms is plate size 32+36 cn (b) inductor
isolate
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Fig. 2 The wine bottles are sealed and placed betwesn
the platas.

3. RESULT AND ANATYSIS

Fig. 3 show the comparison of temperahme with the
distance between the plates. When the elactrode plates
close at 9 cm, the temperabme of wine increase §§.2 =C
at 120 seconds, and when the electrode plates close at 15
om, temperatre of wine increase 35.4%C at 120 seconds.
The electrode plates even closer topether, enerzy electric
fields, even more, allows the plates closer together and
make more energy than radio frequency heating the
temperatures rising well over and the temperature that
oocurs depending on the dislectric constants of wine.
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Fig. 31 The zraph shows the relationship between the
distances of the plates with the temperanee,

Fig. 4 show that the signal output fom elecromics
circuit, we have desipned for using radio frequency
heating wine by using mductor isclate. Because sipmal
cannot be meanmed directly, measmement cannot
withstand voltaze TOO0 Volts, so that the inductor isolate.
Signal frequency 500 Hz by there is a load of wine.




=] b o

P — -

Fig. 4 S5imal from the coil isolate by commected to
measurement escilloscope (have a lead).

Fig_ 5 show frequency 53.8MHz by no load. Because
the circuit will be desigmed according to the load
dielectrics, which dielectmics are different, the signal has
a different frequency and based on the matching ciromt.
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Fig. 5 Signal from the codl isolate by comnected to
measurement oscilloscope (no a load).

The temperamire, we measmed the temperahme
measured by the externsl bottle of wine. The temperanmrs
outside is preater than spproximately 4-5 °C, which
sufficient eliminate microorganisms in wine.

CONCLUSION

In this paper, we study the relationship of the power
and frequency appropriste for the klling of bacteria m
wine, including the relafionship bemwesn temperanme
varigions with the dismance of the elecoode plates. In the
experimental, the elecmede plates was be desizmed by
nsing an aluminum material and excited by 51 MHz
signal. The results found that the temperatre of the wine
would increase fom 25 ° C o 28-63 ° C, it will be t=ke
approcimately 30-120 seconds. The temperanme range of
A0-372 * C, it will be killed bacteria to effectively.
Mevertheless, the elecric field is much more enerzy on
temperamire, linear graph, heat in a sealed containesr it

was found that when the wine is hested umtil the
temperanme reached 57.2 °C bomles to leak so dangerons.
The advantage of the principle of radio feguency
hesting is that it can be applied to eliminate the
microorganisms for wine packaging in a3 sealed glass
bottle o effectivaly
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ABSTRACT

In this paper, the smalysis and desipn of dielecoic
heating by using radio frequency heatnz (FFH) are
presented for milk pasteurization process. It is a technigque
of heating based on the elactmic Seld by using the radio
frequency fo ransmit the electmic power in fono of an
elecmic fiald imto the dislecmc materizls To determine
hest dismbution o the dielecmic loads, which electmic
field imtemsity are smalyzed fo be suitsble for flud and
polar molecules. Espacially, to perform the best efficiency
of power transmiszion in form of an electric Seld into the
material for incTeaze the temperaure nfo materials. The
dielectric boads of the fiwid and nulks wene the targst
dielectric materials for amahyzed To mnestipgste the
difference of elecmic power on heating pradicted by the
thearetical model, the elecmic fisld dismibution:s will be
anslyzed by using the CS5T EM STUDIO program. This
system, the applicator of BFH with excited by 40 MH=z
sipnal and power of 6 KW for the onlk pasteurization
process. In order to verify the simmlation results, the
proposed system is realized and experimentally exantined
In the sinmlation and measurement results, it 15 foumd that
the termperanme of milk would be increased about 72.3C,
the process will be take approcimately 2 mimates. Which
the temperanmre of 71.7°C, it will be microbisl mactvation
in milk and extenied shelf Life of milk. The advantage of
the principle of radio frequency heating i= that it can be
applied to microbial macdvation n milk pasteurizstion.

EEYWORDS: pasteurzairon, radio frequency haaiing,
electric ffeld, remperanre, micrabial mactiuation, mulk.

1. INTRODUCTION

Pastenmization was discovered m 1844 by a scientist
Louis Pastenr is & method of microbial inscovation which
is mot very high temperanme(less than 100°C) the aming
is might for this fype of food, such as milk pasteurization
temperatore of 71.7°C take 3 time 15 second. This belps

microbial imactivagon dangerous pathegenic microbes
with emryme:s that canse food spoilage The comfrol
microorganisms  that comse food spoilape, do Dow
proliferate and excrend the shelf life of food.

The cuETent pasteurization has developed more, thermal
more popular non-thermal because of thenmal microbial
imactivaton more efidentdy. The smvey milk
pastenrization use of heat exchangers mclude contnuons
pastenmrization, batch pasteurization, and in-contsimer
pastenrization. These methods are mteresiing N-CONCATET
pastenmization, it prevents the retumn of microbial best
Smudied, technology m-coniainer — pasteurization.
EBhrameswari & OO Ansndharamskrishnan  (2014)
amalysis of pasteurization of bottled beer in 2 tonme]
pastenrizer, found heat mansfer fom the ourside w0 the
inside, then tske up to 19 minmes, the tempersture inside
the bottle within the same botte at 60°C, and used beat
source from boiling gzss, elecmic coils etc. These are
oudared techmology which consEnes mmch enerpy whea
compared to the temperstores of those energy. Stodied
literanure, Modi 4 & Pmjspat B (2014) pastemrization
proces: emergy  opimization Found pestewmization
process 8 milk dairy plant, elecimic coils of rated power
29596 KW are used to bheat the milk to the desived
tenmperatre. Will notice that the elecmic coils nse much
enargy. However smdied technolopy mdio fequency
heating (FFH) are technology temperafure mcreases of
dielectric marerial The increase in temperanmre of material
a5 3 resmlt of the absorbed elecToms setic enarzy, Melson
(1994) The FFH is direct materials, therefore, all pieces
of the zame materials tempersure. Fadio Sequency
heating from pert of 2 group of imnovaton techniques
based on  elecTomasnetic  beatng  applied for
patemz=ton Avwnsh (2005) use radio frequency heating
a 2 kW, 27.12 MHz, inactivation of escherichia coli E-12
and listenia innomua in milk under cootmmoous fow
condidons, FF heasting was foumd to be capsble of
inactivating both Listeria and E. coli in milk, with E. coli
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being the more heat sensitive of the tao. For a total
residence time of 55.5 s, up to 5- and 7-log reductons
‘wete found for heating Listeria and E. coli, respectively at
1200 W, and sn applicator tube exit temperatare of
wmnn‘lﬂy G65%C. But cammot  in-comtsines
pastemrization so that we are malysis and desizn of milk
pastemization by using mdio fSequency heating and
applied use milk pastewrization mdusiry.

In this paper, the amalysis and desipn of dielectric
heating by wsing madio Fequency beating (FFH) are
‘presented fior milk pasteimization process. It is a technigue
of heatimz basad on the elecimic field by using the radio
frequency to tmmsmit the eleciric power in form of an
elecmic field info the dielectric matenals. To determine
heat distribution o the dielecmic loads, which electric
field intensity are analyzed to he mmtsble for flod and
milk. In the heating process, the heated material mmst be
the polar molecules. Especially, to perform the best
efficiency of power Tansmission in form of an elecmic
field mfo the material for increase the temperahme mo
materials. The dielectric loads of the fmd and milk were
the target dielactric materials for anslyzed To investzate
the difference of elecmic power on beating predicted by
the theoretical model, the electric Seld distibusions will
be analyzed by using the O5T EM STUDIO program. This
system. the applicator of FFH with excited by 40 MHz
sipmal and power of § kW for the milk pasteurization
2
. EXFERIMENT
11 Experiment apparaios
211 Radio frequency eguipment

Deecign source radio Fequency dielecmic heater §EW
40 MHz which a variable we can design and build By we
mld radic fequency heating system conmpnsed a
transformer source voltage owtput 7,000 wolts and design
elecironic oscillator at fequency 40 MHz and uwse
alumimomm are plate size 32«36 om in (Fig. 1). The method
dieleciric heat likens capacitor, dms we designed a series
of dislectric heating. By using the prnciples seres LT
Tesonant circut, fior marching resonsent the frequency at 40
MHz, to heat the raw milk and the capacitor plates are
used to matching, the value dielecric of the raw milk And
adjusting the inductance matchimg senes LT resonsnt m
(Fig 2). The radio frequancy equipment system in (Fig 3).

l

Fig | alumimnms are plate size 32x36 con

capacrance plics

[ [

Fig. 3 the radico frequency equipment system

21.2 Measurement Tools

The =izmal ouipis we nsing tools Amlent Technology
digital storage osdllescope (Ddodel DSO-Z-20024 T0
MHz) by using inductor isolate (Figd) messmement
siznal owiput. The temperstimes were measured using the
thermal camers (FLIE TG165 Imazing IR Thermomeser).
By Emissivity adjustment to the water, In order to be shle
1o meanTe tempershres acorakely.
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2.1.3 Marerial

Paw milk used in the experiment, raw nilk is stored
at 3 temperanure of 4°C, the pH 6.73, total solids 1102,
pement far 3.1, solids nonfst 7.92, and specific gravity
1.027.

1 Experiment

Experiments pasteurzed milk by the radio frequency
heating system. We nse raw milk packazed in glass bonles
conaining net volume 200 ml by glass botle with a
diameter of 7 om and 28 conhigh, 3 bottles and net volume
total 500 ml We are pastewmized at each three boftles
Preparing the system for radio frequency heat Then take
raw ik is packaged m glass botdes, put down in berwesn
the hesting plates in Fig 5, the distance between the plates
B o And on the radio frequency heating system 3
mimats.

Fig 5 bottles put down in between the hesting plates

3 ANATYSIS AND EESULT
3.1 Simmlation result

Prndples of radio fregnency snd microwsve heating.
Drglectmic materials, such as most agriculnmal products,
can store part of the elecmic ensrgy and comvert the other
part imio heat in an elecromagmetic field created by a BF
of micTowave system The incresse m temperstmre of a
mterial as a result of the absorbed elecToma Fmetic enargy
can be expressad by Nelson (1994)

AT
pC, 5 = 5563 X 1011 fE2e" (L

Where Cis the specific heat of the masterial
(T hg=*."C""), pis the density of the material (kzm ) E
is the elaciric field mbensity {Vm ), f is the Fequency
(Hz).e" is the dielectric loss factor of the material. At is
the time durstion (5) and AT is the tenpershore nse in the
muaterial {°C).). The power sbsorbed per umit mass: P,
(W x m~¥) described indicates the power which spread in
the lossy mediom mnd can caloolate the temperanme
increasing by followins equation (2).

1
AT=PA: 2

By C,=0214 Tkg=i°C-t, p=3060 kgm™, £" =
173, frequency at 40 MHz and voltage output 7 kW, These
values are set in CST EM STUDIO, and sinmilate monitor
E-Field and Power loss im (Fig. 6, 7)

Fig. § Power loss density of two port signal inpat n
lossy medinm

Fig 7 E-Fiald distribusion hetween the plate and the

Fipure § shows the power loss demsity of two port
sizmal inpaf in the lossy mediom. Power loss density
maximmm 247107 Wim?, this value would imply a lossy
of raw muik to the temperatmre ncreasing Motice that the
header area and the bomle are less lossy, because
depending on the inpat signsl port.

Figare 7 shows Field distributon between the plate
and the raw milk. Since we desizned an electric field plate.
As 3 result, the dismbuation of the electric field is almost
equal and the temperanme inside the botle 15 equal to all.
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3.2 Experiment result

The results from the radio frequency heating system
we desizned We can check that the system 15 desizmed,
by check signal escilloscope m (Fig. 8).

q Hplemi

;‘. 1 |; ..' -
Fig. & Signal from the cotl isolate by connected to
measirement osdlloscops

Fig. & show that the siznal owtput from alectromics
circuit, we have desizped fr using radio fequency
hesting wine by using inductor zolate Bacanse sigmal
camnot be meanored directly, meanmement cannot
withsmand voltage 7000 Volts. Siznal frequency S00MHz
i we desipmed cirouit series LC resonsn:, masching
respnant the frequency at 40 MHz Becauze of the
calculstion of the capacitors that we did not take inbe
aoCount EAp air between botte. But our system can work,
and we adjusang the indoctance matching at fequency 40
MHzin (Fig. %)

]

=dtie D

Fig. 9 Signal from the coil isolste by adjusting the
inductance matching 8t fequency 40 MHz

The experimental radio fequency beaung system for
2 pumrtes. Thermorneter with the thermal camera i (Fig.
107, and stored st termperatmes below 4°C. To extend the
shelf life of pastenrized milk a longer time.

E:D.95

Fig. 10 The temperanre of the thermal camers

The thermal from the radio frequency heat at T2°C all
the same fempersmre inside the bottle. Suggests that
pathogenic microbes are destroyed by thermal and the
temperanme 3t 71T 7 O a tenperanme standard
pasteumization. Which sppear to radio frequency heat
sysiems we design can be used in pastaumizaton. In ferms
of heating, becauze of the radio frequency heating the
enerFy savings than heating 8 heat exchanger

4. CONCLUSIONS

The proposed system is realized and experimeantally
examined. In the simmlaton and measarement rasults, it is
found that the temnperanoe of milk would be increased
abwuat 72 3C, the process will take approsamately 2
mimres. Which the temperatore of 71.7°C, it will be
mirrobial mactivaton in milk and exmended the shelf life
of milk. The advantage of the princple of radio frequency
heating is that it can be spplied to nrcrobial inactivaton
in mulk pasteurizaton. The mdic fequency heating enerpy
efficient than heat mansfer In the funme, this principle is
beinr developed to be used more in pasteurizaton
indnstry and drying mdusiry.
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