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Basic Study for High Temperature and Short Time Sterilization by
Continuous Microwave Heating for Solid Foods or High Viscous Foods

Tetsuya TAKATOMI' ', Akira ITO?, Toshio JOH” and Atsuo WATANABE®

Central Lab,Daiwa Can Company, 5-5-1 Nishihashimoto, Sagamihara-shi, kanagawa 229-1183, Japan
2Nz'igata University, 8050 2-no-cho, Igarasi, Niigata-shi, niigata 950-2181, Japan

This report of basic study will discuss a technique of heating solid foods or high viscous foods in
transit on a conveyor for possible commercial applications. By using model solutions with adjusted
ingredients, we have found that: 1) Continuous radiation against the model solutions in transit
from plural units of microwave generators with different heating characteristics at a relatively short
irradiation distance of 45mm causes dispersion of edge effects and is effective for uniform temperature
within the solutions. 2) Scanning a top surface of the model solutions by wave guides is effective
for uniform temperature within the solutions as they are exposed to electric fields of relatively high
intensity. 3) With a distilled water immersing method, a 2mm thick water jacket is an optimum
condition for minimizing the edge effects. This indicates that use of the distilled water immersing
method is effective in continuous high temperature short time sterilization of foods that call for highly
accurate thermal control. On the basis of these results, we will plan designing a system of continuous
sterilization of solid foods at temperature of 100 degrees Celsius and over, and continue basic studying
behavior of microwaves and microwave sterilization with various solid foods.
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ERMUZZ30T, #ARLLEHS 60 ~ 80CIZIMBVER
L7zD%, NaCl& 3w EARML, FHRETHALT
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Fig. 2 ICAEER THEAE L 28~ 4 7 a JElssE
&, ZOHLEBILKRE A ERY. BiE L @R MW
Felkos MMTETFIER:HS1600W) % 4 BHHL
MW ¥ i3, 08 1200 mm X B 4T % 650 mm & & X
500 mm D7 IBF ¥ VXD EEBICHBEL, o TH
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RO RE D, EFNBEROKHE & BHE LR %
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Fig. 2 Conveyer system of Microwave heating device
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Fig. 3 Position of thermometer and layout of microwave guide
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Table 1 A T(K) : Rise temperature for 15 seconds heating

MELEWZ E»6, MEEZEZERL THRDOZT VL
AEmEHAL 7.
3.1.2 BEMHRICH TS5 MW RIFBOHFM

EFLET L AFRL, 1Em2ds & O 4 @k o
MELHT R DMREZE (AT, AT Z2HELZERE
Table 1 IZ2/RF.

ZOERBRTT VIV ERMUBVET LAK 1 %6
L7001, MEFIZBONRERE S8, MEWET
BOBMBEBEZICL, FHEET Y 2 LEEHTH
BICHIET 579 TH 5.

LEmME, 4AmEKERE &, MW BIES No.l B &
UNo2 EBTDETFLEHEED, No3 B KU Nod DN
BRPATHKREL o7z, ZHIEFAMEL -2MEF v
VIN—DHEHTHD, 48D MW RIEZOER DA H
Rl—TRaEVnEHEEILNS.

72, 1AMEE 4HMEBEDATDHEAT, — AT 13,
B MW RIRBZTO~3.0CTHD, 4 BHRBICRIEL
TW3I2E22boF, 1{ENADATRECAKE WS
TTH 7.

ATDOEB/NENDIZ, FIHOKEREID, BEDY
—LIZZIRD & - 7- FRGHEEHE A 45 mm & FLER I PR
Tholz7/=8%, BEEETOETFTABRKRHEPHIZM
B425ZL, BXUBOA S EHEEOMERA 300 mm
THHZeh6, REA»SRBATEYA I 0BEORE
BNEW=HEEILNS.

WIZ, HEMBL-EFLEBE2OBRBEOYE M %
MWRT 2720, EA»LBHEL, EHICEHL ZHER
% Fig. 4 © LB 1 EMEL, T 4@ e UTORT.
ETNVEROPOE ETEAIEERE LD, 60~ 70C
ETTCHRAMEB XN T, LhL, EEHSE, N
PEFT, RREWE (BETRER) tho7 Z
W, 7y TICHHEL-ETFTLVBROELG RS2,
WA ORI (35 mm) DAL &2y, BHREE N
TnHeEIONS.

LEMEG X OC4EMBADOFE L &, MW R iR %
No.2 5 KU No3 BELAMRICMB T h T B DIt
L, No.liZ ALIMH], No.4 i 10> 5% BH SR o i FE 43 A
<, MEMNEA TN, ZHIZE, MEF v V)N —HD

}I:I:;grl:zru(:lfitMW ATi(K) AT(K) AT —AT:(K)
No.1 484 484 0
No.2 48.5 46.5 2.0
No.3 524 494 3.0
No.4 51.0 49.2 1.8

A Ti: Heating one model solution at each time A T>: Heating four model solutions at the same time
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Heating four model solutions at the same time

Fig. 4 Pictures of heated model solution with iodine
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Fig. 5 Pictures of heated model solutions
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Fig. 6 Direction of microwave guide and Temperature
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TULEBEROZELH#EBETHALVATY N 2B8EHT
b7z,

3.2 FBMICHRELEHKMABEEOEMY

EEEAEZETDIE, EFLEKIE, HEEL-EK
OB AEITS> Z&nEZ N3, 1{EMEE 4 @M
BTMERHICKRELEZNROON AL T,
72, EROBELX T 7 A NBEHLIIBETHBZ L,
FEERFRUENEMICESLZE, BIXUBBMEE2ZEL T,
1EDETNEREBRGMEATEZ & & L.

BREEE DT T IILBRO MBS % Fig.7 1287
B EEL YL, YA 7 uEOBE L RERIIC3EAD
WBENXEAL, Ty P8 (CR) DBRELEVMERT
Hote. BEIZRKEE & B ICEHENIZERL TH3 R,
Zhid 1% NaCliRIM D E F LB D BERE ¢ - tan &
#, 21.10 ~ 22.04 (25C~80C) TH b, IFLALHE
BIZIRGELEZWDEEZ 65N B [14].

FE#EE 1.5 m-min 2BV, HIZT o U (C &)
DOIRE LHAMELS, HHFEETETME S, Ei
B EHEHEEORTIZER» L MEF ML & 5 7-.

Zhid, EEE» S ORHIERENE Y, BHE
BETTEREENEL, Y417 0BEBETIVBRNE
BEfEhTnwaZLl, BEERCRIEREE MK
Wz, ek & ERE S o IR O BRI X
SIRBOE—LEANREZENR TS -HEELIOND.

ZZT, M) -V DF v v3—F X 1200 mm Ti3,
BEEE 3.0 m-min | DA, MBI 24 B L & B
ZEIZEHFEHL, BHEEIZH T B MEBME» S 24 BED
BEBRHERAB XU CHDEEZX (BRKEE-&
{KIE) %EE L, Table 2177
TNEBHEED 5 24 %D 3 HOEEIREIL, REE L
% 50 ~ 60°C (Fig. 72M) Th 32, ZOREEIL,

BEBEE 3.0 m-min  IZBVTRS/NXWEERL 7.
Zhid, BEEE 1.5m-min T, FIZ No.l &
No.2 O MW R ka2 6 B - MBA 3 DIcxtL,
3.0m-'min DAL, BAZMEBEEELEOL4HED
MW RiES#r oM I hd -0 EL6N%. D0,
B MW BRSO R X 2 BERMEE, HEEPaEE
THEIC 4 EIFEG - MBI N B Z &, BLUEBEERT
BEGECIRVN A TZ 525 TH 5.

=L, BEEEARME TS L, F—2ILOiNEk
RIS NS Z LICh DD T, AEEHET130CE
TS 57201218, MW RIESOMBNLEL 5.
ZZT, MBI EELA4*EHREELT3.0m:
min” BHCQEE 3 ARAEREL .
30gDETNEMEE, VIHIEE 23CH»5 130CE T
MET 52T 2L F133210cal &% 5. [ARRIC, FEBI®
B 3.0 m-min " BEDEEREHNS0CICEIT T ILE
13810 cal ¥k, ZDHEIRZR 1) DkHiz, ¥3.96
L5,

3210/810(cal) = 3.96 1)
L7#oT, 396 X 4B =1584HBL %0,
1316 50 MW RiRSEVDREELBZLEIONS.
BRO/NEI MW RS E2ES Z &1F, 22 b ALl
BZl, BEXUMHADOMBRUERRLD Z LT, MEL
BEOIXO2ERHHENEZ L, BXUAVTFFV

gﬂ

5T

Table 2 Difference of temperature after 24 seconds

heating at each Velocity
Velocity Difference of
(m-min™) Temperature (K)
1.5 31.7
2.25 26.3
3.0 12.7

0 Velocity: 1.5 m/min

Velocity:2.25 m/min

Velocity: 3.0 m/min

120 120 ;
]
— ~ 100 ~100 —t .
g'% g 8 !
> 80 o 80 o 80 - .
5 5 5 .
§ 60 § 60 § 60 &
[ o (]
£ 40 £ 40 — £ 40
° e -
" 20 20 20
0 0 0
0 20 40 60 0 20 40 60 0 20 40 60
Time (sec) Time (sec) Time (sec)

Fig.7 Temperature curve of heating model solution at each velocity. O : A(Center), [ : B'(Middle),
At C(Circumference), t: Heating time
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AR, PO MW Rk & 2T % 720 TRELH
R RERZ L R EE2ERT 5L, AMAKEHEET
H5.

3.3 IvIRRERMEK

BiRER, KEEX2mm&id k51 hy &K
HAICEBEL TMEL 28R % Fig8 lomnd. Wiho
BEFEE IO TEHRIIFHEF IR, BEZIHD
U7, B858% 1.5 m-min 1251 3 100C I EROE
BEZ, 10CUTTho72. ZThiF, BYEAKICRET
5Z2ET, TyPHRIZKS CHROAMAERE L2
Milxhs-HeELI5h5. BEEE 2.25 » 5\ id
3.0m-min T, X5ICEEEIHENLEZZLLD,
BWEOEWEEEMAMLEL TIRELUEICENTIZ
HhukHTH5.

7, MARLAWS, KEEX 6mmiZHir s ER
WRTE, CHOBELEAIRLEL LD, =9 U3
BEBENEIL -BREL -7, KEAELTSZ
L, PA-oTREEEBRLTILEIBALS B
POA, TXILFOURELHEMT 5720, RN EF
BTRlEhrroT.

4. #

]

AHRICHNT, EREmEEEL 2GHlEDET
VBRI K 2 MM~ A 7 i mEAEE S, 5, LT iCd
NBEEDORFEE L[ 72

Velocity: 1.5 m/min

120 120

Velocity: 2.25 m/min

1) HE &F BE B 45 mm O LRI FHE#ICE T 5480
MW RiR# i & 28EMETix, 2V _X7~L b E
AEETFLBRVPBET S LT, LD MW R
BOREDZMBBEHNED 72D, Ty VHEMER S h,
BT DY — (LIS R 2 b - 72,

2) v A s uE T 2EBEIE, ETLBROEL
WAEEETHEAICRET 3L T, MENBEE
DEBREBEEBTEZ L2, BEOH—(LIC
RN D 5 7=,

NEr2r 6B/ Ny DBIEED 72 DEKEAKER
BT, KOBE4L 2mm &4 5% 618 T
bH -7,

Ihid, BRESREEHEADEL T5RMOEL
EEAERRREICE VT, BEICBU THEEKISRE
T 5 FES, HEECAHTHIILERL TS,

LD RESE A, 5%I13100CLL L [15] DE
BB 2EERROEGRE S 2T L2 REHT 5L
LI, MADOBEERRBICK TS A 7 ot l &

URRHEDOMEAED 2 TETH 5.
NOMENCLATURE
AT : Rise temperature
€ : Dielectric constant, F/m
tan 0 : Dielectric loss tangent

e X tan O : Dielectric loss factor

Velocity: 3.0 m/min
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Fig. 8 Temperature curve of heated model solution at each velocity within distilled water. O : A(Center),
[J: B’ Middle), & : C(Circumference), t: Heating time
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