
The \pplications of High Frequencl Field in Food Intlustrv

}I. DU\II'C'ZKI

Since food production lags far behind the growth in 'n orld population it is
a fundamental aspirat'ion all over the r'vorld to increase food. supplies.

The most urgent task is to process the available las' materials rvith the least
possible loss of quality and quantitl..

As it, is knou'n rvater is a basic and most' important component of the rar,r'
materials of animal and vegetable origin, used in the food industry. \\ratel
molecules, either free or bound b1. various amounts of enelgv, form an essential
part, of living material, of cells and play an important role in their microstruc-
ture and in the formation of their phvsicochemical properties. Biological
lrrocedules both in animals aud in plants, in their prrmary and secondarv
metabolism, take place mainlv in aqueous medium and this aqueous mediunr
js of decisive importance also in the processing of thesc rarv materials.

Great effort is made to eliminate or inhibit thc undesirable natir.e. extlenous
physical, biochemical or microbiological processes, affecting rLnfavoulablr-
the procluct during harvesting, storage, preceding plocessing, and procerssing.
b1- refrigeration, heat treatment. or reducing the moisture content belcti
:r cert,ain level, or by inhibiting tlie activitv of catalvtic substtrnces. Thus
one of the most important methods of' food processing is heating rvhich has
ir itasic function in preservation b1. pastcurization or steriliza,tion, or on the
other haucl, in preservation by del-iydration.

It is s-ell knou'n that the heat conductir..itr'' of matcrials of animal or vege-
tal-.le origin is verl' low therefore heat treatment is inevitablr- accom-
1,aniecl lir- sudden 

'drop 
of' temperature tos'ard.s the irrsicLe of thc. material

tleated.
If it is tlied to control the temperature differences the time. needed to hea,t

up the rnaterial is substantially increased, ho-,1-cvel this is. in most case-s

insupportable because it assists processes unfar.ourably affecting the qualitl-
of tire procluct.

If liigh temperatures are applied the time nccded for raising the temperature
is lcduced, this causes hor'vever the overheating of certain sections of the pro-
cessed matelirl impairing thereby its quality. The customary herat treatments
are aln-irr-s accompanied by tempelatute gradient,s, and temperature gradients
cause the accumulation of the moisture content in the colder parts of the
material tleated. This of thermo-diffusional character phenomenon not onir'
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inrreases tlneven moisture distribution in the mat'erial, but substantiallr-
lrinclers moisture diffusion torvards the evaporating surface

-\ rnethod theoreticallv suitable to eliminate all the above enumerated
riifhcult'ies seems to be, the application of high frequencv field. Research
riolk on the application of high frequency energy in the field of food proce-
ssirlg has been going on since 1954 in Hungary.

I s'ish to discuss here onlv the subjects r,vhere tiris technique underlr'ent not
,rnlr. laboratory scale trial but 

"r'as 
studied either in pilot pLrnt or large scalt'

industrial production. The main fields of the food industry lrhere the appli-
c ation of high frequencr- energy seems practical are the follorving:

A. Heating, dehydratin'. roasting,
B. Preservation b5- pasteurization, sterilization.
Ll. Blanching, cooking, baking.
i). Thawing of frozen goods.
ll. Control of insect infestation by killing them.
--\. To demonstrate the utilization of high frequerc\- energ\r for heating I :tm

showing the flolr. diagramme of the dielectric fat rendering process and equip-
rnent rvorhed out in the Centlal Food Research Institute. Budapest (Fig. t.)
In this process advantages of homogenous energ\r input bv high frequencl
tieid and of close controllabilitv are utilized in rendering fat of lorr thermal
lonductivity. Rendering in a high frequencv field takes about one tenth of the
time required for traditional fat rendering. Due to close controllabilitr.. the
lendcring temperature mav bc set at 58 'C ald thus. the fibre plotein is not
rlcnat,uralized. By eliminnting the temperatule gradient the continuous
lcndeling lllrocess produces 2 phases, lalcl itsell and fattr,. not dcntrtultrlizecl

Fig. r.
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fibrc' plotciu, thus all disadvantages of traditional rendering and "s-et l'ellclel'-
ilg'' aLe eliminated.

Dr.r-ing curves of materials of higli moistrue content and of biological origin
shor,v th:rt 8()-85% of the moisturc content is evapolated during 50-609b
of the totzrl drying period. To achieve an air-dr5- product the last phaser of
clehydration takes a relativelr- long time zrnd lequires inprol-rortionatelr- high
('nergr' input. To remove tire moisture content. f:rlling undel the protracted
section of the drr-ing curye. high frequerlcv enel'gv seems suitnble. The combi-
ntr,tion of tladitional and high frequencr- drving leduces the speciiic encrg\-
consumption of the dr1-ing process rrnd substtr,ritizrllv increases the cirpa<ritr-
of l,he drvirg equipmcnt.

Hop. tob:rcco a,ncl ltrrliai-L ptrste clrving exllct'irnent,s. cirllic'tl out piu'tlv iri
lirlrorator')-. par:th- on inclrrstlitrl sciric le-qultecl in about 20 -3()9,o reduction o1'

tlir'spccific enelg\- corr-cunilition irrr(l irl rrn irbout 25 5ilo,,o inc'r'ctrse of the cirlla-
cir'y of tho e'quipmcnt \t thc sunic time the ilvestment costs of tlie higli
flerprerncv field loquilrrcl to ilcleaso capacitv to tlr:rt extont ilmount to allout
I{l 25!,0. of the costs. of increasing the capacitv in thc tr:rdit.iontrl l'ar-.

J

l'is-..1.

n'he dr.r'jng curve of traditional holi-dlying and the curvc shou'ing the tirne
leduction achieved b). final drying lvith high frequencv ellergy are shou'n iir
Fig. a. A schematic diagramme of tl-re pilot plant is shos'n in l'ig. 5.

The ploducts obtained bv combined dr5-ing teclurique have rr more favoutalr-
le rnicrostructure and shelf life than the products of tladitjonal dr.r-ing. Irol
instauce the cooking time of dried hop obtained b1- the combined method i-*
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r1,rv11f ,111i' tlrilrl c-.1 the 1r'irclitiolill. i.rud fo -15;q; lrrofe ])itt,(\r'yi1l[e is olrtrr.LuL'rl
l..j-, {i ),

Lrt lrlrelirnt'rrts ca1'rli'd (lnt lvitlr sunflo\\-el see(ls tlie 1rt,r'oxiclt'virlrre. tit;'ir-
:irlrL' ;Lt'iclitr-ol 1he scetls dliecl lrv the corul.iiued rnr.thod dirl not chanse ctut'illq-
i{1} ('\t('nLlcd strilage pr,r'iod alrd lilrrciclitv n'as r}ot observed.

lllrc far-ortlitlrle mic'r'ostlucturt' irs tlt:l)i('ved bl r'otnbjned tL r-in!.' irn1,1'1,r'',s
rire 1r('ssiug (luiilit\-. r'i'sLrlts in rr highcl riil -r-jeld iuld pel'l)tits of tlre trlrlrl ir:-
rrtiorr of higliel litral plcssur'es.'l'lre l)roclu('1, is easit:i to refirx'.
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Fir. r

f ill' 1'1rsitILItrl oii t'rrLitent iu lr',pr'see(ls q:\en (ornbin?([ (h'\irig tleatlut'rLt is
Lltotrt -1 . l{)oin lc,ss. r'elrrti.,-tr to t[x, oil r-icr]ti trfleL'r'-xtt'lction.

,{irotlrci'('-\i1r)lr)l(' nf lile iLtiiitr-ot irig-h f leqtreirr'r- er('1r5ll in liual dr'.\-ilg ii.trs
r,rutrr'tr rvitlt culre srrg-irr L\rlre. i tig'itl i-q r'rrt 1l'om btrls cllrt:r,i necl lrr- lrlessilll. grir-
,rr-rlittetl -suq-ilr \\ itlr 11Le irciclitiori 01 I - loio u ater'. 'l'he moistur'(r ('olrt('lrt iriLs trr
lre r'omove(l a{1el t'uttirrg lo i'erlucc tlic nroistrri'e r.rtntent fs {l l0 -() lSoi)
Itr itn u1r-to clatc iu[r'trlt'cl clr.virrg lrrmrt'l of t'onlinrrous opeltrtion {i-i.5 lil1'lt alrr
'ecltrilctl lrct' ton. '\r-colcli ng 1o tlrc- r'r'srrlts of lrrJror atolr- r.rpe'r'inrints this
''ltel'r-v t't'qttilerttent ci',tL lre, fedtlc(,(l to ontr thilcL lrr- tlre airplic'rrtiotr rif rr. ltiglt
i''rlrtett, r' li,'ld.

-\s itrr e\irittl)l(' o1'r'oitstirg tlrtrt o1' r'ocoii lic'iurs shcll lrc tnt'ritjrilt'rl It l rrs
rrIOverl iu inclusti'itl qrxlrclirnerrts 1h:rt liig'.lr f1'r:qrrcnct el(llg.\'ctrl lro utilizetl
iol ('o('oiI lrt iurs I()a:tirg lr rL ilrorlel| eqlril)Dlcr1t. ol)eIi(tiirg rr *^r'rir'r'it1oi' {rf .jo
i\\'lr rniLirrs loari. r'0c'oa i)eilrls ('iui lre |Oasled irt ri Lrrtt'ot ().:ti 0.{ tcln,o/lt. At
tito sirnrc tirrtc, the tinrt rccltrirt'nrc.rrt is r'eclrrcert tri ii J{)(],o ot th<r tladitiorral.
fl16r llloclur't is of liettcl rlrralilr-. r'c,as1 irig loss is rcclrrc'ccl arxl tir(. o1 relrrlions
iilllou-i rtg l'oristirlg. lrtisliinc unrI co<'oir lrutt't,'r'])r'essil]g i[re l)rolnotcrll .'l'[1r i.qs]:g
,1 irtc't'r'itscci llor\('r't't'quirenent is 1,211d l;irc,li rlirlt'tiil,'s orcr', lrr- tlrc'r'r:dnr.tiol
;ri Lrss of oil. Tlre incltistL'ial eqrrilrr*:irt is sirou-n irL,b'ig. 7. anrl r,!te 13111n111.s 11J'

rtitrtt'r'irris ir Fig- t.
R. Jri thc' fii'lcl oi'lrlt'selvrLtiorL ttttd stelilization. cspt'r'irtrc'trts tiir, in lrlo!r'ess

,ti tire oul C.lr'utlrLl 1rrrocl fir'sealr,h trrrstitnte to r'onstluct a c,ontirruorrs ltpelrrtiorr
iluit jnic'e lrastt'ru'izer'. []esides thc irpplicrrbilitr- of trlastir'lrrrcliing it tr'oulrl
.rloflcr thc rLdvrrtrtages rif ll,pirl lieirtiric an(l cooling-..

[]. In thc' fielcl of lrlirnclring. coohing^ :rntl Litrliiug, tlte blanchirrg in plir,stic
r,()ti('hes o{ sirellecl ql'eclr feirs is l'oltlt rnentioring. Expc,r'irncrit,{ rreLc'ciu'tie(l

til i.l-t-]1 r\ \rr r-l-ll);,i

r
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Fig. 8.

out ir1 r'-ierv of cxtending tcmpor':u'1- stori-rg(' arld r('sults slrorved that br-
blanclring in poriches plovisiontrl stolag-e cjan l)e c\telrcle{:l br' 1-3 rlrrvs.

As rega.-d-s tlie use of hig-h flequeuc-r er1e1'g.\- iu cooirilig the examlrlt' of Bo-
Jogna -saus:rge shall be rnentioucd. AccoL'cling to erpelintelt,c crrlried out in
(thc our Centlal -1,'ood Ji,escalch) Institutc arr erc'elleut ploduct can lre mrrcle
ru-ith l, coohing :rnd cooling tjmc of onl5- one hour'. iirsterrd of the tladitiontrl
2,1 4s-lioul cooking and smoliing Peliod. if tlie trnditionalh- Plcliirlcd sausrrgc'
js t,reated in a high flequencr' fielcl. As an exirml)le ol lrtiking in high frecluencr-
lieid I mention the pilot pltrnt equipment developecl fbl the continuous ba,liins
of brerrd in (tlic our Contral Food llescrrrch) Lrstitute Fig. 9. The sDecilic
r-olumr: of ble:rcls produced ir this equipment is 20o7o ltugel thzur blead macle
irr the traditionnl rvay (Fig. 9a). TIie closs section of blend bahed in the hieir
fieriuetrcr- Iield is even, :rnd if this rnethod is c'omlrinecl u-ith infltu'ed blencl-
-c'r'ust folming. or traditional baking- to folm cnrst. tlre time lequilemerit is
still onlr- 30-50% of that of the oven-baliecl ltlead. Bleacl lrakecl in this t'ttr-
is rot iensitir-e io ,liff"r",r.es in thc leavening l)r'ocess irnd flour of pool'er'
cir.lalit\- can also be used. lihe lto'n'el L'equilenent is ().1i2 k\\'h/kg ploduc't.
1l'ra<litional lruking lines can be complementc.cl s'ith ecluiPncnt fbl combinecl
lriihing

D -\ ].,ilot Pitlnt equipment u'as develol-red at (the onl Centltrl Food Rese-
arch) Iu-rtitute for the thar,ving rvith high f'requencl'elx'r'g\- of {rozen livel anc'L
lronecl uieat ltlocl's. As Pror-en in laboltrtolv ancl inclustrial experiments
a 1.,j-l0o lecluction of loss ou thal'ing can be trchieved b1- dtir reduction.
f'hc' consistenc.i of tlie thawed product, ctrn be adjusted to the requilements
of tlie follou ing oper:r.tion :rnd is more favotu:rble fi'om the point of vieu. of
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I'ig. 9.

both hygiene and economy than the traditional methods. The industrial
equipment is illustrated in Fig. 10. and results are given in.

A high frequency thawJng method w-as also li'orked out for t'he continuous
tharving of liquid egg frozen in cannisters. The loss on tha'w'ing r'vas reduced
by about 3o/o and the sanitary quality of the eggs is better tl-Lan that of tra-
ditionally thawed eggs.

A solution was also found for the partial thawing of frozen fish blocks. With
high frequency enelgy input it is possible to brake up the blocks in the tempe-
rature range of -l 'C to -1,5 

oC. 'I'hus it becomes possible to provide retail
slrops with household-size frozen fish packs. The enctgS- r'equilement of this
lieating process is relativcly lol', it is 110 k\\'h/tot.'Ihe process is expected
to bc scaled up for industrial use.

trn the following I try to outline the
high frequency and ultrahigh frequency energy input
in European food production and preservation.

Thc advantages of applying high frr,'quelcv field in food ploduction ancl
lrreservation have been knor,vn since 1920. Expeliments w€]re carried out in
:r,lmost cvely branch of the food industries in vicrv of the utilizrtion of high
frequency cnergy. The dcvelopment of diathcrmv promotod thcse investi-
gations. I{olevcr, technical conditions ripened onl5l after thc Scconcl World
War to cnable the industlial retr,lization of some of therse mcthods. The trencl
of devclopment r,r'as detcrmincd by the lapicilv advancing rnicrolrtlr'r,. technique
in the United States. Tho output' of the high frcquencv eqlripmcnt used in the
food industries in Europe is estimatecl to bc about 5-6 nl\\i. Ultlahigli frequ-
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Fig. 10.

ency equipment has been introduced only in lecent J-ears and their total
output does not exceed f-2 l'I\V.

,\. fn the fiold of heating and dehydrating the npplication of high freqr'.ency
energy in the final drying of sugar is 'ivorth rnentioning. hr Srveden it u-as
introduced in 1964. The high frequency dr5'ing plant in Arl6v has an output
of 1000 K\{r and operates at 27 Mc. The opcration cost is 0.2 cerr.t,/kg sug:u'
In the last 5 years microvau'e lines of substantial output have Lreen established
in Great, Britain fol the final dr1-ing of potato slices. The experiences of pre-
viously in the USA established similar potato drf ing lines u'ele utilized. The
output of the lines is estimatcd at about 0.8-0.9 hIW. The coefficient of'
elficiency is very good, it is about i0-1 lofo.

The final phase of'biscuit baking may also be considered. a drying process.
-\ccording to the information given by the S'lviss firm "Reforma" in Ital5' s,ncl
othel Europian states a great number of continouos biscuit baking equipment
is l.reing operated. On the 25 quadrat metre conveyor surface I ton of product
is rlanttfactured, twice, threetimes the quantity possible to produce by tite
tladition:rl method. The organoleptic qualit), of the goods produced by this
combinecl method, and their storage stabilitS. is better than that of goods
procluced in the traditional wat'.

B. The first pilot plant for high frequency pasteurization of bottled fruit
l'a-r e-sttrblishcd in the Sovietunion. An equipment for the pasteulization of
lreeL l'rrs cleleloped by Brorvn Boveri. Heating, requires only 2 minutes as
irgainst the -t0-60 minutes required by the traditional mcthod. The techniquc
helpecl to substautiallv reduce the braking of bottles.

The iilrn "Refolma" established an cquipment for the sterilization of animal
feecl in.lrritzcllancl in 1966. Drv fced is sterilized at I21.I'C.
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tl For high fi'cquencv baking, equiprneut, rvas developed ancl set up by
iicforma (Broln Bor,-eri) and Radyn Ltd in various parts of Enlope.-The
lqnrl ll Boveri bake the products in a vertical radio frequency
ncld the crust 'with infrared radiation. The Radyn equipments
ma.\r to ordinary baking lines and &pply horizontal lield. The
inc,r'ease in cal.ra,citr. lela,tecl to the lerr-gth fo thc baking line is 500rlo in thc- c,asc
,rf botheclgillncnts. The r-olume aird stolage stability'of the product surllasses
rhat balied in tho tlaclitional r-av. The construction of Broirn Bovcrri for: tire
ltaveiling of clough lcciuc'os tire tine r:equilernent, to one thircl.

Ft'om the tu o constluctior..s mole than 100 arc in operatiol. !l'he lalgest
()rIe js the final bal<ing phurt o-t about 300 IrlV output, establishecl in Italrih.y
iiadltu. Nerv ty'Pos o{ cquipment ir,r'e developed b1- Eulopean fiL'ms forl rhe
rrtsteurization of blcrrcl, gir.ing l0li\V usef'ul output ri,t 900 or 2450 I'Ic' frcquen-

i','. It the ca.se of ir. ltasteulizrrtion ircliod of l-2 nliuutes, the ou'L1tut of [lr.:se.
liiicrs is houlh- t5t ) kg ble:tci.

[). ]'ol tharvir;.g fi'ozetr goods tJio r'iist high fi'cqucncf industlje.l unit -ri'rrs

inst,:r,llecl in tlie Lltited l{ingdorn. The output of tt convel,or op:r'ilting .,ritir
ti ger{,xrators of'2t.' [i\\r usef,ui outltut each, is I -],+ tons/hour.. About l0-15
si rnilar equipuretls Ibl tllc+ thal-ing of'fish Lrlocks is ir opcra-r"tion.

l'ol tlre tharvinq <;f I't'czer, mcat in meer,t plocossing plants iu Srvitzerland.
t'quipnients permitting of tharving of' 0.2-1.0 toii/liour are usecl. Pr.obabh-
l-10 similal equipments are used.

Iu Scotland an equipment opolating rvith a gonerzltor of 2bo kW useful
output and thau'ing 5 tons/irour' {l'ozen meat trimmings for tire purpose of
animal feed manufnctule is used.

Apart from ther industrial equipments euumerated many tliouscnds of
.quipments of lorr'er output (1-2 KW), operating u,'ith rnicro'waves are in uso
till over Europe. These are used rnrinlv in cateling establishments for. the
lroating of frozen dishes ancl prepar.cd food-*.

ll. l'or protection trga.inst, iirsect infcstation t'n-o cquinmelts n-cle tleveloired
lr1 Broivn Boveli in Belgiurn, thcy are operating at 15 l{c and 2,t50 Mc,
lespcctiYelJr. The pal'asites are hilled v.ithin 20- 00 seconds. 'lh. ave'agi:
temperature inct'erusc in the proclucts tteated is 20 -.t0 oC. rtl cquipmeilt of
t0 K\\r useful outlrut operating at 15 Mc is capablo of treaiing 300-i0ir hg
|roductlhour. Tlrr: Possibilities of utilization of higir frcquencl err..r.g\- in thc
fielcl of food tuocluc'tion iviil er]lel'go in tho lesults of the laboratoi'r' ancl tr:lot
lrlant crper-imerrts is progless. i{ou-evel the installrr.tion of large sc:r.lc indust-
rial cquipmeut all or-el lfurolo provcs the feasrbilit-v of this ncl tochuiclue.
It tho knor'vleclge of thc lesuits <;f lcsearch -vor'k il ia,boi:ator\r ls t'ell as-in-
ctustrial scale inr,-estigations thc ntilizatioir of lLiulr fi'ec1uel]cv Lrirr.,r'gv sei:rrrts

lrlobable in the folloii-ing fields:
fn the blairching of' r'egetablt-s lrigh fi'equcnc,v iuld trlicr.on-rrr c cliclec,tlic

l.)loce-qses alci thr,'jl combinrrtiols t'ith tladitiolal nieihocls of bLauching in
_'l'atct' oL stearr. llxpeliments hitlierto calried out sbori-ed thirt procc'ssing
lrlst:cl solcly ol higb c,l' ultrahigh fi'equcrrc5- enclgy i uPut, or their cornbintrtion,s
rr jth tladitioual mcthocls of blanohing u'ele advlrnltr,gcous from t,lro point of
r-icrv of protecting ascorlric acid and chiorophvll content and helped il the
r-irrrirlfsnalge of the liedouic value.

ll'lias-ing of'froi:on r-egetables and fi'uits for Dlor'essillg ]llrrposes or lbl clilect
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consumption with high frequency energ)' has the extraordinary advantage
of being ad.justable to t'he requirements.

In the field. of cooking, pasteurization and sterilization the d.evelopment of
technologies utilizing high or tiltrahigh frequency or their combination with
traditional methods permits of substantial cutting of the treatment tirnes and
of extended storage life.

Greatest possibilities appear in this rebpect, in the field of rneat, processing.
'Ihe developmenl, of continuos processes for the production of skinless sausages
is expected. X'urther possibilities are envisaged by the application of high-
frequency cornbined with gamma radiation, for instance in the packaging of
\/ienna sausages und.er vacuum.

Iligh frequencyprocesses permitof "drycooking" whereby the 5-l5o/o loss
accompanying traditional cooking and the loss of substances of biological
value can be eliminated. The first practical application of this principle is
continuous liver paste manufacture.

The utilization of high frequency energy in the continuous sterilization or
pasteurization of liquid, pulpy or solid foods seems also_very promising. Units
packed in plastic pouches of low loss factor assembled. in pressure resistant
ca,ses ofsimilar electrophysical properties, can be heat treated. on the conveyor
belt, and thus it can be attached to modern continuous operation prodtrction
lines. The thawing of meat, products by high frequencv energy is a hygienic
precondition of the large scale manufacture of prepared or precooked foods,
but, soon it will be an inevitable operation in meat processing and canning.
Another important field of application is the thawing of frozen dishes in
institutional catering.

The introduction of high frequency roasting ensures the accurate control
of roasting processes, a substancial improvement, of quality, the preventiou
of overheating and thereby elimination of the denet'erious by-products of
overheating.
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