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FAR- | NFRARED. DRYI-NG OF FOOD UNDER REDUCED PRESSURW‘WMMMW ERATURE
Technical Field: *GOOOOz* The present inventionirel stem for
far-infrared drying . food at reduced pressure and tenpengbg«e. Backgmound
Art: One nethod of preserving seafood for a relatively short period is a
‘natural dryiMgTH@Ri EORi BARAINEHAREDeDRYENG DFyFogh UNDER) HESUwsp are cut
open to renoRRESBURE ATQROW, TEMHERAMUREaAl | renai nings _are rinsed from the
opened fishes. The opened fishes are put on banboo lattices to be dried -

all day and all night long. The "Overnight Drying" will pumw‘ ﬂ shes
in sem -dried condition, and the so sem -dri ed products "ﬂﬂmﬂm[‘ka
for a rel aféc}ﬁflc){ sfqu& period. Such natural drying nethod can Bg.4sed in
weat her - perm tlng stricts inlinted seasons, and it requires a

relatively |argge ;%E&ftornv%mfaﬁ ﬁe@itee%ns%yneﬁhm t-DEFrefdd dryiggder and a

| ot of manpower e engaged in drying . In addition, there is a sanitary
probl em of fpanttapidiabd @resélitehandpedtgrebaci I1i floating in the air, and
there is a fear of deteriorating the taste of dried products due to

oxi di zat i Ofpek at Iyt it takes the whole day (24 hours) to dry opened
fishes, and the opened fishes nust .be brought in houses when the weat her
i's threatening.OneThsthed of @reddreimaseafedd fiorya nglitsivelyt shercrersodiing and

|l aborious work. Alternatively the indoor drying. can be effected in sanitary
roons by ausiabgralndnyangdwhiahpis called AGweroifght ryinght . Fsesbhfishies aared heat i ng
will dry the surface of opened-fishes and other foods in crisp condition,

t her eby coc1ft| opengtd removesineer presnsleando thdn obd temeinings woe sénsed from

the opened fishes. The opened fishes are put on bamboo lattices to be
dried all day and all night long. The "Overnight Drying” will put
opened fishes in semi-dried condition, and the so semi-dried products
can be preserved for a relatively short period.

Such natural drying method can be used in weafher—permitting
districts in limited seasons, and it requires a relatively large
outdoor space for opened fishes to be set in order and a lot of manpower
to be engaged in drying . | | |

In addition, there is a sanitary problem of contamination with
dust.and baﬁilli floating in the air, and there Is a fear of
deteriorating the taste of dried produéts due to oxidiz#tion. Usuafly
it takes the whole day (24 hours) to:dry'opened fishes, and the opened
fishes must be brought.in houses when the weather is threatening.
Therefore, the natural drying is 2 time-consuming and laborioué work.

Alternati?ely the indoor drying can be effected in sanitary rooms
by using infrared lamps in place of sunlight. Such infrared.heating
will dry the surface of opened fishes and other foods in crisp
condition, thereby confining free water inside to allow bacilli to be

breeded.' Otherwise. thé oxygen gas remaining in the tissue of food



.breeded. Qtherw se, the oxygen gas remaining in the tissue of food -1

causes the surface of dried foods to be oxidized for deterioration. ,
Anot her drying nethod uses cold wind. Advantageously it takes 3 to 4 hours
to dry foods in such a.senmi-dried condition as attained by the "Overnight

D ying”.  BifseSud e dl QHOTS toVRY S SR IR o figRoci ! |1 and

cannot be preserve peri od Wi & % he freezing

preservation. pfdthéd d?fxtn@'ﬂ%tth(s&)@é%' = H]](a pr gmn@g%t ﬁsqgc”fl? {24 ove, one

- object of the present invention iIs to prov drying a

lot of faq@d hburs $S&Nliry Aoyds$iihCiueh & SRfieq Lfbdac nﬁlmh‘éag %’ (304t pyper i od

irrespective of weather and seasons. Another obj ect e present

i nvention the "0eedwi vl Oeyiag! ootﬂhéirsyld?ge@)b%cﬁméohoﬁe‘w df e/ hhghdhpods to
provide bacilli-free sem -dried foods whose surface i's not -crisp,

r et ai ni ng igdudi Fliesindecaninainde drksarivedi TS Lodd i OB WI o @f rbopiesd i on: The
clained nmethod. for far-infrared drying foods contained in an air-tight,

|nsulatlnQOdhydke@nnpmramxwﬂhmlsteps of: (1) drawing the air fromthe
insul ating dryer by a vacuum p UHE reduce the inner pressure to 560 nmhHg
to 160 mmHg i nlmar @ttemphitautodss t § 2yobfl emsdilengr tbed tahevei romel atjeatgofdr yer
nitrogen gs contalnlng et hanol to spray the ethanol to the foods, and
rai-sing thee PRRENtpiEBEoa o te. mrovidy &mirdhed of . @nkgireiigGiikwtlot o 10

m nut es t?Bg ep the so raised pressure for | to 10 mnutes; (3) reducing.

the inner sEhPeSB%iUwylﬁérﬁWH§rﬁ8°& Hh#bfsyaﬁﬂ@lyvﬁuudnppu within 30
m nutes after stop ing of the nitro gas cont ai ni ng et hano
to the i néﬁﬁ%?PF?mdeg {ﬁgl’" ﬁ‘ﬁ %fl% ‘?‘W’Hﬁ t ARO thaF g M“r"aPEdhﬁe@’@éF“% th

€l el ICt {' ci th{veItt_l{?lJ?le% ttbh[?rovlé gdfsoo\é\hdrlylengk%?&eﬂgfotrhseeml 4 r?{ngpfoods {oe bel ow 160

provide bacilli-free semi-dried foods whose surface is not crisp,
retaining good freshness and deliciousness!
Disclosure of Invention:

The claimed method for far-infrared drying foods contained in an
air-tight, insulating dryer comprises the steps of:

(1) drawing the air from the insﬁlﬁting'dryef by a vaéuum pump to
reduce the inner pressure to 560 mmHg to 160 mmHg in 1 to 10 minutes;

(2) feeding to the insulafing.dryer nitrogeh gas containing ethanol -
to spray the ethanol to the foods, and.raising the inner pressure to 1.0
kg/cm®G to 1.9 kg/cm®G in I to 10 minutes to keep the sd raised
pressure for 1 to 10 minutes;

(3 reducing-the inner pressure below 160 mmHg to | mmHg by the
vacuum pump within 30 minutes after stopping the feeding of the nltrogen
gas contalnlng ethanol to the insulating dryer.

(4) supplying the far-infrared heater w1th electricity to heat the

_foods while keeping the inner pressure below 160 moig to | mmHg,
thereby keeping the core temperature of the foods at 0° C to 10 ° C for
15 to 90 minutes; and



*thereby keeping the core tenperature of the foods at 0 Cto 10 0 C for 15
t0'90 minutes; and 2 _ (5) supplying the insulating dryer with air until
the inner pressure has reached the atnospheric pressure. Brlef Description
of Drawi ngs: Fig.1l shows a general arrangenent of a | ow pressure, |ow

t rature, r-infrar dr vi syst em.accordi 0 the present _

i ﬁ\r/rgﬁti on; Fi %?Zgubglyéﬁgf ?@%f“%#%%ﬁ”&?rtvf‘gﬁ adér."t“P’?lot“k?eIWécPfﬁiﬁUfhe dlryl ng
f haang Fi how t he i'nner pressure of the insulating

Zyiésngﬁ hﬁ%3?%dvgrﬂgsA@%%ﬁgpgﬁﬁ?sﬁggt Mode of Carrying Qut the Invention

A prEfeerQi@“pQQ}ﬂR?&LQfDh@ﬁgﬁ%ese”t; invention is described below wth

reference to acconpanyi ng gs. Referring to Fig.1l, a |low pressure,

| ow-t enper at ur e j gf r 5 gufs grﬁ}lgﬁ?f YirR9n l}lfnapéc?g‘gljp?%ﬁg&%gefgﬁ_r esent

i nvention conprises an air- insul"ati ng dryer ai r-feeding

_ . h . : ing-wal | f ing clean
condui t 3 tRapetatars, er‘r‘Q}[hﬂr%?ed QA B4 3?“”3%@?"%&? tRE  STRRHY

air to the inner space of the. 1insu I ng rough an. associ at ed

filter, arinvemdtdn;ve gas -(nitrogen gas) feeding conduit 24 passing through
its outer surrounding wall for supplying nitrogen gas to the inner space,
an evacuating Feqritlista Grdmr vikwawt ngt@iy cirtons theudddnes theak§in@ cabl e
outlet 4 for pulling out electric wires and signal lines fromthe inner
space, andystgm dfl Figninand on equi prrent S5.for lighting the inner space. The
insulating dryer | has an air-tight door 2 and a nonitoring glass w ndow 8
provi ded on it §if.rophewsThey éherdorer nressonelwift tie i ssudebiecteckrt of t he dr awi ng
side of a_, . . .
: Fig. 1 varies with time.
Best Mode of Carrying Out the Invention:
A preferred.embodimenf of the present invention is described below
with referénce to accompanying drawings;
Referring to Fig.1, a low-pressure, low-temperature, far-infrared
drying system according to the present invention comprises am air-tight,
thulating dryer 1 having an air-feeding conduit 3 passing through its
outer sﬁrrounding wall for supplying clean air to the inner space'of the
‘insulating dryer 1 throdgh an dssdciated filter, an inactive gas
(nitrogen gas) feeding conduit 24 passing through its outer surrounding
wall for supplying nitrogen gas to the inner space, an evacuating
conduit 6 for drawing air from the inner space, a cable outlet 4 for
pulling out electric wires and signal lines from the inner space, and
an illdmipation equipment 5 for lighting the inner space.
The insulating dryer 1 has an air-tight door 2 and a monitoring
glass window 8 provided on its front. .
The evacuating conduit 6 is connected to the drawing side of a
vacuum pﬁmp-lO via a control valve 9, and the draining side 11 of the

vacuum pump 10 is open to the atmosphere.

A dry-air producing appardtus A, a nitrogen producing apparatus B



~.vacuum punp 10 via a control valve 9, and the draining side 11 of the
vacuum punp 10 is open to the atnosphere. A dry-air produci ng apparatus A,

a nitrogen producing apparatus B -3 and an ethanol spraying apparatus C
are connected to the insulating dryer 1. The dry-air producing apparatus A

conpri ses d # . conpressor. 13 ‘and an air, tank 14. Air. is nade to
pagg to th%ndcéﬁr/rgrtggshgo rgprﬁ’n@%%ﬁ[‘f%g ‘b"reyé?“"fft‘i%tgté‘_tee”tsr'#éaﬂr"? air at a
hi gh prequQQ.qn the air tank 14. The nitrogen producing apparatus B

conprises a“series-connection of a mnute-particle filter 15a,. a main

filter 15b and pye qggLygt%godﬁﬂagﬁﬂ¥%yhg&%A1§8mlgsgagfzgggﬁr ucing val ve

16, a nitrogen gas producing uni ressur nft 19 and a

ni trogen ommprebsyrkiPnd 1RQA AR | KirTRIGRde LS howk 16 UM LhrAldy L ank 14 Lo

the pressure. reducing valve 16 throug e series-connec nof filters

15. Then, I3nthraugh dhe Ary@duzed N6RSTHE Ary 35 WAPL inSeh DPedshfe Rh thgoeN gas
producing unit 18 where the dry air is separated into oxygen gas and

nitrogen gas fackddding to the adsorption methpd (PSA nethod) using -
nenbrane. nodul es or- nol ecul ar sieves, and. the oxygen gas is renoved to
| eave nitrogenThaaitrogen predusingamfaradusch comgri 08LR PRsed-SomnatiSeq by t he

pressure increasing unit 19 for storing in the nitrogen gas tank 20. The
et hanol spfayimigubgopar bitcde fG1tempbi,sesmaim £iltancl5ht amkaRkcdhdhte@ Spraying
punp 22. These get in the route fromthe nitrogen-gas pank_ 20 to the dryer
1. Et hanolcar8o®irfavsier rGitw t hepresharmiredaciag2ya bye tiBe a syitaygeng gpsinp- 22 to be
added to the ni.trogen gas. Thus, the nitrogen gas containing ethanol, m st
is. eject é’doﬂ‘ﬁﬁ?t“ﬂl‘ét_s%ﬁ ayimMgsHuLzInereasing uniteld anéra splaoeemizas he
LSRRt NGV Trhe ety AT STade Yo Flow tRom the air tank 14 to theo oM< 20
pressure reducing valve 16 through tﬁe series-connection of filters 15.
; Then, the air at a reduced pressure is supplied to the hitrogen gas
produding un-it 18 ﬁhere the dry air is.separat'e.d into oxygen gas and:
nitroéen gas according to the adsorption methpd (PSA method) using
‘membrane modules or molecular sieves, and the oxygen gas is removed to
leave nitrogen gas, the pressure of which nitrogen gas is raised by the
pressure increasing unit 19 fbr-storihg in the nitrogen gas tank 2.
The ethanol spraying apbaratus C comprises an ethanol tank 21 and
a spraying pump 22. These get in the route from the nitrogen. gas tank.
20 fo the dryér 1. Ethanol is drawn from the ethanol tank 21 by the
.spraying pump 22 to be added to the nitrogen gas. Thus, the nitrogen
gas éont;ining ethanol mist is.ejected from the spraying nozzle 31 to
fhe inner space:of the insulating dryer 1.
Nitrogen gas ié made to floﬁ.frqm the nitrogen tank 20 to the
~insulating dryer 1 through the pressure reducing valve 17 and the
control valve 23, and the nitrogen gas containing ethanol mist is:

ejected from the nitrogen gas feeding conduit 24 into thé inner space of

the insulating dryer 1.



*.insulating dryer 1 through the pressure reducing valve 17 and the control
valve 23, and the nitrogen gas containing ethanol mst is ejected fromthe
nitrogen gas feeding conduit 24 into the inner space of the insulating = -
dryer 1. _4 _ The inner pressure of theﬁlpsugatlng d{ye[ 1 :s dggeg;gd ?Kea

ressure sensef 25, and the nitrogen gas feeding control valve
gvacuati ng confh*’ol‘m\%il RiesguLy of Hé'evbi@lullﬁﬁlrﬂﬂrﬁmp laie dedspidsbwe to the
signal fromthe presst e-s%n er %5 for controlling the inner pressure.
Ref er ri ng? {555 Hitg>Hhseh 4 ARdcHIe N HI50§pAs 8 deqdin® poninol ead ve @Brandshel ves

28. 1 ai d bgi, i&.s 1 ongi tudinal s, and a plurality of rod- |ike
far-inf raﬁlee\é\@‘ﬁ'ggl{téﬁg cgggrgflevaéy? gngfgzh%Ha%{‘“l"aR“@Fallldh?rre?ﬁ%W&‘lfd;% téachf tsEeI f
. : rol.s 3 re used to.,goptrol | e rafure o e

Far-i nfFaf B hEtior ok ghe 8 BabekSERob° 2521 Sontctldife B olngef et chea
t her eacr oggsgfgbeces of food are arranged, on the trays 35, and then, the
trays 35 are put on the shelves 28. In case of fishes their heads and

et 2T gans RMrERADYE hig00a 1Sy LETICHIOIMBLE BISFH aay,p N vater

The far-infrared heaters 30 are connected Tt o0 assSoci-dte Bture

O 0L S o lvengh L BeGeL 6o | BARIGIRADDA S hnR i p itk LG ifocdl, 1N

insulating dryer 1, extending fromthese tenperatufe controls 32, and the

water- {| ohike favgiafAiFedriea lers 0t & ditahftl AHL BYErad tralie sBAWCLscnSUPPL Y 36
The operation of the far-infrared insulating dryer 1ncludes e followng

steps: (13heE@Bualempriruve avatrbie Ivacuadddoth eaitrbPlthy akiferdtdrs opened, and
the \/aClJHJP ﬁénggr%?kfrared heaters 30. | | | |

Trays 35 have stainless steel nets stretched thereacross. Pieces
of food are arranged on the trays 35, and then, the trays 35 are put on
the shelves 28.

In case of fishes their heads and inner organs are removed, and the
remainings are rinsed away with water.

The far-infrared heaters 30.are'c0nnected to associated temperature
controls 32, and the electric power cables 34 are pulled out of the
insulating dryer 1, extending.from these temperature éontrols 32, and
the water-tight plugs 33 are inserfed in the outlets of the power
supply 36. |

The operation of the'far—inffared_insulating dryer includes the
fbllowing steps: |

(1) Evacuating process

The evacuafioh control valve 9 is obenéd. and the vaéuum pump 10
is driven to draw the air from the inner space of the insulating dryer
1 so that the inner p}essure ﬁiy_be reduced to about 200 mmHg in 1 to 10
minutes.

In this condition pieces of food are dewatered both from their

surfaces and tissues to purge moisture along with the air to the



+is.driven to draw the air fromthe inner space of the insulating dryer |
so that the inner pressure nmay be reduced to about 200 mmHg in 1 to 10
mnutes. In this condition pieces of food are dewatered both fromtheir
surfaces and tissues to purge noisture.along with the air to the -5

atomsphqtgmgsgﬁé}ggﬂrgm'ﬁga&g@ﬁﬁltp@f S&QHWF 6. The surroundi ng at nosphere gt

reduced pressure permts renova alr fromthe tissue of food without

det eri or al | no ThiGueryahdinf Abmelihiaoft Ul -l BE UGS Fhboty Py 2Nt ageous

short length of processing tinme, | nproving pene nol into the

pi eces ofaitofddmithe tti€sueSsO$EUR tho £ -'B@fb?hoﬁPeryiHég?tﬁtlﬁﬂes-Bl?efoloﬁngt h of time

i nvol ved for evacuati on depends on the capacity o e vacuum punp 10, and

can be shdthianes deynssicadd yoa ae tapdo By ¥Ro leﬂg’!ﬁrcﬁ‘aﬁF&egé‘i‘?ﬁ%C{%; I,
however, need not be shortened below 1 m nute. However, the ole .

ef fi ci encippwotingbeeseignitioxarft kyhamdueeth ithet ieecekengtrho@fif ithe i nvol ved
for evacuation is ten or nore mnutes long. (2) Supplying nitrogen gas and
rai sing isubsqanendsethendlheprey egustepon control valve 9 is closed, and the
feeding control valve 23 is opened to supply the insulating dryer 1 with
ni trogen gas. Thel benghle of dime dnvadvehéor ewicngtiofi dependi mnethepda@ssiyye upto the
atmospheric pressure ethanol is sprayed into the nitrogen gas by the
sprayi ng 9utis vaEaum pyEp dfhzaad| cami be shertesédbpaisoig 20vacoud pumi of ons i n
di aneter). is roduced fromthe spraying nozzle. 31. Wthin the period of
0.5 (30 s‘éﬁrc?ﬁﬁ‘gi) c3R3CLy- mlgutf@ye@ﬁb%q@@nt be shor tesed be bost | @finuthe f eedi ng of
nitrogen-gﬁs t he i pne Pre ure is raised. upto 1.0 kg/cnZG to 1.9 kg/cnZG
and the so $%V&laqt %ﬁg? engé’s%F’écyi ¥illape sienifiepnddpinedueed1it dhe ni nutes.
i ' is 75 % nor e.
Prefer abll\énétﬂeofpvmet ynngvetthor & aE:l?eyt?gn elg %rrxloolr élosre m5inu€e2rlong.
(2) Supplying nitrogen gas and raising its pressure
The evacuation control valve 9 is closed, and the feeding control
valve 23 is opened to supply the insulating dryer 1 with nitrogen gas.
[n the course to the rising of the inner pressure upto the atmospheric .
pressure ethanol is sprayed into the nitrogen gas by the spraying pump
22. The ethanol mist (particles of 10 to 15 microns in diameter) is
produced.from the spraying nozzle 3l.
Within the period of 0.5 (30 seconds) to 10 minutes subsequent to
the outset of the feeding of nitrogen gas the inner pressure is raised
upto 1.0 kg/cm®G to 1.9 kg/cm®G, and the so raised inner pressure is
allowed to continue 1 to 5 minutes. Preferably the purity of the
sprayed ethanol is 75 ¥ or more.
The air is replaced by nitrogen gas in the insulating dryer l.land
the oxygen gas is replaced by nitrogen gas in the tissue of foods, too.
At the same time, the ethanol mist contained in the nitrogen gas
sterilizes bacilli if any, on the pieces of food.
Nitrogen gas is effective to prevent not only the oxidization of

food, but also the explosion which ofherwise, could be caused by



~~The air is replaced by nitrogen'gas in the insulating dryer 1, and the
oxygen gas is replaced by nitrogen gas in the tissue of foods, too. At the
same tinme, the ethanol nist contained in the nitrogen gas sterilizes
bacilli if any, on the pieces of food. Nitrogen gas is effective to prevent

_ 0xJ ¢l i o} .o but  al : | gsi.op whi ch ot herw se,
(r:]gLI gnlbg E:gglslglgé g‘;’fz?ﬁ%’q?f[?%Idlr{'ir%gglttﬁe&iten@'ﬁ%ﬂg ‘ﬁf‘g‘w ‘(I'/hsphl mgri B]; Iegg’runragl e
1 ' . . ri
Wi e the T eed norane itglh a0 358 195t 1RE She SVEF A%, oding” o

i | - valoae: 9. ned.t @ .df aw: £ he
nitrogen gas, t§he1@\acURbdiaR &‘H'BFJLOJ]{alVé‘ zaﬁlsgﬁ?o?seﬁ’pc% £8p &elfeéy’”{ghe acuum

nitrogen gas fromthe inner space of the insulating dryer

punp 10 soof hatrdgbe gaBNethe RiveORI U chBtro€deR 9t B %ﬁ&emﬂdgd:t&_ the MTHY
(al most. vaccum condition) in 30 or |ess..mnutes. e processing.length of

ti me dependstroget fzasctypactiey i piert- Bpacevaf LHE RisiPatinBUdrydr Shayt gaed | ength
of tinme involved for the processing is desirable fromthe angle of keeping

the freshnesswunfpuindd. sd thithéhe ninser presssry es ireduced Sted160amEy 16Q nmrHg, the
wat er content of food will be evaporated to deprive the pieces of food of
their heat mbigo(ainest taceyn nendibion} riecieor. ledsesisutesat ed at the subsequent
step. (4) Supplying the far-infrared heaters with el ectricity while the
i nner space. renﬁ]%@f%ﬁesé“i&edeﬂ:&@ pf ddserdepewds entihe camaeitypnoésthere is kept
at 160 to 1 , thﬁfar- infrared heaters 30 are supplied with
el ectricit PUU 8¥PosBil hehprieaed lensth odotime oinyelkved Hor ithe mapesssingdi at i on. f
The tenperatyre control 32 is r onsive to the surrounding tenperature o
the far-i nfsrgF%‘(Eaﬁ@aEré’Ps eSﬁ‘g#Br"?i@ﬁP‘r“@I ﬁ‘ien’%eﬁwsﬁﬁﬁnftopﬂ-y of e:c ect r|50| ty,90
t her eby keepi ng .t , e tenperature of foad at 0 ¢ to 10 Cfor 15 to
m nutes. The cgrfeni%eh@gﬁ a{)trtgffsgp%flsfrt%ﬁedi gbodgflgp Wﬁ%d%enwﬁfﬂ'n%‘m&?“?t he
of food will be evaporated to deprive the pieces of food of their heat
so that they may be freezed unless heated at the subsequent step.
4 Supblying the far—infrared heaters with e-lectri'city while.the
inner space remains at a reduc-ed pressure- -
While the inner pressure is kept at 160 mmHg to 1 mmHg, the far-
_ infrared heaters 30 are supplied with electricity to expose the pieces
of food to the far-infrared radiation. The temperature control 32 is
responsive to the surrounding temperature of the far-infrared heaters
30 for controlling the quantity_of electricity, t.hereby keeping the
core temperature of food at 0° C to 10 ° C for 15 to 90 minutes.
The core temperature of food is .det'ermined'in terms of the
temperatpre surrounding pieces of food: The core temperature of food
is kept in the range from 0° C.to 10 ° C by far-infrared radiation to
expedite the vaporizing of the water antent of food. Thus, the pieces
of food are dewatered at an increased efficiency.
The temperature of food starts rising as the water vaporization is_

getting close to the end, and then, the far-infrared heaters 30 is

automatically d.isconnected from the power supply to allow the subsequent



- tenperature surrounding pi eces of food. The core tenperature of food is

kept in the range from0O Cto 10 C by far-infrared radi ation to expedite
the vaporizing of the water content of food. Thus, the pieces of food are
dewat ered at an increased efficiency. The tenperature of food starts rising

as the wat i L is getting close to the end, and then, the
far-inf rarggc%%g%rtéa% IC)tlr)s automatically disconnected fromthe power

supply to al | o@fa hsds ke e qlﬁner_gresspgeogfﬁsersqgsrlﬂaﬁ}&é}gt a{et i1nssﬁféa%)'iaReduci ng the

i nner pressure after supplying the Tnsula §en gas

agai n The dryecwath antrogent g aydhve 9 is closed, and _the_f-eedi ng control
vgl ve 23 is opened, thgérhegy E)%rm'tti ng ejection of nitrogen gas into the

insulating. drke evatuatioh ®@ntVeyalpé &SsULERRS aﬁfgﬁp?ged;i?gﬁgm?ﬁét IR

mMHg, and then, the feeding of nitrogen gas I's nmade

prevai | i ngahtenB3ikerpendds theetadwesbriict t CiRNE jedbiRdn At bﬁ@&éea%agrin%? §geonds and
at longest 5 mnutes, and then nitrogen gas is renoved fromthe inner

space. unt iinsthdinmdererpues s uthe imer edesade thas 1GQcHIaHGH Anify P9 Thus, the
oxygen gas remaining in the tissue. of food is replaced by nitrogen gas.

The | engt poge. @infethedy otheedeedimet of niépigeai g 0F m¥ORN s@ap. bYhe Ni trogen
gas depends on the surface condition of.food and the size of each piece of
food. Thi &f b‘fadéé%gsﬁilg“@h?wbés @hilaneddtof oontpand iatuleast Zondssefonfpod such as
opened hors r{atltker e* Then, the processing can be shifted fromthe step
(4) di rectaf'ée/ %o PpES ; PHYtRE ndpthes)nitregenratsurinimegotad £hem dherospheric
pressure ean_air i§. injected-into the insulating dryer | through the

seri es-co%@?t?%ﬁe‘(yf‘ Kl meef"é'e‘iﬁ’r?ﬁuf%iléé'edmditﬁn@ pHedeoul enfyf t he

: ; : i j.C ure, and then, the tra
insul ati ngh&y:y?ﬂeloxy§%60g§41?eﬁg1m?§5ﬂ}%r{ﬁ% ?Ié?igFLf food is replaced by Y

nitrogen gas.

The lepgth of time involved for the replacing of oxygen gas by |
nitrogeﬁ gas dgpends on the surface condition of food and the size of
.each piece of food. This processing can be omitted for particular
kinds of food such as opened horsé mackerels. Then, the processing can

“be shifted from the step (4) directly to the following step (5).
(5) Returning to the atmospheric pressure’
| Clean air is injected into the insulating dryer 1 through the
series-connection of filters 15 to raise the inner pressure of the.
insulating dryer 1 upto the atmosphéric'preséure. and then, the tray
cart 26 is pulled out of the insulating dryer 1. The pieces of food are
wrapped wﬁth gas-barrier film Preferably the wrappings are filled _
with njtfogen gas,-carbon dioxide or nitrogen gas-and-carbon aioxide
mixture to prevent the wrapped food products from being oxidized or
'spoi lt.
As may be perceived, the steps (3) to (5) are dewatering stebs,

and fishes and other foods are dried at a reduced pressure and

temperature.



~cart 126 is pulled out of the insulating dryer. 1. The.pieces of food are

wr apped with gas-barrier film Preferably the w appings are filled wth

- nitrogen gas, carbon dioxide .or nitrogen gas-and-carbon dioxide mxture to
prevent the w apped food products from being OX|d|zed or spoilt. As may be

erceived, the_steps e dewaterin t eps and fishes and ot her
Poods are dried” aetlo %‘lf&&eéid "d) Eascéusrtép dRdfase @ F%ﬁduﬁ(é'se ‘mgckereks: tine

i nvol ved for in case of opened horse mackerel s: (1) evacuation 1
mna .. (2) élf%ggéﬁtgﬁs fed to raise the inner preszdmé-B.nln 30 secs.

(3) mtrOgertz%%trroﬁsﬂ%df&oot§%9&%% hﬁwg“%{%g{ﬂ‘igggﬁ g P seks) SUPRIYING

heaters with electricity 1n. T owpress $(5) returning

to the atmosphaifgfi g 85 Vv & ?@Cr)ﬁduce-lyﬂg {hdibe Jsg%gnd f time amounts to

about ‘58 m nutes f the step I'S not itional length of

time is 10 (dpcondsingThataariitsWiasgiakh 1|ﬂe dwn k&irk Hndl, grr and associ at ed
devices are .as fglﬁoms the capacity o y e ?ﬁsaﬁatlngp rfer 2.6 M the

nunber of - trays 10 (5 steps, 2 col unmms; 450 pi eces gjﬁ ppened fishes) the
capacity of the vaccum punp 7.4 KW~ t he capacity of.the conpressor 5.9 KW

t he capaci t fSbiretureinget éire 4tnokpher irepasslrd of nitrogege@as 8.1 m/h the
capacity of the nitrogen tank 2 ni _
The total length of time amounts to about 58 minutes.
If the step (4a) is not omltted addltlonal length of time is 10
seconds

The particulars of the insulafing dryer and associated devices are

.as follows:
the capacity of the insulating dryér ' 2.6 m®

the number of trays 10 (5 steps, 2 columns; 450 pieces of

.opened fishes)

the capacity of the vaccum pump | _ 1.4 KW
the capacity of the compressor : _ .5;9 KW
‘the capacity of the heater - 12 KW
the yield of nitrogen gas | : - 8.1m/h
the capacity of the nitrogen_tank _ 2m®
the capacity of ethanol tank 20 liters

The weight ratio of the post—dried, opened hbrse mackefel to the
pre-dried, opened horse mackereliis 85 %, and the dried products can be
preﬁerved one month at the temperature of 5° C. As for natural-dried
products it will take 16 to 24 hqurs to dry pieces of opened horse -
mackerel until the weight ratio has reached 85%, and the naturél-dried
products can be preserved only a few days at the températufe of 5° C.

Time involved for each prdcessing step in drying other different

foods is as follows:



-t he capaC|ty of et hanol tank 20 liters The weight ratio of the post-dried,
opened horse mackerel to the pre-dried, opened horse mackerel is 85 % and
the dried products can be preserved one nonth at the tenperature of 5 C.
As for natural-dried products it will t-ake 16 to 24 hours to. dry pieces
of opened horse nmackerel until the weight ratio has reached 85% and the
natural -dri ed products can be preserved onIy a few days at the tenperature
of 5 C. Tine ipyol o] h pr.ocessi e dryi ng other different
foods is as folh Cﬁ?ﬁ‘e ,{oo(?%g éﬁ?%&%ee ng %do ﬁsgbanese noodl es and pasta
(1) evacuatign g (2) nitrogen gas fed to raise . the inner pressure 3
mn. 30 secs. %?hﬁfT%ogen gas renoved to reduce t Helilnner presure 3 mn.

(4) suppl yi ng) tn*i'@r&@ﬁ“z%?eﬁ“t“h‘?%}ee?ﬁer'ilﬁfe}yrk.&ul'eg\’\g PaSHRL ghiosehere 20

mn. (5) returning to the atnospheric pressure | engt h of
time anount 3} @i Lroghi b4 @emeRB t6 T e8RSt nner res@fnﬁ)grﬂnf I sh meat

(deep-fried kamaboko and kamaboko) (1) evacuat| on mn. (2) nitrogen gas

fed to rai s€4) happlyims tihe ﬁ@ﬁ@f@w&mmctﬁﬁl&eqﬁ 1ow(p$}sgr;]|}g LPaRIngRS renoved
to reduce the'inner presure 3 min. (4) supplying the heaters with

electricity in low pressure atnosphere 10 mn. (5) 20 gfipirning to the
at nospheric pressure 5 secs. The total length of tinme anobunts to 17 m nutes
and 35 secof xetMMIﬁmbethsahmsﬂeaanpaﬁsamd dri ed f|§@@§;(horse nmacker e
and sea bream (1) evacuation 1.mn.
_ The total length of time amounts to 27 mlnutes and 35 seconds.

-c- Ground fish meat (deep-fried kamaboko and kamaboko)
(1) evacuation | 1 min.
(2) nitrogen gas fed to raise-the inner pressure 3 min. 30 secs.
(3) nitrogen gas removed to reduce the inner presure 3 min.
(4) supplying the heaters with electricity in low-pressure atmosphere
10 min.
(5) returning to the atmospheric pressure | D secs.

The total length of time amounts to 17 minutes and 35 seconds.

-d- Sweet-sake seasoned-and-dried fishes (horse mackerel and sea

bream)_
(D evacuation ' ' 1 min.
(2) ﬂitrogen gas fed to raise the inner pressure 3 min. 30 secs.

(3) nitrogen gas removed to reduce the inner presure 3 m1n
(4) supplying the heaters with electrlcxty in low-pressure atmosphere

90 min.

(5) returning to the atmospheric pressure 5 secs.

The total length of time_amounts to 97 minutes and 35 seconds.



+(2) nitrogen gas fed to raise the inner pressure 3 mn. 30 secs. (3).
- nitrogen gas renoved to reduce the inner presure 3 min. (4) supplying the
heaters with electricity in | owpressure atnosphere 90 min. (5) returning
to the atnospheric pressure 5 secs. The.total length of tine anounts to 97
m nutes and 35 seconds. -10 -e- Korean pickles and vegetables |ightly
preserved in sabt 8ereanipekbasamnd ¥pgedebbasalightlyl prreservéd)in atlk agen gas fed
to raise the inner pressure 3 mn. 30 secs. (3) nitrogen gas renoved to
reduce theli¢nBFanpresure 3 nmin. (4) supplying the heaters with electricity
in lowpressuce atnpsphere 15 nmin. (5) returning to the atnospheric
. pressure 5 s@é§“3TEEIWbtaI l ength of time anounts td @2. ninutes and 35
seconds. -f- ErL d food (tenpura, deep-fried chicken, breaded and deep-
fried cutl et r'US%"cge’F i88%) ef 25’ I3V KhR 1RIEr 1PrasSIre (2) 3nmitny GPesecgas fed to

ressure 3 ni 0 sech . (3) nitrogen gas renoved to

I

. ' . o
igldzget Pﬁel ?ﬁﬁg}l%qggg&?% féﬂ_wﬂ.“(r&)i“%u VINRE PERRYITSaBiBr s with el ectricity

in | ow pressyke 30 m.n. (5), retur.ni to the atnospheric

pr essurg_S sggssu%mﬁé)gﬁéﬁear%ﬁ@twﬁﬂblei‘i‘%tﬁ’ec‘ Mﬂn@g"lrﬁs%“fe mtEAPBY eand 35
seconds. -g- Meat (hanburg steak,.hashed beef and q5etsteak)”(1) o
“evacuation 1 min. (2) nitrogen gas fed to raise the P& pressure 3 nin.

30 secs. () WekEA9RP 03Re hERRHRA L Grigiiiee the. inBer presure 3 mn.

The total length of time amounts to 22 minutes and 35 seconds.

-f- Fried food (tenpura, deep-fried chicken, breaded and deep-
fried cutlet, roast fish) |
(1) evacuation : ' 1 min.
(2) nitrogen gas fed_to raise the:inher pressure 3 min. 30 secs.
(3) nitrogen gas removed to reduce the imner presure 3 min.
(4) supplying the heaters with electricity in 1bw—pressure_atmosphére
30 min.
(5) returning to the atmospheric pfessqre S secs.

The total length of time amounts to 37 minutes and 35 seconds.

-g- Meat (hambﬁrg steak, hashed beef aﬁd beefsteak)
(D evacuafion - 1 min.
(2) nitrogen gas fed to raise the inner pressure 3 min. 30 secs.
(3) nitrogen gas removed to reducé.the_innep b;eSure 3 min.
(4 supblying the heaters with electricity in low-pressure atmosphere
| 30 min.
(5) returning to the atmospheric pressure . b secs..

The‘total length of time amounts to 37 minutes and 35 seconds.

=1 1'—.



+(4) supplying the heaters with electricity in | owpressure atnosphere 30
mn. (5) returning to the atnospheric pressure 5 secs.. The total |ength of
time anounts to 37 mnutes and 35 seconds. _11 e . 1 -h- Household dishes
(potato salada, chilled food) (1) evacuation 1 min. (2) nitrogen gas fed to
raise the inner pressure .3 mn. 30 secs. (3) nitrogen gas removed to
reduce the inrer %ﬂ‘%"j‘ﬂi‘%d§hﬁ§ rtpotady salaslst v mi_;ledrf@odﬂeat ers with electricity
in Iom#presazre at ppsphere 60 min. (5) returning to the atnospheric _
pressure .5 é%§9m+H@ total length of tinme amounts k Bi7 minutes and 35

ds. - : 1 tion 1 min. (2),njit : fed t
ai se the i hAYeEEEdey R A TIETHE LT oreliith ¢ opBIn GHEstenDved to
reduce the(quﬁgnﬁgfiyigéﬁwgﬁgal%?%$5“§§E¥%?8¥%$ﬁ5Qfaters with electricity

in | ow pressure atnosphere B he at nospheric

pressure 5 @eCsippiVigy &R fbat - L upts to 100 hours 7 mn. and
35 seconds. - ppgrl?ged cut%tlegggg& ?%cttg\i}gégg& [c;bﬁq Lire%%e 1B9SHERS ogen. gas
fed to raise the inner pressure 3 nmn. 30 secs. ( i trogen gas renoved
to reduce the inner presure 3 min. (4) supplying the heaters with

el ectricity5) mebwimy 66 3h¢ @tmRbRERSOREERUrS0 M N, 5 gecs.

The total length of time amounts to 67 minutes and 35 seconds.

- =i Uncured ham
.(1) evacuation | 1 min.
V)] nitrogeﬁ gas.fed to raise the ihner'pressufef 3 min. 30 secs.
(3) nitrogeh'gas removed to reduce the iﬁner bresure 3 min.
(4) supplying the heaters wiﬁh electricity in low-pressure atmosphere
| | 100 min.
(5) returning to the atmospheric.pressure 5 secs.

The total length of time amounts to 100 hours 7 min. and 35

seconds.

~j- Dried cuttlefish
(1) evacuation 1 min.
(2 nitrégen_gas fed to raise-the.inner pressure 3 ﬁin. 30- secs.
&) hitrpgen gas removed to reduce the inner presure 3 min.
(4) supplying the heaters with electricity in low-pressure atmosphere
| 80 min.
(5) returning to the atmospheric pressure 5 secs.

The total length of time amounts to 87'min. and 35 seconds.

In this particular embodiment each far-infrared heater 30 is



.a(5) returning to the atmospheric pressure 5 secs. The total length of time
.amounts to 87 min. and 35 seconds. In this particular enbodi mrent each
far-infrared heater 30 is -12 equipped with a tenperature control 32 for
exclusive use, and therefore, the far-infrared heaters 30 of the enmpty
trays can be prevented frombeing supplied with electricity, and electric
power caneabepmednwi bh | 2 eapprofusrieateh r f 10132t her paeil bé ons yapd siges of
pieces of food laid on trays, thereby econonizing on electric power.

Advant agedherafone: rihei tdretinf campd heatebe 30 todctind eptyt heayeickh e of  the
insulating dryer to-pernmit pieces of food to be exposed to ultraviolet
rays for efgugatadvbiop kaipprsupmliing wi the ebectediing ahd ldedtiric powdtosai bility for

I ndustrial Use: As may be understood-fromthe above, the inner pressure of
the i nsuLét?@ﬂt'&PM@’f 3pRropgl edy Hyr fidedpasy t nintsr angesi igasofadiees enfacuat i ng the
i nsul atin ryer, apd at the sane tjme, pieces of food are exposed to the
spray of 'g?oﬁa%dp,onsg"a'@'ﬁatthecrﬁ@’ 8SQPGBIZ 1 it o1 red pedir it mepern the tissue of. food

be repl-aced by nitroge as to prevent oxidization of food, and at the
gg?/re te i msl,O et r@ﬁ%ﬁiab"é’ﬁa@‘t’?%ﬂég”?l-ré }apgs ma be gtdached dpithe ci livl. ofNext, the

i e of the i | gt i d. C dyced by, renoving nitrogen gas
from the TReUTIl btk JE7EF JRaPPHE BPELss OF 105k toabe GRBBEbAD o { he

-1 adiatl i h ) ' .roundi ng, thus
suppr ess; n FHEHELART oI EN, B hehi L beaBER W s ot on of

wat er, al TAF I : od to be. L. heated deep to their cores,
and exped??ﬂgg}%%vggﬁg?&vl\g{ g%&i n the | ow pressure surrounding to provide

Xt endi ng b BL7 e S oS4 i e 9 AHE et EESHe JRgyRne offect of

advant agepisalated dryer is raised by feeding nitrogen gas after evacuating the
insulating dryer, and at the same time, pieces of food are exposed to
the spray of ethanol, so that thé oxygen gas remaining in the tjssue of .
food may be replaced by nitrogen gas tq prevent oxidiZatidn of food, and
at the same tiﬁé, ethanol penetrates the food well for sterilization.

A Next, thé inner pressure of the insulating dryer is reduced by _'
réﬁoving nitrogen gas from the.inSulating dfyer.'and the pieces of food
are exposed to the far-infrareﬂ'radiation'to be heated in the low-
pressure surrounding, thus suppressing the lowering of food temperature
caused by véporiz;tioné?f wate(: allowing the p?ecés of food to be
heated deep to their cores/\and expediting removal of water in the ;ow-
pressure surrounding to provide semi-dried products.

The.sterilization-and-water removal has the effect of.extending
the preservation period of dried food'producfs. Also advantageously,
the dewatering of food at a low temperature has the effect of

substantially preventing the discoloring and deteriorating of dried food

prodhcts, permitting the long-last'ing of good taste..



-t he dewatering of food at a |ow tenperature has the effect of
slibstantially preventing the discoloring and deteriorating of dried food
products, permtting the |ong-lasting of good taste.. -13 ,, t c C ains:
1. Method for far-infrared drying food contained in an air-tight;
insulatingcﬂﬁxer characterized in.that it conprises the steps of: (1)
drawi ng the A fromthe i nsul ating dryer by a vacuum punp to reduce the

i AmHg 0 1 in1tp 10 minutes; (2) feeding t

the i nbut ati i A0 A ek GO U 1o gn Bunaton B b bightne ot hanol
to the f b i aner; ta 1.0 kg/cn2Gto 1.9 kg/ cnRG
in 110 10 o RE SR hak il PATTp HERSY Grobdispe e §PSG 10 mi nutos. (3

reduci ng the ipn r ' 6 by the vacuum punp
W thin 30 mnibes ATPEIREIE L o8 Wk T Feferl BL L 1¥Eui Epms’ 5
189 PEdb i

cont ai ni NoredudratY indef)proskApe fi fargt ith electricity
to heat th%' f ood a%iIénkeep%%gq?%gﬂ@%%gﬁﬁggéggure gg|OWITQ%£hﬂFQ to 1

or V15 10 90" it oo ey A HAEREFS: WIS ofln KRB hdol U0 3T
until the fons@maypthessthim] tvashe (@dchad falsindt tNOSIAREF pFesRUASSYNEY - 14
ke/cm®G to 1.9 kg/csz in 1 to 10 minutes to keep the so raised pressure
for 1 to 10 minutes; |
(3) reducing the inner pressure below 160 mmHg to 1 mmHg by the
vacuum pump within 30 minutes after'stopping the feeding of the nitfogén
gas containing ethanol; o
(4) supplying the far-infrared heater with electricity to heat the
food while keéping the inner pressure below 160 mmHig to 1 mmHg, thereby
keeping the core temperature of the food at 0° C to 10 ° C for 15 to 90
minutes; and
(5) supplying the insulating dryer with air until the innér pressﬁre

has reached the atmospheric pressure.



