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tasteless super-purxﬁed smoke for treating seafood to
preserve the freshness, color, texture, natural flavor,
moigsture retention, and shelf life after the seafood is
frozen and thawed. These characteristics are the vital
signs of quality in seafood, hereinafter referred to as
*vitality."

The super-purified smoke treatment process is effective
in prolonging the vitality of fresh seafood. However, this
invention is uniquely valuable in that the vitality
presezvinq effacts of the treatment process survive freezing
and thawing. The primary seafood spacies to be treated is
tuna and other seafood containing red color flesh that would
tand to turn brown after baeing frozen and thawed without the
treatment described herein. Although this tasteless super-

purified smoke is primsrily intended to be used to treat
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seafood, it can also be uszed with meat and poultry.

The intention of treatment with our tasteless super-
purified smoke is to preserve the vitality of the seafood so
it appears and tastes similar to fresh after it is frozen
and - thawed. In all cases seafood should be wholesome.
However, seafood that is consumed uncooked for sashimi must
be visually attractive in its raw form. The purpose of
improving the aesthetic qualities iz to create a seafood

product which is visually suitable for sashimi atfter
freezing and thawing. The result will be a sashimi quality

35

seareod product delivered to the consumer equal to, or
superior to, fresh seafood in r:egs:ds to vitality, quality,
safety, and convenience.

This invention further relates to an apparatus and
process to manufacture tasteless super-purified smoke and
subsequent processes to treat seafood with the manufactured
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super-purified syoke d$8bh (or other meat) treated and preferably
10 frozen, and sold for resale after thawing. -

For centuries, seafood served raw as sashimi has been a
staple of the Japanese diet. The Japanese sashimi market
draws the highest 'price among all seafood markets. Red
color bluefin tuna meat with high oil content sometimes

15 =sells for over $100 per kilogram. This price is five to ten
times higher than the price of lobster.

Tuna ix the primary species consumed raw for sashimi.
However, marlin, snapper, salmon, yellowtail, and other
species are also eaten raw. The Japanese imports of tuna

20 increased three times in gquantity and five times in value
from 1984 to 1993. The increase in value is directly
associated with the increased demand for imported tuna
needed to supply the Japanese sashimi market. At the same
time the U.S. market for sashimi has expanded. The numbers

25 of sushi bars, Japanese restaurants and American restaurants
serving sashimi has increased dramatically over the past
five years. ’

In Japan, the freshness of seafood has been preserved
using super cold freezing temperatures below -76 degrees

30 Frahrenheit (-50 degrees Centigrade) to freeze and to store
the seafood before thawing and consuming. Holding sashimi
tuna at these super low temperatures is very effective in
maintaining the natural bright red color of the flesh for up
’t.o one year. However, this technology has not been useful

35 in the U.S. because the seafood industry lacks the
commercial infrastructure to maintain seafood below -76
degrees Fahrenheit (-60 degrees Centigrade). Thus, until
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present distribution process for fresh seafood compromises
the quality of sashimi rea’crxing the consumer.,

15 2) There is an increasing concern among leading health
authorities regarding the safety of consuming seafood raw
because of possible parasite infestation. The presence of
harmful parasites in raw seafood is evidenced by medical
records reporting many cases of parasite infection.

20 Responding to this concern, the U.S. Food and Drug
Administration (F.D.A.) 1is supporting a legislative
initiative requiring that tuna and other seafood be frozen
before being served raw as sashimi, for the health and
safety of the consumer. -

25 According to the F.D.A., freezing the seafood at -4
degrees Fahrenheit (-20 degrees Centigrade) or below for
seven days kills parasites living in the flesh. However,
freezing of tuna, the primary species for sashimi, turns the
attractive bright red color to an ugly brown color after

30 being thawed. The tuna will be safe to eat but it will not
be acceptable for sashimi. In addition to the commercial
importance of the sashimi market, the use of sashimi is as
culturally important to the Japanese during the New Year
season as turkey is to Americans at Thanksgiving. If a

35 u.s.F.D.A. mandate is passed, it may impose commercial and
cultural hardship unless new technologies are introduced to
preserve the vitality of frozen and thawed seafood.
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storage facility, seafood distributor facility, restaurant,
sushi bar, and supermarket ‘across the U.S. Because of this
high cost relative to the size of the U.S. market, super
15 freezers are not a practical solution.

Therefore, there is &a need for new technologies to
preserve the vitality of seafood, particularly the color
characteristic of sashimi tuna meat after being frozen and
thawed.

20 It iz therefore an object of the present inveantion to
provide a process of manufacturing tasteless super-purified
smoke for the treatment of filleted tuna and other seafood
species (and other meat, and meat products) to be frozen and
thawed.

25 It is a further object of this invention to select a
fuel, or fuels, and a combustion process that will generate
an all natural, organic smoke that can bé filtered.

_ It is a still further object of this invention to
purify the smoke by filtering out a substantial amount of

30 odor and taste imparting particulate matter and gaseous
vapors, recovering super-purified smoke in a tasteless form.

It is a still further object of this invention to super
purify the smoke to be completely non-toxic by separating
out or absorbing out certain undesirable components that may

35 be carcinogenic.

It is a still further object of this invention to store
the tasteless super-purified smoke in either a temporary
storage vessel or to pump it into canisters kept at ambient
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10 and stable. Organoleptic relates to the sensory organs®
perception of freshness--smell, taste, tactile feel, and
visual appearance.

It is a still further object of this invention. to use
the tasteless super-purified smoke to make the color of

15 =seafood (and other meat, and meat products) more stable.

It is a still further object of this invention to
provide a process to efficiently treat with tasteless super-
purified smoke, vacuum pack, freeze, and thaw tuna and other
seafood species (and other meat, and meat preducts).

20 It is a still further object of this invention prior to
treatment with tasteless super-purified smoke to dip tuna
and other seafood sashimi slices in a solution to stabilize
color, enhance flavor, and firm texture.

It is a still further object of this invention to use

25 the tasteless super-purified smoke for treatment of seafood
in a plastic bag, in other forms of treatment vessels, or by
direct injection.

It is a still further object of this invention to
expose seafood to the tasteless super-purified smoke for a

30 duration suitable to cause the below effects but not so long
as to be deleterious to the wholesomeness of the seafood:

1. To allow penetration of the smoke into the seafood,
significantly delaying the development of aerobic
bacteria during processing and storage.

35 2. To allow the smoke to be absorbed or retained into

the flesh of the seafood extending the preservative
effect after exposure.
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99/ 27744 vacuum pack the seafood, preferablgpcxpugg8ﬁ@g@ggermeahle
vacuum pouch immediately after treatment exposure, to
protect the seafood from contamination, and to seal in any
smoke components absorbed or retained in the flesh of the
seafood.

15 It is a still further object of this invention to
provide an absorbent material inside the vacuum pouch to
absorb excess moisture lost during thawing and to prevent
the seafood from soaking in such liquid.

It is a still further object of this invention to

20 initially freeze the seafood at a sufficiently low
temperature, -76 degrees Fahrenheit (-60 degrees Centigrade)
or 1less, to allow later storage at normal freezing
temperatures of -4 degrees Fahrenheit (-20 degrees
Centigrade} or 1less for up to one year without any

25 degradation in its vitality.

It is a still further object of this invention to
provide a slow thaw and quick thaw technique to thaw the
seafood while maintaining vitality.

It is a still further object of this invention to allow

30 a small amount Of oxygen to penetrate through the semi-
permeable vacuum bag after thawing to allow for normal

'decamposition of the seafood.

35 packground Art
various aspects of the individual steps of the multiple
step process of this invention are known in the art, and
various aspects appear to be new, useful, and not obvious.
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smoked seafood sare all examples of popular foods treated by
smoke. The shelf life of meats can be extended to over one

15 year (without refrigeration) by smoking. The taste of
sausage and the color of ham are enhanced by smoking.

Following the invention of refrigeration, the vitality
of whole or filleted seafood and other meats have been
prolonged by maintaining the foods in cold storage of 28 to

20 40 degrees Fahrenheit (-2 to S5 degrees Centigrade).
seafood, in particular, in its raw state begins
decomposition quickly at temperatures above 50 degrees
Fahrenheit (10 degrees Centigrade). Seafood «can be
maintained fresh and unfrozen for up to two to three weeks

25 at temperatures of 27 to 32 degrees Fahrenheit (-3 to 0
degrees Centigrade) due to the salt content in the meat.
However, decomposition is inevitable and rapid after this
time period and other methods of freezing, canning, and
smoking have been necessary to extend the shelf life of the

30 food.

Many types of smoking have been taught over the years
to produce a variety of effects. Hot smoke will cook, dry,
and dehydrate the Cflesh. Cold smoke will keep the meat
moist and succulent. Components of the smoke emitted from

35 wvarious types of fuel will enhance the taste and preserve
the color of the food. The combinations and variations in
temperature from sub-freezing to over 200 degrees Fahrenhgit
(111 degrees Centigrade), fuel types, humidity, circulation
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in the smoking chamber does not exceed 50 degrees Fahrenheit

10 (10 degrees Centigrade) during a drying and smoking period
that doexz not exceed 24 hours,"...

The longer the smoking period in this model code, the
lower the maximum smoking temperature. Por smoking periods
of 30 to 48 hours the maximum smoking temperature de?:lines

15 to as low as 32 degrees Fahrenheit (0 degrees Centigrade).
Thus, it has been established since 1991 that maximum cold
smoking temperatures for smoking periods of 24 to 48 hours
can vary from 32 to SO degrees Fahrenheit (0 to 10 degrees
Centigrade) in order to keep the meat moist, succulent, and

20 free from bacterial degeneration or contamination.

Cold smoking is an obvious choice for fresh seafood
which normally requires constant cold storage to slow down
decomposition and discoloration as evidenced by Section 4.1
(¢} of this model code which states "Fresh fish, except

25 those to bhe immediately processed, shall be iced or
otherwise refrigerated to an internal temperature of 38
degrees Fahrenheit or below (3 degrees Centigrade or below)
upon receipt and shall be maintained at that temperature
until the fish are to be processed.“

30 Section 4.2 states that “all operations involving the
receiving, holding, processing and packaging of processed
fish shall be conducted utilizing clean and sanitary methods
and shall be conducted as rapidly as practical and at
temperatures that will not cause any material increase in

35 bacterial or other micro organic content or any degeneration
or contamination of such processed fish.* In addition, the
1994 U.S, Food and Drug Administration (F.D.A.) Fish and
Fishery Products Hazards and Controls Guide reconmend§ a
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PCT/ US98/ 169 gn Alkar utilized a refrigeration coil inside the

smoking chamber to cecol the smoke down and maintain it at

10 these low temperatures. Subsequent commercial smokehouses.
throughout the industry have been outfitted with return air
ducts with cooling coils to allow for cold smoking of fresh
fish at temperatures specified in the model code above.

' Furthermore, smokehouses have equipment for purifying

15 the smoke during, and at the exhaust, of the smoking
process. In 1995 Alkar presented a paper entitled <“an
Overview of Air Pollution Control Equipment for Smokehouses“
and described all current types of exhaust coantrol egquipment
divided into two major classes—-particulate collection

20 equipment, and gaseous control equipment. Particulate
collection equipment includes electrostatic precipitators,
venturi scrubbers, and ioniiing wet scrubbers. Gaseous
control equipment includes absorption systems such as packed
columns and incinerators.

25 U.S. Patent 5,484,619 to Yamaoka et al discloses a
method and apparatus that use extra low temperature smoking
of fish and meat to sterilize and prevent decomposition and
discoloration while imparting an agreeable smoked taste and
smell.

30 U.S. Patent 889,828 to Trescott discloses a device for
curing edible matter comprised of a curing apartment, a
smoke supply. source, and a combined smoke cooling,
purifying, and drying chamber where a portion of moisture
and carbon soot condenses on the walls of the chamber.

35 Trescott’s method and apparatus, as with Yamaoka's, utilizes
partially purified smoke containing odor and taste imparting
particulate matter and vapors flowing freely in contact with
‘the edible matter, imparting a smoke flavored taste.



However, no reference could be |ocated that describes the combi nation of
process steps disclosed herein to super- purify snmoke by renoving the

hi gh quanti t%g%gﬁ%rt i cul ate matter and taste inparting vgﬁgé';?ggégﬁary

to produce Lt antial | y tastel es¥) snoke that will not ked
taste to treated food. Dati ng back thousands of years, before the

I nventi on of refrigeration, freezing and canni ng processes, various

f oods wer e red uraI Nat ural . snoke can preserve the 10
nutritional cgyrrpsgneg%‘tgné Egorrﬁ?leé@odcﬂ" Lg% s alanfeachesca ood,

whil e at teethemiheot tmamnaananql ngdapssl bgefisnaiedred mdBAlSy StiGhyeas ham

bacon, [try. an snoked seafood are all exanpl es
of popul a(rag‘* o-“eér(#Qi nga'tg‘g:g'b i SnD “geﬁ1 Sl T f%xﬁe”r’rea‘{%?’%‘é’ﬁ dhe ™
ext ended t¥-muspherige and t@ear expmﬁm@ut-heefxslgecnatmeaﬁ tdya swoddifigd The
Laste of | ammospieiee aoddinel 8 ahilameenbancally ppdns.

Foll owi ng 3 h mv_enélon of refrigeration, e vitali
filleted otwumeﬂa\f@% monoypkds oglg%d iy preducaidni ng t he

f oods in owdithest cswsei of cﬁﬁnmafé) add cdﬁgfﬁ&alﬁah{cﬂﬂh.e'impdn?tzetso 5

degr ees C}&[&d e) S2£3
stat e--begi ns q'deacfo Posi 1 gguﬁn%i%l g?%{’eﬁﬂgk’af’u?‘@§°§?369e9§6 dégrees
Fahr enhei tthq::gfor@egpgggibmm d¥adshe Gedf oRkD.Acanande the aipanai ned

fresh j@and sanirgd offopugplgoﬂéa\ptﬁo three weeks 25 at tenperatures of 27
to 32 degrees Fa enhelt - rees Oentl grade) due to the salt

content in the%t@at Fat tl—ﬁ\ﬁé’&@tf“ﬁeﬁﬁ PE &gl F‘§9Fn(§9l Bameshedd ofapi d
after thi Sr.reatmignerewr mﬁtarmllm heartehhastnadide eeaidgach 8¢ "Gheand

:/anﬁtl tngpgs |ng Z@é‘ Seen aﬁ %?t %%gihetﬁeffb];?e Of Ehe go é‘é’%g‘cei a
vari ety of# fs Bagbed sp e thiod| u@ednzesrp gas that is prohxhxted

15 for such use in the U.S. and Japan. Conversely, treatment
of seafood, poultry, or meat with a natural smoking process
is generally recognized as safe (GRAS) by the U.S. F.D.A.
and the Japan Ministry of Public Health.
Soviet Patent SU 847973 to Kichkar, Nasibov, and Bunin
20 discloses a method for the cold curing of fish products by
stabilizing the temperature and velocity of the smoke in a
smoking chamber kept in a range of approximately 32 to 36
degrees Fahrenheit (0 to 2 degrees Centigrade). Kichkar et
al‘s cold smoking process results in phenol levels rising in
25 the body of salmon more gquickly than earlier methods
reducing processing time and producing quality smoked taste,
color, and preservative characteristics.’
German Patent DE 3826211 to Schich teaches a smoking
process using a condenser cooled filtered smoke. Smoke from
30 a smoke generator is passed through a cooling condenser
maintained at 5 to 14 degrees Fahrenheit (-10 to -15 degrees
Centigrade) to form a condensate of carbon, other suspended
materials, tar and gqum which is discharged. Schich‘s method
removes substantially all tar, pollutants and carcinogens
35 and does not impact the taste and aroma imparting
ingredients in the smoke.
The burning of wood sawdust, in an oxygen restricted
retort has been empirically discovered to be the most



and dehydrate the flesh. Col d snmoke will keep the neat nmoi st and
succul ent. Conponents of the snoke emitted from35 various types of fuel
wi || enhanceyd beaest e and preserve 11 the color of the fooBCT/UBp#16228

conbi nati ons and variations in tenperature from sub-freezing to over”
200 degrees Fahrenheit (111 degrees Centigrade), fuel types, humdity,
circul ation WO 99/ 27794 8

PCT/ US98/ 16228cient wayand prpdsce ehighegusl ecyrasike frvne\@y )bx?@ﬁﬁcp” or
to this ' tio [es ha een.a snoke .fl avored fqod.
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ahr enhei egrees_Centigrade) during a dryjng and snoking perio
that does not eigﬁe gigehgﬁ?g?cg&.gr m Bt "f"cﬁggé’g’d( ﬁ@"'%l&%%“ﬁéri od in
t hi s nodel matdeialh€uels liswer furectizn min contkisty one qemperatareFandsmoki ng
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to as |ow as degr ees enheit 7(0 degrees cent it has
been edfabsmoked emiRAiopg1at hYATFAREMFARRISTioN skemperptusieser at Fhes for

snoki ng pekpesat@bn2sbt 0déBebéridus polycyclic aromatic hydrocarbons
(PAHs), and oxidation of organic 'vapors, including both
condensable organic compounds as well as volatile organic
compounds (VOCs) can be prevented by combusting below 850
15 degrees Fahrenheit (454 degrees Centigrade). If wood is
combusted above this temperature level and these compounds
are formed, they can be successfully filtered later in the

process.

To minimize formation of these compounds and to conform

20 to empirical data from our laboratory tests, an operable
combustion temperature range of 400 to 950 degrees
Fahrenheit (204 to 510 degrees Centigrade), a preferred
range of 500 to 800 degrees Fahrenheit (260 to 571 degrees
Centigrade), and an optimal range of 650 to 750 degrees

25 Fahrenheit (343 to 399 degrees Centigrade) are established
for the process described herein.

Typical wood fuels for smoking contain primarily a
hydrocarbon composition of hydrogen and carbon along with
other elements of sulfur, nitrogem, oxygen, and ash

30 compounds of silicon dioxide, ferrous trioxide, titanium
dioxide, aluminum trioxide, manganese tetrioxide, calcium
oxide, magnesium oxide, sodium oxide, potassium oxide,
sulfur dioxide, and chloride as shown in Table 13

TABLE 1
35 - TYPICAL WOOD FUEL CHEMICAL ANALYSIS

Analysis
(dry basis}, Oak spruce



can vary from 32 to 50 degrees Fahrenheit (O to 10 degrees

Centi grade)

in order to keep the neat noist, succulent, and 20 free from bacteri al

degenerati on, Qr ani nati on. Col d snoking is an ob Rejsce
for fresh SQXQ(%%'Q’Q ¥{:P/H§9391 2is

whi ch normal Iy réquires constant cold s

rage to slow

down deconposition and di scol oration as evidenced by section 4.1

(c) of this nodel code which states "Fresh fish, except 25

those to be

i medi ately processed, shall be iced or otherwi se refrigerated to

an internal tenperature degrees Fa eit or be

Centi grade or bel ow) _upon recei pt and sha e mai ntaine

tenperature --— -unti-EXPREMEY]K are to be processed.” 30

3 degrees
at that
Section 4.2

states that "all operavbpagsiidwiotdlg the.o recedyg ng, hol ding,
processi ng and packagiﬁgﬁga gggcessed |18bgish shg%éﬁbe conducted utilizing

cl ean and sanitary net shal condu

as rapidly as

practic& and at t ssperatures that wslB not cads® any material increase
in 35 bacterial or ﬁ&@?ﬁa@&cro organi c content or any degeneration or

contam nation of such processed fish.”" 1In addition, the

1994 U. S. Food

and Drug Admini strati oHY@Fegem ) Fish an&+% Fishery Products Hazards and

Contrels CGui de recomepdgban 280799/ 27784 .8 9
PCT/U893/16228 tgo ugh organol eptic exaninaai n of seafood product
t hat exceeds 40 deg Bégugahrenhelt (4% Yegr ees tgntlgrade) at
10 Nitrogen 0.2 0.2
Oxygen 39.3 38.4
Ash 5.3 3.8
Heating value,
Btu/1lb 8,370 8,740
IS Ash Analysis
—3% by wi
sio, 11.1 32.0
Fe,03 3.3 6.4
TiOo : 0.1 0.6
20 Al,03 0.1 11.0
Mn30g4 Trace 1.5
cao 64.5 25.3
Mgo 1.2 4.1
Na50 8.0 8.0
25 K,0 0.2 2.4
SO3 2.0 2.1
Cl Trace Trace

source: ‘“Wood residue - fired steam generator particulate
matter control technology assessment, U.S. E.P.A., 1978,
30 The smoke produced from burning wood and other organic

35

material fuels contains water vapor, COp, CO, CHg (methane);
tiny particulates of creosocte, tar, soot, and trace
elements; and over 390 microscopic compounds occurring in
either, or both, particulate and; gaseous (vapor) phases.
Larson and Koenig' compiled "A Summary of the Emissions
Characterization and Noncancer Respiratory Effects of Wood
smoke" in 1993. Table 2 from this report summarizes all the



any tinme during processing. In 1989 Al kar Inc. of Wsconsin
designed and built a 5 I|aboratory snobkehouse for Ilowa State

Uni versity wiotd9/27794 specifications al hewi ng for snoking at trompesmlignss as
| ow as 32 degrees Fahrenheit (0O degrees Centigrade). 1In this -
design Alkar utilized a refrigeration coil inside the snoki ng chanber
to cool the snoke down and maintain it at 10 these | ow tenperatures.
Subsequent commerci al smykehouses. t hroughout the industry have been
outfitted HAHFEEd,GPngtituentgcis wpesd sspkengndothie ranges ovf fuheiml d
snoki ng of dniedion rliteR.at tenperatures speC|f|ed I n the nodel code above.

Furthérnore,” es_ have _equi nt for |fy| ng 15 the snoke
duri.ng, .and at"y'&t %éxﬁgastmof ’?ﬂeém%%ﬁa icp heRgiassonstitperyys Al kar

presented dmapepdensmoked allAnhave qrarserewcdieA &ffddsit ban T

Equi prert  fQr., s3pkeloss S e roent y s ,of exhaust
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col l ection %lwergbgdeQ&eqﬁloectﬁ@t Shedr pl‘@féﬁéat,g Joxygen

scrubbers |Qn|2|g%5 ic rubbers Gaseous gP eqU|pnent

i ncl udes ab‘%’g‘r‘&ﬁ fEi8 ﬁragtBackgae“ﬂScoY%ﬁﬁ %’?ﬁi PERYSNY itbrs. 25
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sterili ze and prevent decofposition a cﬁ”rﬁ}%ﬁ'tl ng
an agreeabw@tgwrmy@slpasnetanuemrdsﬁﬁ-ﬁqmpcwuon. U. S. Patent 889, 828 to

Trescott disclosgg auﬁfaﬁr.q%nf escrived iKer&ad biz@ Hﬁirﬁﬁx ”Péﬁé%a{(

curing apartnen ED | y source, |ned
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snoke cont alnin
of the literature in 1988 in "Smoke in Food Processing.* 1In

this review, he cites thirteen researchers who conclude that

the most important flavor components of smoke are

monoaromatic phenols occurring in both the particulate and
20 gaseous vapor phases. '

The phenolic particulate phase has lower odor and taste
recognition thresholds than the gaseous vapor phase
indicating that a smaller quantity of particulate is
required to produce the same level of smoke odor and taste

25 as the gaseous vapor phase. The particulate phase also
contains high levels of undesirable pollutants including
tar, soot, ash, and char which are desirably filtered.

Therefore, it is typical in smoking of foods to filter
pollutants from the phenolic particulate phase while

30 retaining the gaseous vapor phase for characteristic smoke
flavoring. The amounts of tar, soot, ash, char and other
microscopic particulates have been filtered and minimized by
many methods in current practice including tar settling
systems, baffling systems, and washing systems in the line

35 from the smoke generator to the smoking chgmber. In
addition, cooling and storage reduces the concentrations of
phenolic particulate through settling. some of these

filtering methods remove substantially all the tar and



particul ate matter and vapors flowing freely in contact with the edible

matter, inparting a snoke flavored taste. WO 99/ 27794

10 PCT/ US98/ 16228 U S. Patent 835 10
woodruff et AP t%5ches a met hod of 4rai nt ai ni ng redness |ﬁC$K§P| S | ed
meat by first subjecting such fish or neat to an oxygen
deprived atmosphere and then exposing the fish or nmeat to a nodified 5
at nosphere containing a snall amount of carbon nonoxi de. | ndustrially

manuf act ur cEREBkBUlateD rinom evapd Swoke oblem\exhg onl;slﬂgec dus ChRigacal s
and, can conide \hich FRHLERECERe chadfGAIENL Olupkdf B, meats w th

carbon mon gas 15 & 5P%r & O D A and the
Japan 10 M ni st@3urbfisolsted kbel phenollc fradsisn Eammboehlﬂ?e epdro Beebe

relates to @ndn’ebhﬁﬁh@ﬁlate éﬁ&i’éi Nger %oﬁezimgﬂ res lpp&ﬁné’ﬁv%gio\ﬁ in

achi eve 5t he ear ance neat that ha
Woodr uf 7, B%%‘b ’hod’llm I ihE fihs ¢hat8i saﬁ?%‘hﬂbl tw@& f@reiguch use

in Ehe_ tUhS recohnlizpgan tHEEShISe and theet ﬁaéhrabll_é)f cé@@ér%%tl%%‘“fdﬁ’f or
meat Wi u S 0 | era cogni zed as safe
(GRAS) by ??1‘5 &4, ‘?‘J"F %%Z\ béste Jueigarions. ﬁs%t?¥t%f°¥%b?wq-€ia‘[

Sovi et - Pat ekt b1 2373 to Kichkar, Nasi bov and Bunin 20 discl oses a
method for the oflhdkdl igtdsaf diath w%&&agbmemodsaabﬁéiﬁx{bg d Nftep
temper alt yre, aangsflneql Otc:lhtey ggoéur}:eed"s m)smokle through a filter to remove
mainly tar." Such tar filters are standard elements in
smoke generating systems sold today. However, since the
flavor producing, monaromatic phenols in the gaseous vapor
phase remain, Yamaoka‘s method imparts an “agreeasble taste
15 and smell“ and does not produce tasteless smoke or tasteless

food as does the process described herein.

Kichkar et al achieve up to 304 milligrams of phenols
combined from both the particulate and gaseous vapor phases
of wood smoke absorbed into the body of a salmon of

20 approximately five kilograms, or 60.8 parts per million
(ppm) . This is the desirable concentration for gquality
- smoked taste. Since the invention described herein is
concerned with eliminating any flavor or aroma imparted to
the treated seafood or meat, we have determined empirically
25 that the recognition threshold for phenols in seafood or
meat is approximately 9.4 ppm. However, even if the phenols
in the seafood or meat are below this recognition threshold,
they still exert positive preservative effects as bacteria

inhibitors.

30 TABLE 2

CHEMICAL COMPOSITION OF WOOD SMOKE

Species 3 g/kg wood. 2 Physical state 3 Reference
Water vVapor 35-108 v 2
Carbon Dioxide 70-200 v 2

35 carbon Monoxide 80-370 v 4,5
Methane 14-25 v 5
VOCs (C2-C&) 7-27 v 5
Aldehydes 0.6-5.4 v 4,6



snoki ng chanber kept in a range of approximately 32 to 36 degr ees
Fahrenheit (0 to 2 degrees Centigrade). Kichkar et al's cold snoking
process resukboosmrvophenol levels risingin 25 the body of pcgalssdiezgore
quickly than earlier nethods reduci ng processing tinme and produci-fg
qual ity snoked taste, col or, and preservative characteristics.

German Patent DE 3826211 to Schich teaches a snoking process using a
condenser coo%ed féltﬁrﬁd snoke.ﬁinoke from30 _a snoke generator is passed
t hrough a coo Phge E¥€er Onairfedined at 5%o 14 degr eégéFahr enhei t
(-10 to -15 dagredein Centi grader~dbo forma candensate of garbon, other
suspended terlals:.-tar an u ich is discharged. Schich's nethod
renoves substgﬁﬁngh§¥§f?§$%f, go?r§}§ﬂts and céﬁcinogens 3%:6and does

not inpact 8Busrysidebydand dr.dte-ldiparting v ingredieats in the
snoke. 5 Ace{ggdgyg@éng of gwpd sgwdust, i ngan oxygen rg§gr|cted

retort has been enpirically discovered to be the nost WO
99/ 21794 Furfural 13 0.2-1.56 PCW/ US98/ 162287, 8
efficient sapstitpteduserdngyh qualg-tiy.snoke from an organic g mat eri al .

However, other _ogrganic materi al uch_as | eaves, bagasse_from sugar
cane, " pi ne SﬁFggﬁusks, and riceghgrgéocan all be used su%cessfully to
produce a wdkyieBefizeneke in any b-6substantial I oxygen free chanber at a

| esser ygmount whh@Bne the vol unge jachigved from Rurning wood sawdust in a
retort.

Acetic Acid 1.8-2.4 v i
formic Acid 0.06-0.08 v &,5
Nitrogen Oxides |
(NO, NO2) 0.2-0.9 v 4
15 Sulfur Dioxide 0.16-0.24 '/ 10
Methyl chloride 0.0-0.04 v 9
Napthalene 0.24~1.6 v 9
Substituted
Napthalenes 0.3-2.1 v/e 9
20 oOygenated
Monoaromatics 1-7 v/e 11
Guaiacols 0.4-1.6 v/e 11
Phenols 0.2-0.8 v/e 11
Syringols 0.7-2.7 v/p 11
25 catechols 0.2-0.8 v/P 5
Total Particulate
Mass 7-30 P 12
oxygenated PAHS 0.15-1.0 v/P 13
PAHS
30 Fluorene 0.00004-0.017 v/P 13
Phenanthrene 0.00002-0.034 v/p 13
Anthracene 0.00005-0.021 v/e 13
Methylan-
thracenes 0.00007-0.008 v/p 13
35 Fluoranthene 0.0007-0.042 v/p 13
Pyrene 0.0008-0.031 v/P 13
Benzo(a)

anthracene 0.0004-0.002 v/P 13



The snoke produced from burni ng wood and ot her organic material fuels is
a function of conbustion tenperature and anmopunt of air intake. Fig. 1
shows t he COﬂQﬂﬁ#ﬁh&” of wood 10 snoke em ssi ons at varylngpegﬂgygthﬁp

t enper at ures formati on of def®terious pol ycyclic ardmatic

hydr ocar bons (PAHs), and oxidation of organic vapors, including both
condensabl e organi ¢ conpounds as well as volatile organic conpounds
(VQOCs) can be prevented by conbusting bel ow 850 15 degrees Fahrenheit

(454 degrees Erpyicnade). 4, 0 rLld combysped above tg#s t enperature
| evel and these conpounds are for & they can be successtully filtered
later in the BeéBFPocess. To minimze formation of these conpounds
and to conform 20uténigrdd cal.odataof 680 our Iabpratory tes{g, an operable
conbustion te era{ure range of 400 to 250 degrg Fahrenheit (204 to
510 degrees ?f% %&Rﬁ pPéPQP gg-00 range ¥ 500 to sob? degr ees
Fahrenhkit ( 2Bénzo( Sy mrg e0s 0003-Cetits gr ade) y/mnd an optigml range of 650

to 750 degreeggeey EALr enhei ty, ( £.9.3%% degre§§PCbnt|grad$i3are

est abl i shed or the process describéd herein ypi cal wood
fuel s for smokd®BC bR ain primarily a hydr ocar bon conposition of
hydr ogen and cajr@gq pyrHe W bhooo2-91 #es el emegys of sulfuryznitrogen,
oxygen, and 30 conpounds of silicon dioxide, ferrous trioxide, titanium
di oxi de, aIu ﬁﬁ? *%X|de manganese tetrioxide, calcium oxi de,
magnesiim OX|depesxthnﬁn oxi ok, 0gSagsiondh oxi dey/p  sul fur #doxi de, and
O oo Eindfp [R0LC Lospogpzo00s v TABLE L35
(dry basis), Pibenzgga.h) spruce
pPyrene 6.0003-0.001 v/p 13-
Retene 0.007-0.03 v/p 14
15 Dibenz(a,h)
anthracene 0.00002-0.,002 v/P 13
Trace Elements
Na 0.003-0.018 P 15
Mg 0.0002-0.003 P 15
20 Al | 0.0001-0.024 P 15
-3 § 0.0003-0.031 P 15
s ' 0.001-0.029 P 15
cl 0.0007-0.21 P 15
K 0.,003-0.086 P 15
25 ca ' 0.0009-0.018 P 15
Ti 0.00004-0.003 P 15
v 0.00002-0.004 P’ 15
cr 0.00002-0,003 P 15
Mn 0.00007-0,004 P 15
30 Fe 0.0003-0.005 P 15
Ni 0.000001-0.001 P 15
cu 0.0002-0.0009 P 15
Zn 0.00007-0.004 P 15
Br 0.00007-0.0009 P 15
35 Pb 0.0001-0.003 P 15
Particulate Ele-
mental Carbon 0.3-5 P 16

Normal Alkanes



WD 99/ 27794 12 PCT/ US98/ 16228

Pr oxi nat e ) " Volatile matter 76.0 69.5 Fi xed
car bon W HR7194 26.6 5 17 Ash POT/Bs98/16228 3. 8
Utimte Hydr ogen 5.4 5.7 -
Car bon 49. 7 51.8 Sul fur 0.1
0.1 10 Ni t rogen 0.2 0.2 xygen
39.3 38. 4(C24-C30) 0A801-0.006 p5.3 355
Heat i ng Val%@tlic di- and Btu/lb 8, 370 8,7 15
Ash Anal ysi s % by wt Sigerr]
11.1 32. Otriterpenocids Fe[err](Jerr] ... . 3.3 6.4
T penyafodbistic 06 20 ~ Aferr]qerr]
' 5T acid 0.001-0.006 P 18
Isopimaric _
acid 0.02-0.10 ) 4 18
Friedelin 0.000004-0.00002 b4 18
10 chlorinated
dioxins 0.00001-0.00004 P 19
Particulate
Acidity 0.007-0.07 -4 20
1. Some species are grouped into general classes as
15 indicated by italics.

2. To estimate the weight percentage in the exhaust, divide
the g/kg value by 80. This assumes that there are 7.3 kg
combustion air per kg of wood. Carbon dioxide and water
vapor average 12 and 7 weight percent respectively.

20 3. At ambient conditions: V= vapor, P = particulate, and.
V/P = vapor and/or particulate (i.e., semi-volatile).

4. Deangelis (1980)

5. OMNI (1988) _

6. Lipari (1984), values for fireplaces

25 7.Edye et al (1991), smoldering conditions; other
substituted furans include 2-furanmenthanol, 2
acetylfuran, S5-methyl-2furaldehyde, and benzofuran.

8. Value estimated for pine from Edye et al (1991) from
reported yield relative to guaiacol, from guaiacol values

30 of Hawthorne (1989) and assuming particulate organic
carbon is 50% of total particle mass.

9. Steiber et al (1992), values computed assuming a range of
3-20 g of total extractable, speciated mass per kg wood.

16. Khalil (1983)

35 11. Hawthorne (1989), values for syringol or hardwood fuel;
see also Hawthorne (1988)
12. Core (1989),-DeAngelis (1980), Kalman and Larson (1987)
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15. watson (1979), Core (1989, Kalman and Larson (1987)

16. Rau (1989%), Core (1989)

17. Core (1989)

18, Standley and Simoneit (1990); Dehydroabietic acid
values for pine smoke, lupenone and isopimaric acid
values for alder smoke, and friedelin values for ocak
soot.

19. Nestrick and Lamparski (1982), from particulate
condensed on flue pipes; includes TCDDs, HCDDs, H7CDDs
and OCDDs.

20. Burnet et al (1986); one gram of acid = one equivalent
of acid needed to reach a pH of 5.6 in extract solution.

TABLE 3
ODOR AND TASTE RECOGNITION THRESHOLDS (ppm)
AND MOST DESIRABLE CONCENTRATIONS (ppm) OF
THE PHENOLIC FRACTION ISOLATED FROM THE VAPOR AND
PARTICULATE PHASES OF WOOD SMOKE

Gdor
tesirabl
g (. ; : ,
vapor Particulate vapor Particulate
10.4 7.8 20.8 16.7
Taste
Mast desirable
Becognition threshold concentration
vapor Particulate vapor Particulate
2.3 1.4 15.6 8.3

Adapted from Daun, H., Lebensm. Wiss. Technol., 5, 102, 1?72
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retardation of decomposition of cold smoked product high in
carboxymyoglobin. For example, cold =smoked and vacuum
packed salmon can be refrigerated for several months without

any decomposition.

20
g £ the j R

The above and other objecr:s are achieved by a process
comprising the manufacturing of tasteless super-purified
smoke, utilizing such manufactured smoke to treat seafood,

25 and freezing and thawing of the treated seafood.

The manufacturing process begins with the smoke
generating part of the apparatus usind a natural gas or
electric burner to combust wood sawdust packed into a
multiple cylinder retort at temperatures in an operable

30 range of 400 to 950 degrees Fahrenheit (204 to 510 degrees
centigrade), a preferred range of 500 to 800 degrees
Fahrenheit (260 to 571 degrees Centigrade), and an optimal
range of 650 to 750 degrees Fahrenheit (343 to 399 degrees
Centigrade) in an oxygen deprived environment.

35 The apparatus can be adjusted to utilize wood sawdust
or other organic burning materials’ producing less dense
smoke by varying the number of cylinders in the retort from
as little as one to as many as necessary to produce the
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enpiric
of being a flush valve to allow air into the airtight system
after the liquid residue is drained.
The smoke is next super-purified such that the phenols
in both particulate and gaseous vapor phases are reduced to
15° concentrations below recognition thresholds for odor and
taste that impart a smoked flavor to the treated food.
Commercial air pollution control equipment such as
electrostatic precipitators, venturi scrubbers, ionizing wet
scrubbers, and packed columns, normally used to clean
20 smokehouse exhaust, can be used after smoke generation and
before treatment of the product to remove & portion of these
flavor imparting phenols from the smoke.
Complete super purification of smoke <can  be
accomplished using one method, or a combination of methods,
25 in current practice, including filtering, separating,
distilling, scrubbing, cooiing, freezing, inertial impact,
centrifugal force, or settling. Filtering techniques of
adsorption or molecular sieve absorption can be used

effectively. For example, a very large activated carbon
30 filter alone can substantially super-purify smoke, yet this
method is expensive and requires extensive maintenance.
successful combinations include bubbling the smoke through a
water filter and then a smaller activated carbon filter;
using a water vapor wash and an activated carbon filter; and
35 using the above combinations with cloth filters. Smoke can
be super-purified by any method, or combination of methods,
that reduce both the flavor imparting particulate and
gaseous vapor phase phenols Dbelow their odor amnd taste

!



25 that the recognition threshold for phenols in seafood or meat is

approximately 9.4 ppm However, even if the phenols I n the seafood or
nmeat are belywyobsds r ecogni tion threshghd, they still execdraesiikiage
preservative effects as bacteria inhibitors. 30 -
TABLE 2 CHEM CAL COWVPOSI TI ON OF WOOD SMOKE
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5 Al dehydes \éhe smoke is ﬁlgsg 3¥9§§1é&€1£8guper-pur1f&eg 17:1! flowing VV\D
09/ 27794 through a precjipitation tower which w@#giles)SO8i 16PPBers the

For mal dehy dgnoke ttQ:'olI 7ice and ¥ combinat €]

0. 02- 01 o 6 cropf%%a‘ﬁ‘ Q’J adgoppghf bl

v J6ecular sB&tvaaFHEB?‘B% of ¢loth, and activat@d carbon. 4,6 5
Acet al dehydlaisorptlcﬁx (% Gne accumulavion of gases# Kquids, oEUQBHﬁé‘és

0 2-1.6 on the séxrface of Z 8sol:.d S&psig&ﬁigd b raorg:scur\§ W en tne
AI kyl -Benzespmgce flows thrgugh the actyvated carbon9 The activated
10 carbon filter in our invention effectively adsorbs phenols
in the gaseous vapor phase to concentrations below their
odor and taste recognition thresholds. The molecular sieve

cloth filters absorb gaseous vapor and particulate matter.
The precipitation tower is preferably longer than it is
15 wide and is positioned on a vertical axis. The tower has an
ice chamber with a square cross section smaller at the
bottom entry of the perforated smoke intake pipe and larger
at the top entry to the activated carbon and cloth filters
to ensure that the smoke flows evenly throughout the ice.
20 Alternatively, a precipitation tower with an ice chamber
that is wider than it is long, or positioned on a horizontal
axis, can work successfully by using a series of
horizontally spaced vertical intake pipes, using a
horizontal intake pipe with spaced perforated dispensing
25 holes, or by replacing the ice with another filtering
material. In addition, an agitator can be installed to

prevent clustering and clumping of filtering materials.

To maximize the yield of tasteless super-purified
smoke, the ice, carbon, or any other filtering medium
30 utilized should displace as much air space as possible
inside the precipitation tower to minimize places where
smoke can be trapped in the system. The filtering materials
in the precipitation tower displace an operable range of
more than 50%, a preferred range of more than 75%, and an

35 optimal range of more than 90% of the tower's inner volume.
The precipitation tower operates as a miniature
controlled earth atmosphere where ice is violently vaporized
by hot smoke into steam. A portion of this “steamified"
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10 through activated carbon and cloth filters to adsorb and
absorb odor and taste imparting phenols and other
carcinogenic particulates and gases.

At this point, substantially tasteless super-purified
smoke can be used to directly flood a smoking treatment

15 chamber filled with seafood or other meats to produce an
acceptable result. There is no 1limit on the volume, or
continuous flow of smoke that can be used as long as the
phenol concentrations remain below the odor and taste
recognition thresholds in both the smoke and the treated

20 product. By minimizing the amount of smoke to produce the
desired result, the amount of remaining phenols can also be
minimized and kept below these recognition threshold levels.
Such an abbreviated process is possibly better suited for
high production volume situations.

25 Alternatively, the smoke can be pumped into an
expandable, or fixed, storage chamber for short term
storage, or into a canister for long  term storage. An
analysis of capital equipment costs, labor costs, and
production volume reguirements will determine the treatment

30 method to be used with the tasteless super-purified smoke.
In most cases, the preferred embodiment is to further purify
the smoke in a settling pot and to allow for more
versatility, convenience and economy by either using the
smoke to treat seafood in plastic bags or by transferring

35 the smoke to canisters for storage and future use.

In a preferred embodiment, a temporary pressure pot
with an inner collapsible accordion bladder is evacuated by
a two way vacuum pump to collapse the bladder up to the ‘top
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18
15 .. TFeaches the desdrgeodzgn(g%anon and flow. At ti}gs time
0. 00002- 0. O84e exhausP valve closes dnd three valves in the line to the
10 pressure pot open. The smoke flows naturally to this

evacuated temporary storage chamber filling the inner
bladder as long as the concentration and flow levels exceed
the prescribed levels. The natural expansion of the
combustion into smoke from pre-combustible wood sawdust
15 creates a natural pressure in the system. Therefore,
tasteless super-purified smoke pressure builds in the
temporary pressure pot in the preferred embodiment, or in
alternative expandable or fixed temporary storage chambers.
when the smoke concentration and flow fall below the
20 prescribed levels, the purge valve opens to allow the liquid
residue to drain and flush air to enter the system. At the
same time the two way pump in the line pumps the remaining
smoke in the system into the pressure pot. This pump turns
off when the smoke sensor indicates the system has been
25 flushed and the last valve to the pressure pot closes
containing the tasteless super-purified smoke in the
temporary storage chamber. I
At this point the tasteless super-purified smoke has
been purified to below the odor and taste recognition
30 threshold levels by the precipitation tower. However,
several backup steps occur during storage until the
treatment of the seafood or meat to ensure that the flavor
imparting phenol levels are reduced even further below the
recognition threshold levels.
3s The inner accordion bladder of the pressure pot is
lined with absorbent material to absorb remaining flavor
imparting gaseous vapor or particulate phase phenols in the
smoke in the temporary storage chamber. The flavor
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Par txﬂaﬁf‘&ﬁ%ﬁ primarily at the bottom of the bladder's lining;

and, both gaseous vapor and particulate phase phenols
naturally lose flavor-imparting potency over time, This
weakening potency is due to the unstable characteristic of
phenols which chemically react with other compounds and
structurally decompose over time.

Therefore, allowing the phenols, and any other
remaining carcinogens, in the smoke to settle, or “age“, in
the inner accordion bladder or in storage canisters for
future use, is the final backup filtering step in the
process. It is analogous to sediment settling in wine
making.

If immediate treatment of seafood by the super-purified
smoke is desired directly from the inner accordion bladder,
the aging time is in an operable range of one hour to 72
hours, a preferable range of 12 hours to 60 hours, and an
optimal range of 24 hours to 48 hours. If treatment at
another time or place from storage canisters is desired, the
aging time is in an operable range of greater than one hour,
a preferable range of one week to one year, and an optimal
range of two weeks to six months.

Practical process considerations  have empirically
determined that the shorter aging times are best when
treatment is done directly from the inner accordion bladder.
since aging is a backup process as long as the flavor
imparting phenols are below the odor and taste recognition
thresholds, successful treatment can occur shortly after the
tasteless super-purified smoke is stored in the temporary
storage chamber, optimally in one to two days.

If treatment at another time or place is desired the
aging continues in storage canisters and the flavor
imparting phenol levels decline even further through
decomposition. However, these canisters can not be képr.
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18 If immedGd SO Haleht is desired, each whole tuna or

10 other seafood species is taken from cold storage, filleted
into loins, and then filleted into sashimi slices and steaks
{smaller fish can be treated whole). sashimi slices are
placed in a dipping solution to stabilize color, enhance
flavor and firm the texture of the fish., Steaks, which are

15 ultimately cooked and not consumed raw, do not require this
step. _ '

The filleted seafood is then placed in plastic bags.
The air in each bag is substantially removed, a hose and
dispensing nozzle from the pressure pot are inserted, and

20 the valve is opened to flush the seafood with an operable
rage of .05:1 or greater, a preferred range of 1:1 to 100:1,
and an optimal range of 1.5:1 to 20:1 ratios of volume of
tasteless, super-purified smoke to volume of seafood. The
bag is then sealed.

25 The super-purified smoke treatment occurs until the
desired penetration of tasteless super-purified smoke into
the fish is complete. This desired penetration is complete
_after approximately twelve to forty-eight hours.

~ The minimum temperature during treatment varies with

30 the type of seafood being treated and is approximately 0.2
degrees Fahrenheit (0.1 degree Centigrade) above its
variable freezing point. The treatment - temperature is an
operable range from above the variable seafood freezing
po:.nt to 46 degrees Fahrenheit (7.8 degrees centigrade), a

35 preferred range from above the variable seafood freezing
point to 38 degrees Fahrenheit (3.4 degrees Centigrade), and
an optimal range fi:om above the variable seafood freezing
point to 35 degrees Fahrenheit (1.7 degrees Centigrade).
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SMOKE - delivery system consisting oé3M§' regulator, hose with
injection nozzle, plastic bags, and a heat sealer.

10 As an alternative to the preferred treatment in plastic
bags, the tasteless super-purified smoke can go from the
storage canisters into any type of sealed treatment chamber
containing the seafood. As a still further alternative to a
smoke flushing treatment in plastic bags or other chambers,

15 the tasteless super-purified smoke can be administered
successfully by injection needles directly into the séafood.
This alternative is preferable for thicker 1loin fillets
where multiple injections of tasteless super-purified smoke
treat the meat completely with overlapping conical areas.

20 After treatment is complete 1in the preferred
embhodiment, each plastic bag is emptied and the fish is
repacked, preferably with an absorbent material in a semi-
permeable vacuum pouch.

These vacuum packed pouches are next ideally frozen

25 cryogenically at -76 degrees Fahrenheit (-60 degrees
Centigrade) or less and stored at - 4 degrees Fahrenheit (-
20 degrees Centigrade) or less for up to one year without
losing their vitality characteristics of freshness, flavor,
color, and moisture retention after thawing.

30 Preferably, five pouches of steaks of 5.0 pounds (2.27
kilograms) each or 10 pouches of sashimi of 2.2 pounds (1.0
kilogram) each are packed in each master carton with
optional instructions for either quick or slow thawing
printed on the vacuum packs or included with the product.

35 The seafood product retailer, restaurant, or sushi bar
either quick thaws only the number of pouches needed in cold
water, preferably with a salt solution for approximately
twenty to forty minutes or until the product is partially
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Carboxynyogbowﬁﬁll§Spﬁ@ﬁgﬁbed Fegaesd phenvissfubhethe super-purified
smoke, result in both stable organoleptic freshness
10 characteristics and stable red color after freezing and
thawing. such product will organoleptically stay fresh
longer than untreated product before decomposition begins.
However, this characteristic of enhanced freshness longevity
does not often come into play since the product is thawed in
15 small quantities only as needed and does not require
extended shelf life in its thawed state.

iaf s e £ the I . 1 cl
FPigure 1 is a graph showing the composition of wood and
20 hardwood charcoal smoke emissions at -varying temperatures.
Figure 2 (a) shows a presently preferred embodiment of
a tasteless super-purified smoke manufacturing apparatus
used in the practiced process.
Figure 2 (b) shows the flush treatment plastic barrier
25 bag subsystem.
Figure 2 (c) shows the compressor and storage canister
subsystem.
?igure 3 (a) shows a front view of the retort subsystem
of the super-purified smoke manufacturing process.
30 Figure 3 (b) shows a top view of the retort subsystem.
Figure 3 (c) shows a side view of the retort subsystem.

e f . L R
The presently preferred embodiment of the tasteless
35 super-purified smoke manufacturing apparatus used in the
practiced process shown in Fig. 2 (a) is comprised of a
smoke generator 1, a precipitation filtering tower 2, and a
temporary pressure pot storage chamber 3. Fig. 2 (b) shows a



organol eptic freshness characteristics as well as its stable 15 red col or.
The organol eptic "sniff test"” shows significant retardation of

deconposi ti %o%&%kd snoked product h:imgh in car boxynyogk,e?hﬁgsll%%:ée)é

exanpl e, cold "Snoked and vacuum acked sal non can be réfriger

for several nonths w thout any deconposition. 20 Summary of the
I nvention The above and other objects are achieved by a process

conpri sing i N e -t fied spoke,
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begins wt Eantigﬁer%%st generating part of the apparatus using a
natural gas or el ect’ric burner to, conbust wood sawdust packed into a
mul tipl e cyl i ndeFhectBpke genesaberatl uidscomprisash@fal da030highnby 18" 400 to

950 degreeswkaer eghest (28441 6mS5303degr easx s;.@eahggaéég)snem Pifder red
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Centi gr ade) v -aRd-8h- dprdmal 4288 %ot B5G 8BY gagputated denmet t (343

to 399 degreéth airCerentgnace)retort supgpstenep?i (stoenviinonteniil 3fn _

The appar at pgggansbq42dj usjed § Oshbifi 3¢ \&0%53&\&%“%3 buz(?ferOtJ]er%%& gani c
snoke by er of

burning materials gﬁrodum ng | ess dense arying the nu
cylinders i RRERBORRRH 104 rom as little as one to as nany as necessary

to prodige the in the preférféd 2énBddiment the retor¥) subsystem 7 is

PCT/ US98/ 16x%§§e up of five parallel cylinders approximately 1 1/2" (3.8
cm) in diameter and 21" (53.3 cm) long packed full of a
measured amount of wood sawdust. The 1length of each
cylinder is preferably greater than its diameter, with an

15 operable range of the ratio of length to diameter from 1.131
to 50:1, a preferred range from 2t1 to 25:1, and an optimal
range from 10:1 to 16:1.

The sawdust packed in this highly oxygen restricted

closed system retort is combusted by heating the cylinders

20 with the natural gas burner 9 to an operable temperature
range of 400 to 950 degrees Fahrenheit (204 to 510 degrees
Centigrade), a preferred range of 500 to 800 degrees
Fahrenheit (260 to 571 degrees Centigrade), and an optimal
range of 650 to 750 degrees Fahrenheit (343 to 399 degrees

25 centigrade). The thermostat 10 controls the combustion
temperature. '

The apparatuas is highly duplicable and scalable with
measured amounts of wood sawdust, ice, and activated carbon
used in the smoke manufacturing apparatus described herein.

30 The dimensions of the elements of the apparatus may vary
proportionately with one another to create greater or lesser
amounts of tasteless super-purified smoke. In other words,
a proportionately larger or smaller smoke gemerator 1 with a
greater or lesser number of retort cylinders 7, each of a

35 iarger or smaller diameter, filled with a greater or lesser
amount of sawdust and super-purified by a larger or smaller
filtering tower 2 will fill a proportionately larger or
smaller temporary pressure pot storage chamber 3.



vol une of snoke desired. In addition, any substantially oxygen free
chanber besides a retort can be used. Conbusting a five cylinder retort
packed V\nthwo\gg ggawdust is the Wg§ eferred enbodi ment degsinhdd8Hs22s
herein. 5 e pyrolysis of the wood sawdust into snoke creates -
byproducts of tar noi sture, and particul ate residue at the out | et of

t he snoke generati ng subsystem These byproducts are collected in

liquid formin enﬁe’:lrddﬁm&ttlilbﬁ/ ms;hdne the &Q&%n%ﬁﬁhﬂﬁefgaﬁeﬁe@nguﬂ ai ned
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precipitators, venturi scrubbers, 10onizi and packed
col ums, normal & (REFIFa0%aPH0 thmkEMBus cIRkBbuES, cand beresiduef t er
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porti on of S | g nolsfrom he snoke.
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freezing, inertjal I npact centrif uga
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Ifter alo uper-purity snoke, yet t . method Is
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expensi ve aH res e I'Ve mai nt enance. successful conbi nations
i ncl udelSbubbl i nChehdreeipdtanionghower 2 is preferably comprised of an

approximately 12" long by 3/4" diameter (30.5 cm X 1.9 cm

diameter) vertical intake pipe 13 with the last 6" (15.2 cm)

perforated with approximately 1/8* diameter (0.32 cm)

dispensing holes 1/4" (0.64 cm) apart, a crushed ice filter

20 14 within a tapered and glass enclosed chamber 19, an

dctivated carbon filter 21, two cloth filters 20, and a
water and particulate residue reservoir 16.

This stage of the process substantially filters the

phenols in both gaseous vapor and particulate phasea to

25 concentrations below recognition thresholds for odor and

taste that impart a smoked flavor to the treated food. Such

recognition thresholds vary with the olfactory and taste

senses of each individual. We have determined empirically

an operable range of less than 15.6 parts per million (ppm)

30 of the phenolic fraction of the gaseous vapor phase of wood

smoke for odor recognition, a preferred range of less than

10.4 ppm, and an optimal range of less than 5.2 ppm. We

have further determined empirically an operable range of

less than 11,7 ppm of the phenolic fraction of the

35 particulate phase for odor recognition, a preferred range of

less than 7.8 ppm, and an optimal range of less than 3.9

ppm.



water filter and then a snaller activated carbon filter; using a water
vapor wash and an activated carbon filtér; and 35 wusing the above

conbi nati on i loth filters. Snoke can be super-purified by any
met hod, or ivg%?)%ytsfon of nethods, 3¢ hat reduce both the ppg@gpw}/szzs

I nparting particulate and gaseous vapor phase phenols bel ow their odor
and taste WO 99/ 27794 21

PCT/ US98/ 16228 With respgattiteh tARBehotelngndtion uthrestdial poef emned
embodi ment phendleRST i idbas f Q! ; Th ke ks, nmost efficiently
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filters thelStamined hagugRPRrERD IR J nangenbpfat 1e9s ofthadsorbBntppmd a
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accumnul astion of, gases, | |qui ds, or sol utes on the sur C olid or
liquid and BeckRnERBBht 2 BRBre f ILAREYYhr ofi§h haRe aderermined a@son.
The acti vatepeddblear hamdel | for | naste |reeigrniviosf f erb¥RbYA adsor iy ephenol s

recogni {1 ot RUERE] G RLR 0GR 110 01N PERRAT Re, BB or b aceous
vapor and pe¥efenned cange €f less thanTRe4pppwipi addi an opuvimal scangef er abl y
| onger ~t hanof t1dss ha @8 72pgml. S positioned on a vertical axis. The tower
has an i ce ct}fa]gé)er Wwi.t h a gquare .cross s ction smaller at the bottom
entry of the pertort@tivs,me Sﬁaékgeﬁf:ﬁébﬁ‘ﬁdl’i’a?ﬁ%rsm%ﬁi’ tHROR Fatry to
t he acti vateffecrivelyamtcomplishi this sobject. The preferred embodiment
has been found to be the most efficient and cost effective
method, in addition to its versatility and practicality due
to the use of easily obtainable materials--sawdust, natural
IS gas, ice, and activated carbon.
The length of the precipitation tower 2 is preferably
greater than its width, with an operable ratio ranging from
1.1:1 to 30:1, a preferred ratio ranging from 2:1 to 15:i%,
and an optimal ratio ranging from 3:1 to 7:1. It is ideally
20 positioned on a vertical axis with an operable angle of less
than 50 degrees from vertical, a preferred angle of less
than 25 degrees from vertical, and an optimal angle less
than 10 deqgrees from vertical.
within the precipitation tower 2, the smoke flows out
25 the perforated holes and upwards through the crushed ice
filter 14. This tapered and glass enclosed ice chamber is
approximately 42* long (106.7 cm) and has a 9" (22.9 cm)
substantially square cross section at the bottom increasing
to a 12" (30.5 cm) substantially square cross section at the
30 top. A screen 15 acts as an ice shelf and as an outlet for
the water and particulate residue. The ice chamber 19 is
enclosed with glass to visually monitor that the smoke is
flowing evenly .through the ice turning it a consistent
yellow as the desired reaction occurs.
35 The ratio of smoke that can be super-purified by each
batch of ice is in an operable range of 1:1 to 20:1, a
preferable range of 2:1 to 10:1, and an optimal range of 3:1
to 6:1.



to ensure that the smoke flows evenly throughout the ice. 20 Alternatively,

a precipitation tower with an i ce chanber that is wider than it is long,
or positi on&do eaz7sshori zont al axi s,33can work successf ulplcy/udoy/i¢pas ng
a series of hori zontally spaced vertical intake pipes, using a
hori zontal intake pipe wth spaced perforated di spensing 25 holes, or by
replacing the ice with another filtering material. |In addition, an
agitator can be jnstal Ieed to prevent clustering and cl unpi ng of

filtering materiZi%, 1ce chamher @8 jtageringyi prepartions cheve been
super - pur i fdedtklopeds Mele, tidepreSen€y DYrererrany fg{}&ri d | agﬂ,g,ggiﬁgi um 30
utilized shquld displace as much air ace as possible .. .. rnsrde"the
preci pi t at i oF I ker ’f%erfﬁn?ﬁ"rﬁ%é‘c'ﬂl‘ac Wl ler cERss sagtine (atapthel i n
t he syst embdiitonf | 1% enengssater tal ens(x)xrei thialte Weegsﬂﬁléeﬁlt fg?;g ogeé,% héﬁpI?gg/e
and an 35 qaniEh Rhe icot® SNSRI i A BRBER W8I0 poTE Rt
The preci pidfatiiéh wigRewvighenat 68PEE @NndiieAualidimensiopnerokseseenidis
at nospher e aheie | BeLtomVaAkeRbDY ma&b&edmag ﬂ@%ﬁ%%ﬂé‘tgm&tgam A
portion of this steapified 9/ 27794 2
PCT/ US98/ 1653‘5“'33 L hRe 3ifGeMBiis and ‘%\,g;)vcﬁ]s"%df%h‘é%ar&lqleﬁ gehagrount
of part iamdial ethet ttdeahsdngt reaswiba and aeveng pehetrationglbs whde
systemMig  gmoke 'g&c;o%%dgﬂevgggr&ggj on of the ice by the hot snoke
Therefore, the angle of the sides of the ice chamber 19
relative te its vertical axis is in an operable range of o
to 50 degrees, a preferred range of 1 to 25 degrees, and an
optimal range of 2 to 10 degrees,

15 When the smoke reacts with the ice 14, it turns a
portion into water vapor and a portion into water. ‘This
water vapor saturates the smoke creating a "steamified“
smoke rising in the tower. A portion of this "steamified"
smoke then precipitates down as a "rain* washing a large

20 amount of particulate matter from the smoke and passing
through to the water and particulate residue reservoir 16
which comprises approximately 18" (45.7 cm) below the ice
chamber 19 at the bottom of the tower 2. This reservoir can
be drained after the process is complete through drain valve

25 17.

The humidity of the smoke is increased as it blends
with the water vapor produced in the precipitation tower 2.
This humidity saturates and moistens the remaining
particulate matter in the smoke increasing the particulate

30 average size, weight, and adhesiveness and making it easier
to filter as the smoke rises in the precipitation tower 2.

In addition, oxidation of a portion of the natural gas
components of the smoke occurs im this step with COjp
increasing and CO decreasing approximately ten percent.

35 The smoke partially filtered by the ice and condensing
water vapor next passes through a screen 18 at the bottom of
the cloth 20, activated carbon 21, and cloth 20 filters to
remove some of the water vapor and adsorb and absorb



5 results in high humdity in the precipitation tower. This I ncreases

t he average size, weight, and adhesi veness of the particulate matter in
the snoke naking it easier to filter. Some oxi dation occurs increasing
t he amount o¥O P while decrea® ng the anpunt of CO. PUOATESISERENR®d
snoke next passes 10 through activated carbon and cloth filters to adsorb
and absorb odor and taste inparting phenols and other

carcinogeni c particul ates and gases. At this point, substantially
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costs, ,[.abor,.costs, and . gr oduction volunme reduirenen et erm ne
the tredt 1tering. pALATIA P used with the tastel ess super-purified
snoke. I n mrhi casmporahe ppeéssured epbodi stttades tdhduberhern pyg fy

t he snoke i i | l.ow f or seersatility,
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y

with a innet{ cgl | apsi bl e accordi on bl adder is evacuate a two way
vacuum pumFRPrositajddeth e P MG (xranss fown and contracts up

inside the pot 31. A series of smoke sensors, flow meters,
valves, exhaust pipes, and pumps control the flow of the
tasteless super-purified smoke from the precipitation tower
2 into the temporary pressure pot storage chamber 3. '

- 20 Prior to combusting the wood sawdust in the retort, the
temporary pressure pot 31 is evacuated by a two way vacuum
pump 28 drawing the inner collapsible accordion bladder up
to the top of the pot 31. This is accomplished by isolating
the temporary pressure pot storage chamber 3 from the

25 earlier stages of the system by closing three way valve 26
in the direction of the precipitation tower 2 and opening it
in the directions of the outside environment and of the
temporary pressure pot 31. The valve to the outside
environment 27 is opened, the intake valve 30 is opened, and

30 the outlet valve 34 is closed. Air is pumped out to the
atmosphere with pump 28 until pressure gauge 29 indicates

" that approximately 90% of the air has been evacuated and the
accordion bladder 33 collapses towards the top of the
pressure pot 31. Then valves 27 and 30 are closed to

35 contain the vacuum holding up the collapsed bladder 33 in
the temporary pressure pot storage chamber 3.

The temporary pressure pot storage chamber 3 is equal
in size to the volume of sufficiently concentrated smoke



WD 99/ 27794 23 PCT/ US98/ 16228 of the
pot . This pot is equal in size to the vol une of snoke produced by the
pyrol ysis ofwolezweéd sawdust in the 33five cylinder retorteCT/USSBhE228
pressure pot with collapsed bl adder remains evacuated until the snoke
reaches a certain 5 concentration and flow as indicated by a snoke sensor
and a flow neter in the |line. The snoke is punped out an exhaust
pipe until it reaches the desired concentration and flow. At this tine
t he exhaustPregueed| B¥cshangmpkpe ORSREST| 11 -t heTlhi¢ netonageecifmber essur e

pot open. red@fnssSgekahe | NigHIAUratdoudied Nfessurd! eﬁtée&‘BgrgrY
storage ch er filling ”}-eﬁpl nner .bladder. as long as t e Concant.rati on
and flow | efbRdd@%cddy ol éegpr‘é%tc’r]i bEHe |pkes passinge thrgughl the
exagnsi on pfeciﬂﬂﬂ:atimﬂnboméii oR imdazhempke ﬁﬁﬁi&@decﬁﬁt‘.‘@h@féﬁi&'}"ﬁﬁd
sawdust &5 al es. S in the .system Therefore,

t ast el es% sﬁgé‘?-%grfﬁ?g#ésgﬁ%kbg Egr“gezsur"g‘%ﬁ%“&?ﬁ rﬁ‘t ﬁé‘% thee fhBFamet8F essur e
pot in the P2elmrth’l imsodi nent, or in alternative expandabl e or fixed

tenporary storagenhéhamdied Sis pumped %Q@%Mgﬁvéggge%r?gi g{}?é\r,lvg?f | ow

fall below the 20 Rrescri bed 1evels, the purge v. pens he
liquid- Y8R quENEEedr Y8 atP¥YRush2Ri r OP8Rentidy (Hhe syexkanstyt and

sane time tpeetiwiveyiqn gover khdikeeeipnspand he1d€umiii e tempBRKeyi N the
System |t 0o BEadd € idhBePOls &PEScPYBR WHelS the smoke reaches the
desired concentration and flow. At this time, valve 25
closes the exhaust pipe 24, valve 26 opens the pipe in the
direction of the storage chamber 3, and valve 30 opens to
allow the smoke to naturally flow to the reduced pressure
15 temporary storage chamber 3 with its inner bladder 33
expanding. As long as the concentration and flow levels as
measured by the smoke sensor 21 and the flow meter 22 meet
or exceed the minimum desired, the smoke flows on its own.

Wwhen the smoke falls below the prescribed levels, the

20 purge valve 12 opens, the liquid residue drains, and flush
air is allowed to enter the system. At the same time, the
two way pump 28 begins pumping the remaining smoke in the
system into the pressure pot si:orage chamber 3. This pump
28 turns off when the smoke sensor 21 indicates the system

25 has been flushed and valve 30 is closed to contain the smoke
in the inner bladder 33 of the temporary pressure pot 31 in
a slightly pressurized state in an operable range of 37 to
107 psi (2.58 to 7.45 kg per square centimeter) and a
preferred range of 52 to 72 psi (3.62 to 5.01 kg per sguare

30 centimeterj. '

The inner accordion bladder 33 of the temporary
pressure pot storage chamber 3 is preferably lined with
absorbent material to absorb remaining flavor imparting
gaseous vapor or pért.iculate phase phenols, and any other

35 remaining carcinogens, in the smoke as they settle.

This settling step of aging the smoke for treatment
directly from the inner accordion bladder 33 has an operable
range of one hour to 72 hours, a preferable range of' 12



of f when the snoke sensor indicates the system has been 25 flushed and the
| ast valve to the pressure pot cl oses containing the tastel ess

super - puri f i, in the tenporary storage chanber this
poi nt the té@?% es%Fsuper-purifled snoke has been pur.f.@ﬁ”?ﬁ*ﬂéé5w t he

odor and taste recognition 30 threshold levels by the precipitation
t ower . Fbmever several backup steps occur during storage until the
t r eat ment f to ensure that the flavor i mparting
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gaseous vaFeferghde 98#990@RaﬁerapgaséorpMMmuasin storage canisters
10 40 is a function of the further reduction of flavor
imparting phenols which lose potency dus to decomposition
and chemical reaction with other compounds over time.
This longer aging time range in storage canisters 40 has an
upper 1limit of preferably one year or less due to a
15 reduction of beneficial phenols over time which contribute
to the preservative effect on the seafood.

This substantially tasteless, super-purified smoke may
now be used for the immediate treatment of seafood shown in
Fig. 2 (b) flush treatment plastic bag subsystem, or stored

20 in canisters as shown in Fig. 2 (c¢).

If immediate treatment is desired, whole small fish may
be used, or each whole tuna or other seafood species is
filleted, generally into four loins, and then a percentage
is filleted into sashimi slices and a percentage is filleted

25 into tuna or other seafood steaks. Seafood needs to be kept
chilled during the filleting process to avoid spoilage.
Therefore, the fish are kept chilled at temperatures
immediately above their freezing points which vary from fish
to fish as a function of the salt content of the meat. Such

30 freezing points can be as low as 27 degrees Fahrenheit (-2
degrees Centigrade). The operable range is between the
fish's freezing point and ten degrees greater than its
freezing point; the preferred range is between its freezing
point and five degrees greater than its freezing point; and

35 the optimal range is between its freezing point and two
degrees greater than its freezing point.

Each sashimi slice is next placed in a dipping solut}on
to stabilize color, enhance flavor and firm the texture of



naturally |l ose flavor-inparting potency over tine. Thi s weakeni ng
potency is due to the unstable characteristic of 10 phenols which

chemi cal | y rwaxdsosammdsh ot her conpounds agd structurally decp@p,gges,gyﬁr
tinme. Therefore, allowing the phenols, and any other
remai ni ng carcinogens, in the snoke to settle, or "age", in t he i nner
accordi on bl adder or in storage canisters for 15 future use, is the final
backup filt s anal ogous to sedi nment
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is opened and the hose with dispensing nozzle control 35 is

15 inserted in a plastic bag 36 and opened to flush the seafood
with a volume of tasteless super-purified smoke with the
gaseous vapor and particulate phenol concentrations below
both the odor and taste recognition thresholds cited above.
Most smoking processes have a continuous flow of smoke

20 passing in contact with the seafood or meat. The process
described herein limits the amount of smoke and as a result
minimizes the total amount of flavor imparting phenols
remaining in the smoke that come in contact with the seafood
or meat.

25 The volume of tasteless super-purified smoke that
flushes the seafood is in an operable range of the ratio of
volume of smoke to 3eafood of .05:1 or greater; in a
preferred range from 1:1 to 100:1i; and in an optimal range
from 1.5¢1 to 2031, When sufficient smoke is dispensed, the

30 dispensing control nozzle 35 is closed, the outlet valve 34
is closed and the plastic bag 36 is sealed.

Desired penetration of the super-purified smoke in the
seafood is achieved in an operable range from 1 second to 60
hours; a preferred range of 12 hours to 54 hours; and an

35 optimal range of 24 to 48 hours. This treatment period is
an additional period of aging the smoke as the flavor
imparting phenols continue to lose potency. Empirical
evidence indicates the treatment time to achieve the desired

!
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i ndefinitely, since phenols that have a beneficial preservative

effect wll begin to degrade as well. Treatmment fr ' S may
be done aftwps’ﬁ%”ﬁour of aging affl preferably within oﬂeEI%%fhﬁé)zﬁg .
aging. Therefore, the use 5 of tasteless super-purified snoke does
not have to correspond to the operation of the snoke manufacturing

part of the process allowing for nuch flexibility and versatility

i ndustry Vidqpetration varjesnmwdghatihe r seafood it dbei rtrkatesich whd e tuna
or 10 ot heda e ode 8P CHi I mbig ¢ c ; oré%_%! ol into
loins, and then fi1ll et edﬁ‘:lﬁ?ghéash.l-. '..Eéfﬁg%sganéﬁgt eaks t:u};”‘lrk'( g‘;rfagﬁqleesr fish

can be tredtey W gPe ofssapfaods bedag sreated andcés approxiwAsiely

sol ution te.st degkeéd CahyenneiBanaai dedtew Otedtlgtaddy t RBoleXtide Of the
fish. sslea‘llgst.chtk aereezi%g glixtd__rrately cooked and not consuned raw, do not
requireth|§ 18 %té:p. P The filleted seafood is then placed in

pl astic bags. TherEfers,r theecackabagnts tsmperaturel | is r enoveperablese and
opencd 0TI TEeReOurt cqfhres TanEahnalf (30 Erdfiogdei e 1P
a preferrcPoemgédhgr vaniahje)ogeafood fFREZARTIOPOLRE %Andgs olearees| to
ea 00 The T e o T g ot ke
Croatnih Sreuresnss’) FRmentetiO (Rt dharan oprafidrRidL ] dboye i
super - pur i ¥aeitklslwkeeafivod freezing point to 38 degrees Fahrenheit
(3.4 degrees Centigrade), and an optimal range from 0.2
degree Fahrenheit (0.1 degree Centigrade) above the variable
seafood freezing point to 35 degrees Fahrenheit (1.7 degrees

15 centigrade). .

Desired penetration of the super-purified smoke in the
seafood is achieved while imparting total phenols from both
gaseous vapor and particulate phases at concentrations below
flavor and aroma recognition thresholds into the seafood.

20 The phenol levels within the treated product are of concern
here, whereas the phenol levels within the wood smoke are of
concern during the super-purifying filtering process. Such
recognition thresholds of phenols within the treated product
also vary with the olfactory and taste senses of each

25 individual. We have determined empirically an operable
range of less than 14.1 parts per million (ppm) of total
phenol weight per total weight of seafood, a preferred range
of less than 9.4 ppm, and an optimal range of less than 4.7
ppm. _

30 If treatment at another time and/or place is desired a
compressor 38 as shown in Fig. 2 (c) is preferably attached
to the outlet hose from the pressure pot 31 with its
expandable inner bladder, or directly to the outlet of the
precipitation tower 2 in an abbreviated process. In the

35 preferred embodiment the outlet valve 34 is opened and the
tasteless super-purified smoke is compressed and pumped
through the pressure valve/gauge 39 into the canister 40.1:0
a desired pressure in an operable range of 200 to 2,500 psi



the fish is conplete. This desired penetration is conplete after
approximately twelve to forty-eight hours. The m ni num t enper at ure
during treatwenbryesies wth 30 the type of seafood being trpeatdsagdsi s
approximately 0.2 degrees Fahrenheit (0.1 degree Centigrade) abeve
its vari abl e freezing point. The treatnent tenperature is an

operabl e range from above the vari abl e seafood freezing point to 46

degrees Fahresuwei to( 17481 deprpes eohire’ asthvimetd®) Rinki eérggﬁkg.ggg?from

above the variable s§af§8d freezing poi nt to 38 degrees r t (3.4
degrees certPHRdRS, LaRt0 tO 24288 A% (12598 b5 K heex arguate
seaf ood fresamtimeter)poi nithien 3theleguegatFatmlamhe’d Ghd tHELIpPESsure

Centi grade) /27794 26
PCT/ US98/ 16‘5’8‘"’3 33 are c\ﬁng ‘treatnent at another tinme and/or place is

desired’ a  cofplesiemiscer 50 cenabéedsed atha dituee hine Granpliee
pressure POILAIa ) S PV U Loissting be bIZeGRIRER: and"f FlOL"

filter outlef of the precCipitation tower. ressor o‘ﬁ?ﬁ%sses
the tast el e5sth GiRensing naFzle e which; 4s, agzarhed, soaanaevacuated
pressure | eybdstid ildgiye filaed with Fildleted selliffod§ 8! QWi BEsct{Kad ment

Mo S FoRHR A e o e R 1 Ta  qeanedpd thog an
al t er nall veregniateom megulases: the: f3ow ratgl Aptocthe bag 36 until the
ratio of the volume of tasteless super-purified smoke to
seafood being treated is in an operable range of .05:1 or
greater, a preferred range of 1311 to 100:1; and an optimal
range of 1.5:1 to 2031 with the gaseous vapor and
1$ particulate phenol concentrations below both the odor and
taste recognition thresholds cited above. When sufficient
smoke is dispensed, the pressure valve 39 is closed and the
bag 36 is =ealed.

The treated seafood is next stored as described above

20 for an operable range from 1 second to 60 hours; a
preferred range of 12 hours to 54 hours; and an optimal
range of 24 to 48 hours, or until the desired penetration
of tasteless super-purified smoke into the fish is complete.

After treatment is complete, each bag 36 iz opened and

25 emptied and the seafood is repackaged preferably with an
absorbent material in a semi-permeable vacuum pouch. The
absorbent materisl absorbhs excess moisture lost during
freezing and thawing and prevents the seafood from soaking
in such liquid resulting in a texture similar to fresh

30 product after thawing.

The vacuum packed pouches are next frozen at an
operable range of 10 degrees Fahrenheit or less (-12 degrees
Centigrade or 1less), a preferred range of -40 degrees
Fahrenheit or less (-40 degrees Centigrade or less), and an

35 optimal range of cryogenic freezing of -76 degrees
Fahrenheit or less (-60 degrees Centigrade or less). The
frozen pouches can then be stored at an operable range of 25
degrees Fahrenheit or less (-4 degrees Centigrade or less),



bags, the tastel ess super-purified snoke can go fromthe st orage
canisters into any type of seal ed treatnent chanber containing the

seaf ood. As o9bhisbs fUrt her alternatlve to a snoke fl ushi t in
plastic bags or other chanbers, 15 the 3% astel ess super-purlngThégrgtsgﬁrc]an

be adm ni stered successf ul I y by injection needles directly into the
seaf ood. Thi s alternative is preferable for thicker loin fillets
where nul ti inLections of taste] ess super-purified snoke treat the
neat conpl € §e§h"ﬁ %vEPPQEpﬂ% thhi dggrepeadahpenheit ari dess t(r% msnt

is conpl ettbegreesa cbntxgﬁﬁ eokedess, eah@diafEndpt §ah P&ﬁ%é' bebag,

enpti ed anddé&eeég s&rﬁ————- ta?%a ked, preferablz vmth an orbent materl al
in a seni- I nea S ReAL, §Gch (-40 degreesgentigradfn Sfackass)pouches
are next i dee¥ |ypfrozone2¥esryogtimedlyywathedt n@gi sti@iy enfwi ity 60

degrees s ekl r S re ees._Fahrenhei t
Zogdegrees cCent |‘d§ﬁi@1& éalgs%‘fg?gﬁ%é%o gﬁgg?/%ér gﬁC)u nd’ ?’0%{% 'Ehel r

vitality cHF FE8TOLNAYERBIness, fl avor, coI or, and noi sture
retention after Hﬁt&ﬁurta@ly(io fivePr ebeﬁabéy, fore pousies Hagdakgof 5.0

pounds (2. ki uches of sashim of 2.2 pounds
(1.0 -~ kg I:cmrrlilﬁdeac are §§§E% f% -g Q’TM Yo 8REBNOR 16 Pouc’!ﬁﬁlonal
i nstruct i oreE f saskindcof gappkovimatiedy thani pngmds (x J ot leill @yrdn)e eamuum
packs ofg ifd Ugﬂgké\&t Bnt %&w@ﬁlp&ﬁ cartor ﬁ?ﬁ{ dagéoq;&g‘gdr S ler,

restaurant, ushi el t her e nunber |5"ouches
needed in crdﬁf ted V\)&%E‘P Br ef %S v W?hsﬁa%hlt@éf-ﬁmon toor m mat el y

twenty to fdwterivratien.or within' Nea@h Olatitons DPaydrdl ¢ cushioning
material are placed between the packaged seafood to cushion
the layers of product. '

15 The quick thawing procedure is identical for frozen
sashimi slice or steak pouches. The retailer, restaurant,
or sushi bar thaws only enough for immediate sale by
preparing a solution of cold water and one tablespoon of
salt per gallon of cold water for each pouch to be thawed.

20 The salt prevents discoloration if the meat contacts the
solution which is in an operable range of 33 to 65 degrees
Fahrenheit (1 to 18 degrees Centigrade), a preferred range
of 40 to 50 degrees Fahrenheit (4 to 10 degrees Centigrade),
and an optimal temperature of 45 degrees Fahrenheit (7

25 degrees Centigrade).

Each pouch of approximately 5.0 pounds (2.27 kilograms)
of seafood steaks is submersed for approximately fifty
minutes or until partially thawed with the pieces inside
easily separated. Each pouch of approximately 2.2 pounds

30 (1.0 kilogram) of sashimi slices requires approximately
twenty-five minutes of quick thawing. Each pouch- is then
removed from the solution and dried with a paper towel. The
vacuum pouch is then cut open, the sashimi slices or steaks
towel dried if necessary, and displayed for sale in a

35 refrigerated seafood section or prepared for sale in a
restaurant or sushi bar.

The slow thawing procedure involves leaving the vacuum
pouch in a refrigerator in an operable range of 33 to 50
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thawed; or slow thaws in a refrigerator, generally overnight for

twel ve to twedleysfmeyr hours. Each poug is dried, cut RGN 9§H€'zz§he
sashim slices or steaks are displayed tor sale in a store or served
in a restaurant. The product can 5 also be retailed in frozen packages.
The carboxynyogl obin, nitric oxide nyogl obin, and ni trogen di oxi de
nyogl obin present in the treated product, as well as absorbed CJerr]
and phenols fromthe super-purified snmoke, result in both stable

organol eptic freskresesl@ahebahart erfistites and dsgabés @tk igelaw) af wer
freezing and - t haw ng. S pr wi LI, qrganol eptically stay fresh
| onger than untre&te eﬁgggucfgﬁg?of§g§§%5ﬁb3§i?Fgﬁe%% ?Efenhééq*ﬁﬁe§8r?

t hi s charact eri st idegreesnfantbgrideshrass anopgetingdy tempmestunat offt ed7cone
into play since t UCta,i d dqn | ggggg' [\es:,..onl as
needed and doesra%ﬁg!téggr e%ﬁ??%ﬁmwex(taenﬁggrgggl fc?l |Anée|l)t Zfotrhgv“\%&ve

st at e. BFi efiop&Sc PEpt-PBBEeHf tTHhe Beadi-rgsmapdlEharacuum pouch Figure

1 is a graph showigegighedcogposalicn @xywesd 88d gOrmbévdvead ¢ha’ ¢edkn
snoke em ssions at va%%lngﬁ%e eratures. _ Figure 2 (a) shows a
present |y preferr & “EfboBPRERE of “HAWIDG { 38t o585 gié%ﬁ%inuhq CB§Ss nBREe
manuf act uri ng appaedflesble. usedThis t heljgact | cebapingessegins  norfbgure
2 (b) shows the fb%%@mbBE@Eﬂgﬂtof”éﬁ%;ééaQQEELerTﬁ?s P@ga%¥£§¥§;e%%ature

Figure 2 (c) shows the conpressor and storage canister subsystem
Figure 3 (a) showsox f pekh Fheweallexr sadofhesgpagamern If dghet product

super-purified smale 1egpuiacths i phdd @Fees thawing for too long, oxr if
it is abused by temperatures above the operable range,
then the normal signs of decomposition and spoilage such
as developing a bad smell, will occur similar to fresh
15 product.:

Thus, the present  process for manufacturing
tasteless super-purified smoke for treating seafood
meets the objectives of preserving the wvitality
characteristics of freshness, c¢olor, texture, natural

20 flavor, moisture retention, and shelf 1life of the
seafood, particularly after it is frozen and thawed. 1In
addition, the tasteless super-purified smoke, which can
be stored and transported in canister 40, greatly

reduces equipment and facility costs enabling low cost

25 treatment of seafood to be convenient and affordable
throughout the seafood industry.

Industrial Applicability
This invention can be used to treat varying types of

30 tuna species and other seafood containing red color
flesh that would tend to turn brown after being frozen
and thawed without this treatment. Although this
tasteless super-purified smoke is primarily intended to
be used to treat seafood it can also be used with meat

35 and poultry.



30 Figure 3 (b) shows a top view of the retort subsystem

Figure 3 (c¢c) shows a side view of the retort subsystem Best Mode for
Carrying CUt‘wQéention The presently preferred enbodi nent of the
tastel ess 35 ffé?’?‘burified snoke mard¥f acturi ng appar at us BEEYS¥/16228he
Pk etg Sﬁ@pﬁ@g%ﬁmshom in Fig. 2 (a) is conprised of a snoke gener ator
1} a pr tiron{filtering tower 2t and a tenporary pressure pot

S JFig. 2 (b) shows a WO 99{wa !

28 PCT/ US98/ 16228 flush tri “igm“muiwlllzlmag

subsystemand Fig. 2 (c) shows an altern g’ve I ntersnedi at e step of a

conpressor-an&'storage cani ster subs%ﬁggii- The snoke generat or

1 is_conprised of a 10" high by 15" 5 wide by 24" (15.4 cmx 38.1 cmx 61.0

cn) deep shell Ii‘@gg ; i_t, efractory insulation 5, a refractory

I nsul at ed door 6 Wit ﬁwg%'pleée%%’s, a retort subsystem 7 (shown in detail

I n Figs. 3 (a - &), & vHeress, fPTRRAAIAAI gas burner 9, and

thernostat 10.5 10 couﬁu@ttihg BE§hE1 & afhhadi WeNhehbeat &t Shdkes URSMSEM 7

S made up of five ,are_aLIIe c% I nders appr oxi ma 6|¥%J§1/2" (3.8 cm
BAgS

in dianeter and A 'PFEILAELH P &t FRAq°YUSt Vap© FTred anount of
wood -sawdust. The supagt burefyirgchsaid ayridkeden redpeef @uladd antgredater
than its diamet erali/vi télzs%%'

imparting particulates and vapors below
recognition thresholds for odor and taste, whereby a

10 substantially tasteless super-purified smoke is created;

and

treating meat having a freezing point with said
tasteless super-purified smoke.

2. A process according to claim 1, wherein said

15 treating step occurs for between approximately 1 second
and approximately 60 hours, at a temperature between
approximately 0.2 degrees Fahrenheit (0.1 degrees
Centigrade) above said wmeat’s freezing point, and
approximately 46  degrees  Fahrenheit (7.8 degrees

20 Centigrade).

3. A process according to claim 2, further
comprising:

freezing said treated meat for storage, whexreby
frozen meat is created.

25 4. A process according to claim 2 or 3, wherein
-said treating step occurs at a temperature between
approximately 0.2 degrees Fahrenheit (6.1  degrees
Centigrade) above said meat’s £freezing point, and
approximately 38 degrees  Fahrenheit (3.4 degrees

"30 Centigrade).

| 5. A ‘process according to claim 2 or 3, wherein
said treating step occurs at a temperature Dbetween
approximately 0.2 degrees Fahrenheit (0.1 degrees
Centigrade) above said meat’s freezing point, and
35 approximately 35 degrees Fahrenheit (1.7 degrees

' Centigrade) . '
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15 operable range of the ratio of length to dianeter from1.1:1 to
50:1, a preferred range from2:1 to 25:1, and an opti mal range from

10:1 to 16: ;o 99127794 The sawdust packed in this h|ghly oxy k .ot ed
cl osed systemr ' y hggtl ng the cylinders 28 V\nﬁf’%%ﬁiezg -

nat ural gas burner tenperature range of Q..tq 950

degr ees Fahr enhei t”mmmﬂ!ﬂaﬁ amfees Centigrade), a prdfi¢H8 SHEFANYS BEEN
of 500 to 800 degrees ¢ t (260 to 571 degrees Centli gr adgjfi sapg

an opti mal range of 650 to 750 .degrees Fahrenheit (343 t _

25 Centigrade). Té'le_l_}]her;iﬂb'iie@b a&;@oﬁﬁﬂﬁé?&@déﬂlﬁ RMBiES kil afims 1b| to )
t enperat ure. e a tus,is_hi y. duplica nd sc e wit
measur ed anount s° Ofwﬁ%g§u§é§§%g%reﬁg &gy %c%?¢%?§a ?a?ﬁg fo? gﬁggﬁe?n t he
snmoke manuf act ur aporepietalys 12ebouirbeand eapprox B tEly diknmbnsrsns of the

el ements of the appajatug, %%c%@%yaccoxf@{x?goic? aﬁ-@?to%eyo‘ﬁ" Eﬂagﬂg a5.‘°t gr to
create greater or |esser ess super-purified

other words, 5 3a Ve issds Srgarangefter Shiararieshers é@ﬁeb@tﬁ?eq mnth

a greater Oraﬂ:ﬁﬁéﬁimiﬂ-&l@eﬁzdohoﬁeboéﬁdCél;ﬁpftii@n%télye@@hhgﬁré 35 | arger
or smaller diameter, fille of sa ust

and super-purified bY a ﬁhﬁﬁ@?eﬁF §ﬁﬁ?¥é}ng °f$§ Hﬂw Ag t8§§FeénmA??l a
proportionately feegeingr step soekhes tabpoa artpeyreessure pof shbr agest

chanber 3. ) 127794 , i
PCT/U898/16%%F approxf%%é@iyz E% degrees Fahréﬁ%elt (-12 degrees

Centigrade) .

S. A process according to claim 3, wherein said
freezing step occurs at a temperature of at most
approximately -40 degrees Fahrenheit (—40- degrees
Centigrade) .

15 10. A process according to claim 3, wherein said

freezing =step occurs at a temperature of at most
approximately -76 degrees Fahrenheit {-60 degrees
Centigrade}.
11. A process according to any one of claims 1 to
20 3, further comprising:
filtering the particulate phase of said smoke to
eliminate tar, moisture, particulate and other solid
matter residue after said combusting step.
| 12. A process according to claim 11, further
25 comprising:
filtering the gaseous vapor phase of said smoke to
eliminate any remaining odor and taste imparting gaseous
vapor compounds and phenols.
13. A process according to any one of claims 1 to
30 3, wherein said super purifying step is carried out by
reducing phenols in said smoke to concentrations below
recognition thresholds for odor.
14. A process according to claim 13, wherein said
super purifying step is carried out until the gasebus
" 35 vapor phase of said super purified smoke contains less
than approximately 15.6 parts per million of aromatic

phenols.
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The conbustion within the retort cylinders packed full of wood sawdust
produces water vapor and the snmpke em ssions described in Table 2.

Cl osi ng the w@Rbndmy OUt Side air proguces a highly oxygen- F,gs.}yﬁg& ﬁggﬁ\s

envi ronment wher e a-I—e¢f—5—t—he—s—awdust— s pyrolyzed conplete

T sthe precipitation tower 2.
Pé‘?» i‘é@»SoBE&hh m @l l HIB’ resi due byproducts of the
I GuUI ]

cQnbus Bndensa ‘ ely and flow into the residue
condensa e er 11 which is 10 sealed at the bottom by the purge val ve

_12 U”_ti | nearythe 1#£nd fo e sRr Qéééédlﬁ't% rc%%'ﬁwu‘h' | Qyh&r@fh s #sian
interior barrier to ensurethe air tightness of th ¥stemuntll

valve 12 is oP&R®E BHELYIRGUi 8EeBr ot hi RFERE OBt n&Pt i the 9398RUF ng of
the system I15 2va pdh i RC igf ts&hdogulb@me;s( B%ﬂﬂmdorsaméabbync@md | sksk0f an
approximately 12" |on " mef er «9-CM | amet.er
vertical intake E)]il?)ré g%p%ﬁo?ﬁ gh‘?as%‘g (Fiaéf% ml?%é??o?gt%ﬁor%rt#

appr oxi mat el y5 1/gtenibkset er (0.32 cm di spen5| ng holes 1/4" (0.64 cr‘r)
apart, a crushed ice dilten,2Qek4 WLLOEA: Ay t@:p‘%ﬁ%.%xaﬂg gl @ﬁéré‘ﬂ?' asedy

chanber 19, an actlvated carbon filter 21, two cl ofh filfers 20, and a
wat er - and parti cEfR%%e r@s?ldﬁYénEeséﬁBl riggarried OutTHP’s"lst"a}@% FRSYIRS

process subst antv&ébdy pghddeercE thed sup@hegﬂﬁiﬁfzjem @ﬁi‘ohegaseﬁtlﬁlﬂﬁpolewd
particul’ate phas

to 5cn nt W recogni.tion_threshol for
odor and tas‘fe%a%haaf I=?rr<r31(§car teig éd f?%l\cl)cor E’Ig éab‘lgrét% oo J§uch

recogni ti on tohr eshweshefss vary with the ol factory and taste senses of each

i ndi vi dual . W have ter ﬁ%@ abl SS
than 15.6 parts per ?nﬁl I |p£)nn pe%@ph&b&é‘aiﬂg tﬁjhec%(r?llﬁgq?r acﬁ%ﬁg%f@ 0%1511@

gaseous vapor ph8deeHi WHAIYIngspRESPor Hlor GP&EE6H t PBR, Whikf diteed
range of |ess thparticulldted phpide amdsaﬁdompémlpdmgedoémbnss theteing ppm

Ve  have further defierm ngd SURLLLCH,! V1AM ORRLARI e Lanag; ff o ot

15 aromatic phenols.

18. A process according to claim 13, wherein said
super purifying step is carried out until the
particulate phase of said super purified smoke contains
less than approximately 7.8 parts per wmillion of

20 aromatic phenols.

19. A process according to claim 13, wherein said
super purifying step is carried out until the
particulate phase of said super purified smoke contains
less than approximately 3.9 parts per million of

25 aromatic phenols.

20. A process according to claim 13, wherein said
treating step is carried out so that said meat contains
less than 14.1 parts per million of total aromatic
phenols by weight per total weight of the meat.

30 21. A process according to claim 13, wherein said
treating step is carried out so that said meat contains
less than 9.4 parts per million of total aromatic
phenols by weight per total weight of the meat.

22. A process according to claim 13, wherein said

35 treating step is carried out so that said meat contains
less than 4.7 parts per million of total aromatic
phencls by weight per total weight of the meat.

!
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| ess than 11.7 ppm of the phenolic fraction of the 35 particul ate phase for

odor recognition, a preferred range of | ess than 7.8 ppm and an

opti mal rangwoebzi®ss than 3.9 PPMy3 WO 99/ 277 Hermssos/isass

30 228 Wth respect to taste -
recognition thrgg . phenol i c gaseous vapor phase

we have det eﬁ-’ Jaﬁl,muaﬂgr"ﬂe range of |ess than 4.5 ppm |dHIS SHEET HAS BEEN
preferred range ® ess

ppm and an optinmal range 5 jof |IREPRLACRRN
1.2 ppm Lastly, we have determ ned an oper abl e range f -

recogni tion threshol d3of Aheprocgenalccordpagt tou&ajreoneph:a'se:lacﬁns lless
than 2.1 ppm e Egg 1ge .of .l ess than 1.4 ppm and an
opti mal range 30f§ng %H%%ﬁ lﬁﬁ% Al ternative nethods
described in the sunpHELipgadeid wwake fOéT ff@é‘?l vBRy ereorply Stefiores ebjidct .
The preferred enbedipep, % stepas been found to be the nost efficient and

cost effectlve nmet ho in addition to |t versatili ¥ g& ct| ality
due to theSuse of 28asify HFGRMDI eaﬁEPE i88s §3 ur Prf €Xgas,
ice, and activat edmpaﬁ.bﬁ)ﬁg The length of the precipitation tower 2

from - 111 to 30 2rokibdared Zptah pelin drnd PARRERGUIEUL4TEY
an opti mal rati025angegge¢$dﬂaﬁmephﬁ@t7(14 ﬁ?gr3°$d@%m¢§9§§ﬁqﬁxﬁqn speticon a
vertical axis mdbgeagegpgrggée angl e of |ess
10 thawing said meat, whereby said meat retains
vitality after said thawing step.
25. A process according to claim 3, further
comprising: '
storing said frozen meat at a temperature of at most
15 -10 degrees Fahrenheit (23 degrees Centigrade) foxr up to
one year; and
thawing said meat, whereby said wmeat  retains
vitality after said thawing step.
26. A  process according to claim 3, further-
20 comprising:
storing said frozen meat at a temperature of at most
-40 degrees Fahrenheit (-40 degrees Centigrade) for up
to one year; and
thawing said meat, whereby said wmeat retains
25 vitality after said thawing step.
27. A process according to any one of claims 1 to
3, wherein said treating step preserves said meat,
whereby said meat tastes fresh, without any odor or
taste from said smoke, when said meat is thawed and
30 eaten raw.
28. A process according to any one of claims 1 to
3, wherein said treating step is carried out by
injecting said super purified smoke into said meat.
29. A process according to any one of claims 1 to
35 3, further comprising:
compressing - said tasteless super purified smoke

after said super purifying step; and
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than 50 degrees fromvertical, a preferred angle of |ess t han 25
degrees fromvertical, and an optinmal angle |ess than 10 degrees from
vertical . thln the precipitation tower 2, the snoke flows out 25
t he perforat 6 ﬁo?es and upwards throu§ Mhe_ﬂuihed__c_e_ PCT(S2p/16228
This t Aemglass. encl osed i ce, chanber ap roximately 42" |ong
(106. SE‘E Msm (22.9 cm subsrlﬂ ” I' ﬂ f“ lcross section at
t he bdttom RERLASERI ng to a 12" (30.5 ¢ square cross

section at the 3o0~top=A screen 15 acts as an ice shelf and as an outl et

for the wat er n%&air 4 C'#F%e L eu%e% 4 TQ%sE(é?e%Qar%%ell 9&}1%%1\,31%5

encl osed with glass to visually noni

evenly through t#reoke et namiisgere. a consi stent yel |l ow as the desired
reaction occurs. 35 39, @%&a&go Qéc&ra@@tmslﬁanzbe sm@feﬂw'éaefad by
each bat ch of ice iIs |n an gerable range of 1:1 to 1,

preferabl e range-TA2BLO8 { FTED: 1318antRENSht V& MaRBe 6?1% jpomprqq§q§ 1.
WO 99/ 17794 5 tasteless s@ber-purified smoke. PCT/US98/16228

The ice chanmber 19 tﬁperl ng)rgggggrgég&dl av%oh%vigl exper‘%ﬁ%n?e%fto

presently preferred Tel at I mensi ons roug
smal | er cross sectipresged hdasteless tmdars medddedr gmoke emmmmsetdhe

snoke flows evendyy stored in a canister at a pressure range of
approximately 200 pounds per square inch (13.9 kilograms

10 per square centimeter) to approximately 2,500 pounds per
square inch (174.1 kilograms per square centimeter).

32. A process according to claim 29, wherein said
compressed tasteless super purified smoke is compressed
and stored in a canister at a pressure range of

15 approximately 1,800 pounds per sgquare inch (125.4
kilograms per square centimeter) to approximately 2,200
pounds per square inch (153.2 kilograms per sguare
centimeter) .

33. A process according to any one of claims 1 to

20 3, wherein said combusting step is carried out by
burning said oxrganic material at between approximately
400 degrees Fahrenheit (204 degrées Centigrade)} and
approximately 950 degrees Fahrenheit (510 degrees
Centigrade) .

25 34. A process according to any one of claims 1 to
3, wherein said combusting step is carried out by
burning said organic material at between approximately
500 degrees Fahrenheit (260 degrees Centigrade) and
approximately 800 degrees Fahrenheit {571 degrees

30 Centigrade). '

35. A process according to any one of claims 1 to
3, wherein said combusting step is carried out by
burning said organic material at between approximately
650 degrees Fahrenheit (242 degrees Centigrade) and

35 approximately 750 degrees Fahrenheit (399 degrees
Centigrade) . '
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5 through the ice. Although the ice chanber 19 will work nost of the

time with no taper and equal dinension cross sections at the bottom and
top, probl ensV@dy2HP4 se where the snokess adheres to the si edeTnmobsszand
devel ops fl ow channel s t hat =¥ eaction and even ~

penetration Omm“ﬂﬂﬂmﬂ“ Therefore, the
angl e of the oits vertical axis
is in an operabl e‘rahge’ of* o brred range of 1 to 25
degrees, and an opti mal range of 2 to 10 degr ees 15 When the snoke
reacts with the ice 1&6 itA pnocessaaccorfongi om ant eonsatdr clapws ahnd Bo
portlon into wat eg %g n¥apor saturates t he snoke creatl ng a
"steam fied" ﬁe r|S|n I'n the“tower. A portlon of this "steam fied"
smoke then preci pi tat&lrtﬁ)vﬁiﬂé’s taStRAPAS GEREY RPE Iigdysmebeakpint week

particul ate matteeofxoﬁgflq;ﬁmkeoagdlaasge@gmg stdp.ough to the water and
particul ate r6§;due r

er \oi ses pr.ox nately 18"
(45.7 cm) bel o t he |§i Fgﬁﬁﬁﬁgrafﬁoﬁﬁl?%eggd?p6ﬁ¥ﬁ$th§ folEr 2. $Ris
reservoir can 3 pefwirzharecccafrdsinge process is conplete through dr ain

val ve 25 17. e ends
with the water vapor p%ﬂgﬁjryé?cﬁjﬁgt\éﬁgae%gcfa aﬁ%x?]lftlgév%%ﬂ%%g 2or. Ergxln 2
humi dity sat urat'egekarikp ﬁnﬂQQQ@ﬁsPrﬂﬁ§ tPeﬁé}ilﬁﬁFatlngbéﬁﬁpeulate mat t er

in the snoke incr eaSIm tpr&@c@s@UbébérQQn?V@éaé}%rSdnéeof\’\@'lﬁﬁhs apd to
adhesi veness and naki as snoke rises in éhe

preci pitati ot%owdr 2% ere1ql1%5i$ ti 5ﬁagb§9d§E?Q) ?ﬁpﬁiﬁﬁﬁrFﬁgﬁsbﬁgtﬁﬁl

nat ural gas coeponers s wstielessnokepercupsrifiddi smkep wahd Cqseid]

i ncreasing and L .0 y +C h
partially f||te$1%9%§ ?%% ?%g&gﬁ éh%g&@h o&@qnﬂﬁj.?Q%gﬁgéggoHegg Eﬁ ses

t hrough a screen Berhfiedsnie drter said t‘ﬁ@a‘%l ot$h me&@ttleva?@@uﬁ rbed 21,

agd cLot h 20 filtgasntfin vid=818Ye agese 8hilhgeamtiy frapeh and adsped. and
apsor '

15 3%5. A process according to any one of claims 1 to
3, wherein said treating step limits said tasteless
super purified smoke quantity used and minimizes the
total amount of said flavor imparting components exposed
to said meat.

20 40. A process according to claim 39, wherein said
treating step uses said tasteless super purified smoke
in a ratio of at least approximately .05:1 of volume of
super purified smoke to volume of meat.
| 41. A process according to claim 39, wherein said

25 treating step uses said tasteless super purified smoke

. in a ratio of approximately 1:1 to approximately 100:1
of volume of super purified smoke to volume of meat.

42, A process according to claim 39, wherein said

treating step uses said tasteless super purified smoke

30 in a ratio of approximately 1.5:1 to approximately 20:1
of volume of super purified smoke to volume of meat.

43. A process according to any one of claims 1 to
3, wherein said treating step is carried out by flooding
a smoke treatment chamber containing said meat with said

35 tasteless super purified smoke.

44, A process according to any one of claims 1 to

3, wherein_éélé_émgﬁfﬁgfgffiFion and super purification
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m croscopi c taste inparting and carci nogenic particul ate and gaseous
vapor conpouisedrisedsed in Table 2. The screen 18 serves as intake to
this_staqge of the filtering process anfP al so as a shelf ‘E@’E%?Bﬂ&?l? _

t heqertig ISHEEB H £ For | oadi ng and rram‘Th_e—pTeci pitation
towar His SR AR g 8seE({:\}ti ons can be di sassenby ""Lﬂ”mmﬂm refilled

W t L and activated carbon ; ' ” t he
process. This batch process for the manufacturing & $ *the

super -purifi ed S’E‘E'ég:si 3r0CEeASAlY dR %%pheﬁérg@ei&gc 19 d iah%%&ﬁ&e”@%&ﬁi al's.
The tenporary pressure pot storage chanber 'S conprised of a
15 gal | on pot 31s2idr Gbpekind'skemg seal 32 between the lid and the

pot, intake valve 30459Ut$g§rd6€é§3accoraing £80any@lbnd HFel1aGRkl apsi phe
accordi on bl adder vvgth 1 absorbent |ineéer, pad 33 whi ch expands down and

contracts up 3 nsFEETERR pRR1IR1 SURSZer PRSI LY I o IGF e S0P EPBWPHE er s,
val ves, exhaust pispas, aapfepipirsatcient tekwekhe fl ow of the t ast el ess

super-purified srmkellgr_o%teé@%cpés}gi @O%‘%Egggn%g)\/\er 2 into the tenporary
. rio

pressure pot storage cha ‘ ‘ “to conbusting the wood
sawdust in the retoreombhsting tangsevigr ymprestayt e ot JeEniegaseacuarekieby a

two way vacuum conpPHOIRiRS Shewd NG drke cobhpening®! | apsi bl e accordi on bl adder
Hp to the top of 108, ROl 3l ol iofs OB Mty #ehh%saia
10 smoke; and
treating meat with said smoke, whereby said treated
meat does not have a smoky taste.
47. A process comprising:
combusting organic material to generate smoke,
15 wherein said smoke contains taste compounds;
treating meat with said smoke; and
eliminating smoke taste compounds from said smoke;
whereby said treated meat does not retain a smoky
taste.

20 48. A process according to any one of claims 1, 2,
3, 46, or 47, wherein said super purifying step is
carried out using a molecular sieve filter.

49. A process according to any one of claims 1, 2,
3, 46, or 47, wherein said super purifying step is

25 carried out using an adsorbent filter.

50. A process according to any one of claims 1, 2,
3, 46, or 47, wherein said super purifying step is
carried out using a water filter.

51. A process according to any one of claims 1, 2,

30 3, 46, or 47, wherein said super purifying step is
carried out using an absorbent filter and an adsorbent
filter.

52. A process according to any one of claims 1, 2,
3, 46 or 47, wherein said super purifying step is

35 carried out-using a water filter, an adsorbent filter,

and an absorbent filter.
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the tenporary pressure pot storage chanmber 3 fromthe 25 earlier stages of

the systemby closing three way val ve 26 in the direction of the
precipitati onobawews2 and opening it 45 in the directions ofpcdAgseghiss de
envi ronment and of the tenporary pressure pot 31. The val ve to t he
out si de envi ¥ B i Jpned, the intake valve 30_is_opened, and 30
the outlet val venmmmllm mmmmr i's punped out to thef THiS

with punp 28 until pfessurfe daule 29 indicates t hat proxhégggg§ig§%%
of the air has been evacuated and the accordi on bl adde

towards the tpp of tée. n pPreswse Retodding ﬂ&eﬂuﬂakmeﬁfZElaEQSSQ a6e
closed to 35 contai.n the vac n1ho%d|ng Eg%the col | %ﬁd bladdgg 33.i.n
a

the tenporary pr sstirer ?ﬁﬁ 6 §§§a AaRbE StoKES 2 m&afenﬁ ??ld
pressure pot st osager chanbiied smokequuiithout i immEtang a sowkyl tastef to
sufficiently conggnkrated snoke . WD 99/ 27794 33
PCT/ US98/ 16228 produced by the snoke generator The storage
chanber 3 5remai nB%at A REFSISSGHEFFOEFHRY ER PIHF é?é’sqme’: WHEATSt /i nfAer

bl adder 33 col | apsedagintdd 47e whialeenPas sl Ngrddy Qg e £ixespreai peaat i on
tower 2 reaches a desired concentration and 5 flow as indicated by the

snoke sensor 21 GRd°Yhe fl ow neter 22 in the |line. The snoke i s
punped out the exhauss. pipetdrs ponpr@dng to claim 54, wherein said

meat with said fixed zred meat color contains
10 carboxymyoglobin concentrations at least 50% higher than
untreated meat; and
said red meat color remains fixed at a temperature
at most -4 degrees Fahrenheit (-20 degrees Ceﬁtigrade)
for up to one year.
15 56. A process according to claim 55, wherein said
meat is fresh, raw, and abundant in vital cells.
57. A process according to any one of claimes 1, 2,
3, 8, 9, 16, 24, 25, 26, 46 or 47, wherein said meat
comprises seafood.
20 S8. A process comprising:
burning organic material to create smoke;
condensing tar, moisture and particulate residue out
of said smoke;
super purifying said smoke to reduce taste and odor
25 imparting particulates and vapors below taste and odor
. recognition thresholds, thereby creating a tasteless
guper purified smoke;
aging said tasteless super 'purified smoke for
between approximately one hour and approximately 72
30 hours;

’ treating seafood having a freezing point with said
aged tasteless super purified smoke at a temperature
between approximately 0.2 degrees  Fahrenheit {0.1
degrees Centigrade}) above said freezing point and

35 approximately 46 degrees Fahrenheit (7.8 degrees
Centigrade) for between approximately 1 second and
approximately 60 hours;
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with three way valve 25 open in the exhaust and precipitation
tower 2 directions and closed in the tenporary 10 storage chanber 3

di rection uniid 9oitgysSnoke reaches the desired concentratig d flow.
At this time, valve 25 cl oses the efﬁamp“ezm—ve—f&(ﬁ%ﬁngﬁe
pi pe §F& Htaetsix

al | oy

an of the storage chamuﬁ 1 I 30 opens to~
frally flowto the re wfﬂﬂg"galgg t enporary
dge  C 8 its inner bladder 38 ¢ ‘texpandi As | ong as
t he concentratr ol Fl ow | evel s as measured by the snoke sensor 21

and the flow freter 22-gBfing sai@l =8%¢884d £BE HididBUNAesiy edembbeasupke
flows on its own. t he snoke faIIs.2§10MLLheé§%escr|be | evel s,

en SCr b
the 20 purge vaP¥e 3% OP¥ls, FARFPLFAFELY estYulehxnes Fararpeitn(-12 4
is allowed to entegrtbe c#mstinmadal) ;t Aadsanme tinme, the - two way punp 28

St or age charber 3. SRS pRE seasol Rt o RIS bte Benadrool
i ndi cat es t heSsyspenpmateky be@? f| deedeand Fatneni80t s drdsedegveemnt ai n
t he snoke [ ncgﬁgigg&%) bt adder md3dc0k #}pgxim}ar%y@agssure pot 31 in

;
a slightly pressurized state in an operable ranézlle of to 107 psi
(2.58t0 7.45 kg per>2quadt PXERTnECEPFAARG 20 Claim of5& r #BerahBe SRi%2 to
72 psi (3.62 to Bredzkagpefersquarcarifedcenti set£rjemperature ofhetimbes

accordion bl adder_33 of the te rar pr [ t storage chanber 3 is
preferably |i ned*RFFRMAES so?%’ccaént d%ﬁirgre?al F 0 %r%}s%%b re(n'ﬁlgni néeﬁ%%r
imparting 10 gaf€enbsgwager. or particul ate phase phenols, and any other 35

remaining carcinogengg iyt he-uike aschbPayngeld !@aim 58, wheFbis s£id!ing
step of aging the snoke for "treatnent diTectly fromthe inner accordion

bl adder 33 has ah*®perad|Fer 15 SAgEisH 6He Mod TTPEXrakEEesOLa2hr 8Pt abl e

range of 12 approximately -76 degrees Fahrenheit (-60 degrees
Centigrade) .
15 61. A process, comprising:
combusting sawdust to create smoke;
condensing tar, moisture and particulate residue out
of said smoke, super purifying said smoke to reduce
particulate and wvapor phenols below taste and odor
20 recognition thresholds, thereby creating a tasteless
super purified smoke;
aging said tasteless super purified smoke for
between approximately 12° hours to approximately 60

hours;
25 filleting tuna having a freezing point at a
‘temperature between said freezing point and

approximately five degrees greater than said £freezing
point to form fillets;
placing said fillets in treatment chambers;
30 flushing said fillets with said tasteless super
purified smoke at a temperature between approximately
0.2 degrees Fahrenheit (0.1 degrees Centigrade) above
said freezing point and approximately 46 degrees
Fahrenheit (7.8 degrees Centigrade) for Dbetween -
35 approximately 1 second and approximately 60 hours;
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to 60 hours, and an optiml range of 24 hours to 48 hours. Aging the

snoke for treggspRiggat another tinme or pl ace from storage | rs. 40
has an operabl e range of greater thég one hour, a prefer ablicég‘%J SF ﬁ(gfzf

one week to one 5 yeam i | range of two weeks ¥ | o4 HAS BEEN
The shorter preferagﬂuluwnmill nge for snoke di re:W? ﬁgﬁ(@m

i nner accordi on bl adder £33-i &' a f uficti on of practical |_process—destrygr
efficiencies. The |onger preferable aging tinme range for snoke in
_storatge CanihSQelrs &E_f&‘ﬁe}zing é&l{kﬂ?téﬁfgﬁd tflae Eubt_»a@é_f@dtect | g fthaneor |

i nparting phenol s _whi_ ose potency, due.to deconpositi and c ca
reaction with otfr & anﬁﬁgs ?RQEO%%W%§81Y q$hi $Bﬁﬁ%ﬁgéﬂﬁ?ﬂfﬁﬁﬁﬂ§nﬁghge
in storage cani stdegxre4@ Hestidgrade) uppsx |inmt of preferably one year
or less dueto a £§oE§QgC£é£E?é§a %hcaa'ﬁeaggf SuPYelof | MR W Gh
contribute to the préservative eftfect on the Seafood. 'S
subst anti al | y5t aspprezdmataper - pifr i f idegresske Fayrenhelow be 4isdtpammest he

i medi at e treat ngh+qbragaf 0od shown in Fig. 2 (b) flush treatnent

pl astic bag subsystem_ or_stored 20 in cgnisters_as shown in Fig. 2 ggg.

If immediate treat mefe-i sAIBEPTEF IFATELIFFP FLafmaey or 6%ﬁafkﬂﬁie

each whol e tuna @aidt her sapaf opdrispeicices | step fitémbess gemirmddaepint o
four |loins, and ; e | s Lillet | aspim..sljces_and a
percentage is fil g%?éguggEgn%%gtiﬁﬁfeﬁé of% P&seggg%gag?%aiég$%§§§f%§d%ﬁ%eds
to be kept 10 clEdidegmaliei Baat hinganl amokgdpfdaves to Eaedw. spoil age.

63. A Dprocess according to any one of claims 3, 8,

8, or 10, wherein said frozen meat is thawed in a
refrigerator at a temperature between approxihately 33
degrees Fahrenheit {1 degree centigrade) and

15 approximately 50 degrees Fahrenheit (10 -degrees
centigrade) .

64. A process according to any one of claims 3, 8,
g, or 10, wherein said frozen meat is thawed in cold
water at a temperature between 33 degrees Fahrenheit (1

20 degree centigrade) and approximately 65 degrees
Fahrenheit (18 degrees centigrade).

65. A process according to claim 58 or 61, wherein
said frozen super purified smoke treated seafood is
thawed in a refrigerator at a temperature between 33

25 degrees Fahrenheit (1 degree centigrade) and
. approximately 50 degrees Fahrenheit (10 degrees
centigrade) . .

66. A process according to claim 58 or 61, wherein

said frozen super purified smoke treated seafood is

30 thawed in «cold water at a temperature between
approximately 33 degrees Fahrenheit (1 degree
centigrade) and approximately 65 degrees Fahrenheit (18
degrees centigrade}.

67. An apparatus comprising:

35 a smoke generator combusting organic material in an
oxygen restricted environment, producing smoke;
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Therefore, the fish are kept chilled at tenperatures I mmedi atel y above
their freezing points which vary fromfish to fish as a function of the
sal t content“%[? }2@% nmeat. Such 30 freezing points can be as |ow as 27
degrees Fahren ¢-2 degrees CentPgrade) The_aper abl ¥ T&¥9§d 6328

bet ween t he fish's freezing point and t : reater than its ~
freezing point; the pi 5 jbet ' ﬂmi,ﬂ !" poi nt and
five degrees greater fﬁgﬁ gﬁggif E[ggi‘igé poi Nty LS9y i mal range is
between its freezing point REFGALER degrees greater than its freezing
poi nt . Each sash slice i.s next placed in_.a dipping solution
Do stabilize dol o, énhindEeFiagdreatiy 19 AUPRE PRI TVNGPaid smoke byyp,
99/ 27794 eliminaBfng substantially all PEFOSOBE 16RAPponents biie
sashim . This ad t LPRI NG i.S 1 f | hce d not
for tuna steaks, dsga?“r‘flcs:e(?gg21 ﬁgge%%gﬁ%g% %ﬁ#%?qﬁnsehrég%%jf%efa% e&{\ﬂ%n%td%g '
sashim slices ardersdyedunal Partfiedpmoke dgdrwedieedot be noticeabl e for

cooked tuna skeaks. %g, an ASpSHOWME idbufprdsidgth)., the filleted and di pped
sashim slices or the fi|leted tuna steaks 37, are r%Ilace,d in plastic

bags 36. The air in &acheh9536 TRV afd98 h0se WEFF 2 ditdpendi ng
nozzl e-35 from t hayztesstinélpot oBigert e naszericedd enviddiendras @bwbietween
di spensi ng nozzl a Nk & Q! | Si oi i to
the air nozzles %gij%o%?@?“g Qgéés& dgé%%%tei (Jg%?.rgh)lﬁggpre sufes&g%gl\?e}‘ag%s psi
(2.79 kg per squéngl approximately 950 degrees Fahrenheit (510 degrees

10 centigrade}, producing smoke;

a precipitation tower containing water filtering
media, absorbent filtering media, and a residue
condensation chamber;

super purifying said smoke by filtering

15 substantially all axomatic components of said smoke,
below recognition thresholds for smoke taste.

69. A composition of matter, comprising:

a substantially tasteless super purified smoke
having particulates and vapors below recognition

20 thresholds for odor and taste.

70. A device, comprising:

a canister containing a substantially tasteless
super purified smocke having particulates and vapors
below recognition thresholds for odor and taste.

25

30

35
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centinmeter) are used a regulator is also required. The outl et val ve

34 to the tenporary storage chanber 3 is opened and the hose with
di spensi ng \QS%&?&QOM rol 35 is 15 inserted in a plastic baaid@ssane28pened
to flush the seafood with a volune of tastel ess super-purified snmoke~
with the gaseous vapor and particul ate phenol concentrations bel ow
both the odor and taste recognition thresholds cited above. Most snoki ng
processes have a continuous flow of snobke 20 passing in contact with the
seaf ood or neet. The process described herein limts the amount of
snoke and as a result m ni mzes the total anount of flavor inparting
phenol s remaining in the snoke that cone in contact with the seafood
or neat. 25 The volunme of tasteless super-purified snoke that
flushes the seafood is in an operabl egfsange of the ratio of vol une of
snoke to seafood of .05:1 or greater; in a preferred range from1l:1
to 100:1; and in an optinmal range from1l.5:1 to 20:1. Wen sufficient
snoke is dispensed, the 30 dispensing control nozzle 35 is closed, the
outl et valve 34 is closed and the plastic bag 36 is seal ed.
Desired- penetration of the super-purified snoke in the seafood is
achieved in an operable range from1l second to 60 hours; a preferred
range of 12 hours to 54 hours; and an 35 optiml range of 24 to 48 hours.
This treatnent period is an additional period of aging the snoke as the
fl avor inmparting phenols continue to |ose potency. Enpi ri cal
evi dence indicates the treatment time to achieve the desired® O
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penetration varies with the seafood to be treated. I n addition, the
m ni num t enperature during treatmnment varies with the type of seafood
bei ng treat &b samry794s appr oxi matel y 0.2 degrees Fahr enhei RCT/USW/1§2§r ee
Centi grade) above its 5 variable freezing point. Therefore, the
treatnent tenperature is an operable range from 0. 2 degree Fahrenheit
(0.1 degree Centigrade) above the variable seafood freezing point to 46
degr ees Fahrenheit (7.8 degrees Centigrade), a preferred range from 10
0.2 degree Fahrenheit (0.1 degree Centigrade) above the vari abl e

seaf ood..freezi.ng. point to 38 degrees Fahrenheit (3.4 degrees
Centigrade), and an optimal range fromO. 2 degree Fahrenhgit (0.1 degree
Centigrade) above the variable  seafo0o0d2f@eezing point to g5 degrees
Fahrenheit (1.7 d%prees 15 Centigrade). : Desired pengetration of the
super-purified snmpke in the seaf ood i s achi eved ilg i ggarting total
phenol s from botk yaseous vapor and particul ate phases a
concentrations ba flgvor and aronma recognitiorn thresh
seaf ood. 20 P} | evsl s thin the treated progs
her e, . wher easi hg \ | eyel s within the wood snoke arg of
during the supa i iltefing process. Such
t hreshol ds o L r eat ed product

|ds into the

ol factory an indkvidual. :
enpirically an\op lles€y han 14.1 pg
of total ; _ wei of seaf ood,
of less than 9.4 optiaml rand® of | ess tA2An
If treatnent at flptlace ls desired a
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conpressor 38 as shown in Fig. 2 (C) is preferably attached to the
outl et hose fromthe pressure pot 31 with its expandabl e i nner bl adder,
or directly woobherutl et of the precipitation tower 2 inp@fusessis22s
abbrevi ated process. In the 35 preferred enbodi nent the outlet valve 34-is
opened and the tastel ess super-purified snoke is conpressed and punped
t hrough the pressure val ve/gauge 39 into the canister 40 to a desired
pressure in an operable range of 200 to 2,500 pSi WO 99/ 27794

37 PCT/ US98/ 16228 (13.9 to 174.1 kg per square
centinmeter) and a preferred range of 1,800 to 2,200 psi (125.4 to 153.2
kg per square - —centineter):.- Then the outlet valve 34 and the pressure
valve 39 are closed. 5 Each cani st /340 can be used at a future tine
and pl ace with a delivery systemconsisting of a regulator and a hose
wi t h di spensing nozzle 35 which is attached to an evacuat ed pl astic bag
36 filled with filleted seafood 37 descri bed in Fig. 2 (b). The
pressure valve 39 is opened and the{}]0 regulator regulates the flowrate
into the bag 36 until the ratio t he vol une of tastel

super-purifi ' treated i g ,

aoe of

.05:1-0or Jreater, a preferred ramdge of 1:1 to 100:1; a :
range of l.?:i— 30—t aseous viappr an 5 partifc ate
phenol concept e-ojdof and — |

ig. 3(b)

AT A ST TP ST T Ad T O CIS T eT sl odstTanseFdvancssTve
s satseran

Fig. 3(c)

Fig. 3(a)




di spensed, the pressure valve 39 is closed and the

taste recognition thresholds cited above. When sufficife lg§ 9®%ﬂ§228

( b is seal.ed. .77,
The treated seafood is next stored as described above 20 m '
range from 1 second to 60 hours; a preferred ra J%ﬁgﬁt@%

54 hours; and an opti nmal range of 24 to 48 hours, or until the
desired penetration of tasteless super-purified snoke into the fish is
conpl et e. After treatnent is%§§§f¢§§f¥#each bag 36 is opened and 25
enptied and the seafood is repackaged preterably with an absor bent
material in a sem -perneabl e vacuum pouch. The absorbent materi al

?Esorbsfexgegmmﬁm& NXQBIFXCYURING gAsmgggngF?gg bRy %K? (;PE p'lts
o fresh 30 TyentBe 4ekroon Ad g Whozel s FIYE uim packed pouches are.
next frozZen at an operabl e range of 10 degrees Fahrenheit or |less (-12
degrees gzﬁﬁggﬁgggagﬁuiess), a preferred range of -40 degrees
Fahrenheit or Ie§€h£-40 e éees Cb?tlgrade or less), and an 35 opthal
range of cryogeni ?eFEY n_ve ﬂE??eéQ a Pﬂﬁfﬂ&aﬂﬂnn mAnd facT ufri GG t
an oper a1 sagge gb 2 T aas Fans ol fogy rLeatlig S heoh” € @
centi grade Oé%\? #®r 97tPKy, texture, natumsl flavor,
PCT/ US9d0162xsisture retention, and shelf lifa after the seafood is
frozen and thawed. These characteristics are the vital
signa of quality in seafood, hereinafter referred to as
“vitality.“
The super-purified smoke treatment process is effective
15 in prolonging the vitality of fresh seafood. Howaver, this
invention is uniquely valuable in that the vitality
preserving effects of the treatment process survive freezing
and thawing. The primary seafood species to be treated is
tuna and other seafood containing red color flesh that would
20 tend to turn brown after being frozen and thawed without the
treatment described herein. Although this tasteless super-
purified smoke is primarily intended to be used to treat
seafood, it can also be used with meat and poultry.
The intention of treatment with our tasteless super-
25 purified smoke is to preserve the vitality of the seafood so
it appeara and tastes similar to fresh after it is frozen
and thawed. In all cases seafood should ba wholaesome.
However, seafood that is consumed uncooked for sashimi must
be visually attractive in its raw form. The purpose of
30 improving the aesthetic qualities is to create a seafood
product which is visually suitable for sashimi after
freezing and thawing. The result will be a sashimi quality
seafood product delivered to the consumer equal to, or
superior to, fresh seafood in regards to vitality, quality,
35 safety, and conveniencs.
This invention further relates to an apparatus and
process to manufacture tasteless super-purified smoke and
subsequent processes to treat seafood with the manufactured



a preferred range of -10 degrees Fahrenheit or less (- 2’3“] deQBe)!I 8
Centigrade or less, and an optimal range of -40 de é gegﬁ

| ess (-40 degrees Centrgrade or |ess) for up to ong—4, t

wi't hout | osi char aaferi stics of freshness fl avor,

col or, and n&ﬂﬂmml I“" mal”mtron after thaw ng. Pr eferabl y, five
pouches * tbna- *téaks of approxi mately 5.0 pounds (2.27

ki | ogr ans) each or 10 pouches of $ESAMSI of approxinmately 2.2 pounds
(1.0 kilogram each 10 are packed in master shipping cartons which are
waxed or treated with a water resistant coating to prevent

deteri orat ggle i%v&m c%carton | ayers of cushioning material are
pl aced between the age 'seaf ood to cushion the layers of product.

15 The qutek themrcv@sp! cﬁpedmreatsngdetpaiOMSﬁngzen sashi m
slice or steak R&%‘E The .r et ai est aur ant bar thaws

only enough. for T TiHe atoergsa:ﬁlé: b§}13 i?)jreptacrr n§r§5feutg‘éﬂﬁ%f$ I P vater

and onestabbeeauenva)jbor phasd;t per gallon of coI d water for each pouch to
be thawed. 20 The salt prevents discoloration if the neat contacts the
sol uti on whi ch PYPSh AV FiRg esaithgdmekesste o wRlugeyr Eagte  immantdmse t

(1 to 18 degmpesesest ikkRAe) 1th§'e8h8i3§r%f a&@%(?rtl gf éﬂoﬁé’ W Aeares

Fahrenheit (4 to 10 degrees centigrade) pti mal tenperature of
45 degr eestRERFenWBRrepby 25 S@bgteeslatblwrgaaml)ess super - puEddt edo riokef
appr oxi mat ?Eycg’egté’c?“ 4 (2. 27 kil ogramns) of seafood steaks is

subner sed for “approxi na eI y fifty m nutes or until partially thawed

Wi th the pi ecestrestiig meate&&mmgsep&lreteedng Foiit peitth ofidppisvelesicel y
2.2 pounds 30 (1.0 k%ljro of sashim slices requires approxi mtely
t went y-fi vEURFhIRRE! ‘g €hawi ng. Each pouch is then removed from

the solution ang, drigd pkddess PR tEhe claim/2GUUMyBRIEH Ssta*l%n cut
open, the sashim slices or steaks owel dried if necessary, and
di spl ayed F&R2kip@ phemr occurs for between approximately 1 second and
approximately 60 hours, at a temperature between approximately
15 0.2 degrees Fahrenheit (0.1 degrees Centigrade) above said =
meat's freezing point, and approximately 46 degrees Fahrenheit
(7.8 degrees Centigrade).
3. A process according to claim 2, further comprising:
freezing said treated meat for storage, whereby frozen
20 meat is created.
4. A process according to c¢laim 2 or 3, wherein said
treating step occurs at a temperature between approximately
0.2 degrees Fahrenheit (0.1 degrees Centigrade) above said
meat's freezing point, and approximately 38 degrees Fahrenheit
25 (3.4 degrees Centigrade).
5. A process according to claim 2 or 3, wherein said
treating step occurs at a temperature between approximately
0.2 degrees Fahrenheit (0.1 degrees Centigrade) above said
meat's freezing point, and approximately 35 degrees Fahrenheit

30 (1.7 degrees Centigrade).
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35 refrij gerd Seaf 000 SEcC |c; or prepareg for saIF ifn~~ 7 _r_&&aﬁr]aﬁszs

' | e invol ves u
pouch in & ref lﬂHHlHlﬂFﬂlifM%ﬂi!ljﬁi“r o 2 Ponge or 55 o JEEAIUS 3% J10H71909
39

/16228 41 1 degrees Fahrenheit (1 to 10
degr ees Centigrade) a preferred range of 35 to 40 degrees Fahrenheit
(2to 4 rees_Centigrade), and an optinmal tenperature of 37
degr ees Fahrenhglt (B BEgrees @@wprgnaaerOfdnutmeneeof sladmss br tbordger .
The sem -p e u S de |gg§g 1o, a
per neat e i?thg%taﬁg péggﬁ ”1;98&6?5% Ste gt haw nlgedas | gfast rl’erb SCoMes
nor e applrexbinately ﬂ2nhDursﬂamghapprbhfmm&gnykﬁﬂyhmmrsono;nal both th
deconposition of the, seafood. This i.s a safety featur 10, for o] e
retail er and thé:corfsuREPCesp; aFﬁé’rﬁf‘Bﬂué"P any ere| eft GlaimSe bokeh 3after

thawi ngs5f owhegeihongai@r tieatingi tsteép abiks et AP oAl UrLs, al}fé@wée}?ie

operabl e ran then the normal signs of deconposition and spoil age
sﬁch gH@?Fé‘I“%‘b?H@ 2t hayrsnand, ampmxmlys 48 heurse fresh 15
product . 8. ThAS, pré&fss PrESEHAindgP! alh\or 3, AGLW I NG 14
tastel ess super-purlfled snoke for treating sea 00

freezing step occurs at a temperature of at most approximately
10 degrees Fahrenheit (-12 degrees Centigrade).

10 S. A process according to claim 3, wherein said
freezing step occurs at a temperature of at most approximately
-40 degrees Fahrenheit (-40 degrees Centigrade).

10. A process according to claim 3, wherein said
freezing step occurs at a temperature of at most approximately

15 -76 degrees Fahrenheit (-60 degrees Centigrade).

11. A process according to any one of claims 1 to 3,
wherein said heating step generates smoke also having a
particulate phase, further comprising:

filtering the particulate phase of said smoke to

20 eliminate tar, moisture, particulate and other solid matter
residue after said heating step.

12. A process according to claim 11, further comprising:

filtering the gaseous vapor phase of said smoke to
eliminate any remaining odor and taste imparting gaseous vapor

25 compounds and phenols.

13. A process according to any one of claims 1 to 3,
wherein said super purifying step is carried out by reducing
Pphenols in said smoke to concentrations below recognition
thresholds for imparting smoke odor to said meat.

30 ' 1l4. A process according to claim 13, wherein said super
purifying step is carried out until the gaseous vapor phase of
said super purified smoke contains less than approximately

15.6 parts per million of aromatic phenols.
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meets the o=bj ec.t I ves o;‘ preserving the vitali t)P”TIUShg agtérlézsz 8
ngf rgﬁglnl?ssmmmlﬂﬂ)"mﬂm?mm ngte;][ gl)d ZgarI : ?ljf);rl y apr$s frozen !agngd

thawed. In * ‘adtitior’, t'he tastel ess gpuper-purified snoke, which can

be stored and transported in canister 40, greatly reduces equi pnent
and facility costs enabling |ow cost 25 treatnent of seafood to be
conveni ent and abf orBapkecess acmmli}kg)motdzhisealb.oddhemm rgaid super

| ndustri al { tion can be used fo . tr

varying tyBRRRsyERg stEY te camried Bk (NG KRR G3Re08s Ptod ISR 9t
col or sfalids hediet m!d'h.ﬂléﬂndaxﬁdket Utdntd i aéker diginngapppdeimately and
thawed wthout this treatnent. Al though this tastel ess

super - pur i fi%e4 PAPkE PeT Jrt f})Pfl AEeRatdciBhenols e ysed to treat seaf ood

it can glso be wged ﬂ‘??o&@é& aéébr&HHBFEB”éié&m 13, whébin said super
CLAI V5 What is clained gr ocess for treating meat,

conpri si ngpurifying step is carrled out unt11 the gaseous vapor phase of
said super purified smoke contains less than approximately 5.2
parts per million of aromatic phenols.

17. A process according to claim 11, wherein said super

10 purifying step is carried out until the particulate phase of
said super purified smoke contains less than approximately
11.7 parts per million of aromatic phenols.

18. A process according to claim 11, wherein said super
purifying step is carried out until the particulate phase of

15 said super purified smoke contains less than approximately 7.8
parts per million of aromatic phenols.

19. A process according to claim 11, wherein said super
purifying step is carried out until the particulate phase of
said super purified smoke contains less than approximately 3.9

20 parts per million of aromatic phenocls.

20. A process according to claim 13, wherein said
treating step is carried out so that said meat contains less
than 14.1 parts per million of total aromatic phenols by
weight per total weight of the meat.

25 21. A process according to claim 13, wherein said
treating step is carried out so that said meat contains less
than 9.4 parts per million of total aromatic phenols by weight
per total weight of the meat.

22. A process according to claim 13, wherein said

30 treating step is carried out so that said meat contains less
than 4.7 parts per million of total aromatic phenols by weight
per total weight of the meat.
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heating organic material to generate snoke having a S‘,“

phase; super purifying said snoke to reduce tast Sl 94 JUN 1999
conponent s bel ow t hr pshetee~for.inparti ng snoke odor and taste, whereby
a-substantially tastpldS SSWB‘KAS)BEENI edssnmoke is created; and 10
treating neat having a frBEEM[;fuom nt with said tastel ess

super-purified snoke. 2—A~pr-bcess according to claim1, wherein

sai d treati Bg. stRpprocess famcolndumsertoampryox@mt efy cladesort &ad 3,

appr oxi mat %IL ﬁg hg rs..al a tenperature between approxi mately 15 0.2
degrees Fah T%hl rees Centi grade) above said neat' s

freezi ng p0| nt, agiudgamzﬁ@(l BRbRe Y £ dRgreexHaahr endeidour béfobedegiices
Centigra process according to claim2, further conprising:

freezing séf”ﬁa'f'iﬁﬁt%ﬁeﬁ’mat for storage, whereby frozen 20 neat is created.

4. A psocess aggor 0ANGrddedd AdBosdhg3to R fh 1B, Seftﬁ'ther bbRBEi 8ong! ep
occurs at a tenperature between approXi nately . 2 degrees Fahrenheit

(0.1 degrees CeRAtpyingepaidofzosen dmeat abap’ §empe§§1:wgep9fmat aest 25

appr oxi mat gl d r t EFS
5. A procgséraggo?gﬁﬁg@égﬁglg %Zegrégg E\%ﬁ g?%asai %&?%ﬂt reg(fl S
occurs at antlenperature between appr oxi mately 0.2 degrees Fahrenheit

0.1 degrees Cenii grade) aghove said s freezin oi,nt
T ox ot o'y Sohaliage ealth Beaty | vigTeRy  paydy Beat (IRERLPE ORIty

10 after said thawing step.
25. A process according to claim 3, further comprising:
storing said frozen meat at a temperature of at most -10
degrees Fahrenheit (23 degrees Centigrade) for up to one year;
and
15 thawing said meat, whereby said meat retains vitality
after said thawing step.
26. A process according to claim 3, further comprising:
storing said frozen meat at a temperature of at most -40
degrees Fahrenheit (-40 degrees Centigrade) for up to one
20 year; and
thawing said meat, whereby said meat retains vitality
after said thawing step.
27. A process according to any one of claims 1 to 3,
wherein said treating step 1is carried out to prevent smoke
25 odor or taste from being imparted to said meat while
preserving said meat, whereby said meat tastes fresh, without
smoke odor or taste from said smoke, when said meat is thawed
and eaten raw.
28. A process according to any one of claims 1 to 3,
30 wherein said treating sﬁep is carried out by injecting said
super purified smoke into said meat.
29. A process according to any one of claims 1 to 3,

further comprising:

AR "
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41 6. A process ac.cordi ng to any one of clﬁiﬁ i Lo%8/16228

wherein said treati Ls.carried out for between I&] thNJ;QQQ

hours and appr oxi 7. A process ng to any
one of clains 1 to}|3, 5 [ sipid 44reating step is carried out
for between ' rs and approxi mately 48 hours.

8. A process according to claim 3, wherein said freezing step

occurs at a tenSOPREESEiBg aﬂalrﬂ)sfcaapslga$ meupley purifiefdgremekeraateemei t
(-12 degregg, process according to claim 3,
wherein sal ci'qe%b% gﬁl}ﬁg}],g?% Stec%ursdgt a tenperature of at nost
approxi mately stordfgdegidesomphessdibitagtel@sdegupes papifieddsypoke in

A pr ccré according to claim 3, wherein said freezing step
occurs at at rﬁ?&"%ure of at nost approximately 15 -76 degrees Fahrenheit
(-60 degrees Cersioi.gr adprocess according ALRIMCESS WRELELH NSal® BPRYa Oy Of
clainms 1 to 3, wherein said heating step generat es snoke al so having a
part i cuI at SHRases fanHad cowpr iwlithy: Said compreppedr itapteliess pavperul at e
phase c?ﬁﬁllqgle.glrrg,{glgket_o 20 elimnate tar, noisture, particulate and
ot her soli matt er resi due after said heati ng step. 12. A
process accordi 3. toAcI ak‘m:&&s f ag¢drating noi sicﬂgim 29, whéréimrismidhe

gaseous vapor. snoke tQ nat remai ni n dor_ and
taste inpar Fq'%gas tas ApG o2 SSuped‘”er%lﬂfﬁ’d‘ls e;gndS‘B ?‘? compre eglfmg\

pr oces‘iOaccsrdﬁeldg iro aan;arﬁ.meﬁrf atl al Prekshi®e3range Mbeéppﬁoﬁﬂhﬁtélwezw
purifying step js carried out, b reducm phenols in said snoke to
concent r at |H9r‘l’g1d’§el P&k AEEgs drgh (13- PhlkééLHSFﬂ@SfBFrl ABERFE ngeRRHRRE Y dor to

sai d meat. t30 approxiftatefyPs 9566 SpQGHY Hetd doiatkali Abh3.(1 948 ek 1 5§ ghes uper

per square centimeter).

32. A process according to claim 29, wherein said

15 compressed tasteless super purified smoke is compressed and
stored in a canister at a pressure range of approximately ~ "~~~
1,800 pounds per square inch (125.4 kilograms per square
centimeter) to approximately 2,200 pounds per square inch
(153.2 kilograms per square centimeter).

20 33. A process according to any one of claims 1 to 3,
wherein said heating step is carried out by heating said
organic material at between approximately 400 degrees
Fahrenheit (204 degrees Centigrade) and approximately 950
degrees Fahrenheit (510 degrees Centigrade).

25 34. A process according to any one of claims 1 to 3,
wherein said heating step is carried out by heating said
organic material at between approximately 500 degrees
Fahrenheit (260 degrees Centigrade) and approximately 800
degrees Fahrenheit (571 degrees Centigrade).

36 35. A process according to any one of claims 1 to 3,
wherein said heating step is carried out by heating said

organic material at between approximately 650 degrees

[ ——
S——




ptjri fying step is car rled__ out unt i I t he gaseous vapc?f’ 019 8/ 16

super purified snoke N apprOX|nater pAr
m IDI ion of aromatic TS 7 EEN IP §62 % gggpgggg
ﬂ B@?‘Q@al d supas pur| fying step is carried out

according to claim yi _

until the gaseous vapor phase 0 ai d super purified snmoke contains

| ess than approxi mat el 10.4 parts per mllion of aromatic phenols. 5
16. A profeszerhedt di K’%}& o decxere13Cenkigrade)s aiatds uppproximately y:}'ﬁ@dstep
i's carriedgaut t h 0 said super purifie
snmoke cont ale%se %s%él%%an ag:;re(%%?rrétgg?éeg gégtl rad s per mllion of
aromati c phenol36. A procedd. aAcprdﬂ:ngstaccmrﬂldmgetofclcﬂjamrﬂslll V\berﬁ!l n f
sai d super ¢ urifyin tep is carried out until the particulate phase o
sai d super éﬁﬂ’g r&?ﬁ%&%nt ains | ess than approxi mately 11.7 parts
per mlgion of Qéi)ﬁ@tsé?ld)r&fﬁtleiess super puBified SHAES RRCAr ik & gl aim
11, wherein said super urifying step Is carried out until the
particul at Xeﬁﬁagﬁl?ﬁ 43 Saé‘eﬂpd'-rgaﬁé}’lgpﬁ??m ed snoke contains |ess than
approximately 73§, A pRbLsepChcAbLALAg o a{:@*ﬁéﬂ& BECRYaSms 1 o
process according to craiml1l erern sard s puriftyi ng step |
carri ed oufugkher eompyisimigsul ate phase of sai d super purified snoke

| | f mat
phonol &, - ' BTHEPRRIY Richeke), Ginet T G R BRALE Ty PR e 2

10 weeks to 6 months prior to said treating step.

19A

38. A process according to any one of claims 1 to 3,
wherein said treating step comprises exposing said meat to
tasteless super purified smoke, and said treating step is
carried out until penetration of said tasteless super purified

15 smoke into said meat is complete enough to maintain vitality
after said meat is frozen and thawed.

39. A process according to any one of claims 1 to 3,
wherein said treating step limits the quantity of said
tasteless super purified smoke exposed to said meat, whereby

20 the total amount of said flavor imparting components exposed
to said meat is minimized to prevent imparting smoke flavor or
odor to said meat.

40. A process according to claim 39, wherein said
treating step uses said tasteless super purified smoke in a

25 ratio of at least approximately .05:1 of wvolume of said
tasteless super purified smoke to volume of meat.

41. A process according to claim 39, wherein said
treating step uses said tasteless super purified smoke in a
ratio of approximately 1:1 to approximately 100:1 of volume

30 of super purified smoke to volume of meat.
42. A process according to claim 39, wherein said

treating step uses said tasteless super purified smoke in a

A A
N | ([ 11




tr.eati ng step is carried out so that said neat cont{) 981%6 24218
parts per mllion of total aromatic phenols by ?oplaUU/p@ w

of the nmeat. 25 21. A process according to wher
sai d treating step is carried out sdéthat said maat co_nt ains | ess
than 9.4 parts per mllion of total aromatic phenols by wei ght per
total weight of the neat. 22. A process according to claim 13,
wherei n saF@tie °Lfr SRPTOKigesplys 1oarLi 6¢ ApProximatelyard:ieaf conumiens
less  1B8Nafpdrngiioenal Mddd @8 9h1bAL e Hati ¢ phenol s by vel ght
per total wei gh - 43 -

23. A process a&&ordLngrooeaayaunerdinglhabrrmrﬂy]'EOmS :grrd]{a?gnas;:exnrptgtsmg
5979, CopBIBLR ghf8, ERCSe sk OO0 g s IR P AT 2 iR
storings satdebtmert) nambatr acdreigieriaigUr €atd @HealDSHitdD degHCOs dtalVayhei t
(-4 degrees Cent;':&'{'fgf dfS(?nrokuep to one year; and
44. A process according to any one of claims 1 to 3,
wherein said smoke generation and super purification steps are
carried out at a different time and place than said treating
10 step.
45. A process according to any one of claims 1 to 3,
wherein said super purifying step is carried out using a
precipitation tower.
46. A process for treating meat, comprising:
15 heating organic wmaterial to generate smoke containing
smoke taste compounds;
super purifying said smoke by eliminating said smoke
taste compounds from said smoke; and
treating meat with said smoke, whereby said treated meat
20 does not have a smoky taste.
47. A process for treating meat, comprising:
heating organic material to generate smoke, wherein said
smoke contains taste compounds;
super purifying said smoke by eliminating smoke taste
25 compounds from said smoke;
treating meat with said smoke; and
whereby said treated meat does not retain a smoky taste.
48. A process according to any one of claims 1, 2, 3,
46, or 47, wherein said super purifying step is carried out
30 using a molecular sieve filter.
49. A process according to any one of claims 1, 2, 3,
46, or 47, wherein said super purifying step is carried out

using an adsorbent filter,

”!I “cl IHI'J "I,!I "IL' " I!II QUDOTITIITT AUETY /MR F A




(hawing said meat . whereby said meat rotains vitali RUSUS <98/ 1622 8
corrp'ri si ng: ' storing said frozen neat at a tenpeﬁﬁwﬂ_s_rzt‘l n-MN 19%

degrees Fahrenheit (-23 degrees Centigrage) for up to one year; and
thawing said nmeat , whereby said nmeat retains vitality after said
t hawi ng st ep. 26. A process according to claim 3, further
conpri si ng: 56t orA ngreeesis f aozendimat tat anyt enpercdt wrlminds at, nBst 3, 40
degrees Fahrenheit, (-4Q degrees Centigrade) for., up to one year; .and

t hawi ng salgﬁ' m8%5t 4 The¥ i o a?uﬁc’]%‘f aP Elg‘f’t’?;i SLeRf &/ °§§Faeah§\‘7\ﬁtng

st ep. aginé\ PraesHs Bigeydi ng to any one of clainms 1 to 3, wherein said
treating step 1s carried out to prevent snoke odor or_ taste from being

i nparted to saidtmedd RRPFeSHr 8SEPTIIRE shP daRkarnewRsy epyAimg ol nedr Bast es

fresh, aitRgut 3n0fe Oy O 1AS1E 54987 SBhE: SPDNE stbisN; Saicd B8 Iohit
t hawed and eaten raw. 28. A process according to any one of clains 1
to 3, wher uBhngatn abgerbens fiidpersandrancatisanbeant ifajlseri.ng sai d super

purified smoke EQEO.Eegégégﬁg'according to any one of claims 1, 2, 3, 46
or 47, wherein said super purifying step is carried out using
a water filter, an adsorbent filter, and an absorbent filter.

10 53. A process according to any one of claims 1 to 3,
wherein said treating step smokes said meat with said super
purified smoke, without imparting a smoky taste to said meat.

54. A process according to any one of claims 1, 2, 3, 46
or 47, wherein said treating step fixes red meat color.

15 55. A process according to claim 54, wherein said meat
with said fixed red meat color contains carboxymyoglobin
concentrations at least 50% higher than untreated meat; and

said red meat color remains fixed at a temperature at
most -4 degrees Fahrenheit (-20 degrees Centigrade) for up to

20 one year.

56. A process according to claim 55, wherein said meat
is fresh, raw, and abundant in vital cells.

57. A process according to any one of claims 1, 2, 3, 8,
9, 10, 24, 25, 26, 46 or 47, wherein said meat comprises

25 seafood.

58. A process for treating seafood, comprising:

burning organic material to create smoke;

condensing tar, wmoisture and particulate residue out of
said smoke;

30 super purifying said smoke to reduce taste and odor
imparting particulates and vapors below taste and odor
recognition thresholds, thereby creating a tasteless super

purified smoke;

—_—
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- 44 - 29. A process acc.ordi ng to any one of Q&/Irézz
super pur 11 AR T o "o’ i(‘iﬁﬁieé’iédﬁv &% Lo 19998

purified snoke 1n ‘cahi sters. * . A gBocess according ng cr‘al m 29, wherein
said treating step is carr| ed out W|th sai d conpressed tastel ess super
purified snoke. 31. process according to claim?29, wherein said

conpr essed t ast RFERS §L§ﬂr§r Pstelaas sAuRer| §U€éﬁﬁﬁéss%@1@1dfgrorhﬁtwer¢na
cani ster abpRrBk eRstE By 'S i aaar9§b£f8§ﬁhavte21 ;&%ﬁ:?sper square inch

(13.9 kil ograms per square centineter t o approxi na 2,500 pounds per
square inch (17ﬂr§a¢<im9)g$a@i§0qdarhmm eacéneembn@rpoint wiBR. sélﬂrmg@fds

accordin 29, rein. esse tastel ess su urified
smoke |sgc%r8rp§é§é%%l and st ottt eg g\t p?%‘g%?ﬁaet‘f g’et?l’"een
appr oxi 5rat appraxSadt elbyinols2 pdégﬁé]éwrnahf&{he(ll:%(o‘l KidQret s @@{tx G
centi rreter to ang éi n‘%telg 2,200 pounds per square inch (153.2 kil ograns
per square PR¥Ei nEfdd) . fTreezing poinfcesan cc?ii‘lbﬁ'%@}“ta@eéﬁy dfe cteariegisnms 1
to 3, wher eati S u I [

0 er shRrsahdiheat | H0asgpPed CSR‘E%%’S%%%S FJJ% BERlddg (%%Lf% h G

material at between @A)prom mately 400 egrees
Centi gr.ade} BRECRPRARKIFRATOMIME561MeqP crautinr enhei t (510 degr ees

wherein sal d heat | ni At R THALRR DR OREdrl & SemmeRater o
at betMeenofpptoxiomtt eayptdimtagleyesio degrees Fahrenheit (-12 degrees
Centigrade); and
storing said seafood at a temperature of at most
approximately 25 degrees Fahrenheit (-4 degrees Centigrade)
for at most approximately 1 year.

15 59. A process according to claim 58 wherein said
freezing step is carried out at a temperature of at most - -
approximately -40 degrees Fahrenheit (-40 degrees Centigrade).

60. A process according to claim 58, wherein said
freezing step is carried out at a temperature of at most

20 approximately -76 degrees Fahrenheit (-60 degrees Centigrade).

61. A process for treating seafood, comprising:

heating sawdust to create smoke;

condensing tar, moisture and particulate residue out of
said smoke, super purifying said smoke to reduce particulate

25 and vapor phenols below taste and odor recognition thresholds,
thereby creating a tasteless super purified smoke;

aging said tasteless super purified smoke for between
approximately 12 hours to approximately 60 hours;
filleting seafood having a freezing point, at a

30 temperature between said freezing point and approximately five
degrees greater than said freezing point, to form fillets;

placing said fillets in treatment chambers;

flushing said fillets with said tasteless super purified

QUDCTITUTE CUVIT /M T 20%



Fahr enh 260 d d nd approxi mat el 0 gr | g
Fa el §43m 1 @E £2d23 LA procedkadbtivg 9%1&%?@8
of claims 1t heating step is carrledﬂaEyMﬁthga4 JUN: 4899

rganic nmateri al” at bet vveen appr oxi mat el yag650 degr ees

- 45 - Fahrenheit (343 degrees Centigrade) and approximately 750 degrees
Fahrenheit (399 degrees Centi grade). 36. A process according to anyone
of clainms Bmoke3, atur%he¢emnﬁnaﬁumengbetweenagungx&amdtbayteDeSs degmﬁes

D ocese acCorBeRBEs TRyToHBIBPYR| HPRESFd)s SHCH AL bR T ey Potne

agi ng sai d angist ehppﬁozsitﬁmfel@url ased ddte o OrFéhﬁé'hl?ei’teeks('?t ¢ 6 deutdiss
prior to sggd treatlyg step 38. A process accordlng to any one of
s

clainms 1 t&eRtigradel n 35?6 t rRRRVSRT st APPESORdFREELY expbsi ngeeand meand t o

tastel ess sppeoxPMatélpdss Mifs,and said treating step is carried out
until penetration of§ said tasteless super purified snoke into said

meat is conpl et érensind saidusertood for storage at a temperature of at
most approximately 10 degrees Fahrenheit (-12 degrees

Centigrade); and
storing said seafood at a temperature of at most
10 approximately 25 degrees Fahrenheit (-4 degrees Centigrade).
62. A process according to claim 58 or 61, wherein said
super-purifying step removes microscopic particulate and
gaseous vapor compounds remaining in said smoke that impart
smoked flavor to foods.

15 63. A process according to any one of claims 3, 8, 9, or
10, wherein said frozen meat is thawed in a refrigerator at a -
temperature between approximately 33 degrees Fahrenheit (1
degree centigrade) and approximately 50 degrees Fahrenheit (10
degrees centigrade).

20 64. A process according to any one of claims 3, 8, 9,
or 10, wherein said frozen meat is thawed in cold water at a
temperature between 33 degrees Fahrenheit (1 degree
centigrade) and approximately 65 degrees Fahrenheit (18
degrees centigrade).

25 65. A process according to claim 58 or 61, wherein said
frozen super purified smoke treated seafood is thawed in a
refrigerator at a temperature between 33 degrees Fahrenheit (1
degree centigrade) and approximately 50 degrees Fahrenheit (10
degrees centigrade).

30 66. A process according to claim 58 or 61, wherein said
frozen super purified smoke treated seafood is thawed in cold

water at a temperature between approximately 33 degrees
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vital Ity after sai

n and t hawed. e Aapr .‘i g -
to any one of cl gy 3. wherein sajgl treating b\l’i rgxfllmgzlgty

of said tastel esgmg‘)&,’m “! ,ii@ism)ke exposed to sai At wher t he

total anount of sal Ik ting conponents exp i aQ(B 1999

mnimzed to prevent inparting snoke flavor or odor to said meat. 40. A
process according to claim39, wherein said treating step uses sai d

t ast el ess sup&rhpapheitd (3nmslegren senstipvadé) aandeapprlappm@k?lmt éby . 05: il
of volunme of gagdebdSk hSUPe, labyb ] 4 ol ume of neat. :
A process acc?r giﬁ gt ogiélﬁgli%m 39,(1\Xﬁgﬁg%ﬁgga§%qﬁe%aﬁe g step uses said

t ast el ess super puPifi efin SFRBETFtsy comprdsdhg appr oxi mat el y L1:: 1 to;1 t
approxi mately 100: I p Ltied t at .
4gp A process acco%d%&ngk?p%%g%t%g, g\?ﬂ%ﬁé%%hQaF;g?‘?ggt %ﬁégs#gg g'seg&sal d

t ast el ess 3upOXYPERI Feebriehad anyigonment, producing smoke; ol f
46 ratio of a ' e 5: o] o{ggq vy 20, 1 Q o]
super purified snoﬁgi?%fvo u%aé? n%o&c% : spCk %?1)’1% psr%lq&ejgg%gpgg&(ﬂ ng to
any one of cl BrRguget i 3substaphbabln $aisgeleeat i supest epunrsfa:ac_irlhsmb]mht by
fl ooding a snmpkes t et tce{%anb cont.ai.ni.ng meaf_ W th, sai

t astel ess nﬁsuifé? ul??ﬁ ed sam) e. nd tvgbgiﬁg A %?%%"éss %%%%‘#%tﬁéx%o any
one of C|ain3tgrg§hg,ds for odor and taste.

10 68. An apparatus comprising:

a retort combusting organic material in a
substantially oxygen restricted environment at between
approximately 400 degrees Fahrenheit (204 degrees
centigrade) and approximately 950 degrees Fahrenheit (510

15 degrees centigrade), producing smoke;

a precipitation tower containing water filtering
media, absorbent = filtering media, and &  residue T
condensation chamber;

filters for super purifying said smoke to produce a

20 substantially tasteless super purified smoke having
particulates and vapors below recognition thresholds for
odor and taste.

69. A composition of matter, comprising:

a substantially tasteless super purified smoke having

25 particulates and vapors below recognition thresholds for
odor and taste.

70. A device, comprising:

a canister containing a substantially tasteless super
purified smoke having particulates and vapors below

30 recognition thresholds for odor and taste.

71. A process for treating food, comprising:

heating organic material to generate smoke;

filtering components that impart smoke flavor from
said smoke to below limits for imparting smoke flavoring

35 to food; and



\/\herel n sar—d—s-wake—ge—&e%—on and super purificati

out at a d|
A process
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A process for treating neat, corpri siREPLACED heating organic materl al

to generate

snoke contalnln STTORE TAastTE npounds;

uper

purifying said snﬁﬁéoﬁynﬁl|$ﬁ¥ﬁu|ﬁﬂ}ﬁ§§?§ sHpRke  tot £90d cHABBARES from

sai d snoke;

dRparting a sﬁéﬁ@lffﬁbdﬁﬁﬂb WatiR gabd. snoke, whereby said

treated neat 2 doeS not have a snoky taste. 47. A process for

treating neat,

smoke, wherein saipdatingSEPEEnLO Mt IS 1280 geREPIE SSmoke ;

purifying said snoke b

snoke;

48. A process

cofdgri shnprocess for yreating 6pgani COMRXRING: to generate

eI I M nating snoke taste 25 conpounds from sai d
t FERPVARI MEAMPRNERt S aitgasnolimparinpmoke  odor wfEpBby sai d

treated meat J19es shgke’ €haN a snoky taste

according to any one of claims 1, 2, 46, or 47, wherein said super
purifying step isexapfiag 600d 300 %%idtgs@i-’]‘?ﬁ)l atherebys ithee QUBREAEY

49. A procesgacgpidi "G5de iafOfnd Sf cGhd ﬁ%ﬂtjs Pemred fréf: s85d47,

wherei n said super purl out usi ng an adsor bent

filter.
10

15

20

25

30

35

ylng step I's carrie
.smoke is adequate to prevent imparting a smoke odor to

said food.

73. A process ‘for treating food, comprising:

heating organic material to generate smoke that
contains a vapor phase having smoke odor and flavor
imparting components;

filtering said smoke to remove a portion of said
smoke odor and flavor imparting components;

exposing food to said filtered smoke so as to
prevent smoke flavoring of said@ food by reducing the
quantity of said filtered smoke exposed to said food.

74. A process according to any of claims 1, 2,
3, 46, or 47, wherein said heating step combusts said
organic material.

75. A process according to any one of claims 1,
2, 3, 46, or 47, wherein said heating step pyrolyses
said organic material.

76. A process according to any one of claims 1,
2, 3, 46, or 47, wherein said heating step burns said
organic material.

77. A process according to any one of claims 1,
2, 3, 46, or 47, wherein said heating step thermally
decomposes said organic material.

78. A product, comprising:

food treated with a substantially tasteless super
purified smoke having particulates and vapors below

recognition thresholds for odor and taste.
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a7 ‘ 50. A process according to any one of clainms 1, 2, 3, 46,
or' 47, wherein sai -t St €p 1S carried out using a Water
filter. \éﬁm ding to any one of clains 1, 2, 3,

46, or 47, wherein| said SUper—purefying step is MImmHmmlmuqu‘SI ng an
absorbent filter gnd ag4ads ntifflter. according
to any one of clai 1, 2 QQQQG or 47, wherei'n %ai'd up r purlfylng
step is carried oyt "‘ustng a-A8t pr fnbter an adsorbent filter, and an
absorbent filter. §10 53. A process accor di ng to any one of clains 1
to 3, wherein sard treatrmg-step snokes said neat with said super
purified snoke, 2@t hdutprogesd i acecerdingkyta aste ¢ome safdchpams 1 to 3, 54,
A process ageandi AW ne of clainms 1, 2, 3, 46 or 47, wherein
said treating stequf esr%ie meat color. 15 55. A process according
to claimb54, wheaging saaid nesmoke \fam sare fithesd ¢ neBPukol defsift ai ns

car boxynyoghotd Rt reat GRNGRIYJ ations at | east 50% hi gher than untreat ed

neat; and said red neat color rennins flxeg at a tenpg%) e
nost -4 degrees Fahr éhhePEFOCESE deRFeRsdEht i JPadefLfdl up® %’E’@ ear
56. A processmmeaningding to clai m55, wherein said neat is fresh, raw,

and abundant in V|tal C ocess_.,accor n ne of
clainms 1, 2, 3, %: ring 9qal%0 fr?EenzgleaEGat4% ?m}gﬁr W‘ire eldﬂn ag:al (fs%eétso
conpri ses Z&Mmoﬂahrenhelt (58. deqrezsesSenbigradel i igrseyf obd, one
conpri si ng: burning organic material to create snoke;

condensi ng }far  fBisture and particul ate residue out of sai d snoke; 30
super purifying thawing sewkd meat, reberebyt g3id mgad re¥edins Vitdddiyi ng

parti cul at egeang é/a?jpprtglatg,ellr@/vstt@@t.e and odor

25. A process according to claim 3, further
comprising:

storing said frozen meat at a temperature of at most -
10 degrees Fahrenheit (-23 degrees Centigrade} for up to one
year; and

thawing said meat, whereby said meat retains
vitality after said thawing step.

26. A process according to claim 3, further
comprising:

storing said frozen meat at a temperature of at most -
40 degrees Fahrenheit (-40 degrees Centigrade) for up to
one year; and

thawing said meat, whereby said meat retains vitality
after said thawing step.

27. A process according to any one of claims 1 to 3,
wherein said treating step is carried out to prevent smoke
odor or taste from being imparted to said meat while
preserving said wmeat, whereby said meat tastes fresh,
without smoke odor or taste from said smoke, when said meat
is thawed and eaten raw.

28. A process according to any one of claims 1 to 3,
wherein said treating step is carried out by injecting said
super purified smoke into said meat.
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eating a tastel ess super purified

e AR

hgl point with°®ald get * tastel ess super
purified snoke at} a te‘r@)gnat?ﬂ%e hetween 5 approximately 0.2 degrees
Fahrenheit (0.1 degtees Centigr above said freezing point and
approximately 46 {edree -ahrenhelLt 447.8 degrees Centigrade) for

bet ween appr oxi matiel y 1 nd approxi mately 60 hours;

freezing said seaf storage at a tenperature 10 of at nost

approxi nat el y 1Q9degmee;ﬁ:cﬁadrﬁser&t&idrdml_:;2 tdtegiresone offealafmada) toand

recogni tion thresholds, thereb

bt wesn | jﬁpr @@W

treati ng seaf ood g~ a free2|

storing sal af ooc%n%;[ i rrperature of at nost approxi mately 25

degr ees Fa e t d&gr es Centi gr ade) for at nost approximately 1
year. 15 590mpnespmge§eldactca@rtd:1r¢gs teupext apwribied waepken afdgird
freezing st [}ﬁ% @3,5 S@e enpgpature of at nost approxi mat el y
-40 degree gree "Centi grade). process

according to cI atﬁrseg wRéAeicRmpzEgsed tﬁﬁéé%?ﬁ@ SUBBT| eueaﬁﬂeéd Fekeat a
t enper at ur ej ofcali giests 20 approxi mately -76 degrees Fahrenheit (-60 degrees

Centi grade). 30. A61.pé) ersoscesascéé)l[dltr{geat |f§1 seaf SOd W(f‘lo r| Si n%ud

treating step is carried out with said compressed tasteless
super purified smoke.

31. A process according to claim 29, wherein said
compressed tasteless super purified smoke is compressed and
stored in a canister at a pressure range of approximately
200 pounds per square inch (13.9 kilograms per square
centimeter) to approximately 2,500 pounds per sqguare inch
{(174.1 kilograms per square centimeter).

32. A process according to claim 29, wherein said
compressed tasteless super purified smoke is compressed and
stored in a canister at a pressure range of approximately
1,800 pounds per square inch {125.4 kilograms per square
centimeter) to approximately 2,200 pounds per square inch
(153.2 kilograms per square centimeter).

33. A process according to any one of claims 1 to 3,
wherein said heating step is carried out by heating said
organic material at between approximately 400 degrees
Fahrenheit (204 degrees Centigrade) and approximately 950
degrees Fahrenheit (510 degrees Centigrade}.

34. A process according to any one of claims 1 to 3,
wheérein said heating step is carried out by heating said
organic material at between approximately 500 degrees
Fahrenheit 7260 degrees Centigrade) and approximately 800
degrees Fahrenheit (427 degrees Centigrade).

35. A process according to any one of claims 1 to 3,
wherein said heating step is carried out by heating said
rganic material at between approximately 650 degrees

AMENDED  SHEET




heatfng sawdust to create snDke condensing tar, noisture and

particul ate resi due _ouf. .of Tﬂﬂ“mmﬂlﬂ;mmm ng said snoke to
reduce partlculé‘ﬁff ~«;€¥t;§§EE31enol odor recognition
u

t hr eshol ds, y & tastéleSs sufer *pufified snoke;
aging said taste S | §i €d snoke for between approxi mately 12
| el‘hﬂ g@{-ﬁ@@: sy
at___a 30 tenpetature_ between said freezing point and

hours to appr oxi filleting seafood having a
freezing point, g

approximately fivye degrees greg¢ater than said freezing point, to form
fillets; ' ' r+tets in treatnment chanbers;

f1 ushi ng Satghééﬁﬁ@ié Yl SEidfldast BLOSRy IR RHAI fdpg%xmately 750

49 enperat ure between appr oxi mat el degr ees

Fahr enhei t {egreefaucenhsit oi39fe degrees S8rH1igERES! ng poi nt and
approximately 46, degpessessFabeeplighy to( bnyondegieeslaims Centdograde)
for betmeg QEprOX|nnteI 1 second and 5 approximately 60
hour s; urthey LM S seafood for storage at a tenperature of at
nost apprOXInatﬁgyngJéhldkﬁKSEEiedéahmg&hepUrlfiedZSmdkgrﬁ@s 1 week to

Centigrade) n of food at a tenperature of
at nost 10 ﬁ%? rloﬁeﬁo (%S%Fggghgé ?g heit (-4 degrees Centigrade).

62. A process adfbxdﬂhgpr@0@$a1m¢e¢r@wm$1§othYepnesafdclalms 1 to 3,
further comprising:

aging said tasteless super purified smoke for from 2
weeks to 6 months prior to said treating step.

38. A process according to any one of claims 1 to 3,
wherein said treating step comprises exposing said meat to
tasteless super purified smoke, and said treating step is
carried out until penetration of said tasteless super
purified smoke into said meat is complete enough to maintain
vitality after said meat is frozen and thawed.

39. A process according to any one of claims 1 to 3,
wherein said treating step limits the quantity of said
tasteless super purified smoke exposed to said meat, whereby
the total amount of said flavor imparting components exposed
to said meat is minimized to prevent imparting smoke flavor
or odor to said meat.

40. A process according to c¢laim 39, wherein said
treating step uses said tasteless super purified smoke in a
ratio of at least approximately .05:1 of volume of
said tasteless super purified smoke to volume of meat.

41. A process according to claim 39, wherein said
treating step uses said tasteless super purified smoke in a
ratio of approximately 1:1 to approximately 100:1 of volume
of super purified smoke to volume of meat.

42. A process according to claim 39, wherein said
treating step uses said tasteless super purified smoke in a
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super-purifying step removes nicroscopic particul ate and gaseous vapor

conpounds rengining in sai 6 ﬁi t snoked fl avor to foods.
15 63. A process acgo Uéﬁgh ¢ of clains 3, 8 9, or :
th gg BLAGED: r ef

wherein said frozen neat ik

g t enperature
bet ween approxi mately 33 degrees Fahrenhel Ef‘ﬁkeagglxggﬂﬁiqigrade) and

approxi mately 50 degrees Fahrenheit (10 Jegrees centigrade). 20

64. A process according to any one of ghaing 3, £4 JL2000 of {10, wherein
said frozen neat is thawed in cold water at t enper at ur bet ween
degrees Fahrenheit (1 degree centigrgde proxiyately 65

degrees Fajpephert (18 degrees centigrgde). 25 6 A process
according to claim58 or 61, wherein said “Trozen super purified snoke

33

treated seaprocEsS FIRWENUFACTURING CASTEEESS OSUBRER APURIPEER SNGKB eRORen 33

degrees Fahpgpletie (dEarooriefty @8 GROZEN ANBD) Tﬁﬂﬁgﬁppmx' mately 50 degrees

Fahrenheit (10 degrees centigrade). 30 . A process according
to claimb58 or 61, wherein said frozen super purlfled snoke treated
seafood is thamed in cold wat er at a tenperature between approxi mately

53 e e0s 1y esiSerel o SR b R 88 SETMARARL Y e
seafood and meat to preserve the freshness, color, texture,
and natural flavour, particularly after the food is frozen
and thawed. The smoke is generated by burning an organic
smoking material at preferably 500 to 800 degrees F. (260 to
427 degrees C.) in a sioke generator (1). It is then passed
through a precipitation filtering tower (2) comprised of
filters of ice, cloth, and activated carbon to remove taste
imparting, and carcinogenic, particulates and vapors. The
super-purified smoke is then stored and aged in a temporary
pressure pot (3) or in canisters for treatment at the same
time or at another place and time. The super-purified smoke
is used to treat seafood or meat in plastic bags at
temperatures between its variable freezing point 46 degrees
F. (7.8 degrees C.) for twelve to forty-eight hours, or
until the desired effect is achieved. The product is then
frozen, stored for up to one year, and quick or slow thawed
with little degradation of the treated seafood or meat.

(Figure 2a)

" i \\‘T"*\“‘
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67. An apparatus coQuprising. a snoke generator conbusting organic

material in an 5 REpE;ACEMENTiMenVi ronnent, produci ng snoke;

filtering neans fo said snoke to produce a
substantially tast¢l sszégﬁﬁgzg%yri iled snoke having particulates and
vapors below ‘regogni4 ¢ tﬂ;esho@%& for odor and taste. 10 68.
An appar atus conprifsiing; retort conbusting organic nmaterial
in a substantijal | y oxygen restrjicted environnment at between

appr oxi mapskyYrRAC#0 enhei t (204 degr ees centigrade)
and approxi mately 950 degrees Fahrenheit (510 15 degrees centigrade),
produci ngPROOKSS FOR MANUFACQTURING {TASTHELESH\ESUPER! dURTRYEDASMORE |Ea i NG
nedia, abrerbeRt skAFb6Hi T BEESRGzEN A THAWED €Si due condensati on

chanber; filters for super purifying said snoke to produce a 20
substantially tasteless super purified snoke having particul ates
and vapors bel ow recognition thresholds for odor and taste. 69.

A iti f ter, bstaptially_ tastel
cuper puri fi od ERERL Ry PHE ISP ed SPEkCandE vERBHEAELFEIR T Soogrhadton
t hr eshol dseafpod anddoreandtbagireserve the 78redhdeyscecolonpr itsdxtgire,

a cani stepngop %P&fgfga\%l@ft 2}9 iét?:,b«%}/}']gatorals}} elasS %H'Peer%%od .psulr fsc%q?eg} S%g%(ra

havi ng partrculates and vapof r €cogni tion thresho
and tastethawed. The smopeodesgensratedabyndurmdty eonprigsmig: smoking

heating ongesrfallBlA | rekOr8BIGT ) SEBKG00 degreel! |# €71(BGoCOFRONSHL S
that inpart snoke flavor from sai d snoke to gel ow limts for 1tnparting
smoke f|a@%$}‘ﬁ583§-)t olPodd: SHAKe generator (1). It is then passed

through a precipitation filtering tower (2) cowprised of
filters of ice, cloth, and activated carbon to remove taste
imparting, and carcinogenic, particulates and vapors. The
super-purified smoke is then stored and aged in a temporary
pressure pot (3) or in canisters for treatment at the same
time or at another place and time. The super-purified smoke
is used to treat seafood or meat in plastic bags at
temperatures between its variable freezing point 46 degrees F.
(7.8 degrees C.) for twelve to forty-eight hours, or until the
desired effect is achieved. The product is then frozen,
stored for up to one year, and gquick or slow thawed with
little degradation of the treated seafood or meat.

(Figure 2a)
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(57) Abstract

Tasteless super-purified smoke is manufactured to treat seafood and meat to preserve the freshness, color, fexture, and natural flavor, |.
patticularly after the food is frozen and thawed. The smoke is generated by buming an organic smoking materiat at preferably S00 to 800
degrees F. (260 to 571 degrees C.) in a smoke generator (1). It is then passed through a precipitation filtering tower (2) comprised of
filters of ice, clofh, and activated carbon to remove taste imparting, and carcinogenic, particulates and vapors. The super-purified smoke
is then stored and aged in a temporary pressure pot (3) or in canisters for treatment at the same time or at another place and time. The |.
super-purified smoke is used to treat seafood or meat in plastic bags at ternperatures between its variable freezing point 46 degrees F. (7.8
degrees C.) for twelve to forty—cight hours, or unti! the desired effect is achieved. The product is then frozen, stored for up to one year,
and quick or slow thawed with little degradation of the treated seafood or meat. .
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