1 Method for preparing the ovulated eggs of aquatic animals for quality
foodstuffs and ovulated eggs prepared using said method Description 5
The present invention relates to a method for processing the ovulated
eggs of aquatic animals into delicacy foods having a harvest of the
ovulated eggs without harmful intervention on the aquatic animal and a
preservation, and to ovulated eggs of aquatic animals processed into
delicacy foods using the 10method. The processed, always unfertilized
eggs of various aquatic animals have been praized for some time as a
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aguatic animal), whose eggs are not toxic. This also includes the blowfish,
funggv'sr}:i'gh ils. highly toxic even with proper preparation. So-called "real
caviarmor "Russian caviar" is produced from the roe of the sturgeon. One
glifferentiates here between ossietra, beluga, and sevruga caviar. In
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for producing caviar substitute (“German caviar"). "Icelandic caviar”
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Furthe more, roe is also obtained from sea urchins. 25 Finally, the
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Rs, such as toads, which reproduce by laying eggs, are also to

be included in the aquatic animals cited here. Roe is usually salted,
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pollBeaizathior some time as a delicacy in wealthy society and are increasingly
consumed. The not yet naturally laid, immature (in various stages) eggs of fish

15 are referred to as roe. The roe may, theoretically, originate from any female fish
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(or aquatic animal), whose eggs are not toxic. This also includes the blowfish,
fugu, which is highly toxic even with proper preparation. So-called "real caviar"
or "Russian caviar" is produced from the roe of the sturgeon. One differentiates
here between ossietra, beluga, and sevruga caviar. In addition to wild sturgeon
farmed sturgeon have also already been used for obtaining caviar. The roe of
lumpfish, cod-like fish, and herring is used for producing caviar substitute
("German caviar"). "lcelandic caviar" is produced from the roe of the capelin.
Trout caviar is obtained from trout, and salmon caviar having a reddish color is
produced from salmon. Furthermore, roe is also obtained from sea urchins.
Finally, the amphibians, such as toads, which reproduce by laying eggs, are
also to be included in the aquatic animals cited here. Roe is usually salted,
sometimes also smoked. Smoked roe is produced from the roe located in the
intact envelope by hot smoking. It typically originates from cod and pollack. The
roe of lobster, large crayfish, and other crustaceans, as well as the orange-

colored roe of scallops, is referred to as "corail".



roe of lobster, large crayfish, and other crustaceans, as well as the
orange- 30colored roe of scallops, is referred to as "corail". 2 Besides the
high pleasure value, caviar also has other valuable properties. Caviar is
rich in protein (25 to 30%), with a high proportion of essential amino acids.
However, with 16% fat it is not a lean food. Caviar contains the vitamins
D, E, B12, and niacin, as well as the mingrals iodine and sodium. In
addition, it 5has a high proportion of good cholesterol. The caviar currently
available on the market is the treated (cleaned, salted) roe, which is taken
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standard method to kill the animals before removing the eggs to obtain
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alone and in combination with borax and stick together |nto an inedible
slimy pulp. In the course of ovulation, i.e., the ejection of the egg from the
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that the eggs are harvested in the immature state before reaching the natural
20 ovulation stage, because the eggs which have ripened maximally in the body of
the mother animal until ovulation, thus capable of being fertilized, are too soft.
These mature eggs would burst upon preservation by salt (sodium chloride)
alone and in combination with borax and stick together into an inedible slimy
pulp. In the course of ovulation, i.e., the ejection of the egg from the follicles of
25  the ovary, the egg undergoes natural changes (softening of the egg membrane
for the imminent fertilization by sperm), which restrict its direct use as caviar. In
addition, there are osmotic effects which occur later in the course of salting.
Experiments known from the prior art using mildly salted sterlet caviar, which
was produced for test purposes from ovulated (mature) and non-ovulated
30 (immature) eggs, showed that the mature eggs burst already upon light contact
and deliquesced into a greasy, pasty mass. However, significant taste

differences were not detectable.



3 This practice of killing together with drastic overfishing has resulted in
threatening of the wild stocks of the approximately 30 different species of
sturgeon by extinction. In Russia, a new method has been developed by
which Simmature roe may be obtained without killing the fish. A type of
multiple "cesarean section” is performed on the ovaries under anesthetic,
the immature eggs are pressed out, and the incisions are closed again.
When these are healed, the fish may be released again or kept in
breeding stations for later caviar removal. However, the mortality rate for
this very complex method, which 10stresses the fish very strongly, is still
above 40%. Moreover, this procedure is forbidden according to the
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egg$ads amarasaasl At anmhdheraoiiepr Ao ivsatrgRiteMagn JoesfhEds

still pigiedahé RAbRPIBSEMAREE HRARYBF KB CAVIRERIIAGUHABNS for later
aguaculture. High commercial losses are also to be considered for the

cultiGAYEh G OWEKEY iGN ralgIREHE NeRnEPP S BRiiged. which
1measimeeseh thedistr vbgcstusagRp hetileataies 408p)Mosepviécahiyyprocedure is

imp%y&gc;&p 5%%8?&%8 Poe{ﬁ%r@gﬁﬁgn\’\gmmal protection code.

Costly restocking programs have been initiated worldwide. Sturgeons are
sexually mature in the natural environment for the first time at 8-12 years, in

15 aquaculture earlier at 2-4 years depending on the type of sturgeon. Various
species of sturgeon have been released from aquaculture into the wild within
the frame of restoration programs with varying success, to save the stocks
threatened by extinction. While the female animal remains alive for cultivation
and the eggs are obtained by stripping, the problem of killing the female

20 animals still exists for the above-mentioned reasons for caviar production in

aquaculture.

High commercial losses are also to be considered for the cultivation of larvae
and fingerlings for aquaculture and for stocking measures, however, because
25  the females display significantly improved reproductive performance with

increasing age.

Its processing after the harvest is essential for the quality of the caviar. Mild
salting makes it more storable. High-quality caviar is salted just enough as

30 required for the limited storability. A caviar identified by "malossol" may have a
salt content of at most 2.8 to 4%. The natural taste is largely retained in
malossol caviar. In addition to malossol caviar, there is also salted caviar,



increasing age. lts processing after the harvest is essential for the quality
of the caviar. Mild salting makes it more storable. High-quality caviar is
salted just enough as 30required for the limited storability. A caviar
identified by "malossol” may have a salt content of at most 2.8 to 4%. The
natural taste is largely retained in malossol caviar. In addition to malossol
caviar, there is also salted caviar, storabje for long time, which is mixed
with approximately 10-12% cooking salt. Fresh caviar is very
temperature-sensitive and thus difficult to store and serve. The traditional
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the eggs as nonessential amino acids. The product becomes unsellable
due to this crystallization. Furthermore, a problem also exists in the
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ProgiiGuct becomes unsellable due to this crystallization. Furthermore, a problem
also exists in the processing speed of the roe obtained. Up to this point, no
15 more than 10 minutes may pass between the harvesting of the eggs from the
female and the decanting of the caviar into cans, otherwise the eggs spoil.

However, it is absolutely necessary for every step of the processing
(preservation, pasteurization, inter alia) after the harvesting of the eggs that the

20 harvested eggs survive it without bursting, because bursting of the eggs results
in an irreversible quality loss and thus uselessness of the product.

Prior Art

25 A method for producing packed herring roe is known from JP 60091934A, in
which the harvested herring roe, which was taken in the immature stage from
the previously killed herring females, is treated antibacterially using a solution
made of hydrogen peroxide and salt after a preservation using salt for roe
solidification. The concentration of the hydrogen peroxide used may be

30 reduced by immediate blood removal from the harvested herring roe, which
results in a taste improvement of the herring roe. After the hydrogen peroxide-
salt treatment, an enzymic treatment using catalase is performed to remove the



Prior Art 25 A method for producing packed herring roe is known from JP
60091934A, in which the harvested herring roe, which was taken in the
immature stage from the previously killed herring females, is treated
antibacterially using a solution made of hydrogen peroxide and salt after a
preservation using salt for roe solidification. The concentration of the
hydrogen peroxide used may be 30 reduged by immediate blood removal
from the harvested herring roe, which results in a taste improvement of
the herring roe. After the hydrogen peroxide-salt treatment, an enzymic
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the gpﬁug lon of tannic acid is a proven agent in aquaculture in obtaining
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breedi 1. The fertilized eggs are 10 treated using a tannic acid
solution to remove the sticky gel layer. The eggs may thus be disinfected
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Tannic acid is used as a wood staining agent and is naturally present in
oakPYhlisation I by Mizuno et al.: “Elimination of adhesiveness in the eggs of

15 shishamo smelt Spirinchus lanceolatus using kaolin treatment to achieve high
hatching rate in environment with a high iron concentration®, Aquaculture 242
(2004) pp. 713-726). Tannic acid, a polyphenol, is the commercial form of
tannin. Its structure is based on glucose esters of gallic acid. Tannic acid is
used as a wood staining agent and is naturally present in oak, walnut,

20 mahogany, and sequoia trees as a fire retardant. It may also be inferred from
publication I (Figure 5) that a higher egg pressure up to bursting may be
achieved by a treatment using tannic acid. However, it is known that the egg
membrane toughens like rubber due to the treatment with tannic acid and is
thus no longer suitable for consumption.

25
A method for dyeing is known from RU 2 126 218 C1, in which ovulated roe
having a weak natural coloration, in particular also of "lower quality" species of
fish than sturgeon, are dyed and salted in two steps at an interval of at least 0.5
hours. In the first step, 2/3 of the pigment is added directly to the roe, and in the

30 second step the remaining component of the pigment is introduced together
with a lipid-protein emulsion in a quantity of 5 to 10% in relation to the mass of
the roe. The salting is performed before the second dyeing step. It may thus



20 mahogany, and sequoia trees as a fire retardant. It may also be
inferred from publication | (Figure 5) that a higher egg pressure up to
bursting may be achieved by a treatment using tannic acid. However, it is
known that the egg membrane toughens like rubber due to the treatment
with tannic acid and is thus no longer suitable for consumption. 25 A
method for dyeing is known from RU 2 126 218 Cl, in which ovulated roe
having a weak natural coloration, in particular also of "lower quality”
species of fish than sturgeon, are dyed and salted in two steps at an
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after the addition of the dye in the first step. The lipid-protein emulsion is
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organoleptic fea lation protection properties of the roe.
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ovulated eggs are used.

20  According to the findings and the processing technologies in the prior art, it is
thus currently assumed that full value caviar cannot be produced from mature
(ovulated) sturgeon eggs, because naturaily matured eggs are too soft as a
result of the expected fertilization and burst immediately upon contact with salt
or other preservatives. The cited methods for obtaining caviar from ovulated

25  roe do not provide satisfactory results.

30 Statement of the Object
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20According to the findings and the processing technologies in the prior
art, it is thus currently assumed that full value caviar cannot be produced
from mature (ovulated) sturgeon eggs, because naturally matured eggs
are too soft as a result of the expected fertilization and burst immediately
upon contact with salt or other presesvatives. The cited methods for
obtaining caviar from ovulated 25roe do not provide satisfactory results.
Therefore, a method according to the species is to be specified as the

object of the present invention, which processes the ovulated.e
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e exogenous treatment of the freshly harvested, ovulated eggs in an
aqueous solution with addition of at least oné signal transduction
molecule (H>O, and/or CaCl,) also naturally occurring in the egg cell for
physiological stabilization of the egg membrane by ovoperoxidase
activation and subsequent

+ preservation.

Advantageous refinements of the method are disclosed in the subclaims and
explained in greater detail in the following in connection with the present
invention. Furthermore, it is disclosed in the product claim that the ovulated
eggs processed according to the method according to the present invention
have a hardened extracellular external skin having cross-linked protein strands
and irreversibly incorporated tyrosine molecules. A molecular structure of this
type does not occur naturally on unfertilized eggs. An artificially produced

product of this type has not existed in the prior art unti! now.

In the method according to the present invention, the ovulated eggs, i.e., the
eggs fully mature for fertilization (spawn), are harvested from the resting



Advantageous refinements of the method are disclosed in the subclaims
and explained in greater detail in the following in connection with the
present invention. Furthermore, it is disclosed in the product claim that the
ovulated 25 eggs processed according to the method according to the
present invention have a hardened extracellular external skin having
cross-linked protein strands and wreversﬂgly incorporated tyrosine
molecules. A molecular structure of this type does not occur naturally on
unfertilized eggs. An artificially produced product of this type has not
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An artificially initiated later hardening of the eggs obtained is caused by using
15 the method according to the present invention by simple application of a natural
substance, which makes the ovulated eggs significantly less sensitive to further
. treatment, above all during the preservation and decanting, but also during
storage and repackaging. A further advantage of this artificial later hardening is
better storability and thus marketing of the eggs obtained, because the
20 occurrence of tyrosine crystals during storage is avoided. Due to the activation
of ovoperoxidase, cross-linking of protein strands and the irreversible
incorporation of tyrosine in an impenetrable membrane occur and thus crystal
formation is avoided. Furthermore, the treatment has a bactericidal effect, by
which the storability of the product is significantly lengthened.
25
The method according to the present invention comprises an external treatment
of the freshly harvested ovulated eggs using at least one molecule also
naturally occurring in the egg cell, which plays a key role in the signal
transduction chain, which initiates the hardening of the membrane upon a
30 natural fertilization. This particularly relates to calcium ions (Ca*™), which flow in
a wave through the egg after an exogenous stimulation and result in enzyme
activation. In addition, at least one further key molecule exists. This is the



15 the method according to the present invention by simple application of
a natural substance, which makes the ovulated eggs significantly less
sensitive to further treatment, above all during the preservation and
decanting, but also during storage and repackaging. A further advantage
of this artificial later hardening is better storability and thus marketing of
the eggs obtained, because the 20 occurgence of tyrosine crystals during
storage is avoided. Due to the activation of ovoperoxidase, cross-linking of
protein strands and the irreversible incorporation of tyrosine in an
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Furthermore, the treatment has a bactericidal effect, by which
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glucose-6-phosphatedehydrogenase) in turn produce NADPH. NADPH

1vefarsrigtiing, n’iwaﬁfwtwlz?éaddmiem ebblALHa a@rmmarﬁm@mm

R A e ML M oo

turrfahthe winstrebécfofusesyeitbtmsgg whishbig I‘ekbb&slbl@danmﬂae natural

harden QQt%”Iﬁe gg%mgnm AR TOHARRNLE SRS HALEs R G PUnated SP8r
eforeit’is

isina ormant stat )
the sperm to prevent a multiple fertilization by multiple sperm (polyspermy, with

20 the exception of low multiple fertilization, which results in single-egg multiple
births), which is fatal for the embryo. The resulting embryo performs this task
by forming an extracellular external skin within seconds, which is impenetrable
to further sperm. In addition, the embryo is protected from mechanical damage
and toxins. The key enzyme for this procedure is ovoperoxidase, which is ready

25 in granula (cortical granules) under the egg membrane in a waiting position. At
the moment of fertilization, the reaction sequence described above is set into
gear. Due to the produced ovoperoxidase, protein strands cross-link by tyrosine
kinase, which stimulates the procedure, tyrosine is irreversibly incorporated in
an impenetrable extracellular membrane, which protects the embryo. This

30 mechanism is distributed in the entire animal kingdom of invertebrates such as
sea urchins and vertebrates such as fish, mice, and humans for protecting the

embryos (cf., for example, publication Il by La Fleur et al.. "Searching



bombarded by multiple sperm during the natural fertilization. All sperm
except for the one which fuses with the egg must be held back. During the
natural fertilization, the egg membrane is hardened seconds after the
penetration of the sperm to prevent a multiple fertilization by multiple
sperm (polyspermy, with 20the excegtipn of low multiple fertilization,
which results in single-egg multiple births), which is fatal for the embryo.
The resulting embryo performs this task by forming an extracellular
external skin within seconds, which is impenetrable to further sperm. In
addiistietbredinmeyebs proteste deperient eeteadrsalsesriamey 41 toxins.
Therleyicde zy s folythishyo cedueseosapstitidass 7wigtsjspreddy 25in
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Bld‘&ﬁ@*?fﬂ%?ry) |t was fundamentally established for the first time using
chromatographic methods that and how cross-linking of tyrosine and

20 NaEaRING G ShedReMIVRBEMERsIhehbH TR N8/ SiResheed that
tyroc%l(g}glr{g(%g kgne p)esent invention, the exogenous application of at least one
signal transduction molecule also naturally occurring in the egg cell for
hardening the egg membrane without the use of sperm was developed. The
- signal transduction molecules are the oxyradical hydrogen peroxide H;Q;

25 - and/or a calcium chioride solutivn CaCl; for providing calcium ions. A joint use
of both signal transduction molecules is possible, because it most closely
simulates the natural procedure of the hardening of the egg membrane, and in
this way individual product design is possible, in particular in regard to the
degree of hardness of the treated eggs, depending on the marketing strategy.

30  The exogenous application and penetration of the artificially supplied signal
transduction molecules into the unfertitized, ovutated egg according to the

present invention simulates the signal transduction cascade of natural



15 plays an important role in the hardening process. It was found through
specific inhibitors of oxidases that the (ovo) peroxidase apparently plays
an important biological role in the tyrosine cross-linking and thus in the
hardening of the membrane. 20 On the basis of the cell biology
phenomenon described above, in the method according to the present
invention, the exogenous application of atleast one signal transduction
molecule also naturally occurring in the egg cell for hardening the egg
membrane without the use of sperm was developed. The signal

transgurbomMARG USSR SHHe RASAL I QGE BIRREQNAS e ¢Rated

end/or a calcium chloride solution CaCl2 for providing calcium ions. A joint
use 89HHAgnal transduction molecules is possible, because it most
closely simulates the natural procedure of the hardening of the egg
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plausible, because the natural concentrations of the signal transduction
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After the harvesting, the unfertilized ovulated eggs to be processed may first be

20 washed in physiological cooking salt solution before contact with water, to
prevent premature sticking and lengthen the processability time of the fresh
eggs. The washing step preferably occurs under sterile conditions. The sterile
washed eggs are then simply poured into a corresponding bath having the
specific concentrations of hydrogen peroxide and/or calcium chloride

25  determined in the method development and screened out after expiration of the
acting time. The present invention thus relates to a very simple, rapid, and also
still cost-effective method. The low concentration of the chemicals used is also
advantageous here, which only require the absolute smallest necessary
quantity, which in turn also has a positive effect on the taste of the treated

30 ovulated eggs. Hydrogen peroxide decomposes into water and oxygen and is
therefore tasteless. Calcium is present in all animal and plant cells and only



minutes. Both signal transduction molecules may be used individually, or
also in combination. After the harvesting, the unfertilized ovulated eggs to
be processed may first be 20 washed in physiological cooking salt solution
before contact with water, to prevent premature sticking and lengthen the
processability time of the fresh eggs. The washing step preferably occurs
under sterile conditions. The sterile wash&d eggs are then simply poured
into a corresponding bath having the specific concentrations of hydrogen
peroxide and/or calcium chloride 25 determined in the method
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unused as unusable). The method according to the present invention also
prevents, through the cross-linked, stable intercalation of tyrosine in the
solidified egg membrane, its crystallization out during storage, by which
significant product improvement and frequently even product rescue is

20 achieved. Furthermore, the method according to the present invention has
bactericidal, antiseptic properties, by which the storability of the ovulated eggs
per se and the delicacy foods produced therefrom improve significantly.

However, the main advantage of the method according to the present invention
25 is thatitis possible for the first time to process the ripened ovulated eggs of fish
and other aquatic animals as caviar in the ovulation stage. The eggs are
collected by stripping, but they may also be obtained mechanically or using a
pump device, so that the female animals remain alive. In addition to preserving
the stocks of endangered species, an advantage also exists in preserving
30 females capable of reproduction, by which a significant economic advantage is
achieved for aquaculture. Upon lengthening of the propagation stage multiple



15 eggs are already in the ovulation stage (until now, these eggs were
disposed of unused as unusable). The method according to the present
invention also prevents, through the cross-linked, stable intercalation of
tyrosine in the solidified egg membrane, its crystallization out during
storage, by which significant product improvement and frequently even
product rescue is 20 achieved. Furthermgre, the method according to the
present invention has bactericidal, antiseptic properties, by which the
storability of the ovulated eggs per se and the delicacy foods produced
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first ﬁﬁé%ﬁr&@%@%é'@iﬂiéﬁ@éﬂmulmed eggs of fish and other aquatic
animals as caviar in the ovulation stage. The eggs are collected by
stripping, but they may also be obtained mechanically or using a

e B B AE T 8 R SRS SUAT ORISR g
the gmbbstquehtéamwad)sg@ees egig aflwaintaclialng mxdistd on pheseatengnd
30 f bIe e yetie whi Ific ant econo Ic_
adv%q% ge |§%1?cs |eve(5 8&%& %ﬁz\r/qex 86%1 glr%%ﬁééméegf%ﬁgco'wge, it

propRIgaiftes stapecialanorRoME weheantage Amibamrodvetiosrarrydaai@ihe

reprogliighyR & g@%ﬁa (iR rYaRE S RGal NGRS RIPBE A dHoN,
method accor Ing to the Bresent invention may be applied easily and 5

withEeEIe PSSR 8t 6B SHRMBIS, WA SPSRETFTIGR Qhorax.

161ndlmmablﬁogméﬁptﬂﬂéﬁerﬁbﬁr@mHafﬁeémmablﬂﬁﬁid@g@fperformed

course roYJdesfat speci onom atﬂta e in the guctlﬂn of .
¥§a he me o %ﬁ n re ent In n ion also
caviat figm & urgeon eggs an ep uctlo goran from Tobster

eggpohslalmliama&ﬁ&b@eqmmﬂmMmtﬁhhmengrétungenathplegg;sm@ longer
sodiing ghiprige.anaer ‘f’r%(aiHQ 580047 BASH fﬁ&&hi@%%%@@%é’fpﬂa@uct

harvested ovulated eggs performed by a Ication of the method
accOHANY -6 4rbesRREn CRBH Y. *I’Fl@r&l Cﬁ@é@lﬁﬁ!‘ﬂi‘%ﬁ\%ﬂ(@@ﬁ@%@@‘éjness

1W'thMQEﬁmﬁaﬁm%@éﬁlﬁérﬂgﬂ%?#&ﬂﬂg[réti@%?ahé I;m%wmhubn with
any case, wni ignifican INC Ses the proauct guall urthnermore
o A DL P e e UTEE LB PPRBREBLG torip grgunments of

varititeopartifulze tissdnoéptisitoresiconcentrations and in combination with
salt and/or borax and thus be tailored to the organoleptic taste

requirements of the particular circle of customers.
The ovulated eggs obtained are significantly changed in regard to the

20  morphology of the hardened egg membrane by the application of the method
according to the present invention. In particular, a hardened extracellular
external skin having cross-linked protein strands and irreversibly incorporated
tyrosine molecules may be identified easily and clearly by one skilled in the art
with the aid of light microscopy and, in detail, using electron microscopy. This

25 appearance does not occur in natural, conventionally treated eggs of aquatic
animals. A hardened egg cell may always only occur in connection with
completed fertilization and thus with the presence of at least one sperm in the
fertilized egg cell. The application of the method according to the present
invention may thus be detected unequivocally on the finished, unfertilized

30  product.



The ovulated eggs obtained are significantly changed in regard to the 20
morphology of the hardened egg membrane by the application of the
method according to the present invention. In particular, a hardened
extracellular external skin having cross-linked protein strands and
irreversibly incorporated tyrosine molecules may be identified easily and
clearly by one skilled in the art with the aid of light microscopy and, in
detail, using electron microscopy. This 25 appearance does not occur in
natural, conventionally treated eggs of aquatic animals. A hardened egg
cell n I 1 connection with completed fertilization and
thus%v%t% e reﬁgﬁ%@?ﬁ}%&%%t one sperm in the fertilized egg cell. The
application of the method according to the present invention may thus be

detegipfbHRSAAACHMIN HRRHYI SHEFr iR HiZed %Q%Mua’cﬁ animals into

Exemplary Embodiments Implementations of the method for processing

the &54<a5Y Jpdtiacanriiag Ribenese) 1P¥aBARIMP AL rataier detal
mveintitie sskoRipiponeidrbgsaatetisefiylbds. the following on the basis of

the figures. Figure 1shows the natural hardening procedure on sea urchin
eggs, Figure 2shows the analysis of time-lapse microscopy of the NADPH
prodtigisa ipon apgivesidneoiaheahbandeningprdoegucethe dOprasbim eggs,
InvepligeFrioure 3%%%%?%&;%{5&%‘? W%lﬂggqu%ﬁfs%%f%@tHECNWDPH

Figure 3bshows a treated o egg of the Sea urchin
production upon application of the method according to the

10 present invention,
Figure 3a shows an untreated ovulated egg of the sea urchin,
Figure 3b shows a treated ovulated egg of the sea urchin,
Figure 4A shows pictures of ultrathin sections through the egg membrane

of an untreated ovulated sturgeon egg,

15 Figure 4B shows pictures of ultrathin sections through the egg membrane
of an untreated ovulated sturgeon egg after a treatment using
calcium chloride,

Figure 4C shows pictures of ultrathin sections through the egg membrane
of an untreated ovulated sturgeon egg after a treatment using

20 hydrogen peroxide,

Figures 5A,B show diagrams of the measurements of the proportions of the
membrane components in the total thickness of the membrane
in % of immature sturgeon eggs (caviar) treated according to
the present invention, and

25 Figures 5C,D show diagrams of the measurements of the proportions of the
membrane components in the total thickness of the membrane
in % of ovulated sturgeon eggs treated according to the

present invention.

30 Figure 1 shows the natural fertilization of sea urchin eggs and the formation of
an extracellular fertilization membrane. The left image shows the unfertilized



Figure 4Ashows pictures of ultrathin sections through the egg membrane
of an untreated ovulated sturgeon egg, is Figure 4Bshows pictures of
ultrathin sections through the egg membrane of an untreated ovulated
sturgeon egg after a treatment using calcium chloride, Figure 4Cshows
pictures of ultrathin sections through the egg membrane of an
untreated ovulated sturgeon egg after a tygatment using 20hydrogen
peroxide, Figures 5A,B show diagrams of the measurements of the
proportions of the membrane components in the total thickness of the
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totaldhisieaassoHf e RsErGEEdmYe of ovulated sturgeon eggs treated
according to the present invention. 15 egg in 200x enlargement. The right

image shows the fertilized egg in identical enlargement having the
hardEmechéthibdzaticordingntd the @ (eseoninvEndsnvedisdtasteesoshibe likimg eggs of
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tested on the living eggs of sea urchins (Psammechmus miliaris) and on

the édegpatserebsrdyidheresidsro{Aushrardentvgeefipvilaiad s9us vialse
harqgping LN URISH PSS EEoNRRESIREHR MY AR A ARAES Rltivities and

measurements of the enzyme activities and morphology of sea urchin
eggNArRNCIOIY S SRYCHD B89580RDSRABSRRKEIPe activation of the

1&nzyme glucose-6-phosphate dehydrogenase, which occurs in seconds,
TSR T e R e e
eggdekydiogerasthevhinh ot G685 Disansivds iopresly¢re theereslueiibmeatieivalent
living A88R Y1985 A IBIHERST Y the SIRIBRORS ovoperoxidase is the initial
trigger for egg hardening of the egg membrane. The rise of G6PDH activity
15 may be measured in the living eggs under the influence of the exogenous
stimulus. The tetrazolium salt method according to Van Noorden and
Fredericks (1992) was transferred to living cells as evidence. The NADPH
arising upon the substrate reaction reduces tetrazolium salt (TNBT)
quantitatively to form a brown reaction product, formazan. The formation of the
20 reaction product is detected in time with the aid of absorption measurements at

a wavelength of 585 nm.

Figure 2 shows time-lapse microscopy (imaging using Zeiss Axiovert,
Axiocam, KS300 Software, Axiovsion Software) of NADPH production in living

25  sea urchin eggs. The arrow shows the application of the exogenous stimulus
(H202 1% in sea water). The two upper absorption curves in the cortical region
(egg boundary) and in the cytoplasm (egg interior) show a significant rise over
the time in seconds after the application. A control was performed without
exogenous stimulus. The two lower absorption curves for the cortical region

30 and the cytoplasm show no change after the application. The measuring masks
(measuring macro) for the microscopy are shown in the two lower images in
Figure 2. The left image shows the ring-shaped measuring mask for the cortical



stimulus. The tetrazolium salt method according to Van Noorden and
Fredericks (1992) was transferred to living cells as evidence. The NADPH
arising upon the substrate reaction reduces tetrazohum salt (TNBT)
guantitatively to form a brown reaction product, formazan. The formation
of the 20 reaction product is detected in time with the aid of absorption
measurements at a wavelength of 585 ngy. Figure 2 shows time-lapse
microscopy (imaging using Zeiss Axiovert, Axiocam, KS300 Software,
Miovsion Software) of NADPH production in living 25 sea urchin eggs.
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the present invention.

Extensive experiments on harvested eggs of the sturgeon (Acipenser baerii)

showed that the method developed on sea urchin eggs may be transferred
20 directly and provides the desired result. The preservation using cooking salt

and borax performed after the hardening of the eggs and also the shelf life

experiments over 12 months showed that the eggs remain stable.

Figures 4A through C show light microscopy pictures of cryostat sections

25  stained by H&E, electron microscope pictures of ultrathin sections of eggs of
the sturgeon fixed by GA and osmium and embedded in Epon. The pictures
show the membrane changes of ovulated eggs of the sturgeon by a treatment

according to the present invention.

30 Figure 4 A shows a light microscopy picture of a section through an ovulated
sturgeon egg without treatment according to the present invention. The
envelope (solid line) enclosing the egg plasma (EPL) of sturgeon eggs



15 before and after the treatment using an exogenous hardening agent
according to the present invention. Extensive experiments on harvested
eggs of the sturgeon (Acipenser baerif) showed that the method
developed on sea urchin eggs may be transferred 20 directly and provides
the desired result. The preservation using cooking salt and borax
performed after the hardening of the egg%and also the shelf life
experiments over 12 months showed that the eggs remain stable. Figures
4A through C show light microscopy pictures of cryostat sections 25
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into strands by tyrosine cross-linking. 15 It may be seen clearly from the
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VUG LRI IO R G ABEER 8RSy HLBREER ARYSTRIIP AR innermost
membrane (*) of ovulated sturgeon eggs decreases in diameter and compacts
by tyrosine cross-linking, while the outermost membrane (***) increases in
20 diameter, but also becomes denser. The compaction results in the desired
hardening of the egg membrane. The degree of hardening may be adjusted by
metering the exogenous additives in regard to type, quantity, and duration.

Figures 5A...D show various diagrams of the measurements of the proportions
25  of the membrane components in the total thickness of the membrane in % on
currently commercially available caviar from immature eggs (Figures 5A, 5B)
and on ovulated eggs (Figures 5C, 5D) after the treatment according to the
present invention using hydrogen peroxide or calcium chloride. Figures 5A and
5C show a treatment using hydrogen peroxide H,O, (treatment 0: untreated,
30 treatment 1: 0.01% solution, treatment 2: 0.02% solution, treatment 3: 0.05%

solution, treatment 4: 0.1% solution), Figures 5B and 5D show a treatment



by tyrosine cross-linking, while the outermost membrane (***) increases in
20 diameter, but also becomes denser. The compaction results in the
desired hardening of the egg membrane. The degree of hardening may be
adjusted by metering the exogenous additives in regard to type, quantity,
and duration. Figures 5A...D show various diagrams of the measurements
of the proportions 25 of the membrane c qponents in the total thickness
of the membrane in % on currently commercially available caviar from
immature eggs (Figures 5A, 5B) and on ovulated eggs (Figures 5C, 5D)
after the treatment gccqrd he present inventi ' r
pero%?é"ego(:ra?:% cmu%]g 'ﬁoerigé?(ﬁ lﬁ?gs"%eﬁe:bn'& g@%h%?wl{ié%ea rﬁeﬁ%ﬁgiﬂqgg”’

hydrisgetmestaidia3Hneb (tesimeahBU-30nmedwith soresditaritsplgionnorhis
solutiouy, ALaALT e t%'e%ﬁg(;{ WPl HRABRE M FirRerdrioistiRihge is to
n

treatment 4: 0.1% solution), Figures 5B and 5D show a treatment 18
usin§RARLFPBHIeARIY @Q(Fﬁzcgfé‘é‘ﬁﬁ@ﬂ% gahp ek, ing
g/ lwlRatmestattil23ionoterdrtme i JdRfieads) wWima'i-weasHitentabut
solution). This means that the metering of the calcjum jons in the . . .
B B O L SRR WeSre LG SRgenton

micr y more calcium ions

norntte thieidaneerdtspriagsSdentific®ty féMilization membrane is identified
by "FM", which, without fertilization, only results through treatment
according to the present invention, the internal membrane is identified by

"IMritingiah e eesseteaBu tatRUbB iraaraant Rifubratiygaymercially available
160MEBeEEalY. ayAihaRifdd eaYarablordhiNEPIYIRA0SA, ARFERINY Wlevant
Figuéﬁgn%ésar%%lﬁﬁnn%éer#neé/r%%trane thickness, while the shift of the thickness
proportions of internal membrane to the produced fertilization membrane
causing hardening upon the treatment of ovulated eggs according to the
present invention according to Figures 5C and 5D is significant. The medians
15 of 50 measurements each of the internal membrane (IM) and the external
fertilization membrane (FM) are shown with the value distribution in the
confidence interval of the 25%-75% quarters and the minimum and maximum

values.



changes result in the membrane thickness, while the shift of the thickness
proportions of internal membrane to the produced fertilization membrane
causing hardening upon the treatment of ovulated eggs according to the
present invention according to Figures 5C and 5D is significant. The
medians 15 of 50 measurements each%f the internal membrane (IM) and
the external fertilization membrane (FM) are shown with the value
distribution in the confidence interval of the 25%-75% quarters and the
MIRegpgmaximum values. 19 Patent Claims 1. A method for
processing the ovulated eggs of aquatic animals into delicacy foods
having the following method steps: harvesting the ovulated eggs without
harmful intervention on the aquatic animal, exogenous treatment of the
freshly harvested, ovulated eggs in an aqueous solution using an additjon
oﬁti‘ﬁelg? é?l%Wé’&ﬁséfﬂ%ﬂﬂﬁ&‘é‘%ﬁﬁ%dseﬁ%?g@%‘ﬁtbce%%& Clts ‘8%1‘]%%?8%43
chiosigetlad Solloatupatiytbed wtepsg in the egg cell for physiological
stabijzation. ot ihg e9d memprane by %OHEA%S%%% actvation ande
subsequent préservation. 2. 7he methiod accor Ing 0 Ciaim f,
characterizsel.by an exogenous treatment of the ovulated eggs in a water

bath usi Agueous. j ' ; Q. 9%::3-995.9% 9,1% addition
of hyd ro%%%%gr%é%lﬁ 338#%29%%%%&%%% g?lt‘?)l%(tﬁ%igé;g;{é%%racterized

by an eRgitfeHd e uteatsE Bfadditon bt sigaktianadision maleriising an
aqueousRRBUARLEXIAd AP Lk REAHRRNES NydmasnRIQusR I dhdo 5

minutes, the treatment time being fixed as a function of the desired

hardenifiggsFthotRixR el dgion of the egg membrane by

ovoperoxidase activation and subsequent

e preservation.

2. The method according to Claim 1,
characterized by
an exogenous treatment of the ovulated eggs in a water bath using an aqueous solution

having a 0.01; 0.02; 0.05; or 0.1% addition of hydrogen peroxide.

3. The method according to Claim 2,

characterized by

an exogenous treatment of the ovulated eggs in a water bath using an aqueous solution
having a 0.01% addition of hydrogen peroxide for 1 to 5 minutes, the treatment time

being fixed as a function of the desired hardening of the treated ovulated eggs.

4. The method according to one of Claims 1 through 3,
characterized by
an exogenous treatment of the ovulated eggs in a water bath using an aqueous solution

having an addition of 115 mg/l, 123 mg/l, or 130 mg/l calcium chloride.

5. The method according to Claim 4,



4. The method according to one of Claims 1 through 3, characterized by
an exogenous treatment of the ovulated eggs in a water bath using an
agueous solution having an addition of 115 mg/I, 123 mg/1, or 130 mg/I
calcium chloride. 5. The method according to Claim 4, 20 characterized
by an exogenous treatment of the oviAfted eggs in a water bath using an
agueous solution having an addition of 115 mg/I calcium chloride for 10 to
20 minutes, the treatment time being fixed as a fimction of the desired
hacrl%rg&%s.ogdtlge treated ovulated eggs. 6. The method according to one of
Claims ﬂﬁrod@h 5, characterized by a combined treatment of the

oAl axegergydrintmeatsitiatvulainieses avuwolss sdhutiong haviqageus solution

aqgifion AT RrR0GN P%?‘gsidc%@ﬂ% Cal6 D RIS IR 2 8 WAESnt time

the treatment time being fixed as a function of the desired hardness of the

tr&5teliet paa dragipn of tedesisehbadaesrbithy tiertsH @ viletedingesy

through 6, characterized by washing of the ovulated eggs in physiological

caoking cell solution under sterile conditions before the exogenous

t 60 lfhegmfﬁog accoré}ng to one ofr é?a?ms ?t oug g, g
reatmen

characterized by

a combined treatment of the ovulated eggs in a water bath using an eiqueous
solution having an addition of hydrogen peroxide and calcium chloride for 1 to 20
minutes, the treatment time being fixed as a function of the desired

hardness of the treated ovulated eggs.

7. The method according to one of Claims 1 through 6,

characterized by

washing of the ovulated eggs in physiological cooking cell solution under sterile

conditions before the exogenous treatment.

8. The method according to one of Claims 1 through 7,

characterized by

harvesting of the ovulated eggs from living aquatic animals.

9. The method according to one of Claims 1 through 8,

characterized by

harvesting of the ovulated eggs from animal fish and crustaceans.

10. The method according to Claim 9,

characterized by
harvesting of the ovulated 5 eggs from sturgeon as an edible fish for producing real

caviar.



8. The method according to one of Claims 1 through 7, characterized by
harvesting of the ovulated eggs from living aquatic animals. 9. The
method according to one of Claims 1 through 8, characterized by
harvesting of the ovulated eggs from animal fish and crustaceans. 10.
The method according to Claim 9, characterized by harvesting of the
ovulated 5 eggs from sturgeon as an edible fish for producing real caviar.
21 11. Ovulated eggs of aquatic animals processed into delicacy foods
using the method according to one of Claims | through 10, characterized
by b havdenedgxstod eplitianmextds padskindiatddglicrog Setifkesing thtairethod
strg&%gdﬂ&qgr(ggé/glrgg[}ﬁgqc&w@égt@g tyrosine molecules without a

fertilization state.
characterized by

a hardened extracellular external skin having cross-linked protein strands and irreversibly

incorporated tyrosine molecules without a fertilization state.



