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METHOD OF EXTENDING SHELF LIFE OF EGG PRODUCTS VIA
HIGH PRESSURE TREATMENT

BACKGROUND

[0001] For suppliers of egg products, it is desirable to extend the shelf life of an egg
product, such that the purchaser can store the product for several weeks and reliably use the
product without the product having developed unacceptable levels of harmful microbes or
undesirable taste and/or flavor properties during storage, (e.g., rotten smell or sour taste).
[0002] Egg products intended for consumption are often stored and/or treated by one or |
more methods in order to increase the shelf life of the egg product. For example, egg
products are typically stored at about 4°C to hinder the growth of microbes, which typically
grow best at higher temperatures. By storing the egg product at cool temperatures, the shelf
life of the egg product can be extended for several weeks. The shelf life of the stored egg
product is typically assessed by determining the concentration of bacteria in the product and
subsequently evaluating organoleptic properties of the product.

[0003] Tn addition, the egg product may also be treated by one or more methods to
decrease or eliminate harmful microbes from the egg product before storage. In particular,
the egg products may be pasteurized (e.g., heat-treated). Pasteurization will also essentially
eliminate the number of harmful microbes (e.g., Salmonella and/or Listeria) in the egg
product by several log orders, such that the product is safe to consume. Pasteurization will
also reduce the number of bacteria detrimental to the quality of the egg product by several
log orders. As such, the time period for these microbes to reach unacceptable levels in the
egg product is extended. Electromagnetic radiation may also be used to reduce or eliminate
the number of harmful microbes present in the egg product. For example, the egg product
may be treated with radio waves and/or gamma irradiation. These methods of
pasteurization may be useful in extending the shelf life of processed egg products by several
weeks.

[0004] Anti-microbial agents may also be used to extend the shelf life of egg products.
For example, anti-microbial agents can e,)l(tend the shelf life of egg products by killing

microbes (i.e., cidal agents) or by keeping microbes from growing (i.e., static agents).
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[0005] However, present commercial methods of storing and/or treating egg products only
increase the shelf life of the product by several weeks. For suppliers and users of egg

products, a method of further extending the shelf life of egg products is desirable.
SUMMARY

[0006] Described herein is a method for extending the shelf life of egg products. In one
embodiment, the method includes pasteurizing egg material; treating the pasteurized egg
material with pressure; and optionally adding a food grade anti-microbial agent to the egg
material. The antimicrobial agent may be added prior to, simultaneously with the
pasteurization step and/or after pasteurization has been carried out. In another embodiment,
the method includes treating pasteurized egg material with pressure. Typically, the egg
material is treated with pressure of at least about 300 MPa (~45,000 psi). As with the first
embodiment, the pasteurized egg material may include a food grade microbial agent, such
as nisin.

[0007] Thé egg material may be pasteurized by any suitable means. For example, the egg
material may be pasteurized by heat treating the egg material to temperatures about 60°C
(~140°F) to about 65°C (~150°F). In some instances, the egg material is treated in a
manner sufficient to pasteurize the material without coagulating the' egg. For other
products, it may be desirable to cook the egg material with pasteurization occurring as part
of the cooking. In other embodiments, the egg material may be pasteurized by exposing the
egg material to electromagnetic radiation, such as infrared or gamma itradiation or high
frequency radiowaves.

[0008] The egg material may be pasteurized by processes other than heating the egg
material. For éxample, the egg material may be pasteurized by exposing the egg material to
electromagnetic radiation or high frequency radiowaves.

[0009] Before or after pasteurization, a suitable antimicrobial agent may be added to the
egg material. Nisin is one example of a suitable antimicrobial agent.

[0010] Other agents may be added to the egg material before or after pasteunzatlon For
example, acidifying agents may be added to the egg material. In particular, citric acid may
be added to the egg material as an acidifying agent. '

[0011] The egg material may be pressure-treated during or after pasteurization by first
enclosing the egg material in a sealed package and then treating the packaged material with

pressure (e.g., hydrostatic pressure). The packaged material is typically treated with
-92-
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pressure for about 1 to about 5 minutes. During pressure treatment, the packaged material
may be maintained at a selected temperature, (e.g., about 4°C (~40° F) to about 65°C
(~150°F)). In one embodiment, the packaged material and packaging material are heated
during pressure treatment to simultaneously pressure-treat and heat-pasteurize the packaged
material.

[0012] The egg material may be liquid egg material, which may be concentrated liquid
egg material. The liquid egg material may be whole egg material, egg yolk material or egg
white material. Alternatively, the egg material may be cooked (e.g., after pasteurization).
[0013] Also disclosed are products produced by the aforementioned methods. For
example, the methods may be used to produce a processed liquid egg product, which may
be a whole egg product, an egg yolk product, an egg white product, and/or a concentrated
egg product. Typically, the processed liquid egg product is produced by treating a
pasteurized egg product with pressure at least about 300 MPa (~45,000 psi). The product
may include an antimicrobial agent (e.g., about 50 to 1000 ppm nisin).

[0014] The aforementioned methods may also be used to produce a processed egg product
by treating cooked egg material with a pressure. Typically, the cooked egg material is
treated with pressure of at least about 300 MPa (~45,000 psi).

[0015] Often, it may be convenient to pressure-treat a pasteurized egg product that is
already packaged. The packaged product may include liquid egg matérial and/or cooked
egg material which is contained within a sealed package, and the egg material may include
about 50 to 1000 ppm nisin. The liquid egg material typically has a viscosity of no more
than about 5000 cps. The packaged processed egg product typically retains acceptable
organoleptic properties (e.g., appearance, odor, and taste), and has a total bacterial plate
count of no more than about 100 microorganism/gram after having been stored for at least

15 weeks at 4°C.’

Definitions

[0016] “Liquid whole egg” means a mixture of egg white and yolk. The liquid whole egg
may, but does not necessarily, include egg white and egg yolk in a ratio recognized as the

ratio of yolk to white in egg shells. Liquid whole egg products may include other

“additives” such as salts or buffers (e.g., sodium chloride, sodium acid pyrophosphate
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(SAPP), monosodium phosphate (MSP), monosodium glutamate (MSG)), sugar, nisin,
starch (e.g., cornstarch), xanthan gum, and acidifying agents (e.g., citric acid).

[0017] “Liquid egg white” means egg white obtained after separating the white and the
yolk by breaking fresh eggs, and as such, the liquid egg white is substantially free of egg
yolk. The liquid egg white may be used in products that include other “additives” as
describe above.

[0018] “Liquid egg yolk” means egg yolk obtained after separating the yolk and the white
by breaking fresh eggs, and as such, the liquid egg yolk is substantially free of egg white.
The liquid egg yolk may be used in other products that include other “additives™ as
described above.

2 C¢

[0019] “Egg material” means liquid or cooked “whole egg,” “egg whites,” or “egg yolks.”
“Egg material” may be used in products that include other “additives” as describe above.
[0020] “Antimicrobial agents” means cidal agents (i.e., agents that kill microbes) and
static agents (i.e., agents that retard the growth of microbes). “Microbes” means bacteria,
fungi, viruses, prions, protozoa or any other microscopic organism that is capable of
spoiling food and/or causing illness. Antimicrobial agents may include bacteriocidal and
bacteriostatic agents. Bacteriocidal agents include bacteriocins (e.g., nisin). “Bacteriocins”
are bacteriocidal agents produced by bacteria.

[0021] “Food grade” means that up to specified amount of the specified agent (e.g., an
antimicrobial agent that includes a singlé compound or a mixture of compounds) can be
ingested by a human without generally causing deleterious health effects. Examples of food
grade agents include those additives “generally recognized as safe” (“GRAS”) by the
United States Food and Drug Administration (“FDA”) and colorants approved by the FDA
for use in foods for human consumption. In particular, food grade additives includes those
compounds (or mixtures of compounds) listed as approved under 21 C.F.R. §§
73,74,172,182 and 184 as well as other compounds recognized by comparable regulatory

authorities in other countries.
\ .
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] The present method relates to extending the shelf life of processed egg products.
The shelf life of egg products is generally limited by the growth of harmful and/or spoiling

microbes, which are detrimental to the quality of the product.
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[0023] Bgg products may contain low numbers of several species of bacteria, which may
be present in the eggs as initially obtained from chickens or which may be introduced
during processing of the eggs to produce an egg product. Harmful and/or spoiling bacteria
may include Listeria spp. (such as Listeria monocytogenes) and Salmonella spp. Spoiling
bacteria may include Pseudomonas spp., and/or Streptococcus spp. (such as Streptococcus
faecalis). During prolonged storage of an egg product, spoiling bacteria may grow to
unacceptable levels.

[0024] The number of Listeria spp. in the egg product may be determined by inoculating
samples of the egg product on selective media and determining the number of colony
forming units (CFU)/gram product (i.e., plate counts/gram product). Selective media for
growing Listeria spp. may include Oxford Media, Modified Oxford Media, Palcam Media,
Aloa Media, Fraser Broth, and Lithium Chloride Ceftaxidine Media (LCA). Listeria spp.
may be grown by adding a Listeria spp. selective supplement (e.g., Nalidixic acid (40.0
mg/L), Cycloheximide (50.0 mg/L), and Acriflavine hydrochloride (15.0 mg/L), to a base
broth (e.g., Tryptone soya broth (30 g/L), Yeast extract (6 g/L), Potassium di-hydrogen
orthophosphate (1.35 g/L), Disodium hydrogen orthophosphate (9.6 g/L), final pH 7.3 +
0.2).

[0025] Similarly, the number of Salmonella spp. in the egg product may be determined by
using selective media. Selective media for growing Salmonella spp. may include Xylose
Lysine Decarboxylase Media, Kliger Iron Media, Rappaport and Vassiliadis Soya Media,
Lysin Iron Media, Lysin Decarboxylase Media, Rambach Media, Simmons Citrate Media,
Triple Sugar Iron Media, Hectoen Enteric Media, and Bismuth Sulphite Media. In addition,
Salmonella spp. may be grown in enrichment media that may include Selenite Cystine
Broth and Tetrathionate Broth.

[0026] The shelf life of the egg product may be determined by removing a sample of the
product after storage and performing various microbiological assays to count the number of
bacteria in the product. For example, general assays, such as total plate counts (TPC)
assays (i.e., aerobic plate counts), may be used to count the total number of bacteria in the
sample as determined by growth on general TPC media (i.e., CFU or plate count per gram
product). General TPC media may include any medium that allows for growth of acrobic
bacteria without selectivity (e.g., a medium that includes tryptone, yeast extract, and
dextrose). General TPC media and/or agar plates are available from commercial sources.

Total plate count assays may be performed by inoculating a general TPC medium with a
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sample and incubating the inoculated medium at 37°C (~100°F for approximately two (2)
days (i.e., forty-eight (48) hours * three (3) hours). Shelf life may be determined by
estimating the bacterial population density in the egg product (e.g., number of bacteria per
gram product) after storage. A general rule in the food industry is that shelf life ends when
the plate count exceeds about 107 organisms per gram egg product.

[0027] Psychotrophic plate count assays are also a useful indicator of a product’s
suitability for consumption. Psychotrophic bacteria are bacteria that have a maximum
growth rate between 4°C and 20°C (between ~40°F and ~70°F). Psychotrophic plate count
assays may be performed by inoculating a general TPC medium with a sample and
incubating the inoculated medium at 20°C (~70°F) for approximately three (3) days (i.e.,
seventy-two (72) hours = three (3) hours).

[0028] Pseudomonas plate count assays are another useful indicator of a product’s
suitability for consumption. Pseudomonas plate count assays utilize Pseudomonas selective
media which may be prepared by adding several anti‘biotics (i.e., cetrimide, fucidin, and
cephalosporin) to a media base, which may include gelatin peptone, casein hydrolysate,
potassium sulphate, and magnesium chloride. Pseudomonas spp. are resistant to the
antibiotics present in the selective media. Pseudomonas plate count assays may be
performed by inoculating a Pseudomonas selective medium with a sample and incubating
the inoculated medium at 20°C (~70°F) for approximately three (3) days (i.e., seventy-two
(72) hours + three (3) hours).

[0029] In many instances, the shelf life of a particular egg product may be set based on a
combination of factors related not only to the maintenance of bacterial/microbial counts
below a low threshold, but also retention of acceptable organoleptic properties. For
example, after performing microbiological assays to determine the number of bacteria per
gram egg product, the organoleptic properties of the egg product may be assessed.
Organoleptic properties include appearance, odor, and taste. To assess organoleptic
properties, the egg product is prepared and periodically examined for changes in
appearance, aroma, texture and taste until it becomes unacceptable. An organoleptic
determination is easily accomplished by those familiar with the egg product's desired
characteristics. The organoleptic quality of an egg product changes as its microflora,
including bacteria, grow and metabolize available nutrients. Changes in (;rganoleptic
properties might be subtle until microbial growth reaches a high level, which makes the

food unacceptable.
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[0030] The shelf life of egg products may be extended by various means. For example,
because most bacteria grow best at temperatures around 37°C (~98°F), egg products are
stored at lower temperatures (e.g., 4°C (~40°F)). At lower temperatures, the growth of most
bacteria in the egg product is retarded, such that it takes longer for the bacteria to reach
unacceptable levels and for the egg product to lose desirable organoleptic properties.

[0031] Pressure treatment has also been shown to be effective at reducing the amount of
bacteria within egg products. The egg product may be pressure-treated in addition to being
pasteurized, (e.g., before, during, or after pasteurization). For example, egg products may
be exposed to pressures of at least about 300-600 MPa (~45,000-90,000 psi) and commonly
no greater than about 700 MPa (~100,000 psi). Generally, the egg product is pressure-
treated for at least about one (1) minute (i.e., the “hold time”), and commonly about two (2)
to about (3) minutes.

[0032] The efficiency of pasteurization is proportional to the time that the egg product is
exposed to heat and/or pressure. Where an egg product is exposed to both heat and
pressure, it may be poésible to reduce the time required to effectively pasteurize the egg
product. As such, it may be desirable to maintain the egg product at a particular
temperature while it is being pressure-treated. For example, it may be desirable to maintain
the egg produc’; at a temperature of about 50°C (~120°F) to about 65°C (~150°F). In such a
case, the egg product may be simultaneously pasteurized and pressure-tfeated without
coagulating the product. Alternatively, the egg product may be heated during pressure-
treatment to a temperature sufficient to cook the product, (e.g., at a temperature of about
75°C (~170°F) or higher).

[0033] High pressure processing typically involves placing the egg product into a sealable
package (e.g., a plastic bag) and sealing the bag such that no leakage occurs during the
forthcoming pressure treatment. The sealed package may include a “head space” (e.g.,
about 10% of the volume of the container). The head space may include air or the head
space may be filled with a gas such as nitrogen, carbon dioxide, or both. After the product
is placed in the sealed package, the packaged product can be exposed to hydrostatic
pressure, commonly of at least about 300 MPa (~45,000 psi), e.g., at about 580 MPa
(~87,000 psi) for about two (2) to about (3) minutes. Typically, the packaged product is
exposed to hydrostatic pressure by placing the packaged product in a high-pressure vessel

and filling the vessel with a high-pressure fluid (e.g., water). After the packaged product is
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exposed to hydrostatic pressure for a suitable time period, the packaged product is removed
from the vessel and stored at a suitable temperature, (e.g., at about 4°C (~40°F)).

[0034] The shelf life may also be extended by reducing the number of microbes initially
in the product prior to storage. For example, the egg product may be pasteurized to reduce
the number of viable microbes initially present in the food product. Pasteurization may be
accomplished by several means including heat treatment. For example, temperatures of
about 50°C (~120°F) to about 65°C (~150°F) are effective at pasteurizing egg material. At
higher temperatures, (i.e., greater than about 65°C (~150°F), the egg product begins to
cook, such that higher temperatures may be used to simultaneously pasteurize and cook the
egg product. A typical pasteurizing/cooking temperature may be about 75°C (~170°F) to
about 95°C (~200°F).

[0035] Typically, the egg product is maintained at the pasteurization temperature for a
period of time called the “hold time.” An effective hold time may be about one (1) minute,
and more commonly at least about two (2) to about four (4) minutes.

[0036] Other methods of pasteurization are also effective for reducing fhe number of
bacteria in an egg product prior to storage. For example, the egg product may be exposed to
electromagnetic radiation. Gamma irradiation, electron beam particles, and/or high
frequency radio waves (e.g., about 500 Kilohertz to about 500 Megahertz) can be used to
pasteurize the egg product.

[0037] Effective pasteurization is typically determined by a reduction in the number of
bacteria present in the sample, before and after pasteurization. A five (5) log cycle
reduction in the number of Listeria spp. and a seven (7) log cycle reduction in the number of
Salmonella spp., is indicative of effective pasteurization. However, larger reductions, (e.g.,
a seven (7) log cycle reduction in the number of Listeria spp. and a nine (9) log cycle
reduction in the number of Salmonella spp.), may be desirable.

[0038] In addition to pasteurization, antimicrobial agents may be added to the egg product
before or after pasteurization to extend shelf life. Antimicrobial agents may be used to Kill
organisms in the product (i.e., cidal agents) or to retard the growth of organisms in the
product (i.e., static agents). The antimicrobial agent added to the egg product is typically
food grade material.

[0039] One particularly suitable antimicrobial agent is nisin, which is a bacteriocin
produced by Lactococcus lactis subsp. lactis. Nisin consists of a short peptide (34 a.a.) that

includes atypical amino acids. The amino acid sequence of Nisin is displayed in Figure 1.
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[0040] Nisin may be added to the egg product in any effective concentration to extend the
shelf life of the egg product. For example, suitable concentrations may be about 50 to about
1000 ppm; about 100 ppm to about 500. ppm; and about 150 ppm to about 350 ppm.

[0041] A variety of egg products may be suitable for the aforementioned methods of
extending shelf life. For example, liquid egg products, such as liquid whole eggs, liquid
egg whites, liquid egg yolks, and mixtures thereof, and/or concentrated liquid egg products
may be suitable for the methods. The liquid egg products may include additional
ingredients such as salts and/or buffers (e.g., sodium chloride, SAPP, MSP, and/or MSG),
water, thickening agents (e.g., xanthan gum, carrageenan), milk products (e.g., butter milk
and/or nonfat milk), edible oils (e.g., soybean oil), flavors (e.g., butter, pepper, egg, and/or
MSG), acidifying agents (e.g., citric acid to achieve a pH of about 6.7 to about 6.8),
chelating agents (e.g., EDTA), and antimicrobial agents (e.g., Nisin). The mixtures in the
illustrated embodiments and examples described below exemplify suitable liquid egg
products, which, in addition, may be treated with heat to provide suitable cooked products

for the aforementioned methods of extending shelf life..

Illustrated Embodiments

[0042] In one embodiment of the disclosed methods, egg material is first pasteurized. A
food grade anti-microbial agent may be added to the egg material (e.g., before or after
pasteurization). After the egg material has been pasteurized, the pasteurized egg material
may be sealed in a package or container (e.g., a plastic bag) and treated with pressure of at
least about 300 MPa (~45,000 psi) for about 2 — 3 minutes. In one embodiment, the
packaged egg material is treated with hydrostatic pressure. The packaged egg material may
be pressure-treated at a temperature of about 4°C (~40°F) to 65°C (~15 O°F).

[0043] In one embodiment of the disclosed method, the egg material includes nisin as an
antimicrobial agent. Nisin may be present in any suitable amount from about 50 to about
1000 ppm.

[0044] It may be desirable to heat-pasteurize the egg material and pressure-treat the egg
material simultaneously. For example, the egg material may be heated to about 65°C
(~150°F) and simultaneously treated with pressure of at least about 300 MPa (~45,000) for

about 2 — 3 minutes.
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[0045] The egg material may include other agents such as acidifying agents. Acidifying
agents may be added to the egg material before or after pasteurization. In one embodiment,
the acidifying agent is citric acid.

[0046] In another embodiment, pasteurized egg material is treated with pressure of at least
about 300 MPa (~45,000 psi). The pasteurized egg material may include antimicrobial
agents (e.g., nisin at about 50 — 1000 ppm) and/or acidifying agents (e.g., citric acid). The
acidifying agent may be used to adjust the pH of the egg material from about 5.5 — 6.9. In
some embodiments, the acidifying agent may be used to adjust the pH to about 6.5 — 6.8.
[0047] In a further embodiment, a processed egg product is produced by treating
pasteurized egg material with a pressure of at least about 300 MPa (~45,000 psi). The
processed liquid egg product may include a food grade antimicrobial agent such as nisin at a
concentration of about 50 — 1000 ppm. The egg product may be liquid (e.g., concentrated
whole eggs) and/or solid (e.g., cooked eggs).

[0048] The processed egg product may include a simulated egg patty produced by (1)
freezing egg yolk material; (2) combining the frozen egg yolk material and liquid egg white
material to form a combined egg material; and (3) cooking the combined egg material to
produce a simulated egg patty. The egg yolk material and/or liquid egg white material may
include an antimicrobial agent (e.g., nisin at 50 — 1000 ppm). The simulated egg patty may
be pressure-treated by sealing the patty in a package or container (e.g., a plastic bag) and
treating the packaged patty with pressure of at least about 300 MPa (~45,000). Processes
for producing simulated egg patties are described in U.S. Patent Nos. 5,620,735 and
5,665,416, both issued to Manderfeld et al., which are incorporated herein by reference in
their entireties.

[0049] The processed egg product may include scrambled eggs. For example, scrambled
egg may be produced by heating liquid egg material to a temperature of about 75°C
(~170°F) to about 80°C (~175°F) (e.g., heating with steam) and passing the heating egg
material through a holding tube (i.e., by extruding the heated egg material). The heated egg
material may exit the holding tube through an extrusion plate to produce scrambled eggs. A
continuous process for the production of scrambled eggs is described in U.S. Patent
Publication U.S. 2004/0076733, Sanderson et al., published April 22, 2004 and
incorporated herein by reference in its entirety. The scrambled eggs may also be prepared
by exposing the egg material to a scraped surface heat exchanger (SSHE). After the

scrambled eggs have been prepared, the scrambled eggs may be pressure treated by sealing
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the scrambled eggs in a package or container (e.g., a plastic bag) and treating the packaged
eggs with pressure of at least about 300 MPa (~45,000).

[0050] The processed egg product may also include a folded egg patty. The folded egg
patty may be produced by cooking liquid egg material to form an egg patty and folding the
egg patty after cooking (e.g., into thirds). The folded egg patty may be pressure treated by
sealing the patty in a package or container (e.g., a plastic bag) and treating the packaged
patty with pressure of at least about 300 MPa (~45,000).

[0051] In another embodiment, a packaged processed egg product is produced. The egg
product may include liquid egg material (e.g., whole eggs) and/or solid egg material (e.g., 2
cooked egg patty) contained within a sealed package. The liquid egg material typically has
a viscosity of no more than about 5000 cps. The egg material may have been previously
pasteurized (e.g., heat-pasteurized).

[0052] The packaged processed egg material may include an antimicrobial agent such as
about 50 to 1000 ppm nisin. Optionally, the packaged processed egg product may include
an acidifying agent such as citric acid. ‘

[0053] After the packaged processéd egg product has been pressure-treated and stored for
at least 15 weeks at about 4°C (i.e., “the stored product”), the stored product has a total
bacterial plate count (TPC) of no more than about 100 microorganisms/gram and maintains
acceptable organoleptic properties. In another embodiment, harmful bacteria have been
essentially eliminated from the stored product (e.g., the product has no detectable Listeria
spp. and/or Salmonella spp. per gram of product). In a further embodiment, the product is
substantially free of Pseudomonas spp. (i.e., the product has less than 10 organism/gram

Pseudomonas spp.).
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Examples

Example 1.  Liquid Egg Mixture #1

INGREDIENTS PERCENT (w/w)
Whole Eggs 99.40 —99.80
Sodium Acid Pyrophosphate (SAPP) 0.10-0.30
Citric Acid 0.08
Monosodium Phosphate (MSP) 0.10-0.15
Nisin 0.005
TOTAL 100
pH: 6.7 t0 6.8
Solids: 24+ 1%

[0054] The ingredients were combined with the whole egg to create a mixture. The pH
was taken and additional citric acid was added if necessary to adjust the pH to about 6.7 to
6.8. The whole liquid egg mixture was then heated at about 65°C (~150°F) for about 2.5
minutes to pasteurize the mixture. The mixture was then subjected to high pressure

processing.
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Example 2.  Liquid Egg Mixture #2
INGREDIENTS PERCENT (w/w)
Whole Eggs 60— 80
Egg Whites 5-15
Water 15-25
Salt 0.1-1.0
Xanthan Gum 0.1-0.5
Citric Acid 0.06
SAPP 0.05-0.10
Butter Flavor 0.1
MSP 0.01-0.05
Nisin 0.005
TOTAL 100

[0055] The ingredients were combined and agitated. Additional citric acid was added to

adjust the pH to about 6.7 + 0.1 if necessary. The liquid egg mixture was then heated at

about 65°C (~150°F) for about 2.5 minutes to pasteurize the mixture. The mixture was then

subjected to high pressure processing.
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Example 3.  Liquid Egg Mixture #3

INGREDIENTS PERCENT (w/w)
Whole Eggs 60 — 80
Egg Whites 10-20

Water 5-20
Buttermilk 0.5-2.0
Salt 0.1-0.5
Xanthan Gum , 0.1-05
Citric Acid - 0.1
Nisin 0.005
TOTAL 100
pH 6.7+ 0.1
Solids: 19.5-21

[0056] The ingredients were combined and agitated. Additional citric acid was added to
adjust the pH to about 6.7 & 0.1 if necessary. The liquid egg mixture was then heated at
about 65°C (~150°F) for about 2.5 minutes to pasteurize the mixture. The mixture was then

subjected to high pressure processing.
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Example 4.  Scrambled Egg Product

INGREDIENTS PERCENT (w/w)
Whole Eggs 87.5-97.0
Nonfat Milk 0.5-2.0
Soybean Oil 0.5-2.0

Modified Cornstarch 0.1-15
Salt 0.1-1.5
Black Pepper Flavor 0.5
Liquid Black Pepper 0.3
Xanthan Gum 0.1-0.5
Citric Acid 0.12
Butter Flavor 0.06
- Sub Total 96 —-99
Water from Processing 1-4
TOTAL 100
pH 6.6+ 0.1
Solids: 26-29

[0057] The ingredients were combined and agitated to create a liquid egg mixture.
Additional citric acid was added to the mixture to adjust the pH to about 6.6 £ 0.1 if
necessary.

[0058] The liquid egg mixture, at a temperature of about 4°C (~40°F), was pumped by use
of a positive displacement pump through a water-jacketed tube in tube pre-heater and
brought to a temperature of about 60°C (~140°F). The preheated liquid whole egg product
was then pumped by means of a positive displacement pump into a scraped surface heat
exchanger (SSHE). The dasher contained within the barrel was operated at 270 rpm. Hot
water was circulated in the jacket of the SSHE barrel and heat was indirectly transferred to
product within the barrel. As the liquid egg product exited the SSHE at a temperature of
about 75°C (~170°F), it immediately entered one branch of the hold tube. After a period of
about 5 minutes, a rotating valve opened to a second 100-foot branch of the holding tube

and the product was forced into this section of the holding tube. The proteins within the
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liquid egg product became denatured and coagulation occurred within the holding tube. For
a period of about 5 minutes, the heated liquid egg product was left undisturbed. At the exit
of the holding tube, the cooked liquid egg product was forced through an extrusion plate.

The egg pieces were then subjected to high pressure processing.
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Example 5.  Simulated Egg Patty
a. Egg White Mixture
INGREDIENTS PERCENT (w/w)
Egg Whites 97 -99
Whey Protein Isolate 0.5-2.0
Powdered Egg Flavoring 0.5
Liquid Egg Flavoring 0.2
EDTA 0.01-0.05
Nisin 0.02
TOTAL 100
pH 8.2

[0059] The ingredients were combined and agitated to create a liquid egg white mixture.

b. Yolk Centers
INGREDIENTS PERCENT (w/w)
Yolk 98 — 99
Water 0.1-0.5
SAPP 0.1-05
Citric Acid 0.1666
EDTA 0.01—0.05
Nisin 0.02
TOTAL 100
PH56-5.8

[0060] The SAPP, EDTA, Nisin, and water were added to the yolk. Citric acid was added
to adjust the pH to about 5.6-5.8. A yolk mold was filled with the mixture (~16.5 g) and
frozen at about -20°C (~-10°F) for about three days. The frozen yolk was then added to the
liquid egg white (~33 g) in an egg patty form and then cooked with steam at about 98°C
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(~210°F) for about 4.5 minutes. The simulated egg patty was then subj ected to high

pressure processing.
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INGREDIENTS PERCENT (w/w)
Whole Egg 95.0-99.0
Soybean Oil 0.5-2.0

Modified Cornstarch 0.5-2.0

SAPP 0.05-0.20

Egg Flavoring 0.2

Citric Acid 0.08
Carrageenan Gum 0.05-0.09
MSP 0.02-0.05

TOTAL 100

pH 6.7+ 0.1

[0061] The ingredients were mixed and additional citric acid was added to adjust the pH

to about 6.7 if necessary. The mixture was cooked in a mold placed in a heated pan. The
pan was heated to a temperature of about 120°C (~250°F)‘to about 150°C (~300°F). The

mixture was cooked for about one (1) minute, and the cooked patty was folded into thirds.

The folded egg was then subjected to high pressure processing.
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Example 7.  Effect of High Pressure Processing on Shelf Life, Experiment #1

[0062] The aforementioned liquid egg products and cooked products (six total, i.e., liquid
egg mixture #1, liquid egg mixture #2, liquid egg mixture #3, scrambled egg product,
simulated egg patty, and folded egg), were subjected to high pressure processing. As
controls, the six egg products were sealed in plastic bags but were not subjected to high
pressure processing. In addition to the six egg products, unpasteurized egg whites and
unpasteurized egg yolks were also subjected to high pressure processing. Liquid egg
mixture #3 was inoculated with 10%-107 Pseudomonas spp. as an additional control sample.
[0063] To perform high pressure processing, the products were sealed in a plastic bag to
create a packaged product, and the packaged product was placed in a pressure chamber.
The pressure chamber was filled with an aqueous solution to create a pressure of about 580
MPa (~87,000 psi). The packaged product was pressure-treated for approximately 2.5
minutes. ,

[0064] The packaged products (both pressure-treated and controls) were stored at about
4°C (~40°F). At various time points, the packaged products were opened and samples were

removed to determine bacterial counts per gram of the egg products.
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Example 8.  Plate Count Assays

[0065] In a first experiment, for the six egg products, bacterial counts were determined
initially and at eight (8) weeks, at twenty (20) weeks, and at forty (40) weeks. The bacterial
counts were determined in duplicate by total plate counts (TPC) (aerobic plate counts),

Psychotrophic bacteria plate counts, and Pseudomonas bacteria plate counts.
a. Total (Aerobic) Plate Count

[0066] Ingredients: Tryptone (5.0 g/L), yeast extract (2.5 g/L), dextrose (1.0 g/L), agar
(9.0 g/L), final pH 7.0 = 0.2 at 37°C. The ingredients (17.5) were suspended in 1 liter of
distilled water. The ingredients were dissolved by bringing the suspension to boiling with
frequent stirring. The dissolved mixture was sterilized by autoclaving at 121°C for 15
minutes and tempered to about 45°C.

[0067] Samples were collected in sterile containers using sterile sampling devices and
aseptic techniques. A 1:10 dilution of each sample was prepared. Additional appropriate
dilutions were prepared from the initial 1:10 dilution by pipetting either 1 ml or 11 ml into a
99 ml or 89 ml dilution blank, respectively, to ensure that at least one plate would have 25
to 250 colonies. Either 1.0 or 0.1 ml portions of these dilutions were pipetted into plates.
Approximately 15 mls of melted medium, tempered to 45 = 1°C, were poured into each
plate. The contents of the plates were swirled to mix. After the medium had solidified, the
Petri dishes were inverted and incubate at 35 £ 1°C for 48 hours = 3 hours. The number of

bacterial colonies were counted and recorded.
b. Psychotrophic Plate Counts

[0068] Samples were collected in sterile containers using sterile sampling devices and
aseptic technique. A 1:10 dilution of the sample was initially prepared. Additional
appropriate dilutions from the 1:10 dilution were prepared by pipetting either 1 ml or 11 ml
into a 99 ml or 89 ml dilution blank, respectively, to ensure that at least one plate would
have 25 to 250 colonies. Either 1.0 or 0.1 ml portions of these dilutions were pipetted into
plates. Approximately 15 mls of melted medium, prepared as described in Example 8.a.

above and tempered to 45 £ 1°C, were poured into each plate. The contents of the plates
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were swirled to mix. After the medium had solidified, the Petri dishes were inverted and
incubated at 21 + 1°C for 72 + 3 hours. The number of bacterial colonies were counted and

recorded.
c. Pseudomonas Plate Counts

[0069] Pseudomonas Isolation Agar was obtained from Oxoid, Ltd. Ingredients:
Pseudomonas Agar Base included gelatin peptone (16.0 g/L), casein hydrosylate (10.0 g/L),
potassium sulphate (10.0 g/L), magnesium chloride (1.4 g/L), agar (11.0 g/L) at apH of 7.1
+0.2. The ingredients were suspended in 500 ml of water. Glycerol (5 ml) was added. The
suspension was boiled to dissolve the ingredients and sterilized by autoclaving at 121°C for
15 minutes. The medium was allowed to cool to approximately 50°C. To the cooled
medium, cetrimide (5 mg, 10 mg/L), fucidin (5 mg, 10 mg/L) and cephalosporin (25 mg, 50
mg/L) were added. The medium was poured into Petri dishes (plates) and allowed to
solidify.

[0070] Samples were diluted, and approximately 1 ml were inoculated onto tw6 plates
(i.e., approximately 0.5 ml per plate). The inoculum was spread over the surface of the agar
using a sterile glass streaking rod. Plates were allowed to sit upright until the inoculum had
absorbed into the agar. Plates were then inverted and incubated at 21 = 1°C for 72 = 3
hours. The number of bacterial colonies were counted and recorded.

[0071] In addition to determining bacterial plate counts, the organoleptic properties of the
egg products were also determined. Appearance and odor were assessed for all samples. If
a sample had a bacterial count of less than 107 bacteria/gram and if the sample had an
acceptable appearance and odor, the taste of the sample was also assessed.

[0072] The results for the six egg products are displayed in Tables 1-6. The results show
that the pasteurized, pressure-treated egg products (with the exception of the scrambled egg
product) had bacterial counts (TPC, psychotrophs, and Pseudomonas) of less than 107/gram
and maintained desirable organoleptic properties at twenty (20) weeks. Some products,
(Liquid Egg Mixture #1, Simulated Egg Patty, and Folded Egg), had bacterial levels of less
than 107/gram and maintained desirable organoleptic properties at forty (40) weeks. In
contrast, none of the untreated products maintained desirable organoleptic properties after
twenty (20) weeks. Notably, the “commercial shelf life” of the scrambled egg product, the
simulated egg patty, and the folded egg product is typically no more than six (6) weeks.
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[0073] The results for the unpasteurized egg whites and unpasteurized egg yolks are
displayed in Tables 7 and 8. At eight (8) weeks, these unpasteurized, pressure-treated

products no longer maintained desirable organoleptic properties.
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Table 1.
PRODUCT - LIQUID EGG MIXTURE #1
Pressure-Treated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 <10 a
<10 <10 <10 a
8 weeks <100 <100 <10 a
<100 <100 <10 a
20 weeks 2.00x 10° | 5.00x 10 <10 a
3.00x10° | 1.30x10° <10 a
40 weeks <100 <100 <10 a
4.00x 10° <100 <10 a
Untreated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 <10 a
8 weeks <100 5.88x 10° <10 a
20 weeks 3.00x 10° | 6.00x 10 <10 u
40 weeks 6.10x 10° | 6.44x10° <10 u

TPC — Total Plate Count (CFU/g)

Psych. — Psychotrophic bacteria (CFU/g)

Pseudo. — Pseudomonas bacteria (CFU/g)

Organo. — Organoleptic Properties: a=acceptable; u=unacceptable
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Table 2.
PRODUCT - LIQUID EGG MIXTURE #2
Pressure-Treated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 <10 a
<10 <10 <10 a
8 weeks <100 <100 <10 a
<100 <100 <10 a
20 weeks <100 <100 <10 a
<100 <100 <10 a
40 weeks 560x10° | 3.64x10° <10 u
120x 10° | 4.00x10° | >5.60x 10" u
Untreated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 <10 a
8 weeks <100 <100 <10 a
20 weeks 3.00x 10> | 2.10x 10* <10 u
40 weeks 2.00 x 10 <100 <10 u

TPC — Total Plate Count (CFU/g)

Psych. — Psychotrophic bacteria (CFU/g)

Pseudo. — Pseudomonas bacteria (CFU/g)

Organo. — Organoleptic Properties: a=acceptable; u=unacceptable
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Table 3.
PRODUCT - LIQUID EGG MIXTURE #3
Pressure-Treated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 <10 a
8 weeks <100 <100 <10 a
<100 <100 <10 a
20 weeks <100 <100 <10 a
<100 <100 <10 a
40 weeks 9.00x 10> | 1.69x10° | >5.60x 10° u
Untreated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 <10 a
- 8 weeks <100 <100 <10 a
20 weeks >5.60x 107 | 2.17x10° <10 u
40 weeks 1.20x 10° <100 <10 u

TPC — Total Plate Count (CFU/g)

Psych. — Psychotrophic bacteria (CFU/g)

Pseudo. — Pseudomonas bacteria (CFU/g)

Organo. — Organoleptic Properties: a=acceptable; u=unacceptable
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Table 4.
PRODUCT - SCRAMBLED EGG PRODUCT
Pressure-Treated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 <10 a
<10 <10 <10 a
8 weeks 6.00 x 10 <100 <10 a
3.70x 10° | 6.30x 10° <10 a
20 weeks 1.84x10° | 2.61x10° <10 u
3.60x10° | 2.90x 10° <10 u
40 weeks 520x 10° <100 <10 a
270x 10° | 1.01x10° <10 a
Untreated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 <10 a
8 weeks 7.00x 10° 8.96 x 10° <10 a
20 weeks 9.00x 10° | 1.40x 10° <10 u
40 weeks 231x10° | 4.48x10° <10 u

TPC — Total Plate Count (CFU/g)

Psych. — Psychotrophic bacteria (CFU/g)

Pseudo. — Pseudomonas bacteria (CFU/g)

Organo. — Organoleptic Properties: a=acceptable; u=unacceptable
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Table 5.
PRODUCT — SIMULATED EGG PATTY
Pressure-Treated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 <10 a
<10 <10 <10 a
8 weeks <100 <100 <10 a
2.00 x 10° <100 <10 a
20 weeks 4.00 x 10 <100 <10 a
<100 9.00 x 10° <10 a
40 weeks 3.70x 10° <100 <10 a
1.80x 10° <100 <10 a
Untreated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Tnitial 1.40x 10° <10 <10 a
8 weeks <100 <100 <10 a
20 weeks 1.10x 10° | 1.70x10° | >5.60x 10 u
40 weeks 2.10x 10° <100 <10 u

TPC — Total Plate Count (CFU/g)

Psych. — Psychotrophic bacteria (CFU/g)

Pseudo. — Pseudomonas bacteria (CFU/g)

Organo. — Organoleptic Properties: a=acceptable; u=unacceptable
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Table 6.
PRODUCT - FOLDED EGG
Pressure-Treated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 <10 a
<10 <10 <10 a
8 weeks 3.00 x 10° <100 <10 a
<100 <100 <10 a
20 weeks 1.50x 10" | 8.00x 10° <10 a
3.90x10° | 5.00x 10 <10 a
40 weeks <100 <100 <10 a
3.00 x 107 <100 <10 a
Untreated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 <10 a
8 weeks 2.00x 10° <100 <10 a
20 weeks 3.00x 10> | 4.00x10° <10 u
40 weeks 7.00x 10> | 6.72x 10 <10 u

TPC — Total Plate Count (CFU/g)

Psych. — Psychotrophic bacteria (CFU/g)

Pseudo. — Pseudomonas bacteria (CFU/g)

Organo. — Organoleptic Properties: a=acceptable; u=unacceptable
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Table 7.
PRODUCT — UNPASTEURIZED EGG WHITES
Pressure-Treated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial 6.16x 10° | 8.54x10° <10 a
1.01x10* | 1.62x10° <10 a
8 weeks >5.60x 107 | >5.60x 10° | >5.60 x 10° a
1.80x 10° | >5.60x 10° | >5.60x 10° a
20 weeks 357x 107 | 2.87x 10 80 u
371x 10" | 3.46x 10 90 u
40 weeks 1.67x10° | 3.64x10° | 8.80x 10° u
1.70x 10° | 3.10x 10" | 3.60x 10° u
Untreated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial >5.60x 10° | 1.26x10° | 1.20x 10’ a
8 weeks >5.60x 10’ | 3.50x10° | >5.60x 10° u
20 weeks 391x 107 | 291x10" | 1.10x 10’ u
40 weeks 1.13x 10" | 1.55x10° | 3.20x10° u

TPC — Total Plate Count (CFU/g)

Psych. — Psychotrophic bacteria (CFU/g)
Pseudo. — Pseudomonas bacteria (CFU/g)

Organo. — Organoleptic Properties: a=acceptable; u=unacceptaBle
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Table 8.
PRODUCT — UNPASTEURIZED EGG YOLKS
Pressure-Treated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Tnitial 90 420% 10° <10 a
240x 10 | 5.00x 10° <10 a
8 weeks 323x10" | 157x107 | >5.60x% 10° a
/ 910x10° | 1.12x10" | >5.60x 10° a
20 weeks 337x 107 | 2.71x 10 70 u
152x 10" | 431x10 80 u
40 weeks 1.70x 10° | 5.32x10° | 3.92x10’ u
240x 10° | 5.88x10° | 3.08x 10 u
Untreate(i
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial >5.60x10° | 7.84x10° | >5.60x 10° a
8 weeks 1.93x 10" | 5.88x10° | >5.60x 10° u
20 weeks 126x 107 | 1.27x 10’ 90 u
40 weeks 220x 10° | 250x10° | 5.60x10" u

TPC — Total Plate Count (CFU/g)

Psych. — Psychotrophic bacteria (CFU/g)

".Pseudo. — Pseudomonas bacteria (CFU/g)

Organo. — Organoleptic Properties: a=acceptable; u=unacceptable

Example 9. Effect of High Pressure Processing on Shelf Life, Experiment #2
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[0074] In a second experiment, samples from pressure-treated cooked products were
tested, including scrambled egg product with nisin, folded egg product with nisin, folded
egg product without nisin, and simulated egg patty with nisin. The bacterial counts were
determined initially and at four (4) weeks, at eight (8) weeks, at twelve (12) weeks, at
sixteen (16) weeks, twenty (20) weeks, and twenty-four (24) weeks. The results are
displayed in Tables 9-12. All the cooked products had bacteria counts of less than 20/gram
(TPC, psychotrophs, and Pseudomonas) and maintained desirable organoleptic properties up

to at least twenty (20) weeks.
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Table 9.
PRODUCT — SCRAMBLED EGG PRODUCT WITH NISIN
Pressure-Treated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 a
4 weeks <10 <10 <10 a
<10 <10 <10 a
8 weeks <10 <10 <10 a
<10 <10 <10 a
12 weeks <10 <10 <10 a
<10 <10 <10 a
16 weeks <10 <10 <10 _ a
<10 10 <10 a
20 weeks <10 <10 <10 a
<10 <10 <10 a
24 weeks <10 <10 <10 a
<10 <10 <10 a
Untreated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 a

TPC — Total Plate Count (CFU/g)

Psych. — Psychotrophic bacteria (CFU/g)
Pseudo. — Pseudomonas bacteria (CFU/g)
Organo. — Organoleptic Properties: a=acceptable
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Table 10.
PRODUCT - FOLDED EGG PRODUCT WITH NISIN
Pressure-Treated
Storage Period (4°C) TPC Psych. Pseudo. Organo.

Initial <10 <10 a

4 weeks <10 <10 <10 a

<10 <10 <10 a

8 weeks <10 <10 <10 a

<10 <10 <10 a

12 weeks <10 <10 <10 a

<10 <10 <10 a

16 weeks <10 <10 <10 a

<10 <10 <10 a

20 weeks <10 <10 <10 a

<10 <10 <10 a

24 weeks <10 <10 <10 u

<10 <10 <10 u

Untreated
Storage Period (4°C) TPC Psych. Pseudo. Organo.

Initial <10 <10 a

TPC — Total Plate Count (CFU/g)

Psych. — Psychotrophic bacteria (CFU/g)

Pseudo. — Pseudomonas bacteria (CFU/g)

Organo. — Organoleptic Properties: a=acceptable; u=unacceptable
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Table 11.
PRODUCT — FOLDED EGG PRODUCT WITHOUT NISIN
Pressure-Treated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 a
4 weeks
8 weeks <10 <10 <10 a
<10 <10 <10 a
12 weeks <10 <10 <10 a
20 <10 <10 a
16 weeks <10 <10 <10 a
10 <10 <10 a
20 weeks <10 <10 <10 a
<10 <10 <10 a
24 weeks <10 <10 <10 ' u
<10 <10 <10 u
Untreated
Storage Period (4°C) TPC Psych. Pseudo. Organo.
Initial <10 <10 a

TPC — Total Plate Count (CFU/g)
Psych. — Psychotrophic bacteria (CFU/g)
Pseudo. — Pseudomonas bacteria (CFU/g)

Organo. — Organoleptic Properties: a=acceptable; unacceptable
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Table 12.
PRODUCT - SIMULATED EGG PATTY WITH NISIN
Pressure—Treated
Storage Period (4°C) TPC Psych. Pseudo. Organo.

Initial <10 <10 a

4 weeks <10 <10 <10 a

<10 <10 <10 a

8 weeks <10 <10 <10 a

<10 <10 - <10 a

12 weeks <10 <10 <10 a

<10 <10 <10 a

16 weeks <10 <10 <10 a

<10 <10 <10 a

20 weeks <10 <10 <10 a

<10 <10 <10 a

24 weeks <10 <10 <10 a

<10 <10 <10 a

Untreated
Storage Period (4°C) TPC Psych. Pseundo. Organo.

Initial <10 <10 a

TPC — Total Plate Count (CFU/g)

Psych. — Psychotrophic bacteria (CFU/g)
Pseudo. — Pseudomonas bacteria (CFU/g)

Organo. — Organoleptic Properties: a=acceptable

-36-




WO 2006/012085 PCT/US2005/021760

[0075] All references, patents, and/or applications cited in the specification are indicative
of the level of skill of those skilled in the art to which the invention pertains, and are
incorporated by reference in their entireties, including any tables and figures, to the same
extent as if each reference had been incorporated by reference in its entirety individually.
[0076] It will be readily apparent to one skilled in the art that varying substitutions and
modifications may be made to the invention disclosed herein without departing from the
scope and spirit of the invention. The invention illustratively described herein suitably may
be practiced in the absence of any element or elements, limitation or limitations which is not
specifically disclosed herein. The terms and expressions which have been employed are
used as terms of description and not of limitation, and there is no intention that in the use of
such terms and expressions of excluding any equivalents of the features shown and
described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention. Thus, it should be understood that although the present
invention has been illustrated by specific embodiments and optional features, modification
and/or variation of the concepts herein disclosed may be resorted to by those skilled in the
art, and that such modifications and variations are considered to be within the scope of this
inventidn.

[0077] In addition, where features or aspects of the invention are described in terms of
Markush groups or other grouping of alternatives, those skilled in the art will recognize that
the invention is also thereby described in terms of any individual member or subgroup of
members of the Markush group or other group.

[0078] Also, unless indicated to the contrary, where various numerical values are provided
for embodiments, additional embodiments are described by taking any 2 different values as

the endpoints of a range. Such ranges are also within the scope of the described invention.
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WHAT IS CLAIMED IS:

1. A method for producing processed egg material comprising:
pasteurizing egg material;
adding a food grade antimicrobial agent to the egg material; and

treating the pasteurized egg material with high hydrostatic pressure.

2. The method of claim 1, wherein the pressure-treating step comprises

pressure-treating the egg material in a sealed package.

3. The method of claim 2, wherein the egg material in the sealed package is

pressure-treated with hydrostatic pressure of about 300 - 600 MPa.

4. The method of claim 1, wherein the egg material is pasteurized by exposing

the egg material to high frequency radio waves.

5. The method of claim 1, wherein the egg material is pasteurized by heating

the egg material to a temperature of at least about 50°C.

6. The method of claim 1, wherein the antimicrobial agent is added after

pasteurizing the egg material.

7. The method of claim 1, wherein the antimicrobial agent is added before

treating the egg material with pressure.
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8. The method of claim 1, wherein the food grade antimicrobial agent

comprises nisin.

9. The method of claim 1, wherein the pressure-treating and pasteurizing steps

are performed simultaneously.

10.  The method of claim 1, wherein the egg material comprises an acidifying

agent.

11. A method for producing a processed egg product comprising:

treating pasteurized egg material at a pressure of at least about 300 MPa.

12.  The method of claim 11, wherein the pasteurized egg material comprises a

food grade antimicrobial agent.

13.  The method of claim 12, wherein the pasteui'ized egg material comprises

about 50 to 1000 ppm nisin.

14.  The method of claim 11, comprising press{lre-treating the egg material with

hydrostatic pressure.

15.  The method of claim 11, wherein the egg material is pressure-treated for

about 1 to about 5 minutes.
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16.  The method of claim 11, wherein the pasteurized egg material is pressure-

treated at a temperature of about 5°C to about 65°C.

17.  The method of claim 11, wherein the pasteurized egg material is a

pasteurized liquid egg material.

18.  The method of claim 11, wherein the pasteurized egg material is a cooked

egg material.

19.  The method of claim 11, wherein the pasteurized egg material comprises an

acidifying agent.

20.  The method of claim 11, wherein the pasteurized egg material has a pH of

about 5.5 to about 6.9.

21. A processed liquid egg product produced by a method comprising:

treating pasteurized liquid egg material with a pressure of at least about 300 MPa.

'22.  The product of claim 21, wherein the pastéurized liquid egg material

comprises whole egg material.

23.  The product of claim 21, wherein the pasteurized liquid egg material

comprises egg yolk material.
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24.  The product of claim 21, wherein the pasteurized egg material comprises egg

white material.

25.  The product of claim 21, wherein the processed liquid egg product comprises

about 50 to 1000 ppm nisin.

26. A processed egg product produced by a method comprising:

tréating cooked egg material with a pressure of at least about 300 MPa.

27.  The product of claim 26, wherein the cooked egg material comprises a
simulated egg patty produced by a method comprising: ’

freezing egg yolk material;

combining the frozen egg yolk material and liquid egg white material to provide a

combined egg material; and

cooking the combined egg material.

28.  The product of claim 26, wherein the cooked egg material is scrambled egg

material.

29.  The product of claim 28, wherein the scrambled egg material is produced by
a method comprising:
heating liquid egg material to a temperature effective for cooking an egg; and

passing the heated egg material through a holding tube and an extrusion plate.
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30.  The product of claim 26, wherein the cooked egg material is a folded egg
patty produced by a method comprising:
cooking liquid egg material to form an egg patty; and

folding the egg patty.

31. A packaged processed egg product comprising:

liquid egg material contained within a sealed package;

wherein the liquid egg material has a viscosity of no more than about 5000 cps; and
includes about 50 to 1000 ppm nisin; and

the packaged processed egg product is capable of being stored for at least 15 weeks
at 4°C to provide a stored product, such that the stored product retains acceptable
organoleptic properties and has a total bacterial plate count of no more than about 100

bacteria per gram product.

32.  The packaged processed egg product of claim 31, wherein the stored product
has a psychotrophic microorganism plate count of no more than about 100 bacteria per gram

product.

33.  The packaged processed egg product of claim 31, wherein the stored product

has a Pseudomonas ssp. plate count of no more than about 10 bacteria per gram product.

34. A packaged processed egg product comprising:
cooked egg material, which includes about 50 to 1000 ppm nisin, contained within a

sealed package;
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wherein the packaged processed egg product is capable of being stored for at least
15 weeks at 4°C to provide a stored product, such that the stored product retains acceptable
organoleptic properties and has a total bacterial plate count of no more than about 100

bacteria per gram product.

35.  The packaged processed egg product of claim 34, wherein the stored product
has a psychotrophic microorganism plate count of no more than about 100 bacteria per gram

product.

36.  The packaged processed egg product of claim 34, wherein the sealed

package has a head space of no more than about 15 vol.%.

37.  The packaged processed egg product of claim 34, wherein the cooked egg

material further includes an acidifying agent.
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38. A packaged processed egg product comprising:

cooked egg material, which includes about 50 to 1000 ppm nisin, contained within a
sealed package;

wherein the packaged processed egg product is capable of being stored for at least
15 weeks at 4°C to provide a stored product, such that the stored product retains acceptable
organoleptic properties and has a psychotrophic microorganism plate count of no more than

about 100 bacteria per gram product.

39. A method for producing processed egg material comprising:
pasteurizing egg material;
adding a food grade antimicrobial agent to the egg material; and

treating the pasteurized egg material with pressure of at least about 300 MPa.
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