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UNITED STATES DISTRICT COURT _ ¢ e
DISTRICT OF MASSACHUSETTS ' o

L. JOHN DAVIDSON and PASTEURIZED
EGGS LIMITED PARTNERSHIP, by

‘‘‘‘‘

and through its General Partner, YWUE - o
THE DAVIDSON GROUP SHELL EGC @ dN ... - @ & % P T

CORPORATION, .
PLAINTIFFS Civil Action No.

.

| 2o

V. i

MICHAEL FOODS, INC., -

DEFENDANT L=

COMPLATINT FOR DECTARATORY RELIEF

The PLAINTIFFS, pursuant to Fed. R. Civ. P. 57, hereby seek
a Declaratory Judgment of Non-Infringement of the DEFENDANT’S
patent rights.

PARTIES

1. The Plaintiff L. JOHN DAVIDSON (hereinafter “DAVIDSON”)
is an individual residing in the State of New Hampshire.

2. The Plaintiff PASTEURIZED EGGS LIMITED PARTNERSHIP, by
and through its General Partner, THE DAVIDSON GRQUP SHELL EGG
CORPORATION (hereinafter “PELP”), is a limited partnership formed
under Delaware statute with a place of business in the state of
New Hampshire, and it does business in the Commonwealth of
Massachusetts.

3. The Defendant MICHAEL FOODS, INC. (hereinafter “MICHAEL

L%?w._
L%.w' R
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FOODS” or “DEFENDANT”) is a Delaware Corporation that does
business in; has purposeful and substantial contacts in; and is
subject to personal jurisdiction in the Commonwealth of
Massachusetts.

ALLEGATION OF JURISDICTION

4. Subject matter jurisdiction in this Court is founded
upon the existence of a federal question. The action arises
under the United States Code, Title 35, § 271, and the United
States Code, Title 28, § 1338(a), as the claims relate to the
issue of patent infringement.

FACTUAL BACKGROUND

5. On December 31, 1996, United States Patent Number
5,589,211 issued to its inventors, James P. Cox, R.W. Duffy Cox,
and Jeanne M. Cox, (hereinafter “Cox patent”) claiming “methods
for processing poultry shell eggs.” (A copy of United States
Patent Number 5,589,211 is annexed hereto as Exhibit “A” and
incorporated herein by reference.)

6. The Plaintiff PELP owns the Cox patent.

7. On December 1, 1998, United States Patent Number
5,843,505 1issued to its inventor, DAVIDSON, (hereinafter
“Davidson Patent”) claiming a “method for production of

pasteurized in-shell chicken eggs.” (A copy of United States

Patent Number 5,843,505 is annexed hereto as Exhibit “B” and
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incorporated herein by reference.)

8. The Plaintiff DAVIDSON owns the Davidson patent.

9. On December 21, 1999, United States Patent Number
6,004,603 issued to its inventors, Joseph M. Vanderpopuliere and
Owen J. Cotterill, and its assignee, The University of Missouri,
(hereinafter “Missouri Patent”) claiming a “method of controlling
Salmonella in shell eggs.” (A copy of United Stateg Patent
Number 6,004,603 is annexed hereto as Exhibit “C” and
incorporated herein by reference.)

10. Upon information and belief, the DEFENDANT isg the
exclusive licensee of the Missouri Patent.

11. The Plaintiff PELP is also a licensee for three patents
issued to Louis Polster, United States Patent Number 5,916,617,
Number 5,993,886, and Number 6,035,647, claiming, respectively, a
"process for heat treating food product,” a “method and control
system for controlling pasteurization of in-shell eggs,” and a
"method and apparatus for chilling in-shell eggs.” (Copies of
United States Patent Number 5,916,617, Number 5,993,886, and
Number 6,035,647 are attached hereto as Exhibits “D”, “E”, and
“F7, respectively, and incorporated herein by reference.)

12. The consuming public has a compelling interest in egg

safety and pasteurization, and PELP, by arrangement with ISE

America, Inc. (hereinafter “ISE”)and others and with the
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participation of DAVIDSON, is in production of “Davidson’s
Pasteurized Eggs” and hag entered geveral markets in the eastern
United United States, including Massachusetts.

13. Upon information and belief, the DEFENDANT is a
diversified food procegsor and distributor, claims to be the
dominant leader in the egg products industry in the United
States, and advertises, markets, distributes, and sells its
products in the Commonwealth of Massachusetts.

14. On February 17, 2000, the DEFENDANT sent a letter to
ISE stating as follows:

(a) the DEFENDANT is aware of ISE’s “arrangement with
[DAVIDSON, THE DAVIDSON GROUP SHELL EGG CORPORATION or PELP] for
the production of pasteurized eggs in the shell;”

(b) the DEFENDANT and ISE entered a confidentiality
agreement on March 3, 1997;

(c) the DEFENDANT is the licensee of the Missouri patent and
that “MICHAEL FOODS believes that the process that you intend to
use may infringe this patent;”

(d) “MICHAEL FOODS will vigorously defend its intellectual
property rights if necessary;”

(e) the DEFENDANT demands a description from ISE of “why you

believe that the process you are about to use does not employ the

information disclosed by us to you under the confidentiality
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agreement and why you believe it will not infringe our patent;”
and

(f) the DEFENDANT demands that, if ISE is unable to describe
why it is not employing confidentially disclosed information or
infringing the Missouri Patent, that it “not commence, oOr
discontinue if [it has] commenced, sale of products produced
using the infringing process.” (A copy of the February 17, 2000,
letter is annexed hereto as Exhibit “G” and incorporated herein
by reference.)

COUNT I: (DAVIDSON)

15. The Plaintiff DAVIDSON hereby repeats, realleges and
incorporates herein by reference the allegations of Paragraphs 1-
14,

16. The February 17, 2000, letter creates and illustrates
an actual controversy between the parties because it gives
DAVIDSON a reasonable apprehension that the DEFENDANT will file a
patent infringement action against him and/or others engaged with
him in the production and sale of “Davidson’s Pasteurized Eggs.”

17. DAVIDSON and others engaged with him in the production
and sale of “Davidson’s Pasteurized Eggs” are operating within
the PLAINTIFFS’ own patent rights.

18. DAVIDSON and others engaged with him in the production

and sale of “Davidson’s Pasteurized Eggs” are in no way
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21. PELP and others engaged with it in the production and
sale of “Davidson’s Pasteurized Eggs” are operating within the
PLAINTIFFS’ own patent rights.

22, PELP and others engaged with it in the production of
“Davidson’s Pasteurized Eggs” are in no way infringing the
Missouri Patent or any other intellectual property rights of the
DEFENDANT .

WHEREFORE, the Plaintiff PELP prays that the Court:

(a) Issue a Declaratory Judgment of Non-Infringement of the
Missouri Patent or any other intellectual property rights of the
DEFENDANT by PELP and those engaged with it in the production and
gale of “Davidson'’s Pasteurized Eggs.”

(b) Restrain the DEFENDANT from instituting any action
against PELP and others engaged with it in the production and
sale of “Davidson’s Pasteurized Eggs” for patent infringement
arising out of such production and sale.

(¢) Order that PELP recover its costs.

(d) Order any further relief it deems warranted by the
evidence.

JURY DEMAND

Pursuant to Fed. R. Civ. P, 38, 39 and 57, the PLAINTIFFS

hereby demand a trial by jury on all issues so triable.
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SPEEDY HEARING

Pursuant to Fed. R. Civ. P. 57, the PLAINTIFFS hereby

request a speedy hearing in this matter.

The PLAINTIFFS,
By Their Attorneys,
COOLEY MANION JONES LLP,

AL

Earle C. Cooley, BBO#Z97900
John B. Manning, BBO# 559707
21 Custom House Street
Boston, MA 02110

(617) 737-3100

Dated: May 3, 2000
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VERIEICATTON

I, L. John Davidson, being duly sworn, hereby depose and say
that I am an individual plaintiff and the President, CEO, and
Chairman of the Board of The Davidson Group shell Egg
Corporation, which is the General Partner of the Plajntiff
Pasteurized Eggs Limited Partnership in the within action; that T
have read the foregoing Complaint for Declaratory Relief; and
that the allegations thereof are true, except those alleged to be

on information and belief, which matters I believe to be

/
—~ .(, w4/ /4

{_#obh Davidsbn

L

Then personally appeared before me L. John Davidson and
acknowledged the execution of the foregoing to be his free act
and deed.

Date: _ 9-3-2000 /(,Qﬂa,h_j(/ Z{,L

NOTARY PUBLIC _
My Commission Expires: :T'"—\/‘/ 2({. 2000 e e

$8024 .00
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5,589,211
1 2
METHODS FOR PROCESSING POULTRY out and in the furtherest reaches of the egg interior including
SHELL EGGS the egp yolk. Pasteurization temperatures range from 130° F,

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. appli-
cation Ser. No. 07/746,940 filed Aug. 19, 1991. The parent
application is a continuation-in-part of U.S. application Ser.
No. 07/674,495 filed Mar. 25, 1991, now U.S. Pat. Na.
5,283,076 which was a continuation of U.S. application Ser.
No. 07/349,974 filed May 8, 1989, and abandoned, which
was a continuation of U.S. application Ser. No. 07/196,878
filed May 19, 1983, and abandoned, which was a continu-
ation of U.S. application Ser. No. 07/070,597 filed Jul. 8,
1987, and abandoned, which was a continuation of U.S.
application Scr. No. 06/758,086 filed Jun. 24, 1985, and
abandoned.

TECHNICAL FIELD OF THE OF THE
INVENTION

The present invention relates to poultry shell eggs of
overall improved food safety quality and to shell egg pas-
teurization methods with time and temperature process
parameters equivalent to or exceeding those minimum stan-
dards established by the United States Department of Agri-
culture (USDA) for whole liquid eggs.

DEFINITIONS |

Functionality or Functional Properties: Eggs contribute to
the volume, structure, texture, and keeping quality of baked
products. The coagulation of egg proteins during heating
brings about the thickening of custards and pie fillings and
the binding of pieccs of food together as in loaves or
croquettes. When eggs are whipped, the proteins form
elastic films and moorpomtc air that provides the leavening

", .and volume needed in such products es_angel food. cakes,

souffles, sponge cakes, and meringues, The foam structure of
these products is made rigid by coagulation of the protein
during baking. The elasticity of egg protein films is also
important in popovers and cream puffs; the protein films
stretch when steam is produced during baking and later
coagulate to form the framework of the product. Lipopro-
teins of the yolk are good emulsifying agents. They make it
possible to disperse the oil in the other ingredients and
thereby contribute to the consistency of mayonnaise and
salad dressings and the structure of crcam puff shells,

Whole eggs are uscd in sponge and layer cakes, bread, and
rolls, Yolks are used in mayonnaise and salad dressing,
sweet goods, doughnuts, and cakes in which more yellow
color is desired. Whites are used in angel food cakes,
meringue toppings, puff pastry, white pound cakes, layer
cakes, cupcakes, certain candies, and a number of premixed
products.

The extent to which the functional properties are affected
by pasteurization is determined by testing the performance
of the eggs under conditions in which damage is readily
observed.

Pasteurization (or Pasteurization Process) Temperature:
The temperature at which a pasteurization medium (air or
other gas, water, oil, or other fluid, etc.) is maintained for an
RPT such that a destruction of any infections present in an
egg at least equal to that obtained by observing the minimum
or protracted standards mandated by the USDA for liquid
whole eggs is obtained on the shell of the egg and through-

20

.30

10 @ termperature approaching but less than 140° F. (<140°
F).

EqT: The point at which all particles throughout the mass
of a shell egg reach equilibrium with the selected pasteur-
ization medium tcmperature and the point at which RPT
begins. EqT time is the time required to obtain EqT of an
ege.-

Real Process Time (RPT): 'I‘hatpanofthe'['PTaﬁcrall
particles throughout the mass of a shell egg have reached a
selected pasteurization temperature enabling the meeting of
the U.S. Department of Agriculture standards for liquid
whole egps.

Total Process Time (TPT): That total length of time for
which an egg is heated beginning with the egg at an initial
preprocessing temperature and ending when the application
of heat to the egg is terminated. TPT equals EqT time plus
RPT.

Throughout the mass of an egg: encompasses all matter in
the shell of an egg and within the shell.

Temperatures are often expressed hereinafter in the form
xxx to yyy® F (3z° E). This is to be interpreted as a
temperature range in which the lower limit is a nominal xxx®
F. with a tolerance of 2z° F. and the upper limit is a nomma.\
yyy® E with a tolerance of z° E.

BACKGROUND OF THE INVENTION

For many years minimum food safety processing stan-
dards for various commodities have been promulgated and

. enforced by the United State Department of Agriculture.

40

45

35

While long enforced for liquid whole eggs and egg products
of a wide variety, based upon minimum standards of pas-
teurization processing, food safety standards have never
been established for shell eggs. Indeed, as a review of the
prior art identified in this specification has shown, there has

" not heretofore even beén available techriology for success- ~
fully pasteurizing shell eggs fo acceptable standards, that is,” "~

to standards equaling USDA guidelines established- for the
other egg products mentioned above.

Shell eggs are an important commodity affording the
consumer many nutritional advantages unparalleled by any
other food product. These advantages include very favorable
costs per mutritional unit of food valuc, convenience of
preparation, gastronomic enjoyability, culinary usefulness,
and availability.

It has long been known that some shell eggs contain
infectious organisms such as Salmonella which, from a food
safety standpoint, is of primary concemn. Techmiques for
improving the food safety of shell eggs by destroying these
infectious microorganisms have been proposed. However,
aside from those effective for external sanitation, none are
known to have ever been successfully employed. Instead,
processing, handling, and other aspects of cgg production
have been emphasized in an effort to indirectly reduce the
magnitude of the problem,

Awareness and concerns regarding infectious organisms
in the yolk of a shell egg have been slow in developing. Both
awareness and concems have been amplified increasingly
over the past decade as a result of numerous outbreaks of
food poisoning irrefutably attributable to such yolk-associ-
ated organisms.

Advanced social programs and medical care have made &
vastly enlarged percentage of the population dramatically
morc vulnerable to toxic effects of such food borne infec-
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tions. At increased peri) are those significant segments of the
population of increased longevity or those who are immu-
nocompromised due to organ transplants, immunosuppres-
sion therapies, and discascs caused by or causing compro-
mised immune systems such as AIDS.

Increasingly, concerns over the safety of eggs consumed
as a food illuminate the issuc of transovarian infection
developed deep inside the egg as it is formed in the oviduct.
In addition, infectious organisms are known to penetrate the
pores of shells and perhaps even the vitelline membranes of

*, eggs, contaminating déeper proteins including the. yolks.

Also, for reasons not entirely clear, diseased hens are now
known to excrete microorganisms inside the egg. The
offending microorganism currently identified with this prob-
lem is Salmonella enteritis (S. enteritis).

Salmonella are small, gram negative, nonsporing rods.
They are indistinguishable from Escherichia coli (E. coli)
under the microscope or on ordinary nutrient media. All
species and strains are currently presumed to be pathogenic
for man.

As a disease organism, Salmonella produces a variety of
illnesses depending on the species. S. typhimurium, which
translates to “Salmonella from Typhus Mary”, needs no
other explanation, S, typhi causes enteric fever. S. paratyphi
type A and type B cause a syndrome which is similar to but
milder than typhus.

Reported cases of severe gastroenteritis (stomach fln)
have implicated S. bareilly, S. newpori, and S. pullorum as
-well. The mortality range is primarily based on the victim’s
age and general health. S. cholera¢suis has the highest
‘reported mortality rate at 21%.

S. senftenberg is reputedly the most heat resistant specie
of Salmonella, It is reportedly destroyed at 130° F, (54.4° C))
after 2.5 minutes. It is estimated that 5. senfienberg T715W is
30 times more heat resistant than S. ryphimurium. Torkeys
(10 to 11 1bs,) inoculated with 115,000,000 microorganisms
o of S pullorum- required holding at an gverage -internal

_température of 160° F (7):1° C)) for four hours and. 55
minutes before the bacteria were destroyed,”

Qver 2,000 other species of Salmonella are known. The
number increases yearly.

Among the most common vehicles for food poisoning
caused by Salmonclla are eggs. Widespread publicity on
illnesses and deaths attributed to contaminated eggs con-
taining S. enteritis in Burope over the past few years has
reportedly resulted in a reduction in egg consumption. In
some distinct marketing areas the reduction has been esti-
mated to be as great as 50 percent. The problem is being
perceived in Europe and in the United States as chronic,
spreading, and a major public health challenge. Neverthe-
less, in the United States alone, approximately 240,000,000
dozen eggs are still consumed annually.

A recent article in the Nutrition Action Health Leiter
published by the Center for Science in the Public Interest
(Tuly/August 1991 edition, Volume 18, number 6, “NAME
YOUR (FOOD) POISON™) relates a current trend of grow-
ing concemn. The article reports that, according to govern-
ment cstimates, 80,000,000 cases of food poisoning yearly
result in about 9,000 deaths and several billions of dollars in
health costs.

The article claims that the primary causative foods are, in
order: dairy products, eggs, poultry, red meat, and seafood.
The article reports that 1 in 10,000 eggs is contaminated
with Salmonella enteritis. The average American consumes
about 200 eggs per year, If your egg consumption is average,
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your chance of downing an egg contaminated with one or
more species of Salmonella is 1 in 50; or, put another way,
it is likely that you will eat four contaminated eggs this year.

If you are over 65 or have a disease such as cancer or
AIDS associated with a weakened immune system, the
article advises: don’t eat raw eggs; don’t drink egg nog;
don't eat Caesar salads, home made mayonnaise, ice cream,
or “health” drinks that call for raw cggs. Cook all eggs
thoroughly—solid white and yolk.

Compounding the contamination problem is the improper
handling of eggs in institutional and even home settings.
Ofien cited is the all too frequent observation of eggs setting -
out at room temperature for long periods of time in institu-
tional kitchens. Such unknowledgeable treatment promotes
bacterial advancement in even the freshest egg.

Little is known about virology inside the egg. It has long
been and is stil] believed by some that shell eggs are sterile
inside the shell. Needle puncture samples of the inside of an
egg including both yolk and white taken under aseptic
conditions usually do demonstrate a negative plate count
when cultured. Nevertheless, it is well known that, when
eggs are broken in quantity, they immediately demonstrate
significant gross populations of infectious microorganisms.
It is not unusual to find plate counts ranging from several
hundred to many thousands, even when the surface of the
egg shells have been cleaned of filth and washed in the best

- antiseptics known to food science. The occurrence of S.

enteritis inside the shell egg is now also well documented.

One source of infection arises from the fact that egg shells -
have numerous pores which permit the egg to breathe. Pore
holes vary in size. When the egg is laid, those holes come
into contacl with organic refuse in the cage. It is very likely
that some microbes contacting the egg are of a size which
allows them to fit through the pores. Once inside, the
microbes are not uniformly spread around the interior of the
egg but are retained in small patches on the inner shell
membrane, which has yet smaller pores than the shell.

Washing sctuzlly spreads microbes more cvenly, i increas-

. ing contamination through greater surface contact with enu-y :

pores in the egg shell. When the eggs are cracked, the shell
membranes may be ripped and tomn loose. And, when the
shells are subsequently emptied, the eggs may be peppered
with this stored inoculum in addition to airbome bacteria.

Also, as egg temperatures vary, there is active and ongo-
ing gas and vapor exchange between the yolk and white via
the vitelline membreane, between the white and the inside of
the shell via the outer and inner shell membranes, and also
between the shell and the outside environment. Airtbome
microorganisms can also reach the interior of the egg
through these mechanisms.

Finally, as discussed above, eggs can be, and frequently
are, contaminated by transovarian infection. The extent of
this problem is still not known. Thus, an egg may be unsafe
1o eat even if there is no transport of harmful microorgan-
isms from the exterior of the egg 1o its interior. Worse yet is
when both of the egg infecting mechanisms—pore penetra-
tion and transovarian infection—are at work.

U.S. Pat. No, 4,808,425 issued Feb. 28, 1989 to Swartzel
et al, elaborates on the USDA standards for pasteurizing
liquid eggs, summarizes the disclosures of many references,
identifies resources relative to egg pasteurization, and
adequately points out many of the problems associated with
available techniques for making liquid but not shell eggs of
safer food quality. Swartzel et al. employ a conventional
pasteurization technique—time at temperature—to treat lig-
uid egg producis. The products are contacled against a
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heated surface at high temperatures; i.e., above 140° F. (60°
C.) for short durations of less than 10 minutes. This
approach is not applicable to a shell egg.

The minimum time at temperature processing mandated
by USDA standards produces liquid eggs which are safe to
eat because all particles have been exposed to RPT; and, if
the liquid eggs are carefully processed, an at least acceptable
degree of functionality and other valued properties can be
retained, Standards for shell eggs are lacking because, up to
now, a reliable time at temperature technique for making
shell eggs safe 16 eat has pot existed. In particular, there is

not known 1o exist any effective process which can be -

employed to process whole eggs to the standards mandated
for liquid eggs; i.c., to ensure that all particles throughout the
mass of the egg—which includes the shell, the outer shell
and egg membranes, the albumen layers or egg white, the
chalaza, the vitelline membrane, and the yolk to its inner-
most reaches or centcr—are exposed to appropriate tem-
peratures for times adequate for an acceptable kill of any
harmful organisms that might be present.

Other researchers have focused their attention on time and
temperature treatments for devitalization of vital shell eggs.
To a much lesser extent, pasteurization of shell eggs to
improve food safety quality has been considered.

Funk (Stabilizing Quality in Shell Eggs, Missouri Agri-
cultural Experimental Station, Research Bulletin no. 362 and
Maintenance of Quality in Shell Eggs by Thermostabiliza-
tion, Missouri Agricultural Experimental’ Station, Bulletin
no. 467) and Murphy and Sutton (Pasteurization of Shell
Eggs to Prevent Storage Rot and ‘Maintain Quality—a
. Progress Report of Experimental Work, Misc. Publication

- 1o. 3317, Department of Agriculture, New South Wales,
Australia) purported to preserve shell eggs by briefly heating
the eggs for 15 or 16 minutes at temperatures ranging from
130° to 135.9° F. (54.4° C. t0 57.7° C)) and from 129.2° to
136.4° F. (54° C. 1o 58° C.). Irrespective of the starting
temperature of the shell egg to be processed, these prior art

20
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processes cannot possibily. provide a ‘Salmonella free or -

" Salmonella_reduced ‘inner”egg. Neither can they achiéve

equivalents of the minimum requirements established by the
USDA for processing liquid whole eggs.

The growth of external food poisoning infections are in
some of the TPT/temperature ranges provided favorably
influenced in the outermost layers of the shell egg. In many
other ranges, external food poisoning infections will be
significantly worsened. In all cases, lemperatures near and at
the egg yolk center never achieve the minimum température
needed for a time effective to kill significant concentrations
of infectious microorganisms.

On the contrary, becawsc the internal temperatures
reached near or in the center of the yolk are not high enough
to deslroy Salmonella and other infectious microorganisms,
these prior art techniques, mespecuve of how employed or
combined, cannot meet accepted minimum standards for
other egg products and by and large can only attain tem-
peratures in the yolk within the times suggested which are in
a range that will cause substantial increases of any food
poisoning infections present therein. Within a very narrow
range of those parameters, processed egps may or may not
become more infected. In all other instances a shell egg
carrying a minor, non-lethal infection in the yolk can by use
of such methods deteriorate markedly and become a very
significant health risk, if not a toxic food.

In his U.S. Pat. No. 2,423,23 issued Jul. 1, 1947, Funk is
concerned principally with “sterilizing or devitalizing”
embryos in vital shell eggs, Confusingly, Funk ambiguously
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and interchangeably uses the term sterilization, stabilization,
devitalization, and pasteurization in describing this objec-
tive, Funk claims that poultry eggs can be pasteurized,
stabilized, and devitalized of embryonic life by immersing
freshly laid, room temperature eggs in oil or water at
temperatures ranging from 110° F. to 145° F. (43.3° C. to
62.8° C.) for times ranging from five to forty minutes or
presumably, in'the alternative, from 110° F. to 145° E for
from forty to five minutes.

Funk did not account for the fact that infectious micro-
organisms such as Salmonella are.to be found throughout
and in any or all specific parts of an egg, such as the yolk,
whites, and membranes and even at the center of the yolk.
Funk is principally concerned with devitiating the shell egg
embryo and only with “destroying bacteriological organisms
which may have penetrated the egg shell and . . . extended
even so far as the yolk . . . .” He did not disclose in his patent
or take into account the fact that the time required for
processing a shell egg to make it safe to eat at specified
temperatures is one thing for the outer, non-yolk portion of
a shell egg and quite another for the center of the yolk, The
result is that most of the process conditions claimed by Funk
only result in conditions which at best can not meaningfully
improve any preexisting infectious condition and at worst
are certain to significantly increase health hazards from food
poisoning infections. As applied to a shell egg, Funk ¢annot
achieve even the minimum USDA processing standards (see
FIG. 2) for liquid egg products. Use of other time/tempera-
ture combinations erfibraced by the broad statements in the.
Funk patent (which also cannot meét the minimum process-
ing standards referred to above) result in the whites of the
eggs being visibly cooked (sce FIG. 8). "

The Funk process parameters are temperature and TI'T.
As defined above, this is the total time a shell egg is held in
a pasteurization medium heated to a selected pasteurization
process termperature. This is quite different from the critical
RPT, which is that portion of TPT in which all particles
throughout the mass of the egg including those at the center
of the yolk are at an cffective pasteurization temperature
measyred from the point at which EqT is feached. There is.

“"no evidence that Funk recognized or appreciated the criti-

cality of the difference between TPT and RPT. Even if he
had, he presumably would not have made this distinction
because, for purposes of devitiating an egg embryo, TPT and
RPT are one and the same; i.e., there is little or no difference
between these two process temperature conditions in pas-
teurizing, devitalizing, and sterilizing whole eggs to retard
spoilage by making viable eggs infertile; i.e., by preventing
ongoing embryonic development.

Lethal thermal damage to any part of an embryo, even
only at its surface, is adequate for this purpose. Unlike the
embryos in vital eggs, infections are composed of a multi-
tude of micro-entities. Lethal damage at some point to a
portion of this multifacious milieu is not adequate to destroy
the infection as is the case with an embryo which may be
killed if even a small part is heated to a high enough
temperature, To be effective against infections frequently
scattered throughout a substrate, the time at temperature
must be adequate to kill large numbers of infectious organ-
isms at these widely scattered locations. In a shell egg, that
means that the pasteurization temperature must be reached
and maintained for the necessary time thronghout all parts of
the egg containing the microorganisms. In this case, TPT
and RPT are distincy; the distinction becomes increasingly
critical as that mass of the egg which is potentially infectable
is increased.

Funk's statement of process parameters for the devital-
jzation of an egg embraces many time and temperature
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combinations which may be effective o achieve that object,
However, when employed to kill food bome infections,
those time and temperature combinations which apply to
embryonic devitiation cannot adequately kill Salmonella or
other harmful bacteria commonly found in eggs for reasons
just discussed. The unfortunate facl is that most of those
time/temperature combinations embraced in Funk can only
significantly increase contamination inside the egg because
they for the most part result in the egg being under condi-
tions near to or optimal for maximum bacterial growth An
example is Funk's own preferred pasteurization param-
. eters—five to ten minutes TPT at 138° F, (58.8° C.) and
twenty to forty minutes TPT at 130° E (54.4° C.).

Funk’s preferred “pasteurization” method for a shell egg
never achieves any RPT at the yolk but does achieve active
growth range conditions there over a significant period of
time. If the initial temperature of the shell egg is signifi-
cantly lower than 70° F,, as is or should always be the case
in real world processing, Funk’s preferred conditions will
more seriously fail, resulting in dramatically favored corn-
ditions likely to increase any food poisoning infection
present in the yolk.

Funk's preferred “pastenrization” process times and tem-
peratures arc not the worst cases suggested to one of
ordinary skill in the art by his patent. Indeed, when many, if
not most, of the Funk times and temperatures provided for

pasteurization, sterilization, and devitalization of vital egg

‘embryos are applied to the “pasteurization” of shell eggs fo
improve food safety quality, the results as confirmed by tests
always fall short of and are often contrary to that objective.
Moreover, as measured at the yolk, eggs processed pursuant
to the most favorable possible conditions speciﬁed by Funk

- cannot meet the process standards provided in the USDA
Protracted Whole Egg Standard for Liguid Whole Eggs (see
FIG. 1) or even the minimum standards mandated by the
USDA for liquid whole eggs (see FIG. 2).

For example, take a shell egg infected superficially at the
inner shell surface (not uncominon) and also in the yolk
- (estimated to occur in 1.out of every 10,000 egns). Pasteur-
ize that egg according to Funk's specifications: from 40
minutes at 110° F. to 5 minutes at 140° E At the lower
temperature/longer time—40 minutes at 110° F—the super-
ficial temperatures even at the inner surface of the shell can
be expected to promote the growth of bacteria and result in
substantial worsening of any food poisoning infections
present. Those temperatures achieved near or at the yolk
center could reach but would never exceed the optimal
growth conditions for food poisoning infections of Salmo-
nella. The result, if infections were present, could easily be
catastrophic increases in food poisoning concentrations. At
shorter times and higher temperatures such as 134°-136° F,
the temperature of an infected yolk center would never
exceed about 125° E,, yielding only eggs with increased food
poisoning potential,

If the above-discussed time/temperature relationships are
reversed—35 minutes at 110° F. to 40 minutes at 140° F—
is equally reasonable from Funk’s claim 1 and other state-
ments in his patent, the low temperature/short time relation-
ships constitute what could reasonably be selected as opti-
mal by a bacteriologist to best culture Salmonella in eggs as
a growth medium, At the other end of the spectrum—the
extreme high temperature/long time combination of 140° F,
for 40 minutes—, the “pasteurized” eggs would be “hard-
boiled” in at least the exterior layers, All inbetween permu-
tations of Funk conditions are ineffectual at best to meet
even the minimum processing conditions required by the
USDA for liquid whole eggs as shown in FIG. 2.
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At the same time, even starting with shell eggs already at
70° F, let alone at more realistic, lower, cold storage
temperatures, shell eggs processed according to Funk in the
near extreme regime (>139° F/39.2 to 40 minutes TPT) will
never achieve the RPT near or at the egg center needed to
meet the basic protracted USDA temperature/time regimes
for liquid whole eggs. To make matters worse, when shell
eggs are immediately immersed into liquid at extreme
temperature differentials (greater than about 65° F~70° E)
ds they could well be in following Funk's teachings, a
significant number will crack. Cracked eggs-are a Joss. They
are difficult to handle, unmarketable to consumers and other
purchasers of whole eggs, and exceptionally susceptible o
contamination.

In short, by even the most generous interpretation, no
obvious combination of Funk’s sterilization, devitalization,
or pasteurization temperatures and times (from 110° F. to
140° F, for 5 to 40 minutes or from 110° F to 140° F. for 40
1o § minutes) can achieve even the minimum, FIG. 2 USDA
process standard for liquid whole eggs without “‘cooking” at
least the egg whites 10 some extent; and this is unacceptable
because of consumer rejection and resulting loss of func-
tionality. It is more likely, because it is true in the large
majority of the available timeftemperature combinations,
that the Funk process would, if the egg being processed is
infected at the yolk and/or superficially on the shell's inner
surface, increase rather than decrease, perhaps diamatically,
any food poisoning hazard present. The process would
surely promote the growth of or at best substantially leave
unaffected any harmful microorganisms present in the egg.

Application of the Funk process to eggs almost certainly
results-in eggs dependably rid of 4 living embryo. But with
respect to pastetirization designed to improve food safety of
shell eggs'and with the questionable exception of a few time
and temperature combinations effective to reduce superficial
inner shell infections, Funk's process is only likely to
produce infected shell eggs which remain or are made more
hazardous to consumers and/or- wtuch are wsxbly pamally

-‘cooked at the guter layers.

New serotypes of infectious orgamsms contmue 1)
develop. Increased production, mass handling, and wide-
spread distribution of food products continue to increase the

risks of food poisoning. Food poisoning incidents related to

eggs are not uncommon and may even be increasing. Almost
all food products have well developed standards of process-
ing for ensuring food safety. With respect to eggs and egg
products, only shell eggs have no standards for pasteuriza-
tion, The primary reason for this lack of food safety pas-
teurization standards as required for all other egg products is
undoubtedly attributable to the lack of knowledge of an
efficacious process for making shell eggs safer to cat. In
practice, known processes such as the one discussed above
and proposed by Funk are inefficacious and either fail
completely to achieve any meaningful benefits or are highly
likely if not certain to result in products with substantially
increased health hazards from food poisoning.

SUMMARY OF THE INVENTION

Now discovered and disclosed herein are novel, practical
methods for temperature and time pasteurization of a shell
egg throughout its entire mass with a degree of effectiveness
equaling or even exceeding that obtained by employing the
USDA minimum and protracted standards for liquid whole
eggs, thereby reducing to an acceptable level the possibility
that the subsequent ingestion of the processed egg might
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causc food poisoning, typically an iliness consisting of
gastroenteritis and fever lasting for several days but a deadly
threat if a person in one of the susceptible categories
identified above is infected. At the same time, these novel
shell egg pasteurization techniques do not unduly compro-
mise the integrity, functionality, or quality of the egg.
Process temperatures capable of producing this significant
advantage for commercial size eggs (54 to 68 grams) with an
initial, pre-pasteurization temperature of 45° F, or higher are

those in the range of from-about 130° F. to near, but less .
than, 140° E. Temperatures substantially above 139° F. are -

not useful because: (1) the egg will in too many-instances
crack upon being subjected to pasteurization, and/or (2)
whites will begin to visibly cook before the egg yolk
pasteurization temperature at the center of the egg yolk has
been achieved, let alone maintained long enough to meet
pasteurization standards equivalent to those mandated by the
USDA for liquid eggs. At temperatures below the specified
minimum, Salmonella and other harmful microorganisms
including molds, other bacteria, and even viruses are not
effectively killed and may even thrive,

Process times employed at the temperatures just identified
in the novel pasteurization processes disclosed herein to
meect minimum reguirements equivalent to those mandated
by the USDA for liquid eggs range from a minimum RPT of
about 50 minutes at 130° F, to a minimum RPT of about 4.50
minutes at 139.5° F. The time/temperature parameters taken
into account include these factors: (1) the temperatures
achieved by all particles in and throughout the mass of a
shell egg; the time for which all particles are held at that

temperature; and the average time that every particle is-

-heated, assuring that each particle is subjected to at least the
minimum conditions needed to. guarantee effective pasteur-
ization; (2) the minimum-to-maximum process parameters
which will avoid or minimize adverse changes in appearance
and performance vs. maximum kill of infections; and (3) the
attainment of conditions needed 1o provide the equivalent of
liquid whole eggs.. - R L Lo

The initial egg temperature at the beginning of the pas-
teurization processing of whole shell eggs may range from
a low of about 38° E to a high of about 60° F. with a
probable average year around temperature of about 55° F.
The average preprocessing temperature should be somewhat
lower than 45° . for whole shell eggs destined for consumer
distribution.

Effective pasteutization in accord with the principles of
the present invention requires that the preprocessing starting
temperature be known, This temperature is used to deter-
mine TPT. As suggested above, TPT has two components,
EqT time and RPT, with EqT time being the time required
for an egg to reach equilibrium with the temperature of the
pasteurization medium throughout its mass and especially in
its most thermally inaccessible portions such as the center of
the yolk. Only after EqT is achicved can RPT, the time at a
selected pasteurization process temperature equivalent to
that mandated for liquid whole eggs, begin. Once the center
of the shell egg is at the selected pasteurization temperature,
the egg is processed at USDA-mandated temperatures and
times to ensure time-at-temperature compliance at the center
of the shell egg yolk with at least the minimum USDA
standards for liquid whole eggs. This ensures that, com-
pletely throughout its mass, the egg is maintained at a
temperature high enough to effect the destruction of harmful
bacteria for a time long enough for that goal to be realized.

Examination of FIG. 2 shows the following minimum
temperature/time requirements for liquid whole eggs, and

“the minimum USDA mandated pasteurization standards for .
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those parameters may be applied equivalently to shell eggs
once the selected pasteurization temperature has been
achieved at the shell egg yolk center. The same data appears
in tabular form in Table 1. In each instance, the indicated
titne is the minimum RPT needed for an acceptable or better
kill of harmful microorganisms at the corresponding tem-
perature.

TABLE 1
Temperature . Required RPT (min) -

130°F. (544° C) =65
131°F (55.0° C.) =49
132° F, (55.6° C) =38
133° F, (56.1° C.) =28
134° F. (56.7° C.) =120
135°F. (57.2° C) =16
136° F, (57.8° C) =11
137° E (57.8° C.) =8
138" F (58.9° C) =6
139° F (59.4° C)) =475
140° F. (60.0° C.) =135

When the Table 1 pasteurization time and temperatures
are applied to shell eggs, additional, EqT time must be
allocated from the time the egg is placed in a heat transfer
or pasteurization medium maintained at the desired pasteur-
ization temperature in order for the center of the yolk to
achieve EqT—the initial point of RPT and the point at which -
the egg reaches temperature equilibfum with the heat trans-
fer medium. The RPT for 2 given pasteurization regime can
only begin after this point has beén reached and heat has
been transferred through the external portions of the shell
egg into the center of the yolk such that the temperature at
the yolk centér and at every other locus throughout the mass
of the egg has reached equilibrium with the process medium.

The total time for the entire egg to come to equilibrium
with the process medium or reach a predetermined effective
Process temy) EqT, added to the real processing time,

" RPT, as set forth in FIGS. 1 and 2 and Table 1 equals the

total processing time, TPT. , i _

Among factors determining the time required to reach’
EqT are egg size, the preprocess temperature of the egg, and
the selected pasteurization process temperature.

For purposes of achieving heat transfer through the shell
to the interior of an egg, one liquid (oil, water, glycol or the
like) will work about as well as another provided, of course,
that the liquids are safe for this use. A gas such as air,
humidified air, or air mixed with gases such as carbon
dioxide or nitrogen can be used as a pasteurization medium
but is not preferred for heating eggs to EqT. Such gases may
be used for the RPT phase of the pasteurization process or
for TPT processes which involve both EqT and RPT phases.
However, for RPT steps, liquids are also usually preferred.
The just-identified gases are frequently preferred for tem-
pering, a technique described in detail hcreinafter and
optionally employed to ensure efficacious pasteurization of
epps in processes employing the principles of the present
invention.

It is not uncommon for eggs in a process lot to be at
different temperatures. The ignoring of this significant con-
dition can lead to the selection of inappropriate EqT, RPT,
and/or TPT time and temperature combinations. Those
parameters providing effective, if not optimal, pasteurization
of eggs at one initial temperature may result in the cooking
of the whites of eggs at a higher initial temperature. Con-
versely, if the process batch contains eggs with a lower
initial temperature, those eggs may not be subjected to the




" Case 1:00-Cv-10859-DPW Document 1 Filed 05/03/00 Page 27 of 101

5,589,211

11

minimum RPT for the selected pasteurization temperature
specified in FIG. 2 and Table 1.

Tempering may be employed in accord with the principles
of the present invention in instances where disparity in
initial egg temperatures is evident or even suspected to
climinate the problems the temperature disparity may cause.
Tempering is an initial or pre-processing step in which the
eggs arc held at a sub-pasteurization temperaturc long
enough for the eggs to all come to the same temperaturc.
This promotes uniformity of results in the subsequent pas-
teurization of the eggs, significantly reducing or even elimi-

nating the likelihood of there being eggs with cooked whites -

and/or insufficiently pasteurized eggs at the end of the
pasteurization process. Tempering can also be employed to
reduce, if not eliminate, thermal shock cracking of the eggs
being processed.

Tempering can be carried out in air and other gases, The
gas can be dry air or air humidified to prevent evaporative
losses of water from the egg during tempering, a phenom-
enon that is preferably avoided because of the weight loss
suffered as an egg dries. An alternative, if the pasteurization
process medium is not water, is to add water to that medium
to make up evaporative losscs during pasteurization by
restoring water lost from the egg by cvaporation.

The shortest effective tempering times are preferred. It is
undesirable to hold the egg at any temperature which favors
microorganism growth for any longer than necessary; and
the tempering temperature might be one of that character.

The -basic shell cgg pasteurization process takes into
account process steps and factors other than those identified
above such as: (1) a normal range of egg sizes at any normal

ambient preprocess temperature, tempered or untempered,

- packaged ot unpackaged, or coated; (2) liquid and gas or
fluid processing; and (3) the use of turbulence or vibration
to promote the transfer of heat into the eggs. The process
preferably employs primary pasteurization parameters of
>134.5° FE 10 <139.5° F. (4 ca. 0.3° F) for a TPT of from
about 23 to about 56 minutes or, for maximum TPT, pas-

" teurization process teriiperatures of 130.1° F, to 134.6° F. (£

about 0.3° F) for TPT’s of from about 46 1o about 345
minutes,

Preferred TPT's and pasteurization temperatures for eggs
weighing between 35 and 90 gms and at a normal preprocess
temperature between 40° F and 70° F. are 138° E+1.5°F at
44tabout 8 minutes. Preferred TPT's for eggs weighing
between 50 and 80 gms at preprocess temperatures between
45° F, and 55° F, for pasteurization temperatures of 138°
F40.75° F. are about 4415 minutes. These time and/or
temperature ranges are modified, using test data and routine
trials, when intermittent temperature pasteurization as
described in succeeding paragraphs of this specification is
employed.

There are important versions of the invention in which
beating of the egg is accomplished in stages with one or
more of the heating steps being followed by a dwell time in
which the temperature equilibrates throughout the intcrior of
the egg.

Another, somewhat similar approach is pasteurization in
stages with substantial dwell times between the stages. Tests
have demonstrated that pasteurization within the ranges of
time/temperature parameters described above followed by a
second pasteurization treatment may be synergistically
cffective to provide longer shelf lives.

Because of the virtually unlimited number of options this
offers, it is impractical to list the parameters for each and
every option, Furthermore, this is unnecessary; the param-

45
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eters appropriate for a particular option cmploying intermit-
tcnt or discontinuous heating can be readily and routinely
determined because the critical criteria are known. Specifi-
cally, the pasteurization temperature and RPT must be such
that, at the end of the pasteurization process, all particles
throughout the mass of the egg will have been heated at the
selected pasteurization temperature for an RPT equivalent to
at least the minimum mandated by a USDA Standard for
liquid whole eggs (FIGS. 1 and 2 and Table 1).

Like pasteurized eggs and egg products, a shell egg
processed by time-at-temperature pasteurization will typi-
cally suffer some diminution of overall sensory pmperdes
and some loss of functionality. Generally, in processing shell
eggs in accord with the principles of the present invention,
any quantitative changes resulting from implementation of
the invention under the less extreme process conditions are
not noticeable by a consumer of average scnsitivity, Under
extreme conditions, such as pasteurization al a temperature
of 131° E for 100 to 240 minutes, products which may have
some average-consumer-noticeable differences may be pro-
duced. For example, a shell egg processed by the foregoing
regime will have what appears to be a larger yolk than a
control, This is thought to be due to egg lipids thinning and
running under the prolonged influence of the process heat,
thereby exerting greater hydraulic pressure against the
vitelline membrane which contains the yolk matter. The
membrane is comprised of protcin and consequently can
relax and stretch. This condition does not correct itself when
the egg is cooled to ambient or to refrigeration temperatures.
Without the control for comparison, the enlarged yolk may .
be noticeable only because it will lay flatter in a pan than a
non-pasteurized egg, for example.

While possibly inconvenient, this consumer noticeable
fault is minor -when compared to the improved food safety
of the egg. Nevertheless, more moderate or optimal process
conditions such as pasteurization at 138° F. for about 40 to
46 minutes TPT will typically be employed, This yields
products which are ‘superior in that they are difficult to

. :'dlﬂ'erentmte from controls in any qualitative factor.
" As ‘with pasteéurized liquid whole -eggs, some loss of - -

functionality in an egg processed in accord with the present
invention will be noticed by a baker. Howéver, the difference
can usually easily be made up by small increases in the total
amount of egg that is used. This potential diminution of
functionality is more than offset by the improved food
safety.

TPT may be reduced by introducing turbulence into the
pasteurization medium and/or by subjecting the shell eggs to
mechanical vibration. Both of these mechanisms—a turbu-
lent pastevrization medium and the application of vibra-
tional energy to the egg-~increase the rate of transfer of heat
from the pastenrization medium to the interior of the egg.
Thus, while not essential, the utilization of turbulence and
vibration can result in more effective treatment regimes. A
turbulent pasteurizing medium or vibration of the egg should
be used where the additional benefits of quicker, more
cifective processing are desirable.

Ultrasonically induced and other forms of vibration
including those produced by cavitation may also be
employed to advantage in the microorganism destroying
treatment. Such vibration, like that of the mechanical vari-
ety, promotes the transfer of heat through the shell and
throughout the mass of the egg. This enhances process
effectiveness, ensuring more efficient reduction of infectious
microorganisms.

Qther, advantageous process techniques are deliberate
overshooting of the selected treatment temperature when the
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cgg is initially heated and the pulsing or alternating of the
treatment temperature between two different levels.
Heating shell eggs and subsequently holding them at
selected temperatures for an appropriate time to cffect
pastcurization is preferably followed by rapid cooling (or
quenching) of the treated eggs. This final step cnsures that,
as they are cooled, the treated eggs pass rapidly through that
portion of the temperature spectrum favoring bacterial
growth. If quick cooling is not employed, any remaining
. harmful bacteria may multiply and negate some or all of the
effects of the time-at-femperatore treatment, especially if the

". eggs are allowed to remain for. any significant time in a

temperature zone favoring microbial growth. For this rea-
son, natural cooling of treated eggs to ambient conditions or
even cold storage conditions can allow new growth of any
remaining unkilled microorganisms to occur.

Even rapid cooling can have serious drawbacks since
microorganisms in the ambient environment of the treated
eggs can recontamninate the egg surface and be drawn back
inside through shell pores by negative pressure generated
inside the shell as the egg cools. Therefore, the more rapid
the cooling, the cleaner the environment, and the more
sterile the cooling environment, the better.

The best possible way to avoid recontamination of the
pasteurized cggs by contact with organisms in the ambient
environment, by handling, and by other mechanisms is to
package the egg in an impervious film or other package prior
to cooling. Examples of appropriate films and package
maiedals are those fabricated of polyethylenes and polyvi-
nylchlorides. Other acceptable packaging which can be used
to prevent recontamination iricludes composite films and
readymade, food- approved proprietary. packaging such as

“Cry-0-Vac®, Seal-A-Meal®, and the like.

The egg may be processed in the package and the package
aseplically sealed after processing, but before cooling; or the
. package may be sealed prior to pasteurization processing,

this being followed by cocling to ambient or a refrigeration

temperature. Among the advantiges of processing the egg in ..

packaging is that no recontamination can occur during steps
requiring cooling or handling. The packaging of eggs before
processing, particularly by the dozen or in the other mul-
tiples, offers many other advantages including the ability to
use modified atmosphere gases such as carbon dioxide,
nitrogen, and mixtures as a package filler to: prevent spoil-
age; reduce breakage during processing; make handling, the
automation of production, and standardization of egg mois-
ture levels casier; and facilitate the addition and the diffusion
into the egg of process aids such as organic acidification
agents including citric, lactic, benzoic, and ascorbic acids, to
name but a few. Eggs processed in individual packaging may
be slipped into more-or-less standard egg cartons while
packages in which eggs are processed in multiples may be
wrapped or placed in cardboard sleecves to present the
packaged appearance commonly expected by the consumer.

Packages may be filled with carbon dioxide, nitrogen, or
a carbon dioxide/nitrogen mixture before pasteurization or
after pasteurization and before cooling and then sealed.
Upon cooling in the sealed package, the gas will be drawn
in through the pores in the egg shell and the shell and
vitelline membranes to provide a stabilizing, deterioration
inhibiting gas inside the egg.

Storage at acceptable elevated temperature for short dura-
tions can be used to effectively pasteurize eggs. Critical
parameters for such storage pasteurization are temperatures
of ca. 131° to 135° E (£1° F) for from about 42 minutes to
as long as 390 minutes using water-—e.g., in the form of a
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14

spray—as a heat transfer medium. Very high humidity air;
i.e., air with a relative humidity Z85% can also be employed
as a heat transfer media with the process times then ranging
from about 50 minutes to 400 minutes. Prepackaging of the
egps before processing is preferred in this type of pasteur-
ization process due to the many advantages heretofore
mentioned.

The important objects, features, and advantages of the
invention will be apparent to the reader from the foregoing

- and the appended claims and as the ensuing detailed descrip-

tion and discussion proceeds in comuncuon wnh the accom- '

" panying drawmgs

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a chart depicting the USDA Protracted Whole
Egg Standard for pasteurizing liquid whole eggs;

FIG. 2 is a chart showing the minimum conditions man-
dated by the USDA for pasteurizing liquid whole eggs and
other liquid poultry egg products;

FIG. 3 is a pictorial cross-section through a whole,
uncooked, poultry, shell egg;

FIGS. 4-8 are charts showing the temperatures reached

after TPT s of zero to 120 minutes at the center of shell eggs
processed in water baths with temperatures of 138°, 132°,
134°, 136°, and 140° F;
" FIGS. 9 and 10 are diagrammatic side and plan views;
respectively, of one system which can be employed to
pasteurize process poultry shell eggs in small lots in accord
with the principles of the present invention;

FIG. 11 is a diagrammatic view of one representative
device that can be employed to mechanically vibrate whole
shell egps pasteurization processed in accord with the prin-
ciples of the present invention in order to increase the rate
of transfer of heat to the centers of the eggs and, in some
casgs, to scramble the eggs in their shells;

FIG. 12 is a schematic view of a seccond systcm for
processing whole shell eggs for improved food safety in -
accord with the principles of the present invention; and

FIGS. 13-17 are schematic views of five other systems for
processing whole shell eggs in accord with the principles of
the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to the drawings, FIG. 3 depicts a whole,
uncooked, poultry egg 20. From outside to inside, egg 20
includes: (1) an egg shell 22; (2) outer membranes which arc
attached to the inmer side of shell 22, include a shell
membrane and an cgg membrane, and are collectively
identified by reference character 24; (3) viscous layers of
albumen collectively referred to as the egg white and
identified by reference character 26; (4) a liquid yolk 28; and
(5) the vitelline membrane 30 which is thin and relatively
strong and surrounds and envelops egg yolk 28. Additional
information on the structure of poultry egg components,
their functions, and attributes is found in THE AVIAN EGG
CHEMISTRY AND BIOLOGY, Burley et al., John Wiley &
Sons, Inc., New York, N.Y., 1989, which is hereby incor-
porated by reference and which may be referred to by the
reader if desired.

Heretofore proposed time and temperature pasteurization
techniques for poultry eggs focus almost exclusively on the
destruction of superficial infections on the outer and inner
surfaces 32 and 34 of egg shell 22. An exception is found in
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Funk U.S. Pat. No. 2,423,233 which purports to disclose—
but does not document—time and temperature pasteuriza-
tion processes which are capable of destroying infections
present in the white of a poultry egg. Nothing found to date
discloses time and temperature pasteurization processes
capable of destroying infections in the yolk of a poultry egg,
let alone those at the very center 36 of a yolk such as
depicted at 28 in FIG. 3. In fact, when applied to a shell egg
which is infected throughout its mass or primarily in its yolk,
all known shell egg pasteurization processes are: insufficient

to meet minimum effective standards such as those estab- -

lished for liquid eggs; accomplish nothing; or create condi-

 tions which dre actually ‘coniducive to, and frequently opti--

mal for, the increase of food poisoning infections already
present in the shell egg.

Infections of the shell egg may be commonly found: (1)
concentrated at or in close proximity to the egg shell/egg
white interface as a result of migration through the pores of
the shell and the outer membranes; (2) indigenous and
scattered throughout the mass of the egg; and (3) indigenous
but concentrated in the center and other areas of the yolk.
Indigenous infections may be a result of: transovarian infec-
tion of the yolk, through-the-pore contamination, and gen-
eralized infection, While it is convenient to think in terms of
Salmonella which almost seems to be symbiotic with poultry
and egg products, it is also likely true that eggs serve as rich
host media for infectious organisms of all sorts under some
circumstances,

15

As discussed above, to meet at least the minimum stan- -

dards of pasteurization mandated by the USDA for liquid
eggs and to retain or enhance the appearance of freshness,
functionality, and organoleptic properties, very specific
" comsbinations of times and temperatures must be employed.
These time and temperature combinations take into account
the smallest to largest commercial egg sizes; starting tem-
peratures ranging from 40° to 70° F.; unpackaged processing
without process aids or augmentation such as by overshoot-
ing and flash tempering; and water as the heat exchange
media. The process parameters preferably range from: (a) a
minimum TPT of about 34 to 52 minutes at 138.9° E40.5°
F to (b) about 75 to 400 minutes at 130,3° E3+04° F,
Preferred process parameters for shell eggs at a representa-
tive 45° F. starting temperature are:

TABLE 2
Weight Temperature TPT
(gms) (“E) (min}
40-60 1385+ 07 40-46
60-80 1380+ 0.5 42-48

In many cases, the initial temperature of the eggs being
processed will be below the nominal cold storage tempera-
ture of 40° F,, above the nominal room temperature of 70°
F., or at 2 level between those two nominal temperatures. For
example, cold storage eggs left on aloading dock in freezing
weather may have an initial processing temperature which is
less than 40° F. In those cases, minimum, maximum, and
optimal processing times can be extrapolated from the
temperatures set forth above, derived by the routine testing
of appropriately sized samples, or be derived through a
combination of extrapolation and testing steps to determine
the EqT time of the eggs and the TPT required to provide the
desired RPT.

Holding a shell egg under selected time and temperature

conditions as specified above can achieve minimum USDA
Yiquid egg pasteurization standards and can effect significant
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reductions in, if not entirely eliminate, infections and still
yield a consumer acceptable shell egg.

It is entirely practical to process eggs by the novel
techniques disclosed herein in lots and to employ in the
practice of the present invention continuous techniques
similar to some already in usc by the egg industry; e.g.,
continnous egg washing machines, which can clean hun-
dreds of thousands of eggs per day. In such applications, it
is commonly impractical to control process temperatures to
small fractions of a degree. Consequently, except for pro-

_cessing steps of very short durations, temperatures of less

than 139.5° F. are more practical pasteurization tempera- -
tures. - L L

In any event, it is esscntial that the pasteurization process
time and temperature be such that the shell egg, throughout
its mass including the center of the yolk and other innermost
parts of the egg, reach and be maintained at a pasteurization
temperature for a RPT equal to at least the minimum USDA
required for liquid eggs irrespective of the size, preprocess
temperature, freshness, shell thickness, or other character-
istic of the egg or the heat transfer medium in which or
specific process by which the egg is processed.

The eggs may be treated or processed in accord with the
principles of the present invention in any gaseous liquid or
fiuid, food grade heat transfer medium including air, other
gases such as those discussed above, oil, a glycol, or water.

In those tests described in the examples which follow,
counts of infections were made with PETRIFILM® aerobic

count plates, using the protocol described in the PETRI-

FILM® Interpretation Guide, with a Millipore® sampler
using the protocol described in the instructions for using that
product, or with an equivalent device and protocol.

The equipment for the tests described in the bulk of the
exaniples is shown diagrammatically in FIGS. 9. and 10, It
included a Blue M MAGNAWHIRL precision water bath 38
with controls (not shown) which allow the temperature of
the bath to be adjusted. A batch 40 of eggs to be processed
was placed in the body of water 41 filling the tank 42 of the
Blue M apparatus, typically although not always in batches
of 13 arrayed as shown in FIG. 10. Gentle (laminar flow)
circulation of the water 41 in tank 42 was employed to
eliminate temperature gradients and thereby ensure that all
of the eggs in the body of pasteurization water were heated
in the same, uniform manner.

The temperature at the center of the yolk of that egg 46 in
the center of the batch 40 was measured with a Type K
thermocouple 48 at the center of the yolk. A reference
thermocouple 50 placed in the body of water 41 in tank 42
was used to measure the temperature of that pasteurization
medium. Because of the uniformity of the pasteurization
conditions, the center-of-yolk temperatures of the remaining
eggs in a batch 40 were assumed to be the same as the
temperature measured by thermocouple 48,

Thermocouple 48 was installed by puncturing the shell,
outer membranes, and vitelline membrane (or yolk sac) of
egg 46 with a hypodermic needle. The thermocouple 48 was
then introduced with its progress being observed through a
candling slit, allowing the insertion of the egg to be stopped
precisely when the temperature sensing tip reached the
center of the egg yolk. Epoxy resin was then applied to the
shell of the egg to seal the puncture in the shell and to fix the
thermocouple 48 in place.

The center-of-yolk temperature of egg 46 and the bath
temperature were continuously monitored, using a personal
computer 52 running Quick Log PC software supplied by
Strawbenry Tree of Sunnyvale, Calif. and Tegam K, J&T,
single input thermometers 54 and 56,
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In many of the tests described in the examples, the eggs
were inoculated with an infectious organism. The number of
organisms stated in the example is the number per gram of
egg weight.

EXAMPLE 1

Any shell egg subjected to the Funk devitalization process
is initially at an ambient temperature typically ranging from
about 45° to 55° F. The preferred Funk TPT s and tempera-
tures (5 t0-10 minutes at 138° E and 130° F. for 20 to-40

minutes) canriot provide any RPT in the yolk of an infected

" epg_ as demonstrated by the following tests.

TEST 1

Funk Preferred TPT/Temperature of 138° F, 5 to 10
Minutes,

Method

Shell eggs were pasteurized at Funk’s preferred TPT and
temperature. The eggs had an average size of 60 gms and
were at an improbably high pre-process temperature of 70°
F. They werc processed in the Blue M precision water bath
with the water agitated under laminar fiow conditions to
provide uniform heating (a favorable cquwalcm of Funk's
“rotation”).

Results

After 5 minutes, a yolk center lemperature of only about
93° F, was reached (see FIG. 4). This is nearly the optimal
growth temperature for most Salmonella sp. (98.6° F).

" After 10 minutes, the yolk achieved momentarily & tem-
perature of about 125° F., still in the temperature range in
which microorganisms actively grow.

Comments

If the yolk of the egg processed in this manner happens to
be infected with S. enteritidis, for example, such treatrent
will in effect represent exposure of the infected egg to active
infection growth conditions (>-70° to <~120° F), including
some exposure at optimal growth conditions (>~95° to
<~105° F.) with absolutely no exposure to effective killing
conditions (>-129° to 160° F. for at least 3.0 minutes).

Conclusion

Eggs processed according to Funk’s preferred TPT/Tem-
perature conditions can only result in increased severity of
any food poisoning infections, except superficial ones.

TEST 2

Funk Preferred TPT/Temperature of 130° F, 20 to 40
Minutes.

Method

Same method as in Test 1 except that the eggs processed
in the most favorable of all possible Funk TPT/tcmperaturcs
combinations—130° F. for 40 minutes.

Resuits

Starting at the very favorable but improbably high starting
temperature of 70° E, the center of the egg yolk reached a
temperature of only 130° E (after ca. 36 minutes). That is,
it took 36 minutes to reach EqT and initiate RPT.
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Comments

This leaves a RPT of only four minutes before Funk's
mandated maximum of 40 minutes TPT is reached. That
RPT of 4 minutes at 130° F, is not nearly long enough to
pasteurize the egg to a level equivalent to the most minimal
USDA liquid egg standard.

Even at a processing temperature of 138° F an egg
acquires an initial temperature throughout its mass which is
effective to destroy infectious microorganisms of about 129°

_ 10 130° F. only aftet 36 to 37 minutes. After an additional x

minutes (the total RPT), the average of all temperatures ovér
the RPT can be commjared to the extenided chart of FIG. 2 to
determine if minimal process values have been satisfied.

Clearly, a total RPT of 4 minutes cven at 138° F. is not nearly
long enough to pasteurize the egg to a level equivalent to the
minimum USDA liquid egg standard.

With the center of the egg yolk reaching 130° F. at the
36th minute and 132° E. at the 40th minute, additional time
at temperature would be required for the average tempera-
ture t0 achieve a time at temperature equivalent of the
mminimum USDA standards shown in the USDA, chart.

At least a 50 percent greater RPT of 6 minutes is required
ala 138° F. pasteurization temperature to ensure the destruc-
tion of infectious organisms throughout the mass of the egg.
A far Jonger time would be required if the temperature at
which the egg is heated were only 130° E

Ignoring Funk's preferred TPTltcmpcrature combinations -
and sorting through a multitude of possible permutations of
other possible Funk TPT/temperature combinations leads to
the inevitable conclusion that the most efficacious probable
selections fail by significant margins to achieve any mean-

“ingful RPT with respect to meeting. minimum USDA stan-

dard requirements. The many other possible combinations of
from 5 to 40 minutes at a temperature in the range of 110°
to 140° E in a majority of cases can only worsen an
infectious condition in an egg.

TESTS 3-6

The test was repeated, using watcr bath temperatures of
132°F, 134°F, 136° E, and 140° E In the first three of these
tests the center of the egg yolk never reached the 130° E
minimum necessary to achieve any RPT whatsoever in
Funk’s maximum 40 minute TPT (see FIGS. 5, 6, 7, and 8).

Comments

The sixth—140° F, bath temperature test—confirmed that
egps cannot be time-at-temperature processed at a tempera-
ture of 140° F. or higher but must be processed for the
appropriate RPT at a temperature below 140° F. While the
egg achieved initial RPT at 21 minutes of TPT, it also
became cooked at a TPT of 25 minutes or after a RPT of only
4 minutes at an averaged temperature of between 130° and
133° F. at the yolk center. The whites of the eggs processed
at this temperature were clouded even before the minimum
effective EQT of 130° E was reached, and the eggs were
cooked only a few minutes after the minimum 130° F, EqT
was reached (see FIG. 8). Clouding and cooking respec-
tively occurred at TPT"s of ca. 8 and 24 minutes, both well
short of the maximum 40 minutes TPT which the Funk
patent disclosure embraces.

Conversely, the 5 minute TPT taught by Funk to be
satisfactory is equally ineffective. In none of the tests
(132°-140° E, FIGS. 4-8) did the centers of the egg yolks
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reach the minimom 130° E temperature required for micro-
organism dcstruction in the Funk-specified 5 minute TPT.

One can only conclude that Funk does not make obvious
to onc of ordinary skill in the art the time and temperature
combinations required to pasteurize shell eggs to a level
required for food safety; i.e., to even the minimum level
mandated by the USDA for liquid whole eggs.

_ EXAMPLE 11
Two dozen fresh shell eggs at 40° F. (4.4° C.) were placed

10

in 2 2‘gallon, controlled temperature, water bath preheated '

" 1o 134.6° F. (57° C.):

Two dozen fresh shell eggs at 40° F. (4.4° C.) were placed
in a 2-gallon, controlled temperature bath filled with peanut
oil. The temperature of the bath was preset to 134.6° F. (57°
C. .

At 5 minute intervals, eggs were punctured with a stem
thermometer while still in the bath to determine the tem-
perature at the center of the egg. At 5 minutes, the center-
of-yolk temperature of the eggs in both baths still averaged
only 40° E (4.4° C.). At 10 minutes, that temperature of the
eggs from both baths averaged 47° F. (8.33° C.). The 15
minute average for both batches was 67° F. (19.44° C.). At
20 minutes, the average temperature was 82° F, (27.78° C.).
At 25 minutes, it was 98° F, (36.67° C.). At 30 minutes, the
average was 113° E (44.99° C.). At 35 minutes, the average
temperature was 121° E. (49.44° C.). At 40 minutes, the
average was 129° F. (53.89° C.). At 45 minutes, the average

_ temperature was 134° E (56.67° C)).

The target temperature at the center of the eggs of 129.9°
F. (54.4° C.) was. achicved at a time between 40 and 45
minutes. The eggs held. for this periad of time showed no
signs of occlusion of the white. Indeed, the white had
thickened, making the egg appear fresher.

This phenomenon of the egg white thickening without
occlusion continued until about 1.5 hours had elapsed at
which time a very slight but noticeable occlusion of the
white appeared. The appearance of the egg was very similar
to that of a freshly laid egg, which has a somewhat lightly
occluded white. _

The bunch-up of the white around the yolk and the
disappearance of thin running egg white continued up to
1.75 hours after which the egg became more noticeably
occluded,

Eggs which had been held for 1.5 hours at 134.6° F. (57°
C.) were equivalent to shell eggs held at 139° F. (59.4° C.)
for 1.25 hours. The raw eggs were tested by a panel for
appearance and were then prepared by frying, scrambling,
and poaching and tested for taste against controls. No
significant differences were detected.

EXAMPLE 1

Shell eggs for this test were selected for obvious surface
filth; ie., fecal matter, blood streaks, smudges, feather
adherence, and the like. Eighteen medium sized cggs
selected from several thousand were rinsed in a 0.005%
chlorine water solution. The eggs were immersed in a water
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bath preset 1o 139° F. (59.4° C.). Every 5 minutes, while still
in the water bath, the shell of an egg was punctured and &
thermometer inserted into the center of the yolk. The egg
was then removed, the shell was broken, and the cgg was
dropped into a Petri dish for examination and preparation of
culture samples.

The results after culturing for the indicated number of
hours arc shown in Table 3.

TABLE 3
Millipore
o - . Culture’ Results-
Condition Temperature {microorganisms per cc)
5 mins White clear Yolk/38° F, <50/48 hrs
10 mins White clear Yolk/39° F. <100,000/48 hrs
15 mins While clear Yolk/51° F. /48 hrs
20 mins White clear Yolk/74° F. <9,000/48 hrs
25 mins White clear Yolk/88° F. «100/48 hrs
30 mins White clear Yolk/101° E <50,000/48 hrs
35 mins Whitc clear Yolk/117° F. <200,000/48 hrs
40 mins White clear Yolk/129* F. <50/48 hrs
45 mins Thicker Yolk/135° F. <10/48 hrs
50 mins Thicker Yolk/139° F. <20/48 hrs
55 mins Thicker Yolk/139° F, <40/48 hrs
60 mins Thicker Yolk/139" F. «<10/48 hrs
65 mins Thicker Yolk/139° F, 0/48 hrs
70 mins Thicker Yolk/139° E. «<10/48 hrs
75 mins Thicker, very Yolk/139° F. 0/48 hrs
slight occlusion
80 mins Thicker, slight  Yolkf139° F 0/48 hrs
ocelusion
85 mins Thicker, slight Yolk/139° F. 0/48 hrs
occlusion
90 mins Thicker, Yolk/139° F, 0/48 hirs.
occlusion .
EXAMPLE IV

Medium and large grade eggs stored either at room
temperature (70° E.) or at 45° E for 12 hours were inoculated
with Salmonella typhimurium bacteria (10° gm) either
between the shell and outer membranes (outer) or directly
into the yolk (inner).

The inoculated eggs were placed in a water bath operated
at different times at 134°, 136°, and 138° F, (0.3° E). Ten
eggs representing each combination of variables (starting
temperature, egg size, and pasteurization process tempera-
ture) were removed at two-minute intervals beginning after
initial heating for 38 minutes and contiming through 50
minutes. This represented 38, 40, 42, 44, 46, 48, or 50
minutes of total heating (TPT). The sampled eggs were
cooled to room temperature and analyzed.

For each combination of variables described above (egg
size, egg storage temperature, heating time, and heating
temperature), another 10 uninoculated eggs processed at the
same temperatires and for the same TPT's were utilized for
functionality evaluation. After heating/cooling, these eggs
were cracked open; and yolk/white color, egg white whipa-
bility, and yolk emulsification capacity were cvaluated. Eggs
of the same sizc and at the same storage temperature served
as controls,

The Salmonella kill results appear in Table 4 below.
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TABLE 4
Salmonella Reduction (percent)
Egp size:
Medium Large

Initial egg temp, °E:

70° F, 45° F, . 70° F 45° F.

Inoculation:

outer inmer’ outer inmer outer inner  outer inner

Pasteurization temp, —_ - — — — —_ —_ —_ -
134° F

Heating time, min: 3B 43 35 29 18 40 33 25 15

40 46 38 31 20 45 35 25 18

42 52 43 34 21 50 40 31 20

44 55 45 36 24 53 43 35 22

46 64 52 9 27 60 50 325

48 1 64 40 30 70 60 % 27

50 87 72 43 31 85 70 41 30

Pasteurization temp, - - — — — — - -
136° F.

Heating time, min; 2 47 37 31 23 45 35 0 20

40 50 40 35 25 47 37 13 3

42 55 46 4] 29 51 40 40 26

44 58 49 46 31 55 45 4 19

46 67 58 50 34 63 53 43 30

48 81 72 54 36 77 68 50 . 35

. 50 93 80 56 33 9 77 53 37

Pastcurization temp, —_ - = — ’ — _- . - —
138° F.

- Heating time, min: 38 67 48 65 61 - 65 45 63 42

: 40 73 52 70 68 70 50 68 48

42 - 9] 81 87 85 89 80 & ~ T

44 100 96 96 93 100 94 9% 90

46 100 1000 100 100 100 100 100 100

48 100 100 100 100 100 100 100 100

50 100 100 100 100 100 100 100 100

Even in the worst case situation (large egg, 45° F. initial
temperature, yolk inoculation), a 100 percent bacterial kill TABLE 5-continued
was obtained with 46 minutes TPT at 138° F; and a Average Time Before EqT 2 44 0 185
satisfactory kill was obtained in all tests in which the eggs (min)
were processed to levels equivalent to or exceeding the ~ Range of Time (min) I
minimum USDA standards for liquid whole eggs.
No ¢gg white separation or coagulation were noted in any 45 The size and temperature of an egg entering a pasteur-
of the eggs evaluated in this study. Even the longest heating ization medium are significant determinants of EqT and
time (50 min) produced no adverse results. In addition, no ~ TPT. As a rule, for highest food safety, the lower the
changes in egg white and yolk color were observed. Like-  temperature at which an egg is held (down to about 38° E),
wise, egg white whipability and egg yolk emulsion stability ~ the better. At temperatures below about 45° E., the growth
were not significantly different than in the non-heat pro- 50 activity of shell egg infections is very low if not static. Any
cessed contrals. significant holding time before pasteurization at above 55°F.
is undesirable since, from that point, the active growth of
infectious organisms can be substantial. Virtually all shell
eggs which are to be pasteurized should be at a temperature

EXAMPLE V ss below 50° F., Less than 45° F. is preferred.
For each test, 12 shell cggs at an initial center of yolk
temperature of 50°+1.5° F. and varying in size from 54 to 67 EXAMPLE VI

gms were placed in the Bluoe M MAGNAWHIRL precision
water bath, The eggs were monitored by a TYPE K, hypo-
dermic probe thermacouple coupled to a Tegam K, J&T, €0
single input TC thermometer. The results were as follows:

Breakage due to initial process temperature shock can be
a significant factor. Usually, the lower the stariing egg
temperature, the more frequent breakage is. Breaking can be
reduced by tempering shell eggs before they are heated to

TABLE 5 the pasteurization temperature. Tempering is accomplished
by employing at least one intermediate, rapid incremental

;mcuriza?'on Tcmm 13202'0 E 13;(;0 F 1316;05 133;0 E << heat exposure step and is described in detail below.
Pbihe e S 6 64 81 Sixty-four (64) refrigerated fresh eggs (48 hrs old) were

inoculated with 10° microorganisms per gram of Salmonella
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typhimurium in distilled water by shell puncture with a

Micropoint 0.3 cc syringe. Sixteen (16) medinm and 16 large TABLE 6-continued

eggs were punctured and injected with 0.2 cc of the culture Initial temperature = 45° F.

immediately beneath the shell and outer membranes. Sixteen Process Temperature = 136 + 0.5° F.

medium and 16 large eggs were similarly inoculated by 3
puncture through the vitelline membrane to the proximal
center of the yolk as visually gauged while viewing the egg
through the candling aperture. Each puncture hole was filled (gm) (min) Whitc Yolk
with a dab of hot resin, which was allowed to cool for 5

Reduction of Salmonella
Egg Size TPT Population (Percent)

minutes. The eggs were then divided into two groups of 32, 10 : gg :; gg :”2'

each comprised of 16 5441 gram and 16 68%1 gramegps. 68 . 4 1. .69

with eight eggs of each size being shell ifioculated and the - - 68 477 - 8 - 71

other eight being yolk inoculated. 68 49 90 82
The eggs were placed in separate, precision temperature

controlled, water baths, one set at 45° F. and the other at 65° 1

F. After an elapsed time of 60 minutes four 54 gram and four TABLE 7

68 gram eggs from each water bath were punctured by a type Initial Temperaturc = 65° F.

K hypodermic thermal probe, and the temperature at the Process Temperature = 136 + 0.5° E

center of the yolk was taken. As measured at the yolk center, Reduction of Salmoncll

all eggs were at a temperature within 1° F. of the bath % Fgg Size T P:m:n (Percent) 2

temperature; i.e., four eggs were at approximately 45° E and
4 at approximately 70° F, Samples taken from puncture (gm) (min) While Yolk
points at the inner shell and yolk center were cultured. The

resulls were: average Salmonella for all eggs equalled 108 g: gg gﬁ g
gm, the range being from 10° to 10° microorganisms per 5 54 39 15 25
gram. : 54 41 40 29
Inoculated eggs making up the two groups were respec- : g: g Z? gé

. tively placed in water baths operating at 136°£0.5° F. a_md at . 54 47 95 85
138°+0.5° F. Afier 35 minutes of residence time in the bath, 10 54 49 100 92
a sample of four eggs was removed and cooled in a water 2§ : gg ; %Z _ };
bath set at 40° F. for 15 minutes. Each sample was composed 3 a9 33 " gg
of 54 gmeggs w1th initial temperaures of 45° and 65°F, and & 4 59- >
68 gm eggs with the same initial temperatures. 68 43 71 51
Thi_s sampling procedure was repeated at 2 minute inter- 34 gg Z?, ;g ';(1)
vals; i.e., after 37, 39, 41, 43, 45, 47 and 49 minutes of TPT. 68 49 08 88

All eggs were analyzed for Salmonella.

The remaining 8 eggs were withdrawn and cooled in a )
water bath at 40° F. These were tested against 8 untreated TABLE 8
eges of comparable age and size for visual appearance, 40
whipability, yolk emulsification, and baking (standard
sponge cake) equivalency test.

Initial Temperature = 45° F.
Process Temperature = 13§ £ 0.5° F.

The resulls of these tests are presented in the following ) Reduction of Salmonella
tables. Egg Size TPT Population (Percent)
45 N .
) (min) White Yolk
TABLE 6 e
— - 54 35 38 22
Initial temperature = 45° F, 54 37 45 26
Process Temp =136+ 0.5°F, 54 39 51 44
] 54 41 7 67
. Reduction of Salmonella 50 54 43 9%6 89
Egg Size TPT Population (Percent) 54 45 100 95
i i 54 47 100 100
(gm) (min) White Yolk 54 49 100 100
68 35 31 17
54 35 28 17 68 37 41 23
54 37 3 20 55 68 19 48 38
54 39 M 26 68 41 57 50
54 41 60 30 68 43 89 88
54 43 75 65 68 45 [] 97
54 45 83 72 68 47 100 100
54 47 % 82 68 49 100 100
54 49 92 84 0

63 35 29 12

68 37 33 n

68 39 41 24
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TABLE 9

Initial Temperature = 65° F.
Process Temperature = 138 £ 0.5° E

Reducton of Saimonelia

Egg Sizc TPT Population (Percent)
(gm) (min) White Yolk
54 35 54 25
54 37 63 k)]

. 39 88 4]
- 54 - 41 97 54
54 43 100 90
54 45 100 100
54 47 100 100
54 49 100 100
68 35 31 29
68 37 41 35
68 39 56 48
68 41 80 74
68 43 94 91
68 45 100 100
68 47 100 100
68 49 100 100

Even in the worst case situation, (large egg, 45° F. initial
temperature, yolk imoculation), a 100 percent kill was
obiained with a TPT of 45 minutes at a pasteurization
temperature of 138° F, and a satisfactory kill was obtained
after a TPT of about 41 minutes.

Very minor caoking was noted in the whites of about 5 to
10 percent of the smaller eggs with an initial 65° F. tem-
perature processed for 49 minutes at a temperature of

. 138°40.5° E. No cooking was observed in any. of the other
cggs tested. No changes in egg white or yolk color were
observed. Egg white whipability and egg yolk emulsion
stability were not significantly different than in the unproc-
essed controls. Sponge cakes baked in accord with National
Egg Board recommendations from treated eggs in all four

" egg sizefinitial temperature categories were equivalent to
those baked from the controls.

The overall appearance of freshness was equivalent to that
of freshly laid eggs. There was a noticeable enlargement of
the yolks of the eggs in the 65° F. starting temperature group
processed for more than 45 minutes but only when the
processed eggs were closely compared to the controls. Yolks
of eggs processed for TPT's exceeding 45 minutes seemed
to rupture more readily than those of the controls whea the
eggs were cracked onto a hard surface. Additional tests in
which treated eggs were chilled for longer periods of time
{over 24 hrs at 42° F.) showed that this extended chilling
restored the rupture resistance of the processed egg yolks to
a breakage level about equal to that of normal yolks.

All treated eggs exhibited Haugh values (thickness of
white; industry standard for measuring the freshness of a
shell egg) equivalent and in some cases markedly superior to
those of controls. Almost 50 percent of the eggs processed
for 47 minutes (those weighing 54 and 68 gms whether
processed from an initial temperature of 45° F. or 65° E)
exhibited some opacity in the whites. The observed type of
opacity is visually indistinguishable from that of eggs which
arc very fresh or which have become partially occluded prior
to significant coagulation or loss of SLP (soluble liquid
protein). SLP is a measure of coagulation (see the above-
cited Swarizel et al. U.S, Pat. No. 4,957,759).

Vibration of the eggs being processed by shaking or with
ultrasonic energy or cavitation is another optional technique
that can often be employed to advantage in the processing of
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eggs according to the principles of the present invention.
Vibration promotes the transfer of heat to the inner parts of
the egg, making the pasteurization process more efficicnt
and ensuring an optional kill of any infections that may be
present, irrespective of that part of the egg in which the
infection may be located.

The advantages of employing vibration were demon-
strated in the tests described in the following examples.

EXAMPLE VII -

- Control: 120 medium sized, 52 gm shell eggs at 70° K.
were pasteurized at 138° F. in the Blue M water bath.
Temperatures were taken at yolk center with the type K
hypodermic thermal probe at intervals during a TPT of 37
minutes.

A Treated: same as control except that the eggs were
placed on a reciprocating shaker platform located at the
bottom of the 138° F. water bath. The platform was recip-
rocated at a % in pitch and at a frequency of 60 to 75 cycles
per minute.

B Treated: 120 medium size eggs at an initial temperature
of 70° F. were processed in batches of 12 per test (10 tests)
in a Branson Type D, Ultrasonic Precision Water Bath set at
power level 4 with the water at a temperature of 138° F,

The yolk center temperatures of the eggs at the indicated
sampling intervals are presented in the following table.

TABLE 10

Average . Average Average
Tempevatwre | Temperature ‘Temperature,
- (E),_ . {"E) (°F) -
Control Test A Test B
5 minutes 100.0 101.0 101.0
10 minutes 1224 1245 123.7
15 minutes 125.0 126.6 1270
20 minnies 1286 1305 1313
25 minutes - 133.0 1350 135.0
27 minutes 1340 135.5 1363
29 minutes 135.0 136.6 1370
31 minutes 135.5 1372 1375
33 minules 1357 1379 1377
35 minutes 136.2 138.0 138.0
37 minutes 137.0 — —_

The tabulated results clearly show that the rate of heating
of a shell egg can be significantly increased by subjecting the
egg to vibration. This translates into a quicker reaching of
EqT, with a consequent shortening of TPT and a concomi-
tant reduction in processing costs.

Comparing the EqT of eggs subjected to ultrasonic vibra-
tion with controls processed identically (except for ultra-
sonic vibration) at 136° F. for 44 minutes showed that an
average five-to-cight percent increase in heat transfer effi-
ciency was obtained at medium power settings of the
Branson Ultrasonic Cleaner. The range of improvement in
heat transfer efficiency ranged from three percent to as high
as 15 percent.

Tests of eggs from the same batch and inoculated with
Salmonella typhimurium at a concentration of 10® microor-
ganisms per gram showed an increased reduction of the
infection compared to eggs pasteurized under the same
conditions for the same time; i.c., 138° E for 41 minutes,
both when ultrasonic cnergy generated at the same settings
and mechanical vibration were employed. The average was
an approximately 14 percent greater reduction in the TPT
required for destruction of the infection at a given pasteur-
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ization process temperature (which can also be translated
into a lower temperature for a given TPT). The increase in
infection reduction ranged from about 5 percent to 20
percent for the same TPT's at the same process tempera-
tures.

EXAMPLE VIil

One significant discovery arising from the time-at-tem-
perature pasteurization of shell eggs with mechanical vibra-

tion is that shell eggs can be scrambled inside the shell by . -

_application of the vxbratory technique. Tests cmployed an
adjustable, reciprocating flask shaker; ‘an adjustable, orbital *

test tube mixing pad; and the Branson ultrasonic apparatus.
The ultrasonic energy did not produce in-shell-scrambled
cggs; the outer membranes of those eggs remained intact. In
all tests utilizing mechanical vibration, it was found_that
shell eggs can be scrambled in the shell over a wide range
of frequencies, amplitudes, and process times. Heating the
eggs markedly reduced the time need for mechanical vibra-
tion to scramble the eggs in-shell,

The foregoing findings were confirmed by tests in which
three dozen shell eggs were pasteurized at 139° F. for 50
minutes in a water bath in the Blue M apparatus.

After removal from the bath and while still very warm to
the touch, the eggs were loaded into an orbital shaker and
affixed by elastic retainers to the shaker arms as shown
diagrammatically in FIG, 11. The shaker is identified by
reference character 60, the four arms by reference characters

.62a—d, the eggs by reference characters 64a—d, and the

elastic retainers by refererice characters 66a—d. The shaker
arms oscillated over an adjustable throw or amplitude iden-

tified by arc 68 about an axis 70. The amplitede was varied

over a range of Y42in to % in and the fréquency over a range
of 50 and 500 cps.

Upon opening, about 60 percent of the eggs which had
been vibrated for 7 to 10 minutes at amplitudes between

. about % in and % in were prescramibled in the shell. The
- prescrambled eggs could be broken directly into a pan and

perfectly scrambled.

Heating eggs subjected to vibration facilitated the transfer
of heat to internal egg particles by producing contact of the
heated shell with all particles inside the egg, This translates
into improved pasteurization efficiencies.

Cold eggs were also scrambled, using the orbital shaker
and the operating conditions described above. There was
less uniformity of scrambling, and there appeared to be some
shell membrane tearing. Warming the eggs to a temperature
above 130° E (54.44° C.) alleviated those problems,

Eggs processed with ultrasound were not scrambled.

EXAMPLE IX

Several cggs were tested at much higher frequencies and
shorter amplitudes, i.e., between about 700 and 800 cps at a
%4 in o Y42 in throw for a total time of about 15 minutes.
A very unusual phenomenon occurred. Upon opening the
shell, it was found that the egg had become almost entirely
one large yolk, there being little or no distinet egg white
inside the shell, After a few minutes on a flat surface,
however, egg white began to slowly reappear from the yolk.
Apparently, the white was worked through pores in the
vitelline membrane by the vibrations. The membrane
expanded without breaking to compensate for the much
greater encompassed volume attributable to the migrated
egg white.
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EXAMPLE X

It was pointed out above that it is often advantageous in
the practice of the present invention to overshoot the
sclected pasteurization process temperature in the initial
heating of the egg(s) being processed and then allow the
tcmperature to drift down to the selected level. This
approach has the advantage of increasing the rate of heat
transfer through the egg to the yolk which, in effect, shortens
EqT and, consequently, TPT. High temperature overshooting
may require the usc of a heat transfer medium at 2 tempera-
ture which will result in cooking of the white before the RPT
required for the wanted pasteurization throughout the mass
of the egg including the yolk center is reached.

Up to a point, the higher the overshoot temperature, the
greater the rate of heat transfer through the egg. In effect,
this results in a desirably reduced EqT. If the egg is placed
in water at 145° F,, the outer layers will show visible signs
of cooking in about 5 to 10 minutes, depending on the size
of the egg and its original temperature. However, if the egg
is removed from the heat transfer media after a few minutes
and before coagulation, the temperature will drop below
critical levels at the surface; and the heat imparted by the
initial immersion will dissipate rapidly into the egg. If the
egg is then immersed in a pasteurization bath (gas, fluid, or
liquid) with a temperature lower than the critical tempera-
ture producing virtally instant coagulation (about 140° F),
the time required for RPT at the selected pasteurization
temperature may be shortened and the egg.pasteurization
processed without additional risk of coagulating the yolk.
This results in a shorter EQT time and a longer RPT for a -
given TPT and, as a result, more effective destruction of
infective ‘organisms than is dtherwise possible.

A typical overshoot temperature ranges from 139°-150°
F. The overshoot temperature is used for about 2 to 3
minutes and is followed by a decrease to a process tempera-
ture in the 130° to 139+° F, range (but below 140° E). The
time employed will vary with the size or Joad of the eggs and

- -the starting temperature of the eggs. The lower the pasteur-
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ization temperature selected, the higher the overshoot tem-
perature which can be conveniently used. Higher pasteur-
ization temperatures require closer controls and reduced
time to prevent visible coagulation,

The advantages of employing overshoot (or intermittent
pasteurization were demonstrated by a representative test in
which 12 medium sized eggs at a preprocessing temperature
of 55° F. were tempered in water at 132° F, for 3 minutes,
removed from the water bath, allowed to dwell for 3 minutes
in room temperature air, and then introduced into a 138° F,
water batch in the Blue M apparatus. The following tem-
peratures were measured: non-yolk portion of the tempered
egg next to its shell, 131° F,; the middle portion of the white,
112° F,; the white adjacent the yolk, 77° F; the outer edge
of the yolk, 58° F; the center of the yolk, 56° F.

Thus tempered eggs were also placed in a water bath at a
temperature of 143° F (above the coagulation point of egg
white albumin), and the water bath temperature controller
was at that time reset to 138° .

Results

The time required to reach EqT of the eggs started at 143°
F. was shortened by an average of 10 percent with no
noticeable diminution in egg quality. This permits process-
ing at preferred pasteurization temperatures while reducing
TPT by about 5 to 8 percent.




Caise 1:00-cv-10859-DPW "Document 1 Filed 05/03/00 Page 36 of 101 |

3,589,211

29

By the time heat transferred through the shells into the
outermost layers of the egg albumin (about 4 to 5 minutes),
the temperature of the pasteurization medium dropped to a
baseline temperature of 138° F. In this short period of time,
not enough heat can transfer through the shell and outer
membranc to coagulate the outcr layers of albumin. At the
same time and as discussed above, the faster rate of heat
iransfer obtained by employing the higher, initial, overshoot
temperature decreases EqT and, consequently, TPT.

. Much higher temperatures can be used to reduce EqT; but

10

- requirements for closer process parameter controls (0 pre- -

vent increased thérmal shock breakage and risks of coagu-
lation will be limiting factors. These limiting factors depend
upon the quantity of the product pasteurized and the par-
ticular conditions employed for pasteurization.

While the preferred “overshoot” temperature will typi-
cally be between 139° F, and 150° F,, this temperature can
range up to about 170° F. The process parameter tolerances
at this point, however, are so close that these higher over-
shoot temperatures, for all practical purposes, become more
or less the same as those required the flash tempering
technique described hereinafter.

EXAMPLE XI

Another technique that can be employed to advantage in
the practice of the present invention is to pulse the pasteur-
ization process ‘temperature; i.e., cycle that tcmperature
between low and high levels. This is beneficial becaunse
pasteurization temperatures high enough to otherwise cause
coagulation can be employed if alternated perodically with
less critical and lower but effective pasteurization tempera-
tures. This approach enhances heat transfer to the egg center
without coagulation of the white. This reduces TPT as a
result of a reduced EqT time.

Preferred intermittent/periodic temperatures of the pas-

teyrization medium are between about 130° and 138° F on
~ the low side and about 139:5° and 145° F. on the high side.
These temperatures are within a practical range for pulsing,
Eggs being pasteurized can effectively be alternatively
treated at a baseline pasteurization temperature of 130° E, or
higher and a pulse temperature of 139° F. 1o 145° E or even
higher, provided that the time of exposure at the higher
temnperature is limited to a time shorter than that which will
cause coagulation of the white at the selected high side or
pulse temperature. However, closer control over the process
parameters must be exercised when using higher pulse
temperatures.

As an alternative to pulsing in the same media, eggs may
be transferred between baseline temperature heat transfer
media and higher pulse temperature transfer media. Also
possible are combinations of techniques which employ one
or more high side pulse and baseline temperatures and one
or more pasteurization media to effect optimal pastcurization
while working below critical coagulation times and tem-
peratures and providing the most efficient EqT.

To demonstrate the efficacy of the just-described pulsing
techniques, 60 gram eggs were heated at 145° K for 2
minutes. The eggs were then held at ambient temperature for
a dwell time of 2 minutes. This was followed by heating the
eggs at 140° F. for 2 minutes and then heating them at 130°
E for 38 minutes.

EqT was reached after 35 minutes. This was 4 minutes
faster than controls heated at 138° F, This represents an 11
percent decrease in EqT.
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EXAMPLE XII

The percentage of eggs damaged by cracking increases as
the differential between the initial and pasteurization process
temperatures increases, That is, the more severe the tem-
perature differential, the more eggs that will crack. This
number can become substantial when shell cggs are sub-
jected 1o the temperatures at the upper end of the useful
pasteurization temperature range. To overcome this serious
problem, the shell eggs are preferably raised to process
temperatures in at least one and preferably two or more
steps. This process of heating eggs from their initial tem-

" perature fo the pasteurization iemperaturé in stages to reduce -
“breakage and for other purposes is referred to herein as

tempering.

Tempering is typically accomplished by holding the eggs
in air, preferably in a sanitary enclosure at one or more
intermediate temperaturcs in the range of 65° 1o 131° E for
a total period of 10 minutes to 24 hours with the particular
time(s) and temperature(s) depending on such factors as: the
temnperature conditions under which the eggs were hereto-
fore held; the size of the eggs; the baseline pasteurization
temperature (0 be used; and whether or not basic process
aids such as turbulence, vibration, andfor heat transfer
promoting pulsing treatments are to be used.

While not preferred, the minimum tempering temperature
can be substantially lower than 130° F. Particularly when

- tempering temperatures below 130° F. are used, the temper-

30

35

45

50

55

65

ing time should be no more than is required to reduce’
breakage when the egg is subsequently subjected to primary
pasteurization because <130° F, temperatures promote the
growth of Salmonella and other dangerous microorganisms.
Tempering quickly to prevent any significant growth of
infections including those superficially present at the inner
shell surface or those at the center of the yolk can be
accomplished by flash tempering, which consists of first
exposing the shell egg for a brief period of time to a higher
temperature than could be employed if the eggs were

_exposed to it for an appreciable length of time.

The temperature for ftash tempering can be considerably
higher than 212° F.; and such temperatures can be reached
by exposing the eggs to steam or an open flame, for example.
Unless care is exercised, however, the use of these super
high flash tempering temperatures can result in scorched or
“off” odors and/or flavors in the egg. Consequently, the tirme
of exposure for the temperature selected should be no more
than is absolutely necessary to reduce breakage during
processing to avoid imparting any “off”” odor or flavor to the
egg.

In all cases where tempering is utilized, the dwell or
post-tempering time before entry into primary pasteurization
should be of the minimum duration required for the tem-
pering heat imparted to the egg to function to reduce
subsequent breakage. This breakage reducing function may
occur during tempering and also subsequently during the
dwell or post-tempering period and during pasteurization.
The total of tempering and post-tempering or dwell times is
preferably from about 0.5 minutes at the highest tempera-
tures (ca. 212° F, to steam and open flame temperatures) to
40 minutes.

Tempering at more modest temperatures (134.5° to 138.5°
F.) is preferably accomplished by heating the eggs being
processed in one or more stages with the eggs being treated
in the last stage at a maximum temperature of 138.5° F, for
about 1 minute with a minimum dwell time afterwards of
about 3 minutes. The total time (heating and dwell) is in the
range of 1 to 15 minutes. Most generally preferred for a wide
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variety of processing applications are tempering tempera-
wres in the range of 130° to 131° F, for total times of 5 to
30 minutes with 5 to 10 minutes being preferred.

The following table gives preferred pasteurization process
parameters (times at temperatures for eggs flash tempered by
heating them at a representative 146° F. for 2 minutes, this
being followed by a dwell at room temperature of 5 min-
utes).

TABLE 11
_ Shell Eges w73°F _
" Weight " Temperature (°E) " IPT (min)
4050 138.5 £ 0.7 3543
60-80 1320 % 05 36-45

Preferred process conditions for eggs representatively tem-
pered at 125° F. for 2-3 minutes with a 3-5 minute dwell
appear in Table 12.

TABLE 12
Shell Eggs at 68° F.
Weight Temperature (°F) TPT {min)
40-60 1385+ 07 3745
60-80 1380+ 05 3847

Tempering as usually accomplished in 5 to 10 minute steps
may typically add about 1 to 5 minutes to TPT. Tempering
and/or prepackaging and/or coating steps employed to over-
come cracking may significantly increase the averall process
time, especially in applications employing more severe
treatment regimes in the range of from about 135° F. to about
140° F.

If accomplished within the specified parameters, temper-
ing does not necessarily cause any significant increase in
TPT or increase in infections but can significantly reduce
EqT and cracking of shells and otherwise contrbute to the
overall effectiveness of the pasteurization process.

Tempering times will in general be inversely proportional
to the tempering temperatures that are employed. That is, the
higher tempering temperatures will be employed for the
shorter indicated periods of time and vice versa, This avoids
coagulation, thermal shock induced cracking of egg shells,
and other problems which might otherwise occur.

The following representative tests employed tempering in
pasteurizing eggs in accord with the principles of the present
invention.

Control: 36 medium sized eggs at an initial temperature of
65° FE. were divided into four batches of ninc cach. The
batches were processed separately and introduced directly
into a water pasteurization bath temperature regulated with
a controller preset at 138° F. The eggs were held in the
pasteurization bath for 20 minutes TPT.

‘The egps were removed from the bath at the end of the 20
minute period and examined for cracks.

Results:

Batch 1: Broken eggs=2

Batch 2: Broken eggs=0

Batch 3: Broken eggs=1

Batch 4: Broken eggs=1

A Tempered eggs: 36 medium sized eggs at an initial
temperature of 65° E. were divided into four batches of nine
each. The batches were processed separately in a water bath
regulated by a temperature controller set at 130° F. for 5

10
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minutes and then transferred 10 a water pasteurization bath
at 138° FE. for 15 minutes TPT.

Results:

Batch 1: Broken eggs=0

Batch 2: Broken eggs=1

Batch 3: Broken eggs=0

Batch 4: Broken eggs=0

B Tempered Eggs: 36 medium sized eggs at an initial
temperature of 65° F. were divided into batches of nine eggs,

- and the four batches were processed separately in an air box

12 inx10 inx24 in, Air preheated to.80° F, was: circulated

: “through the box at a rate of 15 cfm for 15 minutes to temper
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the eggs. Each batch of eggs was then removed from the box
and transferred to the 138° F. water pasteurization bath for
15 mioutes TPT.

Results:

Batch 1: Broken eggs=0

Batch 2: Broken eggs=0

Batch 3: Broken eggs=0

Batch 4: Broken eggs=0

The reduction in thermal shock cracking afforded by
tempering as well as an increased thermal tolerance can be
obtained by wrapping, bagging, coating, or otherwise encap-
sulating the eggs being treated before they are introduced
into the pasteurization medium.

The application of these techniques to Umc-at-tcmpera-
ture egg pasteurization as dxsclosed herein is illustrated in
the followmg cxamples

EXAMPLE XIII

Thirty-six (36) medium sized éggs at an initial tempera-
ture of 65° F, were individually tightly wrapped in 2 Saran®
wrap film commonly used for wrapping meat and divided
into four batches. The four batches of wrapped eggs were
pasteurization processed separately in the 138° F. water
pasteurization bath for 20 minutes TPT.

Results:

Batch 1: Broken eggs=0

Batch 2: Broken eggs=0

Batch 3: Broken eggs=0

Batch 4: Broken eggs=1

EXAMPLE X1V

Thirty-six (36) medium sized eggs at an initial tempera-
ture of 65° F. were divided into four batches of nine and
individually sealed in resealable 5 inx6 in Zip Loc® sand-
wich bags. The four batches of bagged eggs were separately
processed in the 138° F. water pasteurization bath for 20
minutes TPT.

Results:

Batch 1: Broken eggs=0
Batch 2: Broken eggs=1
Batch 3: Broken eggs=0
Batch 4: Broken eggs=0

EXAMFPLE XV

Thirty-six (36) medium sized eggs at an initial tempera-
ture of 65° E were divided into four nine-egg batches and
individually sealed by spraying the shells with a clear acrylic
spray (Krylon® 12 ounce spray-on acrylic coating) The
coatings were air dried at 70° F,, and the coated eggs were
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then immersed in the 138° F, water pasteurization bath for 20
minutes TPT.

Results:

Batch 1: Broken eggs=0
Batch 2: Broken epgs=1
Batch 3: Broken eggs=0

Batch 4: Broken eggs=1
Of considerable importance in the practice of the present
invention is the handling and packaging or treatment of the

- processed egg(s) in a manner which will keep the eggs from
being-recontaminated with harmful organisms. Recontami-

nation can be avoided by packaging the eggs immediately
before pasteurization or immediately after pasteurization
and before cooling or exposure fo eliminate potential con-
tamination by handling or contact with the ambient envi-
ronment or non-sterile surfaces.

A preferred technique which can be employed invelves:
(a) individually prepackaging the eggs in a polymeric film
formed separately around each egg, (b) sealing the packages,
and then (¢) pasteurizing the eggs in accord with the
principles of the present invention.

This approach has the advantages of: reductions in han-
dling and the above-described thermal shock breakagc,
elimination of recontamination, and easier control over the
process since eggs may be pasteurized continuously on a

20

packed belt line and the individual egg packages then cut -

apait or otherwise separated. Once sealed in film, the egg
does not need to be pasteurized or handled in an aseptic
environment Also, this keeps processing aids such as shell
treatment agents from coming off during processing.
Alternative téchniques that can be utilized include sealed

“ packaging in Cry-O-Vac® polymers and processmg before

or after sealing (preferably before),

Spoilage preventing inert gases such as carbon dioxide
and nitrogen may be substitnted for the air in the packages
or added to the eggs by infusion or the use of negative and/or
positive pressures as described in-above-cited parent appli-
cation Ser. No., 746,940. The packaging may be sterilized
before use to eliminate any harmful microorganisms present
on the packaging.

The following examples describe in detail representative
applications of a packaging technique as just described in
the pasteurization of eggs by the principles elucidated
herein.

EXAMPLE XVI

Eight (8) 60 gm eggs tempered at 140° E. for 5 minutes
in circulating air were removed from the tempering unit and
immediately placed in a S00 ml beaker filled with CO, at 32°
F. for 2 minutes. The eggs were removed from the beaker
and placed in 4 inx4 in Seal-A-Meal® bags, which were
immediately sealed. The epggs were in-bag pasteurized at
138° F. in a water bath and examined after 40 minutcs at 5
minute intervals. The eggs showed no significant occlusion
after pasteurization for 75 minutes.

Controls were all occluded after 68 minutes. This indi-
cates that the CO, taken up in the eggs produced an at least
10% increase in heat tolerance, This is important in circum-
stances requiring that the egg be heated at a maximum or
near maximum permissible temperature for the maximum
length of time—for example, if heavy or widespread con-
tamination throughout the mass of the egg with an infection
is suspected.

The test was repeated at an otherwise unacceptably high
140° E pasteurization temperature with the eggs being
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cracked every 2 minutes afier 6 minutes pasteurization
elapsed. CO, treated eggs showed little or no occlusion until
after 18-20 minutes of pasteurization, Controls showed
signs of occlusion after 1214 minutes.

EXAMPLE XVII
Thirty-six (36) eggs inoculated through the shell with

. Salmonella typhimurium (10° gm) were divided into four .

ning-egg baiches ‘and placed individuslly in 4 inx4 in

- Seal-A-Meal® bags to which 6 gms each of dry ice (frozén

CO,) had just becn added. The bags were sealed; and each
batch of bagged eggs was separately processed in the 138°
F. water pasteurization bath for 40 minutes TPT. Four eggs
were then removed from the pasteurization bath in each run
and analyzed.

Results:
Average Reduction
in Bacteria (percent)
Batch 1: ~70
Batch 2: -80
Batch 3: -60

Batch 4: -10

“The remaining eggs in cach bath were processed an
additional 2 minutes, removed from the bath, and analyzed.

Resalts:
Average Reduction
in Bacteria (percent)
Batch 1: =100
Batch 2: -80
Batch 3: =50
Batch 4: =90

As a consequence of adding CO, to the bags, it was possible
to pasteurize the cggs for longer periods or at slightly higher
temperatures with delayed occlusion (cooking). Both
approaches permit better kills of infections.

EXAMPLE XVII

Mild, safely consumable acids can also be used to
increase the resistance of eggs to occlusion or coagulation of
the whites, to reduce the loss of functionality, and to reduce
other forms of degradation during time at temperature
pasteurization.

This aspect of the invention is illustrated by the following
tests:

Control

Thirty-six (36) medium sized eggs were each inoculated
through the shell with 0.05 mls distilled water carrying a
Salmonella typhimurium culture at a rate of 10° gm and
divided into four batches of nine eggs each. The four batches
were separately processed in a 138° F. water pasteurization
bath for 40 minutes. Four eggs of each batch were removed
from the bath and analyzed,
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Results:

Average Reduction
in Bactena (percent)

Batch 1: ~60
Batch 2: -60
Batch 3: 60
Batch 4: =70

The remaining eggs were processed an additional 2 min-
utes, and the bacteria kill' was measured in the manner just
described:

Results:

Average Reduetion
in Bacteria (percent)

Batch 1; ~70
Baich 2: ~70
Batch 3; ~80
Batch 4: =70

Acid processed: The eggs in four nine-egg batches were
inoculated through the shell with Salmonella typhimurium
(10* microorganisms per gram) in the same manner as the
controls, The four batches of inoculated eggs were sepa-
rately pasteurization processed in the 138° F. water bath to
which 0.2% volume percent of citric acid had been added for
40 minutes. Four eggs werc removed from each batch, and
the bacteria kill was measured. - ’ :

Rﬁulls:

Average Reduction
in Bacteria (percent)

Batch I: -60
Batch 2: 80
Batch 3: =70
Batch 4: =70

The remaining eggs of each batch were processed an
additional 2 minutes and the bacteria kill measured.

Results;
Awerage Reduction
in Bacteriz (percent)
Batch 1: ~50
Batch 2: --80
Batch 3: ~90
Batch 4: ~70

The increased level of bacterial kill is significant, espe-
cially in the case of the eggs pasteurized for the additional
2 minutes.

Citric acid may be used for the purposes just described in
concentrations ranging from 0.05 to 0.5 percent based on the
volume of the bath. Other acids which can be employed for
the purposes just described include the above-mentioned
ascorbie, benzoic, and lactic.

As discussed in detail in the working examples and
elsewhere above, processes employing the principles of the
present invention are designed to make shell poultry eggs
safer to eat by destroying harmful organisms superficially
tresident on the outer surface of the shell and throughout the
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shell and interior of the egg without impairing the function-
ality of the egg or altering its organoleptic properties by
holding the shell eggs under time/temperature conditions
which will destroy harmful bacteria on and inside the egg
shells.

One system in which a process of this character can be
carried out is illustrated in FIG. 12 and identified by refer-
ence character 71. That system includes a holding vessel or
pasteurization tank 72, an optionally employed pore sealing
unit 74, a heat exchanger 76, and a packaging unit 78.

As is discussed elsewhere in this-specification, the initial
step in treating whole éggs in a system like that ideritified by~
reference character 71 is to clean and, typically, disinfcct the
outer surfaces of the shell eggs.

The cleaned eggs arc transferred to tank 72 where they are
held in water or another pasteurization medium at the
temperature and for the time selected to reduce any infection
located anywhere in the mass of the eggs to a level at least
equivalent to that obtained by pasteurizing liquid whole eggs
to USDA minimurn or protracted standards.

Thereafter, the treated shell cggs can be transferred to heat
exchanger 76 to rapidly reduce their temperature to 2 level
which is below that at which growth of any remaining viable
bacteria might be a problem and appropriate for packaging.
Then, the now cooler eggs arc transferred to packaging unit

78 where they are placed in cartons or other containers.

Optionally, the pores and the shells of the treated eggs can
be treated with palm stearine or other sealing agent before
they are packaged in unit 78. This keeps infectious micro-
organisms as well as oxygen-containing and other unwanted
gascs from contaminating the pasteurized egg by penetrating
through the pores in the egg shells to the interior of the egg,
thereby reducing degradation, preserving food safety, and
improving the keeping quality of the treated egg.

It was also pointed out above that the keeping quality and
food safety of eggs treated in the manner just described can
ofien be even further improved by evacuating indigenous
gases from the interior of the egg shell and replacing the
evacuated gases with inert gases before the pores of the egg
shell are sealed. A system for carrying out this process is
illustraied in FIG. 13 and identified by reference character
80.

That system includes pasteurization vessel 72; vacuum
vessel 82; packaging unit of 85; pressure vessel 84; sources
86, 88, and 90 of carbon dioxide, sterile air, and nitrogen;
pore sealing unit 74 (optional); heat exchanger 76; and
packaging unit 78,

Cleaned and treated eggs are transferred from the tank 72
in which they are pasteurized to vacuum tank 82. Here, they
are held under negative pressure for a period long enough to
draw unwanted, indigenous gases from the interior of the
egg through the pores in its shell. Of concern are those gases
such as oxygen that might cause unwanted chemical reac-
tions; e.g., those that produce spoilage.

From vacuum unit 82, the shell eggs are transferred, still
under a negative pressure, to pressure vessel 84. Sterile gas
is introduced into the vessel from one or more of the sources
86 . . . 90 under pressure; and the eggs are held in this
pressurized environment for a period long enough for the
selected gas or mixture of gases to infuse through the pores
in the egg shell and fill the interstices in those parts of the
egg within the shell.

Thereafter, the treated shell eggs may be cooled in heat
exchanger 76 and packaged in unit 78. Alternatively, the
pores in the egg shells may first be sealed in unit 74 to
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prevent unwanted exchanges between gas infused into the
cggs through the pores in their shells and gases in the
surrounding environs,

Also, in using system 80, the pasteurized eggs may be
packaged before they are cooled in order to decrease the
chances of recontamination before the eggs are cooled. In
this case packaging unit 85 is employed, and unit 74 is
deactivated, The package may be filled with an atmosphere-
modifying gas of the character and for the purposcs dis-
cussed above in pressure vessel 84.

*"Referring still to the drawing, FIG. 14 dxscloscs another
““hasic” system 94 for processing ‘whole shell eggs which
- includes pasteurization unit 72 and cooling unit 78 and, in

addition: a shell egg cleaning unit 96, a packaging unit 98,
and a storage unit 100 for the packaged eggs. Cleaning unit
96 is conventional and is employed to superficially clean the
exicriors of the eggs being processed before they are intro-
duced into pasteurization unit 72.

Packaging unit 98 is also conventional. Here, the eggs are
placed in cartons or other packages including those designed
to hold only a single cgg.

The term storage unit is employed generically, This may
be, at various times, and even for the same eggs, a refrig-
erated warehouse or truck or the cooler at a retail outlet.

The whole shell egg processmg system 104 depicted in
FIG. 15 differs from the processing system 94 just described
primarily by the addition of a tempering unit 106; a post-
pasteurization unit 108; and, optionally, a source 110 of an
inert gas such as carbon dioxide, nitrogen, or a mixtute of
the foregoing. ) '

Tempering unit 106 is used vide EXAMPLE XII above

and ¢lsewhere in this specification to reduce breakage of the-

cggs being processed, a technique which is particularly
useful when the differential between the initial egg tempera-
ture and the pasteurization process temperature is large and
the risk of breakage is accordingly high. Post-pasteurization
unit 108 is employed to treat the eggs to prevent recontami-
nation by sealing the pores of the egg shells as discussed
above or by packaging the eggs. If the latter technique is
adopted, unit 110 may optionally be employed to fill the
packages with an atmosphere modifying pas of the character
and for the purposes discussed above.
" Depicted in FIG. 16 is a shell egg processing system 112
which differs from the FIG. 14 system 94 primarily by the
addition of an egg packaging unit 114, an optional inert gas
source 116, and a package filling and sealing unit 118.
Packaging unit 114 is employed vide examples XII-XVII
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As discussed above, it is possible to signiﬁcantly shorten
the time requued to reach EqT in processing eggs for
xmproved safety in accord with the principles of the present
invention by: first heating the eggs to a temperature above
that at which thcy can be heated for a time equivalent or
exceeding the minimum mandated by the USDA. for liquid
whole eggs, then holding the eggs for a dwell pcnod in
which the heat soaks into the eggs, and then pasteurizing the
eggs at the selected temperature in the range specified above.
A unit for processing whole shell eggs in the manner just
described is depicted in FIG. 17 and identified by reference
character 122. That dystem -differs from the basic system

. illustrated in FIG. 14 primarily by the interposition of an
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and for the purposes described in those examples and ,

elsewhere in the specification to package the eggs cleaned in
unit 96 before they are pasteurized An inert gas from source
116 may optionally be employed to fill the packages before
they are sealed and transferred to pasteurization unit 72.
Altemnatively, as indicated by reference character 118, the
packaged eggs may be optionally filled with a sterile inert
gas and sealed immediately after they are pasteurized and
before they are transferred to cooling unit 78.

overshoot unit 124 between shell egg cleaning unit 96 and
pasteurization unit 72. The medium in which the eggs are
heated in overshoot unit 124 may be any of those indicated
above to be suitable for use in pasteurization unit 72.
The invention may be embodied in many forms without
departing from the spirit or essential characteristics of the
invention. The present embodiments are therefore to be
considered in all respects as illustrative and not restrictive,
the scope of the invention being indicated by the appended
claims rather than by the foregoing description; and all
changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.
What is claimed is:
1. Amethod of making a poultry shell egg safer to eat, said
method comprising the steps of:
promoting the transfer of heat to the egg by first heating
said egg at a temperature above that at which the white
of the egg will coagulate but not higher than about 170°
F. but for a sufficiently short period of time to preclude
significant coagulation of said white; and then ~ -

heating said egg at a second, lower, pasteurization tem-
peraturc in the range of 130° F. to <140° E and below
the coagulation temperature of the egg white for a time
sufficient to destroy infectious microorganisms
throughout the mass of the egg.

2. A method of improving the food safety quality of a
poultry shell egg, said method comprising the steps of:

promoting the transfer of heat to the egg by heating the

egg at a first, higher temperature above that at which
the white of the egg will coagulate and in the range of
139° to about 170° F. but for a sufficiently shoxt period
of time to preclude significant coagulation of said
white; and then

heating said egg at a second, lower pasteurization tem-

perature of at least 130° E and below the coagulation
temperature of the egg white for a time sufficient to
destroy infectious microorganisms thronghout the mass
of the egg.

3. A method as defined in claim 2 in which the egg is first
heated at & temperature in the range of 139° to 150° E for
a period of 2 to 3 minutes and is then heated at a pasteur-
ization temperature in the range of 130° to less than 140° F,

¥ % % * %
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METHOD FOR PRODUCTION OF
PASTEURIZED IN-SHELL CHICKEN EGGS

This application is a continuation of Ser. No. 08/519,184,
filed Aug. 25, 1995, now abandoned.

The present invention relates to pasteurized in-shell
chicken eggs and to a method for production thercof, and,
more¢ particularly, to such oggs and method where certain
pathogens whenever present in the eggs are reduced in
quantity to a level safe.for human consumpuon while at the
same time the functionality of the eggs is picserved, par-

" ticularly the albumen functionality, such tirat the pasteurized
eggs are substilutable for fresh, unpasteurized eggs in most
consumption uses.

BACKGROUND OF THE INVENTION

The term pasteurization is used herein in connection with
the present invention in the general sense that the term is
applied to other food products, e.g. pasteurized milk, in that
the present pasteurized eggs are partially sterilized at tem-
peratures which destroy objectionable microorganisms,
without major changes in the functionality of the eggs. In
this regard, {food products are conventionally heated at
temperatures and for times so as to sufficiently destroy
pathogenic microorganisms, which may be contained in the
food, so that the pasteurized food is safe for human ¢on-
sumption. In order to provide a.pasteurized food safe for
human consumptxon it is oot necessary that all pathogenic

microorganisms in the food be destroyed, but it is necessary -

that those pathogenic microorganisms be reduced to such a
low level that the organisms Cannot produce illness in

humians of usual health and condition. For example, fresh

whole milk may contdin virulenl pathogenic
microorganisms, most notably microorganisms which cause
tuberculosis in humans, and during pasteurization of the
milk, those pathogenic microarganisms are reduced to such
low levels that the milk is safe for consumption by humans

..of ordinary health and ‘condition. In' the .case -of some

microorganisms, however, usual’ pasteurization - tempera-
tures and times can completely destroy those microorgan-
isms. Milk so pasteurized does not have major changes in
the functionality thereof. The taste and texture of pasteurized
milk are slightly changed, but those changes are not of
practical significance to most consumers thereof.

Heat destruction of microorganisms in eggs has long been
known in that the eggs were cooked sufficiently to effect
destruction thereof, For example, when frying an egg, fried
to 2 reasonable hardness, microorganism destruction will
occur, Likewise, when boiling an egg to a hard-boiled state,
heat destruction of microorganisms in the egg will occur,
However, with these cooking processes, major changes in
the Tunctionality of the egg occurs, e.g. coagulation of the
yolk and white, and, thus, this is not pasteurization in the
usual sense, as explained above.

Recently, pasteurization of liquid chicken eggs (eggs out
of the shell) has been commercially practiced. The process,
very basically, involves heating liquid chicken eggs for short
times at higher temperatures to reduce any pathogenic
microorganisms therein such that the pasteurized liquid
chicken eggs are safe for human consumption, while, at the
same time, major changes in functionality do not occur. See,
for example, U.S. Pat. No. 4,808,425.

However, the art has long since struggled with pasteur-
izing in-shell chicken cggs. While in-shell eggs may be
heated sufficiently to destroy microorganisms, the art has
not, at the same time, been able to substantially retain the
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functionality of the eggs. The functionality is determined by
various tests, but a more basic test is that of the albumen
functionalily, which test measures the whipped volume,
under standard conditions, of whipped liquid albumen, as
measured in Haugh units.

In the case of liquid chicken eggs (not in the shell), by
careful control of the time and temperature of heating the
liquid eggs, usually with a short time, high temperature
(HTST) apparatus, pasteurization can be achieved while
relammg, at least substantially, the functionality of the eggs.
This is particularly true when the llquld eggs are heated for
pasteurization .purposes in a very ‘thin. film, wherc the
temperature and time of heating of the liquid eggs can be
very carefully controlled.

In liquid eggs, the yolk may or may not be mixed with the
albumen. As can be appreciated, however, with in-shell
chicken eggs (also referred to as “shell eggs™), not only is the
mass of the egg substantially different from the mass of a
unit of thin film of liquid eggs, but the yolk is essentially
centrally positioned in the shell. Accordingly, while the art
has struggled for some time to carefully control termpera-
tures and times for pasteurizing in-shell eggs, none of those
efforts in the art have been successful in terms of both
reducing pathogenic microorganisms found in chicken eggs
to a level safe for human consumption while maintaining
essentially the same functionality of the eggs as unpasteur-
ized eggs. As a result, no commercial process for pasteur-
izing in-shell eggs and no eommcrcxal pasteunzcd in-shell
eggs have been available. -

The art has taken many different approaches in_attempts
to pasteurize in-shell eggs. See, for example, U.S. Pat. Nos.
1,163,873; 2,423,233; 2,673,160; and 3,658,558. The more

.-prcvalent approaches mvolve heating the in-shell- eggs,'
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usually in a water bath, for various times and ‘at various
temperatures, as specified by the various investigators in the
art. These times and temperatures specified by the various
investigators vary widely, and this is because all of those
approaches involve a compromise-cither in the degree -of

safety achieved or in the quality of the functionality fetained.. ~ - -

1n this latter regard, if the in-shell egg is heated in a water
bath, where the water bath temperature and time of heating
are specified by the investigator, one of two results have
generally occurred. The first result is that, when higher
temperatures and longer times are specified, while the egg
may be acceptably reduced in microorganism content, the
functionality of the egg is also considerably reduced, such
that the egg is no Jonger substitutable for unpasteurized eggs
in either usual home cooking, ¢.g. frying, or in conventional
baking recipes. The other result, when using lower tempera-
tures of the water bath and shorter times, while the func-
tionality of the egg is substantially maintained, the decrease
in pathogenic microorganisms, which may be present in the
eggs, is severely compromised, and the egg may be safer but
not be safe for human consumption. While eggs processed
according to this latter approach can be said to be safer to
eat, in that there is some reduction of pathogenic microor-
ganisms in the eggs, the eggs are not pasteurized in the sense
as set forth above, i.¢. that they are safe for consumption by
humans of ordinary health and condition.

Faced with the above difficulties, that art searched for
intermediate water bath temperatures and dwell times where
functionality of the egg is preserved and microorganisms are
substantially reduced. Unfortunately, these searches have
generally resulted in the worst of both of the results noted
above, i.c. both reduced functionality of the egg and still
insufficient reduction in microorganisms, which result is less
desirable than either of the two above-noted general results.
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Accordingly, therefore, the art has been on the horns of a
dilemma, i.e. if the times of dwell and temperatures of the
water bath are high enough to substantially reducc the
microorganism content of in-shell eggs, then the function-
ality of the cggs is substantially reduced, while if the limes
of dwell and temperatures of the water bath are sufficiently
low as to substantially maintain the functionality of the cggs,
the eggs are not sufficiently reduced in microorganism
content 5o as to be pasteurized.

Pathogenic microorganisms arc introduced into chicken
eggs by two principal routes. Firstly, pathogens are intro-

. duced into the in-shell eggs from environmental contami-
nation. This environmental coniamination may occuf
through a variety of causcs, but typically, infected chickens
or mice in commercial egg-laying chicken houses deposit
feces which contact the shell of a laid egg. Certain
microorganisms, especially Salmonella, when in contact
with the shell of the egg, can penetrate that shell, especially
through small fissures or pores in the shell. That contami-
nation is, therefore, from the outside of the shell into the egg,
and the contamination remains, largely, in the albumen near
the shell. This contamination can be very substantially
reduced by the above-noted approaches of the prior art,
since, when the egg is placed in a water bath heated to the
temperatures suggested by the art, this is sufficient to heat
the albumen near the shell and substantially destroy patho-
gens which may have penetrated the shell from environ-
mental contamination. In this sense, the egg is, indeed, safer
to eat. o B

The second route of contamination in the eggs is systemic,
and this poses a far more difficult problem. Typically, feces
of infected chickens or mice are ingested by the chicken
during feeding, and that infection becomes systemic in the
chicken. Certain organisms, very notably Salmonella
enteritidis, enter the bloodstream of the chicken and pass,

trans-ovarially, into the interior of the egg itself. Most ;

especially, that systemic contamination occurs in the yolk of
the egg, although that contamination can also'easily extend
into the albumen. In this type of contamination, the prior art

25

- apptoaches, as noted abave, are inéffective toward substan- .-

tially reducing microorganisms in the eggs, including the
yolk, while at the same time maintaining the functionality of
the eggs.

While many suggestions have been made in the prior arl,
principally, a water bath is heated to specified temperatures
(although air, oil and the like heat transfer media have been
suggested), and the in-shell eggs are then placed in that
heated water bath and dwell therein for a specified length of
time. It is generally assumed that the yolk temperature will
com¢ to equilibrium with the water bath temperature after a
sufficiently long dwell time of the eggs. Unfortunately,
specifying the temperature of the water bath and the time of
dwell of the eggs therein does not necessarily specify
temperatures within the eggs, and especially the yolks. This
is because eggs can vary in one or more of weight, size,
shape, composition (e.g. relative size of yolk and air sack)
and density, all of which affects the heat transfer properties
of a particular egg in the water bath at the specified tem-
peratures. Thus, when operating in water baths at specified
temperatures within specified time ranges, the temperature
within a particular egg, and especially the yolk, is entirely
problematic, and, hence, the control of the prior art
approaches toward pasteurizing eggs, especially in regard to
yolk contamination, has been completely inadequate and
more or less is a matter of chance—see, for example, WO
95/14388.

The specified temperatures of the water baths in the prior
art vary considerably, with some investigators taking the
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apptoach of relatively low temperature baths, ¢.g. as low as
about 100° F., with long dwell periods of the eggs, while
other investigators took the approach of high temperalure
baths, e.g. up to 160° F., with relatively short dwell periods
of the eggs, and others took an intermediate approach, e.g.
130° F. to 140° I, with intermediate dwell periods, e.g. 50
minutes. However, no matter which of these approaches is
adopted, as explained above, the art simply has not found
combinations of temperatures of watcr baths and limes of
dwell which will ensure eggs safe for human consumption,
i.¢. pasteurized eggs; including pasteurization of the yolks, .

‘while at the same time maintaining the functionality of the

eggs. Accordingly, it would be a very substantial benefit to
the art to provide a method for pasteurizing eggs where the
eggs are not only pasteurized, i.e. safe for consumption by
humans of ordinary health and condition, but which also
assures that the functionality of the eggs is substantially
retained.

BRIEF SUMMARY OF THE INVENTION

Very briefly, the present invention provides pasteurization
of an in-shell chicken egg, i.. safe to eat by humans of
ordinary health and condition, by achieving a 5 log reduction
of Salmonella species which may be present in the egg by
controlling the yolk temperature within relatively narrow
limits so that both the pasteurization is achieved and the
functionality of the egg is not substantially decreased. In
these regards, the present invention is based on several
primary discoveries-and several subsidiary discoveries.

As a primary discovery, it was found that, if the tempera-
ture and dwell time of the yolk is at a certain correlation of
temperature and time or within a 95% confidence level
deviation, Salmonglla species which may be present in the
egg yolk, as well as the albumen, can be reduced by at least
5 logs, which reduction is sufficient for true pasteurization,
i.e. safe for consumption by humans of ordinary health and
condition, while at the same time there is a retention of
functionality of the eggs. o :

- As a subsidiary discovery in this regard, it was found that, -

" if Salmonella’ species are reduced by that at least 5 logs,

other microorganisms found in the egg are also reduced,
such that the egg is pasteurized in respect to those other
microorganisms.

As a second primary discovery, it was found that, if the
egg is pasteurized according to that certain correlation, or
within the limits of deviations noted above, the albumen
functionality of the egg, measured in Haugh units, is not
substantially deteriorated, as compared with a corresponding
unpasteurized in-shell egg.

As a third primary discovery, it was found that, in order
to effectively pasteurize an egg, the yolk temperature of that
egg must be controlled within relatively narrow temperature
limits.

As a subsidiary discovery in this regard, it was found that
the temperature of the yolk must be controlled in a range of
from 128° F. to 138.5° F. At temperatures of the yolk below
128° F., adequate pasteurization will not occur. On the other
hand, at temperatures of the yolk above 138.5° F, the
functionality of the egg substantially decreases.

As a fourth primary discovery, it was found that, within
this range of yolk temperatures, the dwell time of the yolk
at a selected temperature must be relatively closely corre-
lated to that temperature. If the dwell time is significantly
below that correlation, pasteurization will not occur. On the
other hand, if the dwell time is significantly above that
correlation, then the functionality of the egg is substantially
deteriorated.
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As a subsidiary discovery in this regard, it was found that
the limits of deviation from that correlation which arc
permissible 10 achieve both pasteurization and retention of
functionality are relatively small. Deviations should be no
greater than that which will provide a 95% statistical con-
fidence level of pasteurization. Thus, the limits of deviation
from that specific correlation must be carefully observed.

Thus, broadly stated, the present invention provides a
method of pasteurizing an in-shell chicken egg comprising
heating the egg until a central portion of the yolk of the egg

is controlled within the range of 128° F. 10 138.5° F, and- -

thaintaining that controlled yolk temperatur¢ for times
within parameler linc A and parameter linc B of FIG. 1
annexed hereto and sufficient that a Salmonella species that
may be present in the egg is reduced in amount by at least
5 logs but insufficient that an albumen functionality of the
egg measured in Haugh units is substantially less (han the
albumen functionality of a corresponding unpasteurized
in-shell egg.

The invention also provides a pasteurized in-shell chicken
egg comprising a pasteurized central portion of a yolk of the
egg having at least a 5 log reduction of a Salmonella specics
that may be present in the yolk in its unpasteurized form.
The so-pasteurized egg will have an albumen functionality
measured in Haugh units not substantially less that the
albumen functionality of a corresponding unpasteurized
m-shell egg. . C ’

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a graph showing the required correlation
between the temperatures of a central portion of the yolk of
an egg during the pasteurization process and-the log (base
10) of time at which that central portion of the yolk of the
egg dwells at such temperatures. That graph also shows
permissible limits of deviation from that correlation, indi-
cated by parameter lines A and B.

' DESCRIPTION OF PREFERRED
'[EMBODIMENTS

The present invention is directed to in-shell ¢hicken eggs,
and it cannot be extrapolated to other in-shell poultry eggs.
In-shell poultry eggs from different birds vary considerably
in the mass, propensity for coagulation of the albumen and
yolk, temperatures and dwell times for adequate
pasteurization, heat transfer properties, and usual function-
alities. For example, it has been found that an in-shell duck
egg, which is probably the closest poultry egg to a chicken
egg, cannot be pasteurized to a 5 log cycle reduction of a
Salmonella species found in chicken eggs and maintain
functionality with the method of the present invention. In
attempts to pasteurize in-shell duck eggs by this method, it
was found that the time and temperature correlations found
for in-shell chicken eggs were inappropriate for in-shell
duck eggs. Therefore, it is emphasized that the invention
relates only to in-shell chicken eggs, and the method of the
invention cannot be considered workable to any other
in-shell poultry egg. See Dutch Patent No. 72,454

As opposed to the prior art, briefly summarized abave,
which relied upon the temperature of the medium for heating
the egg, e.g. usually water, the present invention relies upon
the temperatures of the yolk of the egg, along with the
correlated dwell times of the yolk at those temperaturcs, and
for this reason, tbe particular medium in which the egg is
heated is not critical, as opposed to that of the prior art. Thus,
in the prior art, since, generally speaking, the temperature of
the heating medium was coatrolled and the temperature of

20
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the yolk was cssentially uncontrolled, the choice of heating
mediumm was a critical choice because the heat transfer
properties of a particular mediura greatly influenced the
results of the process. For that reason, most of the
approaches in the prior art chose waler as the healing
medium, since the temperature of the water in a heating bath
could be carcfully controlled, and heat transfer from the
watcr bath to the cgg is accelerated. The present invention
does not rely on controlling the temperature of the heating

_medium to effect pasteurization.. Conversely, the present

invention relies on controlling the temperature of the yolk.
Thus, the heating medium of the preseat invention can vary
widely. The egg can be heated with any fluid heat transfer
medium or it can be heated by direct heat from beat sources,
such as radiant heaters, infrared heaters, or radiation, such as
microwaves. However, since all of those direct heating
means require special care in ensuring that the direct heat
uniformly heats all surfaces of the egg, it is preferred that the
heating medium is a fiuid heat transfer medium, since the
fluid can be caused to flow around the egg and ensure
uniform heating along all surfaces of the shell of the egg.
The fluid medium may be any gas, ¢.g. air, nitrogen, carbon
dioxide, elc., but it is preferred that the fluid medium be an
aqueous medium, since heat transfer from aqueous mediums
is easy to control. Thus, the aqueous medium may be in the
form of water vapor, but, more preferably, the aqueous
medium is liquid water. Mixtures or sequences of heating
medium may also be used, e.g. water and then air. .
However, liquid water does have & disadvantage in that,
as is well known, during heating in liquid water, gases
nucleate on the shell of the egg. This can be dbserved by
anyone boiling an egg in'a pot. The nuclcated gases decrease

the heat transfer between the liquid water and the shell of the

egg and, hence, into the interior of the egg. Since this
decrease in heat transfer may not be uniform throughout the
area of nucleated gases on the shell of the egg, it is most
preferable to avoid or displace those nucleated gases. to the

" extent possible. This may be done by adding 2 surface active .-

40

45

60

65

agent. to the ‘water, e.g. a food-grade- fonic, anionic or:
non-ionic sirface active agent, many of which are known in
thie art, for example, the Tweens. Usually oaly a fraction of
a percent of surface active agent is nccessary, e.g. one half
of one percent based on the weight of the water, although the
surface active agent can be as low as one hundredth of a
percent and as high as three or four percent.

Alternatively, the nucleated gases may be displaced from
the shell of the egg when at least one of the water and the
epg is in motion relative to the other. Thus, the water may
be sprayed onto the egg, which keeps the water in motion
relative to the egg, or the egg may pass through a substan-
tially continuous curtain of flowing water, or in a water bath,
the water may be fully circulated over the egg. In addition,
in any of the above cases, the egg may be rotated on a
support, and supports for rotating eggs are well known in the
ant. Alternatively, both motion of the water and the egg can
be used, along with a surfactant (non-foaming surfactant) to
minimize or avoid inconsistent heat transfers due to nucle-
ated gases.

As noted above, the present invention relies on control-
ling the temperature and dwell time of the yolk of the egg.
However, within the entire yolk, the temperatures thereof
may vary, depending upon the proximity of a particular
portion of the yolk to the shell and the proximity of the
particular portion of the yolk to the center of the yolk. As
will be explained hereinafter in detail, the present method is
carried out by controlling the temperature of the yolk at a
central portion thereof. The center of the yolk, of course, is
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a theoretical point and modern lemperaturc-measuring
devices are not capable of measuring temperatures at a
theoretical point. However, such devices are capable of
measuring temperatures in a central portion of the yolk,
consistent with the width of a modern temperaturc-
measuring probe, e.g. thermocouple. Thus, in the present
specification and claims, the central portion of the yotk is
defined to mean that portion of the yolk substantially sur-
rounding the center of the yolk which has sufficient volume
to accommodate and receive a conventional lemperature-
measuring probe. - : -

- .As noted above, it has been found that the temperature of
the yolk must be in the range of 128° F. 1o 138.5° F. While
pasteurization can be achieved with yolk temperatures as
low as 126° F, this temperature is near the minimum
temperature to kill Salmonella and variables, such as par-
ticular egg histories and sizes/grades, etc., as explained
below, very significantly affect results. Thus, at 126° I, the
results are so variable as to be unreliable, and to avoid the
same, the yolk temperature must be at a higher value, Le. at
128° F. or higher.

In this regard, experiments which attempted to establish
the correlation line of FIG. 1 at between 128° F. and 126° F.
showed the data for that correlation line to be so scattered
that parameter lines A and B could not be established with
any certainty. This reflects that at temperatures below 128°
F. the above-mentioned variables become so significant that
pasteurization while retaining functionality cannot be accu-
rately predicted. Thus, for practical application of the
invention, the central portion of the yolk must be at a
temperature of 128° F. or higher.

. This means, of course, that when a heat transfer medium
as described above is used, that medium must be at a
temperature of at least 128°'F,, since, otherwise, that heating
medium would not be capable of heating the central portion
of the yolk to at least 128° F. On the other hand, while the

. central portion of the yolk should not reach a-temperaturc

_ gireater than about 138.5° ., the temperaturc of the heating’
" medium can be higher than that temperature, sinct there will . -

be a temperature differential between the temperature of the
heating medium and the central portion of the yolk until an
¢quilibrium temperature is established. However, it has also
been found that a higher temperature of the heating medium
should not be substantially greater than 138.5° F,, since,
otherwise, the chances of decreasing the functionality of the
albumen before pasteurization occurs, especially near the
shell, increases. For this reason, it is preferable that the
medium is heated 1o temperatures no greater than 142° F.
The medium may be heated to more than one temperature
during the pasteurization process. For example, the medium
may be heated 10 a higher temperature of no greater than
142° F. for part of the pasteurization dwell time of the yolk,
and then cooled to lower temperatures no less than 128° F.
for the remainder of the portion of the dwell time of the yolk.
There ar¢ certain advantages to heating to such higher
temperatures and then cooling to such lower temperatures
during the pasteurization process, in that the total time
required for pasteurization is decreased. At the higher yolk
temperatures, within parameter lines A and B of FIG. 1, the
chances of decreased albumen functionality are increased.
Therefore, in order to decrease processing time and the
chances of decreased functionality, the heating medium may
be heated to higher temperatures for part of the pasteuriza-
tion and then heated to a lower temperature for the remain-
ing part of the pasteurization, consistent, of course, with the
yolk temperature being within the range specified above and
within the dwell times of parameter lines A and B. If such
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differcnt temperatures of the heating medium are used, it is
preferable that the higher temperatures are between about
136° F. and 139° F. and the lower temperatures are between
about 131° F. and 135° F.

The most preferred method in the foregoing regard is that
of using one or more higher heating medium lemperatures,
e.g. 138° F, until the yolk temperature reaches a target
value, ¢.g. 134° F,, and then decreasing the temperature of
the medium to that target temperature, ¢.g. 134° F,, and
maintaining that reduced medium temperaturc until the

dwell time specified by FIG. 1 is reached. Several or more - -
different medium temperatures may be used, so long as the

resulting temperatures and dwell times of the’ yolk fall
within parameter lines A and B of FIG. 1. This provides
some latitude in fine adjustment of the process for optimum
pasteurization and retention of functionality of the egg even
with varying egg input and input egg conditions.

In this latter regard, a difficult problem in the prior art,
where the eggs were processed by temperature control of the
heating medium alone, e.g. a water bath, for specified time
ranges, is that the particular input eggs and the prior han-
dling conditions thereof could very substantially affect the
results. For example, freshly laid eggs are normally stored in
controlled temperature refrigerators until handling,
processing, packaging and distribution are achieved, with
the possible exception of grading. However, such conditions
are not uniform, and the conditions vary from processor to
processor. Thus, if eggs to be processed according 1o the
prior art were stored at 41° E. and then placed in a heated
water bath maintained at the prescribed temperatures and
allowed to dwell therein for the prescribed time, the actual -
results-that would be achieved thercby in terms of decrease”
in microorganisms and preserved functionality would vary
significantly from that which would be achicved if the eggs
had been stored at, for ¢example, 44° F. Those results would
vary most considerably if the eggs to be processed were
brought to room temperature before processing. This is
because the amount of heat required to be transferred into
the -egg to achieve reduction in microorganisms. depends
upon the temipérature-of the egg entering the process, e.g.’
entering the temperature-controlled hot water bath.

Likewise, the effects of specific dwell times in a water
bath controlled at a specific temperatures will vary with the
age of the egg. In addition, it will vary with the size,
particular configuration, weight and density of the particular
egg, which can vary somewhat. At least to some extent, the
effects will vary with the particular breed of poultry used to
produce the eggs.

All of these problems are obviated by the present method,
where the control for pasteurization and retention of func-
tionality is not in connection, specifically, with the tempera-
ture of the heat transfer medium, but is the result of the
control of the temperature of the central portion of the yolk
of the egg.

However, changes in functionality, especially of the
albumen, can occur when the time required to reach the
target yolk temperature within parameter lines A and B is
overly long. This is referred to as the “come-up” time. The
“come-up” time can be minimized by prewarming the eggs,
¢.g. to room temperature or up to about 120° F., prior to
processing for pasteurization. It should be noted that any
time during which the yolks of the eggs are within parameter
lines A and B in reaching such target yolk temperature
should be subtracted from the dwell time required by FIG.
1.

In regard to the “come-up” time, it was found that at yolk
temperatures below 120° F,, the growth rate of Salmonella
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is very low. Further, it was found that at yolk temperatures
at 120° F. or below, protein denaturing (loss of functionality)
also proceeds at a very low rate. With these two discoveries,
it was found that eggs could be prewarmed to yolk tem-
peratures up to 120° F. over relative long times without any
significant increase in Salmonella or decrease in function-
ality. Whilc the longer the prewarming time the greater the
chance for loss of functionality and increase in Salmonella,

prewarming periods of up to two hours, especially one hour
" and more especially up to 30 minutes are quite satisfactory.
Such prewarming can considerably reduce the “come-up”
time.- 0 . . L ) ' _ h

As noted above, the present method ensures that a Sal-
monella species, which may be present in the egg yolk, is
reduced by at least 5 logs (base 10 log) while the albumen
functionality of the egg, measured in Haugh units, is not
substantially less than the albumen functionality of a corre-
sponding unpasteurized in-shell egg. In this regard, it has
been found that if a Salmonella species present in the egg is
reduced in an amount by at least 5 logs, then any other
pathogenic microorganism which may be expected to be in
the egg will also be reduced by at least 5 logs, particularly,
when the reduction of 5 logs is in connection with the
species Salmonella enteritidis. Salmonella enteritidis is a
particularly troublesome pathogenic species of Salmonella
in that it is a more common species of infection in the yolk
of the egg, for the reasons explained above, and is a
particularly virulent pathogenic species. In addition, that
species is more difficult to destroy because of its predomi-
pant yolk location and the corresponding difficulty to
destroy while maintaining functionality. Therefore, if the
_ process is designed and carried out so as to reduce Salmo-
nella enteritidis by at least 5 logs, as essentially the worst

case scenarlo, then jt can be assured that other pathogens in -

10

10

Newly proposed standards of the United States Food and
Drug Administration (USFDA) require at least a 5 log
reduction in Salmonella species for in-shell eggs to qualify
as pasteurized. Acceptably retained functionality must also
be achieved for practical commercial application.
Heretofore, the art has not been able to meet that proposed
standard. For example, only a 3 or 3.5 log reduction of a
Salmonella species could be achieved by prior art processes,
while reliably retaining the functionality of the in-shell eggs.
As a result, some of the prior processes, instead, purported

. 10 use the USDA standard for liquid eggs (out-of-shell eigs).
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- the egg have been reduced sufficiently that the egg is safe for -

consumption by humans of ordinary health and condition.

In this regard, FIG. 1 is a graph of the temperature of the
central portion of the yolk of an egg being pasteurized versus
the log of the dwell time of the yolk at that temperature. That
correlation is a straight line on log scale, and parameter lines
A and B show permissible deviation from that comelation
line, while still substantially ensuring a 5 log reduction in a
Salmonella species, as well as a substantial retention of the
albumen functionality. For optimum results, the dwell time
at a specific temperature or dwell times at different
temperatures, as explained above, should fall near that
correlation line. However, as noted sbove, for some fine
tuning of processes in connection with the particular egg
input, the technical ability to control temperatures, and for
shortening the process time, the time-temperature correla-
tion can be within parameter lines A and B and satisfactory
results will be obtained. However, it is much preferred that
deviations from the correlation line be at longer dwell times,
rather than at shorter dwell times, from the correlation line.
This will ensure a 5 log reduction of Salmonella while still
ensuring good functionality. Thus, the dwell times are within
a 95% statistical confidence level for the straight line graph
of temperature and log of dwell time (indicated in mioutes),
where one terminus of the line is at 128° F. for 215 minutes
and the other terminus of the line is at 138.5° F. for 8.0
minutes. The 95% confidence level is calculated by standard
statistical methods which are well known to the art and need
not be described herein.

Thus, by camrying out the process so that the yolk is
pasteurized in the above manner, this also ensures that the
entirc mass of the egg is likewise pasteurized such that there
is at least a 5 log reduction of Salmonella species throughout
the yolk, albumen and entire mass of the egg.
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‘Those in-shell eggs are, nevertheless, not pasteurized cggs in. -

that, while they may be safer to eat, they are not safe to eat.

As noted above, while the functionality of an egg can be
determined by several or more tests, it has been found that
the most sensitive and reliable test for determining retained
functionality of cggs pasteurized by the present invention is
that of the albumen functionality test. Since the yolk tem-
perature is controlled according to the present invention, i.c.
controlled at a temperature between 128° F. and 138.5° F,,
this, inherently, means that the albumen reaches a tempera-
ture of at least 128° F., but could for a portion of the time of
the pasteurization process reach temperatures up to 138.5° F.
or slightly higher when the temperature of the heat transfer
medium is higher than 138.5° F, e.g. up to 142° F, as
explained above. Therefore, these higher temperatures of the
albumen, as opposed to the temperatures of the yolk, can

‘cause loss of functionality of the albumen before there is a

substantial loss of functionality of the yolk. By, therefore,
controlling the yolk temperature, the functionality of the
albumen is safeguarded 0 as to not be substantially reduced
from that of an unpasteurized. egg. Therefore, it can be
ensured that the functionality of the whole egg including the

- yolk will not be substantially reduced in functionality.

As a very surprising and unexpected occurrence in con-
pection with the present invention, when pasteurization is
carried out very close to the correlation line of FIG. 1, not
only is the-albumen functionality not decreased but, in fact,
quite surprisingly, is increased in some regards. The data
actually shows that while a corresponding unpasteurized egg
of Grade A quality may have an albumen functionality rating
of between 60 and 72 Haugh units, when an egg is pasteur-
ized close to the present correlation line of FIG. 1, the
albumen functionality rises by up to 10 units, ¢.g. some-
where in the 70 or 80 units. It is noticed that there is a slight
cnlargement of the air sac and an enlargement of the yolk in
such eggs, which enlargements are usually found in slightly
older eggs. Even when operating the process close to either
parameter line A or parameter line B, the albumen function-
ality of pasteurized Grade A eggs will still exceed 60 Haugh
units.

In this latter regard, the term “corresponding unpasteur-
ized in-shell egg™ is defined to mean an egg of correspond-
ing shape, weight, age, flock and processing history as that
of the pasteurized egg, since, as explained above, these
variables can effect the results of the process and,
correspondingly, the results of the Haugh unit test.
Therefore, in connection with the corresponding unpasteur-
ized egg, the pasteurized cgg is not substantially reduced in
the albumen functionality test.

As is well known in the art, any substantial heating of egg
protein causes some denaturization of that protein. In the
prior art processes, while reduction of microorganisms in the
eggs could easily be achieved, reduction of higher log cycles
resulted in denaturing of the egg protein and a decrease in
the functionality of the cggs to the extent that the eggs were
not commerciaily useful for all purposes. In addition, that
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denaturing of the protein causes very substantial changes in
the functionality of the eggs with storage. Thus, in those
prior art processes, while freshly heat-treated eggs might not
have acceptable functionality for all uses, they might have
acceptable functionality for limited uses, e.g. producing a
soft-boiled egg. However, with storage of the eggs, which is
normal in the industry, even that functionality would sub-
stantially further decrease such that long time stored eggs
would become unacceptable for almost all uses. Therefore,
it- is not only. necessary 1o achieve pasteurization, while
_retaining funétionality, as described above, but it is also

-pecéssafy to Tetain that functionality -over a significant’

period of time of storage of the eggs. Otherwise, without
preservation of functionality during storage, the pasteurized
eggs are simply not acceptable from a commercial point of
view.,

Storage affects both unpasteurized and pastewrized eggs
(e.g. stored at 41° F). There is some weight loss during
storage, the yolk height and width tend to change, yielding
a changed yolk index and the whipped albumen height, in
Haugh unils, also tends to change in both types. These are,
however, usually not practically significant. Generally
speaking, eggs should not be stored (e.g. at 41° F.) for longer
than about 75 days prior to use. In the prior art approaches,
the processed eggs stored for up to 75 days showed unac-
ceptable changes in egg functionality. For example, depend-
ing upon the prior art approach, the eggs could not make an
acceptable sunny-side up fried egg, acceptable homoge-
neous scrambled eggs, or acceptable over-casy fried eggs.
Neither could those eggs be used for making food products,
such as salad dressings, e.g. Caesars salad dressing,
mayonnaise, sponge cakes, cookies and other baking appli-
cations. . )

While the following example details the data of test
results, that example shows that the present process not only
destroys the Salmonella species so as to pasteurize the egg,
i.c. at least a 5 log reduction, but does so without substan-
tially adversely affecting the egg quality, e.g. functionality,
even when stored up to 75 days at 41° F. Those eggs can be
used for preparing sunny-side up, scrambled and over-easy
cooked eggs, as well as in preparing salad dressings,
mayonnaise, sponge cakes, cookies and other baking appli-
cations.

Thus, the present method and pasteurized eggs are further
different from prior art methods and treated eggs in that the
present pasteurized cggs have an egg weight substantially
the same as a corresponding unpasteurized egg, a yolk index
and yolk strength substantially the same as a corresponding
unpasteurized egg, and an angel cake test and a sponge cake
test substantially the same as a corresponding unpasteurized
egg. Further, the present pasteurized eggs have frying,
scrambling and boiling characteristics substantially the same
as a corresponding unpasteurized egg, and, just as
importantly, those characteristics are maintained in the
present pasteurized eggs for up to 75-days storage at 41° F.

The cgg produced by the method of the invention, as
poted above, is a pasteurized in-shell chicken egg which
comprises a pasteurized central portion of the yolk of the egg
having at least a 5 log reduction of a Salmonella species
which may be present in the egg in its unpasteurized form.
The egg has an albumen functionality, measured in Haugh
units, not substantially less than a corresponding unpasteur-
ized in-shell egg. In this regard, “not substantially less”
means that any differences are not of practical significance.
The present pasteurized egg also has the reduction in Sal-
monella species throughout the yolk and albumen of the egg.
Also, the cgg weight, the yolk index, the yolk strength, the

" produce, perhaps, as much as a 3.5 log reduction in Salmo-.

15

20

25

30

12

angel cake test, the sponge cake test, and frying, scrambling
and boiling charactenstics of the present pasteurized egg are
not substantially less than a comesponding unpasteurized
in-shell egg. Likewise, the present pasteurized egg can
substantially maintain those characteristics for up to 75-days
storage at 41° .

It will be appreciated by those skilled in the art that a
reduction in Salmonella species of at least 5 logs, while not
substantially decreasing the albumen functionality, is a very
substantial improvement in the art. Prior art approaches,
such as those described above, under ideal conditions, could

nella enteritidis without substantially decrcasing the albu-
men functionality. However, while up to a 3.5 log reduction
will make the egg safer to eat, that egg is not pasicurized
according to the proposed USFDA standard, discussed
above, and, hence, cannot be said 1o be safely consumable
by a human of normal health and condition. Unless at least
a 5 log reduction is obtained, under the proposed USFDA
standard, it cannot be assured that the egg can be safely
consumed by such human. The present process is able to
achieve that 5 log reduction, while maintaining the func-
tionality of the egg, and, in this sense, has solved the
dilemma which has plagued the art for some time. Indeed, by
following closely the correlation line of FIG. 1, log reduc-
tions greater than 5 can be achieved, while substantially
maintaining the functionality, ¢.g. 6 log reductions and even
7 log reductions, and this is a very substantial advarice in the
art. .

While, as stated above, the method may be carried out by
heating the eggs with any desired- means, as also stated
above, the preferred method is that of heating the eggs’in an

~ aqueous medium, preferably in a water bath, for the reasons
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set forth above, and this particular means of heating the eggs
will be specifically discussed, for conciseness purposes, but
it is to be understood that the invention is not limited thereto.
It should be further understood that the specific method
illustrated below is merely a preferred method when using a
water bath as the heating medium, but that other methods
may be used in connection with the use of a water bath as
the heating medium, or in connection with other heat trans-
fer media, so long as the yolk temperature/dwell time of the
invention is observed.

In carrying out the method, it is necessary to control the
yolk temperature of the egg. However, it is first greatly
preferred to appropriately calibrate a particular apparatus
and particular process conditions of that apparatus to ensure
that the particular apparatus and conditions calibration
tesults in the required yolk temperature/dwell time to pas-
teurize the eggs and retain functionality, according to FIG.
1. Thereafter, subsequent processing and pasteurization of
eggs can be achieved by repeating those calibration process
conditions without measuring the yolk temperature/dwell
time of the eggs. For example, in such calibration, it may be
established by temperature measurement of the yolk that
when eggs stored at 41° F. are placed in a water bath at 137°
F. for a particular apparatus with a particular agitation for 14
minutes and then removed and cooled in 41° F. storage, the
yolk lemperature/dwell time required by FIG. 1 is achieved.
Thereafter, to effect pasteurization of succeeding lots of
eggs, including the required yolk temperature/dwell time
and retained functionality, it is only necessary to maintain
that calibration agitation, water temperature, 14-mipute
dwell time, egg storage temperature and cooling
temperature, to ensure that the yolk temperature/dwell time
is that required by FIG. 1, without having to measure that
yolk temperature/dwell time or functionality of succeeding
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Jots of eggs. However, it is preferable that the calibration be
periodically rechecked during processing of succeeding lots
of eggs by checking the calibration with a lot of eggs from
time to time by measuring the temperature of the yolk and
measuring functionality.

To these ends, for a chosen lot of eggs being pasteurized,
a statistical number of the eggs being processed will have a
temperature probe inserted into that central portion of the
yolk, and these eggs may be referred (o as “control eggs”.

The temperature probe, e.g. thermocouple, is insertéd into,
the egg, in a2 manner well known in the art, and sealed .

thereagainst by conventional manners, e.g. glues, waxes,
putties, and the like, to prevent water from entering the egg
during processing. The temperature of the central portion of
the control egg yolks is monitored by the temperature probe,
and the yolk temperature/dwell time is determined and
controlled to ensure that the valucs fall within parameter
lines A and B of FIG. 1. If so, the calibration has been
obtained or maintained; if not, adjustment of operating
conditions and recalibration are required.

Whether in regard to such calibration or in regard to
production pastcurization of eggs, normally, eggs of essen-
tially the same size range will be processed as a lot.
Otherwise, with eggs of greatly different sizes, the calibra-
tion or production processing could not ensure pasteuriza-
tion. The sizes may be determined by weight, and, for
example, eggs of a target weight plus or minus 10% are
processed as a lot. :

In the method of the inventjon, a lot of eggs is placed in
a conventional pasteurization apparatus, which may be any
conventional pasteurization apparatus, such as a cheese vat,
and heated water is introduced into that vat with the water
being heated to at least 128° F. and up to 142° F,, but
preferably less than 138.5° F. The temperature of the central
portion of the egg yolk of a statistical number of eggs is
monitored by a temperature probe present in “control” eggs
as a periodic or continual recheck of calibration, as
explaincd above, or as the primary means of control of egg
yolk temperature, e.g. in an apparatus which has not been
calibrated as described above. Preferably, however, the
apparatus has been calibrated, and such control eggs are not
required or are used only periodically to recheck calibration.
When the desired target temperature of the yolk, e.g. 134° F.
is reached, the temperature of the water is controlled to
maintain that target temperature by adding cold or hot water
as required, and that yolk temperature is controlled for the
time set by the comelation line of FIG. 1 or at least within
parameter lines A and B.

After the eggs have reached that temperature and been
controlled at that temperature for the time of the correlation
line, the eggs are removed from the pasteurizer and cooled
to at least below 126° F., and more preferably below 115° F,,
and yet more preferably below 100° F. This cooling should
be as rapid as possible such that residual temperatures in the
eggs do not substantially further denature protein beyond
that achicved at the correlation temperature. Usual cooling
procedure, e.g. air, is sufficient for this purpose, but it is
preferable 1o cool the eggs in cool water or in normal
storage, e.g 41° F., after removal from the pasteurizer. Tt
should be noted that any time during which the yolks of the
eggs remain within parameter lines A and B during cooling
should be subtracted from the dwell time required by FIG.
1. After the eggs have been so cooled, the eggs are then
dried, e.g. air drying, packaged and transferred to a cold
storage, maintained at an acceptable temperature of between
38° F. and 45° F, ¢.g. 41° F, and are then rcady for
distribution.
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In addition, for calibration, recheck of calibration or
primary conirol of the pasteurization, a statistical number of
“control” eggs may be analyzed for functionality. While the
functionality will be largely known by the albumen func-
tionality test, in Haugh units, (o ensure that the functionality
of the pasteurized egg is substantially the same as a corre-
sponding unpasteurized egg, in addition to the albumen
functionality, “control” eggs may be examined for egg
weight, yolk index and yolk strength, angel cake test and
sponge cake test, as well ‘as the characteristics of {frying,
scrambling and boiling, as described above. ™

All of the control eggs,ie. yolk temperature and func-:--.
tionality control eggs, are essentially part of calibration for
a parlicular pasteurizing apparatus operated at particular
conditions with particular eggs. This is because particular
pasteurizing apparatuses can vary in their performance of
pasteurization, and any particular apparatus must be cali-
brated to ensure that the yolk temperature/dwell time
reaches the desired results required by FIG. 1. However, as
noted above, once calibrated, for successive pasteurizations
of substantially the same eggs, then it is no longer necessary
to use the temperature probed “control” eggs or to perform
the functionality tests mentioned above, since by repeating
the calibration process, the same results will be achieved.
This is, of course, based on the assumption that all succeed-
ing lots of eggs processed in that same manner have essen-

‘tially the same histories and conditions, as described above.

If the histories or condifions change markediy, then the
apparatus must be recalibrated, as discussed above. )

Optionally, the pasteurized eggs may be protected from
environmental recontamination by wrapping the eggs or
cartons of eggs in a protective barrer, such as a plastic film.
Heat shrinkable plastic film is particularly well suited to this
purpose, such as the heat shrinkable films made by the
Cryovac Division of W. R. Grace & Co. These films are
co-extruded polyolefin films, some of which are cross-
linked. These films are generally referred to as “industrial
food source films” and particularly useful are those films
designed as D-955 and MPD 2055. It is to be understood,
however, that pasteurization of eggs, similar to pasteuriza-
tion of milk, does not extend the shelf life of the eggs nor
does it lessen the necessity for proper handling and cooling
of the eggs, in the same manner as pasteurized milk.
Accordingly, simply wrapping each individual egg or pack-
age of eggs will not extend the shelf life of the eggs.

The invention will now be illustrated by the following
example, where all percentages and parts are by weight,
unless otherwise indicated.

EXAMPLE

This example illustrates two different protocols for pas-
teurizing eggs.

In a manner described above in connection with the
method of calibrating a particular apparatus/process
conditions, the graph of FIG. 1 was experimentally deter-
mined by inoculating a statistical number of eggs with
Salmonella enteritidis. The inoculated eggs were sealed in
the same manner as sealing the temperature probe of the
“control” eggs. These “control” inoculated eggs were pro-
cessed in the same manner. The “control” inoculated eggs
were examined for Salmonella enteritidis log reduction by
standard microbiological techniques. The graph of FIG. 1
was then constructed on the basis of yolk temperature/dwell
time which would achieve at least a 5 log reduction in
Salmonella enteritidis. Parameter lines A and B show a 95%
confidence level. Retained functionality was confirmed by
the same procedure described below.
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Thus, it was known by this experimental data that by
processing eggs within parameter lines A and B of FIG. 1,
2 5 log reduction in a Salmonella species resulted while
maintaining functionality. This Example, therefore, illus-
trates that retained functionality and further illustrates that
retained functionality during long-term storage, i.c. at 41° F.
for up to 75-days storage.

The pasteurizer used in this example was a Kusel (Kusel
Equipment Co., Watertown, Wis.). It has a 100 gallon
capacity and is usually used as a checse vat. The vat is. filled

with water and heated to the. target temperature with a steam -
jacket. The vat is equipped with a Nonbx steam/water mixer -

and that target temperature is maintained by flowing tem-
perature controlled water into the vat with a corresponding
outfiow of water. For temperature control, the vat is
equipped with mountings for separate temperature probes to
monitor the water temperature. In this example, the water
temperature was monitored using three Type T 24 gauge
(copper-constantant Tefion-coated) thermocouples con-
nected to a Cole-Palmer (Niles, I11.) Dual Input Thermo-
couple Thermometers (Model No. 08112-20). The thermo-
couples were placed at three different locations and at three
different water levels throughout the vat to monitor the
evenness of water temperature,

Thirty-six eggs were used in each test and were placed in
conventional filler flats at 12 inches below the water level.
Bach batch of test eggs also contained three eggs that were
probed with a thermocouple. The thermocouple was inserted
1% inches into the large end of the eggs to the central portion
of the yolks. The eggs were sealed with a gel-based glue and
allowed to dry. Temperatures of the eggs and water vat were
monitored at one minute intervals with an accuracy of £0.2°

F. Mild agitation was carried out in the vat and was regulated -

using 2 rotary stainless steel impeller pump with a 1% inch
inlet and a 1% inch outlet.

Approximately 4-day old eggs were used for each of the
tests, and the eggs were large Grade A quality eggs from the
same flock. The eggs had been stored at 41° E until
processed. The eggs were removed from the storage cooler
and placed into the plastic filler flats. The three eggs with the
thermocouples mounted therein were also included in each
flat. The filler flat was then placed in the preheated vat, and
the temperatures of the water and the egg yolk temperatures
were recorded at one minute intervals.

In one protocol, when the average internal yolk tempera-
ture of the three eggs reached 134° F., cool water was added
to the vat and mixed, as needed, to maintain that internal
yolk temperature. In the other protocol, the cool water was
added when the average internal temperature of the yolk
reached 133° F. Both of the protocol fall within parameter
lines A and B of FIG. 1.

After processing, the eggs were removed from the water
vat and placed directly into a 41° F. cooler, by which they
were rapidly cooled.

No pasteurized eggs were removed from the cooler until
after the average internal yolk temperature reached 41° F.
The various batches for each treatment were combined and
randomly assigned to Day 0, 10, 20, 30, 60 or 75 days
storage.

Treatment of the eggs were assigned treatment numbers as
follows:

1. Treatment No. 1—a control group of unpasteurized
€ges;

2. Treatment No, 2—a control group of unpasteurized
eggs which were placed in a Cryovac package (film);
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3. Treatment No. 3—pasteurized cggs, initial water bath
temperature of 137° F. and average internal yolk tem-
perature of 133° F;

4. Treatment No. 4-—pasteurized eggs, initial water bath
temperature of 137° F. and average intemnal yolk tem-
perature of 133° E,, packaged within a Cryovac pack-
age;

5. Treatment No. 5—pasteurized eggs, initial water bath
temperature of 138° F. and average internal yolk tem-

. perature of 134° F; and

6. Treatment No. 6—pasteurized eggs, initial water baih
temperature of 138° F. and average internal yolk tem-

" perature of 134° F., packaged within a Cryovac pack-
age.

Treatment Nos. 2, 4 and 6 were packaged in groups of six
in cardboard or plastic filler flats. The packaging was
provided by Cryovac and consisted of a plastic sleeve into
which the eggs were placed and then sealed using a bar
sealer. The plastic sleeve was made of Cryovac D-955 film.

A description of the tests of the various treatments at day
intervals is set forth in Table 1 below.

TABLE 1

Treatment Tests

0 #1, #3, #5 Egg Quality -
Weight
Yolk Index
Haugh Units
Yolk Strength
Foam Stability
 Angel Cake Volume
Sponge Cake Volume
" Whip Test
Lysozyme Activity
Egg Quality -

Weight

Yolk Index
Haugh Units
Yolk Strength

Egg Quality -

Weight

Yolk Index

Haugh Units

Yolk Strength

Foam Stability
Angel Cake Volume
Sponge Cake Volume
Whip Test

Lysozyme Activity

10 & 20 1, w2, 43,

", #5, #6
30, 60 & 75 #1, #2, #3,

#4, 45, #6

A Egg Quality Tests:

1. Egg Weight—Initial and final egg weights (to one
hundredth of 2 gram) were recorded to determine if a weight
gain or loss occurred during processing or storage.

2. Yolk Index—TYolk index is a measure of yolk quality.
A decreasing yolk index indicates a lower yolk quality.

Yolk index=Yolk height (mm)/Yolk width (mm)

3. Haugh Units (Albumen Functionality Test)—The
Haugh units measure albumen (egg white) quality. As the
egg ages, the thick white thins. The Haugh units are calcu-
lated using both the egg weight and the height of the thick
albumen. Standard Haugh unit values for different grades of
eggs are as follows:

Grade AA>72 Haugh units

Grade A 60-72 Haugh units

Grade B<60 Haugh units

4. Yolk Strength—Yolk strength is a measure of how
casily the yolk will break when dropped from a distance of
6 inches onto a flat surface.
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B. Properties Tests:

1. Angel Cake Volume—Angel cake volume is a sensitive
test of egg white protein damage. Generally, heat damage
will greatly increase whipping time and decrease the cake
volume.

2. Sponge Cake Volume—Measures both foaming vol-
ume and emulsification propertics. The yolk proteins are less
heat sensitive than egg white proteins. Sponge cake volume
provides a measure of the effect of heat processing on yolk
functionality.

3. Foaming Stablhly——Measurcs the foaming efliciency of
egg:- whites. The foaming prupeme'; of egg. whites are
provided by certain egg white proteins. These proteins are
particularly sensitive and may be damaged by heat process-
ing. If proteins are damaged, then foam volume will
decrease and the liquid drainage from the whipped foam will
increase. The egg whites are whipped to a specific gravity of
0.1. Percent drainage was calculated by dividing the grams
of drainage by the initial weight of the foam.

4, Whip Test—This is another measure of the foaming
efficiency of egg whites. Egg whites are whipped for a
specific time and speed and the height of the foam is then
measured.

All functionality tests were performed in triplicate per
treatment.

C. Other Tests:

1. Lysozyme Test—-This test measures the enzyme activ-
ity. Lysozyme is ofe of the constituents in eggs which
provides some antibacterial activity. It acts upon gram
positive organisms. Rate of clearing was determined per
 minute at the most linear porlion of the curve, i.e. between
0.5-3.0 minutes.

Results and Obscrvauons of Eggs at Day 0
Visual Observations

Observations were conducted on e,g,gs from Treatment
Nos. 1, 3 and 5. Treatment No. 1 (unpasteurized eggs)
showed no sigos of cloudiness, and the yolk shape was
normal. Treatment No. 3, pasteurized with an initial water
bath temperature of 137° F. and a yolk temperature of 133°
F. (137°-133° F) showed cloudiness in the thick and thin
albumen. The yolk was slightly flatter than in Treatment No.
1. Treatment No. 5 (138°-134° F) was very similar in
appearance to Treatment No. 3, with the exception of a slight
decrease in cloudiness in the thin albumen.

Egg Quality

Weight Loss—No statistically significant (p>0.05) differ-
ences in weight loss occurred between the control and
pasteurized egps at Day 0. A statistically significant (p<0.05)
difference was found between the pasteurized eggs, with the
eggs from Treatment No. 3 (137°-133° F.) losing the least
amount of weight.

Yolk Index—No statistically significant (p>0.05) differ-
ences in yolk index occurred between Treatment Nos. 1, 3
and 5.

Yolk Strength—Pasteurization did not statistically signifi-
cantly (p>0.05) affect yolk strength.

Haugh Units—No statistically significant (p>0.05) differ-
ences in Haugh units occurred between Treatment Nos. 1, 3
and 5.

Properties Test

Angel Cake Volume—Differences in angel cake volume
between all three treatments were not statistically significant
(p>0.05). However, whipping time to achieve a medium
peak was increased in the pasteurized eggs compared to the
control eggs.

Sponge Cake Volume—Significant (p<0.05) differences
were found in sponge cake volume between Treatment Nos.

10
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3 and 5, with Treatment No. 3 having grcater cake volume.
There was not a statistically significant (p=0.05) diffcrence
in sponge cake volume between the control and pasteurized
cggs.

Whip Test—Whip test results indicated a statistically
significant (p<0.05) difference between the control and
pasteurized eggs with the control eggs having the least
amount of drainage and the greatest foam volume. There
was no statistically significant (p>0.05) difference between
Treatment Nos. 3 and 5. To achieve a specific gravity.of 0.1

" in the control cggs, the whipping time was 30 seconds’ -
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compared to'3 mihutces for the pasteurized cggs. - -
Other Tests ’

Lysozyme—A statistically significant (p<0.05) difference
in lysozyme activity was found between the control and
pasteurized eggs. Differences in enzyme activity between
Treatment Nos. 3 and 5 were pot statistically significant
(p>0.05).

Conclusion

At Day 0, the pasteurized eggs exhibited some cloudiness
in the thick albumen (white) as compared to unpasteurized
cggs. The degrec of cloudiness is not practically significant.

A small amount of weight was lost during the pasteur-
ization process but was comparable to average weight loss
in the unpasteurized eggs. No weight gain occurred during
pasteurization, The pasteurization process did not practically
significantly adversely affect the yolk index, Haugh units, or
yolk strength. Afier pasteurization, the eggs remained large
Grade A quality eggs. -

Pasteurization did not practically mgmﬁcanlly affect angcl
and sponge cake volume when comparing to the unpasteur-
ized cgg. However, Treatment No. 3 (137°~133° F) had a
greater sponge cake volume. than Treatment: No.. 5
(138°-134° F.), which was found to be significant.

Unpasteurized eggs were slightly superior in foam vol-
ume and foam stability as compared to the pastcurized eggs,
but this superiority is not practically significant.

Lysozyme aclivity decreased in the pasteurized eggs as
compared to the unpasteurized eggs. However, the loss in
activity is of little practical significance.

Results and Observations of Eggs at Day 10

At Day 10, the results were similar to Day 0 in regard to
the common tests. Cloudiness was apparent in the pasteur-
ized eggs compared (o the unpasteurized eggs. The degree of
cloudiness is not practically significant. No visual differ-
ences were observed between the packaged and unpackaged
epgs.

Some degree of weight loss occurred in all treatments
during the 10-day storage period. Packaging did not signifi-
cantly affect the amount of weight loss,

A statistically significant difference was found in yolk
index between the pasteurized and unpasteurized eggs and
the packaged and unpackaged eggs. Haugh units were not
affected by the pastcurization process. Unpackaged eggs had
higher Haugh units as well as eggs from Treatment Nos. 5
and 6. The differences in the yolk index and Haugh units are
no practically significant and do not affect the quality of the
eggs. The eggs were still large Grade A quality epgs.

Results and Observations of Eggs at Day 20

At Day 20, the results were similar to Day 10 in regard to
the common tests. The pasteurized eggs at Day 20 were still
cloudy in appearance as compared to the unpastcurized eggs.
Some cloudiness also appeared in the thin albumen. The
degrece of cloudiness is not practically significant. Packaging
did pot affect the visual appearance of the epgs.
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All treatments lost weight at Day 20 of storage. Packaging
did decrease the amount of weight loss as compared to the
unpackaged eggs. The unpasteurized eggs lost less weight
compared to the pasteurized eggs. The amount of weight
loss is not practically significant and would not change the
grade designation.

The unpasteurized eggs had a slightly higher yolk index.
Packaging did not affect yolk indgx. No practical significant
differences in Haugh units or yolk strength were apparent
between all treatments. At the end of 20-days $torage, all
cggs were still large Grade A quality eggs.

Results and Observations of Eggs at Day 30

At Day 30, the results were similar to Day 20 in regard to
the common tests. Cloudiness in the thick albumen and
slight cloudiness in the thin albumen were present in the
pasteurized eggs. The pasteurized eggs were also slightly
more rupny in the outer thin albumen than unpasteurized
eggs. No differences between the packaged and unpackaged
eggs were apparent. The degree of cloudiness and runniness
i5 not practically significant.

Weight loss occurred in all treatments, with the unpas-
teurized eggs losing the least amount of weight. Packaging
did not have a significant effect on weight loss. Unpackaged
eggs had a higher yolk index than those that were packaged.
Packaging and pasteurization did not have a significant
effect on yolk strength or Haugh units. The eggs still
remained large Grade A quality eggs after 30 days of storage.

Angel cake and sponge cake volume was not affected in
all treatments at Day 30. Longer whipping times were
necessary for the pasteurized eggs. Packaged and pasteur-
ized eggs had 3 greater sponge cake volume but were not
practically superior (o the other treatments..

Foam stability and volume were greatest in the unpas-
teurized eggs. Longer whipping times were necessary in the
pasteurized eggs. Loss of lysozyme activity occurred in all
treatments; however, the loss in activity is of little practical
significance. None of these differences were of practical
significance.

Results and Observations of Eggs at Day 60

At Day 60, the results were similar to Day 30. The
cloudiness of the thick albumen and slight cloudiness in the
thin albumen of the pasteurized eggs were observed. Pack-
aging did not play a significant role in appearance. The outer
thin albumen of pasteurized ¢ggs was slightly more runny
than the unpasteurized cggs. The degree of cloudiness and
runniness of the pasteurized eggs is not practically signifi-
cant.

Weight loss occurred in all treatments but was not sig-
aificantly affected by packaging or heat treatments. Weight
loss was not significant enough to change the classification
of the eggs.

Yolk strength and yolk index were not affected by pas-
teurization or packaging. Haugh units were greater in pas-
teurized eggs than unpasteurized eggs. At the end of 60-days
storage, all treated eggs were still large Grade A quality
eggs.

Unpasteurized eggs had preater angel and sponge cake
volume. Packaging did not play a significant role in cake
volume. Foam stability and volume were greater in the
unpasteurized eggs. Longer whipping times werc needed for
the pasteurized eggs. None of these differences were prac-
tically significant.

Lysozyme activity was lost in all treatments but was not
practically significant.
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Results and Observations of Eggs at Day 75

At Day 75, the results were similar to Day 60. The
pasteurized egg albumen was more cloudy than that of
unpasteurized eggs. The degree of cloudiness is not practi-
cally significant. Runniness was more apparent in the outer
thin albumen. Packaging did not appear to make a sigaificant
difference in egg quality.

Weight loss occurred in all treatments, with the packaged
eggs losing the least amount of weight. Yolk index was
better in the unpasteurized eggs. Yolk -strength was not

. significantly affected by pasteurization or packaging. Haugh

units were greater in the pasteurized eggs than ifi the
unpasteurized eggs. However, at the end of Day 75, all
treatments were still large Grade A quality.

Angel cake volume was not significantly affected by
pasteurization or packaging. Unpasteurized and unpackaged
eggs had the greater sponge cake volume. None of these
differences are of practical significance.

Foam stability and volume were superior in the unpas-
teurized eggs compared to pasteurized eggs. Longer whip-
ping times were required for the pasteurized eggs. None of
these differences were of practical significance.

Lysozyme activity decreased in all treatments after 75
days of storage, but not enough to cause a practical signifi-
cant effect.

Overall Conclusion

Cloudiness of the thick albumen occurs in pasteurized
eggs- that is not apparent in the unpasteurized eggs.
However, the degree of cloudiness is not practically signifi-
cant. Cloudiness remained essentjally constant during the- -
‘75-day test period and is similar to the natural cloudiness of
two-day old eggs.

Weight loss statistically significantly (p<0.05) increased
during storage for all trcatments. Packaging statistically
significantly (p<0.05) reduced weight loss of all three treat-
ment groups, Pasteurized eggs were noted to have statisti-
cally significantly (p<0.05) more weight loss as compared to
unpasteurized eggs. None of these differences, however, are
of practical significance.

Yolk index of the control eggs was found to be statistically
significantly (p<0.05) better than the pasteurized eggs for
most of the storage periods. Yolk index statistically signifi-
cantly (p<0.05) declined in all groups up to 60 days. All
treatments exhibited an increase in yolk index at 75 days,
which resulted in a statistically significant (p<0.05) day by
treatment interaction. This increase is, however, not practi-
cally significant.

The yolk breakage test indicated that yolk breakage was
satisfactory in all groups throughout the storage study.

Haugh units of pasteurized eggs were observed ta be
statistically significantly (p<0.05) higher than the control
eggs. This was particularly true at longer storage periods
(beyond 30 days). Packaging statistically significantly
(p<0.05) improved the Haugh units of all treatmeant groups.

Angel cake volume was found to be variable. Control
eggs were found to have a statistically significantly (p<0.05)
better angel cake volume. Whip foam volume and foam
stability were statistically significantly (p<0.05) superior in
control eggs as compared to pasteurized eggs. None of these
differences are, however, practically significant.

Sponge cake volume was statistically significantly
(p<0.05) better in pasteurized eggs up to 30 days as com-
pared to control eggs. After 30 days, the control group cggs
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were noted to have statistically significantly (p<0.05) better
sponge cake volume. The 137° I, treatment groups eggs
were found to have a statistically significantly (p<0.05)
better sponge cake volume as compared to the 138° F.
treatment group. Although sponge cake volume was variable
and declined through storage, the sponge cake volume was
acceptable in all tests, and the differences are not practically
significant.

) Lysozymc “activity statistically significantly (p<0.05)
- declinéd in all treatment groups throughout storage. Pas-

teurization ‘also statistically-significantly (p<0.05) reduced

lysozyme aclwﬂy Previous research” has shown that
lysozyme activity in shell eggs will decrease during storage.
Although lysozyme activity was lower in pasteurized eggs,
this difference is not practically significant.

The pasteurized eggs are suitable for all forms of food
preparation. They can be prepared sunny-side up, scrambled
and over-easy. The pasteurized eggs can also be utilized in
salad dressings (e.g. Caesars salad), mayonnaise, sponge
cakes, cookies and other baking applications.

Thus, overall, there was no practical significant difference
in functionality of the pasteurized egps as compared with
corresponding unpasteurized eggs for the entire storage
period.

Test Details

Sponge Cake Test
Ingredients:

50.0 g cake flour

46.25 g sucrose

19.30 g dextrose

5.0'g nonfat dry milk

1.25 g salt

2.50 g baking powder

29.49 g whole egg

18.90 g water (first addition)

10.26 g water (second addition)

Procedure:

1. Preheat oven to 375° F.

2. Allow all ingredients to come to room lemperature.

3. Sift all dry ingredients.

4. Blend all dry ingredients for one minute on the stir
speed of a Kitchen Aid Mixer (Model K4-B).

5. Add egg to mixture.

6. Mix for 1 minute at speed 2 while slowly adding the
first water.

7. Scrape down sides of bowl.

8. Mix for 2 minutes at speed 8.

9. Mix for 2 minutes at speed 4, while slowly adding the
second water.

10. Scrape down sides of bowl.

11. Mix 2 minutes at speed 8.

12, Measure out 150 g into a tared 5.5"x3.5"x2.75"
baking pan. (Two 1" strips of wax paper placed lengthwise
along the bottom of the pan, extended over the ends to
facilitate removal of the cake from the pan.)

13. Bake in reel-oven for 30 minutes.

14, After baking, allow to cool for 10 minutes, and
remove from pan.

15. Volume determinations are made with a rape seed
displacement method. Record initial volume of rape seeds.
Turn mechanism over and add cake. Invert mechanism to
allow rape seeds to surround cake and record final volume.

16. Report results as cm®.
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Angel Cake Test

Ingredients:

90.0 ml blended cgg white

1.8 g saltcream of tartar mixture (0.45 ¢ salt, 1.35 g

cream of tartar)

69.0 g super-fine sugar

56.0 g flour-sugar mixture (23.0 g sugar, 33.0 g flour)
Procedure:

1. Preheat oven to 390° F.- .. : ]

*2. Warm Kitchen Aid Mlxer (Model K4- B) by lettmg it

. ‘runat speed 10 for 15 minutes.

3. Sift twice, separately:
56.0 g flour-sugar mixture
69.0 g sugar

1.8 g salt-cream of tartar mixture

4. Place 90.0 ml blended egg white in a bowl, sift
salt-cream of tartar mixture over egg white.

5. With mixer set on speed 10, white to a medium peak.

6. Sift 69.0 g super-fine sugar over foam in three increas-
ingly larger portions and whip at speed 6 for 4 seconds after
each addition.

7. Sift 56.0 g of flour-sugar mixture onto foarn in 3
portions, folding after each addition. Use a wire whip and
about 20 strokes.

8. Weight out 120 g of the batter into a tared 5.5"x3.5"x
2.75" pan (two 1" strips of wax paper placed lengthwise
along the bottom of the pan, extended over the ends to
facilitate removal of the cake from the pan) with perpen-
dicular sides. Place in reel oven for 20 minutes.

9. Remove from the oven and place in an inverted posmon
on a cooling rack. :

= 10. After 24 hours, measure and record cake volume,
using the rape seed displacement method. Record mmal
volume of rape seeds. Turn mechanism over and add cake.
Invert mechanism to allow rape seeds to surround cake and
record final volume.

11. Report results as cm®.

Foaming Stability Test
Procedure:

1. Weigh out 50 gram sample of room temperature egg
white. Place in mixing bowl (Kitchen Aid Mixer, Model
K4-B). Add 10 ml of distilled water.

2. Begin timing and whip at high speed (speed 10) until
the foam has a specific gravity of approximately 0.1. Spe-
cific gravity determination: density determination is
substituted, tare a container of known volume, fill, level and
weigh. Density is determined by:

Weight in grams/Volume in ml=Density
The whipping time for this stage to be reached is noted.

3. Transfer the foam to a tared glass funnel and immedi-
ately record weight of the foam.

4. Cover the funnel with a large petri plate and allow to
drain into 2 graduated cylinder tared on a scale.

5. Record weight of drainage at 15 minute intervals for 1
bour.

Calculation: Calculate grams of drainage per 100 grams of
foam from the total weight of foam and the weight of
drainage by:

Grams of Drainage/Grams of foamx100«% Drainage

Whipping Test

Procedure:

1. Weigh out 50 gram sample of room temperature egg
white. Place into mixing bowl (Kitchen Aid Mixer, Model
K4-B).
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2. Mix for 90 seconds on speed 2.

3. Mix for 90 seconds on speed 10.

4. Transler foam from bowl into 600 ml beaker. Level
foam and measure depth of foam.

5. Record results in cm.

Lysozyme Assay
Reagents:
0.0667M Sodium Phosphate Monobasic: Dissolve 9.218
g NaH,(PO,) H,O and bring to 1 L final volume.

0.0067M Sodium Phosphate Dibasic:- Dissolve 9.48 g

Na, HPO, and bring to 1 L final volume. - )

M/15 Phosphate Buffer pH 6.2: Mix portions of 0.0667M
Sodium Phosphate Mono and Dibasic solutions
together until a pH 6.2 is reached. About 300 ml of
dibasic to 1 L monobasic.

50 mg % Suspension of U.V. Killed and Lyophilized
Micrococcus Lysodeikticus: Dissolve 0.5 g in M/15
phosphate buffer pH 6.2 and bring to 1 L final volume,
Keep refrigerated at 4° C.

Procedure:

Allow preblended egg white samples and cell suspension
to come to room temperature. Use plastic as lysozyme
adheres to glass.

Dilute egg white samples to give a moderate clearing rate.
Add 0.02 ml of egg white to 0.98 ml buffer, gives a
theoretical lysozyme concentration of 70 ug/ml, the limits of
this assay are 0.1 to 10 ug (per 2.9 ml substrate) of active
lysozyme. - .

Using the kinetics software package on a Beckman
Spectrophotometer, edit program to the following:

Wavelength=450 nm

Tabulate=1.0 (yes)

Int Time=3.00 scc

Total Time=8.00 min

Plot=1.0

Span=0

Slope=1

Results=1

Factor=1.000

Calibrate using 2.9 ml of cell suspension.

Place cuvette containing 2.9 ml of 50 mg % cell suspen-
sion into cell holder in spectrophotometer. Add 0.1 ml of
diluted egg white and immediately mix using a plastic
pasteur pipet. Allow program to run.

Maximum velocity will be extrapolated from the most
linear portion of the curve by the software package. Factors
used are 2-8 min., 2—4 min., 3-8 min., and 0.5-3 minutes.
Rate reported per minute by software.

Report as delta abs (at 450 nm)/min. per g sample/2.9 ml
substrate at 22° C. {room temperature).

From the above example, it can be s¢en that the invention
provides a method for, and a pasteurized egg resulting
therefrom, reducing a Salmonella species that may be
present in eggs by at least 5 logs, while at the same time does
not substantially practically decrease the functionality of the
pasteurized egg. This is a most significant advance in the art.
From the foregoing, it will be understood that the term
“pasteurized” in connection with the present invention
means that a Salmonella species which may be present in a
chicken egg is reduced by at least 5 logs, the pasteurized egg
is safe for consumption by humans of ordinary health and
condition, and the functionality of the egg, measured in
Haugh units, is not substantially less than that of a corre-
sponding unpasteurized chicken egg. In this latter regard, the

10

24

term “substantially less” does not mean there is no statisti-
cally significant difference, but means that there 13 1o
practical difference in terms of usual uses of the eggs, e.g. in
baking, cooking, frying, boiling, poaching, scrambling, etc.
The specification and claims should thus be so construed.
» It also should be understood that the invention is not
limited to the foregoing embodiments, but extends to the
spirit and scope of the annexed claims.

What is claimed is:

1. A method of pasteutizing an in-shell chicken egg,

- comprising heating the egg until a central portion of a yolk -

of the egg is controlled within a temperature range of 128°

- F. to 138.5° . 'and maintaining that controlled yolk tem-

20
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perature range for times, (i) within parameter line A and
parameter line B of FIG. 1 and (ii) sufficient that a Salmo-
nella species present in the egg yolk is reduced in amount by
al least 5 logs such that the egg is pasteurized but (iii)
insufficient that an albumen functionality of the egg mea-
sured in Haugh units is substantially less than the albumen
functionality of a corresponding unpasteurized in-shell
chicken egg.

2. The method of claim 1, wherein the egg is heated with
a fluid heat transfer medium.

3. The method of claim 2, wherein the medium is an
aqueous medium.

4. The method of claim 3, wherein the aqueous medium
is liquid water.

§. The method of claim 4, wherein the water contains a
surface active agent.

6. The method of claim 4, wherein at least one of the waler
and the egg is in motion relative to the other.

7. The method of claim 1, wherein the heat transfer .

medium is heated to more than one temperature.
8. The method of claim 7, wherein the medium is heated

- to a higher temperature of less than about 142° F. and then
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cooled to a lower temperature greater than 128° F.

9. The method of claim 8, wherein the higher temperature
is between about 136° F. and 138° F. and the lower tem-
perature is between about 131° F. and 135° F.

10. The method of claim 1, wherein said times are within
2 95% counfidence interval for a straight line graph of
temperature and a log of dwell time in minutes where one
terminus of the line is at 128° F. for 215 minutes and the
other terminus of the line is at 138.5° F. for 8.0 minutes.

11. The method of claim 1, wherein the Salmonella
species is Salmonella enteritidis.

12. The method of claim 1, wherein the albumen func-
tionality is at least 60 Haugh units for Grade A eggs.

13. The method of claim 1, wherein the Salmonella
species is reduced throughout the yolk and albumen of the
egg by at least 5 logs.

14. The method of claim 1, wherein the pasteurized egg
has an cgg weight substantially the same as a corresponding
unpasteurized egg.

15. The method of claim 14, wherein the pasteurized egg
has a yolk index and yolk strength substantially the same as
a corresponding unpasteurized egg.

16. The method of claim 15, wherein the pasteurized egg
has an angel cake test result and sponge cake test result
substantially the same as corresponding test results with an
unpasteurized egg.

17. The method of claim 14, wherein the pasteurized egg
has frying, scrambling and boiling characteristics substan-
tially the same as a corresponding unpasteurized egg.

18. The method of claim 17, wherein said characteristics
are maintained in the pasteurized egg for up to 75 days
storage at 41° F.
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CERTIFICATE OF CORRECTION

PATENTNO. : 5,843,505
OATED . December 1, 1998
INVENTOR(S) : Leon John DAVIDSON

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below: '

Column 24, claim 1, in line numbered 11, after “egg", insert -—in a heat
transfer medium at a temperature between 128°F and 1420F—-,

Colum 24, claim 1, in line numbered 12, change "controlled" to ~—heated
to—.

Colum 24, claim 1, in line numbered 13, after 138,59F.", insert —-and
vherein there is a temperature differential between the temperature of the
heat transfer medium and said yolk temperature,—.

Colum 24, claim 1, in line mmbered 13, change "that controlled" to
—said—.

Signed and Sealed this
Thirtieth Day of March, 1999

Q. TODD DICKINSON

Atresting O_f_‘ﬁ(‘f’.' Acting Commissioner of Patents and Trademarks
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METHOD OF CONTROLLING
SALMONELLA IN SHELL EGGS

This application is a continuation of application Ser. No.
08/178.734. filed Jan. 7. 1994, now abandoncd.
FIELD OF THE INVENTION
The present invention relates to methods for pasteurizing

shell eggs. More particularly the present invention relates to
- methods for reducing or climinating Salmonclia from shell

" eggs and for iniproving the stordge capabilitics of shell eggs. -

.. 'BACKGROUND OF THE INVENTION
It is well known that Salmonella organisms have been
associated with egg products. More recently, Salmonella
enteritidis (SE) has been detected within shell eggs.
Presently. the.presence of Salmonella within the shell eggis
a major concern. Some states have enacted legislation pre-
venting the serving of unpasteurized egg products inless
fully cooked. In fact, since as carly as 1969, the USDA has
overseen the processing of liquid ¢gg removed from the
“shell to reduce the level of Salmonella contamination to
acceptable levels. However. no commercially acceptable
methods have been developed to combat Salmonelia in shell
cggs. Since shell eggs must be used in situations where 2
" liquid egg product canpot, it is therefore desirable to develop
a commercially acceptable- process for the. reditction - of.
-Salmonclla within shell cggs to provide a safe and function-
ally acceptable shell egg to the consumer. ) .

" - 'Thermal trcatments. of shell egg-to’ prevent c,mbryoni'c,

growth in fertile eggs. toreduce incidence of spoilage during
fong term storage. and maintain internal quality rcceived

2

4
It is still a further object of the present invention to
provide a method of producing a Salmonella negative shell
cgg without requiring additional thermal treatments which
could reduce the functionality of the shell egg.

SUMMARY OF THE INVENTION

The present inveation provides methods for producing a
pasteurized shell egg while retaining the normal appearance
of the shell cgg contents. The present invention. therefore,

relates to a commercially viable method of producing a -

pasteurized shell egg: One particular embodiment of the -

~ piesent invention -involves fieating the shell egg in an™- .+
aqueous solution of a predetermined tempcrature: for a

predetermined time. The heating at a predetermined time for

. a predetermined temperature provide to the albumen of the

shell egg a total thermal treatment which can be deseribed by

" an cquivalent timé and an equivalent temperature which:
- define a point above the “whites” line of FIG. 1 but is

5

considerable research attention from about 1943 to about.

1953. This research resulted from the nature of the ¢gg
industry at that time in that most of the eggs were produced
by small flocks and the majority of the eggs used by the food

""" 7. .. -industry were collected as scasopal sixpluscs in the speing..
S+ ag a restlt of the production-practices the eggs were miore.

tikely to lose interior quality or become unfit for human
consumption because of bacterial growth or embryonic
development. Research into “thermostabilization” was
directed at solving these problems, which were largely
perccived as cmbryonic growth and the dontamination of the
egg from contaminaats cxternal to the shell. (Sce Egg
Science. Chapter 4, 3d Ed.. 1986).

U.S. Pat. No, 2423233 1o Funk describes the thermosta-
bilization of shell eggs. The "233 patent described a process
of heating the shell egg to arrest embryonic development in
the egg. As described in the *233 patent, when heating with
water the preferred times and temperatures for the heat
treatment were 138 degrees Fahrenheit for from five to ten
minutes. However. the work of Dr. Funk was not concerned
with the élimination of pathogenic organisms. In fact, the
times and temperatures suggested by Dr. Funk for heating
with water would not be sufficient to cause high enough
levels of Salmonella enteritidis destruction to insurc that a
safe shell cgg would result. Furthermore, because cggs
available through modern production and distribution are
fresher and have a lower pH they require a different thermal
process than was used by Funk.

Accotdingly. it is onc object of the preseat invention to
provide a safe shell egg product which is cssentially free of
Salmonclla and more preferably free of Salmontella enter-
itidis.

It is another object of the present invention to provide a
commercially acceptable process for reducing the levels of
Salmenella enteritidis in shell eggs to acceptable levels.

_ficientto cause coagulation of the albumen orthe yolkof the .
shellegg. -~ . - ot AR

40

45

50

55

(4]

insufficient to cause coagulation of cither the albumen or the
yolk of the shell egg.

1h another aspect of the pi'cscnt invention the equivalent’

time and cquivalent temperature define a point above the
“yolk™ Linc of FIG. 1, but again insufficient to causc coagu-
lation of cither the albumen or the yolk of the shell egg.

_ Another aspect of the presént invention involves heating

the shell egg in an aqueous’ solution of a predetermined -

temperature and maintaining the shell in the aqueous solu-
tion for a predetermined time, wherein the predetermined

time and the predetermined temperature provide to the -

albumen -of the shell egg a thermal treatment sufficient to
causc a 9D reduction in 8. enferitidis but insufficicnt to cause

coagulation-of the.albumen or the yolk of the shell epg A :

further aspect of this cmbodiment involves providing a
thermal treatment sufficient to cause a 9D reduction in S.
enteritidis from the yolk of the shell cgg. but again insuf-

LA R

Yet another aspect of the px;cécnt invention pfoyidcs'a' .

method of producing a pasteurized shell egg by heating the
shell egg in an aqueous solution of a predetermined tem-
perature and maintaining the shell egg in the aqueous
solution for a predetermined time, wherein the predeter-
mined time and the ned ¢ turc - défine a

point above the Apparent F, line of FIG. 1, and whercinthe

predetermined time and the ined temperature arc
insufficient to cause coagulation of the albumen or the yolk
of the shell egg. A further aspect of the present invention
provides a thermal treatment wherein the predetermined
time and the predetermined temperature define a point below
the Expected Salmonella line of FIG. 1.

The present invention is also directed to a pasteurized
shell egg. wherein the albumen of said shell egg has received
a thermal treatment sufficient to cause 2 9D reduction in
Salmonella enteritidis but insufficient to causc significant
coagulation. In another aspect of the thermally treated shell
egg. the yolk of the shell egg reccives a thermal treatment
sufficient to cause a 9D reduction in Salmonella enteritidis
but insufficient to causc coagulation.

The foregoing and other objects and aspects of the preseat
invention are explained in greater detail in the specification
below and the drawings heérein. wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph of the apparcnt F line superimposed on’

the thermal death time curves for Salmonella,
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" FIG. 2 is a graph of the thermal curve for a representative -

thermal treatment reccived by a shell egg according to the
methods of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
The term “shell epg™ as used herein refers to poultry eggs.
in the shell thereof with the shell essentially unbroken.
wherein the cgg yolk and the egg white are essentially
liquid. Thus it is desired that shell eggs of the present
invention contain yolks and whites which are substantially
uncaagulated. in contrast to “soft boiled" (i.c.. an egg placed
in boiling water for three minutes) or “hard boiled” eggs (an
. egg cooked until both yolk and white are coagulated and
- solid). While any poultry egg may be.used to carry out the
present invention (including chicken, furkey, duck. goose;
quail. and phcasant eggs). chicken cpgs are particularly
preferred.
One aspect of the present invention involves the heating
of shell cggs in an aqueous solution of a specified tempera-

- ture for'a time sufficient to cause. at lcast a reduction in

Salmonclla enteritidis (SE) of greater than 5 log cycles (5D).
More preferably, the shell egg is placed in aqueous solution
wherein the time in the solution and the temperature of the
solution impart a treatment to the shell egg sufficient to
causc a greater than 7D reduction in SE. and most preferably
a reduction in SE of greater than 9D. It is preferred that ihe
treatment of the shell egg be sufficient to cause the reduction
_ in SE in the albumen of the shell egg and most preferable
" that the treatment be sufficient to causé the SE reduction in
both the albumen and the yolk of the shell egg. Thesc

13-
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* réductions in'SE should be accomplished while retaining the -

functionality of the shell egg (c.g.. mamtauung the egg yolk ’

and cgg white in csscutmlly liquid form).’

For comparative purposes, it Is noted that PCT Apphea- :
tion No. WO 93/03622 to Cox describes a method of.

“hyperpasteurization™ of shell eggs. As is described in FIG.
10 of Cox. relatively severe thermal treatments are cxpected
_.to be required before Salmonella is destroyed. The data
points showa in FIG, 10 of Cox suay. be used to construct a

destruction line for shell eggs. This “Expcctcd Salmonelfa®
linc is labelled as such and is shown in FIG. 1 hercin
(“Expecied Salmonella™ and has the equation log(1)=8.456-~
0.1)83T. where t is time in minutes and T is temperature in
°C. However. these more severe thermal treatments could
cause loss in functionality to the shell egg (e.g., partial oc
complete coagulation of the cgg yolk or egg white).

Eggs contain air cells, and the liquid component of eggs
have gases such as oxygen and carbon dioxide therein, Cox
describes altering the natural proportion of indigenous gases
in the eggs being treated by means such as infusing oxygen
into the egg or withdrawing gases from the egg. In camrying
out the present invention. it is preferred that no such
treatment steps be carried out which alter the natural indig-
cnous gases present in the shell egg. Thus. the heating,
holding. and cooling steps may be carried out at atmospheric
pressure.

In the present invention, the thermal treatment employed
preferably defines a point below the “Expected Salmonella™
line of FIG. 1. Furthermore, the treatment of the shell egg
should be insufficient to cause coagulation of cither the
albumen or the yolk of the shell egg. The methods of the
present invention result in a SE negative shell egg having
essentially the natural proportion of indigenous gases,

‘The method of the present invention involves placing
shell eggs in an aqueous solution of a predetermined tem-

peraturc and then maintaining the shell egg in the aqueous
solution for a prcdctcrrmncd time sufficient to causc the
reductions in SE described above. Preferably the volume of
the aqueous solution is sufficiently great to miinimize the
reduction in temperature of the solution by the addition of
the lower temperature shell egps. Optionally. the eggs may
be agitated or the aqueous solution may be circulated about
the eggs to facilitate the transfer of heat from the solution to
the epps. Any suitable aqueous solution may be employed,
including tap water and water with salt such as NaCl added.

After maintaining the eggs in the aqueous solution for the
required time, the eggs may be removed and allowed to cool
at room temperature. Cooling may be carried out by other
means, such as by direct refrigeration, as long as the
treatment received by-the shell egg is sufficicnt fo. achiéve
ttic désired reduction in SE. The heat treatment received by
the shell egg after removal from the aqueous solution may -
be considered in determining the total thermal treatment
received by the shell cgg. as wdl be apparcnt from the
discussion below,

As will be appreciated by those skilled in thc art. aftcr
thermally treating the shell eggs the shell eggs may be oiled
or waxcd in accordance with known techaiques with a
suitable edible oil such as mineral oil to improve the keeping -
quality of the eggs. ’

In sclccting the heating temperatures and times to use in
carrying out the present invention. any number of methods
may be used. including the equivalent pdint method of

* thermal evaluation to determine the total thermal treatment

at various locahons of the shell egg. including the albumen
abd the yolk, inoculation studies may be conducted to

" determine the treatment conditions which yicld the desired

s
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reduction in SE, or a F, value could be determined for the

- shell egg which results in the desired SE reduction.
Furtherfnore, times and temperatures may be selected. to -

give differing reductions in SE in different sections of the
shell egg. For example, a time and temperature condition
may be selected to provide a 9D reduction in SE in the

‘_,‘o_-_albumcn of the cgg whllc mpuung a 7D rcducuon inthe .

-~ {ine which reficets what would be an cxpected Salmonella . -

yolke, ..

aqueous solution temperatures of greater than about 134° F.
(or about 56° C.) and less than about 140° F. (or about 60°
C.) are prefered and, as discussed above, it is preferred that
the temperature of the solution remain approximately con-
stant for the time the shell eggs arc heated. Times of from
about 20 minutes to about 45 minutes or greater may be
selected to achicve the desivéd reduction in Salmonella with
shorter times being required for higher temperatures. The
specific times and temperatures required may vary with size,
age and pH of the shell egg and whether the shell egg has
been oiled before or after thermal treatment,

If an equivalent point analysis of the thermal treatment
received by a particular portion of the shell egg is utilized to
determine the reduction of SE in the shell egg. then the
resulting equivalent time and equivalent teraperature should
define a point above the desired Salmonella thermal death
time curves such as those shown in FIG. 2 and Table 6 of the
USDA Egg Pasteurization Manual, ARS 74-38, Agricultural
Research Service. United States Department of Agriculture,
Albany, Calif. (1969) which are labelled as such and repro-
duced in FIG. 1 herein and labelled as “Whites." *Yolk™ and
“Whole Egg™.

If an F,, analysis is employed in carrying out the present
invention. then to assure 2 sufficient reduction in Salmonella
such that no shell eggs test positive for Salmonella utilizing

While lower tcmpcraturcs may be uscd in pramcc,‘ EI
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USDA for use in liquid egg processing and discussed in the
Egg Pasteurization Manual. then actual time and tempera-
ture combinations which define points at or above both the
Apparent F, linc and the Salmonella thermal death time
curve of FIG. 1 should be utilized. As will be understood by
one of skill in the art. variations in shell egg physical

characteristics. such as size, age. pll. cte., may cause the

shell epg “Apparent Fg" line of FIG. I to shift.

Shell eggs produced by the methods of the present inven-
tion preferably receive a thermal treatment such that the
shell egps have a shelf life of 12, 24 or 36 weeks or more
under refrigerated conditions. The term “refrigerated” as
used herein means the eggs are stored at a temperature of 4°
i )

- fion may bc packaged in a suilable container, such as egg
cartons or egg flats. constructed of materials such as card-
- board or plastic polynier.
Shell eggs of the present invention may be used for any
. purpose for which raw cggs are currently used. including the
table-side preparation of Cacsar salads, the preparation of
fried eggs. the preparation of hard-boiled eggs. the prepa-
ration of other egg dishes. baking. ete,
- The present invention is explained in greater detail in the
following Examples. These Examples are intended to be
illustrative of the present invention, and are not to be taken
as limiting thereof,

EXAMPLE |

‘ Salmoncl]a Thcrmal Rcsmancc

Two cxpcnmcms were conducted to dctcmunc the ther-

mal resistance of SE (Phage type 8) in artificially infected

10

15

"For storage and shipping. shell eggs of the 'pt't-s;.nt fnven-

uscd, cach with oiled and non-of cd eggs. "The cggs were
heated in a waier bath at 56.75° C. for 36 minutes and 57.5°
C. for 23 minutes. Eggs were ofled following heat treatment.
Thirty cggs from the control and each treatmeht were stored
at room temperature (22.2° C. and 7.2° C.).

A group of 14 eggs from cach variable was used to
determine pH, foam volume, whipplag time. foam depth,
foam stability. grade and a second group of 14 cggs was used
to evaluate Haugh units.

EXAMPLE 2

Microbiology
Table 1 presents the results of the thermal treatments on. - -

the sumval of 8. enteritidis Inoculated into-shell cpps. As.

" temperature ineredsed, the time required to obtain Salmo-*

25

30

as

shell eggs and the rcsulung changes in interior quality duc

10 elevated processing temperatures. During the first experi-
ment fresh shell eggs weighing approxunatcly 62 grams
each were obtained from the University research unit. The
eggs were dipped in an iodoform solution. excess solution
was removed with a cheese cloth and pcmuucd to air dry.

on.

sterile plastic egg flats. Each égg was inoculated with-10°"

viable cells from a 24 hour Trypricase soy broth “culture of
SE (phage type 8). The shell was perforated with a sterile
blunt 18 gauge ncedle. A sterile blunt glass needle on a 10y
pipet was used to inject the culture near the yolk surface and
the hole in the shell was then scaled with a small piece of
aluminum foil and Super Glue. Groups of 36 eggs were
subjected to temperatures of 22.2 (unhcated control). 56.
56.75 and 57.5° C. Eggs within a temperature-group were
subjected to a range of heating time periods ranging from 5
t0 45 minutes, The study was replicated in time. Heating was
carried out in a shaking water bath equipped with polyeth-
ylene egg flats perforated with numerous 1 em holes to
increase water circulation around the eggs.

Immediately following the heat treatmeat, each egg was
broken separately and the albumen plus yolk was mixed for
30 seconds in a sterile Stomacher bag containing 200 ml of
lactose broth using a Stomacher Lab - Blender 400" The
mixed egg content was incubated in a sterile glass container
for 24 hours at 39° C. A representative culture was then
transferred to sclenite-cysteine broth and incubated for 24
hours at 39° C. The incubated culture was streaked on
brilliant green agar plates and incubated for 24 hours at 39°
C. The suspect colonies were transferred to TSI slants, The
second expcriment was conducted to evaluate the effect of
heating. oiling and storage on interior egg quality. Four

45

55

63

nella negative eggs decreased. At 56° C.. exposure time
required to obtain no positive eggs was greater than 41
minutes, At 56.75 and 57.5° C., exposure times greater than
28 and 23 minutes. respectively.. were réquired to obtain
eggs ‘negative for Salmonella, Standard USDA tests for
Salmonclla were utilized.

'TABLE 1

Number of samples positive after heating at 56, 56.75 and

515 C.
Tempenature of Water
Time in Waterbath . =~ 56°C. C 56.75*C. . 5157 C.
min. eNo.-No.+ No.—No.+ No.-No +
15 . 124
16, 12-11 .
19 - . . 12-2
0 L 12-8
24 127
27 . 12-0
28 12-2
2 . 123
L a . . . . 120 o
St - I T T IO T e
- 33 .- D v . S )
37 124
41 12-1
45 12-0

#No. — No. + « Number of samples heated — pumber positive

EXAMPLE 3

Thermal Evaluation

Times at temperatures where none of the twelve inocu-
lated eggs were positive, were used in a regression equation
to determine the thermal death time curve (TDTC) presented
in FIG. 1. As the “Apparent F," line, The equation for the
line is:

log (0=-0.1216xT+8.4274

where t is the time in minutes and T is temperature in
degrees Centigrade. The R2=0.86.

The above equation may be consider a workable approxi-
mation or an “Apparent F," line for S. enteritidis in shell
cggs. The temperature range and times used to obtain the
data were selected with the intent of determining if com-
mercially reasonable thermal treatments would have suffi-
cicat lethality for Salmonella sp. It is expected that increas-
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ing the number of samples and cxtending the temperature
range would restlt in some changes in the slope of the line.
especially at lower temperatures (Cotterill et al.. 1973).
Based on concerns for the interior quality and their use in
cooking. the practical upper temperature range would prob-
ably be Icss than 60° C.. At temperatures in the range of 55
10 65° C.. Cotterill et al. (1973) generally found lincar TDTC
for destruction of S. oranienburg. It is anticipated that the Fp
lin for other forms of Salmonella in shell egg arc also lincar
over that temperature range. : :

It is established that diffcrent strains of Salmonella. the
type of egg product, and other environmental conditions will
effect the thermal inactivation of Salmonella. Shah et al.

(1991) presented D values for 17 strains of S. enteritidis in .

whole cgg ranging from 13.7 to 31.3 seconds at 60° C. The
average D was 19.245.4 sec. and was reported to be similar
to previous data. Cotterill et al. (1973) and USDA (1969)
provide data showing the influence of egg product type. pH.
salt, and sugar on the thermal resistance of Salmonclla sp.
When evalinating the thermal resistance of Salmonclla in
intact shell eggs. the location of the bacteria within the egg
becomes important. The thermal resistance of Salmonella in
different egg products is as follows: plain yolk>whole egg or
pH 7 egg white>pH 9 egg white (USDA, 1969). Therefore,
increased thermal treatments would be required for plain
yolk over whole egg or pH 7 cgg white or pH 9 egg white.

In this study. the culture was placed in the egg white ncar
the surface of the yolk. The consensus of those actively
studying S. enteritidis infection of shell eggs is that the
. bacteria is found in the ¢gg white of naturally infected eggs
" produced by infected hens (Gast arid Beard, J. Food Prot.,
55:152-156 (1991); Beard. Egg Industry, 92:3337 (1992)).
The “Apparent F," line was plotted in FIG. 1.2 redrawing

10

25

" of FIG. 6.from the Egg Pasteurization Magual (USDA.

1969). This allows a visual evaluation of the thermal pro-

cesses applied to intact shell cggs relative to accepted

minimal pasteurization processes for liquid egg products.
When comparing the “Apparent Fo" line and actual

processes to the dines for pH 9 cgg white and whole egg or -

pH 7 cgg white. Uic shell egg processes seermn to be more than
adequate to achieve reductions of S. enteritidis sufficient for
an accepted pasteurization process for protection of public
health. The pH of the egg whites in this study ranged from

8.4 to 8.6 which is typical for shell eggs the age of those used
in this study. .

Although natural infections of the yolk arc not expected
at the time of ovulation, it is clear that under adverse
handling conditions. . enteritidis can be introduced into the
¢gg and grow to very high numbers in the yolk (Hammack
et al.. Poultry Science, T2:373-377 (1993)). At 56° C. (134°
F.). if the cells were in the yolk. the minimum holding time
would be 36.42 minutes for an adequate pastcurization
process. Since the apparent Fy, line crosses the USDA yolk
pasteurization line at about 134° .. it is therefore preferred
that thermal treatments for shell eggs at temperatures above
134° . be selected.

In addition to the F,, analysis described above. an equiva-
lent point analysis of the time-temperature curve of the
thermal treatment imparted 1o the shell egg may be utilized
to determine the total thermal treatmént imparted various
locations in the shell egg. A temperature probe was inserted
into shell eggs in the aqueous solution at various depths into
the egg. Temperatures were taken jo the albumen at the
yolk/albumen interface and in the yolk. These temperaturcs
were taken using a hypodermic needle probe model HYP4-
16-1-%-100-EU-48-RP manufactured by BIOMEGA® of
Stamford Conn. The probe was inserted into the egg through

%0

45

55

60

65

F‘m 4 Pl . piisdaiain T BT -"-p_y'? AN
ascertained or additional thermal conditions -predicted to

a cork which was glued to the cgg and prevented water from
entering the egg through the aperture created by the probe.
A DAYTRONIC® System 10 data acquisition unit was
connected through an RS-232 serial connection to a personal
computer. Temperature measurements were taken every 5

seconds and recorded. A representative thermal curve for a

thermal treatment to the shell eggs is shown in FIG. 2. To
evaluate the equivalent point for the thermal curve shown in
FIG. 2. the thermal reduction relationship (Gp.) is calculated
using the following equation:

’ [ A
Ge -f"“c'ﬂﬁ,u
(]

where Ea is the activation energy (Jlmol)'. R is the Universal .

Gas Constant (8.314 J/molK). T(t) is tempcerature as a
function of time (°K.) and t,,, is the final processing time
(s). This intcgration process is then repeated for a number of
activation energics (Ea). Each Gg, value defines a line of
equivalent thermal treatments for that particular activation
cncrgy (Ba). The intersection of the lines defined by the
Gg.'s is the cquivalent point of the thermal process.
(Swartzel, 1986. J. Agric. Food Chem., 34:397).

Performing such an equivalent point analysis for the SE
ncgative tests described above results in the following
cquivalent times and temperatures:

TABLE 2

Equivalent Point Data

Albumen Yol

Bath Temp. Ba‘lh'ﬁmc Eg.Temp. Eq.Time Eq.Temp. Eq.Time

56 C.  ASmin S44S'C. SLlémin NA T NAT.
5675 C. 31min  S30°C. 3958 min 53.54°C. 3841 diin.
S C.  3min  S486°C. 3849 min 5433*C. 3747 min

these results.an expected reduction in 5B may. be
achieve other reductions in SE. _

Use of the time and temperature relationships discussed
above should result in & shell egg which may be guaranteed
to bé Salmonella negative. As used herein Salmonella nega-
tive means a ncgative result indicating the absence of
harmful Salmonella as determined by USDA approved
methods of Salmonella testing. This insured Salmonclla
negative shell egg is referred to herein as a pasteurized shell

cgg.
EXAMPLE 4

Quality and Function

Quality and functional attributes of shell eggs heated at
56.75 and 57.5° C. with and without oiling are summarized
in Table 2. The expected ability of oiling egg shells to
maintain fresh egg pH and interior quality is evident. The
cgg white pH of the oiled eggs is dlearly lower than for the
unoiled eggs regardless of storage temperature. The thermal
treatments did not scem to have an cffect on egg white pH,
but did scem to have an impact on interior quality as
indicated by the Haugh uait values. For the non-thermally
treated eggs. oiling held egg white pH and resulted in higher
Haugh values at both storage temperatures. Qiling the ther-
mally treated eggs appeared to help maintain interior quality
if they were stored at room temperature (22.2° C.). The
thermal treatments alone. provided good protection of inte-

Afrrihrhng o




" rior quahty All thermally trcatcd cggs rcgardlcss of oiling or

“storage tdmpiautt: GOuid\bd B8S@EIRIikh ADwaument 1t

quality grades. There seemed to be less correlation of egg
white pH with interior quality than might have been
expected. This is particularly so when comparing the cgg
white pI{ and Haugh units of oiled and unoiled eggs. That
result supgests the thermal treatments arc stabilizing interior
quality mdcpcndcntly of detcrioration mechanisms related
‘to change in cgg white pH. Funk U.S. Pat, No. 2.423.233
(1947) claimed that heating shell eggs for 5 to 40 minutes at
temperatures of 60 to 43.4° C.. respectively, would maintain
interior quality without Impairing the whipping qualities.
However, he did not define quality or whipping qualities.

. TABLE 3

-

10

wherein said pmdctcrmmed time and said predctcmunod- .j :
e 5" APPRGN Fo™

line of FIG. 1. and funhcr wh In said predectermined
time and sald predetermined temperature are iasuffi-
cient to cause more than insignificant coagulation of the
albumen of the chicken shell egg and insufficient to
causc more than insignificant coagulation of the yolk of
the chicken shell egg.

2. The method of claim 1 wherein sald predetermined
time and said prcdctcmuncd temperature also define a pomt
above the *“Yolk” line of FIG. 1.

3. The mcthod of claim 1 wherein the chicken shell egg
is oiled with an edible oil following said holding step.

Quality and Functionil stuibutes of thermally treated shell eggs
with and without oiling four weeks storage at 22.2 or 7.2° C.

Egg White pH Haugh Unit Whip Volume® Whip Time*

272C. 72C W2C 12C. 22C. T2C.
. No 0l ' ‘

No Heat 93 9.2 20 60 1,000 900
$675C.%6min. . 92 89 78 82 55 650
515 C., 23 min. 92 91 4 8 150 60
Oiled

No Heat 80 81 58 70 950 800
5675 C.. 36 min. 79 82 8 80 550 . 650
575 C. 23 min. 80 81 81 82 60 700

22¢. 120
40 45
220 110
280 130
45 45
190 200
200 210

“Whip Volume in ml.
“Whip Tin® in sec,

In this study, the whipping qualitics as indicated by whip
volume ‘and whip titme were adversely effected by the
thermal treatments, This indicates that the thermal treat-
ments were substantial and parallel damsge that is expected
when liquid egg white is pasteurized, Qiling or storage
termperature did not seem to have an effect on function of the
cgg white.

. Theamally treated eggs. when broken out onto a plate, -
“appeat quite :imﬂarmhnhawdnggswdxmeexocpﬂohof'

a5

‘some slight opaqueness of the albumen. Thé normal shape of

the thick égg white is maintained and there appears to be the
pormal amount of outer thin albumen. The yolk membrane *
may exhibit some weakness. Although yolk indices were not
determined, trained observers note some flattening of the
yolk relative to unheated controls. The yolk membranes of
heated shell eggs did not exhibit any additional fragility over
the four week storage and seemed to withstand handling for
Haugh unit determinations as expected for eggs of the same
interior quality.

The forcgoing examples are illustrative of the prcscnt
invention, and are not to be construed as limiting thereof.
The invention is defined by the following claims. with
equivalents of the claims to be included therein.

That which is claimed is:

1. A method of producing a pasteurized chicken shell egp,

comprising:

50

55

selecting a peedetermined time and predetermined tem- g

perature so as to achieve at Jeast a 5D reduction in
Salmonella within the yolk of said chicken shell egg.
and

heating the chicken shell egg in an aqueous solution for
said predetermined temperature;

holding the chicken shell egg in the aqueous solution for
said predetermined time; and

65

4.The method acoox;dx-ng to claim 1 fuﬁhcr combnsing the!

step of cooling the chicken shell egg aftcr said heating and

holdmg step.
5. The method accordmg to claim 4 wherein the pasteur«
ized chicken shell egg has a refrigerated shelf life of at least

12 weeks.
6.A mcﬂ'nod of producing & pastcurized chicken shcll cge.

“comprising: .

o “hieating dxe ch!c!cr.n M%zg in‘an iqueous ﬁﬁﬁoﬂ%fh"%w'ﬂ&m Ha

ed temperatuie; and
holding the chicken shell egg in.thc aqueous solution for
a predetermined time; and
cooling the chicken shell cgg after said hcatmg and

holding steps;
whercin said predetermined time apd sald

tanpmuneptwidctoﬂ\calbumenofﬂwcblchuhcu
egg a total thermal treatment described by-an equiva-
lent ime and an temperature which define &
pointabove the “Yolk” line of FIG. 1 but insufficient to
cause coagulation of the albumen of the chicken shell
cgg and insufficient to cause coagulation of the yolk of
the chicken shell egg, and wherein said equivalent time
and said equivalent temperature also define a point

below the “Bxpected Salmounella” line of FIG. 1. and

further wherein the pasteurized chicken shell egg has &
refrigerated shelf life of at Jeast 12 weeks,
7. A method of producing a pasteurized chicken shcll egg,
comprising:
selecting a predetermined time and a predetermined tem-
perature so as to provide to the albumen of the chicken

shell egg a total thennal treatment described by an

cquivalent time and equivalent temperature which
define a point above the “Yolk” line of FIG. 1 but

1
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insufficicnt to cause more than insignificant coagula-
tion of the albumen of the chicken shell egg and
insufficient to cause more than insignificant coagula-
tion of the yolk of the chicken shell egg. and wherein
said equivalent time and said cquivalent temperature
also definc a point below the “Expected Salmonclia™
tine of FIG. 1. and further wherein said predetermined
time and said predetermined temperature are sufficient
to cause a SD reduction in Salmonclla enteriditis in the
yolk of the chicken shell cgg:

heating the chicken shell egg in an aqueous solution of
said predetermined temperature of at lcast about 56° C.;
and

holding the chicken shell egg in the aqueous solution for
said predetermined time of at least about 20 minutes:
and

cooling the chicken shell egg after said heating and
holding steps.

8. Amethod of producing a paslcunzcd chicken shell egg.

comprising:

selecting a predetermined time and a predetermined tem-
perature o as to provide to the albumen of the chicken
shell egg 2 total thermal treatment described by an
equivalent time and equivalent temperature which
define a point above the “Yolk™ line of FIG. 1 but
insufficient to cause more than insignificant coagula-
tion of the albumcn of the chicken shell egg and
insufficient to cause more than insignificant coagula-
tion of the yolk of the chicken shell egg. and wherein
said equivalent time and said equivalent temperature
also define a_point below the “Expected Salmonella”
line of FIG. 1. and further wherein said predetermined
time and said predetermined temperature are sufficient
to cause & 7D reduction in Salmonella enteriditis in the
yolk of the chicken shell cgg:

heating the chicken shell egg in 2n aqueous solution of
said predetermined temperature of at least about 56° C.;
and '

holding the chicken shell egg in the aqueous solution for
said predetermined time of at [east about 20 minutes;
and

cooling the chicken shell egg after said heating and
holding steps. '

9. A method of producing a pasteurized chicken shell egg,

comprising:

sclecting a predetermined time and a prodctcmuncd tem-
perature so as to provide to the albumen of the chicken

as

43
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shell egg a total thermal treatment described by an
¢quivalent time and equivalent temperature which
define 2. point above the “Yolk™ line of FIG. 1 but
insufficient to cause more than insignificant coagula-
tion of the albumen of the chicken shell egg and
insufficient to cause more than insignificant coagula-
tion of the yolk of the chicken shell egg. and wherein
said equivalent time and said equivalent temperature
also define a point below the “Expected Salmonella™
line of FIG. 1. and further wherein said predetermined
time and said predetermined temperature are sufficient .
to causc a 9D reduction in Salmonella enteriditis in the
yolk of the chicken shell egg;

heating the chicken shell egg in an aqueous solution of
said predetermined temperature of at least about 56° C.;
and

holding the chicken shell egg in the aqueous solution for
said predetermined time of at least about 20 minutes;
and

cooling the chicken shell egg after said heating and
holding steps. '

10. A method of producmg a pasteurized chicken shell

¢gg, comprising:

selecting a predetermined time and a predetermined tem-
perature $o as to provide to the albumen of the chicken
shell egg a total thermal treatment described by an
equivalent time and equivalent temperature which
definc a point above the “Yolk" line of FIG. 1 but
insufficicnt.to cause more than insiguificant coagula-
tion of the albumen of the chicken shell egg and
insufficient to cause more than insignificant coagula-
tion of the yolk of the chicken shell ¢gg. and wherein |
said equivalent time and said equivalént temperature

also define a poiat below the “Expected Salmonella™ . -

line of FIG. 1;

heating the chicken shell cgg in an aquecous solution of
said predetermined tcmpcramm of at least about 56°C.; -
and

holding the chicken shell egg in the aqueous solution for
said predetermined time of at least about 20 minutes;
and

cooling the ‘chicken shell egg after said heating and :
holding steps;

wherein the pasteurized chicken shell egg has a refriger- °
ated shelf life of at least 12 weeks.
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PROCESS FOR HEAT TREATING FOOD
PRODUCT

This application is the national stage of [nternational
Application no. PCT/US94/12790, filed Nov. 7, 1994, and
thus a continuation-in-part of U.S. patent application Ser.
No. 08/148,915, filed Nov. 5, 1993 (now U.S. Pat. No.
5,494,687).

BACKGROUND OF THE INVENTION

* . This invention relates 1o a process for heat treating food
product. The process is advantageously used [or pasteuriz-
ing and/or tenderizing proteinaceous food product.

Pasteurizing of proteinaceous food product can be carried
out by heating o destroy infectious organisms such as
salmonella. Pastcurization may be defined as heat treatment
for the purpose of killing or inactivatiog disease-causing
organisms. For example for milk, a minimum exposure for
pasteurization is 62° C. for 30 minutes or 72° C. for 15
seconds. The latter exposure is called flash pasieurization.
Complelc sicrilization may roquire ultra-high pasteurization
such as treatment al 94° C. for 3 seconds to 150° C. for 1
second o kill pathogenic bacteria and inactivate enzymes
that cause deterioration and to provide for satisfactory
storage lile,

Minimum food safety processing standards lor various
commodities have been promulgated and are enforced by the
United States Department of Agriculture (USDA). Pasteur-
ization may be defined in accord with the standards man-
dated by the USDA. The Nutrition Action Health Letter
published by the Center For Science Tn The Public Tnterest
(July/Aungust 1991 Edition, Vol. 18, No. 6, *Name Your

10

an

(Food) Poison™) describes concem with the growing number * -

of cases of food poisoning due 10 food infectioas.

cignt to assure sately of some foods from infections or
cannol be applied to somne-food products.. The “Name Your

As

(Food) Poison™ article reports that dairy products, eggs, -

poultry, red meat and seafood, in that order are the most
common causes of food poisoning. Shell eggs are particu-
larly difficult 10 pasteurize because of their structure. The
acticle indicales that one of 10,000 eggs is contaminated
with salmonella enteritis,

U.S. Pat. No. 4,808,425 1o Swartzel et al. teaches a
method of “ultrapasteurizing” a liquid whole egg product™
The liquid whole egg product is passed as a conlinuous
stream (hrough a pasteurizing apparatus. The liquid whole
egg product is heated to a predetermined real temperature by

contacting the product with a heated surface. The total ;

thermal treatment received by the whole egg product is
prescribed by an equivalent temperature and an equivalent
time that are defined to pasteurize the material but insuffi-
cicnt to cause coagulation (loss of functionality) of product.

U.S. Pat. No. 5,200,583 to Reznik et al. relates to an :

electroheating process for treating liquid egg. The process
comprises the steps of electroheating the liquid egg with an
AC electric current having a frequency effective to heat the
liquid egg without electrolysis at a rate to avoid detrimental
coagulation {loss of tfunctionality). The liquid egg is heid at
a temperaiure sulficient to achieve pasteurization.
Functiouality or functional properties of ¢ggs relate to the
volume, structure, texture and keeping quality of baked
products procduced by the eggs. Functionality is defined
hcrein as the capability of a proteinaccous foed product 1o
provide the properties of the product that has not been
treated by the process of the present inveotion. Loss of

40
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functionality is determined by observing the loss of quality
of the food product. For example, spoilage or cooking is a
loss of tunctionality of meat in a process designed for aging
of meat without cooking. Coagulation is a loss of function-
ality of shell eggs during pasteurization. Cooking and/or loss
of taste or texture is a loss of functionality of oysters that are
to be eaten uncooked.

The extent to which functional properties of a proteina-
ceous food product are affected by heating may be deter-
mined by testing the performance of the product under
conditions in which the damage is readily observed. For
example, functionalily of eggs can be established by deler-
mining the quality of food products that depend upon the
quality of coagulation of the egg. Such food products may
include custards and pie fillings and loaves or croquetles
which depend upon the binding of food together that may be
provided by the quality of egg coagulation. The funciional
properties may also include the elasticity of an egg protein
film or the emulsifying ability 1o disperse oil in the making
of mayonnaisc and salad dressings. Functionality oc func-
tional properties of other food product are similarly estab-
lished in terms of the capability of the food product to
perform intended purposes after heat treatment including
retaining a “natural” taste and texture.

While heat treatment may be effective in pasteurizing
proteinaceous food product, heating al the same lime may
destroy some functionality or functional properties of the
product. The present invention provides a process for heat
treating proteinaceous food product that achieves a delicate
balanciag of effective heat treatment without destruction of
functionality or functional propertics. - _

The heat treating process of the present inveotion also
provides a methad of quick aging of meat by exposure to an
elevated temperature without decomposition of the food
product by cooking. Aging a meat can be carried out by
storing pieces of meal in a refrigerated space for a time
sufficient to permit natural enzymes to complete a teader-
izing process. Enzymes.in the meat continue to function

" post-mortem o catalyze the hydrolysis of callagén and other

proteins. The enzymes break down connective tissue so that
the meat hecomes tender and flavorful. After aging, the
texture of the meat is more acceptable to the consuming
public.

During aging, the meat is generally refrigerated at a
tcmperature of about 34° F. 1o suppress bacterial growth and
at a relative humidity of about 80% to suppress mold
growth. However at these cooditions, the rate of enzymatic
action is suppressed. An average of twenty-one days or more
is often required to obtain satisfactory enderizing. Substan-
tial space in a refrigeration facility is required to store the
meat for this period of time.

Increasing the temperature used in the aging process
accelerates activity of the enzymes for tenderizing meat.
However, bacterial activity is also increased. Slime growth,
putrefaction and mold growth result in spoilage and can
cause a substantial loss of usable meat. Maintaining low
humidity in the refrigerated space to retard mold growth
lends to desiceate and discolor meat. The desiccated and
discolored parts must be trimmed. Additionally, low humid-
ity causes shrinkage. .

U.S. Pat. No. 2,713,002 to Williamns proposes aging meat
by storing a carcass in the presence of ulira-violel radiation.
The carcass is wrapped in a combination of absorbent

s material with a moisture-vapor-permeable, pliable, extensile

film. The meat is wrapped in the film and held under
uliraviolet radiation for five, ten, fifteen or tweaty days at

68 of 101
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belween 30° F. 1o 40° F; for five or ten day periods at 47°
F.; for two, three or five days at 60° F; or for one or two days
at 70° F. The covered meal is initially chilled in a cooler at
a temperature of about 30° to 45° F. A period of twenty-four
to sevenly-two hours is required to bring the meat to an
initial chill temperature for aging of about 30° F. 1o 35° F.

U.5. Pat. No. 3,445,240 to Bedrosian ¢t al. discloses
tenderizing meat by storage under specific controlled chilled
conditions and for definite periods of time in an atmosphere
containing controlled amounts of oxygen. and carbon dxoxxdc

~ at-a high humidity: i :

U.S. Pat. No. 3,552,297 10 Williams relates to an'appa~
ratus for aging and flavoring meat at a temperature of around
65° F. to 75° F. The apparatus includes a germicidal lamp
and a timer motor {or setting the aging process for a period
of one to four days. The aging process is conducted in the
presence of Thamaidium, an aati-bacteria agent.

U.S. Pat. No. 3,663,233 to Keszler teaches a process of
tenderizing and cooking meat products by pumping the beef
with 2 liquid tendecizing agent. The beef is heated to a
constant temperature and maintained at such temperature to
allow tenderizing by the tenderizing agent. The temperature
is then raised to cook the meat.

U.S. Pat. No. 3.961,090 to Weiner et al. teaches pumping
an aqucous solution into a picee of uncooked beet, vacuum
scahng the beef in a bag and cooking the beef “1o attain a
maximum internal temperature of 131° to 140° E”

U.S. Pat. No. 3,966,980 to McGuckian discloses a method

of cooking foods in vacuum packages in a thermostatically 5

Lonlrollecl hot water bath followed by quick chilling and
storage at 28° F. to 32° F. The bath is maintained in a range

" between 140° F. to 212° F.'to cook the meat at least 10 a

“rare” state. The cooked food is thereafter quick chilled for

storage. A disclosed advantage of the process is that the meat

may be envymatically tenderized while it is being cooked.

"U.S. Pat. No. 4,233,323 10 Sway et al. discloses a leu-
derization process of exposmg meat to ultraviolet rays of
high inténsity. -

U.S. Pat. No. 4,346,650 to Zaitsu discloses a balh for
sterilizing and cooking food. The process is a two-stcp
process requiriog sterilization at about 105° C. (221° F) to
about 140° C. (284° F.). The bath sterilizes and cooks
packaged foods.

U.S. Pat. No. 4,983,411 to Tanaka et al. relates to an
apparatus used for ultraviolet sierilization and shrink film
packaging food. In the packaging step, the food is sprinkled
with bot water.

A process of heat treating proteinaceous food product
below a cooking temperature by exposure to an elevated
temperature is desirable for pasteurizing, agiog or both
pasteurizing and aging the food product. However, clevated
temperatures for periods required to pasteurize food material
or to age food maiedal can cause decomposition, i.¢., loss of

functionality or cooking. Elevated temperatures at shorter =

periods of time may not accomplish pasteurization or aging
or may stimulate bacteria growth causing spoilage.

SUMMARY OF THE INVENTION

The present invention relates to a process of heat treating
proteinaceous food product by immersing the product i a
liquid bath and maintaining the cntire volume of the bath at
a controlled temperature within a range of =2° F. 'The
process heat treats the proteinaceous food procluct without
substantial loss of tunctionality. The process can be used (0
effectively pasteurize or tenderize or otherwise treal pro-
teinaceous tood product.

=1

4

NETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The process of the avention permits heat treating food
product within an abbreviated period of time to provide
pasteurnization, tenderizing or both pasteurizing and tender-
izing. The process comprises immersing the food product in
a liquid bath such as a water bath. The eatire volume of the
bath is maintained at a controlled 1emperature within a range
that pasteurizes the food product without destroying func-
tionality or that hastens enzymatic. tenderizing of a food
product but does not substantially cook the meat.

The heat treatment process of the present invention is
particulacly usetul for pasteurizing food product such as
seafood (e.g., fin fish and shelifish such as oysters, claims,
scallops, musscls, crabs) and shell cgg among many others.
Shell egg may present a particular problem of infection. One
source of infection may arise from the fact that egg shells
have pumerous pores that permit the egg to breathe. Pore
holes vary in size. When the egy is laid, the holes come in
contact with infections in the environment outside of the
egg. Some of the infections may be in the form of micrabes
that are of a size that fit through the pores. Inside the egg, the
microbes are not uniformly spread but are retained in small
palches on (be inner shell membrane that has pores thal are
smaller than the shell. Additonally, airboroe microorgan-
isms may invade an egg as a contaminant during gas and
vapor exchange. Additionally, eggs can be contaminated by
a transovarian infection. '

Swartzel et al. describes USDA standards for pasteurizing
liquid eggs. The minimum times for temperature processing
required by’ USDA standards produces liquid eggs that are
safe 1o cat while al the same tirae an acceptable degree of
functionality is retained. However, standards for shell eggs
are not available because no reliable temperature technique
for treating shell eggs s known. Shell cggs present a

. particular problem of pasteurization because the shell egg is

made up of diverse materials. Ao effective lemperature

* {reatment must expose altof the shell, the outer shell and egg

40

0
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membranes, the albumen layer or egg while, (be chalaza, the
vitelline membrane and the yolk to temperatures for times to
adequately destroy the undesired organisms without
destroying functionality.

To achieve these objectives, the shell egg may be exposed
10 a prepasteurization temperature of 45° F. or higher
followed by exposure (o temperatures from about 125° F. to
near, but less than, 140° F. Another processing technique
includes first processing at an elevated temperature near (0
140° T-. followed by a lowering of temperature to a process-
ing temperature at the lower end of the effective pasteur-
ization temperature range.

If temperatures are significantly above 139° T, the egg
shell may crack and whites may begin 1o coaaulate before
the volk has been pasteurized. At temperatures below the
specified minimum, salmonella and other harmful
microorganisms, including molds, bacteria and viruses, may
not be effectively destroyed.

Processing times at these temperatures required for meet-
ing minimum USDA requirements for liquid eggs range
from a minimum processing time of about 20 minutes to a
processing time of 345 minutes. Preferred temperatures
include a range of 135° F. 10 138 or 139° F. These time and
temperature relationships are effective for pasteurization
processing of whole shell eggs once an adequate prepas-
tcurizing processing tcmperature is achicved within the
cenler of the whole shell egg of between about 38° F. to
about 60° F. The average first preprocessing lemperature
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should be lower than about 45° F. for whole shell egygs lor
consumer distribution.

The time and temperature relationships for pasteurizing
shell eggs are determined in respect to the following factors:
(1) temperatures attained by all material within the mass of
the shell egg and the time for pasteurizing of the material at
that temperature; and the average time that cach material is
heated to assure that each material is subjected 10 the least
minimum condition to efectively pasteurize; and (2) the

combination of processing parameters that will retain func- !

tionality by avoiding -or minimizing adverse changes in
appearance and performance while maximizing destruction
of infections.

The following table provides temperature and real pro-
cessing time (RPT) relationships for destruction of harmful
microorganisms 1n shell eggs:

TABLE 1
Temperature RPT (minutes)
130" E (54.4° C) =63
131" F, (5507 C) =49
132" F (3567 C) =33
133 F (5617 C) - 28
134° F (86,7 C) =20
138 K (57.2° C) «l6
136% £ (57.4° C) w 11
137 F (52.8° C.) -3
138° F. (58.9° C) - 475
140° F. . (60.0° C) =35

These relationships describe processing of whole shell cggs
after atlaining required pasteurizing preprocessing termpera-
ture. The initial preprocessing temperature is applied until
the shell egg reaches a lemperature equilibrium with the heat
transler medium. The relationships of Table 1 are applicable
after this point has been reached. The processing tempera-
ture is defined as an equilibrium temperature where heat has
been transterred through external portions of the shell egg

" into the center of the yolk so that the lemperature at the yotk.

ceater and at every other locus throughout the mass of the
egg has reached an equilibrium with the process medium.

Treatment times include processing times (RPT) from
Table | plus the time required for the egg to reach the
preprocessing (emperature. Certain factors may effect the
time required for an egg to reach the effective process
temperature,including egg size, the temperature of the egg
before application of heating and the selected pasteurization
process temperature. It is important that all of the cgg be
held at an appropriate temperature for an appropriate time (o

cusure pasteurization of ¢ntire egg and that this can be =

accomplished without simultaneous cooking or disruption of
functionality of any portion of the egy.

In a preferred embodiment, the heat treatment is camied
oul in at least twa steps. The process comprises a first heal

treating at a lemperature to provide an internal egg tempera- 23

ture to destroy infectous organisms without substantial loss
of functionality. The first heat (reating s followed by a
second heat treating a1 a lower temperature to achieve
pasteurization. The steps combine to advanlageously pas-
teurize shell egg without loss of functionality.
Advantageously, the process of the invention permits
aging (tenderizing) of meat within an abbreviated period of
time in the absence of a chemical tenderizing agent and
preferably also in the absence of an anti-bacteria agent. The
process comprises immersing the meat in a liquid bath such
as a water bath. The entire volume of the bath is maintained
at a controlled temperature within a range that hastens the

i

20
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enzymatic tenderizing of the meat. The lemperature is
preferably below a minimum cooked temperature of the
meat, preferably at a temperature that kills bacteria in at least
the initial stages of the process. The meat is held at the bath
temperature during tenderization. The process of this inven-
tion permits the tenderized meat to be chilled, stored, and/or
distributed and later cooked for serving.

Cooking uses heal 10 substantially decompose and change
fibers of meat. Cooking adds texture and Havor and preparcs
the meat for human coosumption. The term minimum
cooked temperature for a meat as used herein is a ‘minimum
temperature that a meat attains in preparation of the meat for
human consumption as cooked meat.

The process of the invention can be applied to the aging
of ditferent lypes of meat, for example, beef, veal, pork,
mutton, lamb or poultry, most preferably beef. Cooked
temperatuces for varous meats are known. Typical mini-
mum cooked temperatures for typical mealts are as follows:
rare beef-140° F.; veal-175° F; lamb-160° F.; pork 175° F;
poultry 160° F. Thus suitable temperatures below the mini-
mum cooked temperature of the meat for use in the present
invention include temperatures less than or equal to 133° F,,
such as 130° F,, 125° F. or 120° F. for beef. For other meats,
the tenderizing temperature is kept under 160° F., preferably
under 150° F. or 145° F,, to avoid inactivation of enzymes.

Various sizcs of meat can be tenderized by the process of
the present invention. For example, very large sizes such as
carcasses, primal cuts and whole muscle meat as well as
various smaller sizes of meals can be lenderized by the
process of the invention. Suitable periods of time for con-

- ducting the pracess of the inveation to obtain tenderizing of

meat will vary with the type of the meat once the meat has
reached a uniform temperaiure. In general, the meat should
be maintained in the bath long enough to reach a uniform
temperalure throughout its thickness, and long enough there-
after 1o reach the desired degree of tenderness. To expedite

_transfer of the bath lemperature throughout larger cuis of

meal. one can insert one of more heal conductors, for
example aluminum spike(s); in the meat, taking cate that
they are inserted in a manner that will not cause perforation
of any envelope around the meat.

According 10 a process of the invention, the entire volume
of the bath is maintained at a controlled temperature within
a range that hastens enzymatic tenderizing of the particular
meat below a minimum cooked temperature of the meat.
Thus in this preferred embodiment, the bath does not include
even localized areas of liquid at or above the minimum
cooked temperature. In embodiments, the process compriscs
immersing or spraying the meat in or with liquid or a liquid
vapor such as steam at a first temperature within a range that
quickly kills surface bacteria without substantially cooking
the surface of the meal. The meat is then maintained in 2
liquid bath at a second lemperature lower than the first
temperature within a range that bastens enzymatic tender-
izing of the meat.

According to a preferred process of the present invention,
the entire volume of the bath is maintained at a controlled
emperature within a range of =2° F. The process of the
invention preferably coroprises immersing food product in a
liquid bath and maintaicing the bath within a very closely
controlled temperature range, for example by heating later-
ally adjacent zones of the fluid and vertically pertucbating
the fuid, such as with a liquid jet or with bubbles. A suitable
thermalizing apparatus for heat trealing food product
according to the prescat invention including maintaining the
hath temperature by heating laterally adjacent zones of fluid
and vectically perturbating the fluid with bubbles is dis-
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closed in U.S. Pat. No. 5,445,062 io Polster entitled “Rether-
malizer.” The entire disclosure of this Patent is incorporated
herein by reference.

The rethermalizer is a food heating vessel having sides
and a botlom for retaining an agueous bath, and including
heat supply for heating the bath. A food locator rack is
positioned in the vessel. 1he rack has a plurality of detined
locations for supporting food product 10 be heated. Fluid
outlcts are positioned from the rack to the vesscl bencath all
of the locations to cause Buid to exit into the bath and agitate
the bath over and past the food ilems. A connector connects
the rack outlets to a pressurized source of fluid. Ihe rether-
malizer includes fluid conducting tubes with outlets on the
locator rack and upwardly diagonally oriented conduits to
conduct pressurized fluid to cause bath circulation. The heat
supply is a heater element embedded in rubber-type
material, for example silicone polymer, bonded to outside of
the vessel. The heater element can be an electric resistance
heater coil embedded between layers of the rubber-type
matenal.

The rethermalizer includes water supply means for sup-
plying additional water to the vessel to replace water lost by
evaporation and removal with food product. Sensing cle-
meots are spaced at different vertical locations of the vessel
with an upper one at the level desired for the bath and a
lower one below that level for detecting the differcatial
sensed by the elernents. The sensing elemeots are operably
associated with the water supply means for periodically
actuating the water supply means 1o add supplemental waier

to the vessel when a predetermined differential is detected. 3

The rethermalizer can include a graphic control pancl with

The tousing for the rethermalizer can defioe a humno

chamber and a separate control chamber. The food healing

vessel is n the heating chamber and electronic controls are
lovated in the control chamber. Two walls between the
chambers are spaced from each other and define a vertically
elongated space. One of the walls is a wall of the heating
chamber and the other wall is a wall of the control chamber.
Air inlet openings at the bottom of the space provide for inlet
air flow. Air outlet openings at the top of the space permil
outlet air flow into the heating chamber. [leat from the
heating chamber creates thermally-generated, upward air
flow through the space 1o isolale and cool ithe control
chamber wall.

Precise lemperature control is critical 1o high quality
results in cooking and rethermalizing vacuum package
foods. Precise temperature control is also important to the

process of heating food product for pasteurizing proteina- 3

ceous food product without destruction of fuoctionality
and/or Tor enzymatic tenderization of proteinaceous food
product without substantial cooking according to the present
mvenion.

Heating water or other liguid baths can result o localized 53

100 high or oo low temperatures throughout the bath that
impair lood product quality. A stirred liquid bath does nol
tlow evenly over all surfaces, but rather takes a path of least
resistance. A liquid bath tends to stratify into thermal layers
of different tempecatures. Bven if heat is applicd throughout
the surface of a vessel, loading of product into the vessel will
cause sometimes widely varying temperature zones 1o oceur.
These conditions will prevent accurate temperature control
in a hot liquid bath. Inaccurate temperature conlrol within a
bath can adversely affect the heat treating of proteinaccous
food product. Localized hot spots can cause portions of a
shell egg 10 lose functionality through coagulation or the like

10

. the panel having controls and indicators_for each of food - -
" support locations.

40

o0

0§

8

and can cause portions of 4 tenderizing meal to cook. Low
temperature zones can result in inadequate pasteurization or
tenderization. Low temperature zones can prevent or reduce
tenderizing and even enhance bacteria growth.

The present invention includes both batch and continuous
heat treating processes. Temperature control in a liquid is
more difficult in a continuous heat treating process. Liquid
is lost from the bath not only by evaporation, but addition-
ally by significant liquid transfer with product as pastcurized
and/or tenderized proteinaceous food product is removed.
Liquid is required to be added to a heated bath usually in a
significant quantity by the timie hath level decline is discov-
ered by a tood worker. Addition of liquid can cause tem-
perature change in the bath whether heated or cooled liquid
is added. This effect, if not controlled, can adversely influ-
ence a heat treating process. Conirol can be accomplished,
however, as discussed below.

Another problem with heating in a liquid bath relates to
temperature control technigues. The thermodynamics of a
liquid bath creatc a lag lime between the application of heat
energy and the sensing of the same by a control system and
the establishing of a uniform temperature throughout a bath
in response to the setting. The thermodynamics of the liquid
and the lag time may resull ia “overshoot” of temperalure.

Liquid circulation can help o prevent temperature layer
stratification and overshoot. However, circulation according
to conventional bath heating mecthods is insufficient to
provide the control necessary for pasteurization and/or ten-
derization. Additionally, circulation alone does nol assure
even tlow over all surfaces of food product. ‘The food
product itself may disiutb the circulation. pattern of a bath.
The bath liquid will take a path of least resistance and may
create localized temperature zones or layer stratificatioa.

Typical thermostatically controlled liquid baths used for
tooking exhibit problems of heating and temperature control
as dcsc.nht:d ahove. Thermostatically controlled liquid baths
are characterized by overshool and localized hot or cold
spots. Most thermostatically controlled liquid baths cannot
be used in the process of the preseat invention to maintain
the entire volume of the liquid bath at a controlled tempera-
ture within a range of =2° F.,, much less =1° F. or less.

The Polster rethermalizer is provided with tubes to gen-
erate liquid flow. The wbes can inject bubbles, for example
air bubbles, or liquid jets at various locations in the vessel
10 cause scrubbing of surfaces of meat. The resulting action
provides excellent heat exchange at meat surfaces and
eliminates termperature zoning and stratification. ‘The vessel
permits an accurale and efficient heat transfer to the meat to
permit a uniform temperature within the meat without hot or
cold spots. The bubbles or jets cause a vertical perturbation
that permits utilizing the bath for a process of pasteurization
and/or tenderizing without by cooking and without undesir-
able bacleria growth.

The Polster rethermalizer includes specially arranged and
cooperative temperature sensors. The sensors are vertically
displaced to provide temperature sensing. Temperature dif-
ferentials are sensed between different vertical locations
within the bath. The relhermalizer vessel is heated in later-
ally adjacent zones. A temperature sensor is located on the
vessel for each zone neac the heater to cooperate with
sensors near the vessel bottom. The arrangement compen-
sates for lag time, i.e., thermal momentum, and prevents
overshoot of temperature above optimum tenderizing tem-
peratures. A vertically displaced set of temperature sensors
permits the addition of water in small regular quanlities as
nceded to provide level control.

Adding bath liquid at differeot temperatures within the
liquid bath is another technique 1hat can be used to maintain
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the ligquid bath at a controlled lemperature according o the
invention. The process of the invention can be used for
pasteurization, tenderizing or both pasteurization and ten-
derizing of proteinaceous food product. Any suitable ther-
mal conveying liquid may be used as the bath liquid in the
process of the invention for treating any type of proteina-
ceous food product. For example, the bath can comprise
water or cooking oil. Preferably, the liquid is water. By
mcans of the prescot process, the temperature of the bath can
be maintained at a lemperature +2° F,, preferably %1° F. or
=0.75° E. or 0:5° F. Thus the bath can exclude evea localized
areas of liquid at or-above a temperature that impairs
functionality of or cooks the food product, and/or at or
below a temperature at which pasteurization is incomplete.
to maximize uniform quality of the tendecdzed meat precut.

The food product can be cnveloped in a bag during
treatment. If enveloped, the bag preferably is made of a
relatively non-insulating material that is substantially imper-
meable to the liquid of the bath. The material should be
impermeable to prevent food product from being permeated
by the bath liquid. Additionally, the material must be rela-
tively non-insulatiag Lo permit transfer of heat from the bath
to the food product. Suitable materials ace known to those of
ordinary skill in the art, and can include materials such as
those used in many cooking bags and wraps. Appropriate
matcrials for cnveloping the food product include polymeric
laminates that can be comprised of an oxygen barrier layer
and a moisture bacrier layer. The oxygen barrier layer may
comprise 2 hydrolyzed olefin\viny! ester copolymer. ‘Lhe
oxygen barrier layer may be a heat-sealable layer compris-
ing high density polycthyleae, alonc or mixed with paly-

—

0

0

isobutylene; polypropylene; ethylgne-propylene copoly- -

mers; ionomeric resins;  polybutene-1 or bleads of such
polymers. ' -

The laminale may include a substrate layer comprising a
polyamide, which may be a homopolyamide such as poly-
caprolactam or polyhexamethyleneadipamide or a copolya-
mide; a polyester such as polyalkylene terephihalate or
isophthalate; a polycarbonate; polypropylene; a polyal-
lomer; poly(4-methyl-pentene-1); polybutene-1; polysty-
rene; polyvinyl chloride; medium or high density polyeth-
ylene: an acrylopitrile-butadienc-styrene resin; a
methacryonitrile-buladiene-styrene resin or a blend of two
or more such polymers. Examples of suitable materials are
disclosed i U.S. Pat. Nos. 3,949,114 to Viola et al., 3,961,
(%6 to lurbak, 3,983,258 to Weaver, 3,988,499 to Reynolds,
4,132,048 to Day, 4,136,205 10 Quatllebaum and 4,534,984
to Kuchne. The cntire disclosurcs of thesc palcats arc
incorporated herein by reference.

A process according to the present invention for heat s

trealing meat, comprises encasing the food product in a
plastic pouch, evacuating air from the pouch and sealing the
pouch under vacuum. According 1o a preferred embodiment,
the process of tenderizing meat in the absence of a lender-
irinyg agent (or anti-bacteria agent), comprises vacuum pack-
aging meal in a pouch, immersing the meat in a liquid balh,
and maintaining the bath al a conlrolled lemperature within
a range below a minimum cooked temperature of the meat
that haslens enzymalic tenderizing in the meat.

The tenderizing process of the invention is particularly
advantageous for tenderizing meat either in advance of
delivery to a serving ar¢a or at the secving area immediately
prior to cooking. For example, individual steaks can be
tenderized in a restaurant by the process. Additionally, the
process of immersing a mcat in a liquid bath can be
conducted at higher temperatures 10 cook meat. Meat or fish
can be subjected to an elevated wmperature outsicde the

3%
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immersing vessel and for a briel period of lime (o provide a
grilled appearance or the like.

The pasteurization process of the invention is particularly
advantageous for pasteurizing shell egg and “raw” shellfish
because the process provides a means to precisely control
treatment temperature to achieve pasteurization without
destroying functionality of the food. The egg can be heated
in the range of 134.5 10 139.5° F. for 20 to 345 minutes.
Process time can be controlled in raoges from 34 to 52
minutes for a pasteurization temperature of 138.9+0.5° F
and up to 75 1o 400 minutes for a pasteurization temperature
cll egg
atan initial temperature of 40 10 70° ¥. when the weight of
the egg is 35 to 90 grams and to thereafter heat treat the egg
at a lemperature of 138x1.5% F. for a total time of 36 to 52
minutes. The process can heat treat the egg weighing 50 to
80 grams to an initial lemperature in the range of 45 to 55°
F. followed by a heat treatment at a teroperature of
138x0.75° F. for 39 to 49 minutes.

Times and temperaturcs for beat treating other proteina-
ceous procucts can be the same as for shell eggs or can be
determined by those skilled in the art according to the
product treated and the objectives of the beat treatment. For
example, pasteurization of seafood may be achieved at the
same temperalure and time relatiouships described abave for
shell egg.

While the iavention has been described in connection
with specific embodiments, it is to be understood that the
embodiments are by way of illustration and are not intended
to limit the invention. For example, while the invention is
described in connection with the rethermalizer vessel dis-
closed by Polster in U.S. Pat. application Ser. No. 08/065,
627, various sizes of mcat may require different size vesscls
or different types of vessels and various quantities of shetl
eggs may require different size vessels or different types of-
vessels. An enfarged vessel can be utilized to conduct the
process of the invention with larger cuts of meat or an
adapted Polster vessel with a sgparate heat source for light
control of temperature within the required range and/or an
outside source of controlled temperature bath liquid can be
utilized, An enlarged vessel can be utilized to conduct a
process of the invention for a commercial scale processing
of shell egg. While the invention is described in connection
with the rethermalizer vessel disclosed by Polster and while
the invention can be curried out in thermalizer vessels of
varying size or Polster thermalizing vessels that may be
modified, the process of the invention can be conducted by
any suitable apparatus. Additionally, while the focus of the
description of pasleurization has been oo the shell egg
¢xample, the process applics to pastcurization of any pro-
teinaceous food material including by way of example, meat
and shellfish. In another example, the invention can be
modified to raise the temperature of meat to a pasteurizing
or lenderizing temperature and the process can be completed
in a convention environment such as in a heated room. In
another example, the process can include a spray bath type
of immersion.

What is claimed is:

1. A process of heal ireating a proleinaceous [ood product,
comprising immersing the product in a bath liquid and
maintaining the entire volume of the bath liquid at a con-
trolled temperature within a range of +2° T, to beat treal said
proteinaceous food product without substantial loss of fune-
tioaality.

2. 'The process of claim 1, comprising enveloping said
proteinaceous food product in a relatively non-insulating
matcrial that is substantially impcrmeable to the liquid of
said bath before immersing the proteinaceous food material
in the bath.
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3. The process of claim 1, comprising encasing the
proteinaceous tood product in a plastic pouch, evacualing air
from the pouch and sealing the pouch before immersing the
proteinaceous food malterial in the bath liquid.

4. The process of claim 1, wherein said liquid comprises
a liquid selected from waler and cooking oil.

5. 'The process of claim 1, wherein said liquid comprises
water.

6. The process of claim 1, comprising separately heating
laterally adjacent zones of said bath and vertically pertur-
baling said bath liquid to maintain said bath liquid at said
controlled temperature.

7. The process of claim 6, wherein said bath liquid is
vertically perturbated with bubbles.

8. The process of claim 1, comprising adding liquid to
said bath without causing greater than 2° F. variations within
the entire volume of said bath liquid.

9. The pracess of claim 1, comprising maintaining said
bath liquid at said temperature within a vessel having a
plurality of spaced apart temperature sensors.

10. The process of claim 1, wherein at least one heat
conductive member is inserted into said proteinaceous food
product before immersing the proteinaceous food material in
the bath liquid.

11. The process of claim 1, wherein said heat treating
comprises tenderizing said protcinaccous food product at a
controlled temperature below a minimum cooked tempera-
ture of the prozeinaceous food materal for a sufficient time
lo carry out endogenous enzymatic lenderization of the
proteinaceous food product.

12. The process of claim 11, whercin said protcinaccous
food product is beef and said controlled temperature is
maintained to be less than 135° F. and within a range of =1°
F.

13. The process of claim 11, wherein said proleinaceous 3

tood product is selected from the group consisting of veal,
lamb, pork and pouliry and said controlled temperature is
maintained o be less than 160° I and within a range of =1°
F.

14. The process of claim 1, wherein said heat treating
process comprises pasleurizing said proteinaceous food
product.

15. The process of claim L4, wherein said proteinaceous
food product is a pouliry shell egg.

16. The process of claim 13, comprising vertically per-
turbating said liquid to disrupt temperature stratification.

17. The process of claim 14, wherein said prateinaceous
food product is a food product other than shell cggs.

18. The process of claim 17, wherein said proteinaceous
food product is meat.

19. 'The process of claim 18, wherein said meat is poultry
meal.

20. The process of claim 17, wherein said proteinaceous
food product is seafood.

21. The process of claim 20, wherein said scafood is
shellfish.

22, The process of claim 1, wherein said temperature is al
least 130° F.

23 The process of claim 1, wherein said lemperature is at
least 135° [

24 ‘fhe process of claim 1, wherein said controlled
temperature is maintained withio a range of «1° F.

25. The process of claim 1, wherein said controlled
femperature is maintained within a range of £0.75° F.

26. The process of claim 1, whercin said controlled
temperalure is maintained within a range of £0.5° F.
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27. The process of claim 26, wherein said food product is
poultry shell eggs heat treated by said process on a com-
mercial scale.

28. The process of claim 26, wherein said process is a
continuous heal treating process.

29. A process for pasteurizing a shell egg, comprising
immersing the shell egg in a bath liquid and separately
heating laterally adjacent zones of said bath to maintain the
cntire volume of said bath at a controlled temperature.

30. The process of claim 29, further comprising vertically
perturbating said bath liquid to distupt lemperature stratifi-
cation.

31. The process of claim 29, comprising adding liquid to
said bath without thereby causing greater than 2° F. varia-
tions within the entire volume of the bath liquid.

32. The process of claim 29, wherein said controlled
lemperature is maintained within a range of =2° F.

33. The process of claim 29, comprising maintainiog said
bath liquid at said temperature within a vessel haviag a
plurality of spaced apart temperawre sensors.

34. A process of heal trealing a proteinactous food
product, said process comprising:

immersing the product in a liquid bath containing a liquid;

and

maintaining an entire volume of said bath liquid at a

controlled temperature within a temperature variation
of #2° F. 10 heal treat said proteinaceous food product
without cooking said food product.

35. The process of claim 34, wherein said bath includes
laterally adjacent zones and further comprises:

separately heating said liquid in said laterally adjacent

zones of said bath: and

vertically perturbating said liquid to maintain said eatire

volume of said liquid at said controlled temperature
below a minimum cooked temperature of said food
product without ever exceeding said minimum cooked
lemperature in said bath.

36. The process of claim 34, wherein lemperature of said
entire volume of said liquid of said bath is maintained below
a minimum cooked temperature of said food product without
ever exceeding said minimum cooked temperature in said
bath.

37. The process of claiin 34, wherein said maiotaining
step kills bacteria.

38. The process of claim 34, funher comprising vertically
perturbating said liquid of said bath o maintain saic entire
volume of said bath at said controlled temperature.

39, The process of claim 38, wherein bubbles are used to
cause said vertical perturbation.

40. A process for pasicurizing a proteinaceous food
product, comprising:

(A) immersing the food product in a bath liquid where the

bath liquid contacting the immersed food product is at
a predetermined wmperature between 125° F. and 140°
L.,

(B) heating the bath liquid 1o maintain the predetermined

temperature, and

(C) vertically perturbating the bath liquid sufficient with

a liquid jet or air bubbles that the bath liquid contacting
the food product is maintained within %2° F, of said
predetermined temperature.

41. 'The process of claim 40, wherein said food product
comprises shell eggs.
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METHOD AND CONTROL SYSTEM FOR
CONTROLLING PASTEURIZATION OF IN-
SHELL EGGS

BACKGROUND OF THE INVENTION

1. Field of lnvention

The present inveotion relates to a method and control
system for controlling pasteurization of in-shell eggs in a
fAuid. . ’ o s -
© 2. Description of Related Art

The United States Department of Agriculture (USDA)
regulates minimum safety standards for pasteurizing, in-shell
egps, These standards are promulgated In order to easure
that certain microorganisms, including such infectious
organisms as Salmonella, are substantially destroyed prior to
distribution and consumption of the eggs. The USDA defines
pasteurization as a heat treatment for the purposc of killing
these disease causing organisms.

One source of infection arises when the egg shells come
into contact with organic refuse. Contamination resulls
because the egg shells have numerous pores which permit
infectious microbes, which are contained in the organic
refuse, to penctrate the pores of the cggs. Another source of
infection results from trans-ovarian contamination. This
occurs whén chickens or other pouliry ingest or are other-
wise infected by infectious microbes and transfer the micro-
organisms directly ioto the eggs.

The Nuirition Action Health Teller published by the.

Center for Science and the Public Interest (July/August 1991

edition, Vol. 18, No. 6, “*Name Your (Food) Poison™) reporis

that in-shell eggs are particularly difficull to pasteurize

[y
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)

because of their structure. In addition, this article reveals *

that one in ten thousand eggs is contaminated with salmo-
nella enteritis. :

Techniques for improving pastcurization. of eggs have

been proposed. These techniques attempt to destroy infec-
tious disease causing organisms in in-shell eggs without
substantial loss of functionality. One approach to pasteuriz-
ing in-shell eges involves heating the in-shell eggs io water
baths, for various times and at various temperatures. The
time/temperature ratios vary widely because different
approaches involve a compromise between the degree of
safety achieved and the quality or the functionality of the
cggs rotained after pasteurization is completed. The USDA
has devised time/temperatuce ratios, but they are only for
liquid ¢ggs.

Cox ct al. (PCT/US94/12950) discloscs a method for
destroying infectious disease causing organisms in in-shell
cggs without substantial loss of functionality., Cox et al.
employs a temperature versus time relationship in order to
accomplish pasteurization of the in-shell eggs. An initialegg
temperature and processing temperature at the beginning of
the pasteurizing process of a whole shell egy must be
known. These temperatures are used 1o determine the total
processing lime, ¢.g., the iotal length of time over which the
eggs are heated. According 1o a preferred embodiment of
Cox et al., minimum temperatures/time requirements for
liquid whole eggs are applied equivalently to in-shell eggs
once the selected pasteurization temperature has been
achieved at the shell egg yolk center.

Cox et al. uses the following temperature time table for
determining the pasteurization time of in-shell eggs.

Temiperature Real Processing Time (RPT) (Minutes)

130° F. -65
131° F -9
132°F -33
133°F =28
134°F =20
137 F =16
136" E =11
13776 - A
138°F =5
E . wAT5
140° F. s

This table describes the processing of in-shell eggs aller
they attain the required pasteurizing preprocessing tempera-
ture. The initial lemperature is applied until the in-shell eggs
reach a temperature equilibrium with the heat transfer
medium. The RPT for a given pasteurization regimen can
only begin after this point has been reached.

Cox et al. also discloses that factors including the size and
internal initial emperature of the eggs may affect the time
required for the eggs to reach the effective processing
temperature. Thus, an initial temperature that causes pas-

25 teurization of one baich of eggs may result in impaired

functionality of a second batch of eggs having a smaller size,
depending on the variables associated with that particular
batch of eggs.

Davidson International Application No. PCT/US96/
13006 (U.S. application Ser. No. 08/519,184), also discloses
methods to pasteurize in-shell eggs using time/temperature
relationships. In particular, Davidson_discloses. healing a
yolk of the egg to within the range of 128° F. to 138.5° F. -
Once the yolk reaches this termperature range, it must be
maintained at this temperature range for a certain time and
within certain parameters.

FIG. 1 shows a temperature versus Lime curve imple- y

" mented by the Davidson system. This curve is based sub-
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stantially on ihe data of the above table. Referring to FIG. 1,
the temperature of the egg yolk must be maintained between
parameter line A and parameter line B in order for sufficient
pasteurization to occur. According to Davidson, this will
reduce the Salmonella by at least 5 logs, while at the same
time retaining the functionality of the eggs. If the eggs are
heated to a limit outside parameter lines A and B, however,
the eggs will either lose their functionality or remain insuf-
ficiently pasteurized. Thus, according to Davidson it is
imperative that the temperature of this sysiem stay within
the predefined parameters.

Factors such as loss of watcr, temperature overshoot (c.g.
raising the temperature too high), inefficient temperature
scnsors (c.g. low response time for raising the temperature
10 a predefined temperature range), and numerous other
factors make it possible for the bath lemperature 10 stray
from preferred parameters. The size of the eggs, the number
of eggs placed in the bath and the inilial internal temperature
of the eggs will also affect the pasteurization time and
functionality of the eggs.

SUMMARY OF TIIE INVENTION

The present invention comprises a method and control
system for controlling pasteurization of in-shell eggs by a
heated fluid.

Ia the method and control system of the present invention,
in-shell eggs are enveloped by a heated fluid. The internal
temperature of the eggs, while they are enveloped by the
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heated fluid, is periodically or continuously determined. At
least one tog kill rate of Salmonella in the eggs based on the
internal temperature of the eggs is also periodically or
continuously determined.

A cumulative log kill of Salmonella as a function of the
at least one log kill rate and time is also periodically or
continuously determined. The cumulative log kill is com-
pared 10 at least one predetermined value. A signal is
generated when a predetermined relationship between the
cumulative log kill-and the predetermined value is revealed.

. The time at which comparing takes place may be before, at

and/or afler a predetermided time at which sulficient pas-’

teunization is expected to be completed.

A control system for pastcurizing the in-shell cggs is also
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in conjunction with the
following drawings in which like reference numerals des-
ignate like elernents and wherein:

FIG. 1 shows a temperature versus time curve imple-
mented by the Davidson system;

FIG. 2 is a plan view of a single bath having a plurality
of heating elements and a plurality of temperature sensors;

FIG. 2a shows an exemplary embodiment of a control
system used by the present invention;

FIG. 3 is a cross sectional view of a single bath system,

FIG. 4 shows a log kill rate versus time curve for a single
bath system; :

+ FIG. 5:is a side cross-sectional view of a muluple bath
system; :

FIG. 6 shows a log kill rate versus time curve for a two
bath system; and

FIG. 7 shows a log kill rate versus time curve for a lbree
bath system. - . .

DETAILED DESCRIP’I’ION OF EMBODIMENTS

The present invention is directed to a method and control
system for controlling pasteurization of in-shell egys in a
fluid. The Huid may include a liquid or a gas, as described
in simultaneously filed patent application Ser. No. 09/002,
244 (Docket No. WPB 39608) catitled “Apparatus And
Methods For Pasteurizing In-Shell Eggs”, which is incor-
poraled herein by refercace in its entirety.

The present invention can allow a pasteurizing method
and apparatus to achieve at least a satisfactory reduction in
Salmonella or the like without substantially affecting the
functionality of the cggs, despite temperature fluctuations in
the fluid and thus inside the eggs. This may be accomplished
by providing a method and control system that at least
periodically determines (i) an internal temperature of the
egys and thus a log kill of Salmonella and/or other infectious
microorganisws in the eges and (i) a dwell time of the eggs
at each such temperature so that a cumulative log kill of
Salmonella and/or other infectious disecases can be calcu-
lated and used to control the process.

In order for eggs to be pasteurized they are first enveloped
by a fluid. A single, two, three or more fluid system is
contemplated for use with the present invention.

Accordingly, once the eggs are eaveloped by the fluid, an
internal temperature of the eggs is periodically or continu-
ously determined. Repeated cxperiments have showa that an
internal temperature of the eggs may be calculated based on
a variety of factors, for example (i) the time the cggs are

15

3

4

enveloped by the heated Muid, (if) the temperature of the
heated fluid, (iii) the initial temperature of the eggs and (iv)
the size of the eggs. The internal temperature of the egps
may also be determined by (1) fixing the initial temperature
of the eggs, (ii) fixing the time the eggs are enveloped by the
fAluid and (iii) fixiog the temperature of the fluid during the
time the ¢ggs are enveloped by the fuid.

The initial temperature of the eggs may be determined in
various ways. From experimentation, it was found that, for
example, the initial temperature of the eggs may be calcu-
lated based on (i) the'size of the eggs'and (ii) the on-time of

* at least one heating clement in the healed fluid required 0

return a temperature of the heated fluid after the eggs are
enveloped by the heated Buid back 1o a starting temperature
of the beated Auid.

That is, the initial temperature of the eggs may be
determined by use of known values determined through
experimentation. For example, through experiments, the
egps are temperature probed prior to enveloping the eggs in
the heated fluid to determine the initial temperature of the
eggs. The eggs are then enveloped in the heated fluid and an
on-time of the at least one heating clement is measured until
the temperature of the heated fluid returns to a slarting
temperature of the heated fluid. By using this process,
several on-limes of the at least one heating element is
determined for varying sized eggs and initial temperatures.
These determined on-times of the at least one heating
element may then be used to determine the initial tempera-
twre of the egys in future processes.

By way of example, io experiments, eggs were initially
probed to determine that the initial temperature of the eggs

_prior 1o being eaveloped in the heated Quid was 70° F. Two

" . hundred and seventy dozen eggs at the initial temperiture of
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70° F. were enveloped in a 137° F. heated fluid. The on-time
of the at least onc heating ¢lerment was measured until the
termperature of the heated fluid returned to a starting tem-
perature of the heated fuid. In this experiment, the op-time

of the dt least one beating element was approximately 2
" minvtes ‘and ‘50 seconds: By. way of further example, in

cxpcriments, cggs werc initially probed to determine that the
initial temperature of the eggs prior 10 being enveloped in
the heated Auid was 45° F. Two hundred and seventy dozen
eggs at the initial temperature of 45° F. were enveloped in a
137° F. heated fluid. The on-time of the at least one heating
clement was measured until the temperature of the heated
fluid returned to a starting temperature of the heated fluid. In
this experiment, the on-time of the at least on¢ heating
element was approximately 4 minutes and 25 seconds. It was
known during these experiments that the eggs weigh
approximately 30 ounces per dozen and that the specific heat
of the eggs is 0.88. By using this data, the initial temperature
of the cggs for other sized eggs may then be determined by
the determined on-times of the at least one heating element.
Alternatively, a temperature drop of the fluid may be mea-
sured after contacting the cggs.

As another example, the initial temperature of the eggs
may be determined by uniformly preheating the egys to a
predetermined initial temperature. This temperature is pref-
erably below a temperature at which pasteurization begins,
and more preferably is a temperature that has substantially
no effect on the functionality of the eggs. This may be
accomplished, for example, by caveloping the eggs in a
preheating fluid for at least a minimum period of time to
ensure that all of the eggs have a uniform initial internal
temperatuce. In cmbodiments, the preheating temperature of
the fluid may be a temperature ia the range of approximately
60°~100° F., and preferably 80°-100° F., and more prefer-
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ably 80°-90° F. However, other lemperature ranges are also
contemplated for use with the invention so long as the
temperature range does not affect the functionality of the
eggs prior lo pasteurization.

At least one log kill rate of Salmonetia or other infectious
microorganisms is periodically or continuously deicrmined
from the internal temperature of the eggs. The log kill rates
for various temperatures may be determined from FIG. 1. A
cumulative log kill of Salmonella as a function of the at least

one log kil} rate and Umc is also penodlcally or continuously

determined.

In pieterred embodiments, the dafa of Table A may be.

used for determining the log kill rate(s) and the cumulative
log kill of Salmonella. The internal temperature of the eggs
is monitored as descnbed above. Fluctuating temperatures
of the Auid are reflected in changing internal temperatures of
the eggs. The log kill rate at each temperature may be
multiplied by the time the eggs are at such temperature and
the products may be summed to determine a cumulative log

kill of the eggs at any given time. The first two columns of 2

Table A are derived from data disclosed in Cox ¢t al. and
Davidson, which are both incorporated herein by reference
in their entirety.

TABLE A

Real Processing

Time (RPT) (5 log Pulse Rale
Temperatug reduction) Minutes/log (x100)
130° F. =65 13 70
131 E 45 98 - 1,020
13 F =38 1.6 1,320
133°E 28 56 1,790
134°F. =20 4 2,500
1357 F =10 iz 3,130
136" F. all 22 4,550
137" F. =X 1.6 6,250
13° F =t 12 8.330

- 'The first column of Tahle A shows the temperature of the
heated fluid. The second column shows a tite needed for a
5 log reduction of Salmonella at a given temperature level.
The third colurmnn shows a required time for a one log
reduction of Salmonella at that temperature level. The fourth
columa shows an exemplary “pulse rate” thal may be used
for accurately determining a reduction of Salmoneila at a
given temperature level. In this table, an arbitrary valuc of
10,000 pulses per log has been set, aod the pulse rate shown
is in pulses per minute.

The temperature of the fluid aod thus the internal tem-
perature of the eggs may fluctuate over time. Due to this
fluctuation, the pulse rate will also fluctuate over time. For
example, while the temperature of the bath is 130° F,, the
counler may, for example, count 770 pulses per minute.
When the temperature of the bath increases to 138° F, the
pulse rate increases, for example, to 8,330 pulses per minute.

Because of the known relationship between the tempera-
ture of the bath and the pulse rate, the present method can
accurately calculate the cumulative log kill. For example, a
pulse counter may count the pulses until the cumulative log
kill reaches a predetermined value, such as 30,000 pulses for
a 3 log reduction io Salmonella, or 50,000 pulses for a 5 log
reduction in Salmonclla. In alwraative cmbodiments, the
cumulative log kill may be calculated by integrating an area
under a curve, as discusscd below.

The cumulative log kill is periodically or continuously
compared 1o at least one predetermined value, The time(s) al
which comparing takes place, for example, may be before,

6

at or alter a predetermined time al which sullicient pasteur-
ization is expected to be compleled.

In embodiments, the comparing may take place at peri-
odic or continuous intervals while the pulse counter is, for
example, counting the pulses, as described above. For
example, in embodiments, the method of the present system
compares the cumulative Toyg kill, ¢.g., number of counted
pulses, to a predetermined value, e.g. at least 3 (or 5) log
reduction in Salmonella or at least 30,000 (or 50.000) pulses,
for accurately determining when the cumulative log kill
substantially indicates a de.snred  degree of pasteurization.

- Alternatively, or in addition. the comparing may take place
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at intermediate times in the pasteurization process. In this
case, the comparison may, for example, be with predeter-
mined values that reflect an expected degree of pasteuriza-
tion for the time at which the comparison takes place. Such
comparisons may be periodic, ¢.g. at an cxpected time of
each one or fraction of one log reduction of Salmonella, or
even continuous.

A signal is generated when a predetermined relationship
between the cumulative log kill and a predetermined value
15 revealed, In preferred embodiments, a signal may be
generated when the cumulative log kill of Salmonella is
approximately the desired degree of pasteurization. The
eggs can then be removed from the heated fluid in response
to the signal and cooled. In a preferred embodiment, they
may be enveloped by a cooling bath as disclosed in simul-
laneously filed patent application Ser. No. 09/001,673 -
(Docket No. WPB 39610) entitled “Method And Apparatus
For Chilling In-Shell Eggs”, which is mcorporaled berein by
reference in its entirety.

Several olher signals may also be generated al various
times during the pasteurization process. For example; a
signal may be generated when the eggs are sufficiently
pasteurized to be removed from the fluid and placed in a
second or subsequent heated fuid. In this example, the eggs
may be.moved from one temperature zons lo another
temperature zone, such as in a two or theee fhiid system, as

described below. A signal may also be génerated when, for. - ..

cxample, the temperature of the beated fluid needs to be
increased and/or decreased so that a cumulative log kill of
Salmonella within an acceplable lime can be achieved. In
embodiments of the present invention, a dwell time of the
eggs in the heated fluid may be adjusted in response to a
signal. That is, a ratc of movement through the heated fluid
of the eggs may be varied in respoose to the signal.

Another signal may be generated, for example, if the
comparison reveals that the cggs are substantially more or
less pasteurized than expected for a given point in the
pasteurization process. [n such cases, the signal may indicate
that the functionality of the eggs would have been substan-
tially impaired or would be substantially impaired by com-
pleting pasteurization. In this example, the eggs may be
removed from the heated fluid and subsequently, eg.,
discarded, cooked or broken and further processed as liquid
egg in response to the signal.
The Control System

Referring to FIG. 2, a single fiuid bath baving a plurality
of heating elements and a plurality of temperature sensors is
shown. In embodiments, heating ¢lements 2 and 4 are
located in zone A, heating elements 6 and 8 are located in
zone B aod heating ¢lerments 10 and 12 are located in zone
C. ‘I'he heating eclements may be arranged in zones so that
uneven loading will not, for example, cause overheating in
the catire bath. Preferably, the beating clements are low watt
density heating elements which supply substantially con-
stant heat energy per unit of time (o the fluid.
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Preferably, if a plurality of heaters is provided per zone,
then the heaters may be substantially equally spaced apart.
However, the heaters should be located to advantageously
maintain the desired fluid temperature substantially uni-
formly throughout the bath. Exemplary heating elements
and arrangements thereof are described in the above-
mentioned simultaneously filed Patent Application entitled
“Apparatus And Methods For Pasteurizing In-Shell Eggs™.

In cmbodimeats, a perturbating means for vertically per-
turbating the fluid may also be provided. The perturbation is
preferably provided in a vertical direction emanating from
below and being directed upwards towards aod through the
at least one layer of in-shell eggs in the fluid—e. g, in the
form of bubbles through a liquid bath. The pertubation of the
fluid substantially eliminates temperature stratification in the
fluid and provides for a more efficient heat transfer between
the eggs and the fluid. The perturbation may, for example,
reduce the dwell time of the eggs prior 1o and during
pasteurization as well as keep the Huid temperature at a
substantially constant level. Pectubating means is described
in the above-mentioged simultaneously filed Patent Appli-
cation entitled “Apparatus And Methods For Pasteurizing
In-Shell Eggs”.

Referring again to FIG. 2, at least one temperature sensor
(preferably two or more where redundancy is desired) is
located in cach zone of the fluid. For example, temperature
sensor 20 is located in zone A, temperalure sensor 22 is
located in zone B and temperature sensor 24 is located in
zone C. The location of the temperature sensors enables the

seosors 1o quickly detect rising and falling remperatures of 3

the fluid, thus avoiding temperature overshoot, i.c. potential
overrun of the temperature in a zone. The' temperature
sensors also may provide the actual temperature of the fluid
S0 ds to compute the initial temperature of the eggs.

FI1G. 2a shows a block diagram of an embodiment of the 33

present invention. A temperature controller 100 controls the

[

8

from an internal or external clock 104, The sive of the egygs
may be automatically entered (e.g., by a bar code reader and
a bar code on the egg container(s)) or manually entered (e.g.,
via keyboard 106). In cmbodiments, the eggs are weighed
prior to manually entering their size.

A second calculator 400 periodically or continuously
determines at least ooe log kill rate of Salmonella based on
the internal temperature of the eggs. A third calculator 500
periodically determines the cumulative log kill of Salmo-
nella as a function of the log kill rate and time. A comparator
600 periodically of continuously compares the cumulative.
log kill 1o at least one predetermined value. A signal gen-
erator 700 may generate several signals at various limes
during the pasteunzation process, as described above, in
response to output of the comparator 600. In embodiments,
a single programmed processor comprises the temperature
controller 100, on time monitor 110, clock 104, first calcu-
lator 300, second calculator 400, third caleulator S00, com-
parator 600, and/or signal generator 700, and thus they need
not be separate devices or even separale programs.

The above description has focused on a single fluid
system. However, a corresponding discussion applies 1o two
or more fluid systems, as exemplified in more detail below,
Single Fluid Systems

Referring to FIG. 3, in embodiments a loading mechanism
101 covclops a batch of cggs 102 in the single liquid bath
100 and transports the eggs through the liquid for pasteur-
ization of the eggs without substantial loss of functionality.
Using the data of ‘lable B, for example, the first calculator
300 periodically or coatinuously- determines the intemnal
temperature of the cggs. The sécond calculator 400 periodi-

- cally of continuously determines at least one log kill rate of

3

-

heating elements for uniformly maintaining the temperature -
of fluid within the desired temperature range, preferably less

than or equal to about 22° F, preferably, #1° F.,, more
preferably, £0.1° F. and, even more preferably, =0.03° F.
Temperature control systems are described in the above-
mentioned simultaneously filed Patent Application entitled
“Apparatus And Methods For Pasteurizing In-Shell Eggs™.

To avoid temperature overshoot and other temperature
variations, the temperature controlier 100 may, for example,
control the variations in the temperature of the fluid by
turning on and turning off the heating ¢lements 2, 4, 6, 8, 10,
12. The temperature controller 100 may turn on the heating
elements when the temperature of the fluid falls below a

predetermined ternperature and turn off the heating elements 5

wheaq the temperature of the fluid substantially equals and/or
exceeds the predetermined temperature. In this manner the
temperature controller 100 periodically or continuously con-
trols the temperature of the fluid. An on-lime monitor 110

may also be provided to monitor the on-time of the heating 55

elements.

A first caleulator 300 periodically or continuously deter-
mines the internal temperature of the eges. Preferably, the
internal temperature of the eggs is determined by (i) the time
the cggs are cnveloped by the heated fluid, (ii) the tempera-
ture of the heated fluid, (iii) the initial temperature of the
eges and (iv) the size of the eggs. The initial temperature of
the eggs may be determined in various maaoners e.g., calcu-
lated (for example by the first calculator 300) or directly
input (c.g., via keyboard 106), as described above, The
temperature of the fluid may be input from temperature
sensors 20, 22, 24, etc. The immersion time may be inpul
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..Salmonella based on the internal lemperature of the eggs. (In. -

this example, a count of 100 pulses substantially equals a
one log reduction of Salmonella.)

Referring to Table B, in one emabodiment, for example,
the nominal tempecature of the fluid may be approximately
133.5° I At this temperaturs the eggs may lake approxi-

mately 12 1o {5 minutes to reach an internal tempéerature of

130° F. at which time the process of Table B begins.
Temperature drops by the Huid due to heat absorption by the
eggs may affect the internal temperature of the eggs.
[owever, the temperature drop of the fluid and the affected
internal temperature of the eggs is taken into consideration
when determining the cumulative log kill of Salmonella or
other microorganisms.

Referring again to Table B, for example, at minute one the
icmperature of the fluid is 130° F., c.g., 770 pulscs per
minute, At minute two the temperatuse of the fluid is 132°
F, e.g., 1,320 pulses per minute. At minute three the
temperature of the fluid is 133.5° I, e.g., 2,080 pulses per
minuie. At minute four the temperature of the fuid is 135°
F., e.g., 3,130 pulses per minute. At minute five the tem-
perature of the fluid is 134° F., e.g., 2,500 pulses per minute.
Al minute six the temperature of the fluid is 133° F., ¢.g.,
1,790 pulses per minute, At minute seven the temperature of
the fluid is 132° F,, ¢.g., 1,320 pulses per minule. Al minule
eight the temperature of the fuid is 133° F,, e.g., 1,790
pulses per minute. At minutes nine through eleven the
temperature of the fluid is 134° . e.g., 2,500 pulses per
minute. Al minute twelve the temperature of the fluid is 135°
F., ¢.g., 3,130 pulses per minute, At minutes thirtcen and
fourteen the temperature of the fluid is 133° K, e.g., 1,790
pulses per minute,

The third calculator 500 periodically determincs the
cumulative log kill of Salmonella as a function of the log kill
rate and time. This is caleulated by periodically counting the
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cumulative number of pulses over a predetermined time thal
the eggs are enveloped by the Hluid. According to the above
example, the eggs achieve a 3 log reduction in Salmonella
after approximately 14 minutes in the fluid bath, ¢.g.,
because the pulse counler reaches approximately a count of
30,000 pulses. (The one-minute lemperature sensing inter-
vals and temperature differences are for illustrative purposes
only. In practice, the intervals and differcnces may be
smaller. The pastcurization time may also in practice differ
from this example, which for elarity of illustration does not
reflect the total sloping up of the intecaal-cpg tempera(urc
and concomitaat initial pasteurization.)

TABLE B
Minute Temperature Pulse Rate
1 130°F 770
2 132° E 1,320
3 1335 F 2,083
4 1358 F. 3,130
s 134° K 2,500
6 133 F 1,790
7 13 FE 1,320
8 133° F. 1,790
9 134° F. 2,500
10 134° T, 2,500
1 134° 1 2,500
12 135° F. 3,130
13 133 F 1,790
14 133" E 1,790

In the example of Table B, when the eggs are enveloped
by the fluid, the tempcraturc of the fluid initially drops to

w

15

30

130° F. The temperature is then increased by the heating

ciements until the temperature of the fuid reaches 133.5° F.
In this example, the heating elements are initially turned on
for approximately three minutes in order for the temperature
of the fluid to rise until it substantially equals the initial
temperature of the fluid prioc 10 the eggs being cnveloped by
the fluid, Thereafier, the température of the fluid i is periodi-
cally or continuously controlled.

As an illustrative example of the method of calculating
the cumulative log kill, FIG. 4 shows the cumulative log kill
as an area under a log kill rate versus time curve, The arca
under the curve is calculated by integration, ¢.g., counting
the pulses as described above. (The area under the curve of
FI1G. 4 represents a 5 log reduction in Salmonella and thus
does not correspond to the example of ‘lable B.)

As seen in FIG. 4, after an initial time the log kill rate
begins to slope upwards. Thercafter, the log kill rate sub-
stantially levels off. As described above, however, the inter-
nal temperature of the eggs may fluctuate over time, thus, for
example, resulting in fluctuations of the log kill rate, as seen
in F1G. 4. During this process the comparator 600 periodi-
cally or continuously compares the area under the curve,
which reflects the cumulative log kill, to one or more
predetermined values.

Multiple Fluid Systems

Referring (o FIG. 5, a plurality of liquid baths is shown,
This system uses appropriate means for transporting one or
more stacks of eggs between the various baths (and/or zones
of the baths) arc provided. Multiple bath systems are
described in more detail in simultaneously filed Patent
Application entitled “Apparatus And Methods For Pasteur-
zing In-Shell Eggs™.

As an example, a carrier 300 preferably bas, for example,
mounts represented by the combination of wheels 700 and
extensions 800, as shown in FIG. 5. The exemplary mounts
permit a loader/unloader to load and unload the eggs io and
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out of the fluid as well as transport the eggs lalerally rom
one zone or bath to another, as desired.
Two Fluid System

In the two fuid system, the temperature of the first fluid
is preferably higher than the temperature of the second fuid.
For example, the first fluid may be heated to approximately
137.5° I, and the temperature of the second fuid heated to,
for example, approximately 133.5° F. This provides rapid
increase of the Internal cgg temperature to a pastcurization
level and then reduction of the teraperature to avoid impair-

" ing the fuactionality of the outer portions of the eggs. Other

femperatures are also cnntempla(ed for use with..the two
fluid system.

The present system may, for example, calculate the cumu-
lative log kill by integrating an area under a log Kkill rate
versus time curve for the two fluid system, as shown in FIG.
6. F1G. 6 shows the point at which the eggs are moved from
one fluid to the next. In embodiments, the overall speed that
the eggs move while enveloped by the fluid may be adjusted
10 cnsurc proper pastcurization.

As seen in FIG. 6, after an initial time, the log kill cate
begins lo slope upwards. Thereafter, the log kill rate levels
off. As described above, however, the internal temperature
of the eggs may fluctuate over time, thus, for example,
resulting in fluctuations of the log kill rate, as seen in FIG.,
6.

During this process the comparator periodically or con-
tinuously compares the area under the curve lo a predeter-
mined value. The cumulative log kill may be determined by
integrating the area under the curve and comparing the area
to one or more predetermined values.

The cggs processed in the two fluid system may achicve
a desired reduction in Saimonella faster than in the one fluid
system. This is because. the eggs in the two fluid sysiem are
initially enveloped by a higher temperature tluid which
provides rapid increase of the intemal egy temperature Lo a
pasxeurization level, thus accelerating the log kill rate. This,

in tura, may enable the egys to reach a cumulative log kill

faster than in the ooe thuid system

- Three Fluid System

In the three fluid system, for example, the first fluid and
the third fiuid may be at higher temperatures than the second
fluid. For example, they may be heated to approximately
137.5° F., while the second fluid is heated, for example, to
approximately 133.5° F. The highber third temperature per-
mits more rapid pasteurization toward the ¢nd of the process.
Again, other temperatures are also coatemplated for use with
the present invention.

The prescot system may, for example, calculate the cumu-
lative log kill by integrating an area undér a log kill rate
versus time curve for the three fluid system, as shown in
FIG. 7. FIG. 7 shows the point at which the eggs are moved
from ooe Quid 10 the next. As seen in FIG. 7, afler an initial
time, the log kill rate begins to slope upwards. Thereafter the
log kill rate levels off. When the eggs enter the third fluid,
the log kill rate again incrcases. As described above,
however, the internal iemperature of the egg may fluctuate
over time, thus, for example, resulting in Quctuations of the
log kill rate, as seen in FIG. 7.

The eggs in the three fluid system may achieve a desired
reduction in Salmonella faster than in the one and two fluid
systems. The higher first temperature provides rapid
increase of the internal egg temperature to a pasteurization
level and the higher third temperature permits more rapid
pasteurization toward the end of the process, thus acceler-
ating the log kill rate. This, in tum, may cnable the cggs to
reach a cumulative log kill faster than in the one and two
fluid systems.
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Preferred and alternative embodiments of the control
systems and methods for controlling pasteurization of
in-shell eggs have now been deseribed in detail. However,
this description of specific embodiments is merely illustra-
tive of the principles underlying the inveative concepts. It is
contemplated that various modifications of the disclosed
embodiments will, without departing from the spirit and
scope of the invention, be apparent to persons of ordinary
skill in the art.

What is claimed is:

1. A method of controlling pastenrization of m»shell eggs
by a heated fluid, .comprising:

(a) enveloping the eggs by the heated fBuid;

(b) at least periodically determining an internal tempera-
ture of the eggs while the eggs are enveloped Ly (he
heated fluid,

(c) at least periodically determining at least one log kill
rate of Salmonella in the eggs based on the internal
temperature of the cgys;

(d) at least periodically determining a cumulative log kill
of Salmonella as a function of the at least one log kill
rate and lime;

(¢) at least periodically comparing the cumulative log kill
to at least one predetermined value; and

(f) generating a signal when the comparing reveals a
predetermined relationship between the cumulative log
kill and the predetermined value.

2. The method of claim 1, further comprising determining

a time of beginning of pasicurization based on the internal
temperature of the eggs.

3. The method of claim 2, wherein the cumulative log kill

of Salmonella is first determmed after the time of bcgmmng :

of pasteurization.

4. The method of ¢laim 1, wherein the internal tempera-
ture of the eggs is determined by calculation based on a time
the eggs are enveloped by the heated Huid, the temperature
of the beated tluid, an initia} temperamre ofthe cggs and size
of the eggs.”

5. The method of claim 4, wherein the initial temperalure
of the egg is determined by;

(a) determining the sive of the eggs;

(b) monitoring an on-time of at least one heating element
in the heated fluid until a temperature of the heated fluid
after the eggs are enveloped by the heated fluid sub-
stantially cquals a starting temperaturc of the beated
fluid; and

(c) determining the initial lemperature of the eggs based
on the starting temperature of the heated fluid, the
on-time of the heating clements and the size of the
eggs.

6. I'he method of claim 4, wherein the initial temperature
of the eggs is determined by uniformly preheating the egps
to a predetermined initial temperature.

7. The method of claim 4, wherein the initial temperature

of the eggs is determined by monitoring a temperature of the 55

fluid after the eggs are enveloped by the fluid.

8. The method of claim 1, wherein the predetermined
value is calculated based on a total log kill required for a
desired degree of pasteurization.

9. The method of claim 1, wherein the predetermined

value is a predetermined log kill value for a time at which
the comparing takes place.
19. 'The metbod of claim 1, further comprising controlling
the temperature of the heated fluid in response to the signal.
11. The method of ¢laim 1, further comprising removing
the eggs from the heated fluid and cooling the eggs in
response to the signal.

12

12. The method of claim 11, wherein the signal is gen-
erated when the cumulative log kill of Salmonella is at least

3 logs.

13. The method of ¢laim 1, further comprising adjusting
5 adwell time of the epgs in the heated fluid in response to the
signal.

14. 'the method of claim 1, further comprising removing
the eggs from the heated fluid and subsequently discarding,
cooking or breaking the ¢ggs and further processing the cggs
in response to the signal.

15. The method of claim 13, wherein the time at which the
comparing takes place is before a predetermined time at
which sufficient pasteurization is expected to be completed.

16. The method of claim 1, wherein the heated fluid is in
at least two different teroperature zones, and the eggs are
moved from one of the temperature zones to another of the
temperature zones in response to the signal.

17. The method of claim 16, wherein the heated fluid is
liquid and the different temperanure zones comprise separate
baths.

18. The method of claim 1, wherein the heated fluid is a
liquid bath.

19. The method of claim 18, wherein the liquid bath is
vertically perturbated.

20. An apparatus for controlling pasteurization of in-shell
¢ggs by a heated fluid, comprising:

(2) means for enveloping the eggs by the heated fluid;

(b) means for at least periodically determining an intecnal
temperature of the eggs while the eggs are enveloped
by the heated fluid;

- (¢) means for at least periodically determining at least one -
log kil rate of Salmonella in thie eggs ba.sed on the
internal tempecature of the eggs;

(d) means for at least periodically determining a cumu-
lative log kill of Salmonella as a function of the at least
onc log kill rate and time; -

" (c) means for at Icast periodically comparing the cumu-
lative log kill to at least one predetermined value; and

(f) means for generating a sigoal when the comparing
reveals a predetermined relationship between the
cumulative log kill and the predetermined value.

21. The apparatus of claim 20, further comprising:

(1) means for monitoring an on-time of at least one
heating element in the heated Huid until a temperature
of the heated fluid after the eggs are enveloped by the
heated fluid substantially equals a starting temperature
of the heated fluid; and

(b) means for determining the initial temperature of the
eggs based on the starting temperature of the heated
fluid, the on-time of the heating elements and the size
of the eggs.

22. An apparatus for controlling pasteurization of in-shell

eggs in conlact with a heated fluid, comprisiog:

(a) a first calculator that at least periodically determines
an internal temperature of the egys while the cggs are
enveloped by the heated fuid;

(b) a second calculator that at least periodically deter-
mines at least one log kill rate of Salmonella based on

15
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. the internal temperature of the eggs;
(c) a third calculator that at least periodically determines
a cumulative log kill of Salmonella as a function of the
at least one log kill rate and time;
65 (d) a comparator that at least periodically compares the

cumulative log kill to at least one predetermined value;
and
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(c) a signal generator thal geoerates a signal when the
comparator reveals a predetermined relationship
between the cumulative log kill and the predetermined
value.

23. The apparatus of claim 22, further comprising a fourth
calculator that determines a lime of beginning of pasteur-
ization based on the internal temperature of the eggs.

24. The apparatus of claim 22, wherein the first calculator
determines the internal temperatuce of the cggs bascd on a
time the eggs are enveloped by the heated fluid, the tem-
_pcralure ofthe heated fluid; an mmal temperature of the cggs
and size of the eggs.

25. The apparatus of claim 24, further comprising:

(a) an on-time mooitor that monitors an on-time of at least
ooe heating element in the heated fluid until a terpera-
ture of the heated fluid after the eggs are enveloped by
the heated fluid substantially equals a starting tempera-
ture of the heated Huid; and

(b) a fifth calculator that determines the initial tempera-
ture of the eggs based on the starting temperature of the
heated fluid, the on-time of the heating ¢lements and
size of the epgs.

26. The apparatus of claim 24, [urther comprising a
prebeater that preheats the eges 10 a predetermined initial
temperature.

27. The apparatus of claim 22, further comprising a
temperature controller for at least periodically controlling
the temperature of the heated fluid in response to the signal.

28. The apparatus of claim 22, turther comprising an
unloading mechanism configured 1o remove the eggs from
the heated fluid and move the cggs to a coolcr i0 Iesponse
to the signal.

29. The apparatus of claim "2 wherein the predetermined
value is calculated based on a total log kill required for a
desired degree of pasteurization.

30. The apparatus of claim 22, further comprising a dwell
time adjuster to adjust a dwell time of the eggs in the beated
fluid in response to the signal. ' '
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31. The apparatus of claim 22, wherein the heated uid is
in at least two different temperature zones, and the eggs are
moved from onc of the temperature zones to another of the
temperature Zones in response to the signal.

32, The apparatus of claim 31, wherein the heated fluid is

a liquid and the differeat temperature zones comprise sepa-
rate baths.

33. The apparatus of claim 22, wherein the heated fluid is

a liquid in a bath containing a pcrlurbalor for vertically
perturbating the liquid. )

34. The apparatus of claim 22, wherein the first, second :

aod third calculators comprise a processor programmed to
(1) at least periodically determine an internal temperature of
the cgygs, (ii) al least periodically determing al least one log
kill rate and (iit) at least periodically determine a cumulative
log kill.

35. A method of controlling pasteurization of in-shell

eggs, comprising:

(a) preheating the in-shell cggs to a predetermined ipitial
temperature;

(b) further heating the eggs by contact with a heated fluid
while maintainiog a temperature of the heated fluid at
3 substantially constant temperatuce while the eggs are
in conlact with the heated fluid;

(¢) maintaining the in-shell eggs in contact with the
heated luid Tor a predetermined time, wherein the
predetermined time is a fuoction of a cumulative log
kill rate of Salmonella at the temperature of the heated
fluid and a desired log kill level; and

.(d) removing the eggs trom contact with the hcalcd fluid

. at an end of the predetermined time.

36. The method of claim 33, further comprising chilling

the eggs upon removing the eggs from the heated fluid.

L T
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METHOD AND APPARATUS FOR CHILLING Touis et al., The Emergence of Grade A Egys as a Major
IN-SHELL EGGS Source of Salmonella enteritidis Infections, Journal of the

BACKGROUND OF THE INVENTION

The present invention is directed to methods and appa-
ratus for chilling in-shell eggs.

Ordinarily, in-shell eggs are collected from the henbouse,
washed, graded and separated according 1o their grading
(eg., S, M, L, XL, Jumbo and the like). Thereafter,
optionally, the eggs may be pasteurized 1o achieve a 3 1o 5
log or more reduction in the count of various
microorganisms, such as Salmonella enteritidis, associated
with in-shell eggs. Whether pasteurized or not, it is neces-
sary to chill the in-shell eggs in connection with their storage
and transport to comply with US. Department of
Agriculture/Tood and Drug Administration (USDATDA)
requirements. Such eggs should be chilled to a temperature,
for example, from about 41° F. to about 45° F.

Chilling commercial quantitics of in-shell eggs in a refrig-
eration unit is a slow process. ‘lypically, the refrigeration
unit contains chilled air. Without being bound by theory, it
is belicved that duc to the “insulating” propentics of air (i.c.,
poor ability to transfer heat away from, for example, in-shell
cggs), it takes 9-10 days or more to chill commercial
quantities of in-shell eggs (e.g., 270 or more dozen eggs al
a time provided in stack(s) of a plurality of layers of in-shell
eggs) in a refrigerator. Because of the slow nature of the
refrigeration process, conventional means for chilling eggs
are very expensive. During refrigeration, the eggs have to be
stored in expensive refrigerated warehouses for extended
periods of time. In addition, the prolonged chilling times
increase handling costs and reduce the freshness of the eggs.

With respect (o optionally pasteurized eggs, chilling may
be used to stop further pasteurization thereof. Alternatively
(or in addition), eggs may be chilled without pastcurization.
Either way, chilling slows down the growth rate of various
microorganisms (e.2., pathogenic and non-pathogenic bac-
teria such as rot bacteria) that are 1ypically present both on
the shell and inside the shell of a whole egg, including within
the egg albumin and within the egg yolk. Further. chilling
also slows down loss of functionality of the eggs.

With regard to pathogens present on and/or inside an
in-shell egg. especially a chicken cgg, a common pathogen
is Salmonella. A variety of other microorganisms may also
be present on and/or within in-shell chicken eggs. See E. M.
Funk, Pasteurization of Shell Eggs, University of Missouri,
College of Agriculture, Agricultural Experiment Station,
Rescarch Bulletin 364, pp. 1-28 (May 1943), incorporated
herein by reference in its eatirety.

While the following commeats are directed to chicken
cggs, these comments also apply to other types of in-shell
eggs.

In the early 1900's, it was appreciated that chicken eggs
were pathogenically contaminated on their outer shell. Such
contamination was belicved 1o be caused by surface contact
with, for example, fecal matter, contaminated animal feed,
other contaminated material and the like. It was further
believed that in-shell eggs were contaminated within the egg
shell by penetration of pathogens through the checks or
cracks thereof. It was recognized that microorganisms may
cnter the pores of an in-shell ¢gg, especially when being
chilled in cold water. Further, it has only recently been
discovered that bacteria such as Salmonella and, especially,
Salmonella enteritidis, coters the cgg yolk of an in-shell cgg
via trans-ovarian transmission (i.e., from the mother to the
¢gg even before the cge is laid by the hen). See M. E. 8t
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American Medical Association, Vol. 259, No. 14, pp.
2103-2107 (Apr. 8, 1988), incorporated herein by reference
in its entirety.

As noted, chilling is used to slow down the growth rate of
the various microorganisms that may be present within
and/or on in-shell eggs. Chilling may also be used to halt
further pasteurization or cooking of eggs once a desired
level of pastcurization or cooking has been achieved.

The ability to rapidly chill large numbers of in-shell cggs
may be critical to pasteurizing eggs without substantially
impairing egg functionality. This is because eggs are typi-
cally pasteurized by heating them to a desired temperature
range for a desired time. See co-pending Davidson Tnterna-
tional Application No. PCT/US96/13006 (U.S. application
Ser. No. 08/519,184), incorporated herein by reference in its
entirety. See also, International Application No, PCT/US95/
00254 (WO 95/18538), and U.S. Pat. No. 2,423,233, each
incorporated herein by reference io its entirety.

Without rapid chilling of these eggs, they slowly cool
towards room temperature. However, the slow cooling may
result in the eggs spending too much time at an elevated
temperature, causing substantial impairment of egg tunc-
tiopality.

Typically, large volume commercial operations involve
transporting one or more batches of, for example, several
hundred to thousands of dozens of eggs (e.g., 1,000 to 6,000
dozen eggs) at a time. However, ofien times such large
commercial guantities of in-shell eggs cannot be rapidly
chilled together as a single baich sufficient to prevent
substantial impairment of egg functionality (e.g., at least
about 60 Haugh units per baich) using known refrigeration
techniques. Thus, for commercial size operations, in order to
halt further pasteurization and avoid substantial impairment
of egg functionalily, and/or to slow the growth rate of
microorganisms associated with in-shell eggs there is a necd
to rapidly chill a large aumber of in-shell eggs.

When chilling commercial quantities of in-shell eggs, the
ability to maintain their markst quality is critically impor-
tant. For example, the market quality of pasteurized chilled
eggs or unpasteurized chilled eggs should be sufficient o
market them to the public (for consumption). Thus, chilling
of in-shell eggs (with or without prior pasteurization) in a
cost efficient manner is paramount, cspecially for large scale
commercial operations to remain efficient, cost-effective and
suceessful. There is, therefore, a need 1o provide methods
and apparatus for rapidly and cost effectively chilling com-
mercial quantities of in-shell eggs.

SUMMARY OF THE INVENTION

in embodiments of the invention, a process for chilling
in-shell ¢ggs comprises immersing at least one stack of 2
plurality of layers of eggs into at least one cooled liquid until
the eggs are cooled 10 a predetermined temperature hy
dissipating heat from the eggs to the liquid.

The above-noted process may be carried out, for example,
in an apparatus for chilling in-shell eggs comprising a
container for holding a liquid bath; a heat ¢xchanger adapted
to cool liquid in the bath to a predelermined temperature;
and a source of bubbles of at least one gas sufficient to
provide vertical perturbation of the liquid.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A schematically represenis one embodiment of the
claimed process.
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FIG. 1R schematically depicts a perspective view of one
embodiment of carrier for use with the present invention.

FIG. 1C depicls a cross-sectional view of one embodi-
ment of a heat exchanger for use in accordance with the
present invention,

FIG. 1D is a top vicw of the heat cxchanger of FIG. 1C.

FIG. 1E depicts a stack of a plurality of laycrs of in-shell
eggs.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In commercial operations, it is not efficicnt or cost-
effective to chill a single egg, 2 single row or even a single
layer of in-shell eggs at a time. To the contrary, in a
competitive market, it is most desirable to chill at least one
batch of several, tens, hundreds, or thousands of dozens of
eggs together.

To handle large batches of in-shell cggs for transportation
or the like, these in-shell eggs may be provided in a plurality
of layers formed into stacks. The stacks most standard in the
industry contain about 6 layers of in-shell egys per stack (or
multiples thereof. e.g., 12, 18, 24, 30, 36, ¢etc.). Further, gach
layer of in-shell eggs may contain about 30 in-shell eggs (or
multiples thereof, e.g., 60, 90, 120, 150, 180, etc.). When a
plurality of these layers of in-shell eggs are formed into one
or more stacks, the stacks contain in-shell eggs located at
their periphery extending all the way to their center.
Coaveniently, each layer of eggs is held in a 6 egg by 5 ¢gg

flal. Sometimes, such flats may not all be fully filled with 30

eggs; however, incompletely filled flats add to the cost and
inefliciency of the process.

As previously noted, refrigeration of stacks of in-shell
cggs is slow, incfficient, expensive and undesirable. One

reason for the inefficiency is that refrigeration is accom- s

plished by placing the stack(s) of in-shell eggs in a refrig-
cration unit. Thercin, the cggs are surrounded by chilled air.
Because air is a poor conductor of heal, heat slowly dissi-
pates from the eggs to the chilled air and away trom the
eggs. The stack(s) of eggs typically require from about 9-10
or more days ol chilling time lo achieve a chilling
temperature, for example, of about 40-45° F, Withoul being
bound by theory, it is believed that the chilling inefficiency
inherent 1o refrigeration is at lcast partly due to the poor
thermal conductivity of air.

A further problem that has prevented rapid chilling of at
least ooc siack of a plurality of egg layers is that the in-shell
eggs within a stack nearest the periphery of the stack would
chill much faster than the eggs located in the center of the
stack. Without being bound by theory, it is believed that the
eggs oearer the periphery would trap air in the stack and thus
insulate the eggs in the center of the stack. Thus, for
exarple, the result would be that (1) the in-shell eggs
nearest the periphery are properly chilled while the in-shell
eggs nearest the ceater are insufficiently chilled; or (2) for
those eggs that are optionally pasteurized, the in-shell eggs
nearest the peciphery are sufficiently chilled but the in-shell
eggs nearest (he center have their functionality substantially
impaired from staying too long at a high temperature. Other
such undesirable combinations of improper chilling and/or
impaired functionality could also be encountered.

‘Thus, the peripheral eggs of the stack would have chilled
faster than egas centrally located in the stack. As a result, a
disparity in temperature of the eggs in the stack would
become more and more pronounced as the stack and/or
batch size increases, This disparity would have become even
more dramatic when the size of the eggs, the size of the
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layers (i.s., number of eggs per layer). the number ol fayers
per stack and/or the number of stacks being chilled together
in one or more batches of a plurality of stacks are increased.

It is preferred that the chilling cycle for a single batch
{¢.g., one or more stacks of 5 dozen 10 6,000 or more dozen
egos per batch) is several hours or less, preferably from
several minutes to about 1 hour and, more preferably, under
about 15 minutes, for example from about 5 minutes to
about 10 minutes.

According to the invention, it has surprisingly been dis-
covered that at least one stack of a plurality of layers of
in-shell eggs can be rapidly, efficiently and cost-etfectively
chilled at the periphery (or at locations nearest a heat
cxchanger). at locations farthcst away from the heat
exchanger, and in the interior (all the way 1o the center) of
the stack.

In FIG. 1A, stacks 10 and 20 of six layers (e, 1. 1¢, 14,
Le and 1f: see FIG. LE) of in-shell eggs 5 in a plurality of
flats (2a, 2b, 2¢, 2d, 2¢, 2f ard 2g; see FIG. 1E) are shown.
Instead of top flat 2a, a wire mesh cover or the like may be
used. Further, a plurality of stacks 10 and 20 is depicted. At
various stages of the chilling process, these stacks are
immersed in liquid 40, which may be contained in bath 30.
While only one bath 30 is shown, # plurality of baths may
be used. More particularly, the stacks (10 and 20) are
lowered into a receiving zone 60 of bath 30. Further, in
accordagce with various stages of the chilling process as
shown in FIG. 1A, the eggs in the stacks are enveloped by
chilled liquid 40 contained in baths 30.

The desired precision to which the eggs are chilled may
be provided by a combination of several elements. These
elements may include, but are ot limited to, at least one heat
exchanger, at least one lemperature sensor, at least one
means for perturbating fluid in the bath(s) sufficient to
substantially uniformly chill cach of the eggs in the stack,
preferably by vertical perturbation, and one or more flats for
holding the eggs and allowing perturbation of the Auid
around the entire surface of each egg held therein. U.S. Pat,
No. 4,503,320 (Polster), incorporated herein by reference in
its entirety, describes an exemplary temperature sensor and
termperature control system suitable for use in conjunction
with the present invention. See also Patent Cooperation
Treaty application no, PCT/US94/12790 (WO 95/12320),
incorporaled herein by refercnce in its entirety. However,
heat cxchangers may be located in other portions of the bath,
outside the bath, or may even be eliminated if the liquid is
obtained from a cold enough source.

According to the embodiment of FIG. 1A, a plurality of
temperature sensors may be placed throughout bath 30.
Preferahly, at least two sensars per 7one (e.n., 60, 70, 80,
and/or 9) are provided, These sensors are preferably spaced
substantially vertically apan sufficient to accurately monitor
the temperature of liquid 40. These sensors arc also con-
nected to the control system. The temperature sensors and
the conlrol system may thus be used 1o maintain the cooling
temperature sufficient to rapidly chill the stack(s) of in-shell
eggs. If the epgs have been previously pasteurized, then,
preferably, chilling the cggs should be sufticiently rapid to
prevent substantial impairment of their functionality.

A means for perturbating the fluid next lo, between and
around the in-shell eggs in the stacks (¢.g., stacks 10 and 20)
is preferably provided. ‘The perturbation is preferably pro-
vided in a vertical direction emanating from below and
being dirceted upwards towards and through the laycrs of
in-shell eggs. The perturbation should be sufficient to sub-
stantially perturbate the fiuid around the entire surface of
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gach gy held in the stack(s). A preferred means for verti-
cally perturbating a liquid surcounding the in-shell eggs held
in one or more stacks of flats comprises flowing bubbles of
at least one gas, such as CO.(g), Ar(g). air or the like through
liquid 40. Air is, of course, inexpensive, abundant and sale
for handling.

Preferably, the gas is provided through a gas supply line.
Preferably, the gas line outlei(s) are located at or near the
bottom 110 of bath 30. For example, the gas line outlet(s)
may be localed at level L10. Further, the gas line outlet(s) are
preferably located between and/or below the heat exchang-
ers 52, 53, 54, andjor 55 depicted in FIG. 1A. As the gas is
released, bubbles of the gas rise through liquid 40, through
carrier 300, through stacks 10 and 20, through flats 2a-2g,
around the entire surface of cach egg, to the surface 120 of
liquid 40. The bubbles on their way 1o the surface 120 help
to equalize the temperature of liquid 40 and thus the tem-
perature of eggs in the stacks immersed in liquid 40.

In embodiments, the supply of bubbles to perturbate the
fluid around the entire surface of each in-shell egg in one or
more stacks may be provided by a regencrative blower.
Preferably, the regenerative blower will have a capacity
(c.g., measured in cubic feet per minute (CFM)) al least
equal to about the surface area (¢.g., measured in square
feet) of the fluid being perturbated in the bath(s). For
example, for a surface area at surface 120 of about 100
square feet, the blower should have a capacity of generating
at least about 100 CFM of gas.

Now referring 1o FIGS. 1C and 1D, heat exchanging coils
or tubes 52a and 52b may form one or more loops having
heat exchange fluid 40a flowing therein. Additionally, in
FIG. 1C, cross-sections of sets of gas tubes 4a and 4b are
depicted. These gas tubes 4a and 4b provide a source of
bubhles of gas 25 lowing herein and being released into the
bath. Preferably, the gas tubes are located below or adjacent
to chilling tubes 52a and/or 52b. However, configurations
other than that depicted in FIGS. 1C and 1D may also be
used. Such other configurations should be sufficient to
perturbate and thereby uniformly chill liquid 40. It should
also be sufficient to perturbale the fluid along the entire
surface of each egg and thereby ensure uniform chilling of
the cggs in the stacks.

When a plurality of batbs is used, appropriate conveyor
means for transporting one or more stacks of eggs between
the various zones contained therein are provided. Preferably,
however, a single bath may be used. According to the
embodiment of FIG. 1A, eggs are prefecably received n a
batch of stacks of 15 dozen eggs per stack or the like.
Preferably, each stack comprises about 2, 3, 4, 5, 6 or more
perfocated flats (e.g., perforated trays described in greater
detail below for holding at least one layer of eggs per Hat)
of 6, 12, 24 to 30 or more in-shell eggs or the like per fiat.
In ¢cmbodiments, cightcen stacks of cggs may be placed, for
example in two rows of nine stacks per row, on a carrier 300.
Sec FIG. 1B. This carrier is preferably compatible with
standard egg handling equipment used in the egg industry.

Carrier 300 preferably has, for example, mounts repre-
sented by the combination of wheels 700 and extensions 800
shown in F1G. 1A. Other types and configurations of mounts
or other conveying, loading and unloading means may
suitably be used with the present invention as will be readily
understood by one of ordinary skill in the art. Therefore,

while 100 numerous to list, such mounts and such other '

loading, unloading and/or conveying means and conveying
systems are useful in the present invention. The exemplary
mounts (comprising wheels 700 and extensions 800 in FIG.
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1A) permit the loader/unloader to load and unload the slacks
in and out of liquid 40 as well as transport the stacks laterally
from one zone to another as desired. The mounts, if any,
should preferably allow continuous and/or discontinuous
(e.g., intermittent) lateral movement of the stacks of eggs
eaveloped by liquid 40 as well as movement of the stacks in
and out of liquid 40. Alternatively, the stacks may simply be
lowered into liquid 40 until sufficiently chilled and then
1aken out of liquid 40 without any lateral movement of the
stacks.

As depicted in FIG. 1B, carrier 300 may be of a rectan-
gular or square shape; however, any shape sullicient w hold
one ot more stacks mav be used. Further, carrier 300 may be
provided with one or mor¢ intermediate shelves such as
shelf 232 for supporting one or raore rows of stacks such as
10 and 20. Further, some ot all of the faces of carrier 300
should be sufficieatly perforated (i.c., open or permeable) to
permit liquid 40 to readily enter into carrier 300 and to pass
through all the stacks and layers and o envelope all the eggs
contained thercin. Also, carricr 300 should be sufficicntly
open to ensure adequate perturbation, preferably vertical
perturbation, of the liquid over the entire surface of ail the
epgs to ensure uniform cooling of all the eggs. For example,
at least faces 210 and 230 and shelf 232 may be formed from
a wirc mesh or some other open structure sufficient to allow
liquid 40 to envelope all the eggs and yet sirong enough to
support the weight of the stacks whether in or out of liquid
40. 1n addition, carrier 304 is preferably formed of a material
that can be reused and that does not interfers with the
process, apparatus, and flats of the present invention.

Onc or morc carricrs 300 may be uscd. For cxample, one
carrier for each batch A, B, C and D may be provided in the
embodiment of FIG. 1A. Further, while each carrier is
depicted as holding two rows of stacks, any number of one
or more rows, one or more stacks and one or more batches
may be chilled together in onc chilling cycle.

Preferably, the egg carrier 300 is strong enough to hold at
least about 270 dozen eggs while being loaded, unloaded or
otherwise moved by the malerial handling system. In
addition, it is preferred that the carrier 300 be compatible
with standard egg loading, unloading and moving equipment
uscd in the cgg industry. It is preferred that the carrier 300
have a shape and a size such that it rests in a stable position
when placed on a substantially horizontal surface—i.c., the
carriec 300 should not readily tip over either when empty or
when filled with stacks of eggs.

It is also preferred that carrier 300 be heavy enough to
overcome the buoyancy of the perforated Hats and eggs
forming the stacks contained therein, Preferably, the weight
of the carrier 300 should be sufficient such that it will not
Hoat out of its carrier track as it moves through a bath. The
carrier 300 should preferably also maintain the stacks con-
1aincd therein in a relatively sceure fashion such that the
stacks can be readily loaded and unloaded into the carrier
300 and the carrier 300 can be readily moved vertically
and/or laterally through the bath(s) without tipping, breaking
or otherwise damaging the in-shell eggs.

Examples of 4 suitable liquid 40 include water, including
salt water, and the like. The liquid may also compris¢ a
mixtuce of liquids; an emulsion, a dispersion, a suspension
or the like. The liquid may contain one o morg preservalives
or other additives, so long as it is compatible for use with
chilling of in-shell eggs for edible consumption. It is pre-
ferred that the liquid 40 be substantially non-volatile at the
chilling bath temperature, and al ambient temperature and
pressure,
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Relerring to FIG. 1A, bath 30 may, for example, contain
a chilled lLiquid 40 such as water. In the bath, it is possible
to provide several, for example, six or more Zones per bath
(2.g., zones 60, 70, 80, and/or 90 as depicted in FIG. 1A).
Further, it can be belpful to provide additional lateral space
in the bath. It is of course understood that the minimum
width of each zone can be dictated by the size of the carrier
300 10 be used. Further, the minimum height of each bath
can also be determined by the height of carricr 300 and the
space required between the top and bottom rows of stacks of
eggs contained therein. Additional space may aiso be pro-
vided abave the height of the carrier 300 immersed in liquid
40. “Yhis additional height can accommodate the turther
addition of liquid 40 to the bath(s).

While various zones are depicted in the embodiment of
FIG. 1A, it is understood that the bath 30 may only contain
one zone into which the eggs 10 be chilled are immersed and
removed therefrom after appropriate chilling is achieved. In
other words, though lateral movement of the eggs through
the various zones is depicted in FIG. 1A (see arrow 9005),
lateral movement is optional. However the eggs are moved,
it is preferred that the eggs be immersed in liquid 40
sufficicatly to rapidly chill all (or substantially all) of the
eggs in a baich thereof 1o the desired or necessary
temperature, for example a temperature required by the
USDA/FDA,

In addition, it is preferred that the bath be of a sufficient
size 1o allow complete immersion therein of one or more
carriers 300 (fully loaded with one or more stacks of eggs)

without spilling liquid 40 from the bath. Preferably, the bath

contains a drain and a drain system to allow removal of
liquid 40 from the bath as necessary. It is also preferred that
space be provided between cach carrier and any heat
exchangers provided within the bath.

“The bath of FIG. 1A contains liquid 40 which is chilled by
exemplary heat exchangers (¢.g., 52, 53, 54, aud 55). These
heat exchangers may, for example comprise metallic or other
heal conductive material in the form of tubing, preferably
formed to maximize the transfer of heat trom liquid 44 of the
bath to fluid 40a flowing therein. Heat exchangers 5253
may be placed near the bottom and/or sides of the bath.
Alternatively, the heat exchangers may be situated at other
locations of the bath sufficient to rapidly and uniformly chill
the batch of in-shell eggs immersed in liquid 40. Other
configurations may also be used. These configurations
should be sufficicnt to rapidly and uniformly chill the batch
of in-shell eggs immersed in liquid 40. One example of tubes
forming the heat exchangers is shown in FIGS. 1C and 1D.

Typically, the initial temperature of the stack(s) of cggs

being lowered into the receiving zone 60 is from about 70° -

F. 10 about 140° F., for exampie from about 75° F, to about
138° K, from about 90° F. to about 138° F.. or from about
110° F. 10 about 138° F. However, the in-shell eggs may be
warmer or cooler. Thus, the chilling time may vary. During
chilling, these egas preferably release a sufficient amount of
encrgy into liquid 40 1o lower the yolk wmperature of
substantially all the eggs to 1107 K. or lower, for example to
a range from about 35° F. (o about 110° F, prelerably helow
50° F. (e.g. from about 40° F. to about 50° F.), more
preferably below 45° F. (e.g. from about 41° F. 10 aboul 45°
F.) and even more preferably below 42° F.

The chilling time may vary depending upon such factors
as the type of eggs, the number of eggs per layer, the size of
the eggs in each layer, the number of layers, the number of
stack(s), and the initial egy temperature.

Typically, the chilling time for all the stacks is from about
3 minutes to aboul 20 minutes, for example from about 6
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minutes 10 aboul 12 minules or about 9 minutes to about 12
minutes for chilling about 270 dozen eggs contained in at
least one batch of about eighteen stacks of 6 layers per stack,
cach layer containing about 30 in-shell eggs. For example,
it takes about 6 minutes to chill eggs from about 137° F. to
about 80° F. using about 60° F water. Likewise, for exarple,
it takes about 18 minutes 1o chill eggs from about 137° F. t0
about 40° F. using 35° F. water. These eggs may or may not
be pastcurized.

For a water containing bath, exemplary bath temperatures
(for chilling unpasteurized eggs or for chilling pasteurized
cges while mainlaining substantially unimpaired cyg
functionality) are trom about 35° F. to about 75° F. Even
more preferably, the desired bath temperature to which all
the eggs occupying the various zones of the bath are chilled
is from about 33° F.=2° F. 1o about 70°=2° F. Even more
preferably, the desired bath temperature is from about 35°
E=1° F. to about 37° Fx1° F. The precision of the bath
temperature may be loosely or tightly controlled. Examples
of temperature precision include, but are not limited to,
about =4° F., about =3° F., about £2° F., about =1* F., about
£0.1° F. and about £0.03° F.

A plurality of heal exchangers (such as 52, 53, 54, and/or
55) per zone (e.g., 60, 70, 80, and/or 90) may be provided
in liquid 40, Preferably, if a plurality of heat exchangers is
provided per zone, then the heat exchangers may be sub-
stantially equally spaced apart. However, the heat exchang-
ers should be located 10 advantageously maintain the desired
liquid temperature substantially uniformly throughout the
bath. In addition to heat exchangers, at least one lemperature
sensor is preferably connected to the bath 30.

Ordinarily, the first zone 70, intermediate zone(s) 80,
and/or exit zone %0 are provided with at least one heat
exchanger. Optionally, the receiving zone 60 is also pro-
vided with at least one heat exchanger (e.g. 52). The heat
exchangers are preferably disposed adjacent to and below
the lowest stack (e.g.. stack 20) and separated by a distance
3. Distance 3 depends, for example, upon the chilling
capacity of heat exchangers such as 52, 53, 54, and 55.
Distance 3 should be sufficient 1o allow chilling of all eggs
provided within all stacks of at Teast one baich (e.g., batch
A of slacks 10 and 20 depicted in FIG. 1A) in one chilling
cycle.

While the receiving zone 60, the first zone 70, the optional
intermediatc zone 80 and the cxit zonc 90 arc depicted as
part of a single bath 30 in FIG. 1A, some or all of these
various zones may cach comprise a scparate bath. In
addition, while these zones are discretely represented in
FIG. 1A, the zoae boundaries (not shown) can be contracted
or cxpanded 1o accommeodate the size of the cggs, the size
of the batch, the type of epg (e.g., chicken egg versus other
types of eggs), the level of chilling desired, the bath
temperatures, and the like. Thus, for example, zone 60 and
the other zones may be narrower or wider depending on at
Jeast the above-noted factors, and may even be combined
into a single area of a single bath.

In FIG. 1A, each of the zones 60, 70, 80, and 90 is
depicted with one heat cxchanger 52, 53, 54, and 55 per
zone, respectively. While FIG. 1A depicts an embodiment of
the invention, the oumber and location of zones, heat
exchangers and lemperature sensors, means for perturbation
of liquid 40 and the like may be varied so that the rapid
chilling of one or more stacks of a plurality of layers of
in-shell eggs can be accomplished.

Thus, for example, for chilling 350 stacks of in-shell eggs
containing 6 layers per stack of 30 in-shell eggs per layer,
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the 10tal chilling eycle time may, in embadiments, be from
about 2 minutes to about 3 hours, preterably, under 2 hours,
and more preferably, well under 1 bour (e.g., from about 6
minutes to about 20 minutes).

Preferably, when all of the liquid 40 in the zones (e.g., 60,
70, 80, and/or 90) is appropriately chilled, the system is
readly to receive a batch of one of more stacks of eggs. Thus,
a loader or a material handling sysiemn (MHS) engages a
loaded carrier 300 for transport. See FIG. 1B for a depiction
of an exemplary carrier 300 filled with a plucality of stacks
of eggs. The loader then lowers carrier 300 into receiving
zone 60,

Then, referring (o FIG. 1A, the conveyor 600 may move
the cggs from zonc 60 to zonc 70 in, for cxample, bath 30.
Further, in general, conveyor 600 may be used to move eggs
from one zone 1o any one of the other zones of a single or
multiple baths.

In FIG. 1A, dashed lines outlining carrier 300 loaded with

batch D indicate the position of batch D immediately before

its removal from bath 30. In general, arrow 90056 (F1G. 1A)
indicates the overall direction of movement of a single batch
through the apparatus of FIG. 1A. Tt is noted that movement
in the direction of arrow 9006 is optional and may be
continuous or intermitient (i.e,, discontinuous) or some
combination thereof.

The loader may be configured to load batch A into liquid
40 and unload batch D out of liquid 40. While such a loader
or ils mation in and oul of liquid 40 is not shown, it is
imputed herein and is readily understood by one of ordinary
skill in the art of moving in-shell eggs, especially chicken
cggs and the like.

Typically, the movement of stacks of ¢ggs from one zone
to another is accomplished sequentially and/or simulta-
neously. IT transferred sequentially, any of the stacks of eggs
in the exil zone 90 are removed first, then eggs nearest the
exit zone (e.g., zone 80) are transferred to the exit zone 90
and 50 oo until eggs from the recciving zooe 60 are trans-
ferred to the first zone 70.

By the time the eggs have been tinally removed trom exit
zone 90, that batch of eggs has been sufficiently chilled in a
substantially uniform and rapid manner lo a safc storage
and/or transportation temperature to avoid growth of patho-
gens (associated with the eggs) to an unacceptable level for
human consumption.

‘Ihe chilling cycle represents the time from the moment
the stacks are enveloped by the chilled liquid until the eggs
arc finally removed from the chilled liquid for the last time.

During a single complete chilling cycle of at least one
batch of stacked layers of in-shell eggs, the temperature of
the egy albumin, ey yolk and the intact shell should be
sufficiently lowered to maintain the eggs suitable for pro-
longed storage and subsequent consurnplion.

During chilling of in-shell eggs, the in-shell egg contents
are cooled and thus contract. As a result, if the pores of an
in-shell egg are not encapsulated (e.g., in a wax shell) or are
not otherwise sealed (c.g., with wax), then during chilling,
the chilling liquid and other surrounding malerials (e.g..
including, but not limited to, pathogens, other
micoroorganisms., other conlaminants, other chemicals and
the like) may be sucked into the in-shell egg through its
pores.

Further, Applicanis have observed tbat in-shell eggs
readily shed surface liquid (c.g., water and the like) and dry
more quickly, if waxed. Alternatively stated, waxed in-shell
cggs dry faster than un-waxed in-shell eggs afler exposure to

30

a8

40

45

58

60

10

a cool chilling liquid. Thus, prior (o chilling, the in-shell
epgs may optionally be waxed to form an external wax
coating around the egg and/or 10 seal the pores of the in-shell
egg. See simultaneously filed co-pending U.S. patent appli-
cation Ser. No. 09/001,674 (WPB 39609), incorporated
herein by reference in its entirety. Further, the waxing of
in-shell eggs may be accomplished immediately after or
concurrently with pasteurization thereof. See simulta-
ncously filed U.S. patent application Scr. No. 09/002,244
(WPB 39608) and Ser. No. 09,001,677 (WPB 35611),
incorporated herein by reference in their entirety, for a
description of exemplary pasteurization procedures and
equipment.

What is claimed is:

1. A process for chilling in-shell eggs, comprising
immersing at least one stack of a plurality of layers of said
eggs into at least one cooled liquid umtil said eggs are cooled
to a predetermined tempecature by dissipating heat from said
egas to said liquid, wherein said liquid is vertically pertur-
bated by introducing bubbles of gas into an arca of said
liquid below said immersed eggs.

2. The process of claim 1, wherein said liquid is vertically
perturbated to substantially equalize a temperature of said
liquid.

3. The apparatus of claim 1, wherein said predetermined
lemperature is at least about 33° F.

4. The process of claim 1, wherein said bubbles perturbate
said fluid along substantially an eatire surface of shells of
cach of said eggs.

5. 'Ihe process of claim 1, wherein said at least one stack
comprises at least 6 said layers.

6. The process of claim 2, whercin said at lcast onc stack
comprises at least 12 said layers.

7. The process of claim 5, whercin cach of said layers
comprises at least 24 said eggs.

8. The process of claim 6, wherein gach of said layers
comprises at least 24 said eggs.

9. The process of claim 1, wherein all of said eggs are
substantially uniformly cooled to said predelermined tem-
perature without cracking shells of any of said eggs.

10. The process of claim 9, wherein said predetermined
temperature is below 50° F.

11. The process of claim 10, wherein said predetermined
temperature is below 45° T

12. The process of claim 11, wherein said predetermined
temperature is below 42° F.

13. ‘Ihe process of claim 1, wherein said plurality of
layers of said eggs are held in a plurality of flats, each fiat
holding at lcast onc layer of said cggs in cooperation with
another vertically adjacent flat.

14, The process of claim 13, wherein said flats are stacked
to form at least one cavity for loosely holding said eggs in
said egg layers.

15. The process of claim 14. wherein said vertical per-
turbation is provided by introducing said bubbles through
said flats, through said layers of said eggs and around an
entire surface of each of said eggs.

16. The process of claim 15, wherein said stackeéd flats
form a plurality of cavities configured to allow said bubbles
1o propagate through said cavities, through said egg layers
and along the entire surface of said eggs in said cavities, and
wherein each cavity is sufficient 1o loosely hold one egg.

17. The process of claim 1, wherein said eggs are at a
pasteurization temperature, and wherein said chilling pro-
cess stops further pasteurization of said eggs.

18. The process of claim 17, wherein porces of shells of
said eggs are sealed with wax adhesively scaled to said
shells before said eggs are immersed in said liquid.
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19. The process of claim 1, wherein pores of shells of said
eggs are sealed belore said eggs are chilled.

20. The process of claim 19, wherein said pores are sealed
with wax adhesively sealed 1o said shells.

21. The process of claim 1, wherein said eggs are
immersed in said liquid following washing and grading of
said eggs and before relrigerated storage or shipping of said
eggs.

22. The appacatus of claim 1, wherein said at least onc
stack of a plurality of layers of said eggs is immersed in said
al least one cooled liquid for one hour or less.

23. An apparatus for cooling in-shell eggs comprising;

a container for holding a liquid bath;

a hcat cxchanger adapled (o cool liquid in said bath to a

predetermined temperature below 50° F.; and

i

12

a source of bubbles of at least one gas al a lower portion
of said bath to provide vertical perturbation of said
liquid;

wherein said container is configured to hold at least one
stack of a plurality of layers of cpgs io said liquid bath.

24, The apparatus of claim 23, wherein said liquid is water

and said predetermined temperature is below 45° F,
25. The apparatus of claim 23, wherein said source of

10 bubbles is below a location of a bottom of said stack and is

adapted 1o cause said bubbles to vertically penturbate said
liguid alony an eatire surface of shells of each of said egps.
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February 17, 2000

Mr. Gregg Clanton
Operations Manager

ISE America, Inc.

3335 Galena Sassafrass Road
Golts, MD 21637

Dear Mr. Clanton:

We understand that you have recently entered into sn arrangement with the Davidson
Group Shell Egg Corporation, Pasteurized Eggs, L.P. or John Davidson for the
production of pasteurized eggs in the shell. We understand this facility will be located in
Maryland and the business will be conducted in conjunction with Koftkoff Egg
Company.

I would like to zemind you that on March 3, 1997 you entered into a confidentiality

agreement with Michael Foods. As aresult of agreeing to its terms, you received —
rSiBetantial confidential injormagioip from Michae! Foods which¢glGwed you to assess the)

Ao eroT o pasteurized shell egg process for your business base. You then received
sample products from oux Wakefield, Nebraska plant in May of 1997.

As you may or may not know, since that time Michael Foods® licensor, the University of
Missouri, has received a patens for its process whosc claims cover a process for the
pasteurization of cggs in the ghell. Michael Foods believes that the process that you
intend to use may infringe this patent. A copy of the patent is enclosed for your
convenience. Please be advised that Michael Foods will vigorously defend its intellectual

propesty rights if necessacy.

Please describe to us why you believe that the process you are about to use does not
employ the information disclosed by us to you under the confidentiality agreement and
why you believe it will not infiinge our patent. If you are unable to do so, we request that
you do not commente, or discontinue if you have commenced, sale of products produced

using the infringing process.

I look forward to your response.

"




