@ 120 Tower Street South
MICI']AEL Gaylord, MN 55334
Tel. 952-258-4698

RECEIVED
FSIS NOCHET POOH
November 15, 2004 oL NOV 27 AH 8: 3k 04-034N
04-034N-5
Docket Clerk Hershell Ball

U. S. Department of Agriculture

Food Safety and Inspection Service

300 12" Street, S.W., Room 102, Cotton Annex
Washington, DC 20250

Re: U.S. Department of Agriculture, Food Safety and Inspection Service, Docket No. 04-034N

Dear Sir/Madam:

The following comments and attached materials are submitted in response to publication of the
guantitative risk assessments on Salmonella Enteritidis (SE) in shell eggs and Salmonella spp. in
liquid egg products.

General Comments:
Comment period not sufficient and important information not provided.

The comments and submitted materials are offered for further consideration by the scientific staff
responsible for preparing the risk assessment reports. Unfortunately, the public has been given a
very short span of time to review the extensive draft assessments and the supporting materials
presented in the Annexes. It would seem appropriate to allow additional time for review given
that it is obvious that the FSIS has spent at least two years and utilized an extensive team of
scientist including experts in statistics, risk assessment, microbiology, and food processing to
prepare the risk assessments presented October 22, 2004. |t is not reasonable to expect that
individuals, impacted industry, or trade associations have had the time to conduct reviews and
assemble appropriate expertise to comment in detail within the time allocated for public
comments (Federal Register, Vol. 69, No. 192, October 5, 2004).

It would also be appropriate to provide information used in preparation of the drafts, but not
available to the public. They include (1) several citations of “Personal Communications” used in
support of develop of assumptions or analysis of data; (2) the complete presentation of the “Base
Line Study” used to anchor the risk assessment for pasteurized egg products; and (3) studies
conducted by Research Triangle Institute for the FSIS and used to support development of
assumptions and analysis of data for the assessments.

Comments Regarding Salmonella Enteritidis (SE) in Shell Eggs:

Assumptions for growth of SE in pasteurized shell eggs using the estimators built
from evaluation of temperature and the “Yolk Membrane Breakdown” hypothesis
overestimate should be reevaluated.

In the draft risk assessment the there is a brief discussion (Chapter 3 Exposure Assessment,
pages 38-39) about the “yolk membrane breakdown” hypothesis that acknowledges the event(s)
or process(s) is not well understood or defined. The hypothesis reiates some change in the yolk
membrane that that allows rapid growth of SE in an egg that also appears to be related to the
storage temperature history of an egg. It is well accepted that both albumen guality and yolk
membrane integrity are affected by temperature history. For shell eggs that have not been
treated to stabilize the albumen for example by refrigeration, oiling the shell, thermostablization,
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or pasteurization it is expected that there will be deterioration of the yolk membrane as indicated
by reduction in yolk index or weakness and fragility of the membrane.

Shell eggs that have been treated to stabilize interior quality of the egg as measured by albumen
quality (Haugh Units) will also have associated maintenance of the yolk membrane quality. Qiling
the shelis, theromostabilization, and pasteurization of shell eggs stabilizes albumen quality and
yolk membrane quality. Stadelman’s (1986) chapter, The preservation of quality in shell eggs. In
Egg Science and Technology, 3" edition. The Haworth Press Inc., Binghamton, NY. gives a good
overview of the relationships of albumen and yolk qyality and methods to preserve gquality.
Schuman et al. (1997) in Jouranl! of Applied Microbiology Vol. 83, 438-444, presented results
showing that pasteurization of shell eggs did not harm the albumen quality as measured by
Haugh Units or yolk membrane quality as measured by yolk index.

Earlier unpublished research conducted at the University of Missouri-Columbia on pasteurization
of shell eggs reported Haugh Units after four weeks of storage at 22.2°C for pasteurized eggs
that would indicate albumen quality equal to that of USDA Grade A or AA eggs (report entitled
Thermal Destruction of Sa/monella Enteritidis in Shell Eggs, prepared by H. R. Ball is attached).

Quality Attributes of Thermally Treated Shell Eggs with and without Oiling after Four
Weeks Storage at 22.2 °C (72°F) and 7.2 °C (45°F).

Treatments Albumen pH Albumen pH Haugh Units Haugh Units
No Oil 22.2°C (72°F) 7.2°C (45°F 22.2°C (72°F) 7.2°C (45°F)
No Heat 9.3 9.2 20 60
56.75°C, 36 min. 9.2 8.9 78 82

57.5 C° 23 min. 9.2 9.1 74 82
Oiled

No Heat 8.0 8.1 58 70
56.75°C, 36 min. 79 8.2 80 80

57.5 C° 23 min. 8.0 8.1 81 82

Schuman et al. (1997) reported Haugh Unit vaiues after treatment in a 58°C water bath of 80.7
Haugh Units. That observation determined within hours of heat treatment is similar to the Hugh
Unit data above. As noted in Schuman et al. (1997), the thermal treatments improve Haugh Units
but had no effect on yolk index.

The Missouri data and Schuman et al. (1997) show a positive effect on the indicator of albumen
quality with no effect on yolk index. The data also shows that the effect is maintained through at
least 4 weeks of storage at 72°F. Since the bulk of the prior literature shows positive
relationships between maintenance of albumen quality and yolk membrane quality for eggs in
general, it could reasonably be assumed that the positive albumen quality result that occurs with
shell egg pasteurization also maintains yolk membrane quality.

Maintenance of egg quality indicators even at temperatures above 45°F argue against
acceptance of assumptions for growth of SE in pasteurized shell eggs using the estimators built
from evaluation of temperature/time and the “Yolk Membrane Breakdown” hypothesis for non-
pasteurized shell eggs.

Assumptions for SE surviving shell egg pasteurization should be reviewed and
lowered.

The United States Department of Agriculture, Agriculture marketing Service and the U.S. Food
and Drug Administration have jointly established a requirement that shells eggs designated as
pasteurized must be subjected to a treatment that yields a minimum 5-log reduction of viable
salmonellae (Federal Register 62(185):49955-49957. Docket PY-97-008). Because of this
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existing regulation it is not clear why time an effort was devoted to evaluation of 3-log reduction
processes. Those pracess would not be by regulation pasteurization processes or be expected
to have creditability for food safety. In contrast to the 3-log reduction approach, the portions of
the risk assessment for pasteurized egg products seemed to refer to USDA Egg Products
Inspection regulation minimums in those discussions.

Some of the discussions in the draft report and Annex discuss the lack of information about the
lethality of SE located in other portions of the egg other than the center of the yolk. Schuman et
al. (1997), Hou et al. (1996) (Food Microbiology, 13, 93-101.), and Brackett et al. (2001) {(Journal
of Food Protection 64, 934-938) report destruction of SE in the center of the yolk, assumed to the
worst case situation because of potential high numbers and slowest portion of egg to heat.
Although the heating medias were different in Schuman et al. and Bracket et al., the time-
temperature curves were essentially the same with essentially equal lethality reported.

Because of conduction heating, heat is transferred from the media through the shell, shell
membranes, albumen, yolk membrane and final to center of the yolk. Although time-temperature
profiles have not been fully developed for the different portions of the eggs during pasteurization
processes evaluated, it is logical o assume that those portions nearest the heating media reach
temperatures of the media from one to five minutes or less than time required to reach
temperature in the center of the yolk.

The University of Missouri studies described above and attached, showed up to 6-log reductions
of SE inoculated on the surface of the yolk membrane in less than 27 minutes in 57.5 °C water
bath, less than 32 minutes in 56.7 °C water bath, and less than 45 minutes in 56 °C water bath.

Schuman et al. (1997) reported center yolk temperatures of 55.3 to 56.2 °C and log reductions of
4.3 and 4.83 respectively for eggs held 35 minutes in a 57 °C water bath.

Bracket et al. (2001) reported center yolk temperatures of 56.12 and 56.18 °C and log reductions
of 6.13 and 6.21 for eggs held in humid heated air for 30 minutes at 57.2°C.

The residence time of 27 minutes in a 57.5 °C water bath used in the Missouri study is
approximately the come-up time required to achieve pasteurization temperatures if the
pasteurization process is define by time at temperature in the center of the yolk. The risk
assessment draft did not adequately define shell egg pasteurization as used in the context of the
report. Definition including time and temperature as well as minimum required log reduction at a
specific location in the egg should be included.

When considering the conductive nature of heat transfer in water immersion or humid air heating,
if minimum 5-log reduction processes defined for center yolk are used it is unlikely that there
would be any survivors in any portion of the egg outside of the yolk.

Based on reported D-value of approximately 2 minutes at 56.7 °C for pH 8.8 egg white
(UEAJAEB, 2002, International Egg Pasteurization Manual), an optimum egg white pH for best
visual qualities of pasteurized shell eggs) and assuming that the temperature of the egg white
from shell to the yolk membrane was at 56 °C in 30 minutes (Bracket et al. 2001) or 35 minutes
{Schuman et al. 1997) the log reductions would be 15 and 17.5 respectively for SE in the
albumen.

If 5-log reduction process for center yolk, i.e., time and temperature at center of the yolk, are used
there will always be 2-3-log reduction occurring in the yolk as the center yolk temperatures are
approaching the process control temperature. Seven to 8-log reductions would be expected for
the total process with no survivors in the albumen.
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Given the above and assuming that minimum legal pasteurization process must deliver a 5-log
reduction minimum in the center of the yolk, it seems reasonable that the assumptions for survival
of SE after pasteurization should be lowered.

At this time there are only two producers of pasteurized shell eggs. The process used by Michael
Foods, Inc. is defined for a 5-log minimum reduction in the center of the yolk.

Comments Regarding Salmonella spp. In Liquid Egg Products:

50,000 illnesses attributable to Salmonella spp. In liquid egg products seems
unreasonable.

Given that there have been no documented ilinesses attributable to Salmonella spp. from
pasteurized liquid egg products it seems reasonable to question the assumptions used to develop
the estimate of 50,000 illnesses per year. The estimates seemed to be anchored based on the
incidence of Salmonella spp. positive egg white samples found in the base-line study. There
could also be some fundamental issues with assumptions used to estimate numbers surviving,
growth post-pasteurization, and portions of egg consumed in prepared foods.

The draft report and Annex discuss the broad assumptions that equal portions of each type of
egg would be consumed and that the analysis did not deal with food formulation or preparation
practices that in themselves would not allow illnesses to develop.

Although the base line study reported finding positive samples, we do not know if the producing
plants would have also determined that the product was contaminated and held for rework or
disposal. The study did not consider the possibility that a significant portion of positive product
could be detected at the plant level and not allowed to move to distribution. If the risk
assessments can use assumptions of survival of Salmonella spp. and subsequent growth, it
would seem reasonable to also use assumptions that quality and food safety programs would
prevent a portion of positive product from moving to market.

A correction for intervention of quality programs should be included in the determination of risk.
The base line study as reported lacks critical information.

At this time the details of the base line study have not been fully presented. For example one
must assume at this time that all samples were sent as liquid samples with sufficient refrigeration
and insulation to keep them at temperatures less than 40°F. That detail has not been discussed.

For samples having the higher estimates of Salmonella spp. we do not have confirmation that
temperature of the samples were known at time of reception.

The discussions in the Annex and draft report indicate that there could be uncertainty in the
uniformity of sampling which could impact on the results.

We do not know the pasteurization process associated with the samples, minimally the
temperature and hold time. This is especially critical for understanding the data relative to
survival of Salmonella spp. reported in egg white samples. Did the processes include use of pH
adjustment as permitted as a process aid? Were they with or without hydrogen peroxide? Were
they after hot room treatment for dried whites?

Other critical information would be total aerobic plate count for the raw egg samples prior to
pasteurization and relation to estimated content of Salmonella spp.

Food Safety and Inspection Service, Docket No. 04-034N
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New data describing the pH effect on lethality of Saimonella spp. in white based
egg substitute.

During the public meeting where the risk assessments were presented. There was an invitation
for additional information on several topics that relate to effectiveness of pasteurization
processes. The pH of egg white has been recognized as being important to lethality of egg white
pasteurization processes. The UEA/AED (2002) study reported lethality at pH values 7.8, 8.2,
8.8, and 9.3. D-vales for egg white at 9.3 were significantly lower than those for the lower pH
values. The lower pH values are more consistent with fresher egg generally used for processing.
The UEA/AEB (2002) report indicated a pH effect with lethality generally higher as pH increased.

Included with these comments are an internal report and raw data evaluating the effect that pH of
an egg substitute (38% egg white) has on lethality of Saimonella spp. As pH increased from 8.2
t0 9.0, Dya50r decreased from 1.02 to 0.69 minutes. The results provide additional information
that generally supports the understanding that lethality of egg white based liquid egg producis is
enhanced at higher useful pH values. This provides an approach that has long been recognized
as an effective aid to pasteurization of whites.

As noted above, knowing the details of the pasteurization processes applied to the egg white
samples that were positive for Salmonella spp. would be useful. It would also be useful to
understand the general use of pH control for assisting egg white pasteurization.

Concluding Comments:

The USDA, FSIS staff and others contributing to the risk assessments have devoted may hours
to data collection and data analysis. The drafts provide an excellent base for discussion with the
intent to enhance public safety by reducing the risk of illnesses due to Salmonella spp. it is our
conclusions that time to study the drafts should be extended and that the additional disclosure of
some of the critical data be provided.

We also believe that the estimated ilinesses attributed to pasteurized shell eggs and pasteurized
liquid egg products are over stated. Specific points of concern and suggested reasons for
reconsidering some of the assumptions used are presented above.

it is difficult for me to adequately review the “science” and “statistical” theories used in developing
the various equations to assign risk. However there seems to be some opportunity to further
enhance the understanding of the characteristics of pasteurized shell eggs and egg products that
may allow building of assumptions that are more closely related to on going experience and
science/technology of the products under study.

Respectfully,

ettt Bl k.

Hershell Ball, Jr., Ph.D.
Vice President
Michael Foods, Inc.

Enclosures
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HRB Research & Development
3245 Grand Oak Lane
New Hill, NC 27562
919-387-8199

June 11, 1993

Connie M. Armentrout
Coordinator

University Patents & Licensing
University of Missouri System
509 Lewis hall

Columbia, MO 65211

Dear Ms. Armentrout:

Enclosed is a revised draft of a manuscript and analysis of
data provided to me by Dr. Vandepo i -

Please have cbpies of the draft sent to Joe, Jesse, and Owen
for their comments.

Sincerely,

Uil oud, .

Hershell Ball, Jr.

cc: J. M. Shapiro

/W;LW Foods 11-1507
USOA/FSTS ket #og-034n
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THERMAL DESTRUCTION OF SALMONELLA ENTERITIDIS IN SHELL EGGS

Introduction

It is well know that Salmonella organisms have been
associated with egg products for many years. Moré recently
Salmonella enteritidis (SE) has been detected within the shell
egg. It is currently a major concern. SE is heat labile and can
be destroyed by a relatively low temperature. The objectives of
this study were to déétroy SE within the shell egg and evaluate
the processing treatment on interior egg quality.

Thermal treatments of shell eggs to prgvent embryonic growth
in fertile eggs, to reduce the i;cidence of spoilage during long
term storage, and maintain internal quality received considerable
research attention during the decade of 1943 to 1953. Stadelman
(1986) presents a concise review of that research. The heating
of shell eggs in hot water or oil at various temperatures and
times has been named "thermostébilization." The egg industry at
that time was very different in that most of the eggs were
produced by small flocks and the majority of eggs used by the
food industry were collected as seasonal surpluses in‘the Spring.
As a result of the production practices in those days, the eggs
were more likely to lose interior quality, or become unfit for
human consumption because of undesirable bacterial growth or
embryonic development. As assessed in Stadelman's review, there
were several articles published concerning "thermostabilization"

methods to help overcome those problems. puring that period,
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Dr. E. M. Funk was granted a U.S. Patent for thermostabilizing
shell eggs (Funk, 1947). While there were discussions of
reducing bacterial rots in shell eggs by thermostabilization, it
is interesting to note that the researchers involved or others to
date have not suggested that those treatments would be capable of
resulting in sufficient destruction of Salmonella sp. to consider
those treatments as pasteurization. ‘

As egg washing technology improved,positive benefits from
high wash water temperatures were noted. Bierer and Barnett
(1961) reported that as the temperature of wash water was
increased, the number of recoveries from Salmonella contaminated
eggs decreased. Washing at 150° F for either 1 or 3 minutes

resulted in complete kill of S. pullorum and S. gallinarum, and

99.5 - 100% kill of S. typhimurium,.

The increased occurrence of outbreaks of gastroenteritis due
to S. enteritidis related to the consumption of grade A shell
eggs (Lin et al., 1988) has resulted %n several studies
concerning the control of that organism. Phelps (1992) stated
that when layers were inoculated intravenously with 10° and 10°
SE, heavy infection of the ovaries occurred and some infection
persisted for several weeks. Nearly all of the ovarian
infections were confined to the interstitial tissue and not to
the yolk contained in the large follicles. Infections of the

ovary did not result from contamination from infected air sacs
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and none of the eggs contained SE. Hens infected orally gave
similar results to those following intravenous injection although
the number of isolations found in the ceca and cloaca were
higher. SE was isolated from less than 0.3% of the eggs into
which SE bacteria were injected, whereas 10 times as many were
cultured in eggs that were contaminated on the shells only.

Gast and Beard (1991) inoculated laying hens orally with a
phage type 13a strain of SE. Only 3% of the freshly laid eggs
and 4% of the eggs held for 7 days at refrigerator temperature
sere identified as having SE contaminated contents, whereas SE
was isolated from the contents of 16% of the eggs held for 7 days
at room temperature. Most contaminated eggs contained generally

less than 10 cells/ml and rarely exceeding 100/ml.

Materials and Methods

Two experiments were conducted to determine the thermal
resistance of SE (phage type 8) in artificially infected shell
eggs and the resulting changes in interior quality due to
elevated processing temperatures.' During the first experiment
fresh shell eggs weighing approximately 62 grams eﬁfh were
obtained form the University research unit. The eggs were dipped
in an iodoform solution, excess solution was removed with a
catlin gauze and permitted to air dry on sterile plastic egg
flats. Each egg was inoculated with 10°* viable cells from a 24

hour Trypticase soy broth culture of SE (phage type 8). The
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shell was perforated with a sterile blunt 18 gauge needle. A
sterile blunt glass needle on a 10u liter pipet was used to
inject the culture near the yolk surface and the hole in the
shell was then sealed with a small piece of aluminum foil and
Super Glue. Groups of 36 eggs each were subjected to
temperatures of 22.2 (unheated control), 56, 56.75 and 57.5°C.
Eggs within a temperature-group were subjected to a range of
heating time periods ranging from 15 to 45 minutes. The study
was replicated in time. Heating was carried out in a shaking
water bath equipped with polyethylene egg flats perforated with
numerous 1 cm holes to increase water circulation around the
eggs.

Immediately following heat treatment, each egg was broken
separately and the albumen plus yolk was mixed for 30 seconds in
a sterile Stomacher bag containing 200 ml of lactbse broth using
a Stomacher Lab - Blender 400'. The mixed egg content was
incubated in a sterile glass container for 24 yours at 39°C. A
representative culture was then transferred to selenite-cystein
broth and incubated for 24 hours at 39-C. The incubated culture
was streaked on brilliant green agar plates and iqgubéted for 24
hours at 39 C. The suspect colonies were transferred to TSI
slants.

The second experiment was conducted to evaluate the effect
of heating, oiling and storage on interior egg quality. Four

storage treatments of zero, one, two and four weeks were used,
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each with oiled and non-oiled eggs. The eggs were heated in a
water bath at 56.75°C for 36 minutes and 57.5°C for 23 minutes.
Eggs were oiled following heat treatment. Thirty eggs from the
control and each treatment were stored at room temperature
(22.2°C) and 7.2°C.

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

Results and Discussion
Microbiology

Table 1 presents the results of the thermal treatments on
the survival of S. enteritidis inoculated into shell eggs. As
temperature increased, the time required to obtain salmonella
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 required to obtain eggs negative for
salmonella. Times at temperatures where none of the twelve
inoculated eggs were positive, were used in a regression equation
to determine the thermal death time curve (TDTC) Q;esénted in
Figure 1. The equation for the line is:

log t = -0.1216*T + 8.4274

where time is minutes and T is temperature °C. The R’ fer—t—ies = d.76.
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Since the line is based on a relatively small number of
samples over a limited temperature range, it is probably best to
consider the line as a workable approximation or an apparent F,
line for S. enteritidis in shell eggs. The temperature range and
times used to obtain the data were selected with the intent of
determining tﬁét commercially reasonable thermal treatments would
have sufficient lethality for Salmonella sp. It is expected that
the increasing the number of samples and extending the
temperature range would result is 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 probably
be less than 60°C (Funk 1947). At temperatures in the range of
55 to 65°C, Cotterill et al. (1973) generally found linear TDTC
for destruction of S. oranienburg. It is anticipated that the F,
line for Salmonella sp. in shell egg is also linear over that

temperature range.

It is established that different strains of Salmonella sp.,

the type of egg product, and other environmental conditions will

effect the thermal inactivation of Salmonella sp. Shah et al.
(1991) presented D values for 17 strains of S. enégritidis in
whole egg ranging from 13.7 to 31.3 seconds at 60°C. The average
D was 19.2+5.4 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
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the thermal resistance of Salmonella sp. When evaluating the
thermal resistance of Salmonella sp. in intact shell eggs, the
location of the bacteria within the egg becomes important. The
thermal resistance of Salmonella sp. in different egg products is
as follows: plain yolk> whole egg or pH 7 egg white> pH 9 egg
white (USDA, 1969).

In this study, the culture was placed in the egg white near
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 egg white of naturally infected eggs
produced by infected hens (Gast and Beard, 1992; Beard, 1993).
The apparent F, line was plotted in Figure 2, a redrawing of
Figure 6 from the Eqg Pasteurization Manual (USDA, 1969). This
allows a visual evaluation of the thermal processes applied to
intact shell eggs relative to accepted minimal pasteurization
processes for liquid egg products. Minimal pasteurization
processes are expected to produce a 9 log reduction in the
numbers of Salmonella sp.

When comparing the apparent F, line and actual processes to
the lines for pH 9 egg white and whole egg or pﬂ/? egg white, the
shell egg processes seem 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 eggs in this study ranged from 8.4 to 8.6 which is typical
for shell eggs the age of those used in this study.
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If the cells were in the yolk, the processes would still be
considered to be substantial. Although natural infections of
the yolk are not expected at the time of ovulation, it is clear
that under adverse handling conditions, S. enteritidis can be
introduced into the egg and grow to very high numbers in the yolk
(Hammack et al., 1993). At 56.5°C (134°F), if the cells were in
the yolk, the minimum holding time would be 36.42 minutes for an
adequate pasteurization process. Since the apparent F, line
crosses the USDA yolk pasteurization line at about 134°F, it may
be prudent to select thermal treatments for shell eggs at
temperatures above 134°F.
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 egg white pH of the
oiled eggs is clearly lower than for the unoiled eggs regardless
of storage temperature. The thermal treatments did not seem to
have an effect on egg white pH, but did seem to have an impact on
interior quality as indicated by the Haugh unit ve}ueé. For the
non-thermally treated eggs, oiling held egg white pH and resulted
in higher Haugh values at both storage temperatures. Oiling the
thermally 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 interior quality.
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All thermally treated eggs regardless of oiling or storage
temperature would be considered high A or AA 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 egg white pH and Haugh units of oiled and
unoiled eggs. That result suggests theat the thermal treatments
are stabilizing interior quality independently of deterioration
mechanisms related to change in egg white pH. Funk (1947)
claimed that heating shell eqggs 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.

In this study, the whipping qualities as indicated by whip
volume and whip time were adversely effected by the thermal
treatments. This indicates that the thermal treatments were
substantial and parallel damage that is expected when liquid egqq
white is pasteurized. 0Oiling or storage temperature did not seem
to have an effect on function of the egg white.

Thermally treated eggs, when broken out onto a plate, appear
quite similar to unheated eggs with the exception‘pf some slight
opaqueness on the edges of the albumen. The normal shape of the
thick egg white is maintained and there appears to be the normal
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
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10
controls. The yolk membranes of heated shell eggs did not
exhibit any additional fragility over the four weak storage and
seemed to withstand handling for Haugh unit determinations as
expected for eggs of the same interior quality.

Conclusions

The microbiological results show that the thermal processes
applied were sufficient to impart substantial destruction of
Salmonella enteritidis that had been introduced into the egg.
The apparent F, line, when compared to pasteurization process
that achieve 9 log reduction of Salmonella sp. in various egg
products, indicates that the thermal treatments should be
effective even if the bacteria were present in large numbers in
the yolk. However the uncertainty about extrapolating the F,
line below the treatments evaluated make it prudent to choose
treatments more severe than 134°F for 36.5 minutes. It is also
concluded that others have not anticipated that thermal processes,
such as those described here,would result in a in-shell
pasteurization process for eggs.

The maintenance of interior quality was expected from
previous research. The loss of functional power|yasfhot
expected, but is probably related to the more severe thermal
treatments applied relative to those taught by Funk (1947).
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Table 1. Number of samples positive after heating at 56,
56.75, and 57.5°C.
Temperature of Water

Time in Waterbath 56.75C 57.5C

min. *No.- No.+ No.- No.+ No.- No.+

15 12 - 4

16 12 - 11

19 12 - 2

20 12 - 8

23 12 - 2

24 12 - 7

27 12 - 0

28 12 - 2

29 12 3

31 12 - 0

32 12 - 0

33 12 6

37 12 4

41 12 1

45 12 0
* No. - No. + . Number of samples heated - number positive.
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Table 2. Quality and functional attributes of thermally treated shell eggs
with and without oiling after four weeks storage at 22.2 or 7.2°C.

Eqq i pH Haugh Unit Whip Volume® Whip Time®
No 0il . 22.2C 7.2C 22.2C 7.2C 22.2C _17.2C
No Heat 20 60 1,000 900 40 45
56.75°C, 36 min. 78 82 550 650 220 110
57.5°C, 23 min. 74 82 750 600 280 130
Oiled
No Heat 58 70 950 800 45
56.75°C, 36 min. 80 80 550 650 190 200
57.5°C, 23 min. 81 82 600 700 200 210
* Whip Volume in ml.
" Whip time in min.
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Immersion heat treatments for inactivation of Salmonella

enteritidis with intact eggs
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J.D. SCHUMAN, B.W. SHELDON, J.M. VANDEPOPULIERE AND H.R. BALI JR. 1997. The effects
of water~-bath immersion heat treatments on the inactivation of Salmonella enteritidis within
intact shell eggs were evaluated. Six pooled strains of Salm. enteritidis (ca 3 x 108 cfu,
inoculated near the centre of the yolk) were completely inactivated within 50~

57-5 min at a bath temperature of 58°C and within 65-75 min at 57°C (an 84 to 8-5-D
process per egg). Following the initial 24 to 35-min come-up period,

semilogarithmic survivor curves obtained at 58 and 57°C yielded apparent decimal
reduction times (D-values) of 4-5 and 6°0 min, respectively. Haugh unit values
increased during heating, while yolk index and albumen pH values were unaffected.
Albumen clarity and functionality were affected by the thermal treatments; therefore,
extended whip times would be required for meringue preparation using immersion-
heated egg whites. Immersion-heated shell eggs could provide Sa/monella-free
ingredients for the preparation of a variety of minimally-cooked foods of interest to

consumers and foodservice operators.

INTRODUCTION

Because of the public health significance and economic
importance of foodborne salmonellas, a high research priority
has been directed at the reduction of salmonellas in the food
supply. Foods of animal origin including meat, poultry, eggs
and dairy products are widely recognized as the primary
vehicles for salmonellosis outbreaks in the US (Roberts 1990).
For example, between 1968 and 1977, Grade A shell eggs
and foods containing raw eggs were implicated in 20-3% of
the documented salmonellosis outbreaks in the USA (Bryan
1981). Salmonella enteritidis (SE), an egg-associated serotype,
was responsible for 380 salmonellosis outbreaks in the USA
between 1985 and 1991, involving 13056 illnesses and 30
deaths (Mishu et /. 1994). Grade A shell eggs were implicated
in 82% of these outbreaks. The Centers for Disease Control
and Prevention (1996) recently reported that the percentage
of clinical Sa/monella isolates identified as SE (and therefore
having a probable egg association) increased from 5% in 1976
0 26% in 1994, .

Shell eggs may become contaminated with SE by two

Correspondence to : B.VWY. Sheldon, Depurtment of Food Science, North
Curolina State University, Ralesgh, NC 27695-7624, USA
(e-masl : brian_sheldon@ncsu.edu).
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possible routes: via contamination and passage through the
shell exterior or by a transovarian transmission route (Board
1996). Recent SE outbreaks have generally involved Grade A
eggs that have met both state and local requirements for
shell quality and that have undergone shell washing with
disinfectants (St. Louis e a/. 1988). Although many different
Salmonella serovars have been isolated from the surface of
egg shells, only SE has been isolated from the contents of
intact eggs using currently-accepted aseptic sampling
methods (Humphrgy 1994). These factors imply that the
transovarian route of SE transmission is the more plausible
route of shell egg infection.

Based on epidemiological evidence, Gast and Beard (1992)
suggested that egg-associated human SE outbreaks are gen-
erally the result of a series of three independent events.
Firstly, SE-contaminated eggs must be produced by infected
hens. Secondly, contaminated eggs must be subjected to
improper food handing practices that permit multiplication
of SE to infectious levels. Thirdly, SE-contaminated eggs
must be undercooked or consumed raw. Many products, such
as Caesar salad dressing, hollandaise sauce, eggnog and home-
made ice cream, have been implicated in SE outbreaks
because they typically receive little or no heat treatment prior
to consumption (St. Louis et a/. 1988). Moreover, certain
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traditional egg cooking practices (i.e. ‘sunny-side’ frying, soft

poaching, marginal hard-cooking) may be inadequate to kill .

Salmonella in eggs (St. Louis et al. 1988).

Long-term control of SE infections will require an exam-

ination of the ecology of this organism in poultry flocks and
may depend ultimately on either its elimination from flocks,
or on the pasteurization of shell eggs or liquid egg. During
the 1940s and [950s, the thermal treatment of shell eggs
to prevent embryonic growth in fertile eggs, to reduce the
incidence of spoilage during long-term storage and to main-
tain internal quality received considerable research attention.
Stadelman (1995) presents a concise review of that research
with particular attention directed toward the practice of ‘ther-
mostabilization’, a patented process (Funk 1947) whereby
shell eggs are placed in heated water or oil to extend storage
life and prevent spoilage and deterioration of egg shell quality.
At the time of the present research, no studies evaluating the
potential for such treatments to inactivate bacterial pathogens
within internally-infected or inoculated shell eggs were avail-
able in the published literature. Hou ez al. (1996) recently
documented the feasibility of combining water-bath and hot
air oven processing to reduce viable SE populations within
inoculated intact shell eggs. The objectives of the present
research were to assess the SE-inactivation potential of 57°
and 58°C water-bath immersion heat treatments for fresh,
intact shell eggs, and to evaluate the effects of selected immer-
sion heat treatments on albumen functionality and egg
interior quality attributes.

MATERIALS AND METHODS

Shell eggs

Nest-run brown shell eggs (62 + 2 g per egg) were obtained
within 1 d of laying from a single flock of Arbor Acre hens at
the North Carolina State University Poultry Research Unit.
The eggs were individually washed in warm soapy tap water,
rinsed twice in sterile deionized water and air-dried at room
temperature for 2 h.

Bacteria and culture conditions

The six SE isolates used in this study and their sources were
as follows: Benson-1 (human clinical) obtained from Dr F.
T. Jones (North Carolina State University, Raleigh, NC,
USA); ATCC 4931 (human clinical, type strain) obtained
from the American Type Culture Collection (Rockville, MD,
USA); and strains ME-14 (poultry manure), ME-15 (shell
€gg transfer belt), ME-16 (shell egg transfer belt) and ME-
18 (live poultry), all obtained from Dr H. M. Opitz (Uni-
versity of Maine, Orono, ME, USA). The isolates were main-
ined on tryptic soy agar (TSA; Difco Laboratories, Detroit,
My, USA) slants at 4°C.

C1g97 The Society tor Applied Bacteriology, Journal of Applied Microbiclogy 83, 438—444, f [/5
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Working stock cultures were prepared by transferring a
loopful of parent culture to 10 ml of tryptic soy broth (T SB;
Difeo) (37°C, 24 h). By transferring 60 ul from each working
stock culture to a centrifuge tube containing 30 ml of TSB
(37°C, 24 h), stationary-phase cultures containing 9-1-9-6 log
cfu ml™' were obtained. The 30 ml culcures were centrifuged
for 15 min at 9000 x g (4°C), and the cell pellets were each
resuspended in 3 ml of sterile 0-1% w/v peptone water (PW)
and pooled into a single sterile test tube to yield the final six-
strain inoculum suspension.

Inoculation protocol

A droplet of Duro™ Super Glue® (Loctite Corp., Cleveland,
OH, USA) was placed on the approximate geometric centre
along the equatorial axis of each shell egg. A 9-5 mm diameter
rubber septum (Microsep® F-174; Supelco, Bellefonte, PA,
USA) was then affixed to each egg at the glue droplet site
and permitted to dry at room temperature for 2 h. The eggs
were held overnight at 4°C and allowed to warm to room
temperature before inoculation. Eggs were individually
inoculated near the geometric centre of the yolk with ¢z 85
log cfu of concentrated, pooled SE cells in 50 ul of sterile
PW. This was accomplished by perforating the septum and
the egg using a 2-34 cm/23 gauge sterile needle (Becton
Dickinson, Franklin Lakes, NJ, USA) coupled to a calibrated
50 ul repeating syringe (Hamilton Co., Reno, NV, USA).
Inoculated eggs were held at room temperature for <1 h
prior to immersion heating. Preliminary trials involving
inoculation of 30 ul of aqueous tracer dye into the yolk
followed by a standard hard-cooking procedure demonstrated
that this inoculation procedure provided consistent place-
ment of the dye near the centre of the yolk with no detectable
inoculum drift (data not shown).

Immersion heating apparatus

Each set of 20 shell eggs waS}alaceg in a perforated plastic
egg flat affixed to a 29 x 27 cm Plexiglas™ plate (0-5 cm
thick) (McMaster-Carr Supply Co., Atlanta, GA, USA).
Four Plexiglass posts (22 x 4:5 cm) placed at each corner were
used to position and anchor an upper Plexiglas plate (29 x 27
cm) at a fixed height of 9-5 cm above the base plate. Three
holes were drilled through the upper plate to permit place-
ment of type T hypodermic thermocouple probes (3-8 cm/21
gauge; Omega, Stamford, CT, USA) perpendicular to the
septumn side of two uninoculated control eggs or within the
water-bath. By perforating the septum and shell with the
thermocouples, the internal temperature at the geometric
centre of control eggs was monitored and recorded at 5 s
intervals via a personal computer (LabTech Notebook™ soft-
ware; Laboratory Technologies, Wilmington, MA, USA).
All heating trials were conducted by submerging the Plexi-
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glas egg tray apparatus into a preheated circulating water-
bath (Model W19; Haake, Paramus, NJ, USA) containing
16-8 1 of deionized water. The water-bath was equipped with
a calibrated temperature control module (Model DC1; Haake)
accurate to + 0-03°C. Periodic calibration checks of the sys-
tem were made using a standardized mercury-in-glass ther-
mometer. During immersion heating, the upper surface of
each shell egg was approximately 2-5 cm below the surface of
the water in the bath.

Salmonella inactivation trials

For the SE inactivation trials, eggs were submerged in a
preheated 58°C water-bath for up to 65 min or in a 57°C
water-bath for up to 85 min. These thermal processes were
selected based on the results of initial SE-inactivation experi-
ments (unpublished data). At selected intervals, sets of three
eggs were removed from random positions within the egg
tray, rapidly transferred to a sterile plastic beaker containing
1 1 of ambient (22°C) sterile deionized water, stirred and
permitted to cool for 5 min. Each egg was gently wiped dry
using sterile tissues and the contents were aseptically broken
out into a tared Stomacher® 400 lab blender bag (Seward
Medical, London, UK), diluted 1:10 (w/w) with chilled
(7°C) sterile lactose broth, blended for 60 s using a Stomacher
lab blender (Model 400; Tekmar, Cincinnati, OH, USA) and
held at 4°C for up to 50 min. Serial dilutions of this homo-
genate were prepared in PW and portions (0-1-0:33 ml) were
surface-plated onto pre-poured TSA plates. Plates were held
at room temperature for 3 h (resuscitation period) and over-
laid with tempered (45°C) xylose lysine deoxycholate (XLD;
Difco) agar as described by Strantz and Zottola (1989). The
overlay was permitted to solidify at room temperature and
the plates were incubated at 37°C for 48 h. Black or black-
centred colonies were enumerated as SE, and suspect isolates
were confirmed by re-isolation onto XLD agar plates (37°C,
24 h) and biochemical confirmation in triple sugar iron (TSI;
Difco) agar slants (37°C, 24 h). At the time of plating onto
TSA, the remaining blended egg/lactose broth (¢cz 520 ml)
was retained as an enrichment and incubated at 37°C for 24 h.
After mixing, 1 ml of enrichment broth was transferred to
10 ml of selenite cystine broth (SC; Difco) (37°C, 24 h). A
loopful of each SC enrichment was then streaked for isolation
onto a prepoured XLD plate, and presumptive Sa/monella
isolates were selected and confirmed on TSI slants as pre-
viously described.

Egg interior quality evaluation

Based on the Sa/monella inactivation data, shell eggs subjected
to selected immersion heat treatments were evaluated to
assess the effects of such treatments on egg interior quality
and albumen functionality. Sets of 20 eggs were immersion

heated as described previously and, at selected time intervalg -
groups of six eggs were removed and cooled in 2 ] of ambienE
deionized water (1 h, 22°C), dried gently using tissues and
stored at 4°C for 18-24 h. All interior quality tests were
performed on eggs permitted to warm to approximately 22°C
by incubation at room temperature for 3-S5 h. Three eggs per
bath temperature/dwell time were weighed and individually
broken out onto clean 20 cm?’ glass plates and Haugh unit
measurements were determined using an Ames micrometer
(Model S-64128; B.C. Ames, Waltham, MA, USA) as pre-
viously described (Haugh 1937). The shape of the yolk
(unseparated from the albumen) was also characterized by
determining the yolk index as detailed by Funk (1948).

The albumen from the remaining three eggs per time/
temperature combination was collected using a stainless
steel egg separator, pooled in a glass beaker and transferred
to a blender (Waring® model 31-BL-91; Dynamics Corp. of
America, New Hartford, CT, USA) jar coupled to a variable
power transformer. Pooled albumen samples were blended at
30% transformer power until a standard viscosity was
achieved (i.e. a flow time of 10 s through a no. 3 Zahn
viscometer cup). Two 8 ml portions of the blended albumen
were transferred to 16 x 100 mm glass test tubes and cen-
trifuged for 4 min at speed 3 in a Clay Adams Safety-head®
centrifuge (Becton Dickinson, Parsippany, NJ, USA). Dupli-
cate 3 ml aliquots of albumen supernatant fluid were trans-
ferred to individual disposable cuvettes- for determination of
albumen clarity, defined as per cent transmission (relative to
deionized water) using a spectrophotometer at a wavelength
of 550 nm. The pH of two 4 ml samples of non-centrifuged
albumen was determined using an Accumet® model 10 pH
meter (Fisher Scientific, Pittsburgh, PA, USA) calibrated
using buffers of pH 7-00 and 10-00.

The functionality of blended, non—centrifuged albumen
was assessed by determining whip times and whip volumes.
Whip time was defined as the time (min) required for 60 g of
blended albumen to achieve a soft peak condition (as judged
by a trained analyst) when blended at speed 10 in a Kitchen-
Aid® blender (Mogel K45; Hobart, Troy, OH, USA) bowl
coupled to a timer/power supply. Immediately after com-
pleting the above procedure, the foam was transferred to a
12-2 cm diameter glass cylinder resting on a glass plate. The
upper surface of the foam was gently levelled, the foam
height was measured and the whip volume (ml) calculated as
described by Ball and Winn (1982).

Experimental replication and statistical analysis

Duplicate Salmonella inactivation trials were conducted for
each target water-bath temperature tested. To assess the
impact of immersion heating on albumen functionality and
interior egg quality, triplicate trials were carried out at each
water-bath temperature. A fresh set of 20 eggs was used for

© 1997 The Socnety for Applied Bactenology Journal of Appl/ed Microbiology 83, 438—444
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each of the above experimental replicates (statistical blocks).

For each water-bath temperature, values for interior egg
quality factors and functionality were analysed as a function
of dwell time using a one-way analysis-of-variance procedure
(alpha = 0-05; SAS 1989). Mean separation was accom-
plished by comparison of each pair of treatment means using
Student’s ¢-test (LSD, alpha = 0-05; SAS 1989).

RESULTS

Inactivation of Salmonella enteritidis

Water-bath immersion heat treatments which completely
inactivated the SE inoculum were identified (Tables 1 and 2).
The eggs had an initial internal temperature of approximately
21°C and a blended pH of 7-2. Preliminary trials dem-
onstrated that an immersion heating period of 24-35 min was
necessary for the centre of the eggs to reach a temperature
within 2°C of the water-bath temperature (Tables 1 and 2).
At 58°C, viable SE populations (initially at 6-7 log cfu g~" of
internal contents) were reduced by 3-9~5-0 log cycles during
the initial 35 min come-up period (Table 1). Within 50 min,
viable SE populations had been reduced to <1-0 log cfug™'
using the direct plating procedure, although the pathogen was
detected in one of six eggs via enrichment testing (detection
limit = 1 cfu per egg). Immersion heating at 58°C for > 575
min was effective in eliminating all detectable SE by both the
plating and enrichment procedures. Based on the mean mass
of egg contents (52 g per egg), the lethality of the 58°C

immersion treatment was equivalent to an 8-4-D process per
egg (Table 2).

Immersion heating at 57°C reduced viable SE populations
(initially at 6-8 log cfu g~') by 2:0~2"5 log cycles during the
initial 35 min come-up period (Table 2). Within a dwell
period of 65 min, pathogen levels had been reduced by > 6-8
log cycles g~', although one of six eggs tested positive for
Salmonella via the enrichment protocol. Immersion heating
at 57°C for 275 min inactivated all detectable salmonellas
(i.e. an 8:5-D process per egg; Table 2). In summary, immer-
sion heat treatments of 50~37-5 min (at a water-bath tem-
perature of 58°C) and 65-75 min (at 57°C) were determined
to be salmonella-cidal at the inoculum level tested (i.e. an
8-4-8-3-D inactivation of SE per egg).

Interior egg quality and functionality

The impact of selected immersion heat treatments on egg
interior quality and functionality is summarized in Table 3.
Dwell time variables included unheated controls and eggs
heated for 35 min (the approximate end of the come-up
period) and for two additional time/temperature processes
previously shown to yield an 8-4 to 8-5-D reduction in viable
SE (Tables 1 and 2). Immersion heating for > 35 min at 58°
or 57°C increased the Haugh unit values and reduced the

" clarity of the albumen relative to the unheated controls

(P < 0-05; Table 3). These results reflect the impact of the
thermal processes on the albumen proteins and on the height
of the broken-out egg white. In contrast, yolk index values

Table 1 Thermal inactivation of
Salmonella enteritidis® in shell eggs
subjected to low-temperarture,

Mean egg centre

Samples Salmonella-
positive by enrichment

long-time immersion Dwell time in temperature (°C) Survivors (log cfu g)t  testing?
heating at 58°C 58°C water-bath
(min) Trial | Trial 2 Trial 1 Trial 2 Trial 1 Trial 2
0 212 20-6 6:67 673 T 3/3 3/3
24 559 559 488 %5 3/3 3/3
33 570 57-6 2-81 177 3/3 3/3
4235 572 570 1-10 087 373 1/3
30 57-1 573 <10 <10 1/3 0/3
373 57-1 573 <10 <10 0/3 0/3
63 376 576 <10 <10 0/3 0/3

* Six-strain pooled inoculum.

t Determined by surface plating onto tryptic soy agar overlaid with xylose lysine deoxycholate agar
(37°C, 48 h). The initial inoculum consisted of 50 zl of concentrated cells injected into the geometric
centre of each intact shell egg, with a hold period of <1 h at room temperature prior to heating.
The mean mass of total egg contents was 32-0 g per egg (7 = 42). Therefore, a negative Salmonella
enrichment test is equivalent to an 84D process per egg (1 = 3 eggs per dwell time).

1 No. of samples Salmonella-positive/no. of samples tested (minimum detection limit = 1 cfu per

egg).

® 1997 The Saciety for Applied Bacteriology, Journal of Applied Microbiology 83, 438—444 / /:ﬂ A J / 5o /(‘
z

My cpad
i ST
oipl sl 7

e oo A S o3




442 J.D. SCHUMAN ET AL.

Table 2 Thermal inactivation of

Samples Sa/monella- Salmonella enteritidis* in shell
Mean egg centre positive by enrichment eggs subjected to low-temperature,
Dwell time in temperature (°C) Survivors (log cfu g)T  testing] long-tine immersion heating at
57°C water-bath 57°C
(min) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Tral 2
0 21-1 19-6 677 6-80 3/3 3/3
35 553 362 +3 4-83 3/3 3/3
45 333 363 2-83 362 3/3 3/3
55 368 366 1-00 1-41 2/3 373
65 36-2 564 - <10 <10 1/3 0/3
75 562 69 - <10 <10 0/3 0/3
85 56-2 570 <10 <10 0/3 0/3

* Six-strain pooled inoculum.

1 Determined by surface plating onto trypric soy agar overlaid with xylose lysine deoxycholate agar
(37°C, 48 h). The initial inoculum consisted of 50 ul of concentrated cells injected into the geometric
centre of each intact shell egg, with a hold period of <1 h at room temperature prior to heating.
The mean mass of total egg contents was 52-0 g per egg (n = 42). Therefore, a negative Salmonella
enrichment test is equivalent to an 8-3-D process per egg (7 = 3 eggs per dwell time).

1 No. of samples Salmonella-positive/no. of samples tested (minimum detection limit = 1 cfu per

egg).-

Table 3 Interior quality and functional attributes® of shell eggs subjected to low-temperature, long-time immersion heating

Bath ) Albumen clarity

temperature  Dwell cime (% Transmission Whip time Whip volume

°C) (min) Haugh unitst ~ Yolk index at 330 nm) AlbumenpH (min) _ .  (ml)

58 0 66-8°+ 80 0-39+0-04 454+ 11-6 9:-1+00 1:5+00 388°+30
35 80-7*+2-8 0-39+0-03 16-0°+ 72 9-0£02 16-7+10-8 302 +6
37-5 79-1'+67 0-40 +0-02 80°+354 9-0+00 329+372 223°+75
65 81-0° =40 0-38 +0-02 4140 90401 152+67 312 +62

57 0 397+ 40 0-39+0-03 60-7*+8:0 91401 1-5°+0-7 449+ 114
35 78:3'+£53 0-42 +0-02 378°+96 91401 16:1*+6-3 295+29
63 77-8+7-8 0-38 +0-02 204+23 91401 12.2°+5-5 287+37
75 75-2'+76 0-36 +0-07 21-7°+52 91401 10-4°+0-6 334166

* Data are means +S.D. (n = 9 eggs per treatment/time combination from three separate trials).
1 The mean mass of eggs processed at 57°C was 62-8 g/egg (n = 72); the mean mass of eggs processed at 58°C was 63-1 g/egg (n = 72).
*< For each bath temperature, values in a column with a different superscript are significantly Qifferent (P < 0-05).

were unaffected by immersion heating (P > 0-03), indicating DISCUSSION

that in-shell pasteurization processes do not adversely affect
the spherical shape of the yolk. Similarly, the immersion heat The inactivation of SE within intact shell eggs via immerston

processes evaluated did not yield differences (P > 0-03) in heating is a conduction thermal process. Based on the Sal-

albumen pH values. Immersion heating at 57°C had a less gs

monells enumeration data obtained after heating shell eggs
adverse effect on whip volume and vielded more consistent for up o 42-5 min at 58°C or 55 min at 57°C (Tables | and
whip times (i.e. smaller S.D.) relative to heating at 58°C

2), semilogarithmic survivor curves relating the viable SE
(Table 3). Subsequent scale-up work on the in-shell pas- population (log cfu g~') to the heating time were ploted
teurization process has allowed identification of process and -

o
for each bath temperature and experimental trial (data not
egg quality control factors which help to minimize such
adverse effects on albumen quality.

shown). With the omission of the initial unheated con(:rt'Jl )
point, linear survivor curves (r> > 0:95) were obtained, indi-
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cating that the inactivation of yolk-inoculated SE followed
first-order kinetics over the 18-5-20 min heating interval
evaluated. The survivor curves obtained at 58° and 37°C
traversed 3-3-5-5 log cycles and yielded apparent decimal
reduction times (D-values) of -5 and 6-0 min, respectively.
These D-values, although based on a limited number of
sampling intervals, are comparable to the kinetic data
reported by Humphrey er a/. (1990). In that study, cells of
Salm. enterinidss PT4 were suspended in blended egg yolk
and dispensed into screw-capped 46 mm glass vials prior to
immersion heating in a water-bath at 35° and 60°C. Approxi-
mate D-values of Salm. enteritidis PT4 at 58° and 57°C
(extrapolated) were 3-7 and 6-6 min, respectively (Humphrey
et al. 1990).

At the time the present reseéarch was designed and conduc-
ted, no studies evaluating treatments specifically designed to
eliminate SE or other bacterial pathogens from internally~
infected or inoculated shell eggs were available in the litera-
ture. Recently, Hou et a/. (1996) reported that a combination

" of water-bath heating (25 min at 57°C) followed by hot-air

heating (60 min at 55°C) reduced the viable SE population
(single-strain inoculum) within inoculated shell eggs by 7 log
cycles.

In the present study, several elements were incorporated
into the final experimental design to provide a large safery
factor with regard to Salmonella inactivation. Firstly, a
pooled, six-strain inoculum was used to compensate for
strain-to-strain variations in thermal resistance. Secondly,
stationary-phase cells of SE were used in the inoculum sus~
pension because cells in this phase of growth are generally
several-fold more heat-resistant than cells harvested in the
log phase (Hansen and Riemann 1963; Garibaldi et al. 1969b).
Thirdly, the inoculum was injected at or near the geomerric
centre of the egg, predicted to be the slowest-heating point
during immersion heating; therefore, micro-organisms
located in the albumen would be subjected to an even more
lethal thermal process. Lastly, inoculation into the yolk per-
mitted a conservative estimation of process lethality to SE.
The near neutral pH of the yolk and its high solids and lipid
content relative to the albumen impart thermal protection
to salmonellas localized in the yolk. Previous studies have
demonstrated that the relative thermal resistance of Sal-
monella spp. in various egg components is as follows: resist-
ance in plain yolk >whole egg or pH 7 egg white
(supplemented with Al, (SO,);) > pH 9 egg white (Garibaldi
et al. 1969b; Humphrey et al. 1990). For example, Garibaldi
and co-workers reported that the heat resistance of Sa/m.
typhimurium was 15 times greater in plain yolk than in blen-
ded liquid whole egg; at 54°C, this strain was 9-5 times more
heat resistant in yolk than in pH 9 egg white. Recently
published research indicates that when naturally- or arti-
ficially-infected hens produce eggs internally contaminated

i} with SE, the pathogen is typically detected only in the albu-
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men or on the outside of the vitelline membrane (Gast and
Beard 1990; Humphrey 1994).

The question of what constitutes an adequate level of
Salmonella inactivation (Yia immersion heating or any other
pasteurization process) is closely linked to the pathogen levels
expected to occur in contaminated eggs. In surveys of 46 egg
processing plants, Garibaldi ef al. (1969a) reported that, of
287 samples of commercially-broken raw liquid egg, 95 per
cent contained less than one Salmonella cell g~' and none
contained >110 cells g~". Gast and Beard (1992) reported
that SE populations in the contents of shell eggs laid by
experimentally-infected hens averaged 220 cfu per egg on the
day of lay, and 184 cfu per egg after 7 d at 7-2°C. In the
light of these studies, in-shell egg ‘pasteurization’ treatments
which effect an 8-4 to 8:3-D inactivation of SE would provide
a wide margin of consumer safety.

Of all the egg components, the egg white is the most sensidve
to heat (Ellior and Hobbs 1980). As conduction heating
processes, in-shell pasteurizadon treatments subject the shell
membranes and outer thin albumen to the most severe heating,
with the minimum thermal damage predicted to occur at the
geometric centre of the egg. Slosberg er a/. (1948) reported that
even momentary heating of egg white above 57:2°C resulted in a
loss of foaming power. US Department of Agriculture minimum
pasteurization requirements for unsupplemented liquid egg
whites (35 min at 56:7°C; Anon 1995) have been shown to
markedly increase whip times for meringue preparaton (Elliott .
and Hobbs 1980). Hou er al. (1996) reported that the thermal
processing of intact shell eggs resulted in altered egg white
viscosity, turbidity, Hunter hue values and lysozyme activity
relative to unheated shell eggs.

Due to Salmonella safety concerns, Grade A shell eggs are
currently regarded as a ‘potentially hazardous food’ (FDA
1990). The present studies were designed to simulate ‘worst-
case’ Salmonefla contamination conditions, and thus should
be useful in defining what constitutes an acceptable level of
SE inactivation in immersion-heated shell eggs. Potential
end-users of in-shell pasteurized eggs would include con-
sumer households and fogdservice operations interested in
the preparation of items such as soft-boiled, soft-poached and
‘sunny-side’ fried eggs, French toast, custards, sauces (e.g.
hollandaise, bernaise), Caesar salad dressing and ‘home-
made’ ice cream and eggnog. Broken-out whole egg and yolk
from in-shell pasteurized eggs could be used as ingredients
in the above products while minimizing the likelihood of
introducing salmonellas to finished foods or to food prep-
aration areas via egg ingredients. Although immersion-heated
albumen requires extra beating time to form meringues, inde-
pendent test kitchen trials have demonstrated that the whites
may be used in a variety of recipes (e.g. sponge cakes, soufflé
omelertes, meringues, chiffon desserts) with flavour, texture
and appearance comparable to items made using conventional
Grade A shell eggs (Thoms, personal communication).
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Defining the appropriate refrigerated shelf-life for in-shell
pasteurized eggs is a final important product development
issue. Research in our laboratories has demonstrated that the
interior quality (albumen pH, Haugh units, albumen foaiming
power) of immersion-heated eggs (with or without otling) did
not deteriorate further during 4 weeks of storage at 7° or
22°C (unpublished data). Physicochemical, sensory and mic-
robiological tests should also be used ro define the refrigerated
shelf-life of in-shell pasteurized eggs (a ‘keep refrigerated’
statement and consumer ‘use-by’ dates would also need to be
provided on the external packaging). With the incorporation
of sensory and shelf-life studies of this type, the production
of Salmonella-free shell eggs for the foodservice and consumer
egg markets appears to be an achievable goal.
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ABSTRACT

The heat resistance of six strains of Salmonella (including Enterilidis, Heidelberg, and Typhimurium) in liquid whole egg
and shell eggs was determined. Deciinal reduction times (D-values) of each of the six strains were determined in gquid whole
egg heated a1 56.7°C within glass capillary tubes immersed in a water bath. D-valies ranged from 3.05 1o 4.09 min. and
significant differences were observed between the strains tested (e = 0.05). In addigon, approximatcly 7 log;q CFU/g of u
six-strain cocktail was inoculated into the geomcuic center of raw shell eggs and the 2ggs heated at 57.2°C using convection
currents of humidity-controlled air. D-values of the pooled sulmonellac ranged from 5,49 to 6.12 min within the center of
intact shell eggs. A heating period of 70 min or more resulted in po surviving salmonejlac being detected (ie., an 8.7-log

reduction per egg).

_ Despite decades of research and attempted control pro-
grams, salmonellosis continues to be one of the most prev-
alent forms of bacterial foodborne illness. It js estimated
that 1,412,498 cases of salmoncllosis occur each years in
the United States (17). Although a variety of salmoncllae
serotypes can be associated with eggs, not all are equally
responsible for salmonellosis associated with these foods.
In recent years, it has becomc apparent that Salmonella se-
rotype Enteritidis is the serotype most often associated with
salmonellosis, particularly with egg products (10}, From
1985 to 1998, 796 outbreaks of Salmonelia Enteritidis, in-
volving 28,689 illnesses, 2,839 hospitalizations, and 79
deuaths, were reported to the Centers for Disease and Pre-
vention (3). Indeed, the percentage of clinical Salmonella
isolates associated with foodborne disease omtbreaks and
identified as Salmonella Enteritidis has increased from ap-
proximately 5% in 1976 to 26% in 1994 (2), and this se-
rotype accounted for 55% of all foodborne salmonellosis
cases in 1997 (4). Foods of animal origin are responsible
for many of the cases. but an estimated 82% of the Sal-
monella Enteritidis outbreaks are specifically associated
with grade A shell eggs or foods containing raw or under-
cooked eggs (3).

Traditional recommendations for reducing salmonellae
in eggs have focused on eliminating contamination of ex-
ternal surfaces of eggshells. However, Sulmonella Enterit-
idis has been isolated from intermal portions of hen eggs
(8). and evidence suggests transovarian infection of eggs
by this bacterium (8. 9). It is estimated that the rate of
transovarian contamination by Salmonetla Enteritidis is
about 1 jn every 20,000 eggs produced in the United States.

* Author for comrespondence. Presem address: FDA/CFSAN, 200 C Street
S.W., Washington, D.C. 20204, USA. Tel: 202-205-4064; Fax: 202-205-
4422; E-mail: Rohert.Brackett @ctsan.{da.gov.

Although this rate is quite Jow, there are definite regional
and producer-to-producer variations in risk. In addition,
considering that an estimated 47 billion shell eggs are sold
each year in the United States (/3), as many as 2.3 million
Salmonella Enteritidis—contaninated shell eggs could reach
CONSUMmeTrs.

The fact that raw or undercooked eggs are responsible
for a disproportionate number of Salmonella Enteritidis ill-
nesses has prompled strong governmental action to reduce
and ultimately eliminate egg-borne salmonellosis. In 1999,
The President’s Council on Food Safety announced an ac-
tion plan to eliminate Salmonella Enteritidis illnesses due
to eggs (13). The plan will use two interrelated strategies
to accomplish this goal. The first is to improve Salmonella
Enteritidis testing on the farm to minimize the spread of
the organism in layer flocks. The second strategy is 1o iden-
tify lethal treatments that can-be applied to eggs and egg
products that would kil any Salmonella Enteritidis that
might remain in the cggs. Standards exist (/7) for the pas-

. teurization of liquid egg products, which are primarily nsed

in food service and food processing. However, about 70%
of the eggs produced in the United States are sold as shell
eggs. Hence, it would be prudent to develop techniques that
could also eliminate Salmonella Eatcritidis in these prod-
ucts.

A variety of potential processing technigues for the re-
duction or elimination of salmonell2e from shell eggs have
been described. The pasteurization of intact shell eggs by
immersion in hot water and air ovens has received the most
attention. Stadelman et al. (/5) subjected eggs inoculated
with Salmonefla Enteritidis to heated air or heated water
and found that the tmec required for heated air or water to
¢liminate Salmonella Enteritidis was too long to be of prac-
tical use 10 the egg industry. In a separate publication (7),
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howeve, this same research group found that exposing eggs
to hot (57°C) water for 25 min followed by exposure to
55°C air for 60 min was ablc to effect a 7-log reduction of
Salmonelle Enteritidis in shell eggs. More recenty, Schu-
man et al. (14) described the ability of a water immersion
heat treatment of 58°C for 65 to 75 min to provide an 8.4-
dectmal proccss for shell eggs. These investigators dem-
onstrated that by adjusting the hold time under optimized
conditions, various degrees of process lethality may be de-
livered to the center of intact shell eggs, while preserving
the essential quality auributes of a fresh shell egg. Regu-
lations in many countries outside the United States cur-
rently prohibit the spray washing or immersion of shell
eggs intended for the commercial table epg market Heace,
additiona] research to identify egg processing approaches
that effectively pasteurizc shell eggs without the use of wa-
ter immersion was of interest. The overall objective of the
experiments described herein was to determine the efficacy
of heated air processing as a means to effectively eliminate
salmonellae within intact shell eggs. Preheating and holding
of the intact eggs were accomplished using a convection
oven capable of maintaining relatively high humidity con-
ditions.
MATERIALS AND METHODS

Experimental design. The overall research projuct was di-
vided into two separate but intearrelated phascs. In phase 1, we
determined the decimal reduction times (D-values) of six strains
of Salmonelia in liquid wholc egg (LWE) in gluss capillary tubes
at temperatures to be tested in phase 2 of the project. In phase 2.
the thermal inactivation kinctics of a six-strain cocktail of sal-
mouellae in shell cggs was dectenmined wsing a humidity-con-
wolled convection heating system.

Heating menstrum: LWE. Ultrapasteurized LWE from a
recent production Jot was supplicd by Michael Foods, Inc. (Gay-
lord, Minn.). On the day of testing, duplicate samples of uoino-
culaicd LWE were analyzed for pH (Accumet model 15 with Ac-
cumet fat surface polymer combination body clectrode. catalog
n0. 13-620-289, Fisher Scientific, Pittsburgh, Pa.), total solids
(Association of Official Analytical Chemists official method
925.30), standard plate counts (plate count agar, Becion Dickinson
Microbinlogy Systems, Becton Dickinson and Co., Sparks, Md.),
and total coliform counts (VRBA agar, Difco Laboratories, De-
troit, Mich.).

Heating menstrum: shell eggs. Nest-run shell eggs were
obtained from a local single flock within 24 h of being luid. Eggs
were sorted to obtain eggs weighing 62 * 2 g each. Eggs were
washed in warm, soapy tap water untl the shell surfaces were free
of visible debris, rinscd by immersion in a beaker of ambicnt
tempcrature sterile water, and allowed to air dry on plastic egg
trays (flats) for 2 h. Eggs werc then inspected to remove any ¢ggs
with visible cracks or checks. The eggs were stored overaight at
room temperature (22°C) so that the age of eggs ar the tume of
heating was approximately 48 h after lay. As an indicator of egg
freshness, the scparated whites (albumen) of threc nainoculated
eggs were collected and gendy blended and the pH determined
on thic day of egy inoculation or healing.

Cultures: Salmonella strajns. Six Salmonella strains were
used in this study: Salmonella Entertidis Benson-1 (phage type
8. human clinical), Salmonella Enteritidis ME-14 (phage type
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14B. poulory munure), Salmonella Enteritidis ME-18 (phage type
14B, live poultry). Saimonella Heidelberg UN-L (unknown
source), Salmonella Entesitidis H3353 (phage type 4, egg), and
Salmonella Typhimuriura (DT104, humaa clinical). All cultures
werc maintained on wryptic soy agar (TSA; Difco) slants at 4°C.
Cultures were activated n tryptic soy broth (TSB; Difco) at 37°C
at least twice for 24-h periods before being used. Strains H3353,
DT104, and UN-L were provided by Dr. Lary Beuchat at the
University of Georgia Center for Food Sufety and Quality En-
hapccment and strains Benson-1, ME-14, and ME-18 were pro-
vided by Dr. James Schuman of Michael Foods.

Culture preparation: LWE. Twenty-four-hour culturcs of
each strwin were sedimented by centrifugation (approximately
1,800 X g, 10 min) (EC Clinical Centrifuge, International Equip-
ment Co., Needham Heights, Mass.), and pellets were washed
once in 0.1% peptone water (Difco) and recentrituged. Each cell
pellct was resuspended and mixed well in 10 ml of LWE to yield
an inidal inoculum level of approximately 6.8 X 108 CEU/in] of
LWE. During preliminary work, cach culture was sgeaked for
isolation onto xylose lysine desoxycholate (XLD; Difco) agus to
verify colony morphology typical of Salmonella.

Culture preparation: shell eggs. An inoculum cocktail coa-
sisting of the six strains described in phase | was used to inoculate
the eggs. Working stock cultures were preparcd by \ransferring a
loopful of each culture v 10 ml of TSB and incubating at 37°C
for 24 h. Sixty microliters of each 24-h culire was added to a
centrifuge mbe containing 30 ml of TSB and incubated at 37°C
for 24 h. The 30-ml culturcs were centrifuged for 1S min at 9,000
X g (4°C), and the cell pellets werc cach rcsuspended in 3 ml of
sterile 0.1% (wt/vol) peptone watcr and pooled into 4 single sterile
test tube lo yield the final six-strain inoculum suspension (9.5 to
10.8 log CFU ml-1).

Thermal inactivation in capillary tubes. Fifty microliters
of each strain was dispensed iblo sterile capillary wbes (Kimax-
51. 0.8 to 1.10 by 90 mm, Kimble Products, Vineland, N.J.) using
a 1-ml syringc (Becton Dickinson) with a 22-gauge, 4-in. hypo-
dermic needle with deflection poiat (Popper & Sons, Inc., New
Hyde Park, N.Y.). The capillary wbes were then heat sealed and
stored in an ice slurry for up to 2 h before vse. Ten minutes before
heating, each sct of capillary mbes was brought to room temper-
ature by immersion in a may of ambicnt temperaturc water (ap-
proximately 22°C). Scts of tubes were then fully immersed in a
preheated circulating water bath (Thermomix 1480, B. Braun,
Melsungen, West Germanyprat 56.7°C (134°F). For each mial, a
thermocouplc was placed in a capillary tube of uninoculated LWE
to document come-up times and actual egg temperamres, At 5-
min intervals, duplicate tubes were removed from he bath and
rapidly cooled in an icc water slurry and held for up 10 1 b before
plating. Tubes were removed at 5, 10. 15, 20, and 25 min after
reaching the ume-zero target (cmperature. Two experimental wials
were conducted for cach of the six Salmonellu strains.

Thermal inactivation in shell epgs. Sixty eggs were placed
into 1wo 30-¢gg-capacity perforated plastic egy flats with the blunt
end of tic cgg facing up. The ¢ggs in one flat were cach inoculated
by placing 50 pl of conccntrated, pooled Salmonella suspcnsion
into the geometric center of the egg, yielding a final inoculum of
approximately 5 X 10® CFU per egg. This was accomplished by
placing a piece of high-adhesive, moismre- and heat-resistant tape
(Anchor Continenta] Inc., Columbia, $.C.) over the blunt 2nd and
perforating the cggshell through the tape using a 2.54-cm, 23-
gauge sterile ncedle (Becton Dickinson, Franklin Lakes, NJ.) cou-
pled to a calibrated 50-ul repeating syringe (Hamilton Co., Reno,
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Nev.). Inoculated cggs were held at room temperature for less than
1 h before heating. Preliminary trials using a dye placcment tech-
nique as described by Chantaraponanont et al. (5) were done 1o
confirm thal cultures were inoculated into the gesometric center of
epgs. Briefly, this technique involves imjccting 50 pl of dye into
the yoik followad by 2 standard hard—cooking procedure to dem-
onstrate consistent placement of the dye near the center of the
yolk with no detcctable inocvlum drift

The second flat of eggs was used to record the (cmperature
of the eggs during healing. Tapc was affixed to six cggs. An empty
egg Hat was placed over the eggs, aad type T hypodermic rigid
thermocouple probes (38 by 1.6-mm diamcter, Omega, Stamford,
Conn.) were placed into the six eggs and secured to tha top flat
10 measure the temperature at the gcometric ceater of conaol eggs.
The tempcrature data were collected ut 1-tnin intervals via a HOT-
MUX Temperaturc Data Logger (DCC Corporation, Pennsauken,
NJ.) connected 10 a personal computer. The flal of eggs with the
thermocouples was placed at the right back comer of a Combith-
erm Model 7.14G oven (Alto-Shaam Inc., Mcnomonce Falls,
Wis.). The flat of inoculated cggs was placed in the left front
comer of tie oven. The oven was sct on “Biosieam” mode at a
temperature of 57.2°C (135°F) and startcd. This oven setting op-
timizes the relative humidity level in the chamber to efficienty
heat foods at temperutures below 100°C. Sets of three eggs were
randomly rcmoved from the oven for analysis after cach of the
following tezutment times: at 0 min (unheated controls) and after
30, 40, 50, 60, 70, and &0 min of heating. At each of these timcs,
three invculated eggs were rémoved from the oven and immersed
in a beaker containing 1 liter of ambient sterilc water, stirred, and
permitted to cool for 5 min. Two independent wials were per-
formed.

Micobiological analysis of LWE. Tubes were bricfly im-
mersed in 70% ethanol and allowed to dry before wansferring to
individual sterile test mbes containing 9.9 ml of 0.1% pcptone
water (pH 7.0) and crushed using a sterile glass rod. The test tubcs
containing the crushed capillary mbes were vortexcd after which
1:10 serial dilutions were prepared in peptone water One milliliter
of each scrial diludon was placcd onto duplicate TSA plates and
uniformly distributed using sterile bemt glass rods. TSA plates
were incubated for 48 h at 35°C, and colonies were counted to
determine surviving CFU/ml of liquid egg. For the latter two
dwell times yiclding survivors, on¢ representative colony from
each countable (30 to 300 colonies) plate was streaked for isola-
tion onto XLD agar and incubated for 48 h a1 35°C to verify its
identity as Salmonella.

Micobhjological analysis of shell eggs. Aller 5-min cooling
in ambient temperamire (approximately 22°C) water, the egps were
wiped dry with clean dssues and ascptically cracked open (sterile
knifc edge) and the contents broken into a sterile stomacher bag.
The egg contents were then diluted 1:10 (wt/wt) with chilled (4°C)
sterile lactose broth (Difco) and blended for 30 s using a stom-
acher 400 (Seward, London, UK). Samples were serially diluted
in peptone broth, and 1.0 ml of cach dilution was placed onto
TSA aod uniformly distributed using sterile bent gluss rods, Plates
were then incubated at 35°C for 48 h. After incubation. platcs
with betwcen 30 and 300 colonics were replica plated onto XLD
agar as described by Michalski et al. (/2). Plates were incubated
at 35°C for 24 h at which time colony morphology was confirmed
as typical for Salmonella.

All remaining cgg and lactosc broth mixture not used in plat-
ing was incubated for 24 h at 35°C 10 dctermine prescnce of viable
salmoncllae (/). Selective enrichment was carricd out by trans-
ferring 1 ml of enrichment to 10 ml of selenite cystine (Difco)
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TABLE 1. Salmonella spp. D-values ar 56.7°C
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Salmonella siruin D-value
Salmonella Enteritidis Benson-1 345 ap?
Salmonella Enteritidis ME-14 4.09 a
Salmonella Enteritidis ME-13 3.32 AB
Salmonetla Heidlberg UN-L 3058
Salmgnella Eoteritidis H3353 3.168
Salmonella Typhimurium DT104 3138

4 Values followed by the same letior are not significantly different
(P > 0.05).

broth (35°C). A looptul of each selenite cystine enrichment was
streaked for isolation eato XLD agar (35°C, 24 h) 10 determine
whether viable salmonellae were presept. All suspect colonies
were further confirmed on uwiple sugar iron (Difco) agar slants.

Statistical analysis. Populatons were converted to logy val-
ues and plotted versus time (min or 5). A commercial spreadsheet
program (Microsoft Excel version 7.0) was uscd to perform anal-
yses of variance aud linear regression; D-values were calculaied
as the negative reciprocal of the slope of the thermal inactivation
curves. The corrclation coefficient (2) was 0.97 or greater for all
tials, indicating that the ipactivation curves (Jog number versus
time) were linear and D-values could be calculated directly from
diem.

RESULTS AND DISCUSSION

Egg products used in these experiments varied slightly
in composition but in all cases were within normal ranges
for fresh eggs. The pH of LWE used with suwains ME-14,
ME-18, UN-L, and H3353 was 7.40 and total solids were
23.95%. The pH was 7.07 and the total solids were 23.63%
for eggs inoculated with Salmonella Enteriuidis Benson-1
and Salmoneclla Typhimurinm DT104. Plating the LWE
onto plate count agar and VRBA demonstrated that the
background miicroflora in the ultrapasteurized liquid egg
product was minimal (<10 CFU g=!).

The thermal resistance of individual strains in LWE
also varied slightly. The D-values for salmonellac heated at
56.7°C (134°F) in capillary tubes ranged from 3.05 to 4.09
moin, depending on the srr.nn (Table 1). The determination
of D-values in LWE prowdcd a simple and easily repro-
ducible means of comparing the relative heat resistence of

. the strains in the pooled inoculum used in phase 2. Very

few dara exist in the published literanure on the heat resis-
tance of salmonellac in LWE heated at temperanures as low
as 56.7°C. Data published by the U.S. Dcpartment of Ag-
riculture suggest a D-value of 2.25 min in LWE at this
temperature (/7). The method by which D-values are de-
termined can have profound effects on the values collected.
The use of large volumes of samples or slow heating can
result in longer come-up and come-down times. Donnelly
et al. (6} observed that the use of capillary tubes as sample
vesscls enabled essendially instantaneous heating and cool-
ing, Tesulting in very precise coatrol over the amount of
beart to which cells were exposed. More recently, Michalski
et al. (J2) used capillary tubes to more precisely determine
the D-vilues of saJmonchae in LWE and found D-valucs
of about 1.5 min a 8°C Rcsulr.s of expeviments described
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TABLE 2. Thermal inactivation of Salmonella spp. in shell eggs subfected ro low-temperature, long-rime heating ar 57.2°C in a humidiry-

corurolled convection heating system

Total

process Internal temperature? (*C) Survivors (log CFU g~1) Viable Salmonella prescot’
ume

(min) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2
0 23.25 2294 6.98 7.01 33 33
30 56.12 56.18 6.13 6.21 33 3/3
40 56.65 56.62 511 5.05 313 n
50 57.05 56.82 2.82 343 33 33
60 56.85 56.76 0.32 1.30 173 33
70 56.98 56.98 <1.0 <1.0 03 073
80 56.98 56.88 <1.0 <1.0 0/3 073

2 The internal temperature for trial 2 is the average of five eggs. Egg no. 6 was omitted becanse the thermocouple was pulled out at

the beginning of the heating cycle.

b Samples positive by cnrichmentsamples tested. The mean mass of internal egg contents was 52 g per egg. Therefore. a negative

cnrichment test represents an 8.7-decimal process per egg.

in this article, which used a similar procedure as Michalski
et al. (12), indicated a mean Dsp-value of about 3.4. It is
aiso important to be sure that both injured and fully viable
cells are enumerated. Both Michalsld et al. (J2) and the
expcriments described herein uscd a nonselective mediun
for recovery to be sure that the exciusion of injured cells
was minimized.

Table 2 presents the results of shell egg pasicurization
experiments conducted using a humidity-controlled convec-
tion healing system. During the first 40 min of processing,
a 2-log reduction of viable salmonellae was obscrved. Heat-
ing eggs at 57.2°C for total process times of 60 and 70 min
in a humidity-controlled convection heating system enabled
the destruction of 6 and 7 log CFU g~! salmonellae, re-
spectively. Moreover, we were unable to recover any viable
salmonellae from eggs heated for 70 min (ie, an 8.7-D log
pasteurization process per egg; Table 2).

Microbial populations of salmonellae recovered from
shell eggs heated in a humidity-controlled convection heat-
ing system werc converted to log;s valucs for each sam-
pling dme (Table 2). The D-values for the inoculaum pool
were calculated as the negative reciprocal of the slope of
the survivor curve obtained by linear regression analysis
(slope only includes those populations determined after the
eggs had reached the target heating temmperature). The mean
D-values for trials 1 and 2 were 549 (r2 = 0.98) and 6.12
(7 = 0.98), respectively. These results were consistent with
the D-value data reported by Schuman et al. (14) for intact
shell eggs pasteurized using a water immersion process.
These prior investigators reported a mean D-value of 6.0
min for Salmonella Enteritidis strains inoculated into the
center of shell eggs heated by immersion in a 57.0°C
(134.6°F) circulating water bath. Although Stadelinan et al.
(15) and Hou et al. (7) did not specifically calculate D-
values, these research groups implied or presented D-values
for Salmonella Enteritidis of approximately 4.5 min when
heated at 57°C within intact shell eggs. However, precise
D-values can be difficult to determine in this type of re-
search, since the inoculated eggs are typically subjected to
a long (24~ to 35-min) come-up time, and the variability

introduced by using cocktail of various salmonellac pre-
cludes precise determinations of D-values.

During the last decade, there has been a growing in-
terest on the part of the egg industry, regulatory agencics,
and consumers 10 identify means to more effectively ad-
dress Salmonella food safety concerns linked to uncooked
or undercooked shell eggs. This has spawned development
work on a variety of egg processing technologies intended
to produce safer eggs. The U.S. Food and Drug Adminis-
tration, in conjunction with the U.S. Department of Agri-
culture, Agricultural Marketing Service, has established a
requirement that to be designated ay “pasteurized,” intact
shcll eggs must be subjected to a process that yields a min-
imum S-log reduction of viable salmonellae (76). The heat-
ing system described in the present research provides a suit-
able system to accomplish a 5-log or greater pastcurization
process for shell eggs, while providing an alternative to
processes that rely on water iramersion as a means to heat
and maintain the temperature of the eggs.
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Pasteurization of intact shell eggs

H. Hou, R. K. Singh, P. M. Muriana* and W. J. Stadelman

The feasibility of pasteurization for destruction of Salmonella enteritidis in artificially-
inoculated intact shell eggs was investigated. Water-bath and hot air ovens were used for
pasteurization of intact shell eggs under different conditions using these two heating
methods, either individually or in combination. Eggs pasteurized in a 57°C circulating water-
bath for 25 min gave reductions in S. enteritidis ATCC 13076 of about 3 log cycles whereas
heating at 55°C in a hot air oven for 180 min gave a 5 log reduction of S. enteritidis. A
combination of the two methods (water-bath heating at 57°C for 25 min followed by hot-air
heating at 55°C for 60 min) produced 7 log reductions in S. enteritidis ATCC 13076 in shell
eggs. Examination of lysozyme activity and other physical properties of egg white upon
heating indicated that the overall functionality of pasteurized shell eggs are acceptable
under the heating conditions defined in this study. This process may be used to produce

safe, pasteurized shell eggs.

Introduction

Salmonella enteritidis is recognized as an
egg-associated pathogen that has been impli-
cated in foodborne disease outbreaks in the
United States and other countries
(Humphrey et al. 1991a). S. enteritidis infec-
tions have shown a dramatic increase
because of the consumption of raw egg or
undercooked egg-containing foods. Consider-
ing that more than 65 billion fresh shell eggs
are sold annually in the United States, shell
eggs may pose a serious health hazard to
humans if they are contaminated with Sal-
monella (Mishu et al. 1991). S. enteritidis
may originate from transovarian trans-
mission in utero to the developing preovula-
tory follicles or by trans-shell transmission,
in which Salmonella gains access to the egg
by penetration into the shell through the
cuticle (Barnhart et al. 1991, Board and
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Fuller 1994, Fajardo et al. 1995, Saeed and
Koons 1993). The USDA has regulations on
the requirement of pasteurization and
inspection of liquid eggs and egg products
(7CFR59, 21CFR160) and processes for
batch, HTST, ultrapasteurization, and the
use of chemical preservatives have been
defined (Brant et al. 1968, Sourky et al. 1971,
Swartzel et al. 1989). Although there are
several methods of preservation and sani-
tation of shell eggs such as wgshing, rapid
chilling, irradiation and ultrasonic treat-
ment, they do not destroy Salmonella which
is harbored inside shell eggs (Catalano and
Knabel 1994). Ionizing radiation (6 kGy) has
recently been used to produce Salmonella-
free eggs but this process also lowered the
quality of the irradiated eggs (Vanlith et al.
1995).

Pasteurization is an effective method to
destroy S. enteritidis in liquid eggs but it has
not been applied to shell eggs. In intact shell
eggs, heat could cause quality changes in the
egg components. The functional properties of
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94 M. Hou et al.

eggs (coagulation, foaming, and emulsifi-
cation) are mainly a result of its complex
protein content (Herald and Smith 1988,
Shimada and Matsushita 1980). Some of
these proteins can be denatured at a temp-
erature as low as 60°C. Therefore, the preser-
vation of shell eggs by heat is a difficult task
because destruction of the microbial load
implies loss of functional properties. The pur-
pose of this project was to develop a process
for gentle pasteurization of shell eggs to kill
S. enteritidis using water-bath and hot-air-
oven heating systems, and to investigate
quality and functional properties of the egg
components in pasteurized shell eggs.

Materials and Methods

Preparation of Salmonelia enteritidis

Salmonella enteritidis ATCC 13076 was
obtained from the American Type Culture
Collection (Rockville, MD, USA). In order to
obtain a streptomycin-resistant (strf) isolate
for use in our shell egg pasteurization
studies, 0-1 ml of an overnight culture of S.
enteritidis was plated onto tryptic soy (TS;
Difco Laboratory, Detroit, MI, USA) agar
plates containing 50 pgml™! streptomycin
sulfate (Fisher Biotech, Fairlawn, NJ, USA)
and incubated at 37°C. A str® colony (50 pug
ml™") was streaked onto TS agar containing
100 pg ml™ streptomycin. A resulting str* col-
ony was cultured in TS broth and maintained
as a frozen stock (-20°C) by freezing in
double-strength TS broth containing 10% gly-
cerol. A working culture was obtained by
inoculating 0-1 ml glycerol stock culture into
10 ml TS broth and incubating at 37°C for
24 h.

Inoculation of shell eggs

Rather than using cells suspended in a
buffer/aqueous medium for inoculation, S.
enteritidis ATCC 13076 (str) cells were
resuspended in egg yolk (c. 10°-107 cfu ml™)
for injection into yolks of test eggs. Shell eggs
and a 100 ul gas-tight glass syringe were san-
itized with 70% ethanol. A small puncture
hole was made on the blunt end of the shell

A chat
75 DAY,
/7c~ ﬂ ¢ 2 f% C/

eggs and 50 ul of the S. enteritidis ATCC
13076-egg yolk mixture was injected into the
yolk of each egg; the hole was then sealed
with fast drying DUCO cement (Devcon Cor-
poration, Wood Dale, IL, USA) and the eggs
were held on ice. When the glue dried, the
eggs were pasteurized at specified conditions
and then plated to determine residual S.
enteritidis ATCC 13076 cell counts after pas-
teurization. Eggs were sanitized and asepti-
cally broken into sterilized beakers contain-
ing sterile magnetic stir bars; the liquid
whole eggs were then mixed for 5 min on a
magnetic stirrer (Lab-line Inc., Melrose Park,
IL, USA). Finally, serial dilutions (0-1%
Bacto-peptone, Difco) were made and surface-
plated in duplicate onto TS agar (+100 ug
ml™ streptomycin). The plates were incu-
bated at 37°C for 2-3 days and colony for-
ming units (cfu) were enumerated.

Each pasteurization data point represents
the mean of a triplicate series of inoculated
shell eggs that were sampled and plated in
duplicate. In addition to the inoculated eggs
used for graphical data points, several nega-
tive and positive controls were also exam-
ined. The temperatures of two uninoculated
eggs (temperature control) were recorded
before, and during, each pasteurization
period in order to confirm the temperature
profile of the experimental eggs. Tempera-
tures were recorded with a digital ther-
mometer (Model HH 81 & HH 82, Omega
Engineering, Inc., Stamford, CT, USA) with a
fine-wire probe. Each pasteurization experi-
ment also included: (1) three inoculated eggs
plated without heating to demonstrate the
initial levels of S. enteritidis ATCC 13076
(recovery control), and (2) three uninoculated
(unheated) egg¥ plated to demonstrate the
absence of str* cells in our test eggs.

Pasteurization equipment and
conditions

Two types of equipment were used: a water-
bath set at 57°C (Blue Electric Company,
Blue Island, IL, USA) with a water circulat-
ing pump (Little Giant Pump Company,
Oklahoma City, OK, USA); and a hot air oven
set at 55°C with a forced-air circulating fan
(Thelco, Model 26, Precision Scientific, Co.,
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Springfield, MO, USA). Preliminary experi-
mentation indicated that 57°C for the water
bath and 55°C for the hot air oven were maxi-
mum temperatures that could be used with-
out denaturing the egg components. Water-
bath heating times of 10, 15, 20 or 25 min
were used. The hot air oven heating times
were 1, 2, or 3 h. Eggs were immediately
cooled on ice after pasteurization.

Heating procedures and pasteurization
evaluation

Three heating methods were used: hot air
heating, water-bath heating, and a combi-
nation of the two methods in which water-
bath heating was used first followed immedi-
ately by transfer and continued heating in a
hot air oven. One dozen inoculated shell eggs
were pasteurized by each method for each
holding time. Temperatures were recorded
from the center of the egg yolk (coldest point)
with a digital thermometer after making a
small hole for insertion into the blunt end of
the controlled egg. Heated eggs were col-
lected at specific time intervals, broken asep-
tically and plated to enumerate surviving S.
enteritidis ATCC 13076. The data were used
to plot cfu ml? and temperature vs time
curves to provide information on the effec-
tiveness of the time-temperature regimen on
S. enteritidis ATCC 13076-inoculated shell

eggs.

Functionality tests on pasteurized intact
shell eggs

The Haugh unit represents the height of the
egg white after breaking the shell and pour-
ing it on to a glass plate. This was measured
with a commercial micrometer attached to a
tripod (Mattox & Moore, Indianapolis, IN,
USA). The Haugh unit indicates the relation-
ship of the height of the egg white to the
weight of the egg (Stadelman 1990) and is a
measurement of albumen quality; as albu-
men quality decreases, the Haugh unit
decreases.

The pH of the egg white was measured by
a pH meter (Chemcadet, Model 5384-50, Cole
Palmer Inc., Chicago, IL, USA) after eggs
were pasteurized and held at 4°C overnight.

Pasteurization of shell eggs 95

The viscosity of the egg white is indicative
of protein changes that may occur during
heating. Viscosity was measured with a
Brookfield digital viscometer (Brookfield
Engineering Laboratories, Inc., Stoughton,
MA, USA). The viscometer was set at 30 r
min™, spindle number 31 and the measure-
ment was recorded after 1 min at a constant
temperature of 20°C. Before measuring, the
egg white was mixed with a wooden tongue
depressor in order to homogenize the thick
and thin sections of egg white.

The turbidity of the egg white was used to
determine the thermocoagulation of egg albu-
men. Turbidimetric measurements were done
on a spectrophotometer (Milton Roy Co.,
Rochester, NY, USA) at 600 nm using water
as a standard (Shimada and Matushita
1980). An increase in the turbidity of egg
white correlated with an increased
absorbance and a decrease in the opalescence
of the albumen.

Yolk index is defined as the height of the
yolk divided by the width of the yolk
(Stadelman 1990). Similar to the Haugh unit,
the yolk index decreases with a decrease in
egg quality. The yolk index reflects the
spherical shape of egg yolk.

The exterior L, a, b color values of egg
white and egg yok, before and after heating,
were measured with a Hunterlab colorimeter
(Model D25-PC2, Hunter Associates Labora-
tory, Reston, VA, USA). Four measurements
were done on each 30 ml sample. The values
of hue, chroma and delta E (AE) were calcu-
lated as follows (Clydesdale and Francis
1975):

Hue=tan™ (b/a)
Chroma=(a?+5%)“?

and
(AE=(AL*+Aa*+AbH?)

where, AL, Aa, Ab are the differences of the
measured L, a, b values from the Hunterlab
standard yellow color plate (#C2-30638) and
the L, a, and b values for egg white and egg
yolk, respectively.

The effect of heat treatment on foaming
ability and foam stability was also examined
by a modified method of McKellar and
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Stadelman (1955). Three eggs were broken,
and the egg white was separated from the egg
yolk with an egg-yolk separator. One hun-
dred milliliters of egg white from control
(unheated) or from heated eggs were
gathered into a 600 ml plastic beaker. The
egg white was mixed with an electrical egg
mixer (Black & Decker Inc., Denver, CO,
USA) set at the lowest position for 3 min. A
ruler was then vsed to measure the height of
the foam as an indicator of the foaming
ability. The unfoamed liquid was immedi-
ately transferred to a 100 ml graduated cylin-
der by pouring through a funnel. The volume
of the liquid was recorded as drainage volume
(ml). Periodically (2-3 min) additional liquid
was poured from the plastic beaker where the
egg white was mixed into the measuring cyl-
inder and the total volume was continuously
recorded. The foaming stability is rep-
resented by the volume of egg white remain-
ing in the foam phase relative to control eggs.

Lysozyme activity of egg white

Micrococcus lysodeikticus ATCC 4698 was
used to study lysozyme activity (Worthington
1990). The OD at 450 nm of a cell suspension
of M. lysodeikticus cells was observed after
adding lysozyme. The rate of change in OD of
the cell suspension was used to determine the
units of lysozyme activity in the test samples
relative to standard lysozyme solutions.

A 48 h M. lysodeikticus ATCC 4798 TS
broth culture was harvested by centrifug-
ation (15 000 g, 10 min, 10°C) and resus-
pended with 0-1 M sterilized potassium phos-
phate buffer (pH 7-0) and diluted to a
concentration that gave an OD of about 0-8 at
450 nm. Standard lysozyme solutions were
prepared from crystallized lysozyme (Sigma
Co., St. Louis, MO, USA) with sterile glass-
distilled water. The assay temperature was
kept at 25°C. The lysozyme solutions were
kept on ice until assayed. Egg albumen was
obtained by separating white from yolk and
removing the chalazae with a clean tweezer
and the thick and thin portions were homo-
genized with a wooden tongue depressor. Egg
white (1 ml) was diluted with sterile glass-
distilled water. A 2.9 ml sample of cell sus-
pension was pipetted into a cuvette and incu-

bated for 4~5 min in order to achieve tem-
perature equilibration. Then, 0-1 ml -of an
appropriately diluted enzyme or egg white
sample was added to the cuvette and the OD
at 450 nm was recorded. The slope of the
initial linear portion of the curve was calcu-
lated by regression analysis. The lysozyme
activity in 0-1 ml egg sample was calculated
by Eqn (1):

Lysozyme activity - Rate in egg solution (AQD.«/min) x lysozyms std. unita
(Enzyme Unita) Rate in lysozyme std. solution (AOD./min)

Storage stability of pasteurized intact
shell eggs

Two experimental approaches were examined
to test the storage stability of intact shell
eggs. In one approach, a triplicate series of
shell eggs inoculated with S. enteritidis
ATCC 13076 were pasteurized by the water-
bath~hot-air-oven = combination  method,
cooled on ice, and stored at 4°C for up to 30
days; during this period, each series of eggs
were sampled weekly and plated on TS agar
(plus streptomycin). In another approach,
uninoculated shell eggs were subjected to
microbial surface contamination by immer-
sion in a slurry of micro-organisms in floor
dust and debris collected from the floors of
hen houses (10 g dust+90 g water) and then
pasteurized by the combination method. The
shell eggs were immersed in the slurry for 5
min, blotted dry, pasteurized by the combi-
nation method, stored for up to 30 days as
above, and sampled weekly on TS agar.

Statistical analysis-

-
All data in this study was obtained from a
triplicate series of experimental runs. Stat-
istical Analysis Software (SAS 1988) was
used for analysis of variance at 95% confi-
dence limits.

Destruction of S. enteritidis

Figs 1, 2, and 3 show the destruction of Sal-
monella and related temperature profiles
using three different pasteurization methods.
The maximum destruction of S. enteritidis
ATCC 13076 in shell eggs by water-bath
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heating was approximately 3 log cycles (Fig.
1) whereas a 5 log cycle reduction in S.
enteritidis ATCC 13076 was obtained by
hot air heating (Fig. 2). A combination of
water-bath and hot air heating achieved a 7
log reduction of S. enteritidis ATCC 13076
without ‘cooking’ the eggs (Fig. 3).

In a 57°C water-bath (Fig. 1), the tempera-
ture of the yolk increased rapidly from 4-0°C
to 53°C in the first 15 min and then increased
slowly to 56°C by 20 min. The microbial
counts of the inoculated egg samples shows
low destruction rates for the first 15 min and
then a high level of kill between 15-25 min
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(53-56°C). Salmonella destruction can be
divided into two phases: first is the lag phase
in cell destruction during the temperature
‘come-up’ phase (from 0-15 min) and the
second is the logarithmic decay phase (from
15-25 min) once lethal temperatures are
attained. During the temperature increase
phase, cell destruction is low (<1 log cycle
reduction), whereas during the second phase
the temperature increased to 56°C and
further holding for 10 min gave a 2-2.5 log
reduction of S. enteritidis ATCC 13076. The
use of a 57°C water-bath gave a maximum
temperature increase without protein denat-

108

!

2]
o

W
o

| ST T T |
b [

S 8 3
Temperature

1
—
=]

A B T U

0 5 10 15

Time (min)

Figure 1. Microbial count reduction of Salmonella enteritidis ((-®-) cfu ml™) and temperature ((-O-)
°C), increase in shell eggs during heating with 57°C hot water for up to 25 min. Each data point
represents the mean of triplicate determinations. High and low values are represented by error bars.
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Figure 2. Microbial count reduction of Salmonella enteritidis ((-@-) cfu ml™) and temperature ((-O-)
°C) increase in shell eggs during heating with 55°C hot air for up to 3 h. Each data point represents the
mean of triplicate determinations. High and low values are represented by error bars.
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98 M. Hou et al.

uration for up to 30 min. Prior exploratory
work indicated that extended incubation
times for more than 30 min often resulted in
denatured egg white proteins as a result of
the egg white reaching a critical temperature
of 57°C (data not shown). Therefore, the
maximum allowable destruction of S. enterit-
idis ATCC 13076 in shell eggs by water-bath
heating without egg white denaturation was
approximately 3 logs (Fig. 1).

A hot air oven was also examined as an
alternative heating medium. In a 55°C hot air
oven (Fig. 2), the temperature of the yolk
increased from 4-0-50°C in 50 min and then
it increased slowly to 55°C by 180 min. The
microbial counts of egg samples shows low
destruction rates up to 50 min, but signifi-
cant microbial reduction between 50-180
min. Cell destruction can again be divided
into two phases: the lag phase from 0—-50 min
followed by the logarithmic decay phase from
50-180 min after lethal temperatures were
reached and maintained. The maximum
destruction of S. enteriditis ATCC 13076 in
shell eggs attained by hot air heating was a 5
log reduction (Fig. 2). Differences in the heat-
ing properties of the water-bath and hot air
oven are because of the type of heat transfer.
In the water-bath, heat is transferred from
hot water to the egg shell via convection and
then by conductive heat transfer from outside

to inside the egg. The hot air oven heats by
convection and radiation heat transfer to the
surface of the egg and then via conduction
within the egg.

Although the hot air oven was more effect-
ive in reduction of S. enteritidis ATCC 130786,
the extensive heating time required was
undesirable (Fig. 2). This prompted the use of
a combination of the two methods which
would provide the quick heating obtained by
water-bath heating followed by the extended
incubation provided by hot air heating, both
of which could be conveniently implemented
into a commercial process. A combination of
the two methods (water-bath at 57°C for 25
min following hot air oven at 55°C for 1 h)
showed that the temperature rose to 55°C
during the water-bath period (3 log cycle
reduction) followed by a further reduction (4
logs) obtained by hot air heating, for a total
destruction of S. enteritidis ATCC 13076 of 7
logs (Fig. 3). The change in temperature from
water to hot air was not smooth because the
eggs were cooled during the period of switch-
ing equipment and this is reflected in both
the temperature and S. enteritidis ATCC
13076 profiles (Fig. 3). Because this was the
critical temperature at which the rate of S.
enteritidis ATCC 13076 reduction was
greatest, a rapid transition from water-bath
to hot air heating may provide a similar
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Figure 3. Microbial count reduction of Salmonella enteritidis ((-@-) cfu ml1™") and temperature ((-O-)

°C) increase in shell eggs during heating with 57°C hot water for up to 25 min followed with 55°C hot air

for up to 57 min. Each data point represents the mean of triplicate determinations. High and low values

are represented by error bars.
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reduction of Salmonella in less time. It would
also be expected that a commercial process,
which could provide greater movement of
shell egg contents during the heating and
holding process may also provide better con-
ductive heat transfer in order to reach critical
bactericidal temperatures sooner.

Functionality of intact shell eggs upon
pasteurization

The physical properties of shell egg contents
such as color, foaming ability, foam stability
and lysozyme activity of egg white or yolk of
fresh eggs were compared with eggs sub-
jected to water-bath heating at 57°C (Fig. 4)
or the combination pasteurization method
(Table 1). Among them, the Haugh unit, pH,
yolk index, and color showed no significant
differences (P>0-05) between fresh and paste-
urized eggs suggesting that the heating regi-
men did not grossly affect these egg quality
characteristics (Table 1). However, egg white
viscosity, turbidity, and hue value showed
significant differences (P<0-05) (Table 1). The
decrease in the viscosity and increase in tur-
bidity of egg white indicated partial protein
denaturation (Fig. 4) and is consistent with
that observed by Seideman et al. (1963). A
higher hue value indicated that the heated
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egg white has more ‘blue’ hue than that of
fresh egg. Foaming ability was enhanced as
indicated by both the height of the foam
formed upon uniform beating and by its
stability during subsequent drainage of foam
returning to the liquid fraction (data not
shown). The enhancement in foaming ability
and stability may be explained as an
unfolding of protein and an increase in sur-
face hydrophobicity of egg white. Mine et al.
(1990) demonstrated by circular dichroism
spectra that heat-induced changes in egg
white protein already occurred at 60°C and
likely occurs to a lesser degree at slightly
lower temperatures comparable with what
we have used in this study. Lysozyme activity
was reduced nearly by half after pasteuriz-
ation by the combination method (48%
reduction; Fig. 4). However, it was evident
that most of the reduction in activity (41%
reduction) occurred during heating in water,
half of which occurred in the last 5 min of the
water-bath heating phase (from 25-30 min;
Fig. 4). This could be explained by the temp-
erature of the egg white slowly approaching
the temperature of the water-bath; transfer
to 55°C hot air heating for an additional 60
min resulted in a slight heat loss (Fig. 3)
which minimized any further reduction in
lysozyme activity (Fig. 4). Because lysozyme
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Figure 4. (a) Analysis of turbidity, (b) viscosity, and (c) lysozyme activity of egg white before and
after heating of intact shell eggs in a 57°C water-bath. Each point is the mean of triplicate
determinations. High and low values are represented by error bars.

Aljchae! fFods AN e |
LisOR ) SIS Packet #EF05507

/’1}«'77/7 |



100 M. Hou et al.

Table 1. Analysis of physical properties of shell egg components from raw and pasteurized
(combination method) intact shell eggs

Test or assay Values obtained for:
Raw shell eggs Pasteurized shell eggs
Egg Yolk
Yolk index 0-45 (0-13) 0-36 (0-09)
Color values
Hue 1719 162.7
Chroma 39:1 41.7
Delta E 37-5 41.3
Egg white
Haugh unit 70-3 (3-0) 75-3 (5-9)
pH 9-23 (0-22) 9.32 (0-16)
Viscosity (cp) 150 (8-5) 100 (6-8)
Turbidity (AU 1 600 nm) 0-102 (0-05) 0.228 (0-13)
Foaming ability (cm) 3(0-44) 4 (0-50)
Color values
Hue 186-3 69-9
Chroma 1.8 2.44
Delta E 57 53.6

Values are the means of a triplicate series of independent analyses; standard deviations are listed in

parentheses.

is considered an antimicrobial component of
egg white, a minimal loss of lysozyme activity
would further enhance the safety aspects of
pasteurized intact shell eggs. Therefore, the
combination method incorporated only a 25
min water-bath heating step to eliminate the
portion of the water-bath heating which
resulted in the most dramatic loss of egg
white lysozyme activity, increase in turbidity,
and decrease in viscosity (Fig. 4).

Although we examined the effect of the
combination pasteurization process on lyso-
zyme, the major antimicrobial component of
egg white, we did not further examine the
effect of the process on other inhibitory fea-
tures of egg white such as conalbumen, avi-
din, or ovoinhibitor. The combination pasteu-
rization process did not affect the storage
stability of the pasteurized shell eggs held at
4°C for 30 days when challenged (yolk inocu-
lation with S. enteritidis ATCC 13076 or sur-
face contamination with hen house dust
slurry) before pasteurization. Viable cells
were not obtained from either of the two stab-
ility tests. The inability to recover str® S.
enteritidis from the inoculated eggs is indica-
tive of the level of pasteurization obtained (7
log reduction) whereas the lack of contami-
nation from surface-exposed eggs indicates

that physical or chemical defenses are still
functional in the pasteurized intact shell
eggs. Although shell eggs contaminated with
S. enteritidis either by transovarian infection
or surface penetration may possess S. enteriz-
idis in egg components other than in the yolk,
inoculation of yolk as the position furthest
from the source of heating likely provides a
conservative estimate of the effectiveness of
the current process.

In a recent study, Vanlith et al. (1995)
recovered S. enteritidis from yolk-inoculated
shell eggs heated in water at 57°C for 30 min
and concluded that this pasteurization
method was ineffective. The data presented
herein demagstrated the use of a combi-
nation of water-bath and hot-air heating to
implement a heating and holding time pro-
cess that results in a 7 log reduction of S.
enteritidis and the pasteurization of intact
shell eggs. Because S. enteritidis occurring in
naturally infected eggs have mainly been
found in low numbers (i.e. <10 cfu egg™;
Humphrey et al. 1989, 1991b), the current
process provides more than a 6 log cycle
safety margin for shell eggs. This process was
tailored to minimize aesthetic or quality
changes in the egg components and demon-
strates the feasibility of extended-time non-
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destructive heating to provide pasteurized
shell eggs for safety-conscious consumers
who have a preference for undercooked, shell-
egg products. Such a process can be con-
veniently incorporated into existing egg pro-
cessing lines that already include a heated
sanitary wash; the hot air heating could be
introduced subsequent to this step. Because
of their reduced microbial burden, pasteur-
ized intact shell eggs may also be used to
extend shelf life if used for production of
liquid pasteurized egg.
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U.S. Department of Agriculture
Food Safety and Inspection Service
Docket#04-034N

The following is information that considers the impact of pH on lethality of
pasteurization on Sa/monella spp. in egg white based egg substitute. The data is also
compared to results of studies reported by the American Egg Board/United Egg
Association in the “International Egg Pasteurization Manual” (UEA/AEB, 2002).

They are offered for consideration by FSIS scientist charged with the finalization of the
risk assessment for Salmonella spp. in pasteurized egg products. The information is
abstracted from a repot of a study commissioned as part of process validation work
conducted for the benefit of Michael Foods, Inc.

Background and Analysis:

Background information relating to pasteurization of egg products is found in the USDA
Egg Pasteurization Manual (USDA, 1969), Egg Science and Technology (Stadelman and
Cotterill, 1995), and the recently published International Egg Pasteurization Manual
(UEA/AEB, 2002). The International Egg Pasteurization Manual (IEPM) is the most
recent literature review and discussion of the current state of knowledge presented in the
published literature. It also presents new data from thermal death time studies for a wide
range of egg products including one egg substitute formula.

Due to the limited data available regarding the destruction of Salmonella sp. in egg
substitutes and the documented effects of pH on inactivation of Salmonella sp. in egg
white, further evaluations of pH on the inactivation of Salmonella sp. in our basic egg
substitute formulation was commissioned.

The study was conducted by Silliker, Inc., Research Center and reported to us in a final
report dated December 31, 2003. The report is attached as Appendix A. The following
discussion summarizes data from the report used as the foundation for a for an egg
substitute.

Page 1 of 6
Michael Foods, Inc.
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Figure 1 presents comparison of the D-values based on data presented in Tables 1, 2, 3,
and 4 of the Silliker report.

Figure 1. Log D-values for egg substitute
at pH 8.2, 8.6, 8.8, and 9.0.
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Results from the present study show that as pH of the egg substitute product increased,
the effectiveness of the thermal treatment in inactivating Salmonella sp. increased. The
figure also indicates that the pH effect on inactivation of Salmonella sp. was uniform
over the range of temperatures used in the study. The Z-values were 7.9, 8.7, 8.0, and 8.4
for product at pH 8.2, 8.6, 8.8, and 9.0, respectively. They are typical of Z-values for a
wide range of Salmonella sp. (USDA, 1969).

The above data is in general agreement with the results reported in the IEPM for
inactivation of Salmonella sp. in egg white at pH values 7.8 to 9.3.

D-values from the IEPM for the egg substitute and D-values from the Silliker report were
essentially the same at temperatures at or above 134 °F (Table 1). The egg substitute
formula used in the IEPM study had a solids content of 15.7% where as the egg substitute
formula used in the Silliker study contained 12% solids (see attachment B for
formulation). Regardless of the solids content, both studies report D-values for egg
substitutes that are lower than comparable D-values for pure egg white at the same pH as
shown in Table 1.

Table 1. D and Z-values for egg white and egg substitutes at pH 8.8.

Egg White* | Egg Substitute | Egg Substitute
IEPM** Silliker***
Ds4.ac (130F) | 6.99 min 2.09 min. 3.21 min
D ss.7ci13ary | 1.99 min 0.92 min 1.02 min
D57,7cﬂ35ﬂ 1.11 min 0.44 min 0.57 min
Z,°C(°F) | 411(7.4) 4.99(8.9) 4.44(8.0)

*Table 10, page 16 International Manual

** Table 26, page 19 International Manual
*** From Silliker report

Page 2 of 6
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Figure 2 includes the log D for the egg substitute reported in the IEPM compared to the
data reported in the Silliker study. Over the temperature ranges studied the pH effect
seems to be uniform. Results from the IEPM study and from our Silliker study are in
good agreement and provide the basis for determining adequate pasteurization processes
for egg substitutes with solids content ranging from about 12% to about 16% with pH
values at time of pasteurization ranging from 8.2 to 9.9.

Figure 2. Log D-values, sec. for egg substitutes
data from IEPM and Silliker Report
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Conclusion and recommendation:

Since data from two separate studies report comparable results for inactivation of
Salmonella sp. in egg substitute formulations, minimum pasteurization conditions can be
recommended for egg substitutes containing up to 16% solids with pH values ranging
from 8.2 to 9.0.

Table 2 presents a comparison of expected log reductions from a minimum pasteurization
process defined by a hold time of 7 minutes at 135°F.

Table 2. Log reductions of Salmonella sp. in egg substitutes achieved by minimum
pasteurization treatment of 135°F for 7 minutes.

pH D(135° F), min. LOg reductions in 7
min.

8.2 1.02 6.9

8.6 0.78 9.0

8.8 0.77 9.1

9.0 0.69 10.2

A pasteurization process minimum of 135°F with a 7 minute hold time should provide
sufficient safety factor for egg substitute formulas containing up to 16% solids and with
pH values from 8.2 to 9.0.
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Objective
The objectlve of this study was to determine the thermal inactivation rate (D and z

values) for Salmonella in an Egg Substitute product at pH’ s of 8 2,8.6,8.8,and 9.0.

Conclusions .
When the pH value of the product was 8.2, the mean D-values were 84.2 seconds at

134°F, 46.7 seconds at 136°F, 22.5 seconds at 138°F, and 15.5 seconds at 140°F,
respectively. When the pH value of the product was 8.6, the mean D-values were 61.2
seconds at 134°F, 40.0 seconds at 136°F, 22.0 seconds at 138°F, and 12.0 seconds at
140°F, respectively. When the pH value of the product was 8.8, the mean D-values
were 60.5 seconds at 134°F, 33.1 seconds at 136°F, 22.4 seconds at 138°F, and 10.1
seconds at 140°F, respectively. When the pH value of the product was 9.0, the mean
D-values were 63.9 seconds at 134°F, 26.4 seconds at 136°F, 15.8 seconds at 138°F,
and 12.2 seconds at 140°F, respectively. The z values were 7.9°F for pH8.2, 8.7°F for

pH8.6, 8.0°F for pH8.8, and 8.4°F for pHS.0, respectively. 0

Materials and methods

Food Product .
Michael Foods Egg Products Co. (MFEPC) provided thirty-six cartons of an egg

substitute product as a pasteurized packaged refrigerated liquid with low initial aerobic
plate counts on 9/26/2003. The cartons were labeled “Papetti Foods,* :
29750, Fat Free, Cholesterol Free Pasteurized, Homogenized, P-1610-3260A, Exp.

Dec. 24. 03-501991.” The product was stored at 40°F for the duration of the study.

Experiments were performed from September through December.

Test Organisms ,
A culture composite of Salmonelfa containing 6 strains each was used for the study.

Strains were obtained from the Silliker Laboratories Research (SLR) culture collection.
Several strains were selected to increase the genetic variation. Strain labels and
descnptions are as follows:

s i

Salmonella
S. heidelberg (SLR 539) — Silliker Laboratories Research culture coliection (originally isolated

from liquid whole egg). .
S. enteritidis (SLR 1840) - ME-14 (pouitry manure)
S. enteritidis (SLR 1841) — ME-15 (shell egg transfer beit) -

S. enteritidis (SLR 1843) - ME-18 (live poultry)
S. enteritidis (SLR 1844) — Benson-1 (human clinical isolate)
S. typhimuriurmn (SLR 1846) ~Tm-1 (type strain used extensively in liquid egg pasteurization

studies conducted by USDA-ARS, Westemn Regional Research Laboratory, Albany, CA).

Each strain was individually cuttivated in Trypticase Soy Broth (TSB) at 35°C for 24
hours prior to initiation of each portion of testing. Equal volumes of each strain were
SILLIKER, Inc., Research Center
160 ARMORY DRIVE * SOUTH HOLLANB IL 60473 / TEL +1 (708) 225-1435 / FAX +1 (708) 225-1536
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combined to form a composite culture of Salmonefla. The composite was centrifuged,
washed once with 40 mL of Butterfieid's phosphate buffer, centrifuged a second time
and suspended in 80 mL of egg product to obtain a uniform suspension.

Experimental Procedure
The product pH was adjusted to pH values of 8.2, 8.6, 8.8, or 9.0 using 1 N HCI or1N

NaOH. The HCI or NaOH was added slowly to the product to prevent gelation and/or
precipitation and was mixed gently to prevent foaming. A verification of pH after

inoculation and before filling capillary tubes was performed.

Michael Foods established 134°F, 136°F, 138°F, and 140°F as the four temperatures to
be used for the study. Three trials at each temperature were performed. Testing was
performed using capillary tubes to minimize long come up times. For each trial, the
inoculated egg suspension was distributed in 0.05 mL aliquots to 24 sterile capillary
tubes using a micopipettor. The capillary tubes were heat-sealed at each end with a
flame. Heat treatments were performed immediately to avoid pH shifts.

Twenty-two of the capillary tubes were individually tied to a wire and placed in heated
water baths. Capillary tubes were pulled at 8 exposure times. Pull times began when
the temperature control reached the target temperature. The target was to pull a

sample per one log reduction. Two capillary tubes were pulled at the first 5 time
intervals and 4 tubes at the last 3 time intervals. The tubes were immediately cooled in

an ice bath for at least 5§ minutes. The capillary tubes were sanitized using 70%
ethanol. The capillary tubes were then air-dned and opened with a sterile wire cutter for

analysis. Two unheated capillary tubes served as inoculated controls to obtain initial
populations of Salmonella. Two non-inoculated controls were analyzed for aerobic

bacteria.
Temperature data were collected using a Yokogawa DR240 portable hybnd recorder
(Shenandoah GA) with T-Type thermocouples to monitor the water bath and product
temperature in 3-second intervals.

Microbiological Analysis
Inoculated samples were aseptically drained into test tubes. Serial dilutions were

analyzed using the pour plate technique with Tryptic Soy Agar (TSA). For the first 5
time intervals dilutions were performed starting at a 1:100. For the last 3 time intervals
2 tubes were analyzed starting at a 1:100 dilution. The remaining 2 tubes were used to

analyze a 1:10 dilution.

Plates were incubated at 35°C for 48 hours, colonies counted, and two colonies from a
countable plate per time interval were streaked on selective agar (Xylose Lysine
Desoxycholate) plates to verify that the colonies were Salmonella. XLD Plates were

incubated at 35°C for 24 hours.

Uninoculated product was analyzed for aerobic plate count using Tryptone Glucose
Yeast agar (TGY) incubated at 35°C for 48 hours and for absence of Salmonella per 25
SILLIKER Inc., Research Center
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gram analytical unit using the USDA procedures-
(www.fsis.usda. gov/OPHS/microlab/mlgbook.htm. Isolation and identification of

Sa/mone//a from meat, poultry and egg products. Chapter 4. 02)

An 1noculatlon study was conducted to venfy that inoculation of Salmonella did not
change the pH of the products for the duration of the study. The pH of the inoculated

product was analyzed over 180 minutes.

-

Data Analysis
The base ten iogarithms of the plate counts were plotted against time for each

temperature and the best fit line was statistically determined by least squares linear
regression. The D value is the time required, in seconds, for the population to decrease
by 90% or 1-log when held at a certain temperature. Mathematically, it is the negative
inverse of the slope of the regression line. The Z values for the product were also
determined. The z-value represents the number of °F required for the D value to
proceed through one log cycle. Mathematically, it is the negative inverse siope of the
regression line of the logarithm of D values and temperature. ‘

;
Results and Discussion
For all the uninoculated samples tested, the aeroblc plate counts in the samples varied
from 0 to 7 colony forming units per gram. The uninoculated product was found to be

negative of Salmonella per 25-mL analytical unit.

The addition of the composite culture of Saimonelfa into the egg product did not change.
its pH value when the pH value of the egg product was at pH8.2 or pH8.6. When the
pH value of the egg product was at pH8.8 or 9.0, addition of the composite culture
slightly decreased the pH values. A small amount of NaOH was added to the product
to bring the pH values back to target levels, pH8.8 and pHS.0. After inoculation and
adjustment, the pH of the product remained stable at the target levels for the duration of

the study.

Experimentally determined D-values and correiation coefficients (rz) for Salmonella in
the Better'n Eggs product for pH 8.2, 8.6, 8.8, and 9.0 are presented in Tables 1, 2, 3,
and 4. Graphs of the data used to calculate these values are presented in Figures 1-
16. When the pH value of the product was 8.2, the mean D-values were 84.2 seconds
at 134°F, 46.7 seconds at 136°F, 22.5 seconds at 138°F, and 15.5 seconds at 140°F
(Tabie 1). When the pH value of the product was 8.6, the mean D-values were 61.2
seconds at 134°F, 40.0 seconds at 136°F, 22.0 seconds at 138°F, and 12.0 seconds at
140°F (Table 2). When the pH value of the product was 8.8, the mean D-vaiues were
60.5 seconds at 134°F, 33.1 seconds at 136°F, 22.4 seconds at 138°F, and 10.1
seconds at 140°F (Table 3). When the pH value of the product was 9.0, the mean D-
values were 63.9 seconds at 134°F, 26.4 seconds at 136°F, 15.8 seconds at 138°F,
and 12.2 seconds at 140°F (Table 4). Variations in D-values are commonly observed.
Common sources of variation are the strains used, daily culture preparation, and/or
laboratory testing. The variations observed appear typical based upon our experiences.

SlLLlKER Inc., Research Center
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The calculated z values and correlation coefficients () for Salmonella in the Better'n

Eggs product for pH 8.2, 8.6, 8.8, and 9.0 are shown in Table 5. Graphs of the data

used to calculate these values are presented in Figures 17-20. The calculated z values
“were 7:9°F for pH8.2, 8.7°F for pH8.6, 8.0°F for pH8.8, and 8.4°F for pH9.0.

The effect of pH on the D values of Salmonella in& product is shown in
Table 6. At 134°F, the D values decreased from 8&4. onds to 61.2 seconds when

the pH values increased from 8.2 to 8.6. Further increasing the pH values did not have
any effect on the D values. At 136°F, the D values decreased as the pH values
increased. At 138°F, the D values remained at about 22 seconds when the pH values
increased from 8.2 to 8.8, and then decreased to 15.8 seconds when the pH values
further increased to 9.0. At 140°F, the D values decreased from 15.5 seconds to 12.0
seconds when the pH values increased from 8.2 to 8.6. No apparent trend in the D .
values was observed when the pH values were increased from 8.6 to 9.0.

Mé‘wgé

. . SILLIKER, inc., Research Center
160 ARMORY DRIVE ® SOUTH HOLLAND, IL 60473 / TEL +1 (708) 225-1435 / FAX +1 (708) 225-1536

/M-'oﬁaeé.f:@;a/z\zm ULDA/ FSIS Dcfat BOT-O3GN




6 . | - | {‘

Table 1. Experimental D Values (seconds) and ¥ Values of Salmonella in—

at pH 8.2 .

'Temperature 134°F 136°F 138°F | 140°F
: . Dvalue| r* |Dvalue|] R° |Dvalue] * [Dvalue|] r

Trial 1 77.9 0.92 451 0.94 22.4 0.92 15.3 0.93
Tral 2 86.1 0.80 46.4 0.85 21.9 ¢ 0.91 13.4 0.85
Trial 3 78.6 0.87 48.7 0.80 23.2 |-.0.94 17.9 0.91
Average 84.2 NA 46.7 NA 22.5 NA 15.5 NA
Standard 10.3 |- NA 1.8 NA 0.7 “NA 2.3 NA
[Deviation

NA = not applicable
Table 2. Experimental D Values (seconds) and 7 Values of Salmonelia in—

at pH 8.6
Temperature 134°F 136°F 138°F 140°F
Dvalue| r* |Dvalue] R° |[Dvalue] r [Dvalue| r

Trial 1 62.8 0.90 44.4 0.92 24.9 0.86 14.2 0.87
Tral 2 53.0 0.94 35.6 0.93 19.5 0.91 11.4 0.93
Tral 3 59.5 0.87 34.0 0.91 21.7 0.9 10.5 0.96
Average 61.2 NA 40.0 NA 22.0 NA 12.0 NA
Standard 2.3 NA 6.2 NA 2.7 NA 1.9 NA
Deviation

NA = not applicable
Table 3. Experimental D Values (seconds) and r* Values of Salmonella in_

at pH 8.8
Temperature 134°F 136°F | 138°%F 140°F
Dvalue| r* |Dvalue] R° |Dvalue| r* |[Dvalue|] r

Trial 1 '69.1 0.75 32.1 0.97 23.8 0.93 9.4 0.96
Trial 2 55.4 0.98 32.9 0.96 18.8 0.95 9.4 0.95
Tral 3 56.9 0.92 34.2 0.98 24.6 0.81 11.5 0.94
Average 60.5 NA 33.1 NA 22.4 NA - | 10.1 NA
Standard 7.5 NA 1.1 NA 3.1 “NA 1.2 NA
Deviation

NA = not applicable
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Appendix B

Liquid Egg Substitute Formula
Michael Foods, Inc. Egg Division/Papetti’s
Revision #: 001
Revision Date: July 18, 2003

Ingredient Listing:

Egg Whites (98%), Water, Natural Flavor, Sodium Hexametaphosphate, Guar Gum,
Xanthan Gum, Color (includes beta carotene and annatto).

Physical Parameters

1. Total Solids on Air Oven: 11.8% -12.2%

2. Total egg white content — 88.07%

Page 6 of 6
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