UNITED STATES DISTRICT COURT 408 1 2 pgo

FOR THE EASTERN DISTRICT OF NORTH CAROLIBVD .,
N L CLERK

{ CCUaT Epne

2P CLERK

WESTERN DIVISION S DI

MICHAEL FOODS, INC.
and NORTH CAROLINA STATE

UNIVERSITY CIVIL ACTION NO.

500 (A-559-050 (5>

COMPLAINT AND JURY DEMAND

Plaintiffs,
V.

CUTLER AT ABBEVILLE, L.L.C.

e’ N N’ Nt N N N N N N N

Defendants.

Plaintiffs, Michael Foods, Inc. ("Michael Foods") and North Carolina State University
("NCSU"), by and for its complaint against defendant, Cutler at Abbeville, L.L.C. ("Cutler"),

alleges as follows:

. THE PARTIES

1. Michael Foods is a corporation duly organized and existing under the laws of the
State of Minnesota, having a principal place of business at Minnetonka, Minnesota.

2. North Carolina State University is a constituent institution of the University of
North Carolina, has its principal place of business at Raleigh, North Carolina, and is an arm of
the State of North Carolina.

3. Upon information and belief, defendant Cutler is an entity identified as registered
under the laws of the State of Missouri, having a principal place of business at Abbeville,
Alabama and is associated with and the alter ego of Abbeville Egg Products, Inc. and Cutler Egg

Products, Inc., all of Abbeville, Alabama.
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L. STATEMENT OF JURISDICTION AND VENUE

4. This is an action for patent infringement arising under the patent laws of the
United States, Title 35 of the United States Code.

5. The Court has subject matter jurisdiction over this matter pursuant to 28 U.S.C.
§§ 1331 and 1338(a).

6. Upon information and belief, defendant does business in this state generally, has
substantial sales of egg products, advertises in trade journals directed to residents z;nd companies
in this district, advertises products at issue in this complaint on a web ;;age or web pages, thereby
offering such products for sale in this district.

7. Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391 and 1400.

ll. CAUSE OF ACTION FOR PATENT INFRINGEMENT

8. The invention of United States Patent Nos. 4,808,425; 4,994,291, 4,957,759; and
5,019,408, all reexamination certificates thereto and for Reissued Patent RE37,225E (the "'425,"
"291," "759," "408" and "'225" or collectively referred to as "the patents in suit,” copies
provided as Exhibits 1-8) were developed at NCSU in Raleigh, North Carolina by Kenneth
Swartzel, Hershell Ball and Mohammad Hamid Samimi.

9. The patents in suit are owned by NCSU and rights have been licensed to Michael
Foods, Inc. and has the right to bring suit for infringement thereof.

10. On information and belief, Cutler has been, for a time past, and is currently
infringing, contributing to the infringement of, and inducing the infringement of directly and
indirectly, the patent in suit by, among other things, making, using, selling and/or offering for
sale, certain liquid whole egg products within the territorial boundaries of the United States that

are covered by one or more claims of the patents in suit.
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11. On information and belief, Cutler's infringement of the patents in suit has been
and is willful, and will continue unless enjoined by this Court. Michael Foods and NCSU have
suffered, and will continue to suffer, irreparable injury as a result of this willful infringement.
Pursuant to 35 U.S.C. § 284, Michael Foods and NCSU are entitled to damages for infringement
and treble damages pursuant to 35 U.S.C. § 283, Michael Foods and NCSU are entitled to a
preliminary permanent injunction against further infringement.

12.  Michael Foods and NCSU have given Cutler notice of said infringe;nent.
Notwithstanding such notice and action by Michael Foods, Cutler has continued to willfully and
deliberately infringe the patents in suit by manufacturing, using and selling liquid whole egg
products made in accordance with the inventions of the patents in suit, in this district and
elsewhere.

13.  On information and belief, Cutler and/or its agents monitored the progress of the
patents in suit during their reexamination and/or reissue. Further, Cutler and/or its agents filed at
least one protest on February 16, 1995 in the reissue proceeding in an effort to impede the
prosecution of the patents.

14.  On information and belief, Cutler and/or its agents collaborated with one or more
third parties in the filing of at least one of the third party requests for reexamination or protest of
the NCSU patents.

15. This case is exceptional and, therefore, Michael Foods and NCSU are entitled to
attorneys' fees pursuant to 35 U.S.C. § 285.

IV. DEMAND FOR JURY TRIAL

16.  Plaintiffs Michael Foods and NCSU demand a trial by jury on all disputed issues.

WHEREFORE, Michael Foods and NCSU pray for relief as follows:
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V. PRAYER FOR RELIEF

A. That Cutler be adjudged to have inﬁinge& the patents in suit;

B. That Cutler, their officers, agents, servants, employees, attorneys, and those
persons in active concert or participation with any of them, be preliminarily permanently
restrained and enjoined from directly or indirectly infringing the patents in suit;

C. An accounting for damages by virtue of Cutler's infringement of the patents in
suit;

D. An award of damages to compensate Michael Foods and NCSU for Cutler's
infringement, pursuant to 35 U.S.C. § 284, said damages to be trebled because of Cutler's willful
infringement.

E. An assessment of pre-judgment and post-judgment interest and costs against
defendants, together with an award of such interest and costs, in accordance with 35 U.S.C. §
284,

F. That Cutler be directed to pay Michael Foods and NCSU's attorneys' fees incurred
in connection with this lawsuit pursuant to 35 U.S.C. § 285; and

G. That Michael Foods and NCSU have such other and further relief as this Court

may deem just and proper.
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This &Qof August 2002.

/).

J&mes D. Myers, Esq. (NC #360
Richard P. Vitek, Esq. (NC #30127)
Myers Bigel Sibley & Sajovec, P.A.
Post Office Box 37428

Raleigh, North Carolina 27627
Telephone: (919) 854-1400
Facsimile: (919) 854-1401

Attorneys for Plaintiffs Michael Foods, Inc. and

North Carolina State University
268971
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) 1 .. cmnm z . , L
e - Co werarepomd.'l'herunlnofthnpxoneer 2
'.-MHHODPORTHEULTRAPASE!BJZATION " ing work demonstrated the possibility of exteniding the
o OFHQUDWHOLEEGGPRODUCIS ' . refrigerated shelf life of liquid whole egg products, but’

e didmtmbk:heeomuualprodnmof:reﬁ'zger
_.-;DESCRIFI'IONOFTHENVENTION § ated product which could be sold to consumers,
~Th=pr=emmveanonrdmtothcpast=nnanmof : Toeuryomnln-;pmnouothmdwholeegg
- Biquid whole ¢gg products generally, and particularly productsoncommuculeqmpmem.thenmzmdm 3
 relates to-nitrapastencization - methods which can be ~ perature parameters of the thermal treatment must be,

'T&U.S.mmdmuyp:odmdmoreﬂ:mw()mﬂ- s (eg+ I,Swp.s.x.mdmore)ﬂmeeomeqmofblock
Bonponndsof&mpmndeggpmdmmlm mmmFa&mmnhmwm

mmwmmmmmd tion of these produsts on commercis] equipment o

" spoiling egg products held under refrigerated tempera- 0 Beamdnsmmlmﬂumahonwunctwaﬂzble.

‘ ::tboveﬁ-eenng.mmwd;fn;pﬁﬂtlem Hamid-Samimi investigated the time and ‘temperature
mpmmd coq:ed mﬂﬂm pnnm:mwhnhshmldbensedmmmetaﬂeqmp— )

lhdflife(7-l4dzylst40'5)mr=qmmm -med.ﬂquidwh;le prodnc:.MH.Hnmd—Sammi.

frozen distribution systems for preservation. Freezing is CateﬁaDevdapme?t‘ for Extended Shelf-Life Pasteur- :

cost intensive, lowers the functional quality (8vOr, 25 ey 7 iquid Whele Egg. Ph.D, Thesis, North Carolina -

P«fnrmmm-)ofge“mmmﬂmmmu‘: * State University (1984). This research was carried out - -

inconvenient product th "q"'."."h';-;’“‘?“.pﬂm. whole at the laboratory bench, with 2 Brookfield viscometer, =" ©+ -

msm‘ dp:em'w"mhmh&md? * which processed the product.in smail batches tather .

e P'“”“"” mm;n?d’m, I R h Servi 3c‘:lm:c:cumrmr.vmly Procmghmaa:d”lﬁerm

o - 1969).-See also US. Pat. No. 3,949,099 to Kaufman, at u(snlll)ofﬂmll lelsun%lmnllplmndu:hg protem:

' " column. 1, fimes 46-58 (summarizing pasteurization pro- . up product, as sa upper .

5 ). The Egg P iration Manual that exper- _knnt.‘i:etesuggenednproducmgafnncuonallyw

- jments- conducted. in Eng} lmmm}upﬁb prodoct. The ‘suggested 5% SPL limit was .-

" " conditians used there, which were carried out in a high 15 9efined by & graph line in the thesix: this line is repro- . ,
"Ml mmmmww duced herein-in FIG. 3 as the 5% SPL (Batch) line. " -

.- trials with holding times, of two and one-half minutes Tmndtempmmvﬂuawt:yothamvuup-.

mdnmpmauprSIdemFm(ﬁl tors which were believed to be the limits of pasteuriza. ..

- degrees Centigrade). The functional quality of these . tion are summarized in M. H. Hamid-Samimi and K. R.
g Wnnotdhcuueg,.howevet,nnmtedthahglnd 40 Swartzel, J. Food Processing and Preservation’8: 219, 221 .
-adopted a lower temperature of 148 degrees Fahrenheit . FIG: 1 (1984). All are below the 5% SPL (Batch) line. -
'~u;u=mmﬁmmmmmm Thepmentmvenmams!ntomrhepredwaom

atedthdflxvathnheretoforewﬁhbhuwmmobe
explained below, discovery of thése unexpected results
bas led to the identification of several ‘steps which
thould be taken to produce ultrapasteurized liquid
wholeegzpmdwtsthathwempmfnnmonﬂpmp- .
- erties,
Theobjec!ofthepmeutmvmnm.mshon,nm
p:ovxdeliquidwholeeggprodmforre&zgm:eddn—
trbmnwhchhavegxaﬁyudmdlevdsof:poih&e
-moormms, whi]z still hvng pod functional
L SUWARYOFTEEMTION ]
'I'hnob;ectxslchwvedbylmeﬂwdforu]mmn-
mgﬁqddwhoheggmmmethodm
] pmapmgt.hghqmdwholgeuptodwtusm .
‘mmw:mmdmg -
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determined real Themcthodupncnmd
30 that the total thermal treatment received by the lig-
uid whole egg product is described by an equivalent
temperature and an equivalent time (these terms are
explained in detail below) defining a point above the 5%
SPL (Batch) Iine of FIG. 3, but insufficient to cause
coagulation of the product.
Ahodndosedhcrmisamedxodofmah’;gapack-
lquid whole egg product characterized by 2 prese-
o mﬁn;uedegﬁlﬂ’eof&omabomfonrweebm
abom%wadn.mmethodcompnmpmgthe
- Biquid whokeggprodnaua?nmmm
through s pasteurizing apparatus, during ‘W]
iquid whole egg product is heated for a predetermined
mandmapredamnedmme.mpm
mined time and the temperature ars
chosen to impart the shelf kife to the Hquid
whole egg product. After it is heated, the liquid whole
“eggptodnctnuepucdl

y packaged.
Preferably, the continnous stream of liquid whole egg 20

pmdwrd’medtohachofthcmetho&abovenn
least periodically subjected to turbulence while it is
heated. The liquid whole egg products are also, prefera-
bly, homogenized after they have been heated. In addi-

tion, the methods described above are more parrowly 25

dmibednmethodsinwhxchththmdwholeegg

nmpmmfor:p:edaermnedholdingume,andﬂmn

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a continuous flow
putcnnzmg apparatus suitable for carrying out the
Ppresent invention.

FIG. ZEadnpmmmmmgthedxﬂ'mmd
relations between real holding times and holding tem-
peratures, and equivalent times and equivalent tempera-
tures for describing total thermal treatments, in continu-
ous flow pastenrizing equipment.

FIG. 3 is a graph showing time and temperature
regions for the ultrapasteurization of liquid whole cgg
products.

FIG. 4isapaphshowmgeqmvﬂentﬁm=and

thatglvepamcuhrteﬁ'xgu' 45

equivalent temperatures
ated shelf lives for liquid whole egg.

FIG. SancombmnongnphmwhchFIGS.Smd
4 are superimposed, with the S. fzecalis line removed.

DETAILED DESCRIPTION OF THE
INVENTION

Thermal treatments simultaneously produce benefi-
cial and undesirable changes in food products. Knowl-
edge of kinetic methods, and how they can be applied to

the mechanics of designing a thermal process, aids in 35

mmgfoodqmmymmnonmdpmeﬁamcy
Determining the time and temperature requirement for
& thermal process depends upon destruction of spoilage
and disease causing microbial spores while minimizing

mdmnbhphyuukchumnlmdbmlopalmsfmso

mations that occur within the product.
Auchmmmllyahmml-'!& 1, with arrowheads
indicating direction of flow, continucus ﬂaw.thumal
ing equipment comprises heating, hiolding, and

processing t
cocling sections. The thermal treatment received by the 65

product in the heating and cocling stage, (lustrated in
FIG. 2), is oftentimes not considered: instead, only the
holdmgdme(tﬂmdholdmg temperature (Tg) are

4 .
considered. However, when products are pasteurized in
such equipment at higher and shorter
times, as is taught herein, the contribution of the heating
stage, and perhaps the cooling stage, to the total ther-
mal treatment of the product becomes significant, and
mvsthewcounmdfonfapmductwuhgoodfuncuonﬂ
quﬁuautobeobumedmdcoaguhuondumgpn-
teurization is to be avoided. It is accordingly recom-
mended that the equivalent point method for evaluating
thumﬂueanncnsbe:pphedmmangthepram
invention. As explained in detail below, this method
describes the total thermal treatment received by a
prodnctmeonunuomﬂoweqmpmentwnhoneeqmva

lent time (tz) and one equivaient temperature (Tz) (see
FI1G. 2).

Procedures for use of the equivalent point method for
mﬂymgthethemdeﬂ'monpmducadmgcon-
tinoous flow heating have been y outlined
(Swartzel, 1982, J. FoodSa‘. 47: 1886mdSwanzel, 1986,
J. Agric. Food Chem. 34:397) aud are known to those
ah'lledmtheart.'l‘hnmcthoddxffmsnbﬁanmlly&om
previous methods in that all other methods define the
thumdumbaednponamgle&cmsnchu
enzyme inactivation, microbial destruction, protein
denaturation, nutrient loss, etc, The problem with these
other methods is that a physical and/or chemical effect
(flavor, color, product separation and gelation during
mngefthu-manytdned)maymaﬂybetheshdf
Tife limiting factor.

The unique feature of the equivalent point method
Iiumthefzctthat.formyﬂ:mﬂcurve,oneeqmva-
leat time and temperature combination exists
(teeFIG.Z).Thneqmvnlemumcmdt:mpensm-e
combination will yield the exact thermal effect on all
constituents within the product as would the original
thetmnlcurve.'rhsnmquenmemdtempennmm
bination is not dependent on individual constituent ki-
Detics, a8 are all previous thermal evaluation procedures
(it is independent of constituent activation energy). '

To determine the equivalent point of a thermal sys-
tem, a complete thermal history of the treatment must
be availabie. This is obtained by measuring mixed mean

temperatures at various locations (entrance to

product
" the heat exchanger, exit of the heat exchanger and at

lasttwoloanommdethchntuchmm).'rms
calculated by correlating mean residence time with
locmonoftheﬁunpmepmbe.wmlhwexchang-.
ers into which it is difficult or impractical to insert
thermal probes, time-temperature curves are calculated
based on knowledge of the product’s physical charac-

teristics and on the geometry of the processing equip-
ment.

With available t
knowledge of kinetic relationships, equivalent points
eanrouﬁndybealcnlned.'rhebgohproducteon-
stituent concentration ratio (initial concentration di-
vided by concentration after treatment) is set equivalent
totheintegntionofthnemmt’sAnhann.:equ-

tration ratio. For the different sections the effect may be
summed. For the original activation energy selected, 2
hneatmﬁmtelog(m)-tmpmmmlmmshpm
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. Any and all of these inifinite time and temperature com- eqmahmmsuebangmpced(thmme
binations would producs the same thermal effect om a m-m“uunnmmpmm uuedweacompass
constituent (with the same sctivation energy) as during  both). - -
..the ‘ariginal  thermal treatment. By reexamining the T:ementempmmprmﬁ]yhmﬂdbythe
"original thermal curvés with different activation ener- 3 ability to accurately time the duration of :the thermal
'-m;mgfmﬁmnlmlog(ume)-mm . treatment: as temperature is increased the treatment
: are developed (oue line in a log (time)-  time must be decressed, and shorter treatment times are.
}'-tanpenmreplotpertcuvmmﬂ) Uniquely all more difficult to administer with precision. Generally, .
 lines intersect at one point. This unique time-tempers- equivalent temperatures iot more than about %0°.C. are .
-",«.'jturen'ﬂie'ethivulnnpomtforﬂmmw-mpmfmed.mdeqmvﬂmﬁempetamranotmorethm'
~* ~curve. It accounts for all thermal treatment and is used about 80° C. are more preferred. . -, <.

:,,--mmmymmdmmchmmmm. Dennblethmmforpmncmgthepfa-

~chm=mac. ent invention can also be ‘described ‘with reference to-

i FIG3seufonhtherm:lnunn=nuwhxchahouklhe the S. faecalis lines. Preferably, the thermal treatment
used to - ultrapasteurize liquid whole egg products. 5 o define & point sbove the S faecalis (7D) line, and
_--mamdumudcﬁnedbymmwm " more preferably the thermal treatment will define a -
% ,'SPL (Batch) line have not heretofore been suggested. ~.point above the S. faecalis (9D) line. While this latter
~:.,Forprlcucxngth=pra=:tmvennoumconnnnomﬂow ' hneunotpht:edeIG.B,umbeplottedmm
*' processing - equipment, . the *thermal “trestment is de- dance with the equations given belaw.
. scribed by a point on FIG. 3 defining an equivalent time 20 Eapgvions for lines in the figures are a3 follows,
*.’and an equivalent temperture, 23 explained above. The where tetime in seconds, Tatemperature in degrees
7 thermal trestment should. be ‘more than sufficient 1 Ceryicrade and nmnumber of deciraal reductions. Sal-
. pasteurize the liquid whole egg product. “Pasteurize”  popany fine: log(t)m15.96-0227(T). S. fuecalis lines:
,mmto:me:mlofncz‘c:c (9D) or 99.9999999% - 28 hg(t)-2462+lng(n)-346(’l'). .% SPL Enes: Tog(t)-
: Thcm Swﬁould uﬂ“‘“lm‘:m 1lt:»g(%SPL)+&-I>(t).wl:ereumcl’lnre51vemn"l'al:l\e
" . -the liquid whole egg product to cosgulate. The thermal :

“trestment should more particularly cause not more than ; .TABLE 1.
- 15% soluble protein loss (SPL) in the liquid whole egg - -

-‘_?Tmrethn;sqanmbupmmloahmm o TmpT e
. “being treated. The-expected 5% SPL (continuous pro-. o825 - EZT
' '+ cessing) line .on FIG. 3mdxcat=appmmatelythe g—:‘;—; - “‘::'03

i
E
{1
E
B
Fi
{1

" TeSandsbové . 1014

© * ated withowt st mnrednnxS%solnbl:protem:S —

* loss theenctloaﬁonofthuhneforn one process - 5 :
'.'wﬂlslependontbcphyncdfactorsduczsedbebw). g&mmm&:wwmmwm £
" More preferabl thermal treatmen gned - the figures beyond depicted scope. s

peel ¥, the o ¢ will be desi : Thehqmdwholeeggpmdnctupmfenblyhu:edby s

"*to produce not more than about a 1% soluble protein
" 'loss from the m&mmmgs.m@xwm;memmammmhmd

"L times equivalent temperatures definiiig points along _ surface is comprised of 2 corrosion-resistant, nontoxic -
' thgh;:dm believed to represent the line at ,mmmm;mmsw
which a mmmmum dards for evaluating themepabilnyofsuchpmducz

contact surfaces (the 3-A Sanmry Standards): are -
known and established.  See, e.g.. Egng:mzado
Manual, sopra, at 27, ok
’ Toobmnlpmdncththredncedamomtsofspoil-
- age microorganisms, the pasteurizing spparatus should”
beuerﬂxzedbeforethchqmdwholeeggproduas
passed therethrough. Sterilizing ‘is preferably accom-
. .pbshedbypudnghotwmmderpmethzonghthz
pasteurizing spperatus, as is known in the art, so that,
among other things, hot water is contacted to the heat-
mgmfaceaaunpentmuﬂprmremdforaume
suﬁaenttost:n‘hzethe .

(the lS%SPL(Bmh)lme).mnowknnwntorcpre-
thermal e

A'mminwhnhthepxoductnwbjmdtommw wLEqmpmmmhlefonsepuanypnhgmgﬁqmd
.- - temperatures of 65° C.; treatment teroperatures of about . whole egg products is -available. - .
<. "69.0°C. 6r more are preferred to treatment tempera- FIGCﬂlmmthemhmtethfeoﬂhmd
~. tures of 67°.C.; treatment temperatures of about 71.0° C. - whole egg:ﬁeitisultupcsmnzedndaepﬁuny
" .or more are preferred to trestment temperatures of 69° pachged.uexplnned:bove.'l‘h_cﬁerm I ;
C-; treatment temperatures of about 73.0° C. ormore are 65 8 used lierein, means stored & & temperature of 4° C. ° -
R prefuredto?l'c.,mdaoon.'l'hefomgomgm Tmmdtexnperamfcrpomuonuchlmerepm
_ntrnewhethutherulmpams(crholdmgm- equivalent times and temperatures, as also:explained
"pentnru) o{ ‘the _ptocasafm bung compued. ar above.Ahqmdwhol:eggpmducthavmgapradecmd

x\_-
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7
- -shelf life of from sbout 4~36 wesks is made by selecting
~ A point on a line or in a region which will provide the
desired shelf life, determining the equivalent time and
equivalent temperature which correspond to the point
selected,md—prefeablythroughzh:meofthceqmvn— L]
lent point method—mbhshmg the operating condi-
tions on the pasteurizing apparatus being used
that will provide the selected thermal treatment. Prod-
vets having shelf Lives not depicted in FIG. 4 are made

nhew-chmgsoftheﬁgure.mhghtofm

by extrapoiating
thgtuchnpnbovahdmbly,thupmnamed
in pasteurizing apparatus which has been sterilized
before the liquid whole egg product is passed there-
through, as explained above, to produce products hav-
ing shelf lives of about eight weeks or more. In addition,
it will be appreciated that longer shelf lives are gener-
ally obtained at the expense of greater levels of soluble
pmmlou'[‘hm,d'productdmibunonsystemsdo
not require otherwise, products with shelf lives of up to

15

about 32 ‘weeks are preferred, and products with shelf 20

lives up to about 24 weeks are more preferred.
- FIG. SeombmapomonsofFIGS.3md4.Itshm
how the thermal treatments selected to provide a de-
sired shelf life can at the same time be selected to pro-
vide products with good functional properties. More 25
particularly, thermal treacments can be selected which
produce liquid whole egg products having the desired
shelf life and a soluble protein loss not greater than 3%.
'l'heforegomgmphshavebeenpmﬂedmadthe
understanding of the present invention. Some variation 30
about the plotted lines is to be expected when the pres-
aninvmnpnmeedondxﬁ'erenteqmpmcnt.or
wnhdiﬁ'mprodm'rhae;nphs:rewcordmgly
1ot to be taken as Bmiting the present invention, as
depamraeonldbemdethereﬁomwhﬂesﬁllapmr s
ing and benefitting from the teachings of the invention.
To obtain a superior ultrapasteurized liquid whole
mmdncltheconnmnmeofthehqm‘hi‘;upr}:d:ectto
heated surfaces during pasteurization re-
duced. More particuiarly, every particle of liquid whole 40
egg product should be in contact with the heated sur-
face or surfaces of the unit in which the product is
heated for a total time less than the residence time of the
particle in the heating unit. (The term *“particle™ as used
herein has its standard meaning in the egg pasteuriza- 43
tion field. See, e.g., 7 CF.R.§59.570(b) (1985)). This is
accomplished by mixing the product at least periodi-
cally while it is being heated. In a continuous flow
mnmgzppamgmhmmgummphshedby
introducing turbulence into the stream of the product at 50
least periodically while it is being heated, as discussed
below. Other steps which are preferably employed to
reduce fluid element contact time to heated surfaces
include providing portions of the thermal treatment in
which fluid clements are not in contact with heated 35
surfaces, such as by providing a portion of the thermal
treatment in a holding section, and by providing heated
contact surface area to product volume ratios of less.
than 18 cm2/cm? (Thus the surface area to volume ratio

is preferably less than about 10, and is more preferably 60

in the area of about 2).

It is aiso desirable to induce physical forces to make .
the product more homogeneous prior to thermal treat-
ment, such as by inducing shear forces capable of reduc-

ing protein and fat unit size. This is preferably accom- 65

plished by dispersing the product prior to heating. Dis-
persing may be carried out with dispersing valve or
with a timing pomp, as is known in the art. Such treat-

8 : ,
ment advantageously reduces fouling, and serves to

homogenmng nnota.lpra-
mrsofabon:l,(xnp.u.orml’mofabom

2,000 p.s.i. or more are still more preferred.

Of these steps, it is particularly desirable to mix the
liquid whole egg product at least periodically while it is
huted.Asnotedabove.mcomnomﬂoweqmpmem
mixing is carried out by at least periodically subjecting
the stream of liquid whole egg product to turbulence
whﬂennhented.‘rurbnlence.wmchuthemmnch
particles over the cross-section of the product stream, is
discussed in the Egg Pasteurtzation Manual at pages 6-8.
Such turbulence is characterized by
greater than about 2,300, and preferably greater than
abom&GM.Comﬂhghmperature.ahonme
pasteurizing units are available which at least periodi-
cally impart turbulence to the stream of product being
pasteurized while the product is being heated. For the
purposes of the present invention, greater levels of tur-
bulence are preferred. Thus the liquid whole egg prod-
uct is preferably subjected to turbulence for a masjor
portion of the time it is heated. Plate heat exchangers,
trombone heat exchangers, spiral heat exchangers, and
scrape surface heat exchangers are illustrative of the
types of known heat exchangers which can be used to
subject liquid whole egg products to turbuleace while
they are heated. The physical forces induced in scrape
mrfacehenexchangmmgenmﬂythoughtofu ]
“mixing,” but these exchangers induce turbulence at

- least in regions of the product stream, and are therefore

considered to induce turbulence for purposes of the
present invention.

Examples of whole egg products which can be pas-
aeunzedmhqmdformbythemethodot‘theprsm
invention include whole egg, fortified whole egg
(whoie egg with added yolk), sait whole egg (e.g., salt
10%), sugar whole egg (e.g., sugar 10%), biends of
whole egg with syrup solids, syrups, dextrose and dex-
trins and/or gums and thickening agents, blends of
whole eggs with less than 1% sugar and/or salt, scram-
bled egg mixes (for example, a mix of about 51% egg
solids, 30% skim milk solids, 15% vegetable oil and
1.5% salt), reduced cholesterol egg products and blends
thereof, custard biends, and the Hke. Products which
are extremely sensitive to thermal processing and which
are particularly suitable for ultrapasteurization by the

present invention include, for example, liquid whole -

egg and blends thereof (less than 2% added nonegg
ingredients), fortified whole egg and blends thereof
(24-38% egg solids, 2-12% added nonegg ingredients),
Hquid salt whole egg, liquid sugar whole egg, and other
Lquid whole egg blends which are 24-38% egg solids
and 12% or less of added nonegg ingredients. Terms
medhmhxve:burmndnﬁmmmgmmdance
with industry and reguiator usage. See, eg., 7
C.P.R.§59.570(b)(1983).
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oo Thcmvenﬁcnha been lmedmgenﬁnltumv incobated at tunpentnre chilled 4’C.40‘
='mthefolhwm?smmp1:pmwmfnf&er F)pmrtop?;:nng. e to ¢
-iﬁm:hemvm o ' Anerholdmgtheeggnthenhdnledpmcasm

. ] refrigerated
-:bdorebangnmpomdu.zkmmmi)wouhbom
* fory in-aitinsolated truck: The egg was held overnight AB-J).E&hpachgewudmdmdeoadntbnegg'
-8t 4 'C.{40° F.) or allowed to stand at room tempera- processed in the first seven miinutes, the second seven. -
1-~mrefornpto12homtnnch:evehxghetmulnm-‘u-muta.ndthetmmgmmunmbered1 2,
ben. ’ ) and 3, respectively. Theproeeuedmdpa&agedegg
wuhddovumzhzat4‘c.(40‘l=}pxmmobmnmg
nmplamdbangdnm’bumdﬁorfonrmdm? ..

(%SPL) by Hamid-Samimi et al.,, J. Food Sci 49:132 |
(1984). The objectives of this design were to provide ‘the pasteurized .egg. .
Sahnonenanegmvewholeeganhalownnmberofzs ampluwmiobninedonthediynﬁéprodem‘ngorn
mvmgspoﬂagewwhﬂeretmmnzldeqmw sdec:edmdurmgmngenfourmdw'c.ﬁ.ndy- :
fonctional properties. - - . - 3es were made on the combined contents’ of three or.
Thcthcxmdprmg‘system-m_editouﬁnedin fourmdiv:dmlpachgurepraennngtheﬁm.mond,
FIG. 1 It consisted of a plate-type heat.exchanger for mdthndpormofuchp:mm%enfonrpack .
preheat, various modifications of the No-Bac Unitherm 30 ages were required, two packages fromi the middle por-
_.mdd)ﬂ.V(G:en'antmnCotpoumon.Cederap- tion of each process were used. Any sediment on the.- .
© .. -ids, Jowa) to achieve different holding times, an aseptic bottomofﬂ:earmmwasscnpedoutmdmxedmo G
"homogenizer operated st 10.34 mPa (1,500 p.s.i), and an - the egg by magnetic stirring. .
aseptic-packaging system (Model AB-3-250, Tetra Pak ChemmlAmy:.ThcpHcfthepmdmwudeter
sInc, ~Dallas,.. Tex). -The flow rate was3$. medwuhnF‘uh:AccumapHm “model 600,
239X 10~4m3/sec. (275 GPH) with’ heating, holdxnz, ‘equipped with a calomel reference andzhssmduanng - ..
t-lndcoohngptped:mofu.ummm(l" i clectrodes. Solids weére determined in.triplicate by -~ .
- nal) stainless steel.: ; wazhmgtwomlumplum:odupouble sluminom .
Ca Beforeuchprocmthccnnresystunwumﬂned -paus and drying in a forced draft oven for 24 hours. The .
;.ttl!l'C.ﬁorSOmmmmghotwutermthepmdw 40 AOAC (1985) microKjeldahl. procedure was used to
- - section and steam in the heating media section and then determine protein content of the samples. The extent of
_.cooled. The product and ‘heating media temperatures  denaturation was estimated by detérniining the loss of -
"were recorded for evalustion of the thermal effect of " scluble protein as described by Hamid-Samimi et al,
.- the heating section and to determine the total thermal mpn.nndmealphnmyluemyoftheegxwu
- effect. Swartzel, J. Agri Food Chem. 34:396 (1986). The 45 detammedudacribedbyShrhptmmdMonsey A
-’ temperatures were measured using Type T thermocou- ny. 60:153.(1962).
" - -ples with an électrapic data logger (Model 5302, Moni- SpongeCaka.'l‘mespongeaksweremadeby )
.- tor'Labs,, Inc; Sen Diego, Calif.). Each thermocouple mghdfafthemmuofmpedxml&edfoﬂowmg
- -probe was scanned every 30 seconds'(one minute for  the procedures given by ‘Gormian-snd Ball (1986)-
process #1)-and the readout sent to'a computer for 50 (ChaptulsmEzSamadedlmlog.BrdEd..W
. . ;analyses. The specific locations of the thermocouplesin ~ J. Stadelman and O, J. Coaam,Bds.,AVIPubhshmg
[ the system were as described by Swartzél and Jones.  Co., -Inc. Westpaort, Conn.} with the omission of vanilla.
.'i'j_.PlpaNamottheAmmSoaetyofAmmﬂ__ Two separate batches of batter were ‘mixed for each
‘tnnlEnm(Hu). treatment and 340 g of batter was weighed into rectan-
mehourpnortomofach 55 zukrpans(Zlell.sx&Smxd.) Cakes were baked |
.'Mmkzomlb)ofnweammmfeued nlBl‘CforZSmmuﬂes.mvertedon:wueuckmdf&'-"
:from the metal cans to & 568 1 (150 gal) vessel (Cream-  allowed to stand at room temperature oversight.
- ery Package Mfg. Co., Chicago, IIL)'and then mixed at. - "Heights were determined from the mean of. four mes-
.room temperature ‘with the stirring propeller at ca. 30 .surcments along the center line of the long axis of the - = . L .
;z.rmmmammmymwmmmmwmmwmmﬂ
-zpsocasedmhmmwmimuulﬁsbmgmoved Texmnlpropemuoftheukummlmtedmg
- from the cooler. Nine processes designated 1,2,3, 4,5,  an Instron Universal Testing Machive (Model 1122, -
G.T&Nd9mmm6wureputed InsqunmeamgCatporxﬂnu.Qnﬁnn.Mm).A-T=
.- designated 6.1. They were conducted two days spart on 63 plate was comnected to 2 2000-g load cell and positioned *
- exxplchdnponthcmdly Egg for processes 6.1 to at the surface of the $-cm cube of caké. The cross head -
-9 were heid at:room temperature for not more than 12 mdchmmeedswerezwmm/mmdmOmmem.
"homtolcheveahghammﬂmhﬂh&ﬂm repecuvely Threenmpla&omeu:hahmmb-
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' 11
jected to deformation-relaxation cycles. The cubed
cake samples were kept in a plastic bag before and after
exch test. The water activity of the cake samples were
_determined by placing three Durotherm (Lufft, West
. Germany) water activity meters in the plastic bag. Each 5
mwucaﬁhnteddaﬂywuhtsohmonofbmnm
chloride (aW 0.90 at 20° C.).
Cmnrds.Duphanecusaxdsoftheﬂmtypewere :
made Ingredients were 190-ml evaporated milk, 196-g
sweetened condensed milk, 125-g whole egg, 50-g wa- 10
ter, and one teaspoon vanilla. All ingredients were
blended in a Waring blender at low speed for one min-
ute and were weighed into a rectangular pan
(14.3x8.0x5.6 cm, id.) whn:hhndbeuspnyedwnh
“PAM” (Boyle-Midway, Inc., New York, N.Y.). Pans
were placed in a tray contsining 2.5-cm water and
baked at 191° C. for 40 minutes, After overnight storage
at 10° C,, height of the custard in the pan was deter-
mined from the mean of three messurements made and
wrdtahpmalongmemlmeofthcbngmsofth:zo
custard. Custards were removed from the pan after the
sides were loosened with a spatula and allowed to stand
nmomtempmeforﬁmmﬂaghtwam
determined and percent sag was calculated according to
GardnetalLPouln'ySa.GHS(l%Z) Custards were 3¢
mredmphsucbapa:w'c.forrheologmlevalm-

Theﬂatphtedescribedaboveforevdumonofake
m:wurephcedthhalojmdxamcterrodm
8 semispherical and force-deformation curves to
failure were ob:;ed for each custard. Cross head 0
" speed was 100 mm/min and all other parameters were
the same as used in evaluations of the cakes. Five values
wereavmgedmobninthepcnmﬁoufome(ﬂ)for
each custard.

Organoleptic Evaluation. Flavor of processed and 2
stored egg was evaluated by one judge using the USDA
palatability score Methods for Egg Prod-
ucts, UDSA, Marketing Service Poultry
Division,

(1984)).

15

Branch, washmgton. D.C. 20250 ,,

Thztmleroees.‘n;epmcashmamdtempm-
tures used in this study are presented in Table 2.
TABLE 2

Actual, Bquivaient Times and Temperatures,
Caiculated Heating Valoe of Treatments and

GSPLMOIH Vaiue.®

Proc. Time Temp. Tme Temp Valne? - retical
No. (Sec) (C) (Sec) ('C) (G x107) % SPLC 0
1 62 67 04 &1 61 0852
2 920 68 775 &3 208 174
3 1922 @3 1924 651 T 597
4 92 €18 157 668 24 en
s 69 62 &0 65 “s .70
§ 1230 @3 1299 679 99.4 L0 o4
6l 1230 69 190 64 117.6 9.50
7 27 NS 95 68 39 075
] 01 T2 . 36S  TLS 9 646
9 37 T0 &3 8 1468 11.70
“Ses Swartzal, J. Food Sci. 47:1886 (1982), and Hamid-Semimi ot al., supra (1984}
for dmcriptions of heating value and % SPL.
G vaines are detecmined besed cu activatios snergy for SPL.

“Based on laborssory basch data.

The 10 processes, numbers 1-9, were performed in the
same chronological order as they are aumbered. After
gaining process experience and as the result of evalua-
tions during the study, it was determined that longer 65

12
o{t.betempmtumprobanthebegmmng:ndmdof
the bolding tube.

Equivalent times and temperatures as well as holding
times and temperatures are set forth in Table 2. It can be
seen that equivalent times are generally longer than the
corresponding bolding times, and equivalent tempera-
nnesuegmnybwu'thmﬂmmspondmghold-
ing temperatures. At longer times, the differences be-
tween corresponding holding temperatures and egniva-
lent temperatures are smaller.

The calculated heating valne, G, shown in Table 2,
gives a means for making a comparisan of the relatively
severity of the different processes. Processes 9, 6.1, 6
and 8 had the highest G values, respectively. The per-
cent SPL based on the heating value (G) are also shown
in Table 2.

Chemical Properties of Processed Egg. The results of
alpha-amylase activity assays (Table 3) confirms that
the enzyme is inactivated by mild heat processes. Table
3showsthattheth=rmnlpmcmusedd1dnotaﬁ‘ect
protein content or the soluble protein content.

TABLE 3

‘Thermal Effects on Activity,
Coutent snd % Soluble Protein.

ﬁﬁdnblc

{g

Process ._MM& _Jd_d*.“__ (FfwAb-
No. Raw UHT Plant Raw Plant  sorbance)
1 0045 Q048 0099 [3.10 1160 131 362
2 0033 0388 — 1259 1196 — 1023
3 0055 1050 — 1L67 11327 = 1013
4 0029 0031 0137 1183 1179 11s1 101.1
s 0046 1000 — 1019 1013 - 1003
[ 0053 L1200 —~ 1227 124 = 100.9
6l 0040 LI130 = 1270 1254 - 1033
7 0052 0764 — 1237 1253 — 104.3
[ § 0063 1000 — IL19 1142 -~ 100.4
9 0060 LI — 114 1177 — 100.7

“Alpha-Amylase dats is reporiad as the sbeorbance st 585 am. Activity i inversely
reinted in absocbance.

NicraKjeidabl data bs reported as percent proteln.
'm-mncmww)mhm-wu
Wn&.mﬂm)

The chemical data indicate that the processes did not
result in extensive damage to the egg proteins. The
predicted percent soluble protein losses (Table 3) were
based on studies conducted with small amounts of egg

. (1 ml) being heated in the cup of a Brookfield viscome-

ter (Hamid-Samimi et al., supra, 1984). The egg was
heated while various shear rates were applied to simu-
late egg under dynamic conditions that exist in conven-
ticnal heat exchangers. Thus, this work revealed that
the model system resulted in prediction equations that
whole egg products could tolerate while still obtaining
products with good functional properties. Analysis of
the causes of these unexpectedly good results led to the
gmdehnsdnmedlbovewh:ch:hmldbefonowedm
obtain functionally superior ultrapasteurized products.

) chnmof?mmedﬁggs.mfnncuondpmpu

ties of the processed eggs agreed with the physical and

" chemical results. Based on the data presented in Tables

4 and 3 for nonstored egg, there appeared to be very
lmleheazeﬁ'ectonmepcfomaneeofthenltnputeu
rized egg relative to raw or commercially

holdmgtmaandmpeﬂmﬂ:mupecwdeouldbe egg. Cake height as an indication of the leavening abil-
used. The actual temperatures reported in Table 3 are ity and force to deform, springiness, and relaxation
ﬂ:emgaoftempmmrerudmp,everysoseeonds. parameter (Peleg sd Normand, Rheologica Acta

Case 5:02-cv-00559-H Document 1 Filed 08/12/02 'Page 16 of 93




2 . : lhnhAmumdannuh&mw
anmamuam@uumuemmna

- *Asympeotic relaxation vaine s deflned by Peieg and Nocmasd, sepes (1943). ° .7:5 :

Mdhnﬁpﬂh—nhhpﬁhhﬂhﬁm:ﬂ‘ . 7“. k

AR A 25 874
2 713
18 74
u 14

cerrtaere|s

i1
(&}

-
By

i 1 NN 4

1 frerese 150 !u

;E‘ﬁiﬁg;?;fi%h.:
F
HECwaRERa.
B

e ‘
1

T R

- organoleptic evaluation of the processed eggs indicated
&nﬂn&umﬂwmawmmnmdhammrmuuu
in scrambled eggs relative to scrambled egg made from -
i fresh shell ¢ nummApmmeumawue”

BRE

ERER yEsy

I T TR T

nwnm the highest .
xﬁm;$:§gﬁﬁgummmn:z? | AM2es Tl 4 for deficn ot
‘tunss

) leoti ;
‘cessed egg up to 24 weeks for some of the samples. The
,dntwaamdm1ﬂw=ﬁ7’udSwuenhnﬁmn

quuu&nﬁdﬁugmmnwe:(nmnﬂwamxwu ‘Pane-. .4 . 068

fuwdlheﬁphmmhﬂbpaﬁmnmh&nﬁ(n Foce . 13 - Q7S
that there were no objectional aromas or flavors. In this ™ g_ ::
wmyunmudﬂnmmmumumhmwmnmuuf &mﬁ 4

g - s
. stored egg that was judged organoleptically sound. The Verkbls  (Weehs) " Mess Misimem Bazimim .
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TABLE 8-continued
Bunctional Properties of Custards Made from
Bggs Stored a2 4° C.
Storage
Varisble (Weels) Mess Minimum Matimum 5 CV.
Height ] 38 34 36 9 1.6
(zum) |+ 38 3 3% 7 12
: 13 36 36 3% 2 04
74 3 38 3 2 1.0
% Sug 4 11 10 ns 10
] 59 33 15 [ 2
2 6s 48 3.0 7 19.5
13 n [ V) 1 2 159
T M &6 49 2 1 360.

Visual cbservations of the interiors of opened pack-
ages revesied very fittle sedimentation during storage.
A very thin layer of a fine, light yellow, granular-like
material was cbserved on the bottom of cartons after

four weeks of refrigerated storage.
ShelfL:fe.Themcofspoihgeofegz&cmmh
trial are presented in Table 9. -
TABLE 9
Sheif Life for Liguid Whole Egg Stored st 47C._
) Shelf Life
Process (Weeks)
1 43
2 =12
3 >12
4 12
] >18
] 13-24
% >4
7 12-13
] 20-24
9

18-20

'Ihmdnuwmuwdwgenermtheﬁmemdm-
perature guidelines set forth in FIG. §.
Themvenﬂonhasbeendmcnsedwnhtdegreeof
speaﬁcxtyabove.Thndncumnhnsbeenpmwdedfor
illustrative purposes only, with the scope of the inven-
tion being defined by the following claims.
That which is claimed is:
1. A method of ul
pmduct,comprmgpmngthchqmdwholcegxprod—
uct as a continuous stream through a pasteurizing appa- -
. ratus, during which the liquid whole egg product is
heated to a predetermined real temperature, by contact-

ing said liquid whole egg product to a heated surface 5

' wherein the total thermal treatment received by the
qudwholeeggprodwtndacribedbymeqmvalcnt
temperature and an time defining a point
above the 5% SPL (BATCH) line of FIG. 3, but insuffi-

thmdwholeegg 45

16 ‘ ‘
(b) maintained at said predetermined holding temper-
ature for a predetermined hoiding time, and then
(c) cooled, wherein the total thermal treatment re-
ceived by the liquid whole egg product is defined
by an equivaient temperature and an equivalent
time defining a point above the 5% SPL (BATCH)
lmeofFIG..'s,bu:m:uﬁamtomeoagulanon
of the liquid whole egg product.
S.Amethodofultnpmurmngnhqmdwholeegg ’

:_; 10 product, comprising passing the liquid whole egg prod-

uct as a continnous stream through a pasteurizing appa-
ratus, during which the liquid whole egg product is
hamdtoapradetummedraltmpmmebyeom

ing said liquid whole egg product to 2 heated surface

uwhﬂeatleaxtpenodmny subjecting said continuous

stream of liquid- whole egg product to turbulence,
wherein the total thermal treatment received by the
liquid whole egg product is described by an equivalent
time and an equivalemt defining a2 point

2 sbove the 5% SPL (BATCH) line of FIG. 3, but insuffi-
_ auntommdhqmdwboleeggpmductmcoagu

Iate.

6. A method according to claim 8, wherein said liquid
whole egg product is subjected to turbulence for a
major portion of the time said liquid whole egg product
is heated. )

7. A method according to claim 8, wherein said liquid
wholeeggpmductndupersedbefmwdhqmdwhole

30 88 product is heated.

8. A method according to claim 5, wherein every
particle of liquid whole egg product in said continuous
stream of liquid whole egg product is in contact with
said heated surface for a total time less than the average

35 residence time of each particle in the heating unit.

9. A method of ultrapasteurizing a liquid whole egg
ptoduct,eomprmngpamngthehqmdwholee.ggpmd
uct as a continuous stream through a pasteurizing appa-
ratus, during which the liquid whole egg product is

(l)hentedtoapredctetmmedholdingtunpemmreby

contacting . ssid liquid whole egg product to a
heated surface while at Jeast periodically subject-
ing ssid continuous stream of liquid whole egg

product to turbulence, then
(b)mmnmednwdpredmminedholdmgtemper-
ature for a predetermined holding time, and then

(c) cooled, wherein the total thermal treatment re-
ceived by the liquid whole egg product is defined
by an equivalent time and an equivalent tempera-
ture above the 5% SPL (BATCH) line of FIG. 3,
but insufficient to cause said liquid whole egg prod-
uct to coagulate.

10. A method of nitrapastenrizing a liquid whole egg

product, comprising passing the liquid whole egg prod-

mmmmﬂmdﬂwhqmdwholeeggprod 55 uct as a continuous stream through a pasteurizing appa-

ZAmethodmdmgmclnml.whamnmdhqmd
whole egg product is after it is heated.
" 3, A method according to clsim 1, followed by the

step of aseptically packaging said liquid whole egg 60

4. A method of ultrapasteurizing a liquid whole egg
prodncz.eompmgpmgthehqmdwholeeupmd
uct as a continuous stream through a pasteurizing appa-
m.durmxwhmhtheﬁqmdwhckeggproductu

() heated toa bolding temperature by

contacting said Iiquid whole egg product to a
heated surface, thea

ratus, during which the liquid whole egg product is
(a)hatedtolpredemmedlmldmgtmpmm'e,

(b)mmednmdpredetermedholdmgmnpa-
atare for a holding time, then

(c) homogenized, and then

{(d) cocled, wherein the total thermal trestment re.
ceived by the liquid whole egg product is defined
by an equivalent temperature and an equivalent
time defining & point above the (D) Salmoneila
Hne of FIG. 3, but insufficient to cause coagulation
of the liquid whole egg product, and wherein the
liquid whole egg product whick is homogenized
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Methods of ultrapasteurizing liquid whole egg products
in continuous flow, high temperature, short time pas-
teurization eqmpment are provided. The equivalent
point method is preferably used to evaluate the total
thamaltreannentrecdvedbytheproductinthisequip—
ment. Also disclosed is a method of making liquid
whole egg products having preselected, extended, re-
fngented shelf lives.

6 Claims, 4 Drawing Sheets
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1

METHOD FOR THE ULTRAPASTEURIZATION
OF LIQUID WHOLE EGG PRODUCTS

This is 2 continuation of Ser. No. 904,744, filed Sept.
8, 1986 now U.S. Pat. No. 4,808,425,

DESCRIPTION OF THE INVENTION
The present invention relates to the pasteurization of

liquid whole egg products generally, and particularly i0

relates to ultrapasteurization methods which can be
used 10 produce liquid whole egg products which have
good functional properties and which have extended

BACKGROUND OF THE INVENTION

The U.S. egg industry produced more than 300 mil-
lion pounds of frozen pasteurized egg products in 1985.
The relatively mild pasteurization processes used are
designed to eliminate Salmonella from eggs for all prac-
tical purposes, but do not destroy organisms capable of
spoiling egg products held under refrigerated tempera-
tures above freezing. The survival of spoilage organ-
isms in pasteurized egg, coupled with conventional
packaging technology, results in products with limited
shelf life (7-14 days at 40*'F.) that require freezing and
frozen distribution systems for preservation Freezing is
cost intensive, lowers the functional quality (flavor,
performance, etc.) of the egg product, and results in an
inconvenient product that requires thawing prior to use.

Standard pasteurization practices for liquid whole
egg products are generally discussed in the Egg Pesteur-
#zation Manual (USDA Agricultural Research Service
1969). See also U.S. Pat. No. 3,949,099 to Kaufman, at
column 1, lines 46-58 (summarizing pasteurization pro-
cesses). The Egg Pasteurization Manual notes that exper-
iments conducted in England to establish treatment
conditions used there, which were carried out in a high
tem short time ization unit, included
trials with holding times of two and one-half minutes
and temperatures up to 151 degrees Fahrenheit (66.1
degrees Centigrade). The functional quality of these
eggs is not discussed; however, it is noted that Eagland
adopted 2 lower temperature of 148 degrees Fahrenheit

s
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the product (neither device approved for the commaer-
cial production of a salable product). Holding tempera-
tures of up to 154 degrees Fahrenheit (67.8 degrees
Centigrade) were reportad. The results of this pioneer-
ing work demonstrated the possibility of extending the
refrigerated shelf life of liquid whole egg products, but
did not enabie the commercial production of a refriger-
ated product which could be sold to consumers.

To carry out ultrapasteurization of liquid whole egg
products on commercial equipment, the time and tem-
perature parameters of the thermal treatment must be
selected with care. Arbitrary increases in thermal treat-
ment will likely produce a functionally unacceptable

or—even worse—coagulation of the product
and biockage of the pasteurizing equipment. Because
such pasteurizing equipment operates at high pressures
{e.g-» 1,500 p.s.i. and more) the consequences of block-
age are serious. For these reasons, it is essential to know
how liquid whole egg products respond to various ther-
mal treatments before experimenting with the produc-
tion of these products on commercial equipment.

Because this essential information was not available, °
Hamid-Samimi investigated the time and temperature
parameters which shouid be used in commercial equip-
ment to obtain a functionally acceptable, ultra-pasteu-
rized, liquid whole egg product. M. H. Hamid-Samimi,
Criteria Development for Extended Shelf-Life Pasteur-
ized Liquid Whole Egg. Ph.D. Thesis, Nortk Carolina
State University (1984). This rescarch was carried out
at the laboratory bench, with a Brookfield viscometer,
which processed the product in small batches rather

- than continuously. Processing times and temperatures

35

40

as a treatment condition The Manual observes that such 45

“severs” treatments help increase the stability of egg
products in liquid form, but does not teach how this can’
be lished without sacrificing desirable fumc-
tional properties of the products. For other types of egg
products which are more heat stable, pasteurization
temperatures as high as 152 degrees Fahrenheit (66.67
degrees Centigrade) have been reported. Again, little is
known about how to ultrapasteurize (decrease the mum-
ber of spoilage microorganisms to levels lower than
obtained with a pasteurization procedure) these prod-
ucts by heating without sacrificing functional perfor-

mance.

Higher tures than those investigated in En-
gland have been explored. See e.g., Essary, E. O. Rony,
P. R,, and Collins, W. F.,Ncwmofheathte:ﬁtigally
packaged fluid egg products, Report to erican
Egg Board (1983). This work suggested that merging
techniques of ultrapasteurization with aseptic packag-
ing can be accomplished to yield safe, stable, and func-

tional liquid whole egg. This research suggested and 65

used a heat exchanger operated in laminar flow to pro-
mwholeeggnelev:tedtempernurcs_.mdmedm
ethylene oxide-flushed giove box to aseptically package

50

55

60

defining thermal treatments producing a soluble protein
loss (SPL) of up to 59 from the product, as an upper
limit, were suggested as producing a functionally ac-
ceptable product. The suggested 5% SPL limit was
defined by a graph line in the thesis: this line is repro-
duced herein in FIG. 3 as the 5% SPL (Batch) line.
Time and temperature values tested by other investiga-
tors which were believed to be the limits of pasteuriza-’
tion are summarized in M. H. Hamid-Samimi and K. R.
Swartzel, J. Food ing and Preservatior: 8: 219, 221
FIG. 1 (1984). All are below the 5% SPL (Batch) line.

The present inventors sought to test the predictions
of Hamid-Samimi by ultrapasteurizing liquid whole egg
on continuous flow, high temperature, short time pas-
teurization equipment. It was unexpectedly found that
functionally acceptable liquid whole egg can be pro-
duced at times and temperatures greater than previ-
ously believed. These findings, which will be explained
in detail below, enable the commercial production of
functionally acceptable products with longer refriger-
ated shelf lives than heretofare available. As will also be
explained below, discovery of these unexpected results
has led to the identification of several steps which
should be taken to produce ultra-pasteurized liquid
whole egg products that have superior functional prop-
erties.

The object of the present invention, in short, is to
provide liquid whole egg products for refrigerated dis-
tribution which have greatly reduced levels of spoilage
microorganisms, while still having good functional
properties.

SUMMARY OF THE INVENTION

This object is achieved by a method for ultra-pasteu- -
rizing liquid whole egg products. The metl.od com-
prises passing the liquid whole egg product as a continu-
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ous stream through a pasteurizing apparatus, during
which the liquid whole egg productuhea:edtoapre-
determined real temperature. The method is practiced
so that the total thermal treatment recsived by the lig-
uid whole egg product is described by an equivaleat 5
temperature and an equivalent time (these terms are
- explained in detail below) defining a point above the 5%
SPL (Batch) line of FIG. 3, but insufficient to cause
coagulation of the product.

Also disclosed herein is a method of making a pack-
aged liquid whole egg product characterized by a prese-
lected refrigerated shelf life of from about four weeks to
about 36 weeks. This method comprises passing the
liquid whole egg product as a continuous stream
throu,
liquid whole egg product is heated for a predetermined
time and to 2 predetermined temperature. The predeter. *
mined time and the predetermined temperature are
chosen to impart the preselected shelf life to the liquid

whole egg product. After it is heated, the liquid whole 20

egg product is aseptically packaged.

Preferably, the continuous stream of liquid whole egg
product referred to in each of the methods above is at
least periodically subjected to turbulence while it is

heated. The liquid whole egg products are also, prefera- 25

bly, homogenized after they have been heated. In addi-
tion, the methods described above are more narrowly
described as methods in which the liquid whole egg
product is heated to a predetermined holding tempera-
ture, then maintained at said predetermined holding
temperature for a predetermined holding time, and then
cooled.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a continuous flow
pasteurizing apparatus suitable for carrying out the
present invention.

FIG. 2 is a diagram illustrating the differences and
relations between real holding times and holding tem-

peratures, and equivalent times and equivalent tempera- 40

tures for describing total thermal treatments, in continu-
ous flow pasteurizing equipment.

FIG. 3 is a graph showing time and temperature
regions for the ultrapasteurization of liquid whole egg
products.

FIG. 4 is a graph showing equivalent times and
equivalent temperatures that give particular refriger-
ated shelf lives for liquid whole egg.

FIG. 5 is a combination graph in which FIGS. 3 and
4 are superimposed, with the S foecalis line removed.

DETAILED DESCRIPTION OF THE
INVENTION

Thermal trestments simultaneously produce benefi-
cial and undesirable changes in food products. Knowl-
edge of kinetic methods, and how they can be applied to
themechamaot‘dwgnmgathermalproeas,ndsm
attaining food quhty reteation and process efficiency.
Determining the time and temperature requirement for
a thermal process depends upon destruction of spoilage
and disease causing microbial spores while minimizing
undesirable physical, chemical and biclogical transfor-
mations that occur within the product.

As schematically shown in FIG. 1, with arrowheads
indicating direction of flow, continuous flow thermal
processing equipment comprises heating, holding, and
cooling sections. The thermal treann:ntreceivedbyﬂ:xe
product in the heating and cooling stage, (illustrated in

gh 2 pasteurizing apparatus, during which the 15

3
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FIG. 2), is oftcnumcs not considered: mstud, only the
holding time (tz) and holding temperature (7H) are
considered. However, when products are pasteurized in
such eqmpmcnt at higher temperatures and shorter
times, as is taught herein, the contribution of the heating
stage, and perhaps the cooling stage, to the total ther-
mal treatment of the product becomes significant, and
must be accounted for if a product with good functional
qualmes is to be obtained and colgulatxon during pas-
teurization is to be avoided. It is accordingly recom-
mended that the equivalent pomt method for evaluating
thermal treatments be apphed in practicing the present
invention. As explained in detail below, this method
describes the total thermal treatment received by a
product in continuous flow equipment with one equiva-
lent time (tz) and one equivalent temperature (Tz) (see
FIG. 2).

Procedures for use of the equivalent point method for
:mlyzmg the thermal effects on products during con-
tinuous flow heating have been previously outlined
(Swartzel, 1982, J. FoodScL 47:1886 and Swartzel, 1986,
J. Agric. Food Chem. 34:397) and are known to those
skilled in the art. This method differs substantiaily from
previous methods in that all other methods define the
thermal treatment based upon a single factor such as
enzyme inactivation, microbial destruction, protein
denaturation, nutrient loss, etc. The problem with these
other methods is that a physical and/or chemical effect
(flavor, color, product separation and gelation during
storage if thermally related) may :cma.lly be the shelf
life lumtmg factor.

The unique feature of :he equivalent point method
lies in the fact that, for any thermal curve, one equiva-
lent time and equivalent temperature combination exists
(see FIG. 2). This equivalent time and temperature
combination will yield the exact thermal effect on ail
constituents within the product as would the original
thermal curve. This unique time and temperature com-
bination is not dependent on individual constituent ki-
netics, as are all previous thermal evaluation procedures
(it is independent of constituent activation energy).

To determine the equivalent point of a thermal sys-
tem, 2 complete thermal history of the treatment must
be available. This is obtained by measuring mixed mean
product temperatures at various locations (entrance to
the heat exchanger, exit of the heat exchanger and at
least two locations inside the heat exchanger). Time is
calculated by correlating mean residence time with
location of the temperature probe. With heat exchang-
ers into which it is difficult or impractical to insert
thermal probes, time-temperature curves are calculated
based on knowledge of the product’s physical charac-
teristics and on the geometry of the processing equip-
ment.

With available time-temperature curves and a basic
knowledge of kinetic relationships, equivalent points
can routinely be calculated. The log of a product con-
stituent concentration ratio (initial concentration di-
vided by concentration after treatment) is set equivalent
to the integration of that constituent’s Arrhenius equa-
tion (or any other appropriate function describing the
temperature dependency of the rate of the reaction
associated with the constituent change) for the particu-
lar time-temperature interval (thermal history previ-
ously defined). For a given activation energy each sec-
tion of a thermal treatment (heating, holding, and cool-
ing) will produce a unique thermal constituent concen-
tration ratio. For the different sections the effect may be

Case 5:02-cv-00559-H Document 1 Filed 08/12/02 Page 26 of 93



4,957,759

5 .

summed. For the original activation energy selected, a
linear infinite log (time)-temperature relationship exists.
Any and all of these infinite time and temperature com-
binations would produce the same thermal effect on a
constituent (with the same activation energy) as during
the original thermal treatment. By reexamining the
original thermal curves with different activation ener-
gies a series of infinite linear log (time)-temperature
relationships are developed (one line in a log (time)-
temperature plot per activation energy). Uniquely all
lines intersect at one point. This unique time-tempera-
ture is the equivalent point for the original thermal
curve. It accounts for all thermal treatment and is used
to accurately predict constituent change, or product
characteristic.

FIG. 3 sets forth thermal treatments which should be
used to ultrapasteurize liquid whole egg products.
Thermal treatments defined by points above the 5%
SPL (Batch) line have not heretofore been suggested.
For practicing the present inveation in continuous flow
processing equipment, the thermal treatment is de-
scribed by a point on FIG. 3 defining ag equivalent time

15

20

and an equivalent temperature, as explained above. The
thermal

treatment should be more than sufficient to
pasteurize the liquid whole egg product. “Pasteurize™
means to cause z nine log cycle (9D) or 99.9999999%
reduction in Salmonella in the product being treated.
The thermal treatment should be insufficient to cause
the liquid whole egg product to coagulate. The thermal
treatment should more i y canse not more than
2 15% soluble protein loss (SPL) in the liquid whole egg
product being treated, and will preferably canse not
more than a2 5% soluble protein loss in the product
being treated. The expected 5% SPL (continuous pro-
cessing) line on FIG. 3 indicates approximately the
upper limit on thermal treatments which car be toler-
ated without sustaining more than a 5% soluble protein
loss (the exact location of this line for any one process
will depend on the physical factors discussed below).
More preferably, the thermal treatment will be designed
to produce not more than about a 1% soluble protein
loss from the product. As shown in FIG. 3, equivalent
times and equivalent temperatures defining points along
the line previously believed to represent the line at
whick a 15% soluble protein loss would be obtained
(the 15% SPL (Batch) line), are now known to repre-

40

45

sent thermal treatments which produce ultra-pasteu- -

rized products having léss than a 1% soluble protein
loes under continuous flow.

The line defining thermal treatments causing a seven
log cycle reduction in the spoilage bacteria Streptococ-
cus faecalis is labeled in FIG. 3 as the S. faecalis (TD)
line. The S. faecalis line has a steeper slope than the
several SPL lines. This illustrates that thermal treat-
ments employing higher temperatures and shorter times
are preferred for practicing the present invention. Thus,
holding soluble protein loss constant (so that treatment
time must be decreased as ireatment temperature is
increased), thermal treatments in which the product is
subjected to treatment temperatures of about 67.0 de-
grees Centigrade or more are preferred to thermal treat-
ments in which the product is subjected to treatment
temperatures of 65° C.; treatment temperatures of about
69.0° C. or more are preferred to treatment tempera-
tures of 67° C.; treatment temperatures of about 71.0° C,
or more are preferred to treatment temperatures of 69°
C.; treatment of about 73.0° C. or more are
preferred to 71° C.; and so on. The foregoing statement

55

60

65

-6
is true whether the real temperatures (or holding tem-
peratures) of the processes are being compared, or
equivalent temperatures are being compared (thus the
tu-:: “treatment temperature” is used to encompass
both).

Treatment temperatures are primarily. limited by the
ability to accurately time the duration of the thermal
treatment: as temperature is increased the treatment
time must be decreased, and shorter treatment times are
more difficult to administer with precision. Generally,
cquivalent temperatures not more than about 90° C. are
preferred, and equivalent temperatures not more than
about 80° C. are more preferred.

Desirable thermal treatments for practicing the pres-

ent invention can also be described with reference to
the S. faecalis lines. Preferably, the thermal treatment
will define a point above the S faecalis (TD) line, and
more preferably the thermal treatment will define a
point above the S. faecalis (9D) line. While this latter
line is not plotted in FIG. 3, it can be plotted in accor-
dance with the equations given below.
. Equations for lines in the figures are as follows,
where t=time in seconds, T astemperature in degrees
Centigrade, and n=number of decimal reductions. Sa/-
monella line: log(t)=15.96~0.227(T). S. faecalis lines:
log(t)==24.62 +log(n)—0.346(T). % SPL lines: log(t)-
=log(%SPL)+a—b(t), where 2 and b are given in
Tabie 1 below:

TABLE 1
& (for 1 (Expected)
Batch ‘(for coutinuous
T range "C. lines) b flow lines)
60-62.5 7454 0.091 L.761
62.5-67.5 4103 0.037 53720
67.5-T2S 14.68 0.194 15.942
3.014 0.033 4.281

72.5 and shove

These equations can be used to extend the teaching of
the figures beyond their depicted scope.

The liquid whole egg product is preferably heated by
contacting the product to a heated surface. The heated
surface is comprised of a corrosion-resistant, non-toxic
and nonabsorbent material such as stainless steel. Stan-
dards for evaluating the acceptability of such product
contact surfaces (the 3-A Sanitary Standards) are
known and established. See, e.g., Egg Pasteurization
Manual, supra, at 27.

To obtain & product with reduced amounts of spoil-
age microorganisms, the pasteurizing apparatus should
be sterilized before the liquid whole egg product is
passed therethrough. Sterilizing is preferably accom-
plished by passing hot water under pressure through the
pasteurizing apparatus, as is known in the art, so that,
smong other things, hot water is contacted to the heat- -
ing surface at a temperature and pressure and for a time
sufficient to sterilize the heating surface.

In addition, the product, after ultrapasteurization,
should be aseptically packaged. Aseptically packaged
means packaged to the exclusion of microorganisms
other than those carried by the liquid whole egg prod-
uct. Equipment suitable for aseptically packaging liquid
whole egg products is commercially available.

FIG. 4 illustrates the refrigerated shelf life of liquid
whole egg after it is uitra-pasteurized and aseptically
packaged, as explained above. The term “refrigerated,”
as used herein, means stored at a temperature of 4° C.
Time and temperatures for points on each line represent
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equivalent times and temperatures, as also explained
above. A liquid whole egg product having a preselected
shelf life of from about 4-36 weeks is made by selecting
a point on a line or in a region which will provide the
desired shelf life, determining the equivalent time and
equivalent temperature which correspond to the point
selected, and—preferably through the use of the equiva-
lent point method—establishing the operating condi-
tions on the particular pasteurizing apparatus being used
that will provide the selected thermal treatment. Prod-
ucts having shelf lives not depicted in FIG. 4 are made
by extrapolating the teachings of the figure, in light of
the teachings above. Preferably, this process is carried
out in pasteurizing apparatus which has been sterilized
before the liquid whole egg product is passed there-
through, as explained above, to produce products hav-
ing shelf lives of about eight weeks or more. In addition,
it will be appreciated that longer shelf lives are gener-
ally obtained at the expense of greater levels of solubie
protein loss. Thus, if product distribution systems do
not require otherwise, products with shelf lives of up to
about 32 weeks are preferred, and products with shelf
lives up to sbout 24 weeks are more preferred. -

FIG. § combines portions of FIGS. 3 and 4. It shows
how the thermal treatments selected to provide a de-
sired shelf life can at the same time be selected to pro-
vide products with good functional properties. More
particularly, thermal treatments can be selected which
produce liquid whole egg products having the desired.
shelf life and a soluble protein loss not greater than 5%. 30

The foregoing graphs have been presented to aid the
understanding of the present invention. Some variation
about the plotted lines is to be expected when the pres.
ent invention is practiced on different equipment, or
with different products. These graphs are accordingly
not to be taken as limiting the present invention, as
departures could be made therefrom while still captur-
ing and benefiting from the teachings of the invention.

To obtain a superior ultra-pasteurized liquid whole
egg product, the contact time of the liquid product to
heated surfaces during pastenrization should be re-
duced. More particularly, every particle of liquid whole
egg product should be in contact with the heated sur-
faceowsmfacaoftheunitinw!ﬁchtheproductis
heated for a total time less than the residence time of the
partxclcmthehunngumt.(‘l‘hemm“pamcle asnsed
herein has its standard meaning .in the egg
tion field See, e.g., 7 C.F.R. § 55.570(b) (1985)). This is
accomplished by mixing the product at least periodi-
cally while it is being heated. In 2 continuous flow
pasteurizing apparatus, such mixing is accomplished by
introducing turbulence into the stream of the product at
least periodically while it is being heated, as discussed
below. Other steps which are preferably employed to
reduce fluid element contact time to heated surfaces
inclode providing portions of the thermal treatment in
which fluid elements are not in contact with heated
surfaces, such as by providing a portion of the thermal
treatment in 2 holding section, and by providing heated
contact surface area to product volume ratios of less
than 18 cm2/cm? (Thus the surface area to volume ratio
is preferably less than about 10, and is more preferably
in the arez of about 2).

It is also-desirable to induce physical forces to make
the product more homogeneous prior to thermal treat-
ment, such as by inducing shear forces capabie of reduc-
ing protein and fat unit size. This is preferably accom-
plished by dispersing the product prior to heating. Dis-
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persing may be carried out with a dispersing valve or
with a timing pump, as is known in the art. Such treat-
ment advantageously reduces fouling, and serves to
reduce any tendency of the product to coagulate. Such
a dispersing step may be carried out by conducting a
more rigorous homogenization step, but it is recom-
mended that such more expensive homogenizing equip-
ment be used as described below.

It is preferable that a homogenization step after heat-
ing be included. The term “homogenized,” as used
herein, means to subject the product to physical forces
to reduce particle size. Such procedures are known in
theart,mdmybecamedoutondxfferenttypaof
eqmpment. It is preferable to carry out this homogeniz-
ing step with homozemzmg equipment at total pres-
sures of about 1,000 p.s.i or more. Pressures of about
1,500 p.s.i. or more are more preferred, and pressures of
2,000 p.s.i. or more stilt more preferred.

Of these steps, it is particularly desirable to mix the
liquid whole egg product at least periodically while it is
heated. As noted above, in continuous flow equipment

-mixing is carried out by at least periodically subjecting

the stream of liquid whole egg ptoduct to turbulence
while it is heated. Turbulence, which is the mixing of
particles over the cross-section of the product stream, is
discussed in the Egg Pasteurization Manual at pages 6-8.

Such turbulence is characterized by 2 Reynolds number
greater than about 2,300, and preferably greater than
about 4,600. Commercial high temperature, short time
pasteunzmg units are available which at least periodi-
cally impart turbulence to the stream of product being
pasteurized while the product is being heated. For the
purposes of the present invention, greater levels of tur-
bulence are preferred. Thus the liquid whole egg prod-
uct is preferably subjected to turbulence for a major
portion of the time it is heated. Plate heat exchangers,
trombone heat exchangers, spiral heat exchangers, and
scrape surface heat exchangers are illustrative of the
types of known heat exchangers which can be used to
subject liquid whole egg products to turbulence while
they are heated. The physical forces induced in scrape
surface heat exchangers are generally thought of as
“mixing,” but these exchangers induce turbulence at
least in regions of the product stream, and are therefore
considered to induce turbulence for purposes of the
present invention.

Examples of whole egg products which can be pas-
teurized in liquid form by the method of the present
invention include whole egg, fortified whole egg
(whole egg with added yolk), salt whole egg (e.3., salt
10%), sugar whole egg (e.g., sugar 10%), blends of
whole egg with syrup solids, syrups, dextrose and dex-
trins and/or gums and thickening agents, blends of
whole eggs with less than 1% sugar and/or salt, scram-
bled egg mixes (for example, a mix of about 51% egg
solids, 30% skim milk solids, 15% vegetable oil and
1.5% salt), reduced cholesterol egg products and blends
thereof, custard blends, and the like. Products which
are extremely sensitive to thermal processing and which
are particularly suitable for ultrapasteurization by the
present invention include, for example, liquid whole
egg and blends thereof (less than 2% added nonegg
ingredients), fortified whole egg and blends thersof
(24-38% egg solids, 2-12% added nonegg ingredients),
liquid salt whole egg, liquid sugar whole egg, and other
liquid whole egg blends which are 24~-38% egg solids
and 12% or less of added nonegg ingredients. Terms
used herein have their standard meaning in accordance
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with industry and regulatory usage. See, e.g, 7 CF.R.
§ 59.570(b) (1985).

The invention having been explained in general terms
above, the following examples are provided to further
illustrate the invention.

EXAMPLES 1-10

Raw Egg Product. Raw liquid whole egg was ob-
tained from a local breaking plant (Gold Kist, Durham,
N.C.). The egg was taken from their raw holding tank
which was agitated to thoroughly blend approximatety
30,000 pounds of egg. The egg was manually filled into
13.6 kg (30 Ib) metal cans and were kept refrigerated
before being transported 13.2 km (20 mi) to our labora-
tory in an insulated truck. The egg was held overnight
at 4° C. (40" F.) or allowed to stand at room tempera-
ture for up to 12 hours to achieve higher bacterial aum-
bers.

Thermal Processes. The time-temperature processes
used in this study were designed to be equal to or more
severe than minimum conditions defined by the 9D line
for the destruction of Salmonella in whole egg (USDA,
1969) and within predetermined limits of denaturation
of egg protein defined as percent soluble protein loss
(%SPL) by Hamid-Samimi et al., J. Food Sci. 49:132
(1984). The objectives of this design were to provide
Salmonella negative whole egg with a low number of
surviving spoilage organisms while retaining adequate
functional properties.

m:hermalprocusingsystemusedilonﬂinedin
FIG. 1. It consisted of a plate-type heat exchanger for
preheat, various modifications of the No-Bac Unitherm
model XLV (Cherry Burrell Corporation, Cedar Rap-
ids, Towa) to achieve different holding times, an aseptic
homogenizer operated at 10.34 mPa (1,500 p.s.i.), and 20
aseptic packaging system (Model AB-3-250, Tetra Pak
Inc., Dallas, Tex.). The flow rate was 289X 10—*m/?
sec (275 GPH) with heating, holding, and cooling pipe
diameters of 12.45 mm ID (§” nominal) stainless steel.

Before cach process the entire system was sterilized
at 121° C. for 30 minutes using hot water in the product
section and steam in the heating media section and then
cooled. The product and heating media temperatures

were recorded for evaluation of the thermal effect of -

the heating section and to determine the total thermal
effect. Swarzzel, J. Agri. Food Chem. 34:396 (1986). The

temperatures were measured using Type T thermocou-

ples with an electronic data logger (Model 9302, Moni-
tor Labs., Inc., San Diego, Calif.). Each thermocouple
probewuscannedeverywseoonds(oncminutefor
process #1) and the readout sent to a computer for
analyses. The specific locations of the thermocouples in
the system were as described by Swartzel and Jones.
Paper No. 84-6006 of the American Society of Agricul-
tural Engineers (1984).
Approximately one hour prior to initistion of each
process, 408.2 kg (900 Ib) of raw egg were transferred
from the metal cans to a 568 1 (150 gal) vessel (Cream-
ery Package Mfg. Co., Chicago, I1L.) and then mixed at
momtemperaturewiththesﬁningpropdluata.so
r.pam. This volume of egg required approximately 20
minutatoprocas.themfomthchstlitaofeggwas
. processed not later than 80 minutes after being removed
from the cooler. Nine processes designated 1,2, 3, 4, 5,
6, 7, 8, and 9 were run. Process 6 was repeated
designated 6.1. They were conducted two days apart on
egzpickeduponthesameday.EggforpmwaG.lto
9 were held at room temperature for not more than 12

20

L

30

1

40

45

0

55

]

and 65

10
hours to achieve a higher initial microbial load. All egg
incubated at room temperature was chilled to 4° C. (40°
F.) prior to processing.
After holding the egg at the scheduled process time
and and prior to packaging, the tempera-
ture was reduced to less than 10° C. (50° F.) in less than

' 26 seconds. Occasionally, due to technical difficulties it

was not possible to cool the processed egg to below 10°
C. In those instances the processed egg was moved into
a freezer at —20° C. for 20 minutes after packaging. The
packaging material was a low oxygen permeable lami-
nate of polyethylene, paper, and aluminum foil formed
into 250 ml containers (Tetra Pak aseptic filler model
AB-3). Each package was dated and coded so that egg
processed in the first seven minutes, the second seven
minutes, and the remaining time were numbered 1, 2,
and 3, respectively. The processed and packaged egg
was held overnight at 4° C. (40° F.) prior to obtaining
samples and being distributed for four and 10° C. stor-
age.

Sampling Sampies of raw egg for physical, chemical,
and functional testing were aseptically removed from
the mixing vat approximately 30 minutes prior to pro-
cessing. The samples were then held overnight at 4° C.
for evaluation with the pasteurized egg. Pasteurized
samples were obtained on the day after ing or at
selected times during storage at four and 10° C. Analy-
ses were made on the combined contents of three or
four individual packages representing the first, second,
and third portions of each process run. When four pack-
ages were required, two packages from the middle por-
tion of each process were used. Any sediment on the
bottom of the cartons was scraped out and mixed into
the egg by magnetic stirring.

Chemical Assays. The pH of the product was deter-
mined with a Fisher Accumet pH meter, model 600,
equipped with a calomel reference and glass indicating
electrodes. Solids were determined in triplicate by

. weighing two ml samples into disposabie aluminum

pans and drying in a forced draft oven for 24 hours. The
AOAC (1985) microKjeldahl procedure was used to
determine protein content of the samples. The extent of
denaturation was estimated by determining the loss of
soluble protein as described by Hamid-Samimi et al.,
supra, and the alphaamylase activity of the egg was
determined as described by Shrimpton and Mousey, J.
Hyg. 60:153 (1962).

Sponge Cakes. True sponge cakes were made by
using half of the amounts of ingredients listed following
the procedures given by Gorman and Ball (1986)
(Chapter 15 in Egg Science and Technology, 3rd Ed., W.
J. Stadelman and O. J. Cotterill, Eds., AVI Publishing
Co., Inc. Westport; Conn.) with the omission of vanilla.
Two separate batches of batter were mixed for each
treatment and 340 g of batter was weighed into rectan-
gular pans (21.5X 11.5X 6.5 cm, id.). Cakes were baked
at 191° C. for 25 minutes, inverted on a wire rack and
allowed to stand at room temperature overnight.
Heights were determined from the mean of four mea-
surements along the ceater line of the long axis of the
cake. Cakes were then kept in plastic bags for further
rheological evaluations.

Textural properties of the cakes were evaluated using
an Instron Universal Testing Machine (Model 1122,
Instron Engineering Corporation, Canton, Mass). A
plate was connected to & 2000-g load cell and positioned
at the surface of the 5-cm cube of cake. The cross head
and chart speeds were 200 mm/min and 100 mm/min,
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respectively. Three samples from cach cake were sub-
jected to deformation-relaxation cycles. The cubed
cake samples were kept in a plastic bag before and after
each test. The water activity of the cake samples were
determined by placing three Durotherm (Lufft, West
Germany) water activity meters in the plastic bag. Each
meter was calibrated daily with a solution of barfum
chloride (aW 0.90 at 20° C.).
Custards. Duplicate custards of the flan type were
" made. Ingredients were 190-mi evaporated milk, 196-g
sweetened condensed milk, 125-g whole egg, 50-g wa-
ter, and one teaspoon. vanilla. All ingredients were
blended in a Waring blender at low speed for one min-
ute and 360-g were weighed into 2 rectangular pan
(14.3X8.0% 5.6 cm, id.) which had been sprayed with
“PAM" (Boyle-Midway, Inc., New York, N.Y.). Pans
"were placed in a tray containing 2.5-cm water and
baked at 191° C. for 40 minutes. After overnight storage
at 10° C,, height of the custard in the pan was deter-
mined from the mean of three measurements made and
with calipers along the center line of the long axis of the
custard. Custards were removed from the pan after the
sides were loosened with a spatula and allowed to stand
at room temperature for 45 minutes. Height was again
. determined and percent sag was calculated according to
Gardner et al. Poultry Sci. 61:75 (1982). Custards were
stored in plastic bags at 10° C. for rheological evalua-
tion.

The flat plate described above for evaluation of cake
texture was replaced with a 10.5 mm diameter rod with
a semispherical tip and force-deformation curves to
failure were obtained for each custard. Cross head
speed was 100 mm/min and all other parameters were
the same as used in evaluations of the cakes. Five values
were averaged to abtain the penetration force (F1) for
cach custard.

Organoleptic Evaluation. Flavor of processed and
stored egg was evaluated by one judge using the USDA
palatability score (Laboratory Methods for Egg Prod-
ucts, USDA, Agricultural Marketing Service Poultry
Division, Grading Branch, Washington, D.C. 20250
(1984)).

Thermal Process. The process times and tempera-
tures used in this study are presented in Table 2.

TABLE 2

Actual, Equivalent Times and Temperatures,
Calculated Heating Value of Treauments and

Predicted 9 SPL Based on Heating Value.?

Actusj _B_____ Heating Theore-
Proc. Time Temp. Temp.  Value? tical

No. (Sec) (*C) (s«;) (°C} (G x 108 % SPL®
1 262 637 304 631 6.1 0.52
2 920 634 9.5 €3 208 174
31922 653 1924 650 728 59
4 92 673 187 665 84 on
E 569 682 630 613 4“6 3.7
6 1230 683 1285 679 94 .10
&1 1230 689 1290 684 1176 9.50
7 27 ns 95 688 89 0.75
] 01 T2 365 TS 9 6.46
9 567 T0 635 78 146.1 1L

. The 10 processes, numbers 1-9, were performed in the
same chronological order as they are numbered. After
gnmng process experience and as the result of evalua-
tions during the study, it was determined that longer
holding times and temperatures than expected couid be

12
used. The actual temperatures reported in Table 3 are
the averages of temperature readings, every 30 seconds,
of the temperature probes at the begmmng and end of
the holding tube.

Equivalent times and temperatures as well as holding
times and temperatures are set forth in Table 2. It can be
seen that equivalent times are generally longer than the
corresponding holding times, and equivalent tempera-
tures are generally lower than the corresponding hold-
ing temperatures. At longer times, the differences be-
tween corresponding holding temperatures and equiva-
lent temperatures are smaller.

The calculated heating value, G, shown in Table 2,
gives a means for making a comparison of the relatively
severity of the different processes, Processes 9, 6.1, 6
and 8 had the highest G values, respectively. The per-
cent SPL based on the heating value (G) are also shown

" in Table 2.
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Chemical Properties of Processed Egg. The results of
alpha-amylase activity assays (Table 3) confirms that
the enzyme is inactivated by mild heat processes. Table
3 shows that the thermal processes used did not affect
protein content or the soluble protein content.

TABLE 3

Thermal Effects on Alpha-Amylase Activity,
Protein Content and % Soluble Protein.

% Soluble

Protein®
Q&Am! MicroK jeldahl! (From Ab-

:

UHT Plamt Raw UHT Plant sorbance)
1 0.045 0.048 0.099 13.10 11.60 13.1 86.2
2 Q033 0588 — 1259 1196 — 1023
3 0.055 1.050 — 1167 1132 — 101.3
4 0.029 0.031 Q.137 11.83 1.79 11351 fot.1
H . 004 1000 — 1019 1013 — 100.3
[} 0.053 1120 = 1227 1034 — 100.9
. &1 Q040 L130 ~— 270 1254 — 103.3
7 0.052 0.764 — 1237 1253 — 104.5
s 0.063 1.000 — ILI19 1142 — 100.4
9 0.060 1170 — 174 1L7T7 — 100.7

“Alphs-Amylase data is reported as the absorbaace 3t 535 am. Activity i inversaly
related in sbeorbance.

"MicroKjeldshl data is reported as percest protein.

“Absorbence at 250 nm of heated egg/control (raw) egg in solwtion 33 described by
Hamid-Samimi «t al. supea (1984).

The chemical data indicate that the processes did not
result in extensive damage to the egg proteins. The
predicted percent soluble protein losses (Table 3) were
based on studies conducted with small amounts of egg
(! ml) being heated in the cup of a Brookfield viscome-
ter (Hamid-Samimi et al., supra, 1984). The egg was
heated while various shear rates were applied to"simu-
late egg under dynamic conditions that exist in conven-
tional heat exchangers. Thus, this work revealed that
the model system resulted in prediction equations that
underestimated the thermal treatments that liquid
whole egg products could tolerate while still obtaining
products with good functional properties. Analysis of
the causes of these unexpectedly good results led to the
guidelines discussed above which should be followed to
obtain functionally superior ultra-pasteurized products.

Function of Processed Eggs. The functional proper-
ties of the processed eggs agreed with the physical and
chemical results. Based on the data presented in Tables
4 and 5 for nonstored egg, there appeared to be very
little heat effect on the performance of the nltra-pasteu-
rized egg relative to raw or commercially pasteurized
egg. Cake height as an indication of the leavening abil-
ity and force to deform, springiness, and relaxation
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parameter (Peleg and Normand, Rheologica Acta 22:108
(1983)) as indicators of textural properties were very
similar for all egg examined.

TABLE 4

Functional Properties of Cakes for Control (Raw),
ized (UP) at Zero Day Stomage. snd
Commercially Pasteurized 3
Treat- . ) )
Mesn Minimum Maximum o

i

1.7 13.70
9.18 1291
9.56 991 2
037 0417
0.395 0.442
0.402 0403 2

|

FSEFSEESE PSLEsifh

Q.86
0.87
0.52 2
66.7
[1X]
643 2
0.891

0.81
0.81
Q.81
6.3
35.1
64.7
0.832
0.835 0.892
0.892 0.892 0.892 1

BRERF ERRTORR

*Force required to deform the sarsple of cake by 26 mm.

SAsympctic reiaxation value as defined by Peleg 1ad Normand, sapra (1983).

Ratio of the second peak force to the fiest pesk force in the force deformation

TABLE $

Functional Properties of Custards for C
MLMWWM
and ' Pasteurized

(UP)
Treat-

ment  Mean Minimom Maximum a

0.96
0.50
081 2

367
36.3
353 2
9.54
156
6.51

Raw
uP
Plant

Raw
uP
Plant
Raw
UP
Plant

e

E
~

2.66

The water activity of the cakes were similar indicating
that the experimental handling procedures for the cakes
were uniform and should not have affected the instru-

propertices.
data indicated that all egg sources evaluated had good

10

15

25

ies. The custard 45

ability to form gels. The gels had excellent integrity as -

indicated by the relatively low percent sag, yet the
custards were relatively tender as indicated by the pene-
tration forces. Although weep was not measured, very
little syneresis was noted even after holding the custards
ovemight for textural evaluations. The limited organo-
leptic evaluation of the processed eggs indicated that
the thermal processes did not affect flavor or aroma in
scrambled eggs relative to scrambled egg made from &
fresh shell egg. The USDA palatability scores were
seven to eight (eight being the highest score).

. Refrigerated Storage Effect. As long as the processed
egg was not obviously spoiled, as indicated by organo-
leptic evaluations, storage at 4° C. maintained the chem-
ical, functional, and organoleptic properties of the pro-
cessed egg up to 24 weeks for some of the samples. The
dnaprmedin'l‘ablaé,‘l,mdSwerenkenfrom
stored egg that was judged organoleptically sound. The
criteria for that judgment were: (1) that the color was
pormal, i.e., within the expected range of color ob-
served for eggs immediately post-processing, and (2)
that there were no cbjectional aromas or flavors. In this
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study, because of the sampling procedure where most of
the samples were checked at four-week intervals, there
were no borderline decisions, a2 sample was obviously
acceptable or unacceptabie. Bright yellow colors, off-
aromas, and pH values below seven were typical of

samples judged to be spoiled.
TABLE 6
Means for Proteins, Solids and pH for Coatrols
(Raw), Commercially Pasteurized (Plant) and
Ul i E]
Treat-
Varisble ment?® Mean Minimom Maximom g CV.
% Raw 11.92 10.19 13.10 10 63
Protein  Plant 12.30 15 13.10 2 9.1
up 0 IL74 10.13 12.54. 10 6.0
% Raw 4.6 239 252 10 1.6
Solids  Plant .8 4.4 282 2 25
0 245 40 230 10 I3
4 U4 240 %9 10 13
UpP 8 244 4.0 1.7 9 09 .
12 243 238 .7 7 13
18 249 4 255 2 kR
U U3 w7 249 2 0.3
pH Raw 7.5 12 7.6 10 1.7
Plant 7.1 hAS 72 2 0.s
. 0 75 13 16 10 L4
4 14 12 16 10 1.4
up s 74 13 135 9 12
12 13 12 T4 7 12
18 74 14 T4 2 0
% 7.4 14 74 2 0
“Numbers indicate storage st 4° C, in wesks for processed eggs.
TABLE 7
Punctional Properties of Cakes Made from Eggs
Stored st 4° C.
. Storuge
Varisble (Weeks) Mean Minimum Maximum 1 CV.
Maxi- - 4 9.78 1.90 1495 10 213
mum ) 1037 182 14.53 9 205
Force? 12 11.29 L4 14.28 7 182
() 18 11.42 1632 12.93 2 13.6
24 10.53 9.57 1149 2 129
Relaxa- 4 3937 0.37%9 04167 10 37
tion O 3876 - 03836 04132 9 39
Purs- 12 3846 03717 04032 7 3.0
meterd 13 378 03788 aiTss 2 il
k3 3745 03704 03738 2 15
Spring- 0.829 0.799 c.353 10 L7
iness® 0.834 [+X 33 0372 s 20
12 0.834 0.820 0.443 7 a8
13 0.831 0.829 0.332 2 0.3
u 0.818 0787 0.843 2 49
Height 4 61 4 5] 10 6.02
(mm) ] 64 63 [ 24 9 206
12 ] 60 65 7 7
13 5] [+ 1} 2 3.0
24 (4] 65 [} 2 a2
Water 4 0.860 0.796 0.588 10 42
Activity 0.334 0.368 0.900 9 1.1
12 0.879 0.844 0.896 7 20
13 0572 0872 0872 1 -
U 0.879 0.876 0.882 2 0.4
€hcges Tabie 4 for deflaition of terms.
TABLE 8
Functional Properties of Custards Made from .
Eggs Stored st 4" C.
Storage
Varisble (Weeks) Mean Minimom Mazimum a CV.
Pene- 4 0.68 0.47 Qa7 10 127
tration H 0.70 064 76 9 9.1
Force 12 07 0.57 R +) 7 23
18 Q.94 0.85 L@ 2 126
% 0.82 076 0.88 2 los
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TABLE 8-continued
Functional Properties of Custards Made from
Eggs Stored st 4° C.

R Storage . 5
Varisble (Weeks) Mean Minimom Maximum n GV,
Custard 4 ki 34 36 10 24
Height | s 4 36 9 1.6
(mm) 12 35 35 3 7 1.2

1B 3% 36 36 PR
24 35 38 35 2 1.0 10
% Sag 4 1 30 . 11.6 10 38l
3 59 35 15 3 205
2 65 4§ a0 Y
18 72 64 8.1 2 15.9
u &6 4.9 82 2 36.0

13
Visual observations of the interiors of opened pack-
ages revealed very little sedimentation during storage.
A very thin layer of a fine, light yellow, granular-like
material was observed on the bottom of cartons after
four weeks of refrigerated storage. 2
Shelf Life. The times of spoilage of egg from each
trial are presented in Table 9. .

TABLE 9

_Shelf Life for Liquid Whole Egg Stored at 47 C. 25
. Shelf Life
(Weeks)
-3
s-12
>

3-12 30
>18
18-2¢
1 >4
12-13
0-24

18-20 38

[

GO AP NSNS —

These data were used to generate the time and tempera-
ture guidelines set forth in FIG. 8.

The invention has been discussed with a degree of
specificty above. This discussion has been provided for 40
illustrative purposes only, with the scope of the inven-
tion being defined by the following claims.

That which is claimed is:

1. A method of making a packaged liquid whole egg
product characterized by a preselected refrigerated 43
shelf life of about four weeks to about 36 weeks, com-
prising passing the liquid whole egg product as a contin-
uous stream through 2 pasteurizing apparatus, during
which the liquid whole egg product is heated by con-
tacting said liquid whole egg product to a heated sur- 50
face for a predetermined time and to a predetermined
temperature while at least periodically subjecting said
continuous stream of liquid whole egg product to turbu-
lence, wherein the liquid while egg product is heated
for a predetermined time and to a predetermined tem- 55
perature insufficient to cause more than a 5% soluble
protein loss from said product, wherein the total ther-

65

16

mal treatment received by the liquid whole egg product
is described by an equivalent temperature and an equiv-
alent time defining a point above the 5% SPL
(BATCH) line of FIG. 3, and wherein said predeter-
mined temperature and said predetermined time are
chosen to impart said preselected shelf life to said liquid
whole egg product, followed by aseptically packaging
the Liquid whole egg product. )

2. A method according to claim 1, wherein said pas-
teurizing apparatus is sterilized before said liquid whole
egg product is passed therethrough, and wherein said
packaged liquid whole egg product is characterized by
a preselected shelf life of about eight weeks to about 36
weeks, '

3. A method aceording to claim 1, wherein said liquid
whole egg product is subjected to turbulence for a
major portion of the time said liquid whole egg product
is heated.

4. A method of making a packaged liquid whole egg
product characterized by a preselected refrigerated
shelf life of about four weeks to about 36 weeks, com-
prising passing the liquid whole egg product as a contin-
uous stream through a pastenrizing apparatus, during
which the liquid whole egg product is

(a) heated by contacting said liquid whole egg prod-

uct to 2 heated surface for a time sufficient to raise
said liquid whole egg product to a predetermined
bolding temperature while at least periodically
subjecting said continuous stream of liquid whole
egg product to turbulence, then

(b) maintained at said preselected holding tempera-

ture for a predetermined holding time, wherein

said holding temperature and holding time are .

selected to cause a soluble protein loss of not more
than 5% from said product, and wherein said hold-
ing temperature and holding time are selected to
impart said preselected shelf life to said liquid
whole egg product, and then

(c) cooled, wherein the total thermal trutment re-
ceived by the liquid whole egg product is described
by an equivalent temperature and an equivalent
time defining a point above the 5% SPL (BATCH)
line of FIG. 3, followed by

(d) aseptically packaging the liquid whole egg prod-
uct.

5. A method according to claim 4, wherein said pas-
teurizing apparatus is sterilized before said liquid whole
egg product is passed therethrough, and wherein said
packaged liquid whole egg product is characterized by
a presclected shelf life of about eight weeks to about 36
weeks.

6. A method according to claim 4, wherein said liquid

whole egg product s subjected to turbulence for a major -

portion of the time said liquid whole egg product is
heated.
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1
METHOD FOR THE ULTRAPASTEURIZATION
OF LIQUID WHOLE EGG

'l'hislpplicnioniueonthmtionot’appliatim&r.
No. 07,311,594, filed Feb. 16, 1989, which is 2 continua-
tion of application Ser. No. 06/904,744, filed Sept. &,
1986, now U.S. Pat. No. 4,308,425,

DESCRIPTION OF THE INVENTION

The present mvention relates to the pasteurization of
Hiquid whole egg products generally, and particularly
relates to ultrapasteurization methods which can be
used to produce fiquid whole egg products which have
§ood functional properties and which have extended
refrigerated shelf lives.

BACKGROUND OF THE INVENTION

The U.S. egg industry produced more than 300 mil-
_x'h:poundsoffmu
relatively mild pesteurization processes used are
designed 10 eliminate Salmoneila from eggs for all prac-
tical purposes, but do not destroy organisms capable of
spoiling egg products held under refrigerated tempera-
tures above freezing. The survival of spoilage organ-
isms in pasteurized cgg, coupled with conventional
packaging technology, results in products with limited
shelf life (7-14 days at 40" F.) that require freezing and
frozen distribution systems for preservation. Freezing is
cost intensive, lowers the functional quality (flavor,
performance, etc.) of the egg product, and results in an
inconvenient product that requires thawing prior to use.
Standard pasteurization practices for liquid whole
€gg products are generally discussed in the Egg Pasteur-
fzation Manual (USDA Agriciiltural Research Service
1969). See also U.S. Pat. No. 3,949,099 to Kaufian, at

4,954,291
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2

cess whole egg at elevated temperatures, and used an
ethyiene oxide-flushed glove box to aseptically package
the product (neither device approved for the commer-
dalprodncﬁonofaahblepmduct).ﬁoldingtempen-
tures of up to 154 degrees Fahrenheit (67.8 degrees
Cenﬁp'ade)wererepomd.'[‘hemﬂtsof:hispioneer—
ingyorkdmonmmdtheposihﬂityofemdingthe

* refrigerated shelf life of liquid whole egg products, but

10

13

 tion of these products on

25

column |, lines 46-58 (summarizing pasteurization pro- -

cesses). The Egg Pasteurization Manual notes that exper-
iments conducted in England to establish treatment
conditions used there, which were carried out in a high
trials with holding times of two and one-half minutes
and temperatures up to 151 degrees Fahrenheit (66.1
degrees Centigrade). The functional quality of these
€ggs is not discussed; however, it is noted that England
adopted a lower temperature of 148 degrees Fahrenheit
a3 a treatment condition The Manual observes that such
“severe” treatments help increase the stability of egg
products in liquid form, but does not teach how this can
be accomplished without sacrificing desirable func-
tional properties of the products For other types of egg
products which are more heat stable, pasteurization
temperatures as high as 152 degrees Fahrenheit (66.67
degrees Centigrade) have been reported. Again, little is
known about how to ultrapasteurize (decrease the num-
ber of spoilage microorganisms to levels lower than
obtained with a pasteurization
ucts by heating withaut sacrificing functional perfor-
mance,

Higher temperatures than those investigated in En-
giand have been explored See e.g., Essary, E. O, Rony,
P.R..andCollim,W.'F.,Nnmojhnudanpdc_aIIy
packaged fluid egg products, Report to the American
Egg Board (1983). This work suggested that merging
techniques of ultrapesteurization with aseptic packag-
- ing can be accomplished to yield safe, stable, and func-
tional liquid whole egg. This research suggested and
used a heat exchanger operated in laminar flow to pro-

40

45

50

55

procedure) these prod- -

60

65

didnotemblethecommadalproductionofamﬁiger—
ated product which could be sold to consumers.

To carry out ultrapasteurization of liquid whole egg
products on commercial equipment, the time and tem-
perature parameters of the thermal treatment must be
selected with care. Arbitrary increases in thermal treat-
matwmlikdypmdwaﬁmcﬁomnymnwepuble
product, or—even worse—coagulation of the product

.and blockage of the pasteurizing equipment. Because

such pasteurizing equipment operates at high pressures

pasteurized egg products in 1985, 20 ‘(e.g-, 1,500 ps.i. and more) the consequences of block-

age are serious. For these reasons; it is essential to know
how liquid whole egg products respond to various ther-
mal treatments befare experimenting with the produc-
commercial equipment.
Because this essential information was not available,
Hamid-Samimi investigated the time and temperature
parameters which should be used in commercial equip-
ment to obtain a functionally acceptable, ultraj
rized, liquid whole egg product. M. H. Hamid-Samimi,
Criteria Development for Extended Shelf-Life Pasteur-
ized Liquid Whole Egg. Ph.D. Thesis, North Carolina
State University (1984). This research was carried out
at the laboratory bench, with a Brookfield viscometer,
which processed the product in small batches rather
than continuously. Processing times and temperatures
defining thermal treatments producing a soluble protein
loa(SPL)ofuploS%fromthepr’odmt,umupper
limit, were suggested as producing a fuactionally ac-
ceptable product. The suggested 5% SPL Limit was
dcﬁnedbyamphﬁneinthethnisthislineisrepro—
duced herein in FIG. 3 as the 5% SPL (Batch) kine.

-Time and temperature values tested by other investigs-

tors which were believed to be the limits of pasteuriza-
tion are summarized in M. H. Hamid-Samimi and K. R.
Swartzel, J. Food ing and Preservation 8: 219, 221
FIG. 1 (1984). All are below the 5% SPL {Batch) line.

The present inventors sought to test the predictions
of Hamid-Samimi by ultrapasteurizing liquid whole egg
on continuous flow, high temperature, short time pas-
teurization equipment. It was unexpectedly found that
funcﬁounyamepableﬁquidwholeeumbepm-
dwednﬁmumdwmpmmmmthmprevi-
oudybdieved.ﬁueﬁndings,whichwﬂlbeexphined
in detail beiow, enable the commercial production of
fanctionally acceptable products with longer refriger-
ated shelf lives than heretofore available. As will also be
explained below, discovery of these unexpected results
has led to the identification of several steps which
should be taken to produce ultrapasteurized liquid
whole egg products that have superior functional prop-
erties.

The object of the present invention, in short, is to
provide liquid whole egg products for refrigerated dis-
tri‘butionwhichhnvcxruﬂyrednoedlevelsofspoihge
microorganisms, while still having good functional
properties. i ’
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SUMMARY OF THE INVENTION

This object is achieved by & method for ultrapasteu- -
rizing fiquid whoie egg products. The method com--
mmgthelxqmdwbohmwodwuammu- s
ous stream through a pasteurizing apparatus, during .
which the liquid whole ¢gg product is hested to a pre-
determined real. temperature. The method is practiced :
wthnthewultbamdmtmavedbythehq

wholeecptodnaudmibedbymeqmvdenrlo

temperature and an equivalent time (these terms are
explained in detail below) defining & point above the 5%
SPL (Batch) line of FIG..3, but insufficient to cause. -
coagulation of the product.

Also disclosed herein is 2 method of making a pack- 15

apdhqmdvboleeggptoductchanctmudbyaprue-
lected refrigerated shelf life of from about four weeks to .
about 36 weeks. This method comprises passing the .
liquid whole egg product as 2 continuous stream -
- through a pestevrizing
hqmdwhokeuprodmuhawdforapredemmned
nmmdtoapredetammedmpmm'rhepm
_mined time and the - temperature are :
" chosen to impart the preselected shelf life to the liquid -

whole egg product. After it is heated, the liquid whole 21

©gg product is aseptically packaged.
Preferably, the continnous stream of liquid whole egg

pmductrefenedtomachofthemethodsaboveun
least periodically subjected to turbulence while it is :
heued.'l'hehqmdwholeeapmdm:mlko.ptefeﬂ-
bly, homogenized after they have been heated In addi-
tion, the methods described above are more narrowly .
described as methods in which the liquid whole egg :
productnhuwdto:ptedewmmedholdmgtempen

ture, then maintained at.said predetermined holding 35

temperature for a predetermined bolding time, and then -
cooled. .

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a continuous flow 40

M‘iﬁng apperatus suitable for. carrying out. the -
present invention.

FIG. andummmmmthedm’ermmd
relations between resl holding times and holding tem-

pﬂm“dequvﬂmumamdeqmvﬂenttempen 45

tures for describing total thermal treatments, in continu-
omnowpmanm‘eqmpmt.

FIG. 3 is a graph showing time and temperature .

fonheultnpsmmunonothmd whole egg .

FIG. in‘nph:howmzeqmvdentnmamd
equivaient temperatures that give particular refriger-
ated shelf lives for liquid whole egg

F1G. SisacunbmonplphmwhxchFIGS 3and .

4 are superimposed, with the 5. faecalis line removed. 55

DETAILED DESCRIPTION OF THE
INVENTION

Thermal treatments simultanecusly produce benefi-

cial and undesirable changes in food products. Knowl- &

edgeot‘kmeucmethods,mdhowtheyanbupphedw
themeclnmaofdmpmglthetmllpmlﬂlm
attsining food quality reteation and process efficiency.
Daammngtheumemdmpenmnqmrememfot

a thermal process depends upon destruction of spoilage 65

and disease causing microbial spores ‘while minimizing
undesirable physical, chemical and biclogical transfor-
mations that occur within the product.

appnntus.dumgwhtchthezo

4
As:chamancallyshowanG 1, with arrowheads
indicating direction. of flow, continuous flow. thermal
processing equipment comprises heating, holding, and .
cooling sections. The thermal treatment received by the -
product in the heating and cooling stage; (illustrated in

.FIG. Z).uanammanotemudaedmmd.onlythe-

holding time (tz) and hokling temperature (Ty) are
conndered.However.wha:prodncumpmwrmedm
such equipment at higher: temperatures and shorter
times, as is taught herein, the contribution of the heating
stage, and perhaps the cooling stage, to the total. ther-

mal treatment of the product becomes significant, and -
must be accounted for if a product with-good functional
qualities is to be obtained and coagulation during pas-
teurization is to be avoided. It is accordingly recom-

mended that the equivalent point method for evaluating .
thermal treatments be applied in practicing the present
invention. As explained in detail below, this method

describes -the total. thermil trestment received by a
product in continuous flow equipment with one equiva-
lent time (tz) and one equivalent temperature (Tz).(see.
FIG. 2).

Procedures for use of the equivalent point method for
uulyzin; the thermal .effects on products during con-
tinuous. flow - heating .have been previously outlined
(Swartzel, 1982, J. Food Sci. 47:1886 and Swartzel, 1986,
J. Agric. Food.Chem. 34:397) and are known to those .
skilled in the art. This method differs substantially from -
previous methods in that all other methods define the |
t.hetmaltreummtbuednpon:nnglefacmrmhu
enzyme - inactivation, microbial destruction, protein
denaturation, nutrient loss, etc. The problem with these.
other methods is that a physical and/or chemical efféct
(flavor, color, product separation and gelation during
storage if thermaily reiated) may actually be the shelf
life limiting factor. )

The unique feature of the equivalent point method
lics in the fact that, for any thermal curve, one equiva-
lentnmemdequxvdmttanpenmrecombtmnonexim
(see FIG.:2). This equivalent time and tem
combination will yield the exact thermal effect on all
constituents within the product as’ would the original
thermal curve. This unique time and temperature com-
bination is not dependent on individual constituent ki-
petics, as are all previous:thermal evaluation procedures
(it is independent of constituent activation energy).

To determine the equivalent point of a thermal:sys-
tem, 3 compiete thermal history of the treatment must

'beavaihble.'rhisisobuinedbymmtingmixedmgn

S0 product temperatures at various. locations (entrance to
the heat  exchanger, exit of the heat exchanger and at
le-ttwohanomudetheha:exchnger)-'ﬁms
calculated by -correlating mesn -residence time with
Tocation of the temperature probe. With heat -exchang-
.ers into which it is difficult or impractical to insert
thermal probes, time-temperature curves are calculated
based on knowledge of the product's physical charac-
teristics and on the geometry of the processing equip-
ment.

With available time-temperature curves and a basic
knowledge of kinetic relationships, equivalent points
can routinely be caiculated. The log of a product con-
stituent concentration ratio (initial concentration di-
vided by concentration after treatment) is set equivalent
to the integration of that constituent’s Arrhenius equa-
tion (or any other appropriate function describing the
temperature of the rate of the reaction
associated with the constituent change) for the particu-
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lar time-temperature interval (thermal history previ-
cusly defined). For a given activation energy each sec-
tion of a thermal treatment (heating, holding, and cool-
ing) will produce a unique thermal constituent concen-
mmnm?«thedxﬂ'uutmtheeﬁectmybe

binations would produce the same thermal effect on a

constituent (with the same activation energy) as during -

the original thermal treatment. By reexsmining the
original thermal curves with different activation ener-
gics a series of infinite linear log (time)-temperature
relationshipe are developed (one line in a log (time)-
nanpenmreplotperacuvmmy).Umqudyan
lines intersect at one point. This unique time-tempera-
ture is the equivalent point for the original thermal
curve. It accounts for all thermal trestment and is used
to accurately predict comstituent change, or product
characteristic.

FIG. 3 sets forth thermal treatments which should be
used to ize liquid whole egg products.
Thermal treatments defined by points sbove the 5%
SPL (Batch) line have not heretofore been suggested.
Forpncucmgthepmentinvmnonmeonnnuomﬂow
processing equipment, the thermal treatment is de-
scribed by a point on FIG. 3 defining an equivalent time
and an equivalent temperature, as expiained above. The
thermal treatment should be more than sufficient to
pasteurize the liquid whole egg product. “Pasteurize”
means to cause a nine log cycle (9D) or 99.9999999%
reduction in Salmonella in the product being treated.
The thermal treatment should be insufficient to cause
the liquid whole egg product to coagulate. The thermal
treatment should more particularly cause not more than
a 15% soluble protein loss (SPL) in the liquid whole egg
product being treated, and will preferably cause not
more than a 5% soluble protein loss in the product
being treated. The expected 5% SPL (continuous pro-

20

3

a5

cessing) line on FIG. 3 indicates approximately the 40

upper limit on thermal treatments which can be toler-
ated without ining more than & 5% soluble protein
loss (the exact location of this line for any one process
wiﬂdepmdonthephynalfncmducusedbdow)

More preferably, the thermal treatment will be designed 45

to produce not more than about a 1% soluble protein
loss from the product. As shown in FIG. 3, equivalent
times and equivalent temperatures defining points along
the line previously believed to represent the line at
which 3 15% soluble protein loss would be obtained
(the 15% SPL (Batch) line), are now known to repre-
sent thermal treatments which ultrapasteurized
products having less than a 1% soluble protein loss
under continuous flow.

The line defining thermal treatments cansing 2 seven
log cycle reduction in the spoilage bacteria Streptococ-
cus faecalis is labeled in FIG. 3 as the S. faecalis (7TD)
line. The S faecalis line has a steeper slope than the
several SPL lines. This illustrates that thermal treat-
ments employing higher temperatures and shorter times
are preferred for practicing the present invention. Thus,
holding soluble protein loss constant (so that treatment
time must be decreased as treatment temperature is
increased), thermal treatments in which the product is
subjected 10 treatment temperatures of about 67.0 de-
grees Centigrade or more are preferred to thermal treat-
ments in which the product is subjected to treatment
temperatures of 65° C.; treatment temperatures of about

50

s

6

69.0° C. or more are preferred to treatment tempera-
tures of 67° C,; treatment temperatures of aboat 71.0° C.
Or more are preferred to treatment temperatures of 69°
C,; treatment temperatures of about 73.0° C. or more are
preferred to 71° C.; and so on. The foregoing statement
is true whether the real temperatures (or holding tem-
peratures) of the processes are being compared, or
eqmvﬂenttanperuummbmgcompared (thus the
term “trestment tunpmtnre is used to encompass
both).

Treatment temperatures are primarily limited by the
ability to accurately time the duration of the thermal
treatment: as temperature is increased the treatment
time must be decreased, and shorter trestment times are
more difficult to administer with precision. Generally,
equivalent temperatures not more than about 90° C. are
preferred, and equivalent temperatures not more than
about 80° C. are more preferred.

Desirable thermal treatments for practicing the pres-
eat invention can also be described with reference to
the S. faecalis lines. Preferably, the thermal treatment
will define a point above the S. faecalis (7TD) line, and
more preferably the thermal trestment will define a
point above the S. foecalis (9D) line. While this latter
line is not plotted in FIG. 3, it can be plotted in accor-
dance with the equations given below.

Equations for lines in the figures are as follows,
where t=time in seconds, T=temperature in degrees
Centigrade, and n=number of decimal reductions. Sal-
monella line: log(t)=15.96-0.227(T). S. faecalis lines:
log(t) =24.62 +log(n)—0.346(T). % SPL lines: log(t)-
=log(9%SPL)+a—i(t), where 2 and b are given in
TABLE 1| below:

TABLE 1
a (for & (Expected)
Batch (for continuous
T range ‘C. lines) - ] flow lines)

60-62.5 7494 0091 L761
62.5-67.5 4103 0037 530
61.5-72.5 14.68 0.194 15.942
72.5 and sbove 3014 0033 4.281

These equations can be used to extend the teaching of
theﬁmbeyondtheudepmedmp&

The liquid whole egg product is preferably heated by
contacting the product to a heated surface. The heated
surface is comprised of a corrosion-resistant, non-toxic
and nonabsorbent material such as stainless steel. Stan-
dards for evaluating the acceptability of such product
contact surfaces (the 3-A Sanitary Standards) are
known and established. See, e.g., Egg Pasteurization
Manual, supra, at 27,

To obtain a2 product with reduced amounts of spoil-
age microorganisms, the pasteurizing apparatus should
be sterilized before the liquid whole egg product is
passed therethrough. Sterilizing is preferably accom-
plished by passing hot water under pressure through the
pasteurizing apparatus, as is known in the art, so that,
among other things, hot water is contacted to the heat-
ing surface at a temperature and pressure and for 2 time
sufficient to sterilize the heating surface.

In addition, the product, after ultrapastcurization,
should be aseptically packaged. Aseptically packaged
means packaged to the exclusion of microorganisms
other than those carried by the liquid whole egg prod-

uct. Equipment suitable for aseptically packaging liquid

 whole egg products is commercially available.
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FIG. 4 fustrates the refrigerated shelf life of liquid
whokeunhunuﬂmentmdmduepnany
packaged, as expiained above. The term

“refrigerated,”
23 used berein, means stored at a temperature of 4°-C.

‘I‘m:udmmformouuchlmereprw

equivalent times and .temperstures, as also ‘explained
above.Ahqmdwhohegpmdncthvmgapmdected-

shelf life of from about 4-36 weeks is made by seiecting
- point-on a line or in a region which will provide the
desired sheif life, determining the equivalent time and
equivalent temperature which

tions on the pasteurizing
that will provide the selected thermal treatment. Prod-

ucts having shelf lives: not depicted in FIG. 4 are made -
byumpohun;nuemc}nnpoftheﬁ;mmhghtor-

thetuchmgslbove.l’refmbly.thuproewhmnd

out in pasteurizing nppmmwhchlmbeeunerilmd
before the liquid whole egg product is passed there-
through, as explained sbove, to produce products hav-. .
ing shelf lives of about cight weeks or more. In addition,

it will be appreciated that longer shelf lives are gener-
ally obtsined at the expense of greater levels of solubie -
Mh&ﬁmfprodwdmﬂ:uumsymdoﬁ

not require otherwise, products with shelf lives of up to
about 32 weeks are preferred, and products with shelf -
lives up to about 24 weeks are more preferred.

FIG. 5 combines portions of FIGS. 3:nd¢.ltshows

how the thermal treatments sciected to provide a de- 30

sired shelf life can at the same time be selected to pro- -
vide products with good. functional properties. More :
particularly, thermal treatments can be selected which :
produce liquid whole egg products having the desired

shelf life and a soluble protein loss not greater than 5%. 33

Thefmgomgmphshavebeenpresentedtondthe
understanding of the present invention. Some variation -
nboutd;eplouedhnastobeempecwdwhumepta-
ent invention is practiced on different equipment, or -

mthdﬂmymdmnaemmmdmglyco

not to be taken as limiting the present invention, as
depmnmeonldbemadetherefmwhﬂesﬁnupmt
ing and benefitting from the teachings of the invention. .

To obtain a superior. ul liquid whole

trapasteurized
mpmduct.meemuctmeonhehqmdpmductw-os
should be re- -

particle of liquid whole :

heated- surfaces during .
duced. More particularly, every
euplodnctshouldbemeonw‘nththebatedsur-
face or surfaces of the unit in which the product is

heated for a total time less than the residence time of the 50.
pamclemthehamgumt.(‘l‘heum “particle” as used .

herein has its standard in the egg

meaning pesteuriza- -
nonﬁe!d.See.e.g..?C.F.R.iﬁM)(l”S)).Thnu:
lished by mixing the product at lesst periodi- -

accomp

aﬂywhﬂennban;hated.hnmnnnomﬂow
pesteurizing appearatus, such mixing is sccomplished by
modmgmbuleacemtothemoﬁheptodwn
least periodically while it is being heated, as discussed
below. Other sieps which are preferably empioyed to -
reduce fluid element contact time -to heated surfaces
include providing portions of the thermal treatment in
which fluid elements are not in contact. with hested
mﬁcu.wchabyprovﬂmglpomonofthethemal
mtm;hddmgmmdbyptovﬂmghuted

eonnctsu:faee;mtoproductvolumenuo-oﬂasss

than 18 cm?/cm? (Thus the surface area to volume ratio
is preferably less than about 10, and is more preferably
in the ares of about.2).

uothepomt
lelmed,ud—ptefenblythm;hthemeofthceqm_-
lent point whod-—esubh:hmg the operating condi- -
apparatus being used .

8

Itunlsodamblctomdncephys:alfomtomakc«
the product more homogeneous prior to thermal treat-
mem.suchasbymduungs_heuforeaapnbleofredm-
ing protein and fat unit size This is preferably accom-
plished by dispersing the product prior to heating. Dis-
persing may be carried .out with a dispersing valve or
with a timing pump, as.is known in the art. Such treat-
ment advantageously reduces fouling, .and serves to
reduce any teadency of the product to coagulate. Such
a dispersing step may be carried out by conducting a -
more rigorous. homogenization step, ‘but it is recom-
mended that such more expensive homogenizing equip-
ment be used as described below.

1t is preferable that 1 homogenization step after heat-
ing be included. The term “homogenized,” as used

" herein, means to subject the product to physical forces .

to reduce particie size. Such procedures-are known in
the art, and may be carried out on different types of
eqmpmem.ltuprefa:bletoarryontthuhomogemz

20 ing step with homogenizing equipment at total pres-

sures of about. 1,000 p.s.i. or more.:Pressures of about
1,500 p.s.i. or more are more preferred, and pressures of
2,000 p.s.i. or more still more preferred.

Of these steps, it is particularly desirable to mix the
liquid whole egg product at least periodically while it is
heated. As noted sbave, in coatinuous flow equipment
mixing is carried out by at least periodically subjecting .
the stream of liquid whole egg product-to turbulence .
while it is heated. Turbulence, which is the mixing of
particles over the cross-section of the product stream,
discussed in the Egg Pasteurization Manual at pages 6-8.
Such turbulence is characterized by a Reynolds number-
greater than about 2,300, and preferably greater than
about 4,600. Commercial high temperature, short time :
‘pasteurizing units are available which at least .pericdi-
cally impart turbulence to the stream of product being :
pasteurized while the product is being heated. For the .
purposes of the present invention, greater levels of tur-
bulence are preferred. Thus the liquid whole egg prod-
uct is preferably subjected to turbulence for a major
portion of the time it is hesated Plate heat exchangers,
trombone heat exchangers, spiral heat exchangers, and :
scrape surface heat exchangers are illustrative of the .
types.of known heat exchangers which can be used to .
‘subject liquid whole egg products to turbulence while
they are heated. The physical forces induced in scrape -
mfnceha&exchmgmm genenlly thought of as -
“mixing,” but these exchangers induce turbulence at
leutmrtponsoftbeproductmum,mdmthu:fore
considered to induce turbulence for purposes: of the
present invention.

of whole egg products which can be pas-
teurized in liquid form by the method of the present
invention include whole egg, fortified : whole egg.

:(whole egg with added yolk), salt whole egg (e.g., salt

10%), sugar whole egg (e.g., sugar 10%), blends of
whole egg with syrup solids, syrups, dextrose and dex-
trins' and/or .gums_and -thickening .agents, biends of
whole eggs with less than 1% sugar and/or salt, scram-
bled egg mixes (for example, a mix of about 51% egg
solids, 30% skim milk solids, 15% vegetable oil and .
1.5% sait), reduced cholesterol egg products and biends
thereof, custard blends, and the like. Products which
are extremely sensitive to0 thermal processing and which
are pnrticnlarly suitable for ultrapasteurization by the
present invention include, for example, liquid whole
egg and blends thereof (less than 2% added nonegg
ingredients), fortified ‘whole egg and -blends- thereof
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(24-33% egg solids, 2-12% sdded nonegg ingredients),
liquid salt whole egg, liquid sugar whole egg, and other
liquid whoie egg biends which are 24-38% egg solids
and 12% or less of added nonegg ingredients. Terms
used herein have their standard mesning in accordance
with industry and regulstory usage. See, e.g., 7 C.F.R.
§ 59.570(b) (1985).

The invention having been explained in general terms
above, the following examples are provided to further
illustrate the invention.

EXAMPLES 1-10

Raw Egg Product. Raw liquid whole egg was ob-
tained from a local bresking plant (Gold Kist, Durham,
N.C.). The egg was taken from their raw bolding tank
which was agitated to thoroughly blend approximately
30,000 pounds of egg. The egg was manually filled into
13.6 kg (30 1b) metal cans and were kept refrigerated

10

before being transported 13.2 km (20 mi) to our labora-

tory in an insulated truck. The egg was held overnight
at 4° C. (40° F.) or allowed to stand at room tempera-

2

btn;:forupto-uhounwachievehighabactaialnum-'

Thermal Processes. The time-temperature processes
used in this stndy were designed to be equal to or more
severe than minimum conditions defined by the 9D line
for the destruction of Saimonella in whole egg (USDA,
1969) and within predetermined limits of denaturation
of egg protein defined as percent soluble protein loss
(%SPL) by Hamid-Samimi et al., J. Food Sci 49:132
(1984). The objectives of this design were to provide
Salmonella negative whole egg with a low number of
surviving spoilage organisms while retaining adequate
functional properties.

The thermal ing system used is outlined in
FIG. 1. It consisted of a plate-type heat exchanger for
preheat, various modifications of the No-Bac Unitherm
model XLV (Cherry Burrell Corporation, Cedar Rap-
ids, Iowa) to achieve different holding times, an aseptic
homogenizer operated at 10.34 mPa (1,500 p.s.i.), and an
aseptic packaging system (Model AB-3-250, Tetra Pak
Inc., Dallas, Tex.) The flow rate was 2.89 X 10—4m3/sec
(275 GPH) with heating, holding, and cooling pipe
diameters of 12.45 mm ID (5/8” nominal) stainless steel.

25
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Before each process the entire system was sterilized 45

at 121° C. for 30 minutes using hot water in the product
section and steam in the heating media section and then
cooled. The product and heating media temperatures
were recorded for evaluation of the thermal effect of
the heating section and to determine the total thermal
" effect Swartzel, J. Agri Food Chem. 34:396 (1986). The
temperatures were messured using Type T thermocou-
ples with an electronic data logger (Model 9302, Moni-
tor Labs,, Inc., San Diego, Calif.). Each thermocouple
probe was scanned every 30 seconds (one minute for
process #1) and the readout sent to a computer for
analyses The specific locations of the thermocouples in
the system were as described by Swartzel and Jones.
Paper No. 84-6006 of the American Society of Agricul-
tural Engineers (1984).
Approximately one hour prior to initiation of each
process, 408.2 kg (900 Ib) of raw egg were transferred
from the metal cans to 2 568 1 (150 gal) vessel (Cream-
ery Package Mfg. Co., Chicago, IIL) and then mixed at
room with the stirring propeller at ca. 30
r.p.m. This volume of egg required spproximately 20
minutes to process, therefore the last liter of egg was

50

35

65

10
from the cooler. Nineprmdalgmtedl 2,3,4,5,
§, 7, 8 and 9 were run. Process § was repeated and
designated 6.1. They were conducted two days apart on
egg picked up on the same day. Egg for processes 6.1 to
9 were held at room temperature for not more than 12

'homtoachieveahighuiniﬁ:lmicrobinl toad. All egg

incubated at room temperature was chilled to 4° C. (40°
F.) prior to processing.
Aﬁuholdmgtheeggathescheduledpmeasnme
and temperature and prior to packaging, the tempera-
mwasreducedtolssthanIO‘C.(SO‘F)mlssthm
26 seconds. Occasionally, due to technical difficulties it
was not possible to cool the processed egg to below 10°
C. In those instances the processed egg was moved into
a freezer at —20° C. for 20 minutes after packaging. The
packaging material was a low oxygen permeable lami-
nate of polyethylene, paper, and aluminum foil formed
into 250 m! containers (Tetra Pak aseptic filler model
AB-3) Each package was dated and coded so that egg
processed in the first seven minutes, the second seven
minutes, and the remaining time were numbered 1, 2,
and 3, respectively. The processed and packaged egg
was held overnight at 4° C. (40° F.) prior to obtaining
stmplaand being distributed for four and 10° C. stor-

Samphng. Samples of raw egg for physical, chemical,
and functional testing were aseptically removed from
the mixing vat approximately 30 minutes prior to pro-
cessing. The samples were then held overnight at 4° C.
for evaluation with the pasteurized egg. Pasteurized
samples were obtained on the day after processing or at
selected times during storage at four and 10° C. Analy-
ses were made on the combined contents of three or
four individual packages representing the first, second,
and third portions of esch process run. When four pack-
ages were required, two packages from the middle por-
tion of each process were used. Any sediment on the
bouomofmecnnonswasscnpedommdmixedimo
the egg by magnetic stirring.

Chemical Assays. The pH of the product was deter- .
mined with a Fisher Accumet pH meter, mode! 600,
equipped with a calomel reference and glass indicating
electrodes. Solids were determined in triplicate by
weighing two ml samples into disposable aluminum
pans and drying in a forced draft oven for 24 hours. The
AOAC (1985) microKjeldahl procedure was used to
determine protein content of the ssmples. The extent of
denaturation was estimated by determining the loss of
soluble protein as described by Hamid-Samimi et al.,
supra, and the alphsamylase activity of the egg was
determined as described by Shrimpton and Monsey, J.
Hyg 60:153 (1962). .

Sponge Cakes. True sponge cakes were made by
using half of the amounts of ingredients listed following
the procedures given by Gorman and Ball (1986)
(Chapter 15 in Egg Science and Technology, 3rd Ed., W.
J. Stadelman and 0.J. Cotterill, Eds., AV1 Publishing
Co., Inc. Westport, Conn.) with the omission of vanilla.
Two separate batches of batter were mixed for each
treatment and 340 g of batter was weighed into rectan-
gular pans (21.5 11.5X 6.5 cm, id.). Cakes were baked
at 191° C. for 25 minutes, inverted on a wire rack and
allowed to stand at room temperature overnight
Heights were determined from the mean of four mea-
surements along the center line of the long axis of the
cake. Cakes were then kept in plastic bags for further

processed not later than 80 minutes after being removed  rheological evaluations.
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Textural properties of the cakes were evaluated using
an_Instron Universal Testing Machine (Model - 1122,

at the surface of the S-cm cube of cake. The cross-head
and chart speeds were 200 mm/min and 100. mm/min,

Corporation, Canton, Mass). A .
plate was connected to a 2000-g load cell and positioned -

respectively. Three samples from each cake were sub- -

jected 1o deformation-relaxation cycies. The cubed.

cake samples were kept in & plastic bag before and after

each test. The water activity of the cake samples were-.

determined by placing three Durotherm (Lufft, West
Geérmany) water activity meters in the plastic bag. Each
meter. was calibrated daily with a solution of barium
chloride (aW 0.90 at.20° C.).

10

15

Custards. Duplicate custards of the flan type were -
made. Ingredients were 190-ml evaporated milk, 196-g: -

sweetened condensed milk, 125-g whole egg, 50-g wa-

blended in a Waring blender at low speed for one min-
ute and 360-g were weighed into a rectangular pan

(14.3X8.0X 5.6 cm, id.) which had been sprayed with

“PAM"” (Boyle-Midway, Inc., New York, N.Y.). Pans .
were placed in a tray containing 2.5-cm water and -
baked at 191° C. for 40 minutes. After overnight storage
at 10° C,, height of the custard in the pan was deter-

mined from the mean of three measurements made snd.:
with calipers along the center line of the long axis of the :
custard, Custards were removed from the pan after the :

sides were Joosened with a spatula and allowed to stand
at room temperature for 45 minutes. Height was again -
determined and sag was calculated according to .
Gardner et al. Poultry Sci. 61:75 (1982). Custards were :
noredmphsucbqsu 10°. C. for rheological evalua-

T‘heﬂnph!edam’bednboveforevdunonofcnkz
texture was replaced with a 10.5 mm diameter rod with
a semispherical tip and -force-deformation curves to
failure were obtained for each custard. Cross head

" ter, and one tesspoon vanilla All .ingredients were -

0

12 1
TABLE 2-continved '
Actual, vaulen Times and: Temperatures,

Proc. Time - Temp.. Tmne - Temp.: Valwe  oretical .
No. (Sec) (C) (Sec) (Cy (G x 10% % SPLE

9 36.7 O 6L 7.3 146.3 1.7

‘—hhmlfau&ﬂlﬂ(lmuu-&-'-iamm(lm) E
fwmd’h—'nbdi .
jon enargy for SPL.

The 10 processes; numbers 1-9, were performed:in the -
same chronological order as they are numbered. After
gaining process experience and as the result of evalua-
tions during the study, it was determined that longer.
holding times and' temperatures than expected could be
used. The actual temperatures reported in Tabie 3 are
the averages of temperature readings, every 30 seconds,
of the temperature probes at the beginning and ead of -
the holding tube..

Equivalent times and temperatures as well as holding

times:and temperatures are set forth in Table 2. It can be -
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speed was 100 mm/min and all other parameters were .

the same as used in evaluations of the cakes Five values
weuavenpdmobnmthepenmuonfom@l)for
each custard.

Organoleptic Evaluation. Flavor of processed and
stored egg was evaluated by one judge using the USDA
palatability score (Laboratory Methods for Egg Prod-
ucts, USDA, Agricultural Marketing Service Poultry
Division, Grading Branch, Washington, D.C. 20250
(1984)).

Thermal Process. The process times and tempera-
tures used in this study are presented in Table 2.

TABLE 2

Actual, Equivalest Times and Tempesatures, .
Caiculated Heating Value of Trestments and

Predicied % SPL Based on Heating Value.¢

45

35

scen that equivalent times are generally longer than the
corresponding holding times, and equivalent tempera-
tures are generally lower than the corresponding hold-
ing temperatures. ‘At longer times, the differences be- -
tween corresponding holdmg tempenmresmdeqmva-
lent temperatures are smaller. .

The caiculated heating value. G, shown in Tible 2,
gives.a means for making a comparison of the relatively
severity of the different processes. Processes 9, 6.1, 6
and 8 had the highest G values, respectively. Tlie per-
cent SPL based on the heating value (G) are also shown .
in Table 2.. )

Ch:mcd?ropemaof?mcmdsgg.'memuhsof
alpha-amylase activity assays (Table 3) confirms that
the enzyme is inactivated by mild heat processes. Table
3 shows that the thermal-processes used did not affect
protein content or. the soluble protein content.

TABLE 3

Thermal Effects on Alphs-Amyiase Activity,
Protein Content and % _Soluble Proteia.

% Soluble
Process - _Alphs-Amyime” _MicroKjeldsht ~  (From Ab-
No. Raw UHT Plant Raw UHT Plant  sorbance)
| 0.045 0.048 0.099 13.10 11.60- 13.1 6.2 |
2 0033 0588 — - 1259 11.96 ~. 1023
3 " 0035 1050 ~— 1167 1132 —. 1013
4 0.029 0.031 Q.137 11.83 1179 1151 101.}
L 0046 1000 — 1019 10.I3 ~— 1.3
6 - 0053 1120 = . 1227 {234 - 100.9
&t 0.040. 1,130 — 1270 1234 — 103.3
-7 0.052 0.764 — 1237 1253 — 104.5
[ 38 0063 1000 — 1119 1162 — 100.4
9 Q06D 1170 —~— . 1174 1177 = 100.7
‘—Alphe-Amylase dets is reporied 2 the sbsorbamcs & 585 mm. Activity s in-
varsely related ia sbeorbasce.
. MicroKjeldahl date is reponied as

percant protsia.
um-dwwwd(m)mhm-m

—Actmal __ Eguivalent _ Heating ‘""-'-
Proc. Time Temp. Time Temp Vilss
No. (Sec) (C) (Sec) (C) (G x 109 & SPL®
1 62 €1 X4 6t 6l [Y]
2 2.0 6.8 s €33 2.8 1.7¢
31922 - 653 1924 . 65 8 597
4 .2 678 1.7 6.3 34 o7
s 69 62 @0 @8 “h - %
¢ 1230 &3 1285 €19 "4 L0
61 1230 689 1290 .4 111.6 950 .
7 27 TS eSS L9 a7s
s 01 722 WS NS 9 646

60

by Hamnid-Somioni o al., supen (1984).:.

The chemical data indicate that the processes-did not
result in extensive damage to the egg proteins. The
predicted percent soluble protein losses (Table 3) were
based on studies conducted with small amounts of egg
(1 ml) being heated in the cup of a Brookfield viscome-
ter (Hamid-Samimi et al, supra, 1984). The egg was
hested while various shear rates were applied to simu-
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parm(?degnndNormand.RhmIopmAcmzz.los
(1983)) as indicators of textural properties were very
nmﬂnrforall ‘egg examined.

TABLE 4 -

Functional Properties of Cakes for Control (Raw),
Uhmigd(ll?)nz'aubcyw-d

‘ 14

little syneresis was noted even after hoiding the custards
overnight for textural evaluations. The limited organo-
leptic evaluation of the processed eggs indicated that
the thermal processes did not affect flavor or aroma in
scrambled eggs relative to scrambled egg made from a
fresh shell egg. The USDA palatability scores were
seven to cight (ecight being the highest score). -

Refrigerated Storage Effect. As long as the processed
egg was not obviously spoiled, as indicated by organo-
leptic evaluations, storage at 4 C. maintained the chem-
ical, functional, and organoleptic properties of the pro-
cessed cgg up to 24 weeks for some of the samples. The
data presented in Tables 6, 7, and 8 were taken from
nqtec!eggthnwnjudgedorgnmlepﬁanysonnd.m
criteria for that judgment were (1) that the color was
normal, i.e., within the expected range of color ob-
served for eggs immediately post-processing, and (2)
that there were no objectional aromas or flavors. In this
study, because of the sampling procedure where most of
the samples were checked st four-week intervals, there
were no borderline decisions, a sample was obviously
scceptable or unacceptable. Bright yellow colors, off-
aromas, and pH values below seven were typical of

samples judged to be spoiled.
Trost- 25 .
_Varisble  ment Mesa Migiwwm Mazinum 2 CV. TABLE 6
Maximem Raw 100 1.7 BX 10 173 Means for Proteias, Solids and pH for Coatrols
Foree* uUP 1049 9.18 1291 10 K0S (Raw), Commercially Pusteurized (Plant) and
™) Pant .73 9.56 9.9 2 2 p E|
Relaxs- Raw 0% [Ky, ] 0417 10 124 Treai-
tioa? uP G0 aps 0wz 10 Lu % Varisble mest*  Mesn Minimum Maximun o CV.
M! — Plome o 040 % Raw 11.92 10.19 1310 0 &8
Spring- .86 10 194 _ Protein Plamt 1230 11.51 1310 2 9l
e - by byt on 10 26 Ur0 1M 0B 123 10 60
Plant o 081 0.8 2 132 % Raw 246 2.9 52 10 1.6
Cake Raw 651 63 67 10 166 35 Solids Pam 248 244 52 2 25
Height uP 67 551 635 10 536 0 M5 240 %0 10 13
(mm) Pant 643 7 o 2 on 4 244 240 49 10 13
Water Raw o o o1 10 293 L 244 40 471 9 09
Actvity  UP 0§75 083 o 10 237 12 243 ns 247 7l
Paw o om0} - 2 2 w3 s 3 o
—Fculq-dloﬂu-theuqlcd‘ahbyu—. 40 pH Raw 75 12 16 0 17
reluxation valee a¢ defined by Peleg and Normend, sepra (1983). Plane n 7 73 2 os
“~Ratio of the second peak force 10 the first pesk forcs in the foroe deformation . Ny
[} 75 13 % 10 14
4 74 12 16 10 14
uP 1; 74 13 15 9 12
73 72 1.4 1 12
TABLE § 4 18 74 74 74 2 0
Functionsl Properties of Custards for Controls % 74 14 14 2 0
(l.::).ZemeWL!Ilp “—Nembers indicaie storage & 4° C. in weshs for processed sggs.
Trest. . : .
Variable ment Mesn Minimum Maximem 1 C.V. TABLE 7
Penetra- Raw 0.82 a7 0% 10 320 Functional
tion ur a0 oS el 10 15 Froperties of Cave Made from Egns
Force Plant L] or o8t 2 16 — -
 Castard Raw 183 .1 3.7 0 18 Varisble (Weeks) Mean Minimum mum n CV.
Height ur 356 8.1 363 10 3526 Maximum 4 9.78 7.90 KIS 10 213
(mm) Paat 3446 140 313 2 011 35 Foref ] 1037 2 48 9 08
% Seg Raw 12 5.68 954 10 16 ) 73 11.29 P 42 7 12
ur 71 541 35 10 13 s 11.42 10.32 1283 2 136
Plast 46 266 6.51 2 5 u 10.53 9.57 148 2 129
Relazs- 4 3937 03799 04167 10 37
tioa s 3176 03636 04132 9 39
The water activity of the cakes were similar indicating 60 Para- 12 M6 0377 04032 7 30
that the experimental handling procedures for the cakes meter 13 3788 03788 03788 2 i
were uniform and should not have affected the instru- u 0‘{2’;5 g’,;g‘ w: :-;
mental evaluation of textursl properties. The custard u" s 0L asil 0572 5 20
data indicated that all egg sources evaluated had good . 12 0.534 0.820 0843 7 09
ability to form gels. The gels had excellent integrity as 65 13 0.031 0.329 082 2 03
indicated by the relatively low percent mg, yet the ., % ‘?-"’ ’t‘x.m 6'5““ 13 :-_:2
cust_udswererdmvelytmdcrumdmtedby!hepeue- (mm) M o o prd 9 206
tration forces. Although weep was not measured, very 12 6 60 Y] P AT
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TABLE 7-continued _
Fuactiosal Properties of Cakes Made from Eggs : -
Stored ot 4° C.° .
m m’ ),
Varisble (Weeks)  Mesa Minimom mum 3 CV. _5
18 (3 a- . (-B 2 1.0
u “ 6 (-] 2 o
Waer * 4. 0.380 0796 O88% 10 42
Activity ] 0884 0.868 0900 ¢ |8
12 Yy, ] 0844 : 089 7 20 10
1 0872, OST20 S 1 —
4 057 0876 0822 04
00 Sen Tahle 4 for definition of werms.
TABLE 8 1
Functional Propertics of Custards Made from
Eggs Stored st 4° C.
s Mo
Varisble (Weeks) Mean Minimum mem o CV.
Pene- 4 0.68 047 arr 10 127 2
tration 3 [ h) 064 a1 9 i
Porce 12 .75 as? o3 1 203
™) 13 0.9 oss 1.02 2 126
b2 [ ¥ -3 .76 oss 2 103
Cantard 4 35 M . 3. . 10 24
Height $ 38 M 3% * 16
(mm) n 35 35 - 3% - T 12 25
18 3% 36 36 . 2 04
24 35 35 38~ 2 1.0
% Seg 4 11 30 1.6 10 Wl
. ] 59 3 13 ’ 205
12 (%) 4.6 8.0 T 193
1] 12 a4 1 8 2 159 3
% 6.6 49 82 2 360 ]

V‘mnlobaavmofthemumnofopenedpuck

A very thin layer of a fine, light yellow, p-anular-like 35
mmulwuobcervedonthebouomofmsaﬁet

four weeks of refrigerated stora;
Shelfl.xfe.'l'henmofspo:hgeofegxfrommh

trial are presented in Table 9.
TABLE 9

Sheif Life -
Process (Weeks)
48
312
>12 .
12 -
>18
124
1 > .
12-13
20-4-
18-20

40

PY Y X Y'Y XYY

These data were used.to generate the time and tem-
perature guidelines set forth in FIG. 5.

The invention has been discussed with a degree of
Wﬁmy:bovamdncmhubeenprovﬂedfor
mmuvepnrpaqmly.thhthempeofthemven-
tion being defined by the following claims.

That which is claimed is:

LAmethodofulm:mmghqmdwhokeu.
comprising passing the liquid whole egg as a continuous
mmmghnpmamnngwdmwmch
thchqmdwhcleeuuhatedwnpmdetetmmedml
temperature, by contacting said liquid whole egg to a 65
heated surface wherein the total thermal treatment re-
wvedbythchqmdwholeeuudecn’bedbymeqmv
alent temperature and sn equivalent time defining a -

4,994,291
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point above the 5% SPL(‘BATCH)lmeofFIG 3, but .
insufficient to cause coaguiation of the liquid -whole

C-3
2..A method mdingwchiml,whemmd liquid

' whole egg is homogenized after it is heated.

3. A method according to claim 1,:followed by the
step of aseptically packaging said liquid whole egg.

4. A method of ultrapasteurizing liquid whole egg,
comprising passing the liquid whole egg as.a continuous -
stream through s pasteurizing apparatus, during which
the liquid whole egg is - -

(l)butedtonpredaummedholdmgmmpentureby

contacting said liquid whole egg to a heated sur-
face, then:

(b)mammnednwdpmd:tmnedholdmg temper-

ature for a predetermined holding time, and then

(c) cooled, wherein the total thermal treatment re-

ceived by the liquid whole euxsdeﬁnedbym.
equivalent temperature and an equivalent time -
defining a point above the 5% SPL (BATCH) line .
of FIG. &Mmsulfmtwmsecoagmmnof
the liquid whole egg-

5. A.methodofnlunpmeunnngqudwholeeg&
comprising passing the liquid whole egg as a continuous -
mumthmghapmnnmgapmnn.dumgwhlch
the liquid whole egg is heated to a predetermined real.
temperature by contacting said liquid whole egg to a :
heated surface while at least periodically subjecting said
continuous stream of liquid whole egg to turbulence,
wherein the total thermal treatment received by the -
liquid whole egg is described by an equivalent time and
an equivalent term defining a point above the -
5% SPL (BATCH) line of FIG. 3, but insufficient to .
cause said liquid whole egg to coagulate. .

6. A method according to claim 8, wherein said liquid
whole egg is subjected to turbulence foram;orpomon
of the time said liquid whole egg is heated.

7. A method according to claim S, wherein said liquid
whole egg is dispersed: before said liquid whole egg is

8. A method according to claim-$, wherein every
particle of liquid whole egg in said continuous stream of
liquid whole egg is in contact with said heated surface .
for a total time less. than the average residence time of
each particle in the heating unit.

9. A method- of ultrapasteurizing liquid whole egg,
comprising passing the liquid whole egg as 2 continuous
stream through a pasteurizing apparatus, during which

‘the liquid whole egg is

() heated to s predetermined holding temperature by
ing ssid liquid whole cgg to a heated sur-
face while at least periodically subjecting said con-
tinuous stream of liqiid whole egg to turbulence, -
then .
" (b) maintained at said predetermined holding temper-
ature for a predetermined holding time, and then

(c) cooled, wherein the total thermal treatment re-

ceived by the liquid whole egg is defined by an -
equivalent time -and an equivalent temperature
above the 5% SPL (BATCH) line of FIG. 3, but
insufficient to cause said liquid whole egg to cosgu-
late.

10. A method of making packaged liquid whole egg
characterized by a preselected refrigerated shelf life of
about four weeks to about 36 weeks, comprising passing.
the liquid whole egg as a continuous stream through a
pasteurizing apparatus to. produce. non-sterile pasteur-
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medqudwhoieegx.dmmgwlnch!hehqmdwhole
egg is heated by conticting said liquid whole egg to a
heated surface for a predetermined time and to 4 prede-
termined temperature while at least periodically sub-
Jjecting said continuous stream of liquid whole egg 5
pmductmturbnluce,wh:remthehqmdwholeeuu
heated for a predetermined time and to a
temperature insufficient to cause more than a 5% solu-
bhptmanbuthae&om,andwh«muﬂpmdeter
and said predetermined time are
cbosentomputmdpradectedshdfhfewmdhqmd
wholeeu.fonowedbympuallyp-ckm'thenon-

pasteurizing | liqui
‘wholeeggispuedthaethrough,mdwhermmd
packaged liquid whole egg is characterized by a prese-
lected shelf life of about eight weeks to about 36 weekas.
12. A method according to claim 10, wherein said

liquid whole egg is subjected to turbulence for a major 20

_pomonofthetmemdhqmdwholcmphuted.

about four weeks to about 36 weeks, comprising passing
thehqmdwholeeuaaeommnonsmthmngha 28
pasteurizing appantmtopmdncenon-uerﬂe pasteur-
nedhqmdwboleeu.dmngwhxchthehqmdwhole

(n)hexedbycouucnnzmdhqmdwboleeggma
heated surface for a time sufficient to raise said 30
liquid whole egg to a predetermined holding tem-
perature while at least periodically subjecting said
continuous stream of liquid whale egg to turbu-
lence, then

(b)mmnmeduwdpredaetmnedholdmgwnpa- 3s
ature for a predetermined holding time, wherein
said holding temperature and holding time are
selected to cavse a soluble protein loss of not more
than 5% therefrom, and wherein said holding tem-
perature and holding time are selected to impart 40
said preselected shelf life to said liquid whole egg,
and then

(c) cooled, followed by

(d) aseptically packaging the non-sterile pasteurized
liquid whole egg.

I&Awhodnceordmgtoclumﬂ wherein said

apparatus is sterilized before said liquid

45

’ 18
hmedsurfaceforapredewmmedtnneand to a prede-
termined temperature while at least periodically sub-
Jjecting said continuous stream of liquid whole egg to
turbulence, wherein the liquid whole egg is heated fora
predetermined time and 1o a predetermined temperature
insufficient to cause more than a 5% soluble protein loss
therefrom, wherein the total thermal treatment received
by the liquid whole egg product is described by an
eqmvﬂenttcmpmremdmeqnwﬂentnmcdeﬁmng
4 point above the 5% (SPL) (BATCH) line of FIG. 3,
and wherein said predetermined temperature and said
predetermined time are chosen to impart said prese-
lected shelf life to said liquid whole egg, followed by
uepncaﬂypachgngthenon-sterﬂcpasteumed liquid
whole egg.

17. A method sccording to claim 16, wherein said
pasteurizing apparatus is sterilized before said liquid
whole egg is passed therethrough, and wherein said
packaged liquid whole egg is characterized by a prese-
lected shelf life of about eight weeks to about 36 weeks.

18. A method according to claim 16, wherein said
liquid whole egg is subjected to turbulence for a major
portion of the time said liquid whole egg is heated.

19. A method of making packaged liquid whole egg
characterized by a preselected refngmted shelf life of
about four weeks to sbout 36 weeks, comprising passing
the liquid whole egg as a continuous stream through a
pasteurizing apparatus to produce non-sterile eur-
ized liquid whole egg during which the liquid whole
egg is

{a) heated by contacting said liquid whole egg to a

heated surface for a time sufficient to raise said
liquid hole egg to a predetermined holding temper-
ature while at least periodically subjecting said
continuous stream of liquid whole egg to turbu-
lence, then .
(b) maintained at said predetermined holding temper-
ature for a ined holding time, wherein
said holding temperature and holding time are
selected to cause 2 soluble protein loss of not more
than 5% therefrom, and wherein said holding tem-
perature and holding time are selected to impart
said preselected shelf life to said liquid whole egg,
and then

(c) cooled, wherein the total thermal treatment re-
ceivedbytheliquidwholeeggisdam‘bedbym
equivalent temperature and an equivalent time

pasteurizing
wholeeaup-edthexethmgh.mdwhaanmd
packaged liquid whole egg is characterized by a prese-
lected shelf life of about eight weeks to about 36 weeks. 50
15. A method according to claim 13, wherein said
Iiquid whole egg is subjected to turbulence for a major
portion of the time said fiquid whole egg is heated. pasturing apparatus is sterilized before said liquid whole
16. A method of making packaged liquid whole egg  egg is passed thercthrough, and wherein said packaged
characterized by a preselected refrigerated shelf life of 55 liquid whole egg is characterized by a preselected shelf
lboutfmweebwabout%weeks,compmsm life of about eight weeks to about 36 weeks.

the liquid whole egg as a continuous stream through a 21. A method according to claim 19, wherein said
pasteurizing apparstus to produce non-sterile pasteur-  liquid whole egg is subjected to turbulence for 2 major
ized liquid whole egg, during which the liquid whole pomonoftheumemdhqmdwholeeggxshened.
egg is heated by contacting said liquid whole egg to a 60 . LI

deﬁnmgapomubovethes%SPL(BATCH)hne
of FIG. 3, followed by '

(d) aseptically packaging the non-sterile pasteurized
liquid whole egg.

20, Amethodmordmgwchmn,wheranmd
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51 ABSTRACT

Methods of ultrapasteurizing liquid whole egg products
in continuous flow, high temperature, short time pas-
teurization eqmpment are provided. The equivalent.
point method is preferably used to evaluate the total
thermal treatment received by the product in this equip-
ment. Also disclosed is a method of making liquid
whole egg products having preselected, extended. re-

frigerated shelf lives.
19 Claims, 4 Drawing Sheets
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METHOD FOR THE ULTRAPASTEURIZATION
OF LIQUID WHOLE EGG PRODUCTS

This jon is & continvation of
U.S. application Ser. No..(07/535,718, filed June 11,
1990 now U.S. Pat. No. 4,994,291, which is & continua-
tion of prior U.S. ication Ser. No. 07/311,594, filed
Feb. 16, 1989, now U.S. Pat. No. 4,957,759, which is a
continuation of prior U.S. application Ser. No.
06/904,744, filed Sept. 8, 1986, now U.S. Pat. No.
4,208,425, issued Feb. 28, 1989,

DESCRIPTION OF THE INVENTION

.Thepraeminvenﬁonrehtatotheputcurinﬁonof 15

liquid whole egg products generally, and particularly
relates to -ultrapasteurization methods which can be
used to produce liquid whole egg products which have
- good functional properties and’ which bave extended
refrigerated shelf lives. : ’

~ BACKGROUND OF THE INVENTION

The U.S. egg industry produced more than 300 mil-
lion pounds of frozen pasteurized egg products in 1985.

The relatively mild pasteurization processes used are 25

designed to eliminate Salmonella from eggs for all prac-

tical purposes, but do not destroy organisms capable of .

spoiling egg products held under refrigerated tempera-
tures above freezing The survival of spoilage organisms
in pasteurized egg, coupled with conventional packag-
ing technology, results in products with limited shelf
Life (7-14 days at 40° F.) that require freezing and frozen
dimibuﬁonsystemsforprgcrvaﬁon,l"reeu'ngiscost
intensive, lowers the functional quality (flavor, perfor-
mance, etc.) of the egg product, and results in an incon-
venient product that requires thawing prior to use.

- Standard pasteurization practices for liquid whole
egg products are generally discussed in the Egg Pasteur-

ization Manual (USDA Agricultural Research Service

1969). See also U.S. Pat. No. 3,949,099 to Kaufman, at 40

column 1, lines 46-58 (summarizing pasteurization pro-
cesses). The Egg Pasteurization Manual notes that exper-
iments conducted in England to establish treatment
conditions used there, which were carried out in a high

short time pasteurization unit, incloded 45

temperature, ‘ ]
. trials with holding times of two and one-half minutes
and temperatures up to 151 degrees Fahrenheit (66.1
degrees Centigrade). The functional quality of these
eggsisnotdiscused;howe\ret,itisnotedthntEnglmd

adopted a lower temperature of 148 degrees Fahrenheit 50

as a trestment condition. The Manual observes that
such “severe” treatments help increase the stability of
esgproddctsin!iqnidform.butdosnotmchhowth’u
can be accomplished without sacrificing desirable func-

tional properties of the products. For other types of egg 35

products which are more heat stable, ization
temperatures as high as 152 degrees Fahrenheit (66.6.7
degrees Centigrade) have been reported. Again, little is
known about how to ultrapasteurize (decrease the num-
ber of spoilage microorganisms to
obtained with a ization procedure) these prod-
ucts by heating without sacrificing functional perfor-
mance. )

Higher temperatures than those investigated in Ean-

ﬂmdhavebeenexp!ored-&ee.k.. Essary, E. O., Rony, 65

P.R.mdconins.w;:..Nmmafhaﬁmpmﬂy
packaged fluid egg p! ucts, Report to American
Egg Board (1983). This work suggested that merging

pending prior 5

jevels lower than 60

2 :
techniques of ultrapasteurization with aseptic packag-

‘ing can be accomplished to yield safe, stable, and func-

tional liquid whole egg. This research suggested and
used a heat exchanger operated in laminar flow to pro-
cess whole egg at elevated temperatures, and used an
ethylene oxide-flushed glove box to aseptically package
the product (neither device approved for the commer-
cial production of a salable product). Holding tempera-
tures of up to 154 degrees Fahrenheit (67.8 degrees
Centigrade) were reported. The results of this pioneer-
ing work demonstrated the possibility of extending the

i shelf life of liquid whole egg products, but
did not enable the commercial production of a refriger-
ated product which could be sold to consumers.

To carry out ultrapasteurization of liquid whole egg
products on commercial equipment, the time and tem-
perature parameters of the thermal treatment must be
selected with care. Arbitrary increases in thermal treat-
ment will likely produce a functionally unacceptable
product, or-even worse—coagulation of the product
and blockage of the pasteurizing equipment. Because
such pasteurizing equipment operates at high pressures
(e.8- 1,500 p.s.i. and more) the consequences of block-
age are serious. For these reasons, it is essential to know
how liquid whole egg products respond to various ther-
mal treatments before experimenting with the produc-
tion of these products on commercial equipment.

Because this essential information was not available,
Hamid-Samimi investigated the time and temperature
parametmwhichshbuldbeusedincommercialequip-

‘ment to obtain a functionally acceptable, ultrapasteu-
" rized, liquid whole egg product M. H. Hamid-Samimi,

Criteria Development for Extended Shelf-Life Pasteur-
ized Liquid Whole Egg. Ph.D. Thesis, North Carolina
State University (1984). This rescarch was carried out
at the laboratory bench, with a Brookfield viscometer,
which- processed the product in small batches rather
than continuously. Processing times and temperatures
defining thermal treatments producing a soluble protein
loss (SPL) of up to 5% from the product, as an upper
Timit, were suggested as producing a functionally ac-
ceptable product. The suggested 5% SPL limit was

" defined by a graph line in the thesis: this line is repro-

duced herein in FIG. 3 as the 5% SPL (Batch) line.
Time and temperature velues tested by other investiga-
tors which were believed to be the limits of pasteuriza-
tion are summarized in M. . Hamid-Samimi and K. R.
Swartzel, J. Food Processing and Preservation 8: 219, 221
FIG. 1 (1984). All are below the 5% SPL (Batch) line.

The present inventors sought to test the predictions
of Hamid-Samimi by ultrapasteurizing liquid whole egg
on continuous flow, high temperature, short time pas-
teurization equipment. It was unexpectedly found that
functionally acceptable liquid whole egg can-be pro-
duuduﬁmamdtempemtumgramthmprevi-
ously believed. These findings, which will be explained
in detail below, enable the commercial production of
functionally acceptable products with longer refriger-
ated shelf lives than heretofore available. As will also be
explained below, discovery of these unexpected results
has led to the identification of several steps which
should be taken to produce ultrapasteurized liquid
whole egg products that have superior functional prop-
erties.

The object of the present invention, in short, is to
provide liquid whole egg products for refrigerated dis-
tribution which have greatly reduced levels of spoilage
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microorganisms, while still having good functional
SUMMARY OF THE INVENTION

This object is achieved by a method for ultrapasteu- 5
rizing liquid whole egg products. The method com-
prises passing the liquid whole egg product as a continu-
ous stream through a pasteurizing apparatus, during
which the liquid whole egg product is heated to a pre-
determined real temperature. The method is practiced
30 that the total thermal treatment received by the lig-
nidwholeeggpmdnctisdescribed,bynneqﬁvdent
temperature and an equivalent time (these terms are
explained in detail below) defining a point above the 5%
SPL (Batch) line of FIG. 3, but insufficient to cause
coagulation of the product.

Also disclosed herein is a method of making a pack-
aged liquid whole egg product characterized by a prese-
lected refrigerated shelf life of from sboutfour“:eeksto
about 36 weeks. This method comprises passing the
liquid whole egg product as a continuous stream
through a pasteurizing apparatus, during which‘ the
liquid whole egg product is heated for a predetermined
time and to a predetermined temperature. The predeter-
mined time and the predetermined temperature are
chosen to impart the preselected shelf life to the liquid
whole egg product. After it is heated, the liquid whole
egg product is aseptically packaged. ‘

Preferably, the continuous stream of liquid whole egg
product referred to in each of the methods above is at
least periodically subjected to turbulence while it is
heated. The liquid whole egg products are also, prefera-
bly, homogenized after they have been heated. In addi-
tion, the methods described above are more narrowly
described as methods in which the liquid whole egg
product is heated to a predetermined holding tempera-
ture, then maintained at said predetermined holding
mmm for a predetermined holding time, and then

d_ .

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a continuous flow
pasteurizing apparatus suitable for carrying out the
present inveation. .

FIG. 2 is a diagram illustrating the differences and 45
" relations between real liolding times and holding tem-
peratures, and equivalent times and equivalent tempera-
tures for describing total thermal treatments, in continu-
ous flow pasteurizing equipment.

FIG. 3 is a graph showing time and temperature 50
regions for the ultrapasteurization of liquid whole egg

25

30

35

40

products. .
FIG. 4 is a graph showing equivalent times and
equivalent tem that give particular refriger-

ated shelf lives for liquid whole egg. 55

FIG. 5 is a combination graph in which FIGS. 3 and
4mmpuﬁnposed.withthe&fa¢oalirlineremoved

DETAILED DESCRIPTION OF THE
INVENTION

Thermal treatments simultaneously produce benefi-
cial and undesirable changes in food products. Knowl-
edgeofh’neﬁcmcthods.mdhowtheymbeappl?edgo
the mechanics of designing a thermal process, aids in
attaining food quality retention and process efficiency.
Determining the time and temperature requirement for
a thermal process depends upon destruction of spoilage
and disease causing microbial spores while minimizing

65

4
undesirable physical, chemical and biological transfor-
mations that occur within the product.
As schematically shown in FIG. 1, with arrowheads

- indicating direction of flow, continuous flow thermal

processing equipment comprises heating, holding, and
cooling sections The thermal treatment received by the
product in the heating and cooling stage, (illustrated in
FIG. 2), is oftentimes not considered instead,-only the
bolding time (tg) and holding temperature (Tz) are
considered. However, when products are pasteurized in
such equipment at higher temperatures and shorter
times, as is taught herein, the contribution of the heating
stage, and perhaps the cooling stage, to the total ther-
mal treatment of the product becomes significant, and
must be accounted for if a product with good functional
qualities is to be obtained and coagulation during pas-

" teurization is to be avoided. It is accordingly recom-

mended that the equivalent point method for evaluating
thermal treatments be applied in practicing the present
invention. As explained in detail below, this method
describes the total thermal treatment received by a
product in continuous flow equipment with one equiva-
lent time (tg) and one equivalent temperature (T£) (see
FIG. 2). L. :

Procedures for use of the equivalent point method for
analyzing the thermal effects on-products during con-
tinuous flow heating have been previously outlined

" (Swartzel, 1982, J. Food Sci. 47:1886 and Swartzel, 1986,

J. Agric. Food Chem 34:397) and are known to those
skilled in the art This method differs substantially from
previous methods in that all other methods define the
thermal treatment based upon a single factor such as
enzyme inactivation, microbial destruction, protein
denaturation, nutrient loss, etc. The problem with these
other methods is that a physical and/or chemical effect
(flavor, color, product separation and gelation during
storage if thermally related) may actually be the shelf
life imiting factor.

. “The unique feature of the equivalent point -method
lies in the fact that, for any thermal curve, one equiva-
lent time and equivalent temperature combination exists
(see FIG. 2). This equivalent time and temperature
combination will yield the exact thermal effect on all
constituents within the product as would the original
thermal curve. This unique time and temperature com-
bination is not dependent on individual constituent ki-
netics, as are all previous thermal evaluation procedures
(it is independent of constituent activation energy).

To determine the equivalent point of a thermal sys-
tem, a complete thermal history of the treatment must
be available. This is obtained by measuring mixed mean
product temperatures at various Jocations (entrance to
thehwexchmgu.exitoftheheatexchangermdat
ieast two locations inside the heat exchanger). Time is
calculated by correlating mean residence time with
location of the temperature probe. With heat exchang-
ers into which it is difficult or impractical to insert
thermal probes, time-temperature curves are calculated
based on knowledge of the product’s physical charac-
teristics and on the geometry of the processing equip-
ment.

With available time-temperature carves and a basic
knowledge of kinetic relationships, equivalent points
can routinely be calculated. The log of a product con-
stituent concentration ratio (initial concentration di-
vided by concentration after treatment) is set equivalent
to the integration of that constituent’s Arrhenius equa-
tion (or any other appropriate function describing the
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temperature dependency of the rate of the reaction
associated with the constituent change) for the particu-
lar time-temperature interval (thermal hi previ-
ously defined) For a given activation energy each sec-
tion of a thermal treatment (heating, holding, and cool-
ing) will produce a unique thermal constituent concen-
tration ratio For the different sections the effect may be
summed For the original activation energy selected, &
linwinﬁnitelog(ﬁme)-tcmpamrd:ﬁomhipexisu.
Any and all of these infinite time and temperature com-
binations would produce the same thermal effect on 2 .
Qomtimeat(withtheameacﬁvnionenergy)udurhg
theoﬁgindthermnltr_elnnent.Byreenminingthe
oﬁgimlthermnlcnrvawithdiﬂ'erentactiv;ﬁonener-
giaaseriaofinﬁpitelinwlog(time)-tempmture
relationships are developed (one line in a log (time)-
temperature plot per activation energy)- Uniquely all
Tines intersect at one point. This unique time-tempera-
ture is the equivalent point for the original thermal
carve. It accounts for all thermal treatment and is used 20
to accurately predict constitueat change, or product
characteristic.

FIG. 3 sets forth thermal treatments which should be
used to ul ize liquid whole egg products.
Thermal treatments defined by points above the 5% 25
SPL (Batch) line have not heretofore been suggested.
For practicing the present invention in continuous flow
processing equipment, the thermal treatment is de-

scribedbyapointonFIG.3deﬁninganequivalentﬁme
and an equivalent temperature, as explained above. The 30
thermal treatment should be more than sufficient to
pasteurize the liquid whole egg product “Pasteurize”
means to cause a nine log cycle (SD) or 99.9999999%
reduction in Salmonella in the product being treated.
The thermal treatment should be insufficient to cause 35
. theliquidwhole,eggproducttocoagnhte. The thermal
treatment should more particularly cause not more than

2 15% soluble protein loss (SPL) in the liquid whole egg
_product being treated, and will preferably cause not
more than a 5% soluble protein loss in the product 40
being treated. The expected 5% SPL (continuous pro-
cessing) line on FIG. 3 indicates approximately the
upper limit on thermal trestments which can be toler-
ated without sustaining more than a 5% soluble protein
loss (the exact location of this line for any one process 45
will depend on the physical factors discussed below).
More preferably, the thermal treatment will be designed

to produce not more than sbout a 1% soluble protein
loss from the product. As shown in FIG. 3, equivalent
times and equivalent temperatures defining points along 50
the line previously believed to the line at
which a 15% soluble protein loss would be obtained
(the 15% SPL (Batch) line), are now known to repre-
sent thermal treatments which produce ultrapasteurized
products baving less than a 1% soluble protein loss 55
under continuous flow.

The line defining thermal treatments causing & seven
log cycle reduction in the spoilage bacteria Streptococ-
mfamlisishbdedinHG.3utheS.fwlu(7D)
line.T'heSfamlBlinehuasteeperslopethmtheeo
several SPL lines. This illustrates that thermal treat-
ments employing higher temperatures and shorter times
are preferred for practicing the present invention. Thus,
holding soluble protein loss constant (so that treatment
time must be decreased as treatment temperature is 65
increased), thermal treatments in which the product is
subjected to treatment temperatures of about 67.0 de-
zl‘eaCenﬁgradeormoreareprefmedtothumaltrut-

6
ments in which the product is subjected to treatment
temperatures of 65° C.; treatment temperatures of about

" 69.0° C. or more are preferred to treatment tempera-

tures of 67° C; treatment temperatures of about 71.0° C. .
or more are preferred to treatment temperatures of 69°
C.; treatment temperatures of about 73.0° C. or more are
preferred to 71° C.,; and so on. The foregoing statement
is true whether the real temperatures (or holding tem-
peratures) of the processes are being compared, or
equivalent temperatures arc being compared (thus the
term “treatment temperaturs” is used to encompass
both). -

Treatment temperatures are primarily limited by the
ability to accurately time the duration of the thermal
treatment: as is increased the treatment
time must be decreased, and shorter treatment times are
more difficult to administer with precision. Generally,
equivalent temperatures not more than about 90° C. are
preferred, and equivalent temperatures not more than
about 80° C. are more preferred. :

Desirable thermal treatments for practicing the pres-
ent invention can also bé described with reference to
the S. faecalis lines. Preferably, the thermal treatment
will define 2 point above the S. faecalis (7D) line, and
more preferably the thermal treatment will define a
point above the S. faecalis (9D) line. While this latter -
line is not plotted in FIG. 3, it can be plotted in accor-
dance with the equations given below. :

Equations for lines in the figures are as-follows,
where t=time in seconds, T=temperature in degrees
Centigrade, and n=number of decimal reductions. Sal-
monella line: log(t)=15.96—0.227(T). S faecalis lines:
log(t)=24.62+log(n)—0.346(T). % SPL lines: °
log(t)=10 g(% SPL)=9—b, where 2 and b are given in
Table 1 below: »

“TABLE 1
a (for a (Expected) -
Bawch | (for continuous
T range “C. lines) b - flow lines)
60-62.5 T1.494 0.091 L7261
62.5-67.5 4.103 0.037 5370
. 61.5-T.8 14.63 0.194 15.942
705 and above 0.033 4281

3014

These equations can be used to extend the teaching of
the figures beyond their depicted scope.

The liquid whole egg product is preferably heated by
contacting the product to a heated surface. The heated
surface is comprised of a corrosion-resistant, nontoxic
and nonabsorbent material such as stainless steel. Stan-
dards for evaluating the acceptability of such product
contact . surfaces (the 3-A Sanitary Standards) are
known and established. See, e.g. Egg Pasteurizasion
Manual, supra, at 217. :

To obtain a product with reduced amounts of spoil-
age microorganisms, the pasteurizing apparatus should
be sterilized before the liquid whole egg product is
passed therethrough. Sterilizing is preferably accom-
plished by passing hot water under pressure through the
pasteuﬁ.ﬁngappmun.asisknowninthcmsothlt.
among other things, hot water is contacted to the heat-
ing surface at a temperature and pressure and for a time
sufficient to sterilize the heating surface.

In addition, the product, after ultrapasteurization,
should be aseptically packaged Aseptically packaged
means packagedtotheexclusionofmicroorgnnisms
other than those carried by the liquid whole egg prod-
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uct. Equipment suitable for aseptically packaging liquid
whole egg products is commercially available.

FIG. 4 illustrates the refrigerated shelf life of liquid
whole egg after it is ultrapasteurized and aseptically
packaged, as explained above The term “refrigerated,” 5
as nsed herein, means stored at a temperature of 4* C.
Time and temperatures for points on each line represeat
equivalent times and temperatures, as also explained
above. A liquid whole egg product having a preselected
shelf life of from about 4-36 weeks is made by selecting
a point on a line or in a region which will provide the
desired shelf life, determining the equivalent time and
equivalent which correspond to the point
selected, and—-preferably through the use of the equiva-
lent point method—establishing the operating conditions
on the particular pasteurizing apparatus being used that
will provide the selected thermal treatment. Products
baving shelf lives not depicted in FIG. 4 are made by
extrapolating the teachings of the figure, in light of the
teachings above. Preferably, this process is carried oat 20
inpmeuﬁn’ngappmmswhichhsb_éensterﬂizedbe-
fore the liquid whole egg product is passed there-
through, as explained above, to produce products hav-
ing shelf lives of about eight weeks or more. In addition, " .
it will be appreciated that longer shelf lives are geaer- 25
ally obtained at the expense of greater levels of soluble
protein loss. Thus, if product distribution systems do
not require otherwise, products with shelf lives of up to
about 32 weeks are preferred, and products with shelf
lives up to about 24 weeks are more preferred.

FIG. $ combines portions of FIGS. 3 and 4. It shows
how the thermal treatments selected to provide a de-
sired shelf life can at the same time be selected to pro-
vide products with good functional properties. More
particularly, thermal treatments can be selected which 33
produce liquid whole egg products having the desired
shelf life and & soluble protein loss not greater than 5%.

“The foregoing graphs have been presented to aid the
understanding of the present invention. Some variation
about the plotted lines is to be expected when the pres- 40
ent invention is practiced on different equipment, or
with different products. These graphs are accordingly
not to be taken as limiting the present invention, as
departures could be made therefrom while still captur-
ing and benefitting from the teachings of the invention.

To obtain a superior ultrapasteurized liquid whole
egg product, the contact time of the liquid product to
heated surfaces during ization should be re-
duced. More particularly, every particle of liguid whole
egzproductshouldbeineontactwiththeheatedm- 50
face or surfaces of the unmit in which the product is
heated for a total time less than the residence time of the
particle in the heating unit. (The term “particle” as used
herein bas its standard meaning in the egg pasteuriza-
tion field. See, e.g., 7 C.F.R. § 59.570(b) (1985)). This is
accomplished by mixing the product at least periodi-
cally while it is being heated. In a continuous flow
pasteurizing apparatus, such mixing is accomplished by
introducing turbulence into the stream of the product at
leastpeﬁodicallywhﬂeitisbeingheated.asdkwssed
below Other steps which are preferably employed to
reduce fluid element contact time to heated surfaces
include providing portions of the thermal treatment in
which fluid elements are not in contact with heated
surfaces, such as by providing a portion of the thermal
treatment in a holding section, and by providing heated
contact surface area to product volume ratios of Jess
than 18 cm?/cm? (Thus the surface area to volume ratio

3

45

35

8
is preferaby less than about 10, and is more preferably in
the area of about 2). :

1t is also desirable to induce physical forces to make
the product more homogeneous prior to thermal treat-
ment, such as by inducing shear forces capable of reduc-
ing protein and fat unit size. This is preferably accom-
plished by dispersing the product prior to heating. Dis-
persing may be carried out with a dispersing valve or
with a timing pump, as is known in the art. Such treat-
ment advantageously reduces fouling, and serves to
reduce any tendency of the product to coagulate. Such
a dispersing step may be carried out by conducting a
more rigorous homogenization step, but it is recom-
mended that such more expensive homogenizing equip-
ment be used as described below.

It is preferable that a homogenization step after heat-
ing be included. The term “homogenized,” as used
herein, means to subject the product to physical forces
to reduce particle size. Such procedures are known in
the art, and may be carried out on different types of
equipment. It is preferable to carry out this homogeniz-
ing step with homogenizing equipment at total pres-
sures of about 1,000 p.s.i. or more. Pressures of about
1,500 p.s.i. or more are more preferred, and pressures of
2,000 p.s.i. or more still more preferred.

Of these steps, it is particularly desirable to mix the
liquid whole egg product at least periodically while it is
heated. As noted above, in continuous flow equipment
mixing is carried out by at least periodically subjecting
the stream of liquid whole egg product to turbulence
while it is heated. Turbulence, which is the mixing of
particles over the cross-section of the product stream, is
discusséd in the Egg Pasteurization Manual at pages 6-8.

_Such turbulence is characterized by a Reynolds aumber

greater than about 2,300, and preferably greater than
about 4,600, Commercial high temperature, short time
pasteurizing units are available which at least periodi-
cally impart turbulence to the stream of product being
pasteurized while the product is being heated. For the
purposes of the present invention, greater levels of tur-
bulence are preferred. Thus the liquid whole egg prod-
nct is preferably subjected to turbulence for a major
portion of the time it is heated. Plate heat exchangers,
trombone heat exchangers, spiral heat exchangers, and
scrape surface heat exchangers are illustrative of the
types of known heat exchangers which can be used'to
subject liquid whole egg products to turbulence while
they are heated The physical forces induced in scrape
surface hest exchangers are generally thought of as
“mixing,” but these exchangers induce turbulence at
least in regions of the product stream, and are therefore
considered to induce turbulence for purposes of the
present invention. - -

Examples of whole egg products which can be pas-
teurized in liquid form by the method of the present
invention include whole egg, fortified whole egg
(whole egg with added yolk), salt whole egg (e.g., salt
10%), sugar whole egg (e.g., sugar 10%), blends of
whole egg with syrup solids, syrups, dextrose and dex-
trins and/or gums and thickening agents, blends of

" whole eggs with less than 1% sugar and/or salt, scram-

bled egg mixes (for example, a mix of about 51% egg
solids, 30% skim milk solids, 15% vegetable oil and
1.5% salt), reduced cholesterol egg products and blends
thereof, custard blends, and the like. Products which
are extremely sensitive to thermal processing and which
are particularly suitable for ultrapasteurization by the
present invention include, for example, liquid whole
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FggahdblendsthereofﬂmthmZ%addednonegs .

ingredients), fortified whole egg and blends thereof

(24-38% egg solids, 2-12% added nonegg ingredieats),

liguid salt whole egg, liquid sugar whole egg, and other

liquid whole egg blends which are 24-38% egg solids 5

and 12% or less of added nonegg ingredients. Terms
used herein have their standard meaning in accordance
with industry and regulatory usage. See, e.g.,7 C.F.R. §
- 59.570(b) (1985).

The invention having been explained in general terms 10

above, the following examples are provided to further
fllustrate the invention. ) '
EXAMPLES '1-10

Raw Egg
tained from a Jocal breaking plant (Gold Kist, Durham,
N.C.). The egg was taken from their raw holding tank"
. which was agitated to thoroughly blead approximately
30,000 of egg. The egg was manually filled into

13.6 kg (30 Ib) metal cans and were kept refrigerated 20

befare being transported 13.2 km (20 mi) to our labora-
toryina.ninsuhtedzmck.Theegg‘washeldovanight
at 4° C. (40° F.) or allowed to stand it room tempera-
ture for up to 12 hours to achicve higher bacterial num-
bers.

Thermal Processes. The time-temperature processes
used in this study were designed to be equal to or maore
severe than minimum conditions defined by the 9D line
for the destruction of Salmonella in whole egg (USDA,

1969) and within predetermined limits of denaturation 30

of egg protein defined as percent soluble protein loss
(%SPL) by Hamid-Samimi et ab., J. Food Sci 49:132
(1984). The objectives of this design were to provide
Salmonella negative whole egg with a low number of .

surviving spoilage organisms while retaining adequate 35

The thermal processing system used is outlined in
FIG. 1. It consisted of a plate-type heat exchanger for
preheat, various modifications of the No-Bac Unitherm

model XLV (Cherry Burrell Corporation, Cedar Rap- 40

ids, Iowa) to achieve different holding times, an aseptic
homogenizer operated at 10.34 mPa (1,500 p.s.i.), and an

aseptic packaging system (Model AB-3-250, Tetra Pak
Inc, Dallas, Tex) The flow rate was

2.89 10—4m3/sec (275 GPH) with heating, holding, 45

and cooling pipe diameters of 12.45 mm ID (5/8” nomi-
. nal) stainless steel. '

Before each process the entire system was sterilized
at 121° C. for 30 minutes usirig hot water in the product

section and steam in the heating media section and then 50

cooled. The product and heating media temperatures
were recorded for evaluation of the thermal effect of
thehuﬁngsecﬁon‘mdtodetuminethetotalthumal
effects. (Swartzel, J. Agri Food Chem. 34:396 (1986).

The temperatures were measured using Type T thermo- 55

couples with an electronic data logger (Model 9302,
Monitor Labs., Inc., San Diego, Calif.). Each therngo—
conpleprobewummdevuywseconds(onemm-
ute for process #1) and the readout sent to a computer

for analyses The specific locations of the thermocouples 60

in the system were as described by Swartzel and Jones.
Paper No. 84-6006 of the American Society of Agricul-
tural Engineers (1984). - , _

Approximately one hour prior to initiation of each

process, 408.2 kg (500 Ib) of raw egg were transferred 65

from the metal cans to a 568 1 (130 gal) vessel (Cream-
ery Package Mfg. Co., Chicag.o.;m.)andthenlpxxedat
momtempmmrewiththcsurrmspropelletatu.so

Product. Raw liquid whole egg was ob- 15

25

10 o
r.p.m. This volume of egg required approximately 20
minutes to process, therefore the last liter of egg was
processed not later than 80 minutes after being removed
from the cooler. Nine processes designated [, 2,3, 4, 5,
6, 7, 8, and 9 were run. Process 6 was repeated and
designated 6.1. They were conducted two days apart on

-egg picked up on the same day. Egg for processes 6.1 to

9 were held at room temperature for not more than 12
hours 1o achieve & higher initial microbial load. All egg
incubated at room temperature was chilled to 4° C. (40°
F.) prior to processing. - - '
After holding the egg at the scheduled process time
and temperature and prior to packaging, the tempera- -
ture was reduced to less than 10° C. (50° F.) in less than
26 seconds. Occasionally, due to technical difficulties it
was not possible to cool the processed egg to below 10°
C. In those instances the processed egg was moved into
a freezer at —20° C. for 20 minutes after packaging. The
packaging material was a low oxygen permeable lami-
nate of polyethylene, paper, and aluminum foil formed
into 250 ml containers (Tetra Pak aseptic filler model
AB-3). Each package was dated and coded so that egg
processed in the first seven minutes, the second seven
minutes, and the remaining time were numbered 1, 2,
and 3, respectively. The processed and packaged egg
was held ovémight at 4° C. (40° F.) prior to obtaining
simples and being distributed for four and 10° C. stor-

age.

Sampling Samples of raw egg for physical, chemical,
and functional testing were aseptically removed from
the mixing vat approximately 30 minutes prior to pro-

" cessing. The samples were then held overnight at 4° C.

for evaluation with the pasteurized egg. Pasteurized -
samples were cbtained on the day after processing or at
selected times during storage at four and 10° C. Analy-
ses were made on the combined contents of three or
four individual packages representing the first, second,
and third portions of each process run, When four pack-

. ages were required, two packages from the middie por-

tion. of each process were used. Any sediment on the
bottom of the cartons was scraped out and mixed into
the egg by magnetic stirring. : :
Chemical Assays. The pH of the product was deter-
mined with a Fisher Accumet pH meter, model 600,
equipped with & calomel reference and glass indicating
electrodes. Solids were determined in triplicate by
weighing two ml samples into disposable aluminum
pans and drying in a forced draft oven for 24 hours. The
AOAC (1985) microKjeldahl procedure was used to
determine protein content of the samples. The extent of °
denaturation was estimated by determining the loss of
soluble protein as described by Hamid-Samimi et al.,
supra, and the alpha-amylase activity of the egg was
determined as described by Shrimpton and Monsey, J.
Hyg. 60:153 (1962). . . '
Sponge Cakes. True sponge cakes were made by
using half of the amounts of ingredients listed following
the procedures given by Gorman and Ball (1986)

" (Chapter 15 in Egg Science and Technology. 3rd Ed., W.

7 Stadelman and O. J. Cotterill, Eds., AVI Publishing
Co., Inc. Westport, Conn.) with the omission of vanilla.
Two separate batches of batter were mixed for each
treatment and 340 g of batter was weighed into rectan-
gular pans (21.5X 11.5X 6.5 cm, id.). Cakes were baked
at 191* C. for 25 minutes, inverted on 2 wire rack and -
aliowed to stand at room temperature overnight.
Heights were determined from the mean of four mea-
surements along the center line of the long axis of the
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cake. Cakes were then kept in plastic bags for forther
rheclogical evaluations. :

Textural properties of the cakes were evaluated using
an Instron Universal Testing Machine (Model 1122,
Instron Engineering Corporation, Canton, Mass.). A 5
plate was connected to a 2000-g load cell and positioned
at the surface of the 5-cm cube of cake. The cross head
and chart speeds were 200 mm/min and 100 mm/min,
respectively. Three samples from each cake were sub-
jected to deformation-relaxation cycles. The cubed 10
cake samples were kept in a plastic bag before and after
each test. The water activity of the cake samples were
determined by placing three Durotherm (Lufft, West
Germany) water activity meters in the plastic bag. Each
"meter was calibrated daily with a solution of barium
chloride (aW 0.90 at 20° C.). )
Custards. Duplicate custards of the flan type were
made. Ingredients were 190-ml evaporated milk, 196-g
sweetened condensed milk, 125-g whole egg, 50-g wa-
ter, and one teaspoon vanilla. All ingredients were
blended in 2 Waring blender at low speed for one min-
ute and 360-g were weighed into a reéctangular pan
(14.3%8.0X 5.6 cm, id.) which had been sprayed with
“PAM” (Boyle-Midway, Inc., New York, N.Y.). Pans
were placed in a tray containing 2.5-cm water and
baked at 191°* C. for 40 minutes. After overnight storage
at 10° C., height of the custard in the pan was deter-
mined from the mean of three measurements made and
with calipers along the center line of the long axis of the
custard. Custards were removed from the pan after the
sides were loosened with a spatula and allowed to stand
" at room temperature for 45 minutes. Height was again
determined and percent sag was calculated according to
" Gardner et al. Poultry Sci. 61:75 (1982) . Custards were 35
stored in plastic bags at 10° C. for rheological evalua-
tion.

The flat plate described above for evaluation of cake
texture was replaced with a 10.5 mm diameter rod with
a semispherical tip and force-deformation curves to 49
failure were obtained for each custard. Cross head
" speed was 100 mm/min and all other parameters were
the same as used in evaluations of the cakes Five values
were averaged to obtain the penetration force (FI) for
cach custard.

Organoleptic Evaluation. Flavor of processed and
stored egg was evaluated by one judge using the USDA
palatability score (Laboratory Methods for Egg Prod-
ucts, USDA, Agricultural Marketing Service Poultry
Division, Grading Branch, Washington, D.C. 20250 50
(1984)). .

Thermal Process. The process times and tempera-
mramedipﬁﬁsstudyuep;mwdin'rablez.

. . TABLE 2
Actual, Equivalent Times and Temperatures,
Calculated Heating Value of Treatments and
_Prodicted % SPL Based on Heating Value?
Actnal -_Equivalent Heating  Theoreti-
Valoe? ‘cal

45

55

Proc. Time Temp. Time Temp.

No. (Sec) (C) (Sec) (C) (O x100) %spe 60
1 262 637 04 &l 61 X )

2 920 &8 915 &3 20.8 1.4

3. 1922 653 1924 65 723 597

4 92 6718 157 665 84 an

L 69 62 60 613 “.6 30 g
§ 1230 683 1255 679 9.4 %10

C &1 IO 689 1290 684 117.6 9.50

7 27 s 9.5 688 89 0.75

 } 01 T2 WS NS 789 646
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TABLE 2-continued

Actual, Equivalent Times and Temperatures,
Calculated Heating Value of Treatments snd

Predicted % SPL. Based on Heating Value® .
- Hat T L

Proc. Time Temp. Time Temp. Value? cal
No. (Sec) (°C) (Sec) (C) (G x 10°) & SPL®
9 56.7 T2.0 6.5 71.8 1468 {L.70
“See Swartzel, J. Food Sci 47:1886 (1982), and Hamid-Semimi et al., xspen (1984)
ic are d ined besed on activazion energy for SPL:

‘Based oa tsboratory batch data.

The 10 processes, numbers 1-9, were performed in the
same chronological order as they are numbered. After
gaining process experience and as the result of evalua-

tions during the study, it was determined that longer

holding times and temperatures than expected could be
used. The actual temperatures reported in Table 3 are
the averages of temperature readings, every 30 seconds,
of the temperature probes at the beginning and end of
the holding tube. .

Equivalent times and temperatures as well as holding
times and temperatures are set forth in Table 2. It can be
seen that equivalent times are generally longer than the
corresponding holding times, and equivalent tempera-
tures are generally lower than the corresponding hold-
ing temperatures. At longer times, the differences be-
tween corresponding holding temperatures and equiva-
lent temperatures are smaller. ’

The caiculated heating value, G, shown in Table 2,
gives a means for making a comparison of the relatively
severity of the different processes. Processes 9, 6.1, 6
and 8 had the highest G values, respectively. The per-
cent SPL based on the heating value (G) are also shown
in Table 2. :

Chemical Properties of Processed Egg. The results of
alpha-amylase activity assays (Table 3) confirms that
the enzyme is inactivated by mild heat processes. Table
3 shows that the thermal processes used did not affect
protein content or the soluble protein content.

TABLE 3

Thermal Effects on Alpha-Amylase Activity,
Protein Content and % Soluble Protein

% Sotuble
Protein®
Process __ Alpha-Amylase? _ MicroKieldsht  (From Ab-
No. - Raw UHT Piant Raw UHT Plant socbance)
1 0.045 0048 0099 13.10 1160 131 - B62
2 0033 0588 — 1259 1196 - 1023
3 0055 1.0% — 1167 1132 — 101.3
4 0.029 0031 0.137 11.83 1179 1131 1o1.}
s 0046 1000 - 019 1013 — 100.3
[] 0053 L1200 - 1227 1234 -— 100.9
61 0040 L1 ~ 1270 L4 -— 103.3
7 0052 0764 — 1237 1253 — 104.5
] 0063 1000 — ILI9 114 - 100.4
9 0060 L1200 — IL74 1177 - - 100.7

‘M:mhmkw-mmusunWiyiw
related

MMicrokjeldahl dats §s reportad as percent protein.

€Absorbance at 200 m of heatad egg/control (raw) £33 in solution as descrided by
Hamid-Semimi ot al, suprs (1964). ’

The chemical data indicate that the processes did not
result in extensive damage to the egg proteins. The
predicted percent soluble protein losses (Table 3) were
based on studies conducted with small amounts of egg
(1 ml) being heated in the cup of a brookfield viscome-
ter (Hamid-Samimi et al.,, supra, 1984). The egg was
heated while various shear rates were applied to simu-
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late egg under dynamic conditions that exist in conven-

tional heat exchangers. Thus, this work revealed that
the model system resulted in prediction equations that

underestimated the thermal treatments that liquid
whole egg products could tolerate while still obtaining
products with good functional properties. Analysis of
the causes of these edly good results led to the
guidelines discussed above which should be followed to
obtain functionally superior ultrapasteurized products.
Function of Processed Eggs. The functional proper-
ties of the processed eggs agreed with the physical and
chemical results. Based on the data presented in Tables
4 and 5 for nonstored egg, there appeared to be very
little heat effect on the performance of the ultrapasten-
Tized ¢gg relative to raw of commercially pasteurized
egg. Cake height as an indication of the leavening abil-
ity and force to deform, springiness, and relaxation
parameter (Peleg and Normand, Rhevlogica Acta 22:108
(1983)) as indicators of textural properties were very

The water activity of the cakes were similar indicating
that the experimental handling procedures for the cakes
were uniform and should not have affected the instru-
mental evaluation of textural properties. The custard
data indicated that all egg sources evaluated bad good
ability to form gels. The gels had excellent integrity as
indicated by the relatively low percent sag, yet the
custards were relatively tender as indicated by the pene-
tration forces. Although weep was not measured, very
little syneresis was noted even after holding the custards

5

K}

similar for all egg examined.
TABLE 4
- Functional Properties of Cakes for Control (Raw),
Ultrapasteurized (UP) st Zero Day Storage, and .
Commercially Pasteurized Eggs (Plant)
Treat-
Varisble  mest  Mesn Minimum Maximom o CV.
Maximom Raw 1002 .19 130 10 173
Force* up 10.49 9.18 1291 10 1038
m Plant .73 9.56 991 2 23
Relaxs- Raw 0.3% 0379 0417 10 324
tioa® UP 0410 0395 0442 10 334
. Para- Plant 0.402 0402 . 0.403 2 o
meter :
Springe  Raw 0.83 ost 08 10 194
inese® UP 083 o1 057 10 247
Plant 0.52 081 0.82 2 112
Cake Raw €s.1 €313 - 667 10 166
Height upP 611 551 6.8 10 s26
{mm) Plant 648 64.7 64.8 2 on
Water Raw 0373 0832 0891 10 253
Activity up 0.375 0.335 0892 10 237
Plant 0892 0892 0892 1 -~
Force required 1o deform the mmple of cake by 26 mu.
s relazation vaive as defined by Peleg snd Normand, suprs (1983).
Ratio of the second peak force to the fizst peak force is the forcs deformation
TABLE 5
Functional Properties of Custards for Controls.
(Raw), Zero Day Stocage Ultrapasteurized (UF)
and Commercially Pasteurized Eggs (Plant)
Treat-
Variable ment Mean Minimum Maximeom = CV. .
Penetra- Raw 0.52 Q.76 0.96 10 820
tion UP [:§,] 059 0.80 10 . 836
Force Plant 0.7 on 0.81 2 318
™)
Custard Raw 357 351 . 3T 10 166
Height up 356 351 363 10 526
{mm) Plant Mé Mo 353 2 011
% Sag Raw 12 565 954 10 16
up 11 541 3.36 10 13
Plant 4.6 2.66 6.51 F

&0
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overnight for textural evaivations. The limited organo-
leptic evaluation of the processed eggs indicated that
the thermal processes did not affect flavor or aroma in
scrambled eggs relative to scrambled egg made from a
fresh shell egg. The USDA palatability scores were
seven to eight (eight being the highest score).
Refrigerated Storage Effect. As long as the processed
egg was not obviously spoiled, as indicated by organo-
leptic evaluations, storage st 4° C. maintained the chem-
jcal, functional, and organcleptic properties of the pro-
cessed egg up to 24 weeks for some of the samples. The
data presented in Tables 6, 7, and 8 were taken from
stored egg that was judged organoleptically sound. The
criteria for that judgment were: (1) that the color was
normal, ie., within the expected range of color ob-
served for eggs immediately post-processing, and (2)
that there were no objectional aromas or flavors. In this
study, because of the sampling procedure where most of
the samples were checked at four-week intervals, there
were no borderline decisions, a sample was obviously
acceptable or unacceptable. Bright yellow colors, off-

_aromas, and pH values below seven were typical of

samples judged to be spoiled.
TABLE 6

Means for Proteins, Solids and pH for Controls -
(Raw), Commercially Pasteurized (Plant) and
i ) J

R Treat-
Variable ment* Mean Minimum Maximem a CV.
% Raw 11.92 10.19 13.10 10 68
Protein Plant 12.30 1151 13.10 2 a1
UPO 11.74 10.13 12.54 10 60
% Raw 24.6 239 252 10 16
Salids Plant 24.3 44 252 2 8
1] 4.5 4.0 250 10 13
4 4.4 4.0 U5 10 13
UPS 244 240 4.7 9 09
12 243 ik} 4.7 7 13
18 249 0 U4 - 255 2 il
2 24.8 4.7 4.9 2 03
pH Raw 15 72 7.6 10 L7
Plant 7.1 71 12 2 0S
. ] 75 73 7.6 10 14
4 74 12 7.6 0 14
UPS 74 13 75 9 12
12 13 72 14 7 12
13 T4 74 74 2 0
1. 74 1.4 . 74 2 0
*Numbers indicate storage at 4° C. in weeks for procesasd eggs.
TABLE 7
Functional Properties of Cakes Made from Eggs
' __Storednt 4°C.
. Storage Maxi-
Varisble - (Weeks) Mean Minimum mem a CV.
Maximum 4 9.78 790 ¢ 1495 10 213
Force* | 10.37 7.8 1453 9 205
()] 12 11.29 .34 14.28 7T 2
18 11.42 10.32 1253 2 116
% 10.53 9.57 149 2 129
Relaxa- - 4 3937 0.3759 0.4167 10 3.7
tion | B 386 03636 04132 9 39
Pans- 12 3846 037117 04032 7 30
meter 18 3758 037 037188 2 3
% 3748 03704 03788 2 LS
Spring- 0.829 0.799 0853 10 L7
iness® ] 0.834 0.811 a2 9 20
. R ¥ 0.834 0.820 0843 7 09
13 0.831 0229 0832 2 03
. u 0.818 0.787 0843 2 49
Height 4 61 54 65 10 6@
{mm) ] [ 63 §7 9 206
' 64 @ 1] 1 27

12
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(b) maintained at said predetermined holding temper-

ature for a predetermined holding time, and then
" (c) cooled, wherein the total thermal treatment re-
ceived by the liquid whole egg product is defined
by an equivalent temperature and an equivalent
time defining a point above the 5% SPL (BATCH).
line of FIG. 3, but insufficient to cause coagulation

" - of the liquid whole egg product, and then

d) aseptically packaged to provide a packaged liquid
whole egg product characterized by a refrigerated
shelf life of about four weeks to about 36 weeks.

2. A method according to claim 1, wherein said pas-
teurizing apparatus is sterilized before said liquid whole
egg product is passed therethrough, and wherein said
packaged liquid whole egg product is characterized by
a preselected shelf life of about eight weeks to about 36
weeks.

3. A method according to claim 1, wherein s2id liquid
whole egg product is subjected to turbulence for a
major portion of the time said liquid whole egg product
is heated.

4. A method of ultrapasteurizing a liquid whole egg

product, comprising passing the liquid whole egg prod-

uct as a continuous stream through a pasteurizing appa-
ratus, during which the Liquid whole egg product is
heated to a predetermined real temperature by contact-
ing said liquid whole egg product to a heated surface

- while at least periodically subjecting said continuous

_ 15
TABLE 7-continued
Functional Properties of Cakes Made from Eggs
Stored st 4° C.
Storage ’ Maxi- s
Variable (Weeks) Meaa Minimum muom n CV.
13 (3] & 1] 2 30
u 6 65 65 2 o
Water 4 0.360 0.796 0838 10 42
Activity s 0.8%4 0.863 a0 9 LI
2 0579 0344 Q86 T 20 g
1 0872 0872 072 1 —
% 0.879 0.876 0882 2 04
€45ee Table 4 for definizion of terme.
TABLE 8 15
Functional Properties of Custards Made from
Eggs Stored st 4° C.
Storage .
Varisble (Weeks) Mesn Minimum Maximum 10 CV.

" Pene 4 0.68 0.47 077 10 127 20
tration s 0.70 0.64 076 - 9 91
Force 12 0.75 0.57 0.83 7 203
o™ 18 0.94 0.85 102 2 126

2 o 0.76 0.88 2 108
Custard 4 s 34 36 10 24
Height s s 34 36 9 L6 25
(mm) 12 35 35 36 7 L2
. 1 36 3 3% 2 04
P13 35 8. k1 2 10
% Sag 4 71 30 L6 10 381
3 59 s 15 9 205
12 63 46 30 T 195 44
13 72 64 8.1 2 159
24 6.6 49 82 2 360

Visual observations of the interiors of opened pack-
ages revealed very little sedimentation during storage. 44
A very thin layer of a fine, light yellow, granular-like
material was observed on the bottom of cartons after

four weeks of refrigerated storage.
ShelfLife.Thetimaofspoihgeofeggfromach
trial are presented in Table 9. 40
' TABLE 9
Shelf Life
Process {Weeks)
1 3 45
2 s-12
3 >12
4 12
s >18
s 18-24
&l >H 50
7 12-18
s - 20-24
9 18-20

These data were used to generate the time and tem- 55
persture guidelines set forth in FIG. 5. .
The invention has been discussed with a degree of
speciﬁcitylbove.‘rhixdiscussionhasbeenprovidedfor
illustrative purposes only, with the scope of the inven-
ﬁonbeingdeﬁnedbythefoﬂowingchims.
. That what which is claimed is: .
- 1. A method of ultrapasteurizing a liquid whole egg
product, comprising passing the liquid whole egg prod-
" uct as a continuous stream through a pasteurizing appa-
ratus, during which the liquid whole.egg product is
(2) heated to & predetermined holding temperature by
contacting said liquid whole egg product to a
- heated surface, then

65
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stream of liquid whole egg product to turbulence,
wherein the total thermal treatment received by the
liquid whole egg product is described by an equivalent
time and an equivalent temperature defining a point
above the 5% SPL (BATCH) line of FIG. 3, but insuffi-
cient to cause said liquid whole egg product to coagu-
late, followed by aseptically packaging the liquid whole
egg product to provide a package liquid whole egg
product characterized .by a refrigerated shelf life of
about four weeks to about 36 weeks.

5, A method according to claim 4, wherein said liquid
whole egg product is subjected to turbulence for a
major portion of the time said liquid whole egg product
heated.

6. A method according to claim 4, wherein said liquid
whole egg product is dispersed before said liquid whole
egg product is heated.

7. The method according to claim 4, wherein said
pasteurizing apparatus is sterilized before said liquid
whole egg product is passed therethrough, and wherein

‘said packaged liquid whole egg product is characterized

by a preselected shelf life of about eight weeks to about
36 weeks,
. 8. A method of ultrapasteurizing a liquid whole cgg
product, comprising passing the liquid whole egg prod-
uct as a continuous stream through a pasteurizing appa-
ratus, during which the liquid whole egg product is
(a) heated to & predetermined boiding temperature by
contracting said liquid whole egg product to a
heated surface while at least periodically subject-
ing sxid continuous stream of liquid whole egg
product to turbulence, then .

(b) maintained at said predetermined holding temper-
ature for a predetermined holding time, and then
(c) cooled, wherein the total thermal treatment re-
ceived by the liquid whole egg product is defined
by an equivalent time and an equivalent tempera-
ture above the 5% SPL (batch) line of FIG. 3, but
insufficient to cause said liquid whole egg product
to coaguiate, and then (d) aseptically packaged to
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provide 2 packaged liquid whole egg product char-
acterizedbyare&igmﬁedshelflifeof;bomfour
weeks to about 36 weeks.

9. A method according to claim 8, wherein said liquid
whale egg product is subjected to turbulence for a
major portion of the time said liquid whole egg product
is heated. _

10. A method according to claim 8, wherein said
Tiquid whole egg product is dispersed before said liquid
whole egg product is heated. L :

11. A method according to claim 8, wherein said
pasteurizing apparatus is sterilized before said liquid
whole egg product is passed therethrough, and wherein
" said packaged liquid whole egg product is characterized

by a preselected shelf life of sbout eight weeks to about
36 weeks, _

12. A method of making a packaged liquid whole cgg
product characterized by a preselected refrigerated
shelf life of about four weeks to about 36 weeks, com-
prising passing the liquid whole egg product asa contin-
uous stream through a pasteurizing apparatus, during
which the liquid whole egg product is heated by con-
ncﬁngsaidliquidwholeeggprodncttoahutedsnr—
faceforapredezerminedﬁmcmdtoapredetemiged
temperature while at least periodically subjecting said
continuous stream of liquid whole egg product to turbu-
lence, wherein the liquid whole egg product is heated
for a predetermined time and to a predetermined tem-
perature selected so that the total thermal treatment
received by the liquid whole egg product is defined by
an equivalent time and an equivalent temperature not
greater than the expected 5% SPL (continuous process-
ing)lineofFIG.s,mdwhereinsaidpredetermined
tempermxreanduidpredeterminedtimemchomto
impart said preselected shelf life to said liquid whole
egg product, followed by aseptically packaging the
liquid whole egg product. .

13. A method according to claim 12 wherein said

. pasteurizing apparatus is sterilized before said liquid
whole egg product is passed therethrough, and wherein
said packaged liquid whole egg product is characterized:
by a preselected shelf life of about eight weeks to about
36 weeks. v

. 14. A method according to claim 12 wherein said

liquid whole egg product is subjected to turbulence for
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major portion of the time said liquid whole egg product
is heated. ; : ‘

15. A method of making a packaged liquid whole egg
product characterized by a preselected. refrigerated
shelf life of about four weeks to about 36 weeks, com-
prising passing the liquid whole egg product as a contin-
uous stream through a pasteurizing apparatus, during .
which the liquid whole egg product is ’

(a) heated by contacting said liquid whole egg prod-
uct to a heated surface for a time sufficient to raise
said liquid whole egg product to a predetermined
holding temperature while at least periodically
subjecting said continucus stream of liquid whole
egg product to turbulence, then .

(b) maintained at said predetermined hold tempera-
ture for a predetermined hold time, wherein said
holding temperature and holding time are selected
so that the total thermal treatment received by the
liquid whole egg product is defined by an equiva-
lent time and an equivalent temperature not greater
than the expected 5% SPL (continuous processing)
line of FIG. 3, and wherein said holding tempera-
ture and holding time are selected to impart said
preselected shelf life to said liquid whole egg prod-
uct, and then )

(c) cooled, followed by

(d) aseptically packaging the liquid whole egg prod-
m .

16. A method according to claim 15, wherein said
pasteurizing apparatus is sterilized before said liquid
whole egg product is passed therethrough, and wherein -
said packaged liquid whole egg product is characterized
by preselected shelf life of about eight weeks to about
36 weeks.

17. A method according to claim 16 wherein said
liquid whole egg product is subjected to turbulence for
a major portion of the time said liquid whole egg prod-
uct is heated.

18. A method according to claim 1, 4, 8, 12, 16,
wherein said liquid whole egg product is liquid whole

cge. S
19. A method according to claim 1, 4, 8, 12, 16,
wherein said liquid whole egg product is 2 liquid whole
egg blend which is about 24-38%-egg solids and about
12% or less of added nonegg ingredients. )
. ] * *
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571 ABSTRACT

Methods of ultrapasteurizing liquid whale egg products in
continuous flow, high temperature. short time pasteurization
equipment are provided. The equivaleat point method is
preferably used to evaluate the total thermal treatment
received by the product in this equipment. Also disclosed is
a method of making liquid whole egg products having
preselected, extended, refrigerated shelf lives.
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: ' 1
REEXAMINATION CERTIFICATE
ISSUED UNDER 35 US.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent. '

AS A RESULT OF REEXAMINATION. IT HAS BEEN
DETERMINED THAT:

Claims 1 and 4 arc determined to be patentable as

Claixns2.3.51§d6.dcpéndent on an amended claim. are
determined to be patentable, .

1. A method of making a packaged liquid whole egg
product characterized by a preselected refrigerated shelf life
of about four weeks to about 36 weeks. comprising passing
the liquid whole egg product as a continuous stream through
A pasteurizing apparatus. during which the liquid whole egg
product is heated by contacting said liquid whole egg
product to a heated surface for a predetermined time and
a predetermined. temperature while at least periodically
subjecting said continuous stream of liquid whale egg
product to turbulence, wherein the liquid [while] whole egg
product is heated for a predetermined time and to a prede-
termined temperature insufficient to cause mace than a 5%
soluble protein loss from said wherein the total
thermal treatment received by the liquid whole egg product

s

10

15

2 :
ifdaaibedbyanequivalcnttcmpcrnweudmequivalcnt
time defining a point above the 5% SPL (BATCH) line of
FIG. 3, and wherein said predetermined temperature and
said predetermined time are chosen to impart said prese-

lected shelf life to said liquid whole egg product. followed

by aseptically packaging the liquid whole egg product.
4.Amethodofmakingapachgedliquidwhole egg
product characterized by a preselected refrigerated shelf life
ofaboutfowweckstoaban36wee.ks.compdsingpassing
d:eliquidwholceggproduaasaoominuousstrumtlrough
a pasteurizing apparatus. during which the liquid whole egg
product is
(a) heated by contacting said liquid whole egg product to
ahatedmrfwefaatimcmﬁcicnnonisesaidliquid
wboleeggproducttolp‘edctcnninedholdingtcm-
perature while at least periodically subjecting said
continuous stream of liquid whole egg product to
turbulence, thea
(b) maintained at said [presclected] predetermined hold-
ing temperature for a ined holding time,
wherein said holding temperature and holding time are
selected 1o cause a soluble protein loss of not more than
5% from said product. and wherein said holding tem-
perature and holding time are selected to impart said
preselected shelf life to said liquid whole egg product,
and then
(c) cooled wherein the total thermal treatment received by
the liquid whole egg product is described by an cquiva-
lent temperature and an equivalent time defining a point
above the 5% SPL (BATCH) line of FIG. 3. followed
by

(d) aseptically packaging the liquid whole egg product

P -
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3 . . 4 :
(d) ascptically packaging the non-sterile pasteurized lig-  mined temperature insufficient to cause more than a 5%
uid whole egg. soluble protein loss therefrom. wherein the total thermal

16. A method of making packaged liguid whole €g8  treatment received by the liquid whole cgg [prodnc] is

characterized by a presclected refrigerated shelf life of abot  geqcribed by an equivalent temperature and an equivalent

ol Weeks to about 36 weeks, comprising passing the liquid 5 ipye gefiping 4 point above the 5% [(SPLD] (BATCE) line
°ggt°“ a °°| ::n:o"l:’_s“z.f:m through l‘ﬁﬁmg of FIG. 3. and wherein said predetermined temperature and

€gg. during which the liquid whole egg is heated by con- ls.ud predetermined time arc chosen to impart said prese-

tacting said liquid whole egg to a heated surface for a  lected shelf life to said liquid whole egg. followed by

predetermined time and to a predetermined temperature 10 aseptically packaging the non-sterile pasteurized liquid

while at least periodically subjecting said continuous stream ~ Whole egg. : :

of liquid whole egg to turbulence. wherein the liquid whole

egg is heated for a predetermined time and to a predeter- s & % @

"
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1
REEXAMINATION CERTIFICATE
ISSUED UNDER 35 U.S.C. 307

THE PATENT IS HEREBY AMENDED AS
' INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION. IT HAS BEEN
DETERMINED THAT:

The patentability of claims 19-21 is confirmed.
Claim 3 is cancelled. '

10

15

Claims 1. 4. 5. 9. 10. l3andl6arcdetcnnmedtobe '

patentable as amznded.

Claims 2. 6-8. 11. 12, 14, 15. 17 and 18, dependent on an
amended claim, are determined to be patentable.-

1. A method of ultrapasteurizing liquid whole egg. com-
prising passing the liquid whole egg as a continuous stream
through a pastenrizing apparatos. during which the liquid

~ whole egg is heated to a py ined real temperature, by
contacting said liquid whole egg to a heated surface wherein
the total thermal treatment received by the liquid whole egg
is described by an equivalent ¢ and an equivalent
time defining a point above the 5% SPL (BATCH) line of
FIG. 3. but insufficient to cause coagulation of the liquid
whole egg followed by the step of aseptically packaging the
liquid whole egg to provide a packaged liquid whole egg
having an extended refrigerated shelf life.

4. A method of ultrapasteurizing liquid whole egg. com-
prising passing the liquid whole egg as a continuous stream
through a pasteurizing apparatus. during which the liquid
whole egg is

(2) heated to a predetammed holding temperature by

contacting said liquid whole cgg to a heated surface,
then

(b) maintained at said predetermined holding temperature

for a predeterimined holding time. and thea

.. (c) cooled, wherein the total thermal treatment received
bythehqmdwholeeggisdcﬁnedbyaneqmvalem
temperature and an equivalent time defining a point
above the 5% SPL (BATCH) line of FIG. 3, but
insufficient to cause coagulation of the liquid whole
cggl]; and

(d) aseptically packaging the liquid whole egg to provide

a packaged liquid whole egg having an extended refrig-
erated shelf life.

5. A method of ultrapasteurizing liquid whole egg. com-
prising passing the liquid whole cgg as 2 continuous stream
through a pasteurizing apparatus. dunngwlnchthehqmd
whole cgg is heated to a real temperature by

35

2

step of aseptically packaging the liguid whole egg to provide ~ -

a packaged liquid whole egg having an extended refriger-
ated shelf life.

9. A method of ultrapasteurizing liquid whole egg. com-
prising passing the liquid whole egg as a continuous stream
through a pasteurizing apparatus. doring wh.wh the liquid
whole egg is

(a) heated to a predetermined holding temperature by

contacting said liquid whole egg to a heated surface
while at least periodically subjecting said continuocus
-stream of liquid whole egg to turbulence. then

(b) maintained at said predetermined holding temperature

for a predetermined holding time, and thea

(c) cooled, wherein the total thermal treatment received

by the liquid whole egg is defined by an equivalent time
and an equivalent temperature defining a point above
the 5% SPL (BATCH) line of FIG. 3. but insufficieat to
cause said liquid whole egg to coagulate].]; and

(d) aseptically packaging the liquid whole egg to provide

a packaged liquid whole egg having an extended refrig-
erated shelf life. '

10. A method of making packaged liquid whale egg
characterized by a preselected refrigerated shelf life of about
four weeks to about 36 weeks, comprising passing the liquid
whole egg as a continuous stream through a pasteurizing’
apparatus to produce non-sterile pasteurized liquid whole
egg. during which the liquid whole egg is heated by con-
tacting said liquid whole egg to a heated surface for a
predetermined time and to a predetermined temperature

. while at least periodically subjecting said continuous stream

of liquid whole egg [product] to turbulence, wherein the
liquid whole egg is heated for a predetermined time and to
a predetermined insufficient to cause more than
a 5% soluble protein loss therefrom, wherein the total

" thermal treatment received by the liquid whole egg is

described by an equivalent temperature and an equivalent
time defining a point above the 5% SPL (BATCH) line of
FIG. 3 and whezein said predetermined temperature and said
predetermined time are chosen to impart said preselected

* shelf life to said liquid whole egg. followed by aseptically

45

35

contacting said liquid whole egg to a heated surface while at

least periodically subjecting said continuous stream of liquid
whole egg to turbulence, wherein the total thermal treatment
received by the liquid whole egg is described by an equiva-
leat time and an equivalent temperature defining a point
above the 5% SPL (BATCH) line of FIG. 3, but insufficient

65

packaging the non-sterdile liquid whole egg.
13. A method of making packaged liquid whale egg
characterized by a preselected refrigerated shelf life of about
four weeks to about 36 weeks, comprising passing the liquid
whole egg as a continuous stream through a pasteurizing
apparatus to produce non-sterile pasteurized liquid whole
egg. during which the liquid whole egg is
(2) heated by contacting said liquid whole egg to a heated
surface for a time sufficient to raise said liquid whole
egg to a predetermined holding temperature while at
least periodically subjecting said continuous stream of
liquid whole egg to turbulence, then
(b) maintained at said predetermined holding temperature
for a predetermined holding time, wherein said holding
temperature and holding time are sclected to canse a
soluble protein loss of not more than 5% therefrom.
wherein the total thermal treatment received by the
liguid whole egg is described by an equivalent tem-
perature and an equivalent time defining a point above
the 5% SPL (BATCH) line of FIG. 3 and wherein said
holding temperature and holding time are selected to
impart said preselected shelf life to said liquid whole
egg, and then

to cause said hqmemss@mmww Biobeiment@ colddfefsred @2  Page 68 of 93
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3
(d) aseptically packaging the non-sterile pasteurized lig-
uid whole egg.

16. A method of making packaged hqmd -whole egg
characterized by a preselected refrigerated shelf life of about

four weeks to about 36 weeks, comprising passing the liquid

whole egg as a continuous stream through a pasteurizing

apparatus to produce non-sterile pasteunzed liquid whole
¢gg. during which the liquid whole egg is heated by con-
tacting said liquid whole egg to a heated surface for a

predetermined time and to a predetermined temperature 10

while at least periodically subjecting said continnous stream
of liquid whole egg to turbulence. wherein the liquid whole
egg is heated for a predetermined time and to a predeter-

- 4
mined temperature insufficient to cause more than a 5%
soluble protein loss therefrom. wherein the total thermal
treatment received by the liquid whole egg [product] is

described by an equivalent temperature and an equivalent '

time defining a point above the 5% [(JSPLD] (BATCH) line
of FIG. 3. and whezein said predetermined temperature and
said predetermined time are chosen to impart said prese-
lected shelf life to said liquid whole egg. followed by

aseptically packagmg the non-sterile pasteurized liquid
whole egg.
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Overview of Aseptic Packaging Systems & "Machinery,

Dm-y&lceCmmﬁeld.mdedscibes“modmuepnc

packaging systms™ no date.

Annual Report of Cooperative Regional Projects, Dec. 1983

Bergghuist, D.}.. “Eggs.” Chapter 16 of Food Dehydrazion
no date,

Egg Pasteurization Manual, USDA. Mar. 1969.
7 CFR Part 59 (1985).

HamdSmnnetal.PastemmonDengnCrmaFor“

Production of Extended Shelf-Life Refrigerated . Liquid
Whole Egg. J. of Food Proc. and Pres. 8, 219 (1984).
Hamid-Samimi Thesis Criteria Development for Extended
Shelf-Life Pasteurized Liquid Whole Egg, 1984.

Swarzel, KR, Equivalent-Point Method for Thermal
Evaluation of Continuous Flow Systems. J. of Agri. and
Food Chem. 34, 196 (May/Jun. 1986).

Abstract of Poultry Science Annual Meeting, Jul. 29-Aug. 2,
1985, Ames, Iowa.

Noted dated Oct. 31, 1983.

Poultry Science Abstracts, New Uses ofHuwdAsepucally
Packaged Fiuid Egg Products, EO. Essary et al., 61,
1461-1462 (1982). .

Stone et al, Aseptic Processing of Liquid Eggs P: n.munud

in a Teflon Heat Exchanger (1983).
Photographs of VPI Work no daje.
Quaker State Videotapes no date.

Hanson et al, Pasteurization of Liguid Egg Producis V. The

Effect on Performance in Cusiards and Sponge Cakes. 1946.
Knight et al, The Baking Properties of Pasteurized Whole
Egg. Food Techn. (1967),

Murdock et al, The Pasteurization of Liquid Whole Egg,
Mon. Bull Minist. Hith, Lab. Serv., vol. 19, 134-152 (1960).
Heller et al, The Pasteurization of Liquid Whole Egg and

The Evaluation of the Baking Properties of Frozea Whole

Egg. I. Hyg. Camb., 60, 135 (1962).
Danish Moeller~Madsen publication in Sundhedsplejen vol.
10, No. 8, pp. 102-105 (1958). .

Aggarwal, Ultra-Pasweurization of Egg Nog with Modern
Processing and Packaging

nol., vol. 38, No. 7, 419422 (1975).

Payne et al, Heat Resistant Bacteria in Pasteurized Whole
Ege. J. App. Bact., 46, 601-613 (1979).

Kaufman et al, Flow Characteristics in Holding Tubes of
Commercial Egg Pasteurizers, (1968).
Sugl'hmetaLHeatPammzauonothdeholeEgg.
Food Technology, Aug. (1966). :

Brooks, a—Amylase in Whole Egg and Its Sensitivity to
Pasteurizing Temperatures, J. Hyg. Camb. (1962) J. Hyg.
Camb.. 60, 145 (1962).

Should Egg Pasteurization Requirements Be Changed?
- Poultry Processing & Marketing Nov. 1962.

Statutory Instruments, 1963 No. 1503. ’
Shafi et al, Microbial Flora of Commercially Pa:teun.,ed
Egg Products, (1969).

Winter et al, Pasteurization of Liquid Egg Products L
Bacteria Reduction in Liquid Whole Egg and vement
in 9l:eeymg Quality, Am. J. Pub. Hith., vol. 36, 451460
(1942).

Winter et al, Pasteurization of L:qmd Egg Products m.
Destruction of Salmonella in Liquid Whole Egg. Am. J. Pub. -
Hith,, vol. 36, 451460 (1946). )
Stadelman, WJ. et al.. Egg Science & Technology, Chapter
12, First Edition (1973).

Stadelman, W.J. ‘et al., Egg Science & Technology, Chapter
12, Second Edition (1977).

Stadelman, WJ. et al. Egg Science & Technoloxy. Chapter
12, Third Edition (1986).

Williamette Materials—no date. :

Annual Report of the NC-133 Project, 1984.

Auendance List of the NC-133 Annual Meeting, 1985.
Transcript of Scott Woodward deposition no date.

Transcript of the Deposition of Mary L. Murphy no date.

" Declaration of Dr. Glenn Froning no date.

.Ltr. Bruce Sales to USDA re: FOIA request no date.
Second Amended Complaint with Exhibits no date.
Answer to Second Amended Complaint, Affrmative
Defenses and Counterclaim no date.

Plaintiff's Brief in Support of Plaintiffs® MononforSum-
mary Judgment of Infringement no date.

Combined Brief in Opposition to Plaintiffs" Motion for
Summary Judgment of Infringement and in Support of
Papetti's Cross Motion for Partial Summary Judgment of
Invaldity with Exhibits no date. ‘
Plaintiffs’ Brief in Reply to Defendant's Opposition to
Plaintiffs" Motion For Summary Judgment on the Issue of
Infringement no date. .

Plaintiffs BnemepposuonloDefendm s Cross-Motion
for Summary Judgment on the Issue of Invalidity no date.
Papetti’s Reply Brief in Support of jts Cross Motion for

Partial Summary Judgement of Invalidity with Exhibits no
- date. .

Brief of Defendant Papetti‘s Hygrade Egg Products, Inc. in
Support of its Motion for Summary Judgment with Exhibits
no date.

Plaintiffs’ Brief in Opposition to Defendant's Motion For
Summary Judgement of Noninfringement.

" Reply Brief of Defendant Papetti's Hygrade Egg Products,

Inc. In Suppart of its Motion for Summary Judgment of
Noninfringement with Exhibits no date.
Plaintiffs" Brief in Support of Plaintiffs’ Motion for Sum-

. mu’yludgmeuonﬂlelsmoflneqtﬁnbl:Couduanodm.

Brief of Defendant's Papetti's Hygrade Egg Products, Inc. in
Opposition to Plaintiffs’ MouonfaSummryJudgmemou
lneqmubleCmd:mnodm
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Plaindff's Brief in Reply to Defendant’'s Opposition to
lenuﬂ'sMobonforSmnnuryJudgmenIonmlsueou
Inequitable Conduct no date.

Exhibit vol. | in Support of Plaintiffs' Motion for Summary
Judgment of Infringement no date.

Exhibit vol. 2 in Support of Plaintiffs’ Motion for Summary
Judgment of Infringement no date.

Exhibit vol. 3 in Support of Plaintiffs’ Motion for Summary

Judgment of Infringement no date.

Exhibit vol. 4 in Support of Plaintiffs’ Motion for Summary

Judgment of Infringement no date.
Exhibit vol. 5 in Support of Plaintiffs' Motion for Summary
Judgmeutoflnﬁmgenuntnodate..

Exhibit vol. 6 in Support of Plaintiffs® Motion for Summary

Judgment of t no date.
Exhibit vol. 1 in Support of Plaintiffs* Opposition to Defen-
dant’s Motion for Summary Judgment of Noninfringement

and Exhibit 92 in Suppart of Plaintiffs’ Motion for Summary -

Judgment of Infringement no date.

Exhibits in Support of Plaintiffs” Opposition to Defendant’s
Motion for Summary Judgment of Invalidity no date.
Exhibit vol. | in Suppont of Plaintiffs' Motion for Summary
Judgment on the Issue of Inequitable Conduct no date.

Exhibit vol. 2 in Support of Plaintiffs* Motion for Summary

Judgment on the Issue of Inequitable Conduct no date.

Exhibit vol. 3 in Suppon of Plaintiffs’ Motion for Summary -

Judgment on the Issue of Inequitable Conduct no date.
Ess test data no date,

Memo Mar. 4, l980mDr.RonyfromE.0.Esaryre Fourth
Whole Eggs Pasteurization Run no date. -

Memo Mar. 4, 1980 to Dr. Rony from E.O. Essary re: Third
Whole Eggs Pasteurization Run no date.

Memo Mar. 4, l980noDrRonyfromE.0 Essary re:
Second Whole Eggs Pasteurization Run no date.

Memo Mar. 4, 1990 to Dr. Rony from E.O. Essary re: First
Whole Eggs Pasteurization Run no date.

Memo Mar. 10, 1980 to Dr. Rony from E.Q. Essary re: Fifth
Whole Eggs Pasteurization Run no date.

Memo Jul 2, 1981 to Dr. Rony from EO. Essaryre
Requested Material no date.

Memo Mar. 10, 1980 w E.O. Essary from Dr. Rony re: 3rd
& 4th whole eggs pasteurization runs no date.
Handwritten notes no date. -

Memo Feb. 12, 1980 0 E.O. EsmyfmmDr.Ronym.an
whole egg pasteurization nun no date.
Handwritten notes Feb. 12, 1980 no date.

Memor Feb. 5. 1980 to E.O. Essary from Dr. Rony re: 1st

whole egg ion run no date.
Memo Nov. 1, 1979 to E.O. Essary from Dr. Rony re: eggs
project.

Letter Mar, 11, 1977 to Mr. LomsB Raffel of American Egg
Board from E.O. Assary.

Draft of New Uses of Heated Aseptically Packaged Fluid
Egg Products by E.O. Essary, WX Stone and PR. Rony no
date.

Letter May 4, 1979 from Louis B. Raffel to E.O. Essary.

Proposal submined to American Egg Board by Virginia
Polytechnical Instinite and State University: title New Uses
of Heated Aseptically Packaged Fluid Egg Products by E.O.

Essary no date.

Funding agreement between Amerian Egg Board and VPI
for New Uses of Heated Aseprically Packaged Fiuid Egg
Products no date.

Title: New Uses of Heated Aseptically Packaged Fluid Egg
Products; by E.O, Essary, W-F. Collins & P.R. Roay no date.

E.O. Essary, W. F. Collins PR. Rony, New Uses of Heated
Aseprically Packaged Fluid Egg Products. Progress Report,
Nov. 8, 1979.

Handwritten notes Aug. 13, 1980.

- Letter Dec. 3, 1980 to Louis B. Raffel of American Egg

Board from E.O. Essary. .
E.O. Essary, W. F. Collins & PR Rony, Nm Uses of Heated
Aseptically Packaged Fluid Egg Products, Progress Report,
Nov. 12, 1980,

Schematic of Liquid Egg Pasteurization System no date.
Microbiological & Functional Analysis Sampling Plan for
Asepnallyl’rooessedand?achgedqud%ole Egg no

Oxford Chemical products iptions no date.

- Memo to Essary, Rony & Stone from Hugh G. Oldach no

Letter Oct. 11, 1976 from Rony & Stone to Dr. Hoffman of -

Teflon: Effective heat transfer, Operating pressure limits &
Comparisons—Teflon to Metal no date.

Letter Jun. 8, 1976 to P. Euphosin of VP! from Don Herman
of PNUCOR. ,

Product description and specification no date.

Features of New Pasteurization Process no date.

PR. Rony, WK. Stone & Gary Criscione, A Teflon Hear
Exchanger for the Ultrahigh Temperature Pasteurizazion of -
Fluid Food Products, Oct. 1976 no date, .
Memo Jun. 24, 1974 10 Dr. Robertson from Rony, Stone &
Criscione re: submission of invention to university commit-
tee on patents.

Submisison of invention to Umvemty Committee on Pat-
ents, Jun. 24, 1974,

- Letter Sep. 19, 1973 toRonyfromSm
. Stone, WK. & Rony, PR. Ultrahigh Temperature Pasteur-

ization in the Teflon Heat Exchanger and Asepric Packaging
in Glass and Plastic Conuainers no date.

Stone, WK.. Rony, PR. & Large, PM., A Teflon Heat
Exchanger for Ultrahigh Temperature Pasteurization of Ice
Cream Mix for Aseptic Packaging no date.

Stone, WK., Rony, PR. & Collins, WF., A New Procedure
Jor UHT Pasteurization of Egg Nog for Aseptic Paclmgm:
no date. .
Stone, WK., Rony, PR. & Wood, CB., A Teflon Hea:
Exchanger for Ultrahigh Temperamure Pastewrization of
Apple Juice for Aseptic Packaging no date.

Githens, R.E et al, Flexible—tube Heat Exchangers, Chem.
Eng. Progress (vol. 61, No. 7) (Jul. 1965). .

Hood, R.R., Designing Heat Exchangers in Teflon, Chem.
Eng. May 1967.

Installation, Operation, Maintenance of Shell and Tube
Hear Exchangers no date. -

Third run notes, Mar. 11, 1977.

Letter May 27, 1981, o E.O. Essary from Hugh Oidach.
PEIA Hotline Newsletter article Aseptic Packaged Eggs
Being Researched at Virginia Tech no date.
Addendum—1980 from USDA Reports of Shell Eggs bro-
ken and egg products packed under federal inspection.
Letter Sep. 9, 1981 to E.O. Essary from Hugh Oldach.
Aug. 29, 198] Weekly Digest article News in a Minute.
Handwritten notes Jul. 1. 1981,

Letter Jun. 17, 1981 1o Hugh Oldach from E.O. Essary.
Swartzel, KR., A Continuous Flow Procedure for Reaction
Kinetic Data Generation, Jour. of Food Sci., (vol 49, 1984). .
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Kline et al., Heat Pasteurization of Raw Liquid Egg White,
Food Tech., Aug. 1966, vol. 20, No. 5.

Memo 10 Dr. Rony from Diane C. no date.

Draft memorandum of agreement between NCSU and Wil-
Kam Oldach no date.

Draft proposal no date.

Cover of Food Product Development no date.

Jacobs, Laura C., Asepric packaging promises new role for

pasteurized liquid eggs, Apr. 1981,

. Letter Jun. 2, 1981 10 E.Q. Essa-yfromJerryl-LGasofm
. Virginia Poultryman, -

Confidentiality Agreement no date.

Memo Sep. 14, 1981 to Henry A. McGee, Jr. from P. Rony
re: Egg Pasteurization Research.

Letter Sep. 14, 1981 toHughOldachfmmPRony .
University Patent Policy—Virginia Polytechmc University
no date.
meEggProdtmonmtbe“ConnguonsSmsofme
US.A no date.

List of states with Plants using automatic breaking equip-
ment no date.

Confidential Report re: The Commercial Development of 2

Process 1o Ultra-Pastenrize Fluid Egg Products and To
Aspetically Package Same Under License to Aseptech, Inc.
no date. :

Preiser Scientific—Scientific Instruments, Laboratory Sup-
plies, Mi & Chemicals sales information no date.
Teflon Heat Exchangers—Reactor Coil Model RS00—Prod-
uct Bulletin no date.

Teflon Heat Exchangers—Shell and Tube Model
525CT-20—Product Bulletin no date.

Stone, WX. et al, Asepric Processing of Liquid Eggs Pas-
teurized in a Tefion Hear Exchanger no date.

Letter Dec. 2, 1984 to E.O, Essary from High Oldach.
Letter May 9, 1984 1o W.K. Stone from Hugh Oldach.
Letter Apr. 30. 1984 to Dr. Rony from Hugh Oldach.
Leuer Apr. 10, 1984 to William Oldach from E.O. Essary.
Table 1. Parameters Used and Results Obtained in Conduct-
ing Pasteurization Study no date.

New Uses of Heated Aseptically Packaged Fluid Egg Prod-
ucts, EO. Essary et al. no date. .
QulhtyofmetedFlmdFoodsdxscusnonnodam

A New UHTPmcess forPaswmnnonandlorSmilmnon
no date.

Microbiological Safety, Functional Stability and Extended
Shelf-Life of Refrigerated Liquid Whole Egg Aseptically
Processed and Packaged no date.

Microbiological and Functional Analysis Sampling Plan for -

Aseptically Processed and Packaged Liquid Whole Egg no
date. .
Current Cost Benefit of Frozen Eggs Paced in 5 Gallon

‘ Bax—m—Bomelec,CompomeandMetﬂCamnov

AsepﬁchcsangmdPnckagmg—AthAppruchw
Fresh Liquid Milk—product information from Gossner
Foods, Inc. no date.

Maunder. Duane, Possible Use of Ultraviolet Sterilization of
C:;x_,ninersforAsepﬁcPadnging.FoodTechmlogy..Apc
1971 :

Leuer Aug. 28, 1984 1o Mr. Jopes of USDA from Hugh
Oldach.
Letter Oct. 9, lmmHmOldachfmmMazwmof
USDA.
Letter Sep. 7, l984mHughOldachfromMagwmof
USDA.

&nerug.m 1984 to Hugh Oldach from Magwire of
SDA.

Aseptic Processing and Packaging Systems in Federaily
Inspected Meat and Poultry Establishmenzs. Jun. 1984,
Prepared by: Meat & Poulu'y Inspection of USDA.

Rice, Judy, Shelf-stable Meat & Poultry Products in Semi-
Rigid Aseptic Packaging, Food Processing (Sep.. 1984).
Memorandum of Agreement between NCSU and William
Oldach no date.

Nelson, Philip E., Outlook for Aseptic Bag~in~Box Pack-
ns&g of Products for Remanufacture, Food Tech. (Mar.
1984).

Desmpuonandl’ackngmgeostcompmsons from pasteur-
ization forward no date.

Microbiological History of Aseptically Packaged Salted
Whole Egg no date.
SampledmfmeC!nclabstonllumOldacb of Asep--

" tech no date,

Ling, A.C. et al., Fouling of Heat Transfer Surfaces by
Solutions of Egg Albumin, Journ. Food Prot., vol. 41, No. 3
(Mar., 1978).

Abstract: Function and Shelf Life of Ultrapasteurized, Asep-
tically Packaged Whole Egg, H.R. Ball et al. no date.
Nath, K. R. et al., Hear Induced Cleavage of Flavoprotein in -
Hard Cooked Eggs no date.

Martinez, 1.B. et al., Quality Preservation of Liquid Whole
Egg; production no date.

The Pasteurization of Liquid Egg. Food Manufacnn. JuL.
1950.

Swartzel, KR., Tubular Heat Exchanger Fouling by Milk
During Ultra High Temperature Processing, Jour. of Food
Sci., vol. 48 (1983).

Kline, Leo et al., Effects ofPaswmmnononEgngducxs.
The Bakers Digest, Aug. 1966.

Deindoerfer, F.H. et al.. Microbiological Process Dlscu.r
sion—Analytical Method for Calculating Hear Sierilization
Times no date.

PSA and SPSS Abstracts—Poultry Science, vol. 65 Supp. 1
(1986).

Kaufman, VIF. et al., Tesr Methods for Measuring Minimm
Holding Times in Continuous Egg Pasteurizers no date.

. Veetkamp, C. H. et al,, Influence of Varying Residence—~time

Distribution on Inactivation of Microorganisms Duruug Pas-
teurization of Egg Products no date.

Abstract, P. M. Foegeding et al., Chamamwan of Micro-
organisms in Refrigerated Ulmrapasteurized, Aseptically
Packaged Liquid Whole Egg no date.
Pmdmp—lmemmonﬂ Conference on UHT Processing
and Aseptic Packaging of Milk and Milk Products Nov.
27-29, 1979.

National Dairy Council—Newer Knowledge of Milk and
other Fluid Dairy Products no date. -

Project No. NC-133 description no date.

Reviewer's Comments on New or Revised Regional
Research Project—NC-133, May 21, 1980.

* Reviewer's Comments on New or Revised Regional

Research Projeci—NC-133, May 23, 1980.

_ Addendum 0 Reg:onal Research Project Outline—NC-133

no date.

Letter Aug. 21, 1981 from Maurer NC-133 Chairman to Dr.

Roy Armold.

Addendum to NC-133 Regional Project no date.
Procedures: Safety and stability of poutry products no date.
USDA Analysis and Evaluation of Continuing Regional
Reserach Projects by SEA/CR Sudff no date, .
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Annual Report of Cooperative Regxonal Pro;ecs——NC-lBB
(Jan. | to Dec. 31, 1980).

USDA Analysis and Evaluation of Continuing Regional
Research Projects by SEAJ/CR Staff no date.

Annual Report of Cooperative Regional Projects—NC-133
(Jan. | to Dec. 31. 1981).

Materials Presented with the abstract entitled “Bulletins and
Review Articles Published by the North Central Regional
Poultry Products Research Comminee 1943-1982" at the
1983 Poultry Science Assoc. Meetings.

Minutes of the NC-133 Research Committee at Kansas
State University, Ape. 3. 1984. .
NC-173—Address update, May 1984.

USDA Cooperative State Research Service—Analysis and .

Evaluation of Continuing RRF Projects by CSRS Reptesen—
tative no date.

' NC-183—Development of new processes and technologies
for the processing of poultry products—discussion no date.
Annual Repart of Cooperative Regional Propcts—NC—lSB
(Oct. 1 to Dec. 31, 1986).

Minutes of NC~183 Technical Advisory Committee no date.
Commme of Nine Project Review Committee—NC-183 no

I..encr0c7.28 1987 10 George J. Mountney of USDA from
Shai Barbut of University of Guelph.

Annual Report of Cooperative Regional Projects—NC-183
(Jan. 1 o Dec. 31, 1987) no date.

. 1989 NC-183 Mailing List.

Amnual Report of Cooperative Regional Pro;ects—-NC-183
(Jan. 1 to Dec, 31, 1988).

Mimutes of NC-183 Technical Advisory Committee no date.
Address list no date.

Letter Jan. 18, 1990 to Dr. Nacgele of USDA from Roald
Lund of North Dakota State University.

Annual Report of Cooperative Regional Projects—NC~183
(Jan. 1, 10 Dec. 13, 1989).

Article—Mar. 1988fromPouluy&ngMarkszarﬁon
looking for quality, value and consistency in eggs.
Amchan egg ;xocma given choise: modernize or
fail no date.

Table Ready brochure no date.

Letter Feb. 22, 1989 to Dr. Naegele from Gary Rohde of
University of Wisconsin. .

Article—Complex Process. Easy Eggs no date.

Defendanit’s Exhibit #2067 in Michae! Foods et al v. Papetti
litigation; Mar. 18, 1985 lener from Wilkinson.
Defendant’s Exhibit #2071 in Michae! Foods et al v Papenti
liigation; Aug. 13, 1985 letter from Murphy to Bail
Defendant’s Exhibit #2077 in Michael Foods et al v. Paperti
Litigation; Molly Murphy notes dated Dec. 18, 1984.

Defendant's Exhibit #2078 in Michae! Foods et al v. Paperti -

Erigation; “Aseptically Processed Foods: Material Costs &
, Functions”™ (Feb. 5-7, 1985).

DefendamsExhﬂmﬂmthdwelFoodutduPapem
litigation; Cherry—Burrell brochure, “Aseptic Processing
Systems Capabilities™ no date.

DefendantsExhibummeduelFoodxﬂalnPnpem
litigation; Swartze] et al., “System Design and Calibration of
a Continuous Flow Apparams for Kinetic Studies™ (1985).
Defendant’s Exhibit #2087 in Michael Foods et al v. Paperti

litigation: Samimi et al., “Flow Behaviocr of Liquid Whole

Egg During Thermal Treatments™ (1984).

Defendant’s Exlnblt #2089 in Michael Food: et al v. Papeni
Litigation: Samimi et al., “Maximum Change in Physical and
Quality Parameters of Fluid Foods During Continuous Flow
Heating. Application to qumd Whoie Egg™ (1984).
Defendant’s Exhibit #2112 in Michael Foods et al v. Papeti
lmpnon.lohndtewetal.. “Liquid and Frozen Egg Process-
ing” (1971).

Defendant's Exhibit #2118 in Michae! Foods et al v. Papeni
hnznnon. Cbexry—Bnm:n CB-201 Technical Digest “Asep-
Defendant’s Exhibit #2119 in Michael Foods et al v. Paperi
litigationy Technical Digest CB~201 “Aseptic Processing™
no date. -

Defendant’s Exhibit #2120 in Michael Foods et al v. Papem

liigation; Alfa Laval Literature on liquid egg pnsteunmon

no date,

Defendant's Exhibit #2121 in Michael Foods et al v. Paperi -
litigation; Alfal-Laval literature on liquid egg pasteurization
no date.

Defendant’s Exhibit #2122 in Mtchael Foods et al v. Paperti
liigation: “Shell Egg Processing Plant Design™ (1971).
Defendant’s Exhibit #2123 in M:chael Foods et al v. Papemni
litigation; “Egg—From Raw Product 10 Indu.tmal Product-
“(Feb. 1971).

Defendant’s Exhibit #2128 in Michael Foods et al v. Paperti
litigation; Second Nature egg product container no date.
Defendant’s Exhibit #10 in Michael Foods et al v. Bartow
Food Company; Milton G. Waldbaum Co. Sales Memoran-
dum identifying 10,000 Ib, sale of dried whole eggs to
General Foods no date.

Defendant’s Exhibit #11 in Michael Foods et al v. Bartow
Food Company; letter dated Sep. 21, 1989, from Howard,
Magwire, National Superviser, Egg Products, Poultry Grad-

.ing Branch, USDA, addressed to Dean Hughson of the

Milton G. Waldbaum Co.
Defendant’s Exhibit #12 in Michael Foods et al v. Bartow
Food Company: vol. 36, No. Sof!he\ﬁrgmuPoulu'yman.
PP. 42 and 64 no date.

Defendant’s Exhibit #43 in Michael Foods et al v. Bartow
Food Company, USDA announcement PY-61, Apr. I973
Purchase of Egg Mix.
DefmdmtsExhibummed:aelFoodsexalv Bartow
FoodCanpany‘leﬂzdatedAug. 12, 1983 from Ball to

Baker,

Defendant's Exhibit #85 in Michael Foods et al v. Bartow
Food Company; Evaluation of Aseptic Packaging for Con-
ventionally Pasteurized and Ultrapasteurized Whole Egg,
research proposal by Ball et al, Jul. 20, 1983,
Defendant's Exhibit #88 in Michael Foods et al v. Bartow
Food Company; Residence Times of Egg Products in Hold-
ing Tubes in Egg Pasteurizers, article by Scalzo, et al., Food
Tech., vol. 23 (1969).

'DefendmsExhibn#NmMichaeledsnalvBmaw

Food Company; The Viscosity of Egg and Egg Products,
Scalzo et al., Food Technology, vol. 24 (1970).
Defendant’s Exhibit #96 in Michae! Foods e al v. Bartow
Food Company; Maximum Product Parameter Changes in
Liquid Foods, Paper No. 846506, Samimi et al, American
Society of Agricultural Engineers no date.
DefendmxsE.xhibn#leMichaelFoodsetaluBamw
Food Company, Aseptc of Dairy Products,
Ammea.?ood'rechnolog(ms).

Schematic of Pasteurizing Apparatus no date.

Letter May 2, 1984 from William Oldach to William Ran-
m .
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Leer May 25, 1983 from Hugh Oldach to Howard Mag-
Memo Jul. 26, 1983 from Oldach to all concerned parties re:
ethylene oxide.

Essary et al, New Uses of Heated Aseptically Packaged
Fluid Egg Products no date.

Document from Nulaid Litigation PX N-I§

(NUQO6461—-64) no date available. .

Docoment from Nulaid Litigation PX N-18

(NUO06006-20) no date available. :

Document from Nulaid Litigadon = PX N-53

(NUQ06330~72) no date available.

Document from Nulaid Litigaion PX N-53A

(NUD07906-08 ) no date available. :

Document from Nulaid Litigation PX N-57
. (NUQOO4321-30) no date available. .

Document from Nulaid * Litigation PX N-58

(NU006121-35) no date available.

Document from Nulasid Litigaton PX N-62
" (NUO04318-20) no date available. v

Document from Nulaid Litigation PX N-63

(NU004709--13) no date available.

Document from Nulaid Litigation PX N—69 (NUOOS733) no
date available.

Document from Nulaid Litigation PX N-70
(NU007512-13) no date available.

Document from Nulaid Litigation PX N-95 (NU005709) no
date available,

Document from Nulaid Litigation PX N-99 (NU007118) no
date avzilable.

Document from Nulaid Litgadon PX N-107
(NUD04732-33) no date available.
Document from Nulaid Litigation PX N-108

(NU0Q5674-76) no date available.

Document from Nulaid Litigation PX N-110 (NU005731)
no date available.

Document from Nulaid bnganon PX  N-116
(NUOQ5667~68) no date available.

Document from Nulaid Litigation PX N-150A (Copy of
notebook cover; NUO1Q129) no date available. -

Document from Nulaid Litigation PX N-XSIA(NUOIOBO
NUO010139, NUO10141, NUO10143) no date available.
Document from Nulaid Litigaion PX N-152A
(NUO1014447) no dae.

Document from Nulaid Litigation PX N-153A (NUO10148,
NUO010151, NUO010153, NUO10160, NUO10163) no date.
Document from Nulaid Litigation PX N-154
(NU006299--6300) no date.

Document from Nulaid Litigaton PX N-155 (NUOO7065)
no date.
Document
(NUO010188-89, NU010193) no date.

Document from Nulaid Litigation PX N-158
(NUO06301-02) no date.

Document from Nulsid Litigation PX N-I6]
(NUO07063—64) no date.

Document from Nulaid Litigation PX N~164A (NU010279,
NU010285-8, NUO010289-90, NU010292-93,
NU010296-97, NU0101300-01) no date.

Document from Nulaid Litigation PX N-165 (NUOO‘IOGO) ’
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REEXAMINATION CERTIFICATE
ISSUED UNDER 35 US.C. 307

~ THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW. ’

Matter enclosed in heavy brackets [ ] appesred in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent. .

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

Claim 3 is cancelled.

Claims 1. 4, 5, 9, 10, 15, 18 and 24-26 are determined to
be patenuable as amended.

Chinuz.s-&u-u.ls.nmiy-zs.depmonm'

amended claim, are determined to be patentable.

1 A method of ultrapasteurizing a liquid whole egg
product, comprising passing the liquid whole egg product as
aoomuousmamdnwghapmrmzappmn&dm-
ing which the liquid whole egg product is heated o 2
predetermined real temperanure, by contacting said liquid

whole egg product to a heated surface wherein the total .

thermal treatment received by the liquid whole egg product
is described by an equivalent and an equivalent
time defining a point above the 5% SPL (BATCH) line of

25

Jo

. FIG. 3, but insufficient to cause coagulation of the Iiquid -

whole egg product followed by the siep of aseprically
packaging the liquid whole egg product 10 a packaged liquid
whole egg product having an extended refrigerated shelf life.
4. A method of ulwapasteurizing a liquid whole egg
. product, comprising passing the liquid whole egg product as
ammmw;mmzmdm-
ing which the liquid whole egg product is
(2) beating 10 a predetermined bolding temperature by
mtﬂldhqmdwholeeapmdnctmtbuled
surface, then
(b)mannmedusmdpedemmnedholdmgumpaam
for a predetermined holding time, and then
(c) cooled, wherein the total thermal reatment received

40

45

by the liquid whole egg product is defined by an .

equivalent and an equivalent time defining
a point above the 5% SPL (BATCH) line of FIG. 3, but
insufficient to cause coagulation of the liquid whole egg
product; and

(d) aseprically packaging the liquid whole egg product to

pmv:deapackagcdlzqmdwholeeggpmdnahavmgm
mdedmfngmd:heﬂ'life .

5. A method of a liquid whole egg
product, comprising passing the liquid whole egg product as
aconumousmuroughapucmmzappanms.dm-
ing which the liquid whole egg product is heated to 2
predetermined real temperature of ar least 63.7° C. by
mm‘mdhqmdwboleeggpmd!nnaheamdmfwe
while at least y subjecting said continuous stream
of liquid whole egg product to turbulence, wherein the total
thermal treatment received by the liquid whole egg product
is described by an equivalent time and an equivalent tem-
peramare defining a point above the 5% SPL (BATCH) line
of FIG. 3, but insufficient to canse said liquid whole egg
product to coagulate followed by the step of aseprically

s0

55

' 8 continuous stream

2
packaging the liquid whole egg product 10 ide a pack-
aged liquid whole egg produ{'l‘ l‘:avmg an md refrig-
eratd shelf life.

9. Amethodofulnpastamzmgahqmdwboleegg
ptoduct.compxmngpasnngmehqmdwholeeggpmducus
2 continuous stream through a pasteurizing apparanus, dur-
ing which the liquid whole egg product is

(a) heated to a predetermined holding temperature by

contacting said liquid whole egg product 10 2 heated
surface while at least periodically subjecting said con-
tinuous stream of liquid whole egg product to
turbulence, then

{b) maintained at said predetertnined holdmg temperature

for a predetermined holding time, and thea
" {¢) cooled, wherein the total thermal weatment received
- by the Hquid whole egg product is defined by an
equivalent time and an equivalent tem above
the 5% SPL (BATCH) line of FIG. 3, but insufficient to
cause said liquid whole egg product to coagulate; and

‘(d) aseptically packaging the liquid whole egg product 10

provide a packaged liquid whole egg product having an
exrended refrigerated shelf l(fe

10. A method of a liquid whole egg
product, comprising passing the liquid whole egg product as
through a pasteurizing apparatus, dur-
ing which the liquid whole egg product is

(2) heated to a predetermined holding temperature, then

(b)mmnedatmdpredewmmdholdmgwmpam

for a predetermined holding time, then

(c) homogenized at said predetermined holdmg
. temperature, and then

(d)cooled.whemn!hetoulthemalmmmmcuved

by the liquid whole egg product is defined by an
equivalent temperature and an equivalent time defining
a point above the (9D) Samonella line of FIG. 3, but
insufficient to cause coagulation of the liquid whole egg
product, and where the liquid whole egg product which
is homogenized consists essentially of the liquid whole
egg product which is heated.

15. A method of making a packaged liquid whole egg
product characterized by a preselecied refrigerated shelf life
of about four weeks to about 36 weeks, comprising passing
the liquid whole egg product as a continuous stream through
a pasteurizing apparatus, during which the liquid whole egg
product is heated by contacting s2id liquid whole egg
product to a beated surface for a predetermined time and to
a predetermined temperature of af least 63.7° C, while at
least periodically subjecting said continuous stream of liquid
whole egg product to mrbulence, wherein the liquid whole
egg product is beated for a predetermined time and to a
predetermined temperature insufficient to catise more than 2
5% soluble protein loss from said wherein the towal
thermal treatment received by the liquid whole egg product
is described by an equivalen: temperature and an equivalent
time defining a point above the 5% SPL (BATCH) line of
FIG. 3 and wherein said predetermined temperature and said
predetermined time are chosen to impart said preselected
shelf life o said liquid whole egg product, followed by
_aseptically packaging the liquid whole egg product. .

18. A method of making a packaged liquid whole egg
product characterized by a preselected refrigerated shelf life
of about four weeks to about 36 weeks, comprising passing
the liquid whole egg product as a continucus stream through
a pasteurizing apparatus, during which the liquid whole egg.
product is

(a)hmdbyconncungmdhqmdwholeeggpmdumm

a heated surface for a time sufficient to raise said Jiquid
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. 3 .
whole egg product to a i holding.mm-
perature of at least 63.7° C. while at Jeast periodically
subjecting said continuous stream of liquid whole egg
product to turbulence, then

(b) maintained at said predetermined holding temperanure
for a predetermined holding time, wherein said holding
temperature and holding time are selected 1o cause a
soluble protein loss of not more than 5% from said

* product, wherein the total thermal treamment received
by the liquid whole egg product is described by an
equivalent temperature and an equivalent time defining
a poinr above the 5% SPL (BATCH) line of FIG. 3 and
wherein said holding temperature and holding time are
selected to impart said preselected shelf life to said
liquid whole egg product, and then

(c) cooled, followed by .

(d) aseptically packaging the liquid whole egg product.

24. A method of ultrapasteurizing a liquid whole egg

product, comprising passing the liquid whole egg product as

_a continuous stream through a pasteurizing apparatus, dur-

ing which the liquid whole egg product is

(2) heated to a predetermined bolding temperature, then

(b) maintained at said ined holding temperature
for a predetermined holding time, and then

{c) cooled, wherein the total thermal treatment received
by the liquid whole egg product is defined by an
equivalent and an equivalent time defining
- 2 point above the 15% SPL (BATCH) line of FIG. 3, but

5

15

»

4

25. A method of ultrapasteurizing a liquid whole egg
product, comprising passing the liquid whole egg product as
a continuous stream through a pasteurizing apparatus, dur-
ing which the liquid whole egg product is heated w0 a
predetermined real temperature by contacting said liquid
whole egg product to a heated surface, wherein the total
thermal treatment received by the liquid whole egg product
is described by an equivalent temperature and an equivalent
time defining 2 point above the 5% SPL (BATCH) line of
FIG. 3, but insufficient to cause coagulation of the liquid
whole egg product, and wherein the total thermal treamnent
received by the product is insufficient to cause more than a
5% soluble protein loss from the prodwct followed by the
step of aseptically packaging the liguid whole egg product
10 provide a packaged liguid whole egg product having an
extended refrigerated shelf life.

26. A method of ultrapasteurizing a liquid whole egg
product, comprising passing the liquid whole egg productas -

20 a continuous stream through 2 pasteurizing apparatus, dur-

ing which the liquid whole egg product is bheated w0 a
treamment received by the .liquid whole egg product is
described by an equivalent temperature and an equivalent

25 time defining a point above the 15% SPL (BATCH) line of

FIG. 3. but insufficient to cause coagulation of the liquid

- whole egg product, and wherein the total thermal treatment

insufficient to cause coagulation of the liquid whole egg 30

product: and

- (d) aseprically packaging the liquid whole egg product to
provide a packaged liquid whole egg product having an
exiended refrigerated shelf life.

received by the product is insufficient to cause more than a
5% soluble protein loss from the product followed by the
step of aseptically packaging the liquid whole egg product
fo provide a packaged liquid whole egg product having
extended refrigerated shelf life. .

2 @ % = 3
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' METHOD FOR THE
ULTRAPASTEURIZATION OF LIQUID
WHOLE EGG PRODUCTS

Matter enclomd in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application is a continuation of prior reissue appli-
cation Ser. No. 07/880,899, filed May 8, 1992, now aban-
doned the disclosure of which is incorporated by reference
herein in its entirety. [This] application Ser. No. 07/880,899
is a reissue application of U.S. application Ser. No. 07/628,
716 filed Dec. 17, 1990 and now US. Pat. No. 5,019,408
which is a continuation of pending prior U.S. application
Ser. No. 07/535,718, filed Jun. 11, 1990 now U.S. Pat. No.
4,994,291, which is a continuation of prior U.S. application
Ser. No. 07/311,594, filed Feb. 16, 1989, now U.S. Pat. No.
4,957,759, which is a continuation of prior U.S. application

Scr. No. 06/904,744, filed Sept. 8, 1986, now U.S. Pat. No.

4,808,425, issued Feb. 28, 1989.

DESCRIPTION OF THE INVENTION

The present invention relates to the pasteurization of
liquid whole egg products generally, and particularly relates
to ultrapasteurization methods which can be used to produce
liquid whole egg products which have good functional
properties and which have extended refrigerated shelf lives.

BACKGROUND OF THE INVENTION

The U.S. egg industry produced more than 300 million
pounds of frozen pasteurized egg products in 1985. The
relatively mild pasteurization processes used are designed to
climinate Salmonella from eggs for all practical purposes,
but do not destroy organisms capable of spoiling egg prod-
ucts held under refrigerated temperatures above freezing.
The survival of spoilage organisms in pasteurized egg,
coupled with conventional packaging technology, results in
pmducts with limited shelf life (7-14 days at 40° F.) that
tequue freezing and frozen distribution systems for preser-
vation. Freezing is cost intensive, lowers the functional
quality (ﬁavor, perfonmnce, etc.) of the egg product, and
results in an inconvenient product that requires thawing
prior to use.

Standard pasteurization practices for liquid whole egg
products are generally discussed in the Egg Pasteurization
Manual (USDA al Research Service 1969). See
also U.S. Pat. No. 3,949,099 to Kaufman, at column 1, lines
46-58 (summarizing pasteurization processes). The Egg
Pasteurization Manual notes that experiments conducted in
England to establish treatment conditions used there, which
were carried out in a high temperature, short time pasteur-
ization unit, included trials with holding times of two and
one-half mimutes and temperatures up to 151 degrees Fahr-
enheit (66.1 degrees Centigrade). The functional quality of
these eggs is not discussed; however, it is noted that England
adopted a lower temperature of 148 degrees Fahrenheit as a
treatment condition. The Manual observes that such

“severe” treatments help increase the stability of egg prod-
ucts in liquid form, but does not teach bow this can be
accomplished without sacrificing desirable functional prop-
‘erties of the products. For other types of egg products which
are more heat stable, pasteurization temperatures as high as
152 degrees Fahrenheit (66.67 degrees Centigrade) have
been reported. Again, little is known about how to ultrapas-
teurize (decrease the mumber of spoilage microorganisms to

10

15

40

50

55

so

2
levels lower than obtained with a pasteurization procedure)
these products by heating without sacrificing functional
performance.

Higher temperatures than those investigated in England
have been explored. See ¢.g., Essary, E. O., Rony, P. R., and
Collins, W. F., New uses of heated aseptxcally packaged ﬂmd
egg products. Report to the American Egg Board (1983). .
This work suggested that merging techniques of ultrapas-
teurization with aseptic packaging can be accomplished to
yield safe, stablc, and functional liquid whole egg. This
research suggested and used a beat exchanger operated in
laminar flow to process whole egg at elevated temperatures,
and used an ethylene oxide-flushed glove box to aseptically
package the product (neither device approved for the com-
mercial production of a salable product). Holding tempera-
tures of up to 154 degrees Fahrenheit (67.8 degrees
Centigrade) were reported. The results of this pioneering
work demonstrated the possibility of extending the refrig-
erated shelf life of liquid whole egg products, but did not
caable the commercial production of a rcﬁmgerated product
which could be sold to consumers.

" To carry out ultrapasteurization of hqmd whole egg

products on commercial equipment, the time and tempera-
ture parameters of the thermal treatment must be selected
with care. Arbitrary increases in thermal treatment will
likely produce a functionally unacceptable product,
or—even worse—coagulation of the product and blockage
of the pasteurizing equipment. Because such pasteurizing
equipment operates at high pressures (e.g., 1,500 p.s.i. and
more) the consequences of blockage are serious. For these
reasons, it is essential to know how liquid whole egg
products respond to various thermal treatments before
experimenting with the production of these products on
commercial equipment.

Because this essential information was not available,
Hamid-Samimi investigated the time and temperature
parameters which should be used in commercial equipment
to obtain 2 functionally acceptable, ultrapasteurized, liquid
whole egg product M. H. Hamid-Samimi, Criteria Devel-
opment for Extended Shelf-Life Pasteurized Liquid Whole
Egg. Ph.D. Thesis, North Carolina State University (1984).
This research was carried out at the laboratory bench, with
a Brookfield viscometer, which processed the product in
small batches rather than contimuously. Processing times and
temperatures defining thermal treatments producing a
soluble protein loss (SPL) of up to 5% from the product, as
an upper limit, were suggested as producing a functionally
acceptable product. The suggested 5% SPL limit was
defined by a graph line in the thesis: this line is reproduced
herein in FIG. 3 as the 5% SPL (Batch) line. Time and
temperature values tested by other investigators which were
believed to be the limits of pasteurization are summarized in
M. H. Hamid-Samimi and K. R. Swartzel, J. Food Process-
ing and Preservation 8: 219, 221 FIG. 1 (1984). All are
below the 5% SPL (Batch) line.

The present inventors sought to test the predictions of
Hamid-Samimi by ultrapasteurizing liquid whole egg on
continuous flow, high temperature, short time pasteurization
cquipment. It was unexpectedly found that functionally
acceptable liquid whole egg can be produced at times and
temperatures greater than prevmusly belicved. These
findings, which will be explained in detail below, enable the
commercial production of functionally acceptable products
with longer refrigerated shelf lives than heretofore available.
As will also be explained below, discovery of these unex-
pected results has led to the identification of several steps
which should be taken to produce ultrapasteurized liquid
whole egg products that have superior functional properties.
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The object of the present invention, in short, is to provide

liquid whole egg products for refrigerated distnibution which

have greatly reduced levels of spoilage microorganisms,
while still having good functional properties.

SUMMARY OF THE INVENTION

This object is achieved by a method of ultrapasteurizing
'liquid whole egg products. The method comprises passing
the liquid whole egg product as a continuous stream through
a pasteurizing apparatus, during which the liquid whole egg
product is heated to a predetermined real temperature. The
method is practiced so that the total thermal treatment
received by the liquid whole egg product is described by an
equivalent temperature and an equivalent time (these terms
are explained in detail below) defining a point abave the 5%
SPL (Batch) line of FIG. 3, but insufficient to cause coagu-
lation of the product.

Also disclosed berein is a method of making 2 package
liquid whole egg product characterized by a preselected
refrigerated shelf life of from about four weeks to about 36
weeks. This metbod comprises passing the liquid whole egg
product as a continuous stream through a pasteurizing
apparatus, during which the liquid whole egg product is
heated for a predetermined time and to a predetermined
temperature. The predetermined time and the predetermined
temperature are chosen to impart the presclected shelf life to
the liquid whole egg product. After it is heated, the liquid
whole egg product is aseptically packaged.

Preferably, the continucus strcam of liquid whole egg
product referred to in each of the methods above is at least
periodically subjected to turbulence while it is beated. The
liquid whole egg products are also, preferably, homogenized
after they bave been heated. In addition, the methods
described above are more narrowly described as methods in
which the liquid whole egg product is heated to a predeter-
mined holding temperature, then maintained at said prede-
termined holding temperature for & predetermined holding
time, and then cooled.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic disgram of a continucus fiow
pasteurizing apparatus suitable for carrying out the present
invention.

FIG. 2 is 2 diagram illustrating the differences and rela-
tions between real holding times and holding temperatures,
- and equivalent times and equivalent temperatures for
describing total thermal treatments, in continuous flow pas-
teurizing equipment.

FIG. 3 is a graph showing time and temperature regions
for the ultrapasteurization of liquid whole egg products.

FIG. 4 is a graph showing equivalent times and equivalent
temperatures that give particular refrigerated shelf lives for
liquid whole egg.

FIG. § is a combination graph in which FIGS. 3 and 4 are
superimposed, with the S. faccalis line removed

DETAILED DESCRIPTION OF THE
INVENTION :

Thermal treatments simultancously produce beneficial
and undesirable changes in food products. Knowledge of
kinetic methods, and how they can be applied to the mechan-
ics of designing a thermal process, 2ids in attaining food
quality retention and process efficiency. Determining the
time and temperature requirement for a thermal process
depends upon destruction of spoilage and discase causing

US RE37,225 E
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microbial spores while minimizing undesirable physical,
chemical and biological transformations that occur within

_ the product.

As schematically shown in FIG. 1, with arrowheads
indicating direction of flow, continuous flow thermal pro-
cessing equipment comprises heating, holding, and cooling
sections. The thermal treatment received by the product in
the heating and cooling stage, (illustrated in FIG. 2), is
ofteatimes not considered instead, only the bolding time (t,)
and holding temperature (T,) are considered. However,

" when products are pasteurized in such equipment at higher

temperatures and shorter times, as is taught herein, the

- contribution of the heating stage, and perhaps the cooling

stage, to the total thermal treatment of the product becomes
significant, and must be accounted for if a product with good

- functional qualities is to be obtained and coagulation during
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pasteurization is to be avoided. It is accordingly recom-
mended that the equivalent point method for evaluating
thermal treatments be applied in practicing the present
invention. As explained in detail below, this method
describes the total thermal treatment received by a product

in continuous flow equipment with obe equivalent time (1)

and one equivalent temperature (T,) (see FIG. 2).

Procedures for use of the equivalent point method for
analyzing the thermal effects on products during continuous
flow heating have been previously outlined (Swartzel, 1982,
J. Food Sci. 47:1886 and Swartzel, 1986, J. Agric. Food
Chem 34:397) and are known to those skilled in the art This
method differs substantially from previous methods in that
all other methods define the thermal treatment based upon a
single factor such as enzyme inactivation, microbial
destruction, protein depaturation, outrient loss, etc. The
problem with these other methods in that a physical and/or
chemical effect (favor, color, product separation and gela-
tion during storage if thermally related) may actually be the
shelf life limiting factor.

The unique feature of the equivalent point method lies in
the fact that, they for any thermal curve, one equivalent time
and equivalent temperature combination exists (see FIG. 2).
This equivalent time and temperature combination will yield
the exact thermal effect on all constituents within the product
as would the original thermal curve. This unique time and
temperature combination is not dependent on individual
constituent kinetics, as are all previous thermal evaluation
procedures (it is independent of constituent activation
energy).

To determine the equivalent point of a thermal system, a
complete thermal history of the treatment must be available.
This is obtained by measuring mixed mean product tem--
peratures at various locations (entrance to the heat
exchanger, exit of the beat exchanger and at least two
locations inside the heat exchanger). Time is calculated by
correlating means residence time with location of the tem-
perature probe. With heat exchangers into which it is diffi-
cult or impractical to insert thermal probes, time-
temperature curves are calculated based on knowledge of the

_ product’s physical characteristics and on the geometry of the

processing equipment.

With available time-temperature curves and a basic
knowledge of kinctic relationships, equivalent points can
routinely be calculated. The log of a product constituent
concentration ratio (initial concentration divided by concen-
tration after treatment) is set equivalent to the integration of
that constituent’s Arrhenius equation (or any other appro-

. priate function describing the temperature dependency of the

rate of the reaction associated with the constituent change)
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for the particular time-temperature interval (thermal history
previously defined) For a given activation energy each
section of a thermal treatment (heating, bolding, and
cooling) will produce a unique thermal constituent concen-
tration ratio For the difference sections the effect may be
summed For the original activation energy sclected, a linear
infinite log (time)-temperature relationship exists. Any and
all of thesc infinite time and temperature combinations
would produce the same thermal effect on a constituent (with
the same activation energy) as during the original thermal
treatment. By recxamining the original thermal curves with
different activation energies a series of infinite linear log
(time)-temperature relationships are developed (one line in
a log (time)-temperature plot per activation energy).
Uniquely all lines intersect at one point. This unique time-
temperature is the equivalent point for the original thermal
curve. It accounts for all thermal treatment and is used to
accurately predict constituent change, or product character-
istic.
FIG. 3 sets forth thermal treatments which should be used
to ultrapasteurize liquid whole egg products. Thermal treat-
ments defined by points above the 5% SPL (Batch) line have
not heretofore been suggested. For practicing the present
invention in continuous flow processing equipment, the
thermal treatment is described by a point on FIG. 3 defining
an cquivalent time and an equivalent temperature, as
explained above. The thermal treatment should be more than
sufficient to pasteurize the liquid whole egg product “Pas-
teurize” means to cause a nine log cycle (9D) or
99.9999999% reduction in Salmonella in the product being
treated. The thermal treatment should be insufficient to cause
the liquid whole egg product to coagulate. The thermal
treatment should more particularly cause not more than a
15% soluble protein loss (SPL) in the liquid whole egg
" product being treated, and will preferably cause not more
than 5% soluble protein loss in the product being treated.
The expected 5% SPL (continuous processing) live on FIG.
- 3 indicated approximately the upper limit on thermal treat-
ments which can be tolerated without sustaining more than
2 5% soluble protein loss (the exact location of this line for
any one process will depend on the physical factors dis-
cussed below). More preferably, the thermal treatment will
be designed to produce not more than about a 1% soluble
protein loss from the product. As shown in FIG. 3, equiva-
lent times and equivalent temperatures defining points along
the line previously believed to represent the line at which a
15% soluble protein loss would be obtained (the 15% SPL
(Batch) line), are now known to represent thermal treatments
which produce ultrapasteurized products having less than a
1% soluble protein loss under contimous flow.

The line defining thermal treatments causing a seven log
cycle reduction in the spoilage bacteria Streptococcus faeca-
lis is labeled in FIG. 3 as the S. faecalis (7D) line. The S.
faecalis line has  steeper slope than the several SPL lines.
This illustrates that thermal treatments employing higher

temperatures and shorter times are preferred for practicing’

the present invention. Thus, holding soluble protein loss
constant (so that trcatment time must be decreased as
treatment temperature is increased), thermal treatments in
which the product is subjected to treatment temperatures of
about 67.0 degrees Centigrade or more are preferred to
thermal treatments in which the product is subjected to
treatment temperatures of 65° C.; treatment temperatures of
about 69.0° C. or more are preferred to treatment tempera-
tures of 67° C.; treatment temperatures of about 71.0° C. or
more are preferred to treatment temperatures of 69° C,;
treatment temperatures of about 73.0° C. or more are pre-
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ferred 10 71° C.; and so on. The foregoing statement is true

"whether the real temperatures (or holding temperatures) of

the processes are being compared, or equivalent tempera-
tures are being compared (thus the term “treatment tempera-
ture” is used to encompass both). .

Treatment temperatures are primarily limited by the abil-
ity to accurately time the duration of the thermal treatment:
as temperature is increased the trcatment time must be
decreased, and shorter treatment times are more difficult to
administer with precision. Generally, equivalent tempera-
tures not more than about 90° C. are preferred, and equiva-
lent temperatures not more than about 80° C. are more
preferred. '

Desirable thermal treatments for practicing the present
invention can also be described with reference to the S.
faecalis lines. Preferably, the thermal treatment will define a
point above the S. faecalis (7D) line, and more preferably the
thermal treatment will define a point above the S. faccalis
(9D) line. While this latter line is not plotted in FIG. 3, it can
be plotted in accordance with the equations given below.

Equations for lines in the figures are as follows, where
t=time in seconds, T=temperature in degrees Centigrade,
and n=-mumber of decimal reductions. Salmonelia line: log
(t)=15.96-0.227(T). S. faecalis lincs: log(t)=24.62+log(n)-
0.346(T). % SPL lines: log(t)=10 g(% SPL)=9-b, where 2
and b are given in Table 1 below:

TABLE 1
. affor a (Expected)
Batch (for continuous
Trange ° C. lines) b flow lines)
60-62.5 7.494 0.091 8.761
62.5-67.5 4.103 0.037 5370
67.5-T2.5 14.68 0.194 15942
T2.5 and above 3.014 0.033 4281

These equations can be used to extend the teaching of the
figures beyond their depicted scope.

The liquid whole egg product is preferably heated by
contacting the product to a heated surface. The heated
surface is comprised of a corrosion-resistant, nontoxic and
nonabsorbent material such as stainless steel. Standards for
evaluating the acceptability of such product contact surfaces
(the 3-A Sanitary Standards) are known and established.
See, ¢.g. Egg Pastcurization Manual, supra, at 27.

To obtain a product with reduced amounts of spoilage
microorganisms, the pasteurizing apparatus should be ster-
ilized before the liquid whole egg product is passed there-
through. Sterilizing is preferably accomplished by passing
bot water under pressure through the pasteurizing apparatus,
as is known in the art, so that, among other things, hot water

" is contacted to the heating surface at a temperature and

55
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pressure and for a time sufficient to sterilize the heating
surface, i

In addition, the product, after ultrapasteurization, should
be aseptically packaged. Aseptically packaged means pack-
aged to the exclusion of microorganisms other than those
carried by the liquid whole egg product. Equipment suitable
for aseptically packaging liquid whole egg products is
commercially available. .

FIG. 4 illustrates the refrigerated shelf life of liquid whole
egg after it is ultrapasteurized and aseptically packaged, as
cxplained above. The term “refrigerated,” as used herein,
meass stored at a temperature of 4° C. Time and tempera-
tures for points on each line represent equivalent times and
temperatures, as also explained above. A liquid whole egg
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product having a preselected shelf life of from about 4-36
weeks is made by selecting a point on a line or in a region
which will provide the desired shélf life, determining the
equivalent time and equivalent temperature which corre-
spond to the point selected, and—preferably through the use
of the equivalent point method—establishing the operating
conditions on the particular pasteurizing apparatus being
used that will provide the selected thermal treatment. Prod-
ucts having shelf lives not depicted in FIG. 4 are made by
extrapolating the teachings of the figure, in light of the
teachings above. Preferably, this process is carried out in
pasteurizing apparatus which has been sterilized before the
liquid whole egg product is passed therethrough, as
explained abave, to produce products having shelf lives of
about eight weeks or more. In addition, it will be appreciated
that longer shelf lives are generally obtained at the expense
of greater levels of soluble protein loss. Thus, if product
distribution systems do not require otherwise, products with
self lives of up to about 32 weeks are preferred, and products
-with shelf lives up to about 24 wecks are more preferred.

FIG. 5 combines portions of FIGS. 3 and 4. It shows how
the thermal treatments selected to provide a desired shelf life
can at the same time be sclected to provide products with
good functional properties. More particularly, thermal treat-
.ments can be selected which produce liquid whole egg
products having the desired shelf life and a soluble protein
loss pot greater than 5%.

The foregoing graphs have been presented to aid the
understanding of the present investion. Some variation
about the plotted lines is to be cxpected when the present
, invention is practiced on different equipment, or with dif-
ferent products. These graphs are accordingly not to be taken
as limiting the present inveation, as departures could be

15
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ing a more rigorous homogenization step, but it is recom-
mended that such more expensive homogenizing equipment
be used as described below. :

It is preferable that a homogenization step after heating be
included. The term “homogenized,” as used herein, means to
subject the product to physical forces to reduce particle size.
Such procedures are known in the art, and may be carried out
on different types of equipment. It is preferable to carry out
this bomogenizing step with homogenizing equipment as
total pressures of about 1,000 p.s.i. or more. Pressures of
about 1,500 p.s.i. or more are more preferred, and pressures
of 2,000 p.s.. or more still more preferred.

Of these steps, it is particularly desirable to mix the liquid
whole egg product at least periodically while it is heated. As
noted above, in continuous flow equipment mixing is carried
out by at least periodically subjecting the stream of liquid
whole egg product to turbulence while it is heated.
Turbulence, which is the mixing of particles over the cross-
section of the product stream, is discussed in the Egg
Pasteurization Manual at pages 6-8. Such turbulence is

" " characterized by a Reynolds number greater than about
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made therefrom while still capturing and benefitting from -

the teachings of the invention. .

To obtain a superior ultrapasteurized liquid whole egg
product, the contact time of the liquid product to beated
surfaces during pasteurization should be reduced. More
particularly, every particle of liquid whole egg product
should be in contact with the heated sirface or surfaces of
the unit in which the product is heated for a total time less
than the residence time of the particle in the beating unit.

(The term “particle” as used herein has its standard meaning -

in the egg pasteurization field. See, ¢.g., 7 C.ER. § 59.570(b)
(1985)). This is accomplished by mixing the product at least
periodically while it is being heated. In a continuous flow
pasteurizing apparatus, such mixing is accomplished by
introducing turbulence into the stream of the product at least
periodically while it is being heated, as discussed below
Other steps which are preferably employed to reduce fluid
element contact time to heated surfaces include providing
portions of the thermal treatment in which fluid elements are
not in contact with heated surfaces, such as by providing a
portion of the thermal treatment in a holding section, and by
providing beated contact surface area to product volume
ratios of less than 18 cm®cm? (Thus the surface area to
volume ratio is preferably less than about 10, and is more
preferably in the arca of about 2).

It is also desirable to induce physical forces to make the
product more homogeneous prior to thermal treatment, such
as by inducing shear forces capable of reducing protein and
fat unit size. This is preferably accomplished by dispersing
the product prior to heating. Dispersing may be carried out
with a dispersing valve or with a timing pump, as is known
in the art. Such treatment advantageously reduces fouling,
and serves to reduce any tendency of the product to coagu-
late. Such a dispersing step may be carried out by conduct-
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2,300, and preferably greater than about 4,600. Commercial
high temperature, short time pasteurizing units are available
which at least periodically impart turbulence to the stream of
product being pasteurized while the product is being beated.
For the purposes of the preseat invention, greater levels of
turbulence are preferred. Thus the liquid whole egg product
is preferably subjected to turbulence for a major portion of
the time it is heated. Plate heat exchangers, trombone heat
exchangers, spiral heat exchangers, and scrape surface heat
exchangers arc illustrative of the types of known heat
exchangers which can be used to subject liquid whole egg
products to turbulence while they are heated. The physical
forces induced in scrape surface heat exchangers are gen-
crally thought of as “mixing,” but these exchangers induce
turbulence at least in regions of the product stream, and are
therefore considered to induce turbulence for purposes of the
present invention.

Examples of whole egg products which can be pasteur-
ized in liquid form by the method of the present inveation
include whole egg, fortified whole egg (whole egg with
added yolk), salt whole egg (¢.g., salt 10%), sugar whole egg

" (e.g., sugar 10%), blends of whole egg with syrup solids,

syrups, dextrose and dextrins and/or gums and thickening
agents, blends of whole eggs with less than 1% sugar and/or
salt, scrambled egg mixes (for example, a mix of about 51%
egg solids, 30% skim milk solids, 15% vegetable oil and
1.5% salt), reduced cholesterol egg products and blends
thereof, custard blends, and the like. Products which are
extremely sensitive to thermal processing and which are
particularly suitable for ultrapasteurization by the present
invention include, for example, liquid whole egg and blends
thereof (less than 2% added nonegg ingredients), fortified
whole egg and blends thereof (24-38% egg solids, 2-12%
added ponegg ingredicnts), liquid salt whole egg, liquid
sugar whole egg, and other liquid whole egg blends which
are 24-38% egg solids and 12% or less of added nonegg
ingredicnts. Terms used herein have their standard meaning
in accordance with industry and regulatory usage. See, ¢.g.,
7 CER. § 59.570(b) (1985).

The invention having been explained in general terms
above, the following examples are provided to further illus-
trate the invention.

EXAMPLES 1-10

Raw Egg Product. Raw liquid whole egg was obtained
from a local breaking plant (Gold Kist, Durham, N.C.). The
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egg was taken from their raw holding tank which was
agitated to thoroughly biend approximately 30,000 pounds
of egg. The egg was manually filled into 13.6 kg (30 Ib)
metal cans and were kept refrigerated before being trans.
ported 132 km (20 mi) to our laboratory in an insulated s
truck. The egg was held overnight at 4° C. (40° F) or
allowed to stand at room temperature for up to 12 hours to
achieve higher bacterial numbers. .

Thermal Processes. The time-temperature processes used
in this study were designed to be equal to or more severe
than minimum conditions defined by the 9D line for the
destruction of Saimonella in whole egg (USDA, 1969) and
within predetermined limits of denaturation of egg protein
defined as percent soluble protein loss (%SPL) by Hamid-
Samimi et al, J. Food Sci. 49:132 (1984). The objectives of 15
this design were to provide Salmonella negative whole egg
with a low number of surviving spoilage organisms while
retaining adequate functional properties.

The thermal processing system used is outlined in FIG. 1.
It consisted of a plate-type heat exchanger for preheat,
various modifications of the No-Bac Unitherm model XLV
{Cherry Burrell Corporation, Cedar Rapids, lowa) to achieve
different holding times, an aseptic homogenizer operated at
1034 mPa (1,500 ps.i.), and an aseptic package system
(Model AB-3-250, Tetra Pak Inc., Dallas, Tex.). The flow
rate was 2.89x10™*m?/sec (275 GPH) with heating, holding,
and cooling pipe diameters of 12.45 mm [D (5/8" nominal)
stainless steel.

Before each process the entire system was sterilized at
121° C. for 30 minutes using hot water in the product section
and steam in the heating media section and then cooled. The,
product and heating media temperatures were recorded for
evaluation of the thermal effect of the heating section and to
determine the total thermal effects. (Swartzel, J. Agri. Food
Chem. 34:396 (1986). The temperatures were measured
using Type T thermocouples with an electronic data logger
(Model 9302, Monitor Labs., Inc., San Diego, Calif). Each
thermocouple probe was scanned every 30 scconds (one
minute for process #1) and the readout sent to a computer for
amalyses The specific locations of the thermocouples in the
system were as described by Swartzel and Jones. Paper No.
84-6006 of the American Society of Agricultural Engineers
(1984). . _

Approximately one hour prior to initiation of each
process, 408.2 kg (900 1b) of raw egg were transferred from
the metal caos to a 568 1(150 gal) vessel (Creamery Package
Mfg. Co., Chicago, I11.) and then mixed at room temperature
with the stirring propeller at ca. 30 r.p.m. This volume of egg
required approximately 20 minutes to process, therefore the
last liter of egg was processed not later than 80 minutes after
being removed from the cooler. Nine processes designated 1,
2,3,4,5,6,7,8, and 9 were run. Process 6 was repeated and
designated 6.1. They were conducted two days apart on egg
picked up on the same day. Egg for processes 6.1 to 9 were
held 2t room temperature for not more than 12 hours to
achieve a higher initial microbial load. All egg incubated at
room temperature was chilled 10 4° C. (40° F.) prior to
processing.

After holding the egg at the scheduled process time and
temperature and prior to packaging, the temperature was
reduced to less than 1020 C. (50° F.) in less than 26 seconds.
Occasionally, due to technical difficulties it was not possible
to cool the processed egg to below 10° C. In those instances
the processed egg was moved into a freezer at ~20° C. for
20 minutes after packaging. The packaging material was a
low oxygen permeable laminate of polyethylene, paper, and

10
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_ aluminum foil formed into 250 ml containers. (Tetra Pak
" aseptic filler model AB-3). Each package was dated and

coded so that egg processed in the first seven minutes, the
second seven minutes, and the remaining time were oum-
bered 1, 2, and 3, respectively. The processed and packaged
egg was held ovemight at 4° C. (40° F.) prior to obtaining
samples and being distributed for four and 10° C. storage. -
Sampling Samples of raw egg for physical, chemical, and
functional testing was aseptically removed from the mixing
vat approximately 30 minutes prior to processing. The
samples were then held overnight at 4° C. for evaluation
with the pasteurized egg. Pasteurized samples were obtained
on the day after processing or at selected times during
storage at four and 10° C. Analyses were made on the
combined contents of three or four individual packages
representing the first, second, and third portions of each
process run. When four packages were required, two pack-
ages from the middle portion of each process were used. Any
sediment on the bottom of the cartons was scraped out and
mixed into the egg by magnetic stirring.
- Chemical Assays. The pH of the product was determined
with a Fisher Accumet pH meter, model 600, equipped with
a calomel refereace and glass indicating electrodes. Solids
were determined in triplicate by weighing two ml samples
into disposable aluminum pans and drying in a forced draft

‘oven for 24 bours. The AOAC (1985) microKjeldahl pro-

cedure was used to determine protein content of the samples.
The extent of denaturation was estimated by determining the
loss of soluble protein as described by Hammid-Samimi et
al,, supra, and the alpha-amylase activity of the egg was
determined as described by Shrimpton and Mousey, 1. Hyg.
60:153 (1962).

Sponge Cakes. True sponge cakes were made by using
half of the amounts of ingredients listed following the
procedures given by Gorman and Ball (1986) (Chapter 15 in
Egg Science and Technology, 3rd Ed., W. J. Stadelman and
O. 1. Cotterill, Eds., AVI Publishing Co., Inc. Westport,
Conn.) with the omission of vanilla. Two separate batches of
batter were mixed for each treatment and 340 g of batter was
weighed into rectangular pans (21.5x11.5x65 cm, id.).
Cakes were baked at 191° C. for 25 minutes, inverted on 2
wire rack and allowed to stand at room temperature over-
night. Heights were determined from the mean of four
measurcments along the center line of the long axis of the
cake. Cakes were then kept in plastic bags for further
rheological evaluations.

Textural properties of the cakes were evaluated using an
Instron Universal Testing Machine (Model 1122, Instron
Engineering Corporation, Canton, Mass.) A plate was con-
nected to a 2000-g load cell and positioned at the surface of
the 5-cm cube of cake. The cross head and chart speeds were
200 mm/min and 100 mm/min, respectively. Three samples
from each cake were subjected to deformation-relaxation
cycles. The cubed cake samiples were kept in a plastic bag
before and after each test. The water activity of the cake
samples were determined by placing three Durotherm (Lufft,
West Germany) water activity meters in the plastic bag.
Each meter was calibrated daily with a solution of barium
chioride (aW 0.90 at 20° C.).

Custards. Duplicate custards of the flan type were made.
Ingredients were 190-ml evaporated milk, 196-g sweetened
condensed milk, 125-g whole cgg, 50-g water, and one
teaspoon vanilla. All ingredicnts were biended in a Waring
blender at low speed for one minute and 360-g were weighed
into a rectangular pan (14.3x8.0x5.6 cm, id)) which had
been sprayed with “PAM” (Boyle-Midway, Inc., New York,
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N.Y)). Pans were placed in a tray containing 2.5-cm water

and baked at 191° C. for 40 minutes. After overnight storage .

at 10° C., height of the custard in the pan was determined
from the mean of three mecasurements made and with
calipers along the center kine of the long axis of the custard.
Custards were removed from the pan after the sides were
loosened with a spatula and allowed to stand at room
temperature for 45 minutes. Height was again determined
and percent sag was calculated according to Gardaer et al.

Poultry Sci. 61:75 (1982). Custards were stored in plastic .

bags at 10° C. for rheological evaluation.

The flat plate described above for evaluation of cake
texture was replaced with 2 10.5 mm diameter rod with a
semispherical tip and force-deformation curves to failure
were obtained for each custard. Cross head speed was 100
mm/min and all other parameters were the same as used in
evaluation of the cakes. Five values were averaged to obtain
the penetration force (F1) for each custard.

Organoleptic Evaluation. Flavor of processed and stored
egg was evaluated by one judge using the USDA palatability

_ score (Laboratory Methods for Egg Products, USDA, Agri-
cultural Marketing Service Poultry Division, Grading
Branch, Washington, D.C. 20250 (1984)).

Thermal Process. The ss times and temperaturcs

used in this study are presented in Tabie 2.

TABLE 2
Actual, Equivalent Times and Temperatures,

Clkxh:edﬂuﬁng“lmof’[‘ramemu.d
. " c

Aaml. Equivalent Heating

Proc. Time Temp. Time  Temp. Value®  Theoretical
No. (Sec) (*C) {Sec) (C) (Gx10') %SPL®
1 26.2 63.7 30.4 63.1 6.1 0.52
2 92.0 63.8 97.5 633 2038 1.74
3 1922 65.3 192.4 65.1 728 597
4 92 67.8 15.7 665 84 on
5 56.9 682 63.0 675 4.6 3.7
6 123.0 68.3 125.5 679 9.4 8.10
61 1230 68.9 129.0 68.4 117.6 9.50
7 27 NS 9.5 68.5 89 0.75
8 301 n2 36.5 ns 89 6.46
9 56.7 T2.0 625 ns 1468 1n.mn

" %See Swartzel, J. Food Sci. 47:1886 (1982), and Hamid-Samimi et al,

m (1984) for descriptions of heating valve and % SPL.
%vﬂ(nuuze‘ i "buedonu‘ ion energy for SPL.
“Based on lsboratory batch data.

The 10 processes, numbers 1-9, were performed in the same
chronological order as they arc numbered. After gaining
process experience and as the result of evaluations during
the study, it was determined that longer holding times and
temperatures than expected could be used. The actual tem-
peratures reported in Table 3 are the averages of temperature
readings, every 30 seconds, of the temperature probes at the
beginning and end of the holding tube.

Equivalent times and temperatures as well as holding
times and temperatures are set forth in Table 2. It can be seen
that equivalent times are generally longer than the corre-
sponding holding times, and equivalent temperatures are
generally lower than the corresponding ho!ding tempera-
tures. At longer times, the differences between correspond-
ing holding temperatures and equivalent temperatures are
smaller.

The calculated heating value, G, shown in Table 2, gives
a means for making a comparison of the relatively severity
of the different processes. Processes 9, 6.1, 6 and 8 had the

35
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highest G values, respectively. The percent SPL based on the
heating value (G) are also shown in Table 2. ’

Chemical Properties of Processed Egg. The results of
alpha-amylase activity assays (Table 3) confirms that the
enzyme is inactivated by mild heat processes. Table 3 shows
that the thermal processes used did not affect protein content
or the soluble protein content.

TABLE 3

Thermal Effects on Alphs-Amylase Activity,
Protein Content and % Soluble Protein

% Solubie
Protein®

Process Alphs-Amyisse® MicroKjeldah!® (From Ab-

No. Raw UHT Plant Raw UHT Plant sorbance)
1 . 0.045 0048 0099 1310 1160 131 86.2
2 0.033 0.588 -— 1259 1196 — 1023
3 0.055 1.050 - 167 1132 — 101.3
4 0.029 0031 0137 183 11.79 1151 101.1
5 0.046 1000 — 1019 10,13 - 100.3
6 0.053 1120 —_— 1227 1234 — 1009
6.1 0.040 1130 — 1270 1254 103.3
7 0052 0764 — 1237 1253 - 104.5
8 0.063 1000 — 1119 1142 — 100.4
9 0.060 1170 —_, 174 1177 -~ 100.7

*Alphs-Amylase data is reported as the absorbance at 585 am. Activity is
inversely related in absorbance. )
*MicroKjeldahl data is reported 28 perceat protein.

*Absorbance at 280 nm of heated egg/control (raw) egg in solution as
described by Hamid-Samimi et al., supra (1984).

The chemical data indicate that the processes did not
result in extensive damage to the egg proteins. The predicted
percent soluble protein losses (Table 3) were based on
studies conducted with small amounts of egg (1 ml) being
heated in the cup of a brookfield viscometer (Hamid-Samimi
et al., supra, 1984). The egg was heated while various shear
rates were applied to simulate egg under dynamic conditions
that exist in conventional heat exchangers. Thus, this work
revealed that the model system resulted in prediction equa-
tions that underestimated the thermal treatments that liquid
whole egg products could tolerate while still obtaining
products with good functional properties. Analysis of the

"causes of these unexpectedly good results led to the guide-

lines discussed above which should be followed to obtain
functionally superior ultrapasteurized products.

Function of Processed Eggs. The functional properties of
the processed eggs agreed with the physical and chemical
results. Based on the data presented in Tables 4 and 5 for
nonstored egg, there appeared to be very little heat effect on
the performance of the ultrapasteurized egg relative to raw
or commercially pasteurized egg. Cake height as an indica-
tion of the leavening ability and force to deform,
springiness, and relaxation parameter (Peleg and Normand,
Rheologica Acta 22:108 (1983)) as indicators of textural
properties were very similar for all egg examined.

TABLE 4
Functional Properties of Cakes for Control (Raw),
Ultrapasteurized (UP) at Zero Day Stomge, and
C. ially P ized Foca (Plapt
Treat-

Variable ment Meaz  Minimum Maximom 1 CV.
Maxirum  Raw 10.02 1. 13.70 10 173
Force* up 1049 9.18 1291 10 105
(1)) Plant 9.73 9.56 9.91 2 25
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TABLE 4-continued

14
procedure where most of the samples were checked at
four-week intervals, there were no borderline decisions, a
sample was obviously acceptable or unmacceptable. Bright

Panctional ies of Cakes for Control (Raw),
Ultrapasteurized (UP) at Zero Day Storage, and 5 yellow‘ colors, oﬁ-u'omas, and pH values below seven we
t i typical of samples judged to be spoiled. .
Treat-
Vasisble ment Mean  Miniomm Maxinum 2 CV. TABLE 6
Relama- Raw 0394 0379 0417 10 324 Means : s and
tion® wp 0410 0395 042 10 334 10 )f"' Proteias, Solids and pH h;ff‘:f
Pare- Plant 0402 0402 0403 2 017 (Raw), Commercially Pastzurized (Planz)
meter Ultrapasteurized (UP) Egg
Spring- Raw 0.83 0.81 086 10 194
iness® UP 0.43 081 087 10 247 Treat-
Plant 082 .81 0.82 2 1xn Variabie ment Mean Miniomm Maximum 1 CV.
Cake Raw 65.1 633 66.7 0 166 45
ps ol A g VB % Raw 1192 3019 1310 10 68
Water Raw 0873 - 0.832 0.891 10 253 Protein Plant 1230 11.51 13.10 2 s
Activity  UP 0475 0835 0892 10 237 UPO 1174 10.13 1254 10 60
Plant 05892 0892 082 1 — % Raw 246 239 252 0 16
s - - P g0 Solids Paat 248 24.4 252 2 25
orce required to def ple o y 26 mm. 0 245 240 250 10 13
» : 0 5
oy relaxation valus as defined by Peleg s0d Nommand, sup 4 204 240 245 10 13
‘knio of the second peak force to the fimt peak force in the force defor- UP8 244 240 . 247 9 09
mation cycle. ) : . 12 243 238 247 7 13
25 18 249 24.4 255 2 31
24 248 24.7 249 2 03
TABLE 5 pH Raw 75 72 76 10 17
Functional iet of Costards for Controls Pam 71 71 72 2 05
(Raw), Zero Day Storage Ulimpasteurized (UF) 0 75 73 16 0 14
—and Commercially Pasteusized Fges (Plant) - 74 72 16 10 14
- UPS T4 73 15 9 12
Varisble ment Mesa  Minimum Maximum 2z CV. 12 .73 72 74 7 12
74 74 T4
Peetn-  Raw 082 07 09 . 10 820 ;i i o i ; g
tion up 0.7 059 08 10 8356 - - .
Force Plant 0.7 0.77 0.81 1 36 g5
)] *Numbers indicats storage at 4° C. in wesks for processed eggs.
Cusuard Raw 35.7 351 367 10 166 _ -
Height UP - 356 353 363 12 5.26
(mm) Plamt 6 M0 353 011
%Seg  Raw 72 s6s 954 10 16 TABLE 7
up 71 541 856 10 13 ) -
40 Functional Propesties of Cakes Made from Eggs
Plant 4.6 2.66 651 2 89 Siored at 4° €.
The water activity of the cakes were similar indicating that . m Mexa  Misi Miximam 3 GV
the experimental handling procedures for the cakes were -
uniform and should not have affected the instrumental . Maximum 4 9.78 790 14.95 10 213
evaluation of textural properties. The custard data indicated ™ Force! 8 1037 ;m i:ég g zg.s
that all egg sources evaluated had good ability to form gels. ™ Lz u» mg; 128 7182
The gels had excellent integrity as indicated by the relatively - ¢ 1083 .57 1149 7 129
low percent sag, yet the custards were relatively tender a8 Repaza- . 237 03759 04167 _ 10 37
indicated by the penctration forces. Although weep was pot _ tiea 8 3876 03636 0.4132 9 39
measured, very little syneresis was noted even after holding 50 Para- 12 3846 03N7 0.4032 7 30
the custards overight for textural evaluation. The limited meter ;2 gﬁ 33783 33’% g ﬁ
organoleptic evaluation of the processed eggs indicated thgt . Spring- oE29 0-3'799"" 0853 0 17
the thermal processes did oot affect flavor or aroma in = jpoy¢ 8 om4 081 087 o 20
scrambled eggs relative to scrambled egg made from a &mh 12 0.834 0.820 0.843 7 08
shell egg. The USDA palatability scores were seven to eight 55 18 0.831 g% g.:isz g 2.;
(eight bemg the highest score). . 2: 6‘11-315 Py o b
Refrigerated Storage Effect. As long as the processed egg (H‘“""m) e & p ot 9 206
was not obviously spoiled, as indicated by organoleptic 12 @ pe 7 27
evaluations, storage 4° C. maintained the chemical, 18 63 g g g §°n
functional, and organoleptic properties of the processed egg 60 2+ & : .
up 10 24 weeks for some of the samples. The data presented s . % Popond gﬁ L4
in Tables 6, 7, and 8 were taken from stored egg that was 7 12 0879  DB44 0.896 7 20
judged organoleptically sound. The criteria for that judg- 18 0.872 gﬁ gig ; =
2 0.879 .

ment were: (1) that the color was normal, i.e., within the
expected range of color observed for eggs immediately
post-processing, and (2) that there were po objectiopal
aromas or flavors. In this study, because of the sampling

sbesee Table 4 for definition of terms.
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TABLE 8
Fu | Properties of Custards Made from
- t 4°C
s
. Storage ' '
Varisble  (Weeks) Mear  Miniomm Maximum z CV
Pene- 4 0.68 0.47 0.77 10 127
tration - s 0.7 0.64 0.76 9 91
Force 12 0.75 0.57 0.83 7 203 10
o) 18 0.94 0.8s 1.02 2 126
2 082 . 0.7 088 2 105
Custard 4 38 34 36 10 24
Height 8 35 TS 36 9 16
(mm) 12 s a8 36 7 12
18 36 36 36 2 04 g5
24 38 38 35 2 10
% Seg 4 11 30 11.6 10 381
8 59 35 75 9 205
12 65 46 80 7 195
18 72 64 81 2 159
24 66 49 82 2 360

Visual observations of the interiors of opened packages
revealed very little sedimentation during storage. A very thin
- layer of a fine, light ycllow, granular-like material was
observed on the bottom of cartons after four weeks of
refrigerated storage. .

Shelf Life. The times of spoilage of egg from each trial are
presented in Table 9. .

TABLE 9

Shelf Life
(Weeks)

48
&-12
 »12
812
»>18
18-24
1 »24
12-18
20-24
18-20

i
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These data were used to generate the time and tempera-
ture guidelines set forth in FIG. S. .

The inveation has been discussed with a degree of speci-
ficity above. This discussion has been provided for illustra-
tive p only, with the scope of the invention being
defined by the following claims.

That what which is claimed is: .

1 A method of ultrapasteurizing a liquid whole egg
product, comprising passing the liquid whole egg product as
a continuous stream through a pasteurizing apparatus, dur-
ing which the liquid whole egg product is

(a) beated to a predetermined holding temperature by

contacting said liquid whole egg product to a heated
surface, then

(b) maintained at said predetermined holding temperature

for a predetermined bolding time, and then

() cooled, wherein the total thermal treatment received

by the liquid whole egg product is defined by an
equivalent temperature and an equivalent time defining
1 point above the 5% SPL (Batch) line of FIG. 3, but
insufficient to cause coagulation of the liquid whole egg
product, and then iouid

(d) aseptically packaged to provide a packaged liquid 65

Wholz egg product characterized by 2 refrigerated shelf
life of about four weeks to about 36 weeks.

55
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. 2. A method according to claim 1, wherein said pasteur-
izing apparatus is sterilized before said liquid whole egg
product is passed therethrough, and wherein said packaged
liquid whole egg product is characterized by a presclected
shelf life of about eight weeks to about 36 weeks.

3. A method according to claim 1, wherein said liquid
whole cgg product is subjected to turbulence for a major
portion of the time said liquid whole egg product is beated.

4. A method of ultrapasteurizing a liquid whole egg
product, comprising passing the iquid whole egg product as
a continuous stream through a pasteurizing apparatus, dur-
ing which the liquid whole egg product is heated to a
predetermined real temperature by contacting said liquid
whole egg product to' a heated surface while at least peri-
odically subjecting said continuous stream of liquid whole
egg product to turbulence, wherein the total thermal treat-
ment received by the liquid whole egg product is described
by an equivalent time and an equivalent temperature defin-
ing a point above the 5% SPL (Batch) line of FIG. 3, but
insufficient to cause said liquid whole egg product to
coagulate, followed by aseptically packaging the liquid
whole egg product to provide a [package] packaged liquid
whole egg product characterized by a refrigerated shelf life
of about four weeks to about 36 weeks.

5. A method according to claim 4, wherein said liquid
whole egg product is subjected to turbulence for a major
portion of the time said liquid whole egg product is heated.

6. A method according to claim 4, wherein said liquid
whole egg product is dispersed before said liquid whole egg
product is heated. . . B

7. The method according to claim 4, wherein said pas-
teurizing apparatus is sterilized before said liquid whole egg -
product is passed therethrough, and wherein said packaged

* liquid whole egg product is characterized by a preselected -

shelf life of about eight weeks to about 36 weeks.
- 8. A method of ultrapasteurizing a liquid whole egg

" product, comprising passing the liquid whole egg product as

a continuous stream through a pasteurizing apparatus, dur-

ing which the liquid whole egg product is

" (a) heated to a predetermined holding temperature by
[contracting] contacting said liquid whole egg product
10 a beated surface while at least periodically subjecting
said continuous stream of liquid whole egg product to
turbulence, then ’

~ (b) maintained at said predetermined holding temperature .
for a predetermined holding time, and then ‘

(c) cooled, wherein the total thermal treatment received
by the liquid whole egg product is defined by an
equivalent time and an equivalent temperature above
the 5% SPL (balch) line of FIG. 3, but insufficient to
cause said liquid whole egg product to coagulate, and
then (d) aseptically packaged to provide a packaged
liquid whole egg product characterized by a refriger-
ated shelf life of about four weeks to about 36 weeks.

9. A mecthod according to claim 8, wherein said liquid
whole egg product is subjected to turbulence for a major
portion of the time said liquid whole egg product is heated.

10. A method according to claim 8, wherein said liquid
whole egg product is dispersed before said liquid whole egg
product is heated.

11. A method according to claim 8, wherein said pasteur-
izing apparatus is sterilized before said liquid whole egg
product is passed therethrough, and wherein said packaged
liquid whole egg product is characterized by a preselected
shelf life of about eight weeks to about 36 weeks.

12. A method of making a packaged liquid whole egg
product characterized by a preselected refrigerated shelf life
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