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FOREWORD

T fi1l & need for a cooked egg produ - In the breakfast menus of Quick
Serve Meals, which comprise cne of ocur pro;vsed Military combat feeding
systems, a scrambled, cooked, freeze dried u¢p; product was developed. A
U. S. patent for this product (3,009,818) was granted to Louis Jokay and
Richard I. Meyer and has been assigned to tlie United States of America us
represented by the Secratary of the Army.

When newly developed products are taken from the laboratory or pilet
plan. stage to plant production, unforessenprcblems are often encountered.
Such was the case with the new egg product covered in this report when plar:
size production lots were cuntracted for.

This study wae therefore designed to obtain comprehensive information
on raw material requirements, refinements in processing methods, packaging,
chemical snd bacterfological specifications, keeping quality and a processing
equipment design for efficient large scale producztion of scrambled, cocksd
fafeze dried egg prnduct.

The work ccvered in this report was performed by Swift and Cempany,
Chicago, Illinois, under Contract No. DA19-129-AMC~121(N) and was entitled:
Requirements for Instant Prepared, Ready-to-Eat, freeze-Dried Scrambled Bgg.
Mr. P, E. Mone and L. D. Mink were the Official Investigators. Thelr
Collaborators were Messrsa.D. L. Devies, J. K. McAnelly and J. M, Weybright.

Project Officer for the U, S, Army Matick Laboratories was Dr, Charles
C. Walts of the Animal Products Branch, Food Division. Altarnate Project
Officers were Lt. Clayton S. Huber salso of the Animal Products Branch, Food
Division and Mr. Louis Jokay of the formar Armed Forces Food and Container
Institute,
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ABSTRACT

Ic the design of "Quick Serve Meals" as a military operational ratiom,
thera was a nraed for a quickly prepared egg product in the bregkfast menus.
A prototype scrambied, cooked, free-e-dried whole egg product was developed
which possessed the appearance, aroma. flavor and texture similar to pan-
fried scrambled egg, after rehydrating in ho. water for 1 to 3 minutes.

More complece information covering raw material and processing procedures
was nzeded in order to produce a satisfactory product on a plant scale. The
work covered in this report was carried out to i{nvestigate the raw material,
processing methods and equipment necessary for the efficient production of
fraeze dried scrambled aggs.

Summer and winter produced USDA table grades A and B shell eggs were
obtained from 6 different geographical areas of the United States to provide
for a random selection of eggs from major egg producing areas. In addition,
table grade frozen egg prepared from table grade shell eggs was included in
the study. The eggs were produced from predominately White Leghoen flocks.
All eggs after receipt were held at 4G°F until processed except that the
frozen table grade egg was held at -10°F. The eggs were weighed, check
graded, broken, homogenized, pasteurized, stabilized (desugared), precooked,
frozen, freeze-dried and vecuum and nitrogen treated before sealing in both
cans and pouches. The packaged freeze dried eggs were stored at 38°-40°F
and 100°F for six montha. They were svaluated organoleptically for quality
by a trained panel initially and at the =nd of the storage period.

Bacteriological and chemical data was obtained on the rsw and processed eggs.

Geographical source of the eggs had no effect on the quality of the end
product. There were no significant differences in the organoleptic criteria
of the finished product produced from grade A or grade B table grade shell
eggs. Finished product produced from grace B frozen egg was significantly
poorer in organoleptic properties than from grades A and B eggs. Freeze-
dried scrambled egg packed in cans kept better in storage than when packed
in pouches. Oxygen level in headspace gas did not appear to affect flavor
stability. Overcooking in the scrambling process and rehydration procedure
had s deleterious effect on quality. Increasing the levels of enzyme
preparation snd hydrogen peroxide and raising the incubation temperature to
105°-112°F reduced the dasugaring time to 2 hours.

Detailed recommendstions are provided for raw material, plant equipment
and processing procedure.

vi

E S, -

N



SWRARY

This stwdy vas carried out to iavestigate the raw material,
processing metheds and equipment necessary fer the efliciemc
production of freeze-dried scrambled egge.

Grade A and Greode B shell eggs arnd Table Type frozen eggs
wvere processed to prepare freese-dried scrambled eggs which wore
stored under varied cenditiens to determine the effects of egg
source, egg gtade, time~temperature inieractioen, package and
oxyzen level im headspace eof package.

The quality of freeze-dried scramblad aggs is affected by
«gg grade, storsge time and temperatura and type ef package.

The aroms, flaver and texture ¢f freeze—dried scrambled
eggs prepared from frezen eggs were significantly poerer than
those of the finished product prepared with Grade A snd Crade B
shell eggs, but tiere wers no differences in the orgemeleptic
criteria of finished product prepared from e¢ither Grade A or
Crade B shell eggs.

The aroma ard flavor of freeze-dried scrambled eggs are
affected by time and temperature, the quality decreased vith aa
inczease in these variables.

Preeze -dried scrambled eggs packed in cams pessessed better
appearssce and texture than those of eggs packaged in peuches.

The geographical seurce of raw materisl and exyzea level
in headspace of package had mo effect on the quality of freese-
dried scrambled eggs.

Other factors inflwencing the quality of freese-dried
scrambleé agas are everceeking or preolenged heating time and
method of rehydration.

A study of the glucese recwval precess i1evealed that
desugaring time can be decxressed te 2 hours by increasing the
ievels of enzyme preparation and hydreges perexide and raising
the incubstion temperature te 105 - 112%.

A cemplate description of the rav meterial, equipment and
precessing methods is previded Im this repert.
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PURPOSE OF TH¥ STUDY

The grenerasl objective of this study was to investigate the
recuicemcn. . .ot 14w waterliais ana process.ng tecni: yues
neiesvriLy 1ur the production of freeze-dried scrambled eggs,
which atter storage at 100°F. ‘".r a period of 6 months, will
rehydrate with hot water to 'feld cooked scrambled eggs that
will wore nearlv he organo’eptically representative of those
pre..atvu trom (resh shell eggs or lable Type frozen eggs.

This study was dusigned to provide a comprehensive
description of raw material, processing, packaging, chemical

and bacteriological spacifications and hsndling for efficient
large scals production of freeze-dried scrambled eggs.

PROCEDURE

|.88_Svurce
Grade A and Grade B shell eggs were obtained froe 6
geographical locations in cthe United States to provide tor a

random selection of sygs from major egg producing aress. These
locations are as followa:

1 Salina, Kansas

2. Sauk Center, Minnesots
3 Harrisonburg, Virginia
' Douglas, Georgia
v, Caduaovnie

" neatctwnnd ) seoag
'



, corn o sources supplied one cote vt Grade | suell

nl v aves ot wrade B shell egps during the 1963 suswer
v.ann (hone, Julv and ‘ugust) and an identical shipment was
suppiied 7zt the bepinning and the end of the 1964 winter seaszon
(February, March, and April). Ths Vhite Laghorn was tha pre-
dominant breed of laying hens in these 6 areas.

Iry the second phase 0of this study 12 cases of Grade R shell
eggs and B cases of Grade A shell eggs were obtained from Sauk
“entsr, Minnesota, the closest of the major sources of shell eggs.

The cases of shell eggs ware stored in s cooler having a
Lemperature of 40°F. until they were processed.

EZgg Grading and Breaking

The 54 cases of shell eggs were regraded accordimg to
"Regulations Gevernimng The Grading And Inspection Of Shell Rggs
and Ugited State Standards, Crades And Weight Classes Fer Shell
Eggs", July 1, 1960. The unacceptable eggs were discarded.

Tha 20 caser of shell eggs used in the second phase ef thie
study wore no* regraded,

The total net weight of the¢ shell eggs im each case vas
obtained and then the shell eggs were brekem using stamdard
bresking equipment. The shelled eggs were organoleptically
‘hecked, and any additional unacceptable eggs were also discarded.
ln part of this stwdy am ultravioiet light vas empleyed to examine
individual eggs at breaking te detect wumacceptabls eggs. lNome of
ths shell eggs wsed were low ewough in qualily to be graded as
wascceptable by vitravielet light techmique.

The weights of the acceptable liquid whele eggs and the
shelis were recorded. The rav liquid eggs were thereughly wixed
to obtain representative samples fer chemical amd becteriologjical
snalyses. After sampling the rav liquid eggs were filtsred
through a stainless steel fummel having 1/16 imeh cpenings te
remove the nen-filterable materisl. At this stage in precessing
the filtered and rev liquid eggs, which representued the secend
cass of Grade B shell er3s in the 3 shipments reeceived from the
6 eources, ware placed i1 a 30 pound egg can and fresem te provide
Table Type frosen eggs. The cans of frezen eggs were stered at
-10°7. watil they were | ecessed.
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rozen Egg Handling

The frozen hlocks of eggs were drilled to obtain representa-
Ttive sauples for chemical and bacterlological analyses. Following
this step in hLandling the cans were held overnight at 2 temperature
of 38°F. o avoid possidle contamination by uasing a grinder, the
frezen eggs were thawed in g water basth (80 - 100°F.) and stirred.
When thawing was completed the cans of raw liquid eggs (48 ~ 50°F.)
were briefly held a’ approximately #0°F, until pasteurized.

Egg Fasteurization

To pasteurize, the raw liquid eggs were fed into a single
system consisting of a hoiding tank, an homogenizer, a tlow diversion
valve and a holding tube, Processing was accomplished under normsl
procedures des:zribed in "Regulations Governing The Grading Of Egg
Products”, August 28, 1962,

Represencvative samples cf the pasteurlzed eggs were taken
for chemical and bacteriological analyses.

Glucose Depletion

At the completion of pasteurization the temperature of the
whole eggs was 86°F., This was the incubation temperature maintained
to enzymatically remove glucose by ewploying a commerisially avallable
enzyme preparation containing glucose oxidase and catalase and U. S.
Pharmacopoeia grade hydrogen peroxide (30%) at levels of 300 ml. and
600 ml., respeetively, for 1,000 pounds of pasteurized eggs.

At the start of the desugaring prosess one-third of the
total amount of hydrogen peroxide was added to eggs followed by the
addition of the entire amount of enzyme preparation. The remainder
of the hrdrogen peroxide was added in equal aliquots at intervals
of 15 miutes until the removal of glucose was completed,

The determination of glucose present in liquld whole eggs
was accomplished by the use of the Somogy< Method. Thia methcd 18
adequate for routine analyses of egg samples, but very time consuming
for the efficient preparation of freeze dried scrambleu eggs. A
more rapld method to detect the presence of glucore wae needed in
order to begin the cooking process immedlately after glucose removal.
The use of Clinistix and Peroystyx reagent strips in conjunction with
the Somogy Metiiod revealed tkat the reagent strips could be employed
as a rapla method (about 20 seconds) for a qualttative glucose
determination, .

A study to eva.wte the following factors influencing the
rate of glucose removal was carried out.

l, Interaction of enzyme arnd hycrogen peroxide levels.

2. Level of pH.



3. Higher incubation temperatures.

4, Ievels of enzyme and hydrogen peroxide.
5. Additional catalase.

6. Crystalline enzymes

Nine cases of Grade B shell ezgs wer¢ shelled, hashed
and pasteurized, The pH of the pasteurized oggs was adjusted to
T.2 and 7.7. Samples welghing 500 grars were placed in quart Jars
and immediately placed in a freezer.

For each experiment the required numbsr of Jjars were removed
fzom the freezer and the contents thaved ir running tap water. The
Jars werce then placed in a consts.t temperature water bath, and wlth
continuous agltation the eggs were allowued to recach the tamperature
deglred for the desugaring process, Al varlous times during the
desugaring process, simples of eggs weighing 5 grams wére placed into
bottles contalning barium hydroxide to stop the enzymatic sction,
These samples were refrigerated until analyzed for glucose content
by the Scmogyi Method.

Preparatinn Of Cooked Scrambled Eggs

The following formula was uped for the scrambled egg
mlxture,

Rarcant.in Slaliehs:

PFresh or frozen pasteurized,

deglucosed eggs 72.00
Water at a tempera‘ure of 130 - 140°F. 24,61
Salt dissolved in the water 0.39

100.00

The types of salt and water were those as specified in
LP/P DES C-273-63, 1 February, 1963.

In the second phase of this study the salt was deleoted
ari the remainder of the formulation *'as made up with water. Also,
the amount of water in the formula was varied to deatermine che effaects
upon aroma, flavor and texture of freeze dried ycrambled eggs pra-
prre: from the modified egg mixtures.

Tne egg mixtures were slowly heated with constant mechanical
agitation in a waler bath or a hot water jacketed kettle until the .
Lemperature reached a range of 160 - 162°F,, the rise in temperature
not exceeding l10°F, per minute, At this tempercture a custard-like '
coagulum formed indicating, the completion of the cooking process.
The cooked egg mixture was quickly poured into stainleas steel drying
trays ro a helght of 1/2 inch and plsced in a plate freezer having
a *emperature of -30°F. . v




Because of thes important role played by the temperature
and time 1n the cocking process, these factors were studied to
establish the zime rate required and the eriticzal temperature range.

Freecze Drying Of Eggs

The frozen cooked egg mixtures were dried in a laboratory
scale freere dryer having a capacity of approximately 12 square
fset, The trays of frozen eggs were weighed and placed into the
dryinz chamber. During the arying cyocle the maximum rlaten tempera-
ture was 110°F. and pressures of less than 100 microns were maintained.
The time required fr~r the drying cycle was 18 - 20 hours., At the
termination of the drying process the molature content of the eggs
was less than 28, The finighed product was packegzed 1in both cans
and pouchas, which were randomly relected for chemical and bacterlolog-
ical analyres. The packaged freeze dried sorambled eggs were held
at 4O°F, until each shipment of shell egge was processed,

In an attempt to improve the quallty of freeze dried
scrambled egge, trays of iiguid cooked scrambled eggs were also dried,

Storage Testsy

The s*orage tests were designed to evaluate the effect
of the followlnz factors on the quality of freeze dried scramblea
€gEB:

1. Egz source

2, Egg grade

3. Tirne and temporature

L4, package

5. Headspace oxygen
Phase I The fr:eze dried s:rambled eggs, representing the 54 cases
oT eggs received during the 1963 summer and 1964 wintzr seasons,
wers packeged irn heavy plate 300 x 307 cans under 28 inches of
vacuum held for 30 seconds before sealing. The headspace oxygen
level in each ocan was less than 2%,

Half of the canned samples of fiveze-dried scrambled eggr,
which represented Grade A and Grade B shell eggs ard Table Type
frozen egga from each cf the 6 sources, wae stored at 40°F. and the
vrher half at 100°F,

Each samvle wag evaiuated for aroma, flavor and texture
b a trained panel of Judges at the O, 3, and 6 mon:h storage t’me,

6
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Phase II - In this phase of the pr¢J. : freeze drled corambled eggs
were prepared “~om government inspect d Grade A and Grade B shell
egge purchasea :ro~ a source located in Sauk Center, Minnesots.

The fre :»2 dried scrambled eggms were packaged in heavy
plate 300 x 407 cans and 6 x 6-1/2 inch pouches (0.5 mil mylar, 35
gauge foil and 3 mil pclyolefin). Some of each type of package
contained a headspace oxygen lavel of less than 2% and others a
level of approximately 5%. The two types of packaged freeze dried
scrgmbled eggs were stored at 40°F,, TO°F., and 100°F. for a period
of 6 months,

The same panel of Judges, involved in the storage tests

of the first part of this study, again evaluated each sample for
aroma, flavor and texture at the 0, 3, and 6 month storage periods.

Evaluation Of Freeze Dried Scrambled Eggs

A panel of 8 Jjudges was trained to evaluats the aroma,
flavor and texture of freeze dried scrambled eggs using &8 1-1°
qualitative scale., A sample of cooked scrambled egus prepared f{rom
fresh frozen eggs, all from the same lot, was served as an open
reference before ach panel session, Aréer scoring the reference
sample the Judges wecre presented with unknown samples of rreezc dried
scrambled eggs. The Judges were instructed to evaluate aroma and
flavor for mildness; scoring higher on the scale for more mildness and
lower on the scale for strong or "foreign" (fishy, cheese~like) aroma
and flavor. Similarly, texture (mouth-feel) approaching that of the
reference was scored high on the. scale, -

The evaluation of each sample of f{reeze dried scrawbled
eggs was replicated in a second panel session., All of the panel
data was subjected to a statistical analysis.

Anslyses Of Egg Samples And Nethods

Liquid ard frozen whole eggs
1. 8011d. ‘.o.‘.c.

2. pH A.0.A.C.
3. Acldity of ether extract A.0.A.C.
4, Free ammonia A.0.A.C,
5. PFree amino acids (1)

6. Total plate count - Standard Plate Total Bacterial
Count,

7. Coliform - Standard Plate Coliform Presumptive Count.
/
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8. Salmonella ~ Determination Of Salmonella In Foods -
Modified Canadian Method,

9., Mold & Yeast - Standard Plate Mold and Yeast Count,
10, hirsct Count - Dirsct Microscopic Baoteria Count.

(1) Method I - Analyses By Deproteination With Picric
. . XoeI&Xnd In Exchange Chromotography.

Method II - ‘nalyses By Ninhydrin - 002 - Titration
Methcd On Whole Eggs.

Freeze Dried Sorambled Egge

l., Moisture A.0.,A.C,
2. Salt A.0.A.C.
2, G@Glusose A.0.A.C.

4., Oxygen in headspace - Beckman oxyszen lieadspace analyses.
5. Total plate count ~ Same as for liquid and frozen eggs.
b Coliform = Same as for liqu.d and frozen eggs.

7. Salmonella - Same as for liquid and frozen eggs.

8, Mold and Yeast - Same as for liquid and frozen eggs.

In the second part of this atudy analyses for free ammonla,
free amino acids, salmonella and direct count were eliminated,

All of the bacteriologlcal analyses were performed with
methods used by Swift & Company Researsh and Development Center,

RESULTS

Rgg Source And Quality

Grading results of the 3 shipments of shell eggs recelved
from each of the 6 major egg producing areas in the United States
are summarized in Table I. The data indiocates that 53 of the 54
cagses of shell eggs used for the preparation of freeze dried scrambled
eggs were in compliance with grade requirements., The one case of
shell egg which did not fulfill grade requirements was the first
shipment of Grade A shell eggs recelved from Fresno, California. Upon
regrading, this case of snell eggs oontained 53.6% Grade A eggs and
40,8% Grade B eggs.
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Due to long distance transportation the number of checks
and leakers was higher than normally expected. The oresence of
inedibles in the graded egge was probabliy due to human handling
during grading at the source,

The mean holding time at 40°F, for the 54 cases of shell
eggs prior to regrading was 4.4 days, the range being O to 12 days.

Analysis Of Eggs

Data accumulated from the chemiocal and bacteriological
analyses of liquid whole eggs and freeze dried scrambled eggs are
summarized in Tabies II through XII. The results of the analyses
provicde a comprehensive plcture of the raw material and its end
product; and alsoc reveal the effectiveness of the processing
techniqres employed to maintain the quality of the egg products
involved 1n this study.

A study of the data disclosed that there was no correla-
tlon between the analytlical results obtalned from the raw material
and quality of freeze dried scrambled eggs. Variations in the
analytical data were similar regardless of the pource or grade of eggs.

One of the interesting aspects of the chemical datz was
the varlatlion in the acidity of ether extract of shell eggs received
during the month of February. The data shown in Table III point
out that the ether extract acidity of these eggs was significantly
Tower than those of eggs received during July, August, and April.

It was also found that the acidity of ether extract of shell eggs
received during April was significantly increased when held in
storage at 40°F, for a period of one week. As the storage time
increased so did the ether extract acidity inorease. The aversge
ether extract acidity of eggs stored at 40°F. fox one week was 1.02%
compared to that of 2,128 for eggs held 10 - 1l weeks. However,
this range in acidity of ether extract had no apparent bearing on
the quality of freesge dried scrambled eggs as determined by panel
evaluation,

An examination of the hacterioclogiocal data shown in Tables
VIII and X will reveal that the total plate count of 23 of the 51
samples exceeded the value specified for the grade of egg. Of the
23 samples, 17 represented Grade B shell eggs. Eight of the egg
s'mples had excessive coliform counts; of these, 7 represented Grade
B shell eggs. These results indicate that at a storage traperature
of 40°PF,, the Grade B shell eggs deteriorated more rapidiy than did
that of Grade A shell eggs.

‘As was the case with the chemical data, there was an absence
of correlation between bacteriological data and quality of free:ze
ried eggs.
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Processing Equipment For Liquid Whole Eggs

The processing equipment necessary for pasteurizing,
desugaring and cooking whole eggs is ashown in Figure 6., The arrange-
ment of the equipment 1s a suggested plan for commercial production,

All of the equipment coming in contact with the egg must
be conatruocted cf stainless steel., The size of the equipment 1o
dependeut on the daily volume of ezgs to be processed, The capacity
of each desugaring and cooking vat should be such that it would hold
the total amount of 1liquid wnole eggs pasteurized in one hour by the
heat exchanger unit plus the volume of water required for the cook-
ing process.

The vats are of the Jacketed type imsulated to prevent
heat loss and are equipped with a single or double blade agitator
whish 1s activated by an electric motor mounted at the top of the
unit, Heat required for both the desugaring and cooking proceseea
18 supplied by circulatiag hot water stored in the larger water tank.
The most ‘mportant feature of the vat is to have adequate surface area
in contact with the eggs to provide enough heat transfer to cook the
rasteurized and degugared eggs in less than one hour, Prolonged heat-
ing will affect the quality of freeze dried scrambled eggs produced
from the cooked eggs, Based on data obtained from.this study a
contact surface area of approximately 16 square inches per pound
of eggs was required to cook the eggs in one-half hour,

Both of the water tanks shown in Figure 6 should be covered
and completely insulated to minimize the variation 1n temperature
between the water and the eggs heated by the water. The temperature
of the water in the smaller tank should not exceed 148°F. An auto-
matioc cut-off valve shuts off the flow of steam when this water
temperature is reached, The hot water in this tank supplles the
heat necessary to pasteurize the eggs as they pass thrcugh the heat
exchanger. In the larger tank the water temperature should remain
below 1TO°F, and shouid also be sontrolled by an automatic stesm cut-
off vaive. Tho hot water in this tank serves as the source of heat
needed in the desugaring and cooking processes,

The temperature of each phase of the processing line should
be constantly ochecked, This can be done with the use of two recorders
lucated as shown in Figure @. The recordsr at the right is connected
tc the raw liquid egg storage tank, both ends of the holding tube
and to the smaller water tank, while the recorder at the left checks
whe temperature cf the eggs in each of the four desugaring and cook-
ing vats and the temperaturz of the water in the larger tank.

Pronessing Of IJ.quid Whole Eggs

Raw liquid whole eggs ar= passed through a high-speed
~Z23 hasher and collazted in the storage tank shown at the bottom in
Filzure 6, The terperature of the hashed eggs should remain below
50°F. The raw eggs &re pumped from th2 storage tank to the heat
exchanger unit where the eggs are heated to a temperature of 1U0 -
142°F, Ly using circulating hot water stored in the smaller tank,

1n
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The heated eggs then flow into the insulated holding pipe system

where the temperature ol the eggs remains at 140 - 142°F, for 3 to

4 minutes to complete the pasteurlization process. If the tempera-
ture drops below 140°F, where the eggs reach the end of the holding
plpe system, the diversisn valve automatically opens and the eggs

flow back into the sinrage tank., However, 1 the egg temperature

does not drop below 1l40°F,, they pass through the middle section c’
the heat exchanger to preheat the cold raw liquld eggs that have been
pumped into this section., Following this step, the pasteurized eggs
flow into the first desugaring and cooking vat. After one hour the
flow of pasteurlized eggs 18 diverted to the second vat and the desugar-
ing pr>cess can be started in the first vat. At the end of the sccond
hou: the ficw ol pastaurized eggs 1s routed to the third vat, de-
suxkaring can be started in the seeond vat and the cooking process 1is

t -gun in the first vat, At time intervals of one bour these prc¢-
.2dures can be repeated in thelr proper order until all of the eggs

in the four vans have been desugared and cooked. Therefore, by :
using the system of va%s shown in Flgure b, 1t is possible to contin-
uously pastearize eggs and carry out the separate desugaring and
cooklng processes 1n each vat.,

The procesged eggs are drawn from the vats through valves
located near the bottom of the vat and poured into dryling trays to
a helght not exceeding one~half inch. The trays are frozen in a
conveyor type treezer system and stored at -10°F, until dehydrated,

Desugaring Process

The rate and degree of glucose removal from liquid whole
eggs are inflnuenced by many factors, one of which is the method of
adding hydrogen peroxide during the desugaring proucess, The data
shown in Tables V and VII reveal.s that the glucose content of freeze
dried scrambled eggs prepared in Phase Il was significantly lower
then that of similar eggs prepared in Fhase I. In Phase II theq hydro-
gen peroxide was added to the eggs at a point below the surfgce;
whereas, in Phase I it was dripped onto the surface of the eggs.

The results of the study to determine which conditions
and interactions play a significant role in the desugering procesas
are as follows:

A, Initial Experimentation

The conditions studied were pH (6.8 and 7.2), incubation
temperature (85°F, and 110‘!3, methods of enzyme addition
(lump, slow and fast log decreasing), methods of hydrogen
peroxide addition (standard 1ncremen£e and log decreasing)
and Ovazyme level (0.33 ml. and 0,66 ml, per 500 grams of
eggs). The 0,33 mi. und 0.66 ml, levels of Ova~yme were
accompanied by either 20 ml. or 40 ml, of 3% hydrogen
peroxide, respectively, per 500 grams of eggs. The 0,33
mi. level of Ovazyme 18 equivalent to the recommend:d
level of 300 ml. per 1,000 pounds of liquid whole ezgs,

11
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B.

and the 20 ml, level of 3% hydrogen peroxide is equiva-
lent to the recommended level of 0.4%., The response was
measured as the percent of glucose remaining in solution
at 0, 30, 60, 120, and 180 minutes for each treatment
oombinntion.

A preliminary screening of 23 variablec and interactions
led to a prediction model with 14 variables and interactions.
Trhe prediction model showed that the level of enzyme, the
time of sampling and the following interactlions were signi-
ficant variables: (5ime)(enzyme level); (temperature)
(enzyme level) and (time)(method of enzyme addition). The
optimum conditions of those studied were the high enzyme
level, the high temperature, the lump additlon of enzyme
and a long time, The statistical analysls indlcated that
the predicted time to desugar ligquid whole eggs to the

0,008% glucose level {0.03% on a dry basis) with the above
optimum conditions would be 2 hours and 35 minutes. This
time, of corvrae, includes the varlation.

A typlcal curve nf *wo conditions of enzyme and hydrogen
peroxide levelt aay <2 feen in Figure 1, The results plotted
in Curve 2 indicat. “hat by using .66 ml. of Ovazyme and
40 ml. of 3% hydrogen peroxide at a temperature of 110°F,
and pH of 7.2 the level of glucose was reduced to 0.008% in
2 hnu>»s. Ae 1% 13 lmown that during the early stages of
enzymatic reactlon the rea:tion proceeds logarithmically,
the data are plotted on semi-logarithmic paper. Also 1t
was necessary to plot the data on this type of paper to
inficate the uagnitude of changes desired at the very low
levels (below 0,01%) of glucose.

Interaction Of Enzyio And Hydrogon Peroxide Ievels

The objective of the samcond series of experiments was to
investigate the pcssihlie interastion of the levels of
hydrogen peroxide on the levels of Ovazyme. A 23 fractorial
design was used with two replications. The hydrogen per-
oxide levels were 20 ml, and 40 ml, of a 3% solution per
500 grams of eggs and the Ovazyme levels were 0.33 ml,
and 0,66 mi, per 500 grams of eggs. The two methods of
adding hydrogen peroxide were equal increments and log
decreaaing. The response was measurad as percent glucose
remaining at 0, 15, 30, 45, 60, S0, 120, 150, and 180
ninutes, respestively. An anaiyail of variance was
carried out for each time period.

12
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The analysis showed that the higher Ovazyme level gave
very significant increases in activity for all times
except for 30 minutes. The higher level of hydroger
peroxide ga~2 significant increases in activity during
the 45 to 12C minute period. The log decreas methcd
of addition showed increased activity over the 45 to

90 minute readings. Norie of the interactions, except
the hydrogen peroxide by method of audition, showed
significance., This interaction showed significance
over the 45 tc 180 minute range, Thus, this series

of experimente demonstrated that the level of Ovazyme,
the level of hydrogen peroxide and the method of hydrogen
peroxide addition were important for the most rapid
desugaring.

rfect of pif 7.7

The initial s2-ies of experiments indlcated that there
was no differece in the rate of desugaring at either

pH 6.8 or 7.2, However, it is lknown Zrom the literature
that as the alkalinity of egga increases, the rate of
desugaring decreases. Thus, a series of experiments were
carried out with eggs whose pH had been adlusted to 7.7.
The results of these experiments can-be seen in Figure 2.

These results pointed out that even with the higher levels
of Ovazyme and hydrogen peroxide the desugaring rate 1is
much slower and at the end of 3 hours did not reach thne
desired glucose level of 0,008, It is evident from these
data that the pH of the eggs did become an important factor
at a point somewhere between 7.2 and 7.7. This indicated
that some of the difficulty that had been encountered during
the interaction study might have been due to a shift in the
pH of the eggs. The pH of the egg solutions was checked,
and the pH of these supposedly at T.2 was found to be
approximately 7.5-7.6. A readjustment of the pH of these
eggs immediately prior to beginning the experiments caused
the glucose level $o rsash the desired range. The resuiis
of these experiments may dbe seen in Figure 3, Curve 1 is
typical of those obtained with eggs whose pH was approximately
7.5. lowering the pH of these eggs to T.2 yielded Curve 2,
It might be noted that at 150 minutes the level of glucoss
on Curve 2 appears to have inoreased from the value at

120 minutes, However, the variation in the glucose
analysis is E 0.003%; and this change, due to experimental
error, is not significant.

13
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E.

Effect of 140°F. On Dejyugaring Process

In an attempt to oombine the dosugaring and cooking
processes employed in the production of freeze

-dehydrated scrambled eggs a short series of

experiments was performed to determine the effect of
a temperature of 140°F, on the rate and degree of
glucose removal from liquid whole eggs.

The results of this work are shown in Figure 4, These
curves indicate that this high temperature had a very
pronounced deleterious effect on the desugaring

preccess and would require very high uneconomical levels
of Ovazyme to drive the interaction, i1f at all poasible,
to completion., Therefore, a temperature of 140°F.
becomes impractical in the desugaring process.

Bffect Of 120°F. And Higher Ievels Of Ovazyme And
Hydrogen Peroxide

Yhe previous results with 140°F, led to a series of
experiments to investigate the effect of a temperature
greater than 110°F. and higher Ovazyme and hydrogen
peroxide levels on the desugaring rate., A 2x2x2 factor-
13l design was used with two replications. The treat-
ments were; temperature (110°F, and 120°F.), Ovazyme
level (0.66 and 1.00 ml, ger 500 g, of eggs) and
hydrogen peroxide level (40 and 60 ml. per 500 g. of
egge). The pH was 7.2. .The responses were measured

at 0, 30, 60, 90, 120, and 150 minutes of incubatlon,

An analysis of the data showed that significant
differences in treatments existed only at 30 and 60
minutes. The higher temperature had a negative
effect on the desugaring rate, the higher Ovazyme a
positive effect and interaction wa. present between
the Ovazyme levsl and the temperature. These results
sated that increasing the temperature to 120°P,
and atilizing higher levels of Ovazyme would not
havl a positive effect on the desugaring rate,
However, 1t appears that higher levels of Ovazyme
and hydrogen peroxide would increase the rate of
glucose removal,

14
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G,

The Effect Of Additional Catalase

These experiments were performed to determine 1f the
addition of more cataless and thus the produvction of
more oxygen would have an effect on the Ovazyme -
hydrogen peroxide system. Other ractors considered

were levels of Ovazyme and hydrogen peroxide, The
catalase used was beef 1li1./er catalase which has a
different effect on the production of oxygen than

does fungal catalase. Beef liver catalase
instantaneously decomposes all of the hydrogen

peroxide while the fungal catalase decomposes hydrogen
neroxide at a much slower rate. The constants in

these experiments were: pH (7.2); temperature (110°F.);
the lump addition of Ovazyme._and the log addition of
hydrogen peroxide, The variables were: level of
.Ovazyme (9,33 and 0,66 ml, per 500 g. of eggs); hydrogen
peroxide,(zo and 40 ml, per 500 g. of eggs); and beef
liver catalase levels {activity added was equal to 0%
and 100% of the fuangal_catalase activity that was in the
added Ovazyme),

The analysis of the da a showed that after 30 minutes
increasing the level oi Ovazyme was the only factor that
had any significant effect on lowering the level of glucose
in the eggs. These results indicated that the level of
glucose oxidase in the Ovazyme had the major effect on the
rate of glucose removal. It might be noted that t° ', iro-
gen peroxide level was close to significance,

Studies Utilizing Crystalline Glucose Oxidase And
.Catalase In Lieu Of Ovazyme

The data obtained from the previous experiments led to the
acquisition of crystalline glucose oxidase and fungal
.catalase for the ~urpose of studying the effect of various
levels of these &1 ymes and hydrogen peroxide cn the rate
of glucose removal from eggs. For this series of experi-
ments the constant conditions were: temperature (110°F.);
pH (7.2); lump addition eof glucose oxidase and catalase;
end.a two hour logarithmic addition of hydrogen peroxide,
The responss was measured as percent of glucose remaining
after 0, 30, 60, 90, 120, and 150 minutes. Two replications
¢2 each of the variables. These were: glucose oxidase

0.5, 1.0° ard 1,5 units of activity per gram of egg);

al catalase (0,33, 0,66, and 1.0 unit per gram >f egg);

and hydrogen peroxide (2¢ 40, and 60 ml, of a 3% solution
per 500 grams of osgal. fne activity of the onzymes was
-used in order to relate the ljsvels to the lev>" of activity
of each enzyme in Ovagyme,

The results of this series of experiments can be geen in
Pigure 5., The statistical analysis of the data revealed
that the glucose oxidase and hydrogen peroxide levels had

1S
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a significant effect in lowering glucose levals, Ths
levels of catalase did not significantly affect glucose
level over the ranges studled, Some interactions were
significant at the 60 minute time, but interpretation was
difficult because the repllcation effect was also signi-
Tficant at this point. At euach time period the highest
level ¢ both the glucose oxidasv and hydrogen peroxide
Yielded the best desugaring rates. Thus, it can be seen
from the curves in I gure 5 that 1.0 to 1.5 units of glu-
cose oxidase and 20 (o 40 ml. »f hydrocgen peroxide produced
the beat rates. The effect of the level of catalase, as
mentioned, was not significant.

Based on the findings of this study the following conditiona
are recommended for the wmost rapld desugaring of liquid whole eggs fcr
the production of fi~zeze dried scrambled eggs.

1, Tacubatior. temperature: 110°F, with the
range of 105 to 1l12°F.

2, level of Ovazyme: 600 ml., per 1000 pounds
of liquid whole eggs to be added at the
beginning of the process,

3. level of hydrogen peroxide: 0.8% of
ueéght of eggs. U, S. Pharmacopoeia grade
(30%).

4, MNethod of hydrogen peroxide addition:
either the log decreasing or the continuous
wethod should be used, This would call for
60% of the total amount to bes added at the
start of the process and the remalnder to
be added by using either the log decreasing
or the continuous wmethod.

5. Desugaring tiae: 2 hours.

Coo Process - Time ture

At the start of the cooking process, tle temperature of
the eggs ranged from 115°F, to 130°P. and thal ot the water bath

was 150°F, to 168°F, The temperature of the eggs reached 155°F.
within 13 minutes. At this point the eggs thicken and ctuse the
surface to become wavy. At 156°F, a golden colored ring formed around
the edge of the surface fosm, Between 157°F, and 159°F. the foam
began to rise and racede toward the stirrer. The oritical temperature
range in the cooking process was 160°F, to 162°F. In this tempersture
range a custard-like coagulum formed and the cooking process was
ccmpleted.

The temperature of the water bath did not exceed 168°F,

Cooking time for the 5 samples of eggs varied from 19 to 24 minates
with the average time deing 22 miﬁgtes.
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Details of the eggs and temperatures of both tne eggs and ¢
water bath are shown in Figure 7. | -

Scrambled Egg Fcrmula

A study was carvied out to determine the effects of re-
ducing the amount of water added to desugared egzgs prior to cooking
on the aroma, flavor and texture of freeze dried scrambled eggs.
The treatmen%s and the drying ylelds are shown below:

Treatments Eggs Water Yield
1 100% v, 4 6.4
2 95 5 25.2
3 90 10 23.4
4 85 15 22.5
5 80 20 21,9
6+ 75 25 20.1

#Current Farmula

’ The oriteria for the evaluation of four of the freeze-dried
acrambled egg Ssamples were appearance, aroma, flavor and texture.
Three replicate panels were held and ehe average mean scores are
given below:

oL TS : Ultor‘
Appearance® + .13 3.68 3.93 3.88 3.63
Aroma 4 .34 7.24 7,10  T.31  T7.09
Flavor 4+ .33 6.4 6,72 6,86 6.71
Texturs + .62 5.33 5.64 5.94 5.81

*On a 1 = not acceptable, 5 = acceptable scale, All
-others on « 1 = repulsive, 10 = excellent scale.

Statistical analysis of the scores revealsd there are no
significant formulation effects on aroma, flavor or texture. There
did appear to be a significant (90%) effect on appearance, The
90:10 and 80:20 samples looked more._acceptable than the 100:0 and
the 75:25 samples, Lt

The drying oycle for treatment 3 'ss 2 hours shorter than r
that of treatment 6, or 19-1/2 hours and 21 1/2 hours respectively.
The estimated drying cycle for the other tr :atments were: #1 - 18 hours, /
#2 - 18-3/4 hours, -~ 20 hours and 7 minu.es and #5 - 20-3/4 hours. t
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The shortening of tiue drying cycle and the increase in
yield would significantly affect the production cost of freeze dried
scrambled eggs.

Dehydration Of Unfrozen Coecked Scrambled Rgge

The attempt to dehydrate unfrozen cooked sorambled eggs to
dotermine the effect of freezing on the quality of freeze dried
scramhled eggs was unsuccessful, As the vacuum reading in the drying
chamber reached a level of 4000 miocrons the eggs puffed and over-
flowed the sides of the drying trays. The dried pcrtlions of the
trays were tco fluffy and fragile to make this prqcess feasible,

Rehydration Of Freeze Dried Sorambied Eggs !

The procedure usad for the rehydration of stored samples
of freez2 dried scrambled eggs cvonsisted of placing 2 ounces of dried
product in a glass bowl and pauring 6 ounces of water (180 - 212°F,)
over the eggs. A fork was used to insure complete contact of eggs
and water to complete rehydretion in 2 minutes,

With thir method of adding water, and as described in LP/P.
DES C-202-03, % Maica 1963, the frenze dried sorambled eggs are
subJected tc a wide va.rlation in temperature during rehydration,
Immediately, after water addition, the temperature of the product is
about 160°F, This rapid heat loas subjected part of the dried eggs
to a high .emperature x-d part to & lower temperature, thu: resulting
in a lack of uniformity in texture. Dried eggs rehydrated at a high
temperatirw Lenosd ©O be rMdbbery and those rehydrated at lower
temperaturag were mushy.

A study investigating the temperaturs - texture correlation
indicated that the texture of rehydrated freege dried scrambled eggs
can be significantly improved by adding the dried eggs to ho% water
in a warmed buwl. In this way the water heat loss is greatly reduced
and the variation in te: . orature to which the eggs are subjected is
minimized,

Storage Tests

The mean scores for the quality oriteria of freuze dried
sorambled eggs studied in the atorage tests are shown in Tables
XIII, XIV, and XV and plot+24 in Pigures 8, 9, 10, and 11,

Statistieal analyecs of the data obtsined from the storage
tests revealed the following:

- 1. The geographical source of raw material had no significant
effects on the gquality of 1.eeza _ried sqfumblad eggs.

P b I A BRI -

v e



2. The quality of freeze dried scrambled eggs prepared from
frozen eggs was significantly poorer than those prepared
from Grade A and Grade B shell eggs. Thare were no
significant differences in cuality of freeze drisd scrambled
eggs prepared from (rade A and Grade B shell eggs.

3, Aroma and flavor of fresze dried norambled eggs appear to
be affected by time and temperature, the quality (defined
es "mildness”") decreasad with an inorease in these
variables.

A sacondary factor influencing the aroma and flavor of
freeze dried sorambled egg3 was the type of eggs used to
prepare the driec. product. 8cores for freezs dried
scrambled egss processed from frozen eggs fell consistentliy
lowsr than those for the aroma and flavor of dried proauct
prepared from Grade A and Grade B shell eggs.

In the storage test, which involved summer eggs the rise in
scores (Figures 8 and 9) after 6 months storsge cver those
after 3 months storage (100°F.) is not readily understood.
Since the stored product could.not have improved with an
increase in storage time, it might be assumed that the 3
month scores reflected the panel initial reaction tc the
product change, and the 6 month scores reflected panel
acolimation to the change, This reastion was not observed
in the suglequent evaluations of stored products (Figurecs
10 and 11). .

4, The type of package greatly affected the appearance and
texture of freeze dried sorambled eggs. The canned product
pessessed a better egg appesrance amd texture than the
pouched produst, but both were rated low because they
lacked the oontinuity and surd of a typical fresh scrambled
(T7 8

5. The different levels of headspace oxygen in both types
of packaging had no effects on the guality of freese dried
sorambled eggs in any of the stwudies except one, which was
protably due to package effeect.

CONCLUSIONS .

% 1s evident from the data collected from this study that
the organoleptic charasteristios of freesd dried seramb ed egys, ir
proceszssd under the conditions mentioned in this report, were not
comparadble to those of esoambled eggs prepared from fresn frosen sgss.
Throughout the many panel sessions held for the ovaluadion oY stored
freeze Aried scrambled eggs the mean score for the referenesa iisili¢
was 8.0 for aroma, flavor and texture, Althqugh the atored freeme
éried eggs samples had mean soores whish were lower than thoze o/ the
reference for quallity oriteria, many of them ocould dbe class . 20 ap
acceptable, -
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The mean scores for the aroma, flavor and, particularly,
vexture could have been higher by uering the revised method for rehy-
dration. Unfortunately, due to late time of the rehydration study,
1ts use would have Introcduced a new variable in the last storage test
thav was already in progress.

Arother important factor found tc affect the quality of
Ireeze dried scrambled eggs 18 overcooking. When liquid eggs are
heated beyond the c¢ri‘ical teaperature of 162°F, or held at that
temperature for perl>ds extending beyond 25 minutes the quality,
egpecially texture, of rreeze dried scrambled egzs becownes poorer,

The raw material necessary for the production of freeze
ried scrambled eggs should consist of either (Grade A or QGrade B
shell eggs and msy be obtained from any geographical location, The
shell eggs should comply with the standards describad in the publica-
tion mentioned in this report. Although no correlation was found
between the analyses of the vwaw material and the gquality of freaze
dried scrambled eggs, they should meet the following requirements:

Iiquid Whole Eggs

Total plate count, not more than 100,000 per gram
Coiiform, less than 10 * "
Salmonella, less than 0,03 " "
Yeast and molds, less than io "
Direet ccunt, less thar 500,000 " "
Egg solids, not less than 25.5%

pH, within the range of f.2 - 7.8
Acidity of ether extract, not wore than 1.5%

Freeze Dried Scrambled Eggs

Total plate sount, not more than 1,000 per gram
Coliform, less than o "
Salmonella, less than 0,03 " "
Yeast and molds, less than ic " "
Moisture, not more than 1.5%

Salt, not more than 3.5%
Headspace oxygen, not more than 2.0%
Glucose, not more than 0.,03%

The equipment and processes described ir this report could
be employed fcr the commercisl production of freeze dried scrambled
eggs., The production cost of the dried product can be minimized by:
(%% utilization of modified formula for the sorambled egg mixturs to
increase the yleld of A1 product and decrease the drying oyocle time,

(2) use of Grade B shel. eggs as the raw materisl, and (3) the efficlent

application of the variocus processing techniques Jdesoribed herein,



Purchase Net Wt/
Source Grade Cage
1bs.,

Salina, A 48.7
Kansas

B 50.0
Sauk Center, A 48.5
Minnesota

B 50.2
Harrisonburg, A 47.3
Virginia

B 50.5
Dcouglas, A 47.5
Georgla

B hg,2
Brownwocd, A 48.1
Texas

B 49,2
Fresno, A® 46.8
California -

B 4a,3

TABLE I.

A

944
3.6
97.1
4.9
95.5
3.8
93.0
2.8
90.4
b7
79.2
4.5

B

3.7
89.9
2.1
93.4
2.2
89.3
541
90.6
4,0
87.8
18.0
91,2

C

(o]
.
ot

ro
P

o O

005
1.0
0.1

1.8

0.3

MEAN SUMMARY - REGRADING AND WEIGHTS OF SHELL EGGS

CH

/

1.1

2.5
1.0
2.9
3.3
2.2
1.1
2.0

* First shipment of winter eggs contained 53.6% Grade A and

40,84 Grade B shell eggs.
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1.3
2.4

0.4
0.4
3.0
0.3
2.6
2.1
345
1.7
2.0

Inedibles

0.3

0,05

0.9

0.1
i
v
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TABLE II.

MEAN SUMMARY - CHEMICAL ANALYSES OF LIQUID WHOLE EGGS - PHASE I

Source

Salina,
Fansauy

Sauk Center,
Minnesota

Harrisonburg,
Virginia

Douglas,
Georgla

Brownwood,
Texas

Fr.sno,
California

Egg Grade
A
B

(1) Summer eggs only

Solids

26.3
26.1

25.3
25.9

25.8
25.9

25,4
25.7

25.6
25.5

25.8
25.9

2

7.5
7.5

7.4
7.3

7.6
705

Te5
Te7

T.5
Te5

7.5
T.5

22

Acidity of

Ether Extreact

1.17
1-52

1.68
1.90

1,73
1.65

1.32
1.49

1.67
1.66

1.47
1.67

Free Ammo

mg[lOOsm,ri’

1.5
1.8

2.0
2.0

2.1
2.1

¥ ...
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Season Solidm
Summer
July & August 25,2
Winter
February 25.3
Winter
April 25.6

TABIE III.

MEAN SUMMARY - CHEMICAL ANALYSES OF RAVW LIQUID g
WHOLE EGGS BASED ON EGG PRODUCTION SEASON - PHASE I

PH_

7.5

Te5

Te5

23

Aoldity
ml, of 0.05N Sodium Ethylate
per ml. g;_ Ether Extract

1.79

0.73

1.77

o
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TABLE IV,
MEAN SUMMARY -~ CHEMICAL ANALYSES OF FROZEN EGGS - PHASE I

Egg Acidity of Free Ammcnia
Source Grade Sample Solids pH Ether Extract mg/100 gm.(1)
; %
Salina, B Raw 26.2 7.5 1.74 2.1
Kansas Pasteurized 35. g.g l.g‘f 2.111
Frozen 3. . 1.65 e
Thawed 25.3 T.3 l.gO 2.7
Repasteurized(l) 25.1 7.5 1,60 2.4
Sauk Center, B Raw 25.9 7.2 1.71 1.8
Minnesota Pagteurized g 2 g'l l.g? gﬁ
Frozen 3 . 1,83 .
Thawed 25,1 7.6 2.07 2.4
Repasteurized(l) 24, 7.2 2,20 2.4
Harrisonburg, B Raw 26,1 7.; 1.43 2.1
Virginia Pasteurized gs.g T 1.g3 2.}‘
Frozen . . 1, 2,
Tha:ed 23.1 ;.g 1.g§ 2.4
Repasteurized(l) 24.7 7.2 1.87 2.4
Douglas, B Raw 26,2 7.3 1.50 -
Georgila Pasteurized gg .g ;.g 1, 08 "
Prozen . . 2. 2,
Tr.awed 25,2 T.b4 1.40 2.4
Repasteurized(l) 25.0 7.4 1,60 2.4
Brownwood, B Raw 22.3 7.5 1.72 2.4
Texas ;utcuriud gz.g ; g 1 .gl 1. g
rogen . . 1, 1,
Thawed 215‘.1 Tl 1.73 2.4
Repasteurized(l) 24.5 7.4 1.80 2.4
Fresno, B Rav 22.‘& 7.5 1.74 1.8
California Pasteurized 24,5 1.7 1.56 2.4
Prozen 24.0 7.2 1.87 2.4
Thaved 22.2 7. 2,01 1.8
Repasteurized(1) 24, T.2 1.66 1.8

(1) Summer Egge Only
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TABIE V,

MEAN SUMMARY - CHEMICAL ANALYSES OF FREEZE DRIED EGGS - PHASZ I

Bgg
Source Grade Moisture Salt
T 3=
Salina, 0.67 3.18
Kansas
0.48 2.17
Sauk Center, 0.66 3.15
Minnesota
B 0.75 3.13
Harrisonburg, 0.51 3.05
Virginia
0.69 3.20
Douglas, 0.62 3.28
Georgia
0.56 3.19
Brownwcod, 0.48 3.18
Texas
0.55 3.15
Fresno, A 0.57 3.20
California
0.51 3.16
25
.,
“wwp .
it

Glucose
0,038
o.wu

0.068
0.045

0,060
0.q42

0.Q47
0.063

0.043
0.056

0.058
?.066

Oxygen in

Headgpace

1.5
1.6

1.7
1.4

1.3
1.4

1.“
1.5

1.4
1.h

1.2
1.5

-



TABIE VI,
CHEMICAL ANALYSES - LIQUID EGGS - PHASE II

(}g‘age .ng Sampl 30114 Free Amino }cids
uipmen ample 8 Micromoles/gm.
: B2 Raw 25,2 25,
’ Pasteurized 25,0 27 .
Desugared 25,0 19.6
B 3 Raw 27.0 gg.g
Pasteurized 25.; o
Desugared 25.4 7.9
- B 5 Raw 2507 ggoo
) Pusteurized 25. 5 . 5
Al Raw 24.2 12,5
Pasteurized 24,9 13.1
Desugared 25.0 11,1
A2 Raw 24,3 19.6
Pasteuriszed 24,0 19.3




TABIE VII.

CHEMICAL ANALYSES ~ FKERZE DRIED
SCRAMBIZD EQGS ~ PHASE 11

Grade and .Oxygen in Headspace
Shipment Moisture low leve ve @lucose
sSalpmensy ~— = g

B1l 0.71 2,0 5.7 0,018
B3 0,56 1.8 5.7 0,02
a5 0.29 1.2 6.0 0.008
Al 0.3€ 1.8 6.0 0.05
A2 0.29 1.2 6.0 0.008
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TABLE XII.

BACTERIOLOGICAL ANALYSES - LIQUID AND
FREEZE DEHYDRATED EGGS - PHASE II

Salmon- Direct
Grade & Total Plate Coliform ells Mold Yeast Count
Shipment Sample COmt@. /&n, (ﬂ V-~ JEm. 1000

B1l Raw 820,000 45,000 .03 10 10 1,000
Pasteurized 140 10 .03 10 10 500
Desugared 500 o] 203 10 10 500
Freecze Dried 250 310 - - 10 10 - -
B3 Raw 1,500,000 10 .03 10 50 5,500
' Pasteurized 190 10 .03 10 10 2,200
s Desugared 600 10 .03 (o] 10 4,000
» Freeze Dried 70 /10 - - 0 10 - -
BS5 Raw 150,000 30 .03 50 10 0
Pasteurized 20 10 .03 10 (o] 590
Freeze Dried 10 [10 - - 10 0 - -
Al Raw 350 0 03 /10 /10 00
Pasteurized 300 (o] .03 20 10 00
Desugared 270 0 «03 0 ¢} 0
Preese Dried 4,000 0 - - 0 0 - -

A2 Raw 1,900 0 .03 10 10

Pasteurised 60 0 .03 10 o]
Freese Dried 10 0 - - 10 0 - -
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TABIE XIII,.

FREKZE DRIED SCRAMBLED EG(GS STORAGE
TEST - 1963 SUMMER EGGS

Mean Panel Scores

FLAVOR
months 6 months
0 EﬁaF.' — I00°F. HGOF.  10C°F.

Grade A Shell T.11 6.82 5.21 6,41 5.86
Grade B Shell .80 6.67 2 L 6.21 6.05
Grade ) Frozen 6.57 6.41 .84 6.01 5.09
95% C.L. 40,48 +0,80

ARCMA

months 6 monthe
0 ug'?. 100°F, BOSF, JOO°F.

Grade A Shell 7.20 6.82 6.02 6.91 6.&3
Grade B Frozen 7.19 6.77 5.74 6.53 £.89
95% C.L. +0.36 +0.58
TEXTURE
0 e vy, w4
. . . T100°>.

Grade A Shell 6.30 6.22 5.70 .9 .6
Grade B Shell 6.28 6.34 5.Ze 213 g9§
Grade B Frozen 5.9%4 5.94 5.16 5.3 5¢37

95% O.L. +0.32 +0.60

35
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TABIE XIV,
FREEZE DRIED SCRAMBIED EG(S STORAGE TEST - 1964 WINTER EGGS
MEAN PAMEL SCORES FOR BOTH SHIPMENTS

FLAVOR
3 months 6 months
0 L) "F. - nU !0 IUU
Giade A Shell 7.45 7.36 6.00 .00 5.75
Grade B Shell 7.29 g.au 5.64 -9l 5.40
Gralde B Frozen 7.09 29 5.91 6.37 5.41
95% C.L. +0.22 +0.32 +0.14
AROMA
; months 6 months
o . L ] '_—_.IU! L ] IUU I
grade A Shell 7.7 7.9 g.ao T.76 6.63
Grade B Shell 7.78 Te .98 7.22 6,42
Grade B Frozer 7.7T4 7.83 6.95 7. 6.47
95’ c.L. _";0.12 iOolG i:o.oe
TEXTURE
o ; months 6 months
Grade A Shell o 6.22 5.97 6.03 5.26
Grade B Frozen 5.16 5.41 .32 5.11 .53

95’ c.L. 10'26 1-.0.09

36



TABLE XV,
FREEZE~DEHYDRATED EGGS - STORAGE TEST - PHASE II

Significant Mean Scores
Product Effect Appearance ‘Aroma Flavor  Texture
(i=Nct acceptable
5=Acceptable) (1 = Repulsive, 10 = Lxcellent)
IV A-1 Package ' can =3,25 Lel22
pch =2,56 5.04
Storage Temp LO®aT.54 $.10
10°=T7.17 5.84
100°=6,80 5.52
Storage Time mo=7 .36 6,00
mo=6,97 5.64
IV B-1 Package can =3,57 5.44
pch =2 ,47 L4.48
Storage Temp 40°m7 .43 6.50 5.12
7C°a6.87 5.99 5.06
100°=6,42 5,42 4,69
IV B=3 Fackage can -2; 9 5.42
pch =2,40 4,60
Storage Temp 40°=7,.30 6.24 5.28
TO°w6,.97 6.22 5,08
100°+5.90 k.75  K.66
Storage Time 3mow2,90 2.18 6.06 5.21
6mom2, 50 .26 5.41 4.80
Pkg x Time can 3mo=3,39 E.Bg
can bmo=2,59 9
pch 3mo=2,40 4-52
pch 6mo=2,40 4.6
IV A-2 Package can =2,80 5.24
pch =2,30 4,50
Pkg x Temp can MO‘-B.gg 7.26 6.16
can T0°=2, 7.06 6.41
canl00°=2, 39 5.55 k.35
poh 40°=2,22 7.08 5.56
pch T0°=2.46 6.74 6.26
pch100°-2.23 6.21 u.94
Storage Temp 40°uT.17 5.86 5.01
70%°=5.90 6.23 5.05
100‘-5.90 uu 4 u'56

B s v B e s o w««s»w
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TABLE XV CONTLNUED

Significant Mean Scores -
Prcduct Effect Iggearance Aroma Flavor  Texture
Storage Time 3 mow6,98 5.88
p mowb,32 5.34
Pkg x Oxygen 5.38 can- 2%
5.11 can- 5%
4,43 pch- 2%
l‘ ] 5 PCh— 5;4"
IV B~5 Package can =2,8

pch 52.4

Time x Temp 40° 3mow3,33

. 70° 3mow2,61
- 100° gmo-a.za
40' m0-2. 8

70° 6moms2,58

100° 6mo=2,53

Storage Temp Loowh B2 6.24 5.43
70°m), 58 6,07 5.21
100‘.5.73 4.89 "".77
Storage Time mowb , 96 6.17 5.44
mom5, 78 5.30 4,84
- 38
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Figure 4,

1.

PH 7.2, 14J°P,
log. Addition of .33 ML. Ovazyme in 30 min,
Log. Addition of 20 ML, 3% Hydrogen Peroxide in 180 min.

pH 7.2, 14C°F,
log. Addition of ,66 ML, Ovasyme in 30 min,
log. Addition of 40 Mi, 3% Hydrcgen Peroxide in 180 min,
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Curve 1.

Curve 2.

Curve 3.

Curve 4,

CONDITIONS FOR FIQURE 5.

PH 7.1
110°F,
Iump addition
lump addition
Log. addition

PH 7.1
110°F,
Iump addition
Iamp addition
lLog. addition

pH 7.1
110°F,
Zamp addition
Lump additicn
Log. aadition

pH 7.1
110°F.
Iump addition
Lump addition
Log. addition

PH 7.1
110°P,
Lump addition
Tamp addition
Log. adition

of 0.5 unit of glucose oxidase/gm. egg.
of 0,66 unit of catalase/gm. egg.
of 2" ML. 3% hydrogen peroxide in 120 min.

of 0.5 unit of glucose oxidase/gm. egg.
ot 1.00 unit of catalase/gm. egg.
of 60 ML, 3% hydrogen peroxide in 120 min.

of 1.0 unit of glucose oxidase/gm. egg.
of 0.33 unit of catalase/gm. egg.
of 20 ML. 3% hydrogen peroxide in 120 min.

of 0.5 unit of glucoae oxidase/gm. egg.
of 0,33 unit of catalase/gm. egg.
of 20 ML, 3% hydrogen peroxide in 120 min,

of 1.5 units of glucose oxidase/gm, egg.
of 0,66 unit of catalase/gm. egg.
of 40 ML, 3% hydrogen peroxide in 120 min.
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EFFECT OF STORAGE TEMPERATURE ON QUALITY CRITERIA
OF FREEZE DEHYDRATED EGG SAMPLES STORED 6 MONTHS
AVERAGED OVER GRADES - SUMMER EGQGS
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FFFECT OF STORAGE TEMPERATURE ON QUALITY CRITERIA
OF FREEZE DEHYDRATED EGG SAMPLES STORED 6 MONTHS

AVERAGED OVER JRADES - WINTER EGGS

A ho
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ABSTRACT (Continued)

trained panel initially and av the end of the storage period. Bacterfnlogical
and chemicel data wee obtained on the raw and processed eggs.

Geographical source of the eggs had no effect on the quality of tne e
product. There were no significant differences in the organoleptic c- -e.ia
of the finished product produced from grade A or grade 3 table grade : 1
egg: . Finished product produced from zrade B frozen e,z wae significan.ly
poorer in organnleptic properties that from grades A =nc 3 egys. Freeze-diied
scrambled e;g packed in cans kept bestter {n storage than when packed in
pouches, Oxygen level in headspace gas did not appear to affect flavor
stability. Overcooking in the scrambiing process and rehydrarion procedure
had a2 deleterious effect on quality. Increasing the levels of enzyme
preparation and hydrogen peroxide and raising the incrbation temperature to

«

105°=1129F reduced the desugaring t!me to 2 hcurs.

Detailed recommenda’ions are provided for raw m~teria , plant ejuipment
aad processing procedure,
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