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INTRODUCTION

The great bulk of the ennual egg crop is disposed of
as market eggs for human consumption. Most of these eggs
are sold to consumers in the shell but some are used for
freezing or drying for bakers, candy and mayonnaise
makers, and for other purposes. The preservation of the
interior guality of eggs sold in the shell is of vital
importance to egg producers, distributors, and consumers.

The egg is a highly perishable product and if not
given proper care between the time it is laid and the time
it is consumed may deteriorate markedly in several re-
spects. The porous nature of the shell of the egg permits
gases and water to escape from the shell and allows
hacteria to enter the egg when eggs are exposed to un-
satisfactery environmental conditions. One of the most
effective methods of preservinyg quality in shell eggs is
by dipping them in mineral oil in order to seal the pores.

The preservation of hens' eggs by the use of various
materials was perhaps first tried by the Chinese much over
a century agc. In spite of the long period which has
elansec, there is a serious lack of information on the
oroper preservation of shell eggs. MNany people are
familiar with the oreservsation of eggs in the home by
means of water glass. This method is still used today on

a commercial scale in some Zuropean countries.



The commercial oil treating of shell eggs is re-
sorted to have begun about 30 years ago in this country.
Fechanicel Jdipping ecuipment was flrst developed =zand used
between 1010 and 1911l. A4About this time, Victor Cllsirement
patented his oil-dipping machine. It was not used widely
until about 1285. 7The develcpment of oil dipping
macnirery operated by eleciricity has increased consider-
ably since then.

Cil dipping or processing, as it is sometimes called,
is now used extensively by firms placing eggs in storage.
Lxperience and some research has shown that the cost of
oil treailing eggs is more than compensated for by in-
ereazsed yields of top grade eggs coming out of storage.
some experiments have also been conducted in o0il treating
eggs at the farm. In genersl, there has not been any uni-
formity with respect to the temperature nor the time used
in oil treatment.

iany firms prefer to keep their oil at room tempera-
ture (700 to 800F.)., Others prefer to heat the oil to
insure hiyher oil temperatures than egg temperatures.

I
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s is reported to reduce the possibility of the egg

]

hells absorbing any great quantity of contaminated oil
and consequently tends to reduce spoilage in storage. C(ne
outstandinzg authority on this subject has stated that oil
temperatures should always be higher than the eggs being
oiled. In order to insure this condition, a temperature

of 110°F. is recommended. One equipment manufacturer



suggested an oil temperature of 120°F. when his equipment
is used.

It became quite evident, in reviewing the literature
and in discussing the o0ll treating of eggs with prominent
specialists on the subject, that specific information on
the optimur time and temperature for oiling eggs is
wholly inadequzate. Consequently, this experiment was
undertaken tc explore a wide range of oil treatments. KNot
only were some of the more commen treatsments duplicated
but extreme heat and time treztments were also conducted.
In view ¢f the fairly recent interest in thermcstabiliza-
tion, cne group of eggs was also thermostabiiized for com-
parison and also for informstion on the deterioration of

ege cuality under stcrage conditions.



LITERATURE REVIEW

The presgervation of interior guality in shell eggs
has been 2 oroblem since eggs were first produced. Years

agzo when egg production was more seasonal than it is

today, the most comaon method ¢l home preservation used
Dy producers wa3 the water-glass or lime-water method.
This netuod 1s still recommended where the eggs are to be
uses in Lue home. This method of preservation is still

widely used in normal market channels in foreign countries

such &as Zermark, where refrigerated warehouse spsce is

4
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Sceme of the earliest attempts to preserve guality by
ciling eggs were undertsken in 1807. 1In this country, it
is reported that Benjamin Franklin also experimented with
0il z& a preservative agent for shell eggs. A wide variety
of msterizls for shell treating eggs have been tried, rang-
ing from cactus juice, rubber, cellulose compounds, linseed
sil,y gluminua foll, plastics and oil coating. Almy, Macomber
anld lepburn (1922, investiigated a variety of methods for
sweseoving eggs, lncluding oiling. They found that mineral
oills were superior to vegetable oils, and that the heavy
minc al 0lls were more effective than the lighter oils
when 535l.ed at 239°F.

~onsiderable interest in the oiling of eggs manifested
itgel” In ihe early thirties. Swenson, Slocum, and James

(1021) (1233) (1936) carried out numerous experiments,



using various treatments and oils. They observed no
difference between paraffin and asphalt base oils, but
found that oils with pour points higher than the stcrage
temperature were more effective in maintaining good egg
zrade. These same authors, (1936} studied the use of
cold oil at ordinary temperatures. It was their conten-
tion that the use of heated oil might possibly have a
deleterious effect upon egg quality. It was alsoc their
thourht that the use of o0il at ordinary temperatures
(60-8C°7.) would not require heat, therefore there would
be no possibility of undesirable heating effects upon
quality. Swenson (1931) developed a vacuum-carbon dioxide
method of oiling eggs which produced better results than
other methods.

Zxperiments in the oiling of eggs were carried out
by both the plain open-bath dip and the vacuum-carbon
dioxide methods. Eggs graded according to the U. 3.
Standards were oiled by both methods at 60 and 80°F. and
then placed in a refrigerated warehouse for seven months.
Tre results showed that eggs oil treated at ordinary temp-
eratures (80-80°F.)without heating maintained 100 percent
more of the original quality than the untreated controls.
Ciling by use of the vacuum-carbon dioxide method was 35
percent more efficient than the plain open-bath dip and
73 percent better than the control lot. It was concluded
that the oil dipping of eggs at ordinary temperatures

was superior to heated oils, however, nc eggs were treated



in warm oil for comparison.

Tvans and Carver (1943) carried on three experiments
to determine at what age eggs should be oiled. ¥Wilhelm
(124C) observed z rapid percent loss of albumen index
during the first 24 hours after an egg was laid. He be-
lieved that this rapid loss was closely associated with a
lcss of carbon dioxide from the albumen. 3Sharp (1937)
found eggs to be best preserved at their natural carbon
dioxide concentration. It appeared that eggs should be
olled as socn as practicable after they were laid.

Tvans and Zarver found in the first experiment that
eggs which had been oiled as gathered showed & gain in
albumen index over the clasgified index, which was deter-
mined the day after the eggs were laid. Eggs oiled the
evening of the day gathered had a loss of albumen index.
Unoiled egzgs showed the greatest loss. The sooner the
eggs were oiled the less moisture they lost, as indicated
by changes in air cell size. Zggs oiled immediately had
the most cloudy albumen while unoiled eggs had the least
cloudy ones.

The second experiment was designed tc show the effect
of three-months storage at 32°F. on oiled eggs. The eggs
oiled as gathered did not show as great a loss of albumen
index as esgs oliled later. Oiling the eggs at noon and
in the evening appeared as satisfactory as doing it more
often, when the eggs were stored for three months. It

should be pointed out that in these exveriments all eggs



were collected seven times a2 day. There was no i;n' fiecant

n albumen index between eggs oiled

&
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dgifference in decren
on the third day or later and unciled eggs, when both were
stered Tor three months., There was little difference in
albumen cloudiness of ezgs o0lled the first two dsys. Iggs
5iled sfter this were less cloudy, and unoiled eggs least
cloudy. They concluded that the interior cquality of
storage ezzs was best pressrved by oiling the egzs on the
day that they were laid.

In the course of this experiment it was observed that

o

he ezgs olled o the day they were zathered had a con-
sideratle uantity of a very "watery" aibumen surroundinz

a small amcunt of very firm, cloudy albumen. They there-
fore zet up another experiment to stuldy the relative amounts
of "watery” albumen Trom a guantitative standpoint. They
founc that there was a loss of albumen index, incresse in

percent outer lijuid slbumen and decrease in percent firm

albumen from one periocd to the next for all trestments.

E}i

Unciled ezps had the zrestest loss in slhumen Index at four
ecks and those oiled immediately the least. There was
little decrease in the percent of firm albumen of unoiled
ezos, wnile It was considerable in trhe oiled egga. There
was no siznificant difference amorg the three treatments

with resp

D

L to tke percent of outer liguid albuamen.
Trere was nc significant difference in the sercent
less of elburen index between the eggs oiled as gathered

and those oiled the next morning, after the eggs had been



in cold storagze for twelve weeks. There was no significant
difference between unoiled eggs and eggs oiled the next
morning in the increase in percent outer liquid albumen.
Zggs oiled as gathered had a much greater increase in
percent cuter lLiguid albumen than unoiled eggs or egzs
oiled the day after they were laid.

It was concluded thal best results were obtained with
eggs oiled the day after they were laid. Further evidence
was provided by cooking studies on eggs from the second
experiment. ucIntosh, Tauner, Evans and Carver (1942)
found that from & culinary standpoint, eggs oiled the day
after they were laid were superior to eggs ociled at any
other time or to unoiled eggs stored under the same condi-
tions.

Evans (1842) conducted further experiments to deter-
mine whetiier the value of & heavy oil could be improved by
diluiing it with & solvent. Five solvents were used to
dilute a paraffin base o0il with a pour point of about
3897, lach solvent was added to give a level of 100, 90,
8C and 50 percent by volume in the resulting mixture.

The solvenis were distillation fractions of petroleum and
hadé boiiing point ranges as follows: 150-270°F.; 190~
27097, 3 218-330°F.; 300-385°F.; 314-398°F. The eggs were
then stored for two weeks in a room where the temperature
ranged from 60 to 80°F. It was found that there was =

B7 percent loss of albumen index in the unoiled eggs.

Egzs treated with any ci the solvents without the oil lost



practically the same percent albumen index and had the
gsame increase in air cell size as unoiled eggs. In most
cases 2 mixture of 50 nercent oil and 50 percent solvent
wasg a3 effective a3z 100 percent oil.

The szolvents with low boiling point ranges had the
least harmful effects at the 80 or 90 osercent levels of
solvent. 7The more volatile the solvent, the more nearly
the nreservation effect aporoached that of the oil. There
was ne 3irnificant difference between the oil diluted with
50 percent of one of the more volatile solvents and the
il alone. The oils diluted with the more volatile sol-
vents were nore effective in preventing increase in air
cell size than those diluted with the less volatile
solvents.

The albumen index loss occurring in stored eggs was
better prevented by oiling at room temperature with an
oil having & Sayboldt viscosity of 105 at 100°F. than by
oiling with one having = viscosity of 54 at 100°F. There
was no simmificant difference in the preservation of oiled
eggs hetween using the o0il zt room temperature (60-70°F.)
and heating the oil to 155°F. to reduce the viscosity to
Jayboldt viscosity. Iowever, lowering the viscosity
of the cil by the zddition of a volatile solvent signifi-
cently impreoved the oil in so far as preventing a loss
of zlbumen index in treated eggs was concerned.

Therzo-gtabilization of eggs. The process of thermo-

stebilization of shell eggs to enhance keeping quality
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was announced in Jamiary 1943. The original purpose of
the firgt investigation was to develop a process or treat-
rent to destroy the germ or Dlastoderm of fertile ezeos in
order that they kesp as well as infertile as far as their
subseguent reaction to environmental conditions was con-
cerned. [his treatment consisted of lmmersing the ezgs
‘in hestec liguids and by circulsating warm air around the
eggs. o relstively low temrerature (abeut 140°F.) was
used so that the heat cculd penetrate the eggs before any
part ¢f the eggs was coagulated. This stebllizing effect
by the use cf heat hze been designsated thermc-ctabilization.
The origiral investigstion wes conducted by the
University of kMisscurl in cooperation with the Tusrter-

raster Jorps of the U, 5. Army (1943). Eggs of known

g
e
[ £]

c+

ory produced Dy the Ixperiment Stetion flock were used

i

n all tests except one. The egzs In each experimental
sroup were selected &t random from the ssme pensg of the
same age L eliminate differences between groups of hens

znd pullets and to eliminate szny influence of zge of egg.

-3

en or morc eggs were used in most lots. The tempersture

of tie erg to be immersed or trested is very important snd

e
s

this experiment most of tlhe egyus were held between 70

s

and 207 . The eggs were imrmersed in water of constant
temperature for definite periods. 'ineral oil was =21lso
used In ¢ similar manner. JSome of the eggs were iumersed
in still or circulsaiing water cor cil and in some of the

1

later tests the eggs were rotatled in the liguia.



11

Five methods of measuring egg cuality were used in
making observations on broken-out eggs which had been
treéteﬁ. These methods were: (a) albumen score; (b)
height of albumen; (c¢) Haugh unitsj (d) percentage of
outer thin albumen; (e) strength of yolk membrane.

Albumen score. This method was used because it is

congidered one of the most rapid and most practical. It
consists of comparing broken-out eggs resting on a flat
glass surface with a series of nine photographic scores
whicn were developed by Dr. Van Wagenen at Cornell Univer-
sity.

Height of glbumen. The height of albumen was taken

as a neasure of the progressive change from thick to thin
albumen. This measurement in millimeters was made with a
spherometer at a point about one centimeter or one-half
ineh from the yolk.

Haugh Unit. The weight of the egg as well as the
height of thick albumen was recorded and permitted the
calculation of the Haugh Unit (1837).

Percentage of outer thin albumen. The percentage of
outer thin albumen was determined by drawing the thin
albumen into a pipette and then weighing. The amount of
thick and inner thin albumen combined was determined
similarly =nd the percentage of outer thin was calculated.

strength of yolk membrane. The amount of pressure
required to rupture the vitelline membrane surrounding

the yolk was considered a satisfactory measure of yolk
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stabilization. 4 special device was used to determine the
pressure required to rupture the vitelline membrane after
the albumen had been removed.

4 series of experiments were conducted using water,
mineral oil, and hot air as the hesting media in thermo-
stabilizing eggs. The results were compared by means of
the messurements indicsted previously.

It was found that eggs treated for ten minutes at
130°F, in still water was not sufficient to comple tely ar-

rest embryonic development. #hen the temperature was

]

{

raised to 135°F., and the eggs were immersed for 10, 20,
and 40 minutes, they were completely stabilized with re-
spect to embryonic development.

In another experiment in which warm air circulated by
& household fan was used to treat eggs, it was found that
where the temperature was held at 135°F. and at 150° to
153°F., more then 20 minutes were necessary to stop embry-
onic development. Later work indicated that air held at
140°F. and eirculated at high velocity around the eggs
would stop embryonic development in from 8 to 12 minutes.

It was observed early in this investigation that the
normal breakdown of thick albumen did not oceur in treated
lots. Therefore an experiment was planned for measuring
the relative decline in the albumen score of treated and
untreated egzs. Untreated infertile controls held for 6
days 2t 1C0°F. had an average albumen score of 3.1

whereas egys from the same pens immersed in still water
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at 130°". for 20 to &0 minutes had average albumen scores
of 2.2 and 2.5, respectively. The results indicated that
the thick albumen was stabilized by the treatment, so
that trested eggs held at 100°F. for 6 days retained the
guality of the albumen much better than the untreasted
eges.

Lggs varying from three hours to ten days were
candled as U. 3. Extras and then trecated. The results
showed that albumen guality (albumen score} wag best in
fresi-laid eggs but the difference between eggs one day
old and the five days old is rather smzll and not of much
practical importence. High quality eggs, though they may
be several days old, can be treated by this process so
that tne quality of the albumen is retained remarkably
well.

3arott and ¥eNally (1943) studied the relationship
of temperature to time of coagulation. This was considered
necessary since albumen stabilization, embryo destruction,
and bacterial sterilization each have a definite
temperature~-time limit. The upper limit for these factors
is set by the degree of albumen coagulation. Their paper
presents three temperature-time curves, one for opacity
of egg albumen, one for standard opacity, and one for
embryonic destruction.

Cne time-temperature curve ranges between 124.5°F.
and 144°F., It was found that temperatures lower than

124.5%7, produced no opacity in the albumen even after two
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hours of immersion in cireulating hot water. The time
interval for immersion at temperatures above 144°F,

pecare extremely critical and an increase in opacity could
be cbserved in the albumen next to the shell by as slight
an increase in the time of immersiocn as 30 seconds. The
time of immersion reqguired for the appearance of percepti-
ble opacity varied from four minutes at 144°F. to 44
ninutes &t 124.59%.

The curve developed for standard opscity 1s supple-
mented with Dhotlographs of eggs showing five stages of
opacity. This photographie standard was used in measuring
various &tagés of opacity in later treatments.

it was Tound that the development of the embryo was
arrested by immersion at temperatures between 122°7. and
138%7. Tor neriods of time whieh produced no opacity.

The lethal curve for the embryo and the curve for percepti-
ble opacity have & common time of immersion at 13:°:.
Embryonic destructior was not considered of great signifi-
cance relative to this method of treatment, since develop-
ment was stopped for times of immersion even less than
thet necessery tc produce st&ége number 1 opacity.

Gibbons, Fichael, and Irish (1947) conducted investi-
gaticnz to determine which of the available oils for
treating chell egge were most suitable and the influence
of cifferent temperatures. The eggs used in this experi-
rent were one day old when treated, which is congidered

to be the ideal time for maintaining quality by oiling,



15

Evans and Carver (1942). The results indicated that oils
with a 3ayboldt viscosity of 70 to 100 at 100°F. are more
suiteble for aaintsining egg guality than lighter oils.

In general, pour point was not as important &s viscosity;
at 30°F. however, @ high pour point seemed to de of some
advantaze. The use of oll at temperatures higher than
roorm tesperature offeced no advantage in preserving guality
o in thoe amount of ¢il retained on the shell. The results
secured siowed that there was little difference between
light and heavy olls applied over e much wider range of
temperaturc. The use of olls at elevated tempersitures

seem Lo be a trade practice originating in & desire to

)

I

save oll. OSlthough it seews reasonable thal pour points
above tiue storage temperature should give belter results,
this work Jdoes not altogether supnort this claim. Some

of the best oila had very low pour points according to the
laboratory test, and even according to the manufacturers'
specifications lhe pour points were lower than the storage
tenperature.

The cuality of eggs oiled when one day old with eight
commercizl cils and six mixtures and stored at 70° and
20°7. vas assessed by candling, yoik index, and thick
white height. «Nineral oils with Sayboldt viscosities of
7¢ to 10C st 100°F. maintained egg quality and prevented
welght loss better then olils of lower viscosity. Viscosity
¢f oll seemel more importent then pour peoint, although at

3C°F. ihere was some indication that a high pour point was
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advantageous. 0iled eggs maintained their grades two or
three times longer than unoiled eggs and lost 1/10 to 1/4
as much in weight. Heavy oil diluted with mineral spirits
did not give as good results as lighter oils of comparable
vigcosity. The addition of vaseline and magnesium
stearate improved the action of the light oils. There was
little difference in the quality of eggs dipped in oils
maintained at 76°, 100° and 130°F.

Gibbons (1947) proposed a new method of determining
the yolk index while the yolk is imbedded in the albumen.
3harp and Powell (1930C) presented a method whereby the
yolk wss separated from all adhering albumen and chalazae.
The yolk was then placed on a level glass plate, the
diameter and height measured, and the yolk index calcu-
lated by dividing the latter by the former. This method
is time consuming and vitelline membranes are frequently
ruptured when 0ld eggs are involved.

The method presented by Gibbons consisted of breaking
the egg on a clean level glass plate and measuring the
yolk diameter immediately with calipers along the axis
biﬁecting the short and the long diameters. The yolk
height was then measured with a spherometer. These two
measurenents were completed within 30 teo 40 seconds after
bresking the egg. It was found that there was excellent
correlation between this latter method and the more

laborious method previocusly mentioned.
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3tewart and Bose (1948) conducted experiments using
solvent-cil mixture in shell treating eggs. All eggs
were less than one hour old and weighed between 55 and 60
grams. Snell treatment was accomplished by dipping the
eggs momentarily 1n oil or in the solvent-oil mixtures at
room temperature. 3Sonneborn's Carnation oil was used for
g1l studies. The following solvents were used: commer-
cial pentane (Skelly A4), commercial hexane (3kelly B),
speciz1l heptane (Skelly), deodorized kerosene¢ (Sonneborn
Jeo-Bage ), carbon tetrachloride, and acetone.

It was indicated that for optimal retention of thick
albumen quality and for preventing moisture loss, the eggs
sheculd be oiled as socn as possible after laying. It was
recemmended that for the optimal retention of thick
alburien yuality without having excessgive ezmounts of thin
white, ez73 should be processed approximately 18 hours
after being laig.

Tre results of these studies were congidered quite
striking in that they showed that extremely high dilutions
of oll in pentane were effective in maintaining thick
elbumen guality, preventing weight loss, and in retaining
the naturally occurring carbon dioxide content of the eggs.
Kixtures containing as little as eight to ten percent oil
were oractically as efficient as undiluted oil. These
resulils appear to be somewhat at variance with those of
Lvans (1242), although Stewart and Bose used different

solvents. The eggs dipped in 90:10 pentante-in-oil
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mixtures were only slightly oily in apopearance immediately
after treatment and were practically free of oiliness
after standing a few hours. Eggs dipned in 80:20 or lower
ratio mixtures werc olly immediately after treatment and
retsined their oiliness for several days after the l4-day
storare neriod.

Pentane was found to be far superior to all of the
other netroleum sclvents tested. Tt was felt that as the
lenzth of the hydrocarbon chain is inereased, the effi-
ciency of the solvent-oil mixtures decreased. This was
believed to account for the difference between the work of

Evans {1942) and this study. The following hypothesis is

£o]

resented to help explain the results obtained with pentane.
It anvears that only small amounts of oil are required to
seal the nores of the shell; however, in order for this
amount of oil to be effective, it must penetrate the pro-
tein "filling" in the pores (3tewart 1935). Pentane ap-
pears tc have the property of carrying the ¢il intoc the
pores. This hyonothesis also helps explain the lack of
"shine” on ezzs oiled in the 20:10 nentane-oil mixtures.
Zose and Stewart (18248) carried out several exneri-
cents in heat treating eggs. Eges weirhing 54-60 grams
within five hours after being 1aid were obtained for treat-
ment. The egzs were »laced in 2 wire basket and immersed
in 2 well-stirred, thermostatically-controlled water bath
mairteined at & temoerature of IBOOF. This temverature was

chosen because both the albumen and the yolk could be



heated to vath temperature without danger of coagulation.
aftef méat treatment, the eggs were cooled to room temp-
erature before being given any further treatment.

(iling was accomplished by dipping the eggs for one
minute in Carnation (3onneborn) egg-processing oil kept at
room temperature. Prior to heat treatment and (or) oiling,
the ezgzs were neld in s thermostatically controlled incu-
bator kept at 68°7. Storage consisted of placing the eggs
in desiceators over a sulphuric acid solution (suitasle
strengtn to give 50 percent relative humidity); the eggs
were kept in an incubator at 77% . for 14 days.

The following observations were made of the eggs after
storage: (a) pil of albumen; (b) weight loss during treat-
ment and during storage; (c¢) albumen index; (3) yolk index
(with albumen intact); and (e) percent outer thin white.

with eggs five hours old, the heat treatment had no
effect on the initial quality as measured by the albumen
and yolk indices. Heat treatment produced a definite
imorovement in the albumen quality of four-day old eggs.
The degree of improvement was roughly linear with heating
time. o effect was noted on the yolk index of these eggs.
seven-day old eggs were also heat treated for 20 or 40
minutes at 130°F. and showed an increase in albumen index
oi 45 percent. These results indicated that the albumen
index of ezys which have undergone some detericration were

imoroved by heat treatment.
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Eggs oiled within five hours after being laid showed
a pood retention of albumen quality even when the eggs
were unhesied or when heat-tireated for very short periods.
However, when the heat treatment exceeded 40 minutes, no
difference in the albumen index of oiled and unoiled eggs
was observed. Vith four-day old eggs, there was no
siznificant difference between the oiled and unciled eggs,
heated or unheated.

The effects of heating and oiling yolk index were
somewhat different. 0Oiling and heat treating either fresh
or aged eggs permitted a good retention of yolk quality
during storage. This result was interpreted to mean that
the oiled eggs contained sufficient carbon dioxide (even
after four days) so that the yolk index was maintained
fairly close to the original value. The oiling was comple-
menteéry to heating in the early stages: after 40 minutes
of heating no complementation occurred, since maximum
gtabilization had been achieved.

The five~hour old eggs inereased in outer thin albumen
duringz heat treatment. During storage only thoase lots
vhich had recelved less than a 40-minute heat treatment
showed any appreciable inecreage in the percent of thin
white. ith the four-day o0ld eggs, there was no increase
in percent thin albumen during heat treatment. Those lots
heat-treated for 2C minutes or more maintained their initial
values during storage. Those lots which received no heat

treatment had very high percentages of thin albumen safter
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storage. There was not much difference between the oiled
and unoiled eggs except those not heat treated.

There was an apprecisbly greater loss in weight as &
result of heat treating five-hour old eggs as compared with
heat treating four-day old eggs. The data indicated that
the evaporation rate of fresh eggs 1s considerably greater
than that of older eggs. Increasing the time of heat
treatment decreased the percent loss in weight during
storage. The results suggested that heating the egg ef-
fects the mechanism by which water is lost from the egg
shell. Ccagulation of the proteins in the shell and/or
membranes suggested itself as a possible reason for this
effect.

There is considerable variation in the present methods
of oil processing eggs. There is even a difference of
opinion among employees of the same firm. Published re-
ports by three employees of one of the largest processors
varied somewhat in their recommendations. The temperatures
ranged from 70°7. to 100°F. and the dipping time from 5
seconds to 2C seconds. Greatest emphagis was placed on
the sanitation of the egquipment rather than upon the
method of oil treatmeht.

Recent work by Winter and Cotterill (1942) indicated
that there was little or no difference in egg qguality by
treating eggs in oil at temperatures varying from 55° to
190°F. Unfortunately the loss in quality was measured by

candling, which is not a reliable method of quality
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determination. 1In view of the wide differences in opinions
and methods of oil processing, it was felt degirable to
conduct an experiment to determine, if possible, whether
time and temcerature differences are of any great conse-

quence.
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EXPERIMENTAL PROCEDURE

The egegs used in the courge of this exreriment were
nroduced by the Universgity of Maryland poultry department
flock. 3Because of the large number of eggs recuired for
this exneriment, it was necessary to process eggs produced
from the lsst week in March until the middle of Mayv. It
w&s alsc necesssry to use eggs which varied considerably

in size because of the limited number of eggs available.

.

P
4t

e eyga variad from 50 grams to 75 grams and most of the
lots averzged around 61 grams. After being collected,

the egys were kept in the cellar egg room at the poultry
plant. They remained in the egg cellar on the evening of
the day laid and were transported to the poultry laboratory
about 4 p.m. the following day. The eggs remained in the
laboratory until the time of treatment at about 6:30 p.m.
The room temperature during this neriod generally veried
from 75 to 80°F.

Individual lots consisted of 180 eggs. These were
renoved from the egg case and placed in cup flats on a
laboratory bench. TFach egg was numbered consecutively from
1 to 18C in pencil on the large end of the egg. Individual
epps were then weighed in grams and candled. Car-Pro egg
trays (2 dozen type) were then used to hold the eggs while
trhey were dipped 1n the oil.

The oil »rocessing tank was improvised from a war-

surplus sterilizer, and contained 35 gallons of 3onneborn's
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Carnation ilineral 0il. The heating elements consisted of
two fminco Lolag flexinle imrmergion heaters suspended
about one inch from the bottom of the tank. Cne coll was
ated at 1000 watts and the other at 780 and they were
connected to & bimetal thermorerulator which keot the
temperature uniform. The oil was circulated and vigorously
agitated by means ol a Cenco variable speed stirrer. The

stirring speed was increased until the surface of the oil

v

appearel as though the liguid was boiling. In some in-

tances the force of the oil dislodzed a few eggs from the

)

egg tray and they fell to the bottom of the tank.
The egzs contained in Cgr-Pro egg trays were dipped
anually andi rotated in the o0il for the allotted number of

geconds. Trney were then removed and placed upon clean cup

»

bty

lats for Sreining. After zll of the 138C eges in one lot

ere cdipped in the oil &nd draining was complete, the eggs

=l

were placed in used fillers. These fillers and also the

cases had been used only once and were in very good condi-

i

tion. The egs

ole

were placed in the cases in numericsal order,

'th

et 1s, the filler with the smallest numbers wss at the
cottom of the cese and vice versa. The case was then taken
to the refrigerator, which is the second in a bank of
refrigerators so that it is necessary to enter the first
refrigerator in order to gain access to the second one.
This permitted a more uniform control of the storage temp-
erature. The refrigerator was adjusted for 300?.; however,

variztions of two to three degrees viere fairly common.
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4%ithin the refrigerator, a series of slatted shelves
were constrocted so that air circulated around each egg
cage. These shelves minimized the handling of cases in
getting the samples each month. The refrigerator was used
tions. The necessity of removing samples for several days
esch month was not conducive to ideal storage conditions.

4 monthly sample from each lot consisted of 20 eggs.
This sample contained eggs from each of the § lavers in
the half case containing the lot. The eggs from each lsyer
vere also taken from various locations in the filler. This
was accomplished by taking all eggs in each flat whose
numbers ended with the same figure as the first egz chosen.
For example, at the first breaking, all of the eggs whose
numbers ended with the figure 1 were taken. This method
of sampling resulted in a sample which contained eggs from
different sections of all layers.

The eggs in a sample were placed in consecutive order
in a filler and flat and taken to the laboratory. They
were weighed in grams as soon as possible. It was noticed
that the eggs Decame "sweaty" during the welghing, conse-
guently the weights did not reflect the actual loss in
welzht. The weighings wer:z continued for purposes of com-
parisor only. The eggs were then candled and graded into
12 sevarate quality grades. These grades were based on
the U. 3. Standards for eggs but each grade was sub-divided

into three sub grades for finer distinction. For example,
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Grade 24 was subdivided inmto grades AAl, £A42, and AAD.
This permitted muach cleser grading. "owever, sgirnce the

eggs were cold, the candled grades of these cold eggzs were

not compsred with the originzl cendled grades. The

After the candling was completed, the eggs were indi-
viduzlly broksn onto & level flat plate glass about 12"
by 12", The shell was cracked by tapping gently on the
sterp edre of the glass. The ege was then opened In a

hirge-like fashion by inserting the thumb nails in the

ay

cirzckel shell an? carefully separating the two balves. A
gre2t dezl of care is necessary in opening the eggs but
even with the best of care scme of the eggs were Jamaged

in odenin:. This i1a particularly true for eggs which have

[24]

touzh shell membrane. Immediately upon brecking, the

tws halves of the shell were zmelled for off odors.

KEASURES OF EGG GUALITY

L4

The messurenents cf egg quality in the onened ezg
are qnite narmerous. In this experiment, however, the
measures o¢f cuzlity most commeonly used in resgearch of a
corparable nature were used. Particulsr attention was
glven to the experiments conducted by the U. 5. Army, tha
Klssourd “aricultural Zxperiment 3tation end thz National
Agrienltural Resesrch Center at Beltsville, Maryland.

Trese agencles have conducted investlgations in ezgg quality
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and thermostabilization over a period of several years.
After reviewing the various experiments in oil processing,
the following egg quality measures were selected: (1)
neight of albumen; (2) Van Wagenen albumen score; (3)
ilaugh unit; and (4) yolk index.

Height of albumen. The height of the thick albumen
in & broken-out egg is a measure of the breakdown of the
thick albumen envelope. As the thick albumen becomes weak
and thin it flattens out and occupies a larger area. The
heizht of the albumen is determined by the use of a sphero-
meter celibrated in millimeters. Because of the variation
in height in the albumen surface arez it is necessary to
stendardize the point of measurement. This point is about
one centimeter or one-half inch from the yolk.

Van %sgenen albumen gcore. This score ig frequently
referred to as the Van Score and is so-called in this paper.
This score consists of nine vhotographs of broken-out eggs
varying from the best to the poorest. The photos present
both &n overhead and a side view of each egg. A numerical
score is given each photo, the best egg is scored 1.0 and
the pocrest 5.0. The broken-out egg is compared with the
vhotographs and given the numerical score of the photo
which it most nearly resembles. This ie the most rapid
and one of the more practical measurements used in egg
guality investigations.

Haugh Unit. This measure of quality requires that the

heiziht of the thick albumen and the weight of the egg be



knewn. These two measurements can then be converted into
a "lauch Unit quality figure by means of a nomogram. This
is the only quality measure which considers the weight of
the egyz, consecuently eggs of various sizes are compara-
ble. The procedure, however, is time consuming and is not
used too frequently.

Yolk Index. The yolk index also requires two
measurerents for its determination, the height and the
width of the yolk. The height is then divided by the width
to obtain the yolk index, which is a measure of yoclk deter-
ioration. There are two methods of obtaining the yolk
measurements. The criginal method, developed at Cornell
University, reguires that the yolk be removed from inside
ite aldbumen envelope. In the second method, yolk measure-
ment is taken with the broken-out egg resting on a flat
surface imbedded in the albumen. The latter method is most
commonly uged becsuse of its speed and is the method used

ir this experiment.



OIL PROCESSING TREATHENTS AND RESULTS

& total of 21 different time and temperaiure trezt-
rents were conducted in whieh 57€C eggs wers used. #ilso,
one control lot of eggs, which were untreated and kept
under the sszme storage conditions, were used for purposges
of comperison. The temperature treztments ranged from
280° to 200°F., while the dipping time varied from 5 to 80
seconds. & summary cf the various treatments is presented
in table I.

In order to compare ihe numerous lots cf egzs, the
length of treatment i3 used to select the lots for compari-
son. The lots which were nrocessed for 5 seconds namely:
lots 1, €, 11, 16, 21, 26 and 292 are placed in one group.
The other lots were grouped in the same manner. The
cuxlity measures for each group were then compared in
gradh form as in Figure 1.

Trhis fisure presents the average monthly egg quality
measures for lots 1, 6, 11, 16, 21, 26 and 29 for a period
of seven months. The first samples were broken and
meagured the day afier processing. The other samples were
broken at monthly intervals in order to measure the pro-
gressive deterioration during the storage period. From
fizure 1, it is quite evident that the greatest amount of
egz quality deterioration occurred during the fourth month
of the storage period. This is true regardless of the

treatment of the different lots of eggs. This rapid



TABLE I. Time and temperature treatments of 31 lots of
eggs, each containing 180 eggs, processed in
mineral oll and one control lot of 180 eggs.

Lot ; Treatment
Ty . .
Aumber . Temperature . Time of Immersion
1 80°F, 5 seconds
2 80°F. 10 seeconds
3 80°F. 20 seconds
4 80°F. 40 seconds
5 80°F. 80 seconds
3) 100°F. 5 seconds
7 100°7. 10 seconds
8 ‘lOGgF. 20 seconds
o 95"F. 40 seconds
10 . 90°P, 80 seconds
11 120°F. 5 seconds
12 120°F. 10 seconds
13 120°F. 20 seconds
14 110°F, A0 seconds
15 10008, 8C seconds
16 140°F. 5 secondsg
17 140°F. 10 seconds
18 140°F, 20 geconds
18 125°F, 40 seconds
20 110°F, 80 seconds
21 160°%. 5 gseconds
22 16007, 10 seconds
23 160°F, 20 seconds
24 140°F. 40 seconds
a5 120°F. 80 geconds
26 180°F, 5 seconds
27 1809F. 10 seconds
28 130°F, 80 seconds
9 200°F. 5 seconds
30 140°F. 30 seconds
Thermostabilized 140°F, 15 minutes

Untreated Ho treatment
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brezkdcen also occurred in 11 of the other lots of eggs
in this experiment.

There is some queslion as to the probable cause of
this Jeteriorcticn and no mention c¢f this ocecurrence has
been made in the literature. Jince the control lot also
showed maximum monthly decrease in albumen height during
the fourth month, it was felt that the oll treztients were
not th.e causative factor. It is interesting to note that
the toermostablilized lot of eggs, figure 6, also had s
maizinmun decrease in albumen height during the third and
fourth month of ithe storsge pericd. Since this lot of
eggs hiad excellent albumen height readings, one is led to
belileve toat all of the treatmentis had little or nc effect
upon the Tlatteninz of the albumen.

It is guite possible, however, that the lowering of
the albumen helght may be associated with the condition
of the yolk. 3ome cof the lots of eggs showed & lower yolk
index during the third and fourth month than at any other
time during the experiment.

Sharp (1937) stated that the progressive flattening
and weakening of the yolk is &associated with the passage
of water from the white to the yolk, owing to osmotie
forces., le developed the yolk index to measure this form
of deterioration in eggs. He also pointed out that the
pH of an egg rises rapidly during the first few days be-
cause of the loss of carbon dioxide. The pH of the white

influences the passage of water into the yolk and also the



licaefacticn of the thick white or albumen. The lowering
of tha yolk index under mcst conditions is directly
relatel to the passage of water intce the yolk. The rala-

tion Hetwesn 71 and the amount of outer thin white is

¢

i
[

»e comslex showing a2 minimum in the zome 8.0 to 8.3.
This minimun is due to the inter-relation of two factors-
the effact of low pH values which tend to shrink the
thick white zel around the yolik, apparently causin’ some
extrasicn of tha inner thin white, and the e¢ffect of high
p which tends to disintesrate the thick aldumen.

The latter condition was observed and termed "shrunken
albumen" in the course of this experiment. Some eggs after
a.cut three menths in storage apoeared guite different
from other eggs when broken out. In general the thick
albumen tended to be more "milky", was smzller in ares,
and clung tightly to the yolk. It wes alsc observed that
some of these eggs hed a large amount of outer thin white.
It is unfortunate that pll determinations were not taken,
for they might possibly have shed some 1light on the albumen
detericration occurring during the third and fourth months.

Ywans (1943) encountered & somewhat similar condition
in his experiments. Tle varie? the time of oiling eggs
after they were laid. Fggs oiled as gathered had a much
greater increase in nercent outer liquid albumen than
unoiled eggs or eggs oiled the day after they were laid.

In his case, the "watery" condition developed zfter only

three months in storage at 22 2°F. He concluded that eggs
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should preferably be oiled the day after they are laid.

Holst and Almquist (1931) pointed out that the water
content of the fresh yolk is about 48 percent, while that
of the fresh albumen normally is between 85 and 90 percent.
This difference in concentration creates a2 tendency for
water to pass into the yolk. The lowering of the yolk
index was reported as probably directly associated with
the passazge of water intec the yolk. Their experiments
showed that the jelly-like structure of thick albumen be-
zins to break down as the tendency of water to diffuse
into the yolk becomes operative. The loss of quality in
the yolk was accompanied by a corresponding loss of quality
in the albumen. Their eggs were held at temperatures of
64°F. ang 86°F.

Some investigators in Great Britain reported that the
volk index changed comparatively little as the result of
storage at 0°C. for 6 or 41 weeks. In the carbon dioxide
treatment, there was a slight inerease in the index due
to the variability of the thick albumen. Temperature
rather than atmospherie conditions seemed to be the govern-
ins factor in modifying the yolk index. Fourteen days at
689F. had a greater effect than six months at 32°F.

Denton and Titus (1944) conducted experiments with

shell eggs held at a temperature of 29-31°7. for 12 weeks.

#hen the ezy shells were not treated, they found a linear

relationship vetween the gain in water by the yolks and

the ol of the whites. They found no consistent relation
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between the pH of the yolks and the gain in weight by the
yolks.

A1l of the above observations shed some light on the
detericration of yolks and the accompanying liquefaction
of the thick albumen. No reference is made, however, as
to the rate of detericrstion over an extended storage
neriod. The 3ritish investigations indicated that yolk
index mezasurements should show relatively little change
after egrs have been under gtorage conditions for several
months.

The results in this experiment are not entirely in
accord, for there were some changes in yolk index. In some
instances the yolk index was higher for the last sample
than for the first. This occurred in lots 6, 21, and 26
in the group under consideration in figure 1.

One of the outstanding differences among the lots in
this group is the high average albumen height of lot 29 for
the first two months. The average albumen height of the
orizinal sample of eggs is much higher than &ll of the
other lots except the thermostabilized gzroup. Lot 29 was
0il treated at 200°F. for 5 seconds. There seems to be a
partial stabilization of the albumen somewhat comparable
te the thermostabilized group. It may be possible, there-
fore, to achieve results approaching thermostabiligzation
by increasing the temperature and reducing the time of
treatment. Although these results are based on a relatively

small sample of eggs, there is a stronz indication that
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some sort of stabilization was accomplished. A duplicate
experiment together with a series of time and temperature
studies at the higher temperatures is desirable to sub-
stantiate the findings in this present trial.

Lot 22 is the only outstanding lot which differs
waterially from the other five lots in this group. Although
the oil treatments vary from 20° to 180°F., there is no
strony indication of superior quslity which would favor a
perticular treatment. There is 3 considerable range in
elbumer helyht during the original stages although thesge
differences bLecome minimized after four months in storage.
In any event, lot 1 seems to be the least desirable and
lot £2 the most desirable in this group.

Lots 2, 7, 12, 17, 22 and 27 comprise the second group,
figure 2, which has a common time element of 10 seconds
and a temperature range from 80°7. to 180°F. The most
chvious difference in comparing these lots is the great
difference between the original albumen height averages
of lots 2 and 12 and that of the others in this groun. 1In
the case of lot 2, the origzinsl sample contained 5 eggs
which had albumen heights under 4 millimeters. This was
sufficieai to reduce the entire average considerably below
what waz to e expected. In lot 12 the conditions were
similsr, zlthough the albumen height was somewhat higher
for all eges, even the poorest ones.

The group of eggs in figure £ in general shows s more

rapid decline than was obgerved in previous group in
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figure 1. 4fter three months In storage, lots 7, 17 and
27 in figure 2 had albumen heights lower than £.C milli-
meters. In the orevious group all of the lots had 2lbumen
heights over 5.0 millimeters at the same age. The most
rapid Ascrease in albumen heizht occurred during the
fourth sonth and also reached a point lower than the
nrevious groun. The difference in albumen height is not
too great however,

Lot 27 is perhaps the outstanding let in the group
hecause of its high albumen height during the first few
months. This lot 2lso had a congistently high yolk index
throu-hout mosl of the holding perios. Zince this lot was
treated at 180°F., for 1C seconds, it seems probable that
some s8light amount of stabilization was manifested. It
gpoears, however, that the stabilizing effect is not com-
plete, for ir both lots 29 and 27 the albumen height was
gbout at the same level as in the lots of eggs with differ-
ing treatments after three months in storage. Apparently
the 3tabilization was not as complete as in the thermo-
stabilized lot, figure 6. The gtebilizing effect in this
lot seems apparent even after seven months in storage.

The average albumen height of the thermostabilized lot at
this are was 6.0 millimeters. This is egual to or better
thsn the averaze albumen height for the first sample of
many of the lots in the exoneriment. This of course raises
the guestion as to whether complete stabilization of

albumen could ocecur at high temperatures with short
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perioccs of treatment.

Barrott and VeX¥ally (1843) conducted investigstions
on the heat treating of shell egge &t temperatures rang-
iny from 124.56%. to 144°7. They developed photozrsphic
standards {(of actual eggs) tc meazsure the opseity caused
by hewxt treating the eggs. Numbers 1 and £ of their
standards were considered excellent examples of albumen
stabilization. & time-temperature curve was also
developed to show the range in treatments whiech are possi-
ble to arrive at standard opacity. Their treatments were
conducted in a water bath. It was pointed out that albu-
men coazulation is the limiting facter in the use of heat
treatsents. The hizh temperatures and short periods of
treatment used in this experiment did not coagulate
albumen but did ovroduce verying amounts of opacity. The
results obtained for lots 27 and 22 indicate that perhans
furtier {avestigstion is necessary with an o0il hath at
the hizier temperature levels.

The yolk index of lot 27 was higher in genersl than

for the other lots in this ;roup. Fowever, in many of

o~

he lots there was a tendency for the yolk index to de-
crease until the fourth month and then increase to a point
sometimes even higher than at the originzl breaking. In
Tour of the six lots, the final yelk index was higher than
the index taken st the beginning cf the experiment. In
view ¢f the previous discussicn on the relationship

between the deterioration of the albumen and the yolk, it
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would seem logical to expect poorer yolk indices in the
oldest egys with poor albumen indices. OUne would noi
expecl, therefore, to find yolk indices higher after a
seven-month storage period. 3Since no record of this
nature has been reported in the literature, it becomes
necessary to develop some explanation for this phenomenon.
since one normally expects the yolk to flatten with
age, it is avparent that there may be one or several
faciors tuat tend to maintain and even increase the height
of the yolk. Funk (1943) reported that the yolk may be
stabilized so that the vitelline membrane retains its
strengti: longer than usual. This was definitely true when
eggs were rotated in warm oil at 14C%%. for 15 minutes.

This indicated that if the yolk is subjected to relatively

[

high temperatures for a short time, tne vitelline membrane
is stabilized against subsecuent deterioration, at least
the rate al which this membrane weakens is retarded. It
was also reported that eggs treated scon after laying

Do

7]
@
Gs

sessed stronger vitelline membranes than taose several

#

dayvs old when treated.

There is perhaps some degree of agreement between
our results and those of runk although none of Funk's eggs
in the above experiment were held under storage conditions.
Agsuming that the vitelline membrane is strengthened,
there was nevertheless a general decrease in yolk index
until the fourth month. This point coincides with the

rapid drop in albumen height which occurs at this time.
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3 in agreement with drevious work, Sharp (1929}
Folst and Almguist (1932) Bose end Stewart (1948), on the
deterioration of eggs. Tewever, some exnlanation is

necessar; for ile imnrovement in yolk index which cceurs

of licuid albumen 1s reversed beconsge of pH changes and
nagzaes Trom the vwolk ontward. This would involve the
agsurmtion that as the fluld nassed inte the albumen the
vitelline membrane would tend to approach its orizinal
condition. Unlst and Almguist (10232} renorted that the
varicus changes in egy yolks are atiributable to csmotice
forces operating so =28 to cause a nagsaze of water from

the albhumen to the volk. Their differences in concentra-
tion of watsr creates = tenderncy for water to pass into and
dilute the yol¥%., Tre water which thus diffuses ints the
yolk »roduces two =ffeets, both of whieh are undesirable.
To ma2ke rcorm for incomins water, the yolk membrane is com-

pelled to streteh znd is therehy weakened. Perhzns the

bdn

xore serious ef’eect is the increase in fluiadity of the

yolk subatance.

Ine experirents of Wolst and Almcuist showed that
vhere thick white liquefsction did not sceur, the csmotic
processes by which water enters the yolk are Inhibited,

&g shown by the fact that the sverage yolk weight of their

ot e _
exzs 1% not inersa

[9)]

e, “hile the fact that the yolk has a

igher esmetic pressure than loes the white sccounts for



42

the passave of water from the albumen to the yolk, the pH
of the white markedly influences the rate of this passage,
because, of course, the pli of liquids bathing 2z membrane

(in this case the vitelline membrane) markedly influences
the rate of passage of the solvent under osmotic gradient.

It might be possible therefore, that in our case, a
high pH was not attained until the fourth month, which
caused liquefaction of the albumen and the sharp decline
in score. The decline in yolk index at this time, since
it is relatively small, might have been due to yolk deteri-
oration. However, as the albumen liquefied, the pH of
the liquid albumen and membrane might have favored the
entrance of water into the yolk. This could possibly have
caused the contents of the yolk membrane to become turgid
end increased its height while decreasing its width, thus
increasinz the yolk index in the later stages of storage.
This assumes, of course, that the yolk membrane is not
weakened st storage temperatures to the same extent that
it is at high temperatures.

There is also the possibility that the pH condition,
which is conducive to the shrinkage of the thick albumen,
may also affect the yolk, causing it to shrink and thus
favoriry & hisher yolk index.

Then again, it may be trat water diffuses into the
yolk until the fourth month and then because of increased
liquefaction and changes in pH, the direction of water

diffusion is reversed. The increase in water tends to
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flatten the yolk while water loss at later stages would
allow the yolk to assume its original measurements.

In view of the complexity of the problem and the lack
of research with eggs held over four months under storage
conditions, it is only possible to theorize as to the
cause for the increase in yolk index during the later stages
of storage. This experiment was not designed to provide
an explanation for this particular phenomenon; however, its
occurrence is of great interest, since to the writer's
knowledge it has not previcusly been reported in the liter-
ature. In most of the experiments designed to study
deterioration, the eggs were generally held at high temp-
eratures, thus hastening deterioration. Consequently, the
eggs in many of the experiments by other workers were much
poorer than eggs in my experiment even at 7 months of age.
It is possible, therefore, to compare the results of the
earlier experiments with the results secured in this
present work. 3tewart and Bose (1948) mentioned the fact
that much of the data in past experiments were based on
candling messurements, whiech at best only rouzhly estimate
the interior quality of shell eggs.

Figzure 3 presents the quality indices for lots 3, 8,
13, 18, 23, and 28. These lots all had a common time of
treatment, 20 seconds, and the temperature varied from
80°F. to 16C°F. Although the temperature of lot 23 is
twice that of lot 3, the indices for these two lots, and

the other lots as well, are quite comparable. In view of
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the relatively close agreement smong the different lots,
it appears that these various treatments 4o not have any
cutgtanding influence on egg quality.

Figure 4 presents the quality indices for lots 4, @,
14, 1¢ and 24. All of these lots had & common time of
treatment, 40 seconds. The temperature varied from 80°F.
in lot 4 to 140°F. in lot 24. In the latter case, there
is some indication that this treatment is guite gesirable
and has some inflvoence in retarding deterioration. It ean
be obgerved that the albumen height, Haugh Unit, and Van
Jeore for lot 24 are in general betier than for the other
lots in this group. It is felt that perhaps the influence
of the heat treatment commericed to effect the albumen in a
favorsble direction. However, the influencelof heat
appeared to have a detrimental effect on the yolk, partic-
ularly up to the fourth month.

The differences betwemn lot 24 and the othersin this
group are not of grezt megnitude. It is felt, however,
that the consistently higher quality indices over a seven-
month period indicate a desirable Influence of this treat-
ment. & comparison of lot 24 with lots 13 and 25 reveals
a considerable degree of regemblance. These three lots
were treated at 140°F., 120°F., and 120°F. respectively.
The time periods for the above lots in the order named
were: 40 seconds, 20 seccndsz, and 80 geconds. It appears
that this range of time and temperature treatments are

mere favorable to the maintenance of egg quality than
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other treatments within the respective groups.

Lot 4 firure 4 was the pcorest for the group, followed
ty lot 7. The zeneral pattern of Jeterioration in this
group is similsr to other groups. There is, however, a
low point for volk index at the fourth month which is dif-
ferent fron the other groups. There are four lots in this
groun which have yolk indices below .478 at this age.

Thiz 1s the largest number of lots which fall below this
index at the fourth monthk when compared with the groups
arevicusly comsidered. With the exception of one of these

4 1ots, the treatwment wes 1180
3

F. or higher for 4C seconds.
This 18 an indlcation that these heat treatments st the
longer time veriods have a Jeleterious effect on the yolk
index un to the fourth month. According to previous
irvestigators, one woulld expect tc find the poorest yolk
indices in egzs with the noorest albumen. This certainly
1s not true of these lote up to the fourth month in storage.

Tilrure O presents the egz guality indices for lots 3,
10, 15, 20, 25 eand 20. These lots sll had a common time
of treatment, 20 seconds, and the temperature varied from
20°7. tc 14C°F. It appears that the lowest (80°F.) and
the hishest (140°F.) temperature treatments, for lots 5
and 20, respectively, oroduced the leasgt favorable results
in this oroup. Lot 25 (120%7. for 80 azeconds) hal the
best egg quality indices for the zrous. Mowever, the

quality indieces for lots 10 and 2C are quite favorable.

In view of the several lots which show favorable results
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it appears that the 2C-gecond peried of trestment is
desirahle within the temperature ran-e from 90%F. to
120°F. The 8C-second treatment dié not prove as desirable
when the termperature was 140°F. Favorable results were
chtziset at the latter temnersture (lot 24) when the
perio? of treatment was limited to 40 seconds. This would

indlicate that favorable ¢il trestment results ean he ob-

LA

talned by contrelling temperatures hetween 20°7. and
1409%., orovided the time of treatment is also controlled.
Tt is nessible that oil trestment at lower temoerature

levels would be favorable, »rovide? the time of trestment

[N

w3 inereased. Yiowever, this would tend to reduce the
sracties1 application of the oll treating orocess.

In order *¢ determine the results which micht be ex-
pected when recommendations of processors are followed,
scime of the more common treatments are compasred in figure
€. In addition tec these treatmerts the thermostabilized

and untrezted lote are a2lso included for comparisons. The

following lots =nd treatments are presented:

Lot Tempereture Time
3 80°%, 20 seconds
7 100°F. 10 seconds
13 120°F, 20 seconds
Trermostabilized 140°%, 15 minutes
Untreated - -

ots By 7, and 13 are treatment used in nresent-day

processing or oil treatinz of shell eggs. Under the conditions
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of this experiment, it appears that lot 13, reated at
120°%. had the mo3t dezirstle effect on the eggs. However,
tre “ifferences in albumen height among lots 3, 7, and 13
are relatively small and it iz doubtiul whether these

A1 Fferences could be detected Ty candling. 3ince candling
fe the most oractical method of determining egg quality,

it is entirely possible that all three lols would candle
favorably. 411 lots were candled before breaking; however,
hecanse o the temrerature and the "gweaty” condition cf

the results: were used only for purposes of com-

neriaen. The greatest differences in candled aprearance
arponi tlese sroups occurred in the untreated snd thermo-
stebillzed lets. There were outstanding differences in
theae tawo lets in comparison with 211 of the other lots in
the expeciment.
Trat of all, the untreated lot had a decidedly

poorer canlled zpoesrance as early &s the fourth month in
storagze. At this 2ge practicslly all eggs in this lot had

air

g1ls approximating 1/4 inch in depth. Other candling

Q

factors, such 235 mobility and position of yolk, were
favorable, althouzh many egzs were down graded because of
the large air cell. From a przctical stendvoint this
would prove most undesirable In getting good yields of
cuality e7is from atorage eges even when helld for only
feur months. There is no auestiorn but that the oil treat-

ing of eggs retards the increase of alr cell size measur-

ably and thereby improves the candled grade.



Funk (1943) reported that oil treated eggs had smaller
and less mobile air cells than untreated and water~heated
eggs. In addition to the pocorer candled grade, the un-
treated eggs in this experiment developed a few "stuck
yolks" at the seventh month. There was also s very
definite lack of "cloudinese™ in this lot as compared with
treated lots.

The thermostabilized eggs were the most unusual eggs
obgerved throughout this experiment and during the many
years that this worker has handled eggs. The highly
sunerior albumen condition and height was guite evident,
without the aid of measuring devices. Thisg superior condi-
tion existed throughout the course of the experiment. The
stabilization influence of the heat treatment not only
improved the albumen condition but apparently was also
responsible Tor improving 1ts keeping qualities. This is
in arreement with Funk (1934) and 3ose and Stewart (1948),
wvho feund that heat treating increased the albumen quality
and improved the keeping quality of shell eggs. These
investigators held their eggs at room temperatures and alsc
under desert conditions'iﬁ one case in conjunction with
U. 3. &rmy irials. Iven under such adverse conditions the
heat-trested eggs were mucl: superior to other lots of eggs
handled under the same cénditions. It is evident from the
above that heat treated eggs will withstand warm tempera-
tures. Tunk (1944) also reported that heat-treated eggs

placed in storaze at 30°F. for 60 days deteriorated more



83

slowly than untreated eggs under the same conditions. At
the termination of 60 days storage period the treated and
untrested eggs were held at 70%F. for 30 days. 3ample
lots were broken periodically to ascertain the rate of
deterioration. At the close of the experiment the treated
eggs were of A guality while the untrested egps were
equivalent to poor grade B eggs. Thils serves to show the
remarkable resistance tc Jeterioration of heat-treated
eggs both in and out of storage, thus simulating normal
conditions of handling eggs.

Cur work, figure 6, shows guite clearly that the
thermostabilized eggs keep well under storage conditions.
Actually, the results indicate that the thermostabiligzed
egxs maintained an albumen height above 4.8 millimeters
throushoul the storage experiment. The Van JSeore reached
its nighest point during the fourth month when the average
score for the lot was 2.17. This is only slightly above
the Z.0 score, which is the dividing line between top
grajde (AA) eggs and second grade (A) eggs. It is almost
uﬁbelievable tnat the albumen condition could be nreszerved
so well over such a long steorage neriod.

In this experiment, the candled appearance of thermo-

stavilized eggs is much different from other lots of eggs.

o

This is in agreement with Funk (1944) who reported th
following: '"Because the contents of some of the thermo-
stablilized eggs do not rotate freely, experienced candlers

may 2e misled into believing that such eggs are "gtuck".
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Candlers should become familisr with thermostabilized eggs
before attempting to judge them.” In ecandling the eggs
in this expeciment, the yolk had little or no mobility end
was senerally well centerecd. This resulited in little eor
no yolk shadow and very little movement wher the erz was
twirled., {fourteen eggs out ¢f the last sample {7 months
0ld) were candled ss AA grade. Thirteen of the eggs in
this same sample also had Van 3ccres of 2.0 or above. Tt
is very unugual to find eggs of such quality after being
held in storagé for geven months. _

The writer encountered some 3ifficulty in removing
the egyg contents from the shell when opening them onto a
flat plete glass surface. There was a strong tendency for
the aldbumen to adhere to the shell. After the centents
were deposited on the glass, it was noted that some of the
outer jelly-like thin clung tc the halves of the shell.
The egy contents deposited on the glass showed little or
no evidence of outer thin white. It appeared as though the
outer thin had become gelatinous and adhered to the shell,

Zhe thermostabilized eggs not only had the best
alobumen score a2nd condition but alse had the poorest yolk
indices of all of the lots in thigs experiment. This is
net in agreement with 2ose and Stewart (1948), who reported
an improvement 1nm yolk indices. Funk (1243) reported an
increase in the rupturing strength of the vitelline mem-
brane buil did not record yolx index measurements. ot only

Is the deterlioration in yolk index not in agreement with



these workers, but a satisfactory explanation for its
occurrence is not available from the literature. Cne
would expeet that the albumen and the yolk would deteri-
orate progressively from the beyginning te the end of the
storage periecd. This 18 noi the case, however, fcr there
ig arn apparent recovery in both the albumen helight and
yolk index after tke fourth month.

since there is little or no outer thin in these eggs,
it may be that the irner thin is responsible Tor the
changes observed. It may be that as the egg ages there
is a tendency for water to diffuse into the yoik, thus
causing it to Tlatten. 4 flatter yolk and the lozs of
liguids might be tne cause of tihe lowering of tihe height
of thick albumen. it the fourth month this process may be
reversed, tiaus allowing the yolk and thiek albumen to be-
come nigher. 1his would assume thnat the vitelline membrane
relains suffieient elasticity to approximate its orizinal
form as it loses moisture. It also assumes o change in pH
and osmotic conditions which would favor this interchange
of sater. Heedless w Say, the guality measurcments
avallulle sre not sufficient to provide the real answer.
Yolk weignt determinations and pH readings might have shed

more lizht on this metter had they been iaken.

b

t is plainly evident ater considering all of the
various oll treatments that oiling in itself improves the
keepling guality of treated eggs over uantreated eggo. It

is equally obvious that a certain nuaxber of treatments are
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somewhat comparable with respect to results secured.
However, the outstanding results obtained with thermo-
stabilized eggs indicate that this method of ireatment, in
conjunction with oiling offers much greater possibilities
than other methods of treatment. It is evident that eggs
can be oiled and heat treated at the same time, thus in-
creasing the possibility of practical application in

processing eggs to preserve quality.
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DISCUSSION

The data presented in this thesis show conclusively
that thick albumen may be stabilized when eggs one day
0ld are heated in mineral oil at 140°F. for 15 minutes.

' This is in agreement with Funk (1943) and Bose =znd Stewart

(1¢48), who also observed the stabilizing influence of
heat trestment, using water. The albumen height, Van
score, and Haugh uwnit indices were all improved by the
thermostabilization treatment. There is, however, some
disagreement with regsrd to the improvement of the yolk
index by the heat treatment. Funk (1943) reported thst
the vitelline membrane is strengthened by such treatment.
le also showed that the yolk index deterioration ocecurred
more slowly at 50°F. and 70%F. than at higher storage temp-
erstures, although the eggs were held for only €3 days.

Rose and Stewart (1948) reported that the keeping
guality of the yolk was greatly improved by the heat treat-
ment when the eggs were held at 68C°F, for 14 days. Unfor-
tunately, thelr temperatures and storage periods were quite
different from those in this experiment, conseguently the
results are not directly comparable. It was noted that in
much of the research on egg quality deterioration, storage
conditions are simulated by holding eggs at high tempera-
tures. There is some guestion therefore, a8 to whether
this oractice approximates the deterioration which would

occur under the usual normal storage conditions.



The findings in this experiment indicate that the
volk index is adversely affected when egzs are heat treated
in 0il atv 140°F. for 15 minutes. Aectually, the yolk index
of the thermostabllized ezgs was consistently lower than
mogt of the other oil-treated eggs throughout the entire
storaze period. In this case the eggs were held at sbout
3097, for 7 months. It appears that the deterioration of
the heat-treated yolks at ccoler temperatures is radiecally
different from the deterioration which occurs at higher
storage temperatures. Practically no research data are
avazilable on yolk deterioration, as measured by yolk index,
for eggs held under normal storage conditions beyond four
months. For this reasoen, it iz not possible to compare
our findings with those of others beyond the first four
months of the storage period.

Previous mention has been made of the theories which
exist wilh regard to the deterioration of the yolk as
measured by yolk index. Host workers agree that the
deterioration of the yolk is affected adversely by high
temperatures and the high pH concentration of the albumen
surrounding the vitelline membrane. Theoreticslly, &as
the egg ages, water diffuses into the yolk, thus weaken-
ing the membrane and lowering the yolk index. Agsuming
the above to De true, this condition may have existed up
to about the fourth month in storage but at this point the
yolk index began ito increase in several lots of oil
treated eggs. In 24 of the 32 lots of eggs, the final



yolk index for eggs 7 months ol3d was higher than the
initizl yolk index taken ihe day after the eggs were
treated. Tven the untreate? eges had a higher yolk index
&t the seventh month than at the initial date of breaking.
It seems therefore, thzt neither the heat treatment nor

the oiling was resporsible for these results. This
phenomenon recuires scme explamation, whichk to the writer's
knowledze has not as yet been reported in the literzture.
idecent discussions with other workers alse eonducting
0ilins and stofage experiments lead to the sugpgestion that
there 12 & strong possibility that the yolk index actually
increages. No definite data are as yet available, however,
to verify this suggestion.

It is possible that the progressive deterioration in

reduced rate from that observed in eggs held at higzh temp-
eraturez. Towever, the rapid deterioration of the salbumen
during the fourth month 2nd the resnltant pH may faver

the transfer of water from the yolk to the albumen, thus
alleowing the yolk to sssume its criginel proportions. This
would involve the assumption that the vitelline membrane
& fairly elastic and 1s capsble of assuming its original
shape when mcisture escmpeg. This assumption would differ
from the commonly accepted theory that the yolk membrane
wezkens as water eniters the yolk. It would 2lgo differ
with the current belief that the loss of guslity in the

slbumen 13 accompsnied by a corresponding lozs of quality
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in the yolk.

another explanation which seems logieal, in view of
the technigue used in determining yolik inaex, is that the
tivick alburen proviced a means ol support ror the yolk
nenbrane.  Wiae helght and width of the yolk were taken
while Uthe Diroken-out egg rested on & flat glass surface.
It is possibie Lhat as the albumen deteriorated, there was
legs support 1o the yolk, which tended to flatien out,
thus lowering the yolk index. This hypothesis is possible
since the deterioration of the aibumen occurred simultane-
ously with ilhe decrease in yolk index until the fourth

month in storage. At this point the albumen had presumably

y

liquefied congiderably and it is also likely that the p¥H
had inecreased to a point which favors the diffusion of

wzter into tae yolke ‘lhis is in accord with the findings

between the gsin in water of the yolks and the pﬂ of the
whites in untreated eggs. In treated eggs they found

that the escape of COy from the egg was retarded and this
in twn was reflected in sm&ller gains in water in the
yolks This would aceount for the relstively small de-
creases in yolk index throughout the experiment. Cur work
Gues not have comparable data to permit direet camparisons
although our resulis are compared with published findings
in an effort to expliszin some of the changes whieh took

place.



This thesis was designed o»rimsrily to determine the
optimum time and temoerature for mineral oil treatments
nf shell ezvs. The effects of various treatments were
measured hy egz-quality indices which are commonly used
by other investigators. It was determined that shell eggs
can he treated in mineral oil at various temperatures snd

“or Aifferins pericds of time and achieve quite comnarsble

Pad

reaults, A comnzrison of the 21 lots which were oil treated

indicztes that the following trestments are most Aesirsble:

Lot Temperatnre Time

3 80°F, 20 aeconds
6 100°F, 5 seconds
10 SQOF. ]C seconds
13 1200F. 20 seconds
14 110°P, 40 seconds
15 10097, 80 seconds
20 110°%. 80 seconds
£2 1600F. 10 seconds
24 140°F, 40 gseconds
25 120°F. 80 seconds
27 18Q°F. 10 seconds
29 200°F. 5 seconds
Thermostabilized 140°F. 15 minutes

Thege 13 treatmente seemed to have the most desirasble re-
sults among 21l of the lots.

A commarison of these treatments with the temneratures
commonly used today by procegsors shows that 66 percent of
the 12 oil-treated lots were within the 80%°F. to 12007,
range. The neriod of treatment varie? from 5 seconds to
8C seconds, which is perhaps longer than the nresent dip-
ning time with modern mechinerv. One-third of the lots
were treated for 80 geeonds and the remaining lots were

dlvided ecually emons the §, 10, 20, and 40 seconds time
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periods. The thermostabilized lot is not compared with
the oresent day practice because it is not used to any
creszt eytent Ty the trede.

The 12 cil-treated lots yielded quite comparsble
regults sltheough there are some differences whict should

be digcusseld, For example, lot 29 had 2 particularly high

initisl elbumen heigbt, which is much higher then the

gther lots. It is felt that this may have been the result
of =2 partial stabilization of the albumen. The effect,
bovever, seems to be of ghort durstion. This brings up
the juestion as to the possinility of more complete

stebilization at hich temoeraturea for short time periods.

T4 sheuld slso be p

<

inted ont that lot 28 had the hichest
yolk indew in its group, figure 1. It appears that the
0il treatment at 200°F. for 5 seconds had & beneficial
effect on otk the alhumen and the yolk. Thig i3 contrary
to the itnermostabiiized lot, fizure &, in which the treat-
ment funroved the alhumen condition remarkably although
at the same time it also had a very undesiratle effect on
the vol* index. It seems *hat up to a2 certzin soint the
reat ireatment may he beneficisl to the yolk index dbut
bevond that noint the effect iz reversed and the yolk
Aetericrates or ig weakened.

Lot 27 i3 quite comnoradle, in some resnects, to lot
70 in zllunen condition an? yolk index. Tt i3 helieved
that tre zlbaver condition snd the yolk index were

”~

afTected 1in semerhst the sane manper, but to & lesser
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degree, by the oil {ireatment at 180°F. for 5 seconds.
The results in this experiment indicate quite clearly
the eor~lexity of the problem of c¢il treating egys with

partionlsr eegyscd bo the deterioration wiiich cvecurs within

the e, The vapious oll end helt treatluents shed some

1isht on the problerm although they alse call attention to
some Pindings for which no wnswvers are provicded under the
sresent theorieg of guality deteriorstion. Cne such find-
ing is the rapid drop in &lbumern conditdion occurring
hetween the thirs and fourth month of storage for all lots.
Yo reference to this rapld guslity loss is mentiomed inm

the literature. Tt mzy well be lhat it oceurs only in

&)

fresh eges of 3 certedn zge. Ia this cxperiment, there

iz Jefinite evidenece that it does occur in eggs which are
placed in storsge at 30°F. when approximately 24 hours old.
This point 13 exceedingly important from a practical and
economic atanipoint oecause the loss in albumen is re-
flecte® In noorer ecandling grades.

In sany of the cil-trealed loisy tue greatest decline

»

ir 2lbumen ¢

@

uality occurred during the fourih month of

the storare wriol. FMeny e€ggs are "short held"; toat is,
they are kent Ir sterage 2o 0 days or less, and it
certeinly 15 to the zdventage of the storer to remove eggs
from storsce he fore the rupld decline in albuwmen condition
is possible. Host of the lots of egxgs heve albumen

heights over O =mlllincters at the end of the third month

In storsse. L the ernd ol tie fourth month in many of



thege lots the albumen height dropped to abeout 4.5 milli-
meters. 3ince the dividing line in broken-out eggs
between AL grade and A grade 1s st an albumen height of

5 millimeters, it is advantageous to dispose of eggs
before they decrease in guelity. It is recognized that
these fine distinctions could not be determined accurately
by candling, nevertheless eggs treated under similar condi-
tions ecould be expected to have comparable gquality indices.
Therefore, if the processor and storer exercised due care,
1t is reasonsble to expect that their shell egegs in storage
would ultimately approximate the results secured in this
experiment. One of the most serious drawbacks is the
orocurement problem, whereby it is difficult to have eggs
at the receiving station before they are one-day old. It
seems quite likely that eggs somewhat older could be oil
treated, possibly thermostabilized to some degree, and
thus retain better quality befere being placed in normal
market channels. It is fairly well established that oil-
treated and thermostabilized eggs will retain their
quality better than untreated eggs under similar conditions,
Additional experiments within the high temperature ranges
are necegsary before a specific treatment can be recom-

mended.



CONCLUSIONS

1. There is a wide range of time asnd temperature
treztments with mineral oil which have favorable resulis
on day-old egzs when held under storage conditions at
3c°r.

2. The most favorable trestments under the condi-

tionsg of this experiment were ag follows:

Lot Temperature Time

3 . 80°F. 20 seconds

g 100°F. 5 seconds
10 90°F, 80 seconds
13 120°F. 20 seconds
14 11007, 4C seconds
15 100°P, 80 seconds
20 110°F. 80 geconds
28 160°F. 10 seconds
24 1400F, 40 seconds
25 120°F, 80 seconds
27 180°F, 10 seconds
29 200°F. 5 seconds
Thermostabilized 1409F. 15 nminutes

3. 01l treating reduces the ameuﬁt of water loss from
the egg as measgured by air cell size. This resulted in
improved candled grades for treated eggs.

4. The treated and untreated eggs all experienced
the greatest less in quality, as measured by albumen height,
Van score, Haugh Unit and yolk index, during the fourth
month in storage.

S. Treated and untreated eggs also reached their
lowest yolk indices st the fourth month and then inereased,
sometimes to a point above the original reading.

6. 0il treating day-old eggs at 180°F. and 200°F.
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had an apparent partial stabilization influence on the
sibumen condition during the first two months of the
storage pericd.

7. il treating day-old egge at 180°F. ana 200°F.
also had a beneficial effect on yolk index measurements
throughout the seven-month storage period.

8. Untreated eggs had ouality indices cuite com-
parahle to many treated eggs up to the third month of the
storage period.

9. The thermostabilization treatment improved the
albumen condition of day-old eggs and this sunerior
glbumen condition was maintained throughout the entire
seven-month storage periocd.

1C0. The thermostabilization treatment had an unde-
girable effeet upon the yolk which was reflected by noor
yolk indicesg throughout the entire storage period.

11. The eandled =ppearance of thermostabilized eggs
wés altered materially by the {reatment and thus special
consideration of this change is necessary in arriving at
cendled grades.

12. Thin and porous loocking egg shells in the
trested and untreated lots frequently hed enlarged air
cells, thereby lowering the candled appearance.

12. The deterioration of the yolk of treated day-
old eggs under storage conditions is apparently radically
different from that of yolks in eggs held st room temp-

eratures.



14. There 1is evidence that heat treatment ma2y be
both beneficial and harmful to yolk deterioration, depend-
ing upon the intensity of heat and the length of treat-

ment.
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