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1.
INTRODUCTION

Dirty eggs present a problem to the entire poultry industry.
The hatcheryman is hesitant about buying dirty hatching eggs.

This arises from the belief that such eggs, especially those which
are extremely dirty, will not hatech as well as clean eggs. Dirty
eggs golng into the incubators also offer a possible source of
infection for many kinde of poultry diseases. Likewisgse, the pro-
duce dealer has discriminated against dirty eggs because they do
not appeal to the consumer, and because these eggs, if put into
storage, result in a high loas due to bacterial contamination and
subsequent spoilage. The logical question then is whether or not
these dirty eggs should be cleaned or whether they should be sold
as a low grade product.

Washing is one means of cleaning these eggs prior to incu-
bation or storage. In the past the poultry industry has advocated
that such egzs should not be washed. Such recommendations have
usually revolved around the belief that washing destroys or removes
the cuticle or "bloom"™ of the shell, therefore causing excessive
loss of moisture, and consequently a corresponding loss in market
value as well as a reduction in hatchability. Some authors have
taken the view that washing is the most objectionable method of
cleaning eggs even when disinfectants are used. They bellieve that
the cuticle is soluble in water and is washed off of the shell
and out of the pores, thus providing a passageway for micro-organ-
isms to enter the egg.

There are some indications that such views about washing

eggs are not justified, especially if the job is properly done.
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It has been shown that there is a difference in the coefficient
of expansion between the contents of the egz and the egg shell.
Since such a thermotic principle does exist, it appears naoesaari
when washing eggs to take into consideration the temperature of
the washing solution, as well as the selection of a cleaning agent
which will do a good Jjob.
The objectives of this investigation are:
l. To determine the effect of washing eggs in different
solutions and in different ways on their hatchability.
2. To determine the effect of washing eggs on their storage
qualities.
3. To determine whether washed eggs lose more or less
moisture than unwashed eggs.
L. To provide more information upon which to make recommen-
dations to the poultry industry on the washing of both

hatehing and storage eggs.
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REVIEN OF THE LITERATURE

Since this investigation deals with the removal of dirt rfom
the shell of the egg by washing with different solutions and by
different methods, it seems desirable to review the literature
on the different parts of the shell of the hen's egg.

The Egg Shell Structure -- The shell of the hen's egg is

composed of six essential parts: the shell membranes, matrix,
mammilla layer, spongy layer, cuticle or "bloom,™ and the pores.
Within the last century a number of researchers, Rizzo (1899),
Clevisch (1913), Almquist and Holst (1931), Sharp (1932), Calvery
(1933), Stewart (1935), and Marshall and Crulckshank (1938), have
investigated the properties and structure of the hen's egg.
Stewart has given a good review of theae works with an excellent
list of references.

The two shell membranes, the inner and outer, are composed
of a network of microscopic ribers; Very early workers such as
Landois (1865) and Blasius (1867), quoted from Stewart (1935),
have shown this to be true. Later workers, Clevisch (1913) and
Smith (1930), have confirmed these early works. Asmundson and
Burmester (1936) have shown that these membranes are formed in
the isthmus of the oviduct as the egg is passing from the magnum
to the uterus. Giersberg (1921), quoted from Conrad and Scott
(1938), in a study of the structure of these shell membranes,
described their formation as being secretions of material in the
form of droplets whieh later coalesce into fibers. There has been
considerable difficulty on the part of researchers in measuring

the thickness of these membranes. Hays and Sumbardo (1927) found



the inner membrane to be only 0,015 mm, thieck with the fibers

very closely matted together, while the outer membrane, being much
coarser and more loosely matted together, has a thickness of 0.05
mm, Calvery (1933) has demonstrated that the protein composition of
the shell membranes is that of a typical keratin, He defined a
keratin as "a protein which is resistant to digestion by pepsin
and trypsin, whieh is insoluble in dilute acids and alkalies, in
water, and in organie solvents, and which on hydrolysis, yields
quantities of histidine, lysine, and arginine so that the molecgu-
lar ration of these amino acids are respectively approximately

as 1l:4:12,"

Immediately to the outside of these shell membranes is a
hard calcareous layer which is the shell proper, This shell is
deposited on the egg in the uterus of the oviduct. Although it
has not been determined just how the calcite crystals are formed,
Burmester, Scott and Card (1939) have demonstrated that shell
formation is rapid with more that 50 percent of the calcium car=-
bonate being laid down in the first 13 hours the egg is in the
uterus,

The inner part of this hard shell is known as the mammilla
layer and is composed of a large number of peculiarly protruding
processes which are spherical and distinet from the remainder of
the shell, The knobs are exceptionally large spherical calcite
erystals and erystals of calecium phosphate. Kelly (1901), quoted
from Stewart (1935), by using a polarization microscope, was able
to identify these crystals as calcium phosphate. Within the
center of each knob of the mammilla layef there is a darkened

area which is stained by a protein dye. Nathusius (18¢%) has



shown that these strands of organic material are insoluble in
acids but will dissolve when subjected to alkalies and heat.

The second or outer part of the calcareous shell is known as
the spongy layer. Landois (1865) believed this layer to be
structureless, but Kelly (1901) and others have shown that it is
composed of a very fine deposit of irregular calcite crystals,
the lower portion of which contains some caleium phosphate crystals.
These very small irregular shaped crystals are perpendicular to
the surface of the shell. This spongy layer of the shell makes
up about two-thirds of the entire shell thickness which ranges
between 0.23 to 0.46 mm., Stewart (1935). Although some workers
have thought the mammilla and the spongy layers to be only a single
layer, they are so much different physically and in c¢rystal struc-
ture that they can well be considered distinct and separate.

Within these two mineral layers of the shell there is an
interlacing of organic material which appears to serve as a matrix
in and around which the inorganic mineral salts are deposited.
Since this matrix of organic matter is stained by protein dyes,
Almquist (1934) undertook to determine what type of protein it is.
He concluded from his tests that is is a collagen.

Immediately on the outside of the mineral portion of the shell
is a very thin outer covering called the cuticle or "bloom."™ This
layer has been described by Stewart (1935) as having a deep layer
containing nucleated cells and having what appears to be a base-
ment membrane next to the spongy layer. Thls superficial covering
of protein upon drying tends to crack considerably around the pore
entrances, thus greatly increasing the effective evaporation sur-

face, Stewart (1936) and Marshall and Cruickshank (1938).
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Marshall and Cruickshank (1938) deseribed the thickened areas of
protein, which cover the pores of the shell, as "plaques." These
"plagques," although continuous with the cuticle and similar to it,
are different and stain darker than the cuticle.

The cuticle is probably formed in the uterus bwt just how it
is formed is not known. Richardson (1936), by histological methods,
was unable to show that any protein was secreted by the uterus.
Beadle et al (1939) found only small amounts of protein in the
uterine secretion. They conclude that this small amount probably
diffuses through the shell membranes after the egg enters that
region, These researchers have shown upon a number of occasions
that it is possible for the albumen protein to pass through the
shell membranes., Conrad and Scott (1938) have ventured the possi-
bility that such proteins after diffusing out of the white of the
ege and through the shell membranes may be rendered insoluble by
"surface denaturation." This is a possible explanation of the way
the cuticle is formed, since it is known that albumen can be
denatured by absorption on a surface.

Plimmer and Rosedale (1925) and Calvery (1933) have shown
that the cuticle protein is a keratin. Bryant and Sharp (1934)
conclude that the protein covering is not removed by washing,
while Munday (1947) states that the "bloom" is soluble in water
and that there are individual differences in hens with respect
to solubility of the "bloom." It is hard to see how it could be
possible for a coating of protein which is insoluble im acid and
alkalies and water to be dissolved by the mere washing or wetting

of the egg.



Some workers have thought that the disappearance of the
flourescence which a new laid egg gives off indicates that the
cuticle has been destroyed. Klose and Almquist (1937) have shown
that this is not true. Sharp (1932, 1935) suggests a test for the
presence of the cuticle by the use of the protein dyes, methylene
blue or rosaniline hydrochloride. This test, when used after the
flourescence has disappeared, will show that protein is still on
the shell of the egg.

Within the heterogeneous network of calcite erystals and
organic matter of the shell proper, there are small but definite

tubellke passegeways. These passageways, or pores, are perpen-

" dicular to the shell surface and penetrate all the way through the

shell from the surface to the shell membranes. The pores average
from 0.038 to 0.054 mm. in diameter.

Rizzo (1899), quoted from Almquist and Holst (1931), showed
by a staining procedure that there is a large number of pores in
the egg shell. He concluded that there are about 7000 in the
normal shell, Almquist and Holst (1931) and Bryant and Sharp
(1934) have shown by two different methods that the number of open

pores is less than that reported by Rizzo (1899).

The Effect of Porosity (Weight-Loss) on Hatchability -- A

number of researchers have shown that weight-loss per unit of shell
surface area is a good measure of porosity; Marshall and Cruick-
shank (1938), Mueller and Scott (1940), and Black and Tyler (1944).
There is some disagreement as to the effect of weight-loss on
hatchability. Mueller and Scott (1940) using the weight-loss per

square centimeter of surface were unable to find any relationship
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existing between weight-loss and hatchebility. Hays and Sumbardo
(1927), in studying the relationship between various physical
characters and hatchability, figured the number of pores per
square centimeter in the equatorial region of the egg and concluded
that the number of pores did not seem to be a factor in hatchabil-
ity. These workers also checked the relative permeability of the
shell and could find no relationship between it and hatchability.
Funk (1934) divided eggs into good and poor shell texture and
checked the hatchability. This work was somewhat vague as to the
eriterion of good and poor shell texture, but it is believed that
mottling was the main basis for selection. Under the conditions
of this experiment it was found that there was no statistical
difference between good and poor shell texture in relation to
hatchability.

Other workers, Dunn (1923 - 1924), Axelsson (1932), Hender-
son (1941) and Godfrey (1949), found that there was a relationship
existing between the weight-loss of the egg during incubation
and hatchability. Dunn, using small numbers of eggs from inbred
lines, the shells of which were extremely thin and porous, found
the hatchability to be low. He concluded, however, if shell
characteristics such as porosity were highly correlated with
hatchability, then slight deviations from the normal conditions
would be in the nature of morbid or lethal variations. Such
extreme conditions of thin and very porous eggs are probably
inherited and since few if any of such eggs will hateh, the force
of natural selection reduces the po ulation producing such abnormal
shells, Axelsson (1932), using weight-loss froam the 7th to the
14th day, found a significant difference between groups of eggs
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which lost weight at different rates and the percentage of hatch-
ability. Godfrey (1949), with 6385 eggs, showed that eggs with
a l4-Cday incubation weight-loss of 1l percent or less hatched
better thgn those eggs with a higher percent weight-loss.
Henderson (1941, 1942) in an interesting approach to the
question of weight-loss on hatchability set up apparent porosity
scores from 1 to 5 based on eendling appearance., He found a
high significant negative correlation of -0,17, for 8,7 degrees
of freedom, between these apparent porosity grades and hatech-

ability.

The Effect of Washing Egzs on Their Hatchability -- It has

been held for many years that when the egg is washed the cuticle
is removed, and therefore the egs does not hatch well because of
excessive moisture loss, Lippincott and Card (1934). The belief
that bacterial contamination is introduced into the egg when it
is washed is another commonly held notion. Perhaps some of these
views developed from the work of such early researchers as Jack-
son (1912). After washing both clean and dirty eggs and comparing
them with unwashed controls, he concluded that washing was detri-
mental. His views were not consistent, however, as he recommended
the washing of nest soiled eggs.

Funk (1940) obtained data which indicates that eggs soiled
by poultry manure, both washed and unwashed, hatech equally as
well as clean eggs. BEggs were washed both with tap water and a
one percent solution of sodium hydroxide with no reduction in
hatchability. Further investigation by Funk (1942a) shows that

cleaning with warm water or one percent sodium hydroxide may even
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inerease hatchability; however, no temperatures wsre suggested
at which to keep the wasiing solution.

Olsen and McNally (1947) give some indications as to how
eggs will react when subjected to various solutions. These re-
searchers presented data to show that eggs immersed in different
disinfectant solutions (2 percent sodium hydroxide, 1 percent
sodium orthophenylphenate and 1/10 percent quaternary ammonium)
would hatch as well as untreated eggs.

Funk and Forward (1949) studied the effect of washing hateh-
ing eggs with a 0.38 percent Roccal (10 percent) solution. (Rocecal
is a quaternary ammonium compound.) Twelve hundred and fifteen
soiled hatching eggs washed with this solution and compared to
clean eggs indicated no significant differences in the hatech-
ability of the two groups. The washing solution was held at
room temperature while washing. Eggs to be washed were cooled
prior to washing.

There have been very definite indications in recent years
that the temperature of the solution has some influence on the
results to be obtained when washing eggs. Solution temperature
higher than the temperature of the egz is desirable. There is
the possibility that the temperature can be too high. Barott and
McNally (1943) in a study of the work done by Funk (1943) pertain-
ing to the thermo-stabilization of eggs reported that embryoniec
death in egzs heated to 122°F. was complete in about 26 minutes
while in eggs hesated to 141°F., the lethal time was reduced to
approximately 7.5 minutes. This is cited to show that any rela-
tively high teamperature to which hatching eggs are subjected must

of necessity be quite short in duration.
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Pritsker (1941) was one of the first investicators to realize
that the temperature of the water may be an important consideration
when washing or dipping egzs in a disinfectant solution. Eggs were
chilled to 8 to 10°C. and lmmersed in disinfectant (0.5 percent
formalin) solution at 23 to 25°c. Other eggs were chilled the
same and washed in water warmed to 23 to 25°C. The contents of
the egg have a greater coefficient of expansion than the shell,
and thus the immersion of these cold eggs into solutions whieh
were warmer produced an internal pressure within the egg having
a tendency to force filth out of the pores rather than suck it
in. By altering the temperatures of the eggs and washing solu-
tions, an external pressure was produced which tended to force
filth and micro-organisms into the egg. Control eggs with no
treatment were also used. While there was not too much differ-
ence between the controls and the eggs treated to produce inter-
nal pressure, there was a consistently smaller percent of hatech
in thoss eggs treated to produce an external pressure.

Zich (1948) reported that one poultryman who produces
embryonated eggs forlvaccine propagation has been washing eggs
for some time with hot water and detergents with no reduction in

the number of live embryos.

The Effect of Porosity (Weight-Loss) on Storage Quality --

Weight-loss 1s an accurate measure of porosity as shown by
Almquist and Holst (1931), Perry (1936), Marshall and Cruickshank
(1938), and Mueller and Scott (1940).

Some of the early studies on weight-loss were made by Dunn

(1923a, 1923b) in which he showed that individual eggs do vary
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considerably in the rate at which they lose moisture both over
short and moderately long periods of storage.

Marshall and Cruickshank (1938) found that eggs with nuamerous
pores lost seven to thirty-three times more moisture than shells
of low porosity. Perry (1936) in his work found apparent porosity
and shrinkage to be significantly correlated, and concluded that
"loss of weight during storage can be reduced by storing only
eggs with shells of slight apparent porosity."

Almquist and Holst (1931) subjected eggs to different tem-
peratures in storage to determine just what effect storing might
have on the porosity of the shell. Eggs were kept at room tem-
perature (about 68°F.), at 86°F., and at 102°F. for 25 days.

From this study it was found that porosity is not necessarily a
fixed character. It may increase with the age of the egg and

with high storage temperatures.

The Effect of Washing on Storage Quality and Weight Loss --

The current belief about the storage of dirty eggs is that the
keeping quality is materially reduced because washing removes

the cuticle from the egg and thus opens the pores to the invasion
of micro-organisms. Another belief commonly held is that by
washing the cuticle is removed and thus much faster evaporation
of moisture from the egg occurs through the open pores. Such
beliefs may have their foundation in such work as was done by
Bushnell and Maurer (1914). They state that the susceptibility
of bacterial invasion is increased by washing eggs before storage
and especially so if rubbed with a dirty cloth and put into the

cellar before storage. Jenkins et al (1920) confirm these results.
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Bryant and Sharp (1934), in a study to determine the effect
of washing upon the keeping quality of eggs, concluded that the
cuticle is not removed by washing with water, and if it is, mois-
ture is not lost any faster. They obtained some data on eggs
from which the cuticle had been taken off which indicated that
eggs will actually lose less moisture when the cuticle is removed.
Bryant and Sharp concluded from their investigations that there
is no foundation for the belief that washing in itself causes
eggs to deteriorate, if they are properly handled after washing.
They further state that the deterioration of the egg is caused
by bacterial infection from dirt which is on the shell rather than
the result of increased weight-loss due to washing.

Parsons and Mink (1939) in a review of some methods of clean-
ing eggs gave some data of interest relative to weight-loss. This
experiment was run on a commercial basis. Three lots after being
stored for 124 days at 29% to 303°F. and 80 to 90 percent rela-
tive humidity lost weight as follows: controls 1.67 percent,
wet sawdust treatment 1.57 percent and dilute acid treatment 1.60
percent, This adds strength to the belief of Bryant and Sharp
(1934) that eggs which have been washed will not lose moisture
more rapidly in storage than eggs which have not been washed.

In a study of the keeping quality of eggs, Funk (1938a, 1938b)
presented evidence showing that dirty eggs can be erfeétively
cleaned by using a one percent sodium hydroxide solution. Eggs
so cleaned kept equally as well in storage as clean eggs which
were not washed.

From tests conducted by Mallman and Davidson (1944), it was

concluded that washing with water reduces the protective function
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of the cutiele, but washiong with a detergent, sodiun lauryl sul-
fate, materially increases the suscepiibility of the egg to
invasion by micro-organisme. It should be notesd, however, that
these researchers did not report any temperatures on thelir wash-
inz solution. It must, therefore, bs asssuwsd tuat they used water
at reoom teamperature which may asceount for their poor results with
washing.

That suceessful washing of storage egas is dependent upon
temperature hag been suggested by a number of workers with some
results to support their convictions as sarly as 1938. Haines,
quoted by Diehl (1948), suggestad the possibility that = washing
solution of hnighsr than egp teaperature will force micro-organisms

out of the pores. Pritsker (1941), although working wita hatch-

.

.a‘g @
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zs, offersad the sams roason for the increase in temperature
of the washing solutica. Funk (1942b) reported a progressive '
decrease in the spollage of storage eggs from 24 percent to 1.3
percent as the temperature was raised from 40°F. to 120°F.
Gunderson and Gunderson {1945) and Gunderson (1946) corroborated
this work on the eff@ctiven@ss of high teaperatures and stated
that higher temperatures cauge a decrease in the number of bac-
teria in the wéter. They did not recommend the use of any germ-
icides. It was recommended, however, that a machine bs used
which will serub and spray hot water at a temperature of at least
150°F. at the same time. This procedurs reduces the possibility
of further contamination by dirty water.

Wright, Hall and Stark (1947) and Hall (1949) tested the
effect of washing ¢irty eggs on their keeping quality. Dirty

eggs were divided into three lots and washed with plalin water at
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different temperatures. The teaperatureys used were room teapaera-

; PN s . A ~0 T )

ture, 1007F. to 120 F. and 1607F. In all cases the egszs washed

in the cold water (room temperature) showed more spoilage than

clean eggs which were unwashed, and in all casses, eggos washed
O

in a solution of 1507 F. or warmer kapt Jjust as well ag eclean
anwashed eggs. Fuak (1948) confirmed these findings by coancluding
that it is necegeary for best results te have the temperature of
the washing solution higher than that of the eggs.

ch {19248) states that eastern producers are rspidly taking
to the practice of washing eggs with hot water and detergents..

Altaough no mention was made of esags zoing into storage, 1t was

resomnended that ezes be washed in a solution of 140 to 160°9F.

peik-Iak

o

Diehl (1948), in a good summary and review of washing eggs

rw»

for storage, emphasizes that hot water is guite important in the

proper washing of sggs to prevent spollags.
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EXPERIMERTAL PROCEDURE

The belief has been held for many years that the washing of
eggs will cause a reduction in hatchability as well as a loss in
storage quality. These experiments were undertaken to determine
the effects of wasiaing upon hatchsbility, and to see if such
waghed eggs keep as well as clean unwashed eggs in storasge. To
garry out this.investigation, the following materials and procedures
were used.

Hatchability -- A1l eggs for these experiments were from the

Oklahoma Agricultural Bxperiment Station stralins of New Hampshires,
Barred Plymouth Rocks, Silver Oklabars, Gold Oklabars and Single
Comb Rhode Island Reds. Eggs were set Jaunuary 28, barch 4 and
April 8, 1949 for Replications I, II and III respectively. A4All
eges wers held at approximately 50°F, prior to incubation and
distribution of these eggs into the lots was at random. Potas-
sium permanganate was used to number the eggs s0 they could be
identified after washing., DBecause of the relatively few dirty
eges available at the Experiment 3tation, one-half of the eggs
from each treatment were dirtied artificially. These egss were
soiled by dipping them in a compost of poultry manure to which
tap water had been added. The temperature of this mixtﬁre was
about-?ODF.; After the egps were solled, they were placéd on egg
flats and allowed to dry. It was observed that these epgs were
gatill wet on the saall sad 12 hours after they were dipped in the
compost. This gave ample opportunity for baeteria to enter the
egz. These artificially dirtied eggs were held from 2 to 7 days

in different replications prior to washing and incubating to
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determine if the lengtn of time belng dirty would affect hatch-
ability.

The solutions, temperatures, and methods used in each repli-
cation were as follows: |

1. No treatment. Coantrols.

2. Basket-dipped in a solution of "Suds idor.™ ¥  "Suds sdor"

is a commercial detergent recommended especially for the washing
of egge., This solution was made by putting 1 tablespoon of
"Suds sor," as recommended by the manufacturer, into each gallon
of water hested to lSﬁGF. The eggs were placed in a wire basket
“and dipped ten times in this soluticn, aprayed with hot water

at lAODE. for 15 seconds, then sprayed with tap water 15 seconds,
and allowed to drain dry in the basket.

3. Basket-dipped in a sgolution of "Breeze.” “Bresze" is a

de;ergent which is available at any grocery store. This solution
was made by putting 1 tablespoon of "Breeze™ into each gallon

of water heated to 1500F. The dipping and spraying procedure

was the same as that deseribed in treatment 2 with the tempera-
tures of the spray waters being the same,

4. Machine-washed with c¢lean hot water. The eggs for this

treatment wers washed in a Grange League Fedsration (G.L.F.}
machine. The prineiple of this machine is that c¢clean water
drips on the eggs as they pass through it and the eggs are
scrubbed by & series of rough disks. The water is not uged the

second time which eliminates a possible source of contamination

* The author wishes to thank the Hilltop Laboratories, 718
Washington aAvenue North, dinneapolis 1, Minnesota, for providing
the "Suds Hor"™ which was used in these tests.
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to the eggs bsing washed. Tap water with no chemicals added was
heated to 1580F. and used in the machine for this treataent. It
was necessary to run the dirty eggs through the machine twice in
order to remove most of the dirt; therefore, to make the treat-
ment as uniforms as possible, the elean cggs were also run through
the machine twice. The segond tima the eggs went through the
machine the ends were revsrsed thus giving a better chance for the
ends of the eggs to be washed. 1t takes an egg about 20 seconds
to pass throuzlh this machine,

5. Two_percent sodiuwa hydroxide washed by hand. & 2 percent

solution of sodiun hydroxide was made by dissolving 95 grams of
76 percent pure sodium aydroxide into sach gallon of distilled
hot water. The temperature fluctuatsd between lBDOF. and lSOOF.
It was found that at the higher temperature it was quite difficult
to keep ones hands in the water while trying to wash the eggs.
Bach egy was washed by hand with a cotton ecloth and stroked 12
tc 15 times as uniformly as possible to eliminate any error caused
by uneven washing. After these eggs were washed, they were placed
in a wire egg basket and sprayed with hot water at lLOOF. for 15
seconds, then sprayed with tap water for 15 seconds and left in
the basket to drain dry.

vﬁfter washing, the eggs were weighed on & Toledo egg scale
which weighs within an accuraey of 1 gram. All eggs were set at
the Oklahoma Experiment Station Habtchery in a Bundy incubabor and
turned at least 4 times a day. On the 1l4th day of incubation, all
eges were again weighed on the same scsles to determine the welght-
loss to that time and transferred to the hateching compartment of

the same incubator.
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Storage Guality -- The storage phase of this experiment

was undertaken to determine some of the effects of washing eggs
in different solutions énd by different methodéﬁupon their kesp-
ing quality. Eggs were rando&ly placed in the different treat-
ments from the production of Hovember 30 and December 1, 1948 at
the Cklshoma Experiment Station Poultry Farm. The eggs from the
following breeds were used: Single Comb White Leghorns, 3ingle
Comb Rhode Island Reds, Hew Hampshires, Barred Flymouth Rocks,
Silver Oklabars, Gold Oklabars and Oklahoma Dominant Whites. Host
of the eggs washed were clean egegs. o attempt was made to make
any eggs artificielly dirty. |

These egge were subjected to the following treatments:

1. No treatment. One hundred eighty eggs were used for

controls.

2. Machine-washed with hot water at 160°F. One hundred

geventy-elght eggs were run through the G.L.F. machine twice

using water which had been heated to 160°F.

3.4. "Suds Mor™ solution and machine4washed. The solution

for thnis treataent was wmade by dissolving 1 tablespoon of "Suds

%

7§
b

2

or" into each gallon of water heated to lé?oF. Bighty-nine eggs
were run through the machiﬁe twice, placed in a wire egg basket
and dipped 10 times in clear hot water at 15GOF., and then sprayed
for 30 seconds in tap water.

3.B. "Suds bor" golution and basket-dipped. This solution

wag prepared the same as that in 3.A.  Hinety eggs were placed in
a wire bsassket, dipped 10 times in the "Suds Mor®™ solution whieh

had a temperature of 150°F. Aafter thig, they were dipped 10 times
in 150°F. clear water, and immedistely sprayed for 30 seconds with

tap water.
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4. Washed by hand in 2 percent solution of sodium hydroxide,

The 2 percent sodium hydroxide solution was made by dissolving 95
gramus bf 76 percent pure sodium hydroxide in’eaéh gallon of dis-~
tilled water heated to & tempersture of 130%°F. to 150°FP. One
hundred and seventy-nine eggs were individually washed with a cot-
ton cloth and given 12 to 15 strokes each. After washing, these
eggs were placed in a wire basket and dipped 10 times in clear

- water heated to lAOoF. and then sprayed with tap water for 30
gseeconds.

Treatments 1 and 2 were washed and weighed December 1, while
treatments 3.4., 3.8. and 4 were washed and weighed December 3.
The ezgs were then placed in 2 wooden egg cases and taken to
Swift and Company,* Oklahoma City, for storage. The egg storage
room was held at 33°F. to BSOF. for the entire storage period
which was from December 3, 1948 to iay 30, 1949%. HNo readings on
the relative huridity of the cgtorage room were available,

Upon removal from storage these eggs were reweighed to deter-
mine weight-loss, candled according to U.S. grades, and then
broken out to determine interior quality. Upon breaking out,
observations were made Tor off colored yolks, meat spots, blood
spots, pink whites and the height of the albumen. Albumen scores
were based on the Van Wagenen - Wilgus grades (1335, 1936). These
scores range from 1.0 for the best albumen to 5.0 for eggs with
no thick albumen. The sges wers broken out and compared to the
Van Wagenen - Wilgus index pictures on equipment degceribsd by

Thayer (1945},

* The author wishes to thank Mr., W. 4. Stolzer, Swift and
Company, Oklahoma City, Oklahoma for nis cooperatioa in providing
commercial storage facilitlies for these eggs.
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EXPERIMENTAL RESULTS

AHatchability -- 4 total of 1424 eggs were set in three

r@plicationé to determine the effect of washing eggs on their
hatchability. The percentages of hatchability for both the total
nunber of eggs set and the number of "fertile" eggs are shown in
Tables I, II, and III for Replications I, II, and III respect=-
ively. "The method of washing aﬁparently had no effect on the
hatehability of eggs in the various replications.

Statistical tests further strengthen these findings that
there is no advantage in usingbany one treatment over the others.
The data of "fertile" eggs were analyzed by a method used by
Horton (1945). The chi-ggquare values for Replications I, II,
and III respectively were 0.9407, 3.4815, and 3.9181 which, with
L d.f. for each, were not significant. Chi-square values were
also figured forrthe hatchability of the btotal number of eggs set
in each treatment, There were no significant differences in the
hatch&bilities whean based upon the total eggs set. or the number
of "fertile" eggs. There appears, then, to be no advantage in'
hatchability for egge subjected to any one of the treatments
used in this experiment. |

In Table I and 1I there was a noticeable trend for the clean,
washed egge to hateh better than dirty, washed eggs in all treat-
wents except one, but these differences when tested by chi~-gquare,
with 1 d.f. each, were not significant. Since there was only
one c¢hi-square value which was significant out of the 30 which
were run, it must be assumed that this was a sample whiech would

be expected to be drawn one time in one hundred from the same
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population which would give a chi-square of 5.635 or higher. Aal-
though there was no significant difference between dirty and clean
egegs in the way they hatched, there was a noticeable and fairly
consistent trend for eggs which have been dirty to hateh a little
poorer than the clean eggs within any one treatment.
Table IV gives the results of experimentation to determine
the difference, if any, between the hatchability of eggs which
had been dirtied 1 to 4 days prior to washing, and those which had
been dirtied 5 to 7 days prior to washing. This table indicates
that there was no difference in hatechability between dirty eggs
held 1 to 4 days and those held 5 to 7 days prior to washing.
Tables V shows the results of naturally dirty eggs and arti-
ficially made dirty eggs in relation to hatechability. Based on
the total number of eggs set, there was a consistent tendency, with
one exeception, for the naturaslly dirty eggs to hateh better than
the artificially dirtied eggs. This trend is not as evident when
baged on the number of "fertile" eggs. The only two significant
chi~-squares obtained when testing artificially dirtied eggs against
naturally dirtised eggs wers in favor of the artificially dirtied
egegs. Because of the relatively small numbers in each sample, with
no replications, and the seemingly coaflicting results, little can
be said as to the effect of washing on sither type of egg.

l4i=-Day Incubation Weight-Loss -- Table VI shows the average

percent l4-day incubation weight-losa along with their standard
deviations. There sppears to be no difference in the ampunt of
l4~day incubation weight-loss in eggs subjected to differeat treat-
ments.

In data ianvolving percentsges, the variance ig s function of

the amean and as such should not be asnalyzed by an analysis of
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variasnce, For this reason the l4i-day lacubation weight-loss per-

centages were converted to angles, (angle = aAre sin J/percentage ),
and the anslysis of variance was run on the angles, Baten and
Henderson (1941), Sunedecor {(1946). Incubation weight-loss was
run separately on euch setting of cggs, The F-tests between error
ant treatment were as follows: Replication I, ¥ = 6.12%%, for 483
and 4 d.f.; Replication II, P = 2,19, for 443 and 4 d.f.; and
Replication III, F = 0.85, for 478 and 4 &.f. Replication I was
the only setting of eggs which showed a significant difference in
weight-loss between the various treatments., In order to see if
this difference was constant from treatsment to treatment; that is,
to see If dirty or c¢lean eggs lost coasistently more moisture in
each treatment, the interaction was computed, and a significant

F value of 3,08%, for 483 and 4 d4.f., was obtained. This test

of interaction shows that the difference in the l4~-day incubation
welght-loss between dirty and clean eggs ig not the same, Dirty
eggs lost more welght in some treatments than the clean, while
clean eggs lost more welght than dirty eggs in other treatments.
Because of the significant interaction in Replication I and the
fact that Replications II and III showed no difference in the way
eggs lost weight in ¢ifferent treatments, it indicates that there
is no difference in the li-~day iancubation welght-loss of eggs
which are subjected to the treatments used in this experiment.

Candled Grades on Storage Bgps -- Table VII gives the per-

centage of the eggs in each treatment which were placed in the

* Gignificant
*% Highly Significant
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various U. &. grades upon candling after they had been ian storags

for eix wmonths. %o determine if there was any difference in the
proportion which were placed 1o each gr ’dé from the various treat-
ments, all grades of eggs were converted to numorieal velues =g

an analysis of variance could bg calculated., The values asssigned
were 1, 2, 3 and 4 for Grades A, B, C cud rejscls respectively.

in F valuwe of 1.099, for 711 and 4 d.f., was obtained which indi-
cateés that bthere was no difference in the candling grade of the
gifferent lots of egoe subjected to the various methods of washing.

—

Storage Weight-loss -- Table VIII showzs the average percent

weight-loss and the standard deviation of washed eggs in storage

to be less for "Suds Hor", machine washed than any other trezt-

z.# P}

ment. The percentage weight-loss was determined by dividing the

original weight into the loss end multiplying by 100. These per-
centzges were converted to angles and the analysie of variance
was caleculatved from the angles., In the analysis of variance the
F test for error azainst treatment was 6.49%*%, for 709 and 4 4&.f.,

»

which indicates that thers wes o difference in the weight-loss

.

during storage of eggs receiving different trsatments. To isolate
this difference, a selt of orthogonal comparisons was set up From
thege comparisong, t-tests were run in place of the regular ortho-
gonal comparisgonsg because of ths unegual nuaber of eggs in each

sro ghown in Table IH. It will be

=
.3_
Q«}
6]
cub
bv _J
[}
{
e

treatmeat.
noted that a highly significant t-value was obbalned between aggs
washed in any chenl all; treatsd wabter and those washed in plain

water., The mean and the variance go in oppositeo directions.

**% Highly 8ignificant
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Por egps washed in chemically treated water, there was a lower
mean but & higher variance than for the eggs washed in plain

water. A& highly significant difference was found between the

eges of machine-~-washed "Suds Mor®™ and bucket-dipped "Suds dMor."
Thig difference was in favor of the machine washed egg which showed
both a lower measn weight-loss and a smaller variance. These
orthoponal comparisons indlcate that eggs in storage lose less
weight when washed with chemically treated water than when washed
with clear water., They also show that eggs washed in "Suds HMor"
with a machine lose less molsture than eges which were dipped

in "Suds lor.®

Albumen Score -- After storasze, all eoggs wére broken out and
the albumen was scored by using the zslbumen picture grades of
Van Wagenen and Wilgus (1935). fTable XI gives the percentage of
egss in the various albumen grades. 4an F value of 4.52*% was
obtained which indicatesg there was a difference in the albumen in
the various treatments. The results of t-tests based on orthogonal
comparisons are shown in Teble X. The difference betweesn controls
and treated eggs was found to be in favor of the controls which
had a smaller mean'albumen score as well as s smaller variance
than the treated sggs. This indicates that the unwashed egszs had
a firmer, higher albumen after storage than eggs whieh were sub-
jeeted to any of the treatments. In the comparison of the clear
water treatsent against the chemically treated water, egpge washed
in the clear water -had a smaller mean albumen score, but a higher

variance tlian the in chemically treated water. The

E

** Highly Significant



larger variance in the egss washed with clear water was thought
to be due to tine much smallsr degreses of [reedom for that treat-

ment. Washing with clear water gave & belter albumen scors on

-

o e £ oy a3
storags egus Lhan w

-

shing with any of the cheasicals which were

AY

ugsed in this experiment. Frou these results, c¢lean, uanwashed
eggs will have a larger amount of firm albumen than eges which
are washed in plain water or chemically trested water. Likewise,
eggs washed in plain water will have a higher firmer albumen than

egzs waghed in any of the chemical waters used.

some Obhservations on Interazl Quality of Stored Bggs -~ 4

large number of off colored yolks were observed when the eggs were
broken out. Thers were 38.7 percent of all yolks showing some
kind of abnormel yolk coloration. uost of these yolks were a
brownish to olive color which. scemed to be oaly on the outside of
the yolk. Some of these yolks were very dark and some few showed
a mottled sppearance. It was observed that 7.9 perecent of all
albumens were pinkish in color. There was no indication that

thig off colorihg of the yolk and albumen was the result of storage
or treatments. The mash which these hens were receiving at the
time these eges were laid contained 10 percent cottonsced meal,
This feedstuff, according to Thompson (1930), causss a discolor-

ation of ths yolk in storage eggs as well as pink whites.

3



T4ABLE I

Percentage of Eggs Hatched From Iach Treatment in Replication I
(Set January 28, 1949)

o

Temp. Condition No. of WNo. of Ho. % Hateh % Hatch oF
Treatment Deg. of Zzgs  Fertile of of Total Fertile

Pahr. Eggs Set Eggs Chicks  Eags kggs
Ko Treatment Controls Dirty L9 49 30 6l.2 61l.2
Clean 49 43 34 69.4 79.1
"Suds Mor®™, Dipped 158 Dirty 49 47 34 094 72,3
Clean 50 46 39 78.0 8L.8
"Breeze", Dipped 140 Dirty LS 47 37 75.5 78.7
Clean 50 49 L1 82.0 83.7
#lachine, Water 160 Dirty 49 A 33 87.4 75.0
Clean 49 47 38 77.6 80,9
2% Sodium Hydroxide 130-150 Dirty 50 47 37 74.0 78.7
Clean 49 L7 40 8l.6 85.1
TOTALS 493 466 363 73.6 779

*L2



TABLE II

Percentage of Eggs Hatched From Fach Treatmaent in Replication II
(set March 4, 1949)

Temp . Condition No. of No. of No. % Hatch % Hateh of

Treatnesnt Degz. of Bags Fertile of of Total Fertile
Pahr, » Tgos Set hgas Chicks  Egags Eggs

lio Treatment Controls Dirty 45 34 26 57.7 76.5
Clean 40 42 33 71.7 78.6
"Suds Mor", Dipped 150 Dirty 45 37 28 62,2 75.7
Clean 45 36 32 69.56 38.8
"Breeze", Dipped 150 Dirty 46 L2 - 31 674 73.8
Clean 46 34 34 73.9 100.0
Machine, Water 160 Dirty 45 31 24 53,3 77 b
Clean 45 36 29 63.0 80.6
2% Sodium Hydroxide 131-150 Dirty 42 34 27 64.3 73
Clean 46 42 30 65.0 71.4
TOTALS 453 368 294 64,9 79.9

'82



TABLE II1

Fercentage of Eggs Hatched From Bach Treetment in Replication III
(Set april &, 1949)

Temp. Condition M¥o. of Ho. of No. % Hateh @ Hateh of
Treatment Dag. of Egge Fertile of of Total Fertile

Fahr. Heges Set Eges Chicks Egegs Egos
Ho Treatment Controls Dirty L7 29 23 LE .9 79,3
Clean LY 37 26 5.1 70.3
"Sude HMor?, Dipped 150 Dirty 48 34 23 4749 67.6
Clean 50 39 24 LB.0 61.5
“Breeze", Dipped 150 Dirty L7 28 22 L6 8 78 .6
: Clean 50 41 23 460 56.1
lischine, Water 150 Dirty 50 39 23 L5.0 56.0
Clean 50 37 24 LB.0 64.9
2% Sodium Hydroxide 131-150 Dirty L9 37 24 L8 .Y YA
Clean L& 38 24 50.0 63.2
TOTALS L88 359 236 LB o4 65.9

*62



TABLE IV

Relationship of Length of Time Dirty Frior to Washing and Hatchability

Ko. of No.Fer- No. % Hatch % Hatch
Length of Time Dirty Treatment Eggs tile FTggs  of Total of

Set 14th Day Chicks Eggs Fertile

Eggs

1 to 4 days Controls 20 15 11 55.0 73.3
"Suds Mor", Dipped 15 14 12 63.2 85.7

"Breeze™, Dipped 20 18 12 60,0 66.7

HMachine, Water 20 16 11 55.0 68.8

2% Sodium Hydroxide 17 14 10 58.8 71.4

TOTALS 96 77 56 58.3 72.7

5 to 7 days Controls 25 19 15 60.0 78.9
"Suds Hor™, Dipped 26 23 16 6l.5 69.6

"Breeze®, Dipped 26 24 19 73.1 79.2

Machine, Water 25 15 13 52.0 86.7

2% Sodium Hydroxide 25 20 17 68.0 85.0

TOTALS 127 101 80 63,0 79.2

o€



Relationghip

TABLE V

of Haturally Dirty and artifieclially Dirty Eggs and Hatchability

-

. To.Eggs Set .No. Fer- .No. Chicks ;

: f .% Hateh of Ffer-
gge Set . tile Eggs Sot

.
=
o
(-5
@
g
o

Treatment . .tile Eggs . . Tota £ :
* 4 N A N . A N A N . A

Controls . 22 23 :16 18 : 11 15 : 50.0  65.2 : 68.8  83.3
"Suds Mor", Dipped 22 23 : 16 21 ¢ 12 16 54.6 69.6 : 75.0 76.2
"Breeze”, Dipped : 23 23 : 20 - 22 : 15 16 : 65.2 69.6 : 75.0 7247
achine, Water : 23 22 13 18 . 9 15 : 39.1 68.2 1 69.2 83.3
2% Sodium Hydroxide : 20 22 : 16 18 ;16 11 80.0 50.0 :100.0 61.1

TOTALS : 110 113 : 8L 97 : 63 73 : 57.3  64.6 1 77.8  75.3

* 4 « Artifieiaslly made dirty
B « Naturslly dirty

*1€



TABLE VI

1.~Day Incubation Weight-Loss of Eggs Washed in
Different Solutions and by Different ilethods

Replication I . i Replication 11 1 Replication Il%

_ Condition: Ho, Ave. Stan- ; No. Ave. Stan- ; HNo. Ave. Stan-
Treataent of : of % Wt. dard : of % Wt. dard ; of % Wt. dard
Bggs :1Ezgs Loss Devi- : Bggs Loss Devi- . HBeps Loss Devi-
: ations, 7 ations: » ations
fo Treatment ‘Dirty : 49  £.80  .071 : 45  8.05 ,197 : 47 8.7 .18
| Clean : 49  7.94 WJ1l4 ¢ 46 7.66 131 : 49 £.19 047
"Suds Mor®, Dipped  Dirty : 49  9.37 104 45 8.75 (164 : 48  9.02  .12C
‘Glean : 50 8.86 087 o 46 8.28 048 ¢ 50 B.40 105
"Breeze”, Dipped Dirty : 49 B.35  .089 : 46 8.55 L1399 : 47  8.64  .132
Clean : 50 8.25 ,099 : 46 8.73 .151 : 50 8,04 .076
Machins, Water Dirty * 49 7.50 JAIG 1 45 7.82 233 v 50 "8,09 270
o Clean : 49 8.08 043 : 46 8.43 .067 : 50 E.47 .100
2% Sodium Hydroxide Dirty @ 50  7.80 094 1 42 8,18 138 1 49 8.25 .152
7.98 LA00 ¢ 48 8.38 151

Clean : 49 8.34 063 1 46




TABLE VIX

33.

Regults of Hggs Candled After 3ir Month's Storage.
The Percentage of Rach U. &, Candling Grade
in Different Treatments

Temp. of ;: No. of: % Candled into Zach U.S.
Troatueonis Solution : Eggs : Grade
Deg.Fahr.: Stored: 4 : 2 : G tRed,
Yo Treatment Controls : 180 : 8.89 : 73.33 : 16.67 :1.11
HMachine, Water 160 : 178 . 8,99 : 71.35 : 19.10 : .56
"Suds kor™, Machine 169 : 89 : 6.74 75.28 ¢+ 17.98 ;eene
"Suds Mor", Dipped 150 : 90 :15.56 : 68.89 : 1liL.44 ;1.11
2% Sodium Hydroxide 130-150 : 179 :10.61 : 76.54 : 12.29 : .56
TOTALS : 716t 9.91 : 73.33 : 16.06 1 .70

TABLE VIIX

The Percentage Weight-Loss of Eggs Subjected to Different
Washing Methods and Solutions Prior to Storage

Average
Number Percent Standard
Treatments of Weight- Deviations
Eges _Loss
No Treatment 180 3e41 .092
dtachine, Water 178 3.81 '.128
"Sudg sor"™, iachine 89 3.02 079
"Suds Kor™, Dipped 90 3.72 143
2% Sodium Hydroxide 3.58 124

177




TABLE IX

Crthogonal Comparisons on the Storags Weight-Loss
of Eggs and the T-Values

Comparisons Used T-Value

Control vs. 411 Treatments

1.2z
Clear Water vs. Chemically Treated Water 2.83%*
"Suds Hor"™, vs. 2% Sodium Hydroxide 1.10
"Suds for”, Machine vs. "Suds ior"™, Basket Dipped 3.307%%
*# Highly Sigpificant

TABLE X
Orthogonal Comparisons on Albumen 3cores of

Storags fggs and the T-Values
Comparlsons Used T-Value
Control vs. Treated 2.24%
Clear Water vs. Chemically Treated Water 3.35%%
oy 3 il 3 EF ep A ] -
"Suds dor', vs. 2% Jodium Hydroxide 415
"“uds Hor™, dachine vs. "Suds wor", Basket Dipped 1.139
* Bignificant

#* Highly Siguificant



TaBLE XI

The Percentage of Eggs in Each Van Wagenen-Wilgus Albumen 3core
for Eggs Subjected to Different Washing Methods
and Solutions Frior to Storage

Ho. Albumen Scores
Treatment of
LTeops 1.0 1.5 2.0 2.5 3.0 3.5 40 Leb 5.0
Controls 177 e 3,95 23.16 32.77 30.52  9.60
Machine, Water 174 -—e 2,30 30.46 29,31 20,44 9.77 .57 1.15
"Suds Mor"”, Machine 89 m—— 3,37 .99 29.22 45.07 11.23 1.1i2
"Suds Mor"™, Dipped 89 ——— 2.25 17.98 35,96 32.57 7.87 2.25 l.12

2% Sodium Hydroxide 178 --- 1.69 10,57 36.52 39.33 .93 2.81

TOTALS 707 2,69 19.38 32.81 33.9% 9.48 1.28 .28 A
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DISCUSSION

The results obtained in the various experlments indicate
that hatching egags and eggs going into storage can be successg-

fully washed.

Hatchability -- The idea which has prevailed for so long

that washing tends to destroy lLhe cuticle on the shell of the
ene and thus allows excessive evaporation, as well as openiag
the pores to bacterial infection, sppears to have no foundation
when the washing 1s properly done, If too much evaporation were
to take place in the hateching eggs, a decrease in hatchability
would result; aAxelsson (1932), Henderson (1741), and Gedfrey (1949).

Eggs subjected to the different treatments used in this experi-
ment hatched egually as well in sll three replications. There is
no indication that the methods or sclutions used in washing had
any effect upon the hatchsbility. From these results, the hatch-
ery flock owner or the hatcheryman can wash soiled eggs by any
oneg of the methnods shown in Tables I, II and III with equally
good results. The ease of wasning by the basket-dipg and a deter~
gent should maxe it one of the most popular methods for wasihing
hatching eggs. Because of the large amount of work necessary to
wash eggs individually in sodium hydroxide, and the necessity of
wearing rubber gloves while washing, it is doubtful if this method
will ever be extensively used.

Thers appears to be no difference in the percentage hatch-
ability of eggs which have been dirty for several days before
washing, cowpared to eggzs which have been dirty only a short tiame.

Therefore, it is possible that the hatcheryman may assuwme the job



37.

of washing the dirty eggs for all of the flock owners just before
they 2o into the incubator. An educational program aimed at pro-
ddcing clean eggs should be carriéd on, however, to prowote the
production of clean eggs. Dirty egzs should not bring as good a
price at the natchery_for two reasons: (1) The cost of cleaning
would be borne by the hatchery; (2) The trend found in this study
iﬁdicates a smaller percent of hatch may be expected from dirty
egzs which have been washed, Although this decrease in hatch-
ability is small and statistically non-significant, there is a
rather consistent trend for clean eggs, both washed and unwashed,
to hatch better than dirty washed and unwashed eggs. To a hatchery-
man a definite trend may not necessarily need to be statistically |
significant since only a small decrease in hatchability will have
a decided effect on net retura when considered for theventire
hatching season. From the results of this work, it is recommnended
that clean epgs be produced; however, if esgs to be set do zet
goiled or dirty, they should be washed.

It is possible that the slight decrease in hatchability noted
in nost lots‘of eggs which had been dirtied, compared to thé clean
sggs, was due to bacterial infection from being made dirty rather

than an inerease in weight-loss, since weight-loss was not found

P

to be different throughout most of the expériments. The high
temperatures of these washing solutions, no doubt, reduced the
amount of bacterial infectianvta & minimum by expanding the con-
tente of the egg and forcing bactsria oult of the pores, Pritsker
(1941).

Becauss of the rapldity with which all eggs were washed, it

appears that dead germs caused by wesihing in hot water was not a
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detrimental fector in these tests. Wright (1948) states that
egzze washed with the Crange League Federation Hschine inereased
. . (620 e s .

in internal temperaturs only 2°F. while being washed.

Storage Luality -- The eggs used in this part of the experi-

ment were for the most part clean egps. There were no eggs arti-

o
X8

[N

cially solled as in the hatchabllity testa, No difference in
the candling grades of the eggs in different trestments could be
éetected, but zince there were some differences in storage weight-
loss end albumen scores, between different treatments, cazndling
wag not considered to be an accurate enough measure of internal
quality. From thelr candled zppearance, washed sggs kKept Jjust as
well in storage as egas which were not washed.

The percentage of candled rejects in all treatuicnts was very
small and therse was no indication that any one treatment teanded
to cause a larger aumber of these inedible eggs. The defect
coamon to all rejects was stuck yolks.

There was a difference in the weight-loss of eggs placed
in storage. The weight-loss from eggs whilceh were washed with
machine and the "Suds #Mor"™ solution showed a descrease in mean
weight-loss as well as a decrease in the varlance of this losgs.
The combination of "Suds lor" and wachine appeared to be heces-
sary to get the least amount of wmoisture-loss in this exXperiment.
dJust why this particular treatment should lose less moisture is
not clear, It wmay bes that the rough disks which clean the eggs.
rubbed some of the cuticle off and thus reduced the effective
evaporation surface. ifarshall and Crulckshank (1938) have thought
that the "plaqueg,” cuticular material immediately above and

around the pore, and the cuticle proper may be an evaporation
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surface for tiae egg. Thaere is no indication that the washing
solutions alone will remove the cutlcle from the shell, but in

combination with the machine it may be removed to such an extent

l

that there is less loss of wmoisture. By isolating the variance
of the welght~loss while in storage, less loss in weight was
shown to be caused by chemically treated water as against clear
water., When this variance was further isplated, it was found

that eggs wasied with "Suds Mor™ and the machine lost less weight

snd likewise had less variance than the basket~dipped "Suds dor"
ezgs. Although the "Zuds dor”, machine-washed sggs lost less

paistur@, they did not have the beller albumen scorse as might
be expected. The slight decrease inwelght-loss wag not sufifi-
cient to reflect a higher, {irmer albumen.

Two things are rather clearly indicated as far as albumen
Scores are coace raosd. Zggs which were in the control lots, com~
pared to all ezgs which received treasiment, had a lower albumen

index score and also & smaller variance. This lower index score

ig indicative of a Tirmer higher albumen., When aost of the eggs
are clean, as these egps were before washing, there is nothing
gained by washing the egg as far as albumesn appearance and score

is concerned. If washing 1s done, it sould be with clear hot

water to get the better mlbumen scorc.
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SUMMARY AND CONCLUSICHS

The effects of washing lhatening and storage eggs, both dirty
and clean, were studied. From this study of 1424 hatehing eggs
and 720 storage eggs, the following conclusions may be drawn.

l. There is no indication that the hatchability is lowered by

ot

he following methods of cleaning when compared to controls:
(a) "Sués Mor", dipped, (b) "Breeze", dipped, (c¢) Machine
and water, (d) 2 percent sodiuz hydroxide. The temperature
of all of the solutioas was 150 to 160°7. except the sodium
hydroxide which was 130 to 150°¥, Aalthough not statistically
sigﬂificant, there is a falrly coansistent trend for clean
egas, washed and unwashed, to hateh bstter than dirty eggs,
both washed and unwashed.

2, HatchingAeggs, which nhave begen dirty 1 to 4 days prior to
washing, hatch no better than eggs which have been dirty 5
to 7 days prior to washing and setting.

3. Yashing hatching eggs has no effect on their li-day incu-
bation weight-loss, |

L. There is apparently no advantage in washing clesn eggs going
into stcrage.' Less welght-loss in storage was found in eggs
which had been washed with chemically treated water compared
to clear water. Less weight-loss was also observed in wmachine,
"Suds dor" washed eggs compared to egzs washed by the basket-
dip "Suds #or" method. It might be expected that eggs with
less weight-loss would also have better albumen scores, but
this was not found to be true. Egzs which were anot washed
and those washed in plain hot water had better albumen scores

after storage than eggs washed in any other way.
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