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ABSTRACT OF THESIS
The Problem

Investigation was made into the releationship
of the physieal condition of egges and the tenderness
of baked oustards made therefrom.

The investigation necessitated determining
the differences existing in the phyaslical condition
of the eggs studlied and the determination of the
degree of tenderncss of the baked custards made from
the eggse.

It elso seemed advisadle to determine whether
ehange in pH velue of the ezg whites was related to
varietions in the degree of tenderness of custards
resul ting from the use of those egus.

Under ordinary ciroumstances cvaporation
of water from egsgs during storage constitutes & well-

recognized physical change. A study wea made of the
influence on custard tenderness of the addition of an

emount of water equal to the welight lost by eggs during
a 30-day storage perioed.

Proceduse

T aseertain the physieal conditions that
existed in fresh egge and in egge stored for 10, 20,



and 30 days, ell egge used in the ocustards were examined,
and the following determinations ware mede:

1.

2.

S
b

7
L2

10.

*11.

w18,

The observed score sccording te
the W&l‘ul standard,

The helght of the firm white in
siliimeters as mecsured by a
sripod eeliper. :

e welght of the firs white in grama,

The helght of the yolk in Sdlilimeters
as measured b & triped ealiper,

The dismeter of the yolk in milli-
meters a8 moasured by e
seliper,

The weight of the egg (ninus the
paell) in greams.

The weight of the yolk in grams,

The yolk indexe-a caloulation
obteined by uuua&m height
af the yolk by the dismeter,

The parcentage of yolke-ths weight
of the yolk divided by the we
of the egg (without shell),

The percentage of firm white-~the
welght of the firm white divided
by the welight of totel white,

The pil value of the whitese--determined
by use of & potentiometer,

The pH walue of the uizes--detemined
by use of & potentiocmeter,

The lngredients of the lersule for the custards
were in the proportion of 244 grems of milk (made up of
equal velumes of condensed milk snd water) 72 greams of

«Used in series B only,



eégg,(yelk and white mixed), and RS grams of sugar, All
custards were baked 35 minutes in 100 ee¢ gless beakers
set in 2 water Yath in an oven with an ingser temperature
of 108° Centigrade. The custards were cooled for 1 hour
gfter removel from the even, The memdrene that develped
on top of the custerd durisg baking was carefully removed
before the custerd was tested for tenderness.,

Pepth of pemetration wes taken to indicate
sonparstive tenderness of custards. Ileasureuests for
the determination of the depth of penetration were
made by means of a penetrometer. This instrument re-
ecords to 0.1 millimeter tha dletence & plunger of known
welght penetrstes a substanee in a given tinme. The
time used in all experiments was 10 sesonds,

The pH values for some egg whites were de-
termined by e potentiometer. The pH of the mixes
in whieh the egg whites were used was um asecertained,

In series B of the cmﬂnnﬁﬁan the eggs
were weighed before they were placed in storege and
agein at the terxination of & S0-day storage period.

A weolghed smount of weter equal te the loss in welght
during storsge was added to the egzs before they were
used in cuatards.

Anelyels of Date

Results of the physical and chemioanl teets and



of the depth of pmﬁntion of custards were treated
stetistioally.

The statistical trestment of the date 1s based
upon the essumption thet fectors entering lato the
meking of a custerd were coastant with the exception
of the eage used, Then e difference in the custerds
eould be treced to a difference in the egge used in
their makin: .

The arithuetic mean of each test provided
the basie for comparison of results of like tests on
the wvarious groups of eggs end on the custards. The
standerd devistion for each dlstridution was found
by the formule: O = v[_é__)s"_;’("
in whieh a = stfhurt deviation

i)(; = summstion of squares of the items
=32

X = square of the sritimetic mesn.
The standard error was estimested by: cff( = \/é
tnwiteh Oy e stasderd errar

N 2 number of items.

In order to test for significent dirfferences

between 2 meane & null hypothesis, 1.e., an sssunption
that there was no difference between the means that
eould not be attriduted to chence, was used., The
applicetion of the null hypothesis is referred to
as a oriticel ratio, §, and is given by &.

$3 (X -%)-°




If £ is less then 8, no conclusion ¢an be
drawvn,  If § is greater than or equal to £, the
dirference of the velues deing compered is seld
to be signifiesnt, {.e., 1%t is unlikely that the
difference between the mesns was caused by chanoce,
Yhen & is greater than or equal to 3, the differense
is saild to be very signifieant, and there is little
probablility that the difference is due to change,

Results and liscusalon

Highly significant differences in physical
characteristies were observed among {resh eggs and eggs
stored for 10, 20, snd 30 days.

Custards made with fresh esgs end with egge
stored 10, and 20 days, respectively, demonstrated
significently ineressing tenfernsess,

The tendernsse of cuntards mude from eggs
stored for 30 deys appeered couparsble %o the tenders-
ness of the custerds made from eggs Stored for 10 days.
The inereaned psroentege of ‘ogg sollids is thought to bde
& poseible fector in the tenderness of custerds made
with egre stored for 3¢ dsys,

Cunterds made with esge stored for 30 daye,
then corrected for water lost by evaporation during
storage, resembled, In degree of tenderness, custards



made with eggs stored for 20 days.
It was Tound that alterations in the N

of the whites of the eggs proved none-effective in
materially ochanging the pil of the oustard mix,

In genoral 1t seems that the tenderness of
the custards dears = relsticuship to the physieal '
conditions of the eggs used in them, Custards made
with eggs stored for 20 days possessed a degree of
tenderness grester than for any of the othey eu-uﬂa.
Tables of results show thet by the 20th day of storage
et 70° Pehreshelt a greater pert of the fibrous white
had been wrokan down,

When fresh egge were used the resulting
custards were less tender than aither the custards
nmade with eggs stored for 10 days or those meade with
ezge stored for B0 days. The fresh eigs ware found
to have a greater percentage of firs white as well as
firm white of greater height than 414 any of the other
egzs tested,

Custarde made with egge of 4different gquelities
varied in degre of tendermess, but, vift the exeception
of those mede with eggs stored for 20 days, series A, all
vere paletable and possessed firm, smooth ocurds, with
no development of syneresis during baking and testing,

Results of the Investligetion would then ine
Gicate thet good mtu"u can be uzade from storege eggs.
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CHAPTER I
INTRODUCTION

For some time considerable interest in egg
quality has been shown on the campus of Colorado State
College of Agriculture and Mechanic Arts. TBesides
extensive practical and scientific work carried on in
the Poultry Department, the Home Economics Section of
the Colorado Experiment Station has reported progress
from time to time on the project "A Study of the Factors
Which Determine the Cooking Quelity of Eggs." This
invoctigntion of the relation of egg quality to tenderness
of baked custard is part of that Experiment Station pro-
Ject.

Need for the Problem

High nutritive velue has been attridbuted to
egzs by such noted authorities as McCollum (14),
Sherman (24), end Saxl (17). NecCollum Orent-Keiles
and Day (14) in "Newer Knowledge of Nutrition" state,
"Whole egge which constitute a mixture of proteins have a
higher nutritive value than any other source of protein
known," Mitchell and Carmen (15) obtained date show-
ing that 94 percent of the protein content of the whole
egg 1s absorbed by the body end used in enebolism as



compared to 52, 83, 685, 62, and 69 percent of protein
of white flour, egg elbumen, milk, veal, and beef
respeotively.

That eggs are excellent sources of iron ies also
indicated by the work of Sheckleton and McCence (18)
who found that 100 percent of the iron of eggs is in a
form available for body use.

Furthermore, eggs are included in every list
of foods iugge-tod by Saxl (17) end Sherman (24) as very
good sources of the vitamins A, G, and D, and the
minerals, phosphorus, iron, end iodine. Sherman (24)
would include eggs with milk, fruit, and vegetadbles as
protective foods.

A food of such excellent nutritive qualities
should demand a prominent place in the average dietary,
Stieveling and Ward (24) do advocate in the prescrided
"liberal diet™ the use of 30 dozens of eggs per cepita
per year, Stewart (23), however, points out that
Hawley's flgures show the actual average consumption to
be less than one egg per day. That this egg con-
sumption is not commensurate with the nutritive value of
eggs 1s due partly to ignorance of the intrinsic value
of eggs. Sinoe egge are so important in the diet,

research concerning egg quality is most importent,



Statemsnt of the Problem

In considering this problem of need for eggs
and of supplying egges in the diet the queetion arose:
"Can ecceptable custards be made from storage eggs?"
or "Do the changes that occur in eggs during storage
affect markedly the quality of a baked custard?" In
the discussion of nutritive value of eggs, none of the
suthors mentioned previously in this thesis made refer-
ence to eggs as "fresh" or "storage." This omission
may signify that storasge has not been observed to alter
materielly the nutritive constituents of eggs. These
and other questions allied in nature led to the interest
in end desire to work out the problem: "What is the
relationship, if eny, between the degree of tenderness
in the baked custard and the quality of the eggs used in
the making of the custard?"

Delimitations

Experiments included in this study were limited
to the determination of egg quality and the measuresment
of the tenderness of baked custards made from the eggs

studied.
Since it seemed highly probable that the pro-

gressive changes in the pH of egg whites during storage



might be e feotor detemining "set'in the custards, pE
values were observed.
Length of storage period was the only known
varieble in egg storasge conditions,
The following considerations, although
pertinent, are not included in this study:
1, Vitelline membrane strength
as an indicator of egg quality.
2., Faotors in the production of
the eggs.,

Definitions

In this discussion the term "egg quality" is
used to designate the physical condition of the whole
ege, the egg yolk, and the egg white as indicated by
observation of score, height of the firm white, percent-
age of firm white, yolk index, and percentage of yolk.
This is the interpretation given “egg quality" by such
workers as Sharp (19) (21) and Wilhelm (31) end Wilgus
(29) (30). ©Bgg quality has commonly been merely an
expression of degree of marketability, determined by

the freshness of the egg or ite rating or grade, Factors

included in the rating or grading of eggs have been de-
termined by candling in sccordence with visibvility and
position of the yolk and size of the air cell,
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A custerd is the product resulting from the
heat coagulation of s mixture of eggs, milk, and sugar,

A "desiradble" custerd is one that is palatadle,
hes e fine, tender, smooth curd, and shows no indication
of syneresis,

L)
Assumptions

In undertaking a study such as the one under
consideration, certain sssumptions seemed warranted.

It would eppear logical to suppose that fresh eggs of
known scurce from the seme flock would show consideradle
uniformity in quality. ©Proof of the validity of this
essumption is presented in the discussion.

Since the egg 1s the ingredient of custerds
supplying the protein responsible for the coaguletion of
the mix, it may be assumed that eggs of different guality
would yleld custerds of different degrees of tenderness
(eggs being the only variadble)., The breakdown of the
firm white into watery white 1s, according to Balls and
Swenson (4), indicative of alteration in the fom of the
protein, It mey therefore be expected that the
coagulability of the custerd mix would be affected by
this chenge in the neture of the protein.

Chenges such as dbreakdown of the fidrous muein
of the white and increased elkalinity are commonly
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recognized (8), (19), (28), (30), es oceurring in the
interior of the egg during storage. Therefore, the
assumption was made that eggs held at 70 degrees
Fahrenheit for definite periods (progressively longer)
would produce custards of different quality, provided
the length of storege period of the eggs was the only
variable, It further seemed possible that the water
content and the pH value of the egge ere determining
factors in the differences in custarde made with fresh
end with storage eggs.

Problen Analysis

Some of the questions which presented them-
selves for solution in the study of "The Relation of
Bgg Quality to the Tenderness of Baked Custerds" in-
cluded the following:

1, What is the physicel difference between
fresh eggs and eggs estored for periods of 10, 20, and
30 days, respectively”?

2. How do baked custerds made with fresh eggs
compare in tenderness with custards made with eggs
stored at room temperature for 10, 20, and 30 deya?

s If the ezgs stored for 0 days are brought
up te their original weight by addition of water, what
will be the degree of tenderness of the baked ousterd®
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4, 1Is there a reletionship between the pH

value of the sggs used and the degree of tenderness

of the custard”
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CHAPTER II
REVIEW OF LITERATURE

Literature up to the present gives very little
evidence of work on custards, and in only one instance
is there any indicetion that experimentation is being
verformed on the relationship between egg quality end the
quality of the custard, This is being done on soft
cooked custards, not on a baked preduct, Fowever, the
following peragraphe show that a considerable amount of
work has been done in an attempt to relste egg quelity to
the physical measurements; further, that some work hes
been carried out on the usebility of eggs of veried

quality in cther productes of cookery.

Experimentel Work with Egges in Cookery

Muse (18) of the Vermont Experiment Station is
at present performing experiments to show relationship
betwsen viscosity of soft custards and egg quality.

Lowe (12) demonstrated that the alkelinity of
the custard mix retarded the coagulation of egg proteins.
She found sale¢ to be &n aid to the setting of the custard
but beyond a certain point increased quantities would
favor the tendency to curdle. She found, too, that the
addition of acid gave a softer and not quite so firm a
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curd as was produced by addition of salt,

Stenley end Cline (26) varied the emount of
egz in custard mixes and found that the greater the
proportion of egz used, the firmer the consisteney of
the custard. They found that the preparation procedure
was also a determining factor in the resulting degree
of tenderness of the custard,

Eggs with thin whites have been found to give
very satisfactory results in the making of cakes, omelets,
end souffles (Macleod end Nason) (13).

Vhen Justin, Rust, end Vail (9) substituted egg
yolk for the whole egg, they found that the coagulation
point was raised and that, because of the increased fat
content of the yolk, the curd of the custard was much
smoother end the produet richer in flavor.

Barmore (5) attributed the poorer quality of
cakes made with eggs several days old to the proteolytie
hydrolysis of egg proteins due to enzymes contained in
the egg rather than to the inereased proportion of thin
whites,

King, Whiteman, and Rose (10) determined the
emount of total solids and pH value of the eggs later
used in sponge cekes., Measurements of specific volume,
elasticity, and compressibility of these sponge cakes
indicated there was no apparent relationship between the
phyesical and chemical properties of the eggs used, This



work is in esgreement with an earlier study by King,
Morris, end Whiteman (11).

Teste for Determination of Egg Quality

At Cornell, Sharp (19) made a scors sheet cone
sisting of photogzraphs of broken-out eggs representative
of the varying degrees of the "standing up®™ quality of
the firm white. He then used these photographic
standerds to designate the interior quality of eags
freshly broken out, Baoch egg studied would_cloaely
resemble in eappearance one of the pletured standards,

Further work along this line, begun by Shawrp,
was done by Van Wegensn and Wilgus (30) who showed the
positive relationship between the scores of quality made
from the photograrhs taken by Sharp and the vertical
height of the firm white elbumen,

Sharp and Powell (21) used the tripod
micrometer to determine the egz yolk index which they
used as an indicator of egsz quality; however, they found
that small egge consistently hed e hizher yolk index
than did the large.

In another series of experiments on egzs, Sharp
with Stewart and Cens (23) endeavored to show the relation-
ship between interior factors and quality scores by the
candlers; they used the egg yolk index as an indication

of quelity. As the yolk took in water from the white, it



flattened; the result was & lower index.

Other workers have used the emount of liquid
and firm white of the egg es indicatlors of quality.

Holst and Almgquist (8) used 2 wire sereen of fine mesh
for geparating the parts.

According to Balls and Swenson (3) the egg
muein is merkedly broken down or is hydrolyzed to the
extent of forming products of less hydrophylic type during
storege, Therefore the bound water is released. This
causes the thick white to disappear.

Wilhelm (31) developed a method of deriving the
albumen index from the slbumen height. He found end
detsoted the correlation between the albumen and the
albumen index of eggs of simllar weight, thus simplifying
and accelerating the process of determining the aldbumen
index,

That a watery egg cennot be detected by candling
end should not be discriminated agasinst is the conviction
of St, John (28) at the Washington Experiment Station,

He found no consistent relationship between the moisture
content of watery and firm whites,

Almquist end Lorenz (1) in their work on changes
during storege of eggs show that there is & positive
correlation between the keeping quality of the egg end
the original amount of firm white.

Sharp (20), and later Sharp and Powell (22),
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found that the pH values of egg whites increased to
relatively high velues as the whites became more liguid,

Almquist and Lorenz (2) indicate thet the change from
thick white to thin white 1s physicel, not chemiecal,
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CHAPTER IIIX
MATERTALS AND METHODS

Ingredients

Eggs.~-~BEggs used in the experimentel custerds were from
Leghorn, White Roek, end Rhode Islend Red flocks of the
College Poultry Farm. Some , but not all, hed been
candled, Experimentation included the meking of custards
with fresh ezgs and with eggs that hed been stored at
room temperature (approximately 70 degrees Fahrenheit)
for 10, 20, and 30 dey periods, respectively. In the
first series (Series A) of custards made, all egge used
were held in refrigeration et 40 degrees Fahrenheit until
the day of usage or initietion of warm storage interval.
In the second series (Series B) the eggs were held at
room temperature the specified time, then used. Some
were made into custards immediestely, others were stored

for 10, 20, and 30 days.
' Milk.~-Condensed milk was used,

Sugsr.--Beet sugar was used.

Physical Tests

Tests were made on every egg used, Each

broken-out egg was examined to determine its physical
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condition. The tests used to indicate the physical con-
dition of eggs, fresh end storage, included:
1., Determination of the score according
to the Wilgus standard (29),
2, Actuel measurements of
a. The weight of the interior egg.
b. The height of the firm white.
¢. The weight of the entire white,
d. The weight of the firm white,
e, The helght of the yolk.
f. The diameter of thn yolk,
g. The weight of the yolk.
3. Calculations (from valuss obtained by
actual measurements) of
e, The yolk index.
b. The percentage of firm white.
"¢+ The percentage of yolk,

The Observed Score (Wilgus Standerd).--This is s value

given each egg upon visual cbservation and comparison of
the broken-out egg with a series of photoéraphn of eggs
taken by Wilgus following the method for scoring used by
Sharp (19). The nine eggs phofbgraphod have been given
scores from 1 to 5 at 0.5 intervaels, Score 1 denctes an
‘ egg of highest quality, It occupies a small area and the
firm white stands up well around the definitely centered

yolk., The remeining scores indicate a progressive break-
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down of the fribrous structure of the muein. In score
5.0 2 large irreguler aree is covered by the ezg. The
yolks become inereesingly displaced from the center as

the score goes from 1 to 5,

The observed score was more subjective than
the other tests used, IHowsver, Wilgus ané Ven Wagenen
(30) stete that it provides a reletively simple end
acourate messurement of the quality of firm slbumen,
These workers found a correlation of ,934£,008 between the

score for the observed condition of the firm elbumen end

the vertical height of the esgg.

Tests on the White of the Egg.-- The height of the firm
white was considered by Lowe (12) to be a good measure

of quelity. All heights of the broken-out egg whites
were measured in millimeters by means of a tripod
miocrometer, an instrument used by Van Wagenen end wilgus
(30)., This is so constructed that the legs (4% inches
apart) 4id not pierce the white., The rounded tip of the
scale rod prevented plercing of the thin membrane.
Msasurement was taken"on the plateau-like surface of the
white far enough from the yolk to exelude possibility of
getting the measurement of thet white which rises around

the yolk.
The weight of the entire white was obtained

after all the white encasing the yolk had been removed.



Dr, W, E, Pyke of the Home Economics Section of the
Colorado Experiment Station suggested the method for
seperation of the white from the yolk. This method con-
sisted in placing the ferefinger on the white near the
volk, end pressing down. Then by quiek whirling motion
of the finger, the white was pulled away leaving the yolk
entirely free. |

After the white wes welghed in grams to the
rirst decimal place, aeparatioh of the firm white from
the liquid white was eccoxplished by & method used by
Holst end Almquist (8). The white was poured onto &
uiré screen of nine meshes per square inch end placed over
& conteiner for the liquid white, The screen was shaken
to ellow the liquid white to come into contect with the
surfece of the soreen--a precaution made necessary by the
similarity in density in the firm white and liquid white.

When drops begen to form slowly on the under
gide of the screen, the screen was tilted, allowing the
firm white to run into & welghed contalner to be welghed,

Aes the ratio of firm white to the entire
white is an indicator of the guality of the egg in that
it shows the extent of breakdown of the fibrous muein,
(Balls and Swenson) (2), e ealeculation to find the per-

centage of the firm white was mede for each egg.

Tests on the Yolk,-~The tripod micrometer illiustrated by

Sharp (23) was used to messure the greatest height of the
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yolk, Two measurements of the dlameter were taken with
the micrometer caliper (at epproximately right engles),
the average of which wes used in caleculetion of the yolk
index, the ratioc of the helght of the yolk to its diameten
This ratio has been used by Eerrington and Sharp (7) es
en index of inner egg quslity. These workers state that
the longer the eggs ars in storage the more water from
the whites enters the yolks. Therefore the percentage of
yolk, by weight, in the entire egg was obtained and treat-
ed as an edditional means of determining the extent of
change in the egg during veried periods of atorage.

After every yolk snd white needed for the form-
ula had been subjected to all the above tests, yolks and
whites were put together and dbeaten, in preparation for

use in the custard mix.

Preparation of the Custards

Careful preliminary experimentation on baked
custarde reesulted in acceptance of the formula and method
of mixing end beking herein given,

Formule for Beked Custard:

72 grems of beaten whole eggs

25 grems of beet sugar

£44 grams of milk--equal propertions (by volume)

of water and canned milk,

The more uniform consistency of canned milk in comparison
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to that of fresh milk was the factor deoiding the use of
condensed milk,

After eazgs were beaten 50 whirls with a rotary
ezz beater, the required weighed emount was pleced in a
mixing bowl, The suger wes added to the egg and stirred
Just prior to the eddition of milk whioh hed been pre-
heated to 180 degrees Feshrenheit in a double boiler,

This resulting mixture, (egzge, suger, milk) wae then
stirred gently until all suger had been dissolved. Then
it was poured into 100 cuble centimeter glass beakers
imnersed about four-Tifths of their height in a water bath
prekeeted te 18C degrces Fahrenhelt, The custards were
immediately pleced in the oven,

The thermostatically controlled electric oven
used was equipped with a glass deor, an inner thermometer,
heet elements in both top and “wttom, and an electric
fan to distribute the heat more evenly threoughout the
area.

Previous to the entrance of the custerd into the
oven en inner temperature of 168 degrees Centigrade had
been maintained for at least half an hour, During the
baking period of 35 minutes the door was not opened dut
the thermometer reading waes noted at intervals of 10
minutes as a check on the standardized baking temperature.

After the custards were removed from the oven,

they were coccled for an hour period(first in a cold water
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bath end then in eir) before measurements for tenderness

were made,

Tests for Tenderness of the Custard

Determinations of tenderness of the baked
custards were made br means of the penetrometer, in use
in the Experiment Station for meaesuring penetrability
of fruit and othsrlrood products. The prineiple
represented is similar to the apparatus used by King (10)
to measure compressibllity of cake.

The instrument measured, to 0.1 mm, the distance
a plunger penetrated the fest materisl in 2 given tiume,
This plunger was construected by Dr. Pyke. Twelve thin
zine leaves reflating from en aluminum bar srovided &
suftable tool for cutting the custard. Bach leaf was
eprroximately three~fourths inech across. The force
exerted on the custard was 335.4 grams, the combined
welght of the plunger and plunger rod with & 2.5 gram
surplemental weight.

For ‘each test the plunger was brought to rest at
the center of the top of the ocustard from whiech the
developed membrene hed been removed, This membrane
always formed during the beking interval, It was not
considered representative of the con:iutouoylbr the
custard so it was carefully removed before a test for

tenderness was attempted,



Determination of the pH Value

In the beginning it was essumed that the pH
of the eggs might effect the tenderness of the custards
in which they were used, Lowe (12) made reference to the
fact tha%%ﬁolida were rendered incapable of coagulation
on heating by the addition of alkalil to the custerd mix,
Smith (25) found thet the pH of the white inereased from
an originel value of 7,927 to 9.5 after a short time in
storage, To investigate the effect on custards of
changes in the ol of the eggs, the pH values of whitoa-
for each formula of several runs of custards were de-
termined by use of a potentiometer. The pH values of

the custerd mixes were also determined.

Correction for VWater Loss,

Since the loss of weight in sgzgs is due
principally to evaporation of water, experimentation was
carried out to determine the effects on baked custard
of the addition to the egge of that amount of weter
which had been lost (during the storage period) through
evaporation. Eggs for this work were weighed when put
into storage end on the day used, The difference be-
tween the two weights represented the welght of water

needed for restoration to the original weight of the eggs.



Statistical Treatment of Dete

The statisticel treatment of the date 1s dased
upon the assumption that luctors anterin& into the
meking of a custard were constant with the exception
of the eggs used. Then a difference ini the ocustards
could be traced to a difference in the eggs used in
their making.

The arithmetic mean of each test provided the
basis for comparison of results of like tests on the
various groups of eggs and on the custards, The
standard deviation for each distridution was found by

the formula: O = VEZX'_ x*

—_—

N
in which 0 . standard deviation

4 X" = summation of squeres of the items

— 2
X = square of the arithmetic mean,

The standard error was estimated by: 6% § L
in which d%’ = stenderd error : Ve
N = number of items,

In order to test for significant differences
between 2 meens a null hypothesis, i.e., ean sssumption
that there wes no difference between the msans that
could not be attributed to chance, was used, The
aoplication of the null hypothesis is referred to es
e oeriticel retioj %, and is given by .

$5 (% -5 )20

DR e
TR S

N
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If £ is less than 2, no conclusion can de
drawn, If & 1s greater then or equasl to 2, the
difference of the values bein: compared is sald to be
gignificent, {.e,, it 15 unlikely that the difference
between the means was caused by chance., When % is
greater than or equal to 3, the difference ie said to
be very significent, and there is little probability
that the dirference is due to chance.



CHAFTER IV
Results

Chenges in Physical Conditions of Ezgs Used

Raw date for all messurements and caloulations
are recorded in the appendix, lMean values of msasure-
ments of the physical charagmteristics of the fresh eggs
and egzge stored for 10, 20, end 30 days at 70 degrees
Fahrenheit are recorded in teble I, The numbers of
ezgs, tests end custards represented by values in talle
I are recorded in table I-e.

Tt will be noted that the observed scores of
ezgs in the series A suggest a progresszive diminution
of the standing-up ebility of the rimm white as ageing
edvanced. A progressive decreese in the height of the
firm white naralleled the changes indicated by the
observed score,

In series B, however, a grester percentage of
firm white wgs found tc be present in the eggs stored
for 30 days than in those stored for 20 days. Percent-
age was determined by dividing the weight of the firm
white by the welght of the total white,

The decreasing velues recorded for the yolk
indices (table I) denote the continued ebsorption of water
by the yolk, especially during the first 20 days of storagm



A less importent decresse in value of yolk index was
noted during the final days of storage (series i),

The yolk index for the eggs (in series B) stored for

20 days was lower than for the egzs stored for 30 days.
Decreases in values of yolk indices were usually
accompanied by increase in yolk percentage. As did the
change 1in yolk index, the change in percentage of yolk
became less important durin: the latter part of the
storage period.



Table I.--MEAN VALUES FOR TESTS MADE ON EGGS AND CUSTARD MIXES

Notes

The & values recorded after each meen indiecate the
stendard deviation of that mean

Observed white in % Yolk %* pH of pH of
Eggs score nms o firm white |index yolk white custard mix
Series A
Fresh 1.391 & 0499 | 6,083 2 1,095 | 60.1 & 1.Q51]0.414 ¢ 0,080{33.8 & 5.949
lm 2,669 g 0,505 | 5.807 @ 0.851 | 53.8 2 5,941]0.371 & 0.044|35.8 & 3,101
zm 3.619 g 04612 | 2,489 3 0,976 | 41.1 » 1.508]0.291 ¢ 0.031|38.1 = 2,798
an;o 44390 2 0,505 | 1,430 » 0.944 | 29.8 s 9,829|0,237 3 0,042]38.9 = 4,201
Series B
One~day |1.171 & 0.338 | 6.767 & 0.576 | 61l.4 & 9.106{0,383 & 0.019|32.4 & 1,884 | 8,565 2 0.161 [6.557 & 0.190
lm 2,968 » 0,858 | 3,594 = 0,430 | 48,9 211,228/0,308 2 0,036]35.4 212,271 | 9,400 2 0,001 [6.735 & 0,087
mo 4.100 2 0,808 | 2,328 & 0,811 | 27.1 210,242/0.230 2 ,007|39.5 = 8,248 | 9.375 2 0,032 Ho..m 2 0,089
m 4357 # 0,324 | 2,171 2 0,665 | 38.2 213.954/0.232 & .025/41.5 2 6,293 | 9.368 2 0,091 |6.811 ¢ 0,103

O
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TARLE la,--NUMBERS OF EGCS, TESTS AND CUSTARDS REPRESENT-

ED BY VALUES IN TABLES I AND II.

Ezgs

Series A
Fresh

10-day storage
20-day storage
H-day storage

Series B
One day
10-day storage
20-day storage
30-day storage

Observed Score

58
64
64

18
16
17
36

Height of White

&

56
64
84

18
16
17
36

% White

14
84
64

18
16
17
38

Yolk Index

2 38

16

17

36

% Yolk

g

58

84

18
16
17
36

Penetration

78
104
104
104

pH of Whites

> S S S N

pE of mix

L= T




The so-called t fector or eritical ratio of
Fisher (8) was used to indicete the significance of the
chenges occurring in the ph&nical éonditions of eggs
during storage. A % value of 2, which roughly
correspondes to the S5-percent level of significance, en-
ables one to conclude thet 95 out of 100 times there will
be & significant difference between the means, It will
be noted that in general the values are not merely sig-
nificant but are highly significant, inasmuch as the
values are considerably larger than 2 (see table II for
t values and t?ble Iﬁ_ror number of egzgs on which the
teste were masde), Usually the changes which occurred in
the percentage of yolk in series B were of little sig-

nificance.
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TABLE II,-~CRITICAL RATIOS (t FACTORS) OF DIFFERENCES

OF THE MEANS
Series A
e o o ® ®
: § i 2§
35 38 34 g s
U T B g 2
o | W L ",
Tosts £s &% &8 7 |
Observed Score 17,90 27.85 44,98 18,41 7.72

|

Height of White 22 16,59 21,72

F t.g A F E u'g 20-Day Storage
~ © (o

(-l

e

=

©

o

]

- T 14

% Wnite 4.62 §0.63 117,87 14.50 50.18
Yolk Index 3,09 9.39 12,75 . 19,14 10,19
% Yolk 2,69 86.52 5.97 4,32 —_1_:4
Penetration 18,37 22.4 .8_,2,6_ ;:1_2 5,952
Series B i

Omserved Score 7.62 13.55 32.48
Height of White 18,99 18,75 27,33

2
:

(]
o
(4]
2
o
o
-
o
>

22289
% Wnite 2.12 9,24 9.24 5.75 2,90 3.39
Yolk Index 7.35 30,60 23,59 8,67 7.76 0.49
% Yolk 0.94 3,36 7.95 1.20 :;’; 0.86
Penetration 6.69 12.90 11,27+ 35.26 1.07* §£.48%
pH of Whites 7,87 8,70 8,08 0.45 0.48 0.16
pH of Wixes 1.49 1,79 2,15 0,58 1.13 0.57

- —— - ———— - -~ T - — - -

*30-day storsge eggs were corrected for weter loss.

Note~~-Numbers underlined iﬁ red indicate high significance.



Tenderness of Custards

Values of penetrability of the custards are

recorded in Table III,

Teble IIT.--CUSTARDS OF SERIES A AND B,

No. of Mean
cupe of penetration

Eggs used No. of No. of custard in

Series A eggs cugterds tested mms.with S,D,**
Fresh 38 6 78 66 + 21,65
10-day storage 56 8 104 129 T 24.28
20-day storage 64 8 104 157 ¥ 32,89
30-day storage _64 B 104 122 ¥ 58.45
Total 282 30 390

Series B

Fresh | 18 4 31 40 % 21,905
10-dey storage 16 4 28 95 £ 28.18
20-day storage 17 4 28 118 ¥ 23.60
30-dey storage* 36 . § 25 100 ¥ 4.63
Total 87 19 142

Grand total 309 49 532

* Correetion for water loss was maede before usipng in
the custards.

** Standard deviation,

Depths to which they were penetrated may be considered a
good indilcation of the comparative tenderness of the cus-
tards because the greater the tenderness the less the re-

sistance to penetration, and therefore the greater depth
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of penetration, Then the figures giving the penetration
depth record a progressive increase in the tenderness of
the baked custards made from fresh eggs and from eggs :
stored for 10 and 20 days, respectively. A lesser
degree of tenderness than that of custards made from eggs
stored for 10 and 20 days was obtained in custards made
from eggs stored for 30 deys. Figure 1 shows the general
tendency in degree of tenderness of custards made with

ezgs stored feor neriods of varying lengths.

Penetm\'tlon Ihu Tnl\Lt*meters

|
|
|
\

EggS~FYeSh 10-day) ao-day 30-day

Figure l--Relation between tenderness

(depth of penetration) end age of eggs
in ggﬂ,, p), or Series B isaee fig%n
vage
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When the values for the mean depths of penetra-
tion were enslyzed statistically, highly uiénirioant
changes in custards mede with fresh eggs and with eggs
stored for 10 and 20 days were found to have occurped
(table IT)., Comparisons of the tenderness of the
custarde made from eggs stored for 10 days and for 30
days show variations so slight as to be statistically

non-significant,

Results of Water-Loss Correction on Custard Tenderness

Custards made with eggs corrected ror.the water
lost (table IV) during the 30-day period of storage,
were similar in tenderness to custards made with eggs s
stored for only 20 days (table III series B).

TABLE IV.--WEEGHT LOSS OF EGGS HELD 30 DAYS IN STORAGE, AT
70 x. ‘

Group of Bggs  Initiel Wt, Finel Wt. Loes in % Loss
Put in Storage in Grams in Grems _ Grams

1 312,.2 271.6 40.6 13.0
2 306.6 271.6 35.0 11.8
3. 421,.5 367.0 54.5 12.9
4 311.4 280,3 3l.1 10,0
5 301.3 266.86 34,7 11.1
6 524.5 455.5 69.0 13.2
7 578.5 501.7 76.8 13.3

Similarity in tenderness of the above mentioned custards
is further noted by the non-significant difference indicat-
ed by the value of the t factor (table II series B).



Influence of the PH of the Whites

on Custard Tenderness

The pE values of the whites (table I) point
to & sudden and significeant increase in alkalinity during
early storage, but a lesser chenge in later periods.
From a study of the values of the pH of the custard mixes
(table I and values of the t factor {table II) it would
seem that the pl’ of the custard mix was not significantly
affected by the pH of the eggs used,

8, :
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Figure II--Reletion between tender-
ness (depth of penetration) and age
of eggs 1in series B,



CHAPTER V
DISCUSSION

liean values of the depths of penetration of
baked custards made with fresh egge and with egge stored
for 10 and 20 days were compared statisticelly, The
compaerisons yielded % values from 5 to 22 in series A
and from 1,96 to 12 in series B (table II), A %t value
or critical ratio of 2 roughly approximates the 5 perceat
level of significance, The high velues of the eriticel
retios in both seriees A and B allow the conelusion that
more than 95 times out.of 100 the changes in degree of
tenderness observed were due to factors other than chance.
Egg quality wes the only known variedble. Therefore the
conclusion that the quality of the eges used is a factor
ﬁontnolling tenderness seems warranted.

Certain relationships between physical changes
in eggs during the first 20 deys of storage and the
tenderness of custards made from the eggs are brought
out by the results resorded in tables I and III. These
general relationships may be summarized as follows:
Decrease in observed scoree-<------Increase in tenderness
Decrease in height of firm white--~Increasse in tenderness
Decrease in percent of firm white--Inerease in tenderness
Decreese in yolk indexee«-scccece-<oIncrease in tenderness

Increase in percent of yolkeewew-w-Inerease in tendernsss
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From the tendencles shown in the foregoing summery it
seems possible that the change in the firm white (i.e.,
the breakdown from firm to liquid white) d1d4 contribdbute
toward the variation in custerd tenderness.

The pH of the white of eggs increased rapidly
during eerly storage (table I)., Lowe (10) states,
"Alkaline hydrolysis of proteins, the breaking down of
proteins into smaller units, 1s speeded up as the eggs
become more alkeline.” The possible alteretions in the
protein molecule in addition toc the water aveileble from
the breakdown of the mucin may be effective factors in re-
tardation of coagulation, An investigation of the
specific chemicel changes taking place in egg proteins
as the pH increases would elucidate the problem materially.

Custeards made with eggs stored ‘or 30 days were
comparable in tenderness to those made with eggs ltqrod
- for 10 days, thet is, less tender than the custards made
with egas stored for 20 deys. Study of the critical
ratios (table II) reveals the common oceurrence of only
slightly significant ehanges in egges during the last 10
deys of the 30-day storage periods., From this observae
tion one might point to the possibility that by the 20th
day of storage at 70° Fahremhelt, most of the mucin had
been broken down (see “"Height of White™, table I). After
this 20-day period very little bound water could be re-
leased, Continued evaporation of water throughocut the
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storege period increases the percentage of egg solids.
The grester percentage of egg solids present in the
custard mix may be considered a factor in the decreasing
tenderness of the custarde mede with eggs stored for 30
days.

Custards in series B made from eggs corrected
for the water lost during the 30-day storage period
reached a degree of tenderness similar to that attained
by cubturde made from eggs stored for 20 days. Study
of the correlation of custard tenderness with changes
in eggs during longer storage periods would be of
practical interest.

At the outset 1t was assumed that the pH of
the eggs may be a contributing faotor to the degree of
tenderness in the custards, Ilowever, the custard mixes
proved to be of similar pH--the greatest actual verieticn
in pE being 0,254, This was true even when there were
significant differences in the pH of the egg white used.
Evidently the milk acted as a buffer to minimize the ef-
fect of the alkalinity of the egg whites., All the egg
whites had a higher pH than the custard mixes (table I).

Fresh ezgs proved to be comparatively uniform
in physical condition, Quite freguently (to be exaoct,
24 times out of a possible 30, table I), mean valges of
physical measurements on fresh eggs proved to have smaller
standard deviestions than 4id the mean values of similar
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tests on other eggs.

Custerds made from eggs stored for 20 days
(series A) were considered inferior in that they feiled
to "set"sufficiently. An increased baking period
might result in more @esirable custards, Time did not
allow investigation of this phese. An anelysis of the
changes in the protein of ezgze during storsge is another
phase of the problem worthy of investigation. Such an
anglvsis was imnossible because of limitation of time.

Other limitations to the study are recognized.
In the late winter and early spriang the sunply of eggs
was curtailed. Time and oven space restricted the number

of custards that could be baked.
It was stated in the introduction that desirabdle

custerds are ones that are paletable, heve firm smooth
curds, and show no signas of syneresis, Yone of the
custards made had developed syneresis before tests for
tenderness were made, Custerds made from eggs stored for
10 and 30 days were as desirable, according to the above

standards, as were those made from fresh eggs.



SUMDSARY

Investigation was made to determine if the
physical and chemical changes occurring in eggs during
storage at 70° Pahrenhelt for 10, 2Q and 30 days effect
changes in tenderness of the custards in which they are

used. The following obeservations were mede:

(1) Ineressing lengthe of storsge resulted in decreases
in the height ané¢ the percertage of firm white and an

increase in the percentage of yolk.

(2) By the end of the 20th day period of storage much of
the fibrous white had been broken down,

(3) Custards made with ezgs stored for 20 days were con-
sidered inferior in that they did not "set" suffliciently
during the standard baking interval,

(4) As palatable baked custards were cbtsined from use of
eggs stored for 10 and %0 deys as from use of fresh eges.
The degree of tenderness of baked custards progressively *
increased when fresh esgs and eggs stored for 10 and 20

days, respectively, were used,

(5) When eggs were corrected for water loss by addition of
water in emounte equal to thet lost duwring e 30-day stor-
age period, the custards resembled in tenderness those
custards made from eggs stored for 30 days,
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APPENDIX A
DATA ON EGGS end CUSTARDS OF SERIES A

In the tables of appendix A each verticsl grouping
of physicel measurements includes values assigned the
individual eggs which together went into the meking of
a custard.

Likewise each vertical grouping of the penetration
depths includes velues assigned the individusl custards

made Trom each custard mix.

TABLE I.-FRESH EGGS

Observed 3core

1,0 1.5 1.0 1.5 1.0 1.0
1.0 1.0 1.0 1,5 1.0 1.0
1.5 1.5 3.5 2.0 2.0 2.0
2,0 1.0 1.5 1.0 1.0 1.5
1.5 1.0 1.0 1.0 2,0 1.5
1.0 1.5 1.5 1.0 1.8 1.5
1,5 1.0
lleans of Observed scores
1,33 1.28 1.50 1,33 l.41 1,
Ave, o e means 1,2
No, of eggs 38

Height of Firm White in Millimeters

7.78 8,58 7.54 4,78 7.42 6.87

7.35 7.50 7.74 4,76 5.38 4,89

7.43 6.20 S5.62 3,57 5.47 4.83

5.94 6.26 6.19 6,85 6.42 7.00

5.15 5.82 5.10 6.17 4,22 6.28

7.42 6.50 5.56 6.58 6.28 6.56

6.07 6.22 :
VWeans of heightsof firm whiteS

6.85 6.27 5.99 5.45 5.87 6,07
Ave.of the means 6,003
No, of eggs 38



Table I continued
Weight of Total White in Grams

28,2 32.2 £90.1 40.9 33.5 35,1
31.0 29,8 29.7 9.0 36 .3 37.1
33,0 30.3 34,3 35.8 40,9 20.6
37.2 30.4 33,3 34.5 82.1 33.5
27.3 30.9 27,0 38,3 35,8 33.5
20.6 290.8 3l1.8 34,2 36 .0 3.2
30.3 S1.7
Welght of firm White in Crams*
26.7 £1.1 21.3
22,6 2l.2 23.3
20.2 26.2 26,1
8l.2 20.6 15,9
26.3 19.4 22.2
20,1 19.7 21,7
Percentage of Firm #hite*
85.8 62.9 60.6
57.9 55.3 62,
56.4 64.0 65,9
6l.4 64.1 47.9
68,6 53.% - 66.2
rand Tota
Grand Kean 60.1
No,., of Eggs 18
Height of Yolk in Millimeters
16.47 15.27 16.29 16,95 14.48 17,37
16.40 15.85 17.90 19,58 16.65 15.12
18,73 16.22 15,68 16.37 18.80 16.65
17.68 18,73 16.56 17.00 15,78 15.92

l6.28 16.43 16.50 16.28 15.68 14,38
18,34 16,05 17.53 16,33 15.05 15.00

15,19 15,88

*Welight and percentege of the firm white were calau-
lated for only three of the 6 mixes.
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Table I continued
Average Diameter of Yolk in Milliimeters

37.4 40,7 37.8 40.8 38,9 38.8
40,0 38,5 39.2 40.5 39.6 40,1
37.8 40.5 39.0 4.4 39.1 40.4
38.8 38,7 38.2 36.7 39.1 39,9
40.5 39.0 40.4 37.8 39.7 41.93
30.1 40.0 39.4 39.6 39.1 42,5
41.2 40,4
Yolk Index

0.440 0.375 0.434 0.415 0.378 0.447
0.410 0.411 0.456 0.482 0.420 0.377
0.485 0.400 0.406 0.395 0.429  0.412
0.462 0.406 0,433 = 0.463 0.408 0.399
0.401 0.414 0.408 0.430 0.394 0.348
0.469 0,393 0,444 0.412 0.384 0.350
0.568 0,383
eans ol yo indices

0,446 0,395 0,425 g,gas 0,400 0,388
Ve .0 e means .
No. of eggs 38
Weight of Yolk in Crams
15.8 18,1 14,8 18,9 17.0 19.7
13,5 13.5 15.8 20.6 19.1 18,0
13.5 16,1 16.4 19.6 17.6 17,8
16.0 15.4 15,5 17.1 18,1 18,3
17.2 13.4 15.9 16.1 18,1 20,0
18.0 17.7 17.86 18.5 16.2 17.5
16,1 17.8
Welght of Egg (Minus Shell) in Grams
‘3.8 50.3 "3‘9 5’.8 50.5 5‘.8
44,5 42,8 45.5 59.6 57 .4 55,1
46.5 48.4 49.7 55.4 88.6 56,9
83.8 45.80 49.8 Bl.6 50.2 51.8
44,5 44.3 42,9 54.4 53.9 53.5
38.6 47.8 49.3 52.7 52.2 55.7

48.4 493




Table I continued

Fercentage of Yolk

35.6 35.9 33,7 31.6 33.8 35.9
30,3 3.5 34.7 34.5 33.2 32.8
29.0 34.6 30.9 35.3 30.0 30.4
30.0 33.6 1.1 33.1 36.0 35,3
38.6 30.2 32,0 . 89.5 33.5 37.3
46.6 37.1 25,4 35,1 31,0 2l1.4
fleans of porooniignsof yolks
35,0 33,9 34,1 33,2 32,9 33,
Ave,.of the means 5
No, of egzgs 38
Penetration in 0,1 Hillimeter
50 50 74 61 81 130
63 100 41 48 86 65
34 59 41 68 77 81
41 56 81 52 77 686
78 62 54 4€ 132 66
65 ee 38 88 89 98
76 59 86 42 65 80
48 59 28 46 90 1
65 €0 48 64 90 66
49 48 74 45 g0 100
28 72 30 61 79 64
32 gg 42 74 90 57
2 . . &%ﬁnd‘!otn&l' lIai
Grend Mean 66

No, of cups 78



TABLE II.-10-DAY STCRAGE EGGS
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Observed Score

2.5 3.0 2.5 8.5 3|° 8.0 3‘0 3.5
3.0 5.0 305 3.5 3!0 5-0 8.0 305
2.5 3.0 3.0 2,0 2.5 2.5 2.0 3.0
200 2-5 2.5 8&0 305 3.5 2.0 3-0
2.9 2,9 2,0 3.5 2.0 2,0 2.0 2.5
R0 2,0 3.0 3,0 3.0 3.0 3.5 2.5
3.0 2.0 2,0 2,5 2.8 2.5 3.5 3.5
“Grand Total  149.9
Grand Mean 2,66
No. of Eggs 56
Height of Firm White in Millimeters
4,30 3.00 4,17 3.96 3447 3,50 5.01 2,60
3.97 3.28 4.68 5.50 S.42 4,38 4,60 3.38
5,82 4,78 353 5.50 3,80 2:71 3.2) 3.70
4,60 4,74 3416 B¢ 43 4,48 5.00 6,00 4,00
2,58 3.50 2.97 :.gg E.gg §.25 2,64 J. 51
3. 85 3,40 5,70 . . 5 2,80 2,75
Grand Total 213.20
Crand Mean 34807
No. of BEggs 56
Weight of Total White in Grams
27,3 40,1 27.7 26.6 1.8 .28.5 30.4 27 .5
29,3 29.5 25.5 36.0 22.7 SB8.5 29.8 30.0
85-8 86-3 26.5 54.8 3107! 3905 33.5 3508
3805 33.5 2205 39.0 30;2 3204 38.1 3405
28,8 22.3 30,5 22.5 31.6 32.0 0.8 31 .5
22.8 29.5 28.2 31 .7 30.5 391.5 29.8 28.9
30,8 | 32,5 22.8 27 .5 3l .7 25.5 __28.8 27,5
Weight of Firm White in Crems*
16*‘ 10.7
16.6 12.7
iv:) 17.7
17.2 16.2
11.4 15.2
12.2 15.7
1l .8 14,7




L

Table II continued
Percentage of Firm White*

20

48.2 6l1.0
56,7 §7.6
Sl1.0 49.7
53.5 53,
€7.9 51.7
59,3 45,
Grend total 7%&.2
Grend meen 53.8
No, of eggs 14
Helght of Yolk in Millimeters
15.88 15,00 15,40 15.47 16.00 15,59 15.36 15,00
14,35 14.75 .14.80 15,38 16.00 14.95 15.34 14.75
15,60 14,80 14.83 16.38 14.65 14,92 15.01 15.20
14.60 17.46 15.60¢ 13.68 14.96 14.52 16.80 14.48
15,285 15.52 16,92 16,48 14.82 15.69 16.80 14.60
15,40 15.18 13,19 14.48 16,31 14.50 15.48 17.55
15,15 15,90 128,57 135,58 14.65 15,61 14,70 4,08
Average Diameter of Yolk
41.1 43,1 99,1 39,6 BB 43,2 48,1 43,3
42,7 44,2 40,1 41l.] 42,4 4.9 4.8 40.6
39.4 6.1 4.8 39,5 40,5 40,7 0.7 40,
39.8 42,6 9.4 41,0 40,3 42,3 4.7 435.5
41.5 42.2 42,8 42,1 4.1 4.9 38.6 4.8
39.0 39.1 42,9 42,82 4.5 38,8 42,56 40.7
40,9 9.6 ©°8.5 J8.,4 00,8 40,6 40.8 40,
Yolk Index
0.371 0.348 0,393 0,390 0,418 0,360 0,364 0,346 -
0,336 0,338 0,371 0.374 0,377 0,356 0,376 0,368
0.395 0,409 0,354 0.426 0,361 0,366 0,368 0,380
0.366 0.409 0,207 0,333 0,371 0.343 0.412 0,352
0.360 0,367 0,395 0,390 0,360 0,383 0,435 0.349
0.39% 0,386 0,307 0,341 0,408 0,378 0,364 0,431
0.370 0,387 0,329 0,348 0.368 0,3 0 0,345
Grand total 20,887
Grand mean 0.371
No. of eggs 56

*Welght end percentage of the ©imm white were calculated
for only three of the 6 mixes.



Table II continued

l16.2
17.0
16.7
15.0

18:8
2

Weight of Yolk in Grams

le.,2 18,2 16,9 14,2 21,0 17.4 19.5
lg.2 16,3 18,0 18,8 18,0 17,7 16,2
13,0 18,0 16,7 1l6.2 16,5 17.2 18.3
20,7 14.8 16,2 16,8 16,8 18,8 175
19.0 19,0 18,8 16,7 18,7 18.7 17.0
15,0 15,3 18,4 17,0 150 18,1 18.1

16, 17,6 10,7 18,0 15,4 16,8 17,0 17,8

Welght of Bgg (Minue Shell) in Grems

43.5 59,8 45,9 43,5 45,95 49.5 47.8 47 .0
46.93 47,7 4.8 48,0 51,2 83,6 47.5 46,82
42.8 39,9 44,5 D51.,5 @&7.% 56.0 50,7 535.95
43.5 54,0 3.3 55,8 47.0 49.2 50.6 52.0
44,3 51,3 49.6 51.3 46,3 8.7 46,5 48.5
38,3 44.5 43.5 50,1 47 .5 46.5 47.9 47 .0
47 , 80,3 SO 42,8 47,1 41,7 45,5 45,0
Fercentage of Yolk

37.2 32,3 39,6 0.6 3B.2 42,4 36,4 4.4
36,7 88,1 38,9 37.5 86.1 33.6 .2 35,0
30.2 35,0 40,0 32,4 33.8 20.4 33,9 o4 .2
34.4 3B.,3 39.6 29.3 3I5.7 34.1 6.5 33.6
34.9 7.0 38.3 S6.6 34,8 56.8 38,7 35,0
40 .4 33,7 36.1 56.7 35.7 3z2.2 7.7 38,5
34,4 35,3 81,9 35,2 2 38

Crsnd mean © 359

No., of e gs 5e

Penetration in 0,1 ¥illimeter

160 88 136 150 1886 142 118 125
181 148 108 130 1186 134 120 1356
136 104 120 1456 148 170 165 13¢
145 76 108 140 112 1S 134 144
147 108 124 128 149 110 102 140
149 1lé 137 110 120 1le 101 150
158 138 100 128 138 137 115 128
124 144 129 148 130 98 70 145
131 1885 142 146 88 149 7] 120
146 1385 119 154 105 129 123 130
lea 13¢ 130 130 111 124 159 145
178 99 126 26 128 125 108 95
173 1¢8 1350 125 20 30 ¥ 06

GCrand mean 129

Ho. of eggs 104



TABLE II

I.-20-DAY STORAGE EGGS

Observed Score

3.0

3.5 4,0 4.0 3.5 4,0 3.0 3.5
4,0 3.5 4,5 3.8 3.5 4,0 3.0 4.0
3.0 4,0 3.0 4,0 4.0 3.0 3.0 4,0
4,0 3¢5 . 3.5 4,0 4,0 3.5 3.5
3. 5 300 3.5 300 5. 5 a.o 3!5 4.0
4,0 4,0 4.5 4,0 4 .0 4,0 3.5 S5
4,0 4,0 4,0 3.5 3.0 3.0 3.5 3.5
3.5 3.5 4,0 4.0 4.0 3.5 3.0
4,0
ffeans of the cbserved scores
3,68 3.72 3,86 3,62 9475 3,29 .37 3.56
AvVe, © e means P
No, of eggs 64
Helight of Firm White in Millimeters
3.34 2.00 1.20 2.97 2.40 2 .55 3.33 3,92
2,07 2.70 1.20 2,96 2,87 0.285 18 1.55
3.67 2.55 4,43 2,51 1.8 2.70 J.12 0.80
1.65 2.50 3.84 2.97 1.98 0.55 2,98 2 .28
2.68 3.08 4,24 4.93 2,08 1.35 3. 90 1.38
2.44 2.45 1.24 2.54 1,46 1.85 2.58 2.20
1.75 1.50 2.28 3.00 4.55 3430 2,06 2.01
3.65 B.Og 2,52 2,61 1,50 2.60 3.02
2.5
Means of the helghtsof firm white S
2.686 2,36 2.62 3.086 2,32 1379 2,96 2.14
4 Ave, of thne means .
No. of eggs 64
Weight of Total White in GPams
28,5 " 8.5 28.0 27.5 28.5 32,5 28,3 26.8
£7.0 32.7 21.6 gg.& 28.4 28,0 27.5 28,0
30.0 28,8 30,5 +0 30.5 29.3 27.8 29.0
85.5 89.5 88.2‘ 26.5 50.0 31.8 2900 2".0
27.0 sS85 29.3 32,0 26.7 28,0 £29.0 26.0
30.5 £8.9 27.8 24.5 S1.0 28,5 25,0 26,0
29.5 20,2 29,1 25.7 29.2 34,9 29,7 14. 53
16.5 25.6 28.3 28.4 235.4 27.5
23.8




53
Table III continued
Weight of Firm “hite in Graus

13,2 9.5 9.2 11,7 8.8 17.7 16,85 80,7
9.4 8.2 5.7 11,1 11,2 7.4 13.7 14.6
11,7 .7 18,9 14,4 9.2 12,7 18,7 15,9
8.5 11 o‘ 10.7 9.‘ 1‘. 5 i}.oa 19 .9 18. ?
18.0 18,7 14.8 11,0 10,7 - 11.80 18,7 182
8,7 8.7 13.4 14.2 8.7 .9 11,7 1.}
2.7 8,7 8.3 11.7 14,2 16,0 17.9 9.2
10.9 4.7 9.5 13.7 11,2 10, 11.7
8.7
Percentage of Firm "hite
46.3 0.1 32,8 42,5 28,7 54.4 87.5 77.8
34.8 25,0 86.3 3639. 390.4 28.4 49.8 82,1
39.0 26,7 45.5 55,0 30,1 43,3 G6.4 54.8
33.3 4.4 82,9 35,4 48,3 28,2 8.6 47,0
56 .8 4211 48.4 34.3 40.0 42,1 54,1 50,3
32.2 34,1 48,2 57,9 26,0 34.7 46.8 42.8
25.2 43,0 28,5 45.5 48,8 45,8 60.2 64.3
36.9 22,4 37,1 48.4 39.4 40,1 42,5
15,9
fleens of percentegesof [irm whites i

34,3 31,2 54,1 44.4 37.8 30,3 g 53,8
ve. of the neens & 1

Ho., of eggs 64
Height of Yelk in NMillimeters

11,43 12,30 12,08 13,47 13,54 11,12 11,46 11.85
11,10 12,78 12,83 12,54 12,96 10,70 13.26 12,28
14,56 12,08 14.08 14,00 13.57 18,04 11,51 13,55
11,50 11,12 12,70 11.80 11,36 12,20 14.83 12,54
12,65 135,47 13.85 14,40 13,98 12,08 12,10 12,10
12,08 12,52 128,44 14,00 12,08 11.98 14.85 12.23
11.80 182,35 12,50 13.98 12,52 12,656 11.97 11.23
12,87 13.00 12,54 12.48 12,05 11,68 135.48




Table III continued
Diamster of Yolk in Millimeters

54

4l.4 44.0 43,8 48,3 45.2 49.6 39,9 4.0
45,3 42,9 43.9 42,8 42,7 46.4 40,9 42,1
42,8 42.7 43,1 43.2 42.6 43.4 43.9 42.2
43.6 42,5 46,3 44.4 44,7 44.6 4.6 43,0
42,2 - 41." ‘2.2 ‘515 45.1 ‘6.9 41.1 42.6
45,7 41.6 ©9.,4 486.0 4.6 47.3 43,5 43.6
44.2 40,5 39,3 44,1 42,9 45,4 40.6 3IB,)
42,9 43,4 43,6 44,5 45,2 s 39.7 43.6
28.4
Yolk Index
0.276 0,279 0,276 0,800 0.809 0,883 0.287 0.2089
0.245 0,297 0.398 0,204 0,305 9.230 0,324 0.290
0.340 0.282 0,088 0,324 0,318 0,877 0.862 0,321
0.265 0.2061 0,874 0.268 0.254 0.273 0.356 0,29
0.264 0,300 0,315 0.304 0,890 0,253 0,341 0.8280
0.266 0,304 ©.318 0.317 0.291 0.278 0.204 0,204
0,300 0.233 0.287 0,280 0,266 0.204 0.309
0
feans of yolk indiems -
0.288 0,0291 0,301 O 0,293 0,257 0,307 8,89§
: ve, of the nmeans .
No. of eggs 64
Weight of Yolk in @rams
15,0 l16.2 16.3 20,68 20,0 19.7 1l4.2 2l1.0
16.5 16,86 17.7 18.7 16.86 186.8 17.5 16,5
15.8 6.9 18,8 17,5 17.¢ 18,2 18.4 18.%2
15.0 14,5 19,8 16,5 14.5 19,0 17.6 17.6
15,1 l6.4 18,2 17,7 17.3 20,5 16,0 18,3
18,7 16,4 13.2 19,5 15,0 20,1 17.5 18,1
16.5 18,8 .. 14,8 _ 18, 17,0 ®M.8 158 17"
15.5 10,8 17.5 16.0 16,7 14,3 17,2
11,9 :
Weight of Erg (Minus Shell) in Grams
43.5 47,7 44,3 48,1 48,5 . 58.2 42,5 47.8
43,5 49.5 39.3 48,1 44,0 48,5 45.0 44.5
45.8 45.3 49,0 43.5 47.5 47.5 46.2 47.2
40,5 42,0 48,0 43.0 34.5 50,8 46.6 44.6
45,7 48,9 47.5 49,7 44,0 48,5 45,0 44.3
45.7 41.9 41.0 44,0 46.0 48,6 42.5 44,1
47.0 33,6 43,3 44,0 46,2 58,5 43,5 02,0
45.0 g?.z 43,1 44.35 45,1 B9.7 39.7
S,




Table IIT continued
Percentage of Yolk

34.4 23.9 36,7 43.8 41.2 37.7 3.4 43,9
37.9 38.9 45,0 34.0 3B.4 N7 IW\.B8 7.0
34.4 S6.4 37.7 40.2 35.7 B3 9.8 W5
37.0 $¢.5 4.2 B8 32,5 87.8 3.7 .4
32,0 38,5 38,3 35,8 39.3 42,2 35,83 41.82
40,9 39.1 32,1 44,3 32.6 41.3 4.} 4 .0
35.1 39.7 38.? ‘105 36.7 38.‘ 5107 55.5
44.4 gg.g 40,6 38.1 37.0 36.0 40,2
Heans of the percentegesol yolLks
7.1 S6.0 58,0 39,2 o6 .8 56,8 48.%
Vé. O € means SO
No. of eggs 64
Penetration in 0.1 Millimeter
154 155 178 150 140 225 190 180
149 2085 198 le8 153 65 188 120
174 144 231 138 162 90 176 165
196 212 187 150 190 193 130 138
170 155 183 148 178 160 172 120
leé8 160 214 125 170 221 144 120
159 1868 160 164 188 158 100 119
160 130 208 45 146 215 152 126
170 152 176 160 154 131 lés 172
130 181 152 180 152 225 142 164
158 152 200 137 142 78 leéz 123
130 184 185 124 188 90 132 125
120 125 180 1556 136 162 156
Grand lotal 1'5%%
lean 157
No. of Custards 104



TABLE IV,-30-DAY STORAGE EGGS

Observed Score

4.0 4.0 3.5 3.8 5.0 4,0 3.5 4,0
4,0 4.0 4.5 4.5 5,0 5.0 4,0 5.0
4.5 4.5 S5 5.0 5.0 5,0 4.0 5.0
S5 4.0 4.5 5.0 4.0 4,5 4.5 4.5
4,0 3.5 4,0 4.5 5,0 5.0 5.0 4.5
4.5 4.5 4.0 4.5 4.5 4,5 5.0 5.0
4.0 4.5 4,0 4,0 3.5 g.g g.g i.g
335 05 495 4;5 5'0 , 1l - -
22 0 Grand total 281.0
Grand mean 4,39
No. of eggs 64
Helght of ¥White in Millimeters
1.78 2.28 3.45 3.8 0.40 1,83  1.89 1.88
1.70 2,26 1,90 4.5 0.50 0.05 1.83 0,10
1,05 1.32 2,50 5.0 0.38 0.04 1,33 0.82
3.30 2,75 2,00 5.0 2.50 0.70 0.38 1,08
2.50 3,50 2,06 4.5 1,40 0.04 0,95 0.58
8.0’0 1.50 1090 ‘.5 3.30 0,580 0.50 0.2! &
2.00 2.00 2.80 4,0 0.40 0.12 0.48 .48
2,85 1.50 1,58 4,8 0,90 0,93 0.50 0.68
Géani total 91.55
Grand mean 1,430
No. of eggs 64
Weight of Total White in Grams
7.8 8.7 11,7 7.6 5.8 2.2 9.7 6.7
8.2 11.7 9.2 5.7 4.6 47 11,9 0.0
7.7 9.7 6.0 7.9 6.2 27 1B 6.7
11.6 11,7 9.7 5.8 10.5 5.7 2.0 4.9
10,3 14,7 1.8 11.B 6.7 5.8 8eY 9.2
5.7 11.2 4.7 7.3 9.2 5.¢ 8.0 9.7
9.7 7.7 3.7 12,9 6.4 S.1 6.2 7.7
9.5 2.8 8.7 9.3 5.7 9.8 8,8 10.8
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Table IV continued
' Weight of Fimm White in Orems

27.8 256.8 30,83 25,0 24,0 27.8 87,1 24.5
29,0 2.5 %.5 851 26,5 25,0 829.2 25,8
27.5 3.0 20,0 ®B,1 8.5 2.7 26,3 26.3
30,9 87,0 28,8 25,5 83,5 85.2 27.9 29,2
28,0 s0.? 287,56 26,0 28,5 85,1 88.0 25.4

28,5 34,0 18,5 27,5 27,5 23,83 20.0 5.7
2¢.5 30,0 25,3 83.5 858 27.6 22,7 25,8
24,0 20,5 29,5 26,8 21,5 17,8 27,1

Percentags of Fiym White

28.6 3411 33,86 36.0 23,8 S8.,0 85,7 8%.3
28,2 s9.6 20.1 28,7 16,1 18,8 40,0 00O
28,0 32.3 27,5 23k.&¢ 19,6 23,5 4.8 B£5.4
37.5 43,3 S6.6 28,7 44,6 22,86 32.79 18.4
36,7 47.8 42,9 44.2 23.5 23.1 9.6 56.2
20,0 32,9 25.4 26,5 83,4  B85,) 86.6 .7
39.5 £6.6 15.8 99.0 85.0 18,4 87.5 0.1
39.5 10,7 20,7 31,1 21,8 45.5 ©50.2B 99.8
Grend total 1009.0
Grand megn 20.8
No. of eggs ¢4

Height of ¥Yolk in killimeters

11,78 1%.96 12.40 14,30 10,30 9,50 10,33 11.47
12,52 11,90 11.50 13.50 11.85 11.33 11.45 7.62
12,30 18,00 12,%0 90,85 10,33 11,90 @&.98 9,08
12,00 12,50 11,91 10.46 12,82 9.02 8.00 12,76
11.40 18,00 9,50 10,87 10,88 9,58 8,7 9,38
12,50 12,05 10,00 9.5¢ 10,772 10.35 9.50 9 83
10,80 12,50 10,00 12.284 9,85 10,96 11,01

14,50 10,00 10,50 11,00 &,60 11,07 9,25 10,80

Average Diameter of Yolk in ¥illimeters

45,5 46,0 46.8 45,7 44,8 50.8 48,9 46,5
48.2 44,1 47,0 43.4 45,3 45,6 46.6 46.8
‘?.1 I,'? -b ‘3.8 ‘8-6 “a’ 43.1 50.5 GS.‘
46,8 45,1 45,5 4l1.4 48.8 44.3 ©51.0 44.6
27 .4 42,5 49.8 45,6 45.6 B0.1 46.8 43.2
43.5 44.3 45.2 44.03 44.0 47.4 47,5 44,8
48,4 44.86 47,0 47.0 B0.1 44.7 42,9 48.6
44,5  45.4 44,6 44,) 46,7 41,2 47,3 41.0




Table IV continued

58

Yolk Index
0.257 0.260 0,264 0,312 0.229 0.187 0.211 0,241
0.259 0.269 0,245 0.311 0,281 0.246 0.245 0.l62
0.261 0,255 0.287 0.195 0,225 O.276 0.177 0,199
0.257 0,277 0.245 0.252 0,275 0.203 0.156 0.288
0.240 ©,3%05 0.190 0.225 0,224 0,186 0.186 0.215
0.287 0,272 0.221 0.216 0,244 0.218 0.200 0.210
0.283 0.280 0.212 0.260 0,198 0,245 0.256 0.172
0,335 0.220 0.235 0.249 0,184 0,268 0,195 0,248
Grand Tobal 15.200
Grand HMean 0.237
No. of eggs 64
Weight of Yolk in Grams
16.2 1.0 19,82 20,0 16.0 19,2 20,80 19,0
20.2 18:.0 '19.0 17.¢ 1189 17.5 17,64 15.%
16.5 18,5 17.5 16.4 18,6 16.7 20,0 185.8
15.6 17.8 ®.5 17,86 17,5 18,8 18,5 18.4
16.5 6.8 17.2 14,0 16,0 19,6 17,58  14.4
16.5 15,8 14.0 18.8 15,8 18.0 14.2 18.0
18.2 g, 17.0 19.7 80,0 821.4 18,8 6.6
19.7 16,0 14,3 16,5 14,9 15,5 16,5 15.3
Weight of HEgg (Minus Shell)in Grams
43.4 42,5 49,5 45.5 40.8 47.0 47.56 43.5
49,2 44.5 49.5 42,6 47,2 42,5 46,8 4.5
44,0 48,5 46,5 41.5 48,1 49.4 46.5 42,1
46.0 44.5 47.0 45,0 41.0 3IB.5 46.0 45.6
44,5 46.8 44.7 40.0 44.5 44,7 45,5 B4.8
45.0 49.5 38,8 43.0 43.0 4.6 44.2 41.7
42.7 48.5 40.3 53.7 45.5 49.0 m.s 48-1
43,7 36,5 41.8 46,0 41,7 37,0 34,0 42.4
Percentage of Yolk
37.3 40.0 38,7 43.9 39.2 40.B 43.0 43.8
41.0 33.7 8,3 4182 9.6 41.3 .6 37.7
37.5 38.1 7.6 39,8 34,53 33.8 43,1 7.5
33.5 39.3 43.86 40.6 42.6 34,5 40.2 3I5.8
37.0 3%5.3 3B,4 35,0 35,9 43,8 I8, & 36,1
36.6 31,3 43,0 36,0 36.0 43.3 32,1 38.3
42,6 38,1 42,1 37.3 43.9 43.6 41,0 39.4
45,0 43,8 54,2 35,8 55,7 41.8 40.5 56,8
ra a .
Grand mean 38.9
No. of eggs 64



Tabls IV continued

Penetration in 0,1 ¥illimeter

10. 138 190 167 124 200 106
100 178 85 152 48 153 98
165 237 40 155 é5 158 52

5 129 145 101 1386 155 130
143 174 56 150 20 184 120
190 208 118 1282 5 158 185

20 145 116 130 120 154 56
120 210 a8 78 3 164 56 -

23 52 a7 1256 6 220 133

5 180 (S} 115 160 185 124

62 134 50 50 152 160 116
142 5 144 200 1¢ 184 51
100 15 138 115 42 201 38

s 0
Crand mean

Ho. of eggs



APPENDIX B

DATA ON EOGS end CUSTARDS OF SERIKS B

TAELE I,.-CHE DAY BEGGS

Cbserved Zeore

Helght of Pirm White
in Eillimeters

1.6 1.5 1.0 1.0 5.50 9.0 7.865 @©6.52
100 1.0 105 1'5 '..85 8.?2 5.30 6.20
1.0 1.0 1'0 1.0 7.5'0 .t"a 9.“ ‘!95
1.8 1.0 1.0 1-0 6.50 6.10 6&10 6.‘5
1.5 1.80
1;5 ! 4 GQ
FWeans of observed scorss Teans of heights of Tirm

whites
5,76 7 7:198

1,83 ;E%B 1,12 2
Ave, © 6 means 1,
No. of ezgs le

feight of Total White
in Crems

34.5 388 33.8 1.8
33,5 27.0 34,0 38,5
37.0 20,0 53,5 33.B

iVE, © 6 mean 8?*%$_'

No. of eggs 18

deight of Firm White
in Grams

20,8 19,7 20,2 85.7
25.7 185.7 80.28 19.2
83.5 16,7 g2l,1 22,7

34t0 28.0 3".” 33-3 8107 1505 81.2 32.3
1.5 16.4
29,5 17.7

Percentage of Helght of Yolk

Firm White in Killimeters
60,2 56.6 80.2 &£0.8 12,06 13,95 13,60 15.30
76,7 58,1 5%.4 #9.8 14,90 14,80 14,53 16,70
63,5 57.5 62.9 67.1 15,00 16,48 16,08 1€.30
83,8 55,8 88.9 @€7.1 13,45 13,86 14.56 16.30
52,0 168.15 ; S

ﬁ&ana oF POrosALAAS S
of firm whites

gﬁ,? Q%E! 59,9 + 8
ve.o e mean 4

No, of egsga 18



Table I continued

61

Average Diameter of Yolk Yolk Index
in ¥illimeters
43.3 40,6 41 .5 40 .6 0.2879 0.343 0.327 0.376
34,5 36.8 37.8 40.6 0.454 0.447 0,425 0,401
39.1 85.5 42.7 39.8 0,343 0.390 0,430 0,400
37.1 0.435
37.4 0,356
VMeans of yolk indices
0,372 0,393 0,389 8,595
Ave, of the mean .
No. of eggs 18
Weight of Yolk Weight of Fgg
in Grams (Minus Shell) in Grams
18,5 16.2 15.8 17.1 53.0 51.0 49,3 48,9
16,8 14.5 15.2 19.0 49,7 41,5 49,2 57 .5
12,3 14.5 14,0 18,7 49.3 43,5 47 .5 52.5
15.2 1IB.7 Vsl 15,3 49.8 40.7 54,3 48,5
16.9 47 .5 :
14,0 43.5

Penetration in

0.1 Killimeter

36 18 31
38 56 12
47 €0 26
48 6 49
54 o2 18
64 16 B

35 10 20
1]

41

30

Veans of penetration
42,2 28,3 24,0 66,3
Ave, of the mean 40,1



A Teble I continued
Le pH of the Whites

2,3¢ in custard 1

8.82 in custard 2

8.58 in custard 3
7 u rd

62

pH cf the Mixes

6,80 in custard 1
6.30 in custard 2
6.72 in ocustard 8

een of pH of whites

Waen of pH 6! mfxoa

8,565
Total —2¢.26

— Total

26035



TABLE II.~10-DAY STORACE BGOS

Cbserved Ccore

Helght of White

in ¥{llimeters

2,0 2.0 4.0 3.5 4.7 5.04 2.5 2,20
28.0  B.,0 4.8 3.0 $;87 S.08 - 2.4 380
8.5 2,0 S5 g.o 4.20 4.%3 2.45 2,53
8.5 2.0 3.8 g 2,10 .40 aggg
'Aﬂrnnd total 47,5 lﬂranﬁ‘iﬂtﬂi 7.

Grand mean 2,968 Orand mean 3.594

No. of eggs 18 No, of eggs 16

Weight of Total White Welght of Firm White

in Crens in Grams

28,8 20,5 87,5 28,5 17,82 16,7 15.8 12,8
28,7 86.5 28,0 28,9 15.9 13,0 6.8 13.3
81,7 80.8 B85.8 29.7 18,8 17,8 18,8 10.82
28,5 30,0 23,5 27,5 1E:2 38T 9.6 3B.8

Parcentage of Tirm Feight of Yolk in

“hite Millimeters
60.8 56.6 57.4 42,8 13.10 14.15 11,00 12.90
55.5 49.0 £4.2 46,0 13,92 15.20 11.87 14.10
46.8 88,3 72.3 72.8 13,24 12,95 11.08 13,75
gg.g 52,5 .%ﬁ,a aﬁii 13,50 14.62 12,85 13,58
rand tota
Grend mean 48.9
Yo, of eggs 18

Average Diameter of Yolk

in ¥{llimeters

40.2 47.7 44.4 46,7
80.1 40.3 @$1.7 44.1
42,9 40,7 43.9 47,0
41,0 42,9 42,9 41,0

Yolk Index

0.32% 0,20€ 0.247 0.2876

0.3&

7 0.377 0.284 0,319

0.308 0,318 0.258 0.202
0.329 0,345 0,287 0,331

rand total 4.988
Orand meen 0.308 .~
%o, of eggs 16



e

Table II continued

Weight of Yolk

in Grams

15.0 22,7 16.0
14,8 15.5 15,0
17.2 14.3 16,0

17.0 16,5 16,1 17.5

18.8
17.6
22,1

64

Welght of Eggz (Minus
Shell) in Grams

43.5 52.2 43,5 47.3
43,5 42,0 43,8 46,5
48,9 44.8 41.5 51.8

Percentage of Yolk

45,4 36.7

33.9 38,5
35.4 40.6

4.4
34,0 35.2 34.2
85.1
37.3

Graend tetal ©667.6

29.7
37.8
42,8
38.8

45,5 46,5 39.6 45,0

Penetration in
0.1 Millimeter

138 122 116 126
81 66 110 102
54 76 100 70

124 112 51 110
88 83 20 133

108 40 100 128

75 48 96 118
Grand total 2670

Grand mean 35.4 Grand mean 95
No. of eggs 16 No.of custards 28
pH of Whites pH of Mixes -
9,33 6.62
9.32 ' 6.70
:.zg ' 6,76
. + 86
Total 7. Total !gfﬁt"‘
Mean 9.40 Mean 6.735
No. of mixes 4 No., of mixes 4



TABLE III.-20-DA¥ STORAGE EGGS

Observed Score

3.5 3.5 4,5 4.5

4,5 8.0 4.0 4,0

4.5 8.5 4.5 4.5

4.0 4.5 4.5 4.0
5.0

Height of Firm White
in Grams

2,60 5.7 1,61 2.22
1.5 4.10 2,285 2.5

15 3,48 2,20 2,50
2,38 1.3 8.¢B 2,45

Wemns of observed scores

Weans of hughg of whites

Tve. oF tho meens 4100

A b

No. of eggs 17 No. of eggs
Weight of Total White Weight of Firm White
in Grems in Grams
27.7 24,6 26.0 29.0 6.5 10.7 2.5 9.4
86.6 20,3 28.0 26.5 8.7 17.1 6.9 7.8
26.5 25.5 24.1 28,5 4.7 12.4 7.3 1.7
BS5.4 25,5 19.4 23,5 4.1 2.7 8.9 8.0
2.5 4.0
Percentage of Firm Height of Yolk
White in Eillimeters

23.4 43.6 10.0 32.4
2l.4 43.8 24.6 29.4
18.‘ 50.1 3008 ?.5
16,1 30,1 18,1 34,0

10.00 12.60 10,10 12,30

10,08 10,83 9.99 12,50

8.98 10.60 9,30 12,03

10.40 10,56 8,353 11.20
10,78

8,
fleens of percentages of
firm whi tes

9.0 41,9 80 8 27.1
vo.of the means — E7.1
Ko, of egis 17



Table III continued

Average Diameter
of Yolk

45.9 42.8 46,3 49.5
45,0 46,3 46,7 51.95
46,3 47.8 45,2 46.5
45.0 42,1 50.2 46.4

Yolk Index

0.217 0.294 0.218 0.248

0.193 0.221 0.205 0.258

0,231 0.250 0,165 0.241
0,230

46.7

lleans of yolk indices
0.214 0.250 0.2088 0,248

Weight of Yolk
in Grams

14,8 16.4 15.0 22.8

18.7 173 18,8 84,0

15,5 18.2 14.5 18.7

186.5 15.4 17.1 18.5
14.4

Ave,of the means 0.280
No. of eggs 17

Welght of Egg
(Minus Shell) in Grams

42,5 41.0 4.0 51.8

4805 ‘50‘ 4505 50.0

41.0 43.5 8.6 41.2

40,9 40,9 36.5 42,0
: 35, 9

Percentage of Yolk

34,8 40,0 36.5 44.0
37.1 37.6 35.6 49,0
7.8 4.8 37.5 45,3
37.8 37.6 46.8 44.0
40.1

Penetration in
0.1 Millimeter

109 120 94 150
“131 138 110 85
150 141 151 112
105 92 137 120
103 o8 115 115
111 104 92 152

122 118 130 122

eans of percentage s

of yolks
36.9 36,2 59.3 45,6
Ave. of the means  30.5  Grand total .y
No. of eggs 17 Grand mean - 118
No. of cups 28

pH of the Whites

9.40 in custard 1
9.36 in custard 2
9.41 in custard 3

pH of the Mix

6.80 in custard 1
6.71 in custard 2
6.79 in custard 3
6.

79 in custard 4

9,33 in custard ¢
Vean

Totar Ho—

“Total 37,50



TABLE IV,-30-DAY STORAGE EGGS

op
\"

(Later corrected for water loss)

Observed Score

3.5 4.0 405 4.5 5'5 305 5l°
4,0 5.0 4,5 4,5 3.5 4.0 5.0
5.0 5.0 3.0 4.0 4.0 4,5 4.5
5.0 5.0 4.5 4.0 5.0 5.0 3.5
5.0 4.5 4.5 4.0 4.5 4.0
4.5

4,0

Jeans o?'dﬁsa;vea se:r:s 2 a y i Sl

4,5 4, . : .
s z ey < of_i%e means 4,348
No. of eggs 26
Height of Firm White in Millimeters
3.45 2.50 3.01 1,35 1.98 3.37 2.00
2,52 2.33 1,81 2.23 3,00 1.90 1.05
2,00 1.70 3.60 3.086 2.00 2,00 2.50
1.80 1,53 2.58 2.20 1.70 1.50 2.85
1,00 8,01 l.62 1,65 1,90 2.07
1.70
3,90
ﬂoan:sof th; heightsof v}iltoso b .
2,15  2.8) £.45 2 .19 98
St
No. of eggs 36 :
Weight of Fim White in Grams

4.7 10.2 15.7 11.4 15,9 14.8 9.7
8.2 3.7 8.5 11,7 18.9 9.7 15,7
2.2 4,8 17.0 15.7 9.9 9.7 12.1
1.8 0.0 11.7 2.0 5.0 11.7 12,7
5.6 2.7 12.2 0.0 4.7 38.7
: ! 9.1

14,2




24

Table IV continued
Weight of Total White in Grams

68

28,5 24.4 30,0 26,0 22,5 25.0 28,9
25.5 20,8 21.5 31.5 24.0 28,5 27.0
86,5 21,8 18.1 29.3 27.5 24,0 27.7
26,3 27.5 18.5 24.5 24.5 26.5 24,3
5.0 24,5 24,1 %6.0 22.8 24,0
24,9

26.2

Percentage of Firm White

l6.4 41.8 52,8 43.8 8l1.7 59.2 42,5
32.1 17.7 39.5 37.1 57.9 36.86 58,1
8.3 22,3 935.9 55,5 36,0 40.4 43,6
5.7 00,0 63,2 36,7 20.4 4.1 52.2
22.4 39,5 50.6 00.0 20,7 44,5
36,95

54,1

Teans of percenteges of firm whites
17.0 24,3 58,9 %&,g 39,3 45,1 %;Jg
ve, o e mesns .
No, of eggs 36
Height of Yolk in ¥illimeters
11.45 10.61 11.46 11,15 10,50 11.65 8.85
11,72 10,25 10.32 10.83 11,02 11,20 9.40
10,80 10,00 11.65 11,91 10.60 18,00 9.65
10,41 11,01 11,00 10,65 2.5 12,08 10,70
10,22 12,30 11,00 11.55 10,50 10,08
.00
11,05
Average Diameter of Yolk in Millimeters

‘5.’ ‘7.0 “06 ‘a.a ‘6.6 4313 Be.o
52.1 50,6 51,9 50,0 42,8 49.2 56.8
50,0 50.7 43,3 43,6 40.4 4€.9 83,5
47,8 43.8 45.9 49.5 47.0 42,6 5l.2
42,3 45,6 44.3 43.1 45.9 g;.:




Tadle IV continued

69

Yolk Index
0.253 0,285 0.231 0.264 0,285 0.265 0,158
0.824 0,208 o.X98 0.216 0.2857 0.2287 0.165
0.216 0,197 0.889 0,873 0.262 0.255 0.181
0,217 0.251 0.239 0.215 0.202 0.282 0.208
0.2841 0,209 0.248 0,267 0.288 . O0.184
0.163
9:3590 ;ﬁgo k 1gg;c.. 247 28 257
0, Q.25
e %vo. of %ﬁ means 8‘:%%;—
No, of eggs 36
Weight of Yolk in CGrams _
15.5 17.1 18,7 15,5 18.82 16,0 16.0
22,0 18.28 20,7 19.1 14.0 20,0 23.0
20.8 17.0 25,9 15.2 13.5 21.0 20.3
16.4 15.5 20.0 16.0 l16.2 17.0 20.2
13.3 16.0 15.1 16.0 15,7 23.5
20,2
- 15,8
Percentage of Yolk
35. 41 .2 38,3 57.3 44.7 39.0 41 .1
46,3 46.6 49.0 37.7 36.8 43,6 46,0
‘3.9 ‘4.1 5'.8 3‘.1 38.’ ‘8.‘ ‘3.3
38 .4 56.0 51.9 30.85 30.8 39,0 45.3
4.7 38,5 38,5 38,0 40.9 49.4
44.6 .
feans of percentage of yolks
29,7 4.8  47.3  37.3 30.0 48,1 :H
Ave.of theo means ‘.
No. of eggs 36
Weight of Egg (Minus Shell) in Grams
44,0 41 .5 48,7 4] .5 40,7 41 .0 g8,
47.5 39.0 42,2 50,6 38,0 47.0 50,0
47.3 38,5 44,0 44.5 41,0 45,0 46,0
48,7 43,0 38,5 40.5 40.7 43,5 44,0
38,3 40,5 59.2 42,0 98 .3 47.5
45,0

42.0




Table IV continued
Penetration in 0,1 Millimeter

164 131 95 98 98 110 29
86 170 o2 84 il 1285 86
146 128 120 106 88 33 47
138 87 145 80 110 114 135
92 102 02 180 106 86 58
120 150 85 137 112 102 100
112 169 140 90 e2 ) 157
130

ée

120

144

1385

164

Weans of penetration
128.5  135.0 109.7 107.9 102,0 88 0
. ve. ® means
Ne, of cups 85




Appendix C

Table I.-~-SUMKARY OF MEANS (M.), STANDARD DEVIATIONS,
(8.D.) and STANDARD ERRORS (S.E,) OF MEASUREMENTS
TREATED STATISTICALLY IN SERIES A

P

Observed Score

Fresh 10-Day 20-Day 30«Day
cgs Eggs Bges Eggs
N, 1,301 2.669 3.619 4,390
SQD. 00499 00505 0.612 0!530
S.E, 0,082 0.068 0.077 0.064
Height of Firm White

M, 6.083 3.807 2.489 1,430
8.0, 1,095 0.851 0.976 0.944
s!E. 0.179 OOLL‘ Q.Laa Oius

Percentage of Firm White
M, 60.1 53.8 41.1 29.8
8.0, 1,031 5.941 1.508 9.6829
8.E. 0,250 1,650 0,189 0,123

Yolk Index
M, 0.414 0.371 0.291 0.237
8,D. 0.080 0.044 0,031 0.042
S.E, 0,013 0.005 0,002 0.005
Percentage of Yolk
K. 33.8 35,9 38,1 38.9
8.D, 3,949 3,101 2,798 4,201
8.E, 0.659 0,419 0,035 0.545
Penetration

M, 66. 129 157 122
8.D. 21.65 £24.28 32.69 58,45
S.E. 2,46 2,59 3. 83 5,78
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Appendix D

Table I,--SUMMARY OF MEANS (M,), STANDARD DEVIATIONS,
(S.D.) and STANDARD ERRORS (S.E.) OF MEASUREMBNTS

TREATED STATISTICALLY IN SERIES B

— -
—

Cbserved Score

Fresh 10-Day 20-Day 30~Day
Eggs Eggs Lggs Ezgs
M. 1.171 2,968 4,100 4,357
8.D. 0,338 0.858 0.803 0.324
S.E, 0.082 0.221 0.200 0.054
Helght of Firm White
. 6.767 3.594 2,328 2.171
D 0,576 9.430 0.811 0.665
B, 0,125 0,111 0,201 0,112
L
Percentage of Firm White
M. 6l.4 48.9 27.1 38.2
8.D, 9.108 11,228 10,242 13,954
S.E, 2,796 2,905 2,560 2,358
Yolk Index
M, 0.383 0.308 0.830 0.232
5.0, 0.019 0.036 0.007 0.025
8,8, 0,003 .10.009 0,001 0,004
Poréaﬁtage of Yolk.
M, 32.4 35.4 39.5 41.5
8.0, 1,884 12.2871 8.8248 6.293
8, E, 0,456 3.168 2,062 1,063
Penetration
M, 40 95 118 109
8.D. 21,958 28,16 23,60 34.07
8. B 4.00 5.41 _4.54 4.63




B

Table 1 continued
pH of the White

¥, 8.585 9.400 9.375 9.368

8.D. 0.161 0.091 0.032 0.091

3,.E, 0,092 0,052 0.018 0,040
pHE of the Hix

o, 6.557 6,755 6.772 6.811

8,D. 0.180 0,087 0.089 0.103

S, B, 0,109 0.050 0.051 0.046
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