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A3STRACT

AN EVALUATION OF CONSUMZER ACCEPTANCE OF EGGS
FEAVING MOTTLED YOLXS

by Charles Jerry CoX

Egg yolk mottling is often 2 serious econonmic prob-
lem to the poultry industry es eggs heving mottled yolks
are dovngraded in cquality. Eggs produced by most lay-
ing flocks have a limited smount of "natural" mottling.
The intensity of natural mottling is spparently low.
Most poultrymen believe 1t is seldom serious enough to
cause consumer complasints.

This investigetion was concerned with consumer
acceptance of eggs having mottled yolks and consumer
reaction to varying degrees of mottling. The level or
degree of mottling 2t which consumers reject eggs and
the effect of various demographlc factors such as age,
education, lncome and geogrephic location on consumer
preference for mottled yolks wes analyzed.

Consuner preference data were collected through
the use of consumer panels. Consumer preference panels
vere conducted in Detroit, Michigan and Athens, Georgil=a.
These penels were designed to determine preferences of

consumers with annual incomes rangine from under #2,000



Charles Jerry Cox

to over £10,000, of ages from under 30 years to over 60
years, and with 0 to 14 years of formal education. A
paired-comparison test was used whereby each untrained
panel member was presented two coded samples and asked
to compare them.

A six-point scale was used to assess the degree
of mottling with each point representing a different
degree of mottling. The method of pasired-comparisons
employing unecual repetition of pairs was used to de-
termine overell preference of samples.

The data collected indicate that consumers do not
notice mottling at low levels and that "netural"
mottling 1s not usually severe enough for most con-
sumers to notice. Moderate mottling covering five to
fifteen percent of the exposed yolk surface, was found
to be the breaking point for consumer acceptance of
eggs having mottled yolks. Mottling above this level
was found to be objectionable to consumers.

Analysis of various demographic factors such as
age, education, income and location revealed that these
factors had relatively little influence on consumer
preference for eggs having mottled yolks. Although some
differences were found, the amount of variation was too

small to be statistically significant.
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Based on the results obtained in these studiles, it
i1s recommended that the United States Standerds for Jua-
lity of Individual Eggs be revised to include yolk
mottling in quality determination. Since consumers
apparently do not rejJect eggs with slight and modersate
yolk mottling, this level or degree of mottling should
be permitted in the U.S.D.A. Grade AA and Grade A
classification. Mottling covering from 15 to €0 per-
cent of the exposed yolk surface should be classified
ss U.,S.D.A., Grade B while mottling covering 60 to 100
percent of the yolk surface should be classified as

U.S.D.A, Grade C.
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INTRODUCTION

Egg yolk mottling is often a serious economic
problem to poultrymen and a corresponding inconvenience
and loss to egg processors as eggs having mottled yolks
are dovwngraded by egg buyers. Recent yolk discoloration
or mottling has caused concern and even great financial
losses to many poultrymen. This condition, although
not new, 1is receiving renewed attention because most
consunmers find eggs having severely mottled yolks to be
objectionable. Many housewives feel that severely mottled
eggs represent low cuelity and spoilage even though there
is no evidence to indicate that the egg is nutritionslly
or functionally affected by mottling.

Broken out eggs with mottled yolks appear to have
spots or blotches of different colors or shades of color.
These blemishes usually very 1in size and amount. Some
yolks have only a few small whitish-yellow "curdled"
areas., Others have larger blemishes that may be brown-
ish-orange with a streaked appearance.

Mottling appears to be caused by a movement of
egg-white protein and water from the albumen or white of
the egg through the vitelline membrane (membrane that

encloses the yolk) into the yolk. This usually causes the



yolk to eppear slightly larger. Mottled yolks contein
more water, more egg white protelin and a higher protein
fat ratio than yolks free of mottling.
Dark colored yolks in eggs were filrst reported

in 1891 as 2 condition produced by hens being fed
cottonseed meal (Roberts and Rice, 1890-91). A limited
amount of so called "natural" yolk mottling occurs in
most laying flocks. YNatural" mottling usually occurs
at low level incidence but it is seldom serious enough
to cause consumer complaint.

Since the intensity of "natural" mottling appears
to be relatively low, most poultrymen believe it is seldonm
serious enough to cause marketing problems. Very little
informetion, however, is avallable on consumers' reactions
to mottled eggs. The purpose of this study was to ascer-
tain if "natursl" mottling was objectionable and to deter-
mine at what level or degree of mottling the consumer

rejects eggs having mottled yolks.



LITZZATULZE RTVIEW

Yolk mottling was found in eggs from =211 floclks
exomined by Blackshear et al. (1947h). Of the ergs
e ~mined, 56.1 percent had some degree of mottline.
Known causes of mottling include certain worming com-
pounds (Beane et al., 1965), gossypol (Heywang et al.,
1955), and Nicarbazin (Polin snd Porter, 1956; Baker
et al., 1957; Weiss, 1957). However, mottled yolks have
been reported to occur in eggs when hens have been known
to have no access to any of these compounds (Fry and
Wilson, 1965; Polin et al., 1957).

A search of the literature brings forth considera-
ble data on cause, effect and remedy of egg yolk dis-

colorations called mottling.

Causes of Mottling

Dark colored yolks in eggs were first reported by
Roberts and Rice (1891) who suggested that this condition
was produced by hens fed cottonseed meal. Almquist (1933)
also observed mottled yolks in eggs from hens fed cotton-
seed meal in thelir diets. Yolks from newly-laid eggs
appeared normal, but the incidence and degree of mottling

increased during storage. Mottled yolks contained more
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water, nore egg white protein and a higher protein-fat
ratio then yolks free of mottling. It was concluded that
mottled yolks were caused by diffusion of egg white
protein into the yolk because the vitelline membrane was
more permeable than in eggs free of yolk mottling.
Cottonseed meal and cottonseed o0il, when fed to
laying heuns, can cause a deterioration in egg aquality.
A literature review on this subject showed that the fol-
lowing abnormalities are typical: Yolks are freguently
mottled, of gelatinous consistency and enlarged; yolk
color may be olive green, almost black or reddish; and the
egg white may be pink or red in color. These abnormal-
ties are generally sccentuated by storage of the eggs.
One of the major substances present in cottonseed products
which contributes to the deterioration of egg auality is
gossypol although other substances have also been implica-
ted. Investigations of such substances and their mode of
action has been a2 countinuing field of research (Heywang,
et 21., 1955).
Schaible et 21. (1934) were apparently the first
to present comprehensive data showing that gossyvol,
found in the pigment glands of cottonseed 1s the compo-
nent that causes dark yolk discolorations when cottonseed
meal is fed to laying chickens. That the discolorations
may range from light-brown to black was reported by

Swenson et 2l1. (1942) and Heywang et al. (1949). Lorenz



(1939) found that "reddish-brown" colored whites in eggs
from layers fed cottonseed meal were attributable to a*
component in the lipids of cottonseed.

Schaible et al. (1936) observed a mottled yolk
condition apparently similar to that described by Almguist
(1933), but the mottled areas of the egg yolks were not
caused by feeding cottonseed meal in the diet of heuns.
They found that a mottled area could be produced by slight
mechanical pressure of the yolk membrane.

Cottonseed and its by-products have been implicated
in the discoloration of eggs in two wayss (1) gossypol
produced olive or chocolate-brown yolks described by
Schaible et al. (1933) and Swensen et al. (1942) and (2)
salmon colored yolks and pink whites associated with
cottonseed meal feeding as reported by Sherwood (1928,
1931).

Kemmerer et al. (1963) found that 0.2 percent or
more cottonseed oil in the diet and 3 milligrams per day
or more of gossypol resulted in discoloration of stored
eggs, but 0.1 percent cottonseed oil fed with 3 milligrams
per day of gossypol did not result in discolored eggs.

The results of studles by Heywang et al. (1963)
showed that only slight discolorations appeared in relatively

few eggs after six months storage when pullets were fed

cottonseed meal to furnish ss much as 0.008 percent free



gossypol in their diet during the first 16 to 18 weeks of
their 1life. These results are in agreement with those in
a previous experiment by Heywang and Lowe (1959) in which
a ten day period after removal of cottonseed meal from the
diet of layers was sufficient to completely eliminate the
occurrence of discolorations in their eggs.

The effect of pH on the development of "cottonseed"
eggs was reported by Thompson et al. (1930-32). They
showed that the yolk pH approaches the pH of the albumen
more rapidly in hens fed cottonseed meal than in eges
from control hens. The recent reports of Kemmerer et =2l.
(1961) and Frampton et 21l. (1961) showed that the dark
discolorations caused by gossypol and those appearing in
the yolks of stored eggs from layers fed cottonseed mezl
were accompanied by an increase in the pH of the yolks.

It is common knowledge that there is a loss of
carbon dioxide from eggs during storage and that spray-
ing their shells with oll or dipping them in oil will
prevent or lessen the loss. This, in turn, should hold
the yolk at a lower pH and, thus, lessen the dark discol-
orations. Heywang et al. (1962) reported that oiling the
shells of fresh eggs decreased the formetion of dark yolk
discolorations during their storage.

Sherwood (1931) reported on the feeding of cotton-

seed meal to laying hens to produce pink albumens. Dis-

coloration of egg albumen with the feeding of cottonseed



meal to hens wes found to be due to the passage of irom
from the yolk into the white, followed by a reaction with
conalbumnen causing a pink discoloration of the a2lbunen.
Passage of conalbumen into the yolk where it reacts with
the yolk iron to give a pink color, which when blended
with the norm2l yolk pigment epparently causes the salmon
yolk color (Schaible and Bandemer, 1945 a.).

Lorenz (1939) stated that the causative agent of
yolk discoloration was related to Halphen reactive substen-
ces in malvaceous plants. The pink discoloration asgent
was subsequently found to be present to raw cottonseed
meal, cottonseed pigment glands, end in crude cottonseed
0il, but not in cottonseed hulls (Heywang et g2l., 1954).
Evans et 21. (1957) reported ten years' work on the
occurrence of pink whites and salmon yolks with the feeding
of crude cottonseed oil or cottonseed meal and found the
pink white factor to be lsbile. Masson et 21. (1957)
showed that the féeding of sterculic acid caused pink
whites and salmon yolks in stored eggs. Malvalic acid
produced typical pink-white discolorastions in eggs from
hens fed doses of 25 milligrams per day (Sheustone and
Vickery, 1959). The failure of epoxy and hydroxy fatty
acids to cause egg discolorations when fed to leying hens
was demonstrated by Evens et £l. (1965). Deutschmen

et al. (1961) studied the effect of hydrogen chloride and



sulfur dioxide treatments of sterculic acid and cottonseed
meal on egg discolorations sand found that treatment of
cottonseed meal with sulfur dioxide appeared to destroy
both the p;nk-white discoloring capacity snd the olive
yolk effect of cottonseed meal. The use of hydrochloric
ecid for the trestment of the cottonseed meal likewilse
prevented both pink whites and gossypol discolored yolks
in eggs stored for six months. The treatment of Sterculie
foetida o0l1l, containing sterculic acid, vith ecither "y'ro. ¢~
chlorice »» sulfur dioxi’e s~ destroved tne Halphen
reactivity of the oil and eliminated the development of
pink whites in stored eggs from hens fed these materials.

An experiment was conducted by Pepper et al. (1962)
to study the effects of the dietary inclusion of cotton-
seed oll, acidulated cottonseed soep stocks and cottonseed
still bottoms on the interior cuality of eggs stored
at either 30° or 609F. These researchers concluded,
based on theilr data, that it would seem unwise to incor-
porate any of these three products into diets of laying
hens.

Strains of cotton with seeds virtually free of
pigment glands have recently been developed. It was pos-
tulated by Heywang and VaVich (1965) that meals prepsred

from such seed would not cause dark yolk discolorations,

especially if the mesals were low in lipids. Results






revealed, however, that commercial hexane treatment of
these cottonseed meals did not remove all components that
cause pink whites. It 1s probable that these processed
meals contained "bound" lipids that were not removed by
hexane extraction. Halloran and Cavanaugh (1960) showed
that there was little correlation between free gossypol and
avallable gossypol units and, therefore, concluded that

the so-called degossypolized meal was not necesserily

safe for inclusion in laying rations.

In an attempt to obtain a satisfactory commercial
cottonseed meal, a series of screw pressed meals which
contain very low levels of free gossypol have been devel-
oped. Stephenson =21d Saith (1957) found thet the screw
pressed cottonseed meal wss satisfzctory for incorporstine
in a poultry laying ration as the principle source of
protein. The storage cuellity of eggs produced from hens
fed the screw pressed cottonseed meal was similar to those
obtained from hens receiving soybean oil meal as the prin-
ciple protein supplement.

Kuiken et 21. (1¢"?) prepsred sn lan:ro enol ertrac-
ted cottonseed meal which ~hen fed =t ~ level nf 20 Zeor-
cent of the total ration did not affect the ocuelity of
eggs stored for six months. They demonstrated that free
gossypol apparently caused no discoloration. Helloran and
Cavanaugh (1960) indicated that properly treated and pro-

cessed cottonseed meal can be included in hen laying rations
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at least up to 10 percent of the dilet.

Evans et al. (1960) found that no egg discoloration
occurred when crude cottonseed oils heated to 200°C for
eight hours or 240°C for one hour were fed.

Heywang (1957) presented data indicating thet 0.25
percent 2nd 0.5 percent ferric sulfate inactivated some
of the free gossypol.

Nicarbszin, a coccidiostat introduced in 1954, was
shown to adversely influence hatchability, thus wss not
recomnended for adult chickens (Polin et 21., 1956a).
Within two years after inclusion of Nicarbszin in broiler
rations the presence of mottled yolks 1in eggs from hens
fed Nicarbazin was discovered and reported by Polin et 2l.
(1956D).

Polin et 2l. (1957) concluded that the accidental
feeding of Nicarbazin to layers might result from (1)
erroneous use of starter, broller or grower feeds which
contained Nicarbazin, or (2) through contamination of
layer rations with such feeds. Although mottled yolks
did occur in eggs even when the hens had not received
Nicarbazin in the ration, no significant increase in the
occurrence of mottled yolks was shon until the level of
Nicarbazin in the ration was increased to a minimum of
0.005 percent. Polin 2nd Porter (1956) found similer

results and reported further that when levels as high
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as 0.03 percent Nicarbazin were fed, a direct relation-
ship was found between degree of mottling and the percentage
of Nicarbazin in the rationm.

Polin et 21. (1956a) developed a method of analysis
for 4-4'--dinitrocarbonilide (DNC), the active ingredient
in Nicarbazin, in the yolks of eggs. The rate a2t which
DNC was deposited in the eggs of hens fed Nicarbszin depended
upon the concentration of the compound in the blood and
tissues and upon the rate of yolk deposition.

Welss (1957) showed that Nicarbazin fed at a level
of 0.0125 percent for ten to fifteen days to small groups
of White Rock and White Leghorn pullets and to hybrid heuns
caused a "whitening of the tinted eggs," after three days'
treatment. Egg production was reduced an average of 8.0
percent and egg weight an average of 5.0 percent. Shell
thickness and albumen scores were not affected. One out
of nine White Leghorn hens fed Nicarbazin l2id fresh eggs
with severely mottled yolks.

Polin et 21. (1958) reported that 0.007 percent
Nicarbazin in the ration of laying hens decreased egg
size, by reducing the yolk size. When eggs from hens fed
a minimum of 0.005 percent Nicarbveazin were stored for
seven to ten days, significantly more mottled yolks were
found than in the control eggs. Extremely mottled yolks

were assoclated with lower slbumen aquality, but no effect in
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albumen ouvality was evident in eggs which were only
slightly mottled.

Baker et 21. (1957) reported that layine hens fed
Nicarbazin produced eggs with "blemished" or mottled yolks.
When a level of 0.0125 percent Nicarbazin wes fed, nearly
all of the eggs were severely mottled. At lover levels
of Nicarbezin (0.006 to 0.009 percent) only a few severely
mottled yolks were observed and only a minimum of 0.0015
percent Nicarbazin was reauired to lncrease the incidence
of severely mottled yolks from hens fed 0.006 percent
Nicarbazin in the ration. Egg production was reduced
markedly by feeding 0.0125 percent Nicarbazin to Leghorns
and 0.007 percent Nicarbazin to heavy breed hens. Ezg
size was also reduced by feeding a minimum of 0.006 per-
cent Nicarbezin in the diet. The heavy breeds produced
white-shelled eggs when fed 0.009 percent Nicaerbazin while
2 level of 0.003 percent had no effect on shell color,
but produced some mottled yolks.

The results of McLoughlin et

2l. (1957) agree with
those of Weiss (1957) and Baker et al. (1957) in that
heavy breed hens laid white-shelled eggs after the hens
had been fed 0.0125 percent Nicarbazin for three days.
During the second week of treatment, hens fed Nicarbazin
1laid only one-half as many eggs as the controls. This

difference in egg production was mesintained for more than



13

a weekx after licarbszin feeding wes discontinued. No

significant differences were reported in egg weight,

shell thickness or interior cuality of eggs between those

produced by hens fed a control ration 2and hens fed Nicar-

bazin.

Three general observations concerning mottled yolks

which Baker et al. (1956), Polin (1957) and Ven Tienhoven

et 21, (1958) have reported are:

1.

Incidence and severity of mottled yolks in eggs
laid by hens fed Nicarbazin was increased dur-
ing storage.

The mottled areas on yolks produced by hens

fed Nicerbazin were sssociated with a movement
of water from the albumen to the yolk end this
change accompanied a decrease in the fat con-
tent or an increase in the protein-fat ratio

of the egg yolks.

The change in pH of mottled yolks from acid

to alkaline was accompanlied by a water novement

from albumen to yolk.

The antioxidants, gallic acid and n-propylgallate,

wvhen fed at 2 level above thet which occurred durinz normal

feed consumption, increesed the incidence of mottled yolks

of eggs stored for two to three days at 550F, (ilcNally and

Srant, 1958). When tannic acid was fed to hens 2n increase
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in number of mottled yolks resulted (licNally and Brant, 195%).

Dawson (1965) stated that certein worming compounds
and ammonia gas heve been known to cause mottled yolks.
Peardon et 21. (1965) studied the effects of piperazine,
phenothiazine and dibutyltin dialaurate on egg production
and egg cuality. They found that eggs collected from hens
given a double dosage of the triple combination of drugs
consistently had a higher percentage of eggs with anomaliles
both as fresh and stored eggs than egss from other groups
of birds. TFry and Wilson (1965) reported that the worming
compounds phenothiazine and piperszine caused no signifi-
cont effect on yolkx mottling vnen used at recoumended
levels, Both dibutyltin and a combination of the three
wormers, however, showed signiflcent and serious yolk
mottling in eggs collected one week after treatment.

A study of the effects of piperazine citrate on
ecg yolks and egg production reported by ZBeane et 21.
(1960) indicated a significant increase in the occurrence
of a darkening discoloration of portions of the egg yolk
when that product wes used.,

Irregular areas of olive to brownish discoloration
of the yolk were found by Resne et 21. (1965) to occur
more frequently in eggs from birds recelving piperazine
conpound treetments at twenty-eight day intervals than in

eggs from controls. An increase in freaquency was found to
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occur with increased storzge time under ususl egg holding
conditions. The highest incicdence was found to occur dur-
ing the wermest months of the year with a pronounced
decrease to a very low level during the cool fall months.

Romanoff and Romanoff (1949) reported that mottled
yolks were obtserved in stored eggs more freauently than in
fresh eggs. Fry (1944) pointed out that yolk mottling,
regerdless of the type, increased with storage of the egg
even for short periods, and that there appeered to be 2
time-temperature relationship.

Miller et 21. (1957) showed that holding eggs at
room temperature for three days resulted in 35 percent
slightly mottled yolks 2nd 25 percent moderately mottled
yolks. Polin et 21. (1956b) found an incidence of 12
percent mottled yolks 1in eggs stored at 50°F. Similar
results were observed by Baker et 21. (1957), McMNally and
Brant (1958), lMitchell and Stadelman (1958), and Blackshear
et 21. (19672).

Season of the year was found by Blackshear et z1l.
(19672a) to significantly influence both mesn mottling
scores and EHaugh unit values. Mean mottling scores of
fresh eggs collected in April were significantly hizher
than for eggs collected in either January or September
which did not differ significantly from each other.

These results are 1in agreement with those of Beane et 21.



(1965).

Blacksheer et 21l. (1967a) found no significeant
difference in egg mottling scores when comparing flocks
which had no insecticide treatment with those which had
been treated with sevin, malathion, or a combination of
both compounds. However, meen mottling scores of birds
in houses which were treated during this period. These
results indicate that insecticides may incresse egg
nottling of both fresh and stored eggs.

Blacksheer et 21. (19672) found that feed brand,
use of water disinfectants and the washing or olling of
eges had no significant effect on yolk mottling. The
finding that oiling had no effect on mottling is at
variance with the report of Heywang et al. (1962).

Chemical Composition of Mottled VYolls

Yolk mottling has been observed for many years, but
the physical and chemical alterations of the yolk essocliated
with the phenomenon have not received particular attentiom.
The only data discovered were those which characterized
a sample of mottled aress removed from bolled yolks, as
having a higher protein-fat ratio than a sample of non-
mottled yolks (Almguist, 1933).

Mottled yolks were reported to contain more water
and less solids, lipids and nitrogen than non-mottled
yolks by Polin (1957). He found yolk material inter-

mingled with the inner thin layer of albumen in most eggs
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with extremely mottled yolks. Polin (1957) agreed with

the theory of Baker et a2l. (1956) that the water passing
from the elbumen into the yolk appeared to be involved in
yolk mottling. Baker et 21. (1956) reported that extremely
mottled yolks from hens fed Nicerbszin had a more alkaline
pPH than control yolks.

Van Tienhoven et 2l. (1958) observed yolk weight
differences between mottled and non-mottled egge yolks
which were similar to those reported by Polin (1957).
Mottled yolks contained a significantly higher vater
content than control yolks. No significant difference weas
observed between mottled and control eggs in benavior of
the yolk contents to a standard membrane. The lack of
difference in the ash content between the mottled and
control yolks would substantiate the theory that yolk
composition was not responsible for the added water uptake.

Polin (1960) in a review of "yolk-mottling," reported
that the predominant change in mottled yolks wes a movement
of water from the a2lbumen to the yolk. He stated that
"mottling" occurred when yolk material passes into solution
beczuse the water, carrying with it buffered salts from
the albumen shifted the pH of the yolk to the alkalline sice.
Polin (1960) thus described the mottled yolks as "watered-

down" yolks.

Silvestrini et 2l. (1964) found that electrophoresis
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analyses showed a direct relationship between mottled yolk
score and the proportion of ovalbumin in the yolks.
Furthermore, the lipovitellenin fraction of mottled yolks
showed a change in mobility which d1d not occur in control
egg yolks. This protein mobility difference was attributed
to a chemic2l or physical change in the composition of

the lipoprotein.

Defirnite changes in the composition of the lipoproteins
of mottled yolks were discovered by Silvestrini et al.
(1965). Although some of the chemical characterizations of
the phospholipids and triglycerides of mottled and control
yolks did not always agree with data found in the literature,
gross differences in the 1ipid content of mottled and

control yolks were indicative of structural changes.

Incidence, Severity and Scoring of Yolk Mottling

Literasture on the incidence and severity of mottling
emong flocks of commercial hens 1is quite limited. Most
research on the subject of mottling has evaluated dis-
coloration after several months storage at low temperstures.
However, it is important that producers, egg buyers, and
retallers be aware that the action of discoloration or
mottling is accentuated by higher temperatures and complaints
may be forthcoming from consumers even though the eggs have

been in market channels only a short period of time.
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Blackshear et 2l. (1967b) found that in individual
flocks the incidence of mottling in fresh eggs ranged from
11.1 to 91.7 percent while in stored eggs it rsnged from
27.8 to 97.2 percent. Approximately 56 percent of all fresh
eggs examined were mottled, and the mean mottling score
was 1.60. Individual flock mean mottling scores ranced
from 0.19 to 4.58.

Polin 2nd Porter (1956) reported a high incidence
(42 percent) of mottling during the first weeks of production
and gradual decrease to a low of about 15 percent by the
eleventh week of production.

Fry (1964) noted that in any flock, a limited amount
of so-called "natural" yolk mottling occurs. He further
noted that "natural"™ mottling occurs at a low level
incidence and seldom was serious enough to cause consumer
complaint,

Fry (1964) stated that the degree of mottling was
commonly scored using a scale of zero to ten, with the
zero referring to no mottling and ten referring to very
severe mottling of the entire yolk and even the possibility
of yolk seepage through the vitelline membrane. He theorized
that the housewife would not likely notice mottling in
the degree of one, two or three, but would note mottling
with a score of four or higher.

Polin et al. (1957) developed a scoring system whereby
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yolks were scored from zero to four, in units of one-h=2lf.
Zero represented a yolk with no mottling, one-half 2 sma2ll
amount of mottling, but only on close examination of the
yolk was mottling detected. One to two was considered to
be a moderately mottled yolk and two and one-half to four
severely mottled.

Baker et 21 (1957) developed a scoring system based
on a zero to ten scale. Zero indicated no detectatle vol¥
d=nege, one to two designsted a slight mottled asrpe=rance
of the yolk, three to five indicated moderste mnttlinz,
e~sily detectable, but not objectionmble to a customer, six
to ten designated severe blemishing which would be objection-
able to customers and have the appearance of a rotten yolk
in the more severe cases,

Weiss (1957) and Feywang et 21. (1955) each used a

three point 8coring system. Heywang and Lowe (1959) used a
six point system based entirely on the color of the blemish:
zero, no discoloration; one, very light brown; two, light
brown; three, brown; four, dark brown; and five, black.
Silvestrini et al. (1964) developed a scoring system
similar to thet of Polin et al. (1957), except that the
degree of mottling was scored from one to five. A score
of one was considered to be very slight mottling. Yolks

with a score of two were classified as slightly mottled,

easlily detectable but not too objectionable in appearance.
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Yolks with moderate mottling were assessed a score of three,
while severely mottled yolks were given a score of four.
Very severely mottled yolks were given a score of five.

Blackshear et 2l. (19%7=2) decildeld th~t ~ovre o7 %te
systems in the literature fitted the need of their study
end developed a system based on a ten point scale. E=2ch
point on the scale represented a different degree of

mottling.



O3JECTIVES

This investigation was concerned with an evalustion

of consumer acceptance of eggs heving mottled yolks and the

objectives were as follows:

1.

To determine the reaction of consumers to egg
yolks with varying degrees of mottling by use

of consumer preference vanels in Athens, Georgie
end Detroit, Michigan.

To determine i1f various demographic factors such
as 2ge, education, income and location affect
consumer preference for eggs having mottled yolks.
To determine at what level or degree of mottling
the consumer rejects eggs having mottled yolks.
To ascertein the advisability of including these
consumer preference data in the United States
Department of Agriculture standards of aquality
for shell eggs.

To develop a subjective scoring system for

evaluation of eggs having mottled yolks.

22



EXPERIMENTAL PR0CEDURE

Two consumer preference penels were conducted to
sscertain if "natural" mottling wss objectionzble and to
determine at what level or degree of mottling consumers
reject eggs having mottled yolks. The consumer preference
panel technigue was used to evaluate tne desirablility of
certain attributes of the product. Thus, the consumer
preference test was used to determine whether the con-
suner would accept the product.

Consumer Preference Panels

The method of collecting consumer preference data
In this study was through the use of consumer rsnels in
which the panel members made visual observations of the
product., After examining the product, panel members
ranked thelr preferences according to the scoring system
that had been designed.

Two consumer preference panels using the appearence
test were conducted. One preference panel was held in
Detroit, Michigan and the other in Athens, Georgia.

In Detroit, the Michigan State University - Wayne
State Unlversity Consumer Panel was used for a part of
this study. According to Marguardt (1964) this panel was
initisted in 1957 to evaluate consumer preferences among

grades, varieties, sizes, color end processing techniques

23
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for agricultural products. Consumers for the panel were
selected at random from listings in the Detroit telephone
directory.
Consumers ranked several different types of products
at the panel meeting. Immediately prior to the psanel session
the groups of consumners were given instructions concerning
the different series of items to be ranked. The products
were displayed on tables in a lerge room, and ten to twenty
consumers a2t a time proceeded independently to ranx the
samples within the room. When an individual consumer
conpleted ranking of the products, the forms were checked
to make certain that he had ranked all of the products
within each series. A total of 135 consumers participated
in the preference panel which was conducted on November 30, 19468.
For the Athens, Georgia p=nel, a rendom sample of
consumners from the Athens area was drawn from the city
directory. The prospective panel members were notified by
mail of their selection. These individuals vere then
personally contacted to explain the provosed project, solicit
their cooperation and participation, and ottzain informetion
on age, income and education. The preference penel was
held in the Food Science Building on the University of Georgia
campus on Jenuary 17, 1967 with 45 consumers perticipatinz.
These penels vere designed to determine preferences

of consumers with snnual incomes ranging from under 32,000 to
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over $10,000; of ages from under 30 to over A0 years, end
with 0 to over 14 years of formel education. The penels
were chosen without regard to ablility to differentiaste
aualities of products.

Annual income of pzanel participants was divided into
the following classifications: under $2,000; 32,000 - %3,999;
34,000 - $5,399; $5,400 - 36,9995 37,000 - £9,999 and
#10,000 and over. Age classification ranges were: under
30, 31 - 45, 46 - 60, 2nd over 60 years. Varistion in
education was enalyzed according to the following classifi-
cations: O - 8 years, 9 - 11 years, 12 - 13 years, and
over 14 years of formal education.

Test Procedure

The palred-comparison test was used in this study.

In the paired-comparison test each panel member is presented
with two coded samples and asked to compare them for some
predesignated characteristic. The pasired-comparison test
also becomes a preference test when the panel members are
asked whether they prefer one sample over the other

(Baker, 1966). This test is most useful when the prinmary
objective of the test 1s to measure the degree of difference
rather than whether or not a difference does exist.

Operation of P2nels

The consumers in both panels were not told the purpose
of the paired-comparison test. They were only told to renk

the pairs of eggs according to their preferences. The
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panel members were not asked to explein the ressons for their
preferences, The roooynents could, hovever, make voluntery

L

written comments regerdine the ecc

-
)]

The soan.lon —ere precented to the consumers in pairs
for their evaluation. Eggs were displayed in white, gless
dishes that were four inches in diameter. The samples were
coded by typewriter symbols to prevent the possible influence
6f ranking association by use of letters or numbers. The
five symbols used for the test were %, *, (), #, and %.

The panelists were asked to rank each pair of eggs in order
of their preference, using the figure one (1) for the sample
most preferred and the figure (2) for the sample least
preferred.

Egcg Selection

Eggs shown the panel members in both panels were
presorted by a committee of three people to assure than they
were of approximately the same weight and had approximately
the same albumen quality and depth of yellow color in the
yolk. This was done in order to reduce the variability of
these factors since they are known to influence consumer
evaluations (Noles and Roush, 1962). Eggs shown the panel
members having mottled yolks were produced by deliberate
feeding of Nicarbazin to single comb White Leghorn hens in
their third or fourth month of production.

The six degrees of mottling provided fifteen possible
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palr or treatment combinations (Table 1). Each panel
member evaluated five pairs of eggs. The pairings were
randomly drewn without replacement until all possible
combinations of pairs were used. This method provided data
for one test with forty-five replications in the Detroit,
Michigan panel and one test with fifteen rerlicstions in
the Lthens, Ceorcis vnanel.

Scoring System

After careful considerstion and breaking several
dozen eggs, it was decided that none of the scoring systens
found in the literature were suitable for this study.
Another scoring system was designed which more nearly
complemented the procedures used in this study. The systen
was based on a six point scale, e=ch nist revresentinz =
different degree of mottling. The devised scoring nraten

was as follows:

SCORE YOLK MOTTLING DESCRIPTION
1 No visible mottling (Figure 1).
2 Slight mottling - usually one or two

small oval blemishes or one blemish
of .30 cm. in diameter or less
(Figure 2).

3 Moderate mottling - often appearing
as swirls or undulate shape covering
5 - 15 percent of the exposed yolk
surface (Figure 3).

4 Severe mottling - covering 15 to 33
percent of the exposed yolk surface
(Figure 4).
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5 Very severe mottling - covering
33 to 60 percent of the exposed yolk
surface (Figure 5).

6 Extreme mottling - covering 60 to 100
percent of the exposed yolk surface
(Figure 6).

Statistical Analysis

The method of paired comparisons employing uneauzl
repetition of pairs (Dykstra, 1960) was used to determine the
overall preference of samples in the consumer preference
panels. This program, coded 1in Fortran IV for the I3M
7094 computer, 1s based on the Bradley and Terry (1952)
method of paired comparisons, and a computer progrszm written
by Dykstra (1960).

The function of this program was to accept raw date
collected in the study and compute the results for each pair
of eggs. The rating percentages for each sample were then
calculated in order to test the null hypothesis that all
percentages z2re eagual and that consumers have no preferences
regarding degree of mottling in egg yolks. The null
hypothesis was subjected to the Chi Sguare method of snalysis.
After the sample preferences and standard deviations were
computed, the Student-t distribution test was used to deternine
significant difference between samples. Significant semples
were treated by Duncan's multiple range test (Duncan, 1955).

Data obtained from the two consumer preference panels

were combined and analyzed to determine the effect of various
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demographic factors on preference for mottling in egg
yolks. These data were analyzed by anslysis of variance
test and subjected to Duncen's multiple raenge test

(Duncen, 1955).
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RESULTS

Results obtained from the two consumer preference
panels on egg yolk mottling sre shown below as analyzed by
the Dykstra analysis method and subjected to Duncan's
multiple range test.

Athens Ioncation

The number of Athens consumer psanellists that preferred
one sezmple over another are shown in Table 2. A totsl of
45 consumers supplied information for the test. The datsa
reveal that Sample 2, slight yolk mottling, (Figure 2) wss
actuslly preferred by consumers 8 more times than was
Sample 1, no visible yolk mottling, (Figure 1). Each sample
was viewed 75 times, Sample 2, slight mottling, wes
preferred 58 times 2nd rejected only 17 times by the
consuners., Sample 3, moderate yolk mottling, (Figure 3)
recelved the second highest number of vins (numnber of tines
preferred) with Sample 1, no visible mottling, renking third
in the tot2l number of times preferred by consuners.
Sample 3 was preferred 55 times whereas Sample 1 was preferred
only 50 times. Sample 6, extreme yolk mottling, (Figure 6)
was preferred the fewest number of times with this ssaple
being rejected by every panel member in the tecst.

Counsuner preference for paired degrees of yolk mottling

sre shown in Teble 3. The deta show the nuanber of times

37
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Table 3. Consuner Freference for Pesired Degrees of
Yolk Mottling (Athens Location).

e oo

Paired Semples Mumber of Times Preferred

Sample 1 versus Sample 2 3
Sample 1 versus S=ample 3 6
Sample 1 versus Sample 4 12
S=ample 1 versus Sample 5 14
Sample 1 versus Sample 6 15
Sample 2 versus Sarple 1 12
Semple 2 versus Sample 3 7
Semple 2 versus Sample 4 11
Sanmple 2 versus Sample 5 13
Samnple 2 versus Sample 6 15
Sample 3 versus Sample 1 9
Semple 3 versus Sample 2 8
Sample 3 versus Samvple 4 9
Sample 3 versus Sample 5 14
Sample 3 versus Sample 6 15
Sample 4 versus Semple 1 3
Sample 4 versus Sample 2 L
Sample 4 versus Samnple 3 6
Sample 4 versus Sample 5 11
Somple &4 versus Sample 6 15
Sample 5 versus Sample 1 1
Sample 5 versus Senple 2 2
Sample 5 versus Sample 3 1
Szample 5 versus Sample 4 4
Sample 5 versus Sanmple 6 15
Sample 6 versus Sample 1 0
Sample 6 versus Sanmple 2 0
Sample 6 versus Sample 3 0
Sample € versus Sample U4 0
Semple 6 versus Sample 5 0
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each sample (degree of mottling) was preferred when peired
with another sample of different degree of yolk mottling.
The consumer preferences are shovn for each pair of the
fifteen possible pair combinations.

In the Athens panel, Sample 2, slight yolk mottling,
(Figure 2) when paired with Sample 1, no visible yolk
mottling, (Ficure 1) was preferred by consumers twelve out
of a possible fifteen time. Sample 1 was selected as first
cholice 1in ornly three instances. A pairing of Sample 3,
moderate yolk mottling, (Figure 3) and Sample 1, no visible
volk mottling, (Figure 1) revealed that S=mple 3 was
preferred nine times 2nd Sample 1 preferred only six times,.
Sample 3, moderate yolk mottling, (Figure 3) wes also
preferred by panellsts over Sample 2, clight yolk mottling
(Figure 2). S2mple 3 was preferred eight times 2nd Sample 2
preferred seven times. In 211 other possible pair combine-
tions the sample with the lowest degree of mottling was
selected over the sample with the highest degree of yolk
mottling. As can be seen from the data in Table 3, S2nrle 6,
extreme yolk mottling, (Figure 6) was actually rejected
by these consumers in every pa2ir combination.

Estimetes of the probebility of preferences for each
sample in the Athens consumer preference panel are shovm
in Table 4., The hypothesis according to Dykstra (1950)

states that there is no consumer preference 2nong the six
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Table 4. Estimates of Frobability of Consumer
Preference (Athens Location).

Expected Probability ¢ Actual Probability

Sample
1 0.090909 0.000074
2 0.055375 0.000044
3 0.067797 0.000054
L 0.155844 0.000149
5 0.311377 0.000503
6 1.000000 0.999176

These probability values were significant at the one percent
level of significance (P£0.01).
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treatments (expected probability and actusl protability).

Chi Sauare ans2lysis of the data with T - 1 = 5 degrees of
freedom gave a value of 152.87 for the Athens deta, This
value was csignificent a2t the one percent level of probability
which rejects the hypothesis of no consumer preference of

} semples.

The six treatments used in the Athens psnel 2re shown
in Table 5 by paired preferences using the Stucdents
Statistical Analysis. Results of the test indicate no
significant difference in preference with a peiring of
Sample 1, no visible mottling, (Figure 1) and Seaple 2,
slight mottling, (Figure 2). No significant difference in
preference was indicated between Sample 1, no visible mottling,
(Figure 1) and Sanmple 3, moderate mottling, (Figure 3) and
between Sample 2, slight mottling, (Figure 2) and Sanmrle 3,
moderate mottling, (Figure 3). In 211 other p2ir combina-
tions the sample with the lesser degree of mottling was
preferred. These preferences were significant 2t the one
percent level of probability.

The significant samples were then treated by Duncan's
multiple range test and the results are shown in Table 6.
Samples 1 a2nd 2 (no visible mottling and slight mottling)
were similar to each other. However, they were not
significantly édifferent from Sazmples 2 and 3 (slight mottling

and moderate mottling) which were 21so similar to each other.
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Table 5. Anelysis of Preference for Paired Szmples
(Athens Location).

Sanples Student Test

Sample 1 versus Sample 2 - 6.3329 NeSe
Sample 1 versus Sample 3 - 2.9507 NeSe
Sample 1 versus Szmple 4 8.3630 * *
Sample 1 versus Sample 5 18.5841 * #
Sample 1 versus Sample 6 24,9963 * *
Sample 2 versus Sample 1 6.3329 N,S.
Sample 2 versus Sample 3 2.4815 N.S.
Sample 2 versus Sample 4 13.5479 LR
Sanple 2 versus Ssample 5 20.9685 * #
Sample 2 versus Sample 6 24,9978 * *
Sample 3 versus Sample 1 3.9507 N.S.
Sample 3 versus Sample 2 - 2.4215 N.S.
Sample 3 versus Sample U4 11.6955 * o
Sample 3 versus Sample 5 20,1659  * %
Sample 3 versus Sample 6 24,9973  » *
Sample 4 versus Sample 1 - 8,32430 * %
Sample 4 versus Semple 2 -13.5479 % %
Sample 4 versus Sample 3 -11.6995 * %
Sample 4 versus Sample 5 13.60L0 % %
Sample 4 versus Sample 6 24,9926 %
Sample 5 versus Sample 1 -18.5841 *
Sample 5 versus Sample 2 -20.9635 * #
Sample 5 versus Sample 3 -20.1659  # *
Sample 5 versus Sawnple U4 -13.6040 * *
Sample 5 versus Sample 6 2L,9748 * *
Sample 6 versus Sample 1 -24,9663 L
Sample 6 versus Sample 2 -24,9978 * *
Sample 6 versus Sample 3 -24,9673 * *
Sample 6 versus Sample 4 -24,99254 * *
Sample 6 versus Sample 5 -24.,9748

Note: N.S. - Not Significant ot the one percent level of
significance (P<0.01)
*# # - Significant at the one percent level of
significance (F20.01)
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Table 6. Consumner Preference of Egg Mottling Samples.

o

Evaluated by Multiple Range Test (Athens
Location).

Sample:

AT

ote

Any two figures not underscored by the seame line
are significantly different at the one percent
level of significance (P<0.01).

Any two figures underscored by the same line are
not significantly different 2t the one percent
level of significance (P<0.01).
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The multirle range test e2nalysis revealed that there was
no significant difference between Semples 1, 2, end 3
(no visible yolk mottling, slight mottling snd moderate
mottling), respectively.

Detroit Location

The number of Detroit consumer penelists that pre-
ferred one sample over 2nother, are shovmn in Table 7. A
total of 135 consumers supplied information for the test.
Tnhe data in this table reveal that Sanple 2, slight yolk
mottling, (Figure 2) was actually preferred 12 more times
than was Sample 1, no visible yolk mottling, (Figure 1).
Out of a possible 225 observations, Sample 2 was selected
as first choice 154 times., The sample was rejected only
71 times. Sample 1, no visible yolk mottling, (Figure 1)
ranked second in preference end Sample 3, mocderete yolk
nmottling, (Figure 3) ranked third in the number of times
preferred by consumers. Sample 1 was selected as first
choice 142 times and Sample 3 was selected 120 times,
Sample 6, extreme yolk mottling, (Figure 6) was preferred
the fewest number of times.

The consuner preference for paired degrees of
mottling are shown in Table 8. The number of times each
sample or degree of mottling was preferred when palred
with another sample of a varying degree of yolk mottling

is shown. Consumer preferences are given for each priring
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Table 8. Consumer Preference for Paired Degrees of
Yolk Mottling (Detroit Location).

Paired Samples Nunber of Times Preferred

Sample 1 versus Sample 2 17
Sample 1 versus Sample 3 27
Sample 1 versus Sample 4 33
Sample 1 versus Sample 5 34
Sample 1 versus Sample 6 40
Sample 2 versus Sample 1 28
Sample 2 versus Sample 3 36
Sample 2 versus Sample 4 35
Sample 2 versus Sample 5 35
Sample 2 versus Sample 6 30
Sample 3 versus Sample 1 18
Sample 3 versus Sample 2 9
Semple 3 versus Sample 4 27
Sample 3 versus Sample 5 24
Szmple 3 versus Sample 6 L2
Sample 4 versus Sezmple 1 12
Sample 4 versus Sample 2 9
Sample 4 versus Semple 3 18
Szample 4 versus Sample 5 32
Semple 4 versus Sample 6 21
Sample 5 versus Sample 1 11
Sample 5 versus Sample 2 10
Sample 5 versus Sample 3 21
Sample 5 versus Sample L4 13
Sample 5 versus Sample 6 30
Sample 6 versus Sample 1 5
Semple 6 versus Sample 2 15
Sample 6 versus Sample 3 3
Sample 6 versus Sample 4 24
Sample 6 versus Sample 5 15
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~of the fifteen possible pair combinatiouns.

In the pairwise preference (Table 8) Semple 2, slight
yolk mottling, (Figure 2) wes preferred to Sample 1, no
visible yolk mottling, (Figure 1). Semple 2 was selected
28 times with Sample 1 being preferred only 17 tinmes.
Semple 1, no visible mottling, (Figure 1), however, was
selected by consumers over Semple 3, moderate mottling,
(Figure 3). 1In all other pair combinations the sample with
the lower degree of mottling wes preferred by consumers
over the semple with the higher degree of yolk mottling.
The sample with the higher degree of mottling wes selected
by some consumers in every paslr combination.

Estimates of the probsbility of preference for each
sample by the Detroit consumer preference panel are shovn
in Table 9. Again the hypothesis states that there is no
consumer preference among the six treatments (degree of
mottling). Data analyzed by the Chi Sauare method of
enalysis with T - 1 = 5 degrees of freedom gave a value
of 92.468. This value was significant 2t the one percent
level of probabllity end rejects the hypothesis of no
preference of samples.

The six treatments of degrees of yolk mottling
evaluated by the Detriot panel members are shown in Table 10
by pairwise preferences using the Students Statisticel

Analysis method. No significant difference in preference
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Table 9. Estimates of Probebility of Consuaner
Preference (Detroit Location).

Sanvle : Bypected Probability: Actu2l Proberility
1 0.104666 0.0905607
2 0.084L23 0.07L017
3 0.1L8935 0.129061
L 0.167905 0.146L4]
5 0.247738 0.225572
6 0.34L509 0.334302

These probability values were significant at the one
percent level of significance (P<0.01).
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Table 10. Anelysis of Preference for Pzired Samples
(Detroit Location).

oo oo

Samples Student Tecst
Sample 1 versus Sample 2 - 2.5195 N.S3.
Sample 1 versus Szmple 3 L,3763 *
Sample 1 versus Sample 4 5.8284 %
Szmple 1 versus Sample 5 10.6715 * %
Sample 1 versus Somple 6 14,3320 * =
Sample 2 versus Sample 1 2.5195 N.S.
Semple 2 versus Sample 3 6.7763 * *
Sample 2 versus Sample 4 8,2129 * %
Sample 2 versus Sample 5 12.6470 #* %
Sample 2 versus Sample 6 15.93h4 * #
Sample 3 versus Sample 1 - L, 3763 %
Sample 3 versus Sample 2 - 6.7763 * %
Semple 3 versus Sample 4 7.5771 * %
Sample 3 versus Sample 5 6.8036 * %
Semple 3 versus Sample 6 11.0734 * #
Sample 4 versus Sample 1 - 5.8884 # *
Sample 4 versus Sample 2 - 8.,2129 *
Sample 4 versus Szmple 3 - 7.5771 * #
Sample 4 versus Sample 5 5.3178 * %
Sample 4 versus 3smple 6 9.7693 * *
Sample 5 versus Sample 1 -10.6715 * *
Sample 5 versus Sample 2 -12.6470 % %
Sample 5 versus Sample 3 - 6.8036 * =
Sample 5 versus Sample 4 - 5.3173 % %
Sample 5 versus Sample 6 L,3551 * %
Semple 6 versus Semple 1 -14,3380 * %
Sample 6 versus Sszmple 2 -15.9364 # #
Semple 6 versus Sample 3 -11.0734 *
Sample 6 versus Sample 4 - 9.7693 % *
Sample & versus Sample 5 - 4.,8551 % *

Note: N.S. - Not Significant st one percent level of
significance (P<0.01).
* - Significant at five percent level of
significance (P<0.035).
* ¥ - Significent at one percent level of
significance (P<0.01).
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was indicated with a pairing of Sample 1, no visible
mottling, end Sample 2, slight mottling. 1In pairing of
Sample 1, no visible mottling, and Sample 3, moderate
mottling, Sample 1 wes preferred.

The statistical significant samples 1in thils test were
also treated by Duncan's multiple range test method as
shown in Table 11. Semples 1 and 2, no visible mottling
and slight mottling, were similsr to each other. They
were, however, significently different from Samples 1 and 3,
no visible mottling and moderate mottling, which were also
similar to each other. No significant difference wvas
found between Samples 1 snd 2, however, there was signifi-
cant differences between Semples 1 and 3. The standard
deviation for the Sample 1 versus Sample 3 pairing a2t the
five percent level of probability was L4.,3033 and the
pairwise preference was 4.3763. This difference was not
significant at the one percent level of probability.

Combined Locations

Data obtzined from the two consumer preference panels
were combined and analyzed to determine the effect of various
demographic factors on preference for mottled yolks. The
factors studied were age, education, income, location,
and test. These data were analyzed by analysis of variance
test and subjected to Duncan's multiple range test.

The effect of various demographic fectors by percent
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Table 11. Consumer Preference of Egz Mottling Samples.
Evaluated by Multiple Renge Test (Detroit
Location).

Sample: 1 2 3 L 5 5

Note: Any two ficures not underscored by the same line

are significantly different at the
level of significence (P<0.01).

Any two figures underscored by the
not significantly different at the
level of significence (P<0.01).

one percent

same line are
one percent
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of consumers preferring the lesser degree of mottling in
each of the treatment combinstions is shovn in Table 12,
Only 27.8 percent of the consumers preferred Sample 1, no
visible mottling, (Figure 1) over Sample 2, slight mottling,
(Figure 2). In the combined data a total of 72.2 percent
of the panelists actually preferred eggs with slight

yolk mottling. Moderate yolk mottling was preferred by
52.5 percent of the psnel members over eggs with no visible
mottling. With the exception of t?eatment combinations
Sample 1 versus Semple 2 and Sample 1 versus Semple 3,

egegs with the lesser degree of mottling were selected ss
first choice in each treatment coﬁbination (Table 12).

Effect of Ace on Consumer Preference

In this study on effect of age of consumer preference
for eggs having mottled yolks, it was found thet ccrsurer
preforence =85 practically the same receordless of =ce of
consumers (Tsble 13).

Upon interpreting the analysis of varis«ce for
¢difference in consumer preferencé, as messured by the
percent consumers selecting eggs with the lesser decree
of mottling, it was found that age effect 25 not cismifi-
cant at the one percent probability level (Table 13). This
was due to the smell smount of variation found to exist in
consumer preference for each of the treatment comblinatious.

Although there was a tendency for older consumers to prefer



5k

Table 12, Effect of Location on Consuner Preference
for Eggs Faving Mottled Yolks.

tPercent of Cousuwers Freferring
: Iesser Decree of Mottlirc
¢ Athens ¢ Detroit 1 Coanrined

Treatment Combhinntion

Sample 1 versus Sample 2 19.2 36.5 27.8
Sample 1 versus Ssmple 3 40,0 54,9 Lo L
Sample 1 versus Sample 4 79.1 57.8 £3.5
Sample 1 versus Ssmple 5 93.0 79.9 84.5
Sample 1 versus Sample 6 100.0 92.2 96.2
Sample 2 versus Sample 3 L5,6 81.5 3.5
Sample 2 versus Ssmple 4 73.1 81.0 77.1
Sample 2 versus Sample 5 85.1 81.2 23.1
Semple 2 versus Sample 6 99.7 83.6 9L,1
Sample 3 versus Sample 4 60.2 3.9 £2.0
Sample 3 versus Sample 5 93.1 58.2 75.7
Sample 3 versus Sample 6 99.7 96.6 98.2
Sample 4 versus Sample 5 73.0 £9.7 71.4
Sample 4 versus Sample 6 99.1 59,2 74,2
Szmple 5 versus Sample 6 99.3 70.6 85.0
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T~ble 13. Analysis of Varisnce: XEffect of Agze, Educa-
tion, Income, Test, 2nd Locetion on Consurer
Preference for Eggs Hoving Mottled Yolks.

¢ Desrees Sua H :
: of : of : Mesn : 3
Source t Freedom 3 Snuares t Sgueres ¢ Veluyes
Total 885 184,2
Treatment 39 29.4 .75 4.18
Test 14 16.3 1.16 G, 3A*#
Aze 3 .8 .28 1.53
Education 3 .3 .09 0.42
Income b4 3 .08 0.L43
Location 1 .5 .59 2.75
Locetion vs Test 14 10.1 .76 L, 17w
Error 847 154.7 .19

*% - Significant at the one percent level of probability
(P20.01).



eggs with less mottling, differences were not statistically
significant at the one percent level of significance.
(Table 14).

Effect of Education on Consumer Preference

The effect of education on consumer preference was
also found to be practically the same regardless of the
educational level of consumers (Table 13). A total of
71.9 percent of consumers with 0 - 8 years of formal
education selected eggs with the lesser degree of mottling
compared with 72.0 percent of consumers with 9 - 11 years
of education. Seventy-five percent of consumers with
12 - 13 years of education selected samples with less
mottling compared with 76.0 percent with 14 or more years
of formal education. While there was a tendency for
consunmers witir ni_l.er e’ucctloma2l levels to select eggs
with less mottling, these differences were not statisti-
celly significant at the one percent level of significance
(Toble 15). No significant difference was found between
any of the various educational levels.

Effect of Income on Consumer Preference

The analysis of variance on the effect of income on
consumer preference for eggs having mottled yolks revealed
that no significant difference existed at the one percent
level of significance (Table 13). The tendency was for

consumers with higher income levels to select eggs with
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less mottling, however, no significant difference wvas
found at the one percent level between any of the various
income levels on consumer preference (Teble 16).

Effect of Location on Consumer Preference

The data were analyzed to determine if cifferences
existed in consuner preference at each of the two test
locations, Athens and Detroit (Table 13). A total of 77.3
percent of the Athens' consumers preferred eggs with less
mottling while 74.6 percent of the Detroit consumers
selected eggs with less mottling. Agsin, these differences
were not statistically significant at the one percent level
of significance (Table 17).

Effect of Test on Counsumer Preference

Each of the fifteen possible combinations were analyzed
to determine the effect of test treatment on consumer
preferenée.

Upon interpreting the analysis of variance for
difference in consumer preference, as measured by percent of
consumers preferring the sample with less mottling, it was
found that test effect was significant at the one percent
probability level (Table 13). This was due to the variztion
found to exist in cdnsumer preference for eggs with low
levels of mottling.

Duncan's multiple range test analysis revealed that

there was no significant difference at the one percent level



60

*(T0°05d) ©8°UBOTJTUITS JO T9AST
quaoxad 8uUO 8Yjq 38 qUBI8IJTP ATJUBOTJTULTS jqou aae gdiaosasdns awes 8z Yzl SUBIUW 9SO0YJlyg

gG *94 e0°9.4 ©9° €L eh*ed w1 * T e Tl
¢ (3ueoaad) sussy
000°“0TE I2A0 666°65-000°Ly  666°94-001 G, 66L°GHE=000HE  666°€¢=-000°2y 00024 Topun

¢ STOA9T swooul

*q1s89] odusy oTdTaInl £Aq pegenTeaqd
*ST9A8T swooul £gq JFUTT330;] JO 82a¥9 I9sso] IJUTII9JOI SJISUWNSUO) JO qU8OIdg °*9T ST0Ee]



Table 17. PFPercent of Consumers Preferring Lesser Degree
of Mottling at Each Location. Evaluated by
Multiple Range Test.

Location: Athens Detroit

Means (Percent) 77.32 74,62

8Those means with the same superscript are not signifi-
cantly different at the one percent level of significance
(P<0.01).
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between Sample 1, no visible mottling, (Figure 1) and
Sample 2, slight yolk mottling, (Figure 2) at either test
location. Sample 1, no visible mottling, (Figure 1) and
Sample 3, moderate mottling, (Figure 3) were not signifi-
cantly different in the Athens test. The difference in the
Detroit test was significant at the five percent level,

but not at the one percent level. Sample 2 did not differ
significantly from Sample 3 in the Athens test, but these
were statistically significant a2t the one percent level in
the Detroit test. No significant differences existed

between the other pailred treatments at either test location.
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Table 18. Percent of Consumers Preferring Lesser
Degree of lMottling by Test. Evaluated
by Multiple Range Test.

*
.
H

Test Treatments Means (Percent)

Sample 1 versus Sample 2 27.22
Sample 1 versus Sample 3 u7.u§
Sample 1 versus Sample 4 63.5

Sample 1 versus Sample 5 86.5?
Sample 1 versus Sample 6 96.2¢
Szmple 2 versus Sample 3 43, 4°
Sample 2 versus Sample 4 77.70%
Sample 2 versus Sample 5 93.1:
Sample 2 versus Sample 6 b, 1"
Sample 3 versus Sample 4 62.0f
Sample 3 versus Sample 5 75,7
Semple 3 versus Sample 6 o2, 2"
Sample 4 versus Sample 5 71,47
Sample 4 versus Sample 6 74,20
Sample 5 versus Semple 8 ol , of

8Those means with the same subscript are not
significantly different at the one percent level
of significance (P£0.01).

PThose means with this subscript were significantly
different at the filve percent level of significance
(P£0.05) in Detroit but not in Athens.

CThose means with this subscript were significantly
different at the one percent level of significance
(P<0.01) in Detroit but not in Athens.

dThose means with this subscript are significantly
different at the one percent level of significance
(P<0.01).



DISCUSSION

One objective of this study was to establish a
subjective system for scoring mottling in egg yolks. A
‘review of the litersture revealed that a number of scoring
systems had been devised for assessing the degree of yolk
mottling.

Polin, Ott and Siegmund (1957) developed a scoring
system whereby varyinz degrees of yolk mottling were
scored from 0.0 to 4.0, in units of 0.5. Zero represented
a yolk with no mottling whereas 4.0 represented a severely
mottled yolk. Baker et 2l. (1957), Fry (1964) and Blackshear
et 21. (1967) developed scoring systemns based on a zero
to 10 scale wilith zero again indicating no detectable yolk
damage and & score of 10 indicating severe tlemishing.
Weiss (1957) end Heywang et al. (1955) each devised a
three point scoring system for assessing the degree of
yolk mottling. Heywang and Lowe (1959) used a six point
system based entirely on the color of the blemish.

For the purpose of this study a2 six point systen
was devised which would more nesrly fulfill the objectives
and procedures used in this study. The scoring system is
based on a six point scale with each point representing =

varying degree of yolk mottling.

64
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This scoring system was found to be very effective
in assessing the varying degrees of yolk mottling. It
was also effectively used with the spplication of the
Dykstra statistical test anzlysis. The scoring system
allowed for a large number of replications as there were
Six degrees of yolk mottling which gave fifteen possible
combinations of pairs. A group of three panel members
examined five pairs of eggs drawn randomly without
replecement which exhausted the fifteen possible combina-
tions. This procedure sllowed fifteen replications of
the test in the Athens panel and forty-five replications
in the Detroit panel.

After establishment of an effective scoring system,
two consumer preference panels were established and con-
ducted to determine the reaction of consumers to eggs having
varying degrees of yolk mottling. The hypothesis being
that there was no consumer preference among the six treat-
ments. Data analyzed by the Chi Souare method of snalysis,
however, incdicated significance at the one percent level
of probarility which rejects the hypothesis of no prefer-
ence of samples. These data were analyzed by the Dykstra
analysis method, a progrem written for the computer to
analyze consumer penel results employling unecusl repeti-
tion of pairs used to determine oversll consumer prefer-

ence.
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Blackshear et al. (19672) found that a large amount
of so-called "neturel mottling" occurs. Results of this
study indicated that 56.07 percent of s3ll fresh eggs
sampled randomly at farms were mottled to some degree,

This "natursl mottling" was not believed to be serious
enough to cause consumer complaints and marketing problems,
however, a review of litersture revealed that very little
information was available on consumer reactlions to eggs
having mottled yolks.

Another objective of this study wss to determine
consunmer reactions to eggs with varying degrees of yolk
mottling. Data collected from these consumer panels
revealed that consumers actually preferred eggs with
slight yolk mottling to eggs with no visible yolk mottling.
This was true in both consumer preference panels. In both
tests, Sample 2, slight yolk mottling, usually sppesring
as one or two small oval blemishes or one blemish of a .30
cm in diameter or less, was actually preferred by consumers
a larger number of times than was Sample 1, no visible yolk
mottling. Chi Scousre and multiple range analysis of these
data revealed that while slight yolk mottling was actually
preferred by consumers, the difference was not significant
2t the one percent level of probability.

In the Athens test, a pairing of Sample 1, no visi-

ble yolk mottling, with Sample 3, mocderate yolk mwottlin~,



revealed that Sample 3 was preferred to Sample 1. Sample 3
was also preferred over Sample 2, slight yolk mottling,

in this test. Chil Saquare analysis again revesled that
while an egg with moderate yolk mottling was actually
preferred over an egg with no visible mottling or slight
mottling, the degree of preference was not significant at
the one percent probability level.

The data obtsined from the Detroit test were sim-
ilar to those obtained from the Athens test. Sample 2,
slight yolk mottling, again was preferred a larger
number of times than Sample 1 with no visible yolk
mottling. These results, however, were not statistic-
ally significant.

Sample 1, no visible mottling, was selected by con-
sumers over Sample 3, moderate mottling, in the Detroit
test. This 1s in contrast to the results obtained in the
Athens test. Chil Sauare analysis revealed the standard
deviation at the five percent level of probability to be
4.,3033 and the pair-wise preference for Sample 1 versus
Sample 3 was 4.,3763. The selection of Sample 1 over
Sample 3 was statistically significant at the five per-
cent probability level, however, it was extremely close
as shown by comparison of the standard deviation and peir-
wise preference. These data were not significant at the
one percent probability level. Application of Duncan's

multiple range test revealed that Samples 1 and 2 were
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similar. However, they were significantly different fron
Samples 1 and 3 which vere =152 si~iler To e~ch otrer,

Yo sl:nificant difference was found reteen Sarngles 1
and 2, hovever, there was a slgnificant difference at the
five percent level heteen Sa-nles 1 #2nd 3.

The data obtained from the two consumer preference
panels indicate that "natural mottling found in eggs was
not objectionable to consumers. Mean mottling scores on
eggs with "natur~1" —-ttlin: were found ™y Blackshear
et al, (1967b) to be 1.60 for fresh eggs and 2.52 for stored
eggs. These mottling scores were comparable to a score of
two (2) in the scoring system used in this study. The
consumer preference data indicate that eggs with a score
of two (2) and three (3) having slight to moderate yolk
mottling were not objectionable to consumers.

In all other possible combination of pairs the sample
Wwith the lesser degree of mottling was preferred by con-
sumers over the sample with the higher degree of yolk
mottling. Semples 4, 5 end 6 definitely were objection-
able to consumers and the preference was significant at
the one percent probsbility level in both consumer panels.

In the Athens psnel Sample 6, extreme mottling, wes
objectionable to every penel member. However, in every
pair combination some of the Detroit panelist selected
the egg with the higher degree of yolk mottling. This

variation in results could have been caused by slight
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variations in the amount or intensity of mottling in the
eggs selected for psnel use or possibly because the
Detroit consumers were not as aware of the mottling con-
dition. It is possible that egg yolk mottling is more
prevalent in the South than in other areas of the country.
This factor is quite possible due to feeding of poultry
rations contalning cottonseed meal end greater use of
worming compounds such as piperazine and dibutyltin
dilurate in the southern states.

The selection of the higher degree of mottling in
every palr combination by the Detroit psnel snd in every
combination except where Sample 6 was used in the Athens
panel indicates that some consumers do not reject eggs
with mottled yolks regardlecss of the degree and intensity
of mottling or that their selection was based on factors
other than mottling.

Data obtained from these two consumer preference
panels show that "natural mottling" found in eggs 1is not
objectionable and that consumers do not notice mottling
at low level incidence. These results e2re 1in agreement
with those obtained by Baker et 2l. (1957) and Fry (1964)
who theorized that consumers would not likely notice
mottling in the degree of one, two or three, but would
note mottling with a score of four or higher. Moderate

mottling, often appeering as swirls or undulate shape,
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covering 5 to 15 percent of the exposed yolk surface,
appears to be the breaking point for consumer acceptaence
of eggs hevirng mottled yolks. Mottling above this level
was found at the one percent probability level to be
objectionable to consumers with mottling of this degree
and less not being objectionable.

Various demographic factors such as age, education,
income, and locatlon were evaluated with respect to consumer
preference. Analysis of variance revealed that no signifi-
cant difference in consumer preference for egzs having
mottled yolks occurred when age, education, income, and
location were considered. It was found that consumer
preference was practically the same regardless of these
factors. Although there was a tendency for older consumers,
and consumers with higher educationsl a2nd income levels to
prefer eggs with less yolk mottling, these differences
were not statistically significent. Duncan's multiple
range test enalysis revealed no significant difference
at the one percent level between these factors on consumer
preference for mottled yolks.

WThen each of the fifteen test combinations were
analyzed to determine the effect of test treatments on
consumer preference a significant difference was found.
Upon interpreting the analysis of variance, it was found
that test effect was significant at the one percent

probability level. This situation wes probably due to
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the variation found to exist in consumer preference for
egegs with low levels of mottling. In both panel locations,
panel members preferred eggs with slight yolk mottling,
over eggs with no visible mottling. Moderate yolk
mottling was selected over no visible mottling by the

ma jority of panelists in the Athens location and by 45.1
percent of the penel members at the Detroit location.
While these results were not statistically significant,
they indicate that many consumers do not reject eggs with
low levels of mottling or that their selection was based
on factors more important to them than yolk mottling.

A variation was also found in the percent of con-
sumers preferring eggs with less yolk mottling at each of
the preference panel locations. A higher percent of con-
sumers in the Athens location preferred eggs with less
mottling then did consumers in the Detroit locationm.
Slight variations in samples shown consumers at each of
the locations could account for the difference. This
varistion, however, was not statisticelly significant at
the one percent level of significance.

Due to the data obtzined from these two consumer
preference panels and the data obtained by Blackshear
et al. (1967v), it is recommended that the United States
Standards for Quality of Individual ZEzzs should be revised
to include mottling in cquallity determination.

Experience of the suthor hes shovn that eges with
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mottled yolks usually are dovngreded by processors and
buyers. Interior egg auslity is determined by 2 process
called candling. Expert candlers can detect yolk dis-
coloration if the yolk shadow 1s cleerly visible. Fowever,
small shadows cest by the chalazese are sometimes confusced
with yolk mottling.

Meny egg processors are overating on the U.S.,D.A.
Fresh Fency Progrem. his requires breesking a sample of
egegs to determine interior cuslity. MNMottling is eesily
detected in broken-out egzgs, and resuvlts in downgrading
or a lover cqueslity clessificetion.

The United Ststes Standesrds for Ruality of Individ-
ual Shell Eggs states that in Grade AA and Grade A eggs,
the yolk must be practically free from eapparent defects.
In Grade B eggs the yolk msy eppear slightly emerszed cor
slightly flettened end m2y chow other definite, but not
serious defects., The yolk of Grece C eggs mey show other
serious defects that do not render the egz inedible.

The description that is given for the phrase
"practically free from defects," is a "yolk that shows
slight defects on its surface." Eggs meeting these gquali-
fications fall into the Grade AA or A cguelity clessificea-
tion. "Definite but not serious defects" is defined os
e "yolk that mey show definite spots or areas on its sur-
face but with only slight indications of germ development

or other pronounced or serious defects." The phreose
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"other serious defects" which is included in the specifi-
cetions for Grade C is defined as a "yolk thet shows
well-develored spots or areas and other serious defects,
such as an olive yolk, which do not render the esg ineditle."

The phrases used to describe the degree of defects
permitted in each grade classification are very vague and
confusing. It is difficult if not impossible to clessify
eggs with these yolk defects with any degree of consistency.

The data obtained by Blackshear et 2l., (1967b)
indicated that 56.07 percent of all fresh eggs exsmined
in the Georgia study were mottled to some degree, After
28 deys of storage the incidence had increased to £€9.72
percent. Because of the tremendous amount of egg yolk
mottling that apparently is occurring and beczuse of the
vagueness of the terms employed to describe the standards
for guelity, it 1is proposed that the findings obtained in
this study be incorporated into the U.S.D.A. Standerds for
Ruality for Individual Eggs.

The results of this study indicate that moderate
mottling, often eppearing as swirls or undulste shepe,
covering 5 to 15 percent of the exposed yolk surface
appears to be the breaking point for consumer acceptance
of eggs having mottled yolks. If counsumers do not reject
eggs with yolk mottling of this degree or less, then it is
recommended that this level or degree of mottling should be

permitted in the U.S.D.A. AA end A grade clessification.
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This vould provide egg graders with information that woulad
be of assistance in greding eggs with yolk defects more
uniformly and consistently.

It is recommended that mottling covering from 15 to
60 percent of the exposed yolk surface should fall into
U.S.D.A. Grade B while mottling covering 60 - 100 percent
of the exposed yolk surfsce should be classifiled as

U.S.D.A. Grade C.



SUIMARY

Egg yolk mottling is often a serious econonic
problem to the poultry industry as eggs having mottled
yolks are downgraded by egg buyers and/or processors.
This condition 1s receiving renewed attention as nany
housewives supposedly believe that eggs with mottled
yolks are either spoiled or of low cumlity.

Yolk mottling 1is epparently caused by movement of
weter and egg white protein from the albumen of the ezg
through the vitelline membrane into the yolk. MNottled
yolks contain spots or blotches of different colors or
shades of color which vary in size and number from egg
to egg. The mottled yolk contains more weter, more egg
white protein and a higher protein fat ratio than does
a control egge.

Eggs produced by most laying flocks have a limited
amount of "natursl" mottling. The intensity of "natural"
mottling 1is spparently low. Most poultrymen believe it
i1s seldom serious enough to cause consumer compleints.
A review of literature revealed that very little infor-
mation was avalillable on consumers' reactions to mottled
yolks.

This investigation was concerned with consumer

acceptance of yolk mottling and consumer reaction to
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varying degrees of mottling. The level or degree of
mottling et which consumers reject eggs and the effect
of various demographic factors such as age, education,
income and geographic location on consumer rreference
for mottled yolks was analyzed.

Consumer preference data were collected through
the use of consumer panels. Consumner preference panels
using the eppearance test were conducted in Detroit,
Michigan and Athens, Georgia. These panels were de-
signed to determine preferences of consuners with snnual
incomes ranging from under $2,000 to over %10,000, of
ages from under 30 to over 60 years, g2ud with 0 to 14
years of formal education. A peired-comparison test
was used whereby each untrained panel member was pre-
sented two coded samples and asked to compare them.

A six-point scale was used to assess the degrees
of mottling with each point representing a different
degree of mottling. The method of paired-comparisons
employing unequal repetition of peirs was vused to de-
termine overall preference of samples.

Results of the six treatments used in the Athens
panel indicate no significant difference in preference
with a pairing of Sample 1, no visible yolk mottling
and Sample 2, slight mottling. No significant difference
in Preference was also indicated between Sample 1, no

visl ble mottling, and Sample 3, moderate mottling and
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between Sample 2, slight mottling, end Sample 3, modereste
mottling. In 211 other possible palr-combinations the
semple with the lesser degree of mottling wes preferred.
Tnese preferences were significant at the one percent
level of probability.

Multiple range test analysis revealed that Sample 1
and Ssmple 2 (no visible mottling and slight mottling)
were similar to each other. They were, hovever, not
significantly different from Samples 2 and 3 (slight
mottling and moderate mottling) which were also simi-
lar to each other. No significant difference was found
between Samples 1, 2, and 3 (no visible yolk mottling,
slight mottling and moderate mottling).

In the Detroit panel, Sample 2, slight yolk mottl-
ing, wes chosen over Sample 1, no visible mottling.
Sample 1, no visible mottling, however, was selected by
consumers over Sample 3, moderate mottling. Duncan's
multiple range test analysis reveeled no significsant
difference between Samples 1 and 2, however, there was a
significant difference between Samples 1 and 3 at the
five percent level. 1In all other possible pair combi-
nations, seamples with less mottling were preferred.

Analysis of various demogrephic factors such as
age, education, income and location revealed that these
factors had relatively little influence on consumer

preference for mottled egg yolks. Althouch some differences
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were found, the amount of variastion was too smell to be
statistically significant.

These studlies indicate that consumers do not notice
mottling at low levels and that "natural" mottling is not
usually severe enough for most consumers to notice.
Sample 3, moderate mottling covering five to fifteen per-
cent of the exposed yolk surface, was found to be the
breaking point for consumer ecceptance of eggs having
mottled yolks. Mottling above this level (Szmple &4, 5,
and 6) was found to be objectionable to consumers.

It is recommended thet the United States Standards
for Q@ulity of Individual Eggs be revised to include
yolk mottling in quality determination. Since consumers
eprarently do not reject eggs with slight and moderate
yolk mottling, this level or degree of mottling should
be permitted in the U.,S.D.A. Grade AA and Grade A classi-
fication. Mottling covering from 15 to 60 percent of
the exposed yolk surface should be classified as U.S.D.A.
Grade B while mottling covering 60 to 100 percent of the

yolk surface should be classified as U.3.D.A. Grade C.



LITERATURE CITED

Almaouist, H. J., 1933. Relation of the Candling Appear-
ance of Zggs to their Quality. Cal. Aesr. Exp. Sta.
Bullo 561:1-31.

Bsker, R. C., F. W. Hill, A. van Tienhoven, and J. H.
Bruckner, 1956, Effect of Nicarbazin on Egg
uality. Poultry Sci. 35:1132-1136.

Beker, R. C., F. W. Hill, A. van Tienhoven, and J. H.
Bruckner, 1957. The Effect of Nicarbezin on Egg
Production and Egg Quelity. Foulsry Sci. 36:718-726.

Baker, R. F., 196A. Merket Testing Poultry 2nd Egg
Products, AEA Infor=~tion Series lo., 11.

Blackshear, C. C., M. K. Parkes, and K. N. May, 19672.
Effect of Certain Physical Factors on Yolk Mottling
and Albumen Quality of Eggs. Poultry Sci.
L6:952-955,

Blackshear, C. D., R. K. Noles, and K. N. May, 1967b.
A Survey of Egg Mottling and other Quality Attributes
in North Georgia Flocks. University of Georgia
College of Agri. Exp. Sta. Journal Series Paper.

Beane, W. L., D. D. Bragg, P. B. Siegel and C. E. Howes,
1960. Effect of Piperazine Citrate on Egg Produc-
tion and Egg Yolk Quality. 57th Proceedings Asso.
of So. Agr. Workers. PP. 270-271.

Beane, W. L., P. B. Siegel and H. S. Siegel, 1965.
Piperazine Compounds and Yolk Discoloration.
Poultry Sci. LL4:666-668.

Bradley, R. A. and Terry, M. E., 1952. Rank Anelyses
of Incomplete Block Designs. I. The Method of
P2ired Comparisons. BRiometriz=. 39:324-330.

D-son, L. E.y, 1965. Personal Communication.

79



80

Deutschman, A. J., 3. L. Reid, ¥. W. Kircher and A. A.
Kurnich, 1961. Elimination of Pink White Dis-
coloration in Stored Eggs from Hens Fed Treated
Cottonseed Meal or Sterculic Acid. Poultry Sci.
40:1305-1310.

Duncan, D. B., 1955. Multiple range and lMultiple F
tests. Biometrics, 11l:1-42,

Dykstra, 0., Jr., 1960. Rank Analyses of Incomplete
Rlock Designss A lMethod of Paired Comparisons
Employing Unequal Repetition of Pairs. Biometrics.
16:176-180.

Evans, R. J., S. L. BRandemer, J. A. Davidson and P. J.
Schaible, 1957. Studies on the Cccurrence of
Pink Whites and Salmon Colored Yolks in Stored
Eggs from Hens Fed Crude Cottonseed 01l or
Cottonseed Meal. Poultry Sci. 36:798-807.

Evans, R. J., S. L. Bandemer, and J. A. Davidson, 1960.
Heat in Activation of Substances in Crude Cotton-
cseed 0il Causing Pink Whites 2nd Large Discolored
Yolks in Stored Eggs. Poultry Sci. 39:1473-1433,

Evans, R. J., S. L. Bandemer, and J. A, Davidson, 1965.
Failure of Epoxy and Hydroxy and Fatty Acids to
Cause Egg Discoloration When Fed to Laying Hens.
Poultry Sci. 44:1097-1099.

Frampton, V. L., B. Piccolo and B. W. Heywang, 1941.
Discolorations of Stored Eggs Produced by Hens
Fed Cottonseed Meal. J. Acr. Food Chem. 9:59-63.

Fry, J. L., 1964, What Couses Mottling in Market Epgs?
Everybodys Poultry Magazine. 14-15.

Fry, J. L. and H. R. Wilson, 1965. Influence of Dietary
Pipverazine, Phenothiazine, and Dibutylin Dilurate
on Yolk Defects. Abstracts of Papers, 54th Aanual
Meeting of the Poultry Science Association. P. 25.

Halloran, H. R. and G. C. Cavanaugh, 1960. Egg Tested
Cottonseed lMeal. Poultry Sci. 39:18-25.

Heywang, B. W., C. A. Denton, snd H. R. Bird, 1949.
The Effect of the Dietary Level of Cottonseed
Meal on Hatchability. Poultry Sci. 28:610-617.



81

Heywengs, B. W., E. R. Bird, 2nd F. H. Thurber, 1954.
Some Observations on Two Components of Cottonseed
that Cause Discolorations in Eges. Poultry Sci.

33:763-767.

Heywang, B. W., H. RB. Bird, end A. M. Altshul, 1955.
Relationship Between Discoloration in Eges and
Dietary Free Gossypol Supplied by Different
Cottonseed Products. Poultry Sci. 24:82-90,

Eeywang, B. We, 1957. Relationship Between Discolorstions
in Ecg Yolks and Low Dietary Levels of Free Gossypol.
Poultry Sci. 36:457-459,

Heyvzng, B. W., and R. W. Love, 1959. Discolorations in
Egos After Cottonseed Meal Feeding Was Stopped.
Poultry Sci. 38:1471-1472.

Eeywang, 3. W., A. R. Kemmerer, and R. W. Lowe, 1942.
Yolk Discolorations From Cottonseed Meal When Eges
Were Oiled Before Storage. Poultry Sci. 41:131-133.

Heywang, 3. W., A. R. Kemmerer, =2nd R. Y. Lowe, 1963.
Discolorations in Eogs Wnen Cottonseed Meal 'Ias
Stopped Refore the Pullets Laid. Poultry Sci.
42:995-997.

Heywang, Be. W., and M. B. Vavich, 1965. Discolorations
in Ergs From Layers Fed Cottonseed Meals Made From
Glesndless and Glsnded Seed. Poultry Sci. L4L4:84-89,

Kemmerer, A. R., and 3. W. Heywang and M. G. Vavich, 1941.
BEffect of Sterculia Foetida 0il on Gossyvpol Discol-
oration in Cold Storage Eggs and the Mechanism of
Gossypol Discoloration. Poultry Sci. L40:1045-10L3,

Kemmerer, A. R., B. W. Heywang, M. G. Vavich snd R. A.
Phelps, 1963. Farther Studles on the Effect of
Cottonseed 0il on Discolorstion of Cold Storsge
Eggs. Poultry Sci. L42:893-895,

Kuiken, K. A., C. M. Lymnan 2nd F. Hale, 1948. The Effect
of Feeding Isopropsnol Extracted Cottonseed lMeel
on the Storage Quality of Tggs. Poultry Sci.
277L2-744,

Lorenz, F. W., 1939, Egg Deterioretion Due to Ingestion
by Hens of Malvaceous llateriasls. Poultry Sci.
18:295-300.



32

McLoughlin, D. XK., E. E. Wehr, and R. Rubin, 1957. EIEcg
Snell Color and Ecg Production in New Eemgshire
ILaying Hens as Affected by Nicarbvazin Medic=tion.
Poultry Sci. 3%:280-8%4,

McNally, E. H., and Q. E. Brant, 1958. Observations on
Yolk Mottline. Poultry Sci. 37:1225.

Merquerdt, R. A., 1964, An Evaluation of the lethocs
Used in Designing and Analyzing Consumer Preference
Studies. Ph.D. Disseration, Michigan State University,
East Lensing, Michigan.

Masson, J. Ce, M. G. Vavich, B. W. Heywang, 2nd A. R.
Kemmerer, 1957. Pirnk Discoloration in Tegos Caused
by Sterculic Acid. Science 1256:751.

Miller, E. C., M. L. Sunde, and C. A. Elvehjem, 1957.
Minimum Protein Reauirements of Laying Pullets
at Different Energy Levels. Poultry Sci.

Mitchell, J. D., and W. J. Stadelmen, 125%. Natural and
Induced Yolk Mottling. Poultry Sci. 37:1227.

Noles, R. X., and J. R. Roush, 1962. Consumer Zrg
Preferences and Thelir Reletionship to U. S.
Stendards. Poultry Sci. L41:200-207.

Peardon, D. L., %W. O. Hoabernan, J. E. Marr, F. W. Garland,
Jr., 2nd H. L. Wilcke, 1955. The Effects of
Piperazine, Phenothlazine and Di-H-Rutyltin
Dilurate Combinations on Egeg Production and Zro
uality in Chickers. Foultry Sci. LL:lhl13-424,

Pepper, W. F., E. S. Snyder, I. 3. Shibbeld, end S. J.
Slincer, 1962. The Effects of Cottonseed 0il
and Cottonseed 0il Derivaties on the Ruslity
of Eces Stored at 30 and 60°F., for Varying
Perioés of Time. Poultry Sci. U41:1943-19LEA,

Polin,D., 2nd C. . Porter, 1956. The Effect of
Nicarbezin on Porphyrin end Yolkx Form~tion.
Poultry Sci. 35:1165.

Polin, D., J. L. Gi1lfillan, W. H. Ott, end C. C. Porter,
19562, 4-4' Dinitrocoarbanilide in Ecz Yolks
from Hens Fed Nicerbazin. Poultry Sci. 25:1249-1371.






Polirn, D., Y. E. Ctt, 2vd C. H. Siegmurd, 1954b. Cbservo-
tions on lMottled Egg Yolks. Feedstuffs 28:18-19,

Polin, D., 1957. BRlochewnical end Teight Changes of
Mottled Yolus in Ecgs from "ews fed Nicarbezin.,
Poultry Sci. 35:331-235,

Polin, D., W. H. Ott, =2nd C. H. Siegsmurd, 1957. T~
Incidence 2nd Tegcree of Yol'r Yottlins in Ef
Troa1 Yens fed Diets "lith end 'Without llicerb
Poultry Sci. 37:524-529,

€
e
LLJ
2¥4

in

Polin, D., W. H. Ott, end A, Zeissiz, 195%. Field Stulies
on the Effect of Nicearb2zin on Ere Ruelity. Poultry

Polin, D., 1940. Yolk Mottling. hat Causes It? Can
You Frevent It? Foultry Processing and Marketingz
65:26, 34, 34,

Roberts, I. P., snd J. E. Rice, 18G1. The Effect on
ovls of Nitrogenous end Carbonaceous Retions.
¥v. Sta. Rec. 2:506-527.

Lfl S

Romenof A. L., 2and A, J. Ronenoff, 194¢, The Aviaen

b
£e John YWiley end Sons, Inc., YNew York.

Ld =

Schaivle, P. J., L. A. loore, end J. M. Moore, 1933.
Gossypol, 2 Cause of Discoloration in Egfe Yolks
from Hens Fed Cottonseed Me=l. Poultry Sci.
12:334,

Schaible, P. J., L. A. Moore, end J. M. Moore, 1G3L,
Gossypol, & Ceause of Discoloration in Ergz Yolks,
Science. 79:372.

Schaible, P. J., J. A. Davidson, 2nd J. M. Moore, 1936.
The Ezgz Yolk Surface in Fresh Ezes. Poultry Scl.
15:298-303.,

Scheibtle, P. J., 2nd S. L. 2andener, 194562, Coaposition
of Fresh and Storage Egzgs from Hens Fed Cottonseed
and Non-Cottonseed P”tions. 2, Iron Content.
Foultry Sci. 25:451-452,

Shenstone, . S., #nd J. R. Vickery, 1959. Substances
in Plants of the Order Malvale Causing Pink VWailtecs
in Stored Ergs. Poultry Sci. 33:1055-1070.



a4

Snhervood, R. M., 1928, The Effect of Variovs Reations on
the Storsce Quelity of Zges. Texes Acr. Lxp. Sta.
Bull. 376:5-12.

Sherwood, R. M., 1931. The Effect of Cottonseed leal
and Other Feeds on the Storage Zuality of Egeos,
Texos Azr. Erxp. Sta. 3Bull. 429:5-19.

Silvestrini, D. A., L. E. Dawson, R. J. Evens, 2nd J. A.
Davidson, 1964, Effects of Nicarbazin in Diet on
Mottled Yolks. 1. Incidence sand Degree of lMottling,
and Certain Yolk Proteins. Poultry Sci. &44:467-473,

Silvestrini, D. A., L. E. Dawson, and B. J. Evens, 1965.
Effects of Nicarbazin in Dilet on Mottled Yolks.
2. Lipids. Poultry Sci. 44:1285-1291.

Stephenson, E. L., 2nd R. M. Smith, 1952. The Storage
2u2lity of LEgzs Produced by Fens Fed Screw Pressed
Cottonseed Meal. Poultry Sci. 31:98-1900.

Swensou, A. E., E. A. Fieger, and C. ¥. Upp, 1942. The
Nsture of Ege Yolk Discoloration Produced By Cotton-
seed Meal. Poultry Sci. =21:374-378.

Thompson, R. 3., J. F. Albricht, Z. E. Schnetzler, and
U. G. Zeller, 1930-32. Feeds and Their Relations
to Erg Quality. Oklahona Arr. Exp. Sta. Ann. Rept.
1930-32, 128-135.

Ven Tienhoven, A., F. W. Hill, A. Prock, and R. C. BaXker,
19583, The Effect of lNicarbazin on Yolk uality.
Poultry Sci. 37:129-132.

Vleiss, H. S., 1957. Further Comments on the Effect of
Nicarbazin on the Egg. Poultry Sci. 37:589-5%1.






