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Hens fed rations containing 2.5% crude cottonseed oil produce eggs that develop pink whites

and large salmon-colored yolks after 6 months or more of cold storage.

Protein migrates

from the white to the yolk. The composition of the migrating protein was calculated
from changes in protein distribution in whites and yolks of fresh and stored shell eggs as

determined by paper electrophoresis.

bumin, and lysozyme, but no ovomucoid or ovoglobulin.

to white.

The migrating protein contained ovalbumin, conal-
Livetin migrated from yolk
The lipovitellenin band from 6-month-old eggs moved almost three times

as far as that from fresh eggs during electrophoresis. Part of the lipovitellin was con-

verted to a protein which behaved similarly to lipovitellenin under the conditions used for

electrophoresis.

HI{NS FED RATIONS containing crude
cottonseed oil produce eggs that
develop viscous pink whites and large
salmon-colored yolks after 6 months
or more of cold storage (77). Migra-
tion of protein and water from the white
to the yolk also occurs and is probably
caused by a weakened vitellin mems-
brane (7). Conalbumin migrates from
white to volk and iron from vyolk to
white (70). Evans, Bandemer, David-
son, and Schaible (7) reviewed the lit-
erature on pink white and salmon volk
discoloration of eggs.

Evans ¢t al. (6) calculated the com-
position of the protein that migrated
from the white to the yolk during stor-
age of shell eggs from hens fed crude
cottonseed oil, on the basis of the weight
of protein that migrated, the methio-
nine, cystine, and serine contents of the
white and volk proteins of fresh and 6-
month-old eggs. and literature values
(9) for the contents of these amino acids
in the individual egg white proteins.

A more direct determination was de-
sired of the amounts of different egg
white proteins that migrate from the
white 1o the yolk during storage of

eggs produced by hens fed crude cotton-
seed oil. Evans and Bandemer de-
veloped procedures for the quantitative
determination of the different proteins
in egg white (4) and egg volk (7).
These methods have been used to de-
termine the protein composition of
whites and yolks in fresh and stored
eggs; and these data were then used
in calculations.

Experimental

Twelve pullets were housed in laying
cages and fed a ration containing 2.59%,
of crude cotionseed 0il. The basal ration
to which the oil was added consisted of
ground corn 34.5%, ground oats 20.09,
wheat bran 15.09,, flour middlings
10.0%, dehydrated alfalfa 3.097, meat
scraps 3.09, dried milk 2.09, fish meal
2.5%. soybean oil meal 2.59%, ground
oyster shell flour 5.09, steamed bone
meal 1.59, salt 0.69,, and fish oil
(2000 units of vitamin A and 400 units
vitamin D) 0.49;. Chicks hatched in
April 1956 were placed in the laying
cages as pullets at about the time they
started to lay in September. Eggs were

gathered twice daily, marked with pullet
number and date, and placed in cold
storage at 0° C. or used within three
days as fresh eggs for protein separations.

Eggs from each of 11 pullets were
studied fresh and after 6 months of
cold storage. A sample consisted of two
consecutive eggs from a pullet, and three
samples (or six eggs) were used [rom
each pullet for each period. Whites of
two eggs carefully separated from the
volks were combined, weighed, mixed
briefly in the Waring Blendor, and stored
in the refrigerator until used. The two
volks were combined, weighed, mixed
with an equal weight of 109 sodium
chloride solution, and stored in the re-
frigerator until used. Eggs were saved
for the fresh egg samples on Friday,
Saturday, and Sunday of each week.
Two eggs from each pullet were then
used on Monday morning.

Protein distributions in the whites and
volks were determined by the procedures
of Evans and Bandemer (4, 5). Dupli-
cate samples of egg whites from four
pullets were used for electrophoresis on
Monday afternoon and from another
four on Tuesday afternoon. Yolk sam-
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Table lll. Percentages of Different

Proteins from Hens Fed Crude
Cottonseed Oil
6-Mo. -
Fresh Old
Eggs Eggs

Egg White

Ovalbumin

Ay 41.5 39.5

An 17.7 17.6

Ay 4.8 4.9

Total 64.0 62.0
Ovomucoid +

ovoglobulin 10.9 13.9
Conalbumin 18 .4 18.0
Nonmobile protein 2.3 3.0
Lysozyme 4.4 3.1
Total 100.0 100.0

Egg Yolk

Ovalbumin 2.8 7.5
Livetin 5.7 3.6
Protein C 3.2 1.6
Lipovitellenin 37.5 45.7
Lipovitellin 38.0 30.8
Lipoprotein F 11.4 9.0
Protein G 1.3 1.8
Total 99.9 100.0

from stored cottonseed eggs migrated
much farther than that from normal
stored eggs; hence the protein C de-
creased more. Both normal (§) and
cottonseed eggs (Table V) displayed
changes in lipovitellenin and lipoprotein
F contents during storage with greater
changes in cottonseed eggs.

Weights of individual egg white pro-
teins transferred to the yolk were de-
termined by calculating the decrease
in grams of each in the egg white pro-
tein for each pullet during storage of
the eggs from that pullet. All calcula-
tions were made on an individual pullet
basis, but average values are presented
in Table IV. Altogether 32 samples
were studied from the 11 pullets. Only
10 samples showed the typical pink
white and large salmon yolk discolora-
tion. A greater percentage of the
cottonseed eggs are usually discolored
after 6 months of cold storage than
reported herein,

Ovalbumin and conalbumin migrated
in about the same proportion as they oc-
curred in fresh white protein. Ovalbu-
min has a molecular weight of 45,000,
conalbumin 87,000, ovomucoid 27,000,

Table IV. Transfer of Egg White Proteins to Yolks in Eggs from Hens
Fed Crude Cottonseed Oil

Total Oval-

All eggs, av. Protein bumin
Fresh eggs, grams 3.53 2.26
6-mo.-old eggs, grams 3.36 2.09
Protein transferred, grams 0.17 0.17

% 65.4

Eggs with pink whites

T'resh eggs, grams 3.61 2.31
6-mo.-old eggs, grams 3.31 2.03
Protein transferred, grams 0.30 0.28

% 66.6

Ovomucoid
-+ Conal- Non-

Globulin bumin mobile Lysozyme
0.39 0.65 0.08 0.15
0.46 0.60 0.10 0.11

—0.07 0.05 —0.02 0.04

19.2 15.4

0.40 0.65 0.09 0.16
0.50 0.58 0.10 0.09
—0.10 0.07 —-0.01 0.07
16.7 16.7

and the molecular weight of lysozyme is
14,800 (72). The low molecular weight
of lysozyme accounts for its greater quan-
tity and mobility through the weakened
vitellin membrane.

Evans, Bandemer, Davidson, Bauer, and
Butts (6) calculated that the protein
which migrated from white to yolk during
storage of eggs from hens fed crude
cottonseed oil contained 799 ovalbu-
min, 39 conalbumin, 159, ovomucoid,
and 39, ovoglobulin. The present data
are more reliable because direct meas-
urements were made. Values obtained
from the literature may not be the same
as the actual values for the eggs used,
because eggs from different hens differ
in protein distribution in both the white
and volk and in the proportion of the
two in the egg (8). Schaible and
Bandemer (70) isolated conalbumin
(rom the yolks of salmon-colored eggs;
189 conalbumin in the migrating pro-
tein (Table IV) appears more probable
than 39; (6).

In the method used to obtain the cor-
rected values given in Table V for o6-
month-old eggs, the total weight of egg
volk protein was adjusted so that the
weight of yolk protein plus white protein
was equal to that of the fresh eggs. It
was necessary to subtract 0.12 gram
from the total yolk protein weight
obtained for 6-month-old eggs to obtain
the corrected weight. Individual yolk
protein weights were also corrected
by subtracting the wvalues given on
line 4 from the observed values. The
values of line 4 were obtained by multi-
plying 0.12 by percentage of each pro-

tein given in Table III for fresh eggs
divided by 100. Fresh egg percentages
were used, because corrections were
made on the basis of protein distribution
in fresh yolks and not in the volks after
the white protein had migrated to the
yolk. Corrected values are given cn
line 5. Similar corrections were made
for the 10 samples with pink white dis-
coloration, except that larger correc-
tions were needed, because the 6-mcnth-
old eggs contained 0.23 gram mcre
protein than the fresh ones.

The increases in ovalbumin and pro-
tein G of the yolk are related to the
transfer of ovalbumin and lysozyme
from white t yolk. The increase in
lipovitellenin resulted from the transfer
of conalbumin from white to volk,
from the overlapping of its electrophoresis
band over the protein C band (they are
grouped together), and from its change
to a protein that migrated on the paper
electrophoresis strip in the same way
as lipovitellenin. The relationship be-
tween lipovitellin and lipovitellenin in
stored cottonseed eggs is not known,
but they seem to ke related to loosely
bound lipide that is easily removed by
ether extraction (5).

A schematic representation of the mi-
gration during storage of the various
proteins between white and vyolk of
eggs from hens fed crude cottonseed oil
is given in Figure 2. The line between
the white and the yolk represents the
vitellin membrane. The curved arrows
show that part of a protein was probably
included and measured with another.

The migration diagram for 10 eggs

Table V. Transfer of Egg Yolk Proteins in Eggs from Hens Fed Crude Cottonseed Qil
Total
Av. all eggs, grams Protein Ovalbumin Livetin Lipovitellenin Lipovitellin Lipoprotein F Protein G
Fresh eggs 2.36 0.07 0.21 0.88 0.90 0.27 0.30
6-mo.-old eggs 2.65 0.21 0.14 1.21 0.81 0.23 0.05
Yolk correction® 0.12 0.00 0.01 0.05 0.05 0.01 0.00
Corrected 6-mo.-old eggs”® 2.53 0.21 0.13 1.16 0.76 0.22 0.05
Protein transferred 0.17 0.14 —0.08 0.28 —0.14 —0.05 0.02
Eggs with pink whires, grams
Fresh eggs 2.39 0.06 0.22 0.89 0.91 0.27 0.03
6-mo.-old eggs 2.92 0.35 0.12 1.35 0.84 0.20 0.06
Yolk correction® 0.23 0.01 0.02 0.09 0.09 0.03 0.00
Corrected 6-mo.-old eggs® 2.69 0.34 0.10 1.26 0.75 0.17 0.06
Protein transferred 0.30 0.28 —0.12 0.37 —0.16 -0.10 0.03
e Calculation of corrected values in text.
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with pink whites and large salmon-
colored yolks (Figure 3) differs from the
average of all the eggs in the weight of
migrated protein. A questionable fea-
ture was that more lipovitellin (0.29
gram) was found with lipovitellenin in
these 10 eggs than in the average of all
eggs.

Two distinct changes occurred in the
proteins of eggs from hens fed corton-
seed oil when the eggs were stored for
6 months at 0° C. A wansfer of white
proteins except ovomucoid and ovoglob-
ulin from the white into the yolk was
accompanied by movement of livetin from
volk to white. If ovomucoid and ovo-
globulin were transferred in the same
proportion as the other egg white pro-
teins, about 0.03 gram of the two would
have migrated to the yolk, and 0.10
gram or nearly half of the livetin would
have been transferred from yolk to
white. The second change was a partial
conversion of the lipovitellin to a protein
that behaved like lipovitellenin under
the conditions of filter paper electro-
phoresis used.
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This work is based on a study of whether ethyl alcohol is more effective than siarch in

increasing the utilization of urea nitrogen on high molasses rations for cattle.

Nitrogen

retention by steers was increased by addition of ethyl alcohol to a mixture of molasses and

urea to about the same extent as by an equal number of calories from starch.
much greater than on the basal ration without either starch or ethyl alcohol.
however, were obtained with soybean meal and corn.

Both were
Better results,

Ethyl alcohol would appear to be

an effective supplement to a ration of poor quality, low-protein roughage, liberal molasses
and ureq, and when corn or other cereal grains are not fed.

FEW controlled experiments on the
use of ethyl alcohol in ruminant nu-
trition have been reported. Thomson
(73) described the use of pot ale (an al-
coholic beverage) in the nutrition of
nursing mothers and high-producing
dairy cows. In Italy and France sur-
pluses of cheap wine were sometimes fed
to farm animals (70). Currently ethyl
alcohol is added to a liquid cattle feed
consisting of molasses, urea, minerals,

and vitamins. In trials involving this
liquid feed (5, &), a favorable effect of
ethyl alcohol was observed when it was
added to a basal diet of corn cobs, molas-
ses, and urea. Richardson, Smith,
Koch, and Cox (77) in Kansas have
studied the value of ethyl alcohol in
molasses mixtures for beef cattle. Steers
fed a high roughage ration during the
winter consumed more feed on a molasses
mixture containing ethyl alcohol, but
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gained less weight than similar steers fed
soybean oil meal and sorghum grain. In
the fattening period that followed, the
steers receiving alcohol gained faster
than the controls, but for the total feed-
ing period there was practically no dif-
ference. Other steers fed the same
molasses mixture without ethyl alcohol
gained as rapidly during both the winter-
ing and the fattening periods as those re-
ceiving alcohol. Starch or starchy con-



