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ABSTRACT

The original purpose of the study was to compare the effect of
raw and of cooked egg albumen as a source of protein in low-Zn diets
when fed to chicks. Chicks fed the cooked egg white diets had high
mortality in contrast to those fed raw egg white. Investigation of
this difference iné¢luded: variation of amino acids and vitamin content
of the diet; source of chick; source of egg white; age of chick; and
use of a Salmonella bactericide. All of these were ineffective in
reducing mortality. Mortality could be greatly reduced by feeding
chick starter 5 days before feeding the cooked egg albumen. High -
mortality was not observed when chicks were fed whole cooked eggs.




CHAPTER 1

INTRODUCTION

-

The source of protein used in zinc deficient diets has been
found to affect the response of the chick to a zinc deficiency. When

sesame meal (1), isolated soy protein (2, 3, 4) or casein (3, 5) were

used as the source of protein, leg deformities appeared. The additioﬁ ‘ "
of histidine to sesame or isolated soy protein (ISP) diets (1, 3)

~resulted in prevention of leg deformi£ies without a change in the zinc

status of the chick. Histidine however, did not have this effect when

added to casein diets t3). This difference in the response of the two

vegetable proteins-and the animal protein raised the question of . o
7 " ) M"

. i BRI
possible differences between sources of protein.

Egg albumen is a animal protein, low in zinc, commonly used in
animal experiments and also forms a par£ of dféts of humans. In early
studies, chicks fed egg albumen diets did not develop leg deformities
(6, 7, 8). Recently, however, when chicks were fed low zinc egg o
albumen diets moderate leg deformities have been reported (5).

Many of the récent studies using egg albumen use the raw dried
form. This protein is-genefally cooked before it is cénsumed by man.
Casein, on the other hand, as the protein of milk, is usually éonsumed

with a minimum of processing. The form in which the protein is

consumed could have an effect on zinc utilization. Before a valid
{
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comparison of animal proteins could be made, it seemed that the effect
of cooking egg albumen should be explored.

The original objective of this study was to compare the effects
of Zn deficient raw or cooked egg albumen diets, and supplements to
each of zinc and several amino acids. The criteria for measuring Zn
deficiency to be used were the occurreﬁce and prevention of leg deform-
ities; zinc content of the tibia as a measure of zinc intake; and
weight gain. Tibia alkaline phosphatase (AP) activity may Be reduced
by zinc deficiency (9, 10, 11, 12) and for this reason was also used
as a criterion. It was found in the initial experiment that cooking
the egg albumen led to very high mortality. This problem had no
solution available from a literature search. Therefore, a wide range
of possibilities had to be explored. These were supplements of
vitamins, amino acids, and zinc; use of.an antibiotic; removal of
dietary NaCl; variation in chick age, in the source of egg white, and

the source of chicks.




CHAPTER II
REVIEW OF LITERATURE
Some Factors Which Influence Zn Deficiency in the Chick

Amino Acid Supplements

Either histidine or arginine has an effect on the response of
the chick, depending on the protein source. These effects may be
contradictory and therefofe each is discussed separately and in

combination.

"

Histidine. Histidine added to ISP (2, 3) or sesame (1) diets
‘low in zinc prevented the occurrence of leg deformities. Additions
of histidine have also decreased leg scores of chicks fed low-zinc egg -
albumen diets (5). However, histidine supplements to casein diets low
in Zn did not have this effect (3, 5)..

Two aspects of bone metabolism have been shown to be éffected
by histidine‘supplements. Histidine has been shown to ‘be effective in
increasing sulfate incorporation in the epiphyseal plate and primary
spongiosia of chick bone, regardless of Zn status (13). Sulfur in bone
is found in the‘acid mucopolysaccaride, chondroitin sulfate, which is
a constituent of the ground substance of bone (14). A reduced incor-
poration of sulfur into the epiphyseél plate carfilage has been found

in chicks fed Zn deficiency di~:s (13). .Histidine has also caused an
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increase in tibia AP activity concomitant with the‘prevention of. leg
deformities when chicks were fed ISP (3) or sesame diets (1).

Dietary histidine did not affect histamine levels in tissues
(15). This indicates that histidine was not being conver;ed to hista-
mine and was not alleviating defo?mities by correcting‘défective hista-
mine storage.

The effect of histidine appears to be on bone metabolism rather
than on growth, as histidine in general has not improved growth. ' Body
weight of chicks fed casein (5) or egg albumen diets lowjin zinc was

not improved by histidine supplements (5, 8).

Arginine. Effects of added arginine vary with the level of the
arginine supplement. The addition of 17 arginine to ISP or casein
diets low in zinc did not result in increased severity of leg deform-
ities (3). Additions of 2% érginine to ISP orAegg albumen diets, or

3.4% to casein diets did result in somewhat more severe deformities (5).

Histidine plus Arginine. The interaction of histidine with

added arginine also varies. Histidine suppiements did not decrease -
leg scores of chicks fed casein diets Wﬁen arginine'ﬁas‘supplemented
at 0.6%, 1.4% (5) or 2%'(3).. Hiétidine’reduced leg deformities when
3.47 ;rginine (5) was.added. Histidine had no effect on leg scores

when added to egg white diets with a 2% arginine supplement (5).
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Severity of leg deformities has been reduced by the inclusion of

histidine with supplements of agrinine to ISP diets (3).
Alkaline Phosphatase

Alkaline phosphétase (AP), a zinc-containing metalloenzyme (16),
is found in many tissues of the body. Although the exact functions of
AP-remain\unknown,.one of them is thought to be related to bone for-
mation. Several possibilities for the physiological role of AP in fhis
process exist. It has been suggested that AP promotes the calcification
of bone by a breakdown of organic phosphate compounds to form a high
phosphate ion concencration (16). It alsq appears to be necessary for
normal cell mauration and dégenerétion in non-calcifying epiphyseal
piate ﬁissues (17). AP may also be involved in the formation of
collagen based on the observation tﬂat vesicles rich in AP and hydrox-
yproline are located ﬁear fibrils of chick bone cells that presumably

will contribute to collagen fibers when extruded (18).

Types of AP

It has beep found that the AP of chick intestine, boﬁe and
liver can be differentiated-by their reactions to denaturing agents.
Bide found that intestinal AP was nof affected by treatment with 4
M urea, but bone and liver AP were (19). These différences were used'

to determine the origin of Serum AP and some evidence was found for




6
intestinal AP as the source of serum AP. It ﬁaé also been suggested
that serum AP originates ﬁainly from bone, with lesser amounts contrib-
uted by the iiver (20).

In the human, there are three classifications, iptestinal, non-
intestinal (bone and liver) and placental (21). Intestinal AP of the
human is more resistant to treatment with urea‘than non—-intestinal or
placental (22). It can be inhibited by L-phenylalanine (23) and resists
inhibition by bile acids (24). Its mobility is not affecfed by incu-
Bation with neuraminadase (25). L-homoarginine has been found to
inhibit AP of the liver and bone (26). Isoenzymes found in the serum

of normal individuals have been found to be heterogeneous.

AP Activity

A reduced AP activity has,Beeh‘reported in tibia, intestine and
serum of Zn deficient birds (9, 10, 11, 12). The role of zinc in the
function of this enzyme has two suggested explanationé. One is that
Zn is used to synthesize AP, and the other is that Zn may act as a
transport mechanism fé; other substances needed to produce AP in
cells (17).

AP activity can be affected by factors other than zinc.
Supplémentary histidine has also been foﬁnd to incgeasé tibia AP
activity significantly in Zn deficient chicks fed sesame meal (1) or

ISP diets (3), concomitant with alleviation of leg deformities. AP
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was not increased on casein low-zinc diets and leg scores were not
improved (3).




CHAPTER ITII
METHODOLOGY

The techniques for chick'care given below were used throughout
the study. The methqdé for cooking egg albumen were solvgd by trial and
error during the course of the study (Appendix A). The basal diets
given in Table I was used throughout the séudy. Details of supplements

and omissions are given with each section of results.
Sample

One day old Cornish Kings (Cornisﬁ X White Rock) chigksl were
used as the experimental'animal. In the initial experiment, chicks on
each diet were randomly distributed in duplicate groups of 10 each
without regard to sex. Varying numbers of chicks were used in addi~
tional experiments.

The chicks were housed in a stainless steel battery2 in order
to decrease Zn contamination from the environment. Feed and deionized
water were given ggilibitum. |

Chicks were weighed on day 1, 7, and 14 as a group. . They were

weighed individually on day 21 at the time of sacrifice.

lQuality Hatchery, Billings, MT.

2Petersime Incubator Company, Gettysburg, OH.




9
TABLE T

Other ingredients of ¢gg albumen diets pecr kilogram

Ingredients

o

Vitamin mix)
Choline C1 (79%)
Vitamin D oil
Santoquin 0il3
Corn oil
Glycine

Mineral mix®
MgCO
Biotin mix7
Zinc mix8
Sucrose

SN _-\D

D2 ouUunNEFEFOOUVNULOO

.05

ALSHENOWONRFEWNm

o
O\ .
=

lyitamin mix provided the following per kg of ration: vit. Bio
(as 0.1% mix) 20 ug; menadione bisulfite sodium, 5 mg; biotin, 0.6 mg}
pyridoxine HC1l, 6.0 mg; folic acid, 5.0 mg; riboflavin, 15 mg; d-Ca pan-
tothenat2, 30 mg; thiamine mononitrate, 100 mg; niacin, 100 mg; vitamin
A palmitate, 10,000 IU and DL-a-tocopheryl acetate, 50 IU.

Variation 1: Pyridoxine.HCl, folic acid, d-Ca pantothenate and
riboflavin were increased to provide per kg: Pryridoxine.HCl, 30 mg;
folic acid, 12 mg; d-Ca pantothenate, 100 mg; riboflavin, 36 mg.

Variation 2: All vitamins were increased with the exception of
vitamin A and DL-a-tocopheryl acetate to provide per kg: vitamin Bq
(as 0.1% mix), 40 ug; menadione bisulfite sodium, 5.0 mg; biotin, 0.% mg;
pyridoxine.HCl, 15 mg; folic acid, 5 mg; riboflavin, 15 mg; d-Ca panto-
thenate, 90 mg; thiamine mononitrate, 50 mg; niacin, 100 mg.

2Twenty—five mg cholecalcifercl in 1000 ml Mazola to give 1500
ICU/kg of ration.

3Santoqui_n, Monsanto Company, St. Louis, MO. Ten g/200 ml
of corn oil.

4Mazola.
5Glycine, Nutritional Biochemicals, Cleveland, OH.
6Mineral mix: see J. of Nutr. 96: 126 (1968) for composition.

"piotin mix. 100 mg of biotin in 100 g of sucroce.

8zinc mix. 116 g of ZnCO3 made to 600 g with sucrose. 0.1 g
contributes 10 ppm of zinc in 1 kg.

9Supplements of amino acids or zinc were added at the expense
of sucrose. L-arginine.HCl, L-histidine.HC1.H70, threonine, and lysine.
HCl1 were obtained from Sigma Chemical Company, St. Louis, MO. Methio-
nine as methionine hydroxy analog was obtained from Nutritional
Biochemical Corporation, Cleveland, OH.
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Diets

Several forms of egg albumen weré studied. Two lots of dried
egg white solids, RDEW3 and RDEW724 were investigated in the raw and in
the cooked form, CDEW and CDEW72. Pasteurized frozen egg Whites5 were
cooked aqd dried. Fresh egg whites6 separated from whole eggs were
cooked. Yolks from the fresh egg whites were.cooked and added to the
CDEW. Whole egg56 were cooked and used also. Methods for preparation
of the egg white are in Appendix A. Each protein sourca was édded to
provide 20% protein to the ration (260 g/kg). The remaihder of the
basal diets is giyen in Tab}e I. Chick starter7 or isolated soy pro-
tein8 + 20 ppm Zn was fed to the control groups.

' The criteria used, which have béen shown to be useful in
measuring zinc deficiency in this and other laboratories, were the

following:

1) body weight

3Armour and Co., Chicago, IL., November, 1971.
4Armour and Co., Chicagc, iL., Decémber, 1972.
5Pacific Egg Products; Northwest, Inc., Marysville, WA.
6M.S.U. Poultry Derartment, Boéemaﬁ, MT.

7Ceretana, Montana Flour Mills, Great Falls, MT.

8Assay Protein, C-1, Skidmore Enterprises, Cincinnati, OH.




11

2) leg scores as indicative of deformities

3) analysis of Zn content of the tibia

4) analysis of AP activity of tibia

At the end of the initial experiment using two p;eparations of
egg white, an additional criterion, mortality rate, was also used.
The prdcedureé for zinc or AP analysis can be found in Appendix

\

Statistical analysis for significance at the 5% probability
level was done by Duncéﬁ's Multiple Rang- Test (27) for the initial

experiment.




CHAPTER IV
RESULTS AND DISCUSSION

The objective of the study was to compare the effects of Zn
deficient raw or cooked egg albumen diets on the development of leg
deformities in the chick. Dietary variations were to be correlated

+

with tibia AP activity, zinc content of the tibia and growth.

Initial Experiment Using Two Forms of Egg Albumen

Day~old chicks were fed basal rations containing either dried
(RDEW), or reconstituted dried egg albumen that had been cooked (CDEW)

(Appendix A, pg. 38). Supplements to each were 1% histidine§ 2%
arginine; 2% aréinine plus 1% histidine; or 30 ppm Zn. Commercial
chick startef9 was fed as a cgntfol group.

.Amino acid suppleﬁents did‘not‘significantly affect growth of
'Chicks fed either CDEW or RDEW-(Tabie II). Body weights of chicks fed
either CDEW or RDEW + 30 ppm Zn were. significantly increased from those
fed either basal ration. Growth, however, was significantly less for
these groups compared to those fed chick star&er. Chicks fed egg
white diets‘containing 80 ppm Zn have been found to have low body
weights (5). |

Chicks developed few leg deformitieé when fed either basal

ration (Table II). In another laboratory, leg deformities have been

9Cefetana, Montana Flour Mill, Great Falls, MT.




TABLE II

Effect of zinc, histidine and arginine on chicks fed two preparations of egg albumen for‘3veeks}
Left Tibia Richt Tibia2
AP Activity>
Amino Mor- 4 s Total 5 Leg
Product Zn Acids tality BWT Wt Zn- Per g Wt Total Per g Score
ppm % g g ppm ppm g
Chick
Starter 0 307a 7280 *525 67 225728 385a°- . 153a 0.0
CDEW 5 70 127cd Joitis 106 34 1.06c Ttic: 109c ¥:3
5 Arg 90 108d 0:92¢c 78c 85c 2.0
5 -Hist 70 144¢c 3565-~ 150 Gl =adad7c Hidc 98c 0.9
5 . Arg +:Hist 85 133c 1:25¢ 94¢c 69c 3045
30 35 232b Sl 255830 102 1.88b 366b 191a 83
RDEW D 15 1144 3.03. 129 39 latée 119dc 102cd 0.4
5% ATE 0 1074 2.84 108 38~ 0.96d 76¢c 79¢ 352
Se- N HiSE 30 108d 2.74 149 54 - 0.91d ¥383dec. 124d 0.0
S ArgstiHicqE 15 137c < Ty 0 P i 32 T AN 9%ed »  1B5e. Fli3de 0.6
30 0 154b 4.13 398 96 1.38b 235b 169a 0.1

different (P<0.05) from each other.

starter.

lValues in each column for each product by
Each supplement within a product is compared to chick

N oy B W

Mean of six individual chicks.

Mean of six individual tibiae; wet weight.
Milligrams of p-nitrophenol liberated in 30 minutes at i

In increasing severity from O to 4.

the same letter are not significantly

Mean of two composite samples, three tibiae each.

Mean of two composite samples, three tibiae each; wet weight.
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reported in chicks fed low-zinc egg ﬁhite diets (5). Leg deformities
have also been reportgd to occur when casein (3, 5), sesame meal (7)
or ISP (3, 5) were the source of protein in low-zinc diets.

Additions of 2% arginine to the basal dietﬁin this experiment
did not cause a significant increase in leg deformities.. In contrast,
addition of 2% arginine to low-zinc egg white dieﬁs has been reported
to increase the severity of deformities greatly (5). This may have
been due to a different source of egs albumén. Additiéns of 1%
arginine, however, to ISP or casein diets low in zinc did not signif-
icantly increase the severity_of deformifies (3).

Since few leg deformities developed in this experiment, the
poss%ble effects of the 1% histidine supplements on the alleviation of

deformities was not apparent. Coleman, et. al. (5) have reported

decreased leg scores by addition of histidine when chicks were fed low-

zinc egg albumen diets with or without afginine. Histidine supplements

have also been reported to alleviate leg deformities of chicks fed

ISP (3, 5) or sesame diets (l).thatAwere low in zine. This effect was

not seen in other studies when chicks were fed casein diets (3,A5).
Hisfidine did not cause an increase in AP activity for either
basal ration, nor did any leg deformities develop. It appears that
for egg albumen histidine in itself has little effect on tibia AP.
While leg deformities occur on low-zinc casein diets, supplements of

<

histidine did not improve leg scores nor did tibia AP increase (1, 3)7

v




15
Addition of histidine increased AP activity when chicks were fed ISP
or sesame protein diets, concomitant with the alleviation of leg
deformities.

.The'arginine supplements té the basal CDEW or RDEW did not
decrease tibia AP. Supplements of arginine + histidine Eaused no
apparent change in AP activity (Table II).

When the requirement of the chicks for zinc was met, for bofh
preparations of egg albumen AP increased significantly. The AP per
gram of tibia for chicks fed either preparation + 30 ppm Zn or those
fed chick starter (78 ppm Zn) were not significantly different. This
suggests that 30 ppm Zn provided enough Zn for the full activity of
AP,

The total Zn content of the tibia for either basal'ration was
comparable. The amino acid suppiementé did not change‘this signifi-
cantly. Tibia zinc was higher for chicks fed 30 ppm Zn suppléments
indicating that the éhiék was utilizing Zn. Total_Zn of the tibia
was similar for chicks fed chick starter (78 ppm Zn) and those fed
cooked egg albumen + 30 ppm Zn. Thét of chicks fed dried raw egg
albumen % 30 ppm Zn was somewhat lower. These results indicated that
the 30 ppm Zn was enough to meet the chick's rgquirement for Zn.

| Mbrtality for chicks fed the basal cooked egg aibumen was
high, 70% (Table II). The amino acid supplements did not reduce this.

In contrast, chicks fed raw egg albumen had a low mortality, 15%
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(Table II). A similar difference was seen between the Zn supplemented
groups: CDEW 357 and RDEW 07%. Th£s suggests that the mortality may
be related to the cooking process.

Most mortality occurred within the first 10 days of the .
experimentu Chicks were unable to maintain their balancé and had a
tendenéy to walk backward rather than fbrward. The,fypical head
retraction characteristic of Vitamin E deficiency was not-seen. Such
a:condition has not been found to be described in the literature.

10, 11 After

This condition was not familiar to two poultry scientists.
appearance of these symptoms, dea£h occurred in 3-6 hours.
In a later experiment, a liye chick, exhibiting these symptoms,
was examined for pathological lesions of the brain and liver.? None
were found apd the diagnosis was left open.
As a result of the high mortality of chicks fed basal CDEW
diets, it did not appear that Zn deficiency and factors which might

inflﬁence AP activity could be dealt with until the cause of the

mortality was determined. The subsequent experiment, described

lpOral Communication. Dr. C. H. Hill, Dept. Poultry Science,
North Carolina State University, Raleigh, N.C.

11Oral Communication. Dr. Don Turk, Poultry Science Depart.,
Clemson University, Clemson, S.C.

2Courtesy of William J. Quinn, D.V.M., Livestock Sanitary
Board, Diagnostic Laboratory, Bozeman, MT.
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below, were conducted in an attempt to ascertain the cause of high
mortality.

" Whole egg protein is ranked second among proteins for biological
value and is often used as a refe;ence protein (28). Egg albumen is
ranked fourth. Most recent dietary studies using egg albumen have been
with the raw dried product (7, 8, 5, 29); During the commercial pro~
cessing of egg albumen the necessity to kill Salmonella organisms
found in-egg and egg products (30) has led to many manipulations of the
albumen. For this‘reason, several sources of egg albumen were
investigated.

Although mortality aépeared to be related to the cooking
process, other faétors were also in%estigated. Cornish King chicks
- were obtainéd from two hatcheries,13 and Leghorn-—Bantams14 were also
used in order to eliminate the possibility that’one breed or source of
chick would be more susceptible than the other. ‘Supplements of amino
acids (Téble V), vitamins (Table IV) gnd 60 ppm Zn (Table VI) were also
made to the ration. Since mortality occurred very early in the chick's
life, wvariations in the age v"e chigks were fed the cooked egg white

" were made (Table IX).

13Quality Hatchery, Billings MT. and a Washington Hatchery.

14M.S.U. Poultry Department, Bozeman, MT.
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Supplements

Vitamins
Biotin. In early work, raw egg white fed to rats resulted in
high moftality (31). This was latgr found to be due to £he'binding éf
the essential vitamin, biotin,.by'avidin (32). 1If biotin deficiency
Weré the cause of mortality, then it would be expected that the highér
mo?taiity would occur with raw egg White_diets, but this was not the
case iﬁ the first experiment conducted. |
.‘_Avidin has béen found to be destroyéd in fresh egg by heating
to'SOdé fgr 5~minutes_(3l). In ;econstituted Chinese dried egg white
he;ﬁ%ngtto 85°C<f§r twenﬁy'minutes destroyed the avidin. The cooked
.egg Wﬁi;ejin‘this experiment was hgated to 80°C and ﬁeld for 10
ﬁihupgs.':Moét‘of the avidin should have been destroyed. In subsequent
expériméﬁts'biofin Wés routinély added to the cooked egg white diets.
| .

Mortality was not reduced and did not appear to be due to a biotin

deficiency;'

" . Other Vitamins. In vitamin Variation 1, pryridoxine, folic

acid,‘Ca—p;ntotheﬁate and riboflavin were increased (Table I) to
provideulO‘times the‘minimﬁm requirément (33) for each. 1In vitamin
VariationAZ, ail vitamins with the exception of A, D, and E (Table I,
IIT) were inéreased, The vitamins incfeasedvin Vatiatiﬁn 1 Wefe

"
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TABLE III

Amount of vitamins provided by variation 2

Vitamin

Amount times the
minimum requirement

Vitamin B12

| Menadione bisulite sodium
Biotinl

Pyridoxine.HCl

"Folic Acid

Riboflavin

d-Ca Pantothenate

Thiamine

Niacin

4.4
9.4
6.6
5.0
4.0
4.0
9.0

25.0
4.0

lBiotin was added separately

selected because the type of symptoms observed could be related to the

. functioning of the nervous system.

Previously, day—old chicks showed

high mortality which could be prevented by pantothenic acid injections

(34).

Mortality and growth of chicks .fed low or high Zn CDEW diets

were little different between the two vitamin variations (Table IV, iI).

Although mortality was somewhat reduced from that in Experiment 1,

vitamin variation 2 was used in other experiments and’ this was not

found (Table VI, VII, VIII, IX, X).

As in the initial experiment, a

difference in growth and mortality was seen.between the low and high

Zn groups.
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TABLE IV

Effect of Zn and vitamin variation on body weight aund mortality of
chicks fed cooked or raw egg albumen diets for 3 weeks

1 Mean 2
Product Zn Vitamins No. Body Wt. S.D. Mortality
ppm g ' %
CDEW : 5 Variation 1 3 - 142 11.5 543
' Variation 2° 3 153 21.3 552
30 Variation 1 3 258 14.6 233
30 Variation 2 6 201 27.4 . 30"
RDEW 4 Variation 1 6" 142 24,1
Variation 2 6 118 5.5
30 Variation 2 6 192 20.0
Chick
N 5 - 3
Starter 6 282 36.5 . 12

lNumber of chicks used to dete;mine mean body weight.
2S.tandard deviation. k

3Based on one group of 10 chicks.

4Based on duplicate groups of 10 chicks each.

5As a standard.

Vitamins A, E, and D were not increased because of the amount
present in the original vitamin mix. It provided five times the
minimum requirement for vitamin A and seven and one half times the

requirement for vitamin D. The requirement of the chick for vitamin E
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is not known, however, including three times the amount ordinarily

added had little efﬁecf on mortality.

Amino Acids
Supplements of arginihe, histidine, or arginine 4 histidine in
the initial experiment had no effect on reducing mortality. Other

amino acid supplements were used in an attempt to reduce mortality.

Lysine. Tﬂe egg albumen was found by analysis to contain 1.89%
lysine (7). This is éboVe the minimum réquirement of the cﬁick of 1.1%
for lysine.‘ Lysine poées two possibilitieé. An excess of lysine has
been shown to cause an increase in the chick's requirement for
arginine (35). Chicks of the HA strain had severely depressed .growth
rates when fed excess lysine. The present basal ration contained 1.53%
arginine, slightly above the chick's minimum requirement of 1.2% for
arginine.

Scott (36) found that by autoclaving egg albumen at 121°¢ fo;
10 minutes the availability of lysine was reduced from 74% to 37%. If
cooking at 80°C had affected its availab%lity, the lysine could be
less than that of the chick's requirement.

Supplements of 0.4% lysine were made to the basal CDEW raéion
and to CDEW'+ 30 ppm Zn. Mortality fecr chicks fed the basal diet was
reduced.from that in Experiment 1 (Table V). That of chicks fed 30

ppm, however, was not reduced.
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TABLE V.

Effect of some amino acid supplements on mortality. of chicks fed egg
albumen diets for 3 weeks

Mean

Product Zn Amino Acid No.® Body Wt. S.D.2 Mortality
ppm '8 %
CDEW 5 0.4 Lys 3 141 8.6 463
0.4 Met 3 170 33.8 69°
0.2 Met 6 143 18.4 60%
30 0.4 Lys 3 283 11.2 383
30 0.4 Met 3 334 16.0 23>
30 0.2 Met 6 296 25.7 354
RDEW 4 .2 Met 6. 119 6.5 54
30 .2 Met 196 16.7 54
1sP° 20 6 259 40.9 3
lNumb'er of chicks used to determine mean body weight.
" 25tandard deviation. )
3Based on one group of 10 chicks.
4Based on duplicate groups of 10 chicks each.
5ISP.-}— 20 ppm Zn was used as a standard.
Methionine. Zn deficiency has been found to increase greatly

the conversion of methionine to 002 (37). An increased requirement for

methionine could be the result.

It was calculdted that the egg

albumen contained 3.7% methionine, supplying 0.96% to the ration. The

minimum requirement of the chick for methionine is 0.4% (33). Supple-

ments of 0.2 and 0.4% were made to the basal CDEW. and CDEW + 30 ppm Zn.
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Supplements of 0.2% methionine were also made to RDEW and RDEW +
30 ppm Zn. Mortality was little reduced by either level of methionine

supplement (Table V).

Methionine and Threonine. Despite the incidence of high

mortality of chicks fed CDEW, those that survived tended to grow
better thgn chicks fed RDEW dicts. It was thought that if the pootr
growth was due to poor utilization.of the protein, an increased growth
might be obtained if nitrogen retention could be improved. Suppleménts
of meéhionine plus threonine have been found to reduce urinary pitrogen
excretion in rats fed protein free diets (38). Methionine alone or
in combination with any other essential amino acid did ﬁot reduce the
excretign of nitrogen.

Additions of 0.5% methionine + 0.5% threonine Were_made to the
RDEW plus 30 ppm Zn ration. The average body weight for this group,
89 g, was not improved over.body Weight for other chicks fed RDEW plus

30 ppm Zn, 109 g.-

Zinc

Some manipulations of egg white to destroy Salmonella organisms
call for the addition of alkali poiyphosphates, and are selecged from
a gréﬁp which includes sodium tripolyphosphate, tetrasodium pyrophos~—
phate, tetrapblyphosphate, sodium héxameﬁaphosphate,rand sodium acid

pyrophosphate (39). These commonly act as sequestering agents (40).
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If any of these were added to the egg albumen used, zinc might not be
available to the chick. Considering the concentration of zinc in the
tibia (Table IT) it did not appear that zinc was being bound. However,
60 pbm Zn was added to the CDEW ration as a check to levels of. dietary
Z/n. Mortality was not reduced from that of groups fed 30 ppm Zn
(Table VI). Growth of those fed either 30 ppﬁ or 60 ppm was not

different.

TABLE VI

Effect of Zn sﬁpplements to egg albumen diets on
mortality and body weight of chicks at 3 weeks

. 1 Mean 9 . :

Product Zn No. Body Wt. S.D. Mortality
. Ppm g - A
CDEW 30 6 258 28.2 353
' CDEW 60 6 274 22.8 403
Chick 4
Starter (78) 6 282 33.5 8

lNumber of chicks used to determine mean.body weight.
2Standard deviation.
3Based on duplicate groups of 10 chicks each.

4Based on one group of 12 chicks.
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Antibiotics
Salmonella infections may be caused by a large number of
species of the genus (41). Most species are named after the place:
they were first isolated. Contamination-can come from humans and
other aniﬁals. Important sources are poultry and eggs. §§lmonelja
infections are known to cause digestive upsets in humans.

The RDEW was stated to be Salmone;l_e_t_negative.l5 However,
during the cooking and subsequent drying process, contamination could
have occurred. Samples of all RDEW and CDEW, frozen and fresh cooked
egg white were tested for §§lmonellal6 and found to be negative. A
live chick exhibiting £he‘typical sjmptpms was also tested, and

Salmonella montevidea was isolated.

* Furacint? (5-nitro-2 furaldehyde semicarBazone) which is
effective against Salmonella was used. The CDEW contained either 4 or
30 ppm Zn. RDEW was supplemented with 2% arginine plus 1% histidine
at both levels of Zn.

Chicks fed either CDEW diet experienced the same‘mortality as
had been found in previous experiments (Table VII). Imnfections with

Salmonella was apparently not the causc of high mortality.

lSAS determined by the manufacturer (U.S.D.A., Methods of
Analysis).

16Courtesy of B. Hubbell, D.V.M., Livestock Sanitary Board,
Veternary Diagnostic Laboratory, Bozeman, MT.

7Furacin was added to deionized drinking water at the rate of
10.36 g per 2.5 gal. ‘
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TABLE VIT

Effect of an antibiotic on body weight and mortality
of chicksl fed raw and cooked egg albumen

Amino Mean

Product  Zn Acid No.2 Body Wrt. S.D.3 Mortality4
ppm | g %
comw . 4 3 70 2.5 85
CDEW . 30 6 110 13.2 40
RDEW L Arg + Hist 6 62 27.8 5
RDEW 30 Arg + Hist 6 109 8.7 .0

lLeghorn—-Bantams, M.S.U. Poultry Department, Bozeman, MT.
2Num.ber of chicks used to determine mcan body weight.
3Standard deviation.

4Based on duplicate groups of 10 each.

Removal gf dietary ﬁaCl
The pH of raw egg white is 7.0 - 9.3 depending on the age of the
egg (42). HCL may be used to lower the pH to a range of 6.5 - 8.0
during the pasteurization process (39). Before Arying the egg white
is returned to the nofmal pH. |
* Turkey poults fed diets of spray-dried egg albumen developed
cardiovascular.symptoms resulting in high mortality rates (29).

This was found-to be due to the large amount of sodium contributed

by the egg albumen.
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Optimal growth has been found to be produced in chicks using
0.12% chlorine (43). Growth of chicks fed diets containing 0.06%
chlorine depends upon theé amount of sodiuﬁ in the diets (44). High
mortality resulted when low chlorine was fed at levels of 0.89 and
1.05% added sodium (43). -

The pH of RDEW and CDEW was 6.9, suggesting that the pH had
been lowéred during pasteurization. For this reason NaCl was omitted
from the mineral mix of the CDEW +‘4 bpm Zn diet.

The pH of raw frozen egg Whités was found to be 9.2. it was
found necessary to lower the pH to 7 with HC1 in this iaboratory in
order to cﬁagulate the albumen during the cooking process. NaCl
was omitted from the mineral mix of a cooked frozen egg white + 4 ppm
Zn diet.

Mortality forﬂall groups was higﬁn Of the chicks fed CDEW with
or without NaCl, 91% died. One hundred per cent of the chicks fed the
frqzen egg white diets with or without dietary NaCl died éy day 10 of
the experiment.

Sodium and chlorine levels pf CDEW and RDEW as well as fresh
raw egg white, and fresh or frozen cooked dried egé white were

18, 19

determined (Table VIII)Y. .Frozen cooked egg white contained the

l8Courtesy Chemistry Station Analytical Laboratory, M.S.U.
Agriculture Experiment Station, Bozeman, MT. '

9Courtesy Mr. Vincent Haby, Plant and Soils Testing Labora-
tory, M.S5.U., Bozeman, MT. ’ :
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géeatest amount of chlorine, but this was probably due to the addition
of HCL. Fresh cooked egg white contained 2.11% chlorine, &hile chlorine
levels were lowest and nearly equal for both CDEW and RDEW.
"In the present experiments mortality Wés chh 1ower for chicks
fed RDEW, although chlorine and sodium levels were similar for both

the RDEW and CDEW. It does not appear that excess levels of sodium or

chlorine were the cause of high mortality on the CDEW rations.

TABLE VIIIL

Sodium and chlorine levels of various sources
and preparations of egg albumen

Product Chlorinel Sodiuni2
‘ % mg/100g

Frozen egg white, cooked 3.12

CDEW. o 1.87 175

RDEW : 1.84 188

TFresh raw egg white ) 211

Fresh cooked egg white 2.11

lCourtesy Chemistry Station Analytical Laboratory, M.S.U.
Agriculture Experiment Station, Bozeman, MT.

- 2Courtesy Mr. Vincent ‘Haby, Plant and Soils Testing
Laboratory, M.S.U., Bozeman, MT.
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Variation in Age of Chick

In previous experiments most mortality occurred by day 10.
Such chicks as survived usually grew at least as well as those fed
RDEW. To determine if mortality would be reduced if the CDEW was
fed at a later age of the chick, RDEW basal rations were fed for ome,
two or three Weeké. At the.end of each period, chicks were changed
to basal CDEW diets.

Mortality was reduced in groups changed at two and at three
weeks. As the length of time_chické were fed RDEW before the CDEW
increased, wmortality decreased (Table IX).

.The protein of the chick starter diet is vegetable in origin.
Day—old.chicks fed this for five days, and CDEW + 5 ppm Zn for the
subsequent 16 days did not experience any mortality (Table IX).
Another vegetable protein diet, ISP + 2 ppm Zn; was fgd for five days
béfore feeding CDEW. The mortality for this group was also considerably

lower than for those chicks fed CDEW (Table IX).
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TABLE IX

Effect of chick age on mortality produced by CDEW

Mean Mean

Body Wt. Final 5 Mor
_at Change Body Wt. S.D. tality

g 8 ' %
3 3 4

7 d RDEW- - 14 d CDEW . 58 113 15.3 40
14 4 RDEWS - 7 d CDEW° 65 109 23.6 254
21 d RDEW® - 21 d CDEW" 69 129 | 30.0 16°
5 d Chick Starter - 16 d CDEW 66 184 5.3 0°
5 d 152° - 16 d.cpEW .57 - 170 26.4 257

lMean body weight of six chicks, except for 21d RDEW - 21d CDEW
mean body weight of 5. )

2Standard deviation.

3Supplement of 4 ppm Zn except 5 d ISP - 16d CDEW sﬁpplement
of 5 ppm Zn.

4Based on duplicate groupsof 10 each.
5'Based on one group of 6.
6Supplement of 2 ppm Zn.

7Based on one group of 8.
Variation in Source of Egg Albumen

Results of previous experiments led to interest in the effects
of different sources of egg white. Fresh or frozen egg white was

cooked, and a new lot of dried egg white solids, (RDEW72) was cooked,
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CDEW72 (Appendix A, pg.38). Each &as fed with a supplement of 4 ppm
Zn. A supplement of 107 fresh cooked egg yolk (Appendix A, pg. 39).
was also made to a diet containing CDEW.

Mortality for groups fed either the frozen cooked egg white or
the fresh cooked egg white was 100% (Table X). This was greater than
that for CDEW of previous experiments. The new lot of commercial dried
egg white showed a similar mortality with and without cooking.

The addition of one part egg yolk to ten parts of egg white
réduced mortality to 50% from 727%. Whole cooked eggs, three parts

egg yolk to one part of egg white greatly reduced mortality.

TABLE X

The éffect of variation of source of egg albumen on the body weight and
mortality of chicks fed these diets for 3 weeks

1 Mean 9 Mor-
Zn  No. Body Wt.  S.D. ralicy>
ppm g %

Fresh Cooked Egg White 4 ___ . 100
Frozen Cooked Egg White 4 . . 100
CDEW + 10% Yolk 4 5 157 44,4 50
CDEW72 5 6 127 35.5 40
RDEW72 5 6 98 23.3 30

1Number of chicks used to determine mean body weight.
2Standard deviation.

3Based on one group of 10 each for each treatment.




32

Variation In Mortality Due to Zn Supplementation

Mortality was found to vary somewhat from e%periment to
experimént for each level of zinc supplement. This could be due to
variation.in chicks ashexperimental animais. Chicks feé‘4—5 ppm Zn
?egardless‘of other supplements were found‘to have an average mortality
of 72%. Those fed 30 ppm Zn regafdlesé of other supplements had an
average mortality of 32%. These were statistically compared and
. mortality for those fed supplements of 30 ppm Zn was significantly lower
(P 0.05) than those fed 4 - 5 ppm Zn. Thérefore, it appears that
variations within each level of Zn supplement was dﬁe to chick

variation rather than effect of other treatments.

v




CHAPTER V
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
Summary.

The original objective of this study was to gompére the effeét
on chicks of low~zinc diets based on cooked or raw egg albumen. The
effect of arginine or histidine suppleﬁents on the development of ieg
deformities was to be included. Tibia AP.activity, zinc content of the
tibia, and growth were to be correlated with,dietafy variations.

In the first expefiment, few deformities‘doveloped on either
basal ration. Chicks fed cooked egg white diets experienced very
high mortality rates. Those fed the uncooked egg white had little
mortality. In order to accomplish the first objective mortality had
to be reduced. A search of the literature Offered no solution; there—
fore a wide range of possibilities had to be explored.

The source of egg white was investigated. TFresh or frozen
egg white was cooked. The mortality was higher, as 100% of the chicks
on either source died by day 10. |

Supplements of 0.4% lysine, O.é and 0.47 methionine, increased
dietary vitamins, or 60 ppm Zn were not gffective in reducing mortality.
The méchanics of processing some egg albumen involves changes in pH,
for this reason the NaCl was omitted. This had little effect in

reducing mortality. Addition of "Furacin," an antibiotic effective

against Salmonella infection, was also ineffective.
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The effect of supplemenfs of cooked egg yolk to egg white in
reference tormniaiity was investigated. Ones part of egg yolk to ten
parts of egg white reduced mortality slightly. Whole cooked eggs,
three parts of egg yolk to one part of egg white, greatly reduced
mortality.

The influence of age of chicks at which'cooked egg white was
fed appeared to‘be involved since most mortality occurred by the 10th
day of the experiments. Chicks were fed raw egg albumen for one, two
or three weeks; and at the end of each period were fed cooked egg
white. Mortality was reduced for those groups changed at two and
three weeks. Day-old chicks were also fed éhick starter or ISP diets

5 days prior to feeding the cooked egg white. This was found to be

effective in greatly reducing mortality.
Conclusions

iﬁ Few leé deformities developed on either low Zn raw (RDEW)
or cooked (CDFW) egg white diets. Histidine or afginine
had little effect on the development of deformities or AP
activit?.

2. The egg albumen was apparently affected by cooking, as
those fed CDEW + 5 ppm Zn had hiéh mortality, average of
727% in contrast to those fed RDEW +5 ppm Zn, average of

11%. For CDEW + 30 ppm Zn, mortality averaged was 32%
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and for RDEW mortality 1%. Additions of 60 ppm Zn
did not fufther reduce mortality.

Variations in dieti source of chicks;.source of egg white; use
of a Salmonella bactericide; and‘ age at which the chicks were fed the
cooked egg white were investigated with the following coﬁclusions:

1. Mortality was not related to the source of egg white.
Fresh or frozen egg white which had been cooked caused
high mortality. |

2, High mortality #as apparently not due to a deficiency of
any of the kﬁown vitamins, lysine, methionine or sodium or
chlorine toxicity. |

3. High mortality was prevented when chicks were fed whole
cooked eggs. Mcu.riality was decreased slightly by
supplements of 107 egg yolk.

4, THigh mortality was apparently not due to the source of
breed of chick as all chicks fed CDEW experienced high
mortality.

5. Salmonella infection was apparently not the ééuse of
mortality.

6. The high mortality rate could be prevented when chicks
were fed either‘ISP or.chick starter 5 days béfore feeding

CDEW.
)
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Recommendations

Before cooked egg albumen can be used to study the effects
of Zn deficigncy, further study must be don: to determine what will
prevent the high mortality of chicks fed these diets and yet allow for
the appearance of Zn deficiency symptoms. Determination of the per
cent of egé yolk supplements which will reduce mortality Without
feeding whole egg should be done, as results in this laboratory indicate
that whole egg contains enough Zn to meet the chick's requirements.
Fractionation of the egg yolk should also be done. If the unknown
factor is contained in either ffaction, then only that fraction would
need to be added ;p the diet. This might also lead to the isolation
of the factor. The period of time chicks are fed chick starter or
ISP should be reduced to the point where mortaiity is prevented and
Zn 3eficiency symptoms will appear. It would also be of interest to.
know if hiéh mortality is characteristic only of baby'chicks, and
experim:its ﬁsing young of other species and egg white diets might

provide the answer.
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APPENDIX A

METHODS OF EGG ALBUMEN PREPARATION

Cooked Egg Albumen

For Dried Egg White Solids (CDEW, CDEW72)

500 g of raw egg white solids &ere mixed with 2000 ml of giass.
distilled water. This mixture was divided in half and placed in two
aluminum—foil—lined baking pans 9" X 13" X 2%'". Better mixing was
obtained by using the fingers. These.pans were placed in a 350°F
(1760C) oven., After approximately 10 minutes the egg white was
stirred and the temperaturé checked. When the egg white mix reached
70°C the oven was turned to 250°F (121°C5. This oven temperature main-—
tained the temperature of the egg white at 80°C. This temperature was
maintained for 10 minutes. | |

The egg Whitg was removed and spread on paper in front of fans
at room temperature. It was then broken into pieces as small as
possible. After drying for approximately one hour, it was put through
a Waring.blender, filliﬁg the blender until the blades Weré jgst
covered. It was then pﬁt back on the drying papers in front of the
fans ﬁntii dry. During this'time it was stirred occasionally. After
drying it was put through a Waring blender again until all of the egg
white was a fine powder. It was then milled in a micro—wiley mill

and stored in the refrigerator until used.
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For Frozen and Frésh Egg White

One liter of frozen egg white brought to pH 7 with approximately
3 ml of 6 N HC1, or one liter of fresh egg white separated by hand from
whole eggs was put into baking pans previously described. This waé
fhen put into an oven preheated to 235°F(1130C). This temperature was
maintained for.lS minutes, and stirred at the end of this time. The
internal temperature of the egg white was 80°C. The oven temperature
was lowered to 175°F (890C) and maintained for 10 minutes. The egg

white was dried the same as the dried egg white solids.

v

For Egg Yolk

Egg yvolks were separated from whole eggs, and frozeﬁ at a
-25°Cc. Before cooking they were thawed at room température. The
oveﬁ was preheated to 250°F (lZlPC).. The egg yélks were put into an
aluminum~foil lined pan 9" X 13" X 2%" . and placed in tﬁe oven. At
the end of 25 minuteé the egg,yolks had reached a temperature of 750C
and were reméved from the oven. Drving was done as préviously

described.

For Whole Egg

Whole eggs were mixgd so that yolks were broken, and placed in
an aluminum-foil lined pan. This was placed in a prgheated 250°F |
(lZlOC) oven. At the end of 15 minutes the temperature of the egg

was 700C. The oven temperature was lowered to4l750F (8900)'and




maintained for 10 minutes.

described.

40

Drying was done as previously
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APPENDIX B
METHODS OF ANALYSIS
Leg Scores

Chick tibiae were scored for lég deformities with the
following designation:

0 - normal development of legs '

1 - slight deformity - one leg
2 - slight deformity - both legs
3 - severe deformity - one leg
4 — severe deformity - both legs

- The degree of leg deformity was dete}mined by shortness of
the tibia and the enlargement of the hock joint. A difference of

1 in leg scores was considered significant,
Collection of Tibiae

Tibiae were removed from 3 chicks per group of ten in each
cage. All flesh was removéd, and the tibiae were immediately frozen
and stored at -25°C until time of analysis. The right tibia were
weighed individually and used for AP anaiysis. ‘The left were weighed

as a group of three from each cage, and used in Zn analysis.
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Tibia Zinc Analysis

The three weighed tibia were dried aé 55°C for 4 hours and
reweighed. |

The dried tibiae Weré Wrapped in a paper towel, crushed and
tied into a small packet. Fat was removed By extraction in a Soxhlet
appafatus: 20 hours with 952 ethanol,.plus 20 hours with ethyl etﬁer.
Packets were left in the hocd at room temperature overnight; bones
were removed, weighed. They were ashed at 600°C for 24 hours, cooled
in desiccators and weighed. The ash was dissolved in 6 N HCl. After
evaporation of the 6 N HCl, the ash was dissolved in 2 N HC1 to be
equivalent to 0.1 N HCI in the finél‘dilution. ZQ was anal&zed for
by an atomic absorption method20 using a Perkin-Elmer 290-B Spectro-
photometer. The wave length was set at 2138 A; acetylene was the
fuel, the oxidant air. The standard was metallic Zn dissolved in 0.1

N HCL.
Alkaline Phbsphatase Method

This method is based on that of Starcher and Kratzer (12).

The p-nitrophenol liberated from the p-nitrophenyl phosphate by AP

is meésured at 410 mu.21'

0Courtesy Mr. Vincent Haby, Plant and Soils Testing Labora-
tory, M.S.U., Bozeman, MT. C

21Spectron 20, Bausch and Lomb.
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Solution522
1. 2 N HCL: 17.7 ml of concentrated acid in 100 ml H20.

2., 1 M MgCl 0.94 g MgCl, in 100 ml H?O.

2 2
3. 0.17 N NaOH: 6.9 g per liter.

4, Substrate: a) 4.45 g 2-amino-2 methyl-—propanol23 plus
9 ml 2 N HCL; dilute to .50 ml with water.,
Adjust to pH 10 with concentrated NaOH
or 6 N HCL.

b) The above solution is added to 210 mg
p—nitrophenyl phosphate24 dissolved in
50 ml of H,0. Add finally, 0.2 ml of

K 1 M MgCl,.  Pipette 1.5 ml into each
large test tube, and store at -259¢.

.

Tissue Preparation

1. Snip up with scissors into Virtis homogenizer cup one
weighed tibia; add enough deionized water to cover.
Homogenize in an ice bath. The time of homogenization
and speed is varied with the size.

2. Place in a chilled 35 ml centrifuge tube and dilute with
water to the nearest ml. Keep in an ice bath. Centri-
fuge at 2500 rpm for 1 minute. Do six samples plus a
blank in one run. . .

3. An aliquot of the homogenate is diluted. This dilution
may vary from 0.8 ml to 10 ml to 0.1 ml to 20 ml depending
on tissue, age of chick and the ration fed. Use a Cyclo-
mixer to insure a uniform mixture. Add 0.2 ml of the
aliquot and 0.3 ml of deionized water tc the warmed buffer
substrate tubes. )

4. Tlace in a water bath at 37°C for exactly 30 minutes.

22peionized water is used throughout the brocedure.

3SigmaA()‘-'mical Company, St. Louis, MO. 241bid.
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Remove and add 4.5 ml of 0.17 N NaOH to each tube to stop
the reaction.

Pour tube contents into a spectrophotometer25 tube. Use
the blank to standardize the machine. Read per cent
transmission at 410 mu. Convert to 0.D. and obtain ug

of p-nitrophenol liberated by comparison with the standard
curve,

For the 0.1 to 10 ml dilution multiply the ug of p-
nitrophenol by a factor of 0.5. This times the mls of
homogenate equals the total mg of p-nitrophenol inthe .
tibia. Divide by the weight of the tibia to obtain mg/g
of bone.

of Standard Curve

Working standard: (Stable one day) Accurately pipette
into a 100 ml volumetric flask 0.5 ml p-nitrophenol.
standard solution. Add 0.17 m NaOH to make 100 ml, mix

thoroughly.

Pipette the solutions indicated in the-columns below into
seven labeled test tubes.

Tube working 0.17 M T Equiv. p-ni-

No. standard ml NaOH ml % 0.D. trophenol ug
1 .50 6.0 3.48
2 . 1.00 5.5 6.95
3 1.50 5.0 10.43
4 2.00 - 4.5 ' : 13.90
5 3.00 3.5 20.85
6 4.00 2,5 27.80
7 5.00 1.5 34.75

Read and record the per cent transmittance of each tube at
410 mu using 6.5 ml of 0.17 N NaOH as a blank. This gives
a range of approximately 14-80% transmittance. A curve is
prepared each day the analyses are done. Optical density,

"found on a chart which comes with the Spectrophotometer, is

plotted as the ordinate. Equivalents of p-nitrophenol are
plotted on the abcissa.

25Spectron 20,‘Bausch and Lomb.
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