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Abstract:
The purpose of this study was to determine the optimum level of pantothenic acid (PA) necessary to
prevent mortality and to promote growth of chicks fed diet Based on either cooked dried egg white
(CDEW) or raw dried egg white (RDEW) diet. Also studied was whether zinc (Zn) utilization would be
affected by the optimum level of PA on both diets. There was a difference in requirement of PA for the
chick in either CDEW and RDEW diets. Chicks fed CDEW diet required 9 times the suggested
requirements of PA (9PA) for best growth in contrast to 3PA in RDEW diet. High PA level in the early
life of the chick fed CDEW proved to be necessary for growth and survival. Optimum dietary PA in
either diets apparently did not cause an added 3 ppm of dietary Zn to be used as efficiently as 6 ppm as
was indicated by body weight, alkaline phosphatase (AP) concentration and tibia Zn content. 
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ABSTRACT

The purpose of this study was to determine the optimum level of 
pantothenic acid (PA) necessary to prevent mortality and to promote 
growth of chicks fed diet Based on either cooked dried egg white (CDEW) 
or raw dried egg white (RDEW) diet. Also studied was whether zinc (Zn) 
utilization would be affected by the optimum level of PA on both diets. 
There was a difference in requirement of PA for the chick in either 
CDEW and RDEW diets. Chicks fed CDEW diet required 9 times the suggest
ed requirements of PA (9PA) for best growth in contrast to 3PA in RDEW 
diet. High PA level in the early life of the chick fed CDEW proved to 
be necessary for growth and survival. Optimum dietary PA in either 
diets apparently did not cause an added 3 ppm of dietary Zn to be used 
as efficiently as 6 ppm as was indicated by body weight, alkaline 
phosphatase '(AP) concentration and tibia Zn content.



CHAPTER I

INTRODUCTION

Interest in zinc as an essential trace element has been renewed 

since the i960's when evidence for its need by man was shown. The pri

mary features of zinc deficiency syndrome in man are growth failure and 

hypogonadism (l). In earlier experiments chicks fed a low zinc diet 

■showed a lack of growth and exhibited leg defects that were characterized 

by shortening and thickening of leg bones and enlargement of the hock 

joint (2). • These leg defects were designated as "arthritis-like" (3). 

Zinc deficiency can be produced in other species of animals, e.g. the 

rat (4,5). However, the avian species readily exhibit leg deformities 

as a zinc deficiency symptom (2,6,7)• In a recent study by Simkin (8), 

human patients with chronic., refractory rheumatoid arthritis taking oral 

zinc supplements showed an improvement with regard to arthritis symptoms. 

These encouraging results suggest further studies with zinc deficiency.

The source of protein u'sed in a zinc deficient diet has a marked 

effect on zinc deficiency syndrome in chicks. Leg deformities appeared 

when sesame meal (9), isolated'soy protein (ISP), (3,10,11,12) or casein 

(11,13) were used as the source of protein. The addition of histidine 

to diets containing ISP (3,11) or sesame meal (9), prevented the leg 

deformities characteristic of zinc deficiency. It was also noted that 

supplementary histidine has been found to increase tibia alkaline 

phosphatase (AP), a zinc-containing enzyme, activity significantly in
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zinc deficient chicks fed sesame meal (9,ll) or ISP diets (11),attendant 

with alleviation of leg deformities. Histidine did not have the same 

effect on leg deformities or on AP when casein was' used as a protein 

source .(H) • In order to determine whether the above characteristics 

were a property of casein or a property shared by other animal proteins, 

egg white (egg albumen) was used as a protein source to produce zinc 

deficiency in this laboratory (lU).

Egg albumen, an animal protein, low in zinc has been used in 

animal experiments in raw dried form by several workers (U,9,15,16) to 

produce zinc deficiency symptoms. Egg albumen in raw dried form has 

been found to produce moderate leg deformities on chicks fed low-zinc 

egg albumen diets (10). Egg albumen also forms a part of diets of 

humans. This protein is generally cooked before it is consumed by man.. 

Diets containing raw dried egg white (RDEW) , which had b,een reconstituted 

with water and heated to '80°C (CDEW), were fed to the chicks (15,lU). 

Chicks that were fed these CDEW diets experienced very high mortality 

rates. A fairly consistent mortality of 50-75% occurred when low zinc 

(5-6 ppm) diets were fed to the chicks. Approximately a 30% mortality 

rate occurred when sufficient zinc (30 ppm) was fed. RDEW diets caused 

little mortality regardless of zinc level (lU).

In successive experiments, variations in diets -, sources of 

chicks, source, of egg white, .and use of a bactericide for the chicks fed 

the CDEW were investigated and found to have little effect on mortality ■
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(15)• It was found that (l4) a drop in mortality rate was obtained by 

increasing pantothenic acid (PA), by .14-18 times'the suggested minimum 

(IT) in CDEW and RDEW diets. It was noted that mortality occurred in 

the early life of the chick usually at the IOth to 12th day, suggesting 

that there is a demand for extra PA early in life of the chicks'fed 

CDEW (l4). Before CDEW can be used to study the effect of zinc defi

ciency, further work should be done to determine the relationship and 

the effect of PA level of chicks fed CDEW and RDEW diets.

The objectives in this study were to determine (l) the optimum- 

level of PA necessary to prevent mortality and to promote growth of 

chicks fed either CDEW dr RDEW diets, (2) whether zinc.utilization 

would be affected by the optimum level of PA in both diets.



CHAPTER II

REVIEW OF LITERATURE 

Pantothenic Acid (PA)

PA is one of the B vitamins and thus cannot he synthesized by 

animals (l8). Most micro-organisms are able to make this vitamin from 

its precursors, pantoic acid and 3-alanine. Both animals and bacteria 

can convert PA via pantetheine to coenzyme A which is an important 

catalyst of biological acetylation reactions (18,19), Figure I. PA has 

a molecular weight of 219 and consists of a, y-dihydroxy 3, 3' dimethyl 

butyric acid and 3- alanine joined by a peptide linkage (20,2l)..

Identification of PA as part of coenzyme A molecule has impli

cated PA in a large number of important biochemical reactions (21,22). 

Coenzyme A influences the metabolism of carbohydrates, proteins and 

lipids; it is necessary for fatty acid oxidation and synthesis.; syn

thesis of cholesterol and phospholipids; and essential for the formation 

of porphyrin, the pigment portion of the hemoglobin molecule.

In growing laboratory animals, the earliest evidence of PA 

deficiency is .a decline in the rate of growth (23,24). Fertility of 

rats is impaired and sudden death has been noted in several species, 

often precipitated by hemorrhagic destruction of the adrenal glands (25).

Jukes .(26) noted that PA deficiency in the chicks results.in 

the classical dermatitis in the corners of the mouth, toes and upper 

surface of the foot. Other signs of the deficiency include poor
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feathering, spinal cord degradation, incoordination, paralysis, involu

tion of the thymus, fatty degradation of the liver and death. Hence, PA 

has been variously known as the antidermatitis, liver filtration, yeast 

or the chick antipellagra factor (22).

It is suggested that (17) 10 mg/kg of feed of PA are required 

to produce satisfactory growth and feathering in the chick. In work 

done by Lease (l4) chicks that were fed low zinc CDEW diets with 3 and/ 

or 9 times the suggested minimum amount of PA, experienced a high 

mortality rate. A drop in mortality rate was obtained by increasing PA 

by IU to 18 times the suggested minimum. Egg white in these experiments 

(l4) was heated to 80°C for 10 minutes. In early work (26), PA was 

destroyed in corn meal, wheat middlings, and casein ingredients when 

heated at 120°C for 36 hours. Thus the destruction of PA in the booking 

process was not the prime factor in mortality (lb).

Studies showed that (27) low PA in the diet of the hen does not 

permit adequate carry over for maximum growth by the offspring or for 

prevention of mortality. It was also suggested that (28) the PA content 

of the eggs laid was directly proportional to that of the content of the 

diet of the hen. In a study of the effect of diet on the PA of eggs, . 

Snell and his associates (29) noted that the increase of PA in the diet 

of the hen would result in greater stores in eggs which in turn will 

affect PA storage level in the chick. Chicks that were hatched from 

high PA eggs were fed CDEW (lb); mortality was very low, feathering was
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good and there were no signs of crusting at the corners of the mouth 

■regardless of level of zinc supplements. In earlier experiments (27) 

oral or intraperitoneal PA administered to chicks early enough, during 

the first- few hours after hatching, largely prevented mortality.

Hodges et al. (30) assumed that coenzyme A, the active 

derivative of PA, has functions which are thought to be disturbed and 

thus caused the metabolic changes observed in the animals.

Egg Albumen

Egg contents consist of approximately 65% white and 35% yolk..

The egg white consists of about 87.6% water, 10.9% protein, 1.1% carbohy

drate and trace of fat (31,32). Protein makes up 82.8% of the 12% 

solids in the white. Egg has been designated the reference protein 

against which other proteins are- measured as good source of amino acids 

(33). Egg white is one of the best examples of a natural colloidal 

solution of a proteim (33,34).

Egg white has been used in animal experiments in raw dried form 

by several workers to produce zinc deficiency symptoms (35,4,36,37)•

Leg deformities have been reported when the chicks were fed low-zinc 

egg white diets (13). Chicks fed egg white diets containing sufficient 

zinc (80 ppm) have still been found to have low body weights with



- 8 -

reduction in tibia zinc concentration- (13). Coleman et al. (13) 

reported that the additions of 2% arginine to low-zinc RDEW diets in

creased the leg deformities, greatly and resulted in significant growth 

depression. Also, a moderate decrease in leg scores was obtained by 

the addition of a histidine supplement to low-rzinc RDEW diets.

When RDEW (l4,15) was cooked and used for basal diets a fairly 

consistent mortality of 50-75% occurred when low zinc { h - 6 ppm) was fed.

A trial with rats (lU) showed no difference in mortality or growth 

between CDEW and RDEW diets. It was also noted that (l4) some of the 

chicks fed' CDEW showed crusting at the corner of the mouth, gummy eye

lids, and a "backing-up" syndrome where by the chicks approached the 

feed and then spontaneously backed away from it. Death usually occurred 

in the chicks at 10 to 12 days of life. The RDEW diet chicks did not 

show this syndrome and little mortality regardless of zinc level. No 

mortality occurred with a control group fed a commercial chick starter

(14,15).

The presence of avidin in the egg white, which binds the 

essential vitamin, biotin, may be destroyed by heating the egg white to 

80°C for five minutes (38). However, it was also found that avidin is 

more resistant to destruction by heat in some kinds of egg white than 

others (38). Biotin was increased to I4 times the suggested minimum (17) 

and the cooked egg white that has been used in this laboratory station 

(l4) was heated to 80°C and held for 10 minutes. Most of the avidin
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should have destroyed.

When the whole egg was cooked and used as a source of dietary 

protein (l4,15) mortality rate decreased from 72% to 10% with a diet 

containing 22 ppm zinc. When approximately equal parts of yolk (2U0 g) 

and CDEW (260 g) (dietary zinc 13 ppm), were mixed and fed to the 

chicks, a marked drop in mortality resulted. Lesser amounts had a 

decreased or no effect (l4). Extraction of cooked yolk with hexane or 

water did not reduce the protective effect. Since hexane removes fat ' 

soluble substances the protective factor was not a fat. PA is a water 

soluble vitamin, the majority of PA in foods and biological materials 

exsists as coenzyme A and other bound forms. Enzymatic hydrolysis is
i

required for microbiological assays in order to measure the free forms 

(20). Therefore some of the protective effect of the yolk could be due 

to PA (l4). Addition of yolk to RDEW diets had no apparent effect on 

the chick status.

Dewar, et al. (35) found that turkey poults fed diets of spray- 

dried egg albumen developed cardiovascular symptoms which led to high 

mortality rates, due to the large amount of sodium in the egg albumen.

In this laboratory (15) sodium and chlorine levels of CDEW and RDEW ' 

diets.were determined and found to be nearly equal for both diets. How

ever, the mortality rate was higher for chicks fed CDEW. It was assumed 

that excess levels of sodium, or chlorine do not appear to cause high 

mortality in CDEW rations.
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Aklaline Phosphatase

Alkaline phosphatase is a zinc-containing metalloenxyme (39).

AP is thought to be related to bone formation (4o). It has been sug
gested (Ul) that AP is involved in the formation of collagen, the 
organic matrix of bone. AP may also be involved in promoting the calci
fication of bone by producing high phosphate compounds (39) • It has 

been observed that in all types of calcification there is an increase in 

AP concentration with the deposition of bone salts in developing bones
(U2).

It has been found (43) that the AP of the chick's bone, liver 

and intestine can be differentiated by their reaction to denaturation ■ 

by urea digestion.

Chicks on zinc deficient diets exhibit reduced AP activity in 
bone, intestinal tissues and serum (44,7,45,6). However, later work by 

Lease (9) chicks on low zinc deficient diets did not show reduced AP 
activity in intestinal tissues. In the zinc deficient chick the 

epiphyseal cartilage, the area of growth or elongation of the long bone 

was found to be abnormal (41,46,12). The cartilage tunnels in the 

epiphyseal-diaphyseal joint changed to a narrow zone where penetration 

of the cartilage by tunnels was significantly reduced (46,47).

It was suggested that (4l,9) zinc may play two roles in AP 

enzyme function. Zinc is necessary for'activity of AP since histidine
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is, essential for AP activities, it is also thought that zinc has a role 

in binding histidine to the AP molecule.

Tibia AP activity of chicks fed a low zinc diet varied with the 

source of amino acid supplements. Supplementary histidine in low zinc 

casein diets, did not have an effect on tibia AP activity or improvement 

in leg scores (9,11). On the other hand, supplementary histidine was 

found to increase tibia AP activity significantly in zinc deficient 

chicks fed sesame meal (9) or ISP diets (ll), concomitant with allevia

tion of leg deformities.

To determine whether the above finds were characteristics of 

casein, or a property shared by other animal protein, egg white was used 

as a protein source in this laboratory (l4).



CHAPTER III

METHODOLOGY

Sample

Two factorial experiments were Conducted using one^day old 

chicks. Leghorn"*" chicks were used in the first experiment that was 

continued for 28 days. Broiler"*" chicks were used in the second experi

ment and were terminated at 21 days, the difference in time was to 

allow approximately equal growth between the two chick groups. The 

chicks on each diet were randomly distributed into duplicate group of 

10 chicks in each cage without regard to sex.

Chick Care
2The chicks were housed in a stainless steel battery in order 

to decrease zinc contamination from the environment. Diets and deionized 

water were given ad libitum. Chicks were weighed as a group initially 

and weekly. Individual weights were recorded at the time of sacrifice. 

Before sacrifice chick tibiae were scored for leg deformities (Appendix, 

page Ult) • Tibiae were removed after sacrifice and used for AP analysis 

and zinc analysis (Appendix, page UU).

T 'H & N Inc., Richmond, WA
2Petersime Incubator Company, Gettysburg,’ OH
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Diets

Dried egg white solids"*" were investigated in the raw and cooked 

form. The method of preparation of egg white at 80°C is given (Appen

dix, page 43). Each diet of CDEW and RDEW provided 20% protein in the 

ration (260 g/kg). The basal diets given in Table I were used through

out the study. Composition of the vitamin mix in the basal diet and 

estimated vitamin requirement for the chicks is in Table II. Variation 

of PA supplement on the basal diet is given in Table II.

Experimental Design

The first experiment was designed to determine the optimum

level of PA needed for chicks fed either CDEW or RDEW diets and if

there was a difference in the requirement between these two.diets. The

PA was added and adjusted in the vitamin mix so that it was at 3 or 9

times the suggested minimum requirement (17), in both CDEW and RDEW

diets. The zinc supplement was constant at 6 ppm throughout the

study. Selected groups of chicks were given 500 ml of PA drinking 
2water in addition to the PA level that was offered in the CDEW and 

RDEW diets.

Spray processed dried egg white solids. Armour Food Company, 
Albert Lea, MW.
20.2 gm of Pa/500 ml water for 10 chicks
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Composition of basal diets

TABLE I

Ingredient

g/kg
I 2RDEW or CDEW 260.0

3Vitamin mixture 5.0

■Choline.Cl (70%) 3.0

Oil4 . 46.0

Vitamin D oil'’ ' ■ 1.5
'6Santoquin oil 2.5 '

Glycine^ 1-5

Mineral mixture® 60.3

MgCO 2.5
0Biotin mixture 1.5

10'Zinc mixture 0.06

Sucrose ■ 616.34

1 . ' ■ ■ ■Armour Cloverbloom, spray processed dried egg white solids.
■Armour Food Company, Albert Lea, MN.
2 - See Appendix (page 43}.

3See Table II

^A 1:1 mixture of. corn oil (Mazola) and soybean oil (Crisco).



- 15 -

^Supplied 1,500 IU of cholecalciferol/kg.
6Santoquin, Monsanto Companyi St. Louis, MO. A 1:1 mixture of corn oil 
(Mazola) and soybean oil (Crisco) added to 20 gm Santoquin (ethoxquin) 
to make 400 gm. 25 ml. is used to give 0.0125% in the diet.
T
Sigma Chemical Company, St. Louis, MO 63178.

^Supplied per kg of diet: (in gm) CaHPO, .2H 0, 27.2} CaCO-, 14.9;
KpHPO,, 11.1; NaCl, 6.0; (in mg) MgCO , 175; Fe citrate, 533; MnSo,.HO ,  
333; KI, 2.6 and CuS0,5H 0); 334. J d

9 -100 mg of biotin in 100 g of cusrose, in- addition to that supplied by
the vitamin mix.

^ZnCO^in sucrose, 0.1 g supplied 10 ppm zinc/kg of diet.
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TABLE II

Composition of vitamin mix in chick diets'and'estimated 

vitamin requirement for the chick

Ingredient

Per kg of Estimated
diet requirement 

as the yiti 
per se.

Vitamin B (mg) 0.0% 0.009
Menadione "bisulfite sodium (mg) 5.00 0.53
Biotin (mg) 0.6 0.09
Pyridoxine.HCl (mg) 15.0 3.00

Folic acid (mg) 5.0 1.2

Riboflavin (mg) 15.0 3.6
I 2D-Ca pantothenate (mg)- ’ 10.0

ThiamineHCl (mg) 50.0 1.8

Niacin (mg) 100.0 27.0

Retinyl palmitate (IU) 10,000 1500

DL-a-tocopheryl acetate (IU) • 50 10

1,2Supplied 90 or 30 mg per kg of diet.
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The PA water was offered from day one until consumed (max. 3 

days). Thereafter deionized water was available. The PA water supple

ment was offered to investigate the effect of concentrated oral PA 

administration in the early life of the chick (27).- A control group 

was fed commercial chick starter^. The experiment was conducted for 

28 days.

In experiment 2, the zinc supplement was 3 or 6 ppm + the opti

mum PA level in CDEW and RDEW diets that was found in experiment I. A 

control group was fed CDEW + 9 times the suggested minimum requirement 

(l7), of PA and 30 ppm zinc. The experiment was conducted for 21 days.

The criteria used in measuring the effect of various treatments 

for these experiments were the following:

(1) mortality rate

(2) body weight

(3) leg scores as. indicative of deformity (Appendix, page 44).

(4) analysis of zinc content of the tibia (Appendix, page 44)-.

(5) in experiment 2, analysis of AP activity of tibia 

(Appendix, page 45).

Formax, Con Agra, Inc, Bozeman, MT
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The data were analyzed by standard analysis of variance 

method and the means were separated for the controlled variables by 

Duncans Multiple Range test (48). Results from personal observations 

will be discussed but not subjected to statistical analysis.



CHAPTER IV

■ RESULTS AND DISCUSSION

In experiment one, variation in PA supplements significantly 

(P<.0„05) affected growth of chicks fed CDEW or RDEW diets (Table.IV). 

Body weight of the chicks (U weeks) fed CDEW + 9 times the- suggested 

minimum requirement of PA (9PA) (17), was higher than chicks fed CDEW 

+ 3PA. In previous work done in this laboratory (lU) it was found out 

that when PA was increased to 13.5 and 18 times the requirement in 

CDEW diets it reduced mortality and the chicks grew well. This suggested 

that there is a need for a higher level of PA in these chicks for normal 

growth and feathering.

PA added to the water (PA water) apparently had no effect on 

body weight when it was supplied to chicks that were fed CDEW + 9PA 

• only. The addition of PA water to CDEW + 3PA increased the growth of

the chicks and made it comparable to the growth of both CDEW + 9PA + PA

water and CDEW + 9PA only. Beer et al. (27) have suggested that oral PA 

offered to the chicks early in life, during the first few hours, will 

promote growth as well as prevent mortality. Thus, the. early administra

tion of PA water to the chick in the first three days of life 'had its 

impact on the growth in this laboratory. It is assumed that the PA 

water supplied the chicks with enough stores of PA that they could use

it to promote continuing good growth. Chicks that were fed CDEW + 3PA

+ PA water diet showed a significant (P< 0.05) increase in body weight



TABLE III

Effect of variation in PA on the growth and zinc status of leghorn chicks fed CDEW and RDEW 

diets for 4 weeks.^

Product Zn PA Mortality BWT2

Left Tibia

Leg3 4 4Score Wt Zn F-E5

CDEW
ppm
6

g/kg
9

%

0
g
16TA 1.8

g
1.68A

ug/g
26.09C 2.94

CDEW 6 g + PA 0 1T3A .8 1.63A 21.09C 2.83

CDEW 6
water

3 10 140B 1.4 1.33AB 17.69C 3.45 I

CDEW 6 3 + PA 0 172A 1.0 1.60A 24.26c 2.98 P OO

RDEW 6
water

9 15 90C .4 0.74C 42.36b 6.29
I

RDEW 6 3 0 132B 1.6 1.27AB 16.95C 3.54
RDEW 6 3 + PA 15 128B 1.9 1.28AB 18.23C 4.05

Chick
Starter

water

24 i i4b 0 1.14AB 92.63A 5.41

Values in each column for each product with the same letter are not significantly 
differentg(P <0.05).

^Body weight - Mean of six individual chicks.
^In increasing severity from 0 to 4.
c-Mean of two composite samples, three tibia each; wet weight.
'’Feed Efficiency - see footnote in page (21).
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over chicks fed CDEW + '3PA only. This also tends to support their 

experiments (27,l4), which suggested that high level of PA is needed 

early in the life of the chicks.

There was no significant difference (.P <0.05) in body weight 

with the addition of PA water, when the chicks were fed KDEW + 3PA, On- 

the other hand when the chicks were fed RDEW + 9PA they showed a signifi

cantly (P < 0.05) lower body weight. Apparently 9PA added to RDEW diet 

was an excess that resulted in growth depression of the chick. This 

also demonstrated that the chicks on RDEW diets do not need as high PA 

supplements or stores as the chicks on CDEW diets.

The chicks fed CDEW '+ 9PA with or without PA water and 3PA +

PA water have a higher body weight than chicks fed RDEW + 9PA and 3PA 

with or without PA water. However,•chicks that were fed CDEW + 3PA 

were comparable in weight to the chicks fed RDEW + 3PA with or without 

PA water. This showed that with an ample supply of PA, chicks on CDEW 

diet have a greater potential for growth than chicks fed RDEW diet.

When feed efficiency was calculated"^ (Table III), chicks fed CDEW diets 

apparently showed better growth per gm of food than chicks' fed RDEW 

diets. This suggested that chicks fed CDEW diets used the feed effi

ciently for growth. In recent work, (l4,15) chicks that were fed RDEW

1Feed Efficiency = Total Feed Confflffled
Total Body Weight Gain
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had a lower hbdy weight than chicks fed CBEW diets.

In previous trials to investigate the above findings various 

supplements were added to RDEW diets (lU). The effects of several amino 

acids supplements, arginine., histidine or a combination of the two or 

of methionine were investigated with chicks fed low zinc RDEW and CDEW 

diets (14,15) , because of their known reaction on zinc deficiency 

(13,9,11). There was no apparent change in body weight of chicks fed. 

RDEW diets. In another trial (l4), the addition of the whole egg to the 

RDEW or CDEW diets so the proportion of white to yolk was the same as 

whole egg did not help in bringing up the growth of the RDEW chicks to 

those given CDEW diets. Since there is no apparent answer to the above 

reaction, one can only speculate that there are some other factors 

beside PA, zinc, constituents of egg yolk and certain amino acids 

■involved. This point need to be explored further. Nielsen et al. (13) 

also found that RDEW diets fed to the chicks resulted.in lower body 

weights than chicks.fed isolated soybean protein or casein diets.

'Chicks fed CDEW and RDEW diets showed only moderate leg scores. 

However, chicks, that were given 9PA had a slightly lower leg scores 

than those given 3PA in both CDEW and RDEW diets. The higher PA level, 

in the diet may affect the degree of leg score of chicks fed either 

CDEW or RDEW diets.

Mortality .(10%) was low when the chicks were fed the CDEW 

diets in comparison to previous experiments (l4), where mortality ranged
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from 50-75%« Lower mortality rates could "be due to the high level of 

PA that was supplied early in the diet of the chick. Also, it could be 

due to the diet of the breeding hen. The chicks were obtained from a 

commercial hatchery"*" and the composition of their diet is unknown. A 

study by Snell et al. (29) suggested that the greater the PA in the diet 

of the hen, the greater the storage level in the chicks. Also, chicks 

that were hatched from high PA eggs and were fed CDEW diets had a low 

mortality rate (lU). The breed of the chick's seemed to have -little- 

effect on the reaction to the CDEW diet (l4)..
2Chicks that were fed commercial chick starter , which was

supposed to be a control group, showed a low body weight and a high

mortality rate compared to previous chicks fed chick starter in this

laboratory (lU). This may have been due to a bad lot of feed and thus,

it cannot be considered as a control group in this experiment.

Tibia zinc was significantly (P <0.05) higher in chicks fed
3the chick starter diet. When this diet was analyzed for zinc , a con

tent of 250 ppm was found. The amount of zinc required for normal 

growth of the chicks is 50 mg/kg of feed (l?).

"*"H & N Inc., Richmond, WA 
2Formax, Con Agra Inc., Bozeman, MT
O
Varian Techtron AA-G, Varian Techtron, TPY LT., Melbourne, Australia, 
Courtesy Chemistry■Station Analytical Laboratory, Montana State 
University
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With the exception of chicks fed RDEW + 9PA, PA variations in 

hoth CDEW and RDEW diets had no apparent effect on tibia zinc content 

(ug/g). Chicks that were fed RDEW + 9PA showed significantly higher 

tibia zinc content. Since the growth was poor for this group, it 

resulted in a low tibia weight and this could lead to a higher concentra

tion of zinc (ug/g). However if the tibia weight of this group were 

comparable to the tibia weight of the other RDEW diet chicks, the ug/g 

of zinc content would be 33.35 (Table III). This showed that RDEW + 9PA 

chicks absorbed and stored as much zinc as the other RDEW groups. 

Apparently, high PA did not interfere with these processes.

It was found in the first experiment that 9PA and 3PA in CDEW 

arid RDEW diets respectively were the optimum levels to promote growth 

and prevent mortality. These were therefore adopted for experiment 2.

In the second experiment (Table IV) when zinc levels were 

varied in the diets, body weight at 3 weeks varied also. Chicks that 

were fed CDEW + high zinc diet (30 ppm) were used as a positive control 

group.. In the broiler chick under normal conditions the body weight:.is 

expected to double every week.1 The body weight in this group surpassed 

this criterion; leg score and mortality were zero. Thus this group was 

evidently suitable for a positive control.

Personal observation by Dr. J . Lease



TABLE IV

Effect of variation of dietary zinc on growth, mortality, zinc status and tibia AP activity in 

broiler chicks fed CDEW and RDEW diets for 3 weeks.̂

Left Tibia Right Tibia"
Leg
Score

AP activity0
Product Zn PA Mortality BWT2 Wt1* UZinc - F-E^

ppm g/kg % g g ug/g Total Per g

CDEW 30 9 0 4o8a 0 4.iUa 82.36A 643.BjA 154.77A 1.51
CDEW 6 9 10 2UlB 2.6 2.75B 14.56b 236.18B 85.03B 1.39g ,
CDEW 3 9 55 94D 2.1 0.96D 10.4TB 4o .94c 44.o4c
RDEW 6 3 5 131C 1.15 1.39C 13.63B 45.4c 32.28c 2.99o ^
RDEW 3 3 25 93D 1.3 0.80D 18.92B 26.96c 34.13C

different
^Values in each column for each product by the same letter are not significantly 
(P <0.05).
^ ’̂ See footnote 2,3,4 in Table II.
gMean of six individual tibia; vet veight. q
JVIilligrams of P-nitrophenol liberated in 30 minutes at 37 . 
gSee footnote 5 in Table II.
Not calculated due to high mortality rate.
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Chicks fed CDEW + a lower zinc level diet (6 ppm) had a 

significantly (P <0.05) lower "body weight than the control group. When 

the zinc level was still lower (.3 ppm), body weight was significantly 

(P <'0.05) lower than chicks fed CDEW + 6 ppm zinc.

Body weight was also lower in RDEW diets when chicks were fed 

low zinc (3 ppm) in comparison'with chicks fed the higher zinc level 

(6 ppm). Since zinc deficient chicks exhibit retarded growth (2), the 

above findings were typical, reactions to low zinc levels in the diet. 

Chicks fed CDEW + 6 ppm zinc had a higher body weight than chicks fed

RDEW + 6 ppm zinc. Also chicks fed CDEW + 6 ppm zinc showed better
1 '■

growth per gm of food than chicks fed RDEW diets (Table TV). Chicks fed 

CDEW or RDEW + 3 ppm zinc experienced high mortality, thus the feed 

efficiency could not be calculated. There was no significant difference 

(P <0.05) between body weight of the surviving chicks fed CDEW or RDEW 

+ 3 ppm zinc.

' In chicks fed CDEW diets mortality was high (55%) when the

chicks were supplied with 3 ppm of zinc in contrast to 10% with 6 ppm 

of zinc and 0% with 30 ppm of zinc. This high mortality rate may be 

caused by the low zinc level in the diet; also it could be the result of 

the reaction of the chicks to CDEW diets that was seen earlier (I^).■ It 

was suggested (l4) that CDEW could interfere with the utilization of 

dietary PA by binding it so it would not be used, and/or inhibit the 

conversion of PA to coenzyme A.
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Chicks fed RDEW + 3 ppm of zinc experienced about 25% mortality 

in contrast to 5% mortality when the chicks were fed 6 ppm zinc. This 

could be due to low zinc level in the diet

Leg scores were somewhat higher in chicks fed low zinc + CDEW 

diets than the chicks fed low zinc RDEW diets.

Except for the control group, there was no significant differ

ence (P <0.05) in ug/g of tibia zinc content between chicks given 3 and 

6 ppm of zinc in CDEW and RDEW diets. Zinc is involved in at least 20 

metalloenzymes and zinc-activated enzymes in the metabolic processes 

(.49). Processes which are profoundly affected by experimental zinc 

deficiency include DNA metabolism (50,51,52,54) RNA metabolism (50,53, 

54,55) protein metabolism (54,56,57,58) and mucopolysaccharide metabo

lism (59,47,60). These effects of zinc deficiency are reflected in the 

intact animal by poor utilization of dietary nitrogen and sulfur (6l) 

and prompt growth arrest (50). When zinc was offered at 3 and 6 ppm it 

is possible that the chicks have used the zinc that was available in 

the diets to facilitate the other necessary metabolic process that 

required zinc rather than deposit it in the tibia which acts as a 

storage area.

■Even though zinc was at 6 ppm in both RDEW and CDEW diets the 

chicks on CDEW diets used it more efficiently for growth as indicated by 

significant (£’<■0.05) increase in body weight and AP concentration in 

tibia (Table IV). This could be interpreted that the unknown factors
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that depress the growth.of the chicks on RDEW diet might he destroyed in 

the cooking process of the egg white. This should be explored further.

For CDEW diets, the total AP content of the tibia was signifi

cantly higher (P <0.05) in the control group (30 ppm zinc) than the 

other groups which indicated that the level of zinc in the diet was 

sufficient for high activity (40,9) for this zinc-containing enzyme (38). 

AP concentrations in the tibia were significantly lower (P <0.05) when 

the chicks were fed 3 ppm zinc in contrast to 6 ppm zinc. Zinc level in 

the diet affected the total AP concentration. Chicks on zinc deficient 

diets were found to exhibit reduced AP. activity in bone (44,7,6,9).

For RDEW diets, there was no significant difference (P <0.05) 

in AP content (total or ug/gm) when the chicks were fed 3 or 6 ppm of 

zinc. Apparently zinc at 6 ppm was used for the other necessary 

metabolic processes (49) and it was not enough to affect AP concen- . 

tration in the tibia. A decrease in serum AP has been used clinically 

as a clue to the diagnosis of zinc deficiency in humans (62).

AP was significantly higher (P <0.05) in the chicks fed CDEW +

6 ppm than the chicks fed RDEW + 6 ppm zinc. This tends to support the 

previous findings that chicks fed CDEW diets used the zinc more effi

ciently.

With the.optimum level of ,PA in each diet there was ho signifi

cant difference (P < 0.05) in AP concentration between chicks fed CDEW +

3 ppm zinc and RDEW + 3 ppm zinc. Since both groups experience a high
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mortality rate and a low body weight, the zinc supplement at 3 ppm is 

low and is not sufficient for the chicks to continue growth.

When body weight, AP concentration or tibia content of zinc 

were used as indication of zinc utilization, optimum dietary PA 

apparently did not cause an added 3 ppm of dietary zinc to be used as 

efficiently as 6 ppm for either CDEW or RDEW diets.



CHAPTER V

CONCLUSIONS, SUMMARY AND RECOMMENDATIONS 

Conclusions

From these two experiments the following conclusions may be

drawn:

1. For CDEW diets, availability of PA water early in the life of 

the chicks increased the growth when chicks were fed 3PA and 

made them comparable to the group fed CDEW + 9PA with or with

out PA water. A high level of PA is apparently needed early in 

the life of the chicks.

2. PA at 9 mg/kg in RDEW diets caused growth depression and was 

apparently in excess for the chicks. PA water did not have a 

significant effect (P < 0.05) on body weight when chicks- were 

fed 3PA.

3. In experiment I, body weights of chicks fed RDEW diets were 

significantly lower (P < 0.05) than body weights of CDEW chicks. 

There appear to be some other factors beside PA, zinc, certain 

amino acids or constituents of egg yolk involved.

4. Chicks fed CDEW and RDEW diets showed only moderate leg scores. 

Chicks fed 9PA had slightly lower■leg scores than those given 

3PA in both CDEW and RDEW diets. Higher PA level in the diet

may affect the leg scores of the chicks in both diets.



PA variation had no apparent affect on tibia zinc content 

(ug/g) in both diets except when the chicks were fed RDEW +

9PA. Chicks fed this latter diet had a significantly (P <0.05) 

higher tibia zinc content. This was attributed to general 

poor growth and low bone weight.

In experiment 2, chicks fed CDEW or RDEW diets + 3 ppm zinc 

showed a significantly (P <0.05) lower body weight and a higher 

mortality than chicks fed 6 ppm zinc. Mortality was 55% for 

chicks on CDEW diets in contrast to 25% for chicks on RDEW 

diets. CDEW could interfere with the utilization of dietary 

PA by binding it so it would not be used, and/or inhibit the 

conversion of PA to coenzyme A.

There was no significant difference (P <0.05) in ug/g or total 

tibia zinc between chicks given 3 and 6 ppm zinc in CDEW and 

RDEW diets. It is possible that the chicks used such zinc as 

was supplied for metabolic processes rather than depositing it 

in the tibia.

Chicks fed CDEW + 6 ppm zinc used it more efficiently for ■ 

growth and AP synthesis than those fed RDEW.

Zinc level in the CDEW diets affected the total AP concentra

tion. The higher the zinc in the diet the higher AP concentra

tion in the tibia.

Since at 3 ppm in CDEW or RDEW diets appears to be insufficient
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for the chicks to grow well.

11. The optimum level of PA in CDEW or EDEW diets apparently did

not increase the utilization of zinc in the chicks fed low 

zinc diets as shown by the criteria mentioned.

Summary

Two factorial experiments with chicks were conducted to deter- 

mine (l) the optimum level of PA necessary to prevent mortality and to . 

promote growth of chicks fed either CDEW or RDEW diets and (2),whether 

zinc utilization would be affected by the optimum level of PA in both 

diets. Growth, mortality, zinc content of tibia and tibid AP concen

tration (2nd experiment) were the criteria used to evaluate dietary 

variation.

‘ In experiment I, variation of PA supplements significantly

(P <0.05) affected the growth and mortality of the chicks fed CDEW and 

RDEW diets. Chicks fed CDEW + 9PA showed good growth and no mortality 

in contrast to lower body weight and 10% mortality when chicks were fed 

CDEW + 3PA. '

Chicks that were fed RDEW + 9PA showed a significantly (P <0.05) 

lower body weight- than chicks fed RDEW + 3PA; also 15% mortality In 

contrast to no mortality respectively.

The addition of PA water significantly affected (P < 0.05) the ■ 

growth and the mortality when supplied to the chicks fed CDEW + 3PA.
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Body weight and mortality were comparable' to that of chicks fed CDEW +■ 

9PA with or without PA water. Chicks fed 3PA in RDEW diet did not 

improve by the addition of PA water. Thus 9PA for CDEW diets and 3PA 

for RDEW diets were determined to be the optimum level of PA.

In the second experiment using the optimum level of PA in either 

CDEW or RDEW diets, zinc was supplied in both diets at 3 or 6 ppm.

The chicks fed either CDEW or RDEW with 6 ppm zinc had a lower 

mortality and significantly (P <0.05) higher body weight than when fed .

3 ppm zinc.

There was no significant difference (P <0.05) in ug/g zinc in 

tibia when the chicks were fed low zinc CDEW or RDEW diets. However, 

chicks fed CDEW + 6 ppm zinc showed significantly (P <0.05) higher tibia 

AP concentrations than when fed CDEW + 3 ppm or RDEW + 3 or 6 ppm zinc.

On the basis of growth and tibia AP concentration, chicks on 

CDEW + 6 ppm zinc diets tend to utilize the zinc more efficiently than 

chicks fed RDEW diets.

Apparently an optimum level of PA did not increase the zinc 

utilization for the chicks fed either low zinc diet. The state of egg 

white seems to be more important than the level of PA in the diet.
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Recommendations

Further research should be done to investigate the following: ' 

Factors other than PA, zinc, constituents of egg yolk and 

certain amino acids (arginine, histidine and methionine) should 

be investigated to find the reason for the growth depression 

of chicks fed RBEW diets.

Since chicks fed either RDEW or CDEW cooked at 80°C showed 

different adverse reactions; different cooking temperatures or 

other procedures which might change the characteristics of 

RDEW should be explored further,

AP activity and concentration in the tibia should be investi

gated with the variation of PA level in the diets. Also, with 

chicks fed RDEW diets + 30 ppm zinc.



LITERATURE CITED



- 36 -

LITERATURE CITED

1. Prasad, A. S., A. Miale, Jr., Z. Farid, H. H. Sandstead and
Schulert, A. R., 1963. Zinc metabolism in patients with the 
syndrome of iron deficiency anemia, hepatosplenomegaly, • 
dwarfism and hypogonadism. J. Lab. Clin. Med.' 6l: 537-5^9«

2. Scott, M. L., M. C . Nesheim and R. J. Young. 1969. Nutrition of
the Chicken. M. L. Scott & Associates. Ithaca, New York.

3. Nielsen, F. H.,'M. L. Sunde and W. G. Hoekstra. 1968. Alleviation
of leg abnormalities in zinc - deficient chicks by histamine 
and by various anti-arthritic agents. J. Nutr. £4: 527-233.

4. Luecke, Richard ¥., Mary E. Olman and Betty V. Baltzer. 1968.
Zinc deficiency in the rat: effect on serum and intestinal 
alkaline phosphatase activities. J. Nutr. 94j 344-350.

5. Forbes, R. M. 1961. Excretory patterns and bone deposition of
zinc, calcium and magnesium in the rat as influenced by zinc 
deficiency, EDTA and lactose. J. Nutr. 74_: 194-200.

6; Harrison, B. N. and M. R. Spivey Fox. 1968. Effect of zinc defi
ciency or alkaline phosphatase in the liver, plasma and tibia 
of Japanese quail. Fed. Proc. 27: 483.

7. Starcher, Barry and F. H. Kratzer. 1963. Effect of Zinc on bone
alkaline phosphatase in turkey poults. J. Nutr. 79: 18-22.-

8. Simkin, P. A., September 1976. Oral zinc sulphate in rheumatoid
arthritis. The Lancet 539-542.

9. Lease, J. G. 1972. Effect of histidine on tibia alkaline
phosphatase of chicks fed zinc-deficient sesame meal diets.
J. Nutr. 102: 1323-132,9.

10. Nielson, F. H., M..L. Sunde and ¥. G. Hoekstra. 1967. Effect of 
histamine, histidine and some related compounds on the zinc 
deficient chick. Proc. Soc. Exp. Biol. Med. 124: 1106-^1110.

Lease, J. G. 1975- Effect of variations in dietary protein and 
amino acids on the alkaline phosphatase of the zinc deficient 
•chick. J. Nutr. 105: 385-392.

11.



- 37 -
12. O'Dell, B. L., P. M. Newberne and J. G. Savage. 1958. Significance 

of dietary zinc for the growing chicken. J. Nutr. 65.: 503-518.

13• Coleman, B. W., N. M. Rieman, R. H. Grummer and W. G. Hoekstra. 
1971. Antagonistic effect of dietary arginine on zinc 
metabolism in chicks. J. Nutr. 101:.1695-1702.

14. .Lease, J . G.. 1977• Effect of various supplements on the mortality 
of chicks fed low-zinc cooked egg white diets. Manuscript in . 
preparation. Home Economics Research, Montana Agricultural 
Experiment Station, Montana State University.

15 • Hettich, Nancy D. 1973. The effect of various form's of" egg
albumen on nutrition of the chick. Masters Thesis, Montana 
State University Library.

16. Davies, M. I. and I. Motzok. 1971. Zinc deficiency in the chick:■ 
effect on tissue alkaline phosphatase. Comp. Bibchem;. Physiol. 
Ij-OB: 192-107.

17. Nutrient Requirements of Domestic Animals: Nutrient Requirements
of Poultry. 6th Revised Edition. 1971. National Academy of 
Sciences, National Research Council, Washington, D. C.,

18. Brown, G. M. 1971• Biosynthesis of Pantothenic acid and
c0enzyme A. Compre. Biochem. 21: 73-80.

19. G. W. E. Plant, C. M. Smith and W. L . Alworth. 197^» Biosynthesis
.of water-soluble vitamins. Ann. Rev. Biochem. 43.: 899-922.

20. Goodhart, Robert S.; and Shils, M. E. 1973. Modern Nutrition in
Health and Disease. 5th Edition, Lea and Eebiger; Philadelphia, 
PA.

21. Pike, R. L. and Brown, M. L. 1975. Nutrition: An Integrated
Approach. 2nd Edition. John Wiley & Sons, Inc., New York, NY.

22. Harrow, B. and Mazur, A. 1962. Biochemistry. 9th Edition.
W. B. Saunders Company, Philadelphia, PA.

23. Unna, K. 1940. Effect of Panthothenic acid on growth and repro
duction of rats on synthetic diets. Am. J . Med, Sci. 200.: 848.

24. Morgan-, A. F. , Cook, B. B. and Davison, H. G. 1938. Vitamin B^



- 38 -

deficiencies as affected by dietary carbohydrate.' J. Nntr.
15: 27-43.

25. Deave, H. W. and.McKibbin, J. M. 1946. The chemical cytology of
the rats adrenal cortex in pantothenic acid deficiency. 
Endocrinology. 38.: 385-402.

26. Jukes, Thomas .H., 1939. The pantothenic acid requirements of the
chick. J. Biol. Chem. 117: 11-20.

27. Beer5 A. E., M. L 0 Scott and M. C. Nesheim. 1963. The effects
of graded levels of pantothenic acid on the breeding perfor
mance of white leghorn pullets. ' Brit. Poult. Sci. 4_: 243-253.

28. Jukes5 T. H., McElroy, L. W. 1943. Observations on pantothenic
acid requirement of chicks, Poul. Sci. 22: 438-441.

29. Snell5 E. E .5 E, Aline5 J. R. Couch and P. B. Pearson. 1941.
■ The effect of diet on pantothenic acid of eggs. J. Nutr. 21: 
201-205.

30. Hodges5 R. E.j M. A. Ohlson and W. B. Bean. 1958. Pantothenic
acid deficiency in man. J. Clin. Inv. 37.: 1642-1657.

31. - Paul5C. P 0 and H. H. Palmer. 1972. Food Theory and Application.
John Wiley & Son5 Inc., New York5 NY.

32. Watt5 B p K., and A. L. Merrill. 1963. Composition of foods, raw,
processed, prepared. U.S.D.A. Agric. Handbook No. 8„

33. Whitney5 E. N. and Hamilton, E. N. 1977. Understanding
Nutrition. West Publishing Company5 New York5 NY.

34. Mitchell, S. H., Rynberger5 H. J., Anderson, L. and Dibble, M. V.
1968. Nutrition in Health and Disease. l6th edition. J „ B, 
Lippincott Company5 Philadelphia, PA.

35. Dewar5 W. A. and W. G. Siller. 1971. Sodium toxicity resulting
from feeding hen egg albumen powder to turkey poults. Brit. 
Poult. Sci. 12: 535-543.

36. Bray5 T. 1971. Variations in kidney arginase activity in chicks
given diets low in available zinc. Masters Thesis, Montana 
State University Library.



- 39 -

37. Williams, R. B. & Mills, C . F. 1970. The experimental production
,of zinc deficiency in the rat. Brit. J. Wutr. '2k_: 989-1003.

38. Parsons, H. T. , Kelly, E-. 1933. The effect of heating egg. white
on certain characteristic pellagra - like manifestations pro
duced in rats by its dietary use. Am. J, Physiol. 104:
150-164.

39« Comar, C. L., and F. Bronner. 1961. ,Mineral Metabolism.
Academic Press. New York and London.' IB: 613.

hO. Bloom, W. and D. W. Fawcett. 1964. A Textbook of Histology.
W. B, Saunders Company. Philadelphia, PA.

41. Westmoreland, Nelson and W. G. Hoekstra. 1968. Pathological
defects in the epiphyseal cartilage of zinc-deficient chicks.
J. Nutr. 98: 76-82.

42. ■ Moag, F., and E. L. Wagner. 1952. The occurrence of a neutral
mucopolysaccharide at sites of high alkaline phosphatase 
activity. Am. J. Anat. 90: 339-369.

43. Bide, R. W. 1969. Plasma alkaline phosphatase in the fowl:
differentiation of tissue isoenzymes by urea. Technicon 
International Congress, Chicago, IL., June 4-6.

44. Spivey Fox, M. R. and Richard M. Jacobs. 1967. Zinc requirements
of young Japanese quail. Fed. Proc„ 26: 1492.

45. Britton, W. M. and C. H. Hill. 1967. The influence of cadmium
and copper, on zinc deficiency; Fed. Proc. 2j6 : 523.

46. Young, R. J., H. M, Edwards, Jr. and M. B. Gillis. 1958. Studies
on zinc and poultry nutrition. Poul. Sci. 37.: 1100-1107.

47. Nielsen, F. H., R. P. Dowdy and Z. Ziporin. 1970. Effect of
zinc deficiency on sulfur - 35 and hexosamine metabolism in the 
epiphyseal plate and primary spongiosa of the chick. J. Nutr.,
100: 903-907.

48. Duncan, D. B. 1955• Multiple range and multiple f. tests..
^Biometrics l̂ L: 1-42.

49. Paris!, A. F. and B. L. Vallee. 1969. Zinc metalloenzym.es.



Characteristics and significance in "biology and medicine.
Am. J. Clin. Nutr. '22_: 1222-1239.

Mills, C. F ., J. Quarlerman, J, K. Chesters, R. B. Williams and 
Dalgarno. 1969, Metabolic role of zinc. Am. J. Clin. Nutr.
22: 1240-1249.

Prasad, A. S. and D. Oberleas. 1974. Thymidine'kinase activity
and incorporation of thymidine into DNA in zinc-deficient 
tissue. J. Lab. Clin. Med. 83: 634-639-

Fujioka, M. and I. Lieberman. 1964. A zn++ requirement for
synthesis of deoxyribonucleic acid by rat liver. J. Biol.
Chem. 239.: 1164-1167.

Hsu, J. M., K. M. Kim and Anthony, W. L. 1974. Biochemical and 
electron microscopic studies of rat skin during zinc deficiency. 
Adv. Exp. Med. Biol. 48: 347-388.

Terhune, M. W. and H. H. Sandstead. 1972. Decreased RNA
polymerase activity in mammalian zinc deficiency. Science.
177: 68-69. :

Fosmire, G. J., Y . Y . Al-Ubaidi and H. 'H. Sanstead. 1975■ Some
effects of postnatal zinc deficiency on developing rat brain. 
Pediat. Res. 9.: 89-93.

McClain, P. E., E. R. Wiley, G. R. Beecher, W. L. Anthony and 
J. M. Hus. 1973. Influence of zinc deficiency on synthesis 
and cross-linkage of rat skin collagen. Biochem. Biophys.
Acta. 304: 457-465.

Thever, R . C. and W. G. Hoekstra. 1966. Oxidation of C-Iabeled 
carbohydrate, fat and amino acid.substrates by zinc deficient 
rats. J, Nutr. Sgj 448-454.

Hsu, J. M. and R. L. Woosley. 1972. Metabolism of L-methionine-
S in Zinc deficient rats. J . Nutr. 102: Il8l-ll86.

Sandstead, H. H., D. D. Gillespie and R. N. Brady. 1972. Zinc 
deficiency: effect on brain of suckling rat. ' Pediat. Res. 6_: 
119-125.

Thompson, R.. W., R. L. Gilbreath and F. Bielk. 1975 - Alterations



. of porcine skin acid mucopoly saccharides in zinc deficiency. 
J. Wutr. 105: l ^ b - l 6 o .

Somers, M 0 and E. J. Underwood.' 1969. Studies of zinc nutrition 
in sheep. IX. The influence of zinc deficiency in ram lambs 

. upon the digestibility of the dry matter and the utilization 
of the nitrogen and sulfer of the diet. Aust. J.- Agr. Res. 2U 
899-903. . - ' ..

Arakawa, T. T. Tamura, Y. Igarshi, H. Suzuki and H. Sandstead.. ' : 
1976. Zinc deficiency in two infants during "Total Parenteral 
alimentation for diarrhea". Am. J. Clin. Nutr. 29.: 197-204.



APPENDICES



-  4 3 -

EGG ALBUMEN PREPARATION

Cooked Egg Albumen

A 250 gm portion of raw egg white solids was mixed with 1000 

ml of distilled water in a baking pan 9" x 13" x 2.5". Mixing was done 

by a hand-held electric mixer at low speed for about two minutes. The 

mixture was placed in an oven preheated to 400°F (lT60C ), after 10 

minutes the egg white reached a temperature of 70°C. It was stirred and 

oven temperature reduced to 300OF (120°C) so that the mixture was main

tained at 80°C for the remaining 10 minutes of cooking time. The egg 

white had a firm texture similar to that of hard-cooked eggs. The egg 

white was removed and cut with scissors into pieces about 1.5 x 1.5 cm, 

spread in a thin layer on brown paper and partially dried at a room 

temperature in front of fans. The pieces were stirred occasionally.

The resulting dried product was ground in a Waring blendOr, filling the 

blender until the blades were just ,covered. It was then replaced on the 

drying papers in front of the fans until thoroughly dried. During that 

time it was stirred occasionally. The dried cooked egg white was ground 

in Waring blendor to a fine powder. It was then milled in a micro-Wiley 

mill to pass through a No. 20 sieve and stored air tight in the 

refrigerator until used.

I

ISpray processed dried egg white solids.. Armour Food Co. Albert. Lea, MN
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METHODS OF ANALYSIS 

Leg Scores

Before sacrifice, chick tibiae were scores for leg 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 determined by shortness of the 

tibia and the enlargement of the hock joint. A difference of I in leg’ 

scores was considered significant.

Collection of Tibiae

Tibiae were removed from three' chicks per group of ten in each 

cage. All flesh was removed, and the tibiae were immediately frozen 

and stored at -30°C until time of analysis; The right tibia was 

weighed individually and used for AP analysis. The left were weighed 

as a group of three from each cage, and used in zinc analysis.



Tibia Zinc Analysis

The three weighed tibiae were dried at 50°C for four hours and 

reweighed. The dried tibiae were ashed at 600°C for 2h hours. The re

sulting ash was cooled in a desiccator and weighed. The ash was 

dissolved in 6 N HGl. After evaporation' of the 6 - H HCl, the ash was 

dissolved in 2 N HCl and diluted with distilled water so that the final 

dilution was 0.1 H HCl. Zinc was analyzed by atomic absorption.^

Alkaline Phosphatase Method

This method is based on that of Starcher and Katzer ( j ) . The

p-nitrophenol liberated from the p-nitrophenyl phosphate by AP is
2measured at 4l0 mu.

•5
Solutions

I; 2 N HCl: IT.T ml of concentrated acid diluted to 100 ml H^O).

2. I M  MgClg: 0.94 g MgClg dissolved and diluted to 100 dlL HgO).

3. 0.17 H NaOH: 6.9 g per liter.

4. Substrate: a) 4.45 g 2-amino-2 methyl-propanol plus 9 Dil 2 N
HC1, dilute to 50 ml with water. Adjust to pH 10 
with concentrated NaOH or 6 N HCl.4

Varian Techtron AA-6, Varian Techtron, Tpy Lt, Melbourne, Australia. 
Courtesy Chemistry Station Analytical Laboratory, Montana State 

gUniversity.
Spectron 20, Bausch and Lomb. /

^Deionized water is used throughout the procedure.
Sigma Chemical Company, St. Louis, MO.
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b) The above solution is added to 210 mg p-nitro- 
phenyl phosphate dissolved in 60 ml of HO. 
Add finally, 0.U ml of I M MgClg. Pipette 1.5 
ml into each large test tube, and store at
-25°C.

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 of the bone.

2. Place in a chilled 35 ml centrifuge tube and dilute with water 
to the nearest ml. Keep in an ice bath.

3. An aliquot of the homogenate is diluted. This dilution may be 
from 0.4 ml to 10 ml or 0.1 ml to 20 ml depending on tissue, 
age of chick and the ration fed. Mix well. Add 0.2 ml of the 
diluted aliquot and 0.3 ml of deionized water to the warmed 
buffer substrate tubes.

4. Place in a water bath at 3T°C for exactly 30 minutes.

5. ■ Remove and add 4.5 ml of 0.17 N NaOH to each tube to stop the
reaction.

26. Pour tube contents into a spectrophotometer tube. Use the 
blank to standardize the machine. Read per cent■transmission 
at 4l0 mu. Convert to O.D. and obtain ug of p-nitrophenol 
liberated by comparison with the standard curve.

7. For the 0.1 to 10 ml dilution multiply the ug of p-nitrophenol 
by. a factor of 0.5. For 0.2 to 10 ml dilution multiply the
ug of p-nitrophenol by a factor of 0.25. For 0.4 to 10 ml 
dilution multiply the ug of p-nitrophenol by a factor of 0.125 
For 0.1 to 20 ml dilution multiply ug of p-nitrophenol by 
homogenate. This times the homogenate equals the total mg of

Sigma Chemical Company, St. Louis, MO. 
Spectron 20, Bausch and Lomb.

J
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p-nitrophenol in the tibia. Divide by the -Weight of the tibia 
to obtain mg AP per gm of bone.

Preparation of Standard Curve:

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

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

Tube Working p 0.17 M T O.D. Equiv.
No. nitrophenol NaOH p-nit-

standard rophenol
ml ml • . ' U g

I • 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
T 5.00 1.5 34.75

Read and record the percent transmittance of each tube at 4l0
mu using 6.5 ml of I0.17 N NaOH as a blank. This gives a range
of approximately lU'-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 
abscissa.

ISigma Chemical Company,■St Louis, MO.
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