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ABSTRACT 

White Leghorn hens were fed various dietary supple

ments in order to investigate the effects of these supple

ments on egg production, egg weight, egg shell quality, and 

per cent retention of calcium and phosphorus. Increased 

ambient temperature causes a detrimental effect on the 

criteria measured, therefore the metabolism of calcium and 

citric acid were Investigated as related to egg shell 

quality during artificially Increased ambient temperature. 

This was accomplished by the use of colostomlzed and intact 

laying hens exposed to 102° F temperatures in a climatic 

chamber. 

The first laying hen experiment was conducted with 

White Leghorn hens to evaluate two different levels of 

dietary calcium (3-0 and k.0^) alone and in combination with 

two levels of thyroprotein (82.5 and ^+1.25 ppm), acetyl 

salicylic acid (0.05^) and 0.1^ ethylenedlamine tetra acetic 

acid (EDTA). In this study, ^.0^ dietary calcium and both 

levels of thyroprotein increased per cent egg shell, but 

caused a concomitant decrease in egg production and egg 

weight. The combination of 0.05^ acetyl salicylic acid and 

82.5 ppm thyroprotein caused a significant reduction in egg 

production, egg weight and per cent shell. The other com

binations had no effect on the criteria measured. 

viii 
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The second laying hen study showed an increase in 

egg shell quality when dietary calcium levels were increased 

from 2.?2 to during the latter portion of the laying 

year. The supplementation of ascorbic acid (44 mg/kg) to 

the diet had no effect on egg shell quality. Grams of cal

cium retained per day were not significantly altered regard

less of dietary treatment. Plasma calcium and plasma citric 

acid values were increased when the birds were fed 4.23^ 

dietary calcium. Time of bleeding was Investigated to 

determine the diurnal effect on plasma citric acid levels. 

It was observed under exposure to environmental temperatures 

of 80° P at 6:00 a.m. to 100° F at 2:00 p.m. that plasma 

citric acid concentration did not reach a maximum until 6:00 

p.m. at which time egg shell calcification should be at a 

maximum. 

Colostomlzed hens were used in the third experiment 

to investigate the effect of increased plasma citrate levels 

on urinary loss of calcium. Hens were injected with neu

tralized citric acid and urinary loss of citric acid and 

calcium showed a 4-5 fold increase in kidney clearance. 

Fr these results it was postulated that blood citric acid 

might bind ionic blood calcium and ionic calcium might be 

lost in the urine, thus reducing the amount of available 

calcium for egg shell formation. 

A fourth experiment utilized intact hens and 

pullets which were exposed to increased ambient temperature 
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in a climatic chamber and plasma citric acid, and calcium 

concentrations were observed. Citrate concentrations 

increased 67^ and 98^ in a two-hour exposure to 102° F in 

hens and pullets, respectively. 

In the fifth experiment force molted White Leghorn 

hens were used to Investigate the effect of thyroproteln and 

ethylenediaminedihydrolodide on egg shell quality. No sig

nificant effect was observed on egg shell quality with 

either treatment. Increased metabolic rate was observed 

when the hens were fed thyroproteln. Protein bound iodine 

increase and loss in body weight were used as an estimate of 

metabolic rate. 

In the sixth experiment the effect of varying 

dietary phosphorus levels with 2.77^ and 4.23'^ dietary cal

cium on egg shell thickness was investigated. Increasing 

dietary phosphorus above 0.6# on either dietary calcium 

levels showed a decrease in egg shell thickness and egg pro

duction. 

The first chick experiment was conducted to investi

gate the effect of dietary sodium citrate on body weight 

gain, feed conversion, mortality, plasma citric acid and 

calcium concentrations, bone ash and retention of dietary 

calcium and phosphorus in chicks from one day of age to four 

weeks. At dietary levels ranging from 0.5 to 2.0*, the 

chick appears to be able to metabolize dietary citric acid. 

Supplementation of ^.0 and 8.0* dietary sodium citrate 
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resulted in increased mortality, reduced retention of cal

cium and phosphorus but showed no effect on plasma citric 

acid or calcium or bone ash. 

The second chick experiment was conducted to study 

the effect of continued feeding of 0.1^ sulfaqulnoxallne and 

to evaluate the effect of supplemental vitamins A, E, K and 

folic acid in counteracting the sulfaquinoxallne Induced 

stress. The feeding of vitamins A, E, K and folic acid did 

not overcome the stressor effects of the continuous feeding 

of 0.1^ sulfaquinoxallne. Autopsy revealed no gross changes 

in the internal organs of the chicks. However, a low inci

dence of gizzard erosion, subcutaneous hemorrhage, and 

accumulation of sulfaquinoxallne crystals In the kidneys and 

ureters occurred. There appeared to be considerable varia

tion among individual birds with regard to the responses 

obtained as a result of the sulfaquinoxallne feeding. 



CHAPTER I 

INTRODUCTION AND REVIEW OF LITERATURE 

The control of factors that affect the net production 

of an agricultural enterprise Is of the utmost Importance, 

not merely to Insure the operator of such an enterprise an 

adequate living, but to meet the ever increasing demand of a 

growing population for food and fiber. Obviously, all of 

the factors that affect agricultural production are not con

trollable, for example the weather. During the production 

of animal products, the animal unit is exposed to many 

adverse conditions such as Increased environmental tempera

tures. This constitutes a "stress1* and results in a reduc

tion in the rate of performance, especially in the avian 

species. Continued research in the area of "stress" has 

aided the producer in maintaining a high rate of production 

during this period. 

Stress 

Webster (1965) defines stress as "a state resulting 

from stress: esp. one of bodily or mental tension resulting 

from factors that tend to alter an existent equilibrium." 

Stress was further defined by Selye (1952) as "the summation 

of all non-specific phenomena." Stress is caused by various 

stressors, which may be divided into two types: local 

stressors, which result in local inflammatory response, and 

1 
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systemic stressors, which result in what Selye (1952) refers 

to as the General Adaptation syndrome or G-A-S. The types 

of stress involved in this report are of the systemic 

variety. Systemic stress may be brought about by such 

stressors as heat, cold, starvation, disease, permanent 

excitement or anxiety and continued exposure to certain 

drugs. 

Adaptation to Stress 

In higher vertebrates adaptation to a stressor is a 

complex process involving integration of nervous, humoral 

and metabolic processes in an attempt to maintain homeosta

sis or constant internal environment. As outlined by von 

Paber (196*0, "the more prominent morphological and func

tional changes in response to a systemic stressor are 

enlargement of the adrenals with an Increased output of 

cortical steroids, involution of the thymus and other lym

phatic organs with associated blood element changes, the 

occurrence of gastrointestinal ulcers (only in mammals) and 

variations in the resistance of the organism to further 

stress. The degree of adaptive response to a stressor 

depends on the amount of exposure (Brown, 1959)- If the 

stimulus is slight, adaptations go on quietly with no harm

ful homeostatic Imbalances resulting. However, if the 

stimulus is severe, homeostasis is not maintained and 

biological harm results. 
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The releasing mechanism by which the general adap

tive syndrome occurs involves the Intact endocrine system, 

as follows: the stressor stimulates the anterior pituitary 

to release higher amounts of adrenocorticotropic hormone, 

which Increases the output of glucocorticoids from the 

adrenals. Adrenal weight Is eventually Increased as a 

result of ACTH (Brown, 1959). Recent Investigations have 

Indicated that the pituitary responds to a stressor only If 

Its normal connection to the hypothalamus is not broken. A 

neurohormone "corticotropin-releasing-factor" or CRF has 

been Identified as the stimulatory agent released from the 

hypothalamus (Bierich, et al., 1962; Schlndler, 1962). 

A more obscure effect of a stressor is the effect on 

mineral metabolism. In mammals the controlled release of 

mineralcorticoids is not under the direct influence of ACTH. 

The function of aldosterone, the most potent of the mineral

corticoids, Is the controlled retention of sodium. Aldo

sterone release appears to be influenced by dietary salt 

levels, and may also be controlled by pressor receptors in 

the mid-brain (Farrel, 1958) or the kidney (David, 1961). 

General Adaptive Syndrome 

The main symptoms of the general adaptive syndrome 

in poultry are enlargement of the anterior pituitary (Garren 

and Barber, 1955; Garren and Shaffner, 1956; Slegel, i960); 

adrenal enlargement due to interrenal hypertrophy (Brown, 

1959; Conner, 1959; Garren and Shaffner, 1952; Slegel,i960); 



retardation of growth (Conner, 1959; Green and Shaffner, 

1952, 1956) or loss of weight (Garren and Barber, 1955); 

increased blood citric acid (Hill, 196la; Hill, 196lb; Hill 

et al. , 1961); decreased number of lymphocytes (Morita and 

Nishida, 1956; Newcomer, 1958; Wolford and Ringer, 1962); 

atrophy of the thymus, the bursa Pabricii and the spleen 

(Conner, 1959; Garren and Shaffner, 1952, 1956); and the 

depletion of adrenal cholesterol (Brown, 1961; Flickinger, 

1961). 

Stressors that cause the G-A-S response in poultry 

are cold (Gerren and Shaffner, 1952, 1956; Hill, 1961a; Hill, 

1961b; and Hill et al., 1961); heat (Hill, 1961a; Hill, 

1961b; Hill et al., 1961); starvation (Hill et al., 1961); 

limitation of feed and water (Conner, 1959); thioruacil in 

the feed (Garren and Shaffner, 1952, 195*0; sulfaquinoxaline 

in the ration (Brown, 1958); and various management and 

handling procedures such as: debeaking (Perek and Bedrak, 

1962), crowding (Siegel, 1959&; Siegel, 1959b), handling 

Belloff and Hsu, 1963), restraint (Newcomer, 1958) and per

haps molting (Perek and Eckstein, 1959). 

The effect of high environmental temperature in the 

domestic fowl has been studied extensively. The overall 

observations in sexually-mature chickens have been reduced 

egg production (Hutt, 1938; Hinds, 19^9: Howes et al., 1961), 

reduced egg weight (Bennlon and Warren, 1933; Lorenz and 

Almquist, 1936; Bruckner, 1936; Hutchinson, 1953; Huston, 
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1958; Mueller, 1961; Cannon and Huston, 1965), reduction in 

egg shell thickness (Bennion and Warren, 1933; Warren and 

Schnepel, 19^0; Mueller, 1959) and reduced feed consumption 

(Wilson, 19^8; Huston et al., 1957: Adams, 1962). During 

heat stress growing chickens exhibit reduced growth rate or 

loss of weight (Kempster, 1938; Heywang, 19^7; KheirEldrin 

and Shaffner, 195^; Joiner and Huston, 1957; and Huston and 

Edwards, 1961). 

The reduction of egg shell thickness with increased 

environmental temperatures results in great economic loss to 

the egg industry annually, and thus has promoted extensive 

investigation. The exact cause of the reduced egg shell 

thickness is not known, but may be due to a lack of knowl

edge of the mechanism by which the deposition of egg shell 

material occurs. Nutritional, physiological and environmen

tal factors are involved in the process of egg shell 

deposition. 

Physiological factors 

The total blood calcium of a laying hen is nearly 

twice that of a non-laying hen with most of the increase 

occurring in the non-diffusible or protein-bound fraction 

(Sturkle, 195^). Approximately 6CK of the blood calcium 

exists in this form. Calcium deposited as egg shell is from 

the ionic or diffusible calcium fraction of the blood. 

During egg shell calcification a reduction in the non-

diffusible form was reported by Winget and Smith (1958). 
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Polin and Sturkie (1957), however, demonstrated a decrease 

in the diffusible fraction. Hertelendy and Taylor (1961) 

substantiated the findings of Polin and Sturkie by demon

strating a decrease in total plasma calcium which was 

accounted for in the diffusible fraction. It was further 

found that shell calcification is almost always associated 

with a fall in the diffusible plasma calcium levels of 0.1-

2.6 mg/100 mis, and that this decrease Is normally accom

panied by a decrease in total calcium. 

The fact that the pH of the blood greatly influences 

the equilibrium existing between diffusible and non-

diffusible blood calcium fractions has been demonstrated in 

vitro in mammalian blood by Hopkins, Howard, and Eisenberg 

(1952). This was confirmed in the chicken by Taylor and 

Hertelendy (1961). In in vitro studies an increase of 0.3 

pH units caused a decrease in diffusible calcium of 1.0-2.0 

mg/100 mis. (Taylor and Hertlendy, 1961). 

The effect of dietary supplementation of certain 

salts on shell quality is mediated through their ability to 

induce an alkaline deficit. Ammonium chloride when fed 

reduced blood pH and blood bicarbonate with no significant 

change in the total blood calcium (Hunt and Aiken, 1962). 

Hunt and Aiken (1962) suggested that the ammonium chloride 

effect on egg shell was to reduce blood bicarbonate concen

tration rather than calcium available for egg shell forma

tion. 
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Hall and Helbacka (1959) reported that shell thick

ness decreased concomitantly with a decrease in blood pH 

with the feeding of ammonium chloride. This would indicate 

that the laying hens were suffering from acidosis which may 

account for the thin shells. Helbacka et al. (1963) reported 

from their trials that changing the acid-base balance via 

the respiratory system would have the same effect as feeding 

NH^Cl, i.e. a drop in blood pH and a reduction in shell 

thickness. 

The enzyme carbonic anhydrase has been Implicated in 

the egg shell calcification process. Gutowska and Mitchell 

(19^5) found that the carbonic anhydrase content of the 

uterus, but not that of the blood, was much higher in high-

producing hens which laid eggs with good shell texture than 

in poor layers or non-layers. 

The effect of feeding sulfanilamide on carbonic 

anhydrase activity and egg shell formation has been demon

strated by Merhing et al. (1955), who found a reduction of 

shell thickness or high incidence of eggs laid without 

shells. The fact that carbonic anhydrase is inhibited by 

sulfanilamides has been shown by Keilin and Mann (19^0). 

Robinson and King (19&3) have shown that carbonic 

anhydrase is concentrated in the mammallae of the shell mem

brane and thus supplies a local concentration of carbonate 

ions for deposition as CaC03 in the egg shell. The carbonic 

anhydrase reaction is as follows: 
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2HC03~^=± H2C03 + CO3" 

(carbonic anhydrase] 

>0 + GOo 2 

G0^~ + Ca^t > shell 

Mueller (1962) attempted to show that the diuretic 

effect of sulfanilamide caused the reduction In shell thick

ness. He found no significant correlation between shell 

thickness and carbonic anhydrase activity in uterine tissue, 

and the carbonic anhydrase content of the uterine tissue 

during shell deposition was no higher than when an egg was 

present in either the magnum or the isthmus. Mercuhydrln, 

cardalin and acetazolamide Interfered with shell deposition 

and caused diuresis, and it was postulated that their effect 

on shell formation might be due to the diuretic effect and 

not to a reduction of carbonate supply. This conclusion was 

recently refuted by the failure of neurohypophysectomy to 

reduce egg shell thickness. Neurohypophysectomy caused a 

three to five fold increase in -the urine excretion (Opel, 

1965). 

The relationship of blood citric acid to blood cal

cium is not clear. The fact that blood citric acid levels 

fall as a female fowl reaches sexual maturity has been 

demonstrated by Hertelendy and Taylor (196*0 . It was also 

noted that citric acid and calcium concentrations had a 
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positive linear relationship in the Isthmus and. uterus of a 

laying hen's oviduct. The function of the increased citrate 

remains obscure. 

Urinary excretion of citric acid by the fowl has 

been shown to be influenced by several hormones (Kendler and 

Taylor, 1966). During egg shell calcification less citrate 

was excreted than when no egg was present in the uterus. 

Urinary excretion of calcium was not reported. It has been 

found with dogs that subcutaneous injections of citrate 

caused a considerable and prompt Increase in urinary excre

tion of calcium without affecting serum calcium (Gommeri and 

Goulius, 19^j4; Chang and Freeman, 19^9). The importance of 

this has not been studied in the domestic fowl exposed to 

high environmental temperatures. 

Bone is the largest single storehouse of citric acid 

in the normal animal (Thunberg, 1953). Citrate ions are 

thought to occur on the surface of the apatite crystals 

(Hendricks and Hill, 1950; Taylor, i960), and that with 

increasing age there is an increase in the size of the indi

vidual bone crystals. With the exception of White Leghorn 

hens, the medullary bone of sexually-mature birds is richer 

in citric acid than cortical bone (Hertlendy and Taylor, 

196*0 • Thus there appears to be a close relationship 

between citric acid and calcium. 

The administration of vitamin D or parathyroid hor

mone increased both serum calcium and citrate levels (Alwell, 
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19 ;̂ Freeman and Chang, 1950). Parathyroid hormone altered 

the oxidation of citrate and other intermediates of the 

Kreb's Cycle (Cohn, et al., 1965), in addition to its 

effects on blood calcium levels. Vitamin D has been impli

cated in the transport of calcium across the intestinal 

mucosa (Nicolysen and Eeg-Larsen, 1953), although the exact 

mechanism of calcium transport is not known. 

The recent discovery of a highly active hypo-

calcemic-hypophosphatemic hormone, thyrocalcitonin (Hirsch 

et al.. 1963), lends credence to the homeostatic mechanism 

for control of calcium postulated by Copp, et al. (1962), in 

which an increase in blood calcium initiates the release of 

hypo-calcemic substance causing the reduction of serum cal

cium to within homeostatic levels. The effect of thyrocal

citonin on calcium metabolism in the rat appears to be an 

increased deposition of calcium in the bone and a reduction 

of endogenous excretion of calcium (Wase e_t al. , 1966). The 

activity of thyrocalcitonin in the domestic fowl has not 

been investigated. 

Nutritional Factors 

The chemical composition of a hen's egg shell is 

approximately 93.7# CaCO-^, 1.39^ MgCO^, and 0.76^ P2°5 

(Stewart, 1935). The average egg contains 8-10< shell; if 

we assume a fifty-gram egg, we have 3.5-5 grams of shell and 

of this approximately 1.8 grams is calcium. It has been 

estimated with the use of radio-isotopes that 65-70^ of the 
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calcium In the egg shell Is supplied "by the dally food 

Intake (Drlggers and Comar, 19^9), while the remainder of 

the calcium is mobilized from the medullary portions of 

certain "bones within the body (Sunde, 1966). Thus it can be 

seen that the dietary supply of calcium is of major impor

tance In producing egg shells of good quality. 

Recently the National Research Council has revised 

the minimum recommended level of dietary calcium for laying 

hens from 2.25 to 2.75 per cent (National Research Council, 

1966). The feeding of additional amounts of calcium has 

improved egg shell thickness (Petersen et al., 1959, I960; 

Durham et al., I96O; Thornton, I960; Helbacka, I96I; 

Griminger, i960). Levels as high as 5.0# are reported to 

improve egg shell thickness during periods of high ambient 

temperature. 

Perhaps a more important consideration in calcium 

nutrition of the laying hen is calcium retention or absorp

tion rather than dietary level. Salem and Reda (1955) 

demonstrated in Egyptian laying hens that the percentage 

retention of calcium was depressed by increased dietary 

levels. Mueller (1959) concluded that a reduction in feed 

intake and blood calcium levels were not as closely related 

to a decrease in egg shell thickness as was calcium reten

tion. When hens were exposed to high environmental tempera

tures, feed intake was decreased but per cent calcium 

retention was increased. Reid (1966) found that the feeding 
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of 2^ dietary calcium resulted In 6cK retention; retention 

was decreased to ^6# and 40# at dietary levels of 2.77- and 

3.5< dietary calcium, respectively. Optimum shell thickness 

was obtained at 2.8^ calcium with hens laying at a rate of 

70<. This corresponded to a dally retention of 1.4l p. of 

calcium. 

Dietary phosphorus levels did not appear to affect 

egg shell thickness as long as the diet contained a minimum 

of 0.6# total phosphorus (National Research Council, 1966). 

Higher levels of phosphorus in the diet increased the per

centage of phosphorus in the egg shell but did not affect 

the amount of calcium in the shell or percentage of shell 

(Crowley et al. , i960). 

Other dietary factors which have an Indirect effect 

on egg shell quality are vitamin D, zinc, manganese, vitamin 

C, antibiotics and thyroprotein supplements. Vitamin has 

an indirect effect through an as yet undefined mechanism 

involved in calcium transport across the intestine wall 

(Wasserman, 19&2). Zinc is a component of the metalloenzyme 

carbonic anhydrase (Underwood, 1956), and is therefore 

important in the egg shell forming process. Manganese func

tions in egg shell formation primarily as a component of 

enzymes which are necessary for proper absorption and utili

zation of calcium and phosphorus (Sullivan, 1967). The 

feeding of antibiotics to improve egg shell quality has met 

with variable results. Supplementing laying hen diets with 
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15 and 50 ppm procaine penicillin resulted in improvements 

in egg shell quality (Gabuten and Shaffner, 1952; Bogdoroff 

and Shaffner, 195^). Eoff et al. (1962) demonstrated that 

supplementation of 50 gnu chlortetracycline per ton of diet 

plus O.U-% terepthalic acid reduced the incidence of checked 

and cracked shells by ^.0 to 1.6^. However, others reported 

that the supplementation of 30 ppm procaine penicillin did 

not result in an improvement in egg shell thickness or in 

specific gravity measurements (Heywang and Kemmerer, 1955: 

Petersen et al., 1958). 

Improvement by supplemental ascorbic acid in shell 

quality under increased environmental temperatures was 

reported by Thornton and Moreng (1958), El-Boushy (1966), 

Sullivan and Gehle (1962) and Sullivan and Kingan (1962). 

However, no significant improvement in shell quality was 

noted with supplemental ascorbic acid by Heywang and Kemmerer 

(1955), Hunt and Aiken (1962) and Perek and Kendler (1962). 

An increase in egg shell thickness was demonstrated 

by feeding thyroprotein to laying hens during increased 

environmental temperatures (Asmundson and Pinsky, 1935; 

Wilson, 19*4-9). It was suggested that an increase in basal 

metabolic rate was related to the amount of egg shell formed 

(Thornton, i960). 

Several experiments were designed to investigate the 

effects of stress on the mineral metabolism of growing and 

mature domestic fowl. 



CHAPTER II 

EFFECT OF VARIOUS DIETARY TREATMENTS ON EGG 
SHELL QUALITY OF LAYING HENS DURING 
HIGH ENVIRONMENTAL TEMPERATURES 

High ambient temperatures, encountered, in most parts 

of the Southwestern United States during the summer months, 

cause a marked decrease in egg production, egg weight and 

egg shell quality. The egg shell represents a unique pack

age for a high-quality animal product; therefore, it is of 

the utmost importance to obtain a method of maintaining an 

egg shell of proper quality during periods of environmental 

stress. 

Several experiments were conducted to evaluate the 

effects of various dietary regimes on egg shell quality in 

laying hens exposed to high environmental temperatures. All 

experiments utilized White Leghorn hens. 

Experimental Procedures 

Experiment 1. The first experiment was conducted 

for a period of forty weeks. The birds were housed in floor 

pens and consisted of forty randomly-distributed hens per 

lot with two replications per dietary treatment. Body 

weights were taken at the beginning and end of the experi

ment. Egg production and feed consumption data were summar

ized at 28-day intervals and egg weight and per cent shell 

were measured during three days of each experimental period. 

14 
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Feed and water were supplied ad libitum. The composition of 

the basal diet is shown in Table 1 and the calculated analy

sis is shown in Table 2. The various dietary treatments are 

shown in Table 3. Dietary supplementations were made at the 

expense of milo. 

Experiment 2. The second experiment was conducted 

for forty weeks with the hens housed in individual wire lay

ing cages in a conventional open cage house. The birds were 

randomly distributed into four replicate groups of five hens 

per replicate. The hens were weighed initially and at the 

end of the experiment. Egg production (hen-day) and feed 

consumption data were summarized at 28-day intervals. Egg 

weight and shell thickness were measured during three con

secutive days of each experimental period. Peed and water 

were supplied ad libitum. The composition of the basal diet 

is shown in Table 1. The calculated analysis of the basal 

diet is shown in Table 2. The experimental plan is shown In 

Table Dietary supplementations were made at the expense 

of bentonite. 

Blood samples were taken from a representative 

sample of birds in each treatment for the determination of 

the effect of high ambient temperatures and dietary treat

ment on plasma citric acid and calcium levels. It was 

observed that there were differences in plasma citric acid 

concentration when the time of blood sampling varied. 

Therefore, twenty-five hens were sampled in groups of five 
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hens each over a 2k hour period in order to determine the 

maximum plasma citrate concentration in relation to diurnal 

variations in ambient temperature. 

Experiment 3. An attempt was made to investigate 

the urinary loss of citric acid and Its effect on urinary 

calcium losses. As the fowl excretes urine and feces from a 

common orifice, the large intestine was exteriorized, so 

that the urine could be readily obtained from the cloaca 

free of fecal matter. The surgical technique for colostomy 

was modified from that of Fussel (i960). Ether was used as 

an anesthetic and aseptic techniques were employed through

out. After ligation of the distal end of the large intes

tine, the intestine was severed and the free end of the 

large intestine was brought to the body wall approximately 

1-1/2 inches to the right side of the mid-line and 1-1/2 

inches anterior to the cloaca. The large intestine was 

sutured so that one-half an inch protruded past the body 

wall and the gut was then rolled back and sutured to the 

body wall. A polyethylene tube adaptor with 1 cm inside 

diameter was modified so that the flange remained and four 

l/l6 inch holes were drilled in the flange for suturing. 

The adapter was inserted into the exposed large intestine 

and sutured in place. Some difficulty was encountered due 

to the fecal material drying on the exposed flange and this 

required daily inspection to insure free movement of the 

feces. Urine collections were made in the usual rubber 
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collection bags attached with surgical cement over the 

cloaca. In order to avoid the possibility of the hen's 

pulling the collecting bag loose, the bag was covered with a 

heavy plastic colostomy sack which was also secured in place 

with surgical cement and a rubber band around the bird's 

tail. 

The effects of intravenous injections of citric acid 

in isotonic saline were also studied. The citrate solution 

was neutralized to pH 7.4 with sodium hydroxide just prior 

to injection, and urine and blood samples were obtained at 

one hour intervals after the injections. 

Feed and water were supplied ad libitum. A standard 

16# laying hen diet was fed to all birds during these 

studies. 

Experiment K. To evaluate the effect of high envir

onmental temperature on plasma citrate in intact chickens, 

two groups of birds were exposed to elevated temperatures 

for two hours in a climatic chamber. The temperature of the 

chamber was set at 102° F + 1°. Six pullets and five laying 

hens were placed In the chamber, while four birds from each 

group were maintained as controls. All birds were subjected 

to cardiac puncture and similar handling procedures before 

and after the two hour interval. The birds not placed in 

the chamber were maintained in a battery room which remained 

at 80° F. Feed and water were supplied ad libitum. 
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Experiment 5. The fifth experiment was conducted to 

investigate the effect of thyroproteln and ethylenediamlnedi-

hydrocodlde (EDDI) on egg shell quality in force molted hens. 

The experiment was conducted for nine 28-day periods. The 

birds were selected from a group of 6^-week-old hens which 

had completed one year of production. The birds were culled 

for unthrifty birds or poor producers and force molted by 

the following procedure: lights were discontinued, and feed 

and water withheld for 3& hours. Water was then withheld 

only in the afternoon for the next five days. Six to seven 

pounds of ground milo per 100 birds were fed as the sole 

source of feed until production ceased or dropped drasti

cally. Thereafter, each 100 birds were fed a combination of 

six pounds of ground milo plus three pounds of 16°^ layer 

mash for ten days. The mash was then gradually increased 

over the next two weeks until birds were on full-feed. The 

lights were then increased to 1^ hours per day. The birds 

reached 50^ production about eight weeks after the start of 

the molting procedure and were then placed on the experimen

tal diets (Table 5). The birds were randomly distributed 

into five treatment groups of four replicate lots, each con

taining five birds. Body weights were obtained when the 

birds were placed on experiment and at the end of the ninth 

experimental period. Egg production (hen-day) and feed con

sumption data were summarized at 28-day intervals. Egg 

weight and per cent shell were measured during three 
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consecutive days of each experimental period. Feed and 

water were supplied ad libitum. The composition of the 

basal diet is shown in Table 1 and the calculated analysis 

of the basal diet is shown in Table 2. 

Experiment 6. The effect of dietary calcium and 

phosphorus levels was studied in relation to egg shell qual

ity for 20 weeks with data on egg production and feed con

sumption summarized at 28-day intervals. The birds were 

randomly distributed into six treatment groups of four 

replicate lots, each consisting of five birds. Egg weight 

and shell thickness were measured during three consecutive 

days of each experimental period. Feed and water were sup

plied ad libitum. The composition of the basal diet is 

shown in Table 1. The calculated analysis of the basal diet 

is shown in Table 2. 

Analytical Methods 

Plasma samples were collected by cardiac puncture 

with heparinized syringes, and whole blood samples were 

placed in heparinized tubes and centrlfuged to obtain the 

plasma. In experiments 1 and 2, plasma citric acid was 

determined by the method of Hess and White (1955). Because 

of the number of samples to be analyzed, a more rapid method 

of citric acid determination was employed to estimate the 

plasma citric acid levels in the ensuing experiments (Marier 

and Boulet, 1958). The two methods, when compared on the 

same plasma samples, gave equivalent results. Plasma 
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protein bound iodine (PBI) was determined using the method 

found in the "Manual of Clinical Methods for the Coleman 

Junior Spectrophotometer" (1962). This method is a combina

tion of the methods of Zak et al. (1952), Zak et al. (1953) 

and O'Neal and Slmras (1953). Plasma calcium concentrations 

were determined by flame photometry Coleman Bulletin D-248B 

(1958). Plasma proteins were estimated from values read 

from a refractometer (American Optical Company, Los Angeles, 

California) calibrated to read in grams per 100 mis. Where 

appropriate, whole blood and urine pH were obtained with a 

Beckman Zeromatic pH Meter. The pH values were read on 

whole blood immediately after cardiac puncture to minimize 

the loss of CO2 and subsequent change in pH. Urine pH was 

measured after the appropriate collecting periods. 

Fecal collections were made on galvanized pans or 

plastic sheets placed under the cages or roosts. Peed and 

fecal chromium oxide determinations were carried out by the 

method of Czarnocki £t al. (1961). Peed and fecal calcium 

and phosphorus levels were determined by the method of 

Coleman (1958) and Hawk, Oser and Summerson (195^0, respec
tively. 

Interpretation of the egg production and laboratory 

analytical data was carried out by the use of the appropri

ate statistical techniques. Analysis of variance was 

routinely used (Snedecor, 1956), and mean differences were 

evaluated with Duncan's multiple range test (1955). When 



21 

unequal replications were encountered, Kramer's (1956) pro

cedure was employed. Analysis of covariance (Li, 1965) was 

used where necessary. 

Results and Discussion 

Experiment 1. This study was conducted to evaluate 

the effects of two calcium levels (3^ and ^), 0.05^ acetyl 

salicylic acid (aspirin), two levels (82.5 and **1.25 ppm) of 

Protomone (thyroprotein, 0.1% ethylenediaminetetraacetic 

acid (EDTA), and combinations of these on the performance of 

laying hens (Table 4). The results dealing with production 

traits for the cooler and warmer portions of the year, 

together with a summary for the complete experiment, are 

shown in Table 7. 

The addition of dietary calcium caused a sig

nificant reduction in egg production and egg weight during 

the warm weather, but did not affect these criteria during 

the cooler portion of the year. Per cent shell was Increased 

significantly throughout the entire laying year by increasing 

the dietary calcium level from 3.0CK to k.0Q<. Feed conver

sion was poorer for the entire experimental year, but feed 

Intake was not significantly altered. 

The addition of 82.5 ppni of thyroprotein to the 

basal ration from the beginning of the experiment resulted 

in a significant reduction in egg production rate and in egg 

weight (Table 7). This was in agreement with Olaufa (1953) 

and Wilson (19^9) who also showed a reduction in both egg 
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production and egg weight. However, Turner et al. (1947) 

fed thyroprotein to laying hens and observed no decrease in 

egg production or egg weight. A decrease in egg production 

was not evident during the cooler portion of the year, but 

there was a significant increase in per cent shell due to 

the feeding of 82.5 ppm thyroprotein. During warm weather 

it was not clear whether the observed increase in per cent 

shell resulted from the thyroprotein feeding or from the 

decrease in production and egg weight. The improvement in 

shell quality was equivalent to the increase observed with 

the addition of 1.0# calcium to the basal diet. In both 

instances egg weight was also significantly reduced. An 

increase in per cent shell during supplementation with thy

roprotein has been reported by Gutteridge and Novikoff 

(1947) and by Berg and Bearse (1951), hut no reduction in 

egg weight was reported. The feeding of 41.25 ppm thyropro

tein at 44 weeks of age did not reduce egg weight or egg 

production. Per cent shell values were increased signifi

cantly with this treatment but were not significantly 

different from the other thyroprotein treatments or the 

feeding of 3.9# calcium in the diet. Feed required per 

dozen eggs (feed conversion) was significantly increased 

when thyroprotein was fed throughout the experiment but was 

not affected by the feeding of 41.25 ppm thyroprotein from 

44 weeks of age. Feed Intake was not altered by either 

treatment (Table 7). 
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Aspirin failed to Increase the rate of egg produc

tion and demonstrated no effect on egg weight or per cent 

shell. The failure of aspirin to increase egg production 

did not correspond with the results found by Thomas (19&5) 

who showed an Increase in egg production when 0,05* aspirin 

was fed to laying hens, but the effect of aspirin on egg 

weight and per cent shell was in agreement with the findings 

reported by Thomas (1965). When 0.05^ aspirin was fed with 

82.5 ppm thyroprotein, a significant reduction in egg pro

duction and egg weight was noted (Table 7). Per cent shell 

was significantly increased during the cool weather, but not 

during warm weather. The over-all experimental results 

showed a significant Increase in per cent shell, possibly 

induced by the reduced egg production rate and egg weight. 

Asplrift (0,05#) when combined with 0.1t EDTA and 3.97^ cal

cium, showed no effect on egg production or per cent shell, 

while egg weight was significantly lowered (Table 7). 

The feeding of 0.1^ EDTA and 3.97^ dietary calcium 

did not slgniflcantly affect any of the criteria measured 

except feed intake, which was significantly increased (Table 

7). In addition, EDTA (0.1^) did not improve per cent shell 

when fed with 3.97^ calcium or when combined with 3.97^ cal

cium and 0.05^ aspirin. When ^1.25 ppm thyroprotein was 

added, there was a significant increase in egg shell quality 

(Table 7). 
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A dietary level of 3.97# calcium appeared to depress 

egg production during warm weather but this difference was 

not judged significant. When the results of the cool and 

warm weather were combined, a significant reduction in egg 

production was found. 

One could conclude from these results that the feed

ing of 82.5 ppm thyroprotein and 3.97^ calcium had equal 

effects on egg shell quality. Supplementing 4-1.25 ppm thy

roprotein resulted in an improvement in shell quality during 

the warmer months without affecting egg production, but did 

decrease egg weight. EDTA (0.l£), aspirin (0.05^) and 

various combinations of these failed to show any clear cut 

answers to a dietary method of increasing per cent egg shell 

during high ambient temperature. 

Experiment 2. This study was conducted to investi

gate the effect on egg shell thickness of two dietary levels 

of calcium (2.72 and 4-. 23^) in combination with ascorbic 

acid at a level of 44 mg/kg of feed. The supplementation of 

ascorbic acid was made on both dietary calcium levels at 44 

weeks and 62 weeks of age (Table 4-). 

No significant differences were obtained in hen-day 

production, feed conversion or feed Intake as a result of 

the dietary calcium or ascorbic acid treatments (Table 8). 

Similarly egg weight was not affected by the treatments 

(Table 8). A significant increase in shell thickness was 

obtained at the higher dietary calcium level when compared 
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with the values obtained for birds fed 2.72< calcium in the 

absence of supplemental ascorbic acid (Table 8). 

The average shell thickness values for the respec

tive dietary treatments are shown in Table 9. Increasing 

the dietary calcium level to 4.23^ signlficantly increased 

shell thickness during the last four months of the experi

ment. Average shell thickness for the higher calcium level 

was 0.3^9 mm compared with 0.335 nmi obtained for treatments 

fed 2.72^ calcium. The feeding of ascorbic acid (^4 mg/kg) 

during either of the time periods failed to produce a sig

nificant improvement in egg shell thickness. The results of 

this experiment indicate a beneficial effect of increased 

dietary calcium only during the latter portion of the exper

iment, coincident with the highest ambient temperatures 

encountered during the study (Table 9). The average egg 

weights for the same periods are shown in Table 10. 

In order to evaluate the degree of environmental 

stress encountered during the latter portion of this experi

ment, serum citric acid levels were determined on a repre

sentative sample of birds from each of the dietary treatments 

(Table 11). Significantly higher levels of serum citric 

acid were found in birds fed calcium in the absence of 

dietary ascorbic acid and in birds which had been fed this 

higher calcium level with *44 mg/kg of ascorbic acid from 62 

weeks of age. However, no effect of dietary ascorbic acid 

on citric acid levels was noted (Table 11). Serum protein 
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bound iodine (PBI) levels were unaffected by the respective 

dietary treatments. The feeding of higher levels of dietary 

calcium resulted in a significant increase in serum calcium 

in the groups not supplemented with ascorbic acid and in the 

groups supplemented with ascorbic acid at 62 weeks of age, 

but not in the groups supplemented with ascorbic acid at 

weeks of age. 

An investigation of the effect of the two dietary 

calcium levels (2.72 and ^.2 3^) on per cent calcium reten

tion revealed a significant reduction in per cent calcium 

retained at the h.23% calcium level (Table 12). Daily 

intake of calcium and grams of calcium retained per day are 

listed in Table 12. An analysis of covarlance showed a sig

nificant difference In per cent calcium retention as 

affected by calcium levels, but the difference in per cent 

retention was not accounted for by the Increased blood 

citrate levels. The correlation between per cent calcium 

retention and blood citrate was r • -.35. 

It was observed that the birds exhibited the greatest 

discomfort due to the higher ambient temperatures in the 

late afternoon and that the time of blood sampling (between 

1:30 and 3:00 p.m.) might have had some effect on the plasma 

citric acid values obtained. Therefore, blood samples were 

taken at random from birds fed 2.72# dietary calcium at four 

four-hour intervals beginning at 6:00 a.m. The same hens 

were not sampled at each collection to avoid the possible 
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stress of repeated handling. There was a significant 

Increase In plasma citric acid at 6:00 p.m. as compared with 

the earlier "bleedings. The plasma citrate had decreased to 

a non-significant level by 10:00 p.m. (Table 13). The maxi

mum temperature (100° P) for the day occurred at 2:00 p.m. 

(Table 13). The plasma citric acid concentrations returned 

to values approximating the initial levels by 6:00 a.m. the 

following day (Table 13). 

Blood plasma calcium levels were not significantly 

changed although there was a numerical increase at 6:00 p.m. 

(Table 13). 

Increasing the dietary level of calcium from 2.72 to 

4.23$ significantly increased egg shell thickness. This 

effect was evident only during the latter portion of the 

experiment. The addition of 44 mg/kg of ascorbic acid 

failed to increase egg shell thickness. 

It was postulated that due to the stress of 

increased environmental temperatures, the increased plasma 

citrate concentrations may cause an increased loss of ionic 

calcium during heat stress. If this hypothesis were true, 

then the mechanism for reduced egg shell thickness or per 

cent shell might be explained. If an egg were in the uterus 

and calcification were going on, the increased citrate con

centration of the blood could cause a sequestering of the 

Ionic calcium by the citrate at a higher than normal rate 

and Increased ionic calcium loss. 
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Experiment 3. This experiment was conducted to 

Investigate the effect of citrate excretion on the rate of 

urinary calcium loss. A 2^-hour urine sample from three 

colostomlzed hens was collected and determination of urine 

citric acid and calcium was made. Urine volumes were 

measured and plasma clearances of citric acid and calcium 

were calculated as a measure of kidney function, using the 

formula UV/P, where U = urinary concentration and P • plasma 

concentration of citric acid and V • volume of urine 

excreted per minute (Table 14). The plasma samples were 

taken at the time of the collections instead of at the half

way stage, so that these clearances can be considered to be 

approximate. It can be seen from Table 1^- that during the 

pre-experimental period, bird No. 1 had a higher plasma 

citrate concentration and higher clearance of both citrate 

and calcium than the others employed. The ratio of citrate 

clearance to calcium clearance was approximately equal in 

the three birds. 

The birds were then injected with 120 mg neutralized 

citric acid solution in isotonic saline and dosed orally 

with 50 mis of tap water. One hour after treatment, urine 

and blood samples were obtained. The results are shown in 

Table 1^. Birds numbers 1 and 2 demonstrated that plasma 

and urine citric acid concentrations were elevated with only 

a slight increase in calcium. The plasma calcium levels 

were not altered. Clearances of citrate and calcium 
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Increased approximately five fold. All birds demonstrated 

increased urine flow. The third bird's total urine volume 

was increased but the amount of urine voided was far below 

that of the other birds. The experiment was terminated 

after the first hour because the birds died of repeated 

cardiac punctures. 

The results of this experiment suggest that blood 

citrate concentration does influence urinary excretion of 

calcium in the domestic fowl. This was previously demon

strated in the dog by Chang and Freeman (19^-9). Due to the 

small numbers of birds involved, no statistical inference 

could be made. During periods of high ambient temperature 

water intake increased and citrate concentration of the 

blood increased due to stress, resulting in increased cal

cium loss in the urine. The rate of calcium deposition on 

the egg shell is linear after the first five hours In utero 

(Sturkie, 195*0; if an egg were in the uterus undergoing 

calcification while the bird was subjected to heat stress, 

the loss of calcium via the urine could result in reduced 

shell quality. Obviously, further investigation of the 

urinary loss of calcium is needed, but due to problems 

incurred in the surgical procedures it could not be accom

plished by this author. 

Experiment In order to measure the effect of 

Increased environmental temperatures, a group of hens and 

pullets were exposed to 102° P J 1° temperatures. On the 



average the hens in the groups tested were more tolerant to 

increased ambient temperatures than the pullets, but each 

showed an increase in plasma citric acid concentrations 

above the control birds of 67 and 98^', respectively (Table 

15). This demonstrated that exposure of the domestic fowl 

to high ambient temperatures resulted in an increase in 

blood citric acid values. Under normal poultry practices 

the increase in ambient temperature is more gradual, and 

from experiment 2 it was noted that the gradual Increase in 

environmental temperature from 80-100° F caused a gradual 

increase in blood citrate concentrations which took 12 hours 

to reach maximum levels. This is contrasted to the sudden 

plasma citrate increase seen when the birds were exposed 

suddenly to high temperatures. It was assumed that the 

G-A-S response was similar in the artificially stressed 

birds and those exposed under normal conditions. Blood 

sampling and handling procedures caused an average 31.5* 

increase in plasma citrate levels in control birds of both 

ages. 

The results from the chamber experiment indicated 

some variability among individuals in their response to heat 

stress (Table 15). The coefficient of variation was ex

tremely high (C.V. = 79.57), thus making it difficult to 

make any statistical inferences. 

From the results of this experiment, it was indi

cated that blood citrate concentration does increase when 
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hens are exposed to high temperatures, but the possibility 

of increased blood calcium loss as a result of increased 

citrate requires further investigation in relation to an 

effect on egg shell quality. 

Experiment 5. Force molted hens were used in this 

experiment. Dietary treatments are shown in Table 5- A 

significant decrease in egg production occurred as a result 

of each of the dietary treatments with a significant 

increase in feed conversion, except the group fed EDDI from 

78 weeks of age (Table 16). Per cent shell and egg weight 

were not significantly affected, and the addition of thyro-

protein or EDDI did not affect serum calcium or plasma cit

ric acid concentrations. Metabolic rates were significantly 

increased as measured by protein-bound iodine in the groups 

fed thyroprotein (Table 17). EDDI elevated PBI levels 

numerically in comparison with the basal group but not to 

the extent obtained with the thyroprotein fed group. The 

results of feeding thyroprotein from 9^ weeks of age were 

not significantly different from those obtained with the 

EDDI fed groups. Metabolic activity was reflected in the 

body, weights of the respective groups (Table 18). The group 

having the highest PBI had a decrease In body weight com

pared with the other groups. 

The feeding of thyroprotein or EDDI did not alter 

the per cent shell, but did significantly reduce egg produc

tion. Thornton (19&1) has suggested that an Increase in 
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metabolic rate caused an increase in egg shell, thickness due 

to increased synthesis of ascorbic acid. Although blood 

ascorbic acid levels were not determined in this experiment, 

an increase in metabolic rate did not improve egg shell 

thickness. Therefore, from the results of this experiment 

it would appear that Increased metabolic rate was of no con

sequence on egg shell quality in force molted hens. 

Experiment 6. The effects of dietary calcium and 

phosphorus levels were studied In relation to egg shell 

quality in this experiment. Two calcium levels (2.77# and 

JJ..23*), along with three phosphorus levels at each calcium 

level, were fed for five 28-day periods (Table 6). Increas

ing the dietary phosphorus content at either of the calcium 

levels resulted in a decrease in egg production (Table 19). 

However, this decrease proved to be significant only in the 

case of the lower dietary calcium level. 

Per cent calcium retentions were decreased by an 

increase in the dietary phosphorus content. At the 2.77^ 

calcium level, increasing the dietary phosphorus level from 

0.59^ to 1.51^ reduced calcium retention from 46.1 to ^0.2^ 

(Table 20). There was a coincident decrease in shell thick

ness from 0.3^2 to 0.333 mm. At the higher calcium levels 

(4.23^), calcium retention was decreased from 44.5^ to 40.8^ 

with an increase in dietary phosphorus from 0.63 to 2.36# 

(Table 20). This decrease In calcium retention apparently 

produced a significant decrease in shell thickness (Table 20). 
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Egg shell thickness was decreased from 0.358 mm at the 0.63^ 

phosphorus level to 0.319 mm with the feeding of 2.36^ phos

phorus (Table 20). 

The depressing effect of Increased dietary phospho

rus levels (above 0.6^) on egg production has been reported 

by Crowley et al. (1963) and Slngsen et al. (1962). Wide 

calcium to phosphorus ratios did not affect egg production 

and did not appear to be as critical in the laying hen as in 

the growing chick. 

Summary 

Pour laying hen experiments were conducted to inves

tigate the effects of various dietary treatments on egg 

shell quality. Increased dietary levels of calcium, partic

ularly during the latter portion of the laying cycle, 

increased per cent egg shell and egg shell thickness. The 

feeding of thyroprotein during the cooler portion of the 

year increased per cent shell to an extent equivalent to 

that obtained with the feeding of 3.97^ calcium. However, 

this supplement reduced egg weight and egg production rate 

during the latter portion of the year. Therefore, thyropro

tein supplementation did not appear to consistently aid in 

the egg shell quality problem. Dietary addition of acetyl 

salicylic acid, ascorbic acid, ethylene diaminetetraacetic 

acid and ethylenediamlnedlhydroiodide failed to improve 

shell quality. 
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In order to evaluate the effect of Increased envir

onmental temperature on reduced egg shell quality, a series 

of physiological experiments were run, using normal and 

surgically altered hens. Surgical procedures were not 

overly successful and the results from these hens were 

limited. However, the results when correlated with intact 

hens indicated a possible mechanism of loss of calcium dur

ing heat stress. It was postulated that increased citric 

acid blood levels caused a reduction in the amount of avail

able calcium^for egg shell deposition. Further investiga

tions in this area are necessary in order to completely 

elucidate the mechanism for reduction in egg shell quality 

with temperature stress. 
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Experi- Experi- Experi- Experi
ment 1 ment 2 ment 5 ment 6 

Ingredient t ^ -t # 

Ground yellow corn 10. 00 62. 7^ 58. 57 
Ground milo 53. 30 66.86 
Dehydrated alfalfa meal 5. 00 2. 50 6.00 2. 50 
(17^ protein) 

71 Soybean meal, solvent 15. 00 20. 28 71 20. 28 
(W£ protein) 

Fish meal, sardine 5.00 m 

(65^ protein) 
Meat and bone scraps 1. 50 2.00 
(50^ protein) 

Hydrolyzed animal and 3. 00 1. 25 2.50 2. 61 
vegetable fat3-

Cottonseed meal, solvent 2. 00 2.50 
(4l# protein) 

04-DL-methionlne 0. 05 0. 04- 0.03 0. 04-
Salt (trace mineralized) 0. 35 0. 50 0.25 0. 50 
Calcium carbonate 5. 70 5. 05 7.00 5. 83 
Dicalcium phosphate 2. 00 2. 70 1.05 1. 66 
Bentonite 3. 90 - 6. 850 
Vitamin premlx 2. 002 0. 96^ 2.002 0. 963 
Trace minerals^ 0. 10 0. 10 0.10 0. 10 

•'•Proctor and Gamble (H.E.F.). 

2Supplied the following per kg of diet: 9,900 I.U. vitamin 
A, 1,5^0 I.C.U. vitamin Do, 4.^ mg riboflavin, 27.5 nig nia
cin, 11 mg calcium pantothenate, 880 mg choline chloride, 
132 meg vitamin B]?, 5.5 I.U. vitamin E, 2.2 mg vitamin K, 
125 mg ethoxyquin (as a preservative) and 18.5 gm soybean 
meal as a carrier. 

^Supplied the following per kg of diet: 2,64-0 I.U. vitamin 
A, 74-4 I.C.U. vitamin Do, 2.2 mg riboflavin, 26.4 mg niacin, 
10 mg calcium pantothenate, 132 mg choline chloride, 44 meg 
vitamin B12» H I.U. vitamin E, 2.2 mg vitamin K, and 279 
gm ground milo as carrier. 

Ll 
Supplied the following per kg of diet: 20 mg Iron, 60 mg 
zinc, 1 mg molybdenum, 60 mg manganese, 168 mg calcium, 4 
mg copper, 1.5 mg iodine, and 1.0 mg cobalt. 
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TABLE 2.—Calculated analysis of basal diets 

Ingredient 
Experi
ment 1 

Experi
ment 2 

Experi
ment 5 

Experi
ment 6 

Protein, ' t  15.54 14.88 15.00 14.53 

Fat, t  5.02 3.78 4.69 4.99 
Fiber, t  4.33 3.64 4.09 3.53 
Productive Energy, K. 
Cal/Kg 

2075.37 1977.03 2090.00 1961.78 

Metabolizable Energy, 
K.Cal/Kg 

2709.61 2645.30 2706.00 2616.35 

Productive Energy/Pro
tein Ratio,KCal/# Prot. 

133.52 132.80 139.33 135-01 

Metabolizable Energy/ 
Protein Ratio, K.Cal/ 
^ Protein 

174.32 177.75 180.40 180.04 

Calcium, ̂  2.98 2.72 3.50 2.77 
Phosphorus, # 

Available Phosphorus1, ^ 
.79 
.54 

.79 

.58 
.73 
.50 

.59 

.39 
Zinc, ppm2 79.00 138.00 84.00 137.00 
Manganeses, ppm 103.00 171.49 105.00 150.00 
Xanthophylls, mg/kg 2.09 2.8 7 2.13 2.75 
Lysine, % • 74 .72 .79 .71 
Methionine, 1 .27 .29 .30 .28 
Cystine, ^ .25 .24 .24 .23 
Methionine + Cystine, % .52 .53 .54 .51 

^Available phosphorus = calculated from one-third of inor
ganic phosphorus and 100# inorganic phosphorus. 

O 
ppm = part per million. 
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TABLE 3.--Experimental plan (Experiment No. 1) used to study 
the effect of dietary calcium and several addi
tives on White Leghorn hens 

Age at 
Dietary Treatment SuppleDietary 

Proto- Proto- A "3 menta
mone^- mone1 Aspirin^ EDTA^ tion 

Number Calcium 82.5ppm 4l.2 5ppm 05- 0.1* (weeks) 

1 3.00 mt 24 
2 3.00 - - + — ii 

3 3.00 + - - — It 

4 3.00 + - 4 — If 

5 3.00 — — — 44 
6 4.00 — — — — 24 
7 4.00 - - - II 

8 4.00 — - -f •f 
If 

9 4.00 + + + II 

•^Protomone = iodinated casein, denoted as thyroprotein in 
text. 

2Aspirih = acetyl salicylic acid. 

^EDTA = ethylene diaminetetraacetic acid. 

TABLE 4.—Experimental plan (Experiment No. 2) used to study 
the effect of dietary calcium level and ascorbic 
acid on White Leghorn hens 

Dietary 

Number 

Treatment 
% 

Calcium 

Ascorbic 
Acid 

44 mg/kg 
Age at 

Supplementation 

1 2.72 - 32 weeks 

2 4.23 32 weeks 

3 2.72 + 44 weeks 

4 4.23 + 44 weeks 

5 2.72 62 weeks 

6 4.23 62 weeks 
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TABLE 5.—Experimental plan (Experiment No. 5) used to study 
the effect of thyroproteln and ethylenediamlnedi-
hydroiodide on force molted White Leghorn hens 

Age at 

Number 
• —v • •" 

Calcium 
Protomone1 
82.5 ppm 

EDDI 
50 ppm 

Supplementation 
(weeks) 

1 3-50 — — 78 

2 3.50 • - 78 

3 3-50 - + 78 

4 3.50 + - 9 ̂ 

5 3.50 - + 94 

^-Protornone = iodinated casein, denoted as thyroproteln in 
text. 

2EDDI = ethylenediaminedihydrolodide. 

TABLE 6.—Experimental plan (Experiment No. 6) used to study 
the effect of dietary calcium and phosphorus 
levels on White Leghorn hens 

Dietary 

Number 

Treatment* 
•" -v 1 •' 

Calcium 
Total 

Phosphorus 

< 
Available 
Phosphorus 

Calcium/ 
Phosphorus 
Ratio 

1 2.77 • 59 .39 4.70 
2 2.77 .90 .70 3.08 

3 2.77 1.51 1.31 1.83 
4 4.23 .63 .43 6.70 

5 4.23 1.32 1.12 3.20 
6 4.23 2.36 2.16 1.80 

* All supplementations were made at the expense of benton-
ite. 



TABLE 7.—Effect of dietary calcium level arid several additives on per cent produc
tion, egg weight, per cent shell, feed conversion, and feed intake in White 
Leghorn pullets 

Di etary Treatment ^ 
.0 Per cent Egg Production Egg Weight 

Number Calcium Additive C2 W T C W T 

1 3.00 None ?0.51bc 6l.l3cd 65.82cd 59.38d 60.94b 60.07f 

2 3-00 Aspirin 0.05< 72.90° 6l.54cd 67.22d 58.92cd 60.28b 59.52def 

3 3.00 Protomone 69.05b° 54.53b 6l.79b 57.87ab 59.06a 58.4oab 
82.5 ppm 

4 3.00 Protomone 59.42a k7.6ja 53.54a 58.37bc 60.28b 59.22cde 
82.5 ppm + 
Aspirin 0.05^ 

5 3-00 Protomone 72.92° 6o.l8cd 
41.25 ppm 

6 4.00 None 68.19° 56.7 7bc 

7 4.00 EDTA 0.1^ 72.64bc 59.63°d 

8 4.00 Aspirin 0.05^ 70.67bc 56.72bc 
+ EDTA 0.1* 

9 4.00 Protomone 69.77bc 6l.94d 
82.5 ppm 
Aspirin 0.05^ 
+ EDTA 0.1< 

66.55d 58. 91cd 60. 03ab 59-l^icde 

62.48b 

66.l4d 

63.69bc 

58. 
59. 
58. 

32b° 
I8d 
l9ab 

59-
60. 
59-

56a 

56\ 
95 

58. 
59. 
58. 

0 ̂abc 

79 fn gybed. 

65.85cd 57. 57a 59. 15a 58. 2 7a 

•'"Means having common letter superscripts were not significantly different at the 
0.05# level of probability. 

p 
C = cool weather, December 2 - April 22, mean high temperature = 71.30° P. 
W • warm weather, April 24 - September 7, mean high temperature • 88.40° F. 
T = total experiment, December 2 - September 7, mean high temperature = 80 78° F. 



TABLE 7.—(Continued) 

Dietary Treatment 
Per cent Shell Feed Conversion Feed Intake 

Number C W T C w T C w T 

1 8. 93ab 8.50ab 8.84ab 4.10ab 3.92a 4.01a 109.3ab 90.4b 99 9b 

2 8. 90a 8.39a 8.67a 4.o4a 3.84a 3.9 â 111.4b 89.lab 100. 2b 

3 9. 14° 8.65bcd 8.92de 4.15ab 4.36bc 4.26b 108.2ab 89.oab 98 6ab 

4 9. l6c 8.66bcd 8.9ij,de 4. 69° 4.72° 4.70° 104.6a 84. 3a 94. 5a 

5 8. 9 gab 8.75cd 8.89cde 3.98a 3.96a 3. 97a 109.8b 90. 3b 100 ob 

6 9. 17° 8.86d 9.03e 4.30b 4.23a 4.26b 111.0b 90.3b 100. 7b 

7 9. 07bc 8.58abc 8.85bcd 4.i3ab 4.2la 4.17b 113.4b 94. 5b 104. 0° 

8 9. 05bC 8.44a 8.78abc 4.20ab 4. 3lab 4.26b 112.0b 91. 3b 101. 7b 

9 9. 18° 8.66bcd 8.95de 4.i5ab 3.98a 4.06a 109.5b 93-lb 101. 3b 



TABLE 8. —Effects of 
production, 

dietary calcium 
feed conversion 

level and supplemental 
, egg weight and shell 

ascorbic acid 
thickness 

o
 3
 

CD
 

Dietary 

t 
Calcium 

Treatment 
Ascorbic 
Acid 

44 mg/kg 
Egg 

Production 
Feed ^ 

Conversion 

Average 
Egg Weight 

gro 

Shell 
Thickness 
(mm x 100) 

2.72 — 73.5a3 4.10a3 60.0a3 35-8a3 

4.23 — 72.2a 4.10a 59.la 36. 9b 

2.72 73. 4-. 02a 59.8a 36.4ab 

4.23 +1 73.8a 3.98a 59.3a 36. 9b 

2.72 f2 73.0a 4-. 08a 59.2a 35- 8a 

4.23 • + 2  73.9a 4-. 04-a 60.0a 36.0a 

^Fed at the rate of 44 mg/kg from 44 weeks of age. 
o 
Fed at the rate of 44 mg/kg from 62 weeks of age. 

%eans having common letter superscripts were not significantly different at the 0.05 
level of probability. 

impounds of feed per dozen eggs. 
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TABLE 9.—Effect of ascorbic acid and dietary calcium on egg 
shell thickness (mm x 100) 

2 . 7 Z <  Calcium 4.23y Calcium 
Asoorbic Acid Ascorbic Acid 

Time Period 0 44mg/kg 0 44mg/kg 

Dec. 15 - Feb. 22 39. 6 40. 5 

Feb. 23 - May 17 37. 
36. 

j?ab^ 
8a 

38. 0b 38.0b 
37•3ab 

36. 9a 

May 18 -- Sept. 6 33. 5a 3^.1ab-, 
34.3ab 

34. 9b 34.0ab, 
3 3.8ab 

*Fed Vitamin C during period May 18 - Sept. 6 only. 

2 Means having common letter superscripts were not signifi
cantly different at the 0.05 level of probability. 

Temperature °F 
Average Average 

Time Period Max. Min. 

Dec. 15 - Feb. 22 63.8 40. 3 
Feb. 23 - May 17 85.0 56.2 
May 18 -- Sept. 6 98.6 76.2 

TABLE 10. —Effect of ascorbic acid and dietary calcium 
level on egg weight 

2.72" Calcium 4.23^ Calcium 
Ascorbic Acid Ascorblc Acid 

Time Period 0 44mg/kg 0 44mg/kg 

Dec. 15 - Feb. 22 57.1 56.7 

Feb. 23 - May 17 60.5 
59.^ 

60.4 59.5 
60.2 

58.5 

May 18 - Sept. 6 60.0 59. 9 
59.61 

59.3 58.5 
60. 71 

•^Fed Vitamin C during May 18 - Sept. 6. 
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TABLE 11.—Effect of dietary calcium and ascorbic acid on 
serum citric acid, protein bound Iodine and 
calcium In White Leghorn hens 

Dietary Treatment Serum 
Protein 
Bound 

Calcium 

Ascorbic 
Acid 

44 mg/kp; 

Citric 
Acid 

mg/100 ml 

Iodine 
meg/ 
100 ml 

Serum 
Calcium 
mg/100 ml 

2.72 — 1.98bl 2.63 22. 3b 

4.23 _ _ 2. 30a 2.20 29. 3a 
2.14 2.42 26.3 

2.72 + (44 wks) 2.l7ab 2.87 30.4a 

4.23 1.72b 2.79 25.2b 

1.95 2.82 27.8 

2.72 + (62 wks) 1.80b 2.46 28.0ab 

4.23 + w 2.26a 2.23 31. 3a 
2.03 2.35 29.7 

"'"Means having a common letter superscript were not signifi
cantly different at the 0.05 level of probability. 
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TABLE 12.—Effect of dietary calcium level and supplemental 
ascorbic acid on feed consumption, calcium intake 
and calcium retention in White Leghorn hens 

Dietary 

< 
Calcium 

Treatment 

Ascorbic 
Acid 

Feed 
Consump
tion^ 

gm 

Average 
Caloium 
Intake/ 
Day 
gm 

% 
Calcium 
Reten
tion 

Calcium 
Retained 
per day 

gm 

2.72 — ll4a3 3.10a 58.I8a 1.80 

4.23 — llla 4. 70b 40.83b 1.92 

2.72 +1 112a 3.0 5a 54-. 32a 1.66 

4-.23 110a 4.65b 37.67bc 1.75 

2.72 llla 3.02a 6l.65a 1.86 

4-.23 +
2 113a 4-.78b 32.81° 1.57 

•^Fed at the rate of 44.0 mg/kg from 44 weeks of age. 

2Fed at the rate of 44.0 mg/kg from 62 weeks of age. 

-^Means having a common letter superscript were not signifi
cantly different at the 0.05 level of probability. 

^Feed consumption = feed/bird/day in grams. 
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TABLE 13.--Diurnal variations in plasma calcium and citrate 
levels in White Leghorn hens 

Time of 
Bleeding 

Temperature 
op 

Plasma 
Citric Acid 
mg/100 ml 

Plasma 
Calcium 
mg/100 ml 

6:00 a.m. 80° 1.89k1 + .0^2 29.21s ± 1.67 

10:00 a.m. 914.0 1.98b ± .18 30.^3a ±2.83 

2:00 p.m. 100° 2.13b >5 30.19a ±2.5? 

6:00 p.m. 98° 3. 37a ± A8 37.03a ±1.24 

10:00 p.m. 88° 3.03ab ± .36 31.50a ± 3.63 

6:00 a.m. 80° 2.00b + .10 30.15a ± 2.11 

-^Means having a common letter superscript were not signifi
cantly different at the 0.05 level of probability. 

o 
Standard error of the means. 



TABLE 14.—Plasma and urine concentration of calcium and citric acid in colostomized 
hens subjected to intravenous injection of neutralized citric acid 

Plasma Urine Urinary-
Concentration Concentration 

Urine 
Output Clearance 

Cal Citric Cal Citric Flow Cal Citric Cal Citric 
Bird cium Acid cium Acid (ml/ cium Acid cium Acid 

Time No. mg- o min) ms/24 hrs. ml/min. 
p U2 V2 

Pre- 1. 13.27 4.58 6.03 7.31 .09 7.92 9.60 .041 145 
Experi- 2. 11.67 3.62 4.22 3.51 .08 4. 80 4.08 .029 . 080 
mental 3. 15.68 3.15 15.98 15.49 .01 3.36 3.12 .010 .040 

Mean 13.54 3.78 8.74 8.77 . 06 5.36 5.60 

CM O
 .088 

1. 12.25 22.00 7.34 58.90 .35 37.92 303.84 .210 .937 
1 Hour-15 2. 11.94 7.06 3.98 9.01 .32 18.48 15-60 .107 .408 

3. 14.39 5.93 1.22 4.10 .12 1.92 9-60 .010 .083 

Mean 12.86 11.66 4.18 24.00 .26 19.41 109.68 .109 .476 

•^Clearance calculated from UV/P for citric acid and calcium. 
O 
F • plasma concentration of calcium or citric acid. 
U = urine concentration of calcium or citric acid. 
V = urine flow in ml/min. 

^1 Hour = time post-injection. 

-t-
Os 
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TABLE 15.—Effect of environmental temperature on plasma 
citric acid, concentrations in mature White 
Leghorn hens and in White Leghorn pullets 

Treatment 

Plasma Citric Acid 
mg/lOO ml 

Pre-chamber 
bleeding 

2 Hours 
post-chamber 
bleeding 

Change in 
Plasma 

Citric Acid 

Pullets 

Control' 

Exposed* 

8.14 

5-59 

10.15 

10.84 

+ 29.31 

+ 127.61 

Hens 

Control 1 

Exposed* 

3.31 

2.29 

4.31 

4.41 

• 33.72 

4 100.27 

-^-Maintained at 80° F. 

^Exposed to 102° F for 2 hours. 



TABLE 16.—Effect of throprotein and ethylenediamlnedlhydroiodide on egg production, 
feed conversion, egg weight, per cent shell and calcium retention in force 
molted hens' 

Dietary Treatment 

Number Protomone EDDI 

Egg 
Production 

•> 

Feed 
Conversion 
Feed/ 

dz eggs 

Egg 
V/eight, 
gm 

Per cent 
Shell 

Calcium 
Retention 

& 

1 — 64.44°3 4.22a 64.20a 8. 94a 48.89 

2 82.Sppm1 53.59ab 5.4oc 64.06a 8.49a 54.86 

3 50ppm^- 58.79b 4.54ab 60.83a 8.58a 46.77 

4 4-1.25 ppm2 50.0ia 5.23° 62.58a 8.87a 44 67 

5 50ppm^ 49.92a 5.22bc 6l.l4a 8.89a 44 30 

•'•Fed from ?8 weeks of age. 

^Fed from 94 weeks of age. 

^Means having common superscripts were not significantly different at the 0.05 level 
of probability. 

^"Per cent Shell = grams of egg shell per gram of whole egg. 

CO 
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TABLE 1?.—Effect of thyroprotein and ethylenediaminedihy-
droiodlde on plasma calcium, citric acid and 
protein bound iodine levels in force molted hens 

Dietary Treatment piasma Plasma Bound 

Number 
Protomone 
ppm 5 

EDDI 
ppm 

Calcium 
mg/100 ml 

Citric Acid 
mg/100 ml 

Iodine 
mcg/100 ml 

1 — 36.07ab3 3.36a 2.53° 

2 82.51 33.30ab 3.31a ^.63a 

3 501 32.30ab 4.23a 2.85bc 

b  4-1.252 — 29.39b 3.69a 3. 51b 

5 502 4-1.33a 3.28a 2.9 b̂c 

•^-Fed from 78 weeks of age. 

Fed from 9^ weeks of age. 

^Means having common superscripts were not significantly 
different at the 0.05 level of probability. 

^EDDI = ethylenediaminedihydrolodide. 

•5ppm = part per million. 
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TABLE 18.--Mean body weights as affected by thyroprotein and 
ethylenediaminedihydroiodide in force molted 
White Leghorn hens 

Dietary • Treatment 

Average 
Body 
Weight f 

Average 
Body 
Weight, 

af 
fO 

Calcium 

Thyro
protein 
82.5ppm 

EDDI1 
50ppm 

7 8 wk 
of age 

gm 

114 wk 
of age 

grn 

^ Change 
in Body 
Weight 

3.50 1788 19^3 - 8.66 

3.50 • 2 1766 1739 - 1.53 

3.50 • 2 1729 1909 +10 Ai 

3.50 + 3 1758 195^ +11.15 

3.50 — - + 3 1671 1806 • 8.08 

^EDDI n ethylenediaminedihydroiodide. 

Supplemented at 78 weeks of age. 

^Supplemented at 9^ weeks of age. 
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TABLE 19. —Effect of 
on laying 

dietary 
hens 

calcium and phosphorus levels 

Dietary Treatment Peed 

Calcium 
< Total 
Phosphorus 

Ca/P 
Ratio 

< Pro
duction 

Con
version 

Feed/hen/ 
day, gm. 

2.77 0.59 4.70 66.5bl 3.99 100 

2.77 0.90 3.08 6l.9ab 4.42 102 

2.77 1.51 1.83 56.0a 5.85 116 

4.23 0.63 6.70 63.0ab 4.51 106 

4.23 1.32 3.20 62.8ab 4.96 122 

4.23 2.36 1.80 57.8a 5.26 106 

^Means having different superscripts were not signlflcantly 
different at the 0.05 level of probability. 

TABLE 20.---Effect of dietary calcium and phosphorus level on 
egg weight , shell thickness and calcium retention 
In laying hens 

Average 
Dietary Treatment t  Egg Shell 

o f  0 < Calcium Weight, Thickness. 
Calcium Phosphorus Retention gm mm x 100 

2.77 0.59 46.1 60.0abcl 34.2bc 

2.77 0.90 43.0 59-8ab 33. 6b 

2.77 1.51 40.2 61.6C 33. 3b 

4.23 0.63 44.5 59.7ab 35. 8d 

4.28 1.32 40.8 59.la 34.8° 

4.23 2.36 37.2 6l.2b° 31.9a 

•^Means having different superscripts were not significantly 
different at the 0.05 level of probability. 



CHAPTER III 

EFFECTS OF DIETARY CITRIC ACID AND 
SULFAQUINOXALINE ON CHICKS 

Stressors of various types are known to reduce the 

efficiency of production in growing birdst Heat, cold and 

the continual feeding of certain drugs may be considered as 

systemic stressors. Plasma citric acid concentrations, 

hemoglobin levels, packed red cell volume, body weight gain 

and feed conversion have been used as measures of the degree 

of stress. Increasing dietary protein, vitamins and the 

feeding of several feed additives have been used in attempts 

to overcome the effects of various stressors. 

An experiment was devised to investigate the effect 

of an exogenous source of citrate on plasma citric acid and 

calcium concentrations, bone ash, body weight gains and feed 

conversion. Continuous feeding of O.lt sulfaqulnoxallne to 

chicks has produced the general adaptive syndrome with 

effects similar to those observed in field outbreaks of the 

hemorrhagic syndrome. The hemorrhagic symptoms occur to a 

greater extent in four to five week old broiler type chicks. 

The effect of 0.1# sulfaquinozaline in the diet of four to 

five week old broiler chicks was studied in relation to the 

general adaptive syndrome and its effect on calcium and 

phosphorus retention as well as other criteria. 

52 
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Experimental Procedures 

Experiment 1. The first experiment was conducted to 

investigate the effect of a dietary source of citric acid on 

body weight gain, feed conversion, mortality, plasma citric 

acid and calcium concentrations, bone ash and retention of 

dietary calcium and phosphorus. 

The experiment was conducted for four weeks starting 

with Hubbard day-old chicks. The chicks were sexed, weighed 

and randomly distributed into six experimental groups which 

were divided into four replicate lots of four male and four 

female chicks per lot. The chicks were housed in wire-

floored, electrically heated battery brooders. 

The basal diet (Table 21) was supplemented by 

doubling increments of sodium citrate commencing at 0.5^. 

The experimental plan is shown in Table 23. The calculated 

analysis of the basal diet is shown in Table 22. Peed and 

water were supplied ad libitum. Body weights were obtained 

after four weeks, and the chicks were sacrificed by eutha

nasia for the collection of the right tibia. 

Feed and fecal samples were obtained for the deter

mination of chromium oxide, calcium and phosphorus. 

Experiment 2. A second chick study was conducted to 

study the effects of 0.1^ sulfaquinoxaline feeding In four-

week old chicks and to evaluate the effects of supplemental 

vitamins A, E, K and folic acid In counteracting the sulfa

quinoxaline induced stress. The criteria measured were body 
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weight gain, feed conversion, hemaglobin, hematocrit, plasma 

citric acid and plasma calcium concentrations, plasma total 

protein levels and dietary calcium and phosphorus retentions. 

Pour-week-old Rhode Island Red x Columbia broiler 

chicks were randomly distributed into wire-floored growing 

batteries of 24 lots, each with four males euid four females. 

Eight dietary treatments were fed to three lots per treat

ment. The dietary treatments are shown in Table 24. The 

composition of the basal diet is shown in Table 21 and the 

calculated analysis for this diet is shown in Table 22. 

Peed and water were supplied ad libitum. 

The experiment was conducted for 7-10 days dependent 

on the degree of response to the sulfaquinoxaline feeding as 

determined by the appearance of petichlal hemorrhages on the 

legs. 

Body weights were obtained after four weeks and at 

the onset of symptoms of hemorrhaging. Blood samples were 

taken with heparinized equipment by cardiac puncture. Two 

male and two female chicks were autopsied by the Department 

of Animal Pathology for gross observation of hemorrhagic 

symptoms. 

Fecal collections were made seven days after treat

ment was started and chromium oxide, calcium and phosphorus 

levels determined. Feed samples were taken at mixing for 

determination of chromium oxide, calcium and phosphorus. 



55 

Analytical Methods 

Determination of plasma citric acid and calcium was 

made by the method of Marier and Boulet (1958) and Coleman 

(1958), respectively. Hematocrit values were obtained using 

the appropriate capillary tubes which were sealed at one end 

with a Bunsen burner. The tubes were then centrifuged with 

an International Micro-capillary centrifuge, Model MB. The 

packed red cell volume was determined with the International 

Micro-capillary Reader. Hemoglobin determinations were made 

by the method of Sheard and Sanford (1929). Plasma protein 

was estimated from values read from a refTactometer (Ameri

can Optical Company, Los Angeles, California) calibrated to 

read in grams per 100 mis. The combined method of Somogyi 

(19^5) and Nelson (19*+*0 was used for estimating plasma glu

cose levels. Chromium oxide determinations were made on the 

feed and fecal samples by the method of Czarnocki et al. 

(1961). Peed and fecal calcium and phosphorus were deter

mined by the method of Coleman (1958) and Hawk, Oser and 

Summerson (195*0, respectively. Bone ash was obtained by 

the method of Gillls et al. (195*0. 

Body weights, feed conversion, and laboratory data 

were subjected to appropriate statistical techniques. Anal

ysis of variance (Snedecor, 1956) was routinely used and 

mean differences were evaluated by Duncan's (1955) multiple 

range test. When unequal replications were encountered, 

Kramer's (1956) procedure was employed. 
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Results and Discussion 

Experiment 1. Feeding a dietary source of citric 

acid to chicks from one day of age to four weeks reduced 

body weight and increased feed conversion (grams of feed per 

gram of gain) significantly only at the 8.03/ dietary level 

(Table 25). Mortality markedly increased at the 4.0 and 

8.0^ dietary levels. Plasma citrate concentrations were 

numerically increased at all levels of sodium citrate sup

plementation, but due to the high coefficient of variation 

(C.V. • 37.0) no statistical Inference could be made. Plasma 

calcium concentration was not altered significantly. Bone 

ash values were not reduced significantly although some 

reduction was observed at the 0.5 and 8.0^ dietary sodium 

citrate levels. Calcium and phosphorus retention results 

were consistent with the thought that citrate functions as a 

chelating agent, that is, citric acid may chelate calcium in 

the gut and render it unavailable to the animal. Dietary 

citric acid levels of 0.5, 4.0 and 8.0^ reduced calcium and 

phosphorus retention. 

At dietary levels ranging from 0.5 to 2.0<, the 

chick appears to be able to metabolize a dietary source of 

citric acid. Supplementation of 4.0 and 8.0^ sodium citrate 

added to the diet resulted in an increase in mortality. The 

4°£ level did not affect body weight or feed conversion, how

ever. Plasma calcium or citric acid levels were not altered 

significantly. 
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Experiment 2. Sulfaquinoxallne, 0.1^ of the ration, 

Is used commercially for controlling outbreaks of coccldlo-

sls, "but an intermittent feeding schedule is followed. 

Dosage levels exceeding O.l^ for extended periods of time 

have resulted in the development of a hemorrhagic syndrome 

in broiler chicks at 3-5 weeks of age (Yacowitz et al., 

"1955). Newberne and Buck (1956) have studied the effect of 

feeding various levels of sulfaquinoxaline (0.0125-0.1^) for 

extended periods on feed consumption, weight gain and histo

logical changes in liver, kidney, bone marrow and thyroid. 

Sulfaquinoxallne is a recognized systemic stressor (von 

Faber, 196^). Sulfaquinoxallne was fed to chicks in order 

to determine the effect on citrate and calcium metabolism in 

chicks. The experimental plan included vitamins A, E, K and 

folic acid supplementation in order to investigate the effect 

in overcoming the stressor effects of sulfaquinoxallne. 

Data were obtained on male and female chicks separately to 

allow evaluation of any possible sex differences in response. 

The feeding of vitamins A, E, K and folic acid 

failed to overcome the deleterious effects of the continuous 

feeding of 0.1# sulfaquinoxallne on body weight gain, feed 

conversion, hemoglobin, or packed red cell volume in both 

males and females (Tables 26 and 27). Folic acid and vita

min K feeding produced blood citric acid levels comparable 

to those of the male controls, but did not appear to be 

effective in the female. Plasma calcium concentrations were 



58 

not significantly altered. Plasma protein levels were not 

affected by the treatments. Calcium retention was increased 

significantly by the addition of vitamin K (13.2 mg/kg), 

while phosphorus retention was not affected. 

The feeding of vitamins A, E, K and folic acid did 

not overcome the stressor effects of the continuous feeding 

of 0.1^ sulfaquinoxaline. Autopsy revealed no gross changes 

in the internal organs of the chickens except for a low 

incidence of gizzard erosion and some apparent accumulation 

of sulfaquinoxaline crystals in the kidneys and ureters. 

Subcutaneous hemorrhages occurred in some of the experimen

tal birds but were not observed consistently in the sulfa

quinoxaline fed birds. There appeared to be considerable 

variation among Individual birds with regard to the 

responses obtained as a result of the sulfaquinoxaline 

feeding. 
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TABLE 21.—Composition of experimental chick diets 

Ingredient 
Experiment #1 Experiment #2 

Ground yellow corn » — — 61. 58 

Ground milo 62.05 

Cerelose 7.15 
Dehydrated alfalfa meal 17'^ 1.84 

Soybean meal 44^ 15.54 23.21 

Fish meal 65* 4.60 

Meat and bone scraps (50) 4.60 

Hydrolyzed animal and veg. fat 3.16 

Cottonseed meal 4.60 

DL-Methlonlne 0.62 0.09 

Sodium chloride 0.04 0.46 

Ground limestone 0.37 1.16 

Dicalcium phosphate — 2.09 

Bentonite — 

Trace mineral mix"1" 0.10 0.10 

Vitamin premix 2.302 3. 953 

Manganese sulfate 70^ — 0. 02 

Chromic oxide 0.18 0.19 

Supplied the following in ppm: 20 iron, 60 zinc, 1 molyb
denum, 60 manganese, 4 copper, 1.5 iodine, 1.5 cobalt, 168 
calcium. 

Supplied the following per kilogram of diet: 15,681 I.U. 
vitamin A, 2,429 I.C.U. vitamin Do, 8.69 I.U. vitamin E, 
7.05 nig riboflavin, 44 mg niacin, 18 mg calcium pantothen
ate, 1,470 mg choline chloride, 210 meg vitamin B^, I89 mg 
ethoxyquin, 3.5 mg vitamin K. 

^Supplied the following per kilogram of diet: 6,600 USP 
units vitamin A, 1,650 I.C.U. vitamin D-s, 4.4 mg riboflavin, 
27.5 nig niacin, 11.0 mg calcium pantothenate, 880 mg cho
line chloride, 13.2 meg vitamin B-^, 1,1 mg thiamin hydro
chloride, 2.75 mg pyridoxine hydrochloride. 
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TABLE 22.—Calculated analysis of experimental chick diets 

Ingredient Experiment #1 Experiment #2 

Protein, ̂  21.00 17.00 

Fat, * 5-37 2.47 

Fiber, # 4.00 3.37 

Productive Energy, KCal/kg 1008.99 974.01 

Metabollzable Energy, KCal/kg 1315.33 1296.24 

PE/Proteln, KCal/^ Protein 48.0 7 57.30 

ME/Protein, KCal/< Protein 62.66 76.26 

Calcium, ̂  .90 1.07 

Phosphorus, n .72 -71 

Available Phosphorus,% • 45 .48' 
o 

Zinc, ppm 63.00 72.00 

Manganese, ppm 88.00 113.00 

Xanthophylls, mg/kg 1.44 4.31 

Lysine, # 1.13 .86 

Methionine, ^ .9^ .36 

Cystine, % .32 .26 

Methionine -f Cystine, 3 1.26 .62 

"'"Available phosphorus B calculated from one-third of inor
ganic phosphorus and 100^ inorganic phosphorus. 

p 
ppm = part per million. 
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TABLE 23.--Experimental plan (Experiment No. 1) used to 
study the effect of a dietary source of citric 
acid in chicks 

Dietary Treatment 
Sodium Citrate 

Number-'- ^ 

1 

2 0.50 

3  1 . 0 0  
k  2 . 0 0  

5 ^.00 

6  8 . 0 0  

•'•Four replicates per treatment with four male and four 
females per lot. 

TABLE 2^-.--Experimental plan (Experiment No. 2) used to 
study the effect of feeding sulfaquinoxaline and 
various vitamins in chick diets 

Dietary Treatment 
0.l£ Folic Acid Vitamin E Vitamin K Vitamin A 

Number SQ1 . mg/kg IU/kg mg/kg IU/kg^ 

1 —  — —  _ — « —  —  ̂  

2 + 

3 1.1 5.5 2.2 61600 

+ 1.1 5.5 2.2 6,600 

5  + 16.5 

6 + 27.5 tm 

7 + 13.2 
8 4- 17,600 

1Sulfaquinoxaline. 
O 
Vitamin A levels are above the basal level of 6,600 USP/kg. 



TABLE 25.—Effect of dietary sodium citrate on body weight, feed conversion, 
mortality, plasma citric acid, plasma calcium and bone ash 

Dietary 
Treatment 
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1 0.0 5^9.43al 1.84b 3.13 8.36 13.46a 51.44s 31-81 37.87 

2 0.5 545.17a 1.87b 3.13 9.90 14.31s 45-59a 20.07 25 88 

3 1.0 541.93a 1.86b 3.13 8.95 13.44a 49.60s 28.26 35 83 

4 2.0 552.73a 1.67b 3.13 IO.63 13.69a 49.32s 30.51 38.77 

5 4.0 537.63a 1.74b 15.62 11.40 l4.27a 49.57a 15.36 20.94 

6 8.0 475.59b 2.67a 23.44 9.91 14.57a 46.06s 24.56 28.28 

1 
Means having a common letter superscript were not significantly different at the 
0.05 level of probability. 

2 Grams of feed per gram gain. 
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TABLE 26.--Effect of feeding 0.1^ sulfaquinoxaline in combination with vitamins A, E, 
K and folic acid on weight gains, feed conversion, and retention of 
calcium and phosphorus in male and female chicks 

Dietary Treatment Body Weight 
Feed 

Conversion Retention 
0.1% Gain . gm Combined % 

No. S.Q1 Vitamins^ Hale Female (Male & Female) Calcium Phosphorus 

1 - —  
3 

302.83a 256.83a 1.0^ ^0.12a 4o.l6ab 

2 + 206.08b l4l.58b 1.36 44.28ab 32 46a 

3 + 293.50a 228.67a 1.07 40.57a 44.12b 

+ + 196.83b 1^3.17b 1.33 4^.55abc 36. 38ab 

5 • Folic Acid 202.42 b 1^.92b 1.35 45.54ab 35•97ab 

6 + E 205.l?b 135.83b 1.33 46.02ab 4o.39ab 

7 + K 222.25b 170.83b 1.21 51.98° 4o.26ab 

8 A 20^.58b 1^7.75b 1.31 43.78a 40.12ab 

"^S.Q. s sulfaquinoxaline. 

^See Table 25 for vitamin level. 

-Cleans having a common letter superscript were not significantly different at the 0.05 
level of probability. 
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TABLE 27.—Effect of feeding 0.13 sulfaquinoxaline in combination with vitamins A, E, 
K and folic acid on hemaglobln, hematocrit, plasma citric acid and plasma 
calcium levels 

Plasma 
Calcium 

Dietary Plasma mg/ Plasma 
Treatment Hemaglobln Hematocrit Citric Acid i q q  ml Protein 
0.1:' Vita- ffn/100 "1 gm/100 ml mg/100 ml Male & mg/100 ml 

No. SQ -̂ mln Male Female Male Female Male Female Female Male Female 

1 •» V M ?.21 8.99 35-69a2 36. 86a 5.85a 6 . 08a 16.29 3.28a 3.20a 

2 + 7.59 7.12 31.35 b 32. 02b 8. 0^b 8 .  ̂ b c  13.56 2. . 90ab 2. 99a 

3 • V.-"? 9.21 36.l6a 37. 25a 6.76a 6 .29a 17.76 3- 22ab 3 27a 

U  • •f 7 '? 71 
• ' • ' a ' I 31.10b 11. 66b R.'i8b 7 .89bc 17.7S 3. llab 3.15a 
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TABLE 27.--Effect of feeding 0.1^ sulfaquinoxaline in combination with vitamins A, E, 
K and folic acid on hemaglobin, hematocrit, plasma citric acid and plasma 
calcium levels 

Dietary 
Treatment 

0.1*; Vita-
Hemaglobin 
gm/l00 ml 

Hematocrit 
gm/100 ml 

Plasma 
Citric Acid 
mg/100 ml 

Plasma 
Calcium 
mg/ 
100 ml 
Male & 

Plasma 
Protein 
mg/100 ml 

No. SQ min Male Female Male Female Male Female Female Male Female 

1 9.21 B.99 35.69a2 36.86a 5.85a 6.08a 16.29 3.28a 3- 20a 

2 ¥ am 7.59 7.12 31.38b 32.02b 8. 0 b̂ 8. i*4bc 18.56 2.90ab 2. 99a 

3 + 9.83 9.21 36.l6a 37.25a 6.76a 6.29a 17.76 3.22ab 3.27a 

+ + 7.08 7.71 31.10b 31.66b B A 8 h  7.89bc 17-75 3.llab 3- I5a 

5 *• Folic 
Acid 

7.01 7.06 30.71b 31.23bc 6.50a 9.l6c 16.9^ 2.90ab 2.98a 

6 + E 7.52 6 . 9 k - 30.0lb 30.03° 9.15b 7.66b 16.99 2.72b 3- 0la 

7 + K 6.59 7.56 29.65b 28.89d 6.51a 8.13bc 19.37 2.88ab 3 33a 

8 + A 7.50 6.89 30.00b 28.92d 8.23b 8 A 7 h c  18.08 2.91ab 3.07a 

•SO sulfaquinoxaline. 

'Means having common superscripts were not significantly different at the 0.05 level 
of probability. 
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