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A series of 17 experiments was conducted to investigate the mini-

mum vitamin requirement and vitamin interrelationship for growth of

Coturnix coturnix japonica to two weeks of age using a glucose

monohydrate-isolated soybean protein diet.

The first phase involved two preliminary trials. The first trial

consisted of four treatments with the positive control group receiving

the basal ration supplemented with high levels of all the vitamins. The

results of the first experiment indicated that minimum requirement

levels determined by earlier workers were inadequate in the absence

of high levels of non-required vitamins.

In order to determine the effect of higher levels of each of the

required vitamins on growth, a second trial was conducted. Ten

experimental diets containing the minimum levels of required vitamins

supplemented with fractions of minimum levels of each of the required



vitamin were used. The findings suggested that higher requirements

of required vitamins were necessary for normal growth of Coturnix

chicks.

In the second phase, nine experiments were conducted to

establish the higher minimum levels of the required vitamins that

were required using growth, mortality and feathering as the primary

criteria. The requirements per kg of diet for vitamins A, D, thiamine,

riboflavin, pantothenic acid, pyridoxine, niacin and choline are as

follows: vitamin A (I. U. ) > 550 but 5- 825, vitamin D3 (I. C. U. ) > 500

but -S 750, thiamine HC1 (mg) > 5 but 5- 6 (5. 4 total thiamine), ribo-

flavin (mg) > 7 but < 8 (8. 4 total riboflavin), d-Ca-pantothenate (mg)

> 20 but 5- 25 (24. 3 total pantothenic acid), pyridoxine (mg) > 5 but S 6

(6. 74 total pyridoxine), niacin (mg) > 30 but S 40 (42 total niacin),

choline (mg) > 868 but 1302 (1302. 7 total choline).

Symptoms of vitamin A deficiency observed were ataxia, ruffled

feathers, lacrimation of eyes, high blood uric acid level, damage to

the epithelial tissues of the intestine without any change in the length

and weight of the small intestine. Vitamin D deficient Coturnix chicks

showed symptoms of rickets as evidenced by rubbery beaks, beady

ribs, disinclination to walk and low toe ash values. In the case of the

thiamine deficiency the symptoms were anorexia, leg weakness and

high mortality. The characteristic symptoms of riboflavin deficiency

were slow growth, high mortality, and slight effect on carriage and



posture. The most distinctive symptoms of birds on very low levels

of riboflavin were the absence of plumage other than down at the end of

two weeks. Curled-toe paralysis was never observed.

Pantothenic acid deficiency was characterized by poor growth,

high mortality, poor feathering and absence of barbules on the feathers.

Poor growth and high mortality were the only effects of niacin deficiency

in Coturnix chicks. The choline deficient chicks showed slow growth,

the livers of these birds were smaller than the controls and of bright

yellow color and a tendency for the distention of the gall bladder.

Six experiments were conducted to determine the possible inter-

relationship between the required and the non-required vitamins. Each

trial consisted of nine variables which were the previously determined

levels of the required vitamins in combination with maximum levels of

a non-required vitamin vs. recently determined minimum levels of

required vitamins. It was found that supplementation with 20 mg per

kg of ascorbic acid gave a definite although small increase in growth

when supplemented with thiamine, riboflavin, pantothenic acid and

pyridoxine, thus exerting a marked sparing effect on minimum require-

ments for these vitamins. Feeding of 100 mcg per kg of vitamin B12

likewise promoted growth when supplemented with these vitamins.

Ten mg per kg of folic acid and 100 mcg per kg of vitamin B12

improved growth of quail chicks fed the minimum level of choline.

Supplementation of niacin with each non-required vitamin had no effect

on growth of Coturnix chicks to two weeks of age.
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MINIMUM VITAMIN REQUIREMENTS AND VITAMIN
INTERRELATIONSHIPS FOR GROWTH IN

JAPANESE QUAIL (COTURNIX
COTURNIX JAPONICA)

I. INTRODUCTION

The Japanese quail, Coturnix coturnix japonica, is a recent

addition to the animal species used for biological research. It is

ironic that this, the first bird species domesticated by man, should

only in the twentieth century be recognized for its possibilities as a

pilot animal for biological laboratory research. The adaptability of

the bird to battery breeding cages, its prolificacy, and its accelerated

ontogeny make it an analogue to the white rat or fruit fly in its utility

for laboratory experiments.

This bird has been advocated as a laboratory animal in studies

of embryology, reproductive physiology, social behavior, toxicology of

agricultural chemicals, avian genetics, nutrition, avian diseases,

environmental physiology, and is widely employed in cancer research.

It is also used in the lunar space program to make biological evaluation

of materials returned from the moon. This species has great potential

for use in classroom instruction and is of value in science education.

The rapid development of quail as a laboratory animal is likely to

continue in ever more diversity. In an economy where humans com-

pete directly with the domestic animals for cereals and other primary
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food sources it may even become desirable to raise these birds as a

source of animal protein.

The feature of Coturnix quail most attractive to scientists is the

fact that quail hens begin to lay eggs as early as five weeks of age.

When used in breeding experiments a geneticist may be able to produce

as many as four generations each year, as compared to one generation

obtained with chickens.

Only very limited information is available on the nutritional

requirements of Coturnix quail and the lack of nutritional data repre-

sents a disadvantage in research. When an animal is to be used as a

research animal it is necessary that it be in a state of adequate nutri-

tion. Therefore, to fully utilize the Coturnix quail in a biological

research program, base line biological and nutritional data must be

established so that any experimental deviation from normal can be

evaluated.

The earliest studies of the nutritive requirements of Coturnix

quail were carried out by naturalists. They studied the dietary pre-

ferences of the Old World Coturnix as a wild species. The vitamin

requirements in the diet of growing quail have not been studied exten-

sively and much of the vitamin information used in formulating growing

quail diets is based on studies with poultry. Since Coturnix quail

exhibit a high metabolic rate, rapid growth, and prolific egg produc-

tion, it is possible that they require higher vitamin levels than closely

related species and may utilize the vitamins more efficiently.
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Arscott (1968, 1969) conducted a number of exploratory experi-

ments with Coturnix quail chicks (0-2 weeks of age) to determine why

chicks fed rations made with minimum levels of required vitamins

(Abercrombie, 1965; Arscott, 1966, 1967, 1968) supported optimum

growth when studied individually, but failed to support growth com-

parable to chicks which received a so-called maximum or high level

mixture of these vitamins. The results of Arscott's experiments

suggested an interrelationship between one or more of the vitamins

when fed at lower levels.

In view of the above, the objective of this research was to re-

establish the minimum vitamin requirements for rapid, efficient,

uniform growth and feathering by making systematic changes in basic

formula and also to determine if there were any vitamin interrelation-

ships. The results obtained should aid in the formulation of a ration

which could be relied upon to give optimum results with this species

when used as a pilot animal for research.
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IL REVIEW OF LITERATURE

Due to limited literature on the nutritional requirement of

Coturnix quail, most of the review if on vitamin requirements of

related species.

Vitamin A

Nest ler and Bailey (1943) reported that a vitamin A deficiency

resulted in poor feathering, poor growth, drowsiness and emaciation

and indicated a vitamin A deficiency in Bobwhite quail (Colinus

virginianus) on natural winter feed. Nest ler (1946) suggested that

vitamin A is a vital survival factor of Bobwhite quail in the northern

limits of its range and from extensive tests concluded that a deficiency

of vitamin A in the diet of the breeders affected their own survival,

their reproduction and the survival of their offspring. However,

Schultz (1948) reported that vitamin A did not appear to be a limiting

factor of Bobwhite quail in Ohio during the mild winter of 1946-1947.

Schultz (1949) later concluded from his review of literature that "the

cause of Bobwhite quail population fluctuations in Ohio is unknown, "

and that "these fluctuations are probably not due to any one factor but

are the result of interactions of many factors. " Thomson and Baumann

(1950) were unable to detect any vitamin A deficiency symptoms

among Bobwhite quail collected in Wisconsin during 1946 and 1947.
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In winter depletion studies, Nest ler (1946) found that when all vitamin

A and carotene were removed from the winter diet, the average sur-

vival time of birds increased in direct proportion to the level of

vitamin A in growing diet. Quail which had received 500 and 2, 500

I. U. of vitamin A in their growing diets survived 13 and 50 days,

respectively, on a vitamin and carotene-free winter diet. No differ-

entiation between the sources of vitamin A in the growing diets was

made. However, Nest ler did note that at the level of 1, 100 I. U. of

vitamin A per kg of winter maintenance diet, "survival was more than

twice as great on true vitamin A than on carotene. "

Nest ler and Bailey (1949) concluded that 6, 000 I. U. of vitamin A

per pound of diet was the optimal level for egg production and hatch-

ability but that 8, 000 I. U. was best for survival, for growing stock

requirements of 3, 000-4,000 I. U. , and 2, 500 I. U. the level required

for winter maintenance. Quail chicks which received no vitamin A in

their diets were all dead in three weeks. In addition he noted that the

storage of vitamin A in the liver was in direct proportion to the level

of vitamin A in the diet of the darn. Woodward et al. (1949) also

reported good growth with the level of 6, 600 I. U. of vitamin A per kg

of diet. The work of Nestler et al. (1948) reveals that quail utilize

vitamin A acetate more efficiently than either vitamin A alcohol or the

natural vitamin A ester.

Harper et al. (1952, 1953) used Bobwhite quail chicks to measure
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the relative value of increasing levels of true vitamin A and provitamin

A at levels ranging from 1, 100 to 105, 600 I. U. per kg of diet for

growth, livability, liver storage of vitamin A, and survival and to

measure the relationship between vitamin A liver storage and survival

under satisfactory and adverse conditions. They obtained good growth

and livability of quail to 10 weeks of age on the basal diet when supple-

mented with 6, 600 and 8, 800 I. U. of true vitamin A per kg, but a

reasonably high level of storage of the vitamin in the liver was not

obtained until the vitamin A intake was increased to 11, 000 or 13, 200

I. U. per kg of diet. Howes and Beane (1966) found the vitamin A

requirements for Bobwhite quail from 0-6 weeks to be 2, 200 I. U. per

kg of diet. Studies by Scott et al. (1957) with pheasant chicks (Phasi-

anus colchicus) and ducklings (Anas platyrhinchus) from progeny of

ducks and pheasant hens fed commercial rations, indicated 1, 100 to

1, 320 I. U. of vitamin A per kg of starting ration, when this vitamin

was supplied in the form of a commercial stabilized vitamin A supple-

ment.

Shellenberger and Lee (1966) determined the vitamin A require-

ment for growth of Coturnix quail fed semi-practical, low and high

energy diets. They reported that growth rates were not enhanced when

vitamin A was used at levels of 550 to 4, 400 U. S. P. units per kg of

diet. Mortality was higher in both males and females fed low energy

diets supplemented with 500 or 1, 100 U. S. P. units per kg and in
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females fed high energy diets at 500 units of vitamin A per kg of feed.

Abercrombie (1965) determined the minimum vitamin A requirement

of Coturnix quail in the presence of so-called maximum levels of all

the other vitamins to be in excess of 550 I. U. per kg of ration, but

not more than 825 I. U. of vitamin A per kg of ration to three weeks of

age. Studies by Alford (1967) show the best level of vitamin A to be

4, 400 I. U. per kg of the diet for laying quail. Al-Hasani and Parrish

(1968) investigated the vitamin A activity of beta-apo-carotenals in

Coturnix quail and they concluded that beta-apo-carotenals can be used

as a sole source of vitamin A for Coturnix quail.

Vitamin D3

Mature male Coturnix quail have been kept in good physical

condition on diets based on soybean meal, milo, barley, minerals

and other vitamins, except vitamin D3, for a year, but a mortality of

about 90% was observed in females compared to a mortality of 16% for

the males even when both were in negative calcium balance of about

the same order. Also, no eggs were obtained. When this diet con-

tained 1, 200 I. C. U. of vitamin D3 per kg of diet, the males remained

in negative calcium balance with similar mortality. The mortality of

the females was reduced to 30% along with egg production of 90% over

a period of three weeks with the former level of vitamin D3 in the diet

(Chang and McGinnis, 1967).
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The vitamin D3 requirements (mcg/kg of diet) of young Coturnix

quail up to three weeks of age have been determined utilizing semi-

purified diets containing 35% isolated soybean protein and dextrose to

be as follows for prevention of: mortality, 4; decreased bone ash, 12;

elevated plasma phosphorus, 8; lowered plasma calcium, 8 (Shue,

1967). A linear relation between vitamin D3 content of the diet con-

taining 20 to 70% of the optimum level on the egg shell development

for Coturnix quail has also been reported (Zucker and Gropp, 1968).

Abercrombie (1965) determined the vitamin D3 requirement of

Coturnix chicks to two weeks of age to be between 499 and 998 I. C. U.

per kg of ration. Scott et al. (1958) reported the vitamin D3 require-

ment of young pheasant under the conditions of their experiments to be

between 480 and 680 I. C. U. per pound of ration. They suggested the

desirability of providing a generous margin of safety above the mini-

mum requirement due to the unstable nature of vitamin D3 under

various conditions since many dietary factors influence vitamin D3

requirements.

The minimum requirements of vitamin D3 for Bobwhite quail

0-6 weeks is reported as 1,400 I. C. U. per kg of diet (Howes and

Beane, 1966).

Vitamin E

Price (1968) studied the effect of vitamin E deficiency on fertility
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of Coturnix quail. A deficiency of vitamin E in semi-purified diets

containing isolated soybean protein and starch appeared to affect male

fertility but not that of the female. The sterility caused in the male

was temporary and was restored by adding 40 I. U. of vitamin E per

kg to the diet for about two weeks.

Growing Coturnix quail appeared to have a vitamin E require-

ment of about 30 I. U. per kg of diet and it was possible to replace it

by 1 mg selenium per kg of the diet or it could be partially replaced

by 0. 3% ethoxyquin (Jensen, 1968).

Livers of Coturnix quail fed high levels of fat showed fatty

infiltration and degeneration, and many dead cells containing no nuclei

were present in these areas. Mortality in these birds was above

average. Bobwhite quail fed similar high dietary levels of fat did not

experience the same mortality as found in Coturnix quail. The

mortality of Coturnix quail fed high levels of fat for four months

followed by low fat diets was reduced compared with sibs fed high fat

diets continuously. Above normal levels of choline, vitamin B
12

and

E depressed mortality when fed to Coturnix quail together with high

levels of fat (Howes and Fitzgerald, 1967).

Regarding vitamin E requirements for starting and growing

Coturnix chicks, Arscott (1966) reported that removal of potential

sources of tocopherol, such as soybean oil, failed to demonstrate a

need for vitamin E. Furthermore, the inclusion of 4% stripped
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safflower oil as a source of linoleic acid to possibly stress the chick's

need for vitamin E proved ineffective.

Vitamin K

Scott et al. (1961) conducted experiments to determine the vita-

min K requirements of young pheasants and Bobwhite quail receiving

a practical diet with and without a supplementary level of 0. 1 sulfa-

quinoxaline. In the absence of sulfaquinoxaline, vitamin K deficiency

in both pheasants and quail was prevented by the addition of as little

as 0. 0625 mg of either a stabilized vitamin K, or menadione sodium

bisulfite per kg of diet. Menadione per se was less than 25% as effec-

tive as the other two vitamin K active materials in producing normal

prothrombin times in the young pheasants and quail. The addition of

0. 1% sulfaquinoxaline to the basal diet greatly increased the severity

of vitamin K deficiency as evidenced by the markedly prolonged pro-

thrombin time and the occurrence of severe hemorrhages throughout

the body tissues in both the pheasants and the quail. In the presence

of this amount of sulfaquinoxaline, levels of vitamin K and menadione

sodium bisulfite between 1. 0 mg and 4. 0 mg per kg of diet were

required to produce normal prothrombin time in the young pheasants

and quail. Menadione was much less effective than the other vitamin

K-active materials. In the presence of sulfaquinoxaline, the amount

of alfalfa meal needed to produce normal prothrombin time was
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increased to 4%. The results indicated that 0. 1% sulfaquinoxaline

increases the vitamin K requirement of young pheasants and quail

approximately 800% above that needed in the absence of this amount of

sulfaquinoxaline.

Thiamine

Charles et al. (1972) initiated studies to investigate a field

problem apparently related to thiamine deficiency in newly-hatched

turkey poults (Meleagris gallopavo) and a polyneuritis condition

observed in Coturnix quail. The breeder ration fed to the quail which

produced these birds was a practical type of turkey breeder feed which

contained no supplemental thiamine. The newly hatched quail had

responded positively to thiamine injection. When the breeder diet was

supplemented with 3. 2 mg per kg of thiamine, the appearance of the

polyneuritis symptoms in subsequent hatches of quail was prevented.

In experiments where day-old Coturnix quail received no supple-

mental thiamine hydrochloride in the diet the chicks failed to grow and

showed progressive weakness and a tendency of the wings to drag or

hang loosely. By the fifth day 100% mortality was observed. The

thiamine requirement of young Coturnix was found to be more than 0. 9

mg but not more than 1. 8 mg per kg of ration to prevent the appearance

of deficiency symptoms and promote normal growth (Abercrombie,

1965).
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Alford (1967) studied the effect of thiamine deficiency in both

young and adult Coturnix quail using a purified diet. The young quail

on the deficient diet exhibited a weak and emaciated condition, poly-

neurutis and death within 24 hours of the first signs of polyneuritis.

Mature three-month-old quail, when fed a thiamine deficient diet,

showed deficiency symptoms on the eighth day after treatment. The

symptoms were characterized by growth retardation, ruffled plumage

and high mortality. The optimal level of thiamine for laying quail was

determined to be 3. 75 mg per kg of ration.

Riboflavin

Abercrombie (1965) showed a need for riboflavin in purified diets

for day-old Coturnix quail up to two weeks of age. Retarded growth

and high mortality was observed with Coturnix receiving up to 2 mg

of riboflavin per kg of diet. An interesting phenomenon observed

at the end of the second week was that the survivors receiving zero

level of riboflavin had only their down feathers. The addition of ribo-

flavin at 3 or 4 mg per kg of diet had substantially reduced mortality

and growth was approximately equal to the group receiving 10 mg of

riboflavin per kg of diet. Under the conditions which the experiments

were conducted, using body weight, mortality and feathering as

criteria, the riboflavin requirement for Coturnix to two weeks of age

was found to be more than 3 but nor more than 4 mg per kg of ration.
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Scott et al. (1959) determined the requirements of young pheasant

chicks for riboflavin. They made observations of growth rates,

feathering, leg weakness and leg abnormalities and used these as

criteria of measurement in determining riboflavin requirement. Ribo-

flavin was supplemented at 0. 44, 0. 88, 1. 32, 1. 76 and 2. 42 mg per

kg of diet. The riboflavin requirements under the conditions of their

experiment was found to be approximately 3. 4 mg per kg of diet.

Pantothenic Acid

Fox et al. (1966), using purified diets, determined the pantothenic

acid requirement of day-old Coturnix quail by feeding purified diets

with calcium pantothenate at levels of 0 to 200 mg per kg of diet. The

requirements (mg of calcium pantothenate per kg of diet) were as

follows for prevention of various syndromes: mortality, 15; slow

growth, 15; and abnormal feathering, 30. Birds fed 40 mg of calcium

pantothenate per kg of diet for one week subsequently had required only

10 mg per kg of diet for normal development up to four weeks of age.

Most of the liver pantothenate was in the form of Coenzyme A and their

data indicated that young Coturnix quail had a higher requirement for

pantothenic acid as compared with other birds and other experimental

animals.

Abercrombie (1965) noted that when day-old Coturnix quail were

fed a purified diet unsupplemented with pantothenic acid the mortality
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was 100%. Excessive mortality was evident when 6 to 12 mg per kg of

supplementary D-calcium pantothenate was added to the ration. The

maximum requirement for growth was found to be greater than 10.8

mg but not more than 13. 5 mg of supplemental pantothenic acid per kg

of ration.

Gradual improvement in growth and feathering was observed as

the pantothenic acid content of a purified diet for young pheasants and

Bobwhite quail was increased. A plateau was reached with 8 mg of

supplemental pantothenic acid per kg of diet. The minimum require-

ment for growth and feathering in young pheasant and Bobwhite quail

appeared to be 10 mg per kg of diet (Scott et al. , 1964),

Pyridoxine

A requirement for pyridoxine by young Coturnix quail was

established by Arscott (1967). In the absence of supplemental pyri-

doxine in a purified diet 100% mortality was observed at the end of the

second week; highest mortality occurred when the chicks were one week

old. No adverse effects on body weight or feathering were observed

with levels of pyridoxine of 0. 5 mg per kg or more. The need for

pyridoxine to two weeks of age by Coturnix chicks approximated not

more than 0. 5 mg per kg of the ration.
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Cho line

A study of the choline requirement of young pheasant chicks was

undertaken by Scott et al. (1959) using a diet containing fish solubles

with the addition of vitamin B12 and methionine. By calculation the

choline content of the diet was 1, 430 mg of choline per kg of diet. The

diet was fed alone and supplemented with choline at levels of 110, 220,

330, 440 and 550 mg per kg of diet. Their results indicated that

addition of choline to this diet produced no appreciable improvements

in growth or development of the young pheasant chicks.

High mortality was encountered in several experiments where

Coturnix quail were fed high energy diets. Specific studies showed

mortality was significantly associated with dietary fat level rather

than caloric intake. Fish oil and animal or vegetable fats produced

similar results. Histological studies showed fatty infiltration and

liver degeneration to be significantly related to dietary fat. In

surviving birds adaptation to the condition was apparent. The feeding

of supplemental choline, B12 and vitamin E in various combinations

reduced mortality in Coturnix quail fed high levels of dietary fat

(Howes and Fitzgerald, 1967).

Alford (1967) showed that egg weight increased, up to levels of

2, 525 mg of choline per kg of ration. A choline deficiency was

observed in laying Coturnix hens when fed a casein-gelatin purified
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diet containing 1,045 mg of choline per kg of diet and thought to be

adequate in all other nutrients. The deficiency resulted in decreased

egg weight, as compared with egg weight obtained with a diet contain-

ing 2, 090 mg of choline per kg. Supplementing the diet with 1, 000 mg

per kg of either methionine or inositol did not significantly relieve the

choline deficiency. In contrast to chickens the laying Coturnix quail

appeared unable to synthesize enough choline to meet their require-

ments for maximum egg weight (Latshaw, 1971).

Latshaw and Jensen (1972) conducted experiments to charac-

terize a choline deficiency in mature Coturnix quail and to investigate

the effectiveness of dietary choline precursors and substitutes for

choline in the diet of their birds. A casein-gelatin purified diet was

supplemented with the following levels of choline: 1, 1,045, 2, 090,

3, 135 and 4, 180 mg per kg of diet. The control diet contained 1, 045

mg per kg added choline. Cho line deficiency reduced body weight,

egg weight, hatchability of fertile eggs and rate of egg production. The

level of choline in the eggs was reduced. ,A level of 1, 045 mg of

choline was found to be inadequate; however, the 2,090 mg level was

adequate for optimum performance of the quail. Neither betaine nor

amino ethanol improved egg production or egg weight, but equimolar

levels of monomethyl-amino-ethanol and dimethyl amino-ethanol gave

results equivalent to choline.

Arscott (1967) determined the choline requirement of Coturnix



chicks up to two weeks of age to be greater than 430 but not more

than 870 mg per kg of ration.

Niacin

17

Sunde and Bird (1957) observed niacin supplementation reduced

the incidence of leg disorders observed in pheasants. Using basal

diets with addition of niacin from 0 to 160 mg per kg, the requirement

of niacin for the young pheasant was found to be 50 mg of total niacin

per kg of ration.

Scott et al. (1959) studied the niacin requirement of Ringneck

pheasants by supplementing the basal diets with levels of 0, 11, 22, 33,

44 and 55 mg of added niacin per kg of diet. They observed increased

growth with increasing levels of niacin in the diet up to the level of

44 mg of added niacin per kg of diet. This level of added niacin

completely prevented enlarged hocks and produced satisfactory

feathering, which was not further improved by more than 44 mg per

kg of diet. These workers used a basal diet containing 22 to 26 mg of

niacin per kg; the total niacin requirement of young pheasants under

the conditions of the experiment was approximately 70 mg of niacin

per kg of diet.

In studying the niacin requirement of day-old Coturnix quail,

Arscott (1967) observed that in the absence of added niacin to a

purified diet, body weights of young Coturnix were depressed and
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feathering was poor. Similar results were noted with levels of niacin

up to 5 mg per kg of diet. A level of 10 mg or more resulted in nor-

mal body weights and feathering. Mortality appeared unaffected by

the level of niacin in the diet; however, somewhat greater mortality

was observed with niacin levels below 2. 5 mg per kg of diet. The

niacin requirement of young Coturnix quail appeared to be not more

than 10 mg per kg of the ration.

Vitamin B12

Baldini et al. (1953) observed no response to either condensed

fish solubles, antibiotic and vitamin B12 supplements or their com-

bination when included in the diets of young Bobwhite quail containing

24 to 28% of protein. A response in growth, however, was obtained

when the protein content of the diet was reduced to 20%. The authors

concluded that vitamin B12 was essential in the diet of Bobwhite quail

only when the protein level of the diet is below that considered neces-

sary for normal growth. Similar observations have been reported by

Dale (1955). A dietary source of vitamin B12 was indicated by this

author to be unnecessary for Bobwhite quail on a high protein diet.

Egg production was normal and hatchability was fair in birds fed the

diet unsupplemented with B12.

Normal growth and feathering was observed in day-old Coturnix

quail up to two weeks of age when fed a diet unsupplemented with vita-

min B12 (Abercrombie, 1965).
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Other Vitamins

Abercrombie (1965) conducted experiments to determine the

vitamins that are required and non-required for growing Coturnix

quail. The results showed that omission of supplemental vitamins E

and K, para amino benzoic acid, folacin, biotin, inositol or vitamin

B12 did not affect growth, mortality or feathering. In addition,

Arscott (1967) showed no apparent need by Coturnix quail for ascorbic

acid.

Vitamin Interrelationships

Since there is a lack of information on vitamin interrelationship

studies with Coturnix quail a general review of vitamin interrelation-

ships will be presented.

Pyridoxine: The similar role played by pyridoxine and riboflavin

in the conversion of tryptophan to nicotinic acid suggests a close

relationship between these two vitamins (Charconnet-Harding et al. ,

1953).

Evidence suggesting an interrelationship between vitamins B6

and E in rats has been presented by Young et al. (1955). Rats defi-

cient in both these vitamins exhibited an increased excretion of allan-

toin and creatine and supplementation of the diet with either of these

vitamins prevented this increase. Harris et al. (1947) noted that so
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long as the supply of vitamin E was inadequate, rats, after being

made severely deficient, upon receiving insufficient amounts of

vitamin B6 developed gastric ulcers. The ulcers were prevented by

optimal amounts of either of the two vitamins. Dinning et al. (1954)

studied the effect of a combined deficiency of vitamins E and B6 on

the hemogram of the rat. The most strking finding was the observa-

tion that rats deficient in both vitamin E and B6 exhibited a marked

granulocytosis and that this condition was prevented by supplementing

the diet with either vitamin E or B6.

Vitamin C: As reviewed by Reid (1954), ascorbic acid is known

to be involved in the maintenance of tissue levels of other vitamins,

the oxidation of vitamins in tissues and the sparing action of vitamins

in deficiency studies, in addition to the general effects of several

vitamins in influencing its synthesis of ascorbic acid.

Although the rat fed nutritionally adequate diets synthesizes

ascorbic acid, Sure et al. (1939) found considerable reductions of

vitamin C in certain tissues and endocrines in vitamin A, thiamine

and riboflavin deficiency, thus establishing a definite vitamin inter-

relationship. The authors observed that in the case of thiamine

deficiency, the most significant changes in ascorbic acid were found

in the lung, kidney and liver. Repeated thiamine depletion produced

additional heavy losses of vitamin C in the kidney and liver. In the

case of vitamin A deficiency, the major change in ascorbic acid was
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in the heart. In riboflavin deficiency, losses of vitamin C in tissues

and endocrines represented the greatest reductions of ascorbic acid

in single vitamin depletion.

Many instances of a close relationship between folic acid and

ascorbic acid have been reported. Nichol and Welch (1950) have

shown that ascorbic acid releives many of the abnormalities noted in a

folic acid deficiency syndrome in rats and that ascorbic acid stimulated

the conversion of folic acid in rat liver slices to an essential growth

factor. Schwartz and Williams (1952) reported that a deficiency of

folic acid markedly reduced the ascorbic acid content of the liver in

rats and supplementation of folic acid in advanced stages of deficiency

had no effect. Hill and Scott (1952) showed that ascorbic acid is

effective in aiding the release of citrovorum factor from a bound form

in the presence of a citrovorum factor-liberating enzyme present in

chick liver. Cropper and Scott (1967) reported that ascorbic acid

supplementation to diets adequate in all nutrients did not improve the

utilization of "bound" folic acid either in the chick (Gallus gallus

domesticus) or in the poult. The bound folic acid was found to be

utilized by both species without special supplementation.

Dakshinamurti and Mistry (1962) have established that admini-

stration of L-ascorbic acid to biotin-deficient rats delayed the onset

of deficiency but did not abolish all the clinical symptoms of the

deficiency. Biotin-deficient animals excreted less than half the
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amount of ascorbic acid compared to the animals that received biotin,

Livers and adrenals of the biotin-deficient animals contained less

than half the total amount of ascorbic acid as compared to the control

rats and a significant difference between the groups in blood serum

levels of ascorbic acid compared to the control receiving biotin was

observed. Ascorbic acid synthesis from labeled glucose showed a

marked reduction in the specific activity as well as the total counts

incorporated by the biotin-deficient rats. The authors explain the

effects as due to an impairment in glucose utilization as well as a

decrease in L-gulono lactone oxidase activity in biotin deficiency.

Arends and Kienholz (1972) conducted experiments to determine

whether biotin deficiency in the turkey resulted in depressed ascorbic

acid synthesis, or whether ascorbic acid supplementation retarded or

prevented biotin deficiency lesions from developing. The authors

reported that feeding the unsupplemented biotin-deficient diet did not

significantly reduce ascorbic acid content of blood plasma, liver,

kidney or adrenal tissues of four-week-old poults. Supplementing the

biotin deficient diet with 100 or 1,000 ppm of ascorbic acid had no

sparing effect on biotin as determined by growth or appearnace of

biotin deficiency lesions but did significantly increase the tissue

ascorbic acid levels. The authors concluded that the gross and micro-

scopic lesions observed in the biotin-deficient poults were not caused

by a reduction in ascorbic acid synthesis or availability and that
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biotin deficiency did not appear to be related to ascorbic acid metabo-

lism in poults.

Pantothenic Acid: The vitamin that has received the most

attention, as far as its relation to pantothenic acid in the diet, is

vitamin B12. Evans et al. (1951) were probably the first to demon-

strate that vitamin B12 and pantothenic acid were closely interrelated.

This observation was made during the course of an experiment that was

conducted to determine the effects of a number of antibiotics and

synthetic vitamins on chick growth. These workers fed a basal corn-

soybean diet deficient in vitamin B12 and supplements comprising

either a mixture of thiamine, calcium pantothenate, pyridoxine, folic

acid and biotin, or vitamin B12. In all cases where the chicks were

fed crystalline vitamin B12, the pantothenic acid content of the livers

was much lower than that of the livers of chicks fed the basal diet

only. In a subsequent experiment these workers observed that chicks

that were more deficient in vitamin B12 accumulated higher liver

pantothenic acid than those given supplementary vitamin B12. Similar

findings were observed simultaneously by Yacowitz et al. (1951) who

reported that vitamin B12 reduced the level of pantothenic acid in the

liver. These same authors also observed that pantothenic acid in turn

lowered the vitamin B12 reserve in the liver, but only in the absence

of vitamin B12 in the ration and not when this vitamin was present in

adequate amounts. From these observations they concluded that
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vitamin B12 probably aided in the conversion of pantothenic acid to

Coenzyme A, while pantothenic acid increased the vitamin B12 require-

ments of the chick by stimulating growth.

Boxer and Shonk (1955) found that the Coenzyme A concentrations

of the livers of vitamin B12 -deficient chicks was about five times

greater than that of the normal controls. Observations made by Welch

and Couch (1954) show that pantothenic acid may have a sparing effect

upon vitamin B12, since the addition of calcium pantothenate to the

diet of chicks increased the vitamin B12 content of the liver above that

found in the controls. Moreover, their data showed that growth of

birds fed a pantothenic acid-low diet was adversely affected and that

the severity of pantothenic acid deficiency symptoms was increased

by the addition of vitamin B12.

Cho line: The choline requirement of the rat and the chick is

significantly decreased by supplementation of the diet with vitamin

B
12

(Schaefer et al. , 1949). Incidence and severity of renal injury in

weanling rats fed diets low in choline and methionine were found to be

decreased by supplementing the diet with folacin. When both folacin

and vitamin B12 were added to the basal diet, supplemented with

choline or DL-methionine, there was complete protection against

kidney damage. Both folacin and vitamin B12 were found to be

required for maximum growth of the chick.
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Schaefer et al. (1950) showed that the nutritional requirements

of the chick and rat for folacin, vitamin B12 and choline were inter-

related and a specific requirement for one of these nutrients cannot be

established unless the level of the other two is taken into consideration.

Jukes and Stokstad (1951) have shown that the requirement of choline

for maximum growth was found to be greater in the absence of vitamin

B12 than in its presence. However, the amount of choline required

for the prevention of perosis was not decreased by supplying vitamin

B12. Bennett et al. (1951) established a nutritional interrelationship

among folic acid, vitamin B12 and one carbon metabolism.

Vohra et al. (1955) determined the role of vitamin B12 and folic

acid in choline synthesis from glycine-2-C 14 in the turkey poult.

They had incubated livers from normal, folic acid-deficient and

vitamin B12 -deficient turkey poults with glycine-2-C
14. Folic acid

deficiency had reduced the total amount of serine synthesized from

2-carbon of glycine with a greater reduction in the incorporation of

C14 in the three position than in the two carbon. Choline synthesis

was reduced slightly with a reduction of incorporation of C14 in the

ethanolamine moiety and an increase in the methyl groups. A

deficiency of vitamin B12 did not reduce total serine synthesis but

reduced the incorporation of C 14 into the three position. These

workers found no evidence to suggest that vitamin B12 functions in
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the conversion of the two-carbon of glycine to a single carbon unit,

which can be used both for methyl synthesis and for conversion to

hydroxymethyl tetrahydrofolic acid.
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III. EXPERIMENTAL PROCEDURE

General Procedure

Unless otherwise specified the following general information

applies to all experiments. The Coturnix chicks used in the experi-

ments were from the 0. S. U. strain which was obtained in 1960 from

the Oregon Game Commission, Hermiston, Oregon, originally

secured as mature stock from the Oklahoma Game Commission.

To obtain chicks, eggs were saved and set in Jamesway incuba-

tors, Model 252 (James Mfg. Co. , Fort Atkinson, Wisconsin). The

trays in which the eggs were set were modified chicken egg trays

used to accommodate the quail eggs. The modification consisted of

wire mesh with openings of 1. 9 cm2, just large enough to hold one

quail egg placed at the bottom of the tray. Another similar size wire

mesh was then placed on top of the eggs and was overlaid with a finer

screen of 0.063 cm2. Wire springs were then fastened over the mesh

to secure it and the eggs during incubation as illustrated in Figure 1.

On the 14th day of incubation the eggs were transferred to hatching

trays until the 18th day.

All trials were of two weeks duration. Experiments to deter-

mine the minimum requirements and those to study the interrelation-

ships of vitamins were made up of either triplicate or duplicate lots,
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Figure 1. Modified chicken egg tray used for hatching
Coturnix eggs.
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respectively, of 10 Coturnix chicks per replicate unless otherwise

stated. The composition of rations fed to the parent stock is shown

in Table 1.

At the start of each experiment, day-old chicks of mixed sex

were randomly distributed into their respective lots. The birds were

reared under similar conditions in a modified battery consisting of

metal rat cages partitioned with a wooden divider (see Figure 2).

Each compartment measured 25 cm in height, 21 cm in length, and

18 cm in width. The cages were placed back to back, four to a row,

on a brooder table constructed of 1. 5 x 1. 5 cm wire mesh and

removable wire floors of 0. 5 x 0. 5 cm mesh were provided.

Heat was supplied by means of a heating element placed under

each row of cages and by four 250-watt white infra-red heat lamps

located about 23 cm above and centered over four compartments, which

permitted the maintenance of temperature at 35 -37. 8°C at floor level.

At the beginning of the second week, the 250-watt infra-red bulbs were

replaced by 125-watt infra-red bulbs. The battery room was lighted

24 hours a day and temperature was maintained at approximately

21-24°C. Feed was supplied ad libitum by a gravity flow feeder which

hung outside each cage. Water was provided continuously by the use

of automatic watering cups (Hart Kleen-Flo Poultry Watering Systems,

H. L. Hart Mfg. Co. , Inc. , Glendale, California).

The glucose monohydrate-isolated soybean protein ration used



Table 1. Composition of ration for adult Coturnix quail.

Ingredient Layer

Corn, yel. grd. 67. 14

Fat, corn oil' 2. 00

Soybean meal (44% prot. ) 18. 73

Alfalfa meal (20% prot. ) 3. 00

DL-methionine (98%) O. 15

Limestone flour 6. 15

Dicalcium phosphate 2, 00

Salt, iodized 0. 50

Vit. -tr. min. mix. (PM-2-65)2 O. 33

Total 100. 00

Calculated analyses:
Prot. , % 15. 20

Ca, 3. 00

P, % 0. 70

1 Mazola (Corn Products Co. , New York).
2 Supplies in amts /kg of mix.: Cu, 0. 8 g; Fe, 8 g; I, 0. 48 g;
Mn, 24 g; Zn, 11 g; Co, 88 mcg; Vit. A, 1, 320, 000 IU; Vit.
D3, 440,000 ICU; Vit. E, 440 IU; Vit. K, 0. 22 g; riboflavin,
0. 88 g; d-pantothenic acid, 1. 32 g; niacin, 8, 8 g; Choline cl,
44 g; Vit. B12, 1. 8 mg; BHT, 50 mg.

30
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Figure 2, Battery brooder used during the experimental period.
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for the Coturnix chicks was developed by Abercrombie (1965) and was

patterned largely after rations reported in literature for turkey poults.

The ration met all the nutritional requirements of turkey poults in

excess of those recommended by the National Research Council (1960).

The ration and its calculated analyses are shown in Table 2.

The experiments were conducted for a period of two weeks

because this period represents a physiological age comparable to

about eight weeks in chicks and 13-14 weeks in turkeys. Daily

mortality records were maintained for all experiments, and a post

mortem examination was performed on each bird which died to deter-

mine the specific cause of death. A record was maintained during

each experiment in which the development of any deficiency symptoms

was recorded. At the end of each experimental period the surviving

chicks were weighed and replicate pens were averaged to obtain treat-

ment averages. The final two week weights are presented unless

otherwise indicated. Feathering was observed at intervals during the

experimental period and scored as none, very poor, poor, fair and

good using the controls as a guide.

Most of the data gathered from the experiments were analyzed

by analysis of variance and least significant difference (LSD) between

treatment means were calculated (Snedecor and Cochran, 1967).

Various methods were used to evaluate the growth data obtained

from the vitamin requirement experiments, namely (a) subjecting the



33

Table 2. Basal ration for Coturnix chicks.

Ingredients Amount

Glucose monohydrate

Isolated soybean protein'
Soybean oil

Salts N

Salts N, supplemental

(g /kg)

550. 0

350. 0

40. 02

60.03

1 . 03, 4

(Amt /kg)

Ascorbic acid 20. 0
2 mg

Thiamine HC1 (89. 2% thiamine) 10. 05 11

Riboflavin 10. 05

D-calcium pantothenate (92% pantothenic acid) 30. 05 11

Pyridoxine HCl (82. 3% pyridoxine) 10. 05

Para-aminobenzoic acid 5. 02

Alpha- tocopheryl acetate 30. 02 it

Inositol 1, 000. 06 11

Menadione 10.05 11

Biotin 0. 45

Niacin 120.06

Choline chloride (86. 8% choline) 3, 000. 02 it

Folic acid 5. 07

Vitamin A 10, 000. 06 IU

Vitamin D3 2, 000. 06 ICU

Vitamin B12 (0. 1% trituration) 100. 03 mg

DPPD 8 125. 06 II

DL-methionine (98%) 7. 656 g

Glycine 4. 06 it

(Continued on next page)
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Table 2. (Continued)

Ingredients Amount Ingredients Amount

Protein, %

Fat, %

Calcium,

Phosphorus,

Thiamine, mg /kg

Riboflavin, mg /kg

Calculated analyses 3:

1. 3

1. 9

1. 7

0. 66

3282. 0

31. 5

4. 18

1.25

1. 07

0.09
O. 39

Pantothenic acid,
mg /kg

Niacin, mg /kg
Pyridoxine, mg /kg

Choline, mg /kg

Metabolizable energy,
kcal/kg

lADMC-1) Skidmore, 1964

2Supplee et al. , 1958
3Min. mix. (Fox & Briggs, 1960), supplies as % of mix. : Ca, 20. 67;

P, 13, 33; K, 6. 17; Na, 6. 4; Cl, 9. 67; Mg, 1. 0; Fe, O. 0556; Mn,
0. 1355; I, O. 01; Zn, 0. 1213; Cu, 0. 0066 (General Biochemicals,
Chagrin Falls, Ohio)

4Optional tr. min. mix. (Fox & Briggs, 1960),
mix. Se, 100; Mo, 2, 000.

5 Kratzer et al. , 1959
6Reid et al. , 1956
7Kratzer et al. , 1949

supplies in mg/kg of

8n, n'-diphenyl-p-phyeneylene diamine (Reid et al. , 1956)
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data to analyses of variance and testing the difference between treat-

ment means and plotting the means against the vitamin levels, (b) plot-

ting the mean gains of the various groups against the vitamin levels

of the diets (Almquist, 1970), (c) plotting mean gains against the

logarithms of the vitamin levels, and (d) regression (quadratic and

linear) analyses (Draper and Smith, 1968).

Terminology

High levels Refers to the levels utilized by Arscott (1964) and

for the most part patterned after levels used in synthetic diets for

turkey poults. The levels met the vitamin requirements of turkey

poults in excess of those recommended by the National Research

Council (1960).

Minimum levels The lowest level of a vitamin which allows for

maximum growth inherently possible assuming that maximum growth

is optimum growth, established by Abercrombie (1965) and Arscott

(1967).

Required vitamins Vitamins A and D, thiamine, riboflavin,

pantothenic acid, pyridoxine, niacin and choline (as noted by

Abercrombie, 1965 and Arscott, 1967).

Non-required vitamins Vitamins E and K, ascorbic acid,

para-amino benzoic acid, inositol, biotin, folic acid and vitamin B12.
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Preliminary Experiments

Two preliminary trials were conducted. The first trial con-

sisted of four treatments with the positive control group receiving the

basal ration supplemented with high levels of all the vitamins. The

composition of the vitamin mixtures of the different treatments are

shown in Table 3 (p. 41). The second trial consisted of 10 treatments.

Table 4 (p. 42) shows the treatment combinations.

Experiments to Determine the Minimum Levels
of Required Vitamins for Growth

After the results of preliminary experiments were evaluated, it

was decided to investigate the dietary minimum requirement of each

required vitamin in the absence of non-required vitamins. Eight

trials were carried out in order to realize the experimental objectives.

The levels of the specific vitamins used ranged from zero to the high

levels defined previously and considered to be in excess. When the

minimum requirement level of a vitamin was determined this level was

used instead of the maximum level in subsequent experiments. The

various experimental plans are shown in Tables 5 through 13.

In the vitamin A study, at the end of the first experimental

period, two birds from each pen were sacrificed. Blood samples

were taken from each bird and pooled according to the treatments for

determination of serum uric acid level. Serum uric acid was
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determined by the method of Brown (1945). The serum was depro-

teinized and reacted with phosphotungstic acid in the presence of

glycerine-silicate reagent and polyanethol sodium sulfonate. The

density of the resulting color was determined spectrophotometrically

and expressed in mg per 100 ml blood. The portion of the alimentary

canal of each bird from the ventriculus to the entry of the caeca was

cut open longitudinally, rinsed, blotted, weighed and the length was

determined by suspending the tract by the pyloric end against a

centimeter scale. Small sections of the small intestine from different

treatment groups were taken for differences in intestinal histology.

These samples were immediately fixed in neutral buffered formalin

and later imbedded paraffin wax and stained in hematoxylin and eosin.

The cross sections were examined under different magnifications of

the microscope and photomicrographs were taken.

At the end of the vitamin D study, group composite toe samples

were collected by clipping the left toe at the second joint. The samples

were dried to a constant weight in an oven operated at 100 105°C. The

moisture-free toes were ashed in a muffle furnace operated between

450 and 525°C. The ash was cooled in a desiccator, weighed and the

percent toe ash calculated.

At the conclusion of the pyridoxine study, blood samples were

collected by cardiac puncture for haemoglobin and haematocrit deter-

minations. Haematocrit was determined by spinning blood in 75 mm
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heparinized capillary tubes for six minutes. The values were read

with the aid of a micro-capillary (haematocrit) tube reader. Haemo-

globin concentration was determined by the cyanmethaemoglobin

method (Wintrobe, 1961). Whole blood was diluted with Drabkins

solution which oxidizes haemoglobin to methaemoglobin, which is in

turn converted to cyanmethaemoglobin. The intensity of the cyan-

methaemoglobin was measured photometrically and haemoglobin was

determined as grams haemoglobin per 100 ml of blood.

In the choline experiments perosis scores were obtained by

examining each hock at two weeks and averaging the results. The

following values were used in obtaining the scores: 1 = normal, no

enlargement; 2 = slight enlargement; 3 = moderate enlargement, slight

deformity evident; 4 = severe enlargement, deformed condyle or

obvious perosis present. The chicks were killed by decapitation, the

livers and gall bladders were excised, collected on treatment basis,

and weighed in a tissue balance to the nearest milligram. They were

grossly examined for pigmentation and scored according to the degree

of pigmentation. The gall bladders were dissected free from the

livers and were weighed in the tissue balance.

Experiments to Determine Vitamin Interaction

The Coturnix chicks fed diets containing a mixture of previously

determined minimum levels (Abercrombie, 1965; Arscott, 1966) of
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required vitamins only, did not respond growth-wise in a manner

comparable to chicks fed maximum levels of all vitamins. This

suggested the probability for an interrelationship between the required

and the non-required vitamins.

To determine if such an interaction indeed existed, six trials

were conducted. Each trial consisted of nine variables. The variables

were the previously determined levels of the required vitamins in

combination with maximum levels of a non-required vitamin vs.

recently determined minimum levels of required vitamins. Tables

14 through 19 show the treatment combinations of each trial.
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IV. RESULTS AND DISCUSSION

Preliminary Experiments

This study consisted of two separate experiments; the treatment

combinations and the results are shown in Tables 3 and 4.

The results of the first experiment are shown in Table 3. A

significant (P < 0. 01) depression in growth of birds in Group 3 which

received the diet containing only the minimum levels of required

vitamins was observed. These birds had higher mortality but showed

no difference in feathering from controls (Group 1). The growth of

birds from Groups 2 and 4 was comparable to Group 1 (control) and

the weight obtained by these groups was in accord with that reported

by Stanford (1957) and by Wilson et al. (1961) for Coturnix chicks of

similar age.

The results of the first experiment indicated that minimum levels

were inadequate in the absence of high levels of non-required vitamins

and that higher minimum levels of the required vitamins than those

used in Experiment 1 are required for normal growth of young

Coturnix chicks.

In order to determine the effect of higher levels of each of the

required vitamins a second experiment was conducted. Ten experi-

mental diets were prepared containing different fractions of the



Table 3. Performance of Coturnix chicks subjected to different vitamin treatments.

Group Treatment Average body wt.
at 2 weeks (g)

Mortality
(%)

Feathering

1 High levels of all vitamins' 41 (29)3 3 Good

2 High levels of all required
vitamins only 40 (28) 7 Good

3 Minimum levels of all
required vitamins only2 30 (25) 17 Good

4 Minimum levels of required
vitamins + high levels of
all required vitamins 39 (28) 7 Good

LSD (P < 0. 05) 3

LSD (P < 0. 01) 4

1 Ingredients mg/kg of diet: ascorbic acid, 20; thiamine HCI, 10; riboflavin, 10; D- ca-
pantothenate, 30; pyridoxine HC1, 10; P-amino benzoic acid, 5; Myvamix (cit. E), 928;
Inositol, 1, 000; Meandione ( vit. K), 10; biotin, 0. 4; niacin, 120; choline, 2, 604; folic acid,
5; vit. A (30, 000 IU), 333; vit. D3 (1, 500 ICU), 1. 33; vit. B12 (0. 1%), 100,

z Ingredients mg /kg of diet: thiamine HC1, 2; riboflavin, 4; d-Ca-pantothenate, 15; pyridoxine
HC1, 5; choline, 871; niacin, 12; vit. A (30, 000 IU), 825; vit. D3 (1, 500 ICU), 75.

3Figures in parentheses represent survivors.

4=-



Table 4. Performances of Coturnix chicks on higher levels of required vitamins.

Group Treatment' Average body wt.
at 2 weeks (g)

Mortality
(%)

1 High level all vitamins 40 (22)2 8

2 Min. level all required vitamins 29 (19) 21

3 As 2 + 1 mg/kg thiamine HC1 35 (18) 25

4 As 2 + 0.75 mg/kg riboflavin 34 (19) 21

5 As 2 + 1.875 mg /kg d-Ca-pantothenate 34 (20) 17

6 As 2 + 1 mg/kg pyridoxine HCl 33 (23) 4

7 As 2 + 11.25 mg/kg niacin 33 (18) 25

8 As 2 + 0.75 g/kg 254.0 choline chloride 34 (20) 17

9 As 2 + 38.187 mg/kg vit. A 33 (21) 13

10 As 2 + 0.1 g/kg vit. D3 34 (18) 25

LSD (P <0.05) 3

LSD (P < 0.01) 4

'Each treatment contained duplicate lots of 12-day-old Japanese quail of mixed sex at
start.
Figures in parentheses represent survivors.2
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minimum levels of the required vitamins in combination with the

minimum levels (Table 4).

The results in Table 4 show that growth of all the birds from

the supplemented groups (3-10) were significantly superior (P < 0.01)

when compared with Group 2 but none of the treatments produced

growth comparable to the control (Group 1). These findings suggested

that requirements higher than those used in the experiment were

necessary for normal growth of Coturnix chicks.

Vitamin A

A summary of the study when Coturnix chicks were fed diets

with varying levels of vitamin A is shown in Table 5. The growth

data, when subjected to an analysis of variance, does not reveal any

significant difference between Group 1 (positive control) and Groups

2-5. Average body weights of birds from Groups 6, 7 and 8 were

significantly (P < 0.01 level) lower than that of the control. When the

average body weights of the groups at the end of two weeks were

plotted against the vitamin A content of the diet, the response to

increasing levels of vitamin A appears to plateau at 825 mg/kg of the

diet (Figure 3). Further increases in vitamin A levels in the diet are

without effect on growth.

Mortality of birds in Group 8 (no vitamin A) was high, 33%.

There was no high mortality of Coturnix receiving 825 IU of vitamin A



Table 5. Effect of varying levels of vitamin A on growth, weight and length of small intestine, blood
uric acid, mortality and feathering.

Levels of Average Weight of small Length of Blood
body intestine small uric MortalityGroup vit. A Feathering

(IU /kg) weight (g) intestine acid (%)
(g) Unadjusted Adjusted (cm) (mg%)

1 10, 000 40 (30)1 1. 38 1. 58 38. 6 4. 4 0 Good

2 1, 650 39 (29) 1. 29 1. 38 38. 4 4. 3 3 Good

3 1, 375 38 (30) 1. 52 1. 60 39. 7 4. 4 0 Good

4 1, 100 38 (29) 1. 46 1. 54 37. 3 4. 1 3 Good

5 825 38 (29) 1. 50 1. 58 37. 7 4. 1 3 Good

6 550 36 (25) 1. 48 1. 47 39. 2 5. 5 17 Good

7 275 32 (25) 1.41 1. 30 39. 7 5. 6 17 Good

8 0 26 (20) 1.49 1. 15 40.4 6. 6 33 Fair
LSD (P <O. 05) 2 NSD NSD
LSD (P <0.01) 3

1 Figures in parentheses show the number of surviving birds in each group.
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per kg of diet or higher. Birds in Group 8 began to die after 12 days

of treatment. Before death these birds were unable to walk normally

and had a mild to moderate swelling of the eyes accompanied in some

cases by "cheesy" exudate. While ataxia was a fairly constant observa-

tion, some of the birds died suddenly without evidencing any gross

pathological symptoms. Upon autopsy of these birds the kidneys

appeared normal. None of the symptoms mentioned above were

observed in birds receiving 275 IU per kg or more of vitamin A.

Feathering was fair in the unsupplemented group and birds fed

275 IU of vitamin A per kg and above were scored as good. At the end

of the second week the feathers of the negative control birds (Group 8)

appeared slightly dry and ruffled.

Blood uric acid levels appeared to increase with lower vitamin A

levels. As first indicated by Elvehjems and Neu (1932) and Stoewsand

and Scott (1961), high blood uric acid levels are indicative of insuf-

ficient vitamin A in the diet to maintain maximum integrity of epi-

thelium in the kidney tubules and probably of the gastro-intestinal

tract. Normal blood uric acid level of young quail seems to be almost

the same (4. 1 -4. 5 vs. 4-5 mg To) as that of turkey poults (Stoewsand

and Scott, 1961) receiving a parctical commercial ration.

Direct comparison of average weight of the small intestine

between groups receiving zero or low levels of vitamin A and the high

levels could not be made because the birds receiving higher levels
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were heavier than the birds fed the deficiency diets, and it was to be

expected that increases in body weight would be accompanied by an

increased intestine weight. The weights of intestines were adjusted for

variation in body weights among groups by covariance analysis

(Snedecor and Cochran, 1967) so as to obtain a lower experimental

error and more precise comparison among the treatments.

Figures 4-6 show the cross sections of small intestines of

Groups 1, 5 and 8 under a light microscope. The villi of the control

birds appeared slender and relatively smooth (Figure 4). The villi

of the deficient birds (Group 8) were shorter, thicker and inundated

with recesses and various degrees of mucosal degeneration were

observed (Figure 5). Morphological differences were found between

the control and the other groups. The depressed growth observed in

the deficient groups appeared to be due mainly to the damaged

(deranged and disrupted) absorptive area of the small intestines. In

most animals atrophy of mucus-secreting epithelia is the first sign

of vitamin A deficiency as has been reported in chicks by Aydelotte

(1963) and Bayer et al. (1968).

There was no significant difference in weights of the intestines

of the different groups. Measurements of lengths were made simul-

taneously in the experiment and the results are also given in Table 5.

In the present study there was no statistically significant difference

among the groups. Although the general concept is that the effects of
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Figure 4. Cross section of small intestine of two-week-
old Coturnix chicks receiving 10, 000 IU of
vitamin A per kg of diet. 48 X.
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Figure 6. Cross section of small intestine of two-week-old
Coturnix chick receiving zero IU of vitamin A per kg
of diet. 48 X.
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vitamin A deficiency on the small intestine are infrequent or slight,

Donovan (1965) reported a marked increase in intestinal weights and

lengths of chickens on diets deficient in vitamin A.

It would appear from these results that the minimum vitamin A.

requirement of young Coturnix for growth was greater than 550 but

not more than 825 IU of vitamin A per kg of ration to two weeks of age.

This requirement is in agreement with the findings of Abercrombie

(1965). Examination of the data of Shellenberger and Lee (1966) in

which Coturnix were fed semi-practical rations shows that levels of

vitamin A of 550 NJ per kg and above supported optimum growth for at

least two or three weeks. Only after five or six weeks was there

evidence that some growth depression was present with 550 IU per kg

although higher mortality occurred as early as three weeks with

levels of up to 110 IU per kg.

In general, the gross deficiency symptoms observed in young

Coturnix are in agreement with those cited by N. R. C. (1971) for the

chick.

Vitamin D3

Results of the vitamin D3 requirement experiment are shown in

Table 6. Statistical analysis of average body weight and average toe

ash data at two weeks of age showed these two criteria were signifi-

cantly (P < 0.01) superior in young Coturnix receiving 750 ICU per kg
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Table 6. Effect of varying levels of vitamin D3 on body weight, per-
cent toe ash, mortality and feathering of the Coturnix chick.

Levels of
Group vit. D3

(ICU/kg)

Average
body wt.
2 wks.

(S)

Average
toe ash
2 wks.

(%)

Mortality
( %)

Feathering

1 2000

2 1500

3 1000

4 750

5 500

64 020

LSD (P <0.05)
LSD (P <O. 01)

40 (30) 1

39 (29)

39 (26)

39 (26)

34 (20)

153 (1)

2

3

14. 8

14. 9

14. 9

14. 9

9. 7

1. 3

1

2

0

3

13

10

33

90

Good

Good

Good

Good

Good

V. poor

'Number of surviving birds in each group.

2Basal diet contained 1. 25% calcium and 1.07% phosphorus by calcula-
tion.

3Actual weight and not average weight of the remaining bird.
4 Group 6 data not included in analysis of variance.
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of the diet also produced growth and toe ash equivalent to those groups

receiving the higher levels of supplementation; Figure 7 shows that

growth plateaued at this level.

Although there was a significant (P < 0. 01) difference in percent

toe ash values between Groups 4 and 5, neither leg weakness nor any

of the other deficiency symptoms were observed in Group 5.

In the absence of supplemental vitamin D3, rachitic leg weakness

showed at about nine days of age. The upper mandibles of all the birds

in this group were pliable and beading of the ribs was apparent; fea-

thering was poor and ruffled.

In Group 6 the mortality of the birds was high, 90%, and

mortality was still evident in Group 5 where it was 33%. Lower levels

of vitamin D3 had no effect on feathering.

It is apparent from these results that the level of vitamin D3

required for young quail to two weeks of age is in excess of 500 ICU

but not more than 750 ICU per kg of the diet which contains 1.25% of

calcium and 1. 07% of phosphorus. This level is the same as that

determined by Abercrombie (1965) for young Coturnix quail under

similar experimental conditions.

The results of the experiment do not support the findings of Shue

(1967) who used a similar ration and determined the minimum vitamin

D3 requirement of quail chicks to three weeks of age. He found that

for prevention of mortality, 120 ICU, and for normal bone ash percent,
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360 ICU per kg of the diet were required. These considerably lower

levels, as shown by Shue, may be due to the possible variations in

carry-over of vitamin D3 from the breeding quail hens, through the egg

to the newly hatched quail chicks used in the studies. This carry-over

phenomenon of vitamin D3 has been reported in chickens by Griminger

(1966). He showed that chicks from dams that were fed high levels of

vitamin D3, when fed a starter diet devoid of vitamin D3 maintained

good growth up to five weeks in contrast to those from dams fed low

levels of vitamin D3 which showed symptoms of deficiency.

Thiamine

The results presented in Table 7 illustrate the response obtained

from the two thiamine experiments. Thiamine hydrochloride levels

of 0, 1 , 2, 3, 4 and 10 (positive control) mg per kg were fed in the

first trial. Compared to the control, average body weight at two weeks

was significantly lower (P < 0. 01) in all groups except Group 2, but

mortality of birds in Group 2 was high (33%). Figure 8 illustrates the

linear response of body weight to increasing levels of thiamine.

Mortality of all groups except Group 1 was very high, and feathering

was only fair, even at 3 mg per kg of the diet.

Since results of the first experiment indicated the minimum

requirement of thiamine to be greater than 4 mg per kg of diet, a

second trial was conducted. In experiment 2, using added thiamine
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Table 7. Effect of varying levels of thiamine hydrochloride on growth,
mortality and feathering of the Coturnix chick.

Levels of Average
thiamineGroup HC1 added

body wt.
2 wks.

Mortality Feathering
(%)

(mg /kg) (g)

Experiment 1
2

1 10 40 (29) 3 Good
2 4 36 (20) 33 Good
3 3 32 (16) 46 Fair
4 2 22 (15) 50 V. poor
5 1 18 ( 3) 90 V. poor
63 1

0 - 100

LSD (P < 0.05) 2

LSD (P < 0.01) 3

Experiment 2

1 10 42 (30) 0 Good
2 8 40 (27) 10 Good
3 7 39 (27) 10 Good
4 6 40 (28) 6 Good
5 5 36 (21) 30 Good
63 0

1 100

LSD (P < 0.05) 1

LSD (P <0.01) 2

1 Basal diet contained 0.09 mg of thiamine per kg of ration by
calculation.

2 Figures in parentheses show the number of surviving birds in each
group.

3 Group 6 data not included in analysis of variance.
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HC1 levels of 0, 5, 6, 7, 8 and 10 mg per kg of diet, it may be seen

that chicks receiving the 5 mg level were still markedly smaller than

the other supplemented groups (P < 0. 01) and still exhibited high

mortality. While there were no differences in body weight noted

among the 6, 7 or 8 mg levels, a significant difference (P < 0. 01) was

noted when compared to the positive control. Mortality appeared

unaffected with the higher levels. Feathering was "good" in all sur-

viving chicks. Growth plateaued off at the 6 mg level (Figure 8). It is

apparent from the above observations that the 6 mg level (5. 44 mg per

kg total thiamine) would meet minimum growth needs to 14 days of age

in quail chicks. This requirement is three times higher than the level

reported by Abercrombie (1965).

In both experiments those chicks receiving no supplemental

thiamine hydrochloride in the diet failed to grow and by the sixth day

all the chicks were dead. Characteristic thiamine deficiency symptoms

in young Coturnix chicks were emaciation, anorexia, progressive

weakness causing inability to stand and finally death were observed

in all chicks. Although Charles et al. (1972) observed classical

symptoms of polyneuritis similar to those observed in chickens in all

hatches of quail from breeding stock receiving low levels of thiamine,

in the present study with quail chicks no head retraction was exhibited.

The deficiency symptoms were similar to those reported in turkey

poults by Sullivan et al. (1967).
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Riboflavin

The response of two-week-old quail chicks to graduated quantities

of riboflavin is presented in Table 8. The growth response increased

until the 8 mg per kg level was reached after which there was no

further increase. Figure 9 illustrates this effect clearly. Average

body weights of birds on 3, 4, 5, 6 and 7 mg per kg of the diet were

significantly lower (P < 0.01) than those of the control. The average

body weight of birds fed 7 mg per kg of the diet was not significantly

different from the control, but growth still does not appear to plateau

at this level.

The high mortality of birds in Groups 6, 7, 8 and 9 occurred

throughout the experiment, but the majority occurred after the birds

were six to seven days of age. The majority of the birds in these

groups, especially those in Group 9, underwent a series of progres-

sively severe symptoms. The first noticeable symptoms of riboflavin

deficiency were a lowering of the head from its normal erect position

and a slight lowering of the wings.

Feathers of quail chicks from Groups 8 and 9 did not develop and

the chicks remained in practically the same condition as they were at

one day old. Figure 10 illustrates this clearly. Chicks receiving

4 mg per kg of supplemental riboflavin reacted similarly to Group 8

except for slightly more growth and feather development and a lower

incidence of mortality.
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Table 8. Effect of varying levels of riboflavin on body weight,
mortality and feathering of the Coturnix chick.

Levels of Average
riboflavin body wt.

Group added 2 wks. Mortality Feathering

(mg /kg) (g)
(%)

1 10 40 (30)2 0 Good

2 9 39 (27)3 10 Good

3 8 39 (29) 3 Good

4 7 37 (28) 6 Good

5 6 34 (29) 3 Fair

6 5 32 (18) 40 Fair

7 4 15 ( 8)4' 5 73 Poor

8 3 9 ( 1)4' 5 96 V. poor

9 0 1
4 100

LSD (P < 0.05) 2

LSD (P < O. 01) 3

'Basal diet contained 0. 39 mg of riboflavin per kg of ration by
calculation.

2 Figures in parentheses show the number of surviving birds in each
group.

3 The mortality of Group 2 is 3 because of the birds that were dead, died
as a result of being trapped in the wire mesh floor.

4 Data not included in analysis of variance.
5Actual weight of surviving chick(s).
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Figure 10. Wings of two-week-old Coturnix chicks receiving
10 mg of riboflavin per kg of diet (upper pair) and
3 mg of riboflavin per kg of diet (lower pair).
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The present experiment suggests that the minimum requirement

of quail chicks appears to be 8 mg per kg (equivalent to 8.39 mg total)

of the diet and that curled-toe paralysis is not a symptom of riboflavin

deficiency in young quail. The most sensitive indicator of riboflavin

deficiency was impaired growth rate; other sensitive indicators were

the slight variation from the erect posture and carriage like the normal

bird. Abercrombie (1965) reports the requirement of Coturnix chicks

to be 4 mg per kg of diet.

The absence of curled-toe paralysis in riboflavin deficient young

quail is noteworthy because this symptom has been observed in young

pheasants (Scott et al. , 1959) and turkey poults (Patrick et al. , 1944).

Although the current literature (Chou et al. , 1971; Ewing, 1963;

N. R. C. , 1971; Scott et al. , 1969) gives the impression that curled-toe

paralysis is synonymous with riboflavin deficiency in chickens,

Leprovsky and Jukes (1936) made no mention of this symptom and

stated the symptoms of deficiency in chicks to be slow growth,

diarrhea and emaciation. Also, Wyatt et al. (1973) have reported this

symptom to be only a minor aspect of riboflavin deficiency in broiler

chickens.

Pantothenic Acid

Results of the study of the pantothenic acid requirement, where

triplicate lots of Coturnix chicks were fed various levels of pantothenic
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acid, are shown in Table 9 and Figure 11. These results show that

increasing the level of pantothenic acid in the diet up to 25 mg per kg

increased growth, Body weights of quail fed pantothenic acid levels of

either 25 or 30 mg per kg were almost equivalent.

Poor feathering of the pantothenic acid deficient chicks was

apparent. The barbules were absent in the unsupplemented group and

found only on tips of primary feathers of birds on 10 mg per kg of

supplemented pantothenic acid. Feathers of those birds receiving 15

mg per kg of pantothenic acid were ragged and could be broken easily.

The feathering of chicks receiving 20 mg per kg or more of supple-

mental pantothenic acid appeared normal. Post mortem examination

of the dead birds showed no signs of adrenal haemorrhage.

It was seen in this experiment that the Coturnix chicks developed

some, but not all, of the characteristic pantothenic acid deficiency

symptoms observed in chicks and poults. Norris and Ringrose (1930),

Robb lee and Clandinin (1953) and Cries and Scott (1972) reported that

the deficiency of pantothenic acid resulted in dermatitis, broken

feathers, perosis and crusty-scab lesions in the corners of the mouth

in poults. Dermatitis, perosis and crusty-scabs were not observed in

Coturnix chicks. In this respect, the Coturnix seem to exhibit

deficiency symptoms similar to those of the Bobwhite quail (Scott et

al. , 1966) and the Pekin duck (Hegsted and Perry, 1948). Fox et al.

(1966) also using an isolated soybean protein diet, did not observe
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Table 9. Effect of varying levels of D-Ca-pantothenate on body weight,
mortality and feathering of the Coturnix chick.

Levels of Average
D-Ca body wt. MortalityGroup Featheringpantothenate 2 wks. (%)

(mg /kg) (g)

1 30 40 (30)2 0 Good

2 25 39 (29) 3 Good

3 20 35 (26) 13 Good

4 15 27 (27) 10 Fair
5 10 27 (26) 13 Poor

64 01 11 ( 3)3 90 V. poor

LSD (P < 0.05) 3

LSD (P <0.01) 5

1 Basal diet contained 1. 3 mg of pantothenic acid per kg of ration by
calculation.

2Figures in parentheses show the number of surviving birds in each
group.

3Actual weight of surviving chicks.
4Group 6 data not included in analysis of variance.
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dermatitis in deficient quail chicks. He reported the pantothenic acid

requirement to four weeks of age for Coturnix quail for prevention of

adverse effects on growth, mortality and feathering to be 15.0, 15.0

and 30.0 mg of pantothenic acid per kg of the diet, respectively.

The level reported for growth, though lower than that reported in the

present study, appears to be the same as that reported by Abercrombie

(1965). The requirement for feathering is higher than the level

reported in the present study and it is possible that holding the chicks

for a longer period than two weeks may account for the difference.

The minimum requirement of D-Ca-pantothenate for maximum

growth of young quail receiving a purified diet was established to be

25 mg (24. 3 mg total pantothenic acid) per kg of diet. The requirement

level reported by N. R. C. (1971) for starting and growing Coturnix

quail is 30 mg per kg of diet.

Pyridoxine

Statistical analyses of body weight, haematocrit, haemoglobin,

percent mortality and feather score of the Coturnix quail fed various

levels of pyridoxine hydrochloride are shown in Table 10. The rela-

tionship of average body weight at two weeks to varying levels of

pyridoxine hydrochloride in the diet is graphically represented in

Figure 12. The results show that there was a significant (P < 0. 01)

loss in body weight of the birds fed 3 and 5 mg per kg of the diet. The



Table 10. Effect of varying levels of pyridoxine HC1 on body weight, haematocrit,
mortality and feathering of Coturnix chick.

haemoglobin,

Levels of Average
pyridoxineGroup HCI

body wt.
2 wks.

Haematocrit
(%)

Haemoglobin
(g /100 ml)

Mortality
(%)

Feathering
(mg /kg) (g)

1 10 39 (30} 1 41.0 10.66 0 Good

2 8 39 (27) 42. 0 10. 63 10 Good

3 6 39 (28) 40.0 10. 66 7 Good

4 5 35 (22) 36.0 8.06 27 Good

5 3 31 (21) 35.0 7.7 30 Fair
63 02 100

LSD (P < 0.05) 2 3 0.7
LSD (P < 0.01) 3 5 1.0

1 Number of surviving birds in each group.
2 Basal diet contained 1.7 mg of pyridoxine per kg of ration by calculation.
3 Group 6 data not included in analysis of variance.
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body weight of birds receiving 6 mg per kg of the diet was comparable

to that of the control birds indicating that the former diet is capable

of supporting normal weight gain.

Chicks in Group 6 were all dead by the second week with highest

mortality after six days on the diet. The deficient chicks showed

depression and lethargy. The symptoms of pyridoxine deficiency

observed in chicks, abnormal excitability, convulsive movements and

perosis as reported by Bird et al. (1943) and Gries and Scott (1972)

were not observed in quail chicks.

Results of the analysis of variance tests on haemoglobin values

indicated that quail chicks fed the pyridoxine deficient diets (Groups 4

and 5) had haemoglobin values which were significantly depressed

(P < 0.01 level) as compared with those of the control. The haemo-

globin levels for Groups 2 and 3 were essentially the same as those of

the control group. Results of haematocrit showed a similar pattern to

haemoglobin.

The haemoglobin and haematocrit values encountered in the

control group and Groups 2 and 3 are in conformity with values

obtained by Atwal et al. (1964) and Nirmalan and Robinson (1971) in

two-week-old quail. The anaemia due to pyridoxine deficiency

observed in Coturnix chicks has been observed in chicks (Luckey et al. ,

1945) and in turkeys (Whiteside et al. , 1962). The anaemia is believed
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to be due to a disturbance in the synthesis of protoporphyrins (Scott

et al. , 1969).

On the basis of these data the need for supplemental pyridoxine

HC1 to two weeks of age by Coturnix chicks approximates not more

than 6 mg per kg of the diet, which is three times the level reported

by Arscott (1967). Recognizing that pyridoxine HC1 contains 82. 3%

pyridoxine, the total level per kg of diet including that contained in the

isolated soy protein approximates 6. 6 mg.

Choline

Observations made during the two-week experimental period are

summarized in Table 11. These results show that the quail chicks

respond to supplemental choline, demonstrated by weight gains,

feather score and mortality. The absence of supplemental dietary

choline resulted in a significant (P < 0.01) depression of growth.

Chicks fed 868 mg of choline per kg of diet were also significantly

(P < 0. 01) smaller than chicks receiving higher levels but were larger

than the negative control group. The body weight obtained by adding

1302 mg of choline per kg of diet was statistically comparable to that

of quail fed the control diet, 2604 mg per kg of ration (Figure 13).

When the chicks were sacrificed it was noted that while the

livers of all the choline-supplemented birds were reddish-brown in

color (Figure 14), the livers of the deficient chicks were a bright



Table 11. Effect of varying levels of choline 3 on growth, liver weight, gall bladder weight, mortality
and feathering of the Coturnix chick.

Levels of
Group choline

(mg /kg)

Average
body wt.

(g)

Weight of liver (g) Weight of gall
bladder (g) Mortality

(%)
Featheringunadjusted

wt.
adjusted

wt.
unadjusted

wt.
adjusted

wt.

1 2604

2 1736

3 1302

4 868

5 O1
1

LSD (P < 0.05)
LSD (P < O. 01)

239 (29)

38 (27)

39 (25)

33 (26)

21 (20)

2

3

1525

1509

1617

1528

660

1467

1461

1567

1536

808

NSD

23. 3

23.2

22. 6

23. 4

23.2

22. 04

26.2

23. 5

21. 5

26.2

NSD

3

10

17

13

33

Good

Good

Good

Good

Fair

1 Basal ration contained 0. 66 mg of choline per kg of ration by calculation.
2 Figures in parentheses represent the number of surviving birds in each group.
3The choline xanthate used contained 66. 8% choline.
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Figure 13. Relationship of added choline to average body weight of
Coturnix at two weeks of age.
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Figure 14. Livers of two-week-old Coturnix chicks on the
control diet containing 2604 mg of choline per kg
of diet and the deficient diet (zero level of choline).
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yellow. This observation has been made in chicks fed choline-

deficient diets (Seifter et al. , 1971; Jose et al. , 1970). The excised

livers of the unsupplemented group weighed less than those of the

supplemented groups. When the weights of the livers were adjusted

for variation in body weight among the groups by covariance analysis

the difference in weight was not significant. The work of Nesheim

et aL (1967), Fritz et aL (1967), Jose et al. (1970) and Seifter et al.

(1971) show that choline deficiency in chicks was not associated with

development of a large and fatty liver.

The gall bladders of the deficient chicks (Group 5) when

examined were slightly distended, 26.2 g, compared to those of the

control chicks, 22.0 mg. When adjusted for body weight, the average

weights of the gall bladders of Group 5 birds were not statistically

different from the control birds. Seifter et al. (1971) observed that

choline deficient chicks exhibited marked distension of the gall bladder,

and the weights of the gall bladders of these chicks were significantly

higher than the supplemented birds. The workers also punctured

the gall bladders and weighed the bile and analyzed it for bilirubin

concentration. The concentration of bilirubin of deficient birds was

found to be higher. In the present study the bile was not collected for

study because of the difficulty in recovering such small samples

accurately.

Feathering appeared only fair in the absence of choline and



76

mortality of Group 5 (33%) was considered high. Classical perosis

symptoms were not evident although the relationship of choline

deficiency to perosis in chicks and poults is well established (N. R. C. ,

1970).

The results shown in Table 11 and graphical representation of

the relationship of average body weight to levels of choline supple-

mented indicate the minimum requirement of choline for Coturnix

chicks to be not more than 1302 mg per kg of diet (1302. 66 total

choline). Arscott (1967) reported the requirement of young Coturnix

to be 871 mg per kg of the diet.

Niacin

The results in Table 12 show that increasing levels of niacin, up

to 40 mg per kg of the diet, increased significantly (P < 0.01) the body

growth of young Coturnix and that growth was not further improved

by increasing the niacin above this level. Figure 15 shows clearly the

depressing effect of a very low level of niacin on growth.

The symptoms of niacin deficiency of birds fed the zero level

diet were high incidence of poor growth and poor feathering; however,

nothing similar to the black tongue, dermatitis or perosis which have

been observed in turkeys (Jukes et al. , 1947), chicks (N. R. C. , 1971)

and pheasants (Scott et al. , 1959; Sunde, 1957) were seen under the

conditions of the present study.
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Table 12. Effect of varying levels of niacin on body weight, mortality
and feathering of the Coturnix chick.

Levels of Average
niacin body wt.Group added 2 wks. Mortality Feathering

(mg /kg) (gi (%)

1 120 40 (30)2 0 Good

2 50 38 (29) 3 Good

3 40 39 (29) 3 Good

4 30 36 (29) 3 Good

5 20 35 (27) 10 Good

6 10 33 (25) 17 Good

7 0
1 31 (22) 27 Good

LSD (P 0.05) 2

LSD (P 0. 01) 3

1

2

Basal ration contained 1. 9 mg of niacin per kg of ration by calcula-
tion.

Figures in parentheses show the number of surviving birds in each
group.
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Coturnix at two weeks of age.
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From these results it would appear that the niacin requirement

for young Coturnix is not more than 40 mg per kg (41. 9 mg total) of

ration. The requirement reported by Arscott (1967) for young Coturnix

was 10 mg per kg of diet. He also reported that mortality of young

Coturnix was not affected by the levels of niacin in the diet but feather-

ing was poor when niacin was absent in the diet. In contrast, the

present study revealed the mortality of Coturnix chicks at 0 and 10 mg

niacin per kg of diet to be elevated and feathering was not affected.

Evaluation of Three Different Methods of
Analysis of Body Weight Data

Since it was felt desirable to subject the body weight data to

various methods of analysis, Table 13 shows the values obtained from

three different methods of analysis.

All three methods of determination of minimum requirements

showed a linear response in the sub-maximal zone and a plateau of

growth which defined the limit of average minimal requirement for

growth. The first two methods, simple analysis of variance and sub-

jection of the means to graphical evaluation and for plotting the

logarithms of the vitamin dose against average gain at two weeks,

yielded identical results. When the minimum requirements were

determined by regression analysis, the requirements were slightly

higher for all vitamins except choline and pyridoxine (Table 13). This
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Table 13. Minimum vitamin requirements as estimated from different
methods of evaluation using average body weight at two
weeks as the criterion.

Vitamin
Requirements

Analysis of
variance'

Log dose of
vitamins

Regression
analysis

Vitamin A, IU /kg 825 825 900

Vitamin D, ICU/kg 750 750 800

Thiamine HC1, mg/kg 6 6 8

Riboflavin, mg/kg 8 8 9

D-Ca- pantothenate, mg /kg 25 25 27

Niacin, mg /kg 40 40 50

Pyridoxine HCl, mg/kg 6 6 6

Choline, mg/kg 1302 1302 1302

'Analysis of variance and subjection of the means to graphical
evaluation.
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was due to the smoothening of the data for the best fit of the regression

line wherever the difference between the means of the higher levels of

the vitamins were one or greater than one, as it was in the case of

vitamins A, D, thiamine, riboflavin, pantothenic acid and niacin.

Vitamin Interrelationship Studies

The results of the studies conducted to determine the interrela-

tionship of the earlier established minimum levels of required vitamins

with non-required vitamins are summarized in Tables 14 to 19.

Growth of birds in the thiamine, riboflavin, pantothenic acid and

pyridoxine experiments (Tables 14-17) was significantly (at least

P < 0. 05) improved when the minimum levels of these vitamins were

supplemented only with either vitamin C or vitamin B thus pointing

to an interaction between the required and non-required vitamins since

both these vitamins have previously been shown to be without effect

(Abercrombie, 1965).

Although the rat synthesizes ascorbic acid, considerable reduc-

tions of this vitamin in certain tissues and endocrines in thiamine and

riboflavin deficiencies have been observed, thus establishing a defini-

tive vitamin interrelationship. Sure et al. (1939) reported thiamine

and riboflavin deficiencies in rats produced heavy losses of vitamin C

in the kidney. McDaniel and Daft (1954) observed that certain B

vitamin deficiencies could be delayed or prevented in rats by including
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Table 14. Interrelationship of thiamine with non- required vitamins.

Thiamine Non- required
Groupl HC1 vitamins

(PPm) (PPrn)

Ave rage
body wt.
2 wks.

(g)

Mortality
(%)

1 6 38 (19)4 5

22 28 (18) 10

3 2 Vitamin E 1856 28 (19) 5

4 2 Vitamin K 10 28 (17) 15

5 2 Vitamin C 20 34 (18) 10

6 2 PABA 3
5 25 (16) 20

7 2 Inositol 1000 28 (19) 5

8 2 Folic acid 5 29 (18) 10

9 2 Vitamin B
12

100 32 (19) 5

10 10 All non-
required
vitamins 40 (18) 10

LSD (P < 0.05) 3

LSD (P < 0.01) 5

1 Each treatment consisted of duplicate lots of 20 chicks each.
2 Group 2 serves as the control.
3Para amino benzoic acid.
4Figures in parentheses represent survivors
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Table 15. Interrelationship of riboflavin with non-required vitamins.

Group
Riboflavin

(ppm)

Non-required
+ vitamins

(ppm)

Average
body wt.
2 wks.

(g)

Mortality
(%)

1 8 39 (19)4 5

zz 4 27 (17) 15

3 4 Vitamin E 1856 28 (19) 5

4 4 Vitamin K 10 27 (19) 5

5 4 Vitamin C 20 35 (17) 15

6 4 PABA 3
5 28 (20) 0

7 4 Inositol 1000 27 (18) 10

8 4 Folic acid 5 25 (19) 5

9 4 Vitamin B12 100 33 (18) 10

10 10 All non-
required
vitamins 40 (20) 0

LSD (P < 0. 05) 6
LSD (P < 0. 01) 8

'Each treatment consisted of duplicate lots of 20 chicks each.
2Group 2 serves as the control.
3Para amino benzoic acid.
4 Figures in parentheses represent survivors.
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Table 16. Interrelationship of pantothenic acid with non-required
vitamins.

D-Ca-
pantothenateGroup

Non-required
+ vitamins

(ppm)

Average
body wt.
2 wks.

(g)

Mortality
(%)

1 25 38 (20)4 0

22 15 -- 27 (20) 0

3 15 Vitamin E 1856 29 (20) 0

4 15 Vitamin K 10 27 (18) 10

5 15 Vitamin C 20 34 (19) 5

6 15 PABA 3
5 27 (16) 20

7 15 Inositol 1000 28 (18) 10

8 15 Folic acid 5 28 (18) 10

9 15 Vitamin B12 100 32 (19) 5

10 30 All non-
required
vitamins 39 (18) 10

LSD (P < O. 05) 3

LSD (P < O. 01) 4

1

2

Each treatment consisted of duplicate lots of 20 chicks each.

Group 2 serves as the control.
3Para amino benzoic acid.
4Figures in parentheses represent survivors.
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Table 17. Interrelationship of pyridoxine with non-required vitamins.

Pyridoxine
HC1Group

(ppm)

Non-required
vitamins

(ppm)

Ave rage
body wt.
2 wks.

(g)

Mortality
(%)

1 6 40 (19)4 5

22 0. 5 26 (20) 0

3 0. 5 Vitamin E 1856 29 (20) 0

4 0. 5 Vitamin K 10 28 (17) 15

5 0. 5 Vitamin C 20 35 (17) 15

6 0. 5 PABA 3
5 26 (18) 10

7 0. 5 Inositol 1000 28 (20) 0

8 0. 5 Folic acid 5 28 (19) 5

9 0. 5 Vitamin B12 100 32 (18) 10

10 10 All non-
required
vitamins 39 (19) 5

LSD (P < O. 05) 6

LSD (P < 0. 01) 9

1 Each treatment consisted of duplicate lots of 20 chicks each.

2Group 2 serves as the control.
3 Para amino benzoic acid.
4 Figures in parentheses represent survivors.
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large amounts of ascorbic acid in the deficient diets. They fed wean-

ling rats an ascorbic acid diet deficient in all B vitamins except very

low levels of thiamine and all animals survived over 600 days. In

contrast, litter mates fed a control diet without ascorbic acid failed

to grow and were all dead within 75 days.

Most avian species are known to synthesize ascorbic acid and it

is generally recognized that birds do not have a dietary requirement

for vitamin C under normal conditions (Roy and Guha, 1958;

Chaudhuri, 1969). Briggs et al. (1944) suggested that when chicks

were fed a purified diet they were not able to synthesize sufficient

ascorbic acid to permit maximum growth. Dietrich et al. (1949)

showed that the administration of vitamin C or vitamin B12 alone or

together gave a significant growth response in chicks fed a semi-

purified ration. The addition of both vitamin C and vitamin B12 gave

a greater response than either alone. The stimulation produced by

vitamin B, vitamin C or both was shown to function in part by stimulat-

ing the synthesis of folic acid in vivo. The addition of both vitamins

C and B12 produced an increase of stored liver folic acid, which was

in excess of that produced by either alone.

It is well known that stress results in a depletion of ascorbic

acid from the adrenal gland of the mammal (Sayers et al. , 1946; Long,

1947). Although it was generally agreed (Perek and Eilat, 1960;

Breitenbach, 1962) that the normal fowl does not show a depletion of



adrenal ascorbic acid in response to stress, Elton et al. (1959) and

Freeman (1966) were unable to confirm these findings.
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Freeman (1967)

showed that it was possible to elicit a depletion of adrenal ascorbic

acid in immature birds.

Yacowitz et al. (1951) showed a reciprocal relationship between

vitamin B12 and pantothenic acid in the nutrition of chicks. They

found vitamin B12 to spare the pantothenic acid requirement for

growth, survival and the prevention of dermatosis in chicks obtained

from vitamin B12 depleted hens and in chicks with normal reserves of

In turn, pantothenic acid was shown to have a sparingvitamin B 12.

effect on the vitamin B12 requirement for growth of normal chicks.

Balloun and Phillips (1967) reported that vitamin B12 deficiency

in the diet of hens intensified pantothenic acid deficiency on low panto-

thenic acid diets as measured by hatchability of eggs, growth and

viability of progeny and pantothenic acid storage in the eggs produced.

Sparing effects of vitamin BIZ on thiamine, riboflavin or pyridoxine

have not been reported in either mammals or avian species.

It is possible that in the present study the quail chicks may not

have been able to synthesize adequate ascorbic acid under the nutri-

tional. stress imposed in the experiments and, therefore, supplementa-

tion of ascorbic acid was beneficial.

The results of the niacin experiment, summarized in Table 18,

show no significant difference in body weight among the groups when
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Table 18. Interrelationship of niacin with non-required vitamins.

Group Niacin
(PPm)

Non-required
+ vitamins

(ppm)

Average
body wt.
2 wks.

Mortality
(%)

(g)

1 40 39 (19)4 5

22 10 30 (19) 5

3 10 Vitamin E 1856 32 (18) 10

4 10 Vitamin K 10 30 (20) 0

5 10 Vitamin C 20 31 (19) 5

6 10 PABA 3
5 30 (19) 5

7 10 Inositol 1000 31 (19) 5

8 10 Folic acid 5 32 (17) 15

9 10 Vitamin B12 1000 31 (18) 10

10 120 All non-
required
vitamins 40 (20)

LSD (P < O. 05) 3

LSD (P < 0.01) 4

1 Each treatment consisted of duplicate lots of 20 chicks each.
2 Group 2 serves as the control.
3Para amino benzoic acid.
4Figures in parentheses represent survivors.
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10 mg of niacin was supplemented with high levels of a non-required

vitamin. Growth of birds in Group 1 was equivalent to that of Group 10.

It appears from the results of this experiment that 10 mg per kg

of niacin alone was not sufficient and also that the above level of niacin

together with high levels of each of the non-required vitamins was not

effective in improving growth.

The results of choline interaction study are shown in Table 19.

Analysis of variance of the average body weight at two weeks showed

that Groups 1 and 10 differed significantly (P < 0.01) from the control

(Group 2), The body weights of birds on supplemental folic acid and

vitamin B12 (Groups 8 and 9) were significantly (P < 0.05) higher than

the groups supplemented with other non-required vitamins. Marked

increases in choline requirements have been observed in the absence

of folic acid and/or vitamin B12 and choline in the nutrition of Beltsville

white turkey poults (Schaefer et al. , 1949). Jukes and Stockstad (1951)

reported that the requirement of choline for maximum growth in

chicks was greater in the absence of vitamin B12 than in its presence,

Kratzer (1952) and Sherwood and Sloan (1954) showed that vitamin B12

had a sparing effect on choline. A reduction in synthesis of choline in

the liver of turkey poults deficient in folic acid has been reported by

Vohra et al. (1955).

The slight improvement in growth of birds on diets supplemented

with either folic acid or vitamin B12 could be due to the importance of
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Table 19. Interrelationship of choline with non-required vitamins.

Cho line
Group (ppm)

Non-required
+ vitamins

(ppm)

Average
body wt.
2 wks.

(g)

Mortality
(%)

1 1300 39 (20)4 0

22 870 31 (20) 0

3 870 Vitamin E 1856 32 (20) 0

4 870 Vitamin K 10 30 (18) 10

5 870 Vitamin C 20 32 (19) 5

6 870 PABA3
5 30 (20) 0

7 870 Inositol 1000 31 (15) 25

8 870 Folic acid 5 35 (20) 0

9 870 Vitamin B12 100 35 (19) 5

10 2604 All non-
required
vitamins 40 (20) 0

LSD (P < 0.05) 4
LSD (P < 0. 01) 6

1 Each treatment consisted of duplicate lots of 20 chicks each.

Group 2 serves as the control.
3Para amino benzoic acid.
4Figures in parentheses represent survivors.
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folic acid and vitamin B12 in the synthesis and metabolism of choline

and transfer of methyl groups. The requirement for choline depends

to a large extent upon folic acid and vitamin B12 nutrition.
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V. IMPLICATIONS

Although Coturnix quail have been described as the most suitable

pilot animal for avian research, information concerning the vitamin

requirements for growth, especially the requirement of the B vita-

mins, is limited. Except for the pantothenic acid requirement study

reported by Fox et al. (1966), the only work carried out on the B

vitamin requirements are those of Abercrombie (1965), vitamins A,

D, thiamine, riboflavin and pantothenic acid and Arscott (1967) for

pyridoxine, niacin and choline, at this station. These workers deter-

mined the minimum levels by the traditional method, i. e. , determining

the requirement of a particular vitamin in the presence of high levels

of both the required and non-required vitamins. When a comparison of

the requirement levels of the recent study with those of Abercrombie

(1965) and Arscott (1967) is made it is seen that there is no difference

in the requirement levels reported for vitamins A and D but the

requirements of all the other vitamins were higher in this study. This

difference explains the failure to obtain normal growth in the prelimi-

nary studies of this investigator when the minimum levels obtained by

Abercrombie (1965) and Arscott (1967) were used in the absence of

vitamins that are not required for young quail. This suggests that the

requirement of required vitamins was affected by the non-required

vitamins and further evidence of this effect was obtained from the
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experiment conducted to study the thiamine requirement (Table 20)

where the thiamine level obtained by Abercrombie (1965) failed to

support normal growth in the absence of non-required vitamins.

The reasons for the discrepancy can be explained in several ways.

The findings of the interrelationship studies where vitamins C and B12

at 20 and 100 mcg per kg, respectively, appeared to produce a sparing

effect on the requirements of thiamine, riboflavin, pantothenic acid and

pyridoxine and vitamin B12 alone in the case of choline requirement

offer a possible explanation for the lower levels obtained by the earlier

workers. It is difficult to make postulations about the higher require-

ment level obtained for niacin in this study because supplementation of

10 mg per kg (Arscott, 1967) with high levels of each of the non-

required vitamins did not seem to improve growth. Therefore in the

case of niacin it appears that normal growth is obtained only when high

levels of all the non-required vitamins are included and certainly not

by single non-required vitamin additions.

The usual method of analysis used in the determination of nutrient

requirements for growth is to feed various levels of the nutrient and

then to test statistically the difference in growth response between the

various levels to determine at which level one ceases to obtain a sig-

nificant increase in response. Almquist (1970) states that the fallacy

of this method is underestimation and that logarithmic analysis is a

better method, but in using this one is bothered by the mathematical
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fact that the logarithm of zero intake is negative infinity and a correc-

tion suggested for this apparent failure is laborious.

In the present study, the values obtained by the first two methods,

simple analysis of variance and subjection of the means to graphical

evaluation and for plotting the logarithms of the vitamin dose against

average gain at two weeks, agreed due to the limit of response being

well defined, as shown by a plateau in the data and coincidence of the

datum exactly with the intersection.

It is difficult to determine from the data obtained in the vitamin

interrelationship studies where vitamins C and B12 showed a sparing

effect on thiamine, riboflavin, pyridoxine and pantothenic acid just how

the two vitamins improved growth of quail chicks. Many enteric

bacteria in the fowl have absolute requirements for vitamins and com-

pete with the host and conversely many bacteria synthesize a wide

variety of vitamins which might be utilized by the host (Williams and

Fuller, 1971). It is possible in this study where the quail diets con-

tained limited amounts of the B vitamins mentioned above, that there

must have been bacterial competition with the host for available vita-

mins and that supplementation of the diets with vitamins C or B12

could have prevented this competition to a very small extent and also

encouraged the proliferation of the vitamin synthesizing bacteria. It

has been demonstrated conclusively that intestinal bacteria synthesize

a variety of vitamins; however, it is still not known to what extent
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these vitamins are available. Since Mickelson (1956) showed that sul-

phonamides induce or aggravate the symptoms of certain vitamin

deficiencies as a result of antibacterial activity, it would appear that in

the recent study some absorption of microbially synthesized vitamins

could have occurred.

Another possible way the vitamins could have been made available

to the quail is by accidental coprophagy. The sparing action of vita-

mins C and B12 could also be explained as being due to the promotion

of the synthesis of the B vitamins in the crop of the quail. The vita-

mins synthesized in this site can be utilized as they are produced

anterior to the main absorptive sites of the intestines. The crop of

the fowl has been considered by Bolton (1965) to function in a manner

which bears certain points of resemblance to the rumen.

Another postulation possible from a reappraisal of the literature

is that ascorbic acid supplementation met the needs of the quail chicks

which were unable to synthesize adequate ascorbic acid under the

vitamin stress imposed in the experiments. Support for this view is

offered by Dietrich et al. (1950). It will be interesting to determine

if vitamins C and B12 would support normal growth at levels higher

than those used in this study.

Table 20 shows the minimum required vitamin requirements

of young Coturnix quail determined in t his study and the N. R. C.

(1971) vitamin requirements of starting and growing chickens, poults,



Table 20. The N. R. C. 1971 comparative requirements of different avian species and the
requirements of Coturnix chicks determined in the present study.

Vitamin

Starting
Chickens

(0-8
wks)

Starting
Poults

(0-8
wks)

Starting and
growing
Pheasant

Starting and
growing

Bobwhite
quail

Starting and
growing

Coturnix
quail

Vitamin A, IU /kg

Vitamin D, ICU/kg

Thiamine, mg/kg

Riboflavin, mg/kg

Pantothenic acid,
mg /kg

Niacin, mg /kg

Pyridoxine, mg/kg

Choline, mg/kg

1500.0

200.0

1.8

3.6

10.0

27.0

3.0

1300.0

4000.0

900.0

2.0

3.6

11.0

70.0

4.0

1900.0

1200.0

3.5

10.0

60.0

1300.0

10.0

825.0

750.0

5.4

8.4

24.3

42.0

6.7

1303.0
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pheasants and Bobwhite quail. The vitamin A requirement is lower

than the required level of all the other species shown in Table 20. The

requirement for vitamin D3, though lower than those of poults and

pheasants, is higher than the recommended level for chickens. The B

vitamin requirements of Coturnix chicks, with the exception of choline

and niacin, are several times higher than the levels shown for the

other species. Requirements for choline appear to be the same for

Coturnix quail and chickens.

It is seen from the results of this study that the vitamin require-

ments of Coturnix are characteristic to the species due to variation in

the biochemical capabilities among species and cannot necessarily be

equated to any other single species.

It is important to note that the minimum vitamin requirement

studies were conducted under ideal experimental conditions and that

under practical conditions these requirements could be modified by

genetic, managemental, environmental and disease factors.

The vitamin requirement studies were initiated with the fat

soluble vitamins, more specifically, with vitamin A strictly from an

arbitrary point of view. One wonders whether the requirement figures

obtained might have been altered had the sequence of vitamins studied

been different.
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VI. SUMMARY AND CONCLUSIONS

The objectives of this research were to establish the minimum

vitamin requirements for rapid, efficient, uniform growth and feather-

ing by making systematic changes in the basic formula and also to

determine if there were a glucose monohydrate-isolated soybean pro-

tein ration to meet the objectives.

The following conclusions were drawn from this study.

1. Minimum requirements for vitamins A and D agreed with

earlier findings from this station. Minimum requirements

of required B-complex vitamins were higher if determina-

tions were made in the absence of high levels of vitamins

considered non-required for growth of Coturnix chicks.

2. The minimum vitamin A requirement under the conditions of

the experiment was found to be greater than 550 IU but not

more than 825 IU per kg of diet. The deficiency symptoms

observed were ataxia, swelling of the eyes accompanied by

"cheesy" exudate, high blood uric acid level and damage to

the intestinal mucosa. Length and weight of intestines were

not affected.

3. Vitamin D3 requirement was greater than 500 ICU but not

more than 750 ICU per kg of diet using growth, toe ash and

mortality as criteria of determination. Vitamin D3 deficient
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birds showed symptoms of rickets. The chicks had rubbery

beaks, showed disinclination to walk, were retarded in

growth, toe ash values were low and birds suffered high

mortality.

4. The thiamine HCl requirement was found to be between 5 to

6 mg per kg of diet (5. 4 mg/kg total thiamine). Birds fed

zero level thiamine showed no classical symptoms of poly-

neuritis as in chickens. The birds showed anorexia, leg

weakness and suffered 100% mortality.

5. The requirement for riboflavin by Coturnix chicks was satis-

fied by a riboflavin level between 7-8 mg per kg of the diet

(8. 39 total). Curled-toe paralysis was not a deficiency

symptom and was not observed. The characteristic deficiency

symptoms were high mortality, poor growth, very poor

feathering and a slight effect on carriage and posture.

6. The D-Ca-pantothenate requirement of Coturnix chicks was

found to be greater than 20 but not more than 25 mg per kg

of the diet (24. 3 mg total pantothenic acid). Signs of adrenal

haemorrhage, dermatitis, perosis and crusty-scab like

lesions at the angles of the jaw which are characteristic

symptoms of pantothenic acid deficiency were not observed.

The symptoms were similar to those observed in Bobwhite

quail, retarded growth, high mortality and poor feathering.
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Absence of barbules of the feathers was very character-

istic.

7. The requirement for added pyridoxine HCI was 5-6 mg per kg

of the diet (6. 74 mg total pyridoxine). Coturnix chicks fed a

diet without any pyridoxine were anemic and experienced

high mortality. Convulsions and perosis, pyridoxine defi-

ciency symptoms of young chickens, were not observed in

Coturnix chicks.

8. The added choline requirement of young Coturnix was deter-

mined to be greater than 868 but not more than 1302 mg per

kg of the diet (1302. 66 total choline). Coturnix deficient in

choline grew slowly, feathering was not severly affected,

the livers were a bright yellow and smaller than the con-

trols and fatty liver was not observed. There was a ten-

dency for gall bladders to be distended.

9. The requirement for supplemental niacin by Coturnix quail

chicks was determined to be between 30 and 40 mg per kg of

the diet (41. 9 mg total). Poor growth and high mortality

were evident on diets deficient in niacin but no evidence of

perosis, dermatitis or inflammation of the mouth cavity was

seen.

10. Growth was significantly improved when low levels of

thiamine, riboflavin, pantothenic acid and pyridoxine at
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2, 4, 15 and 0. 5 mg per kg of diet, respectively, were

supplemented with either 20 mg per kg of ascorbic acid or

100 mcg of vitamin B12 per kg of the diet. The improve-

ment in growth was possibly due to stimulation of microbial

synthesis of the vitamins in the crop and intestine of the

Coturnix chicks.

11. Supplementation of a diet containing 871 ng of choline per

kg of diet with either 5 mg per kg of folic acid or 100 mcg

per kg of vitamin B12, improved growth significantly.

12. There was no improvement in growth when 10 mg per kg of

niacin was supplemented with high level of any non-required

vitamin.
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