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Abstract approved 

Ten experiments were conducted to determine the vitamin re- 

quirements of coturnix quail (Coturnix coturnix japonica) to 2 weeks 

of age using a glucose monohydrate -isolated soybean protein diet. 

A preliminary study consisting of 2 separate experiments was 

conducted to determine those vitamins essential to the growing 

coturnix. This study revealed that young coturnix suffered 100 per- 

cent mortality when thiamine, pantothenic acid and pyridoxine were 

not added to the basal diet. Mortality rates of 46, 80 and 67 percent 

were observed when diets were deficient in vitamins A and D3 and 

riboflavin, respectively. Mortality rates from lack of the remaining 

vitamins were not considered excessive or abnormal. Feathering 

was adversely affected and growth was depressed from a deficiency 

of vitamin A, vitamin D3, riboflavin, niacin and choline. Omission 

of supplemental vitamin E, vitamin K, para- aminobenzoic acid, 



folacin, biotin, inositol or vitamin B12 from the diet appeared without 

effect under the conditions of this study. 

Using growth, mortality and feathering as the primary criteria, 

minimum requirements were established for vitamin A, vitamin D3, 

thiamine, riboflavin and pantothenic acid. The requirements per kg. 

of diet were as follows: vitamin A (I. U.) > 550 but < 825, vitamin D3 

(I. C. U.) > 499 but < 998, thiamine (mg.) > 1. 1 but < 2. 1, ribo- 

flavin (mg.) > 2. 37 but < 4. 37 and pantothenic acid (mg.) > 13. 3 

but < 16. 3. 

Vitamin A and D3 deficient young quail developed deficiency 

symptoms similar to those reported for chicks and poults. The vita- 

min A deficient quail showed decreased growth, incoordination of 

movement, poor feathering and high mortality. The vitamin D3 de- 

ficient quail were rachitic. The thiamine deficient quail suffered poor 

growth and high mortality, but no polyneuritis was observed. While 

there was no curled -toe paralysis observed in the riboflavin deficient 

quail, they failed to grow juvenile feathers. Pantothenic acid deficient 

quail suffered high mortality and developed rough and ragged feathers, 

however no signs of dermatitis or perosis were observed. 
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VITAMIN REQUIREMENTS OF GROWING JAPANESE QUAIL 
( COTURNIX COTURNIX JAPONICA) 

I. INTRODUCTION 

Of considerable interest at present is the subject of coturnix 

quail, specifically the asiatic breed commonly known as the Japanese 

quail (Coturnix coturnix japonica). 

In mammalian research, the white rat has been valuable as an 

experimental animal. In avian research, no laboratory animal of 

similar character has been available until recently. 

In 1959 the Japanese variety of coturnix quail was suggested by 

Padgett and Ivey as a pilot animal for the more expensive experiments 

on chickens and turkeys. Certain characteristics of the coturnix quail, 

such as: ability to produce three to four generations per year; low cost 

of maintenance; high egg production; relatively low incidence of dis- 

ease and minimal space requirements are providing stimulus for in- 

creased use of this animal in research. 

Researchers have established that numerous physiological char- 

acteristics of coturnix quail are similar to those of chickens and tur- 

keys, while in other respects quail differ from these species. Coturnix 

quail have been used by various workers in the field of avian embry - 

ology, physiology and nutrition. As yet, however, there are no re- 

ports available as to the nutritional requirements of these quail. 

It is the objective of this investigation to determine the minimum 
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vitamin requirements of the coturnix quail fed a glucose monohydrate- 

isolated soybean protein diet to 2 weeks of age. 
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II. REVIEW OF LITERATURE 

History 

The Japanese quail, Coturnix coturnix japonica, Temminch and 

Schlegel, are found on all continents of the Old World (Peters, 1934). 

Some vernacular names of the Japanese or coturnix quail are: Com- 

mon Quail; Stubble Quail; Eastern Common Quail; Asiatic Quail; Jap- 

anese Grey Quail; Red -throated Quail; Japanese Migratory Quail; King 

Quail and Japanese King Quail (Stanford, 1957). 

Wetherbee (1960) refers to this species as being the first bird 

domesticated by man. He uses as his reference drawings that are 

found on the walls of an ancient tomb at Sakkarah, Egypt, dating back 

to the fifth dynasty (3000 -2500) B.C. There is a bas - relief unques- 

tionably depicting this species being netted in a field where "corn" is 

being cut. 

Yamashina (1961) reports that in Japan the quail were originally 

domesticated as a song bird. The practice is said to have originated 

about 600 years ago, and there remain some accurate records made 

after 1596 A. D. on raising domesticated quail. The production of 

domesticated quail for egg and meat production in Japan, however, 

did not begin until about 1910. 

Keeler (1960) has reported that attempts by conservationists in 
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various states to establish the coturnix quail have beenwithout success. 

The most recent releases by Missouri and other'states have been 

extensive but because the coturnix quail have not adapted and settled 

as a game bird, use of this species for conservation has ceased. 

Description 

Young Chicks 

Howes and Ivey (1961) describe the newly hatched coturnix chick 

as being yellowish in appearance with stripes of brown which resemble 

Broad - Breasted Bronze turkey poults except for size. The chicks 

when hatched weigh from 5 to 6 grams. After 3 days, flight feathers 

begin to appear and the birds are fully feathered by about 4 weeks of 

age. Partial sexing is possible by 3 weeks of age. 

Adult Males 

The adult male is identified outwardly by cinammon colored 

feathers on the upper throat and lower breast region. The breast re- 

gion is generally even -colored with only a few specks. Wetherbee 

(1961) describes the voice of the male as a harsh or raucous, rattle - 

like series of three notes, the first medium in length, the second very 

short and the third is long and drawn out (Ko- turr- neex). Crowing 

will begin at 5 to 6 weeks of age. The adult male will range in weight 
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from 100 to 140 grams. 

Adult Females 

The coloration of the female is similar to that of the male, ex- 

cept that the feathers on the throat and upper breast are long, pointed 

and much lighter in color. The breast feathers are characteristically 

gray- and -black speckled. The females will range in weight from 110 

to 160 grams. Wilson, Abbott and Abplanalp (1961) noted that the 

larger body weight of the female is due primarily to the heavier gonads, 

liver and intestines. The female reaches sexual maturity and begins 

laying during the fifth or sixth week of age, making possible 4 or more 

generations per year. 

Growth 

The development of the young coturnix is extremely rapid. The 

birds will triple their size and weight during the first week after 

hatching. The birds are sexually mature at 6 weeks of age, whereas 

the chicken, turkey and Bobwhite quail require 23, 33 and 40 weeks, 

respectively, to reach sexual maturity (Wilson, Abbott and Abplanalp, 

1961). These workers have conducted several trials to determine the 

growth rate of coturnix. The growth rate for each sex was measured 

separately up to 26 weeks of age, when weight gains were no longer 

noticed. There were no noticeable growth differences between the 
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sexes up to 3 weeks of age. The males closely approached adult size 

of 110 grams at about 10 weeks of age, whereas the females tended to 

grow longer and reached an adult size of about 135 grams. 

Stanford (1957) reports the weight of coturnix from hatch to ma- 

turity as follows: hatch approximately 7. 0 grams; 9 days, 16. 0 

grams; 23 days, 52.6 grams; 30 days, 55. 0 grams; 44 days, 89. 1 

grams and 51 days, 107. 0 grams. Eli Lilly and Company (1965) re- 

port the growth rate of coturnix from hatch to 1 and 2 weeks of age as 

6. 0, 19. 0 and 41. 0 grams, respectively. The weight of the coturnix 

will vary to some extent depending on the type and quality of feed con- 

sumed. 

Eggs and Egg Production 

A variety of highly pigmented color patterns is characteristic of 

coturnix eggs. Colors will range from white, dark or light brown, 

blue and white to buff, heavily mottled with black, brown and blue. 

Woodward and Mather (1964) reported that the dark pigment is 

porphyrin. 

From the work of Wilson, Abbott and Abplanalp (1961), it was 

observed that eggs from the coturnix hen weighing 130 grams will 

weigh approximately 9 grams. This is 7 percent of the body weight 

as compared to 3 percent for the modern type Leghorn hen and 1 percent 

for the Broad - Breasted Bronze turkey. Data were also obtained 
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indicating that coturnix are capable of maintaining a rather high rate 

of egg production under optimum conditions, but production is very 

sensitive to dietary or environmental changes. It was noted that most 

all coturnix eggs are laid in the late afternoon. The reverse is true 

for chickens which lay most of their eggs during the morning hours. 

Studies indicated that for optimum egg production, the light require- 

ment ranges from 14 to 18 hours daily. Abplanalp (1961), Mather and 

Wilson (1964), and Wilson, Abplanalp and Arrington (1962) have ob- 

served that the effects of various lighting schedules on sexual develop- 

ment and egg production of coturnix are similar in many respects to 

those observed in high producing strains of laying chickens. Age at 

first egg, testicular development and egg production all can be altered 

by manipulating the length of the daily photoperiod. 

Incubation 

Coturnix eggs can be incubated successfully in commercial incu- 

bators; however, trays must be modified. Eli Lilly and Company 

(1965) reported that the requirements for temperature, humidity and 

turning that incubate chicken eggs are adequate for incubation of 

coturnix eggs. Incubation requirements have also been reported by 

Abbott and Craig (1960) as follows: 
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Days after setting Temperature 
Dry Bulb 

Degrees F 
Wet, Bulb 

0 -12 99.5 37 
13 -15 99.0 85 
16 for 10 hours 98. 5 82 
16 1/2 - 17 98. 5 90 

On this schedule coturnix eggs average 380 hours from setting to pip- 

ping and 10 hours from pipping to hatching. An additional 5 hours are 

required for drying the chicks. Total hatching time is 395 hours or 

about 16. 5 days. In contrast, the incubation period required for the 

chicken, turkey and Bobwhite quail is 21, 28 and 23 days, respectively. 

Wilson, Abbott and Abplanalp (1961) reported the pattern of embry- 

onic mortality closely approximates that for chickens and turkeys, with 

most embryonic deaths occurring during 1 of 2 periods; namely, from 

1 to 3 days or just prior to hatch. Also, experiments with fertile eggs 

showed that hatchability decreased at a rate of about 3 percent for 

each day of storage. Maximum hatchability occurred with eggs from. 

8 to 24 week -old birds. After 24 weeks f e r t i l i t y and hatchability 

dropped off markedly. Padgett and Ivey (1959) reported thatainating 

ratio ai 5 males to 15 females resulted in about 90 percent fertility. 

Diseases 

Howes and Ivey (1961) have reported that coturnix raised 

sanitary conditions are hardy and disease resistant. Stanford (1957) 

un 
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also reported that the coturnix are a hardy species when raised in 

confinement. After the production of 35, 000 birds, not one had died 

from any traceable disease. On the other hand, coturnix have been 

reported to be susceptible to some common poultry diseases. 

Wetherbee (1961) gives a list of cestodes and nematodes which 

have been reported as parasitizing coturnix. He also gives references 

which report the presence of a coccidium, various ectoparasites and 

Erysipelothrixrhusiopathiae in coturnix. Wight (1963) observed both 

lymphoid leucosis and fowl paralysis in the coturnix. Cundy (1965) has 

shown that coturnix are susceptible to experimental infection with 

Haemophilus gallinarum. Bigland, DaMassa and Woodward (1959) 

observed that coturnix were susceptible to 24 pathological conditions, 

including 4 infectious diseases; candidiasis; salmonellosis; leukosis 

and colibacillosis. Sinusitis was also observed to follow a pattern 

similar to an infectious disease. Hill and Raymond (1962) presented 

evidence indicating that apparent natural infection with the virus of 

avian encephalomyelitis in coturnix quail during the period of egg pro- 

duction causes similar effects on egg production to those described for 

chickens. Edgar, Waggoner and Flanagan (1964) found coturnix to be 

susceptible to fowl pox, Newcastle disease and infectious bronchitis 

viruses. These authors also report that coturnix are susceptible to 

the following bacterial pathogens: Salmonella pullorum, S. gallinarium, 

S. typhimerium, Pasturella multocidia, one pathogenic strain of 
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Eschericha coli and Aspergillus fumigatus. Two species of chicken 

tapeworms failed to become established. 

Genetics and Breeding 

The domesticated quail used for laboratory work in the United 

States are for the most part post -war importations from Japan. Be- 

cause coturnix quail have been used in the laboratory only recently, 

there have been few published reports in the field of genetics. Hill, 

Lloyd and Abplanalp (1963) observed a lethal abnormality in unhatched 

embryos which they designated as an autosomal recessive lethal gene 

for micromelia (m). This is thought to be the first gene identified in 

the coturnix. An autosomal recessive gene for white egg -shell color 

has recently been isolated by Poole (1964). A nonlethal sex -linked 

recessive gene for albinism has been reported by Lauber (1964). 

Coturnix can be successively hybridized with chickens, as demonstra- 

ted by Wilcox and Clark (1961). Hybrids were obtained from Flight- 

less, White Leghorn and Dark Cornish males. Marks and Kinney 

(1964) found that egg number and mature body size had heritability 

estimates in excess of 0. 3. This would suggest that quail may be ex- 

cellent material to study problems of selection for egg production in 

chickens or turkeys. 
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Feeding Practices and Nutrition 

Except for the brief report of Padgett and Ivey (1959), in which a 

commercial game bird ration was fed, there is relatively little infor- 

mation on the feeding practices of the coturnix. These workers fed a 

starting ration from hatching to 2 weeks; after 2 weeks a growing ra- 

tion was added to the starter in increasing amounts until at 4 weeks, 

a 100 percent growing ration was used. After 8 weeks the birds were 

fed a laying ration. Additional oyster shell was added to the laying 

ration to prevent soft shelled eggs and during the winter months 

scratch feeds were fed to provide extra carbohydrate. 

In 1960 Reyniers and Sacksteder using coturnix quail for germ - 

free cancer research reported good growth from using a commercial 

feed containing 21 percent protein. These workers also reported that 

a special semisolid diet made up with 60 percent water was satisfac- 

tory for raising coturnix. On the other hand, Wetherbee (1961) ob- 

served that under natural environmental conditions, coturnix consume 

a high ratio of protein in the diet. Yamashina (1961) reports that the 

coturnix ration should include more protein ingredients than in the 

case of other domestic fowl. 

The Eli Lilly and Company Research Laboratories (1965) follow 

a feeding program similar to that for raising turkeys. From hatch to 

lay a 28 percent protein starter ration is fed. When the young hen 
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starts to lay, the ration is changed to a standard turkey breeder for- 

mula containing 15 percent protein. Wilson, Abbott and Abplanalp 

(1961) fed a modified turkey ration containing 30 percent protein. The 

ration is fed as a fine crumble during the first 2 weeks, and thereafter 

as a course crumble. 

To date the exact dietary requirements for optimum body weight 

and egg production are, for the most part, not precisely known. How- 

ever, Nelson, Lauber and Mirosh (1964) reported that the calcium and 

phosphorus requirement in the diet for optimum hatchability is approx- 

imately 3 percent and 0.8 percent, respectively. 

The coturnix also have been used in several nutritional studies 

not directed towards determining quantitative requirements per se. 

Fox and Harrison (1964) reported that day -old coturnix fed a zinc -low 

purified diet containing isolated soybean protein were severely defi- 

cient at 4 weeks of age. These same workers in 1965 used the 

coturnix to study the possible role of zinc in the metabolism of one or 

more plasma proteins. Wiese et al. (1963) used the coturnix quail in 

nutritional studies with dried egg yolk. The birds were group weighed 

at 7 day intervals for 2 or 3 weeks. These workers obtained good re- 

sponse from their feeding trials and concluded that the coturnix were 

well suited for studies concerning unidentified growth factors. It is 

believed that the coturnix have considerable potential for nutrition 

studies. 
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Disadvantages of Coturnix 

Howes (1964) recently described certain management practice:, 

of coturnix used for research work. In this report he listed some Di' 

the disadvantages of coturnix as a laboratory animal. He stated that 

the coturnix compared with many laboratory species are unselected 

and exhibit a high degree of variation. As yet, few if any, uniform 

stocks similar to those for mice, rats and chickens are available. 

Another source of variation in coturnix is the time required for em- 

bryos to hatch. Some of the imported and domestic populations of 

coturnix hatch in as little as 16 days while others require 18 days in 

the incubator. Reproductive efficiency is also noted to be quite vari- 

able. Some of the causes of this variation in hatchability can be attri- 

buted to the inferior management of eggs prior to incubation, includ- 

ing improper handling, storing and use of eggs from birds that are too 

young or too old. Improper incubator equipment and conditions can 

cause low hatchability. As yet, the optimal requirements for incuba- 

tion of coturnix eggs are not known. 

Coturnix chicks are extremely sensitive to chills and drafts. 

The chick is unable to maintain its body temperature during the first 

2 weeks of life, so mortality can be high if proper temperature is not 

provided during this time. Care also must be taken to see that the 

young chick does not get in the watering troughs and drown. Howes 
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feels, however, that the many advantages of coturnix as a laboratory 

animal overshadow their disadvantages. 

Isolated Soybean Protein 

Isolated soybean protein is a chemically isolated soy protein of 

high purity widely used in nutritional research. It is also referred to 

as Dracket Protein 220, Dracket Assay Protein C-1 and ADM C-1. It 

is high in protein, low in vitamins and minerals, and requires no sup- 

plementation with gelatin. When properly supplemented with methio- 

nine and glycine, it has been used as the sole source of protein for 

growing chicks and poults (Carver and Johnson, 1954; Kratzer and 

Lantz, 1957). It offers a splendid means for evaluating vitamin, min- 

eral and amino acid requirements of various avian species. 

Laboratory tests (Skidmore Enterprises, 1964) indicate that iso- 

lated soybean protein contains the following proximate percentage of 

nutrients: protein, 90 or more (moisture free, N X 6. 25); moisture, 

9. 0 ± 1. 5; ash, less than 2. 5 (moisture free); fat, less than 0. 5 

(moisture free) and SO2, less than 0. 5 (moisture free). The balance 

(approximately 6 percent) is composed of carbohydrates and phospho- 

rus and sulfur compounds with a major portion held in close associa- 

tion with the protein. The approximate amino acid composition has 

been determined by microbiological assay. All values are expressed 

as grams of amino acid per 100 grams of moisture free protein: arginine, 
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8. 3; alanine, 3. 6; aspartic acid, 6. 2; cystine, O. 6; histidine, 2. 6; iso- 

leucine,6. 5; leucine, 7.5; lysine,6.8; methionine, 1. 0; phenylalanine, 

5. 0; threonine, 3. 9; tryptophan, 1. 0; valine, 5. 5; glutamic acid, 19. 5; 

glycine, 4. 1; proline, 2. 5; serine, 6. 9 and tyrosine, 3. 4. The ele- 

mental analysis shows isolated soybean protein to contain the follow- 

ing in percent on moisture free basis: aluminum, 0.0031; arsenic, 

O. 00001; calcium, O. 0185; chlorine, O. 0019; cobalt, O. 0001; copper, 

O. 00077; fluorine, O. 00007; iodine, O. 00001; iron, O. 0031; lead, 

0.00014; magnesium, 0.0132; manganese, 0.0049; phosphorus, 

0.7638; potassium, O. 1825, selenium, O. 00002; silicon, O. 0021; 

sodium, 0. 0668; sulfur, 0.7140 and zinc, 0. 0023. Because of the 

method of preparation, the water soluble vitamins are in large part 

removed during processing of the protein. However, microbiological 

assays of all vitamins, with the exception of the thiochrome method 

for thiamine, show the following content expressed as micrograms per 

gram of moisture free protein: biotin, 0. 3; choline, 2. 09; citrovorum 

factor, 0. 92; folic acid, 2. 5; inositol, 300. 0; niacin, 6. 0; panthenol, 

none; pantothenic acid, 4. 2; para -aminobenzoid acid, 0.7; pyridoxine, 

5. 4; riboflavin, 1. 2; thiamine, 0. 25 and vitamin B12, 0. 0005. 



16 

III. EXPERIMENTAL PROCEDURE 

In these investigations, all experiments unless otherwise noted 

were made up of duplicate lots of 8 cotrunix chicks per treatment. 

Chicks were obtained from the flock maintained by the Department of 

Poultry Sicence, Oregon State University. At the start of each experi- 

ment day -old chicks of mixed sex were divided at random into their 

respective lots. All groups were reared under similar conditions in 

modified metal rat cages partitioned with a wooden divider and placed 

4 in a row, back to back on a brooder table designed for their use. 

The front, top and bottom of the cages were constructed of 1. 5 X1.5 

cm. wire mesh. The backs and sides of the rat cages consisted of 

sheet metal. Each cage measured 25 cm. high, 21 cm. in length and 

18 cm. in width. Removable wire floors of .5 X . 5 cm. wire mesh 

were placed in each cage for the first week. 

Heat was supplied by means of a heating element placed under 

each cage and by four 125 -watt infrared heat lamps located 23 cm. 

above the top of the cages, which permitted the maintenence of a tem- 

perature of 95 -100 ° F at floor level. On the third or fourth day the 

infrared bulbs were replaced with 40 watt incandescent light bulbs to 

provide light only. The room temperature was maintained at approxi- 

mately 70 -75 ° F through use of supplemental heaters. The room was 

lighted 24 hours a day. Water was provided continuously by the use of 
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Hart watercups. Feed was supplied by a gravity -flow self feeder 

which hung outside each cage with a rectangular opening cut in the wire 

mesh for accessibility by the chicks. The flow of feed in the feeders 

could be adjusted by use of a metal slide. The chicks were inspected 

at least 3 times daily. Chicks that died within the first 24 hours were 

usually replaced byones of similar age and weight. 

The basal ration used for the coturnix chicks was developed by 

Arscott (1964) and was patterned after similar rations fed to 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 pertinent nutrient composition are 

shown in Table 1. 

In order to ascertain which vitamins were required by the 

coturnix chick, a preliminary study consisting of 2 experiments 

involving 16 variables per experiment was conducted. This was ac- 

complished by merely omitting a supplemental vitamin from the vita- 

min fortification mixture to determine if a deficiency state resulted. 

The specific vitamins omitted are indicated in Table 2. The rations 

used in the two experiments were identical except that in the second 

experiment DPPD (diphenyl -p- phyneylenediamine) was omitted from 

the basal ration in the vitamin E study, because of its vitamin E -like 

activity. From the information obtained in these experiments specific 

vitamins were selected and studied to determine the minimum 
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Table 1. Basal ration for coturnix chicks.. 

Ingredients 

Cerelose 
Soybean protein (ADM C -1) 
Soybean oil 
Salts N 
Salts N6 

g/ kg 

550. 0 

350. 0 

2 40. 0 

1 60. 0 

1. 0 

Ascorbic acid 
Thiamin HC1 

Amt /kg 
20.0 
10. 0 

2 
3 

mg 
" 

Riboflavin 10. 0 3 " 
D- Calcium pantothenate 30. 0 

3 
" 

Pyridoxine HC1 10. 0 
3 

" 
Para -Aminobenzoic acid 5. 0 

2 

Alpha- tocopheryl acetate 30. 0 
2 

" 
Inositol 1, 000.0 4 

" 
Menadicne 10.0 3 " 
Biotin . 4 " 
Niacin 120.0 " 
Choline chloride 3, 000. 0 " 
Folic acid 5. 0 5 " 
Vitamin A 10, 000. 0 4 I. U. 
Vitamin D3 2, 000.0 4 I. C. U. 
Vitamin B12 100.0 1 mcg 
DPPD 125.0 4 mg 
DL- methionine 7. 5 4 g 

Glycine Calculated analysis: 4. 0 4 g 

Protein, % 31. 5 

Fat, % 4. 18 
Calcium, % 1. 24 

Phosphorus % 1.07 
Metabolizable Energy, cal /lb. - 1492 

k cal /kg. 3282 

1 
2 Fox and Briggs (1960). Supplee, Combs and Blamberg (1958). 

3 Kratzer, Allred, Davis, Marshall and Vohra (1959). 

4 Reid, Kurnick, Svacha and Couch (1956). 

5 Kratzer, Williams and Marshall (1949). 
6 Mo and Se supplement. See footnote 1. 

It 
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requirement necessary to maintain livability, normal growth and 

feathering. 

In all subsequent studies the vitamin level approximating that 

recommended by the National Research Council (1960) for starting 

chickens and /or turkeys was selected in order to establish a base. A 

second experiment was conducted using the information thus obtained 

to establish the minimum requirements. The various experimental 

plans are shown in Tables 3, 4, 5, 6, 7 and 8. All rations were mixed 

just prior to the beginning of each experiment. The experiments were 

conducted for a period of two weeks with the exception of the vitamin 

A study which was continued for an additional week. The chicks were 

weighed at the start of each experiment and weekly thereafter. Repli- 

cate pens were averaged to obtain the group or treatment averages. 

Only the final two week weights are presented unless otherwise indi- 

cated. The vitamin requirements are expressed as mg. per kg. of ra- 

tion. Vitamin A storage of the liver was determined by Dr. P. H. 

Weswig of the Agricultural Chemistry Department using a modified 

method of analysis adapted from the Association of Official Agri- 

cultural Chemists (1960). 

In the vitamin D study toe ash determinations were made. The 

middle toe of the left foot was clipped at the second joint at the end of 

the first week. At the end of the second week the middle toe of the 

right foot was also clipped at the second joint. The toes from each 
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group were dried to a constant weight in an oven operated at approxi- 

mately 100 -105 ° C. The moisture free toes were ashed to a constant 

weight in a muffle furnace operated between 450 and 525 ° C. The 

ash was cooled in a desiccator, weighed and the percent toe ash calcu- 

lated. 

All figures were constructed by relating the average body weight 

at 2 weeks of age to the level of supplemental vitamin added to the ration. 

Where comparable levels were used between experiments they were 

averaged in constructing the figure. 
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RESULTS AND DISCUSSION 

Preliminary Study 

In the absence of information on the nutritional requirements of 

the coturnix quail, a preliminary study consisting of two experiments 

was conducted to determine those vitamins essential in coturnix nu- 

trition. Since the results of both these experiments were comparable, 

they have been combined and are presented in Table 2. The results 

show depressed growth from a deficiency of vitamin A, vitamin D3, 

riboflavin, niacin or choline. All chicks died on a deficiency of thia- 

mine, pantothenic acid or pyridoxine. Excessive mortality was evi- 

dent for vitamin A and vitamin D3 and riboflavin. Mortality for the 

remaining vitamin deficiencies were not considered excessive or ab- 

normal. Feathering was adversely affected on deficiencies of vitamin 

A, vitamin D3, riboflavin, niacin and choline. The control group 

which received the basal ration supplemented with vitamins grew nor- 

mally with no apparent deficiency symptoms. The weight obtained by 

this group is in accord with that reported by Stanford (1957) and by 

Wilson, Abbott and Abplanalp (1961) for coturnix chicks of similar 

age, indicating that the basal ration supplied those nutrients required 

for coturnix development. 

The most apparent deficiency symptoms observed in the coturnix 
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Table 2. Results of experiments to determine the vitamins re- 
quired to promote growth, mortality and feathering of 
the coturnix chick. 

Diet No. Vitamin 
Deficiency 

Av. Body 
Weight 
2 Weeks 

Mortality Feathering 

grams % 

1 None 39 (32-44)1,2 0 good 
2 Vitamin A 25 (19 -33) 46 poor 
3 Vitamin D3 22 (18-24) 80 very poor 
4 Vitamin E 3 36 (33 -38) 6 good 
5 Vitamin K 38 (26 -43) 0 good 
6 Thiamine -- 100 
7 Riboflavin 10 ( 9 -11) 67 none 
8 Pantothenic 

Acid 100 
9 Pyridoxine 100 

10 PABA4 37 (33 -40) 0 good 
11 Niacin 24 (18 -33) 13 poor 
12 Folacin 42 (36 -44) 6 good 
13 Biotin 36 (25 -43) 0 good 
14 Choline 23 (18-25) 13 poor 
15 Inosital 37 (31 -41) 20 good 
16 Vitamin B12 37 (33 -42) 0 good 

1 Figures in parentheses show range of values obtained. 

2 Each experiment contained 8 and 7 chicks of mixed sex per lot. 

3 DPPD was omitted from the basal ration in Experiment 2. 

4 Para -aminobenzoic acid. 

-- 

-- -- 
-- -- 
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on the deficient diets were retarded growth, general unthriftiness, 

poor feather development and a high incidence of mortality. Except 

for one instance of perosis on the choline deficient group, specific 

deficiency symptoms were not noticed. 

On the basis of this study a need for the following vitamins is 

indicated: vitamin A and vitamin D3, thiamine, riboflavin, pantothenic 

acid, pyridoxine, niacin and choline. On the other hand, omission of 

supplemental vitamins E and K, para- aminobenzoic acid, folacin, 

biotin or vitamin B12 appear to have no effect under conditions of this 

test. 

Vitamin A 

Results 

Two experiments were conducted to determine the vitamin A re- 

quirement of growing coturnix quail. In the first experiment the chicks 

were fed diets containing 0, 1,320, 2,640, 5,280 and 10 , 000 I. U. of vita- 

min A per kg. of ration. The results of this experiment (Table 3) 

show that growth, mortality and feathering of coturnix chicks did not 

vary between any of the groups with vitamin A added to the diet. Ac- 

cordingly, lower levels of vitamin A were used in the second experi- 

ment, the results of which are shown in Table 4. Growth was 

comparable for all groups receiving 825 I. U. or more of vitamin A 
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per kg. of ration. This also is shown graphically in Figure 1. 

The coturnix chicks receiving no supplemental vitamin A, in 

experiment 2, were all dead by the end of the second week and those 

receiving 275 I. U. per kg. were all dead by the end of the third week. 

There was excessive mortality for chicks receiving 550 I. U. of vita- 

min A. 

The feathers of the unsupplemented chicks and those receiving 

275 I. U. of vitamin A per kg. of ration became very dry and ruffled. 

The feathers of chicks fed a diet supplemented with 550 I. U. of vita- 

min A per kg. were ruffled, but did not appear quite as dry as those 

of the more deficient groups. 

Data on the vitamin A content of fresh livers, determined for 

chicks in the first experiment only, are shown in Table 3. Very little 

vitamin A was found in the livers of the unsupplemented chicks, in fact 

in several instances no vitamin A was found. Among the groups re- 

ceiving added vitamin A the I. U. of vitamin A per gram of fresh liver 

increased as the level in the diet was increased; however, the group 

receiving 1,320 I. U. of vitamin A per kg. of ration, had average liver 

storage values no greater than the group receiving no supplemental 

vitamin A. From these results it is difficult to correlate the vitamin 

A content of the liver with the requirements for growth, feathering 

and livability. 

The results of these experiments indicate that the coturnix 
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minimum requirement for vitamin A to prevent the appearance of de- 

ficiency symptoms including drowsiness, incoordination of movement, 

decreased growth rate and poor feathering is in excess of 550 I. U. of 

vitamin A per kg. of ration, but apparently not more than 825 I. U. of 

vitamin A per kg. of ration to 2 or 3 weeks of age. For increased 

liver storage of vitamin A, a level of more than 1,320 I.U. per kg. of 

ration is necessary. 

Discussion 

It is of interest that in experiment 1 the level of 1,320 I. U. of 

vitamin A per kg. of ration, which is one -half and one -fourth that 

amount recommended by the National Research Council (1960) for 

starting chickens and turkeys, respectively, proved adequate for 

growing coturnix. Furthermore in experiment 2 neither growth rate 

nor feathering was adversely affected when the vitamin A level was 

as low as 825 I. U. per kg. of ration; however mortality was some- 

what higher at levels of 1,100 I. U. and less. If mortality figures are 

considered the 825 and 1,100 levels may not have met the requirements. 

In view of the relatively small number of chicks in each lot, perhaps 

too much emphasis should not be given to mortality. Also, 2 of the 3 

deaths occurred during the first week in each lot being supplemented with 

825 I. U. and 1,100 I. U. of vitamin A per kg. of ration. 

Van Reen, Taylor and Russell (1951) reported that the 
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requirement of Jersey Buff turkey poults fed a purified diet was 3 ,000 

I. U. of vitamin A per kg. for maximum growth, whereas 5,000 I. U. 

were required to completely prevent unsteadiness of gait, ruffled 

feathers and an abnormal condition of the inner eyelid. 

Scott et al.(1957) found 880 to 1,320 I. U. of vitamin A per kg. of 

ration sufficient for normal growth and survival of the White Leghorn 

chick, Pekin duck and Ringnecked pheasant. Thornton and Whittet 

(1962) reported that the development of faster growing birds, the ad- 

vent of high energy rations and the production of vitamin A supple- 

ments of increased stability should result in a lower requirement of 

vitamin A than that reported by the National Research Council. These 

workers conducted 3 separate experiments with young chickens and 

concluded that neither growth rate nor feed efficiency was influenced 

by vitamin A levels ranging from 1,760 to 7,040 I. U. per kg. of feed. 

No explanation is immediately available for the fact that coturnix 

chicks receiving 1,320 I. U. of vitamin A per kg. of ration and the un- 

supplemented group had similar liver- storage values. Since these 

average values were similar and the requirement for growth and de- 

velopment appeared to be less than 1,320 I. U. of vitamin A per kg. of 

ration, liver analyses were not made in experiment 2. The failure of 

the vitamin content of the livers to plateau is in accord with the results 

reported by Harms, Reid and Couch (1955) who fed levels of vitamin A 

ranging from 1,200 to 528,000 I. U. per kg. of feed of New Hampshire 
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Table 3. Effect of varying levels of vitamin A on growth, liver stor- 
age, mortality and feathering of the coturnix chick. 

(Experiment 1) 

Diet Vitamin A Av. Body Vitamin A Mor- 
No. Added Weight Content of tality Feathering 

2 Weeks Fresh Liver 
I. U. per kg. grams I. U. per gram % 

1 0 22(16 -25) l' 2 .79 63 very poor 

2 1,320 40(23 -45) .64 6 good 

3 2,6403 41(27 -43) 2.34 12 good 

4 5,2804 40(35 -51) 14. 19 6 good 

5 10,000 41(36 -44) 46.46 6 good 

1Figures in parenthesis show range of values obtained with duplicate 
lots on the same treatment. 

2Each treatment consisted of 16 chicks. 
3Requirement of starting chicks (N. R. C. , 1960). 

4Requirement of starting poults (N. R. C. , 1960) . 

Table 4. Effect of varying levels of vitamin A on growth, mortality 
and feathering of the coturnix chick. 

(Experiment 2) 
Diet Vitamin A Av. Body Weight Mortality Feathering 
No. Added 2 weeks 3 weeks 2weeks 3 weeks 

I. U. per kg. grams % % 
1 0 -- 100 100 
2 275 27(24 -34)1'2 -- 57 100 very poor 
3 550 29(18 -35) 40(30 -49) 21 50 poor 
4 825 36(30 -41) 53(48 -59) 21 21 good 
5 1,100 34(26 -38) 55 (44 -62) 21 21 good 
6 1,375 33(28 -40) 53(44 -64) 7 7 good 
7 1,650 36(28 -44) 57(41 -65) 14 14 good 
8 10,000 36(30 -39) 58(49 -64) 0 0 good 

1 See Footnote 1, Table 3. 
Each treatment consisted of 14 chicks. 

2 

-- -- 
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chicks. The increase of vitamin A content of liver tended toward a 

linear relationship as the vitamin A level was increased from the 

lowest to the highest level. 

Vitamin D3 

Results 

29 

Results of experiments 1 and 2 on the vitamin D3 requirement of 

coturnix chicks are shown in Table 5. In the first experiment the 

chicks were fed diets containing 0, 499, 998 and 1,999 I. C. U. of vita- 

min D3 per kg. of ration. Experiment 2 was conducted similarly to 

experiment 1, with the exception of an additional level (1,498 I. C. U. ) 

of vitamin D3. 

Those chicks on the unsupplemented diet failed to grow after the 

third or fourth day and developed a leg weakness showing character- 

istic symptoms of rickets. The upper mandible became soft and pli- 

able, the feathers were ruffled and the chicks showed general unthrifti- 

ness. There was a high incidence of mortality during the first week 

and all of the chicks were dead by the end of the second week. 

Those chicks receiving 499 I. C. U. per kg. of ration grew nor- 

mally in the first experiment but not in the second. They also suf- 

fered excessive mortality and developed leg weakness. The chicks 

showed a reluctance to move and were not easily excitable. Average 
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percent toe ash was lower in this group than those receiving 998 I. C. U. 

per kg. of ration. No differences in body weights, mortality or toe ash 

were apparent for levels of vitamin D3 of 998 I.C. U. or more per kg. 

The growth data from these two experiments are plotted on an 

average gain basis against the level of vitamin D3 and are shown in 

Figure 2. The graph reveals that those chicks receiving 998 I. C. U. 

of vitamin D3 per kg. grew as well as those chicks receiving up to 

1,999 I.C. U. of vitamin D3 per kg. of ration. It appears, therefore, 

that the requirement of vitamin D3 per kg. of ration for growth of the 

coturnix chick to 2 weeks of age lies between 499 and 998 I. C. U. per 

kg. of ration. 

Discussion 

In establishing the minimum vitamin D3 requirement for coturnix 

chicks, growth, mortality and average percent toe ash were the prin- 

ciple criteria used. 

In both experiments land 2 those chicks receiving no vitamin D3 

developed deficiency symptoms similar to those described for young 

chickens and turkeys (Maughan, 1928; Couch, Fraps and Sherwood, 

1939; National Research Council, 1960). Some of the deficiency 

symptoms observed by these workers on vitamin D3 deficient diets 

were leg weakness, retardation of growth and roughened feathers. 

Affected birds exhibited a halting gait and a tenderness of joints. The 
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bones became soft and pliable and marked skeletal abnormalities be- 

came apparent. There was a characteristic beading of the ribs and a 

softening of the beak. 

The coturnix chicks in experiment 1 and 2 receiving 499 I. C. U. 

of vitamin D3 per kg. of ration developed a leg weakness and suffered 

high mortality. The mortality appeared to be caused from starvation. 

Those chicks which developed severe leg weakness sat in a squatting 

position over the heating element and appeared as though they were 

chilled. They would not move to eat or drink. Chicks that did get to 

the feed and water grew, but toe ash determinations were low. Chicks 

that were supplemented with more than 499 I. C. U. per kg. of ration 

showed similar growth rates and normal percent toe ash. 

The vitamin D3 requirement of coturnix chicks appears to be 

higher than that required by chickens (Carver et al. , 1934), ducks 

(Fritz, Archer and Barker, 1941) and pheasants (Scott, Holm and 

Reynolds, 1958). There are wide variations in the recommendations 

of the amount of vitamin D3 required for turkeys. Jukes and Sanford 

(1939) reported that 1500 I. C. U. of vitamin D3 per kg. of diet was ap- 

proximately the same amount required to support normal development 

of turkeys to 4 weeks of age. Later work by Hammond (1941) showed 

that the growing turkey required only 600 I. C. U. of vitamin D3 per 

kg. of ration. The National Research Council recommends 880 I. C. U. 

of vitamin D3 per kg. of ration for starting poults when the calcium 
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Table 5. Effect of varying levels of vitamin D3 on growth, mortality 
and toe ash of the coturnix chick. 

Diet Vitamin D3 Av.; Body Mortality Average 
No. Added Weight Toe Ash 

2 weeks 2 weeks 
I. C. U. per kg. grams 

Experiment 1 

1 0 100 

2 499 37(31 -41)1, 2,3 50 10 [ 8]4 

3 9985 37(33 -42) 12 13.5 [13] 

4 1,996 39(33 -43) 0 13.5 [16] 

Experiment 2 

1 0 100 

2 499 30(25-33) 44 9.5 [9] 

3 9985 38(33 -43) 12 12.3 [14] 

4 1,497 37(31 -44) 12 14.1 [15] 

5 1,996 37(33 -42) 0 13.3 [8] 

1 Basal diet contained 1. 24% Ca and 1. 07% P by calculation. 
2 Figures inparenthesis show range of values obtained with duplicate 

lots on the same treatment. 
3 Each experiment consisted of 16 birds per treatment. 
4 

Number of toes assayed in each group. 

5 Approximate requirement for turkey poults (N. R.C. , 1960). 
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and phosphorus content is 1. 0 and 0. 6 percent, respectively. It ap- 

pears that under the condition of these experiments, the requirement 

of coturnix chicks for vitamin D3 is greater than 499 I. C. U. but no 

more than 998 I. C. U. per kg. of ration which is similar to that of 

the turkey. The rations used in this test contained by calculation 1. 24 

percent calcium and 1. 07 percent phosphorus. 

Thiamine 

Results 

Two experiments were conducted to determine the thiamine re- 

quirement of young coturnix quail. The results of these experiments 

are summarized in Table 6. In both experiments those chicks re- 

ceiving no supplemental thiamine in the diet failed to grow and showed 

progressive weakness. There was a tendency for the wings to drag 

or hang loosely. The chicks lost their ability to stand and would 

sprawl on their sides. Death followed within a few hours after the 

chick could no longer stand. 

Those chicks receiving 1. 0 mg. of supplemental thiamine per 

kg. of ration grew more slowly and the feathers appeared more ruf- 

fled than those chicks receiving more than 1. 0 mg. per kg. Exces- 

sive mortality was observed at this level in experiment 2 but not in 

experiment 1. All other levels of thiamine studied in these experi - 

ments appeared to give comparable and satisfactory results. 



35 

Figure 3 relates average body weight to the supplemental level 

of thiamine in the ration. It can be observed that the growth response 

for those chicks receiving 2. 0 mg. or more supplemental thiamine per 

kg. of ration is similar. The figure indicates, therefore, that the 

coturnix chick requires more than 1. 0 mg. but not more than 2. 0 mg. 

of supplemental thiamine (1. 1 to 2. 1 mg. total) ]. per kg. of ration to 

prevent the appearance of deficiency symptoms and promote normal 

growth. 

Discussion 

Coturnix chicks on the thiamine free diet failed to grow, showed 

progressive weakness and were all dead by approximately the fifth day. 

Chicks receiving 1. 0 mg. per kg. of supplemental thiamine suffered 

excessive mortality in 1 of the 2 experiments and in both experiments 

they did not grow as.well as those receiving 2. 0 mg. or more of 

supplemental thiamine per kg. 

The paralysis and polyneuritis or head retraction that have been 

reported for young chickens on thiamine deficient diets (Jukes and 

Heitman, 1940)were not observed in the coturnix chick. The deficiency 

symptoms observed during the course of these experiments were simi- 

lar to those reported by Robenalt (1960) for turkey poults. Using a 

purified diet of isolated soybean protein deficient in thiamine, poults 

1 Includes the amount supplied by isolated soybean in the ration. 
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showed emaciation, suffered high mortality but paralysis was seldom 

seen and only once was any head retraction observed. 

The graph shown in Figure 4 indicates that 2. 0 mg. of supple- 

mental thiamine per kg. was sufficient for the growth of coturnix 

chicks under the conditions of this study, while a level of 1. 0 mg. per 

kg. was insufficient. Robenalt (1960) reported that 1. 0 mg. of thi- 

amine per kg. of ration was adequate to prevent the appearance of 

deficiency symptoms and to produce optimum growth in the young 

turkey poult to 12 days of age. Growth of poults between 12 and 22 

days of age was more rapid with 2. 0 mg. of added thiamine per kg. of 

ration. In this same study Robenalt reported that the chicken's re- 

quirement was similar to that of the poult. Armintrout, Heil and 

Sullivan (1964) using a purified ration composed largely of cerelose 

and isolated soybean protein indicated that young turkey poults re- 

quired approximately 1. 6 mg. of thiamine per kg. of ration. 

Thornton (1960) reported that the Leghorn had a higher thiamine 

requirement than the heavier breeds of chickens. It was observed 

that . 88 mg. of thiamine per kg. was required by the Leghorn while 

the heavy breed chick needed only . 44 mg. of thiamine per kg. of ra- 

tion to sustain life and promote growth. Thornton, Shutze and Moreng 

(1957) and Thornton and Shutze (1960) observed that the thiamine re- 

quirement of light and heavy breed chicks was spared by a low calorie 

diet or when the source of energy was fat. It should be noted that the 



37 

Table 6. Effect of varying levels of thiamine on growth, mortality 
and feathering of the coturnix chick. 

Diet Thiamine' Av. Body Mortality Feathering 
No. Added Weight 

2 weeks 
mg. per kg. grams 

Experiment 1 

1 0 100 

2 1.0 31(24-36)2,3 6 fair 
3 2.04 38(30 -44) 12 good 

4 10.0 41(34 -45) 6 good 

Experiment 2 

1 0 -- 100 

2 1.0 31(15 -37) 50 fair 
4 

3 2.0 37(34 -41) 6 good 

4 3.0 39(32 -44) 0 good 

5 ,4.0 39(31 -45) 12 good 

6 5.0 37(33 -43) 0 good 

7 6.0 38(31 -43) 6 good 

8 10.0 38(34 -44) 0 good 

1 

2 

Basal diet contained . 087 mg. of thiamine per kg. of ration by 
calculation. 

Figures in parenthesis show range of values obtained with duplicate 
lots on the same treatment. 

3 Each experiment consisted of 16 chicks per treatment. 
4 Approximate requirement of starting chicks (N. R. C. , 1960). 
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diet used in this study contained 4 percent vegetable fat (Table 1 ). 

The thiamine requirement of coturnix chicks to 2 weeks of age 

under the condition of these experiments approximates the level rec- 

ommended by the National Research Council (1960) for starting chick- 

ens and the level observed by Armintrout, Heil and Sullivan (1964) for 

poults. 

Riboflavin 

Results 

Two experiments were conducted to determine the riboflavin 

requirement of growing coturnix quail. In the first experiment the 

basal diet was fed alone and supplemented with riboflavin at levels of 

2. 0, 4. 0 and 10. 0 mg. per kg. of ration. Results presented in Table 

7 show retarded growth and high mortality for coturnix chicks re- 

ceiving no riboflavin and for those receiving 2. 0 mg. per kg. of diet. 

Addition of riboflavin at 4. 0 mg. per kg. of diet substantially reduced 

mortality and growth was approximately equal to the group receiving 

10. 0 mg. of riboflavin per kg. of diet. A second experiment consisting 

of 0. 0, 4. 0, 6. 0 and 10. 0 mg. of supplemental riboflavin per kg. of 

diet revealed that 4. 0 mg. of added riboflavin was as effective as higher 

levels as measured by growth, feathering and mortality. 

In both experiments the unsupplemented coturnix chicks failed to 

grow. The feathers did not develop and remained in practically the same 
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condition as they were at hatching. The chicks huddled together with 

their wings drooping. These chicks became emaciated and suffered 

high mortality. Coturnix chicks receiving 2. 0 mg. of supplemental 

riboflavin reacted similarly to the unsupplemented group except for 

slightly more growth and feather development and a lower incidence 

of mortality. 

Figure 4 is a graphic representation of experiments 1 and 2 

showing the average body weight in relation to the level of added ribo- 

flavin per kg. of ration. It appears that under the condition of these 

experiments, the riboflavin requirement for coturnix chicks to 2 

weeks of age is more than 2.0 mg. but not greater than 4. 0 mg. 

(2.31 to 4.37 mg. total) per kg. of ration. 

Discussion 

The results of experiments 1 and 2 reveal that the deficiency 

symptoms of coturnix chicks on riboflavin deficient diets are retarded 

growth, high mortality, listlessness and poor feathering. There was 

no appearance of dermatitis which is one of the symptoms of riboflavin 

deficiency noted in turkey poults by Patrick, Darrow and Morgan (1944). 

There were no leg abnormalities or curled -toe paralysis which have 

been observed in riboflavin- deficient young chickens by Phillips and 

Engel (1938) and Bethke and Record (1942). 

Since the basal ration contained . 37 mg. of riboflavin per kg. of 
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ration, the riboflavin requirement of young coturnix chicks to 2 weeks 

of age appears to be more than 2. 37 mg. but not greater than 4. 37 

mg. of riboflavin per kg. of ration. These values are within range 

recommended by various workers for turkey poults. Patrick, Darrow 

and Morgan (1944) reported that the turkey poult requires approxi- 

mately 2. 7 mg. of riboflavin per kg. of ration for normal develop- 

ment during the first 6 weeks of life. Bird et al. (1946) reported that 

under the conditions of their study the riboflavin requirement of 

poults for optimal growth to 4 weeks of age was between 3. 25 and 

3.75 mg. of riboflavin per kg. of ration. 

The requirement of riboflavin for chickens has been reported 

by Heuser, Wilgus and Norris (1938) to range from 3. 5 mg. of ribo- 

flavin per kg. of ration for 2- week -old chicks to 1. 0 mg. of riboflavin 

per kg. of ration for the 8- week -old chicks. Bird et al. (1946) re- 

ported that the chicken's requirement for optimal growth to 4 weeks 

of age is between 2.75 and 3.75 mg. of riboflavin per kg. of ration. 

Scott, Holm and Reynolds (1959) reported that the young pheasant 

requires approximately 3. 4 mg. of riboflavin per kg. of diet for opti- 

mum growth. The National Research Council (1960) recommends 

2. 86, 3. 74 and 3. 96 mg. of riboflavin per kg. of ration for starting 

chickens, turkeys and ducks, respectively. 
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Table 7. Effect of varying levels of riboflavin on growth, mortality 
and feathering of the coturnix chick. 

Diet Riboflavin) 
No. Added 

Av. Body 
Weight 
2 Weeks 

Mortality Feathering 

mg. per kg. grams 

Experiment 1 

1 0 9(9-10)2,3 81 none 

2 2.0 21(18 -28) 44 fair 
3 4.04 35 (33 -40) 12 good 

4 10.0 38(33 -44) 6 good 

1 

2 

3 

4 

Experiment 2 

0 9(9 -10) 75 none 

4.04 35 (30 -44) 0 good 

6.0 37(33-42) 6 good 

10.0 37(33 -43) 0 good 

1 Basal diet contained 0. 37 mg. of riboflavin per kg. of ration by 
calculation. 

2 Figures in parenthesis show range of values obtained with duplicate 
lots on the same treatment. 

3 Each experiment consisted of 16 chicks per treatment. 
4 Approximate requirement of turkey poults (N. R. C. , 1960). 
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Pantothenic Acid 

Results 

44 

Two experiments were conducted with coturnix chicks in which 

pantothenic acid was added to the basal ration in increasing amounts. 

The results of these experiments are presented in Table 8. 

It is evident from the results of experiment 1 that growth and 

feathering were adversely affected with a supplemental level of panto - 

thenic acid of 12 mg. per kg. or less. Accordingly, pantothenic acid 

levels were used in experiment 2 that would presumably permit amore 

critical expression of the minimum requirement. From these results, 

it would appear that the minimum requirement for growth and feather- 

ing was met with 15 mg. per kg. or more of added pantothenic acid. 

In both experiments 100 percent mortality occurred in the absence of 

supplementary pantothenic acid and excessive mortality was also evi- 

dent from 6. 0 mg. per kg. of supplementary pantothenic acid. 

The extremely poor feathering of the pantothenic acid deficient 

chicks was readily apparent. There was a near absence of barbs on 

all but the tips of the primary feathers that started to grow on the 

wings of those chicks supplemented with 6. 0 and 9. 0 mg. per kg. of 

added pantothenic acid. Those chicks receiving 12. 0 mg. per kg. of 

supplemental pantothenic acid developed ragged feathers that were 
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easily broken. The feathering of chicks on diets containing 15. 0 mg. 

per kg. or more of supplemental pantothenic acid appeared normal. 

The growth data from these 2 experiments are plotted against 

the supplemental levels of pantothenic acid and shown in Figure 5. It 

appears from this chart that the minimum requirement for growth is 

greater than 12 mg. but no more than 15 mg. (13.3 to 16.3 mg. total) 

of supplemental pantothenic acid per kg. of ration. 

Discussion 

Growth and feathering were the principle criteria used in estab- 

lishing the minimum pantothenic acid requirement for coturnix chicks. 

Coturnix quail developed some, but not all, of the characteristic 

pantothenic acid deficiency symptoms observed in chicks and poults. 

Norris and Ringrose (1930) and Robblee and Clandinin (1950) reported 

that the deficiencies of pantothenic acid resulted in dermatitis, broken 

feathers, perosis, poor growth and mortality. In chickens very defi- 

nite crusty scab -like lesions appear in the corners of the mouth. 

There was no dermatitis or perosis observed in the coturnix chicks. 

In this respect, the coturnix seem to exhibit deficiency symptoms 

similar to that of the Bobwhite quail (Scott, Holm and Reynold, 1964) 

and the Pekin duck (Hegsted and Perry, 1948) in which there is no 

dermatitis or perosis on pantothenic acid deficient diets. 

The requirement of coturnix quail observed under this study 
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Table 8. Effect of varying levels of pantothenic acid on growth, 
mortality and feathering of the coturnix chick. 

Diet Pantothenic Acid 1 Av. Body 
No. Added Weight 

2 weeks 

Mortality Feathering 

mg. per kg. grams 

Experiment 1 

1 0 -- 100 -- 
2 6. 0 15(13-16)2,3 75 very poor 

3 12.04 31(27 -34) 0 poor 

4 30.0 39(34 -46) 6 good 

Experiment 2 

1 0 -- 100 

2 9. 0 27(19 -35) 19 very poor 

3 12.04 32(28 -36) 6 poor 

4 15.0 36(31 -42) 0 good 

5 18.0 35(30 -41) 6 good 

6 21.0 35 (30 -40) 6 good 

7 24.0 38(33 -42) 0 good 

8 30.0 39(33 -44) 0 good 

1 Basal ration contained 1.3 mg. of pantothenic acid per kg. of 
ration by calculation. 

2 Figures in parenthesis show range of values obtained with duplicate 
lots on the same treatment. 

3 In each experiment there were 16 chicks per treatment. 
4 Approximate requirement for turkey poults (N. R. C. , 1960). 
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seems to be slightly higher than that recommended for the chicken, 

turkey, Bobwhite quail or Pekin duck. Hegsted and Riggs (1949) and 

Hegsted and Perry (1948) reported that young chickens and ducklings 

receiving a purified diet required 10 and 11 mg. , respectively, of 

pantothenic acid per kg. of ration for maximum growth. Slinger and 

Pepper (1954) reported that the requirement of turkey poults for panto - 

thenic acid is greater than 11. 4 mg. per kg. of ration. Scott, Holm 

and Reynolds (1964) have reported the minimum pantothenic acid re- 

quirement of the Bobwhite quail for maximum growth to be approxi- 

mately 11.5 mg. per kg. of ration. 

According to the 1960 National Research Council, the require- 

ment of pantothenic acid for starting chickens, turkeys and ducks is 

9. 2, 11.0 and 11.0 mg. per kg. of ration, respectively. The require- 

ment for coturnix quail appears to be greater than 13. 3 mg. but does 

not exceed 16. 3 mg. of pantothenic acid per kg. of ration. 

Implications 

A summary of the minimum vitamin requirements of the young 

chicken, turkey, duck, pheasant, Bobwhite quail and coturnix for 

vitamin A, vitamin D3, thiamine, riboflavin and pantothenic acid are 

shown in Table 9. The requirement data for the most part have been 

taken from the National Research Council (1960) since this publication 

serves as a guide in ration formulation. These values may exceed 
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minimum requirements in certain instances. However, the 

requirement data, shown in Table 9, are not to be considered recom- 

mended allowances, as far as ration formulation is concerned. Where 

information was lacking in the publication requirements were taken 

from information cited by various workers in the field of poultry nutri- 

tion, including those obtained in these experiments. The coturnix val- 

ues, in particular, should be considered minimum requirements with 

the higher levels more nearly reflecting nutritive needs at this time. 

From Table 9 it can be seen that the vitamin A requirement of 

coturnix is lower than the recommended requirement for the young 

chicken, turkey, and Bobwhite quail as given by the National Research 

Council (1960) but is in closer agreement with the levels found by 

Scott et al.(1957) for normal growth and survival of the young chicken, 

duck and pheasant. On the other hand, the vitamin D3 requirement of 

the coturnix chick under the conditions of this study is greater than 

that recommended by the National Research Council (1960) for the 

chicken, duck or pheasant. The coturnix requirement for vitamin D3, 

however, appears to approximate that level recommended for the 

turkey poult. The need for thiamine in coturnix nutrition appears 

similar to that required by either the young chicken or turkey. 

The minimum riboflavin requirement for coturnix found in this 

study is slightly above that of the chicken and more closely approxi- 

mates that level recommended for the turkey, duck and pheasant; 
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whereas the pantothenic acid requirement of coturnix appears to be 

higher than the level recommended for any of the above species. 

Since no effect was noticed from omission of vitamin E, vitamin 

K, para- aminobenzoic acid, folacin, biotin, vitamin Bit or inositol 

from the diet one might conclude that the coturnix chick has no physi- 

ological requirement for these vitamins. While this may be a pos- 

sibility it should not be overlooked that isolated soybean protein per se 

is also a source of some of the B- complex vitamins, as is soybean oil 

a source of vitamin E (Herting and Drury, 1963). In fact it is of in- 

terest that the isolated soybean protein supplies sufficient amount of 

folacin and biotin to actually meet the young chicken's requirement 

for these nutrients. 

From the results obtained in this study it appears that the vita- 

min requirements of the coturnix are peculiar to the species and can- 

not necessarily be equated to any other single species. 
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Table 9. Comparative vitamin requirements of different avian species. 

Vitamin Chick Poult Duck Pheas- 
ant 

I 

Quail Coturnix 

Vitamin A, 
I. U. /kg. 

26401 
4 

>440 <1320 
52801 

5 >4000<5000 4 
>880<1320 

4 
1200 13, 2001 >550 <825 

Vitamin D 

I. C. U. /kg. 1981 8801 2201 4951 -- >499 <998 

Thiamine, 
mg. /kg. 1.761 > 63 -- -- -- >1.1<2. 1 

Riboflavin, 
mg./kg. 

2. 861 
>2.75<3.75 

3. 741 
>3.25 <3.756 3. 961 3. 42 -- >2.37<4.3 

Pantothenic 
Acid, 
mg. / kg. 9. 241 11. 01 11.0 1 10. 02 10. 01 >13.3<16.3 

1 

2 

3 

4 

5 

6 

National Research Council (1960). 

Scott, Holm and Reynolds (1959). 

Armintrout, Heil and Sullivan (1964). 

Scott et al. (1957). 

Van Reen, Taylor and Russell (1951). 

Bird et al. (1956). 
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V. SUMMARY 

A series of 12 experiments were conducted to determine the 

vitamin requirements of young coturnix quail (Coturnix coturnix 

japonica) by supplementation to a glucose monohydrate- isolated soy- 

bean protein diet. Using growth, mortality and feathering as the pri- 

mary criteria, a need for the following vitamins was indicated: vita- 

min A, vitamin D3, thiamine, riboflavin, pantothenic acid, niacin 

and choline. On the other hand omission of supplemental vitamin E, 

vitamin K, para -aminobenz oic acid, f olac in, biotin, vitamin B12 or 

inositol appeared without effect. 

Of those vitamins found to be required by the coturnix chick, 

vitamin A, vitamin D3, thiamine, riboflavin and pantothenic acid were 

studied to determine the minimum requirement needed to promote 

growth, livability and feathering. Under the conditions of these 

experiments it was found that: 

(1) the vitamin A requirement was satisfied by a total 
vitamin A level of 825 I. U. per kg. of diet using 
growth and feathering as the principle criteria; 

(2) the vitamin D3 requirement was greater than 499 I. C. U. 
but no more than 998 I. C. U. per kg. of diet using 
growth, toe ash and mortality as the determining 
criteria; 

(3) the requirement for added thiamine was greater than 1. 0 

but no more than 2. 0 mg. per kg. of diet using growth and 
feathering as the principle criteria, the total thiamine 
requirement being between 1. 1 mg. and 2. 1 mg.; 
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(4) the requirement for added riboflavin was greater than 
2. 0 mg. but no more than 4. 0 mg. per kg. of diet using 
growth and feathering as the principle criteria, the total 
requirement being between 2. 37 mg. and 4. 37 mg. , and 

(5) the requirement for added pantothenic acid was greater 
than 12. 0 mg. but no more than 15. 0 mg. per kg. of diet 
using growth and feathering as the determining criteria, 
the total requirement being between 13.3 mg. and 16. 3 

mg. per kg. 

Vitamin A deficient coturnix chicks developed deficiency symp- 

toms similar to young chickens and turkeys, including general weak- 

ness, emaciation, staggering gait, ruffled feathers and excessive 

mortality. Vitamin D3 deficient coturnix showed symptoms of rickets. 

The chicks had rubbery beaks , showed a disclination to walk, were 

retarded in growth, had low toe ash and suffered high mortality. 

Polyneuritis, a common symptom of thiamine deficiency in chickens, 

was not observed in thiamine deficient coturnix; however, retarded 

growth and 100 percent mortality were consistently noted. Riboflavin 

deficiency produced excessive mortality, poor growth and feathering, 

but no curled -toe paralysis as has been observed in chickens. Derma- 

titis, a pantothenic acid deficiency symptom of young chickens, was 

not observed in coturnix fed a diet low or without pantothenic acid. 

Other symptoms of pantothenic acid deficiency of chickens and turkeys, 

including retarded growth, ragged feathering and high mortality were 

exhibited by coturnix. 
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