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Two experiments were conducted to determine the

effects of riboflavin and pantothenic acid deficiency

on the production of clubbed down embryos in Single

Combed White Leghorn (SCWL) and Rhode Island Red (RIR)

hens.

In experiment 1, sixteen SCWL and eight RIR hens

were assigned to one of four diets calculated to

contain 1.57, 2.39, 4.04, and 4.90 mg of total ribo-

flavin per kg of feed using a completely randomized

block design. The hens were 44 weeks of age at the

onset of the experiment and were maintained on these

diets for 18 weeks. They were artificially inseminated

weekly using semen from SCWL males, and records of egg

production, fertility, hatchability, and clubbed down



production were maintained. Embryos from these matings

were examined macroscopically at 16 days of incubation

for down abnormalities. The feather tracts of abnormal

embryos were examined macroscopically and selected

abnormal down plumules were subjected to scanning

electron microscopy.

Dietary levels of riboflavin significantly (P <

.05) affected clubbed down production. Clubbed down

was observed on embryos from all four diets. The diet

containing 4.04 mg total riboflavin/kg produced signif-

icantly more embryos with clubbed down than the other

three diets. The hen type did not influence the fre-

quency of clubbed down, although there were some dif-

ferences among hens within treatment groups.

Scanning electron microscopy of embryos demon-

strating down abnormalities revealed some feather

follicles resembling the twisting of a french knot.

Another variation in clubbed down was plumules having

a wheat-shaped appearance.

Feed samples were analyzed for concentrations of

riboflavin, amino acids, and mycotoxins. The ribo-

flavin concentrations were determined to be 1.81, 2.25,

2.66, and 3.23 mg/kg, respectively, using fluorometric

analysis and 2.50, 3.69, 4.39, and 5.86 mg/kg, respec-

tively, using microbiological analysis. Levels of

amino acids were within acceptable levels with the



exception of methionine and cystine, both of which were

found to be deficient, even though the feed had been

supplemented with methionine. Analysis of the feed

revealed no detectable amounts of Aflatoxins B & G,

Ochratoxin, Vomitoxin, Zearalenol, or Zearalenone.

In experiment 2, twenty-four 48-week-old SCWL hens

were assigned to one of four diets calculated to

contain 5.02, 6.39, 7.77, and 11.5 mg total pantothenic

acid per kg of feed using a completely randomized block

design and were maintained on these diets for 11 weeks.

The hens were artificially inseminated weekly and

similar production records to those in experiment 1

were maintained.

Varying the level of pantothenic acid in the feed

had no effect (P >.05) on hatchability or clubbed down

production; however, those hens receiving 11.5 mg total

pantothenic acid had a lower mean fertility (P< .05).

From these studies it has been determined that

riboflavin and pantothenic acid deficiencies are not

the primary cause of clubbed down in the chick embryo.

The observance of clubbed down in the control and

treatment birds indicates that the cause is not related

to deficiencies in these vitamins.
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DIETARY RIBOFLAVIN AND THE PRODUCTION OF
CLUBBED DOWN IN CHICK EMBRYOS

CHAPTER I

INTRODUCTION

The first description of clubbed down was

described by Lepkovsky et al. (1938) as a twisting of

the feather follicle, giving a french knot appearance.

It was determined that clubbed down was the product of

hens fed riboflavin deficient diets. The production of

clubbed down has also been linked to diets deficient in

pantothenic acid (Dawson et al., 1962). The embryos

affected by clubbed down usually die before hatching

(Leeson et al., 1979b). This reduction in hatchability

decreases the revenue of the hatcherymen, and thus

riboflavin deficiency and clubbed down are important to

the poultry industry (Coles and Cumber,1955).

Studies have demonstrated that there is a

relationship between clubbed down and genetics.

Clubbed down has been associated with black plumage

color (Bernier and Cooney, 1955; Hawes and Fox, 1962;

Hawes and Buss, 1963), and the riboflavinless gene,

rd, (Lamoreux, and Hutt, 1948; Maw, 1954; Hawes and

Buss, 1965).

Clubbed down has been observed in other avian

species, such as the duck (Hawes, 1965) and the turkey
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(Haves and Buss, 1963). In both of these instances, it

has been associated with the extended black gene, E.

Two other down abnormalities have been discovered

in recent years, and both of which were discovered in

the turkey. Knobby (Smith and Smyth, 1970) and swollen

down (Savage et al., 1986) are not associated with

black plumage color, knobby being most frequent in the

bronze and swollen down in the white. Swollen down has

recently been observed in the White Leghorn hen

(Savage, 1988, personal communication). These questions

arise: "Why weren't these abnormalities discovered

earlier?" "Are they recent mutations or have research-

ers in the past classified all down swellings as

clubbed down without further examination?" " Could

knobby and swollen down be variants of clubbed down?"

This research was conducted, using Single Comb

White Leghorns and Rhode Island Red hens, to determine

if maternal dietary riboflavin or pantothenic acid

deficiency could induce clubbed down in the resulting

embryos and to determine if knobby and swollen down,

along with clubbed down, would be observed. If they

were, then it would appear that these three abnor-

malities are related.



CHAPTER II

REVIEW OF LITERATURE

A. CLUBBED DOWN

1. Description

3

Clubbed down was first described by

Lepkovsky et al. (1938) as a failure of the down

feather follicle to rupture the surrounding sheath,

causing the feather to coil and assume the appearance

of a French knot.

Most work since that time has characterized

clubbed down using this definition. There have been

researchers, however, who developed differing descrip-

tions of clubbed down. McClymont and Hart (1947)

described clubbed down in chickens as a failure of the

down filament to emerge through the skin, resulting in

a small, yellow protuberance in the skin. Dawson et

all. (1962) described a clubbed down condition in

turkeys associated with a pantothenic acid deficiency

as "bubble - shaped" feather follicles. Embryos exhibit-

ing this bubble-shaped feather follicle also had

shortened lower beaks, hydrocephalus, ocular opacity,

twisted legs, and hemorrhages.

Hawes (1965) provided a slightly different
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description for clubbed down in ducks. He described it

as a buckling of the plumule within the sheath, forming

a club-like bulge at the base of the shaft. The

plumule buckling caused a shortening of the follicle

which, in extreme cases, gave a matted appearance. The

distal portion of the follicles were smaller in

diameter than down on the normal embryo and was often

bent or curled, resulting in a stringy appearance.

Hawes (1965) also noted that the position of the club-

like swelling on the follicle differed among species,

usually proximal to the skin in ducks and chickens,

while medially positioned in the turkey.

2. Species and Breeds in Which Clubbed Down Has Been
Observed

Clubbed down has been observed in several dif-

ferent species of domestic fowl. Bernier and Cooney

(1955) confirmed that black down color in chickens was

associated more frequently with clubbed down than other

down colors. This finding was the result of back

crosses of offspring from Dark Cornish males X White

Plymouth Rock, White Leghorn, and New Hampshire breeds

of hens. Also observed in unhatched black ebmryos was

a higher incidence of riboflavin deficency signs.
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3. Plumage Color and Its Effects on Clubbed Dorn

Embryonic plumage color can indicate the likeli-

hood of clubbed down being present in the embryo. The

effect of black plumage color in association with

clubbed down was first observed by hatcherymen as an

increase in late embryonic deaths in chicks from the

cross of Rhode Island Red males X Barred Plymouth Rock

females. They noted a greater number of black, non-

barred females with bare backs dying than their black,

non-barred siblings. The most consistent abnormality

observed was not the bare area, but the very short down

which often was so knotted that the body appeared to be

covered with black, pebble-like granules.

The first research to determine an association

between down color and clubbed down was by Hutt (1951).

In his research on the lethality of the E plumage gene,

for extended black, he observed clubbed down to be pri-

marily associated with non-barred, extended black

chicks. The gene for extended black, E, shortens the

length of the down plumule, although in chicks with

extended black who also possess the B gene for the

feather barring pattern, the down was not significantly

shortened. The epistatic effects of the B gene to

counter the shortening effect of E may be decreased
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melanin production due to the B gene.

Hawes and Buss (1963) established that black down

in turkeys was also associated with clubbed down.

Ratings of bronze (CC bb RR PP SpSp NN) by either pure-

bred or F
1
black (CC BB RR SpSp NN), buff (CC BB rr PP

SpSp NH), palm (CC bib RR pp SpSp nn), spotted (CC

bb RR PP wimp NN), and white (cc bb RR PP SpSp NN)

birds established that as the frequency of the B allele

(black) decreased, the severity of clubbed down also

declined. Thus, the incidence of clubbed down was

greater in the homozygous dominant (BB) poults than in

heterozygous (Bb). They found no relationship between

the extent of melanization and the severity of clubbing

from the various F
1
matings.

Hawes (1965), using ducks, confirmed the associa-

tion of black down color and clubbed down. He used two

breeds of ducks, White Pekin (cc __) and Black East

India (CC EE), and established that only black embryos

were affected with clubbed down. The incidence of

clubbed down was significantly higher in homozygous

colored (CC E_) embryos (53.3%) than in heterozygous

colored (Cc E_) embryos (37.2%). From all the genetic

studies that have been conducted, clubbed down was most

frequently associated with black plumage color.
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B. RIBOFLAVIN

1. Chemistry

Riboflavin was first referred to as Vitamin B2,

the heat-stable growth fraction of the water soluble B

vitamins, to differentiate it from the heat-labile,

anti-beriberi Vitamin S. This vitamin B2 complex was

composed of many entities, of which riboflavin was the

first coenzyme isolated. Riboflavin initially had

several names, many incorporating its source of origin:

vitamin G, ovoflavin, uroflavin, lactoflavin and hepto-

flavin. The official International Union of Pure and

Applied Chemistry (IUPAC) name for riboflavin is 6,7-

dimethy1-9-(D1'-ribityl) isoalloxazine (Figure II.1).

OH OH OH OH
CH2-CH-CH-CH-CH2

CH3 -%:%'

CH3 N-C
0

Riboflavin
6,7-dimethy1-9-(0-1'-ribityl)isoallozozine

Figure II.1. Chemical structure of riboflavin

The riboflavin molecule consists of a substituted

isoalloxamine ring with a D-ribityl-side chain attached

to the nitrogen at position 9.

Riboflavin is synthesized by green plants, yeast,
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fungi, and autotropic bacteria. Riboflavin itself is

not synthesized by any animal, although symbiotic

organisms inhabiting the gastrointestinal tract make an

important contribution to the animal's requirements.

Other sources of riboflavin are liver, milk, eggs, and

yeast, with yeast being one of the most potent sources

of natural riboflavin in feedstuffs, up to 125 pg/g

(Scott et al, 1982).

Riboflavin functions as a co-factor for many

enzymes to form the prosthetic part of enzymes, such as

cytochrome, reductase, lipoamide dehydrogenase,

xanthene oxidase, L- and D- amino acid oxidase,

histaminase, and others that are associated with the

redox reactions involved in cell respiration (Scott

et al, 1982).

2. Riboflavin Deficiency, Requirements of the Avian
Embryo, and Clubbed Down

HcClymont and Hart (1947) were one of the first

research teams in Australia to study the nutritional

inadequacies of riboflavin. Their research involved

feeding high wheat diets to White Leghorn pullets. They

observed that hatchability increased when diets were

supplemented with riboflavin and manganese. Taylor and

Grau (1961) determined that embryonic mortality in the
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chicken due to riboflavin deficiency occurred at two

peaks during incubation, first between 9 and 12 days,

and the second between 13 days of incubation and

hatching. The mortality associated with these two peaks

was characterized by different abnormalities. Embryos

which died between 9 and 12 days of incubation exhibit-

ed anemia, edema, micromelia, dwarfing, caseous degen-

eration of the mesonephros, and clubbed down. Embryos

that died between day 13 of incubation and hatching

exhibited dwarfing, micromelia, edema, curled toes,

degeneration of peripheral nerve sheaths, and clubbed

down.

The prolonged feeding of riboflavin deficient

diets to laying hens shifts the peak of embryonic

mortality (Leeson et al., 1979b). Following the

feeding of a riboflavin deficient diet for more than

three weeks, the mortality peak shifted to between

and 14 days of incubation. Feeding the riboflavin

deficient diets for 5 weeks resulted in embryonic

mortality between days 1 and 7 of incubation.

Supplementation of the diet with riboflavin very

quickly returned the mortality peak to the original

time frame. These results suggest that riboflavin was

being gradually depleted from the hen.

The amount of riboflavin present in the chicken's
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egg absorbed by the embryo during development varies.

Brown (1957) found that embryos from hens on diets

containing 1.56 pg riboflavin/g of diet used all the

riboflavin present in the egg. Embryos from hens

receiving 3.60 pg of riboflavin/g of diet and 5.55 pg

of riboflavin/g of diet did not utilize all the

riboflavin present in the egg. It has also been pointed

out by many researchers that black down color had a

role in riboflavin utilization (Bernier and Cooney,

1955; Haves and Fox, 1962; Haves and Buss, 1963; Haves,

1965; Haves and Buss, 1965; Hutt, 1951). Haves and Fox

(1962) confirmed the findings of Bernier and Cooney

(1955) and discovered that supplementing black Cornish,

white Cornish, white Plymouth Rock, and Australorp

hens' diets with riboflavin did not decrease the pro-

duction of clubbed down, but instead enabled the black

chicks with defective down to complete embryonic devel-

opment and subsequently hatch. Supplementing the hen's

diet with 4.62 mg of riboflavin/kg of diet, increased

hatchability from 40.2 to 60.7 percent. Riboflavin

analysis of the egg yolk content revealed a difference

between supplemented and non-supplemented diets (Haves

and Fox, 1962). Egg yolks from hens fed the supple-

mented ration contained 4.76 pg riboflavin/g of yolk,

while those from the hens on the unsupplemented,
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deficient diet (1.54 mg of total riboflavin/kg of diet)

contained 2.40 pg/g of yolk. Haves and Fox (1962)

further reported that hens which had clubbed down as

chicks produced 16.7 percent of their black progeny

with clubbed down, compared with the normal hens who

produced 3.8 percent of their black chicks with clubbed

down.

3. Riboflavin Deficiency and Requirements in
Growing and Adult Birds

There has been considerable research on the

effects of dietary riboflavin on egg production, hatch-

ability, and clubbed down. Lepkovsky et al. (1938)

observed that many of the diets they fed did not

contain sufficient riboflavin to provide maximum

hatchability during the laying season, even though

these diets were considered adequate. To determine

if hatchability could be improved, they added 400 units

of riboflavin per pound of feed. This supplementation

immediately improved hatchability. From their observa-

tions, Lepkovsky et al. (1938) determined that the diet

of the hen influenced hatchability.

Haves and Fox (1962) found that dietary supple-

mentation of riboflavin to Barred Plymouth Rock hens

increased hatchability, but did not reduce the inci-
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dence of clubbed down.

Wyatt et al. (1973) provided a new description of

riboflavin deficiency in chickens. Birds placed on de-

ficient diets progressed through a series of deficiency

symptoms as diets became more deficient. The first

clinical signs of riboflavin deficiency were a lowering

of the head and a drooping of the tail and wings.

These signs were typical of birds fed a diet containing

.88 mg of riboflavin/kg for three weeks.

The clinical signs seen in birds receiving a diet

containing .52 mg of riboflavin/kg for the same three

weeks included birds resting on their hocks and breast

with a lowering of the head. There were no signs of

curly-toe paralysis. When these birds walked, they

bore their weight on their hocks. In contrast, birds

receiving 0 and .22 mg of riboflavin rested on their

breast with their legs extended laterally behind; their

head, wings, and tail drooped. Wyatt et al. (1973)

found that the frequency of curly-toe paralysis de-

creased as the amount of riboflavin in the diet in-

creased. With 0, .22, .52, and .88 mg of riboflavin/kg

of diet the frequency of curly-toe paralysis was 7.5,

5.0, 4.0, and 0 percent, respectively.

Leeson et al. (1979a) found that diets de-

ficient in riboflavin adversely affected egg production
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and hatchability. After 13 weeks on the deficient

diet, hatchability was zero; however, hatchability

returned rapidly to 87-95 percent, after riboflavin

supplementation.

Diet and the hen's genetics will determine how

much riboflavin will be transferred into the egg.

Hayfield et al. (1955) found there was a genetic dif-

ference in varieties of birds concerning their ability

to transfer dietary riboflavin to the egg. White

Leghorn hens produced eggs containing a significantly

higher riboflavin content (4.24 pg/g) than New Ramp-

shires (3.58 pg/g) . Hens on deficient diets also

produced fewer eggs than hens on supplemented diets.

Engel et al. (1940) reported that hens fed a diet

containing 1.6 pg riboflavin/g produced 227 eggs

compared with 384 eggs produced by similar hens re-

ceiving 2.0 pg/g. Embryonic mortality could be de-

creased in eggs from deficient hens by injecting 50 pg

of riboflavin into the egg. Petersen et al. (1947b)

showed that egg production was adversely effected by a

riboflavin deficient diet in as little as two weeks.

Hens (six of eight) fed a diet containing 1.27 pg/g

ceased egg production within two weeks of being placed

on a deficient diet. Hens fed a diet containing 2.5 to

10 pg/g continued to lay at a very high rate throughout
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the experimental period.

Petersen et al. (1947a) discovered that ribo-

flavin was most efficiently utilized by battery-con-

fined laying hens fed 3.62 pg/g while maximum con-

centration in the egg was reached when hens were fed

5.00 pg/g. Riboflavin deficiency symptoms were seen in

chicks from hens fed a diet containing 2.54 pg ribo-

flavin/g of feed or less.

The effects of riboflavin deficiency are not

limited to the female's reproductive capabilities.

Arscott (1972) examined the effects of riboflavin on

White Leghorn males. His study demonstrated that diet-

ary riboflavin fed at the level of .1 mg/kg was inade-

quate to maintain semen production. Riboflavin sup-

plementation quickly returned body weight and semen

production to normal. This demonstrated that ribo-

flavin was also important to the male's reproductive

performance.

Dietary riboflavin deficiency affects the growth

of meat type birds. Rutz and Harms (1988) determined

that a minimum requirement of 3.6 mg of riboflavin/kg

of feed was required by broiler chicks from hatch to 21

days of age. They suggested a level of at least 4.6

mg/kg from hatch to 21 days of age for maximum growth

and prevention of leg paralysis, even though at this
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level there is still a small percentage of leg

paralysis (7.8 percent). Curly-toe paralysis was

observed in broiler chicks at all levels of dietary

riboflavin fed (0, .9, 2.0, 2.8, 3.6, and 4.4 mg/kg).

4. Genotype-Riboflavin Interactions

Various studies have been performed to determine

the genetic basis of clubbed down. Haves and Buss

(1965) reported that riboflavin deficiency was not

necessarily the cause of clubbed down.

a. Riboflavinless Gene

Maw (1954) observed that fertile eggs from three

hens (two full sisters, one half sister) did not hatch.

These embryos died between 10 and 14 days of incubation

and were slightly smaller. He established that a diet-

ary riboflavin deficiency was the cause of these mid-

incubation deaths. Injecting 200 pg of riboflavin into

the egg at three days of incubation allowed the embryo

to complete development and hatch. Supplying these hens

with oral doses of 3.20 pg/g of riboflavin failed to

produce viable chicks. From a series of genetic

crosses Maw (1954) determined a recessive gene
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prevented these hens from transferring the riboflavin

present in the diet to the egg. This gene was

described as the riboflavinless gene and given

the symbol, rd.

Bernier and Cooney (1955) found that

injections of .22 mg of riboflavin decreased late

embryonic mortality in both black and non-black

embryos, but did not alter the incidence of clubbed

down.

Buss et al (1959) contributed to the knowledge of

the riboflavinless mutation. They determined that the

free riboflavin concentration of egg yolks from hens

homozygous recessive for the riboflavinless condition

was .41 pg/g, which was significantly lower than that

of the heterozygote (rdRd) and the homozygous dominant

(RdRd), 2.5 and 4.3 pg/g, respectively. They also

determined that the level of free riboflavin in the egg

could be increased by injecting riboflavin. They

injected 0, 5, 10, 20, 30, 40, 45, and 50 pg/egg,

and found that the riboflavinless embryos, which were

alive at 10 days of incubation, survived to 12.4, 14.6,

15.4, 17.8, 19.6, 20.6, 20.8, and 21.2 days,

respectively. When 60 pg/egg were injected, 96 percent

of the embryos were alive at 10 days of incubation.

Buss et al. (1959) found that injecting 20 jig of
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riboflavin into eggs produced by hens homozygous for

the riboflavinless gene (rdrd) allowed the embryos to

complete embryonic development without altering the

incidence of clubbed down. These authors concluded

that clubbed down was a pleiotropic effect between the

barring gene (B) and the extended black gene (E).

Boucher et al (1959) found that the concentration

of free riboflavin in the blood to be .008 pg/g for

non-laying females who were rdrd, rdRd, and RdRd and

rdrd laying hens. Heterozygous (Rdrd) hens that were

laying had a concentration of .272 pg/g, and the homo-

zygous normal hens (RDRD) had a concentration of .434

pg/g. They suggested that the rd gene expressed itself

incompletely in the heterozygote preventing the in-

crease in the blood level of free riboflavin normally

associated with egg production.

There is an increased tendency for malpositions to

occur in eggs from hens on riboflavin-deficient diets.

White Leghorn hens on a riboflavin-deficient diet

produced the highest number of malpositioned embryos,

head-over-right-wing, malposition I, being the most

common position observed. White Leghorns had a higher

incidence of malpositions than Rhode Island Red hens

at the initiation of the experiment. Leeson et al.

(1979a) reported that a dietary riboflavin deficiency
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also adversely affected egg production of the Rhode

Island Red hens, whereas there was little observed

effect in White Leghorn hens.

b. Strain Resistance to Riboflavin Deficiency

There appear to be genetic differences among

strains of chickens for the resistance to a riboflavin

deficiency. Lamoreux and Hutt (1948) developed a

strain of White Leghorns resistant to riboflavin

deficiency by placing chicks on a riboflavin-deficient

diet for the first three to six weeks of age. The

chicks were then characterized by their weight gain and

divided into two groups. The greatest weight gain was

attributed to chicks resistant to a riboflavin defic-

iency. Those chicks with lesser weight gains were

placed in the intermediate group, since the chicks most

susceptible to riboflavin deficiency were determined to

have died in the selection process. After six gener-

ations of selection, mortality in the control strain

was as high or higher than that of the susceptible

strain. It was not economically feasible to select for

susceptible and resistant strains because there was no

difference between the groups when placed on diets

containing adequate riboflavin levels.
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Hutt (1961) reiterated the effects of strain

susceptibility to riboflavin deficiency when he tried

to selectively breed White Leghorn hens for six

generations to be resistant to riboflavin deficiency.

At the end of this selection experiment, he had

produced two distinct strains of birds, one resistant

to riboflavin deficiency and the other susceptible.

The difference between the selected lines of birds was

only detectable when the birds were placed on ribo-

flavin deficient diets. The two lines did not differ

when fed diets containing an adequate supply of

riboflavin. According to Hutt (1961), the genetic

differences in the two lines affected their ability to

utilize riboflavin.

There also appear to be breed differences

in the amount of riboflavin a hen deposits into the

egg. Mayfield et al, (1955) found that eggs from

White Leghorn hens contained significantly higher

levels of riboflavin (4.24 pg/g) than eggs from New

Hampshire hens (3.58 pg/g), when both hen types were

fed diets containing comparable riboflavin levels.

They also found a similar situation for thiamine.

5. Vitamins as Nutritional Indicators
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Can nutrient levels in the egg be used as

indicators of the nutritional adequacy in the hens?

Squires et al. (1988) affirmed that the riboflavin

content of egg albumen was responsive to dietary

changes. These changes were detected in the egg prior

to the deficiency symptoms being expressed in embryos

or the hen -- decreased egg production, loss of body

weight, and/or leg paralysis.

Riboflavin is not the only nutrient which is used

as an indicator of nutritional status. Plasma alkaline

phosphatase (PAP) has been proposed by Schuster and

Hindmarsh (1980) as a method for detecting zinc defi-

ciency in broiler chicks. They found that chicks with

clubbed down in the ventral feather tracts shoved sig-

nificantly less liver zinc and a lover PAP activity

than chicks which were unaffected. By doubling the

amount of zinc in the diet (40 ppm to 80 ppm), they

were able to alleviate the problem, suggesting that

some clubbed down conditions which do not respond to

riboflavin may be due to a zinc deficiency.

C. DOWN FEATHER MORPHOLOGY

1. Embryonic Development
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The development and arrangement of the feather

papillae are very important in normal embryonic devel-

opment, although researchers have not studied the

morphological development of clubbed down. This may

be due in part to the period (1930's to 1960's) when

the majority of the research on clubbed down and ribo-

flavin occurred. During that time, histological studies

were not routinely performed, and electron microscopy

was in its infancy. The ability to determine the dif-

ferent types of down abnormalities depends upon histol-

ogical examination of the down. The first feather

tracts appear on the cranial back of chick embryos

(Hamburger and Hamilton, 1951) in stage 28-29 as a pair

of parallel tracts extending in an cranial-caudal line

directly above the myotomal muscle masses (Wessells,

1965). The feather tracts arise from dense dermis. The

dense dermis forms from dermal cell condensations which

occur as the cells increase in size and volume, causing

cells to become more closely packed. These condensa-

tions break up into hillocks which form the papillae of

the future feather germs (Holmes, 1935). Papillae

arise on either side of the primary feather tract with

the new papilla arising in the depressions of the

primary tract. These tracts (referred to as the second

degree, third degree, etc.) which form asymmetrically
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around the primary tract are constant for the specific

area of the embryo. Saunders and Gasseling (1957) found

that the feather germs emerge in a specific space-time

sequence. Mayerson and Fallon (1985) determined that

the first tract which forms in the White Leghorn chick

is the dorsal tract and the last is the wing tract.

The feathers in a tract form an open hexagonal pattern

with each feather being surrounded by six more or less

equidistant feathers. The hexagonal pattern is not

regular because the rows are not parallel, but form a

fan-shaped tract (Dhouailly, 1984). As the feather

tracts are forming, there is a coincidental development

of tracts of fibrous material near the dermal tracts.

Stuart and Moscona (1967) postulated that these fibrous

tracts may provide the framework for the developing

feather pattern. These fibrous tracts intersect at the

sites of dermal condensations. The fibers originate in

the epidermal basal cells and protrude downward into

the dermis (Mailman et al., 1967). The basal cells

attached to the fibers are elongated and extend deeper

into the dermis than other skin epidermal cells.

A majority of the research dealing with feather

formation has been carried out using tissue implants

from other species or transfilter cultures. Dhouailly

(1978) grafted mouse upper-lip dermis under the ecto-
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derm of the extraembryonic somatopleure of 2- to 3-day

chick or duck embryos. She found that when the

chorionic ectoderm was drawn downward by the graft,

forming a sort of well, there was no appendage form-

ation. However, when extraembryonic ectoderm remained

above the mouse dermis, appendage morphogenesis

occurred, forming numerous small buds. Near some of

the small buds, long filamentous feather follicles

formed. These feather follicles were arranged in

either linear or hexagonal patterns. The long feather

filament with dermal cores composed solely of avian

cells formed typical avian barb-ridges. These feather

follicles may be arranged in species-specific feather

tracts, either those of the chick or duck, depending on

which was used as the host.

2. Biochemistry of Feather Formation

There are two types of keratin prevalent in the

feathers of the developing embryo, Alpha and Beta-

keratins (Kanig and Sawyer, 1985). The u-keratin is

found in avian epidermis. There are several 8-

keratins: scale and feather 8-keratins, 8-keratins

produced by the subperidermal cells of the avian

epidermis, and those found in the feather sheath cells.
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Honig and Sawyer (1985) found a-keratins in the epi-

dermis and throughout the feather filaments (in tissue

from embryos younger than Hamburger and Hamilton, 1951,

stage 29). The 8-keratins located in the subperidermal

cells of the epidermis and in some cells peripheral to

the feather filaments (in tissue from embryos younger

than Hamburger and Hamilton, 1951, stage 29).

Helanophores contribute an important role in

clubbed down formation because of their association

with down color. Watterson (1942) determined that

melanophores were not present in wing bud epidermis

before 79 hours of incubation. The infiltration of the

epidermis of the chicken wing bud by melanophores

appeared to occur in a small window of time (80 to 91

hours of incubation). These melanoblasts begin synthe-

sizing melanin from 7 to 7.5 days of incubation. By

day 10, the feather germs are filled with a complex

network of randomly distributed pigment cells. At day

10.1 the melanophores have become regularly distributed

in a series of longitudinal rows which begin at the

apex of the feather germ and spread basally. When

melanoblasts are implanted and migrate into the host

epidermis, they bring about a reproduction of color or

color pattern characteristic of the donor breed or

species.
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D. OTHER EMBRYONIC DOWN FEATHER ABNORMALITIES

Minimal research has been conducted on other types

of down abnormalities, partially because of researchers

incorrectly classifying all down follicle swellings as

clubbed down. In the last 18 years, two other types of

down abnormalities which differ markedly from clubbed

down have been discovered in the turkey.

1. Knobby

Knobby, a semilethal down defect (Smith and Smyth,

1970), was characterized by the distal ends of the down

feathers of the ventral tracts being rounded and

enlarged, resembling a knob. Penetrance of the knobby

feather condition was variable in affected pterylae,

with not all pterylae showing the knobby charac-

teristic. Until 13 days of incubation, both normal and

knobby down embryos develop similarly, then the knobby

down fails to differentiate. At 17 days of incubation

the knob was present and filled with an undifferentiat-

ed mass with irregular cell structures. The distal tip

of each barb was enlarged with incomplete barbules

formed on the upper fourth and completely absent at the

tip. The knobby plumage also appear to be shorter than
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normal down. Lethality of the knobby gene, which was

due to an autosomal recessive gene, appeared to be

associated with the degree of knobbing. Down color of

the poult influenced the severity of knobby. Bronze

colored poults were more adversely affected than white,

palm, or tan colored poults.

2. Swollen Down Plumule

A more recently described down abnormality was

swollen down plumule (Savage et al., 1986). This

condition was also due to an autosomal recessive gene,

sdp. One effect of the sdp gene was an increased

incidence of late dead embryos. Most embryos with

swollen down were alive at 20 days of incubation,

but only 6.7 percent were still alive at pipping, and

none hatched. The plumule swelling occurred proximally

on the feather shaft without shortening of the down

plumule length. This lack of shortening and positioning

of the swelling differentiates swollen down from knobby

(Smith and Smyth, 1970) and clubbed down (Hutt, 1951;

Hawes, 1965). Unlike knobby and clubbed down, swollen

down plumule was associated with all feather tracts.

Poults with the sdp condition showed variation in

expressivity, from all pterylae being affected to a
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single pterylae with a few swollen down follicles

present. Histological examination revealed that the

swelling lacks cellular organization, and the dermal

pulp cavity was distended proximally. To date, there

has been no histological examination of clubbed down to

which swollen down and knobby can be compared to deter-

mine if the morphology of the swellings are similar.

C. Metal Toxicity

Certain metals if present in high concentrations

can have an effect on normal embryonic development.

Ridgway and Karnofsky (1952) found that when boric acid

was injected into the egg via the yolk sac or chorio-

allantoic membrane (CAM) between 0 and 8 days of incu-

bation, the resulting embryos were pale, edematous,

and lacked proper feather growth. They also determined

that rhodium chloride when injected into the 8-day CAM

caused stunting, feather growth inhibition, micromelia,

and mild edema.

Narbaitz et al. (1983) determined that cadmium

caused feather abnormalities in developing embryos.

They established that if zinc and cadmium were injected

simultaneously, the feather abnormalities normally seen

could be nullified. The feather cells apparently are
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unable to distinguish between cadmium and zinc and

cadmium may compete with zinc for binding sites. They

determined that injecting less than 15 pg of cadmium

into the egg between the ninth and eleventh day of

incubation had teratogenic effects. Embryos which

survived injections of more than 15 pg were charac-

terized with two types of anomalies. The first con-

sisted of growth retardation and feather curling, with

feathers in most tracts being affected. The second

abnormality consisted of hemorrhagic atrophy at the

distal end of the feather, giving the feather a

reddish-brown appearance. This abnormality was seen

exclusively in embryos injected on day 12 of incuba-

tion. The authors postulated that cadmium interferes

with the role of zinc in feather formation.
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ABSTRACT

Two experiments were conducted to study the

effects of feeding diets containing various levels of

riboflavin and pantothenic acid on induction of

embryonic clubbed down in laying chickens. In experi-

ment 1, sixteen Single Comb White Leghorn (SCWL) hens

and eight Rhode Island Red (RIR) hens were established

on one of four diets calculated to contain 1.57, 2.39,

4.04, and 4.90 mg of total riboflavin per kg of feed

using a completely randomized block design. The hens

were 44 weeks of age (WOA) at the onset of the exper-

iment and were maintained on the diets for 18 weeks.

Hens were artificially inseminated weekly using pooled

SCWL semen. Fertile eggs were incubated, examined

macroscopically at 16 days of incubation, and abnormal

embryos saved. There was an association between

dietary riboflavin content and the frequency of clubbed

down (P < .05). Hens fed the diet containing 4.04 mg/kg

had the greatest incidence of clubbed down. Hen type

had, no effect (P > .05) on clubbed down production. In

experiment 2, twenty -four Single Comb White Leghorn

(SCWL) hens were established on one of four diets

calculated to contain 5.02, 6.39, 7.77, and 11.5 mg of

total'pantothenic acid per kg of feed using a com-
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pletely randomized block design. Hens fed varying

levels of pantothenic acid showed no significant

difference (P > .05) in the production of clubbed down

embryos. However, there was a significant effect (P <

.05) observed in fertility among the treatment groups.

The control hens had a lower fertility than those fed

the experimental diets.
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INTRODUCTION

Clubbed down was an embryonic feather abnormality

which has been attributed to maternal diets deficient

in riboflavin (Lepkovsky et al., 1938) or pantothenic

acid (Dawson et al., 1962), or to feather color (Hutt,

1951) and/or to genetics (Haves and Buss, 1965).

Clubbed down which occurred in the embryo was induced

when the level of maternal dietary riboflavin declined

below 2.5 pg/g of feed (Petersen et al., 1947; Coles

and Cumber,1955; Wyatt et al., 1973). Clubbed down was

associated with black plumage color in chickens (Haves

and Fox, 1962), in ducks (Haves, 1965), and in turkeys

(Haves and Buss, 1963).

Other embryonic down abnormalities have been

described -- knobby (Smith and Smyth, 1970) and swollen

down plumules (Savage et al., 1986), both of which

have genetic bases and were first observed in turkeys.

Swollen down recently has been observed in the chicken

(Savage, 1988, personal communication). The following

study, consisting of two experiments, was conducted to

determine if varying the levels of dietary riboflavin

or pantothenic acid would induce embryonic changes

resulting in the appearance of clubbed down or other
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abnormalities in the chicken embryo.
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MATERIALS AND METHODS

Experiment 1.

Sixteen commercial Single Comb White Leghorn

(SCWL) hens and eight Rhode Island Red (RIR) hens, 44

weeks of age at the onset of the experiment, were fed

diets with varying levels of riboflavin for 18 weeks.

The hens were assigned to adjacent individual cages

(20.3 x 35.6 x 35.6 cm) within an open-sided house

using a completely randomized block design. Four SCWL

and two RIR hens were each fed one of four 15 percent

crude protein layer diets calculated to contain 1.57,

2.39, 4.04, and 4.90 mg of riboflavin /kg and desig-

nated as diets 1, 2, 3, and 4, respectively. The diets

containing the first three riboflavin levels were

prepared by mixing a single batch of layer feed with

all feed ingredients present except for riboflavin.

The feed was then divided into three equal quantities

and predetermined amounts of riboflavin were added.

Diet 4 was a standard layer diet that met the NRC

(1984) nutrient requirements for the laying hen and

served as the control diet for this experiment. The

hens were fed the various diets on an ad libitum basis.
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Table III.1 describes the composition of the diets.

Samples of the four diets were analyzed at

commercial laboratories for riboflavin, amino acid

composition, and the presence of mycotoxins. The

riboflavin analyses were performed using AOAC (1984)

fluorometric procedure) 43.039 and USP (1975) micro-

biological protocol' page 442. A composite sample

consisting of equal quantities of the four diets was

analyzed for mycotoxins and amino acid levels. The

methods of Anderson et al. (1980) were used to deter-

mine if any the following mycotoxins present in the

diets could influence embryonic development: Aflatoxins

B and G, Ochratoxin, Vomitoxin, Zearalenol,

Zearalenone. The amino acid3 composition of the diets

was determined by digesting a sample for 20 hours in

6N-HC1/ 0.05 % mercaptoethanol at 115 C. Phenol was

added prior to acid hydrolysis. Tryptophan was deter-

mined following a 48-hour alkaline hydrolysis at 135 C.

One week prior to the onset of the feeding trial,

the hens were artificially inseminated weekly with .05

1Woodson- Tenent Laboratories, Inc., Memphis, TN.

2Roche Vitamins and Fine Chemicals, a division of
Hoffmann-La Roche, Inc., Nutley, NJ.

3 AAA Laboratory, Mercer Island, WA.
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ml of pooled semen from five SCWL males. Eggs were col-

lected daily and identified by the hens' cage number

then incubated weekly in Jamesway 252 incubators at

100 F and 58 percent relative humidity. Eggs were

candled on the seventh day of incubation and those eggs

not exhibiting embryonic development were removed and

the contents examined macroscopically to determine

infertility. Fertility, hatchability, and production

of abnormal embryos were recorded on a hen basis.

All embryos were examined macroscopically for any

gross abnormalities and those embryos identified were

stored in 10 percent neutral buffered formalin for

subsequent examination. Preparation of abnormal down

for scanning electron microscopy has been previously

described (Savage et al., 1986).

For the first two egg settings following

candling, the contents of all remaining eggs were

examined on the eighteenth day of incubation (DOI).

Subsequently, the examination was changed to the 16 DOI

to alleviate the influence of embryonic decomposition

obscuring the identification of clubbed down embryos.

To determine the influence of diet on hatchability,

eggs set on the third, fourth, tenth, eleventh, and

seventeenth weeks were allowed to hatch.
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Experimgnt 2.

Twenty-four 48-week-old commercial SCWL hens were

assigned to adjacent individual cages (20.3 x 45.7 x

40.6 cm) in a positive pressure environmentally con-

trolled house using a completely randomized block

design. Six hens composed a treatment group and each

group was randomly assigned a diet. The diets were

prepared as described in experiment 1. Table 111.2

containsthe compositions of the diets. The first

three diets (1-3) were formulated to contain 5.02,

6.39, and 7.77 mg of total pantothenic acid/kg of feed,

respectively. This was accomplished by the addition of

0, .0625, and .1250 g of D-pantothenic acid per 45.5

kg of feed, respectively. Diet 4 (11.5 mg/kg) had the

same nutrient formulation as diet 4 of experiment 1,

with .25 g pantothenic acid added per 45.5 kg and was

this experiment's control diet.

The SCWL hens were artificially inseminated weekly

using .05 ml of pooled semen from eight SCWL males.

Eggs from these hens were managed as described in

experiment 1. Eggs set during the first, sixth,

seventh, and twelfth weeks of the experiment were

allowed to hatch to determine hatchability.

At the conclusion of these experiments, all
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preserved embryos shoving down abnormalities were

examined using light microscopy to determine which

feather tracts were affected.

The hatchability and fertility data of both

experiments were analyzed by one-way analysis of

variance to determine if vitamin supplementations had

a significant influence. Clubbed down frequency by

diets was analyzed using the logit method of analysis

(SAS, 1989). The model developed for experiment 1 was

log Pu / 1 - Pii= p + ai + 8j, where pu is the prob-

ability of clubbed down for an egg from hen type i on

diet j (i = 1, 2; j = 1,...,4), az = 0 because the hen

type was assigned as an indicator variable and 134 = 0

because the logit program compares the experimental

diets (1-3) to the control (4).
1
= "contrast between

diets 1 and 4", 8 2= "contrast between diets 2 and 4",

and 83 = "contrast between diets 3 and 4." This model

is identical to that used in experiment 2 except hen

type was not a factor.
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The incidence of clubbed down in embryos from the

SCWL and RIR hens fed the diets with varying concentra-

tions of total riboflavin are summarized in Table

111.3. There was no difference (P > .05) in the

incidence of clubbed down between the two hen types

when the diet analyzed using logit analysis (SAS,

1989). Hens fed Diet 3 (4.04 mg of riboflavin/kg)

produced a higher incidence (P < .05) of clubbed down

embryos than hens fed the other levels of dietary

riboflavin. Hen fertility and hatchability were not

affected by hen type or levels of riboflavin fed

(Appendix Table A1.3).

Using fluorometric analysis the diets for

riboflavin revealed that two of the diets, 2 and 3,

were lower than calculated. Using the microbiological

method the riboflavin content of diet 4 was also

determined to be less than the calculated level, Table

III.1. The level of crude protein (CP) determined by

amino acid analysis was in agreement with the

calculated CP value and the NRC (1984) requirement for

breeder hens (Table 111.5). The amino acid profile of
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the composite sample revealed that the quantities of

methionine and cystine were less than the calculated

value. No mycotoxins were detectable in the feed.

Electron Microscopy

Several morphological variates of clubbed down

were observed using scanning electron microscopy. Some

feather follicles appeared as 'french knots" and were

similar to that described by Lepkovsky et al. (1938)

(Figure 111.1). The follicles and sheaths observed in

this study were highly twisted; however, the twisting

did not appear to be within the feather's sheath, as

described by Lepkovsky et al. (1938).

A second variant was a "wheat-shaped" down, with a

proximally located swelling that occupied the sternal

and ventral cervical feather tracts (Figure 111.2). A

similar observation was recently described by Hodgetts

(1988).

A third clubbed down variate was a shortening of

the down follicle accompanied by a mid-shaft swelling

(Figure 111.3).
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Etstlatr_Iracty

Identification and subsequent examination of the

embryonic feather tracts (Lucas and Stettenheim, 1972)

revealed that embryos from hens fed diet 3 (4.04 mg

total riboflavin/kg) had four specific feather tracts

populated with clubbed down more frequently than the

other tracts observed (Table 111.4). There was a

tendency of the abnormal down on the embryo to be seen

predominately on the right side of the embryo's

midline.

Experiment 2

There was no significant difference (P > .05)

among hens fed the pantothenic acid deficient diets for

the production of clubbed down embryos, even though the

level of dietary riboflavin was constant for all diets.

There was no difference (P > .05) in hatchability

among the treatment groups. However, there were differ-

ences (P < .05) in fertility. Hens fed diet 4 (11.5 mg

pantothenic acid/kg, control diet) had a lower

fertility (P < .05) compared to that of the other

treatments (Table 111.6).
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DISCUSSION

The observance of clubbed down in control hens

suggests there is some other cause for clubbed down

other than riboflavin. The lowest level of dietary

riboflavin did not produce the highest incidence of

clubbed down. Embryos from hens fed diets 1, 2, and 4

all had comparable occurrences of clubbed down since

clubbed down was observed in all the diets including

the control. Riboflavin analysis by the two commonly

used methods, fluorometric and microbiological, gave

differing results. Results from using the microbio-

logical assay were higher than from using the fluoro-

metric method of analysis. Since diet 1 was not sup-

plemented with riboflavin, the difference between the

calculated and the microbiologically determined value

was used as an adjustment factor (.628) for the micro-

biologically determined riboflavin levels of all diets.

The corrected microbiological values indicated that

diets 1 and 2 were riboflavin deficient for the laying

hen (1.57 and 2.76 mg riboflavin/kg, respectively) when

compared to the NRC (1984) requirements for laying and

breeding hens (2.2 and 3.8 mg riboflavin/kg of diet,

respectively). Diets 3 and 4 (3.46 and 4.93 mg/kg,

respectively) exceeded the NRC (1984) recommended level
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for laying hens and diet 4 was above (4.93 mg/kg) the

NRC (1984) recommended level for breeding hens.

There are differences of scientific opinion

regarding methods for riboflavin determination in

feeds. Squires (1989, personal communication) advocated

the use of High Pressure Liquid Chromatography (HPLC),

rather than fluorometric analysis for riboflavin due to

other fluorescing substances in feeds. Shah (1985)

states that the fluorometric method is the most com-

monly used because of its high sensitivity, but usually

the fluorometric and microbiological analysis are in

good agreement.

The amino acid analysis on the composite feed

sample determined that the amino acids approached or

exceed the NRC (1984) recommendations, with the

exception of methionine and cystine. These two amino

acids were substantially lover than the NRC recommen-

dation, even though DL-methionine had been added to the

feed. The apparent discrepancy in the levels of sulfur

amino acids determined may be attributed to improper

feed mixing, sample collection, sample storage con-

ditions, or an error in the analytical method. One of

the clinical signs of amino acid deficiency is the

proported production of abnormal down. This may

suggest that the abnormal down observed in these
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studies could be attributed to an amino acid deficiency

and thus explain why clubbed down was observed in the

control diet (Diet 4).

Hen type did not affect the frequency of clubbed

down within the treatment groups. This suggests that

melanization associated with down pigmentation does not

play a role in increasing the frequency of clubbed down

as had been previously hypothesized by Hawes and Fox

(1962).

Scanning electron microscopy in this study

revealed that the expression of clubbed down is highly

variable. Twisted feathers were observed approximating

Lepkovsky et al.'s (1938) description. In addition,

shortened clubbed down described by Hawes (1965) in the

duck and the wheat-shaped down described by Hodgetts

(1988) have also been observed in this study. The

findings of this study indicate that clubbed down has

variation in its morphological appearance.

In experiment 2, all the experimental diets (1

through 3) had calculated levels of pantothenic acid

(5.02, 6.39, 7.77 mg pantothenic acid/kg, respec-

tively) which are less than the NRC (1984) recommen-

dation for breeders (10.0 mg pantothenic acid/kg of

feed). These levels, however, were above the level

recommended for the layer (2.2 mg/kg). The control
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diet (diet 4) was calculated to contain 11.5 mg

pantothenic acid/kg which exceeds the NRC (1984)

recommended level for breeders. The incidence of

clubbed down was very low when these diets were fed,

suggesting that the clubbed down observed by Dawson

et al. (1962) may possibly have been caused by some

factor other than pantothenic acid.

The cause of the significantly lowered hen

fertility in the controls has not been determined.

However, the source of feed ingredients for all diets

is identical to those used in experiment 1 and, there-

fore, should contain approximately the same levels of

amino acids and mycotoxins.
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CHAPTER IV

GENERAL DISCUSSION

Clubbed down is one of three down feather abnor-

malities discussed here which have been discovered over

the years. This condition has usually been associated

with either the extended black gene (E), or riboflavin

deficiency. The research conducted here demonstrated

that riboflavin deficiency may not be the cause of

clubbed down, because some embryos from hens receiving

the control diet exhibited clubbed down.

There were no embryos from either experiment 1 or

2 which exhibited knobby or swollen down plumule (sdp).

This suggests that knobby and sdp are not variates of

clubbed down but are separate disorders. If such is

the case, then are the other types of abnormal down,

wheat-shaped and shortened down with swelling, observed

variates of clubbed down or are they new disorders

which need further research?

This research indicates that riboflavin may not be

the exclusive cause of clubbed down. There have been

'outbreaks" of clubbed down in egg and meat type

breeder flocks which did not respond to supplementation

of riboflavin (McClymont and Hart, 1947; Hodgetts, B.,
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1988, personal communication; Hunt, J., 1989, personal

communication). In many instances these outbreaks of

clubbed down are self-correcting with time. The causes

of many of these outbreaks were never determined, and

when the diets were analyzed, riboflavin was not de-

ficient. The fact that the incidence of clubbed down

occurred with no apparent cause and did not respond to

riboflavin supplementation is important to the poultry

industry, because there is no way to predict or prevent

these outbreaks.

Because of these sporadic "outbreaks," the

question of whether an amino acid deficiency or im-

balance could be attributed to clubbed down is raised.

The research here suggests that a deficiency in the

sulfur-containing amino acids, methionine and cystine,

could have contributed to a low level of clubbed down

observed in the control hens since cystine is critical

in the keratinization of the down feather during devel-

opment (Lucas and Stettenheim, 1972). The interrela-

tionship between cystine in the keratinization of the

feather and riboflavin has never been established. An

interesting approach to this problems might be to

examine the physiology of feather development to study

how these amino acids and riboflavin interact.

In research on the riboflavinless gene, clubbed
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down was never observed (Buss, E.G., 1989, personal

communication). It is unfortunate that the riboflavin-

less gene has been lost (Buss, E.G., 1989, personal

communication). If it were still available, it would

be interesting to examine the difference between

riboflavin deficiency in the egg induced by riboflavin-

deficient maternal diets and that induced by the

riboflavinless gene.
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Table 111.1

Composition of Experiment 1 Diets with Varying Levels

Total Dietary Riboflavin

Diets (added riboflavin, g/45.5 kg)

Ingredients 1 (8 g) 2 (.8375 g) 3 (.875 g) 4 (.15 g

(control)

Barley -- -- -- 5

Corn,yellow 73.83 73.83 73.83 65.31

Soybean Neal,

solv.47.5A CP 7.5 7.5 7.5 17.99

Meat i Bone Meal, 58% 7 7 7

Alfalfa Meal

dehydrated,17% CP 2.5 2.5 2.5 2.5

Salt .3 .3 .3 .25

Dtfluorinated Phosphate

32% Ca, 18% P .96 .96 .96 2

Limestone Flour -- -- -- 3.65

Oyster Flour 6.46 6.46 6.46 3

DL Methionine, 98% .48 .48 .48 .85

Lysine 1.52 1.52 1.52

Mineral Mix1 .85 .85 .85 .85

Vitamin Mit .2 .2 .2 .2

Riboflavin (g) 8 .8375 .875 .15

Calculated Analyses

ME, Kcal/kg 2926 2926 2926 2827

Crude Protein, % 15 15 15 15

Riboflavin (1g/kg) 1.57 2.39 4.84 4.9

Calcium, % 3.2 3.2 3.2 3.3

Available Phosphorus, % .48 .48 .48 .47

Methionint, % .69 .69 .69 .3

Determined Analyses

Crude Protein, % 14 14 13.5 13

Riboflavin, mg/kg

fluorometric 1.81 2.25 2.66 3.23

microbiological 2.5 3.69 4.39 5.86

corrected ° 1.57 2.76 3.46 4.93

,Supplies per kilogram of feed, calcium, 97.5 mg; lingoes', 68 mg; iron, 28 mg;

copper, 2 mg; iodine, 1.2 gm zinc, 27.5 mg.

2 Supplies per kilogram of feed, vitamin A, 3,297 IU; vitamin D2, 1,188 ICU; vitamin E, 1.1

1U; vitamin K, 549 pg; vitamin B121 5.49 pg; niacin, 22 mg; choline chloride, 228 og;

folacin, 228 pg; pantothenic acid, 5.49 pg.

3 Microbiological values adjusted to diet l's theoretical riboflavin concentration.
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Table 111.2

Composition of Experieent 2 Diets with Varying Levels

Total Dietary Pantothenic acid

Diets (added Pantothenic Acid, g/45.5 kg)

Ingredients 1 (0 g) 2 (.0625 g) 3 (.125 g) 4 (.25 g,control)

Barley - OM, 5

Corn, yellow 74.24 74.24 74.24 65.31

Soybean Meal,

solo. 47.5% CP 7.71 7.71 7.71 17.99

Meat & Bone Meal, 50% 7.37 7.37 7.37 =Mb

Alfalfa peal,

dehydrated, 17% CP 2.3 2.5 2.5 2.5

Salt .3 .3 .3 .25

Defluorinated Phosphate

38% Ca, 18% P 1 1 1 2

Limestone Flour -- -- -- 3.65

Oyster Flour 6.12 6.12 6.12 3

EC Methionine, 98% .01 .01 .01 .05

lysine .5 .5 .5

Mineral 'lie .05 .05 .05 .05

Vitamin Mix** .2 .2 .2 .2

Pantothenic acid, (g) 0 .8625 .125 .25

Calculated Analysis

ME, kcal/ kg 2926 2926 2926 2827

(tude Protein 15 15 15 15

Pantothenic Acid tog/kg) 5.02 6.39 7.77 11.5

Calcium % 3.1 3.1 3.1 3.3

Available Phosphorus % .5 .5 .5 .47

Methionine % .25 .25 .25 .3

*Supplies per kilogram of feeds calcium, 97.5 mg; manganese, 68 mg; iron, 20 mg;

copper, 2 ogi iodine, 1.2 mg; zinc, 27.5 mg.

**Supplies per kilogram of feed: vitamin A, 3,297 IU; vitamin D2, 1,188 ICU; vitamin E, 1.1

IU; vitamin K, 549 pg; vitamin B12, 5.49 pg; niacin, 22 mg; choline chloride, 220 og;

folacin, 220 pg; riboflavin, 3.3 mg.
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Table 111.3

Percentage of Clubbed Down Embryos Observed from
Hens Fed Diets Containing Varying Levels of Riboflavin

from 44 to 62 Weeks of Age

Diet Treatment SCWL RIR Cumulative
(n = 4) (n = 2) (n = 6)

Group n X n X H X

(g)

1 0 247 .81 128 1.56 375 1.07'

2 .0375 386 3.68 114 0 386 2.59'

3 .075 217 9.68 112 8.93 329 9.42a

4 .15 247 4.05 83 2.41 330 3.64'

SE 3.65

SE = standard error.

(n = ) = number of hens of each type used per treatment group.

ab percentages with differing lettered superscripts differ,
P < .05.
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Table 111.4

Embryonic Feather Tracts Demonstrating the
Highest Percentages of Clubbed Down from Hens

Fed Varying Levels of Dietary Riboflavin

Tracts

Diets Vent. C. R Vent. C. L Lat. Ab. R Lat. Ab. L

1 cm' 0 (0) 0 (0) 12.5 (11.7) 25 (15.3)

2 (.0375)* 38.5 (13.5) 30.8 (12.8) 30.8 (12.8) 53.8 (13.8)

3 (.075)* 58.3 (10.1) 54.2 (10.2) 50 (10.2) 45.8 (10.2)

4 (.15)* 0 (0) 12.5 (11.7) 12.5 (11.7) 37.5 (17.1)

() * g of added riboflavin/ 45.5 kg of feed.

Vent. C. = ventral cervical; Lat. Ab. = lateral abdouinal

() = standard error for the percentage based upon 8, 13, 24, and 8 chicks,

respectively, for Diets 1, 2, 3, and 4
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Table 111.5

Amino Acid Analysis of Composite Feed Samplt
Experiment 1

Amino Acid Calculated
Percentage
Analyzed NRC

Alanine NA .89 NA
Arginine .903 .984 .68
Aspartic Acid NA 1.21 NA
Cystine .24 .162 .23
Glutamic Acid NA 2.32 NA
Glycine 1.07 .876 .50
Histidine .304 .371 .16
Isoleucine .619 .503 .50
Leucine NA 1.35 .73
Lysine 1.84 .959 .64
Methionine .699 .275 .32
Phenylalanine .703 .654 .40
Proline NA 1.08 NA
Serine .689 .735 .50
Threonine NA .519 .45
Tryptophan NA .156 .14
Tyrosine NA .524 .40
Valine NA .694 .55

Total 14.3 15.0 14.5

NA = not available.

* = values based upon a single determination.
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Table 111.6

Mean Fertility of Hens Fed Pantothenic Acid
Deficient Diets from 48 to 60 Weeks of Age.

Hen.
Ho.

Treatment (gms of
added pant. acid

Hen
Mean

Treatment
Mean

1782
1783

0
0

91.254
95.751

1784 0 98.334 96.864
1785 0 97.251
1786 0 98.58a
1787 0 100. a

1788 6.39 90.17b
1789 6.39 95.751
1790 6.39 97.584 96.334
1791 6.39 95.751
1792 6.39 98.734
1793 6.39 100. a

1794 7.77 100. 1

1795 7.77 77. c

1796 7.77 92.424 92.894
1797 7.77 97.42a
1798 7.77 92.17a
1799 7.77 98.33a

1776 11.5 90.92
1777 11.5 80.5 b
1778 11.5 59.674 77.74b
1779 11.5 79.33c
1780 11.5 78.67c
1781 11.5 77.33c

SE 10.27 8.98

al) significant differences within each column (P < .05).

SE = standard error.
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Figure 111.1. A down plumule illustrating
a feather follicle shaft twisting (arrow) to

resemble a french knot.
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Figure 111.2. Wheat-shaped follicles
(arrow) demonstrating the swelling

to be distal to the skin.
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Figure 111.3. A shortened down follicle
demonstrating a swelling (arrow) of the

follicle distal to the skin.
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APPENDIX 1

THE EFFECTS OF RIBOFLAVIN-DEFICIENT DIETS ON SCWL AND

RIR HENS

The following appendix gives detailed production

of clubbed down and fertility for hens in experiment 1.

Clubbed down production for each hen and by treatment

group are listed in Tables A1.1 and A1.2, respectively.

Fertility for each hen, over time cumulatively and by

treatment are listed in Table A1.3.
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Table A1.1

Treatment
(gas added

Clubbed Down Production
From 44 to 62 WOA

forSCVL and RIR Hens

Hen No. riboflavin) -1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Total
037 0 0/5 0/4 2/4 0/4 0/4 0/4 0/4 0/3 0/5 0/5 0/3 0/4 0/4 4/6 0/3 8/4 0/4 0/4 0/6 2/73838 g 0/3 0/3 9/3 0/5 0/1 0/5 0/4 0/3 0/2 0/4 0/2 0/5 0/4 0/5 0/2 0/1 0/2 0/53839 0 0/5 0/5 8/4 8/5 0/3 0/3 0/5 0/3 0/2 0/3 0/4 0/4 0/5 0/7 8/4 8/5 0/3 0/5 8/4 8/77840 0 0/4 0/4 0/4 8/4 0/4 0/4 0/5 0/4 0/4 0/4

0/3 0/5 0/44841 0 0/3 0/3 0/2 0/2 0/3 0/3 8/2 0/4 0/1 8/4 0/4 8/4 0/2 0/6 0/3 0/2 0/4 1/3 0/5 1/69842 0 0/3 0/3 1/2 0/3 0/2 0/3 0/4 0/4 0/3 0/3 0/4 0/4 8/3 0/5 5/4 0/3 WI 0/3 0/6 1/68
843 0.0375 0/4 0/5 0/3 0/3 0/2 0/4 0/1 0/4 0/3 0/2 0/3 0/3 0/3 8/4 0/4 0/3 0/51844 0.0375 0/4 0/3 0/4 0/2 0/4 0/4 0/5 0/5 0/2 0/4 0/4 0/3 0/3 0/4 0/1 0/3 0/2 0/3 0/3 0/63845 0.0375 0/5 0/5 1/3 0/4 0/5 0/4 0/4 0/4 0/5 0/5 0/4 8/4 0/4 9/5 8/4 0/4 0/4 0/4 0/6 1/83846 9.8375 0/3 0/4 0/3 0/4 2/3 0/4 0/3 2/4 1/4 0/4 2/3 0/4 0/4 0/5 0/4 0/4 8/4 0/4 0/7 7/187847 0.0375 8/5 0/4 0/3 0/2 1/2 0/2 0/2 0/2 0/1 0/3 0/3 8/4 0/2 9/1 0/2 0/3 0/3 1/42848 0.8375 0/3 0/4 0/2 0/5 0/3 0/4 0/4 0/3 0/1 0/5 0/4 0/6 0/2 0/5 0/2 0/4 8/3 0/60
849 0.0758 0/3 0/4 0/3 0/3 0/4 0/4 0/4 0/4 0/2 0/2 0/2 0/2 0/3 8/3 8/1 Oil 0/1 2/5 0/3 2/52850 0.0750 0/4 0/3 0/4 2/3 1/2 0/2 2/2 0/2 1/1 0/3 0/3 0/4 0/5 8/4 0/5 0/2 2/4 0/6 8/60851 0.8750 0/4 0/4 1/4 1/3 1/2 0/4 2/2 0/4 8/1 0/3 0/5 0/3 0/3 8/4 0/5 0/6 5/57852 0.8750 0/5 0/5 1/4 0/5 1/2 0/1 1/2 1/2 0/2 0/4 0/4 8/4 0/4 0/4 8/4 0/5 4/57853 0.0750 0/3 3/4 2/3 1/4 0/3 0/4 0/3 8/2 8/2 0/4 0/4 0/4 0/5 6/45854 0.0750 0/4 0/5 1/3 1/1 8/2 0/2 0/1 0/3 0/5 0/4 0/7 0/3 0/4 0/4 4/5 0/5 6/58
856 0.1500 0/2 0/3 2/4 0/3 0/4 0/3 0/4 0/3 0/3 0/2 0/4 0/3 0/4 5/5 0/2 0/3 0/3 0/2 2/57857 0.1500 0/2 0/3 0/3 0/2 0/4 0/2 0/4 0/2 8/2 8/1 0/1 0/26858 0.1500 0/5 0/3 2/4 0/1 9/4 0/3 0/2 0/3 0/4 0/4 0/4 8/4 0/3 8/3 813 3/3 0/3 0/1 8/5 5/68859 0.1508 0/5 0/4 0/5 0/4 0/4 0/5 0/5 0/4 0/5 0/4 0/5 0/5 0/4 0/6 0/5 0/4 0/5 0/4 0/7 2/90860 0.1500 0/3 1/3 8/5 0/3 0/2 0/3

0/4 1/23861 0.1500 0/4 0/4 2/5 9/4 0/4 5/3 0/5 0/5 0/3 0/3 0/4 0/4 0/5 8/2 0/3 8/4 0/3 8/2 0/2 2/69

--- indicates no egg production for that week
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Table A1.2

Summary of Clubbed Dorn Production for SCWL and RIR Hens
in Experisent 1 froa 44 to 62 WOA

Treataent -1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

gmo 0/23 0/24 3/19 0/18 0/21 0/28 0/24 8/22 0/18 0/21 0/19 0/18 0/19 8/28 0/19 0/16 0/13 1/18 0/28
SCWL 0/17 0/18 2/15 0/13 0/16 0/12 0/18 0/14 0/14 0/14 0/11 0/10 0/14 8/17 0/12 8/11 0/8 1/11 0/17
RIR 0/6 0/6 1/4 0/5 0/5 0/6 8/6 0/8 0/4 0/7 0/8 0/8 0/5 0/11 0/7 0/5 0/5 8/7 0/11

.8375 gmo 0/24 0/25 1/18 0/19 3/16 0/16 0/18 0/16 2/21 0/18 2/13 0/22 0/21 0/38 0/17 0/17 0/15 0/22 0/25
SCWL 0/16 0/17 1/11 0/14 3/10 0/8 0/14 0/9 2/16 0/12 2/9 0/16 0/15 0/31 0/12 0/14 0/12 0/15 0/16
RIR 0/8 0/8 0/7 0/5 0/6 0/8 0/4 0/7 0/5 0/6 0/4 0/6 0/6 0/7 0/5 0/3 0/3 0/7 0/9

.8750 gime 0/20 0/21 3/18 4/15 3/13 3/16 3/8 1/10 2/7 4/10 0/15 0/17 0/18 0/27 0/17 0/21 0/19 4/27 0/38
SCWL 0/13 0/14 3/11 2/9 2/7 3/9 1/2 1/4 2/5 3/7 0/10 0/12 0/11 /19 0/12 0/15 0/16 0/18 0/21
JUR 0/7 0/7 0/7 2/6 1/6 0/7 2/6 0/6 0/2 1/3 0/5 0/5 0/7 0/8 /5 8/6 0/3 4/9 0/9

.1500 gus 0/18 0/20 7/25 0/22 0/23 0/16 0/22 0/17 0/18 0/16 0/12 0/18 0/15 2/17 0/13 3/12 0/15 0/10 0/16
SCWL 0/14 0/14 7/18 0/17 0/15 0/11 0/14 0/14 0/15 0/12 0/8 0/13 0/11 2/11 0/11 3/11 0/15 0/7 0/14
RIR 0/4 0/6 0/7 0/5 0/8 0/5 0/8 0/3 0/3 0/4 0/4 0/5 0/5 0/6 0/2 0/1 0/3 0/2

--- indicates no egg production for that soak



Treatment
(gee added

Men No. riboflavin) -1

Table A1.3

Percent Fertility for SCVL and RIR hens
in Experiment 1 from 44 to 62 VOA

1 2 3 4 5 6 7 8 9 10 11 12 13 14

75

Individual Nen Treatment

15 16 17 18 Mean Mean

1137 I. 00 1. MI 1.00 1.00 1.08 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

030 0 1. two 1.0(1 1.00 1.08 1.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1. MI 1. oo

ins 1.00 1.08 1.08 1.08 1.00 0.80 1.00 0.80 1.00 1.00 1.00 0.80 1.08 1. IN 1.00

MO 1.00 1.00 1.00 1.08 1.08 1.08 1.00 1.00 1.00 1.00 --- 1.00 -- --- ---
841 1. MI 1.00 1.00 1. MI 1.00 0.75 1.00 5.80 1.00 1. MI 1.00 1.00 1.410 1.00 1.00

842 .75 1. OS 1.041 1.410 1. MI 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1. 410 1.00

43 .04 1.00 1.80 1.00 1.08 .75 1.00 0.25 1.00 1.00 1.00 --- 1.00 1.00 1.00 1.00

844 O. 04 1.08 1.00 1.00 IL 75 1.08 1.00 1.00 1.00 0.75 1.00 I.00 1.00 1.00 O. WA II. 50

845 .04 1.00 1.00 1.00 1. MI 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 80 1.00 1. MI 1.00

846 0.04 1.80 1.00 1.00 1. MI 1.00 1.80 1.00 1.00 1.00 1.00 1.00 1.80 1.08 1. DO 1.00

647 0.04 1.041 1.00 1.410 1.08 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1. MI 0.67

1148 .04 1.00 1.00 1.08 1.00 5.67 1.00 1.0 1.00 1.08 0.75 I.00 1.00 1.00 0.86 1.00

849 0.08 1.00 1.00 1.05 1.00 0.80 1.00 1.00 1.00 0.50 0.75 1.00 0.50 0.75 1. MI 0.33

MO 0. IMI 1.00 1.55 1.08 O. 75 1.410 1.00 1.00 0.67 1.00 I.00 1.00 1.00 0.63 1.00

851 .08 1.00 1.011 1.00 1.N 0.67 1.00 1.00 1.00 1.08 1.00 0.50 1.00 1.00 1.00

$52 .08 1.00 1.00 1.00 1.00 1.410 1.00 1.00 1.00 1.00 1. SO --- 1.00 1 00 1.80 1.00

853 0.08 --- 1.00 1. MI 1.80 1.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 . 67 1.00

854 .08 1 00 1.05 . 75 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

856 .15 0.50 1.00 1.05 1.00 1.00 1.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.011 1.00

857 0.15 1.4141 1.00 1.08 .75 1.00 1.00 1.00 1.00 --- 1.80 0.00 I.00 1.08 5.75 1.80

858 .15 1.00 1.00 1.08 1.00 1.410 1.08 1.00 1.08 1.08 1.00 1.00 1.00 1.00 1.418 1.00

59 0.15 1.00 1.00 1.410 1. V* 1.00 1.00 1.00 1.00 1.00 1.00 1.08 1.08 1.00 1.80 1.00

60 0.15 1.08 0.50 0.75 1.00 1.08 1.08 1.00 1.00 0.80 1.00 0.67 1.00 0.80 1.011 0.60

MI 0.15 1.00 1.08 1.08 1.00 1.08 1.00 1.08 I.00 0.75 0.75 1.00 0.80 1.00 0.50 1.00

1.08 1.00 1.00 1.00 108.00
1.00 1.00 0.08 1.00 92.11 b
1.00 1.00 1.00 0.80 95.79
--- --- 1.00 1.00 100.00 a

1.00 1.08 0.75 1.00 96.32 a
1.50 0.33 0.75 1.00 93.84 ab

-- 0.80 0.80 0.83 86.06 c
1.00 1.00 1.00 1.00 93.68 ab
1.00 1.N 1.00 1.00 180.00
1.00 1.00 1.00 1.00 100.00
1.08 0.17 1.08 1.08 94.79 a
1.00 0.67 1.80 1.00 94.47

1.00 0.75 1.00 0.75 84.89 b
1.00 0.50 1.00 1.80 93.06 ab
IL 75 1.00 1. IN 1.011 94.00
1.00 1.00 1.410 1.08 100.08
1.00 1.08 1.00 1.00 92.61 b
1.00 .80 1.00 1.00 97.63 a

0.00 1.00 0. 75 1.00 90.79 b
0.25 41.00 --- 0.00 75.00 e
1.00 1.00 1.00 1.00 100.00 a
1.00 1.80 1.00 1.00 108. MP
0.80 1.00 0.75 0.80 86.68 c
1.08 1.00 1.08 .N 92.63 b

6.09

96.34

94.83

93.70 ab

98.85 b

2.32

abode superscript indicates significant differences within the column (P s .05)



76

APPENDIX 2

CLUBBED DOWN PRODUCTION AND FERTILITY FROM HENS FED A

PANTOTHENIC ACID DEFICIENT DIET

Enumeration of the effects of pantothenic-acid-

deficient diets fed to hens for 12 weeks. Table A2.1

lists clubbed down production for each hen by week,

average over time, and average for each treatment

group. Fertility for each hen by week, average over

time, and average for each treatment group are listed

in Table A2.2.
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Treatment
(gms added

Table A2.1

Clubbed Down Production for SCVL Hens
in Experiment 2 from 48 to 59 VOA

Group Percentage

Hen No. pantothenic acid) -1 1 2 3 4 5 6 7 8 9 10 11 Total Total Clubbed Down

1782 0 0/4 0/6 0/6 0/7 0/4 0/4 0/4 2/7 0/5 0/5 0/6 0/4 0/62

1783 0 0/4 0/4 0/6 0/5 0/6 0/7 0/6 0/5 0/6 0/4 0/7 0/4 0/64

1784 0 0/4 0/3 0/3 0/5 0/5 0/5 0/4 0/2 0/6 0/3 0/5 0/5 0/50 6/283 2.12 (.856)

1785 0 0/2 0/2 0/2 0/4 0/4 0/5 0/5 0/3 0/4 0/3 0/3 0/2 0/39

1786 0 0/4 3/4 0/6 0/6 0/6 0/3 0/6 3/6 0/5 0/5 0/5 0/1 6/57

1787 0 0/1 -- 0/1 -- 0/2 -- -- -- -- 0/1 0/6 0/11

1788 6.39 -- -- 0/3 0/6 0/4 0/3 0/3 0/5 0/6 0/6 0/7 0/7 0/50

1789 6.39 0/4 0/4 1/5 0/5 0/6 0/6 0/4 0/5 0/6 0/6 0/6 0/6 0/63

1790 6.39 0/4 0/4 0/5 0/3 0/2 0/5 0/2 1/5 0/6 0/5 0/6 0/6 1/53 2/323 0.62 (.437)

1791 6.39 0/1 0/5 1/5 0/7 0/5 0/7 0/4 0/8 0/5 0/4 0/6 0/3 1/60

1792 6.39 0/5 0/6 0/7 0/6 -- 0/6 0/4 0/7 0/6 0/4 -- 0/3 0/58

1793 6.39 0/3 0/3 0/5 0/3 0/2 -- 0/4 0/4 0/2 0/3 0/6 0/4 0/39

1794 7.77 0/4 0/7 0/6 0/2 0/5 0/4 0/4 -- 0/1 0/6 0/4 1/48

1795 7.77 0/5 8/3 0/2 0/3 0/6 0/6 0/5 1/6 0/6 0/1 0/5 0/5 1/50

1796 7.77 0/4 0/5 0/7 0/4 0/7 0/7 0/5 0/4 0/4 0/3 0/5 0/6 0/61 2/308 0.65 (.458)

1797 7.77 0/1 0/3 8/1 0/4 0/4 0/6 0/5 0/6 0/5 0/5 0/4 0/6 0/50

1798 7.77 0/1 0/1 -- 0/1 0/6 0/5 0/5 0/3 0/1 0/3 0/6 0/6 0/38

1799 7.77 8/3 0/6 0/6 015 0/5 0/7 0/5 0/4 0/4 0/5 0/6 0/5 0/61

1776 11.50 0/4 0/5 0/6 0/5 0/5 0/5 0/5 1/5 0/1 0/1 0/2 0/48

1777 11.50 0/3 0/4 8/7 0/5 0/4 8/5 0/6 0/1 0/1 0/1 0/1 -- 0/28

1778 11.50 0/5 0/3 0/2 0/1 -- -- -- -- -- -- 0/1 0/11

1779 11.50 0/3 0/6 0/7 8/5 0/3 0/6 1/5 0/4 -- 8/1 0/2 -- 0/42 0/208 0.00 (0)

1780 11.50 0/3 0/4 0/5 0/4 0/3 0/4 0/3 0/1 0/2 0/2 0/3 0/3 0/37

1781 11.50 0/4 0/5 0/4 0/1 0/6 1/7 0/5 0/1 0/3 0/5 -- 0/1 0/42

-- indicates no egg production for that week
() indicates SE for each value
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Table A2.2

Percent Fertility of SCVL hens
in Experiment 2 from 48 to 59 VOA

Treatment Individual Hen Treatment

(gas added
Hen No. pantothenic acid) -1 1 2 3 4 5 6 7 8 9 10 11 Mean Mean

1782 0 1.00 1.00 1.00 1.00 0.71 0.80 1.00 1.00 1.00 0.83 0.75 0.86 91.25 a

1783 0 1.00 1.00 1.00 1.00 0.86 1.00 1.00 1.00 1.00 0.80 1.00 0.83 95.75 a

1784 0 1.00 1.00 1.00 1.00 I. 00 1.00 0.80 1.00 1.00 1.00 1.00 1.00 98.33 a 96.86 a

1785 0 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 97.25 a

1786 0 1.00 1.00 1.00 1.00 1.00 0.83 1.00 1.00 1.00 1.00 1.00 1.00 98.58 a

1787 0 1.00 1.00 1.00 -- 1.00 1.00 1.00 1.00 100.00 a

1.00 90.17 b1788 6.39 0.80 0.60 1.00
01.8966

1.00 0.71 1.00 0.71 1.00
1.001789 6.39 1.00 1.00 1.00 1.00 1.00 0.80 0.83
1.00

1.00
1.00

1.00 1.00
95.75 a
97.58 a 96.33 a1790 6.39 1.00 1.00 1.00 1.00 1.00 1.00 0.71

1.00

1.00 1.00

1791 6.39 0.75 1.00 1.00 1.00 1.00
1.00

1.00
1.00 0.88 1.00

81: 0086 1.00
1.00 95.75 a

98.73 a1792 6.39 1.00 1.00 1.00 1.00
1.00

0.86 1.00 1.00 1.00 --

1793 6.39 1.00 1.00 1.00 1.00 1.00
1.00
1.00 1.00 1.00 1.00 1.00

1.00
1.00 1.00 100.00 a

1.00 100.00 a1794 7.77 1.00 1.00 1.00
O. 43

1.00 1.00 1.00
0.86 0.20 77.00 c

1.00 1.00
0.711.00 1.00

1.00
0.71

92.42 a1795 7.77 1.00 1.00 0.33 1.00 1.00
1.00 92.89 a1796 7.77 1.00 0.83 1.00 1.00

1.00
1.00 1.00 1.00 0.57

97.42 a1797 7.77 1.00 1.00 1.00 1.00 1.00 1.00
0.83 0.86

0.86
92.17 a

1.00
0.80

1.00 1.00
1.00 1.00 0.66

1.00
0.60

0.83

98.33 a
1798 7.77 1.00 1.00 1.00 1.00 1.00

1.00 0.80 1.00
1.00 1.00

1799 7.77 1.00 1.00 1.00 1.00 1.00 1.00 1.001.00

1776 11.50 1.00 1.00 1.00 1.00 0.83
1777 11.50 0.75 0.80 1.00 0.83 1.00
1778 11.50 1.00 1.00 1.00 0.83 1.00
1779 11.50 1.00 1.00 1.00 1.00 1.00
1780 11.50 1.00 1.00 0.83 1.00 0.50
1781 11.50 1.00 1.00 0.86 0.43 1.00

SE

abcde Superscripts indicate signficant differences
within each column

1.00 1.00 1.00 0.75 1.00 1.00 0.33 90.92 ab
1.00 1.00 0.40 0.50 1.00 0.71 0.67 80.50 b
0.33 0.43 0.50 0 0.40 0.17 0.50 59.67 e
1.00 1.00 1.00 0.25 0.20 0.57 0.50 79.33 c
1.00 0.75 0.50 1.00 0.66 0.40 0.80 78.67 c
1.00 1.00 0.50 0.66 0.83 0.50 0.50 77.33 a

77.74 b

10.27 8.98
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APPENDIX 3

MYCOTOXIN ANALYSIS OF A COMPOSITE SAMPLE FROM DIETS USED

IN EXPERIMENT 1

Table A3.1 lists the mycotoxins tested for and

the results from a single composite sample of the four

diets used in experiment 1.
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Table A3.1

Mycotoxin Analysis of Diets
Experiment 1

Mycotoxin Concentration

Aflatoxins B & G ND1

Ochratoxin ND2

Vomitoxin Trace (<.5ppm)

Zearalenol ND2

Zearalenone ND2

Analysis performed by Veterinary Science Dept., Iowa
State University, Ames, IA

ND -- Not Detectable 1

2

Minimum level of
detection 3 parts per
billion
Minimum level of
detection .5 parts per
million
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APPENDIX 4

FREQUENCY OF FEATHER TRACTS DEMONSTRATING CLUBBED DOWN

IN SCWL AND RIR HENS OF EXPERIMENT 1

Table A4.1 lists the specific feather tracts

observed to be affected with clubbed down and the

frequency, thereof for each treatment group in

experiment 1.
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Table A4.1

Percentage of Feather Tracts Demonstrating
Clubbed Down of Saved Embryos in Experiment 1

Diets
Tract* 1 2 3 4

Interscap I (II) I (I) 4.2 (4.1) 25 (15.3)
Vent. Cry. R 8 (I) 38.5 (13.5) 58.3 (11.2) I (8)
Vent. Cry. L 8 (8) 31.8 (12.8) 54.2 (112) 12.5 (11.7)
Dorsal Cary. I (I) I (I) 16.7 (7.6) (I)
Pict. R 8 (I) 7.7 (7.4) 12.5 (6.8) (I)
Pact. I. I (II) 7.7 (7.4) 12.5 (6.8) (8)
Sternal R I (I) 15.4 (11) 16.7 (7.6) (I)
Sternal L I (I) 15.4 (11) 12.5 (6.8) (I)
Med. Ab. II 12.5 (11.7) 23.1 (11.7) 12.5 (6.8) (I)
Ned. Ab. L 25 (15.3) 23.1 (11.7) 12.5 (6.8) (11)

Let. Ab. R 12.5 (11.7) 38.8 (12.8) 58 (18.2) 12.5 (11.7)
Lit. Ab. L 25 (15.3) 53.8 (13.8) 45.8 (18.2) 37.5 (17.1)
Crural R 1 (1) 1 (1) 8.3 (5.6) I (I)
Crural L 8 (1) I (I) 4.2 (4.1) I (I)
Vent. Caud. R 12.5 (11.7) 7.7 (7.4) II (I) I (8)
Vent. Caud. L 12.5 (11.7) 15.4 (11) I (I) 12.5 (11.7)
Fianna R I (1) 23.1 (11.7) 12.5 (6.8) 12.5 (11.7)
Floral I. I (I) 15.4 (11) 12.5 (6.8) I (I)
Clcl c 12.5 (11.7) 7.7 (7.4) I (I) I (I)
Close. R I (I) I (I) I (8) 12.5 (11.7)
Dsl. Caud. R I (1) 7.7 (7.4) 8.3 (5.6) 12.5 (11.7)
Dsl. Caud. L I (8) 7.7 (7.4) 4.2 (4.1) 12.5 (11.7)
Dsl. Pelvic R I (I) 8 (I) 8.3 (5.6) (I)
Dsl. Pelvic L I (I) I (I) 8.3 (5.6) (I)
Rural R I On I (I) 8.3 (5.6) (I)
*wore L I (8) 7.7 (7.4) 8.3 (5.6) (V
Prepataginal R I (1) 7.7 (7.4) 12.5 (6.8) (I)
Prepataginal L I (I) 7.7 (7.4) 16.7 (7.6) UN

Un. Marg. Pre. R I (I) 15.4 (II) I (8) (I)
Un. Marg. Pre. L I (I) 7.7 (7.4) I (I) (I)
Up. Marg. Pro. R I (I) 15.4 (II) 37.5 (9.9) (11)

Up. Merl. Pre. L I (8) 23.1 (23.1) 29.2 (9.3) (5)
Up. Ned. Coy. L I (1) 7.7 (7.4) I (11) (I)
Un. Forearm R I (1) 15.4 (11) 4.2 (4.1) (8)
Un. Forfar' L I (I) 7.7 (7.4) 4.2 (4.1) Cl)

Mn. Sec. Coy. R I (I) 8 (I) 4.2 (4.1) (V
Mn. Sec. Cov. L 1 (I) I (I) 4.2 (4.1) (I)
Maj. Cov. R II (1) 1 (I) 4.2 (4.1) (I)

* Interscap interscapular; Vent. Cory. Ventral Cervical; Dorsal Cars. Dorsal Cervical;
Pea. Pectoral; Ned. Ab. Medial abdominal; Lat. Ab. Lateral Abdominal; Vent. Caud.
Ventral Caudal; Clcl C Cloacal circlet; Close. Cloacal; Dsl. Caud. Dorsal Caudal; Dsl.
Pelvic Dorsal Pelvic; Un. Marg. Pre. * Under Marginal Prepataginal; Up. Marg. Pre. Upper
Margin Prepataginal; Up. Ned. Cov. Upper Medial Covert; Un. Forearm = Under friars; Mn.
Sec. Cov. Minor Secondary Covert; Maj. Cov Major Covert.

= SE for the percentage based upon 8, 13, 24, and 8 chicks, respectively, for treatment
groups 1, 2, 3, and 4.


