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Three experiments were conducted to determine the influence

of supplementary biotin and of other nutrients on dermatitis and

hatchability in both normal-size and dwarf Single Comb White Leghorn

layers.

Experiment One was divided into two parts. First, preliminary

hatchability studies were conducted with both types of layers fed

the rations that had led to the observation of a difference in the

incidence of dermatitis. Second, the dwarfs were fed supplementary

biotin only in the wheat rations while the normals continued to be

fed the same corn and wheat rations without biotin supplementation.

Preliminary hatchability data on eggs obtained from both types



of layers before any biotin supplementation indicated no difference

in hatchability of fertile eggs between types or between rations.

Some of the dead embryos in both types of layers showed abnormalities

symptomatic of biotin deficiency; wiry and clubbed down.

The second part of Experiment One showed that the addition of

supplementary biotin to the wheat rations fed the dwarfs slightly

improved hatchability over that observed in the preliminary

period. However, the normals fed the unsupplemented corn and wheat

rations and the dwarfs fed unsupplemented corn ration also had

improved hatchability of their fertile eggs of the same magnitude.

In Experiment Two, wheat and corn based diets were supplemented

with various levels up to 200 mg/T of biotin and fed to both the

dwarf and the normal-size Single Comb White Leghorns. Graduated

levels of biotin supplementation of both corn and wheat rations

had no effect on the incidence of dermatitis nor on the hatchability

of fertile eggs.

In Experiment Three, the vitamin premix, the trace mineral mix

and DL methionine were added singly and all together in excess of

requirements to the presumably adequate corn diet fed both the

normals and the dwarfs. The vitamin premix, the trace mineral mix

and the DL methionine supplementation of the basal diet were all

ineffective in preventing dermatitis and in affecting hatchability.

The addition of all the various supplements together did not have

any effect either on dermatitis or 'on hatchability. The normal and

the dwarf layers showed a lower hatchability when trace mineral

mix was added to the corn diet but the difference was not significant.
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Biotin Supplementation of Corn and Wheat Based Rations and its
Influence on Dermatitis and Hatchability in Dwarf and Normal-size

Single Comb White Leghorns.

1. INTRODUCTION

In the course of nutrition experiments at the Oregon State

Agricultural Experimental Station, dwarf Single Comb White Leghorn

layers were observed to exhibit a severe incidence of cracked skin

under their feet (dermatitis) when compared to normal-size Single

Comb White Leghorns, even though both types of layers were on

essentially similar rations, except that the dwarfs received more

methionine.

The dermatitis was localized under the toes of the laying

hens, and therefore, biotin, one of the B complex vitamins whose

deficiency is associated with dermatitis, was suspected as a possible

cause in view of information available in the literature on this

vitamin.

Experiments were therefore performed: first, to determine the

influence of biotin supplementation on dermatitis and hatchability

in both normal-size and dwarf Single Comb White Leghorn layers fed

rations similar to those fed when presumed symptoms of biotin

deficiency were observed, and second, to determine the influence

of other nutrients, Trace minerals, Vitamins and Methionine, on

dermatitis if biotin is not responsible.
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11. LITERATURE REVIEW

The importance of biotin in poultry nutrition has recently

been reviewed extensively by Whitehead (1977) and Scott et al

(1976) and only the most pertinent material is herein reviewed.

Although Cravens et al. (1942) reported a decrease in hatch-

ability from approximately 80% of fertile eggs to less than 20%

in a six week period, when Single Comb White Leghorn pullets

were fed a basal ration deficient in biotin, interest in biotin

supplementation did not recur until 1967.

This lack of concern over biotin has been attributed to two

main reasons. First, biotin was thought to be widely distributed

in almost all feedstuffs and, hence, at least up through 1966, most

nutritionists had assumed it to be adequately supplied in practical-

type rations. Secondly, biotin requirements are known to be modified

by variable intestinal synthesis of biotin. Thus, there has been

considerable doubt as to whether additional biotin supplementation

was truly needed in commercial rations.

It was not until Wilson (1967) reported an outbreak of dietary

dermatitis involving commercial turkey poults in the U.S. that

nutritionists began to show some concern for possible increased

biotin requirements. As a result of this situation, a number of

questions arise. Why was there such a long interval of twenty five

years of neglect, from the time biotin had been shown to be

necessary for hatchability? Did it mean that the hypothesis of the

wide distribution of biotin in almost all feedstuffs and variable
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intestinal bio-synthesis no longer was valid? Could it be that the

method used in determining the content and availability of biotin

in feedstuffs was inaccurate, and therefore unreliable? Could it

be due to the inability of today's high producing birds to transfer

sufficient biotin to the embryo? Or could it be due to the greater

use in today's rations of drugs and antibiotics that suppress

intestinal bio-synthesis? Some of these questions will be covered

in the following literature review.

The Need for Biotin

Biotin has been known for a long time to be important in

reproduction. As reported earlier, Cravens et al. (1942) reported

that biotin was essential for normal embryonic development in the

hen's egg. Cravens (1944) further demonstrated the effect of biotin

deficiency on embryonic development in the domestic fowl. He

concluded that high embryonic mortality occured in eggs produced

by hens on a biotin deficient diet at the two normal critical

periods. The first peak of mortality occured during the first week

of incubation while the second occured during the last week of

incubation. The dead embryos showed chondrodystrophic symptoms

(nutritional mtcromelia) when parents were on a biotin deficient

diet. Those breeders receiving sub-optimal levels of biotin also

showed a greater incidence of syndactyly (extensive webbing of toes).

In contrast, such symptoms or abnormalities were not observed

among embryos from hens receiving adequate levels of biotin.

Couch et al.(1948) demonstrated in their studies a zero percent



hatchability in pullets fed sucrose. The biotin content of egg yolks

from pullets fed sucrose decreased from about 500 to 50 ng (nanograms)

of biotin per gram during the first three weeks and by the eighth

week, decreased further to 16 ng. The decrease in hatchability of

eggs from pullets fed sucrose paralled the decrease in the biotin

content of the yolk.

Sunde et al.(1950) showed that as the biotin content of the

egg was lowered, hatchability decreased and the percentage of

abnormalities increased. Jensen and Martinson (1969) concluded

that poults fed a diet low in biotin developed a high incidence of

hock disorders. Robblee and Clandinin (1970) observed a complete

absence of dermatitis and a low incidence of diarrhea when biotin

was added to an apparently inadequate ration for turkeys.

Brewer and Edwards (1972) reported on the biotin requirements

of chickens and its relationship to hatchability. They found that

approximately 100 mcg of total biotin/kg of diet were necessary

for maximum hatchability and chick livability. This requirement

is equivalent to 200 ng biotin/g of yolk which is necessary to

support maximum hatchability and insure adequate transfer to offspring

for optimum performance.

Atkinson et al. (1976) have reported a significant improvement

in hatchability in chickens receiving 500 mcg of supplemental

biotin/kg of diet. This improvement is accounted for by a decrease

in embryonic mortality during the early and late stages of incubation

as reported earlier by Cravens et al. (1944).
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Symptoms of Biotin Deficiency

Observations by Patrick et al. (1942), Robblee and Clandinin

(1953), Bauerfeind (1969) and Frigg (1976) outline the following

to be biotin deficiency symptoms: In adult birds, dermatitis under

the feet (hemorrhagic and necrotic feet), broken feathers (giving

a ragged appearance), mandibular and eye encrustations, diarrhea,

perosis (enlarged hock), fatty liver and kidney symdrome and

retarded growth. In embryos, poor hatchability and embryonic

abnormalities like wiry and clubbed down, parrot-like beak,

extensive webbing of the toes (syndactyly) and chondrodystrophy

also known as nutritional mi.cromelia.

Interrelationships of Biotin with other Vitamins

The symptoms characteristic of biotin deficiency are unfortu-

nately also the same as those of several other vitamin deficiencies.

This probably indicates a complex relationship between biotin

and other nutrients. Dermatitis and broken feathers occur not only

in biotin deficiency but also from lack of folic acid, pantothenic

acid and niacin as reported by Bigland (1978). Other nutrients

such as riboflavin, Lepkovsky and Jukes (1938); pantothenic acid,

Kratzer and Williams (1948); zinc, Titus and Fritz (1971); and high

levels of soybean meal (40% or more), Jensen et al. (1970), all

have been shown to be associated with dermatitis. It is even

difficult to pinpoint whether a particular dermatitis is the result

of biotin or pantothenic acid deficiency.
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In pantothenic acid deficiency, the chicks are emaciated

and show definite crusty scab-like lesions in the corners of the

mouth that eventually spread to the feet. In biotin deficiency,

the pads of the feet become rough and calloused and show deep

fissures with some hemorrhaging. Similar fissures eventually

spread to the mouth and facial parts. The complex interrelationship

between biotin and pantothenic acid has prompted many to suggest

ascorbic acid supplementation since pantothenic acid requires

ascorbic acid for its normal synthesis in the animal. However,

no relationship was found between biotin deficiency and ascorbic

acid metabolism in poults as reported by Arends and Kienholz (1970).

Robblee and Clandinin (1970) observed a turkey syndrome

characterized by hock disorders, broken feathers and diarrhea.

This condition was completely eliminated when folic acid, calcium

pantothenate and biotin were added together to the diet although

when each was added singly, there was some remission of the

syndrome but not a total elimination. Bridgers (1967) has suggested

that folic acid, vitamin B
12

and biotin are interrelated because

they all three participate in single-carbon metabolism. Puddu and

Marchetti (1965) reported that the addition of vitamin B12 to

biotin deficient diets improved growth of rats almost as much as

did the addition of biotin. Marchetti (1964) reported also that

rats weighed more at 60 days, when fed a diet deficient in biotin

but supplemented with vitamin B12, than rats fed a biotin deficient

diet without B
12

supplementation. the B
12

supplementation did not

only delay biotin deficiency symptoms but actually increased the



7

liver content in biotin to a level similar to that attained when

biotin was added. Neilson et al. (1942) indicated that a pantothenic

acid deficiency reduced biotin synthesis to a degree.

Sparing Effect of Antibiotics on Biotin Requirements

Numerous studies have indicated a sparing effect of antibiotics

on biotin requirements. Coates et al (1951) reported no beneficial

effect of antibiotics on pyridoxine or pantothenic acid deficiencies

of chicks although the severity of a deficiency of biotin and

folic acid was minimized. The addition of penicillin to a biotin

deficient diet caused a greater growth response than when added to

a diet adequate in biotin. Waibel et al.(1952) reported an increased

content of biotin and folic acid in egg yolk when dietary penicillin

was added to the hen's diet. Chow et al. (1953) indicated an

increased biotin content of feces when rats were fed penicillin

and bacitracin. Slinger and Pepper (1954) observed that penicillin

and terramycin have a sparing action on both biotin and pantothenic

acid requirements of poults fed furazolidine. Holder and Sullivan

(1970) have indicated that the use of penicillin and bacitracin

has a sparing action on the requirement for biotin. Although this

intricate relationship is known to exist, its mode of operation

is not well if at all understood.

Avidin-Biotin Antagonism

Several substances are known to actively antagonize or bind
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biotin. Some inhibitors which are structurally related to biotin

are in fact formed by the oxidation of biotin while others are

produced by bacteria. Certain proteins such as avidin found in raw

egg white chemically combine with biotin, therefore if fed in the

diet, avidin renders biotin unavailable to the animal. Since the

avidin-biotin complex is not broken down by proteolytic digestion,

it is unabsorbed and nutritionally unavailable, Scott et al (1976).

Biotin Requirements

Biotin is required primarily for reproductive purposes and

especially for normal embryonic development. Hatchability can be

reduced to zero percent on a biotin deficient diet. Cravens et al.

(1942) reported that a biotin deficient diet does not affect egg

production but significantly reduces hatchability. The addition

of .15 mg biotin/kg to a deficient diet restored normal hatchability.

Sunde et al.(1950) indicated that 305-399 ng biotin/g of yolk

supports normal hatchability. Brewer and Edwards (1972) showed that

100 mcg of total biotin/kg of diet was required to maintain normal

hatchability and chick livability.

Edwards (1975) established the following requirements for biotin:

Bird Biotin/kg of diet

Chicks .09 mg

Broiler Breeders .15 mg

Turkey Poults .30 mg

On the basis of published data, the National Research Council (1977)

has estimated the dietary requirement of chicken breeders to be

.15 mg/kg diet.
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Biotin in Feedstuffs and its Availability

Biotin is widely distributed in most feed ingredients,

although the amount and availability vary not only from one

feedstuff to another but also between batches of individual

ingredients. Thus, calculations of the biotin content of rations

based on average values of the individual ingredients may be

misleading. The biotin content of a diet is further complicated

by intestinal bio-synthesis. It is not unusual to find the fecal

content in biotin higher than that of the diet, Chow et al. (1953)

and Bridgers (1967).

Patrick et al (1942), Wagstaff et al. (1961) and Jensen and

Martinson (1969) all have reported biotin to be only partially

available when several feestuffs were microbiologically assayed

for biotin. Anderson and Warnick (1970) drew the following

conclusions after estimating the biotin content of 23 feedstuffs

by the microbiological assay.

1. Milo was the best source compared to wheat, barley and corn

when tested by the microbiological assay.

2. When the diets contained 12% of an oilseed meal, the response

to biotin was very small and not statistically significant.

3. Oilseed meals were found to be good to excellent sources of

biotin and it appeared that chicks obtained more biotin from

them than had been previously recognized.

4. When studies with practical-type rations were conducted, the

greatest response to biotin supplementation was noted with

wheat and the least with corn.

5. Wheat, barley, milo, fish meal and meat and bone meal provided
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the chick with less biotin than had been found in the feedstuffs

by the microbiological assay.

Several cereal grains have been studied to determine the need

for biotin supplementation when each comprised a large portion

of a low biotin ration. Birds fed rations containing large portions

of wheat and barley may benefit more from biotin addition than those

fed rations based on corn, milo or oats as reported by Anderson

and Warnick (1970).

Payne et al. (1974) indicated that broiler breeder, broiler

and chick starter diets may often require biotin supplementation

if wheat and barley constitute the major grains in the diet and if

the non-cereal portion is not soybean meal. Balnave (1975) reported

biotin deficiency symptoms when chicks were fed a practical wheat

based diet for a three week period. Frigg (1976) showed biotin to

be totally available in corn, while milo and oats showed a much

lower availability. Frigg (1977) also reported that low percentages

of available biotin were found in barley, oats and milo. No

significant growth response was obtained with biotin contained in

wheat and in some samples of barley and oats. There is as yet no

explanation for the low availability of biotin in wheat and barley

rations.

Unknown or Unidentified Factors that Result in Dermatitis

Although a biotin deficient diet results in dermatitis, foot

pad dermatitis may also occur for other than dietary reasons. In

an attempt to find out the effect of riboflavin and biotin on turkey
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poults, McGinnis and Carver (1947) failed to prevent foot pad

dermatitis when poults were fed a practical diet supplemented

with biotin. Abbott et al. (1960) indicated that foot pad dermatitis

in poults was related to litter management and not solely to

dietary treatment. Jensen et al. (1970) reported that a dermatitis

of the foot pad was not related only to a biotin deficiency

as it appeared to be, but also to certain factors in the feces of

birds fed high levels of soybean meal.

Working with poults, Chavez and Kratzer (1972) reported that

the foot pad dermatitis observed in poults with diets containing

isolated protein or soybean meal was prevented by the addition of

methionine. The addition of extra biotin did not give a statistically

significant increase in growth and was ineffective in preventing

the dermatitis since the basal diet contained an adequate supply

of this vitamin. Chavez and Kratzer (1974) have also reported foot

pad dermatitis in turkey poults fed a methionine deficient diet

containing soybean meal. They indicated that biotin was not involved

in the symptoms. Addition of cystine worsened the condition while

methionine supplementation prevented it.

Harms et al. (1976) reported that broilers grown on wet

litter showed a high incidence of foot pad dermatitis and that the

addition of biotin to the diet decreased the severity and incidence

of the condition. Harms and Simpson (1977) noted a significant

increase in the severity of foot pad dermatitis in poults growing

on damp litter. The addition of .220 mcg biotin/kg of diet

significantly brought remission of the dermatitis when the poults

were grown on dry litter.
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111. EXPERIMENTAL PROCEDURE AND RESULTS

Three separate experiments were conducted in the course of

these investigations involving three different groups of chickens.

Each pullet was housed in an individual cage (20 x 45.7 cm) and

the cages were arranged in stair-stepped banks with 24 cages per

row and four rows per bank. The cages were located in a windowless

positive pressure ventilated house with a ventilation rate of about

6000-7000 cubic feet of air mpvement per minute. The layers received

a constant 14 hours of artificial light ( 4 am - 6 pm) and feed

was available Ed libitum. Water was supplied for eight fifteen

minute periods at approximately equal intervals between 4.15 am

and 5.45 pm daily. The experimental periods were of 28 days duration.

Hatching eggs were obtained by artificially inseminating the

hens with approximately .05 cc of pooled semen. The insemination

took place after 1 pm. The eggs were saved between three and seven

days beginning the second day after insemination. All eggs were stored

in a cool room (120 C) until they were set in a Jamesway incubator

model 2528. All eggs which were removed on candling on the eighteenth

day and also which failed to hatch were broken out to determine if

fertile and the age of the embryo at the time of death. All gross

abnormalities were recorded.

The data were statistically analysed using computer programs

for the analysis of variance, Simulated Interaction Program Systems,

(SIPS) developed at the Computer Center of Oregon State University.
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EXPERIMENT ONE

Experiment One was exploratory in nature following the casual

observation of dermatitis and was designed to test the hypothesis

that a deficiency of biotin in the ration may have caused dermatitis

as supported by the information available on this vitamin in the

literature.

This experiment was divided into two parts. First, preliminary

hatchability studies were conducted on both types of layers fed

the rations that had led to the observation of a difference in

the incidence of dermatitis and second, the dwarfs were fed the

same corn ration but supplementary biotin in all the wheat rations

(Table 1) while the normals continued to be fed the previous rations

without biotin supplementation.

A total of 192 layers (96 normal-size White Leghorns and 96

dwarfs) were involved in this experiment which was started on

3/30/77 and terminated on 6/10/77 at the Oregon State Agricultural

Experimental Station. The normal-size pullets were hatched on

4/7/76 and were of the Babcock strain. The dwarf pullets were

hatched on 3/26/76 and originated from a mating of Babcock 300

(1975 hatch) females to Experiment Station dwarf males. The basal

diets consisted of corn or wheat and were essentially similar for

both types of layers (Table 1) except that the dwarfs received

additional methionine supplementation (.1%). The experimental

treatment consisted of adding 100 mg biotin per ton of feed to

all the wheat rations fed the dwarf layers.
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The eggs for the preliminary hatchability studies were saved for

six days and were set on 4/7/77 during the fifth period. The eggs

used for measuring hatchability in the experimental period were

saved for eight days and were set on 5/23/77 during the eighth period.

The absence of replications prevented the analysis of the data

with the analysis of variance and Chi-square analysis was

substituted.
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Table 1. Composition of experimental rations. Experiment One

Ingredients Corn Wheat
Control

Wheat
Prot-Adj

Wheat
Low-Prot.

% % % %

Corn, Yellow 69.50 - -

Wheat, Yamhill - 69.50 72.20 79.80

Soybean meal (44%) 19.00 19.00 16.20 8.70

Alfalfa meal (17%) 2.50 2.50 2.50 2.50

Deflou Phosphate 1.90 1.90 1.90 1.90

Limestone flour 3.30 3.30 3.30 3.30

Oystershell flour 3.30 3.30 3.30 3.30

Salt (iodized) 0.25 0.25 0.25 0.25

Trace Min mix-65 0.05 0.05 0.05 0.05

Vitamin Premix 1-75 0.20 0.20 0.20 0.20

DL methionine* - 0.10

* Dwarfs received additional methionine supplementation-(.1%)

Calculated Analysis

Crude Protein (%) 15.50
Methionine (%) 0.25
Cystine (%) 0.27
Lysine (%) 0.74
Arginine (%) 1.01
M.E. (kcal/kg) 2835.79
Manganese (mg) 60.00
Iron (mg) 20.00
Copper 'mg) 2.00
Iodine (mg) 1.2
Zinc (mg) 27.5
Vitamin A (Ell) 3300.00
Vitamin D (I.C.U)1100.00
Riboflavin (mg) 3.3

16.85
0.22
0.32
0.85
1.07

2653.70
60.00
20.00
2.00
1.2

27.5
3300.00
1100.00

3.3

15.56
0.30
0.31

0.77
0.99

2677.10
60.00
20.00
2.00
1.2

27.5
3300.00
1100.00

3.3

13.16
0.17
0.28
0.57
0.78

2751.44
60.00
20.00
2.00
1.2

27.5
3300.00
1100.00

3.3
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RESULTS OF EXPERIMENT ONE

Preliminary:

Table 2 reports hatchability data on eggs obtained from both

the normal and the dwarf layers on the four rations fed in the

preliminary period, before any biotin supplementation. There was

virtually no difference in the hatchability of fertile eggs (HFE)

in the two types of layers, 79.4 vs 79.0%. The normals showed

a non-significant slightly higher late embryonic mortality (D3 and

Pips), 22.5 vs 19.6% than the dwarfs. The latter suffered nearly

four times as high early embryo mortality (D1), 5.6 vs 1.5% as

the normals. Relatively few embryos died between the eighth and the

sixteenth days of development (D2), in both types of layers.

Some of the dead embryos showed abnormalities symptomatic of biotin

deficiency, wiry down (WD) and clubbed down (CD) as illustrated

in Figure 1. These defects had the same incidence in both types

of layers. The Chi-square analysis showed no significant difference

in hatchability of fertile eggs in the normals fed the four rations.

However, the dwarfs did show significant variation between the

four treatments.

EXPERIMENT ONE

Immediately after the samples of hatching eggs reported on

in Table 2 were obtained or on 4/7/77, the three wheat rations fed

the dwarf layers were supplemented with 100 mcg biotin per kg of

diet. The normals were used as a control and continued to be fed
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wheat rations without biotin supplementation. Both types also

continued to receive corn rations without biotin.

Tables 3 and 4 report the second part of Experiment One and

show the hatchability data on eggs obtained from the normals without

biotin supplementation and the dwarfs fed biotin unsupplemented

corn and supplemented wheat rations. Again there was a non significant

difference in hatchability between the normal and the dwarf layers,

84.7 vs 85.1%, although the corn and wheat rations fed the normals

and the corn ration fed the dwarfs were not supplemented with biotin.

Hatchability simply improved with time, 79.1 vs 85.0%. The addition

of 100 mcg biotin per kg of diet to the wheat rations fed the dwarf

layers, Table 4, slightly improved the hatchability of fertile eggs

(HFE), 85.1, over that, 79.0%, Table 3, observed when the dwarfs

were fed the unsupplemented diets. However, the dwarfs receiving

the unsupplemented corn ration and all the normals receiving

unsupplemented corn and wheat rations also improved in hatchability

when comparing the preliminary period to the experimental results.

The normals fed the unsupplemented diets, Table 3, showed a slightly

but non-significant lower late embryonic mortality (D3), 9.1%

than the dwarfs fed biotin supplemented wheat rations, 12.3%.

There was a complete absence of Pips in both types of layers and

only two abnormal embryos in the biotin supplemented dwarfs in

the second part of Experiment One although only the dwarf layers

were fed the biotin supplemented diets.

Notwithstanding the fact that the dwarfs fed a supplement

of biotin showed better hatchability and no symptoms of biotin

deficiency in the dead embryos when compared to results obtained
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when they were fed no biotin supplement, the improvement in hatch-

ability cannot be attributed solely if at all to the effect

of biotin, because concurrently the normals and the dwarfs

that continued to be fed an unsupplemented diet also showed an

improvement in hatchability of the same magnitude. It is now

realized that the experiment was improperly designed and that

some dwarfs should have continued to receive unsupplemented

wheat diets in the second part of Experiment One.



Table 2. Hatchability of eggs from normal-size and dwarf White Leghorn layers
in the period preliminary to Experiment One.

Treatment Eggs Inf Dl D
2

D3 Pip Chick HFE ABN

Normal layers

81

62

82

64

10

6

8

18

1

-

2

3

1

12

8

9

7

2

2

2

2

53

46

62

35

74.7

82.1

86.1

76.1

1CD

1CD + 1WD

1C0 + 1140

Corn

Wheat Control

Wheat ProtTAdj

Wheat Low Prot

289 42 3 4 36 8 196 79.4 3CD + 2WD
1.5% 2.0% 18.4% 4.1%

Dwarf layers

Corn 123 26 1 - 23 3 70 72.2 1CD + 1W0

Wheat Control 141 9 8 3 22 1 98 74.2 1CD + 1WD

Wheat Prot-Adj 142 16 7 1 8 1 109 86.5 -

Wheat Low Prot. 85 7 3 1 9 - 65 83.3 1CD

491 58 19 5 62 5 342 79.0 3CD + 2WD
5.6% 1.5% 18.1% 1.5%



Table 3. Hatchability of fertile eggs from normal-size Single Comb White
Leghorns without biotin supplementation. Experiment One.

Treatment Eggs Inf D1 D
2

D
3

Pips Chicks HFE ABN

Corn 115 16 10 1 13 - 75 83.8

Wheat Control 66 14 1 2 1 - 48 92.3

Wheat Prot-Adj 113 27 6 6 74 86.0 -

Wheat Low Prot. 102 26 3 1 4 68 89.4

396 83 20 4 24 265 84.7

7.5% 1.5% 9.1%

Table 4. Hatchability of fertile eggs from dwarf Single Comb White Leghorn layers fed
unsupplemented corn and biotin suoplemented wheat diets. Experiment One.

Unsupolemented
Corn 167 23 5 10 129 89.6 1WD

Supplemented
Wheat Control 208 16 14 2 17 159 82.8

Wheat ProtTAdj 165 27 4 1 14 119 86.2

Wheat Low Prot 119 28 5 - 12 74 81.3 1WD

659 94 28 3 53 - 481 85.1

Supplemented 23 3 43 352

6.5% 1.0% 12.2%
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FIGURE 1. DEAD EMBRYO SHOWING CLUBBED AND WIRY DOWN
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EXPERIMENT TWO

Since the ambiguous results of Experiment One might appear

to implicate biotin as one of the possible causes of dermatitis,

Experiment Two was designed to test further this hypothesis with

varying levels of biotin.

A total of 864 layers (288 normal-size and 576 dwarf White

Leghorns) were used in this experiment which covered a ten month

period. The normal-size pullets were hatched on 4/15/77 and were

of the Shaver strain. The dwarf pullets were hatched on 4/9/77 and

originated from a mating of Babcock 300 (1976 hatch) females to

O.S.U. Experiment Station dwarf males. Initial eggs from both the

normals and the dwarfs were obtained on 8/24/77 and 8/8/77

respectively. The experiment was started on 9/28/77 when both

types of layers had reached the 25% level in egg production and

lasted for ten periods of 28 days. The basal ration consisted

of either corn or wheat (Table 5) and treatments were devised

as follows:

Ration Type of bird

Corn Normal
Corn + 100 mg bio/ton feed "

Wheat
Wheat + 100 mg bio/t feed "

Corn Dwarf
Corn + 50 mg bio/t feed
Corn + 100 mg bio/t feed
Corn + 200 mg bio/t feed
Wheat
Wheat + 50 mg bio/t feed
Wheat + 100 mg bio/t feed
Wheat + 200 mg bio/t feed



23

There were three replications of each group of birds, thus, a total

of 72 layers on the same treatment. In order to examine the incidence

of dermatitis, a scoring system was designed as follows:

1. No dermatitis

2. Minimal dermatitis

3. Moderate dermatitis

4. Severe dermatitis

5. Extreme dermatitis

Scoring was made in each of two replicates of each treatment for

both types of layers ans was done during the sixth and the tenth

periods. Two opinions with the same two individuals involved, were

considered in deciding each score (Figures 2-6). Analysis of

variance was conducted to compare the difference if any, in the

incidence in each type of bird and diet.

One analysis was made using comparable treatments in both

the dwarf and the normal layers and a second analysis comparing

only the biotin treatments received by the dwarf layers.

Hatchability of fertile eggs was measured every six weeks or

five times during the experiment. Eggs from only one replicate

of each treatment were used in the first three samplings but in the

next two samples eggs from all three replicates were set.

Two separate analyses of variance were also conducted on the

hatchability data. In one both dwarf and normal layers receiving

comparable biotin treatments were compared while in the second

analysis only the eight treatments received by the dwarfs were

compared.



FIGURE 2, NO DERMATITIS ON THE FEET

%I,

24



FIGURE 3. MINIMAL DERMATITIS ON THE FEET

25
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FIGURE 4. MODERATE DERMATITIS ON THE FEET
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FIGURE 5. SEVERE DERMATITIS ON THE FEET



FIGURE 6. EXTREME DERMATITIS ON THE FEET
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Table 5. Composition of experimental rations. Experiment Two

Ingredients Normal
Corn Control

Dwarf
Corn Control

Normal
Wheat Control

Dwarf
Wheat Control

Corn, Yellow 69.60 69.50 - -

Wheat, Yamhill - - 69.60 69.50
Soybean meal (44%) 19.00 19.00 19.00 19.00
Alfalfa meal 417%) 2.50 2.50 2.50 2.50
Defluo Phos 32CA 18P 2.00 2.00 2.00 2.00
Limestone flour 3.65 3.65 3.65 3.65
Oystershell flour 2.50 2.50 2.50 2.50
Salt (Iodized) 0.50 0.50 0.50 0.50
Trace Min mix-65 0.05 0.05 0.05 0.05
Vitamin premix 1-75 0.20 0.20 0.20 0.20
DL methionine 0.10 0.10

Calculated Analysis
Crude Protein (%) 15.18 15.17 16.54 16.53
Methionine (%) .51 1.0 .53 .63
Calcium (%) 3.0 3.0 3.0 3.0
Biotin (mg/kg) .12 .12 .10 .10
M.E. (kcal/kg) 2839.2 2835.7 2656.8 2653.6
Manganese (mg/kg) 84.1 84.1 127.2 127.2 N3

Copper (mg/k§) 7.2 7.2 8.5 8.5
tc,

Pantothenic acid (mg/kg) 11.9 11.9 17.21 17.21
Riboflavin (mg/kg) 4.9 4.9 5.0 5.0
Vitamin A (IU/kg) 10009.4 10006.5 7991.0 7991.0
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RESULTS OF EXPERIMENT TWO

Results of Experiment Two are presented in tables 6, 7, 8, 9

10 and 11. Foot lesions typical of biotin deficiency became clearly

evident during the sixth period and slightly increased in severity

only in the normal layers. At no time were lesions seen around the

beak. Table 6 reports the data on the incidence of dermatitis as

represented by the average score at two different periods, in the

two types of layers, and in the various dietary treatments. The

dermatitis was significantly more severe in the dwarfs than in the

normals in both the sixth and tenth periods. The incidence was

not significantly affected by any of the treatments in either the

dwarf or the normal layers and in neither of the two periods.

The data in Table 6 are rearranged in tables 7 and 8 to better

compare the incidence of dermatitis in the normal-size and dwarf

Single Comb White Leghorn laying hens receiving the same comparable

diets. The dwarfs showed a significantly higher score or a more

severe dermatitis than the normal-size layers. Biotin supplementation

as shown by the analysis of variance of the data, did not affect the

incidence of dermatitis in neither the normals nor the dwarfs at

any time in any of the ration.

Hatchability of fertile eggs in the various treatments, in

the different petiods and replications, in both types of layers

is reported in Table 9. Hatchability was very consistent throughout

the experiment, from period to period, in the normal-size layers.

The dwarf layers showed only a slight but non-significant decrease

as the experiment progressed which could possibly be an indication
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of some marginal deficiency. Hatchability was satisfactory in both

the normal-size and dwarf White Leghorn layers and it was significant-

ly higher in the dwarfs contrary to what would be expected if they

suffered from a biotin deficiency especially a marginal one.

As was done for the data on dermatitis, those on hatchability

of fertile eggs were also rearranged to better compare the normal-size

and dwarf layers receiving the same comparable diets, Table 10.

The dwarf layers again showed a significantly higher hatchability

of fertile eggs, 93.08 vs 85.72% in the normal layers. The analysis

of variance of the pooled data, as shown in the lower part of Table

10, revealed no significant variation attributable to diet.

In Table 11, the data on the various biotin treatments received

by the dwarf layers were submitted to the analysis of variance and

again there was no significant variation attributable to treatment.
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Table 6. Incidence of dermatitis as represented by average score
at different periods under various diet conditions in
Single Comb White Leghorn normal and dwarf layers.
Experiment Two

Treatment Type of bird

6

Period

10

Corn N 1.31 1.46

Corn + 100 mg bio/T feed N 1.37 1.35

Wheat N 1.40 1.38

Wheat + 100 mg bio/T feed N 1.40 1.51

All normal average 1.37a 1.43
a

Corn D 2.15 2.10

Corn + 50 mg bio/T feed D 2.13 2.05

Corn + 100 mg bio/T feed D 1.79 1.67

Corn + 200 mg bio/T feed D 2.64 2.05

Wheat 0 1.94 1.68

Wheat + 50 mg bio/T feed 0 1.75 2.00

Wheat + 100 mg bio/T feed D 1.84 1.98

Wheat + 200 mg bio/T feed D 1.93 2.10

All dwarfs average 2.02
b

1.95
b

ALL AVERAGE 1.80 1.77

Values in a column with differing lower case superscripts are
significantly different tP<.05)
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Table 7. Incidence of dermatitis in normal-size and dwarf Single
Comb White Leghorn laying hens fed comparable diets as

represented by average score in the middle of the sixth
period. Experiment Two.

Type of bird
Treatment Normal Dwarf All

Corn 1.31 2.15 1.73

Corn + 100 mg bio/T feed 1.37 1.79 1.58

Wheat 1.40 1.94 1.67

Wheat + 100 mg bio/T feed 1.40 1.84 1.62

ALL 1.37a 1.93
b

Values with differing lower case superscripts are significantly
different (P<.05)

ANALYSIS OF VARIANCE

Source of variation DF MS F

Type' of Bird 1 1.25 25.01**
Diet 3 1.75 0.35
Interaction 3 3.76 0.75
Error 8 5.02
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Table 8. Incidence of dermatitis in normal-size and dwarf Single
Comb White Leghorn laying hens fed comparable diets as
represented by average score in the middle of the
tenth period. Experiment Two.

Type of bird
Treatment Normal Dwarf All

Corn 1.45 2.10 1.77

Corn + 100 mg bio/T feed 1.35 1.67 1.51

Wheat 1.38 1.68 1.53

Wheat + 100 mg bio/T feed 1.50 1.98 1.74

ALL 1.42
a

1.86
b

Values with differing lower case superscripts are significantly
different (Pc.05)

ANALYSIS OF VARIANCE

Source of variation DF MS F

Type of bird 1 7.66 25.2**
Diet 3 7.76 2.6
Interaction 3 2.60 0.9
Error 8 3.04



Table 9. Hatchability of fertile eggs in different periods from normal-size and dwarf Single Comb White
Leghorn layers fed biotin supplemented and unsupplemented corn and wheat rations. Experiment Two

Treatment Bird Periods and Replications

Ave.

Type 2 6 8 10

1 2 3 1 2 3

Corn N 75.0 82.9 77.4 84.8 82.9 82.9 87.9 78.1 79.4 81.3

Corn + 100 mg bio/T N 88.9 78.0 90.2 89.7 77.6 92.1 96.9 80.8 97.6 88.0

Av. 82.0 80.5 83.8 87.3 80.3 87.5 92.4 79.5 88.5 84.6

Wheat N 92.5 87.8 84.1 85.4 86.8 85.7 88.0 76.2 85.8

Wheat + 100 mg bio/T N 85.2 84.6 87.8 87.0 93.9 87.2 95.8 91.7 93.1 89.6

Av. 88.9 86.2 86.0 86.2 90.4 86.5 91.9 84.0 93.1 88.1

All Normals 85.4 83.3 84.9 86.8 85.3 87.0 92.2 81.7 90.0 86.3

Corn D 94.9 92.7 94.7 86.6 92.6 93.3 100.0 100.0 96.2 94.6

Corn + 50 mg bio/T D 92.1 100.0 93.3 85.7 93.1 88.5 92.9 87.5 88.0 91.2

Corn + 100 mg bio/T D 95.4 93.9 97.4 87.5 82.1 100.0 83.3 93.1 86.4 91.0

Corn + 200 mg bio/T 0 93.9 86.8 87.1 92.9 100.0 84.2 96.2 95.8 88.9 91.8

Av. 94.1 93.4 93.1 88.2 92.0 91.5 93.1 94.1 89.9 92.2

Wheat D 100.0 94.6 93.3 86.2 84.0 87.5 93.1 96.6 100.0 92.8

Wheat + 50 mg bio/T D 100.0 88.7 95.2 96.2 85.4 97.0 91.7 83.9 89.7 92.0

Wheat + 100 mg bio/T D 97.4 95.2 85.3 100.0 92.0 91.3 83.3 92.3 78.8 90.6

Wheat + 200 mg bio/T D 91.5 95.7 94.6 91.7 94.1 93.3 87.5 88.5 82.8 91.1

Av. 97.2 93.6 92.1 93.5 88.9 92.3 88.9 90.3 87.8 91.6

All Dwarfs 95.7 93.5 92.6 90.9 90.4 91.9 91.0 92.2 88.9 91.9

All 92.3 90.1 90.0 89.5 88.7 90.3 91.4 88.7 89.2 90.0
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Table 10. Hatchability of fertile eggs from dwarf and normal-size
Single Comb White Leghorn layers fed biotin supplemented
and unsupplemented corn and wheat rations. Experiment Two.

Treatment Normal Dwarf All

Corn 80.59 93.79 87.19

Corn + 100 mg bio/T feed 88.73 92.38 90.56

Wheat 85.47 93.69 89.58

Wheat + 100 mg bio/T feed 88.08 92.46 90.27

ALL 85.72h 93.08a 89.40

Analysis of Variance

Source of variation DF MS F
Type of bird 1 5.42 1626**
Diet 3 2.34 0.7
Bird x Diet 3 4.80 1.5
Error 32 3.27

Table 11. Analysis of variance of data on hatchability of fertile
eggs from dwarf Single Comb White Leghorn layers fed
supplemented and unsupplemented corn and wheat rations.
Experiment Two. Data from Table 9.

Source of variation DF MS
Diet 8 1.28
Error 31 1.40

F
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EXPERIMENT THREE

In view of the consistently higher incidence of dermatitis

in the dwarf layers under such varied conditions and the negative

results obtained with biotin supplementation in both experiments

one and two, it appeared likely that more than one nutrient may

possibly be involved in preventing this disorder. The high incidence

of dermatitis in dwarf layers could possibly be explained by the

fact that dwarf hens do not eat as much as the larger normal-size

hens. Therefore, if the diet was deficient in any nutrient, the

deficiency would be more pronounced in the dwarf hens, as has

already been demonstrated for calcium (Arscott eI. al. 1961) and

for methionine (Arscott and Bernier, 1970).

The object of this third experiment was, instead of isolating

a specific nutrient for study, to make an increase above the

recommended levels of the various supplements to the ration.

A total of 960 layers (480 normal-size and 480 dwarf White

Leghorns) were involved in this experiment. The normal-size pullets

were hatched on 4/11/78 and were of the Shaver strain. The dwarfs

were hatched on 3/31/78 and originated from a mating of Shaver

Starcross 288 (1977 hatch) females to Experimental Station dwarf

males. The experiment was started on 9/12/78 when both types of

layers had reached the 25% level in egg production and is to

continue till July 1, 1979. The basal or control diet and presumably

adequate consisted of corn (Table 12) and the treatments were

devised as follow:



Ration
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No Type of bird

Corn

Corn + .1% vitamin mix

Corn + .025% Trace Min mix

Corn + .05% DL methionine

Corn + 2 + 3 + 4

1

2

3

4

5

Normal

11

11

Dwarf

11

11

There were two replications of each treatment on each type of layer.

The vitamin premix was added to the corn ration primarily for

pantothenic acid supplementation, while the trace mineral mix was

added for additional zinc supplementation. These two nutrients,

together with methionine, are thought to have an effect on

dermatitis. It must be emphasized that the control corn diet

was presumably adequate in all known nutrients.



Table 12. Composition of basal ration for Experiment Three.

Ingredients

Normal

Type of bird

Dwarf

Corn, Yellow 69.60 69.50
Soybean meal (44%) 19.00 19.00
Alfalfa meal (17%) 2.50 2.50
Defluo Phos 32CA 18P 2.00 2.00
Limestone flour 3.65 3.65
Oystershell flour 2.50 2.50
Salt (Iodized) .50 .50
Trace Mineral mix-65 .05 .05

Vitamin premix 1-75 .20 .20
DL methionine - .10

Calculated Analysis
Crude Protein (%) 15.18 15.17
Methionine (%) .51 .60
Linoleic acid (%) 1.33 1.33
Arginine (%) 1.01 1.01
M.E. (kcal/kg) .2839.0 2835.0
Manganese (mg/kg) 84.1 84.1
Iron (mg /kg) 317.8 317.7
Zinc (mg/kg) 41.0 41.0
Vitamin A (IU/kg) 10009.4 10006.5
Vitamin D (ICU/kg) 1100.0 1100.0
Linoleic acid (%) 1.3 1.3
Riboflavin (mg/ko) 4.9 4.9
Folacin (mg/kg) .63 .63

39
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RESULTS OF EXPERIMENT THREE

Results of Experiment Three are presented in tables 13 and 14.

The incidence of dermatitis was again significantly lower in the

normals than in the dwarfs, score of 1.19 vs 1.64 respectively,

as indicated by the significant F value from the analysis of

variance reported at the bottom of Table 13. None of the treatments

affected the incidence of dermatitis significantly in either the

normal-size or the dwarf layers.

The data on hatchability of fertile eggs show that the dwarf

layers had a significantly higher hatchability of fertile eggs

than the normal layers, as supported by the significant F value

from the analysis of variance reported at the bottom of Table 14.

None of the treatments improved hatchability of fertile eggs in

either the normal or the dwarf layers. The trace mineral mix

reduced the hatchability of fertile eggs in both normals and dwarfs

but not to the level of significance.
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Table 13. Incidence of dermatitis in normal-size and dwarf Single
Comb White Leghorn laying hens under various treatments
as represented by average score in the middle of the
sixth period. Experiment Three.

Type of bird

Treatment No Normal Dwarf All

Cprn (adequate) 1 1.15 1.65 1.40

Corn + .1% Vitamin mix 2 1.15 1.50 1.33

Corn + .025% Trace Min 3 1.31 1.50 1.40

Corn + .05% DL methionine4 1.20 1.70 1.45

Corn + 2 + 3 + 4 5 1.15 1.85 1.50

ALL TREATMENTS 1.19
a

1.64
b

1.42

Values with a differing lower case superscript are significantly
different (P<.05)

Analysis of Variance

Source of variation OF MS F

Type of bird 1 1.008 24.89**
Diet 4 1.693 0.42
Diet x Bird 4 3.563 0.88
Error 10 4.050
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Table 14. Hatchability of fertile eggs from dwarf and normal-size
Single Comb White Leghorns fed additions of various
supplements to adequate corn diet. Sixth period of
Experiment Three.

Treatment

Corn (adequate)

Corn + .1% Vitamin mix

Corn + .025% Trace Min mix

Corn + .05% DL methionine

Corn + 2 + 3 + 4

No

1

2

3

4

5

Type of bird

Normal Dwarf

89.9a 93.8
b

a
87.0 97.0

b

a
80.9 90.3

b

a
84.2 92.3

b

83.2a 91.2
b

ALL

91.8

92.0

85.6

88.3

87.2

850a
92.9

b
89.0

Values with a different lower case superscript are significantly
different (P<.05)

Analysis of Variance

Source of variation DF MS

Type of bird 1 3.097 9.98**
Diet 4 3.223 1.04
Bird x Diet 4 5.625 0.18
Error 10 3.103
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IV. DISCUSSION

In this study, a disorder characterized by a severe incidence

of cracked skin (dermatitis) under the feet of dwarf layers was

observed in the course of nutritional experiments. Biotin deficiency

was presumed to have caused this dermatitis in the layers fed wheat

and corn based rations for three reasons. First, the dermatitis

was observed around the feet area and not around the mouth parts;

secondly, a preliminary hatchability study resulted in a lower

hatchability rate and the presence of abnormal symptoms on the

dead embryos like wiry and clubbed down. Finally, when biotin

wes added to the experimental diet, there was an improvement in

hatchability in the dwarfs although the normals fed the control diet

which did not contain biotin supplementation, also improved their

hatchability. Some of these findings were in agreement with earlier

studies by Cravens et al. (1944) and Jensen and Martinson (1969).

Anderson and Warnick (1970) reported that when rations based

on corn, milo or wheat were compared, the greatest response to

biotin addition was usually noted with wheat rations and the least

with the corn rations. However, the results of Experiment Two

were not in agreement with the work of Anderson and Warnick. On the

contrary, the incidence of dermatitis was higher in the dwarf

layers fed both corn and wheat diets supplemented with various

levels of biotin. Biotin was not found to be effective in the

prevention of dermatitis indicating that the basal diet apparently

contained adequate natural biotin.



44

A typical biotin deficiency is characterized by dermatitis on

the pad area of the feet which eventually spreads to the mouth parts.

At no time, during the course of this investigation was any fissure

found in the facial parts.

Hatchability throughout the experiment was satisfactory

especially in the dwarf layers. This finding, was not in agreement

with the work of Cravens et al. (1942) who reported an 80% decrease

in hatchability when Single Comb White Leghorn pullets were fed a

diet deficient in biotin. This indicates that some factor other

than biotin may be involved in the appearance of dermatitis on the

dwarf layers. It also emphasizes the degree of variability that may

be encountered in the occurence of this disorder. The generally

low incidence of symptoms of the disorder when a control ration

(without biotin) similar to the ration fed before the onset of this

experiment indicates that commonly-used formulas normally contain

a sufficient level of natural biotin to meet the requirement of

the layers.

The addition of vitamin and trace mineral premixes to a

presumably adequate diet was not found beneficial in preventing

dermatitis. This would indicate that the basal diets may also be

adequate in pantothenic acid and zinc which have been shown to

influence dermatitis. As previously reported, Chavez and Kratzer

(1972) indicated that dermatitis was not related to a deficiency

of biotin although the condition of the feet resembled the foot

involvement encountered in a biotin deficiency. The addition of

methionine in Experiment Three did not influence the incidence

of dermatitis contrary to the results of Chavez and Kratzer.
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Meanwhile, the incidence of dermatitis continues to be high

in the dwarf layers. As a general observation, the dwarf layers

have a very delicate and sensitive skin and possibly get bruised

more easily than normal-size layers. Therefore, the apparent

dermatitic condition may be a response of the bird skin's

sensitivity to mechanical irritation.
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V. SUMMARY AND CONCLUSIONS

Three experiments were conducted in this investigation to

determine first, the possible influence of biotin supplementation

on dermatitis and hatchability of fertile eggs in both normal-size

and dwarf Single Comb White Leghorn layers fed corn and wheat

rations and second, if biotin is not responsible, investigate

what other nutrients could possibly be causing dermatitis. The

following conclusions are drawn from this study.

1. The dwarf layers consistently showed a higher incidence of

dermatitis throughout th three experiments.

2. Biotin supplementation up to 200 mg/ton feed did not reduce

the incidence of dermatitis in neither the normal nor the

dwarf layers.

3. In the second and third experiments, the dwarf layers showed

a significantly higher hatchability than the normal layers

4. Hatchability was satisfactory with both corn and wheat diets

supplemented and unsupplemented with biotin.

5. The addition of excess methionine to the corn ration did not

reduce the incidence of dermatitis nor influence hatchability

of fertile eggs.

6. The addition of excess vitamin premix supplement to the corn

diet did not have any significant effect on either hatchability

or the incidence of dermatitis.

7. The addition of excess trace mineral mix to the corn diet reduced

hatchability in both types of layers but not significantly so.

8.There was also no improvement in either hatchability or the
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incidence of dermatitis when excess vitamin mix, trace mineral

mix and methionine were all added together to the presumably

adequate corn diet.
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