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Pour trials using Rhode Island Red chicks were conducted to determine the role of level of riboflavin upon incidence of pero- sis. Design of the experimental trials also permitted checking the riboflavin requirerxient of chicks for optimal growth. Data 

troni three of the trials are presented, while reference has been 
made only in the discussion of Trial II, which yielded questionable results because chicks were stunted by sumner heat. 

Two basal diets were developed and utilized for rations in the trials. Analysis for protein, calcium, phosphorus were made, 
and microbiological assays for riboflavin, pantothenic acid and biotin were determined. Basal No. I contained 180 niicro'ams of riboflavin per 100 grains feed, and Basal IJo. II 190 micrograms. 

From 300 to 420 banded, sexed and unsexed chicks were used for each trial. Chicks were divided into 12 and 14 lots accord- 
ing to the particular trial and carried in wire floored batteries 
for a 9-week period. 

In trial I rations were used with riboflavin varied at the rate of 44.09 micrograms per 100 grams. In trial III and IV the riboflavin level varied between rations as in Trial I, and in 
addition 3 per cent bone meal and limestone were used at certain 
levels. Rate of growth, mortality, occurrence of curled toe para- lysis, perosis, relationship between curled toe paralysis and perosis, and the feed. efficiency were studied. 

The conclusions from the results of these experiments are as 
follows; 
1) Riboflavin requirement for optimal growth under the conditions 

of these trials for Rhode Island Red chicks was found to be 
between 356 to 366 micrograms per 100 grams feed. Chicks fed 
on rations containing 312 to322 micrograms still showed sym- 

. tons of curled toe paralysis, and inefficiency of feed utiliza- tion. 
The growth rate was in direct proportion to the incre- 

ment of riboflavin only to the optimal level. 
Rations high in mineral content tended to depress the 

rate of growth. 
Rations containing 3 per cent bone meal at the basal and 

optimum levels of riboflavin produced a higher incidence of 
perosis than similar rations where 3 per cent limestone was 
added. 



2) .orta11ty was somewhat irreu1ar in certain of the lots. Acute perosis was found to be one of the factors affecting the rate of mortality. 
3) Incidence of curled toe paralysis was found highest in lots fed. on the basal diet, and with none occurring in lots re- ceiving the top level of riboflavin. 4) Perosis developed in low level of riboflavin lots as well as top level lots indicatin; that perotic factor(s) were absent in the .sal diet. 
5) Only two cases of perosis developed f 011Owifl the sympto of curled toe paralysis. This low incidence leads to the supposition that the cases were due to mere chance. 6) Feed efficiency was in direct proportion to the intake of riboflavin only to the optimal level. 



RELATIONSHIP 0F RIBOFLAVIN 
LEVEL IN TRE DIET TO PEROSIS OF CHICKS 

CHI-HON CHiT 

A ThESIS 

submitted to the 

OREGON STATE COLLEGE 

in partial fulfillment of 
the requirements for the 

degree of 

MASTER OF SCIENCE 

June 1947 



APPROVED: 

Pfessor of Poultry Husbandry 

In Charge of Major 

of Department of Poultry Husbandry 

Chairman of School Graduate Committee 

Chairman of State College Graduate Council 



Ackn owl edgment 

The author wishes to take this opportunity to ex- 

press his profound gratitude and appreciation to Dr. C. 

E. Holmes, Associate Professor of Poultry Husbandry, for 

his valuable guidance in statistical treatnent and aid 

in analysing sorne of the accumulated data; to Professor 

J. A. Harper for :is tedious task of reading, constant 

advice, and suggestions to make this paper possible; and 

last but not least, to Er. Russell Van Sickle for his help 

in mixing feeds for the chicks durin the entire period of 

the trials. 



Table of Contents 

:cae 
Introduction . . . . . . . . . . . . . . . . . . i 

ReviewofLiterature . . . . . 1SS . 3 

&periuiental . . . . . . . . . . . . . . . . . . 19 

Results . . . . . . . . . . . . . . . . . . . . 24 

Trial I . . . . . . . . . . . . . . . . . . 24 

Trial II . . . . .. . . . . . . . . . . . 

Trial IV . . . . s . s s . . . s s s s . . 46 

Discussion and Conclusions . . . . . . . . . 58 

Growth . . . . . . . . . . . . . . . . . . 58 

Iior tali ty . . . . . . . . . . . . . . . . . 61 

Curled Toe ara1ysis. . . . . . . . . . . . 62 

.erosis . . . . . . . . . . . . . . . . . . 63 

Relationship of curled toe paralysis to 

rosis . . . . . . . . . . . . . . . 66 

Feed Efficiency . . . . . . . . . . . . . . 67 

Sunmary 

Bibliography.. ......... .. .. . . .72 



Table s 

Table page 

I 7 

l-A Summary of the Average Weight of Unsexed Rhode 
Island Reds . . . . . . . . . . . . . . . . . 28 

2-A Chi. Square Test for Homoenity of Average Nine 
Week Weights in Grams for Trial One . . . . . 29 

3-A Analysis of Variance of Rations or Lots . . . . 30 

4-A Summary of the Mortality, Curled Toe Paralysis, 
Perosis, Curled Toe Paralysis and Perosis Corn-. 

bined and Feed Efficiency in Trial One . . . 32 

l-C Summary of the Average Weiht of Sexed Rhode 
Island Reds . . . . . . . . . . . . . . . . . 38 

2-C Chi Square for homogenity of Average Nine Week 
Weights in OErams for Trial Three . . . . . . 40 

3-C Analysis of Variance of Rations or Lots . . . . 42 

4-C Summary of the IiIorta1ity, Curled Toe Paralysis, 

Perosis, Curled Toe Paralysis and Perosis Coim- 

bined, and Feed Efficiency in Trial Three . . 44 

l-D Sunirnary of the Average Weight of Rhode Island 

Reds . . . . . . . . . . . . . . . . . . . . 50 

2-D Chi Square Test for Homogenity of Average Nine 

Week Weights in Grams for Trial Four . . . . 52 

3-D Analysis of Variance of Rations (or Lots) for 
Trial F ou r . . . . . . . . . . . . 54 

4-D Summary of the Mortality, Curled Toe Paralysis, 
Perosis, Curled Toe Paralysis and Perosis 
Combined and Feed Efficiency in Trial Four. . 56 



Figure s 

Figure page 

l-A Growth Curve for Trial I . . . . . . . . . . 28-a 

l-C Growth Curve for Trial III . . . . . . . . . 39-a 

1-D Growth Curve for Trial IV . . . . . . . . . 51-a 



RLTIONSHIP OF RIBOL.VIN 

LiVL IN Th DLfI TO PEROI OF OHICK 

Introduc t ion 

The fact that riboflavin deficiency in all anals 
decrease the efficiency of food utilization is well estab- 
lished. Besides this, curled toe paralysis is a charac- 

teristic syndrome developed especially in the chick; but 

perosis has never been considered as one of the symptonis 

of riboflavin deficiency until recently. In 1944 Patrick, 

Darrow and Loran (35), reported a perotic type of 

aralysis in their riboflavin deficient poults. Again, 

in 1946 another case of perotic type of leg weakness was 

developed experimentally in poults on rations with vary- 

ing rïboflavin levels and where biotin was used to 

fortify the poults by injection, this being reported 

by Bird, Asmundson, Kratzer and Lepkovsky. (2) 

Riboflavin deficiency is also associated with a rapid, 

acute paralysis, characterized as neuromalacia (softening 

of the nerve tissue) , changes in the spinal cord and nerve 

trunks, and at the same time it plays its part in the yel- 

low enzymatic system; but perosis is definitely a bone de- 

foiiity dealing with faulty mineral metabolism. These two 

facts can hardly be reconciled with each other. On the 

other hand, choline, biotin and niacin all belong to the 

water soluble vitamin group, and are reported as some of 
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the factors in producing perosis among the avian species. 

From this evidence it appears that the whole question of 

riboflavin in relationship to perosis cannot be entirely 

ignored. 

In order to find further information on tre role of 

riboflavin as a perosis preventive factor in the chick's 

diet a series of feeding trials were conducted. Ribofla- 

vin levels at sub-optimum and optimal margins were fed in 

rations containing normal and varying percentages of cal- 

cium and phosphorus. Results of the experiments completed 

are reported in this paper. 



eview of Literature 

Perosis is a deformity of tLle chick ìn which the hock 

joint is involved. A description of this anatomical del or- 

mity of leg bones of young chicks was first given in 1930 

by Hunter and Funk (18), then in 1930 by Payne (36), and 

later in 1932 by Titus (50) and various others (19). 

All these investigators agree fairly well on the fol- 

lvin. three aiparent stages in the deformity: 

The first stage is a s1i:ht puffiness of the metatar- 

saltibia joints, followed by enlargement. Frequently email 

hemoïrhages occur in the underlying tissues of these joints. 

This condition has been referred to as "enlarged hocks" and 

as "hock disease." 

The second stage occurs at the age of four to seven 

weeks old, but sometimes earlier. This stae seems to be 

more critical, however, in some cases, chicks can recover 

almost completely. As soon as the hock joints become en- 

larged, the tarso-metatari and tibiae exhibit a slight 

bending. This stap;e has been called "deformed leg bones." 

The third stage is oncerned with the slipping pro- 

cess. "Frequently the articular cartilage at the distal 

end of the tibiae slips slizhtly from its normal position, 

and this in turn appears to cause the main tendons to slip 

from their condyles leaving the joints permanently disabled. 

At times the curvature of the diaphyses of the tibiae is so 

great at the distal end that the tendons slip even though 



the articuler certilage has not 

This stae of perosis is called 

has included all three ot hese 

"Perosis." (50) 

Aside from all these facts 

added the followinß points: 

First, "Perosis may develo 
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been displaced." (50) 

"slipoed tendon." Titus 

conditions under trie term 

mentioned, Wilcke (54) also 

p at any time f orn the embry- 

onic stage up to ten weeks, rarely later;" secondly, "The 

first symptom is usually the development of a crooked breast 

bone followed by sli.dht swelling of the hock joint;" and 

thirdly, "the breast bone frequently returns to its normal 

shape before the tenth week in spite of the develop:nt of 

more severe stages of perosis." 

Perosis or slipped tendon is a nutritional disturbance. 

Its condition is rather complex, and may be caused by lack 

of a single nutritional factor, or several factors combined. 

however, it must not be overlooked to the fact that 

probably inheritance may also play a part as a predisposin 

cause in this kind of nutritional disturbance. At Kansas 

Agricultural Experiment Station (43), it was found possible 

to produce a strain of Rhode Island Rede with a much higher 

incidence of perosis by mating all the crooked leg birds 

than those that were mated with straight leg ones. When 

both sexes were considered, the difference in percentage of 

crooked legs occurring in the crooked leg and straight leg 
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matines was 31.37 ±4.11. And the ratio of these two values 

would indicate that the difference between the two strains 

was highly significant. 

While few figures are available, it is the general be- 

lief among poultry men that the heavy birds are more sus- 

ceptible to this disorder than the lirht weight breeds. 

Payne, in 1931, (37) reported 14% occurrence for Rhode Is- 

land chicks and 0.7% for 1&hite Leghorns in the spring of 

1930 at the college farm. 

Again, while data are unavailable, it is the general 

observation that this disease occurs more frequently in 

birds that are raised in strict confinement and in batteres. 

The above description of perosis is by no means the 

only form that exists; it simply represents the ¿iore common 

type. There are evidences recorded in some of the experi- 

mental work indicating that it may exist in several forms. 

The discovery that an excessive amount of calcium, 

phosphorus or total mineral content in the rution would in- 

duce perosis had been overlooked until the role of vitamin 

D in the prevention of rickets was recognized. The suscep- 

tibilit of poultry to rickets was discovered in the early 

1920's. This led to a tendency to feed large amounts of 

mineral supplements, such as bone meal and limestone, which 

furnish high calcium and phosphorus levels to a ration in 

order to prevent rickets. Such ration received by birds 



would tend to throw off their calcium and. phosphorus ratio 

in their mineral metabolism, and outbreaks of parosis re- 

suited. 

In 1933 Schaitle, Moore arid Cansily (42) in their ex- 

periments on Barred Rock chicks, obseed that with a sped- 

fic basal ration, perosis could be produced by feeding high 

levels of bone meal, bone ash, chemically pure Ca3(PO4)2, 

MCO3 or combinations of CaCO3 with Na2HPO4 and KH3PO. 

However, Insko, Soweil and Malcolm (19) proved that an in- 

crease of calcium in the ration by widening the Ca:P ratio 

from 0.4:1 to 3.1:1 dId not increase the percentage of 

slipped tendon. On the other hand, an increase in the bone 

meal content of the ration with its accompanying increase 

in phosphorus, although the Ca:P ration remained approxi- 

mately the same, caused a noticeatly higher percentage of 

slipped tendon. 

Again, Milby (31), after analyzing te data of Hunter 

and Funk (1931), Payne, Hughes ant Leinhardt (1932) Titus 

(1932) ant. Mussehi, Blish and Ackerson alao concluded from 

his study thay The correlations between protein, ash, cal- 

cium and percentae of slipped tendon were not significant 

in the data studied. The amount of phosphorus in the ration 

is positively correlated with the percentage of slipped ten- 

don. The value of this correlation is 0.6303 vrich Is hiiy 

significant 1 
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In 1931 Wilgus (55) concluded that for chicks tce mini- 

rurn require:ent of calcium was 0.66% of the tot1 ration, 

while that of phosphorus was O.5. (These requirements are 

based upon elemental calcium and phosphorus and not upon the 

oxides of penoxides, as analysis are stated quite commonly.) 

Since the requirements stated above are minimum requirements 

and excessive minerals are detrimental, investigations shoud. 

be made of the maximum amounts which could be fed. Suck-i in- 

formation is availabl.e for phosphorus, since ìvLilby (32) has 

found that amounts of phosphorus in excess of O.9 would 

cause perosis in chicks. 

3herwood and Couch (44) also pointed out that as the 

phosphorus content of the ration was increased, there was an 

increase in the number of cases of slipped tendon. 

Besides calcium and phosphorus, it was soon learned 

that excessive MgCO3 in the growing chick ration (6) would 

cause slipped tendon (or perosis.) Whether the kind of pert 

oats produced by excessive calcium and phosphorus is identi- 

cal with that prouced by excessive MCO3 is not yet clear. 

After studying the problem on the production of experi- 

mental "slipped tendon," hunter, Dutoher and Knandel (17) 

concluded that oats or oat feeds possessed beneficial pro- 

perties for the prevention of "hock disease" which cahnot be 

explained on the basis of their fiber content. 

In a three years' study of the influence of cereals, 



such as corn, whest, oats, oat groats and barley, ranion 

(3) had shown that these cereals influenced tne quality of 

bone formation during the first twelve weeks of life. 

Chicks raised on an adequate diet but with roun yellow 

corn as the sole cereal grain had a high percentage of ab- 

normal leg bones, including bending as weil as slipped ten- 

dons. He asserted that this condition had no association 

with the calcium and phosphorus ratio, nor with the total 

mineral content of the rations. The development of perosis 

could be prevented to a considerable extent by the indu- 

sian of wheat germ, or oat hulls and germ, or of complete 

oats in tîe ration. He claimed that barley tended to pro- 

duce a perosis, spongy bone similar to that produced by 

corn, but crooked legs were seldom observed unless the mm- 

eral content of the ration was excessive. 

In 1933 Sherwood and Couch (45) also reported that 

even in rations having a satisfactory mineral balance, an- 

other factor or food material was necessary in the ration if 

slipped tendons were to be prevented. Rice bran a:d wheat 

shorts were reported to contain appreciable amounts of this 

preventive material. 

Schaible, Moore and Cansily (42) pointed out that soy- 

bean oil meal comprising lO of the protein of a hich min- 

eral ration was protective to a high degree against slipped 

tendon, while pork cracklings under the same condition 



showed a very high incidence of perosis with good growth 

and livability thus indicatinß that variation in the source 

of protein supplement of high mineral ration influenced 

the incidence of perosis. 

In 1936 Wilgus, Norris, and Hunter (56) found out that 

the common chemically pure grade of CaCO3, hydroxide, and 

chloride as well as of mono-, di-, and tri- calcium phos- 

phates, and mono-sodium phosphate aggravated. the occurrence 

of perosis, while a technical graìe of mono-calcium-phos- 

phate actually possessed a protective rat:er than a causa- 

tive effect. On spectroscopic examination, it was revealed 

that a considerable amount of impurities was present in 

t'ris salt. A study of the impurities showed :anganese to 

be primarily responsible. A subsequent addition of 25 part 

per million to the perosis-producing diet demonstrated that 

this element actually prevented this bone deformity and. im- 

proved growth. Further investigation also revealed that 

the basal diet also contained as little as 10 parts per 

million of this element which was due to the incorporation 

of wheat germ, wheat middlings and other feed stuffs in the 

basal diet. 

The effectiveness of manganese in preventing the de- 

velopment of perosis was later confirmed by Gallup and Nor- 

ris (9), Heller and Penquite (il), Lyons, Insko and Martin 

(27), Wiese, Elevehjem, Halpin and Hart (52), Schaible, 
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ardemer an Davidson (41) and others (53). 

In the work of wiese an3 associates (53), it ilas been 

&Iown that manganese has a direct relationship with calchm 

and phosphorus as far as the phosphatase activity in vivo 

i_s concernea. They pointed out tat "in chicks fed a diet 

high in inorganic phosphate (calcium paosphate) and having 

a high percentage of slipped tendon, there is sorne metabo- 

lic disturbance of the bone." They observed that when a 

diet high in calcium salt other than the phosphate was fed 

there was also a lowering of the phosphatase activity (re- 

ferin to that of the bone plasma and bone phosphatase), 

and a high incidence of perosis; but the 1owerin observa- 

tjon was not as great as when high amounts of inorganic 

ohosphate were fed. On the other hand when a supplement 

of 50 part per million of manganese was added to the same 

ration (hi:h calcium or phosphorus, perotic producing ra- 

tion) , normal phosphatase activity resumed, as coape red to 

the phosphatase activity of chicks fed Lormal ration. "It 

would seem," they continued, "that the main effect of cal- 

cium and phosphorus ion is to depress phoshatase activity, 

v;hile that of manganese ion is to activate the enzyme." 

Since the leg bones of chicks suffering from perosis 

are twisted and bent, it would be naturally suspected that 

there would be an unequal and abnormal distribution of the 

enzyme phosohatase in the bones of these chicks, but the 



later york of 17lese (51) an absociates reveal an interest- 

ing fact that phosphatase concentration is very high at 

the ends of the bones, and the bone phosphatase activity of 

normal chicks (c:iicks receiving adequate manganese) is muth 

higher than that of perotic birds. This increase in phos- 

phatase activity of the normal bone," they declare, "is not 

due to a mere activation of the enzyme by manganese ion, 

but rather to an actual increase in the amount of enzyme 

present." Another fact they discovered in uhe sarie exper- 

iment is that "the lower bone phosphatase activity of the 

perotic birds does not result in a poorer calcificaLion of 

the bones because the calcium and phosphorus content of 

these bones is normal. Since there Is no unequal distri- 

bution o' phosohatase between both legs, the bending and 

twisting is not due to an unequal distribution of the en- 

zyme 

As early as 1930, Hogan and Shrewsury (16) revealed 

that a dietary factor of organic nature was necessary for 

the prevention of perosis. The existence of a thermo la- 

bile antiperotic factor in cereal grains has been known 

for same time. 

Jukes (22) in his experiments observed that turkeys 

were highly susceptible to perosis, and that uner certain 

conditions, manganese added to the experimental diet even 

up to l4L.0 parts per million tended to aggravate perosis. 
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Injections of manganese were ineffective, while a strain of 

yeast partia1y alleviated the condition. Rinrose, Martin 

and Insko (40) reported a lowering of the incidence of per- 

osis in turkeys by the addition of manganese to an unde- 

ocribed diet, hut complete protection was not obtained. zì 

organic antiperotic factor was extracted from liver y al- 

cohol and was announced by Moag, Richardson and Patrick in 

l9-O (14). In the experiments on simplified, synthetic 

diet, Jukes (23) found that choline was effective to pro- 

tect against perosis ( in turkey) . In the same year, fur- 

ther studies of tie effects of choline deficiency and its 

related compounds on oerosis were made by Jukes (20) with 

the following conclusions: "that choline is essential for 

the prevention of perosis in turkey as well as chicken," 

"that an addition of O.l of choline was sufficient for 

growth, but inEufficient for the prevention of perosis," 

while "an addition of 0.2% of choline protected against 

perosis." "Arsenocholine was also anti-perotic," however, 

"an adequate supply of the vitamin B complex must be sup- 

plied in order for the full anti-perotic effect of choline 

to be expected," "but betaine was completely ineffective." 

Perosis did. not appear if the basal low-choline diet 

was also deficient in the precursors of creatine (21). It 

was suggested that the tension exerted on the bones by the 

muscles played a part in causing perosis, hence the tension 
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was released by creatine deficiency, which causes a nuscu- 

lar weakness, and the tendency to distortion of the bone 

ws lessened (21). 

Further work on the role of choline in poultry ration 

and the inter-relationships of choline, betaine and inethio- 

nine has been done by various investiators. Marvel and 

others in 1944, (30) found that choline and methionine 

exerted an interchangeable supplementaryaction ln a chick 

ration consisting largely of corn and soybean oil meal. In 

the same year, McGinnis, NorMs and heuser (29) had shown 

that betaine and methionine were effective in preventing 

perosis and promoting growth in chicks when added to a 

simplified diet containing sorne natural ingredients, but 

ineffective when added to a purified diet of hi:her ethi 

nine content. Nhen the methionine content is deficient, 

however, betaine exerts a moderate rowth-promotin effect. 

In contrast, choline prevented perosis and promoted growth 

on both diets. The results indicated that choline is re- 

quired as such for the prevention of perosis and for growth, 

and that betaine and methionine in the presence of an un- 

identified factor enabled the chicks to synthesize choline. 

At the same time, 194+, another interesting fact point- 

ed out by Almquist and Grau (1), is that Thetaine and methi- 

onine were capable of assuming a certain portion of the 

functions of choline in the choline, while, on tne other 
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hand, aresenocholine was capable of assuming the rexiainder 

of the choline functions." Hence, the effect of these to- 

gether was pr.ctically a complete substitute for claoline. 

With regard to te utilization of certain precursors of 

choline, it has been observed that differences do exist b. 
tween the rat and the chick. In rats, the ethanolarnine, 

(NH2CH2CH2OH), one of the precursors of choline, ay func- 

tion as a "methyl acceptor" for the biological syntheses 

of choline, and that ethanolamine may be formed from gly- 

cine or serine. ethionine (du Vegneaud 1942) (7) or be- 

tame (Stimmonds et al, 1944)(49) may aonate methyl groups 

to aLninoethanol in the biological synthesis of choline ( in 

rats). Iii case of chicks that are fed certain purified 
diets, it has been observed that choline aeficiency is not 

alleviated by supplements of methionine or inethionine plus 

aii.inoethanol (Almquist and G-rau 1944)(l). It was noted in 

1945 by Jukes and Grau (25) that "dimethyl amino-ethanol 

had a choline-like nutritional effect on a diet deficient 

in choline." 

In 1945 further investigations nade by Jukes, Oleson 

and Dornbush (26) had brouht to liht that both monomethyl- 

aminoethanol and dimethylaminoethanol were effective in 

preventing perosis. On the other hand, growth was stimula- 

ted by dimethylaminoethanol, but not by monomethylarnino- 

ethanol." It would seem," these investigators concluded 
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"that monomethylaminoethanol is utilized by the chick simi- 

larly to dimethylaminoethanol but less efficiently as tbough 

monomethylethanol were possibly a precursor of dimethy1amin 

ethanol. A preceding step may be the formation of monome- 

thylaminoethanol from aminoethanol and a 'nethyl donator 

This step is aoparetly not accomplished by the chick as 

judged by the ineffectiveness of a supplement of methionine 

and aminoethanol 
ht 

Work along the line of phosphatase determaination in 

choline deficient chick has been done by Hegsted, Mills, 

vehjem and Hart in 1941 (io), whose results indicated 

that bone phosphatase values were normal in chicks suffer- 

Ing from perosis due to choline deficiency, and choline- 

deficient chicks did not show fatty livers at four weeks of 

age. 

Judging from the foregone descriptions, It would seem 

that evidently there are at least two kinds of slipped ten- 

don disease existing, with the same external syndromes, but 

arising from different causes, namely, rations with high 

content of calcium and phosphorus an low manganese, resul- 

ting in low phosohatase content of the bone an blood which 

in turn can be returned to normal value by feed.ing mangan- 

ese; and rations with low choline content, producing no 

disturbance of phosphatase level in oerotic birds. 
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Other reports (38) indicated that a diet containing 

adequate quantities of all the known vitamins and minerals 

required by the chicks includ1n, 100 parts per million of 

manganese fsiled to prevent oerosis in growing birds. The 

adiition of graded quantities of dried yeast to tiie ration 

was fount to reduce the inciJence of perosis in proportion 

to te quantity of yeast fed. It is obvious fron triis 

finding that certain yeast supplies an anti-perotic factor 

of its own other than iaanganese. 

A report in 1941 by Richardson and iogan (39), indica- 

ted the existence of another antiperotic factor in dried 

beef liver whIch was differentiated from choline and man- 

anese. choline is also found in liver, but soluble in 

95 alcohol, while this yet unidentified nutrient is water 

soluble. The water extract of dried beef liver was descrb. 

by Hogan et al (15). This extract was treated with fuller's 

earth at pH 1.0 and the adsorbate was then eluted with 0.2 

. 
NaOH. The data showed that at least one nutrient was re- 

quired, in addition to choline and manganese to prevent 

perosis in chicks. Furthermore, this substance was not 

identical with any of the recognized vitamins, while the 

factor (33) in yeast was stated to replace choline in the 

prevention of perosis. 

In 1940 experiments done by McElroy and Ju]es (28) on 

"Formation of the anti-egg white injury factor in the 
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rumen of the cow" had already indicated that raw egg white 

in a ration could cause the development of dermatitis as 

well as perosis in youn; chicks. By then, biotin still was 

unknown. It was not till 1942, Jukes and Bird (24) actually 

demonstrated that perosis developed by feeding experimental 

birds with ration high in fresh raw eg waite could be pr 

vented or cured by injecting a biotin concentrate at a le- 

vel which supplied approximately 3 micrograms of biotin 

daily. 

In studying the requirements of nicotinic acid by 

chicks Br.ggs, Luckey, Teply, Elvehjem and hart (5) conclud- 

ed that nicotinic acid 'deficiency in chicks resulted in d 

creased food consumption, a marked lowering of' the nicotinic 

acid and co-enzyme I content of breast muscle, poor feather 

development, and occasionally in perosis or dermatitis. 

&eorge and Briggs in 1946 (4), further extended this 

finding to another avían species, the turkey. Results in- 

dicated that the poult also required nicot,tnic acid. in the. 

diet. Symptoms of a deficiency were poor growth, inflama- 

tion of the mouth, diarrhea and perosis. 

In 1944 Patrick, Darrow and Morgan (35) studying the 

role of riboflavin in turkey poult nutrition observed that 

a perotic type of paralysis developed in their riboflavin 

deficient poults. Since a decrease of feed, consumption is 

the consequence of low level of riboflavin intake by 



experimental birds, they suggested that perosis developed 

in some of the poults might actually be the case of not in- 

gestinc enOu2Tb of t'te anti-perotic compound (or compounds) 

present in the basal diet which supplied oniy minimum le- 

vels of anti-perotic activity. Assumin tbis were the case 

Bird, Asmundson,Kratzer, and Lepkovesky in 1946 (2) had the 

entire matter reinvestiated. Above optimum calculated 

levels of biotin were administered to the experimental 

birds where feed. intake was low due to riboflavin defI- 

ciency. The final conclusion they obtained is that ttthe 

evidence stron1y indicated that the f eedirig of suboptimal 

levels of riboflavin was the cause of the perosis.tt 



Expe rimental 

Four Trials were conducted using Ihode Island Red day- 

old chicks. They came from pens of regular station stock 

and were randomized. to overcome any effect of breeder ration 

in the various pens. Chicks were reared in electrically 

heated batteries with raised wire floors. These batteries 

were housed in a room with forced ventilation and. electric 

lights (34). Feed, water and grit were given ad libetum. 

Neekly body weights by lots and of feed consumption 

were maintained. Observations for symptoms of curled toe 

paralysis, perosis and other nutritional diseases were made 

daily and recorded. 

Practical rations were developed following closely the 

scheme of Patrick (35) bearjn a low riboflavin content 

containing approximately 180 micrograms of riboflavin per 

100 grams of ration as the basal diet. The basal rations 

used are shn in Table I recorded as basal diet I for tri- 

al one and two, and basal II for trial three and four. 

Protein content was determined by Kjeldahl method, ri- 

boflavin assay was made by Snell 3nd Strong method (48); 

pantothenic acid aasay, by Hoag, Sarret and Cheldelin me- 

thod (13); ani biotin assay for the bound and unbound bio- 

tin, by Snell, Easkin and Williams method (47). etermina- 

tion of calcium and phosphorus content of the basal diet 

was also made. 
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As a rule alfalfa meal is included as one of the in- 

gredients in a practical chick ration; but since alfalfa 
is high in riboflavin content, it vTas decided not to include 

it in the basal rations. 
In order to ensure an adeouate amount of pantothenic 

acid in the basal ration extra calcium pantothenate in cry- 
stalline foim was added at the rate of 130 milligrams per 

100 pounds (or 28.6 micrograms per 100 grams), raising the 

ntothenic acid level in ration I from 985 micrograms per 

100 grams (assay value) to 1013.6 micrograms per 100 grams; 

and the .ntothenic acid level in ration II from 960 micro- 

grams per 100 grams (assay value) to 988.6 micrograms per 

100 grams. 

In Trial I, six levels of riboflavin in duplicate were 

fed. TvJenty milligrams per 100 pounds of ration (or 44.09 

raicrograias/100 grams) was the rate of increment in each 

level. Crystalline riboflavin was used in every case. The 

scheme of these six levels of riboflavin increment in dupli- 
cate is outlined as f ollo;'is: 

Lots - A series nig. cry. Ribo Total riboflavin content 
added/100 lb. of Ration expressed in 

micrograms per 100 grams 
. of feed 

1 - 7 Basal 000.0 180.00 
2 - 8 Basal 20.0 224.09 
3 - 9 Basal 40.0 268.18 
4 - 10 Basal 60.0 312.2? 
5 - 11 Basal 80.0 356.36 
6 - 12 Basal 100.0 400.45 
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Duplicate lots of 25 day--old, u.nsexed, wing banded 

chicks (Rhode Island Reds) were placed on the ration at 

each level. Since perosis may develop from an early age 

up to ten weeks old, all experiments were conducted for a 

period of approximately from nine to ten weeks. 

Trial II was a failure due to extreme heat in summer 

which stunted all the birds, and the data were excluded. 

In Trial III, five levels of riboflavin in duplicate 

were fed: Basal II containing 190 (assay- value), 234.09, 

278.18, 322.29 and 366.36 micrograms per 100. grams of ra- 

tion. Crystalline riboflavin was used to increase the ba- 

sal diet to these levels. Two duplicate lots with 3% added 

bone meal, one being the basal and the other the top level 

riboflavin group were set up to run in parallel with the 

rest. They are arranged in the following manner: 

Lots - C series 11g. cry. Riba. % Bone Total ribofla- 
added/100 lb. meal vin content of 

added ration expressed 
in microrams/ 
100 grams 

i - 6 Basal 00.0 0 190.00 

2 - 7 Basal 20.0 0 234.09 

3 - 8 Basal 40.0 278.18 

4 - 9 Basal 60.0 0 322.29 

5 - 10 Basal 80.0 0 366.36 

li - 13 Basal 00.0 3 190.00 

12 - 14 Basal 80.0 3 366.36 

Duplicate lots of 28 day-old, sexed, wing banded, 

Rhode Island Red, chicks were placed on the ration at each 

level, males and females being kept separately. 
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In Trial IV, a suilar experirnent to Trial I and III was 

conducted. Three levels of riboflavin in duplicate instead 

of five were used, namely, 278.18, 322.29 and 366.36 ruicro- 

grains per 100 crains of ration. In connection with these 

three levels, two lots oÍ high bone meal, one being low in 

riboflavin and the other high level; and another two lots 
or iih limestone, one being low level of riboflavin and the 

other beinG high were also set up. All lots were run in 

duplicate. The general scheme of this set up is suirnnrized 

as follows; 

Lots - D series 1.ig.cry. % % Tot. ribo. content 
ribo. Bone Lime of ration expressed 

added! meal stone in micrograms/l00 
lOO lb. added added &rams 

1 - 8 Basal 40.0 0 0 278.18 
2 - 9 Basal 60.0 0 0 322.29 
3 - 10 Basal 80.0 0 0 366.36 
4 - 11 Basal 40.0 3 0 278.18 
b - 12 Basal 80.0 3 0 366.36 
6 - 13 Basal 40.0 0 3 278.18 
7 - 14 Basal 80.0 0 3 366.36 

Duplicate lots of 30 day-old, sexed, wing banded, Rhode 

Island Red chicks were placed on the ration at each level, 
both sexes being mixed in ecual number in each lot0 

Riboflavin levels in Trial III duplicate lots of 1-C, 

2-C, 3-C and 11-C, and in Trial IV duplicate lots of 1-D, 2-1g 

4-D and 6-D were increased at the rate of 1,200 micrograras/ 

lb. (or 264.3 ruicrograrns/lOO gins.) at the beginning of the 

fifth week, This was done as a corrective measure and to 

prevent mortality occurring as a result of curly-toe paralysis. 
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Ingredients Basal I for Basal II for 
Trial I & II Trial III & IV 

Fish meal (65% 
Soybean oil meal 
Meat scrap 
Wheat bran 
Ground wheat 
Ground barley 
Ground oats 
Ground yellow corn 
Steam bone meal 
Oyster shell (flour) 
Sal t 
Fish oil (2000A-900L 
Manganese sulphate 
Total 

4 3 
21 19 
0 4 

11 5 

18 44 
o 10 

10 10 
31 0 
2 2 

2.5 2,5 
0.5 0.5 
0.3 (3000-400 D) 0.6 

1/5 oz. o 

100.3 100.6 

Protein 19.91 
Calcium 1.875 
Phosphorus 0.875 

Cale iiim 
Phosphorus 

Calcium 
Pho spho rus 

is Analysis 
I Actual /1 Calculated / Actual 

cent Per cent 
--- 20.56 21,00 
--- 2.1709 2.286 
--- 0.9722 0.918 

Basal II plus 
Bone meal 
Per cent 

--- 2.894 
--- 1.275 

Basal II plus 
Lime stone 
Per cent 

--- 3.617 
--- 0.996 

Micrograms/l00ns . Licrorams/1OOtus. 
Riboflavin 158.00 180.00* 141.50 190.0* 

Pantothencd U08.00 985.00 1067.00 960.0 
Biotin (water 

extract) 12.61 14.40 8.61 11.0 

(acid 
extract) 22.01 --- 19.43 20.0 

Nipcin 58,500 --- 56,800 

*Thjs is the average range of assay values. 



Result s 

TrIal I 

Data perLainin. to results oltairied in Tì1 I on 

Erowth incidence of moita1ity, curled toe paralysis, and 

feed efficiency are given in Tables 1-A and 4-A. Statisti- 

cal analysis of data are shown in Tables 2-A and 3-A. 

From the tabular data presented it will be noted that 

growth rate was maximum at the level of 356.26 micrograms 

of total rIboflavin per 100 grams feed. Increasing the 

riboflavin level above this point did not increase the rate 

of growth throughout the trial. Although weight variations 

did exist from week to week, they were so slight that their 

differences were negligible. 

The same data also reveal that the avera3e growth rate 

for duplicate lots from l-A to 5-A was directly proportion- 

al to the increment of regulated crystalline riboflavin ex- 

cept for lot 9-A. The total grams gain per gram of feed 

was maximum In lots 5-A and 10-A. Increasing the riboflavin 

level by 44.09 micrograms of riboflavin per 100 grams feed as 

was done in lots 6-A and 12-A did not increase efficiency of 

feed utilization. 

To test possible effects of regulated amounts of cry- 

stalline riboflavin on increasing average rate of growth due 

to feed efficiency existing among lots or rations, the Chi 

Square test for homogenity was applied to the data on final 
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average weiRht of all lots in Trial I. This test is sum- 

marized in Table 2-A. 

From this table it can be seen that the total Chi 

Square is 19.6576. Since the deßrees of freedom are 5, the 

P value would then be less than 0.01%, therefore, it indi- 

cates that a highly significant difference exists among lots 

or rations. Thus, it is shown that the final average weight 

due to feed efficiency is Influenced by increment of cry- 

stalline riboflavin in the basal diet; hence an analysis of 

variance and comparisons of the means of the apparent aver- 

age growth weight between lots or rations were made. In the 

analysis of variance, it is clearly seen that there is a 

highly si1ficant difference existing within lots orratils, 

due to the fact that its actual F value is 26.48 which ex- 

ceeds the F value of 10.97 for 0.01 level; therefore compaI- 

isons between lots or rations would be further necessary. 

Thus, by either of the above methods of comparison, it 

is shown that growth rate betweefl lots is influenced by in- 

crement of riboflavin level in the basal diet. A highly 

significant difference in favor of lot 6-A is shown over 

Lot l-A, and a significant difference in favor of Lot 6-A 

is shown over Lot 2-A. Lots 3-A, 4-A, and 5-A do not dif- 

fer significantly from Lot 6-A. Lot l-A is significantly 

inferior in growth rate to Lot 5-A, and approaches sii- 

f icant inferiority to Lots 3-A and 4-A. Both Lots 5-A 



and 6-A have almost the same growth rate as judged. by the 

very low F vslue (0.16) existIng wben these tvo lots are 

compared. The average growth rate of Lot 9-A (668 grams) 

is high when compared to that of Lot 3-A, its duplicate 

(608 grams), and even to that Lot 6-A (645 grams) which re- 

ceived the highest level of crystalline ribofavin anong 

lots, thus lowering the F value (0.48) statistically when 

Lot 3-A and Lot 3-A are compared. Theoretically, if Lot 

9-A were not stimulated by external environmental factors 

the calculated F value would be 2.92 as indicated in Table 

3-A. 

Data in Table 4-A show uiortality to be highest in lots 

fed on the basal diet and lowest in Lots 5-A and. 11-A. 

Mortality is shown to be in general lower at the optimum or 

near-optimum levels of riboflavin. In Lot 12-A four birds 

died of a paralytic condition (not curled toe paralysis) at 

the eighth weekts trial increasing the mortality at this 

riboflavin level. 

The occurrence of curled toe paralysis was highest in 

duplicate lots that received the two lowest levels of ribo- 

flavin. Thirty-four per cent of the chicks fed the basal 

diet developed curled toe paralysis, and thirty per cent of 

the chicks fed the first level of added riboflavin. Lot 

3-A and 9-A both receiving 268.18 micrograms had none. 
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The occurrence of perosis was rather general an mci- 

dence low for all rations. Duplicate Lots 4-A and 10-A had 

an occurrence of ten oer cent fur the maximum incidence and 

Lots 5-A and 10-A had. the lowest incidence. 

In this trial no perosis was found to occur following 

symptoms of curled toe paralysis. 
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Table l-A Trial I 

Summary of the Average Veiaht of 
Unsexed Rhode Island Reds 

Lots l-A 2-A 3-A 4.A 5-A 6-A 

Expressed in micrograms/lOO mms 

Added ribo. 000.00 44.09 88.18 132.27 176.36 220.45 
Assay val. 180.00 180.00 180.00 180.00 180.00 l80.(D 
Total val. 180.00 224.09 268.18 312.27 356.36 400.45 

grns gms . gms ms gms gms. 

ist wk. 49.09 55.60 54.40 53.30 74.80 74.80 
2nd wk. 70.80 80.40 80.50 77.10 87.40 86.10 
:3n5. wk. 104.30 110.90 120.50 113.40 136.98 132.70 
4th wk. 151.10 160.60 171.30 170.10 203.20 196.10 
5th wk. 205.00 196.90 232.70 229.10 264.60 261.04 
6th wk. 274.80 295.06 305.90 309.40 347.00 340.20 
7th wit. 338.90 381.40 395.60 385.80 439.40 431.14 
8th wk. 440.00 484.50 503.80 519.30 563.10 536.20 
9th wk. 557.80 576.60 608.20 627.10 671.60 672.50 

Lot 2 8-A 9-A 10-A 11-A 12-A 
gma. gms. gins. gins. gins. 

ist wk. 49.90 53.30 56.70 57.80 71.40 71.40 
2nd wk. 68.81 72.60 8i.30 69.20 83.90 83.90 
3rd wit. 101.40 105.10 121.50 134.90 135.10 132.30 
4th wit. 133.10 154.70 182.20 191.60 188.20 200.70 
5th wk. 174.30 207.90 252.40 254.00 261.00 279.60 
6th wit. 237.20 277.30 350.10 348.50 363.80 377.50 
7th wit. 296.20 380.10 449.50 430.30 455,80 465.20 
8th wk. 415.76 483.20 564.10 532.50 529.20 556.70 
9th wk. 517.55 554.40 667.70 613.40 621.50 645.60 
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Table 2-A 

Chi Square Test for homogenity of iverae iine 
Neek Neights in Grams for Trial One 

(Classified by rations) 

Ration i 

Added ribo. 000.00 
Assay vaL 180.00 
Totalval. 180.00 

SublotA 558 
Sub ls- B 518 

2 

E 

44.09 
180.00 
224.09 

577 
554 

3 

xpresse 
88.18 

180.00 
268.18 

608 
668 

4 5 

i. in microgm/1 
132.27 176.36 
180.00 180.00 
312.27 356.36 

627 672 
613 621 

29 

6 

30 grains 
220.45 
180.00 
400.45 Sum Mean 

672 3656 609 
645 3601 600 

Sum 1076 1131 1276 1340 1293 1317 7257 

iÏean 538 565 638 620 646 658 6044 

Calculation for the Total Chi Square 

Expected 605 605 605 605 605 605 
Observed 538 565 638 620 646 658 

Difference -67 -40 +33 -I-15 -f 41 + 53 

d2 4489 -+- 1600 +1089 + 225 -4- 1681 -1- 2809 11893 

- 19.6578 

df = 5 

P less than 0.01 
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Table 3-A 

Analysis of Variance of Rations or Lots 

Source of Variance Degree of Sum of iIean of 
Freedom Squares Squares 

Total 11 120,485 
Within sublots 1 253 253 
Within rations 5 115,856 23,171* 
Discrepance (error) 5 4,374 875 

*Highly significant. Exceeds F value for 0.01 level. 

F 23,171 or 26.48 actual F value. 
875 

F value (d.f. 5 and 5) for 0.05 level is 5.05: 
for 0.01 level is 10.97. 

Since a significant effect of ration is indicated, 1t corn- 
pansons are as follows: 

Lot 6 and i (1317_1076)2 - 14520 F = 14520 or l6.59** 
2(2) 875 

Lot 6 and 2 l7_113112 8649 F z 8649 or 9.88* 
2(2) 875 

Lot 6 and 3 £1317_1276)2 420 F = 420 or 0.48 2() 875 

Lot 6 and 4 (1317_1240)2 1481 F = 1481 or 1.69 
2(2) 875 

Lot 6 and 5 (1317_1293)2 144 F : 144 or 0.16 
2(2) 875 

Lot 6 and 3 L13l7-121j 2550 F 250 or 2.92 the- 
2(2) 875 oretically 

F value for 1t comparison (i and. 5 d.f.) at 0.01 
16.26 

at 0.05 
6.61 
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Table 3-A (cont.) 

** Highly significant. Exceeds F value for 0.01 level. 
F value (d.f. i and 5) for 0.01 level a 16.26. 

* Significant. Exceeds F value for 0.05 level. 
F value (d.f. 1 an 5) for 0.05 level z 6.61. 

Lot comparison by computin the least significant mean 
difference. 

F z t2 or t 

Hence, F at 0.05 = 6.61, then t at 0.05 z 16.61 or 2.571 
0.01 = 16.26, then t at 0.01 z 114.26 or 4.037 

To find, least significant mean difference: 

if t at 0.05 level for hig}uly significant difference, 

then 2.571 /(875) or 76.05 grams "z 
if t at 0.01 level for highly significant difference, 

then 4.037 /,(875) or 119.41 grams. 



Table 4-A 

Summary of the Mortality, Curled Toe Paralysis, Perosis, 
Curled Toe Paralyis and Perosis Combined and Feed 

Efficiency in Trial I 

Lot No. l-k 2-A. 3-A 4-Ai 5-A 6-A 
p7-A 8-A 9-& 10-A 11-A 12-A 

Expressed in micrograrns/lOO gms. 

Added ribo, 000.00 044.09 088.18 132.27 176,36 220.45 
Assay value 180.00 180.00 180.00 180.00 180.00 180.00 
Total value 180.00 224.09 268.18 312.27 356.36 400.40 

No. dead l-A to 6-A 4 4 4 3 3 2 
7-Atol2-A 7 3 5 3 2 6 

Total il 7 9 6 5 8 
Percentage 22 14 18 12 10 16 

No. with curled l-A to 6-A 7 8 0 2 1 0 
toe paralysis 7-A to 12-A 10 7 0 1 0 0 
Tot1 17 15 0 3 1 0 
Percentage 34 30 0 6 2 0 

No. with perosis 1-A to 6-A 3 0 1 4 1 2 
7-Atol2-A, 1 2 2 1 0 0 

Total 4 2 3 5 1 2 
Percentage 8 4 6 10 2 4 

cJ 

to 



Table 4-A (cont.,) 

Lot No. 1-A 2- 3-A 4-A 5-A 6-A 
7-A 8A 9-A 10-A 11-A 12-A 

Expressed In micrograrns/100 gtns. 

Added ribo. 000.00 044,09 088.18 132.27 176.36 220.45 
Assay value 180.00 180.00 180.00 180.00 180.00 180.00 
Total value 180.00 224.09 268.18 312.27 356.36 400.40 

No. with curled 
toe paralysis 1-A to 6-A O O O O O O 
and perosis 7-A to 12-A O O O O O O 

Total O O O O O O 
Percentage O O O O O O 

Gram gain per 
gram feed at 4 1-A to 6-A 0.240 0.240 0.272 0.292 0.340 0.296 
weeks of age 7-k to 12-A 0.170 0.224 0.270 0.291 0.313 0.310 
Total 0.410 0.464 0.542 0.583 0.653 0.606 
Average 0.205 3.232 0.276 0.291 0.326 0.303 
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Trial III 

Experiments in Trial III were conducted similar to 

that of Trial I. Data obtained. on growth, inciìence of inox 

tality, curled. toe paralysis and feed efficiency are given 

in Tables l-C and 4-C. Statistical analysis of data are 

shown in Tables 2-C and 3-C. The rth curves plotted for 

the respective riboflavin levels are shown in Figure l-C. 

Since it was demonstrated in Trial I that the maximum 

level of riboflavin in the diet was aoproximately 356.36 

microrams per 100 grams feed, theefore this amount was 

chosen as the top level in this trial. 

From the data presented in Table l-C and Figure l-C, 

again, it will be noted that the average growth rate for 

duplicate lots from l-C to 5-C was in response to gradu- 

ated levels of crystalline riboflavin, and was inhibited by 

excessive amounts of added meal to the diet as indicated 

in Lots 11-C, and 12-C, and their corresponding. duplicates. 

In order to test possible effects of regulated amounts of 

crystalline riboflavin on increasing average rate of growth 

due to feed efficiency, and effect of excessive amounts of 

bone meal in the diet on decreasing average rate of growth 

existing among lots or rations the same method of approach 

in statistical analysis for Trial I was employed. Results 

of this analysis are arranged arid presented in Tables 2-C 

and 3-C. 
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Table 2-C shows that the total Chi Square in the test 

for homogenity is 99.56. Since the degrees of freedom are 

6, therefore the P vdue would then be less than 0.01 indi- 

cating that there is a great significant difference existir 

among lots or rations; hence an analysis of variance is 

necessary. 

Again, in the analysis of veriance (Table 3-C) it is 

shown that the actual F value for variation within lots or 

rations is 25.44 which exceeds the F value of 8.47 for 0.01 

level, therefore it is hihly significant; thus, compari- 

sons of the means of the apparent average growth weight be- 

tween lots or rations are further necessary. 

In comparison between lots, it is shown there is a 

highly significant difference existing in favor of Lot 5-C 

or ration 5 over Lots 1-C, 2-C, 11-C, and. 12-C, and a sig- 

nificant difference in favor of Lot 5-C over Lot 3-C. Lot 

4 does not differ significantly frc:n Lot 5-C. Lots 1-C, 

2-C, 11-C, and 12-C are significantly inferior in growth 

rate to Lot 4-C. Lot 3-C is significantly inferior in 

growth rate to Lot 4-C. Lot 1-C and Lot 11-C both are same 

order in rate of growth. 

Data in Table 4-C reveal that mortality was highest 

among lots fed on the basal diet and high bone meal diet, 

and lowest in top level riboflavin 1os. Again, it is 

true that mortality occurred in lots receiving sub-optimal 
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levels of riboflavin is Eenerally lower than lots receiving 

basal diet alone; but in Lot 4-C the death rate was excep- 

tionally high due to unknown reasons, thus increasing the 

percentage of mortality at this riboflavin level. 

The occurrence of curled toe paralysis was highest in 

lots receiving the lowest level of riboflavin with or with- 

out added bone meal, and none was developed in optimal level 

of riboflavin lots or lots receiving added bone meal. Kout 

34 per cent of the chicks fed on basal diet developed curled 

toe paralysis, and forty-six per cent of tie chicks fed the 

basal with added bone meal. The incidence was greatly re- 

duced according to the increment of regulated amount of cry- 

stalline riboflavin. About twenty-three per cent of thL 

chicks fed the first level of added riboflavin developed 

curled toe paralysis, twenty-one per cent of the chicks fed 

the second level, and only about two per cent of the chicks 

fed the third level. 

The incidence of perosis was greatly reduced in this 

trial. one was developed in lots that received sub-optimal 

levels of riboflavin in their diet, and only about four per 

cent of the birds fed the top level of riboflavin both with 

or without addition of bone meal encountered perosis. Again, 

there was no perosis that could be traced to curled toe para- 

lysis in this trial. 
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The increase in efficiency of fee utilization closely 

followed the increment of regulated crystalline riboflavin 

in their diets; but definitely the adQition of bone meal in 

excess of that in the basal diet decreased the utilization 

of feed appreciably. 



Table l-C Trial III 

Summary of the Average Weight of Sexed thode Island Reds 

Males Lot l-C Lot 2-C Lot 3-C Lot 4-C Lot 5-C Lot li-C Lot 12-C 

Expressed in microgrn./iOO gms. 
Added ribo. 00.0 44,09 88.18 132,29 176.36 00,0 165,36 
Assay value 190.00 190.00 190.00 190.00 190.00 184.47 190.00 
Total value 190.00 234.09 278.18 322.29 366.36 184.47 365.36 

Added Bonerneal 
3% 3% 

gms gms gms gma gms gms gms. 

ist wk. 49.90 47.90 48.32 51.81 52.32 51.10 50.80 
2nd wk. 60.10 63.80 70.90 78.90 87.20 68.70 70,90 
3rd wk. 85.10 85.10 99.88 119.80 117.90 85.90 103.50 
4th wk. 112.10 119.80 153.30 175.20 192.96 120.40 144.20 
5th wk. 135.30 146.90 217.30 255.20 279.10 149.50 205.20 
6th wk, 194.40 213.90 298.90 359.20 389.30 213.40 296.90 
7th wk. 277.80 295.80 422.50 477.90 495.80 270.00 386.40 
8th wk, 366.96 402.00 556.20 596.04 599.30 380.50 518.30 
9th wk. 508.70 528.30 708.80 718.63 745.10 524.50 634.10 



Table l-C Trial III (cont.,) 

Females Lot 6-C Lot 7-C Lot 8-C Lot 9-C Lot 10-C Lot 13-C Lot 14-C 

Expressed In mlcrogm./100 gme. 
Added ribo. 00.0 44.09 88.18 132.29 176.36 00.0 165.36 
Assay value 190.00 190.00 190.00 190.00 190.00 184.47 190.00 
Total value 190.0 234.09 278.18 322.29 366.36 184.47 365.36 

Added Bonemeal 
3g 3% 

gms. gms. gais. gais. gais. gais. gais. 

ist wk. 36.40 35.40 49,60 53.30 53.70 34,70 54.20 
2nd wk. 68.80 67.20 73.50 82.60 90.30 48.00 73.90 
3rd wk, 89.20 88.70 105.00 126.40 135.49 86.20 104.70 
4th wk. 122.10 107.90 160.60 175.99 199.50 115.70 149.10 
5th wk. 184.80 168.96 224.70 251.60 279.30 146.50 207.40 
6th wk. 242.10 260.80 286.80 357.90 377.98 198.50 266.80 
7th wk. 282.50 328.90 409.96 461.90 482.99 265.40 382.70 
8th wk. 372.90 411.60 530.98 591.80 589.00 379.70 525.20 
9th wk. 523.30 535.20 620.30 713.50 743.83 466.10 644.20 

c'o 
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Table 2-C 

Chi Square Test for Homogenity of Average Nine 
Week Weights in Grams for Trial Three 

(Classified by lots or rations) 

Ration 1. 2 3 4 5 11 12 
Bone Mea]. 

3% 3% 
Added ribo. 000,00 44.09 88.18 132.29 176.36 000.0 171,21 
Assay value 190.00 190.00 190.00 190.00 190.00 190.0 190.00 
Total value 190.00 234.09 278.18 322.29 366.36 190.0 361.61 Sum Mean 

Sub lots-A 509 528 709 719 745 525 634 4369 624.1 
Sub lots-B 523 535 620 714 744 466 644 4246 601.7 

Sum 1032 1063 1329 1433 1489 991 1278 8615 

Mean 516 531.5 664.5 716.5 744.5 495.5 639 615,3 



Table 2-C (cont.) 

Calculation for the Total Chi Square 

Expected 615 615 615 615 615 615 615 
Observed 516 532 665 717 745 496 639 

Difference - -99 -83 +50 +102 +130 -119 +24 

a2 : 9,801 + 6,889 - 2,500 4 10,404 4 16,900 ¿ 14,161 4 576 

61,231 

99.56 

d.f. : 

P = less than 0.01 

I-J 



42 Table 3-C 

Analysis of Variance of Rations or Lots 

Source of Variance Degree of Sum of Mean of 
Freedom Squares Squares 
(n-1) 

Total 13 128,190 
Within sublots 1 1,081 1,081 
Within rations 6 122,303 20,383.8* 
Discrepance (error) 6 4,806 801 

*highly significant. Exceeds F value for 0.01 level. 

Actual F value 20,383.8 25.44 
801 

Since there is significant difference between rations, lot 
comparisons are shown below: 

Lot 5 and i (1489_1032)2 52,212 F 52,212 or 65.l8** 
2(2J 801 

Lot 5 and 2 (l489_1063)2 45,369 
2(2 J 

Lot 5 and 3 (1489_1329)2: 6,400 
(21 

Lot 5 nd 4 (l489_l433)2 784 
2(2Y - 

Lot 5 and 11 (1489_991)2 62,001 
2(2) - 

Lot 5 and 12 (1489_l278)2 11,130 
2(2J 

F : 45,369 or 56.64** 
801 

F 6,400 or 7.99* 
801 

F 784 or 0.978 
801 

F or 77.26** 
801 

F 11,130 or 13,89** 
801 

Lot i and li (1032_991)2 420 F 420 or 0.52 
2Ç2) 

F value for 1t comparison (i and 6 d.f.) at 0.01 13.74 
at 0.05 5.99 
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Table 3-C (cont.) 

** Highly significant. Exceeds F value for 0.01 level. 
F value (d.f. i and 6 for 0.01 level 13.74 

* Significant. Exceeds value for 0.05 level. 
F value (d.f. i and 5) Cor 0.05 level 5.99 

Lot comparison by computing the least 
significant mean difference 

F t2 or t 

Hence, if F at 0.05 5.99, then t at 0.05 j5.99 or 2.447 

if F at 0.01 13.74, then t at 0.01 - '113.74 or3.99 

To find the least significant mean difference: 

If t at 0.05 level for significant difference, 

then 2,447 /g(801) or 69.25 grams. 

If t at 0.01 level for highly significant differenc 

then 3.699 /(801) or 104.68 grams 



Table 4-C 

Summary of the Mortality, Curled Toe Paralysis, Perosis 
Curled Toe Paralysis and Perosis Combined, and 

Feed Efficiency in Trial III 

Lot No. l-C 2-C 3-C 4-C 5-C 11-C 12-C 
6-C 7-C 8-C 9-C 10-C 13-C 14-C 

Expressed in micrograms/l00 grams 
Added ribo. 000.0 44.09 88.18 132.27 176.36 000.00 176.36 
Assay value 190.0 190.00 190.00 190.00 190.00 190.00 190.00 
Total value 190.0 234.09 278.18 322.27 366.36 190.00 366.36 

Bonemeal added 
3% 

No. dead l-C to 12-C 10 6 7 8 2 9 9 

6-C to 14-C 4 3 2 3 1 6 9 
Total 11 9 9 11 3 15 18 
Percentage 25 16.07 16.07 19.64 5.37 26.8 32.1 

No. with curled l-C to 12-C 9 8 6 1 0 15 0 
toe paralysis 6-C to 14-C 10 5 6 0 0 11 0 
Total 19 13 12 1 0 26 0 
Percentage 33.92 23.21 21.42 1.78 0 46.42 0 

No. with l-C to 12-C O O O O O O O 

perosis 6-C to 14-C O O O 0 2 0 2 
Total O O O 0 2 0 2 

Percentage O O 0 0 3.57 0 3.57 



Table 4-C (cont.) 

Lot No. 1-C 2-C 3-C 4-C 5-C 11-C 12-C 
6-C 7-C 8-C 9-C 13-C 13-C 14-C 

Expressed in micrograms/100 grams. 
Added ribo. 000.0 44.09 88.18 132.27 176.36 000.0 176.36 
Assay value 190.0 190.00 190.00 190.00 190.00 190.0 190.00 
Total value 190.0 234.09 278.18 32,27 366.36 190.0 366.36 

Bonemeal added 
3% 3% 

No. with curled 
toe paralysis 1-C to 12-C O O O O O O O 
and perosis 6-C to 14-C O O O O O O O 
Total O O O O O O O 
Percentage O O O O O O O 

Gram gain per 
gram feed at 4 1-C to 12-C 0.194 0.209 0.258 0.285 0.350 0.237 0.260 
weeks of age 6-C to 14-C 0.261 0.206 0.295 0.333 0.343 0.265 0.283 
Total 0.455 0.415 0.533 0.618 0.693 0,502 0.543 
Average 0.227 0.207 0.276 0.309 0.346 0.251 0.271 

o, 
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Trial IV 

Data obtained on growth, incidence of mortality, curled 

toe Daralysis and feed efficiency are presented in Tables 

l-D and 4-D. Statistical analysis of data are shown in Tab 

2-D and z-D. The growth curves plotted for the respective 
riboflavin levels and the various mineral depressing effects 
are shown in Figure l-D. 

From the data given in Table l-D arid. Figure l-D, again, 

it is clearly shown that the rate of growth for duplicate 

lots from l-D to 3-D was in response to graduated. levels of 

crystalline riboflavin, and was inhibited by excessive bone 

meal or limestone to the diet as illustrated by duplicate 

lots from 4-D to 7-D. Since the effects of graduated amounts 

of crystalline riboflavin, and excessive quantities of mineI- 

al contents in the diet on growth rate are the sanie as that 
of Trial III, a similar method of statistical analysis was 

employed to find out the significant difference between lots 

or rations. Results of this analysis are shown in Tables 

2-D and 3-D. 

Results given in Table 2-D show that trie total Chi 

Square in the test for homogenity is 24.51. Since the de- 

rees of freedom are 6, therefore, the P value is less than 

0.01, showing that there is a great significant difference 

existing among lots; hence an analysis of variance and com- 

parisons between lots are required. 
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In the analysis of variance as shown in Table 3-D it 

can be noted that the actual F value for variation within 

lots or rations is 5.345 which exceeds the F value of 4.28 

for 0.05 level, therefore it is significant, suggesting 

that comparisons of the means of the apparent average growth 

weight between lots or rations are essential. 

By either of the above methods lt is evident that 

growth rates between lots or rations is Influenced by incre- 

ment of riboflavin level as well as of mineral content in 

the basal diet. 

A highly significant difference exists in favor of the 

top riboflavin Lot 3-D over Lots 6-D and 7-D. Lot 3-D ds 

not differ significantly from Lot 2-D; and compared to Ls 

l-D, 4-D and 5-D is of a higher order tut not significantly 

different. 

Lots l-D, 4-D and 5-D o not differ from each other 

significantly in their inferior rate of growth. Lots 6-D 

and 7-D are sl3nluioant1y inferior in growth rate to Lot 

2-D, and approaches significant inferiority to Lots l-D, 

4-D, and 5-D. 

Data in Table 4-D reveal that mortality was highest in 

both lots fed on high bone meal or limestone diet, and low- 

est in lots that received the top level of riboflavin with- 

out added minerals. From a careful study of the data it 

would indicate that high limestone diet seemed to cause a 

little heavier mortality than high bone meal lots. In both 



cases the addition of crystalline riboflavin to raise the 

content to maximum level in high mineral diet did not d.e- 

crease mortality. 

The occurrence of curled toe paralysis followed the 

same enera. trend as that of Trial III. It was high in 

lots receivin the sub-optimal levels of riboflavin, and 

none in all top riboflavin level lots either fed with added 

or without mineral diet. High mineral content in the diet 

had no influence on curled toe paralysis whatsoever. Abwt 

thirty-eight per cent of the chicks fed the sub-optimal 

level of riboflavin diet developed curled toe oaralysis, 

thirteen per cent of the birds fed the same diet but with 

the addition of bone meal, and twenty-three per cent of 

birds with the addition of limestone. 

The incidence of :ïerosis was comparatively high in this 

trial. It occurred at each level of riboflavin and mineral 

tested. High bone meal lota had more perosis develop than 

high limestone lots. Lots that were fed the sub-optmal 

level of riboflavin and optimum level in both cases had - 

proximately eleven per cent of perosis. There were only two 

known cases of perosis to develop following the symptoms of 

curled toe paralysis. 

Again, the increase in efficiency of feed utilization 

closely folled the increment of regulated crystalline ribo- 

flavin in their diet. Lots fed on high bone meal diet seemed 

to utilize feed more efficiently than those that were on high 
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limestone diet; but in no case did addition of crystalline 
riboflavin to the high mineral diets increase their feed 

efficiency. 



Table l-D Trial IV 

Summary of the Average Weight of 
Rhode Island Reds 

Both Sexes were divided in equal number in each lot. 

Lots :i- 2.-D 3-D 4-D 5-D 6-D 7-D 

Expressed in microgm/lOO gins. 

Added riba. 88.18 132.29 176.36 88.18 176.36 88.18 176.36 
Assay value 190.00 190.00 190.00 190.00 190.00 190.00 190.00 
Total value 278.18 322.29 366.36 278.18 366.36 278.1E 366.36 

Added Bonerneal Added Lime stone 
3% 3g 3% 3% 

gtns. gms. gms. gms. gms. gms. gais. 

ist wk. 51.80 52.90 55.70 50,60 52.80 48.90 43.60 
2nd wk. 78.20 79.20 82.10 73.50 78.97 66.50 65.80 
3rd wk. 108.60 110.50 120.20 106.10 121.80 86.90 91.90 
4th wk. 163.90 168.50 187.70 163.80 194.20 108.10 135.60 
5th wk. 203.50 244.40 267.30 235.10 275.10 183.20 193.50 
6th wk. 310.80 333.40 362.50 331.90 358.00 261.70 266.30 
7th wk. 422,20 436.00 472.80 433.90 474.30 354.40 341.40 
8th wk. M6.70 547.50 595.40 552.20 582.20 457.90 453.60 
9th wk. 667.20 664.80 709.70 649.60 694.00 570.30 555.90 

Ui 
o 



Table 1-D (cont.) 

Lots 8-D 9-D ifl-D -D 12-D 13-D 14-D 

Expressed in miciogm/1Oo gma. 
Added ribo. 88.18 132.29 176.36 88.18 176.36 88.18 176.36 
Assay value 190.00 190.00 190.00 190.00 190.00 190.00 190.00 
Total value 278.18 322.29 366.36 278.18 366.36 278.18 366.36 

Added Bonemeal 
3 3% 

guis guis guis guis. gms. 

Added Lime stone 
3% 3% 

gma. guis. 

ist wk. 50.80 53.70 52.90 49.70 51.60 48.20 49.00 
2nd wk. 75.30 85.10 83.10 78.97 77.70 68.90 69.40 
3rd wk. 106.30 127.60 120.20 108.10 108.10 88.95 93.30 
4th wk. 154.90 205.90 198.80 165.30 160.60 118.30 140.60 
5th wk. 211.00 286.50 270.80 237.30 237.30 171.30 210.00 
6th wk. 303.40 392.80 351.90 327.60 325.50 268.05 304.10 
7th wk. 411.60 512.30 470.20 428.40 427,30 364.80 374.60 
8th wk. 532.98 625.60 563.90 548.40 536.40 479.40 507.60 
9th wk, 645.50 716.80 735.90 649.80 614.98 575.98 612,90 

Ui 
F-J 
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Table 2-D Trial IV 

hi Square Test for Homogenity of Average Nine Week 
Weights in Grams for Trial Four 
(Classified by Lots or Rations) 

Ration 1 2 3 4 5 6 7 

Expressed in tnicrograms/l00 grns. 
Added ribo. 88.18 132.29 176.36 88.18 176.36 88.18 176,36 
Assay value 190.00 190.00 190.00 190.00 190.00 190.00 190.00 
Total value 278.18 322.29 366.36 278.18 366.36 278,18 366.36 

Added Bonemeal Added Limestone 
3% 3% 3% 3% Sum Mean 

Sublots-A. 667 665 710 650 694 570 556 4512 664.5 

Sublots-B 646 717 736 650 615 575 612 4551 650.1 

Sum 1313 1382 1446 1300 1309 1145 1168 9063 

ri:en 651.5 (391 723 650 654.5 572.5 584 647.3 

u, 
I\) 



Table 2-D Trial IV (Cont.) 

Ration 1 2 3 4 5 6 7 

Expressed in micrograms/iDa grhs. 

Added ribo. 88.18 132.29 176.36 88.18 176.36 88.18 176.36 

Assay value 190.00 190.00 190.00 190.00 190.00 190.00 190.00 

Toti value 278.18 322.29 366.36 278.36 366.36 278.18 366.36 
Added Bonemea]. Added Limestone 

3% 3% 3% um Mean 

Ca1eulaton for the Total Chi Square 

Expected 647 647 647 647 647 647 647 
Observed 652 691 723 650 654 572 584 

Difference +5 +44 +76 43 +7 -64 -63 

a2 = 25 + 1936 4 5776 4- 9 -f 49 -I- 4096 -I- 3969 - 15860 

24.51 
e 

d.f. 6 

P = less than 0.01 
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Table 3-D 

Analysis of Variance of Rations (or Lots) 
for Trial IV 

Source of Variance Degree of Sum of Mean of 
Freedom Squares Squares 
(n-l) 

Total 13 41,384 
Within sublots 1 109 109 
Within rations 6 34,772 5,795s 
Discrepance (error) 6 6,503 1,083.8 

*Significant. Exceeds F value for 0.05 level. 

Actual F vaiue 5795 or 5.345 
1084 

F value (d.f. 6 and 6) for 0.05 level is 4.28 
for 0.01 level is 8.47 

Since there is sinificant difference between rations, lot 
comparisons are necessary: 

Lot 3 and i (46-i 
2(2) 

4422 

Lot 3 and 2 446_l382)2 - 729 
2(2) 

Lot 3 and 4 a446-l3QQj 5329 
2(2) 

Lot 3 and 5 1446-i3O9j. 4692 
2 Ç2) 

Lot 3 and 6 j446-1l45 -22650 
2(2) 

Lot 3 and 7 l446-ll68 19321 
2(2) 

Lot i and 4 (1313-1300) 422 
2(2) 

F = 4422 or 4.079 
1084 

F z 29 or 
10 

0.669 

F or 4.916 
1084 

F 4692 or 4.236 
1084 

F 22650 or 24.65* 
1084 

F = 19321 or i7.82* 
]_ 084 

F : 422 or 0.038 
1084 



Table 3-D (cont.) 

F value for lot comparison (1 and 6 d.f.) at 0.01 z 13.74 
at 0.05 = 5.99 

** Highly significant. Exceeds F value for 0.01 level. 
F value (d.f. i and 6) for 0.01 level 13.74. 

* Signlficant. Exceeds F value for 0.05 level. 
F value (d.f. i and 6) for 0.05 level : 5.99 

Lot comparison by computing the least significant mean 
difference: 

F t2ort=JF 

Hence, if F at 0.05 z 5.99, then t at 0.05 = /5.99 or 2.447 

if F at 0.01 z 13.74 then t at 0.01 = /13.74 or 3.6 

To find the least significant mean difference: 

If t at 0.05 level for significant difference, 

then 2.447 /o84) or 80.506 grams. 

If t at 0.01 level for hiphly significant difference 

then 3.699 /(1o84) or 121.69 grams. 
V 



Table 4-D 

Summary of the Iorta1ity, Curled Toe Paralysis, Perosis, 
Curled Toe Paralysis and Perosis Combined and Feed 

Efficiency in Trial IV 

Lot No. l-D 2-D 3-D 4-D 5-D 6-D 7-D 
8-D 9-D 10-D 11-D 12-D 13-D 14-D 

Expressed In micrograms/ba grams 
Added ribo. 088.18 132.27 176.36 088.18 176.36 088.18 176.36 
Assay value 190.00 190.00 190.00 190.00 190.00 190.00 190.00 
Total value 278.18 322.27 366.36 278.18 366.36 278.18 366.36 

Bonemeal added Limestone added 
3% 3% 3% 3% 

No. Dead l-D to 7-D 2 1 2 7 5 1 7 
8-Dtol4-D4 2 2 4 4 8 9 

Total 6 3 4 11 9 9 16 
Percentage 10 5 6.6 18.3 16.6 16.6 26.6 

No. with curled 1-D to 7-D 13 5 0 4 0 7 0 
toe paralysis 8-D to 14-D 10 7 0 4 0 7 0 

Total 23 12 0 8 0 14 0 
Percentage 38.33 20 0 13.33 0 23.33 0 

No. with l-D to 7-D 4 1 3 7 5 0 2 
perosis 8-D to 14-D 3 0 4 7 8 2 1 

Tots]. 7 1 7 14 13 2 3 

Percentage 11.6 1.66 11.6 23.3 21.6 3.33 5 
Jì 



Table 4-D (cont.) 

Lot No. l-D 2-D 3-D 4-D 5-D 6-D 7-D 
8-D 9-D 10-D 11-D 12-D 13.rD 14-D 

Expressed in mlcrogranìs/100 grams 
Added ribo. 088,18 132.27 176.36 08B.18 176.36 088.18 176.36 
Assay value 190.00 190.00 190.00 190.00 190.00 190.00 190.00 
Total value 278.18 322.27 366.36 278.18 366.36 278.18 366.36 

Bonemeal added Simestone added 
3% 3% 3% 3% 

No. with curled 
toe paralysis 1-D to 7-D 2 0 0 0 0 0 0 

and perosis 8-D to 14-D O O O O O O O 

Total 2 0 0 0 0 0 0 

Percentage 3.3 0 0 0 0 0 0 

Gram gain per 
gram feed at 4 1-D to 7-D 0.313 0.332 0.360 0.316 0.346 0.270 0.188 
weeks of age 8-D to 14-D 0.282 0.398 0.391 0.311 0.288 0.251 0.240 
Total 0.595 0.720 0.751 0.627 0.634 0.521 0.428 
Average 0.297 0.360 0.375 0.313 0.317 0.260 0.214 

Ui 



Discussion and Conclusions 

Growth 

Fr0131 the vïo of BiI, Asiuundson, Kratzer, and Lep- 

kovsky (2) it was noted that the White Leghorns require- 
nient o1 riboflavin for optirnal growth was between 275-325 

raicroraxas of riboflavin per 100 grains feed, while that of 

the Rhode Island Reds, accordin to the results obtained 

under the conditions of these trials was approximately 

350-360 microraius. If curled toe paralysis and growth 

rate were taken as the indications for the deficiency then 

th6 level of 320 micrograms would be considered as sub-op- 

timum, because first, curled toe paralysis was still in 

evidence, and second, growth rate was not maximum at the 

level indicated by the California workers in these three 

trials. Howev.r, it is of interest to note that under cer- 

tain unknown environmental conditions, sometimes curled toe 

paralysis may not develop even at levels as low as 268.18 

micrograms. Data 4-A in Trial I are used to illustrute 
this fact. Birds in lots 3-A and 9-A were fed at this le- 
vel, and yet no curled toe paralysis developed in either 
lot. Although Lot 9-A consumed more feed, and was heavi' 
than the top riboflavin lot 11-A (Table l-A) it could not 

be explained by increased feed consumption alone, because 

the growth rate and feed consumption of its duplicate lot 
3-A correspond to the regulated amount of riboflavin intake. 



From the data given in Tables l-C, 4-C, l-D and 4-D it is 

indicated that in all cases, all lots fed at the level of 

322.27 micrograms of total riboflavin per 100 grams feed 

developed curled toe paralysis, end attained sub-normal 

growth, thus indicating that the total riboflavin at such 

levels or below was not adequate for optimal growth. 

The reason for the higher requirement of riboflavin 

for optimal growth in these experiments than those set 

forth by Bird, Asmundson, Kratzer and Lepkovsky (?) is not 

known. Since breed and external environmental factors may 

play an influential part in experimental trials, then it 

will not be surprising to note that the great variations 

of riboflavin requirement in different reports may be due to 

the different conditions of the trials and the different 

breeds they employ for their experiments. 

vealed no riboflavin deficiency existed in 

by checking dead-in-shell embryos from the 

chicks were obtained for the trials report 

should not have influenced the results. 

From the data presented in Tables 3-C 

Since it was re- 

the breeder diet 

pens from whith 

d herein, this 

and 3-D, it can 

be seen that all lots fed on high bone meal or limestone 

diet hai their weight reduced appreciably, therefore, it is 

apparent that excess of minerals in their diet tends to de- 

press grth. gain, the same data also reveal that diets 

deficient in riboflavin and high in mineral content do not 



create an accumulative effect on growth reduction. This 

fact can be illustrated statistically by having very low 

F values when Lots l-C and il-C in Trial III, and. Lots l-D 

and 4-D in Trial IV are corapared for their growth between 

the basal and the high bone basal diets, and Lots 1-D and 

6-D in Trial IV for the basal and the high lestone basal 
diets, thus indicating that the differences in their growth 

are not significant. On the other hand, when diets are op- 
timuin. in riboflavin level, but high in mineral content, the 
depressing effect on growth due to high mineral alone in the 
diet is quite distinct. This fact, again, can be c1rly 
seen by the high F value when Lots 3-D and 7-D in Trial IV 

are comred, indicating that the difference in their growth 

was significantly greater. 
It is of interest to note that the results of the de- 

pressing effects of high mineral content in the diet report- 
ed herein are in essential agreement with the results obtain- 
ed by flouser and ï;orris (12) who have shown that by adding 
5 calcium grit to a starting mash greatly decreased growth 

rate was encoantered. rther indications of this fact are 
given by Fritz, Halpin and looper (8) viho suggest that the 
calcium reauirenient should be from 2.0 to 2.5 per cent and 

that of the phosphorus should be about 1.0 per cent. They 

also claimed that high levels of minerals tend to depress 

growth. 
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Mortality 

since the mortality was highest in lots fed the basal, 

and high mineral diets, and lowest in lots that received 

the top level of riboflavin, therefore, it would indicate 

that riboflavin deficiency and excess of minerals were the 

causes of such heavy- mortality. The rate of mortality seems 

to depend on the amount of riboflavin present in the diet 

as indicated by the higher rate of death amone lots that 

were fed the sub-optimal level of riboflavin diet. Unfor- 

tunately, in most of the lots the mortality was not decreased 

in proportion to the increase of riboflavin. The unusually 

heavy mortsìity in Lot 12-Â, Trial I where riboflavin con- 

tent in the diet exceeded the optimal 356.36 micrograms 1- 

vel, offers the best illustration. Again, severe perotic 

conditions occurring in birds also tend to increase mortali- 

ty. Since there are so many factors affecting the physical 

condition of birds, Oi tue .hole it would be quite natural 

to conclude that the death rate in each lot may not have to 

vary in inverse proportion to the increment of riboflavin 

intake. 

The heavy mortality in lots caused by excessive miner- 

als in the diet is worth mentioning. The cause of this ef- 

fect is not exactly known. Since both riboflavin deficiency 

and high mineral content of the diet increase mortality, 

the optimal level reauired. by birds must not be overlooked. 



Mortality caused by excessive minerals in the diet cannot 

be reduced by increasing riboflavin content to the optimum 

level as indicated in Lots 12-C and 14-C in trial III, and 

Lots 5-D, 12-D, 7-D and 14-D in Trial IV. Definitely, the 

causes of this mortality are different in nature, and the 

functions of' riboflavin in the body cannot overcome the 

ill effects of excess of minerals. 

Curled Toe Paralysis 

According to the records shov\n in these experiments 

curled toe paralysis appeared usually between the third 

and fourth week. Day-old chicks are known to carry over 

considerable amounts of riboflavin from the eggs when the 

breeder hen diet is adequate. Such chicks require time to 

deplete their riboflavin content before deficiency symp- 

torils develop. It was observed in many cases that fast 

growin birds in low riboflavin lots usually showed curled 

toe paralysis earlier than tbe rest. To illustrate this 

fact Trial II information (not included) are used. In 

Trial II it was revealed that since all the exerimental 

birds were stunted due to excessive summer heat, not a 

single case of curled toe paralysis was developed through- 

out the entire trial, althouh riboflavin levels were the 

same as that of the previous trial, and no manganese was 

added to the diets. 
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In all three trials, however, it was frequently ob- 

served that sorne of the curled toe paralytic biis could 

regain control of their hock joints and resume a standing 

position about the fifth week before the extra riboflavin 

was added to the diet. The exact cause is not known but 

may possibly be explained on the basis taat some riboflavin 

in addition to that in the ration could have been obtained 

from the droppings. An effort was made, however, to keep 

the wire floors of the batteries free from droppings so as 

to avoid this possibility. Another explanation might be 

that growth had decreased in chIcks showin the curly-toe 

to a point w'«'ere riboflavin in the diet supplied an amount 

sufficient to partially overcome the paralysis. 

Perosis 

The occurrence of perosis in all trials did not in- 

crease in number as the level of riboflavin decreased in 

the diet and suggests the fact that riboflavin deficiency 

may not be a factor causing perosis to develop on chicks. 

If it were the case then the results indicated would have 

been otherwise. Since both the basal lots as well as the 

top level rìboflavin lots developed hih incidence of pero- 

sis, it would indicate that it might be due to some unknown 

factor(s) absent in the basal diet, thus causing the general 

apearance of perosis among lots in all cases. 
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It is interesting to note that the reEults cf hiher 
incidence of perosis occurred in hih bone meal lots than 
in high limestone lots agreeing well with results obtained 
by Insko, Sowell, and ialcolm (19). Ii1by (31) also 
stressed the fact that the amount of phosphorus in the r 
tion was certainly the cause of increasing perosis. 

Records of all trials have indicated that perosis us- 
ually occurred beginning from the fourth or fifth week, a 

little later than the appearance of curled toe paralysis. 
Faster-gring birds often showed symptoms earlier than 
stunted ones. Birds in Trial I and Trial II were practi- 
cally fed the same diet. The only difference was the for- 
mer with added manganese and the latter without, and yet 
the incidence of perosis was encountered more frequently 
in Trial I than in Trial II due to stuntin of birds by ex- 

cessive summer heat. There were only two perotic cases de- 

veloped out of the vhole in Trial II. 
Judging from the standpoint of form 01' perosis and the 

factors affecting it, it is very likely that anything affect- 
ing the bone quality is the fundamental part that causes 

perosis. As it can be recalled, that inheritaLce as well 
as some of the nutritional factors play their part in pro- 
ducing perosis, therefore, it is reasonable to believe that 
the character of bone formation can be inherited, and the 
bone itself needs nutritional factors to influence its 
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quality. Abnormally high mineral content may tend to are- 
vate the condition. 

Accor5.ing to the observations recorded in these experi- 
ments, the form and shape of erosis is indefinite. It de- 

pends on its severity and the locality of attack. If the 

hock joint or sometimes referred to as the tibio-rnetatar 
joint is involved, then the distal end of the tibia as well 

as the proximal end of the metatarsus asuines a bendin. po- 

sition; hence the two condyles are dislocated from the interi- 

condyloid, and perosis results. In some cases the tenTIons, 

and particularly the gastronernius tendon are displaced. 
Once the tendons have been displaced, the le is permanently 

deformed. Another characteristic feature of the perosis is 

the enlargement or swelling of the hock joint if the condi- 

tion is in advance snd serious enough. It was revealed 

anatomically that it was due to the swelling of the carti- 
lage in the region of t1bio-metatarsl joint. On the other 

hand, if t.he metatarsus bone is attacked, then the leL 

around that region bends in an abnormal position without af- 

fecting the hock joint. This condition may be referred to 

as bow-legged instead of perosis. 

In Trial IV it was observed that in 27 cases of perotic 

birds examined, 4 cases involved the right leg, arid 10 cases 

the left leg, and 13 cases both legs. 



The reason why perosis is .ore or less a localized nu- 

tritional disease affecting the bones around the leg re- 
ion is still unanswered. If weicht of the body also plays 

a major part in arevating the situation, thus making leg 
bones twist or bend, then perosis ould develop in both 

legs in all cases, and occur at later age when b.y weight 
is the heaviest. As far as records can reveal this is not 
true. periments conducted by other investigators have 

shown that perosis occurs during the growing age from day 

old to the tenth week. ¿mce bone develonent is also most 

rapid at this age, it is doubtful vïhether the body weight 

is the prime cause. 

Relationship of curled toe paralysis to perosis 

since recent reports (35) (2) have indicated thnt 
perosis in poults raay be caused by a rIboflavin deficient 
diet, therefore, it seems reasonable to believe that 
the paralytic condition of riboflavin deficient chicks may 

be linked with that of the perosis. But records of 
these experiments reveal that perosis developed in 

chicks in which curled toe paralysis had not occurred. 
Only two perotic cases were found to occur following 

s3flptoL1s of curled toe paralysis. Evidently this was 

merely due to chance Len an atteLipt to throw off the 
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calcium and. phosphorus balance by raising the mineral corp 

tent in the riboflavin deficient diet, thus thinking that 

some of the weakening joints in curled toe oaralysis iiight 

gradually change into a perotic condition, also failed. 

Perhaps there may be a species difference existing be- 

tween the chicken and turkey in dealing with the relation- 

ships of riboflavin deficiency to perosis. Some experi- 

ments have demonstrated that the poults are more susceptible 

to perosis than chicks. Since the symptoms of riboflavin 

deficiency in poults and chicks are quite different, it 

might be possible for perosis to occur in poults and not in 

chicks with riboflavin deficient rations. 

Feed efficiency 

In all trials it is indicated that feed efficiency 

was in direct proportion to the increment of riboflavin in- 

take. It seems plausible that besides other functions, 

riboflavin still plays a role in efficiency of food utili- 

zation. 

As indicated in duplicate lots given in Table 4-A the 

level of 356 micrograms of riboflavin per 100 grams feed. 

was definitely maximum, beyond which the feed. efficiency 

did not increase. The reason for this may be due to the 

fact that the excess of riboflavin taken into the body is 

excreted. in the feces, thus making it unavailable; hence 

food utilization will not increase. 



High mineral diet decreased feed efficiency as indi- 

cate in Tables 4-C and 4-D. 'Then 3 per cent of mineral 

either in the form of bone meal or limestone was mL:ed 

with the diet, feed consumption was decreased, and it took 

more feed to produce a gram of gain. These results are in 

perfect agreement with those reported by 1-ieuser and Norris 

(12) . It may not be due to the combining effect of ::iiner- 

als either in the form of caicium or phosphorus with ribo- 

flavin in order to reduce feed efficiency. This fact can 

be proved by the data given in Table 1-t-C or 4-D. If mm- 

erais had the combining effect with riboflavin, then lots 

that were fed the high mineral diet with added crystalline 

riboflavin to top level would have had curled toe paraly- 

sis develop. But this was ot the case, indicating that 

the decrease in feed efficiency on high mineral diet was 

not due to riboflavin deficiency but rather to some other 

causes. 



Summary 

1. Under the conditions of these experiments lt was ob- 

served that riboflavin required by Rhode Island Reds 

for optimum growth was approximately 356.00 to 366.00 

micrograms per loo grams of ration. Gurled toe par- 

alysis was still in appearance when the riboflavin 

content in the diet was at the level of 322.29 micro- 

gr3.ms. 

2. Morta1it was hithest in lots fed the basal, and. high 

mineral diets, and lowest in lots that received the 

top level of riboflavin. In most of the trials mortal- 

ity was not decreased according to the increase of 

riboflavin intake. Acute perosis may also be one of 

the factors causinU high mortality. 

3. Rate of curled toe paralysis was highest in lots fed 

on the basal diet containing approximately 180-190 

microgrems of riboflavin per 100 grams of ration, and. 

none occurred in lots containing approximately 356-366 

micrograms. Curled toe paralysis was at the lowest 

incidence when the growing birds were stunted (Trial 

II). 

24. Perosis generally occurred beginning from the fourth 

to fifth week in all three trials under the conditions 

of these exoeriments. Stunted birds showed symptoms 

slower than fast-growing ones. Only two perotic cases 



70 

occurred. in the entire Trial II where chicks were 

stunted as a result of environmental conditions. 

No indication was shown that the bendin and 

twistin of hock joints (perosis) coulct be attributed 

to the 1ec- weakness in curled toe paralysis. There 

were only two cases observed where peross developed 

after chicks had previously exhibited. curle1 toe para- 

lysis. Because of the small number it was concluded 

that it was merely due to chance rather than to an as- 

sociation of curled toe paralysis induced by riboflavin 

deficiency and perosis. Since the incideLce of perosis 

was high both in low level as well as high level rib 

flavin diets, therefore, it mibt e due to the unknown 

factor(s) absent in the basal diet, and not to the ribo- 

flavin deficiency. 

5. An excessive amount of bone meal or limestone in the 

diet tended to depress growth rate. When the diet was 

deficient in riboflavin ani. hih in mineral content, 

the growth depressing effect of high mineral did not 

reduce the weight of chicks any further, and so it re- 

mained constant as indicated by the small F values when 

lot comparisons were made. On the other hand, when 

optimal riboflavin was added to the high mineral diet, 

the growth rate improved only to a certain extent as in- 

dicated. by the high F value when Lot 5-C and Lot 12-C 
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were compared, indicating that a significant differ- 

ence in favor of Lot 5-D existed. 

6. Feed efficiency was in direct proportion to the incre- 

ment of riboflavin intake. Feed efficiency was maxi- 

mum at the level of 356-366 micrograms of riboflavin 

per 100 grams feed. High mineral content in feed de- 

creased the feed efficiency. 
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