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Eight experiments, two with poults and six with chicks, were

undertaken to determine the requirement for supplemental folic acid

as related to protein level and major protein source. Protein levels

for chicks and poults were 21, and 28 or 28 and 32%, respectively.

Major protein sources were soybean meal, fish meal, or a fish meal

and meat and bone meal combination. High methionine levels were

obtained in formulating the fish meal rations and high calcium and

phosphorus levels were present in the fish meal and meat and bone

meal diets. Exploratory experiments were conducted to evaluate the

effects of high levels of these ingredients with and 'without supplemen

tal folic acid. Free folic acid content of the feed ingredients was

determined by microbiological assay and the amount of folic acid in

the high protein fish meal rations for both species was related to the

N. R. C. requirement values.
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The protein levels studied did not influence the need for supple

mental folic acid for chicks or poults. Rations composed of herring

fish meal required folic acid supplementation. For chicks or poults

the amount of folic acid added to the high protein fish meal ration plus

the amount in the diet determined by microbiological assay of the in

gredients agreed closely with the N. R. C. requirement values of

these species. The soybean meal rations calculated low in folic acid

in regard to the N. R. C. requirement for poults. Poults fed these

diets did not respond to added folic acid suggesting that a lower cal

culated free folic acid content when using soybean meal rations will

not necessarily result in deficient diets.

Perosis appeared to be more prevalent in chicks fed the high

calcium and phosphorus levels, although it could not be separated

statistically from perosis caused by a folic acid deficiency. No effect

could be found from the high methionine content of the fish meal ra

tions. Anemia was not produced in chicks or poults fed these mar

ginally deficient rations as judged by hemoglobin determinations or

microhematocrit readings. Values obtained by either of these testing

methods were quite variable.

Microbiological analysis of herring fish meal showed it to con

tain 0. 26 mg. of folic acid/lb. This is much lower than the average

reported value of 1. 1 mg. /lb. although it is well within the reported

range of 0. 12 to 2. 37 mg. /lb. The results of this investigation



indicate that the lower value would be more applicable when formu

lating practical rations from the standpoint of reducing mortality

and increasing body weights.
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FOLIC ACID RESPONSE OF CHICKS AND POULTS

FED DIETS CONTAINING INGREDIENTS

FROM NATURAL SOURCES

INTRODUCTION

Statement of the Problem

This study was carried out to assess the requirement for folic

acid during early growth of chicks and poults fed diets containing

natural feedstuffs.

Purpose of the Study

Field cases of a folic acid deficiency have been reported that

involve from 50 to 90% mortality in turkey flocks (28, p. 1). The

purpose of this study was to assess the folic acid requirement for

poultry when natural feedstuffs were used in the diet.



REVIEW OF LITERATURE

History

In 1934 Kline et al. (49, p. 117) reported a water soluble factor

in liver that stimulated growth when chicks were fed purified diets.

They reported this substance to be heat stable at its normal pH but

less heat stable at higher pH values. This substance was soluble in

water after mild acid hydrolysis of the liver and was slightly soluble

in n-butyl alcohol.

Stokstad and Manning (85, p. 696), 1938, showed that a growth

factor was present in alfalfa, middlings, wheat bran, yeast, corn,

and polished rice. This factor, designated factor U, was insoluble

in ether, acetone, or isopropyl alcohol, but was soluble in a mixture

of water and methanol. They also demonstrated it to be adsorbed on

fullers earth. Langston et al. (50, p. 939), at this same time, pro

posed the name vitamin M to the anti-cytopenia factor, for monkeys,

found in yeast and liver.

A factor for the prevention of anemia in chicks -was reported by

Hogan and Parrot (37, p. 47; 38, p. 516) in 1939 and 1940, respec

tively. This factor, called vitamin B , was present in liver and rela

tively insoluble in 95% alcohol. In addition to anemia the red blood

cell volume, with respect to blood volume, and the percent of hemo

globin in the blood decreased. The red blood cell size and amount



of hemoglobin per cell increased. Schumacher, Heuser, and Norris

(81, p. 319-320), 1940, presented evidence for factors S and R. These

factors were obtained from brewers yeast with factor S precipitated

from factor R with acid.

In 1941 Hutchings, Bohonos, and Peterson (43, p. 528) reported

the norite eluate factor to contain an acid and probably an amino group.

Mitchell, Snell, and Williams (62, p. 2284) had accomplished the con

centration of a nearly pure acid. They concentrated it from four tons

of spinach and found it to have vitamin like properties in respect to rat

weights. They suggested the name folic acid.

Pfiffner et al. (71, p. 404-405), 1943, reported the crystalliza

tion of the anti-anemia factor in liver that had been demonstrated by

Hogan and Parrot (38, p. 516). At this time it was suggested that the

anti-anemia factor, eluate factor, and folic acid were the same.

Keresztesy, Rickes, and Stokes (48, p. 465), while studying the elu

ate factor and folic acid, showed a new compound to be present. This

compound was equal in biopotency to folic acid for Streptococcus

lactis R; but was inactive for Lactobacillus casei.

Binkely et al. (6, p. 36), 1944, reported that conjugates of vita

min B could be enzymatically converted to B . This was confirmed

by Bird et al. (7, p. 413-414) in 1945. Sources of enzymes that were

given in this report were hog kidney or liver, beef liver, small in

testine, sweet almonds, and potatoes. Pfiffner et al. (72, p. 229)



were able to crystallize B conjugate from yeast. This conjugate was

only slightly stimulatory for Streptococcus faecalis (formerly Strepto-

coccus lactis R) or Lactobacillus casei, unless it was treated enzy

matically. The conjugate was available to chicks.

Day (22, p. 100), 1946, reported on a crude liver extract neces

sary, for rhesus monkeys, in the prevention of anemia, leucopenia,

oral lesions, diarrhea, and lowered intestinal resistance to infection.

He related this factor to the vitamin M of Langston et al. (50, p. 939).

Angier et al. (2, p. 227-228) were able to synthesize a compound

identical to the Lactobacillus casei factor of liver. Angier et al (3,

p. 668 - 669) synthesized and determined the structure of the Lacto-

bacillus casei factor in liver. During the synthesis they formed two

compounds, pteroic acid and pteroylglutamic acid. Pteroic acid, from

paraminobenzoic acid, was active for Streptococcus faecalis, but not

Lactobacillus casei or chicks. Pteroylglutamic acid, from p-

aminobenzoyl- 1(+)glutamic acid,was biologically active.

Luckey et al. (55, p. 682-684), also in 1946, demonstrated syn

thetic folic acid to correct the reduced growth, poor feathering, and

low hemoglobin and hematocrit values that have been shown for vita

mins B and B , Lactobacillus casei factor, impure folic acid, and

isolated B . They also showed vitamin C to give a slight response to

body weight when adequate levels of folic acid were present.

Hutchings and Mowat (40, 1. 24), 1948, reported the degredation



and synthesis of B , liver Lactobacillus casei factor fermentation
c

Lactobacillus casei factor, and the compound rhizopterin that had

been reported by Keresztesy, Rickes, and Stokes (43, p. 465). They

demonstrated all these compounds to have the 4 - [(2 - amino-4-

hydroxy-6-pteridyl)methyl J aminobenzoic acid nucleus. This nucleus,

and its formyl derivative, were active for Streptococcus faecalis; but

not Lactobacillus casei, chicks, or rats. The simplest structure

showing both microbiological and animal activity was n - [4 - {[( -2-

amino-4-hydroxy- 6-pteridyl) methyl] amino} - benzoyl] - glutamic

acid. This would be B or liver Lactobacillus casei factor. Altera-
c

tions in the glutamic acid residue in either the alpha or gamma posi

tions altered the microbiological activity. The compounds are equi-

molarly active for chicks. Jukes and Stokstad (45, p. 52-53), 1948,

suggested that vitamin M, factor U, B , norite eluate factor, vitamins

B , „ and B , , and factors S and R were the same.
10 11

Sauberlich and Baumann (78, p. 173), 1948, demonstrated a

similar growth response by Leuconostoc citrovorum to either folic

acid or citrovorum. The response to folic acid was much slower and

usually required an activating agent; but the end result, growth re

sponse, was the same. In 1949 Sauberlich and Baumann (79, p- 877)

showed the citrovorum factor to be a separate entity from folic acid,

or vitamin B .

Nichol and Welch (59, p. 54), 1950, showed citrovorum to be



6

formed from pteroylglutamic acid in vitro. This transformation was

augmented by ascorbic acid. Bi ockman et al. (14, 1. 4326) reported

pteroylglutamic acid or its N formyl derivative to adsorb two moles

of hydrogen upon reduction. The resulting compound appeared to be

a labile derivative of tetrahydropteroylglutamic acid.

In 1951 Pohland et al. (73, p. 3247) proposed the formula of

citrovorum to be the same as that of tetrahydropteroylglutamic acid

5
with a formyl group on N . May et al. (57, p. 3068) showed the in-

terconversion of either pteroylglutamic acid or citrovorum factor to

the tetrahydro form. They also demonstrated that citrovorum could

10 5
have the formyl group on either the N or N position.

A review of Robson and Keele (75, p. 410) indicated that there is

an equilibrium in nature of folic acid, folic acid conjugates, citro

vorum, and citrovorum conjugates. The conjugates of folic acid and

citrovorum have additional residues of 1(+) glutamic acid. Apparently

citrovorum with its conjugates are the more labile forms, with folic

acid and its conjugates acting as a reserve. They also noted that the

body had a higher affinity for absorption of pure folic acid than the

conjugated active forms.

Deficiency Symptoms in Poultry

The first symptom reported in literature on folic acid deficien

cies, for poultry, was depression in growth. Kline et al. (49, p. 117),



1934. This observation has since been confirmed by Campbell et al.

(16, p. 350), Jukes, Stokstad, and Belt (46, p. 4), Lillie and Briggs

(52, p. 290), and many others.

Hogan and Parrot (37, p. 47; 38, p. 511) used anemia as the

measure in determining the necessity of folic acid. Their method in

volved determining the percent of red blood cell volume in total blood

volume (hematocrit). Normal birds, six weeks of age, provided a

value of 31. 7%; while in abnormal chicks values ranged from 5. 19 to

16. 41%. These values are in close agreement with data reported by

Campbell et aL (16, p. 349-350). They reported a normal value at

four weeks of age as 31. 2% and an abnormal value of 15. 0%. Similar

values have been reported by Pfiffner et al. (71, p. 404), Campbell,

Brown and Emmett (17, p. 483), and others.

Another method of determining anemia is hemoglobin content of

the blood. This can be expressed as grams of hemoglobin per 100 ml.

of blood; or hemoglobin percent. In either case the numerical value

does not change. Campbell et al. ( 6, p. 349-350) indicated normal

levels from 7. 74 to 8. 30 Hb. % and abnormal levels near 4. 76 Hb. %.

These figures are in close agreement to those of Mills et al. (61,

p. 189) who showed normal values of 8. 09 to 8. 40 Hb. % and an ab

normal value of 6. I 3 Hb. %. Slightly higher values were indicated by

Pfiffner et al. (71, p. 404) and Hill, Norris, and Heuser (36, p. 181)

for normal birds. These reports indicate that normal blood may



contain 9. 30 to 10. 95 Hb. %. Robertson et al. (74, p. 100) cites a

normal value of 8. 7 Hb. % and were able to produce abnormal values

as low as 3. 9 Hb. %.

Jukes, Stokstad, and Belt (46, p. 4), reporting on four week old

turkeys, cited normal hemoglobin values from 10. 04 to 10. 23 Hb. %.

It is of interest to note that turkeys on the basal diet with no added

folic acid had a higher value, 10. 42 Hb. %, than three of the four

groups v/ith supplementary folic acid; although there was a consider

able weight response by the other groups to folic acid. When the de

ficient group was three weeks old they had the lowest hemoglobin

value, 8. 65 compared to 9. 15 Hb. % or higher for the other groups.

The third and fourth week readings are difficult to explain as there

was 100% mortality in the deficient group by six weeks of age.

Richardson, Hogan, and Kempster (77, p. 155) demonstrated a slight

decrease in hematocrit values for turkeys on a deficient diet, but

they did not consider it enough to be called anemia. On the other hand,

a severe anemia in turkeys -within four to six days of age has been re

ported (28, p. 1). The method of determination of anemia was not

given; but a cure was reported by the intramuscular injection of 150

micrograms of folic acid.

The anemia may be one of several forms. It is always of the

macrocytic type; Campbell et al. (16, p. 351), Hogan and Parrot (37,

p. 47), Hutchings, Oleson.and Stokstad (42, p. 448), and others.



Campbell et al. (16, p. 353) have reported it to be hyperchromia

hypochromic, or normochromic. Miller and Luckey (60, p. 239) have

verified the hypochromic condition. Hogan and Parrot (37, p. 47) and

Hutchings, Oleson, and Stokstad (42, p. 448) have demonstrated the

hyperchromic type.

Campbell et al. (16, p. 351-352) described the red blood cells

of anemic chickens as macrocytic, with a great variety of shapes.

There was an increased number of immature red blood cells with

polychromasia. The nuclei of the immature cells were eccentrically

placed and breaking of nuclear chromatin was frequent. Hogan and

Parrot (37, p. 47) have reported an increased resistance to hemoly

sis in hypotonic solution by the red blood cells of folic acid deficient

chickens. Jukes, Stokstad, and Belt (46, p. 5) have described the red

blood cells of folic acid deficient turkeys. They appeared larger,

more elongated, and the nuclei, in some cases, were larger and less

dense.

With chicks the anemic condition can apparently be corrected

by a lower folic acid content in the diet than that required for maxi

mum growth. Robertson et al. (74, p. 99) showed an increased re

sponse in growth after the stimulation curve for hemoglobin had

leveled off. Hill, Norris, and Heuser (36, p. 181) did not produce

anemia in chicks; but they did obtain weight responses. Campbell,

Brown,and Emmett (17, p. 484) indicated that 0. 18 milligrams of



10

folic acid per pound of diet produced normal hemoglobin levels. The

National Research Council (68, p. 4) lists 0. 25 mg. /lb. of diet as

the requirement for normal growth.

Feather development has been shown to be impaired by a folic

acid deficiency. Lillie and Briggs (53, p. 295-298) used a scoring

procedure based on length and structure of wing feathers, absence or

presence of tail feathers, degree of body feathering (especially dorsal^

and uniformity of feathers. Luckey et al. (53, p. 682) also noted a

decrease in feather growth. Mills et al. (61, p. 189) described the

feathers as rough, shaggy, sparse, and brittle. They noted that the

feathers did not have the typical lacy appearance of an arginine or

glycine deficiency. Oleson, Hutchings, and Sloane (70, p. 372) im

plied that a higher amount of folic acid was required for feathering,

0. 45 to 0. 68 mg. /lb. of diet, than was needed for maximum weight.

They also noted that intestinal synthesis of folic acid was of little sig

nificance in feather development. Briggs and Lillie (12, p. 124) re

ported that in colored birds there was feather depigmentation. This

was characterized by a splochy effect in the wing feathers with large

white areas and abnormal black areas.

Perosis, shortening and thickening of limb bones also known as

slipped tendon, has been noted by Campbell et al. (16, p. 350), Hill,

Norris, and Heuser (36, p. 176), and many others for chickens.

Richardson, Hogan, and Kempster (77, p. 153) mentioned the most
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characteristic symptom of turkeys was cervical paralysis. This con

dition has also been reported by Jukes, Stokstad, and Belt (46, p. 10)

and in Treco Gram (28, p. 1).

Campbell et al. (16, p. 349-350) described a progression of ex

ternal symptoms for chickens. They were lethargic by seven to ten

days with droopy wings at one week, an immature feather growth was

very prominent at five weeks, and no dermatitis was found. Richard

son, Hogan, and Kempster (77, p. 153) described the symptoms of

turkeys. First an intermittant cervical paralysis occurred. This be

came continuous, the wings dropped and quivered, there was continu

ous chirping as if in pain, and 24 to 36 hours later death occurred.

The preceding series of events for chicks was obtained on a diet that

produced anemia; for turkeys the diet did not produce anemia although

the hematocrit value was low.

Cravens et al. (18, p. 106-107) studied the hen's requirement

for folic acid. By using purified diets they -were able to reduce hatch-

ability from 90% to zero. Addition of folic acid reversed this condi

tion. There was little effect on egg production. Lillie, Combs, and

Briggs (54, p. 117-118), using purified diets, were unable to find any

fertility or hatchability differences and little change in embryonic

development. Schweigert et al. (82, p. 91-98) studied both laying

chickens and turkeys. They found no effect for either species in

general appearance, mortality, weight change, or hemoglobin level.
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They also observed no differences between chickens and turkeys in

their folic acid requirements for egg production or hatchability. Ad

dition of folic acid to the turkey diet resulted in a higher folic acid con

tent in the whole egg. There was an increase in folic acid content

from 0. 113 to 0. 195 meg./g. of egg. The yolk of the egg showed

twice the concentration of folic acid as the whole egg, whether the hen

was depleted or not. This value increased from 0. 31 to 0. 47 meg. /g.

of yolk. Determination of folic acid content was accomplished by lib

erating conjugated forms with chicken pancrease enzyme. A loss of

folic acid content of eggs during shipment has also been reported

(28, p. 1).

A study by Miller and Luckey (60, p. 236-240) demonstrated that

there was intestinal synthesis of folic acid that was available to the

chick without coprophagy. Germ-free chicks showed hematocrit val

ues of 1 0. 5 to 16. 5%, while chicks that had been inoculated with one

organism showed values of 23. 0 to 27. 0% and birds inoculated with

another organism had values of 27. 5 to 31. 7%. The diet in all three

cases was the same. Water contamination was checked by microbio

logical assay of the water that had been unchanged for the test period.

There was slight contamination; but the concentration was so low that

the birds could not have consumed enough water to affect the experi

ment.

Post mortem findings for chicks have been reported by Keith
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et al. (47, p. 1097-1100). The average gall bladder weight of folic

acid deficient birds was 0. 77 grams while for normal birds it was

0. 25 grams. The liver to body weight ratio showed a large increase

as the intake of folic acid decreased. They postulated the high gall

bladder and liver weights to be caused by either destruction of blood

elements or elements used in blood formation.

Metabolic Functions of Folic Acid, a One Carbon Transfer Mechanism

Glycine, Serine Interconversion. Blakley (9, p. 461) reported

the interconversion of serine and glycine. He used an enzyme prepa

ration from pidgeon liver. Tetrahydropteroylglutamic acid, when

14
added to the system, gave rapid interconversion of C between 1 -

serine and glycine. When d-serine was added there was little inter

conversion. Blakley (10, p. 341) showed that dihydropteroylglutamic

acid, as well as tetrahydropteroylglutamic acid was effective.

Histidine Degradation. A review by Broquist (15, p. 287) re

veals the following probable pathway. Histidine goes to urocanic acid

which, in the presence of urocanase, forms formiminoglutamic acid.

This reacts with pteroylglutamic acid to give 10-formyl pteroylglu

tamic acid as a by product, converting the pteroylglutamic acid to

tetrahydropteroylglutamic acid. The tetrahydropteroylglutamic acid

can then react with formiminoglutamic acid to give 10-formyltetra-

hydropteroylglutamic acid. This forms a 10-formyl pteroylglutamic



14

acid (the by product), regenerating pteroylglutamic acid to tetrahydro

pteroylglutamic acid to repeat the cycle.

Huennekens, Osborn, and Whitely (39, p. 122), a review, im

plied that in addition to this pathway there are more intermediates in

the degradation of histidine. Hutner, Nathan, and Baker (44, p. 11),

a review, indicated an additional role in histidine degradation may in

volve folic acid. They mentioned the finding that urocanase becomes

deficient in folic acid deficient rats.

Methionine Reactions. Silverman and Pitney (84, p. 1179-1182)

reported on the addition of methionine to a diet low in protein (9%

casein) with no added folic acid. When 2% methionine was added the

excretion of formiminoglutamic acid was almost completely stopped.

They also showed that both the d and 1 forms of methionine were

active for rats.

Homocystine and homocysteine gave irregular results. Cystine

and cysteine gave very erratic results. Histidine, involved in the

formation of formiminoglutamic acid, increased its production when

added to the diet. Methionine added to the diet was able to reduce the

added formiminoglutamic acid output caused from the additional histi

dine.

They postulated that, "A major pathway for the metabolism of

the formimino compound in the intact rat involves conversion of the

available one carbon unit to a methyl group". They further postulated
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that, "An acceptor for the one carbon unit is supplied by methionine,

homocysteine, or metabolic derivatives of these amino acids".

Doctor, Patton, and Awapara (23, p. 408-409), using in vitro

14
studies with chicken liver extract, showed serine-3-C , or formal -

14
dehyde C to be incorporated into methionine. The addition of

pteroylglutamic acid enhanced the reaction, while aminopterin, an

antagonist of pteroylglutamic acid, significantly reduced the incorpor

ation. In this study homocysteine was shown to be a cofactor.

Nakao and Greenberg (64, p. 605-606) have also demonstrated

14
serine-3-C to be incorporated into methionine. Here again homo

cysteine was a cofactor.

Morrison (63, p. 30-31) has reported conflicts that have arisen

in the literature between the interactions of methionine, folic acid,

and protein level. Cunha et al. (21, 1. 74-75), working with young

pigs, have shown that a low percent of protein in the diet increases

the requirement for folic acid. They also showed a high percent of

protein in the diet lowered the folic acid requirement. Creek and

Vasaitis (19, p. 1139) have shown a high percent of protein in the diet

to increase the requirement for folic acid.

It is of interest to note that this last work involved maintaining

the respective amino acids in the same proportional amounts for the

different protein levels. To do this they had to add dl-methionine,

arginine hydrochloride, and glycine (19, p. 1137). McDonald (58,
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p. 343) has shown that a diet giving no response to added folic acid

gave a response (chick weight) to added methionine. From this diet

with added methionine, he obtained a further response to added folic

acid, implying that added methionine increases the requirement for

folic acid. Briggs, Ingle, and Haas (13, p. 472) have shown that the

addition of glycine, 2-3%, and methionine, 0.3-0.8%, produced folic

acid deficiency symptoms. They were able to prevent these symp

toms by the addition of 0. 2 mg. of folic acid per kg. of diet.

Tyrosine Oxidation to Phenylalanine. Govan and Gordon (31,

p. 333) demonstrated that the addition of pteroylglutamic acid helped,

in some cases, to lower excretion of tyrosyl. Woodruff et al. (89,

p. 867) used pteroylglutamic acid, its triglutamic homologue, or as

corbic acid to prevent hydroxyphenyluria in guinea pigs. Their diet

contained 5% 1-tyrosine. Rodney, Swendseid, and Swanson (76, p. 24)

reported that tyrosine oxidation was decreased when a folic acid an

tagonist, succinylsulfathiozol, -was added to a rat liver system. Par

tial restoration of the oxidation was accomplished by the addition of

pteroylglutamic acid. An in vivo experiment, using 4-aminopteroyl-

glutamic acid as the antagonist, and following the same procedure

gave even better results. This time there was full reversal of the

oxidation block by the use of either pteroylglutamic acid; or liver ex

tract.

Nucleic Acids. Friedkin(27, p. 183) demonstrated that
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deoxyuridine 5' phosphate could be methylated to thymidine by the use

14
of C . Serine or formaldehyde could serve as the one carbon donor

in the presence of tetrahydropteroylglutamic acid. Hydroxymethyl-

pteroylglutamic acid could serve without involving another one carbon

source.

Girdwood (30, p. 248-249), a review, implicated the incorpora

tion of glycine; or histidine into purines. Once the purine ring pre

cursor was closed, and inosonic acid was formed, either adenylic or

guanilic acid could be formed. Adenylic acid could then lead to ribo

nucleic acid and guanilic acid could lead to deoxyribonucleic acid.

Animal Versus Plant Sources of Folic Acid With Respect to Intestinal

Synthesis by Micro-organisms

Yano and Fujita (90, p. 85-86) have shown intestinal synthesis

of folic acid, in humans, to drop markedly when a normal diet (meat

and vegetables) was replaced by a meat diet. The synthesis was re

newed when filter paper, a source of cellulose, was added to the diet.

The stimulation of synthesis by adding filter paper to the meat diet

was greater than the normal diet. The increase of synthesis for free

and conjugated forms of folic acid and citrovorum was about equal.

Dzhelieva and Trufanov (25, p. T454) have fed vegetable, vege

table and meat, meat, vegetable plus filter paper, and meat plus fil

ter paper diets to monkeys. The vegetable diet gave the highest
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synthesis, the mixed diet was intermediate, and the meat diet gave

the lowest. When filter paper was added to the diet there was a con-

sistant, high increase of folic acid synthesis.

These observations, coupled with those of Miller and Luckey

(60, p. 239-240), indicate that plant sources may be better than ani

mal sources for folic acid. This is not because of the folic acid con

tent of the feed; but rather the ability of micro-organisms to synthe

size folic acid when plant sources are used. The synthesized folic

acid is available to chicks without coprophagy.

Estimation of Folic Acid Content

Hutchings et al. (41, p. 706-710) outlined a chemical method in

which there was a cleavage of an aromatic amine from pteroylglutamic

acid and related compounds by acid hydrolysis. This method was

satisfactory for concentrates from natural sources (41, p. 709) or if

5% folic acid, or greater, -was present. The accuracy of the assay

(41, p. 710) was + 2%.

Allfrey et al. (1, p. 480) summarized a fluorometric determina

tion of folic acid. This method had a sensitivity range from 0. 01 to

10 meg. /ml. The presence of interfering pigments required chroma

tographic separation of pteroylglutamic acid's oxidation product. They

(1, p. 478) compared this method to an assay with Lactobacillus casei.

The flurometric assay gave consistantly higher values, although the
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two methods compared favorably. Enzymatic separation of bound folic

acid was not done in the microbiological determination.

Duggan et al. (24, p. 4) indicated that folic acid or citrovorum

factor may be analyzed by spectrophotofluorometric methods. Folic

acid sensitivity could be determined at 0. 01 meg. /ml. and citrovorum

at 0. 1 5 meg. /ml.

Microbiological determinations have been used more extensively

than those previously mentioned. The major reason is the extreme

sensitivity of micro-organisms for folic acid. These determinations

are made with assay tubes containing 0. 5 millimicrograms or higher

per 10 ml., whereas the methods described earlier are for concentra

tions of 0. 01 meg./ml. or higher. The organisms that have been used

are Streptococcus faecalis (formerly Streptococcus lactis or Strepto

coccus lactis R), Lactobacillus casei, Pediococcus cerevisiae (for-

merly Leuconostoc citrovorum in citrovorum literature), and Crithi-

dia fasciculata. This last organism, Girdwood (30, p. 243), is spe

cific for the pteridine structure.

Most determinations for folic acid have been done with either

Streptococcus faecalis; or Lactobacillus casei. Teply and Elvehjem

(87, p. 308) have compared the use of these two organisms. They

showed a variation in solublized liver extract of 8. 4 to 11.4 meg. of

folic acid/g. of liver, using Streptococcus faecalis, to values of 23 to

25 meg. of folic acid/g. , using Lactobacillus casei. Different medias



20

gave a considerable variation when samples of solubilized liver extract

were assayed by Lactobacillus casei. One medium gave values of 6. 2

to 9. 4, another media 9. 3 to 43. 0, and a third 22 to 24 mcg./g.

Girdwood(30, p. 272-273) reports that "Neither organism re

sponds to pteroylheptaglutamic acid or synthetic pteroyldiglutamic

acid. Lactobacillus casei will respond to pteroyltriglutamic acid, syn

thetic pteroyl-gamma-glutamyl-glutamic acid, 10-formyl pteroyl

glutamic acid, thymine, thymidine, folinic acid, and related compounds

like 5, 10-methenyltetrahydropteroylglutamic acid". He reports six

chemically unidentified substances in blood that have high Lactobacil-

lus casei activity but little Streptococcus faecalis or Pediococcus

cerevisiae activity. The factor reported by Keresztesy, Rickes, and

Stokes (48, p. 465) was chick and Streptococcus faecalis active, but

•was inactive for Lactobacillus casei.

Many enzyme preparations have been used to release folic acid

from its conjugates. Bird et al. (8, p. 632) reported on the use of a

control (no enzyme), fresh beef heart or spleen, clarase, dessicated

or fresh hog liver, and dessicated hog kidney or intestine. These

preparations were used to liberate folic acid conjugates in yeast. As

say with Lactobacillus casei gave values from 1. 8 to 27. 0 meg./ml.

for the yeast preparation. These figures were the corrected figures

after the folic acid content of the enzyme preparation was subtracted.

Citrovorum will support the growth of Streptococcus faecalis and

Pediococcus cerevisiae, Girdwood (29, p. 58-63; 30, p. 274); but folic

acid will not support the growth of Pediococcus cerevisiae. Citrovorum
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factor does not support the growth of Streptococcus faecalis to the

same extent as folic acid, Girdwood (30, p. 275). An estimation of

the folic acid content and citrovorum content of a sample can be ana

lyzed by differentiation assay using two standard curves.

Biological assay, using the chick, have been accomplished by

Lillie and Briggs (52, p. 289-291). Further mention of this assay

will be presented in the next section.

The National Research Council's Requirement Figures for Chickens
and Turkeys

Lillie and Briggs (52, p. 289-294) conducted a biological assay

of folic acid in natural feedstuffs using New Hampshire chicks as the

test animal. Assay samples were added to the purified diet at the ex

pense of glucose, usually at three levels (5, 15, and 25% of the diet).

They were able to assay 17 natural feedstuffs in this manner. It is of

interest to note that menhaden fish meal, in this type of analysis,

showed absolutely no folic acid activity.

Lillie, Combs, and Briggs (54, p. 115-121) used several diets

for breeder hens to obtain varying degrees of deficiency states in

these hens. Folic acid values were determined from the assay men

tioned above. They then (54, p. 123-128) were able to evaluate chicks

from these depleted hens for folic acid requirements. They observed

(54, p. 123) that there was no decrease in size of chicks hatched from
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eggs of parents on a low folic acid diet, although mortality was always

higher in these chicks. Higher levels of folic acid in the chick diets

helped to correct the mortality.

Robertson et al. (74, p. 97-101) fed purified diets to chicks.

Folic Acid content of the basal diet was determined microbiologically

•with Streptococcus faecalis using chicken pancrease enzyme to re

lease some of the conjugated forms. This basal diet had graded levels

of folic acid added to it. Hemoglobin formation, weight response,

mortality, and feather development were used as criteria in deter

mining the requirement.

Scott, Heuser, and Norris (83, p. 770-772) used a purified diet

to study the requirement of folic acid in poults. They used White

Holland poults as the test animal. Unknown requirement figures of

several nutrients were estimated by using the factor 1. 3 times the

known chicken requirement. No attempt was made to determine the

folic acid content of the basal ration.

From these experiments the National Research Council's re

quirement figures were obtained (68, p. 4-5). These figures, ex

pressed as mg. /lb. of diet, are 0. 25 for chicks till eight weeks of

age, 0. 11 for laying hens and 0. 16 for breeders. The requirement

figures for turkeys, in mg. /lb. of diet, are 0. 4 for poults till eight

weeks of age and 0. 35 for breeder turkeys.



23

EXPERIMENTAL PROCEDURE

Description of the Birds, Facilities, and Data Collection

The chicks used in these experiments were obtained from a com

mercial hatchery. The turkeys were from flocks maintained at the

Oregon State Experiment Station. There were two crosses of chicks

used in this study. Eagle Cornish X Cobb White Rocks were used in

the experiment that involved initial testing of the chick diets for folic

acid deficiency (Experiment 2). Some of the chicks from this experi

ment were held an additional week for further observation and will be

discussed later, under results. Vantress White Cornish X Cobb

White Rocks were used in all the other chick experiments (Experi

ments 3, 4, 5, 6 and 7).

The turkeys used in the initial testing of turkey diets for folic

acid deficiency were the Oregon Agriculture Experiment Station strain

of Beltsville Small Whites (Experiment 1). Those used in the trial

where graded levels of folic acid were added to a deficient diet were

the Wrolstad strain of Medium Whites currently maintained at the

Experiment Station (Experiment 8).

Both the turkey experiments were conducted on a straight run

basis. The chick experiments included equal numbers of males and

females, with the total number dependent on the battery used.

Jenks' Hatchery, Tangent, Oregon.
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Experiments 1 (poults), 3, and 4 (chicks) were conducted in duplicate

lots with ten birds per lot within each duplicate. Experiment 5 was

actually the pooled data of two trials conducted in duplicate with 12

chicks per lot. Experiments 2 and 6, also conducted in duplicate, con

tained 12 chicks per lot. Experiment 7 was undertaken in quadrupli

cate with 12 chicks per lot and Experiment 8 was done in triplicate

of ten poults per lot.

Chicks were obtained already sexed and the outside toe on the

right foot of each female was clipped for identification before the

birds were placed in the batteries. Feed and water were suppled ad

libitum and 24 hours of electric light per day were provided in all

experiments. Supplemental electric room heaters were also employed.

Four different makes of batteries were used during the course

2 3
of this investigation. These included one Oakes, three Jamesway,

4
four Wes-Bilt starter batteries and one Wes-Bilt finishing battery.

The Oakes and Jamesway batteries were provided with overhead,

electric hovers and utilized trough waterers. These waterers were

cleaned once the first week, twice the second, three times the third,

and every other day the fourth week. Both turkey experiments

2
Oakes Mfg. Co. , Inc. , Tipton, Indiana.

3
James Mfg. Co. , Fort Atkinson, Wisconsin.

4
Wes-Bilt Mfg. Co. , Inc. , Hayward, California.
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(Experiments 1 and 8) were conducted in the Jamesway batteries. The

chick experiments involved with addition of dl-methionine (Experiments

3 and 4) were conducted in the Oakes battery.

The Wes-Bilt brooder batteries provided electric heat at floor

level. Waterers were continuous flow and did not need regular clean

ing, although periodic removal of chick down was necessary to prevent

overflow into the feed. These batteries also provided one inch feeder

extensions which were utilized after ten days of age to prevent feed

waste. The chick experiments involved with high calcium and phos

phorus levels (Experiments 5 and 6) and the addition of graded levels

of folic acid (Experiment 7) were conducted in these batteries.

The finishing battery was used when the chicks in Experiment 2

were held for further observation. Heat was supplied to the battery

room by electric heater and water was furnished by continuous flow

waterers.

All rations -were mixed at the feed mill on the central plant of

the Poultry Department. When folic acid was added to the diet it was

done in the following manner. Powdered folic acid was weighed on an

analytical balance and disolved in 95% ethanol. This was poured into

approximately five pounds of feed and mixed in a premixer for 15 to

20 minutes. This premix was then added to the rest of the feed and

mixed in a 250 pound capacity vertical mixer for approximately 20

minutes. Metal containers with lids were used to store the feed in
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the feed storage area of the chick brooder house. Paper bags were

used as containers for the initial turkey study (Experiment 1) and

metal containers with lids were used when graded levels of folic acid

were added to the deficient diet (Experiment 8). The turkey feed was

stored in the turkey brooder room.

Aggregate body weights were taken at the end of the four week

test period for each lot within a replicate. For the turkeys this was

a total weight and for chicks a separate weight for males and females.

Perosis scores were taken for all the chick studies at the end of

the four week period. Legs were scored individually with ratings

from zero through three. Zero scores showed no weakness or de

formity. A noticeable weakness of the legs or slight deformity of the

hock was rated one. Birds able to walk with the hock off the floor

were rated two. Birds walking on their hock were given a score of

three. Thus six was the total score that could be given to one bird.

Blood was collected, after the birds were weighed, for the ex

periments that included either hemoglobin (Hb. ) or hematocrit values.

Since hemoglobin determination required large amounts of blood it

was taken by heart puncture. One to two ml. of blood were collected

in a five ml. syringe with a one and one-half inch, 20 gage needle.

This was immediately transferred to test tubes containing sodium ci

trate in solution (33, p. 491) resulting in a slight dilution factor. An

attempt, reported later, was made to correct for this dilution factor.



27

The samples were stored in a refrigerator and analyzed colorimetric-

ally with a Spencer hemoglobin meter within two days.

An attempt was also made to standardize the hemoglobin deter

mination by comparing it to the photolometric method of Wong (34,

p. 613-619). Pooled samples were collected from adult roosters,

poults, and two groups of chicks in order to determine normal values

for birds at Oregon State University. The two pooled samples of

chick blood were used as a measure of variability between chicks of

the same age. The blood from each group was analyzed by the meth

od of Wong and in the Spencer hemoglobin meter.

When the method of Wong was used the adult roosters provided

14. 30, poults showed 10. 25, and the two chick groups had 8. 60 or

7. 90 Hb. %. The Spencer hemoglobin meter provided values for these

groups, in the same order listed previously, of 13. 40, 9. 40, 9. 00,

and 8. 30 Hb. %. There was a variability indicated between the two

methods, for the Spencer hemoglobin meter, that ranged from 0. 90

Hb. % below, to 0. 40 Hb. % above the method of Wong.

These findings indicate that variables in addition to dilution

were involved and that the error caused by dilution with sodium ci

trate was of minor importance. The values presented later in this

report are those obtained with the the Spencer hemoglobin meter with

out correction.

For microhematocrit determinations blood was collected
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directly into heparinized capillary tubes. Collection was made from

one of the large wing veins at four weeks of age.

Birds dying after the first week were taken to the Veterinary

Diagnostic Laboratory at Oregon State University for post mortem

examination.

Analysis of variance (A. O. V. )(51, p. 31 6-31 8) was used for

the survivor averages of body weight, hemoglobin and hematocrit val

ues, and perosis scores. As sexed weights were available this al

lowed the calculation of effect of sex on body weight for the different

rations (treatments) and permitted the determination of interaction

between sex and ration. When experiments were pooled an experi

mental and an experiment and ration interaction were calculated.

When significant F values were found, least significant differences

(L. S. D. ) were calculated (51, p. 236) for the 1 and 5% levels of

probability where applicable. For clarity in presentation the 5% level

will be used when comparisons are made. Some of these differences

will also be significant at the 1% level.

Survivor numbers were analyzed by the test of Homogeneity of

Means (51, p. 413-414). When significant differences were found,

the lower numbers were dropped from the test, one at a time, to de

termine which ones were significantly lower. Individual groups were

compared where applicable.



Taole I. Chick Diets; Calculated Values for Crude Protein, Calcium, Phosphorus, Methionine,
Cystine, Folic A :id, and Microbiologically Determined Folic Acid Content

Ingredient Diet
C-l C-Z. C~2 C-4 C-5 C-6

Corn, yellow ground 70.30 51.27 76.00 65.99 73.10 59.67
Soybean meal, 50% protein 15.00 31-93
Fish meal, herring, 70% protein 5. 00 5. 00 19. 55
Meat and bone meal, 50% protein 6.00 6.00
Alfalfa meal, dehy. , 20% protein 2. 00 2. 00 2. 00
Methionine hydroxy analogue (90%) 0. 15 0. 15 0. 15
Arginine HC1 (0. 12)(1)
Limestone flour i. 00 1. 20 i. 75
Dicalcium phosphate 1.90 (0.12)
Salt, iodized 0. 30 0. 30 0. 30 0. 30 0. 30 0. 30
Vitamin and trace mineral premix (2) 0. 25 0. 25 0. 25 0. 25 0. 25 0 25
Coccidiostat (3) (0.05) (0.05) (0.05) (0.05) (o! 05) ( o! 05)
Totals 100.00 100.00 100.00 100.00 100.00 100.00
Crude protein %, calculated 20.89 27.81 21.00 27.70 21.12 27 80
Calcium %, calculated 1.24 1.88 1.26 1.29 1-85 2.86
Phosphorus %, calculated 0.72 1.13 0.66 0.87 1.18 l! 67
Methionine %, calculated 0. 53 0. 47 0. 55 0. 88 0. 57 0. 72
Methionine plus cystine %, calculated 0.83 0.87 0.95 1.44 0.89 L16
Folic acid, mg. /lb. , calculated 0. 23 0. 26 0. 35 0. 46 0. 24 0. 29
Folic acid, mg. /lb. , determined by

microbiological assay of ingredients 0. 23 0. 22 0. 22 0. 23 0 23 0 24
(TT ~~ '- '•

Pigures in parenthesis refer to ingredients added above the 100% total.
(2)

Nopcosol M-5 (Nopc^ Chemical Company, Richmond, California), supplied per lb. of premix:
vitamin A, 600, 000 I. U. ; vitamin D, 200, 000 I. C. U. ; vitamin E, 200 I. U. ; vitamin K, 100 mg. ;
riboflavin, 600 mg. ; d-pantothenic acid, lg. ; niacin, 4 g. ; choline, 35 g. ; vitamin B12. l mg- ; Zn '
bacitracin, 800 mg. ; butylated hydroxy toluene, ZZ. 68 g. ; Mn, 10. 8 g. ; Fe, 3. 6 g. ; Cu, 363 mg • and
Zn, 5 g.

(3)
Zoamix (Dow Chemical Company, Midland, Michigan), to supply 227 mg /lb of diet

65. 99

30. 31

2.

0.

00

15

1. 00

9. 68 15. 09
14. 52 22. 54

2. 00 2. 00

0. 15 0. 15



Table II. Poult Diets; Calculated Values for Crude Protein, Calcium, Phosphorus, Methionine,
Cystine, Folic Acid, and Microbiologically Determined Folic Acid Content

Ingredient Diet

~ r. ^ E^2 p_^ P-4 P-5 P-6
Corn, yellow ground 46.92 36.08 61.44 50.77 54.13 43 44
Soybean meal 44% protein 32.33 43.17 10.67 10.69
Fish meal, herring, 70% protein 7.50 7.50 30.31 30.31 15.08 15.08
Meat and bone meal, 50% protein 5.00 5.00 22.54 22* 54
Whey, dried 5. 00 5. 00 5. 00 5. 00 5] 00 5. 00
Alfalfa, dehy. 2. 50 2. 50 2. 50 2. 50 2. 50 2. 50
Methionine (98% dl methionine) (0. 05)(1) (0.05)
Salt, iodized 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50
Vitamin and trace mineral premix (2) 0. 25 0. 25 0. 25 0. 25 0. 25 0. 25
Choline (25% choline chloride) (O.'lO) --'
N- F- 180 (0.10) (0.10) (0.10) (0.10) (o!lO) (0.10)
Coccidiostat (3) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)
Totals 100.00 100.00 100.00 100.00 100.00 100.00
Crude protein %, calculated 28.00 32.00 28.06 32.00 28.07 32.01
Calcium %, calculated 0.93 0.96 0.97 1.00 2.91 Z. 95
Phosphorus %, calculated 0.83 0.88 0.90 0.94 L69 1.73
Methionine %, calculated 0. 53 0. 54 0. 75 0. 79 0! 58 0! 62
Methionine plus cystine %, calculated 0.98 1.05 1.32 1.43 1.04 l!l4
Folic acid, mg. /lb. , calculated 0. 32 0. 35 0. 49 0. 51 0. 32 0! 34
Folic acid, mg. /lb. , determined by

microbiological assay of ingredients 0. 23 0. 23 0. 24 0. 24 0. 25 0. 25
(1) " —

Figures in parenthesis refer to ingredients added above the 100% total.
(2)

Nopcosol M-7 (Nopco Chemical Company, Richmond, California), supplied per lb. of premix-
vitamin A, 1, 000, 000 I. U. ; vitamin D, 300, 000 I. C. U. ; vitamin E, 1, 000 I. U. ; riboflavin, 600 mg.'-
d-pantothenic acid, 1 g. ; niacin, 6 g. ; choline, 52. 14 g. ; vitamin B12, 1.2 mg. ; Zn bacitracin, 800 ma'
butylated hydroxy toluene, 22. 68 g. ; Mn, 10. 8 g. ; Fe, 3. 63 g. ; Cu, 363 mg. ; and Zn, 9. 9 g.

Sulfa quinoxalline (40%) from Merck and Co. Inc. , Chemical Division, Rathway, New Jersey.

00
o
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Diets Used, Calculated Values of Crude Protein, Calcium, Phospho
rus, Methionine, Cystine, Folic Acid, and Microbiologically Deter
mined Values of Folic Acid

The formulas for all the diets used in these experiments are

shown in Tables I and II and are designated by a C or P prefix for

chick and poult diets, respectively. The suffixes (1, 2, 3, 4, 5, or 6)

refer to the particular diet used. The odd numbers (1, 3, and 5)

designate the diets containing normal protein levels while the even

numbers (2, 4, and 6) refer to the high protein diets. The protein

levels used with either chicks or poults were approximately 21 and

28 or 28 and 32%, respectively. Diets C-l and P-l served as control

diets and have been used extensively as relatively complete diets in

other experiments at the Experiment Station.

Diets 1 and 2, for either the chick or poult, are related in the

following manner. They both utilized soybean meal as the major

sources of protein although fish meal and meat and bone meal were

present at the 5 and 6% levels. To obtain a higher protein level in

C-2 and P-2 soybean meal was added at the expense of corn in C-l

or P-l, respectively.

Diets 3 and 4, for either the chick or poult, are related by hav

ing no meat and bone meal or soybean meal, except in the case of P-4

for the latter ingredient. Herring fish meal was the major source of

protein. The protein level in diet C-4 was raised by adding fish meal
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to diet C-3 at the expense of corn. The supplemental arginine and di-

calcium phosphate in C-3 were not found necessary in C-4 and the

level of limestone flour was reduced. The protein level in diet P-4

was increased by adding soybean meal to diet P-3 at the expense of

corn.

Fish meal and meat and bone meal are the two major protein

sources in chick or poult diets 5 and 6. The protein level in C-6 was

raised by adding both fish meal and meat and bone meal to C-5 at the

expense of corn. The higher protein level in P-6 was made by adding

soybean meal at the expense of corn.

At this point a further clarification between the chick and poult

studies is necessary. When the poult diets were calculated it was

found that the large amounts of fish meal and meat and bone meal in

diet P-5 resulted in high calcium and phosphorus levels. It was

therefore felt desirable to use soybean meal to increase the protein

level for diet P-6 rather than increase the calcium and phosphorus

levels further by using more fish meal and meat and bone meal. The

same method was used when diet P-4 was calculated from P-3 for

consistancy of procedure. When calculating the chick diets, however,

another approach was used. In this instance the protein level was

raised by increasing the major protein source, or sources in the case

of C-6.

The calcium and phosphorus contents of the diets are given in
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Tables I and II. Both the calcium and phosphorus levels were high for

diets P-5, P-6, C-5, and C-6 when compared to the requirement

figure (Table III). The addition of dicalcium phosphate and raising the

level of limestone flour when calculating diet C-2 from C-l resulted

in calcium and phosphorus levels comparable to the levels in C-5.

This allowed a further comparison between protein sources; by having

the unavoidable high levels of calcium and phosphorus in diet C-5 in

a diet not composed of high levels of fish meal, meat and bone meal.

The methionine and methionine plus cystine content of the diets

are given in Tables I and II. The requirement figures (Table III) show

none of the diets to be deficient, by calculation, in these amino acids.

It should be noted that diets P-3, P-4, and C-4 were quite high in

total methionine plus cystine. Diets P-6 and C-6 were high in meth

ionine plus cystine, but not to the degree of the previously mentioned

diets.

The experimental plans, Tables V-XII, include the addition of

methionine, calcium, and phosphorus to some of the diets listed in

Tables I and II. When calcium and phosphorus levels of one diet were

raised to equal the level of another diet it was accomplished by adding

the appropriate amounts of dicalcium phosphate and limestone flour

above the 100% total. Methionine plus cystine levels were raised by

the addition of dl-methionine (98% pure) above the 100% total.

The analyses values of the feed ingredients that were used when
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calculating the calcium, phosphorus, methionine, methionine plus

cystine, folic acid, and crude protein contents of the diets are listed

in Table IV.

Table III. Requirements of Chicks and Poults for Crude Protein,
Folic Acid, Calcium, Phosphorus, Methionine, and
Cystine; in Percent, Or Milligrams Per Pound of Diet.

Chick Requirement Poult Requirement

Crude protein % 20. 0 28. 0

Folic acid mg./lb. 0.25 0.40

Calcium % 1.0 0. 8-1, 4 (3)

Phosphorus % 0.6 0.8-0.9(3)

Methionine % 0.80(1) 0.87(1)

Cystine (1) % 0 35 0. 35

Cystine will replace methionine for chicks and poults as long as
the diet contains not less than 0. 45 and 0. 52% methionine, respectively.

(2)
Obtained from the National Research Council (68, p. 4-7);

except the calcium and phosphorus requirements for poults.

(3)
(As reviewed and reported by) Sullivan and Kin^an (86, p.

1335-1341).



Table IV. Analyses of the Feed Ingredients for Crude Protein, Folic Acid, Calcium, Phosphorus,
Methionine, and Cystine

Ingredient Crude Folic

protein Acid
Calcium Phosphorus Methionine Cystine

% mg'A % % % %

Corn, yellow 8.9(6) 0.1(6) - 0.3(6) 0. 15 (6)(9) 0.1(6)
Soybean meal (1) 45.8(6) 0.3(6) 0.3(6) 0.7(6) 0.6 (6) 0.7(7)
Soybean meal (2) 50.9(6) 0.3(6) 0.3(6) 0.6(6) 0.7 (6)(9) 0. 7(7)(9)
Fish meal, herring 70.6(6) 1-1(7) 2.9(6) 2.2(6) 2.0 (6) 1.6(6)
Meat and bone meal 50.6(6) - 10.6(4) 5.1(4) 0.7 (4) 0.6(4)
Alfalfa meal, dehy. 21.6(5) 3-1(5) 1-7(6) 0.3(5) 0-3 (7) 0.4(7)
Whey, dried i3.1(6) 0.4(6) 0-9(6) 0.8(6) 0.3 (6) 0.3(6)
Limestone flour - _ 37. 8 (5) 0. 0 (4)
Dicalcium phosphate - - 27 0 (4) 19 1 (6)

(

Listed in Table II as 44% protein
(2)

Listed in Table I as 50% protein.
(3)

Ingredients for which no value was used.

(4) ,The National Research Council (65, p. 47-104).
(5)

The National Research Council (66, p. 28-473).

The National Research Council (67, p. 8-44).
(7)

Treco Gram (28, p. 4).
(8)

'Block and Weiss (11, p. 296).
(9)

Estimated value from a similar ingredient.

in
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Microbiological Analysis for Free Folic Acid and Moisture Determi-
nation of the Feed Ingredients

For the purposes of this study the method of folic acid analysis

was adapted from the Official Agricultural Chemists (4, p. xvii-xx;

4, p. 663-666). The stock culture agar, inoculum broth, and assay

5
media were obtained from Difco Laboratories. Streptococcus fae

calis was purchased from the American Type Culture Collection.

Samples of ingredients were ground in a Wiley Mill to pass a

one millimeter screen and kept in brown jars at -12°C until use. A

0. 5 to 2 gram sample dependent on the estimated amount of folic acid

present, was weighed on an analytical balance for each ingredient, with

the remainder of the sample being returned immediately to the deep

freeze. All samples were treated in the same manner with the excep

tion of the soybean meals which required larger containers during the

hydrolysis procedure to prevent loss.

Samples were first dissolved in approximately 200 ml. of dis-

7
tilled water in a one 1. erlenmeyer flask, four ml. of 6. 04 N NH OH

were added, agitated for one to two minutes, and the sides of the flask

were washed down with 0. 1 N NH OH. They were then hydrolized in

5
Difco Laboratories Inc. , Detroit 1, Michigan.

6
American Type Culture Collection, 2029 M. St. N. W. ,

Washington 6, D. C.

7
The soybean meal samples were treated in a two 1. flask.
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an autoclave at 15 p. s. i. for ten minutes and allowed to cool over

night in the refrigerator. To prevent loss during hydrolysis a 150 ml.

beaker was inverted over the erlenmeyer flask, leaving a small air

passage into the flask. Following hydrolysis samples were filtered

through Pyrex brand fiberglass wool, without suction, into a 1, 000 ml.

beaker and the sides of the funnel were washed with distilled water.

The volume was then brought to approximately 800 ml. , pH was ad

justed to 6. 8 + 0. 05, and brought to final volume of one liter with dis

tilled water in a volumetric flask. One, two, and three ml. of the re

sulting solution were used in duplicate assay tubes and four and five

ml. were used in triplicate.

A stock solution was made by appropriate dilutions of 50 mg. of

dry folic acid (kept at 4° C in a brown jar over calcium chloride), with

the appropriate pH adjustments, to contain 100 millimicrograms of

folic acid per ml.

Two standard solutions were made from this stock solution to

contain one and two millimicrograms/ml. of folic acid, respectively. A

standard curve was obtained by using 0. 0, 0. 5, 1. 0, 2. 0, 3. 0, 4. 0,

and 5. 0 ml. of the one millimicrogram/ml. solution and 3. 0, 4. 0,

and 5. 0 ml. , all levels in triplicate, of the two millimicrogram/ml.

solution. This resulted in triplicate levels of 0. 0, 0. 5, 1. 0, 2. 0,

3. 0, 4. 0, 5. 0, 6. 0, 8. 0, and 10. 0 millimicrograms of folic acid per

assay tube. A check for microbial contamination was made by using
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three uninoculated blanks (no folic acid) with each assay. The inocu

lated tubes containing no folic acid were also a control to test for folic

acid contamination of glassware.

All volumes were brought to five ml, in the standard curve and

assay tubes by adding an appropriate amount of distilled water. Five

ml. of assay medium (all nutrients except folic acid) were then added

to all tubes with force by an automatic syringe. Force was used to

obtain a good mixture in all the tubes. The assay tubes were covered

with metal caps, autoclaved for ten minutes at 15 p. s. i. , and al

lowed to cool to 37° C before inoculation.

The inoculum broth was prepared and then inoculated from agar

slants of Streptococcus faecalis with a culture less than one week old.

The procedure in this laboratory was to make weekly transfers so that

such a culture was always available. The inoculated inoculum broth

was incubated at 37° C for 18 to 24 hours in a water bath, centrifuged

at 1, 800 r. p. m. for five minutes, decanted, and the cells were re-

suspended in 0. 85% saline water previously heated to 37° C. One drop

of this suspension was used to inoculate each tube except the uninocu

lated controls. This inoculum was timed so that it would be ready at

the same time as the sample and standard tubes became ready to pre

vent folic acid deterioration from storage, It must be mentioned that

all solutions containing folic acid were kept out of direct sunlight and

that the Venetian blinds were kept closed as much as possible.
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The assay was then incubated for 72 hours at 37° C in a water

bath equipped with a stirrer and lactic acid production was measured

by titration with 0. 1 N NaOH to pH 6. 8. A straight line was obtained

by plotting the amount of folic acid in the standard tubes against the

log of the average number of milliliters of NaOH titrated at each level.

The amount of folic acid in the assay tubes was extrapolated from the

average number of milliliters of NaOH titrated to each assay sample

level.

Final calculations were made from the portion of the curve be

tween 1. 0 and 5. 0 millimicrograms of folic acid, as suggested by

Toepfer et al. (88, p. 6-7) and an analysis was not considered com

plete unless at least three of the sample levels fell within this range.

Values outside this range were used to estimate the correct sample

size to use in the next assay. The average folic acid content of the

levels, falling between 1. 0 and 5. 0 millimicrograms, was the deter

mined amount of folic acid in the sample. The following formula was

used:

Millimicrograms Final volume
extrapolated of sample
folic acid X 1, 000 ml. X 454 grams X 0. 000001 mg.
ml. of sample X grams of XI pound X millimicrogram

in tube sample used

to obtain the mg. of folic acid per pound of sample.

Cleanliness of glassware cannot be overemphasized. To obtain
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comparative results between assays it was found necessary to heat

all glassware to 250° C for one to two hours as suggested by the Asso

ciation of Official Agricultural Chemists (4, p. 663) for microbiologi

cal assay of cyanocobalamin.

Moisture content of the assay samples was determined, in du

plicate, by weighing two grams of sample, drying in an oven at 100 to

105°C for five hours, and weighing every hour until a constant weight

was obtained. These moisture figures were not used when calculating

the folic acid content of the mixed feeds, as it was assumed that the

moisture content of these would not change greatly when they were

mixed as a feed. The results of the microbiological analysis and the

moisture determination of the ingredients are given in Table XIII. The

calculated values of folic acid in the diets, based on the microbio

logical assay, are given in Tables I and II.
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RESULTS

Experiment 1. Comparison of Poult Basal Diets, With and Without
Added Folic Acid

The purpose of Experiment 1 was to find out how poults, fed

diets with normal or high levels of protein from high levels of fish

meal and meat and bone meal (groups 5, 7, 9, and 11), would com

pare to poults fed the same diets with supplemental folic acid (groups

6, 8, 10, and 12). Groups 1 and 2 were the controls for the normal

protein level and were fed diet P-l without and with folic acid, re

spectively. The control for the high protein level, groups 3 and 4,

were fed diet P-2 without and with folic acid, respectively. When

diets were fortified with folic acid, the requirement figure for poults

(Table III) of 0. 4 mg. /lb. of diet was used. The criteria used for

determining a poult response to folic acid were body weight, Hb. %,

and the number of survivors. These results are shown in Table V.

No responses to folic acid administration with respect to body

weight, Hb. %, or number of survivors were evident in the control

groups (1 and 3 compared to 2 and 4, respectively). Poult responses

were consistant for folic acid supplementation of the high fish meal

diets (groups 5 and 7 vs 6 and 8, respectively) involving increased

body weight and more survivors. Significant (p. < 0. 05) poult re

sponses for higher body weight, Hb. %, and number of survivors



Table V. Comparison of Poult Basal Diets, With and Without Added Folic Acid. Experiment 1.
Group Diet;3 and Average bo dy weight Hemoglobin Survivors

alterations (grams) (Hb. %) (1)

1 P-l 387 9. 85 18

2 P-l (2) 369 10. 68 17

3 P-2 377 10. 00 17

4 P-2 (2) 389 9. 50 19

5 P-3 280 8. 45 9 (3)
6 P-3 (2) 396 9. 55 18

7 P-4 351 9. 60 13

8 P-4 (2) 395 9. 57 17

9 P-5 215 8. 20 5 (4)
10 P-5 (2) 294 9. 17 14

11 P-6 286 8. 80 6 (4)
12 P-6 (2) 368 9. 95 19

A. O. V. ** (5) * *

Chi sq. >!< >!<

L. S. D. 5% 74 0. 87

L. S. D. 1% 103 1. 23

(1)

(2)

The number of survivors from 2 lots of 10 poults each.

The basal diet plus 0. 4 mg. of folic acid added per pound of diet.
(3)

Significantly lower than group 6.

(4)
These 2 groups are significantly lower than any of the other groups with added folic acid.

(5)e;Significance at the 1% level of probability denoted by **
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were produced when the normal protein high fish meal diet was sup

plemented with folic acid (group 5 vs 6). Significant poult responses

(p. < 0. 05) for both protein levels of the high fish meal and meat and

bone meal diets in higher body weight, Hb. %, and number of survi

vors were produced upon supplementation of these diets with folic

acid (groups 9 and 11 vs 10 and 12, respectively).

Protein level had no apparent effect for poults fed the control

diets with or without supplemental folic acid (groups 1, 2, 3, and 4).

The addition of folic acid to the normalproteinhigh fish meal diet pro

duced poults comparable to the controls in respect to body weight,

Hb. %, and number of survivors (group 6 vs 1, 2, 3, and 4). Poults

fed the high protein high fish meal plus folic acid diet were also com

parable to the control poults in body weight, Hb. %, and number of

survivors (group 8 vs 1, 2, 3, and 4). A significantly lower weight

(p. < 0. 05), even though folic acid was added to their diet, was ob

tained by poults fed the normal protein high fish meal and meat and

bone meal diet (group 10), when compared to the controls' body

weights (groups 1, 2, 3, and 4). This group (10) also exhibited low

Hb. % and fewer survivors than the controls, though not significantly

so. Poults fed the high protein high fish meal and meat and bone meal

plus folic acid diet, on the other hand, obtained body weight, Hb. %,

and survivor numbers that were comparable to the controls (group

12 vs 1, 2, 3, and 4).
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Experiment 2. Comparison of Chick Basal Diets With and Without
Added Folic Acid

The basic design for Experiment 2 was the same as for Experi

ment 1. When folic acid was added to the chick diets the chick re

quirement (Table III) of 0. 25 mg./lb. of diet was used. A perosis

score was used in addition to the factors noted in Experiment 1 for

determining a chick response to folic acid. The results of this ex

periment are shown in Table VI.

Chicks fed the control diets supplemented with folic acid (groups

2 and 4) showed negligible increases in body weight, Hb. %, number

of survivors, and a negligible decrease in perosis score when com

pared to chicks fed the non-supplemented diets (groups 1 and 2). Body

weight of chicks fed the high fish meal diets were consistantly higher

with the addition of folic acid to the diet (groups 5 and 7 compared to

6 and 8). Chicks fed the high protein fish meal diet plus folic acid

(group 8) were significantly heavier (p. < 0. 05) and had significantly

less perosis (p. < 0. 05) than chicks fed this diet without added folic

acid (group 7). No responses to folic acid administration with respect

to body weight, Hb. %, perosis, or number of survivors were detec

table between chicks fed the normal protein high fish meal and meat

and bone meal diet with (group 10) and without (group 9) supplemental

folic acid. Chicks provided with the high protein high fish meal



Table VI. C omparison of Chick Basal Diets, With and Without Added Folic Acid. Exp eriment 2.

Group Diets and Average be dy weight Hemoglobin Average perosis Survivors
alterations (grams)

545

(Hb. %)

8. 70

score

0. 00

(1)

1 C-l 24
2 C-l (2) 570 8. 65 0. 29 24

3 C-2 544 8. 40 0. 42 24
4 C-2 (2) 561 7. 80 0. 00 24

5 C-3 532 9. 00 0. 13 23
6 C-3 (2) 574 7. 40 0. 00 24

7 C-4 511 7. 20 1. 68 23
8 C-4 (2) 576 7. 70 0. 25 24

9 C-5 48 3 8. 10 0. 17 24
10 C-5 (2) 497 8. 00 0. 08 24

11 C-6 434 8. 40 1. 88 22
12 C-6 (2) 536 8. 00 0. 43 23

A. O. V. -\<-\< (3) >)< **

Chi sq.

L. S. D. 5% 48 0. 88 0. 66
L. S. D. 1% 65 0. 93

The number of survivors from 2 lots of 12 chicks each.
(2)

The basal diet plus 0. 25 mg. of folic acid added per pound of diet.
(3)

Significance at the 1% level of probability denoted by **; at the 5%, *; not significant

en
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and meat and bone meal plus folic acid (group 12) were significantly

heavier (p. < 0. 05) and had significantly less perosis (p. < 0. 05) than

chicks given this diet without added folic acid (group 11), although

perosis was still present.

Protein level had no apparent effect for chicks fed the control

diets with or without added folic acid (groups 1, 2, 3, and 4). This

last statement is true with the exception of Hb. %, aspects of which

will be presented later in the discussion section. The addition of folic

acid to the normal or high protein high fish meal diets made them

comparable to the control diets when fed to chicks with respect to body

weight and perosis (groups 6 and 8 compared to 1, 2, 3, and 4). A

significantly lower body weight (p. < 0. 05) was obtained from chicks

fed the normal protein high fish meal and meat and bone meal diet

(group 10) when compared to three of the four control groups (groups

1, 2, and 3), even though folic acid was added to their diet. Chicks

fed the high protein high fish meal and meat and bone meal plus folic

acid diet, on the other hand, obtained body weight and a perosis score

comparable to the controls (1, 2, 3, and 4).

Experiment 2. Part 2. Incorporation of Folic Acid into the Diets of
Depleted Chicks

This experiment was a continuation of Experiment 2. The pur

pose was to determine if chicks that had been depleted of folic acid
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would respond to a diet adequate in folic acid. The two groups of

chicks fed the high fish meal diet and no added folic acid (group 7)

were pooled. They were then segregated into four pens of the finish

ing battery, keeping equal numbers of perotic birds in each group.

Two pens were continued on the high protein fish meal diet and two

pens were given this diet with supplemental folic acid (0. 25 mg./lb.

of diet). The same procedure was used with the high protein fish meal

and meat and bone meal diet (group 11).

At the end of one week or when the chicks were five weeks of

age, the birds had shown such high mortality in all groups that little

if any advantage could be ascribed to folic acid supplementation. This

may have been due to the high degree of perosis that was already

present in these birds. Whether mortality was due to inability of the

perotic birds to obtain adequate feed and water or to the degree of

folic acid depletion was not determined.

Experiment 3. Effects of Supplemental Methionine and Supplemental
Methionine Plus Folic Acid

McDonald (58, p. 343) has reported on the addition of methionine

to increase the chick's requirement for folic acid. Briggs, Ingle, and

Haas (13, p. 472) have reported that 2-3% added glycine and 0. 3-0. 8%

added methionine will produce folic acid deficiency, although they

did not state the methionine content of the original diet. Since the fish



48

meal diets used in the present study contained high levels of methio

nine this experiment was conducted to find out if the 0. 35% additional

methionine in the high protein high fish meal ration, over the low pro

tein soybean meal control, would influence the folic acid requirement

of chicks. The results are shown in Table VII.

Group 1 was fed the normal protein soybean control diet and

group 2 the high protein soybean control diet. Groups 3 and 4 were

fed the normal andhigh protein level fish meal diets, respectively.

Group 5 was fed the normal protein soybean control diet with added

methionine so that the resulting methionine plus cystine would equal

the methionine plus cystine in the high protein fish meal diet (group 4).

Group 6 was given the same diet as group 5 except it was also supple

mented with 0. 4 mg. /lb. of folic acid. The reason that folic acid

levels were increased over the chick requirement, was to insure for

any possible increase in requirement due to the added methionine.

Groups 7 and 8 were fed the same diet modifications as groups 5 and

6, respectively, with the exception that this time the high soybean

meal control was used.

A significant decrease in body weight (p. < 0. 05) was obtained

with chicks fed the high protein fish meal diet when compared to

groups 1, 2, and 3. The addition of methionine failed to depress

body weight (groups 5 and 7) and folic acid was also without effect

(groups 6 and 8). Perosis was significantly increased (p. < 0. 05) in



Table VII. Effects of Supplemental Methionine and Supplemental Methionine Plus Folic Acid.
Experiment 3.

Group Diets and Average body weight Average perosis Hematocrit Survivors
alterations (grams) score % R. B. C. (1)

1 C-l 548 0. 05 33. 65 19

2 C-2 527 0. 25 30. 99 20

3 C-3 510 1. 53 33. 12 19

4 C-4 430 3. 78 31. 77 19

5 C-l (2) 539 0. 10 32. 10 20

6 C-l (2) (3) 533 0. 20 33. 05 20

7 C-2 (2) 557 0. 30 31. 17 19

8 C-2 (2) (3) 530 1. 00 32. 55 20

A. O. V. ** (4) *<> A
_

—

Chi sq.

L. S. D. 5% 41 1. 33

L. S. D.

/1 \

1% 57 1. 93

The number of survivors from 2 lots of 10 chicks each.
(2)

Added methionine; so its methionine plus cystine were equal to the methionine plus cystine in
ration C-4.

(3)
0. 4 mg. of folic acid added per lb. of ration.

(4) .
significance at the 1% level of probability denoted by **; no significance by - £



50

the presence of the fish meal containing diets (groups 3 and 4) with a

still further increase noted at the high protein Ievel" No significant

perosis differences could be found for the control groups with added

methionine (5 and ?), or the control groups with added methionine and

folic acid (6 and 8)" There were no significant differences in the

number of survivors or hematocrit values for any of thc groups inthis

study.

Experiment 4. Effects of Supplemental Mcthionine *gg-9,M9lggtt".i
Methionine Plus Folic Acid

This experiment was conducted to further test the effect of the

high methionine plus cystine leve1 in the high protein fieh meal chick

diet. It was conducted in primarily the same pattern as Experirnent

3 except the normal protein fish meal diet was dropped from this ex-

periment and the high protein fish meal diet was used with and without

added folic acid. The results are shown in Table VIII.

Groups I and Z were the normal and high protein soybean meal

controls, respectively. Groups 3 and 4 were the normal soybean

meal control with added methionine, as in Experiment 3, and added

methionine plus folic acid, as in Experiment 3, respectively. Groups

5 and 6 were the high protein soybean meal controls with the same

modifications aE groups 3 and 4, respectively. Group 7 was the high

protein fish meal diet and group 8 was this diet with folic acid added



Table VIII. Effects of Supplemental Methionine and Supplemental Methionine Plus Folic Acid.
Experiment 4.

Group Diets and

alterations

A verage body weight
(grams)

A verage perosis

score

Su rvivors

(1)

1 C-l 506 0. 35 20

2 C-2 510 0, 60 20

3 C-l (2) 521 0. 60 20

4 C-l (2) (3) 507 0. 20 20

5 C-2 (2) 485 0. 60 20

6 C-2 (2) (3) 498 0. 40 20

7 C-4 349 2. 83 17

8 C-4 (3) 513 0. 90 20

A. O. V. •',- >;< (4) **

Chi sq.
**

L, S. D. 5% 55 0. 94

L. S. D. 1% 76 1. 37

The number of survivors from 2 lots of 10 chicks each.
(2)

Added methionine; so its methionine plus cystine were equal to the methionine plus cystine
in ration C-4.

(3)
0. 4 mg. of folic acid were added per lb. of ration.

(4)
Significance at the 1% level of probability denoted by **.
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as in groups 4 and 6.

A significant decrease in body weight (p. < 0. 05) was produced

for chicks fed the high protein fish meal diet (group 7). The addition

of methionine to the soybean meal diets failed to depress growth

(groups 3 and 5). Folic acid supplementation was of no effect for

chicks fed the soybean meal diets with added methionine (groups 4 and

6), whereas it was of significant effect (p. < 0. 05) for chicks fed the

high protein fish meal diet by increasing body weight (group 8 vs 7).

Perosis was significantly increased (p. < 0. 05) in the presence

of the fish meal diet (group 7). No significant perosis increases

could be found for the control groups with added methionine (3 and 5)

or the control groups with added methionine and folic acid (4 and 6).

The high protein fish meal diet without added folic acid gave

lower survivor numbers when fed to chicks (group 7). No survivor

number differences could be found between any of the other groups.

Experiment 5. Effects of Supplemental Calcium Plus Phosphorus

It has been reported (26, p. 730; 35, p. 24-25) that excessive

calcium and phosphorus levels in the diet will also cause perosis, re

duced growth, and mortality. In this experiment the calcium and

phosphorus levels in the high protein soybean diet were increased to

equal the levels in the high protein fish meal and meat and bone meal

ration. The results of this experiment are given in Table IX.



Table IX. Effects of Supplemental Calcium Plus Phosphorus. Experiment 5.

Group Diets and Average body weight Average perosis Hematocrit Survivors
alterations (grams) score % R. B. C (1)

1

2

3

4

5

C-l

C-2

C-2 (2)

C-6

C-6 (3)

565

574

530

427

543

0. 04

0. 06

0. 67

2. 9 3

0. 96

31. 93

31. 73

30. 75

32. 15

33. 55

48

48

48

45

48

A. O. V.

Chi sq.

L. S. D. 5%

L. S. D. 1%

** (4)

50

82

15)

1, 36

(1

(2)

The number of survivors from 2 trials with 2 lots of 1 2 chicks per trial

This ration, by adding calcium and phosphorus, had calcium and phosphorus levels equal to
ration C-6,

(3),0, 4 mg. of folic acid were added per lb. of ration.

Significance at the 1% level of probability denoted by **; at the 5% by *; no significance by -.

No significant difference if diet C-6 is dropped from the test of Homogeneity of Means.

(4)

(5)

en
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Group 1 was the normal protein soybean meal control and group

2 was the high protein soybean meal control. Group 3 was fed the high

protein soybean meal diet supplemented with calcium and phosphorus

levels to equal those levels in the high protein fish meal and meat and

bone meal ration fed to group 4. Group 5 was fed the high protein fish

meal and meat and bone meal diet supplemented with folic acid.

Chicks fed the high protein fish meal and meat and bone meal

ration had significantly higher (p. < 0. 05) body weights when this diet

was supplemented with folic acid than when it wasn't (group 5 vs 4).

No significant differences were found between chicks fed the soybean

meal controls (groups 1 and 2), the high protein soybean meal control

plus calcium and phosphorus (group 3), and the high protein fish meal

and meat and bone meal ration plus folic acid (group 5), although the

chicks fed the high protein soybean meal control plus calcium and

phosphorus (group 3) were considerably lighter than the other three

groups (1, 2, and 5).

The presence of the high protein fish meal and meat and bone

meal diet significantly increased (p. < 0. 05) perosis (group 4). This

perosis was significantly decreased (p. < 0. 05) upon folic acid supple

mentation (group 5), although a residual amount of perosis seemed to

exist. Chicks fed the control diets did not have perosis (groups 1 and

2). No significant increase in perosis was found when the high pro

tein soybean meal control plus calcium and phosphorus ration was fed
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to chicks (group 3).

Chicks fed the high protein fish meal and meat and bone meal diet

(group 4) showed significantly lower (p. < 0. 05) survivor numbers than

any other group (groups 1, 2, 3, and 5). No differences could be

found between any of the groups for hematocrit values.

Experiment 6. Effects of Supplemental Calcium Plus Phosphorus;
Calcium, Phosphorus, and Folic Acid; and Folic Acid

It has been observed in Experiments 2 and 5 (Tables VI and IX)

that the addition of folic acid to the high protein fish meal and meat

and bone meal diet (C-6) significantly increased body weight (Experi

ments 2 and 5) decreased perosis (Experiments 2 and 5), and in

creased the number of survivors (Experiment 5) although a residual

amount of perosis still seemed to exist. Experiment 6 was under

taken to compare the high calcium and phosphorus levels with differ

ent protein sources and to explore the possibility of eliminating this

residual perosis with higher levels of folic acid. The results are

shown in Table X.

In this experiment groups 1 and 2 were the normal and high pro

tein soybean meal controls, respectively. Groups 3, 4, and 5 were

fed the high protein soybean meal control with added calcium and

phosphorus to equal the calcium and phosphorus level in group 6

without folic acid or with 0. 4 or 0. 8 mg. of folic acid added/lb. of



Table X. Effects of Supplemental Calcium Plus Phosphorus; Calcium, Phosphorus, and Folic Acid;
And Folic Acid. Experiment 6.

Group Diets and A verage body -weight Average perosis Hematocrit Survivors

alterations (grams) score % R. B. C. (1)

1 C-l 547 0. 08 31. 91 24

2 C-2 549 0. 08 31. 33 24

3 C-2 (2) 519 0. 38 31. 30 24

4 C-2 (2) (3) 518 0. 33 30. 89 24

5 C-2 (2) (4) 538 0. 46 32. 85 24

6 C-6 383 3. 49 32. 55 21

7 C-6 (3) 527 0. 67 33. 32 24

8 C-6 (4) 535 0. 67 32. 29 24

A. O. V. '!' *i< (5) **
-

Chi sq. ** (6)

L. S. D. 5% 35 1. 08

L. S. D. 1% 48 1. 58

(1)

(2),

The number of survivors from 2 lots of 1 2 chicks each.

Calcium and phosphorus were added so that the resulting ration had calcium and phosphorus
levels equal to C-6.

(3),0. 4 mg. of folic acid were added per lb. of ration.

0. 8 mg. of folic acid were added per lb. of ration.
(4)

(5)

(6)

Significance at the 1% level of probability denoted by **; no significance by -.

There is no significant difference if diet C-6 is dropped from the test of Homogeneity of Means. o
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diet, respectively. Groups 6, 7, and 8 were fed the high protein fish

meal and meat and bone meal ration without folic acid with 0. 4 or 0. 8

mg. of added folic acid/lb, of diet respectively.

The addition of calcium and phosphorus to the soybean controls

had no effect on body weight (group 3 vs 2 or 1). Folic acid supple

mentation at either level (groups 4 and 5), to the high soybean meal

diet with added calcium and phosphorus, did not influence body weight

when fed to chicks. Chicks fed the high protein fish meal and meat

and bone meal ration (group 6) were significantly lower in body weight

(p. < 0, 05) than chicks fed this diet supplemented with 0. 4 mg. of folic

acid/lb. (group 7). No further increase in body weight was observed

when the higher level of folic acid was added to the fish meal diet

(group 8).

Perosis was not significantly affected for chicks fed the soy

bean meal controls, the high protein control plus calcium and phos

phorus, or the latter with either level of added folic acid (groups 1,

2, 3, 4, and 5). The addition of calcium and phosphorus in the soy

bean ration did increase perosis consistantly. Chicks fed the high

protein fish meal and meat and bone meal diet (group 6) had signifi

cantly more perosis (p. < 0. 05) than chicks fed this diet supplemented

with 0. 4 mg. of folic acid/lb. (group 7). No further decrease in per

osis was evident in chicks fed the higher level of folic acid (group 8).

Survivor numbers were not affected by the addition of calcium

and phosphorus or either level of folic acid added to the calcium and
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phosphorus supplemented soybean meal rations (groups 1, 2, 3, 4,

and 5). Addition of 0. 4 mg. of folic acid/lb. brought survivor num

bers to their maximum for chicks fed the fish meal and meat and bone

meal diets (groups 6, 7, and 8). No differences for any of the groups

could be found for hematocrit values.

Experiment 7. Effects of Adding Folic Acid in 0. 1 Mg. /Lb. Incre
ment stoChic!Tr5ieTc^4 ~ ' " ~~

The purpose of this experiment was to find the level of added folic

acid that would effectively support body weight, reduce mortality, and

decrease perosis for chicks fed the high protein fish meal diet. Group

1was fed the normal protein soybean meal control ration. The nega

tive control, group 2, was fed the high protein fish meal diet with no

supplemental folic acid. Groups 3 through 10 were fed the high pro

tein fish meal diet with increasing increments of 0. 1 mg. of folic

acid/lb. of diet, respectively. The data are shown in Table XL

The negative control, group 2, was significantly lower in body

weight (p. <0. 05) than any other group. Chicks fed this diet with 0. 1

mg. of folic acid/lb. added (group 3) obtained significantly higher

body weight (p. < 0. 05) than the negative control. Supplementation of

more than 0. 1 mg. of folic acid/lb. did not result in any further in

crease of body weight when fed to chicks (groups 4 through 10).

Perosis was significantly higher (p.< 0. 05) in chicks fed the



Table XL Effects of Adding Folic Acid in 0. 1 Mg./Lb. of Diet Increments to Chick Diet C-4.
Experiment 7.

Group Diets> and Average body weight Average perosis Survivors
alterations (grams) score (1)

1 C-l 505 0. 09 47

2 C-4 421 1. 95 40

3 C-4 + 0. 1 (2) 529 0. 41 46

4 C-4 + 0. 2 5 34 0. 33 46

5 C-4 + 0. 3 5 30 0. 25 47

6 C-4 + 0. 4 510 0. 38 48

7 C-4 + 0. 5 519 0. 17 48

8 C-4 + 0. 6 545 0. 23 48

9 C-4 + 0. 7 5 38 0. 26 47

i0 C-4 + 0. 8 5 35

(3)
0. 43 47

A. O. V. >\< >;<

Chi sq.
** (4)

L. S. D. 5% 27 0. 43

L. S. D.

/ i \

1% 36 0. 48

The number of survivors from 4 lots of 12 chicks each.
(2)

Mg. of folic acid added per lb. of diet.
(3)

Significance at the 1% level of probability denoted by **.
(4)

There is no significant difference in number of survivors if C-4 is dropped from the test
of Homogeneity of Means. ;_,
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negative control diet (group 2) than any other group. Chicks fed the

fish meal diet supplemented with 0. 1 mg. of folic acid/lb. (group 3)

showed significantly less (p. < 0. 05) perosis than chicks fed the unsup-

plemented diet (group 2). Chicks fed higher levels of folic acid failed

to show further decreases of perosis (groups 3 through 10).

Survivor numbers showed the same pattern as perosis and body

weight. The negative control (group 2) had significantly less (p. < 0.05)

survivors than any other group. Chicks fed this diet supplemented

with 0. 1 mg. of folic acid/lb. (group 3) had significantly more sur

vivors (p. < 0. 05), and chicks fed this diet with further supplementa

tion of folic acid (groups 4 through 10) showed no significant increase

in survivor numbers.

Experiment 8. Effects of Adding Folic Acid in 0. 1 Mg. /Lb. Incre-
ments to Poult Diet P-4

This experiment was conducted to find out how much additional

folic acid would be necessary to affect body weight, hematocrit

values, and survivor numbers in poults fed the high protein fish meal

diet. Groups i and 2 were the normal and high protein soybean meal

controls, respectively. Group 3 was fed the high protein fish meal

diet without supplemental folic acid. Groups 4, 5, 6, 7, and 8 were

fed increasing increments of 0. 1 mg, of folic acid/lb. of diet. The

results are given in Table XII.



Table XII. Effects of Adding Folic Acid in 0. 1 Mg. /Lb. of Diet Increments to Poult Diet P-4.
Experiment 8.

GrouP Diets and Average body weight
alterations (grams)

1 P-l 505

2 P-2 539

3 P-4 450

4 P-4 + 0. 1 (2) 497

5 P-4 + 0. 2 529

6 P-4 + 0. 3 537

7 P-4 + 0. 4 559

8 P-4 + 0. 5 546

A. O. V. ** (3)

Chi sq.

L. S. D. 5% 40

L. S. D. 1% 55

Hematocrit Survivors

% R. B. C. (1)

40. 17 28

41. 07 29

37. 63 25

39. 93 27

39. 10 29

40. 23 30

39. 90 29

40. 77 30

U) The number of survivors from 3 lots of 10 poults each.
(2)

Mg. of folic acid added per lb. of diet.
(3)

Significance at the 1% level of probability denoted by **; no significance by -

o
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Poults fed the fish meal diet without added folic acid (group 3)

were significantly lower in body weight (p. < 0. 05) than poults fed this

diet with 0. 1 mg. of folic acid added/lb. (group 4). Group 4 was sig

nificantly lower in body weight (p. < 0. 05) than poults fed the fish meal

diet with 0. 2 mg. of folic acid added/lb. (group 5). Further folic acid

supplementation of this diet, when fed to poults, (groups 6, 7, and 8)

did not produce poults with significantly heavier body weights. No

significant differences could be found between any groups with respect

to survivor numbers or hematocrit values.

Folic Acid Content as Determined by Microbiological Assay and
Moisture Content of the Ingredients

The results of the microbiological assay and moisture deter

mination of the feed ingredients are given in Table XIII. These mi

crobiologically determined values were those used in calculating the

folic acid content of the chick and poult diets listed in Tables I and

II, respectively. A comparison of these values and the values used

in the initial calculation of folic acid content will be given in the dis

cussion section of this report.
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Table XIII. Folic Acid Content of Ingredients as Determined by
Microbiological Assay and Moisture Content of the
Ingredients.

Ingredient

Corn, yellow ground

Soybean meal, 44% protein

Soybean meal, 50% protein

Herring fish meal, 70% protein

Meat and bone meal, 50% protein

Whey

Alfalfa, dehy. , 20% protein

Chick -vitamin and trace mineral premix

Poult vitamin and trace mineral premix

Folic Acid Moisture

(mg. /lb.) %

0. 19 12. 5

0. 21 11. 2

0. 21 12. 5

0. 26 9.8

0. 28 9. 2

0. 11 1 3. 3

1. 34 10. 4

0. 62 13. 2

1. 27 14. 1
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DISCUSSION

The Addition of Folic Acid to Various Chick and Poult Diets

In these studies diets were formulated by making modifications

of relatively complete control rations used at this experiment station.

These modifications included changing the major protein source from

plant origin (soybean meal) to animal origin (fish meal or fish meal

and meat and bone meal). A further modification was the raising of

the protein level from normal levels to study the effect of high pro

tein on the requirement for folic acid of chicks and poults.

It should be noted that the calculated values of folic acid content

showed the fish meal diets (3 and 4) to be adequate for this vitamin;

yet Harper (32, p. 34-36) has shown, with poults, that similar diets

composed of fish meal with 29 or 33. 8% protein were deficient in folic

acid. It was his view that either "rations high in fish meal were low

in folic acid, or the vitamin was not available due to fish protein. "

Harper (32, p. 36) pursued this problem with high fish meal or

fish meal and meat and bone meal diets. He again

showed a poult response to added folic acid, although it was not as

marked as the response obtained from the supplemented fish meal

diet.

Experiments 1 and 2 showed diets 3, 4, and 6 to be deficient in
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folic acid for chicks and poults. Results from diet 5 appeared some

what inconsistant. The poults showed a significant response; but

were still significantly lighter than the control groups when fed this

diet supplemented with folic acid. The chicks, on the other hand, did

not respond to folic acid supplementation and were significantly light

er than the controls. From these observations it was apparent that

some factor other than folic acid per se was involved and this diet was

subsequently dropped from further experiments.

In the course of this investigation hemoglobin determination

(experiments 1 and 2) and hematocrit values (Experiments 3, 5, 6,

and 8) were used. In Experiment 1 the Hb. %, body weight, and num

ber of survivors showed essentially the same results. Addition of

folic acid to the controls was ineffective, while addition to the test

diets produced poults with heavier weights, higher Hb. %, and more

survivors. The exception to this would be the case of the high protein

soybean meal control diet. Poults fed this ration showed a consider

able decrease in Hb. % when it was supplemented with folic acid. All

Hb. % values, except for the normal protein soybean meal control

with folic acid and the high protein soybean meal control without folic

acid, were low in comparison to the normal values reported for four

week old turkeys by Jukes, Stokstad, and Belt (46, p. 4).

The normal values reported by these workers were 9. 15 Hb. %

at three weeks and 10. 04 to 10. 23 Hb. % at four weeks. They also
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reported abnormal values of 8. 65 Hb. % at three weeks and 10. 42

Hb. % at four weeks. These figures indicate extreme variability be

tween poults for Hb. %, a finding that has also been reported by

Miller and Balloun (59, p. 47).

If the normal value reported by Jukes, Stokstad, and Belt (46,

p. 4) for three weeks can be applied to four week old turkeys, then

anemia appeared possible in poults fed the low protein fish meal and

the fish meal and meat and bone meal diets in this study. This ane

mia was prevented with the addition of folic acid to these diets. On

the other hand, if their abnormal value for four week old turkeys is

applied, then there should have been high mortality in the low protein

soybean meal control with added folic acid.

In Experiment 2 Hb. % was decreased for all diets when folic

acid was added except for the high protein fish meal ration. These

results do not agree with the findings in Experiment 1. This could

be explained by a species difference between poults and chicks, but

this is highly unlikely in view of the reports of Campbell et al. (16,

p. 349-350), Mills et al. (61, p. 189), Pfiffner et al. (71, p. 404),

Hill, Norris, and Heuser (36 p. 181), and Robertson et al. (74, p. 100).

These workers have reported normal values for chicks from 7. 74 to

10. 95 Hb. % and abnormal values from 3. 9 to 6. 1 3 Hb. %. If these

values and the ones found in Experiment 2 are valid, then the addition

of folic acid to the normal protein fish meal diet caused them to
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become anemic and did not prevent the anemia produced in the high

protein fish meal diet.

It was pointed out earlier in this report that the method used, in

this investigation, to measure Hb. % showed considerable variation

when compared to the method of Wong (page 27). The method used

showed a range that went from a low of 0, 90 below to a high of 0. 40

Hb. % above the method of Wong. For this reason and the other dis

crepancies that have been noted hemoglobin determinations were dis

continued and no significance was given to the values obtained.

In Experiments 3, 5, 6, and 8 hematocrit values were used as

a method for determining anemia. In the former three, using chicks,

no differences could be found between groups for hematocrit values.

The values obtained in these studies ranged from 30. 75 to 33. 65 R.

B. C. % which are in complete agreement with Hogan and Parrot (37,

p. 47; 38, p. 511), Campbell et al. (16, p. 349-350), Campbell,

Brown, and Emmett (17, p. 48 3), and Pfiffner et al. (71, p. 404) for

normal birds. In this investigation, like that of Saxena et al. (80,

p. 819), none of the chicks showed the abnormally low values of 5. 19

to 16. 41 R. B. C. % reported by the previously mentioned workers.

Saxena et al. (80, p. 819) explained the non-production of ane

mia as "a sufficient amount of folic acid for hematopoesis but not for

growth". This explanation is in agreement with the findings of

Campbell, Brown, and Emmett (17, p. 484) who reported that 0. 18

A
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mg. of folic acid /Lb. of diet would produce normal hemoglobin levels,

but not growth. The explanation also agrees with the finding of

Robertson et al. (74, p. 99) who reported the hemoglobin curve to

level off at a lower folic acid content of the diet than the body weight

response curve.

With turkeys the results were slightly different. In Experiment

8 the R. B. C. range was from 37. 63 to 41. 07% and, although no sig

nificant differences were evident, a response curve could be plotted

from the group averages versus added folic acid that appeared curvi

linear. This is in agreement with the work by Richardson, Hogan,

and Kempler (77, p. 155) who reported that hematocrit values for

folic acid deficient turkeys showed a slight decrease, but not enough

to be considered anemia. Individual readings in this investigation

agree with the findings of Miller and Balloun (59, p. 47). They

stated that poult hematocrit values were quite variable. These find

ings are directly opposed to the report in Treco Gram (28, p. 1), al

though the mortality given in that report, 50 to 90% in four to six

days, indicate that they had encountered a different set of conditions

than was present in this investigation.

In Experiment 1 the normal protein fish meal diet was apparent

ly more deficient in folic acid than the high protein fish meal diet as

judged by body weight and survivor responses of poults. The same

criteria indicate that the normal protein fish meal and the high protein
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fish meal and meat and bone meal rations to be about equal in defi

ciency of folic acid. In Experiment 2 there were no differences at

tributable to protein level in the folic acid unsupplemented fish meal

diets. The high protein fish meal and meat and bone meal ration was

apparently more deficient than either of the fish meal rations as

judged by body weight of the unsupplemented diet. No protein level

differences could be found between the control rations of either Ex

periment 1 or 2 for any of the factors studied.

From these observations it was concluded that protein level per

s_e was not the deciding factor for the degree of folic acid deficiency

symptoms produced in chicks or poults fed these diets. The defi

ciencies were more closely related to the presence of animal protein

in the diet. This is in opposition to the views of Cunha et al. (21,

p. 74-75) and Creek and Vasaitis (19, p. 1140) who reported a high

protein level to lower and raise the folic acid supplementation re

quirement of a ration, respectively. These findings do support the

views of Harper (32, p. 34-36) that diets containing high levels of

fish meal or fish meal and meat and bone meal in place of soybean

meal require folic acid supplementation. Biely et al. (5, p. 597)

have made the same observation for fish meal rations.

Experiments 3 and 4 were conducted to find out if the high me

thionine plus cystine content of the high protein fish meal diet was

influencing the folic acid requirement of chicks fed this ration in
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view of McDonald's (58, p. 343) report. Increasing the methionine

content of the soybean meal control rations failed to produce folic

acid deficiency symptoms in chicks. The addition of folic acid to

these methionine supplemented diets was also without effect. In Ex

periment 3 both fish meal diets without added folic acid produced de

ficiency symptoms in chicks fed these diets, with a higher degree of

symptoms produced by the high protein fish meal diet. In Experiment

4 the same results were obtained with the soybean meal controls and

their modifications as in Experiment 3. The high protein fish meal

diet was again shown to be deficient in folic acid.

These results imply that added fish meal, rather than added

methionine, necessitated a higher folic acid supplementation in the

ration. These results do not agree with the finding that additional

methionine raises the need for added folic acid reported by McDonald

(58, p. 343). On the other hand, these results are not diametrically

opposed as McDonald's ration was shown to be deficient in methionine

which was not the case in this investigation. Cystine, although not

an essential amino acid, is required for growth. The cystine content

of the rations used in this investigation was high; therefore, the con

version of methionine to cystine, requiring folic acid, was probably

of minor importance.

Experiments 5 and 6 were undertaken to find if the calcium and

phosphorus content of diet C-6 was influencing the perosis, mortality,
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and lack of growth experienced by chicks when the diet was not supple

mented with folic acid. In Experiment 6 an attempt was also made to

determine how much perosis was attributable to the calcium and phos

phorus levels and how much was a result of folic acid deficiency.

In Experiment 5 the addition of calcium and phosphorus to the

high protein soybean meal control resulted in a slight increase of per

osis and a slight decrease in body weights of chicks, but neither of

these were significant. The addition of folic acid to the high protein

fish meal and meat and bone meal ration significantly increased body

weight and decreased perosis. The residual perosis in chicks fed

this folic acid supplemented diet appeared higher than any other diet,

though not significantly so.

Higher levels of folic acid supplementation were used in Experi

ment 6 to try and eliminate the residual perosis found in chicks fed

the high protein fish meal and meat and bone meal ration. The effect

of additional folic acid on the high calcium and phosphorus levels

when imposed on the high protein soybean meal control was also

studied. No effects from either level of folic acid used could be found

in chicks fed the soybean meal control diet with added calcium and

phosphorus. The low level of folic acid resulted in a significant de

crease of perosis and increase of body weight in the high protein fish

meal and meat and bone meal diet. No further response was found

from the high level of folic acid.
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A residual perosis was observed in Experiments 2, 5, and 6

when the high fish meal and meat and bone meal ration was supple

mented with folic acid and fed to chicks. In Experiments 5 and 6 per

osis was increased when calcium and phosphorus were added to the

high protein soybean meal control. In none of these cases was the

perosis significant, but it always appeared. It was therefore felt that

perosis, though not measurable statistically, was present due to the

high calcium and phosphorus levels in the high protein fish meal and

meat and bone meal ration. For this reason the high protein fish

meal ration was used in determining the amount of supplemental folic

acid that was necessary to promote growth and eliminate perosis and

mortality when poults and chicks were fed a deficient diet (Experi

ments 7 and 8).

The high protein fish meal chick diet has been shown, by micro

biological assay of the ingredients, to contain 0. 23 mg. of folic acid/

lb. of ration. In Experiment 7 the addition of 0. 1 mg. of folic acid/

lb. significantly raised body weight, decreased perosis, andincreased

the number of survivors. No further response to folic acid supple

mentation was found for any of the factors. These results indicate

that the folic acid requirement of chicks is higher than 0. 23 and no

greater than 0. 33 mg./lb . of ration. This value for a high protein

ration is in good agreement with the N. R. C. requirement value for

chicks fed a normal protein ration of 0. 25 mg. /lb. of ration. These
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results further substantiate the earlier observations that protein level

per se does not influence the chicks requirement for folic acid. The

results also substantiate the observation that fish meal, when used as

the major source of protein, increases the need for supplemental folic

acid.

Microbiological assay of the ingredients has shown the high pro

tein fish meal poult diet to contain 0. 24 mg. of folic acid/lb. of ration.

Supplementing this ration with 0. 1 mg. of folic acid/lb. resulted in a

significant poult response for heavier body weights. The addition of

0. 2 mg. of folic acid/lb. of ration had the same result. Further sup

plementation gave no measurable response for poults. These results

indicate that the poult requirement for folic acid lies between 0. 34

and 0. 44 mg. of folic acid/lb. of ration.

This range, determined for poults fed a high protein diet, is in

close agreement with the N. R. C. requirement figure of 0. 40 mg. of

folic acid/lb. of ration for poults fed normal protein levels. The re

sults of this experiment are analogous to chick Experiment 7. Pro

tein level did not appear to influence the poult requirement for folic

acid, but the use of fish meal as the major source of protein increased

the need for supplemental folic acid.

It should be noted that the poult soybean meal control diets were

calculated to be low in folic acid in comparison to the N. R. C. re

quirement figures when the values determined by microbiological
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assay in this study were applied. In Experiment 1 it was shown that

neither of these rations were deficient in folic acid. These results

indicate that poult diets, using soybean meal as the major protein

source, may be formulated below the N. R. C. requirement figures

and still have adequate folic acid.

Microbiological Assay of the Feed Ingredients for Free Folic Acid

The values used for initial calculation of folic acid content of

the diets are given in Table IV for the individual ingredients. The

values found in this investigation by microbiological assay are given

in Table XIII. It should be noted that no values were used in the ini

tial calculation for meat and bone meal or either of the vitamin and

trace mineral premixes. The amount of these premixes used in the

diet makes their content of folic acid relatively insignificant, still

they are mixed on a soybean meal base and therefore do contain some

folic acid.

Calculation of folic acid content from microbiologically deter

mined content of feed ingredients found in this investigation included

values for meat and bone meal and the vitamin premixes. These

calculations, including values for ingredients not considered in the

initial calculations, were, with one exception, consistantly lower than

the initial calculations (Tables I and II). The one exception was where

an identical value of 0. 23 mg. /lb for the normal protein soybean
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meal control chick diet (Table I).

A comprehensive review of the folic acid content for the natural

feedstuffs used in this investigation is beyond the scope of this report.

Teply and Elvehjem (87, p. 308) have shown that different medias,

enzymes, and organisms will give considerable variation for folic

acid content of an ingredient. . The terms "free" and "total" folic acidhave

arisen and denote whether enzymes have been used during hydrolysis

of the sample to liberate conjugated forms or not. The total folic

acid content is rather an ambiguous term as no two enzyme prepara

tions will give the same results for various ingredients, although en

zymes do consistantly show higher folic acid content than the NH OH
4

hydrolysis used in this investigation. This has been shown by Cropper

and Scott (20, p. 15), Teply and Elvehjem (87, p. 308), Bird et al.

(8, p. 632), Toepfer et al. (88, p. 11), and many others.

Initial calculation and microbiologically determined values for

corn and the soybean meals were in relatively close agreement in

this study. The microbiologically determined value for alfalfa meal

was high and for whey it was low in comparison to the initial calcula

tion values for these ingredients. These differences did not serious

ly influence the amounts calculated to be present in the diets because

of the relatively small amounts of these ingredients used in the rations

The initial calculation value for fish meal was 1. 1 mg. of folic

acid/lb. and the microbiologically determined value was 0. 26 mg./lb.
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This is a considerable difference. March, Biely, and Tarr (56, p. 65)
have shown that herring fish meal can have a considerably variable
folic acid content, depending on the method of drying. Flame dried

fish meal showed 0. 12 mg. of folic acid/lb. whereas when dried at

100-1 10-F it contained 2. 13mg. /lb. This range is in close agree
ment to the range compiled from literature and reported in Treco

Gram (28, p. 2)of 0. 14 to 2. 37 mg. of folic acid/lb. of herring fish
meal. These ranges coupled with the earlier observation that fish

meal as the major protein source mchick or poult diets may increase

the need for supplemental folic acid mthese rations indicate that this

is so because of the low content of folic acid that can be found in fish

meal. The results of this microbiological assay also indicate that a

low value, rather than the average value of 1. 1mg. of folic acid/lb.
of herring fish meal, should be used when calculating a diet to be ade-
quate in folic acid.
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SUMMARY AND CONCLUSIONS

In this investigation two experiments were conducted -with poults

and six with chicks. Two protein levels were studied for each species..

For poults the protein levels were 28 or 32% and for chicks they were

21 or 28%. Folic acid was added to all rations to test the effects of

protein level and major protein source upon the need for additional

folic acid. The protein sources studied were soybean meal, fish

meal, and fish meal and meat and bone meal. In formulating the dif

ferent rations unavoidably high levels of calcium and phosphorus

were encountered in the high fish meal and meat and bone meal ra

tions. A high methionine plus cystine content was found in the ration

with fish meal as the major protein source. Exploratory experiments

were conducted with the high methionine plus cystine level or the high

calcium and phosphorus levels incorporated into the soybean meal

control diets to evaluate their effects with and without supplemental

folic acid. The following conclusions were made from the results of

these experiments.

1. Protein level per se did not influence the need for additional

folic acid in the diet for poults or chicks.

2. Rations composed of herring fish meal as the major pro

tein source may require supplemental folic acid for opti

mum chick or poult growth and for alleviation of chick



perosis.

3. Poult or chick diets that are marginally deficient in folic

acid can cause mortality, lowered body weight, perosis in

chicks, but not cause anemia that would be detectable by

a Spencer hemoglobin meter or microhematocrit determin

ation.

4. Hemoglobin values and microhematocrit determinations

are quite variable when chicks or poults are fed rations

that are marginally deficient or adequate in folic acid.

5. Perosis in chicks caused by high calcium and phosphorus

levels could not be statistically separated from perosis

caused by a folic acid deficiency, although it was consis

tantly present in chicks fed the high protein fish meal and

meat and bone meal ration with adequate folic acid.

6. When calculating the folic acid content of a diet, it is sug

gested that a low value, such as 0. 26 mg, /Lb. rather than

the average value of 1. 1 mg. /lb, , should be used for fish

meal because of the extreme variation that has been shown

for this ingredient.

7. The requirement of chicks fed the 28% protein diet with

fish meal as the major protein source appears to be be

tween 0. 23 to 0. 33 mg. of folic acid/Lb. of ration,

8. The requirement of poults fed the 32% protein diet with fish
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meal as the major protein source appeared to be between

0. 34 and 0. 44 mg. of folic acid/Lb. of diet.

9. When poults were fed the soybean meal control rations at

either protein level 0. 23 mg. of folic acid/lb. of ration ap

peared to be adequate. This implied that poult rations

composed of soybean meal as the major protein source can

be calculated low in free folic acid, yet have a sufficient

amount of this vitamin present for optimum growth.

10. The Association of Official Agricultural Chemists' Official

Method of Analysis for free folic acid was quite reliable

when applied to the chick and poult high protein fish meal

rations when comparing them to the National Research

Council's requirement values for folic acid of these

species.
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