
817 

Nature of the Blood Folates in Young Chicks and Poults Fed 
Pteroylmmoglutamic Acid or Pteroylheptaglutamates. (31259) 

W. J. CROPPER* AND M. L. SCOTT 
Ucpart went of Poultry Science and Graduate School o f  Nutrition, Cornell University, Ithaca, N .  Y .  

Recent work has helped to elucidate the 
nature of the folate compounds existing in 
human blood( 1,2,3). The human blood fo- 
lates which supported growth of Lactobacillus 
casei, but not of Pediococcus cerevisiae and 
Streptococcus faecalis, originally were thought 
to be folylpolyglutamates (4,s) .  Later work 
suggested that serum folate is present as the 
monoglutamate, N5-methyl-tetrahydrofolate 
(6)  which also supports growth of L. casei 
alone(7,8), and that blood ceII foIate is a 
mixture of N5-methyl-tetrahydrofolate deriva- 
tives of increasing complexity ( 1) .  

The present work was undertaken to deter- 
mine the nature of the blood folate activity 
in young chicks and poults and to determine 
if this can be altered by feeding (a) pteroyl- 
monoglutamic acid (PGA),  or ( b )  brewer’s 
dried yeast (containing conjugated forms of 
folic acid, largely pteroylheptaglutamates, in- 
cluding reduced forms) as the source of diet- 
ary folic acid(9,12). I t  was considered impor- 
tant to determine if the conjugated folic acid 
in brewer’s dried yeast is deglutamated in the 
intestine or in the liver, since both tissues con- 
tain conjugase activity( 13,14). Hence blood 
from the portal veins and hearts of chicks and 
poults given the two dietary folate treatments 
was analyzed microbiologically, using S. fae- 
calis, P .  cerevisiae, and L. casei with and with- 
out chicken pancreas conjugase treatment. 

Materials and methods. In all microbiologi- 
cal assays, glassware was thoroughly cleaned 
by steeping 12 hours in chromic acid solution 
and washing several times with charcoal- 
treated distilled water. All the distilled water 
was either charcoal-treated or redistilled 
immediately before use. 

Micro biological analysis of brewer’s dried 
yeast .  The “conjugated” or “bound” folic 
acid was determined by subtracting the value 
of the “free” folic acid as measured by the 
1960 A. 0. A. C. method(l5) from that of 

* Present laddress: Dept. Food Science, Borough 
Polytechnic, London, England. 

the “total” folic acid, as measured by the 
1955 A. 0. A. C. method(l5) using S. fae- 
calist and chicken pancreas as the source of 
conjugase. The assay medium used was Folic 
Acid Assay Medium3 and the assay proce- 
dures were those of the 1955 A. 0. A. C. 
method. The tubes were incubated a t  30°C 
for 18 hours, stirred with a Vortex Junior 
mixer, and the turbidity measured spectro- 
photometrically a t  610 mp. 

Microbiological analysis of blood. Prepa- 
ration of the blood samples for microbiologi- 
cal assay was carried out according to the 
method of Grosswicz et a1 ( 16). 

(a) S. faecalis assay was conducted for 
measurement of pteroic acid, NIO-formyl folic 
acid, all reduced forms of folic acid. The 
supernatant solution obtained from the blood 
sample was diluted 10 times to make the 
concentration of folic acid approximately 1 .O 
mpg/ml and then used directly in the assay. 
The samples were assayed before and after 
treatment with chicken conjugase. 

(b) P .  cerevisiaeO assay was used for meas- 
urement of all reduced forms of folk acid 
except N5-methyl THFA. The method was 
similar to that described for S. faecalis except 
that Difco C. F. Assay Medium was used 
rather than Difco Folic Acid Assay Medium, 
and Calcium Leucovorinll rather than pteroyl- 
monoglutamic acid was used as standard. 
The incubation period was 48 hours a t  301°C. 

(c) L. caseill assay was conducted for 
measurement of petroyl-di-, tri-, and mono- 

t Streptococcus faecalis A.T.C.C. 8043 was obtained 
from American Type Culture C~olledion, Washington, 
D.C. 

$ Obtained from Difoo Laboratories, Detroit, Mich. 
0 Pediococcus cerevisiae A.T.C .C. 8081 was ob- 

tained from American Type Culture Collection, 
Washing ton, D.C. 

fT Obtained from Lederle Laboratories, Pearl River, 
N. Y. 

[I Lactobacillus casei A.T.C.C. 7469 was obtained 
from American Type Culture Collection, Washing- 
ton, D.C. 
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glutamic acids, Nfo-formyl folic acid, and all 
reduced forms of folic acid including N5- 
methyl THFA. The method was similar to 
that described for S. faecalis, except that a 
medium of the following composition, which 
was a modification of Scott, Norris and 
Heuser ( 1 7 ) ,  was used: Casein hydrolysate 
(acid) 5 g, isoelectric casein (enzymatically 
hydrolyzed) 5 g, L-cystine (dissolved in 
HCl) 400 mg, L-tryptophan 400 mg, dex- 
trose 40 g, sodium acetate trihydrate 40 g, 
K2HP0, 5 g, adenine 20 mg, guanine 20 mg, 
uracil 20 mg, xanthine 20 mg, salt solution B 
10 ml, glutamine 200 mg, asparagine 200 mg. 
Adjust to pH 6.6-6.8, steam, filter through 
Celite. Add pyridoxine 2400 pg, thiamin 
400 pg, riboflavin 400 p g ,  nicotinic acid 1200 
pg, calcium pantothenate 800 pg, biotin 800 
pg, p-aminobenzoic acid 20 pg, pyridoxal** 40 
pg. Make to 1000 ml. 

Experimental procedures used with chicks 
and poults. Chicks. Twenty one-day-old 
White Plymouth Rock male chicks per treat- 
ment were reared for 4 weeks on the follow- 
ing dietary treatments: ( 1 ) pteroylmonoglu- 
tamic acid (30 pg/lOO g diet) ; ( 2 )  brewer’s 
dried yeast supplying 6 pg/lOO g diet as 
“free” folic acid and 24 pg/lOO g diet as 
“conjugated’’ folic acid, The basal diet (Ta- 
ble I) was a purified, casein-glucose diet ade- 
quate in all known nutrients except folic acid. 
Brewer’s yeast was substituted for equal 
quantities of casein and sucrose in the treat- 
ments in which it was used. 

Poults. Twenty one-day-old Wilford Medi- 
um White male poults per treatment were 
reared for 4 weeks on the following dietary 
treatments: ( 1 )  pteroylmonoglutamic acid 
(50 pg/lOO g diet) ; (2) brewer’s dried yeast, 
supplying 10 pg/lOO g diet as “free” folk 
acid and 40 pg/lOO g diet as “conjugated” 
folic acid. 

The basal diet (Table 11) was a casein- 
gelatin-glucose diet, adequate in all known 
nutrients with the exception of folic acid. The 
energy:protein ratio in this diet was lower 
than in the chick diet, to satisfy the higher 
protein requirements of poults. Higher levels 
of brewer’s yeast and folic acid were used 

** Pyridoxal was added aseptically after the tubes 
were autoclaved using a Swinney apparatus. 

TAKr,E I. Basal Diet for  Chick Experiments. 

Ingredients % 

Casein 
G ~ ~ C O S C  (Cerrlosc ) 

Strippod lard” 
1,-Argiiiine HC1 
Glycine 
DL- Me t hio ni n e 
Choline chloride (70% solutio~i) 
Antioxidant t 
Vitaniin niixturef 
Miner a 1 mix t u re $ 

( ’t . l lt l lost.  (k3Olk;t-l”Io~ ) 

33.4 
59.071 

3.0 
4.0 
1.2 
.6 
.34 
.214 
.025 

1 .o 
6.15 

100.000 
Protein, % 30.53 
Energy, Cal/lb M E  1628.4 
M E / p r o t e h  ratio 53.3 

* Distillation Products Industries, Rochester, 
N. Y. 

t Santoquin, Moiisanto Chemical Co., St. Louis, 
MO. 
i Vitamin A 2400 IU/kg, vitamin D 180 I U / k g ;  

in nig/kg-vitamin K 0.5, thiamin 1.7, riboflavin 
2.7, ysiitotheriic acid 8.5, nicotinic acid 25, choline 
1250, vitamin B,, 0.01, pyridoxine 3.7, biotin 0.1. 

$ g/kg diet: KHCO, 3.0, CaHPO, 2H,O 23.5, 
CaCO, 15.0, KH,PO, 9.0, NaCl 8.0, F e S 0 4 * 7 H , 0  
0.35, MgSO, 2.5, ChSO, 5H,O 0.017, ZnO 0.1, CoCl, 

5H,O 0.001, NaMoO,. 5H,O 0.008, Na,SeO, 0.0002, 
Ca(IO,), 0.004. 

TABLE 11. Basal Diet for  Poul t  Experiments. 

Ingredients % 

Casein 30.0 
Gelatin 10.0 
Glucose (Cerelose) 35.3 
Cellulose (Solka-Floe) 10.0 
Stripped lard* 4.0 
L- Arginine .3 
DL-Methionine .25 
Choline chloride (70% solution) .82 
Antioxidant t .025 
Mineral mixturef 8.305 

1.000 

100.000 

Vi t. snii 11 mixture $ 

Protein, 7’ 35.55 
Energy, Cal/lb M E  1442.2 
ME/protein ratio 40.6 

* 1)istillxtion Protlucts Industries, Rochester, 
x. T. 

t Santoqnin, Monsn~ito Chemical Co., St .  Louis, 
Mo. 

g/kg diet:  CaHPO, 2H,O 40, CaCO, 15, KH,- 
PO, 15, NnC1 6.0, FeSO, 7H,O 0.3, MgSO, 7H,O 
6.5, K I  0.0015, CuSO, 5H,O 0.1, ZnC1, 0.15, 
SaMoO,  - 5H20 0.005, NhSeO, 0.002. 

nig/kg : Menadione sodium bisulfite 10, biotin 
0.15, vitamin B,, 0.02, calcium pantothenate 16.0, 
nicotinic acid 80.0, pyridoxine HCl 5.0, riboflavin 
6.0, thiamin hydrochloride 3.5. Units/kg : vitamin 
A 6,000, vitamin D, 1,500. 
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TABLE 111. Folic Acid Content of Blood Collected f rom the Heart  a i d  Portal  Vein of Chicks 
and Poults Fed Pteroplmono- or Heptaglutamates. 

Fo lk  acid activity of blood (mr/ml) 
80urce S. fncrnlis P. cmwisine L. casei 

I+)rin of folic acid of blood l i ici ih.  [Jii-incub. Incub. l ~ n - i i i ( * i i b .  Incub. Un-jnwb. 

CHICK : 
Pteroylmonoglu- 

tamic acid 
Pteroylheptagluta- 

mate (brewer’s 
dried yeast) 

POULT : 
Pteroylnionoglu- 

tamie acid 
P t ero ylhept aglu ta- 

mate (brewer’s 
dried yeast) 

Heart 98 
Portal  vein 117 
Heart  93 
Portal  vein 86 

Heart  180 
Portal  vein 349 
Heart  95 
Portal  vein 111 

‘7.2 
6.4 
6.0 
8.0 

7.2 
9.0 
6.7 
9.1 

72 
81 
76 
65 

8 1  
8 9  
85 
79 

8.0 
7.0 
5.0 
6.1 

8.0 
6.2 
7.1 
7.0 

798 5.2 
733  11.6 
813 11.8 
726 8.4 

571 4.7 
598 14.0 
423 16.8 
546 12.7 

since the folic acid requirement of the poult 
is higher than that of the chick. Brewer’s 
yeast was substituted for equal quantities of 
casein and sucrose in the treatments in which 
it was used. 

Feed was withdrawn for 12 hours from the 
chicks and poults a t  4 weeks of age and then 
ad libitum feeding was allowed for a period 
of 8 hours prior to the collection of blood. 
This was done to ensure that the folic acid 
would be in process of absorptioa at  time of 
collection of the blood. 

Blood was collected from the hepatic por- 
tal veins and hearts of anesthetized birds; 
samples from several birds on each treatment 
were composited. 

Results. Both portal and systemic blood of 
chicks and poults were analyzed for “free” 
and “total” forms of folic acid active for each 
of the 3 microorganisms used (Table 111). 

Incubation of all blood samples with chick 
pancreas enzyme indicated higher total folic 
acid levels in the blood of chicks as compared 
with poults receiving both dietary treatments. 
This may have been due to the level of folic 
acid in the poult diet which was considerably 
below the requirement, while that in the chick 
diet was barely deficient. 

The large differences obtained with all 3 
bacteria in values after incubation with con- 
jugase enzyme, as compared with the unincu- 
bated blood samples, indicated a predomi- 
nance of folic acid form(s) in both the chick 
and poult blood containing more than 2 glu- 

tamic acid residues per molecule( 18). 
In the L. casei assay, the large differences 

obtained between incubation and non-incuba- 
tion with the conjugase indicate that the main 
form of folic acid conjugate in blood of both 
chicks and poults is N5-methyl THFA, since 
this form is active for L. casei but not for S. 
faecalis or P. cerevisiae. This form has been 
shown to occur in human blood ( 1) .  Although 
N5-methyl THFA is difficult to distinguish 
microbiologically from pteroyltriglutama,te, 
the activity of the conjugase-treated blood 
for L. casei which was much higher than that 
for S. faecalis argues against the presence of 
p t er o yl t r iglu tamate. 

Discussion. The results showing that the 
predominant folic acid in the hepatic portal 
vein is conjugated and apparently present 
largely as the N5-methyl form irrespective of 
whether brewer’s dried yeast or pteroylmono- 
glutamic acid was the dietary source of folic 
acid indicate that glutamation and substitu- 
tions on the pteridine ring may occur in the 
intestinal wall. Although systemic blood is 
recirculated through the portal vein in chicks 
and poults fed pteroylmonoglutamic acid, 
somewhat higher levels should have been 
present in portal than in systemic blood if 
the pteroylmonoglutamate were reduced, 
methylated and glutamated in the liver only 
and not in the intestinal mucosa. 

The values obtained by microbiological 
analysis of the chick and poult blood using 
L. casei, S. faecalis and P. cerevisiae before 
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conjugase treatment were similar to values 
obtained by Noronha and Aboobaker ( 1 ) , who 
analyzed human blood from normal adult 
males. However, conjugase treatment in- 
creased L. casei activity in chick and poult 
blood to a much greater extent than in human 
blood (chick 733-813 my/ml; poult 423-598 
my/ml; human 66- 1 16 my/ml). 

Higher values were obtained in the P. cere- 
visiae and S. faecalis assays of chick and 
poult blood after conjugase treatment, where- 
as no increases were reported for human 
blood (chick 65-81 and 86-117 my/ml; poult 
79-89 and 95-349 my/ml, respectively). 

Whether the higher levels of conjugated 
folic acid found in the chick and poult blood 
as compared with human blood represent a 
true species difference or are due to differ- 
ences in methods of analysis is not known. 
Noronha and Aboobaker used a purified con- 
jugase from chick liver; a chick pancreas ho- 
mogenate was used in the present study. Hill 
and Scott( 11,19) showed that the release of 
“Citrovorum factor” from its conjugate in 
brewer’s yeast by chick liver enzyme was de- 
pendent upon the cysteine and ascorbic acid 
levels in the incubation mixture. 

Summary. (1) Chick and poult blood 
folates were measured microbiologically, using 
L. casei, S. faecalis and P.  cerevisiae, with 
and without incubation with chicken pancreas 
conjugase. Before incubation with conjugase, 
folate activity was low in blood of both 
chicks and poults. It increased greatly, par- 
ticularly for L. casei, following incubation 
with chicken pancreas. ( 2 )  The use of pteroyl- 
monoglu tamic acid or p teroylheptaglu ta- 
mates (in brewer’s dried yeast) as different 
sources of dietary folic acid did not alter the 
form of folate activities found by L. casei, S .  
faecalis, or P.  cerevisiae in chick or poul t  
blood, either before or after incubation with 
chicken pancreas. ( 3 )  The major folate ac- 
tivity in both chick and poult blood was pres- 
ent as a form which was most active for L. 
casei following chicken pancreas conj ugase 
treatment. Therefore, folate appears to be 
present in chick and poult blood mainly as a 
conjugate of N5-methyl-tetra-hydropteroyl- 
glutamic acid. (4) Although the extent of di- 
lution of oortal blood with svstemic blood 

was not measured, the very low level of 
pteroylmonoglutamic acid in portal blood 
coupled with the approximately equivalent 
levels of conjugated folate active for L.  casei 
in both portal and systemic blood indicate 
that both pteroylmonoglutamic acid and the 
pteroyl polyglutamates of brewer’s yeast may 
be transformed to a conjugate of W-methyl- 
tetra-hydropteroylglutamic acid in the in- 
testinal mucosa. 

The authors wish to acknowledge grants in support 
of this work by Agway, Inc., Syracuse, N. Y., and 
The Distillers Feed Research Council, Cincinnati, 0. 
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