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THE FOLIC ACID CONTENT OF CERTAIN FRESH VEGETABLES
INTRODUCT ION

The isolation, identification, and synthesis of a new member of the
vitamin B-camplex eonstitutes a major event in the science of nutrition,
the more so when the substance is showm to play a prominent role in human
nutrition. In recent years folic acld has been added to the long list of
previously characterized vitamins., Due to the recency of its discovery,
information as to its occurence in natural materials is secarce. The recent-
1y demonstrated relation of the vitamin to pernicious anemia in humans (32)
and in sprue (9) enhances the walue of a knowlédge of the distribution of
this substance in food stuffs.

The history of the discovery of foliec aeid, in common with most of the
other Becomplex vitamins, comes from several sowrces of work. From these
individual experiments folie acid has emerged. In 1912 Funk suggested a
putritional arigin for sprue. In 1938, Day, langston, and Darby (10),
working with monkeys, showed that on certain diets comprised of nutural
foods, an additional factor was necessary. This they called "Vitamin M" and
showed that it was found in liver extracts and yeast and that it prevented
the development of cytopenia. Also, in 1938, Stokstad and Mamning (35)
during an experiment on the formulation of a diet for riboflavin assay with
chicks, observed that middlings and yeast had a growth-promoting effect
vhich could not be accounted for by their content of the "filtrate factor"
or riboflavin, They ealled this growth facter "Factor U." Snell and
Peterson (31), in 1939, found in extracts of yeast and liver a new water-
soluble facter for lactic acid bacteria,

Hogan and Parrot, in 1940, (12) produced anemia in chicks om a puri-
fied diet. They attributed this anemis to the variability of the commercial
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found much more activity for S, lactis R, in certain fractions,

The name "folic acid" was applied im 1941 to the factor which was ob-
tained in a concentrate form from spimach (22). This factor was required
by Streptococcus lactis R. and also was potent for lactobacillus casei.
Following the concentrate of folic acid from spinach an antianemic factor
was isolated in erystelline form from liver, which was thought to be identi-
cal to the maturally occurring folic acid and in addition had activity for
L. casel and for chicks, The crystalline compound was thin, yellow spear-
head-shaped platelets and possessed a characteristic ultra-viclet absorption
spectrun (27). In 1944 the isolation of another form of the vitamin pre-
pared from a fermentation product obtained from an unidentified bacterium
of the genus Carynbacterium was reported (15). By using large scale fer-
mum,itmmtomthhmrmhmmm
in the farm prepared from liver, Degradation studies were carried out with
this form, which was termed "fermentation Lactobacillus casei factor."

When the fermentation L, casei factor was heated with HaOH solution
in the absence of oxygen, a racemic form of the liver L. casel factor, to-
gether with two molecules of a substance containing alpha amino acid nitro-
gen, was produced. |

The liver L. casei factor, a bright yellow substance only very slight-
1y soluble in water, was isolated from liver by adscrption and elution,
esterification and extraction of the methyl ester, and fractiomal precipi-
tation of the ester from water and methanol. The fermentation factor and
the liver factor differed in the mumber of glutamic acid residues. The
structure for the liver eompound showed only ome glutamie acid, while the
fermentation factor appeared to contain three glutamic acid residues. Both
factors yielded p-aminowbenzole acid and the same pteridines upon degrada-



tion. The liver L, casel fuctor was nemed pteroylglutenmic seid (1). The
sodium salt is fairly scluble, and sunlight has destructive action on the
solution, mwmawam:mwwmmvm
dilute mineral acids (18). ~

A large porbion of the pteroylglutamic ecid content of foods has been
found to be presemt in the conjugated form, which, although utilizable by
chicks and rats, gives no response in the microblologieal assay using
Streptococous faecalls and may not be available to certain other species
or %o humans with pernicious anemia (38). Sinece pteroylglutamic ecid exists
in food to a considerable extent in the form of microbiologleally imactive
conjugate, specific enzymes are required for the liberation of the free
vitenin (2). The conjugated forms contain more than ome glutamic acid
residue, aa-mmammmmmmmﬁwam
tion of Corynbecterium (15) and pteroylheptaglutamic acid has been found
%o be identical with vitamin B, comjugate (1).

In 192 Choldelin and Williams (7) published a study of the vitamin
B content of foods. At that time crystelline vitemin B, was not available
go the results were based on a standard of assumed potency. They reported
large losses of folic acid due to eooking, The results of analysis by Ives,
et al, (16) of several cammed foods indicated that much of the folie acid
present in vegetablos may be lost in camning, Using takawdisstase digestien
they found the average folic acid content of spinech, when assayed with L,
easel, to be 7.4 meg. per 100 gm. Camned green asparagus, green beans,
earrots, yellow corn, peas, and tomatoes gave values less than 10 meg. per
100 gn. vhen assayed with either this organiem or S, fascalis, About 65
per cent of the vitamin present was found in the solid portion, OUlson,
Burris, and Elvehjem (26) reported that since the leafy vegetables of deep



green color were all high in folic aeid, the folic acid content of vegeta-
bles may be correlated with the chlarophyll content of the plant. Vegeta-
bles of light green color were shown to be low in folic acid. During these
studies on the effect of different storage conditions on the folic acid
content of vegetables, it was found that in all cases an appreciable loss
occurred when the vegetables were stored at room temperature; that storage
atMMwwmmemmmm
folic acid content; and that storage in lce prevented losses for periods of
two weeks or more,

The folic acid content of meat was studied by Schweigert, et al, (29).
They found liver to be an excellent source of the vitemin; kidney, good;
beef and veal muscle, fairj and pork and lamb muscle, poor. They also found
that only firom 5 to 40 per cent of the vitamin was retained after frying
and steaming pork loin or ham and veal chops. They found the per cent re-
tention of mubton shoulder to be: 12 after roasting, from 8 to 27 after
reoasting, braising, or stewing, as measured by S. faecalls, and firom 10 to
40 as measuwred by L, casei.



MATERIALS AND METHODS

The turbidimetric method of assay using Streptococcus faecalis was
used in this study, The organism, Streptococcus fasealis (S. laetis R),
was obtained from the American Type Culture Collection, Ho. 8043. The
stock cultures were carried as stabs in yeast extract - glucose agar (1%
glucose, 1% yeast extract, 1.5% agar). Stock cultures were transferred
every two weeks, After transfer, the cultures were incubated at 30° C.
for 1/ to 30 hours and then stored in the refrigerator (25).

Crystalline pteroylglutemic acid served as a standard. The standard
was made up in about 0,05 N HaOH at a concentration of 1 mg./ml. and placed
in a dark bottle to protect it from light and refrigerated. The standard
was diluted to 0,1 micrograms per ml, Assay levels of the diluted standard
used were 0,0025, 0,005, 0,0075, 0,01, 0,015, 0,02 micrograms. Figure 1
presents a typieal standard curve for the assay.

The following modification of the basal medium of Tepley and Elvehjem
(36) was used:

Sedium citrate

ml“ (aeid hydrolyszed)

Tryptophane
Diealanine
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The media was adjusted to pH 6.8, using bromthymel blue.

The preparation of the various constituents of the medium was as
follows:

Vitemin firee, Acid-hydrolyzed Casein. 50 gm. of General Biochemical
vitamin free casein were mixed with 500 ml. HCL (280 ml. to 500 ul,) and
refluxed for 48 hours, The hydrolysate was concentrated to a thick syrup,
redissolved in water, and reconstituted four times. It was then taken wp
to 500 ml, with water, brought to pH 3.0 (bromphencl blue) with NH;CH, and
5 gm, Norite A was added. The mixture was stirred for 30 min, and filtered.
Then 10 gm. Darco G 60 was added, and the mixture was stirred for 30 min,
and then filtered. The filtrate was neutralised with NH,OH (bromthymol
blue). The filtrate was autoclaved at 15 lbs. for 20 min,, preserved with
toluene, and refrigerated.

L~cystine, L-tryptophane, Di-alanine: 2 gm. of each were dissolved in
a small amount of cone, HO1 with heat and made up to 1000 ecc. (2 mg./ml.),
covered with toluene and refrigerated.

Adenine, guanine, wracil: 1 gm. of each were dissolved in a smll
amount of conc, HCl with heat and made up to 1000 ce., (1 mg./ml.), covered
with toluene, and refrigerated.

Xanthine: 200 mg, of xanthine was dissolved in a small amount of cone.
mlmmmumm(lw.m.),mnﬁtﬂm,mmumt-
ed.

Salt Solution B.: 1gS0,.7Hy0, 10 ga.; NaCl, 0.5 gu.; FeS0,.7M,0,
0.5 gn.s MnS0;.4H0, 0.5 gn.; water to make 250 ml, The salte precipitated
from this solution when it stool in air. The salts needed to be renewed
only when a wniform suspension could no longer be obtained by shaking.

Vitemins.



Thismines a stock solution conmtaining 100 meg., of thiamine chloride
per ml, was prepared, dissolved in a buffer solution, and stored in the
refrigerator.

Pantothenic Acids o stock solution containing 100 meg. of thiamine
chloride per ml, was prepered, dissolved in a buffer solution, and stored
in the refrigerataor.

Pars-Aminobenzoic Acids a solution of pars-amincbenzoic acid contain-
ing 100 meg. per ml, vas prepared, dissolved in water, and stored in the
refrigerator.

Riboflavin: a stock solution of ribeflavin containing 100 meg. per nl.
was prepared in 0,02 N acetic acid and refrigerated. Ummecessary exposure
to light was avoided, and a fresh solution was prepered at frequent inter-
vals,

Hicotinie Acid: a stock solution of nicotinic aeid containing 100 meg.
per nl. was dissolved in water and refrigerated.

Biotin: a stock solubion of biotin was prepared from commercial con-
centrates that are low in other vitamins. The solution, containing 0.1 meg.
per ml, of biotin was preserved under bensens and refrigerated.

Pyridoxine: a stock solution containing 100 meg. per ml. of pyri-
doxine hydrochloride dissolved in water was prepared and stored in the
refrigerator.

Medium for Inoculum: folic acid free media, diluted to the concen-
tration used in the final test (5 ml, media, 5 ml. water) was prepared to
vhich was added 0.01 meg, of foliec acid. 10 ml, was placed in each in-
oculum tube,

Preparation of Incculum: a tranafer was made from the stab to the in-
oculum media and incubated for 20 to 24 hours. The cells were cemtrifuged
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out and resuspended in 0,9% saline three times, in order to eliminate any
folie acid that might c¢ling to the cells.

Part of the vitamin present in matural foods is in a form that 1s in.
effective as a growth stimilent for the organisms, Bird, et al., (3) found
that desiccated hog kidney was a practical source of the enzyme and that it
eontained a blank low enough for most purposes. Fresh hog kidney was
blended and mized with three parts of distilled water, This was blended
and then centrifuged, and the centrifugate was filtered through a thick pad
of diatomaceous earth (John Manville "Super Cel"), The clarified extract
wes dispensed in 5 cc. amounts in test tubes and frozen. To 2 1 ga. sample
to be tested 4 ee. of hog kidney enzyme plus 10 ce, of 0,1% Na acetate
buffer was added.

Teka-diastase was first used by Cheldelin and Williams (6) to release
folie acid from tissuve, ILuckey, Briggs, et al., (21) also used this
enzyme preparation. They used 20 mg. of taka-diastase to a 1 ga. sample
plus 10 ml, of 0.1% Ha scetate buffer,

The vegetables used in this study were obtained from either the
college foods units or the herticultural plots of the college and were of
uniformally high quality., Those vegetables from the college food units had
been secured from produce houses in cities loeated nearby and shipped here.
The vegetablea were washed and cut into pieces suitable for cooking. Only
the edible portions of all the vegetables were taken for amalysis, and only
fresh, succulent tissues were selected. All the vegetables were cooked by
steaming in an autoclave that came up to about 4 lbs. pressure, thus
gimulating, under laboratory conditions, institutional cocking methods.
After cooking, the vegetables were reweighed.

A 25 gn. portion of representative sample of the raw and the cooked
vegetables respectively were homogenized with water, blended in a Waring



Blendor for 3 min., and made to 250 ml, with distilled water, A 10 ml,
(1 gn.) aliquot was then taken for incubation with either taka-diastase
or hog kidney enzyme. Also, a 10 ml, (1 gm.) aliquot for eutolysis was
taken. A few drops of toluene were added to each and the samples were
incubated at 37° for 24 hours.

After incubation the samples were neutralized to a pH 6,5 with NaGH
or HCl and then auwtoclaved for 20 min. at 15 lbs, pressure. They were
then filtered and made to 100 ml, with distilled water. Aliguols of
three levels in not fewer than duplicate were used so that an average
could be obtained and drift could be detected. The aliguots were placed
in test tubes, and distilled water added to make 5 ml., and then 5 ml,
of media was added. The tubes were autoclaved for 15 min. at 15 lbs.
pressure, After cooling to room temperature, 1 drop of the inoculum was
added to each tube, The assay was incubated in a water bath at 30° for
18 howrs.

The growth response was determined for 18 howrs of incubation by
measwring the turbidity with the Evelyn photo-electric colorimeter, using
the 660 millimicron filter. A standard curve was made by plotting gal-
vanometer readings of the folic acid concentration against the folic
aecid content of the sample at the various levels of addition was deter-
mined. The figwre reported 1s an average of values obtained at the three
levels of addition.

The values obtained hy taka~diastase and hog kidney preparation
digestion are presented in Tables I to III. Comparative values vhen no
enzymatic procedure was employed are given in Table IV,



RESULTS AND DISCUSSICH

The groen leafy vegetables (beet tops, mustard greens, spinach, and
swiss chard) had a relatively high folic acld content, as showm in Table I,
With the exception of succhini squash and golden bantam corn, which were
quite high, the lighter colored green leafy and yellow vegetables gave ine
termediate values as shown in Table II, :

The results in Table III show that root vegetebles had only a fair
amount of folic secid; that beets and new potatoes had higher values. For
the other vegetables in gemeral, the wvalues are lower. Because eggplant
econtained such small quamtities, it was not measurable; and acorn squash
also contained a very small amount.

A red and a vhite variety of old and new polatoes were sampled. Old
potatoes that had been stored for spproximately seven months were compared
with recently harvested sumer potatoes. For 100 gm, of new white potatoes
there were 87 meg. of folic acld, as compared with 4 meg. in old white
potatoes when hog kidney enzyme was used., 100 gn. of red new potato cone-
tained 52 meg., as compered with 16 meg, in an equal amount of old red
potato, This decrease of folic acid during storage of potatoes is in
acgordance with the observations of Olson, Elvehjem, and Burris (26), who
found severe losses in vegetables held at room temperatures for various
lengths of time, This loss may be of serious magnitude and requires further
investigation.

In comparing different varieties of the same vegeteble, there was only
a slight variation of folie acid content in some vegetable groups, such as
white and red cabbege, white and pascal celery, red and white old potatoes,
red and vhite new potatoes. However, a wide variation was found among the
varieties of squash, Zucchini squash was very high in folic acid



TABIE I
NMMMMWQIMMYMI

Vegetable Cooking  Time Hoc./lﬂo . m nu.

Beet Tops 250 2372 3 min, 17 6 - 65% 190 113 - 40%
Spinach 250 259,2 3 min, 53 13 - 75% 85 7 - 19%
Mustard Greens 229 21, 3 min, 23 10 - 57% 2 1% + 303%
Swiss Chard 250 252,1 3 min, 11 10 - 9% 66 % * 49%
Cabbage, White, Out 249,2 245.3 6min, 9 7 - 2% 41 48 + 1778
Cabbage, Red, Gut 250 250,86 15 min, 2 10 - 52% 37 23 - 38%
Lettuce 250 250.4 6min, 4 3 - 25% 23 2, + 5%
Colery, Paseal 250 220,5 Sain, 3 0.8 «73% 29 31 . 7%
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(85 meg./100 gn.), yellow crookmeck squash (59 meg./100 gam.) and white
sumer squash (37 meg,/100 gn.) were of an intermediate value, and acorn
squash was extremely low (5 meg./100 gm,) in folie aecid.
" Since takn-dlastase did not contain any conjugase activity, incuba-
tion of the wvegetables with this enzyme did not release any appreciable
quantity of folic acid from the conjugated forms. The cooking of vegeta-
bles destroyed the major portion of the natural conjugase present in the
plant tissues, and therefore, essentially only freg folic acid content of
the vegetables was measured in the cooked samples incubated with taka-
diastase. Relatively high walues for free folic acid as compared with the
total present as measwred by hog kidney hydrolysis was found in lima beans,
yellow crookneck squash, potatoes, and corn. This might have been an arti-
fact produced by a failure to completely destroy by cocking the conjugase
activity in these particular foods. In order to check further on this
point, the amount of foliec aeid in fresh and cooked vegetables subjected
only to autolysis was determined (Table IV). It will be seen from these
data that, for example, nearly identical walues were obtained vhen cooked
old potatoes were analysed after autolysis, taka-diastatic digestion, and
hog kidney preparation digestion. This suggests that complete destruction
of the conjugase cccwrred, Should such have not been the case, release of
folic acid from the conjugate present in the taka-diastase would have been
observed. These data again emphasize the need for further research on the
changes in folie acid eomposition of foods during storage. Yellow crook-
neck squash, head lettuce, tomatoes, and white cabbage had approximetely
the same amount of folic aeid in both raw and cooked form when measured
with taka-diastase.

The folic acid content of both raw and cooked vegetables was, as a rule,
much higher when the hog kidney enzyme instead of taka-diastase was used,
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The greatest difference was noted with beet tops, mustard greens, swiss
chard, sweet petatoes, pumpkin, and succhini squash, As noted previously,
in some vegetables it appears that at least a port of the folic acid may
exist in the free form.

Exomination of the data clearly indicates that lesses of folie acid
on cooking are not of serious magnitude, In fact, in many vegetables in-
creages in folic acid content, as measured by S. fascalis following hog
kidney preparation digestion, were observed. These ineresses might be due
either to the destruction of a conjugase inhibitor that has been showm to
be present in many natural materials (4) or to a release of the conjugated
folie acid from protein by the cookirg process, thus rendering it more
readily attacked on digestion with conjugase. The previously observed
apparent loss on cooking was, in all probability, due to the destruction
of the natural conjugase present in the vegetable during the cooking pro-
cess, This fact is substantiated, for example, by the folic acid content
of mustard greens (Table IV), Similar results were obtained by sutolysis
and by taka-diastase digestlon in both raw and cooked samples.
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The results of the analysis of eertain fresh vegetables for folic
acid showed that: the green leafy vegetables had a relatively high folic
seid content; the light colered green leafy and yellow vegetables had an
intermediate walue; the root vegetables had a fair walue; and other vegeta-
bles were low,

The great loss of folie acid during storage of potatoes at room
temperature was scrious and needs further investigation on the changes in
folic acid composition of foods during storage.

Different varieties of the same vegetable showed only a slight
variation of folic acid with the exeeption of the varieties of squash
where a wide variation existed,

The folic acid content of the vegetables was, as a rule, much higher
when the hog kidney enzyme instead of taka-dlastase was used. In some
vegetables it appesred that at least a portion of the folic acid may be
in free form.

The loss of folic acid on cooking was not serious. In many vegeta-

bles an increase in folic acid content following hog kidney preparation
was observed.
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