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Twenty-five out of 35 strains isolated from fermented corn meal produced folic acid. Bacillus
licheniformis strain 6 and Enterobacter cloacae strain 18 produced the largest quantities of
1830+ 271 ng and 1350 + 167 ng per 100 m/ of the assay broth, respectively. B, licheniformis produc-
ed maximum yields when initial pH values were 6, 7, or 8 and were incubated at 35°C for 5 days. The
initial pH (range 4-8) had no effect on folic acid production by E. cloacae; 35°C for 5 days was op-
timal for this bacterium. Added carbohydrates had no effect on the production of total folic acid in
the bacterial cells in pure or mixed cultures. However, in their growth media, carbohydrates enhanc-
ed the producti.n of free and total folic acid by E. cloacae and in the mixed cultures. Added car-
bohydrates had no significant (P < 0.05) effect on the production of free and total folic acid by B.

licheniformis.

The lack of folacin is one of the most common
dietary deficiencies encountered in clinical practice.
Megaloblastic anemia, caused by folacin deficien-
cy, is a major world health problem, especially in
pregnant women and patients with malabsorption
disorders (5).

In a study of B-vitamins in natural lactic acid
fermentation of corn meal, murdock and Fields (6)
found that after lactic acid fermentation, the folic
acid content in corn meal doubled or tripled as
compared with non-fermented corn meal. Thus,
natural lactic acid fermentation may be an inexpen-
sive and simple method that can be performed at
home or industrially. In this study, 35 strains origi-
nally isolated by Dyer (4) were used to study folic
acid production. Primary objectives were to deter-
mine the effects of incubation time, temperature

and initial pH on folic acid production in nutrient
broth. We also determined the effects of carbohy-
drates on the production of free and total folic
acid.

Materials and Methods

Survey of microorganisms

Thirty-five cultures isolated by Dyer (4) were us-
ed: Hansenula subpelliculose (1 strain), Streptococ-
cus faecalis (9 strains), Moraxella sp. (1 strain),
Pseudomonas sp. (1 strain), Bacillus licheniformis
(3 strains), Enterobacter cloacae (3 strains), Agro-
bacterium sp. (4 strains), and Lactobacillus brevis
(13 strains). The strains were maintained at 4°C on
slants of Bacto Plate Count Agar and Stabs of Bac-
to-Lactobacilli Agar. Fresh cultures were prepared
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monthly.

Preparation of inocula

Inocula for folic acid production were prepared
by subculturing into Tryptic Soy Broth (TSB) or
Lactobacilli Broth (LB). After 24 h incubation at
35°C, the cells were removed by centrifugation.
The cells were resuspended in 10 m/ of sterile 0.9%
NaCl solution and washed 5 additional times. Fin-
ally, the cells were resuspended in 10 m/ of sterile
0.9% NacCl. Eighty percent transmission of the bac-
terial cells at 600 nm on a Sectronic-20 was used
to standardize the inoculum. The inoculum was us-
ed at a level of 1% of the total sample volume.
Standard curves were prepared for analyses on each
run. One drop of 1: 10 dilution of the saline suspen-
sion per tube was used.

Preparation of folic acid free glassware

All glassware was precleaned with Micro-liquid
laboratory cleaning solution (Taylor Chemical Co.,
Hanley Industrial Ct., St, Louis, MO), then rinsed
with tap water S times and distilled water 3 times,
and immersed overnight in a 32-gallon tank that
contained Micro-liquid laboratory cleaning solu-
tion. The soaked glassware was rinsed free of deter-
gent. Then, all glassware was heated to 150°C for 2
h or longer to destroy heat labile folate.

Folic acid determination

Folic acid casei (FAC) medium was prepared ac-
cording to Difco Laboratories (2). Lactobacillus
casei ATCC 7469 was used as the test organism for
assay of folic acid in FAC (2). The assay of folic
acid, except the procedure for cleaning glassware,
was according to the Association of Vitamin Chemi-
sts (1). Free folic acid was obtained with no con-
jugase being used whereas total folic acid was deter-
mined after conjugase used.

Total folic acid of 35 isolates

Folic acid content was determined after incuba-
tion with the test microorganisms at 35 °C for 72 h.
In the case of 9 S. faecalis strains, which did not
grow in folic acid assay medium, 0.4 ng/m/ of folic
acid was added to the medium to check for require-
ment for folic acid. For those that grew in the folic
acid assay medium, cells and medium were separa-
ted by centrifuging at about 6,000 g for 10 min. The
content of folic acid in the medium was determi-
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ned.

Initial pH, temperature and incubation time

Nutrient broth was used in all experiments and
was sterilized at 121 °C for 15 min. The broth was
adjusted to pH values of 4 through 8 using 1IN
NaOH or 1IN HCI. After inoculation, test tubes of
the broth were incubated at 35°C for 72 h and ana-
lyzed.

To determine the influence of temperature on
the production of folic acid, broth cultures were ad-
justed to each species optimal pH and incubated at
25°C, 30°C, 35°C, 40°C, and 45°C for 72 h.

To determine the influence of time on folic acid
production, broth cultures were incubated at 35°C
(and at their optimal pH per species) for 6 days with
samples taken each day.

Carbohydrates and mixed cultures

The effect of carbohydrates on the production
of folic acid by pure and mixed cultures of B. liche-
niformis strain 6 and E. cloacae strain 18 in nutrient
broth was studied. One m/ of 30% carbohydrate
stock solutions (sucrose, glucose, fructose, or
sucrose plus glucose plus fructose) was injected
through a 0.2 um micro-filter into 9-m/ of sterile
nutrient broth. The broths were then incubated for
5 days at 35°C at the optimal pH (pH 7.0, 7.5, and
8.0) determined for production of folic acid by
these two microorganisms and their mixed cultures.
The mixed culture was inoculated at a 1:1 ratio
(v/v) of B. licheniformis strain 6 and E. cloacae
strain 18. After incubation, the amount of free and
total folic acid in the cells and medium were deter-
mined separately.

Plate counts

Total cell counts of B. licheniformis strain 6 and
E. cloacae strain 18 were determined daily during
the 6-day incubation period.

pH changes during incubation

The pH of the nutrient broth was determined
each day during 6 days of growth of B. lichenifor-
mis strain 6 and E, cloacae strain 18 at 35°C at the
optimal pH for each organism, pH 7.0 and 8.0, res-
pectively.

Statistical analysis
Analysis of variance (7) was used to determine if
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Table 1. Survey of microorganisms that produced folic acid in folic acid assay medium,

Microorganism No. of Strains Range ng/100 m! Mean Ranking
Bacillus licheniformis 3 1670 + 269 to 1830 + 271 1747 + 256 1
Enterobacter cloacae 3 1330 + 117 to 1350 + 167 1337 £+ 148 2
Agrobacterium spp. 4 870 + 236 to 1052 + 232 937 + 232 3
Lactobactllus brevis 13 320+ 74 to 458 +47 381 1 61 4
Morexella sp. 1 73+ 8 7318 5
Hansenula subpelliculosa 1 56 + 19 56+ 19 6
there were statistically significant differences Table 2. Effect of incubation.temperature on the pro-

among means for treatments and replications.
When significant(P < 0.05) differences were found,
Duncan’s (3) new multiple range test and multiple F
test was used to locate the means that differed.
Standard deviations were also determined and are
reported along with the means.

Results and Discussion

Survey of microorganisms

Twenty-five of the 35 cultures produced folic
acid as shown in Table 1. Strain 6 of Bacillus
licheniformis was the best producer with a yield of
1830 = 271 ng/ 100 m/ of the assay broth. The two
highest producers were used in further research on
factors influencing yields.

The 6 strains of Streptococcus faecalis grew in
the folic acid assay medium only after the addition
of 0.4 ng/m/ folic acid.

Effect of pH

Bacillus licheniformis strain 6 did not grow in
pH 4 nutrient broth, and yielded the most folic acid
when the initial pH was above 6. NO significant dif-
ferences were found at pH 6, 7, and 8 in the pro-
duction of folic acid. Neither did different initial
pH levels have an effect on the production of folic
acid by E. cloacae strain 18. Based on these results,
it seems that weak acidic or alkaline conditions
favor production of folic acid by B. licheniformis
strain 6. However, in the pH range 4 to 8, E.
cloacae strain 18 produced no significant (P <0.05)
difference in the synthesis of folic acid.

Stokes and Larsen (8) investigated the effect of
pH on the transformation of the Streptococcus lac-
tic R factor to folic acid by resting cell suspensions
of Enterococci. They reported that within the pH
range 4 to 8, the optimum for Enterococci to con-

duction . of folic acid by B. licheniformis strain 6 and E.
cloacae strain 18 in nutrient broth®

Total folic acid roduced by
Tem(pfcrf ture (ng/100 mJ) ’

B. licheniformis® E. cloacaet
25 248 t 60° 190 ¢ 42¢
20 925 + 43 730 + 84°
35 1415 + 1614 1408 + 100°
40 1509 + 269* 895 + 237°
45 938 ¢ 75° 0+0°

9N = 4. Where letters differ within a column, means dif-
fer significantly (P<<0.05) from each other,

®Incubated at pH 7 for 72 h.

‘Incubated at pH 8 for 72 h.

vert the S. lactic R factor to folic acid was pH 8
with little folic acid being formed at pH 5. Their re-
sults were similar to the data obtained in this study
for B. licheniformis strain 6 but not for E. cloacae
strain 18,

Incubation temperature

Incubation temperature influenced production
of folic acid by B. licheniformis strain 6 and E.
cloacae strain 18 (Table 2). The maximum yields of
folic acid were produced at 35°C and 40°C for B.
licheniformis strain 6 and 35 °C for E. cloacae strain
18.

Incubation time

The production of folic acid with both micro-
organisms increased progressively over 5 days and
then dropped on the 6th day of incubation. The in-
cubation period of 5 days with B. licheniformis
strain 6 (reached yields greater than 1,200 ng/ 100
m/) was optimum for folic acid production. With
the E. cloacae strain 18, there were no significant
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(P> 0.05) changes in production of folic acid on the
4th and 5th day of incubation. Yields slightly higher
than 800 ng/ 100 m/ were obtained. Therefore, five
days of incubation time was also considered as op-
timum for E. cloacae strain 18.

The final pH levels after 6 days of incubation for
B. licheniformis strain 6 and E. cloacae strain 18
were 8.5 and 8.6, respectively. The pH increased
progressively during the 6 days of incubation for
both microorganisms. This probably was due to the
fact that nutrient broth contains no carbohydrates
so that the microorganisms could not produce acid
to reduce the pH.

Total plate count
Total plate counts for B. licheniformis strain 6

Table 3, Counts of B. licheniformis strain.6 and E. clo-
acae strain 18 in nutrient broth?

Incubation Bacteria counts per m!/

period (day) B. licheniformis® E. cloacae*
0 142.3 x 103 162.3 x 104
1 235.8 x 107 153.0 x 107
2 190.0 x 1074 210.3 x 107
3 226.0 x 107 148.0 x 107
4 96.8 x 107 73.5 x 107
5 55.5 x 107 44.8 x 107
6 53.5 x 107 38.8 x 107

2N = 4. Where letters differ within a column, means dif-
fer significantly (P <0.05) from each other,

bIncubated at pH 7 and 35°C.

‘Incubated at pH 8 and 35°C.
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and E. cloacae strain 18 in nutrient broth are pre-
sented in Table 3. The maximum growth of B. /-
cheniformis strain 6 was during the 1st to the 3rd
day, and there was a progressive decrease after the
4th day of incubation. However, E. cloacae strain
18 achieved the highest cell count on the 3rd day
and decreased after the 4th day of incubation.
Thus, one may assume that the maximum yields of
folic acid produced by these microorganisms was
not closely related to the maximum growth of mi-
croorganisms since the maxima differed for the two
bacteria. The increase in folic acid may have been
due to accumulation during the 6 days of incuba-
tion.

Effect of carbohydrates free and total folic acid

The effect of carbohydrates (sucrose, glucose,
fructose, and a combination of sugars sucrose plus
glucose plus fructose) on the production of free and
total folic acid by pure and mixed cultures of B.
licheniformis strain 6 and E. cloacae strain 18 are
shown in Tables 4 and 5.

Except for fructose, carbohydrates were found
to exert no significant (P> 0.05) effect on the pro-
duction of free folic acid by B. licheniformis strain
6 as compared to the control (without carbohydra-
te, Table 4). The lowest yields of free folic acid were
obtained when fructose was the added carbohy-
drate. Sucrose had no significant (P> 0.05) effect
on the production of free folic acid by E. cloacae
strain 18 and the mixed culture. Production of free
folic acid by E. cloacae strain 6 and the mixed

Table 4. Effect of 3% sucrose, 3% glucese, 3% fructose, and a combination of 2% sucrose plus 0.5% glucose plus 0.5%
fructose on.the production of cellular free and total folic acid by B, licheniformis strain.6 and E. cloacae strain 189

Free folic acid? in the cells

Total folic acid¢ in the cells

(ng/100 ml) (ng/100 m))
Carbohydrate B Ee M B E M
Control 24.01 6.7 180157 180157+ 1333: 6.1¢ 52.8 + 14.1° 81.8 + 25.8¢
Sucrose 1934704  233+9.0° 250+3.0° 1107% 19¢  97.0+35.0% 110.0 1+ 24.6
Glucose 21.0 1 7.0%% 9.8 +2.15¢ 7.7+2.1¢ 102.0 + 41.6° 78.8 + 24.1%%  102.0 4 47.5¢
Fructose 10.5 + 2.5° 7.0 £ 3.5 8.3 + 2.4b¢ 67.3+19.7%  64.5+ 10.4° 102.5 + 31.38
Combination  24.8 + 8.2 7.0 £ 3.5 16.3 + 6.3¢ 885+ 235% 1165+ 39.4¢ 88.5 + 23.6¢

N = 4. Where letters differ within a column, means differ significantly (P<0.05) from each other,

bWithout conjugase treatment.
‘With conjugase treatment.

9B = B. licheniformis strain 6.
¢E = E. cloacae strain 18.

/M = mixed cultures of B. licheniformis strain 6 and E. cloacae strain 18.
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Table 5. Effect of 3% sucrose, 3% glucose, 3% fructose, a combination.of 2% sucrose plus 0.5% glucose plus 0.5%
fructose on.the preduction.of free and total folic acid by B. licheniformis strain.6 and E. cloacae strain.18 in.the

mediume
Free folic acid? in the medium Total folic acid¢ in the medium
(ng/100 ml) (ng/100 m))

Carbohydrate B¢ Ee M B E M
Control 1805 + 3967 770 + 469 1205 + 305° 2153 + 9314 1040 + 274° 1365 + 2720
Sucrose 1475 + 899¢ 2010 + 477¢ 2059 + 30248 2353 + 701¢ 2495 + 739¢ 2290 + 821¢
Glucose 1755 + 2597 1980 + 4992 2263 + 558° 2240 + 401¢ 2453 + 671¢ 2483 + 331¢
Fructose 1720 + 430¢ 1850 + 191¢ 2288 + 391¢ 1978 + 8647 2353 + 485¢ 2315 + 3072
Combination 1887 + 282¢ 2100 + 1902 2150 + 451¢ 2490 + 5072 2565 + 597¢ 1865 + 627¢

9N = 4. Where letters differ within a column, means differ significantly (P<0.05) from each other.

bWithout conjugase treatment.
‘With conjugase treatment.

4B = B. licheniformis strain 6.
E = E. cloacae strain 18.

/M = mixed cultures of B, lickeniformis strain 6 and E. cloacae strain 18.

culture was decreased by the addition of glucose,
fructose and a combination of sugars to nutrient
broth. Production of total folic acid by E. cloacae
strain 18 increased when the combination of sugars
was added. No other significant differences caused
by carbohydrates were found.

Based on the results that some carbohydrates de-
creased the production of free folic acid in the cells,
one may assume that the form of folic acid produ-
ced may be attributed to the carbohydrates in the
cells of microorganisms. Tramura ef al. (10) repor-
ted that L. casei responded equally to mono-, di-,
and triglutamates and more slowly to longer-chain
glutamate folic acid derivates. If microorganisms
produce long-chain glutamate folic acid, it will not
be detected equally as mono-, di-, or triglutamate
by the test organism. However, the enzyme conju-
gase was applied to cleave the long-chain glutamate
folic acid to mono-, di-, or triglutamate. This might
be the reason that the production of free folic acid
but not total folic acid was detected.

Similar results were obtained for the production
of free and total folic acid by pure and mixed cul-
tures of B. licheniformis strain 6 and E. cloacae
strain 18 in the medium (Table 5). Carbohydrate
had no effect on the production of free or total
folic acid by B. licheniformis strain 6. However,
carbohydrate significantly (P <0.05) increased the
production of free and total folic acid by E. cloacae
strain 18 and mixed cultures as compared to the
control. This was in agreement with the findings of

Stokes and larsen (8).

In the present study, no significant difference
was found in the production of free and total folic
acid by pure and mixed cultures of B. licheniformis
strain 6 and E. cloacae strain 18.

Thompson (9) found that more than 50 to 88%
of folic acid was excreted by microorganisms into
the medium. Most of the folic acid produced by the
pure and mixed cultures of B. licheniformis strain 6
and E. cloacae strain 18 used in this study was ex-
creted into the medium. Only small amounts of fo-
lic acid were utilized by the microorganisms for
their metabolic needs (Tables 4 and 5).
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