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Figure 1. (A) HPLC chromatogram of a standard
mixture of THF, 5-CH3THF and 5-CHOTHF. (B)
HPLC chromatogram of milk inoculated with
Bifidobaterium longum B6 (incubated for 6 hr).
(C) HPLC chromatogram of milk inoculated with
Streptococcus thermophilus 573 (incubated for 6
hr). 
a: Tetrahydrofolate (THF; Retention time: 4.06
min); b: 5-methyl-tetrahydrofolate (5-CH3THF;
Retention time: 6.16 min); c: 5-formyl-tetrahydro-
folate (5-CHOTHF; Retention time: 9.75 min).
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Figure 2. Time course of folate synthesis of lactic
acid bacteria in 10% reconstituted non-fat dry
milk.
Folate is expressed as the total of THF, 5-
CH3THF and 5-CHOTHF.

Table 1. Folate synthesis of lactic acid bacteria in
0 and 6 hr*

Strains** 0 hr 6 hr
Folate content (ng/mL)

S. thermophilus 573 22.8 ± 1.5 46.7 ± 5.0e

S. thermophilus MC 23.3 ± 2.1 59.6 ± 2.3cd

L. acidophilus N1 20.7 ± 0.4 63.9 ± 7.4c

L. acidophilus 4356 22.4 ± 1.8 53.9 ± 2.8de

B. longum B6 22.2 ± 1.7 99.2 ± 6.0a

B. longum 15708 22.5 ± 0.6 75.8 ± 9.5b

L. bulgaricus 449 22.8 ± 1.4 62.8 ± 4.1cd

L. bulgaricus 448 22.9 ± 3.9 68.5 ± 1.8bc

* Results are means of triplicate determinations.
Means of folate concentration within the same
column with different superscripts are signifi-
cantly different (p < 0.05).

** 2% inoculation in milk incubated at 37˚C for 6
hr.

Table 2. Folate contents of fermented milka

Folate content Tetrahydrofolate 5-methyl- 5-formyl-
(ng/mL) (THF) tetrahydrofolate tetrahydrofolate

Strainsb (5-CH3THF) (5-CHOTHF)

S. thermophilus 573 13.5 ± 1.9 19.5 ± 4.7 13.7 ± 1.9
S. thermophilus MC 18.5 ± 2.5 24.6 ± 1.3 16.5 ± 2.7
L. acidophilus N1 10.7 ± 3.1 25.5 ± 3.4 26.6 ± 3.5
L. acidophilus 4356 27.2 ± 0.7 17.0 ± 5.5 8.6 ± 2.4
B. longum B6 14.0 ± 1.6 52.9 ± 2.0 32.3 ± 3.7
B. longum 15708 10.3 ± 1.1 48.6 ± 6.6 16.9 ± 4.4
L. bulgaricus 449 10.7 ± 3.1 40.0 ± 2.2 12.1 ± 1.1
L. bulgaricus 448 9.9 ± 0.4 41.6 ± 3.0 17.0 ± 1.2

a Results are means of triplicate determinations.
b 2% inoculation in milk incubated at 37˚C for 6 hr.

Fo
la

te
 c

on
ce

nt
ra

tio
n 

(n
g/

m
L

)



Journal of Food and Drug Analysis. 2000. 8(1)

CCRC14009 37˚C 6 hr

(5-CH3THF)
Vahteristo et al. (5) 

(5-CH3THF) 

(co-enzyme)
“ ” (methyl group)

(purines) (pyrimidines) 
DNA

(homocysteine) 

(methionine)
B6 B12

(13)

(5-CH3THF) 

1. Collins, K. 1994. Folic acid supplements pro-
vide useful benefits. Better Nutrition for
Today’s Living 56: 18-19.

2. Sauberlich, H. E. 1990. Vitamin B6, B12 and
folate. Advances in Meat Research 6: 461-
495.

3. Morrison, H. 1996. Folic acid levels linked to
risk of coronary death. JAMA. 275: 1893-
1896.

4. Shane, B. 1990. Folate metabolism. In “Folic
Acid Metabolism in Health and Disease”. pp.
65-78. Piccciano, M. F., Stoktad, E. R. and
Gregory, J. F. ed. John and Sons, New York,
U.S.A.

5. Vahteristo, L., Lehikoinen, K., Ollilainen, V.
and Varo, P. 1997. Application of an HPLC
assay for the determination of folate deriva-
tives in some vegetables, fruits and berries
consumed in Finland. Food Chem. 59: 589-
597.  

6. Gregory, J. F. III., Day, B. P. F. and Ristow, K.
A. 1982. Comparison of high performance liq-
uid chromatographic, radiometric and Lacto-
bacillus casei methods for the determination
of folacin in selected food. J. Food Sci. 47:
1568-1571.

7. Wigertz, K. and Jagerstad, M. 1995. Compa-
rsion of a HPLC and radioprotein-binding
assay for the determination of folates in milk
and blood samples. Food Chem. 54: 429-436.

8. Wigertz, K., Svensson, U. K. and Jagerstad,
M. 1997. Folate and folate-binding protein
content in dairy products. J. Dairy Res. 64:
239-252.

9. Lucock, M. D., Green, M., Priestnall, M.,
Daskalakis, I., Levene, M. I. and Hartley, R.
1995. Optimisation of chromatographic condi-
tions for the determination of folates in foods
and biological tissue for nutritional and clini-
cal work. Food Chem. 53: 329-338.

10. Statistical Analysis System. 1989. SAS Guide
for Personal Computers. SAS Institute Inc.,
North Carolina, U.S.A. 

11. Rao, D. R., Reddy, A. R., Pulusani, S. R. and
Cornwell, P. E. 1984. Biosynthesis and utiliza-
tion of folic acid and vitamin B12 by lactic cul-
tures in skim milk. J. Dairy Sci. 67: 1169-
1174.

12. Shih, C. H. and Yeh, C. K. 1997. Studies of
different lactic acid bacteria on the production
of goat’s yogurt. Master Thesis. Department of
Animal Science. Private TungHai University.



Journal of Food and Drug Analysis. 2000. 8(1)

13. Ubbink, J. B., Vermaak, W. J. H., Merwe, A.
van der. and Becker, P. J. 1993. Vitamin B-12,
Vitamin B-6 and folate nutritional status in

men with hyperhomocysteinemia. Am. J. Clin.
Nutr. 57: 47-53.

Determination of Folates Synthesized by Lactic Acid Bacteria

CHUNG-MING YOUNG AND MEEI-YN LIN*

Eight strains of lactic acid bacteria, including Bifidobacterium longum B6 and 15708,
Lactobacillus acidophilus N-1 and 4356, Lactobacillus bulgaricus 448 and 449, and
Streptococcus thermophilus MC and 573 were investigated for their folate synthesizing ability
by applying the high-performance liquid chromatographic method. The results showed that
lactic acid bacteria synthesized maximum levels of folate in six hours in fermented milk. B.
longum B6 demonstrated the highest folate synthesizing ability, and B. longum 15708 also pro-
duced folate satisfactorily. These two strains increased folate 3.5 and 2.4 fold, respectively,
after 6h fermentation at 37˚C. 5-Methyltetrahydrofolate was the main derivative of folate
found in fermented milk.

Key words: Bifidobacterium longum, Lactobacillus acidophilus, Lactobacillus bulgaricus,
Streptococcus thermophilus, folate, HPLC.


