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The screening methods developed, are simple, rapid and economic. Comparison showed 
that either of the two methods studied is suitable for the fast screening of folic acid in 
pharmaceutical tablets in rural areas, using as fluorescent probes either fluorescein or 
potassium permanganate. The fluorometric interaction between fluorescein or potassium 
permanganate and folic acid using fluorescence spectroscopy was studied. A decrease in 
fluorescein or potassium permanganate intensities was observed with the increase in 
the concentration of folic acid. The limit of detection was calculated with the formula 
CLOD = 3Sb/m defined by IUPAC (where Sb is the standard deviation of the blank and m is 
the slope of the linear calibration curve). The percentage recoveries of folic acid were found 
to be 99.07 % and 97.17 %, respectively and the drug content of folic acid was found to be 
4.95 mg (± 0.17%) and 4.86 mg (± 0.23%), respectively, using either fluorescein or 
potassium permanganate in a proposed assay as “fluorophore”. 

 

 
 

INTRODUCTION* 

 Folic acid (FA), IUPAC name (2S)-2-[[4-[(2-
amino-4-oxo-1H-pteridin-6-yl)methylamino]ben-
zoyl]amino]pentanedioic acid1-4 also chemically 
known as N-[4-[[(2-amino-1,4-dihydro-4-oxo-6-
pteridinyl)methyl]amino]benzoyl]-L-glutamic acid 
or pteroyl-L-glutamic acid is part of a widely 
distributed vitamin B family (Vitamin B9, Vitamin 
Bc) often referred in the food industry as the folate 
(to denote the difference with folic acid) where it 
can be found in a variety of fruits and vegetables. 
In chemistry the term folate is the ionic form and 
folic acid the protonated ion with IUPAC clearly 
defining folate as the preferred synonym for 
pteroylglutamate and folic acid as the preferred 
synonym for pteroylglutamic acid. Although folic 
                                                 
 

acid is sometimes in literature5 referred to as a 
water soluble substance (or water-soluble B 
vitamin) one have to be very careful as the free 
acid, folic acid is only slightly soluble in water 
(0.01 mg/mL at 0 ºC), is insoluble in aqueous 
solutions below pH 5, but soluble in 1 mol/L 
NaOH (up to 50 mg/mL). FA is made up of the 
building blocks, pterin, p-amino-benzoic acid and 
glutamic acid, the chemistry and biochemistry of 
folic acid and folic acid derivatives (e.g. folates, 
pterins etc.), has been studied by various 
groups3,4,6-13 and reviewed in various 
publications.3,14,15 The various studies of folic acid 
(FA) revealed that depending on the pH of the 
aqueous solutions, FA exists in different ionic 
states with structural formulae of FA in a neutral, 
anionic, cationic and bi-cationic form3,4,6-13 and 
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Tyagi and Penzkofer4 furthermore found that FA is 
only weakly fluorescent in all ionic forms. Folic 
acid after ingestion is transformed into its active 
form (tetrahydrofolate) in the small intestine, 
which is a coenzyme for various metabolic 
processes including the synthesis of purine and 
pyrimidine nucleotides, and hence in the synthesis 
of DNA.16-18 It is also involved in some amino acid 
conversions and in the formation and utilization of 
formate. Furthermore it aids as an anti-anemia and 
growth factor. It is essential to life and plays an 
extremely important role in many biological 
events. Sufficient dietary intake of FA during 
pregnancy prevents neural tube defects of the fetus 
like spina bifida, while the deficiency of folic acid 
increases the risk of cardiovascular diseases. FA is 
also routinely prescribed to pregnant women and 
widely used in the treatment and prevention of 
megaloblastic anemias.18 

 Fluorescein, originally first synthesized by 
Adolf Baeyer in 1871 as part of the phthaleins dyes 
(prepared from phthalic anhydride and resorcinol),19-21 
forms part of the xanthenes derivatives as one of 
the most popular fluorophores with a strong 
fluorescent emission intensity and due to this the 
fluorescence of fluorescein was studied 
intensively.22-26  Fluorescein in aqueous solution 
occurs in cationic, neutral, anionic and dianionic 
forms making its absorption and fluorescence 
properties strongly pH dependent.22-26 
 The extent of oxidation of an organic substrate 
by potassium permanganate depends on the pH of 
the medium. The heptavalent manganese changes 
to Mn(VI) in alkaline medium while in neutral and 
acidic medium the permanganate is further reduced 
forming ultimately Mn(II).27 
 Several methods have been reported in the 
literature for the determination of folic acid. These 
include spectrofluorimetric,28-31 electrochemical,32-35 
chromatographic,36-39 and chemiluminescence meth-
ods.40-43 Both Waibadur et al.40 and Zhao et al.43 used 
complex materials as reagents for the chemilumines-
cence (CL) determination of folic acid; Waibadur et 
al.40 used tris(2,2’-bipyridyl)ruthenium(II) and Zhao 
et al.43 KAuBr4 in a Au(III)-luminol CL system. 
Furthermore both groups used flow injection analysis 
assemblies in their proposed systems that are 
expensive and more complex to be used by normal 
operators in in-field on-site areas.   
 The main purpose of this work was to find a 
fast low cost optical screening method for the 
determination of folic acid in pharmaceutical 
tablets comparing the fluorescence of fluorescein 
and potassium permanganate as possible 

fluorophore reagents. Fluorescein for example cost 
far less than tris(2,2’-bipyridyl)ruthenium(II) (with 
a factor of more than 100 times expensive)  and 
KAuBr4 (with a factor more than 150 times more 
expensive) and in the case of potassium 
permanganate the price factor of tris(2,2’-
bipyridyl)ruthenium(II) and KAuBr4 is even by far 
larger and more expensive.  

EXPERIMENTAL 

1. Reagents and materials 

 Folic acid (FA), potassium permanganate (KMnO4), 
dimethylsulfoxide (DMSO), sodium phosphate monobasic 
monohydrate (NaH2PO4·H2O) and sodium phosphate dibasic 
heptahydrate (Na2HPO4·7H2O) were obtained from Sigma-
Aldrich. Fluorescein was purchased from Fluka. 
 Phosphate buffer solutions (PBS, 0.1 mol/L) with pH = 4-
8 were obtained by using different ratios between NaH2PO4 
and Na2HPO4. The pH was adjusted with 0.1 mol/L HCl or 
NaOH solutions to the required pH needed in the 
measurements. All solutions were prepared using deionized 
water obtained from a Direct-Q 3 Water Purification system 
(Millipore Corporation, France). The analyzed pharmaceutical 
products were Acifol tablets produced by Zentiva S.A., 
Roumania, 1 tablet containing 5 mg of folic acid; they were 
collected from a local pharmacy.  
 The standard stock solution of folic acid (10-3 mol/L) was 
prepared by dissolving 0.044 g in 0.1 mol/L NaOH and diluting 
the volume to 100 mL with deionized water. The standard 
solutions of FA (10-4 – 10-8 mol/L) were prepared from the stock 
solution by serial dilution and buffered with phosphate buffer of 
different pHs. The prepared stock solutions were stored in a 
refrigerator and were protected from light.  
 A stock fluorescein solution (10-2 mol/L) was prepared by 
dissolving 0.332 g in DMSO and then was diluted up to mark 
using PBS (pH = 8.0) in a 100 mL volumetric flask. The 
standard solution of fluorescein (10-3 mol/L) was prepared 
from the stock solution by serial dilution and buffered with 
phosphate buffer of different pHs. 
 The standard stock solution of potassium permanganate 
(10-3 mol/L) was prepared in deionized water and 0.1 mol/L 
HCl. Working solutions were prepared daily before use by 
preparing required dilutions of the stock solutions. 

2. Apparatus 

 Fluorescence measurements were conducted with a 
spectrometer QE65000 from Ocean Optics (Dunedin, Florida) 
equipped with a xenon lamp (HPX 2000). The pH 
measurements were performed using a CyberScan PCD 6500 
Multiparameter. 

3. Procedure 

 The proposed screening method is very simple, quick and 
efficient and was developed for the determination of folic acid 
based on the quenching effect on the fluorescence intensity of 
fluorescein or potassium permanganate used as fluorescent 
probes. Fluorometric interaction between fluorescein or 
potassium permanganate and folic acid was studied using 
fluorescence spectroscopy. 
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4. Sample preparations 

 Ten tablets of Acifol (1 pharmaceutical tablet of Acifol 
contains 5 mg of folic acid) were used. Each tablet was placed 
in a 100 mL volumetric flask and buffered with phosphate 
buffer (pH = 8.0). The dissolved solution of this drug was 
filtered using a filter (CA 0.2 µm) to isolate the insoluble 
excipients. Finally, the samples were diluted with PBS  
pH = 8.0 to meet the analyte concentration within the range of 
the calibration curve. The solutions were kept in the fridge. 

RESULTS AND DISCUSSION 

1. Effect of pH 

 For the determination of the optimum pH, 
accurate volumes of standard 10-4 mol/L folic acid 
and 10-3 mol/L fluorescein solutions with the pH 
values between 4 and 8 were added in different 
volumetric flasks of 10 mL. The fluorescence 
spectra of the solutions in the mixture (FA with 
Fluorescein at different pH values) (Fig. 1) were 
measured in a 1 cm quartz cell at a wavelength of 
531.55 nm. The integration time was 180 ms, scans 
to average of 10 and boxcar width of 8. 
 The fluorescence intensities were plotted 
against pH (Fig. 2). As shown in Fig. 2 the 
maximum intensity of fluorescence was achieved 
at a pH 8. Therefore, pH = 8 was chosen as the 
optimum pH. 

2. Influence of folic acid concentration  
on fluorescein 

 According to Tyagi and Penzkofer4 FA is only 
weakly fluorescent in all ionic forms and this was 
confirmed by the overlay fluorescence spectra of 
different concentrations of FA alone at pH = 8 in 
Fig. 3 where the fluorescence intensity (counts) 
varies between 2460 and 2580. If the overlay 
fluorescence spectra solutions of different 
concentrations of FA (10-3 – 10-8 mol/L FA) in  
10-3 mol/L fluorescein (Fig. 4) and of a solution of 
10-3 fluorescein alone (Fig. 4) are compared, the 
following results were revealed. 
(i) The fluorescence intensity (counts) increases 

tremendously to an increased value between 
2460 and 8000 due to the fluorophores 
interaction from fluorescein. 

(ii) Folic acid has a quenching effect on the 
dipole-dipole interaction in fluorescein that 
became so strong that the fluorescence 
intensity of the solution of a mixture of 10-3 
mol/L FA and 10-3 mol/L fluorescein is less 
that the fluorescence intensity of 10-3 mol/L 
fluorescein alone. 

(iii) Furthermore the relative quenching effect of 
different concentrations of FA is indirect 
proportional to the increase in fluorescence 
intensity values of 10-3 mol/L fluorescein in 
the mixtures with decreasing concentrations 
from 10-4 mol/L FA to 10-8 mol/L FA. 

 

 
 

Fig. 1 – Overlay fluorescence spectra of mixed solutions (FA, 10-4 mol/L; Fluorescein, 
10-3 mol/L, PBS); (a) pH = 8, (b) pH = 7, (c) pH = 6, (d) pH = 5 and (e) pH = 4. 
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Fig. 2 – Influence of pH on fluorescence intensity. Conditions: [FA], 10-4 mol/L; [Fluorescein], 10-3 mol/L; PBS pH = 4-8. 

 

 
Fig. 3 – Fluorescence spectrum of 10-4 mol/L FA solution. Conditions: PBS pH = 8. 

 

 
Fig. 4 – Overlay fluorescence spectra of mixed solutions (Conditions: PBS pH = 8): 

(a) Fluorescein alone, 10-3 mol/L, and also Fluorescein, 10-3 mol/L with: (b) FA, 10-8 mol/L, (c) FA, 10-7 mol/L, (d) FA, 10-6 mol/L, 
(e) FA, 10-5 mol/L, (f) FA, 10-4 mol/L and (g) FA, 10-3 mol/L. 
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Fig. 5 – Influence of concentration of FA on fluorescence intensity. Conditions:  

[Fluorescein], 10-3 mol/L; [FA], 10-8 mol/L to 10-5 mol/L; PBS pH = 8. 
 
 

 
Fig. 6 – Fluorescence quenching of KMnO4 upon addition of increasing amount of FA; (a) 0 µmol/L, (b) 1 µmol/L, (c) 10 µmol/L, 
(d) 100 µmol/L. Inset: Calibration curve of concentration of FA against fluorescence intensity. Conditions: [KMnO4], 10-3 mol/L; 

PBS pH = 3. 
 

 
Table 1 

Determination of folic acid in pharmaceutical tablets 

Sample Amount labeled of acid 
folic (mg)  

Amount found of folic acid 
(mg)  

± RSD (%)* 

Recovery 
(%)  

4.95 ± 0.17(i) 99.07 Acifol 5 
4.86 ± 0.23(ii) 97.17 

* Relative standard deviation for ten measurements (n = 10) 
(i) With fluorescein; (ii)With potassium permanganate 
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A series of 6 standard solutions containing folic 
acid (FA) solutions with concentrations ranging 
from 10-8 to 10-3 mol/L and a solution 
concentration of 10-3 mol/L fluorescein in each 
were prepared in PBS pH = 8 and these solutions 
were used to measure the fluorescence intensity. 
We used an integration time of 200 ms, scans to 
average of 10 and width boxcar of 8. The reaction 
of folic acid with fluorescein had a maximum 
around 532 nm. The influence of the concentration 
of folic acid in the different standard FA solutions 
at maximum fluorescence intensity in the 
concentration range 10-8-10-3 mol/L were measured 
revealing a linear concentration range only 
between 10-8 and 10-5 mol/L (Fig. 5) and the 
correlation coefficient was found to be 0.9999. 
(We could not use the fluorescence intensities for 
10-4 and 10-3 mol/L FA due to the “enhanced” 
quenching effects of FA on fluorescein at these 
concentrations).  The limit of detection was 1.42 x 
10-8 mol/L, calculated with the formula CLOD = 3Sb 
/m defined by IUPAC (where Sb is the standard 
deviation of the blank signals and m is the slope of 
the calibration curve). Fig. 5 shows that the higher 
the concentration of folic acid the lower the 
fluorescence intensity of fluorescein. 

3. Influence of folic acid concentration  
on potassium permanganate 

 A series of 4 standard solutions containing folic 
acid (FA) solutions with concentrations ranging from 
10-6 to 10-3 mol/L and a solution of 10-3 mol/L 
potassium permanganate in each were prepared at a 
pH = 3 and these solutions were used to measure the 
fluorescence intensity. The influence of the 
concentration of folic acid in the mixture on 
maximum fluorescence intensity in the concentration 
range 10-6-10-3 mol/L; linear range of concentration 
was between 10-6 and 10-4 mol/L (Fig. 6). The 
correlation coefficient and detection limit were 
0.9998 and 2.95x10-6 mol/L, respectively. 
 A maximum around λ = 441 nm was obtained 
after the reaction of folic acid with potassium 
permanganate (Fig. 6). A decrease in the intensity 
of potassium permanganate with an increase in the 
concentration of folic acid is observed in Fig. 6. 
 

4. Analytical application 

 The proposed method was applied for the 
determination of folic acid in pharmaceutical 
tablets (Acifol tablets). The obtained results for the 

determination of FA in the tablets using the linear 
calibration curve, were compared with those 
declared and are presented in Table 1. There were 
no significant differences between the amount 
declared and that obtained by the method that was 
presented. 
 

CONCLUSIONS 

 The fluorometric interaction between 
fluorescein or potassium permanganate and folic 
acid using fluorescence spectroscopy was studied. 
A decrease in fluorescein or potassium 
permanganate intensities was observed with the 
increase in the concentration of folic acid. 
 The method was successfully applied for the 
determination of folic acid in pharmaceutical 
tablets. The screening methods developed, are 
simple, rapid and economic. Comparison showed 
that either of the two methods studied is suitable 
for the fast screening of folic acid in 
pharmaceutical tablets in rural areas, using as 
fluorescent probes either fluorescein or potassium 
permanganate. The limit of detection was 
calculated with the formula CLOD = 3Sb/m defined 
by IUPAC (where Sb is the standard deviation of 
the blank and m is the slope of the linear 
calibration curve). The percentage recoveries of 
folic acid were found to be 99.07 % and 97.17 %, 
respectively and the drug content of folic acid was 
found to be 4.95 mg (± 0.17%) and 4.86 mg (± 
0.23%), respectively, using either fluorescein or 
potassium permanganate in a proposed assay as 
“fluorophore”. 

 
Acknowledgements: The authors acknowledge the 

financial support received from the project Program Ideas by 
PN-II-ID-PCE-2011-3-0538/2012-2014, financed by contract 
100/27.10.2011. Ramona Georgescu acknowledges the support of 
the Sectoral Operational Programme Human Resources 
Development (SOP HRD), financed from the European Social 
Fund and the Romanian Government under the contract 
number POSDRU/159/1.5/S/137390. 

REFERENCES 

1. http://www.chem.qmul.ac.uk/iupac/misc/folic.html 
2. G.P. Moss, Pure Appl. Chem., 1987, 59, 779-832. 
3. R.L. Blakley, “The Biochemistry of Folic Acid and 

Related Pteridines”, American Elsevier, New York, 1969. 
4. A. Tyagi and A. Penzkofer, Chem. Phys., 2010, 367, 83-

92. 
5. S. Zhao, H. Yuan, C. Xie, D. Xiao, J. Chromatogr. A, 

2006, 1107, 290-293. 
6. S. Kwee, H. Lund, J. Electroanal. Chem., 1979, 104, 

441-450. 



 Screening  methods for determination of folic acid 569 

7. S. Kwee, Bioelectrochem. Bioenerg., 1983, 11, 467-475. 
8. R.C. Kurira, C. Montgomery, R. Winston, J. Electroanal. 

Chem., 1992, 333, 217-233. 
9. M.J. Akhtar, M.A. Khan, I. Ahmad, J. Pharm. Biomed. 

Anal., 1999, 25, 269-275. 
10. A.H. Thomasa, G. Suárez, F.M. Cabrerizo, R. Martino, 

A.L. Capparelli, J. Photochem. Photobiol. A: Chem., 
2000, 135, 147-154. 

11. M.J. Akhtar, M.A. Khan, I. Ahmad, J. Pharm. Biomed. 
Anal., 2003, 31, 579-588. 

12. M.K. Off, A.E. Steindal, A.C. Porojnicu, A. Juzeniene, 
A. Vorobey, A. Johnsson, J. Moan, J. Photochem. 
Photobiol. B: Biol., 2005, 80, 47-55. 

13. U.S. Mote, S.R. Patil, S.H. Bhosale, S.H. Han, G.B. 
Kolekar, J. Photochem. Photobiol. B: Biol., 2011, 103, 
16-21. 

14. J.C. Rabinowitz, P.D. Boyer, H. Lardy, K. Myrbach, 
Folic acid in The Enzymes, 2nd Ed., Academic Press, Eds. 
New York, 1960, 2, 185-252. 

15. R. L. Blakley and S. J. Benkovic (Eds.), “Folates and 
Pterins, Chemistry and Biochemistry of Folates”, John 
Wiley and Sons, New York, 1984, vol. 1, p. 191-253. 
(see you all) 

16. J. Du, Y. Wu, X. Hao, X. Zhao, J. Mol. Struct., 2011, 
1006, 650-654. 

17. L. Bandžuchová, R. Šelešovská, Acta Chim. Slov., 2011, 
58, 776-784. 

18. A.A. Al-Warthan, Anal. Sci., 1994, 10, 919-922. 
19. A. Baeyer, Ber., 1871, 4, 555-558. 
20. L.F. Fieser, M. Fieser, Organic Chemistry, 3rd Ed., 

Reinhold Publishing Corporation, New York, USA, 
Dyes, 1956, 880-934.  

21. A.I. Vogel, Practical Organic Chemistry, 3rd Ed., 
Longmans, Green and Co Ltd, London, UK, 1956. 

22. V. Zanker, Chem. Ber., 1958, 91, 572-580. 
23. R. Markuszewski, H. Diehl, Talanta, 1980, 27, 937-946. 
24. H. Diehl, R. Markuszewski, Talanta, 1985, 32, 159-165. 
25. H. Diehl, R. Markuszewski, Talanta, 1989, 36, 416-418. 

26. R. Sjöback, J. Nygren, M. Kubista, Spectrochim. Acta A, 
1995, 51, L7-L21. 

27. N. Rahman, N.A. Khan, S.N.H. Azmi, Pharmazie, 2004, 
59, 112-116. 

28. J.L. Manzoori, A. Jouyban, M. Amjadi, J. Soleymani, 
Luminescence, 2011, 26, 106-111. 

29. C.C. Blanco, A.S. Carretero, A.F. Gutierrez, M.R. Ceba, 
J. Pharm. Biomed. Anal., 1995, 13, 1019-1025. 

30. Z.Q. Zhang, Y. Tang, Anal. Bioanal. Chem., 2005, 381, 
932-936. 

31. A.M. Alam, M. Kamruzzaman, S.H. Lee, Y.H. Kim, K. 
Min, Bull. Korean Chem. Soc., 2012, 33, 3055-3060. 

32. M. Mazloum-Ardakani, H. Beitollahi, M.K. Amini, F. 
Mirkhalaf, M. Abdollahi- Alibeik, Sens. Actuator. B, 
2010, 151, 243-249. 

33. H. Yaghoubian, V. Soltani-Nejad, S. Roodsaz, Int. J. 
Electrochem. Sci., 2010, 5, 1411-1421. 

34. L. Mirmoghtadaie, A.A. Ensafi, M. Kadivar, M. Shahedi, 
M.R. Ganjali, Int. J. Electrochem. Sci., 2013, 8, 3755-
3767. 

35.  S. Ershad, K. Dideban, F. Faraji, Anal. Bioanal. 
Electrochem., 2013, 5, 178-192. 

36. N. Ichinose, T. Tsuneyoshi, M. Kato, T. Suzuki, S. Ikeda, 
Fresenius J. Anal. Chem., 1993, 346, 841-846. 

37. J. Alaburda, A.P. de Almeida, L. Shundo, V. Ruvieri, M. 
Sabino, J. Food Comp. Anal., 2008, 21, 336-342. 

38. E.S. Osseyi, R.L. Wehling, J.A. Albrecht, J. Chromatogr. 
A, 1998, 826, 235-240. 

39. M.J. Akhtar, M.A. Khan, I. Ahmad, J. Pharm. Biomed. 
Anal., 1997, 16, 95-99. 

40. S.M. Wabaidur, S.M. Alam, S.H. Lee, Z.A. 
Alothman, G.E. Eldesoky, Spectrochim. Acta A., Mol. 
Biomol. Spectrosc., 2013, 105, 412-417. 

41. Z. Song, L. Wang, Phytochem. Anal., 2003, 14, 216-220. 
42. B.T. Zhang, L. Zhao, J.M. Li, Talanta, 2008, 74, 1154-

1159. 
43. S. Zhao, P. Zhang, X. Liang, D. Hua, T. Ma, Guanglu 

Pei, J. Food Sci., 2012, 77, C102–C106. 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



570 Ramona Georgescu and Jacobus Frederick van Staden 

 
 
 
 
 
 
 


