
Scientia Chromatographica 2015; 7(3):199-222
Instituto Internacional de Cromatografia
http://dx.doi.org/10.4322/sc.2016.004
ISSN 1984-4433

HPLC

Scientia Chromatographica 2015; 7(3) 199

Abstract
Folate is a term used to designate chemical forms of vitamin B

9
, which can be 

found in animal, vegetable and microbial cells at different oxidation levels from 
polyglutamates to monoglutamates. Its absence in diet can lead to disturbances, 
especially during pregnancy, which guided mandatory food enrichment. The 
improvement of analytical methods started in the 90’s, in order to ensure the safety 
of information present in food composition table and nutritional guidelines. The 
analysis of the different chemical forms of folate in food presents some challenges 
due to its low concentration, possibility of isomerization and oxidation in extraction 
and quantification steps, and presence of interferents, especially in complex matrices. 
This raises the need for discussion on the safety of analytical methodologies available 
for detection, identification and quantification of folates in foods. This review has 
endeavored to point out the most relevant characteristics and chemical properties 
to the stability and bioavailability of folate in foods. In addition, spectroscopic 
information of trade patterns of six chemical forms in combination with the latest 
data were compiled from the literature aiming at guiding the development of 
simplified analytical methods with a lower loss of folates found in foods.
Keywords: folate, methods, extraction, food, vegetables, HPLC, bioavailability and 
stability.
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1. Relevance
Folate is the term designated to all pteroic acid 

derivatives exhibiting vitamin activity in humans[1]. 
This water-soluble compound is associated with several 
activities and may act as cofactor and/or coenzyme. 
Besides, it exhibits biological activity in maintaining 
the individual´s health[2]. It can be found in nature at 
several oxidation levels ranging from monoglutamates to 
polyglutamates. Folic acid is the most stable and reduced 
form, presented as monoglutamate, recommended 
for practice of fortification, food enrichment and drug 
production[3].

The main function and also the oldest one related 
to folate is being converted to 5-methyltetrahydrofolate 
by action of the enzyme methylenetetrahydrofolate 
reductase, making it a methyl donor for conversion of 
homocysteine   to S-adenosylmethionine. This molecule 
is source of carbon units for the DNA metabolism, 
including methylation and biochemical reactions 
mediated in the nervous system[4].

The addition of chains of glutamic acid in 
folates is the mechanism by which reserves are stored 
in microbial, animal and plant tissues. Tetrahydrofolates 
and 5-methyltetrahydrofolates are the main forms in 
animal tissues; the latter (5-methyltetrahydrofolate) 
is the predominant form in plant tissue, which may 
represent 90% of its activity[5].

Folate deficiency was primarily recognized by 
Wills in 1931 through identification of a pernicious 
anemia prevalent in Indian women. This disease was 
proved through experiments in monkeys fed on a diet 
restricted to folates. Since its inclusion as antianaemic 
factor in 1938, similar other molecules were also 
discovered and grouped under the designation folates[3,6].

However, folic acid elucidation as cure for 
megaloblastic anemia occurred in 1945. Since then, 
folate deficiency is recognized as one of the most 
prevalent and common vitamin deficiencies worldwide. 
This deficiency results from inadequate intake, defective 

absorption, abnormal metabolism, and special conditions 

such as drug therapy. Marginal deficiency produces 

general symptoms including tiredness, irritability, 

and loss of appetite. Severe deficiency produces 

megaloblastic anemia or high amount of immature red 

blood cells. Other symptoms include abdominal pain, 

diarrhea, ulcers in mouth and pharynx, skin changes, 

hair loss, and neurological disorders such as dementia 

and depression[6].

Megaloblastic anemia due to insufficient folates 

intake has long been recognized as a complication for 

pregnancy with 3–5% incidence in developed countries 

and much higher incidence in Africa, Southeast Asia, and 

America. The development of the syndrome is mainly 

due to the increased nutritional need resulting from fetus 

growth[3].

Absence of such compounds in the diet during 

pregnancy can lead to severe disturbances. Relevant studies 

over three decades have shown that adequate folate intake 

may reduce risks of developmental abnormalities from 

Neural Tube Defects (NTD´s) specifically in brain and 

spine[7,8].

NTD´s, including mostly forms of bifid spine 

- the most common birth defects in humans - affect 

1-14 per 1000 life birthed, although numbers are much 

higher in some regions. NTDs are a family of birth 

defects involving brain or spinal cord. They arise from 

incomplete neural tube closure during the fourth week 

of pregnancy[8].

Other diseases also associated with folate 

deficiency include those on cardiovascular system, 

mediated by elevated homocysteine levels   in blood, 

currently used as indicator of cardiovascular disease. 

The maintenance of adequate folate intake reduces 

homocysteine   levels - thus, the recommendation for folate 

consumption in the diet or supplementation has been a 

key clinical intervention in terms of prevention[3,9-11].
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The number of benefits associated with 
maintenance of folate levels in all life stages and disease 
prevention, has triggered interest in monitoring these 
molecules in the 90’s[12], particularly regarding the need 
for recognition of the relationship between chemical 
species and each type of disease[1,6,7].

Considering the need for differentiating folate 
intake and changes in eating habits in recent years, 
many countries have endeavored compulsory practices 
of vitamin supplementation - China, Canada, Australia, 
New Zealand, United States, Chile and Brazil[13]. 
Currently, it is evident the importance of folic acid and 
polyglutamates in order to maintain good health.

Nutritional recommendations are usually based 
on the board values of the Institute of Medicine, Food 
and Nutrition, which indicates folate intake of 400 
mg/day for men and women of childbearing age, 
pregnant women to 600 mg/day and lactation period 
of 500 mg/day. Bioequivalence is 1.0 mg natural folic 
acid equivalent to 0.6 mg of folic acid in fortified foods 
and also used for supplementation[14]. This vitamin has 
no bioequivalence established by the International Units 
of the system proposed by IUPAC-International Union 
Pure and Applied Chemistry.

However, control over the reliability of nutrients 
values in the label of fortified foods and/or vitamins have 
stressed the need for determination of micronutrients’ 
chemical composition. Thus, it is important to develop 
methodologies and appropriate selective recognition of 
bioavailable and bioactive forms[15].

Vitamins determination in foods involves some 
challenges due to their low concentration (below 
µg), possibility of isomerization, presence of various 
interfering in complex matrices, requiring special care 
due to the low stability of these micronutrients, total 
or partial loss of vitamin at extreme pH conditions, 
sensitivity to temperature and changes in values of redox 
potential. These factors should be taken into account 
when choosing the analytical method[16,17].

Currently, the microbiological method using 
Lactobacillus rhamnosus is considered official by 
Association of Official Analytical Chemistry (AOAC) 
(method 992.05) for folates determination in various 
samples, including food[18].

However, microbiological tests are considered 
laborious, time consuming and require a great demand 
for execution. Moreover, the microorganism is not 
capable of distinguishing different forms of folate, and 
the test result obtained is the total folate content. Other 
common failures include: inadequate test organism 
maintenance, dilution failures in the growth culture 
medium, contamination of glassware and reagents, 
range in time and temperature of incubation, extraction 
procedures, among others[1,6,7,19].

Nevertheless, the high performance liquid 
chromatography (HPLC) with ultraviolet-visible and/or 
fluorescence detection has been widely used for folates 
determination, with more efficient results than other 
methods usually employed as microbiological assays 
and radioimmunoassay[20]. In addition, most protocols 
suggest the use of enzymes (folate conjugase, protease, 
α-amylase) in the extraction process associated with the 
cleaning of the extract by affinity chromatography and 
separation by reversed phase HPLC[19] combined or not 
with ion pairing[16].

One of the greatest difficulties in adjusting 
chromatographic parameters derives from the extraction 
process of different folate forms in distinct foods. The 
extraction is influenced by the use of folate conjugase, 
amylase and protease; thus, the enzymatic treatment 
is considered the main source of variation in the folates 
content. In addition, there is little discussion about the 
buffers’ pH influence on the folate stability, which has 
contributed to the large amount of contradictory results in 
the literature[21,22].

Currently, the recommended methodologies 
for determination of most compounds with vitaminic 
function such as pyridoxine, piridoxalamine, 
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piridoxalfosfate, niacin, nicotinamide, nicotinic acid and 
folate (especially) are considered contentious, making 
difficult their inclusion in the nutritional composition 
tables. This condition has raised the need to develop better 
pre-chromatographic and chromatographic conditions 
aiming at achieving more reliable and reproducible 
results on the analytical point of view.

2. Chemical nomenclature and stability 
The term “folate” is usually described as a series 

of compounds with chemical structure and nutritional 
activity similar to the folic acid (pteroil L-glutamic acid, 
vitamin B

9
)[23]. This consists of one L-glutamic acid 

group linked to α-aminobenzoic acid group, which is 
turned into 2-amino-4-hidroxylpteridine[24]. More details 
are shown in Figure 1.

Folic acid standard is a yellow crystal of 
molecular weight 441.4 Da. Other forms have varied 
from 312 Da pteroic acid, to molecules of 445 and 
473 Da as tetra-hydrofolate, formyl-tetra-hydrofolate 
for monoglutamates (Figure 1). It is usually found in 
nature at very low quantities; however, due to stability 
of synthetic form, it is used for food fortification and 
enrichment[25].

Folate has low solubility in water being more 
soluble in alkaline and saline media solutions. Low 
solubility occurs in acidic solutions (pH 2-4) where 
neutral forms and monocations occurs[7]. In a recent 
study[26], it was produced a chromatographic profile 
separating the six forms of folate prepared in NaOH 
and diluted with ammonium acetate 8 mmol/L-1 pH 6.8, 
where the same patterns were also diluted in water. In 
Figure 2, it can be noted that the low solubility in water 
results in loss of symmetry and strength of the analytical 
signal in HPLC with detection by DAD.

Solubility increases with increasing pH especially 
for folic acid and pteroic acid that present the highest 
values of pKa. Pteroic acid is less soluble than folic 
acid over most of the pH scale. Folic acid solubility 

is influenced by the polar hydrophilic character of 

the α-carboxyl group. Polyglutamyl folates are more 

anionic than folic acid due to the presence of additional 

ionizable α-carboxyl groups. In a low pH, long chains 

of polyglutamyl folates are more hydrophobic than 

shorter chain since the α-carboxyl groups are highly 

protonated[6].

In United States Pharmacopeia[27] folic acid is 

the reference molecule. Structural variations may be 

identified in the oxidation states of the pteridine ring 

structure, especially at positions 5,10. Different forms 

of polyglutamate can be seen in Figure 1 according 

to the radical chain and the number of glutamates. In 

order to name these molecules, the International Union 

of Pure and Applied Chemistry-International Union of 

Biochemistry[24] established the main backborn rule, 

summarized below.

Folate form R1 R2 R3 Molec. 

weight

Water 

solub. 

(g/l)

pK Chemical 

formula

A. Tetraydrofolate Glu H H 445.43 2.69x10-1 3.86 C
19

H
23

N
7
O

6

5-methyltetrahydrofolate Glu CH
3

H 459.45 3.32x10-1 3.87 C
20

H
25

N
7
O

6

10-formyltetrahydrofolate Glu H COH 473.44 3.00x10-1 3.76 C
20

H
23

N
7
O

7

5-formyltetrahydrofolate Glu CHO H 473.44 3.00x10-1 3.76 C
20

H
23

N
7
O

7

B. Folic acid Glu H H 441.40 7.61x10-2 4.17 C
19

H
19

N
7
O

6

Pteroic acid Carboxilic H H 312.28 2.53x10-1 11.77 C
14

H
12

N
6
O

3

Figure 1. Structural and chemical characteristics of the most commonly 
folates found in foods.
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1. Pteroic acid conjugated with one or more 
L-glutamate units are named pteroylglutamate, 
pteroyldiglutamate, and so forth. Folate and 
folic acid are synonyms for pteroylglutamate and 
pteroylglutamic acid, respectively;

2. “Folates” may be used to designate any members 
of the family of pteroylglutamates or mixtures 
with various levels of pteridine ring reduction, 
single-C substitutions, and according to the 
numbers of conjugated glutamate residues;

3. Reduced compounds are indicated by prefixes 
dihydro-, tetrahydro-, and so forth, with numerals 
indicating the additional hydrogen’s positions;

4. Tetrahydrofolate is assumed to be replaced in 

the 5, 6, 7, and 8 positions, and diidrofolate is 

assumed to be replaced in the 7 and 8 positions 

unless otherwise indicated;

5. Substituent groups are indicated by prefixes 

combined with locations of the positions 

substituted. Substituent prefixes indicate that the 

substituent replaces one hydrogen atom in the 

parent structure in case of formyl, methyl, or two 

hydrogens in case of methylene and methenyl.

Folate exhibits the specific stability as an 

important property to the analyst. Eitenmiller and 

Lander Jr.[6] described many factors affecting folate 

stability in biological systems and during analysis.

a. Loss of biological activity occurs through 

oxidative cleavage of the C-9 and N-10 bond. 

p-aminobenzoylglutamate is the major oxidation 

product at pH´s 4, 7, and 10. The H
4
 Folate 

is more susceptible to oxidation than folic 

acid. Reducing agents including ascorbic acid, 

2-mercaptoethanol and dithiothreitol are usually 

employed in order to stabilize folates.

b. Folic acid is more stable than naturally occurring 

folates at different temperatures. Usually, it still 

has good stability in 100 °C when protected from 

light and submitted to pH 5.0–12.0.

c. 5-Formyltetrahydrofolate is stable at neutral 

pH. Under acidic conditions with heating, it is 

converted to 5,10-methenyltetrahydrofolate.

d. The number of glutamate residues attached to the 

folate does not influence stability.

e. Folate is cleaved through photochemical and 

reductive mechanisms. Ultraviolet radiation 

cleaves folic acid into p-aminobenzoyl-l-glutamic 

acid and 6-formyl pterin. The 6-formyl pterin can 

be further degraded into pterin-6- carboxylic acid.

Figure 2. Test of solubility of folate standards in two conditions of 
dilutions of stock solutions. Chromatogram A in 8 mmol.L-1 ammonium 
acetate, C

18
 100 mm x 2.0 5μm column, and chromatogram B 

in milli-Q water, C
18

 150 mm x 3.2 5μm column. 1. THF (rt. 1.67); 
2. 5-MTHF (rt.2.47); 3.10-FTHF (rt 3.21); 4. 5-FTHF (rt. 4.93); 5. Folic 
acid (rt. 7.34); 6.Pteróico acid (rt. 11.17). Isocratic elution performed 
in 85% of potassium phosphate buffer pH 2.0 and 15% of MeOH, flow 
0.5 ml/min. Stock solutions prepared in one ml NaOH 1mol.L-1 and 
ammonium acetate pH 6.8. rt - retention time.
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f. Folate is the chemical form used for food 

processing by enrichment; however, losses 

are variable in food according to the variations 

in food matrices, such as oxygen availability, 

chemical environment, heating extent, and folate 

forms. Cooking process usually involves the 

presence of large amounts of water, which can 

cause the removal or leaching of the vitamin. The 

liquid of canned food may contain a significant 

amount of folate that is originally present in the 

food in nature.

g. Presence of reducing agents (ascorbic acid) in 

food can increase folate retention during thermal 

processing. However metals (Fe2+) and additives 

including sodium nitrite used in some cured 

products can increase folate loss.

h. Dissolved oxygen levels have an inverse 

relationship with folate stability. Thus, the best 

condition for the stability of folates is where there 

is a minimal quantity of oxygen. 

i. Folic acid is quite stable in dry products in the 

absence of light and oxygen reason why they 

are added to cereals and meals. The vitamin is 

stable in flour during storage and subject to only 

small losses during baking. Its stability is greater 

than that naturally occurring in most foods. The 

5-methyltetrahydrofolate form is very stable in 

frozen or fresh vegetables and fruits.

During analysis, the cleavage of folic acid is 

influenced by pH, presence of reducing agents in the 

buffer, type of buffer used and complexity or nature of 

the matrix being analyzed. Many studies have shown 

that under identical heating conditions (approximately 

100 ºC), folic acid and 5-formyltetrahydrofolate are 

fairly stable, while the 5-methyltetrahydrofolate and 

tetrahydrofolate are extremely labile[7]. Other drastic 

factors include pH and oxi-reduction associated to 

temperature depending on the matrices.

To prevent losses by oxidation, as well as in 
particular biological systems, some of researchers have tried 
the use of antioxidants, but their significance was revealed 
only after the 60’s. The most commonly used include: 
ascorbic acid, 2-mercaptoethanol and sodium ascorbate, 
seeking to prevent the oxidative processes during stages of 
extraction and cleaning[12]. Concentrations of antioxidants 
range from 0.1 to 2%; however, according to Arcot and 
Shrestha, (2005) 1% ascorbic acid buffers at pH 6.0 is a 
good working condition.

3. Bioavailability
One of the most important information in public 

health is the availability of nutrients in foods. The 
folate reference values used in Brazil are based on 
the American Food Composition Table since the last 
version of the Brazilian Food Composition Table[28], - 
developed at the Center for Studies and Research in Food 
(Campinas University -Brazil) - has no values of folates 
and folic acid to foods analyzed. In this situation, many 
of the guidelines and requirements about folate intake in 
Brazil can be considered inadequate. In turn, nutritional 
composition tables should be based on the reality of each 
country, considering environmental conditions (soil, 
climate, rainfall and solar incidence) which have strong 
influence on the distribution of micronutrients in foods. 

Recent studies using HPLC have outlined folate 
sources that naturally retains 50-1250 µg/100 g food. 
Some examples include: mushrooms (91 µg/100g), 
wheat bran (94 µg/100g); artichoke (51 µg/100g), 
romaine (136 µg/100g), beets (109 µg/100g), marine 
algae (Laminaria ochroleuca - 161 µg/100g), bean 
sprouts (60 µg/100g), yeast (1250 µg/100g) among 
others. Lesser amounts (less than 50 µg/100 g) are 
found in meat and poultry, some vegetables and certain 
roots[4,29,30].

Bioavailability has been described as the efficiency 
in the intestinal absorption[31]. It is generally accepted 
that folate bioavailability is approximately 100% for 
folic acid supplements taken on empty stomach; 85% for 
folic acid consumed in foods (based on the absorption 
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from fortified orange juice) and 50% from others foods. 
Since 85% of folic acid is absorbed when consumed with 
food and 50% food folate is absorbed, folic acid taken 
with food is 1.7 times more available than food folates[32].

Some factors can influence on bioavailability: 
intrinsic factors such as - age of individual, health 
and physical and, extrinsic ones - medium dissolved 
vitamin, chemical form of vitamin, antagonists (some 
pharmaceuticals and alcohol), and composition of diets/
food. The increased polyglutamate chain is generally 
considered to reduce bioavailability; however, folates-
binding protein from milk may increase folate absorption 
by protecting dietary folate from uptake by bacteria in the 
gut, thus increasing absorption in the small intestine[6].

The major source of folates is fortified cereals, 
followed by liver, yeast, vegetables, bread and its derived 
products, citrus fruits, juices and meat, poultry and 
fish[3,4]. In foods there is significant loss of this vitamin 
due to processes such as blanching, cooking under water, 
steam and microwaves that potentially cause leaching of 
vitamin. Many studies seek to examine the relationship 
between time and cooking temperature on the loss, once it 
is necessary to consider that folate loss must be measured 
on foods in its dietary intake form[33-35].

Processing methods used in service systems 
(boiling and oven baking) and minimal processing 
(microwave, vacuum and steam boiling) were evaluated 
in peas, broccoli and potatoes and it was observed that all 
these methods, as higher as the contact with water from 
cooking, tend to higher losses, so the vacuum process is 
the most recommended[33].

The presence of natural antioxidants in foods 
has also been investigated as protective element in 
the cooking process. The evaluation of 10 different 
precooked vegetarian ready meals before and after being 
reheated under three different cooking processes (oven, 
microwave and stove) demonstrated the difficulty in 
establishing a pattern of losses over cooking. The use of 
microwaves for most samples was the least aggressive for 
folate loss. What most attracted attention of researchers 

was this method associated with foods containing high 

levels of antioxidants constituents may be increased up 

to 10% folates[34].

Freezing and thawing or any high-pressure 

treatment, both followed by blanching, may result in 

total folate losses of more than 55%. However, these 

processes can generate conversion of polyglutamates 

to monoglutamate by activation of endogenous folate 

conjugase plant tissue, for example leeks, resulted 

in increases between 65-100% in proportion of 

monoglutamates[35,36].

Evidently, freezing and thawing or high-pressure 

treatment disrupted plant cell structure, establishing 

contact between endogenous conjugase and polyglutamyl 

folate, thereby stimulating conversion of polyglutamate 

to monoglutamate. The blanching, when applied as main 

treatment, result in leaching of monoglutamyl folate from 

the damaged plant tissues. Blanching before treatments, 

inactivates one endogenous conjugase preventing the 

conversion of polyglutamyl folate into monoglutamate 

and, therefore, can reduce folate loss[1,36].

Different conditions of industrial food processing 

can lead to significant losses of micronutrients, 

particularly for wheat flour refined resulted in substantial 

losses of vitamin B complex, which has led to the 

requirement of fortification and enrichment. In this case, 

folic acid is added since it is the most stable form with 

minimal degradation (5%) in products with low humidity 

for long storage periods[37,38].

Pfeiffer et al.[39] evaluated wheat flour, rice and 

pasta fortified and unfortified with folic acid (marketed 

in state Florida). The content of folates ranged from 10 to 

29 µg/100g with unfortified flour and 84 to 120 µg/100g 

for fortified samples. This study demonstrates that 

fortification is a good alternative for increasing folate 

availability in food, since cooking process can result in 

significant losses in many cases.



Paiva EP, Costa MMA, Azevedo Filho CA Folate – Analytical properties, bioavailability and stability in foods

206 Scientia Chromatographica 2015; 7(3):199-222

4. Methods of analysis
The analytical methodology for determination 

of folate in food usually involves three steps: 1. release 
of folate from matrix; 2. deconjugation forms of 
polyglutamates to mono-and di-glutamate and 3. 
Identification and quantification by microbial activity 
through turbidimetric response[40]; high performance 
liquid chromatography (HPLC) coupled to UV-Vis[41], 
fluorescence[30] or mass Spectrometry (MS) detection[42] 
and radioimmunoassay[20]. Most studies involving folate 
analysis has used these three basic steps, so it is necessary 
further discussion about this process.

4.1. Procedures for extraction (enzyme and others 
techniques)

During the 90´s, a large number of studies were 
performed aiming at improving the process of folates 
extraction. Eitenmiller et al.[43] developed a method 
considered more efficient than the traditional one. Until 
then, folates extraction was performed only with folate 
conjugase - γ-glutamyl hydrolase (GH, EC 3.4.19.9) 
and heating of the matrix at 100 °C in a specific buffer. 
Currently, similar heating combined with the use of 
α-amylase, protease and folate conjugase - known as 
a trienzyme extraction – suppose to allow complete 
extraction of folates from the matrix, especially those 
which are tightly bound to proteins and carbohydrates[12].

The heat is used to inactivate enzymes that can 
catalyze folates degradation or their interconversion, and 
combined with the use of amylase and protease allows 
complete digestion of carbohydrates and proteins, 
releasing folates that may be closely linked to the 
matrix. The folate conjugase plays the additional role in 
hydrolyzing polyglutamates to monoglutamate; in this 
way folate may be used in various methods including 
quantification by HPLC[22,30,44].

Recent studies focusing on trienzyme treatment 
efficiency have identified that fruits and vegetables do 
not require the use of enzymes, cereal and flour can be 
properly treated by using amylase and folate conjugase 
while legumes and foods rich in protein may require the 

use of three enzymes[30,45]. Therefore, the characteristic 
of each matrix is what decides the sample treatment. 
Regarding the plants, due to the natural conversion of 
polyglutamate into monoglutamate, folate conjugase can 
also be dispensed[33-35].

Protease and amylase can be obtained commercially. 
However, folate conjugase or gamma-glutamyl 
hydrolase (GGH) are usually extracted from different 
sources such as chicken pancreas, pig kidney, human 
plasma and rat plasma, although it is marketed. Despite 
the differences in the results obtained in the literature 
and acquisition costs, it has been carried researches to 
reproduce some protocols, which are summarized in 
Table 1[19,21,22,29,30,33,41,46-50].

The most used source for folate conjugase is the 
chicken pancreas. The GGH acts under optimum pH of 7.8 
and produces di-glutamate as final product[7]. However, 
Tamura (1998)[12] considered as the most adequate folate 
conjugase that one obtained from rat plasma, since it is 
easy to prepare and endogenous folates can be removed. 
The final product is monoglutamate, which is ideal for 
chromatographic assays. 

One of the greatest difficulties in standardizing 
extraction methods is the pH influence, buffer composition 
and nature, temperature and antioxidants required by the 
different food matrices. In order to complete extraction of 
folates from human milk, Lim et al.[52] have standardized 
ideal conditions: extraction temperature at 100 ºC for 
5 minutes in 0.1 mol.L-1 potassium phosphate buffer, 
pH 4.1 enzymes action - protease and amylase and 
subsequent treatment with rat plasma conjugase in pH 
7.0. Therefore for each matrix it is necessary optimize 
the ideal conditions of extraction.

Some studies have targeted the choice of 
extraction buffer in relation to food pH, for example for 
acid food is preferably the use of acetate buffer (pH 4-5). 
However, due to increased folate stability in alkaline 
conditions, it has been practiced using phosphate buffer 
(K

2
HPO

4
) or combination of buffers CHES (Acid 2 
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Table 1. Extraction conditions of folate conjugase from different sources.

References
Source of 
conjugase 

enzyme
Extraction methodology and stability conditions

[47] Pig kidney Conjugase kidney pig prepared according to Gregory et al., 1984.

[46] Fresh rat plasma
Pig kidney

Rat blood was collected with heparin and centrifuged at 3000 g for 15 ‘. Plasma collected was transferred to 100 ml dialysis buffer 
- 50 mM CHES buffer and 50 mM HEPES buffer. pH 7.85 dialyzed for 24 h at 4°C. The rat plasma dialysate was stored in portions 
of 0.5 mL for up to 3 months at -80°C. The activity of plasma was checked with pte-glu

3
 in 40 mmol PteGlut

3
 desconjugado 

for 20 minutes at 37°C. The reaction environment for conjugase was 75 mM K
2
HPO

4
 containing 1% ascorbic acid and 0.1% 

2-mercaptoethanol, pH 4.5. The method of Lineweaver-Burk was used to calculate the kinetic parameters of yield Km;
The material obtained from a slaughterhouse and quickly stored in ice. 800g of kidney tissue were homogenized at 2°C in 
2.400 ml of 10 mM 2-mercaptoethanol. The suspension was adjusted to pH 5.0 with 1M acetic acid, and then centrifuged at 
10,000 g for 20 minutes at 2°C. The supernatant was heated to 50°C water bath for two hours with gentle agitation. And then 
recentrifuged at 10,000 g for 20 minutes at 2°C. The resulting supernatant fraction, which was precipitated in ammonium 
sulfate at a concentration of 50 to 75% and dialyzed overnight with 0.05 M potassium acetate, pH 5.0,containing 10 mM 
2-mercaptoentanol 2°C. 24 mg protein per mL, was stored in small portions at -35 ° C until used. This preparation was stable 

for up to 10 months under these storage conditions.

[48] Fresh human 
plasma

Fresh human plasma used in deconjugation without any pretreatment in aliquots of 10 ml.

[19] Chicken pancreas
Rat plasma
Pig kidney

Conjugase pancreas of chicken and of rat’s plasma prepared according to Konings, 1999, and pig kidney conjugase prepared 
fresh kidney as described by Pedersen 1988. Each preparation of conjugase activity was analyzed using PteGlu3 (35 to 
80 nmol) as substrate - of rats plasma, 500 ul in 30 ml of 100 mM phosphate buffer pH 7, containing 1% L-ascorbic acid, 2 h 
at 37°C. pig Kidney: 500 ul in 30 mL of 100 mM phosphate buffer pH 4.5, containing L-ascorbic acid, 2 h at 37°C. Chicken 

pancreas: 5 mg in 100 ml of 30 mM phosphate buffer pH 4.5, containing L-ascorbic acid, 1 h at 37°C.

[29] Pig kidney Suspension of pig kidney conjugase was prepared according to Phillips and Wright (1983), by homogenization of 10g of pig 
kidney acetone powder in 100 ml of L-cysteine   hydrochloride (10 mg/ ml, pH 4.6 adjusted with NaOH and incubated for 4 h at 
37°C and then centrifuged at 40.000 g for 30 ‘. The supernatant was added 20 ml of a mixture of charcoal and dextrin prepared by 
adding 1 g of dextrin per 10g of charcoal with a final volume of 100 ml of distilled water. After 30 minutes at room temperature 
the mixture was centrifuged and the supernatant fraction resuspended with 100 ml of L-cystein   hydrochloride and stored at 
-20°C. The enzyme was isolated from the resulting supernatant according to Gregory et al., 1984. The activity of each enzyme 
preparation was checked using PteGlu

3
 as a substrate in 0.1 M acetate buffer (pH 4.9) containing 1% sodium ascorbate at 37°C. 

PteGlu
3
 concentrations and folic acid produced were measured by HPLC with UV detection.

[49] Rat plasma
Human plasma

Rat plasma and lyophilized human plasma obtained from Sigma, reconstituted in 0.1 M potassium phosphate buffer pH 6.0.

[50] Fresh human 
plasma

Fresh human plasma without any pretreatment purification was added to extract the food matrix. Before using the activity 
of human plasma conjugase was evaluated by 0:34 mmol PteGlu3 as substrate at pH 6.0 in 0.05 M CHES-HEPES buffer 
containing 2% sodium ascorbate and 0.01 ml of 2-mercaptoethanol at 37°C for 4h. The mixture was filtered after incubation 
and denaturation and injected without any purification. The conjugase activity was considered to be adequate when the 

peak area of   folic acid was greater than 90% of the total area of Pteglu3 folic acid.

[22] Rat plasma 10 ml of rat plasma was dialyzed in three steps of 40 minutes each, using 800 ml of 50 mM phosphate buffer, pH 6.1 containing 
0.1% 2-mercaptoethanol at each step. Dialysis was carried out under agitation at 4°C. The activity of folate conjugase was 
checked using Pteglu3 as substrate at 37°C as described by Pfeiffer, 1997. Concentrations of PteGlu3 and folic acid produced 
were measured by UV detection at 290 nm using HPLC methodology. The dialysate of rat plasma was stored at -20°C for 
1 month. To avoid a possible adverse effect due to freezing and thawing, during storage in a freezer, the serum of rat plasma 

was stored in small portions (0.5 mL). The enzyme activity was always checked prior to use.

[33] Rat plasma Rat plasma was prepared according Patring et al., 2005.

[30] Chicken pancreas 
Rat plasma

Lyophilized chicken pancreas and of rat plasma were used as a source of folate conjugase. Suspension of chicken pancreas 
(5mg/ml) was prepared starting from 50 mg of freeze-dried chicken pancreas. Rat’s plasma was dialyzed to remove 

endogenous folate according Patring et al., 2005, and was stored in portions of 0.5 ml at -20°C for up to a month.

[51] Rat plasma in 
pilot study

Rat’s plasma lyophilized was re-suspended in extractor solution. 
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(-N-cyclohexylamine) ethane sulfonic acid) and HEPES 
buffers (acid 4-(2-hydroxyethyl)-1-piperazine-ethane-
sulfonic acid) both with pH between 6 to 8[12].

In flour samples (high in starch) Pfeiffer 
et al.[39] guided solubilization buffer CHES and 
HEPES combined with rat plasma folate conjugase 
treatment followed by protease for folates extraction. 
Osseyi et al.[53] recommended phosphate buffer without 
conjugase treatment, but using amylase. Yazynina et al.[30] 
demonstrated that the combination of temperature (70°C), 
phosphate buffer and conjugase would be enough for a 
complete release of folates in the matrix.

Since the 60’s the use of antioxidants has become 
essential for analysis, once the high degree of instability 
of folates, in particular of tetrahydrofolate, has generated 
conflicting results in the literature. Thus, the use of 1% 
ascorbic acid has become common practice, combined 
with other antioxidant such as 2-mercaptoethanol and 
2% sodium ascorbate[12].

However, few studies have been conducted on the 
best combination of antioxidants to ensure the stability of 
folates; it is little discussed mainly due to the difficulty 
to associating the best combination of antioxidants 
in relation to the buffer extractor. Patring et al.[22] 
evaluated the effectiveness of antioxidants as stabilizing 
agents of folate in extraction stage. Four antioxidants: 
2-mercaptoethanol, dithiothreitol, 2,3-dimercapto-1-
propanol and 2-thiobarbituric acid (0.1%), in combination 
with sodium ascorbate 2% were tested in sodium 
acetate buffer (0.1 mol.L-1, pH 5.0), phosphate buffer 
(0.1 mol.L-1, pH 6.1) and CHES-HEPES (0.1 mol.L-1, 
pH 7.8). 

The findings showed that the effectiveness of 
each antioxidant to protect folate does not depend 
significantly on the buffer used, despite some minor 
variations. However, 2,3-dimercapto-1-propanol in 
combination with sodium ascorbate showed the best 
combination for protecting of folic acid mainly due to its 
lower toxicity and more effective[22].

Cleaning and pre-concentration of sample is 
another step usually employed, since the efficiency 
of HPLC studies assumes that the extraction protocol 
should ideally be efficient in isolating the target analyte 
and eliminates the interfering compounds[54]. Currently, 
solid phase extraction (SPE) is the most commonly used 
method after the extraction procedure.

The most used ligands for folate purification 
are strong anion exchangers and materials based on 
trimethyl-amino-propyl-silica as aminopropyl, phenyl, 
cyclohexyil and octadecylsilane, because they provide 
good recovery of different folate forms[55]. However, it 
does not allow a pre-concentration of sample, due to its 
capacity factor and need for a large volume of elution 
buffer for quantitative folate. In addition to this problem, 
there is low selectivity for 5-methyltetrahydrofolate, 
which generates co-eluting compounds that interfere 
with peaks obtained by the HPLC[55].

Due to such difficulties, Nilsson et al.[55] tested 
several materials capable of binding to silica, including 
trimethyl-amino-propyl, phenyl and cyclohexyl in order 
to find the sorbent that provide better recoveries and 
selectivity.

It was concluded that SPE systems consisting 
of phenyl cartridges were better than others, but any 
cartridge has offered sufficient selectivity in removing 
compounds that interfere in the chromatographic peaks. 

One of the biggest problems during extraction 
and cleaning is the instability of various folate forms, 
due to their redox potential and low levels found in some 
samples[56]. For this reason the inclusion of one more 
step, such as the use of SPE should be analyzed and 
really contribute to the cleanup of the material analyzed. 

Therefore, it behooves the analyst to evaluate 
the benefit of including the solid phase extraction (SPE) 
method as an additional alternative to purification. 
However, the higher the number of steps the longer 
the sample and consequently the analyte of interest are 
exposed to contamination, degradation, temperature 
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variation among other things, increasing the chances of 
analytical error in addition to there being longer time 
spent in the analysis[22].

Considering the importance of the extraction 
protocol to the success of the method, we developed in 
2012 a systematic study of folate extraction conditions in 
vegetable samples. This was subdivided into pilot study 
and factorial design. The pilot study was conducted with 
enzyme treatment showing that the number of steps and 
time imposed by the enzyme treatments result in losses 
of vitamin content. Subsequently, a factorial design 
study was conducted, confirming the result observed in 
the pilot study. The factorial design showed that factors 
such as increased extraction temperature and long 
periods of analysis time cause significant losses of the 
vitamins under analysis[51].

Among the most controversial elements of this 
protocol, there is the lack of the enzyme conjugase 
folate use. It is known that the conversion of folates 
from polyglutamates to monoglutamates can also occur 
spontaneously, especially in vegetables, because they 
are equipped with an enzymatic system that is activated 
primarily after damage occurs to the plant or during the 
process of maturation. These bring new methodological 
perspectives for analysis of vegetable folates, which was 
adopted as a line of work by us. It is worth noting that the 
specificity of the matrix is usually overlooked in search 
of standard extraction protocols for any matrix, which 
is considered by us to be the one of the greatest sources 
of variation in published results, especially in the 1990s. 

The literature contains several protocols for 
extraction, falling to the analyst to decide the number 
of stages required for each matrix and its degree of 
difficulty in accessing folates. In Table 2 are summarized 
the main processes of extraction and cleaning used for 
the different chemical folate forms found in foods. 

4.2. Chromatographic procedures
Currently, HPLC is the most recommended 

method to identify the different chemical forms, in 

particular to evaluate vitamins in food and other matrices. 
This is justified by the technique’s versatility that can be 
used for identification of complex matrices or presence 
of other substances such as isomers and degradation 
products[17].

However, the choice for the best separation 
performance in HPLC requires knowledge of the main 
chemical characteristics of the analyte of interest, 
which include: chemical structures, molecular mass, 
chromophoric units, the presence of ionic charge, and 
solubility index of the compound. Those characteristics, 
when combined with the parameters of separation - 
capacity factor (k) in the range 1≤ k≤10, resolution (Rs) 
with an optimal value greater than 1.5, separation factor 
(α) with the ideal value greater than 1.5 and symmetry 
lower than 1.2, when taking 10% of peak height, allow the 
choice of stationary phase, mobile phase and detector[60].

The most used stationary system in HPLC 
separation of folate are columns filled with 
octadecylsilane (C

18
) and some cases octilsilane (C

8
). 

The lengths ranging between 10-25 cm, 3-4.6 mm in 
inner diameter and 5 micrometer particle, which produce 
separation with mobile phase consisting of solvents with 
different polarities[16,23,29,30,41,53,57-59,61].

Jastrebova et al.[29], analyzing folates in raw and 
processed beets showed better separation of some folate 
forms with packed octilsilano (C

8
) columns resulting in 

more symmetrical peaks. 

The mixture of aqueous and organic solvent and 
other agents to ensure suitable polarity has allowed good 
separation in some folate forms, depending on the charge 
and pK of the molecule[56]. Solutions using potassium 
phosphate and their buffers are the most commonly used 
in mobile phase composition, at pH range of 6.8 - 2.1. 
Other conditions used included HEPES and CHES 
buffer pH 7.8; 2% solution of acetic acid and acetate 
ammonium pH 6.0[16,23,29,30,41,53,57-59].

Due to the ionic characteristic of folate, it may 
be necessary to add ionic additives in the mobile 
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Table 2. Procedure for extraction and cleaning of food matrices for folates analysis.

References Food matrices Extraction condition Enzymatic treatment Cleaning conditions Antioxidant system

[16] Vegetables and 
berries.

Potassium phosphate buffer 
(pH 6.0, 4.9 and 7.85),  

N
2
 flow, storage  

at -20 ° C 1 week  
before analysis.

1-α-amylase for 3 hours, adjust 
pH 4.9 (for samples rich  

in starch) 
2 - hog kidney conjugase at  

37°C for 3-5 hours.

SPE strong anion 
exchange (SAX).

Was not used.

[39] Wheat flour for 
bread, white bread, 

white rice, spaghetti, 
breakfast cereals, 

brown rice fortified 
and unfortified.

CHES pH 7.85 HEPES buffer 
(50 mM) of each, mixed for 

10 minutes, 100°C.

Treatment 1 - rat plasma 
conjugase 50 µl (1.2 and 4 h 

37°C pH 6.2 to 7.5).
Treatment 2 - rat plasma 

conjugase 50µl and α-amylase 
(1.0 mL) 37 ° C followed by 4h 

protease 2.0 mL 37°C 4h. 5000 g 
centrifugation 10 minutes.

Affinity column (Affigel 
10 - Folate Linked 

Protein) equilibrated 
with 0.1 M potassium 

phosphate buffer (pH 7.0) 
mobile phase, 0.02 M 

trifluoroacetic acid and 
0.01m dithiothreitol. Flow 

of 3 mL / min.

2% sodium ascorbate 
and 10 mM 

2-mercaptoethanol 
during extraction and 

cleanup.

[53] Fortified breakfast 
cereals based on 
corn, wheat and  

oats.

Phosphate buffer (0.1 M, 
pH 8 - 9 with antioxidant 
system, stirring for 1 hour 

50 minutes, adjusted pH 6.9, 
N

2
 flow to stock up to 

3 months.

α-amylase solution (25 mg / mL, 
1 mL was used per g of sample 
to 65 ° C for 1 hour) by 5000 g 
centrifugation for 15 minutes.

SPE strong anion 
exchange (SAX), 

conditioned with hexane 
and methanol. Mobile 
phase, 0.1 M sodium 
acetate pH 4.5 (with 
antioxidant system).

0.05% ascorbic acid 
(cleaning) and 0.05% 

sodium ascorbate 
(extraction).

[57] Chickpeas, beans, 
salami, ham and 
Italian reference 

material.

Dried vegetables: CHES and 
HEPES buffer pH 7.85; samples 

of animal origin: phosphate 
buffer (pH 6.0 0.1 M), both 

- N
2
, flow 10 minutes at 

100°C, centrifugation 30 min 
13.500 rpm (2.5g sample to 

35 ml buffer).

Conjugase pig kidney (pH 
4.9, 37°C for 3 h. 1ml to 25 ml 

sample) + α-amylase (20mg/ml) 
After 2 hours: protease 

(2mg/ml) pH 7.0, 37°C for 1 hour 
centrifugation 11,950 g for 

15 minutes.

Affinity column (Affi 
Gel 10 - Protein Linked 

to Folate) low pH 
mobile phase elution 
- trifluoroacetic acid 
at a flow rate <1μg 
of sample (78-113% 

recovery).

2% sodium 
ascorbate, 10 mM 

2-mercaptoethanol 
(vegetable sample), 1% 
sodium ascorbate and 

0.1%2-mercaptoethanol 
(animal samples).

[19] Yeast, spinach, beef, 
liver, peas, fruit 

juice, egg yolk, milk 
powder, wheat flour, 

apple.

Potassium phosphate buffer 
(pH 7.0) 100°C  
for 10 minutes  

centrifugation at  
5000 rpm 10 minutes.

A - Conjugase chicken pancreas 
(2 hours at 37 ° C), or rat plasma 

conjugase (37 ° C for 1h) 
B - pronase, α-amylase 

(pH 6.0 / 100 ° C 10 ‘), adjust 
pH 7.0 Centrifuge at 5000 rpm 

for 10 minutes. Conjugase 
pancreatic chicken (2 h at 37°C), 
or rat plasma conjugase (37°C 

for 1 hour).

Affinity column 
(Affigel 10 - Protein 
Folate Linked) pH 

7.0. And elution with 
trifluoroacetic acid and 

dithiothreitol in  
3ml/min flow.

1% of L - ascorbic acid, 
the extraction step and 

40% L-ascorbic 
acid in pre-column 

conversion of folates to 
5-methyltetrahydrofolate.

[23] Apple juice, cherry 
nectar, nectar and 
black cherry fruit 

juices fortified nine.

Was not used. Was not used. SPE strong anion 
exchange (SAX) (two 
cartridges in series) 

activated with n-hexane, 
methanol and water. 
Mobile phase-sodium 

acetate containing 
0.1M sodium chloride 
10% (w/v) with the 
antioxidant system.

1% L-sodium ascorbate 
(in cleanup step).
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References Food matrices Extraction condition Enzymatic treatment Cleaning conditions Antioxidant system

[29] Beetroot raw and 
processed and 

mixed vegetables 
(reference 
material).

Phosphate buffer (pH 6.0 
with 0.1M antioxidant 

system and N
2
 flow  

at 100°C 10 minutes,  
adjust pH: 4.9.

Conjugase pig kidney 
(10 mg / ml - solution of 

L-cysteine   hydrochloride at 
pH 4.9 at 37 ° C for 3 hours) 

27 000 g centrifugation  
for 15 minutes.

SPE strong anion 
exchange (SAX) - 
anion exchanger 

cartridge conditioned 
with methanol and 
water mobile phase, 
0.1 M sodium acetate 

containing 10% sodium 
chloride (w/v) with the 

antioxidant system.

2% L-sodium 
ascorbate and 0.1% 
2-mercaptoethanol 

(extraction step) 
and 1% ascorbic 
acid and 0.1% 2 - 
mercaptoethanol 
(cleanup step).

[49] Orange juice 
concentrate, 

enriched refined 
wheat flour, frozen 

spinach, nonfat 
milk powder, infant 
formula SRM 1846, 
whole wheat flour 
BCR 121, BCR 421 

milk powder, frozen 
vegetable mix BCR 

485 (reference 
samples).

0.1 M potassium 
phosphate, pH 6.0.

For orange juice the initial pH 
of the mixture was adjusted 

from 4.8 to 6.0. It used 1 
mL of amylase incubated 
at 37°C for 1 hour. 1 ml of 

protease solution for 3 hours 
incubation at 37°C and 0.2 mL 
of rat plasma was added and 
incubated at 37 ° C. Heating 
at 90 ° C water bath for 15 

minutes. 4000 g centrifugation 
for 20 minutes.

SPE - silica anion 
exchanger cartridge 

(styrene-divinyl-
benzene). Conditioned 
with 0.1 M phosphate, 
pH 6.0 and 1M sodium 

chloride containing 
250 mL / L acetonitrile.

10 mM 
mercaptoethanol, 

10 mM ascorbic acid 
and 10 mg L sodium 

azide.

[41] Seaweeds  
of Spain.

Phosphate buffer (pH 6.0 
with 75 mM antioxidant 

system and N
2
 flow) 

shake 20 seconds, 
100°C 10 minutes after 
centrifugation 11,000 g 

for 20 minutes, adjusting 
the pH to 4.9.

Conjugase pig kidney (1 mL  
of conjugase for 3 mL of  

sample with N
2
 flow)  

3 hours 37°C pH 4.9.

SPE - anion exchanger 
cartridge conditioned 

with methanol and 
water. Mobile phase, 
0.1 M sodium acetate 

containing 10% 
sodium chloride (w/v) 
with the antioxidant 

system.

0.1% mercaptoethanol 
and 2% ascorbic acid 

(extraction step)  
1% ascorbic acid  
(in cleanup step).

[58] Pig liver, milk 
powder and 
mixtures of 
vegetables 
(reference 
material).

Crushed material at 
0.05 mol/L-1 ammonium 

acetate (1 g sample/ 9 mL 
solution), ultrasonic bath 

10 minutes.

Was not used. Purification of 
the extract with 

trichloroacetic acid 
and volume completed 
with 5μL ammonium 

acetate.

Was not used.

[59] Fortified beverages 
(milk, fruit nectar, 

yogurt, sports 
drinks).

Was not used. Was not used. SPE - strong anion 
exchange (SAX) 

cartridge conditioned 
with methanol and 
water. Mobile phase 
- methanol (3 mL) 

and sodium acetate 
(20 mmol/L-1 50:50) 

pH 4.

Was not used.

Table 2. Procedure for extraction and cleaning of food matrices for folates analysis.
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References Food matrices Extraction condition Enzymatic treatment Cleaning conditions Antioxidant system

[30] Products free of 
gluten (corn starch, 
potato starch, rice 

flour, mix flour, three 
varieties of bread 
without the use of 
gluten and lactose 

free).

80mL potassium phosphate 
buffer in 0.1 M, pH 6.2 for 
each 1 g sample, 1 hour 
at 75°C after 15 minutes 

centrifugation 27.000 g 4°C, 
the supernatant obtained 

subsequent  
to step.

Treatment 1: deconjugation 
extract (5.75 ml) with 144μl of 
rat plasma dialysate at 37°C for 
3 hours. Or 750μL of chicken 
pancreas extract to 30 mL at 

37°C for 3 hours 
Treatment 2: α-amylase 

solution (40μL) for each 80mL 
of extracting at 100°C for 10 
minutes or 75 ° C for 1 hour. 
After following a treatment 1 

Treatment 3: Use the 2 
treatment added 0.8 mL of 

protease solution at 37°C for 1 
hour. Centrifugation at 27.000 g 

for 15 min at 4°C.

SPE - silica cartridge, 
using vacuum  

pressure to the flow.  
Conditioning with 

methanol (2 x 2.5 ml) 
followed by the 0:03 

mol/L-1 H
3
PO

4
 containing 

1% ascorbic acid.

2% (w/v) sodium 
ascorbate and 0.1% (v/ v) 

mercaptoethanol.

[51] Vegetables. 1 mL of the liquor and 
one gram of fiber were 

transferred to a test tube 
and each fraction were 

added 20 mL of extraction 
solution (ammonium 
acetate 50 mmol L−1 

containing, ascorbic acid 1% 
and 2-mercaptoethanol  

10 mmol L−1 for all 
treatment except control), 

then stirred in vortex for 20 
s and heated at 40°C for  

10 min in water bath.

Rat’s plasma lyophilized was 
re-suspended in extractor 

solution and 250 µL were used 
to treatments. The tubes were 

incubated at 37°C for 1 h in 
water bath. The enzymes 

inactivation was carried out at 
100°C for 5 min, and tubes were 
placed in ice bath for cooling.

Fiber fraction was 
filtered through 

qualitative filter paper 
(whatman paper 

50 × 50).

Ascorbic acid 1%.

Label: H4 folate - tetrahydrofolate; 5-CH3-H4 folate - 5-methyltetrahydrofolate; 5-HCO-H4- folate - 5-formyltetrahydrofolate; 10-HCO-folate- 10 - formyl folic acid; 5,10-CH2-H4-folate - 
5,10-Methylenetetrahydrofolate; 5,10-CH +-H4-folate - 5.10-meteniltetraidrofolato; 10-HCO- H2-folate - 10-methyl folic acid; 10-CH3-folate - 10-methyl folic acid.

Table 2. Procedure for extraction and cleaning of food matrices for folates analysis.

phase in order to avoid possible interactions with 
the repulsive negative charges of the silanol that can 
generate inaccessibility of molecule in its anionic 
form[62]. Ion pairing agents as triethylammonium can 
be added to change the pK of the analyte improving 
the resolution and separation of the different folate 
forms[23,53].

In reversed phase columns that use binary mobile 
phase - acetonitrile or methanol in combination with 
water, the retention time of the analyte can be decreased 
with increasing in the concentration of organic solvent. 
This can be accomplished isocratically or gradient 
mode[62].

Folate separation has been used frequently 

in systems of gradient elution in order to ensure 

the study of the main forms, tetra-hydrofolate, 

5-methyltetrahydrofolate and folic acid[29]. In contrast, 

this condition implies some disadvantages, such as the 

need for re-equilibration the column, which results in 

variations in the baseline, increased analysis time and 
solvents spent[17].

So far only Patring and Jastrebova[63] investigated 
the effects of buffer nature and mobile phase composition 
on sensitivity and selectivity in chromatographic 
separation of folates by detection mass spectrometry. 
A ternary mixture in gradient mode of acetonitrile, 
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methanol and aqueous acetic acid at pH 3.4 combined 
with gradual addition of methanol up to 8% allowed the 
separation of two usually overlapped forms -10-formyl-
folic acid and 5-formiltretrahydrofolate, stable baseline 
and resolution Rs≥1.5 in LC-MS. 

This was the first study to investigate the patterns 
ionization of 5-methyltetrahydrofolate, tetrahydrofolate, 
10-formylfolic acid, 5-formyltetrahydrofolate and folic 
acid describing them on basis of its acid-base properties. 
It was investigated the intensity of mass spectrometer 
signal in positive and negative ion mode, and despite 
considerable differences in pKa-values, all folate 
derivatives exhibited similar responses for abundant 
positive ions.

More recently, Jastrebova et al.[64] compared the 
efficiency of folates analysis in UHPLC and HPLC using 
columns with similar surface chemistry, however, with 
particle sizes of 3.5 and 1.7 µm. The use of columns filled 
with particles smaller than 2 µm allows the reduction 
of analysis time from 45 to 15 min at a temperature of 
30 °C. When a 60-degree temperature is employed, the 
analysis time is reduced to 5 min with no degradation of 
the forms of folate investigated. 

The use of small sub-2µm particles allowed the 
reduction of the analysis time from 45 min to 15 min at 
30 °C and 5 min at 60 °C with no degradation of folates. 

Table 3 shows the main types of mobile phases, 
columns and elution mode used in the analytical 
resolution for different folate forms.

4.2.1. Identification and quantification techniques
The low concentration of folates (below ng) in most 

foods limits the applicability of separation techniques and 
emphasizes the need for more sensitive detectors[7]. The 
types of detectors vary among non-destructive (UV-Vis, 
fluorescence, light scattering and refractive index) and 
destructive (mass spectrometry and flame ionization)[17].

To determine folate, UV-Vis detector at 280-
290 nm wavelength (λ) and fluorescence in which the 

wavelength varies with the type of folate[56] have been 
used. Excepting folic acid and pteroic acid, all folates 
forms exhibit fluorescence, allowing identification and 
quantification in better sensibility. For example, to 
tetrahydrofolate, 5-methyltetrahydrofolate, 5-formyl-
tetrahydrofolate, it is chosen 290 nm excitation and 
356 nm emission and for 10-formylfolate 360 nm 
excitation and 460 nm emission[16,45].

UV-Vis detectors are able to distinguish most 
of the folate forms and show a good correlation with 
microbiological tests for various foods, although its 
sensitivity is decreased in comparison with other 
detectors[7]. Moreover, they can provide excellent 
results, especially when detectors are capable of 
operating at more than one wavelength (λ) by executing 
an alternative λ program[17].

Most detectors operating in multi-channel can 
also provide UV spectrum of the analytes in elution if 
properly programmed and measured. With this tool, it 
is possible to determine the homogeneity for the peak 
obtained from the ratio of the absorbances obtained from 
standards and samples, they must be constant throughout 
the analytical process. The normalization procedure is 
applied for two spectra (or more than) and then the ratio 
for each should be constant for homogeneous peaks[17,65].

However, it is necessary a relatively large 
database, capable of confirming the chemical compounds 
of different groups. In the case of folate acid and folates, 
the spectra obtained will suffer influence of the solvent 
used, which can lead to an increase or decrease in the 
signal intensities depending on the chosen solvent 
(Figure 2).

In Figure 3, it is presented the most frequent 
spectral profiles of six folate forms in food. Studying of 
the spectral profile is a useful tool during the process of 
identification and confirmation of signals. It is known 
that these can be modified according to the diluent; 
however, the areas of higher absorptivity can be 
confirmed accurately by DAD detection and still further 
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Table 3. Mobile phases and columns used in HPLC for separation of folates.

References Stationary phases Mobile phases 
Standard 

(time retention min)
Elution conditions 

[16] Reverse phase - C
18

  
(5µm, 250 x 4.6 mm)  
C18 guard column  

(3μm,   150 x 4.6 mm).

Acetonitrile and potassium 
phosphate buffer.

H
4
-folate (20.0), 5-CH

3
-H

4
-folate (23.0), 

5-HCO-H
4
 folate (25.4).

Gradient, initially 9% acetonitrile 
gradually increasing to 25%  

by 14 minutes, total time  
of analysis 30 minutes.

[39] Reverse-phase C
18

  
(4.6 x 250 mm 5.0 µm).

Acetonitrile and phosphoric 
acid (33mmol/L-1 pH 2.3).

Folic acid (27.0), 5-HCO-H
4
 folate (24.7) 

5-CH
3
-H

4
-folate (21.1),  

10-HCO-folate (23.7),  
10-HCO-H

4
-folate (21.9)

Gradient 5% acetonitrile maintained 
for 8 minutes then increased to 17.5% 
in 25 minutes, total time of analysis 33 

minutes.

[53] Reverse-phase C
18

  
(100 x 4.6 mm, 3μm)  

and C18 guard column  
(30 x 2.1 mm, 5µm).

Methanol and potassium 
phosphate buffer 

(0.0035 M KH
2
PO

4
 and 

0.0032 M K
2
HPO

4
 pH 6.8) 

containing 0.005mol/L-1 
tetrabutylammonium 

dihydrogen phosphate.

Folic acid (15.0) Isocratic, Methanol (24-26%)  
and aqueous phosphate  

buffer (76-74%).

[57] Reverse phase - C
18

 column 
(150 x 4.6 mm, 3 µm).

Acetonitrile and  
phosphate buffer  

(pH 2.2 30 mmol/L-1).

H
4
-folate (20.7), 5-CH

3
-H

4
-folate (24), 

5-HCO-H
4
-folate (27.3), folic acid (8.28), 
10-HCO-folate (5.26)  

5,10-CH
2
-H

4
-folate; 5,10-CH+-H

4
-folate, 

10-HCO-H
4
-folate (24.4).

Gradient, starting with 5% acetonitrile 
maintained for 9 minutes, progressing 
to reach 17% within 30 minutes, and 

then finishing the race.

[19] Reverse-phase - C
18

  
(250 x 5 mm 5 µm)  

and C
18

 guard column  
(4x4 mm 5 µm).

Folate monoglutamate: 
Acetonitrile and phosphate 

buffer (pH 2.3)
 5-methyltetrahydrofolate: 
Acetonitrile and phosphate 

buffer (pH 4.6)

10-formyltetrahydrofolate; 
5,10-methenyltetrahydrofolate; 

5,10-methylenetetrahydrofolate; folic 
acid polyglutamates; tetrahydrofolate; 

5-methyltetrahydrofolate; 
5-formyltetrahydrofolate;  

10- quantum yield of some 
folates present obstacles to 

4 Formyltetrahydrofolate
 5-CH

3
-H

4
-folatePteglu

1-18
  

(10-20 min). 

Folate monoglutamate: Gradient, 
started 8 minutes with 5% acetonitrile 
reaching 10% in 8 to 10 minutes, and 

20% between 10 and 17 minutes. 
Final composition of the mobile 

phase 20% acetonitrile maintained 
for 5 minutes. Return to initial 

composition in 15 minutes. Gradient 
5-methyltetrahydrofolate started 

100% phosphate buffer, increasing to 
10% acetonitrile in 15 minutes and 
20% in 20 minutes. Return to initial 

composition of 45 minutes.

[23] Reverse-phase C
18 

(250 x 4.6 mm 5.0 µm)  
guard column C

18 

(4.0 x 20 mm 5.0 µm).

Solution 5mmol/L-1 tetra-n-
butilamonium hydrogen with 
25 mmol/L-1 sodium chloride 
in water(a) and dihydrogen 
orthophosphate potassium 

phosphate (1 mmol/L-1 
in water) (b) and 65% 

acetonitrile.

Folic acid  
(16.9).

Gradient; Start isocratic 10% B for 
10 minutes, B was increased to 36% 
in 15 minutes, 50% in 35 minutes 
in 38 minutes turned the initial 

composition, so it remained for 5 ‘.

[29] Reverse-phase C
8
 

(150 x 4.6 mm, 5 µm) 
and guard column 

(12.5 x 4.6 mm, 5 µm).

Potassium phosphate buffer 
(30 mmol/L-1 pH 2.3) and 

acetonitrile.

H
4
-folate (15.8), 5-HCO-H

4
-folate  

(21.7) 5-CH
3
-H

4
-folate (17).

Gradient, started 6% v/ v acetonitrile 
for 5 min reaching 25% in 20 minutes 

and remained for 33 minutes.

[49] Reverse phase - C
18

 column 
(150 x 4.6 mm, 3 µm).

30 mmol/L-1 potassium 
phosphate pH 2.2 (mobile 

phase) with 10 mg/l sodium 
azide and acetonitrile  

(mobile phase b).

Folic acid (19.0),  
5-CH

3
-H

4
-folate (15.6).

5 minutes with 99% mobile phase A 
and 1% mobile phase B in 20 minutes 
and then the gradient was adjusted 

to 80% and 20% B, followed by a step 
gradient of 60% A for 5 minutes, after 

return to the initial condition.
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References Stationary phases Mobile phases 
Standard 

(time retention min)
Elution conditions 

[41] Reverse-phase C
18

 
(5µm, 250 x 4.6 mm)  

C
18

 guard column  
(5µm, 15 x 4.0 mm).

Phosphate buffer  
30 mmol/L-1 (pH 2.2)  

and acetonitrile.

5-CH
3
-H

4
-folate (5.09) H

4
-folate (5.04), 

5-HCO-H
4
-folate (8.5), folic acid (9.00).

Gradient: start 4 minutes 10% 
acetonitrile, 8 minutes 15% acetonitrile 

and return  
the original composition.

[58] Reverse-phase - C
18

 column 
(5 µm, 250x 4.6 mm) and  

C
18

 guard column  
(5 µm, 10 x 4.6 mm).

2% acetic acid adjusted to  
pH 2.8 with potassium 

hydroxide (solution acidified) 
and acetonitrile.

H
4
-folate (19.12) 5-CH

3
-H

4
-folate 

(20,50), 5-HCO-H
4
-folate (22.50) 

10-HCO-folate (21.52) 10-CH
3
-folate 

(27.72), folic acid (26.14).

Gradient, started 100% solution 
acidified, reaching 76% in 25 ‘,  
and kept until the end of the  

analysis for 31 minutes.

[59] Reverse-phase C
18

 (5µm,  
150 x 4.6 mm) guard column 

C
18

 (40 µm, 50 x 4.6 mm).

Methanol and  
ammonium acetate  

(8 mmol/L-1).

Folic acid  
(5.03).

Gradient, started 9% methanol for 
6 minutes, 7 minutes in methanol 

increased to 50% and so continued 
for 5 minutes, return the initial 

composition in 5 minutes.

[30] Reverse-phase - C
18

 column 
(150x 4.6 mm, 3 µm) Aquasil, 

C
18

 guard column (1 mm).

30 mmol/L-1 potassium 
phosphate buffer  

pH 2.3 and  
acetonitrile.

Folic acid (25.3), 5-CH
2
-H

4
-folate (); 

H
4
-folate (19.7),  

5-CH
3
-H

4
-folate (21.2),  

5-HCO-H
4
-folate (24.7);  

10-HCO-folate (23.7).

Gradient initial 6% (v / v) acetonitrile 
maintained isocratic for 5 minutes 
then the acetonitrile was increased  

to 25% for 20 minutes, total  
run time was 42 minutes.

[51] Spherisorb ODS-2  
100 mm × 2.0 mm  

5 µm column.

Buffer potassium phosphate 
100 mmol L−1  

pH 2.0 and methanol.

H
4
-folate (1.67) 5-CH

3
-H

4
-folate (2.47), 

10-HCO-H
4
-folate (3.21)  

5-HCO-folate (4.93) Folic acid (7.34), 
Pteroic acid (11.17).

Isocratic mode, in ratio 85:15 (v/v), 
with total run time not  
superior at 20 minutes.

Label: H4 folate - tetrahydrofolate; 5-CH3-H4 folate - 5-methyltetrahydrofolate; 5-HCO-H4- folate - 5-formyltetrahydrofolate; 10-HCO-folate- 10 - formyl folic acid; 5,10-CH2-H4-folate - 
5,10-Methylenetetrahydrofolate; 5,10-CH +-H4-folate - 5.10-meteniltetraidrofolato; 10-HCO- H2-folate - 10-methyl folic acid; 10-CH3-folate - 10-methyl folic acid.

Table 3. Mobile phases and columns used in HPLC for separation of folates.

evaluations performed on the database able to compare 
standards and samples showing similarity and purity 
indexes.

Chromatography is considered a powerful tool 
in separation technique. However, for identification 
of peaks, it is necessary the use of better resource, 
combined with detectors. Among these are included: 
comparative study of adjusted retention times, obtained 
by injection of standards and samples in similar 
conditions; evaluation of peaks of interest for more than 
one detector coupled series, for example, fluorescence, 
electrospray ion detector (ESI) or chemical ionization 
by different techniques for ionic and non ionic 
compounds[60,66].

The quantification can be obtained by 
comparison of areas related to known concentrations 
in calibration curves (external or internal standard). 
In order to quantify the peaks of folates, it is usually 

chosen the external standard, which can be performed 

by the correlation between the calibration curve 

equation with the peak of interest area[23,29,30,41,47,53,59].

For internal standardization it should be chosen 

a chemically similar compound to that one under 

study, in the case of folic acid for instance, it can be 

used methotrexate an antagonist drug to folic[67]; which 

presented retention time 9.0 min in isocratic elution in 

85% of potassium phosphate buffer pH 2.0 100 mmol.L-1 

and 15% of MeOH (data not published).

The internal standard must be added in 

concentrations similar to the compound of interest and 

should be eluted in unused portion of the chromatogram, 

being its retention time close to the peaks under 

consideration[17]. Among those studies aimed at 

quantifying folates, external standardization is mostly 

employed as can be observed in Table 4.
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4.2.2. Procedures for analytical validation
After the method has been developed, involving 

analytical separation and extraction performance of 
classes of folates, it must be validated with respect 
to different parameters which aim at assessing. In 
order to determine the most important parameters to 
be included in this process, it can be consulted to the 
literature, or the guidelines of regulatory agencies such 
as ICH - International Conference on Harmonization[68]. 
Obviously, laboratorial experience should be pointed and 
used through suitable test system accepted as statistical 
tool for improving methodologies.

Regardless of the source selected, six parameters 
must be investigated to validate a method as following: 
1. accuracy, 2. precision 3. limit of detection; 4. limit 
of quantification; 5. specificity; 6. linearity and dynamic 
range.

The method accuracy is a correlation between the 
difference of concentration measured in the analyte from a 
spiked and non-spiked sample, once the analyst will know 
the amount of analyte added to the sample. Through this 
ratio is drawn the recovery rate, given by the equation: 
Recovery ratio (concentration in the spiked sample – 
sample concentration) / spiked concentration)[68].

The method precision is an agreement 
measure between results of individual tests, when the 
procedure is repeatedly applied to multiple samples 
of different composition. The accuracy can be divided 
into three categories: repeatability or precision intra-
assay, intermediate precision or between days and 
reproducibility or inter laboratories precision[69].

Sensitivity is the method ability to respond 
consistently to successive decreases in the analyte amount. 
Often, the detection limits (LD) and quantification limits 
(LQ) are used to measure the method sensitivity. For 
chromatographic procedures, LD is defined as the lowest 
analyte concentration that promotes a signal three times 
above the noise (variability is higher than 2%) and LQ 
is the lowest concentration of analyte which provides a 

signal ten times above the noise (variability is less than 
2%)[60,68].

The linearity of an analytical method is its ability 
to extract results that are directly, or by means of well-
defined mathematical transformations, proportional to 
the concentration of analytes in samples within a give 
range, this is an interval between the lower and upper 
analyte concentration for which it has been demonstrated 
that the analytical procedures haves a suitable level of 
accuracy, precision, and linearity. The range is expressed 
in the same unit as the analytical method`s results[68].

The parameters discussed above may be classified 
as the most common in the validation of the analytical 
protocol, being decidedly indispensable. Since the 
advancement of computer technology and building 
databases, new parameters may be added to those. 
For example, the spectral libraries are built from the 
standards spectrum registration and allow the evaluation 
of similarity between sample peak and the standard peak. 
Another important tool, which is widely used since the 
90s, is the investigation of the peak spectral record in, 
at least, three regions in order to check for impurities. 
These two tools were used in our studies of folate quite 
effectively, allowing us to monitor six forms of folate[26,51]. 
Besides, chemometric tools have been frequently applied 
to the optimization and validation of analytical methods. 
It consists in applying mathematical models to explain 
the phenomena and chemical processes involved. The 
most used model is the central composite design (CCD), 
allowing reduction in the number of experiments and 
therefore, less time consuming and reagents. Its basic 
principle consists of isolating the main factors to trigger 
responses known and modeling. However, unlike 
traditional models, CCD allows the investigation of 
diverse all factors at the same time[70].

For optimization of folate extraction protocol, 
we used a factorial design in which the main parameters 
identified in pilot study were tested simultaneously, 
(time, temperature of sample exposure and concentration 
of the extraction solution). This type of experimental 
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Figure 3. Spectral profile of folates commonly found in foods. Data obtained by array diode detector with scan performed in region maximum and 
minimum of each peak in maximum λ. Images made from LC solution software (Shimadzu).

model allowed us to adjust the best extraction condition 

with the certainty that we are evaluating all the factors 

together. Furthermore, we can eliminate the use of 

enzymatic treatment of vegetable matrices, which 

leaded to a reduction of time and number of steps of the 

extraction protocol[51].This has been used to improve the 

separation methodologies compounds in pharmaceutical 

formulations[71], acid mixtures[72] and isomers[73]. The 

CCD may be a useful tool for folate studies since their 

forms have very similar chemical characteristics and 

10-formyltetrahydrofolate and 5-formyltetrahydrofolate 

present isomer function.
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Table 4. Usual condition of quantification for folate analysis.

References Detection system
Limit of detection and  

quantification LOD/LOQ
Recovery rate (%)

[16]

Fluorescence, excitation 290 nm and emission 
356 nm H

4
-folate, 5-CH

3
-H

4
 folate, 5-HCO-H

4
 

folate, folic acid, 360 nm and emission 460 nm 
fluorescence 10-HCO-AF UV-Vis spectroscopy.

LOD H
4
-folate 0.003 ng; 5-CH

3
-H

4
 folate 0.002 ng; 

5-HCO-H
4
-folate 0.05 ng; folic acid 1.4 ng; 10-HCO-AF 

0.04 ng per injection.

79-92 5-CH
3
-H

4
-folate,  

60 – and 50-80 respectively 
H

4
- folate and 5-HCO-H4folate 
50 and 80, respectively.  

60-70- 10-HCO-folic.

[39] Diode array detector.
10-HCO-H

2
- folate (7 pmol per injection) and  

5-CH
3
-H

4
-folate, 10-HCO-folate, 10-HCO-H

4
-folate,  

folic acid (4.2 pmol per injection).

Folic acid (87.9), 5-HCO-H
4
-

folate (85.3) 5-CH
3
-H

4
-folate 

(94.8), 10-HCO-folate (84.0), 
10-HCO-H

2
- folate (84.8).

[53] UV-Vis spectroscopy. LOD 2 ng/20 µl injection of standard.
93 - 96 coefficient of  
variation 3.2-5.6%.

[57]

UV-Vis spectroscopy (5-HCO-H
4
folatos, folic acid, 

10-HCO-H
2
); Fluorescence - excitation 290 and 

365 emission for 5-CH
3
-H

4
-folate and H

4
-folate, 

360 excitation and 460 emission 10-HCO folic.

LOD H
4
-folate 0.6 ng, 5-CH

3
-H

4
 folate 0.4 ng, 5-HCO-H

4
 

folate 0.6 ng, 0.2 ng folic acid, 10-HCO-folic 0.7 ng, 
10-HCO-H

2
- folate 0.8 ng.

H
4
-folate 109 ± 13, 5-CH

3
-H

4
- 

folate 86 ± 3, 5-HCO-H
4
 

folate 78, Folic acid: 113 ± 
9; 10-HCO-folic 102 ± 10, 

10-HCO-H
2
 folate 106 ± 12.

[19]
Fluorescence excitation 295 nm and  

emission 356 nm. UV-Vis spectroscopy.

LOD: all in pmol per injection - 5-CH3-H4 folate:  
2 (UV) and 0.02 (fluorescence); H4folato: 5 (UV) and 0.1 

(fluorescence), folate 10-CHO-20 (UV) and  
200 (fluorescence ) 5-CHO-H4folato: 2 (UV).

78 - 10-CHO-H
4
-folate;  

98- 5-CHO-H
4
-folate.

[23] UV-Vis spectroscopy. LOD 0,04; LOQ 0,06 mg/L.

In acetate buffer with added 
standard was 97; For apple 

juice, 92-93; For cherry nectar 
92-93 and 78-79 black cherry.

[29]
Fluorescence spectroscopy excitation  

290 nm and 360 nm emission  
290 nm UV-Vis spectroscopy.

LOQ 5-CH
3
-H

4
-folate 0.2 ng/mL; H4-folates 0.3 ng/mL 

and 5-HCO-H
4
-folate 4 ng/mL 

LOD 0.1 ng/mL H
4
-folate, 5-CH

3
-H

4
-folate 0.07 ng/mL, 

5-HCO-H
4
-folate 1.5 ng/mL.

85-90- H
4
-folate and  

95-97- 5-CH
3
-H

4
-folate.

[49]
Diode array detector, fluorescence detection  

(290 nm for the excitation spectrum and  
355 nm for the emission spectrum).

LOD DAD 1μg/100g UV for 5-HCO-H
4
-folate and folic 

acid for 0.5 μg/100g; Fluorescence: > 0.1 μg/100g for 
5-HCO-H

4
-folate and folic acid.

Reference material (BCR 
421) 90-95, folic acid and 
5-HCO-H

4
- folate 95 – 105.

[41]
UV-Vis spectroscopy for folic acid, 290 nm 

excitation and emission 356 nm fluorescence for 
5-CH

3
-H

4
-folate; H

4
-folate, 5-HCO-H

4
-folate.

LOD 5-CH
3
-H4-folate 1.2 ng / mL; H

4
-folate 1.7 ng/mL, 

5-HCO-H
4
-folate 2.1 ng/mL; folic acid 0.9 ng/mL.

5-CH
3
-H

4
-folate 95.93; 90.8 H

4
-

folate, 5-HCO-H
4
-folate 94.58; 

Folic acid 94.78.

[58]

Excitation 290 nm and emission 360 nm 
fluorescence for 5-CH

3
-H

4
 folate, 5-HCO-H

4
-folate 

and H
4
-folate; 360nm emission 445nm excitation 

fluorescence for 10-HCO-folate and 10-CH3-folate 
and folic acid DAD at 290 nm.

LOD 5 pg/mL 5-CH
3
-H

4
-folate; 7 pg/mL folate-H

4
;  

30 pg/mL 5-HCO-H
4
-folate; 10-HCO-folate; 5 ng/mL for 

folic acid and 10-CH
3
 – folate; LOQ 0.05 ng/mL 5-CH

3
-H

4
-

folate, 0.07 ng/mL H
4
-folate, 0.3 ng / mL 5-HCO-H

4
-folate 

and 10-HCO-folate and 50 ng/mL 10 - CH
3
-folate.

5-CH
3
-H

4
-folate 94-108, 96-102 

H
4
-folate, 5-HCO-H

4
-folate 

97-104, 10-HCO-H
4
 95-104, 

97-102 folic acid, 10-CH3-H
4
-

folate 98-103.

[59] Diode array detector. LOQ folic acid 0.10 mg/L. Was not performed.

[30]
DAD for 10-HCO-H

4
 folic acid and at wavelengths 

of 269, 290 and 340 nm, 290 nm excitation and 
360 nm emission fluorescence.

LOD-0.05, 0.1, 2.0, 4.0, and 1.0 ng / ml for 5-CH
3
-H

4
-

folate, H
4
-folate, 5-HCO-H

4
-folate, 10-HCO-folic acid, and 

folic acid, respectively.

78% 5-CH3-H4-folate and  
H4-folate 48-56%.

[51] Diode array detector.

LOD - 0.06, 0.17, 0.12, 0.12, 0.03, 1.81 µg/ml-1 and LOQ 
- 0.2, 0.53, 0.38, 0.35, 0.11, 5.49 µg/ml-1 respective for H

4
-

folate, 5-CH
3
-H

4
-folate, 10-HCO-H

4
-folate, 5-HCO-folate, 

Folic acid, Pteroic acid.

Was not performed.

Label: H4 folate - tetrahydrofolate; 5-CH3-H4 folate - 5-methyltetrahydrofolate; 5-HCO-H4- folate - 5-formyltetrahydrofolate; 10-HCO-folate- 10 - formyl folic acid; 5,10-CH2-H4-folate - 
5,10-Methylenetetrahydrofolate; 5,10-CH +-H4-folate - 5.10-meteniltetraidrofolato; 10-HCO- H2-folate - 10-methyl folic acid; 10-CH3-folate - 10-methyl folic acid.
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Table 4 presents the main results of the last 
10 years regarding validation of methodologies for 
folates quantification. Research has been performed 
in the steps of extraction, cleaning, identification and 
quantification of folates, and in some cases it is possible 
to achieve the status of previously validated method. We 
believe that all these efforts need to be combined and 
considered by international agencies to define the best 
methodological working condition.

5. Perspectives and highlights
Folate, a water soluble vitamin, is an emerging 

topic, so it has been extensively studied in the last 
thirty years. Many studies have achieved to results that 
contribute to ensure establishment of most trusted food 
composition tables. Brazil has not even accompanied 
the advance, and opted for food fortification only taking 
the guidelines of Food and Agriculture Organization 

and World Health Organization as basis, since the 
composition tables are weak in this regard.

Researches with vitamin B
9
 has opened other 

fields of discussion, as the contribution of folate intake 
on homocysteine levels. A better understanding of 
folate metabolism through the study of gamma-glutamyl 
hydrolase, especially with regard to the metabolism of 
antagonists drugs such methotrexate used to treat certain 
types of cancer, autoimmune diseases and others.

In this regard, the development of selective and 
appropriate methodologies in HPLC contributed to 
advances in various areas of knowledge as in studies of 
public health, biochemical or physiology. In addition, 
when performed in one short space of time, with 
security, can speeds up the acquisition of information 
that contributed to the prevention and treatment of 
related disorders to folate deficiency.
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