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RESUMO
Vitamina By é constituida por um grupo de compostos com eaiatitas quimicas similares
denominadas folatos. Sua principal funcdo é atuanoc cofatores ou coenzimas na
transferéncia de unidades de carbono para sinéedeidios nucleicos. Sua auséncia na dieta
humana pode desencadear disturbios distintos,rapaelos distarbios de formacgéo do tubo
neural. Tendo em vista a gravidade das doencasiadas, tem aumentado a necessidade do
controle dos valores declarados nos rotulos deealios e tabelas de composicdo e,
consequentemente, o desenvolvimento de metodolagialiticas seletivas e apropriadas a
matrizes de diferente composi¢do quimica. A crograf@ liquida de alta eficiéncia tem se
destacado como método analitico mais utilizado mta fim, pois apresenta resultados
eficientes para diferentes formas de folatos. Eante, a maioria dos protocolos de estudo de
extracdo de folatos exige o uso de enzimas, sauedeatoras em diferente pH, controle de
temperatura e tempo de exposicdo na etapa de &xtr&ssas condicdes tém gerado
resultados contraditorios, o que motivou este estudlesenvolver um protocolo analitico
simplificado para as etapas de identificacdo, edttae quantificacdo. Com solucbes padrao
contendo seis formas de folatos foi possivel desear um método cromatografico em
eluicdo isocratica com tempo de eluicdo dos padi®d$ minutos em detector de arranjo de
diodo. Foram testadas trés colunas com diferentesngdes recheadas com octadesilsilano
em mais de dez combinacfes de fases moveis alchnisan®, a e k compativeis com um
protocolo capaz de ser executado em matrizes dlémesne explicado através da teoria de
acido-base Lewis. Este método foi testado em efspipautilizado para o estudo do protocolo
de extracdo, através de estudo piloto isolandoegt@ saber: uso de enzimas, concentracéao
molar da solucdo extratora, agentes desproteimzantioxidantes, temperatura e tempo de
exposicao e o espinafre usado como modelo de eBamonado em liquor e fibra. De posse
dos elementos principais foi desenhado um planejanfatorial 2 objetivando verificar a
melhor condicdo de extracdo, e posteriormente @donétiesenvolvido foi testado em seis
matrizes alimenticias de origem vegetal. Para jpaetie extracdo, as condicfes de tempo e
temperatura exercem influéncia sobre as condicée=sxttacao, e as condicbes mais brandas
de exposicao podem garantir uma maior extratikdsAdemais o fracionamento da matriz

potencializou a extracdo do 5-metil-tetraidrofolagofracao liquor.

Palavras-chave:folatos poliglutamatos, cromatografia liquida, mtaas, micronutrientes.



ABSTRACT

Vitamin B9 is constituted by a group of compoundshvsimilar chemical characteristics
denominated folates. Its primary function is to asta cofactor or a coenzyme in the transfer
of carbon units for synthesis of nucleic acids. dissence in human diet can trigger
disturbances in either a lower or a greater degnee) as the neutral tube defects. Given the
severity of the associated diseases, it has beeeased the need to control the reliability of
the nutrient values declared on the labels and tmwdposition tables and consequently, the
development of analytical methodologies capable tfog recognition of bioactive and
bioavailable forms in matrices of different chenhicgompositions. HPLC has been
highlighted as the most used analytical methodh purpose because it presents efficient
results for different folate forms. However, mogidy protocols for the extraction of folate
requires the enzyme use, extraction solutionsfédrdnt pH and control in temperature and
exposure time. These conditions have generatedachetiory results, which motivated this
study to develop a simplified analytical protocot the steps of identification, extraction and
quantification of folate forms in vegetable food&ith standard solutions containing six
forms of folate, it was possible to develop a chatwmgraphic method with isocratic elution
with time of output patterns of 15 minutes for @éiten in DAD. It was tested three different
columns with different dimensions filled with OD&+h over ten combinations of mobile
phases; reaching Rs, k compatible with a protocol that can be appliefood matrices and
explained by Lewis acid-base theory. This method tested in spinach and used for the
extraction study by means of developing a pilotigtisolating factors, namely: enzyme use,
molar concentration of the extracting solution, rdéginization agents, antioxidants,
temperature and exposure time; spinach was usegfeaagnce matrix split into two fractions,
liquor and fiber. It was build a 24 factorial dastg in order to optimize this protocol and
subsequently, the method was tested in six vegetalatrices. It was concluded that the
conditions of time and temperature exert influeaoeghe extraction of folates, and the gentle
conditions of exposure can provide a greater etebédldy. In addition, fractionation of the

matrix potentiated the extraction of 5-methytetigiojolate in fraction liquor.

Keywords: folate polyglutamate, liquid chromatographic, vitas) micronutrient.
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1. Introducéao

Folato é o termo genérico utilizado para desigmadierentes formas quimicas da
vitamina B, que podem ser encontradas na natureza em vévies e oxidacdo de
monoglutamato a poliglutamato. O acido félico € omnoglutamato no estado mais
oxidado, recomendado para a pratica de fortificaghoiquecimento de alimentos e na
producdo de medicamentos (BALL, 2006).

A auséncia dos folatos na dieta pode ocasionairties, principalmente durante o
periodo gestacional. Varios estudos ao longo de decadas tém demonstrado que
adequada ingestéo de folatos pode reduzir os mexdesenvolvimento de anormalidades
do tubo neural, especificamente malforma¢cdes nebcére coluna vertebral (ARCOT &
SHRESTHA, 2005).

Diante da necessidade de ingestdo de folatos endasncas de comportamento
alimentar (dietas pobres em frutas, legumes e lig@$y, muitos paises vém praticando a
suplementacao obrigatéria. Entre os paises quaradotiesta pratica estdo China, Canad4,
Australia, Nova Zelandia, Estados Unidos, Chile easB (EICHHOLZER &
ZIMMERMANN, 2006).

Contudo o controle em relagdo a confiabilidade \disres dos nutrientes declarados
nos rotulos dos alimentos enriquecidos e vitamigagon ressaltado a necessidade de
determinar a composi¢do quimica dos micronutrientessaltando a importancia do
desenvolvimento de metodologias seletivas e a@oasi ao reconhecimento das formas
bioativas e biodisponivel em matrizes com difergmposicées quimicas (PAIXAO &
STAMFORD, 2004; PAIXAO, 2010).

Atualmente o método oficial (n° 992.05) aceito p&ksociation Official Analytical
Chemistry(AOAC) € o que utiliza d.actobacillus rhamnosuATCC n° 7469). Contudo
0S ensaios microbiolégicos sdo considerados ladmsjo por consumir tempo e
requererem grande demanda na execucdo. Além disa@roorganismo nao € capaz de
distinguir as diferentes formas de folatos (ARCOTSKEIRESTHA, 2005; NDAW et al.,
2001). Em adicao estudos populacionais de constergushabitos alimentares tem em

geral quantificado esta vitamina na forma de addaio utilizando o método oficial
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proposto por Soongsongkiat e colaboradores (200 é&todos cromatograficos (HEFNI
et al., 2010).

Cromatografia liquida de alta eficiéncia (CLAE) teetornado a técnica de separacéo
mais utilizada na determinacgéo de folatos, apraseotresultados mais eficientes que os
métodos usualmente empregados, visto que possibildstudo de diferentes formas de
folatos, sendo empregada prioritariamente no sest@enfase reversa para acido félico, 5-
CHs-Hgfolato, acido pteroico, 5-HCO-fblato, 5,10-HCO-Hfolato e 10-HCO-Hfolato.
Dentre estes os estados formil sdo considerados difdieis de quantificar devido a
instabilidade das moléculas e a dificuldade dersgga (VISHNUMOHAN et al., 2011).

Um dos grandes desafios esta em ajustar os pac@noetrmatograficos aos processos
de extracdo das diferentes formas de folatos roseaios. A maioria dos protocolos
sugere 0 uso de enzimas (conjugase, proteasmjilase) nesta etapa, contudo o acido
félico e os folatos podem sofrer influéncia destgentes, o que em muitos casos € fonte
de variacdo no conteudo total de folatos enconsradditeratura (PATRING et al., 2005).
Além de haver poucas discussbes no que diz respéitiuéncia do pH dos tampdes,
utilizados no processo de extracéo, sobre a asiadd dos folatos, gerando muitas vezes,
resultados contraditorios (PATRING et al., 2007).

Deste modo, ressalta-se a necessidade de aprimodasenvolver as etapas pré-
cromatograficas e cromatograficas envolvidas ndisende folatos objetivando garantir
resultados mais precisos e reprodutiveis que pogeaan informacdes para composicao
de tabelas nutricionais, orientacao e prescri¢cé&bo vjue ainda permanecem conflitantes
as metodologias recomendadas na avaliacdo da ealos compostos com funcao

vitaminica nos alimentos, particularmente a classtolatos.
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2. Objetivos

2.1 Geral

Identificar, desenvolver e adequar etapas necassad estudo dos folatos em vegetais

por cromatografia liquida de alta eficiéncia.

2.2 Especificos

* Adequar composicao de fase moével, pH, concentragdlar e coluna compativeis
com a separacao de folatos através dos parametdroatograficos;

* Avaliar o desempenho analitico de técnicas de gitrpara os folatos em vegetais;

e Comparar as condi¢coes de identificacdo e quargdmale folatos em solucbes de

padrdes e amostras;

* Estudar a precisao e exatidao da proposta analigenvolvida;

17
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Abstract

Folate is a term used to designate chemical forimgtamin By, it can be found in animal,
vegetable and microbial cells at different oxidatidevels from polyglutamates to
monoglutamates. Its absence in diet can lead tordasnces, especially during pregnancy,
which guided mandatory food enrichment. The impnoeet of analytical methods started in
the 90's, in order to ensure the safety of inforomapresent in food composition table and
nutritional guidelines. The analysis of the difirehemical forms of folate in food presents
some challenges due to its low concentration, poigiof isomerization in extraction and
quantification steps, presence of interferencee@afly in complex matrices, in addition to
oxidation potential. This fact raises the need dscussion on the safety analytical of
methodologies available for separation, detectidentification and quantification of folates
in foods. This review has endeavored to point batdharacteristics and chemical properties
more relevant to the stability and bioavailabilitfyfolate in foods. In addition, spectroscopic
information of trade patterns of six chemical formscombination with more recent data
were compiled from the literature aiming at guidthg development of simplified analytical

methods.

Keywords: folate, folic acid, stability, methods, extractidood, vegetables, HPLC
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1.0 Relevance

Folate is the term designated to all pteroic a@dwvatives exhibiting vitamin activity
in humans (Ball, 2006). This water-soluble compoumdssociated with several activities
such as redox cofactors and/or coenzymes, and igmrgilbiological activity in maintaining
the individual’s health (Donald and McCormick, 2p01 can be found in nature at several
oxidation levels ranging from monoglutamates toyghitamates. Folic acid themost stable
and less reduced form, presented as monoglutanmatmmmended for practice of
fortification, food enrichment and drug producti@rody and Shane, 2001).

The main function and also the oldest one relatetbliate is being converted to 5-
methyltetrahydrofolate by action of the enzyme miethetetrahydrofolate reductase, making
it a methyl donor for conversion of homocysteineStadenosylmethionine. This molecule is
source of carbon units for the DNA metabolism, uidohg methylation and biochemical
reactions mediated in the nervous system (Phdiad, 2011).

The addition of chains of glutamic acid in folateghe mechanism by which reserves
are stored in microbial, animal and plant tissueetrdhydrofolates and 5-
methyltetrahydrofolates are the main forms in  animal tissues; the latter (5-
methyltetrahydrofolate) is the predominant fornplant tissue, which may represent 90% of
its activity (Hanson and Gregory, 2002).

Folate deficiency was primarily recognized by Wits1931 through identification of
a pernicious anemia prevalent in Indian women. @igease was proved through experiences
in monkeys fed on a diet restricted to folates.c8irts inclusion as factor antianaemic in
1938, similar other molecules were also discovaratigrouped under the designatiolates
(Eitenmiller and Landen Jr., 2008; Brody and Sha0é,1).

However, folic acid elucidation as cure for meg#éshbc anemia occurred in 1945.
Since then, folate deficiency is recognized as afrtbe most prevalent and common vitamin
deficiencies worldwide. This deficiency resultsnironadequate intake, defective absorption,
abnormal metabolism, and special conditions sucldrag therapy. Marginal deficiency
produces general symptoms including tirednesstalmitity, and loss of appetite. Severe
deficiency produces megaloblastic anemia or highwarhof immature red blood cells. Other
symptoms include abdominal pain, diarrhea, ulcemmouth and pharynx, skin changes, hair
loss, and neurological disorders such as dementiadapression (Eitenmiller and Landen Jr.,
2008).
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Megaloblastic anemia due to insufficient folatesmke has long been recognized as a
complication for pregnancy with 3-5% incidence eveloped countries and much higher
incidence in Africa, Southeast Asia, and Americhe Byndrome development is mainly due
to the increased nutritional need resulting frotagegrowth (Brody and Shane, 2001).

Absence of such compounds in the ddiring pregnancy can lead to severe
disturbances. Relevant studies over three decadesdiown that adequate folate intake may
reduce risks of developmental abnormalities fronufdeTube Defects (NTD’s) specifically
in brain and spine (Arcot and Shrestha, 2005; Cledirad,, 2011).

NTD’s, including mostly forms of bifid spine - threost common birth defects in
humans - affect 1-14 per 1000 life birthed, althoumimbers are much higher in some
regions. NTDs are a family of birth defects invalyibrain or spinal cord. They arise from
incomplete neural tube closure during the fourtlekvef pregnancy (Chang et al., 2011).

Other diseases also associated with folate defigianclude the cardiovascular,
mediated by elevated homocysteine levels in bloodirently used as indicator of
cardiovascular disease. The maintenance of adedoiatie intake reduces homocysteine
levels - thus, the recommendation for folate cornsion in the diet or supplementation has
been a key clinical intervention in terms of pretv@m (Brody and Shane, 2001; Miller et al,
2002; Zappacosta et al., 2011; Fenech, 2011).

The number of benefits associated with maintainainedolate levels in all life stages
and disease prevention, has triggered interest onitoring these molecules in the 90's
(Tamura 1998). Particularly regarding the needrémognition of the relationship between
chemical species and each type of dis¢Aseot and Shrestha, 2005; Eitenmiller and Landen
Jr., 2008; Ball, 2006).

Considering the need for differentiating folateak# and changes in eating habits in
recent years, many countries have endeavored csorgul pratices of vitamin
supplementation - China, Canada, Australia, Newlatel United States, Chile and Brazil
(Eichholz and Zimmermann, 2006). Currently, it \sdent the importance of folic acid and
polyglutamates in order to maintaining good health.

Nutritional recommendations are usually based enbibard values of the Institute of
Medicine, Food and Nutrition, which indicates felanhtake of 400 mg/day for men and
women of childbearing age, pregnant women to 60@daygand lactation period of 500

mg/day. Bioequivalence is 1.0 mg natural folic aemlivalent to 0.6 mg of folic acid in
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fortified foods and also used for supplementatibtalfan and Escott-stump, 2003). This
vitamin has not bioequivalence established by therhational Units of the system proposed
by IUPAC-International Union Pure and Applied Chstry.

However, control over the reliability of nutrientalues in the label of fortified foods
and/or vitamins have stressed the need for detatram of micronutrients chemical
composition. Thus, it is important to develop melblogies and appropriate selective
recognition of bioavailable and bioactive formsigda and Stamford, 2004).

Vitamins determination in foods involves some dadfradles due to their low
concentration (belowug), possibility of isomerization, presence of vasointerfering in
complex matrices, requiring special care due tddhestability of these micronutrients, total
or partial loss of vitamin at extreme pH conditipesnsitivity to temperature and changes in
values of redox potential. These factors shoulddi@n into account when choosing the
analytical method (Vahteristo et al., 1996; Paix&i1,0).

Currently, the microbiological method usihgctobacillus rhamnosus considered
official by Association of Official Analytical Cheistry (AOAC) (method 992.05) for folates
determination in various samples, including foo©@C, 2002).

However, microbiological tests are considered ladus, time consuming and require
a great demand for execution. Moreover, the migaoism is not capable of distinguishing
different forms of folate, and the test result afed is the total folate content. Other common
failures include: inadequate test organism maimte@adilution failures in the growth culture
medium, contamination of glassware and reagentsgeran time and temperature of
incubation, extraction procedures, among othercddand Shrestha, 2005; Ndaw et al.,
2001; Eitenmiller and Landen Jr., 2008; Ball, 2006)

Nevertheless, the high performance liquid chromaolgy (HPLC) with ultraviolet-
visible and/or fluorescence detection has been lwidsed for folates determination, with
more efficient results than other methods usuathpleyed as microbiological assays and
radioimmunoassay (Martin et al, 2010). In additiongst protocols suggest the use of
enzymes (folate conjugase, proteas@mylase) in the extraction process, and cleartieg t
extract by affinity chromatography and separatioALB by reversed phase (Ndaw et al.,
2001) combined or not with ionic pairing (Vahteoiset al., 1996).

One of the great difficulties in adjusting chrongtphic parameters result from the

extraction process of different folate forms in titist foods. The extraction has been
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influenced by the use of folate conjugase, amydasEprotease; thus the enzymatic treatment
is considered the main source of variation in thiatés content. In addition, there is little
discussion about the buffers’ pH influence on thlate stability, which has contributed to the
large amount of contradictory results in the litera (Finglas et al., 1999; Patring et al.,
2005).

Currently, the recommended methodologies for deatertion of most compounds
with vitaminic function such as pyridoxine, piriddamine, piridoxalphosfate, niacin,
nicotinamide, nicotinic acid and folate (especiplgre considered contentious, making
difficult their inclusion in the nutritional compiti®n tables. This condition has raised the
need to develop better pre-chromatographic and nudt@graphic conditions aiming at

achieving more reliable and reproducible resultshenanalytical point of view.

2.0 Chemical nomenclature and spectral properties

The term "folate" is usually described as a senéscompounds with chemical
structure and nutritional activity similar to thai€ acid (pteroil L-glutamic acid, vitamingB
(Breithaupt, 2001). This consists of one L-glutametd group linked ta-aminobenzoic acid
group, which is turned in, 2-amino-4-hidroxylptena (IUPAC-IUB, 1987). More details are
shown in figure 1.

Folic acid standard is a yellow crystal of moleculeight 441,4 Da, other forms
haves varied from 312 Da pteroic acid, until molesuof 445 and 473 Da as tetra-
hydrofolate, formyl-tetra-hydrofolate for monoglotates (figure 02). Is usually found in
nature at very low quantities, however, duestability of synthetic form is used for food
fortification and enrichment (Gliszczynska-swigh®07).

Folate has low solubility in water being more stdun alkaline and saline media
solutions. Low solubility occurs in acidic solut®npH 2-4) where neutral forms and
monocations occurs (Arcot and Shrestha, 2005). Ireant study, it was produced a
chromatographic profile separating the six formsotdte prepared in NaOH and diluted with
ammonium acetate 8 mmolflpH 6.8, where the same patterns were also dilntedater. In
figure 03 can be noted that the low solubility iater results in loss of symmetry and strength
of the analytical signal in HPLC with detection DAD.
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Solubility increases with increasing pH especi#dly folic acid and pteroic acid that
present the highest values of pK. Pteroic aci@$s soluble than folic acid over most of the
pH scale. Folic acid solubility is influenced byetipolar hydrophilic character of the
carboxyl group. Polyglutamyl folates are more amdhan folic acid due to the presence of
additional ionizabler-carboxyl groups. In the low pH, long chains ofygdutamyl folates are
more hydrophobic than shorter chain since éhearboxyl groups are highly protonated
(Eitenmiller and Landen, 2008).

In United States Pharmacopeial (USP) folic acidhis reference molecule. Structural
variations include changes in oxidation state @f pieridine ring structure, mainly in 5,10
positions, a marked different polyglutamates acogrdo the number of glutamate residues
on the chain is observed in figures 1 and 2. Ideprto name these molecules, the
International Union of Pure and Applied Chemistnyernational Union of Biochemistry
(IUPAC-IUB, 1987) established the main backborme siimmarized below.

1. Pteroic acid conjugated with one or more L-glutamatinits are named
pteroylglutamate, pteroyldiglutamate, and so for#folate and folic acid are
synonyms for pteroylglutamate and pteroylglutanaicl arespectively;

2. “Folates” may be used to designate any membeisedfamily of pteroylglutamates or
mixtures with various levels of pteridine ring retlan, single-C substitutions, and
according to the numbers of conjugated glutamaielues;

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

4. Tetrahydrofolate is assumed to be replaced in thé,57, and 8 positions, and
diidrofolate is assumed to be replaced in the 7 &npositions unless otherwise
indicated;

5. Substituent groups are indicated by prefixes costbwvith locations of the positions
substituted. Substituent prefixes indicate that ghbstituent replaces one hydrogen
atom in the parent structure in case of formyl, hyletor two hydrogens in case of
methylene and methenyl;

Folate exhibits the stability specific as importanbperty to the analyst. Eitenmiller and

Lander Jr. (2008) described many factors affectolgte stability in biological systems and

during analysis.
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a. Loss of biological activity occurs through oxigla cleavage of the C-9 and N-10
bond.p-aminobenzoylglutamate is the major oxidation peicat pH's 4, 7, and 10. TheH
Folate is more susceptible to oxidation than feltd, reducing agents including ascorbic
acid, 2-mercaptoethanol; dithiothreitol is usu@iyployed in order to stabilize folates.

b. Folic acid is more stable than naturally ocagriolates at different temperatures.
Usually, it still has good stability in 100°C whemnotected from light and submitted to pH
5.0-12.0.

c. 5-Formyltetrahydrofolate is stable at neutrdd. pJnder acidic conditions with
heating, it is converted to 5,10-methenyltetrahfalede.

d. The number of glutamate residues attached téotate does not influence stability.

e. Folate is cleaved through photochemical and atadu mechanisms. Ultraviolet
radiation cleaves folic acid injg-aminobenzoyl-I-glutamic acid and 6-formyl pterifhe 6-
formyl pterin can be further degraded into pterirc&boxylic acid.

f. Folate is the chemicébrm used for food processing by enrichment; howdesses
are variable in food according to the variationgaod matrices, such as oxygen availability,
chemical environment, heating extent, and folatenfo Cooking process involving the
presence of large amounts of water causes leadfingtamins canning liquid contain a
significant proportion of folate originally presentthe raw product.

g. Presence of reducing agents (ascorbic acidpad tan increase folate retention
during thermal processing. However metals’{Fand additives including sodium nitrite used
in some cured products can increase folate loss.

h. As dissolved or headspace oxygen levels trendivgrse relationship with folate
stability aiming at retention.

i. Folic acid is quite stable in dry products ire thbsence of light and oxygen reason
why they are added to cereals and meals. The wténstable in flour during storage and
subject to only small losses during baking. Itdb#its is greater than that naturally occurring
in most foods. 5-methyltetrahydrofolate is roughbgdized in frozen and freshly vegetables
and fruits.

During analysis, the cleavage of folic acid is uefhced by pH, presence of reducing
agents in the buffer, type of buffer used and cexipt or nature of the matrix being
analyzed. Many studies have shown that under icntieating conditions (approximately

100°C), folic acid and 5-formyltetrahydrofolate arfirly stable, while the 5-
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methyltetrahydrofolate and tetrahydrofolate aregesrely labile (Arcot and Shrestha, 2005).
More drastic factors include pH and oxi-redutiosasated to temperature depending on the
matrices.

To prevent losses by oxidation, as wedlin particular biological systems, some of
researchers have tried the use of antioxidantsihait significance was revealed only after
the 60’s. The most commonly used include: ascoagid, 2-mercaptoethanol and sodium
ascorbate, seeking to prevent the oxidative presedsring stages of extraction and cleaning
(Tamura 1998). Concentrations of antioxidants rainge 0.1 to 2%; however, according to
Arcot and Shrestha, (2005) 1% ascorbic acid buiepH 6.0 is a good working condition.

3.0 Bioavailability and stability

One of the most important information in public hieas the availability of nutrients
in foods. Regarding the folate reference valued us®razil, they are based on the American
Food Composition Table, since the last versionhaf Brazilian Food Composition Table
(TACO, 2006), - developed at the Center for Studies Research in Food (Campinas
University -Brazil) - has no values of folates afalic acid to foods analyzed. In this
situation, it can be considered inadequate manthefguidelines and requirements folate
intake in Brazil. In turn, nutritional compositidgables should be based on the reality of each
country, considering environmental conditions (scllmate, rainfall and solar incidence)
which have strong influence on the distributiomoatronutrients in foods.

Recently studies using the HPLC analytical methaie outlined folate sources that
naturally retains 50-1250g/100g food, some examples include: mushroomsu(#100g),
wheat bran (94ug/100g); artichoke (5ug/100g), romaine (136g/100g), beets (109
ng/100g), marine algad.&minaria ochroleuca- 161 ug/100g), bean sprouts (@/100g),
yeast (125@ig/100g) among others. Lesser amounts (less thargBMO g) are found in meat
and poultry, some vegetables and certain rootsr€bawa et al, 2003; Yazynina et al, 2008;
Phillips et al, 2011).

Bioavailability has been described as the efficjenme the intestinal absorption
(Sanderson et al, 2003). It is generally accepted folate bioavailability is approximately
100% for folic acid supplements taken on empty sicim 85% for folic acid consumed in

foods (based on the absorption from fortified ompgce) and 50% from others foods. Since
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85% of folic acid is absorbed when consumed withdfand 50% food folate is absorbed,
folic acid taken with food is 1.7 times more avhl&athan food folates (Allen, 2008).

Some factors can influence on bioavailability:rimgic factors such as - age of
individual, health and physical and, extrinsic onegedium dissolved vitamin, chemical form
of vitamin, antagonists (some pharmaceuticals doohal), and composition of diets/food.
The increased polyglutamate chain is generallyidensd to reduce bioavailability; however,
folates-binding protein from milk may increase telabsorption by protecting dietary folate
from uptake by bacteria in the gut, thus increasafggorption in the small intestine
(Eitenmiller and Landen Jr., 2008).

Actually, the major source of folates is fortifiegreals, followed by liver, yeast,
vegetables, bread and its derived products, ciiluiss, juices and meat, poultry and fish
(Brody and Shane, 2001; Phillips et al, 2011).dods there is significant loss of this vitamin
due to processes such as blanching, cooking underwsteam and microwave that
potentially cause leaching of vitamin. Many studiegk to examine the relationship between
times and cooking temperature on the loss, onsenecessary to consider the folate loss on
the measurement of dietary intake (Stea et al.620@hansson et al., 2008; Melse-boonstra et
al., 2002).

Processing methods used in service systems (balmgoven baking) and minimal
processing (microwave, vacuum and steam boilinglewevaluated in peas, broccoli and
potatoes and it was observed that all these metlasdsigher as the contact with water from
cooking, tend to higher losses, so the vacuum peoiethe most recommended. (Stea et al.,
2006).

The presence of natural antioxidants in foods & lzeen investigated as protective
element in the cooking process. The evaluationQoflifferent precooked vegetarian ready
meals before and after reheated under three diff@r@cesses cooking (oven, microwave and
stove) demonstrated the difficulty in establishinpgattern of losses over cooking. The use of
microwaves for most samples was the less aggredsiate loss. What most attracted
attention of researchers was this method associatdd foods containing high levels of
antioxidants constituents may be increased up % I0lates (Johansson et al., 2008).

Freezing and thawing or any high-pressure treatmmoth followed by blanching,
may result in total folate losses of more than 5%%wever, these processes can generate

conversion of polyglutamates to monoglutamate liyaton of endogenous folate conjugase
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plant tissue, for example leeks, resulted in ineeeabetween 65-100% in proportion of
monoglutamates. (Mensel-boonstra et al., 2002;iM#zlet al., 2007).

Evidently, freezing and thawing or high-pressureatment disrupted plant cell
structure, establishing contact between endogeromngugase and polyglutamyl folate,
thereby stimulating conversion of polyglutamatentonoglutamate. The blanching, when
conducted main treatment, result in leaching of ogtutamyl folate from the damaged plant
tissues. Blanching before treatments, inactivates @endogenous conjugase preventing the
conversion of polyglutamyl folate into monoglutamand therofe, can reducing folate loss.
(Ball, 2006; Verlinde et al., 2008).

Different conditions of industrial food processiogn lead to significant losses of
micronutrients, particularly for wheat flour refoheesulted in substantial losses of vitamin B
complex, which has led to the requirement of fation and enrichment. In this case, folic
acid is added since it is the most stable form withimal degradation (5%) in products with
low humidity for long storage periods (Fennema,®@0Butzeit, et al., 2008).

Pfeiffer and col. (1997) evaluated wheat flourgrand pasta fortified and unfortified
with folic acid (marketed in state Florida). Thentent of folates ranged from 10 to 29
pHg/100g with unfortified flour and 84 to 120 pg/f0@or fortified samples. This study
demonstrates that fortification is a good alteneafor increasing folate availability in food,
since cooking process can result in significanséssin many cases. In addition availability

has usually improved the access to these micramisi

4.0 Methods of analysis

The analytical methodology for determination ofatel in food usually involves three
steps: 1. release of folate from matrix; 2. decgajion forms of polyglutamates to mono-and
di-glutamate and 3. Identification and quantifioati by microbial activity through
turbidimetric response (Soongsongkiat et al., 20@h performance liquid chromatography
(HPLC) coupled to UV-Vis detection (Quirés et &Q04), fluorescence (Yazynina et al.,
2008), Mass Spectroscopy (MS) (Vishnumohan et28l1,1) and radioimmunoassay (Martin
et al., 2010). Most studies involving folate an&yisas used these three basic steps, so it is

necessary further discussion about this process.
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4.1 Procedures for extraction (enzyme and others¢aniques)

During the 90°s a large number of studies were rpgdd aiming at improving the
process of folates extraction. Eitenmiller and eafjues (Martin et al., 1990) developed a
method considered more efficient than the trad#éicone. Until then, folates extraction was
performed only with folate conjugase-glutamyl hydrolase (GH, EC 3.4.19.9) and heating a
100 °C of the matrix in a specific buffer. Currgniimilar heating combined with the use of
a-amylase, protease and folate conjugase - knowa @Enzyme extraction — suppose to
allow complete extraction of folates from the matespecially those which are tightly bound
to proteins and carbohydrates (Tamura, 1998).

The heat is used to inactivate enzymes that calyeat folates degradation or their
interconversion, and combined with the use of asg/lland protease allows complete
digestion of carbohydrates and proteins, releaftgjes that may be closely linked to the
matrix. The folate conjugase plays the additionale rof hydrolyze polyglutamates to
monoglutamate, in this way folate may be used moua methods including quantification
by HPLC (Johnston et al., 2002; Patring et al.,.220(azynina et al., 2008).

Recent studies focusing on trienzyme treatmentieffcy have identified that fruits
and vegetables do not require the use of enzyneesalcand flour can be properly treated by
using amylase and folate conjugase while legumdsf@ods rich in protein may require the
use of three enzymes (Yazynina et al., 2008; Hefinél., 2010). Therefore, the characteristic
of each matrix is what decides the sample treatniRegarding the plants, due to the natural
conversion of polyglutamate into monoglutamateythban also be dispensed using folate
conjugase (Mensel-boonstra et al., 2002; Stea,e2@06; Johansson et al., 2008).

Protease and amylase can be obtained commerdidiyever, folate conugase or
gamma-glutamyl hydrolase (GGH) are usually extchciem different sources such as
chicken pancreas, pig kidney, human plasma anplaama, although it is marketed. Despite
the differences in the results obtained in thediiere and acquisition costs, it has been carried
researches to reproduce some protocols, whichusnenarized in Table 01 (Konings, 1999;
Vahteristo et al., 1996; Ginting and Arcot, 2004trihg et al., 2005; Doherty and Beecher,
2003; Yazynina et al., 2008; Stea et al., 2006trdlasva et al., 2003; Quirés et al., 2004;
Finglas et al., 1999; Dang et al., 2000; Ndaw e&l01).

The most used source for folate conjugase is thekeh pancreas. The GGH acts

under optimum pH of 7.8 and produces di-glutamatdireal product (Arcot and Shrestha,
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2005). However, Tamura (1998) considered as the ambsquate folate conjugase that one
obtained from rat plasma, since it is easy to peepad endogenous folates can be removed.
The final product is monoglutamate, which is idealchromatographic assays.

One of the great difficulties in standardizing extron methods is the pH influence,
buffer composition and nature, temperature ancagiatants system required by the different
food matrices. In order to complete extraction afafes from human milk, Lim and col.
(1998) have standardized ideal conditions: exwactemperature at 100°C for 5 minutes in
0.1mol.L* potassium phosphate buffer, pH 4.1 enzymes actjpotease and amylase and
subsequent treatment with rat plasma conjugaseHiry.f. Therefore for each matrix it is
necessary optimize the ideal conditions of extoacti

Some studies have targeted the choice of extrabudier in relation to food pH, for
example for acid food is preferably the use of aeebuffer (pH 4-5). However, due to
increased folate stability in alkaline conditioitshas been practiced using phosphate buffer
(KoHPOy) or combination of buffers CHES (Acid 2 (-N-cycktylamine) ethane sulfonic
acid) and HEPES buffers (acid 4-(2-hydroxyethypiferazine-ethane-sulfonic acid) both
with pH between 6 to 8 (Tamura, 1998).

In flour samples (high in starch) Pfeiffer et gl1997) guided solubilization buffer
CHES and HEPES combined with rat plasma folateugage treatment followed by protease
for folates extraction. While Osseyi et al., (1998commend phosphate buffer without
conjugase treatment, but using amylase. Yazininalet (2008) demonstrated that the
combination of temperature (70°C), phosphate bu#fet conjugase would be enough for a
complete release of folates in the matrix.

Since the 60's the use of antioxidants has becasengal for analysis, once the high
instability degree of folates, in particular ofredgtydrofolate, has generated conflicting results
in the literature. Thus the use of 1% ascorbic &ad become common practice, combined
with other antioxidant such as 2-mercaptoethandl2® sodium ascorbate (Tamura, 1998).

However, few studies have been conducted on thecbesbination of antioxidants to
ensure the stability of folates; it is little dissed mainly due to the difficulty to associating
the best combination of antioxidants in relatiorthe buffer extractorPatring et al., (2005)
evaluated the effectiveness of antioxidants adltialy agents of folate in extraction stage.
Four antioxidants: 2-mercaptoethanol, dithiothileit@,3-dimercapto-1-propanol and 2-

thiobarbituric acid (0.1%), in combination with $ameh ascorbate 2% were tested in sodium
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acetate buffer (0.1 moll, pH 5.0), phosphate buffer (0.1 mol,LpH 6.1) and CHES-
HEPES (0.1 mol.L}, pH 7.8).

The findings showed that the effectiveness of emtioxidant to protect folate does
not depend significantly on the buffer used, desgibme minor variations. However, 2,3-
dimercapto-1-propanol in combination with sodiuncabate showed the best combination
for protecting of folic acid mainly due to its lowtxicity and more effective (Patring et al.,
2005).

Cleaning and pre-concentration of sample is anattegrusuallyemployed, since the
efficiency of HPLC studies assumes that the extragtrotocol should ideally be efficient in
isolating the target analyte and eliminates therfeting compounds (Papadoyannis, 2009b).
Currently, solid phase extraction (SPE) is the mosthmonly used method after the
extraction procedure.

The SPE principle involves partitioning, desorpteomd adsorption of analytes to be
extracted between two phases: solid phase, sorbadtliquid phase from matrix, which
contains possible interferences. Analytes must laageeater affinity for the solid phase than
for matrix (retention or adsorption stage), and #me subsequently removed by eluting with a
solvent that has a greater affinity for the anaygeution or desorption stage). The different
mechanisms of retention or elution are result afrbghilic and hydrophobic interactions and
electrostatic intermolecular forces among three mmments: analyte, active sites on the
sorbent surface and liquid phase or directly froatrim (Papadoyannis, 2009b).

SPE sorbents can be classified according to thmapyi interaction of functional
groups of sorbents, mostly non-polar, polar, oidolonic groups consist of cation exchange
and anion exchange sorbents and contain functioogties that can act as ion exchangers.
Silica-based sorbents include the following: regdrphase - highly hydrophobic octadecyl
(C1g), octyl (G), ethyl (G), cyclohexyl, phenyl and -butyl ¢ normal phase—silica
modified by cyano (—-CN) and amino (—Hdiols; adsorption, silica gel, fluorisil, alunan
and ion exchangers, amino (—jHquaternary amine (N} carboxylic acid (-COOH), and
aromatic sulfonic acid (ArS®H) (Papadoyannis, 2009b).

The most used ligands for folate purification ateorsy anion exchangers and
materials based on trimethyl-amino-propyl-silica aminopropyl, phenyl, cyclohexyil and
octadecylsilane, since providing good recoveryitiecent folate forms (Nilsson et al., 2004).

However, it does not allow a pre-concentrationarhple, due to its capacity factor and need
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for a large volume of elution buffer for quantitegifolate. In addition to this problem, there is
low selectivity for 5-methyltetrahydrofolate, whigfenerates the co-eluting compounds that
interfere with peaks obtained by the HPLC (Nilssbal., 2004).

Due to such difficulties Nilsson et al (2004) tektearious materials capable of
binding to silica, including the trimethyl-aminogpyl, phenyl and cyclohexyl which aim at
verifying what these systems would provide betteoveries and selectivity.

It was concluded that SPE systems consisting ohylheartridges were better than
others, but any cartridge has offered sufficienedevity in removing compounds that
interfere in the chromatographic peaks.

One of the biggest problems during extraction aedréng is the instability various
folate forms, due to their redox potential and lewels found in some samples (Rizzolo and
Polesello, 1992). For this reason the inclusioara more step, such as the use of SPE should
be analyzed and really contribute to the cleanup®inaterial analyzed.

Therefore, it behooves the analyst to evaluatebreefit of including the solid phase
extraction (SPE) method as an additional altereatvpurification. However, the higher the
number of steps the longer the sample and constytle@ analyte of interest are exposed to
contamination, degradation, temperature variatioorag other things, increasing the chances
of analytical error in addition to there being lengime spent in the analysis. (Patring et al.,
2005).

The literature contains numerous protocols for aetion, falling to the analyst to
decide the number stages required for each matixits degree of difficulty in accessing
folates (Patring et al., 2005). In table 02 are mamzed the main processes of extraction and

cleaning used for the different chemical folatenferfound in foods.

4.2 Chromatographic procedures

Currently, HPLC is method the most recommendedléntify the different chemical
forms, in particular for evaluating of vitaminersfood and others matrices. This is justified
by the technique’s versatility that can be used iftEntification of complex matrices or
presence of other substances such as isomers gratldgon products (Paixao, 2010).

However the choice for the best separation performanceRh@requires knowledge
of the main chemical characteristics of the analyteinterest which include: chemical

structures, molecular mass, chromophoric units,ptlesence of ionic charge, and solubility
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index of the compound. These combined with theampaters of separation - capacity factor
(k) in the range 4 k<10, resolution (B) optimal value is than 1.5, separation factgralue
ideal than 1.5 and symmetry lower than 1.2, take¥b bf peak height, allow the choice of
stationary phase, mobile phase and detector (Smyadr, 1997).

The stationary system most used in HPLC separafidolate are columns filled with
octadecylsilane ({g) also known as reverse-phase systems. The leraytggng between 10-
25 cm, 3-4.6 mm in inner diameter and 5 micrompéeticle, which produce separation with
mobile phase consisting of solvents with differgatarities (Papadoyannis et al., 1997;
Ruggeri et al., 1999; Catharino et al., 2006; &aswva et al., 2003; Osseyi et al., 1998;
Breithaupt, 2001; QuirGs et al., 2004; Prieto et2006; Vahteristo, et al., 1996; Yazinina et
al., 2008).

Jastrebova et al (2003), analyzing folates in ra processed beets showed better
separation of some folate forms with packed odi& (G) columns resulting in more
symmetrical peaks.

The mixture of agueous and organic solvent andralgents to ensure polarity has
allowed good separation in some folate forms, deépgnon the charge and pK of the
molecule (Rizzoli and Polesell, 1992). Solutiossg potassium phosphate and their buffers
are the most commonly used in mobile phase comgposiat pH range of 6.8 - 2.1. Other
conditions used included HEPES and CHES buffer @ 2% solution of acetic acid and
acetate ammonium pH 6.0 (Ruggeri et al., 1999; &ath et al., 2006; Jastrebova et al.,
2003; Osseyi et al., 1998; Breithaupt, 2001; Quéatial., 2004; Prieto et al., 2006; Vahteristo,
et al., 1996; Yazinina et al., 2008).

Due to the ionic character of folaié,may be necessary to add the mobile phase of
ionic additives in order to avoid possible interaas with the repulsive negative charges of
the silanol that can generate inaccessibility ofemdle in its anionic form (Jandera, 2009).
lon pairing agents as triethylammonium can dmgled to change the pK of the analyte
improving the resolution and separation of theeddht folate forms (Osseyi et al., 1998;
Breithaupt, 2001).

In the reversed phase liquid chromatography usingr» mobile phase - acetonitrile
or methanol in combination with water, the retemtione of the analyte can be decreased
with increases in the concentration of organic eotvThis can be accomplished isocratically

or gradient mode. (Jandera, 2009).

33



Folate separation has been used frequently inregsté gradient elution in order to
ensure the study of the main forms, tetra-hydroégl&-methyltetrahydrofolate and folic acid
(Jastrebova et al. 2003). In contrast, this coodiimplies some disadvantages, such as the
need for re-equilibration the column, which resultsvariations in the baseline, increased
analysis time and solvents spent (Paixao, 2010).

So far only Patring & Jastrebova (2007) investigatee effects of buffer nature and
mobile phase composition on sensitivity and selégtiin chromatographic separation of
folates by detection mass spectrometry. A ternaisture in gradient mode of acetonitrile,
methanol and aqueous acetic acid at pH 3.4 combwutedyradual addition of methanol up to
8% allowed the separation of two usually overlapfeeohs -10-HCO-folic acid and 5-HCO-
Hafolate, stable baseline and resolutiorRS in LC-MS.

This was the first study to investigate the pa#erionization of 5-
methyltetrahydrofolate, tetrahydrofolate, 10-forfolit acid, 5-formyltetrahydrofolate and
folic acid describing them on basis of its aciddpsoperties. It was investigated the intensity
of mass spectrometer signal in positive and negatim mode, and despite considerable
differences in pKa-values, all folate derivativeghibited similar responses for abundant
positive ions.

More recently, Jastrebova and col. (2011) comp#recefficiency of folates analysis
in UPLC and HPLC using columns with similar surfatteemistry, however, with particle
sizes 3.5 and 1m. The use of small suhfh particles allowed the reduction of the analysis
time of 45 min to 15 min at 30 °C and 5 min at @Wwithout loss by degradation of ways
investigated. Although, still operating gradientdeo

Table 03 shows the main types of mobile phasesimoad and elution mode used in

the analytical resolution for different folate fasm

4.2.1 Identification and quantification techniques

The low concentration of folates (below ng) in miids limits the applicability of
separation techniques and emphasizes the need do¥ sensitive detectors. (Arcot and
Shrestha, 2005). The types of detectors vary anmemgdestructive (UV-Vis, fluorescence,
light scattering and refractive index) and destwec{mass spectrometry and flame ionization)
(Paixao, 2010).

34



To determine folate is use the UV-Vis detector &0-290 nm wavelengthi\) and
fluorescence in which the wavelength varies with type of folate (Rizzoli and Polesello,
1992). With the exception of folic acid and pteraad all folates forms exhibit fluorescence,
allowing identification and quantification in battesensibility. For example, to
tetrahydrofolate, 5-methyltetrahydrofolate, 5-foftafrahydrofolate is chosen 290 nm
excitation and 356 nm emission and for 10-formyfel 360 nm excitation and 460 nm
emission (Hefni et al., 2010; Vahteristo et al96p

UV-Vis detectors are able to distinguishing mosthaf folate forms and showing a
good correlation with microbiological tests for mars foods, although its sensitivity is
decreased in comparison with other detectors (Aesat Shrestha, 2005). Still, they can
provide excellent results, especially when detescawe capable of operating at more than one
wavelength X) by executing an alternativeprogram (Paixao, 2010) that can even fitted the
fluorescence detector affor different forms of each folates.

Most detectors operating in multi-channel can gtsovide UV spectrum of the
analytes in elution if properly programmed and roeed. With this tool is possible to
determine the homogeneity for the peak obtainenh filoe ratio of the absorbances obtained
from standard and samples, they must be constamtighout the analytical process. The
technique is normalizing for two spectra (or mdran) and then the ratio for each should be
constant for homogeneous peaks (Skoog, 1992; Pdikad0).

However, it is necessary a relatively large databasmpable of confirming the
chemical compounds of different groups. In the cafséolic acid and folates, the spectra
obtained will suffer influence of the solvent ugeddissolution may be obtaining stronger or
weaker signal intensities depending on the choskmst (figure 03).

In Figure 4 are presented the spectral profilesioffolate forms most frequent in
food. Studying of the spectral profile is a usdfdl during the process of identification and
confirmation of signals. It is known that these d@mmodified according to the dissolution
medium; however, the areas of higher absorptiviag be confirmed accurately by DAD
detection and still further evaluations performedloe database able to compare standard and
samples showing similarity and purity indexes.

Chromatography is considered powerful tool in sapan technique. However, for
identification of peaks is necessary the use ofebatsource, combined with detectors.

Among these are included: comparative study of sidgl retention times, obtained by
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injection of standard and samples in similar coodsg; evaluation of peaks of interest for
more than one detector coupled series, for exanfiplersescence, electrospray ion detector
(ESI) or chemical ionization by different technigutor ionic and non ionic compounds
(Beismanna et al., 2011; Snyder et al., 1997).

The quantification can be obtained by comparisonacdas related to known
concentrations in calibration curves (external mdefinal standard). In order to quantify the
peaks of folates, it is usually chosen the extestahdard, which can be performed by the
correlation between the calibration curve equatiith the peak of interest area (Jastrebova et
al., 2003; Osseyi et al., 1998; Breithaupt, 200Ljr€s et al., 2004; Prieto et al., 2006;
Vahteristo, et al., 1996; Yazinina et al., 2008).

For internal standardization it should be choseheamically similar compound to that
one under study, in the case of folic acid for ansk, it can be used methotrexate an
antagonist drug to folic (Alexander et al., 2008fich presented retention time 9.0 min in
isocratic elution in 85% of potassium phosphatefdsupH 2.0 100 mmol.tt and 15% of
MeOH (data not published).

The internal standard must be added in concemtitsimilar to the compound of
interest and should be eluted in unused portioth@fchromatogram, being its retention time
close to the peaks under consideration (Paixao0)20Among those studies aiming at

quantifying folates external standard is mostly Exyed as can be observed in table 04.

4.2.2 Procedures for analyticalvalidation

After the method has been developed, involving yditall separation and extraction
performance of classes of folates, it must be atdid with respect to different parameters
which aim at assessing. In order to determine thstmmportant parameters to be included in
this process, it can be consulted to the literatorehe guidelines of regulatory agencies such
as ICH - International Conference on Harmonizat{®apadoyannis, 2009a). Obviously,
laboratorial experience should be pointed and tisedigh suitability system test accepted as
statistical tool for improving methodologies.

Regardless of the source selected, six parametess Ipe investigated to validate a
method as follows: 1. accuracy, 2. precision 3itlwhdetection; 4. limit of quantification; 5.

specificity; 6. linearity and dynamic range.
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The method accuracy is a correlation between thgereihce of concentration
measured in the analyte from a spiked and non-dskenple, once the analyst will know the
amount of analyte added to the sample. Throughrdhis is drawn the recovery rate, given by
the equation: Recovery ratio (concentration in $pked sample — sample concentration) /
spiked concentration) (Papadoyannis, 2009a).

The method precision is an agreement measure hetresellts of individual tests,
when the procedure is repeatedly applied to meltggmples of different composition. The
accuracy can be divided into three categories: atapdity or precision intra-assay,
intermediate precision or between days and repibiitic or inter laboratories precision
(ICH, 1994).

Sensitivity is the method ability to respond cotesifly to successive decreases the
analyte amount. Often, the detection limits (LDy ajuantification limits (LQ) are used to
measure the method sensitivity. For chromatograptacedures, LD is defined as the lowest
analyte concentration that promotes a signal ttirees above the noise (variability is higher
than 2%) and LQ is the lowest concentration of wealvhich provides a signal ten times
above the noise (variability is less than 2%) (Sanyet al., 1997; Papadoyannis, 2009a).

The linearity of an analytical method is its aRilib extract results that are directly, or
by means of well-defined mathematical transfornretjgroportional to the concentration of
analytes in samples within a give range, this isriral between the lower and upper analyte
concentration for which it has been demonstrated the analytical procedures haves a
suitable level of accuracy, precision, and lingarTthe range is expressed in the same unit as
the analytical method's results (Papadoyannis, 009

Besides, chemometric tools have been frequenthfiemppo the optimization and
validation of analytical methods. It consists irpgmg mathematical models to explain the
phenomena and chemical processes involved. The usest model is the central composite
design (CCD), allowing reduction in the number aperiments and therefore, less time
consuming and reagents. Its basic principle cangiftisolating the main factors to trigger
responses known and modeling. However, unlike ticagil models, CCD allows the
investigation of diverse all factors at the sameet{Ferreira et al., 2007).

This has been used to improve the separation melibgids compounds in
pharmaceutical formulations (Hatambeygi et al.,130phytochemicals (Song et al., 2009),
acid mixtures (Wang et al., 2006) and isomers (@mzzet al., 2007). The CCD may be a
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useful tool for folate studies since their formsdaery similar chemical characteristics such
as homologues series and isomers.

Table 04 presents the main results of the lastedysywith respect to validation of
methodologies for folates quantification. Reseahds been performed in the steps of
extraction, cleaning, identification and quantifioa of folates, and in some cases it is
possible to achieve the status of previously védidanethod. For example, Patring and col.
(2007), using HPLC combined with mass spectrometegtrospray ionization and others
conditions, reached LD and LQ 0.2 to 0.6 ng/mL #r&recovery rate of 89-106% for most

folates forms.

5. Perspectives and highlights

Folate, between the water soluble vitamins, is @erging subject, so it has been
extensively studied in the last thirty years. Mastudies have achieved to results that
contribute to ensure establishment of most trusted composition tables. Brazil has not
accompanied the advance, and opted for food foatitin only taking as basis the guidelines
of Food and Agriculture Organization and World HledDrganization, since the composition
tables are weak in this regard.

Research with vitamin 8 has opened other fields of discussion, among them
mcontribution of folate intake on homocysteine lsveA better understanding of folate
metabolism through the study of gamma-glutamyl blade, especially with regard to the
metabolism of antagonists drugs such methotrexaésl wo treat certain types of cancer,
autoimmune diseases and others.

In this respect the development of selective armtgpiate methodologies in HPLC
contributed to advances in various areas of knoydeals for example in studies of public
health, biochemical or physiology. In addition whaerformed in one short space of time,
with security, can speeds up the acquisition adrimiation that contributed to the prevention

and treatment of related disorders to folate defficy.
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Table 01. Extraction conditions of folate conjugfsen different sources.

References Source conjugase Extraction methodology procedure and stability condions
enzyme
Vahteristo et al., Pig kidney Conjugase kidney pig prepared according to Gregbay}, 1984.

1996

Konings et al.,
1999

Fresh rat plasma

Pig kidney

Rat blood was collected with heparin and centritugé 3000 g for 15 . Plasma collected was
transferred to 100 ml dialysis buffer - 50 mM CHB&fer and 50 mM HEPES buffer. pH 7.85
dialyzed for 24 h at 4 ° C. The rat plasma dialysabs stored in portions of 0.5 mL for up to 3
months at -80 ° C. The activity of plasma was ckeckvith pte-glg in 40 mmol PteGlyt
desconjugado for 20 minutes at 37 ° C. The reactiovironment for conjugase was 75 mM
K,HPO, containing 1% ascorbic acid and 0.1% 2-mercaptoeth pH 4.5. The method of
Lineweaver-Burk was used to calculate the kinetiemeters of yield Km;

The material obtained from a slaughterhouse ancktyustored in ice. 800g of kidney tissue were
homogenized at 2°C in 2.400 ml of 10 mM 2-mercaghiameol. The suspension was adjusted to pH
5.0 with 1M acetic acid, and then centrifuged ab00 g for 20 minutes at 2 ° C. The supernatant
was heated to 50 ° C water bath for two hours \githtle agitation. And then recentrifuged at
10,000 g for 20 minutes at 2 ° C. The resultingesoatant fraction, which was precipitated in
ammonium sulfate at a concentration of 50 to 75% dialyzed overnight with 0.05 M potassium
acetate, pH 5.0,containing 10 mM 2-mercaptoentarfolC. 24 mg protein per mL , was stored in
small portions at -35 ° C until used. This preparatvas stable for up to 10 months under these
storage conditions.

Dang et al., 2000

Fresh human p|asm5resh human plasma used in deconjugation withoupeagtreatment in aliquots of 10 ml.

Ndaw et al., 2001

Chicken pancreas Conjugase pancreas of chicken and of rat's plasmpaped according to Konings, 1999, and pig

Rat plasma
Pig kidney

kidney conjugase prepared fresh kidney as describedPedersen 1988. Each preparation of
conjugase activity was analyzed using PteGlu3 ¢380tnmol) as substrate - of rats plasma, 500 ul
in 30 ml of 100 mM phosphate buffer pH 7, containitPe L-ascorbic acid, 2 h at 37 ° C. pig
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Kidney: 500 ul in 30 mL of 100 mM phosphate bufiét 4.5, containing L-ascorbic acid, 2 h at 37
° C. Chicken pancreas: 5 mg in 100 ml of 30 mM pihase buffer pH 4.5, containing L-ascorbic
acid, 1 hat 37 ° C.

Jastrebova et al., Pig kidney
2003

Suspension of pig kidney conjugase was preparedra@iog to Phillips and Wright (1983), by
homogenization of 10g of pig kidney acetone powidet00 ml of L-cysteine hydrochloride (10
mg/ ml, pH 4.6 adjusted with NaOH and incubated4fdr at 37 °© C and then centrifuged at 40.000
g for 30 . The supernatant was added 20 ml of xtum@ of charcoal and dextrin prepared by
adding 1 g of dextrin per 10g of charcoal withreafivolume of 100 ml of distilled water. After 30
minutes at room temperature the mixture was ceigeid and the supernatant fraction resuspended
with 100 ml of L-cystein hydrochloride and stored-20 °C. The enzyme was isolated from the
resulting supernatant according to Gregory et 8841 The activity of each enzyme preparation
was checked using PteGlas a substrate in 0.1 M acetate buffer (pH 4.8}aining 1% sodium
ascorbate at 37 ° C. PteGleoncentrations and folic acid produced were meashy HPLC with
UV detection

Doherty and Rat plasma
Beecher, 2003. Human plasma

Rat plasma and lyophilized human plasma obtain@a fBigma, reconstituted in 0.1 M potassium
phosphate buffer pH 6.0.

Ginting et al.,, Fresh human plasma Fresh human plasma without any pretreatment patiéio was added to extract the food matrix.

2004

Before using the activity of human plasma conjugass evaluated by 0:34 mmol PteGlu3 as
substrate at pH 6.0 in 0.05 M CHES-HEPES buffetaioing 2% sodium ascorbate and 0.01 ml of
2-mercaptoethanol at 37 ° C for 4h. The mixture fileewed after incubation and denaturation and
injected without any purification. The conjugaséivaty was considered to be adequate when the
peak area of folic acid was greater than 90% ofdtad area of Pteglu3 folic acid.

Patring et al., Rat plasma
2005

10 ml of rat plasma was dialyzed in three stepg®fminutes each, using 800 ml of 50 mM
phosphate buffer, pH 6.1 containing 0.1% 2-mercatptnol at each step. Dialysis was carried out
under agitation at 4 ° C. The activity of folatenfgase was checked using Pteglu3 as substrate at
37 ° C as described by Pfeiffer, 1997. Concentnatiof PteGlu3 and folic acid produced were
measured by UV detection at 290 nm using HPLC nuttogy. The dialysate of rat plasma was
stored at -20 ° C for 1 month. To avoid a possdudeerse effect due to freezing and thawing,
during storage in a freezer, the serum of rat ptasvas stored in small portions (0.5 mL). The
enzyme activity was always checked prior to use.

Stea et al, 2006 Rat plasma

Rat plasma was prepared according Patring et 85.20

Yazynina et al., Chicken pancreas
2008. Rat plasma

Lyophilized chicken pancreas and of rat plasma wesed as a source of folate conjugase.
Suspension of chicken pancreas (5mg/ml) was prdpatarting from 50 mg of freeze-dried
chicken pancreas. Rat's plasma was dialyzed to veraadogenous folate according Patring et al,
2005, and was stored in portions of 0.5 ml at -20fér up to a month.
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Table 02. Procedure for extraction and cleaninfpodl matrices for folates analysis.

References Food matrices Extraction condition Enzyatic treatment Cleaning conditions  Antioxidant sysém
Vahteristo, et Vegetables and berries Potassium phosphate buffet (-a-amylase for 3 hours, adjustSPE strong anion Was not used
al., 1996. 6.0, 4.9 and 7.85), Nflow, storage pH 4.9 (for samples rich inexchange (SAX)
at -20 ° C 1 week before analysis. starch)
2 - hog kidney conjugase at 37 °
C for 3 - 5 hours
Pfeiffer et al., Wheat flour for bread, white CHES pH 7.85 HEPES buffer (50Treatment 1 - rat plasmaAffinity column (Affigel 2% sodium ascorbate and
1997. bread, white rice, spaghettimM) of each, mixed for 10 minutes,conjugase 50 ul (1.2 and 4 h 340 - Folate Linked Protein) 10 mM 2-
breakfast cereals, brown ricel00 °C °CpH6.2t07.5). equilibrated with 0.1 M mercaptoethanol during
fortified and unfortified Treatment 2 - rat plasmapotassium phosphateextraction and cleanup.
conjugase 50ul and-amylase buffer (pH 7.0) mobile
(1.0 mL) 37 ° C followed by 4h phase, 0.02 M

protease 2.0 mL 37 ° C 4h. 500@rifluoroacetic acid and
g centrifugation 10 minutes. 0.01m dithiothreitol. Flow
of 3 mL / min

Osseyi et al.,
1998.

Fortified breakfast cerealsPhosphate buffer (0.1 M, pH 8 - Qv-amylase solution (25 mg /SPE strong anion 0.05% ascorbic acid

based on corn, wheat and oatswith antioxidant system, stirring formL, 1 mL was used per g ofexchange (SAX), (cleaning) and 0.05%
1 hour 50 minutes, adjusted pH 6.%ample to 65 ° C for 1 hour) byconditioned with hexane sodium ascorbate
N, flow to stock up to 3 months. 5000 g centrifugation for 15and methanol. Mobile (extraction).
minutes phase, 0.1 M sodium

acetate pH 4.5 (with
antioxidant system).

Ruggeri et al.,
1999.

Chickpeas, beans, salami, harbried vegetables: CHES andConjugase pig kidney (pH 4.9,Affinity column (Affi Gel 2% sodium ascorbate, 10
and ltalian reference material. HEPES buffer pH 7.85; samples oB7 ° C for 3 hours. 1ml to 25 mI10 - Protein Linked to mM 2-mercaptoethanol
animal origin: phosphate buffer (pHsample) +o-amylase (20mg/ml) Folate) low pH mobile (vegetable sample), 1%
6.0 0.1 M), both - N flow 10 After 2 hours: proteasephase elution - sodium ascorbate and
minutes at 100 ° C, centrifugation(2mg/ml) pH 7.0, 37 ° C for 1 trifluoroacetic acid at a 0.1%2-mercaptoethanol
30 min 13.500 rpm (2.5g sample tdour centrifugation 11,950 g forflow rate <ijug of sample (animal samples)
35 ml buffer) 15 minutes (78-113% recovery)

Ndaw, et al.,
2001.

Yeast, spinach, beef, liver,Potassium phosphate buffer (pH\ - Conjugase chicken pancreagffinity column (Affigel 1% of L - ascorbic acid,
peas, fruit juice, egg yolk,7.0) 100 ° C for 10 minutes(2 hours at 37 ° C), or ratlO - Protein Folate Linked) the extraction step and
milk powder, wheat flour, centrifugation at 5000 rpm 10plasma conjugase (37 ° C fopH 7.0. And elution with 40% L-ascorbic acid in
apple. minutes 1h) trifluoroacetic acid and pre-column conversion
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B - pronasep-amylase (pH 6.0 dithiothreitd in 3ml/min of folates to  5-
/ 100 ° C 10 "), adjust pH 7.0flow; methyltetrahydrofolate.
Centrifuge at 5000 rpm for 10

minutes. Conjugase pancreatic

chicken (2 h at 37 ° C), or rat

plasma conjugase (37 ° C for 1

hour)
Breithaupt, Apple juice, cherry nectar, Was not used Was not used SPE strong anib¥ L-sodium ascorbate
2001. nectar and black cherry fruit exchange (SAX) (two (in cleanup step)
juices fortified nine. 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.
Jastrebova et Beetroot raw and processedPhosphate buffer (pH 6.0 with 0.1MConjugase pig kidney (10 mg /SPE strong anion 2% L-sodium ascorbate
al., 2003. and mixed vegetablesantioxidant system and,Nlow at ml - solution of L-cysteine exchange (SAX) - anionand 0.1% 2-
(reference material) 100 °C 10 minutes, adjust pH: 4.9 hydrochloride at pH 4.9 at 37 °exchanger cartridge mercaptoethanol

C for 3 hours) 27 000 gconditioned with methanol (extraction step) and 1%
centrifugation for 15 minutes and water mobile phase,ascorbic acid and 0.1% 2
0.1 M sodium acetate- mercaptoethanol
containing 10% sodium (cleanup step).
chloride (w/v) with the
antioxidant system.

Doherty and Orange juice concentrate 0.1 M potassium phosphate, pH 6.0 For orange jtheeinitial pH SPE - silica anion 10 mM mercaptoethanol,
Beecher, enriched refined wheat flour, of the mixture was adjustedexchanger cartridge 10 mM ascorbic acid and
2003. frozen spinach, nonfat milk from 4.8 to 6.0. It used 1 mL of(styrene-divinyl-benzene). 10 mg L sodium azide

powder, infant formula SRM amylase incubated at 37 ° C foConditioned with 0.1 M

1846, whole wheat flour BCR 1 hour. 1 ml of protease solutiorphosphate, pH 6.0 and 1M

121, BCR 421 milk powder, for 3 hours incubation at 37 ° Csodium chloride containing

frozen vegetable mix BCR and 0.2 mL of rat plasma was250 mL / L acetonitrile.

485 (reference samples). added and incubated at 37 ° C.

Heating at 90 ° C water bath for
15 minutes. 4000 g
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centrifugation for 20 minutes.

Quirés et al.,, Seaweeds of Spain Phosphate buffer (pH 6.0 with €bnjugase pig kidney (1 mL of SPE - anion exchanger0.1%  mercaptoethanol
2004. mM antioxidant system and ,N conjugase for 3 mL of samplecartridge conditioned with and 2% ascorbic acid
flow) shake 20 seconds, 100 ° C 1@ith N, flow) 3 hours 37 ° C pH methanol and  water. (extraction step) 1%
minutes after centrifugation 11,0004.9. Mobile phase, 0.1 M ascorbic acid (in cleanup
g for 20 minutes, adjusting the pH sodium acetate containingstep)
to 4.9. 10% sodium chloride
(w/v) with the antioxidant
system.
Catharino and Pig liver, milk powder and Crushed material at 0.05 mol/L-1Was not used Purification of the extraciVas not used
Godoy, mixtures of vegetablesammonium acetate (1 g sample /9 with trichloroacetic acid
(2006). (reference material). mL solution), ultrasonic bath 10 and volume completed
minutes. with  5ul.  ammonium
acetate.
Pietro et al., Fortified beverages (milk, Was not used Was not used SPE - strong anMfas not used
2006. fruit nectar, yogurt, sports exchange (SAX) cartridge
drinks) conditioned with methanol

and water. Mobile phase -
methanol (3 mL) and
sodium acetate (20
mmol/L™* 50:50) pH 4.

Yazynina et
al., 2008.

Products free of gluten (corn80mL potassium phosphate buffeffreatment 1: deconjugationSPE - silica cartridge, 2% (wiv) sodium
starch, potato starch, ricen 0.1 M, pH 6.2 for each 1 gextract (5.75 ml) with 144 of using vacuum pressure taascorbate and 0.1% (v/ v)
flour, mix flour, three varieties sample, 1 hour at 75 ° C after 15at plasma dialysate at 37 ° Ghe flow. Conditioning mercaptoethanol
of bread without the use ofminutes centrifugation 27.000 g 4 for 3 hours. Or 750L of with methanol (2 x 2.5 ml)
gluten and lactose free). C, the supernatant obtaineathicken pancreas extract to 3@ollowed by the 0:03
subsequent to step mL at 37 ° C for 3 hours. mol/L’* HsPO, containing
Treatment 2u-amylase solution 1% ascorbic acid.
(40uL) for each 80 mL 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
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for 15 min at 4 ° C.

LCabel: H4 Tolate - tefrahydrofolate; 5-CH3-H4 faat 5-methyltetrahydrofolate; 5-HCO-H4- Tfolate -fdsmyltetrahydrofolate; 10-HCO-folate- 10 - formyblic acid; 5,10-CH2-H4-folate - 5,10-
Methylenetetrahydrofolate; 5,10-CH +-H4-folate 1&meteniltetraidrofolato; 10-HCO- H2-folate - 1Getiyl folic acid; 10-CH3-folate - 10-methyl folicial.
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Table 03. Mobile phases and columns used in HPIGdparation of folates.

References Stationary phases Mobile phases Standar Elution conditions
(time retention min)
Vahteristo, et al., Reverse phase -1£(5um, 250 x Acetonitrile and potassium H,-folate (20.0), 5-CktH,-folate  Gradient, initially 9%
1996. 4.6 mm) C18 guard column 8, phosphate buffer. (23.0), 5-HCO-H folate (25.4)  acetonitrile gradually increasing
150 x 4.6 mm). to 25% by 14 minutes, total time

of analysis 30 minutes.

Pfeiffer et al., 1997.

Reverse-phase;£(4.6 x 250 mm Acetonitrile and phosphoric acidFolic acid (27.0), 5-HCO-|d Gradient 5% acetonitrile

5.0 um) (33mmol/L* pH 2.3) folate (24.7) 5-ChH,-folate maintained for 8 minutes then
(21.1), 10-HCO-folate (23.7),increased to 17.5% in 25
10-HCO-H,-folate (21.9) minutes, total time of analysis 33
minutes.
Osseyi et al., 1998. Reverse-phase;6(100 x 4.6 mm, Methanol and potassium phosphateolic acid (15.0) Isocratic, Methanol (24-26%)
3um) and C18 guard column (30 xouffer (0.0035 M KHPQ, and and aqueous phosphate buffer
2.1 mm, 5um). 0.0032 M KHPO, pH 6.8) (76-74%)
containing 0.005mol/t
tetrabutylammonium dihydrogen
phosphate
Ruggeri et al., 1999. Reverse phase -;§£column (150x Acetonitrile and phosphate buffeH,-folate (20.7), 5-ChtH,-folate  Gradient, starting with 5%
4.6 mm, 3 um) (pH 2.2 30 mmol/t) (24), 5-HCO-H-folate (27.3), acetonitrile maintained for 9

folic acid (8.28), 10-HCO-folate minutes, progressing to reach
(5.26) 5,10-CHHy-folate; 5,10- 17% within 30 minutes, and then
CH*-H,-folate, 10-HCO-H finishing the race.

folate (24.4).

Ndaw, et al., 2001.

Reverse-phase -1£(250 x 5 mm Folate monoglutamate: Acetonitrilel0-formyltetrahydrofolate; 5,10- Folate monoglutamate: Gradient,

5 um) and G guard column (4x4 and phosphate buffer (pH 2.3) methenyltetrahydrofolate; 5,10-started 8 minutes with 5%
mm 5 pum). 5-methyltetrahydrofolate: methylenetetrahydrofolate; folicacetonitrile reaching 10% in 8 to
Acetonitrile and phosphate bufferacid polyglutamates; 10 minutes, and 20% between 10
(pH 4.6) tetrahydrofolate; 5- and 17 minutes. Final
methyltetrahydrofolate; 5- composition of the mobile phase
formyltetrahydrofolate; 10- 20% acetonitrile maintained for
quantum vyield of some folates5 minutes. Return to initial
present obstacles to 4 composition in 15 minutes.
Formyltetrahydrofolate Gradient 5-
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5-CH;-H,-folatePteglug  (10-
20 min)

methyltetrahydrofolate  started
100% phosphate buffer,
increasing to 10% acetonitrile in
15 minutes and 20% in 20
minutes. Return to initial
composition of 45 minutes.

Breithaupt, 2001. Reverse-phase 16(250 x 4.6 mm Solution 5mmol/C* tetra-n- Folic acid (16.9)
5.0 pum) guard column ;g(4.0 x butilamonium hydrogen with 25
20 mm 5.0 pum) mmol/L* sodium chloride in
water(a) and dihydrogen
orthophosphate potassium phosphate
(1 mmol/L* in water) (b) and 65%

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.

acetonitrile
Jastrebova et al.Reverse-phasegG150 x 4.6 mm, Potassium phosphate buffer (3®i,-folate (15.8), 5-HCO-i Gradient, started 6% Vv/ v
2003. 5 pum) and guard column (12.5 xmmol/L™* pH 2.3) and acetonitrile ~ folate (21.7) 5-ChH,-folate acetonitrile for 5 min reaching
4.6 mm, 5 um) a7 25% in 20 minutes and remained

for 33 minutes.

Doherty and Beecher,Reverse phase -;£column (150 x 30 mmol/L* potassium phosphateFolic acid (19.0), 5-CHH,-
2003. 4.6 mm, 3 um) pH 2.2 (mobile phase) with 10 mg/lfolate (15.6).

sodium azide and acetonitrile

(mobile phase b)

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

Quirés et al., 2004. Reverse-phase ;& (5pm, 250 x Phosphate buffer 30 mmolfL(pH 5-CHs-H,-folate (5.09) H-folate

Gradient: start 4 minutes 10%

4.6 mm) Gg guard column (5um, 2.2) and acetonitrile (5.04), 5-HCO-H-folate (8.5), acetonitrile, 8 minutes 15%
15 x 4.0 mm) folic acid (9.00). acetonitrile  and return the

original compaosition.
Catharino and Reverse-phase - 1& column (5 2% acetic acid adjusted to pH 2.8,-folate (19.12) 5-ChktH,- Gradient, started 100% solution
Godoy, 2006. pm, 250x 4.6 mm) and C18 guardvith potassium hydroxide (solutionfolate (20,50), 5-HCO-Kfolate acidified, reaching 76% in 25 ',
column (5 um, 10 x 4.6 mm) acidified) and acetonitrile (22.50) 10-HCO-folate (21.52)and kept until the end of the

10-CH;-folate (27.72), folic acid analysis for 31 minutes.

(26.14).

Pietro et al., 2006. Reverse-phase ;& (5pum, 150 x Methanol and ammonium acetate (&olic acid (5.03)
4.6 mm) guard column & (40 mmol/L™)

Gradient, started 9% methanol
for 6 minutes, 7 minutes in
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pum, 50 x 4.6 mm) methanol increased to 50% and
so continued for 5 minutes,
return the initial composition in

5 minutes.
Yazynina et al., Reverse-phase -;¢column (150x 30 mmol/L" potassium phosphateFolic acid (25.3), 5-ChH, Gradient initial 6% (v / V)
2008. 4.6 mm, 3 um) Aquasil, g guard buffer pH 2.3 and acetonitrile folate (); H-folate (19.7), 5- acetonitrile maintained isocratic
column (1 mm) CHs-H,folate (21.2), 5-HCO- for 5 minutes then the
H,-folate (24.7); 10-HCO-folate acetonitrile was increased to
(23.7). 25% for 20 minutes, total run

time was 42 minutes.

[abel H4 Tfolate - tefrahydrofolate; 5-CH3-H4 fa@at 5-methyltetrahydrofolate; 5-HCO-H4- folate -fdsmylietrahydrofolate; 10-HCO-folate- 10 - formyblic acid; 5,10-CHZ-H4-folate - 5,10-
Methylenetetrahydrofolate; 5,10-CH +-H4-folate t&meteniltetraidrofolato; 10-HCO- H2-folate - 1@yl folic acid; 10-CH3-folate - 10-methyl folicial
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Table 04 Usual condition of quantification for folate anakys

References Detection system Limit of detection and Recovery rate (%)
guantification LOD/LOQ

Vahteristo, et al., 1996. Fluorescence, excita®@ nm and emission 356 nnlLOD H,-folate 0.003 ng; 5-CHH, folate 79-92 5-CH-H,-folate, 60 — and 50-80
H,-folate, 5-CH-H, folate, 5-HCO-H folate, folic acid, 0.002 ng; 5-HCO-giolate 0.05 ng; folic respectively i folate and 5-HCO-H4folate
360 nm and emission 460 nm fluorescence 10-HCO-AEid 1.4 ng; 10-HCO-AF 0.04 ng pe0 and 80, respectively. 60-70- 10-HCO-
UV-Vis spectroscopy. injection folic

Pfeiffer et al., 1997. Diode array detector 10-HBE folate (7 pmol per injection) Folic acid (87.9), 5-HCO-[Hfolate (85.3) 5-
and 5-CH-H,-folate, 10-HCO-folate, 10- CHs-H,-folate (94.8), 10-HCO-folate (84.0),
HCO-H,-folate, folic acid (4.2 pmol per 10-HCO-H- folate (84.8)

injection)
Osseyi et al., 1998. UV-Vis spectroscopy LOD 2204l injection of standard 93 - 96 coefficientvafiation 3.2-5.6%
Ruggeri et al., 1999. UV-Vis spectroscopy (5-HCdletatos, folic acid, 10- LOD H,-folate 0.6 ng, 5-CkiH, folate 0.4 H,-folate 109 + 13, 5-CkH,- folate 86 * 3,

HCO-H,); Fluorescence - excitation 290 and 36Bg, 5-HCO-H folate 0.6 ng, 0.2 ng folic 5-HCO-H, folate 78, Folic acid: 113 * 9;
emission for 5-ChtH4-folate and Hfolate, 360 acid, 10-HCO-folic 0.7 ng, 10-HCO-H 10-HCO-folic 102 + 10, 10-HCO-Hfolate

excitation and 460 emission 10-HCO folic. folate 0.8 ng. 106 + 12,
Ndaw, et al., 2001. Fluorescence excitation 295amd emission 356 nm.LOD: all in pmol per injection - 5-CH3-H4 78 - 10-CHO-H-folate; 98- 5-CHO-k
UV-Vis spectroscopy folate: 2 (UV) and 0.02 (fluorescence)folate

H4folato: 5 (UV) and 0.1 (fluorescence),
folate 10-CHO-20 (UV) and 200
(fluorescence ) 5-CHO-H4folato: 2 (UV)

Breithaupt, 2001. UV-Vis spectroscopy LOD 0,04;Q0,06 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.

Jastrebova et al., 2003. Fluorescence spectrosa@mjtation 290 nm and 360LOQ 5-CH;-H,-folate 0.2 ng/mL; H4-folates 85-90- Hi-folate and 95-97- 5-CiH,-
nm emission 290 nm UV-Vis spectroscopy 0.3 ng/mL and 5-HCO-Hfolate 4 ng/mL folate.
LOD 0.1 ng/mL H-folate, 5-CH-H,-folate
0.07 ng/mL, 5-HCO-RHfolate 1.5 ng/mL.

Doherty and Beecher,Diode array detector, fluorescence detection (280far LOD DAD 1ug/100g UV for 5-HCO-I Reference material (BCR 421) 90-95, folic

2003. the excitation spectrum and 355 nm for the emissifolate and folic acid for 0.5pg/100g; acid and 5-HCO-H# folate 95 — 105.
spectrum). Fluorescence: > 0.1g/100g for 5-HCO-i
folate and folic acid.
Quirds et al., 2004. UV-Vis spectroscopy for folicid, 290 nm excitation LOD 5-CHs-H4-folate 1.2 ng / mL; kfolate 5-CHs-H,-folate 95.93; 90.8 Kfolate, 5-

and emission 356 nm fluorescence for 5:¢H-folate; 1.7 ng/mL, 5-HCO-Rfolate 2.1 ng/mL; HCO-H,-folate 94.58; Folic acid 94.78.
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H,-folate, 5-HCO-H-folate. folic acid 0.9 ng/mL.

Catharino and Godoy, Excitation 290 nm and emission 360 nm fluorescdace LOD 5 pg/mL 5-CH-H,-folate; 7 pg/mL 5-CHs-H,-folate 94-108, 96-102 tHolate,
2006. 5-CH;-H, folate, 5-HCO-H-folate and H-folate; 360nm folate-H;; 30 pg/mL 5-HCO-Kolate; 10- 5-HCO-H,-folate 97-104, 10-HCO-H 95-
emission 445nm excitation fluorescence for 10-HC®ICO-folate; 5 ng/mL for folic acid and 10-104, 97-102 folic acid, 10-CH3Zolate
folate and 10-CH3-folate and folic acid DAD at 28®  CH; — folate; LOQ 0.05 ng/mL 5-CfH,- 98-103.
folate, 0.07 ng/mL RHolate, 0.3 ng / mL 5-
HCO-H,-folate and 10-HCO-folate and 50
ng/mL 10 - CH-folate

Pietro et al., 2006. Diode array detector LOQ faldid 0.10 mg/L Was not performed

Yazynina et al., 2008. DAD for 10-HCO;Holic acid and at wavelengths ofLOD-0.05, 0.1, 2.0, 4.0, and 1.0 ng / ml for8% 5-CH3-H4-folate and H4-folate 48-
269, 290 and 340 nm, 290 nm excitation and 360 rfvCH;-H,-folate, H-folate, 5-HCO-H- 56%
emission fluorescence folate, 10-HCO-folic acid, and folic acid,
respectively.

LCabell H4 Tolate - tefrahydrofolate; 5-CH3-H4 faat 5-methyltetrahydrofolaie; 5-HCO-H4- folate -fdsmylietrahydrofolate; 10-HCO-folafe- 10 - formyblic acid; 5,10-CHZ2-H4-folaie - 5,10-
Methylenetetrahydrofolate; 5,10-CH +-H4-folate :&meteniltetraidrofolato; 10-HCO- H2-folate - 1@yl folic acid; 10-CH3-folate - 10-methyl folicial
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N™* "NH
Al
N >
FOLATE FORM R R2 Rs  Molecular Water pK Chemical
weight  solubility (g/l) formula
Tetraydrofolate Glu H H 445.43 2.69x10 3.86 GoH23N7Og
5-methyltetrahydrofolate Glu GH H 459.45 3.32x16 3.87  GgHasN;Os
10-formyltetrahydrofolate Glu H COH 473.44 3.00X10 3.76 GoH23N70y
5-formyltetrahydrofolate Glu CHO H 473.44 3.00x10 3.76 GoH23N7O;
Folic acid Glu H H 441.40 7.61x10 4.17 GoH19N7Og
Pteroic acid Carboxilic H H 312.28 2.53x16 11.77  GaH12NeO3

Figure 01. Structural and chemical characterisifd®lates most commonly found in foods.
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Figure 02. Test of solubility of folates standard tivo conditions of dilutions of stock
solutions. Chromatogram A in 8 mmol.L-1 ammoniunetate, C18 100 mm x 2.0uf
column, and chromatogram B in milli-Q water, C1®I8m x 3.2 mm column. 1. THF (rt.
1.67); 2. 5-MTHF (rt.2.47); 3.10-FTHF (rt 3.21); B-FTHF (rt. 4.93); 5. Folic acid (rt. 7.34);
6.Pteroico acid (rt. 11.17). Isocratic elution penfied in 85% of potassium phosphate buffer
pH 2.0 and 15% of MeOH, flow 0.5 ml/min. Stock daus prepared in one ml NaOH
1mol.L-1 and ammonium acetate pH 6.8. rt - retentime.
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Figure 04. Spectral profile of folates commonly riduin foods. Register obtained by array
diode detector with scan performed in region maximand minimum of each peak in
maximumA. Images made from LC solution software (Shimadzu).
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4.0 Materiais e métodos

4.1 Materiais

4.1.1 Amostras

Todos os vegetais utilizados durante o estudo f@dguiridos em comércio local no
periodo de setembro de 2011 a janeiro de 2012.cAlhes dos vegetais para realizacao
dos ensaios foi orientada com base naqueles coladosppela Tabela Brasileira de
Composicéo de Alimentos - TACO (2006).

Foram utilizados os vegetais, a saber: Broc@iassica oleraceavar. italicg
Espinafre, Nova Zelandidetragonia expansaRepolho brancdrassica oleraceavar.
capitata SalsaPetroselinum hortens&/agemPhaseolus vulgarisA compra dos vegetais

foi realizada no mesmo dia da analise.

4.1.2 Padrbes e reagentes

Solventes organicos (acetonitrila e metanol - MeBrhsil) produtos quimicos e agua
necessarios para preparar solucbes para a compasicdase movel foram em grau
HPLC, os demais reagentes em grau analitico.

Foram utilizados padrdes em grau de pureza HPLG@cd#o folico, acido pterdico
(Sigma, Brasil), 5-metil-tetrahidrofolato (5-MTHF)10-formil-tetrahidrofolato (10-
FTHF), tetrahidrofolato (THF), 5-formil-tetrahidmfto (5-FTHF) (Merck, Suica).

A enzimas protease (obtida a partir@teeptomyces griseufoi adquirida de Sigma e
a folato conjugase extraida a partir de plasmaatte(aprovacédo do projeto pelo Comité
de Etica em animais, processo 23076.020176/2010-80)

4.1.3 Equipamentos

Todas as andlises por HPLC foram realizadas em atégrafo liquido Shimadzu
(Shimadzu, Japéo), composto pelos seguintes modidtsma controlador modelo CBM-
20A, detector de arranjo de diodos (DAD) modelo S®BYV, detector de fluorescéncia
(RF) modelo RF-20A, bomba quaternaria modelo LO AZ, forno para coluna modelo

CTO-20AC, amostrador automatico modelo SIL-20AC.dd® os comandos foram
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realizados utilizando software L&blution(versao 1,25, Shimadzu, Japéo), e as deteccdes
realizadas em DAD.

Para avaliacdo da atividade da folato conjugaseiest de plasma de rato foi utilizado
um espectrofotdmetro UV- visivel (200-400 nm) (\dariCary 50).

A agua utililizada no preparo de solucdes e faségein foi obtida a partir de um
sistema Milli-Q Integral system 5. Foram utilizadambém pHmetro (Mettler toledo),
balanca analitica (Tecnal), agitador de bancad&ai®in), centrifuga refrigerada
(Beckman Coueter Avanti J 25), banho termostatiz&giamis), os quais durante todo
periodo de desenvolvimento deste estudo passarancapibracdes diaria ou mensais

seguindo as orientacdes do fabricante.

4.1.4 Fases estacionarias e fases moveis

Foram utilizadas as seguintes colunas cromatogsaficsponiveis: Waters Spherisorb
C15 ODS-2 150 x 3,2 mm, 5 pum, fluxo de 0,5ml/min; Sidwb Gs ODS-2 100 x 2,0
mm, 5um, fluxo de 0,5 ml/min e SpherisorlyODS-2 100 x 1,0 mm, 3um, fluxo de 0,06
ml/min. As solu¢des que entraram na composicao fasss moveis testadas foram:
solucdo de acido acético 2% pH 2.8 e 6% pH 3,4atee amonio 8 mmollpH 6,7,
tampdo fosfato 35 mmoll pH 6,7 (misturas equimolares de fosfato de paiassi
monobasico e fosfato de potassio dibasico), Aaittdasforico 33 e 50 mmol:tpH 2,2 e
2,3, tampdo fosfato de potassio 33 e 100 mrifgbH 2,1 (misturas equimolares de &cido
ortofosférico e fosfato de potassio monobasico).

Os fluxos de trabalho foram calculados com baseetecdo de diametro interno
utilizando a formula da area de uma circunferémpeiea obtencdo do volume total da
coluna, e entdo foi estabelecida a relagdo de tedgoanalise estimado para o
preenchimento de toda a coluna e adequado ao teenparrida desejado.

4.2 Métodos

4.2.1 Preparo das solugdes dos padroes

Todos os padrbes adquiridos foram mantidos a -t8ff@nte o desenvolvimento do
estudo. Para os ensaios de adequabilidade denfigiseess foi utilizada a primeira remessa
de padrbes durante um periodo de oito meses. Gomgach construcdo da curva de
calibracdo todos os padrdes foram abertos no dendbse. As solucbes estoque foram
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preparadas sob protecdo da luz na concentracddd@® jlg.mf, usando 1 mL de

0.1mol.L* de NaOH e completando o volume com acetato de iar8émmol.L* pH 6,7.

4.2.2 Obtencéao e preparo de plasma de rato

Sangue de ratdR@tus noverdicysfoi coletado utilizando a técnica de degolamento
antecedido pelo uso de medicamentos anestésioosirato de xilazina (5 — 10 mg.Ky
e quetamina (50-75 mg.KYy misturados na mesma seringa e aplicado na regido
intramuscular abdominal. Para evitar a coagulagisahgue, tubos coletores contendo
heparina foram utilizados. Apds a coleta os aninfaiam sacrificados utilizando a
técnica de deslocamento cervical (CEUA FIOCRUZ-RWDS3).

Em volumes de 6 mL, o sangue foi centrifugado a03@0n por 20 minutos para
obtencdo do plasm@FEIFFER et al., 1997). Subsequentemente aliquietas mL de
plasma foram distribuidas eeppendorfe encaminhados para liofilizacdo no Laboratoério
de Imunopatologia Keizo Azami - LIKA. Todo o proaeeénto de coleta foi realizado no
laboratério de Bioquimica da NutricAo e no Biotédio Departamento de Nutricdo —
UFPE.

No momento do uso, o plasma foi ressuspendido enh de solucdo de acetato de
aménio 8mmol.[* sob agitacdo e centrifugado a 20.000 rpm por 2Wiwm$ (GREGORY
et al., 1984) para uso como fonte de folato corgaga

Para avaliagdo da eficiéncia na desconjugacédo,u25@e plasma de rato tratados
foram adicionados a uma solugéo de &cido félicou@nl) e incubadas a 37°C por 20
minutos. Para encerrar a atividade enzimatica, tenmhfoi colocado em banho de gelo
por 5 minutos. A atividade enzimatica foi avalisateavés da conversdo do acido félico

em acido pterdico analisando por varredura dos domeptos de onda de 200-400 nm.

4.2.3 Avaliacao das condi¢cdes cromatograficas

Devido a diversidade de composicfes de fases méwmhinas presentes na literatura
recomendadas na separacdo de folatos foi necessé@estigar os principais elementos
gue poderiam resultar na escolha de uma condigapatdvel com a etapa de extracao. O
pH das fases moveis foi entdo utilizado como refget para o desenvolvimento da
metodologia. Assim as fases moveis testadas foiaitidhs em dois grupos. Grupo |
fases méveis com pH5 (KONINGS, 1999; VAHTERISTO et al., 1996; QUIR@Sal.,
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2004; JASTREBOVA et al., 2003; STEA et al., 2000AW et al., 2001; PFEIFFER et
al., 1997; CATHARINO e GODOQY, 2006; PATRING e JASHBOVA, 2007,
PATRING et al., 2007); e grupo Il fases méveis cpph> 5 (OSSEYI et al., 1999;
PRIETO et al., 2006). Estas foram testadas em nimdério (solvente aquoso em
combinacdo com metanol ou acetonitrila) ou terngsolvente aquoso pH> 5
combinagcdo com metanol e acetonitrila)

Os parametros cromatograficos como: fator de cdpdei k) que deve estar no
intervalo de 0,5 k <20, foi calculado usando a seguinte formksa(t-to)/to, onde § é o
tempo de retencdo de um solvente ndo retidp & d tempo de retencdo do analito.
Resolugédo (B > 1,5, calculado como == (to-t;)/0,5(.+w;), ondew é a largura do pico;
e fator de separagéaa)(>1,5, calculado usando a seguinte fornkilly Estes parametros
foram usados durante a interpretacéo dos resultielesparacédo em padrdes e amostras a
fim de estabelecer parametros de validacdo intéémad(SNYDER et al., 1997).
Previamente ao uso, todas as fases moveis foraradés em filtro (FHLP 04700),
Millipore com tamanho dos poros de 0,28 de diametro.

Para selegcdo da melhor coluna a ser utilizada paragio dos folatos, foram
avaliados os seguintes parametros: niumero de pradogos N), calculado usando a
formula N= 5,54¢r/wo 5)?, altura do prato teéricch), calculado comdn= L/N, onde L é
comprimento da coluna. Assimetriag foi calculada com a formulask b/a onde a e b
sao a meia largura do pico na regiao frontal d iogpico a 10% da altura.

A varredura inicial das fases maoveis foi realizadm a coluna Waters Spherisoks C
ODS-2 150 x 3,2 mm, 5 um. Contudo para o alcanceotapleta adequabilidade do
sistema separando seis formas de folatos foi n@gessestar mais duas colunas,
Spherisob ¢ ODS-2 100 x 2,0 mm, 5um e Waters Spherisob OD%s2@ x 1,0 mm,
3um.

4.3 Avaliacao das condicdes de extracdo de fotoalimentos vegetais

Na etapa de extracao foi necessario realizar uamtamento dos principais protocolos
existentes na literatura a fim de isolar os fatopes pudessem ser testados em um dia de
trabalho e removessem satisfatoriamente as semm$ode folatos avaliadas neste estudo.
Os principais fatores foram - concentracdo molaisalacdo extratora, temperatura de

exposicdo em banho maria, agentes desproteinizantde limpeza e uso de enzimas
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(protease, e folato conjugase). Esta etapa foi iodd em um estudo piloto para o
desenvolvimento de um protocolo a ser avaliado &nepmento fatorial. Utilizou-se

espinafre integral e fresco como matriz modelo.

4.3.1 Protocolo de preparo das amostras (estudmpil

Espinafre integral e fresco (400g) foi homogeneizan multiprocessador para
obtencéo do liquor e do material fibroso em semaradnL de liquor e 1g da fibra foram
usados nas etapas subsequentes e a cada extiadecfonado 20 mL de tamp&o extrator,
acetato de aménio 50 mmof-Lpreparado com 1% de &cido ascérbico e 10 mmale
2-mercaptoetanol. O extrato foi agitado em vortex3®d segundos.

Cada extrato (liquor e fibra) foi submetido a tna¢smto em banho termostatizado a
40°C, por 10 minutos. Logo apds, o material fibrdsofiltrado em papel de filtro
gualitativo e de cada extrato (liquor e fibra) ti@nsferido 5mL para um tubo de ensaio.
Antes da adicdo das enzimas o pH dos extratosdasurado em 6,78 a 6,85, mantendo-
se nestas condi¢cdes para os tratamentos sem datites. Quando houve a adicdo dos
antioxidantes o pH dos extratos caiu para 4,5%4 4,

As amostras foram submetidas ao tratamento dietizim&om o0 uso de protease e
folato conjugase. Protease (Sigma) foi resuspenelid tamp&o extrator (2 mg:hl e
adicionado 1 mL ao tubo de ensaio (PFEIFFER et1887). Plasma de rato foi
resuspendido sob agitacdo com tampéo extratorlpara até completa homogeneizacao
e deste adicionaram-se 250 pL aos tratamentos FFER et al, 1997). Antes da adicdo
das enzimas mediu-se o0 pH dos extratos. Os tubas fimcubados a temperatura de 37°C
por 1h. ApoOs a reacdo, procedeu-se a inativacaecmamas a 100°C por 5 min, e em
seguida os tubos foram colocados em banho de gedooprapido resfriamento.

Com o objetivo de reduzir o tempo de andlise eagégs geradas pelo uso de enzimas,
acido tricloracético (CATHARINO e GODOY, 20p6foi usado como agente
desproteinizante em substituicdo ao uso de praedéesta etapa as amostras foram
expostas, em diferentes experimentos, as concéegade 2, 5 e 8% de acido
tricloracético sem o uso de folato conjugase. Eoiamte ressaltar que cada protocolo foi
testado individualmente, contudo todas as etapasnf@xecutadas em um unico dia de

analise.
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Tratamentos controle também foram realizados, & nEetocolo excluiu-se o uso de
antioxidantes no tampao extrator, de enzimas etegelesproteinizantes.

Ambos os tratamentos (dienzimatico, acido triclét@o e controle) foram
submetidos a centrifugacdo a 5.000 rpm por 15 méat4°C, e todo material foi filtrado
em membranas de acetato de celulose 0,45um. Doiahditrado 1 mL de cada
tratamento foi encaminhado para andlise por crognafia liquida de alta eficiéncia.

Dos resultados deste estudo piloto foram isoladasasiaveis que proporcionaram

melhor extragéo de folatos e procedeu-se a codstrde um modelo fatorial.

4.3.2 Ensaio fatorial para avaliacdo das condig@éesxtracéo

Um estudo fatorial foi construido para avaliare@sitos das principais variaveis que
contribuiram no estudo piloto. Neste ensaio o @fdd razdo quantidade de amostra e
solugéo, temperatura de extracdo, concentracéor rdal@olucéo extratora e tempo de
exposicdo foram organizados em um planejamentaidht?’, com trés repeticbes no
ponto central totalizando 19 ensaios (tabela 02)e M partir destes resultados obtidos
com espinafre, foram selecionadas as principaislicoas de extratibilidade de folatos
nos demais vegetais. As variaveis dependentes fasaconcentracdes extraidas das seis
formas de folatos avaliadas neste estudo, bem cpuneza, similaridade e outros

parametros cromatograficos.

Tabela 01. Variaveis independentes codificadasm@dificadas das condicbes de

extracao.
Planejamento fatorial
Variaveis Caodigo -1 0 +1
Razéo quantidade de amostra e solugcdo ; X 1.5 1:12.5 1:20
Temperatura de extracao (°C) 2 X 35 70 105
Concentracdo molar (mmolf). X3 30 90 150
Tempo de exposicéo (min) 4X 10 50 90
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Tabela 02. Variaveis independentes decodificadas gmsaio para o estudo do

planejamento fatorial das condicdes de extragao.

Ensaio Condicao de ensaio

X1 X2 X3 Xa
1 1:5 30 5.0 5.0
2 1:20 30 5.0 5.0
3 1:5 60 5.0 5.0
4 1:20 60 5.0 5.0
5 1:5 30 15.0 5.0
6 1:20 30 15.0 5.0
7 1:5 60 15.0 5.0
8 1:20 60 15.0 5.0
9 1:5 30 5.0 60.0
10 1:20 30 5.0 60.0
11 1:5 60 5.0 60.0
12 1:20 60 5.0 60.0
13 1:5 30 15.0 60.0
14 1:20 30 15.0 60.0
15 1:5 60 15.0 60.0
16 1:20 60 15.0 60.0
17 1:12.5 45 10.0 32.5
18 1:12.5 45 10.0 32.5
19 1:12.5 45 10.0 32.5
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4.4 Parametros de validacao

4.4.1 Identificacdo e quantificacao

A quantificacao foi realizada por padronizacédo e As solucdes utilizadas para
tracar curva de calibracdo foram preparadapeohpor diluicdo das solugdes estoque em
acetato de amonio de cada padréo individual naseotracoes de 0,3, 0,5, 1,0, 10,0, 50,0,
75.0 e 100 pg.ift O limite de quantificacdo (LQ) foi definido coma menor
concentracdo do analito que alcancasse um sine¢Ad€s acima da linha de ruido (ICH,
1994), utilizando a férmula: LQ = (QPx 10)/ IC. O limite de detecc¢éo (LD) foi definid
como a menor concentragdo do analito que alcangasaeum sinal 3 vezes acima da
linha de ruido (ICH, 1994), utilizando a féormuld® k& (DP, x 3)/ IC, onde:

DP, é o0 desvio padrdo do intercepto com o eixo “y’'ndeminimo trés curvas de

calibracao; IC é a inclinacdo da curva de calibbaca

4.4.2 Precisao intermediaria

Para avaliacdo da precisdo intermediaria foramzesds varreduras espectrais em
pelo menos trés regides dos picos (inicio, meiamg hos padrbes com o objetivo de
confirmar o A" maximo por DAD. Nas amostras foram avaliadas paie similaridade erh
maximo correlacionando estas informacfes com @ petros cromatograficésa e Rs.

A pureza é a medida em percentual que indica déexis de apenas um pico no
tempo de retencdo estudado em um comprimento de fxal e a similaridade (obtida
também em percentual) por comparacdo do pico enpatede retencdo escolhido com
biblioteca de dados de padrdes construida a plartiuas curvas de calibracao.

Coeficiente de variacdo das amostras em dias die=ydoi calculado como parte do
protocolo da validagédo intermediaria em amostrasspénafre. Em adigcdo, foram realizadas

quantificacdes em outras matrizes vegetais, sestds apresentadas em desvio padrao.

4.5 Analise estatistica

Além do planejamento fatorial realizada etapa de extragdo, a investigacdo das
diferencas entre os tratamentos aplicados no egiloto foi realizada utilizando ANOVA
para comparacao de médias e o teste de Tukey qemcdatradas diferencas para um valor
de p< 0,05 usandstatistica 7.0
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5. Resultados e Discussao

A seguir serdo apresentados os artigos originbéserges as observacdes laboratoriais
obtidas durante o desenvolvimento da metodologaditana para determinacéo de folatos.
O primeiro artigo trata das investigagdes realigagla conformidade com o primeiro e
segundo objetivos, avaliacdo das condi¢ces de caigfmde fase movel, pH, forca molar
e colunas compativeis com a separacao de folatbhgatdos parametros cromatograficos,
onde utilizou-se a teoria acido-base de Lewis pantar explicar o processo de separacao
dos folatos . Estas informacdes foram corroboradaso estudo piloto desenvolvido com
espinafre, apresentado como parte do protocol@ligagao.

No segundo artigo serdo apresentados os resul@daagplicacdo do método em
diferentes matrizes de origem vegetal (em confoaded com o terceiro e quarto
objetivos) investigando o teor de folatos presemstes alimentos e tragcando parametros
de validacdo utilizando a correlacdo existenteeeas informacdes espectrais ém
maximo, como pureza e similaridade, com os par@setromatograficos de separacao
das seis formas de folatos estudadas. Ambos fourdmmetidos a revista internacional,
sendo apresentados em ordem cronoldgica de eld@ooeagubmissao.

Artigo 2. Proposition for mechanism of separation of folate Y Lewis theory acid-

base: a new alternative of improving selectivity irvegetable matrix by HPLC.

Artigo 3. Investigation of protocols to extraction and quantiication of folates in

vegetables matrices split into liquor and fiber fraction using factorial designer.

Submetidos adournal Chromatography A ISSN 0021-9673

Fator de impacto (2010): 4,101
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Abstract

A fast and simplified method for the determinatiohsix folate forms in vegetables was
developed. Using chromatography liquid reverse phsagstematic evaluation was performed
in: solubilization of standard, preparation ofdrypand ternary mobile phases in which it was
evaluatedr, k, o and R. Over 15 combinations of aqueous buffer and orambile phases

in Spherisob ODS-II column from different dimensaalowed ideal separation of six folate
forms in isocratic mode with a potassium phospHauéer pH 2,0 100 mmol.t and
methanol in the ratio 85:15 using a 100 x 2,0mpm&olumn, with a running time of 15
minutes. The elution order of the six folate formas established by reactivity of nitrogen
from carbon 5 and 10 as an acceptor of protonkefriobile phase, and other mechanisms as
steric impediment and resonance of the pteridimg. iThis method was applied to samples of
spinach and evaluated through the chromatograranpeters; in addition, spectral registers
atA max, similarity and purity index of the peaks of standard and samples by diode array
detection were performed. In all folate forms itsmeeached ideak, a and R. In the
evaluation of samples, the chromatographic sejergrameters associated with the spectral
registers of spinach extract showed purity indesval®0% and similarity index above 75%
except for 10-FTHF, indicating that the method &a®od selectivity for complex matrices.
Key words: folate, Lewis acid-base, HPLC, isocratic, chrorgeaphic parameters,

vegetables.
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1.0 Introduction

Folates are molecules with structural similaritydaare composed basically of
glutamic acid, p-aminobenzoic acid and pteridigriihese, in turn, are chemical compounds
composed of fused pyrimidine and pyrazine rings [1]

It can be found in animal, vegetables and microlerlis, from the monoglutamate to
polyglutamate in differentiated oxidation levelsewgrtheless the designation folic acid is
usually employed to form more oxidized, stable aasily absorbed by the intestinal
recommended for practice of fortification, enrichmh#od and drug production [2].

The deficiency of this vitamin is associated witlsedses such as megaloblastic
anemia, birth defects, trisomy 21, brain and camsoular disorders, some cancers and
impaired cognitive functions. There is a generatsemsus that folic acid supplementation
during the periconceptional period has a role gvpnting the risk of neural tube defects such
as anencephaly and spine bifida [3].

However, nutritional needs might not be well estd@d, since analytical fail
methodologies may produce contradictory result® iain reason for this condition comes
from the difficulties to determine the amount ofate in foods, due to diversity, instability
and complexity of matrices [4,5]. Notwithstandinggntrol over the reliability of nutrient
values of fresh and fortified foods have stresdes rieed to development of appropriate
methodologies in recognition of bioactive and bai&able folates forms [6].

The determination of folate in foods has some ehglés due to their low
concentration, the possibility of isomerizationeggnce of various interfering complex
matrices, requiring care, due to low stability,atobr partial loss in extreme pH condition,
additional effects of temperature, redox potenfitlese factors should be taken into account
when choosing the analytical method [7,8,9].

Reverse phase HPLC has been used as a methodtéomoteng folates with more
efficient results than other methods commonly erygado It is themost accepted technique
due to its sensitivity to different sample. Effoltave been conducted for study in different
chromatographic conditions [10,4,11], in some situs ionic pairing agents have been
applied in order to stabilize elution time of di#at forms [12, 13].

One of the greatest difficulties in standardizihg thromatographic parameters for
the study of folate, is an inadequate discussioth@fpH of stock solutions and buffers used

in the preparation of mobile phases to ensuretébilgy and solubility. Since, due to the
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presence of amine groups along the whole molecigithwvith a pair of electrons non-ligand,
make folates fit on Lewis acid-base concept [14].

The effect of pH on the composition of the mobilapes on separation of folates was
investigated recently by Patring and Jastrebova ydjich used successfully acid-base
properties of folate to monitor patterns of ioniaatin electrospray ionization technique.
However, it was found that the intensity of ioni@atsignal suffers influence from: the nature
of buffer solution (pH) and the mechanisms of elespiray ionization used in sample
evaporation.

In addition, the use of gradient mode is preserigdhe only alternative to elution
these vitamin compounds [15,16,17]. This elutiondendnas some disadvantages, such as:
change of baseline and need of reconditioning ¢t @&w run [18], which raises the need of
investigation of methodologies available in pursoft simplified conditions such as the
iIsocratic mode.

Currently, there are still conflicting methodologiéor most of vitamins in foods,
particularly folate. Underscoring the need to inyer@and develop pre-chromatographic and
chromatographic analysis aiming to ensure moreratewnd reproducible results that can
generate reliable information to the elaboratiomwfitional guidelines.

The main focus of this study was to use the maqtiilese chromatographic parameters
(k, o and B) and columnsN, h) as the main parameters to reach the best condibio
separation of the six folate forms in reverse plwsgled DAD detection. In addition, it was
used a high complexity matrix to test the selettiif the method for identification and

quantification of folate.

2.0 Experimental
2.1 Chemicals and Reagents

Tetrahydrofolate (H4-folate), 5-methyltetrahydrefi@d (5-CH-H4-folate), 10-
formyltetrahydrofolate (10-HCO-H4-folate) 5-formsttahydrofolate (5-CHO-Hfolate)
HPLC grade were provided from Merck (SwitzerlanBlic acid and pteroic acid were
purchased from Sigma-Aldrich (St. Louis, MO, USAgetonitrile and methanol were from
Merck in HPLC grade (Darmstadt, Germany). All otheagents were of the highest purity.
Ultrapure water was obtained in Milli-Q integrakssm 5 (Millipore).
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2.2. Standard solutions

Stock solutions of each folate form were preparath i0 mg of the standard
(weighed with analytical precision) and adding ome of NaOH solution 0.1mol.t and the
volume completed to 100 mL with ammonium acetatendi_™* pH 6,8. Soon after, one mL
of stock solution of each standard was transfetoethe same volumetric flask and diluted
with ammonium acetate to reach a concentratiorDofity.mL* of the pool that was used for
building calibration curve.

The solutions for calibration curve were prepabgddiluting in ammonium acetate
from stock solution for elaborating the pool sadatito obtain concentrations of 0,3, 0,5, 1,0,
10,0, 50,0, 75,0 and 100ug.fhL

2.3. Suitability system test through chromatogregioinditions

Mobile phases were organized in two groups, acogrdd Table 01, since pH was
used as reference for the development of the metbgg. These were tested in binary mode
(aqueous solvent in combination with methanol atawmitrile) and ternary mode (aqueous
solvent pH> 5,0 in combination with methanol and acetonitrile)

The chromatographic parameters were calculated@ogpto the equations: capacity
factor 0,5< k < 20 calculated with the formulk= (t-to)/to, where § is retention time of
unretained solvent angdis retention time of analyte. Resolutions(R1,5) calculated asR
(t-t1)/0,50-+wy), wherew is peak width. Separation factar £ 1.5), calculated using the
formula ko/k;. These were used during the interpretation of re¢joam results [19]. Prior to
use, all mobile phases were filtered through Miliip filter with pore size of 0.2Adm in
diameter.

For selection of the best column it was evaluatbaoretical plate numbemj,
calculated with formuldN= 5,54¢r/wgs)?, height theoretic plateh), calculated a$= L/N,
where L is column length, and tail factorfTalculated with formula fE b/a, where a and b
were the front and back half-widths at 10% of tkakpheight.

The mobile phases evaluation were performed withSpherisob ODS-2 150 x 3,2
mm, 5um column (narrow bore, flow rate 0,5 ml/min). Howewvto achieve suitability of the
system it was necessary two other columns, Sphe@dS-2 100 x 2,0 mm,uwBn (narrow
bore, flow rate 0,5 ml/min) and Spherisob ODS-2 £0D0 mm, am (microbore, flow rate
0,06 ml/min).
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2.4. Sample preparation

Fresh spinach Tetragonia expan9awas purchased in local market between the
months of September 2011 to January 2012, and ctewito analysis soon after acquisition.
The vegetable was washed in Milli-Q water and 40@aps mashed in food processor,
producing liquor. One mL of the liquor was transéerto a test tube and added 20 mL of an
extractor solution containing ammonium acetate 50iritt, ascorbic acid 1% and 2-
mercaptoethanol 10mmol’i.then stirred in vortex for 20 seconds and heatetD°C for 10
min. Then, it was transferred 5 mL to a test tube eentrifuged for 15 min at 4 °C, 5,000
rpm and supernatants were filtered through celtubisetate membranes 0.45 pym. One mL of

the filtrate of the treatments was carried for HPAr@lysis.

2.5. Chromatographic

The HPLC system was a Shimadzu Prominence (Shimadgpan), consisting of a
diode array detector (DAD) model SPD-20AV, fluoresce detector (RF) model RF-20A,
quaternary pump model LC - 20 AT, column oven mdd&O-20AC, autosampler model
SIL-20AC. All the system was controlled by conteslimodel CBM-20A and operated with
LC Solution™ software (version 1.25, Shimadzu, dpa

Detection was made using the DAD. Standard and kesnwere measured between
190 and 400nm. Elution was performed at 30°C,aorigtic mode with 20 pL of injection per

analysis.

2.5 Validation parameters

2.5.1 Identification and accuracy

To evaluate the methodological accuracy it werdopered folate standard spectral
scan and samples order to identify the maximum leagth for identification and
quantification of the six folate forms studied.dddition, the chromatographic parameters of

standard and samples were collected to confirmmepeatability intra-assay.

2.5.2 Detection and quantification limits
Quantification was performed by external standatiin. The detection limit (LD)
was defined as the lowest analyte concentratioidigig a signal-to-noise ratio of 3 the

quantification limit (LQ) was defined as the lowestalyte concentration yielding a signal-to-
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noise ratio of 10 [20]. Concentration of folates@al samples was expressed as pg folate per

g extract.

3.0 Results and Discussion
3.1Suitability system in order to separation oafek by reverse phase

It was not possible to match the pH of standardkssmlutions with the mobile phase,
since the ionic character of the molecule, duéhéopresence of Hgroups, isneutralized by
the presence of OHand other present in basic solutions forming adou$ystem which
stabilizes the folate forms [21].

The US Pharmacopeia [22] was taken as referencemeadnl of NaOH 0.1 mol.L
(USP, 2007) has been employed to dissolve folated,it was filled up to volume of stock
solution with ammonium acetate 8 mmat.pH 6.8. This condition of preparation of standard
served as stabilizing agent of the six folate forshalied. In spite of no antioxidants use,
standard presented a good repeatability througheustudy of selection of mobile phases.

Figure 01 shows the standard solutions preparedhensame day and diluted in
potassium phosphate buffer 100 mmdlpH 2.0 and ammonium acetate and 8 mnibpH
6.8. It was observed that the low solubility incapH generated loss of symmetry of peaks
and low signal intensity mainly in the pteroic aditbwever, the standard solutions diluted in
ammonium acetate have shown signal stability anthter@ance of some chromatographic
parameters.

Table 02 presents the mobile phases which showédfasdory results in the
separation of folate in isocratic mode. The mophases with pE 5 (Table 1) did not show
a satisfactory separation performance, even have®n tested in binary and ternary mode
with acetonitrile and methanol.

Among the mobile phase pH<5, orthophosphoric and @otassium phosphate buffer
solution in combination with the methanol were tbaes showing best separation
performance in parameteksand a. Orthophosphoric acid in combination with acetoleit
was the main combination of mobile phase for se¢meraf folate [15,23,4,16,11]. However,
its use doesn't follow a standardized preparinga#t been widely used orthophosphoric acid
solution 33 mmol.! as the pH adjusted in 2.1, 2.2 and 2.3 with sodhydroxide or

potassium hydroxide, as potassium phosphate bsdgfation.
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In this study, it was standardized as follows: optfiosphoric acid, adjusting the pH
with sodium hydroxide; phosphate potassium buffath pH range 4 to 9, prepared with
potassium phosphate monobasic and dibasic; andpbpéates potassium buffer, pH< 4,
prepared with orthophosphoric acid in combinatiotihwthe monobasic potassium phosphate.

Moreover, this protocol was able to eliminate an#tide of the composition of mobile
phase selected. Although this solvent is expenaine has a greater toxicity, most studies
normally choose this solvent to be used for prongpthe folate separation; unlike what is
recommended by Snyder and col. [19], that sugge$eably the use of methanol combined
with buffer solutions, due this combination showsetter miscibility.

The orthophosphoric acid was prepared in threddesepH 2,1, 2,2 and 2,3 due the
existence of three conditions in the literatureb(@01). However, it was verified that the
condition of separation is not modified by thisiaéion of pH (Table 02)

The potassium phosphate buffer and orthophosplamitt in low concentration (33
mmol.L') have not presented the expected resolution fg&) since this mobile phases
were are not be able to separate two of six foBTHF and 10-FTHF). It was necessary to
increase the molar concentration of mobile phasesrder to reach satisfactory separation.
Then, it was tested different conditions of molameentration for each mobile phase:
orthophosphoric acid pH 2,1 - 33 mmot.nd 100 mmol.* and potassium phosphate buffer
pH 2,0 - 50 mmol.L* and 100 mmol.L% [19].

In Figure 02 and 03 it is presented the values ahdk resulting from the increase in
molar concentration of mobile phases, orthophosplamid and potassium phosphate buffer
in different combinations with methanol. The conations of 100 mmol.t for
orthophosphoric acid and potassium phosphate bwifdr methanol in proportion 85:15
showed satisfactory results primarily for compoutidle THF, which increased lightly its
retention. The combining methanol and potassiunsphate buffer is the one that best fits,
since the value ok for folate form in overlapping showed indicativé separation as
demonstrated in Figure 03 for 150 x 3,@pbcolumn.

In addition, the smallest values of capacity factgr or the ones too high seem to
affect the performance of peak separation, raisiegd to adequacy in columns which may

adjust these values in the range of 1 to 20.
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3.2 Mechanism of separation of folate by Lewis teaxid-base

The Figure 04 shows the general structure of thatde whereby it is propose an
explanation to separation of six folate forms adouy to the concepts of Lewis acid-base
[14]. Due to the use of acid mobile phase, eachnanaind amide of folate group are a
potential proton binding site.

The structures of the tetrahydrofolate, 5-methsategdrofolate, 10-
formyltetrahydrofolate and 5-formlytetrahydrofolatare very similar, except by the
substituent group in nitrogen on the position 5 40dIn acid medium all nitrogen groups of
tetrahydrofolate can receive a proton, includingttin position 5, making the molecule
soluble in acid mobile phase, causing it to haeddlwest retention time.

The second molecule with lower retention time imé&thyltetrahydrofolate. There is a
great similarity with tetrahydrofolate, except Hdyetmethyl group located in nitrogen on
position 5. This group donates electrons inducgitblat increases the resonance with the
carbonile group beside, resulting in decrease e@bisicity of nitrogen. In addition, there is a
steric impediment caused by this alkyl group anth libis factors difficult the capture of'H
in mentioned position, making the molecule of 5imyetrahydrofolate somewhat less polar
than tetrahydrofolate.

Both the 10-formyltetrahydrofolate and 5-formyletydrofolate show relative smaller
polarity than 5-methyltetrahydrofolate, since fotnmgroup decrease the basicity of the
molecule more strongly than the methyl group.

Thus, the third in elution order is 10-formyltetyaihofolate, although both present the
same formyl group, its position modifies the patharacter of each molecule. This group at
position 10 cause steric effect and reduce thdreledensity in aromatic systems (deactivator
character). Furthermore, the carboxylic group atdcon ring at position 1' exerts influence
in decreasing basicity of amine at position 10.

Nitrogen of sp hybridization in amine at position 5 shows similaasicity than
aliphatic secondary amines, and therefore it isemzasic than amine from position 10. In
addition, formyl group has a deactivator charactketess importance than steric effect at
position 5 reducing the basicity more than position

Folic acid and pteroic acid are different of thénest folate forms, among other
characteristics, by the oxidation degree of pymzing. Aromaticity of amines on pteridine

ring is less basic than non-aromatic cyclic amiitkesthe ones found on the other folates.
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This is explained due the high energy requiredaienation of ammonium ion on
aromatic ring. The conjugation of a pair of nitrogelectrons functioning with a set of
linkage stabilize aromatics amines, decreasingggnter level lower than cyclic amines and
aliphatic. Thus, the greater the stability the lowee basicity. Because of this, polarity of
folic and pteroic acid is relatively reduced thdhess folate forms in acidic medium, and this
explain the highest retention time belonging ts&hivo compounds.

Amide group at position 1’ from glutamic acid ari ttwo carboxilic groups which
are at molecule of folic acid increase its polantgre than pteroic acid and this explain the
retention time of folic acid being lesser than pteacid.

3.3 Adequacy the study of columns with differeizesi

In Figure 05 the performance is presented throwghtion between N and k of
columns. It is possible to notice that at the 100xcblumn the k values distance themselves
from ideal values from Van Deemter equation. Howgitevas possible to separate the two
folate forms in overlap when used a smaller lergiliimn with the same patrticle size.

In Table 03 it is shown the improvement achievedhmnchromatographic resolution
through the theoretical plates number and thealeptate height of column tested. The
inverse relation betweed andh was observed at all columns, being more favorfsl&00 x
2.0 mm 5 um column for the six folate forms.

It was expected that the decrease in the partigke given by 100 x 1.0 mm 3 um
column, would provide shorter runs, with lower camgtion of time and solvents. Thus, the
analysis and column rebalancing time would be famte the pressures would be compatible
with conventional HPLC systems, [24]. However, therere no improvements in resolution
of 5-metyltetrahydrofolate and 10-formyltetrahyadratte (Figure 04) with significant increase
in capacity factor of folate form (figure 06). Thiehavior and also loss of resolution was
observed in other studies [24] suggesting the rieeddjustments methodology for a better
performance of this column.

The columns evaluated were non-polar or reverseseli@s), this presents greater
compatibility for compounds with ionic characteb]deing the most widely used in studies
of folate separation [27,28, 6].

The suitability study was able to demonstrate timéci character of this reverse-phase

system even in the absence of ionic pairing agentshis case the retention is directly
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proportional to the solute's polarity, however tider of molecular weight has not followed

the same patterns order as observed in non-iosterss.

3.3 Intermediate precision for identification angaqtification of six folate forms

For each standard of folate it was performed spestian for confirmation of max in
at least three regions (the beginning, midpointi @nd) for each peak, with the objective of
assessing the purity index of standard and eshald@relations with chromatographic
parameters k, o and R for monitoring samples. In Table 04 standard @fiqsesignals did not
show any impurities which allowed the use of tmormation for monitoring of folate in
spinach samples.

The sample purity greater than 95 percent highdigiithe method (Table 05) displays
good selectivity for the monitoring of the folaterms studied. In addition the limit of
detection and quantification was consistent witheotstudies that used by DAD detection as
it can be see in the Table 05.

In Table 06 it is shown the repeatability of the shemical folate forms monitored in
spinach by retention time, purity, similarity indard parameters,tk, o, Rs, Tf. In samples
the purity has been above of 90 percent and siityilabove of 75 percent except for the 10-
formyltetrahydrofolate indicating a good relatioatlween the obtained signal of the standard
and samples, when compared spectral and chromptogi@arameters.

In addition, chromatographic parameters are adjustesimilar conditions to the
standard, with coefficients of variation up to 11 %he T presented a good relation between
the width of the peak at 10% height indicating Eabee of the forces established between the

mobile phase and the column.

4.0 Conclusion

Lewis acid-base concept is suitable for explainimgbehavior of separation of the six
folate forms studied, since in acid medium, nitroggoms of amine and amide grouping
(forms containing glutamate) behave as Lewis bageage protonated by ions' ree mobile
phase.

The best condition of solubility of folate was a@¥ed in one mL of NaOH 0.1 mol'L
and ammonium acetate 8mmot,L stabilizing six folate forms without the use of

antioxidants.
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Separation was optimized and chromatographic pasamé, k, o and B) used as
chromatographic response monitoring tool. A binsygtem potassium phosphate buffer pH
2,0 100 mmol.L* and methanol in proportion 85:15 on isocratic ma@s selected as mobile
phase.

Studies of Gg columns with different dimensiorevaluated through the paramethrs
and N resulted in separation of the six folate standard5 minutes for 100 x 2,0, 5 um
column.

The set of information allowed characterize thisdibon as reverse phase ionic. It
was performed a new adequacy in selectivity foewheination of folate in vegetable samples,
being able to monitor six folate in DAD, by chromgtaphic parameters, similarity and

purity index, criteria methodological that shoulel dpplied in other food matrices.
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Figure 01. Test of solubility of folate standard timo conditions of dilution of stock solutions. Blaline standard diluted in 8 mmof‘L
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Figure 03. Chromatographic separation of folatesd®/of potassium phosphate buffer pH 2,0 and neofacentrations of 50 and 100 mmat.L

in C1g 150 mm x 3,2, m column. 1. THF; 2.5

MTHF; 3.10-FTHF; 4. 5-FTHEFBlic acid; 6.Pteroic acid;
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FOLATE FORM Ri R2

Tetrahydrofolate Glu H H

N 5-Methyltetrahydrofolate Glu CH3 H
"~ 10-Formyltetrahydrofolate ~ Glu H COH

5-Formyltetrahydrofolate Glu CHO H

B Folic acid Glu H H

" Pteroic acid Carboxilic  H H

Figure 04. Chemical structure of folic acid andisives, with indication of radicals and subdtt groups.
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Figure 05. Separation of folates depending onastaty phase {gtested. 100 x 2,0, 5 pum column, flow 0,5 ml/mitB0 x 3,2, 5 um column,
flow 0,5 ml/min; 100 x 1,0, 3 um column, flow 0,&@/mim; 1.THF; 2.5-MTHF; 3.10-FTHF; 4.5-FTHF; 5.kolacid; 6.Pteroic acid. Isocratic
elution performed in 85% of potassium phosphatéebyH 2,0 and 15% of MeOH, Standard diluted in@ehL™* ammonium acetate.
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Figure 06.Theoretical plate number and capacity factor (kyes to six folate forms evaluated in three columsacratic elution performed in
85% potassium phosphate buffer pH 2,0 and 15% @M eStandard dissolved in one mL of NaOH 1 midkaihd ammonium acetate 8 mmol.L
1
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Table 01. Mobile phases evaluated.

Mobile phase composition Reference
Grau%l Potassium phosphate buffer 35 mmdi.pH 6,8 Osseyi et al., 1999
>
pH= Ammonium acetate 8 mmol'L pH 6,7 Prieto et al., 2006
Solution 2% acetic acid pH 2,8 Catharinos and Gp#a606
Solution 6% acetic acid, pH 3,4 Patring and Jbstra, 2007,
Patring et al., 2007
Group I Potassium phosphate buffer 35 mmdl.pH2,1 Konings, 1999
pH<pS Ortophosphoric acid 33 mmol'LpH 2,2 Quirés et al., 2004; Ruggeri et

al., 1999; Doherty and Beecher,

2003; Vahteristo et al., 1996.
Ortophosphoric acid 33 mmol'LpH 2,3 Pfeiffer et al., 1997; Jastrebova
et al., 2003;Yazynina et al., 2008
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Table 02. Chromatographic performance of binary ilegthases tested.;£150 mm x

3,2, fum column.

Mobile phases

Chromatographic parameters

k1 k2 k3 k4 k5 k6
al a2 a3 ad ad
Solution of acetic acid 2% pH 2,8: 194 0.00 0.00 2.88 0.00 0.00
MeOH (90:10) - - - - -
Solution of aceticacid 2% pH2,8: 034 065 065 115 186 3.74
CH;CN (90:10) 383 100 176 284 201
orthophosphoric acid pH 2,1: MeOH 0.36 1.17 129 201 3.18 5.93
(80:20) 323 110 156 157 1.86
orthophosphoric acid pH 2,1: GEN  0.38 0.38 0.38 0.38 0.38 0.67
(80:20) 1.00 100 100 180 1.02
orthophosphoric acid pH 2,2: MeOH 0.40 125 125 219 368 7.07
(80:20) 312 100 169 294 1091
orthophosphoric acid pH 2,2: GEN  0.00 0.00 0.00 0.00 0.00 o0.00
(90:10) - - - - -
orthophosphoric acid pH 2,3: MeOH 0.33 122 122 216 377 7.38
(80:20) 3.70 100 177 174 195
orthophosphoric acid pH 2,3: GEN  0.00 0.00 0.00 0.00 0.00 o0.28
(80:20) - - - - -
Potassium phosphate buffer pH 2,1: 0.58 1.17 106 198 3.03 6.05
MeOH (80:20) 181 110 169 153 199

1. THF; 2. 5-MTHF; 3. 10-FTHF; 4.

5-FTHF; 5.lFkecacid; 6. Pteroic acid;
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Table 03. Chromatographic performance of potasgibosphate buffer pH 2,0 100 mmot.L
and MeOH in three columns.

MOBILE PHASE

CHROMATOGRAPHIC Potassium phosphate buffer: MeOH (85:15)
PARAMETERS 150 mm x 3.2/n 100mm x 2.0 pm 100mm x 1.0/3n

Ky 1.68 1.02 3.85
N1 143.44 574.04 81.96
H; 0.104 0.017 0.122
ko 2.99 1.99 7.03
o 1.78 1.95 1.83
R1 1.67 1.66 1.48
N> 566.36 201.44 224.75
H, 0.026 0.050 0.044
ks 351 291 8.210
o2 1.17 1.45 1.16
R> 0.92 1.20 0.61
N3 1623.34 535.59 461.82
Hs 0.009 0.018 0.023
K4 6.02 5.11 11.66
03 1.71 1.75 1.42
R3 3.21 2.88 1.34
Nga 629.6598 835.41 218.33
Ha 0.023 0.012 0.046
Ks 9.85 8.38 16.12
o4 1.63 1.64 1.38
R4 3.42 3.23 1.29
Ns 1502.91 1006.66 398.88
Hs 0.009 0.009 0.025
Ks 16.14 13.18 22.97
o5 1.64 1.57 1.425
Rs 3.74 3.16 1.99
Ne 937.35 931.81 782.27
Hg 0.160 0.0107 0.0128

1. THF; 2. 5-MTHF; 3. 10-FTHF; 4. 5-FTHF; 5.lfecacid; 6. Pteroic acid;
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Table 04. Precision and identification parametersix chemical folate forms.

Standard . *Max. Impurity K o Rs
folates nm

THF 1.76 294 n. d. 1.02 - -
5-MTHF 2.61 290 n. d. 199 195 1.66
10-FTHF 3.40 261 n. d. 291 145 1.20
5-FTHF 5.31 288 n. d. 511 1.75 2.88
Folic acid 8.16 286 n. d. 838164 3.23
Pteroic acid 12.34 299 n. d. 13.181.57 3.16

Standard prepared in one ml NaOH 1mdland ammonium acetate pH 6,8 and, rt - retention
time. (n=4)
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Table 05. Sensitivity of the HPLC-UV method.

LOD LOQ
FOLATE (ng per (ng per
FORM injection) injection)
THF 1.33 4.03
5-MTHF 3.47 10.52
10-FTHF 2.53 7.68
5-FTHF 2.35 7.15
Folic acid 0.75 2.26
Pteroic acid 36.2 109.8
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Table 06. Repeatability and identification paramseter six chemical folate forms in spinach.

Folate rt Similarity ~ Purity K o Rs T;
% %
THF

Mean 1.79 94.05 98 1.05 - - 1.11
sp 0.008 2.384 0.004 0.01 0.033

cvo, 0.49 2.53 044 121 2.97
n=4

5-MTHF
Mean 2.66 76.85 99 2.05 1.94 1.97 1.39

sp 0.010 8.26 0.005 0.013 0.03 0.13 0.006
cvo, 039 10.74 0.503 0.635 1.39 6.65 0.458

10-FTHF
Mean 3.39 60.2 95 2.89 141 1.18 1.29
sp 0.012 39.46 0.093 0.015 0.001 0.13 0.008
cvo, 037 65.55 9.83 0.52 0.116 11.61 0.67

5-FTHF
Mean 4.83 76.12 99 455 1.57 2.21 1.27
sp 0.03 1.88 0.005 0.032 0.003 0.17 0.02
CV% 0.58 2.47 0.50 0.71 0.22 7.73 1.95
Folic acid
Mean 8.75 86.65 99 9.051 1.46 2.80 1.44
sp 0.03 1.55 0 0.036 0.004 0.30 0.06
cvo, 0.34 1.79 0 039 027 1077  5.02
Pteroic acid
Mean 12.43 86.75 99 13.29 1.47 4.26 1.06
sp 0.062 0.661 0 0.07 0.004 0.047 0.03
CV% 0.50 0.762 0 0.535 0.27 1.11 2.90
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Abstract

The main protocols of extraction were investigafed the six folate forms in vegetable
matrices, treated in two fractions, liquor and fibe a pilot study, it was used ammonium
acetate added of 2-mercaptoetanol and ascorbicaaceéktraction solution. The condition of
use of protease and folate conjugase was evalubésitjes alternative treatments without
enzyme use. Based on the results of this stagasitouilt the factorial designef, 2vith three
replications at the central point, using the follogvvariables: temperature, time for reaction,
molar concentration of the extraction solution amatio sample/solution as independent
variables and dependent variable, the amount df fdate form extracted as well as spectral
and chromatographic parameters. In the pilot sitdyas verified that the enzyme use can
cause an increase in the variability of the foladatent, which enabled to build the factorial
designer without the enzyme use. The binomial tme temperature showed greatest impact
on the extraction profile, besides high concerdreti of ammonium acetate resulting in
bifurcation of some peaks. 5-methyltetrahydrofolates extracted primordially in the liquor
fraction, indicating that this treatment on the mxaprovoked suitable condition extraction

this folate.

Key words: folates, extraction, vegetables, liquider, factorial designer.
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1.0Introduction

The importance of folate as an essential microentrior prevention of neural tube defect
was recognized in the 90's, especially the undsistg of its role in the synthesis of nucleic
acids and DNA building [1]. The progress of chronam-communicable diseases in society
has given new emphasis for the importance of faatmediators for DNA repair. In addition,
control of folate plasma levels has been used @ grevention of coronary disease [2],
neurological disorders and depression [3].

Fruits, peas and others vegetables are good sooird¢elate, in the polyglutamates form.
5-methyltetrahydrofolate (5-GFHjfolate), 5-formyltetrahydrofolate (5-HCOgfdlate), 10-
formylfolate (10-HCO-folate), 10-formyldihydrofokat (10-HCO-Hfolate), and tetra-
hydrofolate (Hfolate) are the main monoglutamates occurring @s¢hfoods [4,5,6].

Vegetables and diet mixtures containing vegetabéssbeen widely chosen as a matrix
for the development of methodologies, among themasp can be considered a good model
for study because of its high availability of diéat folate forms [7,8, 9, 10]. The distribution
of these forms in vegetables has been reporteduities using high performance liquid
chromatography - HPLC as a method of identificadad quantification [5].

Analytical methods for determination of folate imofl usually has required three steps:
release of folate matrix; deconjugation of polyghates to mono- and di-glutamate,
identification and quantification of microbial agty by turbidimetric response - official
protocol [11], or alternatively, high performancguid chromatography (HPLC) coupled to
detection UV-Vis [12], fluorescence [6], Mass Spestopy -MS [13] and radioimmunoassay
[14].

HPLC is a tough candidate to substitute the offigaotocol, since it has an
advantageous sensitivity and selectivity for sciregmthe most different folate forms, control
of contaminants, precision and repeatability intireel analysis. In addition, the techniques
that employ detection by UV-Vis and diode arrayed&ir (DAD) have more chances of
becoming a routine, especially in developing cdeatthat sophisticated methods such as LC-
MS.

Extraction is considered a critical step in thelynzl process of folate study, and the
use of trienzyme treatment (amylase, protease alatefconjugase) has become a souce of
variation in results, also the work with enzymesuiein more time spent consuming making
it difficult the inclusion of the method as a ro4i[15,16,17,6,18,12,19,8, 21].
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Recent studies focusing on the intrinsic charagtierof each matrix and also on its
chemical composition has guided a better treatnjér?2]. To vegetables, the folate
conjugase use remains polemic, due to spontanemugision of the polyglutamates to di
and monoglutamate during extraction [23,10, 24].

Protease and amylase can be obtained commerdi#dhyever, folate conjugase is
usually extracted from different sources such askelm pancreas, pig kidney, human and rat
plasma, which possibly can generate differencessnlts. Besides, the costs involved in the
extraction steps of enzymes has forced many rdseard¢o reproduce extraction protocols
[25, 7, 26, 27,28,6,10, 9, 12, 29, 30, 21], beiiffjcdlt to standardize the methodology.

Chemometric tools have been applied as strategydémelopment of analytical
methods. It consists of applying mathematical atistical models to explain the phenomena
and chemical processes. Currently the most useclsi@ie factorial designer and central
composite designer (CCD), since they reduce thebeurof experiments and therefore result
in economy of time and reagents [31].

The principle of this technique consists in vaaatiall factors, and found the best
combination, however unlike traditional models;téaial designer allows the investigation of
factors at same time [31]. That model is widely dud® improve methodologies in
pharmaceutical formulations [32], acid mixtures][@88d isomers [34].

The purpose of this experiment is to evaluat cirberatments employed during folates
extraction in vegetables aiming to identify the méactors that generate conflicting results.
These were arranged in a factorial designer inrdmlassess them in an interactive mode and

propose strategies for extraction in vegetablesioest

2.0Material and methods

2.1 Sample

The vegetables used in this work were purchasddcal market between the months of
September 2011 and January 2012, and conductedalgss soon after acquisition. The
vegetables chosen were those considered by thdli@naEood Composition Table [35],
namely: BroccoliBrassica oleraceavar. italica, SpinachTetragonia expansaCabbage
Brassica oleraceavar. capitata, Sauc®etroselinum hortenseGreen beand?haseolus

vulgaris.Beet Beta vulgarid..
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2.2 Folates standard, reagents and enzymes

Tetrahydrofolate (H4-folate), 5-methyltetrahydrefi@d (5-CH-H4-folate), 10-
formyltetrahydrofolate (10-HCO-H4-folate) 5-formgttahydrofolate (5-CHO-H4-folate)
HPLC grade were provided by Merck (Switzerland).oli¢= acid and pteroic acid were
purchased from Sigma-Aldrich (St. Louis, MO, USAdcetonitrile and methanol were
purchased from Merck in HPLC grade (Darmstadt, Geyh All other reagents were of the
highest purity available. Ultrapure water was afedi in Milli-Q integral system 5
(Millipore).

Protease3treptomyces griseusjas purchased from Sigma, and folate conjugase was
obtained from rat’'s plasma (project approval by idsth Committee Animal,
23076.020176/2010-80). Rat’s blodglatus noverdicysvas collected with heparin tubes and
centrifugated at 3,000 rpm for 20 minutes (Pfeiferl., 1997). Each one ml of plasma was
distributed into eppendorfs and lyophilized in ortteextend its shelf life. At the time of use,
plasma was resuspended in one ml of ammonium acgtamol.L* and centrifuged at 20,000
rpm, according to Gregory and col. [36] in orderuse the supernatant as source of folate

conjugase.

2.3 Experimental

After the investigation of the main factors quotediterature for extraction methods,
it was isolated the main factors in order to essald protocol capable of being run in a single
day’s work, and yet produce the sufficient exti@ctof folates. The factors selected were:
molar concentration of the extraction solution, pemature, protein precipitation agent or
cleaning and enzymes (protease and folate conjygase conducted in pilot study with fresh

spinach used as matrix model.

2.4 Sample preparation (pilot study)

The whole spinach was washed in Milli-Q water ariDgl was mashed in food
processor producing two fractions: liquor and fillgeparately, one mL of the liquor and one
gram of fiber were transferred to a test tube aawhdraction were added 20 mL of extraction
solution (ammonium acetate 50mmét.tontaining, ascorbic acid 1% and 2-mercaptoethanol
10 mmol.LY), then stirred in vortex for 20 seconds and heaed40°C for 10 min.
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Afterwards, fiber fraction was filtered through djtative filter paper and 5 ml of liquor and
fiber fraction were transferred individually toest tube.

The samples were submitted to dienzyimeatment with protease and folate
conjugase. Protease was re-suspended in extrattaioa (2 mg.mf) and added one ml to
test tube [37]. Rat’s plasma liofilized was re-smfed in extractor solution and 250 pL were
used to treatments [37]. Before adding the enzyheof the extracts was measured to verify
and standardize the conditions for treatments withentioxidants (around 6,78 to 6,85).
When antioxidants were used, pH ranged 4,51 to. 4,68 tubes were incubated at 37 °C for
1h. The enzymes inactivation was carried out at XD@or 5 min, and tubes were placed in
ice bath for cooling.

In order to reduce the analysis time and variatiggenerated by enzymes
trichloroacetic acid [38] was used as deproteiflonatagent to make a comparison on
proteases use. The concentrations of 2, 5 and i8fér#éicetic acid without the use of folate
conjugase were evaluated in the sample.

Control treatments were performed, in this protoitolvas excluded the use of
antioxidants in the extractor solution, enzymes aegroteinization agents (Figure 01).
All treatments (control, antioxidant, tricloracetiacid, folate conjugase, protease and
dienzyme) were centrifuged for 15 min at 4 °C, 5,0fm and supernatants were filtered
through cellulose acetate membranes 0.45 um. Onefritie each filtrate (liquor and fiber)
was retained for injection into the HPLC.

Each protocol was individually tested, and all stepere performed in a single
analysis day, as shown in Figure 01. From the texilthis pilot study it was isolated the

main factors that improved folates extraction, idev to building a factorial designer model.

2.5 Factorial designer for optimization of extraatconditions

A factorial designer study was used to investigheeeffects of variables that proved
significant results during pilot study. In this wlile system test, the effect of ratio amount
sample and solution, temperature extraction, modgaacentration of extraction solution and
time were organized in & 2actorial designer with three replications at teatral point, total
of 19 trials, as shown in Table 01. The result mlgeh with spinach was selected as the best
condition for folate extraction in the other veddés and dependent variables were

concentrations and purity index from six folatenfisrevaluated.

102



2.6 Chromatographic equipment and conditions

The HPLC system was a Shimadzu Prominence (Shimakdgan), consisting of a
diode array detector (DAD) model SPD-20AV, fluoresce detector (RF) model RF-20A,
guaternary pump model LC - 20 AT, column oven mdd&lO-20AC, autosampler model
SIL-20AC. All the system was controlled by conteslimodel CBM-20A and operated with
LC Solution™ software (version 1.25, Shimadzu, dpa

Detection was made using the DAD. Standard and gaestiples were measured
between 190 and 400nm. Elutions of folate wereqgoeréd on a Spherisorb ODS-2 100 x 2,0
mm Sum column (Waters). The flow rate was 0,5 ml/minthwR0 pL of injection per
analysis. The mobile phase used was buffer potasphosphate 100 mmol*LpH 2,0 and
methanol, prepared at 25°C and before using, itfikased through Millipore filter with pore
size of 0,22um in diameter. The elution was performed in isacnatode, in ratio 85:15 (v/v),

with total run time not superior at 20 minutes.

2.7 Validation parameters
2.7.1 Precision and identification

To evaluate the methodological accuracy, spectah $0 confirm the. max in DAD
was performed for all standard in at least thregores of the peak (start, midpoint and end)
with the objective of evaluating the similarity apdrity index of standard and establish
correlation between spectroscopic and chromatogrggatnameterg, a and s for monitoring
samples. The chromatographic parameters were atdculaccording to the equations:
capacity factorK) 0,5< k < 20 calculated with the formule= (t-tg)/to, where § is retention
time of unretained solvent andg retention time of analyte; Resolutions|R 1,5 calculated
as R= (t>-t1)/0,5MW.+ws), wherew is peak width; Separation factar) & 1,5, calculated using
the formulaka/k; [39], and tail factor () calculated with formula fE b/a, where a and b were
the front and back half-widths at 10% of the peaight.

The intra and inter-day precision of the method weasimated through standard
deviation (SDR) for determination of folate in vég@es matrix during different days.
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2.7.2 Limit of detection and quantification

Quantification was performed using external stadidation. Stock solutions of each
folate form was prepared with 10 mg of the standareighed with analytical precision) and
adding one mL of NaOH solution 0.1mofiand the volume completed to 100mL with
ammonium acetate 83mmol‘lpH 6,8. Soon after, one mL of stock solution ofreatandard
was transferred to the same volumetric flask ahatei with ammonium acetate to reach a
concentration of 100ug/mL of the pool that was usedbuilding calibration curve.

The solutions for calibration curve were prepabgddiluting in ammonium acetate
from stock solution for elaborating the pool sadatito obtain concentrations of 0,3, 0,5, 1,0,
10,0, 50,0, 75,0 and 100pg.thLThe limit of detection (LD) was defined as thevést
analyte concentration yielding a signal-to-noigeraf 3, the limit of quantification (LQ) was
defined as the lowest analyte concentration yigldan signal-to-noise ratio of 10 [40].
Concentration of folates in real samples was esgiss |Lg folate per g or mL of extracts

from liquor and fiber.

2.8 Statistics
ANOVA was used for evaluating the means of treats\@pplied in the pilot study.
Tukey test was used when differences were foung f0,05. Statistical analyzes including

factorial designer were performed using 8tatistica7.0.

3.0 Results and discussion

3.1 Study of extraction conditions and enzyme treatment

The extraction was performed in liquor and fibeet@luate the folate form present in
each fraction and maximize the extraction procasd,ammonium acetate was chosen as the
extraction solution, because it showed good stgbduring the preparation of standard
solutions and repeatability of protocol used iropstudy. In this solution it was possible to
solubilize the six folate forms in all combinatiom®ployed and exemplified in Figure 01.

lts use is particularly suitable in the range 6B mmo.l*, and 50 mmo.L
concentration was chosen taking as reference tldy tfeiffer and col. (1997).

In this stage, trichloroacetic acid was used a<ipitating agent for proteins at
concentrations of 2, 5 and 8%, aiming to reducpsséad enzymes use (protease). The figure

02 shows the chromatograms for the treatment opkewith tricloracetic acid - TCA (A)
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and protease (B). Trichloroacetic acid was usedrder to shorten the number of stages of
analysis, since enzyme use requires time inteonfadéxposure and inactivation, which causes
great impact on the loss of folate.

However, its use had no impact on the removal tdriaring matrix, in addition the
increase of concentration (Figure 02 A), generatedmatograms with loss of signal of some
forms, like the THF, and peak bifurcation on 5-MTH¥rotease produces increase peak of
THF and 5-FTHF with significant differences for alwe <0.05.

During the development of the pilot study it wasgble to confirm that the use of
antioxidants have no effect on stability of folatgnal, since were not significant differences
between the control treatment and antioxidantsa{per0,05). However, to ensure successful
results for a day of analysis and conditions fanparison with other studies it was preferred
to keep the use of antioxidants in factorial desidA1].

The use of protease and folate conjugase causkicagh increase in folate level. In
food, folates are linked to more than six glutaaced chains, needing to be deconjugated. In
addition, complexity of matrix needs to be overcdnyethe use of proteases and amylases.
Particularly in the case of vegetables matricesclvithe presence of proteins and peptides
may cause physical restriction of enzyme action.

The use of protease, folate conjugase or both niesais produced significant
differences from control THFp(value 0.0018) 5-MTHFpvalue 0.0022), 10-FTHRp(value
0.0055) liquor fraction and fiber fraction 10-FTHP value 0.0018) in corroborating the
differences found by chromatographic analysis (Bg04). In addition, treatment of the
matrix into two fractions, liquor and fiber, appgeao be a strategy to achieve suitable
extraction of 5-MTHF in liquor fraction of vegeta&s, as shown in Figure 05.

Since 1990 the tryenzimatic treatment originallpgmsed by Eitenmiller and col. is
the main alternative in studies of folate extrattié2]. The heat is used to trigger the release
process of folate, especially those tightly bondedoroteins and also for inactivation of
endogenous enzymes.

However, the decision for the enzyme use is stsordgpendant on the matrix
composition. For enzymes with a known kinetic betvasand commercially available, such as
protease and amylase the work becomes easier. tNstanding, the folate conjugase shows a
non known kinetics and it is still controversial iiterature which would be the most

appropriate way to obtainment [25].
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Insufficient description and characterization ofreoercialized material (plasma and
acetone powder pig kidney) has discouraged thar sthis study, it was chosen the rat
plasma as an extraction source of folate conjugaseas monitored in preliminary tests to
achieve ideal conditions of deconjugation. Thesduohed pre-purification of plasma by
centrifugation at 20.000 g, use of cleaning agsuath as charcoal during centrifugation and
evaluation of the ideal volume of plasma per sar(gdéa not shown).

It was concluded, during these trials, that morasipla activity was noticed for
polyglutamates. Also, the variability inherent telbgical materials of some lyophilized
plasma samples showed low repeatability and alcmsstant necessity of repetition, mainly
when applied to spinach used as reference matrix.

The characteristics: thermolabile, photosensitivel ainstable in the presence of
oxygen of folate forms [43] are responsible for tikiculties already discussed and guided
the decision to choose a methodology that empleweif steps, lower temperature and shorter

incubation time.

3.2 Extraction conditions in factorial designer

The combination of time and temperature is onéhefrhost variable in the literature
for the extraction of folates. The temperature @ 2C is generally considered the one that
results in a higher release of folates in the mdf1, 9, 12]. The exposure time is generally
influenced by the enzyme use, there are treatnpamtsrmed for more than 6h [19, 6].

Thus, in the factorial designer it was investigatee impact of increased temperature
and time together, with combinations of up to 2rnsaxposure to heat at 105 °C. In addition,
molar concentration was investigated due to itsabdity in literature [37, 6, 22] and the
range of stability of folates in ammonium acetataswchecked. All combinations of
treatments were applied with the use of antioxislant

The relationship between sample/solution was ingatsd since Patring and col. [27].
It has been verified that in samples of yeastfoinen THF had a lower extraction and greater
variability in masses above 70mg of yeast.

Tables 02 and 03 presents the results of combiffedi® of treatments in the liquor
and fiber fraction, respectively. In general, thetbrs showed significant negative effect on
the extractability of folate, meaning that the lovevel for all treatment combinations, for

most forms, is the best condition for methodolobagdimization.
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Although the value of r-square for all folate foran® above 0.90, it was found a lack
of adjustment in the model, except for 5-FTHF inthbfvactions, indicating that it has not yet
reached the optimal extraction region [31].

Table 04 shows the decoded variables and its resgorThe first assay - the
combination ratio of 1:5 sample/solution, tempemtat 35 ° C in 30 mmol:t ammonium
acetate and 10 minutes - showed to be the besttimondor subsequent adjustment and
optimization. This decision was made based on $sessment not only of the effects, but also
using the study of purity iimax and the similarity according to library of sdard for
signals obtained in the treatments.

In extreme conditions of temperature and time (006p to 2 hours), signals showed
concentrations upper tha the reported on most wdescribed in literature (Table 04)
[8,9,10], including the signals at the central paitudied. The evaluation of the similarity and
purity was less than 60%. However, at low tempeeatund time, the parameters of similarity
and purity were above 95%. This behavior was olegknv both fractions (liquor and fiber).

As in the pilot study at factorial designer plarihe 5-MTHF was not quantified in
the fiber fraction, since obtained signal were tetbe quantification limit. Fractionation of
the matrix appears to be a good strategy to actbetter measurement of 5-MTHF in liquor
since the signs achieved were adjusted to DAD tetec

High concentrations of TCA applied in the pilotdfuand treatments that have used
high concentrations of ammonium acetate in comlmnatith a temperature of 105 °C in
factorial designer showed peak bifurcation to sdatate forms. In addition, folic acid and
acid pteroic though having significant effects foost treatments, were the forms that have
had minor adjustments to the model.

The collection of information compiled by the fatéb designer demonstrated the
importance of controlling the time and temperatiueng the extraction process, in contrast
to some methodologies that perform an excessivebeuwof stage at temperature of 100 °C in
time execution that exceeding 24 hours.

In this study it was possible to achieve an eximacmethodology capable of being
executed in a single day’s work with simplified tmgnentation common in routine
laboratories all around the world, this factorsoassted with low cost of analysis, placing it

as promising for the folate study in foods.
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3.3 Intermediate precision, identification and difaration parameters

Table 05 presented the variability between two oamdlays analysis. The coefficient
of variation reached 12% maximum, possibly duehtodonditions for accommodation of the
column. On the second day of analysis, 5-MTHF abdFIHF showed purity and similarity
index lower than expected, possibly due to seasaration of the matrix. This analysis was
performed four months later, which contributedhe variability found. This data and other
factors have demonstrated the functionality ofrtrethod, mainly because it is accomplished
without the use of reference material.

Table 06 shows the intermediate validation pararseté the new method. The
selectivity was compatible to other methodologmatditions [28] by DAD detection.

In order to compare the precision methods in otk@mples, it was analyzed
vegetables in the liquor and fiber fraction shownTables 07 and 08. Spinach, as viewed in
pilot study, was distinguished from other samptespfesenting all folate forms monitored by
this method. A particularity poorly reported, i€ thatural occurrence of folic acid in foods, as
observed in all samples, except green beans.

The information contained in Tables 07 and 08 malp In a better understanding of
the bioavailability of folates in vegetables, peautarly what forms and quantities are

available, and contribute in studies of nutritioaatl elaboration of food composition tables.

4.0Conclusions

Ammonium acetate used with or without antioxidaaltswed a good extraction condition
corroborated by statistical analysis in the sixnsival folate forms. In addition, split of the
matrix in liquor and fiber provided a suitable cammh of extraction for 5-MTHF.

The use of protease, folate conjugase or both ntesats produced significant
differences compared to control treatment for THRMMTHF, 10-FTHF liquor fraction and
fiber fraction 10-FTHF.

The lability of folates added the methodologicdfidilties shown by the enzyme use
directed the choice of a methodology that empleyget steps and low temperature.

The factorial designer allowed confirms the bindrtime and temperature and its impact
on the extraction conditions when temperature upO® °C for more than 60 minutes. Thus,

it is recommended the temperature of 40 °C up toitutes for vegetables matrices.
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The study of precision inter and intra-day of thenples showed variation up to 12 % in
vegetables matrices. Tools similarity and purityrevadequate to demonstrate the seasonal
variability of the spinach and the need for methodical adjustments for 5-MTHF and 10-
FTHF;

This methodology appeared to be suitable in ordelifferentiate six folate forms found
in vegetables using selectively separation paramdéte each peak, combined with spectral

parameters and purity index.
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Critical step study
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Figure 01. Flowchart of the stages of extractiomied out during pilot study. Text boxes in dashaticate that the stage was accepted to the

pre-validated method.
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Figure 02. Chromatogram of spinach in liquor fi@et Extraction performed with ammonium acetaterfifiol.L* at 40°C. Figure A. black line
extraction performed with 8% TCA and dash dot % TCA and figure B. Protease. 1- THF, 2- 5-MTHF18-FTHF, 4- 5-FTHF,5- Folic
acid and 6- Pteroic acid. Isocratic elution perfedhin 85% of potassium phosphate buffer pH 2,0, rétbl.L* and 15% of MeOH. G 100 x

2,0, 5 um column, flow 0,5 ml/min.
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Figure 03. Chromatogram of spinach in liquor fratiExtraction performed with ammonium acetate 58aiL " at 40°C. Figure A. control
and figure B. antioxidant. 1-THF (rt 1.78), 2- 5-MF (rt 2.67), 3- 10-FTHF (rt. 3.41), 4- 5-FTHF #t87), 5-Folic acid (rt. 8.78) and 6- Pteroic
acid (Rt. 12.54). Isocratic elution performed ir?85f potassium phosphate buffer pH 2,0 100 mnibhhd 15% of MeOH. G 100 x 2,0, 5

pm column, flow 0,5 ml/mim. rt. retention time.
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Figure 04. Chromatogram of spinach in liquor fracti Extraction performed with ammonium acetate 58aiL™ at 40°C. Figure A. folate
conjugase and figure B. dienzyme. 1-THF (rt.1.21)5-MTHF (rt. 2.66), 3- 10-FTHF (rt. 3.38), 4- 5-HF (rt. 4.83), 5-Folic acid (rt. 8.81) and
6- Pteroic acid (rt. 12.49). Isocratic elution 98 of potassium phosphate buffer pH 2,0 100 mniohhd 15% of MeOH. 100 x 2,0, 5 um

column, flow 0,5 ml/mim. rt. retention time.
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Table 01. Independent variable coded for the staidsctorial designer of extraction condition.

Factor Code Leve(-) Level(0) Level(+)
Ratio amount sample and solution 1 X 1.5 1:12.5 1:20
Extraction temperature (°C) 2X 35 70 105
Molar concentration (mmol:f) X3 30 90 150
Time (min) % 10 50 90
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Table 02.

Effect of extraction of folate obtainednh factorial designer in liquor fraction of vedaamatrix.

Liquor THF 10FTHF SFTHF Folic acid Pteroic acid

Factor Effect R value Effect Pvalue Effect Pvalue Effect Pvalue Effect Pvalue
Xy n.s. - -2.28 0.000205 -1.33 0.008454-0.27 0.000282 -0.76 0.000003
X2 -1.07 0.019037 -0.61 0.002788 -0.84 0.020747 0.17 0.000752 0.11 0.000113
X3 1.90 0.006166 -0.41 0.006104 n.s. - -0.13 0.001098 -0.19 0.000039
X4 n.s. - n.s. - -0.75  0.025557 0.03 0.022083 0.02 0.005782
1by?2 n.s. - n.s. n.s. - -0.15 0.000889 -0.06 0@B6B3
1by3 1.37 0.011780 0.59 0.003004 n.s. - 0.16 0.000743 0.19 0.000040
1lby4 n.s. 0.23 0.019370 n.s. - -0.03 0.014457 19 0. 0.000042
2by3 -0.86 0.029350 n.s. - n.s. - -0.15 0.000994 0.04 0.001009
2by4 -1.37 0.011809 -0.28 0.012700 -0.60 0.039202 0.13 0.001309 0.01 0.007625
3by4 n.s - 0.39 0.006773 n.s. - -0.04 0.009261 12 0. 0.000096
1*2*3 0.94 0.024913 n.s. - n.s. - 0.10 0.001972  -0.08 0.000245
1*2*4 n.s. - 0.62 0.002788 n.s. - -0.08 0.002982 210. 0.000034
1*3*4 0.84 0.030919 -0.22 0.020791 n.s. - 0.08 0.003386 -0.13 0.000087
2*3*4 -0.86 0.029265 0.41 0.006192 n.s. - -0.08 0.002852 0.15 0.000069
Mean 3.01 0.000623 2.55 0.000041 2.32 0.000704 1.14 0.000004 0.74 0.000001
R’ 94.58 99.68 98.93 93.33 99.64

n.s. not significant.
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Table 03. Effect of extraction of folate obtainedrh factorial designer in fiber fraction of vegdamatrix.

Liquor THF 10FTHF SFTHF Folic acid Pteroic acid
Factor Effect R value Effect Pvalue Effect Pvalue Effect Pvalue Effect Pvalue
X3 n.s. - -0.95 0.002001 -0.49 0.003796-0.14 0.000888 n.s. -
X -3.63 0.021229 1.49 0.000817 n.s. - 0.45 0.000085 1.86 0.008099
X3 4.39 0.014634 1.55 0.000758 0.62 0.002394-0.10 0.001606 n.s. -
X4 n.s. - 1.37 0.000973 -0.76 0.0015740.28 0.000213 n.s. -
1by?2 251 0.043016 n.s. - 0.70 0.001883 0.04 0.011284 n.s. -
1by3 n.s. - n.s. - 0.61 0.002486 n.s. - n.s. -
1lby4 n.s. - -0.93 0.002126 n.s. - -0.03 0.0168461.s. -
2by3 n.s. - -0.83 0.002630 0.17 0.0309080.21  0.000389 n.s. -
2by4 -2.72 0.036860 -1.79 0.000568 -1.03 0.000866 0.32 0.000162 n.s. -
3by4 n.s. - -1.14 0.001395 -0.27 0.0123980.18 0.000490 n.s. -
1*2*3 n.s. - 1.15 0.001383 n.s. - -0.07 0.002804 s. n. -
1*2*4 n.s. - 1.34 0.001013 0.25 0.014431-0.03  0.015991 n.s. -
1*3*4 n.s. - n.s. - -0.65 0.002141 -0.07 0.003260 n.s. -
2*3*4 n.s. - 0.26 0.024996 -0.66 0.002092-0.20 0.000421 n.s. -
Mean 6.95 0.001490 4.10 0.000027 2.70 0.000032 1.36 0.000002 2.42 0.001174
R° 97.53 99.79 98.11 99.24 98.95

n.s. not significant.
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Table 04. Decoded independent variables and resgonghe factorial designer study in extractiondition.

Assay Condition Response
Liquor (L) and Fiber (F) (ug.mi* of extract)

X1 X2 X3 X4 THF 5-MTHF 10-FTHF S5-FTHF Folic acid Pteroic acid
L F L F L F L F L F L F
1 1.5 35 30 10 214 831 284 0 426 1.32 384 373 126 125 131 2.86
2 1:20 35 30 10 1.75 4.14 0 0 1.66 1.07 1.78 129 098 098 0.29 0.71
3 1:5 105 30 10 294 278 362 037 498 561 375 332 140 130 1.78 3.78
4 1:20 105 30 10 1.53 2.98 0 0 093 291 154 221 104 119 0.25 219
5 1.5 35 150 10 2.93 7.26 0 0 3.04 3.67 3.17 231 111 125 0.75 2.08
6 1:20 35 150 10 3.63 9.65 0 0 191 3.66 247 283 1.07 116 043 201
7 1.5 105 150 10 3.75 1034 091 O 295 5.76 343 398 119 131 1.04 279
8 1:20 105 150 10 341 9.62 0 0 0.69 5.96 158 498 095 134 0.12 4.03
9 1:5 35 30 90 2.63 9.51 0 0 488 5.71 321 289 103 1.18 125 1.34
10 1:20 35 30 90 2.15 5.73 0 0 1.65 3.19 1.70 187 094 0.93 0.34 0.99
11 1:5 105 30 90 333 O 0 0 266 5.48 144 182 203 222 091 3.68
12 1:20 105 30 90 0 4.60 0 0 1.06 3.95 095 197 099 226 056 3.32
13 1.5 35 150 90 6.49 12.59 0 0 3.76 751 357 415 106 1.23 0.80 1.46
14 1:20 35 150 90 6.69 12.96 0 0 1.73 3.34 217 231 099 113 0.28 0.74
15 1:5 105 150 90 O 0 0 0 3.00 4.21 146 136 1.13 1.73 110 3.65
16 1:20 105 150 90 4.85 10.79 0 0 1.68 491 1.02 214 106 136 0.61 357
17 1:125 70 90 50 5.10 10.76 0 0 1.24 3.77 147 226 105 123 0.35 2.08
18 1:125 70 90 50 545 12.90 0 0 1.35 3.71 1.76 230 104 122 035 1.72
19 1:125 70 90 50 5.69 11.61 0 0 1.35 361 196 218 105 121 034 141
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Table 05Precision inter-day and identification parameterssix chemical folate forms in liquor fraction wégetable matrix.

Folate *Max. Dayl (September 2011) Day2 (January 2012)
nm rt simil.  purity K R's Ts rt simil. purity k Rs T¢
THF
Mean 294 1.790 94.05 98 1.05 - 1.11 | 1.690 80.47 99 0.94 - 1.40
Sd. 0.008 2.38 0.004 0.01 0.033| 0.002 0.033 0 0.003 0.011
CVv 0.49 253 0.44 1.21 297 | 0.12 0.04 0 0.30 0.70
5-MTHF
Mean 290 2.66 76.85 99 205 197 139 | 242 82.55 31 1.78 2.27 1.39
Sd. 0.010 8.26 0.005 0.013 0.13 0.006| 0.003 0.614 0.026 0.003 0.02 0.01
CVv 0.39 10.74 0.50 0.63 6.65 0.46 | 0.12 0.13 13.26 0.23 0.98 0.79
10-FTHF
Mean 261 3.39 60.20 95 289 118 1.29 | 297 82.86 25 2.42 1.45 2.29
Sd. 0.012 3946 0.093 0.015 0.13 0.008| 0.003 1.28 0.02 0.004 0.26 0.01
CVv 0.37 6555 9.83 052 1161 0.67 | 0.11 1.54 8.26 0.16 1.79 0.52
5-FTHF
Mean 288 483 76.12 99 455 221 1.27 | 4.95 83.99 99 4.69 4.27 1.60
Sd. 0.03 1.88 0.005 0.032 0.17 0.02 | 0.004 0.362 0 0.004 0.04 0.03
CV 0.58 2.47 0.50 071 7.73 195 | 0.08 0.43 0 0.11 0.08 1.97
Folic acid
Mean 8.75 86.65 99 9.051 280 144 | 7.49 88.67 99 7.42 2.98 1.25
Sd. 286 0.03 155 0 0.036 0.30 0.06 | 0.33 0.29 0 0.445 0.26 0.051
CVv 0.34 1.79 0 0.39 10.77 5.02 | 4.43 0.33 0 5.99 8.93 4.11
Pteroic acid
Mean 299 12.43 86.75 99 13.29 426 1.06 | 10.82 88.19 99 11.44 3.29 1.04
Sd. 0.062 0.661 0 0.07 0.05 0.03 | 0.024 0.310 0 0.024 0.19 0.019
CVv 0.50 0.76 0 053 1.11 290 | 0.22 0.35 0 0.21 5.97 1.84

Similarity and purity in %, mean and standard desra(n=4).
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Table 06. Validation parameters method for deteatmmm of folates in vegetables.

THF 5-MTHF 10-FTHF 5-FTHF Folic acid Pteroic acid

LD (ng.mL?Y) 0.06 0.17 0.12 0.12 0.03 1.81
LQ (ng.mLY 0.2 0.53 0.38 0.35 0.11 5.49
Range (ug.mt)  0.06-100  0.1-100 0.1-100 0.1-100 0.03-100 1.82-10
Parameters of calibration lines

Intercept -38220.36  82256.93 29791.94 1947.61 -8531 54598.02
Slope 30644.41 25896.97 22535.63 104190.89364.37 118176.88
Correln. coeffR 0.9966 0.9856 0.9904 0.9999 0.9996 0.9890

It was not evaluated the range above of 100 pgedoeentration in the samples were in maximum of3Qg.

LD limit of detection, LQ limit of quantification;

125



Table 07. Folate composition in liquor fraction e&bles

Folate content (ug/ml)of extract

Food Sample mean * sd
THF 5-MTHF 10-FTHF 5-FTHF Folic acid Pteroic Sum
acid
Spinach 3.08+ 0.05 2.07£0.005 2.44+0.22 0.38£0.02 0.98%0. 0.22+0.004 9.15
Tetragonia expansa
Broccoli 3.86+0.08 n.g. 13.11+0.04 0.25+0.009 1.32+0.004 . h.g 1854
Brassica oleraceaar. italica
Cabbage n.g. n.g. 4.86+0.12 0.61+0.003 1.21+0.003 ng. 6.68
Brassica olerace&ar. capitata
Sauce n.g. n.g. 2.19+0.15 n.g. 3.75%0.26 ng. 5.94
Petroselinum hortense
Green beans n.g. n.g. 3.57+0.04 n.g. n.g. n.q. 3.57
Phaseolus vulgaris
Beet 3.88+0.05 n.g. n.g. n.g. 1.00+0.006 n.g. 4.88

Beta vulgarid..

not quantificated; mean of triplicates, variatiower than 10% (n=4)

n.g.
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Table 08. Folate composition in fiber fraction visdpes.

Folate content (ug/g)f extract

Food Sample mean * sd
THF 10-FTHF 5-FTHF Folic acid Pteroic acid Sum
Spinach 4.58+0.05 3.37+£0.12 0.27+0.01 1.01+0.01 0.31+0.07 .549
Tetragonia expansa
Broccoli 5.15+0.33 20.44+1.29 0.76x0.17 1.26+0.04 ng. 27.61
Brassica oleraceaar. italica
Cabbage n.g. 2.51+0.06 0.34+0.04 1.04+0.01 ng. 3.89
Brassica olerace&ar. capitata
Sauce n.g. 4.39+0.13 ng. 4.96%0.09 ng. 9.35
Petroselinum hortense
Green beans n.q. 3.57+0.04 n.g. n.g. n.g. 3.57
Phaseolus vulgaris
Beet 5.61+0.26 n.g. n.g. 1.03+0.04 n.q. 6.64

Beta vulgarid..

n.qg. not quantificated; mean of triplicates, vaoatiower than 10% (n=4)
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. Conclusoes

A teoria acido-base de Lewis mostrou ser adequadea pexplicar o
comportamento de separacdo das seis formas desfolaha vez que em meio
acido, os grupamentos amina e amida (nas formascqu&m glutamatos)
presentes comportam-se como base de Lewis e stmadas pelos ions Hivres

na fase movel,

A melhor condicdo de solubilizacdo dos folatosalocancada em 1 mL de NaOH
0.1 mol.L* e acetato de aménio 8 mmdt,Lestabilizando as seis formas sem o
uso de antioxidantes;

A separacdo das seis formas de folatos foi otimiz&d os parametros
cromatograficos (t k, o and R) usados como ferramenta de monitoramento da
resposta. Um sistema binario composto por tampstatfiode potassio pH 2,0 100
mmol.L'* e metanol na proporcéo 85:15 no modo isocrati¢autitizado para
separacao de cindo as seis formas de folatos esisida

O estudo das colunagdtom diferentes dimensdes resultou na separacésetas
formas de folatos em 15 minutos com a coluna 1P@x5 pm;

O conjunto de informacgdes obtidas permitiu caradeleste sistema de separacao
como fase reversa ionica. Este teve ajustada \sdble para determinacdo de
vegetais, sendo adequado para seis formas dedatainitoradas por parametros
cromatograficos, similaridade e pureza, obtendaigées metodoldgicas visando
aplicagdo em outras matrizes alimenticias;

Acetato de aménio com ou sem 0 uso de antioxidaioieselecionado como
solugéo extratora, apresentando significantes agacgmparados a outros estudos
para as seis formas quimicas de folatos. Em adicftacionamento da matriz em
liquor e fibra ofereceu uma adequada condicao tlagd&o forma 5-MTHF na
frac&o liquor;

O uso de protease, folato conjugase ou ambasaasem diferencas na extracao
quando comparado aos tratamentos controle para HHWTHF, 10-FTHF na
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fracdo liquor e 10-FTHF na frac&o fibra, corrobal@rcom outros estudos que
demonstram a contribuicdo das enzimas para o aordargxtracao de folatos;

A labilidade dos folatos somado aos conflitos mel@gicos direcionou a escolha
de uma metodologia que empregasse poucas etapasddmperatura;

O estudo fatorial permitiu avaliagdo das variavelImpo e temperatura, e seu
impacto sobre as condicOes de extracdo, quandligewitemperaturas acima de
100°C por mais que 60 minutos. Assim recomenda-gsoode temperaturas de
40°C por 10 minutos para matrizes vegetais;

A metodologia desenvolvida apresentou adequabg@idah diferenciar as seis
formas quimicas estudadas em vegetais usando as@@aos cromatograficos de

separacao de forma seletiva em associacdo ao®essjkctrais emmax.
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7. Perspectivas

Este estudo permitiu a abertura de uma nova ladaonhecimento no
campo da Nutricdo na UFPE, uma vez que o desenvehido de metodologia
analitica para determinacdo de folatos em alimegmbssibilitara a abertura de
acOes multidisciplinar as areas de Saude Publi¢asielogia da Nutricao,
estabelecendo novos elementos de discusséo sobisbede de fortificacao,
enriguecimento e suplementacao.

As informacgdes obtidas com este estudo poderdadagtadas em outras
linhas de pesquisa e direcionadas a outras matrféesomente para alimentos
como também para materiais biolégicos como plasora, e sangue.

Em adic&o este projeto contribuiu na capacitagiestiudantes de iniciacao
cientifica, alcancando os objetivos almejados peMCEPE na qualificacdo

profissional.
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