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1 INTRODUCTION

Nowadays the different malignant tumours and caabBoular diseases are widespread
throughout the world. In Hungary the three-quartgirghe mortality are caused by theses
diseases. In Hungary the cancer caused mortalgylggowing tendency, and it is the biggest
in whole Europe. These facts also point on theogsriess of the circumstance. In several
times the improper manner of living and the maltiotr are in the background of these
diseases. Inappropriate food choices and econamsti@ins leading to unbalanced diets and
unlikely to provide adequate levels of all micraments, which are essential for the normal
growth and maintenance of life.

The group ofvitamins belongs to theses essential compounds. The terfaniw”
(vita=life) also indicates their important role the preservation of health. Vitamins are a
diverse group of organic compounds that are, iy garall amounts, essential for the normal
functioning of several physiological processes.k.at them can generate several serious
diseases. Vitamin malnutrition is a widespread @b throughout the world in both
developing and industrialized countries, with sesidiealth and economic implications. The
vitamin A deficiency is the most serious global ldem. A significant part of the world
population is at risk of C-, D-, and B-vitamin daéincy. According to the survey of the
National Institute for Food and Nutrition Sciencgaang the Hungarian population the most
general problem is the suboptimal intakes of “eralyotective” vitamins (such as folic acid,
B2-, Bs-, Bi-vitamins). Their deficiency can lead to developtaéabnormality.

The best way of preventing micronutrient malnutritis to ensure consumption of a balanced
diet that is adequate in every nutrient. Thus coresueducation programmes to encourage
changes in dietary patterns would be the best teng-solution. However, factors affecting
food choice are complex (e.g.: bad habits, econ@onmstrains), and therefore programmes to
effect changes in dietary patterns may take aivelgtlong time. For this reason food
fortification can be an important tool in helpingopulations to meet their dietary
requirements. In growing numbers of countries figdtion of staple foods (salt, flour) with
micronutrients becomes an important part of thieategy to improve the nutritional status of
the population. Due to the spread of nutrition sceeknowledge among the population there
is a growing segment of the society that striveshialth-conscious nutrition. To take such a
demand of the people into consideration a growunglmer of products with health-promoting
properties are developed and put into trade citiculaby the pharmaceutical and food



industry. Because of this reason an expanding soflearious dietary supplements and
fortified foods with micronutritions are commerdyaavailable.
Coming out, and fast spreading of the fortified dogaroducts require the development of

modern, accurate, timesaving, low cost analyticaihmds for quality control purposes.

2 OBJECTIVES

The growing number of various dietary supplememd #ortified food products
requires reliable quality control to insure thetpotion of consumers. However the official
analytical methods of water-soluble vitamins in tnzeses are based on outdated procedures,
which are complicated, time-consuming, inaccurate @o not allow the simultaneous
determination of the vitamins. For these reasoagetls increasing need for the development
of well validated, accurate, time-saving, low coesgdern, multicomponent methods.

In the light of the aforementioned the aims of gtisdy were the followings:

Development of modern analytical methods, whiclovallthe simultaneous, fast,
routine determination of those forms of water s@ubitamin (vitamin C and B),
which are the most frequently used for food enriehtn

Development of a sample preparation procedure Hersimultaneous extraction of
vitamins C and B.

Application of the developed methods on the magtiBtant, commercially available
vitamin enriched food products.

Development of analytical methods for simultaneanalysis of each B vitamins and
vitamers, which allow the determination of totaaandogenous B vitamin content of
the food samples.

Estimation of the distribution of the free, bountaioavailable portion of B vitamin

forms in breakfast cereal.

3 MATERIALSAND METHODS

All reagents were of analytical grade. All solusomere prepared in high purity water (Milli-
Q 18.2 MXcm). To prepare different mobile phases #@, and KHPO, salts, water,
formic acid, methanol and as ion-paring reagerifi®uroacetic acid and heptafluorobutyric
acid were applied. Standard solutions were prep&@u the following compounds: L-



ascorbic acid (C), thiamine hydrochloride;YBriboflavin (By), nicotinic acid, nicotinamide,
pyridoxine hydrochloride (PN), pyridoxamine-dihydhdoride (PM), pyridaxal-hydrochloride
(PL), thiamine-monophosphate (TMP), riboflavinepbiesphate (FMN) and the piridoxal-5'-
phosphate-monohydrate (PLP), pantothenic acig, (Blic acid (B). Hippuric acid was used
as internal standard. For the extraction procedaresfor the sample solutions preparation
the following reagents were applied: HCI, {OOH, NaCHCOO, NH,OH, NaOH, HPQ,
L-cysteine, taka-diastase, acid phosphatase framtgand b-glycosidase from almond. The
examined samples such as vitamin tablet, vitamuicleed breakfast cereal, instant cacao
powder and fruit juice were commercially availabbeoducts. Hydrochloric acid and
metaphosphoric acid [EN 14130:2003] were used lhar éxtraction of the free vitamin
content of the samples. Sample preparations cordhiacid hydrolysis and enzymatic
treatment were applied for the determination ofttital vitamin B, B, and B content of food
samples [MSZ EN 14122:2006, MSZ EN 14152:2004, NEBZ14663:2006].

HPLC-(UV-VIS) and HPLC-(UV-VIS)-ESI-MS/MS systems ewe used for the
measurements. Reversed phase stationary phasesapglied for the separation of the

vitamins.

4 RESULTS

4.1 Simultaneous determination of water soluble vitamins by RP-HPL C-
(UV-VIS) system

The selection of the examined compoundsas focused on those water soluble
vitamin forms and vitamers, which are the mostudeygly applied for enrichment in the food
and pharmaceutical industry. Therefore the examinethpounds were the following:
thiamine, riboflavin, nicotinic acid, nicotinamid@antothenic acid, pyridoxine, folic acid
ascorbic acid.

Since the aim is theimultaneous determinatiorof the selected eight water soluble
vitamins several chromatographic difficulties hawdoe counted, which are mainly caused by
the chemical diversity of these compounds.

The preparation of thetandard solutionsalready has to be realized carefully, because
of the different solubility and high instability @ach compound. Diluted acid stock solution

of ascorbic acid was prepared to increase its lgiakHowever, despite of the low pH the



degradation of vitamin C was observed. To avoidp@rmarily the degradation of ascorbic acid
the standard solutions measured immediately afegygpation.

Reserve phased chromatographic separatiohthe eight vitamins was performed
using pH7phosphate bufferand methanol as mobile phases. A four-step gradikernion
program was developed for the base-line separafitime vitamins. However the retention of
ascorbic acid is quite poor, since as weak acidieurthe described pH 7 conditions it is
presented in more polar ionized form.

Based on the UV spectra of each vitamin five déifie wavelengths200 nm, 266 nm,
282 nm, 325 nm, 448 njrwere chosen for their detection in order to invgrthe selectivity
and sensitivity of the method. Pantothenic acidaowle (B) does not contain a characteristic
chromophore group and hence it exhibits only veeakvabsorbance at wavelengths around
200 nm. Therefore its UV detection is not advantagebecause of the interferences of the
applied solvents and the matrix components. Negka$is the detection of pantothenic acid at
200 nm was feasible under the above described @tographic conditions by means of the
low UV cut-off value (195 nm) of phosphate buff€éhe developed method was applied to the
measurement of a commercially available vitamirob@ed cereal and a dietary supplement.
Hydrochloric acid was used for the extraction. Beparation of the examined compounds
from the matrix components of the cereal sample natsadequate under the described
chromatographic conditions. Although the methodh@d suitable for the examination of
complex food samples, it can provide a fast, chemption for the routine measurement of
simpler matrixessuch as vitamin tablets.

The further aim of my Ph.D. study was to find slas for theanalytical problemsappeared,

which are summarised in the following:

1) Problems during the preparation of standard saisatio
a) Degradation of vitamin C in the stock solution, aimdthe multicomponent
solution.
2) The weak points of the developed chromatography:
a) Poor retention of vitamin C
b) Coelution of the examined components with matrimmponents
c) The disadvantages of the inorganic pH7 phosphdterbu
(i) In the present of organic solvent the inorganid¢ sah be precipitated,

which on the one hand can cause the clogging ofsiflséem (valves,



capillary tubes), on the other hand settling on ¢bknna it can modify
negatively the separation and the selectivity.
(i) The pH 7 is disadvantageous in microbiological ifitglaspect.
3) The applied sample preparation (with hydrochloditadoes not ensure the simultaneous
determination of vitamin C and the B group vitamins
a) The degradation of vitamin C
b) Interferences caused by the matrix components glting separation

4.2 Simultaneous determination of water soluble vitamins using ion-paring
reagent by RP-HPL C-(UV-VIS) system

Vitamin C is the critical point of the simultaneous deteration of water soluble vitamins.
The barriers of the determination of vitamin C along with B gpovitamins derive from the
high instability of vitamin C and from the difficulties of itshromatographic separation
from B vitamins.

The stability problemswere solved by using metaphosporic acid (B)Pfr the
preparation of standard solutions. The metaphosaaid prevents the oxidation of vitamin C
and at the same time provides proper stability ttamg for the B group vitamins.

The fast degradation of vitamin C also appearss&iaus problem during tlsample
preparation Thus, to preserve the vitamin C content of the@as a sample preparation
method [EN 14130:2003] originally developed forawitin C was extended and validated for
B group vitamins. This could be accomplished beedahs added vitamin content of the food
stuffs are not strongly embedded in the matrix,sthostead of the complex sample
preparation of B vitamins a much general extractir@thod can be fit for purpose.

The poor retention of vitamin C was the main problduring the simultaneous
determination of C and B vitamins applying reserpbdsechromatographic To overcome
this problem the phosphate buffer was replacedifiydroacetic acid (TFA), which played
double role. On one hand as pH stabilizer incredisedetention of vitamin C, on other hand
as ion-pairing reagent also provided adequate tietefor vitamins with basic properties.

The expanded sample preparation procedure andetredogped RP-IP-HPLC method
were successfully applied to the determinationitmin C, nikotinamid, vitamin Band B
content of different vitamin enriched food matrixgseakfast cereal, instant cacao powder,
fruit juice). However i) the increased UV cut-off value of the mobile peasaused by TFA

did not allow the detection of vitaminsBMoreover | have to mention that the) (non-



symmetric peak shape and poor retention of vitaBun (iii) the selectivity problem of
nicotinic acid and thei\) weak sensitivity of vitamin 8remained as disadvantages of the
method. To resolve all these problems (retentielgcsivity, sensitivity) | decided to transmit

the method to mass spectrometry.

4.3 Simultaneous deter mination of water soluble vitamins by RP-HPL C-
(UV-VIS)-ESI-M SIM S coupled system

The development of a method using liquid chromatphy coupled with mass
spectrometry can offer the most prosperous solufmmthe aforementioned analytical
problems. Therefore | developed and validated a meticomponent method usintgPLC-
ESI-MS/MS coupled system for the simultaneous determinaifomater soluble vitamins.

The source- and compound-dependent parametesere optimised as the firs step of
the method development in order to rich the bagtadito-noise ratio. The ion source was
operated in positive and in negative ion mode ar®lddta acquisition was performed in the
MRM (multiple reaction monitoring) mode by selegtintwo precursor-to-product ion
transitions for each target compound. Of the twlecded MRM transitions, that having the
highest intensity (quatifier transition) was usedperform guantitative analysis, while the
least intense one was used for identification psegdqualifier transition).

The optimization of the parameters was followedtly development of a neS
compatible methodfor the simultaneous determination of water s@ubitamins. In the
previously applied TFA suppressed the ionizationthed vitamins therefore instead of it
formic acid was used to provide the adequate low giHhe mobile phases. The new
composition of the mobile phase required the chafgie stationary phase. The adequate
retention and base line separation were achievedudiyig a stationary phase with
characteristic of high water tolerance. Diode amlayector coupled with mass spectrometer
was used for the detection of the vitamins. Theeltged chromatographic method was
validated (limit of detection, linearity, sensitivity, rep@adility) and successfully applied to
the determination of the vitamin content of severamin enriched food samplefreakfast
cereal, instant cacao powder, fruit juice).

Extraction efficiencystudy was performed as a part of the validatiamtedure of the
before mentioned sample preparation method usirigphesphoric acid solution. The sample
extracts gained from a single and a double extracif the samples were compared by using

hippuric acid as internal standard. There was goifstant difference between the once and



twice-extracted samples. Above the extraction igfficy the repeatability of the sample
preparation was also examined.

In conclusion, the developedHPLC-(UV-VIS)-ESI-MS/MS method and the
extraction usingmetaphosphoric acidis suitable for the simultaneous determination of
vitamin C and B group vitamins (1BB,, nicotinic acid, nikotinamid, 8 Bs, Bg)in enriched

food products.

4.4 Determination of endogenous vitamin content

For many of the water soluble vitamins, biologiaativity is attributed to a number of
structurally related compounds known as vitamegestdin vitamers are naturally occurred in
free and chemicallypoundforms. Thus, the bound vitamin forms have to beased from the
matrix to gain the total vitamin content of the ewaed food products. In the case of the
enriched food products the total vitamin contentassist of the added and the endogenous
vitamin content. In the frame of my Ph.D. studyxbenined that how much percent of the
total vitamin content of the enriched foodstuffsnche extracted with thextraction
procedure using metaphosphoric aciéor this reason the extraction using metaphosphor
acid was compared with sample preparation procedofrd3 vitamins offered by European
standards and also with extraction using warm w&tndards for the determination of total
vitamin B content of the foodstuff by HPLC are dahle in the case of vitamins; BB, and
Bs. Moreover these standard methods also ensure dneitions required (e.g. acid
hydrolysis) to release the total niacinsBontent of the foodstuff. The steps of the exioac
procedure of vitamin Band B are the same, thus these two sample preparatioid te
merged. Therefore the extraction using metaphosphord was compared with two different
sample preparation made upaufid hydrolysisandenzymatic treatmenand with extraction
usingwarm waterin the case ofitamins By, B,, Bz and B.

According to the aforementioned the compounds noérest are the followings:
thiamine (B), riboflavin (B), nicotinic acid, nicotinamide, pyridoxine (PN)yrgloxamine
(PM), piridaxal (PL), thiamine-monophosphate (TMRboflavine-5’-phosphate (FMN) and
the piridoxal-5’-phosphate (PLP). The monitoringtioé phosphorylated forms is required to
control the optimal activity of the dephosphoryigtienzymes. The disappearance of the
phosphorylated forms from the chromatogram meamgptimal activity of the enzymes.
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The determination of the compounds was performgdB-HPLC-(UV-VIS)-ESI-
MS/MS coupled system usingon-paring reagent (HFBA). The required compound-
dependent parameters were also optimised befomdetredopment of the separation.

Applying the developed chromatographic method aheve mentioned four sample
preparation procedures were compared on an enrlmeadtfast cereal. Based on the results it
is proven that the extraction using metaphosphaxid extracts only th&ee vitamin forms

of the food samples.

5 THESISSTATEMENTS

1) I developed a group of analytical methods, whiawvles possibility for the simultaneous
determination of the most frequently applied forofisvater-soluble vitamins (C, BBy,
Bs, Bs, Bs, Bg) for food enrichment. | offered alternative sobums using different
analytical approaches to overcome the chromatogragdtificulties caused by the

chemical diversity of water soluble vitamins.

— | developed reserved phase HPLC methods for thermdetation of the above
mentioned vitamins using:
° UV-VIS detection at one or more wavelengths, andebas
° UV-VIS- ESI-MS/MS detection system,
°  With ion-pairing reagent (trifluoroacetic acid),
°  Without ion-pairing reagent, at neutral pH, andals

°  Without ion-pairing reagent under ion suppressediitmns.

— Regarding the UV-VIS detection of vitamin, Bproved that better results can be
achieved at 448 nm due to the higher selectivigntiat the wavelength of its

absorbance maximum{,=270 nm).

— | proved that the Bvitamin content of dietary supplements (vitamibléss) —with
the lack of characteristic chromophore- can berdetee at 200 nm detection

wavelength using 50mM phosphate buffer and methasiohobile phases.



| proved that the application of trifluoroacetiachas ion-paring reagent can serve
as one of the solutions for the analytical probleangsed by the chemical diversity

of water soluble vitamins.

2) | develop an ion-pair, reversed-phase HPLC semaratiethod coupled with ESI-MS/MS

detection system, which allows of the simultaneagsermination of water-soluble

vitamins and some their vitamers. | proved thecedficy of this method for the control of

the sample preparation used for the extractiootal 7itamin content from foodstuff.

| proved that applying 0,05 % (v/v) heptafluorobityacid as ion-paring reagent
in the mobile phase can ensure the separationiaiihe (B), riboflavin (B),
nicotinic acid, nicotinamide, pyridoxine (PN), pgoxamine (PM), piridaxal (PL),
thiamine-monophosphate (TMP), riboflavine-5’-phogigh (FMN) and the
piridoxal-5’-phosphate (PLP).

3) | developed a sample preparation procedure fodébermination of water soluble vitamin

content of food products and dietary supplemenysafplying the method on real food
samples | proved the adequacy of the method fontgative analysis of total vitamin C

and free vitamin B B,, Bs, Bs, Bs and B content.

Performing recovery studies | proved that the dqualnd quantity of the above

mentioned vitamins are preserved during the sapnejgaration procedure.

| developed a new method for the control of exteecefficiency. Using this new
procedure | proved that the applied conditions ugmh-sample ratio, time of

extraction) during the extraction ensure maximéatecy.
| proved that in the case of B vitamins using tipdimized sample preparation

method with metaphosphoric acid (originally develdgor vitamin C) leads to

similar results as the use of the common warm weatgaction.
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4) | performed a comparison study related to the dietesystems (ESI-MS/MS and UV-

VIS) applied during the development of the diffaremromatographic methods.

| found out that the determination of vitamig B food samples using UV-VIS
detection is not possible applying the developadmiatographic methods, but in
the same time under the same chromatographic eomsliESI-MS/MS system
provides successful detection of this compound,clvhs duo to the different
working principals of this system.

| found out that 15 and 17 times lower detectionitican be achieved by ESI-
MS/MS system for vitamins Band B respectively, while in the case of vitamin C
the UV detection can provide more than one ordemafinitude lower detection
limit. Detection limits of vitamins Band B achieved by both detection systems

do not show significant difference.

| found out that the ESI-MS/MS detection systenpoeses to the present of the
matrix in a more sensitive way than the UV detecidrerefore to prevent the
masking effect of the matrix, matrix matched caltlon technique is required for
the simultaneous determination of the water solwitlemins when ESI-MS/MS

system is used for detection.

| found out that using the developed chromatog@pmethods, in the case of the
examined compounds better repeatability can beeaetiiby UV detection then by
ESI-MS/MS detection system.

| proved that if ESI-MS/MS system is used for detet of nicotinic acid and
nicotinamide adequate separation of this two mdéscwith similar chemical
structure is required to prevent the interferermesed by the appearance of same

transitions.



5) | developed an analytical method using HPLC-ESIMMS/system for the quantitative

determination of the bioavailable ,B,, Bs vitamin content of cereal based products.

— | proved that the sample preparation procedurasmggthe single examination of
B1, By, Bg vitamins could be merged. Therefore the bioavaddihction of the
aforementioneditamins can be simultaneously determined in thepdes using
this combined extraction procedure followed by dieeeloped HPLC-ESI-MS/MS

method.

— | proved the adequacy of the method for the detstion of the bioavailable
vitamin B; (thiamine and its phosphates), bioavailable vitaBy (riboflavin and
its phosphates) and the bioavailable vitamig Byridoxine, pyridoxal,

pyridoxamine, and their phosphates) content ofatdra@sed products.
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