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ABSTRAKT

Czech abstract

PSenice je jednou z nejvicéspovanych obilnin ve s a diky vySSimu obsahu lipide
vyznamnym zdrojem energie a obZivy pro obyvatels®xvnim cilem diplomové préce
bylo nalézt vhodnou metodu pro stanoveni celkovéheahu tuku v i vybranych
druzich pSenice. Byly proto vyzkouSery etody vhodné pro stanoveni tukv prvni
metod byla pouZzita s@s chloroformu a methanolu, druhou metodou byla &xlha ex-
s deklarovanymi hodnotami) byly dosaZeny postupedigpmetody ISO 7302. Druliést
prace byla zagtena na zavedeni HPLC metody pro stanoveni cholémalc. Pomoci
standardu byly zjighy optimalni podminky pro jeho stanoveni, kteréylp#i vinoveé délce
265 nm a pitoku mobilni faze 0.6 ml.mih Reterni ¢as cholecalciferolu byl zadhto
podminek 6.5 — 6.6 min. Tyto hodnoty byly poté ptugii vliastnim stanoveni cholecalci-

ferolu v mléce.

Kli¢ova slova: obiloviny, pSenice, tuk, cholecalcifeiPLC

ABSTRACT

English abstract

The wheat is one of the most cultivated cereaheaworld and due to the higher content
of lipids, it is important source of energy andriiy for the population. The primarily aim
of the thesis was to find suitable method for téaélcontent determination in five varieties
of the wheat. They were tested three methods. iFsiedne used mixture of chloroform
and methanol, the second method was the Soxhledctixin and in the third case was
tested the ISO norm 7302. The most exact resultedmparison with declared values)
were achieved with the procedure according to 8@ horm method. The second focus
of this thesis was on preparing of HPLC methoddaolecalciferol determination. They
were established optimal conditions for its deteation using the standard which were
at the wavelength of 265 nm and at the mobile pHaserate of 0.6 ml.mitt. The reten-
tion time was 6.5 - 6.6 min. These conditions wesed for cholecalciferol determination

in milk.

Keywords: cereals, wheat, lipids, cholecalcifertibLC
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INTRODUCTION

Vitamin D belongs to the group of fat soluble vitasl The main function of this vitamin

is to maintain serum calcium and phosphorus lewish are important for bone minera-
lization. The required intake of vitamin D is beemne200 and 600 IU — International Unit
(5 — 15ug) a day, depending on the age. Unfortunately,cttamon food contain low

amount of this vitamin and because of that, mosthefadvanced countries fortify their
food by vitamin D as prevention of rickets. The miosportant sources of vitamin D are
cod liver oil and fish, such as salmon, herring aod. From the frequently consumed
food, the significant sources are butter, margaeggs and liver.

Cereals are the most important source of livingapReall over the world eat more cereals
than any other kind of food. They strongly influenautritional balance, because they con-
tain all necessary nutrients including fats andamins. In many regions, cereals are
the main source of saccharides and proteins fahitéints. Wheat was one of the first ce-
real grains to be cultivated and it spread to attgof the world because of its good adap-

tability to various climates and soils. It grows@rery continent except Antarctica.

The increasing interest in level of fats has heght the need for development of new
varieties of cereals, which have constitution tatneed, e.g. lower level of fats or more

vitamins.

The primarily aim of this thesis is to find an opél method for total fat content determi-
nation in cereals. Afterwards, the method is testét five varieties of wheat, such as
“khorasan wheat”, green spelt, spelt wheat, breladatvand spelt groats. The second pur-
pose is to set up conditions for vitamin D detemtion on new HPLC apparatus Dionex
Ultimate 3000. The setting of optimal wavelengthd anobile phase flow rate is done by
vitamin D, and [} standards. Consequently the parameters are usedaimin D determi-

nation in milk and margarine.



TBU in Zlin, Faculty of Technology

11

. THEORY



TBU in Zlin, Faculty of Technology 12

1 CEREALS

Cereals are cultivated grasses which are extendeldwide. They can grow in temperate

and tropical regions as well. Cereals were namedrdimng to the Roman goddess Ceres,
who was the grain giver. They are still very impotttoday because all sorts of cereals are
staple food for population. Their world productywits around three tonnes per hectar
in average. People use primarily the grain; theogarts of the plant can be used as ani-

mal feed or animal bedding [1, 2].

Cereals belong to the large monocotyledonous pfantily called the Gramineae
The flowering organs grow on a stem called theigaathich can be branched, and in turn
bears spikelets which may carry more flowers aheame of the rachilla. The spikelets
can be arranged in a loose panicle or in a tiglitesprhe length of the internodes
of the rachis and of the rachilla, and the numbeilcavers at each node of the spikelet
design the overall structure. Each spikelet is esdbéd by two bracts or leaf-like organs
named the glumes, and each flower in the spiksl@&nclosed in two bract-like organs
called the lemma and palea. The lemma may be detda form a long awn. In some
cereals or cereal varieties the lemma and palearemagin attached to the grain; these are
termed hulled or husky grains, such as oats and batey, as opposed to naked grains
such as most wheat and maize [1]. The structureedal flowering organs can be seen

in figure 1.

Most of the cereals are dioecious. Each flowerrhake organs which are the three anthers,
and female organs, the ovary, which carries twithesg stigmas [1].
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Figure 1. Generalized structure of cereal flowering orgarjs [1

1.1 Anatomy of cereal grain and its chemical compositio

As mentioned above, the cereal grain is used fomamunutrition and has been a staple
food for humans for thousands of years. Botanicalig grain is fruit and namezaryop-
sis Morphological grain structure is the same in gahdut it can differ in shape, size or
share of layers [2, 3, 6].

Each cereal grain is made up of three main sectibms multi-layered outer skin of the
kernel is known as bran. It accounts for approxetyai4% of the seed and its function
isto protect the other two parts of the kernel freumlight, pests, water or disease. Bran is
a fibre-rich part and contains other important ieutis such as vitamin B, minerals (iron,

zinc, copper, magnesium) and phytonutrients [4, 6].

The main body of the kernel is tkadospermwhich forms 84 - 86% of the grain weight
and primarily consists of starchy saccharides,gimstand a small amount of vitamins and
minerals. The rdospermensures nutrition for the embryo and it is thevadet of final
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products. Surrounding thendospernis the aleurone layer, which makes up a relatively
small part of the seed. The aleurone contains eegytimat can start the reaction which
changes starch into sugar (maltose, maltotrios¢ @stng grains for specialized uses such

as brewing beer [4, 6].

The inner part of the kernel is the germ (2 — 3¥8prouts into a new plant after fertiliza-
tion by the pollen. It is rich in proteins, fatgcsharides, dietary fiber, vitamins B and E,
antioxidants and phytonutrients. The germ is tylpic@moved during milling of refined

flour because it can influence bread making quatityd the oils in the germ can go rancid

if the flour is stored for a long time [6, 7].

The chemical composition most of the cereals iy wmilar. The moisture content of
commercial lots of wheat may vary between 12 ar,ld=pending on the weather during
the harvest. The whole grain consists of sacchar{@ig - 70%), proteins (9 - 13%), fats
(2%), dietary fibres (11%) and minerals (1.5 - 3%)e composition depends on species,
growing conditions or variety [2, 4, 7].

ENDOSPERM

(source of complex
carbohydrates,
B-complex vitamins

and protelns) i\ (fibre, B-complex vitamins,

i .:'hl.l trace minerals and
phytonutrients)

GERM

(essential fatty acids,
vitamin E, B-complex
vitamins and trace minerals)

Figure 2: Cereal grain and its anatomy [10]



TBU in Zlin, Faculty of Technology 15

1.2 Wheat and its classification

Wheat is the leading cereal grain produced, conduara traded in the world today.
The history of wheat cultivation reaches far bauk iancient times and points to the Mid-

dle East as a possible geographical region ofrigsno[1, 3].

The genudriticum, which involves thousands of species and varietias be divided into
three groups differing in chromosome numb@riticum monococcurteinkorn) is a diplo-
id species (haploid chromosome number 7) usedrasran food in Egypt where it has
been found in 4000 year old tombs of the Pharabmiscum dicoccun{emmer) is a tetrap-
loid wheat (haploid chromosome number 14) with anichistory of its cultivation, but still
grown in some parts of Europe. The most used ddsfmenpasta production i$riticum
turgidumssp turgidumconv. durum (macaroni wheat)Triticum aestivums a hexaploid

and the most commonly grown wheat today [1, 8].

Table 1 Classification of the Genuiticum [8]

Triticum Systematic name (Chromosomes) Common name
Monococca | Triticum monococcur. einkorn wheat
(2n =14) [ Triticum monococcurssp boeticun(Zoiss.) wild einkorn wheat
Triticum monococcurasp monococcum einkorn wheat
Diciccoidea | Triticum turgidumL. emmer wheat
(2n'=28) [ Triticum turgidumssp dicoccoidegKorn) wild emmer wheat
Triticum turgidumssp dicoccum(Schrank) (true) emmer wheat
Triticum turgidumssp paleocolchicum kolchis wheat
Triticum turgidumssp turgidumconv.turgidum | rivet wheat
Triticum turgidum ssp. turgiduconvdurum macaroni wheat

Triticum turgidumssp turgidumconvturanicum | khorasan wheat
Triticum turgidumssp turgidumconvpolonicum| polish wheat
Triticum turgidumssp carthlicum

Speltoidea | Triticum aestivuni. dinkel wheat

(2n = 42) Triticum aestivunssp.spelta spelt wheat
Triticum aestivunssp.macha macha wheat
Triticum aestivunssp.vulgare bread wheat
Triticum aestivunssp.compactum club wheat

Triticum aestivunssp.sphaerococcum Indian dwarf wheat




TBU in Zlin, Faculty of Technology 16

1.2.1 Kamut (Khorasan wheat)

Kamut is a brand name of the ancient wheat calleddsan. It is a relative of modern du-
rum wheat originally grown in the region reachimgnmi Mesopotamia to Egypt. Typical
for khorasan wheat is that it has never been hiaidor genetically modified and has
high quality standards. It is popular becausesohdtural sweet and nutty taste, high versa-
tility, great nutrition and smooth texture [8].

It is important from the nutritional point of vieas well — rich in proteins and minerals,
specially selenium, zinc and magnesium. Due tchtgk content of selenium (400 — 1000
ppm), khorasan wheat is a very good source of thiseral. It can be also re-
garded as high-energy source. The high percenthdjpids provides more energy than
saccharides in the body. This is the reason whyddam wheat is suitable for people who

are sensitive to modern wheat [8].

Table 2 Nutritional values of Khorasan wheat [8]

Composition Nutritional value [g .100 gl]
Protein 14.98
Saccharides 59.30
Starch 56.97
Fat 2.21
Ash 1.68
Alimentary fibres 12.03

1.2.2 Green spelt

Green spelt is originally a spelt grain, which bgs to the winter crop. In the past, people
feared the bad autumn weather thus they startedofoit in July as a green grain. After
the harvest, the grain was roasted above fire nfaoi® the beech wood. Today,
the process of the drainage is going on in the modet-air appliance. During the drying,
proteins of the grain are destroyed so the floumo& be used for baking. Otherwise,

thanks to this process, grains are stable and/gietal nutty taste and aroma [9].
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Green spelt used to be grown in a small regioutrsGermany, called Bauland. The first
Green spelt was made around 1660. People usedritrasings or baked it. Nowadays, it

is used all above into the soup [9].

1.2.3 Spelt wheat

Spelt wheat is one of the oldest cereals. It was/grin prehistoric times on the East. It has
been grown in Europe for centuries, mainly in Itadputh Germany, Spain, Belgium,
Switzerland, England and Poland. In the Czech Reapitbwas grown in the 18 century

and was used as a coffee substitute. Nowadaygrduriction of spelt wheat increases

in Europe, Canada and the USA again [9, 10].

Spelt is a hexaploid hulled wheat with bulky rogstem. It is resistant to disease of spike
and leaves. Spelt has low nutrition requirementstae plant is valued for its high nutri-

tional value of the seed [9, 10].

Spelt wheat contains almost all nutrients whichiamgortant for human nutrition. In com-
parison with Triticum aestivumL., it contains more proteins (16 — 17%) because of
the larger aleurone layer. It is rich in gluten (385%) and has high mineral content (K,
Mg, S). It is also a rich source of vitamins B &min and riboflavin), easily digestible,

a good source of the fibre and has a positive il@a¢he immune system [9, 10].

Spelt is used for a wide range of products whieéhraade from it. They are husked grains,
groats, green grains, semolina, flour, spelt bylgasta, flakes, musli, pop spelt, spelt beer
or spelt coffee. Its nutty taste, high nutritionalue and good digestibility are valuable

in bakery and confectionary [9, 10].
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Figure 3: 1 — Bread wheat; 2 — Kamut (Khorasan wheat)Gdeen spelt; 4 — Spelt wheat
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2 VITAMIN D AND ITS HEALTH EFFECT

Vitamin D is an essential micronutrient for certhmman population. It is fat-soluble vi-
tamin, which plays an important role, along witle #sssential minerals calcium and phos-
phorus, in the maintenance of healthy bones arnt.t¥gamin D belongs to the group of
lipophilic steroid compounds with antirachitic effe known as calciferols. The most
common forms, having vitamin D activity in foodsgaergocalciferol (vitamin ) and
cholecalciferol (vitamin B), which differ in their side chain and their apge®e. Ergocal-
ciferol and its provitamin Pform ergosterol is produced in plants, funghi, dsoand li-
chens by the irradiation of ergosterol. Cholecataf is widely distributed in animals and
is produced by the action of sunlight on 7-dehydabesterol in the skin. On irradiation,
the provitamins are converted to previtamin D whistdergoes thermal transformation
to vitamin D [11, 12, 13, 14, 15].

The hormonally active form is 1,25-dihydroxyvitania. Its latter metabolite stimulates
the intestine to absorb calcium and phosphate loyibhdependent mechanisms and acts
with parathyroid hormone to mobilize calcium, acpamied by phosphate from the bone
fluid compartment into the bloodstream. Thus, thesimmportant physiological functions
of vitamin D are stimulating the intestinal uptat®eC&* and phosphate, and promoting

the incorporation of these ions into bones [14,153,

HO”

Figure 4: Ergocalciferol and cholecalciferol
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Table 3 Adequate intakes for vitamin D [17]

Age / Sex Vitamin D jug] Vitamin D [IU]
I nfants, Children and Adolescence
O to 18 years 5 200
Adults
19 to 50 years
51 to 70 years ° 200
70+ 10 400
15 600
Pregnant woman
, 200
Nursing woman
200

Certain human population depends on dietary sowftegamin D because of insufficient
biosynthesis of the vitamin due to the inadequkite exposure to the sunlight. Most food
contain only low amount of vitamin D, so it has b the practice in many countries to
fortify frequently consumed foods (e.g. baked goaptain products, milk and milk prod-
ucts, infant foods) to prevent the rickets. For fibwification of foods are used both vita-
min D, and vitamin Q. Other foods are enriched indirectly as the resiulhe supplemen-

tation of animal feeds with the vitamin [14, 19].

Table 4: Vitamin D activities in food [14]

Food Vitamin D [1U.100g"] Food Vitamin D [1U.100g"]
Bovine milk 0.3-54 Herring 330
Butter 35 Salmon 220-440
Eggs 28 Cabbage 0.2
Cod 85 Corn oll 9
Cod liver oil 10,000 Spinach 0.2

The International Unit (IU) is a unit of measuremar the amount of a substance which
Is based on measured biological activity or efféctlJ of vitamin D activity is equivalent

to 25 ng of cholecalciferol andu@ of cholecalciferol is equivalent to 40 U [18].
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The vitamin D deficiency can result from inadequatadiation of the skin, from insuffi-
cient intake from the food or from impairments lne tmetabolic activation of the vitamin.
Although the sunlight can provide the means of ymtisesis of vitamin D, it is well-
documented fact that many people, particularly é¢hosextreme latitudes during the winter
months, do not receive sufficient solar irradiationsupport adequate vitamin D status.
Even people in sunnier climates may not producejaate vitamin D if their life keeps
them indoors [14].

The classic symptoms of the vitamin D deficienay bone softening and weakening. The

skeletal diseases are rickets in children and ostéaia in adults [14].

Rickets first appears in 6- to 24-month childrenthwthe impaired mineralization
of the growing bones and accompanying bone pairscolar tenderness, and hypocalce-
mic tetany. Tooth eruption can appear later. O@ihéidren show deformations of the sof-
tened femurs which bend under the weight of theyb®&ickets is frequently associated
with low dietary intakes of calcium, as in the alamce of milk products [14].

Osteomalacia signs and symptoms are more genefdhae those of rickets, e.g. muscu-
lar weakness and bone tenderness, particulariyhenspine, shoulder, ribs, or pelvis.
Lesions involve the failure to mineralize bone nxatvhich continues to be synthesized
by functional osteoblasts. Patients with osteomalae at increased risk of fractures of all
types but particularly those of the wrist and pel\Deficient intake of vitamin D can be
also one of the sources of osteoporosis in old agmause the ability to synthesize

vitamin D in skin is lower than in young age [11],14

The abundance (hypervitaminosis) can cause angreamiting and calcium loosening
from bones which can set in kidney or stomach. Adsental expression and cardiac

arrhythmia can appear [12].

However, no mutagenic, cancerogenic or teratogefiects were observed. In the view
of fact that vitamin D and its metabolites can gough the placenta to the embryo, it is
important to keep in mind teratogenic hazard fome&a who have high level of vitamin D

in blood. It can cause psychical and mental distacks in newborns [12].

Recent studies also demonstrate that vitamin D In@ayg positive influence on hyperten-

sion, colon cancer and autoimmune diseases.
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Figure 5: Findings in patients with rickets [20]
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3 METHODS OF VITAMIN D DETERMINATION

High performance liquid chromatography (HPLC) hagrbthe method of choice for de-
termining fat-soluble vitamins in food since thedadie of 1970s to the present day. It is
the only recognized standard method for determirang of the fat-soluble vitamins,

which can be applied to all types of food. The adage of this method is due to no need
of derivatization, nondestructive operation, greaeparation and detection selectivity.
The nondestructive nature of HPLC allows it to Isedias a preparative purification me-

thod as well as a quantitative technique [15].

Most of the published HPLC methods for determiniitgmin D in foods are concerned
with estimating the vitamin D content in supplensgsuch as milk in various forms, infant
formulas and margarine. The amount of naturallyuotieg vitamin D in supplemented
foods is usually negligible and it is necessargétermine only the vitamin D that is add-
ed. The levels of vitamin D are very low (e.g. 7B.5ug.100¢" in milk powder) [15].

First of all, the representative sample must beamed. The amount of the sample material
which is used for analyses depends on the matdita.vitamin should be quantitatively
extracted from the food matrix in a form that canrbheasured by the HPLC technique.
An effective extraction procedure serves to homageand concentrate the sample, isolate
the vitamin analyte from its association with pmoteeliminate known interfering sub-
stances and destroy any indigenous enzyme actiVitpmin D, as well as the other
fat-soluble vitamins, is photosensitive. Therefalleoperations with vitamin solutions and

vitamin-containing materials must be carried ousubduet light or in dark glassware [15].

Methods of extracting the fat-soluble vitamin fréood matrices include alkaline hydroly-

sis, enzymatic hydrolysis, alcoholysis, direct solvextraction, and supercritical fluid ex-
traction of the total lipid component. The prepamxiracts may require some form

of cleanup before the vitamin can be measured.réfeirement of cleanup depends upon
the ration of analyte to interfering substances alsd upon the sensitivity and selectivity
of the used HPLC method [15].
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3.1 High Performance Liquid Chromatography

High performance liquid chromatography is a metiwiitch separates compounds that are
dissolved in the sample. The separation of thesgpooents depends on different migra-
tion. Basically, it is migration in the system @fd phases — stationary phase and mobile
phase. The sample is applied between these twoathutmmiscible phases. The mobile
phase is going through the stationary phase andample is drifted by the mobile phase.
Components of the sample can be caught up by séagigohase. They are hold there and
gradually separated [21, 22].

There are many ways to classify liquid column chatography. If this classification is
based on the nature of the stationary phase anseftaration process, three modes can be
specified [24]:

1. Adsorption chromatography
2. lon-exchange chromatography
3. Size exclusion chromatography

In adsorption chromatography the stationary phasaniadsorbent (like silica gel or any
other silica based packings) and the separatiblased on repeated adsorption-desorption
steps. Concerning this type of chromatography, twodes are defined depending

on the relative polarity of the two phases: noraral reversed-phase chromatography [24].

In normal-phase chromatography, the stationaryibetirongly polar in nature (e.g. silica
gel) and the mobile phase is nonpolar (such ascarteeor tetrahydrofuran). Polar samples
are thus retained on the polar surface of the colpacking longer than less polar mate-
rials [24].

Reverse-phase chromatography is opposite of nophde. The stationary phase is non-
polar (hydrophobic) in nature, while the mobile phas polar liquid, such as mixtures
of the water and methanol or acetonitrile [24].

Eluent polarity plays the highest role in all typgfsHPLC. There are two elution types:
isocratic and gradient. In the first type, constaluent composition is pumped through
the column during the whole analysis. In the sectypmk, eluent composition (and
strength) is steadily changed during the run [24].
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Adsorption chromatography depends on the chemitalactions between solute mole-
cules and specifically designed ligands chemicgibfted to chromatography matrix. Re-
versed phase chromatography has found both arallginc preparative applications in the
area of biochemical separation and purification.lédoles that possess some degree
of hydrophobic character, such as proteins, peptatel nucleic acids, can be separated
by reversed phase chromatography [23].

The separation mechanism in reversed phase chrgraptty depends on the hydrophobic
binding interaction between the solute molecul¢him mobile phase and the immobilized

hydrophobic ligand, i.e. the stationary phase [23].

3.1.1 Instrumentation

HPLC instrumentation includes mobile phase reserpoimp, injector, separation column,

detector and data system [24].

The chromatographic process begins by injectinthefsolute onto the top of the column.
Separation of the components starts when the @safiid the mobile phase are pumped
through the column. Eventually, each componengeslirom the column as a narrow band
(peak) on the recorder. Detection of the elutingnponents is important and this can be
either selective or universal, depending upon #tealor used. The response of the detec-
tor to each component is displayed on a chart decoor computer screen and is known
as a chromatogram [24].

Injector

or

Column

Reservoir

Detector

Figure 6: Scheme of an HPLC instrument [25]
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Mobile phase reservoir: The most common type of the solvent reservoir gtaas bottle.
Mostly these bottles are supplied with special capion tubing and filters to connect

to the pump [24].

The HPLCpump is considered to be one of the most important @orapts in a liquid

chromatography system. Pump provides a continuonstant flow of the eluent through
the HPLC injector, column and detector. There @@ basic classifications of the pumps:
constant-pressure pump which is mainly used fanroal packing, and constant-flow pump

widely used in all common HPLC applications [24].

Injector: The samples are injected into the HPLC by an figegort. Usually it consists
of an injection valve and a sample loop. The sangpMtissolved in the mobile phase be-
fore the injection into the sample loop. Then idawn into a syringe and injected into
the loop by the injection valve. A rotation of tlkaalve rotor closes the valve and opens
the loop in order to inject the sample into theatn of the mobile phase. Loop volumes
can range between 1dto over 500ul. Today, the sample injection is typically autostht

in modern HPLC systems [26].

Stopped-flow injection is a method whereby the pushurned off allowing the injection
port to attain atmospheric pressure. The syringgatoing the sample is then injected into
the valve in the usual manner, and the pump istuon. For syringe type and reciproca-
tion pumps, the flow in the column can be broughtero and rapidly resumed by divert-
ing the mobile phase by means of a three-way vplaeed in front of the injector. This

method can be used up to very high pressures [26].

i inject )

Fump Pump
wents Column ents Column
Loop Loop
LOAD SAMPLE APPLY SAMPLE

Figure 7. HPLC injector scheme [27]
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The column is the heart of the system where separation ocdurs.columns used for

HPLC are generally made of stainless steel ananareufactured. Straight columns of 15
to 50 cm length and 1 to 4 mm diameter are geneusied, although smaller microbore
or open tubular columns are available. Microboréuroms have an internal diameter
of 1 to 2 mm and are generally 25 cm long. They sastain the flow rates of 0.05
to 0.20 cm.min™ as opposed to 2 chmin™ of conventional HPLC columns [29].

The separation effect, time of the analysis and ghessure go up with rising length

of the column. Contrariwise they go down with risiparticles diameter.

The preparative columns are also available witerivdl diameter of up to 25 mm. They
can sustain flow rates of up to 100%mmin’. The most important preparative column fea-
ture is that it protects column against impuriteesl indissoluble materials. Also partial

separation can occur here [29].

\Nut

End fitting Column packing

Ferrule

Figure 8 HPLC column scheme [28].

The detector for HPLC is the component that emits a respongetduhe eluting sample
compound and subsequently signals a peak on tlmenalbogram. It is positioned imme-
diately posterior to the stationary phase in otdatetect the compounds as they elute from
the column. The bandwidth and height of the pealks/ msually be adjusted using
the coarse and fine tuning controls, and the detecnd sensitivity parameters may

also be controlled [30].
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There are many types of the detectors that canskbd with HPLC. Some of the most

common detectors are ultraviolet-visible (UV-VISlyorescence, refractive index (RI),

radiochemical, electrochemical (EC), infra-red (IRjass spectral (MS), nuclear magnetic
resonance (NMR), and light scattering (LS) [30].

UV — VIS detector: In most cases HPLC method development is cartigavith ultravio-
let detection using either a variable-wavelength aordiode-array detector (DAD).
The popularity of this detector is because of @syeusing, low purchase prize and broad
application area. The detector measures the charggsorbance of light in the 190 - 350
nm region (UV) or the 350 — 700 nm region (visibl&)filter or grating is used to select
the required wavelength for measurement. Ultravibtghts sources are either mercury
lamps, or deuterium and xenon lamps. Halogen laanpsused in VIS region. The light
from the lamp passes through an UV-transmittingvftell connected to the column and
impinges on a diode which measures the light intgnks is possible to change the detec-
tion wavelength during measurements, for the 8ltean be switched via keyboard, time
program, or external analog control. UV-VIS detestare concentration sensitive. The

sensitivity is approximately T0or 10° mg.mi* [15, 30, 34].

The photodiode array detector (PDA) passes the total light through the flow catid
disperses it with a diffraction grating. The disgest light is measured by an array of pho-
tosensitive diodes. The array of diodes is scartmedhe microprocessor. The reading
for each diode is summed, and the total is averagBd\ detectors can simultaneously
measure the absorbance at all wavelengths versas Tihe amount of data storage is a key
feature in the PDA [15].

Fluorescence detectorsire very sensitive and selective for solutes floatesce when are

excited by UV radiation. They measure the abilityaccompound to absorb then re-emit
light at given wavelengths. Each compound has aactexistic fluorescence. The excita-
tion source passes through the flow-cell to a pifettector while a monochromator meas-
ures the emission wavelengths. Fluorescence dateistiusually more sensitive than ab-

sorption detection. It has sensitivity limit of 1@ 10* mg.mi*[30, 31].

For refractive index detectoris used mechanism where a light beam is refracteliffer-
ent extents by different compounds. This detecarot sensitive and the selectivity differ-
ences are negligible for homolous compounds [31].
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Infrared detector is often used for qualitative analysis of limiteghge of organic sol-

vents. Every organic molecule absorbs infrareditligt one wavelength or another.
The mobile phase must not be self-absorbent atetipgired wavelength. The suitable mo-
bile phases are hexane, dichloromethane or acel®niThe sensitivity is not greater than

that of refractive index detectors [33, 34].

Electrochemical detectorsare based on the electrochemical oxidation or raluc

of the analyte and can be applied to the analysselected compounds such as phenols.
However, the adsorption of reacted molecules orsthigace of the electrodes can reduce
the conductivity that is why a pulse voltage isl@gpand it cleans the electrode surface

between measurements [31].

The mass detectorsare very sensitive and selective instruments. Tineciple of their
function is based on weighting the mass of sollueed from the column. Mass spectro-
meters have three distinct features: the souresatialyzer and the detector. Differences
in these three components differentiate the tygedl® techniques that are useful with
HPLC. For all MS techniques, the analyte is fimtized in the source, since the MS can
only detect charged species. lons of discrete wlaesgje ratios are then separated and fo-
cused in the mass analyzer. The final focused begrnmges on a detector that determines
the intensity of the beam [33].

The last part of HPLC apparatusdata system The visualization of the detector signals
helps to clarify the separation conditions. Peromgers were originally used but now
the integrator is popular due to the automatic mapp of both the retention time and
the peak area or the height. The use of the integraakes quantitative analyses easier.
Computer-based integrators are powerful for theag® and further arrangement of data

and can also be used for the column evaluatioraaradsystem controller [31].
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4 LIPIDS IN CEREALS

Cereal grains contain relatively low levels of dipj usually from 1 to 3% in barley, rise,
rye and wheat and from 5 to 9% in corn and oatséhgids are, nevertheless, important
constituents of the grain and grain products. Musthe lipids are present in the germ
which, in the case of wheat and corn, serves asi@e for oil production. The weight per-
centage of the germ from the whole grain is onlgut®?.54% but the amount of lipids
there is about 64%. On the other hand, the endaspédrich composes 80% of the grain
weight, contents only about 3.3% lipids. The gerd the aleurone cells consist of trigly-
cerides while phospholipids and glycolipids (fathaterials containing phosphorus and

sugars respectively) predominate in the endosp@yid4], 35].

Cereal lipids do not differ significantly in theimtty acid composition. The fatty acids in
the cereal lipids are mostly polyunsaturated. Thedgminant acid is a linoleic acid.
The total amount of all unsaturated lipids in ckres about 75% which is good news in
terms of nutrition but a problem during long staagj flour; oxidation of the polyunsatu-

rated acids can lead to off-flavours. Wheat ligato influent baking quality [34, 35].

The wheat flour contains 1.5 — 2.4% lipids, depegddn milling extraction rate. Part of
this lipid is nonstarch lipid which can be extrati room temperature with a polar sol-
vent, water-saturated butanol. This lipid compriabsut 75% of the total lipid in flour.
The remaining 25% are bound to starch lipids. Nemestbound and starch-bound lipids
in wheat differ in their composition. The major stituents in nonstarch-bound lipids are
triacylglycerides and digalactosyl diacylglyceridesile in starch-bound lipids the major
constituents are lysophosphatides. A decrease yhoamcontent is accompanied by a de-
crease in the lipid content. The ratios of nonstdround lipids classes are dependent
on the flour extraction grade. An increase in esttoa grade increases the triacylglyceride
content, since more of the germ is transferredtimdlour [35].
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5 TOTAL FAT CONTENT DETERMINATION

Lipids can be generally divided into two groupsngie and complex lipids. Simple lipids
include esters of fatty acids and glycerol (triglsides) and unsaponifiable matter, which
are soluble in non-polar organic solvents such esathe or light petroleum. Complex
of polar lipids include phospholipids, glycolipidspoproteins, oxidized or polar glyce-
rides, and free fatty acids. Because of these caemis, complex lipids are extracted

in polar solvents, such as methanol [12].

The determination of the total fat content is veoynmon in food analysis. There is need
to use standard method for relevant material aretisan be used one of the physical me-
thod. The method for lipid phase compound detertitindas more complicated. The lipids
must be isolated by milder extractive method anel éxtract is fractionated by one

of the chromatographic methods [36].

The isolation procedure is different and dependthemmethod. If there is used mild isola-
tion method (e.g. Soxhlet analysis), there arenofteed hexane, petrolether, diethylether
or chloroform as solvents. The lipids from liquicterial must be extracted by more polar
system, mostly chloroform and methanol but therelmused also ethanol or diethylether
and methanol [36].

The choice of the extraction method is very imparttor the further characterization
of the lipid material. The extraction of fat can firformed for quantitative determination
of the fat content or to simply obtain lipids farther investigation by chemical or chro-
matographic methods. Some of the methods are stiined by national and international

organization for one type of the product [37].

The very common method for the total fat conterteeination is a Soxhlet extraction. It

Is used to extract solutes from solids, using agsirdd volatile solvent, which can be wa-
ter-miscible or water-immiscible. The method istable for analysis of materials rich in

neutral lipids and with low water content. The systof Soxhlet extraction has three com-
ponents. A solvent vapor reflux condenser is tipep@art. The middle part involves a thim-

ble holder with a siphon device and a side tubes fhimble holder connects to a round-
bottomed flask at the bottom [38, 39].
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6 METHODOLOGY

6.1 Chemicals

Chloroform (supplier Ing. Petr Lukes, Uh. Brod)

n-Hexan (Ing. Petr Svec, PENTA)

Methanol (Ing. Petr Svec, PENTA)

LC-MS Grade Methanol for HPLC (Fisher Scientific UWinited, Bishop)
Ethanol 96%

Formic acid 85% (Ing. Petr Svec, PENTA)

Hydrochloric acid 37% (supplier Ing. Petr Lukes,. Binod)

Potassium hydroxide (Ing. Petr Svec, PENTA)

Redistilled water

6.2 Instruments

Analytical balance (Adam — Alfa 210 LC, Kern)
Preparative balance (Kern, Germany)

Mixer BRAUN

Mixer HEIDOLPH instruments MR 1000

Fritted glass (S1 type)

Water bath MEMMERT

Vacuum evaporator RV-05-ST (IKA WERKE, Germany)
Soxhlet apparatus

Common laboratory glass
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HPLC apparatus (Dionex Ultimate 3000)
* Mobile phase reservoir — glass bottle with GL cap
* Degasser
e Binary pump
e Autosampler
* Injector with valve needle for autosampler
* Preparative column MetaGuard 4.6 mm Polaris C18n5
e Column Acclaim 120 C18 (2.1 x 150 mmpu#n )
» UV/VIS detector (possibility of setting of 4 wavalgths from 190 to 650 nm)
* MS detector Amazon X (BRUKER)

* PC with software Chromeleon Xpress and HyStar &)

6.3 Methods of total fat content determination

6.3.1 Samples

For total fat content determination in cereals weltesen samples of five nontraditional
species of wheat. They were Kamut (Khorasan whé&@en spelt, Spelt wheat, Bread
wheat and Spelt groats (kernotto). There were 8¢@dproducts from the PRO-BIO com-
pany, residing in the Czech Republic. The samplesevstored in dry and dark space

at the room temperature. All samples were pulvertzefore the analysis.

Table 5: Fat content in used samples declared by producer

Kamut Green Spelt | Speltwheat | Bread wheat | Spelt groats
[9.100g] [9.100g"] [9.100g] [9.100g] [9.100g"]
2.6 3 2.5 1.9 2.5
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6.3.2 Fat content determination by extraction of chlorofom and methanol mixture

This method was tested for fat content determinatio cereals although it is useful
all above for food of animal origin. They were dofaur series of testing. Based

on the results, the method was modified in eadeser

The first series of the analysis passed accordiregtiised technique. It was weighed 5 g
of the sample which was mixed with seventeen-fallime of the chloroform and metha-
nol mixture (2:1). Afterwards it was homogenized Sominutes, filtered by fritted glass
and once again was added two-fold volume of thenametl and chloroform (2:1). Sepa-
rated bottom part was moved into separatory fuiamel was added 25 ml of redistilled
water. The separatory funnel was shaken for a fawt@s and then it was left to separate
it. The next bottom part was moved into new sepayafunnel, was added mixture
of the chloroform — methanol - water in the rate3ef8:47, was shaken for few minutes
and was left to separate it again. The bottom fpam this funnel was moved into empty
dry and weighed titration flask and the solvent waaporated on the vacuum evaporator.

The temperature of the water was 40°C [36].

In the second analysis, the time of the homogeinizatas modified. Samples were homo-

genized for 10, 20, 30 resp. 40 minutes.

In the third analysis, it was poured 15 ml of ratlexl water after 30 minutes of homoge-

nization and afterwards it was homogenized agaii@ominutes.

In the fourth analysis was added twenty-fold voluofemethanol - chloroform (2:1)
instead of seventeen-fold volume as in previousegrgents. The homogenization took

for 1 hour and then it was added only 25 ml of selied water.
The sample was tested five times in each series.
The results were calculated as:
A75 o0 R-1
C
A weight of evaporated flask (g)
B weight of empty flask (g)

C weight of the sample (g)
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This method was tested only with Kamut. The ainthaf experiment was to find out if it is
available method for fat content determinationereals.

6.3.3 Fat content determination by Soxhlet extraction

It was weighed 5 g of the sample and it was loadeda porous cellulous sample thimble
and placed into the thimble holder. 150 ml of tblvent (n-hexane) with couple of boiling
chips were added to the flask which was heatedlmating mantle and the cool water was
turned on at the same time. The solvent was vagabrit passed through the side tube and
went to the reflux condenser. When it condensedrdpped on the solid substance con-
tained in a thimble and extract soluble compouidken the liquid level filled the body
of extractor, it automatically siphoned into thask. This process continued repeatedly at
the solvent in the flask was vaporized and condknBRe total time was 4 hours. When
the extraction was completed, the heat and coaliater were turned off. The extraction
solvent containing the solute was put into a bakdter that, the extracted components
were isolated by the evaporation [38, 39].

The sample was tested five times.

Only the Kamut was used for this method. The tdske experiment was to find out if it

Is appropriate method for total fat content deteation in cereals.

6.3.4 Total fat content determination by CSN ISO 7302

It was weighed 8 g of the analytical sample. Thaa with magnet stirrer was put into
the volumetric bottle where was poured 10 ml ofaatil. It was homogenized as long as
homogenous mixture appeared. After that, 8 ml ainfo acid and 12 ml of hydrochloric
acid and water solution (7:3) were added and thedgenization process continued for 5
minutes. Then the bottle was put into the wateh Ibatated at the temperature of 75 °C for
20 minutes. After cooling down of the bottle, theraction process continued. There were
poured 18 ml of ethanol and 50 ml of hexane int ltbttle and was homogenized for 5
minutes and consequently there were separated hasep. The hexane phase on the top
was shifted through the filter paper into the dngl aveighed evaporation flask. Then was
added 30 ml of hexane and it was homogenized for Bieninutes, left it separated again
and the hexane phase on the top was removed thtbadhter paper into the same evapo-

ration flask with first extract. This extractiontwi30 ml of hexane was repeated two times.
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Finally, the hexane extract was evaporated on #teiwm evaporator with the temperature
of 50°C. Cold evaporation flask was weighed [40].

Total fat content expressed as percent from thghweif the sample was calculated as:
Mz — My

—— 100 R-2

mo  weight of the sample (Q)
mi.  weight of the flask (g)
my  weight of the flask after extraction (g)

Each sample was tested five times. The purposheoéxperiment was to make sure that

it is relevant method for total fat content detaration in cereals.

6.4 Preparing of HPLC method for cholecalciferol determnation
by HPLC — UV/VIS

For preparing of HPLC method for cholecalciferotedmination was used net standard
of cholecalciferol (FLUKA, BioChemika).

6.4.1 Determination of chromatographic conditions for chdecalciferol detection
by HPLC-UV/VIS

It was prepared the standard solution of cholefeatsli at the concentration of 1 mg:hl
(100 mg of standard cholecalciferol was dissolved@0 ml of methanol). From this solu-
tion was provided 10 ml of the new solution at amteation of 50ug.mI™* (5 ml of stan-

dard solution was mixed with 9.5 ml of methanol).

In the chromatographic separation was used theroolcclaim 120 C18 (2.1 x 150 mm;
5 um). The elution was isocratic. The composition led mobile phase was methanol -
redistilled water (95:5). They were tested the fiates of the mobile phase of 0.4, 0.5 and
0.6 ml.miri*. The temperature of the column was 30°C and tlesstin the column was
91, 126 resp. 135 bar. The detection signal wasnechby the UV/VIS detector at wave-
lengths of 254, 265, 274 and 310 nm. It was meddiree times at each condition.

The aim of this part was to discover the optimaldibons (wavelength) for cholecalcife-

rol detection and its retention time.

The results of the experiment are in chapter 7.4.
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6.4.2 Measuring of the cholecalciferol calibration curveby HPLC — UV/VIS

It was used standard solution of cholecalciferghatconcentration of 1 mg.thIFrom this
solution were prepared new solutions at the comagonh of 5, 10, 15, 20, 25 and 50
ng.mf™.

The column Acclaim 120 C18 (2.1 x 150 mmgs) was used in the chromatographic se-
paration. The mobile phase (methanol - redistieder in the rate of 95:5) flow rate was
0.6 ml.min'. The elution was isocratic, at the temperature3@fC and the stress in
the column was 130 bar. The detection signal wasrsed by the UV/VIS detector at wa-
velengths of 254, 265, 274 and 310 nm. The caldmwaturve was made as dependence of
the peak area [mAV.s] on the cholecalciferol com@gion [ug.ml*]. Each concentration

was measured three times.

The results of cholecalciferol concentration cuteéermination are in chapter 7.5.

6.4.3 Separation of cholecalciferol and ergocalciferol sindards by HPLC — UV/VIS

The cholecalciferol and ergocalciferol standardisohs at the concentration of 58.ml*

were prepared according to the technique whickessiibed in the chapter 6.4.1.1.

It was used the column Acclaim 120 C18 (2.1 x 150;r&um). In the separation, the mo-
bile phase composition was changed. The rate methamedistiled water was 95:5,
90:10, 85:15 and 80:20. In the first three cades flow rate was 0.6 ml.mi in the last
case, the flow rate was 0.5 ml.flinThe elution was isocratic. It was measured atehe
perature of 30°C, the stress was 137 bar. The U¥fétector scanned the signal at wave-
lengths of 254, 265, 274 and 310 nm.

The scope of this experiment was to separate chlglégrol and ergocalciferol.

The results of the separation process are in ch@de
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6.5 Preparing of HPLC method for a-tocopherol determination
by HPLC — UV/VIS

It was used standard oaftocopherol for preparing of HPLC method foitocopherol de-

termination.

6.5.1 Determination of chromatographic conditions fora-tocopherol detection by
HPLC — UV/VIS

The a-tocopherol standard solution at the concentratfob0 ug.mi* was prepared accord-
ing to the method described in chapter 6.4.1.1.

For thea-tocopherol determination was used the column AcclE0 C18 (2.1 x 150 mm;
5 um). The composition of the mobile phase was methancedistilled water (95:5).
The elution was isocratic. The flow rate was 0.6mmni™, the temperature was 30°C and
the stress in the column was 136 bar. The signi@ctien was scanned by the UV/VIS
detector at wavelengths of 210, 265, 274 and 305 nm

The purport of the experiment was to design thérgtconditions for-tocopherol detec-

tion and its retention time.

The results are in chapter 7.7.

6.5.2 Measuring of thea-tocopherol calibration curve by HPLC — UV/VIS

It was used standard solution@focopherol at the concentration of 1 mgimiNew stan-
dard solutions were prepared from this solutiothatconcentration of 5, 10, 15, 20 and 25
ng.mf™.

The column Acclaim 120 C18 (2.1 x 150 mmgra) was used in the chromatographic se-
paration. The mobile phase (methanol - redistiNegter in rate 95:5) flow rate was
0.6 ml.mir*. The elution was isocratic, the temperature wa€3thd the stress in the col-
umn was 132 bar. The UV/VIS detector scanned theasiat wavelengths of 210, 265, 274
and 305 nm. The calibration curve was made as depmee of the peak area
[MAV.s?] on thea-tocopherol concentratiomud.mi’]. Each concentration was measured

three times.

The results are in chapter 7.8.
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6.5.3 Separation of cholecalciferol andz-tocopherol standards by HPLC — UV/VIS

The cholecalciferol and-tocopherol standard solutions at the concentraifoB0 ug.mi*

were prepared according the technique which isrdestin the chapter 6.4.1.

It was used the column Acclaim 120 C18 (2.1 x 150;r&um). In the separation, the mo-
bile phase constitution was methanol — redistilleter in the rate of 95:5, the flow rate
was 0.6 ml.miit and the stress was 131 bar. The elution was isocfate UV/VIS detec-
tor scanned the signal at wavelengths of 210, 288,and 305 nm. The experiment was

repeated three times.

The results are in chapter 7.9.

6.6 Cholecalciferol determination in raw milk and margarine
by HPLC — UV/VIS

6.6.1 Samples

They were used samples of raw bovine milk and nmargaRama Multivita (Unilever).
The content of vitamin D in raw milk is 0.3 — 4 100 mI*(0.0075 — 0.1ug.100 mt") [37]
and the producer of margarine denotesyifi3.00 ¢ of vitamin D.

6.6.2 Saponification

The hot saponification consists of treating the ganwith ethanolic and aqueous KOH.
10 ml of raw bovine milk was mixed with 30 ml oP1IM ethanolic KOH and next 10 ml
of raw bovine milk was mixed with 30 ml 3.8 M aqusoKOH. It was also weighed
2 x 10 g of margarine and samples were mixed w@hmd of 1.9 M ethanolic KOH and
40 ml of 3.8 M aqueous KOH. The flasks with ethan&OH were put in for 30 min. to
the water bath warmed at the temperature of 60%&r Ahis time, the samples were put
out from the bath and cooled down. The temperaititke bath was increased at 95°C and
samples with aqueous KOH were put in for 30 miml afterwards were cooled down [13].

6.6.3 Extraction

The unsaponificable fraction is extracted with migasolvents that are not miscible in the
water. It was poured 50 ml of n-hexane to all flaskth the samples, they were homoge-
nized on the mixer for 5 min. and then they wengasated. The hexane layer was poured
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into the evaporation flask and was evaporated ervéltuum evaporator at the temperature
of 50°C. After the evaporation it was added 10 fithethanol [13].

6.6.4 Detection

The cholecalciferol was detected by HPLC apparBliesiex Ultimate 3000. It was used
the column Acclaim 120 C18 (2.1 x 150 mm®). The mobile phase constitution was
methanol — redistilled water (95:5), the flow ratas 0.6 ml.mift, the temperature was
30°C and the stress was 130 bar. The elution veasasc. The UV/VIS detector measured

wavelengths at 210, 265, 274 and 305 nm. The expetiwas repeated five times.



TBU in Zlin, Faculty of Technology 42

7 RESULTS AND DISCUSSION

7.1 Results of total fat content determination by extration of chloro-

form and methanol mixture

The conditions of all experiment series are listedhapter 6.3.2. The aim of this experi-
ment was to determinate total fat content in Kaamd based on the results it was estab-
lished if this method can be used for total fatteahdetermination in cereals.

Table 6: Total fat content in Kamut after first series e$ting

Number of experiment Fat content in Kamut [g.100g"]

1 1.48

2 1.48

3 1.47

4 1.50

5 1.49
Average[g.100 ¢'] 1.48
Standard devation [g.100g] 0.010

As shown in table 6, the average fat content in Wtaafter first series was 1.48 + 0.010
9.100g". According to these results and in comparison wité producer statements,

the original method is not suitable for total fahtent determination in cereals.
In the second series, the conditions were modd&gtentioned in chapter 6.3.2.

Table 7: Total fat content in Kamut after the second sesfa@gsting

Time of _ Standard
. Fat content in Kamut Average

homogeni- . gl deviation
zation [0.100g7] [0.100g7] 1
10 1.73 1.74 1.73 1.69 1.75 1.74 0.008

20 2.21 2.21 2.22 2.26 2.21 2.22 0.019

30 1.30 1.56 1.34 1.35 1.29 1.37 0.099

40 0.37 0.21 0.10 0.36 0.32 0.27 0.103
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As summarized in table 7, the time of homogenirattrongly influenced the results
of the fat content determination. The best resméire after 20 min. of the homogenization.
The total fat content in Kamut was 2.22 + 0.01906d" which was closest to the state-

ments mentioned on the package of the sample.
The conditions in third series were modified agaime technique is in chapter 6.3.2.

Table 8: Total fat content in Kamut after the third serés$esting

Number of experiment Fat content in Kamut [g.100g"]

1 1.96

2 1.96

3 1.97

4 1.98

5 1.90
Average[g.100g"] 1.95
Standard devation [g.100g"] 0.028

The total fat content in Kamut after addition of & redistilled water and 40 min.
of the homogenization was 1.95 + 0.028 g.1b@g table 8 presents. The result is closer

to the producer statements than the result aftrderies.

Table 9: Total fat content in Kamut after the fourth seré¢sesting

Number of experiment Fat content in Kamut [g.100g"]

1 5.32

2 5.10

3 4.46

4 5.24

5 491
Average[g.100g"] 5.01
Standard devation [g.100g"] 0.306

The table 9 gives the results after 1 hour of tbendgenization. The total fat content
in Kamut was 5.01 + 0.306 g.108gin comparison with statements on the package,

the difference in the fat content is wide.



TBU in Zlin, Faculty of Technology 44

7.2 Results of total fat content determination by SoxHdt extraction

The experiment was made according to the condifistexd in chapter 6.3.3. The aim was
to determine the total fat content by Soxhlet ectioan, compare the results with statements
on the package of the sample and establish if th#had is suitable for total fat content

determination in cereals.

Table 10 Total fat content in Kamut after the Soxhlet axtion

Number of experiment Fat content in Kamut [g.100g"]

1 1.50

2 1.61

3 1.57

4 1.70

5 1.71
Average[g.100g"] 1.62
Standard devation [g.100g] 0.079

As shown in table 10, the average total fat coriteamut was 1.62 + 0.079 g.108g
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7.3 Results of total fat content determination byCSN ISO 7302

The total fat content determination was made byrempie mentioned in chapter 6.3.4.
The goal was to find out if the international ndion total fat content determination in ce-

reals is relevant.

Table 11: Total fat content in all samples after the deteation byCSN 1SO 7302

Number of Kamut Green Spelt | Spelt wheat | Bread wheat | Spelt groats
experiment| 14100g% | [g.100g | [g.100g% | [9.100gY | [g.100g"
1 2.72 3.53 3.15 2.28 2.13
2 2.95 3.34 3.09 2.48 2.22
3 2.59 3.41 2.84 2.30 2.83
4 271 3.36 2.74 2.28 3.01
5 2.86 3.52 2.79 2.20 2.62
Average
9 2.78 3.43 2.92 2.31 2.56
[9.100g7]
Standard
deviation 0.126 0.079 0.166 0.093 0.340
[9.100g"]

As can be seen in table 11, the average fat coirteiamut was 2.78 + 0.126 g.108g
in Green Spelt was 3.43 + 0.079 g.108 in Spelt wheat was 2.92 + 0.166 g.100g
in Bread wheat was 2.31 + 0.093 g.100gnd in Spelt groats was 2.56 * 0.340
g.100g". The results of the fat content determinationt®ymorm 1SO 7302 are very close

to statements mentioned on the packages of theleamp

Based on these results, the best method for tatatdntent determination in cereals is

international norm ISO 7302.
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7.4 Results of determination of chromatographic conditbns
for cholecalciferol detection by HPLC-UV/VIS

The experiment conditions are listed in chapterl6.#he scope was to prepare suitable
conditions for cholecalciferol determination. It svanalyzed at wavelengths of 254, 265,
274 and 310 nm. The best detection was at 265 nm.

Table 12: Measuring ofetention time at different flow rates of the melyhase

Flow rate [ml.min™] Retention time [min]
0.4 11.3-114
0.5 7.7-7.8
0.6 6.5-6.6

As summarized in the table 12, there were testad fates of 0.4, 0.5 and 0.6 ml.ritin
The shortest retention time was at the flow raté.6fml.mir* consequently this flow rate
was chosen for the next experiments. The chromatogn appendix | is the example

of this measuring. The flow rate was 0.6 ml.ihémd the retention time was 6.5 — 6.6 min.
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7.5 Results of the cholecalciferol calibration curve masuring
by HPLC — UV/VIS

The calibration curve for cholecalciferol determioa was measured according to tech-
nique mentioned in chapter 6.4.2. The goal wasnb the peak areas for each cholecalci-
ferol concentration. The average values of the peais were calculated and are presented

in table 13. The graph 1 reveals the regeressioatem.

Table 13 The results of cholecalciferol calibration cumeasuring at different concentra-
tions by HPLC — UV/VIS

Cholecalciferol concentration Peak area Average peak area
[ng.mi? [MAV.s] [MAV.S]
5 2143 2142 1894 2060
10 4289 4249 4691 4410
15 6968 6333 6355 6552
20 8963 8908 8951 8941
25 13773 13832 13855 13821
50 23913 23901 23876 23897

25000 /.
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y = 491,29x - 455,46
R?=0,9951
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o] 5 10 15 20 25 30 35 40 45 50

Peak area [mAV.s]

Cholecalciferol concentration [pg . ml-]

Graph 1: The calibration curve with the regeression equattr cholecalciferol determi-

nation

It was established the regeression equation witteladion coefficient of 0.9951.
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7.6 Results of cholecalciferol and ergocalciferol sepation
by HPLC — UV/VIS

The conditions of the experiments are mentionechapter 6.4.3. The aim of this experi-
ment was to separate cholecalciferol and ergoeaddif The resulting chromatograms
of the separation are in appendix Il. The retentiores both of the vitamins were same
and that is why it was difficult to separate thegamins. In the separation, it was modified
mobile phase constitution. As can be seen frommhtogram 1 in appendix, lthe vita-

mins were best separated by the mobile phase iratbef 95:5.

7.7 Results of determination of chromatographic conditbns
for a-tocopherol detection by HPLC-UV/VIS

The experiment conditions are in chapter 6.5.1. Sdepe was to find suitable conditions
for a-tocopherol determination. It was analyzed at wewglhs of 210, 265, 274 and
305 nm. The best detection was at 210 nm. The tretetime was 9.4 — 9.5 min.

The resulting chromatogram is in appendix Ill.

7.8 Results of thea-tocopherol calibration curve measuring
by HPLC — UV/VIS

The calibration curve fax-tocopherol determination was measured accordirigdionique

in chapter 6.5.2. The goal of the experiment wasfind the peak areas for each
a-tocopherol concentration. Consequently the avevafigees of the peak areas were calcu-
lated and are presented in the table 14. The taplieals the regeression equation.
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Table 14 The results ok-tocopherol calibration curve measuring at différeoncentra-
tions by HPLC — UV/VIS

Cholecalciferol concentration Peak area Average peak area
[ng.mi? [MAV.S] [MAV.S]
5 2502 2432 2334 2423
10 3808 3836 3822 3822
15 5948 5973 5973 5965
20 7840 7714 7762 7772
25 9681 9651 9726 9686
10000
y =369,53x+ 390,47 /.
9000

R?=0,9966 /
8000 /0
7000

6000 /
5000

4000 /
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Peak area [mAV.s]

0 5 10 15 20 25

a-tocopherol concentration [pg . ml]

Graph 2: The calibration curve with the regeression equmator a-tocopherol determina-
tion

It was established the regeression equation witteladion coefficient of 0.9966.
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7.9 Results of cholecalciferol and:-tocopherol separation by HPLC —
UV/IVIS

The aim was to separate cholecalciferol artdcopherol according to the conditions listed
in chapter 6.5.3. As can be seen from the chromatogn appendix 1V, the vitamins were
separated. The retention time for cholecalciferab\8.5 — 6.6 min. and the retention time

of a-tocopherol was 9.4 — 9.5 min.

7.10Results of cholecalciferol determination in raw mik and margarine
by HPLC — UV/VIS

The experiment was made according to the technmogtioned in chapter 6.6. The aim
was to find out if the conditions of measuring setchapter 6.4.1. were applicable

for self cholecalciferol determination in food.

The saponification both of the samples by ethartdidd and saponification of margarine
by aqueous KOH failed. It is certain that the ctinds of the saponification, like the time
and the temperature, were set incorrectly. It pfewed that the method is appropriate only
for the milk products and the margarine is not & product. The extraction of these
samples could not be done and so they could nappked to HPLC.

The cholecalciferol sign appeared only in the mnsiiponificated by aqueous KOH.
The resulting chromatogram is in appendix V. The@a was measured twice. The peak
areas were 1957 resp. 1974 mAVasd these values were substituted for “y”
to the regeression equation (graph 1). From thisiagon it was calculated
the concentration of cholecalciferol in the millhéTresult was 4.91 resp. 4.8§.mI* and
consequently it was converted {a@.100ml*. After that, the cholecalciferol content
in 100 ml of raw milk was 0.0491 resp. 0.048§. According to the Rucker [17],
the cholecalciferol content in 100 ml of milk isO075 — 0.1ug. It is obvious that
cholecalciferol content determinated in milk is sistent with set values.
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CONCLUSION

The primarily aim of the master thesis has coneg¢edr on finding the optimal method
for total fat content determination in cereals. yieere chosen five nontraditional species
of wheat, such as khorasan wheat, green spelt, wpeht, bread wheat and spelt groats.
The second purport was to prepare the optimal tiongifor cholecalciferol determination
by HPLC — UV/VIS.

In the first part of the study, there were testbde¢ methods for total fat content
determination. The first one used the mixture dbdform and methanol. It should be
noted that this method was tested only with Karibe aim was to find how much fat can
be extracted by this method and compare it withestant on the package. Based on
the results, it was decided not to continue wiik thethod. It was confirmed that it is not
appropriate technique for the cereals. The metHfo8oxhlet extraction showed similar
results as the first experiment. As the most erathod for total fat content determination
turned out the ISO norm. The results of this tegheiwere very close to the declared
statement and thereby this method was used falrfaitcontent determination in all wheat

samples.

The second part of the master thesis has conceatrah vitamin D, all above
on cholecalciferol. It was used pure standard aflettalciferol and a brand-new HPLC
apparatus Dionex Ultimate 3000 for preparing théhoa. Firstly they were found optimal
conditions, such as wavelength, mobile phase flate rand retention time for
cholecalciferol detection, and consequently it wasasured its calibration curve which
was important for further cholecalciferol deterntioa in the food. It was also tried
to separate ergocalciferol and cholecalciferol daatis on this apparatus but it failed
unfortunately. It seems that the problem may be shene retention time both of
the vitamins so they cannot be detected. The detation of o-tocopherol and
measurement of its calibration curve was done exifge main purpose was to try
the separation of cholecalciferol andtocopherol standards. The aim of the latest
experiment was to check out if the conditions fdwlecalciferol determiantion are

applicable.

Vitamin D is very important for optimal metabolisof the body and for good bone and
teeth condition. Unfortunately, its content in coomfood is very low. The experiment is

one of the evidence. It was found that in 100 mbo¥ine milk is approximately only
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0.05ug (2 IU) of cholecalciferol. The adequate intakecbblecalciferol for most of the

population is 200 IU a day. It follows that we shibdrink 10 | of the raw bovine milk

a day to implement this requirement. However, iblsious that it is not possible for
people to fulfill it and that is why some of theeduently consumed foods are fortified
by vitamin D these days. The fortification guarantee vitamin D intake also for people
who cannot expose themselves to the sun.
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APPENDIX P I: CHOLECALCIFEROL DETERMINATION

BY HPLC-UV/VIS
Chromatogram

Report for "vitamin D3_RA6_03_36"
Printed: 16:56:48 03/16/10 Computer:XW4600-ESI User:mif

Report for "vitamin D3_RA6_03_36"

Chromatogram File:
D:\Data\MIF\Vitaminy\vitamin D3_RA6_03_36.d\vitamin D3_RA6_03_36.unt

Created cn: 3/16/2010 at: 03:08:18 pm

on Windows system: XW4600-ESI by user: Administrator
with HyStar Version 3.2.44.C
Operator: mif, Laboratcry:

Total Chromatogram Runtime: 10.02 min
Flow Rate: 0.600 ml/min

Injection Volume: 5.00 nl

Sample ID: vitamin D3

Signal 1: UV (254.0mm)
Signal Z: UV {(265.0nm)
Signal 3: UV (274, 0nm)
Signal 4: UV (310.0nm)

intens,
[mAU]

60

201

"9 Time jmin}

%@é% HyStar PP Version 3.2.44.0, © Bruker Daltonik GmbH

Page 1/6
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APPENDIX P II: CHOLECALCIFEROL AND ERGOCALCIFEROL

SEPARATION BY HPLC — UV/VIS

Chromatogram 1: Cholecalciferol and ergocalcifegparation (mobile phase 95:5)
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Chromatogram 2: Cholecalciferol and ergocalcifegparation (mobile phase 90:10)
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Chromatogram 3: Cholecalciferol and ergocalcifegparation (mobile phase 85:15)

On-line Plot
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Chromatogram 4: Cholecalciferol and ergocalcifegparation (mobile phase 80:20)

On-line Plot
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APPENDIX P IlI:

UVIVIS

a-TOCOPHEROL DETERMINATION BY HPLC —

Printed:

18:22:11

Chromatogram

Report for "vitamin E RAS 03_67"
03/31/10 Computer:XW4600-ESI User:mif

Report for "vitamin E_RA5_03_67"

Chromatogram File:

D:\Data\MIF\Vitaminy\vitamin E_RA5_03_67.d\vitamin E_RA5 03_67.unt

Created on: 3/31/2010 at:

05:29:23 pm

on Windows system: XW4600-ESI by user: Administrator
with HyStar Version 3.2.44.0
Operator: mif, Laboratory:

Total Chromatogram Runtime:

15.02 min

Flow Rate: 0.600 ml/min
Injection Volume: 5.00 pl
Sample ID: vitamin E
Signal 1: UV (210.0nm)
Signal 2: UV (265.0nm)
Signal 3: UV {274.0nm)
Signal 4: UV (30S5.0nm}
intens
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é@ﬁ% HyStar PP Version 3.2.44.0, 9 Bruker Daltonik GmbH Page 1/5
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APPENDIX P IV: CHOLECALCIFEROL AND

SEPARATION BY HPLC — UV/VIS

a-TOCOPHEROL

On-line Plot
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APPENDIX P V: CHOLECALCIFEROL DETERMINATION IN RAW
MILK BY HPLC — UV/VIS

Chromatogram

Report for "vitamin L19_RC3_01_94"
Printed: 17:01:58 04/07/10 Computer:XW4600-EST User:mif

Report for "vitamin L19_RC3_01_94"

Chromatogram File:
D:\Data\MIF\Vitaminy\vitamin L19 RC3_01_94.d\vitamin L19_RC3_01_94.unt

Created on: 4/7/2010 at: 04:09:29 pm

on Windows system: XW4600-ESI by user: Administrator
with HyStar Version 3.2.44.0
Operator: mif, Laboratory:

Total Chromatogram Runtime: 20.02 min
Flow Rate: 0.600 ml/min
Injection Volume: 5.00 pl
Sample ID: vitamin L19
Signal 1: UV (210.0nm)
Signal 2: UV (265.0nm)
Signal 3: UV {274.0mm)
Signal 4: UV (2305.0nm}
intens.
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