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Fytova kyselina je hlavni zasobni forma fosforu v obilnych zrnech. Vyskytuje se ve formé smisenych soli (fytatd). Tato forma fosforu je
obtizné stravitelna pro monogastricka zvifata i pro ¢lovéka. Béhem prichodu travicim traktem mize fytat vazat nékteré esencialni stopové
prvky a mineraly a negativné tak ovliviiuje vyuZzitelnost Zivin a dalSich nutriéné cennych latek, na druhé strané vykazuje fadu pozitivhich
zdravotnich G¢inka. Je silnym antioxidantem, snizuje riziko fady civiliza¢nich chorob, inhibuje krystalizaci vapniku a brani tvorbé ledvinovych
kamenu. Ma také pozitivni vliv na hladinu glukosy v krvi a cholesterolu. Proto jsou role fytatu v lidské vyzivé a jeho vliv na zdravi nadale
intenzivné studovany. Tato prace shrnuje vyvoj analytickych postupl pro stanoveni fytové kyseliny v obilovinach i dal§ich matricich od
nejstarsi metody srazeni nerozpustného fytatu zelezitého v kyselém roztoku, pres kolorimetrické metody az po mnoho druhtt modernich
instrumentalnich metod, jakymi jsou napfiklad nuklearni magnetické rezonance, izotachoforéza a vysokou€inna kapalinova chromatografie.

BenesSova, K. — Bélakova, S. — Mikulikova, R. — Svoboda, Z.: Survey of the analytical methods for the phytic acid determination.
Kvasny Prum. 59, 2013, No. 5, p. 127-133.

Phytic acid is a main reserve form for phosphorus in cereal grains. It occurs in a form of mixed salts (phytates). This phosphorus form is
hardly digestible for monogastric animals and humans. When passing through the digestive tract, phytate can bind some essential trace
elements and minerals, thus affecting negatively usability of nutrients and other nutritiously valuable substances; on the other hand, it
exhibits a number of positive impacts on health. It is a strong antioxidant; it reduces a risk for many civilization diseases, inhibits calcium
crystallization and prevents kidney stones production. It also positively affects a blood glucose level and cholesterol. Therefore, a phytate
role in human diet and its effect on health have been studied intensively. This study summarizes the development of analytical methods
for the determination of phytic acid in cereals and other matrices from the oldest method of precipitation of insoluble ferric phytate in acid
solution and colorimetric methods to many kinds of modern instrumental methods, such as nuclear magnetic resonance, isotachophore-
sis and high-performance liquid chromatography.

Benesova, K. — Bélakova, S. — Mikulikova, R. — Svoboda, Z.: Die Ubersicht der analytischen Methoden zur Bestimmung der
Phytinsaure. Kvasny Prum. 59, 2013, Nr. 5, S. 127—-133.

Phytinsaure dient als Speicher fir Phosphat im Getreidekorn, die in der Form von den gemischten Sélzern (Phytaten) vorkommt. Diese
Form ist fir die monogastrischen Tiere und auch fir den Mensch sehr schwer verdaulich. Durch den Durchgang durch Verdauenstrakt
kann Phytat einige essentiellen Spurenelementen und Mineralien an sich binden und dadurch auf eine Seite die Verwendbarkeit der
Nahrstoffe und anderen erndhrungsphysiologisch wertvollen Stoffen negativ beeinflussen, auf der anderen Seite viele positive Auswir-
kungen auf die Gesundheit aufweist. Phytat gibt”s als ein starkes Oxidationsmittel, dass das Risiko von vielen Zivilisationskrankheiten
reduziert, die Kristallisation von Calcium inhibiert und die Bildung von Nierensteinen vermeidet. Phytat hat auch einen positiven Effekt
auf den Glukose- und Cholesterinspiegel im Blut. Das ist der Grund, warum ist die Phytatenrolle in der menschliche Ernédhrung und seine
Wirkung auf die Gesundheit noch weiter intensiv studiert. In dem Artikel wird die Entwicklung von den analytischen Verfahren zur Phytin-
sdurebestimmung in dem Getreide und in den weiteren Matrizen von den altesten Methoden des Eisen Phytatniederschlagens in sauer
L&sung uber kolorimetrischen Methoden bis zu den modernen Methoden, zum Beispiel die Kernspinresonanz (NMR), Isotachoforesis
und die Hochleistungsflissigkeitschromatographie zusammengefasst.

Kliéova slova: fytova kyselina, fytdt, fytasa, analytické stanoveni

1 UVOD

Fytova kyselina byla objevena v letech 1855 aZ 1856, kdy Hartig
poprvé identifikoval malé kulaté ¢astice veliké jako zrna bramborové-
ho $krobu, nalezené v semenech rliznych rostlin (Hartig, 1855; 1856).
Pouziti jodového testu ukazalo, ze tyto ¢astice Skrob neobsahuiji, coz
vedlo k zavéru, ze musi obsahovat rezervni vyzivné latky pro kliceni
semen. Pozd§ji bylo zjisténo, Ze izolované &astice jsou bohaté na fos-
for, vapnik a hot¢ik, ale neobsahuiji bilkoviny ani tuky (Pfeffer, 1872).
Nazev fytin (phytin) byl vytvofen na zakladé skuteénosti, Ze tato lat-
ka je rostlinného plvodu, nebyla nalezena v mase ani v mléénych
vyrobcich a byla pdvodné charakterizovana jako lozZiska vapenato-
-hofe€natého fytatu v semenech rostlin. Bylo zjisténo, ze hydrolyzou
fytinu pomoci HCI se uvolni kyselina fosfore¢na a inositol. O mozné
strukture fytové kyseliny se diskutovalo mnoho let a v roce 1914 An-
derson (Anderson, 1914) predstavil molekularni strukturu myoinositol-
-1,2,3,4,5,6-hexakisdihydrogenfosfatu (IP6), také zvaného fytova ky-
selina (obr. 1), ktera byla potvrzena modernimi analytickymi metodami
a plati dodnes. Je to jednoduchy cyklicky sacharid se Sesti fosfatovy-
mi skupinami navazanymi na kazdém atomu uhliku. Pfi pH 0,5-9,0
vytvari stericky stabilni strukturu, kdy je konformace fosforecnych
skupin v uspofadani 5 axialné a 1 ekvatorialné (Emsey, Niazi, 1981).

Keywords: phytic acid, phytate, phytase, analytical determination

1 INTRODUCTION

Phytic acid was discovered in 1855 to 1856 when Hartig first iden-
tified small round particles in various plant seeds similar in size to
potato starch grains (Hartig, 1855; 1856). The iodine test showed that
these particles did not contain starch suggesting that they must con-
tain reserve nutrients for the germination of seeds. Later it was found
that the isolated particles were rich in phosphorus, calcium and mag-
nesium but neither contained proteins nor lipids (Pfeffer, 1872). The
name “phytin” was created by virtues of the fact that this substance is
of plant origin, it has been detected neither in meat nor dairy products,
and originally it was characterized as deposits of calcium-magnesium
phytate in plant seeds. It was shown that hydrolysing phytin by HCI
liberated phosphoric acid and inositol. Possible phytate acid structu-
res were discussed for many years and in 1914 Anderson (Anderson,
1914) introduced the molecular structure of myo-inositol-1,2,3,4,5,6-
-hexakis dihydrogen phosphate (IP6), also called phytic acid (Fig. 1),
which was confirmed by modern analytical methods and is still valid.
It is a simple cyclic saccharide with six phosphate groups bound to
each carbon atom. At pH 0.5-9.0 it creates a steric stable structure,
conformation of phosphorous groups 5 axial/1 equatorial (Emsey and
Niazi, 1981). At physiological pH (6.0-7.0) strong negative molecu-
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Pfi fyziologickém pH (6,0-7,0) jsou silné negativni naboje molekuly
vyvazeny pravdépodobné sodnymi nebo jinymi ionty. Tato jedine¢na
struktura s 12 vyménitelnymi protony a vysokou hustotou zaporné na-
bitych fosfatovych skupin je zodpovédna za charakteristické vlastnosti
umoznujici tvorbu velmi stabilnich komplext s polyvalentnimi kationty.

2 VYSKYT FYTOVE KYSELINY

Fytat, sal fytové kyseliny, je hlavni formou zasobniho fosforu v se-
menech rostlin: pfedstavuje 50—-85 % fosforu v jadrech obilovin, olej-
nin a Iuéténin (Irvine 2005) Kromé fytatu jsou v semenech v mno-
inositolpentakisfosfaty a inositoltetrakisfosfaty. Pfi kliceni semen je
fytat enzymaticky hydrolyzovan a uvolfiuje se fosfat, ktery je rost-
linou spolu s mineraly vapnikem a hof¢ikem zuzitkovan pfi kli¢eni.
Fytat pFevIédé v nezpracovanych potravinach, béhem zpracovani je

Hlavnimi zdroji fytatu v kazdodennl stravé jsou obilniny, lusténiny,
olejniny a ofechy. Pfedstavuji 40 az 60 % celkového dietarniho pfijmu
Clovéka. V obilninach se fytat nachazi v aleuronové vrstvé (pfiblizné
80 %) a klicku, zatimco v endospermu se témér nevyskytuje. Obilniny
obsahuji primérné 1 % fytové kyseliny v susiné, v rozmezi od 0,06 do
2,2 % (tab. 1). Nékteré obilné produkty vSak maji vy$Si obsah fytové
kyseliny (Wise, 1983), napf. v pSeni¢nych kli€cich a pSeni€nych otru-
bach se jeji hladiny pohybovaly od 1,1 do 7,3 %, v ryZzovych otrubach
2,56-8,7 % (Lehrfeld, 1994). V semenech lusténin se fytat vyskytuje
pfevazné v proteinovych organech endospermu nebo délohy, ve kte-
rych je obsazeno vice nez 90 % celkového pfitomného fytatu. V seme-
nech olejnin se obsah fytové kyseliny pohybuje od 1 do 5,4 % (tab. 2,
Wise, 1983). U speciélnich potravinarskych produktd, jako jsou loupa-
na sezamova semena, proteinovy koncentrat semen fepky olejné nebo
sojovy koncentrat, byl nalezen fytat v koncentraci az 10,7 %. Vysoka
koncentrace fytatd byla nalezena v rliznych druzich ofechd. Obsahy
fytatu ve vybranych potravinach shrnuje tab. 2 (Schlemmer, 2009 a re-
ference citované v tomto ¢lanku). Uvedend velka rozpéti koncentraci
kyseliny fytové nebo fytatu odrazeji nejen rozdily botanickych odrad
semen, vliv rizného Zivotniho prostiedi a klimatickych podminek pés-
tovani, ale také rizna stadia zralosti osiva. VSechny tyto faktory spolu
s rozdily vyplyvajicimi z pouZiti rdznych analytickych metod ovliviiuji
stanoveny obsah kyseliny fytové.

3 VYZNAM FYTOVE KYSELINY

Fytova kyselina tvofi pevné vazby s fadou dllezitych mineralnich
prvkl — hof¢iku, drasliku, zinku, vapniku, fosforu a médi a vytvari tak
komplexni, pro organismus velmi obtiZzné stravitelné smési. Proto byla
dfive povazovana za antinutricni latku, kterd negativné ovliviiuje vyu-
ziti téchto prvka u zvifat i lidi. To miZze byt stéle problémem v oblas-
tech, kde je vysoky alimentarni pfijem obilnin a lusténin spojen s ne-
dostateé¢nym pfijmem stopovych mineralud, zejména Zeleza a zinku.

Fytova kyselina je jednoznaéné antinutriéni latkou pouze u nékte-
rych zvifat. Fytin dokaZou beze zbytku stravit pouze prezvykavci diky
mikroorganismdm v bachoru. Ostatni zivo€ichové, véetné lidi, doka-
zou stravit fytin pouze ¢astecné. Fytova kyselina je divodem nizké vy-
uzitelnosti fosforu obsazeného v obili, lusténinach a olejninach u pra-
sat a drlbeze. V mistech s velkym rozSifenim chovl zvifat je Spatna
stravitelnost fytové kyseliny hlavni pfi¢inou znecisténi povrchovych
vod fosfaty. Problém nizkého vyuziti fytatového fosforu zvifaty je
v soucasné dobé FeSen pfidavkem mikrobialni fytasy do krmné smési
(Marounek, 2004) nebo $lechténim novych odrid plodin se snizenym
obsahem fytové kyseliny a zvySenou hladinou fosforu nebo s vysokou
pfirozenou fytasovou aktivitou (Vaculova et al., 2012).

Ve vyzivé lidi pfijimajicich vyvazenou smiSenou stravu je vSak pfi-
tomnost fytové kyseliny v potravé prospésna. Hraje vyznamnou roli
v prevenci fady civilizagnich onemocnéni. Je silnym antioxidantem,
potlacuje tvorbu reaktivnich hydroxylovych radikall katalyzovanou
zelezem a rovnéz snizuje tvorbu cholesterolu (Graf a Eaton, 1990).
M4 pfiznivy vliv na lipidovy metabolismus, brani vzniku ledvinovych
kamenu, pouziva se jako dieteticky doplnék a komplexotvorné &inidlo
pro odstranéni stop ionth tézkych kovd (Marounek, 2004). Fytovou
kyselinu v mensim mnozstvi doprovazeji parcialni fosfore¢né estery
myoinositolu. Teoreticky existuje 63 (= 26—1) necyklickych a 3 cyklické
estery (VeliSek a Hajslova, 2009). Myoinositol-1,4,5-trisdihydrogen-
fosfat a myoinositol-1,3,4,5-tetrakisdihydrogenfosfat se napf. uplatriuji
v regulaci intracelularniho obsahu véapniku, myoinositol-1,3,4,5,6-pen-
takisdihydrogenfosfat moduluje afinitu ke kysliku, myoinositol-1,2,6-

le charges are most likely counterbalanced by sodium or other ions.
This unique structure with 12 replaceable protons and high density
of negatively charged phosphate groups provides typical characters
enabling formation of very stable complexes with polyvalent cations.

2 PHYTIC ACID OCCURRENCE

Phytate, the salt of phytic acid, is a main form of storage phospho-
rus in plant seeds: it represents 50—-85 % of total phosphorus in ce-
real kernels, oil plants and legumes (Irvine, 2005). Besides phytate,
lower inositol phosphates such as inositol pentakisphosphates and
inositol tetrakisphosphates are present in seeds to a much lower ex-
tent (to 15 %). During germination of seeds, phytate is enzymatically
hydrolyzed releasing phosphate which is along with minerals such
as calcium and magnesium utilized during germination. Phosphate
is predominantly present in unprocessed food, during processing it
is degraded to lower inositol phosphate.

The principal phytate sources in the daily diet are cereals, legumes,
oil seeds and nuts. They represent 40 to 60 % of total human dietary
intake. In cereals, phytate is located in the aleuron layer (approximately
80 %) and germ while the endosperm is almost free of phytate. Cereals
contain on average 1 % of phytic acid in the dry matter, ranging from
0.06 to 2.2 % (Tab. 7). Some cereal products, however, have higher
phytic acid contents (Wise, 1983), e.g. in wheat germs and wheat
brans, phytic acid levels ranged from 1.1 to 7.3 %, in rice brans from
2.56-8.7 % (Lehrfeld, 1994). Phytate in legume seeds predominant-
ly occurs in protein bodies of the endosperm or cotyledon, containing
more than 90 % of the total phytate present. In oil seeds the phytic
acid content ranges from 1 to 5.4 % (Tab. 2, Wise, 1983). In special
food products such as dehulled sesame seeds, protein concentrate
of rape seeds or soy concentrate, phytate at concentration of 10.7 %
was reported. High phytate concentration was found in various kinds
of nuts. Phytate contents in selected foods are summarized in Tab. 2
(Schlemmer, 2009 and references cited in the study). Given variations
of phytic acid or phytate concentrations reflect not only differences in
botanical varieties of seeds, effect of various environmental or climatic
conditions of growing but also different stages of seed maturation. All
these factors influence the given phytic acid content, along with diffe-
rences resulting from various analytical methods.

3 SIGNIFICANCE OF PHYTIC ACID

Phytic acid forms bonds with a number of important mineral ele-
ments — magnesium, potassium, zinc, calcium, phosphorus and
copper, forming thus complex and for the organism very hardly di-
gestible mixtures. Therefore, it used to be regarded as an antinutri-
ent negatively affecting the utilization of these substances in animals
as well as humans. This still can be a problem in the areas where
a high alimentary intake of cereals and legumes is connected with
insufficient intake of trace minerals, namely iron and zinc.

Phytic acid is a complete antinutrient only in some animals. Only
ruminants are able to digest phytin completely due to microorga-
nisms in the paunch. Other animals including humans can digest
phytin only partly. Phytic acid is a reason of a low usability of phos-
phorus contained in cereals, legumes and oil-plants in pigs and
poultry. Pure digestibility of phytic acid is a main cause of pollution
of surface waters with phosphates in the areas with widespread
livestock breeding. Today the problem with the low use of phytate
phosphorus by animals is solved by addition of microbial phytase
to feeding mixtures (Marounek, 2004) or breeding of new varie-
ties of crops with lowered phytic acid content and increased levels
of phosphorus or high natural phytase activity (Vaculova et al.,
2012).

However, in human diet with balanced mixed nutrition, the presence
of phytic acid in food is beneficial. It plays an important role in preven-
tion of many civilization diseases. It is a strong antioxidant; it inhibits
iron-catalyzed hydroxyl radical formation and reduces cholesterol (Graf
and Eaton, 1990). It affects the lipid metabolism favorably, prevents
renal stone formation, it is used as a dietary supplement and complex-
-creating agent for removing traces of heavy metal ions (Marounek,
2004). To a lower extent, phytic acid is associated with partial phospho-
rous esters of myo-inositol. Theoretically, 63 (= 26—1) non-cyclic and
3 cyclic esters exist (VeliSek and Hajslova, 2009). Myo-inositol-1,4,5-
-trisdihydrogen phosphate and myo-inositol-1,3,4,5-tetrakisdihydrogen
phosphate participace in regulation of intracellular content of calcium,
myo-inositol-1,3,4,5,6-pentakisdinydrogen phosphate modulates the
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-trisdihydrogenfosfat inhibuje srazeni o~

ucinky (Velisek a Hajslova, 2009). Nej-
vyznamnéjSi jsou prokazané protina-
dorové Ucinky fytové kyseliny (Sham-
suddin, 2002; Vucenik a Shamsuddin,
2006; Jenab a Thompson, 2002; Singh
a Agarwal, 2005).

Fytova kyselina ma vyznam i v po-
travinarstvi, pouziva se jako aditivni
latka pro &ifeni vin (zajiStuje odstra-
néni Zzelezitych iontll vysrazenim
fytatu Zelezitého) nebo k prevenci
enzymatického i neenzymatického
hnédnuti jable¢ného dzusu inhibi-
ci polyfenoloxidasy béhem vyroby
a skladovani (Du et al., 2012).

affinity to oxygen, myo-inositol-1,2,6-
-trisdihydrogen  phosphate  inhibits
precipitation of blood platelets and
has anti-inflammatory effects (VeliSek
and Hajslova, 2009). Proven anticarci-
nogenic effects of phytic acid are the
most important (Shamsuddin, 2002;
Vucenik and Shamsuddin, 2006; Je-
nab and Thompson, 2002; Singh and
Agarwal, 2005).

Phytic acid is important in food in-
dustry, it is used as a fining agent for
clarification of wines (it ensures elimi-
nation of ferric ions by precipitation of
ferric phytate) or for prevention of en-
zymatic and non-enzymatic browning
in apple juice by the inhibition of poly-
phenoloxidase during processing and

Obr. 1 Struktura fytové kyseliny / Fig. 1 Phytic acid structure

4 FYTASY

Fosfor a dalsi latky vazané ve fytinu mohou byt rostlinami i zivo€ichy
vyuZzity az poté, co je fytin rozlozen pdsobenim enzymu zvanych sou-
hrnné fytasy. Fytasy postupné katalyzuji hydrolyzu fytové kyseliny na
meziprodukty myoinositolu (IP6, IP5, IP4, IP3, IP2, IP) a myoinositol.
Enzymy schopné hydrolyzy fytatl se vyskytuji v mikroorganismech,
rostlinach a ZivociSich (Bitar a Reinhold, 1972; Irving a Cosgrove,
1971; Powar a Jagannathan 1967; Nayani a Markakis, 1984). Fytasy
se fadi k fosfatasam a déli se podle toho, kterou fosfatovou skupinu
ve fytové kyseliné nejprve odstépi, na 3-fytasy (EC 3.1.3.8) a 6-fytasy
(EC 3.1.3.26). 3-Fytasy jsou predevsim mikrobialniho, zatimco 6-fyta-
sy hlavné rostlinného plvodu. Rostlinné fytasy se vyskytuji zejména
v obilnych zrnech, jejich aktivita je zavisla na druhu obilniny. Nejvyssi
aktivita fytas byla zjisténa v zité, niz$i potom v pSenici, ovsu a kukufici
(Greiner a Egli, 2003). Fytasy za¢nou rozkladat fytin, az kdyz nastanou
optimalni podminky. Nejdllezitéj$im pozadavkem je vihkost. Takové
podminky jsou spinény napfiklad pfi kli¢eni semen. Béhem vyroby sla-
du se obsah fytatu oproti je€menu snizi pfiblizné o 26 % (Hégrova,
2006). Pfi zpracovani potravin, zejména pfi namaceni, kli¢eni, slado-
vani, kvaSeni a vyrobé peciva, jsou pfidavky rostlinné nebo mikrobidlni
fytasy Siroce pouzivany ke snizeni obsahu fytatu v potravinach s cilem
Zlepsit biologickou dostupnost mineralli a stopovych prvko.

5 STANOVENI FYTOVE KYSELINY

5.1 Nespecifické metody

Stanoveni obsahu fytové kyseliny zahrnuije jeji extrakci ze vzorku, vét-
Sinou pomoci kyseliny chlorovodikové nebo trichloroctové, eventualni
precisténi pomoci ionexu a nasledujici analytické stanoveni. Zakladnim
predpokladem je to, aby byla extrahovana i ¢isténa pouze fytova kyse-
lina, nebot pfi zpracovani potravin dochazi k jeji hydrolyze a rozkladu.

Prvni vyzkumy byly nejcastéji zaloZzeny na vytvofeni sraZeniny
s trojmocnym Zelezem. Prvni obecné pfijatad metoda na stanoveni ky-
seliny fytové byla navrzena v roce 1914 (Heubner a Stadtler, 1914)
a byla zalozena na titraci v pfitomnosti thiokyanatu amonného. Bod
ekvivalence v8ak nebyl ostry z ddvodu pfitomnosti koloidni sraZeni-
ny fytatu Zelezitého, kterd se béhem titrace tvofi. Casares a Moreno
(1951) pozdéji tuto metodu modifikovali nahrazenim indikatoru sali-
cylatem sodnym. Young (1936) vyvinul kolorimetrickou metodu ke
stanoveni fytové kyseliny zalozenou na odstranéni srazeniny fytatu
zelezitého centrifugaci, vhodnou i pro nizkd mnozstvi fytové kyseli-
ny. Haug a Lantzsch (1983) tuto metodu pozdéji urychlili zahfivanim
vzorku pfimo s roztokem trojmocného Zeleza a sledovanim poklesu
obsahu Zeleza kolorimetricky pfidanim thioglykolové (merkaptoocto-
vé) kyseliny s 2,2‘ bipyridinem. Dal$i metody stanoveni byly zalozeny
na komplexometrické titraci (Garcia-Villanova et al., 1982). Jednalo
se 0 nepfimé stanoveni zalozené na stechiometrickém poméru zele-
zitého iontu a fytatu (Common, 1940; Samotus a Schwimmer, 1962).
Harland a Oberleas (1977) zjednodusili sraZeci krok a extrahovali ky-
selinu fytovou pfimo s 1,2 % HCI, nasledovala iontové vyménna chro-
matografie k oddéleni anorganického fosforu s naslednym vyluhova-
nim koncentrovanou H,SO, a HNO,. Stanoveny fosfor v potravinach
prevedli na ekvivalent fytatu. Tato metoda ovéem nerozliSuje mezi rGz-
nymi organickymi fosfaty, které mohou byt kromé fytatu pfitomné ve
vzorku (dalsi inositolfosfaty nebo nukleotidy). Proto mGze byt stanove-
ny obsah kyseliny fytové chybné nadhodnocen. Protoze vSak tato me-
toda byla aplikovana predevSim na surové a nezpracované potraviny

storage (Du et al., 2012).

4 PHYTASES

Phosphorus and other substances bound in phytin can be used by
plants and animals only when phytin is degraded by enzymes summa-
rily called phytases. Phytases gradually hydrolyse phytic acid to inter-
mediaries of myo-inositol (IP6, IP5, IP4, IP3, IP2, IP) and myo-inosi-
tol. Enzymes capable to hydrolyse phytates occur in microorganisms,
plants and animals (Bitar and Reinhold, 1972; Irving and Cosgrove,
1971; Powar and Jagannathan 1967; Nayani and Markakis, 1984). Phy-
tases belong to phosphatases and are classified according to the first
cleaved phosphate group, to 3-phytases (EC 3.1.3.8) and 6-phytases
(EC 3.1.3.26). 3-phytases are mainly microbial, while 6-phytases are of
plant origin. Plant phytases occur mainly in cereal grains, their activity
depends on the cereal. The highest phytase activity was detected in
rye, lower then in wheat, oats and maize (Greiner and Egli, 2003). Phy-
tases start to degrade phytin only under optimal conditions. The most
important prerequisite is humidity. Such conditions are fulfilled for exam-
ple during seed germination. During malt production, phytate content
compared to barley declines by approximately 26 % (Hégrova, 2006).
At food processing, mainly steeping, germination, malting and bakery,
plant or microbial phytase is widely added to reduce phytate content in
foods and improve biological availability of minerals and trace elements.

5 DETERMINATION OF PHYTIC ACID

5.1 Non-specific methods

Determination of phytic acid includes its extraction from a sample,
usually with hydrogen chloride or trichloroacetic, purification with io-
nex and following analytical determination. The principal prerequisite
is that only phytic acid is extracted or purified as during food proce-
ssing it is hydrolyzed and decomposed.

The first explorations were most frequently based on the formation of
a precipitate with iron(lll). The first generally accepted method for the
determination of phytic acid was proposed in 1914 (Heubner and Stad-
tler, 1914) and was based on a titration in the presence of ammonium
thiocyanate. The end-point, however, was not sharp because of the pre-
sence of colloidal precipitate of ferric phytate that forms during titration.
Casares and Moreno (1951) later modified this method by replacing the
indicator with sodium salicylate. Young (1936) developed a colorimetric
method for the determination of phytic acid based on the separation of
the ferric phytate precipitate by centrifugation which is suitable also for
small amounts of phytic acid. Haug and Lantzsch (1983) later accele-
rated this method by heating the sample directly with the solution of
iron(lll) and following the decline in iron content colorimetrically adding
thioglycolic acid (mercaptoacetic acid) with 2,2° bipyridine. Other me-
thods were based on complexometric titration (Garcia-Villanova et al.,
1982). This indirect measurement was based on a stechiometric rela-
tionship between ferric ion and phytate (Common, 1940; Samotus and
Schwimmer, 1962). Harland and Oberleas (1977) simplified the preci-
pitation step and extracted phytic acid directly with 1.2 % HCI, followed
with ion-exchange chromatography to separate inorganic phosphorus,
then subsequently digesting it with concentrated H,SO, and HNO,.
Phosphorus measured in foods was converted to phytate equivalent.
This method, however, does not distinguish different organic phospha-
tes which can be present in the sample in addition to phytate (other
inositol phosphates or nucleotides). Therefore, the phytic acid content
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s nizkym obsahem (do 15 %) niz8ich fosforylovanych inositolfosfat(i
(IP1 —IP5) (Dorsch et al., 2003), byla tato chyba prakticky nevyznam-
na. Uvedeny postup se stal zakladem pro vyvoj AOAC (Association of
Analytical Communities) metody €. 986.11 pro uréeni obsahu fytatu
v potravinach (AOAC, 1986). Dalsi nespecifické metody jsou shrnuty
v rozsahlych review (Oberleas et al., 1986; Xu et al., 1992).

V roce 1980 Latta a Eskin vyvinuli rychlou a jednoduchou kolorimet-
rickou metodu na stanoveni fytatu, zalozenou na reakci Zelezitého ion-
tu a sulfosalicylové kyseliny (Wadeovo ¢inidlo). VySe uvedené metody
jsou vSak nejvhodnéjsi pro nezpracované potraviny s vysokym obsa-
hem fytové kyseliny ve formé IP6, nebot jej nelze oddélit od nizSich
substituovanych inositolfosfat(i. Tyto metody jsou také ¢asové naroc¢-
né, vyzaduji peclivé sledovani, aby se minimalizovaly ztraty, a nelze
jimi oddélit dalsi interferujici latky, které mohou komplikovat stanoveni.

Pro stanoveni ve zpracovanych potravinach s vysokym obsahem
produktt hydrolyzy fytatu (nizsich inositolfosfatl) nebo pro stanoveni
v biologickych vzorcich (krevni plasma, mo¢, tkané a pletiva) jsou
tyto metody nedostate¢né a nepfesné. Pro oddéleni fytové kyseliny
od nizsich inositolfosfatd a dal$ich latek pritomnych zejména v kom-
plexnich matricich bylo nutné vyvinout modernéjsi, citlivéjSi metody,
které umozriuji stanoveni téchto latek i ve stopovych koncentracich.

5.2 Chromatografické metody

Metody vysokoucinné kapalinové chromatografie (HPLC) maji cit-
livost a reprodukovatelnost potfebnou k méfeni nizkych koncentraci
v rGznych produktech, takZe jsou vhodné pro kvantifikaci fytové kyseli-
ny i ve zpracovanych potravinach. Mohou sou¢asné oddélit a urcit IP6
a niz8i fosforylované derivaty za sou¢asného zkraceni extrakce a za-
koncentrovani. S rdznymi modifikacemi pro kolony, mobilni faze, prito-
ky, extrakéni rozpoustédla a techniky pfipravy se HPLC stala standard-
ni metodou pro rutinni analyzy kyseliny fytové. Nevyhodou je, Ze tyto
metody jsou drahé a vyZaduji zna¢né investice do vybaveni laboratore.

V roce 1952 Smith a Clark jako prvni rozdélili fytovou kyselinu
a dal$i inositolfosfaty z plidy pomoci iontové-vyménné chromatogra-
fie. Jako mobilni faze byl pouzit gradient HCI. V roce 1980 stanovil
Tangendjaja et al. obsah fytové kyseliny v ryZi kapalinovou chroma-
tografii na reverzni fazi na koloné pBondapak C18 s pomoci 5 mM
octanu sodného jako mobilni faze. Graf a Dintzis (1982) postup zdo-
konalili, pfed touto separaci pfidali precisténi vzorku pomoci iontové
vyménné chromatografie a pro detekci fytové kyseliny pouzili detek-
tor indexu lomu (RI detekci). Uvedeny postup Upravy a zakoncentro-
vani vzorku se ukdzal byt velmi uziteénym pro dobrou separaci a de-
tekci inositolfosfatli metodami HPLC, zejména v komplexni matrici,
a byl velmi ¢asto pouzivan. Vzhledem k nizké retenci fytové kyseliny
(1,4 min) na koloné pyBondapak C18 mohly byt dalsi inositol fosfaty
diskriminovany. Sandberg a Ahderinne (1986) rozdélili inositolfosfaty
s rliznymi pocty fosfatovych skupin (IP3-1P6) na stacionarni fazi C18
s pouzitim octové kyseliny, methanolu a tetrabutylamoniumhydroxi-
du jako ion-parového ¢&inidla v mobilni fazi. VétSina inositolfosfatu
véetné jejich stereoisomerl byla rozdélena na silné anexové koloné
MonoQ-column s pouzitim gradientu HCI (Mayr, 1988). Nevyhodou
byl pomérné dlouhy €as analyzy (60-90 minut). Dobrého rozdéleni
inositol fosfatd (IP3-1P6) bylo dosazeno také na kratké koloné Mo-
no-Q HR 5/5 (5x50 mm) za méné nez 30 minut (Schlemmer et al.,
2001). Tato metoda je dostacujici pro vétSinu analyz fytové kyseliny
v potravinafskych a biologickych vzorcich.

Pouziti spektrofotometrické detekce je vzdy problematické, nebot fy-
tovéa kyselina nema charakteristické absorpéni spektrum v ultrafialové
a viditelné oblasti (UV-VIS). Proto se provadi nepfima detekce, zaloze-
na na stechiometrické reakci vymény kovu z barevného komplexu. Vy-
soka afinita fosfatovych skupin inositol fosfatl k polyvalentnim kation-
tim, jako napt. Fe*, Y3 a Cu?, je zékladem nejCastéji pouzivanych
metod pro UV- VIS detekci fytatu a inositolfosfatu. Absorpce mulze
byt méfena bud pfimou interakci mezi kationty, napfiklad Fe3+ionty
a inositol fosfaty (Phillippy, 2003), nebo prostfednictvim reakci vymény
ligandu, napf. odstranénim kationtu z intenzivné barevného komplexu
s inositolfosfaty, coz vede k zesvétleni tohoto komplexu (Mayr, 1988).
Metody poskytuji spolehlivou detekci inositolfosfatd, nicméné timto
zpusobem Ize stanovit také jiné organické fosfaty, napfiklad nukleotidy,
které béhem chromatografické separace mohou koeluovat s nékterymi
izomery niz$ich inositol fosfat (IP1-1P3) a komplikovat tak stanoveni.
V pfipadé analyzy potravinafskych vzorku je tento vliv nizky, ale v pfi-
padé analyzy bunék, tkani, krevni plasmy a dalSich biologickych vzorku
musi byt pfitomné nukleotidy a dal$i fosforylované proteiny oddéleny
jiz pfi pfipravé vzorkd, napf. pfidanou iontové-vyménnou chromatogra-
fii nebo Upravou pomoci aktivniho uhli.

V roce 2006 Dost a Tokul navrhli HPLC metodu zaloZenou na re-
akci vymeény kovu z barevného komplexu Fe(lll) thiokyanatu. Mayr

found may be falsely overestimated. Nevertheless, as this method was
applied mainly to raw and unprocessed foods with low contents of (to
15 %) of lower phosphorylated inositol phosphates (IP1 — IP5) (Dorsch
et al., 2003), this error was insignificant. The method described above
became for developing an AOAC (Association of Analytical Commu-
nities) method no. 986.11 for the determination of phytate content in
foods (AOAC, 1986). Further non-specific methods are summarized in
extensive reviews (Oberleas et al., 1986; Xu et al., 1992).

In 1980 Latta and Eskin developed a fast and simple colorimetric
method for the determination of phytate based on reaction of ferric ion
and sulphosalicylic acid (Wade’s reagent). The above mentioned me-
thods, however, are suitable for unprocessed foods with high contents
of phytic acid in IP6 form as it cannot be separated from lower substi-
tuted inositol phosphates. These methods are also time demanding;
they require careful following to minimize losses and do not separate
other interfering substances which may complicate the measurement.

These methods are insufficient and inaccurate for the measurement
in processed foodstuffs with high content of phytate hydrolytic products
(lower inositol phosphates) or for the determination in biological samp-
les (blood plasma, urine, tissues). For the separation of phytic acid from
lower inositol phosphates and other substances present mainly in com-
plex matrices, modern, more sensitive methods enabling determination
of these substances even in trace amounts had to be developed.

5.2 Chromatographic methods

High-performance liquid chromatography methods (HPLC) exhibit
sensitivity and reproducibility needed for the measurement in various
products, this makes them suitable to quantify phytic acid contents in
processed foodstuffs as well. They can simultaneously separate and
determine IP6 and the lower phosphorylated derivatives, extraction
and concentration procedures are shortened. HPLC methods with
various modifications for columns, mobile phases, flow rates, extrac-
tion solvents, and preparation techniques have become the standard
routine analysis for phytic acid. Their disadvantage is that they are
expensive and require investment into laboratory instrumentation.

In 1952 Smith and Clark were the first to separate phytic acid and
other inositol phosphates from soil using anion-exchange chromatogra-
phy. HCI gradient was used as mobile phase. In 1980 Tangendjaja et al.
determined phytic acid content in rice using reverse phase liquid chroma-
tography on the column pBondapak C18 using 5 mM of sodium acetate
as mobile phase. Graf and Dintzis (1982) improved the technique, before
separation, the sample was purified by ion-exchange chromatography
and the refractive index detector (RI detection) was used to detect phytic
acid. This technique for sample preparation and concentration proved to
be very helpful for a good separation and detection of inositol phosphates
by HPLC methods, mainly in complex matrix, and was widely used. Due
to the low retention of phytic acid (1.4 min) on pBondapak C18 columns,
other inositol phosphates could be discriminated. Sandberg and Ahderi-
nne (1986) separated inositol phosphates with different numbers of phos-
phate groups (IP3-IP6) on the stationary phase C18 using acetic acid,
methanol, and tetrabutyl amonium hydroxide as ion-pair reagents in mo-
bile phase. Most inositol phosphates including their stereocisomers were
separated on a strong anion-exchange Mono-Q column using HCI gradi-
ent (Mayr, 1988). The disadvantage was a long running time needed for
the analyses (60—-90 minutes). A good separation of inositol phosphates
(IP3-IP6) was also achieved on a short Mono-Q HR 5/5 (5x50 mm) co-
lumn in less than 30 minutes (Schlemmer et al., 2001). This method is
adequate for most analyses of phytic acid in food and biological samples.

The use of spectrophotometric detection is always problematic
as phytic acid has not characteristic ultraviolet and visible absorption
spectrum (UV-VIS). Therefore indirect detection based on stoichiomet-
ric metal replacement reaction from a coloured complex is performed.
High affinity of phosphate groups of inositol phosphates to polyvalent ca-
tions such as Fe®**, Y3+ and Cu? is the basis of the most frequently used
methods for the UV- VIS detection of phytate and inositol phosphate.
Absorption can be measured either by direct interaction between cati-
ons, eg Fe**ions and inositol phosphates (Phillippy, 2003), or by ligand
exchange reactions, for example by removing cation from the intensive-
ly colored complex by inositol phosphates which results in bleaching of
the complex (Mayr, 1988). The method provides a reliable detection of
inositol phosphates; it can also be used for the determination of other
organic phosphates such as nucleotides which during chromatographic
separation may coelute with some isomers of lower inositol phosphates
(IP1-1P3) complicating thus the determination. This effect is low in the
analysis of food samples, however, when cells, tissues, blood plasma
and other biological samples are analysed, nucleotides and other phos-
phorylated proteins need to be separated by sample preparation, eg by
additional anion-exchange chromatography or charcoal treatment.
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(1988) pouzil k detekci inositol fosfatll barevného komplexu Ytria
a 4-(2-Pyridylazo)resorcinolu (PAR). Ytrium-PAR komplex v pfitom-
nosti inositol fosfatl zesvétla, vzhledem k vys$si afinité Y3+ iontd na
jejich fosfatové skupiny. Absorbance je méfena pfi 546 nm jako ne-
gativni pik. Jde o dosud nejcitlivéjSi detekci isomer( inositol fosfatu
(pmol). Lze také pouzit postkolonové derivatizace (Phillippy a John-
ston, 1985; Imanari et al., 1982; Cilliers a Niekerk, 1986).

Reakce na principu vymény ligandu byla uplatnéna i u fluo-
rescenéni detekce inositolfosfatu, kde Irth (1990) odstranil Fe3* ionty
z komplexu Fe® a 4-methylkumarin-6-methyliminodioctové kyseliny
s inositolfosfaty, ¢imz dojde k oslabeni zhaSeni fluorescence v pfi-
tomnosti Fe3* iontl a v zavislosti na koncentraci inositolfosfatli se
intenzita fluorescence zvys$i. March (1999) pouzil metodu, zalozenou
na aktivaci oxidace 2,2 -bipyridyl ketonu hydrazonu katalyzovanou
Cu?* ionty vedouci ke vzniku vysoce fluoreskujicich produktl, ke sta-
noveni fytatll v mogi.

K detekci fytové kyseliny po HPLC separaci byla pouZita také de-
tekce rozptylu svétla (Phillippy et al., 2003), ktera byla méné citliva,
a vodivostni detekce, ktera je schopna s vysokou citlivosti detekovat

HPLC s hmotnostné spektrometrickou detekci (LC/MS) byla rov-
néz pouzita pro stanoveni fytata v lidské moci (Perello et al., 2004).
Metoda je zalozena na hydrolyze fytatu a stanoveni myoinositolu po
precisténi na anexové chromatografii. K separaci byla pouzita kolo-
na Aminex HPX-87C, mobilni fazi byla deionizovana voda. Postkolo-
nové byl pfidan 5 mM octan amonny. Byly detekovany kladné ionty
m/z = 198, odpovidajici aduktu myoinositolu a amonného kationtu.

5.3 DalSi specifické metody

Metoda kapilarni izotachoforézy je pfima, rychla a pomérné jedno-
ducha a je ¢asto vyuzivana v praxi pro rlizné matrice (Blatny et al.,
1995; Duskova et al., 2000; Vaculova et al., 2012). Analyza fytové
kyseliny byla rovnéz provedena pomoci atomové emisni spektrome-
trie s indukéné vazanym plasmatem (Grases et al., 2004). Stano-
veni fytatd v biologickych vzorcich pomoci plynové chromatografie
s hmotnostné spektrometrickou detekci (March, 2001) je zaloZzeno
na ¢isténi anexovou chromatografii, hydrolyze fytatu na myoinositol
a nasledné derivatizaci na trimethylsilyl derivat. Metoda ma srovna-
telnou citlivost s LC/MS, je vSak zdlouhava a vyZaduje pouziti vysoce
aktivnich fytas s dostate¢nou stabilitou.

Spektroskopie nuklearni magnetické rezonance (NMR) je vynikajici
analytickou technikou vhodnou pro stanoveni IP6 fosfat(i a produktt
jeho hydrolyzy (IP1-IP5) fosfati véetné jejich rliznych stereoizomerd.
Je to neinvazivni metoda, nabizi vyhody vysoké presnosti a specific-
nosti, nevyzaduje slozitou pfipravu vzorkd, umoznuje pfimou detekci
vSech fosfatovych slou€enin v jednom experimentu. 31P-NMR spektro-
skopie s vysokym rozliSenim slouzi k uréeni obsahu fytatu v rostlinach
a v biologickych vzorcich, k detekci jeho formy a vazby na ostatni kom-
ponenty, nebo ke studiu metabolismu a degradaci fytatu pfi zpracovani
potravin. NMR byla Uspésné aplikovana v rutinni analyze k rozlieni

Tab. 1 Obsah fytové kyseliny v obilovinach / Phytic acid content in
cereals

In 2006 Dost and Tokul developed a HPLC method based on the
replacement of metal from a colored complex of Fe(lll) thiocyanate.
Mayr (1988) used for the detection of inositol phosphates a colored
complex of Ytrium and 4-(2-Pyridylazo)resorcinol (PAR). The Ytrium-
-PAR complex is bleached in the presence of inositol phosphates
due to a higher affinity of Y3 ions to their phosphate groups. The
absorbance was measured at 546 nm as a negative peak. It is the
most sensitive detection of isomers of inositol phosphates (pmol).
Post-column derivatization can be also used (Phillippy, Johnston,
1985, Imanari et al., 1982, Cilliers, Niekerk, 1986).

A reaction based on ligand exchange was also used for the fluo-
rescence detection of inositol phosphates. Irth (1990) removed Fe**
ions from the 4-methylcumarin-6-methyl iminodiacetic acid (Fe®*-
-methylcalcein blue complex) by inositol phosphates. By this ligand
exchange reaction the quenching of fluorescence in the presence of
Fe3+ ions was attenuated and depending on the inositol phosphates
concentration the fluorescence intensity increased. March (1999)
used the method based on the activation of the oxidation of 2,2'-di-
pyridyl keton hydrazone catalyzed by Cu?* ions resulting in highly
fluorescent products to determine phytate in urine.

To detect phytic acid, a less sensitive light scattering detection
after HPLC separation (Phillippy et al., 2003) and conductivity detec-
tion which can also detect with high sensitivity lower inositol phates,
were used (Talamond et al., 2000).

HPLC with mass spectrometric detection (LC/MS) was also applied
for the determination of phytate in human urine (Perello et al., 2004).
The method is based on hydrolysis of phytate and myo-inositol de-
termination after purification by anion-exchange chromatography.
Separation was performed on an Aminex HPX-87C column with dei-
onized water as mobile phase. 5 mM ammonium acetate was added
consecutively (post-column). Positive ions detected m/z = 198 co-
rresponded to the adduct of myo-inositol with the ammonium cation.

5.3 Other specific methods

Capillary isotachophoresis is a direct, rapid and simple method fre-
quently used in practice for various matrices (Blatny et al., 1995; Dus-
kové et al., 2000; Vaculova et al., 2012). Phytic acid was also analy-
zed using inductively coupled plasma atomic emission spectrometry
(Grases et al., 2004). Determination of phytates in biological samples
by gas chromatography-mass spectroscopy (March, 2001) is based on
purification with anion-exchange chromatography, phytate hydrolysis to
myo-inositol and consecutive derivatization to trimethylsilyl derivative.
The method has a comparable sensitivity with LC/MS, however, it is time
demanding and requires highly active phytases with sufficient stability.

Nuclear magnetic resonance (NMR) spectroscopy is an excellent ana-
lytical technique adequate for the determination of IP6 phosphates and its
hydrolysis products (IP1-IP5) including the different stereocisomers. This
noninvasive method offers the advantages of high accuracy and spe-
cificity, it does not require any complicated sample preparation, allows
direct detection of all phosphate compounds within one experiment.

Tab. 2 Obsah fytové kyseliny v dalSich vybranych plodinach a po-
travinach / Phytic acid content in other selected crops and foods

Obilovina / Cereal Obsah kyseliny fytové Potravina/ Food Obsah fytové kyseliny
v g/100 g susSiny/ v g/100 g susiny/
phytic acid content in phytic acid content in
g9/100 g dry matter g/100 g dry matter
Kukufice / Maize 0.72-2.22 Fazole / Kidney beans 0.61-2.38
Kukufiéné klicky / Maize germ 6.39 Boby / Broad beans 0.51-1.77
PSenice / Wheat 0.39-1.35 Hrasek / Peas 0.22-1.22
PSenicné otruby / Wheat bran 2.1-73 Cizrna / Chickpeas 0.28-1.60
PSenicné klicky / Wheat germ 1.14-3.91 Cocka / Lentils 0.27-1.51
Ryze / Rice 0.06-1.08 Séjové boby / Soybeans 1.0-2.22
Ryzové otruby / Rice bran 2.56-8.7 Lnéné seminko / Linseed 2.15-3.69
Je¢men / Barley 0.38-1.16 Sezamové semeno / Sesame seed 1.44-5.36
Cirok / Sorghum 0.57-3.35 Repkové semeno / Rapeseed 53-7.5
Oves / Oat 0.42-1.16 Mandle / Aimonds 0.35-9.42
Zito / Rye 0.54-1.46 Vlasské ofechy / Walnuts 0.20-6.69
Proso / Millet 0.18-1.67 Para ofechy / Brazil nuts 0.29-6.34
Tritikale / Triticale 0.50-1.89 KeSu ofechy / Cashew nuts 0.19-4.98
Divoka ryze / Wild rice 2.20 Pekanové ofechy / Pecans 0.18-4.52
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anorganického fosfatu od riznych inositolfosfat(l v rostlinnych extrak-
tech a potravinovych vzorcich (Cosgrove, 1980) a pro studium slouce-
nin obsahujicich fosfor v intaktnich tkanich a bunécnych suspenzich.
NMR vykazuje dobrou shodu ve srovnani s jinymi analytickymi meto-
dami pro stanoveni fytatu v potravinach (Mazzola et al. 1986; Kemme
et al., 1999). Pro analyzu NMR neni zapotfebi pouziti standard(l ino-
sitolfosfatll. Metoda je také schopna rozlisit izomery, které nejsou roz-
déleny chromatografickou separaci. Nizka citlivost metod NMR mUze
zpUsobit uréité potize pfi zjiStovani nizké koncentrace inositolfosfatd
v biologickych a fyziologickych vzorcich, jako jsou buriky nebo tkané,
dal$i nevyhodou je, Ze NMR analyzy jsou drahé a vyZzaduji kvalifiko-
vané odborné znalosti potfebné ke spravné interpretaci komplexnich
spekter ze slozitych biologickych systémii v€etné potravin.

Komeréné dostupny set firmy Megazyme stanovuje mnozstvi fy-
tové kyseliny v zrnech jako mnozstvi celkového fosforu uvolnéného
z materidlu pomoci enzymu fytasy. U nezpracovanych materialt se
prfedpoklada, ze veskery méfeny fosfor byl uvolnén z (IP6) a toto
mnoistvi volného fosforu je nasledné pFepoél’téno na mnoistvi ky-
kterych je uvolnen fosfor plsobenim alkalické fosfatasy. Celkovy
fosfor je stanoven modifikovanou kolorimetrickou metodou (Phytic
acid/phytate assay, Megazyme).

Costa-Bauza et al. (2012) vyvinuli jednoduchou kolorimetrickou
metodu pro stanoveni fytatu v. moci. Vzorky jsou zakoncentrovany
pomoci SPE a méfeny kolorimetricky s pouzitim Fe(lll)-thiokyanatu.
Fotometrické metody umoziujici stanoveni fytatu bez hydrolyzy mo-
lekuly byly uspésné pouzity k méfeni obsahu fytatu v obilovinach,
kofenech a biologickych vzorcich, nicméné, s vyjimkou stanoveni vy-
uzivajicich YCI,-PAR, nejsou dostatecné citlivé ke stanoveni fytatu
v biologickych vzorcich bez pfedchoziho zakoncentrovani.

Pro jednoduchou, rychlou a pfesnou detekci kyseliny fytové a fy-
tasy byly vyvinuty nové biosenzory (Mak et al., 2004). Biosenzor pro
detekci fytasy je zaloZzen na imobilizaci pyruvat oxidasy a detekci
fosfatovych iont vyrobenych hydrolyzou fytové kyseliny. Dvouenzy-
movy biosenzor pro detekci kyseliny fytové je zaloZzen na postupné
imobilizaci fytasy a pyruvatoxidasy a amperometrické detekci enzy-
maticky uvolfiovaného peroxidu vodiku.

6 ZAVER

M0zeme shrnout, Ze surové nezpracované potraviny obvykle ob-
sahuji kolem 90 % fytové kyseliny (IP6), zatimco ve zpracovanych
vyrobcich byvaji rizné vysoké podily ¢astec¢né defosforylovanych
izomerd (IP1-1P5) vzniklych vlivem degradace fytasami nebo zpra-
covacich podminek. Nespecifické a kolorimetrické metody jsou proto
vhodné pro stanoveni obsahu fytové kyseliny u surovin a nezpraco-
vanych produktL"J zatl'mco pro potravinové vyrobky a dalél’ biologické
dernlch citlivych metod, napfiklad kapallnove chromatografie.

Vyzkum fytové kyseliny nepochybné bude i v budoucnu patfit
ke svétové vyznamnym tématim a podle v8eho bude zaméfen na
ziskani dalSich informaci o dietarnim pfijmu fytové kyseliny, lepsi
pochopeni jeji absorpce v zazivacim traktu, bunéény pfijem inositol-
fosfatd, roli fytatu v metabolismu a jeho vlivu na lidské zdravi a v ne-
posledni fadé na vyvoj a aplikaci specifickych analytickych metod
stanoveni v potravinach a biologickych vzorcich.
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