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PETIJUMA AKTUALITATE

Mikotoksini ir pelgjumu metaboliti. To klatbiitne partika un dzivnieku bariba ir
kaitiga gan cilveékiem, gan dzivniekiem. Mikotoksini ir atrodami vairakos partikas
un dzivnieku baribas produktos un var veidoties razas augSanas vai izejvielu
uzglabasanas laika. Ir zinams, ka katru gadu pasaulé ap 25% partikas produktu
(parsvara augu izcelsmes) piesarnojas ar mikotokstniem, izraisot ekonomiskus
zaudgjumus.

Pasreiz ir zinami ap 31000 dazadu peléjumu metabolitu, no tiem apméram
300-400 ir mikotoksini. Ir divi mikotoksinu uzpemsanas veidi: to inhalacija vai
uznems$ana ar partiku. No zinamajiem mikotoksiniem partikas izejvielas un partika
biezak ir sastopami apmé&ram 20, un tie nereti ir tados daudzumos, kas nelabveligi
ietekmé cilvéku un dzivnieku veselibu, izraisot mikotoksikozes, ka ari veicinot
aknu un citu organu véza attistibu, imtinsist€mas bojajumus utt. Vairakumu miné&to
mikotokstnu veido Fusarium un Alternaria spp., kas lielakoties piesarno partiku
pirms razas novakS$anas, un Aspergillus, Penicillium spp. — tie veido mikotokstnus
partikas glabasanas laika.

Divdesmitaja gadsimta ir veikti intensivi mikotoksinu satura petijumi partika un
tas izejvielas. Eiropa ir izstradatas vairakas direktivas un regulgjosie akti dazu
mikotoksinu (aflatoksinu, ohratoksina A, zearalenona, deoksinivalenona,
fumonizina) satura regulé$anai partika un dzivnieku bariba.

Viens no Aspergillus mikotoksiniem ir sterigmatocistins (STC), kas ir
aflatoksina B; (AFB) prekursors biologiskajos transformacijas procesos.

STC ir akdti toksisks, mutagéns, citotoksisks, kancerogéns un teratogéns. STC
var inhibét DNS un RNS sintézi, ka arT ietekmét oglhidratu metabolismu (STC
dazus enzimus inhibg, bet vairakus citus — aktiveé). STC inhibe ari ATF sintgzi
mitohondrijos, tas ir hepatotoksisks, hepatokancerogéns un nieru toksins.
Vienreizgja lielas STC devas uznems$ana var izraisit aknu mazspg&ju, bet ilgstosa
mazu devu uznemsana - aknu cirozi un vézi. STC veicina aknu tauku oksidesanos,
kas var izraisit aknu nekrozi, un uz eksperimentalo dzivnieku adas jau péc
70 nedélam rada audzg&jus. STC mutagéna aktivitate ir daudz lielaka, neka
policikliskajiem ogltidenraziem. Toksiska STC iedarbiba lielakoties ir tada pat ka
AFB. Vadoties no veiktajiem pétjjumiem ar dzivniekiem, STC uzskata par
10 reizes mazak akiti toksisku, bet tikpat kancerogénu ka AFB. STC toksiska
iedarbiba uz dzivniekiem izpauzas ka diareja, nieru un aknu bojajumi.
Starptautiska Veza Izp&tes Organizacija (SVIO) STC klasifice ka 2B grupas
kancerogénu vielu (iesp&jamais cilvéku kancerogéns).

Atskirtba no AFB, informacija par STC sastopamibu partika ir nepietickama.
Literatiira aprakstitas analitiskas STC noteikSanas metodes ir novecojusas, nav
pietickami jutigas un selektivas.

Promocijas darba izstradatas jutigas analitiskas metodes kancerogéna
mikotoksina — sterigmatocistina (STC) noteikSanai dazadas partikas sist€mas,
izmantojot Skidruma hromatografijas un tandéma masspektrometrijas metodes.
Darba ir apskatiti zinatniskas literatiiras avoti par STC kancerogenitati,
toksiskumu, iedarbibu uz cilvéka veselibu, sastopamibu partika, ka ari par STC
noteikSanu partikas produktos, izmantojot dazadas analitiskas metodes. Veikta lidz
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§im izmantoto STC noteikSanas metoZu analize un iegita informacija izmantota
jaunu, jutigu metozu izstradei, kas atbilst Sodienas prasibam, un ar kuru palidzibu
var precizak noteikt STC dazadas partikas sistemas. Izstradatas metodes var ieteikt
oficialai STC kontrolei partika, 11dz ar to samazinot cilvéku veselibas risku. Veicot
So pétijumu, ir izstradata STC cietfazes ekstrakcijas metode, kas lauj labak attirit
un koncentrét paraugu ta sagatavosanas stadija. Uzpemti STC masspektri un
izstradata augstefektivas Skidruma hromatografijas — tandéma masspektrometrijas
metode STC noteikSanai dazados graudos, siera un maiz€, ka ari izstradata
augstefektivas Skidruma hromatografijas noteikSanas metode STC noteikSanai alii.
Metodes tika valideétas saskapa ar Eiropas Komisijas Regulas (EK)
Nr. 401/2006, IUPAC un CEN (Eiropas Standartizacijas Komiteja / European
Committee of Standartization) rekomendacijam. Izmantojot izstradatas metodes,
parbaudits STC saturs Latvija razotos 2006. un 2007. gada razu graudos (kopa
215 paraugi) un dala paraugu konstateta STC klatbiitne. Izpétita STC stabilitate
maizes cepSanas procesa un pieradits, ka tas saglabajas no dabiski STC saturo$iem
graudiem izcepta maizg. Tapec, lai samazinatu STC nokliSanas risku maizg, ir
nepiecieSams kontrol&t ta saturu graudos. Izpétits un dala paraugu konstatéts STC
Latvija razota dazadu Skirnpu maizg, analiz&ts un dala paraugu atrasts STC Latvija
razota gaiSaja un tumsaja ald. Noteikts STC saturs Latvija un Belgija raZota siera
un dala paraugu konstatéts STC.

Pétijjuma objekts — graudi, maize, alus, siers, sterigmatocistina stabilitate
standartskidumos un maizes cep$anas procesa.

Promocijas darba meérkis — jutigu analitisko metozu izstrade sterigmatocistina
noteikSanai partika un So metozu lietoSana sterigmatocistina satura petiSanai
dazadas partikas sist€mas, ka arT sterigmatocistina stabilitates petijumi.

Darba mérka sasniegsanai tika izvirziti $adi uzdevumi:

1) izstradat Skidruma hromatografijas — tandéma masspektrometrijas
metodi sterigmatocistina (STC) noteikSanai: optimiz&t kustigo fazi un
masspektrometrijas parametrus;

2) izstradat un optimizét STC cietfazes ekstrakcijas metodi;

3) noteikt STC stabilitati dazados S$kidinatajos atskiriga temperatiira
uzglabasanas laika;

4) izstradat metodi STC noteikSanai graudos un noteikt ta saturu dazados
Latvija razotos graudos (kviesos, rudzos, miezos, auzas un grikos);

5) izpétit STC stabilitati maizes cepSanas procesa;

6) izpetit STC saturu Latvija razotos maizes paraugos;

7) izstradat metodi STC noteikSanai alti un veikt STC analizi Latvija razotu
alus skirnu paraugos;

8) izstradat jutigaku metodi STC noteikSanai siera un veikt STC analizi dazos
Latvija un Belgija razotu sieru paraugos.

Darbs strukturéts 3 nodalas:

1. nodala. Literatiiras apskats par STC kimiskajam un fizikalajam 1pasibam,
stabilitati, toksiskumu, sastopamibu partika, analizes metodém,
pielaujamo saturu.



2. nodala. Pé&tfjumos lietoto aparatu un metozu apraksts.

3.nodala. STC noteikSanas metozu  izstrade  partikas  sistemas.

Masspektrometriskas  un  cietfazes  ekstrakcijas  metodes
izstradasana. STC stabilitates izpete (standartSkidumos un maizes
cepSanas procesa) utt. STC satura noteikSana partikas sisteémas
(graudos, maizg, ali un sierd), izmantojot izstradatas metodes.
P&tfjumu rezultati un diskusija.

Promocijas darba novitate un zinatniskais nozimigums:

1.

Izstradatas jaunas jutigas analitiskas metodes STC noteikSanai dazados
graudos, maizg, alil un siera. Izstradato metozu jutiba un selektivitate ir
vairakas (12-80) reizes lielaka, neka I1dz§ingjas STC noteikSanas metodes,
tapec tas var ieteikt STC oficialai kontrolei partika un izmantot dazadiem
STC satura pétijumiem.

Pirmo reizi veikti p&tfjumi par STC izplatibu un saturu dazados Latvija
audz@tos graudos, maizg, ald, ka arT Latvija un Belgija razotos sieros.

Promocijas darba tautsaimnieciska nozimiba:

Izstradatas metodes var lietot kvantitativai un kvalitativai STC kontrolei, ka ari
dazadiem pétijumiem partikas sisteémas. Tadejadi var dalgji noveérst STC saturo$as
partikas nokltisanu cilvéku un majdzivnieku baribas k&dg.

ZINATNISKA DARBA APROBACIJA

Pétijumu rezultati apkopoti un publicéti astonos visparatzitos recenzéjamos
zinatniskos izdevumos anglu valoda, no tiem septinos LZP atzitos izdevumos.

1.

Versilovskis A., Bartkevi¢s V., Mikelsone V. Analytical method for the
determination of sterigmatocystin in grains using high performance liquid
chromatography — tandem mass spectrometry with electrospray positive
ionization. Journal of Chromatography A, Vol. 1157, 2007, p. 467-471.
Versilovskis A., Mikelsone V. Sterigmatocystin stability and presence in
Latvian grains. In: Consumer Protection through Food Process
Improvement & Innovation in the Real World: Proceedings of 5™
International Congress on Food technology, 9-11 March, 2007,
Thessaloniki, Greece: Hellenic Association of Food Technologists, North
Greece Branch, Vol. 1, 2007, p. 411-415.

Versilovskis A., Mikelsone V. Elaboration of solid phase extraction method
for analysis of sterigmatocystin. In: Research for rural development 2007
International Scientific Conference Proceedings, 16-18 May, Jelgava,
Latvia. Jelgava: LLU, 2007, pp. 107-111.

Versilovskis A., Bartkevics V., Mikelsone V.. Sterigmatocystin presence in
typical Latvian grains. Food Chemistry, Vol. 109, 2008, p. 243-248.
Versilovskis A., Mikelsone V. Sterigmatocystin presence in different
Latvian bread samples. In: FoodBalt — 2008: 3™ Baltic Conference on Food
Science and Technology proceedings, 17-18 April, Jelgava, Latvia.
Riga: Drukatava, 2008, p. 156-160.
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6.

Versilovskis A., Mikelsone V. Effect of time, temperature and solvent on
the stability of sterigmatocystin standard solutions. In: Research for rural
development 2008: Annual 14™ International Scientific Conference
Proceedings, Jelgava, Latvia. Jelgava: LLU, 2008, p. 291-295.

Versilovskis A., De Saeger S., Mikelsone V. Determination of
sterigmatocystin in beer by high performance liquid chromatography with
ultraviolet detection. World Mycotoxin Journal, Vol. 1, No. 2,
2008, p. 161-166.

Versilovskis A., van Peteghem C., De Saeger S. Determination of
sterigmatocystin in cheese by high-performance liquid chromatography —
tandem mass spectrometry. Food Additives and Contaminants: Part A,
Vol. 26, No. 1, 2009, p. 127-133.

Par rezultatiem zinots piecas starptautiskas zinatniskajas un zinatniski
praktiskajas konferences Latvija (LLU), Griekija un Spanija.

1.

Versilovskis A., Mikelsone V. Sterigmatocystin stability and presence in
Latvian grains. 5" International Congress on Food Technology.
Thessaloniki, Greece, 9-11 March, 2007 (stenda referats)

Versilovskis A., Mikelsone V. Elaboration of solid phase extraction method
for analysis of sterigmatocystin. International Scientific Conference:
Research for rural development 2007. Latvia university of Agriculture,
Jelgava, Latvia, 16-18 May, 2007 (referats)

Versilovskis A., Mikelsone V. Sterigmatocystin presence in different
Latvian bread samples. 3" Baltic Conference on Food Science and
Technology proceedings: FoodBalt — 2008. Latvia university of
Agriculture, Jelgava, Latvia, 17-18 April, 2008 (stenda referats)
Versilovskis A., Mikelsone V. Effect of time, temperature and solvent on
the stability of sterigmatocystin calibrants. [International Scientific
Conference: Research for rural development 2008. Latvia university of
Agriculture, Jelgava, Latvia, 21-23 May, 2008 (referats)

Versilovskis A., Mikelsone V. Stability of sterigmatocystin during bread
baking. 13" ICC (International Association for Cereal Science and
Technology) Cereal and Bread congress. Madrid, Spain, 15-18 June, 2008
(stenda referats)

MATERIALI UN METODES

Pettjumi veikti laika no 2006. Iidz 2009. gadam:

Latvijas Lauksaimniecibas universitates Partikas tehnologijas fakultates
Kimijas katedra;

Latvijas Lauksaimniecibas universitates Partikas tehnologijas fakultates
Partikas tehnologijas katedra;

Latvijas Republikas Partikas un veterinara dienesta Nacionala
diagnostikas centra Partikas un vides izmeklgjumu laboratorijas
Instrumentalo analizu dala;



e Gentes universitates Farmacijas zinatpu fakultates Bioanalizu katedras
Partikas analizu laboratorija;
o Ka arl sadarbiba ar Zemkopibas ministrijas Latvijas augu aizsardzibas
peétniecibas centru.
Promocijas darba pétijumi veikti saskana ar iepriek$ izstradatu shému, kas
vienkarSota veida paradita 1. attéla.

1. AESH - UV .| 2) AESH-MS-MS 1) STC MS-MS
noteikSana un kustigas i metode optimiz&Sana
fazes optimiz&sana ¢

v 3) CFE izstrad STC saturs
- — izstrade
2. AESH - UV metode | — i —>  graudos
Y & STC stabilitate
eea 4) CFE-AESH-MS/MS

3. STC staPllltate ) tod L | maizes cep3anas

standartskidumos metode —
e o procesa
atSkiriga temperatiira
uzglabasanas laika >
vy | STC saturs maizeé
4. CFE-AESH-UV metode [ STC noteikSana alii
Ly STC saturs siera

1. att. Pétijjumu veik$anas shema
Fig. 1. Research sheme

Vispirms optimizgja kustigo fazi, lidz ar to ir iesp&jams izveleties optimalo
STC izdaliSanas laiku. Péc tam optimiz&ja STC jonizacijas un fragmentacijas
parametrus. Talak izstradaja cietfazes ekstrakcijas metodi, parbaudija jaunas CFE
kolonnas, ka arT STC stabilitati dazados $kidinatajos, dazada temperatiira atkariba
no laika. legiito informaciju izmantoja AESH un AESH-MS-MS metozu izstradei
dazadas partikas sisttmas — graudos, maizé, ali un siera. Izstradatas STC
noteikSanas metodes pielietoja STC satura analizei maize, graudos, alii un siera.

Pétijjumiem izmantotie graudu, maizes, alus un siera paraugi

Graudu paraugi. 50 kvieSu, 15 auzu, 10 rudzu, 10 miezu un 10 griku graudu
paraugi savakti 2006. gada rudent, un 20 kvieSu, 25 auzu, 25 rudzu, 25 miezu un
25 griku graudu paraugi savakti 2007. gada rudeni dazados Latvijas novados.
Paraugu nemsSanas vietas: Aizkraukles, Bauskas, Balvu, Cgsu, Daugavpils,
Dobeles, Gulbenes, Jelgavas, Jekabpils, Liepajas, Ogres, Preilu, Rézeknes, Saldus,
Smiltenes, Talsu, Tukuma, Valkas un Valmieras rajoni (2. att€ls).

Paraugi vakti ar Latvijas Augu Aizsardzibas P&tniecibas Centra palidzibu, to
nemsanas procediira notika saskana ar Eiropas Komisijas regulu (EC)
No 401/2006.
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2. att. Graudu paraugu pemsanas vietas
Fig. 2. Grain sampling places

Maizes paraugi. Analizgti 29 dazadas Latvijas maiznicas razoti vairaku maizes

Skirpu paraugi, kas iegadati dazados Latvijas veikalos 2007. gada decembri.

Alus paraugi. Petijuma izmantoti 26 dazadu Latvijas alus daritavu alus skirnu

(9 tumsa un 17 gai$a alus) paraugi. Gaisa Plostnieku alus un tumsa Martina

tumsSais alus (iepriek§ analizéts STC saturs un konstatéts, ka tie nesatur STC)

paraugi tika izmantoti nepiesarpota alus matricas metodes izstradei. Visus paraugus
glabaja ledusskapi +5 °C temperatiira lidz analizu veikSanai.

Siera paraugi. Astoni Latvija un 13 Belgija razotu sieru paraugi tika iegadati

dazados Latvijas un Belgijas veikalos (2008. gada janvarT Latvijas veikalos: Rimi,

Maxima, Iki un Super Netto; un 2008. gada februari Belgijas veikalos: Delhaize,

Aldi, Match). Sieru paraugi tika sasmalcinati, homogenizgti un uzglabati saldétava

—20 °C temperatura.

Petijumos izmantotas metodes

1. STC ekstrakcijai no biologiskajam matricam (graudi, maize, siers) izmantoja
organisko $kidinataju maistjumus (acetonitrils: tidens, 84:16 un 90:10, v/v).

2. Ekstraktu attiriSanai lietoja cietfazes ekstrakciju (izmantoja Strata X un
Strata Cig cietfazes ekstrakcijas kolonnas).

3. Eluéto ekstraktu koncentré$anai izmantoja ietvaicéSanu slapekla plisma.

4. STC noteik$anai lietoja augstefektivu skidrumu hromatografiju ar ultravioletas
gaismas fotodiozu sken€$anas detektoru (Waters Alliance 2695 — Skidrumu
hromatografs ar PAD 2898 detektoru) un augstefektivu Skidrumu
hromatografiju — tandéma masspektrometriju (Waters Alliance 2695 skidruma
hromatografs ar Micromass Quattro LC triskarSo kvadrupolu).

5. Metodes valideja saskana ar Eiropas Komisijas Regulas (EK) Nr. 401/2006,
IUPAC un CEN rekomendacijam. Validacijas laika noteica $adus parametrus:
selektivitati, atgiistamibu, atkartojamibu, reproduc€jamibu, zemako noteikSanas
robezu (ZNR), zemako rékinasanas robezu (ZRR) un metodes linearitati.

Datu matematiska apstrade
Ieglito rezultatu salidzinaSanai izmantoja Microsoft Office Excel 2003
integrétas statistiskas funkcijas: (“t-tests divu saistitu paraugu vid&jo lielumu
9



salidzinaSanai” un “t-tests divu paraugu ar ekvivalentam dispersijam
salidzinasanai”, ,,ANOVA” — vienfaktora dispersijas analizi), datu standartnovirzes
aprékinaja, izmantojot integréto ,,STDEV” funkciju, linearo un nelinearo regresiju
(analita koncentracijas atkaribai no signala), ka arT dazadas matematiskas funkcijas
(piem., vidgja aritmétiska aprékinasana, izmantojot funkciju — ,,AVERAGE”).
Eksperimenti veikti 68 neatkarigos atkartojumos.

PETIJUMU REZULTATI UN DISKUSIJA

1. STC noteikSanas optimizéSana, izmantojot augstefektivu §kidruma
hromatografiju tandéema masspektrometriju
Eksperimenti STC noteikSanas optimiz€$anai, izmantojot augstefektivu
Skidruma hromatografiju tandéma masspektrometriju, tika veikti divos posmos.
Pirmaja posma veikti eksperimenti par kustigas fazes sastava ietekmi uz STC
izdali$anas (aiztures) laiku no Phenomenex Luna (2) C;s AESH kolonnas (3. attéls).

IzdaliSanas laiks /

retention time, min

35 40 45 50 55 60 65 70 75 80 &5

AcN vai MeOH saturs tidens maisijuma /
content of AcN or MeOH in water solution, %
—— AcN
—a— AcN+0.01% skudrskabe / formic acid
—+— AcN +0.02% skudrskabe / formic acid
—o— AcN +0.02M amonija acetats / ammonium acetate

—>$— MeOH

3. att. Kustigas fazes ietekme uz STC aiztures laiku Phenomenex Luna(2) Cyg
AESH kolonna
Fig. 3. Influence of mobile phase content on the STC retention time on Phenomenex
Luna(2) C;3 HPLC column

legtitie rezultati rada, ka STC ilgak aizturas uz kolonnas, ja ka kustigo
fazi lieto acetonitrila-0.02M amonija acetata Skidumu. Metanola-idens un
acetonitrila-0.01-0.02% skudrskabes Skidumiem ir vid€js elu€Sanas laiks, un
visatrak STC elu€jas no kolonnas ar acetonitrila-idens Skidumiem. Iegiito
informaciju var izmantot STC izdaliSanas (aiztures) laika reguléSanai, lai mainitu
(paatrinatu vai kavétu) analizes laiku.
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Otrais augstefektivas Skidrumu hromatografijas tandéma masspektrometrijas
metodes izstrades etaps ir stabilu molekularo jonu iegtisana STC identifikacijai un
kvantitativai  noteikSanai.  Eksperimenti tika  veikti, izmantojot STC
standartskidumu, kas tika ievadits ar ASKJ un EIJ aprikota tandéma
masspektrometra. To veica pozitivajos un negativajos rezimos, lietojot dazadu
konusa spriegumu (4. attéls) un dazadu fragmentacijas energiju.

350000 -
é 300000 - —&— ASKJ / APCI+
j; g 250000 -
e g 200000 - —— ASKJ / APCI-
% E 150000 -
é 5 100000 - ‘/‘/‘/‘\‘ —e—ESJ / ESI+
E 50000 -

0 +—ReFR—"Re——R——x® —>—ESJ / ESI-
10 20 30 40 50

Spriegums uz konusa / cone voltage, V

4. attels. STC bazes smailes laukuma atkariba no sprieguma potenciala
Fig. 4. Dependence of STC base peak intensity from cone voltage

Rezultati rada, ka optimalakais rezims STC detektésanai ir AESH-EII"-MS-MS
ar konusa spiegumu 30 V un fragmentacijas energiju 30 eV, kuru rezultata tika
iegiits proton&tais molekularais jons ar molmasu 325 g mol™ (5. attéls).

120220057 407 (7 4571 ScanES+
oo 32EAT _ 5 01es
3009 36
=
g 32613
60300
10107 2714 728.11
7 1z¥50 151.04 19603 22403 2‘%8’39 292??§1 siaaz | 9561 ze2oe (lSoz
459 662 406 598 1712 |

ET I O o e e st e s e
5. att. MS skenéSanas hromatogramma pozitiva EIJ (konusa spriegums 30 V)
Fig. 5. MS scan chromatogram of STC in ESI positive mode using cone voltage of 30 V

Sis jons talak tika fragmentéts lidz ta Skembu joniem ar molmasam
281 g mol™ un 310 g mol™ (6. attels).
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6. att. 325 molekulara jona veidoto Skembu jonu skenéSanas hromatogramma 30 eV
fragmentacijas energija
Fig. 6. The scan chromatogram of daughter’s ions of 325 ion using collision energy of 30 eV

Jonu ar molmasu 281 g mol” izmantoja STC koncentracijas rékinasanai,
bet jonu ar molmasu 310 g mol” — STC kvalitativai noteik3anai. Hromatogramma,
kas iegiita ievadot standartskidumu AESH-MS-MS sistéma ESJ pozitivaja rezima,
redzama 7. attela.

MRM of 2 Channels ES+

7.60 325>281
61437.37 1.29e5
Area

100 —

MRM of 2 Channels ES+
7.57 325>310
40165.41 8.43e4
Area

0 T T T T T T T T T T Time
0.0 2.00 4.00 6.00 8.00 10.00 12.00 14.00

7. att. STC standartSkiduma (0.2 pg mlI') SRM (MRM) hromatogramma
Fig. 7. SRM (MRM) chromatogram of STC standard solution (0.2 pg ml™)

STC kvalitativai pieradiSanai jonu attiectbai (281/310) jabut 0.7 = 0.1.
AESH-MS-MS  analizu parametri: pozitivaja EIJ kustigas fazes sastavs:
0.01% skudrskabe acetonitrila un 0.01% skudrskabe wideni attiecibas
60:40 (%, v/v), izokratiskais rezims. AESH kolonna Luna C;5(2) (5 pm), 3.0 x 150
mm, kustigas fazes plismas atrums 0.3 (ml min”), injekcijas tilpums — 50 pl.
Masspektrometra parametri: konusa spriegums — 30 V, kapilarais spriegums — 3.5
kV, ekstraktora spriegums — 2 V, radiofrekvencu 1&cu spriegums — 0.2 V, avota
temperatiira — 120 °C, desolvatacijas temperatiira — 350 °C, konusa gazes pliismas
atrums — 63 (1 h™), desolvatacijas gazes plasmas atrums — 553 (1 h™),
fragmentacijas energija — 30 eV.
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2. Cietfazes ekstrakcijas metodes optimizéSana sterigmatocistina noteikSanai

— =

Vairaku mikotoksinu noteik$anai, ekstrakta attiriSanai un koncentréSanai loti
plasi pielieto cietfazes ekstrakciju (CFE). Kaut gan kopuma STC molekula ir
nepolara (tai ir gan hidrofilas, gan hidrofobas funkcionalas grupas), nav izslégts, ka
STC molekula labak piesaistisies pie Strata X, neka pie C;3 sorbenta.
Lidz ar to iespgjams izmantot efektivaku skaloSanas $kidinataju un izskalot vairak
piemaisTjumu no parauga ekstrakta.

Si pétijuma laika parbaudija STC eluéSanas iespgjas no Strata X un
Strata C;3 CFE kolonnam, izmantojot dazadus acetonitrila-idens un
metanola-tidens maisijumus, ka arT kolonnu piemérotibu STC CFE veikSanai.

leguva Ssadus rezultatus: izmantojot gan acetonitrila, gan metanola tdens
$kidumus, STC sak eluéties no abam kolonnam 45% acetonitrila (un metanola)
tidens $kiduma. Kopgjie STC ecluéanas rezultati no Strata X un Strata Cig
kolonnam ir redzami 8. attela.

[E= O Strata C18 CFE kolonna/ SPE column 79
% § @ Strata X CFE kolonna/SPE column
28
g = _'7350
2 S E
e 00 00 00 00 o0 23 77
= f 0 T T T T T T
O E
E 2 Q Q Q Q Q Q
ZR BN q:J\'\‘J o %5\65 N N N P &
Acetonitrila-tidens attieciba / AcN-water ratio, % v/v
100 - RIS
= E O Strata C18 CFE kolonna / SPE column 6
I% ‘% @ Strata X CFE kolonna / SPE column 59
&3 4540
> 5 50 4
\E % Té’ 20 18
FuE 00 00 00 00 00 21 65
‘g T 0 T T L} L} L} = — L} L} L} L} L} 1
S
© 5 N ¢ Q 5 N 5 Q ) N\ Q Q>
EE7) § (\9\% r\f)\(\ ,\,)Q\(\ %6\‘0 bp\b bb\(‘v c)Q\% (.é')\b‘ ‘QQ\V (\Q\"‘) @@Q

Metanola-tidens attieciba / MeOH-water ratio, % v/v

8. att. STC saturs daZadas acetonitrila—iidens un metanola—uidens frakcijas no
Strata X un C;3 CFE kolonnam
Fig. 8. STC content in different methanol-water and acetonitrile —water fractions
on Strata X and C,3 SPE columns

Kolonnu, eluésanas Skidumu un CFE kolonnu salidzinaSanas matrica ir
redzama 1. tabula.
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1. tabula / Table 1

Kolonnu, eluésanas Skidumu un CFE kolonnu salidzinasanas matrica /
Eluting solutions and SPE column comparing matrix

EluéSanas procediira / Strata C;3 CFE kolonna / Strata X CFE kolonna /
eluting procedure Strata C;3 SPE column Strata X SPE column
AcN/H,0 a ¢
MeOH/H,O b d
Salidzina$anas kombinacijas / comparing combinations

a-b’ c-d

a-c c-b

a-d b-d

*- piem., a ir salidzinats ar b utt.

(a-b) Dazadu $kidinataju maisijumu STC eluéSanas efektivitates parbaudei,
izmantojot Strata C;3 CFE kolonnu, tika lietots t-tests divu saistitu paraugu kopu
vidgjo lielumu salidzinasanai. Testa rezultati rada, ka nav butiskas atSkiribas
starp elu@Sanas procediiram, izmantojot acetonitrila-iidens un metanola-iidens
maisyjumus (tapr (0.8) < tiic (1.8), p > 0.05).

(a-c) Dazadu skidinataju maistjumu STC eluéSanas efektivitates parbaudei,
izmantojot Strata C;3 un Strata X CFE kolonnas un acetonitrila — fidens
elugsanas procediru, tika lietots t-tests divu saistitu paraugu kopu vidgjo lielumu
salidzinasanai. Testa rezultati rada, ka nav_ butiskas atSkiribas starp abam
kolonnam, izmantojot So elugSanas procediiru (tap: (0.04) <ty (1.8), p > 0.05).

(a-d) Salidzinot STC eluéSanu no Strata C,g kolonnas ar acetonitrilu un to
tdens $kidumiem ar STC elué$anu no Strata X kolonnas ar metanolu un ta
tdens Skidumiem, tika lietots t-tests divu paraugu kopu ar Iidzigam dispersijam,
salidzinaSanai. Testa rezultati rada, ka nav bitiskas atskiribas starp rezultatiem
(tapr (Ol) < tkril(1~7)a p > 005)

(c-d) Dazadu skidinataju maisijumu STC eluéSanas efektivitates parbaudei,
izmantojot Strata X CFE kolonnu, tika lietots t-tests divu saistttu paraugu kopu
vidgjo lielumu salidzinasanai. Testa rezultati rada, ka nav butiskas atSkiribas
starp skaloSanas procediiram, izmantojot acetonitrila-idens un metanola-iidens
maisyjumus (tapr (0.6) <ty (1.8), p > 0.05).

(c-b) Salidzinot STC elugsanu no Strata X kolonnas ar acetonitrilu un to
tdens Skidumiem ar STC elué$anu no Strata C;g kolonnas ar metanolu un ta
tdens Skidumiem, tika lietots t-tests divu paraugu kopu ar Iidzigam dispersijam,
salidzinaSanai. Testa rezultati rada, ka nav bitiskas atSkiribas starp rezultatiem
(tapr (Ol) < tkrit(1~7)a p > 005)

(b-d) Dazadu skidinataju maisijumu STC elu€Sanas efektivitates parbaudei,
izmantojot Strata C;g un Strata X CFE kolonnas un metanola — Gidens eluésanas
procediru, tika lietots t-tests divu saistitu paraugu kopu vidgjo lielumu
salidzinasanai. Testa rezultati rada, ka nav biutiskas atSkiribas starp abam
kolonnam, izmantojot So eluéSanas procediiru (ta, (1.80) <t (1.82), p > 0.05).

Apkopojot ieglitos rezultatus varam secinat, ka acetonitrilu un ta wdens
Skidumus, gan metanolu un ta fidens Skidumus var izmantot STC elu&$anai no
Strata X un Strata C,;3 CFE kolonnam, iegiistot statistiski vienadus rezultatus.
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Ekonomisko apsvérumu del talakiem eksperimentiem izvéléta Strata X CFE
kolonna un CFE procediiru realiz€$anai acetonitrils un ta tdens skidumi.

3. Uzglabasanas laika, temperatiiras un $kidinataju ietekme
uz sterigmatocistina stabilitati

Precizam hromatografiskam analizZ€m nepiecieSams veikt aparatiiras
kalibré$anu ar analita standartS§kidumiem. STC standartviela ir kristalisks
pulveris, ta standartSkidumu gatavoSanai izmanto dazadus organiskus
Skidinatajus, un tos parasti glaba saldétava. Vispiemérotakais Skidinatajs STC
standartSkidumu gatavoSanai un uzglabaSanai ir hloroforms. Acetonitrilu un
metanolu galvenokart lieto dazadu mikotoksinu ekstrakcijai no partikas, jo tie
labi sajaucas ar tdeni, tiem piemit laba UV gaismas caurlaidiba, tie nedod
signalu pie vajadzigajiem vilnpu garumiem (misu gadijuma 245 un 325 nm,
kuros ir redzams STC), un tie ir vispiemérotakie $kidinataji AESH analizu
veikSanai.

ST pétijuma laika noteica parametrus, kuros STC standartskidumi, kas
gatavoti acetonitrila, metanola un to maisijuma 50:50 (%, v/v), uzglabajas bez
sadaliSanas. STC standartSkidumus glabaja tumsa stikla pudeliteés -25 °C,
+4 °C un +25 °C temperatiira astonas ned€las. P&c pirmas, otras, ceturtas un
astotas nedélas paraugos noteica STC koncentraciju, izmantojot AESH-UV.

STC kontrolskaitlis katra Skidinataja tika aprékinats no trim
standartSkidumu injekciju atkartojumiem, ko veica pirmaja diena. STC
stabilitati rékinaja, salidzinot iegiitos rezultatus (n=3) ar kontrolskaitli.

Rezultati, kas iegiiti, uzglabajot dazada temperatira STC acetonitrila,
metanola un acetonitrila un metanola maisijuma 50:50 (%, Vv/v)
standart$kidumus, redzami 9. attéla.

99.8 OT=(-25 °C)

" 99.5 91.5
{g g 100 9 = 86.6 180 OT=4°C
g < 740 " BT=25°C
=z B 80 4.1 =
'3 5
o 5 — ]
\:o 3 g 60 42.6 512477
o“ @] E i
£ % 40 26.3 25.7
55 204

=
O 2
; g 0 T T T

1.ned€la/week  2.nedéla/week 4.ned€la/week 8. ned€la/week

Uzglabasana acetonitrila / storage in acetonitrile

9. att. STC stabilitate acetonitrila, metanola, acetonitrila un metanola maisijjuma
(50:50, v/v) dazada temperatiira
Fig. 9. Stability of STC at different temperature in acetonitrile, methanol and mixture
of acetonitrile and methanol (50:50, v/v)
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Attela nobeigums / Continuation of the figure
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9. att. STC stabilitate acetonitrila, metanola, acetonitrila un metanola maisijuma
(50:50, v/v) dazada temperatiira
Fig. 9. Stability of STC at different temperature in acetonitrile, methanol and mixture
of acetonitrile and methanol (50:50, v/v)

STC stabilitates parbaudes rezultatu apstiprinaSanai tika pienemta tolerance
+5.0% no sakuma STC koncentracijas (100%). Rezultatu salidzinasanai izmantoja
mérjjumus, ko ieguva pec pirmas uzglabasanas nedélas —25 °C un +4 °C
temperatiira. Tatad, rezultati, kas iegfiti, uzglabajot STC +25 °C temperatiira ilgak
par vienu ned€lu, netika nemti véra, jo STC $ados apstaklos nav stabils neviena no
skidinatajiem.

Apkopojot statistiskos rezultatus, kas ieglti, uzglabajot STC dazados
skidinatajos —25 °C un +4 °C temperatiira, var izdarit secinajumus:

1) =25 °C temperatira STC ieteicams uzglabat acetonitrila vai acetonitrila un

metanola maisijuma (50:50, v/v);
2) +4 °C temperatira STC ieteicams uzglabat acetonitrila un metanola
maistjuma (50:50, v/v).

Ta ka STC stabilitates apstiprinasanai tika piepemta tolerance +5.0% no
sakuma STC koncentracijas (100%), apkopojot kopigos stabilitates petjumu
rezultatus, var izdarit $adus secinajumus:

1) STC ir nestabils, uzglabajot +25°C temperatira, jebkura no pétijjuma

izmantotajiem $kidinatajiem;

2) STC ir stabils vienu ned€lu, uzglabajot to temperatiras intervala no

—25 °C lidz +4 °C, jebkura no pétijuma izmantotajiem $kidinatajiem.
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Par piemérotiem S$kidinatajiem STC darba standartskidumu uzglabasanai
temperatiiras intervala no —25 °C lidz +4 °C var uzskatit visus p&tljuma izmantotos
skidinatajus, bet to stabilitate saglabajas ne ilgak par vienu nedelu.

4. Paaugstinatas temperatiiras un laika ietekme uz STC standart§kidumu
stabilitati

Lai novértetu STC termisko stabilitati, STC standartskidumi tika uzglabati
dazadus laika periodus temperatiira, kas ir maizes izstradajumos to cepSanas laika.

Pagatavotos STC standartskidumus (0.25 pg ml"') uzglabaja slégtas tumsa
stikla pudelites +95 °C, +105 °C un +110 °C temperatiira 15, 30 un 60 mindtes.
Paralélo paraugu skaits — tris (katra temperatiira un laika, kopa devini paralélie
paraugi). P&c uzglabaSanas paraugus atdzes€ja lidz istabas temperatiirai un
analizgja, izmantojot AESH-UV. legiitie rezultati redzami 10. attela.
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E % i 100 I T T T T T '|' 030 min
25 98 | i ITT Ey= @60 min
28% 9 100 | 9o 9 || L o7 [ L

ge 2 gg 99 97 96

R
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& 2

“ g 95°C 105 °C 115°C

Temperatira / Temperature, °C

10. att. STC stabilitate, uzglabajot STC standartSkidumu dazZada temperatiira,
dazadus laika periodus
Fig. 10. Results obtained during storage of STC standard solution under different
temperatures different periods of time

Iegtitie rezultati rada, ka STC dotajos apstaklos ir termiski stabils.

Iegtito rezultatu salidzinasanai tika pielietota vienfaktora dispersijas analize:

e Salidzinot temperatiiras ietekmi uz STC stabilitati, dispersijas analizes
rezultati rada, ka nav batisku atSkiribu starp ieglitajiem rezultatiem
(Fpaxe (3.06) < Fyyye (5.14), p > 0.05), jeb temperatiira Iidz +115 °C neietekmé
STC stabilitati;

e Salidzinot laika ietekmi uz STC stabilitati, dispersijas analizes rezultati rada, ka
nav biutisku atSkiribu starp iegiitajiem rezultatiem (Fgy (2.37) < Fiy (5.14),
p > 0.05), jeb kars€sanas laiks lidz 60 mintitém neietekm& STC stabilitati.

Apkopojot iegilitos rezultatus, varam secinat, ka STC ir termiski stabils vismaz

lidz +115 °C temperatiirai vismaz 60 miniites. Tatad STC varetu but termiski
stabils arT cepot maizi vai citus miltu izstradajumus, ja So izstradajumu izejvielas
saturés STC.
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5. Ekstrakcijas Skidinataju efektivitates parbaude

STC ekstrakcijai no dazadam partikas sisttmam biezak lieto AcN/4%KCl
(85/15 vai 90/10, v/v) un MeOH/4% KCI (85/15 vai 90/10, v/v) maisijumus.
Si pétijuma laika parbaudija AcN/H,O un AcN/4%KCl, MeOH/H,0O un
MeOH/4%KCl maisijumu efektivitati STC ekstrakcijai no graudu un siera
matricam. MaisTjumu attiecibas bija 84/16, 85/15, 90/10 un 100 (%, v/v).

Eksperimenta gaita: 25 g graudu vai siera parauga pievieno 500 pl STC
standartskiduma ar koncentraciju — 5 pug ml" (ekvivalents 100 pg kg'). Katra
skidinataju maisijuma attieciba ekstrah€ja trs paral€los paraugus.

legtitiem rezultatiem rekinaja atgiistamibu. Ka kontroli izmantoja
rezultatus, kas iegiiti, veicot ekstrakciju ar AcN/4%KCl (90/10, v/v). Rezultati
redzami 11. attela.

(A)

110 4 ——0—— AcN+4%KCl
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100 - —{0— AcN/H20

95 4 —— MeOH+4%KCl

90 -

— X — MeOH/H20

85 L} L) L) 1
84 85 90 100

AcN vai MeOH saturs maistjuma /
AcN or MeOH content in mixture, %, v/v

STC saturs no sakotngja satura /
STC content from initial content, %
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STC content from initial content, %

85 T T T 1
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______

(A — graudu matrica; B — siera matrica)
Fig. 11. Recovery of STC using different extraction solvents
(A — grain matrix; B — cheese matrix)
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Rezultatus izvertgjot ar vienfaktora dispersijas analizi, varam secinat, ka
nav bitiskas atSkiribas, STC ekstrah&jot no graudiem ar vienu un to pasu
Skidinataju maisijumiem dazadas attiecibas (F,y (0.35) < Fyie (3.49), p > 0.05),
bet ir butiska atskiriba, ekstrah&jot STC ar dazadiem Skidinataju maisijjumiem
(Frae (8.14) > Fyyir (3.49), p < 0.05), pie tam par labakiem ekstrakcijas
$kidumiem atzistami acetonitrila-tidens $kidumi.

Rezultatus izvertgjot ar vienfaktora dispersijas analizi, secinam, ka nav butiskas
atskiribas, STC ekstrahgjot no siera ar vienu un to pasu $kidinataju maisijumiem
dazadas attiecibas (Fpy (2.13) < Fyi (3.49), p > 0.05), bet ir butiska atskiriba,
ekstrahgjot STC ar atskirigiem $kidinataju maisijumiem (Fpy, (4.82) > Fyi (3.49),
p < 0.05), pie tam par labakiem ekstrakcijas $kidumiem atzistami acetonitrila-
tdens skidumi.

Analiz€jot iegiitos rezultatus, ka optimalie tika izveleti $adi STC ekstrakcijas
maistjumi:

o STC ekstrakcijai no graudiem ieteicams izmantot acetonitrila-tidens skidumu

attiecibas 84:16 (%, v/v);
e STC ekstrakcijai no siera ieteicams izmantot acetonitrila-idens Skidumu
attiecibas 90:10 (%, v/v).

6. Sterigmatocistina noteik§anas metodes izstrade graudos

ST pétijuma laika izstradata jutigaka analizes metode, kas lauj noteikt STC
saturu koncentracija zem 2.0 pg kg', un parbaudits STC saturs 2006. un
2007. gada razu kvieSu, auzu, rudzu, miezu un griku graudos. 95 paraugi tika
savakti 2006. gada un 120 paraugi — 2007. gada.

Paraugu sagatavosana. 25 g sasmalcinata un homogeniz&ta graudu parauga
ekstrah€ja 30 min ar 100 ml acetonitrila:tidens $kidumu (84:16, %, v/v), izmantojot
horizontalo maisitaju. legiito ekstraktu filtréja caur papira filtru, 10 ml filtréta
ekstrakta atSkaidija ar 20 ml dejoniz&ta fidens. legiitos 30 ml atSkaidita ekstrakta
attirjja un koncentrja, izmantojot Strata X (500 mg) CFE kolonnu. AttiriSanas
metode: kolonnu sagatavoja, caur to izlaizot 6 ml metanola un p&c tam 6 ml Gidens.
P&c tam caur kolonnu izlaida 30 ml ekstrakta (izmantojot 100 ml kaseti un CFE
manifoldu), skaloja ar 3 ml 40% acetonitrila Skidumu @ident un 3 ml 40% metanola
Skidumu tident. STC elugja, izmantojot 4 ml 100% acetonitrila. Iegiitos 4 ml eluata
ietvaicgja slapekla pluisma +60 °C temperatira un sauso atlikumu
Skidumus gatavoja, pie attiecigas matricas pievienojot standartskidumus un
sagatavojot tapat ka paraugu.

Metodes selektivitate. Metode ir selektiva, jo analiz€jamas vielas signals
neparklajas ar citu vielu signaliem.

STC nesaturo3a kviesu parauga, kvie$u parauga ar standartpiedevu (0.5 pg kg™)
un ar STC dabiski piesarnota auzu parauga SRM hromatogrammas ir
redzamas 12. attela.
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12. att. Tira kvieSu parauga (A), kvieSu parauga ar standartpiedevu (0.5 pg kg™") (B)
un ar STC dabiski piesarpota auzu parauga (C) SRM (MRM) hromatogrammas
Fig. 12. SRM (MRM) chromatogramms of blank wheat sample (A), wheat sample
spiked with 0.5 ug kg™ of STC (B) and naturally contaminated oat sample (C)

Metodes zemaka noteik§anas robeza (ZNR) un metodes zemaka
rékinasanas robeZa (ZRR). Zemakais validétais STC saturs ir 0.5 ug kg (signala
intensitate pret fonu (S/F) ir 10.5). ZNR un ZRR rekinaja, izmantojot
masspektrometrisko datu apstrades programmas ,,Masslynx” (ZNR = 3 x S/F un
ZRR =2 x ZNR). ZNR bija 0.15 pg kg un ZRR bija 0.3 pg kg™

Atgiistamiba, atkartojamiba un reproducéjamiba. legiitie rezultati ir
atspoguloti 2. tabula.
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2. tabula / Table 2.

STC atgiistamiba, atkartojamiba (RSN,) un reproducéjamiba (RSNy)
paraugos ar standartpiedevam / Recovery, repeatability (RSN,) and reproducibility
(RSNpR) of STC from spiked samples

Pievienotais Noteiktais Videja
Par&}uga STC STC atgiistamiba | RSN, / RSNR/
veids daudzums / daudzums / 7 Mean RSD RSD
/Sample | Added STC | Found STC o, o
. . . recovery, %o %o
matrix concentration, | concentration, o
-1 -1 %
ng kg ng kg
Kviesu 0.50 0.47 94.5 4.0 4.2
graudi / 5.00 4.92 98.4 4.8 2.8
Wheat 25.0 26.1 104 6.4 0.2
grains 100 105 105 6.5 0.2
MieZu 0.50 0.45 90.3 53 7.6
graudi / 5.00 4.89 97.8 2.6 4.4
Barley 25.0 24.3 97.2 7.5 8.4
grains 100 98.4 98.4 6.2 7.1
0.50 0.48 96.3 4.6 6.4
gil‘:lzd‘;/ 5.00 5.03 101 2.9 37
Oat grains 25.0 26.8 107 5.2 6.5
100 105 105 7.3 7.8
Griku 0.50 0.49 97.4 42 5.6
graudi / 5.00 5.02 101 2.8 44
Buckwheat 25.0 26.2 105 32 6.0
grains 100 105 105 4.4 73
0.50 0.44 88.4 4.5 6.7
1::33;‘ ) 5.00 4.02 80.5 238 32
Rg : 25.0 232 92.8 6.2 74
ye grains
100 95.6 95.7 8.5 8.8

Mazaka atgiistamiba bija rudzu graudiem ar 5 pg kg standartpiedevu — 80%, bet
lielaka — auzu graudiem ar 25 pg kg™ standartpiedevu — 107% .

Linearitate. Metode ir linedra lidz STC saturam 200 pg kg'. Regresijas
vienadojumi standartikidumos ir y = 13627x (R* > 0.999) un, kalibréjot uz
matricas, y=3859x (R*>0.991). Ki redzams no regresijas vienadojumiem,
matricas efekta dg] ir biitiska atSkiriba starp kalibrésanu ar standartSkidumiem un
kalibrésanu uz matricas. Tapec STC noteiksanai graudos kalibrésanu vienmér veic
uz matricas.

Rezultati atbilst Eiropas Komisijas Regulas (EK) Nr. 401/2006 prasibam un
metode ir preciza. Rezultati, kas iegiiti, analiz&jot STC saturu 2006. un 2007. gada
razas graudos, redzami 13. — 14. attelos.
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13. att. STC saturs un koncentraciju diapazoni dazados Latvijas 2006. gada graudu paraugos
Fig. 13. STC presence and concentration ranges in different Latvian grains in the year 2006

14% (13 paraugi) 2006. gada graudu paraugu saturgja STC (0.7-83 pg kg™)
un 35% (42 paraugi) 2007. gada graudu razas paraugu saturgja STC (1-47 ug kg™).

O Piesarnotie paraugi /
contaminated samples
(STC saturs / range of STC
content 25-200 pg/kg)

B Piesarpotie paraugi /
contaminated samples
(STC saturs / range of STC
content 0.5-25 pg/kg)

O Nepiesarnotie paraugi /
uncontaminated samples

14. att. STC saturs un koncentraciju diapazoni dazados Latvijas 2007. gada graudu paraugos
Fig. 14. STC presence and concentration ranges in different Latvian grains in year 2007

Pieciem paraugiem STC saturs (23, 29, 29, 54 un 83 pug kg') parsniedza
maksimali pielaujamo STC koncentraciju, kads ir noteikts Cehija un Slovakija
(20 ug kg). Kopa 27% (55 paraugi) 2006. — 2007. gada graudu razas graudu

paraugos tika konstatéta STC klatbiitne.

P&tijumi liecina par STC klatbiitni Latvija audz&tos graudos, tatad ari graudu

izcelsmes produkti var saturét STC.
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7. Sterigmatocistina stabilitate maizes cepSanas procesa

Péttjuma laika parbaudija STC stabilitati, cepot maizi no dabiski STC saturoSiem
graudiem. Tika analizéts STC saturs izceptaja maiz€ un salidzinats ar STC saturu
graudos, no kuriem tika cepta maize.

Dalu STC saturodu kviesu graudu paraugu (83 pg kg') homogenizgja un, lai
parbauditu STC satura dispersiju, seSos paralélos paraugos noteica STC saturu. Ka
kontrolparaugus izmantoja STC nesaturoSus kvieSu graudus, kas tika sagatavoti tapat.

Otra So graudu dala tika izmantota pilngraudu kvieSu miltu iegiiSanai, ko
izmantoja pilngraudu maizes cepSanai. Miklas receptira: milti — 1100 g,
raugs — 22 g, tdens — 700 g, cukurs — 40 g, sals — 10 g. Maizes cepSanas
tehnologija: miciSanas laiks 8-15 min; miciSanas temperatira +24-26 °C;
miklas raudzé$ana ~20 min.; miklas p&craudzésana: ~40 min., T °C = +35-38 °C;
maizes cep$ana ~17 min., T °C = +200-210 °C).

STC satura analizéSana paraugos. STC satura analize maiz€ un graudos tika
veikta, izmantojot ieprieks izstradato metodi STC satura noteik$anai graudos, kas
ietver parauga ekstrakciju ar acetonitrila-tidens maistjumu 84:16 (%, v/v), CFE uz
Strata X CFE kolonnas un STC noteik$anu, izmantojot AESH-MS-MS.

STC satura aprékinasana piesarnotos graudos un no tiem izceptas maizes
paraugos. legiitais STC saturs pilngraudu kvieSu maize tika parrékinats uz STC
saturu miltos, izmantojot sekojosas izteiksmes.

Izteiksme (1) paredzEta atdzes€tds maizes masas parrékinasanai uz maizes
daudzumu, ko var iegiit no 1000 g piesarnoto miltu jeb graudu:

v, =DM *BM, | (1)
DM,

kur / where:

BM; — maizes masa, ko var iegiit no 1000 g piesarnoto miltu jeb graudu /
bread mass what can be obtained from 1000 g of contaminated flour
(grains), g [1628];

BM, — atdzes€tas maizes masa, kuru ieglist no zinamas miklas masas /
cold bread mass obtained from known dough mass, g [1654];

DM, — miklas masa, kuru iegtist no 1000 g piesarnoto miltu jeb graudu (to var
izrekinat no miklas receptiiras) / dough mass obtained from 1000 g of
contaminated flour (it is calculated from dough making recipe), g [1772];

DM, — vidgja miklas masa, kuru izmanto maizes cepSanai / average dough mass
used for bread making, g [1800].

Izmantojot rezultatu, kas iegiits no izteiksmes (1) ( no 1000 g miltu jeb graudu
ieguva 1628 g maizes), var izrekinat koeficientu iegiita STC satura maize

parrékinasanai uz STC saturu graudos (izteiksme 2):

x =M., )
FM,
kur / where:
K- parrekinasanas koeficients / recalculation coefficient [1.628];

BM; — maizes masa, ko iegiist no 1000 g piesarnoto miltu jeb graudu / bread mass
obtained from 1000 g of contaminated flour, g [1628];
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FM; — miltu masa recepttira / flour mass from recipe, g [1000].

Tatad STC satura parrékinasanai no maizes uz graudiem var izmantot
parrékinasanas koeficientu — 1.628 (izteiksme 3.):

FRsr¢ = K*BRgyc,

kur / where:

©))

FRgrc — STC saturs miltos vai graudos, kas parrékinats no STC satura maizg / STC
content in flour recalculated from obtained STC content in bread, ug kg';

K-

parrékinasanas koeficients / recalculation coefficent — 1.628;

BRg7c — noteiktais STC saturs maizé / STC content determined in bread, pg kg™
Miklas, karstas maizes un atdzes€tas maizes masa ir redzama 3. tabula.

3. tabula / Table 3.

Miklas, karstas un atdzesétas maizes masa / Dough and bread sample weights

Paralela parauga Parauga masa, g / Sample weight, g
numurs / Miklas paraugs / Karsta maize / Atdzeseta maize /
Replicate number Dough sample Hot bread sample Chilled bread sample
1 300 282 277
2 300 280 273
3 300 283 275
4 300 278 271
5 300 286 280
6 300 285 278
Vidgjais /Average 300 282 276
SN /SD 0.1 3.0 3.3
RSN, % / RSD,% 0.0 1.1 1.2
Kopa / Total 1800 1694 1654

Vidgjais STC saturs graudos, no kuriem tika cepta maize, bija 83 g kg
Vidgjais STC saturs izceptaja maizé bija 48 pug kg™’ — tas ir ekvivalents 78 pg kg™
STC saturam graudos (4. tabula).

4. tabula / Table 4.

STC saturs maizé un piesarpotos graudos / STC content in bread and contaminated grains

Paralela STC saturs maizes STC saturs graudos, Siisi‘ti?lﬁ(ﬁi
parauga numurs paraugos / STC parrekinats no maizes gl!)audos’/ STC
/ Replicate content in bread paraugiem / STC content in

-1 content recalculated to .
number samples, pg kg rains kel contaminated
g HE K8 grains, ng kg™
1. 52 84 83
2. 49 79 88
3. 50 81 80
4. 46 75 79
5. 45 73 76
6. 46 75 89
Vidéjais /Average 48 78 83
SN /SD 2.8 4.5 52
RSN /RSD,% 5.7 5.7 6.3
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T-testa rezultati rada, ka nav bitiskas statistiskas atSkiribas starp rezultatiem,
kas iegiiti, STC saturu maizg parrékinot uz ta saturu miltos jeb graudos, un STC
saturu graudos, no kuriem tika cepta maize (tup (1.7) < tiie (1.8); p > 0.05). Tatad
STC ir stabils visos maizes cep$anas tehnologiskajos posmos un maizes cep$anas
procesa, Iidz ar to ir iesp&jama ta klatbiitne maizeé. Lai noveérstu §1 mikotoksina
nelabvéligo ietekmi uz cilvéku veselibu, ir ieteicama STC satura kontrole
graudos un miltos.

8. Sterigmatocistina saturs dazados Latvija razotos maizes paraugos

Dazadu Latvija razotu maizes $kirnu paraugus (seSu veidu rudzu, devinu veidu
rudzu-kvieSu un 14 veidu kvieSu maizes) sasmalcindja un homogenizgja. STC
satura analize maiz€ tika veikta saskana ar ieprieks izstradato metodi STC satura
noteikSanai graudos (Versilovskis et al., 2007; 2008), kas ietver parauga ekstrakciju
ar acetonitrila — iidens maistjumu 84:16 (%, v/v), CFE uz Strata X CFE kolonnas un
STC noteik$anu, izmantojot AESH-MS-MS. Kalibrésanas $kidumus (kalibrésanai
uz maizes matricas) gatavoja, pievienojot standartSskidumus pie maizes parauga un
sagatavojot tapat ka paraugu. KalibréSanu veica uz nepiesarnotas matricas.
Metodes linearitates apstiprinasanai atsevisku kalibréSanas punktu atskiribas tika
piepemtas + 10 %.

STC noteik3anas metode ir lineara kalibrésanas diapazona no 0.5 pg kg lidz
25 pg kg'. Standartskidumu regresijas vienadojums ir y = 13656x + 212
(R* > 0.999), regresijas vienadojums kalibré$anai uz maizes matricas ir
y=4477x - 176 (R* > 0.999). Atgiistamiba maizes matricai varigja no 96 lidz 103%
ar RSN; no 4.6 Iidz 6.2%. STC saturs parbauditajos maizes paraugos ir
redzams 5. tabula.

5. tabula / Table 5

STC izplatiba dazados maizes paraugos / STC occurence in different bread samples

Parauga Maizes =
Nr./ Maizes parauga nosaukums / tips / Maiznica Rezultats
Sample Bread sample name Bread / Bakery / Resu!]t,
Nr. type Hg kg
1. “Hanzas” rudzu maize R Hanzas n.a.
2. Ista rupjmaize R Laci n.a.
3. “Saules” tumsa pilngraudu R Ilguciema n.a.
4. “Rigas” rudzu maize R Ilguciema n.a.
5. “Fazer” pilngraudu rudzu R Druva n.a.
6. Rudzu maize R Sono 2.4
7. “Hanzas” rudzu-kviesu RK Hanzas n.a.
8. Ista saldskabmaize RK Ladi n.a.
9. “Fit Life” maize RK Laci n.a.
10. Saldskaba maize RK Ilguciema n.a.
11. “Meistara” rudzu maize RK Druva n.a.
12. “Meistara” kublu saldskabmaize RK Druva n.a.
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Tabulas nobeigums / Continuation of the table

Parauga Maizes -
. . A Rezultats
Nr./ Maizes parauga nosaukums / tips / Maiznica
/ Result,
Sample Bread sample name Bread / Bakery ko'!
Nr. type ng kg
13. Dinaburga RK Dinella n.a.
14. “Saimnieks” pilngraudu RK Sono 7.1
15. Saldskabmaize RK Sono n.a.
16. Fitness maize K Hanzas n.a.
17. “Hanzas” kvieSu maize K Hanzas n.a.
1. Sendv1_cu _graudu maize ar miezu un Hanzas na.
rudzu parslam
(3 & 1
19. §en(}v1cu graudu maize ar rudzu K Hanzas 44
parslam
20, §en(_1v10u graudu maize ar auzu K Hanzas n.a.
parslam
21. Ista kvieSu maize K Laci n.a.
22. »daules” graudu maize K Ilguciema 3.2
23. Pilsétas kvieSu maize K Ilguciema n.a.
3 9 3 a
24. Fazer l.(zlrallskas graudu K Druva 5.6
tostermaizites
25. “Fazer” kviesu tostermaize K Druva n.a.
26. “Spekotava” kliju maize K Druva n.a.
27. “Zeltene” kvieSu maize K Dinella n.a.
28. “Rudens” kvieSu maize K Dinella n.a.
29. “Kurzemes” kvieSu maize K Sono n.a.

R — rudzu maize / rye bread; RK — rudzu-kvie$u maize / rye-wheat bread; K — kvieSu maize / wheat
bread; n.a. — nav atrasts / not detected

No seSiem rudzu maizes paraugiem tikai viena (16.7%) konstatgéja STC, no
deviniem rudzu-kvieSu maizes paraugiem arT tikai viens (11.1%) bija piesarnots ar
STC, no 14 kvieSu maizes paraugiem trijos (21.4%) atrada STC. No pieciem
piesarpotajiem paraugiem Cetri (80%) saturéja graudus un pilngraudu miltus. Kaut
gan STC saturs maizes paraugos bija salidzino§i mazs (no 2.4 Iidz 7.1 ug kg™) un
neparsniedza maksimali pielaujamo koncentraciju, kas noteikta Cehija un Slovakija
(20 pg kg™), divi paraugi parsniedza maksimali pielaujamo STC saturu (5 pg kg™),
kas $ajas valstis ir risiem, darzeniem, kartupeliem, miltiem, galai.

P&tjjuma rezultati norada uz varbutibu, ka graudi, no kuriem bija cepta STC
saturo$a maize, ar1 saturéja STC. Lai samazinatu §1 mikotoksina nokl@iSanu maizg,
ieteicama STC satura kontrole graudos un miltos.

9. Sterigmatocistina noteikSanas metodes izstrade alii, izmantojot
augstefektivu Skidrumu hromatografiju ar ultravioleto detektéSanu un ta
noteikSana Latvija raZotos alus paraugos

Tika izstradata un valideta jutiga STC noteikSanas metode ali. Metode tika
pielietota STC satura analizei Latvija razota tumsaja un gaisaja alt.
Parauga sagatavoSana. Pirms analiz€m visus alus paraugus degazgja
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ultraskanas vanna 40 min. Paraugu sagatavosSana bija $§ada: 30 ml degazeta parauga
filtré caur papira filtru, 10 ml filtrata atSkaida ar 5 ml 10% acetonitrila tidens
Skidumu, iegiito Skidumu attira un koncentrg, izmantojot CFE uz Strata X (60 mg)
CFE kolonnas. Attirisanas procediira: izlaiz caur kolonnu 6 ml metanola, tad 6 ml
fidens, péc tam 15 ml ieghtd parauga Skiduma. P&c tam no kolonnas elué
piemaisTjumus ar 6 ml 30% acetonitrila $kiduma wideni, un STC elu€ no kolonnas
ar 3 ml 100% acetonitrila Skidumu. Eluatu ietvaicé slapekla plisma 70°C
temperatiira un sauso atlikumu iz8kidina 200 pl acetonitrila-idens $kiduma
(60:40, %, v/v). Eluésanas soli optimizgja, vari€jot acetonitrila saturu tideni, lidz ar
to palielinot maisfjuma eluéanas sp&ju. legtitas frakcijas analiz€ja, izmantojot
AESH-UV. Izstradajot un optimiz&ot STC noteikianas metodi ald,
ieglti $adi rezultati.

Selektivitate. Metode ir pietiekosi selektiva, jo STC smaile neparklajas ar
citu vielu signaliem 15. attéla ir redzamas tira gaiSa alus parauga, dabiski
piesarnota alus parauga, nepiesarnota tumsa alus parauga un dabiski piesarpota
alus parauga hromatogrammas.

(A) B

aTC
(@) (D)

sTC

15. att. Nepiesarnpota gaisa alus parauga (A), dabiski piesarpota alus parauga
(B) (4.0 pg kg'l), nepiesarnota tumsa alus parauga (C) un dabiski piesarnota alus
parauga (7.8 pg kg™) (D) hromatogrammas

Fig. 15. The chromatograms of blank light beer (A), naturally contaminated
(4.0 pg kg") light beer (B), blank dark beer (C) and naturally contaminated
(7.8 pg kg™) dark beer (D) samples

Metodes linearitates noteikSanai atsevisku kalibréSanas punktu atSkiribas tika
pienemtas = 10 %. Regresijas vienadojums 0.5 Iidz 10 pg I"' kalibracijas diapazona
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ir y = 17590x — 885, determinacijas koeficients R* > 0.997, regresijas vienadojums
10 Iidz 200 pg I kalibracijas diapazona ir y = 19069x — 15194, determinacijas
koeficients R* > 0.999. Tatad metode ir linedra lidz STC koncentracijai 200 pg 1"
tumsaja un gaisaja ali.

ZNR (LOD) un ZRR (LOQ) (ZNR = 3.3 x S/F; ZRR = 10 x S/F) ir attiecigi
0.26 pg I un 0.68 ug 1. Tik liela metodes jutiba tika sasniegta, pateicoties
parauga koncentréSanai (50 reizes) un CFE attirisanai. Nozimigi, ka metodes
jutibas palielinasanai nav nepieciesama STC kimiska modifikacija (derivatizacija).

CFE metodes optimizacija. Lai samazinatu piemaisijumu daudzumu ekstrakta,
jazin divi parametri: kada acetonitrila koncentracija STC sak eluéties no kolonnas un
pie kadas acetonitrila koncentracijas to var maksimali eluét no CFE kolonnas.
Si informacija ir nepiecieSama, lai zinatu, kadam ir jabiit acetonitrila saturam
piemaistjumu eluésanai no CFE kolonnas (neelugjot STC) un, lai zinatu, kadam
acetonitrila saturam ir jabtt, lai maksimali eluétu STC no kolonnas. Abus parametrus
var ietekm@t matricas komponentu sastavdalas. CFE metodg, kas tika izstradata STC
noteikSanai graudos, Skidums, ar kuru veica piemaisijumu eluéSanu, satur&ja no 40%
acetonitrila $kiduma @ideni. Ta ka alus var saturét no 3 lidz 12% etanola, tad nevar
izmantot vienu un to pasu eluéSanas Skidumu visos gadijumos. Tas ir pozitivi, jo
lielaka dala piemaisijumu nesaistisies uz kolonnas, bet elu€sies ar metanolu jau
parauga uzneSanas stadija. TaCu janem v&ra, ka jasamazina acetonitrila saturs
eluéSanas $kiduma, lai STC neeluétos no kolonnas piemaisijumu elué$anas stadija.
Bez tam alus var saturét dazadas organiskas skabes, kas arT var palielinat STC
elugSanas iespgju no CFE kolonnas jau piemaisijumu eluéSanas stadija.
Lai parbauditu So hipotézi, veica STC atglistamibas parbaudi no CFE kolonnas,
izmantojot alus matricu un varigjot acetonitrila daudzumu tidens maisijuma.

STC atgtustamiba no Strata X CFE kolonnas redzama 16. attela
ka acetonitrila satura funkcija acetonitrila-idens maistjuma.

"
>, 100 X
o

z 80

8

S 60

s

T 40 X

S X

2 20

=

wn

10 20 30 40 50 60 70 8 90 100
Acetonitrila saturs / content of acetonitrile %

= =¥

16. att. CFE metodes attiriSanas un eluéSanas solu optimizé$ana (n=3)
Fig. 16. Optimization of wash and elution steps of the SPE method (n=3)

Jo lielaks acetonitrila saturs, jo vieglak eluét STC no kolonnas. STC elugsana

no kolonnas sakas 30% acetonitrila Gdens S$kiduma, un ta sasniedz savu
maksimumu 100% acetonitrila skiduma. Tatad piemaisjjumu, kas varétu traucet
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talakai analizei, eluésanai var izmantot 30% acetonitrila Skidumu @ident, un STC
elugsanai no kolonnas — 100% acetonitrilu.

Atgiistamiba, atkartojamiba un reproducéjamiba aprékinata paraleliem
paraugiem (n=18) ar standartpiedevam katra standartpiedevas koncentracija.
Izstradatajai metodei ir laba atgiistamiba un precizitate (6. tabula).

6. tabula / Table 6.

STC atgiistamiba paraugos ar standartpiedevam, izmantojot AESH — UV metodi /
Recovery of STC from spiked samples using the HPLC — UV method

Pievienotais Videjais
STC daudzums / noteiktais STC Vidgja
Matrica / Spiked daudzums / atgiistamiba RSN, / RSNR/
Matrix pricec Mean found / Mean RSD,, % | RSDg, %
concentration, . o
ug I concentr_zlltlon, recovery, %
ngl
0.50 0.63 126 9.2 12
Gaisais 1.00 1.14 114 3.6 4.5
alus / 5.00 4.07 81 9.8 11
Light 10.0 9.76 98 4.6 8.4
beer 25.0 20.2 81 2.2 5.1
100 90.6 91 4.5 53
0.50 0.63 126 9.4 14
Tumsais 1.00 1.09 109 7.5 11
alus / 5.00 542 108 14 18
Dark 10.0 10.8 108 8.6 12
beer 25.0 26.0 104 9.0 14
100 88.5 88 33 5.5

AESH-UV-CFE metode STC satura noteik$anai gai$aja un tumsaja aldi ir
vienkarSa un jutiga, tapéc nav nepiecieSama STC kimiska modifikacija jutibas
paaugstinasanai. Metodei piemit laba selektivitate, precizitate un atgiistamiba,
tap&c metodi var lietot STC analizém analitiskajas laboratorijas.

Alus paraugi. STC konstatgja divos no 26 parbauditajiem gais$a un tumsa alus
paraugiem. Tikai viens (11%) no deviniem tumsa alus paraugiem un viens (6%) no
17 gaisa alus paraugiem bija piesarpoti ar STC. Tatad, no 26 parbauditajiem
Latvija razotiem dazadu Skirnu alus paraugiem tikai divos (7.7%) konstat&ja STC.

STC saturs pozitivajos alus paraugos ir mazs un nevar nopietni apdraudget cilveku
veselibu, jo alus paterins Latvija nav liels (tikai 61 litrs gada jeb 167 mililitri diena uz
vienu pieaugugo). Tatad, ja cilvéks izdzer 167 ml alus diena, kas satur STC 7.8 pg 1,
tad uzpem tikai 1.3 pg STC diena. Tas ir daudz mazak, neka Cehija un Slovakija
noteiktais maksimali pielaujamais STC daudzums (20 ug kg™). Protams, ja alus satur
STC, jo vairak alus cilveks izdzer, jo lielaka iesp&ja uznemt STC.

STC saturs parbauditaja Latvija razota aldi redzams 7. tabula.
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7. tabula / Table 7.

STC saturs Latvijas razota alii / STC content in Latvian beer

Parauga ) Rezilltﬁts,_ korigéts uz
Parauga Alus tips Alus atgiistamibu / Result
fumurs nosaukums / / Beer daritava / corrected for
/ Sample
Nr. Sample name type Brewery recovezlry,
ngl
1. Zelta GaiSais Aldaris <ZRR
2. Pilzenes Gaisais Aldaris <ZRR
3. Porteris TumsSais Aldaris <ZRR
4. Tumsais alus Tumsais Bauskas alus <ZRR
5. Gaisais alus Gaigais Bauskas alus <ZRR
6. Light Gaisais Cgsu alus <ZRR*
7. Porter Tumsais Cgsu alus <ZRR
8. Bocmanis Gaisais C@su alus <ZRR
9. Tumsais TumsSais Lacplesis <ZRR
10. Gaisais Gaisais Lacplesis 4.0
11. Plostnieku Gaisais Lacpleésis <ZRR
12. GaiSais GaiSais Latgales alus <ZRR
13. Martina gaiSais Gaisais Latgales alus <ZRR
14. Martina tumsais TumsSais Latgales alus <ZRR
15. Melnais tipis TumsSais Livu alus <ZRR
16. Rubenis tums$ais | TumSais Livu alus 7.8
17. Rubenis gaiSais Gaisais Livu alus <ZRR
18. Kursu Gaisais Livu alus <ZRR
19. Piebalga GaiSais Piebalgas alus <ZRR
20. Lux Tumsais | Piebalgas alus <ZRR
21. Minhauzena alus GaiSais | Piebalgas alus <ZRR
22. Originalais Gaisais T&rvetes alus <ZRR
23. Tervete Gaisais Tervetes alus <ZRR
24. Sencu Gaisais Tervetes alus <ZRR
25. Gaisais alus GaiSais Uzavas alus <ZRR
26. Tumsais alus Tumsais UZzavas alus <ZRR
*ZRR=0.68 g I’

Ta ka STC saturs alil var biit atkarigs no ta satura miezos, vienmer ir iesp&jams
lielaks alus piesarnojums. STC veidoSanos miezos, razu glabajot, var ietekmét dazadi
faktori, piem&ram, mitruma saturs gaisa, temperatiira utt. Iesala gatavoSanas laika ar1
iespgjama piesarnosanas ar STC. Pelgjumu sporu avots var but arT apini. Tapec, lai
novérstu STC klatbtitni ali, ieteicams kontrolét ta saturu alus izejvielas.

10. Sterigmatocistina noteikSanas metodes izstrade siera

Izstradata AESH-MS-MS metode STC noteik$anai siera un analizéts STC saturs
astonos dazados Latvija un 13 dazados Belgija raZotos siera paraugos.

Parauga sagatavosana. Parauga sagatavosana ir lidziga ka pie STC noteikSanas
graudos, tikai nedaudz modificéta (mainits parauga iesvars, lietota attaukoSana ar
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n-heksanu, mainita kustigas fazes sastava attieciba, ka ari konusa gazes plismas
atrums). 10 g sasmalcinata un homogenizeta siera paraugam pievieno 50 ml acetonitrila
tidens maistjumu 90:10 (%, v/v) (STC ekstrahgSanai no parauga) un 10 ml n-heksana
(parauga attaukoSanai). Paraugu ekstrah€ 30 min, izmantojot horizontalo maisitaju un
centrifugé (3500 min™, 10 min, +15 °C). Péc tam acetonitrila $kiduma slani (~ 30 ml)
filtr€ caur papira filtru, 10 ml filtrata atSkaida ar dejoniz&tu tideni un attira, izmantojot
Strata X (60 mg) CFE kolonnu. Attiri§anas procediira: kolonnu sagatavo, izlaizot
3.5 ml metanola, p&c tam 3.5 ml Tdens, tad atSkaiditu siera parauga ekstraktu
(izmantojot CFE rezervuarus un CFE kolektoru). Kolonnu divas reizes skalo ar 3.5 ml
30% acetonitrila $kiduma tideni un STC elué no kolonnas ar 3 ml 100% acetonitrila.
Eluatu ietvaicg slapekla plisma 37 °C temperatiira un sauso atlikumu izskidina 250 pl
kustigas fazes. Kustigas fazes sastavs: 0.02% skudrskabe acetonitrila un
0.02% skudrskabes Skidums tident attiecibas 75:25 (%, v/v). KalibréSanas paraugus ar
standartpiedevam sagatavo Iidzigi.

Selektivitate. Metode ir selektiva, jo analita signals tikpat ka neparklajas ar citu
vielu signaliem (17.attels).
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17. att. Nepiesarnota siera parauga (A), siera parauga ar standartpiedevu (0.5 pg kg™)
(B), dabiski piesarnota siera parauga (C) un siera parauga, kas
satur STC zimes (D), SRM (MRM) hromatogrammas
Fig. 17. SRM (MRM) chromatograms of blank cheese sample (A), spiked cheese sample
(0.5 ng kg ™) (B), naturally contaminated cheese sample (C) and cheese sample
containing traces of STC (D)
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ZNR un ZRR. Zemaka validacijas robeza siera ir 0.5 ug kg' (S/F = 25).
ZNR un ZRR noteica, pievienojot standartpiedevas siera matricai un izrékinaja,
izmantojot hromatografisko un masspektrometrisko datu apstrades programmu
»Masslynx” (ZNR = 3.3 x S/F; ZRR = 10 x S/F). ZNR un ZRR attiecigi ir
0.03 pg kg’ un 0.1 pg kg™

Kalibre$ana un linearitate. AESH-MS-MS metodés matricas sastavdalas
traucé analita jonizaciju, kas vienmér rada matricas efektu, tade] kalibréSanu
vienmeér veic nepiesarnota siera parauga (Gauda siers no Belgijas), pievienojot
standartpiedevas. Siera matricu kalibréja linedros diapazonos no 0.5 pg kg™ lidz
25 pg kg'gun no10 pg kg™ lidz 200 pg kg™

Metode ir linedra kalibréSanas diapazonda no 0.5 ug kg’ lidz 25 pg kg’
(y = 2921x + 82, R* > 0.991) un no 10 ug kg™ lidz 200 ug kg™ (y = 2656x + 617,
R*>0.990).

Atgiistamiba un precizitate. STC atgiistamiba no siera matricas ir pietieckama
— no 97 % Iidz 104 %. Relativa standartnovirze liecina, ka metodes precizitate ir
pietiekama: 17-27 % (8. tabula).

8. tabula / Table 8.

STC atgiistamiba siera paraugos ar standartpiedevam /
Recovery of STC from spiked samples

Pievienota STC Noteikta STC
koncentracija / koncentracija / _Vlde]? RSN, / RSNy /
Added Found atgiistamiba / o o
. . o RSD,, % RSDg, %
concentration, concentration , Mean recovery, %
ng kg ng kg
5.0 4.8 97 23 20
10 9.6 96 27 21
25 26 103 25 18
100 104 104 24 20
200 205 103 17 19

STC saturs siera paraugos. Rezultati, kas iegiiti analiz€jot siera paraugus
redzami 9. Tabula.

9. tabula / Table 9.

STC saturs dazados Latvijas un Belgijas siera paraugos /
STC presence in different Latvian and Belgium cheese samples

Parauga Izcelsmes Noteikta STC
g Parauga Siera tips / koncentracija / Gala
Nr./ valsts / =
nosaukums / Type of Found STC rezultats /
Sample Country of . .
Sample Name cheese . . concentration, | Final result
Nr. origin -1
ng kg
1. Zelta puscietais Latvija 0.04 <ZRR
2. Krievijas puscietais Latvija <ZNR (zimes) <ZNR
3. Holandes cietais Latvija 0.04 <ZRR
4. Parito cietais Latvija 0.07 <ZRR
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Tabulas nobeigums/ Continuation of the table

Parauga Izcelsmes Noteikta STC
g Parauga Siera tips / koncentracija / Gala
Nr./ valsts / =
nosaukums / Type of Found STC rezultats /
Sample Country of . R
Sample Name cheese . . concentration, | Final result
Nr. origin -1
pg kg
5. Montenegro cietais Latvija <ZNR (zimes) <ZNR
6. Kamambeérs | mikstais Latvija 0.03 <ZRR
7. Kamambérs 2 mikstais Latvija - <ZNR
8. Trikatas Blue mikstais Latvija - <ZNR
9. Breugel cietais Belgija <ZNR (zimes) <ZNR
10. Brugs Broodje pusmikstais Belgija - <ZNR
11. Brugse Blomme mikstais Belgija - <ZNR
12. Bogquet des mikstais Belgija - <ZNR
Moines
13. Chevre Affine mikstais Belgija 1.23 Pozitivs
14. Chimay puscietais Belgija <ZNR (zimes) <ZNR
15. Orval pusmikstais Belgija 0.03 <ZRR
16. Oud Brugge puscietais Belgija - <ZNR
17. Passendale pusmikstais Belgija - <ZNR
18. St.Paulin pusmikstais Belgija <ZNR (zimes) <ZNR
19. Nazareth puscietais Belgija - <ZNR
20. Watou Special mikstais Belgija 0.52 Pozitivs
21. Gouda cietais Belgija - <ZNR

STC virs ZRR tika konstatéts tikai divos (15%) no 13 Belgijas sieriem jeb
9.5 % no visiem 21 analizéta siera paraugiem. Cetros (50%) no astoniem Latvijas
sieriem STC saturs bija augstaks par ZNR, bet zemaks par ZRR. Pieci (24%) no
21 analizéta parauga saturgja STC virs ZNR, bet zem ZRR, un cetri (19%) no
21 parauga saturgja STC zimes.

Ka redzams no iegiitajiem rezultatiem, sieru piesarnojums ar STC ir iesp&jams.
Lai novérstu STC veidoSanos siera, svarigi ir nepielaut netipisku pel&jumu
izplatibu siera gatavoSanas un nogatavinasanas telpas, stingri ieverojot higiénas un
uzglabasanas noteikumus.
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KOPSAVILKUMS

Apkopojot darba iegiitos rezultatus, var izdarit $adu kopsavilkumu:

. Eksperimenti STC noteikSanas optimize$anai, izmantojot augstefektivu
Skidruma hromatografiju tandéma masspektrometriju, tika veikti divos posmos.
¢ Pirmaja posma veikti eksperimenti par kustigas fazes sastava ietekmi uz STC
izdali$anas laiku no Phenomenex Luna(2) C,;s AESH kolonnas.

legiitie rezultati rada, ka STC ilgak aizturas uz kolonnas, ja ka kustigo fazi
lieto acetonitrila-0.02M amonija acetata $kidumu. Metanola-tidens un
acetonitrila-0.01% skudrskabes un acetonitrila-0.02% skudrskabes skidumiem
ir vidgjs elugsanas laiks, un visatrak STC elugjas no kolonnas ar acetonitrila-
tdens Skidumiem. legiito informaciju var izmantot STC izdaliSanas laika
regul&Sanai, lai mainttu (paatrinatu vai kaveétu) analizes laiku.

Otrais augstefektivas Skidrumu hromatografijas tandéma masspektrometrijas
metodes izstrades etaps ir stabilu molekularo jonu iegfisana STC
identifikacijai un kvantitativai noteikSanai. Eksperimenti tika veikti,
izmantojot STC standartskidumu, kas tika ievadits ar ASKJ un EIJ aprikota
tandéma masspektrometra. To veica pozitivajos un negativajos jonizacijas
rezimos, lietojot dazadu konusa spriegumu un dazadu fragmentacijas
energiju.

Rezultati rada, ka optimalakais jonizacijas rezims STC detektéSanai ir
AESH-EIJ"-MS-MS ar konusa spiegumu 30 V un fragmentacijas energiju
30 eV. Tika iegiits protongtais molekularais jons ar molmasu 325 g mol™,
kuru talak fragmentgja lidz ta §kembu joniem ar molmasam 281 g mol'un
310 g mol”'. Jons ar molmasu 281 g mol” tika izmantots STC satura
rékinasanai, bet jons ar molmasu 310 g mol”' — STC kvalitativai pieradisanai.

. Pétitas STC elugSanas iesp&jas no Strata X un Strata C;3 CFE kolonnam,
izmantojot dazadus acetonitrila-tidens un metanola-tidens maistjumus, ka ar1
parbaudita kolonnu piemérotiba STC CFE veikSanai.

Iegiitie rezultati apliecina, ka:

e gan acetonitrilu un ta tidens $kidumus, gan metanolu un ta tidens skidumus
var izmantot STC eluéSanai no Strata X un Strata C;3 CFE kolonnam,
ieglistot statistiski vienadus rezultatus;

e ckonomisko apsvérumu dg] talakiem eksperimentiem tika izvéléta Strata X
CFE kolonna un CFE procediiru realizéSanai acetonitrils un ta udens
Skidumi.

. Noteikta STC stabilitate dazados skidinatajos atkariba no uzglabasanas laika

un temperatiiras. Eksperimentos ar STC standartSkidumiem acetonitrila,

metanola un to maistjuma tilpumu attiecibas 50:50 (%, v/v), kas uzglabati

-25 °C, +4 °C un +25 °C temperatira astonas ned€las. Paraugi analizeti,

izmantojot AESH-UV. Pétijuma rezultati rada, ka:

¢ STC ir nestabils, uzglabajot +25°C temperatiira jebkura no izmantotajiem
Skidinatajiem;
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e STC ir stabils vienu ned€lu, uzglabajot to temperatiiras intervala no
—25°C Iidz +4 °C jebkura no izmantotajiem $kidinatajiem.

. Petita STC stabilitate paaugstinata temperatiira. Eksperimentos ar STC

standartskidumiem, kas tika karséti +95 °C, +105 °C, +115 °C, 15, 30 un

60 minttes, konstatéts, ka:

o STC ir termiski stabils vismaz lidz +115 °C temperatiirai vismaz 60 miniites;

e tatad STC var€tu bt termiski stabils, arT cepot maizi (krasns temperatiira
+200-240 °C, temperatiira maizes iekSiené +95-96 °C) vai citus miltu
izstradajumus, ja to izejvielas saturés STC.

. Petita dazadu STC ekstrakcijas $kidinataju efektivitate no graudu un siera
matricas. Analizgjot ieglitos rezultatus, izvéleti sadi STC ekstrakcijas
$kidinataju maistjumi:

e STC ekstrakcijai no graudiem — acetonitrila-idens Skidums attiecibas
84:16 (%, v/v);
e STC cekstrakcijai no siera — acetonitrila-idens Skidums attiecibas

90:10 (%, V/V).

. Izstradata un validéta AESH-MS-MS STC noteik3anas metode graudos, kura
izmantoja parauga ekstrakciju ar acetonitrila-lidens maisijumu, CFE uz Strata X
CFE kolonnas, separé$anu uz $kidrumu hromatografijas C;g3 kolonnas un STC
detektésanu, izmantojot AESH-MS-MS ar pozitivo EIJ. Metodes validacijas
rezultati atbilst Eiropas Komisijas Regulas (EK) Nr. 401/2006 prasibam.

o ST analizes metode Jauj noteikt STC saturu dazados graudos 0.15 pg kg™
koncentracija;

e izmantojot izstradato metodi, tika analiz€ts STC saturs dazados Latvijas
graudos (kvieSos, miezos, auzas, rudzos un grikos). 95 paraugi tika savakti
2006. gada un 120 paraugi — 2007. gada. 14% 2006. gada graudu paraugu
saturgja STC (0.7-83 pg kg') un 35% 2007. gada graudu razas paraugu
saturéja STC (1-47 pg kg™);

e pétijumi par STC saturu graudos liecina, ka Latvija audzgeti graudi satur STC,
un I1dz ar to ir iesp&jama ta klatbiitne arT graudu izcelsmes produktos.

. Pétita STC stabilitate maizes gatavosSanas tehnologiskaja procesa. Kvie$u maizes

cepSanai tika izmantoti dabiski STC saturosi kvieSu graudi. Izceptos kvieSu

maizes paraugos (n=6) parbaudija STC saturu, izmantojot izstradato

AESH-MS-MS analizes metodi. P&tijums par STC stabilitati rada, ka:

e STC ir termiski stabils visos maizes gatavoSanas tehnologiskos posmos. Lai
noverteétu STC saturu Latvija razotd maizg, ir nepiecieSams veikt STC
satura pétljumus maizg;

e lai samazinatu §1 mikotoksina nokliSanu maizg, ir ieteicama STC satura
kontrole graudos.

. Veikts pétijums par STC saturu Latvija razota maiz€. STC saturs tika analiz&ts
29 dazados maizes paraugos (seSos rudzu, devinos rudzu-kviesu un
14 kvieSu) no dazadam Latvijas maiznicam. Analizes veica, izmantojot ieprieks
izstradato AESH-MS-MS metodi (Versilovskis et al., 2007).
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e 17% no parbauditajiem maizes paraugiem satur&ja STC (2.4-7.1 pg kg™).
No pieciem piesarpotajiem paraugiem cetri (80%) saturéja graudus un
pilngraudu miltus;

e Sis petijums par STC saturu Latvija razota maiz€ norada uz varbitibu,
ka maizes cepSanai tika izmantoti STC saturo$i milti;

e kaut gan STC saturs ir salidzino$i neliels, pilngraudu maize var biit potencials
STC avots;

¢ lai novérstu STC nokliiSanu maizg, ieteicama pastaviga STC satura kontrole
graudos un miltos.

9. Tika izstradata jutiga STC noteik$anas metode alii. Metodg tiek izmantota gaisa
un tumsa alus CFE uz Strata X CFE kolonnam un apgrieztas fazes AESH ar
UV detektesanu.

e Lineara diapazona no 0.5 lidz 100 pg 1" atgiistamiba no gai$a alus matricas
bija 81-126%, no tumsa alus matricas 88-126% ar variacijas koeficientiem no
2.2 1idz 14%;

e no 26 parbauditajiem Latvija razotu dazadu skirnu alus paraugiem tikai divos
(7.7%) konstatgja STC klatbtitni,

e AESH-UV-CFE metode STC satura noteik3anai gai$aja un tumsaja ald ir
vienkarsa un jutiga, tap&c nav nepiecieS$ama STC kimiska modifikacija jutibas
paaugstinasanai;

e metodei piemit laba selektivitate, precizitate un atgiistamiba, tapec metodi var
lietot STC analizém analitiskajas laboratorijas;

e rezultati, kas iegiiti, petot STC saturu dazados alus paraugos, liecina, ka STC
saturs alil ir salidzinos$i mazs. Tacu piesarnosanas risks vienmer pastav;

e Jai novérstu STC Kklatbutni ala, ir ieteicama STC satura kontrole alus
izejvielas.

10. Tika analizéts STC saturs astonos dazados Latvija un 13 dazados Belgija
razotos siera paraugos. STC noteikSanai siera tika modificéta un pielagota
ieprieks izstradata AESH-MS-MS metode STC noteikianai graudos
(Versilovskis et al., 2007).

o Tikai divi (9.5%) no 21 parbaudita siera paraugiem bija piesarnoti ar STC virs
zemakas rekinasanas robezas (ZRR). Pieci paraugi (24%) saturgja STC virs
ZNR, tatu zem ZRR. Cetri paraugi (19%) saturéja STC zimes;

o izstradati AESH-MS-MS metode STC noteik3anai siera lauj noteikt
STC koncentracija 0.03 pg kg™;

e metodi var lietot kvalitativai un kvantitativai STC noteikSanai siera paraugos
analitiskajas laboratorijas, ka arT dazadiem STC satura pétijumiem;

e §is ir pirmais pétijums, kas pierada STC saturu Latvijas un Belgijas sieros.
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10.

SECINAJUMI

. Promocijas darba izstradata STC noteikSanas metode, optimizéta kustiga faze

un noteikti optimalie STC jonizacijas un fragmentacijas parametri.

Izstradata un optimizeta STC cietfazes ekstrakcijas metode, izmantojot Strata X
CFE kolonnu un acetonitrila-tidens Skidumus.

Petita STC stabilitate dazados Skidinatajos atSkiriga temperatiira

uzglabasanas laika.

e STC ir nestabils, uzglabajot +25°C temperatira jebkurda no izmantotajiem
Skidinatajiem (acetonitrils, metanols, acetonitrila un metanola maistjums
(50:50, v/v));

e STC ir stabils vienu ned€lu, uzglabdjot to temperatiiras intervala no
—25 °C lidz +4 °C jebkura no izmantotajiem S$kidinatajiem (acetonitrils,
metanols, acetonitrila un metanola maisijums (50:50, v/v));

STC ir termiski stabils vismaz lidz +115 °C temperatiirai vismaz 60 minttes.

Izstradata jauna jutiga AESH-MS-MS STC noteik$anas metode graudos. Metode
ir aptuveni 33 reizes jutigaka (ZNR 0.15 pg kg'), salidzinot ar literatiira
publicéto GSH-MS  metodi (ZNR 5 pug kg'), un aptuveni
12 reizes jutigaka, salidzinot ar literatiira publicto AESH-MS metodi
(ZNR 1.9 pg kg™). Analizgjot Latvija razotus graudus (kviesus, rudzus, auzas,
miezus un grikus), 14% 2006. gada graudu paraugu saturgja STC
(0.7-83 ug kg'") un 35% 2007. gada graudu paraugu saturgja STC (1-47 ug kg™).

Izmantojot izstradato jutigo AESH-MS-MS metodi, péfita STC stabilitate maizes
cepSanas procesa. Noteikts, ka STC ir stabils visos maizes gatavoSanas
tehnologiskajos posmos, lidz ar to tas var pariet maizé no STC saturosiem graudiem.

Izmantojot izstradato AESH-MS-MS metodi, pétits STC saturs dazados Latvija
razotos maizes paraugos (kvieSu, rudzu, rudzu-kvieSu = maizg).
17% no analizétajiem maizes paraugiem saturéja no 2.4 lidz 7.1 pg kg STC.

Izstradata CFE-AESH-UV metode STC satura noteik3anai gaisaja un tumsaja
alii (ZNR 0.26 pg 1""). No analizétajiem Latvija razotiem tumsa un gaisa alus
paraugiem 7.7% konstatgja STC (4.0-7.8 ug™).

Izstradata AESH-MS-MS metode STC satura noteikSanai siera ir aptuveni
80 reizes jutigaka (ZNR 0.03 pg kg'), salidzinot ar jutigiko publicéto STC
noteikSanas  Skidrumu hromatografijas masspektrometrijas metodi  (ZNR
24 pg kg'). Latvija un Belgija razota siera STC virs 0.1 pg kg' (ZRR) tika
konstatéts 9.5% no analizEtajiem siera paraugiem, 24% saturgja STC virs
0.03 ug kg (ZNR) un 19% saturgja STC zimes.

Pat, ja STC saturs neparsniedz pienemtas normas katra atseviska produkta, uznpemot
tos vienlaicigi, $1 toksina koncentracija var sasniegt maksimali pielaujamo robezu,
tapéc ir nepiecieSama STC satura kontrole partikas izejvielas.
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1.

IETEIKUMI PETNIEKIEM UN ANALITISKAJAM
LABORATORIJAM

STC detektesanai pielietojot citu razotaju tandéma masspektrometru, vispirms
japarbauda STC molekulas jonizacija un fragmentacija, izmantojot $aja darba
aprakstitos parametrus.

STC izdaliSanai, izmantojot darba aprakstitos parametrus, var izmantot
jebkuru AESH kolonnu, kas pildita ar C,g sorbentu. Ja kolonnas iek3gjais
diametrs un sorbenta dalinu izméri atSkiras no darba aprakstitajiem, tad STC
izdaliSanas laika korigéSanai ir jaoptimizé kustigas fazes sastava proporcijas
un plismas atrums.

STC cietfazes ekstrakcijai var pielietot jebkuras citas CFE kolonnas, kas
pilditas ar tadu pasu sorbentu. Ja CFE planots pielictot CFE kolonnas, kas
pilditas ar kadu citu sorbentu, tad jaoptimizé CFE apstakli (STC elug$anas
parametri, izmantojot konkretos organiskos $kidinatajus un to maisijumus).

38



ACTUALITY OF THE RESEARCH

Mycotoxins are secondary metabolites of fungi. Their presence in food and
feed are a health risk for animals and humans. They can be found in a diverse
range of food and feed due to invisible spoilage in the field during plant growth,
harvesting, storage, and processing. It can be assumed that about 25% of food
products (mainly of plant origin) are substantially contaminated and it is always
cause of economic loses.

There are known more than 31 000 different fungal metabolites, among them
about 300 — 400 are mycotoxins. Two main routes of exposure have been
identified, which are the inhalation of mycotoxins (often associated to spores)
produced by indoor moulds and the consumption of mycotoxins with food that has
been spoiled by toxigenic moulds either before harvest or at storage. However,
only a small fraction of approximately 20 out of these mycotoxins are normally
found in food and feed at levels that are considered to be a health risk for humans
and animals. Spoilage fungi such as Aspergillus, Penicillium or Alternaria produce
most of the remaining mycotoxins that are able to infect food and feed upon the
storage.

It is now well established that mycotoxicoses (the diseases caused by
mycotoxins: ergotism, alimentary toxic aleukia, aflatoxicosis etc) have been
responsible for major epidemics in man and animals at least during recent historic
times. Mycotoxins can be acutely or chronically toxic, or both, depending on the
kind of toxin and the dose. In animals, acute diseases include liver and kidney
damage, attack on the central nervous system, skin disorders, and hormonal effects.
Toxins that act on the liver and kidney are especially difficult to detect because
they act on these organs in lower concentration levels (causing the cancer) before
any intoxication symptoms can be found.

Food-based mycotoxins extensively were studied worldwide throughout the
20" century. In Europe there is worked out a set of European directives and
regulation protocols to monitor a range of mycotoxins permitted in food and
animal feed.

One of Aspergillus and other fungi mycotoxins is sterigmatocystin (STC) — a
precursor of aflatoxin B; (AFB) in the biological transformation. It is equally
carcinogenic as AFB is, but unlike to AFB, information about its presence in food
is not sufficient. Described analytical methods of determination of STC in
literature are out of date and are not sensitive and selective enough.

This Doctoral thesis is devoted to development of new sensitive analytical
methods for determination of the carcinogenic mycotoxin — sterigmatocystin (STC)
in foodstuffs by using liquid chromatography and tandem mass spectrometry
methods. There were studied a number of science literature sources about STC
carcinogenicity, toxicity, effects on human health, presence of STC in different
foodstuffs and STC determination in different foodstuffs by using various
analytical methods. To evaluate effect of STC on Latvian people health the
research studies about its occurrence in foodstuffs are necessary, therefore, it is
essential to develop sensitive methods for the determination of STC in foodstuffs.
There were analyzed previous developed analytical methods, and acquired
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information was used for the development of new more sensitive methods, which
meet the standard of present time and which could more precisely determine STC
in different foodstuffs and recommend them to the official STC control in
foodstuffs, wherewith reducing the risk for human health. There is worked out STC
solid phase extraction method, which improves the purifying and concentration of
the sample during sample preparation process. Obtained STC mass spectra and
developed high performance liquid chromatography — tandem mass spectrometry
method for STC determination in different grains, cheeses and breads. Worked out
high performance liquid chromatography method for STC determination in beer.
The developed methods were validated in accordance with prescribed European
Commission Regulation (EC) Nr. 401/2006, IUPAC (Thompson et al., 2002) and
CEN (European Committee of Standardization) (CEN, 1999) validation
requirements. Using these developed methods was analyzed STC stability during
bread baking process and it was proved, that STC is stable. There was checked the
STC presence in grains, which were harvested in Latvia during the years 2006 and
2007 (together 215 samples) and found out the presence of STC in part of them.
Also, there was tested STC presence in light and dark beers produced in Latvia and
STC was detected in part of them. The presence of STC was checked in cheeses,
produced both in Latvia and in Belgium, and in result STC was found in some
samples. As a result, there are offered a number of suggestions in the end.

Object of study — grains (wheat, buckwheat, barley, oat and rye), bread, beer,
cheese and STC stability in standard solutions and during bread baking.

The aim of research work — development of new sensitive analytical methods
for the determination of sterigmatocystin in foodstuffs and it estimation in different
grain, bread, beer and cheese samples and to test STC stability in standard
solutions and during bread baking.

In order archive the aim, the following tasks were advanced:

1) development high performance liquid chromatography — tandem mass
spectrometric detection of STC: optimization of mobile phase and
masspectrometric parameters;

2) development and optimization of solid phase extraction of STC;

3) researching stability of STC in different solvents under different
temperatures;

4) development of new method for the analysis of STC in Latvian grains
(wheat, buckwheat, barley, oat and rye);

5) researching stability of STC during bread baking;

6) researching the presence of STC in different Latvian bread samples;

7) development of new sensitive method for the analysis of STC in beer and
analyzing the presence of STC in different Latvian beer samples;

8) development of new sensitive method for the analysis of STC in cheese and
analyzing the presence of STC in Latvian and Belgium cheese.

Doctoral thesis is structured into three chapters:
Chapter 1. Review on sterigmatocystin in foodstuffs. Chemical and physical
properties, toxicity, analytical methods, natural occurrence of STC.
Chapter 2. Materials and methods used during doctoral thesis investigations.
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Chapter 3. Development of new analytical methods for the determination of

STC in foodstuffs. Tandem mass spectrometric detection of STC.
SPE development of STC. STC stability in standard solutions and
during bread baking etc. STC determination in foodstuffs using
developed analytical methods. Research results and discussion.

Scientific novelty of the Doctoral thesis:

1.

Development of new analytical methods for the determination of
sterigmatocystin in different grains, bread, beer and cheese. The sensitivity
of the developed methods is several times (12-80) higher than older
analytical method and this is the reason why we recommend our methods as
possible methods for the official control of STC in food systems, and as
methods for the research of STC content in different food systems.

For the first time were researched distribution of STC in different Latvian
grains, beer, bread and Latvian and Belgium cheese.

Economic significance of the Doctoral thesis:

Developed methods can be applied for the qualitative and quantitative
monitoring of STC in different foodstuffs as well as for STC content research in
different food systems. Thereby we can partially prevent the presence of STC in
animal and human food chain.

Work is written on 105 pages, including 29 figures, 15 tables, and overall
145 sources of literature were analyzed.

APPROBATION OF THE RESEARCH WORK

Results of the research work were published in four international peer
reviewed journals and in four peer reviewed international scientific proceedings in
English.

1.

Versilovskis A., Bartkevi¢s V., Mikelsone V. Analytical method for the
determination of sterigmatocystin in grains using high performance liquid
chromatography — tandem mass spectrometry with electrospray positive
ionization. Journal of Chromatography A, Vol. 1157, 2007, p. 467-471.
Versilovskis A., Mikelsone V. Sterigmatocystin stability and presence in
Latvian grains. In: Consumer Protection through Food Process
Improvement & Innovation in the Real World: Proceedings of 5™
International Congress on Food technology, 9-11 March, 2007,
Thessaloniki, Greece: Hellenic Association of Food Technologists, North
Greece Branch, Vol. 1, 2007, p. 411-415.

Versilovskis A., Mikelsone V. Elaboration of solid phase extraction method
for analysis of sterigmatocystin. In: Research for rural development 2007:
International Scientific Conference Proceedings, 16-18 May, Jelgava,
Latvia. Jelgava: LLU, 2007, p. 107-111.

Versilovskis A., Bartkevi¢s V., Mikelsone V.. Sterigmatocystin presence in
typical Latvian grains. Food Chemistry, Vol. 109, 2008, p. 243-248.
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Versilovskis A., Mikelsone V. Sterigmatocystin presence in different
Latvian bread samples. In: FoodBalt — 2008: 3™ Baltic Conference on Food
Science and Technology proceedings, 17-18 April, Jelgava, Latvia.
Riga: Drukatava, 2008, p. 156-160.

Versilovskis A., Mikelsone V. Effect of time, temperature and solvent on
the stability of sterigmatocystin standard solutions. In: Research for rural
development 2008: Annual 14" International Scientific Conference
Proceedings, Jelgava, Latvia. Jelgava: LLU, 2008, p. 291-295.

Versilovskis A., De Saeger S., Mikelsone V. Determination of
sterigmatocystin in beer by high performance liquid chromatography with
ultraviolet detection. World Mycotoxin Journal, Vol. 1, No. 2,
2008, p. 161-166.

Versilovskis A., van Peteghem C., De Saeger S. Determination of
sterigmatocystin in cheese by high-performance liquid chromatography —
tandem mass spectrometry. Food Additives and Contaminants: Part A,
Vol. 26, No. 1, 2009, p. 127-133.

Research results were reported in five international scientific conferences in
Latvia, Greece and Spain.

1.

Versilovskis A., Mikelsone V. Sterigmatocystin stability and presence in
Latvian grains. 5" International Congress on Food Technology.
Thessaloniki, Greece, 9-11 March, 2007 (poster presentation)

Versilovskis A., Mikelsone V. Elaboration of solid phase extraction method
for analysis of sterigmatocystin. International Scientific Conference:
Research for rural development 2007. Latvia university of Agriculture,
Jelgava, Latvia, 16-18 May, 2007 (oral presentation)

Versilovskis A., Mikelsone V. Sterigmatocystin presence in different
Latvian bread samples. 3 Baltic Conference on Food Science and
Technology proceedings: FoodBalt — 2008. Latvia university of
Agriculture, Jelgava, Latvia, 17-18 April, 2008 (poster presentation)
Versilovskis A., Mikelsone V. Effect of time, temperature and solvent on
the stability of sterigmatocystin calibrants. International Scientific
Conference: Research for rural development 2008. Latvia university of
Agriculture, Jelgava, Latvia, 21-23 May, 2008 (oral presentation)
Versilovskis A., Mikelsone V. Stability of sterigmatocystin during bread
baking. 13" ICC (International Association for Cereal Scence and
Technology) Cereal and Bread congress. Madrid, Spain, 15-18 June, 2008
(poster presentation)

MATERIALS AND METHODS

The research work has been elaborated at several institutions in Latvia and
Belgium between 2006 and 2009:

1.

Latvia University of Agriculture:
¢ Department of Food technology
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e Department of Chemistry
2. Food and Veterinary Service of the Republic of Latvia
e National Diagnostic Centre, Food and environmental investigation
laboratory, Instrumental analysis division
3. Ghent University (Belgium)
e Faculty of Pharmaceutical Sciences, Department of Bio Analysis,
Laboratory of Food Analysis
4. In cooperation with Ministry of Agriculture of Latvia
e Plant Protection Research Centre

Doctoral thesis research was made in accordance with previously developed
scheme, which in simplified way is shown in Figure 1.

So, in the thesis it is planned to optimize mobile faze, wherewith it will be
possible to choose optimal STC retention time. There will be optimized
masspectrometric parameters (ionization and fragmentation) and got STC
parameters for masspectrometric detection. Further, it is planned to work out a
solid phase extraction method, check new CFE columns and to check STC stability
in different solvents under different temperatures depending on time. Acquired
information will be used for HPLC and LC-MS-MS method development in for
different foodstuffs — grains, bread, beer, and cheese. The newly developed STC
determination methods will be used for STC content analysis in bread, grains, beer,
and cheese.

In research, the following methods were used:

1. Extraction with organic solvent mixtures (acetonitrile:water, 84/14 and
90/10, %, v/v) used for the extraction of STC from samples (grains, bread,
cheese).

2. Solid phase extraction (SPE) used for the cleanup and concentration of the
sample extracts.

3. An evaporating under nitrogen steam used for the concentration of the
eluted sample extracts.

4. For the detection and chromatographic separation of STC, a high
performance liquid chromatography with ultraviolet and tandem
masspectrometric detection was used.

5. Validations of the analytical methods were done according to European
Commission Regulation (EC) Nr. 401/2006, IUPAC and CEN
recommendations. During validation, the following parameters checked:
selectivity, limit of detection (LOD), limit of quantification (LOQ),
linearity, recovery, repeatability and reproducibility.

Mathematical data processing

For acquired results, an arithmetical means and standard deviations calculated
using Microsoft Office Microsoft Excel for Windows 7.0 program. All experiments
performed using 6 — 8 parallel samples.

To compare obtained results t-test variance analysis (according to which if tg,,
is smaller than t.; the conclusion is that there is no significant statistical difference
in obtained results), as well as single factor analysis of variance (ANOVA) was
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used according to which if Fyy, is smaller than F the conclusion is that there is
no significant statistical difference in obtained results. To compare the results
integrated statistical calculation of Microsoft Office Microsoft Excel for Windows
7.0 program was used.

RESULTS AND DISCUSSION

1. Optimization of the detection of STC using high performance liquid
chromatography tandem mass spectrometry

Experiments for the optimization of the detection of STC using high
performance liquid chromatography tandem mass spectrometry were performed in
two steps. During the first step an influence of different mobile phase content
(AcN/H,0, AcN/ 0.01 and 0.02% formic acid, AcN/ 0.02M ammonium acetate and
MeOH/H,0, content of AcN and MeOH was regulated from 40 till 80%) on the
STC retention time on Phenomenex Luna(2) C;3 HPLC column was checked.
During the second step experiments were performed using STC standard solution,
which was several times injected into the triple quadrupole mass spectrometer.
Mass spectrometer was equipped with APCI and ESI. STC detection was
optimized under negative and positive modes using variable cone voltages and
collision energies.

First step experiments results showed that using AcN/ 0.02M ammonium
acetate as mobile phase, STC retention times are higher, using MeOH/H,0,
AcN/ 0.01 and 0.02% formic acid as mobile phases, STC have medium retention
times; and using AcN/H,O as mobile phase STC retention times are comparatively
short (STC was fasted eluted from HPLC column) (figure 3).

Second step experiments showed that best results were obtained under positive
electrospray ionization ESI using cone voltage of 30 V (figure 4) and collision
energy of 30 eV. Precursor molecular ion obtained was 325 g mol” (figure 5) and
obtained product ions were 281 g mol” and 310 g mol” respectively (figure 6).
Product ion with molecular mass of 281 g mol” was used for quantification of the
STC and product ion with molecular mass of 310 g mol™ was used for confirmation
of the STC (figure 7). For confirmation of the presence of the STC ratio (281 / 310)
should be 0.7 £ 0.1.

Obtained results are fundamental base for the further STC detection method
development.

2. Development of solid phase extraction method for the analysis of
sterigmatocystin

Since mycotoxins are normally present in food and food products at very low
levels, a strong concentration of the extract is necessary to make the detection
possible. The frequent presence of lipids and other substances that may interfere in
the final detection makes it necessary to clean up the extract prior to concentration
by column clean up and/or precipitation of impurities. Several chromatographic
clean up steps are possible with materials such as silica gel, modified silica gel,
aluminium oxide, polyamide, Florisil®, and Sephadex”. Modified silica gel with
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bonded octadecil is the most frequently used sorbent (it is called C,g sorbent, and
SPE columns are called C;g columns). These columns are considered universal
because they can be used for moderately polar and non-polar combinations.

C,g columns are often used in reversed phase chromatography.

In literature there is an information, that for STC determination before TLC
sample extracts are purified by SPE columns with Florisil® sorbent (magnesium
silicate), different Silicagel SPE columns and by phenyl-bonded SPE silicagel
columns.

Strata X SPE column contain a new polymeric sorbent — styrene
divinylbenzene. It is developed for the reversed phase (RP) SPE of polar and
non-polar molecules and it is characterized by hydrophobic and hydrophilic or
n — 7t delay mechanisms.

Although STC molecule is non-polar, it has both hydrophilic, and hydrophobic
functional groups, so it is possible, that STC molecule will hold to Strata X
sorbents rather, that to C;g3 sorbent. Wherewith it becomes possible to use more
effective elution solvent and wash out more impurities from the extract sample.

During these investigation an elution properties of the different eluting
solutions (acetonitrile — water and methanol — water) were checked for elution
straight of STC from the Strata X and Strata C,5 SPE columns, varying the water
content in mixture. The collected eluting solutions fractions were analyzed for
content of STC by LC-MS-MS. Strata X and Strata C,3 SPE columns for the first
time were applied for the analysis of STC.

Total STC elution result from Strata X and Strata C;g columns are shown in
Figure 8. Obtained results were compared by using t-test, eluting solutions and
SPE column comparing matrix are shown in Table 1.

Both acetonitrile and acetonitrile — water solutions, and methanol and
methanol-water solutions are useful for the STC eluting from the Strata X and
Strata Ci5 SPE columns getting statistically equivalent results.

Because of economic approaches for the further experiments a Strata X SPE
column chosen, acetonitrile and acetonitrile-water solutions chosen because of
that as well.

3. Effect of storage time, solvents and temperature on the stability of STC
standard solutions

To make precise and accurate chromatographic analysis it is needed to calibrate
equipment with analyte standard solutions. Their stability differs depending on
solutions and temperature they are kept in.

The aim of this study is to establish conditions under which the STC calibrants
in acetonitrile, methanol and mixture of acetonitrile and methanol (50:50, v/v)
could be held for extended periods without decomposition and to test stability of
STC in mentioned above solvents during 8§ weeks.

STC standard solutions were prepared in different solvents (acetonitrile,
methanol and mixture of both mentioned) and stored in dark glass bottles under
different temperature conditions up to 8 weeks.

To provide storage at (25 °C) temperature, dark glass bottles with standard
solutions were stored in laboratory freezer, to provide storage at +4 °C they were
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stored in laboratory refrigerator and to provide storage at +25 °C they were stored
in laboratory microbiological incubator with forced convection.
After first, second, fourth and eighth week the samples was checked for STC
concentration by using HPLC with ultraviolet detection (HPLC-UV).
The results of STC stability in acetonitrile, methanol, and their mix solutions at
different temperatures are shown in Figure 9.
Obtained results were compared using t-test and they are the following:
e STC is not stable in any of investigated solvents if stored at +25 °C
temperature;
e STC is stable in any of investigated solvents if stored at temperature range
from —25 °C till +4 °C, but no longer than one week.

4. Influence of high temperature and time on the stability of STC standard
solutions

Influence of high temperature and time on the stability of STC standard
solutions was investigated. Obtained results (figure 10) show that STC is stabile in
temperature range until +115 °C at least during 60 minutes. Therefore, STC can be
stable during bread or bread products baking.

5. The efficiency of extraction solvents

The efficiency of extraction solvents (AcN/H,0O and AcN/4%KCl, MeOH/H,0
and MeOH/4%KCl in ratios of 84/16, 85/15, 90/10 un 100, %, v/v) was tested.

Obtained results show that more suitable STC extraction solvent from grain and
cheese matrix is AcN-water mixture (figure 11) and there is no statistical significance
between usages of specified AcN-water mixture ratios. Therefore, for the extraction of
STC from grains, an AcN-water solution (84:16, v/v) is chosen and for the extraction of
STC from cheese, an AcN-water solution (90:10, v/v) is chosen.

6. Development of sterigmatocystin determination in grains

Grains like wheat, oat, rye, barley, and buckwheat are typical grains that are
used as main ingredients of various Latvian foods. Wheat is used for flour, bread
and other grain derived products production. Oats are the main ingredient for oat
mash making, oat cookies making and oat flakes production. Rye is a main
ingredient for typical Latvian rye bread making. Buckwheat and oats are used for
mash making. Barley is a main ingredient for beer making and beer is quite
popular drink in Latvia. Therefore, grain derived products are one of the main
ingredients of Latvian people food.

STC is a mycotoxin produced by mould, and it can be a grain contaminant.
Very little data is available concerning occurrence and monitoring of foodstuffs for
STC in Europe. There are only few reports about the occurrence of STC in grains,
but there is no information about STC levels in grains below 2 pg kg, because
used analysis methods were not sensitive enough. Besides, there is no data
consisting occurrence and presence of STC in Latvian grains.
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Therefore, the aim of this research is to develop new method, which will allow to
determine STC presence and concentration at the level lower than 2 pg kg and to
check STC content in the harvest of Latvian typical grains in the years 2006 — 2007.

Grain samples. Grain samples (50 wheat, 15 oats, 10 ryes, 10 barley and 10
buckwheat samples) were collected from different parts of Latvia in autumn 2006
and grain samples (20 wheat, 25 oats, 25 ryes, 25 barley and 25 buckwheat
samples) were collected from different parts of Latvia in autumn 2007. Samples
were collected using cooperation with Latvian Plant Safety Research Centre,
according to the Commission Regulation (EC) No 401/2006.

After the harvest, the grains were air-dried to a water content of less than 15%
to avoid fungal growth during storage. Before the analysis, the samples were
grounded and homogenized with a laboratory mill.

Sample preparation. An amount of 25 g of homogenized sample was extracted
with 100 ml of acetonitrile:water (84:16, v/v) for 30 min using a horizontal shaker.
Acquired extract was purified using Strata X (500 mg) SPE columns. The resulting
eluate was evaporated to dryness under nitrogen at 60 °C and re-dissolved in
250 pl of mobile phase. STC was determined by LC-MS-MS. The calibrants were
prepared by spiking the blank matrix with the standard and prepared in the same
way as the samples.

To check developed method performance the following validation parameters
were checked: selectivity, linearity, limit of detection (LOD), limit of
quantification (LOQ), recovery, and repeatability.

Selectivity. The method has approved to be selective, because the signal of
analyzed substance does not cover with other substance signals (figure 12).

LOD and LOQ. LOD and LOQ were calculated by using mass spectrometric
data processing program ,,Masslynx” (LOD = 3 x signal to noise ratio (S/N) un
LOQ = 2 x LOD). Lowest validated level was 0.5 ug kg’ (S/N = 10.5).
LOD is 0.15 pg kg™ and LOQ is 0.3 pg kg™

Linearity. The method has approved to be linear for STC up to 200 ug kg™
A tolerance of + 10% accepted for the separate calibration points for good
linearity. The regression line for standard solutions was y = 13627x (R*> 0.999)
and regression line for calibration on matrix was y=3859x (R*>0.991).
As equations show, matrix effect makes essential differences between calibration
with standard solutions and calibration on matrix, which is why calibration always
performed on blank matrix.

Recovery, repeatability and reproducibility. The recovery, repeatability and
reproducibility of the method were prepared and calculated according to European
Comission Regula Nr. 401/2006 requirements. Lowest recovery obtained in rye
grains — 80% at spiking level of 5 pg kg™ and highest recovery obtained in oat
grains — 107 % at spiking level of 25 ug kg'. Overall the results match to
European Comission Regula Nr. 401/2006 and the method was approved to be
precise (table 2).

STC content in grain samples. The results for 2006 and 2007 years harvest
grains are shown in Figures 12-13. 14% (13 samples) from the year 2006 harvest
contained STC, but its contamination levels were quit low — from 0.7 till
83 pg kg'. However, in five samples STC content (23, 29, 29, 54, and 83)
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exceeded the maximal STC concentration level, which is stated for food products
in Czech Republic and Slovakia (20 ug kg'). The contamination level in the year
2007 harvest was diverse: the highest content was in wheat and barley grains,
medium — in buckwheat and comparatively low in oat grains. Almost in the half of
the contaminated samples, STC content was higher than 20 pg kg™. In 10 from
22 samples, which had STC in the range of 0.5-25 pg kg™, STC content was from
1 till 2.4 ug kg™ — this amount is lower than the lowest permissible limit in Czech
Republic and Slovakia (5 pg kg™'). Overall, 27% of total analysed grain harvests
2006 — 2007 samples were positive for STC.

Results of our research indicate the presence of STC in different Latvian grains.
Therefore, there is a strong possibility of presence of STC in grain-derived
products. Therefore, there is a possible risk for human health.

So, in the aspect of all mentioned above, monitoring of the presence of STC in
typical Latvian grains and other food products in Latvia is clearly necessary.

7. Stability of sterigmatocystin during bread baking

The aim of this research is to test stability of STC during bread processing and
to check baked wheat bread samples for STC contamination, using previously
developed LC-MS-MS method.

Wheat grain sample contaminated with STC (83 pg kg™) was homogenized for a
one hour using laboratory mixer. One part of this sample was milled on laboratory
mill and then homogenized. From this homogenized sample — six samples were
taken for analysis to check STC content homogeneity and variation. For control
were used uncontaminated grains prepared in the same way.

The other part of contaminated grains was used for whole wheat flour preparing.
Flour was used for whole bread baking. Dough making prescription is the following:
flour 1000 g, yeasts 22 g, water 700 g, sugar 40 g, salt 10 g. Bread baking technology
was the following: dough raising ~20 min., after fermentation time ~40 min.
(T °C = +35-38 °C), bread baking ~17 min. (T °C = +200-220 °C). Dough and
bread sample weights are shown in Table 3.

Analysis of grains and bread for STC content were carried out according to
previously developed LC-MS-MS method for STC determination in grains.

The bread was baked from the grains, which were naturally contaminated with
STC, checked STC content in baked bread and compared with STC content in
grains, from which the bread was baked. Acquired STC content in bread was
recalculated to STC content in flour, using the following quotations. Formula (1) is
used for recalculation of known cold bread mass obtained from known dough mass
to bread mass obtained from 1000 g of flour. Using calculated result from the
Formula (1) (from 1000g of flour or grains we got 1628 g of bread), we can find
coefficent for STC content recalculation in bread to STC content in grains,
applying the next Formula (2).

So, recalculation coefficient is 1.628. This coefficient can be applied for
recalculation of obtained STC content in bread to STC content in flour, which can
be seen in the next Formula (3).

Results of STC content in bread samples and recalculated STC content in
grains as well as found content of STC are shown in Table 4.
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Mean content of STC in baked bread was 48 pg kg™ — this is equivalent to
78 ug kg in grains. Mean STC content in contaminated grains, from which the
bread been baked, was — 83 ug kg”'. The results of t-test show, that statistically
there were no differences between results obtained in contaminated grains and
results obtained in bread baked from these grains (tapr (1.7) < i (1.8), p > 0.05).
So, STC found to be stable during bread baking process.

This is the first research that indicates stability of STC after thermal and
technological impact during bread baking.

The research about STC stability indicates, that STC is not only heat stable,
but also stable during all bread making technology stages. Therefore, STC can be
a possible bread contaminant, especially of whole grain bread. To avoid possible
Latvian bread contamination with STC and to avoid possible risk for human health
an investigation of occurrence of STC in Latvian bread and monitoring of grains are
recommended.

8. Determination of sterigmatocystin in bread

The aim of this study is to research different types of Latvian bread samples for
STC content using previously developed LC-MS-MS method.

Bread samples from different Latvian bread bakeries (6 rye bread, 9 rye-wheat
bread and 14 wheat bread) were tested for the STC presence. Samples were
crushed, homogenized, and analysed for STC content using previously developed
LC-MS-MS method. Recovery results obtained for bread are varying from 96 to
103%. STC content in different types of analyzed bread samples are shown in Table 5.

From six rye bread samples only one (16.7%), from nine wheat-rye bread
samples also only one (11.1%) and from 14 wheat bread samples three (21.4%)
samples were contaminated with STC. Four (80%) of five contaminated samples
were prepared using whole grains. Although STC concentration levels were quite
low from 2.4 to 7.1 pg kg™ and did not exceed maximum levels for this toxin set in
Czech Republic and Slovakia (20 pg kg™), two samples exceeded level set in these
republics for rice, vegetables, potatoes, flour, poultry and meat (5 pg kg™).

Results of this research give possibility to suppose that levels of STC in grains
from which these bread samples were prepared, were contaminated with STC.
Although found contamination of bread is quite low, whole-grain bread still can be
a possible source of investigated toxin.

This is the first research on STC content in different types of bread in Latvia,
which declares about the occurrence of STC in bread, especially in whole grain
bread. Therefore, in the aspect of all mentioned above, to avoid the presence of
STC in bread and safe human health, the monitoring of the presence of STC in
Latvian bread is clearly necessary.

9. Development of analytical method for the determination of sterigmatocystin
in beer by high performance liquid chromatography with ultraviolet detection
and its applying for the determination of STC in beer produced in Latvia

Since barley is the main beer raw material, there is a possibility that beer may
contain STC. In literature, there is no data available about STC analysis and
presence in beer. Some reports notify about other mycotoxins presence in beer
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(which can be carried to beer from barley) and aflatoxins are among them.
So, aflatoxins are stable during all beer brewing technology steps. Since STC has
structure and chemical properties similar to aflatoxins, there is a possibility of STC
transferring to beer from contaminated barley grains.

The aim of this research is to develop a simple, sensitive HPLC method with
ultraviolet (UV) detection for STC determination in light and dark beer.

Beer samples. In this study, 26 Latvian beer samples (9 dark beers and 17 light
beers) were purchased from local supermarkets. Light (Plostnieku alus) and dark
(Martina tumsais alus) beer samples were used as blank matrices for validation
studies. All samples were stored in the refrigerator at 5 °C until analysis.

Sample preparation. Before analysis, the samples were degassed in a
laboratory ultrasonic bath for 40 min. The sample preparation procedure was the
following: 30 ml of degassed sample was filtered through a filter paper, 10 ml of
the filtrate was diluted with 5 ml acetonitrile:water (10:90, v/v), and acquired
liquid was purified using a Strata X (60 mg) solid phase extraction (SPE) column.
The purifying procedure was the following: SPE column was conditioned with
6 ml methanol, followed by 6 ml of water, and then 15 ml of diluted sample were
loaded on the column. The column was washed with 30% acetonitrile in water and
STC was eluted with 3 ml of 100% acetonitrile. The resulting eluate was
evaporated to dryness under nitrogen at 70 °C and re-dissolved in 200 pl
40% acetonitrile in water. The wash step was optimized by variation of the
acetonitrile content in water, increasing thereby the elution strength. The effluents
were collected and subsequently analysed by HPLC-UV.

Selectivity. The method is selective enough (STC signal does not overlaps
with other substances signals). Figure 15 shows chromatograms of
uncontaminated light beer, naturally contaminated light beer, uncontaminated dark
beer, and naturally contaminated dark beer samples.

Linearity. The method is linear for STC concentration up to 200 pg 1" for
light and dark beer. A tolerance of £ 10% was accepted for the separate calibration
points for good linearity. The regression line in the calibration range from
0.5to 10 pg 1" was y = 17590x - 885 with correlation coefficient R* > 0.997, while
in the calibration range from 10 to 200 pg I' the regression line was
y = 19069x - 15194 with correlation coefficient R* > 0.999.

The LOD and LOQ of STC were 0.26 pg 1" and 0.68 pg I"', respectively and
were determined by using standards prepared in the blank beer matrix
(LOD = 3.3 x S/N-ratio; LOQ = 10 x S/N-ratio). These sensitive results were
obtained due to the combination of a 50 times concentration of sample and
SPE clean-up. Hence, the method did not require derivatisation to obtain the
target sensitivity.

Optimization of the SPE method. The beer matrix and acetonitrile content
variation in the washing solution were used to test the STC recovery from SPE
column. STC recovery from Strata X SPE column is shown in Figure 16.
as acetonitrile content function in acetonitrile-water solution. The higher
acetonitrile content in the elution solution is the easier STC elution from the
column is. The STC elution from the column started with 30% of acetonitrile in
water and it gets its maximum with 100% of pure acetonitrile. Therefore, to eluate
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impurities, which may trouble the analysis, can be used 30% acetonitrile in water,
and for STC elution from the column — 100% acetonitrile.

Recovery, repeatability and reproducibility were obtained from parallel
samples (of dark and light beer) n=18 spiked with STC on six concentration levels.
Developed method has a good recovery, repeatability and reproducibility (table 6).

STC content in beer samples. STC was found in 2 (7.7%) from 26 inspected
samples of light and dark beer (table 7). Only one (11%) from 9 dark beer samples
and one (6%) from 17 light beer samples were contaminated with STC. The
contamination level of dark and light beer was quite low and therefore there is no
serious risk for consumers’ health, because beer consumption in Latvia is about
61 litres per year (167 millilitres per day). Therefore, if we suppose that beer is
contaminated with 7.8 pg 1! of STC, and average day consumption is
167 millilitres (it is approximately of 1.3 pg of STC per day), this level will be
much lower than is stated in Czech Republic and Slovakia. (20 ug kg™).

However, as STC content in beer can depend on its content in barley and other
raw materials, higher contamination of beer always is possible. In addition,
environmental conditions during storage of barley (or during the malt preparation),
such as moisture in the air, temperature etc can considerably effect the formation of
STC. Hop can be possible source of STC producing spores too.

This is a simple and sensitive HPLC -UV- SPE method for determination of
STC in light and dark beer, which does not require a sample extraction step and
derivatisation step. This method is with acceptable specificity and precision and
has a good accuracy, wherewith it is suitable for routine analysis in analytical
laboratories.

Results obtained from the analysis of STC in Latvian beer samples show low
contamination of Latvian beer. Nevertheless, contamination risk is always possible,
so in order to decrease human health risks, the monitoring of the STC content in
beer row materials is recommended.

10. Determination of Sterigmatocystin in cheese

The previously developed LC-MS-MS method for the determination of STC in
grains was modified and applied for the determination of STC in cheese samples
(8 produced in Latvia and 13 produced in Belgium). Cheese samples were
purchased from different local supermarkets in Latvia and Belgium.
After purchasing samples were homogenized, freezed and kept under (— 20 °C)
before the analysis.

Sample preparation. The sample preparation was slight modification of the
method for the determination of STC in grains. Ten grams of cheese were weighed
and 50 ml of acetonitrile:water (90:10, v/v) and 30 ml of n-hexane were added. The
sample was homogenized and extracted using a shaker for 30 minutes and then
centrifuged (3500 rmp, 10 min, + 15 °C). The acetonitrile phase was filtered
through filter paper. Filtered extract (10 ml) was diluted with 30 ml of water and
purified using a Strata X (60 mg) SPE column. The SPE column was conditioned
with 3.5 ml methanol followed by 3.5 ml of water prior to use. Then, 40 ml of
diluted extract was loaded on to the column. The column was twice washed with
3.5 ml of acetonitrile:water (30:70, v/v) and STC was eluted with 3 ml of 100 %
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acetonitrile. The resulting eluate was evaporated to dryness under nitrogen at 37 °C
and re-dissolved in 250 pl of mobile phase (0.02 % formic acid in acetonitrile and
0.02 % formic acid in water (60:40 v/v)). The calibrants were prepared by spiking
blank matrix with the standard and prepared in the same way as the samples. Eight
replicates at each concentration level were prepared for recovery experiments.

Selectivity. Method found to be selective, because the analyte peak does not
overlap with the other matrix compounds peaks. The SRM (MRM)
chromatograms of blank cheese sample, spiked cheese sample (0.5 pg kg™),
naturally contaminated cheese sample and cheese sample containing traces of STC
are shown in Figure 17.

LOD and LOQ. The lowest validated level in cheese matrix was 0.5 pg kg
(S/N = 25). The LOD and LOQ of STC was determined by using standards
prepared in the blank matrix and calculated using chromatographic software
“Masslynx” integrated calculation (LOD = 3.3 x S/N-ratio; LOQ = 10 x S/N-
ratio). The LOD and LOQ were 0.03 pg kg™ and 0.1 pg kg™, respectively.

Calibration and Linearity. In LC-MS methods the matrix often causes the
change of the response, because the matrix components disturb the ionization of
the analytes. Because of the matrix effect, the calibrants were always prepared in
blank matrix (Gouda cheese pruduced Belgium). Matrix calibrated in two linear
diapasons from 0.5 pg kg' to 25 pg kg and from 10 pg kg to 200 pg kg™
The method was linear for STC from 0.5 pg kg™ to 25 pg kg (y = 2921x + 82,
R*>0.991) and from 10 to 200 pg kg™ (y = 2656x + 617, R? > 0.990).

Recovery, repeatability and reproducibility. The relative standard deviations
(RSD, and RSDg, %) demonstrate an acceptable repeatability of the method
17-27 %, mean recovery varies from 97 % to 104 % and good enough (table 8).

Presence of STC in cheese samples. STC above LOQ was detected only in two
(15%) of 13 Belgium cheese samples, it is in 10.5% from 21 analysed cheese
samples. In four (50%) of 8 Latvian cheese samples STC was detected above LOD,
but below LOQ. Five (24%) of 21 totally analysed samples contained STC
above LOD, but below LOQ and 4 (19%) of 21 samples contained traces
of STC (table 9).

Results show that there is a possibility of cheese contamination with STC, and
it can be prevented by hygiene and storage conditions observing. It is very
important to prevent mould distribution in cheese making and storage places.

The developed LC-ESI-MS/MS method for the determination of STC in cheese
allows detecting STC with its concentration 0.03 pg kg'. This method can be
applied for qualitative and confirmation analyses of STC in cheese samples.

This is the first research about STC presence in Latvian and Belgium cheese,
which is serious human health risk factor.
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SUMMARY

Resuming the results of the thesis, it is possible to make the following summary:

1. Experiments for the optimization of the detection of STC using high
performance liquid chromatography tandem mass spectrometry were performed
in two steps. During first step an influence of different mobile phase content
(AcN/H,0, AcN/ 0.01 and 0.02% formic acid, AcN/ 0.02M ammonium acetate
and MeOH/H,O0, content of AcN and MeOH was regulated from 40 till 80%)
on the STC retention time on Phenomenex Luna(2) C;3 HPLC column was
checked. During second step experiments were performed using STC standard
solution, which was several times injected into the triple quadrupole mass
spectrometer. Mass spectrometer was equipped with APCI and ESI. STC
detection was optimized under negative and positive modes using variable cone

voltages and collision energies.

e First step experiments results showed that using AcN/ 0.02M ammonium
acetate as mobile phase, STC retention times are higher, using MeOH/H,0,
AcN/ 0.01 and 0.02% formic acid as mobile phases, STC have medium
retention times; and using AcN/H,0O as mobile phase STC retention times are

comparatively short (STC was fasted eluted from HPLC column).

e Second step experiments showed that best results were obtained under
positive electrospray ionization ESI using cone voltage of 30 V and collision
energy of 30 eV. Precursor molecular ion obtained was 325 g mol” and
obtained product ions were 281 g mol™ and 310 g mol™ respectively. Product
ion with molecular mass of 281 g mol™ was used for quantification of the
STC and product ion with molecular mass of 310 g mol' was used for
confirmation of the STC. For confirmation of the presence of the STC ratio

(281 /310) should be 0.7 £ 0.1.

e Obtained results are fundamental base for the further STC detection method

development.

2. For the determination of different mycotoxins in foodstuffs the solid phase
extraction used for clean up and concentration of mycotoxin extracts. During
these investigation an elution properties of the different eluting solutions
(acetonitrile — water and methanol - water) were checked for elution straight of

STC from the Strata X and Strata C,3 SPE columns.

e Both acetonitrile and acetonitrile — water solutions, and methanol and
methanol — water solutions are useful for the STC eluting from the Strata X

and Strata C;3 SPE columns getting statistically equivalent results.

¢ Because of economic approaches for the further experiments a Strata X SPE
column chosen, acetonitrile and acetonitrile-water solutions chosen because

of that as well.

3. The influence of solvent, storage time and temperature on the stability of the
STC investigated. STC calibrants (1.0 pg ml") in acetonitrile, methanol and
mixture of acetonitrile and methanol (50:50, volume/volume) were stored in
dark glass bottles at —25 °C, +4 °C and +25 °C for up to 8 weeks. Samples were
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analysed by high performance liquid chromatography (HPLC) with ultraviolet

(UV) detection.

Obtained results indicate that:

¢ STC is not stable in any of investigated solvents if stored at +25 °C
temperature;

e STC is stable in any of investigated solvents if stored at temperature range
from —25 °C till +4 °C, but no longer than one week.

. STC is stabile in temperature range till +115 °C at least during 60 min time period.

. The efficiency of different extraction solvents on the extraction of STC from
grain and cheese matrix was tested. Obtained results show that more suitable
STC extraction solvent from grain and cheese matrix is AcN-water mixture and
there is no statistical significance between usages of specified AcN-water
mixture ratios. Analyzing the results obtained during research, the following
extraction solvents were selected:

o for the extraction of STC from grains an AcN-water solution (84:16, v/v)

chosen;
o for the extraction of STC from cheese an AcN-water solution (90:10, v/v) chosen.

. LC-MS-MS method for the determination of STC in different grains was

developed and validated. Method includes extraction of STC with acetonitrile-

water solution, SPE using Strata X SPE column, separation on C;g3 HPLC

column and detection using tandem masspectrometry with electrospray positive

ionization. Method validation performance criteria were in agreement with

Commission Regulation Nr. 401/2006.

e This is the fist reported method for the determination of STC in grains that
allows detect STC at 0.15 pg kg™ concentration level;

¢ 14 % of the samples from the year 2006 harvest contained STC (its content
was variable from 0.7 till 83 pg kg™) and 35% of the samples from the year
2006 harvest contained STC (its content was variable from 1 till 47 pg kg™).
Totally 95 samples of grains analyzed in the year 2006 and 120 samples of
grains analyzed in the year 2007;

e Results of our research indicate the presence of STC in different Latvian
grains. Therefore there is a strong possibility of presence of STC in grain-
derived products. Therefore, there is a possible risk for human health.

. Contaminated wheat grains were used for the bread baking. Baked bread samples

(n=6) were analysed for STC content using previously developed

LC-MS-MS method.

The research about STC stability indicates, that:

e STC is heat stable and also stable during all bread making technology
stages. Therefore, STC can be a possible bread contaminant.

e to avoid possible Latvian bread contamination with STC an investigation of
occurrence of STC in Latvian bread is recommended,;

e to lower the presence of STC in bread, the monitoring of grains on STC
content recommended.
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8. Bread samples from different Latvian bread bakeries (6 rye bread, 9 rye-wheat
bread and 14 wheat bread) were crushed, homogenized, and analyzed for STC
content using previously developed LC-MS-MS method.

e from six rye bread samples only one (16.7%), from nine wheat-rye bread
samples also only one (11.1%) and from 14 wheat bread samples three
(21.4%) samples were contaminated with STC. Four (80%) of five
contaminated samples were prepared using whole grains. Although STC
concentration levels were quite low from 2.4 to 7.1 pg kg™ and did not exceed
maximum levels for this toxin set in Czech Republic and Slovakia
(20 pg kg), two samples exceeded level set in these republics for rice,
vegetables, potatoes, flour, poultry and meat ( 5 pg kg™);

e results of this research give possibility to suppose that grains from which
these bread samples were prepared, were contaminated with STC.

e although found contamination of bread is quite low, whole-grain bread still
can be a possible source of investigated toxin.

o this is the first research on STC content in different types of bread in Latvia,
which declares about the occurrence of STC in bread, especially in whole
grain bread. Therefore, in the aspect of all mentioned above, to avoid the
presence of STC in bread and safe human health, the monitoring of the
presence of STC in Latvian bread is clearly necessary.

9. The sensitive method for the determination of STC in beer developed and
validated. This is the first sensitive method for the determination of STC in
beer. Method includes of SPE light and dark beer on Strata X SPE column,
reversed phase HPLC on C;3 HPLC column and UV detection.

e Recovery from light beer matrix was 81-126% and from dark beer matrix was
88-126% in the linear range from 0.5-100 pg I'';

o STC was detected in 2 (7.7%) from 26 researched beer samples;

o this is a simple and sensitive HPLC — UV — SPE method for determination of
STC in light and dark beer, which does not require a sample extraction step
and derivatisation step;

o this method is with acceptable specificity and precision and has a good
accuracy, wherewith it is suitable for routine analysis in analytical
laboratories;

e results obtained from the analysis of STC in Latvian beer samples show low
contamination of Latvian beer. Nevertheless, contamination risk is always possible;

¢ 50, in order to decrease STC content in beer, the monitoring of the STC
content in beer row materials is clearly necessary.

10. The presence of STC in 8 Latvian and 13 Belgian cheese samples investigated.
Method for the determination of STC in grains (VerSilovskis et al., 2007) was
modified and adopted STC for the determination of STC in cheese.
¢ STC above LOQ was detected only in two (15%) of 13 Belgium cheese

samples, it is in 10.5% from 21 analysed cheese samples. In four (50%) of 8
Latvian cheese samples STC was detected above LOD, but below LOQ. Five
(24%) of 21 totally analysed samples contained STC above LOD, but below
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LOQ and 4 (19%) of 21 samples contained traces of STC;

e the developed LC-ESI-MS/MS method for the determination of STC in

cheese allows detecting STC with its concentration 0.03 ug kg™;

o this method can be applied for qualitative and confirmation analyses of STC

in cheese samples as well as for the different research on STC content;

e results show that there is a possibility of cheese contamination with STC.

It is very important to prevent mould distribution in cheese making and
storage places.

o this is the first research about STC occurrence in Latvian and Belgian cheese,

which indicates about the presence of STC in researched cheese samples.

CONCLUSIONS

Resuming the results of the thesis it is possible to make the following conclusions:

1.

In the promotion thesis there were developed determination of STC by
LC-MS-MS: the mobile phase, ionisation and fragmentation parameters
were optimized.

In the promotion thesis there were developed and optimized solid phase
extraction method using Strata X SPE column and acetonitrile-water solutions.

For the first time was tested the stability of STC in different solutions
depending on time and temperature. Determinated that STC is not stable in
any of investigated solvents if stored at +25 °C temperature for a one week.
STC is stable in any of investigated solvents (acetonitrile, methanol,
mixture of acetonitrile and methanol (50:50, v/v)) if stored at temperature
range from —25 °C till +4 °C, but no longer than one week. STC is stable in
temperature range till +115 °C at least during 60 min time period.
Therefore, STC can be stable during bread or bread products baking.

In the promotion thesis there worked out new sensitive STC determination
method. The method is approximately 33 times more sensitive
(LOD 0.15 pg kg") comparing to published in literature GSH-MS method
(LOD 5 pg kg™) and approximately 12 times more sensitive, comparing to
published in literature LC-MS method (LOD 1.9 pg kg'). The developed
method used for STC content determination in different grains, produced in
Latvia (wheat, rye, oat, barley and buckwheat). 14% of grain samples
(year 2006) contained STC (its content varied from 0.7 till 83 pg kg™) and
35% of grain samples (year 2007) contained STC (its content varied
from 1 till 47 ug kg™).

Previously developed LC-MS-MS method used for STC stability testing
during the bread baking process. It was proved, that STC is stable during all
the technological stages of bread baking process and where with STC can
transfer into the bread from grains, contaminated with STC.

56



Previously developed LC-MS-MS method used for STC determination in
different bread samples, produced in Latvia (wheat, rye, wheat-rye bread). 17%
of tested bread samples contained STC and the concentration range was from
2.41ill 7.1 g kg™

Developed and approbated HPLC-UV method for the determination of STC
content in light and dark beer (LOD 0.26 pg 1"). The developed method
used for STC determination in light and dark beer, produced in Latvia.
7.7% of the tested beer samples were contaminated with STC. STC content
varied from 4.0 till 7.8 pg I"".

Previously developed LC-MS-MS method for STC determination in grains
and bread was adapted for the STC determination in cheese. The method is
approximately 80 times more sensitive (LOD 0.03 ug kg), comparing to
the previously published the most sensitive LC-MS STC determination
method (LOD 2.4 pg 1"). For the first time checked and proved the
presence of STC in cheeses, produced in Latvia and Belgium. STC content
above (LOQ 0.1 ug I'") was determined in 9.5% of analysed samples, 24%
of samples contained STC with level above (LOD 0.03 pg 1) and 19%
had STC traces.

Research about STC presence in foodstuffs produced in Latvia indicates
about STC presence in different foods. Even if STC content does not
exceed the allowed level in one separate food, using various contaminated
products together, the toxin concentration level can achieve the maximum
level allowed. Therefore, to decrease STC consumption till minimum, the

monitoring of STC in foodstuff raw materials is clearly necessary.

SUGGESTIONS TO RESEARCHERS AND ANALITYCAL

1.

LABORATORIES

The new user of the analytical method represented in this research work
must test ionization and fragmentation of the STC molecule if for the
detection of STC planned to use tandem mass spectrometer from other
manufacturer.

It is possible to use any HPLC column with C,g sorbent for the separation of
STC on HPLC column. If HPLC column internal diameter and sorbent
particle size differs from represented in this research work, user must
optimize the proportional content of mobile phase (increase or decrease
acetonitrile content in mobile phase mixture) and flow speed.

It is possible to use any solid phase extraction columns for the SPE of STC
if the columns are packed with the sorbent used in our research. If is
planned to use SPE columns with other sorbent it is necessary to optimize
STC elution parameters (users must optimize SPE using solvents and its
mixtures planned for elution of STC from SPE columns).

57



