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1. Wykaz publikacji bedacych podstawg rozprawy doktorskiej

Laczna wartos$¢ Impact Factor dla cyklu publikacji: 16,617

Laczna ilo$¢ punktow MNiSW dla cyklu publikacji: 340

Lista publikacji stanowiacych rozprawe doktorska:

Publikacja nr 1 (P.1)- Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Grabia M.,
Puscion-Jakubik A., Mielcarek K., Gromkowska-Kepka K., Soroczynska J., Socha K. Content
of toxic elements in 12 groups of rice products available on polish market: human health risk
assessment.

Foods 2020: 9, 12. doi:10.3390/foods9121906

IF: 4,350; MNISW:100 pkt.

Publikacja nr 2 (P.2)- Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Puscion-
Jakubik A., Grabia M., Mielech A., Soroczynska J., Socha K. Identifying the food sources of
selected minerals for the adult European population among rice and rice products.

Foods 2021: 10, 1251. doi: 10.3390/foods10061251

IF: 5,561; MNISW:100 pkt.

Publikacja nr 3 (P.3)- Bielecka J., Markiewicz-Zukowska R., Puscion-Jakubik A., Grabia M.,
Nowakowski P., Soroczynska J., Socha K. Gluten-free cereals and pseudocereals as
a potential source of exposure to toxic elements among Polish residents.

Nutrients 2022: 14, 11. doi: 10.3390/nu14112342

IF: 6,706; MNISW:140 pkt.



2. Wprowadzenie

Prawidtowe odzywianie i odpowiedni poziom aktywnos$ci fizycznej sa kluczowymi czynnikami
W utrzymaniu optymalnego stanu zdrowia czlowieka. Zgodnie z definicja Swiatowej Organizacji
Zdrowia (World Health Organization- WHO) dieta jest optymalna dla zdrowia, gdy pozwala zapewni¢
odpowiednia podaz oraz proporcje sktadnikoéw odzywczych i zapobiega wystgpowaniu réznego
rodzaju niedozywienia, a takze zmniejsza ryzyko wystapienia cywilizacyjnych chordb niezakaznych.
Zbilansowana dieta powinna dostarcza¢ optymalng ilo$¢ energii, limitowa¢ ilo$¢ nasyconych kwasow
tluszczowych i kwasow tluszczowych trans, soli oraz cukru. Ponadto, istotnym elementem jest
réwniez odpowiednia podaz warzyw, owocow, roslin straczkowych, a takze pelnoziarnistych
produktow zbozowych, szczegoélnie nieprzetworzonych [WHO, 2020]. Do naturalnych badZz tez
minimalnie przetworzonych zalicza si¢ produkty pozyskane od zwierzat (migso, podroby, jaja lub
mleko), z roslin (nasiona, owoce, liscie, todygi, bulwy i korzenie) i grzyby. Zywno$¢ taka zachowuje
podobne wartosci odzywcze jak surowiec wyjsciowy, poniewaz jest poddawana jedynie zabiegom
majacym na celu przedtuzenie jej przydatnosci do spozycia [Monteiro i wsp., 2019]. Nieprzetworzona
lub minimalnie przetworzona zywno$¢ jest bardzo dobrym Zréodtem niezbednych sktadnikow
odzywczych i substancji bioaktywnych. Stwierdzono, ze w przeciwienstwie do produktow
przetworzonych, ma niski wplyw na popositkowg odpowiedz glikemiczna i wigkszy potencjat
sytosciowy [Fardet, 2016]. Laskowski i wsp. odnotowali, ze wsrod polskiej populacji produkty
zbozowe dostarczajg ponad 30% dziennego zapotrzebowania energetycznego i stanowig istotne zrodto
weglowodandw, biatka, btonnika, a takze tiaminy, folianéw, fosforu, cynku, zelaza, miedzi i manganu
[Laskowski i wsp., 2019]. Z kolei Winiarska-Mieczan i wsp. stwierdzili, ze produkty zbozowe moga
dostarcza¢ znaczacych iloSci potasu i magnezu [Winiarska-Mieczan i wsp., 2020]. Metaanalizy
prospektywnych badan kohortowych wykazaly, ze zwigkszone spozycie produktow petnoziarnistych
wiaze si¢ ze zmniejszonym ryzykiem wystapienia choroby wiencowej, udaru moézgu, choréb uktadu
krazenia i nowotwordéw, a takze ze zmniejszonym ryzykiem $miertelnosci z powodu choréb uktadu
krazenia, nowotworoéw, chorob uktadu oddechowego, cukrzycy i chorob zakaznych [Benisi-Kohansal
i wsp., 2016; Aune i wsp., 2016; Zong i wsp., 2016].

Warto podkresli¢, ze dobor sktadnikow diety, zwlaszcza produktow zbozowych, jest szczegdlnie
wazny wsrdd pacjentow ze schorzeniami gluteno-zaleznymi. Obecnie istnieje wiele schorzen
zaleznych od glutenu, ktoére klasyfikuje si¢ do trzech gtdéwnych grup, w zaleznosci od patogenezy:
choroby o podlozu autoimmunologicznym, immunologicznym oraz o niewyjasnionej etiologii.
Do pierwszej kategorii wyzej wymienionych schorzen zalicza si¢ celiaki¢ (inaczej chorobe trzewna),
chorobe Duhringa (skérng posta¢ celiakii) oraz ataksje gluteno-zalezng. Z kolei zaburzenia
immunologiczne obejmuja alergie na pszenice, astme piekarzy i anafilaksje zalezna od pszenicy
indukowana wysitkiem fizycznym [Gajewski 2022]. W ciagu ostatnich 50 lat zauwazono znaczacy
wzrost czesto$ci wystepowania chorob gluteno-zaleznych, w szczego6lnosci celiakii. Na podstawie
przesiewowych badan serologicznych przeprowadzonych w krajach zachodnich szacuje si¢, ze na
celiaki¢ choruje okoto 1,4% populacji ogdlnej, natomiast w Polsce - okoto 0,8% populacji [Singh
i wsp., 2018]. Choroba trzewna jest odnotowywana we wszystkich grupach wiekowych, rowniez
U osob starszych, a w przypadku 70% pacjentdow rozpoznanie nastepuje po 20. roku zycia.
U pacjentow ze zdiagnozowang celiakia lub jej skorng postacia, jedyna aktualnie dostgpng metoda
leczenia jest stosowanie restrykcyjnej diety bezglutenowej do konca zycia. Gluten to nierozpuszczalny
w wodzie kompleks biatkowy, sktadajacy si¢ z glutenin i gliadyn, wystepujacy m.in. w pszenicy,
zycie, jeczmieniu, orkiszu, kamucie oraz w ich odmianach hybrydowych. Niewielki odsetek
pacjentow z chorobg trzewng moze by¢ wrazliwy na owies, mimo, ze naturalnie nie zawiera on



glutenu [Al-Toma i wsp., 2019]. Dieta pacjentow z celiakiag powinna by¢ zgodna z aktualnymi
rekomendacjami zdrowego sposobu zywienia, jedyna modyfikacja jest wylaczenie z jadlospisu
produktow, ktore moga zawiera¢ gluten (zar6wno ze zrddel naturalnych jak i1 produktow
przetworzonych). Chociaz w teorii zalozenie wydaje si¢ by¢ proste, przestrzeganie restrykcyjnej diety
bezglutenowej jest trudne ze wzglgdu na wplyw, jaki moze mie¢ na jako$¢ zycia. Ponadto, surowce
bezglutenowe sg trudniejsze w zastosowaniu w procesach technologicznych, poniewaz charakteryzuja
si¢ mniejsza spoistoscia i elastycznos$cia, co znaczaco wptywa na cechy sensoryczne finalnego wyrobu
[Cutelu i wsp., 2021]. Czynniki takie jak dostepno$¢ zywnosci bezglutenowej, stosunek jakosci do
ceny oraz klarowne oznakowanie produktow majg istotne znaczenie w kontekScie przestrzegania
diety. Mozliwo$¢ nabycia produktow bezglutenowych zwigkszyta sie¢ w ciggu ostatnich pieciu lat,
jednak zazwyczaj sg one znacznie drozsze niz produkty spozywcze zawierajace gluten. Z drugiej
strony, na skutek przetwarzania zywnosci i stosowania roznych sktadnikow, gluten mozna znalez¢ np.
w wedlinach, dlatego wazne jest czytanie etykiet, szczego6lnie przez osoby wrazliwe na obecnosé¢
glutenu. Stosowanie diety bezglutenowej u pacjentow z chorobg trzewng moze znaczaco poprawic ich
stan odzywienia m.in. poprzez wplyw na polepszenie wchtaniania sktadnikow pokarmowych
w wyniku odbudowy kosmkow jelitowych. Szybko$¢ regeneracji btony §luzowej jelita jest zmienna
osobniczo, zalezy réwniez od czasu trwania choroby i stopnia uszkodzenia kosmkoéw jelitowych
[Simén 1 wsp., 2017]. Enaud i wsp. zauwazyli, ze w grupie pacjentdéw S$ciSle przestrzegajacych
dedykowanych rekomendacji zywieniowych, znacznie czesciej deklarowana byla lepsza jakos¢ zycia
w porownaniu do oséb nierealizujacych w pelni zalecen [Enaud i wsp., 2020]. Jednakze badania
z ostatnich lat wskazujg, Zze w tej grupie pacjentow jako$¢ diety czesto jest nieprawidlowa.
Stwierdzono niedostateczne spozycie weglowodanéw ztozonych, w tym btonnika, biatka, zelaza,
cynku, magnezu, wapnia, folianéw, witaminy D oraz witaminy B;,, natomiast zbyt wysoka
konsumpcje cukrow i ttuszczu, szczegdlnie nasyconych kwasow tluszczowych [Cardo i wsp., 2021].
Szaflarska-Poptawska i wsp. wsérod dzieci chorujacych na celiaki¢ zaobserwowali zbyt niska
zawarto$¢ w diecie sktadnikow takich jak wapn, kwas foliowy i zelazo, natomiast zbyt wysoka biatka
i weglowodanéw [Szaflarska-Poptawska i wsp., 2022]. Ballestero-Fernandez i wsp. zauwazyli, ze
diety dorostych pacjentdéw z choroba trzewnag z Hiszpanii charakteryzowaly si¢ niedostateczng
zawarto$cig folianéw, witaminy E, witaminy D, jodu, wapnia, cynku oraz magnezu [Ballestero-
Fernandez i wsp., 2021]. Myhrstad i wsp. pordéwnali wartos¢ odzywcza i cen¢ produktow
bezglutenowych (n=423) i standardowych (n=337) dostepnych na norweskim rynku. Grupe badawcza
stanowity produkty pozyskane z 11 grup: chleb, pieczywo chrupkie (krakersy), ptatki $niadaniowe,
miksy mak, miksy do pieczenia, maka, makarony, produkty gotowe do przygotowania dan
obiadowych, pizza, ciastka oraz przekaski. Zauwazono, ze produkty niezawierajace glutenu
charakteryzowaly si¢ nizsza zawartoscig biatka i blonnika, z kolei wyzsza thuszczow nasyconych,
weglowodanow ogotem i soli. Ponadto, wiecej produktow zawierajacych gluten spetniato kryteria
o$wiadczenia zywieniowego dotyczacego wysokiej zawartosci btonnika (>6g/100g). Cena produktow
bezglutenowych byta wyzsza od ich konwencjonalnych odpowiednikow od 46% do 443% [Myhrstad
i wsp., 2021]. Podobne zalezno$ci zostaly zaobserwowane w badaniu przeprowadzonym przez
Calvaro-Lerma i wsp., w ktorym analizowano produkty dostepne na rynku hiszpanskim. Po
porownaniu wartosci odzywczych obu grup autorzy stwierdzili, ze produkty bezglutenowe nie moga
by¢ jednoznacznie uznane za rownowazne substytuty ich standardowych odpowiednikéw [Calvaro-
Lerma i wsp., 2019]. Z kolei Marmol-Soler z zespolem w swojej pracy podjeli tematyke zmian
warto$ci odzywczej produktow bezglutenowych na przestrzeni lat. Autorzy pierwsze badanie
przeprowadzili w 2013, natomiast drugie w 2022 r. Zauwazono, ze w ciggu 9 lat w produktach
bezglutenowych istotnie zmniejszyta si¢ zawarto$¢ biatka oraz wzrosta ilos¢ btonnika pokarmowego.
W grupie makaronow istotnie zmniejszyta si¢ ilos¢ soli, natomiast wérdd chlebéw zaobserwowano
mniejszg zawarto$¢ nasyconych kwasow tluszczowych. Odnotowano rowniez zmiany w skladzie
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jakos$ciowym produktoéw i ilosci dodawanych surowcdw- obecnie znacznie cze$ciej wykorzystywana
jest maka jaglana, mono- i diglicerydy kwaséw tluszczowych (E471) oraz izolaty biatka grochu.
W przypadku poréwnania produktow bezglutenowych do ich standardowych odpowiednikow
obserwacje byly podobne do wyzej omawianych badan. Produkty przeznaczone dla osob z celiakia
charakteryzowaly si¢ istotnie nizszg zawartoscig biatka, a znacznie wyzsza soli 1 weglowodanow
ogdtem [Marmol-Soler i wsp., 2022]. Warto jednak zwroci¢ uwage na fakt, ze do wyzej omawianych
badan witaczane byly gléwnie rozne grupy produktow, w tym produkty wysoko przetworzone, takie
jak pizza, ciastka czy przekaski.

Nalezy zauwazy¢, ze zgodnie z aktualnymi doniesieniami naukowymi, problem nieodpowiednio
zbilansowanej diety jest nadal aktualny i spotykany wérod réoznych grup wiekowych i populacji, nie
tylko wsrdéd pacjentow z celiakig. Baabali i wsp. w grupie zdrowych, dorostych Iranczykow
odnotowali niedostateczne spozycie wapnia z dietg [Babaali i wsp., 2020]. Niewystarczajaca podaz
wapnia dostrzezono réowniez w grupie polskich senioréw przebywajacych w domach opieki [Sto$
i wsp., 2021]. Z kolei Valsta i wsp. wsrod dorostych Finow zauwazyli zbyt wysoka podaz biatka,
thuszczu 1 nasyconych kwasow thuszczowych, a niedostateczng folianow, witamin z grupy B, witaminy
A i D [Valsta i wsp., 2022]. W badaniu kohortowym przeprowadzonym wsrod populacji Chinskiej
dostrzezono powszechnie wystepujace nieodpowiednie spozycie wapnia, selenu, magnezu oraz cynku
[Huang i wsp., 2022]. Analiza jakosciowa diet mieszkancéw Norwegii i Polski wykazata
niedostateczne spozycie folianow oraz witaminy D w obu populacjach, natomiast wsréd wszystkich
kobiet zauwazono zbyt niska ilo$¢ zelaza w dziennej racji pokarmowej. W przypadku dorostych
mieszkancoéw Polski, podaz magnezu oraz wapnia nie pokrywata zalecanych norm. Ponadto, jedynie
w grupie dorostych m¢zczyzn z Norwegii spozycie btonnika pokarmowego byto zgodne z aktualnymi
rekomendacjami [Janowska-Miasik i wsp., 2021]. W zwigzku z tym kluczowe wydaje si¢ by¢
poszukiwanie zywieniowych zrodet niedoborowych skladnikoéw mineralnych wséréd powszechnie
dostepnych produktow spozywczych.

Warta uwagi kwestig jest to, ze makro- i mikroelementy, takie jak wapn, magnez, zelazo, cynk,
miedZ, mangan czy selen pelnig w organizmie szereg istotnych funkcji. Wapn (Ca) bierze udziat
w procesach mineralizacji kosci i zgbow, krzepnigciu krwi, przekaznictwie nerwowo-mig$niowym
[Mason i wsp., 2020]. Magnez (Mg) jako kofaktor wspoétuczestniczy w ponad 300 reakcjach
biochemicznych zachodzacych w organizmie, wspomaga funkcjonowanie uktadu nerwowego
i migsniowego, jest niezbedny do prawidtowej pracy serca i utrzymania odpowiedniego ci$nienia krwi
[NIH, 2022]. Zelazo (Fe) uczestniczy w erytropoezie, tworzeniu leukocytow i reakcjach
immunologicznych, wptywajac na humoralng i komorkowa odporno$¢ organizmu, a takze
W transporcie tlenu czasteczkowego z pluc do komoérek. [Guo i wsp., 2016]. Cynk (Zn) warunkuje
optymalne funkcjonowanie uktadu odpornosciowego, bierze udzial w podziatach komoérkowych,
gojeniu si¢ ran i metabolizmie weglowodandéw. Jest wazny W prawidlowym odczuwaniu smaku
i zapachu oraz reguluje wytwarzanie insuliny [Maywald i Rink, 2022]. MiedZ (Cu) razem z zelazem
bierze udzial w tworzeniu krwinek czerwonych, jest takze potrzebna do prawidlowego
funkcjonowania uktadu nerwowego i odporno$ciowego. Jako sktadnik enzymow przyspiesza przebieg
réznych reakcji w komodrkach [Mason i wsp., 2020]. Mangan (Mn) odgrywa rol¢ w reakcjach
antyoksydacyjnych, metabolizmie energetycznym oraz inaktywacji metaloenzymow oraz enzymow
waznych dla syntezy neuroprzekaznikow [Miah i wsp., 2020]. Selen (Se) to mikroelement
charakteryzujacy si¢ waskim zakresem bezpieczenstwa migdzy stanem fizjologicznym, niedoborem
a nadmiernym st¢zeniem w organizmie. Wchodzi w sktad wielu enzymow antyoksydacyjnych, jest
niezbedny do prawidlowego funkcjonowania uktadu odpornosciowego i rozrodczego. Jako sktadnik
dejodynazy jodotyrozynowej pelni kluczowa funkcje w prawidlowym funkcjonowaniu tarczycy
[Kieliszek 1 Blazejak, 2016]. Dlatego tez, kluczowe wydaje si¢ poszukiwanie produktow
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spozywcezych, ktore moglyby stanowi¢ zrodto sktadnikéw odzywezych i mineralnych, szczeg6dlnie
tych, ktorych niedostatecznie spozycie jest najczesciej odnotowywane. Kluczowa kwestie odgrywa
rOwniez ocena bezpieczenstwa ich spozycia.

Jednocze$nie warto zauwazyé, ze oprocz dostarczania organizmowi niezbednych sktadnikéw
odzywczych, zywno$¢ stanowi jedng z gtdéwnych drog narazenia na pierwiastki toksyczne. Szczegdlng
uwage nalezy zwroci¢ na pierwiastki, ktore nie peitnig zadnych biologicznych ani metabolicznych
funkcji, a maja udokumentowany szereg niekorzystnych dzialan na organizm. Do tej grupy
zaklasyfikowane sa arsen (As), kadm (Cd), otéw (Pb) oraz rte¢ (Hg). Trzy sposrod wyzej
wymienionych pierwiastkow- As, Pb oraz Hg zostaly umieszczone na trzech pierwszych miejscach
listy priorytetowych substancji (Substance Priority List) przygotowanej przez Agencje ds. Rejestru
Substancji Toksycznych i Choréb (Agency for Toxic Substances and Diseases Registry - ATSDR)
Departamentu Zdrowia Stanow Zjednoczonych. Podczas przegladu substancji uwzgledniona zostata
ich toksycznos¢, czesto$¢ narazenia oraz potencjalne skutki zdrowotne [ATSDR, 2022]. Pierwiastki
toksyczne wykazuja tendencj¢ do kumulowania sie, stad tez diugotrwale narazenie, nawet na
niewielkie ich ilo$ci, moze mie¢ niekorzystny wplyw na funkcjonowanie organizmu cztowieka. Do
fancucha zywieniowego moga dosta¢ si¢ w wyniku dziatania czynnikéw okoto produkcjnych, takich
jak zanieczyszczenie gleby, wody, sposdéb zywienia zwierzat czy tez umiejscowienie zakladu
przemystowego (bliskie narazenie na emisje wulkaniczne czy samochodowe). Dodatkowo znaczenie
moga mie¢ rowniez procesy technologiczne i przemystowe, ktorym poddany jest bazowy surowiec,
sposob pakowania, transportu, przechowywania, a takze obrobka kulinarna. Zawarto$¢ pierwiastkow
toksycznych moze zaleze¢ od rodzaju analizowanej zywnosci a takze typu hodowli czy upraw
[Masindi i wsp., 2021].

W s$rodowisku As wystepuje W formie zwigzkow organicznych, nieorganicznych, a takze
w postaci gazowej oraz trzech stopniach utlenienia (pierwiastkowej, trojwartosciowych arsenitow
i pieciowartosciowych arsenianow). Generalnie, toksyczno$¢ trojwartoSciowych zwigzkow As jest
wyzsza niz pigciowarto§ciowych, a nieorganiczny As (iAs) jest bardziej toksyczny niz organiczny
[Saha i wsp., 2016]. Arsen moze wnika¢ do organizmu przez skor¢ i uktad oddechowy, jednak
gldéwnym zrédlem narazenia pozostaje zywnos$¢ 1 woda pitna. Wsrdd produktow spozywczych
stanowigcych potencjalne zrodto ekspozycji na As wymieniane sg ryby, skorupiaki, mi¢so, produkty
mleczne, drob oraz produkty zbozowe [Khosravi-Darani i wsp., 2022]. Wyzsze zawartosci tego
pierwiastka sg odnotowywane w zywnos$ci, w ktérej na etapie hodowli zostata uzyta skazona woda.
W organizmie dystrybuowany jest do watroby, nerek, serca, pluc, a takze do tkanki mig$niowej
i nerwowej [Susan i wsp., 2019]. Od lat 70. ubiegltego wieku, w oparciu o wystarczajace dowody, As
ijego zwiazki zostaly zaklasyfikowane przez Migdzynarodowa Agencj¢ Badan nad Rakiem
(International Agency for Research on Cancer- IARC) jako kancerogenne dla ludzi (grupa 1) [IARC,
2020].

Posrod pierwiastkow toksycznych, szczegblng uwage nalezy zwrdci¢ na Cd. Szacuje sie, ze
prawie kazdy cztowiek w populacji ogdlnej oséb niepalacych jest narazony na jego ekspozycje
gtownie w wyniku spozywania zanieczyszczonej zywnosci [Schaefer i wsp., 2020]. Pierwiastek ten
jest tatwo absorbowany z gleby, szczegolnie przez warzywa lisciaste, rosliny korzeniowe oraz zboza
i ziarna. Zywno$¢ pozyskiwana ze skazonych terenéw charakteryzuje sie istotnie wyzsza zawarto$cia
Cd. Na ilos¢ Cd w produkcie spozywczym maja rowniez wplyw stosowane zabiegi rolnicze
i uprawowe, czynniki atmosferyczne, a takze zanieczyszczenie gleby i wody w wyniku dziatan
antropogenicznych [Mhungu i wsp., 2022]. Pomimo tego, ze niewielki odsetek Cd jest absorbowany
z przewodu pokarmowego, pierwiastek ten charakteryzuje bardzo dtugi biologiczny okres pottrwania,
wynoszacy u ludzi okoto 10-30 lat. Przewlekle narazenie na Cd obecny w zywnoéci prowadzi do jego
bioakumulacji w nerkach, co z czasem moze spowodowaé dysfunkcje kanalikow i uszkodzenie tego
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narzadu. Pierwiastek ten wywiera rowniez toksyczny wptyw na uktad kostny [Nordberg i wsp., 2018].
Cd i jego zwiazki zostaty uznane przez IARC jako rakotworcze dla ludzi i zaklasyfikowane do grupy 1
kancerogenow [IARC, 2020]. Zauwazono powigzanie narazenia na Cd i podwyzszonego ryzyka
wystapienia raka ptuc, nerek, prostaty, trzustki, piersi, uktadu moczowego i pecherza [Peana i wsp.,
2022].

Kolejny pierwiastek toksyczny- Pb moze dostawac si¢ do $rodowiska ze zrodet naturalnych,
takich jak aktywnos$¢ wulkaniczna czy remobilizacja osaddéw, gleby i wody z obszaréw gorniczych.
Glownym zrodtem tego pierwiastka jest dziatalno$¢ antropogeniczna obejmujaca m.in. szeroki zakres
dzialalno$ci przemystowej, przetworstwo ropy naftowej oraz czynniki zwiazane z postepujaca
urbanizacjg terenéw okotorolniczych [Kumar i wsp., 2020]. U o0s6b niepalgcych papierosow,
nienarazonych zawodowo do zatrucia dochodzi najczgsciej w wyniku spozycia z zywnoscia.
Wchtanianie Pb z przewodu pokarmowego jest zalezne od wieku osoby narazonej, stanu
fizjologicznego, stanu odzywienia czy poziomu wysycenia organizmu zelazem i wapniem. Dzieci s
szczegblnie podatne na neurotoksyczne dziatanie Pb, nawet stosunkowo niewielkie dawki moga
spowodowaé¢ powazne, w niektorych przypadkach nicodwracalne uszkodzenia neurologiczne [US
EPA, 2013]. Kumuluje si¢ w organizmie i Wykazuje szkodliwe dziatanie na wszystkie narzady, jednak
szczegblne powinowactwo ma do mozgu, nerek, watroby i kosci. IARC zaklasyfikowata Pb i jego
zwigzki jako prawdopodobnie kancerogenne (grupa 2B) dla ludzi [IARC, 2020].

Rte¢ (Hg) w $rodowisku wystepuje w trzech formach chemicznych- jako pierwiastek (HgP),
w postaci nieorganicznej (Hg,”* i Hg?*) oraz zwiazkéw organicznych (m.in. metylorteé, etylortec).
Kazdy z trzech rodzajow Hg ma inne zrodta narazenia i wiasciwosci toksyczne. W zywnosci
najpowszechniej spotykana jest organiczna metylorte¢, ktora charakteryzuje si¢ wysoka
wchtanialno$cig z przewodu pokarmowego. Duze ilosci tego zwigzku sa odnotowywane w rybach
i owocach morza [WHO, 2021]. Zauwazono, ze roéwniez produkty zbozowe, pozyskiwane ze
skazonych terenow moga stanowi¢ zrodto ekspozycji na metylorte¢ [Li i wsp., 2012]. Narazenie na Hg
moze mie¢ negatywny wplyw na funkcjonowanie uktadu nerwowego, pluc, serca, watroby, nerek
i skory. Dzieci i niemowleta sa szczegolnie wrazliwe na neurotoksyczne dziatanie Hg [WHO, 2021].

Biorac pod uwage fakt, ze produkty zbozowe sg kluczowym skladnikiem w prawidtowe;j,
zbilansowanej diecie oraz w diecie pacjentow ze schorzeniami gluteno-zaleznymi, a takze
powszechnos$¢ wystgpowania niedoboréw sktadnikow mineralnych jak rowniez potencjalne ryzyko ich
kontaminacji pierwiastkami toksycznymi, wazne jest zbadanie jako$ci i bezpieczenstwa spozycia
produktow naturalnie bezglutenowych. Problematyka ta dotychczas nie zostata jeszcze dostatecznie
poznana. Waobec tego do badan zostaly wybrane produkty z najpowszechniej dostepnych rodzajow
7zb6z i pseudozbdz naturalnie niezawierajgcych biatek glutenowych, czyli produkty z gryki, prosa,
owsa, komosy ryzowej, kukurydzy oraz ryzu.

Gryka zwyczajna (Fagopyrum esculentum L.) i tatarska (Fagopyrum tataricum L.) sg uprawiane
w roznych czesSciach $wiata. Pod wzgledem botanicznym zaliczana jest do zb6z rzekomych
(pseudozboz). Gryka charakteryzuje si¢ wysoka zawarto$cig blonnika, polifenoli, flawonoidow
i witamin (tiaminy, ryboflawiny, niacyny i pirydoksyny) i moze stanowi¢ alternatywe dla tradycyjnych
zb6z. Obecnos¢ tych bioaktywnych zwiazkéw sprawila, ze gryka jest laczona z potencjalnymi
korzy$ciami zdrowotnymi ze wzgledu na dzialanie antyoksydacyjne, przeciwnadci$nieniowe,
przeciwzapalne i przeciwcukrzycowe [Giménez-Bastida i Zielinski, 2015]. Zaobserwowano, ze
konsumpcja gryki moze mie¢ wpltyw na obnizenie poziomu cholesterolu catkowitego w tagodnej
dyslipidemii oraz obnizenie stezenia glukozy we krwi u pacjentow z cukrzycg typu 2 [Llanaj i wsp.,
2022].



Proso zaliczane jest do najdtuzej uprawianych zbdz, jak dotad znanych jest siedem gatunkow,
a najpowszechniej spotykane jest proso zwyczajne (Panicum miliaceum L.) oraz proso afrykanskie
(Eleusine coracana L.). Charakteryzuje si¢ wysoka odpornoscia na niekorzystne czynniki
srodowiskowe, moze rosnag¢ zar6wno na obszarach podmoktych, wilgotnych jak réwniez w regionach
potsuchych [Saini i wsp., 2021]. Gléwnym weglowodanem w ziarnach prosa jest skrobia. Zboze to
zawiera rowniez btonnik pokarmowy. Istotnym sktadnikiem jest takze dobrej jakosci biatko roslinne
Z wysoka zawartoscig lizyny. Pod wzgledem sktadnikéw mineralnych, proso moze stanowi¢ zrodto
zelaza, cynku, magnezu, manganu i sodu [Sharma i wsp., 2021]. Ponadto, ze wzglgdu na zawartos$é
fitozwiazkow, skladnikéw biologicznie aktywnych, takich jak kwasy fenolowe, flawonoidy oraz
fitosterole, proso wykazuje m.in. wtasciwosci przeciwzapalne i hipoglikemiczne. Stad tez przyjmuje
si¢, ze zboze to moze by¢ waznym elementem diety u osob z zaburzeniami metabolizmu glukozy

[Wang i wsp., 2022].

Owies (Avena sativa L.) wymieniany jest jako jedno z najbardziej odzywczych zboz. Ziarna owsa
Sa bogate w biatko ro$linne, ttuszcz, sktadniki mineralne, witaminy, skrobig, btonnik pokarmowy,
B-glukan (zaliczany do frakcji rozpuszczalnych btonnika pokarmowego), saponiny, flawonoidy,
B-sitosterol i awenantramidy. p-glukan wptywa na obnizenie st¢zenia cholesterolu we krwi,
a dodatkowo w potaczeniu z cynkiem i manganem moze wspomagac¢ kontrole poziomu glukozy we
krwi [Tang i wsp., 2022]. Awenantramidy to alkaloidy fenolowe wystepujace wylacznie w owsie.
Zaobserwowano, ze wykazuja dzialanie antyoksydacyjne, przeciwzapalne, antyproliferacyjne
i przeciw$swigdowe [Meydani, 2009]. Konsumpcja ziaren owsa moze zmniejsza¢ ryzyko wystapienia
choréb sercowo-naczyniowych, zaburzen dermatologicznych oraz cukrzycy tupu 2. Ponadto, istniejg
doniesienia 0 korzystnym wplywie spozywania owsa w przypadku otylosci czy chorob
nowotworowych, jednak ten aspekt wymaga dodatkowych badan [Paudel i wsp., 2021].

Komosa ryzowa, inaczej quinoa (Chemopydium quinoa Willd) to roczna roslina dwuli$cienna
i samopylna, nalezaca do rodziny Chenopodiaceae, zaliczana do pseudozbdz. Charakteryzuje si¢ duza
réznorodnos$cia genetyczna, dzigki ktorej jest wysoce odporna na zimno, zasolenie gleby i susze, a jej
ekotypy sa uprawiane na duzych wysokosciach i w ubogich glebach, gdzie inne rosliny zbozowe, takie
jak pszenica, ryz i kukurydza, nie moglyby by¢ uprawiane [Hussain i wsp., 2021]. Ziarna
charakteryzuja si¢ wysoka zawartoscig weglowodanow ztozonych, a takze tatwostrawnego biatka
0 dobrym profilu aminokwasowym, podobnym do sktadu kazeiny z mleka. W ostatnich latach
ponownie wzrosto zainteresowanie nasionami komosy ze wzgledu na zawarto$¢ zwigzkow
bioaktywnych, takich jak zwiazki fenolowe, polisacharydy i saponiny. Przypuszcza si¢, ze quinoa
moze mie¢ potencjalnie korzystne dziatanie, w tym dziatanie przeciwnowotworowe, przeciwzapalne
i przeciwutleniajace [Ng i Wang, 2021].

Kukurydza (Zea mays L.) nalezy do najpowszechniej uprawianych zb6z na §wiecie [FAO, 2021].
W Europie czesciej wykorzystywana jest jako pasza niz produkt spozywczy, mimo to, na bazie tego
zboza wytwarzanych jest wiele produktow i potraw. W rzeczywistosci uprawia si¢ wiele rodzajow
kukurydzy, a jedng z istotnych r6znic pomigdzy wybranymi gatunkami jest kolor ziarna (biaty, zotty,
czerwony i czarny). Kukurydza stanowi bogate zrodto weglowodandéw ztozonych, przeciwutleniaczy
(takich jak karotenoidy i zwiazki fenolowe, szczeg6lnie obecne w gatunkach kolorowych), sktadnikow
mineralnych (potasu i sodu), witamin z grupy B (tiaminy, ryboflawiny i niacyny) oraz biatka
roslinnego (o wysokiej zawarto$ci metioniny i cysteiny) [Revilla i wsp., 2022].

Ryz, pod wzgledem wielko$ci upraw zajmuje trzecie miejsce na $wiecie, tuz za kukurydza
i pszenicg, a hajczeSciej uprawianym gatunkiem jest ryz azjatycki (Oryza sativa L.), a nastepnie ryz
afrykanski (Oryza glaberrima S.) [FAO, 2021]. Uprawy ryzu sa zlokalizowane w wielu réznych
regionach na calym $wiecie. Zawarto$¢ sktadnikéw odzywczych w ziarnie zalezy od rodzaju gleby



i warunkow $rodowiska, w ktorym rosnie. Nieoczyszczone ziarna ryzu (wraz z zarodkiem, otrebami
i bielmem) sa bogate w blonnik, witaminy - szczegélnie witaminy z grupy B (tiaming, kwas
pantotenowy, foliany) i witaming E oraz sktadniki mineralne takie jak zelazo, wapn i cynk. W procesie
polerowania otreby i zarodki zostaja usuniete, co w konsekwencji obniza zawarto$¢ sktadnikow
mineralnych, a tym samym warto$¢ odzywcza ryzu [Chaudhari i wsp., 2018]. Zauwazono, ze wysokie
spozycie ryzu bylo powigzane ze zmniejszong S$miertelnosciga ogélem u megzczyzn, jednak nie
zaobserwowano takiej korelacji u kobiet [Saneei i wsp., 2017]. Z drugiej strony konsumpcja biatego
ryzu byla powigzana z wyzsza cze¢stoscia wystepowania cukrzycy typu 2 wsrod Azjatow, szczegdlnie
w populacji zenskiej [Ren i wsp., 2021]
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3. Cel pracy z uzasadnieniem podjetej tematyki badawczej

Produkty zbozowe stanowig istotny i warto$§ciowy element zbilansowanej diety. Aktualnie
dostepne doniesienia naukowe wskazuja, ze w polskiej populacji produkty zbozowe dostarczaja ponad
30% dziennego zapotrzebowania energetycznego i sg istotnym zrédtem sktadnikéw odzywcezych,
blonnika, a takze witamin z grupy B (B, Bg) oraz sktadnikéw mineralnych (Ca, K, Zn, Fe, Cu,
PiMn) [Laskowski i wsp., 2019; Winiarska-Mieczan i wsp., 2020]. Istnieja dowody na to, ze
spozywanie produktow petnoziarnistych jest powiagzane z nizszym ryzykiem wystapienia cukrzycy
typu 2, choréb sercowo-naczyniowych oraz nowotwordéw jelita grubego, trzustki i zotadka [McRae,
2016; WCRF, 2018]. Jednak osoby, u ktorych stwierdzono schorzenia gluteno-zalezne powinny
zwracac szczeg6lng uwage na dobor produktow w diecie.

Celiakia (glutenozalezna choroba trzewna) jest chorobg o podlozu autoimmunologicznym,
w ktorej spozycie glutenu, biatka wystepujacego w ziarnach takich jak pszenica, jeczmien i Zyto,
wywotuje odpowiedZz immunologiczng i W konsekwencji uszkadza btong $luzowsa jelita cienkiego.
W zwigzku z tym osoby z celiakia muszg przestrzega¢ $cistej diety bezglutenowej celem uniknigcia
wystgpienia objawOw 1 zapobiegania powiklaniom. Odpowiednie zbilansowanie jadtospisow
bezglutenowych niejednokrotnie stanowi duze wyzwanie.

Badania z ostatnich lat wskazuja, ze sposdb zywienia pacjentdw z choroba trzewna
charakteryzuje si¢ niedostatecznym spozyciem btonnika, witamin i sktadnikoéw mineralnych,
natomiast z drugiej strony zbyt wysoka konsumpcja zywnosci przetworzonej, soli, cukrow prostych
i thuszczow nasyconych [Szaflarska-Poptawska i wsp., 2022; Ballestero-Fernandez i wsp., 2021; Sue
i wsp., 2018]. Aktualnie dostepnych jest wiele alternatywnych produktow zbozowych, ktére naturalnie
nie zawierajg biatek glutenowych, a sg to m.in. amarantus, gryka, kukurydza, komosa, owies, proso,
ryz czy sorgo. Produkty te posiadaja zblizong warto$¢ odzywcza do pszenicy oraz zyta i dlatego moga
by¢ polecane jako ich bezglutenowa alternatywa, a takze stanowi¢ warto$ciowe urozmaicenie
standardowej diety [Kaur i wsp., 2022].

Nalezy podkresli¢, ze w ostatnich latach obserwowane sa dynamiczne zmiany trendow
zywieniowych. Popularne stalo si¢ stosowanie réznych diet, w tym bezglutenowej. Konsumenci
poszukuja nowych produktow, ktére moglyby stanowi¢ alternatywe dla obecnie dostepnych i dlatego
asortyment produktéw zbozowych znaczaco si¢ poszerza, w tym o produkty importowane, ktorych
bezpieczenstwo spozycia nie zostato dostatecznie zweryfikowane.

W zwiazku z tym, kluczowa wydaje si¢ by¢ ocena jakosci i bezpieczenstwa spozycia produktow,
ktore naturalnie nie zawieraja glutenu, pod katem zawartosci pierwiastkow toksycznych, a takze
mozliwosci dostarczania do organizmu niezbgdnych sktadnikoéw mineralnych. Istotne wydaje sig
rowniez by¢ wytypowanie produktow bogatych w zwigzki mineralne z jednocze$nie mozliwie
najmniejsza zawartos$cig pierwiastkow toksycznych. Jak dotad, nie zostaly jeszcze przeprowadzone
kompleksowe badania podejmujace te tematyke. Analiza aktualnie dostepnej literatury naukowej
pozwolita na sformutowanie nastepujacej hipotezy badawczej:

Produkty naturalnie bezglutenowe dostgpne na polskim rynku charakteryzuja si¢ dobra jakoscia
pod wzgledem zawartosci wybranych sktadnikow mineralnych i mogag by¢ ich zroédlem w diecie oraz
sg bezpieczne dla zdrowia w aspekcie narazenia na pierwiastki toksyczne.

Wobec tego celem podjetych badan naukowych byla ocena produktéw naturalnie
bezglutenowych pod katem wybranych aspektow zdrowotnych oraz toksykologicznych poprzez
realizacj¢ nizej wymienionych celow szczegotowych:
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e Analiza zawartosci sktadnikoéw mineralnych, takich jak Ca, Mg, Fe, Zn, Cu, Mn oraz Se

e Ocena mozliwosci wykorzystania badanych produktow jako zrédta sktadnikéw mineralnych
w diecie dorostych Europejczykow

e (Oszacowanie (z uwzglednieniem zawarto$ci sktadnikow mineralnych) gérnego tolerowanego
poziomu spozycia produktéw bezglutenowych

e Analiza zawartos$ci pierwiastkow toksycznych As, Cd, Pb i Hg

e OkreSlenie bezpieczenstwa spozycia badanych produktéw 2z uzyciem powszechnie
stosowanych wskaznikow toksykologicznych bioragcych pod uwage mozliwe krotko-
i dlugoterminowe ryzyko wystapienia dzialan niepozadanych w wyniku narazenia na
pierwiastki toksyczne

e Pordéwnanie zawarto$ci analizowanych pierwiastkow miedzy poszczegolnymi grupami
i rodzajami produktow

Dotychczas tak szeroka grupa produktow zbozowych, opartych na naturalnie bezglutenowych
surowcach, nie byla analizowana. Wobec tego przeprowadzona w niniejszej pracy ocena jako$ci
I bezpieczenstwa ich spozycia moze mie¢ istotne znaczenie z punktu widzenia zdrowia publicznego.
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4. Realizacja celow naukowych, material i metody badawcze, wyniki
badan

Wszystkie badania zostaly wykonane w Zakladzie Bromatologii Wydziatu Farmaceutycznego
z Oddziatem Medycyny Laboratoryjnej Uniwersytetu Medycznego w Biatymstoku. Finansowanie na
ich wykonanie pozyskano z projektow statutowych Uniwersytetu Medycznego w Bialystoku
nr SUB/3/DN/21/001/2216 oraz SUB/3/DN/22/001/2216. Zgoda Komisji Bioetycznej UMB nie byta
wymagana do przeprowadzenia prac badawczych.

1) Przeglad literatury fachowej z zakresu tematyki pracy doktorskiej

Przygotowanie opublikowanych prac badawczych P.1-P.3 poprzedzone byto gromadzeniem
odpowiedniego pisSmiennictwa naukowego odpowiadajacego tematyce prac. Wykorzystano
powszechnie dostepne wyszukiwarki naukowe: PubMed, Google Scholar oraz Scopus.

2) Analiza rynku, wytypowanie produktow do badan oraz pozyskanie materialu

Materiat badaczy stanowity produkty naturalnie bezglutenowe dostepne w sprzedazy detaliczne;j,
zarowno stacjonarnej w Bialymstoku, jak réwniez internetowej. Na podstawie ankiety
przeprowadzonej z uzyciem narz¢dzi internetowych, wytypowane zostaty produkty na bazie gryki,
komosy ryzowej, kukurydzy, owsa, prosa oraz ryzu. Lacznie pozyskano 341 prob. W obrebie
poszczegdlnych podgrup kazdy produkt pochodzil od innego producenta. Strategia doboru materialu
badawczego polegata na selekcji produktow wytworzonych na bazie wyzej wymienionych zboz
i pseudozbdz, bez obecnosci substancji dodatkowych. Finalnie materiat badawczy stanowity produkty
Z.

a. gryki (n= 61), w tym: kasza gryczana niepalona (n= 17), maka (n= 12), kasza gryczana
palona (n=9), ptatki (n=9), makaron (n=7), gryka ekspandowana (n=7);

b. komosy ryzowej (n= 30), w tym: komosa biata (n= 11), czarna (n= 7), czerwona (n= 7),
trojkolorowa (n= 5);

c. owsa (n=45), w tym: ptatki (n=22), magka (n=9), kasza (n= 8), otr¢by (n= 6);
prosa (n=47), w tym: kasza (n= 18), ptatki (n= 15), maka (n= 8), proso ekspandowane (n= 6);
kukurydzy (n= 59), w tym: chrupki (n= 13), mgka (n= 11), kasza (n= 10), wafle (n= 9),
makaron (n= 8), popcorn (n=7);

f. ryzu (n= 99), w tym: ptatki (n= 12), ryz bialty (n= 11), ryz basmati (n= 10), ryz
paraboliczny (n= 10), ryz brazowy (n= 10), wafle (n= 9), ryz ekspandowany (n= 8),
makaron (n=7), ryz czarny (n= 6), maka (n= 6), ryz czerwony (n= 5), ryz dziki (n=5);

3) Ocena towaroznawcza pozyskanych produktéw
Sprawdzona  zostala poprawno$¢ oznakowania opakowan pod katem = zgodnosci
z Rozporzadzeniem Parlamentu Europejskiego i Rady (UE) nr 1169/2011 z dnia 25 pazdziernika

2011r., a takze przeprowadzono podstawowa ocen¢ organoleptyczng uwzgledniajaca m.in. analize
wygladu, ksztattu, barwy, zapachu i obecnosci ciat obcych [Mitek i Leszczynski, 2014].
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4) Analiza zawartoS$ci skladnikéw mineralnych i pierwiastkow toksycznych w pozyskanym
materiale badawczym

Proces przygotowania prob polegal na przeprowadzeniu homogenizacji w miynku ze stali
nierdzewnej. Przed przystapieniem do oznaczania zawartosci pierwiastkow, zhomogenizowane proby
poddano procesowi mineralizacji mikrofalowej w systemie zamknigtym (Berghof, Speedwave,
Eningen, Niemcy).

Zawarto§¢  sktadnikéw  mineralnych w  badanym  materiale zostalta  o0znaczona
z zastosowaniem metody atomowej spektrometrii absorpcyjnej z korekcja tta Zeemana (ASA, Z-2000,
Hitachi, Tokio, Japonia). Technik¢ bezptomieniowg z elektrotermiczng atomizacja w kuwecie
grafitowej uzyto do oznaczen Se, Cu oraz Mn. Natomiast do analizy zawartosci Zn, Ca, Mg i Fe
zastosowano technik¢ ptomieniowg z atomizacjg w ptomieniu acetylen-powietrze.

As, Cd i Pb oznaczono z zastosowaniem metody spektrometrii mas z plazma indukcyjnie
sprzezong (ICP-MS, NexION 300D, PerkinElmer, Waltham, Stany Zjednoczone). Trybu
standardowego uzyto w przypadku Cd i Pb, natomiast do oznaczen As wykorzystano komore
dyskryminacji energii kinetycznej (KED).

Zawartos¢ Hg zostala oznaczona bezposrednio w homogennych probach metoda atomowej
spektrometrii absorpcyjnej (ASA) z wykorzystaniem techniki amalgamacji (AMA-254, Leco Corp.,
Altec Ltd., Praga, Czechy).

Szczegodtowy przebieg wyzej wymienionych procedur z uwzglgednieniem poszczegdlnych etapow
analitycznych oraz walidacji metod zostat opisany w pracach P.1 oraz P.3.

5) Ocena mozliwosci wykorzystania produktow naturalnie bezglutenowych jako zrodla
niezbednych skladnikéw mineralnych w diecie. Oszacowanie ryzyka wystapienia
niekorzystnych skutkéw zdrowotnych

Oceniono czy badane produkty zawieraja w 100 g minimum 15% Referencyjnych Wartosci
Spozycia (RWS) sktadnikow mineralnych dla osdéb dorostych, zgodnie z wymaganiami
Rozporzadzenia Parlamentu Europejskiego i Rady (UE) nr 1169/2011 z dnia 25 pazdziernika 2011 r.
[Rozporzadzenie Parlamentu Europejskiego i Rady (UE) nr 1169/2011]. Jezeli produkt spetniat w/w
wymagania, klasyfikowano go jako zrédto badanych pierwiastkow w diecie dorostych Europejczykow
(P.2).

Z kolei potencjalne ryzyko wystapienia niekorzystnych skutkow zdrowotnych wynikajacych
z nadmiernej podazy sktadnikow mineralnych oszacowano poprzez przeliczenie wynikow uzyskanych
w pracy P.2 z odniesieniem do gornych tolerowanych pozioméw spozycia ustalonych przez
Narodowy Instytut Zdrowia Standéw Zjednoczonych (National Institutes of Health).

6) Ocena bezpieczenstwa spozycia badanych produktow pod katem narazenia na
pierwiastki toksyczne

Celem oceny bezpieczenstwa spozycia badanych produktow pod katem narazenia na pierwiastki
toksyczne uzyto powszechnie stosowanych wskaznikow toksykologicznych bioracych pod uwagg
mozliwe krotko- i dlugoterminowe ryzyko wystapienia dziatan niepozadanych. Wykorzystano
nastepujace indykatory: EDI- szacowane dzienne spozycie (Estimated Daily Intake), PTWI-
tymczasowe tolerowane tygodniowe spozycie (Provisional Tolerable Weekly Intake), PTMI-
tymczasowe tolerowane miesieczne spozycie (Provisional Tolerable Monthly Intake), BMDL-
najnizsza dawka referencyjna (Benchmark Dose Lower Confidence Limits), THQ- docelowy
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wspotczynnik narazenia (Target Hazard Quotient) oraz CR- ryzyko zachorowania na raka (Cancer
Risk).

W pracy P.1 wielko$¢ spozycia badanych produktow oszacowano na podstawie aktualnie
dostepnych danych statystycznych, natomiast w pracy P.3 $rednie spozycie obliczono na podstawie
wynikéw autorskiej ankiety.

7) Porownanie zawartosci badanych pierwiastkow w zalezno$ci od rodzaju produktu,
analiza statystyczna wynikow

Analize statystyczng wynikow przeprowadzonych badan wykonano w programie  Statistica
(TIBCO Software Inc., Palo Alto, Stany Zjednoczone). Metody dobierania prob uwzgledniaty
pozyskanie minimum 5 produktéw w kazdej podgrupie celem spehnienia zalozen metodologicznych
pod katem mozliwo$ci wykonania poréwnan statystycznych. Do oceny zgodno$ci rozktadu danych
z rozktadem normalnym zastosowano test Shapiro-Wilka. Ze wzgledu na brak normalnosci, do
porownania zawarto$ci badanych pierwiastkow w zaleznosci od rodzaju produktu i kraju pochodzenia
zastosowano testy nieparametryczne U-Manna Whitneya oraz analiz¢ wariancji Kruskalla-Wallisa
(ANOVA). Do sprawdzenia zalezno$ci miedzy poszczegdlnymi podgrupami produktow uzyto metode
korelacji rang Spearmana z poprawka Bonferroniego (post hoc). Jako istotne statystycznie zostaty
uznane roznice na poziomie p <0,05. Do statystyk opisowych uwzgledniono nastepujace zmienne:
mediang (Me) oraz kwartyle (Q;-Qs) a takze $rednig (X), odchylenie standardowe (SD), minimum
(Min) i maksimum (Max).

8) Wiyniki badan

Przeprowadzone analizy wykazaly, ze zawartos¢ Ca we wszystkich badanych produktach
ryzowych wynosita $rednio 226,3+160,6 mg/kg, wahata si¢ od 16,1 mg/kg w probie ryzu biatego do
867,0 mg/kg w makaronie. Biorgc pod uwage przecigtne zawartosci w poszczegdlnych podgrupach,
najnizszg zawarto$¢ Ca odnotowano dla ryzu biatego (114,1£72,6 mg/kg), z kolei najwyzsza dla wafli
(402,7+£118,2 mg/kg). Istotne statystycznie réznice w stezeniach Ca pomiedzy poszczegdlnymi
rodzajami produktow odnotowano dla wafli i ryzu parabolicznego (p<0,05) oraz ptatkow (p<0,05).

Przecigtna zawarto§¢ Mg wynosita 618,0+4498,4 mg/kg, przy czym najwyzsza wartos$¢
odnotowano w probie wafli (18115 mg/kg), a najnizszg w probie ryzu parabolicznego
(7,1 mg/kg). W poszczegdlnych podgrupach zawartos¢ Mg wahata si¢ od 125,7+59,5 mg/kg dla
makaronu do 1361,9+283,6 mg/kg dla wafli. Analiza statystyczna wykazata szereg rdznic
w zawartosci Mg w zaleznosci od rodzaju produktu. Zaobserwowano roéznice migdzy makaronem
a ryzem brazowym, dzikim (p<0,01) i czerwonym (p<0,001); waflami a ryzem biatym, ptatkami
(p<0,01) i makaronem (p<0,001); ryzem czarnym a ptatkami (p<0,05) i makaronem (p<0,001); ryzem
basmati a waflami (p<0,001); ryzem parabolicznym a waflami (p<0,001) oraz ptatkami a ryzem
czerwonym (p<0,05).

W przypadku Fe, $rednie stezenie we wszystkich probach w grupie produktow ryzowych
wynosito 9,4+7,0 mg/kg, przy czym najwyzsze byto w waflach (28,8 mg/kg), z drugiej strony
najnizsze w ryzu biatym (1,4 mg/kg). Makarony charakteryzowaty si¢ najmniejsza (3,9+1,5 mg/kg)
zawarto$cig Fe spoérod badanych podgrup, natomiast najwigksza ryz dziki (17,9+3,1 mg/kg). Mediana
zawarto$ci Fe w ryzu biatym roznila si¢ znaczaco od mediany w ryzu czarnym, bragzowym i dzikim
(p<0,05). Stezenia Fe w ptatkach roznity si¢ od stgzen w ryzu dzikim (p<0,05) i brazowym (p<0,01),
a w makaronach rowniez od ryzu bragzowego (p<0,05). Zawartosci Fe w waflach znaczaco roznity si¢
od zawartosci w makaronach (p<0,05), ryzu bialym i platkach (p<0,01).
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Biorgc pod uwage zawarto$¢ Zn we wszystkich produktach ryzowych, $rednio wynosita ona
19,5+15,0 mg/kg, przy czym najnizszg (2,4 mg/kg) stwierdzono w pojedynczej probie ryzu
parabolicznego, a najwyzsza w ryzu brazowym (100,3 mg/kg). Najnizsze przecigtne stgzenie Zn
zauwazono w podgrupie ryzu parabolicznego (6,7£2,9 mg/kg), najwyzsze wsrod ryzu dzikiego
(63,3£17,2 mg/kg). Zawartos¢ Zn w ryzu parabolicznym roéznita si¢ istotnie statystycznie od
zawarto$ci w ryzu czerwonym (p<0,05), brgzowym (p<0,01) oraz czarnym i dzikim (p<0,001).
Odnotowano takze réznice w zawartosci Zn miedzy ryzem basmati a dzikim (p<0,05); makaronem
a ryzem dzikim (p<0,01) oraz ryzem czerwonym i czarnym (p<0,001).

Srednie stezenie Cu w grupie produktow ryzowych wynosito 3,6+2,8 mg/kg, najnizsza zawarto$é
oznaczono w probie ryzu bragzowego (1,3 mg/kg), natomiast najwyzszg (16,6 mg/kg)
w probie ryzu dzikiego. W ryzu biatym (2,4+0,7 mg/kg) oraz w makaronie (2,4+0,7 mg/kg)
odnotowano najnizsze przecigtne zawartosci, natomiast w ryzu dzikim najwyzsza (12,6+2,4 mg/kg).
Nie dostrzezono istotnie statystycznych réznic miedzy zawartosciami Cu w poszczegdlnych
podgrupach produktow.

Zawartos¢ Mn w catej grupie badanych produktow ryzowych wynosita przecigtnie
16,7+10,0 mg/kg i wahala si¢ od 0,3 mg/kg w probie ryzu parabolicznego do 53,0 mg/kg dla proby
ryzu czerwonego. W poszczegdlnych podgrupach ryz paraboliczny charakteryzowal si¢ najnizsza
przeci¢tng iloscia Mn (6,4+4,8 mg/kg), a ryz czerwony najwyzsza (38,2+8,7 mg/kg). Analiza
statystyczna wykazata réznice miedzy zawartoscia Mn w ryzu parabolicznym a czarnym, brazowym
i czerwonym (p<0,01); makaronie a ryzu bragzowym (p<0,01) i czerwonym (p<0,001); ryzu basmati
aryzu czerwonym (p<0,01); ryzu czarnym a makaronie (p<0,01); ptatkach a ryzu czerwonym
(p<0,05) oraz waflach a makaronie (p<0,001).

W badanych produktach ryzowych S$rednia zawartos¢ Se wynosita 242,9+140,4 ng/kg
i wahata si¢ od 150,1 pg/kg w probie wafli do 1174,1 pg/kg w probie maki ryzowej. Najnizszg iloScia
Se w poszczegolnych podgrupach charakteryzowat sie ryz dziki (173,0 = 11,1 pg/kg), a najwyzszg ryz
paraboliczny (391,8+190,4 pg/kg). Zawarto$¢ Se w ryzu basmati roznita si¢ istotnie od zawartosci
wryzu dzikim i waflach (p<0,05). Odnotowano réwniez znaczgce rdznice w zawartoSci tego
pierwiastka w ryzu parabolicznym w poréwnaniu do wafli, ryzu bragzowego i biatego (p<0,05).

Wszystkie badane produkty ryzowe mogg by¢ uznane za zrodto Cu, Mn oraz Se, zgodnie
z wymaganiami okreslonymi w Rozporzadzeniu Parlamentu Europejskiego i Rady UE nr 1169/2011.
Z drugiej strony, zadna z badanych podgrup nie spelniata wymagan w/w rozporzadzenia pod katem
zawartosci Ca i Fe. Najwyzsze wartosci gornego tolerowanego poziomu spozycia (TUIL) badanych
produktéw zostaty oszacowane dla Ca (>7000 g/dobg) i dla Fe (2570 g/dobe). TUIL dla Cu wahat si¢
od 811 g/dzien dla ryzu dzikiego do 4579 g/dzien dla ryzu biatego. W przypadku Mn najnizsza
warto$¢ TUIL wyznaczono dla ryzu czerwonego (298 g/dzien), a najwyzsza dla ryzu parabolicznego
(5300 g/dzien). Z kolei dla Se najwyzsze warto$ci wskaznika oszacowano dla ryzu dzikiego
(2321 g/dzien), a najnizsze dla ryzu parabolicznego (1297 g/dzien). Natomiast wartos¢ TUIL dla Zn
byla najwyzsza dla ryzu parabolicznego (7256 g/dzien), a najnizsza dla ryzu dzikiego (672 g/dzien)
(P.2).

Wsrod pozostalych grup badanych produktéw naturalnie bezglutenowych zawarto$¢ Se byla
ponizej granicy wykrywalnosci dla zastosowanej metody. Natomiast $rednie stezenie Zn we
wszystkich probach wynosito 29,4+15,9 mg/kg, a Cu 5,04+3,49 mg/kg. Sposrod poszczegdlnych
rodzajow produktow w kaszach gryczanych stwierdzono najwyzsza zawarto$¢ Zn (52,7+10,9 mg/kg),
a w makaronach kukurydzianych najnizszg (6,4+2,6 mg/kg). W pojedynczych probach zawarto$¢ Zn
wahata si¢ od 0,73 mg/kg dla kaszy kukurydzianej do 73,7 mg/kg dla kaszy gryczanej niepalone;j.
Najwyzszym stezeniem Cu charakteryzowaly si¢ proby makaronu gryczanego (12,1£2,1 mg/kg),
natomiast chrupki kukurydziane (1,1+0,4 mg/kg) najnizszym. Najwieksza zawarto$¢ Cu
w pojedynczych probach zostata stwierdzona w kaszy gryczanej niepalonej (16,2 mg/kg),
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a najmniejsza w kaszy kukurydzianej (0,5 mg/kg). Stwierdzono, ze wszystkie badane produkty, za
wyjatkiem produktow kukurydzianych, moga stanowi¢ zréodlo Zn i Cu w diecie dorostych
Europejczykow. Biorac pod uwage wszystkie badane produkty wartosci TUIL dla Zn byly wyzsze od
540 g/dobe, a dla Cu wyzsze od 620 g/dobg [Polski komunikat zjazdowy nr 1].

W grupie produktow ryzowych (n= 99) $rednia zawarto$¢ As wynosita 123,5+77,1 ug/kg przy
czym najnizszg zawarto$¢ (54,6+6,3 pg/kg) oznaczono w probkach makaronu, a najwyzsza
(252,2+173,6 pg/kg) wsrod czerwonego ryzu. Z kolei w poszczegdlnych produktach najnizsze
stezenie As zostalo wykryte w probce ryzu czarnego importowanego z Tajlandii (4,2 ug/kg),
a najwyzsze rowniez w ryzu czarnym, jednakze importowanym z Wtoch (562,2 pg/kg).

Srednie stezenie Cd we wszystkich badanych produktach ryzowych wynosito 25,7+26,5 pg/kg.
Biorac pod uwage poszczegdlne podgrupy produktow, najwigkszg zawarto§¢ Cd wykryto w mace
ryzowej (50,2+21,8 pg/kg), natomiast probki ryzu basmati charakteryzowaty si¢ najnizszym stezeniem
Cd (14,2+15,2 pg/kg). Natomiast wsrdéd pojedynczych produktow najwyzszg zawartos¢ Cd
stwierdzono w ryzu parabolicznym importowanym z Tajlandii (171,6 pg/kg), natomiast najnizszg
w ptatkach wyprodukowanych w Europie (0,3 ug/kg). Normy unijne dotyczace zawartosci Cd w ryzu
zostaly ustalone na poziomie 200 pg/kg [Rozporzadzenie Komisji WE nr 1881/2006]. Nie
stwierdzono przekroczenia wyznaczonego limitu.

W przypadku kolejnego badanego pierwiastka- Pb $rednia zawarto§¢ w produktach ryzowych
wynosita 37,5+29,3 pg/kg. Najwyzsza zawartos¢ Pb zaobserwowano w ekspandowanych produktach
ryzowych (79,2+36,8 ug/kg), natomiast najnizszg w platkach (18,4+13,3 ug/kg). Podobnie jak
w przypadku Cd, najnizszg zawartos¢ Pb stwierdzono w pojedynczej probie ptatkow z rynku
europejskiego (0,4 ng/kg), a najwyzsza w ryzu ekspandowanym (135,6 ug/kg). Zgodnie z przepisami
unijnymi, maksymalna dopuszczalna zawarto$¢ Pb w zbozach i produktach zbozowych wynosi
200 pg/kg. Nie odnotowano przekroczenia limitu w badanych produktach [Rozporzadzenie Komisji
WE nr 1881/2006].

Przecigtna zawartos¢ Hg we wszystkich produktach ryzowych wynosita 2,842,6 ug/kg.
Najwyzsze $rednie stezenie Hg wykryto w ryzu parabolicznym (4,0+£5,0 pug/kg), natomiast najnizsze
w mace ryzowej (1,8+0,8 ug/kg). Dwie pojedyncze proby z ryzu parabolicznego charakteryzowaty sig
najnizsza (0,1 pg/kg, wyprodukowany w Kambodzy) i najwyzsza (15,8 pg/kg, importowany z Indii)
zawartoscig Hg. Zgodnie z Rozporzadzeniem Komisji WE maksymalna catkowita zawartos¢ Hg
w ryzu wynosi 10 pg/kg [Rozporzadzenie Komisji WE nr 2018/73]. W dwoch probkach odnotowano
przekroczenie dopuszczalnego limitu.

Mediana zawartosci As w makaronach réznita si¢ istotnie statystycznie od mediany stgzen
w ryzu brgzowym i czerwonym (p<0,05). Ponadto, istotne réznice zauwazono réwniez miedzy ryzem
basmati a ryzem czerwonym (p<0,05) i bragzowym (p<0,001) oraz waflami ryzowymi a makaronem
(p<0,001).

Biorgc pod uwage zawartos¢ Cd, mediana stezen w mace ryzowej roznita si¢ od mediany stezen
w ryzu basmati (p<0,05). W przypadku Pb odnotowano réznice w zawartosciach tego pierwiastka
migdzy biatym ryzem a ryzem ekspandowanym i czerwonym (p<0,05), a takze miedzy ptatkami
i ryzem ekspandowanym (p<0,01).

Oceniajac bezpieczenstwo spozycia badanych produktow wykazano najwyzsza Srednig warto$¢
wskaznika THQ dla As (0,0294), a w poszczegdlnych podgrupach wahata si¢ od 0,013 dla makaronu
do 0,601 dla ryzu czerwonego. Z kolei dla Cd THQ wynosit 0,0018; wsrod badanych produktéw maka
ryzowa charakteryzowata sie najwyzszg (0,0036), natomiast ryz basmati najnizszg (0,001) wartoscig.
Przecigtna wartos¢ THQ dla Pb zostata oszacowana na 0,0008; wahata si¢ od 0,0004 dla ptatkow
i ryzu czerwonego do 0,0016 dla ryzu ekspandowanego. W przypadku Hg najmniejsza wartos¢ THQ
odnotowano dla maki ryzowej (0,0004), a najwyzsza dla ryzu parabolicznego (0,0024). Biorac pod
uwage wszystkie produkty, przecigtna warto§¢ THQ wynosita 0,0007. Srednia warto$¢ wskaznika HI
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dla produktow ryzowych ogdétem wynosita 0,0327; a w poszczegolnych podgrupach najnizsze
warto$ci oszacowano dla ryzu basmati (0,0158), a najwyzsze dla ryzu czerwonego (0,0624).
Natomiast warto$é CR wyznaczona dla As, Cd i Pb byly nizsze niz 9 x 107 (P.1).

W przypadku pozostalych grup badanych produktéw naturalnie bezglutenowych najwyzsza
srednig zawartoécia As charakteryzowaly si¢ produkty owsiane (10,2+8,1 pg/kg), natomiast
w pojedynczych probach najwyzsze stezenie As stwierdzono w gryce ekspandowanej (206,5 ug/kg).
Z drugiej strony, w wielu probach stg¢zenia As byly nizsze niz granica wykrywalnosci dla
zastosowanej metody. Analiza statystyczna wykazala, ze zawartos¢ As w produktach gryczanych
roznita sie od zawartoSci As w komosie i produktach owsianych (p<0,001). Z kolei w przypadku
produktéw kukurydzianych zauwazono istotnie statystycznie rdéznice w zawartosci As w odniesieniu
do produktow jaglanych (p<0,01), a takze owsianych i komosy (p<0,001).

Produkty z gryki charakteryzowaty si¢ najwyzsza $rednig zawartoscig Cd (48,4+23,3 pg/kg).
Biorgc pod uwagg poszczegdlne proby, platki owsiane zawieraly najmniej Cd (1,1 pg/kg),
W przeciwienstwie do otrgb owsianych, w ktorych odnotowano najwigkszg zawartos¢ Cd
(138,8 pg/kg). Poza otrebami owsianymi jeszcze w dwoch produktach - gryce prazonej (100,6 pg/kg)
i mace gryczanej (126,3 nug/kg) zostaly przekroczone maksymalne poziomy (100 pug/kg) wg przepisow
UE [Rozporzadzenie Komisji WE nr 1881/2006]. Zawarto$s¢ Cd w produktach gryczanych rdéznila si¢
istotnie od zawartosci tego pierwiastka w komosie (p<0,05), produktach jaglanych i owsianych
(p<0,01) oraz kukurydzianych (p<0,001). Z kolei zawartos¢ Cd w produktach kukurydzianych roznita
si¢ od zawartosci w produktach jaglanych, owsianych i komosie (p<0,001).

W przypadku Kkolejnego badanego pierwiastka, Pb, najwyzszg przeci¢tng zawartos¢
zaobserwowano w produktach kukurydzianych (74,5+24,0 ug/kg). Natomiast wsrod poszczegodlnych
produktéw, pojedyncza proba z kaszy jaglanej charakteryzowala si¢ najwyzsza zawartoscig Pb
(436,8 ng/kg), ktora byta ponad dwukrotnie wyzsza od ustalonego limitu [Rozporzadzenie Komisji
WE nr 1881/2006]. Podobng zawarto$¢ stwierdzono w mace gryczanej (423.,4 pg/kg). Przekroczenie
limitu zaobserwowano rowniez w przypadku ptatkow jaglanych (281,3 pg/kg). Z drugiej strony,
w jednej probie z gryki ekspandowanej zawarto§¢ Pb byla ponizej granicy wykrywalnosci dla
zastosowanej metody. W przeprowadzonych analizach statystycznych zaobserwowano, ze zawartos$¢
Pb w produktach gryczanych roznita si¢ od stezen w produktach kukurydzianych, jaglanych,
owsianych i komosie (p<0,001). Dodatkowo zauwazono réznice w zawarto$ci Pb miedzy produktami
kukurydzianymi a komosg (p<0,05) oraz produktami jaglanymi i owsianymi (p<0,01).

Najwyzsza $rednia zawarto$s¢ Hg (1,4+1,9 pg/kg) odnotowano dla produktow gryczanych. Biorac
pod uwage poszczegdlne produkty, najwyzsze stezenie Hg sStwierdzono w mace gryczanej
(11,5 ng/kg), natomiast najnizsze W mace jaglanej (0,01 pg/kg). Nie stwierdzono istotnych
statystycznie roznic w zawarto$ci Hg pomig¢dzy poszczegdlnymi grupami badanych produktow.

Wartosci wskaznika THQ dla wszystkich badanych produktow i pierwiastkow byly nizsze niz
8,08 x 107, natomiast CR byt nizszy niz 6,8 x 10 (P.3).

9) Dyskusja

Przeprowadzone analizy wykazaty, ze wszystkie badane produkty naturalnie bezglutenowe moga
by¢ uznane za zrédto Cu w diecie dorostych Europejczykéw oraz dodatkowo produkty ryzowe moga
stanowi¢ zrodlo Mn oraz Se. Jedynie niektore produkty zawieraty znaczace ilosci Mg oraz Zn.
Natomiast zadna z badanych podgrup produktéw ryzowych nie mogta by¢ uznana za zrodto Ca i Fe
(P.2).

Zauwazono istotne roznice migdzy zawartos$cig badanych sktadnikow mineralnych w zaleznos$ci
od rodzaju produktu- produkty bazujace na nieoczyszczonych ziarnach zawieraly wyzsze zawartosci
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badanych sktadnikéw mineralnych w porownaniu do produktow oczyszczonych. Jest to zwigzane
Z rozmieszczeniem pierwiastkow w ziarnach. Zaleznos¢ ta zostata rowniez potwierdzona przez innych
autoroéw. Jo i Todorov wykazali, ze Cu koncentruje si¢ gldéwnie w otrgbach i zewnetrznych warstwach
bielma. Podczas polerowania ziarna straty tego pierwiastka siegaja 20%, natomiast Hensawang i wsp.
wykazali, ze calkowite oczyszczenie ziarna moze generowaé¢ ubytek Cu na poziomie 35%
[Joi Todorow, 2019; Hensawang i wsp., 2020]. Proces oczyszczania ziarna moze zmniejszaé
zawarto$¢ Fe o 66%, a Mn o 62%. Rowniez w przypadku Zn, Jo i Todorov zauwazyli wyzsze
zawartosci tego skladnika mineralnego w zewnetrznej warstwie ziarna w porownaniu do bielma.
Natomiast Se jest rownomiernie rozlokowany w ziarnie i proces polerowania nie wplywa znaczaco na
zawarto$¢ tego pierwiastka [Jo i Todorow, 2019], co byto zgodne z obserwacjami z niniejszej pracy.

Analizujgc zawarto$ci Ca oznaczone w produktach ryzowych (P.2), stwierdzono, ze byly wyzsze
od uzyskanych przez innych autor6w. Pomimo to, badane produkty nie moga by¢ uznane za zrodto
tego sktadnika mineralnego w diecie. Obserwacje te sg zgodne z wnioskami badaczy z Iranu oraz
Portugalii i Hiszpanii [Kashian i Fathivand, 2015; Pinto i wsp., 2016]. Zawarto$¢ Cu w produktach
ryzowych byla zblizona do danych literaturowych. W przypadku Fe, cz¢$¢ badaczy zanotowata
wyzsze zawartosci tego sktadnika. Obserwacje wérod Jamajskiej i Iranskiej populacji wykazaty, ze
produkty ryzowe moga stanowi¢ zrodto Fe w diecie [Antoine i wsp., 2012; Kashian i Fathivand,
2015], natomiast w niniejszej pracy zadna z badanych podgrup nie zawierata znaczacych ilosci Fe.
Z kolei analizujac zawartosci Mg uzyskane w badaniach wtasnych, wykazano, ze produkty oparte na
nieoczyszczonych ziarnach moga stanowi¢ zrodto tego skladnika mineralnego w diecie. Do
odmiennych wnioskow doszli badacze z Portugalii i Hiszpanii oraz z Jamajki [Antoine i wsp., 2012;
Pinto i wsp., 2016]. Natomiast Cano-Lamarid i wsp. zaobserwowali, ze zastgpienie ryzu bragzowego
ryzem biatym w diecie moze skutkowaé¢ zmniejszeniem dziennego spozycia Mg o 70% [Cano-
Lamadrid i wsp., 2020]. Podobng zaleznos¢ zauwazono w badaniach wiasnych, w ktorych stwierdzono
w probach ryzu biatego o okoto 80% nizsze zawartosci Mg w poréwnaniu do ryzu brazowego. Mimo,
ze dane literaturowe wskazujg na znaczace straty Mn podczas procesu polerowania ziarna,
w badaniach wtasnych zauwazono, ze wszystkie analizowane produkty ryzowe, rOwniez oczyszczone,
mogg stanowi¢ zrodto tego pierwiastka w diecie. Ponadto, przeliczono, ze porcja 300 g czerwonego
ryzu dostarczata ilo§¢ Mn odpowiadajacg goérnemu tolerowanemu poziomowi spozycia tego
pierwiastka. W zwiazku z tym, istnieje potrzeba oszacowania pobrania Mn z calodzienng dieta ze
wzgledu na mozliwe ryzyko wystapienia negatywnych skutkow. Badania Choi i Bae wéréd dorostych
Koreanczykow wykazaty odpowiednie pobranie Mn z diets, a jako gtéwne Zrodto tego pierwiastka
autorzy wskazali zboza i produkty zbozowe [Choi i Bae, 2020]. Wszystkie badane w tej pracy
produkty ryzowe moga stanowi¢ zroédlo Se w diecie. Wtoscy naukowcy wskazali, ze migso i produkty
zbozowe stanowia gltowne zrodta Se w tamtejszej populacji [Filippini i wsp., 2018]. Zawartosci Se
w poszczegolnych produktach oznaczone w badaniach wtasnych byly wyzsze niz przedstawione przez
innych badaczy, z kolei w przypadku Zn otrzymano porownywalne rezultaty. Szczegétowe omowienie
wynikéw na tle innych autorow zostato przedstawione w publikacji P.2.

Gliszczynska-Swiglo i wsp. w swojej pracy zauwazyli, ze zawarto$¢ Cu w 100 g maki gryczanej,
owsianej i jaglanej pokrywata poziom zalecanego dziennego spozycia w 33-64%. Z kolei w przypadku
Zn bylo to 13-38% [Gliszczynska-Swigto i wsp., 2018]. W badaniach wiasnych uzyskano wyzsze
wyniki zarowno dla Cu (36-101%) jak i Zn (25-41%). Natomiast podobne rezultaty uzyskano dla maki
kukurydzianej- w badaniach wilasnych byto to 9,5% dla Zn oraz 12% dla Cu, podczas gdy
Gliszczynska-Swiglo i wsp. zaobserwowali kolejno 6-14% oraz 5% [Gliszczyfska-Swiglo i wsp.,
2018]. Srednia zawarto$¢ Zn w kaszy gryczanej palonej i niepalonej oraz w platkach owsianych
W badaniach przeprowadzonych przez Kota i wsp. wynosita odpowiednio 33,8 mg/kg, 33,5 mg/kg
oraz 31,2 mg/kg [Kot i wsp., 2011]. W niniejszej pracy 0znaczono wyzsze stezenia Zn W kaszach
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gryczanych, natomiast porownywalne w ptatkach owsianych. Przecigtna zawartos¢ Zn w kaszach
gryczanych palonych wynosita 52,7 mg/kg, w kaszach niepalonych 44,7 mg/kg, a w ptatkach
owsianych 30,4 mg/kg. Z kolei w przypadku Cu uzyskano blisko dwukrotnie wyzsze zawartosci
w badanych produktach (kasza gryczana prazona 9,9 mg/kg; kasza gryczana niepalona 10,5 mg/kg;
ptatki owsiane 4,3 mg/kg) w poréwnaniu do wynikéw Kota i wsp. (kasza gryczana prazona 4,8 mg/kg;
kasza gryczana niepalona 4,7 mg/kg; ptatki owsiane 2,9 mg/kg) [Kot i wsp., 2011].

Pierwiastki toksyczne stanowia szczegdlne zagrozenie dla zdrowia czlowieka ze wzgledu na
tendencje do kumulowania si¢ w czasie. Stad tez przewlekte narazenie, nawet na niewielkie dawki
moze mie¢ niekorzystny wptyw na funkcjonowanie organizmu. Do zywnosci mogg dostaé sig
zarOWno na etapie jej wytwarzania za posrednictwem zanieczyszczonej gleby czy wody, jak rowniez
podczas procesow poprodukcyjnych, jakim poddawany jest surowiec. Przeprowadzone badania
wykazaty, ze produkty ryzowe zawieraly najwyzsze stezenia As 1 Hg, produkty gryczane
charakteryzowaty si¢ najwyzsza zawartoscia Cd, a produkty kukurydziane Pb. Arsen moze wnika¢ do
organizmu przez skore i uklad oddechowy, jednak gldownym zrédlem narazenia pozostaje zywnos$¢
i woda pitna. Produkty zbozowe sa wymieniane wsrod potencjalnych zywieniowych zrodet ekspozycji
na As [Khosravi-Darani i wsp., 2022]. Wyzsze zawartoSci tego pierwiastka sg odnotowywane
w zywnosci, w ktorej na etapie uprawy zostala uzyta skazona woda. Ma to istotne znaczenie
w przypadku ryzu, poniewaz jest on uprawiany na terenach zalewowych, co w znacznym stopniu
przyczynia si¢ do akumulacji As. Obserwacje z ninejszej pracy sa zgodne z aktualnie dostgpnymi
doniesieniami naukowymi potwierdzajacymi, ze w produktach ryzowych wystepuja znacznie wyzsze
stezenia As w poréwnaniu do innych rodzajow produktéw naturalnie bezglutenowych. W przypadku
kolejnego badanego pierwiastka- Cd, zywno$¢ stanowi gtéwne Zrodto narazenia wsrod populaciji
niepalgcej i nienarazonej zawodowo [Schaefer i wsp., 2020]. Produkty zbozowe charakteryzujg si¢
wysoka zdolno$cig do absorbowania tego pierwiastka z gleby. Istotne znaczenie odgrywa skazenie
srodowiska- zywno$¢ pozyskiwana z zanieczyszczonych terendw charakteryzuje si¢ istotnie wyzsza
zawartoscig Cd. W badaniach wtasnych (P.1 i P.3) uzyskano wyniki poréwnywalne z doniesieniami
innych autoréw zacytowanych w powyzszych publikacjach. W przypadku Pb, podobnie jak w Cd,
U 0sob niepalgcych papierosow, nienarazonych zawodowo, do ekspozycji na Pb dochodzi najczesciej
w wyniku pobrania z zywno$cig. Znaczaco wyzsze zawartosci Pb w poréownaniu do wynikow
otrzymanych w niniejszej pracy byly odnotowane przez naukowcoéw z Chin, Turcji, Nigerii oraz
Ghany [Rohenberg i wsp., 2007; Unal i wsp., 2017; Larsen i wsp., 2020]. W produktach spozywczych
najpowszechniej spotykang forma Hg jest organiczna metylorte¢, ktora charakteryzuje si¢ wysoka
wchtanialnoscia z przewodu pokarmowego. Duze ilosci tego zwiazku sa stwierdzane w rybach
i owocach morza [WHO, 2021]. Zauwazono, ze roéwniez produkty zbozowe, szczegodlnie ryz,
pozyskiwane ze skazonych terendw moga stanowi¢ zrodto ekspozycji na metylorte¢ [Li i wsp., 2012].
Zawarto$¢ Hg w glebie jest skorelowana z zawartoscig w korzeniach roélin. Ponadto wyzsze
zawartosci Hg byly odnotowywane w kukurydzy uprawianej na obszarach wokot elektrowni
weglowych [Li i wsp., 2017]. Zawartosci Hg w produktach naturalnie bezglutenowych wykazane
W niniejszej pracy byly porownywalne z wynikami innych autorow, doktadnie oméwionych w pracach
P.loraz P.3.

Istnieje kilka doniesien opisujgcych metody postepowania po zbiorze, ktére moglyby zmniejszy¢
zawarto$¢ metali toksycznych w ziarnie. Jedng z nich jest polerowanie ziarna. Jo i Todorov
przeprowadzili badania ryzu bragzowego i porownywali stezenie wybranych pierwiastkow w ziarnach
i w otrebach, w zalezno$ci od stopnia oczyszczenia ziarna (30%, 50%, 70%, 100%). W ziarnie
poddanym pelnemu oczyszczeniu Stwierdzono istotnie nizszg zawartos¢ As, Cd, Pb i Hg
w porownaniu do pelnego ziarna. W otrebach wykryto wyzsze zawartoSci wszystkich badanych
pierwiastkow niz w bielmie, co wyjasnia, dlaczego cale ziarna zawieraja wyzsze stezenia
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pierwiastkow toksycznych [Jo i Todorov, 2019]. Podobne zalezno$ci zaobserwowano w niniejszej
pracy, jak rowniez w badaniach przeprowadzonych przez Menona i wsp., Lin i wsp. oraz Punshon
i Jackson [Punshon iJackson, 2018; Lin i wsp., 2019; Menon i wsp., 2020]. Wsréd kolejnych
czynnikow, ktore moga wpltywac na zmniejszenie zawartosci As, Cd oraz Pb w produkcie, opisywane
jest wielokrotne przeptukiwanie ryzu przed obrobka termiczna, jak rowniez gotowanie w duzej ilosci
wody oraz pod zwickszonym ci$nieniem [Shariatifar i wsp., 2020].

W badaniach wtasnych nie wykazano podwyzszonego ryzyka zdrowotnego zwigzanego
Z narazeniem na pierwiastki toksyczne w wyniku konsumpcji analizowanych produktow. Uzyskane
W niniejszej pracy wyniki oszacowanego narazenia byly znaczgco nizsze niz obserwowane przez
innych autorow. Jest to cze$ciowo zwigzane z niskim statystycznym spozyciem badanych produktow
ryzowych (P.3), jak roéwniez niskim spozyciem pozostatych grup produktéw bezglutenowych
wykazanym w badaniu ankietowym przeprowadzonym w pracy P.1. Celem poréwnania 0szacowano
takze narazenie zdrowotne z uwzglednieniem danych literaturowych dotyczacych przecigtnej
konsumpcji ryzu w Tajlandii oraz wynikéw badan wiasnych uzyskanych dla produktéw ryzowych
importowanych z tego kraju. Zaobserwowano, ze spozycie ryzu, w ilosciach $rednich dla populacji
Tajskiej, moze by¢ zwigzane z niekorzystnymi skutkami zdrowotnymi wynikajacymi z narazenia na
As. Jesli chodzi o pozostate pierwiastki, oszacowana warto$¢ THQ nie przekraczata ustalonego limitu.
Odnotowano réwniez podwyzszong wartos¢ wskaznika HI, co moze wskazywac¢ na efekt addytywny
spozycia toksycznych pierwiastkow z ryzem i powodowac niekorzystne skutki dla zdrowia. Doktadne
omowienie wynikow z poréwnaniem do innych badaczy zostato przedstawione w publikacjach P.1
oraz P.3.

Przeprowadzone, zgodnie z realizowanym w ramach Szkoty Doktorskiej Indywidualnym Planem
Badawczym (IPB), badania pozwolily na uzupehienie brakujacych w pi$miennictwie naukowym
danych dotyczacych oceny jakosci produktow naturalnie bezglutenowych. Wyniki badan spotkaly sie
z zainteresowaniem $rodowiska naukowego, czego potwierdzeniem sa liczne cytowania
opublikowanych prac.

Warto rowniez podkresli¢, ze wyniki te zostaly szeroko rozpowszechnione na forum krajowym
jak 1 migdzynarodowym. Z punktu widzenia konsumentow (szczegdlnie osob stosujacych diete
bezglutenowa) uzyskane wyniki stanowig cenne zrodto praktycznych informacji, przydatnych podczas
komponowania codziennych jadtospisow.

Otrzymane wyniki stanowig podstawe do kontynuacji badan pod katem biodostepnosci sktadnikow
mineralnych, co byloby w przysztosci przydatne w ocenie warto$ci zywieniowej produktow
bezglutenowych.
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5. Whnioski

Wyniki uzyskane w pracach P.1-P.3 pozwolily na sformutowanie nastgpujacych wnioskow:

1. Wszystkie badane podgrupy produktow zawierajg znaczace ilosci Cu, a produkty ryzowe
dodatkowo Mn oraz Se i moga by¢ uznane za zrodto tych sktadnikéw w diecie dorostych

Europejczykow.

2. Bioragc pod uwage gorny tolerowany poziom spozycia Ca, Mg, Fe, Zn, Cu, Mn i Se oraz
zawartosci tych pierwiastkow w badanych produktach, ryzyko wystapienia niepozadanych

skutkow zdrowotnych zwigzanych z ich spozywaniem jest niskie.

3. Produkty naturalnie bezglutenowe roznily si¢ zawartoscia badanych pierwiastkow

w zaleznosci od rodzaju produktu. Produkty pelnoziarniste charakteryzowaty si¢ wyzszym

stezeniem pierwiastkow toksycznych w poréwnaniu do produktéw oczyszczonych.

4. Dostepne na polskim rynku produkty naturalnie bezglutenowe mozna uzna¢ za bezpieczne
do spozycia w aspekcie narazenia na As, Cd, Pb oraz Hg. Przekroczenie aktualnie

ustalonych limitow zostato odnotowane jedynie w pojedynczych probach.

5. Istnieje potrzeba wyznaczenia maksymalnych dopuszczalnych limitow As oraz Hg

w produktach zbozowych innych od ryzu.

Podsumowujac, nalezy stwierdzi¢, ze istnieje potrzeba monitorowania zawartosci pierwiastkOw
toksycznych nie tylko w produktach zbozowych, ale i w pozostatych grupach produktéw spozywczych
wchodzacych w sklad przecietnej codziennej diety mieszkancow Polski, co umozliwiloby okreslenie
dziennego pobrania As, Cd, Pb oraz Hg. Dziatania te mogg przyczyni¢ si¢ do opracowania nowelizacji
przepisow prawnych i w konsekwencji podniesienia jakosci i bezpieczenstwa zywnosci. Ponadto,
istotna jest rowniez ocena ryzyka i mozliwych skutkow zdrowotnych wynikajacych z narazenia na
pierwiastki toksyczne wystepujace w zywno$ci. Przeprowadzone badania moga by¢ wykorzystane

w opiniach naukowych Europejskiego Urzedu ds. Bezpieczefstwa Zywnosci dotyczacych oceny

narazenia na As, Cd, Pb oraz Hg z zywno$ci. Ograniczenie ekspozycji na pierwiastki toksyczne jest

wazne z punktu widzenia zdrowia publicznego.
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7. Streszczenie w jezyku polskim

Prawidlowe odzywianie oraz zgodny z aktualnymi rekomendacjami i indywidualnie dobrany
poziom aktywnosci fizycznej sa kluczowymi czynnikami w utrzymaniu optymalnego stanu zdrowia
cztowieka. Dobrze skomponowana dieta powinna dostarcza¢ odpowiednia ilo§¢ energii, ograniczac
ilo$¢ nasyconych kwasow tluszczowych i kwasow tluszczowych trans, soli oraz cukru. Istotnym
elementem jest réwniez podaz warzyw, owocow, ros$lin straczkowych, a takze peloziarnistych
produktéw zbozowych, zwtlaszcza nieprzetworzonych. Odpowiedni dobor produktow, szczegdlnie
zbozowych, ma istotne znaczenie wsrod pacjentdow ze schorzeniami gluteno-zaleznymi. Aktualnie
dostepnych jest wiele rodzajow zbdz i pseudozbdz, ktdre naturalnie nie zawieraja biatek glutenowych.
Sg to m.in. gryka, proso, kukurydza, komosa, owies oraz ryz. Oprocz dostarczania organizmowi
niezbednych skladnikéw odzywczych i mineralnych, zywno$¢ stanowi jedng z gltownych dréog
narazenia na pierwiastki toksyczne. Celem podjetych badan naukowych byta ocena produktow
naturalnie bezglutenowych pod katem wybranych aspektéw zdrowotnych oraz toksykologicznych.
Materiat badawczy stanowito lacznie 341 produktow pozyskanych sposrod 6 rodzajow zboz
i pseudozbdz: gryki, prosa, owsa, komosy ryzowej, kukurydzy oraz ryzu. Przygotowanie préb do
oznaczen zawarto$ci pierwiastkow obejmowato zhomogenizowanie proéb oraz przeprowadzenie
mineralizacji mikrofalowej w systemie zamknigtym. Analiz¢ zawartosci sktadnikow mineralnych (Ca,
Mg, Fe, Zn, Cu, Mn oraz Se) przeprowadzono zuzyciem techniki atomowej spektrometrii
absorpcyjnej (ASA). Oceniono czy badane produkty moga by¢ wykorzystywane jako zrédto badanych
sktadnikow mineralnych w diecie dorostych Europejczykoéw oraz oszacowano ich gérny tolerowany
poziom spozycia (P.2). Zawarto$¢ pierwiastkéw toksycznych (As, Cd i Pb) w badanym materiale
oznaczono z zastosowaniem metody spektrometrii mas z plazmg indukcyjnie sprz¢zong (ICP-MS). Do
oznaczen zawartosci Hg zastosowano metod¢ ASA z wykorzystaniem techniki amalgamacji. Kontrola
doktadnos$ci zastosowanych metod zostata przeprowadzona z uzyciem certyfikowanych materiatow
odniesienia. Otrzymane wyniki poddano analizie statystycznej. Ocene bezpieczenstwa spozycia
badanych produktow pod katem narazenia na pierwiastki toksyczne przeprowadzono za pomoca
modeli matematycznych bioracych pod uwage mozliwe krétko- i dlugoterminowe ryzyko wystapienia
dziatan niepozadanych w wyniku narazenia na As, Cd, Pb oraz Hg (P.1, P.3). Stwierdzono, ze
wszystkie badane produkty moga stanowi¢ zrédto Cu, a produkty ryzowe dodatkowo zroédto Cu, Mn
oraz Se w diecie dorostych Europejczykow. Biorac pod uwage gorny tolerowany poziom spozycia
badanych sktadnikoéw mineralnych oraz zawartosci tych pierwiastkow w badanych produktach, ryzyko
wystagpienia niepozadanych skutkéw zdrowotnych zwigzane z ich spozyciem jest niskie. Ponadto,
dostepne na polskim rynku produkty naturalnie bezglutenowe mozna uzna¢ za bezpieczne do spozycia
pod katem narazenia na As, Cd, Pb oraz Hg. Przekroczenie aktualnie ustalonych limitoéw zostalo
odnotowane jedynie w pojedynczych probach. Po raz pierwszy oceniono bezpieczenstwo spozycia tak
licznej grupy produktow zbozowych naturalnie bezglutenowych. Uzyskane wyniki badan wskazuja, ze
istnieje potrzeba monitorowania zawarto$ci pierwiastkow toksycznych nie tylko w produktach
zbozowych, ale 1 w pozostatych grupach produktow spozywczych wchodzacych w sktad przecigtnej
codziennej diety mieszkancow Polski oraz okreslania dziennego pobrania As, Cd, Pb oraz Hg. Istotne
jest takze ustalenie maksymalnych dopuszczalnych limitow As oraz Hg w produktach zbozowych
innych od ryzu. Dziatania te moga przyczynic¢ si¢ do podniesienia jako$ci i bezpieczenstwa zywnosci.
Ponadto, wazna jest réwniez ocena ryzyka i mozliwych skutkow zdrowotnych wynikajacych
Z narazenia na pierwiastki toksyczne wystepujace w zywnos$ci. Przeprowadzone badania mogg by¢
ujete w opiniach naukowych Eureopejskiego Urzedu ds. Bezpieczenstwa Zywnosci dotyczacych
oceny narazenia na As, Cd, Pb oraz Hg z zywnosci. Dziatania zmierzajace do ograniczenia ekspozycji
na pierwiastki toksyczne sg niezwykle wazne z punktu widzenia zdrowia publicznego.

28



Streszczenie w jezyku angielskim

Proper nutrition and a physical activity level that meets current recommendations are key factors
in maintaining optimal human health. A well-composed diet should provide adequate energy, limit
saturated and trans-fatty acids, salt and sugar. The intake of vegetables, fruits, legumes and whole
grain cereal products, especially unprocessed cereals, is also important. The appropriate choice of
products, especially cereals, is important among patients with gluten-related conditions. A wide range
of cereals and pseudo-cereals that naturally do not contain gluten proteins are currently available.
These include buckwheat, millet, maize, quinoa, oats and rice. In addition to providing the body with
essential nutrients and minerals, food is one of the main routes of exposure to toxic elements. The aim
of this research was to evaluate naturally gluten-free products in terms of selected health and
toxicological aspects. The research material consisted of a total of 341 products obtained from 6 types
of cereals and pseudo-cereals: buckwheat, millet, oats, quinoa, maize and rice. Preparation of the
samples for elemental analysis involved homogenising the samples and performing microwave
mineralisation in a closed system. Mineral content (Ca, Mg, Fe, Zn, Cu, Mn and Se) was analysed
using the atomic absorption spectrometry (AAS) technique. It was assessed whether the tested
products could be used as a source of the analysed minerals in the diet of European adults and their
upper tolerable intake level (P.2) was estimated. The content of toxic elements (As, Cd and Pb) in the
study material was determined using inductively coupled plasma mass spectrometry (ICP-MS). The
AAS method using the amalgamation technique was used for the determination of Hg content.
Accuracy control of the methods used was performed using certified reference materials. The obtained
results were subjected to statistical analysis. An evaluation of the safety of consumption of the tested
products in terms of exposure to toxic elements was carried out using mathematical models taking into
account the possible short- and long-term risk of adverse effects as a result of exposure to As, Cd, Pb
and Hg (P.1, P.3). It was observed that all the products studied could be a source of Cu, and rice
products an additional source of Cu, Mn and Se in the diets of European adults. Taking into account
the upper tolerable level of intake of the studied minerals and the content of these elements in the
tested products, the risk of adverse health effects associated with their consumption is low. Moreover,
naturally gluten-free products available on the Polish market can be considered safe for consumption
in terms of exposure to As, Cd, Pb and Hg. Exceedances of currently established limits have only been
reported in individual samples. This is the first time that the safe consumption of such a large group of
naturally gluten-free cereal products has been assessed. The results of this investigation indicate that
there is a need to monitor the content of toxic elements not only in cereal products, but also in other
groups of food products included in the average daily diet of Polish citizens and to determine the daily
intake of As, Cd, Pb, and Hg. It is also important to set maximum limits for As and Hg in cereal
products other than rice. These activities can contribute to increasing food quality and safety. In
addition, it is also important to assess the risks and possible health effects resulting from exposure to
toxic elements in food. The results of this investigation can be included in the scientific opinions of the
Eureopean Food Safety Authority regarding the assessment of exposure to As, Cd, Pb and Hg from
food. Action to reduce exposure to toxic elements is extremely important from a public health
perspective.
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Abstract: Background: Rice is one of the most commonly consumed grains. It could be a good source
of nutrients in a diet, but its consumption could also contribute to exposure to toxic elements. All rice
products available on the Polish market are imported, which may pose a particular concern as to
the safety of their consumption. The aim of our study was to estimate the content of As, Cd, Pb,
and Hg in rice products and to assess the health risk indicators related to exposure to toxic elements
consumed with rice products among the adult population in Poland. Methods: A total of 99 samples
from 12 groups of rice products (basmati, black, brown, parboiled, red, wild, white rice and expanded
rice, rice flakes, flour, pasta, and waffles) available in the Polish market were obtained. The content of
Hg was determined using the atomic absorption spectrometry method (AAS). To measure As, Cd,
and Pb, inductively coupled plasma-mass spectrometry (ICP-MS) was used. The health risk was
assessed by calculating several indicators. Results: The average As, Cd, Pb, and Hg contents in all
studied products were 123.5 + 77.1 ug/kg, 25.7 + 26.5 ug/kg, 37.5 + 29.3 ug/kg, and 2.8 + 2.6 ug/kg,
respectively. Exceedance of the limit established by the Polish National Food Safety Standard was
observed in one sample as regards the As content and exceedance of the European Commission
standard in two samples for Hg. The samples of foods imported from European markets (n = 27) had
statistically higher As content (p < 0.05) than those imported from Asian countries (1 = 53). The values
of health risk indicators did not show an increased risk for the Polish adult population. However,
the daily intake of 55 g of rice corresponds to the benchmark dose lower confidence limit (BMDL) for
Pb. Conclusion: The studied rice products could be regarded as safe for consumption by the Polish
population as far as the content of As, Cd, Pb, and Hg is concerned.

Keywords: rice; rice products; pigmented rice; heavy metals; quality evaluation; health
risk assessment

1. Introduction

Besides wheat and maize, rice is one of the most commonly grown and consumed grains.
This cereal is a staple food in many countries around the world, especially in Asia, but its consumption
outside Asia has increased in recent years. According to the Food and Agriculture Organization
data, in the years 2015-2017 world rice production reached 498.3 million (mIn) metric tons, of which
403.4 mIn metric tons was used for food. It is assumed that over the next years, world rice production
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will continuously increase to 562.3 min metric tons (in 2027) and that rice consumption will be higher
as well — 459.5 mIn metric tons. More than 90% of the rice available on the world market is cultivated
in Asian countries, whereas European rice crops constitute only 0.6%. Among the countries with the
greatest rice production, China, India, and Indonesia are listed. It is predicted that in 2027, in Europe

there will be an increase in rice consumption by 0.66% in comparison with data from 2008 to 2017 [1].

Taking into account the available global statistics, the average rice consumption between 2017 and 2018
was estimated at 53.8 kg per capita per year (4.86 kg per month) [2]. Meanwhile, in Poland average
monthly rice consumption per capita in 2018 was estimated at 0.15 kg [3].

The most commonly cultivated rice species is Oryza sativa L. (Asian rice), followed by Oryza
glaberrima S. (African rice). Only slight morphological differences separate these two varieties. Rice is
cultivated in many different regions all around the world. The content of nutrients in rice is dependent
on the type of soil and the environmental conditions in which it grows [4]. This grain has a high ability
to accumulate As and Cd from the soil, and their content in rice depends on growth conditions. Rice is
generally grown as a lowland crop in flooded soil under reducing conditions that greatly contribute
to excessive As bioaccumulation. On the other hand, aerobic treatment decreases As but increases
Cd accumulation in rice grains [5]. Some other metals (e.g., Pb and Hg) have very low solubility in
soil and therefore plants absorb very small amounts of them [6]. The steps of processing the grain
are dependent on the end product and include drying of the grain, removal of the husk, and milling
to remove the bran layer, which is used for white rice production [4]. In addition, in parboiled rice
the grain is first soaked in hot water, then steamed before drying. Unpolished grains (whole grains
with the germ, bran, and endosperm) are rich in fiber, vitamins— especially B vitamins (thiamine,
pantothenic acid, folate) and vitamin E—and minerals such as iron, calcium, and zinc. The polishing
process removes the bran and the germ, consequently decreasing the mineral content and hence the
nutritional value of rice [7].

The health-promoting and antioxidant properties of selected rice species vary across the varieties.
The color of the red and the black (purple) grain species is due to the presence of anthocyanins
and proanthocyanidins in the pericarp and aleurone layers. Naturally pigmented species have a
greater content of bioactive compounds, such as anthocyanins, tocopherols, phenolic compounds,
y-oryzanols, tocotrienols, phytosterols, and phytic acid compared to non-pigmented ones. Therefore,
these grains have a higher nutritional value than white varieties. It was demonstrated that extracts of
pigmented rice neutralized reactive oxygen species due to the content of phenolic compounds and
anthocyanins [8]. It is important that the health-promoting properties of individual varieties of rice
should not be negatively affected by toxic elements. Therefore, it seems crucial to control the content of
toxic elements due to their possible negative impact on the bioavailability of nutrients and the risk for
human health.

Toxic elements, which are also defined as heavy metals, include metals and metalloids with
an atomic density higher than 5 g/cm3 and could have a negative influence on living organisms
and the environment [9]. Exceedance of certain threshold concentrations could cause many adverse
health effects, considering their tendency for accumulation over time, poor biodegradability, and long
biological half-lives. This group comprises, among others, arsenic (As), cadmium (Cd), lead (Pb),
and mercury (Hg). As, Cd, Pb, and Hg are classified in the top 10 of the list created by the Agency
for Toxic Substances and Disease Registry (ATSDR), based on the combination of frequency, toxicity,
and potential health effects of exposure for humans [10]. Heavy metals are present in the environment
due to their natural occurrence (e.g., soil erosion) as well as due to anthropometric emissions. Their toxic
outcomes on health depend on the dose and duration of exposure and primarily affect the functioning
of the brain, liver, kidneys, and lungs. Numerous long-term impacts of heavy metals on the occurrence
of diseases such as Alzheimer’s, Parkinson’s, and multiple sclerosis are described [Y].

As commonly occurs in both organic (As) and inorganic forms (iAs)—as arsenate As(V)/iAs(V) or
arsenite As(III)/iAs(III). These forms are also the most prevalent in land-grown foods. This metalloid
can be transferred to food mainly through contaminated water and soil. Among the principal routes of
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As exposure by humans, food and drinking water are mentioned [11]. The iAs form has significantly
higher toxicity and is retained in the body longer compared to organic As. In addition, As and iAs
compounds have been categorized by the International Agency for Research on Cancer (IARC) as group
1 carcinogens with sufficient evidence in humans [12]. Exposure to iAs may lead to the development
of several cancers, such as skin, kidney, lung, liver, or bladder cancer [12].

Cd and its compounds are also categorized by IARC as group 1 carcinogens [12]. Exposure to this
toxic element is associated with increased risk of numerous cancers, such as breast, endometrium, lung,
and bladder cancer [13]. Among the main routes of Cd exposure for the smoking population, cigarettes
are mentioned, while for non-smokers, dietary intake of Cd is responsible for 90% of exposure. Only a
relatively small percentage of ingested Cd is absorbed from the digestive tract, but the very long
biological half-life of this heavy metal (ranging from 10 to 30 years) is cause for considerable concern.
The kidneys, as well as the bones, are particularly vulnerable to Cd toxicity [13].

The risk of negative health effects has also been demonstrated for Pb. The IARC regards Pb as
a class 2A carcinogen, which means that it can probably contribute to the development of cancer in
humans [12]. The main routes of exposure to this toxic element include food, water, air, and soil.
Chronic exposure to low doses of Pb is concerning, because lead has the ability to accumulate in
the body, in particular in the skeletal system. The central nervous system is the most critical target
of Pb toxicity, especially during brain development. In addition, this heavy metal could impair
the functioning of several other systems in the body, such as the immune, reproductive, endocrine,
gastrointestinal, cardiovascular, and renal systems [14].

Three chemical forms of Hg are distinguished: metallic (Hg"), inorganic (Hg,2*, Hg,), and organic
Hg (methylmercury (MeHg), dimethylmercury, ethylmercury, phenylmercury). Each of these forms
has different bioavailability and exhibits various toxic effects. MeHg has greater toxicity for humans as
well as higher absorption from food (95%) compared to iHg (nearly 8%). MeHg is considered to be the
most toxic form of organic Hg. The target organ of the toxic influence of Hg is the brain; however,
it can also impair the functions of the nervous, renal, and muscular systems [15]. Nevertheless, reports
from recent years have demonstrated that rice grains could also contribute to MeHg exposure from
the diet [16]. Plant-based foods are regarded as the main sources of toxic elements in the human diet.
Various indicators have been designed that can be used to estimate exposure to toxic elements from
the diet. To estimate short-term exposure, the following can be used: estimated daily intake (EDI),
estimated weekly intake (EWI), provisional tolerable weekly intake (PTWI), provisional tolerable
monthly intake (PTMI). Indicators used to assess the risk of long-term negative health effects include
the benchmark dose lower confidence limit (BMDL), target hazard quotient {THQ), hazard index (HI),
and cancer risk (CR). The selection of an appropriate indicator for a specific element should be based
on available literature data regarding its impact on the body. The majority of the available research into
human health outcomes of exposure to toxic elements as a result of rice consumption was conducted
in Asian countries. Rice species are not cultivated in Poland due to unfavorable climate conditions.
All of the rice consumed by Poles is imported, mainly from Asia, South America, Africa, and Southern
Europe. Moreover, there is a lack of a comprehensive assessment of exposure to toxic elements with
diet in the Polish population. Therefore, there is a need to investigate the content of toxic elements in
rice and to assess the safety of consumption of rice products available on the Polish market, which has
not been previously addressed. The novel approach of our investigation also involves the measurement
of toxic element content in a broad range of rice species, with particular attention to rice products such
as pasta, flakes, flour, waffles, and expanded rice, which have not yet been studied in this aspect.

The aim of this study was to estimate the contents of toxic elements (As, Cd, Pb, Hg) in rice
samples as well as rice products available on the Polish market and to compare them across different
subgroups of products, considering the country of origin. Furthermore, the health risk among the
adult Polish population, as well as the risk of selected populations (where rice is produced) resulting
from the intake of toxic elements from rice products, was assessed.
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2. Materials and Methods

2.1. Sample Collection

The samples (1 = 99) were purchased in standard packaging available locally in northeastern
Poland between March and May 2020. Our sampling strategy aimed to collect as many different
subgroups with representative samples as possible. We obtained the following research material:
rice flakes (12), white rice (11), basmati rice (10), parboiled rice (10), brown rice (10), rice waffles (9),
expanded rice (8), rice pasta (7), rice flour (6), black rice (6), red rice (5), and wild rice (5). Wild rice
(Zizania sp.), which is not classified in the rice family, was included in the research due to its similarity
to Oryza spp. Among the subgroups above we chose the products to be studied (a minimum of
five samples), each sample in the subgroup being from a different producer, without replication.
The samples were representative of the whole Polish market. The largest number of samples was
imported from Thailand—18, followed by 16 from Italy, 12 from Pakistan, 9 from Burma, 6 from
India, 5 from Cambodia, 3 from Vietnam, 2 from Belgium, and one each from the following countries:
Brazil, United States of America, Canada, Bulgaria, Spain, France, and Holland. Out of all the samples
collected, 19 producers did not reveal the country of origin of the products.

2.2. Sample Digestion

Whole grains were not rinsed or cooked prior to being prepared for analysis. All samples were
homogenized in a stainless-steel mill before digestion, weighed (0.2-0.3 g), and placed in mineralization
polytetrafluoroethylene vessels. Then 4 mL of spectrally pure concentrated (69%) HNO3 was added
(Tracepur, Merck, Darmstadt, Germany). Microwave digestion was performed in a closed-loop system
(Berghof, Speedwave, Eningen, Germany). The overall process consisted of four steps, presented in
Table 1. After mineralization, the samples were quantitatively transferred to polypropylene vessels and

then diluted 10 times. The content of As, Cd, and Pb was recalculated and shown as pg/kg of product.

Table 1. Steps and parameters of microwave digestion of rice and rice products in a closed-loop system
(Berghof, Speedwave, Eningen, Germany).

Phase Temperature [°C] P [atm] Time [min] Power [%]
} 170 20 10 90
2. 190 30 10 9%
3. 210 40 10 90
4. 50 40 18 0

2.3. Toxic Elements Analysis

2.3.1. Arsenic, Cadmium, and Lead

Inductively coupled plasma-mass spectrometry (ICP-MS, NexION 300D, PerkinElmer, USA) with
a kinetic energy discrimination (KED) chamber was used in the case of As, and in the standard mode
in the case of Cd and Pb. Kinetic energy discriminations and collisions were used for correcting
polyatomic interferences in this configuration. The results were obtained in counts per second (cps) and
based on calibration curves, were converted into concentrations. To determine the limit of detection
(LOD), 10 independent blank determinations were made. A three-fold standard deviation (SD) from
the mean value determined in concentration units was taken as the LOD. The LOD values were
0.019 pg/kg for As, 0.017 ug/kg for Cd, and 0.16 pg/kg for Pb. A detailed description of the parameters
on the basis of which the determinations were carried out is presented in Table 2.
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Table L. ICP-MS conditions for As, Cd, Pb determination in rice and rice products.

Analytical Conditions

Parameter
As Cd Pb
Mode KED Standard Standard
m 206
Mass (amu) 75 207
113 208
114
Dwell Time per amu (ms) 50 50 50
Integration Time {ms) 1000 1000 1000
Detector Calibration Mode Dal Dual Dhual
Replicates 5 5 5

ICP-MS - Inductively Coupled Plasma-Mass Spectrometry, KED—kinetic energy discrimination.

2.3.2. Mercury

The determination of Hg content did not require a mineralization process. Hg content was
determined by the atomic absorption spectrometry method {AAS) using the amalgamation technique
(AMA-254, Leco Corp., Altec Lid., Prague, Czech Republic). The samples, weighed (0.12-0.15 g) with
an accuracy of 1 mg, were placed in a cuvette and analyzed. The first phase lasted 60 s and the samples
were dried and burned in oxygen at 600 “C. Then the vapors of mercury passed the catalytic column
and were collected by the amalgamator; the process took 150 5. The last phase lasted 45 s: Hg was
released from the amalgamator and was measured by atomic absorption spectrometry at a wavelength
of 245 nm. The limit of detection was 0.003 ng per sample.

2.3.3. Quality Control

Quality control was performed by analyzing certified reference material (corn flour INCT-CF-3,
Institute of Nuclear Chemistry and Technology, Warsaw, Poland) prior to the start of the analysis and
every 10 samples. The results of the quality control are summarized in Table 3.

Table 3. Results obtained in the quality control process.

Element Precision (%) Recovery (%) Declared Concentration in CRM (ug/kg)
As 32% 98.5% 10
Cd 24% 99.0% 7
15:] 24% 99.6% 52
Hg 2% 102.0% 15

CRM—certified reference material.

2.4, Health Risk Assessment

The risk of adverse health effects resulting from the intake of the studied chemicals from rice
consumption was assessed by calculating for each element selected indicators such as the estimated
daily intake (EDI), the estimated weekly intake (EWI), the target hazard quotient (THQ), and the
hazard index (HI). The THQ is described as the ratio of exposure to a toxic element and the reference
dose, which is the highest level at which no negative health effects are expected. Reference doses
were established at specific levels for individual trace elements. The HI shows cumulative exposure
to several potentially toxic elements, which may be important when separate THOs calculated for
individual elements show no potential risk of adverse health effects. THQ and HI were used to

estimate non-cancer hazard risk, whereas cancer risk (CR) was calculated in a separate equation.

As recommended by the Joint FAQ/WHO Expert Committee on Food Additives (JECFA), different
indicators were used for the studied elements. For Hg and Cd, the provisional tolerable weekly intake
(PTWI) and the provisional tolerable monthly intake (PTMI) were estimated, respectively. For As
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and Pb, the benchmark dose lower confidence limits (BMDL) were identified. We determined these
indicators in order to evaluate the possible risk of short- and long-term adverse health effects. All the
indicators were calculated based on the following equations:

EDI = (C x Cons)

where C is the concentration of a given heavy metal in analyzed rice and Cons is the average daily
consumption of rice in Poland and in selected countries.
EWI was calculated by multiplying the EDI by 7, corresponding to 7 days.

PTWI = EDI x 7/BW

where BW is the average body weight (kg). The PTWI value for Hg was assumed, in line with JECFA
guidelines, as 4 ug/kg BW/week [17].

PTMI = EDI x 30/BW
where the JECFA reference for Cd was 25 ug/kg BW/month [17].
BMDL = EDI/BW

According to the JECFA, the reference BMDL, 5 for As is 3 ug/kg BW/day (the benchmark dose
lower confidence limit for a 0.5% increased incidence of lung cancer) and for Pb is 0.02-3 ug/kg
BW/day [17]. BMDL values determine the lowest doses associated with the development of a specific
effect on the human body.

THQ = (Fr x D x Cons x C)/(RfD x BW x T) x 1073

where Fr is the frequency of exposure (365 days/year), D is the duration of exposure (the average
lifetime of 70 years), Cons is the average rice consumption per day (g/day), C is the concentration of
the studied elements in the samples (mg/kg), and RfD is the oral reference dose, determined by the
United States Environmental Protection Agency (US EPA) for As as 0.3 ug/kg BW/day, for Cd and
Pb as 1 ug/kg BW/day, and for Hg as 0.3 ug/kg BW/day [18]. T is the overall time of exposure for
non-carcinogens (365 days/year x 70 years).

If the value of the THQ is >1, it may suggest a potential risk due to the intake of a given heavy
metal from rice consumption. When the value is <1, it could be assumed that there is a low risk of a
non-cancerogenic effect.

HI was calculated as a sum of the individual THQ calculated to assess the additive effect of all the
pollutants. The reference point in our study was <4. A higher value would mean a risk of negative
health effects.

CR = (Fr x D x EDI x Sf)/T x 107>

where Sf is the slope factor for chemicals known as carcinogens and estimates the probability that an
individual will develop cancer if exposed for a lifetime of 70 years. The other individual components of
this equation are described above. According to the US EPA, the values of Sf were adopted as follows:
for As—1.5 mg/kg/day, for Cd—6.3 mg/kg/day, and for Pb—0.0085 mg/kg/day [18]. CR indicates
the probability of developing cancer. A value of CR higher than 10~ means an increased risk of a
carcinogenic effect. CR was not evaluated for Hg because, according to the IARC, Hg is not considered
to be a potentially carcinogenic element.

The average daily rice consumption in Poland, based on the data above [3], is estimated at 5 g/day
for adults. We assumed 70 kg as the average body weight. However, in the health risk assessment for
adults, we considered an alternative to the highest permissible per capita consumption of rice in the
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Polish population. Based on our results and with regard to the established limits, we calculated the
level of consumption that may be related to negative health effects. Due to the fact that the largest
number of samples (18) had been imported from Thailand, we also assessed the health risk for this
population. For Thai adults, unlike for the Polish population, rice is a staple food and its consumption
ranges from 80 to 155 kg per capita per year [19]. To calculate the health risk indicators, the average
daily consumption was assumed to be 322 g and 60 kg was taken as the average body mass of a Thai
person [20]. This assessment was conducted to learn whether the imported products that we regarded
as representative samples from Thailand available on the Polish market could pose a health hazard to
Thai residents in terms of the measured content of toxic elements.

2.5. Data Analyses

The data were analyzed using the Statistica software (TIBCO Software Inc., Palo Alto, CA, USA).
The Shapiro-Wilk test was used to assess the conformity of data distribution with normal distribution.
Due to the lack of normality in the distribution of data, to compare the content of heavy metals
considering the type of product as well as the country of origin, the non-parametric Mann-Whitney
U-test and the Kruskall-Wallis Analysis of Variance (ANOVA) were performed. To describe the
content of the studied elements in rice and rice products, the median (Me) and quartiles (Q) were
used. Additionally, to make it easier to compare our results with those obtained by other researchers,
the mean (X), standard deviation (SD), minimum (Min), and maximum (Max) were added in the tables.
The correlation of Spearman with the Bonferroni correction was used to check the relationship between
the content of the elements tested in all product subgroups. Significant difference values were assumed
atp <0.05, p <0.01, and p < 0.001. Considering the country of origin, we conducted the analysis taking
into account the division into rice imported from Asian (1 = 53) and European (n = 27) markets.

3. Results

3.1. Content of As, Cd, Pb, and Hg

Table 4 contains the levels of heavy metals in the studied rice samples and rice products. In our
investigation, the mean As content in all the analyzed products was found to be 123.5 + 77.1 ug/kg
(n = 99), with the lowest content (54.6 + 6.3 ug/kg) determined in pasta (1 = 7) and the highest (252.2 +
173.6 ug/kg) in red rice samples (n = 5). In contrast, in individual products, the lowest As level was
detected in the sample of black rice produced in Thailand (4.2 ug/kg) and the highest in black rice
imported from Europe (562.2 ug/kg). The regulations of the European Commission (EC) determining
the standards of maximum levels of certain contaminants in foodstuffs provide the guidelines for iAs
content [21]. The speciation of iAs was not performed in our research, therefore the Polish National
Food Safety Standard (PNFSS) for total As content in foodstuffs was used [22], which set the maximum
level of total As at 500 ug/kg. In our research, one sample exceeded this limit.
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The average level of Cd in all the examined products was measured at 25.7 + 26.5 ug/kg. Taking
into account the individual subgroups of products, the greatest Cd content was detected in flour
(n =6, 50.2 £ 21.8 ug/kg), whereas basmati rice samples had the lowest Cd level (n = 10, 142 +
15.2 ug/kg). However, among the individual products, the highest Cd was found in parboiled rice
imported from Thailand (171.6 ug/kg), whereas the lowest was in flakes produced in Europe (0.3 ug/kg).
The EC standards of Cd levels in rice was established at 200 pg/kg [23]. No exceedance of the limits
was revealed.

Next, the mean Pb content in all samples (1 = 99) was assessed and was found to be 375 +
29.3 ug/kg. The highest Cd levels were observed in expanded rice products (1 = 8, 79.2 + 36.8 ug/kg),
whereas the lowest was in flakes (n = 12, 18.4 + 13.3 pg/kg). As in the case of Cd, the lowest content of
Pb was identified in one sample of flakes from the European market (0.4 pug/kg), and the highest in
expanded rice (135.6 ug/kg). According to the EC regulations, the maximum permissible Pb content in
grains is 200 ug/kg. No exceedance of the limit was noted in any product [23].

The last toxic element we studied was Hg. Its average content in all the products was 2.8 +
2.6 pg/kg. The highest mean Hg level was detected in parboiled rice (n = 10, 4.0 + 5.0 ug/kg), whereas
the lowest was in flour (1.8 + 0.8 ug/kg). However, two individual parboiled rice products proved to
have the lowest (0.1 ug/kg, produced in Cambodia) as well as the highest (15.8 ug/kg, imported from
India) Hg content observed. The EC regulation prescribes that the maximum level of total Hg in rice is
10 pg/kg [24]. Two samples were recorded to exceed the acceptable standard.

Table 5 presents significant differences in the content of the studied elements across the particular
subgroups, detected in statistical analyses. The highest number of statistically significant differences
regarded the content of arsenic. The measured content of As in pasta samples differed from the content
of As in brown and red rice (p < 0.05). Additionally, the content of As in basmati rice was significantly
different from the content of As in red (p < 0.05) and brown rice (p < 0.001). Significant differences
between the content of As in waffles and pasta were also discovered (p < 0.001). As far as Cd content is
concerned, the conducted statistical analyses showed that it differed between the flour and basmati rice
subgroups (p < 0.05). With regard to Pb levels in the measured samples, a significant difference was
found between white and expanded as well as red rice (p < 0.05) and between flakes and expanded
rice products (p < 0.001). On the other hand, considering Hg concentration, no significant differences
were found among the analyzed subgroups.

Table 5. Significant differences detected in the statistical analysis.

l;,\n dy‘: As p-Value Cd p-Value Fb p-Value

pasta—brown rice p <005 white rice—expanded 5

Slbgmugs pasta—red rice p<0.05 . rice PSR

among which basmati rice—red rice p<005 n"mh p<005 e > -

differences were basmati ri m rice white rice—red rice p <005
found 7 p<0.001

waffles—pasta p <0001 flakes—expanded rice p<001

p-Value—statistical significance level.

In the subgroup analysis, in white rice and in basmati rice siginificant correlations between Cd and
Pb (r = 0.78, p < 0.05) were observed. In expanded rice as well as in black rice, significant correlations
(r=—0.74, p < 0.05) for Cd and As were detected. Additionally, a significant correlation was found
between Pb and Hg (r= —0.66, p < 0.05) in the parboiled rice samples.

Taking into account the country of origin of the studied products, the analyses were carried out
on 53 items produced in Asia and 27 samples from the European markets. The average As content
in European rice (153.4 + 110.9 ug/kg) was higher than in Asian rice (106.4 + 56.8 ug/kg) and this
difference was statistically significant (p < 0.05). However, in the remaining analyses no significant
differences were found. The following mean contents of the studied elements in Asian and European
samples were detected: Cd 27.7 + 30.1 ug/kg vs. 25.7 + 24.8 ug/kg, Pb 33.5 + 22.2 ug/kg vs. 38.0 +
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30.7 ug/kg, and Hg 3.0 + 3.1 pg/kg vs. 2.8 + 2.2 ug/kg. The determined contents of the studied elements
with regard to the market of origin are presented in Figure 1.

As (ug/kg) Cd (pg/kg)
300 70
2% 60
20 L
40
> ] * %
100 l 20
% 10
0 0
Asian 10 Aslan European
Pb (ug/kg) Hg (ug/kg)
80 7
70 | 6
o 5
50 ] a
40 |
s | 3
20 | l 2
10 | 1
0! o
Aslan European 1 Aslan European

Figure 1. Content of the studied elements (mean + standard deviation) in samples from Asian and
European markets. * p < 0.05.

3.2. Health Risk Assessment for Polish Population

The health risk indicators for each product individually, as well as considering all separated
subgroups, were calculated based on the equations described in the section on materials and methods.
Table 6 shows the values of EDI and EWI (EDI value multiplied by 7) indicators for the Polish
population. The overall mean EDI of As was established as 0.00062 mg/day. Among the subgroups,
red rice samples had the highest average EDI of As (0.00126 mg/day), whereas pasta samples had the
lowest EDI score (0.00027 mg/day). The minimum EDI was established for black rice (0.00002 mg/day),
whereas the maximum value (0.00281 mg/day) was for red rice. Regarding all the products tested,
the EDI of Cd was calculated at 0.00013 mg/day. Flour samples proved to contain the highest EDI of
Cd (0.00025 mg/day), whereas basmati rice products contained the lowest (0.00007 mg/day). The EDI
of Cd for an individual product ranged from an undetectable level for flakes to 0.00086 mg/day for
parboiled rice. As for the next studied element, the average EDI of the Pb value for all the products
tested was established as 0.00019 mg/day. Taking into account the subdivision into groups, red rice
was found to have the minimum average EDI of Pb (0.00010 mg/day), whereas expanded rice had the
maximum level (0.00040 mg/day). The individual product with the greatest EDI of Pb was expanded
rice (0.0068 mg/day), in contrast to flakes, where the EDI was nearly zero. The lowest average EDI
of Hg for all the products (0.00001 mg/day) was estimated. In 10 out of all the 12 subgroups of rice
products, the EDI of Hg had the lowest value (0.00001 mg/day). In the remaining two subgroups (pasta
and parboiled rice), the EDI was calculated to be 0.00002 mg/day. The minimum value of the EDI of
Hg, which was not detectable, was recorded in one half of the subgroups of products. The greatest EDI
was observed in the parboiled rice sample (0.00008 mg/day).
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Although the acceptable standards (set by the PNF5S for As and by the EC for Cd, Pb, and Hg),
were found to have been exceeded in individual samples based on the calculated THQ for the Polish
population, no increased risk resulting from the intake of the examined toxic elements with rice

was found (the reference value was <1). The assessed THQ, HI, and CR are summarized in Table 7.

However, the greatest average THQ for As, estimated considering all the products tested (0.0294),
varied from 0.0130 for pasta to 0.0601 for the red rice samples. The THQ for As reached the maximum
in the case of red rice (0.1339), whereas black rice had the minimum level (0.0010). The mean THQ for
Cd for all the samples was 0.0018, whereas in the subgroups, flour had the highest value (0.0036) and
basmati rice the lowest (0.0001). Parboiled rice was the product with the greatest THQ for Cd (0.0123),
in contrast to flakes, where the THQ) was at an undetectable level. The overall THQ for Pb was similar
to the THQ for Hg (0.0008 and 0.0007, respectively). Expanded rice was the subgroup characterized by
the highest THQ for Pb (0.0016), whereas red rice and flakes had the lowest THQ (0.0004). Analyzing
the THQ for Pb in individual products, an undetectable value was observed in the flakes sample,
whereas the expanded rice product had the highest content (0.0028). Taking into account the division
into subgroups, the flour subgroup had the lowest THQ for Hg (0.0004) and pasta had the highest
(0.0009). Considering the individual products, the THQ for Hg ranged from undetectable for white
rice to 0.0123 for parboiled rice.

HI was used to calculate the total exposure to the intake of the studied toxic elements found in
rice products over a lifetime. In our investigation, it was estimated at 0.0327, which, similarly to THQ,
poses no increased health risk (the reference value was <4). However, the summary of exposure to the
studied elements reached the maximum value for red rice (0.0624) and the minimum for basmati rice
{0.0158). Separately analyzed, HI proved the lowest in the white rice sample (0.0120) and the highest in
red rice (0.1349).

The CR for elements with proven pro-cancerogenic effects was estimated based on our research

as well as the available statistics concerning average rice consumption in the Polish population.

Our results indicate that the risk of cancer due to the consumption of the researched products is low.
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3.3. Health Risk Assessment for Thai Populafion

In the case of the Thai population, the health risk assessment was estimated based on the results
of the 18 products that had been imported from Thailand. The measured content as well as the values
of the indicators calculated for this population are summarized in Table 5. The following average
concentrations of the studied elements were determined: As 98.73 £ 55.20 ug/kg, Cd 40.96 + 42.18
ug/kg, Pb31.41 £ 23.22 ug/kg, and Hg 2.74 £ 1.93 ng/kg. Based on the obtained results, the highest EDI
was estimated for As (0.530 mg/day), followed by the EDI of Cd (0.220 mg/day), Pb (0.169 mg/day),
and Hg (0.015 mg/day). Our results indicate that the average rice consumption in the Thai population
may be related to adverse health effects associated with As intake. This may be due to the fact that the
THQ for As in our analysis was greater than one (1.766). As far as the other elements are concerned,
the estimated THQ) value was lower and did not exceed the established threshold (THQ) for Cd, Pb,
and Hg: 0.220; 0.048, and 0.049, respectively). However, the HI was estimated at 2.083, which indicates
that the additive effect of the intake of the toxic elements with rice could cause adverse health outcomes.
The CR for the Thai population was established for As as 0.0000477 and for Cd as 0.0000831. These
values may suggest a potential weak cancerogenic influence of these elements. The lowest CR was
established for Pb intake (0.0000001).

Table 8. Content of As, Cd, I'b, and Hyg in rice samples imported from Thailand (i = 18) and the health
risk indicators calculated for the Thai population.

Element As cd Pb Hg
Mem‘-um:}x cilgenm kel ggoq ., 5500 40.96 = 42.18 31.41 2322 2744193
(M M) (4.21-205.95) (8.03-171.64) (9.58-106.65) (0.77-7.26)
ED;":’;"S““ 0,530 + 0.296 0.220 £ 0226 0.169 = 0.125 0.015 + 0.010
(M M) (0.023-1.105) (0.043-0.921) (0.051-0.572) (0.004-0.039)
EW';':’;’;*H 3.709 + 2.074 1.539 + 1584 1.180 + 0.872 0.103 + 0.072
(Mo M) (0.158-7.737) (0.302-6.448) (0.360-4.007) (0.029-0.273)
XTED 1.766 = 0.9587 0.220 = 0226 0.048 + 0.036 0.049 + 0.034
(M M) (0.075-3.684) (0.043-0.921) (0.015-0.164) (0.014-0.130)
HI
2.083 + 1.021
X +5D
(M M) (0.782-4.019)
mean CR 0.0000477 0.0000831 0.0000001 N/A

X—mean, SD—standard deviation, Min—minimum, Max—maximum, Ell—estimated daily intake, EWI—estimated
weekly intake, THO—target hazard quotient, Hl—hazard index, CR—cancer risk, NfA—not applicable.

3.4. Mean BMDL, PTMI, and PTWI Values for Polish and Thai Populations

As regards BMDL, PTWI, and PTMI for both the Polish and Thai populations, no exceedance of
the defined limits was found. All obtained results are presented in Table 9. However, the values of the
assessed indicators were nearly 60 times higher for As, 72 times higher for Hg, and about 120 times
higher for Cd and Pb in the Thai than in the Polish population. The calculated BMDL indicator of As
for the Thai population (0.5297 ug/kg BW/day) did not exceed the maximum reference limit (3 ug/kg
BW/day). On the other hand, the value of this indicator for the Polish population (0.0088 ug/kg BW/day)
was about 340 times lower than the established reference limit. In addition, the value of BMDL of Pb
for the Thai population slightly exceeded the lower limit (0.2195 ug/kg BW/day), whereas for the Polish
population, it was estimated at 0.0018 pg/kg BW/day. The PTMI of Cd and the PTWI of Hg in the Polish
population were estimated at 0.0551 pg/kg BW/month and 0.0014 ug/kg BW/week, respectively, and in
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the Thai population, at 6.5549 ug/kg BW/month and 0.1014 ug/kg BW/week, respectively. Based on the
results obtained in the study and concerning the reference limits established for each of the elements
{Table 9), we also estimated the level of rice consumption that could be associated with adverse health
effects from exposure to toxic elements. The following results were obtained: As—aover 1700 g/day,
Cd—more than 2200 g/month, Pb for the lower BMDL limit—55 g/day and for the higher—over
8000 g/day, and (the greatest safe limit) for Hg—over 14,000 g/week.

Table 9. BMDL, PTMI, and PTWI values of studied elements for Polish and Thai populations.

As cd Ph Hg
Population Element ?ﬁ; lﬂ::; ?:;2; l]:l:::;
BW/Day] BW/Month] BW/Day]| BW/Week]|
Polish 0.0088 0.0551 0.0018 0.0014
Thai 05297 £.5849 0.2195 0.1014
Reference limit 3.00 2500 0.02-3.00 4.00

BMDL—benchmark dose lower confidence limit, PTMI—provisional tolerable monthly intake, FTWI—provisional
tolerable weekly intake.

4. Discussion

In the study, we included all the 12 types of rice products available on the Polish market.
Assessment of heavy metal contamination is one of the key elements taken into account in evaluation
of food quality and safety. In our research, the average contents of toxic elements in all the studied
products amounted to As 1235 £ 77.1 ng/kg, Cd 25.7 + 26.5 pg/kg, Pb 37.5 £ 29.3 ug/kg, and Hg 2.8 +
2.6 pg/kg. The results obtained by other authors regarding the measured contents are summarized in
Table 10 and those concerning the assessment of the health risk indicators in Table 11.

Results comparable to ours (Table 4) can be found in a study by Sommella et al. [25].

Other Italian researchers evaluated the mean concentration of Cd in products available on the
local markets, such as white rice, in which the amount of the metal was 92 ug/kg, and brown rice,
in which it was 62 pg/kg. These results were nearly three to four times higher compared to those
obtained in this work (Table 4). However, the authors studied a larger number of samples of white and
brown rice. Based on the obtained results, the authors estimated the EWI for the Italian population at
0.104 mg/week for brown rice and 0.065 mg/week for white rice [26]. Those values were higher than
the ones calculated for the Polish population in our analysis, probably due to greater rice consumption
as well as the higher concentrations measured.

In Skendi et al. [27], similar to the results obtained in our study, no product was found to exceed
the European standards, established for Cd as 200 ug/kg. The highest Cd concentration (147 pg/kg)
was detected in imported white rice. In our analyses (Table 4), the maximum Cd level was higher
{171.6 ug/kg), and the median was nearly three times lower (17.9 ug/kg). The amount of Pb exceeded
the allowed limit in one sample of imported basmati rice (215 pg/kg) [27]. No exceedance of the
standards regarding Pb concentration was demonstrated in our research and the median Pb (24.5 ug/kg)
was two times lower. However, the content of Pb was related to the content of Cd in the white and
basmati rice samples (r = 0L.78, p < (L.05).
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In another European study by Pinto et al. [28], the average content of As, Cd, and Pb in white (170
+ 6 pg/kg, 11 + 10 pug/kg, 3 + 2 ug/kg), parboiled (160 + 50 ug/kg, 5 + 3 ug/kg, 3 + 2 ug/kg), brown (210
+ 50 ug/kg, 10 + 7 pug/kg, 5 + 4 pg/kg), and wild (180 + 30 ug/kg, 9 + 6 ug/kg, 2 + 2 ug/kg) rice were
determined. When comparing those results with our work (Table 4), As concentration in our samples
was lower in each subgroup, but Cd and Pb levels were from four to 10 times higher. To estimate the
health risk of consuming the studied products by the Iberian population (residents of both Portugal
and Spain), the authors calculated the value of PTWI. The results were presented as the percentage
of the referenced PTWI value (7 pg/kg for Cd and 25 ug/kg for Pb). It should be noted that in 2011,
the JECFA withdrew the previously established PTWI for Pb [17], which was taken into account in
Pinto et al.’s investigation. Nevertheless, the studied products could be regarded as safe to consume
for this population [28].

In a study by Brombach et al. [29], the average Hg content in all samples (basmati, white, wild,
risotto and others, flour, noodles, pre-cooked milled baby rice, and cakes for toddlers) was 3.04 +
2.7 ug/kg, ranging from 0.53 ug/kg to 11.1 pg/kg, whereas the mean MeHg concentration was 1.91
+ 1.07 pg/kg (0.11-6.45 pg/kg). Importantly, the percentage of MeHg in the total Hg content in the
studied material was determined to be 71 + 26%, although the statistical analyses did not show any
significant differences. When the country of origin was taken into account, there were no differences
in Hg or MeHg content between samples from European cultivations compared to rice produced in
China, Taiwan, Thailand, and the USA. The results obtained in our work were similar (Table 4, except
for MeHg, because speciation was not performed). We also did not notice any differences in Hg content
with regard to the country of origin.

The latest study by Menon et al. [30] showed that As content in organically and non-organically
cultivated rice differed statistically. The researchers observed this difference in the samples of white
(p < 0.001) and brown rice (p < 0.05). The authors performed a speciation of iAs compounds in 42 of
the studied samples and observed that iAs constituted 73% (36-95%) of the total sum of all the As
species and these results were similar to those obtained by Liao et al. [31], where iAs(III) content was
53.26-83.03% and iAs(V) 3.45-8.40%. The results of As content were comparable to those identified
in our research (Table 4); however, we could not analyze our material with regard to the type of
cultivation (organic or non-organic) due to insufficient information. The EDI values of iAs exposure
for males and females were 0.0019 mg/day and 0.0020 mg/day, respectively. Furthermore, the THQ for
iAs was found to be 0.09 for females and slightly lower (0.8) for males [30]. In this study, the EDI for
As was estimated at 0.00062 mg/day, which was higher than in Menon et al. [30]. However, we did not
measure iAs content and there is a lack of information about the average rice consumption in Poland
according to gender.

A summary of Iranian studies conducted between 2011 and 2018 assessed the content of As
in rice samples available on that market (both produced and imported). It demonstrated that As
content ranged from 9 pg/kg to 2700 ug/kg. Imported grains had higher As levels than domestic ones.
The highest observed value was nearly five times higher than the greatest As content detected in
our samples (562.2 pg/kg). The EWI of As for that population was estimated at 0.0063 mg/week [36].
A health risk assessment by indicating the THQ, total THQ (HI in our study), and CR for the adult
Iranian population based on the measured toxic element content in rinsed or traditionally cooked
grains was performed by Shariatifar et al. [38]. The health risk indicators for the Iranian population
compared with the Polish indicators were higher as a result of both the determined concentrations and
considerably higher consumption.

In the latest large Chinese investigation, among all the analyzed samples, only three exceeded
the Chinese National Food Safety Standard (20 pg/kg). When the dietary exposure of Hg via rice
consumption was evaluated, the PTWI indicator was assessed as 0.0014-0.0017 pg/kg/week. However,
Hg exposure in populations with the highest rice consumption compared to the lowest was nearly
7 times higher. The higher exposure was also determined in more polluted areas. The authors
compared the obtained results with previous investigations and observed that in the years 2007-2017,
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the decline in the average locally produced rice ranged from 17.7% to 42.5% [37]. It must be noted that
the Chinese standards indicate higher limit values for Hg in rice compared to European requirements
(20 vs. 10 ug/kg). Therefore, when comparing to the European guidelines, the number of samples
exceeding the limits would probably be higher. The average Hg concentration in our results (Table 4)
was lower than in Xu et al. [37].

The content of heavy metals and the health risk assessment among four locally cultivated
rice species (labelled as A, B, C, D, n = 55) in Thailand was analyzed by Kukusamude et al. [32].
Significant differences between As and Cd content among the studied species were observed (p < 0.001
and p = 0.001). When Thai rice was analyzed in our study, the average As content was 98.7 ug/kg
(4.1-206.0 ug/kg) and Cd 41 ug/kg (8.0-171.6 ug/kg). In our investigation, lower As content but higher
Cd levels were determined. The EWI of As for Thai females and males ranged from 0.046 mg/week
and 0.045 mg/week (for variety A) to 0.381 mg/week and 0.380 mg/week (for variety D), respectively.
When taking into account the EWI of Cd, the lowest values for females and males, respectively,
were estimated for variety A as 0.010 mg/week and 0.009 mg/week and the highest for variety B as
0.0478 mg/week and 0.0475 mg/week. The THQ values of As/Cd amounted to A 0.425/0.027, B 2.79/0.131,
C 1.65/0.035, and D 3.58/0.057 [32]. On the other hand, when the EWI and THQ for the Thai population
was estimated in our research, the values were higher.

The contents of toxic as well as non-toxic elements in rice samples cultivated in Argentina (Latin
America) were investigated by Londonio et al. [33]. As content was higher than that identified in
our investigation (Table 4), whereas the concentrations of other toxic elements were lower. The EWI
for the Argentinian population was also estimated. The average rice consumption per capita/year
in this country was 15 kg. The highest EWI was calculated for As (0.247 mg/week), followed by Pb
(0.0403 mg/week), Cd (0.00715 mg/week), and the lowest for Hg (<0.02 mg/week) [33]. The values of
EWI for the Polish population were about 20 times lower.

Canadian researchers conducted a study assessing Hg content in 89 different rice varieties imported
from eight countries: USA (48%), Thailand (17%), Pakistan (13%), India (8%), Italy (4%), Vietnam
(3%), Argentina (2%), China (2%), and Spain (2%). No significant differences between brown and
white rice were observed. However, the content of Hg in black and red as well as long grain rice was
statistically higher than in short/medium and basmati rice (p < 0.05). The results were comparable
to those obtained in our study (Table 4), however, as regards Hg content, we observed no signiﬁcant
differences between the rice subgroups (Table 5). The EDI for the Canadian population was estimated
at 0.0000067 mg/day. When the authors considered extreme consumption, the weekly exposure would
reach 0.037 mg/kg/week [34]. Both the Hg content measured and the EDI calculated were similar to
our findings.

Gluten-free and gluten-containing products available on the USA market were analyzed by
Punshon and Jackson [35]. We did not incorporate enriched white rice due to its unavailability on our
market, but the results by Punshon and Jackson were comparable to our observations (Table 4).

An extensive study assessing Cd content in rice produced by 12 countries was conducted by
Meharg et al. [39]. The samples were collected from seven countries in Asia (Bangladesh, Cambodia,
Ghana, India, Japan, Nepal, Sri Lanka, and Thailand), three in Europe (France, Italy, and Spain),
one in Africa (Ghana), and one in North America (USA). The highest average concentration was
detected in Bangladeshi rice (99 ug/kg), whereas the lowest was in French (10 pug/kg). The minimum
Cd contents (below the limit of detection) were observed in samples from Sri Lanka and Bangladesh.
However, in another sample of Bangladeshi rice, the greatest content (1310 ug/kg) was also determined.
The risk of weekly Cd intake with rice consumption for Cambodian, French, and Ghanaian residents
was estimated to be low, but higher for the Spanish, Italian, and US population. For the remaining
countries, both higher Cd content and greater consumption of rice per day caused higher exposure
to Cd. The results of this investigation revealed that Cd pollution is a major concern worldwide.
For countries that do not cultivate rice, the country of origin of imported grains may play an important
role in Cd exposure [39]. However, in our research, statistically significant differences were detected as
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regards the country of origin (Figure 1)}—European rice had greater (p < 0.05) content of As compared
to Asian rice.

There are several reports describing post-harvesting methods that could reduce the content of
heavy metals in grains. One of them is grain polishing. Jo and Todorov [4] conducted research into
brown rice and compared the concentration of selected elements in the grains and in bran when 30%,
50%, 70%, and 100% of the grain was polished. In unpolished grain the following levels of the studied
elements (As, Cd, Hg, and Pb) were detected: 262 ug/kg, 14 ug/kg, 4.8 ug/kg, and 4 ug/kg, respectively.
However, in the first step of the polishing (30%), differences in the content of heavy metals in the
grains compared to the bran were observed (As 221 vs. 598 ug/kg, Cd 14 vs. 23 ug/kg, Hg 4.1 vs.
8.3 ug/kg, and Pb 4 vs. 17 ug/kg, respectively). After the polishing had been completed, the following
concentrations were found: As 205 vs. 599 ug/kg, Cd 12 vs. 22 ug/kg, Hg 3.2 vs. 7.1 ug/kg, and Pb
3 vs. 11 pg/kg in the grains and the bran, respectively. Higher contents of all the elements were
detected in the bran than in the endosperm, which indicates that whole rice grain contains greater
amounts not only of the essential, but also of toxic elements [4]. In our analysis, significant differences
in As, Cd, and Pb content in some whole grain subgroups compared to products from polished grains
were observed. In addition, similar observations were reported in Menon et al. [30], Lin et al. [34],
and Punshon and Jackson [35].

Another post-harvesting method that could considerably reduce As content in rice involves
washing raw rice several times before cooking as well as cooking in large amounts of water. The study
of the influence of ordinary and pressure cooking on As content in rice revealed that iAs concentration
decreased by 50-36-79.17% and 49.48-77.26%, respectively. The reduction was associated with the
release of iAs into cooking water. On the other hand, organic As content remained unchanged [40].
Shariatifar et al. [38] also observed decreased concentration of As, Cd, and Pb in rinsed rice grains in
comparison to traditionally cooked rice, although a reduction in essential element content was also
noted [38].

Liao et al. [31] observed that the methods of cooking rice, ordinary and pressure, reduced the
total Hg content by 5.11-65.41%. In particular, iHg concentration decreased by 60.89% and 41.18%,
respectively. However, no reduction in MeHg content after cooking was detected [31]. In their
investigation, of the total Hg content, iHg constituted 69.51-80.91% and MeHg 19.09-30.49%.

Al-Saleh and Abduljabbar [41] investigated the influence of two different methods, soaking and
rinsing rice grains, on heavy metal content in 61 samples collected in Saudi Arabia. Soaking for 20 min
removed 98.2% of As, 86.9% of Cd, 93.0% of MeHg, and 97.8% of Pb, while rinsing three times with
deionized water removed 96.6%, 64.9%, 91.6% and 97.0%, respectively. A statistically significant higher
content of the three studied elements (Cd, MeHg, and Pb) in rinsed rather than soaked grains was
detected. The following average values of EDI of soaked or rinsed rice were established for that
population: As 3.769/3.407 ug/kg/week, Cd 0.279/0.503 ug/kg/week, MeHg 0.271/0.309 ug/kg/week,
and Pb 0.638/1.068 pg/kg/week. When non-cancerogenic risk was estimated, the hazard quotient
(HQ) of the soaked/rinsed grains for the toxic elements (As, Cd, MeHg, Pb) amounted to 1.795/1.622,
0.040/0.072, 0.388/0.441, and 0.026/0.044, respectively. All the samples tested had the HQ of As above
one, which indicates a higher risk of negative health effects [41].

In vivo investigations in swine models indicated that the gastrointestinal absorption of iAs from
rice consumption ranged from 85 to 90%, while organic As species had significantly lower absorption
(20-31%) [42].

An in vitro experiment conducted by Sharafi et al. [43] demonstrated that among the three
toxic elements whose content had been studied in three different rice varieties, Cd had the highest
total bioaccessibility (28.75%), followed by As and Pb (each 20.65%). Three digestion phases were
distinguished: oral, gastric, and small intestinal. The following bioaccessibility rates were observed:
As and Pb—2.60%, 15.55%, 2.60%, and Cd—3.30%, 22.65%, and 2.30%, respectively. The authors
concluded that the higher gastric bioaccessibility may be related to low pH, which increases the solubility
of metals [43]. Another in vitro investigation demonstrated that the gastrointestinal bioaccessibility of
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Hg from raw rice ranged from 65.73 to 76.10% and was significantly higher than gastric bioaccessibility
(50.56-55.61%). However, the levels of As bioaccessibility were higher than the ones obtained by
Sharafri et al. [43] and ranged from 60.48% in gastric digestion, reaching the highest value in the
gastrointestinal phase—80.32%. The authors observed that all the bicaccessible levels were lower than
the measured content [44]. In addition, the investigation by Althobiti et al. [44] demonstrated that the
bioaccessibility of As from raw rice varied depending on the country of origin: from 16% in the case
of Lebanese rice to 88.5% in the case of Iranian rice. Furthermore, nearly 3% of As was removed by
washing in Egyptian rice, while a decrease of over 40% in US rice was detected.

To our knowledge, this study is the first ever to have analyzed so many different rice products
including pasta, flakes, flour, waffles, and expanded rice. Moreover, we estimated several health risk
indicators associated with exposure to toxic elements from rice products among the Polish population,
which had not been assessed previously. In order to reduce possible exposure to toxic elements,
both the choice of polished grains and their proper preparation for cooking should be recommended,
in particular when consumed in larger amounts. In some population subgroups in Poland, such as
people suffering from gluten intolerance (celiac disease, non-celiac disease), the consumption of rice
products may be higher compared to the whole Polish population. However, it was not possible
to calculate the dietary exposure to the studied elements among these patients due to the lack of
available data on the intake levels in these subgroups. Therefore, we see a great need to conduct a large
investigation to complete the missing data in this regard. In addition, further research determining
MeHg and iAs speciation in the studied material is required.

5. Conclusions

In our study, only individual samples exceeded the established standards. The estimated health risk
indicators did not show increased risk of exposure to the toxic elements under consideration as a result
of rice consumption for the Polish population. However, the available statistics may be underestimated.
The estimations of the highest permissible intake indicated that the daily consumption of 55 g of the
studied rice corresponded to the lower BMDL limit of Pb. On the other hand, when the health risk
indicators for the Thai population were analyzed, the values were approximately 60-120 times higher
than for the Polish population. Therefore, increased consumption of the products we examined may
be associated with negative effects on the organism due to the content of toxic elements. Currently
available studies demonstrate that contamination of rice with heavy metals poses a problem all over
the world. In the countries where rice is cultivated, strategies aimed at preventing the accumulation of
heavy metals are important, whereas in the countries that import rice, assessment of its safety is crucial.
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Abstract: The problem of dietary deficiency of several essential elements among different stages of life
is still observed. The consumption of whole grains (among others unprocessed rice) is recommended
as a part of a healthy diet. This research aimed to determine the content of selected macro- and
microelements in rice and rice products to verify whether the tested products could be regarded
as a source of selected minerals in the diet of the adult European population. Methods: A total
of 99 samples from 12 groups of rice products (basmati, black, brown, parboiled, red, wild, white
rice and expanded rice, rice flakes, flour, pasta, and waffles) were obtained. The atomic absorption
spectrometry method (AAS) was used to determine the content of Ca, Cu, Fe, Mg, Mn, Se and Zn
in the study material. Results: The average measured contents of Ca, Cu, Fe, Mg, Mn, Se and Zn
were as follows: 226.3 4 160.6 mg/kg, 3.6 + 2.8 mg/kg, 9.4 + 7.0 mg/kg, 618.0 + 4984 mg/kg,
16.7 £ 100 mg/kg, 2429 £ 1404 ug/kg and 19.5 £ 15.0 mg/kg, respectively. Statistical analyses
confirmed the differences in the levels of the studied elements between the subgroups of processed
and unprocessed products. Considering the tolerable upper intake level of studied elements, the
tested products could be regarded as safe to consume. Conclusion: All tested products can be
recommended as a source of Cu, Mn, and Se, while a majority of studied products can be considered
a source of Mg and Zn in the diet of the adult European population.

Keywords: trace elements; nutrients; rice; rice products; dietary sources; human health

1. Introduction

The consumption of whole grains (unprocessed maize, oats, wheat and unpolished
rice) is recommended as a part of a healthy diet. According to the Food and Agriculture
Organization (FAO, Geneva, Switzerland) statistics, in 2020, global cereal production
reached 2.7 billion tonnes for which rice was the second-largest crop after wheat (764.9 and
509.1 min of tonnes, respectively). The predominant part of the rice available on the
world market is produced in Asian countries (>90%); only 0.6% is cultivated in European
countries. The world’s three top producers of rice include China followed by India and
Indonesia. The highest average rice consumption between 2016 and 2018 in Asian and
Pacific countries was estimated at 77.6 kg per capita per year, while the lowest was in the
European countries with 5.8 kg per capita per year [1].

Rice is one of the most important crops considering the total production as well as
consumption worldwide. Two rice species—Oryza sativa S. (Asian rice) and Oryza glaberrima
L. (African rice)—are cultivated. However, O. sativa is the predominant species, grown
across the world; in turn, O. glaberrima is cultivated mainly in Africa and differs only
slightly in its morphological aspects [2]. In the structure of paddy rice grains, two main
parts can be specified: the hull and the caryopsis. The hull located outside the grain is rich
in minerals and constitutes about 20% of the whole grain. The caryopsis is under the hull
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and includes the bran layer, endosperm and germ. The germ is the most nutritious part,
rich in protein, fatty acids and mineral compounds [3]. Depending on the processes carried
out on the grain, the rice can be classified as paddy (kernels are present inside the hull),
brown (when the caryopsis is removed in the hulling process), white or milled (the milling
process removes the bran layer and the germ from the brown rice) or parboiled (soaked
in hot water then steamed before drying) [4]. White rice has a lower content of protein
(especially a reduced lysine amount), minerals and fiber in comparison to brown rice. The
parboiling process reduces the glycemic index and additionally contributes to the transfer
of some minerals into the grain, which has a positive effect on its nutritional value [4].

It is observed that high consumption of white rice is related to increased risk of
impaired glucose homeostasis and the occurrence of type 2 diabetes mellitus (T2DM). On
the other hand, black rice intake is related to a lower postprandial blood glucose response
(the glycemic index) and consequently, reduced risk of metabolic disorders, such as obesity,
hyperglvcemia, dyslipidemia, T2DM and hypertension. The anti-cancer activity of black
rice bioactive compounds has also been demonstrated [4].

Well-balanced nutrition should provide not only adequate amounts of essential nutri-
ents, such as proteins, carbohydrates and fats as well as vitamins and minerals. According
to the available literature, the problem of unbalanced diets is still observed. The inadequate
intake of macroelements such as calcium (Ca) or magnesium (Mg) was reported [5]. On
the other hand, the over intake of copper (Cu) and manganese (Mn) were determined [6].

Ca plays a crucial role in the mineralization of bones and teeth, takes part in neuro-
muscular conduction and is required in maintaining the balance of body fluids within cells.
Inadequate dietary intake of Ca may result in increased bone mass loss and osteoporotic
fractures in old age [7].

Cu is essential for the functioning of several physiological pathways due to being a
cofactor or structural component of many enzymes (e.g., cytochrome ¢ oxidase, ceruloplas-
min). Cu is important in the neuromodulation process, in response to low blood pressure
as well as in angiogenesis. In the case of insufficient intake of Cu with diet, hematologi-
cal manifestations (such as anemia), bone abnormalities or neurological symptoms may
occur [£].

Iron (Fe) is one of the key elements in hematopoiesis. Furthermore, Fe is important
for oxygen transport in the human body and is an important element in several metabolic
processes, such as the synthesis of deoxyribonucleic acid (DNA) and the transport of
electrons. Fe deficiency may lead to the development of anemia, which adversely influences
cognitive functions, learning ability and immunity responses. Anemia is particularly
dangerous in pregnancy because it is related to several negative outcomes, such as low
birth weight or maternal and perinatal mortality [9].

Mg is involved in more than 300 biochemical reactions in the body as a cofactor
of enzymes. It takes part, among others, in the production of energy, neuromuscular
conduction, bone mineralization, DNA and RNA synthesis. Inadequate Mg intake increases
the risk of the development of numerous chronic diseases, such as insulin resistance, T2DM,
hypertension, Alzheimer’s disease or osteoporosis [10].

Mn is the next element, which participates in a variety of metabolic reactions in an
organism. Mn is essential for the proper functioning of the immune, nervous and reproduc-
tive systems. Moreover, Mn plays a role in antioxidant responses, energy metabolism and
inactivation of metalloenzymes and enzymes crucial for the synthesis of neurotransmitters.
Insufficient Mn intake may be associated with impaired metabolism of proteins, fats and
carbohydrates, growth disturbances and fertility problems. Excessive Mn intake may lead
to the development of a neurodegenerative disorder, called manganism, which causes
dopaminergic neuronal death [11].

Selenium (Se) is a trace element characterized by a narrow range between physio-
logical status, deficiency and excessive (toxic) concentration. At the same time, Se is an
important element in many physiological processes directly or indirectly. It constitutes a
part of antioxidant enzymes (e.g., glutathione peroxidases), supports the response of the
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immune system and is required for maintaining reproductive health. Se is essential for
proper thyroid functioning by being a part of iodotyrosine deiodinase, which catalyzes the
deiodonization of thyroxine (T4) to triiodothyronine (T3). Considering the adverse health
effects of inadequate Se intake, disorders of the heart muscle and joints are mainly observed.
Increased risk of infertility and prostate cancer in men and neurological impairments are
also possible [12].

Zinc (Zn) plays numerous roles in the human body, which could be classified as
regulatory, catalytic and structural functions. Among the most important Zn functions, the
effect on wound healing, supporting the immune and reproductive systems, regulation of
blood pressure and heart rate as well as proper insulin secretion are described. Zn deficiency
may impair the functioning of the immune, reproductive, nervous and gastrointestinal
systems [13].

Because of the lack of favorable conditions to grow, rice species are not cultivated
in Poland. Rice grains available on the Polish market are imported from different world
regions, mainly from Asia, Southern Europe and Southern Africa. In this study, we were
interested in the assessment of the nutritionally important components of which include
macro- and microelements of different rice grains and rice products. To the best of our
knowledge, such a broad group of different types of rice products has not yet been studied
so far. We collected a broad range of diverse products, including seven rice subgroups and
five subgroups of rice products.

In our research, we aimed to determine the content of selected macro- (Ca and Mg)
and microelements (Cu, Fe, Mn, Se, and Zn) in rice and rice products, which has not been
investigated yet. Moreover, we estimated whether the tested products can be regarded as a
food source of the mentioned elements in the diet of the adult European population.

2. Materials and Methods
2.1. Sample Collection

The samples, representative of the overall Polish market, were obtained from local
markets in north-eastern Poland. A total of 99 products were acquired between March and
May 2020. We collected twelve subgroups of products (at minimum five samples each),
among which seven were different types of rice: basmati (n = 10), black (n = 6), brown
(n = 10), parboiled (n = 10), red (n = 5), wild (n = 5), white (n = 11). Moreover, we also
obtained five different types of rice products: expanded rice (n = 8), rice flakes (1 = 12),
flour (n = 6), pasta (n = 7), and waffles (n = 9). The samples were not duplicated; each
one of the products in the subgroups (e.g., among flakes) was purchased from a different
producer. Considering the country of origin, the lack of this information in 19 products
was observed. Most of the samples collected were imported from Asian countries (n = 53),
while 27 were imported from Europe.

2.2. Sample Digestion

The preparation of samples for the mineralization process included homogenization
in the stainless-steel mill. The samples were not treated thermally prior to the analysis. An
appropriate amount (0.2-0.3 g) was weighted and transferred into mineralization vessels,
then 4 mL spectrally pure concentrated (69%) nitric (V) acid was added (Tracepur, Merck,
Darmstadt, Germany). A close-loop system was used to perform microwave digestion
(Berghof, Speedwave, Eningen, Germany).

2.3. Analysis of Studied Elements Contents

The content of selected elements in the digested rice samples was determined by
atomic absorption spectrometry (AAS), using the Z-2000 instrument (Hitachi, Tokyo,
Japan). Before the analysis, the majority of the mineralized samples were diluted 20 times
for Ca and Cu, 5 for Fe, 50 for Mg, 100 for Mn, 2 for Se and 10 for Zn. In the case of Cu, Mn,
and Se, the flameless AAS technique with electrothermal atomization in a graphite cuvette
was applied. To determine the Se content, the palladium-magnesium matrix modifier
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(Merck, Darmstadt, Germany) was added (Pd concentration: 1500 mg/L; Mg concentration:
900 mg/L), while for the Mn measurement, magnesium nitrate (Mg(NO3), concentration:
100 mg/L, Sigma-Aldrich, Merck, Darmstadt, Germany) as a modifier was used. The
flame AAS technique in the acetylene-air flame with Zeeman background correction for
the determination of Ca, Fe, Mg, Zn was used. Moreover, in the case of Ca and Mg, 1%
lanthanum chloride (LaCl;, Sigma-Aldrich, Merck, Darmstadt, Germany) was adopted
as a masking agent. The analytical conditions of the process of the flameless and flame
techniques are presented in Table 1.

Table 1. The analytical conditions of flameless AAS technique (Cu, Mn and Se) and flame AAS technique (Ca, Fe, Mg and
Zn) in determining the content of elements in rice samples.

Element
Parameter Cu Mn Se Ca Fe Mg Zn
Wavelength (nm) 3248 2795 196.0 4227 2483 285.2 2139
Lamp current (mA) 75 75 145 75 125 75 6.5
Drying (°C) 80/140 80/140 70/100 - - - -
Ashing (°C) 600/600 750/750 600/600 - - - -
Atomization (°C) 2400/2400 2300/2300 2700/2700 - - - -
Cuvette cleaning ("C) 2500/2500 2500/2500 2800/2800 - - - -

2.4. Method Validation

The certified reference materials (CRMs) were used to control the quality of performed
analyses (Table 2). In the case of Ca, Cu, Fe, Mg, Mn, and Zn, corn flour (INCT-CF-3) was
applied, while for Se, mushroom powder (CS-M-3) was used (both standards produced
by the Institute of Nuclear Chemistry and Technology, Warsaw, Poland). The CRMs were
analyzed before and for every ten determinations.

Table 2. The results obtained in the method validation.

Detection Limit  Detection Limit Recovery for

Element for Method * for Samples ! CRM Precision (%)
Ca 0.10 mg/L 9.26 mg/kg 98.4 36
Cu 0.65 ug/L 0.24 mg/kg 99.2 21
Fe 0.11 mg/L 1.29mg/kg 98.7 25
Mg 0.009 mg/L 3.33mg/kg 98.8 27
Mn 0.14 ng/L 0.13mg/kg 101.2 24
Se 1.55 ug/L 57 ug/kg 97.5 47
Zn 0.015mg/L 1.39mg/kg 1009 1.8

* Estimated as a characteristic concentration in standard solution for 0.0044 absorbance. ' Detection limit
considering amount weighted and diluted for samples.

2.5. Assessment Whether Tested Products Could Be Regarded as a Source of Studied Nutrients

We assessed whether the tested groups of products contained in 100 g, at minimum,
15% of the reference value intake (RVI) established by the European Parliament and of the
Council. If this requirement was met, the product could be regarded as a source of the
studied elements for the adult European population [14].

2.6. Estimation of the Risk of Adverse Health Effects

Based on the results obtained in this research and the tolerable upper intake level
(TUIL) determined by the National Institutes of Health in the United States of America,
the risk of adverse health effects resulting from daily consumption of the studied nutrients
was evaluated. The limits considered the highest daily nutrient intake, which should pose
no adverse health effects to almost all individuals in the general population. The following
levels for adults over 19 years of age were established: Cu, 10 mg/day; Fe, 45 mg/day;

57



Foods 2021, 10, 1251

S50f 14

Mn, 11 mg/day; Se, 400 ug/day; and Zn, 40 mg/day. In the case of Ca, two age groups
were specified: 2500 mg/day (for adults aged 19-50 years) and 2000 mg/day (for adults
over 50 years). For Mg, the TUIL was given for pharmacological agents use and did not
include intake from food and water; therefore, it was not analyzed in our research [15]. The
maximum amounts of safe intake levels of studied products were calculated.

2.7. Statistical Analyses

Statistica software (Tibco, Palo-Alto, CA, U.S.A.) was used to analyze the data. The
normality distribution of the data was checked by the Shapiro-Wilk test. The results were
shown as mean (X) with standard deviation (SD), minimum (Min), maximum (Max) as
well as the median and interquartile range (lower quartile Q;, upper quartile Q;). Kruskall-
Wallis Analysis of Variance (ANOVA) with post-hoc analysis to compare the content of
the studied elements between the subgroups of products was performed. Significant
differences were assumed at p-values < 0.001, < 0.01 and < 0.05.

3. Results

The results obtained in our analysis are presented in Tables 3 and 4.

None of the subgroups tested can be considered a source of Ca and Fe in the diet of
the adult European population (the RVI was lower than 15%). Contrastingly, every studied
subgroup could be taken into account as a source of Cu, Mn, and Se. In the case of Mg, six
subgroups (basmati, expanded, parboiled, white rice, flakes and pasta) and three of Zn
(basmati, parboiled rice and pasta) did not meet the requirements; therefore, they cannot
be regarded as a source of these nutrients in the diet (Tables 3 and 4).

The TUIL for Ca in every subgroup was higher than 7000 g /day, while that for Fe was
higher than 2570 g /day. TUIL for Cu ranged from 811 g/day for wild rice to 4579 g/day
for white rice; for Mn, it was lowest for red rice (298 g/day) and highest for parboiled
rice (5300 g/day). In the case of Se, the lowest TUIL was calculated for parboiled rice
(1297 g/day) and at the same time, the highest (2321 g/day) for wild rice. The TUIL for Zn
ranged from 672 g/day for wild rice to 7265 g/day for parboiled rice.

The statistical analysis confirmed the differences in the content of studied elements
between the unprocessed (e.g., black or red rice) and processed (e.g., flakes or pasta)
subgroups of products. The Kruskall-Wallis Analysis of Variance (ANOVA) test with
post-hoc analysis was used. Only in the case of Cu, no differences were found between
the studied products. The differences between the contents of the studied elements in the
studied product groups are shown in Table 5. The p-values (p < 0.05, 0.01, 0.001) were
placed in superscript.
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Table 5. The statistically relevant differences in the content of the studied elements considering the type of product.
Basmati Black Brown Parboiled wild Flakes Pasta Waffles
Black Min?001
Znn.m:
Brown sellﬂl Mnn.um Fefl.l:l] r.EEI.I!S
&!ﬂ.ﬂﬁ Mgﬂ.l'll
anl.D] Mnﬂ.ﬂl
Red Nh‘DJ.'II Mnn.nm MHDJ}S Mgﬂ.ml
anl.ll'l' h.{nl:l.lﬁ Mnﬂ.ml
Znn.m:
Wild &D.ﬂﬁ an:l.ml Fe“':'s MKD.['I'[
an.'l.Di Znﬂ.ﬂ]
White Fi-.‘n'l-ﬁ F&"n'nj SEDJ.'IE Fen.flﬁ Caﬂ.ﬂl
F‘__,D.l'l'l
Mgl.'l.Dl
Flakes Mgn'ns Cal0s
F&‘n'ﬂl
Mgl.'l.D]
Pasta Mg”'ml Fel0?
Mnﬂ.ﬂl MHD.{IJ]
znn.nm Mnl'l.m'l
Waffles Mgn.om Cal:l.ﬂﬁ
&D.ﬂﬁ Mgl.'lll'll
SEI?.I.'IE
Znn.m:

4. Discussion

In this investigation, we assessed the quality of 12 different groups of rice products
available on the Polish market by determining the content of macro- and microelements.

The results obtained by other authors are presented in Table 6.
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Compared to other plant products considered to be sources of Ca (such as legumes),
the Ca content in our study material was generally low; however, most of the other
authors [16,19,20,23,25] observed even lower Ca levels than that measured in our samples
{ Tables 3 and 6). Only Pinto et al. determined in parboiled rice a higher Ca level than
that in this research [18]. The parboiling process increases the Ca content due to specific
conditions, such as soaking time and proper temperature [27]. The tested products could
not be regarded as a source of Ca in the diet of European adults (Table 3). Insufficient Ca
intake is still a worldwide problem. Taking into account Ca intake with a whole day diet,
most of the available research determines the insufficient intake of this nutrient [5,28]. In
the study by Grygorieva et al., among Ukrainian adults, only 7.8% of subjects consumed
more than 1200 mg of Ca per day [29]. The problem of inadequate Ca consumption amid
Spanish adolescents and elderly people population was observed as well [30]. Considering
the daily intake levels, Kashian and Fathivand observed that rice consumption fulfilled the

recommended dietary allowances (RDA) norm within 1% of the Iranian population [23].

Similar observations were found in the study conducted by Pinto et al. among the Iberian
(Portugal and Spain) population; daily Ca requirements by rice consumption were met
from 0.2% to 1.3% of the RDA norm [18]. Other Spanish researchers also reported that
daily Ca intake through rice consumption ranged from (1.6% of RDA norm for white rice to
1.07% of RDA for brown rice. However, when brown rice was replaced by white rice, the
daily Ca intake was reduced by 47% [16].

The Cu levels measured in this investigation are in agreement with those reported by
other authors [16-22,24-26]. Taking into account the recommendations of Cu intake, rice
products available on the Polish market could be regarded as a source of this element in
the daily diet of European adults (Table 3). Regarding rice consumption, observations were
made by Antoine et al. that among the Jamaican population, polished rice intake fulfilled
daily Cu requirements in 13%, while unprocessed grains in 23% [19]. Among Malawian
adults, daily rice intake covered 19% of the RDA, while amid the Nigerian population,
31% [20,25]. Lower daily Cu intake was reported for Iberian populations and ranged from
6.4% to 13% of the RDA norm [18]. Jo and Todorov demonstrated that in rice grains, Cu
is concentrated mainly in the bran and outer layers of the endosperm. When brown rice
was polished to white rice (removal 18% of grain weight), the Cu content decreased by
nearly 20% from 2.29 mg/kg to 1.91 mg/kg [31]. Moreover, Hensawang et al. reported that
extra thorough rice polishing reduced Cu content by 35% [32]. Ortiz and Camara-Martos
determined Cu bicaccessibility through solubility and dialyzability assays among eight of
the most consumed rice varieties in Argentina and Spain. The bicaccessibility ranged from
24% to 80%, while dialyzability ranged from 4% to 41% [33]. In the study by Babaali et al.,
among the Iranian population, the average daily Cu intake exceeded the estimated average
requirements (EAR) and was determined at 3.8 mg; fresh fruit and vegetables as the main
sources (31%) of this element were indicated [34]. More than three times lower dietary Cu
consumption (1.2 mg/day) was reported in the investigation conducted among Japanese
adults. The authors observed that white rice accounted for approximately 20-30% of the
total intake of this element [35].

Considering the Fe content in rice samples, some other authors [16~15] reported
comparable results to ours (Tables 3 and 6). However, higher Fe levels were also frequently
reported [19-21,23,24]. None of the subgroups tested can be a source of Fe for the adult
European population (Table 3). Women of childbearing age are at risk of inadequate
Fe intake due to high body requirements for this element. Considering Fe intake with
whole day diet among Spanish adults, only 17% of women had sufficient intake, while
among men, it was 57.3% of participants [36]. Similar observations were reported among
Polish adolescents; females had significantly lower Fe intake than males [37]. On the
other hand, both white and brown rice fulfilled daily RDA for men in Jamaica at 20%
and 18%, while for women it was 8.8% and 8%, respectively [19]. Among the Iranian
population, rice consumption covered the recommended daily intake in 14% for women
and 31% for men [23]. Fe in rice grains is unevenly distributed and located mainly in the
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pericarp and aleurone layers. Five times higher Fe concentration was observed in the dorsal
compared to the ventral side of the bran layer. The polishing process (18% removal of grain
weight) reduced Fe content in brown rice from 104 mg/kg to 3.6 mg/kg in white rice;
therefore 66% of Fe was removed [31]. Besides the total content of Fe in rice, the presence
of compounds negatively affecting its bioavailability (such as phytic acid, polyphenols,
tannins and dietary fiber) should be taken into account. Average Fe solubility was within
the range of 80% in rice grains, except for brown rice. The lowest bicaccessible percentage,
despite the high Fe content, was a result of a high concentration of the antinutritional
factors mentioned above [33].

The Mg levels determined in our research (Table 3) were close to those reported in
other investigations [16,185,20,24]. Except for six groups of products (basmali, expanded,
parboiled, white rice, flakes and pasta), the remaining rice products can be a source of Mg
for European adults (Table 3). Taking into account the daily rice consumption, Portuguese
and Spanish citizens fulfilled the RDA norm from 2.4% to 11.8% among women and
between 1.8% and 9% among men. Amid the Jamaican population, white rice consumption
covered Mg daily requirements in 8.2% in females and 6.3% in males, while brown rice
in 27% and 20%, respectively [19]. Cano-Lamarid et al. observed that the replacement
of brown rice with white rice in the diet may result in a reduction in daily Mg intake by
70% [16]. Daily Mg intake was generally adequate in research conducted by Schiefermeier-
Mach et al.; however, in nearly one-third of participants, the coverage of requirements was
not met [35]. Similar results were observed among the Iranian population—22.4% of the
study group had an Mg intake lower than the EAR norm [34].

A lower Mn content than found in this investigation was reported by Pinto et al. in the
case of white and wild rice, and by Halder et al. also, in white rice [15,24], whereas most of
the other researchers determined similar levels of Mn in rice samples [16,17,19-22,25,26].
Every subgroup of the rice products tested can be a rich source of Mn in the diet of the
adult European population (Table 4). One portion (300 g) of red rice reached the TUIL
of Mn in our investigation. Moreover, when another foodstuff consumed daily is added,
there is a potential risk of elevated Mn levels in the body, which could pose negative effects.
The investigation by Choi and Bae among Korean adults demonstrated that Mn intake
with diet covered the adequate intake {Al) norm in 103% for men and 110% for women
and the main sources of this element were cereal and cereal products [39]. Regarding
the daily intake, in Antoine’s et al. investigation, white rice consumption fulfilled the
recommended level of intake for women at 41% and men at 32%, while brown rice at
105% and 82%, respectively [19]. Pinto et al. estimated that the Al norm for the Iberian
females through rice consumption was covered from 10.8% to 42.5% and from 8.5% to
33.3% for Iberian males [18]. The total content of Mn in the investigation conducted by
Ortiz and Camara-Martoz ranged from 2.5 mg/kg to 14 mg/kg. Taking into account the
bioaccessibility, the concentration of soluble Mn varied from 0.35 mg/kg to 2.52 mg /kg,
while the dialyzable fluctuated from 0.15 mg/kg to 0.64 mg/kg. Moreover, the authors
observed a statistically significant negative interaction between the content of soluble Mn
and fiber in the studied grains [33]. Hensawang et al. found that the polishing process
decreased the Mn concentration by 62% [32]. The content in unpolished and polished
grains differed significantly (p < 0.01, r = —0.747). On the other hand, Jo and Todorov
reported lower Mn reduction (43%) during the polishing process. The Mn in rice grain,
similar to Fe, is localized mainly in the pericarp and aleurone layers; however, this trace
element is also present in the endosperm. In the dorsal, compared to the ventral, side of
the bran layer, a five times higher Mn concentration was observed [31].

Considering Se levels in rice products, our results were higher than reported by most
of the other researchers [17-20,22,26]. Only Halder et al. measured a fairly similar content,
while Aderide et al. determined greater amounts of Se in tested rice [24,25]. Due to
considerably high Se levels, every subgroup of the rice products tested can be regarded asa
source of this trace element for European adults (Table 4). Cereals and meat were indicated
as the main sources of Se in the diet of Italian adults. The daily level of Se consumption was
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sufficient; for women, it was estimated at 65 ug/day and for men at 67 ug/day [40]. Similar
results were observed among Belgian adults [41]. Taking into account rice consumption,
among the Brazilian population, rice intake covered 5% of the daily Se requirement [25].
For Jamaican adults, brown rice consumption covered 17% of the daily norm, while white
rice covered 14% [19]. In the research conducted by Jo and Todorov, the polishing process
slightly decreased Se content in whole grain rice from 150 ug/kg to 144 ug/kg in white
rice. Additional analysis showed that Se is evenly distributed through the grain [31].

The Zn content in this study (Table 4) was comparable to the results obtained by
maost of the other authors cited in Table 6 [17-21,23]. In three studies, the measured Zn
levels were lower than observed in our samples [24-26]. Only Rothenberg et al. reported
higher Zn levels [22]. Except for basmati and parbeiled rice as well as pasta, the remaining
studied products could be a source of Zn for the adult European population (Table 4). In
the investigation of Pinto et. al, consumption of rice fulfilled the RDA norm by 1.8% to
10.9% [18]. Fairly similar fulfilment of the RDA norm (9%) was observed amid Nigerian
women [25]. During the polishing process, the content of Zn was reduced by 23% (from
18.3 mg /kg to 14.1 mg /kg). Generally, Zn is distributed homogeneously through the grain;
however, the bran layer contains higher average Zn levels (20-50 mg/kg) compared to
the endosperm (13 mg /kg) [31]. The high content of antinutritional components in bran
impaired Zn bicaccessibility from rice grains. In the study by Ortiz and Camara-Martoz,
the total Zn level ranged from 8.8 mg/kg to 13 mg/kg and the following soluble and dia-
lyzable contents were reported: (1.9-3.3 mg kg and 0.2-1.3 mg /kg, respectively. Thus, Zn
bioaccessibility was quite low—the solubility did not exceed 15%—while dialyzability was
lower than 3%. It was observed that vegetable proteins were negatively correlated (p < 0.05,
r = —0.409) with Zn bicaccessibility [33]. Considering the overall daily diet, among Chinese
adults, over one-third are at risk of Zn deficiency due to intake below the EAR norm. Grain
consumption contributed to nearly 40% of total dietary Zn intake [42]. On the other hand,
among American adults, daily Zn intake above RDA norm was reported [43].

To the best of our knowledge, there are limited data regarding the TUIL for elements
consumed with diet. The risk of Ca intake with food products reaching TUIL is very
low [44]. In a large European cohort study, exceedances of TUIL considering Fe (among
women and men) and Mg (among men) were reported. The risk of over intake was
observed among those who consumed dietary supplements [45]. No nutrient intakes
with a diet above the TUIL were reported among the Canadian population. However,
study participants who took dietary supplements were at risk of overly high Mg and Zn
intake [46]. In turn, our analyses showed that there could be a potential risk of over intake
of Mn through the whole day diet (even without supplementation). Therefore, we see a
great need to conduct research focused on this topic.

5. Conclusions

Taking all of the above described into account, our study revealed that all of the
studied subgroups of rice products available on the Polish market can be regarded asa
source of Cu, Mn, and Se, while most of the products can be a source of Mg and Zn in
the diet of the adult European population. Therefore, this fact should be highlighted in
nutritional education. Considering the tolerable upper intake level of the studied elements,
the tested products could be regarded as safe to consume. However, we see a great need to
assess the daily intake of Mn with all products consumed in the diet due to the possible
risk of excessive intake.
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Abstrack Background: Nutritional food quality plays a crucial role in maintaining human health.

However, food and drinking water, along with occupational exposure, are the main routes of exposure
to towic elements for humans, The main aim of this study was to determine the content of As, Cd, Pb
and Hg in naturally gluten-free grains and products made from buckwheat, millet, maize, quinca
and oat. The safety of consumption of the products tested was also assessed. Methods: The contents

of As, Cd and Pb were determined using inductively coupled plasma mass spectrometry (ICP-MS).

To measure Hg, an atomic absorption spectrometry method (AAS) with the amalgamation technique
was applied. To assess the level of consumption of the tested products, an online survey was
conducted. To estimate health risk, three indicators were used: the target hazard quotient (THQ),
cancer risk (CR) and hazard index (HI). The research material obtained 242 different samples without
replications. Results: The highest average content of As, Cd, Pb and Hg were observed for the
following groups of products: oat (10,19 wg /keg), buckwheat (4835 pg/kg), millet (74.52 pug k)
and buckwheat (1.37 pg/kg), respectively. For six samples, exceedance of established limits was
found—three in the case of Cd and three of Ph. Due to the lack of established limits, As and Hg

content of the tested products was not compared. Generally, no increased health risks were identified.

Conclusions: Based on the obtained results, the consumption of gluten-free cereals and pseudocereals
available on the Polish market seems to be safe. However, there is a great need to establish maximum

levels of the toxic elements, especially As and Hg in cereal products in European legislation.

Keywords: buckwheat; millet; maize; quinoa; oat; gluten-free grains; health risk; toxic elements;

quality assessment

1. Introduction

Healthy eating and physical activity are key factors in maintaining human health.

A proper diet should be based on minimally processed foods, which characterize similar
nutritional values as the base material. Unprocessed foods, contrary to processed products,

were found to have a low impact on glycemic response and greater satiety potential [1].

Sadler et al. have identified four main aspects of food processing: the extent of change (from
the natural state), the nature of changes (e.g., addition food additives), place of processing
(who and where it was done) as well as the purpose of processing. It seems to be rational
to take all the mentioned aspects into consideration when assessing which products should
be considered as processed [2]. Based on the classification made by Sadler et al., cereal
and pseudocereal products can be categorized as unprocessed foods. Generally, they are
characterized by a high content of carbohydrates, plant proteins, dietary fiber (especially
whole grains) and also vitamins and minerals.

Nutrients 2022, 14, 2342 hitps:/ /doi.org/ 10,3390/ nu 14112342
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Buckwheat is a pseudocereal and belongs to the Polygonaceae family. Currently, two
main species—common buckwheat (Fagopyrum esculentum Moench) and Tartary buckwheat
(Fagopyrum tataricum Gaertn)—are cultivated and consumed worldwide. Buckwheat is
characterized by high protein content with balanced amino acid composition, high content
of minerals (e.g., magnesium, zinc and iron) and other biologically active phytochemicals
(such as rutin) as well as dietary fiber [3]. [t was observed that buckwheat consumption had
a positive effect on the lipid profile—lowering the levels of total cholesterol, triglycerides
and low-density lipoproteins and increasing the levels of high-density lipoproteins [4].
Consequently, the risk of occurrence of type 2 diabetes mellitus, cancer and cardiovascular
disease was reduced [5].

Millet is the sixth most important cereal in the world. Pearl millet (Pennisetum glau-
cum (L.)} is the most commonly grown millet species, followed by foxtail millet (Setaria
italica), proso millet (Panicum miliaceunt) and finger millet (Eleusing coracana) [6]. Millet has
a high nutritional value, contains plant protein with a balanced amino acid profile and fiber,
and is a good source of micronutrients such as iron and zinc. It has the highest calcium
content among all cereals (344 mg/100 g). Moreover, these grains have a low glycemic
index; thus, it can be consumed by patients with insulin resistance [6]. Epidemiological
data indicate that millet intake could be related to a lower risk of chronic diseases such as
obesity and type 2 diabetes mellitus [7].

Maize, also called corn, is more often used for feed than for food in Europe; however,
there are many products and dishes produced based on this crop. Many types of corn are
actually cultivated, and one of the important differences between the selected species is the
color of the grain (white, yellow, red and black). Maize is a rich source of carbohydrates,
antioxidants (such as carotenoids and phenolic compounds, especially in colored species),
minerals (potassium and sodium), B vitamins (By, Bz, Bs) and plant protein (with a high
content of methionine and cysteine) [5].

Oat {Avena Sativa (L.)), as well as quinoa, is included in the group of functional grains.
In this group, there are also classified lentils, chickpeas, amaranth, chia seeds, wild rice
and flaxseeds. Generally, grains in this group are rich in protein, vitamins and minerals
compared to white rice, barley and wheat. Oats contain 5-12% fat (75-80% unsaturated),
which is higher than other cereals. Moreover, it contains great amounts of dietary fiber,
especially B-glucan, which has the ability to lower cholesterol levels and has anti-diabetic
properties. This grain is also a rich source of polyphenols such as caffeic, gallic, coumaric
and vanillic acids [9].

Quinoa (Chenopodium quinoa Willd) is characterized by high protein content and quality
and is rich in lysine and methionine. The great nutritional value of this pseudocereal is
due to considerable amounts of fiber, vitamins (especially B, and By), minerals (such as
iron and calcium) and antioxidants. The most common color of grains is white; however,
grey, black, yellow and red species are also possible. Quinoa consumption has a positive
effect on human health, in particular on gastrointestinal, metabolic and cardiovascular
functions [10].

Plants are very sensitive to environmental changes, especially stress factors, which
include, among others, the influence of toxic elements. Arsenic (As), cadmium (Cd),
mercury (Hg) and lead (Pb) are widespread in the environment due to natural processes as
well as anthropogenic activities. These elements have no physiological role in the human
organism. Even exposure to low levels of these contaminants could be harmful because
of their ability to accumulate. Besides occupational exposure, food and drinking water
are the main routes of exposure to these toxic elements for humans [11]. Koch et al., in
their investigation, showed that cereals accounted for the largest percentage of overall Cd
intake through diet among young Polish residents, accounting for 30.2% and 39.6% of the
total daily intake of Cd among women and men, respectively. Cereals were also the main
contributors of the total Hg intake, which was found to be 15.2% and 16.8% among women
and men, respectively [12]. Similar observations were made by Kim et al. in their study.
Cereals and bread contributed most (34%) to the overall Cd intake among the American

69



Nutrienfs 2023, 14, 2342

Jof 14

population [13]. A notably higher contribution to the daily Cd intake was observed for
cereals and potatoes among Belgian residents (60%) [14].

As and Cd were classified by the International Agency for Cancer Research (IARC)
in the first group of carcinogens (group 1A) for humans. As exposure may lead to the
development of a number of cancers: lung, liver, skin, bladder and kidney, while Cd is

related to the occurrence of liver, pancreas, kidney, urinary bladder and breast cancers.

Cd exposure is a risk factor for osteoporosis and impairs the functioning of the immune
system [15].

The IARC categorized I'b in the second group of carcinogens (2A) as probably having
a cancerogenic effect on humans. The implications of Fb exposure include impairment
in the functioning of kidneys, reproductive and nervous system. Pb is recognized to be a
cause of hypertension and a risk factor for heart disease and stroke [15].

The target organs in the human body of toxic Hg influence are the brain and central
and peripheral nervous system. In addition, this element could impair the functioning of
the heart, lungs, immune system and kidneys [16].

The main aim of this investigation was to determine the content of toxic elements (As,
Cd, Pb and Hg) in naturally gluten-free cereals and pseudocereals available on the Polish
market. Moreover, the differences in the contents of the elements between the studied
subgroups of the products were checked. Additionally, using a questionnaire survey, the
safety of consumption of these products was estimated.

The novelty of this study includes the analysis of such a broad group of naturally
gluten-free products. For the first time, twenty-four subgroups, which consisted of a
minimum of five different samples without repetition (each one from a different producer),
were taken into account.

2. Materials and Methods
2.1. Sample Collection

QOur study material included samples of five groups: products based on buckwheat
(Fagopyrum Mill), maize (Zea mays), millet (Panicum miliaceum L.), oat (Avena sativa L)
and quinca (Chenopodium guinpa Willd). Our strategy was to collect as many different
types of products as possible to gather the most representative research material for the
Polish market. Products were purchased from the local stores in Bialystok (a city located
in north-eastern Poland) as well as from online stores in April and May 2021. It was also
important to obtain products based on the cereals and pseudocereals mentioned above
without any additional ingredients. Finally, our research material consisted of 242 samples,

and the details of the subgroups and number of samples collected are shown in Tables 1-5.

Qut of all studied products, 78 were from organic farming. None of the samples were
replicated, so each product had a different producer. Moreover, we collected a minimum of
5 samples for every subgroup. Until analyses, products were stored in a cool and dry place
in their original packages.

Table 1. The content of the toxic elements in buckwheat products.

As puglkg Cd pglkg Hg uglkg Pb pglkg
Type of Product X 4+ §D (Min-Max) X < SD (Min-Max) X + SD (Min-Max) X £+ SD (Min-Max)
Me (0Q,-Q3) Me (Q1-0Q5) Me (Q;-0Q4) Me (Q,-0s)
55.85 + 19.10 3491 £ 27.50
Bu.:kwhf_;. groats 324 + 357 (0-14.77) 279491 84) 0.70 + 0.44 (023-1.67) (457-110.32)
=17 254 (0-4.74) 53.60 (43.73-71.04) 053 (0.38-0.91) 38.03 (13.65-49.62)
3244 £ 10.84
Expanded buckwheat  44.84 £ 75.04 (0-204.49) (22.224931) 144 + 1.08 (0.85-3.88)  27.02 + 50.86 (0-141.60)
bn=7) 472 (4.14-88.87) 27.23 (24.02-43.96) 1.12 (0.97-1.15) 9577 (0.42-15.72)
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Table 1. Cont.
As pplkg Cd pgikg Hg ng'kg Pb ug/kg
Type of Product X £ SD (Min-Max) X £ SD (Min-Max) X + SD (Min-Max) X £ SD (Min-Max)
Me (Qy-Qs) Me (Q1-Q3) Me (Q1-Q3) Me (Q1=03)
4509 4+ 2422 28.62 + 1603
Flakes e =9} 298 4 2.09 (0-5.84) (10.70-84.33) 1.91 4 2.80 (0.42-9.34) (11.47.48.27)
3.54 (1.99-4.65) 48.27 (26.67-52.92) 1.16 (0.94-1.27) 17.02 {15.82-43.99)
66.70 £ 114.69
Flowr (u = 12} 377 £ 469 (0-17.12) 4321 + 3091 (0-12634)  1.74 & 3.20 (0.33-11.50) (14.69423.47)
3.79 (0-4.75) 32.00 (22.82-52 36) 0156 (0.45-63.87) 19.28 (17.69-63.97)
37.02 41217 25.91 + 1472
Pasta (s = 7) 782 £ 775(237-2447) (22.5556.55) 1.22 & 064 (0.43-2.40) (14.57_47.85)
5.11(2.44-9.92) 35.12 (28.93-50.26) 1.14 (0.82-1.63) 18.58 (17.04-46.84)
Roasted buckwheat 277 £ 2.29 (0-5.28) 65.36 + 20.52 1.67 £ 2.06(029-6.05) 15.56 + 1559
ats (= 9) (33.57-100.60) {4.12-56.59)
gro 416 (0-4.71) 64.48 (61.70-74.77) 0.68 (0.33-2.20) 11.89 {10.23-11.99)
48.35 + 2331
Total (1 = 61) 8.53 4+ 28.28 (0-206.49) (1070-126.34) 1.37 £ 198 (0.23-1150) 3544 4 56.93 (0-423.42)
4.13 (1.82-4.90) 45.62 (28.93-61.70) 0.85 (0.46-1.17) 17.04 {11.99-46.84)

X—average; SD—standard deviation; Me—median; Ch—lower quartile; Q:—upper quartile.

Table 1. The content of the toxic elements in maize products.

As pgfkg Cd pgfkg Hg ugike Pb pglkg
Type of Product X + SD (Min-Max) X + SD (Min-Max) X + SD (Min-Max) X + SD (Min-Max)
Me (Qy-Q4) Me (Qy-0Q3) Me (Qy-Q3) Me (Q-0s)
1120 £ 1166 7370 £ 6.78
543 4 658 (0-21.68 1.02 + 0.63 (0.30-2.36
Cakes (n=19) ( ) (3.43-39.76) ( ) (66.0-87.64)
2.55 (2.20-7.40) 7.12 (5.26-8.34) 0.90 (0.57-1.16) 74.53 (68.81-75.96)
10.27 £ 9.03 3570 £ 1532 5624 £+ 2462
Maize groats (n = 10) (2.40-30.68) (21.44-49.19) 0.85 +0.76 (0.25-2.45) (39.46-11257)
837 (4.04-12.2%) 33.89 (21.44-49.19) 0.62 (0.31-1.24) 47.70 (40.62-60.65)
B0.80 & 2441
Crisps (= 13) 2634304 (0-11.28) 732 4+ 338(357-15.12)  1.8D + 1.31 (0.43-4.27) (44.56.-140.95)
1.99 (0-3.62) 752 (4.62-8.24) 1.22 (0.92-2.47) 75.26 (64.84-89.66)
65.04 £ 1937
Flour (r = 11) 339 £ 223 (1.66-9.33) 5.30 £+ 2.33 (1.66-9.69) 0.62 £ 063 (0.20-2.44) (3492-93.17)
2.79 (1.78-4.03) 5.53 (3.76-6.60) 0.42 (0.26-0.69) 64.36 (51.35-78.38)
7434 £ 1337
248 4 1.83 (0-5.03 6.33 4 4.10 (2.90-15.1 0.56 4 0.61 (0.14-2.00,
Pasta (n = 8) ( ) ( N ( ) (60.05-96.52)
2.38 (1.05-3.95) 5.11 (3.40-7.80) 0.40 (0.20-0.57) 70.22 (63.68-85.17)
9980 £ 2234
Popcorn (1 =7) 466 & 438 (0-10.74) 368 4 221 (0-6.24) 2.34 4 (.89 (1.16-3.88) (53.73-117.09)
3.82 (0-10.36) 403 (1.91-5.37) 2.0(1.92-3.09) 106.65 (88.52-114.70)
7452 £ 24.02
Total (1 = 59) 363 £ 362 (0-21.69) 7.11 £ 7.37 (3.63-752) 111 £ 1.04{0.094.27) (18.98-140.95)
2.30 (1.66-4.12) 5.37 (3.62-7.52) 0.71 (0.40-1.47) 7347 (61.97-87.83)

X—average; SD—standard deviation; Me—median; Ch—lower quartile; Q:—upper quartile.
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Table 3. The content of the toxic elements in millet products.
As uglkg Cd pgikg Hg uglkg Pb pg/kg
Type of Product X & SD (Min-Max) X 4 SD (Min-Max) X + SD (Min—Max) X & SD (Min-Max)
Me (Qy-Q3) Me (Q-0Q3) Me (Q=Q3) Me (Q-Q3)
Expanded millet 1382 + 17.04 (0-4054) ?5'14;121}}”3'?‘; 144+ 1.08(085-388)  27.03 + 50.86 (0-14160)
groats (n = 6) 472 (4.14-88.87) 27.23 (24.02-43.96) 1.12 (0.97-1.15) 956 (0.42-15.72)
35.00 + 22.23 S8.04 £ 6443
Elakong (=35} 4.97 4 3.29 (2.28-15.95) (22-68.80) 0.77 -+ 0.64 (033-2.61) C04T-28152)
439 {357-457) 25.02 (18.21-59.32) 0.46 (0.40-0.96) 33.07 {26.39-65.91)
55.30 4 25.03 7276 + 2296
Pl ) 5.61 + 425 (1.77-14.71) (13.64-76.99) 0.52 - 0.23 (0.01-0.71) 20.59.91.95)
4.38 (2.47-7.34) 65.65 (34.65-75.56) 058 (0.46-0.68) 76.89 (69.24-88.64)
2455 + 16,51 58.48 4 06.27
Millet groats (1 = 18) 493 & 2.24 (0-9.58) (5.70.7092) 0.64 - 0.49 (0.12-1.58) (20.67436.83)
4.66 (4.19-5.69) 20.74 (10.89-33.89) 0.45 (0.29-1.09) 24.47 (21.66-57.51)
3314 + 2392 5756 = 70.10
atal = ) 6.19 £ 6.95 (0—4054) (5.70.-8371) 0.76 -+ 0.61 (0.01-2.77) (19.74436.83)
4,55 {3.57-3.69) 22.86 (15.18-53.04) 055 (0.40-1.09) 32.90 (23.59-68.15)
X—average; SD—standard deviation; Me—median; Ch—lower quartile; Qs—upper quartile.
Table 4. The content of the toxic elements in oat products.
As uglkg Cd pglkg Hg ug/kg Pb ug/kg
Type of Product X 4+ SD (Min-Max) X 4 SD {Min-Max) X -+ SD (Min-Max) X & SD (Min-Max)
Me (Qy-Q3) Me (Q1-Q3) Me (Q-Q3) Me (Q4-Qs)
10.11 + 493 6049 4 4554 56.93 4 1596
Bran (i = 6) (5.46-18.27) (6.48-138.83) 1.07 £0.39 (051-1.66) (38.22-78.62)
8.29 (6.65-13.69) 50.40 (34.58-68.44) 1.11 (0.83-1.23) 56.23 (43.86-68.43)
1020 £ 10.00 27.74 + 19.32 47.00 + B.88
Flakes (n = 22) (1.78-44.11) (1.05-73.22) 1.11 +0.85(0.19-3.57) (18.99-58.26)
8.12 (2.57-12.84) 21.83 (15.74-31.02) 0.99 (0.42-1.38) 49.14 (18.99-58.26)
10.12 + 3.68 19.98 + 964 56.74 + 1376
Flour (n = 9) (4.21-15.20) (10.11-41.67) 057 £035(0.13-12) (40.97-86.60)
10.51 (7.88-12.13) 19.93 (12.67-23.63) 0.47 (0.30-0.80) 55.44 (46.34-61.31)
10.27 + 9.04 2454 + 16.81 5625 4 2463
Oat groats (n = 8) (2.40-30.68) (5.70-70.92) 0.85 + 07 (0.25-2.45) (39.46-112.58)
8.37 (0-3.70) 20.74 (21.44-49.19) 062 (0.31-1.24) 47.70 {40.62-60.65)
10.19 + 8.12 31.97 + 2492 51.92 + 0.72
Total {1 = 45) (1.78-4411) (1.05-138.83) 0.96 + 0.72 (0.13-3.57) (18.99-112.58)
B.67 (4.49-12.84) 22.06 (17.94-41.67) 0.83 (0.42-1.20) 49,89 (43.07-55.09)

X—average; SD—standard deviation; Me—median; Oy —lower quartile; Qu—upper quartile.

2.2, Microwave Digestion of Samples

To determine the content of As, Cd and Pb, mineral microwave digestion in a close
loop system was performed (Berghof, Speedwave, Eningen, Germany). First, samples were
homogenized in a stainless-steel mill and weighted (0.2-0.3 g, with an accuracy of 1 mg)
to the mineralization polytetrafluoroethylene vessels. Then, 4 mL of concentrated (69%)
spectrally pure nitric (V) acid was added (Tracepur, Merck, Darmstadt, Germany). The
analytical conditions of microwave digestion were the same as described previously [17].
The digested samples were quantitively transferred into polypropylene vessels with ultra-
pure water and stored at —20 “C until further analyses. For the determination of As, Cd
and Pb, mineralizates were diluted 10 times with deionized water.
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Table 5. The content of the toxic elements in quinoa grains.

As ug/kg Cd nglkg Hg ug/kg Pb ug/kg

Type of Product X + SD (Min-Max) X 4 SD (Min-Max) X 4 SD (Min-Max) X 4 SD (Min-Max)

Me (Q;-Q3) Me (Q;-Q3) Me (Q;-Q3) Me (Q;-Q3)

2290 +5.15 , 54.04 + 8.80

Black quinoa (n =7) 7.00£2.69/(413-085) (17.25-32.12) 154 =099)0.44-2:45) (34.26-58.37)
8.66 (4.28-9.28) 22.69 (18.33-2592) 1.86 (0.58-2.13) 57.71 (55.28-58.28)

24.57 4 5.56 53.60 + 8.38

Ry b 6.86 + 222 (4.09-9.33) (17.22-31.10) 1.58 + 0.68 (0.81-2.70) (34.75-58.35)
7.80 (4.64-9.04) 24.95 (17.73-30.66) 1.57 (0.90-2.05) 56.39 (55.30-57.62)

27.88 4 4.55 55.50 + 1.12

Tricolor quinoa (n = 5) 9104402 (531-15.95) (5.31-15.95) 0.72 =10.62/(034-1:92) (54.25-57.30)
8.13 (7.65-8.45) 8.13 (7.65-8.45) 0.42 (0.41-0.49) 55.26 (55.07-55.59)

994 4+ 10.07 3220 4+ 11.86 53.46 + 8.31

White quinoa (n = 11) (1.98-38.15) (10.03-53.44) 055+0.19/(024-039 (37.69-65.62)
7.46 (4.10-10.05) 33.72 (24.69-41.01) 0.52 (0.47-0.61) 54.55 (53.76-55.42)

27.53 4 8.88 53.97 4 7.42

Total ¢x = 30) 8.41 4 6.45 (1.98-38.15) (10.03-53.44) 1.05 -+ 0.73 (0.24-2.70) (34.26-65.62)
7.90 (4.32-9.28) 25.50 (22.69-32.12) 0.70 (0.48-1.86) 55.36 (54.33-57.62)

X—average; SD—standard deviation; Me—median; Q;—lower quartile; Q;—upper quartile.

2.3. Toxic Elements Determination
2.3.1. Mercury

Hg content was determined using the atomic absorption spectrometry method (AAS)
with the amalgamation technique in a single-purpose atomic absorption spectrometer
(Advanced Mercury Analyzer AMA-254, Leco Corp, Altec Ltd., Prague, Czech Republic).
Homogenized samples were weighted (100-110 mg, with an accuracy of 0.1 mg) to the
cuvette then analyzed using a program dedicated to solid samples. The conditions of the
analysis were the same as described previously [17].

2.3.2. Arsenic, Cadmium, Lead

To analyze the content of As, Cd and Pb, inductively coupled plasma-mass spectrome-
try was used (ICP-MS, NexION 300D, PerkinElmer, Waltham, MA, USA). As determination
was performed with a kinetic energy discrimination (KED) chamber, while the standard
mode was used for Cd and Pb. In the KED mode, polyatomic interferences were corrected
through collisions and energy discriminations. Atomic mass units were 74.9216 for As,
109.903, 110.904, 112.905 and 113.904 for Cd, and 205.975, 206.976 and 207.977 for Pb. In
both modes (KED and standard), each measurement was replicated 5 times with a dual
detector calibration mode. Dwell time per amu and integration time were 50 ms and
1000 ms, respectively. The limits of detection for the methods used were 0.019 ug/kg for
As, 0.017 pg/kg for Cd and 0.16 pg/kg for Pb.

2.3.3. Accuracy Check of the Methods

To control the quality of the analyses, certified reference material (CRM) was used
(corn flour INCT-CF-3, Institute of Nuclear Chemistry and Technology, Warsaw, Poland).
CRM was analyzed at the beginning of the determination as well as every 10 samples. The
results of the accuracy check were referred to the values declared by the manufacturer.
Recovery for CRM was 101.5%, 99.4%, 100.6% and 99.2% for As, Cd, Pb and Hg, respectively.
The precision was 2.4%, 3.4%, 3.1% and 1.9%, respectively.

2.4. Participants

An online survey was conducted to assess the level of consumption of the surveyed
products among adult Polish residents. Participants were recruited as volunteers through a
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social media platform between the 5th and 12th of April 2020. The survey was conducted
through the Google questionnaire system and was anonymous; no personal data was
collected. Each person was allowed to take part in the questionnaire only once. Finally,
168 participants took part in the survey, of which 141 (84%) were women and 27 (16%)
were men. The average age of the studied group was 25 years, the average height was
1.69 = 0.08 m (ranged from 1.5 to 1.99 m) and the average body mass was 65.4 + 123 kg
(between 41 and 120 kg).

2.4.1. Questionnaire

The original questionnaire was included as an attachment to the publication, see
supplementary material File S1.

2.4.2. Health Risk Assessment

To assess the safety of the consumption of the studied products, health risk indica-
tors such as target hazard quotient (THQ), hazard index (HI) and cancer risk (CR) were
calculated. The following formulas were used:

THQ = (FE x DE x LCons x Cx)/(RfD x BW x T) x 107>
HI = ) (THQ As + THQ Cd + THQ Pb + THQ Hg)

CR = (FE x DE x EDI x Sf)/T x 1072,

where FE is the frequency of exposure (365 days/year); DE is the duration of exposure
(in this work, we have taken the average lifetime of 70 years); LCons is the average level
of consumption; Cx is the concentration of the studied element in the sample; RfD is
the oral reference dose for As 0.3 pg/kg BW/day, for Cd and Pb 1 ug/kg BW/day, and
for Hg 0.3 pg/kg BW/day; BW is the average body weight [18]; T is the overall time
of exposure (FE x DE); EDI is the estimated daily intake calculated by multiplying the
average daily consumption (g/day) of the selected product and the measured concentration
of the element (ug/1000 g); and Sf is the slope factor established by the United States
Environmental Protection Agency for As—1.5 mg/kg/day, for Cd—6.3 mg/kg/day, and
for Pb—0.0085 mg /kg/day. The reference for the THQ is <1; if the value is higher than
1, it may suggest a potential risk of the toxic elements due to consumption of the studied
products, while for the sum of THQ (1 THQ), the limit is 4. The CR estimates the probability
of the cancerogenic effect, and values higher than 10~* indicate an increased risk. The
average level of daily consumption of the studied products was assessed through an
online survey. To estimate the selected health risk indicators, the products with the highest
consumption rate such as buckwheat groats, roasted buckwheat groats, millet groats, millet
flakes, popcorn and oat flakes were taken into account. The average daily intakes of the
above-mentioned products among the study participants were 2.6 g,3.8g,39g,40g,36¢g
and 16.6 g, respectively.

2.5. Comparison of Results with European Regulations

The obtained results were compared to the Commission Regulation No. 1881 /2006,
which sets the maximum levels for certain contaminants in foodstuffs. The following

maximum levels were set for cereal products: 100 pg/kg for Cd and 200 ug/kg for Pb.

Currently, no levels have been set for As and Hg content in cereals other than rice [19].

2.6. Statistical Analysis

The statistical analyses of the obtained results were performed using Statistica 13
software (TIBCO Software Inc., Palo Alto, CA, USA). First, descriptive statistics were
carried out. Parameters such as the average (X), standard deviation (SD), minimum
(Min), maximum (Max), median (Me) as well as the lower and upper quartiles (Q;-Q3)
were indicated. To compare the content of the studied elements among the groups and
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subgroups of products non-parametric tests (Kruskal-Wallis Analysis of Variance (ANOVA)
and Mann-Whitney U test) were used. As a significant were considered differences at
p < 0.05.

3. Results

The results of the analyses conducted in this study are shown in Tables 1-5. In this
study, the highest As content was in oat products (10.19 + 8.12 ug/kg), while the great-
est As level was in expanded buckwheat (20649 pg/kg). However, As concentrations
were lower than the limit of detection of the method used. The buckwheat products
had the highest average level of Cd (48.35 & 23.31 pg/kg). Of all the products, consider-
ing the individual samples, oat flakes had the lowest Cd level (1.05 ug/kg), in contrast
to oat bran, where the maximum Cd concentration was found (138.83 ug/kg). In addi-
tion to cat bran, two products—roasted buckwheat (100.60 pg/kg) and buckwheat flour
126.34 pug/kg)—exceeded the maximum levels according to EU legislation. Buckwheat
products had the highest average Hg (1.37 & 1.98 ug/kg). Taking the products into account
separately, buckwheat flour (11.50 ug/kg) had higher Hg concentrations than any other
product, while the minimum content was in millet flour (0.01 ug/kg). For the last studied el-
ement, Pb, the highest content was observed among maize products (74.52 £ 24.02 ug/kg),
while one product of millet groats had the highest Pb concentration (436.83 ug/kg). Pb
content in this sample was more than two times higher than the established limit, and a
similar level was found in buckwheat flour (423.42 ug/kg). The exceedance of the limit
was also observed for millet flakes (281.32 ug/kg). On the other hand, in one product of
expanded buckwheat, the Pb level was below the limit of detection.

The health risk was assessed based on the equations described in the material and
methods section (point Section 2.4.2). For the THQ, the reference is <1, while for the total
THQ ((THQ), the reference is <4. In our investigation, the assessed values of the indicators
were significantly lower than the limits established (Table 6). Similar results were obtained
considering CR; the results for each element were lower than 104,

Table 6. Health risk assessment.

Type of Product

Target Hazard Quotient (THQ)

As cd Hg Pb TTHQ!
Buckwheat groats 403 x 1074 2.09 x 1077 1x107* 37 %1074 295 % 1077
Roasted buckwheat groats 4.96 x 1074 351 x 1073 3x 1074 24 %1074 455 % 1073
Millet groats 9.21 x 107* 1.38 % 1077 12x 107! 94 x 1074 335 x 1073
Millet flakes 937 x 104 198 x 103 15 1074 94 1074 4x 103
Popeom 7.95 x 1074 19 x 1079 4x1074 146 = 1073 284 % 1073
Oat flakes 8.08 x 1073 6,59 % 1073 8.8 x 1074 300 x 1073 187 » 1072
Cancer Risk (CR) 37 %1077 6.8 % 1077 - 15 % 1077 -

¥ = (THQ As) + (THQ Cd) + (THQ Hg) + (THQ Pb).

The results of the statistical analysis are presented in Tables 7 and 5. The p-values
were put in the superscript or in the brackets. Many statistically significant differences
were found regarding the content of tested elements in the study material, which could

indicate that some types of grains have a greater ability to accumulate some heavy metals.

No differences were found for Hg content among the tested groups. Among the organic
and conventional products, differences were found only for Hg between buckwheat groats
{buckwheat groats vs. roasted buckwheat groats).

75



Nutrients 2022, 14, 2342

9of 14

Table 7. Statistically significant differences between the groups of products tested.

Group of Products Maize Millet Quinoa Oat
Buckwheat Cd O.CDI' Pb 0.001 Cd D.OI' rb 0.001 As D.ml’ Cd 0.[]5‘ Pb 0.001 As ﬂ.ml' cd D.Ol, rb 0001
Maize N As 001 Cq 0001 ppp 0001 20001 40001 ppp 005  Ag 0001 g 0001 pp, 0.001
Millet As 0.01’ cd (MIII' Pp 0001 = - As 005
Table 8. Statistically significant differences between the subgroups of products tested.
As Cd Pb Hg
Buckwheat groats-Oat groats Buckwheat groats-Millet EXpaiicad Buckwheat pasta-Corn pasta
buckwheat-Expanded millet
(0.05) groats (0.01) (0.05)
(0.05)
. Buckwheat groats-Comn groats ~ Buckwheat flakes-Oat flakes White quinoa-Red quinoa
Corn groats-Oat groats (0.05) (0.001) (0.05) (0.05)
. . . 5 " Conventional buckwheat
Buckwheat flakes-Oat flakes Corn groats-Oat s (0.05) Buckwheat pasta-Corn pasta groats-Organic buckwhest
(0.05) 8 (0.01) 8
groats (0.05)
Buckwheat pasta-Comn pasta ~ Buckwheat pasta-Corn pasta  Buckwheat flour-Millet flour
(0.05) (0.01) (0.05)
Buckwheat flour-Oat flour Buckwheat flour-Corn flour
(0.01) (0.001)
Corn flour-Oat flour (0.01) Millet flour-Corn flour (0.001)

p-values in brackets.

4. Discussion

In this investigation, such a broad group of naturally gluten-free products was ana-
lyzed for the first time. The dietary intake of toxic elements such as As, Cd, Pb, and Hg,
according to the opinion of the European Food Safety Authority, is a major health care
problem [20]. Since 2010, naturally gluten-free grains have gained popularity. The United
Nations General Assembly declared 2013 as the ‘International Year of Quinoa’ [21]. In 2020,
the value of the global quinoa market amounted to about USD 72 billion. This market
is estimated to reach over USD 149 billion by 2026. A higher interest in implementing
quinoa into a daily diet is observed especially in Europe and in the US. In 2017, the US
buckwheat production volume amounted to about 83 thousand metric tons. Production
increased to approximately 86.4 thousand metric tons by 2020 [22]. Naturally gluten-free
grains are highly recommended for individuals suffering from gluten-related disorders
such as coeliac disease. Laheri and Soon demonstrated that, in a group of patients with
coeliac disease, rice, quinoa and maize are the most popular alternative grains. A higher
intake of those grains was reported among females [23]. On the other hand, Nikniaz et al.
showed inadequate and low whole-grain intake among Azerbaijani-Iranian coeliac pa-
tients [24]. It was demonstrated that plants have several protective mechanisms against
the accumulation of toxic elements. However, non-essential elements could use different
transporters for their transport and uptake into plants. Toxic elements such as Cd and
Hg have a negative effect on plant growth and the activity of antioxidant enzymes such
as superoxide dismutase [25]. In general, the results of this study indicate that elements
such as Cd and Pb tend to accumulate in greater amounts than As and Hg in the studied
material. Mitrus and Horbowicz have found that common buckwheat is a type of plant
that has a natural ability to accumulate Pb [26]. Taking into account soil contamination, in
2014, approximately 19.4% of the farmland in China was reported as being contaminated
by toxic and potentially toxic elements [27]. The regions with the highest content of Cd in
the soil were concentrated in Guizhou, Chongqing, Guangxi, Hubei, Hunan and Jiangxi.
Generally, areas located in southern China are characterized by higher As, Cd, Pb and Hg
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content compared to northern regions of China [25]. The anthropometric sources of soil
pollution include, among others, usage of chemicals or fertilizers, industrial activities and
land application of sewage sludge. On the other hand, natural sources of contaminants
include, for example, volcanic eruptions or the release of toxic elements from rocks. Jo and
Todorov analyzed the concentration of selected elements in brown rice grains and in bran
when 309, 50%, 70% and 100% of the grain was polished. Even in the first step of polishing

(30%), the content of heavy metals was different between the grains and bran (As 221 vs.
598 ug/kg, Cd 14 vs. 23 ng/kg, Hg 4.1 vs. 8.3 ug/kg and Pb 4 vs. 17 ug/ kg, respectively).

After the complete removal of the bran, the following concentrations were observed: As
205 vs. 599 ug kg, Cd 12 vs. 22 ug/kg, Hg 3.2 vs. 7.1 pug,/kg and Pb 3 vs. 11 pg/kg in the
grains and the bran, respectively [29]. To the best of our knowledge, there is no similar
research on cereals such as buckwheat, quinoa, maize or cat. In this investigation, six of
the samples exceeded the maximum levels established in European legislation—three for
Cd and three for Ph. Many statistically significant differences were found in the content of
toxic elements between the groups and subgroups tested.

4.1. Arsenic

Food and drinking water, alongside industrial exposure, are the main sources of
exposure to As for humans. As levels in food are different depending on the food type,
growing conditions (such as type of soil, water, geochemical activity conditions and use
of As pesticides) and processing techniques. There is no known physiological function of
As for humans. Among cereals, rice has a greater ability to accumulate As and other toxic
elements due to its cultivation in flooded soil under reducing conditions. However, there is
still limited data regarding the content of As in other types of cereals such as buckwheat,
millet, quinoa and oat. In one of the available research papers, the average As content in
maize produced in China was 60 pg/kg (30-1300 pg/kg). The results were substantially
higher when compared to the results of the present study [30]. However, other Chinese
researchers have found that none of the studied maize samples exceeded the established

limit for As, and that the average content was 14 ug/kg [31]. In another study, Gu et al.
showed that As content in oat and quinoa was 27 ug/kg and 28 ug/kg, respectively [32].

Those results were similar to those obtained in this investigation. A considerably higher As
level in quinoa was determined by Bolafios et al. (150 ug/kg) [33].
4.2, Cadmium

Cd is widely distributed on the earth and is characterized by a high soil-to-plant
transfer and is present in most human foodstuffs. In the study by Lian-Xin et al., Cd levels

in buckwheat were higher than in this investigation and ranged from 50 to 285 pg/kg [34].

Lower results were obtained in the research conducted by Gu et al.; the Cd content in oat
and quinca was 13 pg/kg and 49 ug/kg, respectively [32]. A comparable Cd concentration
in quinoa grains was reported by Bolafios et al. (40 ug/kg) [33]. Similar results to this
work were presented by Bratovcic and Saric; the Cd content in white quinea grains was
26 pg/kg [35]. Vollmannova et al. reported a higher Cd content in quinoa grains; in
their research, the Cd concentration ranged from 90 to 190 ug /kg, while in buckwheat, it
was between 50 and 90 ug/kg [36]. Cd levels in maize (100 ug/kg) that were more than
ten times higher than obtained in this study (7.11 pg/kg) were determined by Chinese
researchers [31].

4.3. Lead

The results of research conducted in China showed nearly 1000 times higher Pb
content in buckwheat than in this study (from 790 to 4765 ug/kg) [37]. While Turkish
researchers reported significantly lower Pb content in buckwheat (190 ug/kg), it was still
three times higher than in our research [35]. Additionally, high Pb levels (ranging from
100 to 400 ug/kg) in buckwheat were observed by Slovakian researchers [36]. Considerably
high amounts of Pb (1154 pg /kg) were determined in maize available on the Nigerian
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market [39]. The other research conducted by Larsen et al. also found particularly high
Pb levels in Ghanaian maize (2218 ug/kg) and millet (2278 ug/kg) [40]. Other Chinese
research showed that the average b content in maize was 100 pg/kg, ranging from
20 to 800 ug/kg [30]. In the study conducted by Zheng et al., the average Pb level in maize

was 230 pg/kg, and 27% of all the studied samples exceeded the established Pb limits [31].

Similar results to those obtained in this research were shown by Gu et al.; the Pb level in
oat was 44 ug/kg, while in quinoa it was 31 ug/kg [32]. In a study conducted by Slovakian
researchers, a considerably higher Pb concentration in quinoa was reported—bebween
330 to 560 pg kg [36]. In the research carried out by Bolafios et al., the Pb levels in quinoa
were lower than the limit of quantification of the method used [33].

4.4, Mercury

It has been demonstrated that the Hg content in roots is positively correlated with
the Hg content in soil [34]. Similar levels of Hg contamination in maize were found in the
investigation carried out by Peng et al. The average Hg content was 1.61 ug kg, ranging
from 1.25 to 2.25 pg /kg [30]. In the investigation carried out by Gu et al., the Hg content

in cat and quinoa samples was below the limit of detection of the applied method [32].

The Hg content in maize grown in areas surrounding coal-fired power plants ranged from
low levels of .55 to nearly forty times higher (21.02 ug/kg) [41]. Zheng et al. determined

average Hg content in maize samples comparable with this research (1.4 pg/kg) [31].

A summary of the results obtained by other authors is presented in Table .

Table 9. Results obtained by other authors.

As Cd Hg Fb
Maize: 60 pg/kg i . Maize: 161 ug/kg Maize: 100 ug/kg
{30-1300 pg/ k) B“‘k”hé‘;:{ninl‘ff ug/kg {1.25-2.25 pg /kg) (20 to 800 pg/kg)
China [30] ' China [30] China [30]
Maize: 14 pg/kg Maize: 100 ug/kg Maize: 1.4 ng/kg Maize: 230 ug/kg
China [31] China [31] China [31] China [31]
Quinoa: 27 ug kg Cuinoa: 49 pg kg Oat: <LOD Oat: 44 g /kg
Oat: 28 pg kg Oat: 13 ug/kg Quinga: <LOD Quinoa: 31 pg/ kg
Korea [32] Korea [32] Korea [32] Korea [32]
Quinoa: 150 pg kg Cuinoa: 40 pg kg Maize: 0.55- 21.02 pg/kg Quinoa: <LOG
Argentina [33] Argentina [33] China [41] Argentina [33]
Quinoa:26 pg/kg Maize: 2218 pg kg

[35]

Millet: 2278 pg kg
Ghana [40]

Quinoa: 90-190 g/ ki
Buckwheat: 50-90 ng kg
Slovakia [36]

Quinea: 330-560 g ke

Buckwheat: 1004200 ug kg

Slovakia [36]

Buckwheat: 190 pg/kyg
Turkey [35]

Buckwheat: 7904765 pg/ kg

China [34]

Maize: 1154 pg kg
Nigera [39]

LOD—imit of detection; LOQ—Ilimit of quantification.

4.5. Health Risk

Currently, there are a few studies available concerning the health risk assessment
for toxic elements such as As, Cd, Pb and Hg as a result of the consumption of naturally
gluten-free grains. In the research by Zheng et al., the values of THQ of As, Cd, Pb and
Hg, taking into account the consumption of maize and the other grains among the Chinese
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population, were 0.049, 1.03, 0.46 and 0.16, respectively. These findings were considerably
higher than those observed in this study [31]. Gu et al. assessed the THQ values for oat
consumption among the residents of South Korea, and obtained the following values for
As,Cdand Pb: 1.4 = 107,21 = 107 and 1.8 » 1077 [32]. These results were lower than
in this investigation. No increased risk due to maize and millet consumption was also
observed among the Nigerian population. The calculated THQ for both grains was lower
than 1 [40].

5. Conclusions

Based on the obtained results, naturally gluten-free products available on the Polish
market seem to be safe to consume. However, the average daily intake of the tested
products among the study participants was rather low. The questionnaire survey was
essential in determining whether these products were being consumed. In order to assess
the health risk more accurately, it seems necessary to conduct an investigation based on
a dietary interview. There is also a great need to establish maximum levels of the toxic
elements, especially As and Hg in cereal products in European legislation. Monitoring
the content of toxic elements in foodstuff should be a key part of food quality assessment.
Moreover, for future research, we see a need to carry out an investigation that looks at the
combination of grains eaten in various regions and to determine the health risks.

Supplementary Materials: The following supporting information can be downloaded at: https:
S fwwwomdpi.com/article/10.33%0/nul4112342 /51, File 51: questionnaire.
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11. Oswiadczenie autora rozprawy doktorskiej

mgr Joanna Bielecka Biatystok, 15.0% 2023

Imig i nazwisko autora

Zaklad Bromatologii

Wydzial Farmaceutyczny

z Oddzialem Medycyny Laboratoryjnej
Uniwersytet Medyczny w Bialymstoku
Miejsce pracy/afiliacja

Oswiadczenie autora
Oswiadczam, iz moj udziat w przygotowaniu publikacji:

1. Bielecka J., Markiewicz-Zukowska R., Puscion-Jakubik A., Grabia M., Nowakowski P.,
Soroczynska J., Socha K. Gluten-free cereals and pseudocereals as a potential source of
exposure to toxic elements among Polish residents. Nutrients, 2022: 14, 11.
doi: 10.3390/nu14112342

2. Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Puscion-Jakubik A.. Grabia M.,
Mielech A., Soroczyiniska J., Socha K. Identifving the food sources of selected minerals for the
adult European population among rice and rice products. Foods, 2021: 10, 1251.
doi: 10.3390/foods10061251

3. Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Grabia M., Puscion-Jakubik A.,
Mielcarek K., Gromkowska-Kepka K., Soroczynska J., Socha K. Content of toxic elements in
12 groups of rice products available on polish market: human health risk assessment. Foods,
2020: 9, 12. doi: 10.3390/foods9121906

wchodzacych w skiad mojej rozprawy doktorskiej polegat na opracowaniu koncepcji, metodologii i
planu badan, walidacji metod badawczych, administrowaniu projektami, przeprowadzeniu czesci
eksperymentalnej, interpretacji wynikow, analizie statystycznej, przygotowaniu manuskryptéw oraz
pozyskaniu zrodet finasowania, co okreslam jako 70% udziatu w przygotowaniu w/w publikacji.

Podpis (czytelny)

*W przypadku prac dwu- lub wieloautorskich zaleca si¢ zlozenie oswiadczenia przez wspotautora wskazujace na
jego merytoryczny (a NIE procentowy) wkiad w powstanie pracy [np. twoérca hipotezy badawczej,
pomystodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych do$wiadczen,
opracowanie i zebranie danych, wykonanie zestawien statystycznych itp.), wykonanie analizy wynikow,
przygotowanie manuskryptu artykutu, i inne]. Okreslenie wkiadu danego wspélautora powinno by¢ na tyle
precyzyjne, aby umozliwi¢ dokladna ocene jego udziatu i roli w powstaniu kazdej pracy.
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12. Oswiadczenia wspolautorow rozprawy doktorskiej

dr hab. Renata Markiewicz-Zukowska
Imig i nazwisko wspoétautora

Zaklad Bromatologii

Wydzial Farmaceutyczny

z Oddzialem Medycyny Laboratoryjnej
Uniwersytet Medyczny w Bialymstoku
Miejsce pracy/afiliacja

Os$wiadczenie wspélautora

Oswiadczam, iz moj udzial w przygotowaniu publikacji:

Biatystok, 45.0$ A023,.

1. Bielecka J., Markiewicz-Zukowska R.. Puscion-Jakubik A., Grabia M., Nowakowski P.,
Soroczynska J., Socha K. Gluten-free cereals and pseudocereals as a potential source of
exposure 1o toxic elements among Polish residents. Nutrients, 2022: 14, 11.
doi: 10.3390/nul4112342

wchodzacej w sktad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
opracowaniu koncepcji, metodologii badan, walidacji metod badawczych, udziale w oznaczeniach
pierwiastkow oraz nadzorze merytorycznym w przygotowaniu manuskryptu.

2. Bielecka J., Markiewicz-Zukowska R.. Nowakowski P., Puscion-Jakubik A., Grabia M.,
Mielech A., Soroczyniska J., Socha K. Identifving the food sources of selected minerals for the

adult  European population among rice and rice products. Foods, 2021: 10, 1251.
doi: 10.3390/foods10061251

wchodzacej w skiad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
opracowaniu koncepcji, udziale w oznaczeniach pierwiastkow oraz nadzorze merytorycznym w
przygotowaniu manuskryptu.

3. Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Grabia M., Puscion-Jakubik A.,
Mielcarek K., Gromkowska-Kepka K.. Soroczynska J., Socha K. Content of toxic elements in
12 groups of rice products available on polish market: human health risk assessment. Foods,
2020: 9, 12. doi: 10.3390/foods9121906 i

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
opracowaniu koncepcji, walidacji metod badawczych oraz nadzorze merytorycznym w
przygotowaniu manuskryptu.

Jednoczesnie wyrazam zgode na przedlozenie wyzej wymienionych prac przez Paniag mgr Joanng
Bielecka jako czg$é rozprawy doktorskiej w formie spojnego tematycznie cyklu prac opublikowanych

w czasopismach naukowych.

Podpis (czytelny)
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*W przypadku prac dwu- lub wieloautorskich zaleca si¢ zlozenie o$wiadczenia przez wspélautora wskazujace na
jego merytoryczny (a NIE procentowy) wklad w powstanie pracy [np. tworca hipotezy badawczej,
pomystodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych doswiadczen,
opracowanie i zebranie danych, wykonanie zestawief statystycznych itp.), wykonanie analizy wynikow,
przygotowanie manuskryptu artykutu, i inne]. Okreslenie wkiadu danego wspoélautora powinno by¢ na tyle
precyzyjne, aby umozliwi¢ doktadna oceng jego udziatu i roli w powstaniu kazdej pracy.
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dr hab. Katarzyna Socha Bialystok, 45.-05 402%yv.

Imie i nazwisko wspoétautora

Zaklad Bromatologii

Wydzial Farmaceutyczny

z Oddzialem Medycyny Laboratoryjnej
Uniwersytet Medyczny w Bialymstoku
Miejsce pracy/afiliacja

Os$wiadczenie wspolautora
Oswiadczam, iz moj udzial w przygotowaniu publikacji:

1. Bielecka J.. Markiewicz-Zukowska R., Puscion-Jakubik A., Grabia M., Nowakowski P.,
Soroczynska J., Socha K. Gluten-free cereals and pseudocereals as a potential source of
exposure 1o toxic elements among Polish residents. Nutrients, 2022: 14, 11.
doi: 10.3390/nul4112342

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
opracowaniu koncepcji, metodologii badan, walidacji metod badawczych oraz udziale w
oznaczeniach pierwiastkow.

2. Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Puscion-Jakubik A., Grabia M.,
Mielech A., Soroczynska J., Socha K. Identifving the food sources of selected minerals for the
adult European population among rice and rice products. Foods, 2021: 10, 1251.
doi: 10.3390/foods10061251

wchodzacej w skiad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegat na udziale w
opracowaniu metodologii badan oraz walidacji metod badawczych.

3. Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Grabia M., Puscion-Jakubik A.,
Mielcarek K., Gromkowska-Kepka K., Soroczynska J., Socha K. Content of toxic elements in
12 groups of rice products available on polish market: human health risk assessment. Foods,
2020: 9, 12. doi: 10.3390/foods9121906 )

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
opracowaniu metodologii badan, walidacji metod badawczych oraz wizualizacji danych.

Jednoczesnie wyrazam zgode na przedlozenie wyzej wymienionych prac przez Panig mgr Joanng
Bielecka jako czgs¢ rozprawy doktorskiej w formie spojnego tematycznie cyklu prac opublikowanych
w czasopismach naukowych.

KIEROWNIK

Podpis (czytelny)

Zakla %::ﬁ:/
dr hab. #lYarm. Katarzyna Socha
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*W przypadku prac dwu- lub wieloautorskich zaleca si¢ zlozenie o$wiadczenia przez wspélautora wskazujace na
jego merytoryczny (a NIE procentowy) wklad w powstanie pracy [np. tworca hipotezy badawczej,
pomystodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych doswiadczen,
opracowanie i zebranie danych, wykonanie zestawief statystycznych itp.), wykonanie analizy wynikow,
przygotowanie manuskryptu artykutu, i inne]. Okreslenie wkiadu danego wspoélautora powinno by¢ na tyle
precyzyjne, aby umozliwi¢ doktadna oceng jego udziatu i roli w powstaniu kazdej pracy.
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dr n. farm. Jolanta Soroczynska Bialystok, 15 .05 2022

Imig i nazwisko wspétautora

Zaklad Bromatologii

Wydzial Farmaceutyczny

z Oddzialem Medycyny Laboratoryjnej
Uniwersytet Medyczny w Bialymstoku
Miejsce pracy/afiliacja

Oswiadczenie wspoélautora
Oswiadczam, iz mdj udzial w przygotowaniu publikacji:

1. Bielecka J., Markiewicz-Zukowska R., Puscion-Jakubik A., Grabia M., Nowakowski P.,
Soroczynska J., Socha K. Gluten-free cereals and pseudocereals as a potential source of
exposure to loxic elements among Polish residents. Nutrients, 2022: 14, 11.
doi: 10.3390/nul14112342

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
przygotowaniu materialow i prob badawczych oraz oznaczeniach pierwiastkow.

2. Bielecka J., Markiewicz-Zukowska R., Nowakowski P.. Puscion-Jakubik A., Grabia M.,
Mielech A., Soroczynska J., Socha K. Identifving the food sources of selected minerals for
the adult European population among rice and rice products. Foods, 2021: 10, 1251.
doi: 10.3390/foods10061251

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
opracowaniu metodologii badan oraz przygotowaniu materialtow i prob badawczych oraz
oznaczeniach pierwiastkow.

3. Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Grabia M., Puscion-Jakubik A.,
Mielcarek K., Gromkowska-Kepka K., Soroczynska J., Socha K. Content of toxic elements in
12 groups of rice products available on polish market: human health risk assessment. Foods,
2020: 9, 12. doi: 10.3390/foods9121906 )

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
przygotowaniu materialéw i prob badawczych oraz oznaczeniach pierwiastkow.

Jednoczesnie wyrazam zgode na przediozenie wyzej wymienionych prac przez Pania mgr Joanng
Bielecka jako czgs$¢ rozprawy doktorskiej w formie spdjnego tematycznie cyklu prac opublikowanych
w czasopismach naukowych.

Iny)

/j_olouf@ S\ONOMiSUO,

Podpis (cz
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*W przypadku prac dwu- lub wieloautorskich zaleca si¢ zlozenie o$wiadczenia przez wspélautora wskazujace na
jego merytoryczny (a NIE procentowy) wklad w powstanie pracy [np. tworca hipotezy badawczej,
pomystodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych doswiadczen,
opracowanie i zebranie danych, wykonanie zestawief statystycznych itp.), wykonanie analizy wynikow,
przygotowanie manuskryptu artykutu, i inne]. Okreslenie wkiadu danego wspoélautora powinno by¢ na tyle
precyzyjne, aby umozliwi¢ doktadna oceng jego udziatu i roli w powstaniu kazdej pracy.
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mgr Monika Grabia Bialystok, 03 O 5. 2023

Imig i nazwisko wspotautora

Zaklad Bromatologii

Wydzial Farmaceutyczny

z Oddzialem Medycyny Laboratoryjnej
Uniwersytet Medyczny w Bialymstoku
Miejsce pracy/afiliacja

Oswiadczenie wspoélautora
Oswiadczam, iz mdj udziat w przygotowaniu publikacji:

1. Bielecka J., Markiewicz-Zukowska R., Puscion-Jakubik A.., Grabia M., Nowakowski P.,
Soroczyniska J., Socha K. Gluten-free cereals and pseudocereals as a potential source of
exposure 1o ftoxic elements among Polish residents. Nutrients, 2022: 14, 11.
doi: 10.3390/nul4112342

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
analizie statystycznej wynikow oraz wizualizacji wynikow.

2. Bielecka J., Markiewicz-Zukowska R.. Nowakowski P., Puscion-Jakubik A., Grabia M.,
Mielech A., Soroczynska J., Socha K. Identifving the food sources of selected minerals for the
adult European population among rice and rice products. Foods, 2021: 10, 1251.
doi: 10.3390/foods10061251

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
walidacji zastosowanych metod badawczych.

3. Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Grabia M., Puscion-Jakubik A.,
Mielcarek K., Gromkowska-Kepka K., Soroczynska J.. Socha K. Content of toxic elements in
12 groups of rice products available on polish market: human health risk assessment. Foods,
2020: 9, 12. doi: 10.3390/foods9121906

wchodzacej w skiad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
przygotowaniu prob i oznaczeniach pierwiastkow oraz analizie wynikow.

Jednoczesnie wyrazam zgode na przedlozenie wyzej wymienionych prac przez Pania mgr Joanng
Bielecka jako cze$é rozprawy doktorskiej w formie spojnego tematycznie cyklu prac opublikowanych
w czasopismach naukowych.

Podpis (czytelny)
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*W przypadku prac dwu- lub wieloautorskich zaleca si¢ zlozenie o$wiadczenia przez wspélautora wskazujace na
jego merytoryczny (a NIE procentowy) wklad w powstanie pracy [np. tworca hipotezy badawczej,
pomystodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych doswiadczen,
opracowanie i zebranie danych, wykonanie zestawief statystycznych itp.), wykonanie analizy wynikow,
przygotowanie manuskryptu artykutu, i inne]. Okreslenie wkiadu danego wspoélautora powinno by¢ na tyle
precyzyjne, aby umozliwi¢ doktadna oceng jego udziatu i roli w powstaniu kazdej pracy.
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Dr n. farm. Anna Puscion-Jakubik Bialystok, .05 .2023.-
Imig i nazwisko wspotautora

Zaklad Bromatologii

Wydzial Farmaceutyczny

z Oddzialem Medycyny Laboratoryjnej
Uniwersytet Medyczny w Bialymstoku
Miejsce pracy/afiliacja

Oswiadczenie wspélautora
Oswiadczam, iz moj udziat w przygotowaniu publikacji:

1. Bielecka J.. Markiewicz-Zukowska R., Puscion-Jakubik A., Grabia M., Nowakowski P.,
Soroczynska J., Socha K. Gluten-free cereals and pseudocereals as a potential source of
exposure to toxic elements among Polish residents. Nutrients, 2022: 14, 11.
doi: 10.3390/nul4112342

wchodzacej w skiad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
analizie wynikow oraz przygotowaniu prob do oznaczen.

2. Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Puscion-Jakubik A., Grabia M.,
Mielech A., Soroczynska J., Socha K. Identifying the food sources of selected minerals for the
adult European population among rice and rice products. Foods, 2021: 10, 1251.
doi: 10.3390/foods10061251

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
analizie wynikow.

3. Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Grabia M., Pu$cion-Jakubik A..
Mielcarek K., Gromkowska-Kepka K., Soroczynska J., Socha K. Content of toxic elements in
12 groups of rice products available on polish market: human health risk assessment. Foods,
2020: 9, 12. doi: 10.3390/foods9121906

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
analizie wynikow.

Jednoczesnie wyrazam zgode na przedlozenie wyzej wymienionych prac przez Pania mgr Joanng
Bielecka jako czgs¢ rozprawy doktorskiej w formie spojnego tematycznie cyklu prac opublikowanych
w czasopismach naukowych.
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*W przypadku prac dwu- lub wieloautorskich zaleca si¢ zlozenie o$wiadczenia przez wspélautora wskazujace na
jego merytoryczny (a NIE procentowy) wklad w powstanie pracy [np. tworca hipotezy badawczej,
pomystodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych doswiadczen,
opracowanie i zebranie danych, wykonanie zestawief statystycznych itp.), wykonanie analizy wynikow,
przygotowanie manuskryptu artykutu, i inne]. Okreslenie wkiadu danego wspoélautora powinno by¢ na tyle
precyzyjne, aby umozliwi¢ doktadna oceng jego udziatu i roli w powstaniu kazdej pracy.
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dr Patryk Nowakowski Bialystok, / 508 72023

Imig i nazwisko wspétautora

Zaklad Bromatologii

Wydzial Farmaceutyczny

Z Oddzialem Medycyny Laboratoryjnej
Uniwersytet Medyczny w Bialymstoku
Miejsce pracy/afiliacja

Os$wiadczenie wspoélautora
Os$wiadczam, iz moj udzial w przygotowaniu publikacji:

1. Bielecka J.. Markiewicz-Zukowska R., Pus$cion-Jakubik A., Grabia M., Nowakowski P.,
Soroczynska J., Socha K.. Gluten-free cereals and pseudocereals as a potential source of
exposure to toxic elements among Polish residents. Nutrients, 2022 : 14, 11, 14 pp.,
doi: 10.3390/nu14112342.

2. Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Puscion-Jakubik A., Grabia M.,
Mielech A., Soroczyniska J., Socha K. Identifying the food sources of selected minerals for the
adult european population among rice and rice products. Foods, 2021 : 10, 6, 14 pp.
doi: 10.3390/foods10061251

3. Bielecka J., Markiewicz-Zukowska R., Nowakowski P.. Grabia M., Puscion-Jakubik A.,
Mielcarek K., Gromkowska-Kepka K., Soroczynska J., Socha K. Content of toxic elements in
12 groups of rice products available on polish market: human health risk assessment. Foods,
2020 : 9, 12, 24 pp. doi: 10.3390/foods9121906.

Wchodzacych w skiad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
przygotowaniu materialow i prob badawczych oraz oznaczeniach pierwiastkow.

Jednoczesnie wyrazam zgode na przedlozenie wyzej wymienionych prac przez Panig mgr Joanng
Bielecka jako cze$¢ rozprawy doktorskiej w formie spojnego tematycznie cyklu prac opublikowanych
w czasopismach naukowych.

P Vo)

Podpis (czytelny)

*W przypadku prac dwu- lub wieloautorskich zaleca si¢ zlozenie oswiadczenia przez wspétautora wskazujace na
jego merytoryczny (a NIE procentowy) wklad w powstanie pracy [np. twoérca hipotezy badawczej,
pomystodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych doswiadczen,
opracowanie i zebranie danych, wykonanie zestawien statystycznych itp.), wykonanie analizy wynikéw,
przygotowanie manuskryptu artykutu, i inne]. Okreslenie wkladu danego wspélautora powinno by¢ na tyle
precyzyjne, aby umozliwi¢ doktadna oceng jego udziatu i roli w powstaniu kazdej pracy.
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Wydzial Farmaceutyczny

z Oddzialem Medycyny Laboratoryjnej
Uniwersytet Medyczny w Bialymstoku
Miejsce pracy/afiliacja

Os$wiadczenie wspolautora

Os$wiadczam, iz moj udziat w przygotowaniu publikacji:

1. Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Grabia M., Puscion-Jakubik A.,
Mielcarek K., Gromkowska-Kepka K., Soroczyiska J., Socha K. Content of toxic elements
in 12 groups of rice products available on polish market: human health risk assessment.
Foods, 2020: 9, 12. doi: 10.3390/foods9121906

wchodzacej w sklad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w
przygotowaniu materiatow i prob badawczych oraz oznaczeniach pierwiastkow.

Jednoczesnie wyrazam zgode na przedlozenie wyzej wymienionej pracy przez Pania mgr Joanng
Bielecka jako czgs¢ rozprawy doktorskiej w formie spojnego tematycznie cyklu prac opublikowanych
w czasopismach naukowych.

( Podpis (czytelny)

*W przypadku prac dwu- lub wieloautorskich zaleca si¢ ztozenie o$wiadczenia przez wspotautora wskazujace na
jego merytoryczny (a NIE procentowy) wkiad w powstanie pracy [np. tworca hipotezy badawczej,
pomystodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych do$wiadczen,
opracowanie i zebranie danych, wykonanie zestawien statystycznych itp.), wykonanie analizy wynikow,
przygotowanie manuskryptu artykutu, i inne]. Okreslenie wkiadu danego wspétautora powinno by¢ na tyle
precyzyjne, aby umozliwi¢ doktadna oceng jego udziatu i roli w powstaniu kazdej pracy.
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z Oddzialem Medycyny Laboratoryjnej
Uniwersytet Medyczny w Bialymstoku
Miejsce pracy/afiliacja

Oswiadczenie wspélautora
Oswiadczam, iz mdj udziat w przygotowaniu publikacji:

1. Bielecka J.. Markiewicz-Zukowska R.. Nowakowski P., Puscion-Jakubik A., Grabia M.,
Mielech A., Soroczynska J., Socha K. Identifying the food sources of selected minerals for the
adult European population among rice and rice products. Foods, 2021: 10, 1251.
doi: 10.3390/foods10061251

wchodzacej w skiad rozprawy doktorskiej Pani mgr Joanny Bieleckiej polegal na udziale w analizie
danych.

Jednoczesnie wyrazam zgode na przedlozenie wyzej wymienionej pracy przez Panig mgr Joanng
Bielecka jako cze$é rozprawy doktorskiej w formie spdjnego tematycznie cyklu prac opublikowanych
w czasopismach naukowych.

............. Dot s
( Wdewf)

*W przypadku prac dwu- lub wieloautorskich zaleca si¢ zlozenie o$wiadczenia przez wspdlautora wskazujace na
jego merytoryczny (a NIE procentowy) wklad w powstanie pracy [np. tworca hipotezy badawczej,
pomystodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych do$wiadczen,
opracowanie i zebranie danych, wykonanie zestawien statystycznych itp.), wykonanie analizy wynikow,
przygotowanie manuskryptu artykutu, i inne]. Okreslenie wkladu danego wspotautora powinno by¢ na tyle
precyzyjne, aby umozliwi¢ doktadna oceng jego udziatu i roli w powstaniu kazdej pracy.
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Migjsce pracy/aliliacja

Os$wiadczenie wspolautera

O$wiadezam, iz moj udzial w przygotowaniu publikacji:

. Bielecka J.. Markiewicz-Zukowska R., Nowakowski P., Grabia M., Puscion-Jakubik A.,
Mielearek K.. Gromkowska-Kepka K.. Soroczynska J., Socha K. Content of toxic elements in
12 groups of rice products available on polish market: human health risk assessment. Foods,
2020: 9, 12. doi: 10.3390/foods9121906

wehodzace] w sklad rozprawy doktorskiej Pani mgr Joanny Bicleckicj polegal na udziale w
przygotowaniu materialow i prob badawezych oraz oznaczeniach pierwiastkow.

Jednoczesnic wyrazam zgode na przedlozenic wyzej wymicenionej pracy przez Panig mgr Joanng

Bielecka jako cz¢s¢ rozprawy doktorskiej w formie spojnego tematycznie cyklu prac opublikowanych
w czasopismach naukowych.

Podpis (czytelny)

*W przypadku prac dwu- lub wicloautorskich zaleca si¢ zlozenie oswiadezenia przez wspolautora ws 1zujgce na
jego merytoryezny (a NIE procentowy) wklad w powstanie pracy [np. tworea hipotezy badawczej,
pomyslodawca badan, wykonanie specyficznych badan  (np. przeprowadzenie  konkretnych doswiadczen,
opracowanic i zebranie danych. wykonanic zestawicn statystycznych itp.). wykonanie analizy wynikow,
przygotowanie manuskryptu artykulu, i inne]. Okreslenie wkladu danego wspélautora powinno byé na tyle
precyzyjne. aby umozliwi¢ dokladng oceng jego udzialu i roli w powstaniu kazdej pracy.
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13. Dorobek naukowy

Laczna warto$¢ Impact Factor catego dorobku naukowego: 118,15
Laczna ilos¢ punktéw MNiSW catego dorobku naukowego: 2260
Index Hirsha: 7
Laczna liczba cytowan: 125

Wykaz publikacji stanowigcych podstawe rozprawy doktorskiej

Laczna warto$¢ Impact Factor dla cyklu publikacji: 16,617

Laczna ilo$¢ punktow MNiSW dla cyklu publikacji: 340

1. Bielecka J., Markiewicz-Zukowska R., Puécion-Jakubik A., Grabia M., Nowakowski
P., Soroczynska J., Socha K. Gluten-free cereals and pseudocereals as a potential
source of exposure to toxic elements among Polish residents. Nutrients 2022: 14, 11,
14, doi: 10.3390/nu14112342.

2. Bielecka, J., Markiewicz-Zukowska, R., Nowakowski, P., Puscion-Jakubik, A.,
Grabia, M., Mielech, A., Soroczynska, J., Socha, K. Identifying the food sources of
selected minerals for the adult European population among rice and rice products.
Foods 2021: 10, 1251, doi: 10.3390/foods10061251.

3. Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Grabia M., Puscion-Jakubik
A., Mielcarek K., Gromkowska-Ke¢pka Krystyna, Soroczynska J., Socha K. Content of
toxic elements in 12 groups of rice products available on polish market: human health
risk assessment. Foods 2020: 9, 12, 24, doi:10.3390/fo0ds9121906.
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Wykaz innych publikacji naukowych

Laczna warto$¢ Impact Factor innych publikacji: 101,53

Laczna ilos¢ punktow MNiSW innych publikacji: 1920

1. Bielecka J., Puscion-Jakubik A., Markiewicz-Zukowska R., Soroczynska J.,
Nowakowski P., Grabia M., Mielcarek K., Przebierowska K., Kotowska K., Socha
K. Assessment of the safe consumption of nuts in terms of the content of toxic
elements with chemometric analysis. Nutrients 2021: 13, 10, 18, doi:
10.3390/nu13103606.

2. Puécion-Jakubik A., Bielecka J., Grabia M., Mielech A., Markiewicz-Zukowska
R., Mielcarek K., Moskwa J., Naliwajko S., Soroczynska J., Gromkowska-Ke¢pka
K., Nowakowski P., Socha K. Consumption of food supplements during the three
COVID-19 waves in Poland - focus on zinc and vitamin D. Nutrients 2021: 13, 10,
doi: 10.3390/nu13103361.

3. Bielecka J., Markiewicz-Zukowska R. The influence of nutritional and lifestyle
factors on glioma incidence. Nutrients 2020: 12, 6, doi:10.3390/nu12061812.

4. Mielcarek K., Nowakowski P., Puscion-Jakubik A., Gromkowska-Kepka K.,
Soroczynska J., Markiewicz-Zukowska R., Naliwajko S., Grabia M., Bielecka J.
Zmudzinska A., Moskwa J., Karpifiska E., Socha K. Arsenic, cadmium, lead and
mercury content and health risk assessment of consuming freshwater fish with
elements of chemometric analysis. Food Chemistry 2022: 379, 132167,
doi:10.1016/j.foodchem.2022.132167.

5. Markiewicz-Zukowska R., Puscion-Jakubik A., Grabia M., Perkowski J.,
Nowakowski P., Bielecka J., Soroczynska J., Kangowski G., Bottryk J. M., Socha
K. Nuts as a dietary enrichment with selected minerals - content assessment
supported by chemometric analysis. Foods 2022: 11, 20, 3152,
doi:10.3390/fo0ds11203152.

6. Puscion-Jakubik A., Pienkiewicz M., Steckiewicz K., Styputkowska A., Grabia
M., Bielecka J., Markiewicz-Zukowska R., Socha K. Use of hand creams during
the period of frequent disinfection in COVID-19 pandemic - preference survey and
evaluation of mercury contamination. International Journal of Environmental
Research and Public Health 2022: 19, 20, doi:10.3390/ijerph192013025.

7. Puscion-Jakubik A., Bielecka J., Grabia M., Markiewicz-Zukowska R.,
Soroczynska J., Teper D., Socha K. Comparative analysis of antioxidant properties
of honey from Poland, Italy, and Spain based on the declarations of producers and
their results of melissopalinological analysis. Nutrients 2022: 14, 13,
doi:10.3390/nu14132694.

8. Grabia M., Markiewicz-Zukowska R., Bielecka J., Puscion-Jakubik A., Socha K.
Effects of dietary intervention and education on selected biochemical parameters
and nutritional habits of young soccer players. Nutrients 2022: 14, 18,
doi: 10.3390/nu14183681.

9. Zmudzifiska A., Puscion-Jakubik A., Bielecka J., Grabia M., Soroczynska J.,
Mielcarek K., Socha K. Health safety assessment of ready-to-eat products
consumed by children aged 0.5-3 years on the Polish market. Nutrients 2022: 14,
11, doi: 10.3390/nu14112325.

98



10.

11.

12.

13.

14.

15.
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17.

18.

19.

20.

Gromkowska-Kepka K. J., Markiewicz-Zukowska R., Nowakowski P., Naliwajko
S. K., Moskwa J., Puscion-Jakubik A., Bielecka J., Grabia M., Mielcarek K.,
Soroczynska J., Socha K. Chemical composition and protective effect of young
barley (Hordeum vulgare L.) dietary supplements extracts on UV-treated human
skin  fibroblasts in in vitro studies. Antioxidants 2021: 10, 9,
doi: 10.3390/antiox10091402.

Puscion-Jakubik A., Markiewicz-Zukowska R., Naliwajko S. K., Gromkowska-
Ke¢pka K. J., Moskwa J., Grabia M., Miclech A., Bielecka J., Karpinska E.,
Mielcarek K., Nowakowski P., Socha K. Intake of antioxidant vitamins and
minerals in relation to body composition, skin hydration and lubrication in young
women. Antioxidants 2021: 10, 7, doi: 10.3390/antiox10071110.

Nowakowski P., Markiewicz-Zukowska R., Gromkowska-Kepka K., Naliwajko
S., Moskwa J., Bielecka J., Grabia M., Borawska M., Socha K. Mushrooms as
potential therapeutic agents in the treatment of cancer: Evaluation of anti-glioma
effects of Coprinus comatus, Cantharellus cibarius, Lycoperdon perlatum and
Lactarius deliciosus extracts. Biomedicine & Pharmacotherapy 2021: 133, doi:
10.1016/j.biopha.2020.111090.

Nowakowski P., Markiewicz-Zukowska R., Bielecka J., Mielcarek K., Grabia M.,
Socha K. Treasures from the forest: evaluation of mushroom extracts as anti-
cancer  agents. Biomedicine & Pharmacotherapy  2021: 143,
doi:10.1016/j.biopha.2021.112106.

Puscion-Jakubik A., Mielech A., Abramiuk D., lwaniuk M., Grabia M., Bielecka
J., Markiewicz-Zukowska R., Socha K. Mercury content in dietary supplements
from Poland containing ingredients of plant origin: a safety assessment. Frontiers
in Pharmacology 2021: 12, doi: 10.3389/fphar.2021.738549.

Grabia M., Puscion-Jakubik A., Markiewicz-Zukowska R., Bielecka J., Mielech
A., Nowakowski P., Socha K. Adherence to mediterranean diet and selected
lifestyle elements among young women with type 1 diabetes mellitus from
northeast poland: a case-control COVID-19 survey. Nutrients 2021: 13, 4,
doi: 10.3390/nu13041173.

Grabia M., Markiewicz-Zukowska R., Puscion-Jakubik A., Bielecka J.,
Nowakowski P., Gromkowska-Kepka K., Mielcarek K., Socha K. The nutritional
and health effects of the COVID-19 pandemic on patients with diabetes mellitus.
Nutrients 2020: 12, 10, doi:10.3390/nu12103013.

Bielecka J., Gromkowska-Kepka K., Chimkowska D., Futyma K., Fiuk 1.,
Nowakowski P., Markiewicz-Zukowska R. Ocena wiedzy o naturalnych
substancjach stodzacych i1 czestosci ich spozycia wsrdd studentow. Bromatologia 1
Chemia Toksykologiczna, 2018: 51, 2, s. 154-160.

Bielecka J., Futyma K., Chimkowska D. Zespo6t jelita nadwrazliwego w $wietle
najnowszych doniesien naukowych - wptyw diety na popraweg jakosci zycia
pacjentow. Jakos¢ zycia w naukach medycznych 1 spotecznych. T. 1. Praca zbior.
pod red. Beaty Kowalewskiej, Barbary Jankowiak, Hanny Rolka, Elzbiety
Krajewskiej-Kutak. Biatystok, Uniwersytet Medyczny w Bialymstoku, 2017,
s. 181-190.

Grabia M., Bielecka J., Nowakowski P., Puscion-Jakubik A., Markiewicz-
Zukowska R., Borawska M. H. Zaparcia u osob starszych - rola dietetyka i
farmaceuty. XIIl Zjazd Naukowy Polskiego Towarzystwa Gerontologicznego
"Kobieta i M¢zczyzna 65+". Warszawa, 17-18 listopada 2017. s. 47.

Bielecka J., Chimkowska D., Futyma K. Nietypowy obraz kliniczny
niedokrwisto$ci u dzieci. Zdrowie psychofizyczne cztowieka. Pielegnacja,
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choroby, profilaktyka. Praca zbiorowa. Red. Klaudia Pujer. Wroclaw, Exante,
2017, s. 27-39.

21. Chimkowska D., Futyma K., Bielecka J. Wptyw regularnego wysitku fizycznego
na jakos$¢ zycia cztowieka. Jako$¢ zycia w naukach medycznych i spotecznych.
T. 1. Praca zbior. pod red. Beaty Kowalewskiej, Barbary Jankowiak, Hanny Rolka,
Elzbiety Krajewskiej-Kutak, Biatystok, Uniwersytet Medyczny w Biatymstoku,
2017, s. 371-379.

22. Futyma K., Bielecka J., Chimkowska D. Jako$¢ zycia kobiet w okresie
okotomenopeuzalnym. Sytuacje trudne w ochronie zdrowia. T. 2. Praca zbiorowa.
Red. Agnieszka Lankau, Dorota Kondzior, Elzbieta Krajewska-Kutak. Biatystok,
Uniwersytet Medyczny w Biatymstoku, 2017, s. 661-670.

23. Chimkowska D., Futyna K., Bielecka J. Plejotropowe dziatanie witaminy D u
dorostych  w medycynie klinicznej. Zdrowie psychofizyczne cztowieka.
Pielegnacja, choroby, profilaktyka. Praca zbiorowa. Red. Klaudia Pujer, Wroctaw,
Exante, 2017, s. 89-101.

24. Chimkowska D., Futyma K., Bielecka J. Wptyw niedoboréw pokarmowych u
kobiet cigzarnych na rozwdj ptodu oraz przebieg cigzy. Zdrowie psychofizyczne
cztowieka. Pielggnacja, choroby, profilaktyka. Praca zbiorowa. Red. Klaudia
Pujer. Wroctaw, Exante, 2017, s. 77-88.

Komunikaty zjazdowe z konferencji zagranicznych

1. Bielecka J., Markiewicz-Zukowska R., Soroczynska J., Socha K. Content of toxic
elements in naturally gluten-free grains available on the Polish market: health risk
assessment. 5th Edition of Innovations in Food Science and Human Nutrition
(IFHN-2022), Barcelona, 20-21.09.2022.

2. Grabia M., Markiewicz-Zukowska R., Bielecka J., Mielech A., Bossowski A., Socha
K. Modern glycemic monitoring systems and prevalence of metabolic syndrome
among adolescents with type 1 diabetes mellitus. 5th Edition of Innovations in Food
Science and Human Nutrition (IFHN-2022), Barcelona, 20-21.09.2022.

Polskie komunikaty zjazdowe

1. Bielecka J., Markiewicz-Zukowska R., Grabia M., Soroczyfnska J., Socha K.
Zawartos¢ cynku, miedzi i selenu w wybranych produktach zbozowych naturalnie
bezglutenowych. 1I Ogdlnopolska Konferencja Naukowa "Zywno$¢ i zywienie
w pigutce", Gdansk, 22.04.2023.

2. Markiewicz-Zukowska R., Bielecka J., Puscion-Jakubik A., Perkowski J., lwaniuk
M., Grabia M., Socha K. Ocena zawartosci wybranych mikroelementow w jajach
kurzych. XI Polska Konferencja Chemii Analitycznej "Quo vadis nauka, quo vadis
analityka?". £.6dz, 19-23.06.2022.

3. Falkowska M., Bielecka J., Perkowski J., Markiewicz-Zukowska R., Socha K. Kasze
jako niedoceniane zrodto cynku w diecie. I Ogolnopolska Konferencja Naukowa
"Zywno$¢ i Zzywienie w pigutce". Gdansk, 09.04.2022.

4. Bielecka J., Markiewicz-Zukowska R., Grabia M., Puscion-Jakubik A., Nowakowski
P., Soroczyfnska J., Zmudzifiska A., Socha K. Wykorzystanie metody ICP-MS
W ocenie bezpieczenstwa spozycia produktow ryzowych. "Konwersatorium
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10.

11.

12.

13.

Spektrometrii  Atomowej” - XVI Konwersatorium Absorpcji Atomowej, XI
Konwersatorium  Optycznej Spektrometrii  Emisyjnej, VIl Konwersatorium
Spektrometrii  Mas, 1l Konwersatorium  Rentgenowskiej  Spektrometrii
Fluorescencyjnej, Biatystok, 6-8.09.2021.

Puscion-Jakubik A., Teper D., Markiewicz-Zukowska R., Soroczynska J., Bielecka J.,
Grabia M., Mielech A., Moskwa J., Naliwajko S., Mielcarek K., Nowakowski P.,
Socha K. Zastosowanie ICP-MS i ASA z technikg amalgamacji do oceny
bezpieczenstwa spozycia miodéw pszczelich pod wzgledem zawarto$ci pierwiastkow
toksycznych. "Konwersatorium Spektrometrii Atomowej" - XVI Konwersatorium
Absorpcji Atomowej, XI Konwersatorium Optycznej Spektrometrii Emisyjnej, VIII
Konwersatorium  Spektrometrii  Mas, 1ll  Konwersatorium  Rentgenowskiej
Spektrometrii Fluorescencyjnej, Biatystok, 6-8.09.2021.

Bielecka J., Markiewicz-Zukowska R., Nowakowski P., Puécion-Jakubik A., Grabia
M., Mielech A., Gromkowska-K¢pka K., Soroczynska J., Socha K. Possibilities of
using rice products as a source of essential elements in the diet of seniors.
International Scientific Conference of the Polish Society of Nutritional Sciences
(PTNZ) of the "Dilemmas of Human Nutrition Sciences - Today and Tomorrow"
series. Nutrition and Quality of Life of the Elderly. Warszawa, 23-24.06.2021.

Grabia M., Markiewicz-Zukowska R., Pusécion-Jakubik A., Bielecka J., Mielech A.,
Nowakowski P., Gromkowska-Kepka K., Mielcarek K., Socha K. Polypragmasy in
the elderly and drug-food interactions.W: International Scientific Conference of the
Polish Society of Nutritional Sciences (PTNZ) of the "Dilemmas of Human Nutrition
Sciences - Today and Tomorrow" series. Nutrition and Quality of Life of the Elderly.
Warszawa, 23-24.06.2021.

Puscion-Jakubik A., Markiewicz-Zukowska R., Moskwa J., Grabia M., Gromkowska-
Ke¢pka K., Mielech A., Bielecka J., Naliwajko S., Mielcarek K., Nowakowski P.,
Borawska M. H., Socha K. Possibilities of using bee honey in the treatment of
diseases of old age - a review of the literature. International Scientific Conference of
the Polish Society of Nutritional Sciences (PTNZ) of the "Dilemmas of Human
Nutrition Sciences - Today and Tomorrow" series. Nutrition and Quality of Life of the
Elderly. Warszawa, 23-24.06.2021.

Mielech A., Puscion-Jakubik A., Markiewicz-Zukowska R., Bielecka J., Grabia M.,
Gromkowska-Kepka K., Nowakowski P., Socha K. Vitamins in Alzheimer's Disease.
International Scientific Conference of the Polish Society of Nutritional Sciences
(PTNZ) of the "Dilemmas of Human Nutrition Sciences - Today and Tomorrow"
series. Nutrition and Quality of Life of the Elderly. Warszawa, 23-24.06.2021.
Mielech A., Puscion-Jakubik A., Bielecka J., Grabia M., Socha K. Diagnostyka
i dietoterapia insulinooporno$ci w réoznych grupach wiekowych.VII Ogolnopolska
Konferencja Studentow Medycyny Laboratoryjnej 1 Milodych Diagnostow
"Wschodzaca Diagnostyka". Biatystok, 5.06.2021.

Grabia M., Bielecka J., Mielech A., Markiewicz-Zukowska R. Problematyka
diagnostyki zespotu metabolicznego u dzieci i mlodziezy z cukrzyca typu 1. VII
Ogoélnopolska Konferencja Studentow Medycyny Laboratoryjnej 1 Mtodych
Diagnostow "Wschodzgca Diagnostyka". Biatystok, 5.06.2021.

Grabia M., Markiewicz-Zukowska R., Socha K., Soroczynska J., Bielecka J.,
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