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Wykaz skrotow

3-MCPD
AAS

Al

As
BMDL

Ca
Cd
CR
Cu
DNA
DPPH
EAR
EDI
EFSA

EWI
Fe

Hg
HI
IARC

ICP-MS

IQ
KED
LOD
MeHg
MOH

- 3-monochloropropano-1,2-diol

- ang. Atomic Absorption Spectrometry, Atomowa Spektrometria Absorpcyjna
- ang. Adequate Intake, wystarczajace spozycie

- arsen

- ang. Benchmark Dose Lower Confidence Limits, dolna granica najnizszej dawki
wyznaczajacej

- Wapn

- kadm

- ang. Cancer Risk, ryzyko zachorowania na raka

- miedz

- ang. Deoxyribonucleic acid, kwas deoksyrybonukleinowy

- ang. 2,2-diphenyl-1-picrylhydrazyl, 2,2-difenylo-1-pikrylohydrazyl

- ang. Estimated Average Requirement, $rednie zapotrzebowanie grupy
- ang. Estimated Daily Intake, szacowane dzienne pobranie

- ang. The European Food Safety Authority, Europejski Urzad ds. Bezpieczenstwa
Zywnosci

- ang. Estimated Weekly Intake, szacowane tygodniowe pobranie
- zelazo

- Itec

- ang. Hazard Index, wskaznik ryzyka

- ang. International Agency for Research on Cancer, Migdzynarodowa Agencja Badan
nad Rakiem

- ang. Inductively Coupled Plasma -Mass Spectrometry, spektrometria mas z plazma
indukcyjnie sprzezona

- ang. Intelligence Quotient, iloraz inteligencji

- ang. Kinetic Energy Discrimination, dyskryminacja energii kinetycznej
- ang. Limit of Detection, granica wykrywalnosci

- metylortgé

- ang. Mineral Oil Hydrocarbons, weglowodory olejow mineralnych



Pb

PTMI

PTWI
ROS
Se

SOD
TDI
THQ
TWI
TPC
UE
WWA
Zn

- fosfor
- otow
- ang. Provisional Tolerable Monthly Intake, tymczasowe tolerowane miesigczne

pobranie

- ang. Provisional Tolerable Weekly Intake, tymczasowe tolerowane tygodniowe pobranie
- ang. Reactive Oxygen Species, reaktywne formy tlenu

- selen

- ang. Superoxide Dismutase, dysmutaza ponadtlenkowa

- ang. Tolerable Daily Intake, tolerowane dzienne pobranie

- ang. Target Hazard Quotient, docelowy iloraz ryzyka

- ang. Tolerable Weekly Intake, tolerowane tygodniowe spozycie

- ang. Total Phenolic Content, catkowita zawarto$¢ zwigzkow fenolowych
- Unia Europejska

- Wielopierscieniowe weglowodory aromatyczne

- cynk
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1. Wykaz publikacji bedacych podstawa rozprawy doktorskiej
L.aczna warto$¢ Impact Factor dla cyklu publikacji: 18,506
Laczna 1los¢ punktéw MNiSW dla cyklu publikacji: 420
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IF: 6,706; MNiSW: 140 pkt.

Publikacja nr 2 (P.2) - Zmudzinska 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, doi: 10.3390/nu14112325
IF: 5,900; MNiSW: 140 pkt.

Publikacja nr 3 (P.3) - Zmudzinska A., Puscion-Jakubik A., Soroczynska J., Socha K.
Evaluation of Selected Antioxidant Parameters in Ready-to-Eat Food for Infants and Young
Children.

Nutrients 2023; 15, doi: 10.3390/nu15143160

IF: 5,900; MNiSW: 140 pkt.



2. Wprowadzenie

Wilasciwe odzywianie niemowlat 1 matych dzieci jest kluczowym czynnikiem
determinujgcym prawidtowy wzrost i rozwoj, a takze warunkuje lepszy stan zdrowia
W pdzniejszym wieku. Zgodnie z rekomendacjami Swiatowej Organizacji Zdrowia przez
pierwsze 6 miesiecy zycia dziecko powinno by¢ karmione wylacznie mlekiem matki,
a nastepnie zaleca si¢ wprowadzanie pokarmow uzupelniajacych [1]. Literatura wskazuje, iz
optymalne zywienie w pierwszych 1000 dni zycia jest szczegodlnie wazne W zmniejszeniu
zachorowalnosci 1 $miertelno$ci dzieci, a takze wspieraniu prawidlowego rozwoju moézgu
i obwodowego ukladu nerwowego. Okres poniemowlecy to najwazniejszy etap w
formutowaniu prawidlowych nawykow zywieniowych. Do 3 roku zycia wyksztalcajg si¢
preferencje dotyczace smaku 1 okreSlonych grup produktéw, dlatego edukacja
rodzicow dotyczaca aspektu zdrowotnego i1 toksykologicznego zywnosci dla dzieci jest
kluczowa w ksztaltowaniu si¢ prawidlowych wyborow zywieniowych [2]. Warto podkresli¢,
ze odzywianie znaczaco przyczynia si¢ do rozwoju umiej¢tnosci poznawczych,
motorycznych, spotecznych i emocjonalnych u dzieci. Niedobory zywieniowe w czasie
pierwszych 3 lat zycia mogg niekorzystnie oddziatlowywac na dalszy rozwoj, funkcjonowanie
1 zdrowie w wieku dziecigcym, dorostym, a takze podesztym. W zwiazku z powyzszym,
optymalne zywienie dzieci powinno zapewnia¢ podaz wszystkich sktadnikow odzywczych
oraz opiera¢ si¢ na produktach bezpiecznych i wolnych od zanieczyszczen [3]. Odpowiednio
zbilansowany sposob zywienia, obejmujacy wlasciwa podaz warzyw i owocow, zbdz,
produktow mlecznych 1 wysokiej jakosci tluszczy wplywa pozytywnie zaréwno na
fizjologiczny rozwoj dzieci, jak i modulacje odpornosci w przebiegu choréb cywilizacyjnych.
Pierwiastki, takie jak Zn (cynk), Cu (miedZz) 1 Se (selen) uczestnicza w obronie
antyoksydacyjnej, a takze sg niezbedne w prawidlowym wzro$cie i rozwoju niemowlat.

Nalezy zauwazy¢, ze spozywanie zywnosci pochodzenia roslinnego niesie wiele korzysci
zdrowotnych, z uwagi na duza zawarto$¢ sktadnikow bioaktywnych w tych produktach,
w tym przeciwutleniaczy [4]. Flawonoidy oraz ich pochodne, poza zdolnoscig do
wychwytywania wolnych rodnikéw, upo$ledzajg synteze m.in. reaktywnych form tlenu
(ROS) przez neutrofile 1 inne komorki fagocytarne, wplywajac na redukcje stresu
oksydacyjnego [5]. Z uwagi na fakt, ze przeciwutleniacze wykazujg dziatanie ochronne
w stosunku do pierwiastkow toksycznych, istotna jest ocena ich zawartosci w produktach
spozywanych przez dzieci.

Jednym z mikroelementow niezbednych do prawidtowego funkcjonowania organizmu jest
Cu. Ten pierwiastek jest szczegoOlnie istotny w procesach krwiotworzenia, prawidlowego
funkcjonowania uktadu immunologicznego oraz eliminacji wolnych rodnikow [6]. Istotnym
aspektem dziatania Cu jest posredniczenie w licznych procesach metabolicznych jako
kofaktor dla wielu enzyméw, w tym dysmutazy ponadtlenkowej (SOD), oksydazy
cytochromu C, tyrozynazy, beta-hydroksylazy dopaminy oraz oksydazy lizylowej [7]. Warto
podkresli¢, ze Cu moze wykazywac¢ dziatanie przeciwutleniajgce oraz utleniajace, dlatego tez
istotne jest, aby zachowac odpowiednig rownowage w podazy pomigdzy innymi sktadnikami
mineralnymi, a szczegélnie Zn [8]. Podwyzszony stosunek Cu do Zn moze
ostabi¢ wilasciwosci antyoksydacyjne wiclu enzymow, dlatego tak wazne jest utrzymanie Cu



i Zn w homeostazie [8]. Ze wzgledu na specyficzne dziatanie Cu, zaréwno nadmiar, jak
I niedobor tego pierwiastka, moze spowodowac niekorzystne skutki zdrowotne, szczeg6lnie
wsérod dzieci [9]. Niewystarczajagca podaz Cu prowadzi do uposledzenia funkcjonowania
uktadu nerwowego, uktadu immunologicznego oraz zaburzen sercowo-naczyniowych. Z kolei
nadmierne st¢zenia Cu wywoluja uszkodzenia oksydacyjne DNA, a takze nasilajg utlenianie
lipidow i biatek [10]. Zrodtem Cu sa owoce morza, wolowina i podroby, produkty mleczne,
zielone warzywa, warzywa strgczkowe, zboza i kakao [8]. Zgodnie z rekomendacjami
zalecane spozycie Cu dla dzieci do 3 lat wynosi 0,25-0,3 mg/dzien [11].

Kolejny mikrosktadnik - Zn, ktory jest szczegolnie istotny w prawidlowym wzroScie
i rozwoju dzieci [12]. Pierwiastek ten jest sktadnikiem dysmutazy ponadtlenkowej Cu-Zn
(Cu/Zn SOD) i bierze udzial w ochronie antyoksydacyjnej [11]. Ponadto, uczestniczy
w syntezie biatek, funkcjach regulacyjnych enzymoéw, podziale komorkowym, wzroscie
I prawidlowym funkcjonowaniu uktadu odpornosciowego [13]. Ten pierwiastek jest jednym
z najczescie] wystepujacych deficytowych mikrosktadnikéw [14]. Wykazano, ze nawet
tagodny niedobdr moze zaburza¢ rozwdj intelektualny i psychomotoryczny dzieci, a takze
zwigkszac¢ podatno$¢ na infekcje [15]. Niedostateczne st¢zenie Zn objawia si¢ zmniejszeniem
taknienia, biegunka, wypadaniem wlosow oraz opdznieniem wzrostu u dzieci. Z kolei
nadmiar Zn moze zaburza¢ wchianianie Cu i zelaza (Fe), a takze wywotywaé ostre stany
objawiajgce si¢ wymiotami, bolem brzucha i biegunka [8]. Najwigcej Zn znajduje si¢
w produktach pochodzenia zwierzecego oraz zbozach, orzechach i roslinach straczkowych.
Niektére sktadniki, takie jak btonnik pokarmowy czy fityniany, istotnie ograniczajg
przyswajalnos$¢ Zn, dlatego tez pomimo iz powszechnie wystgpuje on w zywnosci, niedobory
tego pierwiastka sg czeste [16]. Zgodnie z rekomendacjami EAR ($rednie zapotrzebowanie
grupy) dla dzieci do 3 lat wynosi 2,5 mg/dzien [11].

Se to niezbedny pierwiastek S$ladowy, ktory odgrywa istotng rolg w uktadzie
odpornosciowym. Ten mikroelement jest sktadnikiem enzymow oksydoredukcyjnych, w tym
peroksydaz glutationowych, dejodynazy jodotyroninowej, reduktazy tioredoksyny i syntetazy
selenofosforanowej 2 [17]. Ponadto, Se bierze udzial w syntezie funkcjonalnie aktywnych
selenoprotein, ktore uczestniczg w utrzymaniu homeostazy redoks i obronie antyoksydacyjnej
komorek. Seleonoproteina P jest biatkiem istotnym w transporcie, magazynowaniu
i dostarczaniu Se in vivo. To biatko wigze pierwiastki toksyczne, przyczyniajac si¢ do obrony
organizmu przed stresem oksydacyjnym [17]. Podobnie jak w przypadku Cu, zar6wno
nadmiar, jak i niedobor Se, moze by¢ toksyczny. Niedobor Se przyczynia si¢ do zaburzen
uktadu immunologicznego, rozwoju niedoczynnosci tarczycy oraz chordb serca, a u dzieci
moze by¢ przyczyng kardiomiopatii. Objawy deficytu Se obserwuje si¢ gtownie w Chinach
[16,18]. Z kolei selenoza (zatrucie Se) moze manifestowaé si¢ w postaci nudnosci, bolow
brzucha, biegunki, zme¢czenia, neuropatii obwodowej, a takze oslabienia stanu wlosow
i paznokci [18,19]. Zrodlem Se sg orzechy (zwlaszcza brazylijskie), mieso, ryby i owoce
morza, warzywa i zboza, natomiast rzeczywista zawartos¢ tego pierwiastka jest zalezna od
poziomow Se w glebie [16]. Zalecane spozycie Se dla dzieci do 3 lat wynosi 17-20 pg/dzien
[11].

Waznym aspektem jest tez problem zanieczyszczen zywnos$ci, ktorych nie mozna
wyeliminowa¢ z pozywienia, natomiast istniejg regulacje prawne, ktore okreslaja ich



maksymalne dopuszczalne spozycie [20-23], dzigki czemu zywno$¢ dla dzieci moze by¢
monitorowana.

Ekspozycja na zanieczyszczenia we wczesnych etapach zycia dziecka moze
predysponowaé¢ do wystagpienia chorob przewlektych w wieku dorostym, ze wzgledu na
zmiany genetyczne i epigenetyczne [24]. Wsrod najmiodszej grupy wickowej zmiany
W budowie 1 funkcjonowaniu gtownych narzadow zachodzg bardzo szybko, dlatego tez
niemowleta i mate dzieci sg bardziej podatne na negatywne oddzialywanie pierwiastkow
toksycznych.

Dzieci w wieku 0,5-3 lat charakteryzuja si¢ wyzszym metabolizmem spoczynkowym oraz
wickszg iloscig spozywanego pokarmu w przeliczeniu na kilogram masy ciata. Zmienny sktad
ciala niemowlat 1 matych dzieci wptywa na wchtanianie, metabolizm oraz magazynowanie
pierwiastkéw toksycznych we wezesnych latach zycia. Dojrzatos¢ uktadu pokarmowego oraz
hormonalnego osiagana jest w roznym tempie i na poczatkowym etapie zycia cze¢$¢ narzagdow
nie jest catkowicie wyksztalcona. Wyrazne dysproporcje w rozwoju mtodego organizmu
wplywaja na stopien narazenia i rozmieszczenia zanieczyszczen, dlatego tez skutki ekspozycji
na pierwiastki toksyczne w tej populacji moga by¢ znacznie bardziej grozniejsze W niz
U dorostych [25]. Pierwiastki toksyczne majg zdolno$¢ kumulacji w organizmie, wptywajac
dlugoterminowo na zdrowie, tak wigc skutki narazenia moga ujawni¢ si¢ nawet po wielu
latach od ekspozycji. Wymagania unijne dotyczace dozwolonej zawarto$ci pierwiastkow
toksycznych w zywno$ci dla dzieci sg znacznie bardziej restrykcyjne niz w zywnosci
ogolnego spozycia. Najwyzsze dopuszczalne st¢zenie kadmu (Cd) 1 otowiu (Pb) w produktach
dla dzieci jest odpowiednio 5 i 10 razy nizsze w poroéwnaniu do zywnosci konwencjonalnej
[26]. Dodatkowo, dzieci sg bardziej narazone na spozycie pierwiastkow toksycznych [27].

Arsen (As) w postaci nieorganicznej zostat sklasyfikowany jako grupa 1 na liscie
rakotworczych substancji wedlug IARC (Mi¢dzynarodowa Agencja Badan nad Rakiem) [28].
Ekspozycja na As wplywa toksycznie na funkcjonowanie uktadu nerwowego, oddechowego
oraz skor¢ u dzieci. Gléwnym zrédlem narazenia na As jest zywno$¢ i woda pitna,
pierwiastek ten moze takze przedosta¢ si¢ do organizmu poprzez uktad oddechowy i skore
[29]. Dzieci do 5 roku zycia spozywaja od 3 do 4 razy wigcej pokarmu W przeliczeniu na
kilogram masy ciala, stad tez szacuje si¢, ze narazenie na As jest od 2 do 3 razy wigksze
w porownaniu do osoéb dorostych [30,31]. Zaobserwowano zalezno$é, ze wyzsza ekspozycja
na As u dzieci wigze si¢ z wigkszymi dysfunkcjami intelektualnymi i zaburzeniami
neuropsychicznymi [32,33]. Toksyczno$¢ As zalezy od stopnia metylacji tego pierwiastka,
ktora z kolei zalezna jest od wielu czynnikéw zywieniowych (m.in. zawartos¢ kwasu
foliowego, choliny, witaminy B12) [34]. Pierwiastek ten jest obecny w produktach na bazie
ryzu, W nabiale i zywnos$ci dla niemowlat [35]. Zgodnie z Rozporzadzeniem Komisji (UE)
maksymalna dopuszczalna zawartos¢ As w produktach dla dzieci na bazie ryzu wynosi 0,1
mg/kg, w napojach 0,02 mg/kg, a w pozostatej zywnosci dla dzieci 0,02 mg/kg [21].
W momencie publikacji wynikéw dotyczgcych zawartosci As (P.2) obowigzywaly normy
prezentowane w Rozporzadzeniu Komisji z 2006 roku, gdzie dopuszczalne st¢zenia AsS W
produktach dla dzieci oraz produktach ryzowych roznig si¢ od najnowszych rekomendacji
[20].

Kolejnym pierwiastkiem toksycznym jest Cd, ktory zostat uznany przez 1ARC jako
rakotworczy dla ludzi i zaklasyfikowany do grupy 1 kancerogenow 0 udowodnionym
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dziataniu rakotworczym [28]. Pierwiastek ten moze wykazywaé dziatanie neurotoksyczne
U dzieci, nawet w dawkach nizszych niz TWI (Tolerowane tygodniowe spozycie).
Pierwiastek ten gromadzi si¢ gldwnie w watrobie 1 nerkach, a okres poltrwania wynosi okoto
10-30 lat. Przewlekte narazenie na Cd zaburza metabolizm osteoblastow, uposledza produkcje
kolagenu, a takze nasila wydalanie wapnia (Ca) i fosforu (P) z moczem. U dzieci moze
uposledza¢ wzrost i zaburza¢ rozwdj ukladu Kkostnego [36]. Zaobserwowano, ze moze
dochodzi¢ do zaburzen neurobehawioralnych, nawet przy niskim poziomie narazenia [37-39].
Pierwiastek ten jest obecny gldéwnie w zbozach, ryzu, warzywach oraz rybach i owocach
morza [40]. Normy unijne dotyczace zawarto$ci Cd zostaty ustalone na poziomie 0,04 mg/kg
dla produktéw zbozowych i1 zywnosci dla dzieci oraz 0,02 mg/kg dla napojow dla dzieci [21].

Rte¢ (Hg) zostata sklasyfikowana na liscie IARC do grupy 3, tak wiec nie jest
bezposrednio pierwiastkiem rakotworczym. Wywoluje jednak niekorzystne dziatanie,
przedostajac si¢ do organizmu za posrednictwem zywno$ci przez skazong glebe I wodg.
Toksycznos$¢ Hg zalezy od czasu ekspozycji na pierwiastek, dawki oraz rodzaju zwigzku.
Metylorte¢ (MeHg) to forma organiczna Hg, ktéra wplywa szczegdlnie neurotoksycznie
na niemowlegta 1 male dzieci [41]. Ekspozycja na ten pierwiastek moze skutkowaé
uposledzeniem w rozwoju poznawczym, zaburzeniami kognitywnymi, niepelnosprawnoscia
neuromotoryczng oraz nizszym poziomem inteligencji [42]. Czas potowicznego rozpadu Hg
wynosi okoto 90 dni u dorostych, natomiast u dzieci moze wynosi¢ jeszcze dtuzej [43].
Ekspozycja matki na Hg stanowi zagrozenie takze dla rozwijajacego si¢ ptodu, poniewaz
kazda forma tego pierwiastka moze przenika¢ przez tozysko [43]. Najwiecej tego pierwiastka
wystepuje w rybach i owocach morza, szczegolnie w gatunkach drapieznych, dlatego tez ten
rodzaj ryb nie jest rekomendowany dla kobiet w cigzy, niemowlat i matych dzieci [41].
Najwyzsze narazenie na Hg odnotowuje si¢ w krajach, gdzie ryby stanowia podstawe diety.
Zgodnie z przepisami Krajowego Standardu Bezpieczenstwa Zywnosci maksymalna
dopuszczalna zawartos¢ Hg w produktach dla dzieci wynosi 0,02 mg/kg [45].

Pierwiastkiem potencjalnie rakotworczym jest Pb, ktory zostatl sklasyfikowany do grupy
2B na liscie IARC [28]. W przypadku Pb nie ma bezpiecznego poziomu narazenia — nawet
najmniejsze dawki moga wykazywac dziatanie neurotoksyczne [46]. Ekspozycja na ten
pierwiastek uposledza rozwoj matych dzieci poprzez uszkodzenie uktadu nerwowego, co
skutkuje zaburzeniami koncentracji i uwagi oraz nizszym poziomem |IQ [47]. Narazenie tej
grupy wiekowej na Pb wplywa takze na funkcjonowanie ukladu krwiotworczego oraz
immunologicznego. Pierwiastek ten zaburza biosynteze hemoglobiny, co prowadzi do
niedokrwistosci, a takze wywotuje immunosupresj¢ i deregulacj¢ uktadu odpornosciowego.
Ponadto, dzieci z niedozywieniem sg bardziej podatne na wystgpienie niekorzystnych
skutkow zdrowotnych spowodowanych narazeniem na Pb [48]. U dzieci absorpcja Pb jest
prawie 2 razy wigksza niz u osob dorostych [27]. Pierwiastek ten moze znajdowac sig¢
w produktach zbozowych, migsie, rybach, owocach morza, nabiale, a takze w owocach
i warzywach [49]. Zgodnie z przepisami unijnymi maksymalna dopuszczalna zawarto$¢ Pb
W zywnosci dla dzieci wynosi 0,02 mg/kg [21].

Niemowlgta 1 mate dzieci mogg by¢ narazone takze na inne zanieczyszczenia w Zywnosci,
ktore dzieli si¢ ze wzglgedu na czynnik, ktory je wywotuje: zanieczyszczenia biologiczne (np.
mikotoksyny) oraz chemiczne (np. pozostatosci pestycydoéw, azotany, wielopier§cieniowe
weglowodory aromatyczne (WWA), diosksyny). Zywno$¢ moze by¢ zanieczyszczona takze
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wskutek termicznego jej przetwarzania oraz migracji z opakowan m.in. akryloamidem,
furanem, 3-monochloropropano-1,2-diolem (3-MCPD) czy estrami glicydylowymi [27].
Biorac pod uwage ryzyko narazenia na zanieczyszczenia najmtodszej grupy wiekowej, poza
pierwiastkami toksycznymi, potencjalnie najbardziej niebezpieczne sa: akryloamid, bisfenol
A oraz pozostatosci pestycydow (P.1).

Akryloamid zostat sklasyfkowany przez IARC jako prawdopodobnie rakotworczy.
Zwiazek ten ma dzialanie neurotoksyczne 1 genotoksyczne, a takze wptywa na metabolizm
enzymow i hormonow. Dzieci sg narazone na akryloamid pochodzacy gtéwnie z ziemniakow
i zb6z poddanych obrobce termicznej [50]. Kolejnym zwigzkiem, ktéry moze stanowié
zagrozenie zdrowotne u dzieci, jest bisfenol. To substancja, ktora przy dlugotrwalej
ekspozycji uposledza metabolizm hormondéw. Dzieci sg szczegodlnie wrazliwe na narazenie
na bisfenol, gdyz dawki mniejsze niz tolerowane dzienne pobranie (TDI) zaburzaja
funkcjonowanie uktadu endokrynologicznego. Zwiazek ten przedostaje si¢ do pozywienia
w wyniku migracji z metalowych i plastikowych opakowan stuzacych do przechowywania
zywnosci [51]. Pestycydy to zwiazki bardzo toksyczne dla dzieci, z uwagi na dlugi okres
pottrwania 1 duzg zdolno$¢ do kumulacji w organizmie [52]. Pozostatosci pestycydow moga
by¢ obecne w miesie, rybach, produktach mlecznych i wodzie pitnej [53]. Zywno$¢ dla dzieci
moze takze by¢ zanieczyszczona weglowodorami olejow mineralnych (MOH), ktore powstaja
na wskutek przemian ropy naftowej, dostajac si¢ do zywnosci poprzez procesy produkcyjne,
zanieczyszczenia Srodowiska oraz migracje z opakowan. Najwyzsze stezenia MOH wystepuja
w olejach roslinnych. Ekspozycja na MOH moze skutkowa¢ efektami genotoksycznymi,
hepatotoksycznymi oraz uszkadza¢ uktad limfatyczny. Najwyzsze narazenie na MOH
odnotowano ws$rod niemowlat i1 matych dzieci karmionych preparatami do Zzywienia
poczatkowego [54].

Zywno$¢ powinna umozliwiaé zaspokojenie potrzeb zywieniowych dzieci i jednoczesnie
nie moze stanowi¢ zagrozenia zdrowotnego, dlatego tez potencjalne zanieczyszczenia
powinny by¢ monitorowane aby nie przekraczac $cisle okreslonych norm.
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3. Cel pracy z uzasadnieniem podjetej tematyki badawczej

Ze wzgledu na intensywny wzrost 1 rozw6j niemowlat i malych dzieci oraz jednoczes$nie
duzg wrazliwos$¢ na zanieczyszczenia, produkty dedykowane dla tej grupy wiekowej powinny
charakteryzowa¢ si¢ duza aktywnoS$cig antyoksydacyjng oraz jak najmniejsza obecnoscig
pierwiastkéw toksycznych.

W Unii Europejskiej zywno$¢ gotowa do spozycia przez dzieci, w odrdznieniu od
przetworzonej zywnosci konwencjonalnej, podlega szczegdétowym wymaganiom dotyczacym
sktadu 1 bezpieczenstwa zdrowotnego, okreSlonym w Rozporzadzeniu Parlamentu
Europejskiego i Rady UE NR 609/2013 z dnia 12 czerwca 2013 r., ktore odnosi si¢ do
gotowej zywnosci dla dzieci na bazie zb6z oraz zywnoS$ci przeznaczonej dla niemowlat
I matych dzieci [55]. Zgodnie z powyzszym Rozporzadzeniem producent zywnosci ma
obowigzek oceny zawartosci substancji toksycznych w produktach dedykowanych dla tej
grupy wiekowej. Dopuszczalne stezenia pierwiastkow toksycznych w zywnosci dla dzieci sg
bardziej restrykcyjne w poréwnaniu do zywnosci tradycyjnej [23].

Z badania DONALD wynika, ze 20% niemowlat i matych dzieci zywi si¢ positkami
przygotowywanymi w domu, 60% dzieci spozywa produkty gotowe do konsumpcji, a 20%
korzysta z obu mozliwosci jednoczesnie [56]. W zwiazku z powyzszym, kluczowa wydaje si¢
analiza zywnosci dla tej grupy wiekowej pod katem wiasciwosci zdrowotnej. W badaniu
CHOP zaobserwowano, ze ponad 95% dzieci w wieku 9-12 miesigcy przynajmniej raz
korzystato z produktow gotowych do konsumpcji [57]. Aktualne trendy wskazujg na duza
powszechno$¢ spozywania przetworzonych produktéw dla dzieci, dlatego wazne jest, aby
zywnos$¢ ta charakteryzowata si¢ wysoka jakoscig oraz odpowiednim sktadem.

Nalezy podkreslic, ze duza popularnoscia ciesza si¢ produkty ekologiczne
i w powszechnej opinii postrzegane s3 jako zdrowsze. Zywno$¢ dla dzieci z oznaczeniem
ekologicznym to jeden z najczeséciej kupowanych ekologicznych produktow, a zgodnie
z wynikami badania ESKiMo II az 63% dzieci spozywa tego typu zywnos$¢ [58]. Nie ma
jednak jednoznacznych dowodoéw, ze produkty organiczne wyrdzniajg si¢ wyzszg warto$cig
zdrowotng niz zywnos$¢ konwencjonalna [59].

Aktualne dostepne doniesienia naukowe skupiajag si¢ na  wlasciwosciach
przeciwutleniajacych oraz obecnos$ci pierwiastkow toksycznych w zywnosci konwencjonalnej
oraz zywieniUu poczatkowym, brakuje natomiast raportéw naukowych odnoszacych si¢ do
gotowych produktow przeznaczonych dla niemowlat i matych dzieci. Na podstawie przegladu
badan innych autoréw opublikowanych w publikacji 1 stwierdzono, ze zywno$¢ dla dzieci
jest w najwickszym stopniu zanieczyszczona nie tylko akryloamidem, bisfenolem A,
pozostatosciami pestycydow i MOH, ale rowniez pierwiastkami toksycznymi.

Wobec powyzszego, celem podjetych badan byla ocena bezpieczenstwa pod wzgledem
zawarto$ci pierwiastkow toksycznych oraz wilasciwosci antyoksydacyjnych produktow
spozywczych spozywanych przez dzieci poprzez realizacj¢ nizej wymienionych celow
szczegblowych:

e analiza zawarto$ci pierwiastkow antyoksydacyjnych, takich jak: Cu Zn, Se
w produktach dla dzieci,

12



e ocena catkowitej zawartosci zwigzkow polifenolowych w produktach dla dzieci na
bazie warzyw, owocow i zboz,

e oOcena catkowitego potencjatu antyoksydacyjnego w produktach dla dzieci na bazie
warzyw, owocow i zboz,

e o0szacowanie w jakim stopniu spozycie gotowych produktow dla dzieci pokrywa
srednie zapotrzebowanie na pierwiastki antyoksydacyjne,

® pordéwnanie zawarto$ci pierwiastkow antyoksydacyjnych z uwzglednieniem typu
produktow dla dzieci,

e porownanie zawarto$ci pierwiastkow antyoksydacyjnych uwzglgdniajac podziat na
grupy wiekowe

e porownanie zawartos$ci pierwiastkoOw antyoksydacyjnych odnoszac si¢ do pochodzenia
SUrowcow,

e analiza zawarto$ci pierwiastkow toksycznych, takich jak As, Cd, Hg, Pb w produktach
dla dzieci,

e okreslenie bezpieczefstwa zdrowotnego badanych produktéw z wykorzystaniem
powszechnie stosowanych wskaznikow toksykologicznych, uwzgledniajac krotko-
i dlugoterminowe ryzyko wystgpienia niekorzystnych skutkéw zdrowotnych
W wyniku narazenia na pierwiastki toksyczne,

e porownanie zawarto$ci pierwiastkow toksycznych z uwzglednieniem typu produktow
dla dzieci oraz przeznaczenia produktéw dla réznych grup wiekowych.

Sformutowano nastepujace hipotezy badawcze:

1. Produkty dla dzieci podlegajg rygorystycznej kontroli odnosnie dopuszczalnej
zawartos$ci pierwiastkow toksycznych, dlatego tez powinny by¢ bezpieczne dla
dzieci.

2. Zywno$¢ ekologiczna dla dzieci powinna charakteryzowaé sie nizsza zawartoscia
pierwiastkéw toksycznych 1 wyzszymi wlasciwosciami antyoksydacyjnymi
W pordéwnaniu do zywnosci tradycyjnej.

Nowatorstwo tego badania polegato na przebadaniu po raz pierwszy tak duzej liczby préb
oraz tak réznorodnego asortymentu gotowych produktow dla dzieci, uwzgledniajac zarowno
aspekt zdrowotny, jak i toksykologiczny. Zywno$é byta analizowana pod katem sktadu,
przeznaczenia produktow dla réznych grup wiekowych oraz pochodzenia surowcoOw, co
pozwala na wnikliwg analize asortymentu produktow spozywczych dla dzieci. Ocena
catkowitego potencjatu antyoksydacyjnego w produktach dla najmtodszej grupy wiekowej nie
byta nigdy wczesniej analizowana w literaturze naukowej, co stanowi innowacyjnos¢
niniejszych badan.
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4. Realizacja celow naukowych, materialy i metody badawcze, wyniki badan

Badania  zostaly  przeprowadzone w  Zakladzie  Bromatologii = Wydzialu
Farmaceutycznego z Oddzialem Medycyny Laboratoryjnej Uniwersytetu Medycznego
w  Biatymstoku. Pozyskano finansowanie z projektow statutowych Uniwersytetu
Medycznego w Biatymstoku: SUB/2/DN/21/002/2216 oraz B.SUB.23.123. Przeprowadzone
badania nie wymagalty zgody Komisji Bioetycznej Uniwersytetu Medycznego
w Biatymstoku.

4.1 Przeglad piSmiennictwa zwiazanego z tematyka pracy doktorskiej

Przed przygotowaniem pracy pogladowej P.1 oraz prac badawczych P.2-P.3
dokonano przegladu literatury fachowej odpowiadajacej podejmowanej tematyce prac,
wykorzystujgc dostgpne wyszukiwarki: Pubmed i Google Scholar.

4.2 Analiza rynku, wytypowanie i pozyskanie asortymentu do badan

Materiat do badan stanowily produkty gotowe do spozycia dla dzieci w wieku 0,5-3
lat. Dobor prob do badan odzwierciedla asortyment produktéw dla dzieci dostgpnych na
polskim rynku. Badany asortyment zakupiono w sklepach stacjonarnych na terenie pétnocno-
wschodniej Polski, a takze w polskich sklepach internetowych w okresie od grudnia 2020 r.
do wrzesnia 2021 r. Produkty pochodzity od wiodacych producentow zywnosci dla dzieci,
takich jak m.in. Helpa, Hipp, Humana, Holle, Nestle i Nutricia.

Finalnie zebrano 398 prob, w tym:
A. dania obiadowe dla dzieci (n = 103), obejmujace: obiady drobiowe (n = 24), obiady
Zz wolowing (n = 16), obiady z wieprzowing (n = 13), obiady rybne (n = 18), obiady
z kroélikiem (n = 11), obiady wegetarianskie (n =20);

B. kaszki (n = 50), obejmujace: kaszki mleczne (n = 8), kaszki mleczno-owocowe (n =
15), kaszki glutenowe (n = 12), kaszki bezglutenowe (n = 15);

C. owoce i warzywa w postaci musow (n = 58), obejmujace: musy owocowo-warzywne
(n =9), musy owocowe (n = 33), musy OWOCOWO0-zbozowe (n = 6), musy OWOCOWO-
mleczne (n = 6), musy warzywne (n=4);

D. napoje dla dzieci (n = 64), obejmujace: wode i napoje owocowe (n = 22), soki
owocowe (n = 42);

E. przekaski “do raczki” (n = 63), obejmujace: wafle/chrupki (n = 30), ciasteczka (n =
17), batoniki owocowe (n = 15)

F. nabiat (n = 60), obejmujacy: sery zolte (n = 28), jogurty (n = 32).

Asortyment analizowano takze uwzgledniajac przeznaczenie produktow dla
poszczegolnych grup wiekowych, wyodrebniajac nastgpujace kategorie: produkty dla
niemowlat w wieku 0,5-1 lat, produkty dla matych dzieci w wieku 1-3 lat oraz produkty bez
deklaracji wieku. Produkty z deklaracja wieku to: obiady, kaszki oraz przetwory warzywno-
owocowe. Pozostate grupy (produkty mleczne, przekaski i napoje) skategoryzowano bez
sprecyzowanego przeznaczenia wiekowego.
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Wyrézniono takze grupy produktéw dla dzieci pod katem pochodzenia surowcow.
W analizie wyodrebniono grupg zywnosci ekologicznej, sktadajaca si¢ ze 168 préb (w tym
50 obiadéw, 17 kaszek, 23 musd6w owocowo-warzywnych, 28 napojow i 50 przekasek) oraz
grupe zywnosci konwencjonalnej, sktadajaca si¢ z 230 prob (w tym 53 obiady, 33 kaszki, 35
musOw owocowo-warzywnych, 36 napojow, 13 przekasek i1 60 produktéw mlecznych).

Przeprowadzono anonimowg ankietg, ktorej celem byla analiza preferowanego
asortymentu gotowych produktéw dla dzieci. Pytania skupialy si¢ na okresleniu ktore
produkty sa najczesciej spozywane przez dzieci, w jakich porcjach oraz z jaka
czestotliwoscig. Ankieta skladata si¢ z 48 pytan 1 zostala udostgpniona na forach
rodzicielskich. Ze wzgledu na matg liczbe odpowiedzi zwrotnych (otrzymano 27 poprawnie
uzupetionych ankiet) do oszacowania spozywanych porcji przez dzieci w wieku 0,5-3 lat
opierano si¢ na danych literaturowych [60].

4.3 Przygotowanie prob i ocena zawartosci pierwiastkéw antyoksydacyjnych,
aktywnosci przeciwutleniajacej i zawartosci pierwiastkow toksycznych

Proces przygotowania prob polegal na homogenizacji ich w mozdzierzu
porcelanowym lub homogenizatorze (IKA, Staufen, Niemcy). Proby po homogenizacji
zmineralizowano w mineralizatorze w mikrofalowym systemie zamknietym (Berghof,
Speedwave,Eningen, Niemcy) w st¢zonym kwasie azotowym.  Przygotowane proby
wykorzystano do analizy zawartosci sktadnikoéw mineralnych i pierwiastkéw toksycznych (z
wyjatkiem Hg).

Zawartos¢ sktadnikow mineralnych oznaczano przy uzyciu roéznych technik
analitycznych. Stezenie Cu i Zn oznaczono metoda atomowej spektrometrii absorpcyjnej
z korekcja tta Zeemana (AAS, Z-2000, Hitachi, Tokio, Japonia). Do analizy zawarto$ci Zn
uzyto technike ptomieniowa z atomizacja w plomieniu acetylen-powietrze. Technike
bezplomieniowa z elektrotermiczng atomizacja w kuwecie grafitowej wykorzystano do
oznaczen zawarto$ci Cu. Analize Se przeprowadzono przy uzyciu metody spektrometrii mas
z plazmg indukcyjnie sprzezona (ICP-MS, NexION 300D, PerkinElmer, Waltham, Stany
Zjednoczone) z komorg dyskryminacji energii kinetycznej (KED). Stezenia sktadnikow
mineralnych wyrazono na 100 g produktu, a nast¢pnie okreslono % pokrycia szacowanego
Sredniego zapotrzebowania grupy. Do obliczen wykorzystano standardowe porcje spozywane
przez polskie dzieci [60]. Dla wszystkich probek obliczono stosunek molowy Cu:Zn przy
uzyciu programu Microsoft Excel.

Do analizy zawartosci As wykorzystano spektrometri¢ mas z plazmg indukcyjnie
sprz¢zong z komora dyskryminacji kinetycznej, natomiast oznaczenie zawartosci Cd i Pb
przeprowadzono w trybie standardowym metoda ICP-MS. Zawartos¢ Hg oznaczono
bezposrednio, bez wstepnej mineralizacji, przy pomocy spektrometru absorpcji atomowe;j
wykorzystujgcego technike amalgamacji (AMA-254, Leco Corp., Altrec Ltd., Praga, Czechy).

W celu oceny wlasciwosci przeciwutleniajacych proby homogenizowano
i odpowiednio rozcienczono (IKA, Staufen, Niemcy). Do analizy catkowitej zawartosci
polifenoli (TPC) zastosowano metode Folina-Ciocalteu oraz test zmiatania rodnikow 2,2-
difenylo-1-pikrylohydrazyl (DPPH) w celu okre$lenia aktywnosci przeciwutleniajgce;.

W celu oceny bezpieczenistwa spozycia gotowych produktow dla dzieci poprzez
narazenie na pierwiastki toksyczne obliczono warto$ci wskaznikow toksykologicznych
uwzgledniajacych krotko- 1 dlugoterminowe ryzyko wystapienia dziatan niepozadanych. Byty
one nast¢pujace: EDI - szacowane dzienne pobranie (Estimated Daily Intake), EWI -
szacowane tygodniowe pobranie (Estimated Weekly Intake), PTWI - tymczasowe tolerowane
tygodniowe pobranie (Provisional Tolerable Weekly Intake), PTMI - tymczasowe tolerowane
miesi¢gczne pobranie (Provisional Tolerable Monthly Intake), BMDL - dolna granica
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najnizszej dawki wyznaczajacej (Benchmark Dose Lower Confidence Limits), THQ -
docelowy iloraz ryzyka (Target Hazard Quotient), HI - wskaznik ryzyka (Hazard index), CR -
ryzyko zachorowania na raka (Cancer Risk).

Calosciowy przebieg wyzej wymienionych procedur 1 technik analitycznych zostal
szczegdtowo opisany w pracach P.2 oraz P.3.

4.4 Analiza statystyczna

Uzyskane wyniki zostaly opracowane przy uzyciu programu Statistica (TIBCO
Software Inc., Palo Alto, Stany Zjednoczone). Przeprowadzono test Shapiro-Wilka na
podstawie ktorego stwierdzono brak normalnosci rozktadu danych. Do pordéwnania
zawartosci pierwiastkow w roznych grupach produktow wykorzystano nieparametryczne testy
U Manna-Whitneya oraz test ANOVA Kruskala—Wallisa. Celem sprawdzenia zalezno$ci
miedzy grupami wykorzystano metodg korelacji rang Spearmana. Wyniki zaprezentowano
w postaci mediany i kwartyli, jednakze w celu poréwnania wynikow badan wilasnych
z wynikami innych autorow zaprezentowano takze $rednie wraz z odchyleniami
standardowymi oraz warto$ci maksymalne i minimalne. Przyjeto wartoSci istotnych rdznic

przy p <0,05.
4.5 Wyniki badan

Przeprowadzone badania wykazaty, ze mediana TPC w produktach dla dzieci
wynosita 37,8 mg GAE/100 g (Q1-Q3: 12,4-82), przy czym najwyzsze wartosci odnotowano
w grupie musow: 111,8 mg GAE/100 g (55,9-162,4), a sposrod podgrup musy owocowo-
warzywne charakteryzowaly si¢ najwyzsza wartoscia TPC: 114,2 mg GAE/100 g (65,8—
167,4). W obiadkach dla dzieci stwierdzono najnizsza mediang TPC: 25,8 mg GAE/100 ¢
(14,2-37,0), przy czym w daniach obiadowych na bazie ryb odnotowano najnizsza warto$¢
bioragc pod uwage podgrupy: 17,3 mg GAE/100g (7,6-33,3). Uwzgledniajac wszystkie
produkty najwyzsza mediang TPC stwierdzono w mieszance liofilizowanych owocoéw na
bazie czarnej porzeczki, ananasa, wisni i truskawek (525,4 mg GAE/100 g), mieszance
owocow liofilizowanych na bazie truskawek, malin, jagdd i jablka (507,2 mg GAE/100 Q)
oraz w chipsach jabtkowych (312,0 mg GAE/100 g). Dostrzezono istotne statystycznie
roznice w wartosci TPC migdzy obiadkami a musami i napojami (p<0,001) a takze migdzy
musami a kaszkami i przekgskami dla dzieci (p<0,001). W grupie produktéw dla dzieci bez
deklaracji wieckowej oraz w grupie produktow dla dzieci w wieku 0,5-1 lat wykazano
najwyzszg median¢ TPC (odpowiednio 50,8 mg GAE/100 g i 42,6 mg GAE/100 g). Produkty
dla dzieci w wieku 1-3 lat charakteryzowaly si¢ istotnie nizszg mediang TPC (24,0 mg
GAE/100 g). Bioragc pod uwage kryterium pochodzenia surowca (produkty z certyfikatem
ekologicznym i konwencjonalne), wyzszag mediang TPC stwierdzono w produktach
konwencjonalnych (44,6 mg GAE/100 g vs 34,3 mg GAE/100 g) (P.3).

Produkty gotowe do spozycia dla dzieci wykazywaty zdolno$¢ wychwytywania
wolnych rodnikow na poziomie 71,4%. Najwyzsza mediane uzyskang w tescie DPPH
odnotowano w grupie musow owocowo-warzywnych (95,3%). Wsréd podgrup musy
owocowe wykazywaty najwyzsza zdolno$¢ wychwytywania wolnych rodnikéow (95,9%).
Najnizszy odsetek zmiatania wolnych rodnikow w niniejszym tescie stwierdzono w grupie
napojow dla dzieci (34,8%), a bioragc pod uwage podgrupy najnizsza warto$¢ odnotowano
w sokach owocowych (33,7%). Sposrod wszystkich produktow najwyzsza zdolnosc
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wychwytywania wolnych rodnikow wykazywata letnia salatka owocowa na bazie gruszki,
jabtka, moreli i mirabelek (99,6%), mus jabtkowy (99,5%) oraz musy zawierajacy banana,
mango 1 mleko kokosowe (89,6%). Zaobserwowano istotne statystycznie roznice w zdolnos$ci
wychwytywania wolnych rodnikow w tescie DPPH pomiedzy obiadkami a musami
i napojami dla dzieci (p<0,001), a takze migdzy kaszkami a musami i napojami (p<0,001).
Odsetek zmiatania wolnych rodnikow réznit si¢ istotnie w przypadku kaszek oraz musow
I napojow (p<0,001), pomigdzy musami a napojami i przekaskami (p<0,001), a takze migdzy
napojami 1 przekgskami (p<0,001). Biorgc pod uwage % zmiatania wolnych rodnikow
w teScie DPPH najwyzsza mediang wykazano w produktach dla dzieci w wieku 0,5-1 lat
(79,9%) oraz produktach dla dzieci w wieku 1-3 lat (77,8%) w poréwnaniu do zywnos$ci bez
deklaracji wiekowej (53,4%). Ekologiczna zywnos¢ dla dzieci wykazywata wyzsza zdolnos¢
do wychwytywania wolnych rodnikéw w tescie DPPH (72,7%) w poréwnaniu do tradycyjnej
zywnosci dla dzieci (69,5%), natomiast nie odnotowano istotnosci statystycznej (P.3).

W badanej grupie wykazano, iz mediana st¢zenia Cu w produktach dla dzieci
wynosita 7,8 mg/kg (4,4-12,1). Sposrod wszystkich grup produkty mleczne charakteryzowaty
si¢ najwyzszg mediang Cu, ktora wynosita 18,2 mg/kg (14,0-22,9). Biorgc pod uwage
wszystkie podgrupy zywnos$ci jogurty wykazaly najwyzsza mediang: 22,1 mg/kg, (20,4—
26,6). Najnizszg zawarto$¢ Cu stwierdzono w napojach dla dzieci, ktora wynosita 2,1 mg/kg
(1,8-4,6), a soki owocowe charakteryzowaly si¢ najnizsza mediang wsréd wszystkich
podgrup zywnosci dla dzieci: 1,9 mg/kg (1,7-4,0). Produkty dla dzieci o najwyzszej
zawarto$ci Cu to: bio batoniki zbozowo-owocowe na bazie platkéw owsianych, bananow
i jablek (90,7 mg/kg); bio batoniki owocowe i zbozowe na bazie platkdéw owsianych,
bananow, jablek i winogron (90,3 mg/kg); jogurt z kawatkami czekolady (51,7 mg/kg).
Zaobserwowano istotne réznice w zawartosci Cu migdzy obiadkami a kaszkami, napojami,
przekaskami oraz nabiatem dla dzieci (p<0,001). Mediana zawartosci Cu w kaszkach dla
dzieci réznita si¢ znaczaco od musow, przekasek, nabiatu dla dzieci (p<0,001). Dostrzezono
takze roznice w medianie zawartosci Cu pomigdzy musami owocowo-warzywnymi
a nabiatem (p<0,05), kaszkami (p<0,001), napojami (p<0,001), a takze mi¢dzy nabiatem dla
dzieci i napojami (p<0,01). Produkty bez deklaracji wieku charakteryzowaly si¢ najwyzsza
mediang zawarto$ci Cu (10,7 mg/kg) w poréwnaniu do produktow dla dzieci w wieku 0,5-1
lat (6,9 mg/kg) oraz 1-3 lat (6,9 mg/kg). Ekologiczna zywno$¢ dla dzieci charakteryzowata si¢
nizszg mediang Cu w porownaniu do produktéw tradycyjnych (7,2 mg/kg vs.9,7 mg/kg), ale
wyniki nie byly istotne statystycznie (P.3).

W przypadku Se mediana st¢zenia w gotowych produktach dla dzieci wynosita 65,0
nug/kg (30,1-100,2). Produkty mleczne charakteryzowaty si¢ najwyzszg mediang zawartosci
Se w obrebie wszystkich grup produktow: 134,9 ng/kg (113,9-195,5). W poszczegdlnych
podgrupach sery zotte wykazywaly najwyzszg mediang: 164,2 pg/kg (120,2-214,5). Z kolei
najnizszg mediang odnotowano w obiadkach dla dzieci, wynosita ona 24,5 ug/kg (16,4-32,2),
przy czym obiadki dla dzieci na bazie drobiu wykazywaly najnizsza warto$¢ w obrgbie
podgrup: 16,6 pg/kg (13,2-25,5). Biorac pod uwage caty asortyment gotowych produktow dla
dzieci najwyzszg mediang charakteryzowaly si¢ bio platki owsiane (686,6 pg/kg), herbata na
bazie melisy, lipy 1 majeranku (567,2 ng/kg), a takze lemoniada na bazie jabtek, truskawek,
owocow dzikiej rozy i miety (485,2 ng/kg). Mediany zawartosci Se dla obiadkow dla dzieci
roznity si¢ istotnie od musoéw, napojow, przekasek, nabiatu dla dzieci (p<0,001). Z kolei
w przypadku kaszek dla dzieci zauwazono istotne statystycznie rdznice w medianie
zawarto$ci Se w odniesieniu do musdw, nabiatu dla dzieci, przekasek i napojow (p<0,001).
Produkty bez deklaracji wickowej charakteryzowatly si¢ najwyzszg mediang Se (93,0 ug/kg).
Mediana zawartos$ci Se w grupie zywnosci przeznaczonej dla dzieci w wieku 0,5-1 lat i 1-3 lat
wynosita odpowiednio 39,8 ug/kg 1 26,1ug/kg. Grupa zywnosci ekologicznej, w odréznieniu
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od tradycyjnej, charakteryzowata si¢ rowniez wyzszg mediang stezen Se (65,5 ug/kg vs 64,4
ug/kg), natomiast wyniki te nie byty istotne statystycznie (P.3).

Mediana zawarto$ci Zn w catej grupie produktéw dla dzieci wynosita 7,8 mg/kg (4,4—
12,1), przy czym najwyzsza zawartos¢ odnotowano w grupie kaszek dla dzieci: 27,4 mg/kg
(18,8-37,1). W poszczegdlnych podgrupach najwyzsze stezenie wykazywaty kaszki mleczne:
34,4 mg/kg (18,5-44,0). Z kolei najnizszg median¢ zawarto$ci Zn odnotowano w napojach
dla dzieci: 1,3 mg/kg (0,7-2,6). Biorac pod uwage podgrupy, najnizszg mediang stwierdzono
w sokach owocowych: 1,0 mg/kg (0,7-1,9). Zawarto$¢ Zn w obiadkach roznita si¢ istotnie od
kaszek, musow owocowo-warzywnych, napojéw 1 przekasek (p<0,001). Zaobserwowano
takze istotne rdznice pomigdzy kaszkami dla dzieci a musami i napojami (p<0,001), miedzy
musami a przekaskami i nabiatem dla dzieci (p<0,001), a takze w przypadku napojoéw
I przekasek (p<0,001). Biorgc pod uwage kategori¢ produktow z przeznaczeniem dla grup
wiekowych najwyzsza median¢ odnotowano w asortymencie dla dzieci 1-3 lat (5,8 mg/kg)
oraz w zywnosci bez deklaracji wiekowej (5,5 mg/kg). W grupie produktow dla dzieci
w wieku 0,5-1 lat wykazano zawarto$¢ Zn na poziomie 3,7 mg/kg Zn, ale wyniki te nie byty
istotne statycznie. Produkty z oznaczeniem ekologicznym charakteryzowaly si¢ wyzsza
mediang stezen Zn (6,8 mg/kg vs 4,3 mg/kg) w porownaniu do zywnosci tradycyjnej (P.3).

Sredni stosunek molowy Cu:Zn w produktach dla dzieci wynosit 1,7 (0,6-3,3), przy
czym najwyzszy stosunek molowy Cu:Zn stwierdzono w musach owocowo-warzywnych: 4,8
(3,1-7,8) oraz nabiale: 3,4 (0,6-5,2). Z kolei najnizszy stosunck molowy Cu:Zn wykazano
w kaszkach: 0,1 (0,0-0,2), a takze przekaskach “do raczki”: 0,8 (0,5-1,3) (P.3).

Przeprowadzone analizy wykazaty, ze $rednia porcja produktow dla dzieci pokrywata
232,0% wartosci EAR dla Cu, 19,2% dla Zn oraz 24,3% w przypadku Se. Biorac pod uwage
wszystkie grupy produktow najwyzszy udziat EAR dla Cu 1 Se stwierdzono w musach
owocowo-warzywnych (492,9% EAR dla Cu, 52,8% EAR dla Se), w przypadku Zn byly to
przekaski “do raczki” (54,5% EAR) (P.3).

Mediana zawartosci As w produktach dla dzieci wynosita 0,23 pg/kg (0,15-0,77).
Sposrod wszystkich kategorii najwyzszg mediang odnotowano w kaszkach: 1,11 pg/kg (0,62-
3,6), szczegoblnie bezglutenowych: 4,47 pg/kg (1,55-7,4). Biorac pod uwage podkategorie
najwyzsze stezenie As odnotowano w wafelkach/chipsach 0,78 pg/kg (0,38-3,26).
Najnizsze st¢zenie As wykazano w nabiale 0,1 upgkg  (LOD (ponizej granicy
wykrywalnosci))-0,8), aw 69 produktach nie stwierdzono obecnosci As (< LOD). Najwyzszg
zawarto$¢ As odnotowano w batonie owocowym na bazie ryzu As (84,71 pg/kg). Pordéwnujac
rezultaty do norm z zarzadzenia Komisji Europejskiej [26], (P.2), maksymalne dopuszczalne
stezenie As w zywnosci nie zostato przekroczone. W przypadku napojow zauwazono istotne
statystycznie roznice w zawartos$ci As, w odniesieniu do obiadkow (p<0,01), kaszek (p<0,01),
musow (p<0,01), przekasek “do raczki” (p<0,01) oraz nabiatu (p<0,01). Z kolei zawartos¢ As
w obiadkach na bazie ryb roznila sie¢ istotniec od zawartosci w obiadkach drobiowych
(p<0,001), na bazie wotowiny (p<0,001), na bazie wieprzowiny (p<0,001), na bazie krolika
(p<0,001) oraz wegetarianskich (p<0,001). Zaobserwowano takze istotng roznice
w zawartosci As pomigdzy kaszkami mlecznymi a kaszkami bezglutenowymi (p<0,001)
(P.2).

W badanym asortymencie $rednia mediana zawartosci Cd wynosita 1,12 pg/kg (0,49-
2,08). Najwyzsza mediang odnotowano w grupie przekasek: 2,29 ug/kg (1,43-3,44), przy
czym w obrgbie podgrupy najwyzsza mediane stwierdzono w wafelkach/chipsach: 2,62 ng/kg
(1,31-3,8). Napoje charakteryzowaly si¢ najnizszg mediang zawartosci Cd, ktoéra wynosita
0,48 ng/kg (0,29-1,14). Sposrod wszystkich produktow obiadek dla dzieci po 6 miesigcu
zycia na bazie warzyw 1 lososia zawieral najwyzsze stezenie Cd (20,2 pg/kg). W 47
produktach stwierdzono zawarto$¢ Cd ponizej granicy wykrywalnosci. Zgodnie z przepisami
unijnymi w zakresie najwyzszych dopuszczalnych pozioméw Cd maksymalne dopuszczalne
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stezenie wynosi 0,02 do 0,04 mg/kg [21] (P.2), tak wiec badane produkty nie przekroczyty
dopuszczalnego limitu Cd.

Mediana zawartosci Hg w gotowych produktach dla dzieci wynosita 2,11 ng/kg (1,21-
4,36). W przypadku Hg najwyzsza mediang odnotowano w kaszkach 4,2 pg/kg (1,41-6,04).
W poszczeg6lnych podgrupach najwyzsza mediang zawartosci Hg stwierdzono w obiadkach
rybnych: 10,52 npg/kg (3,6-13,04) i bezglutenowych kaszkach 6,0 ug/kg (1,52-6,33).
Najnizsza mediana zawartosci Hg wystepowala w grupie przekasek: 1,97 pg/kg (1,05-3,25)
oraz w podgrupie napojéow owocowych i wodzie: 1,01 pug/kg (1,87-3,73). Biorgc pod uwage
wszystkie badane produkty najwyzsze zawarto$ci Hg znajdowaty si¢ w obiadku dla dzieci na
bazie warzyw, ryzu i morszczuka (37,3 pg/kg). Normy zostaty ustalone na poziomie 10-20
ng/kg [45]. Dopuszczalng zawartos¢ Hg przekroczono w 6 produktach, co stanowi 1,5%
wszystkich badanych prob. W przypadku muséw zaobserwowano istotne statystycznie
réznice w zawarto$ci Hg w odniesieniu do kaszek mlecznych (p<0,05). Zawartos¢ Hg
w obiadkach na bazie wieprzowiny roznita si¢ istotnie od zawartosci tego pierwiastka
w obiadkach wegetarianskich (p<0,05) (P.2).

W przypadku Pb $rednia mediana wynosita 7,64 pg/kg (5,46-10,31), a najwyzsze
zawartosci odnotowano w przekaskach “do raczki”: 10,68 ng/kg (8,85-14,30). Z kolei
najnizsza mediang stwierdzono w musach 4,95 pg/kg (4,41-6,61). Produktem o najwyzszej
zawarto$Ci Pb byt mus na bazie jabtek, winogron, aronii i malin (139,1 pg/kg). Odnotowano
18 przekroczen dopuszczalnej zawartosci Pb, co stanowi 4,5% wszystkich prob. W przypadku
Pb najwigcej przekroczen stwierdzono w napojach dla dzieci (7 prob) oraz przekaskach “do
raczki” (6 prob). W grupie napojow owocowych 1 wody zaobserwowano istotne roznice
w zawarto$ci Pb w odniesieniu do sokéw owocowych (p<0,01) (P.2).

Analizie poddano takze zawarto$¢ pierwiastkow toksycznych w produktach dla dzieci
z uwzglednieniem pochodzenia surowcéw: proby podzielono na zywnos$¢ ekologiczng oraz
tradycyjng. Produkty ekologiczne byty istotnie mniej zanieczyszczone Hg (2,5 + 2,0 ug/kg)
w poréownaniu do produktéw tradycyjnych (3,2 + 2.4 pg/kg). Zywnoéé ekologiczna
charakteryzowata si¢ istotnie wyzszg zawartoscig Cd, Pb i As w odniesieniu do zywnosci
konwencjonalnej. Uwzgledniajac rozne grupy produktow, w wigkszosci przypadkéw nie
wykazano istotnych roznic w zawartosci pierwiastkow toksycznych miedzy produktami
ekologicznymi a pochodzacymi z uprawy konwencjonalnej. Niniejsze wyniki zostaty
zaprezentowane w formie plakatu na XXIX Ogolnopolskim Sympozjum Bromatologicznym
pt: ,,Zywno$¢ i Zywienie a Zdrowie Czlowieka — Aspekty Epidemiologiczne i Kliniczne”
w Poznaniu 2023 r. (Zalacznik 1).

Stwierdzono najwyzsze wartosci wskaznikow EDI i EWI dla As i Cd uwzgledniajac
spozycie obiadkow. Z kolei odnotowano najnizsze wartosci EDI dla As i Cd uwzgledniajac
spozycie nabiatu. Obiadki charakteryzowaly si¢ najwyzsza warto$cia wskaznikow EDI
w przypadku Hg i Pb oraz EWI w odniesieniu do Hg. Oznaczono najnizsze wartosci EDI dla
Hg i Pb uwzgledniajac spozycie kaszek. Nie odnotowano przekroczen wskaznikow PTWI
oraz BMDL. Wartosci PTWI dla wszystkich produktéw dla dzieci stanowilty 2,25% dla Cd,
13,9% dla Hg. Wskaznik BMDL wynosit 0,54% dla As i 20,2% dla Pb. Oceniajac
bezpieczenstwo spozycia badanych produktow, najwyzsze wartosci wskaznikow THQ
odnotowano dla Pb, w przypadku wskaznika CR najwyzsze wartosci stwierdzono dla Cd.
W badanym asortymencie nie zostaly przekroczone normy wartosci THQ oraz CR, co
wskazuje, ze obecnos$¢ pierwiastkow toksycznych w produktach dla dzieci nie powinna
stanowi¢ zagrozenia zdrowotnego (P.2).
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5. Podsumowanie wynikow i dyskusja

Przeprowadzone analizy wykazaty, ze produkty dla dzieci, a szczegdlnie na bazie
owocOw 1 warzyw charakteryzuja si¢ wlasciwosciami przeciwutleniajagcymi oraz sg zrodtem
pierwiastkow antyoksydacyjnych. W badaniach wlasnych stwierdzono, ze mediana TPC
wynosita $rednio 37,8 mg GAE/100 g produktu, a najwyzsze wartosci odnotowano
w przetworach owocowo-warzywnych (112 + 65,37 mg GAE/100 g). Cze¢$¢ badaczy
zaobserwowala wyzsze wartosci TPC. Przyktadowo Usal i wsp. (2020) odnotowali ponad 10-
krotnie wyzsze wartosci TPC w produktach dla dzieci na bazie warzyw i owocow [61]. W
badaniu wlasnym zaobserwowano, ze najwyzsza zawartoscia zwigzkow polifenolowych
charakteryzuja si¢ owoce liofilizowane, w szczegolnosci: porzeczki, ananas, wisnia
I truskawka (112 + 65,37 mg GAE/100 g) (P.3).

Brakuje danych literaturowych dotyczacych analizy zywnosci dla dzieci
w odniesieniu do zdolno$ci wychwytywania wolnych rodnikow tlenowych za pomoca testu
DPPH. Warzywa i owoce charakteryzuja si¢ najwyzszym odsetkiem zmiatania wolnych
rodnikéow DPPH [62], co rowniez potwierdzajag wyniki badan wiasnych. Wykazano, ze
najwyzsza zdolno$cia wychwytywania wolnych rodnikdw w zywnosci charakteryzuja sig¢
musy owocowo-warzywne (100,0 + 17,6%). Szajdek 1 wsp. (2007) zaobserwowali, Ze mus na
bazie porzeczki i jabtka w najwigkszym stopniu wykazywat zdolno$¢ zmiatania rodnikow
w teScie DPPH [63]. Podobng zalezno$¢ odnotowano w badaniu wtasnym, gdyz produktem
0 najwyzszym procencie zmiatania wolnych rodnikéw byly satatki owocowe zawierajace
jabtko 1 mus owocowy. Gotowe produkty dla dzieci na bazie warzyw 1 owocOw s3
najwiekszym zrodtem przeciwutleniaczy w diecie niemowlat i matych dzieci. Analizujac caty
asortyment gotowej zywnosci przeznaczonej dla najmtodszych, produkty wchodzace w sktad
muséw dla dzieci sa bogate w zwiazki przeciwutleniajace, dlatego tez charakteryzuja si¢
najwyzsza aktywnos$cig antyoksydacyjng (P.3).

W wigkszosci przypadkow gotowa zywnos$¢ dla dzieci moze by¢ zrodtem Cu.
Zawartosci Cu w poszczegdlnych grupach produktow byly znacznie wyzsze niz opisywane
przez innych badaczy. W badaniu wilasnym wykazano, ze wiekszo$¢ grup produktow
pokrywa EAR dla Cu. Szczeg6lnie wysokim % pokrycia EAR charakteryzowatl si¢ nabiat
(196,4 + 184,1%) oraz obiadki (167,1 + 89,1%). Stwierdzono niepokojaco wysoki procent
pokrycia norm EAR w grupie musow dla dzieci (196,4 + 184,1%) oraz przekasek do raczki
(465,2 = 477,3%), co moze znosi¢ wlasciwosci przeciwutleniajace Cu. Kaszki dla dzieci oraz
napoje dostarczajg duzg ilos¢ Cu, co moze zaburza¢ odpowiedni stosunek Cu:Zn (P.3).

W przypadku gotowej zywnosci dla dzieci najwyzsze stezenie Zn odnotowano
w kaszkach dla dziecii W badaniach wlasnych uzyskano wyniki poréwnywalne
z doniesieniami innych autoréw. Sredni % pokrycia EAR dla Zn wynosit 19,2 + 24 %,
a najwyzszy odsetek EAR stwierdzono w przypadku przekasek (54,5%). W Zadnej grupie
produktow dla dzieci $rednia porcja nie zapewniata pokrycia normy EAR dla Zn (P.3). Warto
podkresli¢ duzg zmienno$¢ stosunku molowego Cu:Zn. Jak dotagd nie ustalono
rekomendowanejproporcji Cu:Zn w zywnosci dla dzieci. Dane literaturowe wskazuja, ze
niskie stezenie Zn i zwigkszone stezenie Cu moga zmniejsza¢ dzialanie antyoksydacyjne
wielu enzymow [8]. Wysoki stosunek molowy Cu:Zn we krwi moze wskazywaé na wysokie
ryzyko niedoboru Zn u dzieci z towarzyszacymi chorobami przewleklymi oraz wystepowanie
stanow zapalnych [64]. W badaniu wlasnym najwyzszy stosunek Cu:Zn odnotowano
w musach owocowo-warzywnych (6,5 + 5.4), a najnizszy w kaszkach (0,2 + 0,1) (P.3).

Kolejnym badanym pierwiastkiem byt Se, ktorego zawartos¢ w produktach dla dzieci
byta bardzo zréznicowana (SLOD-383,6 ug/kg). Zywnos¢ dla dzieci pokrywata $rednio 24,3
+ 22,9% EAR dla Se. Biorac pod uwage poszczegdlne grupy produktéw, najwyzsze stezenie
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Se odnotowano w nabiale. W badaniu przeprowadzonym wsrod brytyjskiej populacji
zawarto$¢ Se w zywnosci dla dzieci byla poréwnywalna z wynikami badan wtasnych [65]. Do
odmiennych wnioskéw doszli hiszpanscy badacze, gdzie obiadki na bazie ryb i miesa
zawieraly najwyzsze zawartosci Se [66], podczas gdy w badaniu wlasnym w obiadkach
odnotowano najnizsze st¢zenia tego pierwiastka (26,7 + 14,3 png/kg). Rozbieznosci
w  wynikach mogg by¢ spowodowane zmienng zawartos$cig Se w glebie 1 paszy dla zwierzat
[18] (P.3).

Stwierdzono takze roznice we wlasciwosciach przeciwutleniajacych oraz
zawarto$ciach Cu, Se 1 Zn w gotowych produktach przeznaczonych dla dzieci w wieku 0,5-1
lat oraz 1-3 lat. Produkty dedykowane dla grupy wiekowej 0,5-1 lat wykazywaly wyzszy
procent wychwytu DPPH 1 wyzszg zawarto§¢ TPC w poréwnaniu dla produktow bez
deklaracji wiekowej. Produkty przeznaczone dla niemowlat w wieku 0,5-1 lat
charakteryzowatly si¢ istotnie wyzszymi st¢zeniami Cu i Se w poréwnaniu z produktami bez
deklaracji wieku (P.3).

Z analizy badan wilasnych wykazano, ze zywno$¢ ekologiczna dla dzieci zawiera
znacznie wigkszg 1los¢ Zn w poréwnaniu do zywnos$ci konwencjonalnej. Co interesujace, tej
zaleznosci nie zaobserwowano dla pozostaltych analizowanych pierwiastkow (P.3).
Ekologiczna zywno$¢ dla dzieci, w porownaniu do zywnosci tradycyjnej, nie jest bardziej
bezpieczna pod katem zanieczyszczenia pierwiastkami toksycznymi, jednak niektore
produkty, takie jak przekaski i napoje dla dzieci oznaczone certyfikatem ekologicznym,
zawieraja mniejszg ilos¢ Hg (Zalacznik 1). Obecnie nie ma wystarczajacych danych
literaturowych, aby stwierdzi¢, ze zywnos$¢ ekologiczna wykazuje znacznie wigkszg warto$é
prozdrowotng [67], a Amerykanska Akademia Pediatrii nie rekomenduje zywnosci
ekologicznej jako pierwszego wyboru dla dzieci- zamiast zywnos$ci konwencjonalnej [68].

W  wyniku przeprowadzonych badan stwierdzono, ze w zywnoSci gotowej,
przeznaczonej dla dzieci do spozycia, obecne sg pierwiastki toksyczne, a niektore produkty
zawierajg niepokojaca zawartos¢ Hg i Pb (P.2).

Analizujgc zawarto$¢ As najwyzsze stezenia zaobserwowano w kaszkach dla dzieci na
bazie zbdz bezglutenowych oraz w wafelkach, a w wickszosci produktow gtownym
sktadnikiem byt ryz. Sposrod wszystkich badanych produktow najwyzsze stezenie As
wykryto w batonie owocowym na bazie ryzu. Ljung i wsp. (2011) stwierdzili, ze produkty
ryzowe dostarczajg najwiecej As (nawet az do 30 pg/kg) [69]. lgweze i wsp. (2020) wykazali,
ze w produktach dla dzieci na bazie ryzu odnotowuje si¢ przekroczone stgzenia As [70]. Do
odmiennych wnioskow doszli hiszpanscy badacze, poniewaz As znajdowat si¢ w 3 obiadkach
dla dzieci na bazie warzyw i ryb, a w jednym produkcie stwierdzono przekroczenie
dopuszczalnej normy dla tego pierwiastka [4]. W niniejszej pracy normy dla As nie zostaly
przekroczone, natomiast wspomniany pierwiastek byt obecny w produktach dla dzieci na
bazie ryzu. Podobng zalezno$¢ odnotowali badacze ze Standéw Zjednoczonych, ktorzy
wykazali, ze produkty ryzowe dla dzieci charakteryzowaly si¢ wyzsza zawarto$cig As
w porownaniu do produktow pszennych i owsianych, jednak nie przekraczaty dopuszczalnej
normy [71]. W Polsce ryz jest spozywany sporadycznie, a wsrdd dzieci do 3. roku zycia jego
srednie spozycie wynosi 17,9 g/dzien. Asortyment produktéw ryzowych dla dzieci na polskim
rynku jest stosunkowo duzy i sg one powszechnie spozywane przez dzieci, wiec moga
stanowi¢ zagrozenie dla zdrowia (P.2).

W badaniu wlasnym najwieksza zawartos¢ Cd stwierdzono w obiadku dla dzieci na
bazie tososia, co moze sugerowaé szczegdlng ostrozno$¢ w spozywaniu ryb przez dzieci.
Sposrod réznych grup najwyzsze stezenia zaobserwowano w napojach dla dzieci i wodzie, ale
nie zostata przekroczona maksymalna dopuszczalna zawartos¢ Cd (P.2). Wysokie poziomy
niniejszego pierwiastka w zywnosci mogg by¢ spowodowane duzg zawartoscig W wodzie
z uwagi na wysoka zdolnos¢ Cd do kumulacji [49]. Czg¢s¢ badaczy zanotowala wyzsza
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zawarto$¢ Cd w zywnosci dla dzieci [72] [73], [74] natomiast referencyjne wartosci nie zostaty
przekroczone.

W badaniach wtasnych stwierdzono przekroczenie maksymalnej zawartosci Hg
w 1,5% analizowanych produktéw. Nalezy podkresli¢, ze dopuszczalny dzienny limit Hg
zostal przekroczony w 6 produktach, z czego 3 produkty byly daniami obiadowymi, przy
czym 2 z nich zawieraly w swoim sktadzie ryby. Czgste spozywanie ryb przez dzieci powinno
budzi¢ duza ostroznos¢ w S$wietle potencjalnego ryzyka narazenia na Hg. Przewlekla
ekspozycja na zanieczyszczone Hg ryby moze prowadzi¢ do uszkodzen centralnego uktadu
nerwowego, uposledzenia uktadu immunologicznego oraz zaburzen krazenia u dzieci.
Zawarto$ci Hg w poszczegolnych produktach oznaczone w badaniach wtasnych byty wyzsze
niz przedstawione przez innych badaczy [74,75] (P.2).

Analizujgc zawarto$¢ Pb w 4,5% zywnosci dla dzieci odnotowano przekroczenie
dopuszczalnej normy. Do podobnych wnioskow doszedt zespot z Serbii [76], gdyz badacze
odnotowali przekroczenia dopuszczalnej zawartosci Pb we wszystkich badanych sokach.
Poréwnywalne rezultaty zaobserwowano w badaniu wilasnym, gdyz najwigcej przekroczen
odnotowano w napojach (w 7 produktach, co stanowi 1,8% wszystkich prob). Badacze
z Serbii zaobserwowali takze wysokie stezenia Pb m.in. w zywnosci dla dzieci na bazie
owocow 1 warzyw a podobng zalezno$¢ odnotowano w niniejszej pracy w przypadku musoéw
owocowych. Duza zawarto$¢ tego pierwiastka w zywnosci dla dzieci powinna budzi¢
niepokoéj, gdyz Pb dziata neurotoksycznie w iloSciach ponizej maksymalnej dopuszczalnej
zawartosci, tak wiec kazde narazenie na Pb moze wplywaé na opoznienie rozwoju
intelektualnego oraz zaburzenie funkcji poznawczych. Obecno$¢ Pb w produktach
owocowych 1 warzywnych moze pochodzi¢ z proceséw produkcyjnych lub skazonej gleby
[76]. Nalezy podkresli¢, ze absorpcja Pb z przewodu pokarmowego dzieci jest pigciokrotnie
wyzsza w porownaniu do osob dorostych, tak wigc ekspozycja dzieci na ten pierwiastek jest
szczegblnie niebezpieczna. Owoce i warzywa sg jednym z kluczowych elementéw diety
niemowlat i malych dzieci, dlatego nie powinno si¢ z nich rezygnowac. Nalezy zachecaé
dzieci do wigkszej roznorodnosci diety, aby zminimalizowa¢ ryzyko potencjalnego narazenia
na Pb (P.2).

W badaniach wlasnych stwierdzono, ze gotowa zywnos$¢ dla dzieci w wigkszosci
przypadkow moze by¢ bezpieczna, a oszacowane wskazniki toksykologiczne nie wykazuja
zwigkszonego ryzyka zdrowotnego w odniesieniu do ekspozycji na pierwiastki toksyczne.
Niepokojacy jest fakt, ze niektorych produktach odnotowano przekroczenie dopuszczalnego
limitu dla Pb i Hg. W Polsce okoto 60% niemowlat i matych dzieci spozywa gotowa
zywno$¢, co moze budzi¢ obawy co do zasadnosci takich praktyk zywieniowych, szczegdlnie
wsrod dzieci, ktorych rodzice opieraja catodzienne odzywianie na zywnos$ci gotowej do
spozycia. Z wynikow badan wlasnych wynika, Zze warto ograniczy¢ spozycie gotowych
produktow na bazie ryb. Sposrod badanego asortymentu najwyzsze stezenie Cd odnotowano
W potrawie na bazie tososia, w przypadku Hg najwicksze ilosci zaobserwowano w potrawie
na bazie morszczuka. Wsrod analizowanych obiadow przeznaczonych dla dzieci powyzej 1.
roku zycia znalazta si¢ potrawa na bazie tunczyka, ktorego w tej grupie wiekowej w ogoéle nie
nalezy spozywaé. Spozywanie ryb przez dzieci przynosi wiele korzysci zdrowotnych, dlatego
nie nalezy ich wyklucza¢ z diety dzieci, natomiast rodzice powinni zwraca¢ uwage na dobor
gatunkow ryb, ktore nie stwarzaja zagrozenia dla zdrowia. Zgodnie z wynikami badan
wlasnych produkty zbozowe (szczegdlnie na bazie ryzu) zawieraty duze ilosci As. Kaszki dla
dzieci 1 przekaski charakteryzowaty si¢ jednym z wyzszych stezen pierwiastkow toksycznych
(P.2). Wobec powyzszego, produkty zbozowe moga kumulowaé pierwiastki toksyczne, a ich
nadmierne spozywanie stanowi wyzsze ryzyko zdrowotne U dzieci.
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Szczegotowe porownania wynikéw badan wlasnych na tle innych autoréw zostaty
przedstawione w poszczegolnych publikacjach, stanowigcych podstawe rozprawy doktorskiej
(P.1-P.3).

Mozna uznaé¢, ze hipoteza 1 =zostala czesciowo zweryfikowana pozytywnie.
W wigkszosci przypadkow zywnos¢ dla dzieci jest bezpieczna pod katem zanieczyszczenia
pierwiastkami toksycznymi, natomiast w 6% odnotowano przekroczenia norm Hg i Pb.
W przypadku Pb warto zwroci¢ uwage zwlaszcza na napoje i przekaski, gdyz sg to produkty
szczegblnie zanieczyszczone Pb. Majac na wzgledzie przekroczenia zawarto$ci Hg,
w przypadku regularne spozywanych obiadkéw zawierajacych w swoim sktadzie ryby
powinno si¢ rozwazy¢ bezpieczenstwo czgstego spozycia tego typu zywnosci.

Hipoteza 2 zostala czesciowo zweryfikowana negatywnie. Ekologiczna zywnos¢ dla
dzieci w wigkszosci przypadkow charakteryzowata si¢ wyzsza zawarto$cig pierwiastkow
toksycznych, w porownaniu do zywnosci tradycyjnej. Jedynie w przypadku Hg zywno$¢
ekologiczna zawierata istotnie mniej tego pierwiastka. W zywnosci ekologicznej odnotowano
takze nizsze wartosci parametrow antyoksydacyjnych (TPC, odsetek zmiatania wolnych
rodnikéw DPPH) a takze nizsze st¢zenia zawartosci Cu 1 Se w odniesieniu do zywnosci
tradycyjnej. Gotowa zywnos$¢ dla dzieci charakteryzowata si¢ jedynie istotnie wyzsza
zawarto$cig Zn.

23



6. Wnioski
Sformutowano nast¢pujace wnioski:

1. Gotowe produkty przeznaczone do spozycia dla dzieci dostarczaja zwigzkéw
polifenolowych, a takze Cu, Se oraz Zn, mogg zatem wspomagac procesy antyoksydacyjne.

2. Biorac pod uwage wysoki stosunek molowy Cu : Zn nalezaloby zwréci¢ szczeg6lng uwage
na podaz produktéw bedacych zrodlem Zn, szczegodlnie w przypadkach wysokiego spozycia
musoéw owocowo-warzywnych i niskiego spozycia produktéw na zboz.

3. Wiasciwosci przeciwutleniajagce zywnosci ekologicznej dla dzieci w wigkszosci
przypadkéw nie r6znig si¢ od zywnosci tradycyjnej. Jedynie w przypadku Zn zawarto$¢ tego
pierwiastka byta wyzsza w produktach ekologicznych.

4. Zawartos¢ pierwiastkow antyoksydacyjnych w analizowanych grupach produktow dla
dzieci jest zroéznicowana, dlatego tez dieta tej grupy wiekowej powinna by¢ mozliwie jak
najbardziej urozmaicona, aby zminimalizowaé ryzyko niewystarczajagcego spozycia zywnosci
o dziataniu przeciwutleniajagcym.

5. Ekologiczna zywnos¢ dla dzieci, w poréwnaniu do zywnosci tradycyjnej, nie jest bardziej
bezpieczna pod katem zanieczyszczenia pierwiastkami toksycznymi, jednak niektore
produkty, takie jak przekaski i napoje dla dzieci oznaczone certyfikatem ekologicznym,
zawierajg mniejszg ilos¢ Hg.

6. Wigkszo$¢ analizowanych produktow nie stanowi zagrozenia dla zdrowia, jednak niektore
produkty moga by¢ zanieczyszczone pierwiastkami toksycznymi, zwtaszcza Hg i Pb. Wobec
powyzszego, zawarto$¢ pierwiastkow toksycznych w zywnosci dla dzieci powinna by¢
monitorowana. Nalezy rozwazy¢ ograniczenie spozycia zywnosci dla dzieci na bazie ryb,
zboz, przekasek i napojow dla dzieci.

Podsumowujac, nalezy stwierdzi¢, ze istnieje potrzeba monitorowania zawartosci
pierwiastkow toksycznych w gotowej zywnos$ci spozywanej przez dzieci, co moze przyczynic
si¢ do podniesienia jako$ci i bezpieczenstwa zdrowotnego produktow dla dzieci. Uzyskane
wyniki moga by¢ wykorzystane w rekomendacjach dotyczacych zywnoSci 1 Zywienia
niemowlat i matych dzieci. Istotne wydaja si¢ takze dziatania zmierzajace do edukacji
I popularyzacji wiedzy o jakosci zdrowotnej produktow dla dzieci.
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9. Streszczenie

Streszczenie w jezyku polskim

Prawidlowe odzywianie w pierwszych latach zycia jest kluczowe w optymalnym rozwoju
i funkcjonowaniu dzieci. Wsrdd rodzicow coraz bardziej popularny staje sie model zywienia
oparty o gotowe produkty dla dzieci. Spozycie zywnosci zanieczyszczonej pierwiastkami
toksycznymi jest szczegdlnie niebezpiecznie w pierwszych latach zycia, poniewaz ekspozycja na
nie moze wpltywac¢ negatywnie na rozwdj dzieci, nawet przy niskim poziomie narazenia.
Przeciwutleniacze wykazuja dziatanie ochronne w stosunku do pierwiastkéw toksycznych, istotna
jest ocena ich zawarto$ci w produktach spozywanych przez dzieci. Zywno$¢ przeznaczona dla
dzieci powinna charakteryzowac si¢ jak najlepsza warto$cig prozdrowotng i zawiera¢ mozliwie
jak najmniej pierwiastkow toksycznych. Celem podjetych badan byta ocena bezpieczenstwa pod
wzgledem zawartosci pierwiastkow toksycznych oraz wlasciwosci przeciwutleniajgcych wybranej
zywnosci spozywanej przez dzieci. Materiat badawczy stanowilo lacznie 398 prob gotowej
zywnoS$ci spozywanej przez dzieci (obiadki dla dzieci, kaszki, musy owocowo-warzywne,
przekaski, napoje i nabial). Do analizy aktywnoS$ci przeciwutleniajacej zastosowano test zmiatania
rodnikéw z wykorzystaniem 2,2-difenylo-1-pikrylhydrazylowych (DPPH) oraz metod¢ Folina-
Ciocalteu do okreslenia catkowitej zawarto$ci zwigzkéw polifenolowych (TPC). W celu
przygotowania prob do oceny zawartosci pierwiastkow produkty homogenizowano oraz
przeprowadzono mineralizacj¢ mikrofalowa w systemie zamknietym (z wyjatkiem oznaczania
Hg). Do oceny stezenia Cu i Zn zastosowano metod¢ atomowej spektrometrii absorpcyjnej
(AAS). Oznaczenie Se przeprowadzono przy uzyciu spektrometrii mass w plazmie indukcyjnie
sprzgzonej (ICP-MS). Oceniono w jakim stopniu spozycie badanego asortymentu pokrywa norme¢
EAR (Srednie zapotrzebowanie grupy) (P.3). Do oceny stezenia As, Cd, Pb wykorzystano metode
ICP-MS. Zawarto§¢ Hg oznaczono przy uzyciu metody AAS z wykorzystaniem techniki
amalgamacji. Z wykorzystaniem wskaznikéw toksykologicznych oceniono bezpieczenstwo
spozycia zywnoSci dla dzieci pod katem narazenia na pierwiastki toksyczne (P.1, P.2).

Stwierdzono, ze zywnos¢ dla dzieci wykazuje wlasciwosci antyoksydacyjne. Musy owocowo-
warzywne zawieraly najwyzsza wartos¢ TPC, a takze najwyzszy odsetek zmiatania wolnych
rodnikow w tescie DPPH. Nabial dla dzieci charakteryzowal si¢ najwyzsza Srednig zawartoScia
Cu i1 Se, a kaszki dla dzieci zawieraly najwiecej Zn. W zywnos$ci ekologicznej dla dzieci
odnotowano istotnie wyzsza zawartoS¢ Zn w poréwnaniu do zywnoS$ci tradycyjnej (P.3).
Najwyzsze stezenie As odnotowano w wafelkach i chrupkach dla dzieci. W przypadku Cd byly to
obiadki dla dzieci na bazie ryb. Obiadki na bazie drobiu zawieraly najwiecej Pb, a najwyzsze
stezenie Hg stwierdzono w nabiale. Nie odnotowano przekroczen wskaznikéw toksykologicznych
(P.2).
Zywnosé gotowa do spozycia przez dzieci charakteryzuje si¢  wlasciwoéciami
przeciwutleniajagcymi oraz jest zrodtem pierwiastkow antyoksydacyjnych. Zywnosé ekologiczna
dla dzieci w wigkszosci przypadkéw nie rozni si¢ od zywnosci tradycyjnej w aspekcie
wlasciwosci antyoksydacyjnych. Produkty dla dzieci mogg by¢ zanieczyszczone pierwiastkami
toksycznymi, jednak wiekszo$¢ nie stanowi zagrozenia zdrowotnego. W niektorych produktach
stwierdzono jednak przekroczenie limitow Pb 1 Hg. Uzyskane wyniki wskazuja, ze istnieje
potrzeba monitorowania zawartosci pierwiastkéw toksycznych w gotowych produktach
przeznaczonych dla dzieci.
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Streszczenie w jezyku angielskim

Proper nutrition in the first years of life is crucial for the optimal development and
functioning of children. Additionally, a feeding model based on ready-made products for
children is becoming more and more popular among parents. Consuming food contaminated
with toxic elements is particularly dangerous in the first years of life because exposure to
them can affect children's development, even at low levels of exposure. Food intended for
children should have the best health-promoting value and contain as few toxic elements as
possible.

The aim of the research was to assess the safety in terms of the content of toxic
elements and antioxidant properties of selected foods consumed by children. The research
material consisted of a total of 398 samples of ready-made food consumed by children
(children's lunches, porridges, fruit and vegetable mousses, snacks, drinks and dairy
products). The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging test was used to
analyze the antioxidant activity and the Folin-Ciocalteu method was used to determine the
total phenolic content (TPC). In order to prepare samples for the assessment of the element
content, the products were homogenized and microwave mineralization was carried out in a
closed system. Atomic absorption spectrometry (AAS) was used to assess the concentration
of Cu and Zn. Se determination was performed using inductively coupled plasma mass
spectrometry (ICP-MS). It was assessed to what extent the consumption of the tested products
meets the EAR standard (P.3). Inductively coupled plasma mass spectrometry (ICP-MS) was
used to assess the concentration of As, Cd, and Pb. The Hg content was determined using the
AAS method using the amalgamation technique. Using toxicological indicators, the safety of
children's food consumption was assessed in terms of exposure to toxic elements (P.1, P.2).

Baby food has been found to have antioxidant properties. Fruit and vegetable purees
contained the highest average phenolic content (TPC) as well as the highest percentage of free
radical scavenging in the DPPH test. Dairy products for children were characterized by the
highest average content of Cu and Se, and cereals for children contained the highest amount
of Zn. Significantly higher Zn concentrations were recorded in organic food for children
compared to traditional food (P.3). The highest concentration of As was recorded in wafers
and crisps for children. In the case of Cd, these were fish-based meals for children. Poultry-
based meals contained the most Pb, and the highest concentration of Hg was found in dairy
products. There were no exceedances of toxicological parameters (P.2).

Food ready for consumption by children is characterized by antioxidant properties and
is a source of antioxidant elements. In most cases, organic food for children does not differ
from traditional food in terms of antioxidant properties. Children's products may be
contaminated with toxic elements, but most do not pose a health risk. However, some
products exceeded the Pb and Hg limits. The obtained results indicate that there is a need to
monitor the content of toxic elements in finished products intended for children.
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Abstract: Infants and toddlers are highly sensitive to contaminants in food. Chronic exposure
can lead to developmental delays, disorders of the nervous, urinary and immune systems, and to
cardiovascular disease. A literature review was conducted mainly in PubMed, Google Scholar and
Scopus databases, and took into consideration papers published from October 2020 to March 2021.
We focused on contaminant content, intake estimates, and exposure to contaminants most commonly
found in foods consumed by infants and children aged 0.5-3 years. In the review, we included
83 publications with full access. Contaminants that pose a high health risk are toxic elements,
acrylamide, bisphenol, and pesticide residues. Minor pollutants include: dioxins, mycotoxins,
nitrates and nitrites, and polycyclic aromatic hydrocarbons. In order to reduce the negative health
effects of food contamination, it seems reasonable to educate parents to limit foods that are potentially
dangerous for infants and young children. An appropriate varied diet, selected cooking techniques,
and proper food preparation can increase the likelihood that the foods children consume are safe for
their health. It is necessary to monitor food contamination, adhere to high standards at every stage of
production, and improve the quality of food for children.

Keywords: baby food; food contaminant; food safety

1. Introduction

Infants and young children are particularly vulnerable to contaminants in food be-
cause of the physiological characteristics that distinguish them from adults. Exposure
to potentially toxic substances is especially dangerous because of infants” and young
children’s higher food intake (per kilogram of body weight—kg/bw), higher ventilation
(kg/bw), and greater body surface area (kg/bw). Infants and toddlers have higher resting
metabolic rates, which also contributes to greater sensitivity to toxins [1].

Non-food factors can also be a source of some contaminants such as toxic elements,
which in the case of lead (Pb) can account for up to 61% of the total intake. Most gas-
trointestinal functions develop by the first year of life, but intestinal motility remains
slow, intestinal transit time is prolonged and the small intestine is incompletely developed,
therefore absorption of toxic elements is higher compared to adults. The urinary and biliary
systems also mature in the first year of life, while the mechanisms responsible for filtering
and elimination of chemicals are not fully developed. In young children, the rate of gastric
emptying is higher than in adults, resulting in more rapid absorption and higher peak
serum concentrations [2]. Infants and young children are particularly susceptible to food
contamination due to the high sensitivity of their digestive tract, and therefore intake limits
for toxic substances should not be exceeded. Characteristics of contamination levels with
selected compounds that are safe for infants and young children are presented in Table 1.
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Table 1. Characteristics of safe levels of contaminant intake for infants and toddlers [3-8].

Type of Contamination Safe Contamination Levels
Acrylamide RfD =2 ug/kg/bw
Arsenic PTWI = 15 ug/kg/bw
Bisphenol A TDI = 50 ug/kg/bw
Cadmium MTD = 4.1 ug/day, PTWI =7 ug/kg/bw
Dioxins TDI = 4 ug/kg/bw, TWI = 2 pg/kg/bw
Furan ADI =2 ug/kg/bw, RfD =1 ug/kg/bw
Lead MTD = 0.5 pg/day, PTWI = 25 ug/kg/bw
Mercury PTWI = 1.6 ug/kg/bw
Mycotoxins MCL flatoxins = 50 ng/kg/bw
Nitrates, nitrites ADIyya1 = 0-3.7mg/kg/bw
Residue pesticides MRL = 0.1 mg/kg/bw

ADI—Acceptable Daily Intake, bw—body weight, MCL—Maximum Consented Limit, MRL—Maximum Residue
Limits, MTD—Maximum Tolerated Dose, PTWI—Provisional Tolerable Weekly Intake, RfD—Reference dose,
TDI—Tolerable Daily Intake, TWI—Tolerable Weekly Intake.

Food for children should be a source of nutrients, vitamins, and minerals. It should
also be free from contaminants that may adversely affect their health and development.
Therefore, the aim of the study was to review the literature on selected contaminants in
food intended for infants and young children and to assess the risk of its consumption.

2. Materials and Methods

This publication reviews research, published from 2004 to 2021, on risk assessment of
food contaminants in infant and young child products. We focused on analysis of studies
that considered such aspects as contaminant content, estimation of intake, and exposure
to contaminants most frequently found in food consumed by children aged 0.5-3 years.
We made a preliminary selection by searching the PubMed database and Google Scholar
under the headings ‘food safety’, ‘food contamination’, and ‘environmental contaminants’.
On this basis, the most common contaminants in baby food were selected for inclusion in
this review.

The literature review was mainly conducted in the PubMed database, as well as Google
Scholar and Scopus, from October 2020 to March 2021. Studies with the largest numbers
of trials were selected for consideration. The database was searched for ‘contamination’,
‘baby food’, ‘infant formula’, ‘toxic elements’, ‘dioxins’, ‘acrylamide’, ‘bisphenol’, “furan’,
‘mycotoxins’, ‘nitrates’, ‘polycyclic aromatic hydrocarbon’, ‘pesticides’, ‘3-MCPD’, ‘glycidyl
esters’, and ‘mineral oil hydrocarbons’. The full texts of the selected papers were analyzed
to assess whether they met the accepted criteria. Publications available in a language other
than English were excluded.

The reference list of each article was searched to ensure that no important research
articles were missed. Included clinical trials provide the latest evidence on food safety for
infants and toddlers. No systematic review was undertaken, because this topic involves
too many different groups of food contaminants.

This review discarded studies that involved animal measurements of contaminant con-
centrations, prenatal exposure, adult exposure to dietary contaminants, and contaminant-
exposed sick children. Research that analyzed conventional and infant foods as one group
or estimated the risk of exposure to contaminants on the basis of a dietary record were
also excluded. Other reasons for exclusion were: age group (under 6 months, over 3 years
old), insufficient sample/study size, lack of full access, the study being a literature review,
failure to specify products for children, inappropriate study material (e.g., human milk).
Studies that did not serve the purpose of this review were also rejected.

3. Results

This paper presents the most important publications describing the current state of
knowledge on risk assessment of contaminants in food for infants and toddlers.
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This review summarizes scientific evidence from the past 17 years. A total of 6278 stud-
ies were identified, 2880 duplicates were removed, 4298 related titles were chosen.
Of these, full access was given to 146 publications, but 63 articles met the exclusion criteria,
and 83 studies were eventually included in this review. More information about the search
and selection process of studies is shown in Figure 1—based on Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, with own modifications.

\/ Identification ’

Records identified through Additional records identified
database searching through other sources
(n=5922) (n=3236)
Records after duplicates
removed
(n=6278)
Records screened Records excluded
(n=4298) (n=4152)
Full-text articles Full-text articles excluded with
d for eligibility reasons:
(n=146) ) * Focused noton the
I purpose (n=19)
J/ ¢ Too small a sample
size/study group (n=19)
Studies included Unsuitable age group
in the review (n=4)
(n=83) ¢ Thetest material-
human breast milk (n=3)
*  Animalstudies (n=3)
¢ Others (n=15)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for studies
retrieved through the searching and selection process with its own modifications.

3.1. Toxic Elements

A study by Igweze et al. (2020) found that 96% of infant formulas exceeded the
daily allowable concentration of Pb (0.4 mg/kg) and 53% exceeded the maximum Cd
(cadmium) concentration (0.1 mg/kg), as per the Food and Drug Administration (FDA)
standards [9]. Another study also reported Pb contamination in 37% of samples and
Cd contamination in 57% of infant food samples. There was no significant difference in
toxic element content between organic and conventional cultivation systems. Rice-based
products contained significantly more Pb and Cd [10]. Some authors only detected Pb
in individual samples [11,12]. In a Brazilian study evaluating Pb and Cd concentrations
in infant formulas (formulas for particular nutritional uses for infants and breast milk
substitutes), the median Pb concentration was 0.109 mg/kg, exceeding the maximum
standard set by the Food and Agriculture Organization of the United Nations/World
Health Organization (FAO/WHO) (0.02 mg/kg). In addition, Pb concentrations in 7 infant
formulas and 22 milk samples exceeded the Brazilian standard (0.2 mg/kg in infant formula
and 0.05 mg/kg in milk) [13].

In another study, Cd was detected in 65% of the samples, of which the highest amounts
were found in potatoes, cookie cereal bars, vegetables, and bread. Additionally, 2.5% of
children aged 3 years and under exceeded the TWI for Cd [14].
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In contrast, a study by Gao et al. (2020) found no exceedance of Cd intake standards
in snacks consumed by children aged 1-6 years. The estimated daily intake did not exceed
the tolerable daily intake (maximum tolerable daily intake (MTDI) = 46 mg/d). Among the
studied snacks, the most Cd was observed in flour products (37% of total Cd delivery from
snacks) [15].

In a study analyzing Hg (mercury) content in 291 children’s products, none of the
samples exceeded the maximum allowable concentration. Hg was detected in prepared
fish- and meat-based products (maximum concentration of 7.4 ug/kg), in dairy desserts,
cereal products and in one infant formula [16]. In contrast, in another study, fish products
exceeded the maximum residue limits (MRL) for Hg (0.5-1.0 mg/kg) in as many as 66% of
all samples [17].

A study evaluating long-term exposure of children under 6 years to toxic elements
reported that Pb exposure exceeded the reference value (RfT = 0.5 pug/kg bw) among 35%

of children, 42% of children exceeded the TWI of Cd, but Hg exposure was below the TWI.

The main sources of Pb exposure were dairy products and vegetables, while in the case of
Cd and Hg;, it was cereal products, fish, and shellfish [18]. Two of the analyzed studies also
contain evidence to suggest that infant formulas are safe in terms of Pb content [19,20].

A study evaluating arsenic (As) in infant foods found that 75% of samples were
contaminated with inorganic As. The highest concentrations of As were found in rice
noodles, whole grain rice, and crackers [21]. High As contamination was also reported by
Rotenberg et al. (2017) and Ljung (2011) [22,23].

Another study evaluated the contents of As, Cd, Hg, and Pb in infant foods. None of
the products contained amounts of As which would pose a health risk. Oatmeal had the
highest concentration of Cd (1.02 ug/g), and fish had the highest concentrations of As and
Hg (1.02 pg/g, 6 ug/g, respectively) [24].

A summary of the studies on the concentration of toxic elements is shown in Table 2.

Table 2. Summary of studies on the safety of nitrates and nitrites in food for babies.

Type of Number of Country
Contamination Samples Type of Food Sample Results [Reference]
CONTAMINANT CONTENT
bC ial food f ADI of nitrite was exceeded in 16% F
Nitrites, nitrates 1319 ommercia 00_ oF of infant and 58% of toddler food 1AncE
toddlers, ¢ commercial food [67]
samples
Nitrites, nitrates, b Commercial food for ADI of Iomnte V'.’as exceeded in40% Estonia
. . 315 and 29% of child food samples at
N-nitrosoamines toddlers (meat) ; : [68]
different times
Nitrites, nitrates 157 b Commercial food for ADI of nitrite was exceeded in 3% of Estonia
! toddlers (meat) child food samples [66]
2 Infant food, g i
Nitrates, nitrites 108 ¢ commercial food (vegetable, Average.mfnte panit in the upper it
2 A limit of the standard [65]
fruit, cereals and milk based)
ESTIMATION OF INTAKE
. ? Commercial food for No exceedance of the maximum Spain
Nitrates 1150 toddlers (vegetable based), i §
permissible dose [62]
vegetables
peagy o X 2 Infant food, No exceedance of the maximum Italy
Nitrites; nitrates 104 © commercial food permissible dose [63]

:  Infant food Portugal
Nitrates 80 (vegetable based) Only 1 sample exceeded the ADI [61]
Nitiites 39 2 Infant food No exceedance of the maximum Portugal

(vegetable, meat- based) permissible dose [64]

ADI—Acceptable Daily Intake, ® Infant food—products intended for infants up to 12 months of age as complementary foods (cereals, desserts,
mousses, wafers, etc.); all solid and liquid foods other than breast milk and infant formula for infants, b Commercial food for toddlers—snacks

intended for children aged 12 to 36 months, © Commercial food—food products intended for consumption by all age groups.
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3.2. Acrylamide

Abt et al. (2019) evaluated infant dietary exposure to acrylamide. Products intended
for infants up to 12 months (e.g., snacks) had higher levels of acrylamide than jarred
infant foods, suggesting the need to intensify acrylamide reduction processes during food
production. The highest concentrations of acrylamide were observed in baby potato crisps,
crackers, and breakfast cereals, i.e., complementary foods for infants and toddlers. The
mean estimated intake of acrylamide for ages up to 2 years was 0.42 ug/kg bw/day [25]. A
large sample size study (n = 2517) showed that the estimated dietary intake (EDI = 2 ug/kg
body weight/day) was exceeded among 7% of children aged 12-36 months. Acrylamide
was identified as a potential hazard so reduction of this substance during processing is of
utmost importance (Margin of Exposure — MOE < 10,000) [26].

In a study by Lambert et al. (2018), acrylamide was detected in 113 samples (80%) and
its mean concentrations varied from 0.14 to 102.00 ug/kg. The highest value of acrylamide
was found in infant cookies (99.5 ug/kg), potatoes with carrots (67.0 ng/kg), and potatoes
with pumpkin (67.0 ug/kg) [27]. Elias et al. (2017) detected the highest concentrations
of the substance in potato and cereal snacks. Above-limit concentrations of acrylamide
were found primarily in plant-based infant foods. The mean value of acrylamide was
30-65 ug/kg. High amounts of acrylamide in infant products entail serious health risks
(MOE < 10,000) [28]. In a study by Mojska et al. (2021), the average exposure of infants
aged 6-12 months to this contaminant ranged from 2.1 to 4.3 ug/kg bw/day, which exceeds
the reference values. In addition, it was reported that the main sources of acrylamide were
jarred baby meals (56.7%) and follow-on infant formulas [29].

A summary of the studies on the concentration of acrylamide is presented in Table 3.

Table 3. Summary of studies on the safety of acrylamide in foods for babies.

Type of Number of Country
Contamination Samples TypentRoad B duiple RSz [Reference]
CONTAMINANT CONTENT
2 Infant food, 5 France
141 e coinimerdal fosd 7% exceeded the RfD [26]
a
> b lnfan‘t food, Detected in 80% of samples, France
Acrylamide 141 commercial food for =
exceeded the RfD [27]
toddlers
# Infant food, ; Estonia
70 e bl fosd Exceedance of RfD in baby food (28]
ESTIMATION OF INTAKE
# Infant food and Exposure of children twice as high USA
2517 ; ; =
: ¢ commercial food as that of adults [25]
Acrylamide —m— 7 T
Average intake by infants an olan
a
i Tnfaneteed children exceeded RfD [29]

RfD—Reference Dose, * Infant food—products intended for infants up to 12 months of age as complementary foods (cereals, desserts,
mousses, wafers, etc.); all solid and liquid foods other than breast milk and infant formula for infants, b Commercial food for toddlers—
snacks intended for children aged 12 to 36 months, © Commercial food—food products intended for consumption by all age groups.

3.3. Bisphenol

In a study by Cao et al. (2009), bisphenol content was determined in 122 infant
products packaged in jars and metal lids. Bisphenol was detected in 99 products, but its
mean concentrations were mostly low (0.54-1.1 ng/g) [30]. In another study, bisphenol was
detected in 38% of infant formula samples (mean concentration: 0.26 pg/L) and in 76% of
breast milk samples (mean concentration: 1.3 pg/L) [31]. In Cirillo et al. (2015), bisphenol
was found in 60% of baby foods and its mean concentration was 0.021 ug/g. Both liquid
and powdered products had similar bisphenol contents, suggesting that the substance came
from manufacturing processes rather than food packaging [32]. In a study by Niu et al.
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(2007), bisphenol was detected in 36% of samples. Mean bisphenol exposure among infants
up to 12 months of age exceeded the tolerable daily intake (TDI, 5-17 ug/kg bw/day). No
exceedances of the TDI were reported among adults, confirming the higher risk of exposure
among children [33]. Karsauliyta et al. (2021) studied the concentration of bisphenol
analogues in infant formulas for 0- to 12-month-olds, in which they found exceedances to
bisphenol [34]. The opposite result was obtained by Sun et al. (2017), who did not detect
bisphenol in any of the analyzed 76 baby food samples [35].

A summary of the studies on the concentration of bisphenol A can be found in Table 4.

Table 4. Summary of studies on the safety of bisphenol A in baby foods.

Type of Number of Country
Contamination Samples Type of Food Sample Results [Referencel]
CONTAMINANT CONTENT
154 b Commercial food for Detected in 36% of infant food China
toddlers, ¢ commercial food samples, no TDI exceeded [33]
> Detected in 81% of samples, no Canada
a '’
122 Jarred infant food MDL exceeded [30]
Human milk and © infant Detected in 38% of infant food Spain
103
" formula samples, no RfD exceeded [31]
Bisphenol A :
76 ¢ Infant formula None detected C[};l;]a
68 B bl No bisphenol exceedances, no RfD India
exceeded [34]
50 ¢ Infant formula Detected in 60% of infant formula Ttaly
samples [32]

RfD—Reference Dose, TDI—Tolerable Daily Intake, * Infant food—products intended for infants up to 12 months of age as complementary
foods (cereals, desserts, mousses, wafers, etc.); all solid and liquid foods other than breast milk and infant formula for infants, b Commercial
food for toddlers—snacks intended for children aged 12 to 36 months, ¢ Infant formula—food products intended for special dietary use
solely for infants under 12 months of age as replacement human milk, ¢ Commercial food—food products intended for consumption by all

age groups.

3.4. Dioxins

In a study by Saito et al. (2008), the dioxin content of infant food was evaluated. It
was observed that the intake of dioxins in food was safe [36]. Loran et al. (2010) concluded
that dioxins in baby foods (cereal products, meat dishes, fish dishes) did not pose a health
risk to infants [37]. Sasamoto et al. (2006) assessed that the main sources of dioxin were
ready-made infant products and breast milk. The intake in all study groups (infants and

young children from 5 to 15 months of age) was lower than the TDI (4 pg/kg/day) [38].

Similar observations were noted in other studies [39,40]. In Hulin et al. (2020), the dioxin
content of traditional foods was higher than that of infant foods. In addition, the TDI was
exceeded among children older than 6 months of age (exceedance of the TDI was 4.5%

among children of 7-12 months and 5.1 to 7.4% among children of 13-36 months of age).

It was estimated that approximately 96% of the food consumed by children contributed
to dioxin exposure [41]. Research published by authors from Italy showed that children
could safely consume the products under investigation [42].

A summary of the studies on the concentration of dioxins is shown in Table 5.
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Table 5. Summary of studies on the safety of dioxins in food for babies.
Type of Number of Country
Contamination Samples b e N [Reference]
CONTAMINANT CONTENT
" SRl f ppe iRl No exceedance of the upper limit of Greece
Dioxins 163 infant
the standard [40]
formula
ESTIMATION OF INTAKE
aitiREfsed TDI exceeded in children of 7-12 Fianca
180 b commercial food for’ toddlers months by 4.5%;in.15-36-month: [41]
olds by 5.1-7.4%
2 Infant food, o Italy
L b commercial food for toddlers Consmmphion igbelow the TV [42]
Dioxins ——
l: ?m i No exceedance of the TDI in baby Germany
60 infant
food [39]
formula
16 a Infant food No exceedance of the TDI in baby Spain
food [37]

TDI—Tolerable Daily Intake, TWI—Tolerable Weekly Intake, * Infant food—products intended for infants up to 12 months of age as
complementary foods (cereals, desserts, mousses, wafers, etc.); all solid and liquid foods other than breast milk and infant formula for
infants, ® Commercial food for toddlers—snacks intended for children aged 12 to 36 months, ¢ Infant formula—food products intended for
special dietary use solely for infants under 12 months of age as replacement human milk.

3.5. Furan

A study by Lambert et al. (2018) assessed furan content in samples of food for infants
and children under 3 years of age. Furan was detected in 113 samples, with the highest
amounts in spinach (95 ug/kg,) carrots, and ham (73 ug/kg) [43]. In another study, it
was observed that heating in a microwave oven reduced furan content to 35%, while
using a water bath reduced it to 53%. The highest amounts of furan were found in meat-
based products (7.9-61.0 ng/g) and fish (19.0-84.0 ng/g) [44]. A significantly higher
estimated daily intake of furan by infants (0.333 ug/kg) than by adults (0.093 ug/kg)
was also observed. This is particularly worrisome since ready-made infant products
are often a staple food during this period of life [45]. Similar results were obtained by
Scholl et al. (2013), who also showed that infants had a significantly higher risk of furan
exposure than adults [46]. In another paper, it was shown that the estimated dietary intake
of furan among infants ranged from 0.03 to 3.56 ug/kg and exceeded the RfD reference
standard (0.1 ug/kg) [47]. Liu demonstrated that the average concentration of furan in
infant formulas ranged from 2.4 to 28.7 ng/g, making infant products potentially hazardous
to children’s health [48].

Lachenmeier et al. (2009) estimated that the mean furan exposure among infants was
0.2 ug per kg body weight a day, which is not a health risk. In addition, it was shown that
in contrast to jarred infant foods, none of the home-prepared foods contained furan [49].

A summary of the studies on the concentration of furan can be found in Table 6.
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Table 6. Summary of studies on the safety of furan in food for babies.
Type of Number of Country
Contamination Samples L RERI [Reference]
CONTAMINANT CONTENT
2 Infant food, X 8 . France
e b commercial food for toddlers Furanfound m S0l samples [43]
Furan -
101 b Commercial food for toddlers ~ Contamination of 12% of samples Ta[?;ia 1
ESTIMATION OF INTAKE
301 2 Infant food EDI exceeded reference dose P([)ia;]\d
191 b Commercial food for toddlers, ~ EDI about 3 times higher among China
Furan € commercial food infants than adults [45]
a
b Infan.t o, EDI 3.8 times higher among Belgium
78 commercial food for ; h
toddlers infants than adults [46]
EXPOSURE
230 2 Infant food, Medium exposure is not a health Germany
b commercial food for toddlers risk [49]
RS b commercial food for toddlers P [44]

children

EDI—Estimated Daily Intake, * Infant food—products intended for infants up to 12 months of age as complementary foods (cereals, desserts,
mousses, wafers, etc.); all solid and liquid foods other than breast milk and infant formula for infants, b Commercial food for toddlers—snacks
intended for children aged 12 to 36 months, © Commercial food—food products intended for consumption by all age groups.

3.6. Mycotoxins

In a study by Mallmann et al. (2020), mycotoxins were detected in 31% of cereal
product samples and in 19% of infant cereal porridge samples. In addition, co-occurrence
of 2 or more mycotoxins was found in 31% of cereals and 19% of infant cereals. The most

frequently detected mycotoxins were fumonisins (26.7%) and zearalenone (14.8%) [50].

Saleh et al. (2019) evaluated patulin content in apple-based products for children. Estimated
daily intake did not exceed the maximum TD], i.e., 0.4 ug/kg bw/day. The most exposed
group were children under 6 years of age [51]. In contrast, another study detected aflatoxins
in 20% of the samples (aflatoxin B1), of which 10% exceeded the maximum tolerable
concentration (0.1 ug/kg). There were no differences between whole grain products and
refined cereal products, while organic cereal products contained higher concentrations of
deoxynivalenol than conventional products [52]. In a study by Postupolski et al. (2019),
none of the 302 samples of cereal products for children exceeded the TDI. For medium
exposure, the values were up to 3%, while for high exposure, up to 10% of the reference
values (mainly deoxynivalenol and fumonisins) [53]. In another study, ochratoxins were
found in 41% of cereal products for children, the average level being 0.42 + 0.27 ug/kg.
It was observed that 7.8% of the samples exceeded the highest permissible ochratoxin
concentration recommended by the European Commission (0.5 pg/kg). The highest
ochratoxin contamination was found in rice-based infant products (57%), wheat (23%), and
multi-grain products (20%) [54]. In another study, aflatoxin and fumonisin contamination
concerned 42% of all cereal- and nut-based products. Mycotoxin exposure exceeded
reference values, indicating a health risk to infants and young children [55]. In another
study, 85% of the analyzed infant formula samples exceeded the maximum tolerance limit
(MTL) [56]. In Sundheimet al. (2017), the highest concentration of deoxynvalenol (DON)
mycotoxin was observed among children aged 2 years, which was associated with high
consumption of cereal products. The average exposure was twice the TDI [57].
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There are also studies which indicate that the risk from mycotoxins in infant formulas
is negligible [58-60]. In conclusion, contamination is rare and cereal products for infants
and young children appear to be safe.

A summary of the studies on the concentration of mycotoxins is presented in Table 7.

Table 7. Summary of studies on the safety of mycotoxins in food for babies.

Type of
Contamination Number of Country
(Number of Samples TypeotFood Sample Reaults [Reference]
Mycotoxins Tested)
CONTAMINANT CONTENT
Mycotoxins 1207 ¢ Infant formula, milk Only Ly samples exceedled G,
the norm [60]
N 1 L
Mycotoxins 2 Infant food A 0 Brazil
215 cereals, 19% of baby cereals;
(14) (cereal products) [51]
norms were exceeded
3 :
Mycotoxins 185 I:;f;;‘ztfs(;og igjfz;rty 85% of infant formula samples Jordan
(1: aflatoxin M1) P £ exceeded the MCL [54]
formula
a
Mycotoxins irfint fosd Contamination of 42% of baby Nigeria
137 (cereal and nuts
(5) food samples [56]
products)
a
Mycotoxins 101 ( daiInfar;t)g(:;)c: 9 1 sample of infant formula Serbia
(1: aflatoxin M1) b 1y producis), contaminated [59]
infant formula
. Contamination of 3% of
Mycotoxins i Turkey
: 84 Infant formula samples, norms were not =
(1: aflatoxin M1) [58]
exceeded
Mycotoxins 64 2 Infant food Contamination of 41% of cereal Iran
(1: ochratoxin A) (cereal products) samples [55]
i 3 0,
Kioioss SRS Contamination of ZQ % of cereal Spaiti
©) 60 (cereal products) samples, of which 10% [52]
P exceeded maximum level :
ESTIMATION OF INTAKE
Mycotoxin 3309 2 Infant food, Average exposure twice as Norway
(1: Deoxynivalenol) € infant formula, milk high as TDI [57]
b .
Mycotoxins il e No exceedances of PMTDI Qatar
(1: patulin) Ll Soddler standards [50]
(apple-based products)
2 Infant food and ®
Mycotoxins 302 commercial food for No exceedances of TDI Poland
(5) toddlers standards [53]

(cereal products)

MCL—Maximum Contaminant Level, PMTDI—Provisional Maximum Tolerable Daily Intake, TDI—Tolerable Daily Intake, * Infant food—
products intended for infants up to 12 months of age as complementary foods (cereals, desserts, mousses, wafers, etc.); all solid and liquid foods
other than breast milk and infant formula for infants, ® Commercial food for toddlers—snacks intended for children aged 12 to 36 months,
¢ Infant formula—food products intended for special dietary use solely for infants under 12 months of age as replacement human milk.

3.7. Nitrates and Nitrites

A study by Vasco et al. (2011) analyzed the nitrate content of foods for children
(processed vegetables, fruit, juices) from organic and conventional farming. Only one
sample exceeded the acceptable daily intake. Additionally, no differences were noted

between nitrate concentrations in foods obtained using different farming methods [61].

In another large study (n = 1150), none of the infant products analyzed exceeded the
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maximum acceptable nitrate level. The estimated daily intake of nitrates by infants and
children over 1 year of age was 13% and 18% of the ADI, respectively [62].

On the other hand, in a study by Cortesi et al. (2014), no exceedance of the maximum
allowable nitrate concentration (200 mg/kg bw) was recorded in the analyzed samples [63].
Similar observations were also made by other researchers [64]. Another study reported
single exceedances of the maximum allowable nitrate concentration in vegetable prepara-
tions for this age group, with the mean nitrate concentration equal to the upper limit of the
standard (189 mg/kg bw) [65]. In a study by Elias et al. (2020), where the source of nitrates
and nitrites were the most common processed meat products, the exceedance of ADI was
reported in 3% of children [66]. Mancini et al. (2014) showed significant exceedances of the
ADI of nitrite content in food for children of 7-12 months and 13-36 months by 16% and
58%, respectively. Meat was the main source of high nitrite concentrations. Considering the
whole study population, the average intake of nitrites was lower than the ADI, confirming
the fact that infants and children are the group that is most exposed to nitrites in food [67].
Similar observations were noted for a smaller group of subjects [68].

A summary of the studies on the concentration of nitrates and nitrites is shown in Table 8.

Table 8. Summary of studies on the safety of nitrates and nitrites in food for babies.

Type of Number of Country
Contamination Samples Tepeovxood ainple BERg [Reference]
CONTAMINANT CONTENT
b Commercial food for ADI of nitrite was exceeded in 16% Fisifica
Nitrites, nitrates 1319 toddlers, € commercial of infant and 58% of toddler food [67]
food samples
Shp 5 0,
Nitrites, nitrates, b Commercial food for g r;utrlte W - ——— Estonia
: : 315 and 29% of child food samples at
N-nitrosoamines toddlers (meat) i . [68]
different times
N RS 157 b Commercial food for ADI of nitrite was exceeded in 3% of Estonia
’ toddlers (meat) child food samples [66]
@ Infant food,
. i s ¢ commercial food Average nitrite content in the upper Fiji
Ditrates;ritrites 108 (vegetable, fruit, cereals limit of the standard [65]
and milk based)
ESTIMATION OF INTAKE
® Commercial food for No exceedance of the maximum Spain
Nitrates 1150 toddlers (vegetable based), Ty . P
permissible dose [62]
vegetables
2 "
Nitrites, nitrates 104 . Infant food, No exceedanf:e f)f the maximum Italy
commercial food permissible dose [63]

" 2 Infant food Portugal
Nitrates 80 (vegetable based) Only 1 sample exceeded the ADI [61]
Nitrates 39 2 Infant food No exceedance of the maximum Portugal

e (vegetable, meat- based) permissible dose [64]

ADI—Acceptable Daily Intake, * Infant food—products intended for infants up to 12 months of age as complementary foods (cereals, desserts,
mousses, wafers, etc.); all solid and liquid foods other than breast milk and infant formula for infants, b Commercial food for toddlers—snacks
intended for children aged 12 to 36 months, © Commercial food—food products intended for consumption by all age groups.

3.8. Pesticide Residues

A study by Nougadere et al. (2020) evaluated pesticide content in foods for children
under 3 years of age and in commercial foods. Pesticide residues were detected in 67% of
samples (78 different pesticides). Among the most frequently detected were fungicides,
2-phenylphenol, boscalid, azoxystrobin, captan, and tetrahydrophthalimide [69]. Similar
results were obtained by Stepan et al. (2005), who found pesticides in 60% of all analyzed
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samples. In infant fruit foods, pesticide residues were found in 16% of samples, with maxi-
mum residue levels (0.01 mg/kg) exceeded in 9% of them. The most common pesticides
were organophosphorus insecticides and fungicides, represented by phtalimides, dicar-
boximides, and sulphamides [70]. In a study by Jeong et al. (2014), at least 1 pesticide was
detected in every sample. It was reported that the average concentration of organochlorine
pesticides was 2 times higher in foods for 15-month-olds than in products for 6-month-
olds [71]. In a study by Torovic et al. (2020), pesticides were detected in 56% of infant food
samples. In addition, more domestic products (85%) than imported products (38%) had
high pesticide contents [72]. Kapoor et al. (2012) evaluated the content of imidacloprid, an
alternative to organochlorine pesticides. Imidacloprid was found in 15% of the samples,
of which 3% exceeded the MRL [73]. Gilbert-Lopez et al. (2007) assessed the content of
12 pesticides in baby food containing fruit. The detection limit of the developed method
ranged from 0.1 (imazalil) to 4 ug/kg (iprodione). Despite the fact that three pesticides
(carbendazim, imazalil, and thianendazole) were detected in approximately 60% of the
samples, none exceeded the limit of 0.01 mg/kg [74]. One more recent study, published
by Panseri et al. (2020), found perchlorate in 10.5% of the baby food and commercial food
samples the authors tested [75].
Table 9 summarizes the studies on pesticides in baby food.

Table 9. Summary of studies on the safety of pesticide residues in food for babies.

Typ e. of . Number
Coiltamiiton of Type of Food Sample Results Caisey
(Number of Sanisles M P [Reference]
Pesticides Tested) P
CONTAMINANT CONTENT
Pesticides 500 2 Infant food Detected in 60% of samples, Czech Republic
(86) (fruit based) 1.4% exceeded the MRL [70]
Pesticides 309 b Commercial food for Detected in 67% of samples, France
(516) toddlers, ¢ commercial food exceeded the TRV [69]
Pesticides: 250 2 Infant food, fruit, Detected in 15% of samples, India
(1: imidacloprid) vegetables, cereal exceeded the MRL [72]
Pesticides
(4: glyphosate, glufosinate, 105 @ Infant food, Perchlorate detected in 10.5% Ttaly
perchlorate, ¢ commercial food of samples [75]
chlorate)
Pesticides ¢ Commercial food . " Korea
as) 100 thomemade) Detected in 100% of samples (71]
Pesticides @ Infant food § Serbia
©9) 54 i prices) Detected in 56% of samples 72]
Pesticides 2 Infant food Three pesticides detected in Spamiand Hhited
33 - PR = Kingdom
(12) (juices, multi-fruit jars) 60% of samples [74]

TRV—toxicological reference value, * Infant food—products intended for infants up to 12 months of age as complementary foods (cereals,
desserts, mousses, wafers, etc.); all solid and liquid foods other than breast milk and infant formula for infants, b Commercial food for
toddlers—snacks intended for children aged 12 to 36 months, ¢ Commercial food—food products intended for consumption by all age groups.

3.9. Polycyclic Aromatic Hydrocarbon (PAH)

Dairy products showed higher PAH concentrations than meat- and fish-based prod-
ucts. In low-fat products (up to 3% fat), PAH concentrations were lower (19.4 ug/kg) than
in products with higher fat content (43.3 pg/kg). PAH norms were exceeded in milk based
products in 18.2% (benzopyrene) and 77.7% (XPAH4) of samples and also in meat- and
fish-based products (5.6% and 44.4% respectively) [76]. Similar observations were made
by Di Bella et al. (2020), where exceedances were reported in the PAH content of dairy
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products: cow milk (mean content 12.56 ng/g), sheep and goat milk (9.2 ng/g), with a max-
imum concentration permitted for infants and young children of 1 ng/g. Concentrations
of aromatic hydrocarbons in meat and fish products did not exceed maximum allowable
levels [77]. In contrast, another study reported that children’s intake levels of PAHs in
conventional products were safe. The average PAH intake was 192 ng/day, while the maxi-
mum daily intake was 1575 ng/day [78]. A study by Badibostan et al. (2019) evaluated
exposure to polycyclic aromatic hydrocarbons in infant and toddler formulas. The authors
found that benzopyrene was present in 64.3% of samples, chrysene in three samples, and
fluoranthene in one sample. One product had a concentration of 1.43 ug/kg and that
sample exceeded the maximum tolerable limit MTL (1 ug/kg) [79]. On the other hand,
some of the studies under review deemed baby products to be safe as regards PAH [80,81].
A summary of the studies on the concentration of PAH is included in Table 10.

Table 10. Summary of studies on the safety of PAH in food for babies.

Type of Number of Country
Contamination Samples Typeiof tood Saniples Results [Reference]
CONTAMINANT CONTENT
126 b Commercial food No exceedances in meat and fish, Italy
(meat, fish) exceedances in dairy products [77]
PAH a
40 b co:::::cif:lo fdol od Exceedance in dairy samples Italy
{dairy products) 18.2%, meat and fish 5.6% [76]
ESTIMATION OF INTAKE
No exceedances in average PAH Estonia
b i &
. 322 Commercial food (meat) —— 78]
42 # Infant food One sample exceeding MCL Il;a;]‘
EXPOSURE
152 ¢ Infant formula No exceedances (MOE > 10,000) chrea
PAH (811
40 € fryfanit formula No exceedances (MOE > 10,000) N;g;;‘a

MCL—Maximum Consumed Limit, MOE—Margin of Exposure, PAH—polycyclic aromatic hydrocarbons, BaP-benzopyrene, ZPAH4, sum
of subgroup of four hydrocarbons, * Infant food—products intended for infants up to 12 months of age as complementary foods (cereals,
desserts, mousses, wafers, etc.); all solid and liquid foods other than breast milk and infant formula for infants, b Commercial food—food
products intended for consumption by all age groups, ¢ Infant formula—food products which are represented for special dietary use solely
for infants under 12 months of age as replacement human milk.

3.10. 3-Monochloropropane-1,2-Diol (3-MCPD) and Glycidyl Esters

Beekman et al. (2020) found higher concentrations of 3-MCPD than those of gly-
cidyl esters in 23 samples (10%). Decreased concentrations of 3-MCPD (about seven-fold
lower) and glycidyl esters (about three-fold lower) were noted during a 3-year follow-up,
which may be due to the use of new technologies that reduce the risk of contamination.
Additionally, higher concentrations of 3-MCPD and glycidyl esters were observed in pow-
dered products than in ready-to-eat ones. Glycidyl is found in vegetable oils, but the
highest amounts are found in palm oil [82]. Another study also confirmed lower concen-
trations of 3-MCPD and glycidyl esters compared to previous years [83]. In a study by
Campi et al. (2020), the highest concentrations of 3-MCPD and glycidyl were observed
in seed oil, margarine, and cookies. It was also reported that palm oil increased the
concentration of MCPD and glycidyl esters in products [84].

Over 71% of diet and dairy product samples were contaminated with 3-MCPD and
glycidyl esters. Estimated daily exposures to bound 3-MCPD (0.48-0.49 ug kg/bw) and
glycidyl esters (1.00-1.11 pug/kg/bw/day) did not exceed the limits and did not constitute
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a health risk to children [85]. In another study, the TDI for 3-MCPD was exceeded in a
group of children’s snacks (mainly potato crisps, crackers, peanuts, and muesli) and the
highest concentration was found in biscuits [86]. Interestingly, the authors from the US
showed the lowest concentrations of 3-MCPD in products that contained palm oil [87].

A summary of the studies on the concentration of 3-MCPD and glycidyl esters is given
in Table 11.

Table 11. Summary of studies on the safety of 3-MCPD and glycidyl esters in food for babies.

Type of Number of Country
Contamination Samples Tgpeohfoassiample HESE [Reference]
CONTAMINANT CONTENT
. Over 71% of diet samples .
Glycidyl esters, ? Infant food (homemade), : PR China
3-MCPD . ¢ commercial food for toddlers contammated. WHIS-MEEDiand [85]
glycidyl esters
; Lower concentrations of 3-MCPD
Glycidyl esters; 222 2 Infant food (7-fold) and glycidyl esters (3-fold) USA
3-MCPD : [82]
during 3 years
¢ Products containing palm oil had a
Glycidyl esters, 2 Infant food, : ? > Ttaly
3-MCPD 130 ¢ commercial food higher concentration of 3-MCPD and [84]
glycidyl esters
Glycidyl esters, a Lowest concentrations in products USA
3-MCPD % St containing palm oil [87]
Glycidyl esters, German
2-MCPD, 77 2 Infant food 2-MCPD detected in all samples [83] y
3-MCPD &
EXPOSURE
3-MCPD 60 ¢ Commercial food for toddlers Exceedad TRIsin potarn ChlPs’ : Faam
crackers, peanuts, muesli, and biscuits [86]

3-MCPD—3-monochloropropane-1,2-diol, 2-MCPD— 2-monochloropropane-1,2-diol, TDI—the tolerable daily intake, * Infant food—
products intended for infants up to 12 months of age as complementary foods (cereals, desserts, mousses, wafers, etc.); all solid and liquid
foods other than breast milk and infant formula for infants, € Infant formula—food products which are represented for special dietary use
solely for infants under 12 months of age as replacement human milk.

3.11. Mineral Oil Hydrocarbons (MOHs)

In a study by Sui et al. (2020), mineral oil hydrocarbons (MOHs) were detected in 17
of 61 samples, with the highest amounts reported in a goat milk-based infant formula [88].
In Zhang's (2019) study, MOHs were found in 66% of samples, mostly infant formulas [89].
In another study, MOHs were present in all analyzed samples that contained meat and fish.
The highest concentration (2 mg/kg/bw) was recorded in a product containing salmon: it
exceeded the MOH standard (maximum limit of 0.6 mg/kg/bw) [8]. Lei et al. (2019) ob-
served the highest risk of MOH exposure among infants aged 0-6 months and 6-12 months.
Additionally, MOH intake was higher among Europeans and lower among the Chinese, so
food contamination with mineral oil hydrocarbons may constitute a health risk for infants
from Europe [90].

Table 12 summarizes the studies of mineral oil hydrocarbons in baby food.
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Table 12. Summary of studies on the safety of MOH in food for babies.

Type of Number of Country
Contamination Samples Ty SerEauESauple RERie [Reference]
CONTAMINANT CONTENT
51 € Infant formula MOH detected in 33% C[:;r;a
MOH 50 ¢ Infant formula MOH detected in 66% C[k;)r]la
MOH detected in all samples Italy
a
16 TRRE 608 containing meat and fish [8]
EXPOSURE
2 Infant food,
b . . . .
MOH 230 commercial food for Highest risk of MOH exposure China
toddlers, among infants [90]

¢ infant formula

MOH-—mineral oil hydrocarbons, * Infant food—products intended for infants up to 12 months of age as complementary foods (cereals,
desserts, mousses, wafers, etc.); all solid and liquid foods other than breast milk and infant formula for infants, b Commercial food for
toddlers—snacks intended for children aged 12 to 36 months, ¢ Infant formula—food products which intended for special dietary use
solely for infants under 12 months of age as replacement human milk.

4. Discussion

Infants and young children are much more vulnerable to contaminants from food.
When planning children’s diets, it is important to pay attention not only to the quantity
but also to the quality of food. Unfortunately, products that are potential sources of
contaminants are often also desirable in a healthy diet. Contaminants in foods for infants
and toddlers can cause adverse health effects, both in the short term and adulthood.

Exposure to Pb in infancy disrupts children’s development by damaging the nervous
system. Long-term exposure to this element, even below relatively safe doses, contributes to
impaired concentration and attention, possibly affecting the intelligence quotient (IQ) [91].
Any amount of Pb in the body disrupts the nervous system. It has been shown that the
higher the concentration of Pb in the blood, the more nervous system disorders develop in
children [92]. High amounts of Pb can be found in meat, fish and seafood, grain products,
vegetables, fruit, and dairy products [93].

Cadmium (Cd) features in the International Agency of Research on Cancer (IARC)
list of carcinogenic contaminants. Cd damages the renal tubules, contributing to the dys-
function of the excretory system. In addition, it disturbs the acid-base balance and causes
endocrine disruption. As in the case of Pb, there are suggestions that doses lower than
the TWI (Tolerable Weekly Intake) may also have a neurotoxic effect in children [14]. The
main sources of Cd in foods are grain products, rice-based products, vegetables, fish, and
seafood [93]. Mercury (Hg) exposure among infants and young children has a neurotoxic
impact through the deleterious effects of methylmercury. Short-term exposure to Hg
may predispose individuals to cardiovascular disorders and contribute to immune system
dysfunction. The main sources of Hg in food are seafood and fish, the highest amounts
found in predatory fish [94]. Inorganic As has been classified as a carcinogen. Exposure
to As causes skin diseases, nervous system diseases, neurodevelopmental disorders in
children, and lung diseases. Long-term exposure can contribute to cardiovascular disease,
type 2 diabetes, and cancerous processes. Dietary sources of As exposure include dairy
products, rice, and foods for infants and young children [95]. As far as toxic elements in
children’s diets are concerned, special attention should be paid to products potentially
contaminated with Pb and Cd, because they carry the greatest health risk. It is worth
limiting the consumption of rice and rice products, as they are often contaminated with
inorganic As. To exceed the maximum intake of As, a 3-year-old child must eat 242 g of rice
cereal per day (6 portions of cereal) or 167 g of rice waffles, which is about 16.5 pieces [96].
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Acrylamide is a carcinogenic compound that has been classified as a probable human
carcinogen by the IARC. Acrylamide has potent neurotoxic, carcinogenic and genotoxic
effects. It disrupts mitochondrial function, leading to cell apoptosis [97]. It also has a
toxic influence on enzymatic mechanisms, hormonal balance, muscle function, and fertility.
In the case of children, acrylamide mainly comes from heat-treated potatoes (french fries,
potato chips, potato pancakes) [98]. Cereals and potato snacks can also be dangerous to
this highly sensitive group, so it seems important that remedial steps are taken to reduce
the content of acrylamide in infant products.

Bisphenol (BPA) is a substance which, with prolonged exposure, causes endocrine
disruption in the body. It is also linked to heart disease, more frequent heart attacks, and
ischemic heart disease. BPA exposure is especially dangerous among infants and young
children. According to the European Food Safety Authority (EFSA), the TDI is 50 pg/kg/day,
but endocrine disruption has been observed at exposures below the TDI [99]. BPA is another
substance that may pose a health risk to infants and young children. Changes are needed at
the production level to minimize exposure to this contaminant. To reduce bisphenol exposure
in children’s diets, more home-made foods than prepared baby foods must be consumed.
Additionally, food manufacturers should implement bisphenol degradation procedures.

Dioxins are a group of organic compounds which, together with polychlorinated
dibenzodioxins and polychlorinated biphenyls, constitute dioxin-like compounds. Dioxins
are stored throughout the food chain in adipose tissue. The largest source of exposure,
accounting for more than 90% of exposure, is food, mainly milk, eggs, and meat [39].
Dioxins can be found in breast milk and modified milk—much higher concentrations are
observed in breast milk [100]. They cause endocrine disorders, dysfunctions of the central
nervous system, fertility problems, and may also contribute to cancer [101]. Many devel-
opmental disorders observed in children, including hypotonia, neurodevelopmental and
neurobehavioral disorders, lower IQ, hearing disorders, discoloration and dermatological
abnormalities, changes in thyroid hormone levels, can be linked to dioxins [102]. As shown
in the literature, commercial foods and infant formulas are safe for children in terms of
dioxin contamination, as no average intake exceedances have been reported.

Furan has been classified by the IARC as possibly carcinogenic to humans (Group 2B).
Itis found in stored products that require heat treatment to produce, e.g., bread and pastries,
coffee, jarred /canned products, and baby food. Self-prepared meals do not contain furan.
Heating food in a closed system causes furan to store in canned and jarred foods. Because
of its high volatility, open-system heated meals contain less furan. Furan causes liver
damage, kidney damage, and carcinogenic effects [103]. It may be a cause of poorer health
among infants and young children, because its estimated intake exceeded the standards in
most studies. Practices such as heating food without a lid can greatly minimize this risk.

Mycotoxins are low molecular weight compounds found in cereals and vegetables
and their preparations. The most common mycotoxins include: aflatoxins, ochratoxins,
fumonisins, and zearalenone. Infants and young children are the most vulnerable to
mycotoxins, because they consume large amounts of cereal products in relation to their
body weight. Toxin exposure is associated with carcinogenic, nephrotoxic, neurotoxic,
hepatotoxic, hormonal, teratogenic, and immunotoxic effects [103]. Mycotoxins cause
developmental delay in infants, impaired immune response, gastrointestinal disorders,
and also dysfunction in cognitive development. In older children, developmental delays,
cognitive and neurological disorders, and learning difficulties are seen [102]. According to
the literature, mycotoxin contamination is rare and therefore should not pose a health risk
to children.

Sources of nitrate and nitrite in food include nitrogen fertilizer remains, preservative
remains from processed foods, and nitrate naturally occurring in green plants as a nitrogen
metabolite. Nitrates have no toxic effects, but can convert to nitrites when exposed to
bacteria during storage or during digestive processes in the human body. In addition,
nitrite reacts with hemoglobin causing oxidation to methemoglobin, which leads to methe-
moglobinemia in children. This is a dangerous condition for infants because their stomach
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pH is higher than that of adults, which further facilitates the transformation of nitrates into
nitrites. Infants have low expression of NADPH methemoglobin reductase, so the Tj »
(half-life) is longer than in adults [104,105]. Nitrates and nitrites affect cardiovascular and
gastrointestinal homeostasis through nitrogen oxygen conversion. Most nitrates are found
in vegetables, such as: beets, radishes, green leafy vegetables, and celery [106]. Meat and
meat products, as well as vegetables and fruits present in baby products, are safe in terms
of nitrates and nitrites.

Pesticides include dangerous agents such as organochlorine pesticides, as well as less
harmful substances. Organochlorine compounds are characterized by a high ability to
accumulate and a long half-life, which makes them very toxic to the human body [107].
The sources of human exposure to pesticides are meat, fish, dairy products, and drinking
water. The use of certain agents, such as the organochlorine pesticide DDT, is restricted
or banned in some countries. These toxins can cause acute or chronic health effects, e.g.,
neurodegenerative diseases, neurological disorders, pro-oncogenic processes, respiratory
disorders, or cardiovascular dysfunctions. Exposure of infants and young children to
pesticides can cause neuro-behavioral disorders [108]. Pesticide residues in food, present
both in animal and plant products, are also a significant danger. The most effective method
to reduce the consumption of pesticides in food is to soak vegetables in a solution of baking
soda (10 g of baking soda and 1 L of water). Peeling fruits and vegetables, washing in water,
refrigeration, blanching, pasteurization, and cooking are also recommended [109,110].
These methods should be applied not only by individual consumers but also by producers
as part of good manufacturing practices. It seems appropriate to make it obligatory for
manufacturers to control pesticide content in commercial products for children.

Polycyclic aromatic hydrocarbons (PAHs) are pollutants with genotoxic effects, pos-
sibly carcinogenic to humans. One of the best studied PAH compounds is benzopyrene,
classified as group 1 by the IARC. Benzopirene and Y4PAH (benzopyrene, chrysene,
benzoaanthracene, and benzobfluoranthene) are used to determine PAH content in food
products [77]. PAHs are not found in unprocessed food, but can be formed during food
processing. Polycyclic aromatic hydrocarbons do not seem to constitute a health threat to
infants and young children.

3-Monochloropropanol-1,2-diol (3-MCPD) esters and glycidyl esters are impurities
that arise during the refining of cooking oils. Esters undergo hydrolysis processes in the
gastrointestinal tract, releasing, among other things, 3-MCPD and glycidyl. 3-MCPD has been
recognized as a possible human carcinogen by the IARC. Glycidyl has also been found to be
a probable human carcinogen (B1), so it is reccommended that its consumption should be as
low as possible [82]. 3-MCPD and glycidyl esters may pose a risk, but with new technologies
this problem is becoming less of a concern, as their concentrations are decreasing.

Mineral oil hydrocarbons (MOH) are a product of petroleum transformation. Contam-
ination of food with MOH is caused by contaminants associated with food packaging, or
contamination of plants and, consequently, vegetable oils [111]. Mineral oil hydrocarbons
may cause a health hazard, so more research is needed.

Geographic variation of crops also influences food contamination levels. The content of
toxic elements and pesticides is determined by the use of agrochemicals and the industrial
activity of a region [112]. For example, the environment in which rice is grown affects the
bioavailability of As found in it. Higher levels of As are reported in Bangladesh, China,
Taiwan, Vietnam, and Thailand [113]. In the case of mycotoxins, the highest levels of
pollution are recorded in certain regions of Africa and Southeast Asia, because of the
conditions of tropical and subtropical climate [114]. In a study by Hossain et al. (2015),
mycotoxin contamination was observed in North America and Asia, while samples from
Europe were contamination-free [115]. High temperature is a major factor in mycotoxin
contamination, therefore higher levels are observed in southern Europe than in northern
Europe [116].
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5. Conclusions

Dietary diversity in children may indirectly contribute to reducing the risk of exposure
to contaminants. Contaminants that have been shown to be potentially dangerous, such as:
toxic elements, acrylamide, bisphenol A, pesticides, and MOH, need to be closely monitored.

Children’s meals should be as varied as possible, not based on only one food group (e.g.,
rice) in order not to exceed the doses of toxic elements. To minimize the risk of bisphenol
exposure, home-cooked meals are recommended over convenience products for children.

It seems important to provide education for parents and children on how to limit
products with potential health hazards and to promote appropriate cooking and prepara-
tion techniques that minimize negative health effects. Food safety monitoring should also
be increased at the production stage by incorporating good production practices. There
is an immediate need for prospective studies that can evaluate cohort-based exposure to
contaminants in baby food in the context of the long-term health status of children.
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Abstract: Toxic elements have a negative impact on health, especially among infants and young
children. Even low levels of exposure can impair the normal growth and development of children. In
young children, all organs and metabolic processes are insufficiently developed, making them partic-
ularly vulnerable to the effects of toxic elements. The aim of this study is to estimate the concentration
of toxic elements in products consumed by infants and young children. The health risk of young
children due to consumption of ready-made products potentially contaminated with As (arsenic),
Cd (cadmium), Hg (mercury), and Pb (lead) was also assessed. A total of 397 samples (dinners,
porridges, mousses, snacks “for the handle”, baby drinks, dairy) were analyzed for the content of
toxic elements. Inductively coupled plasma mass spectrometry (ICP-MS) was used to assess As, Cd,
and Pb concentration. The determination of Hg was performed by atomic absorption spectrometry
(AAS). In order to estimate children’s exposure to toxic elements, the content of indicators was also
assessed: estimated daily intake (EDI), estimated weekly intake (EWI), provisional tolerable weekly
intake (PTWI), provisional tolerable monthly intake (PTMI), the benchmark dose lower confidence
limit (BMDL), target hazard quotient (THQ), hazard index (HI), and cancer risk (CR). The average
content of As, Cd, Hg, and Pb for all ready-made products for children is: 1.411 4 0.248 ug/kg,
2.077 + 0.154 pg/kg, 3.161 + 0.159 ng/kg, and 9.265 + 0.443 pg/kg, respectively. The highest con-
tent As was found in wafer/crisps (84.71 pg/kg); in the case of Cd, dinners with fish (20.15 ug/kg);
for Hg, dinners with poultry (37.25 ug/kg); and for Pb, fruit mousse (138.99 ug/kg). The results
showed that 4.53% of the samples attempted to exceed Pb, and 1.5% exceeded levels of Hg. The
highest value of THQ was made in the case of drinks, for Cd and Pb in mousses for children, and Hg
for dairy products. The THQ, BMDL, and PTWI ratios were not exceeded. The analyzed ready-to-eat
products for children aged 0.5-3 years may contain toxic elements, but most of them appear to be
harmless to health.

Keywords: baby food; food contaminant; toxic elements; food exposure; children safety; children’s
health; arsenic; cadmium; mercury; lead

1. Introduction

Toxic elements are found in the human environment, and, as such, they can have a
negative effect on health. Their consumption is especially dangerous in the early years of
life, as this can affect children’s development, even at low exposure levels. Among infants
and young children, changes in the structure and function of the main organs occur very
quickly, making them a group more susceptible to the negative effects of toxic elements [1].
Infants and young children are characterized by a higher resting metabolism and a higher
food consumption per kilogram of body weight. Additionally, changes in body composition
can affect the absorption, distribution, and storage of toxic elements in the organs of a
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growing organism. The digestive and endocrine systems are not fully developed at the
time of birth, and vary in their maturation rates. Renal filtration among young children
is only 30-40% developed. The differences in the development of the organism affect the
degree of exposure and the distribution of pollutants; thus, the effects of exposure may be
much more severe than in adults [1].

The inorganic form of arsenic (As) is listed by the IARC (Group 1) as a carcinogen [2].
Exposure to As has a toxic effect on diseases of the nervous system, children’s nervous
development, respiratory system, and skin. The typical sources of As in food are rice
processing products, dairy products, and products intended for infants [3].

Cadmium (Cd) is also on the IARC list of carcinogenic pollutants (Group 1) [2]. As with

Pb, Cd can be neurotoxic in children at doses lower than the TWI (tolerable weekly intake).

Exposure to Cd disrupts osteoblast metabolism, collagen production, and also increases
the urinary excretion of calcium and phosphorus. In children, it can disturb growth and
damage bones [4]. Cd is present in grains, rice, fish and seafood, and vegetables [5].

Mercury (Hg) is not classified in the IARC list for carcinogenicity (Group 3) [2]. Hg
enters the body through food, contaminated water, cosmetics, soil, and other Hg-containing
products. The toxicity of this element depends on the time of exposure, dose, and type of Hg
compound. Methylmercury (MeHg) is a carbon-bound form of Hg that is highly neurotoxic
in infants and young children [6]. MeHg may cause central nervous system dysfunction
in children. Exposure to Hg can cause neuromotor dysfunction, mental retardation, and
cerebral palsy [7]. In adults, the half-life of Hg can be up to 90 days, and in children this
time may be prolonged [8]. The main source of Hg is fish and seafood, with the highest
amounts being among predatory fish [6].

Lead (Pb) is recognized as “possibly carcinogenic to humans (Group 2B)” in the
International Agency of Research on Cancer (IARC) list of carcinogenic contaminants [2].
Its neurotoxic effect was observed at the lowest tested level, therefore a safe threshold for
exposure to Pb cannot be assumed [9]. Exposure to Pb can impair the development of
young children by damaging the nervous system. Long-term exposure results in difficulties
with concentration and attention. and a lower IQ [10]. The higher the Pb concentration in
the blood, the more nervous system disorders develop in children [11]. Pb can be found in
meat, fish and seafood, grain products, dairy products, and fruit and vegetables [12].

In the European Union (EU), products for infants and young children are subject to
specific standards regarding the composition, nutritional value, and contamination of food.
The regulation requires food producers to evaluate toxic elements in products intended
for infants and young children. According to the regulation of the European Commission,
the permissible concentrations of toxic elements in children’s products are more restrictive
compared to conventional food [13].

In Poland and in Europe, there are no extensive publications assessing the content of
toxic elements in children’s products. Studies from outside of Europe show that the content
of As and Cd are exceeded in 75% and 14% of samples tested; therefore, there is a need to
evaluate food for this age group [14,15].

The aim of the study was to assess the safety of ready-to-eat products for children
aged 0.5-3 years in terms of the content of toxic elements. In addition, the health risk of
infants and young children as a result of exposure to toxic elements in ready-to-eat food
was assessed and compared with the applicable standards.
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2. Materials and Methods
2.1. Sample Collection

The research material consisted of 397 samples. Table 1 shows the number of samples
with product categories.

Table 1. The number of samples with product categories.

Type of Products n
BABY DINNERS 102
-with poultry 24
-with beef 16

-with pork 13

-with fish 18

-with rabbit 11
-vegetarian 20
PORRIDGE 50

-with milk 8

-with milk and fruit 15
-cereal gluten 12
-gluten-free cereal 15
FRUIT AND VEGETABLE MOUSSES 58

-fruit and vegetables 9
-fruit 33

-fruit and cereal 6

-fruit and dairy 6

-vegetables 4
BABY DRINKS 64
-fruit drinks and water 22
-fruit juices 42
SNACKS “FOR THE HAND” 62
-waffle/crisps 30
-biscuits /cookies 17
-fruit bars 15
DAIRY 60
-yellow cheese 28
-yogurt 32
TOTAL 397

The aim was to collect as many different categories as possible to obtain representative
groups. The selection of samples reflects the range of products on the Polish market. The
samples were purchased in brick-and-mortar stores (hypermarkets, discount stores, and
children’s food stores located in Biatystok) in north-eastern Poland, as well as in Polish
online stores between December 2020 and September 2021. We have selected the most
accessible and most consumed products by children aged 0.5-3 years old. The products
were sourced from leading baby food producers, such as Nestle, Nutricia, Hipp, Humana,
Holle, and Helpa. Most of the analyzed products can be consumed by children from
6 months of age, while products such as biscuits, cookies, crips and fruit bars should be
consumed after 12 months of age. Conventional products for the majority of consumers
were also analyzed, such as cheese, milk desserts, and yoghurts, since they are often eaten
by children.
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2.2. Sample Digestion

All products were homogenized in a grinder or ground in a mortar, weighed (sample
weight 0.25-0.35 g, with accuracy 0.001 g), and then placed in mineralization vessels
made of polytetrafluoroethylene. The next step was the addition of 4 mL of concentrated
69% HNOj (Berghof, Speedwave, Eningen, Germany). The reagent was added according
to the recommendations of the producer. Closed-loop microwave mineralization took
place in four phases: first phase with a duration of 10 min, at a temperature of 170 °C,
pressure 20 atm, power 90%; second phase with a duration of 10 min, at a temperature of
190 °C, pressure 30 atm, power 90%; third phase with a duration of 40 min, temperature
210 °C, pressure 40 atm, power 90%; and fourth phase with a cooling duration of 18 min,
temperature 50 °C, pressure 40 atm, power 0%. After mineralization, the samples were
quantitatively transferred to polypropylene vessels and diluted 10 times.

2.3. Analysis of Toxic Elements

In accordance with the regulations of the European Commission [16,17], individual
types of food products have a daily limit of the consumption of toxic elements, which is the
level at which they are safe for health.

2.3.1. As,Cd, Pb

Inductively coupled plasma mass spectrometry (ICP-MS NexION 300D, PerkinElmer,
Waltham, MA, USA) with a kinetic discrimination chamber (KED) was used for As analysis,
while Cd and Pb analysis was performed in standard mode. To correct for polyatomic
interference in this configuration, kinetic energy discrimination and collisions were applied.
The limit of detection (LOD) was determined by producing 10 independent blank mea-
surements. The LOD values were as follows: for As: 0.019 ug/kg; for Cd: 0.017 pg/kg; for
Pb: 0.16 ug/kg, taking LOD as a three-fold standard deviation from the mean value of the
sample concentration.

232. Hg

Hg analysis was determined without the initial mineralization process. Determination
of Hg was performed by atomic absorption spectrometry (AAS) using the amalgamation
technique (AMA-254, Leco Corp., Altec Ltd., Prague, Czech Republic). The samples were
weighed (sample weight 0.018-0.023 g), placed in a nickel cuvette, and analyzed. In the
first step, the sample was dried and ashed with oxygen at 600 °C. Hg vapors were collected
by the amalgamator. In the last step, the element was released from the amalgamator and
measured by atomic absorption spectrometry at 254 nm. The LOD for each sample was
0.003 ng/kg.

2.3.3. Certified Reference Materials

Before starting the analyses, the certified reference material (CRM) was marked to
verify the accuracy of the method. In the case of baby dinners, it was Simulated diet
D (Swedish National Food Administration, Livsmedelsverket, Uppsala, Sweden); for
porridges and snacks—corn flour (Institute of Nuclear Chemistry and Technology, Warsaw,
Poland); for dairy products—skim milk powder (Community Bureau of Reference BCR). A
total of six independent samples were performed for each CRM. Table 2 shows the results
of the quality control of the certified reference materials.
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Table 2. The results of the quality control of the certified reference materials.

Declared Concentration

0 Pt 0
Element in CRM (ug/kg) Recovery (%) Precision (%)
CORN FLOUR (INCT-CF-3)
As 10* 101.3 4.5
Cd 7* 99.1 4.1
Hg 1.5* 101.7 4.6
Pb 52.* 98.8 23
SKIM MILK POWDER (CRM 63R)
Hg 0.19 + 0.02 98.3 3.8
Pb 185 +2.7 100.9 43
SIMULATED DIET D
As <50* - 39
Cd 478 + 26 98.4 24
Hg 52.2 102.0 32
Pb 218 +13 99.6 22

* Informational value.

2.4. Risk Assessment

To estimate the exposure to toxic elements in a short time, indicators such as estimated
daily intake (EDI), estimated weekly intake (EWI), provisional tolerable weekly intake
(PTWI), provisional tolerable monthly intake (PTMI) were used. Long-term exposure to
toxic elements was estimated using the following indicators: the benchmark dose lower
confidence limit (BMDL), target hazard quotient (THQ), hazard index (HI), and cancer risk
(CR) [18].

Currently, the application of the PTWI index for Pb and As, previously recommended
by EFSA in 2002, has been withdrawn. A more appropriate indicator is the BMDL, which
is used to compare the coverage of the benchmark dose lower confidence limit [18].

In order to determine the dose of the oral exposure of toxic elements, the EDI values
were calculated in accordance with the equation:

EDI = C x Cons,

where C is the average concentration of a given toxic element in products for children
(mg/kg), and Cons is the average daily consumption (kg) of product (children’s dinners,
porridges, mousses, drinks, snacks, dairy products) by young children aged 0.5-3 years
(average: 1 year and 9 months) in Poland [19]. Standard portions consumed by children
and declared by the producer were adopted. Based on the EDI value, the average weekly
consumption (EWI) was calculated by multiplying the given result by 7 (7 days).

The PTWI value was also calculated according to the equation:

PTWI = EDI x 7/BW,

where BW is the average body weight (the adopted average body weight for this age
group is 10.5 kg). The PTWI value for Cd is 7 ug/kg BW/day, and for Hg, itis 1.6 pg/kg
BW/day [16,20].

The BMDL index was also determined according to the equation:

BMDL = EDI/BW

BMDL values for As are 3 pg/kg/BW/day, with a benchmark dose lower confidence
of 0.5% (BMDLO.5) according to FAO/WHO standards. For Pb, it is 0.5-6 ug/kg BW/day.
PTWI values which are above the levels set by the standards may pose a health hazard.
The results are presented as a percentage of the reference value [18].

58



Nutrients 2022, 14, 2325

6 of 18

The THQ index is also determined to produce adverse health effects due to the
properties of the toxic elements, according to the equation:

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

where Fr is the frequency of exposure per year (365 days), D is the exposure time (70 years),
Cons is the average daily consumption of the product [g], C is the average concentration of a
given toxic element in the product, and RfD is the oral reference dose, which is respectively
0.3 ug/kg BW/day for As and Hg, and 1 ug/kg BW/day for Cd and Pb, according to the
guidelines of the United States Environmental Protection Agency (US EPA) [17]. If the THQ
value is >1, it indicates a potential non-carcinogenic risk; if THQ is <1, it indicates a low
non-carcinogenic risk [21].

Cancer risk (CR) is used to determine the carcinogenic risk for each toxic square,
calculated according to the equation:

CR = (Fr x D x EDI x SF)/T x 1072,

where SF stands for the slope factor of cancer. According to US EPA standards, the SF value
is 1.5 mg/kg/day for As, 6.3 mg/kg/day for Cd, and 0.0085 mg/kg/day for Pb. If the CR
index is above 1074, it refers to an increased carcinogenic risk. The THQ and CR values
for Hg were not calculated since, according to the US EPA position, it is not considered a
carcinogenic element [21].

2.5. Statistical Analysis

The obtained results were analyzed using the Statistica software (TIBCO Software
Inc., Palo Alto, CA, USA). The Shapiro-Wilk test was performed, and the distribution was
found to be non-normal. Non-parametric Mann-Whitney U tests and the Kruskal-Wallis
ANOVA test were used to analyze the concentrations of toxic elements in various product
groups. The results were summarized using the median and quartiles. To compare the
results of our own research with other authors, the tables contain the mean, along with
the standard deviation, as well as the maximum and minimum values. In order to assess
significance, the values p < 0.05, p < 0.01, and p < 0.001 were adopted.

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

The average content of As in all samples was 1.41 + 0.25 ug/kg, while in 69 samples,
no As was recorded. These were mainly products without the addition of cereals (fruit
and vegetable mousses, drinks and dairy products), and the highest value was determined
in a fruit bar with the addition of rice (84.71 ug/kg). Among all of the categories, the
lowest As content was found in fruit and cereal mousses (0.16 4 0.09 pg/kg) and dairy
products (0.10 & 0.16 ug/kg). In turn, the highest As value was recorded in porridges
(2.30 # 0.33 ug/kg), and, in particular, in gluten-free porridges (4.31 & 0.72 ug/kg). High
concentrations were also obtained in snacks “for the hand” (2.92 + 10.77 ug/kg), and
especially in wafers/chips (4.88 4 15.34 ug/kg). In accordance with the level of the
European Commission [22], the maximum allowable level of As in food is 100 pug/kg (in
cereals, fruit and vegetables, and meat). There were 69 samples for As below the limit of
detection. The median As content results with quartile 1 (Q1) and quartile 3 (Q3) in the
analyzed product groups are presented in Figure 1A.
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Figure 1. Median As (A), Cd (B), Hg (C) and Pb (D) content with quartile 1 (Q1) and quartile 3 (Q3)
in the analyzed product groups. * LOD—Ilimit of detection.
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The mean concentration of Cd in all the tested samples was 2.08 + 0.15 pg/kg. The
lowest concentration of Cd in products was 0.14 ug/kg, recorded in juices for children
(apple, grape, chokeberry, raspberry). The highest Cd concentration was 20.15 ug/kg,
and was in a ready-to-eat dinner for children after 6 months of age, consisting mainly
of vegetables and salmon. Taking into account the product categories, the lowest Cd
values were recorded in dairy products (0.95 + 2.56 ug/kg) and especially in the yo-
ghurt subgroup (0.45 & 0.78 pg/kg), mousses (1.39 + 2.31 pg/kg), and also in fruit juices
(0.66 +2.01 ug/kg). The highest levels of Cd were obtained in drinks for children
(3.39 + 1.30 ug/kg), especially in fruit drinks and water (4.17 + 5.98 ug/kg) and snacks “for
the hand” (3.09 = 1.69 ug/kg), especially in the waffle/crisps subcategory (3.51 =+ 3.38 ug/kg).
According to the European Commission Regulation (EU) 2021/1323 of 10 August 2021
amending Regulation (EC) No 1881/2006 as regards maximum levels of Cd in certain
foodstuffs, the maximum level of Cd is 100 ug/kg for cereal, 40 pg/kg for baby food,
20 ug/kg for fruits and vegetables, 20 ug/kg for juices, and 50 ug/kg for meat and fish [17].
The daily limit for Cd was not exceeded; therefore, it has not been included in the Table 3.
There were 47 samples for Cd below the limit of detection. The median Cd content results
with quartile 1 (Q1) and quartile 3 (Q3) in the analyzed product groups are presented in
Figure 1B.

Table 3. Maximum allowable content of As, Cd, Hg, and Pb in food and the number of baby food
samples that exceed the maximum allowable content [16,17,22].

MaximuniAllowable Content Exceeding Maximum Allowable Content
Baby Food (mg/kg Product Weight) As cd Hg Pb
Samples
As Cd Hg Pb n % n % n % n %
Dinners
(n=102) - 004 001 0.02 - - 0 0 3 0.75 1 0.25
Porridges 05 004 001 002 0 0 0 0 0 0.00 2 050
(n =50)
Mousses 05 002 001 001 0 0 0 0 2 0.50 1 025
(n =58)
Deinks - 002 002 002 - - 0 0 1 025 7 1.76
(n=64)
Baby snacks = 0.04 0.01 0.02 = 5 0 0 0 0.00 6 1.50
(n=62)
Dairy
brter ) z 001 002 - - - - 0 0.00 1 0.25
TOTAL
co B . # . 6 1.50 18 453

n—number of samples, %—percentage of exceeded samples.

The average Hg level in all samples was 3.16 + 0.16 ug/kg, The lowest value was
recorded in the fruit and cereal bar (the main ingredients of which are grape juice, oat-
meal, apple juice) at 0.005 ug/kg, while the highest Hg value was 37.25 ug/kg in a lunch
based on vegetables, rice, and hake. Among all categories, the lowest amounts of Hg
were found in snacks “for the hand” (2.36 + 1.69 ug/kg) and in the subcategory of veg-
etable mousses (2.26 + 0.83 ug/kg). The highest amounts of Hg were recorded in por-
ridges (4.20 £ 0.35 ug/kg), in particular in gluten-free (4.89 + 0.69 ug/kg) and gluten
(4.86 £ 0.60 ug/kg) porridges; in the subcategories, the highest levels were recorded in fish
dinners (as much as 9.213 + 0.571 ug/kg) and fruit and vegetable mousses
(5.748 + 1.118 ug/kg). In accordance with European Commission Regulation (EU) 2018/73
of 16 January 2018 amending Annexes II and III to Regulation (EC) No 396/2005 of the
European Parliament and of the Council, regarding the maximum residue levels for Hg
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compounds in or on certain products, the maximum allowable level of Hg is: 5 pg/kg for
fish, 10 ug/kg for cereal, baby food, fruit and vegetables, meat, and milk, and 20 ug/kg for
juices [16]. Table 3 shows the number of samples that exceeded the maximum allowable
limits of Hg and Pb. The limit for Hg was exceeded in 6 samples, which constitutes 1.5% of
all samples. The highest amount of the exceeded Hg limit was recorded in lunches (three
samples). The daily limit was not exceeded in porridges, snacks for children, and dairy
products. There were the same samples for Hg below the limit of detection. The median
Hg content results with quartile 1 (Q1) and quartile 3 (Q3) in the analyzed product groups
are presented in Figure 1C.

The mean concentration of Pb in all samples was 9.27 + 0.44 ug/kg, with the lowest
recorded concentration being 0.46 ug/kg in children’s juice (based on apple, grape, aronia,
raspberry). The highest Pb value was 138.99 ug/kg, found in a mousse (based on apple,
cottage cheese, and grape juice). Among all categories, the lowest Pb level was recorded
in drinks for children (1.14 + 0.98 ug/kg). The highest concentrations of Pb were found
in snacks “for the hand” (12.80 + 7.56 ug/kg), porridges (8.09 + 0.70 ng/kg), mousses
for children (7.97 £ 0.02 ug/kg), especially fruit-based mousses (9.40 + 4.06 pg/kg), and
in children’s dinners (7.55 + 0.41 pug/kg). According to the regulations of the European
Commission, the maximum permissible level of Pb is: 10 ug/kg for meat, 20 pg/kg for
cereal, baby food and milk, 30 ug/kg for fish, 50 ug/kg for juices, and 100 pg/kg for fruit
and vegetables [20]. The median Pb content results with quartile 1 (Q1) and quartile 3 (Q3)
in the analyzed product groups are presented in Figure 1D. There were 10 samples for Pb
below the limit of detection.

Detailed content of toxic elements in individual groups and subgroups is presented in
Table S1 (Supplementary Materials).

There were 18 exceedances in the content of the daily Pb limit (4.53%). The highest Pb
content was recorded in drinks (seven samples) and baby snacks (six samples). The lowest
Pb exceedances were recorded in dairy products (one sample), mousses (one sample), and
dinners (one sample).

Table 4 presents statistically significant differences in the content of toxic elements
in the analyzed products. The most statistically significant differences were noted in
the As content. The As content in lunches differed statistically significantly in drinks
(p <0.01). Differences were also noted in porridges and drinks (p < 0.01), mousses and
drinks (p < 0.01), baby snacks and drinks (p < 0.01), dairy and drinks (p < 0.01), and groups:
poultry dinners and fish dinners (p < 0.001), beef dinners and fish dinners (p < 0.001),
beef dinners and fish dinners (p < 0.001), pork dinners and fish dinners (p < 0.001), rabbit
dinners and fish dinners (p < 0.001), vegetarian dinners and fish dinners (p < 0.001), and
milk porridge and gluten-free cereal (p < 0.001).

Table 4. Significant statistical differences in the analyzed product groups.

Toxic Elements Analyzed Food Group p-Value

Dinners—drinks <0.01

Porridges—drinks <0.01

Mousses—drinks <0.01

Baby snacks—drinks <0.01

Dairy—drinks <0.01

As Poultry dinners—fish dinners <0.001
Beef dinners—fish dinners <0.001
Pork dinners—fish dinners <0.001
Rabbit dinners—fish dinners <0.001
Vegetarian dinners—fish dinners <0.001
Milk porridge—gluten-free cereal <0.001

Hg Mousses—dairy <0.05
Pork dinners—vegetarian dinners <0.05

Pb Fruit drinks and water—fruit juices <0.01
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There were also statistically significant differences in the Hg content in mousses and
dairy (p < 0.05), as well as in the pork dinners and vegetarian dinners subgroup (p < 0.05).
For the Pb content, one difference was found between fruit drinks and water—fruit juices
(p < 0.01). In this study, no statistically significant differences in the Cd content were found.

3.2. Risk Assessment
The health indicators of all analyzed products are summarized in Table 5. In the case

of PTWI and BMDL indicators, no exceedances were found in the tested assortment.

Table 5. Average value of the ratios: EDI, EWI, PTWI, and BMDL in all analyzed groups.

Tvve of Products Blasents EDI EWI PTWI (%PTWI) BMDL (%BMDL)
P (ug/Day) (ug/Week) (ug/kg/BW/Week) (ug/kg/BW/Day)
As 0.419 + 0.909 2938 + 6.368 NA 0.042 + 0.091 (1.40%)
Baby dinners Cd 0.515 + 0.744 3.607 + 5.205 0.362 + 0.523 (5.17%) NA
(n=102) Hg 0.544 =+ 0.579 3.804 + 4.049 0.382 =+ 0.407 (23.89%) NA
Pb 1.651 + 0.922 11.563 + 6.458 NA 0.166 + 0.092 (33.2%)
As 0.051 + 0.054 0.362 = 0.380 NA 0.005 = 0.005 (0.17%)
Porridges Cd 0.064 + 0.065 0.449 = 0.459 0.045 =+ 0.046 (0.64%) NA
(n=50) Hg 0.097 + 0.057 0.681 + 0.402 0.068 =+ 0.040 (4.28%) NA
Pb 0.187 + 0.114 1.313 £ 0.804 NA 0.018 + 0.011 (3.77%)
As 0.021 + 0.017 0.148 = 0.119 NA 0.002 + 0.001 (0.07%)
Mousses Cd 0.159 + 0.226 1.0113 + 1.583 0.111 =+ 0.159 (1.59%) NA
(n=58) Hg 0.381 + 0.239 2.669 = 1.677 0.268 + 0.168 (16.76%) NA
Pb 0.892 + 2.008 6.245 + 14.056 NA 0.08 = 0.02 (17.93%)
As 0.037 + 0.086 0.264 + 0.607 NA 0.003 + 0.008 (0.12%)
Baby drinks Cd 0.078 + 0.165 0.548 4= 1.551 0.055 + 0.116 (0.78%) NA
(n=64) Hg 0.122 + 0.080 0.858 + 0.560 0.086 + 0.056 (5.39%)
Pb 0.553 + 0.320 3.874 +2.242 NA 0.055 + 0.032 (11.12%)
As 0.242 + 0.870 1.697 £ 6.091 NA 0.024 + 0.087 (0.81%)
Snacks Cd 0.252 + 0.226 1.767 £ 1.585 0.177 + 0.159 (2.53%) NA
(n=62) Hg 0.192 4+ 0.136 1.348 + 0.958 0.135 =+ 0.096 (8.46%) NA
Pb 1.053 + 0.610 7.375 + 4276 NA 0.105 + 0.061 (21.17%)
As 0.007 + 0.034 0.054 = 0.233 NA 0.000 = 0.003 (0.02%)
Dairy Cd 0.063 + 0.081 0.436 + 0.563 0.044 + 0.056 (0.63%) NA
(n=60) Hg 0.391 + 0.668 2.726 = 4.641 0.275 £+ 0.470 (17.21%) NA
Pb 1.168 + 1.491 8.047 +10.397 NA 0.117 + 0.149 (23.47%)
As 0.162 + 0.598 1.139 + 4.196 NA 0.016 + 0.060 (0.54%)
TOTAL Cd 0.224 + 0439 1.571 + 3.076 0.157 + 0.309 (2.25%) NA
(n=397) Hg 0.314 + 0.438 2.204 + 3.070 0.221 + 0.308 (13.84%) NA
Pb 1.006 + 1.192 7.046 + 8.348 NA 0.101 + 0.119 (20.23%)

BMDL—the benchmark dose lower confidence limit, EDI—estimated daily intake, EWI—estimated weekly intake,
NA—not applicable, PTMI—provisional tolerable monthly intake, PTWI—provisional tolerable weekly intake.

Baby dinners have the highest EDI and EWI values for As and Cd
(EDIs = 0.419 £ 0.909 mg/day, EWIss = 2.938 & 6.368 mg/week, EDIcq = 0.515 + 0.744,
EWI¢q4 = 3.607 £ 5.205). The estimated daily consumption was the lowest in dairy products
in the case of As (EDI=0.007+ 0.034 mg/day, EWI=0.054 4 0.233 mg/week),
while in the case of Cd, this was in dairy products (EDI=0.063 + 0.081 mg/day,
EWI = 0.436 £ 0.563 mg/week) and porridges (EDI = 0.064 £ 0.065 mg/day,
EWI = 0.449 + 0.459 mg/week). Baby dinners showed the highest value of EDI and EWI
in the case of Pb (EDI = 1.651 = 0.922 mg/day, EWI = 11.563 + 6.458 mg/week), while
in the case of Hg, the highest value was found in mousses (EDI = 0.381 + 0.239 mg/day,
EWI =2.669 + 1.677 mg/week). The lowest EDI value for Hg and Pb was determined
in porridges (EDIpg = 0.097 & 0.057 mg/day, EWlgg, = 0.681 + 0402 mg/week,
EDIpp, = 0.187 4 0.114 mg/day, EWIp, = 1.313 & 0.804 mg/week). In the case of the PTWI
and BMDL indicators, the specified limits were not exceeded (Table 5). The PTWI in all
ready-to-eat samples for Cd was 0.157 + 0.308 pg/kg, which was 2.25% of the norm;
for Hg, it was 0.221 + 0.308 pg/kg, which was 13.84% of the norm. The BMDLxg
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was 0.016 + 0.06 ug/kg, which was 0.54% of the norm, while in the case of Pb, it was
0.101 # 0.119 ug/kg (20.23% of the norm).

The estimated THQ and CR ratios for the analyzed toxic elements are presented in
Table 6. The highest values of the THQ index for all elements were recorded for Hg in
dairy products (1.14 x 1077 + 6.18 x 10“7). In the case of As, the highest value of the
index was 1.41 x 1077 + 3.04 x 107, and these levels were found in baby dinners. In
the case of Cd, the highest THQ was recorded in porridges for children, and THQ was
1.31 x 1078 £+ 2.01 x 10~8. In the case of Hg, it was 1.01 x 1077 £1.19 x 107, found in
dinners for children. In the case of Pb, it was porridges 1.01 x 10~7 4+ 1.19 x 10~7. The
norms of THQ values were not exceeded in the tested assortment, therefore there is no
increased risk of non-carcinogens effect. The CR index was not exceeded, so the research
shows that the risk of developing cancer as a result of consuming the analyzed products
is low.

Table 6. Estimated values of THQ and CR indices of toxic elements (As, Cd, Hg, and Pb) in the
analyzed food products.

THQ
X + SD
(Min-Max)
Type of
Pr{)‘;ucm As cd Hg Pb
Baby dinners 141 x 107 £304 x 1077 226 x 107 £441 x10°® 1.01 x 107 £1.19 x 1077 1.06 x 1077 £ 1.46 x 107
(n=102) (9.61 x 1077-126 x 107%)  (1.75 x 1077-1.56 x 107®)  (1.36 x 10710-856 x 10°7)  (1.75 x 1079-1.56 x 10~°)
Porridges 1.82x 108 +182x10% 131x10%+201x10°® 1.06x107 £146 x 1077 101 x 1077 £ 1.19 x 107
(n =50) (123 x 1078244 x 10°%)  (1.82 x 1078231 x 1076)  (7.66 x 10719-8,65 x 1077)  (1.88 x 1078-8.65 x 1077)
-7
Mousses ZALX 1070 £570x 109 213 x 1054244 x 1078 106X 107 £ 119 x 107 ™™
" —8_ — —11_g - —1 —
(n=>58) (131 x 1078279 x 1076) (114 x 1071878 x 1077)  (1.36 x 10710-8.65 x 1077) (703 x 10-9-8.55 x 10-9)
Baby drinks 129 x 1078+£292x 107 3.06 x 107% £440 x 10°% 198 %1077 £1.70 x 1077 298 x 107 £ 3.17 x 10~/
(n=64) (131 x 1078-1.47 x 107%) (854 x 107114.46 x 107)  (2.06 x 10719450 x 10-¢)  (1.05 x 10~? -1.26 x 1076)
Snacks 812x 108 £291x1077 499x108+110x 108 176 x 1077 +£4.46 x 1077 451 x 1077 £1.19 x 1077
(n=62) (595 x 1079231 x 107%) (852 x 10711-9.89 x 107)  (6.11 x 10711-1.05 x 10”7)  (1.46 x 1071°-1.16 x 10~®)
Dairy 266 x107° £1.127 x 108 263 x107£233x10°% 114x107£618x 107 191 x 107 £1.19x 1077
(n = 60) (28.84 x 10719201 x 1077) (147 x 10711-1.46 x 1077)  (1.99 x 10719-8.21 x 1077)  (1.75 x 10~?-1.56 x 1077)
TOTAL 544 x 1078 £2.01 x10™% 261 x108+£442x10% 1.65x107 £147 x 107 282 x 1077 £2.21 x 107
(n =397) (28.84 x 107102126 x 1076) (147 x 10711-1.56 x 1076)  (6.11 x 10"11—4.50 x 1076)  (1.46 x 1071°-1.16 x 10~9)
4 -7 4 -7 —6 —6 -9 -8
Mean CR 244 x 1077 £ 8.97 x 10 141 x 1076 £ 2.77 x 10 NA 8.56 x 107 4 1.01 x 10

(2.07 x 1077-1.03 x 10~%)

(5.34 x 107°-2.79 x 10~%)

(148 x 10710-1.32 x 1077)

CR—cancer risk, Max—maximum, Min—minimum, NA—not applicable, SD—standard deviation, THQ—target
hazard quotient, X—mean.

The analyzed products were also divided according to the intended use of the given
products in terms of age category: for children 612 months, for children under 12 months,
and products without an age declaration. Table 7 presents the characteristics of age groups
in terms of mean, median, and other statistical parameters. The age declaration group
includes dinners, porridges, and mousses. The remaining product groups (drinks, snacks,
and dairy products for children) are included in the category without an age declaration.
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Table 7. The average content and median of toxic elements in the studied groups and significant
statistical differences, taking into account the intended use of products for age groups.

Average Content of Analyzed Parameters Statistical Differences
3 g Analyzed
Type of X+ SD Min-Max Me Q1-Q3 Toxic y
Products Elements =2 (ug/kg) (ug/kg) (ug/kg) (ng/kg) Bl anis (l;o::p p-Value
forekildich As 2.01 &+ 3.67 0.00-16.97 0.44 0.17-1.72
6-12 Cd 107 2224+ 3.14 0.31-20.15 1.33 0.68-2.02 K a/b <0.01
megthelo) Hg 3.20 +2.86 0.01-9.88 2.05 0.83-5.28 b/c <0.001
Pb 7.82+4.76 0.52-32.28 6.70 5.25-9.89
for ehildiei As 1.01 +2.54 0.00-14.63 0.19 0.16-0.50
ifidera Cd 104 217 +£2.78 0.16-13.34 1.15 0.64-2.20 cd a/c <0.001
months (b) Hg 3.09 +£222 0.17-9.12 2.53 1.240-4.47 b/c <0.01
: Pb 7.74 +£13.55  0.77-134.00 5.81 4.72-7.45
without an As 135+ 6.42 0.00-84.71 0.20 0.00-0.66 a7 <005
age Cd 186 1.99 £3.23 0.14-18.54 0.63 0.27-2.24 Pb 7R <0 601
declaration Hg 2.68 +1.86 0.00-9.12 2.11 1.27-3.74 /e <0'001
() Pb 10.95+7.02  0.460-48.18 9.38 7.18-12.09 ’

a—products for children 6-12 months, b—products for children under 12 months, c—products without an
age declaration, Max—maximum, Me—median, Min—minimum, SD—standard deviation, Ql—quartile 1,
Q3—quartile 3, X—mean.

The highest average contents of As, Cd, and Hg were recorded in the group of products
intended for children aged 6-12 months (As: 2.01 =+ 3.67 ug/kg, Cd: 2.22 + 3.14 ug/kg,
Hg: 3.20 £ 2.86 ug/kg). In the case of Pb, it was in the group of products without age
declaration (10.95 + 7.02 pg/kg). The highest mean content of As was recorded in the group
of products for children 6-12 months (2.01 =+ 3.67 ug/kg), and the lowest for children under
12 months (1.01 £ 2.54 ug/kg). The highest mean Cd content was observed in the group of
products for children aged 6-12 months (2.22 £ 3.14 ug/kg), and the lowest in the group of
products without declaration (1.98 & 3.23 ug/kg), although these differences were small
(the statistical significance of the analyzed groups was presented in Table 7). The highest
mean Hg content was recorded in the group of products intended for children 6-12 months
(3.20 + 2.86 pg/kg), and the lowest mean in the group of products without declaration
(2.68 + 1.86 ug/kg), while there were not statistically significant groups (Table 7). In the
case of Pb, the highest mean was recorded in the group of products without age declaration
(10.95 £ 7.02 ug/kg), and in the remaining groups the mean was very similar (in the group
of products for children 6-12 months: 7.82 + 4.76 ug/kg, in the group above 12 months:
7.74 + 1355 ug/kg).

The most statistically significant differences were recorded in the case of Pb. The Pb
content differed statistically significantly in the group of products intended for children
aged 6-12 months and over 12 months (p < 0.01); in the group of 6-12 months and in the first
group without age declaration (p < 0.001); in the group of products above 12 months month
and the product group without age declaration (p < 0.001). In the case of As, statistical
significance was noted in the groups of products for children aged 6-12 months and over
12 months of age (p < 0.01); and in the group of 6-12 months in the group without age
declaration (p < 0.001). The content of Cd differed statistically significantly in the group of
products intended for children 6-12 months, the group without age declaration (p < 0.001);
and in the group over 12 months of age, and the group without age declaration (p < 0.01).

4. Discussion

In our study, we found that toxic elements are present in ready-to-eat baby foods, and
that some foods contain Hg and Pb levels of concern.

Our research found that the permissible daily limit was not exceeded for As. In a
Spanish study, As was detected in three samples, one of which exceeded the acceptable
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toxicological standards [23]. The study by Rothenberg et al., (2017) examined the content of
As in rice products for children. These products had a higher content of the tested elements
compared to wheat and oat products, but they did not exceed the permissible standard [24].
A similar study by Gu et al., (2020) assessed the As content in products for infants and
young children. Despite the fact that total As was found in 88% of the samples, it did not
exceed the total permissible content, while 75% of the samples exceeded the standard for
inorganic As for infants and young children [14]. In turn, Ljung et al., (2011) assessed the
content of toxic elements in, among others, products based on milk, oats, spelt, and whole
grain rice. The researcher showed that rice-based products were the largest source of As
(up to 30 ug/kg) [25]. A Nigerian study (2020) showed that the tolerable daily intake of As
was exceeded in baby food. The mean daily consumption of As was 437.1 ug/kg (771%
PTDI). Abnormalities for As have been observed in products containing rice [26]. Rice is
the most abundant product containing As. In Poland, rice is consumed rarely, and among
children under 3 years of age, the average consumption of rice is 17.9 g/day The range of
rice-based products on the Polish market is relatively small, and they are not so widely
consumed by children, so should not pose a threat to children’s health.

In our own study, the maximum allowable content was not exceeded for Cd. Gardener
etal., (2019) showed that Cd was found in 57% of samples. Out of 91 trials of baby food,
14% exceeded the acceptable limits for Cd consumption [15]. The study by Kim et al., (2014)
assessed the exposure to toxic elements in the daily food ration. The mean concentration
of Cd in the diet was 0.38 = 0.20 pg/kg BW/day, respectively. In the case of Cd, the
reference value was exceeded (42%) [27]. De Castro et al., (2010) Cd concentrations were
higher than in our study, but did not exceed the acceptable limits (109 ug/kg) [28]. In the
study (2019), the mean daily exposure to Cd was 0.43 ug/kg BW/day [29]. In our study,
the average daily consumption for Cd was lower (0.224 4 0.439 pug/kg). In the study by
Winiarska-Mleczan (2012), the average consumption in one meal (ready-made dessert for
children) covers 2% of the PTDI of Cd, while the average consumption of a bottle of drink
for children is 2% of the PTDI of Cd [30]. In a study, Chen et al., (2021) showed that, among
all age groups, children up to 5 years old showed the highest concentrations of Cd and the
highest risk of health risk. The total Cd exposure index for children aged 0.5-5 years was
0.00325, and the Cd level was 3.9 times the PTMI norm on Cd, suggesting that children
are at an unacceptable level of health risk. [31]. This is a study carried out in China, where
there are different eating habits than in Europe (e.g., higher consumption of e.g., rice),
which may be the reason for such a high rate. An Egyptian study analyzed the content
of Cd in dairy products consumed by children. The estimated daily intake for Cd was
0.33 ug/kg bw/day, which is 39.8% of the TDI [32]. In comparison, in our study, the EDI
for Cd in dairy products was higher and amounts to 0.43 =+ 0.56 ug/kg. In our study, the
highest Cd value was found for the salmon-based children’s dinner (20.15 ug/kg), which
may suggest greater caution in terms of children’s consumption of fish. Among different
groups, the highest value of Cd was recorded in drinks for children. The reason for high
concentrations of Cd may be the high presence of Cd in the water due to the affinity for its
accumulation [12]. The presence of Cd in children’s products should be of concern, since
Cd is neurotoxic in amounts lower than the reference doses, which means that any dose
may have adverse health effects and impair children’s development.

In our study, the maximum allowable content was exceeded for Hg in 1.5% of samples
analyzed. In the study by Guerin et al., (2018), the Hg content of 291 products for infants
and young children, as well as conventional foods consumed by this group, on the French
market was determined. This element was detected in 7.6% of all samples, while none of
the products exceeded the permitted Hg limit [33]. Higher Hg concentrations were also
found in rice products, as compared to oat products [24]. In our study, the product with the
highest Hg content was based on rice and hake. In the study of Spungen et al., (2019), the
mean daily exposure to Hg was 0.12 ug/kg bw/day in children aged 1-3 years old [29].
In our study, the estimated daily intake was higher (0.31 + 0.44 ug/kg). The study by
Martins et al., (2013) assessed the exposure of infants and young children to Hg derived
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from processed cereal-based foods and infant food (vegetable-, meat-, fish-, and fruit-based
meals). It has been shown that the average consumption of the analyzed products is from
0.2 to 0.4% of the PTWI of Hg [34]. In our study, the coverage of PTWI of Hg is significantly
higher (9.6%), but it should not be a cause for concern. The study by Igwaze et al., (2020)
showed that mean daily consumption of Hg was 23.7 ug/kg (41.8% of PTDI). The mean
daily Hg intake was below the PTDI value [26]. In a Spanish study evaluating infant
dietary Hg exposure, the EDI for Hg was shown to be significantly higher, at 1.5 ug/kg
BW/day (EWI =11 BW/day). In our study, the EDI for Hg was 0.31 & 0.43 ug/kg BW/day
(EWI = 2.20 + 0.07 ug/kg) [35]. Moreover, it is particularly interesting for public health
that the tested samples showed exceeded Hg concentrations in six samples, including
three categorized as children’s lunches, two of which contained fish. This should be of
concern, especially in view of the potential risks posed by frequent consumption of fish-
based products. Hg damages the central nervous system of children, impairs the immune
function, and leads to dysfunction of the children’s bloodstream.

In our study, the maximum allowable content was exceeded for Pb in 4.5% of samples.
The Gardener et al., (2019) study assessed the content of Pb in products consumed by
infants and young children (infant food, cereals, drinks, pouches). Pb was found in 37%
of samples [15]. In the study by Skrbi¢ et al., (2016) which assessed the content of toxic
elements in 90 products for children (porridge fruit, porridge vegetable, meat and fish,
porridge, corn and rice porridge, and yogurt-based products), Pb was detected in two
products [23]. Ljung et al., (2011) showed that Pb was found in rice-based products
(13 ug/kg) [25]. In the study by Kim et al., (2014), the mean concentration of Pb was
0.47 + 0.14 pug/kg BW/day and 35% of samples exceeded the maximum allowable content
limit [27]. In a study by Rasic Misic et al., (2022), Pb was detected in 31% of baby and
toddler juice and chafing samples. The mean concentrations of Pb were 12.0 ug/kg in
fruit-based food, 29.0 ug/kg in vegetable-based food, and 34.50 ug/kg in meat-based
food. In all juices, the Pb value was higher than the maximum concentration in food for
young children (0.05 mg/kg). In our research, similar conclusions were noted, since the
most exceedances of the permissible daily norm were recorded in beverages—1.76% of all
products (7 samples). In our study, mean Pb concentrations were also high in fruit-based
mousses (9.40 £ 4.06 ug/kg). Higher Pb concentrations in fruit and vegetable products
may come from contaminated soil or production processes [36]. The median of Pb in baby
products from Brazil is significantly higher than in our research. It was shown that the
median Pb was 33 ug/kg; therefore, the FAO/WHO standards were exceeded in 63% of
Pb [28]. In the French study assessing the Pb content in food for infants and children, Pb
was found in most of the analyzed samples (mean 2.4 ug/kg). The highest concentrations
of Pb were found in the group of biscuits and bars (9.6 ug/kg), croissants (8.2 ug/kg), and
cake and bread (5.5 ug/kg). Among all of the products, the highest content was found
in chocolate biscuits (26.2 ug/kg), chocolate flakes for babies (19.7 ug/kg), and spinach
(16.1 ng/kg). The products containing chocolate were characterized by significantly higher
Pb concentrations [37]. In another Polish study (2012), the average consumption of desserts
for children covers 2.2% of the PTDI of Pb, while the average consumption of a bottle
of a drink for children is 13.6% of the PTDI of Pb [33]. In a Japanese study (2019), the
weekly Pb exposure for children aged 1-3.5 years was 3.28 + 0.26 ug/kg BW/week. Pb
concentration was higher in children than in adults, but it did not exceed the acceptable
standard [38]. In another study, the content of Pb was 1.27 ug/kg BW/day, which is 35.3%
of the TDL. In our study, the EDI values for Pb are comparable (1.006 + 1.192 ug/kg) [37].
In 18 samples, Pb was above the threshold values, and the highest amounts were found
in drinks (7) and snacks (6). Pb contamination can come from fruits and grains, which
are the main ingredient of these products. In the study by Kim et al, Pb was also present
in high concentrations in fruits [27]. The source of Pb can be soil and water from highly
industrialized areas. Fruit and grains are one of the main components of the diet of infants
and young children, so they should not be abandoned, but it might be worthwhile to
encourage children to be more varied in their diet to minimize the risk of possible Pb
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exposure. Exposure to this element disturbs the development of the central nervous system,
and causes problems with concentration; thus, it is important to avoid chronic exposure.

Our results indicate that baby food may be safe, and the estimated health risk in-
dicators did not show an increased health risk in terms of exposure of toxic elements
in ready-made products for children. However, it is worrying that some products have
exceeded the daily limit for Pb (18 samples) and Hg (6 samples). In Poland, around 60%
of parents use convenience food, which should cause concern, especially in children, who
often base their nutrition on ready-to-eat foods [39].

According to our results, it is worth paying attention to ready-to-eat products con-
taining fish. In the study, children’s meals containing salmon had the highest levels of
Cd (20.15 ug/kg), and those containing hake had the highest levels of Hg (37.25 pg/kg).
Among the assortment of lunches intended for children over 1 year of age was a ready-
made tuna dinner that should not be eaten at all in this age group. Some fish products are
especially recommended for children (salmon, cod, mackerel, eel), while, due to the large
accumulation of pollutants harmful to health, perch, shark, swordfish, and tuna are not
recommended. The consumption of fish by children brings many health benefits, so we
should not exclude them in the diet of children, while parents should pay attention to the
selection of fish species that do not pose a health risk [40].

In our study, cereal products (especially those containing rice and rice products)
contained high amounts of As (rice bar 84.71 ug/kg, baby porridge group, waffles and
crips group). Cereals for children and snacks were characterized by one of the higher
concentrations of toxic elements (in the case of As, gluten-free and gluten-free cereals; in
the case of Cd, waffles/crips; in the case of Hg, porridges; in the case of Pb, snacks “for
the hand”).

This allows us to conclude that cereal products easily accumulate toxic elements and,
if consumed in large amounts, may pose a health hazard to infants and young children.

An unexpected observation is the high contribution of Cd in the group of beverages
for children (4.17 £ 5.98 ug/kg), and the exceedance of the daily limit of Pb content in
beverages (7 samples, 1.76% of all trials). This may result from contamination of the water
used for the production of beverages or flavored waters. In Poland, there is an obligation
to regularly test water for, e.g., toxic elements by provincial sanitary and epidemiological
stations. This water has the correct parameters, while the problem may be an outdated
sewage system located, for example, close to a factory, from which harmful substances,
including toxic elements, may be released. Table 8 shows the content of toxic elements in
baby food compared to the results of other authors.

Table 8. The content of toxic elements in baby food shown in studies by other authors.

As Cd Hg Pb
Type of Products (ug/kg) (ug/kg) (ug/kg) (ug/kg) Reference
% Me =28 _ -
Baby food NA Max = 103.9 NA Max = 183.6 [15]
Baby desserts NA Me = 0.71 Max = 14.90 NA Me =214 (30]
Baby juices NA Me = 0.80 Max = 1.34 NA Max =5.11 g
Baby dinners NA Me = 8.31 Max = 28.2 NA Me = 20.6 Max = 41.0
SR <LOD <LOD NA <LOD [23]
i Max = 0.89 Max < LOD NA <LOD
. Me = 0.80 -
Baby dinners NA NA Max = 7.40 NA [33]
Me = 0.58
Cereals food NA NA Max = 1.0 NA
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As Cd Hg Pb
Type of Products (ug/kg) (ug/kg) (ug/kg) (ug/kg) Reference
. Me = 0.088 NA Me = 0.062 NA [24]
R Max = 0.150 NA Max =03 NA
Rise baby food NA NA X=0.94 + 047 NA [14]
Milk-based food X=0.23 £ 0.05 X =023 +0.05 NA X=12+0.19
Spelt based food X=3.8+£0.05 X=24+011 NA X=18+0.12 [25]
QOat-based food X=24+019 X=33+0.14 NA X=31+023 G
Rice-based food X=17+0.04 X =33+ 0.56 NA X=12+0.12
Baby food NA X=0.38+02 X =0.22 £+ 0.08 X=047 +0.14 [27]
Cereal-based food NA NA Me =0.50 NA [34]
Baby food NA NA Me = 0.40 NA .
Baby food NA Me = 33.0 NA Me =109 [28]
Milk-based food NA X =0.05 + 0.005 NA X=0.21 £0.02 [32]
Milk-based food NA NA Me =0.03 NA [41]
Fruit-based food X=120
Vegetable-based <LOD <LOD NA X =29.0 [36]
food
Meat based food X =34.50
Cereal-based food X =0.68 +0.67 NA NA NA [26]
Baby food X=34+201
Milk-based food X=1114021
Cereal-based food NA NA NA X=140=+1.95 [37]
Baby mouses X=215+2.08
Baby drinks X=372+231

* Baby food—vegetable, meat, fish, fruit-based samples, LOD—limits of detection, Max—maximum, Me—median,
Min—minimum, NA—not applicable, X—mean.

5. Conclusions

The range of ready-to-eat products for children aged 0.5-3 years is a source of toxic
elements, but most of the assessed products shown do not pose a health risk. In our study,
the estimated health risk indicators did not show an increased health risk in terms of
exposure to toxic elements in ready-made products for children. In some samples, Hg
and Pb concentrations were exceeded, which may suggest that these products are not
completely safe for children. There is a need for monitoring in ready-to-eat products
intended for children aged 0.5-3 years. Particular attention should be paid to children’s
consumption of fish-based products, cereal products, snacks, and flavored drinks and
waters. These product groups should be subject to special control with regard to the health
safety of children already at the production stage.
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tested products.
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Table S1. The content of toxic elements in tested products.

0.63 (0.46-0.76)

1.31(1.00-1.45)

1.28(1.03-4.76)

Type of products n As Cd He i
(ug/kg) (ug/kg) (ug/kg) (pg/kg)
X +SD X +SD X +SD X +SD
(Min-Max) (Min-Max) (Min-Max) (Min-Max)
Me(Q1-Q3) Me(Q1-Q3) Me(Q1-Q3) Me(Q1-Q3)
1.86 + 0.42 2.31+0.33 2.97 +0.44 7.55 +0.41 (0.52-
BABY DINNERS 102 (<LOD-16.97) (0.30-20.15) (<LOD-37.25) 32.27)
0.19(0.16-0.67) 1.22(0.78-2.03) 1.46(0.51-4.02) 6.76(5.57-9.17)
. 0.24+0.04 1.19+0.14 354+155 8.46+129
wtpouliy 24 (KLOD -0.79) (0.42-2.72) (KLOD-37.25) (0.76-32.27)
0.17(0.15-0.32) 1.07(0.62-1.79) 0.97(0.34-3.58) 7.32(5.65-10.43)
; 0.34+0.06 177+ 041 250 £ 3.36 532+0.76
b 16 (0.15-1.17) (0.51-7.35) (0.23-10.26) (0.52-10.81)
0.24(0.16-0.42) 1.25(0.73-2.06) 0.64(0.52-4.24) 5.38(3.33-6.36)
0.28 +0.058 331+1.08 1.64+0.74 724+1.12
-with pork 13 (<LOD-0.69) (0.57-11.79) (<LOD-9.51) (2.26-17.13)
0.26(0.16-0.33) 1.73(0.57-11.79)  0.37(0.16-2.03) 6.37(4.75-10.21)
2.88+127 3.67+135 9214057 8.02+0.63
-with fish 18 (0.52-16.97) (0.42-20.15) (1.81-16.97) (5.28-13.60)
1.94(1.11-3.48) 1.38(5.90-9.17)  10.52(3.60-13.04)  7.06(5.90-9.17)
031+0.1 1.39+0.27 259 +0.96 7.87 127
~with rabbit 11 (<LOD-1.02) (0.30-0.58) (<LOD-9.87) (1.86-15.63)
0.18(0.16-0.36) 1.14(0.58-1.87) 1.23(0.20-4.51) 7.82(5.40-10.46)
0.29 +0.06 274 +0.77 3.86 +0.68 7.86 +0.52
~vegetarian 20 (0.13-1.11) (0.31-11.56) (1.08-11.83) (5.47-13.03)
0.161(0.15-0.31) 1.63(0.96-2.07) 2.44(1.83-5.11) 1.63(0.96-2.07)
2.30 £ 0.33 2.77 +0.40 424035 8.09 +0.70
PORRIDGE 50 (<LOD-8.48) (0.46-16.03) (0.72-9.11) (1.96-25.37)
1.11(0.62-3.60) 1.71(1.25-3.12) 4.20(1.41-6.04) 6.28(5.34-8.26)
0.61+0.12 1.66 +0.49 3.01+1.06 6.21+0.82
-with milk 8 (<LOD-1.16) (0.68-5.03) (0.95-8.97) (4.42-10.38)

5.16(4.76-7.52)
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1.47 £0.32 1.98 +0.33 3.60 +0.54 790+1.4
-with milk and fruit 15 (0.23-4.40) (0.46-4.68) (0.72-6.35) (3.97-24.26)
0.95(0.58-2.24) 1.48(1.10-2.92) 3.45(1.41-6.04) 6.18(5.1-7.14)
1.66 + 0.54 3.30+0.83 4.86 +0.59 8.61 +1.58
-cereal gluten 12 (0.21-6.95) (0.67-9.31) (1.25-8.99) (1.96-17.93)
0.97(0.21-6.95) 2.07(1.28-4.70) 5.04(3.39-5.75) 6.95(4.84-12.07)
4.31+0.72 3.72+1.04 4.89 +0.69 8.87 £1.36
-cereal gluten free 15 (0.18-8.48) (0.69-16.03) (0.91-9.11) (5.35-25.37)
4.47(1.55-7.40) 2.09(1.41-4.25) 6.00(1.52-6.33) 6.75(5.63-9.52)
0.19 +£0.48 1.39+£2.32 3.93+0.26 7.97+0.02
VE GEFl‘li[l‘;II;rE?\il\IC]))USSES 58 (<LOD-0.54) (0.15-10.14) (0.95-23.86) (3.03-138.99)
0.17(0.147-0.311) 0.66(0.49-1.46) 3.12(1.73-5.01) 4.95(4.41-6.61)
0.21+2.43 2.27 +0.88 5.75+1.12 5.98 + 0.06
-fruit and vegetables 9 (<LOD-0.54) (0.37-9.77) (1.01-23.86) (3.95-10.60)
0.17(0.14-0.34) 0.65(0.56-1.23) 3.66(1.24-5.45) 0.17(0.14-0.34)
0.19 +0.03 1.22+0.33 3.77 +0.46 9.40 + 4.06
-fruit 33 (<LOD-0.40) (0.16-10.14) (0.95-13.24) (3.03-138.9)
0.17 (<LOD-0.31) 0.65 (0.41-0.90) 3.24(2.10-5.01) 4.84(0.00-0.31)
0.16 £ 0.09 0.74 + 0.54 3.47 +2.50 6.58 +4.27
-fruit and cereal 6 (<LOD-0.29) (0.15-1.56) (1.72-8.21) (4.00-15.19)
0.17(0.15-0.17) 0.57(0.39-1.22) 2.42(1.76-4.27) 5.00(4.46-5.80)
0.23 £0.14 1.24 £2.30 3.71+2.30 6.24 +1.47
-fruit and dairy 6 (<LOD-0.36) (0.24-3.33) (1.07-6.35) (3.92-7.69)
0.25(0.17-0.35) 0.72(0.42-2.01) 3.44(1.72-6.21) 6.47(5.28-7.58)
0.18 £0.15 1.93+0.27 2.26 +0.83 5.41+1.91
-vegetables 4 (<LOD-0.37) (1.68-2.19) (1.55-3.27) (3.54-8.05)
0.18(0.08-0.28) 1.92(1.69-2.16) 2.11(1.58-2.93) 5.01(4.13-6.67)
0.88 +£2.04 339+13 2.89+1.87 1.14 +0.98
BABY DRINKS 64 (<LOD-9.09) (0.14-18.54) (1.00-9.11) (0.46-3.96)
0.15(0.14-0.29) 0.48(0.29-1.14) 2.31(1.45-3.78) 9.98(8.88-13.33)
227 +3.13 4.17 +598 290+1.62 1.79+1.97
-fruit drinks and ~ water 22 (<LOD-9.09) (0.16-18.54) (1.00-7.38) (0.46-3.96)
0.16(0.13-3.73) 1.2(0.50-5.02) 1.01(1.87-3.73) 1.42(0.46-3.97)
0.19+£0.15 0.66 £2.01 2.88 +£2.00 1.03+0.27
~fruit juices 42 (<LOD-0.65) (0.14-6.82) (1.00-9.11) (0.57-2.16)
0.15(0.14-0.27) 0.38(0.28-0.58) 2.1(1.41-4.09) 0.98(0.87-1.10)
SNACKS 292 +10.77 3.09 +1.69 236 +1.69 (<LOD-  12.8 +7.56 (4.54-
“FOR THE HAND” 62 (0.19-2.91) (0.46-16.08) 7.02) 48.18)
0.78(0.38-2.00) 2.29(1.43-3.44) 1.97(1.05-3.25) 10.68(8.85-14.30)
4.88 +15.34 3.51+3.38 2.23+1.59 13.83 +9.08
-waffle/crisps 30 (0.19-84.71) (0.46-16.08) (0.34-6.46) (4.54-48.18)
0.78(0.38-3.26) 2.62(1.31-3.80) 1.46(1.2-3.2) 11.83(9.22-15.06)
0.93 +0.82 2.58 +1.30 2.33+2.10 10.4 +4.40
-biscuits/cookies 17 (0.20-2.72) (1.19-6.68) (<LOD-7.02) (7.01-23.72)
0.71(0.22-1.22) 2.43(1.63-2.99) 1.91(1.03-2.70) 9.17(8.01-10.81)
1.27 £ 0.86 2.83+2.82 2.65+1.47 14.15+6.73
-fruit bars 15 (0.21-2.91) (0.62-9.81) (0.73-5.36) (7.75-30.99)
1.15(0.47-1.66) 1.83(0.78-2.85) 2.32(1.31-4.01) 12.09(9.43-14.56)
0.10+0.16 0.95 + 2.56 3.02 £2.56 6.66 +3.11 (2.13-
DALy o0 (<LOD-0.80) (0.11-17.79) (0.11-15.23) 21.01)
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<LOD(<LOD-0.80)  2.13(1.35-4.50) 2.13(1.35-4.50) 6.11(4.71-7.29)
— 0.11+0.15 1.51+3.56 2.94+2.99 7.5+3.90
y 28 (<LOD-0.58) (0.11-17.79) (1.00-15.23) (3.54-21.01)
<LOD(<LOD-0.19)  0.25(0.20-0.66) 1.96(1.40-2.85) 6.51(5.08-8.59)
0.1+0.17 0.45 +0.78 3.09+2.16 5.93+2.0
-yogurt 32 (<LOD-0.80) (0.19-4.64) (0.11-7.87) (2.13-11.46)
<LOD(<LOD-0.181)  0.26(0.21-0.40) 2.73(1.31-4.83) 6.04(4.54-6.92)
AL 1.41+0.25 2.08+0.15 3.16+0.16 9.27 +0.44
397 (<LOD-84.71) (0.11-20.15) (<LOD-37.25) (0.46-138.99)

0.23(0.15-0.77)

1.12(0.49-2.08)

2.11(1.21-4.36)

7.64(5.46-10.31)

LOD - limits of detection, max — maximum , min — minimum, SD - standard deviation, X — mean.
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Abstract: Infants and young children have diverse dietary needs, so conducting a detailed anal-
ysis of the food they consume in terms of antioxidant activity and the content of antioxidant el-
ements is of utmost importance. The aim of the study was to assess the antioxidant properties
and the content of Cu (copper), Se (selenium), and Zn (zinc) in baby products. A total of 398 sam-
ples of ready-to-eat food consumed by children were tested. To evaluate the antioxidant activity
(338 samples, without dairy), the Folin-Ciocalteu method and the 2,2-diphenyl-1-picrylhydrazyl
radical scavenging test (DPPH) were employed to determine the total phenolic content (TPC). For
the determination of mineral component content (398 samples), atomic absorption spectrometry
(AAS) was used to analyze the levels of Cu and Zn, while inductively coupled plasma mass spec-
trometry (ICP-MS) was utilized for the quantification of Se. Fruit and vegetable mousses exhibited
the highest average total phenolic content (TPC) and the highest percentage of free radical scav-
enging in the DPPH test. In terms of mineral content, the group of dairy products recorded the
highest average levels of Cu and Se, while porridges contained the highest content of Zn. No-
tably, only organic baby food contained significantly more Zn compared to conventional food
(12.2 £ 13.9 mg/kg vs. 10.7 + 14.4 mg/kg). Ready-to-eat products designed for consumption by chil-
dren provide antioxidant properties, and the presence of Zn, Cu, and Se can contribute to supporting
antioxidant processes.

Keywords: antioxidant properties; processed food for infants; polyphenols; selenium; copper; zinc

1. Introduction

Proper nutrition during infancy and early childhood is crucial for optimal development
and is associated with better health outcomes later in life. The WHO recommends exclusive
breastfeeding for the first six months of life, followed by the introduction of complementary
foods [1]. Antioxidants derived from fruits and vegetables play a key role in the nutrition of
infants and young children. A well-rounded diet that includes an adequate supply of fruit
and vegetables, wholegrain products, milk, and milk products, as well as quality fats, has a
positive impact on both the natural development of children and their resilience against
lifestyle-related diseases. Minerals such as Zn (zinc), Cu (copper), and Se (selenium), which
are involved in the antioxidant defense system, are indispensable for healthy growth and
proper development during infancy.

Zn is an essential micronutrient that plays a vital role in numerous metabolic processes.
It is particularly important for the proper growth and maturation of children. Zn also
acts as a component of Cu-Zn superoxide dismutase (Cu/Zn SOD), thus participating
in antioxidant protection [2]. Zn is classified as a type II nutrient, meaning it is essential
for general metabolism as opposed to type I nutrients, which are necessary for specific
bodily functions [3]. Zn deficiency in children can result in various adverse effects, includ-
ing diarrhea, loss of appetite, stunted growth and development, hair loss, and increased
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susceptibility to infections. Excess Zn may interfere with the absorption of Cu and iron
(Fe) and cause acute conditions manifested by severe nausea, vomiting, abdominal pain,
and diarrhea. The tolerable upper intake level for Zn for children aged 7 to 11 months is
5 mg/day; for children aged 1-3 years, it is 7 mg/day [4]. This micronutrient is present
in a wide range of foods, with animal products, shellfish, whole grains, legumes, and
nuts being the richest sources. However, despite its prevalence in foods, Zn deficien-
cies can still occur due to the limited bioavailability of this element caused by dietary
fiber and phytates [2,3]. In terms of the recommended intake, the estimated average
requirement (EAR) for children aged 7 to 11 months and 1-3 years is 2.5 mg/day for
Zn [5].

Cu is an essential micronutrient for the human body and is involved in many metabolic
processes. It is particularly important for hematopoietic processes, the proper function-
ing of the nervous system, the elimination of free radicals, and immune support [6].
The sources of Cu are seafood (especially oysters), beef, offal, green leafy vegetables,
legumes, cocoa, cereals, and nuts [4]. Cu can act both as an antioxidant and an oxidant,
so it is important to maintain the appropriate balance between Cu and other minerals,
such as Zn or manganese (Mn) [4]. Cu serves as a cofactor for various important en-
zymes, including cytochrome C oxidase, tyrosinase, p-hydroxyphenylpyrugonate hydro-
lase, dopamine beta-hydroxylase, lysyl oxidase, and superoxide dismutase (SOD). These
enzymes play vital roles in processes necessary for growth and development [7]. It is
important to maintain the homeostasis of Cu and Zn since an elevated Cu:Zn ratio can
impair the antioxidant properties of a number of enzymes [4]. Both deficiency and ex-
cess of Cu in the blood can have adverse health consequences for infants and young
children [8]. Cu deficiency in infants can lead to cardiovascular and immunological disor-
ders, although such cases are relatively rare and the symptoms are not highly specific [5].
Conversely, excessive levels of Cu can lead to oxidative damage to DNA and contribute to
protein and lipid oxidation [9]. As regards the recommended intake of Cu, the Al (adequate
intake) for children 7-11 months is 0.3 mg/day, and the EAR for children aged 1-3 years is
0.25 mg/day [5].

Se is an essential trace element that is only required in small amounts. Itis a component
of oxidoreductive enzymes, including glutathione peroxidases, thioredoxin reductase,
iodothyronine deiodinase, and selenophosphate synthetase 2. This is why it plays a crucial
role in the immune system [3,10]. Se mediates the biosynthesis of functionally active
selenoproteins, which are involved in the antioxidant defense of cells as well as in the
maintenance of redox homeostasis. Selenoprotein P is a protein that plays an important
role in the transport, storage, and delivery of Se in vivo. It possesses the ability to bind
toxic elements and contributes to the body’s defense against oxidative stress [10]. The
primary dietary sources of Se are plant products, including vegetables, whole grains, meat,
seafood, and fish. However, it is important to note that the actual content of this element
strictly depends on the content of Se present in the soil where animals are raised or plants
are cultivated [3,10]. Se deficiency is rare and usually occurs in countries with low soil
concentrations. It can also be seen in cases of total parenteral nutrition and in infants
fed cow’s milk instead of breast milk [11]. An insufficient level of Se can contribute to a
weakened immune system, hypothyroidism, and heart disease [3]. Deficiency can cause
cardiomyopathies in children, although it is mainly observed in China [11]. Excess Se can
also be toxic and manifest in disorders of the musculoskeletal system, and the tolerable
upper intake level for Se is 60 ng/day [11]. According to the recommendations, the Al for
children aged 7-11 months is 20 ug/day and the EAR of Se for children aged 1-3 years is
17 ug/day [5].

Many methods are used to assess the antioxidant properties of food. Among the
most popular ones are the assessment of the total phenolic content (TPC) using the Folin-
Ciocalteu reagent (F-C) and the radical scavenging test using 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) [12]. The basic mechanism of action of F-C involves oxidation and reduction pro-
cesses, where the oxidation of phenols with the F-C reagent produces a color reaction [13].

76



Nutrients 2023, 15, 3160

3of16

The DPPH test is used to determine the ability of compounds to scavenge free radicals [12].
Other methods described in the literature include the determination of the reduction of
iron ions (FRAP), the assessment of the ability to absorb oxygen radicals (ORAC), and the
method using a reagent (ABTS) [14].

Ready-to-eat processed foods for infants and young children are distinct from non-
specific processed foods for adults due to the stringent compositional and health safety
requirements outlined in the Commission Directive 2006/125/EC of 5 December 2006,
which specifically addresses processed cereal-based foods and baby foods for infants and
young children [15]. The DONALD study showed that 20% of infants and young children
consumed home-cooked meals, while 60% were fed processed, ready-to-eat products. The
remaining 20% had a combination of homemade and ready-to-eat foods designed for
children [16]. Additionally, the CHOP study observed that over 95% of children aged
9-12 months consumed at least one ready-to-eat product [17]. Given the high prevalence of
ready-made, processed products for children, it is important that this kind of food maintain
high quality standards and appropriate composition. While the antioxidant properties
and antioxidant vitamin content of foods have been extensively studied in the literature,
there is a dearth of scientific reports specifically focusing on finished products intended
for children.

Previous research on ready-to-eat products for children has focused on the assessment
of food contaminants, while there are few studies assessing the antioxidant properties
of foods. A number of studies are proposed in the literature, however, the number of
samples and variety of products for children are limited (from n = 7 to n = 60 [18-28]).
According to the latest knowledge, the current scientific reports focus on the analysis
of children’s dinners and fruit and vegetable mousses [18-28], and there is little or no
data describing the antioxidant properties in children’s drinks, porridges, snacks, and
dairy products.

The objective of the study was to evaluate the antioxidant properties of ready-to-eat
products for children aged 0.5-3 years. The assessment includes analyzing the concen-
trations of Zn, Cu, and Se, as well as the antioxidant activity determined by the content
of phenolic compounds using the F-C method and the DPPH test. This study included
samples from European and non-European producers to take into account the diversity of
this type of food.

2. Materials and Methods
2.1. Sample Collection and Preparation

The research material consisted of 398 products intended for consumption by children.
These products included baby dinners (n = 103), porridges (1 = 50), fruit and vegetable
mousses (1 = 58), baby drinks (n = 64), hand-held snacks (7 = 63), and dairy products
(n = 60). Within each category, a large variety of products was collected to ensure represen-
tative groups for analysis. The samples were selected to reflect the assortment of products
available in the Polish market. The samples were purchased from various sources: brick-
and-mortar stores (discount stores, hypermarkets, and drugstores with children’s food in
Biatystok, Poland) and online stores. The analyzed products were sourced from leading
manufacturers of ready-to-eat products for infants and young children, including Nutricia,
Nestle, Humana, Hipp, Holle, and Helpa. While the majority of the tested samples are
suitable for consumption by children from 6 months of age, certain products (e.g., biscuits,
chocolate bars, or cookies) are recommended for consumption after 12 months of age. The
study design is shown in Figure 1.
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STUDY DESIGN

Ready-to-eat food for children n = 398

Categories: Type Categories: Age groups
« Dinners (n =103) « For children aged 6-12 months (n = 149)
« Porridges (n = 50) « For children aged >12 months (n = 62)
« Fruit and vegetables » Without an age declaration (n = 187)
mousses (n = 58)
« Baby drinks (n = 64) Categories: Origin of the products

Hand-held snacks (n =63) « Organic food (n =168)
Dairy products (n = 60) » Conventional food (n = 230)

[ |

Antioxidant properties Antioxidant elements
(n = 338, without dairy) (n =398)
|
[ \
. ‘.
Total Phenolic Antioxidant Cu,Zn - ASA Se - ICP-MS
Compounds - activity-test method using method
test with with 2,2-diphenyl- electrothermal (Cu)
Folin-Ciocalteu 1-picrylhydrazyl and flame (Zn)
reagent (DPPH) radical techniques
scavenging

Figure 1. Research project on the antioxidant properties of food for children. Cu—copper, n—number
of samples, Se—selenium, Zn—zinc.

The procedure for sample preparation involved homogenizing the samples in a mill or
grinding them in a mortar. The ground samples were then weighed, with a sample weight
ranging from 0.25 to 0.35 g, and measured with an accuracy of 0.001 g. These weighed
samples were placed in mineralization vessels made of polytetrafluoroethylene. Next,
4 mL of concentrated 69% HNOj3 (Tracepur, Merck, Darmstadt, Germany) was added
to each sample. Microwave digestion was conducted in a closed-loop system (Berghof,
Speedwave, Eningen, Germany). The mineralization process consisted of four phases. The
first phase lasted 10 min at 170 °C, 20 atm pressure, and 90% power; the second phase
lasted 10 min at 190 °C, 30 atm pressure, and 90% power; and the third phase lasted 40 min
at 210 °C, 40 atm pressure, and 90% power. The fourth phase involved cooling time and
lasted 18 min, at 50 °C, 40 atm pressure, and 0% power. After mineralization, the samples
were quantitatively transferred to polypropylene vessels and diluted.

2.2. Determination of Mineral Components

The mineral concentrations in the samples were analyzed using different analytical
techniques. Flame Atomic Absorption Spectrometry (AAS) with Zeeman background cor-
rection was employed to analyze Zn. The measurements were performed at a wavelength
of 324.8 nm using the Z-2000 instrument from Hitachi, Tokyo, Japan. For Cu analysis,
electrothermal Atomic Absorption Spectrometry with Zeeman background correction was
utilized. The measurements were conducted at a wavelength of 213.9 nm. Se analysis
was conducted using Inductively Coupled Plasma Mass Spectrometry with kinetic energy
discrimination (KED). The instrument used was the NexION 300D from PerkinElmer,
Waltham, MA, USA. The detection limits (LOD) for Zn, Cu, and Se were 0.018 mg/kg,
0.39 ug/kg, and 0.01 ug/kg, respectively. The LOD was calculated as three times the
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standard deviation from the mean value of the blank sample. The limit of quantification
(LOQ) value was calculated as three times the LOD and LOQ values for Zn, Cu, and Se
which were 0.054 mg/kg, 1.17 ug/kg, 0.03 ng/kg, respectively.

In order to evaluate the accuracy and precision of the study, certified reference materi-
als (CRMs) were used. For the analysis of baby dinners, the material used was Simulated
Diet D obtained from the Swedish National Food Administration (Livsmedelsverket, Up-
psala, Sweden). Porridges and snacks were tested using corn flour INCT-CE-3 obtained
from the Institute of Nuclear Chemistry and Technology (Warsaw, Poland). The analysis of
dairy products utilized skim milk powder CRM 063R provided by the Community Bureau
of Reference (BCR). A total of six independent samples were analyzed for each CRM.

The concentrations of mineral components were also expressed as a percentage of the
Estimated Average Requirement (EAR) coverage. This calculation was based on standard
portions consumed by children, as declared by the manufacturer [28]. The Cu:Zn molar
ratio was calculated for all samples using Microsoft Excel software.

2.3. Determination of Antioxidant Properties

The TPC was determined using the Folin-Ciocalteu reagent [29]. To create the cali-
bration curve, a solution of gallic acid (GAE) with a concentration of 2 g/L in distilled
water was prepared. The samples were homogenized, weighed (1 g 4 0.001 g), dissolved in
10 mL of distilled water, and then centrifuged for 5 min at 2000 rotations per min (rpm).
Next, 0.25 mL of the supernatant was taken and mixed with 1.25 mL of 0.2 N Folin-Ciocalteu
reagent. The mixture was allowed to react for 5 min. The absorbance of the resulting so-
lution was measured at 760 nm against water. The concentration was expressed as mg of
equivalent gallic acid /100 g of the product. The reported result represents the average of
three measurements.

The antioxidant activity of the samples was also determined using the radical scaveng-
ing test with DPPH [30]. The samples were homogenized, and 5 g + 0.001 g were measured.
Next, 10 mL of 80% ethanol was added to the samples, and the mixture was shaken for
15 min. A DPPH solution was prepared by dissolving 10 mg of DPPH in 100 mL of 80%
ethanol. Subsequently, the samples were centrifuged for 3 min, at 5000 rpm. After some
time, 2 mL of the supernatant was taken and mixed with 2 mL of DPPH solution. As a
control, 2 mL of the DPPH mixture was mixed with 2 mL of 80% ethanol. The samples were
incubated for 30 min at room temperature, protected from light. The absorbance of the
resulting solutions was measured at 517 nm against 80% ethanol with a spectrophotometer
U-2001 (Hitachi, Tokyo, Japan). The percentage of free radical scavenging was calculated
using the following equation:

DPPH inhibition [%] = [(Acontrol — Asample)/Aconlml] x 100%,

where Aonirol i the absorbance of the control reaction and Agample is the absorbance of the
analyzed sample.

2.4. Statistical Analysis

The obtained data were analyzed using the Statistica software (TIBCO Software Inc.,
Palo Alto, CA, USA). The Shapiro-Wilk test was performed, and the distribution was
found to be non-normal. Non-parametric Mann-Whitney U tests and the Kruskal-Wallis
ANOVA test were used to compare the values of the tested parameters in various product
groups. Spearman’s rank correlation was used to check the relationship between the
analyzed parameters tested in all product subgroups. The results were summarized using
the median and quartiles, however, to compare the results of our own research with those
of other authors, the tables contain the mean, along with the standard deviation, as well
as the maximum and minimum values. Significant difference values were assumed at
p <0.05, p <0.01, and p < 0.001.
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3. Results
3.1. Evaluation of Antioxidant Properties: DPPH, TPC

The contents of TPC, DPPH, Cu, Se, Zn, and the Cu: Zn ratio, along with the corre-
sponding statistical significance, are presented in Table 1.

In the analyzed assortment, the median TPC was found to be 37.8 mg GAE/100 g
(Q1-Q2 Ql—quartile 1, Q2—quartile 2: 12.4-82). The group of products based on fruit
and vegetable mousses had the highest median TPC, recording 111.8 mg GAE/100 g
(55.9-162.4), and the highest value within this subgroup was 114.2 (65.8-167.4) mg GAE/100 g
(Supplementary Materials, Table S3). On the other hand, the group of dinners for children
had the lowest median TPC of 25.8 mg GAE/100 g (14.2-37.0), with fish-based dinners
having the lowest TPC of 17.3 mg GAE/100 g (7.6-33.3) (Table S1). Among the products
for children, those with the highest TPC were found to be freeze-dried fruits consisting
of blackcurrant, pineapple, cherry, and strawberries (525.4 mg GAE/100 g), freeze-dried
fruits based on strawberries, raspberries, blueberries, and apples (507.2 mg GAE/100 g),
and apple chips (312.0 mg GAE/100 g). It is worth noting that TPC was not detected in
nine products.

Baby products exhibited a free radical scavenging capacity of 71.4% (48.0-86.8). The
group of fruit and vegetable mousses had the highest median obtained in the DPPH test,
with a value of 95.3% (91.0-99.6). Among the subgroups, fruit mousses had the highest
free radical scavenging capacity of 95.9% (87.2-97.4) (Table S3). On the other hand, the
group of drinks for children showed the lowest percentage of free radical scavenging in
the DPPH test, recording 34.8% (2.8-52.5), with fruit juices exhibiting the lowest capacity
within this subgroup, namely 33.7% (4.4-56.6) (Table S4). Summer fruit salad containing
pear, apple, mirabelles, and apricots (99.6%), applesauce (99.5%), and banana, mango, and
coconut milk mousse (89.6%) had the highest free radical scavenging capacities.

3.2. Evaluation of Mineral Components: Cu, Se, Zn

In products for children, the median concentration of Cu was 7.8 mg/kg (4.4-12.1).
The group of dairy products exhibited the highest median Cu content: 18.2 mg/kg
(14.0-22.9). Among the subgroups, yogurts showed the highest median Cu value:
22.1 mg/kg (20.4-26.6) (Table S6). The lowest Cu content was recorded in baby drinks,
with 2.1 mg/kg (1.8-4.6), and within the subgroups, fruit juices had the lowest Cu content:
1.9 mg/kg (1.7-4.0) (Table S4). Among the products for children, those with the highest
content of Cu were: organic cereal and fruit bars based on oat flakes, bananas, and apples
(90.7 mg/kg); organic fruit and cereal bars based on oat flakes, bananas, apples, and grapes
(90.3 mg/kg); and yogurt with chocolate chips (51.7 mg/kg).
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The median concentration of Se in products for children was 65.0 ug/kg (30.1-100.2).
The group of dairy products exhibited the highest median Se content of 134.9 ug/kg
(113.9-195.5). Among the subgroups, yellow cheese showed the highest median
Se content—164.2 ug/kg (120.2-214.5) (Table S6). The lowest median Se content was
observed in dinners, with 24.5 ug/kg (16.4-32.2), while within the subgroups, poultry-
based dinners had the highest content of this element—16.6 ng/kg (13.2-25.5) (Table S1).
Among the products for children, those with the highest Se content were organic oat-
meal (686.6 ug/kg), tea based on lemon balm, linden, and marjoram (567.2 ug/kg), and
lemonade based on apple, strawberry, rosehip, and mint (485.2 ng/kg).

The median Zn content in products intended for infants and young children was
7.8 mg/kg (4.4-12.1). Among the different groups, children’s porridges were found to
have the highest content of Zn at 27.4 mg/kg (18.8-37.1). Within the subgroups, milk
porridges had the highest content, with a median of 34.4 mg/kg (18.5-44.0) (Table S2).
The lowest median of Zn was found in baby drinks at 1.3 mg/kg (0.7-2.6), while among
the subgroups, fruit juices had the lowest Zn content at 1.0 mg/kg (0.7-1.9) (Table S4).
Products for children with the highest content of Zn were: dairy-free buckwheat porridge
(93.3 mg/kg), milk banana porridge made of wholegrain cereals (79.7 mg/kg), and a bio
cereal bar based on oat flakes, apples, and bananas (69.4 mg/kg).

The median molar ratio of Cu:Zn in baby products was 1.7 (0.6-3.3). Fruit and
vegetable mousses exhibited the highest Cu:Zn molar ratio—4.8 (3.1-7.8), followed by dairy
products—3.4 (0.6-5.2). The lowest Cu:Zn molar ratio was found in children’s porridges at
0.1 (0.0-0.2) and snacks at 0.8 (0.5-1.3).

3.3. EAR of Cu, Se, and Zn

The analyses were conducted to determine the extent to which a portion of products
for children covered the average requirement for Cu, Zn, and Se. The results revealed that
the average portion of baby products covered 232.0% of the EAR for Cu, 19.2% for Zn, and
24.3% for Se. Among the product groups, fruit and vegetable mousses showed the highest
percentage of Cu and Se coverage, with 492.9% for Cu and 52.8% for Se. In the case of
Zn, hand-held snacks had the highest coverage (54.5%). The average percentages of EAR
coverage of trace elements in baby products are presented in Table 2.

Table 2. Coverage in % of the Estimated Average Requirement (EAR) for Cu, Zn, and Se in baby products.

Fruit and

Type of . . p Hand-Held Dairy
Product Elements Dinners Porridge V:Agelables Baby Drinks Snacks Products Total
ousses
Cu 167.1 £ 89.1 35.1 +£204 492.9 + 300.0 58 +35.4 465.2 + 477.3 196.4 + 184.1 232.0 +£291.9
% EAR Zn 129 + 14.6 282 +153 97 +4.6 73+134 545+ 35 71+63 19.2 4+ 242
Se 93+ 6.6 7.6+13 52.8 +24.4 29.5+478 36.7 £ 104 17.6 +£12.2 243+229

Cu—copper, EAR—estimated average requirement, Se—selenium, Zn—zinc.

3.4. Evaluation of the Content of Cu, Se, Zn, and DPPH, TPC in Baby Products Taking into
Account the Intended Use of Products for the Age Groups

Ready-to-eat products for children were analyzed in terms of their intended use and
divided into age categories: for infants 6-12 months, for children between 1 and 3 years,
as well as products without an age declaration. Table 3 presents the characteristics of the
age groups, taking into account the mean, median, and other statistical parameters. The
age-declared group included dinners, porridges, and processed vegetables and fruits. Other
groups (dairy products, snacks, and drinks) were categorized without age values. The
highest median values for TPC were recorded in the group of products for children without
an age declaration, at 50.8 mg GAE/100 g (15.9-99.1), and in products for children aged
6-12 months, at 42.6 mg GAE/100 g (21.1-98.7). Significantly lower TPC content was found
in the group of products for children between 1 and 3 years (24.0 mg GAE/100 g (12.2-38.2).
Regarding the DPPH test, statistically higher values were recorded in the group of products
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intended for children aged 6-12 months, with a value of 79.9% (56.8-93.3,) and in products
for children between 1 and 3 years, with a value of 77.8% (67.8-88.5), compared to products
without an age declaration, which had a value of 53.4% (30.1-76.9). The highest median
Cu values were found in products without an age declaration: 10.7 mg/kg (2.2-17.6). The
concentrations were significantly lower in products for children 6-12 months: 6.9 mg/kg
(4.1-9.2) and between 1 and 3 years: 6.9 mg/kg (5.3-8.6). The group of products without an
age declaration also recorded the highest median Se concentration, which was 93.0 ug/kg
(68.0-127.7). Products for children aged 6-12 months had a median Se concentration of
39.8 ug/kg (22.5-71.6), and products for children between 1 and 3 years had the lowest
Se concentration, measuring 26.1 ug/kg (17.0-41.7). As regards Zn, products for children
aged 6-12 months had a concentration of 3.7 mg/kg (2.2-12.0), while products for children
between 1 and 3 years contained 5.8 mg/kg (2.8-9.6). Products without an age declaration
had a similar concentration of 5.5 mg/kg (2.2-17.6), and these results were not statistically
significant. Medians, quartiles, and other statistical parameters of TPC, DPPH, Cu, Zn,
and Se, taking into account the intended use of products for age groups, are presented in
Table 3.

Table 3. The average content and median of TPC (mg GAE/100 g), DPPH (% Free Radical Scavenging),
Cu (mg/kg), Se (ng/kg), and Cu (mg/kg) in the studied groups show significant statistical differences,
taking into account the intended use of products for the age groups.

Type of
Product Element n M+ SD Min-Max Me Q1-Q3
(Sign)
TPC (mg GAE/100 g of fresh weight) 64.9 £ 59.7 0-234.6 42.6** B 21.1-98.7
For infant DPPH (% Free Radical Scavenging) 68.6 + 31.9 0-99.6 79.9 **C 56.8-93.3
Aged 6-12 months Cu (mg/kg of fresh weight) 149 7.5+5.3 0.5-39.5 6:9*C 41-9.2
(A) Se (ug/kg of fresh weight) 54.8 + 63.7 0-686.6 39.8*B,** C 22.5-71.6
Zn (mg/kg of fresh weight) 10.0 £ 14.6 0.6-93.3 3.7 2.2-12.0
For children TPC (mg GAE/100 g of fresh weight) 334+394  3.5-250.8 240 A 12.2-38.2
Botiroon T atds DPPH (% Free Radical Scavenging) 739 +21.4 0-97.9 77.8**C 67.8-88.5
Cu (mg/kg of fresh weight) 62 74+£32 2.8-20.4 6,9**.C 5.3-8.6
yegrs Se (ug/kg of fresh weight) 328+239 52-1369  261*B**C  17-41.7
() Zn (mg/kg of fresh weight) 11.1 £ 135 0.7-52.9 5.8 2.8-9.6
TPC (mg GAE/100 g of fresh weight) 72.0 + 825 0-525.4 50.8 *** B 15.9-99.1
Without an DPPH (% Free Radical Scavenging) 44.5+449 0-91.7 53.4** AB 30.1-76.9
age declaration Cu (mg/kg of fresh weight) 187 1224116 1.3-90.7 10.7 ** A,B 2.2-17.6
©) Se (ug/kg of fresh weight) 118.1+88.2  0-567.2 93.0 ** A,B 68.0-127.7
Zn (mg/kg of fresh weight) 12.3 + 14.1 0.1-69.4 55 2.2-17.6

**p <0.01, ** p < 0.001. A— products for infants, 612 months, B—products for children between 1 and 3 years,
C—products without an age declaration, Av—average, Cu—copper, DPPH—2,2-diphenyl-1-picrylhydrazyl radical
scavenging test, GAE—gallic acid, M—mean, Max—maximum, Me—median, Min—minimum, n—number of
samples, Ql—quartile 1, Q3—quartile 3, SD—standard deviation, Se—selenium, TPC—total phenolic content,
Zn—zinc.

3.5. Evaluation of the Content of Cu, Se, Zn, and DPPH, TPC in Baby Products Taking into
Account Food Origin

Products intended for consumption by children were also analyzed, considering
the origin of the raw materials. The analysis distinguished between the organic food
group, consisting of 168 samples (including 50 dinners, 17 porridges, 23 fruit and veg-
etable mousses, 28 drinks, and 50 snacks), and the conventional food group, consisting of
230 samples (including 53 dinners, 33 porridges, 35 fruit and vegetable mousses, 36 drinks,
13 snacks, and 60 dairy products). The results are presented in Table 4. It was found that
organic food had higher medians in the DPPH test, with a median of 72.7% (48.6-85.5),
compared to conventional food, with a DPPH of 69.5% (43.8-89.5). Similarly, organic
food had higher median concentrations of Se: 69.5 ug/kg (28.8-106) and Zn: 6.8 mg/kg
(2.8-16.3) compared to conventional food, with Se: 64.4 pg/kg (30.5-91.8) and Zn:
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4.3 mg/kg (2.0-12.4). On the other hand, conventional food showed higher medians
of TPC, with a median of 44.6 mg GAE/100 g (15.8-96.8), and Cu, with a median of
51.7 mg/kg (4.2-13.2), compared to organic food, with a TPC median of 34.3 mg
GAE/100 g (16.8-78.2) and a Cu median of 7.2 mg/kg (5.2-10.9). Statistically signifi-
cant differences were observed only in the concentration of Zn. Medians, quartiles, and
other statistical parameters of TPC, DPPH, Cu, Zn, and Se, taking into account the origin of
the products, are presented in Table 4.

Table 4. The average content and median of TPC (mg GAE/100 g), DPPH (% Free Radical Scavenging),
Cu (mg/kg), Se (1g/kg), and Cu (mg/kg) in the studied groups show significant statistical differences,
taking into account the origin of the products.

Type of
Product Elements n M + SD Min-Max Me Q1-Q3
(Sign)
TPC (mg GAE/100 g) 56.5 + 63.5 0-507.2 343 16.8-78.2
Organic DPPH (% Free Radical Scavenging) 633 £31.7 0-98.3 727 48.6-85.5
food Cu (mg/kg) 168 9.3 105 1.1-90.7 7.2 5.2-10.9
©) Se (ug/kg) 84.2 4 78.8 0-567.2 65.5 28.8-106
Zn (mg/kg) 122 159 0.5-93.3 6.8 C 2.8-16.3
TPC 67 +71.3 0-525.4 44.6 15.8-96.8
Shnventionditsol DPPH (% Free Radical Scavenging) 57.7 £ 432 0-99.6 69.5 43.8-89.5
© Cu (mg/kg) 230 10+77 0.5-51.7 BL7 4.2-13.2
Se (ug/kg) 76.9 + 83.3 2.9-686.6 64.4 30.5-91.8
Zn (mg/kg) 10.7 + 144 0-75.7 43%C 2.0-12.4
** p < 0.01, C—conventional food, Cu—copper, DPPH—2,2-diphenyl-1-picrylhydrazyl radical scavenging
test, GAE—gallic acid, M—mean, Max—maximum, Me—median, Min—minimum, n—number of samples,

O—organic food, Ql—quartile 1, Q3—quartile 3, SD—standard deviation, Se—selenium, TPC—total phenolic
content, Zn—zinc.

3.6. Correlations

The analysis of correlations between the evaluated parameters showed a high relation-
ship between Se and Zn in the group of drinks for children (r = 0.56, p < 0.001). Among
other parameters, the average correlation between Se and Zn in baby dairy products
(r = 0.45, p < 0.001), Se and Cu in baby drinks (r = 0.38, p < 0.005), Cu and DPPH in
porridges (r = 0.38, p < 0.001), Zn and Cu in dinners (r = 0.35, p < 0.001), Cu and DPPH in
total products (r = 0.38, p < 0.001) should be emphasized. Correlations between individual
parameters are presented in Table 5.

Table 5. Correlations between individual parameters (p < 0.05).

Type

of Products Parameter1  Parameter 2 r P
TPC Cu -0.21 <0.05
" Zn Cu 0.35 <0.001
Duihge Zn DPPH 023 <0.05
DPPH Cu 0.27 <0.005
Se Cu 0.29 <0.001
Zn TPC —-0.28 <0.001
Porridges Cu Zn 0.21 <0.001
Cu DPPH 0.38 <0.001
DPPH TPC 0.17 <0.005

Fruit and vegetable mousses TPC Zn —-0.32 <0.05
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Table 5. Cont.
Type Parameter 1 Parameter 2
of Products r L4
TPC Se —0.28 <0.02
Se Zn 0.56 <0.001
Baby drinks Se Cu 0.38 <0.005
Zn Cu 0.27 <0.05
Cu DPPH -0.32 <0.05
Dairy products Se Zn 0.45 <0.001
TPC Se 0.22 <0.001
TPC Zn —0.28 <0.001
TPC DPPH 0.17 <0.005
1oL Se Cu 029 <0001
Cu Zn 0.21 <0.001
Cu DPPH 0.38 <0.001

Cu—copper, DPPH—2,2-diphenyl-1-picrylhydrazyl radical scavenging test, Se—selenium, TPC—total phenolic
content, Zn—zinc.

4. Discussion

Food for children should ideally possess antioxidant properties, which is why the
study aimed to determine the antioxidant activity of the analyzed samples. In our study,
the median TPC was found to be 37.8 mg GAE/100 g. Baby products exhibited a free
radical scavenging capacity of 71.4%. In products for children, the median concentrations
of Cu, Se, and Zn were respectively 7.8 mg/kg, 65.0 ug/kg, and 7.8 mg/kg.

In research conducted by Usal et al. (2020), the TPC value in fruit and vegetable-
based baby food jars was reported to be 1310.9 + 174.6 mg GAE/100 g [18]. On the
other hand, Carbonell-Capella et al. (2014), who investigated the antioxidant properties
of 23 fruit preserves, revealed that the mousse based on apple, pear, peach, and apricot,
which had undergone the cooking process, had the highest average content of phenols
(234.2 mg GAE/100 g). In our study, TPC values were also the highest in processed fruit
and vegetables, although they were much lower compared to those reported by other
authors (112 + 65.37 mg GAE/100 g). Additionally, our study found that freeze-dried fruit,
specifically currants, pineapple, cherry, and strawberry, had the highest content of phenolic
compounds, measuring 525.43 mg GAE/100 g) [19].

The ability to capture free radicals in baby foods has not yet been measured, but
vegetables and fruits have the highest percentage of DPPH radical scavenging [31]. In
our study, fruit, and vegetable mousses were also found to have the highest DPPH value
(100.0 = 17.6%). In a study by Deng et al. (2019), the scavenging rate of DPPH radicals in
juices was 77% [32]. In contrast, our study found that juices for children had a much lower
ability to capture free radicals (24.7 & 50.1%). Furthermore, it has been observed that the
storage of juices can reduce the percentage of scavenging free radicals [33]. Baby products
are pasteurized and have a long shelf life, which may explain the lower percentages in the
DPPH test for baby products. Szajdek et al. (2007) found that apple-currant mousse had the
highest free radical quenching activity [20]. Our study yielded similar results. The products
with the highest percentage of scavenging free radicals were fruit salads containing apples
and apple mousse.

Vegetable and fruit-based foods are the greatest sources of antioxidants, which is why
ready-to-eat foods for children have antioxidant properties. Vegetable and fruit mousses are
the least processed products, which is why they have the highest antioxidant activity. It is
worth considering recommending fruit and vegetable mousses to children as an alternative
to the consumption of raw fruit and vegetables because these products are some of the best
sources of antioxidants.

Cu, Zn, and Se are essential micronutrients involved in many metabolic processes.
The content of these elements in the tested samples showed variation. In a Spanish study
by Mir-Marques et al. (2015), the percentage of Al (adequate intake) coverage in meat
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dinners, fish dinners, vegetable jars, and fruit jars was examined. The research found
that the dietary contribution of Cu in these complementary products for children was, on
average, 42%, 30%, 46%, and 64% of the Al, respectively [21]. In our study, we estimated
the percentage of EAR, and in most cases, the demand was covered. However, porridge
(35.1 + 20.4%) and baby drinks (58 =+ 35.4%) had insufficient EAR coverage for Cu. On the
other hand, children’s dinners had a notably high coverage of 167.1 & 89.1%, and children’s
dairy showed an even higher coverage of 196.4 + 184.1%. Interestingly, fruit and vegetable
mousses demonstrated a significantly higher percentage of Cu coverage (492.9 + 300%), as
did hand-held snacks (465.2 & 477.3%), which is a concerning finding.

In comparison to our study, other publications have reported much lower Cu content
in children’s products. For example, Zand et al. (2022) evaluated the concentration of
essential and trace elements in commercial food and found that the average Cu content
in meat dinners was 0.5 mg/kg, while in vegetarian dinners, the content of this element
was below the limit of detection (LOD) [34]. Skrbi¢ et al. (2017) examined the content
of essential elements, including Cu, in food from the Spanish and Serbian markets. In
products for children on the Serbian market, the average Cu content in meat lunches was
found to be 0.46 mg/kg, in vegetable jars—0.28 mg/kg, in fruit porridges—0.75 mg/kg, in
corn and rice porridges—0.56 mg/kg, and in fruit yogurts—0.44 mg/kg. On the Spanish
baby food market, the average Cu content in poultry-based dinners was 0.11 mg/kg, and
in fish-based dinners, it was 0.16 mg/kg [23].

In a Polish study by Marzec et al. (2005), the average concentration of Cu in baby
drinks was reported to be 0.31 mg/kg, and in dinners, it was 0.42 mg/kg [9]. In our study,
higher Cu concentrations were obtained. Meat dinners contained from 6 + 3.3 mg/kg
to 7.7 £ 2.9 mg/kg Cu; vegetarian dinners had 7.4 + 2.5 mg/kg; fruit porridges had
2.2 + 1.2 mg/kg; yogurt had 23.8 + 7.6 mg/kg; and baby drinks had 3.4 & 2.1 mg/kg.

In a study by Khamoni et al. (2017), the authors examined the content of Cu in baby
foods and obtained similar results. The average concentration of Cu in products intended
for children over 7 months old was 11.8 + 0.83 mg/kg, and in food for children over
10 months old, it was 14.3 £ 0.9 mg/kg [24].

In most cases, ready-to-eat foods for children can be a source of Cu. Cereals and
drinks for children can be problematic in providing the right amount of Cu. On the other
hand, mousses and snacks for children provide very large amounts of Cu (>400% of EAR)
with low amounts of Zn (<50% of EAR), which may reduce their antioxidant properties.
Summing up our own and other authors’ results, Cu is present in products for children
in greater amounts, which is why an excess of Cu may be problematic, especially with an
insufficient content of Zn.

In the UK study, Se content in baby products was similar to our results. In products
intended for children aged 7 and more months, the Se content was 8.8 + 2, while in products
for children over 10 months, it was 10.3 + 3 pg/kg [24].

Ruiz-de-Cenzano et al. (2017) studied Se content in commercial baby food. The
concentrations of Se in children’s products ranged from 5.4 to 109 ug/kg. In our research,
the Se content in products for children is very diverse (<LOD-383.6 ug/kg). The highest
values in the Ruiz-de-Cenzano study were recorded in fish-based dinners (from 44 to
109 ug/kg) and meat-based dinners (from 15 to 36 ug/kg). The lowest Se concentrations
were found in products based on vegetables and fruits (below 10 ug/kg) [25]. In our study,
fruit, and vegetable mousses contained an average of 80.4 + 37 ug/kg, and the lowest
Se values were recorded in children’s lunches, with levels below 26.7 & 14.3 ug/kg. The
discrepancies in the results may be attributed to variations in Se content in the soil and
animal feed. It is also worth emphasizing that children’s products covered 24.3 + 22.9% of
the EAR for Se.

Among all ready-to-eat products for children, dairy is the best source of Se. Therefore,
special attention should be paid to the adequate supply of Se in children on a dairy-free diet.

In a study by Butte et al. (2010), it was observed that the intake of Zn in some
children was insufficient, while in another group of children up to 24 months who were
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supplementing with Zn, the intake reached the recommended level [35]. Other researchers
estimated that food for infants and young children covered approximately 16% of the
demand for Zn [36]. Zand et al. (2011) demonstrated that the average Zn content of
meat-based dinners was 5.4 mg/kg, while vegetable-based dinners had an average of
3.4 mg/kg [34]. Our study yielded similar results: meat dinners for children contained, on
average, 3.7 = 2.3 mg/kg to 6.4 + 1.9 mg/kg of Zn, while vegetarian dinners contained
7.8 + 9.6 mg/kg of Zn. Zand et al. also analyzed Zn content in poultry-based and fish-based
dinners, and Zn values were reported as 2 mg/kg for both types of dinners. [22]. In our
study, poultry-based dinners were found to contain 5.4 + 4 mg/kg of Zn, while fish-based
dinners had 3.7 & 2.3 mg/kg of Zn. Similar values were reported by Kiani et al. (2022),
where the average concentration of Zu in children’s products was 1.8 £ 0.6 mg/kg [26].

In a study by Vallinoto et al. (2022), Zn content in children’s products ranged from
0.45 + 0.02 mg/kg (apple-based product) to 10.6 + 0.5 mg/kg (meat-based lunch with
vegetables). This group of researchers also observed that products containing milk in the
composition had a higher concentration of Zn, which is consistent with our results because
Zn is considered an important source [27].

Analogous results were also reported in the study by Khamoni et al. (2017), where
products for children over 7 months contained 8.8 + 0.2 mg/kg and products for children
over 10 months contained 10.5 + 0.5 mg/kg. In this study, the Cu:Zn molar ratio was also
assessed, and in the group of products over 7 months, it was 3.0, while in the group of
products over 10 months, it was 8.0. In our study, the molar ratio was similar at 2.8 [24].

In Marzec et al. (2005), the average concentration of Zn in children’s drinks and dinners
was 2.6 mg/kg (our study: 42 + 7.8 mg/kg) and 2.98 mg/kg (our study:
5.3 + 5.1 mg/kg), respectively [9]. An analysis of the percentage of EAR nutritional
coverage by Mir-Marques et al. (2015) found that Zn accounted for 35% in meat-based
dinners, 12% in fish-based dinners, 17% in vegetable jars, and 7% in fruit jars [21]. Our
study yielded similar results. Baby dinners covered 12.9 + 14.6% of the EAR for Zn, while
fruit and vegetable mousses covered 9.7 + 4.6% of the demand for the element.

It is also worth noting the high variability of the Cu:Zn ratio. So far, no recommended
Cu/Zn ratio has been established for products intended for infants and young children.
However, studies have shown that low concentrations of Zn and increased concentrations
of Cu can diminish the antioxidant activity of many enzymes [4]. A high Cu:Zn ratio in
the blood may indicate inflammation and a high risk of Zn deficiency in children with
chronic diseases [37]. In our study, the highest Cu:Zn molar ratio was observed in fruit and
vegetable mousses (6.5 & 5.4), while the lowest was in children’s porridges (0.2 £ 0.1).

Baby food is one of the most frequently purchased organic products, and, according
to the ESKiMo II study, as many as 63% of children consume organic food [38]. However,
there is no confirmed evidence that organic food is significantly more nutritious than
conventional food [39]. Our study shows that organic food for children only contains
a significantly higher amount of Zn compared to conventional food. Currently, there is
insufficient scientific evidence to conclude that organic food has a significantly greater
health value [40], and the American Academy of Pediatrics does not advocate choosing
organic food over conventional food [41].

It is important to note that we found variations in the antioxidant activity and the
levels of Cu, Se, and Zn in products for infants aged 6-12 months, those for children over
12 months, and products without an age declaration. Products intended for infants aged
6-12 months exhibited significantly higher DPPH capture percentages and higher con-
centrations of Cu and Se compared to products for children without an age declaration.
Products designed for infants aged 6-12 months had higher values of TPC and Se when
compared to products without an age specification. The lack of consistency in the com-
position of children’s products across different age groups poses a limitation in conduct-
ing a comprehensive assessment of age categories. Consequently, we cannot ascertain
the exact reason why products meant for infants aged 6-12 months may have a higher
antioxidant value.
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The strength of this study is that it includes a wide variety of complementary products
for children and incorporates a substantial number of samples, providing a comprehensive
analysis of their antioxidant properties. This research represents a pioneering effort in
investigating the antioxidant properties of such a diverse range of ready-to-eat products
specifically tailored for young children. Notably, our study is the largest of its kind,
assessing the content of Cu, Se, Zn, and antioxidant properties in products intended for
children on the Polish market. The limitation of the study is the lack of consistency in the
composition of children’s products; therefore, the reasons for the above results cannot be
identified comprehensively.

5. Conclusions

Ready-made products for children possess antioxidant properties and high levels of
Cu, Se, and Zn; therefore, they can support antioxidant processes. It is crucial to ensure that
the nutrition of infants and young children aged 0.5-3 years is diverse to minimize the risk
of inadequate antioxidant intake. Given the high molar ratio of Cu:Zn, it is worth paying
attention to the appropriate consumption of Zn-rich products in children’s diets, especially
in the case of high consumption of fruit and vegetable mousses and low consumption of
porridges.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article /10.3390/nu15143160/s1, Table S1: The content of TPC, DPPH, Cu, Se, Zn
in tested dinners.; Table S2: The content of TPC, DPPH, Cu, Se, Zn in tested porridges.; Table S3: The
content of TPC, DPPH, Cu, Se, Zn in tested mousses.; Table S4: The content of TPC, DPPH, Cu, Se,
Zn in tested drinks.; Table S5: The content of TPC, DPPH, Cu, Se, Zn in tested hand-held snacks.;
Table S6: The content of Cu, Se, Zn in tested dinners.
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Table S1. The content of TPC, DPPH, Cu, Se, Zn in tested dinners.

Type of TPC DPPH Cu Se Zn Cu:Zn
Dinners (mg GAE/100 g) (% Free (mg/kg) (ug/kg) (mg/kg) molar ratio
Radical Scav-
enging)
Poultry 28.1+17.3 68.4+24.2 73+£26 18.9+8.3 54+4 1911
dinners (0-74.5) (0-93.1) (3.1-15.6) (5.3-39.5) (1.4-16.4) (0.4-4.8)
(n=23) 25.6 (15.5-38.5) 77.4 (62.5-82.7) 7.1 (62.5-82.7) 16.6 (13.2-25.5) 3.6 (3.1-6.7) 1.6 (1.3-2.4)
Beef 36.5+17.5 65.5+18.9 TT7£22 234+114 64+19 15+£1.1
dinners (7.3-80.5) (19.7-91.8) (4.5-11.6) (8.3-44.9) (1.8-8.5) (0.5-5.4)
(n=16) 35.8 (25.9-46.2) 69.6 (55.1-78.1) 7.5(5.8-9.4) 21.2(15.7-27.2) 6.7 (5.5-7.9) 1.1 (0.9-1.8)
Pork 23.3+16.7 66.5 +27.8 71+£15 28.5+16.9 3.7+13 22+0.8
dinners  Av+SD (4.7-54.8) (0-96.9) (4-10.4) (5.3-76.4) (1.5-6.5) (1.3-4.0)
(n=15) Min-Max 19.9 (9.7-33.6) 70.2 (63.6-84.5) 7.2(6.3-7.9)  24.9 (17-36.8) 3.8 (3.3-4.1) 1.8 (1.7-2.5)
Fish Me 229+17.6 62.2+19.3 77429 26.8 £16.6 37+23 2715
dinners Q1-Q3 (2.4-61.3) (25.9-91.9) (3.7-12.6) (7-72) (1.3-9.6) (0.8-6.4)
n=19) 17.3 (7.6-33.3)  64.8 (48.6-80.6) 7.5 (5.1-10.1) 21.7 (15.1-32.2) 17.3(7.6-33.3) 2.5 (1.4-3.3)
Rabbit 30.2+26.4 48.5+35.4 6+33 28 +16.7 4+42 1.9+0.8
dinners (1.1-84.4) (0-91) (1.9-11.2) (6.7-60.2) (0.8-16.2) (0.7-3.2)
n=11) 30.2 (5.6-41.2) 55.4 (14.5-82.4) 7.1(1.9-8.6) 22.8(16.4-39.8) 2.7 (1.9-4.2) 2.1(1.0-2.4)
Vegetarian 34.3+37.2 40.5 +40.1 74+25 36.7+11.4 7.8+9.6 1.5+0.8
dinners (3.3-181.6) (0-87.7) (3.4-15.5) (20.5-58.8) (2.3-46.3) (0.1-3.0)
(n=19) 26.6 (20.7-35.7) 60.4 (14.1-66.7) 7 (6.2-8) 31.9(26.9-47.7) 4.7 (3.9-7.8) 1.3 (0.8-2.1)
Av—average, Cu—copper, DPPH-—22-diphenyl-1-picrylhydrazyl radical scavenging test,

GAE—gallic acid, Max—maximum, Me—median, Min—minimum, n—number of samples,
Ql—quartile 1, Q2— quartile 2, SD—standard deviation, Se—selenium, TPC —total phenolic con-
tent, Zn—zinc
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Table S2. The content of TPC, DPPH, Cu, Se, Zn and Cu:Zn molar ratio in tested porridges.

20
21

Type of TPC DPPH Cu Se Zn Cu:Zn
Porridges (mg GAE/100 (% Free Radical (mg/kg) (ng/kg) (mg/kg) molar ratio
g Scavenging)
Milk 52.7+54.9 74.2 +21 5:6421 322+25.8 36.9+22.8 0.2+0.1
porridges (3.6-205.8) (44-97) (3-9.2) (9.5-106.2) (12.4-93.3) (0.1-0.4)
(n=12) 33.9 (16.6-71.4) 93.3 (49.4-90.7) 5.6 (3.6-7.2) 27.4(16.9-34.5) 34.4 (18.5-44) 0.2 (0.1-0.2)
Milk and fruit 449 +39.7 61.1+30.8 22:%12 109 £ 169.6 23.8+9.0 0.1+0.1
porridges Av+SD (7.5-1382) (0-92.7) (1.1-4.9) (11.2-686.6) (12-38.5) (0-0.2)
(n=14) Min-Max 39.3 (15.4-51)  68.3 (59.1-79.9) 2 (59-80) 70.4 (56.7-74.6) 22.7 (18.2-28.8) 0.1 (0.1-0.2)
Cereal gluten Me 34.7 +31.2 57.1+37 39£22 322+18 27.8+14.9 02+0.1
porridges  Q1-Q3  (55.884) (0-84.4) (0.5-7.8) (5.2-70.6) (3.7-52.9) (0-0.3)
(n=10) 262 (6-69.2) 72.7 (54.7-79.8) 3.8(2.5-54) 32.2(23.7-40.1) 25 (18.4-39.3) 0.2 (0.1-0.2)
Cereal gluten 454549 792+124 37x19 39.+23.7 33.4+15.8 0.1+0.1
free porridges (4.4-206) (44-90.3) (1-7.5) (17.2:94.3) (9.4-75.7) (0-0.4)
(n=14) 25.6 (12.5-59.5) 83.7 (75.4-87.4) 3.7 (75.4-87.4) 32(19.8-54.2) 31.5(26.4-36.9) 0.1 (0.1-0.2)

Av—average, Cu—copper, DPPH—2,2-diphenyl-1-picrylhydrazyl radical scavenging test,
GAE—gallic acid, Max—maximum, Me—median, Min—minimum, n—number of samples,
Q1—quartile 1, Q2— quartile 2, SD—standard deviation, Se—selenium, TPC—total phenolic con-
tent, Zn—zinc

22
23
24
25

26
Table S3. The content of TPC, DPPH, Cu, Se, Zn and Cu:Zn molar ratio in tested mousses. 27
Type of TPC DPPH Cu Se Zn Cu:Zn
Mousses (mg GAE/100 g) (% Free Radical (mg/kg) (ug/kg) (mg/kg) molar ratio
Scavenging)
Fruit and 118.1 +64.5 93+6.7 11.6 +7.1 78.1+34.9 23%1 54+38
vegetable (6.5-250.8) (64.7-99.6) (2.2-39.5) (24.1-148.6) (0.7-4.8) (3.0-12.7)
(n =48) 114.2 (65.8-167.4)  95.3 (92.3-97) 9.6 (7.7-14.2) 81 (65.9-84.3) 14.2 (65.8-167.4) 3.5 (3.1-4.6)
. 83.1+64.9 81.1+39.8 83+3.7 76.2+34.8 1.7 £ 64.9 7.7+6.1
bt (9-187.6) (0-99.5) (4-16.4) (0-150.1) (9-187.6) (1.2-30.9)
im=14) 76.4 (22-122.5) 95,9 (87.2-97.4) 7.7 (6.3-9.9) 73(53.4-100.2) 1.6 (1.1-2.3) 5.6 (4.2-9.9)
925+62.3 95.6+1.43 11.6+7.4 91.3+489 21£07 56+28
Fruit and cereal AV *5D (29.7-199.8) (26.7-93.3) (3-23.9) (37.7-175.7) (3.2-1.8) (1.5-10.2)
(=) M";Atdax 87.1(364-115) 956 (94.8:96.6) 9.2 (8-16.4) (533?1'37.2) 2169  S2(8s9)
g 5 Q1-Q3 47.7 +39.4 93.8+5.1 12+13.8 78 +42 3+08 47+62
Fruit and dairy
(16.4-119.3) (86.1-99.6) (2.6-39.5) (38.8-145) (2.2-4.3) (0.8-17.2)
=6 36.7 (19.2-57) 95.3 (89.3-97) 7.8 (4-10.4) 70.7 2.8(2.3-3.4) 25(1.9-3.2)
(45.8-95.9)
31.7 +18.6 55.4 +57.6 71+1.2 106.7 +39.5 21+£1.2 37x17
Vegetables (9-50.6) (0-87.2) (2.2-11.1) (54.1-149.9) (1-37) (2.0-5.6)
(n=4) 33.6 (16.9-46.6) 82.7 (1.2-3.1) 7.7 (4.8-9.5) 111.5 2(1.2-3.1) 3.5(2.3-5.1)
(82.1-131.3)

Av—average, Cu—copper, DPPH—2,2-diphenyl-1-picrylhydrazyl radical scavenging test,
GAE—gallic acid, Max—maximum, Me—median, Min—minimum, n—number of samples,
Q1 —quartile 1, Q2— quartile 2, SD—standard deviation, Se—selenium, TPC—total phenolic con-
tent, Zn—zinc

28
29
30
31
32
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33
Table S4. The content of TPC, DPPH, Cu, Se, Zn and Cu:Zn molar ratio in tested drinks. 34
Type of TPC DPPH Cu Se Zn Cu:Zn
Drinks (mg GAE/100 (% Free Radical (mg/kg) (ug/kg) (mg/kg) molar ratio
g Scavenging)
Fruit drinks 43.1£47 18.9 £36.8 47+24 195.2 +160.3 10.0+11.8 6.0+14.5
and Water 5., gp (0-164) (0-76.8) (1.6-8.1) (28.8-567.2) (0.1-39) (0.2-62.5)
=21  Min-Max _32:2(5.3-70.1) 35.8 (0-45.1) 5.5 (1.9-6.6) 105.7 (82.5-330.3) 3.2 (1.1-18) 6.0 (0.4-62.5)
Me 91.9 +53 24.7 £ 50.1 27+15 78.4 +36.6 14+1.1 29+20
Fruit juices
Q1-Q3 (0-241.9) (0-87.4) (1.3-8.7) (0-201.8) (0.4-5.5) (0.3-10.5)
=43) 86.9 (57.7-117.3)  33.7 (4.4-56.6) 19 (1.7-4) 77.5(47.2-102.7)  1(0.7-1.9) 2.6 (1.6-4.0)
35

Av—average, Cu—copper, DPPH-—22-diphenyl-1-picrylhydrazyl radical scavenging test, 36
GAE—gallic acid, Max—maximum, Me—median, Min—minimum, n—number of samples, 37
Q1 —quartile 1, Q2— quartile 2, SD—standard deviation, Se—selenium, TPC—total phenolic con- 38
tent, Zn—zinc 39

Table S5. The content of TPC, DPPH, Cu, Se, Zn and Cu:Zn molar ratio in tested snacks “for the 40

hand”. 41
Type of Snacks TPC DPPH Cu Se Zn Cu:Zn
“for the hand” (mg GAE/100 g) (% Free Radical  (mg/kg) (ug/kg) (mg/kg) molar ratio
Scavenging)
Wafle / Crips 80.8 +£110.6 67.9 £29.8 10.8£3.6 80.6 +21 155+8.4 1.0£0.7
(n=29) (0-507.2) (0-89.7) (2.9-20.6) (30.1-110.9) (3.9-41.5) (0.2-2.9)
42 (12.1-94)  76.9 (70.6-81.8) 10.7 (8.7-12.4) 83.4(69.5-95.8) 143 (114-19.2) 1.0 (0.5-1.1)
Biscuits/ 2VESP T 613:1097  635:392 1881236 69.3+19.5 164+ 13.6 13217
Cookies Mer:;[Max (7.2-525.4) (0-91.7) (3.8-90.7) (24.1-97.8) (5.5-69.4) (0.3-6.2)
n=22) Ql-(eQS 24.1 (16.6-65.4) 80.6 (48.3-86.1) 11.9 (8.4-15.6) 72.4 (61.1-81.6) 14 (8.2-15.8) 1.3 (0.7-1.3)
Fruit bars 49.7 +69.8 69.2+15.3 145+6.7 80.2+25.1 20.1+£9.8 09+0.6
(=12 (0-254.8) (45.1-89.8) (7.6-29.1) (36.6-122.2) (7.8-38.5) (0.3-1.8)
22.7 (15.6-51.8) 22.7 (15.6-51.8) 12(10.9-15.8) 77.9 (64.3-99.4)  20.6 (12.5-24.6) 0.9 (0.4-1.5)
Av—average, Cu—copper, DPPH-—22-diphenyl-1-picrylhydrazyl radical scavenging test, 42
GAE—gallic acid, Max—maximum, Me—median, Min—minimum, n—number of samples, 43
Q1 —quartile 1, Q2— quartile 2, SD—standard deviation, Se—selenium, TPC—total phenolic con- 44
tent, Zn—zinc 45
Table S6. The content of Cu, Se, Zn and Cu:Zn molar ratio in tested dinners. 46
Type of Dairy Cu Se Zn Cu: Zn
(mg/kg) (ug/kg) (mg/kg) molar ratio
Yellow cheese 179+7.4 183.+£99.3 38.4+11.6 09+1.1
(n=28) Av +SD (11.5-38.6) (48.1-454.7) (4.4-54.4) (0.3-4.1)
Min-Max 15.3 (13.3-18) 164.2 (120.2-214.5) 40.5 (37.2-42.7) 0.9 (0.3-0.7)
Me 23.8+7.6 147 + 68.2 44+14 64+24
Yogurt Q1-Q3 (13.3-51.7) (47.5-341.3) (2-7.4) (1.8-112)
=32 22.1 (20.4-26.6) 132.6 (110.4-174.5) 1.6 3.3-5.1) 5.8 (5.08.1)

Av—average, Cu—copper, GAE—gallic acid, Max—maximum, Me—median, Min—minimum, 47
n—number of samples, Q1 —quartile 1, Q2— quartile 2, SD—standard deviation, Se—selenium, Zn—zinc =~ 48
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13. Zgoda Komisji Bioetycznej

KOMISJA BIOETYCZNA
PRZY UNIWERSYTECIE MEDYCZNYM W BIALYMSTOKU
ul. Jana Kilinskiego 1
15-089 Bialystok
tel. 85 748 54 07. fax 85 748 55 08
komisjabioetyczna@umb.edu.pl

Bialystok, 25.03.2021 r.
Uchwata nr: APK.002.181.2021

Na podstawie art. 29 ust. 2 i 14 ustawy dnia 5 grudnia 1996 r. o zawodach
lekarza i lekarza dentysty (t.j. Dz. U z 2020, poz. 514 ze zm.), Komisja
Bioetyczna przy Uniwersytecie Medycznym w Bialymstoku, po zapoznaniu si¢
z projektem badania zgodnie z zasadami GCP/ Guidelines for Good Clinical
Practice /- wyraza zgod ¢ naprowadzenie tematu badawczego: ,.Ocena
bezpieczenstwa pod wzgledem zawartodci pierwiastkow toksycznych oraz
wlasciwosci przeciwutleniajgcych wybranych produktéow przeznaczonych dla
dzieci” przez mgr Anit¢ Mielech wraz z zespolem badawczym z UMB.

Planowany okres realjzgcji od 25.03.2021 r. do 31.06.2024 r.

Przewodniczaca i1 Bioetycznej przy UMB

prof. dr hab. Otyli;

Pouczenie /

1. Odwolanie od uchwaly kémisji bioetvezne) w yrazajgee) opinig moze wniesé.

1) wnioskodawea/

2) kierownik podmiotu, w ktérym eksperyment medyczny ma by¢ przeprowadzony;

3) komisja bioervezna wiasciwa dla osrodka, kiory ma uczestniczyé w wielooSrodkowym eksperymencie medycznym.
2 Odwolanie. 0 kiorym mowa w wst. 1, wnosi si¢ za posrednictwem komisji bioetycznej. ktora podjela uchwalg, do Odwolawczey Komisy
Bioetvezney w terminie 14 dni od dnia dorgczenia uchwaly wyrazajqeej opimg.
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14. Oswiadczenia autora rozprawy doktorskiej

Bialystok, 50.10. 2.02%¢

mgr Anita Zmudziniska
Imig 1 nazwisko wspolautora

Zaklad Bromatologii

Wydzial Farmaceutyczny

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

Oéwiadczenie autora

Oswiadczam, iz moj udzial w przygotowaniu publikacji:

1

w

Mielech A.. Puscion-Jakubik A., Socha, K. Assessment of the Risk of Contamination of Food
for Infants and Toddlers. Nutrients 2021; 13, doi: 10.3390/nu13072358

Zmudzinska 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, doi: 10.3390/nu14112325

Zmudzinska A., Puécion-Jakubik A., Soroczynska J., Socha K. Evaluation of Selected
Antioxidant Parameters in Ready-to-Eat Food for Infants and Young Children. Nutrients 2023;
15, doi: 10.3390/nul5143160

wchodzacych w sklad mojej rozprawy doktorskiej polegal na udziale opracowaniu koncepcji,
metodologii i planu badan, walidacji metod badawczych, przeprowadzeniu czgsci eksperymentalnej,
interpretacji wynikow, analizie statystycznej, przygotowaniu manuskryptéw oraz pozyskania zrodet
finansowania, co okreslam jako 70% udzialu w przygotowaniu w/w publikacji.

Zmvdrinste At

Podpis (czytelny)

* W przypadku prac dwu- lub wieloautorskich zaleca si¢ zlozenie oswiadczenia przez wspotautora
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 zestawien statystycznych itp.), wykonanie
analizy wynikow,przygotowanie manuskryptu artykutu, i inne). Okreslenie wkladu danego wspdtautora

powinno by¢ na tyle precyzyjne, aby umozliwi¢ dokladng oceng jego udziatu i roli w powstaniu kazdej

pracy
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15. Oswiadczenia wspolautorow publikacji stanowiacych podstawe rozprawy
doktorskiej

Biatystok, 3/ Q. 25
prof. dr hab. Katarzyna Socha
Imig i nazwisko wspolautora

Zaklad Bromatologii

Wydzial Farmaceutyczny

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

Oswiadczenie wspélautora
Oswiadczam, iz moj udzial w przygotowaniu publikacji:

1. Mielech A, Puscion-Jakubik A., Socha K. Assessment of the Risk of Contamination of Food
for Infants and Toddlers. Nutrients 2021; 13, doi: 10.3390/nu13072358

wechodzacej w sklad rozprawy doktorskiej Pani mgr Anity Zmudzinskiej polegal na udziale w
opracowaniu koncepcji, metodologii badan, analizie formalnej oraz nadzorze merytorycznym nad
przygotowaniem manuskryptu.

2. Zmudzinska 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, doi: 10.3390/nu14112325

wchodzacej w sklad rozprawy doktorskiej Pani mgr Anity Zmudzinskiej polegal na udziale w
opracowaniu koncepcji, metodologii badan, oznaczaniu zawartosci pierwiastkow, analizie formalne]
oraz nadzorze merytorycznym nad przygotowaniem manuskryptu.

3. Zmudzinska A., Puscion-Jakubik A., Soroczyiska J., Socha K. Evaluation of Selected
Antioxidant Parameters in Ready-to-Eat Food for Infants and Young Children. Nutrients 2023;
15, doi: 10.3390/nul5143160

wchodzacej w sklad rozprawy doktorskiej Pani mgr Anity Zmudzinskiej polegal na udziale
opracowaniu koncepcji, oznaczaniu zawartosci pierwiastkow, analizie formalnej oraz nadzorze
merytorycznym nad przygotowaniem manuskryptu.

Jednoczesnie wyrazam zgodg na przediozenie wyzej wymienionych prac przez Panig mgr Anitg

Zmudzinskg jako czgé¢ roprawy doktorskicj w formie spjnego tematycznie cyklu prac
opublikowanych w czasopismach naukowych.

Podpis (czytelny)

YA par 5P



* W przypadku prac dwu- lub wicloautorskich zaleca si¢ zlozenie o$wiadczenia przez wspolautora
wskazujace na jego merytoryezny (a nie procentowy) wklad w powstanie pracy (np. tworca hipotezy
badaweze), pomyslodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych
doswiadczen, opracowanie i zebranie danych, wykonanie zestawien statystycznych itp.), wykonanie
analizy wynikow, przygotowanic manuskryptu artykulu, i inne). Okreslenic wkladu danego
wspolautora powinno by¢ na tyle precyzyjne, aby umozliwi¢ dokladna ocen¢ jego udzialu i roli w
powstaniu kazdej pracy.
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Bialystok, %4.40 2022.-

dr hab. Anna Puscion - Jakubik
Imig i nazwisko wspolautora

Zaklad Bromatologii

Wydzial Farmaceutyczny

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

Oswiadezenie wspolautora
Oswiadczam, iz moj udzial w przygotowaniu publikacji:

1. Mielech A.. Puscion-Jakubik A.. Socha, K. Assessment of the Risk of Contamination of
Food for Infants and Toddlers. Nutrients 2021: 13, doi: 10.3390/nu13072358

wechodzacej w sklad rozprawy doktorskiej Pani mgr Anity Zmudzinskiej polegal na udziale
w opracowaniu koncepcji, analizie formalnej, walidacji metod badawczych, wizualizacji danych oraz
nadzorze merytorycznym nad przygotowaniem manuskryptu.

2. Zmudzifiska A.. Puicion-Jakubik A., Biclecka J.. Grabia M.. Soroczyiiska 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, doi: 10.3390/nu14112325

wchodzacej w sklad rozprawy doktorskiej Pani mgr Anity Zmudzinskiej polegal na udziale
w opracowaniu koncepcji, analizie formalnej, walidacji metod badawczych, wizualizacji danych oraz
nadzorze merytorycznym nad przygotowaniem manuskryptu.

Zmudzifiska A.. Pucion-Jakubik A., Soroczyinska J.. Socha K. Evaluation of Selected
Antioxidant Parameters in Ready-to-Eat Food for Infants and Young Children. Nutrients
2023: 15, doi: 10.3390/nul5143160

w

wehodzacej w sklad rozprawy doktorskiej Pani mgr Anity Zmudzinskiej polegal na udziale
w opracowaniu koncepgji, analizie formalnej, walidacji metod badawezych, wizualizacji danych oraz

nadzorze merytorycznym nad przygotowaniem manuskryptu.

Jednoczesnie wyrazam zgode na przedlozenie wyzej wymienionych prac przez Panig mgr Anitg
Zmudzifiska jako czgs¢ rozprawy doktorskiej w formie spojnego tematycznie cyklu prac

ﬂu \OT?CC:'?‘* bk

Podpis (czytelny

opublikowanych w czasopismach naukowych.



* W przypadku prac dwu- lub wicloautorskich zaleca si¢ zlozenie o$wiadczenia przez wspolautora
wskazujgce na jego merytorycezny (a nie procentowy) wklad w powstanie pracy (np. tworca hipotezy
badawcze), pomyslodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych
doswiadczen, opracowanie i zebranie danych, wykonanie zestawien statystycznych itp.), wykonanie
analizy  wynikow, przygotowanie manuskryptu artykulu, i inne). Okreslenie wkladu danego
wspolautora powinno by¢ na tyle precyzyjne, aby umozliwi¢ dokladna ocen¢ jego udzialu i roli w
powstaniu kazdej pracy.
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Bialystok, 34.410. 021>
dr n. farm Jolanta Soroczynska
Imig 1 nazwisko wspolautora

Zaklad Bromatologii

Wydzial Farmaceutyczny

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

Oswiadczenie wspolautora

Oswiadczam, 1z md) udzial w przygotowaniu publikacji:

1. Zmudzinska A, Puscion-Jakubik A., Biclecka 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, doi: 10.3390/nu14112325

wchodzacej w sklad rozprawy doktorskiej Pani mgr Anity Zmudzinskiej polegal na udziale w
opracowaniu metodologii oraz przygotowaniu materialéw 1 prob badawczych oraz oznaczeniach
pierwiastkow.

2. Zmudzinska A., Puscion-Jakubik A., Soroczyiska J., Socha K. Evaluation of Selected
Antioxidant Parameters in Ready-to-Eat Food for Infants and Young Children. Nutrients 2023;
15, doi: 10.3390/nul15143160

wchodzacej w sklad rozprawy doktorskiej Pani mgr Anity Zmudzinskiej polegal na udziale w
opracowaniu metodologii oraz przygotowaniu materialow i prob badawczych oraz oznaczeniach
pierwiastkow.

Jednoczesnie wyrazam zgodg na przedlozenic wyzej wymienionych prac przez Panig mgr Anitg

Zmudzinskg jako czg$¢ roprawy doktorskiej w formie spdjnego tematycznie cyklu prac
opublikowanych w czasopismach naukowych.

Podpis (czytelny)

Nolowle  Sonomiitug,
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* W przypadku prac dwu- lub wicloautorskich zaleca si¢ zlozenie oé$wiadczenia przez wspolautora
wskazujace na jego merytoryczny (a nie procentowy) wklad w powstanie pracy (np. tworca hipotezy
badawcze), pomyslodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych
doswiadezen, opracowanie i zebranie danych, wykonanie zestawien statystycznych itp.), wykonanie
analizy wynikow, przygotowanie manuskryptu artykulu, i inne). Okreélenic wkladu danego
wspolautora powinno by¢ na tyle precyzyjne, aby umozliwi¢ dokladng oceng jego udziatu i roli w
powstaniu kazdej pracy.
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Bialystok, 09 .40, 2023 .

mgr Joanna Bielecka
Imig i nazwisko wspdlautora

Zaklad Bromatologii

Wiydzial Farmaccutyczny

7 Oddzialem Medycyny Laboratoryjnej
Uniwersytet Medyezny w Bialymstoku
Migjsce pracy/afiliacja

Oswiadczenie wspolautora

O$wiadezam, iz m6j udzial w przygotowaniu publikacji:

1. Zmudzinska A., Puscion-Jakubik A.. Bielecka J., Grabia M., Soroczynska J., Mielcarck K.,
Socha K. Health Safety Assessment of Ready-to-Fat Products Consumed by Children Aged
0.5-3 Years on the Polish Market. Nutrients 2022; 14, doi: 10.3390/nul14112325

wehodzacej w skiad rozprawy doktorskicj Pani mgr Anity Zmudzinskiej polegal na udziale w
opracowaniu metodologii.

Jednoczesnie wyrazam zgode na przedlozenie wyzej wymienionych prac przez Panig mgr Anitg

Zmudzinska jako cz¢$¢ roprawy doktorskie) w o formie spojnego tematycznic cyklu prac
opublikowanych w czasopismach naukowych.

/1 , Y fos
JA (Lf VIRATENI
Podpis (czytelny)
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* W przypadku prac dwu- lub wicloautorskich zaleca si¢ zlozenie oéwiadczenia przez wspolautora
wskazujace na jego merytoryczny (a nie procentowy) wklad w powstanie pracy (np. twérca hipotezy
badawcze), pomyslodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych
doswiadezen, opracowanie i zebranie danych, wykonanie zestawien statystycznych itp.), wykonanie
analizy wynikow, przygotowanie manuskryptu artykulu, i inne). Okreslenic wkladu danego
wspolautora powinno by¢ na tyle precyzyjne, aby umozliwi¢ dokladng oceng jego udziatu i roli w
powstaniu kazdej pracy.
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Bialysiok, ©5. A0. 2013¢
mgr Monika Grabia
Imig 1 nazwisko wspolautora

Zaklad Bromatologii

Wydzial Farmacecutyczny

z Oddzialem Medycyny Laboratoryjnej
Uniwersytet Medyezny w Bialymstoku
Migjsce pracy/afiliacja

Ofwiadezenie wspélautora
Oswiadezam, iz méj udzial w przygotowaniu publikacii:
I. Zmudzinska A., Puscion-Jakubik A.. Biclecka J., Grabia M., Soroczynska J., Mielcarek K.,
Socha K. Health Safety Assessment of Ready-to-Fat Products Consumed by Children Aged

0.5-3 Years on the Polish Market. Nutrients 2022; 14, doi: 10.3390/nu14112325

wchodzacej w skiad rozprawy doktorskiej Pani mgr Anity Zmudzinskicj polegal na udziale w
opracowaniu metodologii.

Jednoczesnie wyrazam zgodg na przedlozenie wyzej wymienionych prac przez Pania mgr Anite
Zmudzinska jako czes¢ roprawy  doktorskicj w formie  spojnego tematycznie cyklu prac
opublikowanych w czasopismach naukowych.

(sxabia Monika_

Podpis (czytelny)
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* W przypadku prac dwu- lub wieloautorskich zaleca si¢ zlozenie o$wiadczenia przez wspolautora
wskazujgee na jego merytoryezny (a nie procentowy) wklad w powstanie pracy (np. twérca hipotezy
badawcze), pomyslodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych
doswiadezen, opracowanie i zebranie danych, wykonanie zestawien statystycznych itp.), wykonanie
analizy wynikow, przygotowanic manuskryptu artykulu, i inne). Okredlenic wkladu danego
wspolautora powinno by¢ na tyle precyzyjne, aby umozliwi¢ dokladna oceng jego udzialu i roli w
powstaniu kazdej pracy.
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Bialystok, @ A, 23¢

dr n. farm Konrad Mielcarek
Imig i nazwisko wspétautora

Zaklad Bromatologii

Wydzial Farmaceutyczny

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

Os$wiadczenie wspétautora
Os$wiadczam, iz m6j wkiad w przygotowaniu publikacji:
1. Zmudzifiska A., Puscion-Jakubik A., Bielecka J .» Grabia M., Soroczyfska 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, doi: 10.3390/nu14112325

wchodzacej w skiad rozprawy doktorskiej Pani mgr Anity Zmudzifiskiej polegal na udziale w
opracowaniu metodologii.

Jednoczesnie wyrazam zgode na przedtozenie wyzej wymienionych prac przez Panig mgr Anite

Zmudzinskg jako czgs¢ roprawy doktorskiej w formie spojnego tematycznie cyklu prac
opublikowanych w czasopismach naukowych.

Podpis (czytelny)

R A
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* W przypadku prac dwu- lub wicloautorskich zaleca si¢ zlozenie o$wiadczenia przez wspolautora
wskazujace na jego merytoryezny (a nie procentowy) wklad w powstanie pracy (np. tworca hipotezy
badaweze), pomyslodawca badan, wykonanie specyficznych badan (np. przeprowadzenie konkretnych
doswiadczen, opracowanie i zebranie danych, wykonanie zestawien statystycznych itp.), wykonanie
analizy wynikow, przygotowanic manuskryptu artykulu, i inne). Okreslenic wkladu danego
wspolautora powinno by¢ na tyle precyzyjne, aby umozliwi¢ dokladna ocen¢ jego udzialu i roli w
powstaniu kazdej pracy.
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16. Dorobek naukowy i dzialalno$¢ organizacyjna

L.aczna warto$¢ Impact Factor catego dorobku naukowego: 65,661
Laczna ilos¢ punktéw MNiSW calego dorobku naukowego: 1140
Index Hirsha: 7
Laczna liczba cytowan: 112

16.1 Wykaz publikacji stanowiacych rozprawe doktorska
Laczna warto$¢ Impact Factor dla cyklu publikacji: 18,506

Laczna ilo$¢ punktow MNiSW dla cyklu publikacji: 420

1. Mielech A.; Puscion-Jakubik A.; Socha K. Assessment of the Risk of Contamination
of Food for Infants and  Toddlers.  Nutrients 2021, 13, 2358.
https://doi.org/10.3390/nu13072358

2. Zmudzinska 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, 2325.
https://doi.org/10.3390/nu14112325

3. Zmudzinska A .; Puscion-Jakubik A.; Soroczynska J.; Socha K. Evaluation of Selected
Antioxidant Parameters in Ready-to-Eat Food for Infants and Young Children. Nutrients
2023, 15, 3160. https://doi.org/10.3390/nu15143160

16.2 Wykaz innych publikacji naukowych

L.aczna warto$¢ Impact Factor innych publikacji: 47,155
Laczna ilos¢ punktow MNiSW innych publikac;ji: 720
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1. Mielech, A.; Puscion-Jakubik, A.; Markiewicz-Zukowska, R.; Socha, K. Vitamins in
Alzheimer’s Disease—Review of the Latest Reports. Nutrients 2020, 12, 3458.
https://doi.org/10.3390/nu12113458

2. Puscion-Jakubik, A.; Markiewicz-Zukowska, R.; Naliwajko, S.K.; Gromkowska-Kepka,
K.J.; Moskwa, J.; Grabia, M.; Mielech, A.; Biclecka, 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,
1110.

3. Puscion-Jakubik A., Mielech A., Abramiuk D., Iwaniuk 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. Front Pharmacol. Nov 2021 3,
738549.

4. 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.

5. 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, 1173.

6. Puscion-Jakubik A., Bielecka J., Grabia M., Mielech A., Markiewicz-Zukowska R.,
Mielcarek K., Moskwa J., Naliwajko S., Soroczynska J., Gromkowska-Kepka 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, 3361.

7. Mielcarek K., Nowakowski P., Puscion-Jakubik A., J. Gromkowska-Kepka K.,
Soroczynska J., Markiewicz-Zukowska R., K. Naliwajko S., Grabia M., Bielecka J.,
Zmudzinska A., Moskwa J., Karpinska 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.
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16.3 Wykaz doniesien zjazdowych

. Anita Mielech, Anna Puscion-Jakubik, Joanna Bielecka, Monika Grabia, Katarzyna
Socha, Diagnostyka 1 dietoterapia insulinoopornosci w réznych grupach wiekowych.
VIl Ogolnopolska konferencja studentéw medycyny laboratoryjnej i mtodych
diagnostéw, Wschodzaca Diagnostyka, Biatystok, 05.06.2021.

. Anita Zmudzifska, Anna Puscion-Jakubik, Renata Markiewicz-Zukowska,Joanna
Bielecka, Monika Grabia, Krystyna Gromkowska-Kepka, Patryk Nowakowski,
Katarzyna Socha. Witaminy w chorobie Alzheimera. 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.

. Anita Zmudzinska, Anna Puscion-Jakubik, Joanna Bielecka, Monika Grabia, Konrad
Mielcarek, Patryk Nowakowski, Katarzyna Socha. Zawartos¢ zwigzkow
polifenolowych w produktach spozywanych przez dzieci w wieku 0,5-3 lat. XXIV
Naukowy Zjazd Polskiego Towarzystwa Farmaceutycznego "Salus aegroti suprema
lex", Lublin, 22-24.09.2021.

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

Bielecka J. Markiewicz-Zukowska R., Grabia M., Puscion-Jakubik A., Nowakowski P.,
Soroczynska J., Zmudzinska A., Socha K. Wykorzystanie metody ICP-MS w ocenie
bezpieczenstwa produktow ryzowych. , Konwersatorium 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.

Grabia M., Markiewicz-Zukowska R., Puscion-Jakubik A., Bielecka J., Mielech A.
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16.4 Wykaz innych aktywnos$ci naukowych

Granty krajowe

1. Projekt naukowy z subwencji Uniwersytetu Medycznego w Bialymstoku-
SUB/2/DN/21/002/2216, Kierownik: Anita Zmudzinska. Ocena zawarto$ci azotanéw
(II) 1 azotandéw (V) w owocach 1 warzywach spozywanych przez dzieci w wieku 0,5-3
lat.

2. Projekt naukowy z subwencji Uniwersytetu Medycznego w Bialymstoku-
B.SUB.23.123, Kierownik: Anita Zmudzinska. Ocena zawartosci miedzi w gotowych
produktach spozywanych przez dzieci w wieku 0,5-3 lat.

3. Projekt naukowy =z subwencji Uniwersytetu Medycznego w Bialymstoku-
SUB/3/DN/21/001/2216, Kierownik: Joanna Bielecka, Wspotwykonawca: Anita
Zmudzinska. Calkowita zawarto$¢ polifenoli oraz pierwiastkéw antyoksydacyjnych w
naturalnie bezglutenowych produktach zbozowych pochodzacych z upraw
konwencjonalnych oraz ekologicznych.

Stypendia Krajowe

e Stypendium Rektora Uniwersytetu Medycznego w Biatymstoku 2021/2022 za
uzyskanie wyr6zniajgcych wynikow w nauce oraz osiggni¢cia naukowe, Uniwersytet
Medyczny w Biatymstoku
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Wykaz innych aktywnos$ci naukowych, popularyzacyjnych i organizacyjnych

e Listopad 2020: prowadzenie warsztatow edukacyjnych ,,Cukrzyca okiem dietetyka”
na zlecenie Fundacji dla Dzieci z Cukrzyca.

e Sierpien - wrzesien 2023: uczestnictwo w projekcie edukacyjnym ,,Zdrowe i
szczesliwe dzieci” na zlecenie Katrynski Foundation.

e Czlonkostwo w Polskim Towarzystwie Nauk Zywieniowych.
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17. Zalaczniki

17.1 Zatacznik 1

pYCZNy
WP "y

CZY ZYWNOSC EKOLOGICZNA PRZEZNACZONA DO SPOZYCIA PRZEZ DZIECI
W WIEKU 0,5-3 LAT JEST W MNIEJSZYM STOPNIU ZANIECZYSZCZONA “,
PIERWIASTKAMI TOKSYCZNYMI W POROWNANIU DO ZYWNOSCI
TRADYCYJINEJ?

Anita Zmudzinska , Anna Puscion - Jakubik, Katarzyna Socha
Zaktad Bromatologii, Uniwersytet Medyczny w Biatymstoku
ul. Mickiewicza 2d, 15-001 Biatystok
anita.mielech@sd.umb.edu.pl

QERSYTE,
’1511.‘.‘ o

2
J’(

1950

WSTEP

Spozycie zywnosci zanieczyszczonej pierwiastkami toksycznymi jest SInie niebezpil we wezesnych latach zycia, poniewaz ekspozycja na
nie moze wplywac na rozwdj dzieci, nawet przy niskim poziomie narazenia. Niemowleta i mate dzieci podlegajg gwattownym zmianom w strukturze i
funkcji poszczegdlnych narzadéw, dlatego jest to grupa najbardziej podatna na negatywne dziatanie pierwiastkéw toksycznych [1]. Zywnos¢
ekologiczna jest postrzegana jako zdrowsza i bezpieczniejsza dla zdrowia [2]. Produkty gotowe do spozycia dla dzieci to jedne z najczesciej
kupowanych produktéw ekologicznych, a zgodnie z badaniem EsKiMo Il az 63% dzieci spozywa zywnos¢ ekologiczng [3]. Produkty gotowe do spozycia
dla dzieci, a szczegdlnie pochodzace z rolnictwa ekologicznego powinny charakteryzowaé sig jak najlepszg wartoscig prozdrowotna i zawieraé
mozliwie jak najmniej pierwiastkéw toksycznych.

CEL

Celem pracy byta analiza zawartosci pierwiastkéw toksycznych: As (arsenu) Cd (kadmu) Hg (rteci) i Pb (ofowiu) w gotowych produktach
przeznaczonych do spozycia przez dzieci w wieku 0,5-3 lat z uwzglednieniem podziatu na produkty ekologiczne i tradycyjne.

~
MATERIALY | METODY 0
e g
R PRZEKASKI . .
\ =63 OBIADKI Zawartos¢ As, Cd i Pb oznaczonc metody
| o | | - ) n=103 spektrometrii mas z plazma indukcyjnie sprzezona
—_— (ICP-MS).
OBIADKI  KASZKI MUSY . Zawartos¢ Hg oznaczono metoda ASA  z
NAPOIJE
OWOCOWO- pRZ,EI?SKI 338 PROB wykorzystaniem techniki amalgamacji (AMA-254).
WARZYWNE RACZKI" Wyniki poddano analizie statystycznej w programie
Statistica 13.3 (StatSoft).
KASZKI
WYNIKI 50
Musy o= 49%, 165 préb 51%, 173 préb
[ ] Zywnos¢ ekologiczna [l Zywnoé¢ tradycyjna n=58
25+2%

H . .
9 - 3224 Zywnos¢ ekologiczna  Zywno$é tradycyjna

Tab. 1 Srednia zawartos¢ Hg, Cd., Pb i As (ug/kg) w réznych rodzajach gotowych
26233 produktéw dla dzieci z uwzglednieniem pochodzenia surowcéw (zywnosé ekologiczna

cd . i Zywnos¢ tradycyjna).
17£28

109 £ 124 (ug/kg) Rodzaj zywnosci  Obiadki Kaszki Musy Napoje Przekaski

Pb
EKOLOGICZNA 20+23 35+23 32+17 3.0+17 216"
81:46 Ha

TRADYCYINA 29£29 4525 3623 2813 32£18
25£2%
As EKOLOGICZNA 23:32 3124 1211 3154 31t28
.1.9 +7 &
TRADYCYINA 24136 26+3]1 16£2.4 0913 32129
o 25 50 s 100 125 EKOLOGICZNA 71+48  B7:48 T4:293 149:85°  13:8]
Pb
*p<0,01 **p<0,001 TRADYCYINA 79+35 78+5]1 59+26 M4+63 126+4,9
Ryc. 1 Srednia zawartos¢ Hg, Cd, Pb i As (ug/kg) w gotowych EKOLOGICZNA 14t34 17416 02+01 15426 254119
produktach dla dzieci z uwzglednieniem pochodzenia s == == — === ==
surowcow (zywnosc ekologiczna i zywnos¢ tradycyjna). TRADYCYINA 24+47 25+26 02+02 0,4+12 1117
WNIOSKI “p<0,05

1. Gotowa zywnosc¢ do spozycia przez dzieci w wieku 0,5-3 lat z certyfikatem ekologicznym jest istotnie mniej zanieczyszczona Hg w poréwnaniu do
zywnosci tradycyjnej. Jednak produkty ekologiczne zawieraja istotnie wiecej Cd, Pb i As w porownaniu do produktéw tradycyjnych.

2. Biorgc pod uwage rozne grupy produktow dla dzieci, w wiekszosci przypadkéw nie ma istotnych réznic w zawartosci pierwiastkow toksycznych
pomigdzy Zywnoscia ekologiczna, a pochodzacy z uprawy konwencjonalnej.

3. Ekologiczna zywnosé¢ dla dzieci w poréwnaniu do Zzywnosci tradycyjnej nie jest bardziej bezpieczna pod katem zanieczyszczenia pierwiastkami
toksycznymi, jednak niektére produkty, takie jak przekaski i napoje dla dzieci oznaczone certyfikatem ekologicznym zawierajg mniejsza ilosé¢ Hg.
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