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Streszczenie

Przetwory mi¢sne na polskim rynku: analiza stosowania dodatkow do Zywnosci, w tym
barwnikoéw oraz ocena jakosci odzywczej metoda Nutri—Score — implikacje dla zdrowia
publicznego.

Przetwory migsne sg waznym zrddltem biatka w diecie cztowieka, ale rowniez czynnikiem
predysponujgcym do wystgpienia chordb cywilizacyjnych, co czyni analize stosowanych przy
ich produkcji dodatkow do zywnosci kluczowa. Podobne znaczenie ma ukierunkowanie
konsumentéw na $wiadomy zakup zdrowszej zywnos$ci, poprzez stosowanie systemu
etykietowania ,,z przodu opakowania” (FOP “front-of-pack”). Podczas analizy 12333 etykiet
zidentyfikowano 12 barwnikéw uzytych do produkeji przetworow migsnych, sposrod ktorych
najczesciej stosowanym byla karmina. Obecno$¢ wody i aromatéw oraz wzrost zawartosci
thuszczy 1 weglowodanow zwigkszaty prawdopodobienstwo wystapienia barwnika. Ustalono
potencjalnie niedozwolone uzycie barwnikow w przypadku 20 asortymentow — najwiecej
w grupie wedzonek. Zidentyfikowane barwniki uznawane sa za bezpieczne, jednak
watpliwosci budzi stosowanie karmelu E150C 1 E150D ze wzgledu na ich potencjalne dziatanie
rakotworcze oraz karminy i annato ze wzgledu na mozliwo$¢ wywolywania reakcji
alergicznych. Natomiast Srednie spozycie azotyndw z przetworzonego migsa, w oparciu o dane
ankietowe zebrane wsrdd 632 badanych, na poziomie 2 wyniosto 0,1 mg/kg m.c. (tj. 143%
akceptowalnego dziennego spozycia — ADI — acceptable daily intake), na poziomie 2a, 3 i 3a
odpowiednio — 0,08, 0,03 i 0,026 mg/kg m.c. (tj. 118%, 43% i 37% ADI). Srednie spozycie
fosforanéw oraz kwasu izoaskorbinowego 1 izoaskorbinianu sodu z przetworé6w migsnych
oszacowano odpowiednio jako 3,26 10,54 mg/kg m.c. (4. 8,2% i9% ADI). Zaden
z respondentow nie przekroczyt wartosci ADI dla fosforanéw oraz kwasu izoaskorbinowego
1 1zoaskorbinianu sodu, natomiast duze obawy budzi wysokie spozycie azotynéw 1 znaczne
przekroczenia wartosci ADI, szczeg6lnie w grupie dzieci do lat 6. Analiza etykiet produktow
wykazata, ze wigkszo$¢ przetwordw migsnych zostato zakwalifikowane do klasy D 1 E Nutri—
Score. Natomiast zastosowanie udoskonalonego algorytmu obliczeniowego spowodowalo
niewielkg zmian¢ w alokacji produktow. Najwicksza zmiang w alokacji (o 35,2%) osiagni¢to

by poprzez zmiang receptury tj. zmniejszenie zawartosci soli o 30% 1 ttuszczu o 10%.

Stowa kluczowe: annato, azotyny, barwniki, betanina, bezpieczenstwo zywnosci, dodatki do
zywnosci, ekstrakt z papryki, fosforany, izoaskorbinian sodu, karmel, karmina, kwas
izoaskorbinowy, Nutri—Score, ocena narazenia, produkty miesne, przetwory migsne, surowe

wyroby migsne, system etykietowania z przodu opakowania.
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Abstract
Meat products on the Polish market: an analysis of food additives, including colorants,
and an evaluation of nutritional quality using the Nutri-Score method — implications for

public health.

Despite processed meat products being important protein sources in the human diet, they are
simultaneously predisposing factors of many civilisation diseases, making the analysis of food
additives used in their production just as crucial as encouraging conscious consumer food
choices through the use of "front-of-pack" (FOP) labelling. In an analysis of 12,333 labels,
12 dyes used in the production of meat products were identified, of which carmine appeared
as most frequently used. The occurrence of water, flavourings, as well as high fat and
carbohydrate content increased the chances that a dye would be present in a particular product.
Unauthorised use of food additives was found in 20 products, with smoked meat products
demonstrating the highest number of non-compliances. Most of the identified food dyes are
considered generally safe; however, reservations are associated with using E150C and E150D
caramels due to their potential carcinogenic effect and carmine and annatto due to their allergic
effects. Based on survey data collected from 632 participants, the mean nitrite intake from
processed meat was as follows: 0.1 mg/kg body weight at tier 2 (143% ADI — acceptable daily
intake); 0.08, 0.03, and 0.026 mg/kg body weight at tier 2a, 3 and 3a respectively (representing
118%, 43%, and 37% of the ADI). The mean intakes of phosphate and erythorbic acid/ sodium
erythorbate from processed meat were found to be 3.26 and 0.54 mg/kg body weight (8.2% and
9% - ADI). None of the respondents exceeded the ADIs for phosphates or erythorbic
acid/sodium erythorbate. In contrast, the found high nitrite intake and significant ADI
exceedances were concerning, particularly in regard to children under six years of age. The
label analysis showed that most meat products were qualified as class D and E. Comparing the
refined Nutri—Score calculation algorithm with the original algorithm resulted in a slight change
in product allocation. The most significant change in product allocation (35.2%) was achieved

by reducing salt content by 30% and fat content by 10%.

Keywords: annatto, betanin, caramel, carmine, dyes, erythorbic acid, exposure assessment,
food additives, food safety, front-of-pack labelling system, meat products, meat preparations,

nitrite, Nutri—Score, paprika extract, phosphates, processed meat, sodium erythorbate.
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1. Wstep

Migso 1 jego przetwory stanowig wazny element diety czlowieka [1]. W Stanach
Zjednoczonych 1 innych krajach rozwini¢tych migso zaspokaja 15-17% dziennego
zapotrzebowania na energi¢ i 30—40% dziennego zapotrzebowania na biatko, a jednoczes$nie
odpowiada za 20% dziennego spozycia thuszczu. Nalezy jednak podkresli¢, ze rdéznice w w/w
wartosciach w poszczegdlnych czesciach §wiata sg bardzo duze [2-4].

Polska charakteryzuje si¢ bardzo wysokim poziomem spozycia przetworoOw migsnych [5].
Zajmuje trzecie miejsce na $wiecie, po Panamie i krajach Ameryki Lacinskiej [6]. Wplyw na to
maja mi¢dzy innymi preferencje konsumenckie wynikajace z réznic kulturowych, spotecznych,
ekonomicznych, a takze przyzwyczajen konsumentow [7-8].

Dodatki do zywnosci odgrywaja wazng rolg w przetworstwie migsnym i sg stosowane
w przetworach migsnych ze wzgledow bezpieczenstwa, technologicznych, a takze w celu
zwigkszenia trwatosci produktow oraz poprawy ich koloru.

Wizualna ocena zywnosci jakiej dokonuje konsument, wptywa na jego decyzj¢ dotyczaca
zakupu asortymentu [9-11]. Jedng z cech wptywajacych na podejmowanie przez konsumentow
decyzji jest kolor zywnosci, ktory moze wpltywa¢ na akceptowalno$¢ produktu oraz by¢
interpretowany jako wskaznik smakowito$ci, §wiezosci, dojrzalosci lub zdrowotnosci, a jego
intensywno$¢ moze rowniez wptywac na postrzeganie smaku [10,12-13]. To wlasnie sprawia,
ze producenci Zywnosci si¢gaja po barwniki, aby podkresli¢ wyglad swoich produktdéw, a tym
samym sprawi¢, zeby staty si¢ bardziej atrakcyjne dla konsumenta.

Mozna domniema¢, ze duza czgstos$¢ stosowania azotyndw zwigzana jest z ich dziataniem
przeciwbakteryjnym i spowalniajacym psucie si¢ zywnosci. Hamuja one wzrost bakterii takich
jak Clostridium botulinum oraz tworzenie przez nie toksyn [14-17], jak rowniez ograniczaja
wzrost innych drobnoustrojow przenoszonych przez zywno$¢, w tym Salmonella spp. 1 Listeria
monocytogenes, co jest bardzo wazne w kontekScie oceny zdrowia publicznego [18-21].
Ponadto azotyny hamuja peroksydacj¢ lipidow, proces jetczenia thuszczow, a co za tym idzie
zwigkszaja trwato$¢ wedlin [22]. Dodanie azotyndw do migsa rozpoczyna liczne reakcje
chemiczne, ktorych wynikiem jest migdzy innymi utrwalenie koloru oraz przyjgcie cech
charakterystycznych dla wyroboéw peklowanych. Uwaza si¢, ze poprawiaja one jako$¢
sensoryczng produktow, zmianie ulega rOwniez smak 1 aromat migsa [16,18,22]. Poza wyzej
wymienionymi substancjami do produkcji surowych wyrobow migsnych i produktéw migsnych
stosowanych jest wiele innych dodatkéw do Zywnosci, w tym fosforany, majace funkcje

stabilizatoroOw oraz emulgatorow ttuszczow, a takze przeciwutleniacze np. izoaskorbiniany.
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Stosowanie dodatkow do zywnos$ci, w tym barwnikow, przez producentow na terenie Unii
Europejskie reguluje rozporzadzenie (WE) 1333/2008. Kolor zywnos$ci oraz specyficzny
charakter produktow nadawany przez dodatki jest jednym znajwazniejszych atrybutow
wplywajacych na preferencje zywieniowe i zachowania zakupowe konsumentoéw. Nalezy
jednak pamigtac, ze produkowana zywnos$¢ przede wszystkim musi by¢ bezpieczna a kazde
nieautoryzowane uzycie dodatkéw do zywnosci moze rodzi¢ powazne konsekwencje dla zycia
1 zdrowia ludzi.

Spozycie migsa czerwonego, gldwnie przetworow z migsa czerwonego, jest czynnikiem
predysponujacym do wystgpienia wielu choréb cywilizacyjnych. W licznych doniesieniach
wykazano, ze zwigkszone spozycie mig¢sa czerwonego i przetwordw migsnych wigze si¢
ze zwigkszonym ryzykiem wystgpienia cukrzycy typu 2 [23-28], choréb uktadu krazenia [29]
1 choroby niedokrwiennej serca [24-25]. Spozywanie czerwonego i/lub przetworzonego migsa
zwigksza rowniez ryzyko udaru mézgu [30-32], w szczego6lnosci udaru niedokrwiennego [33].
Predysponuje do wystgpienia roznych nowotwordw, w tym raka ptaskonablonkowego przetyku
[34-35], raka zotadka [36], raka jelita grubego, okreznicy i odbytnicy [37-39], raka trzustki [40]
oraz raka piersi [41-44]. Badania wykazaty rowniez zwigzek miedzy spozyciem czerwonego
przetworzonego migsa, a Smiertelnoscia [29,45]. Duze spozycie czerwonego przetworzonego
migsa odpowiada za wzrost ryzyka $§miertelno$ci w tym sercowo-naczyniowej i nowotworowe;j
[46-47]. Niektore badania wykazaly rowniez, ze ograniczenie spozycia przetworzonego migsa
ponizej 20 g/dzien zapobiegltoby ponad 3% wszystkich zgonéw [48]. Zatem ograniczenie
spozycia czerwonego przetworzonego migsa jest istotnym zaleceniem dietetycznym
w profilaktyce chorob uktadu krazenia, cukrzycy typu 2 i r6znych typow nowotworow.

Negatywnemu wplywowi przetworzonych produktéw migsnych na zdrowie cztowieka
mozna czgs$ciowo przeciwdzialaé poprzez zmiane skladu tych produktéw, tj. poprzez
zmniejszenie w nich zawartosci sodu [49] lub ttuszczu. Co wigcej, niektore badania sugeruja,
ze spozywanie biatego migsa, ktore jest znakomitym zrodlem biatka, moze wigzac si¢
ze zmniejszeniem ryzyka raka zotadka [36] 1 udaru mozgu [31].

Na terenie Unii Europejskiej, zgodnie z rozporzadzeniem (UE) nr 1169/2011, na etykiecie
produktu spozywczego musi znalez¢ si¢ informacja dotyczaca wartosci energetycznej produktu
oraz zawartosci thuszczu 1 thuszczé6w nasyconych, weglowodanow i cukrow, biatka i soli. Dane
te muszg by¢ przedstawione w formie tabelarycznej i by¢ czytelne dla konsumentow. Ponadto
podmioty prowadzace przedsiebiorstwa spozywcze (FBO — Food Business Operator) moga
umieszcza¢ na tych etykietach dodatkowe informacje, tj. o ilosci tluszczow

jednonienasyconych i wielonienasyconych, polioli, skrobi, blonnika, witamin i mineratow.
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Dodatkowo, zgodnie z art. 35 rozporzadzenia (UE) nr 1169/2011, warto$¢ energetyczna oraz
ilo$¢ skladnikow odzywcezych moze zosta¢ powtdérzona w formie grafiki lub symbolu
na przedniej stronie opakowania.

Swiatowa Organizacja Zdrowia (WHO — World Health Organization) zaleca takze
zastosowanie znakowania FOP w celu przeciwdziatania rosngcej epidemii otytosci i ryzyka
chorob niezakaznych powstajacych na podlozu dietetycznym. Stwierdzono, ze latwe
do zrozumienia systemy etykietowania zywnos$ci moga wspiera¢ edukacje zywieniowa
konsumentéw oraz pomaga¢ im w wyborze zdrowszych produktéw, jednoczesnie wptywajac
na podmioty prowadzace przedsigbiorstwa spozywcze, zeby przeformutowaty swoje produkty
[50-53].

Ze wzgledu na brak globalnego, wspolnie opracowanego systemu oznakowania, zardwno
w Unii Europejskiej, jak 1 poza nig, poszczegolne kraje przyjely rozne formy FOP, ktore sg albo
obowigzkowe, albo dobrowolne, w zaleznos$ci od lokalnego ustawodawstwa. Oznaczenia
stosowane na przodzie opakowania mozna podzieli¢ na schematy ,,specyficzne dla sktadnikow
odzywczych”, ktore dostarczajg informacji na ich temat w formie ,,liczbowej” i ,,0znaczonej
kolorami”, lub schematy ,,wskaznikéw podsumowujacych”. Przyktadem tego pierwszego jest
przyjeta we Wtoszech ,,Bateria NutrInform”, ktora ilustruje poprzez zastosowanie symbolu
baterii ilo$¢ energii i sktadnikdw odzywczych zawartych w pojedynczej porcji pozywienia jako
procent sugerowanej dziennej wielkosci spozycia. W Wielkiej Brytanii wprowadzono inny,
schemat FOP, w ktorym kolorami (czerwonym, bursztynowym i zielonym) przedstawiono
warto$¢ odzywcza 1 energetyczng zawarta w pojedynczej porcji produktu oraz procent
referencyjnego spozycia przez osobg¢ dorosta.

Schematy ,,wskaznikéw podsumowujacych” mozna podzieli¢ na te, ktore obejmuja
wylacznie wskazniki ,,pozytywne”, co oznacza mozliwos¢ etykietowania tylko w przypadku
zywnos$ci  spelniajacej okreSlone kryteria, a takze wskazniki ,,stopniowane”, gdzie
etykietowanie moze by¢ stosowane w przypadku wszystkich produktow, ktore otrzymuja
stosowne oznaczenie w zaleznosci od przyjetej skali [54]. Przyktadem tych drugich jest
»System klasyfikacji gwiazdek zdrowia” (HSR — Health Star Rating) [53] wprowadzony
w 2014 r. w Australii i Nowej Zelandii oraz Nutri—Score wprowadzony w 2017 r. we Francji.
W przypadku Nutri-Score informacje zawarte na etykiecie wyrazone s3 w postaci
pigciostopniowej skali kolorystycznej od ciemnozielonego do ciemnopomaranczowego, gdzie
dodatkowo kazdemu z koloréw przyporzadkowano litery od A do E. Algorytm zastosowany
w skali Nuri-Score opiera si¢ zard6wno o czynniki negatywne (N—sktadniki), takie jak: cukry,

thuszcze nasycone, sol 1 warto§¢ dostarczanej energii oraz pozytywne (P—sktadniki), takie jak
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biatko, btonnik, owoce, warzywa, rosliny stragczkowe 1 orzechy [55]. W/w program klasyfikacji
zywnos$ci wdrozyly rowniez inne kraje europejskie takie jak: Hiszpania, Belgia, Holandia,
Luksemburg, Niemcy i Szwajcaria [54,56]. Natomiast stosowanie na etykietach oznaczenia
zgodnie ze skalg Nutri—Score zostato zakazane m.in. przez rzady Wioch i Rumunii, uznajac ja

za nieuczciwg praktyke handlowa [57,58].
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2. Cele pracy

1.

Identyfikacja najczeSciej stosowanych w przetworach migsnych w Polsce
barwnikéw oraz ustalenie zaleznosci ich wystepowania od cech produktu. Ocena
prawidtowosci ich stosowania na podstawie analizy etykiet produktow 1 ich wptywu
na zdrowie cztowieka — pierwszy etap badan.

Analiza narazenia dietetycznego na azotyny, fosforany oraz kwas izoaskorbinowy
1 izoaskorbinian sodu z przetworzonego migsa dla respondentow z Polski, w oparciu
o maksymalny zawarty w rozporzadzeniu poziom stosowania dodatkéw (poziom 2).
W przypadku azotynow dodatkowo w oparciu o ich historyczne stezenie
w przetworach migsnych (poziom 3), zuwzglednieniem czestosci ich wystepowania
w tych produktach oraz wielkosci konsumpcji przetworéw migsnych — drugi etap
badan.

Okreslenie rozmieszczenia przetworéw migsnych w klasach Nutri—Score, a takze,
wyroznienie produktow potencjalnie bardziej odpowiednich dla konsumenta, ktore
oferuja korzystniejsza jako$¢ odzywcza. Ustalenie, czy udoskonalony algorytm
w istotny sposob przyczynit si¢ do zmiany klasyfikacji produktow i jak na rozktad
produktow w klasach wptynetoby zmniejszenie zawartosci sodu i thuszczow

nasyconych — trzeci etap badan.
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3. Materialy i Metody

Cel badan zrealizowano poprzez wykonanie szczegdlowej analizy w trzech etapach.
Pierwszy etap badan doprowadzit do zidentyfikowania barwnikéw najczgsciej wystepujacych
w przetworach migsnych, ustalenia zalezno$ci ich wystepowania od cech produktu oraz
prawidtowosci ich stosowania i wptywu na zdrowie cztowieka — szczegotowe dane zawarto
w publikacji pod tytulem ,,Barwniki stosowane w przetworach mi¢snych na polskim rynku,
oraz zwigzane z nimi mozliwe ryzyko i korzysci dla zdrowia konsumentow”.

Podczas drugiego etapu badan dokonano oceny narazenia dietetycznego na azotyny,
fosforany oraz kwas izoaskorbinowy i izoaskorbinian sodu z przetworzonego migsa —
szczegdtowe dane zawarto w publikacji pt. ,,Ocena narazenia z dieta na dodatki do Zywnosci
stosowane w polskich przetworach migsnych”.

Trzeci etap badan pozwolit na okreslenie rozmieszczenia przetwordw miesnych w klasach
Nutri—Score i wyréznienie produktéw bardziej odpowiednich dla konsumenta oraz sprawdzenie
czy udoskonalony algorytm wplynat na zmiane klasyfikacji przetwordw migsnych —
szczegdtowe dane zawarto w publikacji pod tytutem ,,Nutri-Score — narzedzie oceny jakosSci

odzywczej przetworéw miesnych dostgpnych na polskim rynku”.

3.1. Pobor probek (etykiet 1 zdje¢ produktow) do badan

Informacje dotyczace wartosci odzywczej, sktadnikdw wyrobu, wystgpowania substancji
dodatkowych, a takze dotyczace rodzaju migsa uzytego do produkcji (gatunki zwierzat)
pozyskane zostaty z etykiet asortymentow zakwalifikowanych jako przetwory migsne, w tym
surowe wyroby miesne (kategoria 8.2) oraz produkty miesne (kategoria 8.3) zgodnie
z definicjami zawartymi w rozporzadzeniu (WE) nr 853/2004. Dane pobrano z 75 sklepow
spozywczych, reprezentujacych pie¢ sieci handlowych o najwigkszym udziale w rynku
w oparciu o sum¢ przychodoéw za 2018 rok [59], tj. Biedronka (JERONIMO MARTINS
POLAND), Lidl (FRF Beteiligungs GmbH), Eurocash, grupa zrzeszajaca sklepy takie jak
Lewiatan, Groszek 1 Delikatesy Centrum oraz Auchan i1 Kaufland (w zastepstwie sieci Tesco,
ktora ogtlosita, ze wycofuje si¢ z rynku polskiego). Pobor danych przeprowadzono w sklepach
reprezentujacych kazda z wyzej wymienionych sieci handlowych, w 11 miastach powyzej
250 tys. mieszkancow oraz w szesciu mniejszych miastach, pod warunkiem posiadania przez
sie¢ oddzialu w wybranym miescie. Materiat do analizy stanowily zdjecia etykiet produktow
oraz zdjecia samych produktéw zbierane w okresie od pazdziernika 2020 r. do marca 2021 r.

Ogotem pobrano 12333 etykiet i zdje¢ produktéw dostepnych w dniach badania na potkach
sklepowych 75 sklepéw w 17 miastach Polski. W wyniku analizy zidentyfikowano 1967
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unikalnych przetworéw migsnych nalezgcych do kategorii 8.2 lub 8.3. Jednakze podczas
drugiego etapu badan ze wzgledu na brak mozliwosci przypisania 16 produktow
do konkretnych grup asortymentowych, zostaly one wytaczone z dalszych analiz. Natomiast
w przypadku trzeciego etapu badan do dalszych analiz wykorzystano jedynie te rekordy,

dla ktérych dostgpne byty petne dane tj. 1 700 produktoéw co stanowito 86,43% catej proby.

3.2. Klasyfikacja produktow

Przetworzone produkty migsne podzielono na dwie kategorie, tj. surowe wyroby migsne
(kategoria 8.2) 1 produkty migsne (kategoria 8.3) zgodnie z definicjami zawartymi
w rozporzadzeniu (WE) nr 853/2004. Na wszystkich etapach badania ze wzgledu na duza
réznorodno$¢ produktéw migsnych wydzielono z nich grupy: wedzonek, kietbas, wedlin
podrobowych oraz innych produktéw migsnych, zgodnie z kryteriami Polskiej Normy [60].
Nastgpnie w drugim i trzecim etapie badania dokonano dalszych podziatow na podgrupy,
przyjmujac okres$lone kryteria.

W drugim etapie badania na podstawie opisOw asortymentoOw na etykietach 1 wizerunku
produktow powyzsze grupy technologiczne zostaly dodatkowo podzielone na grupy
asortymentowe skltadajace si¢ z produktow o zblizonym wizerunku i charakterystyce.
Szczegolowy podziat przedstawiono na wykresie 1 zawartym w publikacji drugie;.

Podczas trzeciego etapu badania produkty w ramach powyzej wymienionych grup,
podzielono dalej na podgrupy, ze wzglgdu na sktad gatunkowy migsa. Podziatu dokonano na:
produkty z migsa czerwonego, tj. z domowych zwierzat kopytnych, o ktéorych mowa
w rozdziale I zatgcznika II1 do rozporzadzenia (WE) nr 853/2004 oraz z migsa biatego tj. drobiu
1 zajeczakow, o ktorym mowa w sekcji II zalacznika III do rozporzadzenia (WE) nr 853/2004.

Szczegotowy podzial grup przedstawiono na wykresie 1 zawartym w publikacji trzecie;.

3.3. Analiza statystyczna dotyczaca przewidywania wystepowania barwnikéw

w przetworach migsnych (pierwszy etap badan)

Analize przeprowadzono z wykorzystaniem uogolnionego modelu liniowego z binarng
zmienng zalezng by oceni¢ prawdopodobienstwo wystepowania barwnikow w przetworach
migsnych.

Przeprowadzono dwie takie analizy, pierwsza obejmujaca wszystkie zakwalifikowane
do badan przetwory migsne, a drugg dla kietbas, gdyz w tej grupie barwniki wystepowaty
najczesciej. W modelu obejmujagcym wszystkie produkty zmienng zalezng byta obecnosc

barwnika w produkcie, oznaczona jako 1, lub jego brak, oznaczony jako 0.
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Zmiennymi objasniajagcymi byty cechy produktu, ktore uzyskano z informacji zawartych
na etykietach, w tym: (1) grupa technologiczna zywnosci (pi¢¢ gléwnych grup: surowe wyroby
miesne, wedzonki, kietbasy, produkty podrobowe i inne produkty migsne); (2) woda jako
sktadnik (dwie kategorie: brak i obecnos¢ wody); (3) aromaty (dwie kategorie: brak i obecnos¢
aromatow); oraz (4) wspdlzmienne: biatko (g/100 g produktu), weglowodany (g/100 g
produktu) i thuszcz (g/100 g produktu).

Wspotzmienne zostaly wczesniej ocenione pod katem wspodtliniowosci za pomoca
korelacji parami Persona. Nie uwzgledniono zawarto$ci migsa w produkcie (g/100 g produktu)
ze wzgledu na jego wysoka korelacje z zawartoscig biatka w produkcie oraz rodzaju migsa
(z podziatem na drob, wieprzowing i wotowine) ze wzglgdu na quasi kompletng separacje
danych.

W drugim modelu wykorzystano grupe kietbas, t¢ sama zmienng zalezng i zmienne
niezalezne; jednak zmienna produktu zostata pominigta. Oba modele poréwnano z modelem
zerowym (zawierajacym jedynie wyraz wolny), aby oceni¢ ich sil¢ objasniania.

Obliczenia zostaly oparte na danych dotyczacych wartosci odzywczych dla
poszczegbdlnych asortymentdéw, co oznaczalo, ze produkty, dla ktérych brak bylo peinych
danych zostaly wykluczone z analizy dotyczacej przewidywania wystepowania barwnikow
w wyrobach migsnych na podstawie cech asortymentéw, zatem w tym obszarze badaniu

poddano 944 produkty.

3.4. Ocena korzy$ci oraz zagrozen dla zdrowia czlowieka (pierwszy etap badan)

Oceny korzysci oraz zagrozen dla zdrowia konsumentéw dokonano w oparciu o analize
literatury, poprzez dokonanie przegladu publikacji znajdujacych si¢ w National Library of
Medicin, National Center for Biotechnology Information — bazy pubmed.gov. Wstepna
weryfikacja publikacji zostata przeprowadzona na podstawie ich abstraktow. Do dalszej analizy
zakwalifikowano acznie 134 artykuty, z czego po zapoznaniu si¢ z catg publikacjg wykluczono
43 ze wzgledu na brak poszukiwanych informacji. Tres¢ 91 wybranych publikacji oceniono
zgodnie ze stworzonym systemem rankingowym:

* Wynik=0 (brak ryzyka lub korzys$ci): publikacja wskazuje, ze barwnik nie wykazuje
dziatania genotoksycznego ani rakotworczego, ostrej lub przewlektej toksycznosci oraz nie
wywotluje alergii, ale takze nie ma zadnych korzysci dla zdrowia ludzi.

* Wynik=1 (wystapienie ryzyka lub korzys$ci): artykut wskazuje na genotoksycznos¢,
rakotworczos$¢, ostra lub przewlekla toksyczno$¢ oraz wywotywanie alergii lub korzysci

dla zdrowia ludzkiego w odniesieniu do okreslonego barwnika.
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W wyniku oceny kazdemu z omawianych barwnikéw przypisano okreslong liczbe
punktéw za kazde z pigciu zagrozen lub korzysci. Nastgpnie obliczono stosunek liczby
publikacji wskazujacych na wystgpowanie danego ryzyka/korzys$ci dla danego barwnika

do wszystkich publikacji traktujacych o danym ryzyku/korzys$ci dla danego barwnika.

3.5. Ocena wielkos$ci konsumpcji (drugi etap badan)

Informacje na temat konsumpcji produktéw nalezacych do poszczegolnych 55 kategorii
zebrano w oparciu o dane pozyskane z 24-godzinnego wywiadu zywieniowego. Respondenci
raportowali ilo$¢ 1 rodzaj spozytych przez nich produktow z przetworzonego migsa w ciggu
poprzedniego dnia, udzielajac odpowiedzi na 78 pytan zawartych w kwestionariuszu
dietetycznym, ktory zostal trzykrotnie powtorzony w celu uzyskania informacji o zmiennos$ci
wewnatrzosobniczej [61-62]. Ankieta, zostala przeprowadzona przy uzyciu narzedzia
Microsoft Forms, dzigki czemu byta dostgpna on-line. Zgodnie z zamieszczong instrukcja
we wprowadzaniu danych w grupie dzieci 1 0s6b starszych posredniczyli rodzice lub inni
domownicy. W celu zapewnienia anonimowosci odpowiedzi, w pierwszym pytaniu respondent
byl proszony o podanie stworzonego przez siebie loginu, ktéry pozwolit na powigzanie ze sobg
kolejnych odpowiedzi. Nastgpne szes¢ pytan dotyczyto cech spoleczno — demograficznych
osoby ankietowanej tj. masa ciala, ple¢, wiek, poziom wyksztalcenia, miejsce zamieszkania.
Kazdy respondent proszony byl o udzielenie odpowiedzi na 20 pytan dotyczacych
wytypowanych grup asortymentowych. W przypadku odpowiedzi twierdzacej, wskazujacej
na spozycie produktu z danej grupy respondent otrzymywal jedno do trzech pytan
uszczegotowiajacych wielkos¢ spozycia w gramach oraz w wybranych przypadkach kategorie
asortymentu. Kwestionariusz zawieral rdwniez pytanie otwarte pozwalajace na wpisanie
wielko$ci spozycia asortymentu niezakwalifikowanego do zadnej z powyzszych 20 grup.
Szacowanie wielkosci porcji przeprowadzono przy uzyciu zdje¢ przedstawiajacych przyktady
produktéw nalezacych do kazdej z badanych kategorii wraz z okreslong wagg uwzgledniajaca
kilka wariantow podania - wielko$ci porcji.

Dorostymi respondentami zaproszonymi do udziatu w ankiecie byli studenci, znajomi
i rodziny studentow oraz pracownikoOw naukowych, pracownicy inspektoratow weterynarii
oraz spotdzielni rolnych, a takze osoby aktywnie uprawiajace sport — uczestnicy dwoéch
festiwali biegowych. Mlodziez rekrutowano za posrednictwem organizacji pozarzadowych
zrzeszajacych dzieci w wieku 7-18 lat. Osoby z najstarszej grupy wiekowej rekrutowano
sposrod domownikow o0so6b dorostych biorgcych udziat w ankiecie oraz podczas spotkan

W lokalnym klubie seniora. Odpowiedzi dotyczace mtodszych dzieci byty przekazywane przez
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ich rodzicow — uczestnikéw ankiety oraz rodzicow dzieci zrzeszonych w dwoch klubach
sportowych. Do analiz wlaczono tylko respondentow, ktdrzy przeprowadzili trzy petne 24-

godzinne wywiady zywieniowe tj. 632 osoby z 847, ktore wzigty udziat w ankiecie.

3.6. Ocena narazenia na azotyny, fosforany oraz izoaskorbinian sodu 1 kwas

izoaskorbinowy (drugi etap badan)

Oceng narazenia na azotyny, fosforany oraz izoaskorbinian sodu i kwas izoaskorbinowy
pochodzace z surowych wyrobéw miesnych 1 produktéw migsnych w Polsce przeprowadzono
w oparciu o model wieloetapowego podejscia (tiered aproach), poczawszy od poziomu 2.
Nastepnie dokonano poréwnania obliczonego podczas badania narazenia z akceptowalnym
dziennym spozyciem (ADI).

Dietetyczne narazenie na dodatki na poziomie 2 obliczono, mnozac maksymalne stezenie
dodatkow jakie mozna zastosowaé do kazdej z grup asortymentowych i spozycie zywnoS$ci
z danej grupy. Nastepnie wartosci z poszczegolnych grup zsumowano, a dalej podzielono przez
indywidualng mas¢ ciala kazdej osoby, aby uzyska¢ indywidualne catkowite narazenie
na dzien. Szacunki dotyczace dziennego narazenia zostaly usrednione za okres trzech dni
(tj. trwania badania), co pozwolito na okre$lenie indywidualnego $redniego narazenia.
Obliczenia zostaly oparte na indywidualnej masie ciala respondenta, co oznaczato, ze dla osob,
ktdre nie zglosily swojej masy ciata dokonano jej szacowania, na podstawie Sredniej masy ciata
0sob tej samej pici i nalezacych do tej samej grupy wiekowej.

W kolejnych analizach uwzgledniono fakt, Zze nie wszyscy producenci dodaja kazdy
dopuszczony do stosowania w kategorii 8 dodatek do produkowanej zywnosci. Z tego powodu
obliczenia wykonane na poziomie 2 skorygowano o czgstos¢ wystepowania dodatku
w okreslonych grupach asortymentowych - poziom 2a. Jednakze w przypadku fosforanow oraz
1zoaskorbinianu sodu i/lub kwasu izoaskorbinowego analiza poziomu 2 wykazata, ze narazenie
na te dodatki jest znacznie ponizej ADI; w zwigzku z tym w odniesieniu do tych dodatkow
do zywnosci odstapiono od analizy poziomu 2a.

Wykrycie licznych przekroczen ADI dla azotynow na poziomie 2 oraz 2a spowodowato,
ze dla wlasciwego oszacowania narazenia konieczne bylo dokonanie obliczen na poziomie 3,
uwzgledniajacym stezenia azotynow w produkcie. Obliczen dokonano mnozac zawartosci
azotynéw w przetworach migsnych (wyrazong w miligramach na kilogram produktu) uzyskang
z danych literaturowych [63-69] i spozycie zywnoSci z danej grupy. Nastgpnie wartosci
Z poszczegolnych grup zsumowano i podzielono przez indywidualng mase ciata kazdej osoby,

a dalej wielko$¢ narazenia usredniono za okres 3 dni tj. czas trwania badania.
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W dalszej czg$ci analiz warto$ci te skorygowano o czgsto$¢ wystepowania dodatku
w okreslonych grupach asortymentowych — poziom 3a. W analizie uwzgledniono réwniez fakt
konwersji azotanéw do azotynow, ktory odbywa si¢ gtownie w jamie ustnej [70]. Aby obliczy¢
wspotczynnik konwersji azotanéw do azotyndw, nalezato oszacowaé narazenie na azotany
z produktow migsnych. Dokonano tego poprzez pomnozenie maksymalnych dopuszczalnych
poziomdéw azotanow dla poszczegdlnych grup asortymentowych przez indywidualne dane
dotyczace spozycia. Nastepnie zsumowano wartosci ze wszystkich grup 1 dalej podzielono
wedlug masy ciata. Te szacunki narazenia nastepnic usredniono za okres trzech dni.
W obliczeniach zastosowano wspodtczynnik przeliczeniowy azotanéw na azotyny wynoszacy

5% i 20% - odpowiednio poziom 3b oraz poziom 3b’.

3.7. Analiza statystyczna czynnikow mogacych mie¢ wplyw na narazenie na azotyny,

fosforany oraz izoaskorbinian sodu i kwas izoaskorbinowy (drugi etap badan)

Statystycznie oceniano takze czynniki mogace mie¢ wpltyw na narazenie na a) azotyny,
b) fosforany i c) izoaskorbinian sodu i kwas izoaskorbinowy. Ekspozycja na wszystkie trzy
grupy dodatkéw zostata obliczona dla poziomu 2 i przeanalizowana oddzielnie. Dodatkowo
zbadano narazenie dla azotynow na poziomie 2a, 3 i 3a.

Zaplanowano budowe o$miu uogdlnionych modeli liniowych, w kazdym z nich zmienng
zalezng byto narazenie na dany dodatek do Zywnosci liczone jako poziom 2, poziom 2a oraz
dodatkowo dla azotynéw poziom 3 i poziom 3a, wyrazone w mg/kg masy ciata na dzien.
Finalnie zbudowano tacznie cztery uogolnione modele liniowe tylko dla azotynow
na poziomach 2, 2a i 3, 3a. Poniewaz narazenie na fosforany, izoaskorbinian sodu i kwas
izoaskorbinowy byto znacznie nizsze od ADI, porzucono budowanie dla nich modeli.

W kazdym modelu uwzgledniono cztery zmienne objasniajace: pte¢, wiek (grupa
wiekowa), miejsce zamieszkania 1 wyksztalcenie. Dodatkowo w modelach uwzgledniono
interakcje plci 1 wieku z innymi zmiennymi: pte¢ x wiek, pte¢ x wyksztalcenie, pte¢ xmiejsce
zamieszkania, wiek x wyksztalcenie oraz wiek xmiejsce zamieszkania. Sktad ostatecznego
modelu zostat okreslony poprzez dobér modelu w oparciu o warto$¢ kryterium informacyjnego
AIC (Akaike Information Criterion), przy czym uwzgledniono wszystkie warianty modelu
(w tym model zerowy). Wybrano model o najnizszej wartosci AIC.

Dla azotynow opracowano dwa modele binarne, w ktorych zmienng zalezng bylo
poréwnanie spozytego dodatku z wartoscig referencyjna, czyli kazdy przypadek, w ktorym
spozyty dodatek przekroczyt ADI, oznaczono jako 1 oraz kazdy przypadek, w ktorym spozyty

dodatek nie przekroczyt normy oznaczono jako 0. Uwzgledniono wszystkie wymienione
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powyzej zmienne objasniajace (oraz warianty interakcji). Ze wzgledu na liczbe przypadkow
pozytywnych modele opracowano wylacznie dla pozioméw 2 i 2a. W ten sam sposob dokonano

wyboru modelu.

3.8. Obliczenia wg algorytmu Nutri—Score (trzeci etap badan)

Dla kazdego produktu dokonano wyliczen na podstawie zawarto$ci poszczegodlnych
sktadnikow odzywczych w 100 g zywno$ci, w oparciu o zaproponowany algorytm [71].
Gtowny algorytm Nutri—Score zostal zmodyfikowany przez Komitet Naukowy Nutri—Score
(ScC) w 2022 roku m.in. w zakresie sposobu oceny zawartosci biatka w przetworach migsnych.
Z tego powodu ponizej przedstawiono dwie kalkulacje tj. dla algorytmu przed zmiang (zwanego
dalej algorytmem oryginalnym) 1 po jego =zmianie (zwanego dalej algorytmem
udoskonalonym).

Przetwory migsne oceniane byly pod wzgledem sktadnikéw negatywnych (N—sktadnikow)
tj. energii (0—10 punktow), cukrow (0—10 punktéw), nasyconych kwasow ttuszczowych (0—10
punktéw) 1 sodu obliczonego na podstawie zawartosci soli (0—10 punktow) oraz sktadnikéw
pozytywnych (P—skladnikow) tj. zawartosci owocow, warzyw, roslin straczkowych, orzechéw
ioliwy z oliwek (%) (0-5 punktéw), btonnika (0-5 punktow) i biatka (0—5 punktow
w oryginalnym algorytmie oraz 0-5 punktow dla migsa bialego lub 0-2 punkty dla migsa
czerwonego 1 jego przetworéw wedtug udoskonalonego algorytmu). W zwiazku z faktem, ze
na etykiecie produktow migsnych nie ma obowigzku zamieszczania zawartosci sodu, wartos¢
ta zostata obliczona na podstawie zawartej na etykiecie ilosci soli rozumianej jako wartos¢
rownowaznika soli [71-72]. Zawarto$¢ sodu (mg) mozna obliczy¢, dzielgc ilos¢ soli podang na
etykiecie (w g) przez 2,5 1 mnozac ja przez 1000.

Nastepnie zgodnie z zasadami algorytmu, jezeli suma punktdw przyznanych dla
N-sktadnikéw byla mniejsza od 11, od uzyskanej wielko$ci odejmowano sume punktéw
uzyskanych dla P—sktadnikow. T¢ samg metode obliczen stosowano w przypadku, gdy suma
punktow dla N—sktadnikow byta wigksza lub réwna 11, ale liczba punktéw przyznanych
za owoce, warzywa, ro$liny straczkowe, orzechy oraz oliwe z oliwek (%) wyniosta 5.
Natomiast w przypadku gdy suma punktow dla N—sktadnikéw byta rowna lub wieksza od 11,
a liczba punktow przyznanych za zawartosci owocow, warzyw, roslin stragczkowych, orzechow
i oliwy z oliwek (%) byta mniejsza od 5 punktow, to od sumy punktow uzyskanych dla N—
sktadnikéw odejmowane byly jedynie punkty przydzielone za zawarto$ci owocow, warzyw,

ro$lin straczkowych, orzechow i oliwy z oliwek (%) oraz za btonnik.
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Uzyskany wynik punktowy decydowat o przypisaniu produktu do odpowiedniej klasy,
od A do E. Klasa A (ciemnozielona) obejmowata produkty, ktore uzyskaty -1 punkt lub mniej;
klasa B (jasnozielona) obejmowata produkty, ktore uzyskaty od 0 do 2 punktéw; klasa C (zo6tta)
obejmowata produkty, ktore uzyskaly od 3 do 10 punktéw; klasa D (pomaranczowa)
obejmowata produkty, ktére uzyskaty od 11 do 18 punktéw; a klasa E (ciemnopomaranczowa)
obejmowata produkty, ktore uzyskaty 19 punktéw i wiecej. Wyniki obliczen wykonanych przy
uzyciu algorytmu oryginalnego poréwnano nastgpnie z wynikami algorytmu udoskonalonego.

Przeprowadzono réwniez scenariusze zmiany receptury, ktore obejmowaly redukcije
odpowiednio o 30% soli (sodu), oraz o 10 % ttuszczéw nasyconych zaréwno pojedynczo,
jak i w potaczeniu. Scenariusze przeformutowania oparte zostaty w przypadku soli o zalecang

przez WHO redukcj¢ spozycia soli (sodu) o0 30% [73] 1 10% redukcji thuszczéw nasyconych.

3.9. Wpltyw zawartosci soli na obecno$¢ wzmacniaczy smaku (trzeci etap badan)

Rozktad badanych zmiennych zweryfikowano za pomoca testu Shapiro—Wilka, ktory
wykazat, Ze zadna z nich nie ma rozktadu zblizonego do normalnego. Dlatego tez dalszg analizg
danych przeprowadzono za pomoca testu Kruskala—Wallisa 1 regresji logistycznej
w oprogramowaniu SPSS v29.0 (Armonk, NY, USA).

Test Kruskala-Wallisa zostat uzyty do oceny réznic cech odzywczych pomiedzy réznymi
przetworzonymi produktami migsnymi, takich jak: ocena catkowita, warto$¢ energetyczna
(KJ), ocena energetyczna, zawarto$§¢ cukru, ocena cukrow, zawarto$¢ kwasoéw thuszczowych
nasyconych (SFA - saturated fatty acids), ocena kwasow tluszczowych, zawarto$¢ sodu, ocena
sodu, zawartos$¢ biatka, ocena biatka, zawarto$¢ blonnika i ocena btonnika. L.acznie do analizy
wiaczono dziewig¢ grup produktéw: surowe wyroby migsne, wedzonki drobiowe, wedzonki
Z migsa czerwonego, kietbasy drobiowe, kielbasy z migsa czerwonego, produkty podrobowe
drobiowe, produkty podrobowe z migsa czerwonego, inne produkty drobiowe oraz inne
produkty z migsa czerwonego.

Wplyw zawarto$ci soli na obecno$§¢ wzmacniaczy smaku w produktach migsnych
okreslono metoda regresji logistycznej. W modelu zmienng zalezng byla obecno$é
wzmacniacza smaku w produkcie (oznaczona jako 1) lub brak wzmacniacza smaku
w produkcie (oznaczona jako 0). Jako wspotzmienng zastosowano zawarto$¢ soli w produkcie.
Model zostat zweryfikowany procentem prawidtowo sklasyfikowanych przypadkow oraz

krzywa ROC.
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4. Wyniki

4.1. Czgstos¢ wystepowania dodatkow do zywnos$ci w przetworach migsnych

Analiza pozwolila na zidentyfikowanie 1951 niepowtarzajacych si¢ asortymentow, ktore
nalezaly do kategorii zywnosci 8.2 (surowe wyroby migsne), 8.3 (produkty migsne). Ponad
83,4% sposrdod nich zawieralo azotyny (1628 produktéw), ponad 36,1% kwas fosforowy lub
fosforany (704 produktow) oraz okoto 39,8% kwas izoaskorbinowy lub izoaskorbinian sodu
(777 asortymentow). Natomiast 273 asortymenty zawieraly substancje dodatkowe, ktorym
producenci nadali funkcj¢ barwnika (13,88%).

Najczesciej wystepujacym dodatkiem wsrdd przetwordw migsnych dostepnych na rynku
polskim byt azotyn sodu — E250. Ustalono, ze 100% asortymentow nalezacych do grupy
studzienin (zimna przekaska, galareta migsna, przyrzadzana z ndzek wieprzowych lub
wotowych z dodatkiem migsa 1 warzyw) i metek zawierato azotyny. Bardzo wysoka czegstos¢
wystepowania zaobserwowano rowniez w przypadku boczkéw, salcesondw oraz mielonek.
Z najmniejszg czgstoscig stosowany byl w przypadku kietbasy bialej surowej oraz kaszanek,
pasztetow i smalcow. Uzyskane wyniki pokazujg, ze mozliwe jest rowniez wytwarzanie
produktéw migsnych bez uzycia azotynow.

Fosforany tj. kwas fosforowy (E338), fosforany sodu (E339), fosforany potasu (E340),
fosforany wapnia (E341), fosforany magnezu (E343), difosforany (E450), trifosforany (E451)
i polifosforany (E452) najczg$ciej stosowane byly do produkcji szynek konserwowych,
studzienin oraz mielonek. Natomiast zaden z producentéw nie uzyt ich podczas produkcji
smalcow oraz szynek surowych dojrzewajacych.

Kwas izoaskorbinowy oraz izoaskorbinian sodu wyst¢puja zdecydowanie rzadziej
w produktach migsnych niz azotyny, a ich zastosowanie w produkcji mozna powigzac
ze stosowaniem azotynow — tj. okoto 80,7% przetworéw miegsnych, do ktérych dodano E315
i/lub E316 zawieralo rowniez azotyn sodu lub potasu. Najwiekszg czestos¢ wystepowania
izoaskorbinianow sodu i/lub kwasu izoaskorbinowego odnotowano w grupie wedzonek
parzonych, mielonek oraz studzienin. Najrzadsze zastosowanie wykazano w grupie kaszanek,
smalcow oraz w szynkach surowych dojrzewajacych.

W badanych przetworach migsnych dostepnych na polskim rynku zidentyfikowano
12 dodatkéw do zywnos$ci, nalezacych do grupy barwnikow. Najczesciej stosowanym
barwnikiem byl E120 — kwas karminowy, ktory uzyty zostat w 67,3% asortymentow, w ktorych
zastosowano barwniki. Wegiel rosliny (E153), karoteny (E160A) oraz dwutlenek tytanu (E171)
byty najrzadszymi barwnikami, zidentyfikowanymi tylko w pojedynczych produktach.
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4.2. Niezgodnosci W stosowaniu barwnikow identyfikowane na podstawie analizy etykiet

W przypadku barwnikoéw spozywczych brak jest mozliwosci jednoznacznego stwierdzenia
prawidtowosci ich uzycia w produktach migsnych wytacznie na podstawie etykiet. Przyczyna
jest niedopuszczenie cze$ci z nich do kategorii 8.2 (surowe wyroby migsne) oraz 8.3.1
(produkty migsne niepoddane obrdbce cieplnej) i 8.3.2 (produkty migsne poddane obrobce
cieplnej) z jednoczesnym dopuszczeniem ich do stosowania w kategorii 8.3.3 — ostonki
i dekoracje mies. W zwigzku z tym, wyroby, ktore nie spelnialy wymagan stosowania
barwnikoéw przeznaczonych dla kategorii zywnosci 8.2, 8.3.11 8.3.2 poddano ocenie wizualnej.
Produkty, na ktérych powierzchni zaobserwowano ostonke jadalng lub dekoracj¢ migs, uznano
za zgodne. Analiza wykazata brak niezgodno$ci w stosowaniu kurkuminy (E100), karotenéw
(E160A) oraz annato (E160B). Potencjalng niezgodno$¢ w zastosowaniu ryboflawiny (E101)
I ekstraktu papryki (E160C) zaobserwowano odpowiednio w jednym z czterech i jednym z 31
produktéw. Za potencjalnie niezgodne uznano rowniez siedem sposrod 183, do ktorych uzyty
zostal kwas karminowy, osiem z 38 do ktorych uzyto karmele E150A-E150D oraz jeden z 29,
do ktorych uzyto betaniny (E162). Mozliwa niezgodnos$¢ odnotowano rowniez w przypadku
E153, ktory nie jest dopuszczony do stosowania w zywnosci kategorii 8.2, 8.3.1 1 8.3.2;
jednakze jest dopuszczony do stosowania w kategorii 8.3.3, gdyz ocena wizualna wykazata
brak jadalnej ostonki oraz dekoracji. Ponadto produkty zawierajace barwnik E171 zostaty
sklasyfikowane jako niezgodne, gdyz barwnik ten nie jest juz dopuszczony do stosowania
W Zywnosci.

Sposrod wszystkich analizowanych grup asortymentowych najwiece] niezgodnosci
stwierdzono w przypadku wedzonek, a dodatkami o najwiekszym odsetku niezgodno$ci

sg ryboflawina oraz grupa karmeli.

4.3. Analiza przewidywania wystgpowania barwnikbw w wyrobach migsnych

na podstawie cech produktow

Obecnos¢ barwnikéw w przetworach migsnych istotnie zalezata od rodzaju produktu.
Kielbasy ponad sze$¢ razy czesciej (B=1,901, p<0,001), a grupa innych produktow migsnych
trzy razy czeSciej (B=1,068, p=0,005) zawieraly barwniki w poréwnaniu do wedzonek.
Obecnos¢ barwnikow mozna bylo rowniez przewidzie¢ na podstawie obecnosci wody
(p<0,001) 1 aromatow (p=0,001) w produktach, jednak w obu przypadkach brak tego sktadnika
(wody 1 aromatow) skutkowat nieco mniejszg szansg na obecno$¢ barwnika (odpowiednio
B=0,591 i B=-0,494). Prawdopodobienstwo obecnosci barwnika wzrastalo wraz ze wzrostem

zawarto$ci thuszczu i weglowodandw w przeliczeniu na 100 g produktu (odpowiednio B=0,031,
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p<0,00 i B=0,092, p=0,001), natomiast malato wraz ze wzrostem zawartosci biatka (B=0,070,
p<0,001). Zawarto$¢ weglowodandéw miata najwigkszy wplyw sposréd trzech badanych
wspotzmiennych. Podobne tendencje zaobserwowano w analizie przeprowadzonej dla grupy
kietbas. Brak wody i aromatow wskazywal mniejsze szanse na wystgpienie barwnika
(odpowiednio B=-0,561, p=0,004 i B=-0,466, p=0,011). Prawdopodobienstwo wystgpienia
barwnikdéw wzrastato wraz z zawarto$cig thuszezu 1 weglowodandw (odpowiednio B=0,058,
p<0,001 i B=0,093, p=0,011) i malato wraz ze wzrostem zawartos$ci biatka. W kielbasach
zawarto$¢ biatka oddziatywata silniej niz we wszystkich pozostatych produktach tacznie
(odpowiednio B=-0,070 i B=-0,111).

Z analizy wylaczono barwniki spozywcze zidentyfikowane w mniej niz w pigciu
asortymentach tj. E100, E101, E160A oraz te ktére nie sa autoryzowane do zastosowania

w produktach migsnych 1 surowych wyrobach migsnych tj. E153 oraz E171.

4.4. Ocena korzysci oraz zagrozen dla zdrowia konsumentoéw

Ocenie stosowania barwnikow do zywnosci pod wzglgdem wystgpowania korzysci oraz
zagrozen dla zdrowia konsumentow tj. genotoksycznos$ci, rakotworczosci, toksycznosei ostrej
I przewlektej oraz wptywu na wywolywanie alergii poddano 91 publikacji. Wigkszos¢
dostepnych analiz nie wskazuje na niekorzystny wptyw stosowania barwnikéw do zywnosci
na zdrowie cztowieka, co sugeruje, ze dodatki te s3 uwazane za bezpieczne. Watpliwosci budzi
jedynie stosowanie karmelu E150C 1 E150D ze wzgledu na ich potencjalne dziatanie
rakotworcze oraz karminy 1 annato ze wzglegdu na mozliwos¢ wywotywania reakcji

alergicznych.

4.5. Konsumpcja

Sposrod 632 o0sob, ktére trzykrotnie wypelnity ankiete 50 zadeklarowato, ze jest
wegetarianami lub nie jadto miesa w okresie trwania badania. Srednie dzienne spozycie
produktow migsnych i surowych wyrobow migsnych w badanej grupie na osobe wahato si¢
w zakresie od 3 g/dziennie do 615 g/dziennie i bylo réozne w poszczegolnych grupach
wiekowych.

Wyzsze spozycie migsa przetworzonego zidentyfikowano we wszystkich grupach
wiekowych mezczyzn, za wyjatkiem grupy dzieci do lat 6. Grupa mtodziezy w wieku 12-17 lat
charakteryzowata si¢ wyzszym poziomem konsumpcji w porownaniu z mlodszymi dzie¢mi
oraz dorostymi do ukonczenia 65 lat. Grupa o najwyzszej S$redniej spozycia migsa

przetworzonego sg dorosli w wieku powyzej 65 roku zycia. Badania wykazaty, ze najmniej
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migsa spozywali Polacy ze §rednim wyksztalceniem oraz mieszkajacy w miastach do 500 ty$
mieszkancow.

Wedzonki parzone, byly najczesciej spozywanym rodzajem wedlin i stanowity okoto
26,5% catkowitego spozycia produktow z migsa przetworzonego. Parowki stanowily okoto
14,5%, podczas gdy kietbasy cienkie oraz grube stanowily odpowiednio 9,3% 1 7,7%. Surowe
wyroby migsne charakteryzowaly si¢ najmniejsza konsumpcja, a ich udziat nie przekroczyt 3%

og6lnego spozycia produktow z migsa przetworzonego.

4.6. Narazenie na azotyny

Na podstawie zebranych danych oszacowano $rednie spozycie azotynéw w produktach
Z migsa przetworzonego na poziomie 2 jako 0,1 mg/kg masy ciala (tj. 143% ADI) oraz
na poziomie 2a jako 0,08 mg/kg masy ciata (tj. 118% ADI). Po uwzglednieniu literaturowych
danych dotyczacych stezenia azotynow w poszczegodlnych grupach asortymentowych narazenie
na poziomie 3 wyniosto—0,03 mg/kg masy ciata (tj. 43% ADI) oraz na poziomie 3a—0,026
mg/kg masy ciata (tj. 37% ADI). Uwzglednienie 5% konwersji azotandw, pochodzacych
z produktow z migsa przetworzonego, nie spowodowato zmian w wielko$ci narazenia.
W przypadku konsumentéw o wysokiej konwersji tj. na poziomie 20% S$rednie spozycie
azotyndow wzrosto o niespetna 1%. W zwigzku z tym wplyw konwersji azotanow
Z przetworzonego migsa do azotyndw uznano za nieistotny i pomini¢to go w dalszych
analizach. Badania wykazaly znaczace réznice w spozyciu azotynow pomiedzy kobietami
I m¢zczyznami, ktorzy to konsumowali blisko dwa razy wigcej azotynow niz kobiety. Wsrod
mezczyzn odnotowano réwniez wyzszy odsetek przekroczen ADI.

Lacznie 53,48% konsumentéw przekroczyto ADI dla azotyndow po spozyciu wytacznie
przetworzonych produktow migsnych na poziomie 2, 41,3 % na poziomie 2a. Na poziomie 3,
3a, 3b, przekroczenia te byty odpowiednio nizsze i wahatly si¢ miedzy 4,9 a 8,2%. Wsrod oséb
przekraczajacych ADI na poziomie 3 najwyzszy odsetek miaty dzieci w wieku 0-6 lat (43,3%),
nastepnie starsi dorosli w wieku 55-64 lata (21,6%), dorosli w podesztym wieku powyzej 65 lat
(12,9%) oraz dzieci w wieku 7-11 lat (10%). Ponadto wigcej osob z wyksztalceniem
podstawowym 1 zawodowym przekroczylo ADI w poréwnaniu z osobami, ktére posiadaty
wyksztatcenie Srednie lub wyzsze. Niezaleznie od poziomu narazenia na azotyny
w przeliczeniu na kg masy ciata istotny wplyw miala pte¢, wiek, wyksztatcenie 1 miejsce
zamieszkania. Wyksztalcenie w powigzaniu z wiekiem i plcig, rowniez znaczaco wptywato
na narazenie na azotyny. Gléwnymi czynnikami wptywajacymi na przekroczenie ADI byty

pte¢ i wiek.
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4.7. Narazenie na fosforany

Na podstawie danych dotyczacych indywidualnej konsumpcji i maksymalnych poziomow
stosowania zawartych w przepisach, oszacowano $rednie spozycie fosforanow
Z przetworzonych produktow migsnych na poziomie 2 jako 3,26 mg/kg masy ciata (tj. 8,2%
ADI). Ponadto ustalono, ze zaden z respondentéw w oparciu o swoja indywidualng konsumpcje

nie przekroczyt wartosci ADI dla fosforanow.

4.8. Narazenie na izoaskorbinian sodu i kwas izoaskorbinowy

W oparciu o zebrane dane dotyczace indywidualnej konsumpcji i maksymalnych
poziomOw stosowania oszacowano S$rednie narazenie na izoaskorbinian sodu i1 kwas
izoaskorbinowy z przetworzonych produktoéw migsnych na poziomie 2 jako 0,54 mg/kg masy
ciata (tj. 9% ADI). Ponadto ustalono, ze zaden z respondentdw w oparciu o swoja indywidualng

konsumpcjg nie przekroczyt wartosci ADI dla izoaskorbinianu sodu i kwasu izoaskorbinowego.

4.9. Rozktad grup zywnos$ci w klasach Nutri—Score

Sposrdd badanych grup najczesciej na polskim rynku wystepowaty produkty migsne,
stanowigce ponad 98,4% wszystkich przetworéw migsnych w poréwnaniu do surowych
wyrobéw miesnych stanowigcych niecate 1,6%. Najliczniej reprezentowang grupa
technologiczng wyodrgbniong z produktow migsnych byly kietbasy (N=866, 51,76%),
nastgpnie wedzonki (N=534, 31,92%), wedliny podrobowe (N=155, 9,26%) oraz produkty
blokowe (N=118, 7,05%). Stosujac udoskonalony algorytm obliczen najwigcej przetworoéw
migsnych zakwalifikowanych zostato do klasy D Nutri—Score (N=817, 48,06%), nieco mniej
produktéw do klasy E (N=701, 41,24%) 1 znacznie mniej produktow do klasy C (N=178,
10,47%). Natomiast do klas A i B tacznie zakwalifikowano 4 asortymenty, ktore stanowily
ponizej 0,25%.

4.10. Poréwnanie algorytmu oryginalnego i udoskonalonego

Zastosowanie udoskonalonego algorytmu nie wplynelo na przesunigcie produktow
zakwalifikowanych do klas D 1 E. Jedyna, praktycznie niezauwazalng zmiang, byto
zmniejszenie o piec liczby produktow (z siedmiu do dwodch) sklasyfikowanych jako B na rzecz

klasy C.

4.11. Porownanie produktoéw z migsa biatego i czerwonego

Stwierdzono istotne rdéznice w rozmieszczeniu zgodnie ze skalg Nutri—Score pomigdzy

produktami z migsa bialego i czerwonego, wynikajace z ich rdznej wartosci odzywcze;.
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Warto$¢ energetyczna przetworéw z migsa bialego jest o ponad jedng trzecig nizsza niz
przetworéw miesnych czerwonych. Wynosi ona $rednio okoto 706 kJ, co jest miedzy innymi
spowodowane nizszg zawarto$ciag wigkszosci sktadnikow odzywczych w 100 g produktu,
zwlaszcza thuszczu 1 SFA. Powyzsze roznice znajdujg takze odzwierciedlenie w liczbie
punktow przyznawanych poszczegolnym produktom przy wykorzystaniu algorytmu Nutri—

Score, co wskazuje na korzystniejszg klasyfikacje produktow z migsa biatego.

4.12. Scenariusze zmiany receptury

W oparciu o analize wartosci odzywczych przetworo6w migsnych oszacowano $rednie
wartosci punktowe dla N—skladnikéw i P—sktadnikéw dla kazdej z analizowanych grup
technologicznych. Wsr6d N-sktadnikow produkty migsne najwigcej punktow otrzymaty
w zwigzku z zawarto$cig sodu, jako skladnika soli. Mediana warto$ci punktowej soli
dla wszystkich badanych produktow wyniosta dziewig¢. Na drugim i trzecim miejscu wsrdd
N-sktadnikéw znalazty si¢ kwasy tluszczowe nasycone z szeScioma punktami oraz wartos¢
energetyczna produktu (energia) z dwoma punktami. Zaden z produktow nie otrzymat punktow
za owoce, warzywa, ro$liny straczkowe, orzechy czy oliwe z oliwek, gdyz nie stanowity one
40% ich sktadu. Mediana ocen dla btonnika i cukrow wyniosta zero (§rednie odpowiednio 0,04
10,02), a zatem nie miala istotnego wptywu na wynik obliczen wedtug algorytmu Nutri—Score.
Przeprowadzone scenariusze zmiany receptury, doprowadzity do znaczacych modyfikacji
alokacji produktow pomiedzy kategoriami Nutri—Score. Redukcja zawartosci soli (sodu) o 30%
spowodowata zmiang klasy w przypadku 505 produktéw. Redukcja zawarto$ci nasyconych
kwasow tluszczowych o 10% spowodowata zmianeg klasy w przypadku 76 asortymentow.
Potaczenie obu scenariuszy zmiany receptury spowodowato modyfikacje klasyfikacji
598 produktéw. Ponadto zastosowanie scenariusza redukcji sodu skutkuje widocznym
wzrostem liczby produktow w klasie C przy jednoczesnym zmniejszeniu liczby asortymentow

w klasie E.

4.13. Zawartos$¢ soli, a obecno$¢ wzmacniaczy smaku w produktach

Zawartos$¢ soli w istotny sposob objasniata obecnos¢ w produktach wzmacniaczy smaku.
Prawdopodobienstwo obecnosci wzmacniaczy smaku w produktach malato wraz ze wzrostem
zawartoéci soli (Chi>=168,4, df=1, p<0,001). Model ten nie by} jednak dobrze dopasowany,
gdyz odsetek prawidlowo sklasyfikowanych przypadkéw wyniost jedynie 63 pomimo,
ze powierzchnia pod krzywa ROC bytla istotna statystycznie, to warto§¢ AUC nie byta wysoka
(AUC=0,649).
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5. Dyskusja

Sposrdéd 12 zidentyfikowanych w trakcie badania barwnikdéw najczgsciej wystepujagcym
w przetworach migsnych byt E120 — karmina, a nastepnie ekstrakt z papryki, betanina, karmele
1 annato.

Obecnos¢ barwnikdéw zaobserwowano ponad sze$ciokrotnie czg$ciej w kietbasach i ponad
trzykrotnie w innych produktach migsnych w pordéwnaniu z wedzonkami, wedlinami
podrobowymi i surowymi wyrobami migsnymi. Nalezalo si¢ tego spodziewa¢ ze wzgledu na
ograniczenia dotyczace stosowania barwnikow wskazane w rozporzadzeniu (WE) 1333/2008.
Analizowane barwniki s3 gléwnie dopuszczone do stosowania w produkcji kietbas
(zaklasyfikowanych do kategorii 8.2, 8.3). Moga by¢ réwniez stosowane w kategorii 8.3.2
do produkgji terrin i pasztetow, a dodatkowo w mielonkach. Barwniki nie sa dopuszczone
do stosowania w wedzonkach.

Przeprowadzona analiza etykiet przetworéw migsnych wskazata na nieautoryzowane
uzycie barwnikéw w 20 z 273 produktdéw, co stanowi 7,33%. Najwigcej nieprawidlowosci
dotyczyto grupy technologicznej wedzonek, dlatego ta grupa powinna by¢ w pierwszej
kolejnosci poddana szczegdtowej analizie chemicznej. Nalezy zaznaczy¢, ze kazda zywno$¢
znajdujaca si¢ na rynku musi by¢ bezpieczna dla zdrowia cztowieka. Niezwykle wazne jest
przestrzeganie przez FBO rozporzadzenia (WE) 1333/2008 okreslajacego stosowanie
dodatkow w produktach spozywczych.

Stwierdzono dodatnig korelacje migdzy obecnos$cia wody w produktach migsnych,
a obecnoscig barwnikéw. Zwigzane jest to miedzy innymi ze sposobem wytwarzania
przetworé6w migsnych, tj. tradycyjnym lub konwencjonalnym [74]. Moze si¢ do tego
przyczynia¢ stosowanie w produktach wysokowydajnych dodatkéw wigzacych wode, takich
jak fosforany, karagen czy skrobia [74-76]. Wydaje si¢ zatem, Ze barwniki sg mniej powszechne
w produktach wytwarzanych tradycyjnie niz w konwencjonalnych produktach o wysokiej
wydajnosci.

Stwierdzono rowniez dodatnig korelacj¢ pomigdzy wystepowaniem barwnika,
a zawartoscig ttuszczu w 100 g produktu. Sugeruje to, ze w produktach wysokotluszczowych
czesciej wystepowaly barwniki. Nie ulega watpliwosci, ze zawarto$¢ tluszczu w przetworach
migsnych wptywa na ich barwe¢. Badania wykazaly, ze produkty o obnizonej zawartosci
thuszczu byly bardziej czerwone w poroéwnaniu z produktami thustymi [77-78]. Natomiast
wyzsza zawartos¢ biatka obserwowana w chudym migsie, a co za tym idzie wyzszy poziom
pigmentu mioglobiny w produkcie, znaczaco zwigkszal zaczerwienienie produktu [79].

Produkty o wigkszej zawartosci thuszczu byty ciemniejsze 1 miaty bardziej brazowa barwe oraz
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wyroznialy si¢ zwigkszeniem udziatu barwy zottej [80]. Wigksza zawartos$¢ ttuszczu, a takze
np. dodatek btonnika jeczmiennego, ktory powoduje znaczne ciemnienie i zwickszenie udzialu
z6ltej barwy produktow miesnych, moze skutkowac gorsza ich akceptacja przez konsumentow
[81]. Mozna zatem ostroznie stwierdzi¢, ze przyczyng czgstszego wystepowania barwnikow,
moze by¢ che¢ zamaskowania niekorzystnej barwy ttustych wyrobow migsnych.

W badaniach stwierdzono dodatnia korelacje pomigdzy obecnoscia barwnika,
a zawartoscig weglowodanow w 100 g produktu. W produktach, w ktérych cze$¢ biatek
migsnych zastgpiono spoiwami 1 wypetniaczami, takimi jak bulka tarta, ptatki zbozowe, rosliny
stragczkowe 1 bialko sojowe, zaobserwowano wzrost zawartosci weglowodandéw. Zatem
zastosowanie barwnikdw spozywczych mialo na celu maskowanie zmiany koloru
wywolywanego przez wypekniacze [82]. Z tego powodu, prawdopodobnie im wicksza
zawarto$¢ weglowodanéw w asortymencie, tym wigksza potrzeba takiego kamuflazu.
Natomiast, produkty o wysokiej zawartos$ci biatka, prawdopodobnie maja roéwniez nizsza
zawarto$¢ weglowodandéw oraz odpowiednig barwe produktu migsnego, wynikajacag gtdéwnie
z zawarto$ci hemu i mioglobiny [83]. Ponadto niektore barwniki powstaja z okre§lonych
weglowodandéw, np. karmelu [84], dlatego naturalne jest, ze zawarto$¢ tych sktadnikéw
1 barwnikow jest zgodna.

Wicgkszos¢ dotychczasowych badan wykazuje, ze karminy, ekstrakt z papryki oraz
annato s3g nietoksyczne, nierakotworcze, niegenotoksyczne oraz nie wywotuja toksycznosci
reprodukcyjnej 1 rozwojowej, przy zachowaniu maksymalnego dziennego spozycia na
poziomie ADI [85-87]. Nietoksyczna, niegenotoksyczna, nierakotworcza jest rOwniez betanina
[88]. Jednak zdaniem Europejskiego Urzedu ds. Bezpieczefistwa Zywnosci (EFSA — European
Food Safety Authority), brak jest wystarczajacych badan do ustalenia dla niej ADI [89]. Liczne
badania wskazuja na korzystny wptyw betaniny na zdrowie czlowieka. Najwazniejsze z nich,
to dziatanie przeciwutleniajace, przeciwzapalne, obnizajace ciSnienie krwi, przywracajace
hemodynamike¢ naczyn mdzgu, wspomagajace leczenie otytosci, cytotoksyczne w stosunku do
niektoérych komorek nowotworowych, chemoprewencyjne w stosunku do nowotwordw [88,90-
93]. Niedawno opublikowane badania wskazuja rowniez, ze kwas karminowy moze by¢
skutecznym $rodkiem terapeutycznym wykorzystywanym jako element terapii w leczeniu
przewlektego uszkodzenia nerek wywotanego przez fruktoze [94].

W zwigzku z brakiem doniesiefn o negatywnym wptywie ekstraktu z papryki oraz betaniny
na zdrowie czlowieka, przy jednoczesnych wlasciwosciach przeciwutleniajacych oraz

barwiacych, dodatki te moga by¢ dobrym Zrédlem naturalnych antyoksydantow uzywanych
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podczas produkcji wyrobow migsnych [88,95-97] oraz podobnie jak annato mogg czesciowo
zastapic stosowanie azotyndw w produktach migsnych [95-96,98].

Natomiast kwas karminowy jak i karmina mogg wywotywa¢ u os6b wrazliwych reakcje
alergiczne. Poczawszy od lekkiego $wigdu skory [99], pokrzywki, obrzeku
naczynioruchowego, wypryskéw atopowych u dzieci [100-102], do ostrych reakcji
nadwrazliwos$ci, takie jak: dusznos$¢, skurcz oskrzeli, ktorych wynikiem moga by¢ cigzkie
reakcje anafilaktyczne [85,102-105].

Podobnie annato moze wywolywa¢ reakcje alergiczne. Wsrdd nich wymieni¢ mozna
swiad, pokrzywke [106-108], obrzek naczynioruchowy, a nawet reakcje anafilaktyczne [100,
109-110]. Barwnik ten, moze mie¢ tez wptyw na nasilenie objawdw choroby u 0s6b z zespotem
jelita wrazliwego [111].

Karmele I, III oraz IV sa nietoksyczne, zarbwno w badaniach toksycznosci ostrej, jak
1 przewleklej, s3 niegenotoksyczne, nierakotwoércze, oraz nie wywotuja one toksycznosci
reprodukcyjnej i rozwojowej przy zachowaniu akceptowalnego dziennego spozycia [112-113].
Watpliwosci w stosunku do stosowania karmelu III jako barwnika wzbudza immunotoksyczne
dzialanie 2-acetyl-4-tetrahydroxy-butylimidazolu (THI), ktory powstaje podczas jego
wytwarzania [114], a w przypadku barwnikéw karmelowych klasy III i IV zidentyfikowanie
w ich skladzie 4-methylimidazolu, ktéry uznany jest za czynnik rakotworczy [115].

Zastosowanie metody trzykrotnie powtdrzonego 24 godzinnego wywiadu zywieniowego,
uznawanego za najlepsza metod¢ szacowania spozycia na poziomie populacji [116], daje
mozliwo$¢ bardziej doktadnej oceny konsumpcji poszczegdlnych asortymentéw w poréwnaniu
Z czesto stosowang metodg budzetowg [117]. Niniejsze badanie pokazato, ze $rednie spozycie
przetworzonego migsa wsrod respondentow wyniosto 48,2 g/dzien 1 jest zblizone do wartosci
wskazanych przez Micha i in. [6], w oparciu o analize danych za rok 2010. Konsumpcja
przetworzonego migsa w Polsce pozostaje na staltym wysokim poziomie, co wigcej wsrod
dorostych respondentow byta ona blisko 0 48% wieksza niz szacunkowe spozycie w tej grupie
w populacji belgijskiej [118]. Zwigzane jest to miedzy innymi ze szczegdlnym przywigzaniem
kulturowym Polakéw do spozywania migsa i jego przetworow [119].

Wykazano réwniez, ze konsumpcja byta zalezna od czynnikow spoteczno-
ekonomicznych, takich jak wiek, pte¢ 1 poziom wyksztalcenia oraz wielko$¢ miasta
zamieszkania. Ponadto nalezy zauwazy¢, ze réznice w szacowanej wielkos$ci spozycia moga
zaleze¢ takze od metod oceny wielko$ci konsumpcji oraz od czasu przeprowadzania badania
[120].

Czgs$¢ polskiego spoteczenstwa moze by¢ narazona na przekroczenie ADI dla azotynow

37



pochodzacych jedynie z przetworzonych produktow miesnych. Wyniki badania wykazaty,
ze okolo 43,3% dzieci w wieku 1-6 lat przekroczyto ADI dla azotynéw na poziomie 3,
oraz 23,3% na poziomie 3a, podczas gdy w Serbii byto to 9,3% dzieci w wieku 1-9 lat [121],
aw Szwecji po uwzglednieniu konwersji azotanow do azotynoéw tylko 12% 4—letnich dzieci
[122]. Pokazuje to, ze polskie dzieci bez uwzglednienia narazenia wynikajgcego z konwers;ji
azotanow do azotyndw wykazuja miedzy 2 a 3,5 razy czgstsze przekroczenia ADI. Ustalono
takze, ze srednie narazenie dla polskich dzieci w wieku 1-6 lat na azotyny pochodzace jedynie
z produktéw migsnych wynosito 95 % ADI na poziomie 3 oraz 81% na poziomie 3a. W USA
wahalo si¢ ono od 0,1 do 30% ADI w grupie dzieci w wieku 2 latiod 0,1 do 86% ADI w grupie
dzieci w wieku 2-5 lat [120]. W Szwecji spozycie azotynu z peklowanego mig¢sa w grupie
czterolatkow stanowito okoto 18% ADI [122], w Serbii niespetna 30% ADI [121], oraz 16 —
19% ADI w Dani [123]. Natomiast u estonskich dzieci w wieku 1-6 lat w 2004 roku stanowito
okoto 50% ADI [124], ale juz o potowe mniej (okoto 25%) w 2014 roku [125]. WyniKi
wskazujg zatem, ze narazenie na azotyny wsrod matych dzieci z samych przetworéw miesnych
jest na bardzo wysokim poziomie, co w potaczeniu z narazeniem z innych kategorii zywnosci
oraz konwersja azotanow do azotynoéw z wody 1 warzyw moze prowadzi¢ do bardzo wysokich
przekroczen ADI. Dane te sg bardzo niepokojace, poniewaz ekspozycja w przypadku
konsumentéw odznaczajacych sie wysokim spozyciem, w tej grupie wickowej na poziomie 3
i 3a wyniosta odpowiednio 175 i 146%.

W Belgii narazenie na azotyny z przetworzonego mi¢sa w grupie osob powyzej 15 roku
zycia stanowito okoto 6% ADI [118], a wsrod dorostych Polakow az 40% ADI na poziomie 3
oraz 34% na poziomie 3a. Dla poréwnania w Nowej Zelandii $rednie dzienne spozycie
egzogennych azotynow przez osobe¢ dorosta tacznie z zywnoscig i woda osiagneto okoto 13%
ADI [126]. W Danii byto jeszcze nizsze i wyniosto okoto 5% ADI [123]. Na Fidzi jak pokazuja
badania dorosli odznaczaja si¢ bardzo wysokim spozyciem migsa oraz przetworow migsnych,
co skutkuje wysokim $rednim narazeniem na azotyn na poziomie 385% ADI [127], czyli okoto
dziesigciokrotnie wyzszym niz w Polsce.

Srednie stezenie azotyndw w przetworach migsnych we wszystkich grupach
asortymentowych wyniosto 42,4 mg/kg (za lata 1993-2004). Byto ono co najmniej dwukrotnie
wyzsze niz poziom stosowania azotynéw, w podobnym czasie w Estonii, okoto 20 mg/kg
produktu [124], oraz Danii od 6 do 20 mg/kg produktu [123].

Poréwnanie przeprowadzonych badan narazenia na azotyny w Polsce oraz innych krajach
Europy i $wiata jest trudne, ze wzgledu na fakt zastosowania r6znych metodologii oszacowania

spozycia | narazenia oraz innych grup docelowych. Co wigcej, w niektorych analizach
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oszacowano narazenie na azotyny wylacznie jako dodatki do zywnosci, podczas gdy inne
skupialy si¢ na calkowitym narazeniu z dieta na te substancje [128]. Roznice narazenia
zaobserwowane w poszczegélnych krajach moga odzwierciedla¢ roznice kulturowe
w preferencjach dietetycznych oraz sposobie obrobki migsa, poziomie stosowanych azotynow
na 1 kg miesa, czego nastgpstwem mogg by¢ duze roznice w spozyciu azotyndéw pomiedzy tymi
krajami [120]. Wczesniejsze badania wykonane w Polsce przez Anyzewska i Wawrzyniak
[129] oszacowatly narazenie na azotyny i azotany na poziomie potowy ADI dla tych dodatkow,
podczas gdy niniejsze badania wskazujg na znaczne przekroczenia narazenia. Rozbieznosci
te moga wynika¢ z odmiennych metodologii badan zastosowanych w obu eksperymentach.
Poprzednie badania bazuja na wielko$ci spozycia oszacowanej na podstawie $rednich danych
statystycznych za lata 2006-2012, a nie danych pozyskanych od indywidualnych
respondentow.

W Polsce, w grupie dzieci do lat 6, grupa asortymentowa przyczyniajaca si¢
W najwigkszym stopniu do narazenia na azotyny byty kietbasy (54%) oraz wedzonki (43%).
Pozostate 3% stanowity wedliny podrobowe oraz inne produkty migsne. Wérdd grupy kietbas
najwigksze znaczenie mialy podgrupy: kietbasek (frankfurterek) oraz parowek i kabanosow.
Jest to spojne z badaniami wykonanymi na terenie USA, Estonii i1 Danii, gdzie glownym
zroédltem azotynow stanowigcym odpowiednio 64%, 49% oraz 42% narazenia byly kietbasy
[120,123,125]. W Estonii [124-125] oraz Finlandii [130], podobnie jak w Polsce, podgrupy
kielbasek 1 parowki stanowily wazne zrodto azotyndw w grupie matych dzieci. W Serbii
w najwigkszym stopniu do narazenia na azotyny przyczynialy si¢ kietbasy i mielonki [121],
podczas gdy w Polsce narazenie z mielonek wsrod dzieci byto bliskie 0. W grupie dorostych
Polakéw narazenie na azotyny wynikajace ze spozywania wedzonek wyniosto 46%, kietbas
37%, innych produktéw miesnych (produktéw blokowych) 7,5%, wedlin podrobowych 6,5%,
surowych wyrobéw migsnych 3%.

Tak duze narazenie na azotyny z przetworow migsnych, a tym samym duza czestos¢ ich
stosowania zwigzana jest z ich dzialaniem przeciwbakteryjnym i spowalniajagcym psucie si¢
zywnosci. Hamuja one wzrost bakterii takich jak C.botulinum oraz tworzenie przez nie toksyn
[14-17], jak rowniez ograniczajg wzrost innych drobnoustrojow przenoszonych przez zywnosc¢
w tym Salmonella spp. i L. monocytogenes, co jest bardzo wazne w kontek$cie ochrony zdrowia
publicznego [18-21]. Ponadto azotyny hamujg peroksydacje lipidow, proces jelczenia
thuszczow, a co za tym idzie zwigkszajg trwatos¢ wedlin [22]. Dodanie azotynéw do migsa
rozpoczyna liczne reakcje chemiczne, ktérych wynikiem jest migdzy innymi utrwalenie koloru

oraz przyjecie innych charakterystycznych cech peklowanego migsa, w tym smaku i aromatu

39



[16,18,22]. Jednakze, wysokiec narazenie dietetyczne na azotyny moze prowadzié
do wystgpienia niekorzystnych skutkéw zdrowotnych. Azotyny sg prekursorami nitrozamin
[15], a to wlasnie one, a nie same azotyny uznane zostaly za czynniki rakotworcze, poniewaz
przyczyniajg si¢ do zwigkszenia ryzyka wystagpienia nowotworoéw zotadka. Wspolnie z innymi
zwigzkami wystepujacymi w przetworzonym migsie mogg rowniez prowadzi¢ do wystgpienia
nowotworow jelita grubego [131]. Spozycie azotynéw w wysokim st¢zeniu moze przyczyniaé
si¢ rowniez do wystgpienia sinicy (methemoglobinemii) lub niedotlenienia anemicznego,
ze wzgledu na upos$ledzenie transportu tlenu we krwi [132].

Zgodnie z raportem EFSA w przypadku zastosowania udoskonalonego scenariusza oceny
narazenia, kategoriami zywnoS$ci przyczyniajagcymi si¢ w gléwnej mierze do narazenia
na fosforany byty: chleb i butki oraz drobne wypieki we wszystkich grupach wiekowych; ser
topiony u matych dzieci; oraz produkty migsne, cukry i syropy u dzieci, dorostych i os6b
starszych. Przetworzone produkty migsne stanowity od 5,1 do 21,8% narazenia na fosforany
[133]. W przeprowadzonych badaniach $rednie narazenie na fosforany z przetworzonych
produktéw migsnych w grupie dzieci wahato si¢ od 13,8% ADI na poziomie 2 do 4,7% ADI na
poziomie 2a. W przypadku konsumentow odznaczajacych si¢ wysokim spozyciem (95p)
narazenie wahato si¢ od 28,1% ADI na poziomie 2 do 10,2% ADI na poziomie 2a. Mozna
zatem uznaé, ze wartos¢ Sredniego narazenia uwzgledniajacego czestos¢ wystepowania
dodatku w badanej grupie asortymentowej (poziomie 2a), znajduje si¢ ponizej minimalne;
wartos$ci narazenia dla tej grupy wiekowej oszacowanej przez EFSA.

Stwierdzono, ze pomimo iz fosfor jest niezbedny w diecie cztowieka, to nadmierne jego
iloSci moga wigzacé si¢ z niekorzystnymi skutkami zdrowotnymi. Najwazniejsze to: zwapnienie
nerek i nefropatia oraz przerost lewej komory serca, zwapnienie naczyn krwionos$nych,
migotanie przedsionkow, niewydolno$¢ serca 1 S$miertelno$¢ z przyczyn sercowo-
naczyniowych oraz powstanie zaburzen w uktadzie kostnym, w tym demineralizacji kosci,
osteoporozy i ztaman kosci [121,133].

Zgodnie z raportem EFSA gléwnymi kategoriami zywnoS$ci przyczyniajacymi si¢
do catkowitego narazenia na kwas izoaskorbinowy (E315) i izoaskorbinian sodu (E316) przy
zastosowaniu scenariusza oceny, w ktorym dodatki stosowane byly na maksymalnym
poziomie, sa: produkty migsne poddane i niepoddane obrébce cieplnej, przetworzone ryby
i produkty rybotowstwa, konserwy i poétkonserwy rybne oraz ikra rybna. Ustalono,
ze we wszystkich analizowanych grupach wiekowych produkty miesne stanowily od 50
do 100% narazenia na w/w dodatki. W przypadku zastosowania udoskonalonego scenariusza

oceny narazenia kategoriami Zywnosci przyczyniajacymi si¢ w gldwnej mierze do narazenia na
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kwas izoaskorbinowy 1 izoaskorbinian sodu byly produkty miegsne (poddane i niepoddane
obrobce cieplnej) i stanowily one okolo 96-100% narazenia na w/w dodatki [134].
W niniejszym badaniu $rednie narazenie na kwas izoaskorbinowy i izoaskorbinian sodu
Z produktoéw migsnych stanowito 5,23% ADI na poziomie 2, oraz 18,7% ADI na poziomie 2
w przypadku konsumentdw odznaczajagcych si¢ wysokim spozyciem (95p). Wynikow
powyzszych analiz nie mozna bylo poréowna¢ z wynikami podobnych badan z krajow
europejskich i pozaeuropejskich, poniewaz narazenie na w/w przeciwutleniacze z produktow
migsnych dotychczas nie bylo przedmiotem innych publikacji. Jednak bioragc pod uwagg,
ze kategoriami zywnosci odpowiadajagcymi za narazenie w przypadku zastosowania obliczen
na poziomie 2, sg gltéwnie produkty migsne, mozna przyjaé, ze spozycie kwasu
izoaskorbinowego i izoaskorbinianu sodu w Polsce jest znacznie ponizej ADI. W badaniu
przeprowadzonym we Wtoszech rowniez na poziomie 2, oceniajgcym narazenie ze wszystkich
kategorii na powyzsze dodatki, ustalono, ze ADI nie zostato przekroczone, a narazenie stanowi
20% ADI oraz 50% ADI w przypadku konsumentéw odznaczajacych si¢ wysokim spozyciem
(95p) [135].

Badania przeprowadzone w wielu krajach pokazuja, ze umieszczanie etykiet ,,z przodu
opakowania” zwigksza zdolno$¢ konsumentéw do oceny produktow pod katem ich wartosci
odzywczej, a tym samym dokonywania zdrowszych wyboréw zywieniowych [136-138].
Dodatkowo, systemy klasyfikujgce produkty od korzystniejszego do mniej korzystnego
sg bardziej zrozumiate dla konsumentow niz systemy wykorzystujace wytacznie pozytywne lub
negatywne informacje [139]. Ponadto stwierdzono, ze w wielu krajach europejskich, systemy
interpretacyjne, w szczegolnosci Nutri—Score, zapewniaja konsumentom najwieksza pomoc
w ogdblnej ocenie jakosci odzywceze) produktow spozywczych. W Belgii, Francji, Niemczech,
Hiszpanii, Wielkiej Brytanii, Danii, Butgarii, Holandii, Szwajcarii, Portugalii, Grecji i Polsce
Nutri—Score okazat si¢ najskuteczniejszym narzedziem informowania konsumentdéw o jakosci
odzywczej zywnosci [140-148]. Mozna to przypisa¢ tatwosci, z jaka konsumenci interpretujg
etykiety zawierajace kodowanie kolorami [144,149].

Ponadto Engell i in. podaja, ze etykiety FOP moga przyczyni¢ si¢ do zmniejszenia
$miertelnosci zwigzanej z chorobami niezakaznymi zaleznymi od diety, przy czym Nutri—Score
okazat si¢ wérdd nich najskuteczniejszy. Szacuje sie, ze okoto 3,4% wszystkich przypadkow
zgondw, z powodu chordb niezakaznych zwigzanych z dieta, mozna by zapobiec poprzez
wdrozenie etykiety FOP Nutri—Score [150]. Ponadto w/w FOP promuja zdrowsze decyzje

zywieniowe wsrod osob cierpiacych na przewlekle choroby kardiometaboliczne [151].
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Przetwory migsne 1 ich grupy charakteryzujg si¢ duzym zréznicowaniem pod wzgledem
warto$ci odzywczej, a przecigtnemu konsumentowi nie jest tatwo dostrzec roéznice miedzy
nimi. W zwigzku z tym zastosowanie pigciostopniowe]j skali oceny mogtoby umozliwié
skuteczne rozroznienie jakosci odzywczej roznych asortymentow w ramach tej samej grupy.
W takich przypadkach odpowiednie oznakowanie produktéw umozliwitoby konsumentom
podejmowanie bardziej $wiadomych decyzji. Jednakze Nutri-Score jest systemem
interpretacyjnym, a nie systemem informacyjnym, cho¢ moze pomdéc w wyborze lepszego
produktu z okreslonej grupy produktéw, zawiera ograniczone informacje dla oséb
o konkretnych potrzebach zywieniowych [152]. Wynika to z faktu, ze identyczng ocen¢ moga
uzyskac produkty o réznych wtasciwosciach odzywczych, a ocena ta nie dostarcza informacji
o okreslonych sktadnikach odzywczych, takich jak cukry, sol i thuszcze nasycone, ktére moga
by¢ wazne dla okre§lonych grup konsumentéw. Zatem produkty o tej samej ocenie mogg miec
r6zny wptyw na zdrowie w zaleznosci od indywidualnych cech [153]. Wedlug Carruba i in.
etykiety Nutri-Score FOP w niewielkim stopniu pomagaja konsumentom w identyfikacji
zywnosci mniej lub bardziej odpowiadajacej ich konkretnym potrzebom. Dodatkowo
zastosowany algorytm polega na ocenie zawartosci wybranych sktadnikéw odzywczych
1 energii w przeliczeniu na 100 g produktu bez uwzglednienia wielko$ci zwykle spozywane;j
porcji zywnosci, co nie pomaga w zachowaniu prawidtowego BMI (Body Mass Index)
1 nie zmniejsza prawdopodobienstwa wystapienia nadwagi lub rozwoju otytosci [152].
Z drugiej jednak strony, Julia i in. ustalili, Ze etykieta warto$ci odzywczej oparta na punktacji
Agencji ds. Standardow Zywnosci (FSA — Food Standards Agency) moze poméc konsumentom
w podejmowaniu zdrowszych wyboréw zywieniowych 1 potencjalnie odegra¢ role
w dhugoterminowym zapobieganiu otytosci [154]. Natomiast wdrozenie oznakowania FOP
zachegcito producentéw do przeformutowania swoich obecnych produktow lub stworzenie
nowych produktow, ktore uznawane sg za zdrowsze, co przynosi znaczne korzysci dla zdrowia
publicznego [155,156].

Niniejsze badanie jako pierwsze kompleksowo opisuje rozklad przetworzonych
produktow migsnych wedtug klasy Nutri-Score. Wyniki wskazuja, ze 89,3% dostepnych
na polskim rynku przetworéw migsnych zalicza si¢ do klasy D lub E. Zakwalifikowano je
zatem do kategorii, ktorych spozycie powinno by¢ ograniczone, co jest zgodne z polskimi
wytycznymi zywieniowymi, w ktorych to zwraca si¢ uwage migdzy innymi na ograniczenie
spozycia mig¢sa czerwonego i przetworéw migsnych [157-158].

Podobnie jak w badaniu przeprowadzonym przez Dréano-Trécant i in., w ktorym

analizowano produkty z o$miu krajow europejskich, w tym z Polski, rdwniez w niniejszym
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badaniu stwierdzono, ze przetworzone mig¢so mozna sklasyfikowa¢ we wszystkich pieciu
klasach Nutri—Score [159]. Dominujaca w przypadku pieciu krajow tj. Finlandii, Norwegii,
Portugali, Szwecji oraz Polski byta kategoria D, co jest zbiezne z wynikami otrzymanymi
w niniejszym badaniu. W przypadku Francji 1 Szwajcarii dominujaca byta kategoria E,
a w Stowacji kategoria A [159]. Badania przeprowadzone na rynku niemieckim wykazaty,
ze taczny odsetek przetworow migsnych zaliczanych do kategorii D 1 E wynosi 95,8%, czyli
jest nieco wyzszy niz w niniejszym badaniu, przy czym dominujacg klasg jest E [160].

Z przeprowadzonych badan wynika, ze zastosowanie udoskonalonego algorytmu nie
wpltynelo na modyfikacje alokacji produktéw zaliczonych do klas D i E. Obnizenie liczby
punktow za P—skladnik, jakim bylo biatko z maksymalnie 5 do maksymalnie 2 punktow
spowodowato wzrost $redniej liczby punktéw przyznawanych produktom w klasie C, jednak
nie wplyneto na ich przesuni¢cie do klasy D. Natomiast zmiang klasy odnotowano w przypadku
pigeciu produktéw pierwotnie klasyfikowanych jako B, ktore po zastosowaniu udoskonalonego
algorytmu zakwalifikowane zostaly do klasy C. Zatem przeprowadzone badanie wskazuje, ze
zmiana algorytmu nie wywotata znaczacych zmian w rozktadzie produktéw pomiedzy klasami
na polskim rynku. Natomiast badania przeprowadzone na rynku belgijskim, francuskim,
niemieckim 1 holenderskim wykazaty, ze zastosowanie udoskonalonego algorytmu Nutri—Score
spowodowato znaczng realokacje przetwordw migsnych pomiedzy klasami [72].

Wsrod produktéw nalezacych do tej samej grupy zywnos$ci zardwno w przypadku
oryginalnego jak i udoskonalonego algorytmu Nutri—Score korzystniej sklasyfikowane zostaly
produkty wytworzone z migsa drobiowego. Zatem zmiana punktacji majaca na celu
promowanie mi¢sa drobiowego zamiast mig¢sa czerwonego nie miata na to wplywu.
W przypadku kietbas drobiowych blisko 91,5% produktow zakwalifikowano do klasy D,
podczas gdy w przypadku kietbas wytworzonych z migsa czerwonego blisko 71%
zakwalifikowano do klasy E. To potwierdza badania, ktore sugeruja, ze zwigkszenie spozycia
biatego migsa w stosunku do migsa czerwonego, moze wigzac si¢ ze zmniejszeniem ryzyka
raka zotadka [36] oraz udaru [31].

Z dotychczasowych ustalen wynika, ze najwigcej punktow z grupy N-sktadnikow
uzyskaty przetwory miesne ze wzgledu na zawarto$¢ sodu (jako sktadnika soli). Ustalenia
WHO wskazuja, ze wigkszo$¢ ludzi spozywa zbyt duze ilo$ci soli, ponad dwukrotnie wyzsze
od zalecanych [49]. Polska wykazuje najwyzsze spozycie soli sposrod dziewieciu badanych
krajéw europejskich [161]. Dane te, w potaczeniu z szacunkami, ze 20-30% soli w diecie
pochodzi z migsa i przetworéw migsnych [162-163], podkreslaja konieczno$¢ ograniczenia

spozycia soli z w/w produktow. Wysokie spozycie soli moze wigzaé¢ si¢ z wieloma
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niekorzystnymi skutkami zdrowotnymi, takimi jak zwiekszone ryzyko nadci$nienia tetniczego
[162,164], co z kolei skutkuje zwickszonym ryzykiem wystapienia udaru mézgu oraz chordb
sercowo-naczyniowych [165]. Ponadto niektore badania wskazuja rowniez, ze wysokie
spozycie soli w diecie moze wigzac si¢ ze zwigkszonym ryzykiem raka zotadka i chorob nerek
oraz ryzykiem wystgpienia nadwagi i otytosci [164]. Nalezy jednak pamigtac, ze sod jest
niezbednym sktadnikiem odzywczym i jego zbyt niskie stezenie réwniez negatywnie wplywa
na organizm cztowieka, powodujac zwigkszenie poziomu reniny i aldosteronu [166].
Hendriksen 1iin. oszacowali, Zze zmniejszenie spozycia soli w diecie, w Polsce o 30%
zmniejszytoby czesto§¢ wystepowania udaru mozgu o 13,5%, choroby niedokrwiennej serca
0 8,9%, oraz zgonow z powodéw chorob uktadu krazenia o 5% [161]. W niniejszym badaniu
symulowana 30% redukcja ilosci soli stosowanej w przetworach migsnych spowodowata
29,71% modyfikacj¢ alokacji produktow pomigdzy klasami. Zaobserwowano wyrazne
zmniejszenie liczby produktow przypisanych do klasy E oraz wzrost liczby produktow
zaliczanych do klasy B. Mozna zatem podejrzewaé, ze uwzgledniajac wylacznie wartosci
odzywcze, zmniejszenie ilosci soli stosowanej w przetworach migsnych sprawi, ze beda one
zdrowsze dla konsumentow.

Przeprowadzone badania wykazaly, ze w grupie N—skladnikow duza liczbe punktéw
przetwory migsne otrzymywaty rowniez w zwigzku z zawarto$cia SFA. Wysokie spozycie
thuszczow wiaze si¢ z wystepowaniem wielu chordb cywilizacyjnych, a nadmierne spozycie
SFA jest czynnikiem wywolujacym choroby uktadu krazenia [167]. Nalezy jednak pamigtac,
ze oprocz dostarczania energii, thuszcze silnie wptywaja na konsystencje, smak 1 wyglad
produktu, a takze na jego charakterystyczng struktur¢ oraz zapach [168]. Ograniczenie
zawartosci SFA w produkcie moze wigza¢ si¢ z konieczno$cig stosowania zamiennikow
thuszczu, aby zachowac jego atrakcyjnos¢ sensoryczng [168-169].

Produkty migsne o zredukowanej ilosci soli czesto odbiegaja sensorycznie od tych
produkowanych w sposdb konwencjonalny. Inna konsystencja oraz smak rodzi wobec nich
nieche¢ konsumentéw, ograniczajac tym samym skuteczno$¢ wprowadzanych programow
redukcyjnych [170]. So6l pelni w produktach spozywczych, poza nadawaniem smaku, wiele
innych funkcji, takich jak przedluzanie okresu przydatnosci do spozycia i konserwowanie
zywnoS$ci poprzez zmniejszenie aktywnos$ci wody [161-162,171-173]. Ponadto s6l moze
rowniez dziata¢ jako $Srodek wigzacy miegso z thuszczem 1 sprzyja¢ rozpuszczaniu biatek
mikrofibrylarnych, w celu utrzymania wtasciwej tekstury produktow [161-162]. Stad gtownym
wyzwaniem stojacym przed przemystem migsnym jest zmniejszenie stezenia soli, przy

jednoczesnym zachowaniu akceptowalnosci sensorycznej, atrakcyjnych cen wyrobow (sol jest
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tansza od jej zamiennikdéw [162]) oraz bezpieczenstwa przetworzonych produktow migsnych
[174-175].

Niniejsze badanie wykazato, ze produkty o nizszej zawartosci soli czgéciej zawieraty
wzmacniacze smaku niz produkty bogate w sol. Wynika to z faktu, ze opracowywanie
produktéw o obnizonej zawartosci soli polega na zastepowaniu soli i/lub dodaniu wzmacniaczy
smaku oraz $rodkéw maskujacych niepozadany smak [162,176-177]. Wsérod substytutow
wymieni¢ nalezy inne sole chlorkowe, takie jak KCI [178-181], CaCl, i MgCl, [182-183], sole
niechlorkowe, takie jak mleczan i dioctan [184] jak réwniez wzmacniacze smaku, takie jak
arginina, lizyna, inozynian sodu, guanylan sodu, tauryna, glicyna, ekstrakty drozdzowe
i glutaminian sodu [176,185-187].

Niniejsze badania majg kilka ograniczen. Chcac uzyska¢ kompleksowy przeglad
polskiego rynku, a co za tym idzie uwzgledni¢ jak najwicksza liczbe probek, analizy oparto na
danych pochodzacych z etykiet przetworow miegsnych (deklaracjach producenta dotyczacych
zastosowanych dodatkow, wartosci sktadnikéw odzywczych), a nie na ich analizach
chemicznych. W zwigzku z tym badanie ograniczono do produktéw, ktore zawieraty peine
informacje na etykietach i w oparciu o te dane okre§lano zgodno$¢ produktéw z wymaganiami
prawnymi.

Ponadto, poniewaz na etykietach nie jest wymagane umieszczanie informacji o zawartosci
btonnika (element algorytmu Nutri—Score — trzeci etap badan), dane te nalezalo uzyskaé
bezposrednio od podmiotow prowadzacych przedsigbiorstwa spozywcze. W sytuacji braku
odpowiedzi z ich strony zawarto$¢ btonnika byta szacowana na podstawie wartosci $redniej dla
pozostatych produktow w danej grupie.

Ze wzgledu na ograniczony dostep do odpowiedniego typu lub pochodzenia
geograficznego uczestnikow badania, respondenci podczas zbierania danych dotyczacych
spozycia zywnos$ci nie byli dobierani losowo, co moglo skutkowac¢ stronniczo$cia badanej
populacji. Jednakze w trakcie badania uzyskano odpowiedzi od respondentéw zroéznicowanych
pod wzgledem pfci, grupy wiekowej, poziomu wyksztalcenia i miejsca zamieszkania.

Dane dotyczace stezen azotynow w produktach migsnych uzyte podczas powyzszej
analizy oparte sg o dane literaturowe z lat 1993-2004. Brak aktualnych badan w potaczeniu
z zaobserwowang w innych krajach tj. Estonii i Francji tendencja do obnizania ilo$ci
stosowanych azotyndw podczas produkcji surowych wyrobéw migsnych i produktow migsnych
moze skutkowac przeszacowaniem wynikow. Ponadto brak bezposredniego zwigzku pomigdzy
iloscig azotynéw dodanych w procesie produkcji a ich stezeniem w produkcie koncowym [14]

réwniez moze prowadzi¢ do btedow w wynikach. Azotyny dodane do migsa w trakcie produkcji
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ulegaja degradacji, a ich poziomy pozostatosci w produkcie koncowym sg zalezne od
temperatury obrobki termicznej, czasu przechowywania, pH produktu czy zastosowania
przeciwutleniaczy [14,188]. Wydaje si¢ bardziej wlasciwym opierac si¢ w trakcie badan na

ilosci substancji dodanej, a nie stgzeniu pozostatosci azotynow w produkcie koncowym.
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6. Wnioski

Obecnos$¢ wody 1 aromatdw oraz wzrost zawartosci thuszczu i weglowodanéw w 100 g
produktu migsnego zwicksza prawdopodobienstwo obecnosci barwnika. Natomiast
prawdopodobienstwo to maleje wraz ze wzrostem zawartos$ci biatka. Powyzsze obserwacje
powinny by¢ wykorzystywane podczas weryfikacji prawidlowos$ci stosowania barwnikow.
Identyfikowane w produktach migsnych i surowych wyrobach migsnych barwniki
sg bezpieczne, w tym najczgséciej wystepujaca karmina. Nalezy jednak zachowaé rozwagge
przy stosowaniu karminy i1 annato ze wzgledu na mozliwo$¢ wywotywania przez nie reakcji
alergicznej oraz karmelu E150C 1 E150D ze wzglgdu na ich potencjalne dziatanie
rakotworcze.

. Najczesciej nieprawidtowosci dotyczace stosowania barwnikéw w przetworzonym migsie
identyfikowane byty w grupie wedzonek. Natomiast dodatkami, dla ktorych stwierdzono
najwyzszy procent produktow niezgodnych w stosunku do wszystkich produktow
do ktorych zostaly dodane, byty ryboflawina i grupa karmeléw. Powyzsze analizy pozwolity
wyr6zni¢  barwniki oraz grupy technologiczne zywnosci, dla ktorych weryfikacja
prawidtowos$ci stosowania barwnikow powinna odbywac si¢ w pierwszej kolejnosci.

W Polsce narazenie dietetyczne na azotyny pochodzace z przetworéw migsnych jest bardzo
wysokie i w wielu przypadkach przekracza ADI, szczegdlnie w grupie dzieci ponizej 6 roku
zycia. Powyzsze przekroczenia skorelowane z wysokim spozyciem przetworzonego migsa
przez Polakow s3 alarmujace 1 s3 zagrozeniem dla zdrowia publicznego. Natomiast
narazenie dietetyczne na fosforany z produktéw migsnych jest na poziomie znacznie ponizej
ADI. Niemniej jednak w/w kategoria zywnosci nie jest jedyng odpowiadajacg za narazenie
dietetyczne, co skutkowa¢ moze przekroczeniem ADI po zsumowaniu narazenia
z wszystkich kategorii zywnosci.

. Narazenie dietetyczne na kwas izoaskorbinowy 1 izoaskorbinian sodu pochodzace
z produktow migsnych jest znacznie ponizej ADI. Zsumowane narazenie z wszystkich
kategorii zywnosci nie powinno doprowadzi¢ do przekroczenia ADI, ze wzgledu na fakt, ze
produkty migsne sg gtéwna kategorig przyczyniajaca si¢ do narazenia na powyzsze dodatki.
Wiekszo$¢ przetworzonych produktow miesnych dostgpnych na polskim rynku
sklasyfikowano w klasach D i E Nutri—Score, czyli w klasach zywnosci, ktorej spozycie
powinno by¢ ograniczone. Przy czym produkty z migsa drobiowego ocenione zostaty
korzystniej niz produkty z migsa czerwonego. W celu uzyskania korzystniejszych dla
konsumenta przetworzonych produktéw migsnych, a tym samym lepiej ocenionych w skali

Nutrii—Score, producenci zmuszeni sg do wprowadzenia zmian w ich sktadzie. Modyfikacje
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te, polegaja zwykle na ograniczeniu zawartosci soli 1 SFA tj. zawarto$ci sktadnikéw, ktore
otrzymaly najwiecej negatywnych punktéw wg algorytmu Nutri—Score. Przeprowadzona
symulacja obnizenia zwartosci soli o 30% oraz SFA o 10% wplyneta znaczaco na zmiang
klasyfikacji produktéw oraz uzyskanie przez nie korzystniejszej oceny. Ponadto produkty
o0 nizszej zawartosci soli czeSciej zawieraly wzmacniacze smaku, co wigze si¢ z checig
poprawy smakowitosci tych produktow i zastosowaniem substytutow soli.

Zastosowanie udoskonalonego algorytmu Nutri—Score nie zmodyfikowalo w istotny sposob
klasyfikacji przetworéw miesnych dostepnych na polskim rynku. Tym niemniej istnieje
potrzeba pozyskania wigkszej liczby informacji na temat skuteczno$ci wykorzystania Nutri—
Score do oceny jako$ci zywnosci. Ustalenia te moga odegra¢ wazng role we wprowadzeniu

zharmonizowanego systemu etykietowania FOP w krajach Unii Europejskie;.
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Abstract: Manufacturers are obliged to label processed meat products with information concerning
the additives used and nutritional values. The aim of the study was to identify the dyes most
frequently used in processed meat, evaluate their influence on specific food qualities, assess whether
their use was correct and review their effect on health. The analysis was based on information on the
labels and images of processed meat, and used a generalised linear model with a binary dependent
variable. The risks and benefits for human health were defined based on the available literature.
Twelve dyes were found to be used in the manufacture of processed meat. Carmine was found in 183
of 273 (67.03%) evaluated assortments containing dyes. The occurrence of water, flavourings and
high fat and carbohydrate contents increased the chances that a dye would be present in a particular
product. Unauthorised use of food additives was found in 20 products, with smoked meat products
demonstrating the highest number of non-compliances. In general, the dyes used with food are
considered safe; however, reservations are associated with the use of E150C and E150D caramels due
to their potential carcinogenic effect, and carmine and annatto due to their allergic effects.

Keywords: annatto; betanin; caramel; carmine; dyes; food additives; food safety; paprika extract

1. Introduction

The decision to purchase a particular food item is strongly influenced by its appear-
ance [1-3]. One such quality is food colour, which may be interpreted as an indicator
of flavour, freshness, maturity or wholesomeness, and its intensity may also affect taste
perception [2,4,5]. Therefore, food manufacturers often employ additives to improve the
colour of their products and make them more attractive to consumers.

Even though colour may be one of the most important considerations in a purchasing
decision, it should be emphasised that food must primarily be safe for consumption [6].
Any unauthorised use of food additives may seriously affect human health.

The use of pigments and other food additives by food manufacturers within the
borders of the European Union is regulated by Regulation 1333/2008 of the European
Parliament and Council (EC) of the 16 December 2008 regarding food additives [7]. The
legislator has authorised 41 additives, classified as pigments, based on their role in the
final product. In addition, to more precisely define the conditions permitting the use of
additives, foods have been divided into specific categories [8]. The present study concerns
products within the following categories as defined in Regulation No. 853/2004 (EC): Meat
preparations (No. 8.2) and Meat products (No. 8.3). The latter is divided into Non-heat-
treated processed meat (No. 8.3.1) and “Heat-treated processed meat” (No. 8.3.2) [7-9].

Foods 2023, 12, 2610. https://doi.org/10.3390/foods12132610 https://www.mdpi.com/journal/foods
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Depending on the food category and substance type, pigment use can be determined by
the level of quantum satis or the maximum numerical value set by the legislator [7].

Legislation on the use of additives varies between different parts of the world. In the
US, general rules for using food colours are regulated by § 70 Title 21 of the Code of Federal
Regulations [10]. As a result, nine food additives acting as pigments have jointly been
certified and approved for use in the food industry by the Food and Drug Administration
(FDA), seven of which are intended for general use [11].

The aim of the present study is to identify the most common dyes present in processed
meat on the Polish market, examine the relationships between their presence and the food
characteristics, and evaluate their correctness of use; these aims are achieved by an analysis
of information of product labels. Based on the available literature, it also assesses the risks
and benefits to human health of using such dyes. Knowledge of the presence of dyes in
meat products and meat preparations may also affect the dietary and purchasing decisions
among consumers predisposed to allergic reactions.

2. Materials and Methods
2.1. Study Design

The assessment included only processed meat products. Based on the label description
and an image of the product, the product was categorised as a meat preparation (8.2) or meat
product (8.3) as defined in Regulation 853/2004 (EC) [9]. Next, due to their considerable
variety, the meat products were then subdivided into four groups (smoked meats, sausages,
offal meat and other meat products) according to Polish Standard PN-A-82007, “Przetwory
miesne. Wedliny.” (Meat products. Smoked) [12]. Therefore, the analysis was conducted in a
total of five groups.

The analysis encompassed labels from meat products and meat preparations found
on shelves and in display fridges at shops included in the study. All meat preparations
and most of the meat products (all smoked meat, most of the sausages, pates and other
meat products, excluding those listed below) were chilled and stored at a temperature
of 2-10 degrees. Some kabanos sausages, pate and canned ham were stored at no higher
than 25 degrees ambient temperature. These were obtained from the five largest retail
chains offering the above ranges of goods, based on their share in the market according to
total income in 2018, as indicated by the Ministry of Finance report for 2019 [13]. Those
were, in decreasing order of income, Biedronka (JERONIMO MARTINS POLSKA), Lidl
(FRF Beteiligungs GmbH), Eurocash (a conglomerate comprising Lewiatan, Groszek and
Delikatesy Centrum), as well as the Auchan and Kaufland networks.

The study sites comprised all Polish cities with populations exceeding 250,000 inhabi-
tants (11 cities) [14] as well as six minor cities. In each of the 17 cities, one representative
per retail network mentioned above was selected, provided that the shops of that particular
network were present and the samples were collected there. Photographs of the product
labels were taken for analysis, together with the products themselves.

In total, 12,333 labels were analysed, all of which were available in the shops during
the study. The labels were collected over a few months, from October 2020 to March 2021,
in 75 shops in 17 Polish cities.

2.2. Statistical Analysis

A generalised linear model with a binary dependent variable was constructed to
predict the occurrence of dyes in processed meat products based on [15].

Two such analyses were carried out, the first including all processed meat products
analysed in the study and the second including only sausages, as this group presented
the highest frequency of dyes. In the all-products model, the dependent variable was the
presence of a dye in the product, marked as 1, and the lack of a dye, marked as 0. The
explanatory variables were product features that were obtained from the information on
the labels, including (1) food technology groups (divided into five main groups: meat
preparations, smoked meats, sausages, offal meat and other meat products); (2) water as an
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ingredient (two categories: lack and presence of water); (3) flavours (two categories: lack
and presence of flavours); and (4) covariates: protein (g/100 g of product), carbohydrates
(g/100 g of product) and fat (g/100 g of product).

Covariates were first assessed for collinearity using Pearson’s pairwise correlation.
The meat content in the product (g/100 g of the product) was not included, due to its high
correlation with protein content, nor was the type of meat (divided into poultry, pork and
beef), due to quasi-complete separation.

The second model, sausages, used the same dependent variable and independent
variables; however, the product variable was omitted. Both models were compared with
the null intercept-only model to verify their explanatory power.

Calculations were based on data concerning the nutritional values of respective lots; as
such, products lacking complete data were excluded from the analysis regarding the predic-
tion of dye presence in processed meat based on product qualities. Therefore, 994 records
were included in the study.

The risks to consumer health, and the potential benefits, were assessed based on the lit-
erature within the National Library of Medicine and the National Centre for Biotechnology
Information, i.e., pubmed.gov databases. The database was searched for names of additives.
Preliminary verification of publications was carried out based on their abstracts. A total
of 134 papers were qualified for further analysis. After reviewing the entire publication,
43 of these papers were excluded due to missing desired information. Following this, the
content of the 91 remaining articles was then evaluated. A ranking system was created to
signify each publication in terms of the occurrence of risks and benefits for human health:

e  Score = 0 (no risk or benefits): the papers indicate that the dye has no genotoxicity or
carcinogenicity, acute or chronic toxicity or hypersensitisation potential but also has
no benefit to human health

e  Score = 1 (occurrences of risk or benefits): the papers indicate genotoxicity, carcino-
genicity, acute or chronic toxicity, or hypersensitisation potential or benefit for human
health concerning a particular dye.

Therefore, each dye was assigned a specific number of points for each of the five risks
or benefits. Then, the ratio of the number of publications indicating the occurrence of a
given risk/benefit to a specific dye to all publications about a given risk /benefit concerning
a particular dye was calculated.

3. Results
3.1. Incidence

In total, 1967 unique assortments belonging to food categories 8.2, 8.3.1 and 8.3.2
were identified. Of these, 273 (13.88%) contained additives that manufacturers indicated
were dyes. Moreover, more than one pigment was used for the production of 31 (1.6%)
assortments, and at least three dyes were used in the case of four (0.2%) assortments.

A total of 12 food additives acting as dyes were identified in the studied meat products
and preparations available in the Polish market. The most frequently used dye was carminic
acid (E120), which was found in 183 out of the 273 assortments containing dyes (67.03%)
(Figure 1). Carbon (E153), carotenes (E160A) and titanium dioxide (E171) (Table 1) were the
rarest dyes, being identified in just single lots.

3.2. The Analysis of Label Incompliance

In the case of food dyes, it is impossible to unambiguously determine the correctness
of their use in processed meat only based on labels. Some substances are not authorised
for use as dyes in foods belonging to food categories 8.2 (Meat preparations), 8.3.1 (Non-
heat-treated processed meat) and 8.3.2 (Heat-treated processed meat), with a concomitant
admission for use in category 8.3.3 (Casings, coatings and decorations for meat). Therefore,
an additional visual assessment was performed of products that did not meet the require-
ments of use designed for food categories 8.2, 8.3.1 and 8.3.2. If the dye was found to be
part of an edible casing or decoration on the surface of the analysed product, its use was



Foods 2023, 12, 2610

40f18

Frequency of presence of karmin - E120

in particular assortment groups

"Szynkowa" sausage **
"Zywiecka" sausage ***

"Krakowska" sausage ***

"kabanos" sausage****

classed as compliant with regulations. The remaining products without decoration nor
edible casing were considered potentially non-compliant. These findings are presented in
Table 2. No such improper use was observed for curcumin (E100), carotenes (E160A) and
annatto (E160B).

mett*
luncheon meat
fuet

salami

chorizo
mortadella
frankfurter

thin sausage

wiener

o
X

20% 40% 60% 80% 100%
Percentage of products containing carmine [%]

Figure 1. Frequency of presence of carmine (E120) in processed meat belonging to particular food
products. Product descriptions: * a preparation of seasoned minced raw pork that is popular in
Germany and Poland; ** a sausage prepared using ham and other ingredients, the latter varying by
location. It is part of the cuisines of China, Germany, Poland and the United States; *** a type of
Polish sausage, usually served as a cold cut; **** a long, thin, dry sausage traditionally made of pork
that originated in Poland.

Table 1. Frequency of dye presence in the studied meat preparations and meat products.

Assortment
Group

Food Colouring (Number of Examples)

smoked meats
sausages
offal meats,
including patés
other meat
products
meat
preparations
all products

E100 E101 E120 E150A E150C E150D E153 E160A E160B E160C E162 E171
0 1 3 2 2 8 0 0 0 1 0 1
0 1 164 3 7 5 0 1 8 31 25 0
2 2 6 1 5 0 0 0 6 2 0
1 0 14 0 0 0 1 0 0 1 0 0
0 0 0 0 0 0 0 0 0 0 2 0
3 4 183 11 10 18 1 1 8 39 29 1

Potential non-compliance for riboflavin (E101) and paprika extract (E160C) was ob-
served in one out of four and one out of thirty-one products, respectively. In addition,
potential non-conformance was noted in 7 out of 183 products containing carminic acid,
8 out of 38 examples of E150A-E150D caramels and in 1 out of 29 cases of betanin.

Possible non-compliance was noted in the case of E153 (carbon). E153 is not authorised
for use in foods in categories 8.2, 8.3.1 and 8.3.2; however, it is authorised for use in category
8.3.3. As visual assessment showed that the product tested had neither edible casing nor
meat decoration, the product was classified as non-compliant.



Foods 2023, 12, 2610

50f18

Table 2. The percentage of non-compliance found in particular assortment groups.

Assortment Food Colouring
Group
E100 E101 E120 E150A E150C E150D E153 E160A E160B E160C E162 E171
smoked meats 0% 100% 33% 50% 50% 63% 0% 0% 0% 100% 0% 100%
sausages 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
_ offal meats, 0% 0% 0% 0% 100% 0% 0% 0% 0% 0%  50% 0%
including patés
other meat 0% 0%  43% 0% 0% 0%  100% 0% 0% 0% 0% 0%
products
meat 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
preparations
all products 0% 25% 4% 9% 20% 28% 100% 0% 0% 3% 3% 100%

Products containing colour E171 were classified as non-compliant, as this colour is no
longer authorised for use in food.

Out of all analysed assortment groups, the highest number of non-compliances was
noted in smoked cold meats. The additives with the highest percentage of non-compliances
were riboflavin and the caramel group.

3.3. An Analysis of Dye Presence Prediction in Processed Meat Based on Product Qualities

The presence of dyes in processed meat was significantly dependent on the type of
product (PRODUCT) (Table 3). Sausages were over six times more likely to include dyes
compared to smoked meats (B = 1.901, p < 0.001), while other meat products were almost
three times more likely (B = 1.068, p = 0.005). The presence of dyes could also be predicted
by the presence of water (p < 0.001) and flavours (p = 0.001) in the products; however, in
both cases, the lack of this component (water and flavours) resulted in a slightly lower
chance of a dye being present (B = —0.591 and B = —0.494, respectively). The content of
nutrients in the product could also predict the presence of dyes. The chance of a dye being
present increased with the increase in fat and carbohydrate content per 100 g of the product
(B =0.031, p <0.00 and B = 0.092, p = 0.001, respectively). However, the likelihood of a
dye decreased with the increase in the protein content (B = 0.070, p < 0.001). Carbohydrate
content had the greatest effect of the three covariates studied (Figure 2).

Table 3. Effect of water, flavours, product type, and fat, carbohydrate and protein content on the
presence of dye in processed meat in a generalised linear binary model (n = 1834), 0*—reference
category (B—beta coefficient, SE—standard error, Wald Chi%2—chi square test of beta coefficient,
p—p value of chi square test, Exp (B)—odds ratio, Lower CI—lower value of confidence interval,
Upper CI—upper value of confidence interval).
Source B SE  Wald Chi? p Exp(B) Lower CI Upper CI
Intercept —2.413 0.2748 77.117 0.000 0.090 0.052 0.153
PRODUCT (sausage) 1.901 0.2636 51.995 <0.001 6.690 3.991 11.215
PRODUCT (other meat products) 1.068 0.3787 7.955 0.005 2910 1.385 6.112
PRODUCT (meat preparations) 0.702 0.7899 0.790 0.374 2.018 0.429 9.490
PRODUCT (offal meat) 0.409 0.3853 1.125 0.289 1.505 0.707 3.203
PRODUCT (smoked meats) 0*
WATER (absent) —0.591 0.1746 11.462 <0.001 0.554 0.393 0.780
WATER (present) 0*
FAVOURS (absent) —0.494 0.1555 10.082 0.001 0.610 0.450 0.828
FAVOURS (present) 0*
FAT 0.031 0.0063 25.184 <0.001 1.032 1.019 1.045
CARBOHYDRATES 0.092 0.0282 10.568 0.001 1.096 1.037 1.158
PROTEIN —0.070 0.0118 35.571 <0.001 0.932 0.911 0.954
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Figure 2. The probability of the presence of a dye in meat product against the percentage of nutrients

(protein, carbohydrates and fat).

Similar trends regarding the occurrence of dyes were observed in the analysis for
sausages (Table 3). Similarly, a lack of water and flavours indicated a lower chance of dyes
(B=—-0.561, p = 0.004 and B = —0.466, p = 0.011, respectively). There was also a similar
relationship with nutrients, i.e., the chance of dyes increased with fat and carbohydrate
content (B = 0.058, p < 0.001 and B = 0.093, p = 0.011, respectively) and decreased as
the protein content increased (Figure 3). In sausages, the protein content had a stronger
effect than for all other products combined (B = —0.070 and B = —0.111, respectively)

(Tables 3 and 4).
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Figure 3. Probability of presence of dye in sausages against the percentage of nutrients (protein,

carbohydrates and fat).
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Table 4. Effect of water and flavours, as well as fat, carbohydrate and protein content, on the presence

of dye in sausages according to a generalised linear binary model (1 = 937), 0*—reference category

(B—beta coefficient, SE—standard error, Wald Chi2—chi square test of beta coefficient, p—p value of

chi square test, Exp (B)—odds ratio, Lower CI—lower value of confidence interval, Upper CI—upper

value of confidence interval).

Source B SE Wald Chi? p Exp(B) Lower CI  Upper CI
Intercept —0.534 0.2026 6.959 0.008 0.586 0.394 0.872
WATER (absent) —0.561 0.1967 8.119 0.004 0.571 0.388 0.839
WATER (present) 0*

FAVOURS (absent) —0.466 0.1825 6.510 0.011 0.628 0.439 0.898
FAVOURS (present) 0*

FAT 0.058 0.0106 30.192 <0.001 1.060 1.038 1.082
CARBOHYDRES 0.093 0.0367 6.395 0.011 1.097 1.021 1.179
PROTEIN -0.111 0.0182 37.128 <0.001 0.895 0.863 0.927

3.4. Evaluations of Risks and Benefits for Consumer Health

The food colours identified in fewer than five assortments (E100, E101 and E160A)
and those unauthorised for usage in meat products and meat preparations (E153 and E171)

were excluded from the analysis.

Ninety-one reviewed publications were found to evaluate the risks and benefits for
consumer health, i.e., genotoxicity, carcinogenicity, acute and chronic toxicity and an

inducive potential towards allergies. The findings are illustrated in Figure 4.
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Figure 4. Evaluation of dyes in terms of the frequency of occurrence of a risk to consumer health. The

health risks include (a) genotoxicity, (b) carcinogenicity, (c) acute toxicity, (d) chronic toxicity and

(e) inducive potential for allergies.
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4. Discussion
4.1. Carmine, Carminic Acid, Cochineal Extract—E120

Our findings indicate that the most commonly used dye in meat products and meat
preparations is E120, also known as C.I. natural red 4. The main staining component of
this natural red food additive is carminic acid. E120 is obtained by an aqueous, aqueous-
alcohol or alcoholic extraction of the dried female specimens of Dactylopius coccus Costa (the
cochineal beetle) [16-18].

The primary food categories contributing to exposure to E120 are as follows: soups and
bouillons for infants, flavoured fermented milk products for infants and children, snacks
and sauces for adolescents, and sauces, flavoured drinks, herbs and spices for adults and
older adults. Importantly, although considerably less exposure is observed from category
8, i.e., meat and its preserves, this still represents a dozen or so per cent in respective age
groups [18].

The FDA has classified Cochineal extract as a pigment exempt from certification,
whose use is not liable to special restrictions [15]. In contrast, EFSA authorised this dye
use in categories 8.2, 8.3.1 and 8.3.2 exclusively for specific assortment groups, with the
preservation of maximum acceptable levels of use, except for Pasturma (air-dried cured
beef) where it is allowed to stick to the quantum satis rule [7].

Our present findings indicate that E120 was used in accordance with regulations in
the 164 sausage range and 2 paté range. The additional visual inspection revealed that
7 out of the remaining 17 products did not contain an edible casing or decorations (8.3.3),
suggesting that the use of the additive was incorrect [7].

Most previous studies show that both carminic acid and Cochineal extract are non-
toxic, non-carcinogenic and non-genotoxic, and do not evoke either developmental or
reproductive toxicity assuming an acceptable daily intake (ADI) of 5 mg/kg bm (carmine)
and 2.5 mg/kg bm (carminic acid) [18-21]. Additionally, recent studies indicate that
carminic acid might be an effective therapeutic agent used as part of the treatment against
fructose-induced chronic renal damage [22].

However, a recent study by Arif, Ahmad and Ahmad indicates that carmine is a
potentially cytotoxic, phytotoxic and genotoxic substance [23]. As such, its use with
food may raise anxiety among consumers. Another paramount aspect for consumers
is the fact that both carminic acid and carmine may trigger diverse allergic reactions in
susceptible individuals, starting with mild pruritus [24], nettle rash, vasomotor oedema,
atopic eczemas in children [25-27] and reaching acute hypersensitivity responses such as
dyspnoea or bronchospasms that may lead to severe anaphylactic reactions [18,26,28-33].
Also, cases of hypersensitivity associated with long-term contact with the pigment were
described. Examples cover rhinitis, conjunctivitis and asthma originating from professional
exposure to carmine [29,34], e.g., the case of profession-related asthma in two butchers
who used a mixture of spices with carmine for the production of sausages [35]. The most
probable reason for manifesting this immunoglobulin E (IgE)-mediated allergic reaction
is the contamination of the pigment with protein [32,34,36,37]. Our findings regarding
the incidence of this dye in respective groups of products may help in making choices
by consumers in whom the presence of E120-intake-induced allergic reactions occurred.
Those consumers should largely avoid eating such products as luncheon meat and mett
(raw-meat sausage), in which E120 is almost always present. In the case of lots such as fuet,
salami and chorizo (varieties of sausages), the frequency of occurrence of carminic acid
ranged from 40 to 54%.

4.2. Paprika Extract (E160c), Capsicum Extract, Capsanthin and Capsorubin

Our analysis of product labels found paprika extract (E160c) to be the second most
commonly used food colouring in the studied meat products and preparations. It is a
natural additive imparting a yellow to orange colour [3], also known as oleoresin from
paprika. It is used in the form of a dark red viscous liquid, its major dyeing components
being capsanthin and capsorubin. It is obtained by solvent-assisted extraction from the
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pods of numerous varieties of the Capsicum annuum (Linnaeus) pepper. The pigment
may also contain capsaicin, i.e., chili extract, for which a limit of 250 mg/kg has been
established [16]. The Joint FAO/WHO Expert Committee on Food Additives (JECFA) has
fixed the ADI of paprika extract at the level of 1.5 mg/kg bw [38].

The EFSA exposure analysis indicates that the main food categories contributing to
exposure to paprika extract used as a pigment are 6.3—Breakfast cereals, 7.2—Fine bakery
wares and 12.5—Soups and broths. In contrast, exposure resulting from category 8—Meat
and meat products, ranges from a few to over a dozen per cent in all age groups [39].

Paprika extract, E160c, is an additive belonging to group Il-dyes approved for use in
accordance with the principle of quantum satis (QS), except for the categories concerning
meat preparations and meat products, where the maximum limit of use and products
for which it can be used have been indicated [7]. However, the pigment is exempt from
certification by the FDA, and its use is not liable to special restrictions [11]. In this study,
thirty-one sausage products and six patés were found to have been treated with paprika
extract as authorised. Regarding the other two assortments, visual assessment indicated
that in one case, the paprika extract was used to decorate the meat (category 8.3.3), and
was thus permitted, while the other had no decoration or edible casing, and hence was
probably not [7].

Available studies indicate that paprika extract is non-toxic, non-carcinogenic, non-
genotoxic [40-42] and probably does not evoke either developmental or reproductive toxic-
ity assuming an intake below its ADI of 24 mg/kg bm [39]. In the case of capsaicin, older
studies have indicated potential genotoxicity and carcinogenicity, while more recent studies
based on purified capsaicin (not contaminated with other capsaicinoids) indicate low geno-
toxic and carcinogenic potential [43—45]; some even indicate a positive effect on human
health. It is believed that this substance may have analgesic, antioxidant, anti-inflammatory
and anticancer properties and could possibly be used to prevent obesity [46-52].

As there are no reports indicating that paprika extract has a negative impact on human
health or any allergenic properties, and considering its antioxidant and colouring properties,
this additive may be a natural substance that can replace or reduce the content of nitrites
in meat products [53,54]. Studies show that approximately 3/4 of nitrites used in the
production of sausages with regular fat content can be replaced with paprika oleoresin [54].

4.3. Betanin, Beetroot Red—E162

Betanin was found to be the third most commonly used dye in the tested meat prepa-
rations and meat products. It is obtained from the root of different beet varieties (Beta
vulgaris L. var. rubra) by squeezing the juice from grated beets or by water extraction of
shredded beetroot followed by enrichment with active ingredients [16,55,56]. In addition
to its pigments, beetroot juice or extract contains sugars, salts and beet proteins [55].

The EFSA exposure analysis indicates that the main food categories contributing to
exposure to betanin used as a pigment are 6.3—Breakfast cereals, 7.2—Fine bakery wares
and 12.5—Soups and broths. In contrast, exposure resulting from category 8—Meat and
meat products ranges from a few to over a dozen per cent in all age groups [55].

Beetroot Red is a group II additive, i.e., dyes approved for use based on the quantum
satis principle, and is permitted for use in specific products in categories 8.2, 8.3.1 and
8.3.2 [7]. In contrast, the FDA regards beetroot red as a pigment exempt from certification,
whose use is not liable to special restrictions [11]. The additive was observed in 29 of the
tested assortments of which 26 were added in accordance with regulations: 25 sausages
and 1 paté. As the second product from the offals group was not a paté, it was subjected
to a visual assessment; the results indicate that it did not have an edible casing or meat
decoration, and so the dye was probably misused. In turn, in the case of two products
classified by the authors as meat preparations, unauthorised use could also be assumed.
However, due to the lack of access to the producers’ records and thus the inability to clearly
state that these sausages are meat preparations and not non-heat-treated processed meat
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for which such use of E162 would be correct, these assortments were not found to be
non-compliant [7].

Beetroot red is non-toxic, non-genotoxic and non-carcinogenic [57-60]. However,
the EFSA concluded that more comprehensive studies are needed to assess any potential
genotoxicity, chronic toxicity and carcinogenicity and its impact on reproductive and
developmental toxicity. In addition, no toxicological data are available to establish an
acceptable daily intake for E162. However, exposure to betanin from the use of E162 as a
food additive is considered to be in the same range as exposure to betanin from a regular
diet; as such, betanin has been recognised as safe for use as a food additive [55]. Numerous
studies indicate that betanin has a beneficial effect on human health. It acts as an antioxidant
and anti-inflammatory agent, lowers blood pressure, restores the haemodynamics of brain
vessels, supports the treatment of obesity, reveals cytotoxic properties concerning some
cancer cells and is chemopreventive in relation to cancer [59,61-67]. In addition, the
antioxidant properties of betanins effectively reduce oxidative stress in chronic heart failure,
which indicates a cardioprotective effect [59,68]. In addition, beetroot red has been shown
to have a cytotoxic effect on cancer cells, specifically human breast cancer cells: the use of
the extract resulted in the activation of both intrinsic and extrinsic apoptosis pathways in
breast cancer cells [59].

Due to their antioxidant activity, betanins may also be alternatives to synthetic antioxi-
dants used to prevent lipid peroxidation processes in fat-containing foods, including meat
products. Fat oxidation adversely affects the sensory properties, nutritional value and shelf
life of products, and can also lead to the formation of compounds potentially harmful to
health [59,69].

4.4. Caramel Colours 150a, 150c and 150d

The caramel dyes were found to rank fourth as a group among the tested food colour-
ings used in processed meat. The group is further divided according to the reagents used
in their production: Class I—plain caramel or caustic caramel (E150a), Class II—caustic
sulphite caramel (E150b), Class Ill—ammonia caramel (E150c) and Class [V—ammonia
sulphite caramel (E150d) [70,71].

Caramel or caustic caramel (E150a) is obtained by controlled heat treatment of carbohy-
drates, either monomers of glucose and fructose, or their polymers, such as glucose syrups,
sucrose or inverted syrups and dextrose. This caramel is free of sulphite and ammonium
compounds and produced by ordinary cooking processes. Therefore, there is no need to
determine a numerical value of acceptable daily intake [71].

Ammonia caramel (E150c) is obtained by controlled heat treatment of carbohydrates,
with or without adding acids or bases, in the presence of ammonium compounds (ammo-
nium hydroxide, ammonium carbonate, ammonium bicarbonate and ammonium phos-
phate); sulphite compounds are not used [16,70]. The ADI set by the Scientific Committee
on Food (SCF) was set at 200 mg/kg bw/day, assuming that the content of 2-acetyl-
4-tetrahydroxybutylimidazole (THI) must not exceed 10 mg/kg of dye. Based on the
intensity of the colour, the JECFA has established an ADI value of 25 mg THI/kg caramel
colour [71].

Ammonia sulphite caramel (E150d) is obtained by controlled heat treatment of carbo-
hydrates, with or without the addition of acids or bases, in the presence of both ammonium
and sulphite compounds (sulphurous acid, potassium sulphite, potassium metabisulphite,
sodium sulphite, sodium metabisulphite, ammonium hydroxide, ammonium bicarbon-
ate, ammonium phosphate, ammonium sulphate, ammonium sulphite and ammonium
bisulphite) [16]. For E150d, the SCF and the JECFA have set an ADI of 200 mg/kg bw/day.

Caramels are regarded as Group II additives, i.e., dyes approved for use in specific
products within categories 8.2, 8.3.1 and 8.3 under the principle of quantum satis [7]. In
contrast, the FDA regards caramel as being exempt from certification, whose use is not
liable to special restrictions [11].
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During the present study, it was found that caramels were used in the production
of 38 assortments (1 sausage contained 2 types of caramel); among these, 22 were treated
in accordance with the regulation: 14 were sausages and 8 were patés. The remaining
16 products, belonging to processed meat, were subjected to visual assessment on the basis
of which it was established that in 8 cases, they had a casing or meat decoration (category
8.3.3), in which E150a-d is permitted. In the case of the other 8 products, no meat casing or
decorations were found, so it is highly probable that the additive was misused [7].

Caramels I, IIl and IV do not appear to demonstrate acute or chronic toxicity, nor geno-
toxicity or carcinogenicity and do not appear to evoke any reproductive or developmental
toxicity at the acceptable daily intake [72-78].

Doubts regarding the use of caramel III as a dye are caused by the immunotoxic effect
of 2-acetyl-4-tetrahydroxybutylimidazole (THI), which is generated during its production.
Human studies determined that THI did not affect the number of blood lymphocytes
or the proliferation of the lymphocyte response to mitogenic stimulation and serum im-
munoglobulin levels. In the study, a type III caramel containing 23 ppm (commercial
sample) or 143 ppm THI (study sample) was administered at an acceptable daily intake
level of 200 mg/kg bw/day for seven days [79].

Concerns about the use of class IIl and IV caramel dyes also result from the identifica-
tion of 4-methylimidazole in their composition, which is formed in the Maillard reaction
as a result of the interaction of D-glucose and ammonia [80]. The National Toxicology
Program (NTP) of the US National Institutes of Health, based on studies on the toxicity and
carcinogenicity of 4-MEI and its structural isomer 2-MEI, found clear evidence that 4-MEI
has carcinogenic activity in male and female B6C3F1 mice based on an increased incidence
of alveolar or bronchiole cancer [76]. Accordingly, the International Agency for Research
on Cancer has therefore concluded that 4-Ml is “possibly carcinogenic to humans,” and The
Office of Environmental Health Hazard Assessment (OEHHA) of the State of California’s
Environmental Protection Agency has identified 4-MEI as a carcinogen [81].

In conclusion, the estimated consumption of caramel dyes depends largely on the
eating habits of consumers. In the US, caramels are considered colourants exempt from
certification and are used under general conditions without special restrictions; however,
California regulations regard them as bearing potential carcinogenic effects [81]. In contrast,
consumers in China receive relatively little exposure to class I, IIl and IV caramel dyes,
with soy sauce, vinegar and spices contributing the most. Moreover, the risk of exposure to
4-MEI and THI from food colouring for the Chinese population was considered low based
on current toxicology data [82].

4.5. Annatto, Bixin, Norbixin—E160b

The next most common colourant identified in the tested meat preparations and meat
products was annatto (E160b). This substance is an orange-red natural dye that plays an
important role as a pigment and additive in various industries and is obtained from the
seeds of the tropical tree Bixa orellana [16,83]. The JECFA established an ADI for bixin of
0-12 mg/kg bw [84], and the SCF recently established an ADI of 6 mg bixin/kg bw per day
and 0.3 mg norbixin/kg bw based on toxicological data [85].

A recent exposure analysis performed by the EFSA indicates that the main food
category contributing to bixin-based annatto extract exposure among all age groups is
14.1.4—Flavoured drinks. Additionally, category 01.4—Flavoured fermented milk products
are key sources of exposure among infants, children and adolescents, and 12.5—Soups
and broths among the adult and elderly population. In contrast, the main categories
contributing to exposure to norbixin-based annatto extract are the following: 07.2—Fine
bakery wares for all age groups; category 06.3—Breakfast cereals and 12.5—Soups and
broths for infants and children; categories 08.3—Meat products and 12.5—Soups and
broths for adolescents and adults; and 06.3—Breakfast cereals, 08.3—Meat products and
12.5—Soups and broths for the elderly population [85,86].
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E160B(i) bixin and E160B(ii) norbixin are authorised for use in certain types of products
in categories 8.2, 8.3.1 and 8.3.2, subject to the maximum acceptable limit [7]. The FDA
regards annatto extract as exempt from certification that can be used for colouring food in
quantities consistent with good manufacturing practice [11]. During the present study, the
additive was found in eight types of sausage; as it was approved for these categories, no
incorrect use was found [7].

Most studies to date show that both bixin and norbixin are non-genotoxic, non-
carcinogenic and non-toxic and do not evoke reproductive or developmental toxicity [87-91].

Our review of the literature indicated that annatto may cause allergic reactions. The
possible symptoms include pruritus and hives [92-94], vasomotor oedema and even ana-
phylactic reactions [25,95-97]. This dye may also affect the severity of the symptoms of the
disease in people with irritable bowel syndrome [98].

In addition, some studies indicate that the dye may have positive effects. Annatto sup-
plementation in the diet has been proven to increase the resistance of human erythrocytes
to haemolysis [99]. As a result of its antioxidant activity, this dye can also be considered a
good source of natural antioxidants used in the production of meat products [100]. Addi-
tionally, adding annatto to processed meat products can partially replace the use of nitrites
in production [101].

4.6. Assessment of the Frequency and Correctness of the Use of Dyes in Processed Meat Products

Dye was observed to be more than six times more common in sausages and more
than three times in other meat products compared to smoked meats, offal products and
meat preparations (Table 1); however, this is expected due to the restrictions indicated in
Regulation 1333 /2008 [7], governing the use of these dyes. All described dyes are permitted
in food category no. 8, but their use was mainly limited to sausages (classified in categories
8.2, 8.3). These dyes could also be used in category 8.3.2 to produce terrines and pates,
and additionally, annatto could also be used in luncheon meats; however, the dyes are not
approved for use in smoked meat. Terrines and luncheon meats were qualified as other
meat products. Therefore, it was predicted that dyes would be most commonly observed in
sausages and that they would be absent in smoked meats; however, some dyes can be used
in decorative casings and coatings, which will also apply to smoked meats.

Our analysis of the labels of processed meat products indicate the unauthorised use of
dyes in 20 (7.33%) out of the 273 products in which they were used. Therefore, it seems
reasonable to conduct further research to assess whether the dyes used in processed meat
products are used at appropriate levels of use. Most discrepancies concerned the smoked
meats group. In the authors’ opinion, smoked meats should be the first group that will be
subjected to detailed chemical analysis.

It should be noted that any food on the market must be safe for human health [6].
Therefore, it is crucial that the FBO complies with Regulation 1333/2008 (EC), specifying
the use of additives in food products, thereby preventing food safety hazards and ensuring
that their products are safe. This is only possible if producers use authorised additives and
observe specified maximum levels and conditions of use.

A positive correlation was found between the presence of water in meat products and
the presence of dyes. This seems to be related to the way processed meat products are
produced, i.e., traditional or conventional production [102]. Employing high-performance
water-binding additives in the products, such as phosphates, carrageenan or starch, may
contribute to this [102-104]. Therefore, it appears that dyes are less common in traditionally
manufactured products than in conventional, high-performance products.

In addition, a positive correlation was noted between the occurrence of a dye and the
fat contents per 100 g of the product, which suggests that high-fat products were found to be
more likely to contain dyes. Undoubtedly, the fat content in processed meat products affects
their colour. Research showed that reduced-fat products were redder compared with fatter
products [105,106], while a higher protein level that is observed in lean meat—and thereby a
higher level of myoglobin pigment in the product—significantly raised redness values [107].
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The high-fat content products were darker and displayed browner colour, and they stood
out with an increase in the proportion of yellow colour [108]. Higher fat content, as well as,
for example, the addition of barley fibre, which also causes a significant darkening and an
increase in the proportion of yellow colour of meat products, may result in poorer consumer
acceptance of them [109]. In the authors” opinion, therefore, it can be cautiously concluded
that the desire to mask the unfavourable colour of fatty meat products may be the reason
for the more frequent presence of dyes. Moreover, it should be remembered that meat is
an important dietary source of saturated fatty acids (SFAs), which are responsible for the
texture, juiciness and palatability of meat products [110]. However, due to the risk of many
lifestyle diseases, including cardiovascular diseases, cancer and diabetes, consumers should
avoid consuming products with a high SFA content [111]. The compliance of consumers
with dietary recommendations and thus reducing the consumption of processed meat
products with a high SFA content may probably lead to reducing exposure to dyes from
these assortments.

Moreover, a positive correlation was found between the presence of a dye and the
carbohydrates contents per 100 g of the product. In products where some of the meat
proteins have been replaced by binders and fillers, such as rusk, breadcrumbs, cereal,
legumes and soy protein, an increase in the carbohydrate content was observed. Food
colourings in processed meat products are mainly used to camouflage fillers such as
carbohydrates [112]. Therefore, probably, the more content of carbohydrates in these
products, the higher is the need for such camouflage. Conversely, if products have a high
protein content, they probably also have a lower carbohydrate content, and there is no
need to improve the colour of the meat product, because the meat colour comes mainly
from haem and myoglobin content [113]. Moreover, some colours are made from certain
carbohydrates, e.g., caramel [114]; therefore, it is natural for the content of these ingredients
and dyes to coincide.

4.7. Limitations

Our study has some limitations. First, due to our desire to obtain a comprehensive
overview of the Polish market, and hence include as many samples as possible, our analyses
were based on data obtained from processed meat product labels (the manufacturer’s
declarations about used additives) rather than chemical analysis of the processed meat
product. The processed meat products were not subjected to any analysis regarding the
level of use of additives, because this information was not given on the labels. However,
the degree of compliance of the products with legal requirements was determined based on
the possibility of using to them dyes given on the labels. Therefore, as no chemical analysis
was performed, and it was not possible to access the producers’ documents, the degree of
compliance with the legal regulations may be overestimated.

5. Conclusions

Our findings indicate that 12 dyes are used in the production of meat products and
preparations available on the Polish market. Out of the 273 studied assortments containing
dyes, the most prolific pigment was found to be E120 carminic acid, found in 183 assort-
ments. The presence of water and flavourings in the product increases the chances of the
presence of a dye. As in the case where higher fat and carbohydrate contents per 100 g
of the product increase the chance of a dye being present, this likelihood decreases as the
protein content increases.

The results indicate a possible relationship between the presence of a dye in the
product depending on the method of preparation (traditional or high-yielding products).
In addition, dyes were more likely present in products with a higher carbohydrate content
and less likely in products with higher protein content. The most significant number
of inconsistencies was observed for smoked meats, and the greatest potential misuse of
additives was noted for riboflavin and the caramel group. Most available analyses indicate
no adverse effects on human health resulting from the use of food colourings, suggesting
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these additives are considered safe, but only if FBO complies with the regulations and
guidelines on using food additives. Nevertheless, we cannot omit scientific reports that say
that using E150C and E150D caramels can have potential carcinogenic effects and carmine
and annatto can have allergic effects.
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ABSTRACT

Dietary exposure assessments have been performed for nitrites, phosphates, erythorbic acid,
and sodium erythorbate in processed meat in Poland. The exposure has been estimated
based on the maximum level of use of additives contained in Regulation - tier 2 and the
concentration of additives in processed meat - tier 3, additionally for nitrites. Daily intake
was estimated using 24-h recall, repeated three times. Exposure analyses were correlated
with the frequency of occurrence of food additives based on label analysis (tiers 2a and 3a).
The mean nitrite intake from processed meat at tier 2 was 0.1 mg/kg bw (143% ADI),
0.08 mg/kg bw (118% - ADI) at tier 2a, 0.03 mg/kg bw (43% - ADI) at tier 3, and 0.026 mg/kg
bw (37% - ADI) at tier 3a. The mean intakes of phosphate and erythorbic acid/sodium eryth-
orbate from processed meat were 3.26 and 0.54 mg/kg bw (8.2% and 9% - ADI), respectively
at tier 2. None of the respondents exceeded the ADIs for phosphates or erythorbic acid/so-
dium erythorbate. In contrast, nitrite consumption is of great concern because of significant
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ADI exceedances, particularly among young children.

Introduction

Analyses of global data show that meat consump-
tion has continuously increased from approxi-
mately 30kg per capita per year in 1980 to 41kg
per capita per year in 2005 (Rohrmann and
Linseisen 2016), and to approximately 47kg per
capita per year in 2013 ([FAO] Food and
Agriculture Organization of the United Nation
2013). Then there was a decrease in its consump-
tion and in 2020 ([FF] FoodFakty 2021), the
average global meat consumption was 33.7 kg per
capita. However, according to FAO forecasts, glo-
bal meat consumption per capita is projected to
increase to 35.4kg in 2030 (FAO 2021). This is
due to both the steady increase in the production
and consumption of meat and processed meat
products in developing countries and stagnation
in this respect observed in developed countries

(Speedy 2003; Thornton 2010; Godfray et al.
2018).

Meat is processed to extend the shelf life of
food, as well as to improve its organoleptic char-
acteristics such as taste, colour, texture, and con-
sistency (Rohrmann and Linseisen 2016). From
1990-2010, the mean global consumption of
processed meat remained stable at 13.7 grams per
capita per day. The amounts of consumption dif-
fered considerably depending on the region of
the world, ranging from 4.1g per capita per day
in East Asian countries and 4.4g per capita per
day in North African and Middle Eastern coun-
tries to 32.2g per capita per day in Central
European countries, 36.4 g per person per day in
North America, and 44.4 g per person per day in
Central Latin American countries. Among the
countries with the highest levels of processed
meat consumption, Poland was in third position,
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after Panama and Latin American countries, with
consumption reaching 48.8¢g per capita per day
(Micha et al. 2015). This is influenced by con-
sumer preferences that result from cultural,
social, and economic differences and habits
(Speedy 2003; Godfray et al. 2018).

Additives play an important role in meat proc-
essing, and are used in processed meats for
safety, technological reasons as well as for
increasing the shelf life of the products. This
study estimated the intake of three groups of
food additives (nitrites, phosphates, and sodium
erythorbate and erythorbic) used in meat prod-
ucts and meat preparations, i.e. processed meat,
consumed by adults and children in Poland.

Materials and methods

The assessment of risk to nitrites, phosphates, and
sodium erythorbate and erythorbic acid from meat
products and meat preparations (division according
to the definitions provided in Regulation No.
853/2004 (EC) ([EC] European Commission 2004))
in Poland was carried out comparing the acceptable
daily intake (ADI) (established by the European
Food Safety Authority (EFSA) Panel) with the expos-
ure calculated as the maximum levels of food addi-
tives that can be used in food categories 8.2 (Meat
preparations) and 8.3 (Meat products) (EU 2008)
and multiplied by the mean intake of the food repre-
senting the abovementioned categories over three
days and divided by body weight (tier 2). In the case
of nitrites, these values were then correlated based on
the frequency of occurrence of a particular food
additive in specific assortment groups (tier 2a).
Additional calculations were made for tier 3, includ-
ing the actual concentrations of nitrites found in
cured meat products reported in the literature, along
with their occurrence frequencies (tier 3a) and con-
sidering 5% and 20% conversion (tiers 3b and 3b’,
respectively).

Occurrence frequency

The assortments belonging to food categories 8.2
and 8.3 (EU 2008) were found in selected stores,
and the food additives used in their production
were identified based on the labels.

Sampling was carried out in the following
retail chain stores: Biedronka (Jeronimo Martins
Polska), Lidl (FRF Beteiligungs GmbH), Eurocash
(a group of associated stores such as Lewiatan,
Groszek, and Delikatesy Centrum), and Auchan
and Kaufland chain stores, i.e. those for which
the total revenues for 2018 represented the largest
market share ([MF] Ministry of Finance and
Poland 2019). The Tesco chain store was
excluded from the analysis in favour of the
Kaufland chain store when the company
announced the closing of its retail markets and
withdrawal from Poland.

Seventeen Polish cities were selected for the
study, including 11 with the largest populations,
ie. more than 250,000 inhabitants (Statistics
Poland 2018), as well as six smaller cities.

The material for the analysis comprised photos
of item labels of meat preparations and meat prod-
ucts taken in randomly selected supermarkets as
representative of the above chain stores in each of
the above-mentioned cities, provided that the
chain stores that qualified for the study had their
branches there. The analysis included 12,333 prod-
uct labels available on the shelves of 75 stores in 17
Polish cities on the survey days.

Based on the definition in Regulation No.
853/2004 and assortment descriptions on the
labels and images of the products, the assort-
ments were divided into two categories: meat
preparations and meat products ([EC] European
Commission 2004). The analysis identified 1967
unique assortments that belonged to these two
categories.

Due to the many products with different char-
acteristics classified into the second category,
meat products were further divided into four
groups (smoked meats, sausages, offal meat, and
other meat products) due to the different nature
of the products and the production technology.
Thus, these four groups and the meat prepara-
tions category allowed us to create five main
groups for the analysis. To better assess con-
sumption, the five main groups were further div-
ided into 20 assortment groups consisting of
products with similar images and characteristics.
A detailed breakdown of selected products is pre-
sented in Figure 1.
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processed meat products

categories ,  meat preparations (29) meat products (1922)
main groups ' meat preparations (29) smoked meats (616) sausages (973) offal meats (194) other meat products (139)
. mett (13) bacon (83) kabanos sausages (119) brawn (34) pork/ poultry aspic (8)
; ' beef tartare (7) steamed smoked meats (479) thick/ sandwich sausages (341) liver sausage (28) luncheon meat (33)
P groups : raw white sausages (9) dry-cured ham (41) thin sausages (308) pate (67) canned ham (20)
' lard (13) wiener sausages (120) black pudding (45) poultry formed/block meat product (78)
: frankfurters (85)

Figure 1. Division of selected processed meat products into groups.

The products were assigned to 20 assortment
groups. Owing to the impossibility of assigning
16 products to specific assortment groups, they
were excluded from further analyses. The fre-
quency of occurrence of food additives was calcu-
lated in each group (Diouf et al. 2014). Because
of the wide variety of products in the assortment
groups, some were divided into subgroups, and
the division criterion was the product’s name.
Thus, a total of 55 subgroups were established
for the analysis.

Consumption amount

Information on the consumption of products
belonging to each of the 55 subgroups was col-
lected based on data obtained from a 24-h recall.
The respondents reported the amounts and types
of processed meat they had consumed through-
out the previous day by answering 78 questions
included in a dietary questionnaire, which was
repeated three times to obtain information on
inter-individual variability (Lowik 1996; Salvador
Castell et al. 2015). The survey was prepared spe-
cifically for research purposes in the electronic
version through Microsoft Forms, so it was avail-
able online. According to the survey instructions,
data entry for groups of children and the elderly
was entered by their parents or other household
members. To ensure anonymity in the first ques-
tion, the respondents were asked to provide a
self-created login that allowed them to link subse-
quent answers. The next six questions referred to
the sociodemographic characteristics of the
respondents, i.e. their weight, sex, age, educa-
tional level, place of residence,. Each respondent
was asked to answer 20 questions regarding the

selected assortment groups. In the case of an
affirmative answer indicating the consumption of
an item from a particular group, the respondent
was asked one to three questions detailing the
amount consumed in grams and, in selected
cases, the subgroup. The questionnaire also
included an open-ended question with the option
to provide information on the consumption of
assortments that were not classified into any of
the above 20 groups. The portion size was esti-
mated based on photos showing examples of
products belonging to each of the surveyed
groups, including a certain weight, considering
several variants of the serving portion size. The
presentation of the products and 13 of the 21
photos included in the survey were taken from
the Szponar et al. (2020) publication ‘Album
fotografii produktéw i potraw’ (a photo album
presenting products and dishes). The authors
took the remaining eight photographs.

The adult respondents invited to participate in
the survey were students, friends, or families of stu-
dents and academic staff; employees of local veter-
inary inspectorates and agricultural cooperatives;
and persons actively engaged in sports, i.e. partici-
pants of two running events. Young people were
recruited through non-government organisations
for children aged 7-18years. Those in the oldest
age group were recruited from among the house-
hold members of adults participating in the survey
and from those meeting at a local senior’s club.
Answers to questions referring to younger children
were provided by their parents, participants in the
survey, or parents of children belonging to two
sports clubs. Information regarding participation in
the survey was also posted on social media. The
analyses included only respondents who completed
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three full 24-h recalls, i.e. 632 out of the 847 who
took part in the survey.

Exposure to nitrites, phosphates, and sodium
erythorbate and/or erythorbic acid

Based on data on meat product supply, combined
with values for the maximum levels of use of
food additives in correlation with their occur-
rence frequency in the assortment groups (tier
2a) (Diouf et al. 2014) or absence (tier 2) ([EC]
European Commission 2001), we were able to
estimate the dietary exposure to nitrites, phos-
phates, and sodium erythorbate and/or erythorbic
acid for mean and high-level consumers by age
and gender.

Dietary exposure to food additives at tier 2
was calculated by multiplying the permitted levels
for nitrite, phosphates, and sodium erythorbate
and/or erythorbic acid, respectively, for each
assortment group by the amount of food con-
sumed from each assortment group. The values
from all the groups were then summed and fur-
ther divided by each person’s body weight to
obtain the individual total daily exposure. The
daily exposure estimates were averaged over a
period of three days (i.e. the duration of the
study), which allowed us to determine the indi-
vidual mean exposure. The calculations were
based on the individual weight of each respond-
ent, meaning that for those who did not report
their weight, the weight estimation was based on
the mean weight of individuals of the same sex
belonging to the same age group.

For tier 2, it was assumed that a food additive
was used for all assortments in the group. In sub-
sequent analyses, it was considered that not all
manufacturers apply every food additive
approved for use in food category 8. Therefore,
based on the analyses, the calculations were
adjusted for the frequency of food additive occur-
rence in specific assortment groups (tier 2a).
However, in the case of phosphates, and sodium
erythorbate and/or erythorbic acid, the analysis
of tier 2 showed that exposure to them is signifi-
cantly below the ADI; therefore, the tier 2a ana-
lysis was waived for those food additives.

Considering the numerous ADI exceedances
for nitrites at tiers 2 and 2a, to properly estimate

the exposure, it was necessary to analyse their
concentrations based on the available literature
data on nitrite levels in processed meat
(Michalski 1996a, 1996b, 1997a, 1997b, 1997c,
1998; Skrajnowska et al. 2004). Details on nitrite
content in meat products are provided in
Appendix 1. The concentration was expressed in
milligrams per kilogram of product, which was
multiplied by each respondent’s mean intake in
grams per day and divided by their body weight
in kg (tier 3). In further analyses, these values
were adjusted for the frequency of occurrence of
the food additive in specific assortment groups
(tier 3a). The analysis also included the conver-
sion of nitrates into nitrites, which mainly occurs
in the oral cavity. It is estimated that typically
5%-7% of ingested nitrates are converted to
nitrites by bacteria normally found in the oral
cavity. However, this percentage can increase sig-
nificantly to 20% in individuals with high conver-
sion rates ([FAO.WHO] Food and Agriculture
Organisation of the United Nations. World
Health Organization 2003; [EFSA] European
Food Safety Authority 2008). In order to calculate
the conversion value of nitrates to nitrites, dietary
exposure to nitrates from meat products had to
be estimated. It was done by multiplying the per-
mitted levels of nitrate for each assortment group
by individual consumption data. The values from
all the groups were then summed and further
divided by body weight. These exposure estimates
were then averaged over three days. Nitrate to
nitrite conversion factors of 5% and 20% were
applied in the calculations for tiers 3b and 3b’,
respectively.

Factors that may affect exposure to a) nitrites,
b) phosphates, and ¢) sodium erythorbate and
erythorbic acid were also statistically assessed.
The exposure to all three additives was calculated
for tier 2 and analysed separately. In addition,
the exposure of nitrites to the tiers 2a, 3 and 3a
was analysed.

Eight generalised linear models were planned
to be built, and in each of them, the dependent
variable was exposure to a given food additive
calculated as tier 2, tier 2a, and additionally on
tier 3 and tier 3a for nitrites, expressed in mg/kg
of the respondent’s body weight per day. Finally,
four generalised linear models were built only for



nitrites on tier 2, 2a, and tier 3, 3a. Because the
exposure to phosphates and, sodium erythorbate,
and erythorbic acid were far below the ADI,
building models for them was abandoned.

Four explanatory variables were included in
each model: sex, age (age group), place of resi-
dence, and education. In addition, the models
included the interaction of sex and age with the
other variables: sex x age, sex x education, sex X
place of residence, age X education, and age X
place of residence. The composition of the final
model was determined by model selection based
on the value of the AIC (Akaike Information
Criterion), where all variants of the model
(including the null model) were considered
(Burnham and Anderson 2002). The model with
the lowest AIC value was selected.

For nitrites, we developed two binary models in
which the dependent variable was a comparison of
the additive consumed to a reference value, that is,
each case where consumed additive exceeded the
norm was marked as 1 and each case where con-
sumed additive did not exceed the norm was marked
as 0. All the explanatory variables mentioned above
(and interaction variants) were included. Because of
the number of positive cases, the models were devel-
oped only for tiers 2 and 2a. Model selection was per-
formed in the same manner.

Results
Occurrence frequency

More than 83.4% of the processed meat products
contained nitrites (1628 products), over 36.1%
contained phosphoric acid or phosphates (704
products), and approximately 39.8% contained
erythorbic acid and/or sodium erythorbate (777
assortments). The most common food additive
found in processed meat products available on the
Polish market is sodium nitrite (E250). The fre-
quency of nitrite occurrence in each group was
estimated based on an analysis of the labels col-
lected for the study. Significant differences were
observed between the individual groups, and 100%
of the assortments belonging to the groups of aspic
and mett (raw-meat sausage) contained nitrites. A
very high level of occurrence frequency of nitrites
was also observed for bacon, brawns, and luncheon
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meat. However, the results also showed that it is
possible to produce meat products without nitrites.
The abovementioned food additives were least fre-
quently used in raw white sausages (only one from
nine products identified on the market contained
nitrites), as well as black puddings, patés, and lard.

Phosphates, i.e. phosphoric acid (E 338),
sodium phosphates (E 339), potassium phos-
phates (E 340), calcium phosphates (E 341), mag-
nesium phosphates (E 343), diphosphates (E
450), triphosphates (E 451), and polyphosphates
(E 452), are approved for use in food category
8.3 - meat products, whereas it is forbidden
to use them in meat preparations, apart from
certain exceptions. None of the assortments iden-
tified during the analysis were among the excep-
tions specified in Regulation 1333/2008 ([EC]
European Commission 2008). Food additives are
most often used in the production of canned
ham, aspics, and luncheon meat. In contrast,
none of the manufacturers used them to produce
lard or dry-cured ham.

Erythorbic acid and sodium erythorbate are
permitted for use in food category 8.3, i.e. meat
products; however, they are not authorised for
use in food category 8.2, i.e. meat preparation.
An analysis of the data presented on the allowed
to estimate the frequency of occurrence of E315
and/or E316 in particular assortment groups.
They were found to occur far less frequently in
meat products than nitrites, and in the case of
627 assortments, the use of erythorbic acid
and/or sodium erythorbate in production was
associated with the use of nitrites approximately
80.7% of processed meats containing E315 and
E316 also contained sodium or potassium nitrite.
The highest frequencies of sodium erythorbate
and/or erythorbic acid were found in steamed
smoked meat, luncheon meat, and aspics. The
lowest frequency of their use was observed in the
black pudding, lard, and dry-cured ham groups.

The detailed data on the occurrence frequency
of the three groups of additives discussed are pre-
sented in Table 1.

Consumption

Of the 632 respondents who completed the ques-
tionnaire three times, 50 declared that they were
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Table 2. Processed meat consumption by gender and age groups.

Number of individuals Median Mean (SD) Median Mean (SD)
Age group Gender in the group (N) (g/day) (g/day) (9/kg per day) (9/kg per day)
up to 6 years Total 30 2833 30.87 1.46 1.51
Women 13 30.00 32.95 1.42 1.66
Men 17 26.67 29.27 1.57 1.40
7-12 years Total 30 2333 26.89 0.63 0.76
Women 10 20.83 21.67 0.60 0.65
Men 20 28.33 29.50 0.76 0.82
12-17 years Total 12 58.50 58.58 1.04 0.96
Women 5 27.00 34.20 0.42 0.58
Men 7 83.33 76.00 1.50 1.24
18-20 years Total 36 2333 28.58 0.40 0.42
Women 29 20.00 26.00 0.34 0.39
Men 7 36.67 39.29 0.48 0.52
21-24 years Total 85 20.00 38.54 0.36 0.52
Women 70 20.00 29.33 0.34 0.43
Men 15 45.00 81.56 0.55 0.95
25-34 years Total 136 36.67 49.08 0.50 0.65
Women 96 32.50 37.72 0.49 0.54
Men 40 55.00 76.36 0.63 0.91
35-44 years Total 147 36.67 42.20 0.49 0.56
Women 93 30.00 36.40 0.46 0.53
Men 54 40.00 52.18 0.49 0.61
45-54 years Total 88 30.00 52.80 0.39 0.62
Women 51 23.33 31.05 0.33 0.43
Men 37 50.00 82.79 0.53 0.89
55-64 years Total 37 50.83 98.55 0.67 117
Women 18 3417 49.64 0.51 0.66
Men 19 66.67 144.88 0.83 1.65
65 years and over Total 31 73.33 82.25 0.88 0.99
Women 15 60.00 62.50 0.86 0.85
Men 16 85.00 100.77 0.99 113

vegetarians or did not eat meat during the survey
period. The mean daily consumption of meat
products and meat preparations per capita in
Poland ranges from 3 to 615g/day, and these
values vary by age group (Table 2).

Higher consumption of processed meat was
found in all male age groups, with the exception
of the group of children under the age of six, for
which it was higher among females. The group of
adolescents aged 12-17 years was characterised by
higher consumption than that of younger chil-
dren and adults up to 65 years of age. The group
with the highest mean consumption of processed
meat was adults aged >65years. The survey indi-
cated that, compared to other groups, Polish peo-
ple with a high school education consumed less
meat, as did those living in cities with up to
500,000 residents. The detailed data are shown in
Figures 2 and 3.

The group that included steamed smoked meat
was the most commonly consumed type of cold cut,
accounting for approximately 26.5% of total proc-
essed meat consumption. Wiener sausages accounted
for approximately 14.5% of processed meat con-
sumption, whereas thin and thick sausages accounted

for 9.3% and 7.7%, respectively. Meat preparations
were consumed the least frequently, and their share
ranged from 0.15%-1.5%, and together, they did not
exceed 3% of the total processed meat consumption.
The results are summarised in Figure 4.

Exposure to nitrites

Based on the collected data, the mean intake of
nitrites from processed meat was estimated to be
0.1 mg/kg body weight (i.e. 143% of the ADI) for
tier 2 and 0.08 mg/kg body weight (i.e. 118% of the
ADI) for tier 2a. After taking into account histor-
ical data on nitrite concentrations in each assort-
ment group, the exposure was 0.03 mg/kg bw (i.e.
43% of the ADI) at tier 3 and 0.026 mg/kg bw (i.e.
37% of the ADI) at tier 3a. A 5% conversion of
nitrates in processed meat did not result in any
changes in the level of exposure. For consumers
with high conversion (20%), the mean nitrite con-
sumption increased by less than 1%. Therefore, the
effect of converting nitrates from processed meat
to nitrites was considered insignificant and omit-
ted from further analyses. The study showed
marked differences in nitrite consumption between
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Figure 2. Consumption of processed meat by the level of education.
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Figure 3. Consumption of processed meat by place of residence.

men and women, with the former consuming
nearly twice as much nitrite as the latter, regardless
of the assessment level. The detailed data are
shown in Figure 5. A higher percentage of ADI
exceedance was observed in men.

Table 3 present a summary of the results of
the mean daily consumption, the median of
intake (p50) and nitrite consumption for high-
level consumers (p95) in mg/kg bw/day, and the
percentage of the ADI by age group, educational
level, and place of residence.

54.3

E village
E city up to 499 thos.

= city over 500 thos.

In total, 53.48% of consumers exceeded the
ADI of nitrites after consuming only processed
meat products at tier 2 and 41.3% at tier 2a;
however, at tiers 3, 3a, and 3b, the exceedances
were lower, ranging from 4.9% to 8.2%. Among
those exceeding the ADI at tier 3, the highest
percentages were found in children aged
0-6years (43.3%). This group was followed by
the elderly in advanced old age over 65years
(12.9%), older adults aged 55-64years (21.6%),
and children aged 7-11 years (10%). Additionally,
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W up to 6 years W 7-11 years W 12-17 years W 18-20 years W 21-24 years

W 25-34 years W 35-44 years W 45-54 years W 55-64 years M 65 years and over

Figure 4. Mean consumption of assortments in particular groups by age.

more individuals with primary and vocational
education than those with secondary or higher
education exceeded the ADI score.

Irrespective of the tier (tier 3, or 3a), sex, age, edu-
cation, and place of residence had a significant
impact on the exposure to nitrites per kg of body
weight. Regarding interactions, education in

connection with age and sex also significantly
affected exposure to nitrite. However, the place of
residence or level of education did not significantly
affect the exceedance of the nitrite ADI. Sex and age
were the main factors influencing ADI exceedance.
The detailed data on dietary exposure to
nitrites from processed meat products at tiers 2,
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Figure 5. Dietary exposure to nitrites from processed meat products by gender.

Table 3. Dietary exposure to nitrites from processed meat products by age groups, education level and place of residence.

Exposure Percentage adi
Mean Median For high-level
Exposure Exposure Consumers exposure for

(mg/ kg bw (mg/ kg bw (mg/ kg bw high-level

Dietary exposure Approach per day) per day) per day) mean median consumers
Age groups Children (0-17) tier 3 0.050 0.047 0.104 71.2% 66.7% 148.1%
tier 3a 0.043 0.039 0.091 61.0% 55.3% 130.0%
Young adults (18-24) tier 3 0.021 0.016 0.061 29.6% 22.3% 87.8%
tier 3a 0.018 0.014 0.055 25.9% 20.2% 78.4%
Adults (25-44) tier 3 0.026 0.021 0.069 36.7% 30.1% 98.0%
tier 3a 0.022 0.018 0.053 31.7% 26.1% 76.3%
Older adults (>45) tier 3 0.037 0.024 0.121 52.9% 34.1% 172.6%
tier 3a 0.030 0.021 0.087 43.2% 29.9% 123.7%
Education level Primary and vocational tier 3 0.057 0.048 0.157 82.0% 67.9% 224.3%
tier 3a 0.047 0.039 0.118 67.6% 55.3% 168.4%
Secondary tier 3 0.023 0.023 0.065 33.4% 33.4% 93.5%
tier 3a 0.020 0.015 0.056 28.8% 21.7% 80.1%
Higher tier 3 0.025 0.020 0.063 35.8% 28.6% 90.4%
tier 3a 0.022 0.017 0.052 30.9% 24.2% 74.3%
Place of residence Village tier 3 0.038 0.026 0.103 54.9% 36.4% 146.9%
tier 3a 0.032 0.023 0.090 46.3% 32.3% 129.1%
City up to 499 thos. tier 3 0.030 0.023 0.080 43.0% 33.4% 113.7%
tier 3a 0.026 0.021 0.067 36.5% 29.9% 95.6%
City over 500 thos. tier 3 0.023 0.017 0.080 32.5% 25.0% 113.7%
tier 3a 0.019 0.015 0.051 27.9% 21.2% 73.2%

2a, 3b, 3b’ and participant variables by the level
of intake at tiers 2 and 2a are presented in
Appendix 2, while for tiers 3 and 3a in Table 4.

Exposure to phosphates

Based on individual consumption data and max-
imum levels of use specified in the regulations ([EC]
European Commission 2008), the mean intake of
phosphates from processed meat at tier 2 was esti-
mated to be 3.26 mg/kg bw (8.2% of the ADI).
Furthermore, none of the respondents exceeded the
ADI levels for phosphate based on their individual
consumption. The differences in dietary exposure to
phosphates according to age, educational level, and
place of residence are shown in Table 5.

Exposure to sodium erythorbate and/or erythorbic
acid

Based on the collected data on individual con-
sumption and maximum permitted levels of use,
the mean exposure of sodium erythorbate and/or
erythorbic acid from processed meat at tier 2 was
estimated to be 0.54mg/kg body weight (9% of
the ADI). Moreover, none of the respondents
exceeded the ADI levels for sodium erythorbate
or erythorbic acid, based on their individual con-
sumption. The differences in dietary exposure to
the aforementioned antioxidants that depended
on age, educational level, and place of residence
are presented in Table 6.
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Table 4. Dietary exposure to nitrites from processed meat products (in mg/kg body weight/day) and participant variables by the
level of intake (above and below the ADI) at tiers 3 and 3a. The p-values indicate the significance level of a given variable (or
interaction) in the model, Excluded — variable excluded as a result of selection (only interactions included in at least one of the
highest ranked models are presented).

Dietary exposure

Mg/kg bw/day Baseline values for tier 3 Baseline values for tier 3a
tier 3 tier 3a below ADI above ADI below ADI above ADI
Variables mean mean % % % % N
sex P <0.001 P <0.001 not analysed not analysed
Females 0.023 0.020 97.5 25 98.3 1.8 400
Males 0.042 0.035 81.9 18.1 89.7 10.7 232
Age group (years) P <0.001 P <0.001 not analysed not analysed
Children (0-6) 0.066 0.056 56.7 433 76.7 233 30
Older children (7-11) 0.036 0.031 90.0 10.0 100.0 0.0 30
Adolescents (12-17) 0.044 0.038 91.7 83 91.7 8.3 12
Young adults (18-20) 0.018 0.016 100.0 0.0 100.0 0.0 36
Young adults (21-24) 0.022 0.019 96.5 35 96.5 35 85
Adults (25-34) 0.028 0.024 92.6 74 96.3 37 136
Adults (35-44) 0.024 0.021 98.0 2.0 98.6 14 147
Older adults (45-54) 0.028 0.023 92.0 8.0 95.5 4.5 88
Older adults (55-64) 0.051 0.040 78.4 21.6 81.1 18.9 37
Elderly (>65) 0.045 0.039 87.1 12.9 93.5 6.5 31
Education P <0.001 P <0.001 not analysed not analysed
In primary school 0.050 0.042 75.8 24.2 89.4 10.6 66
Primary 0.077 0.062 733 26.7 733 26.7 15
Vocational 0.064 0.050 67.7 323 71.0 29.0 31
Secondary technical 0.028 0.025 91.5 8.5 94.9 5.1 59
Secondary 0.0021 0.018 97.2 2.8 98.6 1.4 141
Higher 0.025 0.022 494 50.6 98.1 1.9 320
Place of residence.
P=10.007 P =0.003 not analysed not analysed
Village 0.038 0.032 85.8 14.2 91.1 89 169
City up to 49 thos. 0.028 0.024 93.8 6.2 98.2 1.8 113
City 50-149 thos. 0.028 0.024 93.2 6.8 94.5 5.5 73
City 150-499 thos. 0.34 0.029 90.3 9.7 92.5 7.5 93
City over 500 thos. 0.023 0.020 96.2 3.8 98.4 1.6 184
INTERACTIONS
Sex*education p=0.008 p=0.012 not analysed not analysed
Sex* place of residence p=0.047 p =0.065 not analysed not analysed
Age group*education p <0.001 p <0.001 not analysed not analysed

Table 5. Dietary exposure to phosphates from meat products by age group, educational level and place of residence.

Exposure for Percentage ADI
Mean Median high-level

Exposure Exposure Consumers Exposure for

(mg/ kg bw (mg/ kg bw (mg/ kg bw high-level

Dietary exposure per day) per day) per day) Mean Median consumers
Age (years) Children (0-17) 5.538 4.812 11.227 13.80% 12.00% 28.10%
Young adults (18-24) 2.229 1.585 7.004 5.60% 4.00% 17.50%
Adults (25-44) 2.768 2.353 6.838 6.90% 5.90% 17.10%
Older adults (>45) 3.909 2.381 12.662 9.80% 6.00% 31.70%
Education level Primary and vocational 6.276 4.812 19.278 15.70% 12.00% 48.20%
Secondary 2.600 1.987 6.968 6.50% 5.00% 17.40%
Higher 2.621 2.165 6.671 6.60% 5.40% 16.70%
Place of Village 4.098 2.938 12437 10.20% 7.30% 31.10%
residence City up to 499 thos. 3.258 2.451 8.42 8.10% 6.10% 21.10%
City over 500 thos. 0.242 0.181 0.694 0.60% 0.50% 1.70%

Discussion 2011). This is because the budget method is

based on assumptions about physiological
demand for energy and fluids as well as the
The approach using a 24-h recall repeated three  energy density of food products, rather than
times provides a more accurate estimate of the  examining individual consumption, which results
intake of individual assortments than the fre-  ip inflated estimates of the theoretical maximum
quently applied budget method (De Keyzer et al.  dajly intake (TMDI) (Douglass et al. 1997).

Consumption
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Table 6. Dietary exposure to erythorbic acid and/or sodium erythorbate from meat products by age group, educational level and

place of residence on tier 2.

Exposure for Percentage ADI

Mean Median high-level

Exposure Exposure Consumers Exposure for

(mg/ kg bw (mg/ kg bw (mg/ kg bw high-level

Dietary exposure per day) per day) per day) Mean Median consumers
Age (years) Children (0-17) 0.542 0.477 1.123 9.0% 8.0% 18.7%
Young adults (18-24) 0.220 0.158 0.700 3.7% 2.6% 11.7%
Adults (25-44) 0.264 0.231 0.659 4.4% 3.8% 11.0%
Older adults (>45) 0.372 0.222 1.203 6.2% 3.7% 20.0%
Education level Primary and vocational 0.608 0.477 1.705 10.1% 8.0% 28.4%
Secondary 0.252 0.196 0.672 4.2% 3.3% 11.2%
Higher 0.250 0.200 0.642 4.2% 3.3% 10.7%
Place of residence Village 0.397 0.250 1.244 6.6% 4.2% 20.7%
City up to 499 thos. 0311 0.241 0.842 5.2% 4.0% 14.0%
City over 500 thos. 0.242 0.181 0.694 4.0% 3.0% 11.6%

Moreover, the 24h recall can be considered as
the best method to get estimating usual dietary
intakes at the population level (Bird et al. 2002).
The mean intake of processed meat among all
respondents estimated in this study was 48.2 g/day,
which is similar to the values reported by Micha
et al. (2015) based on 2010 data. The estimated
mean food intake among adult respondents in
Poland was approximately 47.8 g per day, which is
approximately 48% higher than the estimated food
intake of the Belgian population aged > 15years.
Among high levels consumers of processed meat,
Polish respondents were characterised by nearly
2.5 times higher consumption than Belgians
(Temme et al. 2011). Based on these findings, it
can be concluded that despite the stated intention
to reduce the amount of processed meat consump-
tion expressed by the Polish population (Szczebylo
et al. 2022), Poland’s mean intake remains consist-
ently high. This is related, among other factors, to
the particular cultural tradition of eating meat and
its processed meat products among the Polish peo-
ple (Szczebyto et al. 2022). The survey also showed
that consumption depended on socioeconomic fac-
tors such as age, sex, and educational level, as well
as the size of the city of residence. However, the
latter factor played a minor role. It should also be
emphasised that the differences in the estimated
level of intake may depend not only on the meth-
ods used to assess the consumption amount but
also on the timing of the survey (Lee 2018). In our
study, we used averaged data on consumption
over three days, similar to studies conducted in
Finland among children (Suomi et al. 2016).
Shorter studies (based on a one-day period) have
been conducted in Fiji (Chetty et al. 2019), and

Belgium, Greece, and Serbia (two-day study period
studies) (Temme et al. 2011; Kotopoulou et al.
2022; Milesevi¢ et al. 2022). Studies covering lon-
ger periods have been conducted in Sweden (four
days) (Larsson et al. 2011) and in Estonia,
Denmark, and France (seven days) (Reinik et al.
2005; Leth et al. 2008; Menard et al. 2008). These
differences in survey durations may make it diffi-
cult to directly compare the mean intakes reported
in particular countries.

This study estimates the dietary exposure to
three groups of food additives in meat prepara-
tions and meat products sold on the Polish
market.

Exposure to nitrites

The results of this study show that a part of the
Polish population may be at risk of exceeding the
ADI for nitrites from processed meat products
alone. Approximately 43.3% of children aged 1-
6years exceeded the ADI at tier 3 and 23.3% at
tier 3a, i.e. considering the occurrence frequency
of nitrites in particular assortment groups, while
in Serbia exceedances were found in 9.3% of chil-
dren aged 1-9years (MileSevic et al. 2022).
However, in Sweden, after considering the con-
version of nitrates to nitrites, only 12% of 4-year-
olds exceeded the ADI for nitrites (Larsson et al.
2011). This shows that Polish children, excluding
exposure related to the conversion of nitrates to
nitrites, had 2-3.5 times more frequent exceed-
ance of the ADI.

Studies conducted in Estonia revealed exceed-
ances of the ADI in 40% of children aged 1-
16 years in 2000-2001, in 29% of children in



2003-2004 (Reinik et al. 2005), and only 3% of
children in 2013 and 2014 (Elias et al. 2020),
whereas this study found exceedances in 23.6% of
children aged up to 17years at tier 3 and 11.1%
of children at tier 3a. It should be noted, how-
ever, that in this experiment, for calculations on
tier 3, the nitrite concentration was assumed for
each assortment group based on data available in
the literature (Michalski 1996a, 1996b, 1997a,
1997b, 1997¢, 1998; Skrajnowska et al. 2004). The
mean nitrite concentration in processed meat for
all assortment groups was 42.4mg/kg (for the
years 1993-2004), which is over two times higher
than the level of nitrite used at a similar time in
Estonia, i.e. approximately 20 mg/kg of product
(Reinik et al. 2005). They were also significantly
higher than the levels found in Denmark, which
ranged from 6 to 20 mg/kg of the product (Leth
et al. 2008).

Based on the present study, the mean exposure
to nitrites from meat products alone among chil-
dren aged 1-6years was 95% of the ADI (tier 3)
and 81% (tier 3a). In the United States, it ranged
between 0.1 to 30% of the ADI in the group of
children aged 2years and 0.1 to 86% of the ADI
in the group of children aged 2-5years (Lee
2018), Whereas, in Sweden, nitrite intake from
cured meat in a group of 4-year-olds accounted
for about 18% of the ADI (Larsson et al. 2011),
and in Serbia, less than 30% of the ADI
(Milesevic et al. 2022). In contrast, nitrite expos-
ure in Estonian children aged 1-6years in 2004
was approximately 50% of the ADI (Reinik et al.
2005), and in 2014, it was approximately 25%
(Elias et al. 2020). In Denmark, the mean intake
is even lower, ie. 16%-19% of the ADI (Leth
et al. 2008). In a previous Polish study, total
exposure to nitrites from all food categories was
88% (Wawrzyniak et al. 2003), In Sweden, expos-
ure to nitrites, after including conversion,
increased from 18% to 63% (Larsson et al. 2011).
The results of this study indicate that exposure to
nitrites from meat products and meat prepara-
tions alone in children aged < 6years remains at
very high levels, which, combined with exposure
from other food categories and the conversion of
nitrates to nitrites from water and vegetables,
can lead to very high ADI exceedances. These
data are alarming because the exposure at tiers
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3 and 3a from 175% and 146%, respectively.
Additionally, the obtained results were compared
with the findings on dietary exposure to nitrites
provided by the European Food Safety Authority
(EFSA) (Mortensen et al. 2017). The average data
from 15 European Union countries indicated that
the mean exposures in the two groups of children
(aged 1-3 and 3-9years) were approximately
21.5% and 22.9%, respectively, which is approxi-
mately four times lower than that in Poland.

In Poland, in a group of children aged under
6years of age, the assortment group that contrib-
uted the most to nitrite exposure was sausages
(54%) and smoked meats (43%). Offal meat and
other meat products accounted for the remaining
3%. Among the sausage groups, the highest val-
ues were observed for the subgroups of frankfurt-
ers and wiener sausages (11% and 28.5%,
respectively), and kabanos sausages (8.2%). These
figures are consistent with studies conducted in
the United States, Estonia, and Denmark, where
sausages were the main source of nitrites,
accounting for 64%, 49%, and 42% of the expo-
sures, respectively (Leth et al. 2008; Lee 2018;
Elias et al. 2020). In Estonia (Reinik et al. 2005;
Elias et al. 2020), and Finland (Suomi et al.
2016), similar to Poland, frankfurters and wiener
sausages were important sources of nitrites
among young children. In Serbia, the products
that contributed the most to nitrite exposure
were sausages and luncheon meat (MileSevi¢
et al. 2022), while exposure from luncheon meat
among children in Poland was close to zero.

In the general population of children, similar
to young children, the products that accounted
for the highest exposure were sausages (53%) and
smoked meats (45%). However, a decline in
exposure to sausages (45%) in favour of smoked
meats (54%) (Lee 2018), which occurred among
American children, was not observed. However,
such a distribution was identified among Polish
adults, where exposure to nitrites from the con-
sumption of meat products hovered at 46%
(smoked meats), 37% (sausages), 7.5% (formed/
block meat products), 6.5% (offal), and 3% (meat
preparations).

In Belgium, in a group aged 15years or older,
nitrite exposure from processed meat accounted
for approximately 6% of the ADI (Temme et al.
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2011) compared with the mean intake among
Polish adults, which was as much as 40% of the
ADI at tier 3 and 34% at tier 3 A. By contrast,
among adults in New Zealand, the mean daily
intake of exogenous nitrites, including food and
water, has been reported to be approximately
13% of the ADI (Thomson et al. 2007), whereas
in Denmark it is even lower, at approximately
5% of the ADI (Leth et al. 2008). A study in Fiji
showed that the country’s adult population is
characterised by a very high level of meat and
processed meat consumption, which results in a
high mean nitrite exposure of 385% of the ADI
(Chetty et al. 2019). This means that it is
approximately ten times higher than that in
Poland, with the consumption of meat and proc-
essed meat that is two times higher. These find-
ings also suggest that nitrite concentrations in
processed meat in Fiji are significantly higher
than those observed in Poland.

Details of exposure to nitrites from processed
meat products for tiers 2 and 2a and also the
relationship between the amount of exposure at
tiers 2 and 3 in Poland and other European
countries are provided in Appendix 2.

In France, there was a decrease in the estimated
dietary exposure to nitrites in studies over several
years, which initially ranged from 0.02 to
0.05mg/kg/day in adults and from 0.04 to
0.09 mg/kg/day in children and 0.0008 mg/kg/day
(Menard et al. 2008), then was lowered to
0.002 mg/kg/day in adults and 0.0014 mg/kg/day to
0.004 mg/kg/day in children (Bemrah et al. 2012).
A similar trend was observed in studies conducted
in Estonia, where exposure among children over a
10-year period nearly doubled (Reinik et al. 2005;
Elias et al. 2020). This decrease can be explained
by a decline in the consumption of meat products
combined with a reduced level of nitrites in these
products (Elias et al. 2020).

It is difficult to compare studies on exposure to
nitrites conducted in Poland and other countries
because the methodologies used to estimate con-
sumption, exposure, and target groups are differ-
ent. Moreover, some analyses estimated exposure
to nitrites as food additives only, whereas others
focused on total dietary exposure to these substan-
ces (Menard et al. 2008). The contrasts in exposure
observed in particular countries reflect cultural

differences in dietary preferences, meat processing
methods, and the level of use of nitrites per kilo-
gram of meat, which may consequently lead to sig-
nificant differences in the exposures to nitrites
between these countries (Lee 2018). An earlier
study conducted in Poland by Anyzewska and
Wawrzyniak (2014) estimated the exposure to
nitrites and nitrates to be half of the ADI for these
food additives, whereas the present study has
revealed considerable ADI exceedances. These dis-
crepancies may have been caused by the different
survey methodologies used in the two experiments.
The previous study was based on the amount of
consumption estimated involving mean statistical
data for the years 2006-2012 rather than data
obtained from individual respondents.

It can be presumed that such a high exposure
to nitrites from processed meats, and thus the
high frequency of their use in food, is related to
their antibacterial and food-preserving effects.
Nitrites inhibit the growth of bacteria such as
Clostridium botulinum, and thus the production
of toxins ([EFSA] European Food Safety
Authority 2003, 2010; Sebranek and Bacus 2007;
King et al. 2015), as well as reduction of the
growth of other foodborne microorganisms,
including Salmonella spp. and Listeria monocyto-
genes, which are important in the context of pub-
lic health (Hospital et al. 2012, 2014; 2017;
Christieans et al. 2018). Additionally, nitrites
inhibit lipid peroxidation and the process of fat
rancidity and thus increase the shelf life of cured
meat (Andrée et al. 2010). The addition of
nitrites to meat initiates numerous chemical reac-
tions that result in the preservation of colour and
the development of other characteristics of cured
meat products. Nitrites are thought to improve
the sensory quality of products and change the
taste and aroma of meat (Sebranek and Bacus
2007; Andrée et al. 2010; Hospital et al. 2012,
Zhang et al. 2023). However, high dietary nitrite
exposure can lead to adverse health effects.
Nitrites are precursors of nitrosamines ([EFSA]
European Food Safety Authority 2010), which
form as a result of the nitration of secondary
amines. These substances, rather than the nitrites
themselves, have been found to increase the risk
of adverse health effects, and they are classified
as carcinogens as they contribute to an increased



risk of gastric cancer. Moreover, like with other
compounds found in processed meat, these com-
pounds can cause colon cancer (Mortensen et al.
2017). The consumption of nitrites at high con-
centrations can contribute to cyanosis (methemo-
globinemia) or anaemic hypoxaemia resulting
from impaired oxygen transport in the blood.
This is due to the association of nitrites with
haemoglobin, which causes iron oxidation and
thus the formation of methaemoglobin (Lee et al.
2021).

However, nitrites also exert beneficial effects on
human health. They are reduced to nitric oxide,
which is essential to the human body (Lee et al.
2021). They also play an important role in the
proper functioning of the cardiovascular, immune,
metabolic, as well as the nervous and reproductive
systems (Lee et al. 2021; Milesevic et al. 2022).

Exposure to phosphates

According to a report by the European Food Safety
Authority (EFSA), the main food categories contri-
buting to total phosphate exposure when using the
regulatory maximum level exposure assessment
scenario were fine bakery wares, unflavoured pas-
teurised and sterilised (including UHT) milk
among children and infants, and bread rolls and
fine bakery wares for other age groups. If the
refined exposure assessment scenario is applied,
the food categories contributing the most to phos-
phate exposure are bread and rolls, fine baked
goods in all age groups; processed cheese in young
children; and meat products, sugars, and syrups in
children, adults, and the elderly (Younes et al.
2019). Processed meat products accounted for
6.1%-14.0% of the total dietary phosphorus expos-
ure in toddlers, 5.2%-17.8% in children, 5.4%-
19.3% in adolescents, 5.1%-21.8% in adults, and
7.1%-18.6% in the elderly (Younes et al. 2019). In
our study, the mean exposure to phosphates from
meat products in children was 13.8% of the ADI at
tier 2, whereas the exposure for high-level consum-
ers (95p) was 28.1% at tier 2. The exposure esti-
mates for high-level consumers at tier 2 were
higher than those estimated by the EFSA, but still
below the ADI.

In the case of a study conducted in Serbia
involving a group of children aged 1-9years, the
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mean phosphate exposure at tier 3, i.e. taking into
account the phosphate concentrations in the prod-
ucts, ranged between 4.93% and 5.26% of the ADI
in girls and between 4.97% and 5.40% of the ADI
in boys (Milesevi¢ et al. 2022). In this experiment,
the evaluation was performed for tier 2, i.e. based
on the maximum levels of use of food additives as
specified in Regulation 1333/2008 ([EC] European
Commission 2008). Therefore, it was not possible
to compare the study results conclusively.

Despite the fact that phosphorus exposure from
meat products is well below the ADI, it should not
be forgotten that, in this case, it is not the main
food category responsible for dietary exposure.
Therefore, the total ADI from all food categories
can be exceeded, as observed in a study conducted
in a group of children in the UK (Vin et al. 2013),
where phosphate exposure from meat products
was estimated to be 16%-41% of the total expos-
ure. Additionally, the panel concluded that an ADI
level of 40 mg/kg body weight/day, expressed as
phosphorus, is safe for healthy adult humans and
does not apply to individuals with moderate-to-
severe renal impairment, which can affect up to
10% of the population (Younes et al. 2019).

Although phosphorus is essential to the human
diet, excessive amounts can be associated with
adverse health effects. These conditions include
nephrocalcinosis and nephropathy (Younes et al.
2019). Moreover, excessive phosphorus intake is
also suspected of affecting the activation of fibro-
blast growth factor-23 (FGF-23), which in turn is
directly linked to the development of disorders
such as left ventricular hypertrophy, vascular calci-
fication, atrial fibrillation, heart failure, and cardio-
vascular mortality, as well as the development of
bone disorders including bone demineralisation,
osteoporosis and bone fractures (MileSevi¢ et al.
2022).

Exposure to erythorbic acid (E 315) and/or sodium
erythorbate (E 316)

Based on the EFSA report, the main food catego-
ries contributing to the total exposure to erythor-
bic acid (E 315) and sodium erythorbate (E 316),
according to the regulatory maximum level expos-
ure scenario, were heat- and non-heat-treated
meat products, meat products, processed fish and
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fishery products, preserved and semi-preserved
fish products, and fish roe. In all the analysed age
groups, meat products accounted for 50%-100% of
the exposure to the abovementioned food addi-
tives. In the case of the refined exposure assess-
ment scenario, the food categories contributing the
most to the exposure to erythorbic acid and
sodium erythorbate were meat products (heat-and
non-heat-treated meat products), which accounted
for approximately 96%-100% of exposure to the
said food additives (EFSA 2016). In our study, the
mean exposure to erythorbic acid and/or sodium
erythorbate from meat products was 5.23% of the
ADI at tier 2, whereas the exposure for high-level
consumers (95p) was 18.7% at tier 2. The results of
the present analysis could not be compared with
those of similar studies from European and non-
European countries because exposure to erythorbic
acid and/or sodium erythorbate from meat prod-
ucts has not yet been the subject of other publica-
tions. However, considering that when applying
tier 2 calculations, the food categories responsible
for exposure are mainly meat products, it can be
assumed that the consumption of erythorbic acid
and/or sodium erythorbate in Poland is well below
the ADI. A study conducted in Italy (also at tier 2),
which assessed exposure to the above food addi-
tives from all categories, found that the ADI was
not exceeded, with exposure being 20% of the
ADI, and in the case of high-level consumers
(95p), 50% of the ADI (Leclercq et al. 2000).

Limitations of the study

Our study has some limitations. First of all, due
to limited access to the appropriate type or geo-
graphic scope of study participants, respondents
during the food consumption data collection
were not randomly selected, which may have
resulted in bias in the study population.
However, during the survey, responses were
obtained from respondents that varied in gender,
age group, level of education and place of resi-
dence. Due to the high dietary exposure to
nitrites from processed meat, especially in the
group of children, further research, including a
random sample, should focus on this age group.
Second,the data on nitrite concentrations in
the meat products used in the above analysis

were based on literature data from the years
1993-2004. The lack of current studies, combined
with the trend to reduce the levels of nitrites
used during processed meat production observed
in other countries (e.g. Estonia and France), may
lead to an overestimation of the results.
Additionally, the lack of a direct relationship
between the amount of nitrites added to the pro-
duction process and their concentration in the
final product (EFSA, 2003) can lead to errors in
the results. Nitrites added to meat during the
production process are degraded, and their resi-
due levels in the final product are dependent on
the heat-treatment temperature; storage time;
product pH; and the use of antioxidants such as
ascorbic acid, sodium ascorbate, erythorbic acid,
and sodium erythorbate (Honikel 2008; EFSA
2003). Therefore, when conducting tests, it is
more appropriate to rely on the amount of added
substances rather than on the concentration of
residual nitrites in the final product.

Conclusions

Our studies have shown that dietary exposure to
nitrites from processed meats is very high and, in
many cases, exceeds the ADI, especially in chil-
dren. Moreover, it should be noted that apart
from processed meat products, there are other
dietary sources of nitrites and that a large
amount of nitrates (from vegetables, water, etc.)
is endogenously converted to nitrites.

The alarming results regarding the level of
nitrite exposure (obtained from individual con-
sumption questionnaires in correlation with
nitrite concentrations in processed meat reported
in the literature and adjusted for their occurrence
frequency) show that it may be necessary to per-
form analyses of nitrite exposure at tier 3, as well
as tiers 3a and 3b, based on the actual concentra-
tions used by manufacturers.

In the case of phosphates, dietary exposure to
phosphorus from meat products was found to
be well below the ADI. However, the above-
mentioned food category is not the only one
responsible for dietary exposure, which may mean
that the ADI is exceeded if all food categories are
added together.



This study showed that dietary exposure to
erythorbic acid and/or sodium erythorbate in
meat products is well below the ADI. It also
appears that the total exposure from all food cat-
egories should not lead to an exceedance of the
ADI, because meat products constitute the main
category contributing to exposure to the above-
mentioned food additives.
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Appendix A

Table A. The mean nitrite content in processed meat calculated on the available literature data.

mean content

main groups product groups me/kg
meat preparations mett 49.25
beef tartare 36.90
raw white sausages 25.20
smoked meats bacon 57.90
steamed smoked meats 42.50-60.00 *
dry-cured ham 63.97
lard 54.72
sausages kabanos sausages 38.90
thick/ sandwich sausages 22.00 - 50.00*
thin sausages 31.20 - 48.55%
wiener sausages 39.83 - 40.00*
frankfurters 41.90 — 50.00*
offal meats brawn 51.40
liver sausage 10.00
pate 10.00
black pudding 51.40
other meat products pork/ poultry aspic 62.50
luncheon meat 46.90
canned ham 60.00
poultry formed/block meat product 50.00

* depending on the subgroup
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Appendix B

Table B. Dietary exposure to nitrites from processed meat products by age groups, education level and place of residence

mean . exposure percentage ADI
exposure median for high-level exposure
Dietary exposure approach (mg/ kg exposure consumers . for high-
bw per (mg/ kg bw (mg/ kg bw per mean median level
per day)
day) day) consumers
age groups  children (0-17) tier 2 0.166 0.143 0.337 236.5% 204.6% 481.2%
tier 2a 0.139 0.124 0.287 198.8% 176.5% 410.7%
tier 3 0.050 0.047 0.104 71.2% 66.7% 148.1%
tier 3a 0.043 0.039 0.091 61.0% 55.3% 130.0%
tier 3b 0.043 0.039 0.092 61.5% 55.7% 130.8%
tier 3b' 0.044 0.040 0.093 62.7% 57.1% 133.0%
young adults (18-24) tier 2 0.070 0.053 0.210 99.5% 75.2% 300.2%
tier 2a 0.058 0.040 0.183 83.6% 57.5% 261.8%
tier 3 0.021 0.016 0.061 29.6% 22.3% 87.8%
tier 3a 0.018 0.014 0.055 25.9% 20.2% 78.4%
tier 3b 0.018 0.014 0.055 26.1% 20.3% 79.1%
tier 3b' 0.019 0.014 0.057 26.7% 20.6% 81.1%
adults (25-44) tier 2 0.085 0.071 0.208 121.6% 101.4% 297.2%
tier 2a 0.071 0.061 0.184 101.5% 86.8% 262.7%
tier 3 0.026 0.021 0.069 36.7% 30.1% 98.0%
tier 3a 0.022 0.018 0.053 31.7% 26.1% 76.3%
tier 3b 0.022 0.018 0.054 31.9% 26.2% 76.7%
tier 3b' 0.023 0.019 0.054 32.8% 26.7% 77.7%
older adults (>45) tier 2 0.120 0.075 0.375 171.1% 106.5% 535.6%
tier 2a 0.095 0.063 0.313 136.0% 89.3% 447.7%
tier 3 0.037 0.024 0.121 52.9% 34.1% 172.6%
tier 3a 0.030 0.021 0.087 43.2% 29.9% 123.7%
tier 3b 0.030 0.021 0.087 43.5% 30.1% 124.2%
tier 3b' 0.031 0.022 0.088 44.3% 30.8% 125.9%
education primary and vocational  tier 2 0.188 0.144 0.571 267.9% 206.2% 815.0%
level tier 2a 0.152 0.124 0.412 217.0% 176.5% 588.9%
tier 3 0.057 0.048 0.157 82.0% 67.9% 224.3%
tier 3a 0.047 0.039 0.118 67.6% 55.3% 168.4%
tier 3b 0.048 0.039 0.118 67.9% 55.7% 168.9%
tier 3b' 0.048 0.040 0.119 69.0% 56.7% 170.5%
secondary tier 2 0.080 0.063 0.224 113.9% 90.5% 320.2%
tier 2a 0.066 0.055 0.184 94.0% 78.2% 263.4%
tier 3 0.023 0.023 0.065 33.4% 33.4% 93.5%
tier 3a 0.020 0.015 0.056 28.8% 21.7% 80.1%
tier 3b 0.020 0.015 0.056 29.1% 21.9% 80.4%
higher tier 3b' 0.021 0.016 0.057 29.8% 22.9% 81.2%
tier 2 0.082 0.067 0.204 116.9% 96.1% 291.8%

tier 2a 0.068 0.055 0.172 97.7% 78.8% 246.4%
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tier 3 0.025 0.020 0.063 35.8% 28.6% 90.4%

tier 3a 0.022 0.017 0.052 30.9% 24.2% 74.3%

tier 3b 0.022 0.017 0.052 31.2% 24.3% 74.6%

tier 3b' 0.022 0.018 0.053 32.0% 25.3% 76.1%

place of village tier 2 0.125 0.088 0.373 178.3% 125.9% 533.0%
residence tier 2a 0.103 0.067 0.319 147.7% 95.7% 455.1%
tier 3 0.038 0.026 0.103 54.9% 36.4% 146.9%

tier 3a 0.032 0.023 0.090 46.3% 32.3% 129.1%

tier 3b 0.033 0.023 0.091 46.5% 32.7% 129.8%

tier 3b' 0.033 0.024 0.092 47.4% 34.1% 132.0%

city up to 499 thos. tier 2 0.100 0.075 0.265 142.9% 107.6% 378.2%
tier 2a 0.082 0.065 0.207 117.4% 92.8% 295.6%

tier 3 0.030 0.023 0.080 43.0% 33.4% 113.7%

tier 3a 0.026 0.021 0.067 36.5% 29.9% 95.6%

tier 3b 0.026 0.021 0.068 36.8% 29.9% 97.1%

tier 3b' 0.026 0.021 0.071 37.7% 30.4% 101.9%

city over 500 thos. tier 2 0.077 0.058 0.223 109.7% 83.4% 318.8%
tier 2a 0.063 0.049 0.183 90.5% 69.5% 261.7%

tier 3 0.023 0.017 0.080 32.5% 25.0% 113.7%

tier 3a 0.019 0.015 0.051 27.9% 21.2% 73.2%

tier 3b 0.020 0.015 0.051 28.1% 21.6% 73.5%

tier 3b' 0.020 0.015 0.052 28.8% 21.9% 74.9%
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Table C. Dietary exposure to nitrites from processed
meat products (in mg/kg body weight/day) and participant variables by the level of intake (above and below the ADI) at tiers
2 and 2a. The p-values indicate the significance level of a given variable (or interaction) in the model, Excluded - variable
excluded as a result of selection (only interactions included in at least one of the highest ranked models are presented)

dietary exposure

mg/kg bw/day baseline values for tier 2 baseline values for tier 2a N
tier 2 tier 2a below ADI above ADI below ADI above ADI
mean mean % % % %
VARIABLES
sex P<0.001 P<0.001 P<0.001 P=0.008
females 0.077 0.064 45.0 55.0 65.3 34.8 400
males 0.139 0.114 31.9 68.1 47.4 52.6 232
age group (years) P<0.001 P<0.001 P<0.001 P=0.002
children (0-6) 0.226 0.185 33 96.7 10.0 90.0 30
older children (7-11) 0.114 0.099 30.0 70.0 433 56.7 30
adolescents (12-17) 0.145 0.125 41.7 58.3 41.7 58.3 12
young adults (18-20) 0.061 0.051 583 41.7 72.2 27.8 36
young adults (21-24) 0.073 0.062 62.4 37.6 72.9 27.1 85
adults (25-34) 0.092 0.076 46.3 53.7 58.8 41.2 136
adults (35-44) 0.079 0.066 48.3 51.7 61.9 38.1 147
older adults (45-54) 0.090 0.072 59.1 40.9 71.6 28.4 88
older adults (55-64) 0.171 0.131 29.7 70.3 48.6 51.4 37
elderly (=65) 0.143 0.119 25.8 74.2 323 67.7 31
education P<0.001 P<0.001 excluded P=0.067
in primary school 0.165 0.138 19.7 80.3 28.8 71.2 66
primary 0.241 0.194 333 66.7 333 66.7 15
vocational 0.209 0.161 19.4 80.6 323 67.7 31
secondary technical 0.096 0.081 50.8 49.2 57.6 42.4 59
Secondary 0.073 0.059 55.3 44.7 68.1 319 141
Higher 0.082 0.068 50.6 49.4 64.7 353 320
place of residence. P=0.020 P=0.006 excluded excluded
village 0.125 0.103 42.6 57.4 50.3 49.7 169
city up to 49 thos. 0.093 0.076 46.0 54.0 60.2 39.8 113
city 50-149 thos. 0.089 0.074 43.8 56.2 58.9 41.1 73
city 150-499 thos. 0.117 0.096 38.7 61.3 52.7 473 93
city over 500 thos. 0.077 0.063 55.4 44.6 68.5 31.5 184
INTERACTIONSI1
sex*education P=0.009 P=0.011 excluded excluded

age group*education P<0.001 P<0.001 excluded excluded
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Abstract: Although meat and meat products are important sources of protein in the human diet,
consumption appears to be a predisposing factor in the onset of several civilisation diseases, par-
ticularly red meat and its products. One way to reduce diet-related diseases is to guide consumers
towards consciously purchasing healthier foods by including a nutrition declaration on product
labels, such as by using a “front-of-pack” (FOP) labelling system. This study aimed to determine
the Nutri-Score classes for processed meat products, distinguish products that are potentially better
for consumers, and determine whether the refined algorithm significantly contributed to a change
in product classification. An analysis of the labels of 1700 products available on the Polish market
indicated that most processed meat products qualified as class D and E. Comparing the refined
Nutri-Score calculation algorithm with the original algorithm resulted in a slight change in product
allocation. Poultry products were ranked more favourably than red meat products. The most signifi-
cant change in product allocation (by 35.2%) was achieved by reducing salt content by 30% and fat
content by 10%. Among the processed meat products, some are more highly ranked and are hence
considered better from a nutritional perspective than others in that group.

Keywords: front-of-pack labelling system; Nutri-Score; processed meat products; Polish market

1. Introduction

Meat and meat products are an important part of the human diet [1]. In the U.S. and
other developed countries, meat provides humans with 15-17% of their daily energy needs
and 30-40% of their daily protein needs while also accounting for 20% of their daily fat
intake; however, these values vary considerably in different parts of the world [2—4].

Red meat, mainly processed red meat, appears to be a predisposing factor for many
civilisation diseases. Numerous reports have shown that increased consumption of red
meat and processed meat is associated with an increased risk of type 2 diabetes [5-10],
cardiovascular diseases [11], and ischaemic heart disease [6,8]. Consumption of red and/or
processed meat also increases the risk of stroke [12-14], particularly ischaemic stroke [15].
Furthermore, increased consumption of processed meat has been related to an increased
risk of various cancers, including oesophageal squamous cell carcinoma [16,17], gastric
cancer [18], cancers of the large intestine, colon, and rectum [19-21], pancreatic cancer [22],
and breast cancer [23-26]. Studies have also identified a relationship between red and
processed meat consumption and any-cause mortality [11,27,28]. High consumption of
red and processed meat is known to increase the risk of total, cardiovascular, and cancer
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mortality [29,30]. Some studies have indicated that reducing processed meat consumption
below 20 g/day would prevent more than 3% of all deaths [31]. Thus, limiting the con-
sumption of red and processed meat appears to be an essential dietary recommendation
for preventing cardiovascular diseases, type 2 diabetes, and various types of cancer.

Poland is characterised by a very high level of processed meat consumption [32],
ranking third in the world after Panama and Latin American countries [33]; indeed, in
Poland, nearly 17.6% of energy in the diet comes directly from meat products [2]. Therefore,
it seems appropriate to encourage consumers to purchase healthier foods consciously by
including a nutrition declaration on product labels.

The negative impact of processed meat products on human health could be amelio-
rated by reformulating products; for example, it might be possible to reduce the levels of
sodium [34] or fat. Moreover, some research suggests that the consumption of white meat,
an excellent protein source, may be associated with a reduced risk of stomach cancer [18]
and stroke [13] compared to red meat.

Within the European Union, in accordance with Regulation (EU) 1169/2011, food
products must be labelled with information on the energy value of the product and its fat,
saturated fat, carbohydrate, sugar, protein, and salt content; these data must be presented
in a tabular form and be legible to consumers. In addition, food business operators (FBOs)
may include additional information on these labels, i.e., the amounts of monounsaturated
and polyunsaturated fats, polyols, starch, fibre, vitamins, and minerals [35]. Moreover,
in accordance with Article 35 of Regulation (EU) 1169/2011, the energy value and the
amounts of nutrients may be repeated in the form of graphics or symbols [35] on the front
of the packaging, a location known as “front-of-pack” (FOP).

FOP labelling has also been recommended by the WHO to counter the growing
obesity epidemic and the increasing risk of non-communicable diseases arising from
dietary sources. It has been reported that easy-to-understand food labelling systems can
support nutritional education and help consumers choose healthier products while also
influencing FBOs to reformulate their products to be healthier [36—40].

Due to the lack of a global, jointly developed labelling system, both within and outside
the European Union, individual countries have adopted different forms of labelling, which
are either obligatory or voluntary, depending on the local legislation. Indications can be
divided into “nutrient-specific” schemes, which provide information on specific nutrients
in a numerical and “colour-coded” form, or “summary indicator” schemes. An example of
the former is the “NutrInform Battery” adopted in Italy, which illustrates the suggested
daily quantity consumption of energy and nutrients contained in a single portion of food
as a percentage in the form of a battery symbol [41]. Another colour-coded FOP scheme
has been introduced in the UK; this presents the particular nutritional and energy value
contained in a single portion of the product and the percentage of an adult’s reference
intake, with colour coding (red, amber, and green) [42].

“Summary indicator” schemes can be divided into those including only “positive”
indicators, i.e., labelling can only be applied to foods that meet certain criteria, and “graded”
indicators, i.e., labelling can be applied to all products that receive a graded designation
depending on the adopted scale [43]. Examples of “graded” indicators include the Health
Star Rating (HSR, system of classification of health stars) [40], introduced in 2014 in Aus-
tralia and New Zealand, and the Nutri-Score introduced in 2017 in France. In the case of
the Nutri-Score, the information provided on a label is expressed as a five-point colour
scale running from dark green to dark orange. Each colour is additionally assigned a letter
from A to E. The product is rated on the Nutri-Score scale according to both negative
factors (N-components), such as sugars, saturated fat, salt, and energy value provided,
and positive factors (P-components), such as protein, fibre, fruits, vegetables, legume,
and nut content [44]. This classification programme has also been implemented in other
European countries, such as Spain, Belgium, the Netherlands, Luxembourg, Germany, and
Switzerland [43,45]. However, the Nutri-Score scale has been banned by the Italian and
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Romanian governments, among others, with it being considered an unfair commercial
practice [46-48].

The purpose of this study was to determine the distribution of processed meat products
in individual Nutri-Score classes, thus distinguishing those that offer potentially better
nutritional quality for consumers. It also determines how the distribution of individual
products in the Nutri-Score classes was affected by reducing their sodium and saturated fat
content and whether the use of a refined algorithm significantly contributed to a change in
product classification.

2. Materials and Methods
2.1. Data Collection

The labels of an assortment of food products were reviewed for information on
the nutritional value, ingredients, presence of food additives, and type of meat used in
production (animal species). All products were classified as processed meat, including
meat preparations and meat products, according to the definitions presented in Regulation
853/2004 [49]. The labels were gathered from 75 grocery stores representing five retail
chains with the largest market share based on total revenues for 2018 [50], viz. Biedronka
(JERONIMO MARTINS POLAND), Lidl (FRF Beteiligungs GmbH), Eurocash, a group
that brings together stores such as Lewiatan, Groszek, and Delikatesy Centrum, and the
Auchan. Finally, as the Tesco chain has since withdrawn from the Polish market, it was
replaced by the Kaufland chain. Sampling was carried out in stores representing each of
the above-mentioned retail chains in 11 cities with a population of more than 250,000 and
six smaller cities [51], provided that the chains had a branch in the selected city. The labels
were collected over a few months, from October 2020 to March 2021.

A total of 12,333 labels from meat preparations or meat products were taken for the
study. The analysis identified 1967 unique processed meat products; of these 1700 assort-
ments provided complete data, and only these were used for further analysis, accounting
for 86.43% of the total sample. As the labels are not required to carry information on fibre
content, an element of the algorithm, a request was sent to the relevant FBO to provide the
necessary data. Data on fibre content was thus obtained for 1326 products, i.e., 78% of the
analysed assortments. If no response was obtained, the fibre values were assigned based
on the average value of the other products in the same assortment group.

2.2. Classification of Products

Processed meat was divided into two categories, viz. meat products and meat prepa-
rations according to the definitions given in Regulation (EC) 853/2004 [49]. The meat
products were then divided into smoked meats, sausages, offal meats, and other meats,
according to the criteria in the Polish Standard [52]. Based on the information contained in
Regulation (EC) 853/2004, the meat was divided into red meat, i.e., of domestic ungulates,
referred to in Section I of Annex III of the regulation, and white meat, i.e., of poultry and
lagomorphs by Section II of Annex III of the regulation [49]. Due to the wide variety of
products in these groups, they were divided further into subgroups according to meat
species composition. A detailed breakdown of the groups is presented in Figure 1.

processed meat

-

meat products (1673)

smoked meats (534)

— T

smoked
poultry meats
(58)

smoked
red meats
(476)

sausages (866) offal meats (155) other meat products (118)
poultry meat red meat offal poultry offal red other poultry other red
sausages sausages meat products meat products meat products meat products
(115) (751) (30) (125) (63) (55)

Figure 1. Technological and assortment groups of processed meat products analysed during
the research.
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2.3. Nutri-Score Calculations

Each product was analysed based on individual nutrient content per 100 g of food
using the proposed algorithm [53]. The main algorithm of the Nutri-Score was modified
by the Scientific Committee of the Nutri-Score (S5cC) in 2022, inter alia, with regard to how
the protein content in processed meat products is evaluated. Therefore, two calculations
are presented below, i.e., one for the algorithm before the change (hereafter referred to
as the original algorithm) and another after the change (hereafter referred to as the refined
algorithm). The processed meat products were scored as follows: for N-components, i.e., for
energy (0-10 points), sugars (0-10 points), saturated fatty acids (0-10 points), and sodium
calculated from the salt content (0-10 points), and for P-components, i.e., for the content of
fruits, vegetables, pulses, nuts, and rapeseed walnut and olive oils (%) (0-5 points), fibre
(0-5 points), and protein (0-5 points in the original algorithm; 0-5 points for white meat or
0-2 points for red meat and its products according to the refined algorithm). The method
of assigning points is shown in more detail in Table 1.

Table 1. Method of awarding points to a food product according to its content.

N-Component P-Component
. Protein (g/100 g)
Fruits, All Meat in the
Vegetables, cal
Points Szzft}; Sugar Ff:tl:; 1:2?35 Sodium Pulses, Nuts, Fibre Or1g1.na1 R‘?d Meat
agio0g ®1008 g,  (mg/100g)  and Rapeseed (/100 9) Algorithm in the
g g g Walnut and and White Meat Refined
Olive Oils (%) in the Refined Algorithm
Algorithm
0 <335 <4.5 <1 <90 <40 <0.9 <1.6 <24
1 >335 >4.5 >1 >90 >40 >0.9 >1.6 >2.4
2 >670 >9 >2 >180 >60 >1.9 >3.2 >4.8
3 >1005 >13.5 >3 >270 - >2.8 >4.8 -
4 >1340 >18 >4 >360 - >3.7 >6.4 -
5 >1675 >22.5 >5 >450 >80 >4.7 >8.0 -
6 >2010 >27 >6 >540 - - - -
7 >2345 >31 >7 >630 - - - -
8 >2680 >36 >8 >720 - - - -
9 >3015 >40 >9 >810 - - - -
10 >3350 >45 >10 >900 - - - -

Since FBOs are not required to list the sodium content on their labels, the value
was calculated based on the amount of salt included on the label i.e., the salt equivalent
content [53,54]. The sodium content, (mg), can be calculated by dividing the amount of salt
on the label (in g) by 2.5 and multiplying it by 1000.

Then, according to the rules of the algorithm, if the sum of the points awarded for
the N-component was less than 11, the sum of the P-component points was subtracted
from the figure obtained. The same calculation method was used where the sum of
N-component points was greater than or equal to 11, but the number of points awarded for
fruits, vegetables, pulses, nuts, and rapeseed walnuts and olive oils (%) was 5. However,
if the total N-component value was greater than or equal to 11 but the number of points
allocated for fruits, vegetables, pulses, nuts, and rapeseed walnut and olive oils (%) was
less than 5 points, the points allocated for fruits, vegetables, pulses, nuts, rapeseed walnut
and olive oils (%), and fibre were subtracted from the total N-component values.

Following this, based on the score, the product was then assigned to the appropriate
class from A to E. Class A (dark green)included products that scored —1 point or less; class
B (light green) included products that scored from 0 to 2 points; class C (yellow) included
products that scored from 3 to 10 points; class D (orange) included products that scored
from 11 to 18 points; and class E (dark orange) included products that scored 19 points and
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above. The results of calculations made using the original algorithm were then compared
with those of the refined algorithm.

Reformulation scenarios were also carried out, which included a 30% reduction in
salt (sodium) and a 10% reduction in saturated fats both alone and in combination. The
reformulation scenarios were based, in the case of salt, on the WHO's recommendation of a
30% reduction in salt (sodium) intake [55] and a 10% reduction in saturated fats.

2.4. Statistical Analyses

The distribution of the tested variables was verified with the Shapiro-Wilk test, which
indicated that none were normally distributed. Therefore, further data analysis was per-
formed using Kruskal-Wallis analysis of variance and logistic regression in SPSS software
v29.0 (Armonk, NY, USA).

The Kruskal-Wallis analysis of variance was used to assess the differences in the
following nutritional characteristics between different processed meat products: total score,
energy (KJ), energy score, sugar content, sugar score, saturated fat acid content, SFA score,
sodium content, sodium score, protein content, protein score, fibre content, and fibre
score. In total, nine groups of products were included in the analysis: meat preparations,
smoked poultry meats, smoked red meats, poultry meat sausages, red meat sausages, offal
poultry meat products, offal red meat products, other poultry meat products, and other red
meat products.

The effect of salt content on the presence of flavour enhancers in meat products was
determined using logistic regression. In the model, the dependent variable was the presence
of the flavour enhancer in the product (marked as 1) or the lack of the flavour enhancer
in the product (marked as 0). The salt content was used as a covariate. The model was
validated with the presence of correctly classified cases and the ROC curve.

3. Results
3.1. Distribution of the Nutri-Score Classes within Different Food Groups

Of the 1967 products obtained from the stores on the days of the survey, 1700 products
had sufficient data to perform Nutri-Score calculations and were included in the analysis.
Of the studied groups, meat products were much more common on the Polish market,
accounting for more than 98.4% of all processed meat products, compared to meat prepara-
tions accounting for less than 1.6%. The most widely represented group within the category
of meat products was sausages (N = 866, 51.76%), followed by smoked meats (N = 534,
31.92%), offal meats (N = 155, 9.26%) and formed meats (N = 118, 7.05%). Based on the
refined algorithm, the largest number of processed meat products fell into the Nutri-Score
class D (N = 817, 48.06%), with slightly fewer products in class E (N = 701, 41.24%) and
significantly fewer products in class C (N = 178, 10.47%). Only four products, accounting
for less than 0.25%, fell into classes A and B (Figure 2).

3.2. Comparison of Original and Refined Algorithms

The comparison of the original and refined algorithms indicated no difference in the
number of products categorised as D and E between the two. In addition, only a virtually
imperceptible (N = 5, 0.29%) reduction in the number of products categorised as B was
noted in favour of C. The distribution of the Nutri-Score classes based on the original and
refined algorithms according to food group and subgroup is shown in Table 2.

The distribution of products between classes based on the refined algorithm is illustrated
in Figure 3. It also indicates the minimum and maximum point value awarded, the median
value, and the dominant Nutri-Score class for each group of processed meat products.
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Figure 2. Nutri-Score distribution among yjr analysed processed meat products from the Polish market.
Table 2. Distribution of processed meat products, divided by group and Nutri-Score class, based on
the original and refined algorithms.
Meat Smoked Smoked  Poultry Red Pf))lfxfl:l Offal Red Poofﬁfr Other
Class Algorithm  Prepa- Poultry Red Meat Meat *y Meat ™Y Red Meat
. Meat Meat
rations Meats Meats Sausages Sausages Products Products
Products Products
A original 1 1 0 0 0 0 0 0 0
refined 1 1 0 0 0 0 0 0 0
B original 0 1 5 0 0 0 0 1 0
Number refined 0 1 0 0 0 0 0 1 0
of prod- C original 1 23 73 5 6 5 16 33 11
F N) refined 1 23 78 5 6 5 16 33 11
ucts b original 18 31 277 105 215 19 87 29 36
refined 18 31 277 105 215 19 87 29 36
E original 7 2 121 5 530 6 22 0 8
refined 7 2 121 5 530 6 22 0 8
Mean score (SD) original 14.33 8.93 14.18 14.12 20.85 13.43 14.21 7.75 13.24
can score refined 14.44 8.93 14.67 14.12 20.88 1343 14.54 7.75 13.84

3.3. Comparison of White and Red Meat Products

Significant differences in Nutri-Score classification were found between white and
red meat products, resulting from their different nutritional value. The energy density of
white processed meat products is over one-third lower than that of red processed meat
products, with it being on average about 706 kJ. Processed meat products made from red
meat are characterised by higher levels of most nutrients per 100 g of the product, especially
fat and SFAs, compared to white meat. A detailed comparison of the mean nutritional
characteristics of those products is presented in Figure 4.
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Figure 3. Overall distribution of products within the different food groups according to the refined
algorithm. Horizontal lines represent the cut-offs of the five-category Nutri-Score. The box boundaries
indicate the 25th percentile (lower boundary) and 75th percentile (top boundary), and the line within
the box marks the median. Whiskers (error bars) at the bottom and top of the box indicate the
minimum and maximum values.
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Figure 4. Average nutritional value in grams per 100 g of processed meat products according to
their type.
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The above differences are also reflected in the number of points awarded to particular
products using the Nutri-Score algorithm (Figure 5); they indicated a more favourable
classification for white meat products. The differences in algorithm components for the
four main studied food groups are illustrated in Figure 6.

[Dwhite meat [Ered meat

| 12
total score | 18

energy score E, 3

sugar score 0

SFA score | 7

sodium score | 10

proteins score )

fibres score 0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

score

Figure 5. The average number of points awarded in particular categories during the assessment of
nutritional value according to the Nutri-Score algorithm.

BA mEB CmDmE EAEB CwmDMNE

(a) (b)

BA mB C wmD mE HA mB  C mD mE

() (d)

Figure 6. Cont.
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Figure 6. Nutri-Score distributions in the four food groups of smoked meats, sausages, offal meats,
and other meat products: (a) smoked poultry meats, (b) smoked red meats, (c) poultry meat sausages,
(d) red meat sausages, (e) offal poultry meat products, (f) offal red meat products, (g) other poultry
meat products, and (h) other red meat products.

3.4. The Formulation Change Scenarios

The median scores for the N-components and P-components in each group of pro-
cessed meat products were estimated based on the identified nutritional values of the
processed meat products. Among the N-components, sodium as a component of salt re-
ceived the highest score. The median point value for salt for all studied products was nine;
the second and third places among the N-components went to saturated fatty acids, with
six points, and energy density, with two points. None of the products received points for
fruits, vegetables, pulses, nuts, and rapeseed walnut or olive oils, as these did not account
for 40% of their composition. The median scores for fibre and sugars were zero (the means
were 0.04 and 0.02, respectively) and, therefore, did not significantly affect the result of
the calculations according to the Nutri-Score algorithm. The detailed data are included in
Tables 3 and 4.

As a result of the formulation change, significant modifications in product allocations
between Nutri-Score classes were observed. A 30% reduction in salt (sodium) resulted in a
class change for 505 products, while a 10% reduction in saturated fatty acids resulted in a
class change for 76 products. When the two were combined, it resulted in a classification
change for 598 products. The modification of the allocation of meat preparations and meat
products is presented in Figure 7. In both food categories, the use of the sodium reduction
scenario results in a visible increase in the number of products classified in Nutri-Score
class C while reducing the number of assortments classified in class E. Detailed data for the
other food groups and subgroups are included in Table 5.
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Table 3. Nutritional characteristics of processed meat products according to their type. The values

are given as the median and interquartile range: x (y, z) where “x” is the median value, “y” indicates

the 25th percentile, and “z” indicates the 75th percentile.

. Smoked Poultry Smoked Red Poultry Meat Offal Poultry Meat Offal Red Meat Other Poultry Other Red Meat
Meat Preparations Meats Meats Sausages Red Meat Sausages Products Products Meat Products Products
N 27 58 476 115 751 30 125 63 55
:gé:l 140 (120,175 110 (50,1100 130  (11.0,190) 140  (130,160) 210  (180,250) 130  (110,180) 140  (120,170) 50 40,1100 130  (110,17.0)
KJ 806 (430,990) 477  (436,625) 718  (501,1041) 810  (718,900) 1256 (11707183 93 (762,1089) 956  (779,1201) 464  (412,632) 714  (436,887)
ey 20 (1.0,2.0) 1.0 (10,1.0) 20 (1.0,3.0) 20 (20,2.0) 3.0 (3.0,5.0) 30 (20,3.0) 20 (2.0,3.0) 1.0 (10,1.0) 20 (1.0,2.0)
sugars 05 05,07 0.6 (05,0.7) 05 (05,08 0.7 (05,1.1) 07 (0.5,1.0) 1.0 (0.6,2.0) 07 (0.5,1.0) 0.6 (05,0.8) 07 (0.5,1.0)
e 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0)
SFA 6.0 (1.8,8.6) 1.0 (06,2.5) 34 (1.4,6.5) 46 (35,5.2) 100 (7.4,14.0) 47 (34,7.9) 6.0 (4.2,9.0) 12 07,2.6) 43 (1.4,6.4)
ssf(ﬁz 50 (1.0,8.0) 0.0 (0.0,2.0) 30 (1.0,6.0) 40 (3.0,5.0) 9.0 (7.0,10.0) 40 (3.0,7.0) 50 (4.0,8.0) 1.0 (0.0,2.0) 40 (1.0,6.0)
sodium 880  (680,940) 840  (800,950) 960  (800,1440) 800  (760,880) 1040  (800,1400) 680  (600,750) 680  (600,760) 800  (720,840) 880  (760,980)
5:’2;‘:: 9.0 (7.0,10.0) 9.0 (8.0,10.0) 100 (8.0,10.0) 8.0 (8.0,9.0) 100 (8.0,10.0) 70 (6.0,8.0) 7.0 (6.0,8.0) 8.0 (7.0,9.0) 9.0 (8.0,10.0)
protein 156  (147,170) 200  (160,220) 200  (160,250) 150  (130,177) 200  (150,250) 120  (91,150) 130  (94,150) 170  (140,190) 140  (116,165)
P:f;;‘;“ 20 (2.0,2.0) 50 (5.0,5.0) 20 (20,2.0) 5.0 (5.0,5.0) 20 (20,2.0) 5.0 (5.0,5.0) 20 (20,2.0) 5.0 (5.0,5.0) 20 (2.0,2.0)
fibre 05 (0.5,0.5) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.1) 0.0 (0.0,0.0) 02 (0.1,04) 02 (0.1,04) 0.0 (0.0,0.0) 0.0 (0,0)
Sﬁcl;r; 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0)
Table 4. Nutritional characteristics of meat products (cat. 8.3) according to their type, divided into
particular Nutri-Score classes. The values are given as the median and interquartile range: x (y, z),
where “x” is the median value, “y” indicates the 25th percentile, and “z” indicates the 75th percentile.
Smoked Poultry Meats Smoked Red Meats
A B c D E A B c D E
N 1 1 2 30 2 0 0 78 277 121
total score -30 20 50 (4.0,5.0) 110 (110,120 240 (24.0,24.0) 8.0 (7.0,8.0) 130 (120,150) 220 (200, 24.0)
KJ 346 481 438 (404, 455) 544 (482, 658) 1474 1460, 1487) 478 (435, 541) 650 (498, 875) 1266 (1145, 1539)
energy score 1.0 1.0 1.0 (10,1.0) 1.0 (10,15) 40 (4.0,4.0) 1.0 (1.0,1.0) 1.0 (1.0,2.0) 30 (3.0,4.0)
sugars 01 0.0 0.6 (05,0.7) 05 (05,0.9) 0.7 (0.6,0.7) 0.6 (0.5,0.9) 05 (05,0.9) 05 (0.5,0.6)
sugar score 0.0 0.0 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0)
SFAs 11 05 05 (03,0.8) 2.1 (0.9,3.0) 11.0 (11.0,11.0) 11 (0.8,15) 26 (1.5, 4.4) 11.0 (8.3,13.0)
SFA score 1.0 0.0 0.0 0,0) 20 (0.0,2.0) 100 (10.0,10.0) 1.0 (0.0,1.0) 20 (1.0, 4.0) 10.0 (8.0,10.0)
sodium 80 600 800 (780, 880) 920 (800, 1000) 1580 (1530, 1630) 760 (720, 800) 1000 (880,1840) 1040 (880, 1840)
sodium score 0.0 6.0 8.0 (8.0,9.0) 100 (8.0,10.0) 100 (10.0,10.0) 8.0 (7.0,8.0) 100 (9.0,10.0) 10.0 (9.0,10.0)
protein 130 250 200 (1852200 170  (150,22.0) 20.0 (20.0,20.0) 200 (180,228) 210 (169,260) 170 (13.0,26.0)
proteins score 50 50 50 (5.0,5.0) 50 (5.0,5.0) 50 (5.0,5.0) 20 (2.0,2.0) 20 (20,2.0) 20 (2.0,2.0)
fibre 0.0 0.0 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0)
fibre score 0.0 0.0 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0)
Poultry Meat Sausages Red Meat Sausages
A B c D E A B c D E
N 0 0 5 105 5 0 0 6 215 530
total score 50 (4.0,5.0) 140 (130,150 200 (19.0,25.0) 8.0 (7.0,8.0) 160 (140,180) 240 (21.0,25.0)
KJ 567 (554, 591) 810 (725, 886) 1152 (1108, 1708) 667 (492, 624) 944 (816,1012) 1503 (1200, 1894)
energy score 1.0 (1.0,1.0) 20 (2.0,2.0) 30 (3.0,3.0) 1.0 (1.0,1.0) 20 (2.0,3.0) 40 (3.0,5.0)
sugars 05 (0.5,0.6) 05 (04,0.7) 07 0.7,1.1) 0.8 0.7,1.0) 05 (05,0.7) 0.8 (0.5,14)
sugar score 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0)
SFAs 15 (0.8,1.5) 46 (37,52) 8.6 (7.7,11.0) 14 (1.3,1.6) 6.0 (41,7.3) 120 (9.6,15.0)
SFA score 1.0 (0.0,1.0) 40 (3.0,5.0) 8.0 (7.0,10.0) 1.0 (1.0,1.0) 50 (40,7.0) 100 (9.0,10.0)
sodium 720 (680, 800) 800 (760, 840) 1080 (920, 1120) 706 (603, 800) 840 (720, 980) 1240 (920, 1520)
sodium score 7.0 (7.0,8.0) 8.0 (8.0,9.0) 100 (10.0,10.0) 7.0 (6.0,8.0) 90 (7.0,10.0) 100 (10.0,10.0)
protein 235  (180,260) 150  (13.0,17.0) 140 (13.0,15.0) 200 (193,208) 170 (140,230) 220 (15.0,25.0)
protein score 5.0 (5.0,5.0) 5.0 (5.0,5.0) 5.0 (5.0,5.0) 20 (2.0,2.0) 20 , 20 (2.0,2.0)
fibre 0.0 (0.0,0.0) 0.0 (0.0,0.1) 0.0 (0.0,0.1) 0.0 (0.0,0.0) 0.0 0.0 (0.0,0.1)
fibre score 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 0.0 (0.0,0.0)
Offal Poultry Meat Products Offal Red Meat Products
A B c D E A B c D E
N 0 0 5 19 6 0 0 16 87 2
total score 50 (4.0,5.0) 140 (13.0,15.0) 20.0 (19.0,25.0) 7.0 (7.0,8.0) 140 (130,160) 210 (200, 22.0)
588 (514, 760) 920 (769, 994) 1218 (1215, 1318) 687 (604, 740) 914 (786,1109) 1439 (1293, 1587)
energy score 1.0 (1.0,2.0) 20 (20,3.0) 3.0 (3.0,4.0) 1.0 (1.0,1.0) 20 (20,4.0) 40 (3.0,4.0)
sugars 0.7 (0.6,0.8) 16 (08,2.1) 0.7 (0.4,1.4) 0.7 (05,1.2) 07 (05,1.0) 08 (0.6,1.0)
sugar score 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0)
SFAs 29 (1.9,3.0) 45 (39,6.0) 8.7 (8.5,9.0) 28 (1.6,3.3) 59 (45,8.1) 129 (10.5,14.0)
SFA score 20 (1.0,2.0) 40 (3.0,6.0) 100 (10.0,10.0) 20 (1.0,3.0) 5.0 (4.0,8.0) 10.0 (10.0,10.0)
sodium 600 (600, 720) 680 (620, 760) 600 (600, 720) 580 (430, 650) 680 (600, 732) 760 (680, 790)
sodium score 6.0 (6.0,7.0) 7.0 (7.0,8.0) 6.0 (6.0,8.0) 6.0 (4.0,7.0) 7.0 (6.0,8.0) 8.0 (7.0,8.0)
protein 150 (120,150) 140  (115,180) 87 (8.5,9.0) 10.8 (8.8,15.0) 131 100,150) 120 (8.7,14.0)
protein score 50 (5.0,5.0) 50 (5.0,5.0) 50 (5.0,5.0) 20 (2.0,2.0) 20 (20,2.0) 20 (2.0,2.0)
fibre 01 0.1,0.2) 04 (02,04) 0.1 (0.1,0.1) 02 0.1,0.2) 02 (01,05) 02 0.1,2.1)
fibre score 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.2)
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Table 4. Cont.

Other Poultry Meat Products Other Red Meat Products
A B C D E A B C D E
N 0 1 33 29 0 0 1 36 8
total score 2.0 4.0 (4.0,5.0) 11.0 (11.0, 13.0) 8.0 (7.0,8.0) 15.0 (12.0,17.0) 220 (20.0,22.0)
KJ 311 436 (407, 467) 585 (481,721) 429 (371,472) 744 (455, 849) 1458 (1193, 1635)
energy score 0.0 1.0 (1.0,1.0) 10 (1.0, 2.0) 1.0 (1.0,1.0) 2.0 (1.0, 2.0) 4.0 (3.0,4.0)
sugars 0.8 0.7 05,09) 0.6 (0.4,07) 0.7 0.7,0.8) 0.6 (0.5,0.9) 0.9 04,15)
sugar score 0.0 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 0.0,0.0)
SFAs 14 0.8 0.6,1.2) 2.6 (1.2,3.6) 13 (1.0,1.8) 45 (1.5,6.0) 8.7 (7.7,10.5)
SFA score 1.0 0.0 0.0,1.0) 2.0 (1.0,3.0) 1.0 0.0,1.0) 4.0 (1.0,5.0) 8.0 (7.0,9.0)
sodium 600 800 (720, 800) 840 (720, 1000) 800 (740, 820) 880 (800, 1000) 1020 (758, 1760)
sodium score 6.0 8.0 (7.0,8.0) 9.0 (7.0,10.0) 8.0 (8.0,9.0) 9.0 (8.0, 10.0) 10.0 (8.0,10.0)
protein 8.2 18.0 (16.0,19.0) 17.0 (13.0,18.0) 15.0 (14.0,16.5) 135 (11.0,15.3) 12.0 (11.0,39.5)
protein score 5.0 5.0 (5.0,5.0) 5.0 (5.0,5.0) 2.0 (2.0,2.0) 2.0 (2.0,2.0) 2.0 (2.0,2.0)
fibre 0.5 0.0 (0.0,0.0) 0.0 (0.0,0.1) 0.0 (0.0,0.0) 0.0 (0.0,0.1) 0.0 0.0,0.1)
fibre score 0.0 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0)

meat preparations meat products

baseline baseline

-30% sodium -30% sodium

-10% SFA -10% SFA

-30% sodium and
-10 % SFA

-30% sodium and l
-10 % SFA

0% 20% 40% 60% 80% 100%

0, 0, 10/ 0, 0, 0,
0% 20% 40% 60% 80% 100% EA MB C mD HME

HA mB  C mD mE

Figure 7. Modifications in product allocations between the Nutri-Score classes depending on the
selected formulation change scenario.

Table 5. Distribution across Nutri-Score classes and change from the baseline distribution according
to product reformulation. The values are given as “N”—the number of products and the “%"”"—
the percentage of products assigned to a given Nutri-Score class in relation to all products in this
food group.

Nutritional Information Class

Assortments Group A B C D E

N % N % N % N % N %
Baseline meat preparations 1 3.70 0 0.00 1 3.70 18 66.67 7 25.93
meat products 1 0.06 2 012 177 1058 799 4776 694 4148
smoked meats 1 0.19 1 019 101 1891 308 57.68 123  23.03
smoked poultry meats 1 1.72 1 1.72 23 39.66 31 53.45 2 3.45
smoked red meats 0 0.00 0 0.00 78 1639 277 5819 121 2542
sausages 0 0.00 0 0.00 11 127 320 3695 535 61.78
poultry meat sausages 0 0.00 0 0.00 5 4.35 105 91.30 5 4.35
red meat sausages 0 0.00 0 0.00 6 0.80 215 28.63 530 70.57
offal meats 0 0.00 0 0.00 21 1355 106  68.39 28 18.06
offal poultry meat products 0 0.00 0 0.00 5 16.67 19 63.33 6 20.00
offal red meat products 0 0.00 0 0.00 16 12.80 87 69.60 22 17.60
other meat products 0 0.00 1 0.85 44 37.29 65 55.08 8 6.78
other poultry meat products 0 0.00 1 1.59 33 52.38 29 46.03 0 0.00
other red meat products 0 0.00 0 0.00 11 20.00 36 65.45 8 14.55
Minus 30% meat preparations 1 3.70 0 0.00 9 33.33 13 48.15 4 14.81
sodium meat products 1 006 53 317 392 2343 710 4244 517  30.90
smoked meats 1 019 21 393 230 4307 178 3333 104 1948
smoked poultry meats 1 172 20 3448 29 50.00 6 10.34 2 3.45
smoked red meats 0 0.00 1 021 201 4223 172 3613 102 2143
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Table 5. Cont.

Nutritional Information Class

Assortments Group A B C D E
N % N % N % N % N %

sausages 0 0.00 3 0.35 57 6.58 409 4723 397 4584

poultry meat sausages 0 0.00 3 2.61 25 21.74 85 73.91 2 1.74
red meat sausages 0 0.00 0 0.00 32 4.26 324 4314 395  52.60

offal meats 0 0.00 2 1.29 51 32.90 91 58.71 11 7.10

offal poultry meat products 0 0.00 2 6.67 12 40.00 15 50.00 1 3.33

offal red meat products 0 0.00 0 0.00 39 31.20 76 60.80 10 8.00

other meat products 0 0.00 27 2288 54 45.76 32 27.12 5 424

other poultry meat products 0 0.00 27 4286 @ 27 42.86 9 14.29 0 0.00

other red meat products 0 0.00 0 0.00 27 49.09 23 41.82 5 9.09
meat preparations 1 3.70 0 0.00 1 3.70 19 70.37 6 22.22
meat products 1 0.06 2 0.12 192 1148 844 5045 634  37.90
. o smoked meats 1 0.19 1 0.19 107 2004 315  58.99 110 20.60
Minus 10% smoked poultry meats 1 172 1 172 25 4310 29 5000 2 345
SEAs smoked red meats 0 000 0 000 8 1723 286 6008 108 2269
sausages 0 0.00 0 0.00 13 1.50 357 4122 496  57.27

poultry meat sausages 0 0.00 0 0.00 7 6.09 104 90.43 4 3.48

red meat sausages 0 0.00 0 0.00 6 0.80 253  33.69 492  65.51
offal meats 0 0.00 0 0.00 23 14.84 111  71.61 21 13.55

offal poultry meat products 0 0.00 0 0.00 6 20.00 22 73.33 2 6.67
offal red meat products 0 0.00 0 0.00 17 13.60 89 71.20 19 15.20

other meat products 0 0.00 1 0.85 49 41.53 61 51.69 7 5.93

other poultry meat products 0 0.00 1 1.59 38 60.32 24 38.10 0 0.00
other red meat products 0 0.00 0 0.00 11 20.00 37 67.27 7 12.73

meat preparations 1 3.70 0 0.00 9 33.33 14 51.85 3 11.11
meat products 1 0.06 57 341 421 2516 734 4387 460  27.50
smoked meats 1 019 21 393 239 4476 191 3577 82 15.36

. o smoked poultry meats 1 172 20 3448 31 53.45 4 6.90 2 3.45
Minus 30% smoked red meats 0 000 1 021 208 4370 187 3929 80 1681
sodiumand ) a0 0 000 3 035 72 831 427 4931 364 4203
10% SFAs poultry meat sausages 0 000 3 261 33 2870 77 6696 2 174
red meat sausages 0 0.00 0 0.00 39 5.19 350  46.60 362 48.20

offal meats 0 0.00 3 1.94 57 36.77 86 55.48 9 5.81

offal poultry meat products 0 0.00 3 10.00 12 40.00 14 46.67 1 3.33

offal red meat products 0 0.00 0 0.00 45 36.00 72 57.60 8 6.40

other meat products 0 000 30 2542 53 44.92 30 25.42 5 4.24

other poultry meat products 0 0.00 30 47.62 25 39.68 8 12.70 0 0.00

other red meat products 0 0.00 0 0.00 28 50.91 22 40.00 5 9.09

3.5. Salt Content and the Presence of Flavour Enhancers in Products

Salt content significantly explained the presence of flavour enhancers in the products.
The probability of flavour enhancers being present in the products decreased as the salt
content increased (X? = 168.4, df = 1, p < 0.001) (Figure 8). However, the model was not
well fitted because the percentage of correctly classified cases was only 63, and although
the ROC was statistically significant, the AUC value was not high (AUC = 0.649).
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Figure 8. Probability (and CIs) of flavour enhancers being present against salt content in the
meat products.

4. Discussion

The introduction of front-of-pack (FOP) labelling has two primary goals: the first is
to help consumers make healthier food choices and the second is to encourage manufac-
turers to reformulate their current products or create new products that are considered
healthier [56].

This study is the first to comprehensively describe the distribution of processed meat
products according to Nutri-Score class. The results indicate that 89.3% of processed meat
products on the Polish market are classified as class D or E. They should therefore be
classified as being for limited consumption, which is in accordance with Polish dietary
guidelines recommending, inter alia, more limited consumption of red meat and processed
meat products [57,58]. Similar to a study conducted by Dréano-Trécant et al., which
analysed products from eight European countries, including Poland, the present study
found that processed meat could be classified into all five Nutri-Score classes [59]. Even so,
the dominant class in the case of five countries, viz. Finland, Norway, Portugal, Sweden,
and Poland, was class D, which is consistent with the results obtained in the present study.
In the case of France and Switzerland, the dominant class was class E, and in Slovakia, it
was class A [59]. A study performed on the German market found the total percentage of
processed meat products categorised as D and E to be 95.8%, i.e., slightly higher than the
present study, with the dominant class being E [60].

Our findings indicate that the use of the refined algorithm did not alter the allocation
for products allocated to classes D and E. Although reducing the maximum number of
points for the protein P-component, from five to two points [54], resulted in an increase in
the mean number of points awarded to products in class C, it did not affect their movement
to class D. However, a class change was noted for five products originally classified as B,
which were classified into class C by the refined algorithm. Thus, our study indicates that
the change in the algorithm does not cause any significant changes in the distribution of
products between classes in the Polish market. Nevertheless, research conducted in the
Belgian, French, German, and Dutch markets found that the use of the improved Nutri-
Score algorithm resulted in a significant reallocation of processed meat products between
classes. An increase of 16 percentage points in the E-class was noted in France, and 10 in
the Netherlands, while in Germany, the percentage of products classified into the E-class
more than doubled from 8 to 17% [54].

Among the products belonging to the same food group, both the original and refined
Nutri-Score algorithms ranked products made from poultry meat more favourably than
red meat. As such, the change in scoring to promote poultry meat over red meat did not
affect this. In the case of poultry sausages, nearly 91.5% of the products were categorised
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as D, while in the case of sausages made from red meat, nearly 71% were categorised as E.
This may support research that suggests that increasing the consumption of white meat
over red meat may be associated with a reduced risk of stomach cancer [18] and stroke [13].

Research in many countries shows that the placement of “Front-of-Pack” labels in-
creases the ability of consumers to evaluate products regarding their nutritional quality and
thus make healthier food choices [61-63]. It has been proposed that systems which rank
products from more favourable to more negative are more understandable to consumers
than those using only positive or negative information on the labels [64]. Furthermore,
interpretative systems, particularly the Nutri-Score, have been found to offer consumers
more help in ranking the overall nutritional quality of food products in numerous European
countries. In Belgium, France, Germany, Spain, the United Kingdom, Denmark, Bulgaria,
the Netherlands, Switzerland, Portugal, Greece, and Poland, the Nutri-Score emerged as
the most efficient approach to informing consumers about the nutritional quality of food
products [62,65-72]. This could be attributed to the ease with which consumers interpret
labels incorporating colour-coding [68,73] as opposed to nutrient-specific systems; the
latter heavily depend on numerical information, demanding a cognitive workload that may
impede comprehension and utilisation in purchasing scenarios [68].

Furthermore, Engell et al. report that FOP labels can contribute to a decrease in mortal-
ity associated with diet-related non-communicable diseases, with Nutri-Score proving to be
the most effective among them. It is estimated that around 3.4% of all cases of deaths from
diet-related non-communicable diseases could be prevented through the implementation of
a Nutri-Score FOP label [74] and that the Nutri-Score FOP labels promote healthier dietary
decisions among individuals dealing with chronic cardiometabolic diseases [75].

In the authors’ opinion, processed meat products and their groups exhibit a wide
variability in nutritional quality, and it is not easy for an average consumer to see the
difference between them. As such, the use of a five-point scale for evaluating processed
meat products could allow consumers to effectively distinguish the nutritional quality of
different types of processed meats within the same group; in such cases, proper product
labelling would allow them to make more conscious decisions. However, Nutri-Score is an
interpretative system, not an information system; while it may help consumers choose a
better product from a specific product group, it provides limited information for people
with specific dietary needs [76].

The use of interpretative labels on the front of packaging, such as Nutri-Score, often
faces criticism. For example, identical scores can be obtained by products with diverse
nutritional characteristics, and the score does not provide information about specific nutri-
ents like sugars, salt, and saturated fats, which may be important to particular consumer
groups; as such, products with the same rating may have different effects on health depend-
ing on individual characteristics [77]. Therefore, according to Carruba et al., Nutri-Score
FOP labels do little to help individuals identify foods more or less suited to their specific
needs [76]. In addition, the algorithm used for the Nutri-Score labelling system involves
assessing the content of selected ingredients and energy per 100 g of the product without
considering the size of the food portion that is usually consumed. Consequently, there is a
risk that better-rated products may be generally consumed in larger quantities, especially
when they come in large packages; such greater consumption can have a more significant
impact on the overall nutritional quality of the diet compared to other foods with less
favourable Nutri-Score ratings but may be consumed in much smaller amounts [76,78].

Julia et al. demonstrated that a nutritional label based on FSA score could help
consumers make healthier food choices and potentially play a role in long-term obesity
prevention [79]. Also, Egnell et al. report that consumers with lower dietary indices based
on nutrient profiling systems (NPS), used to classify foods according to their nutritional
value, had a lower body mass index (BMI) gain over time and were much less likely to
become overweight [80]. In contrast, Carruba et al. propose that the Nutri-Score scale
does not help maintain a normal BMI and does not reduce the likelihood of becoming
overweight or developing obesity, mainly because this rating refers to 100 g of the product
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and not to the portion size, making it challenging to monitor energy intake and control
body weight [76].

Nevertheless, implementing FOP labelling has encouraged manufacturers to refor-
mulate their current products or create new products considered healthier, resulting in
significant public health benefits [81,82]. After being introduced in New Zealand by the
National Heart Foundation of New Zealand (NHF), the FOP Tick programme has allowed
consumers to identify healthier product options in relation to heart disease within the same
food category; this has led to FBOs excluding 33 tons of salt from breakfast cereals, breads,
and margarine products in one year by reformulating these products [82,83]. A similar
scenario was observed in Australia [84]. In addition, in order to meet its requirements, the
products bearing the logo of the FOP Tick programme are characterised by lower energy,
trans-fatty acids (TFAs), saturated fatty acids (SFAs), and sodium contents [85], and the
inclusion of the programme’s logo became part of the marketing strategy of many food
companies [85].

Similar results were obtained following the introduction of the FOP Health Check
programme in Canada and the Choices logo in the Netherlands, which prompted food
manufacturers in the country to reformulate existing products and develop new ones with
healthier ingredients [56,86]. As a result, total fat, SFAs, TFAs, sodium, and sugar intake
was reduced, and fibre intake increased [56]. Moreover, an analysis performed in New
Zealand, two years after introducing the FOP Health Star Rating, the successor of the FOP
Tick programme, found some foods to have been reformulated as healthier products [87].

Our present findings indicate that the processed meat products received the most
points from in the N-component group due to their sodium content as a component
of salt. This is in line with WHO data indicating that most people consume too much
salt [34], with Poland demonstrating the highest salt intake among nine studied European
countries [88]. These data, together with estimates that 20-30% of salt in the diet comes
from meat and processed meat products [89,90] emphasises the importance of reducing
salt consumption from meat products. High salt intake may be associated with many
adverse health effects, such as an increased risk of hypertension [89,91], which in turn
results in an increased risk of stroke and cardiovascular disease [92]; it is also associated
with higher cardiovascular mortality [93] and all-cause premature mortality [94,95], as well
as an increased risk of stomach cancer and kidney disease and a higher risk of becoming
overweight and developing obesity [91]. However, it is important to remember that sodium
is an essential nutrient, and too little sodium also negatively affects the human body by
increasing the levels of renin and aldosterone [96]. Indeed, the lowest risk of cardiovascular
events and death from such events is observed in populations with a medium sodium
intake [96-98].

All WHO member states pledged in 2013 to implement programmes to reduce salt
intake from food and that the amount of salt consumed in food should be reduced by 30%
by 2025 [55]. Hendriksen et al. estimated that a 30% reduction in dietary salt intake in
Poland would reduce the incidence of stroke by 13.5%, ischaemic heart disease by 8.9%,
and deaths from cardiovascular disease by 5% [88]. In the present study, a simulated
30% reduction in the amount of salt used in processed meat products (Table 5) resulted
in a 29.71% modification of product allocation between categories: a marked decrease in
the number of products assigned to class E and an increase in the number of products
assigned to class B. As such, it can be speculated that considering only the nutritional
values, reducing the amount of salt used in processed meat products will make these
products healthier for consumers.

However, reduced-salt meat products often have a different texture and flavour to
those produced conventionally; such changes may foster consumer aversion to them, and
limit the effectiveness of the salt reduction programmes [99]. In addition to influencing the
taste of food [98,99], salt plays many other functions in food products, such as extending
shelf life and preserving food by reducing water activity [88,89,100-102]; it can also act
as a binding agent between meat and fat and promote the dissolution of microfibrillar
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proteins to maintain the proper texture of products [88,89]. Hence, the primary challenge
facing the meat industry is to reduce salt concentrations while maintaining the sensory
acceptability, cost, with salt being cheaper than substitutes [98], and safety of processed
meat products [103,104].

Our study found that lower-salt products were more likely to contain flavour en-
hancers than salt-rich products. Often, the development of reduced-salt products involves
greater use of flavour enhancers and agents to mask an undesirable taste [89,105,106]. Such
substitutes include other chloride salts, such as KCl1 [107-110], CaCl,, and MgCl, [111,112],
non-chloride salts, such as lactate and diacetate [113], or flavour enhancers, such as argi-
nine, lysine, sodium inosinate, sodium guanylate, taurine, glycine, yeast extracts, and
monosodium glutamate [105,114-116].

Our research showed that processed meat products also received a high score in the
N-component group, particularly regarding saturated fatty acid (SFA) content. High fat
intake has been linked to the onset of many lifestyle diseases, and excessive consumption
of SFAs is a factor in cardiovascular disease [117,118]. It has been found that removing
SFAs can result in healthier processed meat products and that choosing low-fat food may
lower the risk of colorectal cancer (CRC) associated with consuming processed meat [119].

However, it is important to remember, that in addition to providing energy, fats
strongly influence the consistency, taste and appearance of a product, in addition to its
characteristic structure and flavour [120]. Therefore, limiting the SFA content in a product
may involve the need to use fat substitutes to maintain its sensory attractiveness [120,121].
Most importantly, these substitutes will also affect the energy content of the product and,
thus, its overall Nutri-Score rating.

Research indicates that the Nutri-Score is well perceived and understood by consumers
and has performed well in studies comparing the nutritional quality of products. Food
labelling on the front of the package is an effective way to in promote consumer awareness
and can help consumers make beneficial choices [63,75,122-125]. However, it should
be noted that the Nutri-Score system has some limitations: the rating only applies to
100 g of the product and not a typical food portion, and due to its simplified nature, the
algorithm does not address other aspects of the products, such as certain food additives or
mechanically separated meat, or their mineral, vitamin, or specific fatty acid content [78].
Furthermore, the results show that the presence of FOP labels may reduce the attention
consumers pay to the nutritional information on food packaging, suggesting possible over-
reliance on the information presented on the front. This is often the case with interpretative
labels offering a summary of the overall healthfulness of the product, like Nutri-Score [126].

Our study has some limitations. Due to our desire to obtain a comprehensive overview
of the Polish market and include as many products as possible, our analyses were based
on data obtained from processed meat product labels. Therefore, our calculations were
based on the results of chemical tests of products carried out by FBOs and not on our
chemical analyses. Consequently, the study was restricted to products that provided
complete information on their labels. Moreover, because labels are not required to carry
information on fibre content (an element of the algorithm), these data had to be obtained
directly from the FBOs; in some cases where the exact data were not available, average
values were assigned. Furthermore, it was not possible to calculate a precise energy score
in the 10% SFA reduction scenario as it was unclear whether the SFAs had been replaced
with a fat substitute and which type. As such, the product may have been underestimated
or overestimated with regard to its final score.

To effectively support the harmonisation of FOP labelling in European countries, there
is clearly a need for more comprehensive research considering other food groups on the
European and Polish markets. These studies should focus on determining the effectiveness
of the refined Nutri-Score algorithm in helping consumers identify the nutritional quality of
a food item. Moreover, as the Nutri-Score algorithm is based on the analysis of ingredients
in 100 g of a product, and not a standard consumed portion, it seems advisable to determine
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whether it has any real impact on limiting the consumption of ingredients considered
potentially undesirable.

We believe that our study results can become a starting point for conducting such
research, and to extend this to encompass products not included in the Nutri-Score algo-
rithm, such as food additives and minerals or vitamins. It can also examine the relationship
between their occurrence and concentration in the Nutri-Score class.

5. Conclusions

In summary, almost 90% of the meat products available on the Polish market were
found to fall into Nutri-Score classes D and E, with poultry meat products being classified
more favourably than red meat products. The investigated products were awarded the
highest negative scores for sodium content, followed by SFA content. A 30% reduction in
salt content significantly altered the classification for 505 products, while a 10% reduction
in SFA content resulted in a class change for 76 products. The simultaneous application of
both scenarios resulted in the reclassification of 598 products. In addition, products with a
lower salt content were more likely to contain flavour enhancers, most likely to improve
the sensory value.

Our research shows that among processed meat, it is possible to distinguish assort-
ments that have been ranked higher than others and are considered better for the consumer
from a nutritional value point of view. Applying the refined algorithm did not significantly
modify the allocation of processed meat products on the Polish market; this finding casts
doubt on the value of the introduced changes regarding the Nutri-Score classification of
processed meat.

Hence, there is a need for more information regarding the effectiveness by which
Nutri-Score can be used to distinguish nutritional quality in countries applying the refined
algorithm. The findings could play an important role in introducing a harmonised system
of FOP labelling in European Union countries.
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Katarzyna Czech-Zalubska, Daniel Klich, Agnieszka Jackowska-Tracz, Anna Didkowska, Janusz
Bogdan, Krzysztof Anusz

Dyes Used in Processed Meat Products in the Polish Market, and Their Possible Risks and Benefits for
Consumer Health

moj wklad w jej powstanie polegat na zbieraniu materiatu do badan, wspétudziale w opracowaniu
koncepcji i planu badar, wykonaniu doswiadczen, opracowaniu i interpretacji wynikéw oraz
przygotowaniu manuskryptu.

Méj wklad procentowy szacuje na 70%.
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Dyes Used in Processed Meat Products in the Polish Market, and Their Possible Risks and Benefits for
Consumer Health

mdj wktad w jej powstanie polegal na wspétudziale w opracowaniu planu badan i wykonywaniu
do$wiadczen oraz opracowaniu statystycznym wynikow.

Mo¢j wktad procentowy szacuje na 5%.
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moj wktad w jej powstanie polegal na nadzorowaniu prawidtowosci prowadzonych badaii.
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Moj wkiad procentowy szacujg na 5%.
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mo6j wkiad w jej powstanie polegat na nadzorowaniu prawidtowosci prowadzonych badaf oraz
wsp6tudziale w korekcie merytorycznej manuskryptu.

M6j wkiad procentowy szacuj¢ na 5%.
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moj wkiad w jej powstanie polegal na wspotudziale w powstaniu koncepcji nadzorowaniu
prawidlowosci prowadzonych badan oraz wspotudziale w korekcie merytorycznej manuskryptu.

Méj wktad procentowy szacuj¢ na 10%.
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Assessment of dietary exposure to food additives used in Polish processed meat products

mdj wktad w jej powstanie polegal na zbieraniu materiatu do badan, wspétudziale w opracowaniu
koncepcji i planu badan, wykonaniu do§wiadczen, opracowaniu i interpretacji wynikéw oraz
przygotowaniu manuskryptu.

Méj wkiad procentowy szacujg na 65%.
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Moéj wkiad procentowy szacuj¢ na 5%.
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Moj wkiad procentowy szacuje na 5%.
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Mo6j wkiad procentowy szacujg na 5%.
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mdj wklad w jej powstanie polegal na wspéludziale w powstaniu koncepcji nadzorowaniu
prawidtowosci prowadzonych badan oraz wspoétudziale w korekcie merytorycznej manuskryptu.

Moj wkiad procentowy szacuje na 15%.
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méj wkiad w jej powstanie polegal na zbieraniu materiatu do badan, wspétudziale w opracowaniu
koncepgji i planu badan, wykonaniu do§wiadczen, opracowaniu i interpretacji wynikéw oraz
przygotowaniu manuskryptu.

Moj wkiad procentowy szacuje na 70%.
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moéj wktad w jej powstanie polegal na nadzorowaniu prawidtowosci prowadzonych badan oraz
wspoludziale w korekcie merytorycznej manuskryptu.

Moj wkiad procentowy szacuj¢ na 5%.
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mdj wkiad w jej powstanie polegal na wspoétudziale w opracowaniu planu badan i wykonywaniu
doswiadczen oraz opracowaniu statystycznym wynikow.

Moéj wkiad procentowy szacuje na 5%.
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Moj wklad procentowy szacuje na 5%.
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Moj wkiad procentowy szacujg na 10%.







