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RESUMO

A Doenga Celiaca (DC) ¢ uma condigdo cronica que afeta o intestino delgado em individuos
geneticamente predispostos apos a ingestao de gliten. Isso pode levar a atrofia das vilosidades
intestinais, prejudicando a absor¢do de nutrientes e causando diversas manifesta¢des clinicas.
A dieta isenta de glaten (DIG) € o nico tratamento seguro para a DC, resultando em melhorias
rapidas nos sintomas e recupera¢do da mucosa intestinal. A ingestdo do gluten (rede proteica a
partir do trigo, centeio, cevada e aveia), desencadeia o problema, tornando a exclusao destes
alimentos da dieta a abordagem terapéutica necessaria para a DC. No entanto, evitar a
contaminag¢do cruzada por gliten em cozinhas compartilhadas representa um grande desafio
para as pessoas com DC. Portanto, este estudo teve como objetivo analisar na literatura os riscos
de contaminacdo cruzada em alimentos, bem como o0s procedimentos para controle e
minimiza¢do dessa contaminacdo cruzada por gliten em ambientes de manipulacdo de
alimentos, além de avaliar a eficacia de diferentes métodos de limpeza: M1 (detergente comum
com enzima bromelina), M2 (detergente comum com enzima papaina), M3 (detergente comum
com enzimas bromelina + papaina), M4 (solucdo clorada com enzima bromelina), M5 (solugdo
clorada com enzima papaina), M6 (solu¢do clorada com enzimas bromelina + papaina) e M7
(tripla lavagem), aplicados para a remog¢ao de gluten em diferentes utensilios de cozinha, de
forma quantitativa, utilizando método imunoenzimatico ELISA. A andlise da literatura revelou
que embora a rotulagem de glaten em alimentos industrializados tenha avangado em alguns
paises, ¢ fundamental promover boas praticas em servigos de alimentacdo para reduzir a
contaminagdo cruzada por gliten em nivel global. A analise experimental revelou que
abordagens como detergente comum adicionados de enzimas bromelina e papaina e a tripla
lavagem, foram efetivas na reducdo da presenga de gluten em diversos materiais. Por outro lado,
métodos com solucdo clorada n3o foram efetivos na maioria dos casos. Portanto, a
implementag¢ao de protocolos de limpeza adequados em cozinhas domésticas e servicos de
alimentagdo ¢ crucial para garantir a seguranga e bem-estar das pessoas com DC e outras
desordens relacionadas ao gliten (DRGs). Assegurar a remocao eficaz de gliten € essencial
para fornecer refeigdes seguras e confiaveis para esse grupo de pessoas.

Palavras-chave: remoc¢ao de gliten; dieta sem glaten; contaminagdo cruzada; tratamento;
alimento seguro; servi¢os de alimentacao.



ABSTRACT

Celiac Disease (CD) is a chronic condition that affects the small intestine in genetically
predisposed individuals after ingesting gluten. This can lead to atrophy of the intestinal villi,
impairing nutrient absorption and causing various clinical manifestations. The gluten-free diet
(GDI) is the only safe treatment for CD, resulting in rapid improvements in symptoms and
recovery of the intestinal mucosa. The ingestion of gluten (a protein network made from wheat,
rye, barley and oats) triggers the problem, making the exclusion of these foods from the diet
the necessary therapeutic approach for CD. However, avoiding gluten cross-contamination in
shared kitchens represents a major challenge for people with CD. Therefore, this study aimed
to analyze the risks of cross-contamination in food in the literature, as well as the procedures
for controlling and minimizing this cross-contamination by gluten in food handling
environments, in addition to evaluating the effectiveness of different cleaning methods: M1
(common detergent with bromelain enzyme), M2 (common detergent with papain enzyme), M3
(common detergent with bromelain + papain enzymes), M4 (chlorinated solution with
bromelain enzyme), M5 (chlorinated solution with papain enzyme), M6 (chlorinated solution
with bromelain + papain enzymes) and M7 (triple washing), applied to remove gluten from
different kitchen utensils, quantitatively, using the immunoenzymatic ELISA method. The
literature analysis revealed that although gluten labeling in processed foods has advanced in
some countries, it is essential to promote good practices in food services to reduce gluten cross-
contamination at a global level. The experimental analysis revealed that approaches such as
common detergent added with bromelain and papain enzymes and triple washing were effective
in reducing the presence of gluten in various materials. On the other hand, methods using
chlorinated solutions were not effective in most cases. Therefore, implementing appropriate
cleaning protocols in home kitchens and food services is crucial to ensuring the safety and well-
being of people with CD and other gluten-related disorders (GRDs). Ensuring effective gluten
removal is essential to providing safe and reliable meals for this group of people.

Keywords: gluten removal; gluten-free diet; cross contamination; treatment; safe food; food
services.
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1 INTRODUCAO

A Doenga Celiaca (DC) ¢ uma enteropatia imunomediada cronica que afeta o intestino
delgado, ocorrendo em individuos geneticamente predispostos apds a exposi¢do ao gluten
presente na dieta (Mosca e Pellegrini, 2021). O intestino delgado ¢ o principal 6rgao afetado
pela DC e, quando as suas vilosidades sofrem atrofia, prejudicam a absor¢ao dos nutrientes dos
alimentos e resultam em diversas manifestagdes clinicas. (Fasano, 2015).

ApoOs receber o diagndstico positivo, o inicio da dieta isenta de glaten (DIG) ¢
prontamente recomendado, resultando em melhora nos sintomas, além da recuperagdo da
mucosa intestinal em muitos casos, em até dois anos. A DIG também demonstrou reduzir
significativamente o risco das complicagdes decorrentes da DC (Lebwohl, Sanders e Green,
2018; Schiepatti et al., 2022).

Até o momento, a DIG ¢ o unico tratamento considerado seguro para a DC, incluindo
a adogdo de medidas para evitar a contaminacgdo cruzada por gluten na alimentagdo (Studerus
et al., 2018; Itzlinger et al., 2018; Silvester et al., 2020). A contaminagao cruzada de utensilios
e superficies durante o preparo de refei¢des representa um desafio para as pessoas com DC. A
manipulacdo de alimentos com e sem gliten no mesmo ambiente, como em cozinhas
compartilhadas, pode aumentar ainda mais o risco de contaminag¢ao, tornando-se uma ameaga
para os portadores de DC (Studerus et al., 2018; Galan-Malo et al., 2019).

Neste contexto, o desenvolvimento de protocolos efetivos para a eliminagao do gluten
em cozinhas domésticas e industriais ¢ fundamental para a gestao adequada de fornecimento de
alimentos seguros (Fucifios et al., 2019). Compreender a molécula de glaten e suas
caracteristicas quimicas ¢ essencial para a remocdo segura de superficies e utensilios,
permitindo preparacdes adequadas destinadas a pessoas com DC e outras desordens
relacionadas ao gluten (DRGs). O gluten ¢ uma rede proteica formada por proteinas dos grupos
prolamina e glutelina em agitacdo mecanica na presenga de dgua em diversos cereais como
trigo, centeio e cevada (Shewry, 2019).

Enzimas industriais, como as proteases, tém sido amplamente utilizadas como aditivos
em detergentes com aplicacdo relevante na quebra de ligagdes peptidicas em proteinas e
peptideos (Vojcic et al., 2015; Dos Santos Aguilar e Sato, 2018). A papaina, extraida do latex
dos frutos verdes da planta Carica papaya L., e a bromelina, encontrada no abacaxi (4nanas
comosus Merr.) e em outras plantas da familia Bromeliaceae, sao exemplos de enzimas
proteoliticas que tém se destacado no contexto comercial e industrial (Borella e Stevanato,

2015; Chakraborty et al., 2021).



Estudos tém avaliado a eficdcia de detergentes contendo proteases na remocdo de
gluten de utensilios e superficies (Fucifios et al., 2019; Galan-Malo et al., 2019). A aplicacio
desses detergentes resultou em reducao significativa da presenca de gluten, tornando-se uma
estratégia promissora para minimizar a contamina¢do cruzada. Outras técnicas de limpeza
também tem sido utilizadas, como a lavagem com agua fria, 4gua quente, panos e toalhas
limpos, lavagem com detergente comum, em maquina de lavar lougas, lavagem a mao,
utilizacao de 4dgua sanitaria, mas ainda precisam ser melhor avaliados (ANMAT/INAL, 2013;
Studerus et al., 2018; Galan-Malo et al., 2019). A abordagem da "Tripla Lavagem",
amplamente difundida nos grupos brasileiros de pessoas com DC, busca reduzir a contaminac¢ao
cruzada, embora ainda ndo tenha sido validada por evidéncias cientificas.

Este estudo teve como objetivo avaliar os riscos da contaminagdo cruzada e a
efetividade de estratégias remocao de gluten utilizando diferentes métodos de limpeza, visando
facilitar a vida das pessoas com DC e profissionais da area de alimentos, assegurando refei¢cdes

seguras em residéncias e estabelecimentos de alimentagdo.

1.1 JUSTIFICATIVA

Um dos problemas enfrentados pelas pessoas com DC ¢ a contaminacdo cruzada por
glaten em utensilios e superficies ao realizar preparagdes de refeicdes onde ha ou houve
manipulagdo de ingredientes que contenham gluten, tanto em suas residéncias como em
Servigos de Alimentagdao (SA). A contaminacdo cruzada por gliten pode tornar a recuperacao
do individuo e o seguimento da dieta sem gliten bastante dificil, pois, o unico tratamento eficaz
para melhora da doenca ¢ fazer a DIG de forma correta, ou seja, cuidando também com o
contato com a contaminacao cruzada.

Portanto, se faz necessaria mais pesquisas nessa area de limpeza efetiva de utensilios,
para os proprietarios de SA possam aprender e minimizar o risco de contaminagdo por gliten
para que, as pessoas com DC continuem a fazer o tratamento com mais seguranca e assim,

melhorar e manter sua saude e qualidade de vida.

1.2 OBJETIVOS

1.2.1 Objetivo geral



Avaliar os riscos da contaminagdo cruzada e a efetividade de estratégias remocao de

gluten utilizando diferentes métodos de limpeza.

1.2.2 Objetivos especificos

Identificar na literatura, os principais riscos de contaminagao cruzada por alimentos
em ambientes de manipulagdo de alimentos, e os procedimentos ja existentes para controle e
minimiza¢do dessa contaminagdo cruzada por gluten;

Analisar o gluten remanescente apds a coc¢ao em diferentes utensilios culinarios;

Avaliar a efetividade reducdo de gliten sob diferentes métodos de limpeza.

2 REVISAO DA LITERATURA

2.1 Doenca Celiaca

A doenca celiaca (DC) ¢ uma enteropatia autoimune, causada pela ingestao de gluten
em individuos predispostos geneticamente (Mosca e Pellegrini, 2021), na qual ¢ gerado um
estado inflamatdrio da mucosa duodenal e, consequentemente, pode levar a atrofia completa
das vilosidades (Ludvigsson et al.,2013). Nesses individuos com predisposi¢ao genética, ocorre
a acdo de auto-anticorpos especificos contra a transglutaminase 2 tecidual (anti-TG2),
endomisio e/ou peptideo de gliadina deaminada (Mosca e Pellegrini, 2021). Os peptideos do
gluten, que ja estdo parcialmente digeridos, atravessam a barreira epitelial da mucosa e sdo
expostos a transglutaminase tecidual, iniciando uma resposta imune inata e adaptativa, para
chegar a lamina propria (Caio et al., 2019). Geralmente surge na infancia, mas pode se
desenvolver na fase adulta da vida e também no envelhecimento, no qual o mecanismo pode
ser algum fator traumatico ou estressante que desencadeia a autoimunidade nessas pessoas
predispostas (Lionetti ef al., 2015; Parra-Medina et al., 2015).

Alguns mecanismos de como os peptideos de gluten chegam ao intestino incluem a via
transcelular, onde acontece a endocitose do gluten em lisossomos, que fazem a degradacdo em
peptideos menores (Valitutti e Fasano, 2019), via paracelular, onde devido a regulacgio das tight
junctions, que unem as células epiteliais, promovem alteracdo na permeabilidade celular,
permitindo a entrada desses peptideos de gliadina na mucosa. O exemplo ¢ a regulacao feita
pela zonulina, que ¢ uma proteina sintetizada pelo intestino e pelo figado, produzida pelas

células epiteliais de individuos portadores de DC, que fazem essa alteracdo na permeabilidade



(Fasano, 2020). Outro mecanismo ¢ a resposta imune adaptativa, que comeg¢a com a exposi¢ao
de peptideos de gluten as células T CD4+ na mucosa intestinal, levando a producdo de citocinas
pro-inflamatorias como interferon- y (IFN-y). Essas citocinas estimulam as células T auxiliares
1 a produzir interleucinas (IL-15 e IL-21 mais especificamente), ativando os linfocitos
intraepiteliais CD8+ (IELs) e promovendo danos intestinais. Além disso, as células T-helper 2
induzem a producdo de anticorpos anti-gliadina, anti-transglutaminase e anti-endomisio,
caracteristicos da DC. A presenga aumentada de IELs CD8+ também ¢ uma caracteristica
importante da DC, contribuindo para a inflamacao e lesdes na mucosa intestinal (Sharma et al.,
2020).

A figura 1 mostra, de forma resumida, a patogénese da DC. O principal gatilho
ambiental da DC ¢ a ingestdo das proteinas do gluten e as prolaminas relacionadas no trigo,
centeio e cevada, juntamente com a expressao das principais proteinas do complexo HLA-DQ?2
ou -DQ8, essas sdo pré-condigdes necessarias para o desenvolvimento da DC (Jabri e Sollid,

2017).

Fatores necessarios Co-fatores
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Figura 1. Fatores e co-fatores que influenciam na patogénese da DC.

Fonte: Adaptado de Verdu; Schuppan (2021).

Outros cofatores sao também necessarios, incluindo vias pro-inflamatdrias moduladas
pela sinalizacdo do eixo intestino-cérebro, como estresse, microbiano (virus, bactérias e
possivelmente fungos) e seus metabolitos e outras proteinas imunogénicas ndo-gluten, como
por exemplo, inibidor de tripsina de amilase de trigo (AT) e transglutaminase-2

(transglutaminase tecidual, TG2). Alguns fatores genéticos adicionais também fazem parte da



patogénese da DC, como os genes ndo-HLA, por exemplo, as interleucinas (IL): IL2, IL21 e
IL8R1 (De Re, Magris e Cannizzaro, 2017; Verdu e Schuppan, 2021).

A ingestdo de gluten tem sido associada também a uma série de distarbios clinicos,
chamados desordens relacionadas ao glaten (DRGs), que, além da DC, o espectro desses
disturbios inclui dermatite herpetiforme (DH), sensibilidade ao gliten nao-celiaca (SGNC),
alergia ao trigo e ataxia pelo gluten (Al-Toma et al., 2019; Cabanillas, 2021; Asri e Rostami-
Nejad, 2022) e, epidemiologicamente, tém sido considerados bastante relevantes, como o caso
da SGNC, onde Cardenas-Torres et al. (2021), em sua revisao narrativa, sugerem que as taxas
de prevaléncia variam de 0,49% a 14,9%, taxas consideradas mais altas do que quase todas as
estimativas de prevaléncia de DC e para alergia ao trigo, uma revisdo sistematica com meta-
analise realizada por Liu et al. (2023) mostrou que para diagnostico com IgE positivo, a
prevaléncia ficou em 0,97%. Para o tratamento da SGNC, a exclusao de gluten ¢ recomendada,
mas outros fatores podem impactar nos sintomas, como os FODMAPs (oligossacarideos,
dissacarideos, monossacarideos e polidis fermentaveis) (Cardenas-Torres et al., 2021; Almirall

et al., 2023) e para alergia ao trigo, exclusao do trigo da dieta (Liu et al., 2023).

2.2 Epidemiologia

A DC foi descrita pela primeira vez no século XIX por Samuel Gee, na Inglaterra, e por
Christian Herter, nos Estados Unidos, ap6s observarem sintomas em algumas criancas. Até
meados do século XX, a DC era conhecida como doenga de Gee-Herter (Rajput, Chauhan e
Makharia, 2022).

A DC pode ser observada em todo o mundo e, devido a melhora do diagnoéstico e
avalia¢do dos individuos considerados de alto risco, como por exemplo parentes de primeiro
grau, fez com que sua prevaléncia aumentasse significativamente nos Ultimos anos (Bai e
Ciacci, 2017; Al-Toma et al., 2019). Estima-se que a prevaléncia mundial da doenga celiaca ¢
1,4% da populacdo com sorologia positiva, e de 0,7% com diagnostico confirmado por bidpsia.
Este nimero deve ser maior devido ao subdiagndstico, pois foram demonstradas grandes
variagdes entre os paises, devido a composi¢do genética e heterogeneidade da populagdo, as
condigdes econdmicas e habitos alimentares, por exemplo (Singh et al., 2018; Rajput, Chauhan
e Makharia, 2022). Na populagao adulta, a prevaléncia varia entre uma pessoa a cada 100 e uma
a cada 300 em quase todo o planeta. E mais frequente no sexo feminino e atinge principalmente

individuos com ascendéncia europeia. No Brasil, as regides Sul e Sudeste tém a maior



prevaléncia, tanto pela forte colonizagdo europeia quanto pela maior disponibilidade de exames
para diagnostico (Singh et al., 2018).

A DC ¢ considerada um problema de saude publica, e, nesse sentido, as politicas
publicas sao 6timos instrumentos (Falcomer et al., 2020), para que tanto o diagnéstico como o
acompanhamento e aten¢do com a DIG sejam eficazes.

A distribuicdo mundial de alimentos contendo gluten, os fatores da patogenia da doenca
celiaca e a predisposigdo genotipica parecem ser 0s responsaveis pelo aparecimento
generalizado e quase universal desta doenca, e infelizmente ainda se tem muito mais casos nao

diagnosticados do que diagnosticados (Bai e Ciacci, 2017; Lebwohl e Rubio-Tapia, 2021).

2.3 Gluten

O gluten ¢ um complexo proteico encontrado em alguns cereais, a qual refere-se a
combinag¢do das proteinas dos grupos prolamina e glutelina (Shewry, 2019).

No caso da DC, o tipo de gluten que desencadeia a autoimunidade ¢ majoritariamente o
glaten de trigo (Sharma et al., 2020). O grao de trigo contém de 8 a 15% de proteina, nas quais,
de 10 a 15% sao albuminas e globulinas e 85 a 90% representam prolamina e glutelinas (Fucifios
et al.,2019). As albuminas sdo soluveis em agua, as globulinas sdo soluveis em solucdo salina
diluida, as prolaminas sdo soliveis em 60-70% de alcool e as glutelinas sdo insoliiveis nos
outros solventes, mas pode ser extraida em alcali. O glaten de trigo ¢ um complexo proteico
formado por uma fragdo proteica polimérica, do grupo das glutelinas, chamada de glutenina,
que sdo divididas em gluteninas de alto e baixo peso molecular, que ¢ insoluvel em élcool e
uma fracdo proteica monomeérica, do grupo das prolaminas, chamada de gliadina, divididas em
a/PB,yeQ, que é soluvel em alcool (Schumann et al., 2017; Lammers et al., 2018; Akobeng
et al., 2020). Analisando a composicao protéica do trigo, se observa que 5% de suas proteinas
sdo soluveis em solucdo alcalina e sal, 40 a 45% sdo soluveis em acido e de 33 a 45% s@o
soluveis em alcool 70 (Osborne, 1924; Urade, Sato e Sugiyama, 2018; Xiong et. al., 2023).

O trigo tem composicao gendmica que varia de diploide a tetraploide e hexaploide e,
devido a isso, se encontra muitas prolaminas diferentes neste cereal, e muitos destes peptideos
tém potencial toxico, que podem desencadear danos a mucosa e/ou imunogénicos, que sao
capazes de estimular células T exclusivas de HLA DQ2 e/ou DQ8, comparando com outros
cereais (De Re, Magris e Cannizzaro, 2017; Shewry, 2019). Dessas duas fragdes do gluten, a
que ativa a autoimunidade parece ser a fracao gliadina, mais especificamente o peptideo 33-

mer o-2-gliadina, que ¢ reconhecido pelos linfécitos T a partir do gene HLA DQ



(aproximadamente 90% a 95% dos casos de DC estdo associados ao gene HLA DQ2 e 5% ao
HLA DQ8, mas a auséncia desses marcadores ndo exclui a DC), estes genes contém trés dos
mais importantes sitios de ligagdo que ¢ reconhecido pelos anticorpos (Akobeng et al., 2020).
Devido ao alto teor de glutamina (35%) e de prolina (15%), as gluteninas e gliadinas sdo
resistentes a degradacdo pelas proteases presentes no trato gastrointestinal, o que resulta na
formagao de peptideos imunologicamente ativos (Lammers et al., 2018; Akobeng et al., 2020;
Verdu e Schuppan, 2021; Rajput, Chauhan e Makharia, 2022).

Outros cereais também podem desencadear a autoimunidade em pessoas com DC, que
sdo: a cevada, na qual as proteinas de armazenamento sdo chamadas de hordeinas, o centeio,
chamadas de secalinas e a aveia, chamadas de aveninas. Todas elas sdo coletivamente chamadas
de glaten (De Re, Magris e Cannizzaro, 2017; Lammers et al., 2018; Lindfors et al., 2019). A
aveia comercial ¢ frequentemente contaminada com outros graos que contém gluten,
principalmente o trigo, mas, j4 existe aveia cultivada e processada sem contaminagao, que pode

ser uma opg¢ao para a maioria das pessoas com DC (Pinto-Sanchez et al., 2017).

2.4 Contaminac¢io cruzada

A contaminag¢do cruzada ¢ definida como a presenca de qualquer alérgeno alimentar ndo
adicionado intencionalmente ao alimento como consequéncia de qualquer etapa da cadeia
produtiva do alimento (Brasil, 2022). Também pode acontecer em utensilios, superficies e
equipamentos quando se realiza o preparo de refeicoes em cozinhas domésticas ou em servigcos
de alimentacdo onde se compartilha esses materiais e processos produtivos (Wieser et al., 2021).
Muitas pessoas com DC permanecem doentes por ndo saberem que existe a possibilidade de
contaminagao cruzada, ndo realizando esse controle principalmente se as cozinhas forem de uso
compartilhado, ou seja, aquelas que se manipula alimentos com e sem gluten no mesmo
ambiente, fazendo apenas a limpeza tradicional nos utensilios e superficies (Studerus et al.,
2018). Pode ser considerada uma presenga silenciosa de gliiten nos alimentos, o que traz muitos
problemas as pessoas com DC (Galan-Malo, 2019).

Uma revisdo integrativa realizada por Vargas et al. (2024) observou que o gluten foi
encontrado em produtos sem gluten de forma rotineira, tanto em produtos certificados e nao
certificados, mostrando a necessidade de monitoramento continuo, mas, que com a melhora das
legislagdes nos paises, isso esta melhorando. Também se observou que a rotulagem incorreta €
uma preocupagdo, levando a escolhas alimentares inadequadas, e que a conscientizagao e

treinamento de funcionérios de servigos de alimentagdo sdo essenciais. Foi observado também



a presenga de gliten em alimentos servidos em servicos de alimentacdo, onde essa
contaminagdo pode ocorrer por meio de praticas inadequadas de preparagdo e
compartilhamento de utensilios. Os autores sugerem que ¢ importante incentivar boas praticas
na producao de alimentos em servicos de alimentacao de forma geral, para que o risco de

contaminag¢ao por gliten seja minimizado.

2.5 Diagnostico e Tratamento

A DC manifesta-se por sinais e sintomas muito diferentes e por isso o diagnéstico pode
ser bastante dificil. O tempo médio desde a consciéncia dos sintomas pelo paciente até o
diagnostico real ¢ estimado em mais de seis anos e, para cada pessoa com DC diagnosticada,
estima-se que existam pelo menos dez ndo diagnosticadas e que, por isso, ndo seguem a dieta
sem gluten, que os coloca em risco de ter sintomas que afetam negativamente a qualidade de
vida e o aparecimento de outras complicacdes (Bioletti et al., 2016; Al-Toma et al., 2019).

Para o diagndstico da DC sdo realizados exames soroldgicos e histologicos
(Charlesworth, 2020). Os exames soroldgicos comumente utilizados para diagndstico e também
para acompanhamento da adesdo ao tratamento sdao trés: Anticorpos baseados em IgA
(Imunoglobulina A) contra a enzima transglutaminase tecidual, anticorpos baseados em IgA
contra o endomisio e anticorpos baseados em IgA e IgG (Imunoglobulina G) contra peptideos
de gliadina desaminados. Destes exames, o anti transglutaminase ¢ o anti endomisio sao
responsaveis por quase 95% de confiabilidade na triagem soroldgica. Os anticorpos anti
gliadina IgA e IgG sdo usados como exames complementares, onde melhora a precisdao na
deteccdo de anticorpos direcionados contra peptideos imunogénicos de gluten em pacientes
com suspeita de DC (Crehua-Gaudiza et al., 2021). Os exames sorologicos dependem de
anticorpos baseados em IgA e a deficiéncia de IgA ¢ muito comum em pacientes com DC. Para
garantir a confiabilidade dos exames, deve-se medir a IgA total juntamente com os demais
exames para garantir niveis suficientes e, caso exista deficiéncia de IgA, deve-se incorporar
exames baseados em IgG (Baykan et al., 2022).

O exame histopatologico do material coletado na bidpsia duodenal deve ter amostras
coletadas com quantidade suficiente e de varios pontos. O recomendado s3o 2-3 bidpsias do
bulbo duodenal e 4-6 biopsias ao longo do duodeno distal. Essas regides sdo importantes pois
sdo o primeiro ponto de contato com a digestdo. Os achados histopatologicos associados a DC
ativa incluem trés achados principais: vilosidades atrofiadas, hiperplasia das criptas e infiltrado

de linfocitos na lamina propria (Charlesworth, 2020).



Segundo as diretrizes existentes para DC (Raiteri et al., 2022), ndo hd um método
definitivo para diagnosticd-la. Essas diretrizes recomendam que caracteristicas clinicas,
soroldgicas e histoldgicas sejam avaliadas em conjunto. Uma regra utilizada se chama "regra
quatro em cinco", que ¢ um padrao de cuidados que estabelece que quatro dos seguintes critérios
sdo suficientes para diagnosticar a DC: 1. sinais e sintomas tipicos, 2. positividade de
anticorpos, 3. positividade para HLA-DQ2 ou HLA-DQS8 (Human Leucocyte Antigen), 4. danos
intestinais e 5. resposta clinica ao tratamento. Essa regra também ajuda a identificar varios
subtipos de DC, como DC nao classica (auséncia do ponto 1), DC soronegativa (auséncia do
ponto 2), DC potencial (auséncia do ponto 4) e DC ndo responsiva (auséncia do ponto 5). No
entanto, essa regra ainda ndo foi reconhecida por nenhuma diretriz.

Todos os exames para investigacdo da DC devem ser feitos enquanto o paciente ainda
estiver ingerindo glaten, pois quando se retira o gluten da dieta, caso o paciente tenha DC, os
anticorpos deixam de circular na corrente sanguinea e o intestino comega a se recuperar,
portanto, para um diagndstico mais confiavel, a ingestdo de gluten ¢ importante (Oxentenko e
Rubio-Tapia, 2019; Charlesworth, 2020). Os parentes de pessoas com DC de primeiro grau e,
com uma frequéncia menor, os de segundo grau, tém maior risco de apresentar DC, portanto,
também devem fazer os exames de diagnostico e em caso negativo, fazer acompanhamento ja
que podem desenvolver a DC em qualquer fase da vida (De Re, Magris e Cannizzaro, 2017;

Fernandes et al., 2021). A figura 2 mostra um roteiro para investigagao da DC.
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Figura 2. Roteiro para investigacao da DC e outras DRGs.

Fonte: Adaptado de Oxentenko e Rubio-Tapia (2019) e Lebwohl e Rubio-Tapia (2021).

A adesdo por toda vida de uma dieta isenta de gliten (DIG) ¢ o Unico tratamento
atualmente recomendado para DC. Para isso, o individuo diagnosticado com DC ndo deve
consumir trigo, centeio, cevada e aveia, nem alimentos derivados ou que estejam contaminados
com estes cereais. A aveia € frequentemente produzida com trigo e sofre contaminagao por esse
grao, entdo, somente aveia certificada sem glaten pode ser consumida pelos celiacos
(Butterworth e Los, 2019; Wieser et. al., 2021).

Rostami-Nejad et al. (2023) sugerem a realizacdo de ensaios clinicos randomizados em
varios paises usando um protocolo padronizado de desafio de gluten e analise da mucosa do
intestino delgado usando histologia quantitativa para obter resultados mais claros sobre como
a contaminagdo cruzada afeta o paciente celiaco. Também ¢ importante rastrear e monitorar a
quantidade de gluten recebida de todos os tipos de alimentos consumidos durante o dia pelos

pacientes com DC.



Mesmo com diversas pesquisas sendo realizadas sobre a DC, ainda ha limitagdo nos
dados disponiveis sobre a toxicidade potencial de diferentes quantidades de gliten para
pacientes com DC, por isso, € necessario compreender o quanto a contaminagao cruzada por
gluten pode ser prejudicial, pois a lesdo persistente da mucosa intestinal pode ser acompanhada
por riscos aumentados de varias complicacdes relacionadas @ DC (Zanini et. al., 2016; Silvester

et al., 2020; Rostami-Nejad et al., 2023).
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Abstract: Celiac disease (CD) is the chronic immune-mediated enteropathy of the small bowel,
manifesting when exposure to gluten occurs in genetically predisposed individuals. Nowadays, the
only treatment considered safe for CD is a gluten-free diet (GFD). However, one of the problems faced
by celiac patients is the cross-contamination of gluten-free food when preparing meals, in addition to
utensils, surfaces and equipment. This study aimed to evaluate cross-contamination in gluten-free
products and strategies for removing gluten from cross-contamination in cooking environments.
The selection of papers for this integrative review was carried out by searching different databases.
Gluten cross-contamination is a global concern for celiac patients in food environments. Although
some practices are positive, such as gluten labeling on processed food in several countries, it is
crucial to promote good practices in food services around the world. Only a few studies showed
effective results in removing gluten from surfaces and utensils; furthermore, sampling was limited,
making it difficult to identify appropriate procedures to reduce cross-contamination. The variation in
contamination in different kitchen environments also highlighted that celiac patients must continue
paying attention to the methods used to prepare gluten-free food. More research is needed, especially
into methods of removing gluten from surfaces and utensils, to ensure food safety for celiac patients
in many food environments.

Keywords: gluten-free diet; gluten removal methods; treatment; gluten removing; gluten residues

1. Introduction

Celiac disease (CD) is the chronic immune-mediated enteropathy of the small intestine,
which manifests when exposure to dietary gluten occurs in genetically predisposed indi-
viduals [1]. The organ most affected by CD is the small intestine, impairing the absorption
of nutrients and causing clinical manifestations, which are caused by an inflammatory
condition generated by the presence of gluten. Healthy villi are important for the proper
digestion and absorption of nutrients [2,3].

Gluten can reach the intestine by some mechanisms: the transcellular route, in which
gluten is endocytosed by lysosomes, which degrade it into smaller peptides [4], and the
paracellular route, whose tight junctions bind epithelial cells together and promote changes
in cell permeability, allowing these gliadin peptides to enter the mucosa. An example
is the regulation by zonulin, which is a protein synthesized by the intestine and liver
and produced by the epithelial cells of individuals with CD, which causes this change in
permeability [2]. Another mechanism is the adaptive immune response, which begins with
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the exposure of gluten peptides to CD4+ T cells in the intestinal mucosa, leading to the
production of proinflammatory cytokines such as interferon-y (IFN-y). These cytokines
stimulate T helper 1 cells to produce interleukins (IL-15 and IL-21, more specifically),
activating CD8+ intraepithelial lymphocytes (IELs) and promoting intestinal damage. In
addition, T-helper 2 cells induce the production of antigliadin, anti-transglutaminase and
antiendomysial antibodies, characteristic of CD. The increased presence of CD8+ IELs is
also an important feature of CD, contributing to inflammation and damage to the intestinal
mucosa [5].

After a positive diagnosis, a gluten-free diet is started and an improvement in symp-
toms is quickly observed. The intestinal mucosa is recovered, in most cases, within two
years, and it plays a role in reducing the long-term risk of other complications [6,7]. Gluten
and related proteins (e.g., barley and rye) are defined as prolamins, whereas glutelins are
seed storage proteins and represent a fraction of glutenin [8]. Gliadins are defined as protein
constituents (e.g., wheat flour or gluten proteins) that are insoluble in water or neutral
saline solutions but soluble in alcohol. They are rich in proline and glutamine residues that
are in polyglutamine sequences. They are classified as monomeric proteins and are either
connected to each other through intrachain disulfide bonds («/3- and y-gliadins) or not
(w-gliadins) [9-11].

So far, the only treatment considered safe for CD is precisely the gluten exclusion diet,
and such a diet must be free from gluten cross-contamination [12-14], namely, food with
up to 20 ppm of gluten is considered safe for people with CD [15]. This silent presence of
gluten can cause many problems for people with gluten-related disorders (GRDs) [16].

Cross-contamination can be explained by the occurrence of any food allergen that has
not been intentionally added to food as a result of the production, handling, processing,
storage, packaging, transportation or preservation of food, or as a result of any environ-
mental contamination [17]. Food cross-contamination is one of the problems faced by
patients and can also occur through utensils, surfaces and equipment where gluten has
been handled [18], when preparing meals in domestic kitchens or in food services where
there has been previous handling of gluten or through food production processes [19].

Many celiac patients and other people with GRDs often experience ongoing health
challenges caused by a lack of awareness regarding the potential for cross-contamination.
This issue is particularly prevalent when shared kitchens are involved, where gluten-
containing and gluten-free food items are both processed within the same environment
and conventional cleaning practices are employed, as observed by Studerus et al. [12].
Lack of supervision and not applying adequate precautions present a potential risk to the
well-being of these individuals.

The viability of gluten removal techniques needs to be further investigated. Since
there are few records of techniques already implemented or chemical products used in food
service [12,16,20], and given the importance of people who cannot consume gluten to feel
safe when eating [19], it is necessary to know the possibilities already evaluated to reduce
such contamination in food manipulation.

In this context, the aim of this study was to evaluate cross-contamination in gluten-
free products and strategies for removing gluten from the cross-contamination of utensils,
surfaces and equipment in cooking environments as preventive measures to minimize or
avoid gluten cross-contamination.

2. Methods

An integrative review was performed, and papers were selected from 2004 to 2023 by
three researchers who followed searching strategies in various databases: Scopus, Science
Direct, Web of Science, Springer Link, Gale, Technology Research Database, Cochrane, CAB
Direct, PubMed, Lilacs (Latin American and Caribbean Literature in Health Sciences) and
Capes Portal.

The identification and selection of the papers considered the following keywords:

", u 7,

“gluten cross-contamination”; “food contamination”; “gluten cross-contact”; “gluten food



Int. J. Environ. Res. Public Health 2024, 21, 124 30f13

1., 1, i v,

contamination”; “gluten-free diet”; “proteolytic enzymes”; “gluten residues”; “gluten
hydrolysis”; and “equipment contamination”.

The inclusion criteria were (1) compatibility with the main theme; (2) availability for
reading; and (3) published articles and gray literature. There were no date limitations, but
papers with titles and abstracts outside the topic of interest were excluded. The exclusion
criteria were (1) not matching the main theme; (2) duplicates; and (3) studies relating to
animals. This established selection criteria found 200 references. Then, 65 were excluded
due to the title and/or being duplicates, 49 were excluded after reading the abstracts and
more 49 were excluded after reading the full text. Subsequently, the 37 studies (1 = 34 about
cross-contamination in gluten-free products and n = 3 about gluten removal methods) were
carefully read in their entirety (Figure 1) and included in the study. The data assessed
included authors, year of publication, objectives, methods and findings.

Published papers and gray literature
o (Databases: Scopus, Capes Portal, Science
-% Direct, Web of Science, Springer Link, Gale,
& Technology Research Database, Cochrane,
k= CAB Direct, PubMed, Lilacs (Latin American
§ and Caribbean Literature in Health Sciences)
(n =200)
Title analysis - Excluded (n = 65)
——--- -
Titles unrelated to the theme
= v and/or repeated
Ej Selected after reading the titles (n = 135)
bt
Abstracts analysis - Excluded
> (n=49)
= y
%3 Selected after reading the abstracts (n = 86)
=
Full text analysis - Excluded
> (n =49)
Y
=]
<
= Final selection (n = 37)
|9}
=

Figure 1. Flowchart for selection, eligibility and inclusion of the articles analyzed in this study.

3. Results and Discussion
3.1. Cross-Contamination in Gluten-Free Products

Previous studies were found (n = 34) that evaluated cross-contamination in gluten-
free products, suggesting that this is indeed a concerning point for people who cannot
consume gluten.

Collin et al. [21], in a study conducted in Finland, detected gluten levels of 20-200 ppm
in 13 out of 59 gluten-free products and in 11 out of 24 gluten-free products based on wheat
starch. Other research has shown that 10-16% of food products apparently commercialized
as “gluten-free” in food establishments were contaminated with gluten.

Bustamante et al. [22] in Spain analyzed the evolution between 1998 and 2016 of gluten
content in cereal-based gluten-free products using the ELISA technique. The products
were split into certified gluten-free products (GF-L) and food claimed to be GF but not
certified (GF-NC). Gluten detection has decreased gradually over time, in accordance with
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the progress of European regulations on food information and gluten content claims. This
reduction started earlier for GF-L products than for GF-NC products. Over this time, gluten
was detected in 371 samples, with breakfast cereals and cereal bars as the groups most
contaminated. Products containing more than 100 ppm of gluten increased in the period of
2013-2016. The data obtained confirm that cereal-based products are improving in safety;
however, gluten monitoring must be continued.

To evaluate gluten contamination in Lebanon, 173 samples of gluten-free food were
tested over two years. In 6% (1 = 10) of the samples, the level of gluten was over 20 ppm,
and 8 of these contaminated samples were locally produced and were based on wheat
starch [23].

In Turkey, a total of 200 samples from eight product categories (snacks, pasta, bread,
biscuits, flour and others) made with seven categories of ingredients (cereal mix, buckwheat,
corn, rice, carob, potato and others) were analyzed to assess the cross-contamination
situation. A high proportion of samples (17.5%) were detected with gluten. Researchers
indicated buckwheat as the major cause of this contamination [24].

In India, Raju et al. [25] evaluated the amount of gluten in labels that were naturally
gluten-free, such as flour, breakfast products and ready-to-eat food from online grocery
stores, supermarkets and local markets, as well as samples of flour obtained straight from
the mills, totaling 160 samples. Around 36% of the products were made from gluten-
free grains naturally (a mix of gluten-free flour and individual cereal flours, such as rice,
oats and millet, as well as legumes, such as lentils, chickpeas and soybeans), and 10% of
products labeled as gluten-free (industrialized products based on the flours mentioned
above) contained more than 20 ppm of gluten.

A study in Mexico by Calderén de La Barca et al. [26] analyzed products from the
northwestern Mexican market labeled as gluten-free and evaluated their gluten content.
The study included more than 263 different gluten-free labeled foods, with 55% of them
produced in Mexico. Mexican products were mainly flour, sausages, bakery products, dairy
products and tortillas, while pasta, snacks and breakfast cereals were mainly imported.
Despite 36% of the products being certified, 17.4% of the samples analyzed showed more
than 20 ppm of gluten, mostly comprising noncertified products and those made in Mexico.

In a systematic review carried out in Brazil, Falcomer et al. [27] evaluated studies
to estimate cross-contamination with gluten levels above 20 ppm in industrialized food
products and observed that 13.2% of such products were above this limit. In studies on
nonindustrial food products, an estimate of 41.5% was found.

A study carried out by Siminiuc and Turcanu [28] aimed to evaluate the safety of prod-
ucts labeled as gluten-free in the Republic of Moldova for individuals with celiac disease
by evaluating their gluten content. The study used the GlutenToxPro gluten detection kit to
analyze gluten levels in GF products sold in the state capital’s supermarkets. The findings
demonstrated that both products with the Crossed Grain logo and those merely labeled as
gluten-free, no matter whether they were imported or produced locally, were safe for those
with gluten-related disorders, since their gluten levels were up to 20 ppm. However, locally
manufactured, unpackaged GF products available in supermarkets showed a higher risk
of contamination.

Mehtab et al. [29] evaluated the presence of gluten in labeled and unlabeled gluten-
free food products, as well as imported ones, available in the Indian market. The number
of collected products was 794, but 360 were labeled as gluten-free, 80 were imported as
gluten-free, and 354 were unlabeled or naturally gluten-free. The amount of gluten was
detected using the Ridascreen Gliadin sandwich R5 enzyme-linked immunosorbent assay.
In accordance with the standards of the Codex Alimentarius and the Food Safety and
Standard Authority of India, gluten-free products should not contain more than 20 ppm
of gluten. In general, 10.1% of the GF items tested had gluten content above this level,
including 10.8% of the labeled products and 11.8% of the unlabeled /naturally gluten-
free products. The imported products were compliant, not containing gluten beyond
the recommended limits. The most frequently gluten-contaminated products belonged
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to categories such as cereals and their derivatives (flour, coarse grains, pasta, snacks),
legume flours, seasonings and bakery items. Such results indicate that a high proportion of
gluten-free food products available in India exceed the prescribed limits of 20 ppm.

Verma et al. [30] analyzed gluten contamination in gluten-free products available
on the Italian market. They collected 200 gluten-free products, including those labeled
as natural and certified, from different supermarkets. Using the R5 ELISA Ridascreen®
Gliadin sandwich enzyme-linked immunosorbent assay R-7001 (R-Biopharm, Darmstadt,
Germany), they determined the gluten levels in each product. The results show that
86.5% of the products contained less than 10 ppm of gluten, 4.5% had between 10 and
20 ppm and 9% had more than 20 ppm. In cases of contamination (gluten > 20 ppm), the
amount of gluten was low (between 20 and 100 ppm). The most contaminated foods were
oat-based items, buckwheat and lentils. More expensive certified gluten-free products
were less likely to contain gluten. The researchers concluded that gluten contamination in
gluten-free products marketed in Italy is currently uncommon and generally at low levels.
They recommended implementing a systematic sampling program to promptly identify
at-risk products.

In the USA, in a pilot study carried out by Thompson, Lee and Grace [31], naturally
gluten-free and unlabeled grains, seeds and flour were analyzed. The samples were
purchased and submitted for analysis by a specialized gluten deactivation company in 2009.
The R5 ELISA Ridascreen® Gliadin sandwich enzyme-linked immunosorbent assay with
cocktail extraction was performed in duplicate on all samples. Of the 22 products evaluated,
13 (59%) showed under 5 ppm of gluten, below the quantification level. Nevertheless,
nine samples (41%) had gluten levels above the quantification limit, with averages ranging
from 8.5 t0 2.925.0 ppm. Seven samples (32%) had average gluten levels > 20 ppm, not
complying with the criteria of the FDA’s proposed rule for gluten-free labeling. These
results highlight the genuine worries about gluten contamination in naturally gluten-free
grains, seeds and flour that are commercialized without the “gluten-free” label.

Morais et al. [32] quantified the gluten content in 11 processed foods and verified
the accuracy of the labeling about the presence or absence of gluten. This guarantees
the availability of quality food for specific population groups, such as individuals with
celiac disease, ensuring their right to adequate food. Products were purchased from retail
supermarkets in Rio de Janeiro, with selection criteria based on the celiac patients” diet
routines and interests. Approximately 50% of the analyzed food had incorrect information
regarding the presence of gluten, which goes against the general rule that food labels must
contain clear, accurate and legible information about all components to assist the consumers’
choices according to their needs and dietary restrictions. The researchers emphasize the
need to implement corrective actions by health surveillance to ensure that people with celiac
disease have access to safe and reliable food, enabling a varied diet suited to their needs.

Lopez et al. [33] investigated possible gluten cross-contamination in Argentina in
37 products containing amaranth, quinoa and/or chia. Using the R5 ELISA Ridascreen®
Gliadin sandwich enzyme-linked immunosorbent assay R-7001 (R-Biopharm, Darmstadt,
Germany) to detect gliadins (components of gluten), they found that nine samples exceeded
the maximum limit of 20 ppm established by the Codex Alimentarius. Surprisingly, some
samples were cereal bars labeled “TACC-free” or “gluten-free”, while others were blends
of amaranth seeds, cultivars or flours aimed at celiacs. On the other hand, 28 samples pre-
sented gluten levels below the established limit, suggesting that food made with amaranth,
quinoa and/or chia may be suitable for celiac patients if their production follows good
manufacturing practices. However, celiac patients must avoid purchasing such products
from retailers, as there is a risk of cross-contamination in these locations.

Guennouni et al. [34] evaluated the gluten content in gluten-free products available in
Morocco. A total of 84 food samples were analyzed, including 52 foods labeled as gluten-
free and 32 naturally gluten-free foods, distributed across six different categories. Using an
enzyme-linked immunosorbent assay (R5 ELISA Ridascreen® Gliadin sandwich—Mendez)
with a contamination limit of 20 ppm, the overall contamination rate was 23.8% (21.9% in
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food labeled gluten-free and 25% in naturally gluten-free food). Of the six categories, three
were not contaminated (pasta, cookies and baker’s yeast). The contamination level was
5.3% in dried vegetables, 25% in dried fruit and 42.1% in cereals. All the oat samples were
contaminated, and the gluten-free-labeled foods made locally had a higher contamination
rate than the imported ones (28.6% vs. 16.7%). These results show a high frequency of
gluten contamination in gluten-free products, which affects both labeled and naturally
gluten-free food, with oats as the most contaminated one. Consequently, inspections by the
competent authorities are needed on a regular basis to avoid the unsafe marketing of these
products to celiac patients. Producers should also be strongly encouraged to establish an
adequate quality management system.

Gélinas et al. [35] carried out a study in Canada to evaluate gluten contamination in
cereal-based food, with or without gluten-free labeling. Of the 148 products tested, around
half were labeled as gluten-free. They found, using the R5 enzyme-linked immunosorbent
assay (ELI-SA), that 15% of the food had more than 20 ppm. Surprisingly, seven gluten-
free foods were contaminated, but they were the least affected. The safest products for
celiacs included rice, corn-based food or quinoa. In addition to concerns about misleading
labeling, the most critical problems for people with celiac disease (CD) were products made
with oats or buckwheat, which were cross-contaminated with wheat and barley gluten.
Other problematic products were breakfast cereals, especially those enriched with barley
malt ingredients.

Farage et al. [36] analyzed gluten contamination in meals that were naturally gluten-
free in food establishments in the Federal District, Brazil. A total of 180 samples of gluten-
free meals were selected from 60 places of food service. An immunoenzymatic assay was
used to quantify gluten, considering the limit of 20 ppm as acceptable for gluten-free foods.
The results indicate that 2.8% of the samples were contaminated by gluten. Among the
60 food services, 6.7% had at least one contaminated food. It is important to emphasize
that gluten cross-contamination control is not a consistent practice in Brazil, since their
legislation does not demand the prevention of this contamination in food services. In
addition, there is no gluten content limit established for foods considered gluten-free in
the country.

A study carried out in Italy in a school canteen demonstrated the presence of gluten
contamination in supposedly gluten-free meals [37]. Another study carried out in Spain
with 50 school canteens found gluten contamination on 83 of the 195 contact surfaces used
for gluten-free preparations and, 43 of the 83 were surfaces designated exclusively for the
preparation of “gluten-free” meals [38]. The same authors observed that gluten was also
the most frequent allergenic residue on the appliances and that a higher number of samples
presented high levels of gluten contamination. Gluten, mainly from wheat flour, is easily
spread as an aerosol [39—41]. Furthermore, such residue is more complex to be eliminated
when cleaning because of its low water solubility [20,42].

In a study conducted in a hospital in Croatia [43], researchers developed, implemented
and validated a protocol for Hazard Analysis and Critical Control Points (HACCP) to
make gluten-free meals in a hospital kitchen, rigorously controlling the amount of gluten.
There were no gluten-free food samples from the kitchen, collected up to a year after the
application of HACCP, with gluten content above the maximum permitted level of 20 ppm,
following European Union standards, demonstrating that the application of the HACCP
for the preparation of gluten-free food is useful.

Parsons et al. [44] carried out a study in Utah (United States) in which they tested
the cross-contact of gluten-free products after they had been subjected to certain practices
likely to cause contamination, such as using a contaminated toaster, the same frying oil
used for gluten-containing products and sandwich spreads that have been used before
with gluten-containing breads. Each material had 30 measurements taken. Although the
authors found gluten even in the gluten-free samples after sharing, such values were below
20 ppm, as established by the Codex Alimentarius, except for “sandwich spreads”. In some
samples, the gluten content was above such value, but, on average, they were all below.
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Researchers understand that there are potential sources of cross-contamination in food
products, but it is challenging to identify precisely if this contamination is occurring in the
food of people with CD. This investigation has shown that gluten can cross-contaminate
many foods inconsistently and is often found in varying amounts.

Similarly, Thompson et al. [45] evaluated gluten-free French fries prepared in fryers
shared with wheat products in 10 different restaurants. Of the 20 orders of fries analyzed,
45% had detectable levels of gluten, with 25% of them above the safe limit of 20 ppm. The re-
sults indicate that gluten cross-contact can occur in such conditions, and it is recommended
that people with celiac disease should avoid foods made in shared fryers.

In Japan, Hashimoto et al. [46] found that washing a bowl previously contaminated
with cooked pasta with a sponge and detergent and then using the same sponge to wash a
clean bowl, without contact with wheat, transferred wheat allergens with a positive rate of
around 80%. They also identified dough traces on the sponge after cleaning and rinsing
steps, with a remaining rate of about 20%. A detailed analysis of the residue showed
the presence of proteins, especially gluten, which were bonded to the cellular skeleton of
the sponge, and among the skeletons, starch granules attached to the proteins. Despite
the inclusion of specific sponge washing conditions in the established protocol, achieving
complete elimination of wheat allergens proved to be a difficult task. This observation
highlights the increased risk of cross-contamination in kitchen establishments devoted to
the preparation of allergen-free food when the same sponges are used to clean utensils.

Rostami-Nejad et al. [47] carried out a systematic review and meta-analysis in Iran
and found that an intake of 6 ppm/day of gluten was accompanied by a 0.2% chance of
CD recurrence, which increased to 1.8% with the consumption of 40 ppm/day of gluten,
reaching 50% at the amount of 881 ppm and 100% at the amount of 1500 ppm of gluten
per day. The duration of gluten ingestion also showed a positive relationship with CD
recurrence, showing that exposure time is as important as quantity. Due to ethical reasons,
studies evaluating the response to gluten generally limit the duration of the challenge to
short periods, usually three months or less. But, in most cases, the effects of mucosal injury
manifest after a longer gluten challenge.

Farage et al. [48] suggested that the ideal would be the consumption of food completely
free of gluten, without the possibility of contamination at any stage of production, but the
definition of a tolerable value is still under discussion [43], since each patient is unique,
and the symptoms of GRD can be very diverse.

Weisbrod et al. [49] carried out five experiments in classrooms to evaluate gluten
cross-contamination in activities with modeling dough, bakery dough, papier-mdché and
dried and fresh pasta. Thirty subjects aged between 2 and 18 were included in the research.
After the sessions, gluten levels were tested on slices of GF bread rubbed on the hands and
surfaces of the tables used by the participants. The hand-washing method with soap and
water was the most effective for removing gluten. Papier-miché, cooked pasta on sensory
tables and bakery dough showed high gluten transfer rates above the 20 ppm limit set by
the Codex Alimentarius Commission, although modeling dough and dry dough showed
low gluten transfer to the GF bread, below this limit.

Oliveira et al. [50] evaluated gluten contamination in beans served in self-service
restaurants in Brazil. Around 45% of the restaurants had at least one day of gluten contami-
nation, and 16% of the bean samples were contaminated. This lack of standardization in
the preparation of beans represents a huge hazard for people with celiac disease. Public
health actions are required to promote safer consumption of gluten-free foods and improve
the quality of these individuals’ lives.

Aleksi¢ et al. [51], in a hospital kitchen in the Republic of Serbia, emphasized the im-
portance of applying validated protocols for the cleaning and control of finished products
to establish effective control measures for the presence of allergens in food. Such prac-
tices are fundamental to ensure good hygiene practices (GHP) and good manufacturing
practices (GMP) in hospital facilities. The researchers suggest that, within the scope of
food allergen management, it is crucial to verify the effectiveness of cleaning equipment,
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countertops, employees and the stock of food allergens. Additionally, they recommend
that a documented validation method be included in the HACCP plan and periodically
reviewed to keep up with dynamic changes in hospital kitchen operations or any changes
to business processes, such as the incorporation of new equipment. This is essential to
ensure food safety and meet the needs of patients with food allergies.

McIntosh et al. [52] examined CD awareness among food preparation teams in Ire-
land and assessed their claims of providing gluten-free meals by analyzing a real-time
meal sample. Although most attempts to request “gluten-free” meals in restaurants were
successful, about 10% of the samples contained gluten (2.7% with levels between 21 and
100 ppm and 7.7% with more than 100 ppm). Surprisingly, two unsatisfactory samples
were obtained from self-described “celiac-friendly” restaurants. This indicates that staff
confidence and “gluten-free” warnings, signs and menu options were not guarantees of
risk-free meals for people with CD. The researchers highlight the need for ongoing training,
especially for chefs and restaurant managers, to ensure truly gluten-free and safe meals for
individuals with CD. This is essential to guarantee the quality of life and food security of
such individuals.

Magalhaes et al. [53] evaluated the risks of gluten contamination in a university
restaurant that offers meals for celiac patients. It was an observational study carried out in
Belo Horizonte, MG, Brazil, between September and November 2014. The researchers used
a checklist based on the literature on celiac disease and Resolution #275, of 21 October 2002,
to identify critical points of contamination. They found eight critical points with a high risk
of contamination, two of which were in the warehouse. Despite the food handlers’ training,
the risks of contamination were considered high. Therefore, it is necessary to implement
strict control in the production line, separating preparations with and without gluten or
using a different physical space to guarantee food safety for celiac patients.

In a study carried out in Italy, in the Piedmont Region, by Bioletti et al. [54], the
objective of the investigation was dietary practices in primary and secondary schools under
the supervision of SIAN (Food Hygiene and Nutrition Department). The main objective
was the analysis of gluten-free meals, encompassing sanitary aspects evaluation and a
qualitative assessment of the meals. This assessment was conducted using a previously
approved verification protocol. A retrospective analysis of available data was performed
to assess the management of gluten-free nutrition in school food services in the Piedmont
Region in the year 2010. The study results indicate that 29% of the schools in the sample (a
total of 277 institutions) demonstrated compliance with all eight evaluated criteria (includ-
ing supply, storage, process analysis, equipment verification, packaging and transportation,
meal distribution, self-control plan and qualitative evaluation). However, 71% of the as-
sessed schools exhibited inadequacies in at least one of the criteria (with 60% of them not
performing the qualitative service evaluation). Additionally, in 18% of the schools, three to
seven deficiencies in their dietary practices were identified.

Gluten-free food service products present considerable risks of gluten contamination
(Figure 2). Food services should make efforts to minimize the risk of cross-contamination
in food, since this would create a more reliable environment for CD patients who need to
eat when they are away from home [19]; the procedures to produce gluten-free products
should involve good handling and manufacturing practices, effective hygiene methods
and training of the work team.

3.2. Gluten Removal Methods

Few previous studies (n = 3) were found evaluating strategies to minimize gluten
removal with different strategies. The proposal of strategies that effectively mitigate gluten
and that can be implemented in domestic kitchens, restaurants and industrial kitchens is
an aspect that deserves investigation by researchers [20]. To achieve this, it is necessary to
know the gluten molecule chemically to be able to remove it from surfaces and utensils so
that it is safe to use them for preparations for celiac patients and other GRDs (Table 1).
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Celiac disease
Gluten-free
diet
Cross-
contamination
(food, utensils, equipment,
surfaces)
Meal preparations
or gluten handling
( Procedures to
minimize the risk
of gluten cross-
contamination
Gluten and IlJtcn51ls,
Gluten removal equipment, and
allergen food
. methods surfaces for
labeling .
exclusive use
Figure 2. Flow of procedures to minimize the risk of gluten cross-contamination.
Table 1. Methods already evaluated in previous studies to optimize gluten removal.
. Gluten Removal Analytical Method .
Author/Year/Country Utensil/Surface Method Used Used Effectiveness
Washing with cold water, warm
Colander and knife =~ water, cleaning with a clean cloth
Studerus et al. [12] (material: stainless and towel and cleaning with a ELISA (sandwich) <5 ppm gluten
Switzerland steel) cloth and towel contaminated and PCR
with gluten.
Cleaning with the following;:
Ladle (1) Clean cloth and towel; <10 ppm gluten
(2) Cloth and towel contaminated (weak signal)
with gluten.
Cleaning with common detergent Small reduction
Stain] | Cleaning with protease detergent Significant reduction
Galan-Malo et al. [16] thm ess Zte(i ’ No extra common washing ELISA (sandwich) Small reduction
Spain € or}lan plastic With extra common washing and LFIA Significant reduction
utenst’s Hand washing Significant reduction
Washing in dishwasher Small reduction
Fucifios et al. [20] Conv?yor belt Enzymatic cleaning for 15 min ELISA (SaI‘ld.V\.IlCh <0.125 ppm gluten
Spain (plastic) and competitive)
P Conveyor belt . . .
Enzymatic cleaning for 5 min <0.125 ppm gluten

(stainless steel)
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Studerus et al. [12] assessed the degree to which gluten cross-contamination occurs
through shared kitchen utensils. These researchers evaluated food preparation in a gluten
kitchen (kitchen 1) and a gluten-free kitchen (kitchen 2), separated by 4 m. Pasta and
bread were prepared in versions with and without gluten. The experiment was carried
out as follows: in kitchen 1, pasta with gluten was prepared, which was drained using a
stainless-steel pasta colander and a ladle to catch the pasta. Breads were also prepared, and
a knife was used to cut them.

In kitchen 2, gluten-free (GF) pasta and bread were prepared, and the utensils used in
kitchen 1 (strainer, knife and ladle) were used in the GF products before being washed (the
GF pasta was drained in the contaminated colander and was served with the contaminated
ladle, and the GF bread was cut with the contaminated knife). Soon after, four hygiene
strategies were carried out to remove gluten, with these utensils being sanitized with cold
water, hot water, a clean cloth and towel and with a gluten-contaminated cloth and towel.

The researchers found values below 5 ppm of gliadin (or 10 ppm of gluten) in all
analyzed samples in the LFIA tests, except for the ladle, for which a weak signal of gliadin
was identified.

Studerus et al. [12] recognize that cross-contamination is a constant concern in the lives
of celiac patients, but they suggest that, with appropriate procedures, these individuals can
live a more peaceful life, without excessive worry. The authors also recommend paying
special attention to toasters, ovens, cutting boards, fryers and utensils that have been shared
(for example, with butter, peanut butter or honey, which can be used on gluten-containing
bread) because they may present risks of gluten cross-contamination.

Ortiz et al. [38] mentioned in their study that the cleaning process and the effectiveness
of detergents still need to be further investigated before being introduced into an allergen
cleaning plan. However, it is known that the allergenic potential of wheat gluten can
be satisfactorily reduced by enzymatic hydrolysis, since its allergenic epitopes contain
between 5 and 20 amino acids [55].

Some enzymes, more specifically proteases, have been used as active elements in
detergents to improve their efficiency and effectiveness [56] and even more frequently in
the laundry and dishwasher detergent industry [57]. Proteases play a catalytic role in the
hydrolysis of peptide bonds and are one of the most important groups of commercial and
industrial enzymes [58].

Galan-Malo et al. [16] used detergents with proteases in their study. The samples
(stainless steel, Teflon and plastic utensils) were split into two different groups: with or
without an additional rinse with detergent-containing proteases. The authors noticed that
the use of detergent with proteases significantly reduced the occurrence of allergen residues.
In the case of gluten, the decrease was significant and, according to the LFIA findings, the
amount of gluten decreased six times.

Fucifios et al. [20] investigated the effectiveness of proteolytic enzymes being added to
a standard cleaning product and analyzed their efficiency in removing gluten residues in
the food processing industry. The enzymes alcalase, neutrase and flavourzyme (complex
of exopeptidases and endo-proteases from Aspergillus oryzae) were used. Electrophoretic
analyses of the hydrolyzed samples were carried out and confirmed that all enzymes were
capable of completely hydrolyzing gluten after 2 h. Alcalase could hydrolyze gluten in
just a few minutes, only taking the time to process the sample. This suggests that these
enzymes, mainly alcalase and flavourzyme, act very fast, producing small particles that are
not detectable by the electrophoresis method. To ensure the effectiveness of gluten removal,
it is interesting to confirm it by evaluating gliadin levels.

To find out whether a food or surface is truly gluten-free, immunological methods, such
as the Rapid LFIA test [38], and immunoenzymatic ones, such as the ELISA method [59],
are used.

4. Conclusions

The results show a high level of gluten cross-contamination in gluten-free products.
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The findings suggest that cereal-based foods are getting better in terms of safety,
although the monitoring of cross-contamination by gluten should be continued.

The few existing studies on this topic do not always show effective results in removing
gluten from surfaces and utensils, and sampling was often limited, making it difficult to
identify appropriate procedures to reduce cross-contamination. The variation in contamina-
tion in different food environments also highlights the need for celiac patients to continue
paying attention to the methods used to prepare gluten-free foods.

The cross-contamination of utensils, surfaces and equipment was considered ade-
quately reduced by enzymatic hydrolysis—proteases. Proteases in detergents can also
improve their efficiency and effectiveness on kitchen utensils and in the food processing
industry.

More studies are needed, especially regarding methods for removing gluten from sur-
faces and utensils, as the evidence found so far indicates that such elements can be sources
of cross-contamination. With more research, it will be possible to develop more precise and
effective strategies to ensure food safety for celiac patients in different food environments.
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5 CONSIDERACOES FINAIS

Os achados da pesquisa revelaram que o nivel de contaminagdo cruzada de gliten em
produtos sem gluten ¢ preocupante, destacando a importancia continua da monitorizagdo e
mitigacao desse problema para garantir a seguranca dos alimentos para pessoas com DC.

Embora haja evidéncias de melhoria na seguranca dos alimentos sem gliten, a
necessidade de monitorar e reduzir a contaminagao cruzada por gliten permanece evidente. Os
estudos existentes apontam para a complexidade e desafios na remocao efetiva do gliten de
utensilios, equipamentos, superficies e alimentos, ressaltando a necessidade de pesquisas
adicionais para desenvolver estratégias mais precisas e eficazes.

Quando se aborda métodos de limpeza, especialmente aqueles que combinam
detergentes com enzimas, mostraram-se eficazes na remogao de gluten de diferentes materiais,
ressaltando a importancia da sele¢cdo cuidadosa de métodos de limpeza para minimizar os riscos
de contaminagdo por gluten.

Para as pessoas com DC, fazer a dieta isenta de gliten ndo ¢ somente retirar os
alimentos que o contém, ter cuidado com a contaminacdo cruzada também faz parte, e,
pensando no conceito de seguranga alimentar, ela fala da garantia de todos terem acesso
constante a alimentos adequados e saudaveis, sem comprometimento da saide. As pessoas com
DC podem viver uma inseguranga ao comer, € isso as colocar em situagdo de vulnerabilidade.

Diante disso, ¢ importante que futuras pesquisas continuem a explorar abordagens
mais eficazes de limpeza, levando em consideragado as necessidades especificas de cada material
e ambiente, a fim de desenvolver estratégias mais precisas e eficazes para garantir alimentos
seguros para pessoas com DC em qualquer contexto alimentar. Também ¢ importante que os
governos trabalhem com politicas publicas e protocolos validados para produgao de alimentos

destinado ao publico com DC.
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