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RESUMO

A manteiga, um produto lacteo gorduroso, é apreciada por realcar o sabor de diversos pratos e
por fornecer nutrientes essenciais. No entanto, preocupac@es relacionadas aos seus niveis de
sodio e gordura saturada tém levantado questdes de saude publica. Este estudo teve como
objetivo analisar a composic¢éo nutricional de diferentes tipos de manteiga comercializados no
Brasil e avaliar suas implicacdes para a saude publica. Os rotulos foram coletados em website
de empresas e dados de consumo de manteiga e nimero de casos de doencas crdnicas nao
transmissiveis foram coletados em sites oficiais do governo federal. Foram analisados 515
rotulos de manteiga de 504 empresas, classificadas em trés categorias: manteiga comum,
primeira qualidade e extra. Observou-se uma variacgdo significativa nos teores de sodio entre 0s
tipos de manteiga, com a manteiga comum apresentando o maior teor (mediana de 775
mg/100g), seguida pela manteiga de primeira qualidade (mediana de 700 mg/100g) e pela
manteiga extra (mediana de 545 mg/100g). Ndo foram observadas diferencas significativas nos
teores de gordura total e saturada entre os tipos de manteiga. Em termos regulatorios, as
porcentagens de amostras de manteiga categorizadas como altas em sédio variaram entre as
agéncias: 61,18% pela Agéncia Nacional de Vigilancia Sanitaria (ANVISA), 83,1% pela
Organizacdo Mundial da Saude (OMS), 59,52% pela Food Standards Agency (FSA), e
aproximadamente 48% pela Organizacdo Pan-Americana da Saude (OPAS). A concordancia
entre OPAS e ANVISA foi quase perfeita (valor kappa de 0,740), enquanto ANVISA e OMS
apresentaram um acordo moderado (valor kappa de 0,493). A correlagédo entre FSA e ANVISA
foi quase perfeita (valor kappa de 0,955). Em relacdo as correlaces de salde, hipertensdo ndo
apresentou correlacdo significativa (R=-0,236, p > 0,05), enquanto diabetes mellitus, obesidade
e Acidente Vascular Cerebral (AVC) demonstraram correlagdes negativas substanciais
(diabetes: R =-0,713, p > 0,05; obesidade: R =-0,844, p < 0,01; AVC: R =-0,812, p < 0,01).
Coeficientes de correlacdo validados enfatizaram fortes correlagdes inversas para diabetes (Rv
= -0,70), obesidade (Rv = -0,84), AVC (Rv = -0,79) e doengas enddcrinas, nutricionais e
metabdlicas (Rv = -0,69). Além disso, foi encontrado na literatura correlagdes inversas entre o
consumo de manteiga e o desenvolvimento de doencas cronicas ndo transmissiveis. Esses
resultados sublinham a importancia da supervisdo e monitoramento regulatério do contetdo
nutricional em produtos alimenticios, particularmente na manteiga, reforcando a complexidade
entre conteudo nutricional, dieta e satde.

Palavras-chave: Rotulagem nutricional. Diretrizes dietéticas. Padrdes alimentares. Gordura

saturada. Sal.



ABSTRACT

Butter, a fatty dairy product, is valued for enhancing the flavor of various dishes and providing
essential nutrients. However, concerns regarding its sodium and saturated fat content have
raised public health issues. This study aimed to analyze the nutritional composition of different
types of butter marketed in Brazil and assess their implications for public health. Labels were
collected from company websites, and data on butter consumption and the incidence of non-
communicable chronic diseases were obtained from official federal government websites. A
total of 515 butter labels from 504 companies were analyzed, categorized into three types:
regular butter, first-quality butter, and extra butter. A significant variation in sodium content
was observed among the butter types, with regular butter having the highest median sodium
content (775 mg/100g), followed by first-quality butter (700 mg/100g), and extra butter (545
mg/100g). No significant differences were found in total fat and saturated fat content among
the butter types. The percentages of butter samples categorized as high in sodium varied among
regulatory agencies: ANVISA (Brazilian Health Regulatory Agency) identified 61.18% of
samples as high in sodium, WHO (World Health Organization) identified 83.1%, FSA (Food
Standards Agency) identified 59.52%, and PAHO (Pan American Health Organization)
identified approximately 48%. The concordance between PAHO and ANVISA was almost
perfect (kappa value of 0.740), while ANVISA and WHO showed moderate agreement (kappa
value of 0.493). The correlation between FSA and ANVISA was almost perfect (kappa value
of 0.955). Regarding health correlations, hypertension showed no significant correlation (R = -
0.236, p > 0.05), whereas diabetes mellitus, obesity, and stroke (AVC) demonstrated substantial
negative correlations (diabetes: R = -0.713, p > 0.05; obesity: R =-0.844, p < 0.01; stroke: R =
-0.812, p < 0.01). Validated correlation coefficients emphasized strong inverse correlations for
diabetes (Rv = -0.70), obesity (Rv = -0.84), stroke (Rv =-0.79), and endocrine, nutritional, and
metabolic diseases (Rv = -0.69). Additionally, literature review found inverse correlations
between butter consumption and the development of non-communicable chronic diseases.
These results highlight the importance of regulatory oversight and monitoring of nutritional
content in food products, particularly butter, reinforcing the complex relationship between
nutritional content, diet, and health.

Keywords: Nutritional labeling. Dietary guidelines. Food standards. Saturated fat. Salt.



LISTA DE TABELAS

CAPTTULO Lottt 10
Tabela 1 Recomendacdes de processamento para obtencdo da manteiga de

QUAITAATE. ... 16
Tabela 2 Parametros minimos de qualidade da manteiga...........cccccevvvevveiesieeresreseenne. 18
CAPTTULO oottt 29
Table 1 Fat and sodium content in butter types collected from websites from

January to OCtODEr 2023.........cci i 50

Table 2 Classification of Butter Types According to Sodium Content as per the
Regulations of Brazil (BRAZIL 2020), World Health Organization (WHO
2023), Food Standards Agency (FSA 2019) and Pan American Health

Organization (PAHO 2017) ....ooiiiiiiiiieieieee s 50
Table 3 Pearson’'s correlation test between Butter Consumption and Disease

Prevalence in Brazil (2008-2009 and 2017-2018) .......cccevveviieiieiieineannnn. 51
Table 4 Optimism-corrected performance estimates through validation by bootstrap

approach of significant models for prediction the Correlation between
Butter Consumption and Disease Prevalence in Brazil (2008-2009 and
2017-2018) ...eeveieeieiteieeieee et b e e 51



SUMARIO

CAPITULO | - ESTUDO DOS ROTULOS DE MANTEIGAS PRODUZIDAS NO N
BRASIL: SODIO, GORDURA TOTAL, GORDURAS SATURADAS E A CORRELAGAO

COM AS DOENGAS CRONICAS NAO TRANSMISSIVEIS ... 10
1 INTRODUGAD ..ottt bbbttt bbbttt 11
2 OBUIETIVOS..... ettt bbb bbb Rtk b et b bbbt er e e et ebenas 13
3 FUNDAMENTAGAO TEORICA . ...ttt 14
TN R V-V 1 o - F OO EOO TSP T TSRO T PO UR PR 14
3.1.1  Processamento da MANTEIGA. ......cciuviiueiiiereeiiereeseeseesee e esteeseeesteestesseeaseesseesneesseesreesseesnesesseens 14
3.1.2 Tipos de manteigas e perfil NULICIONAL..............cccoiiiiiiii e 17
3.1.3 A manteiga e sua relagdo com doencgas crénicas N0 tranSMISSIVEIS.........ccccvervverereeeserereeneans 20
3.2 Politicas de reducdo de s6dio €M aliMENTOS..........cccveieiiiiiicc e 23

REFERENCIAS. ...ttt s et o 26

CAPITULO 11 Butters in the Brazilian Market: Analysis of Sodium Content, Total Fat,

Saturated Fats, and Implications for Public Health...............cccccovovevveveeeeeeeeseeee e, 29



|10

Capitulo |
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1 INTRODUCAO

A relacdo entre o consumo de alimentos, como os produtos lacteos, e o risco de
desenvolvimento de Doencas Cronicas Nao Transmissiveis (DCNTSs) tem sido extensivamente
investigada e debatida na comunidade cientifica. Quanto aos produtos lacteos, embora alguns
estudos destaquem os efeitos benéficos contra diversas condigdes cronicas de alguns
componentes do leite, como célcio, magnésio, vitamina D e proteina do soro do leite (Ribeiro,
2020) outros estudos chamam a atencdo em razdo do teor de gordura saturada e sodio dos
produtos lacteos, e 0s potenciais riscos para a salde (Kay-Tee et al., 2017; Pimpim et al., 2016).

A manteiga, como produto lacteo contendo tanto gordura saturada quanto sédio,
apresenta uma interacdo complexa com os fatores de risco para DCNTs. Embora alguns estudos
sugiram uma possivel associacdo inversa entre o consumo de laticinios e o risco de certas
doengas cronicas (Pimpim et al., 2016; Kay-Tee et al., 2017), é essencial considerar 0s
potenciais efeitos adversos desses componentes especificos presentes na manteiga. Segundo a
Organizacdo Mundial da Saude (OMS, 2020), é importante destacar que 0 CONSUMO exXcessivo
de gordura saturada e sddio estd associado a um maior risco de doencas cardiovasculares e
outras DCNTSs.

As gorduras saturadas, encontradas principalmente em produtos de origem animal,
incluindo a manteiga, tém sido associadas a niveis elevados de colesterol, um conhecido fator
de risco para doencas cardiovasculares. A OMS recomenda que menos de 10% da ingestéo total
de energia venha de gorduras saturadas para reduzir o risco de tais doencas. Isso € significativo,
considerando que a manteiga é uma fonte substancial de gorduras saturadas, implicadas no
desenvolvimento de aterosclerose e outras condigdes cardiovasculares (Ranjba, 2024).

Além das preocupacfes com a gordura saturada, a ingestao excessiva de sddio na dieta
contribui significativamente para as mortes relacionadas a alimentacdo no mundo, estimadas
em 1,89 milhdo anualmente. A alta ingestdo de sodio é um fator bem estabelecido para a
elevacdo da pressao arterial e doencas cardiovasculares. A média global de ingestdo de sodio,
atualmente em 4310 mg/dia (10,78 g de sal por dia), ultrapassa amplamente a recomendacéo da
OMS, que é de 2000 mg/dia (OMS, 2020). A principal fonte dietética de sodio é o sal, composto
por 40% de sodio e 60% de cloreto, sendo que uma grama de sal contém 400 mg de sddio. A
reducdo da ingestdo de sal demonstrou diminuir a presséo arterial, diminuir o risco de doencas
cardiovasculares e prevenir inimeras mortes e anos de vida ajustados por incapacidade em todo
o mundo (Arantes et al., 2020).

Um estudo recente revelou uma correlagéo positiva entre doencas cronicas associadas a

alta ingestdo de sodio e aumento da gravidade e mortalidade da infeccdo por COVID-19, e
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manter uma ingestdo adequada de sodio tem sido observado como auxiliar na restauracéo dos
niveis séricos de sodio em pacientes com COVID-19, sugerindo um possivel papel do sédio na
fisiopatologia e desfecho da doenca (Zhang et al., 2021). No entanto, a ingestdo de sddio é
influenciada ndo apenas pelas escolhas individuais, mas também pela disponibilidade e
acessibilidade de produtos alimenticios com diferentes teores de sodio.

Assim, este estudo buscou realizar uma analise quantitativa detalhada do teor de sédio,
gorduras totais e gorduras saturadas em diferentes tipos de manteiga disponiveis no mercado
brasileiro, com base nos rétulos dos produtos. O estudo busca classificar os produtos de
manteiga de acordo com seu teor de sodio, realizar uma comparacdo minuciosa entre 0s
diferentes tipos e estabelecer uma correlagédo entre o consumo de manteiga e a prevaléncia de
doengas metabolicas nutricionais no Brasil. Além disso, sera realizado um comparativo entre
os dados dos rotulos e as diretrizes de agéncias reguladoras nacionais e internacionais,

contribuindo para uma compreensao abrangente do cenario de s6dio na manteiga.
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2 OBJETIVOS

2.1 Objetivo geral

v

Avaliar a composicao nutricional e concentracdo de gordura total, gordura saturada e
sadio descritos em diferentes tipos de manteiga disponibilizados online, classificando
de acordo com a legislacdo nacional e internacional. Além disso, e através da analise
dos dados oficiais disponiveis, avaliar a correlagdo entre 0 consumo de manteiga e a

prevaléncia de doencas metabdlicas e enddcrinas nutricionais no pais.

2.2 Objetivos especificos

v

Avaliar a variagdo dos teores de sodio, gordura total e gordura saturada entre os tipos
de manteiga comum, de primeira qualidade e extra.

Avaliar o percentual de manteigas comercializadas no Brasil que apresentam alto teor
de sadio.

Analisar a concordancia entre as classificacGes de teores de sodio realizadas pelas
diferentes agéncias reguladoras.

Avaliar a correlagdes entre 0 consumo de manteiga e a prevaléncia de hipertenséo,
diabetes mellitus, obesidade e Acidente Vascular Cerebral (AVC).

Validar os coeficientes de correlagdo para enfatizar as relagcdes entre o consumo de
manteiga e doencgas cronicas ndo transmissiveis (DCNT).

Investigar a literatura cientifica em busca de evidéncias de correla¢fes entre 0 consumo

de manteiga e o desenvolvimento de doencas crbnicas ndo transmissiveis.
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3 FUNDAMENTACAO TEORICA
3.1 Manteiga

A manteiga, um dos alimentos mais antigos e versateis da historia da humanidade,
desempenhou um papel fundamental na evolucao da nossa alimentacdo. Desde os primordios
da civilizacdo, a manteiga tem sido apreciada por sua riqueza nutricional e sua capacidade de
preservacao do leite. Seu surgimento remonta a cerca de 10.000 a.C., quando 0s seres humanos
comecaram a domesticar animais e a explorar o valor do leite como alimento (Leite; Vaitsman;
Dutra, 2006). A producdo de manteiga, seja por acidente ou intencionalmente, permitiu que o
leite fosse consumido de maneira mais duradoura, contribuindo para a sobrevivéncia e o
desenvolvimento das sociedades antigas. A etimologia dos termos ‘manteiga’ em portugués e
‘manteca’ em espanhol aparenta ter raizes no sanscrito ‘manthaga’, palavra que teria sido
assimilada na Peninsula Ibérica durante a ocupacao celta, conforme documentado por Sabor da
Serra (2009). Esta hipotese etimologica reflete a rica tapecaria de interagdes culturais que
moldaram a linguagem e as praticas alimentares ao longo da histdria.

Ronan (2001) destaca que essa época corresponde ao periodo em que esses animais
foram domesticados e 0 homem passou a consumir a carne e o leite deles. A manteiga, portanto,
ndo apenas nutria as pessoas, mas também desempenhava um papel crucial na economia e na
cultura alimentar. A habilidade de produzir manteiga em qualquer regido onde o homem
conseguisse domesticar animais mamiferos, retirando-lhes o leite, tornou-se uma pratica
disseminada. Assim, a manteiga transcendeu as fronteiras geograficas e se tornou parte
integrante da dieta humana. Em suma, a historia da manteiga € um testemunho da nossa
capacidade de inovacao e adaptacgéo, refletindo a intersecéo entre ciéncia, tecnologia e cultura

alimentar ao longo dos séculos na evolucéo do processamento de alimentos.

3.1.1 Processamento da manteiga

Conforme o Regulamento Técnico de Identidade e Qualidade (RTIQ), a manteiga € um
produto gorduroso, obtido exclusivamente pela batecdo e malaxagem, com ou sem modificacédo
bioldgica, do creme pasteurizado derivado unicamente do leite de vaca. Este processo deve ser
tecnologicamente adequado e pode incluir ou ndo a incorporacdo de cloreto de sodio (NaCl). A
matéria gorda da manteiga deve ser composta exclusivamente de gordura lactea. A classificacéo
da manteiga pode ser feita de acordo com a qualidade do creme de leite utilizado e os processos
de fabricacdo (Brasil, 1996, 2000). A manteiga é considerada um derivado lacteo muito nobre,
sendo explorada tanto para consumo doméstico quanto para 0 uso como ingrediente para a

fabricacdo de inimeros outros alimentos (Ribeiro, 2020). Por esse motivo, é importante que a
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legislagdo que fixa a identidade e as caracteristicas minimas de qualidade deste produto seja
clara e assertiva.

Silva (1996) prop6e o fluxograma geral de producao de manteigas, conforme ilustrado
na Figura 1, e destaca o processo para melhorar a qualidade da manteiga, conforme apresentado
na Tabela 1. Na producdo de manteiga, a padronizacdo do creme é uma etapa crucial, onde o
teor de gordura, inicialmente acima de 40%, € ajustado para 35 a 40% pela adi¢cdo de agua
filtrada e gelada. Em seguida, ocorre a pasteurizacdo, aquecendo o creme a 80°C por 30
minutos, seguido por resfriamento a 18°C, visando a eliminacdo de microrganismos
patogénicos e responsaveis pela decomposicao, bem como a reducéo da acidez, a remocéo de
substancias volateis e, consequentemente, aprimoramento da qualidade e conservacdo da
manteiga. A maturacdo pode ocorrer com ou sem fermentacdo; preferencialmente, a
fermentacdo é realizada com fermento latico especifico para manteiga, adicionado apo6s a
pasteurizacdo, o que confere a manteiga sabores e aromas mais intensos e melhora o
rendimento. Por outro lado, a fermentacdo natural tende a resultar em uma qualidade e

rendimento inferiores.

Figura 1 - Fluxograma de producdo da manteiga

Leite — Maturagdo .
7 (natural e artificial)
v
Obtengdo do creme
(desnate natural e mecanico) Batedura
7 (temperatura 8°C a 13°C/20 a 40 minutos)
Filtracdo do creme v
Lavagem da manteiga
v (agua limpa — temperatura inicial 8°C e
Estocagem do creme (temperatura 5°C) final 4°C)
T v
Padronizacio Salga da manteiga
(teor de gordura entre 35% a 40%) v
! Maxalagem
(temperatura 12°C a 14°C)
Neutralizacio
(acidez entre 15°D a 20°D) '
e Embalagem
Pasteurizagio '
(temperatura 75°C a 80°C/15 segundos) Armazenamento
v
Resfriamento
(temperatura 8°C a 13°C)

Fonte: Adaptado a partir de Silva (1996).
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Na etapa de batedura do creme, é crucial manter a temperatura meticulosamente ajustada
e entre 10 a 12°C para garantir a qualidade e o rendimento do produto. A batedura é iniciada na
batedeira, operando a uma rotacdo de 45 RPM por aproximadamente 45 minutos, o que resulta
na incorporacdo de ar e aumento do volume da massa. E vital adicionar o creme até no maximo
50% da capacidade da batedeira para evitar excesso de volume. A fase subsequente de
malaxagem ou desleitagem tem como objetivo a remocéo do leitelho, o sobrenadante resultante
da batedura, para eliminar o excesso de 4gua. Este passo também permite avaliar o rendimento
do processo de fabricacdo através da anélise do teor de gordura no leitelho; um teor de gordura
médio perdido entre 0,5 a 0,7% ¢é indicativo de um processo eficiente, enquanto valores acima
dessa faixa sugerem perdas excessivas de gordura e um rendimento 6timo, demandando uma
revisao criteriosa de todas as etapas do processo para identificar e corrigir possiveis falhas
(Silva, 1996).

Tabela 1 — Recomendagdes de processamento do creme para obtencdo da manteiga de

qualidade.

Etapas Recomendagodes

Obtencdo do creme Um procedimento recomendavel é que se faca o desnate logo apds a

ordenha, permitindo a obtencéo de creme com melhor qualidade e porque o

leite, ap0Os a ordenha, apresenta-se com a temperatura na faixa de 33-35°C,

que € ideal para proceder o desnate.

Padronizagéo E feita a padronizacéo do creme para que este apresente em tomo de 35 a

40% de gordura. Acima desta quantidade. Na etapa de batecdo. havera perda

de gordura no leitelho e se for menor havera uso do equipamento abaixo de

sua capacidade total.

Neutralizacdo O valor ideal para a acidez do creme esté entre 15 a 20°D (domic). Se estiver

acima faz-se necessario a neutralizacdo, que é feita através da adicdo dos

seguintes redutores: bicarbonato de sodio. carbonato de sddio. hidroxido de

calcio, que podem ser usados individualmente. ou em mistura.

Pasteurizacdo A pasteurizacdo ¢é feita elevando-se a temperatura até 75-80°C durante 10-

15 segundos, fazendo em seguida o resfriamento, que deve ser rapido para

evitar a formacdo de sabor de cozido e oleoso além de favorecer a

solidificacdo dos globulos de gordura.
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Resfriamento Se ndo for realizada a etapa de maturacdo do creme, o resfriamento é feito

entre 8 a 13°C. Se for realizada a maturacdo resfriar a 20 ° C.

Armazenamento A estocagem deve ser em temperatura de refrigeracdo (5°C), em caso de
armazenamento prolongado é recomendavel ficar em temperatura de 10 a

15°C abaixo de zero.

Fonte: Adaptado a partir de Silva (1996).

A lavagem da manteiga, um passo critico no processo de fabricacdo, deve ser conduzida
com agua de qualidade industrial para prevenir contaminacao e evitar a incorporacdo excessiva
de 4gua na manteiga, o que pode ser identificado pela presenca de goticulas ao cortar a massa.
A agua utilizada na lavagem deve ser resfriada entre 7 e 12°C, ligeiramente mais fria que o
leitelho, para garantir a qualidade e o rendimento da manteiga. Durante a etapa de salga, é
indispensavel adicionar 2% de sal fino de alta qualidade ao peso da manteiga, distribuindo-o
uniformemente antes de reiniciar a batedeira para alcancar uma homogeneizacdo completa. Por
fim, a manteiga deve ser embalada imediatamente apds a producdo e armazenada em camara
fria para preservar sua qualidade até a comercializacdo (Silva, 1996). Este procedimento
meticuloso é fundamental para garantir a integridade nutricional e o sabor desejado em
conformidade com os tipos de manteiga estabelecidos pelo Regulamento Técnico de Identidade
e Qualidade (RTIQ) (Wooding; Mather, 2016; Brasil, 1996, 2000).

3.1.2 Tipos de manteigas e perfil nutricional

A Portaria 146/1996 do Ministério da Agricultura, Pecuaria e Abastecimento (MAPA)
estabelece a classificacdo para a Manteiga Extra e Manteiga de Primeira. Segundo essa portaria,
a Manteiga Extra e a Manteiga de Primeira Qualidade correspondem a classe de qualidade | da
classificacdo por avaliacdo sensorial, conforme estabelecido pela Norma FIL 99A: 1987, secéo
2.2.2 e secdo 2, respectivamente. 1sso significa que esses tipos de manteiga atendem a padrdes
de qualidade especificos baseados em uma avaliacdo sensorial, que pode incluir critérios como
sabor, textura, aroma e aparéncia. Essa denominagdo ¢ atribuida a partir da pontuacdo obtida
na avaliacdo sensorial por meio de uma escala hedénica, comumente realizada por um grupo
de individuos que expressam seus gostos por um determinado produto. Os valores dessa escala
variam entre 70 a 100 pontos. A Resolucgédo n° 04, de 28 de junho de 2000 institui a manteiga
do tipo comum, possuindo valores que variam entre 70 a 81 pontos na escala, enguanto a
manteiga de primeira qualidade apresenta os valores entre 82 a 91 (Brasil, 2000). Por tltimo, a

manteiga extra, considerada a de melhor qualidade, deve ter uma pontuacéo acima de 92 (Brasil,
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1996). Apesar deste método, quando se trata de qualidade, Brasil (1996) menciona, também,
que outros fatores devem ser levados em consideracdo, como o indice de acidez, teor de

umidade, teor de gordura e solidos ndo gordurosos (Tabela 2).

Tabela 2 - Parametros minimos de qualidade da manteiga.

Composicao Limites
Teor de gordura (% m/m) Minimo de 80
Teor de umidade (% m/m) Méaximo de 16

Méaximo de 18 (salgada)

Extrato seco desengordurado (% m/m) Méaximo de 2
Acidez na gordura (mmol/100g de matéria gorda) Maximo de 3
indice de peroxido (MEq. de H202/kg de matéria gorda) Méaximo de 1

Fonte: Adaptado a partir de Brasil (1996).

Além disso, a andlise comparativa entre a Manteiga Extra e a Manteiga Primeira
Qualidade, conforme estabelecido por Brasil (1996), revela diferencas significativas em termos
de composicdo. Ambas as categorias apresentam limites idénticos para umidade e extrato seco
desengordurado, fixados em no maximo 16% e 2%, respectivamente. Contudo, a Manteiga
Extra distingue-se por um contetdo minimo de matéria gorda de 83%, superior ao da Manteiga
Primeira Qualidade, que é de 80%. Ademais, a acidez na gordura da Manteiga Extra ndo deve
exceder 3 milimoles por 100g, valor consideravelmente inferior ao limite de 8 milimoles por
100g permitido para a Manteiga Primeira Qualidade.

A manteiga é obtida a partir do creme de leite, 0 qual é naturalmente rico em gordura.
Os lipidios presentes no leite bovino estdo na forma de glébulos, fazendo parte de uma emulsao
de tipo 6leo em &gua. A sintese desses lipidios ocorre no reticulo endoplasmatico das células
epiteliais secretoras dos alvéolos e sdo revestidos por uma camada de material de superficie
composta por proteinas e lipidios polares. Durante o processo de secre¢do, as goticulas de leite
sdo envolvidas pela membrana plasmatica da célula, composta principalmente por lipidios
polares e proteinas associadas e ligadas a membrana (Wooding; Mather, 2016).

A origem dos lipidios pode estar associada a dieta do animal e & microbiota do ramen.
A gordura do leite é uma matriz complexa, composta por aproximadamente 400 acidos graxos
diferentes. No entanto, a maioria desses acidos graxos esta presente em quantidades minimas,

enquanto apenas cerca de 15 &cidos graxos estdo presentes em propor¢oes significativas. O
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comprimento da cadeia, bem como o nimero e a disposicao das ligacGes insaturadas, diferencia
0s &cidos graxos. A variacdo na composi¢do dos &cidos graxos esta relacionada a fatores como
genética (raca e selecdo), estagio de lactacdo, mastite, fermentacdo ruminal, dieta (incluindo a
ingestdo de fibras, energia e gorduras dietéticas) e fatores sazonais e regionais (Kalac;
Samkova4, 2018).

Os acidos graxos presentes no leite, em sua maioria saturados, compdem cerca de 60%
da sua estrutura lipidica, sendo o acido butirico (C4:0) o mais predominante entre os acidos
graxos de cadeia curta. Esses componentes desempenham um papel crucial na definicdo das
caracteristicas sensoriais dos produtos lacteos. Além disso, encontram-se no leite acidos graxos
saturados de cadeia média e longa, como o acido palmitico (C16:0), além de uma variedade de
acidos graxos monoinsaturados e poli-insaturados, como o acido oleico (C18:1), linoleico
(C18:2) e linolénico (C18:3), contribuindo para a riqueza da sua composic¢do lipidica (Kalac;
Samkov4, 2018).

Os lipidios, responsaveis por cerca de 34% das calorias na dieta humana, desempenham
funcbes vitais na estrutura e funcionamento das células, influenciando na flexibilidade e
permeabilidade das membranas celulares e sendo armazenados principalmente como
triglicerideos. Os acidos graxos derivados da lip6lise sdo cruciais para diversos processos
fisioldgicos, enfatizando a sua importancia na nutricdo e satde humana (Melo et al., 2013;
Botham; Mayes, 2021).

Na industria alimenticia, o cloreto de sddio, juntamente com outros compostos ricos em
sodio, como o0 benzoato de sodio, desempenha um papel fundamental. Esses ingredientes sdo
frequentemente utilizados em alimentos doces para equilibrar o paladar e realgar notas
sensoriais especificas (Soares; Monassa, 2014). No contexto da inddstria lactea, o sodio
proveniente do cloreto de sodio é utilizado em diversos processos tecnologicos, incluindo os
fermentativos, e para intensificar o sabor. Na producdo de manteiga, o sodio é um aditivo
opcional, com uma quantidade maxima permitida de 2000mg por 100g de manteiga do tipo
extra e primeira qualidade, ja para manteiga do tipo comum é permitido valores maximos de
3000mg/100g, seguindo as diretrizes estabelecidas (Brasil, 1996, 2000).

A manteiga, embora seja uma fonte rica de nutrientes, contém dois componentes que
podem ser preocupantes para a satude humana quando consumidos em excesso: 0 sodio e as
gorduras saturadas. As diretrizes de saude globais recomendam uma dieta baixa em gorduras
saturadas e sodio para manter a saude e prevenir doengas cronicas ndo transmissiveis (WHO,
2021).
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3.1.3 A manteiga e sua relacdo com doencas cronicas ndo transmissiveis.

A manteiga ¢ um alimento amplamente apreciado em diversas culturas por sua
versatilidade culinéria e sabor caracteristico, e tem sido objeto de debate quanto a sua relagdo
com as Doengas Cronicas Nao Transmissiveis (DCNT). Essas doencgas representam um desafio
significativo para a saude publica global, contribuindo substancialmente para a morbidade e
mortalidade em todo o mundo (WHO, 2021). Abrangendo uma variedade de condi¢Ges, como
doencas cardiovasculares, canceres, diabetes, hipertensdo, obesidade e doengas respiratorias
crénicas, as DCNTs sdo caracterizadas por um curso prolongado, lesdes muitas vezes
irreversiveis e complicacOes associadas, que podem resultar em incapacidade ou 6bito (WHO,
2020).

Dados de 2015 indicam que as DCNTs foram responsaveis por aproximadamente 41
milhdes de mortes em todo o mundo, com uma proporcéo significativa dessas mortes ocorrendo
em individuos de meia-idade, especialmente em paises de baixa e média renda (WHO, 2020).
No Brasil, as DCNTSs representaram mais de 55% de todas as mortes registradas em 2019, com
doengas arteriais coronarianas e cerebrovasculares figurando como as principais causas de
mortalidade (DATASUS, 2023).

Compreender os fatores de risco associados as DCNTs € essencial para orientar
estratégias eficazes de prevencdo e controle. Além dos fatores de risco comportamentais
tradicionais, como tabagismo, dieta inadequada e sedentarismo, 0s determinantes sociais,
econdmicos e culturais da saide desempenham um papel fundamental na vulnerabilidade de
uma populacdo a essas doencas (WHO, 2020). Estudos em diversos paises tém destacado a
associacdo entre o consumo de alimentos ultraprocessados e 0 aumento do risco de DCNTS,
devido ao seu alto teor de calorias vazias, agucares, gorduras saturadas e sodio (Poti; Braga;
Qin, 2017; Askari et al., 2020; Pagliai et al., 2020).

Por outro lado, evidéncias sugerem que certos componentes dos produtos lacteos, como
calcio, magnésio, vitamina D e proteina do soro do leite, podem ter efeitos protetores contra o
desenvolvimento de doencas cronicas, incluindo o diabetes tipo 2 (Rice; Pikosky; Miller, 2011,
Kayleigh, Devries, 2019). Embora algumas pesquisas epidemioldgicas tenham indicado uma
associacdo inversa entre o consumo de laticinios e o risco de hipertensdo e doenca arterial
coronariana (Elwood; Givens; Galacher, 2010), é importante considerar os potenciais efeitos
adversos das gorduras saturadas presentes em alguns produtos lacteos, que podem
contrabalancar esses beneficios (Askari et al., 2020).
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Adicionalmente, a manteiga, como um produto rico em gordura lactea, pode ter efeitos
distintos sobre os fatores de risco para DCNTs (Aune; Romundstad; Vatten, 2013). Assim, a
relacdo entre a ingestdo de produtos lacteos e o risco de DCNTs continua sendo um tema
complexo, exigindo uma abordagem multidisciplinar para uma compreensdo abrangente de
seus impactos na saude publica (Mazaffarian et al., 2010; Aune; Romundstad; Vatten, 2013).

Destaca-se a importancia de investigacdes adicionais sobre o impacto da manteiga no
desenvolvimento de DCNTSs, dada sua prevaléncia na dieta humana e suas caracteristicas
nutricionais especificas. Esses estudos podem fornecer informacdes cruciais para a formulacao
de politicas de salde publica e diretrizes dietéticas destinadas a reduzir o 6nus das DCNTs em
todo 0 mundo. No entanto, os efeitos a longo prazo do consumo de manteiga sobre outros
desfechos importantes permanecem incertos (Aune; Romundstad; Vatten, 2013).

Um estudo conduzido por Kay-Tee et al. (2017) destacou que dois tipos diferentes de
gorduras dietéticas - manteiga e 6leo de coco - predominantemente compostos por acidos
graxos saturados, demonstraram efeitos distintos nos lipidios sanguineos em comparagdo com
0 Oleo de oliva, uma gordura predominantemente monoinsaturada. O 6leo de coco mostrou-se
mais comparavel ao 6leo de oliva em relacdo ao LDL-C, enquanto a manteiga resultou em um
aumento significativo no LDL-C em comparagdo com ambos o0s 6leos. Além disso, observou-
se que o Oleo de coco aumentou significativamente o HDL-C em comparagdo com a manteiga
e 0 6leo de oliva. Esses achados sugerem que as diferentes gorduras dietéticas podem ter efeitos
variados nos perfis lipidicos sanguineos e, possivelmente, nos resultados de satde, ndo apenas
com base na classificacao geral de seus principais acidos graxos como saturados ou insaturados,
mas também considerando perfis individuais de acidos graxos, métodos de processamento e
alimentos associados. Embora esses resultados ndo alterem as recomendac6es dietéticas atuais
para reduzir a ingestdo de gordura saturada em geral, eles ressaltam a necessidade de uma maior
compreensdo das relagdes mais sutis entre diferentes gorduras dietéticas e salde.

No estudo conduzido por Elham et al. (2020), a frequéncia da Sindrome Metabdlica
(MetS), que € um conjunto de condic¢Bes que aumentam o risco de desenvolvimento de doenga
cardiaca, foi de 31,40%. O indice de massa corporal médio e a idade média foi de 27,1+4,6
kg/m? e 47,68,2 anos, respectivamente. Os valores médios de consumo de manteiga Ghee de
Kermanshah foram de 3,3+1,8 e 5,1+2,3 g/dia. Apos ajuste para varidveis de confusdo,
observou-se uma correlacdo inversa entre 0s quintis mais altos e mais baixos de consumo de
manteiga e Ghee de Kermanshah com a MetS (OR = 0,7; IC 95% = 0,5-0,9) e (OR =0,7; IC
95% = 0,6-0,9). Os resultados deste estudo, mais uma vez, evidenciaram uma relagéo inversa
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entre o consumo de leite e manteiga com a MetS e seus componentes. Portanto, 0 consumo de
6leos a base de leite pode estar associado a menores fatores de risco cardiovascular.

Ja no estudo de Justine et al. (2023), investigaram-se a associa¢ao entre 0 consumo de
produtos lacteos e o risco de Doenca Cardiovascular (DCV). Durante uma media de 19 anos de
acompanhamento em 26.190 participantes sem histdrico prévio de DCV ou diabetes, observou-
se que ingestdes muito altas de leite ndo fermentado (> 1000 g/dia) em comparacdo com
ingestbes baixas (< 200 g/dia) estavam associadas a um risco 35% maior (IC 95% (8, 69)) de
eventos coronarianos adversos maiores. Em contraste, ingestes moderadas de leite fermentado
(100-300 g/dia) demonstraram uma redugéo no risco de eventos coronarianos adversos maiores
em comparagdo com a auséncia de consumo. Além disso, as ingestdes de queijo (apenas em
mulheres) e manteiga foram inversamente associadas ao risco de eventos coronarianos adversos
maiores. Ndo foram observadas associa¢des claras entre nenhum dos produtos lacteos e o risco
de AVC. Estes achados ressaltam a importancia de estudar os efeitos dos diferentes produtos
lacteos individualmente, destacando particularmente os potenciais beneficios associados ao
consumo de manteiga em relacao a reducao do risco de eventos coronarianos adversos maiores.

Em contrapartida, o estudo de Katherine et al. (2013) revelou que o consumo de leite
foi associado a uma diminuicdo da pressdo arterial sistolica ao longo de 22,8 anos de
acompanhamento. Além disso, o consumo de laticinios, excluindo a manteiga, ndo demonstrou
efeitos prejudiciais na rigidez arterial e nos marcadores metabolicos. No entanto, o consumo de
manteiga foi associado a niveis mais elevados de insulina, triglicerideos e colesterol total, bem
como pressao arterial diastolica. Assim, a relacdo entre a ingestdo de produtos lacteos e o risco
de DCNTSs continua sendo um tema complexo, exigindo uma abordagem multidisciplinar para
uma compreensdo abrangente de seus impactos na saude publica (Mazaffarian et al., 2010;
Aune; Romundstad; Vatten, 2013).

Os resultados da andlise estatistica de uma revisdo sistematica sobre a relagdo entre o
consumo de manteiga e o surgimento de Doencas Cronicas Ndo Transmissiveis (DCNT),
envolvendo uma ampla amostragem de 175.612 participantes e 9.783 casos de DCNT, ndo
revelaram uma associacdo significativa entre a ingestdo de manteiga e o desenvolvimento
dessas doencas (RR = 1,00; IC 95% = 0,98, 1,02; P = 0,704). Esse achado sugere que,
estatisticamente, ndo ha uma relacédo direta entre o consumo de manteiga e o risco de DCNT, o
que contraria algumas suposi¢des anteriores. Ao analisar os desfechos isoladamente, verificou-
se que a ingestdo de manteiga ndo apresentou associacao significativa com o risco de acidente
vascular cerebral (AVC) ou doenca arterial coronariana (DAC). Os resultados para AVC foram
de RR =1,01 (IC 95% = 0,98, 1,03; P = 0,737), enquanto para DAC foram de RR = 0,99 (IC
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95% = 0,96, 1,03; P = 0,537). Além disso, foi encontrado uma associacao inversa com diabetes
(N =11; RR = 0.96, 95%CI = 0,93, 0,99; P = 0,021). Esses dados, embora ndo demonstrem
uma associacdo estatisticamente significativa, fornecem informacdes importantes sobre os
possiveis efeitos da manteiga em diferentes desfechos de salde cardiovascular. A anélise
combinada de DCNT total, que incluiu tanto DAC quanto AVC, também ndo revelou
associacdo significativa com o consumo de manteiga. Com uma amostra de 123.497
participantes e 6.051 eventos de DCNT total, o resultado foi de RR = 0,99 (IC 95% = 0,96,
1,02; P = 0,498), indicando que ndo ha uma correlacdo estatisticamente significativa entre a
ingestdo de manteiga e o risco de DCNT total (Pimpim et al., 2016).

Esses achados destacam a importancia de considerar multiplos desfechos de salde ao
avaliar o impacto de um determinado alimento na incidéncia de doencas cronicas. Em ultima
analise, esses resultados estatisticos contribuem significativamente para a compreensdo
cientifica sobre o papel da manteiga na saude publica. Eles sugerem que, embora a manteiga
ndo pareca estar diretamente associada ao aumento do risco de DCNT, mais pesquisas Sao
necessarias para elucidar completamente os possiveis efeitos desse alimento na saude
cardiovascular e metabdlica (Pimpim et al., 2016).

A maioria dos estudos destacam a influéncia da gordura saturada na possivel relacéo
entre 0 consumo de manteiga e o desenvolvimento de doencas cronicas ndo transmissiveis
(DCNTSs), enquanto poucos discutiram o papel do sodio. Autores como Aune, Romundstad,
Vatten (2013) e Askari et al. (2020) ressaltaram os potenciais efeitos adversos das gorduras
saturadas presentes em produtos lacteos, como a manteiga, que podem contrabalangar 0s
beneficios de outros nutrientes. Embora a discussdo sobre o sodio seja menos abordada na
literatura, € importante notar que a manteiga muitas vezes contém quantidades significativas de
s0dio, cujo consumo excessivo esta associado a um maior risco de DCNTSs (Poti; Braga; Qin,
2017; Askari et al., 2020; Pagliai et al., 2020). Portanto, é imperativo destacar que os estudos
dao énfase sobre os efeitos isolados de componentes nutricionais especificos da manteiga, como
as gorduras saturadas, muitas vezes negligenciando a contribuicéo integral do sodio. Tal fato
aponta para a necessidade de uma avaliacdo mais ampla e integrativa, que considere o espectro

completo dos nutrientes presentes na manteiga e seu impacto coletivo na saude publica.

3.2 Politicas de reducéo do sodio os alimentos

O compromisso voluntario das industrias nacionais com a reducdo gradual do sédio em
alimentos processados e ultraprocessados foi formalizado pela Associacdo Brasileira da
Industria de Alimentos (ABIA) como parte do acordo de cooperacdo com o Ministério da Saude
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(Brasil, 2007). Essa estratégia é baseada na selecdo de categorias de alimentos que mais
contribuem para o consumo de sodio. A partir dessas a¢des, sao estabelecidos acordos entre 0
Ministério da Saude e associa¢Oes do setor produtivo de alimentos, por meio da assinatura de
Termos de Compromisso (TC). Os TC estabelecem metas bianuais para a reducdo voluntaria e
gradual do teor maximo de sédio em categorias de alimentos que mais contribuem para a
ingestdo de sodio no Brasil, conforme as Pesquisas de Or¢camentos Familiares do IBGE (Brasil,
2011; Brasil, 2011; Brasil, 2012; Brasil, 2013). Esses alimentos incluem péaes de forma,
bisnaguinhas, massas instantaneas, bolos prontos e misturas para bolos, salgadinhos e batatas
fritas, maionese, biscoitos (salgados, doces e recheados), cereais matinais, margarina, caldos e
temperos, queijo mucarela, requeijdo, sopas e sopas instantdneas e produtos carneos
(empanados, hamburgueres, linguicas, mortadela, salsichas e presuntaria). E importante notar
que, no Brasil, a manteiga ndo esta incluida no termo de compromisso para reducao de sodio.

A reducéo no consumo de sal/sodio, além de consistir em medida custo-efetiva, tem sido
identificada como uma importante intervencdo para reduzir a carga de DCNTSs e apresenta
potencial para salvar milhdes de vidas a cada ano (Cobiac; Scarborough, 2017; Zeng; Xu; Rao,
2022; Ngheim et al., 2015). No Brasil, por exemplo, o consumo excessivo de sal/sodio é
responsavel por mais de 46 mil mortes anuais por doencas cardiovasculares e custos diretos e
indiretos de US$ 944 milhdes por ano (Nilson et al., 2015).

Estratégias de reducdo do consumo de sodio no pais devem acompanhar as mudancas
nos padrdes de consumo alimentar e, a partir dessas evidéncias, fortalecer uma abordagem por
multiplas estratégias, considerando as principais fontes de sddio na dieta dos brasileiros. Estas
estratégias compreendem, por exemplo, acdes de educacdo alimentar e nutricional (incluindo a
conscientizacao sobre o consumo excessivo de sal e seus riscos, bem como o uso moderado de
sal e temperos a base de sal no preparo e consumo dos alimentos), medidas em ambientes de
preparacdo e consumo de alimentos (restaurantes, padarias, lanchonetes, etc.), medidas que
promovam ambientes alimentares que favorecam escolhas saudaveis e a continuidade da
reformulacédo para a reducédo dos teores de sodio em alimentos processados e ultraprocessados
(Nilson; Jaime, 2012; Nilson, 2015).

Para garantir uma abordagem consistente, foram estabelecidas linhas de base como
critérios iniciais para pactuagdes com as industrias, levando em consideracéo o teor de sodio
nos alimentos das categorias mencionadas e relacionadas a todos os produtos das industrias
associadas a Abia antes das pactuacdes. Essas linhas de base foram determinadas com base nas
informagdes nutricionais presentes nos rétulos dos produtos. A partir dessas linhas de base,

foram definidas metas para um periodo de 4 a 6 anos, visando uma reducdo do limite méximo
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de sddio para cada categoria de alimentos, alcancando o teor médio ou mediano de sédio de
cada categoria conforme os dados da linha de base (em mg/100g de produto), com metas
intermediarias a cada 2 anos. Esses critérios também devem ser aplicados a todas as novas
categorias que sejam incluidas nas pactuacdes, levando em consideracdo possiveis mudancas
nos padrdes de consumo da populacdo e a necessidade de ampliar o alcance da estratégia de
reformulacdo de alimentos. Além disso, é essencial, por meio da rotulagem, conhecer os niveis
de sddio dos alimentos que estdo em circulacdo no mercado brasileiro, a fim de ter uma visdo

abrangente do produto e aplicar medidas politicas de salde necessarias (Nilson, 2012).
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ABSTRACT

Butter, a widely consumed dietary staple globally, renowned for enhancing the flavor of various
dishes and providing essential nutrients, including saturated fat, has prompted discussions about
its potential health implications. Mainly, concerns regarding its sodium and saturated fat levels
have been raised. Therefore, this study aims to conduct a comprehensive quantitative analysis
of sodium and fats content in various types of butter available in the Brazilian market, based on
product labels, and assess their nutritional classification and potential impacts on public health.
Additionally, the study sought to compare these findings against regulatory standards and
investigate correlations between butter consumption and various health outcomes. Analyzing
515 butter labels collected from websites revealed significant sodium content variations. The
median value was 700 mg/100g, with an interquartile range of 500 to 900 mg/100g. Sodium
content ranged from 50 mg/100g to 1786 mg/100g, with common butter having a median of
775 mg/100g (ranging from 50 to 1620 mg/100g) and first-quality butter a median of 700
mg/100g (ranging from 140 to 1786 mg/100g) showing the highest values. Extra butter
exhibited the lowest sodium values, with a median of 545 mg/100g, ranging between 63.33 to
1000 mg/100g. No significant differences among butter types were observed in total and
saturated fat levels (p > 0.5). The study found that percentages of butter samples categorized as
high in sodium were as follows: 61.18% by the Brazilian Health Regulatory Agency
(ANVISA), 83.1% by the World Health Organization (WHQO), 59.52% by the Food Standards
Agency (FSA), and approximately 48% by the Pan American Health Organization (PAHO).
The concordance between PAHO and ANVISA demonstrated nearly perfect agreement (kappa
value of 0.740), whereas the agreement between ANVISA and WHO was moderate (kappa
value of 0.493). The correlation between FSA and ANVISA was almost perfect, evidenced by
a kappa value of 0.955. Regarding health correlations, hypertension displayed a nonsignificant
correlation (R = -0.236, p > 0.05), while diabetes mellitus, obesity, and Cerebral Vascular
Accident (CVA) exhibited substantial negative correlations (diabetes: R = -0.713, p > 0.05;
obesity: R =-0.844, p < 0.01; CVA: R =-0.812, p < 0.01). Validated correlation coefficients
emphasized strong inverse correlations for diabetes (Rv = -0.70), obesity (Rv = -0.84), CVA
(Rv = -0.79), and endocrine, nutritional, and metabolic diseases (Rv = -0.69). These results
underscore the critical role of regulatory oversight and monitoring sodium content in food
products to protect public health. This study highlights the need for Brazilian regulatory
authorities to implement more stringent guidelines on sodium content in dairy products,
particularly butter, to mitigate potential health risks.

Keywords: Nutritional labeling; dietary guidelines; food standards; nutrient; health impact.
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1 INTRODUCTION

The role of dietary habits in public health has been the subject of growing interest and
concern, particularly regarding widely consumed foods such as butter (Arghavani et al. 2023).
As an essential component of many diets worldwide, butter is valued not only for its distinctive
flavor but also for its culinary versatility. However, butter is also recognized for its nutritional
composition, which may include significant levels of total fat, saturated fat, and sodium
(Ribeiro 2020). These nutritional aspects have sparked debates about the potential impacts of
butter on public health, underscoring the importance of a thorough analysis of its composition

and consumption.

Both excessive sodium and high saturated fat intake have been associated with a broad
range of serious health conditions, including hypertension, cardiovascular diseases, and stroke.
Recognizing these health risks, the World Health Organization (WHO) advocates for a daily
sodium intake of 2000 mg or less among adults and recommends that less than 10% of total
energy intake comes from saturated fats (World Health Organization 2023). In addition to
sodium concerns, the high saturated fat content in butter has been implicated in the prevalence
of such diseases (Ranjba 2024). In the Brazilian context, where dietary preferences are diverse
and health concerns are on the rise, understanding the relationship between butter consumption
and health outcomes becomes increasingly relevant. Brazil faces significant challenges related
to non-communicable chronic diseases, such as hypertension, diabetes mellitus, and obesity,

which are intrinsically linked to population dietary patterns (Silva 2021).

Within the dairy industry, sodium chloride assumes multifaceted roles, regulating
fermentation processes, ensuring microbial quality, and enhancing sensory attributes such as
color, texture, and flavor (Brazil 2011a). However, the global scenario depicts a worrisome
trend of excessive dietary sodium intake, contributing significantly to diet-related fatalities,
estimated at a staggering 1.89 million annually (World Health Organization 2023). Salt,
primarily composed of sodium chloride, emerges as the principal dietary source of sodium, with

its ubiquitous presence in processed foods exacerbating the sodium intake.

In light of escalating public health concerns, concerted efforts between governmental
entities and the production sector are imperative to disseminating accurate food information.

Food labeling emerges as a pivotal communication conduit, empowering consumers to make
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informed decisions regarding their dietary choices and fostering heightened awareness
regarding the health implications of sodium and fat consumption (Boon et al. 2019). Notably,
Brazil has embarked on proactive measures to enhance food labeling practices and mitigate
sodium content in processed foods, aligning with broader strategic initiatives aimed at

combating non-communicable diseases (Ribeiro 2020).

Against this backdrop, this study endeavors to undertake a comprehensive quantitative
analysis of total fat, saturated fat, and sodium content across various types of butter available
in the Brazilian market. By meticulously scrutinizing product labels, the study aims to
categorize butter products based on their sodium content, conduct a thorough comparative
analysis, and elucidate potential correlations between butter consumption and the prevalence of
nutritional metabolic diseases in Brazil. Additionally, the study endeavors to juxtapose label
data with the regulatory guidelines established by national and international authorities, thereby
fostering a nuanced understanding of the sodium landscape within the realm of butter

consumption.

2 MATERIAL AND METHODS
2.1 Data Collection

The data collection for butter labels was conducted on Brazilian company websites and retail
markets using an online search tool from January to October 2023. Information regarding the type of

butter, brand, nutritional claims, and nutritional information was collected.

The selection of products adhered to these inclusion criteria: a) being marketed in Brazil; b)
being a nationally produced butter (made in Brazil) and having the nutritional table, list of ingredients,
and nutritional labeling available; c) presenting a product image that allows reading the entire label;
d) being counted only once when two or more products have the same nutritional information but are
marketed with different net weights; e) containing salt. The exclusion criterion was non-compliance
with any of the inclusion criteria. The information was inserted into a spreadsheet developed for data
collection. Subsequently, the labeling data were divided by type of butter (common, first quality, and
extra), according to the Technical Regulation of Identity and Quality of Butter (Brazil 1996, 2000).

2.2 Statistical Analysis

A one-way analysis of variance (ANOVA-One Way) was conducted to evaluate whether there
were differences in total fat, saturated fat, and sodium levels among the different types of butter

(common, first quality, and extra). The normality of the data was assessed using the Kolmogorov-
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Smirnov and Shapiro-Wilk tests. The sodium and fats content in butter was obtained from the
nutrition facts table (mg/serving). It was converted to standardized units (mg/100g for sodium, and
0/100g for total fat and saturated fat). Median and the 25th, 50th, and 75th percentiles and minimum

and maximum levels were calculated.

The classification agreement between international agencies and the Brazilian agency
regarding the sodium content of butter was verified using Cohen’s kappa coefficient (k). The
following values and classifications were adopted to evaluate the agreement between the methods:
poor if k <0.00, weak if 0.00 <k <0.20, fair if 0.21 <k <0.40, moderate if 0.41 <k <0.60, substantial
if 0.61 < k <0.80, and almost perfect if k > 0.80. The analyses were conducted using IBM SPSS

Statistics software version 25.

To ensure the most reliable results, the data for the correlation were collected exclusively from
official government sources in Brazil. The population size data, crucial for calculating disease
prevalence, was procured from the Brazilian Institute of Geography and Statistics (IBGE), Brazil’s
leading provider of data and information. The average population size was computed for two distinct
time intervals: 2008-2009 and 2017-2018. This was done to align with the data collection periods of
the IBGE's Personal Food Consumption Analysis in Brazil, from which butter consumption data was

extracted.

The disease case numbers were also averaged over these two periods to ensure equivalence
and enable a precise application of the Pearson correlation test. This test investigated the relationship
between butter consumption and the prevalence of chronic noncommunicable diseases, including
hypertension, cerebral vascular accident (CVA), diabetes mellitus, obesity, and nutritional endocrine
and metabolic diseases, during the time above intervals.

This approach ensures a robust and accurate analysis of the potential correlations between
dietary habits and disease prevalence in Brazil. It is important to note that the data used in this analysis
are sourced exclusively from the Unified Health System (Sistema Unico de Sadde - SUS), Brazil’s
publicly funded healthcare system. Consequently, these findings may not fully capture the complete
picture of the country's disease prevalence. The data might be underestimated as they do not include
information from private healthcare systems. Therefore, the results should be interpreted with this

limitation in mind.

A normality test was performed before the Pearson correlation analysis. This step is crucial to
validate the Pearson correlation test's assumptions and ensure the results' reliability. Furthermore,
data validation was carried out using the Systat software (version 13.0) employing the bootstrap
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technique. Bootstrapping is a powerful statistical method that estimates the accuracy and reliability
of the observed correlations. This technique generates many resampled datasets from the original data
and computes the statistics of interest for each resampled dataset. Additionally, bootstrap procedures

were carried out (1000 resamples; 95% BCa Cl) to ensure the reliability of the results.

The performance of a predictive model is overestimated (optimism) when based only on the
sample used to construct the model. Therefore, internal validation methods aim to estimate model
performance accurately in new samples (Steyerberg et al. 2001). The forecast of Harrell’s optimism
was calculated according to Equation (1) and the coefficient of determination of the original model
after validation (Equation (2)) (Harrell et al. 1996).

0 =YMn=1°M (1)
M
R% = Rzapp -0 (2)

Where for each bootstrap sample with replacement (m =1, . . ., M), R%o0t(m) = bootstrap
coefficient of determination obtained from the fitted model to the bootstrap dataset; R%rig™ = original
coefficient of determination obtained by applying the fitted model from the bootstrap dataset to the
original dataset; o = optimism of the original model; 0™ = RZ% 0™ — R? orig™ ; M = number of
bootstrap datasets; R?: coefficient of determination of the original model after validation; R2pp =

apparent coefficient of determination obtained from fitted model to original data.

3 RESULTS

From January to October 2023, 515 butter labels were cataloged, representing 504 distinct
companies. The butter products were categorized into: 1) common butter, 2) first quality, and 3) extra.
Outliers were identified using the ROUT method (Q=1%), yielding 509 labels for the sodium variable
(common = 236; extra = 54; first quality = 219), 468 labels for the total fat variable (common = 210;
extra = 53; first quality = 205), and 491 labels for the saturated fat variable (common = 225; extra =
52; first quality = 214). Of the total butter labels, 504 companies were distributed across all Brazilian
states, except for Acre, Amazonas, and Roraima (Fig. 1). The distribution of companies in Brazil was
primarily concentrated in the southern region, housing 328 companies. This was followed by the
northeastern region with 63 companies, the southeastern region with 58 companies, the central-

western region with 35 companies, and finally, the northern region with 20 companies (Fig. 1).

In Table 1, the total fat content across three types of butter is analyzed. The Common type,

with 210 samples, has a median total fat content of 82g/100g, a range from 72.50g to 90.0g, and an
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interquartile range of 80.0g to 85.0g. The Extra type, analyzed across 53 samples, shows a median
total fat content of 82g/100g, a range from 78.57g to 88.0g, and an interquartile range of 80.0g to
84.0g. Lastly, the First Quality type, with 205 samples, exhibits a median total fat content of
829/100g, a range from 76.0g to 89.0g, and an interquartile range of 76.0g to 89.0g. The total number
of samples analyzed for total fat content was 486. There were no significant differences (p > 0.5)
among the types of butter for total fat content.

The saturated fat content across three types of butter is analyzed in Table 1. The Common
type, with 225 samples, has a median saturated fat content of 50g/100g, a range from 28.50g to
41.50g, and an interquartile range of 49.0g to 57.0g. The Extra type, analyzed across 52 samples,
shows a median saturated fat content of 549/100g, a range from 46.0g to 65.0g, and an interquartile
range of 50.25g to 55.0g. Lastly, the First Quality type, with 214 samples, exhibits a median saturated
fat content of 539/100g, a range from 30.0g to 71.0g, and an interquartile range of 48.75g to 57.0g.
The total number of samples analyzed for saturated fat content was 491. It is important to note that
there were no significant differences (p > 0.5) among the types of butter in terms of saturated fat

content.

The data analysis revealed that the sodium content in the studied sample varied significantly,
with a median of 700 mg/100g and an interquartile range of 500 to 900 mg/100g. The sodium content
ranged from a minimum of 50 mg/100g to a maximum of 1786 mg/100g. In addition to variations
among butter brands, significant differences were observed among the types of butter. Notably, the
highest sodium contents were found in common butter (775 mg/100g, ranging from 50 to 1620
mg/100g) and first-quality butter (700 mg/100g, ranging from 140 to 1786 mg/100g). Extra butter
exhibited the lowest sodium values, with 545 mg/100g, going between 63.33 to 1000 mg/100g.
Statistical analysis using the Kruskall-Wallis post-test and Dunn’s test demonstrated significant
differences (p < 0.05) between common and extra butter and between extra and first-quality butter.
However, no significant difference (p > 0.05) was observed between common butter and first quality
(Table 1).

The comparison between the four regulatory agencies, the Brazilian Health Regulatory
Agency (ANVISA), Food Standards Agency (FSA), Pan American Health Organization (PAHO),
and World Health Organization (WHO), reveals distinct standards and classifications for sodium and
salt content in butter. ANVISA classifies butter products as high in sodium if they contain > 600
mg/100g. According to this standard, 65.68% of common butter, 61.18% of first-quality butter, and
47.29% of extra butter were classified as high in sodium, representing 61.68% of the total butter

products analyzed. On the other hand, the WHO classifies sodium levels as high if they are >400
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mg/100g. When these standards are applied, the percentage of non-compliant products increases
dramatically, with 85.16% of common butter, 74.07% of extra butter, and 83.1% of first-quality butter
exceeding the WHO’s recommended sodium levels. This represents 83.1% of products that do not

conform to the WHQO’s recommendations (Table 2).

The FSA proposes a different approach, classifying foods based on their salt content per 100
g or 100 ml. To calculate the salt content (g) of the sodium labeling of the butter, the conversion from
milligrams to grams of sodium was carried out based on the salt composition, which corresponds to
approximately 60% chloride and 40% sodium. Thus, each gram of salt contains 0.4 grams of sodium.
Foods are categorized as having low (<0.3g of NaCl/100g), medium (0.3 to 1.5 of NaCl/100g), and
high (>1.5g of NaCl/100g) salt content. According to the FSA’s classification, 59.52% of butter labels
were classified as having high salt content, and 39.68% were classified with medium salt content.
Only 1% of the total samples were classified as low salt content.

These differences in standards and classifications highlight the complexity of regulating
sodium and salt content in food products (Table 2). The Pan American Health Organization (PAHO)
has proposed a guideline that sets a limit for sodium at 1 milligram per kilocalorie of the product.
This instrument has been developed to be used by PAHO member states to identify non-alcoholic
food and beverages with an inadequate nutritional profile. Consequently, the data were transformed
into mg/kcal of sodium and analyzed. As shown in Table 2, 127 common types of butter (53.81%),
13 extra butter (24.07%), and 104 first-quality butter (47.48%) were classified with excess sodium,
totaling approximately 48% of the butters. This analysis provides a comprehensive overview of the
sodium content in different types of butter, highlighting the importance of nutritional guidelines and

regulations in promoting healthier food choices.

The agreement between PAHO and ANVISA was high, with a kappa value of 0.740. On the
other hand, the agreement between ANVISA and WHO was considered moderate, with a kappa value
of 0.493. Lastly, the agreement between FSA and ANVISA was almost perfect, with a kappa value
of 0.955.

Table 3 presents the results of Pearson’s correlation test between butter consumption and the
prevalence of various diseases in Brazil during 2008-2009 and 2017-2018. Hypertension exhibits a
weak negative correlation (R= -0.236) and is not significant (p > 0.05). Diabetes mellitus has a
moderate negative correlation (R = -0.713) and is insignificant. Obesity has a strong negative
correlation (R = -0.844) and is significant (p < 0.01), as does Cerebral Vascular Accident (CVA) with
R =-0.812. Endocrine, nutritional, and metabolic diseases negatively correlate (R = -0.724).
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Data analysis from Table 4 provides optimism-corrected performance estimates derived from
a robust bootstrap method. It reveals an inverse correlation between butter consumption and the
incidence of metabolic and endocrine diseases in Brazil. The validated correlation coefficient (Rv) for
diabetes is -0.70, indicating a robust inverse correlation. Similarly, obesity (-0.84), Cerebral VVascular
Accident (CVA) (-0.79), and endocrine, nutritional, and metabolic diseases (-0.69) all exhibit

negative correlations.

4 DISCUSSION

This study represents a pioneering effort in assessing the sodium, total fat ,and saturated fat
content across various types of butter. Additionally, it establishes a correlation between butter
consumption and the prevalence of metabolic and endocrine diseases in Brazil. The analysis of total
fat content across three types of butter, as presented in Table 1, reveals a consistent median of
820/100g across all categories, in compliance with Brazilian legislation stipulating a minimum fat
content of 80g/100g for butters. However, the Common butter exhibits a larger variation, possibly
indicating an inconsistency in the manufacturing process or the origin of the cream utilized.
Conversely, the Extra and First Quality butters demonstrate narrower variations and interquartile
ranges, suggesting stricter quality control, as expected for products falling within higher classification

categories.

However, it is important to note that Extra butter does not fully meet the parameters
established by Brazilian legislation. According to Brazilian regulations (1996), a minimum fat content
of 83% (839/100g) is required for Extra butter, while the median fat content found in samples was
829/100g. This discrepancy suggests that some labels of Extra butter may not be meeting the legal

requirements established for this product category.

The mandatory labeling requirement on the front panel of packages for foods high in saturated
fat (> 6 g/100 g), sodium (> 600 mg/100 g), and added sugar (> 15 g/100 g) is an additional step
towards informing and protecting consumers (Brazil 2020). The study results on the saturated fat
content in butters, although are exceeding the established threshold for mandatory labeling, still
underscore the importance of transparent labeling to enable consumers to make more informed

choices.

The median saturated fat content analysis across different varieties of butter did not reveal

statistically significant differences, suggesting uniformity in the saturated fat profile among the types
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analyzed. This finding is relevant as it indicates that regardless of the butter variety chosen by
consumers—be it Common, First Quality, or Extra —the impact on saturated fat consumption will
be similar. This may simplify consumer decisions for those concerned about saturated fat intake, as
they can choose any butter without worrying about significant variations in this specific nutrient.
However, it is essential to note that uniformity in the median does not negate the need to consider
variation within each type, as indicated by the wider interquartile ranges, especially for First Quality

butter, which exhibited the greatest variation.

The data presented indicates a considerable variability in sodium content among the different
samples, with the butter exhibiting the highest sodium content, containing approximately 36 times
more sodium than the one with the lowest content (Table 1). High sodium intake is associated with
an increased risk of hypertension and cardiovascular diseases, which are leading causes of morbidity
and mortality worldwide (He et al., 2013). Therefore, consumers must be aware of the sodium content
in the butter they consume and for manufacturers to consider reducing the sodium content in their

products to promote healthier dietary choices (Food and Drug Administration 2021).

The sodium content found is considerably high, as the maximum sodium value reached 1786
mg/100g, representing 89.3% of the recommended daily intake when compared with the
recommendations of the World Health Organization (WHO) and Brazilian Health Regulatory Agency
(ANVISA), which suggest a limit of 2000 mg of sodium per day for adults. This implies that the
consumption of products with high sodium content can easily exceed daily recommendations,
potentially leading to health issues such as hypertension and cardiovascular diseases and increased
severity and mortality of COVID-19 infection (WHO 2022; BRASIL 2020; Zhang et al. 2021). The
Technical Regulation of Identity and Quality (RTIQ) for butter allows up to 2% salt in extra butter,
up to 2% in first quality, and up to 3% common butter (BRAZIL 1996; BRAZIL 2000). The elevated
levels of salt content may be ascribed to the more lenient Brazilian regulations concerning the addition
of salt in common and first-quality butter. It was also observed that there were no significant
differences (p > 0.05) among the types of butter for which the legislation allows a higher quantity of
salt, such as common and first quality butter (Table 1).

By Ordinance 146/1996 and Resolution No. 4 of June 28, 2000, which classify butter types in
Brazil, the maximum permissible addition of NaCl is 2000 mg/100g of butter of type first quality and
extra. These regulations also permit the neutralizing of salts (sodium bicarbonate, sodium carbonate
or calcium hydroxide) as technological coadjutants, with addition of up to 2000 mg/kg (BRAZIL,
1996; BRAZIL, 2000). Within this regulatory framework, all analyzed butter samples were found to
comply with the product-specific Technical Regulation of Identity and Quality (RTIQ). This
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compliance suggests that manufacturers are adhering to the RTIQ for butter. However, it also implies
that manufacturers may not feel compelled to reduce sodium usage unless there are changes to the
RTIQ for butter, given that the current legislation allows it. Despite these regulations, considering the
cumulative impact of sodium from various food sources, including butter, is crucial. This cumulative

intake can significantly contribute to daily sodium consumption, potentially affecting public health.

The Agricultural Outlook 2023-2032 predicts a butter consumption in Brazil of 0.51kg/per
capita/year for 2023 (OECD-FAO 2023). We can use a simple conversion method to convert butter
consumption of from a yearly per capita basis in kilograms to a daily per capita basis in grams. Given
that 1 kilogram is equivalent to 1000 grams and 1 year is equivalent to 365 days, we can convert 0.51
kg/per capita/year to 510 g/per capita/year. By dividing this annual consumption by the number of
days in a year, we find that the daily consumption is approximately 1.4 g/per capita/day. This
conversion allows us to understand the daily dietary intake of butter better individually. Based on the
per capita daily consumption of butter (1.4 g/per capita/day) and the median total sodium calculated
in the labels (700 mg/100 g), the sodium intake provided by butter per day to Brazilians based on
labeling is 9.8 mg. When considered in the context of daily consumption, it is important to consider
that butter is a common ingredient in many culinary recipes. This subtle contribution of sodium can
accumulate and have a significant impact on health over time. Therefore, the role of butter in daily

sodium intake should not be overlooked.

Moreover, the data indicates a substantial variation in the sodium content of different butter
labels available online in Brazil. This variation is particularly pronounced when comparing the
standards established by various health agencies. The Brazilian National Health Surveillance Agency,
the Food Standards Agency, and the Pan American Health Organization classify foods with sodium
content greater than or equal to 600mg/100g, more than 1.5¢g of salt/100g, and in a ratio greater than
Img/kcal as “High in Sodium,” respectively. However, the World Health Organization imposes a
stricter global maximum limit for sodium at 400 mg/100g for butter and oils. These discrepancies in
regulatory standards could potentially result in higher sodium intake from seemingly similar food

products, depending on the regulatory guidelines adhered to by the food manufacturer.

In this context, the agreement between PAHO and ANVISA was almost perfect, with a kappa
value of 0.740, indicating a high consistency level in their sodium content classification. Similarly,
the agreement between FSA and ANVISA was also almost perfect, with a kappa value of 0.955,
further reinforcing the consistency in sodium content classification among these agencies. However,
the agreement between ANVISA and WHO was considered moderate, with a kappa value of 0.493.
This suggests a notable discrepancy in the classification of sodium content between these two
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agencies. Given that WHO sets a more stringent global maximum limit for sodium, this discrepancy
could result in higher sodium intake from seemingly similar food products, depending on the
regulatory guidelines adhered to by the food manufacturer. These discrepancies in regulatory
standards highlight the need to harmonize sodium content standards across different health agencies
to ensure consistent and accurate labeling of food products. The moderate agreement between
ANVISA and WHO underscores the importance of aligning national and international standards to

prevent potential misinterpretation and promote healthier food choices among consumers.

The intriguing observation of an inverse correlation between butter consumption and the
occurrence of metabolic and endocrine diseases, despite the elevated sodium content in butter (Table
4), prompts a deeper exploration of the intricate interplay between dietary patterns and health
outcomes. A critical factor contributing to this phenomenon could be the relatively modest daily
butter intake compared to other nutritional components. While butter contains a noteworthy amount
of sodium, its consumption may not substantially impact daily sodium intake when contextualized

within a typical diet.

However, it is crucial to note that correlation does not imply causality, as highlighted by the
absence of a significant correlation (p > 0.05) between butter consumption and hypertension (Table
3). This emphasizes the need for cautious interpretation of statistical associations and underscores the
complexity of dietary influences on health outcomes. Considering the valuable insights provided by
our study, it is essential to highlight the inherent limitations associated with observational research.
Recognizing the multifaceted nature of factors influencing dietary habits and health outcomes, we
should acknowledge the potential impact of confounding variables, such as lifestyle and socio-
economic factors. Furthermore, our discussion should address the possibility of reverse causation,
emphasizing caution in attributing observed associations solely to butter consumption.

Furthermore, delving into the broader nutritional profile of butter unveils a spectrum of
components that could contribute to its potential health effects. Recognized as a rich source of
saturated fatty acids, butter also encompasses an array of fat-soluble vitamins, essential minerals, and
conjugated linoleic acid (CLA). The multifaceted benefits associated with CLA, including reduced
body fat and improved insulin sensitivity, suggest a nuanced perspective on the impact of butter

consumption on metabolic health (Fuke et al. 2016).

The study by Pimpin et al. (2016) adds a layer of complexity to the narrative by revealing that
butter intake did not exhibit a significant association with cardiovascular diseases, coronary heart

disease, or stroke. Notably, the research unraveled an inverse association between butter consumption
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and the incidence of diabetes, suggesting a potential protective role of butter against diabetes
development (N =11; RR =0.96, 95% CI = 0.93, 0.99; P = 0.021). While sodium and fats remains a
notable butter component, its nuanced interplay with other nutritional elements and their potential

health benefits underscores the need for a comprehensive understanding.

In the context of cardiovascular diseases, an examination of data derived from “The
Prospective Urban Rural Epidemiology” (PURE) study, which incorporated individuals within the
age range of 35 to 70 years from a diverse set of 21 countries, discerned that an augmented
consumption of dairy is inversely associated with the risk of mortality and cardiovascular diseases
(Dehghan et al. 2018). This observation is further corroborated by a systematic review of prospective
cohort studies, which elucidates an inverse correlation between the intake of milk or total dairy
products and the occurrence of strokes (Alexander et al. 2016; Gholami et al. 2017). These results
corroborate the findings of this study.

The Dietary Guidelines for Americans, 2020-2025, advise individuals aged 14 years or older
to limit their intake to 2.300 mg/day of sodium. This aligns with the recommendations of the National
Academies (Department of Health and Human Services 2020). Furthermore, the World Health
Organization (WHO) suggests several strategies to reduce sodium intake, such as consuming
primarily fresh and minimally processed foods, choosing products with low sodium content (less than
120mg/100g of sodium), cooking with little or no added sodium/salt, using herbs and spices to flavor
foods instead of salt, limiting the use of commercial sauces, salad dressings, and instant products and

limiting the consumption of processed foods (World Health Organization 2020).

Several strategies can be employed to reduce the sodium content in foods. These include
technological methods such as salt substitution, potassium chloride, food reformulation, size and
structure modifications, alternative processing, and crossmodal odor interaction. Behavioral
strategies such as memory process, gradual salt reduction, and exchange can also be effective
(Nurmilah et al. 2022). According to a study by Oliveira et al. (2019), it was found that the reduction
of sodium chloride (25%, 50%, and 75%) using micronized salt in butter resulted in significant
differences in taste when compared with the control sample (without reduction of NaCl content).
However, a decrease of 50% did not show any significant difference, indicating that the micronized

salt has twice the salting power of conventional salt.

Globally, poor diet is associated with an estimated 11 million deaths, of which 3 million are
attributed to high sodium intakes. Excessive dietary sodium intake escalates blood pressure, thereby

increasing the risk of cardiovascular diseases, the leading cause of non-communicable disease (NCD)
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deaths worldwide, accounting for 32% of all deaths (Afshin et al. 2019). Reducing sodium intake is
an efficacious strategy to lower blood pressure and decrease NCDs such as cardiovascular diseases.
It also mitigates other complications associated with high sodium intake, such as chronic kidney
disease, obesity, gastric cancer, and liver diseases. The significance of reducing sodium intake was
underscored in the World Health Organization’s 2012 guideline on sodium intake for adults and
children (World Health Organization 2012). Therefore, reforming sodium in food products becomes
a critical strategy in addressing this global health issue, potentially leading to significant health and

economic benefits.

Future studies will allow a more complete understanding of the long-term impacts of
voluntary strategies in Brazil and assess the impact of these reductions on morbidity, mortality,
and costs of hypertension and cardiovascular disease and subsidized policy improvement.
Pearson-Stuttard et al. (2018) emphasized the importance of strategically reformulating sodium
in food products as a critical public health measure. Their research indicated significant health
and economic benefits could be achieved by adhering to sodium reformulation targets. Full
compliance with 10-year reformulation targets could potentially prevent approximately
450,000 instances of cardiovascular diseases and yield cost savings of about $41 billion. They
further noted that considerable health benefits and savings are still attainable even under less-

than-ideal circumstances, such as modest compliance or limited progress.

5 CONCLUSION

This study has illuminated a significant disparity in sodium content among various
butter samples, spanning common, extra, and first-quality categories. The observed variation
across different brands underscores the need for enhanced consumer awareness regarding
substantial differences in sodium levels when making dietary choices. Notably, the highest
sodium content was approximately 36 times greater than the lowest, Moreover, the analysis of
total fat and saturated fat content across these butter samples provides additional informations
into their nutritional profiles. While slight variations were observed in ranges and interquartile
ranges among the butter types, statistical analysis indicated no significant differences. This
suggests that, despite minor variations, the total fat and saturated fat content of the three types
of butter can be considered comparable. Interestingly, despite the high sodium content
observed, an inverse correlation was found between butter consumption and the prevalence of

chronic noncommunicable diseases in Brazil. While this correlation warrants further
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investigation and interpretation, it suggests a complex interplay of dietary factors and health
outcomes that merit continued exploration.

It is paramount to recognize that while nutritional labeling serves as a valuable tool in
aiding consumers to understand food product content and make informed choices, it represents
just one facet of a broader strategy necessary to address excessive sodium intake. As such, a
comprehensive approach is essential, one that encompasses regulatory compliance, public
health campaigns, and food product reformulation efforts. By synergistically integrating these
initiatives, we can effectively tackle the global health challenge posed by excessive sodium

intake and promote healthier dietary habits among consumers.
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574

575  Figure. 1 - Geographical distribution of butter companies gathered from websites from January to October
576  2023.
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580  numbers of evaluated products.
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582  Table 1 - Fat and sodium content in butter types collected from websites from January to October 2023.

Total fat (9/1009) Saturated fat (g/100g) Sodium (mg/100g)
Butter Type . . .
ME(Q1;Q3) Min Max n ME(Q1;Q3) Min Max n ME(Q1;Q3) Min Max
Common 210 82(80.0;85.0)® 7250 90.0 225 50(49.0;57)® 28.50 41.50 236 775(570:900)* 50 1620
Extra 53 82(80.0;84.0)* 78.57 88.0 52 54(50.25;55)* 46 65 54 545(370;742,5)° 63,33 1000
First Quality 205 82(80.0;83.50)° 76.0 89.0 214  5348.7557)° 30 71 219 700(552,5:900)* 140 1786
Total 468 82(80.0;84.0) 725 90.0 491 52(49;57) 2850 71 509 700(500;900) 50 1786

583 n- number of butter samples; Me - median; Q1 - first quartile; Q3 - third quartile; Min. - minimum: Max. - maximum. Different letters in the same column indicate a significant
584  difference (p > 0.05).
585

586  Table 2 —Butter types classification according to sodium content as Brazil (BRAZIL 2020), World Health Organization (WHO 2023), Food Standards Agency (FSA
587  2019) and Pan American Health Organization (PAHO 2017) regulations.

Sodium content

Parameters Classification

Common -n (%) Extra—n (%) First Quality — n (%) Total n (%)
BRAZIL, 2020 High in sodium > 600mg/100g 155(65.68%) 25(47.29%) 134(61.18%) 314(61.68%)
WHO, 2023 High in sodium >400mg/100g 201(85.16%) 40(74.07%) 182(83.1%) 423(83.1%)
PAHO, 2017 Excess sodium >1mg/kcal 127(53.81%) 13(24.07%) 104(47.48%) 244(47.93%)

Low in salt<0,3g de NaCl/100g 2(0,84%) 2(3,70%) 0(0%) 4(0.78%)
FSA, 2019 Medium in salt 0,3 a 1,5 de NaCl/100g 86(36,44%) 28(51,85%) 88(40,18%) 202(39,68%)
High in salt >1,5g de NaCl/100g 148(62,71%) 24(44,44%) 131(59%) 303(59,52%)

588  n—number of butter samples.

589
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Table 3 - Pearson’s correlation test between Butter Consumption and Disease Prevalence in Brazil (2008-2009
and 2017-2018).

95% confidence

Disease R p interval
Hypertension -0.236 0.4595* -0.7135 to 0.3905
Diabetes mellitus -0.713 0.0092 -0.9134 to -0.2362
Obesity -0.844 0.0006 -0.9552 to -0.5240
Cerebral Vascular Accident -0.812 0.0013 -0.9455 to -0.4468
Endocrine, nutritional and metabolic diseases -0.724 0.0077 -0.9171 to -0.2577

R: Pearson's correlation coefficient; p: probability value. Values with * indicate no significance of the model (p > 0.05).

Table 4 - Optimism-corrected performance estimates through validation by bootstrap approach of significant
models for prediction of the Correlation between Butter Consumption and Disease Prevalence in Brazil (2008-
2009 and 2017-2018).

Disease RZapp R2boot R%rig Optimism  R?, Ry
Diabetes mellitus 0.509 0.513415 0.5073 0.006115 0.502885 -0.70914
Obesity 0.7121  0.71249 0.71  0.00249 0.70961 -0.84238
Cerebral Vascular Accident 0.66 0.69116 0.6584 0.03276 0.62724 -0.79198

Endocrine, nutritional and 05249 056578 05229 0.04288 048202 -0.69428
metabolic diseases

RZp: apparent coefficient of determination; R%ye0t: bootstrap coefficient of determination; R%iq: original coefficient of
determination; R2,: coefficient of determination of the model after validation. Ry: correlation coefficient of the model
after validation.
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