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RESUMO 

 

O elevado consumo de gordura saturada leva ao desenvolvimento de diversas 

doenças crônicas, principalmente doenças cardiovasculares, ocasionando milhares 

de mortes ao redor do mundo e no Brasil. Atualmente este problema pode ser 

minimizado através da nova normativa publicada pela Anvisa, a qual estabelece e 

dispõe sobre os requisitos técnicos para a rotulagem de alimentos embalados, 

instituindo a rotulagem frontal brasileira. Com as novas alterações, alimentos sólidos, 

como bolos e biscoitos, que apresentarem 6% ou mais de gordura saturada serão 

rotulados frontalmente com um símbolo de alerta, informando o consumidor que o 

produto é “alto em gordura saturada”. Bolos e biscoitos são bastante apreciados e 

consumidos pelos brasileiros, o que pode apresentar riscos, uma vez que estes 

podem conter grande quantidade de gordura adicionada em suas formulações. Sendo 

assim, o presente trabalho teve como principal objetivo apresentar estratégias de 

redução de gordura em bolos e biscoitos utilizando diferentes tipos de substitutos de 

gordura. A revisão foi realizada de forma sistemática nos bancos de dados do Science 

Direct, Pubmed, Web of Science e Scopus, selecionando artigos publicados no últimos 

cinco anos. Com a presente revisão, foi possível observar que substitutos de gordura 

a base de fibras e lipídeos são os mais indicados para reduzir a gordura nestes 

produtos, obtendo bons resultados quanto a textura, propriedades sensoriais e 

nutricionais. Fibras como inulina, polidextrose e mucilagem de chia podem substituir 

a gordura de 30 a 75%, sendo capaz de reduzir a gordura total em até 50%. Logo, 

espera-se que ocorra uma redução significativa da gordura saturada, já que a gordura 

utilizada em bolos e biscoitos é constituída basicamente por gordura saturada. Já com 

a utilização de oleogéis, um substituto de gordura a base de lipídeos, a gordura pode 

ser substituída em até 50%, levando a uma diminuição dos ácidos graxos saturados 

de até 40%. No entanto, para a devida aplicação industrial deve-se levar em 

consideração as possíveis desvantagens que estes substitutos podem apresentar, 

como o aumento da umidade no caso das fibras, ou menor estabilidade oxidativa no 

caso dos oleogéis. Além disso, a substituição completa não é recomendada, visto que 

a gordura sólida desempenha um papel fundamental na textura e aceitação destes 

produtos. 

 

Palavras-chave: substituto de gordura, rotulagem frontal, oleogeis, fibras, gordura 

saturada. 
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ABSTRACT 

 

The overconsumption of saturated fat leads to several chronic diseases' development, 

mainly cardiovascular diseases, causing thousands of deaths worldwide and in Brazil. 

Currently, this problem can be minimized through the new Anvisa's regulation, which 

establishes and provides technical requirements for packaged foods labeling, 

instituting the Brazilian front-of-package labeling. With the new changes, solid foods, 

such as cakes and cookies, with 6% or more saturated fat will be frontally labeled with 

an alert symbol, informing consumers that the product is “high in saturated fat”. 

Currently, cakes and cookies are widely appreciated and consumed by Brazilian 

people, which can present risks to them since they may contain many added fat in their 

formulations. Therefore, the present study aimed to suggest strategies for reducing fat 

in cakes and biscuits using different types of fat substitutes. The study design used is 

a systematic review performed in Science Direct, PubMed, Web of Science, and 

Scopus, selecting papers written and published in the last five years. With this review, 

it was observed that fat replacers based on fibers and lipids are the most suitable for 

reducing fat in these products, with good results in terms of texture, sensory and 

nutritional properties. Fibers such as inulin, polydextrose, and chia mucilage can 

replace fat by 30 to 75%, being able to reduce total fat up to 50%. Therefore, it is 

expected that saturated fat can be reduced, since cakes and biscuits fat is basically 

constituted by saturated fat. With oleogels, a lipid-based fat replacer, fat can be 

replaced up to 50%, leading to a decrease in saturated fatty acids up to 40%. However, 

for proper industrial application, it must consider possible drawbacks that these 

substitutes may present, such as moisture increase in the case of fibers or less 

oxidative stability in oleogels. Furthermore, complete replacement is not 

recommended, as solid fat plays a crucial role in the texture and acceptance of these 

products. 

Keywords: fat replacer, front-of-package, oleogels, fibers, saturated fat. 
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1 INTRODUÇÃO 

 

O consumo de gorduras saturadas está relacionado com a maior incidência de 

doenças cardiovasculares e outros distúrbios fisiológicos, como diabetes tipo 2, alto 

teor de lipídios no sangue, inflamação, estresse oxidativo, disfunção endotelial, 

obesidade e síndrome metabólica. Em 2016, dados da Organização Mundial da Saúde 

(OMS) apontaram que doenças não transmissíveis foram responsáveis por 72% das 

mortes em todo o mundo, e que 45% das mortes globais foram devido a doenças 

cardiovasculares. Levantamentos do Ministério da Saúde mostram que as doenças 

crônicas foram responsáveis por 51% dos óbitos em 2015 no Brasil. Além disso, só 

em 2018, foram registradas 12.438 internações por obesidade no SUS (Sistema Único 

de Saúde), o que representa R$64,3 milhões em gastos públicos. Os números 

colocam o país no quarto lugar entre as internações por causas endócrinas, 

nutricionais e metabólicas. Desta forma, com o intuito de reduzir este altos índices de 

mortalidade, a OMS vem fazendo diversas recomendações, incentivando a 

substituição de ácidos graxos saturados e trans em alimentos (IDEC, 2020; LÓPEZ-

PEDROUSO et al., 2021; WHO, 2018).  

Em julho de 2020, a Organização das Nações Unidas (ONU) publicou uma 

declaração em apoio ao modelo de rotulagem frontal dos alimentos para combater as 

doenças crônicas no mundo. Em seu posicionamento, o relator especial para o Direito 

à Saúde Dainius Pūras estimula os países a criarem leis amplas que ajudem a reduzir 

o consumo de alimentos não saudáveis. O relator afirma que a adoção e 

implementação da rotulagem frontal é uma medida que garante o direito à informação 

por apresentá-la de forma clara e completa e, ainda, de um jeito simples. Além disso, 

ajuda os consumidores a tomarem decisões conscientes sobre o que estão 

consumindo, sem que precisem ter conhecimentos técnicos e adicionais sobre o 

assunto. Neste contexto, em outubro de 2020, o governo brasileiro, por meio da 

Agência Nacional de Vigilância Sanitária (Anvisa), publicou a Instrução Normativa 

n°75/2020 e a RDC n°459/2020, que estabelece e dispõe sobre os requisitos técnicos 

para declaração da rotulagem nutricional nos alimentos embalados. A principal 

mudança na norma foi a inclusão da rotulagem frontal, simbolizada através de uma 

lupa e um retângulo na cor preta, que informam e alertam o consumidor para altos 

níveis em gordura saturada, açúcar e sal que o alimento pode conter. Segundo a 
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regulamentação, alimentos sólidos como bolos e biscoitos, não poderão conter em 

sua composição 6% ou mais em peso de gordura saturada. Caso contrário 

apresentarão o símbolo informando que o alimento embalado é “alto em gordura 

saturada”. As empresas de maior porte terão um prazo de 2 anos para adequação de 

seus produtos, e as de menor porte, 4 anos  (BRASIL, 2020a, 2020b; IDEC, 2020). 

Bolos e biscoitos são produtos consumidos internacionalmente por todas as 

classes sociais, disponíveis em diversos tipos, tamanhos e formas. E por isso, são 

alimentos muito versáteis que, podem apresentar-se como um alimento básico em 

lanches e alimentos infantis e como em presentes luxuosos, produtos dietéticos, itens 

decorados com adição de chocolate, creme, nozes e outros sabores. Em 2020, a 

indústria de biscoitos brasileira movimentou um total de R$20 bilhões, crescendo em 

média 5,5% em relação ao ano de 2019, com um consumo per capita de 7,211 

kg/habitante. Enquanto que a indústria de pães & bolos industrializados faturou um 

total de R$9,23 bilhões em 2020, 11% a mais que no ano anterior, com um consumo 

per capita de 3,078 kg/habitante. Estes dados evidenciam o alto consumo de bolos e 

biscoitos no Brasil e seu grande volume de vendas, o qual está em constante 

crescimento. Portanto, configura-se como um nicho de produtos alimentícios bastante 

significativo e relevante para a indústria de alimentos brasileira (ABIMAPI, 2021; 

AREPALLY et al., 2020; MORAES & ZAVAREZE, 2010).  

Em formulações de bolo e biscoitos, a gordura adicionada tem função amaciante, 

uma vez que reduz a ação do glúten, permitindo uma massa elástica, porém macia, o 

que melhora a textura e aumenta a aceitabilidade do produto. Em bolos, a quantidade 

de gordura proporciona a redução da tensão da rede de glúten, o que permite que o 

gás carbônico fique preso na camada de gordura da massa, possibilitando que o 

produto cresça e fique com a massa mais leve. Em biscoitos, a gordura é o terceiro 

ingrediente em maior quantidade depois da farinha e do açúcar, e atua diretamente 

na textura final dos biscoitos, principalmente na sua crocância. Além disso, inibe a 

aderência dos grânulos de amido com o glúten, dando maior maciez aos biscoitos. A 

adição de gordura sólida, na forma de manteiga ou margarina, se apresenta em 

grande quantidade, de 20 a 32% em bolos e de 35 a 60% em biscoitos, em base 

farinha, conforme o tipo de produto. (ADILI et al., 2020; SOUZA, 2017; BELORIO, 

SAHAGÚN & GÓMEZ, 2019; GHARAIE et al., 2019; LAGUNA et al., 2014; 

WILDERJANS et al., 2013). Produtos como pães e seus análogos comumente não 

apresentam níveis significativos de gordura adicionada, possuindo 2 a 5% em base 
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farinha. Sendo assim, a presente pesquisa não abordou a redução de gordura em 

pães para fins de adequação com a legislação, pois muitos destes produtos não irão 

apresentar a rotulagem frontal de “alto em gordura saturada” e não precisarão ser 

reformulados pelas indústrias logo de imediato (GHOTRA, DYAL & NARINE, 2002).  

A redução de gordura pelas indústrias de alimentos é uma tarefa difícil, uma vez 

que a gordura desempenha um papel fundamental na textura e na aceitação do 

produto pelos consumidores. Uma das alternativas mais utilizadas pela indústria é a 

utilização de substitutos de gordura, onde a gordura adicionada pode ser substituída 

totalmente ou parcialmente, levando a uma redução direta da gordura saturada. 

Substitutos de gordura são ingredientes que podem imitar algumas ou todas as 

propriedades físicas e atributos sensoriais proporcionadas pela gordura. 

Normalmente, esses ingredientes geram uma diminuição do conteúdo calórico do 

alimento, e geralmente são classificados em três grupos com base em suas 

composições: à base de lipídios, proteínas e carboidratos; cada grupo tem diferentes 

propriedades funcionais e pode ser usado sozinho ou como uma mistura (AKBARI, 

ESKANDARI & DAVOUDI, 2019; AMERICAN DIETETIC ASSOCIATION, 2005). 

Considerando as mudanças impostas pela nova regulamentação brasileira, este 

cenário proporciona atualmente uma grande oportunidade e um desafio para a 

indústria de bolos e de biscoitos, que agora deve estudar novas formulações e 

modificar sua composição, com o intuito de reduzir o conteúdo de gordura saturada e 

evitar a rotulagem frontal destes produtos. 

No segundo capítulo do presente trabalho serão abordados os objetivos gerais 

e específicos da pesquisa, no terceiro a metodologia utilizada para a realização da 

revisão sistemática, no quarto capítulo estará presente o artigo completo segundo as 

normas da revista escolhida para submissão, no quinto as considerações finais da 

pesquisa, abordando as conclusões e perspectivas futuras deste trabalho, no sexto 

as referências bibliográficas, e por fim, os anexos I e II que incluem as novas 

regulamentações sobre a rotulagem nutricional brasileira na íntegra. 
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2 OBJETIVOS 

 

2.1 Objetivo geral 

 

O presente trabalho teve como principal objetivo elaborar uma revisão 

bibliográfica sistemática abordando estratégias atuais para a redução de gordura em 

bolos e biscoitos, com o intuito de auxiliar a reformulação destes produtos pela 

indústria de alimentos, a fim de que não apresentem a rotulagem frontal de “alto em 

gordura saturada” prevista pela nova regulamentação. 

 

2.2 Objetivos específicos 

 

• Apresentar, para bolos e biscoitos, os níveis de substituição de gordura que 

obtiveram o melhor desempenho, levando em consideração as análises de 

textura, sensoriais e nutricionais em relação à amostra padrão. 

• Comparar os tipos de substitutos de gordura, níveis de substituição estudados, 

metodologias e suas descobertas quanto às análises de textura, sensoriais e 

nutricionais. 

• Determinar estratégias para a redução de gordura em bolos e biscoitos a fim 

de evitar a rotulagem frontal destes produtos, apresentando os tipos de 

substitutos de gordura e determinar um nível de substituição máximo para cada 

um deles, com possíveis desvantagens e desafios quanto a sua utilização. 

• Indicar possíveis melhorias e abordagens que podem ser feitas em trabalhos 

futuros para uma aplicação industrial mais adequada. 
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3 METODOLOGIA 

 

Após a determinação e delimitação do tema, a próxima fase da revisão de 

literatura é a pesquisa bibliográfica, que constitui-se como uma estratégia de pesquisa 

necessária para a condução de qualquer pesquisa científica, procurando explicar e 

discutir um assunto, tema ou problema com base em referências publicadas em livros, 

periódicos, revistas, enciclopédias, dicionários, jornais, sites, CDs, anais de 

congressos, etc. Para uma boa revisão de literatura a pesquisa bibliográfica deve ser 

o mais compreensiva possível, sendo imprescindível conhecer, nesta fase, as 

bibliotecas disponíveis, suas bases de dados e os serviços que oferecem (MARTINS 

& THEÓPHILO, 2016, p.52; MOREIRA, 2004, p.24-25). 

A presente pesquisa bibliográfica foi embasada nos princípios de uma revisão 

de literatura sistemática, ou seja, segundo Khan et al. (2003), foram previamente 

definidos os critérios em relação ao tipo de estudo, ao período de tempo, à seleção 

dos artigos, conforme descritores e critérios de inclusão e exclusão pré-estabelecidos, 

ao tamanho da amostra e aos desfechos relacionados ao tema. Através desse 

método, a detecção e seleção das publicações dentro do período de busca 

estabelecido foram seguidas de forma sistemática e padronizada, garantindo rigor 

metodológico da presente revisão (apud WEHRMEISTER, 2011). 

 

3.1 Critérios para a seleção dos artigos 

 

3.1.1 Inclusão 

Visto que a presente revisão pretendeu abordar os recentes avanços da 

substituição de gordura em bolos e biscoitos, foram selecionados artigos em inglês 

publicados nos últimos 5 anos, ou seja, entre primeiro de janeiro de 2016 e 31 de 

dezembro de 2020 (incluindo aqueles disponíveis online em 2020 que poderiam ser 

publicados em 2021). Além disso, foram incluídos todos os artigos que utilizaram 

substitutos de gordura como forma de reduzir a gordura adicionada em bolos e 

biscoitos, e que abordaram os seguintes desfechos: análises de textura, análises 

sensoriais e análises de composição nutricional.  
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3.1.2 Exclusão 

Quanto aos critérios de exclusão foi determinado que seriam excluídos todos os 

artigos publicados há mais de 6 anos, e todos aqueles que: 

- não apresentaram o texto completo; 

- não estavam em revistas indexadas; 

- não abordaram a redução de gordura em bolos e biscoitos; 

- não obtiveram bons resultados nas análises de textura, sensorial e nutricional em 

níveis de substituição de gordura acima de 20%. 

 

3.1.3 Definição dos desfechos 

 

• Análises de textura 

Nos artigos selecionados, foi avaliada a ocorrência de análises de perfil de 

textura dos produtos e suas consequentes alterações nos principais parâmetros de 

textura, principalmente na dureza, utilizando o substituto de gordura em questão. 

 

• Análise sensorial 

Nos artigos selecionados, foi avaliada a ocorrência de análises sensoriais no 

produto final, analisando principalmente atributos como sabor, textura e aceitação 

global utilizando o substituto de gordura em questão. 

 

• Análises de composição nutricional 

Nos artigos selecionados, foi avaliada a ocorrência de análises de composição 

do produto final, e suas consequentes alterações no perfil nutricional utilizando o 

substituto de gordura em questão. Além disso, foi avaliada a ocorrência de redução 

de gordura, analisando se esta redução foi significativa para o produto, sendo este 

desfecho exclusivo para os artigos encontrados. 

 

3.2 Estratégia de pesquisa 

 

3.2.1 Bases de dados 

As pesquisas foram conduzidas e realizadas em quatro bases de dados 

bibliográficas: Science Direct, Scopus, Web of Science e Pubmed. Essas bases foram 
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selecionadas por possuírem maior densidade de periódicos com avaliação A1 pela 

Capes, e por serem as mais utilizadas pelo setor acadêmico das áreas de Ciência e 

Tecnologia de Alimentos. 

 

3.2.2 Método de busca 

A pesquisa foi segmentada conforme a categoria do produto de panificação: 

bolos ou biscoitos, e, para cada uma delas, foram estipulados seus respectivos 

descritores, como demonstra o Quadro 1 abaixo. A busca foi conduzida combinando 

os termos da primeira coluna com os termos da terceira coluna para cada categoria. 

 

Quadro 1 - Descritores utilizados no levantamento da pesquisa bibliográfica. 

fat replace*, fat 

substitute*, fat 

mimetic*, low-fat, fat 

reduction 

 

Bolos 

 

cake*, muffin*, cupcake*, brownie*. 

 

Biscoitos 

 

biscuit*, cookie*, cracker*, snack*, 

shortbread*. 

Fonte: Autoria própria (2021) 

 

Nos campos de busca das bases de dados foram utilizados os operadores 

booleanos OR, AND e NOT para a devida combinação dos descritores apresentados 

acima. 

 

3.3 Processo de seleção e análise dos artigos 

 

Os artigos recuperados com a pesquisa realizada nas bases de dados foram 

submetidos a um processo de seleção composto por três etapas subsequentes: (1) 

leitura do título; (2) leitura do resumo; (3) leitura na íntegra. Essas etapas tiveram como 

objetivo sistematizar a leitura e facilitar o processo de inclusão e exclusão dos artigos 

de interesse para a revisão. 

Ao fim de cada etapa ocorreu a exclusão dos artigos que não se enquadraram 

com o escopo da pesquisa e/ou com os desfechos pré-determinados. A Figura 1 ilustra 

este processo, onde é possível observar que a pesquisa retornou um total de 723 
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artigos para leitura do título, 186 artigos para leitura do resumo e 88 artigos para leitura 

na íntegra, incluindo bolos e biscoitos. 

 

Figura 1 - Fluxograma do processo de seleção dos artigos pesquisados. 

 

Fonte: Autoria própria (2021) 

 

Após realizado o processo de seleção foi possível obter a quantidade de artigos 

utilizados na presente revisão, a qual retornou um total de 29 artigos, 15 referentes a 

bolos e 14 a biscoitos. Os artigos foram incluídos em bibliotecas separadas no 

gerenciador de referências Mendeley (Elsevier, Amsterdam, NL) para auxiliar na 

seleção e leitura dos mesmos. Com estes artigos foi possível, então, realizar uma 

análise crítica sobre possíveis alternativas e estratégias para a redução de gordura 

em bolos e biscoitos. 
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4 ARTIGO COMPLETO 

 

O artigo foi escrito de acordo com as normas da revista Critical Reviews in Food 

Science and Nutrition do grupo Taylor & Francis, a qual possui classificação A1 para 

a área de Ciência de Alimentos pela Capes. Esta revista é uma fonte confiável de 

pontos de vista críticos sobre a tecnologia atual, Ciência de Alimentos e Nutrição 

Humana.  
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Current strategies for reducing fat in cakes and biscuits: a systematic 

review 

Marina Cardoso Bonina and Roberta Cruz Silveira Thysa 

aDepartment of Food Technology, Federal University of Rio Grande do Sul, Porto Alegre, 

Brazil. 

 

Cakes and biscuits are sweet bakery products that contain significant amounts of added 

fat, and their overconsumption can harm human health. Government initiatives have 

been instituted worldwide, encouraging food industries to reduce fat in their products by 

front-of-package labeling. Nowadays, many types of fat replacers have been 

successfully used to decrease fat in bakery products. Thus, this review provides a 

systematic search of the latest advances in fat reduction using fat substitutes in cakes 

and biscuits. The study design used is a systematic review performed in Science Direct, 

PubMed, Web of Science, and Scopus, selecting papers written and published in the last 

five years. Recent discoveries have indicated that fat replacers based on carbohydrates 

and lipids have obtained better texture, organoleptic and nutritional characteristics. 

Fibers such as inulin, polydextrose and chia mucilage can be used at replacement levels 

of 30-75%, while oleogels can be used up to 50%, with significant saturated fat 

reduction. However, these substitutes can have some drawbacks, which must be 

considered and studied according to the food matrix. 

Keywords: fat replacer, oleogels, fibers, saturated fat, front-of-package. 

 

Introduction 

It is widely known that a high intake of saturated and trans-fatty acids enhances the risk of 

many chronic diseases. And because of this, consumers are more attentive to the products’ 

nutritional information, looking for foods with less fat content. However, food labels contain 

much information, usually in tiny print, which can confuse them. In 2020, the Brazilian health 

surveillance approved the new nutritional labeling for industrialized foods, including the 

front-of-package label, which indicates foods with high saturated fat content. This measure 
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clarifies the consumers and helps them make more conscious decisions (Adili et al., 2020; 

Brasil, 2020; WHO, 2018). 

Cakes and biscuits are trendy bakery items because of their high nutritive value, 

ready-to-eat nature, easy availability in different shapes and sizes at an affordable cost. 

Among bakery products, more fat is added in cakes and biscuits than in bread. While bread 

contains up to 5% added fat, cakes contain from 20 to 32% and biscuits from 35 to 60% (on a 

flour basis). Therefore, fat reduction in these products is necessary to avoid the front-of-

package labeling, offering healthier foods to the consumers (Adili et al., 2020; Belorio, 

Sahagún and Gómez, 2019; Gharaie et al., 2019; Ghotra, Dyal and Narine, 2002; Laguna et 

al., 2014). 

An approach is replacing the traditional shortening with fat replacers, which are 

substances that can mimic its physical properties and sensory attributes, providing significant 

fat reduction. However, replacing fat in cakes and biscuits is a challenge for the bakery 

industry, which involves product reformulation with minimum changes in the process, while 

maintaining the interest of consumers and complying with the current regulations (Akbari, 

Eskandari and Davoudi, 2019). In this context, this review aimed to systematically identify 

and synthesize the last advances in fat reduction using fat replacers in cakes and biscuits, 

addressing its effects on textural, sensory, and nutritional properties. 

 

Methods 

A systematic review was performed following the methods used by Wehrmeister et al. (2011), 

which based his study on the methodology of Khan et al. (2003) for health-care research 

reviews. 

Study selection criteria 

Studies that met all of the following criteria were included in the review: (1) main scope - 
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application of fat replacers in cakes and/or cookies to reduce fat content; (2) outcomes - 

related to texture, sensory and nutritional analysis; (3) time window of search - articles 

published in the last five years, that is, from January 1st, 2016, to December 31st, 2020; and 

(4) language - articles written in English. 

On the other hand, studies that met any of the following criteria were excluded from 

the review: (1) articles published more than six years ago; (2) with incomplete text; (3) 

articles in non-indexed journals; (4) articles with a different research goal than the fat 

reduction in cakes and cookies; and (5) articles that did not obtain good results with fat 

substitution levels above 20%. 

Search strategy 

A keyword search was performed on January 2021, in four electronic bibliographic databases 

– Science Direct, Scopus, PubMed, and Web of Science. The search algorithm for cake 

category included all possible combinations of keywords from the following two groups: (1) 

'fat replace', 'fat substitute', 'fat mimetic', 'low-fat' and 'fat reduction'; and (2) 'cake', 'muffin', 

'cupcake' and 'brownie'. And for the biscuit category, the search was made combining the 

group (1) with the following group: (3) 'biscuit', 'cookie', 'cracker', 'snack', and 'shortbread'. 

Boolean operators' ‘OR’, ‘AND’ and ‘NOT’ were used to combine the proper descriptor 

above in the database search fields. 

Selection process  

The retrieved articles were submitted to a selection process composed of 3 subsequent steps: 

(1) title reading; (2) abstract reading; (3) full article reading. In this way, the search returned 

723 articles for the title reading, 186 for the abstract reading, and 88 for full article reading, 

including cakes and cookies. All articles were included in separate libraries, for cookies and 

biscuits, in the Mendeley reference manager (Elsevier, Amsterdam, NL) to assist in selection 
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and reading. After this process, it was possible to select 29 articles, 15 referring to cakes and 

14 to biscuits.  

 

The need for fat reduction in cakes and biscuits 

Sweet bakery products such as cakes and cookies are top-rated and widely consumed in the 

world. However, they can contain high solid fat content, which allied with overconsumption 

may cause health problems in the future. The fat added in cakes and biscuits has three natural 

fats: saturated, monounsaturated and polyunsaturated. The amount and type of fat consumed 

are essential to the etiology of many chronic diseases. In that context, the consumption of 

trans fatty acids (TFA) and excess saturated fatty acids (SFA) has been consistently correlated 

with cardiovascular diseases, the main cause of death globally. Besides, the extensive usage 

of these fatty acids enhances the risk of obesity, metabolic syndrome and type 2 diabetes. 

Consequently, many consumers are sticking to nutritional guidelines on fat consumption, 

resulting in pressure on the industry and food specialists to find solutions for replacing trans 

and saturated fatty acids in cakes and biscuits (World Health Organization (WHO), 2018; 

Fernandes and Salas-Mellado, 2017; Khiabani et al., 2020; Majzoobi et al., 2018; 

Pehlivanoglu et al., 2018; Puscas et al., 2020).  

A government initiative: front-of-package nutrition labeling  

Knowing that overconsumption of fat from packaged food contributes to the increased 

incidence of the diseases related above, several government initiatives worldwide have been 

made to mitigate them. For that purpose, in multiple countries, regulatory agencies require 

front-of-package (FOP) labels on food products containing prominent levels of salt, sugar, 

and fat (or saturated fat). FOP is an informational symbol on the front of the product, which 

informs the consumer, clearly and simply, about the high content of nutrients relevant to 
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health. For instance, in 2016, the Chilean government instituted the world’s most aggressive 

food policy package to prevent obesity and nutrition-related non-communicable diseases. The 

package included comprehensive, integrated policies on child marketing, school-related 

controls, and FOP warning labels for foods and beverages high in saturated fats, sugars, 

calories, and/or salt (Paraje et al., 2020; Patel, Nicholson and Marangoni, 2020). 

Similarly, in 2020 the Brazilian government approved the new regulation about 

nutritional labeling of packaged foods, regulated by Instrução Normativa n°75/2020 and 

Resolução da Diretoria Colegiada n°459/2020, instituted by Agência Nacional de Vigilância 

Sanitária (Anvisa). The main change was the adoption of FOP, which alerts consumers to the 

high amounts of sugar, sodium, and saturated fat that foods can contain. In this way, solid 

foods, such as cakes and cookies, containing 6% or more saturated fat (6 grams saturated fat 

per 100 grams of food) will receive a black box frontal symbol with the following message: 

"high saturated fat content". Therefore, the new policy measure aims to facilitate the 

understanding of nutritional information present on food labels, and help consumers make 

conscious choices. Furthermore, this national regulation will come into force 24 months after 

publication, on October 9, 2022. However, small companies will have an adaptation period of 

48 months (Brasil, 2020). 

 

The role of fat in cakes and biscuits  

Shortening is defined as a fat product used in foods like bakery goods, confectionery, fried 

foods, being a quasi-plastic material, changing its viscosity from flowing liquid to non-

flowing solid according to the application purpose. The fat portion in cakes and cookies 

induces many desirable functions that positively alter their structural and sensory 

characteristics. These functions in dough and in the final product properties can be listed as 

follows: lubrication (for tender texture); aeration (for volume and uniform cell structure); 
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long-term softness retention (for improving shelf life); and emulsifier and water retention (for 

retain moistness over storage and to prevent drying). In addition to its moisture and flavor 

retention effect, fat is known to delay gelatinization by delaying water transport into the starch 

granule due to the formation of complexes between the lipid and amylose during baking. 

Three factors have been attributed to the ability of fat to perform one or more of these 

functions: the ratio of solid to liquid phase, the plasticity, and the oxidative stability of the 

shortening (Ghotra, Dyal and Narine, 2002; Mert and Demirkesen, 2016b; Patel, Nicholson 

and Marangoni, 2020).  

Fat incorporation in cakes and cookies can act differently, performing specific 

functions for each product type. In cake formulations, fat is used to obtain cakes with a tender, 

low moisture and yellow crumb; the more refined the fat dispersion, the greater the crumb 

softness. Furthermore, fats or oils facilitate the incorporation of air in the batter, contributing 

to increased volume during baking, improving the final tenderness and flavor of cakes. While 

in biscuit formulations, fat is added in higher concentration, being the third more prominent 

ingredient in the dough after the flour and sugar. Besides, biscuit doughs demand plastic fats 

for forming, which acts directly on crispness in cookies in combination with other ingredients. 

Fat has an essential role during the manufacturing process as well as in the final texture of 

biscuits. During mixing, fat inhibits hydration and gluten development. It also inhibits the 

leavening action of the carbon dioxide diffusion in the dough by forming a coating layer 

around the flour particles. Also, shortening lubricates by hindering the adherence of gluten 

and starch granules and making softer biscuits with a uniform shape after baking. Another 

essential property of the fat is the crystallization behavior after baking because fat-bloom on 

the surface of the biscuits is not desired (Arepally et al., 2020; Belorio, Sahagún and Gómez, 

2019; Laguna et al., 2014; Puscas et al., 2020; Rios et al., 2018; Wilderjans et al., 2013). 
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Fat replacers 

According to American Dietetic Association (2005), "fat replacer is an ingredient that can be 

used to provide some or all of the functions of fat, yielding fewer calories than fat". Besides, 

fat replacers need to replicate all or some of the functional properties of fat in a fat-modified 

food. Based on the chemical structure, fat replacers are divided into four main categories: 

carbohydrate-based, protein-based, fat-based, and fat replacers combination. Knowing the 

central role that fat plays in the quality of cakes and cookies, it becomes necessary to know 

the fat replacers that have obtained promising results and its quality changes. 

 

Effect of fat replacers in the textural, sensorial and nutritional properties 

Fat substitutes should promote aeration of cake's dough, lubrication during the mixing phase, 

final texture improvement and volume increase. However, several studies have found that 

batters with lower fat content showed changes in rheology and greater bubble size, resulting 

in harder cakes with smaller volumes. Besides, cake hardness is a staling indicator adversely 

affecting consumer acceptance (Belorio, Sahagún and Gómez, 2019; Fernandes and Salas-

Mellado, 2017; Pehlivanoglu et al., 2018). Table 1 shows the last advances for fat substitution 

in cakes and its changes in texture properties. 

Table 1. Quality changes on cakes in terms of texture, nutritional and sensory properties with 

different fat replacers. 

Product Methodology Findings Reference 

 

 

 

Cake 

 

 

- Microbial β-glucan. 

- SR of 20, 30, 40 and 

50%. 

- Texture: NSD in hardness, springiness 

and cohesiveness (20-40%). 

- Sensory: high values of acceptance 

(40%). 

- Nutritional: ↓ 29-35% total fat content 

(30-40%). 

 

 

Artunduaga 

and Gutiérrez 

(2019) 

 

 

 

Cupcake 

 

 

- Baru nut flour. 
- SR of 50, 75 and 100%. 

- Texture: ↑ firmness (50-75%). NSD in 

firmness (100%). 

- Sensory: darker color. Acceptable scores 
in all attributes, especially on taste and 

aroma (75%). 

 

 

de Souza 
Paglarini et al. 

(2018) 
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- Nutritional: NSD in moisture; ↓ 37% 

SFA, ↓ TFA (75%). 

 

 

Cake 

 

- Succinyl chitosan. 

- Oil replacement of 25, 

50, 75 and 100%. 

- Texture: NSD in hardness, springiness, 

cohesiveness, chewiness and resilience 

(25-50%). 

- Nutritional: ↓ oil content until 50%. 

 

Rios et al. 

(2018) 

 

Cake 

- Inulin. 

- Oil replacement of 25, 

50, 75 and 100%. 

- Texture: NSD in hardness, cohesiveness 

and springiness (25-50%). ↑ hardness (75-

100%). 

- Nutritional: ↓ oil content until 50%. 

 

Majzoobi et 

al. (2018) 

 

 

 

Low-fat 

muffins 

 

 

- Inulin and HPMC. 
- Fat replacement of 

70%. 

- Texture: NSD in hardness, springiness, 

chewiness and cohesiveness (inulin). 

↑ hardness, ↑ springiness, ↑ chewiness, 
↑ cohesiveness (HPMC). 

- Sensory: acceptable scores in all 

attributes, especially on flavor and crust 

color. 

- Nutritional: ↓ fat content until 70%. 

 

 

 
Ren, Son and 

Kim (2020) 

 

 

 

Muffins 

 

- Emulsion with inulin, 

hemp (or flaxseed oil), 

chia and tap water. 

- Butter replacement of 

50, 75 and 100%. 

- Texture: ↑ hardness (50%). NSD in 

hardness (75-100%). 

- Sensory: satisfactory scores in all 

attributes, especially on texture and 

juiciness (flaxseed oil). 

- Nutritional: ↑ moisture, ↓ proteins, 

↓ 45-92% SFA, ↓ TFA, ↑ PUFA, ↓ 38-

77% total fat content (50-100%). 

 

Gutiérrez-

Luna, 

Ansorena and 

Astiasarán 

(2020) 

 

 

 

Cake 

 
- Chia seed mucilage 

dried and lyophilized. 

- SR of 25, 50, 75 and 

100%. 

- Texture: NSD in firmness (50% dried). 
↑ firmness (75-100%). 

- Sensory: satisfactory scores in all 

attributes, especially on flavor and overall 

quality (75%). 

- Nutritional: ↑ proteins; ↓ 26-78% lipids 

(50-100%). 

 
 

Fernandes and 

Salas-Mellado 

(2017) 

 

 

Layer 

cakes 

 

- Psyllium. 

- Oil replacement of 25, 

50, 75 and 100%. 

- Texture: ↑ cohesiveness, ↓ springiness 

(50-100%); NSD in hardness. 

- Sensory: acceptable scores in most of 

attributes. (25-50%). 

- Nutritional: ↓ fat until 50%. 

 

Belorio, 

Sahagún and 

Gómez (2019) 

 

 

Cake 

- Oil/gel system: 

sunflower oil and 
beeswax, candelilla and 

rice bran wax. 

- Full SR by oleogels. 

- Texture: ↑ hardness, 

↓ cohesiveness, ↑ chewiness, 
↓ total porosity. 

- Nutritional: ↓ 69-76% SFA. 

 

Oh et al. 
(2017) 

 

Gluten-

free cake 

- Oil/gel system: 

sunflower oil and 

beeswax. 

- SR of 15, 30, 45, 60, 80 

and 100%. 

- Texture: ↑ hardness (80-100%). NSD in 

crumb hardness (15-60%). NSD in crust 

hardness (15-30%). 

- Nutritional: ↓ solid fat content, 

↓ 11-36% SFA of oleogels. 

 

Demirkesen 

and Mert 

(2019) 

 

Sponge 

cake bread 

- Oil/gel system: canola 

oil and candelilla wax. 

- Butter replacement of 

25, 50, 75 and 100%. 

- Texture: ↓ hardness, ↑ adhesiveness, 

↑ cohesiveness, ↑ chewiness and 

↑ resilience (25-50%). 

- Nutritional: ↓ butter content until 50%. 

Alvarez-

Ramirez et al. 

(2020) 

 

 

 

Cake 

 

 
- Watery and water-free 

oil/gel systems: oils, 

carnauba wax and water. 

- SR of 50, 75 and 100%. 

- Texture: NSD in hardness (50%); 

↑ hardness (75-100%). ↑ chewiness and 
NSD in springiness, cohesiveness and 

resilience. 

- Sensory: satisfactory scores, especially 

on crust color and taste (50-100%). 

- Nutritional: ↓ solid fat content, ↓ 13-66% 

SFA of oleogels. 

 

 
 

Pehlivanoglu 

et al. (2018) 
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Cake 

 

- Oil/gel system: soybean 

oil and Carnauba 

wax/adipic acid. 

- SR of 50%. 

- Texture: ↓ hardness, ↓ cohesiveness, 

↓ chewiness, ↑ springiness. 

- Sensory: acceptable scores in all 

attributes, especially on texture 

and taste. 

- Nutritional: ↓ shortening content until 

50%. 

 

 

Khiabani et al. 

(2020) 

 

- Oil/gel system: soybean 

oil and ethyl 

cellulose/adipic acid. 
- SR of 50%. 

- Texture: ↓ hardness, ↑ springiness. NSD 

in cohesiveness and chewiness. 

- Sensory: acceptable scores in all 

attributes, especially on odor and taste. 
- Nutritional: ↓ shortening content until 

50%. 

 

 

Adili et al. 

(2020) 

 

 

Muffins 

- Oil/gel system: 

sunflower oil and 

HPMC. 

- SR of 25, 50, 75 and 

100%. 

- Texture: NSD in hardness, chewiness and 

total porosity. ↑ springiness, 

↑ cohesiveness (50%). 

- Nutritional: ↓ shortening content until 

50%. 

 

Oh and Lee 

(2018) 

PUFA: polyunsaturated fatty acids; MUFA: monounsaturated fatty acids; TFA: trans-fat acids; SFA: Saturated 

fatty acids; SR: Shortening replacement; NSD: No significant difference from control sample (p ≤ 0.05); ↓: 

decrease; ↑: increase. 

 

Fat gives typical 'melt in the mouth', crumbly texture, eating quality and also affect the 

texture properties, leading to a decrease of consistency and hardness, and cohesiveness 

increase of biscuits. However, it is known that the substitution of fat shows more impact on 

texture attributes than the substitution of sugar and flour, resulting in more rigid and more 

brittle cookies, with less fragility and high moisture content (Arepally et al., 2020; Seker et 

al., 2010; Campbell, Ketelsen and Antenucci, 1994). Table 2 presents the last positive 

advances in substitution of fat in cookies and its changes in texture properties. 

Table 2. Quality changes on biscuits in terms of texture, nutritional and sensory properties with 

different fat replacers. 

Product Methodology Findings Reference 

 
 

 

Cookies 

 

 

- Wheat and oat bran gels. 

- SR of 30, 40 and 50%. 

 

- Texture: ↑ hardness (40-50%); NSD in 

hardness (30%); NDS in fracturability 

(30-40%). 
- Sensory: NSD from control, except less 

adhesiveness to teeth (30%). 

- Nutritional: ↓ 32% fat; ↓ 34% SFA.  

 

Milićević et 

al. (2020) 

 

Biscuit 

 

- Full SR with cellulose 

emulsions (MC, HPMC, 

MCH), with and without 
glycerol. 

 

- Texture: ↑ hardness of dough and 

biscuit.  

- Sensory: acceptable scores in all 

attributes, especially on taste, color and 
overall acceptability. 

- Nutritional: ↓ 53% fat. 

Sanz et al. 

(2017) 
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Soft-dough 
biscuit 

- Polydextrose: SR of 25 

and 50%. 

- Resistant starch: SR of 

40 and 80%. 

- Texture: ↓ fracture strength (resistant 

starch). ↑ fracture strength (50%); NSD 

in fracture strength (25%). 

- Nutritional: ↑ moisture; ↓ proteins;  

↓ 22-48% fat. 

Moriano, 

Cappa and 

Alamprese 

(2018) 

- Polydextrose + raw or 

extruded bean powder, or 

resistant starch: SR of 

46,3%. 

- Double emulsion water-

in-oil-in-water + 
polydextrose + resistant 

starch: SR of 100%. 

- Texture: ↑ fracture strength (double 

emulsion & bean powders); NSD in 

fracture strength (46,3% polydextrose + 

resistant starch). 

- Sensory: darker color. Acceptable 

scores in all attributes (46,3% 
polydextrose + resistant starch). 

- Nutritional: ↑ moisture; ↑ fibers;  

↓ 45% fat. 

 

 
Moriano et al. 

(2019) 

 

Cassava 

biscuit 

 

- Inulin. 

- SR of 25, 50, 75 and 

100%. 

 

- Texture: NSD in hardness (25-50%).  

↑ hardness (100%).  

- Nutritional: ↑ moisture,  

↑ carbohydrates, ↓ proteins, ↑ ash,  

↓ 29-37% fat.  

 

Longoria-

García et al. 

(2020) 

 

 

Shortbread 

cookies 

 

- Emulsion filled gels of 

inulin. 

- SR of 20, 40 and 50%. 

 

- Texture: NSD in hardness (20%).  

↑ hardness (40-50%).  

- Sensory: ↑ hardness (40-50%). 

↑ toasted odor, ↓ butter aroma. 

- Nutritional: ↓ 21% total fat, ↓ 38% 

saturated fat. 

 

 

Paciulli et al. 

(2020) 

 

 

Biscuit 

- Polydextrose, multigrain 
flours, maltitol and FOS-

sucralose. 

- SR of 35%. 

 

- Sensory: acceptable scores in all 
attributes, especially in color and texture. 

- Nutritional: ↓ proteins; ↑ dietary fibers; 

↑ carbohydrates; ↓ 30% fat. 

 
Aggarwal, 

Sabikhi and 

Kumar (2016) 

 

 

Cookies 

 

 

- Chia seed mucilage. 

- SR of 10, 20, 30 and 

40%. 

 

- Sensory: acceptable scores in all 

attributes, especially in color and texture 

(30%).  

- Nutritional: ↑ moisture, ↓ proteins, ↓ 

calorific value, ↓ 21-26% fat. 

 

 

Punia and 

Dhull (2019) 

 

Cookies 

 

- Oil/gel system: sesame 

oil and gum tragacanth. 

- SR of 25, 50, 75 and 
100%. 

- Texture: ↓ braking force (25%) & NSD 

in braking force (50%). 

- Sensory: satisfactory scores (25-50%), 

especially on taste and total score. 
- Nutritional: ↓ 27-30% fat; ↓ 9-15% 

SFA. 

 

Gharaie et al. 

(2019) 

 

 

Short 

dough 

cookies 

 

- Oil/gel system: sunflower 

oil and Carnauba or 

Candelilla wax. 

- Full SR with oleogels. 

- Texture: ↓ hardness, ↑ extensibility.  

- Nutritional: ↓ solid fat content, 

↓ 70% SFA of oleogels. 

 

Mert and 

Demirkesen 

(2016a) 

 

- Oil/gel system: canola oil 

and Candelilla wax. 

- SR of 30, 60 and 100%. 

- Texture: ↓ hardness (60%). NSD on 

hardness (30%); ↑ extensibility. 

- Nutritional: ↓ solid fat content, ↓ 22-

51% SFA of oleogels (30-60%). 

 

Mert and 

Demirkesen 

(2016b) 

 

 

Cookies 

 

- Oil/gel system: camellia 

oil and tea polyphenol 

esters. 
- SR of 25, 50, 75 and 

100%. 

- Texture: ↓ hardness (25%); ↑ hardness 

(50-100%); NSD in adhesiveness, 

cohesiveness and springiness (25-50%).  

- Sensory: Acceptable scores in all 
attributes with Tp-esters (25-50%). 

- Nutritional: ↓ solid fat content. 

 

 

Pan et al. 

(2020) 

 

Sandwich 

cookie 

cream 

- Oil/gel system: refined 

high oleic sunflower oil 

and monoglycerides. 

- Full SR: 220 to 400 g/kg 

of oleogel. 

- Texture: ↓ hardness, ↑ adhesiveness, 

NSD in cohesiveness. 

- Nutritional: ↓ 56-67% SFA; ↓ TFA;  

↑ MUFA. 

 

Palla, 

Wasinger and 

Carrín (2020) 
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- Canola oil structured 

with freeze dried and 

chopped HPMC and MC. 

- SR of 50, 75 and 100%. 

- Texture: NSD in hardness and 

acceptable adhesiveness, cohesiveness 

and gumminess (50-75%). ↑ hardness 

(100%). 

- Nutritional: ↓ solid fat content. 

 

Tanti, Barbut 

and 

Marangoni 

(2016) 

MUFA: monounsaturated fatty acids; TFA: trans-fat acids; SFA: Saturated fatty acids; SR: Shortening 

replacement; NSD: No significant difference from control samples (p ≤ 0.05); ↓: decrease; ↑: increase. 

 

Inulin 

Inulin it is a non-digestible polysaccharide found in some fruits and vegetables, especially in 

chicory root, with a sweetness level of 10% of sucrose and moderate solubility in water. 

Besides, it is also a good source of fibers, has good gut health properties due to its prebiotic 

nature, and may increase absorption of nutrients such as calcium. Long-chain inulin is widely 

used in the food industry to replace fat, which in the presence of water is capable of 

developing a more viscous particulate gel, thus altering the product texture and providing a 

fat-like mouthfeel. With high inulin levels, a creamy white structure is formed, which can be 

easily added as a fat replacer up to 100%. Compared with other standard dietary fibers, inulin 

has better food processing characteristics, so it is frequently added to bread and biscuits as a 

fat replacer (Colla, Costanzo and Gamlath, 2018; Mensink et al., 2015; Lu et al., 2020; Shoaib 

et al., 2016; Wan et al., 2020). 

Inulin in cakes 

Food texture greatly influences the consumer's perception and can be considered the "sensory 

manifestation" of the product structure. In that way, shortening plays a critical role in 

providing softer texture and desirable flavor of cakes (Majzoobi et al., 2018; Ghotra, Dyal, 

and Narine, 2002). Several recent studies have shown encouraging and conflicting results in 

cake texture using inulin as a fat substitute. Majzoobi et al. (2018) found that 25-50% of 

inulin as a fat substitute (4%) presented no significant difference in hardness, cohesiveness, 

and springiness than the control sample. However, after 3 days of storage, hardness increased 
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significantly with higher fat substitution (75-100%), showing high susceptibility to staling. 

Besides, when fat is reduced, the gluten network and other interactions between 

macromolecules (proteins and starch) were formed, resulting in a more rigid texture. Ren, Son 

and Kim (2020), on the other hand, indicated that 70% of inulin (8%) showed no significant 

difference in hardness, springiness, chewiness and cohesiveness from the control muffin 

sample. In comparison, HPMC (0.2 and 8%) as fat replacer increased all texture parameters, 

due to the higher viscosity of the batter which led to a more rigid texture. In another study, 

Gutiérrez-Luna, Ansorena and Astiasarán (2020) reported that 50% emulsion with inulin 

(15%) and chia mucilage (5%) increased hardness in muffins, while 75-100% presented a 

similar hardness value compared to the control sample. This behavior can be attributed to the 

combined effect of fat substitution by an oil-in-water emulsion, stabilized by the presence of 

inulin and chia mucilage. 

When fat is reduced more saliva is required for mastication, resulting in harder 

chewing. Thus, fibers like inulin could improve drier and harder undesirable qualities of low-

fat cakes. Ren, Son and Kim (2020) showed that 70% shortening replacement with inulin 

(8%) presented no significant difference in flavor, hardness, crust color, and cell size 

compared to the control sample. This fact indicates that the low-fat muffin was as soft as the 

full-fat muffin. Similarly, Gutiérrez-Luna, Ansorena and Astiasarán (2020) found that muffins 

with 50-100% of emulsion with inulin (15%), chia seeds (5%) and flaxseed oil (10%) as a fat 

replacer presented no significant difference compared to the control sample. The low-fat 

muffin showed better texture, taste, juiciness, purchase intention and 75% general 

acceptability.  

Inulin is known for their gel-network formation, being capable of replacing fat in 

cakes and improve the nutritional profile, at the same time. Gutiérrez-Luna, Ansorena and 

Astiasarán (2020) showed that 75% fat replacement with an emulsion of dietary fibers (inulin, 
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chia and flaxseed) increased moisture by 34% and carbohydrates by 11%, while slightly 

decreased proteins. However, muffins fatty acid profile improved substantially, with a 

decrease of 70% in SFA and TFA, increasing PUFA by 87% and decreasing total fat content 

by 57%. Similarly, Majzoobi et al. (2018) and Ren, Son and Kim (2020) reported that fat 

could be replaced by inulin up to 50% in cakes and 70% in muffins, respectively, preserving 

the quality attributes and making them healthier foods, due to the inulin nutritional properties.  

Inulin in biscuits 

Inulin is a fat replacer widely used in food products, providing significant technological and 

nutritional benefits. According to Longoria-García et al. (2020), the hardness of whole 

cassava biscuits containing 25 to 50% inulin was close to control, while biscuits containing 

over 75% inulin have been a significant hardness increase, which was expected because inulin 

in high levels tends to increase hardness in baked products. In addition, gluten-free baked 

goods have an average hardness greater than wheat products. On the other hand, Paciulli et al. 

(2020) tested inulin (19%) in emulsion filled gel (EFG), with extra virgin olive oil (37%), soy 

lecithin (2%), and water (42%) in shortbread cookies, and found that 20% inulin did not affect 

hardness, while 40-50% inulin increased hardness significantly in cookies. Richer EFG 

formulations have more water, allowing higher hydration of the flour particles, which led to 

higher gluten network development in the dough and a consequent hardening of cookies. 

Regarding sensory aspects, the authors showed that higher fat substitution by inulin EFG led 

to a toasted odor increase of shortbread cookies due to Maillard reaction products formation, 

also observed in color analysis.  

Inulin also can provide a significant fat reduction. Longoria-García et al. (2020) and 

Paciulli et al. (2020) described an increase of moisture content with 25-50% inulin in biscuits. 

Besides, both studies found that inulin as fat replacer at 25-50% reduced 29-37% total fat, 
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with a consequent reduction of 38% saturated fat. Also, in all studies, the protein content 

decreased due to the fat substitution, mainly when butter was used.  

Cereal and fruit based dietary fibers 

Cereals are primary sources of cellulose, lignin and hemicellulose, while fruits are the primary 

source of pectin, gums and mucilage. As a fat substitute, cellulose emulsions provide 

consistency by incorporating liquid oil into the batter, making it easier to handle. In that 

context, hydroxypropyl methylcellulose (HPMC) has been used in many food applications, 

imparting creaminess, lubricity, air entrapment, moisture retention and good sensory 

properties to baked goods. In addition, HPMC increases dough's viscosity and allows the 

retention of its uneven shape while maintaining emulsification. In several studies, chia 

mucilage has been used as a fat replacer due to its hydration ability, viscosity development, 

and freshness maintenance. The gel formed is composed essentially of soluble fiber and can 

act as a thickener and chelator. Moreover, chia mucilage can provide products with significant 

fat reduction, improving their nutritional properties due to the amount of fiber (Akbari, 

Eskandari and Davoudi, 2019; Fernandes and Salas-Mellado, 2017; Laguna et al., 2014; Ren, 

Song and Kim, 2020; Sanz et al., 2017).  

Cereal and fruit based dietary fibers in cakes 

Fibers like chia and psyllium are widely known as good gelling and emulsifying 

agents when applied as fat substitutes. Fernandes and Salas-Mellado (2017) showed that it is 

possible to replace up to 50% of fat in chocolate cakes with a dried suspension of chia 

mucilage (3%), with no significant difference in firmness from the control cake sample. 

Regarding sensory attributes, the authors showed that 75% shortening replacement with chia 

mucilage presented scores between 7 and 8 in all attributes (9-point scale), indicating that 

chocolate cakes were evaluated as "moderately like". The index of acceptability (IA) was 
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higher than 83%, confirming that they were considered acceptable by the panelists. Their 

study also found that 75% fat replacement by dried chia mucilage substantially increased 

proteins by 90% and decreasing lipids content by 52%.  

Similarly, Belorio, Sahagún and Gómez (2019) found that psyllium (10%), when used 

as a fat substitute, in all substitution levels, presented no influence in hardness. The layer 

cakes made with psyllium obtained lower or the same hardness values than those made with 

other fat replacements. In addition, they also reported that 50-100% psyllium led to a slight 

increase of cohesiveness and a springiness decrease. The authors indicated that 25-50% of 

psyllium as an oil replacer resulted in satisfactory sensory scores, between 7 and 7.4 (9-point 

scale), on appearance and odor, and lower scores in taste and texture. However, the products 

with psyllium received good overall acceptability (78-82%). Therefore, their study indicated 

that fibers like psyllium could be used as a fat replacer until 50%, without negative changes in 

layer cakes. 

Cereal and fruit based dietary fibers in biscuits 

Texture modifiers can be used to correct the hardness increase of biscuits. Sanz et al.  (2017) 

showed a rise in biscuit hardness by replacing fat with cellulose emulsions containing 

sunflower oil (47%), water (51%) and 2% cellulose ethers (methylcellulose, HPMC and 

methylcellulose with greater methoxyl substitution). However, the authors reported that, when 

glycerol was used as a texture enhancer, the dough and biscuits presented less with more 

similarity with the control sample. Moreover, the sensory profile was improved, biscuits with 

cellulose emulsions presented lowered acceptability in hardness and higher acceptability in 

color, odor, taste, and sweetness. Nevertheless, these biscuits were the best accepted in 

general, as compared with the control biscuit. Also, when HPMC and methylcellulose fibers 

were used, the shortening content can be reduced by 53% with a complete replacement. 
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Chia seeds can be used without severe changes on sensory aspects, promoting higher 

viscosity and acting as emulsifier without negatively affecting biscuits food taste. Punia and 

Dhull (2019) reported that cookies with 30% of chia mucilage as a fat replacer presented 84% 

overall acceptability. The authors pointed that no significant difference was observed in color, 

flavor, texture, and aroma concerning the control sample, and 87.4% of panelists affirmed that 

"would certainly buy" the product. Regarding nutritional properties, the use of 30% of chia 

mucilage decreased fat by 21% and proteins by 3%.  

Polydextrose 

Polydextrose (PD) it is a complex carbohydrate made from glucose, citric acid, and sorbitol 

completely soluble in water, which forms a highly viscous gel-like matrix contributing to the 

creaminess and mouth-feel of reduced-fat formulations. PD has been the subject of many 

studies due to its versatility and multifunctionality. It has a neutral taste and is used as a low-

calorie bulking agent in baked goods and confectionery. Besides being an excellent 

ingredient, it has been approved for use in over 60 countries, being recognized as a dietary 

fiber in more than 20 countries. Also, it has been shown that daily intake of 4–12g improves 

physiologic functions without adverse effects (Aggarwal, Sabikhi and Kumar, 2016; do 

Carmo et al., 2016; FAO/WHO, 2009; Ibarra et al., 2015; Moriano, Cappa and Alamprese, 

2018).  

Polydextrose in biscuits 

Aggarwal, Sabikhi and Kumar (2016) indicated polydextrose (PD) as the most popular 

carbohydrate-based fat replacer, capable of developing a viscous gel-like matrix contributing 

to creaminess and mouthfeel. The study showed that 35% of PD as fat replacer presents no 

significant difference in color, texture, sweetness, flavor, and overall acceptability of biscuits 

compared to the sample control. The authors also reported that 35% shortening replacement 
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increased three times total dietary fibers and 17% carbohydrates. Proteins had no significant 

decrease due to the replacement of refined wheat flour with multigrain flour. Moreover, fat 

replacement with PD resulted in a 30% reduction of fat in biscuits. 

Regarding changes in soft-dough biscuits texture, Moriano, Cappa and Alamprese 

(2018) indicated that 40% replacement of wheat flour by resistant starch and 50% of fat 

substitution by polydextrose decreased significantly (p ≤ 0.05) the fracture strength. 

According to the authors, the resistant starch counterbalances the texture defects by giving 

crumblier and less hardness to baked biscuits. Moriano et al. (2019) concluded that 12.5% 

replacement of wheat flour by resistant starch and 46.3% of fat substitution by polydextrose 

generates fracture strength significantly (p ≤ 0.05) similar to the control. Also, this fat 

replacement level presented satisfactory results on sensory attributes of soft-dough biscuits, 

with no significant differences from the standard sample on appearance, odor, taste, flavor, 

texture and overall acceptability. 

Fat can be significantly reduced in biscuits with polydextrose (PD) as fat replacer. 

Moriano, Cappa and Alamprese (2018) and Moriano et al. (2019), showed that 46-50% 

shortening replacement and 12.5-40% resistant starch as flour replacer increased moisture and 

fibers and decreased proteins. As with inulin and chia mucilage, the increase in moisture 

occurred due to higher water retention provided by PD and resistant starch. Also, that 

replacement reduced around 45-48% of total fat in soft-dough biscuits.  

Oleogels 

Oleogelation it is a recent technique of converting liquid vegetable oil into a solid-like gel 

using oleogelators, which provides the elastic nature of solid fat. The commonly used 

oleogelators are lipid-based (e.g. plant waxes, fatty alcohols, phospholipids, mono and 

diacylglycerols, sorbitan esters, phytosterols) and polymeric-based (e.g. ethylcellulose). The 

primary health benefit of oleogels is achieved by replacing trans and saturated fats with 
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unsaturated fats. Many recent studies have not found significant drawbacks regarding the use 

of oleogels in baked goods, especially in cookies, reporting that they could hold air cells into 

the batters, providing desirable spreadability, better consistency, and low levels of hardness. 

Besides, it improves nutritional properties through the enhancement of fatty acid profile. The 

interest in the oleogels technology for food products has dramatically increased, and has not 

been yet adopted in the industry (Hwang, 2020; Khiabani et al., 2020; Mert and Demirkesen, 

2016b; Oh et al., 2017; Puscas et al., 2020; Singh, Auzanneau and Rogers, 2017). 

Oleogels in cakes 

Waxes, like candelilla wax (CDW), carnauba wax (CBW), rice bran wax (RBW) and beeswax 

(BW), are of great interest for edible oleogels, mainly because of their abundance, gelling 

ability, low cost, and safe food grade (Hwang, 2020; Khiabani et al., 2020; Singh, Auzanneau 

and Rogers, 2017). Regarding cake texture aspects, Oh et al. (2017) evaluated complete 

shortening replacement with wax-based oleogels (CDW, RBW and BW) at 10%. They found 

that hardness and chewiness significantly increased, while cohesiveness decreased in all wax 

samples. This result could be explained mainly by the compact and dense cell structure of the 

oleogel cakes derived from their low specific volume. However, among the studied waxes, 

BW oleogel obtained the best texture properties. Similarly, Demirkesen and Mert (2019) 

indicated that 30% of BW oleogel (10%) in gluten-free cakes had no significant difference in 

crumb and crust hardness than the control sample. In contrast, higher replacements (60-100%) 

increased hardness significantly. Alvarez-Ramirez et al. (2020) also reported that 25-50% 

CDW oleogel (5%) presented satisfactory results on texture, decreasing hardness and 

increasing cohesiveness, textural attributes preferred by consumers. The cohesiveness 

increase implies that sponge bread cakes containing oleogel exhibited greater resistance to 

crumbling. In another study, Pehlivanoglu et al. (2018) showed that watery CBW oleogels 

(5%) presented a lower hardness value than water-free ones, indicating that shortening can be 
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replaced up to 50% without great changes in textural properties. 

Oleogels binary systems can promote synergistic interactions and alter the structural 

framework and rheological properties of gels. In that context, adipic acid (AA) has been used 

to act in the nucleation and crystal formation process due to cross-linker potential. According 

to Khiabani et al. (2020) hardness, cohesiveness and chewiness decreased with 50% of 

optimized oleogel with AA (4%) and CBW (2%).  The cake softening may be related to the 

creating of a close three-dimensional network in the presence of AA that led to more air 

bubble incorporation in cake batters. These results are consistent with those obtained by Adili 

et al. (2020) who reported that 50% of optimized oleogel with AA (4%) and ethyl cellulose 

(2%) decreased hardness, and showed no significant changes in cohesiveness and chewiness 

compared to the control cake sample. Similarly, Oh and Lee (2018) showed that shortening 

replacement with HPMC oleogels at up to 50% did not negatively contribute to the soft and 

chewy texture of muffins, presenting no significant differences in hardness, chewiness and 

total porosity compared to the control sample. This result was favorably correlated with the 

specific volume and inner structure of muffins. 

Fluid oils lead to some negative sensorial characteristics in cakes, as stickiness and 

oily palatability. Because of this, oleogels have been used by converting the oil into a gel-like 

material without changing its chemical characteristics (Alvarez-Ramirez et al., 2020). 

Pehlivanoglu et al. (2018) found that complete fat replacement by oleogels with carnauba wax 

(5%) presented no significant difference in cell structure, smell and chewiness from the 

control cake. Besides, taste and crumb color scores improved with oleogels, and overall 

acceptability (86%) was higher than the control sample (80%). According to Khiabani et al. 

(2020), adipic acid (AA) is used as a permitted food additive to provide tart taste, gel-like 

shape, firm texture, and fizzy flavors. The authors reported that 50% oleogel with carnauba 

wax (2%) and AA (4%) exhibited great sensory acceptability, with high scores in odor (7.7), 
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taste (8.6), texture (8.9), and color (8.8) in a 10-point scale. In the presence of AA, the 

acceptance of cake was increased, obtaining an index of acceptability of 89%, which is 

agreement with texture analysis results. Similarly, Adili et al. (2020) showed that 50% oleogel 

with ethyl cellulose (2%) and AA (4%) presented excellent scores in odor (8.9), taste (8.7), 

texture (8.9), and color (8.9) in a 10-point scale. Adipic acid combination with ethyl cellulose 

increased panelists' overall acceptance (85%) due to more air bubble incorporation and 

spongy texture. 

The fatty acid profile of cakes was significantly improved with oleogels. According to 

Oh et al. (2017) a complete fat replacement by beeswax oleogel was capable of reducing SFA 

by 71%, leading to a two-times increase in UFA in cakes. However, high levels of UFA may 

provide quality issues related to oxidative stability during storage. Demirkesen and Mert 

(2019) also achieved good gluten-free cake properties with 45% fat replacement with 

beeswax oleogel, with a consequent reduction of SFA by 36% and increased of 56% in UFA 

of oleogels. Similarly, Alvarez-Ramirez et al. (2020) showed that butter could be replaced at 

50% by Candelilla wax oleogel without severe changes in sponge cake bread  quality. 

Pehlivanoglu et al. (2018) reported that 75% fat replacement with watery carnauba wax 

oleogels reduced SFA by 30% and increased 28% of TUFA with satisfactory sensory results 

in cakes. Oleogels with adipic acid have shown good prospects in fat replacement. Khiabani 

et al. (2020) and Adili et al. (2020) showed that shortening could be replaced by 50%, with no 

adverse effect on cakes' texture and organoleptic characteristics. In another study, Oh and Lee 

(2018) found that shortening replacement with HPMC oleogels up to 50% successfully 

produced muffins without sacrificing their original texture, volume, and total porosity. 

Oleogels in biscuits 

Shortening is a crucial ingredient in cookie dough because during mixing fat crystals form a 

barrier film around the gluten strands and prevent extensive crosslinking in the gluten 
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network. For that, extensibility it is commonly used to measure the degree of gluten network 

formation (Mamat and Hill, 2014 apud Mert and Demirkesen, 2016a). In this context, Mert 

and Demirkesen (2016a; 2016b) showed that shortening replacement (30-100%) for oleogels 

of Candellila and Carnauba waxes in lower concentration decreased hardness and increased 

extensibility significantly. In that way, oleogel/shortening blends (30% replacement) with 

canola oil resulted in lower hardness values than oleogels. However, it provided similar 

textural properties that were marginally softer than shortening containing dough, with no 

significant difference from the control sample. They concluded that oleogels prepared with 

the incorporation of a higher amount of waxes (candelilla 6%) and/or incorporation a higher 

amount of shortening (30% replacement) decreased the extensibility values, indicating 

reduced gluten network formation by crystals. 

These observations are comparable with those reported by Gharaie et al. (2019) who 

found that 25% oil/gel system with gum tragacanth and sesame oil (1,5g/100g) decreased 

breaking force in cookies, showing the effectiveness of these systems over crosslinking of the 

gluten network when compared to the oil. When 50% was tested, no significant difference 

from control was observed on the braking force, proving that higher oil/gel concentration also 

increases this parameter. In another study, Pan et al. (2020) reported that oleogels with Tp-

esters (3%) at 25% replacement decreased hardness, and had no evident difference in the 

adhesiveness values. Cohesiveness and springiness values were similar to control, which may 

be related to both adverse effects of the increased pectin and the weakening effect of reduced 

butter on dough. 

Food products with oleogels as fat replacers had a healthier fat profile while still 

delivering good sensory properties. Gharaie et al. (2019) found that 25% of gum tragacanth 

oleogel in cookies obtained similar scores of surface color, crumb color, texture, taste and 

mouthfeel when compared to the shortening sample, with a total score (79.06) very close to 
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the control sample (79.10). Moreover, 50% gum tragacanth oleogel also showed scores close 

to the control, with cookies a little bit harder, but still with a satisfactory total score of 77.85. 

Similarly, Pan et al. (2020) reported that 25 and 50% Tp-palmitate and Tp-stearate oleogel 

had no significant difference in appearance, aroma, taste, crispness, and total quality scores 

from the butter sample, despite presented lighter color. 

As in cakes, the fatty acid profile can also be improved in cookies with oleogels. 

Gharaie et al. (2019) showed that gum tragacanth oleogels up to 50% could reduce 27-30% of 

fat in cookies. That reduction led to an increase of 9-17% unsaturated fat and a decrease of 9-

15% of saturated fat. In another oleogels study, Mert and Demirkesen (2016a) found that 

Candelilla and Carnauba wax oleogels presented a significant reduction of solid fat content. 

The authors reported an expressive reduction of saturated fat (70%) and an increase of 79% 

unsaturated fat in Candelilla oleogels with 5g/100g. Similarly, Mert and Demirkesen (2016b) 

found a significant reduction of solid fat content and saturated fat (22-51%), with an increase 

of 40-85% unsaturated fat in oleogel/shortening blends at 30-60% with candelilla wax. These 

studies showed that oleogels had higher levels of unsaturated fatty acids than shortening, 

indicating their potential to be a healthier alternative for bakery shortenings. According to Pan 

et al. (2020) butter can be reduced by half in cookies with Tp-esters oleogels, undoubtedly 

leading to a significant fat reduction in these products. 

Reformulation of sandwich cookies cream products is challenging, as saturated or 

trans fats cannot be directly replaced with liquid oil without negatively impacting the final 

product properties. For this purpose, Tanti, Barbut and Marangoni (2016) showed that 

structured edible oils with 3% methylcellulose (75% replacement) resulted in similar 

hardness, adhesiveness, cohesiveness, and gumminess compared with a commercial product. 

The authors showed that icing shortening could be reduced at 75% using HPMC and MC 

oleogels without severe changes in the quality of sandwich cookie creams. On the other hand, 
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Palla, Wasinger and Carrín (2020) found that a complete fat replacement by monoglyceride 

oleogel (10%) decreased hardness significantly increasing adhesiveness and cohesiveness. 

According to the authors, a highly adhesive cookie cream is undesirable because it would 

have a sticky mouthfeel. Besides, the oleogel content increase favored the arrangement of 

sugar particles within the food matrix in a more cohesive structure. Moreover, the authors 

showed a significant nutritional profile improvement of sandwich cookie creams. They found 

that fat replacement by monoglycerides oleogels reduced 56-67% saturated FAs and 99% 

trans FA, and increased 74-234% monounsaturated FAs.  

Other fat replacers 

Cakes 

Hydrocolloids are functional ingredients used in food formulation to increase consistency, 

improve the gelling effect, and control the microstructure, texture, flavor, and shelf life 

(Gawai, Mudgal and Prajapati, 2017). According to Artunduaga and Gutiérrez (2019) 20-40% 

of microbial β-glucan from Ganoderma lucidum (βGGL) as fat replacer presented no 

significant difference in hardness, springiness, and cohesiveness compared to the control cake 

sample. However, after 14 days of storage, the hardness increased significantly at all 

substitution levels since the fat replacement with nonfat solids usually increases hardness 

during shelf life. Therefore, the use of βGGL probably increased the crumb network's strength 

through Hydrogen bonds among their molecules and the starch molecules of cakes. The 

authors also found that cakes with 40% of βGGL resulted in high values of acceptance, 

showing that 40% of panelists "liked moderately" and 38.3% "liked very much". Moreover, 

microbial betaglucans up to 40% presented no significant difference in moisture, proteins, 

ash, and carbohydrates from the control sample, and was capable of reducing 35% of total fat 

content.  
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Rios et al. (2018) reported that fat replacement with 25-50% of succinyl chitosan (SC) 

at 2%, an animal origin hydrocolloid, had no significant changes in hardness, springiness, 

cohesiveness, chewiness, and resilience from the control cake sample. Thus, SC could act as 

anti-staling agent in cakes and replace up to 50% of the fat content, presenting a slight 

increase in moisture. 

In another study, Souza Paglarini et al. (2018) showed that replacing 50-75% of the fat 

with Baru nut flour increased firmness in cupcakes. However, with complete shortening 

replacement, the firmness had no significant difference from the control sample. According to 

the authors, roasted Baru nut presents very agreeable sensory characteristics. In their study, 

75% fat replacement showed great acceptability in aroma, taste, texture, and overall 

impression (85%). Only the appearance had less acceptability due to the darker color of 

cupcakes. However, there were good results for purchase intention, with most panelists 

indicating that they "would certainly buy" the product. The authors also showed that 75% 

margarine substitution of Baru nut flour improved cupcake fatty acid profile, decreasing trans 

fatty acids by 58% and saturated fatty acids by 37%.  

Biscuits 

The main change in texture affected by the fat reduction in cookies is the hardness increase, 

mainly due to the gluten network better development. The fat decrease allows higher 

accessibility of flour and fiber particles to water. Thereby, more increased hydration leads to 

stiffer doughs (Laguna et al., 2014; Pareyt et al., 2009). In this context, Milićević et al. (2020) 

found that replacing 40 and 50% of vegetable fat with oat and wheat bran gels (22g/100g) 

caused a significant (p ≤ 0.05) increase in hardness and fracturability of cookies. In this case, 

it would be expected that fiber-containing wheat bran gels contributed to higher compression 

force. However, replacement levels of 30% for both gels were considered satisfactory and 

close to the control in those texture parameters. In their study, 30% fat replacement presented 
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crunchier and less cohesive, hardness, and dense cookies, even though the cookie sensory 

profile was close to the control sample. Regarding nutritional properties, the authors found 

that 30% fat replacement reduced 32% fat and decreased 34% saturated fatty acids (SFA) in 

cookies. Moreover, bran-based gels substitution increased the content of dietary fibers by 

39%, minerals by 41%, and phenolics by 43%. 

 

Potential fat replacers in cakes and biscuits and their challenges 

According to this review, fat replacers with better results in terms of texture, sensory and 

nutritional properties are: fibers (inulin, chia mucilage and polydextrose) and oleogels. Table 

3 presents the most suitable fat replacers for reducing fat in cakes and cookies, indicating the 

maximum replacement level, total fat and saturated fat reduction for each of them. The use of 

fat replacers presented in Table 3 demonstrates that saturated fat can be reduced significantly 

in cakes and biscuits, providing strategies for the industries in its product reformulation and 

prevent the front-of-package labeling. However, it is necessary to carry out the appropriate 

tests on each product and find out if the fat reduction was sufficient. 

Table 3. Fat replacers, replacement levels and the fat reduction in cakes and biscuits. 

Product Fat replacer Replacement level Fat reduction SFA reduction 

 

 

Cakes 

 

 

 

Inulin 50% - 45% 

Chia mucilage 75% 52% - 

Inulin + Chia mucilage 75% 57% 70% 

Oleogels (waxes and 

HPMC) 
50% - 36% 

 

 

Biscuits 

 

 

Inulin 50% 37% >38% 

Chia mucilage 30% 21% - 

Polydextrose 46% 46% - 

Oleogels (waxes, gums 

and tp-esters) 
60% - 51% 

Sandwich 

cookie cream 

Oleogels (monoglycerides 

and methylcellulose) 
75 - 100% - 67% 

SFA: saturated fatty acids. 
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Cake and biscuits fat could be replaced by fibers like inulin without significant 

changes in texture and sensory characteristics. In cakes, the use of inulin led to a significant 

fat reduction and an UFA increase, with an overall acceptability around 75%. Another fiber 

that obtained good results in cake fat reduction was chia mucilage, presenting acceptable 

firmness and 83% index of acceptability, with a consequent 90% protein increase. In cookies 

chia mucilage results in a fine texture and sensory attributes, obtaining great acceptability of 

84%. In addition, as chia has a rich nutritional profile, SFA content will undoubtedly fall, 

increasing ω-3 fatty with PUFAs increase. Similarly, polydextrose as fat replacer in cookies 

resulted in good fracture strength and acceptable sensory scores, reducing fat significantly and 

increasing fibers. Since polydextrose is a fat-free polymer, the SFA content of biscuits will 

undoubtedly decrease. However, fibers can change the structure and organoleptic 

characteristics of cakes and biscuits, resulting in specific challenges for the industrial 

application. In that way, biscuits and cakes' moisture increase due to the higher water 

retention provided by these fibers, which results in a rise in the water activity and lower shelf-

life. Besides, as mentioned before, the effect of fibers on texture is related to an increase in 

hardness values since the fat decrease leads to a faster aging and higher gluten network 

development (Fernandes and Salas-Mellado, 2017; Gutiérrez-Luna, Ansorena and Astiasarán, 

2020; Laguna et al., 2014; Moriano, Cappa and Alamprese, 2018; Moriano et al., 2019; 

Paciulli et al., 2020; Punia and Dhull, 2019). 

In recent years, oleogels application has shown promising results in fat replacement of 

cakes and biscuits, proving to be an exciting strategy from an industrial point of view. The 

current review found that oleogels with waxes, gums or cellulose fibers have great 

applicability in these products. However, a complete replacement is not recommended, since 

their functionality was insufficient to mimic the functional properties compared with 

shortening containing samples. Therefore, according to the studies, 50% fat replacement 
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presented better results in cakes, with significant SFA reduction, similar hardness and sensory 

scores, especially on taste and texture, obtaining overall acceptability around 85% and UFA 

increase by 56%. In cookies, wax oleogel/shortening blends presented significant SFA 

decrease and an 85% increase of UFA, reflecting their healthier fatty acid profiles, with good 

texture and sensory scores (Alvarez-Ramirez et al., 2020; Mert and Demirkesen, 2016b, 

2016a; Oh et al., 2017). 

Moreover, oleogels can successfully replace fat in sandwich cookie creams, leading to 

a significant SFA reduction, decreasing TFA by 99%, and leading to a two-times MUFAs 

increase. Oleogels offer some advantages. For instance, cakes made with increasing amounts 

of oleogel displayed increasingly lower hardness and improved cohesiveness, which are 

textural attributes preferred by consumers. However, the digestibility of starch increases with 

oleogels, which represents a problem, since this increase is related to the development of 

metabolic syndromes. Furthermore, oleogels may be more susceptible to lipid oxidation due 

to the greater amount of UFA. Therefore, it is essential to examine its oxidative stability and, 

if necessary, add antioxidants to the formulation (Hwang, 2020; Oh and Lee, 2018; Palla, 

Wasinger and Carrín, 2020; Tanti, Barbut and Marangoni, 2016). 

 

Conclusions 

Fat replacers are substances widely used in the industry due to their recognized ability 

to reduce fat and make foods healthier. Through this review, fat replacers based on 

carbohydrates and lipids have significantly reduced the fat in cakes and cookies, without 

drastically altering the textural, sensory, and nutritional characteristics. Replacement levels of 

30-75% by fibers such as inulin, polydextrose, and chia mucilage can be used, significantly 

reducing fat content and saturated fatty acids. However, fibers tend to increase hardness, 

decreasing sensory acceptability. Oleogels, a lipid-based fat replacer, can be used up to 50%, 



45 

 

showing good applicability in these products, and mimic fat better than other types. Also, they 

improve the nutritional profile, with a consequent increase of unsaturated fatty acids, and can 

provide better quality aspects to the product. Still, its oxidative stability of food matrices must 

be studied to avoid deterioration over time. This review can support the research and 

development sector of cake and biscuit industries, saving time and simplifying their 

reformulation, providing products with similar quality, less fat content, and probably avoiding 

the front-of-package labeling. However, these strategies must be previously tested, since each 

formulation is unique and may cause changes not foreseen by this review. Also, it is 

recommended to conduct a formulation study, investigating ingredients that can minimize the 

negative effects of fat reduction. Moreover, it would be interesting to manner an economic 

feasibility study of these fat replacers, evaluating which one has the most workable industrial 

application. 
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5 CONSIDERAÇÕES FINAIS 

 

O consumo de alimentos que podem conter altos teores de gordura, como bolos 

e biscoitos, podem auxiliar no desenvolvimento de doenças crônicas ao longo do 

tempo. Sabendo disso, a modificação da norma sobre rotulagem nutricional feita pela 

Anvisa irá incentivar as indústrias de alimentos a reduzirem o conteúdo de gordura 

adicionada em seus produtos, contribuindo para um consumo mais consciente e 

saudável da população. Logo, este estudo torna-se necessário, a fim de auxiliar na 

reformulação dos produtos em escala industrial.  

A presente revisão bibliográfica apontou que substitutos de gordura a base de 

fibras e lipídeos são os mais indicados para a redução de gordura em bolos e 

biscoitos, considerando os aspectos quanto às análises de textura, sensoriais e 

nutricionais. Fibras, como a inulina e polidextrose podem substituir a gordura em até 

50% em bolos e biscoitos, podendo levar a uma redução da gordura de 38 a 45%, 

com redução de até 45% no conteúdo de ácidos graxos saturados. A mucilagem de 

chia também apresentou boa performance, podendo substituir a gordura em até 75% 

em bolos, reduzindo a gordura em 52%, com aumento no teor proteico e aceitação 

global. Já em biscoitos, a mucilagem de chia pode ser usada em até 30%, com 

redução da gordura em 21% com boa aceitação sensorial. Vale ressaltar que a 

utilização de fibras como substitutos de gordura aumentam a umidade dos alimentos, 

devido a sua maior capacidade de retenção de água, podendo assim, aumentar sua 

atividade de água e diminuir a vida útil. Além disso, uma diminuição muito acentuada 

da gordura leva a um maior desenvolvimento da rede de glúten e consequente 

endurecimento do produto. Desta forma, conforme a pesquisa, não é recomendado 

que se substitua a gordura por fibras em teores muito elevados. 

A utilização de oleogéis como substituto de gordura apresentou resultados 

promissores em níveis de substituição de até 50%, tanto em bolos quanto em 

biscoitos, devido a sua maior capacidade de mimetizar as propriedades da gordura. 

Misturas de óleos insaturados, como óleo de girassol e canola, com celuloses, gomas, 

ceras de abelha e de candelila foram as que obtiveram maior aceitação, com mínimas 

mudanças na dureza e aceitação sensorial do produto. Este nível de substituição pode 

reduzir o conteúdo de ácidos graxos saturados em cerca de 40%, ao passo que 

aumenta significativamente o teor de ácidos graxos insaturados. Oleogéis à base de 

fibras de celulose podem substituir de 75 a 100% a gordura em recheios de biscoitos, 
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diminuindo o conteúdo de ácidos graxos saturados em 67% e ácidos graxos trans em 

99%. Além disso, foi possível comprovar que sistemas binários com oleogéis 

promovem efeitos sinérgicos em bolos, atuando na reologia da massa e mimetizando 

melhor ainda a gordura. Neste contexto, a utilização de ácido adípico em oleogéis com 

cera de carnauba obteve excelentes resultados, com textura similar e alto índice de 

aceitação sensorial. No entanto, deve-se levar em consideração que oleogéis 

possuem maior teor de gordura insaturada e, por isso, podem estar mais suscetíveis 

a oxidação lipídica, levando à uma menor vida útil. Desta forma, torna-se necessário 

o estudo da sua estabilidade oxidativa no armazenamento para uma aplicação 

industrial mais adequada. 

Portanto, o presente trabalho possibilitou compilar os últimos avanços referentes 

à substituição da gordura em bolos e biscoitos, apresentando seus principais tipos e 

níveis de substituição. Estas estratégias para a redução de gordura irão contribuir em 

aplicações industriais, principalmente norteando o setor de pesquisa e 

desenvolvimento, que poderá testar os tipos de substitutos aqui elencados, visando o 

mínimo de alterações na textura e propriedades organolépticas, com redução 

considerável da gordura. Além disso, o presente estudo pode contribuir para uma 

economia de tempo dentro da indústria, facilitando e agilizando a reformulação dos 

produtos, uma vez que a nova regulamentação entra em vigor em 2 anos a partir da 

sua publicação. 

Vale ressaltar que as estratégias apresentadas devem ser previamente testadas 

e comprovadas para cada tipo de produto, sendo eles bolos ou biscoitos. Uma vez 

que cada formulação é única e pode provocar alterações não previstas pela presente 

revisão. Assim sendo, em trabalhos futuros recomenda-se realizar um estudo das 

formulações, através de uma pesquisa mais aprofundada dos ingredientes que podem 

minimizar os efeitos negativos da diminuição da gordura e possíveis otimizações na 

formulação, assim como estudar alterações nas proporções das misturas de oleogéis. 

Além disso, recomenda-se realizar um estudo de viabilidade econômica, comparando 

os melhores substitutos aqui apresentados, avaliando seu custo de aquisição e 

produção, a fim de determinar aquele que possui a aplicação industrial mais viável. 
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