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RESUMO
As massas alimenticias integrais (MAI) possuem importante apelo nutricional, sendo fonte de
compostos antioxidantes, minerais e fibras. Porém, seu consumo ainda € estrito, € como
apontado em estudos, diversos fatores poderiam contribuir para um maior consumo de
alimentos integrais, tais como a harmonizacdo de padrdes de identidade e qualidade que
orientem suas caracteristicas tecnologicas, nutricionais e sensoriais, € a criagdo de memorias
alimentares afetivas sobre estes produtos. No Brasil e em outros paises nao produtores do trigo
durum (Triticum durum Dest.), a utilizagao trigo comum (7riticum aestivum L.) apresenta-se
como uma alternativa mais viavel economicamente. O objetivo desta tese foi avaliar e propor
solugdes para os desafios que envolvem a produ¢do de MAI a base de trigo comum no Brasil.
Este estudo foi dividido em capitulos. No Capitulo 1, esta apresentada a introdugdo geral sobre
a tematica da tese. O Capitulo 2, exibe revisao sobre desafios e oportunidades para as MAI,
onde foi verificada a necessidade de harmonizagao dos aspectos regulatorios e estabelecimento
de protocolos analiticos proprios para estes produtos, além do incentivo a criacao de hébitos de
consumo destes. O Capitulo 3 aborda um estudo experimental realizado sobre a qualidade
tecnoldgica, microestrutura e composi¢ao nutricional de MAI comerciais do mercado nacional,
onde foi constatada a necessidade do desenvolvimento de padrdes de qualidade para estes
produtos. No Capitulo 4, foram produzidas farinhas 100% integrais a partir de trigo comum por
trés diferentes tipos de moagem, que foram utilizadas como matéria-prima para a producdo de
dois formatos distintos de MAI (“fusilli” e “fettuccine ). As farinhas foram avaliadas quanto a
sua granulometria, microestrutura e composi¢ao nutricional, enquanto as MAI foram avaliadas
quanto a sua qualidade de cozimento, através de andlises de tempo 6timo de cozimento, perda
de solidos, e absorcao de agua. Para a producao das MALI foi utilizada extrusdo a frio e foram
registrados os parametros de tempo e temperatura de processamento. A microestrutura das MAI
foi avaliada através de Microscopia Eletronica de Varredura e microscopia optica. Neste estudo,
também foi proposto um novo método de avaliagdo de defeitos de MAI que pudesse ser
empregado por produtores de MAIL Deste modo, neste capitulo foi possivel constatar a
importancia do método de moagem e sua influéncia no processamento e nas caracteristicas
tecnologicas das MAIL. O Capitulo 5, compreende o livro desenvolvido como atividade de
extensao durante o periodo de pandemia, onde foram elaboradas receitas diversas utilizando
farinha de trigo integral, veiculadas em redes sociais para incentivo ao consumo e criagdo de
memorias afetivas quanto aos alimentos integrais, incluindo as MAIL Deste modo, conclui-se

que a presente tese fornece subsidios para melhor compreensao dos desafios para a producao



de MALI, e propde acdes para melhoria de sua qualidade tecnologica e para incentivar o seu
consumo.

Palavras-chave: grdao; materiais granulosos; trigo — moagem, tecnologia de alimentos; fibras.



ABSTRACT

Wholegrain pasta (WGP) has an important nutritional appeal as a source of antioxidant
compounds, minerals, and fibers. However, its consumption is still restricted, and as pointed
out in studies, several factors could contribute to greater consumption of wholegrain foods,
such as the harmonization of identity and quality standards that guide their technological,
nutritional, and sensory characteristics, and the creation of affective food memories about these
products. In Brazil and other countries that do not produce durum wheat (7riticum durum
Dest.), the use of common wheat (7riticum aestivum L.) presents itself as a more economically
viable alternative. The objective of this thesis was to evaluate and propose solutions to the
challenges involved in the production of WGP based on common wheat in Brazil. This study
was divided into chapters. Chapter 1 presents the general introduction on the thesis theme.
Chapter 2 presents a review of challenges and opportunities for WGP, where the need for
harmonization of regulatory aspects and establishment of specific analytical protocols for these
products was identified, in addition to encouraging the creation of consumption habits for these
products. Chapter 3 addresses an experimental study carried out on the technological quality,
microstructure, and nutritional composition of commercial WGP on the national market, where
the need for the development of quality standards for these products was identified. In Chapter
4, 100% whole wheat flours were produced using three different types of milling, which were
used as raw material to produce two different WGP formats (“fusilli” and “fettuccine”). The
flours were evaluated for their particle size, microstructure, and nutritional composition, while
the WGP were evaluated for their cooking quality, through analyses of optimal cooking time,
solids loss, and water absorption. To produce WGP, cold extrusion was used, and the processing
time and temperature parameters were recorded. The microstructure of the WGP was evaluated
through Scanning Electron Microscopy and optical microscopy. This study also proposed a new
method for evaluating WGP defects that could be used by WGP producers. Thus, this chapter
demonstrated the importance of the milling method and its influence on the processing and
technological characteristics of WGP. Chapter 5 includes the book developed as an extension
activity during the pandemic period, where several recipes were prepared using whole wheat
flour and shared on social media to encourage consumption and create affective memories
regarding whole foods, including WGP. Thus, it is concluded that this thesis provides support
for a better understanding of the challenges for the production of WGP, and proposes actions
to improve its technological quality and to encourage its consumption.

Keywords: grain, granular materials, wheat — milling; food technology; fibers.



SUMARIO

 CAPITULO 1ottt 14
INtroduga0 GEIal........ccviiiiiiiiiiie e e et e eanee s 14
CAPITULO 2 oottt 19
Finding whole-grain pasta quality: what are the challenges and opportunities?............. 19
P CAPITULO 3+ oottt 49

Estudo de caso: massas comerciais do mercado brasileiro contendo farinha integral antes da

legislagdo RDC n°712 de 2022.....c.cieiiiiiieiieeieeee ettt 49
CCAPITULO Qe oo e e e oo r e 73

Microstructure and quality of wholegrain pasta based on wheat flour (7. aestivum) obtained

from distinct milling Methods ..........cooiiiiiiiiiii e 73
FCAPITULO 5¢ oot 103
Livro de Receitas Fibra Todo Dia: Aprender para CONSUMIT ...........cccveerveerirenereeneenne. 103
DISCUSSAO GERAL w....ccouimririiiiiiecieiesie st 181
CONCLUSAO GERAL .....ccecuiriiitietie st 183
REFERENCIAS ...ttt snasanees 185

APENDICES ..o e e es e s e e e s e s s e e s e e e s e ees e e e es e s 199



14

- CAPITULO 1-

Introducao Geral

Este capitulo apresenta introdugdo geral sobre os
temas abordados nos Capitulos de 1 a 5, os
incluindo os objetivos da pesquisa e breve

explicagdo sobre a organizagdo da tese.
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1 INTRODUCAO GERAL

Entre as massas alimenticias disponiveis no mercado, as massas alimenticias integrais
(MAI) tém ganhado destaque nas dietas modernas devido aos seus beneficios nutricionais e a
consciéncia crescente em relacao a saude.

Estas massas sdo feitas a partir de farinhas integrais, que incluem todos os componentes
do grdo de trigo: farelo, endosperma e gérmen. Uma das principais caracteristicas das MAI ¢ a
presenca de fibra alimentar. As fibras alimentares sdo carboidratos complexos que nao sao
digeridos pelo sistema digestorio humano (SLAVIN, 2004). Mesmo ndo sendo digeridas, as
fibras alimentares apresentam funcgdes essenciais na saude do nosso organismo como, por
exemplo, saciedade por mais tempo, regulacdo do fluxo e microbiota intestinal, e prevengao de
doencas cronicas nao transmissiveis (SLAVIN, 2013; LIE et al., 2018). Além do alto contetido
de fibras, outros compostos que contribuem para a saude podem ser encontrados nos alimentos
a base de farinha de trigo integral, sendo estes os compostos antioxidantes, como acidos
fenolicos e fitosterois, e derivados do acido benzodico ou acido cindmico, que estdo presentes
no farelo (ARAVIND et al., 2012; CHEN et al., 2015).

As fibras sdo essenciais para a saude digestiva, auxiliando na prevencao de doengas
cronicas nao transmissiveis, tais como diabetes, cancer colorretal e obesidade, devido a redugao
de picos glicémicos apds refeicdes, maior saciedade, e manutencdo do adequado transito e
microbiota intestinais. Outro beneficio das massas integrais esta relacionado aos nutrientes que
sdo preservados no processo de fabricacdo da farinha, tais como minerais, como ferro e
magnésio, vitaminas e compostos antioxidantes (HIRAWAN et al., 2010; OKARTER et al.,
2010).

No entanto, apesar de sua evidente qualidade nutricional, o consumo de MAI, assim
como de outros alimentos integrais ainda necessita de estimulo a inclusdo na alimentagao diaria.
Como indicado por diversos estudos, entre os desafios para o aumento deste consumo,
salientam-se a auséncia de padrdes de qualidade, a falta de habitos de consumo de alimentos
integrais, auséncia de métodos de producao e de avaliacdo da qualidade tecnologica e sensorial
proprios para estas massas (ARIYA et al., 2022; FERRUZZI et al., 2014).

Desta forma, o presente trabalho buscou a compreensao destes desafios para a produgao,
comercializagdo e consumo de MAI, assim como a geragdo de subsidios para a melhoria da

qualidade tecnologica e estimulo ao consumo dos alimentos integrais, com énfase nas MAL
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2 OBJETIVOS

2.1 Objetivo geral

Identificar os desafios para a criagdo de padrdes de identidade e qualidade para MAI
secas a base de trigo comum (7. aestivum L.) produzidas nacionalmente e sem utilizagdo de
ingredientes ou aditivos, e contribuir com conhecimento e ag¢des para promocao de seu

consumeo.

2.2 Objetivos especificos

e Verificar o estado da arte sobre os desafios para a qualidade de MAI através de revisao
de literatura;

e Avaliar se massas alimenticias secas comercializadas no Brasil, classificadas como
"integrais", atendem a classificagdo da legislacdao brasileira, através de andlises da
qualidade tecnologica e de cozimento, assim como pela observagdao da rotulagem
nutricional das mesmas;

¢ Investigar o efeito do tipo de moagem nas MAIs produzidas a partir de farinhas de trigo
100% integral através de avaliacdo das caracteristicas tecnoldgicas, qualidade de
cozimento, microestrutura e composi¢ao centesimal destas massas;

e Promover a producao caseira € o consumo de alimentos integrais a partir de um material

grafico, no formato livro de receitas.
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3 ORGANIZACAO

No Capitulo 2 encontra-se a revisdo sobre os desafios pertinentes a produgdo e
comercializacdo de MAI do ponto de paises diversos. No Capitulo 3, encontra-se o trabalho
experimental de estudo de MAI comercializadas no Brasil, com foco na nova legislacao. No
Capitulo 4, apresenta-se o estudo com utilizacdo de métodos diversos de moagem de trigo
comum, visando produzir MAI 100% integrais, sem o emprego de outros ingredientes ou
aditivos, propondo-se além de novos métodos de moagem, uma metodologia de avaliacao de
processo ¢ de defeitos nas MAI. No Capitulo 5, apresenta-se o trabalho de extensdo
universitaria, que trata-se de um livro de receitas utilizando-se farinha integral em diversas
preparacdes alimenticias, visando-se também a popularizacdo do consumo e conhecimento dos
alimentos integrais, com énfase no aporte de fibras alimentares.

Nos Capitulos 6 e 7, sdo apresentadas a discussao e conclusdo geral, abordando-se as

principais consideracgdes sobre o presente trabalho.
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- CAPITULO 2-

Finding whole-grain pasta quality: what are the challenges and opportunities?

Este capitulo apresenta uma revisio sobre os
desafios para a produgdo e comercializa¢do de
MAIL e foi submetido para publicagcio no
periodico Food Science and Technology

(SBCTA).
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ABSTRACT

This review approaches the challenges and opportunities regarding wholegrain pasta's quality.
Bibliometric maps were created to help visualize wholegrain pasta studies' main themes and
chronology. Most research findings have focused on digestibility and nutritional enhancement,
although concerns such as raw materials and processing conditions require further
investigation. The main challenges are regulatory harmonization and developing quality
standards to evaluate and produce wholegrain pasta. Thus, further research is necessary to
overcome these challenges and improve wholegrain pasta's technological and sensorial quality.

Keywords: processing; milling techniques; cereal science; nutrition; food technology; fibers.

ABBREVIATIONS LIST: WGP = wholegrain pasta; WWF= wholegrain wheat flour.

1 Introduction

Wholegrain pasta (WGP) consumption has increased globally since research findings
and nutritional recommendations associate the intake of wholegrain cereals with direct health
benefits (Guo et al., 2022). These effects are mainly related to the components of the bran layer,
such as fibers, antioxidants, and minerals (Slavin, 2004; Okarter & Liu, 2010; Baky et al.,
2022).
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The fibers are carbohydrate polymers that are not digested or absorbed in the small
intestine of the human gastrointestinal tract. However, fiber ingestion is essential for health,
and daily intake is recommended by consuming fruits, vegetables, and wholegrains.

According to its characteristics, dietary fiber can be classified into soluble and insoluble
fractions. Insoluble fiber is bulky, resistant to enzymatic degradation, and related to intestinal
transit regulation and satiety. It is also helpful in controlling the glycemic index after meals.
Due to its role in intestinal health, it prevents constipation and colorectal cancer occurrence
(Baky et al., 2022; Castro et al., 2018), and reduces the risk of chronic non-communicable
diseases (Jonnalagadda et al., 2011). In contrast, soluble fibers, such as beta-glucans, pectin,
and mucilage, have a gelling capacity and are fermentable by benefic microorganisms, such as
Bifidobacterium, responsible for short-chain fatty acids production and protective effects of the
intestine (Baky et al., 2022). As indicated in the review study of Gong et al. (2019), whole
wheat cereals did not significantly change the intestinal microbiome. However, the ingested
ferulic acid —a compound found mainly in wheat bran fractions - increased the abundance of
beneficial microorganisms, such as lactic acid bacteria (BAL) and Bifidobacteria, that could
reduce intestinal inflammation.

Indeed, phenolic compounds in the human diet have potential health benefits due to
their antioxidant and anti-inflammatory properties. Studies on wholegrain products have
pointed out that phenolic acids and components derived from benzoic or cinnamic acid were
predominant in wholegrain wheat flour (WWF) due to the presence of bran.

For example, in the study of Zaupa et al. (2014), analyzing the antioxidant phenolic
acids content in durum wheat bran, ferulic acid was the main antioxidant (50.2 to 210.4 mg/100
g), followed by p-coumaric acid (3.4 to 8.7 mg/100 g) and sinapic acid (1.7 to 7.6 mg/100 g).

Phytosterols, which are substances related to health-promoting effects due to the
reduction of total and low-density lipoprotein (LDL) cholesterol levels (Salehi et al., 2021), are
also present in grains such as wheat grains, identified and quantified as [-sitosterol,
campesterol, stigmasterol, and brassicasterol (Barttomiej et al., 2012).

Despite the mentioned studies regarding the nutritional benefits of wholegrain products
consumption, most sensory studies with consumers highlight descriptors such as “brittle,”
“coarse,” and “unpleasant flavor” for WGP (Manthey & Schorno, 2002; Marti et al., 2017).
Moreover, instrumental assessments of cooking quality have shown that these products have a
higher cooking loss after cooking, resulting in higher adhesiveness than semolina pasta.

However, there is still scarce literature on the technological and sensory evaluation of WGP
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that could be useful for its quality improvement.

Quality is a multifactor concept that incorporates product's chemical composition,
physical structure, and relationship to safety, nutrition, and overall sensory perceptions. It also
refers to a product's capacity to present desirable and expected attributes of color, texture, and
flavor that could be measured and predicted (Cardello, 1995).

In this context, the present work aims to establish an overview of the challenges
regarding WGP’s quality and evaluate the opportunities for the best quality of these products

(the graphical abstract can be visualized in Appendix 1).

2 State-of-the-art of WGP studies

A bibliographic search was done using five databases: Web of Science, ScienceDirect,
Scopus, Scielo, and Google Scholar. Studies published from 2011 through 2023 were selected
using the following search terms: “whole grain AND pasta”, “wholemeal AND pasta”, “whole
wheat grain AND pasta”, “whole wheat AND pasta”, and “whole grain pasta AND quality”.
Titles, abstracts, and keywords were searched. There was no restriction regarding the language
of the papers.

For the elaboration of Figures 1 and 2, the Elsevier Scopus database was explored using
the following search sequence: “wholegrain pasta” AND “food” AND “wheat flour” AND
NOT “gluten-free”. The articles were screened by reading the title and abstract, and all
documents unrelated to the topic were excluded. All original articles that investigated and
reported information on WGP from 2011 through 2023 were included. The information from
the articles generated by the research was selected and exported in CSV format and later used
to build bibliometric maps of the occurrence of terms using the VOSviewer v1.6.19 software
(Leiden University, Netherlands).

Based on the inclusion and exclusion criteria, 29 articles were selected and used to
create the bibliometric map. The occurrence network shown in Figure 1 was built considering
a minimum of three occurrences of the keywords found in the selected publications. Figure 1
provides an overview of WGP research, showing that the most significant search terms are
assigned in a network of clusters (each color represents a different cluster), where larger nodes
represent more frequently used keywords. As a result of this analysis, 387 keywords were part
of the occurrence network, resulting in 39 linked items and four distinct clusters.

Figure 1 shows the chronology of WGP research. First, the studies were related to

biomarkers of wheat types and food composition. In the latest studies, the interest of researchers
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has focused on aspects related to the nutritional value of pasta, digestibility, and levels of
compounds with health benefits, such as antioxidants and dietary fibers.

In Figure 2, the largest cluster (red lines) is related to studies about cooking and food
composition (antioxidants, mineral content). The second cluster (green) presented keywords
mainly related to some of the most frequently used food analyses for pasta: hardness, chemistry

characterization, and starch evaluation.
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Figure 1. Keywords co-occurrence of wholegrain pasta (WGP) studies developed by
VOSviewer v1.6.19. Source: from authors (2023).
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Figure 2. Keywords co-occurrence map and chronological classification of wholegrain pasta

(WGP) studies developed by VOSviewer v1.6.19. Source: from authors (2023)

After evaluating the collected data, it was possible to identify challenges related to the

processing and consumption of WGP, which will be detailed in the following sections.
3 Challenges and Opportunities Regarding WGP

3.1 Regulatory Issues

Regulatory issues play a crucial role in the food industry, ensuring the safety and
integrity of food products and establishing quality standards. Adhering to these standards
guarantees that consumers receive products of consistent quality, taste, and nutritional value.
Considering the WGP regulation, there is a global effort for consensual regulation, and many
countries, such as Brazil and Malaysia, recently developed definitions for wholegrain products,
as presented by Van der Kamp et al. (2022). Many efforts have been made to harmonize quality
standards and composition, aiming to provide direction to the industry and comprehensive

information to the consumer. Some examples of current definition standards are:
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e For European Union countries, there is no legal definition of WGP. Regulation
1308/2013 only mentions that wholegrains are “grains from which only part of the end
has been removed, irrespective of characteristics produced at each stage of milling”;

e Although Italy belongs to the European Union, it has its own legislation for pasta
products. “Whole wheat semolina pasta" is defined as the product obtained from
hydration, formatting, and consequent drying of dough prepared exclusively with
whole wheat semolina and water. The regulation presents pasta quality's composition
and physical-chemical parameters, including WGP. The production of pasta with
common wheat is not allowed (Italia, Ministero dell' Agricoltura, Della Sovranita
Alimentare ¢ delle Foreste, 2001);

e In Brazil (2022), “wholegrain products,” including WGP, should contain at least 30%
wholegrains, and this quantity should exceed the refined grain proportion. Also, the
percentage of wholegrains in the product's composition should be mentioned on the
nutritional label. The use of reconstituted or recombined WWF is allowed, but its
quantities should ensure that all anatomical components of grain are present in the
typical proportion that occurs in intact caryopsis. This flour will also be declared in
the list of ingredients as reconstituted WWF, followed by the common name of the
grain.

e The United States Food and Drug Administration (FDA), in Sec. 139.138 of the Code
of Federal Regulations, points out some of the nomenclature and composition
requirements for WGP but without a specific definition or quality standards. However,
the FDA has standards and regulations for the use of claims such as "whole" or "whole
grain" on food labels (United States Food and Drug Administration, 2006). When a
food is labeled "whole" or "wholegrain", it generally means that it contains all parts of
the grain -- the bran, endosperm, and germ. The FDA also has specific guidelines for
using the"100% wholegrain" claim on food labels. This means that all the ingredients

in the product are whole, without adding refined ingredients.

Wheat is the most recommended grain used as a raw material for pasta production
(Triticum spp.). It 1s the second most important crop worldwide, and in 2022, more than 777
million tons of this cereal were harvested (Food and Agriculture Organization of the United
Nations, 2023). Wheat is preferred for pasta making due to its ability to form a gluten matrix,

which maintains structure during processing and cooking.
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This cereal belongs to the grass family (Poaceae). Its edible part is oval or rounded,
sized between 5 and 9 mm, and weighs between 35 and 50 mg. Its flour or derived ingredients,
such as starch and protein isolates, are consumed in several food products, such as pasta, bread,
cake, and biscuits, and they are also used as a thickener in creams, desserts, or sauces.

The global consensus and standards direct the selection of durum wheat semolina as the
most appropriate raw material for pasta production. The durum wheat has an amber-colored
kernel and significant gluten-forming protein content. Different from common wheat, which is
widely cultivated worldwide, durum wheat is very restricted, representing 3—5% of global
wheat production. It is cultivated in regions of the Mediterranean Basin and North America,
and when milled, it results in semolina that could be used for pasta, bread, and couscous

production (De Vita & Taranto, 2019).

Furthermore, WGP's challenges are linked to WWF regulation issues, as seen by the
following definitions provided by several countries or international actions:

e According to the Code of Federal Regulations of the U.S. Food and Drug
Administration (2022), WWF is prepared by the milling of clean wheat, maintaining
all the natural constituents of the grains, and more than 90% of this flour must pass
through a 2.36 mm sieve, and not less than 50% must pass through an 850 um sieve;

e In the Canadian Food and Drug Regulation (2023), WWF must contain at least more
than 95% of the constituents of the original grain. It also needs to present some quality
parameters of composition: an ash content of not less than 1.25 percent (at dry basis,
d.b.) and not more than 2.25 percent, and a maximum moisture content of 15 percent.
For granulometry, the requirements are that not less than 90 percent pass through an n°
eight sieve (2380 um) and not less than 50 percent through an n° 20 sieve (840 pm);

e The Argentine Food Code defines “wholegrain flour” as the product obtained by
grinding the wholegrain of wheat, which, according to granulometry, can be classified
as coarse, medium, or fine, and the maximum contents are 15.5 g/100 g for moisture
and 2.3 g/100 g for ash (Codigo Alimentario Argentino, 2022);

e In Spanish legislation, WWF is the product resulting from the grinding of whole
cereals by different processes, with one or more grinding stages during which the
components of the grains are separated. The denomination is made with the name
“whole flour” or “wholegrain flour,” followed by the name of the cereal from which it

comes. Bran flour is the product of mixing flour with bran from one or more cereals.
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Spanish legislation also defines micronized flour as one in which at least 95% of the
particles pass through the sieve with the smallest granulometry, that is, with a particle
size of less than 100 p (Ministerio de la Presidencia, Justicia y Relaciones Con Las
Cortes, 2016).

e According to the FDA, WWF, or graham flour, could be defined as food prepared by
grinding cleaned wheat, other than durum wheat and red durum wheat, that presents
the following granulometry characteristics: not less than 90 percent passed through a
2.36 mm sieve, and not less than 50 percent passed through an 850 um sieve (U.S.
Food and Drug Administration, 2023).

e In Brazil, according to Normative Instruction n° 8 of 2005 (BRASIL, 2005), wheat
flour is a product made with wheat grains or other species of wheat through crushing
or milling from the complete processing of the clean grain with or without the germ.
As for the quality standards for WGF, the standard presents criteria regarding the
physical-chemical composition of this product, which must present a maximum fatty
acidity of 100 mg KOH/100 g, a maximum ash content of 2.5%, and a minimum
protein content of 8%, without definitions about particle size distribution. The limit of
losses is 2% of the grain or 10% of the bran.

The WWEF regulation consequently affects the composition and labeling of wholegrain
products, including WGP. It was observed that when there are definitions for these products,
they differ according to national regulatory authorities, which can be difficult for the industry
and confusing for consumers.

The WGP lacks studies on selecting the best suitable wheat species, which is a
significant challenge. Most WGP studies make use of whole wheat semolina or WWEF. Durum
wheat (Triticum turgidum ssp. durum) is the most used wheat variety in WGP studies (Chillo
et al., 2008; West et al., 2013; Ciccoritti et al., 2017; Suo et al., 2023), followed by common
wheat (7. aestivum) (Bock et al., 2015; Vignola et al., 2018; Wahanik et al., 2021).

Common wheat is used in pasta production in countries that do not produce durum
wheat and do not have adequate equipment for milling this cereal. This lowers the high cost of
imports and makes a more accessible product available to consumers. However, there is a lack
of quality parameters for common-wheat-based pasta, and other protein-rich ingredients, such
as eggs and wheat gluten, are needed to meet consumer demand for flavor and color, given that

durum semolina pasta has a yellow color and al dente firmness after cooking.
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Wheat milling aims to reduce the particle size of wheat fragments and separate the
starchy endosperm, which contains mainly starch and gluten-forming proteins, from the outer
layers of the wheat kernel, including the bran and germ. The milling techniques and equipment
have evolved, starting from grinding stones used to crush grains manually, improved using
animal traction, wind, or water as mechanical energy, and in the Industrial Revolution
introduced mechanized milling processes and enhanced the scale of production that
significantly increased the milling capacity for wheat flour production and allowed the WF
refining.

Technological investment in flour refining created new methods and equipment for
flour and semolina production, such as the roll mills. In the roller milling process, the wheat
grain passes through a series of corrugated and smooth rollers, causing the separation of
endosperm, bran, and germ fractions.

However, in WWEF, the presence of bran is desirable (Prabhasankar & Rao, 2001). The
stone mill was the first equipment used for its production. It consists of passing the wheat grains
between two stones, which causes grain fragmentation due to the compression, shear, and
abrasion forces (Cappelli et al., 2020).

It is also possible to obtain WWF with the products from the roller milling methods
after a subsequent mixture of bran and germ with endosperm flour within natural proportions.
That could occur through two processes: recombination or reconstitution. In recombination, the
grains are milled and sieved in the same way to produce the refined flour, but the fractions are
remixed to produce WWF. For reconstitution, bran and flour not from the same batch could be
mixed, maintaining the same proportions in the intact grain. This is usually done when the bran
undergoes some post-grinding or heat treatment for stabilization by enzymatic inactivation. In
this case, it is necessary to invest not only in the processes involving the bran but also in
equipment for recombining the fractions (Doblado-Maldonado et al., 2012; Ross &
Kongraksawech, 2018). When producing WWF in roller mills, some conditions differ from
those used for stone milling. For example, conditioning is obtained by adding water to the grains
to increase bran toughness and improve the separation between the endosperm and bran
fractions, which is optional in stone mills.

The WWF composition and characteristics have many components that could influence
the quality of pasta. For example, the fiber fragments of bran affect the water-holding capacity,
dough hydration, and gluten-matrix development. Damaged starch influences the pasta's

cooking properties, affecting the cooking time and firmness of WGP.
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Each method will result in a distinct particle size distribution and composition, and raw
materials requirements exist for semolina for pasta production but not for WWF, which
motivates more research. In the Bressiani et al. (2019) study, the authors evaluated the effect
of the particle size of WWF on the thermo-mechanical properties of flour through Mixolab
equipment. They found that particle size influences the functionality of the gluten network. In
their studies, Deng et al. (2017) and Deng & Manthey (2019) explored single-pass and
multipass milling systems for producing WWF blends intended for spaghetti. They found that
blends of semolina with either fine or coarse bran led to firmer pasta after cooking, with
minimal cooking loss.

Understanding the milling processes of the raw materials is essential for predicting
WGP quality. Thus, given the valuable information that could be obtained and the diversity of
wheat varieties and WWF obtention methods, more investment in WWF research for WGP
production is still required.

For example, Cappelli et al. (2020) investigated the impact of stone milling parameters
on the yield, productivity, and energy efficiency of milling common WWF. They found that
preconditioning the wheat significantly influenced the rheological properties of the dough,
particularly in the context of bread making. This insight suggests that the preconditioning stage
should also be considered when processing WGP, hinting at potential benefits for pasta quality.

Aside from the raw materials, another opportunity for composition challenges is the use
of other wheat varieties, as explored by the authors Suo et al. (2023), who evaluated WGP
produced with pigmented and ancient wheat. The main advantages of these raw materials were
increased phenolic content and antioxidants, which were associated with greater sensory
acceptability compared to pasta formulated only with durum wheat semolina.

In addition to the composition and varieties of wheat, another fundamental aspect to be
considered for WGP is the presence of contaminants. As addressed in the review by Gomez et.
al. (2020). focused on whole grain breads, the contamination by residues of pesticides
(herbicides applied pre-harvest), insecticides, and mycotoxins (mainly aflatoxin and
deoxynivalenol - DON) can be found in greater quantities in wheat bran fractions, and
consequently, in whole grain foods. Aiming the quality and food safety, Capelli & Cini et al.
(2021) emphasize the importance of adopting sustainable practices in both the cultivation and
processing phases of WWF production. This approach includes efforts to minimize the use of
pesticides and fertilizers, promote responsible soil management, and reevaluate milling

processes to improve energy efficiency to enhance the sustainability of WWF production.
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3.2 Production processes of WGP

Pasta production begins with the hydration of the dry ingredients (flours or starches),
followed by the formatting of the dough, which could be manual or toward the use of equipment
such as cold extrusion, thermoplastic extrusion, or laminators. The obtained fresh pasta could
also be dried by several methods for humidity removal — ambient temperatures, convection-air
ovens, or pasta dryers with specific thermal ramps. Considering the diversity of WWF, different
types of WGP could be made.

Table 1 summarizes information on the processing and characteristics of WGP studies
reviewed in the literature. The WGP ingredients maintained clean label characteristics without
using additives or ingredients such as eggs or vital gluten. The composition of WGP was
predominantly based on durum wheat semolina, and all articles addressed the regulation of each
country of study.

As observed in several studies, the methods for WGP production were not adapted,
considering the differences caused by bran interference in the gluten matrix.

Considering the formats, the studies that evaluated long pastas were predominant. It is
essential to highlight that the processing parameters, such as the quantity of water for pasta
hydration, mixing time, and drying conditions, directly influence the pasta production process
and are related to flour characteristics, especially considering WWF (Deng & Mantey, 2019).
However, few studies have focused on the influence of processing conditions on WGP quality.
For example, in Bock et al. (2015) study about the quality and processing comparison between
refined wheat flour pasta and WGP, the higher temperatures (>80°C) encouraged the formation
of a compact gluten network in refined pasta that contains a substantial number of hydrophobic
interactions. In contrast, the same conditions result in a structured network in WGP, which is
less driven by hydrophobic interactions. The authors also verified that low-temperature drying
produces a gluten network with properties comparable to semolina pasta. Thus, more studies

could be conducted to verify the real needs of WGP production or process adaptation.

3.3 Technological Quality of WGP
The semolina pasta presents consolidated analysis parameters for its quality due to the

development of standards for raw materials and pasta production, drying, and packaging.
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Table 1. Compiled from studies from 2017 to 2023 on the properties of whole grain pasta (continues).

Water
Authors and Objective of the Processing Cooking OCT Hardness
Ingredients Samples absorption Main Findings
country study conditions Loss (%) (min.) ™)
(g/100 g)
Characterize
commercial
) Quantification of higher &-
wholegrain dry . . .
Wholegrain poly-L-lysine and furosine
spaghetti samples ]
organic levels were correlated to
Marti et al. representative of
durum wheat heat damage, characterized
2017 the Italian market Industrial processing 107.8 —
semolina, or 10 WGP - 338—4.7 nm. n.e by e-nose sensors as "more
from both (conditions n.m.) 155.2
Wholegrain bitter" (3 of 10 samples).
Italy molecular and

durum wheat There was no significant

electronic senses
semolina. difference between organic
(electronic nose
and conventional WGP

and electronic

tongue)

Where: n.e. = not evaluated; n.m. = not mentioned; WGP = wholegrain pasta; WWF= wholegrain wheat flour; OCT = Optimal Cooking Time.
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Water
Authors and Objective of the Processing Cooking OCT Hardness
Ingredients Samples absorption Main Findings
country study conditions Loss (%) (min.) ™)
(g/100 g)
Labscale processing.
Mixing and water
Developed dry
are added to dry
WGP spaghetti
ingredients for 3
with WWF of 2 WWF (T. . '
minutes to obtain a
wheat cultivars and  aestivum)
homogeneous The WGP showed greater
) produced 2 from 2
Vignola et al. dough, extruded hardness and
different cultivars 2 control
2018 (domestic pasta 13.0 - 119.0 - 26.1 — lower values of water
types of wheat (Klein pastas and 4 57-64
extruder) without 15.0 133.0 31.2 absorption, swelling index,
flour and evaluate =~ Guerrero and WGP
Argentina vacuum. Drying and Optimal cooking time
the influence of Baguette
program: 30 °C (30 in comparison to control
flour particle size Premium),
min., without
on cooking 0.1% salt

parameters and

texture

humidity control),
45°C(17.5h, 75%
RU). Stored at room

temperature

Where: n.e. = not evaluated; n.m. = not mentioned; WGP = wholegrain pasta; WWF= wholegrain wheat flour; OCT = Optimal Cooking Time.
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Table 1. Compiled from studies from 2017 to 2023 on the properties of whole grain pasta (continues).

Water
Authors and Objective of the Processing Cooking OCT Hardness
Ingredients Samples absorption Main Findings
country study conditions Loss (%) (min.) ™)
(g/100 g)
Pasta
composition:
Control pasta
Identify analytical -- durum Four
protocols to wheat distinct Control and WGP had a
. evaluate cooked semolina pastas of more pronounced
Diantom et al. . .
pasta (dry penne (100%); the same ] ] viscoelastic
2019 _ _ Industrial processing ' '
rigate) quality with WGP - brand . n.e. 9.0 n.e. 7.6 behavior, higher hardness,
_ ) (conditions n.m.) _ .
Hal a multi-scale wholegrain (control, higher mobility of the more
taly
analysis of four durum wheat WGP, rigid protons than veggie
commercial kinds semolina veggie, and gluten-free pasta
of pasta (100%); gluten-free)
veggie pasta;
gluten-free
pasta

Where: n.e. = not evaluated; n.m. = not mentioned; WGP = wholegrain pasta; WWF= wholegrain wheat flour; OCT = Optimal Cooking Time.
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Table 1. Compiled from studies from 2017 to 2023 on the properties of whole grain pasta (continues).

Cooking Water
Authors and Objective of the OCT Hardness
Ingredients Samples Processing conditions Loss absorption Main Findings
country study (min.) (N)
(o) (g/100 g)
Labscale processing.
Mixture and hydration
of ingredients (32% of
Determine the White wheat moisture) for 15 min,
effect of flour on flour (T. resting of dough (30
the aestivum), min), extrusion in a
o ) . _ WGPs showed the higher
Wojtowicz et chemical wholegrain single-screw extruder )
o Four pastas cooking loss and water-
al. 2020 composition, wheat flour (screw speed of 100 . )
- ) (one to each _ ) 11.9 6.0 222.6 6.7 holding capacity, and were
nutritional value,  (n.e.), white rpm, 85 °C in section I,
. flour) ) _ less firm than the other
Poland and quality spelt wheat 105 °C in section II, 75
. . . . pasta
properties of flour, and °C in the cooling section
extrusion-cooked  wholegrain and
spaghetti spelt flour 65 °C at the die plate).

Drying at 40 °C until 7%
of moisture. Storage at

room temperature

Where: n.e. = not evaluated; n.m. = not mentioned; WGP = wholegrain pasta; WWF= wholegrain wheat flour; OCT = Optimal Cooking Time.
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Water
Authors and Objective of Processing Cooking OCT Hardness
Ingredients Samples absorption Main Findings
country the study conditions Loss (%) (min.) N)
(g/100 g)
Wholegrain wheat
flour and refined 12 pastas (2 Labscale Yellow pasta (60:40 and
wheat flour response surface processing. 1% yellow concentrate)
(Triticum designs for each Mixing and and pink pasta (70:30
Evaluate the aestivum) ratios - colored hydration of dry and 1% pink
use of 60:40, 70:30, concentrate, and  ingredients for 3 concentrate) showed
Wahanik et ' ) o )
natural- 65:35). 1,5% two control pasta min to obtain similar texture, weight
al. 2021 . 93.0 - . .
colored Yellow concentrate  (70% wholegrain homogeneous 3.6-45 3.5-40 106.8 n.e. gain, and cooking loss to
Bragl concentrates  (safflower extract), flour and 30% dough, extrusion ' the control pasta. The
razi
in WGP fresh 2% pink refined wheat (cold extruder, natural-colored
spaghetti concentrate flour) with the without concentrates inclusion

(cherry, purple
sweet potato,
apple, and radish

extracts)

inclusion of
concentrates in 1,

1.5, or 2%

vacuum). Stored
at refrigeration

(4°C)

contributed to the
increase in antioxidant

capacity

Where: n.e. = not evaluated; n.m. = not mentioned; WGP = wholegrain pasta; WWF= wholegrain wheat flour; OCT = Optimal Cooking Time.
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Table 1. Compiled from studies from 2017 to 2023 on the properties of whole grain pasta (final).

Cooking Water
Authors and Objective of Processing Hardness
Ingredients Samples Loss OCT (min.) absorption Main Findings
country the study conditions (N)
(o) (g/100 g)
Evaluate
consumer’s
acceptability,
P Y Durum wheat
bioactive
semolina, '
compounds, The pigmented WGP
Durum whole
and presented the highest
wheat flour
Suo et al. antioxidant 1 Control pasta Industrial total phenolic content
o (Senatore ' )
2023 activity and . 100% durum processing 31.5- after cooking and
_ Cappelli), ) o 50-59 14.0 n.e. o _
physical . semolina, and 2 (conditions 353 showed no significative
) ) pigmented _
Italy, China quality of WGP n.m.) differences of control
durum whole
WGP (dry pasta for cooking loss
wheat flour
Paccheri) and texture
(Grano
made with
Mischio)
two different
wheat
varieties

Where: n.e. = not evaluated; n.m. = not mentioned; WGP = wholegrain pasta; WWF= wholegrain wheat flour; OCT = Optimal Cooking Time.



37

However, for WGP, the same range of technological evolution was not observed,
and the methods are adapted for data collecting but still without clear parameters of
desirable characteristics or defects.

Frequently, WGP is categorized as “darker” or “brittle” compared to semolina
pasta, but without proper evaluation methods. Since WGP has no specifications for
evaluating cooking quality, this is the main challenge in creating quality standards.

Considering the color analysis, the addition of bran modifies the color of the pasta,
resulting in a darker (reduction of L* value), less yellowish (reduction of b* value), and
reddish (an increase of a*) color (Vignola et al., 2018). These modifications occur due to
the fractions from the pigmented pericarp layer present in the bran fraction. They could
be influenced by aspects such as flour production method, final granulometry of WWF,
flour composition, or oxidation degree of compounds of flour. Thus, the color evaluation
of the WWF used as raw material for WGP could be an important parameter in evaluating
the possible degradation of bran-colored compounds.

The cooking quality methods for pasta include weight increase, cooking loss, or
water absorption. The bran's strong tendency to absorb water may result in the water
competing with other flour components for hydration, such as starch and gluten,
influencing the firmness of WGP (Roozendaal et al., 2012).

One of the most reported defects to WGP, as shown in Table 2, is related to the
interruption of the gluten network and the impacts of the weakening of the gluten network
or by-products derived from the bran or germ components. According to Vignola et al.
(2018), the WGP may have a more fragile and brittle structure, with more significant
starch leaching in the cooking water (loss of solids) and surface adhesiveness. The
presence of the germ also affects the final texture of the WGPs, as the by-products
generated by the lipoxygenases also interfere with the formation of cross-links in the
gluten network, weakening it (Brandolini & Hidalgo, 2012).

The cooking loss is related to the lixiviation of components such as starch or
soluble proteins during cooking, total cooking time, and textural properties, such as
stickiness, firmness, hardness, or adhesiveness. The color comparison before and after
cooking, or the presence of spots, is also used as a comparative quality method related to
the raw material extraction rate and conservation of carotenoid content, especially for
wheat semolina pasta.

Focusing on the new quality evaluation methods, in a study developed by Badaro
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et al. (2022), the authors evaluated the application of Near-infrared hyperspectral Imaging
as a non-destructive method for identifying the fiber distribution in pasta based on
semolina (7. durum) and bamboo fiber.

Other important aspects that could be better developed for WGP are related to
food safety, from the evaluation of bioactive compounds and mycotoxins. In the study by
Tibola et al. (2015), the authors evaluated the presence of deoxynivalenol (DON) and
found that mycotoxin levels were superior in bran layers of wheat-milled fractions.
Mycotoxins indicate failures in grain processing, and the main challenge is establishing
protocols for the main mycotoxins found in wheat and considering the mycotoxin

presence as a criterion for WGP quality control.

3.4 Sensory Acceptance of WGP

According to research by the International Food Information Council (IFIC,
2018), 80% of consumers recognize wholegrain food products as beneficial to health.
However, as highlighted in the review study of Schaffer-Lequart et al. (2017), it is still a
challenge to meet consumers' sensory expectations for tasteful and convenient wholegrain
foods. The characteristics of the grains and the techniques used in processing affect these
products' appearance, flavor, and texture (Ferruzzi et al., 2014).

Considering the appearance of WGP, the presence of bran causes a rough surface
texture and a higher rate of breaks and defects, due to the action of the fibers in the
formation of the gluten network (Manthey & Schorno, 2002; Marti et al., 2017; Chen et
al., 2015). Thus, regarding new milling methods, studies with bran micronization, such
as ultracentrifugal milling (Khalid et al., 2017) and cryogenic milling methods (De Bondt
et al., 2021) are being used for WWF and could be applied to WGP formulations.

The germ has a high lipid composition, predisposing the flour to oxidative
rancidity and bitterness. The unsaturated oils are more susceptible to oxidation, and
enzymes that degrade lipid compounds are inactive when wheat kernels are intact and
dry. However, when plant tissue breaks down, oxidation reactions occur sequentially,
starting with the hydrolysis of glycerides by lipases, phospholipases, and hydrolases.
Afterward, these free polyunsaturated fatty acids could be oxidized by lipoxygenases,
producing fatty acid hydroperoxides, which are later converted into aldehydes, ketoacids,
and oxidized fatty acids, responsible for the residual flavors of rancidity and the bitter

taste (Mandarino, 1994).
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Table 2. Defects related to wholegrain pasta.

Defects Related causes
Dark coloring and color change Effect of staining outer bran layers, enzymatic
after cooking browning

Interference of bran and germ in the formation
Fragile and brittle structure of of the gluten network; weakening of the protein
cooked pasta network by the fibers and excessive leaching of

amylose during cooking

Excessive adhesiveness and Excessive leaching of amylose during cooking,

stickiness forming a superficial layer of starch on the pasta

Lipid oxidation (germ); 5-
Residual bitter taste hydroxymethylfurfural aldehyde derivative; low
molecular weight peptides; free phenolic acids

(bran)

Compounds derived from lipid oxidation, the
Presence of undesirable aftertaste . _
catalytic action of endogenous enzymes on
(“grassy”, “branny”)
compounds derived from bran and germ

Considering the opportunities for a better understanding of sensory acceptance,
we also highlight the use of instrumental sensory analysis methods. For example, in a
study by Marti et al. (2017), the authors applied sensory evaluation techniques associated
with the quantitative and qualitative study of aromatic compounds, using equipment such
as the electronic tongue (E-Tongue) and the electronic nose (E-Nose) to assess the
influence of drying temperatures in bitter taste intensity of commercial WGP. The authors
found that the sensor could discriminate the samples of WGP classified as “bitter” due to
its furosine content as a marker of excessive heat damage. Thus, it could be a non-
destructive analysis method for better quality of WGP.

In a study by West, Duizer, and Seetharaman (2013), the authors found that
despite the nutritional benefits associated with intact whole foods, they were darker in
color, rougher, and firmer than refined ones. They could also develop odors and unwanted
flavors that the consumer more easily perceives. The authors also studied the interference
of the percentage of incorporation of WWEF in the characteristics of flavor and texture of

the WGP. The texture of the WGP was affected by incorporation, with the lowest values
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of firmness associated with the highest percentages of replacement. For the sensory
analysis, it was observed that the bitterness increased in the same proportion as the
incorporation of WWF. The sweetness decreased in the same proportion, and the tasters
perceived odors such as grass and cereals.

The recommendation for semolina-based pasta is that the wheat semolina has at
least 90% of its particle size between 150 and 340 pm (Rosentrater & Evers, 2018).
However, those values were not established for WWF, and there is still the need for more
studies regarding the granulometry evaluation for WGP production. In the study
accomplished by Chen et al. (2011), the authors verified the influence of bran
granulometry in wholegrain noodle-type pasta based on a Chinese wheat cultivar
(Shannong 2, protein content of 12.5%) with the addition of three types of bran
granulometry (coarse: 1.5 to 2 mm; medium: 0.43 to 1 mm; fine: 0.16 to 0.43 mm). The
noodles received amounts between 10 and 20% of bran. The authors found that the
increase in added bran reduced the scores attributed to the control's appearance,
palatability, softness, and flavor (refined wheat flour), with the maximum addition of bran
being 10%.

Despite the importance of sensory evaluation, the methods applied in studies were
limited to either affective measurements or descriptive analysis by trained judges. In this
sense, novel sensory evaluation techniques such as penalty analysis (a combination of
affective and Just-About-Right methods) and Temporal Dominance of Sensations (TDS)
could be helpful for the establishment of quality standards for WGP. These methods could
be correlated with sensory texture profile and TPA analyses to evaluate texture
parameters of cooked WGP, such as hardness, cohesiveness, gumminess, elasticity,
chewiness, and adhesiveness. They could also be explored for these pastas. Changes in
the texture of pasta with different ingredients in the formulations and, mainly, in WGP
with increased dietary fiber content. Pasta with fibers presents a decrease in firmness due
to the interruptions caused by the fibrous fraction in the gluten network (Aravind et al.,
2012; West et al., 2013).

Regarding improving sensory acceptance opportunities, we identified that new
WGP formulation studies using ingredients for better nutritional value and appearance,
such as clear fibers, have an advantage in the lower impact on the color and appearance
of pasta (Ferreira et al. 2022). Also, natural colors and flavoring ingredients, such as

turmeric, sweet potato, and carrots, could contribute to the best acceptance of WGP, as
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explored by Wahanik et al. (2021). As an example, Laureati et al. (2016) evaluated the
impact of wheat bran on the sensory quality of kinds of pasta (based on durum wheat)
and the effect of information on fiber enrichment on consumer acceptability and
expectations. Fiber content labeling negatively impacted more than 20% of expected
product quality. For pasta with 30% wheat bran, the fiber was sensorially perceived and
compromised the acceptability of the product. For consumers who usually prefer whole-
grain foods, higher levels of bran in WGP increased consumer expectations for a healthier
product. In contrast, for non-consumers, expectations about the product's healthiness with
30% bran added did not offset the change in the taste of pasta.

It is important to highlight the importance of encouraging the consumption of
wholegrain foods, considering that most consumers do not have access to or are not in the

habit of eating wholegrains.

4 Conclusion

The WGP are important sources of nutrients and compounds that promote health,
but many challenges remain in understanding their sensory and cooking properties. The
need for greater consensus on WGP identity and quality evaluation methods impacts the
producing industries and consumers, highlighting the need for increased investment in
these products research. As a result, a better understanding of the characteristics of WGPs
and the challenges associated with their increased dietary inclusion is required. According
to the current research, the use of novel wheat varieties and nutritional and technological

improvements to WGP are still required.
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RESUMO
Este estudo objetivou avaliar a rotulagem e qualidade de cozimento de massas
alimenticias a base de trigo consideradas integrais para discussdo e subsidio sobre a
regulamenta¢do de alimentos integrais, que ocorreu antes da legislagdo RDC n°® 712 de
2022. Foram avaliadas a rotulagem e qualidade de cozimento de 14 massas alimenticias
descritas como “integrais” no rétulo, de formatos diversos (3 com formato “farfalle”, 4
“fusilli”, 2 “penne” e 5 “spaguetti”). Para a andlise de rotulagem nutricional, foram
coletados dados dos ingredientes e de informagao nutricional das por¢des. Para avaliagao
da qualidade de cozimento, foram avaliados o tempo 6timo de cozimento, perda de
solidos, aumento de peso e firmeza. Também foi avaliada a cor visual e microestrutura
das massas. Os resultados foram analisados utilizando-se a Analise de Componentes
Principais. Para a rotulagem, observou-se a utilizacdo de ingredientes para aporte de
fibras e minerais, como farelo e fibra de trigo, e ingredientes proteicos para reforco da
rede de gliten, sem utilizagdo de aditivos. Considerando-se o teor de fibras, todas as
massas alimenticias puderam ser classificadas como “fonte de fibras”. Quanto a qualidade
de cozimento, verificou-se que a firmeza esta inversamente relacionada a absorcao de
agua e perda de solidos, e que estes pardmetros foram influenciados tanto pelo formato
como pela composicdo das massas alimenticias. Das amostras avaliadas, oito

apresentaram perdas de solidos superiores a 6%, porém ainda ndo ha padrdes especificos



51

para qualidade de cozimento destas massas alimenticias com farinhas integrais. Para a
avaliacdo da aparéncia e microestrutura, a tonalidade visual das massas variou entre
amarelo ocre e marrom, e observou-se a presenca de fragmentos de fibras nas bordas das
massas, principalmente para formatos farfalle e penne. Através deste estudo, foi possivel
verificar que a legislacdo RDC n° 712 de 2022 foi importante para regulamentacao do
mercado, uma vez que 7 das 9 massas analisadas como integrais, fizeram uso de farelos
e fibras, sem usar a farinha integral de trigo, mostrando realmente que o consumidor
estava confuso e que a demanda realizada pelos 6rgaos do consumidor estava correta e
que havia urgéncia da legislagao para regulamentar o setor.

Palavras-chave: cereais; fibras; graos inteiros; trigo.

ABSTRACT
This study aimed to evaluate the labeling and cooking quality of wheat-based pasta
considered as “wholegrain” for discussion and support on the regulation of wholegrain
foods that occurred before legislation RDC 712/2022. The labeling and cooking quality
evaluation of 14 pastas samples described as “wholegrain”, with different formats (3
“farfalle”, 4 “fusilli’, 2 “penne” and 5 “spaghetti”’). For the nutritional labeling analysis,
data on the ingredients and nutritional information of the portions were collected. To
evaluate cooking quality, the optimal cooking time, loss of solids, mass increase, and
firmness were evaluated. The visual color and microstructure of the pasta samples were
also evaluated. The results were analyzed using Principal Component Analysis. For
labeling, the use of ingredients to provide fiber and minerals, such as bran and wheat
fiber, and protein ingredients to reinforce the gluten network was observed, without the
use of additives. Considering the fiber content, all pasta could be classified as a “source
of fiber”. Regarding cooking quality, it was found that firmness was inversely related to
water absorption and loss of solids and that these parameters were influenced by both the
shape and composition of the pasta. Of the samples evaluated, eight showed solid losses
greater than 6%, but there are still no specific standards for the cooking quality of pastas
with wholegrain flour. Regarding the appearance and microstructure, the visual tone of
the pasta varied between ocher yellow and brown, and the presence of fiber fragments
was observed on the edges of the pasta, especially for farfalle and penne formats. Through
this study, it was possible to verify that legislation RDC n° 712 of 2022 was important for

regulating the market, since 7 of the 9 pastas analyzed as “wholegrain”, made use of bran
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and fiber, without using whole wheat flour, really showing that the consumer could be
misled by the labeling of these pastas. Thus, the demand made by consumer organizations
was correct and there was an urgency for legislation to regulate the sector in Brazil.

Keywords: cereals; fibers; wholegrains; wheat.

1 INTRODUCAO

As massas alimenticias integrais (MAI), por possuirem a farinha ou a
sémola/semolina de trigo integral na sua composi¢do, apresentam maiores teores de
vitamina E, folato, ferro, magnésio compostos antioxidantes, e principalmente, fibra
alimentar em rela¢ao as massas alimenticias formuladas com sémola ou farinhas refinadas
(Kristensen et al., 2010; Hirawan & Beta, 2014). Estes compostos promovem efeitos
benéficos a saude, e por este fator, muitas iniciativas globais buscam o estimulo ao
consumo de integrais. No entanto, a falta de informagdes do que deve ser considerado
integral e a auséncia de padrdes de qualidade para os alimentos integrais, como salientada
em estudo de Andrade et al. (2023), torna um desafio para produtores e consumidores de
MAL

No Brasil, uma das primeiras regulamentagdes para massas alimenticias foi o
Decreto-lei estadual n° 15.642 de 1946 (SAO PAULO, 1946), que em seu conteudo
tratava sobre os padrdes de qualidade e ingredientes para estes produtos. No entanto, ndo
havia menc¢do sobre massas alimenticias com o uso de farinhas ou sémolas de trigo
integral. Esta norma foi revogada pelo Decreto-lei n° 211, em 30 de margo de 1970 (SAO
PAULO, 1970), e somente houve uma regulamentacdo para massas alimenticias com
validade nacional em 1978, com a Resolugdo n® 12 (BRASIL, 1978), da Comissao
Nacional de Normas e Padrdes para Alimentos, pertencente ao Ministério da Satde. Esta
norma fixava os Padrdes de Identidade e Qualidade (PIQ) de diversos alimentos, € entre
estes, as de massas alimenticias. Deste modo, as massas alimenticias contendo farinhas
integrais seriam classificadas como “tipo integral”, e deveriam trazer no rétulo, a
declaragdo "farinha integral de trigo". No entanto, esta Resolu¢do ndo instituia padrdes
de composicao ou de qualidade especificos para as MALI.

A Resolucao n°® 12/1978 teve vigéncia até o ano de 2000, sendo revogada pela
Resolugdo de Diretoria Colegiada (RDC) n°® 90, de 18 de outubro de 2000 (BRASIL,
2000a), instituida pela Agéncia Nacional de Vigilancia Sanitaria. A partir deste mesmo

ano, ocorreu um importante avango para a qualidade de MAI com a criagao da Resolugao
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RDC n° 14, de 21 de fevereiro de 2000 (BRASIL, 2000b), norma especifica para fixagao
de padroes de identidade e qualidade de massas alimenticias. Esta foi a primeira
regulamentac¢do que trazia a definicdo de MAI como sendo aquelas produzida a partir de
farinha de trigo e farinha de trigo integral e ou fibra de trigo. Além das informacdes dos
parametros de qualidade fisico-quimicos e sensoriais, em seu item 9.3, a citada legislacao
mencionava que na rotulagem das MAI deveriam constar o percentual de farinha de trigo
integral e ou de fibra de trigo utilizada. No entanto, ndo eram especificadas quais as
proporgoes de fibra de trigo ou de farinha de trigo integral minimas que deveriam estar
presentes para esta classificagao.

Em 2005, ocorreu a revogacao da RDC n°14 de 2000 pela RDC n° 263, de 22 de
setembro de 2005 (BRASIL, 2005), norma que dispunha sobre o regulamento técnico
para produtos de cereais, amidos, farinhas e farelos. Deste modo, ela se aplicava a
diversos produtos a base de cereais, incluindo as massas alimenticias. Porém,
diferentemente da legislagao anterior, ndo ha mengao as MAI, seja em termos de defini¢ao
ou de parametros de qualidade e composicdo, o que representou um desafio para
produtores e consumidores, visto que as MAI j4 se encontravam inseridas no mercado e
com crescente demanda, impulsionada pelas informagdes e pesquisas acerca dos
beneficios do consumo de fibras e compostos bioativos presentes nos cereais integrais.

Em 2020, a partir da Consulta Publica n® 811 de 06 de abril de 2020 (BRASIL,
2020), foram conduzidos estudos em diversos setores de produc¢do e comércio de produtos
integrais. Foram também realizadas pesquisas e estudos experimentais em Universidades
e centros de Pesquisa de todo o pais, que foram fundamentais para a publicacdo da
legislagdo RDC n°493 de 22 de abril de 2021. Esta norma dispde sobre os requisitos de
composicao e rotulagem dos alimentos contendo cereais para classificacdo e identificagdo
de alimentos integrais. A partir desta Resolugdo, declara-se como produto integral aquele
composto por, no minimo, 30% de ingredientes integrais; e cuja quantidade destes
ingredientes sejam superiores a quantidade dos ingredientes refinados (BRASIL, 2021).
Esta legislacdo entrou em vigor em 22 de abril de 2022, e o prazo para a adequagao das
industrias produtoras de MAI a estas orientagdes foi de 24 meses, finalizando em abril de
2024. Como complemento da RDC n°493/2021, no ano seguinte foi publicada a RDC n°
711, de 1° de julho de 2022 (BRASIL, 2022a), que dispde sobre os requisitos sanitarios
de diversos produtos a base de cereais, entre estes as massas alimenticias, e revoga a RDC

n°® 263/2005. Conjuntamente publicada, a RDC n°712 de 1° de julho de 2022 (BRASIL,
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2022b), estabeleceu as novas diretrizes para a composi¢cdo e rotulagem de alimentos
contendo cereais e pseudocereais para classificagdo como integral, e revogou a RDC
n°493/2021, sendo a norma atualmente vigente para a composi¢do e rotulagem de
alimentos contendo cereais integrais.

Apesar do grande avango em entendimento trazido pela legislacdo brasileira atual,
ainda ha lacunas sobre as caracteristicas tecnologicas proprias das MAIL Deste modo, o
presente estudo apresenta o estudo de caso iniciado anteriormente a legislacio RDC n°
712/2022, visando a compreensdo dos parametros de qualidade de cozimento e de
composi¢do de MAI comercializadas no Brasil, tanto de producdo nacional como

importadas.

2 MATERIAL E METODOS
2.1 Material

As massas alimenticias secas categorizadas como integrais em sua rotulagem
frontal durante o ano de 2020, de marcas comerciais distintas, foram adquiridas em
comércio varejista da cidade de Campinas, S3o Paulo, e estocadas em local seco e em
temperatura ambiente até as analises. Ao total, foram avaliadas 14 amostras de massas
alimenticias nacionais (9 amostras) e importadas (5 amostras), sendo 9 curtas (formatos

“farfalle”, “fusilli” e “penne”) e 5 longas (“spaguetti’), conforme descricdo na Tabela 1.

2.2 Métodos
2.2.1 Avaliac¢ao da rotulagem nutricional

Foram coletadas as informagdes de rotulagem, tais como fabricante, lista de
ingredientes, e a composic¢do nutricional quanto ao valor energético, teor de carboidratos
totais, proteinas, gorduras totais, saturadas e trans, assim como os teores de fibra alimentar
e sodio.
2.2.2 Caracteristicas tecnologicas das massas

Foram realizadas as analises de umidade das amostras cruas utilizando-se a
metodologia n°44-01.01, da American Association of Cereal Chemists International
(AACC, 2010). Para avaliar as caracteristicas de cozimento das massas alimenticias
avaliadas, estas foram preparadas a partir do cozimento de uma porcdo de 25 g em 300

mL de 4gua. Foram realizadas as andlises de tempo 6timo de cozimento (TOC), a partir
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do método n°66-50.01 (AACC, 2010), com adaptagdes de Gull et al. (2015), e a de
aumento de peso e de perda de solidos pelas metodologias descritas por Gull et al. (2015).
2.2.3 Firmeza das massas

As massas alimenticias foram preparadas conforme TOC especifico para cada
amostra (item 2.2.2), resfriadas com lavagem em 150 mL de 4agua (21°C), colocadas em
placas de Petri e deixadas em temperatura ambiente para resfriamento por 10 minutos. A
firmeza das massas alimenticias cozidas foi mensurada em texturémetro modelo TA-
XT2i (Stable Micro Systems, Surrey, UK), com célula de carga de 25 Kg, célula de
calibracao de 5 kg, corpo de prova A/LKB-F e software proprio do equipamento e
parametros do método n°66-50.01 (AACC, 2010). Foi aplicado o modelo de maxima
forca de cisalhamento sobre unidades de MAI enfileiradas, utilizando os pardmetros do
método n°66-50.01 (AACC, 2010), com adaptacdes: velocidade pré-teste (1,0 mm/s),
velocidade teste (0,17mm/s), velocidade pos-teste (10 mm/s). Os valores de altura e
distancia foram alterados conforme o mais adequado para cada formato de MAI. Esta
analise foi realizada em nove repetigdes, e os resultados foram expressos em Newtons

(N).

2.2.4 Microestrutura das massas alimenticias

A avaliagdo da microestrutura foi realizada utilizando-se microscopia dptica em
microscopio Olympus, modelo BX51/BX52 (Olympus, Japdo) e as imagens foram
obtidas com camera digital modelo Canon PowerShot A620/7,1 megapixels, acoplada ao
equipamento. Para a andlise, as massas alimenticias foram cozidas conforme TOC e
pequenos fragmentos destas foram coletados e colocados em lamina de vidro com

laminula sobre a amostra, com observagao em luz polarizada.

2.2.5 Anailise estatistica dos resultados

Os dados de qualidade de cozimento das massas alimenticias foram avaliados
utilizando-se a analise de componentes principais (ACP) para a obtenc¢do de diagramas
de ordenagdo, utilizando o programa estatistico PAST, versio 4.0 (NATURAL
HISTORY MUSEUM, 2020), de uso gratuito.

3 RESULTADOS E DISCUSSAO
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Na Tabela 1 estdo descritos os ingredientes das massas alimenticias contendo

farinhas ou sémolas integrais. Quanto aos ingredientes utilizados, observou-se que nao

houve a utilizagdo de aditivos para nenhuma das amostras de MAI, mantendo-se a

caracteristica de rotulo limpo destes produtos

Tabela 1. Ingredientes e teor de fibras de massas alimenticias categorizadas como

integrais comerciais.

Identificacao Ingredientes Origem
FA1 Sémola integral de trigo durum e agua Importada (Italia)
FA2 Sémola de trigo durum, farelo de trigo e Nacional

monocloridrato de L-Lisina.
FA3 Sémola de trigo durum integral Importada (Francga)
FU1 Sémola de Trigo Durum, Farelo de trigo e Nacional
monocloridrato de L-Lisina
FU2 Sémola enriquecida com ferro e 4cido folico, Nacional
farelo de trigo e fibra de trigo.
FU3 Sémola integral de trigo durum e agua Importada (Italia)
FU4 Sémola de trigo durum, farelo de trigo e Nacional
monocloridrato de L-Lisina.
PE1 Sémola integral de trigo durum. Importada (Italia)
PE2 Farinha de trigo integral e farinha de trigo Nacional
enriquecida com ferro e acido folico.
SP1 Sémola de trigo durum, farelo de trigo e Nacional
clara de ovos e monocloridrato de L-lisina
SP2 Sémola enriquecida com ferro e 4cido folico, Nacional
farelo de trigo e fibra de trigo.
SP3 Farinha de Trigo Integral e Gluten de Trigo Nacional
SP4 Sémola integral de trigo durum e agua Importada (Italia)
SPS Sémola de trigo durum, farelo de trigo e Nacional

clara de ovo.

"Massas alimenticias: FU — formato “fusilli”; SP — formato “spaguetti’” FA — formato
“farfalle”’; PE — formato “penne”.
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Conforme a legislacdo brasileira atual, o uso de aditivos e coadjuvantes
tecnologicos € permitido, desde que estes sejam seguro para o consumo humano, possuam
justificativa de uso e que sejam utilizados no menor nivel necessario (BRASIL, 2023).
Das 14 massas alimenticias analisadas, 8 destas (FA1, FA3, FU3, PE1, PE2, SP3, SP4 ¢
SP5) utilizavam a farinha integral ou a sémola integral de trigo como o primeiro
ingrediente.

No entanto, na legislacdo brasileira até a data em que haviam sido adquiridas as
massas, ndo havia defini¢gdes quanto a composicdo das farinhas integrais, assim como
para produtos integrais. Pela auséncia de requisitos de quantidades minimas, ou
declaracao obrigatoria da propor¢ao adicionada de farinha integral nos rotulos, houve a
demanda dos 6rgdos de protecdo ao consumidor para que fosse sanada as diversas duvidas
sobre o que era integral ou nao.

Observou-se que para as MAI importadas, foi utilizada a sémola integral de trigo
durum integral como Unico ingrediente, caracterizando-as assim como 100% integrais.
Tal fator estd relacionado ao PIQ dos paises de origem para estes produtos (Italia e
Franca), onde sdo exigidas somente a utilizacdo de trigo durum para massas alimenticias
e a reconstitui¢ao ou recombinagdo de farinhas ndo ¢ permitida.

A recombinacdo ¢ o processo em que ha a recomposi¢cdo da fragdo de farelo
retirada ap6s o refino da farinha de trigo, sendo permitida em diversos paises. Na
legislagdo brasileira atual, ¢ aceita a recombinacdo e a reconstitui¢do da farinha. A
reconstituicdo ocorre quando ha a mistura de endosperma farinaceo, farelo e gérmen de
um mesmo lote de graos, desde que em quantidades e proporgao tipica do grao inteiro e
mencionada claramente no rotulo. Para pelo menos 6 MAI nacionais (FA2, FU1, FU2,
FU4, SP1 e SP5), houve a utilizagdo da s€mola de trigo durum com a adi¢ao de farelo.
Além do uso de farinha ou sémola integral, observou-se também a adi¢ao de ingredientes
fontes de fibras, tais como farelo e fibra de trigo nas massas cujos ingredientes eram a
sémola de trigo durum (FU4, SP1) ou sémola enriquecida com ferro e acido folico (FU2,
SP2), provavelmente para a reconstituicao.

O farelo de trigo ¢ o subproduto obtido no processo de moagem para obtencao de
farinhas de trigo refinadas, pertencente as camadas externas do grao de trigo. No farelo,
podem estar presentes além das fibras, compostos como vitaminas e minerais. Podem
também estar conjuntamente aderido o gérmen, que fornece principalmente teores

lipidicos.
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No caso da fibra de trigo, trata-se das fracdes de fibras isoladamente extraidas a
partir do farelo, podendo ser classificadas como soluveis ou insolaveis. As fibras
insoluveis do trigo, como a celulose, hemicelulose e lignina, aceleram o transito intestinal
e contribuem para a saciedade, enquanto as fibras soluveis (- glucanas) formam géis com
alta viscosidade que sdao fermentéaveis por bactérias intestinais, possuindo acao prebiotica
(SLAVIN, 2013). Porém, as fibras interferem na formag¢ao da rede de gluten nas MAI, e
podem enfraquecer a estrutura das MAI, tornando-as mais quebradi¢cas (FOSCHIA et al.,
2015).

Além da farinha, sémola ou farelo de trigo, foi observada a utilizacdo de
ingredientes proteicos, como o glaten de trigo e clara de ovos. Segundo FUAD &
PRABHASANKAR (2010), estes ingredientes visam contribuir para a redugdo da perda
de solidos e da adesividade das massas alimenticias. Para as MAI, estes ingredientes
podem contribuir para o reforcamento da estrutura e reducdo da lixiviacao de fibras que
ocorre durante o cozimento, contribuindo para a reducao da perda de solidos. Na massa
alimenticia SP1, observa-se também a adi¢ao de monocloridrato de L-lisina, que se trata
de um ingrediente utilizado para enriquecimento em aminoéacidos de farinhas e produtos
a base de cereais (ITAL, 2021).

Para a Tabela 2, onde podem ser observadas as caracteristicas de composi¢ao
nutricional das MAI, destaca-se que a composicao destas foi semelhante quanto aos teores
de valor energético, carboidratos, proteinas, gorduras e sddio, mas distintas quanto ao
conteudo de fibras.

E também valido destacar que as massas alimenticias FU2 e PE2 informaram em
sua rotulagem o uso de farinha de trigo integral com adicdo de ferro e acido folico.
Conforme as legislacdes vigentes durante o periodo da amostragem deste estudo, a RDC
n°150, de 13 de abril de 2017 (BRASIL, 2017), revogada pela atual legislacao, RDC n°
604, de 10 de fevereiro de 2022 (BRASIL, 2022), a adi¢do de ferro e acido folico para
enriquecimentos de farinhas de trigo ndo se aplica as farinhas de trigo integrais ou
farinhas de trigo durum, sendo obrigatério somente para farinhas de trigo refinadas de
trigo comum. Tal fator ¢ justificado pela limitagdo tecnologica na adicao e estabilidade
dos aditivos adicionados para fortificagdao nestas farinhas. Portanto, ndo seria necessaria
a aplicagdo destes enriquecedores nutricionais nas amostras de massas alimenticias

mencionadas.
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Conforme pode ser observado na formulacao de massas alimenticias, foi possivel
a obtencao de MAI 100% integrais, como indicado por todas as amostras importadas e
pela MAI de produgdo nacional SP3. Nesta amostra em particular, verifica-se que houve
a adicao de gluten de trigo na formulacdo. Tal a¢ao ocorre para complementacao proteica
da massa alimenticia, visto que as farinhas a base de trigo comum comercializadas
nacionalmente apresentam menores teores proteicos em relacdo as sémolas de trigo
durum.

De acordo com os ingredientes das massas alimenticias informados pelos
fabricantes, a luz da nova legislacao (BRASIL, 2021), que possui como critério que pelo
menos 30% dos ingredientes devem ser integrais e superiores a quantidade dos
ingredientes refinados, 7 das 9 massas alimenticias produzidas nacionalmente (FA2, FUI,
FU2, FU4, SP1, SP2 e SP5) nao seriam consideradas como MAI. Portanto, 77% das
amostras comerciais de massas alimenticias de produgdo nacional avaliadas ndo poderiam
ser classificadas como integrais. Visto que houve a adi¢do de farelo e fibra de trigo,
conforme a legislacdo atual poderdo ser considerados como ingredientes integrais a
mistura de farinha refinada, farelo e gérmen, desde que estes ingredientes estejam em
quantidades que garantam que os componentes originais do grao, sendo declarados na
lista de ingredientes como "farinha integral de trigo reconstituida".

Considerando os dados de composi¢ao nutricional disponiveis nas embalagens
das MALI, descritas na Tabela 2, nas por¢des avaliadas (80 g), as quantidades de fibras
alimentares (totais) estiveram entre 2,1 g e 8 g. Considerando-se a norma de rotulagem
vigente para as massas alimenticias quando iniciado o estudo de caso (BRASIL, 2012),
revogada pela RDC N° 429, de 8 de outubro de 2020 (BRASIL, 2020), para serem
consideradas como “fonte de fibras” os alimentos deveriam apresentar 2,5 g em uma
unica por¢do. Conforme a Instrucdo Normativa IN n° 75 de 8 de outubro de 2020
(BRASIL, 2020), que trata sobre requisitos técnicos para a declaragdo nutricional de
produtos alimenticios, os alimentos processados poderiam ser categorizados como fonte
de fibras quando fornecerem, no minimo, 10% do valor didrio recomendado de ingestao,
que para esta norma ¢ de 25 g de fibras alimentares. Para poderem apresentar a alegagao
nutricional de “alto contetido de fibras”, € necessario que o produto alimenticio supra
20% do valor didrio recomendado (5 g). Portanto, 11 MAI analisadas neste estudo

poderiam ser classificadas como apresentando alto conteudo de fibras.
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Quanto aos teores de umidade das massas alimenticias avaliadas (Tabela 3),
verificou-se que todas apresentaram valores conforme o recomendado por Marti et al.
(2016). Segundo estes autores, a umidade inferior a 14% ¢ fundamental para que ndo haja
o desenvolvimento de fungos ou bolores, e para que a qualidade do produto seja mantida
durante a estocagem. Pela antiga legislagdo, o parametro de umidade para massas
alimenticias era de até 13% (BRASIL, 2010). Porém, segundo a legislacao brasileira atual
(BRASIL, 2021), nao ha requisitos ou padrdes para o teor de umidade para massas
alimenticias.

Sobre as propriedades de cozimento (Tabela 3), avaliada utilizando a ACP (Figura
1), quanto a avaliagdo de perdas de soélidos, foram verificados em trabalhos sobre a
qualidade de massas alimenticia que as perdas de até¢ 9% sao desejaveis para as massas
alimenticias. Deste modo, as MAI comerciais apresentaram perda de solidos dentro dos
valores recomendados.

Para o TOC das massas alimenticias, expresso na Tabela 3, foram observados
valores diferentes do que o tempo médio recomendado no rétulo pelos fabricantes para o
cozimento ideal, o que pode ser explicado pela preferéncia do consumidor por massas al
dente, onde a gelatinizacdo do amido no centro da massa ¢ incompleta (BROCKWAY,
2001).

No entanto, ¢ valido ressaltar que estes valores sdo adequados para as massas
alimenticias convencionais, que ndo possuem em sua composi¢ao as fibras presentes nas
MAI que interferem na formagao da rede de gluten (FOSCHIA et al., 2015). Para o
aumento de massa apds cozimento (Tabela 3), os valores foram préximos aos estudos de
VIGNOLA et al. (2018), com massas com sémola de trigo e integrais, que apresentaram
valores entre 119 e 151%, sendo que os menores valores foram atribuidos as MAI, o que
foi justificado devido a presenca de particulas maiores de farelo presentes. Este efeito
também foi similar ao observado em estudo de LI et al. (2023), sobre os efeitos do
tamanho do farelo de trigo na reologia de paes com diferentes farinhas integrais. Os
autores observaram que a absor¢do de agua do farelo com maior tamanho de particula
(550 pm) foi menor em comparagao com outros tamanhos menores de farelo, o que pode
ter sido atribuido a uma menor superficie de contato com a agua do que particulas
menores. Outro fator apontado pelos autores foi que a moagem mais intensa ocasiona

aumento dos teores de amido danificado, o que contribui para maior absor¢ao de agua.
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Tabela 2. Composi¢do nutricional declarada de massas alimenticias contendo farinhas ou sémolas integrais na porgio'

Parametros Massas alimenticias!

FA1 FA2 FA3 FU1 FU2 FU3 FU4 PE1 PE2 SP1 SP2 SP3 SP4 SPS

Valor Energético (Kcal) 275,0 294,0 271,0 271,0 2740 270,0 271,0 282,0 279,0 288,0 274,0 263,0 270,0 272,0

Carboidratos (g) 51,0 60,0 56,0 56,0 58,0 53,0 56,0 56,0 60,0 59,0 58,0 580 53,0 540
Proteinas (g) 10,0 8,7 10,0 10,0 8,2 9,5 10,0 9,2 9,2 10,0 8,2 9,8 9,5 11,0
Gorduras Totais (g) 20 1,7 0,8 0,8 1,0 2,0 0,8 1,6 1,1 1,0 1,0 1,2 2 1,1
Gorduras Saturadas (g) 04 03 0 0 0 0,4 0 0,4 0,3 0,3 0 0,2 0,4 0
Gorduras Trans (g) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fibra Alimentar (g) 6,4 2,1 5,6 5,6 5,0 5,2 5,6 6.4 59 2,1 5,0 5.4 5,2 8.0
Sdédio (mg) 40 150 O 0 0 0 0 240 80,0 8.6 0 0 0 0

"Massas alimenticias integrais: FU — formato fusilli; SP — formato espaguete; FA — formato farfalle; PE — formato penne. Valores considerando a
porcdo de 80 g de massa alimenticia cozida.
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Tabela 3. Qualidade de cozimento de massas alimenticias com farinhas ou sémolas integrais comerciai

Identificacao Umidade TOC TOC Perda de sélidos Aumento de Firmeza (N)
(%) experimental Recomendado pelo (%) massa (%)
(seg.) fabricante (seg.)
FA1l 9,99+0,08 540 600 6,43+0,75 123,96+7,85 3,98+0,77
FA2 11,92+0,12 510 420 5,74+0,78 104,76+4,08 3,48+0,42
FA3 8,70+0,04 540 720 9,07+1,31 102,25+1,21 5,53+0,40
FU1 10,32+0,14 570 420 5,68+0,72 105,44+7,91 6,02+1,38
FU2 9,41+1,36 480 360 5,30+0,64 116,17+£2,32 1,72+0,41
FU3 9,54+0,04 570 660 8,10+0,86 129,67+1,71 5,65+0,56
FU4 10,74+0,17 780 420 6,05+0,11 98,09+3,10 6,64+0,41
PE1 10,11+0,04 780 600 5,69+1,06 109,66+4,86 6,93+0,35
PE2 12,12+0,12 660 420 4,56+0,44 117,26+2,72 9,43+0,47
SP1 9,31£1,10 780 480 8,46+1,69 139,96+2,23 2,91+0,07
SP2 9,44+0,22 540 360 4,36+0,79 114,96+2,46 3,29+0,30
SP3 10,67+0,06 840 570 7,73+0,60 147,20+4,64 4,51+0,17
SP4 9,32+0,05 540 600 9,05+1,18 152,85+7,05 2,27+0,14
SP5 10,48+0,09 540 600 7,94+0,72 98,66+2,79 2,45+0,11

'Médiatdesvio padrdo; Massas alimenticias: FU — formato fusilli; SP — formato spaguetti ;FA — formato farfalle; PE — formato penne.
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Figura 1. Analise de Componentes principais para as propriedades tecnologicas de massas
alimenticias categorizadas como massas alimenticias integrais. Fonte: Autoria propria

(utilizando-se Software PAST 4.09 para Sistema Operacional Windows).
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Figura 2. Andlise de microscopia para as massas alimenticias contendo farinhas ou sémolas integrais comerciais (continua)’.

Aspecto superficial Aspecto das bordas  Lamina de microscopia
(aumento 60x) (aumento 60x) (luz polarizada)

Identificaciao da

Aspecto visual Cor visual
amostra
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dos fragmentos de fibras presentes.
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Figura 2. Anélise de microscopia para as massas alimenticias contendo farinhas ou sémolas integrais comerciais (continua).

Aspecto superficial Aspecto das bordas Lamina de microscopia
(aumento 60x) (aumento 60x) (luz polarizada)

Identificacdo da

Aspecto visual Cor visual
amostra

FU4

PE1

PE2

SP1

SP2

"Massas alimenticias: FU — formato fisilli; SP — formato espaguete; FA — formato farfalle; PE — formato penne. Flechas na figura sdo indicativas
dos fragmentos de fibras presentes.
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Figura 2. Andlise de microscopia para as massas alimenticias contendo farinhas ou s€émolas integrais comerciais (final).

Identificacao da Aspecto visual Cor visual Aspecto superficial Aspecto das bordas Lamina de microscopia
amostra P (aumento 60x) (aumento 60x) (luz polarizada)
SP3
SP4 -
B -

"Massas alimenticias: FU — formato fisilli; SP — formato espaguete; FA — formato farfalle; PE — formato penne. Flechas na figura sdo indicativas
dos fragmentos de fibras presentes.
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Para o atributo firmeza, observou-se que a massa PE2 apresentou maior firmeza apds o
cozimento A partir da ACP, observada na Figura 1, foi possivel verificar que o pardmetro
firmeza estad inversamente relacionado a perda de sélidos e a absor¢ao de agua.

Quanto a microestrura das massas alimenticias, como pode ser observado na Figura 2,
foi possivel verificar a presenca de fragmentos de fibras e sua influéncia no rompimento da
matriz da massa, e que apds o cozimento foi visivel a presenca de fragmentos de pericarpo nas
bordas das massas. O pericarpo ¢ a camada de protecdo do grao de trigo, denominada farelo, e
que ¢ usualmente removida quando ha o processamento da farinha refinada, mas na farinha
integral esta fracdo permanece. Além de sua fungdo protetora no grao de trigo, o pericarpo
também contém compostos importantes para a saide humana, como as fibras alimentares, e
compostos fitoquimicos, como flavonoides e carotenoides, que t€ém propriedades antioxidantes
(SLAVIN, 2004; LEGLAND et al., 2022).

De modo geral, mesmo as massas alimenticias de mesmo formato ou fabricante
diferiram entre si, tanto em qualidade de cozimento quanto visualmente, como pode ser
observado na Figura 2, o que indica que as caracteristicas de sua composi¢ao de ingrediente e
formato influenciaram as propriedades de cozimento das massas alimenticias.

Para as MAI importadas, foi possivel a formulagdo baseada em 100% de sémola
integral, o que atende a legislac@o especifica dos paises exportadores, o que resulta também em
beneficios nutricionais trazidos pelas fragdes de farelo. No entanto, para as massas alimenticias
categorizadas como integrais produzidas nacionalmente, estes beneficios podem ndo estarem
sendo alcancados. Além disso, com a atualizacao da legislagdo, sera necessaria a adequagao do
rétulo, que atualmente ndo traz ao consumidor as informagdes sobre a porcentagem de farinhas
e/ou ingredientes integrais presentes nas MAL

A partir da analise da microestrutura e comparagdo entre os rotulos, para as massas
alimenticias produzidas nacionalmente foi predominante a utilizacdo de farelo de forma a
reconstituir esta fracdo na farinha ou sémola refinada. No entanto, as propriedades de cozimento
e aparéncia destas massas alimenticias foram influenciadas negativamente, aumentando-se a
perda de so6lidos no cozimento e impactando na aparéncia destas massas € manutengao de sua

estrutura.

4 CONCLUSAO
A partir deste estudo, foram verificadas a rotulagem nutricional e qualidade tecnologica

das MAI disponiveis no mercado, contatando-se que os principais desafios estdo relacionados
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a grande diversidade de caracteristicas de cozimento, de coloracdo e propriedades nutricionais.
Observou-se que maiores absorgdes de 4gua na massa resultaram em maior perda de sélidos e
massas alimenticias menos firmes, o que se relaciona justamente com sua composi¢ao.
Verificou-se também que os fragmentos de farelo presentes ocasionam ruptura da matriz das
massas. Constatou-se também a necessidade de reformulagdo de massas alimenticias nacionais
para que estas possam ser categorizadas como “integrais” visando atender a legislag@o atual e

fornecer informagdes de rotulagem mais claras aos consumidores.
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- CAPITULO 4-
Microstructure and quality of wholegrain pasta based on wheat flour (T. aestivum)

obtained from distinct milling methods

Este capitulo apresenta um estudo experimental
sobre o desenvolvimento e avaliacdo de MAI
100% integrais com farinhas 100% integrais
obtidas a partir de métodos de moagem de trigo
comum, e sera submetido para publica¢do no
periodico International Journal of Gastronomy

and Food Science.
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ABSTRACT
For wholegrain pasta (WP) producers, there are difficulties in ensuring an appealing and healthy
meal for consumers - being the lack of raw materials specifications the main challenge, mostly
for WP of common wheat (Triticum aestivum L.), used by countries that do not produce 7.
durum semolina. This study aimed to make WP with 7. aestivum wholegrain flour (WF) from
three milling methods (recombined WF; direct milling + break system of a roll mill; direct
milling + break and reduction systems of a roll mill). It was made WP of two formats — fusilli
and fettuccine for each one of the flours. The granulometry, color, nutritional composition,
fineness modulus, and microstructure of the flours were evaluated. For WP, the technological
quality (process parameters, visual defects, optimal cooking time, firmness, color before and
after cooking, water absorption, and loss of solids) and microstructure were evaluated. The
fineness modulus of all WF did not differ significantly (2.36+0.05 to 2.58+0.11), but the
distribution of granulometry differed according to the milling method. For the microstructure
analysis of WP, it was perceived the interference of fiber particles in the gluten matrix, mostly
in WP with recombined WF (WFE1 and WFU1). The fusi/li WP made with recombined WF
(RFUTI) presented the highest loss of solids (10.05+0.90%), and the WFE2 presented the best
cooking quality and reduction of defects, indicating that cooking quality could be affected by

raw materials properties and pasta formats. The present study showed that it is possible to obtain
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good quality WP based only on common wheat flours, with better processing using direct

milling methods to fusilli and fettuccine formats.

Keywords: cereals, food technology, processing, quality control; mill; bread wheat; whole

foods; wholemeal.

Glossary of acronyms:

RF: Refined flour, produced in a Quadrumat senior roller mill system; WF: wholegrain flour;
WP: wholegrain pasta; WF1: recombined wholegrain flour, produced by a roller mill
Quadrumat senior; WF2: wholegrain flour, produced by grinding in a knife mill and then by a
break system of a Quadrumat senior roller mill, without sieving; WF3: wholegrain flour,
produced by grinding in a knife mill and then by a break and reduction systems of a Quadrumat
senior roller mill, without sieving; RFE: fettuccine pasta produced with 100% RF; FE1: 100%
WF1 fettuccine pasta; FE2: 100% WEF2 fettuccine pasta; FE3: 100% WF3 fettuccine pasta.
RFU: fusilli pasta produced with 100% RF; FU1: 100% WF1 fusilli pasta; FU2: 100% WF2
fusilli pasta; FU3: 100% WF3 fusilli pasta.

1 Introduction

According to the Whole Grains Council (2004), wholegrain foods are those that contain
all the essential parts of the grain seed and their nutrients in their original proportions. Thus,
grains (corn, rice, triticale, oats, millet, or wheat, for example) could be milled for WF
production. Among the mentioned cereals, wheat grains stand out as a major raw material for
bread, pasta, and biscuits production due to their nutritional and technological characteristics.

For consumers, the term “wholegrain foods” refers to healthier and more nutritious
foods, as exemplified by research by Maschio et al. (2023), on the perception of Brazilian
consumers, mainly due to its dietary fiber content.

Dietary fibers are complex carbohydrates that are not digested by the human digestive
system, but with an essential role in health, satiety, regulation of intestinal microbiota, and
prevention of chronic non-communicable diseases, such as cardiovascular diseases, obesity,
and type 2 diabetes (Slavin, 2013). In addition to the high fiber content, wholegrain products
have other compounds that contribute to the maintenance of health, such as antioxidants

(phenolic acids, phytosterols, derivatives of benzoic acid or cinnamic acid), which are present
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in the pericarp layers, components of the bran fraction (Aravind et al., 2012; Chen, Kamil &
Blumberg, 2015).

Despite the nutritional benefits brought by the presence of bran, technological and
sensory problems are accentuated due to the weakening of the gluten network due to the
presence of bran fibers and due to biochemical modifications, such as lipid oxidation of WF.
Thus, WP present some defects, such as brittle structure and residual bitterness, which can
affect their sensory acceptability (Vignola, Bustos & Pérez, 2018; Laureati et al., 2016).

Another challenge for producing WP is related to the raw material. As for the type of
wheat used, Triticum durum semolina is one of the traditional raw materials for pasta. However,
durum wheat is not cultivated in countries that also do not have various equipment for its
processing, and which therefore use other species of wheat, such as common wheat (7riticum
aestivum L.), which is widely cultivated around the world and mainly used in breads and cakes.
The WF can be obtained by different methods, such as grinding in a stone mill, knife mill or
roller mill. Recombined wholegrain flour, produced by mixing refined wheat flour, contained
mainly by the endosperm, with the bran fraction, which corresponds to the outer layers of the
wheat grain, can also be used.

Some studies on WP have contributed to the understanding of which technological
factors of ingredients or processes could contribute to obtaining good quality WP, focused
mainly on spaghetti-type pasta (Steglich et al., 2015; Wahanik et al., 2016). However, no studies
have yet been presented that could support the best choice of pasta formats that comply with
the characteristics of WF produced from common wheat to obtain WP with better processing
quality and more attractive to consumers. This study aimed to obtain and characterize 100%
WFs obtained from three methods of grinding of common wheat grown in Brazil (a recombined
WF obtained from roll mill process of conditioned wheat and mixture of fractions; a WF
submitted to direct milling in knife mill and posterior milling on break system of a labscale
roller mill; a WF obtained from direct milling in knife mill and posterior milling on the break
and reduction systems of a labscale roller mill).

These flours were used to produce two different pasta formats — fettuccine and fusilli -
of 100% WP from these flours, and evaluate the cooking quality, process variables,

technological quality and microstructure of these pastas.

2 Material and methods
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2.1 Raw materials, reagents, and equipments

Common wheat grains (7. aestivum L.) from cultivar IAC 389 (ATAKAMA),
developed by Instituto Agrondmico de Campinas (IAC, Sao Paulo, Brazil), were selected to be
used for WF production (as detailed in Appendix 2). It has a medium maturation cycle and low
plant height. It is also resistant to very common wheat plant diseases, such as Powdery Mildew,
leaf rust (Puccinia triticina) and blast (Pyricularia grisea or Magnaporthe grisea). To ensure
traceability, the grains were harvested without usage of pesticides, sun-dried at Fazenda
Experimental Santa Elisa (22°52'29.4"S, 47°04'31.1"W), and kept in refrigeration storage (10°
C) until grinding. The chemical reagents, glassware, and equipment were common to a food

technology laboratory.

2.2 Classification and properties of wheat grains

The sampling and classification of wheat grains were carried out considering the
parameters of Brazilian legislation (Brasil, 2010). Grain moisture analysis was carried out
according to method n° 44-15.02 (AACC, 2010), Test Weight was determined using a test
weight determiner (Gehaka, Sao Paulo, Brazil), and results were expressed in kg/hL. The
Falling Number was determined using a Perten instrument Falling Number device according to
the AACC 56-81.04 method (AACC, 2010). Determinations of hardness were performed
Single-Kernel Characterization System (SKCS), model 4100 (Perten Instruments), by method
55-31.01 (AACC, 2010).

2.3 Flour production
From the cleaned wheat grains, four flours were produced using different milling
methods, these being:

RF (control): wheat was conditioned at 15% humidity for 28 hours and ground in an
experimental Quadrumat Senior mill (Brabender, Duisburg, Germany). Grains were
prepared according to method no. 26-05.01 of AACC (2010). The breaking flour
fraction was subjected to the reducing system to obtain refined flour;

Recombined WF (WF1): the wheat was conditioned to 14% moisture and ground in the same
way as the RF flour and subsequently the bran and bran fractions were added to the RF;

Direct milled WF — break system (WF?2): obtained by grinding the wholegrain in a knife
mill model Renard MFC-180-75-01 (Sao Paulo, Brazil), equipped with a 2mm sieve,
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and passing it through the breakage of the Quadrumat Senior experimental mill, without
passing through the sieves;

Direct milling WF — break and reduction systems (WF3): produced by grinding of the
wholegrain wheat in the same way as for WF2, with the addition of passing the sample
through the reduction system of the Quadrumat Senior experimental mill, without

passing through sieves.

2.4 Technological evaluation of flours

2.4.1 Granulometry (Fineness Modulus)

The flours produced were analyzed using Produtest model T sieve shaker equipment
(Produtest, Sdo Paulo, Brazil) according to the methodology 66-20.01 of the American
Association of Cereal Chemists (AACCI, 2010), using the appropriate sieves with openings of
35, 40, 60, 80 and 100 mesh. The fineness modulus was calculated according to the
methodology of Ramappa et al. (2010).

2.4.2 Flour Composition

The composition of the flours obtained was evaluated using the methodologies for
moisture, lipids, ash, and proteins, by methods n® 44-15A, 30-25.01, 08-01, and 46-13-01,
respectively (AACC, 2010). Total dietary fiber was quantified by enzymatic-gravimetric
method n° 985.29 (AOAC 2005) and 32-05.01 (AACC, 2010), using a Megazyme kit
(Megazyme International, 2015). The total carbohydrate content was calculated by difference,
also considering the fiber content (100 - (% protein +%]lipids in ethereal extract +% moisture

+% ash + %total fiber)).

2.4.3 Microscopy of flour samples
The samples were evaluated by optical microscopy with polarized light, using an
Olympus microscope, model BX51/BX52 (Olympus, Japan) and the images were obtained

using a Canon PowerShot A620/7.1 megapixel digital camera.

2.5 Preparation of pastas
To produce the pasta samples (as detailed in Appendix 2), the flours (obtained as

described in item 2.3) were hydrated according to each flour requirement, mixed for 3 minutes



79

at speed 1, and then, for 3 minutes at speed 2, using a household mixer (KitchenAid, USA), and
water (quantity according to necessary hydration) was added by constant dripping during this
period. The dough was covered with PVC film for the rest period (10 minutes) before extrusion.
The pasta was obtained by cold extrusion (batch of 300 g of dry ingredients for fettuccine pasta
and 350 g for fusilli pasta).

For short pasta, the fusilli matrix was used in a Pastaia II extruder (Italvisa, Sdo Paulo,
Brazil) and the cutting speed was regulated to obtain units with an average size of 2 to 3 cm.
For long pasta, the fettuccine matrix was used, and the pasta units were manually cut with an
average length of 20 to 25 cm. 4 fusilli pastas (RFU, WFU1, WFU2 and WFU3) and 4 fettuccine
pastas (RFE, WFE1, WFE2 and WFE3) were produced with 100% of the flours RF, WF1, WF2
and WF3, respectively. The pasta was dried in a TE-394/2 laboratory oven (Tecnal, Piracicaba,
Brazil), according to its characteristics (fusilli pasta: dried on trays; fettuccine pasta: dried on
pasta drying rack). The pastas were dried according to the following: 40 °C for 2 hours; 50 °C
for 1 hour; 40 °C for 1 hour, with monitoring of relative humidity conditions (between 30 to
45% of Relative Humidity). After the stabilization period (20°C for 24 hours), the samples were
packaged in polyethylene film bags and stored in an air-conditioned room with a controlled

temperature (20°C) until use.

2.6 Processing parameters

The process parameters for each of the pastas were recorded, as follows:

* Hydrated dough (in g): the amount of water required to obtain the desirable hydration;

* Losses due extrusion (LDE, %): total weight of dough adhered to parts belonging to
the extrusion equipment. Calculated by the formula:(total weight of losses due extrusion x 100)
/ hydrated dough).

* Extrusion duration (in s.): monitored time required to extrude completely the pasta
dough;

» Extrusion rate (in g/s.). calculated by the formula: Losses due extrusion/Total
extrusion duration;

* Pasta yield (in g): quantity of pasta produced at the end of the extrusion process (in
grams);

 Losses during drying (LDD, %): total weight of pasta units lost during the drying
process, resulting from falling off the drying racks or breakage during the drying process.

Calculated by the formula: total weight of losses due drying x 100 / pasta yield.
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2.7 Microstructure of pastas

The evaluation was carried out using optical microscopy, as described in item 2.3.3. For
analysis, the samples were cooked according to the Optimal Cooking Time (OCT), and small
fragments of pasta samples were collected and placed on a glass microscope slide, with a
coverslip over the sample. For the Scanning Electron Microscopy (JEOL JSM 5800 LV, Tokyo,
Japan), images with magnification of 60x and 200x at 10 kV were obtained for raw and cooked
pasta samples. The cooked samples (according to OCT) were previously dried for 24 hours at

40°C) before analysis.

2.8 Visual evaluation of WP

The technological characteristics and occurrence of defects in the raw pasta samples
were evaluated, based on 25 pasta units, randomly chosen. The evaluation was carried out for
pasta, considering the parameters of unit size (cm), diameter (mm) and distance between screw
formations (in mm, for fusilli pasta). All measurements were evaluated using a metal Vernier
caliper. The most common characteristics and defects were also visually identified. Images of
the quality characteristics of raw and cooked pasta were obtained using a USB portable digital

microscope AFR — VMD-1000X (AFR Tools, Sao Paulo, Brazil).

2.9 Cooking quality of pastas

The OCT and loss of solids were evaluated according to the method 66-50.01 of AACC
(2010), and water absorption according to Gull, Prasad and Kumar (2015) . The firmness of
cooked pasta and color of dry and cooked pasta samples were also evaluated using a
texturometer model TA-XT2i (Stable Micro Systems, Surrey, United Kingdom) equipped with
25 kg load cells, 5 kg and probe A/LKB-F. The maximum prediction strength model was used
in (3 units of fusilli pasta or 4 units of fettuccine), and the analysis conditions adjusted as
described in method no. 66-50.01 (AACC, 2010). Ten repetitions were performed for each WP;

the results were expressed in Newtons (N).

2.10 Instrumental color and Color distribution

The color analysis of dry pasta and after cooking were evaluated using a 45-OL XE-
MiniScan HunterLab CR-400 portable colorimeter (Hunter Associates Laboratory, Inc.,
Virginia, USA), with standard equipment calibration and D65 illuminant. The parameters L*,

a * and b * were obtained by the CIELab system.
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The color differences (AE) of pastas before and after cooking were calculated and
interpreted according to the methodology of Mokrzycki and Tatol (2011).

Recognizing the heterogeneity of color across the pasta samples’ surfaces, the color
distribution was determined by computerized imaging. This process was based on the protocol
delineated by Ayustaningwarno et al. (2021), with certain modifications. To elaborate, pasta
samples — both raw and cooked — of two different types (fusilli and fettuccine), amounting to
20 in total, were arranged on a white background and illuminated with light at 5400 K. Captured
by a 24.2 MP digital color camera (Sony a6000 with a 16-50 mm lens, {/3.5-5.6, set at 50 mm),
the camera was mounted 30 cm away from the samples, adjusted to ISO-100, with an aperture
of /6.3, and an exposure time of 1/80 seconds.

Subsequent stages included color calibration, adjusting the white balance, and
eliminating the background through Adobe Photoshop 2020. The resulting images were saved
as TIFF files. These files were then analyzed using the ImagelJ software, paired with the Color

Inspector 3D v. 2.3 plugin.

2.11 Statistical data analysis
All data obtained were presented as means+standard deviation, and statistical
differences between mean values were analyzed using analysis of variance (ANOVA) and

Scott-Knott test at 95% confidence, using the SisVar software, version 5.6 (Ferreira, 2000).

3 Results and discussion
In Table 1 it is possible to verify the stages of RF and WF production, as well as the
obtained pastas. The visual differences in color and appearance of the samples will be discussed

in subsequent items.

3.1 Classification and composition properties of wheat grain and flour

According to visual classification criteria, the wheat grain sample has 0.34 + 0.08 of
foreign matter and impurities, 0.24 £ 0.01 of grains damaged by insects, 0.19 £ 0.00 of moldy
or heat-damaged grains, and 0.91 + 0.25 of cracked/broken grains. Based on these results, and
according to Brazilian legislation (BRASIL, 2010), the wheat sample was classified as a type
2. The hectoliter weight was 77.62 + 0.14kg.hL1, and the grain hardness was 56.75 + 1.19,
being classified as medium-hard grain (AACC, 2010). According to Miranda et al. (2018), the

hardness parameter affects the milling and processing quality of wheat, and impairs the
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damaged starch content and particle size, being an important tool to verify the suitability of the
grain to a certain food product.

In general, the proximate composition of WF was near to those obtained by the authors
Carcea et al. (2020) for moisture (12.9 to 15.2%), protein (12.6% to 14.1%), ash (1.76 to
2.41%), lipids (1.8 to 3.0 %) and total dietary fiber content (9.8 to 11.9%).

The moisture was below 14% for all samples, which is essential for conservation during
storage. As for proteins, all samples presented a content above the minimum recommended by
current Brazilian legislation of 8% (Brasil, 2010), which is beneficial for their use in pasta,
which requires higher protein flours. Concerning ash content, WF1, WF2, and WF3 did not
present a significant difference but presented significantly higher levels than RF, which
confirms that the greater the proportion of bran in the flour, the greater the ash content, since
these are mineral salts present mainly in the outer layers of the grains.

Regarding lipid content, WF1, WF2 and WF3 flours did not differ from each other and
presented significantly higher levels than RF. The WF, due to the presence of germ, has a high
lipid composition compared to refined flour, because the germ contains between 6 and 12.6%
lipids.

Regarding carbohydrate content, it was observed that there was no difference between
refined flour and WF. Pasta stands out as an energy source in the diet, mainly due to its
carbohydrate content.

Considering the total dietary fiber content, this fraction is not digestible, but contributes
to satiety and intestinal function (Foschia et al., 2015).

For the color analysis of the flour samples, it was found that RF was lighter (lower L
value) and less reddish (lower a* value), differentiating itself from WF for these parameters.
As for the b* parameters, RF and WF1 did not show significant differences between them.
There was no significant difference between WF2 and WF3 for the parameters L*, a* and b*,
but these differed significantly from the recombined flour (WF1). Therefore, the change in the
milling process affects the color of these, especially when comparing the recombined flour with
those obtained by direct milling. Analyzing the particle size of the flours produced (Table 3), it
was observed that the RF had a finer particle size, with more than half of the flour passing
through the 100 mesh sieve (<0.149 mm). For WF, the granulometry distribution was quite
diverse, showing that the processing has a significant effect on the characteristics of the

obtained WF. On a wide perspective, WF presented predominant granulometry between 60 and
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80 mesh. Considering the fineness modulus, the WF samples were coarser than RF due to the
properties of the wheat bran fragments.
Table 1. Composition and color analysis of flours obtained from grinding common wheat

(Triticum aestivum 1AC 389)!.

Parameters RF WF1 WE2 WE3
(g/100g)
Moisture 12.62 + 0.088 13.51 + 0.0642 12.01 £ 0.07® 12.03 £ 0.03¢®
Protein 16.54 £ 0.20% 15.88 £0.24B"s  16.25+0.154™  15.89 +0.13B"s
Ash 0.36 +0.02B 1.34 £ 0.134ns 1.62 + 0.254ns 1.53 £0.014"s
Lipids in 0.49 +0.198 1.13 +£0.104"s 1.34 +£0.2140s 1.46 + 0.034"s

ethereal extract
Total dietary 4.04+0.118 15.61 £0.184™  16.73 +0.104™  15.46 + 0.824"¢
fiber
Digestible 65.95 52.53 52.05 53.63
carbohydrates

Instrumental
color

L* 64.27+0.18% 56.52 +0.978 54.03 +£0.38>  53.85+0.34
a* +1.56 £0.03¢  +3.08+0.248°  +363+£021%  +3.67 +£0.074

b* +9.63+£0.128 4994+ 0.308°  +11.94+0.32%% +11.86+0.214°

Visual Aspect

'RF: Refined flour, produced in a Quadrumat senior roller mill system; WF: wholegrain flour;
WP: wholegrain pasta; WF1: recombined wholegrain flour, produced by a roller mill
Quadrumat senior; WF2: wholegrain flour, produced by grinding in a knife mill and then by
a break system of a Quadrumat senior roller mill, without sieving; WF3: wholegrain flour,
produced by grinding in a knife mill and then by a break and reduction systems of a
Quadrumat senior roller mill, without sieving; RFE: fettuccine pasta produced with 100%
RF. *Calculated by difference (100 — (%oprotein + %lipids in ethereal extract + Y%omoisture +
%ash)); results expressed as mean+standard deviation; different lowercase or uppercase
letters on the same line indicate that the means differ statistically at a 5% significance level
by the Scott-Knott test. N.S or n.s = not significative difference between means.

In the literature, those effects were also observed. For example, Carcea et al. (2020)
produced and evaluated WF from common wheat from different milling methods (stone milling
and roller milling) and observed that although the proximate composition did not differ

significantly between the milling methods, the particle size distribution of the samples was
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different. Vignola, Bustos and Pérez (2018), evaluated WF obtained by grinding on cyclonic
mill and knife mill and found that the WF presented different particle size distributions, and the
RF (used as control) had the highest proportion of particles with sizes less than 125 pm, while
WF had between 30% and 33% of their composition with sizes between 210 pm and 350 pm.

3.2 Microscopic analysis of flours

In Table 3 and Table 4, it is possible to observe from the images obtained that the WF
presents dispersed bran fragments. Using polarized light (Table 3), it was possible to distinguish
the starch granules (which feature the Maltese cross) from the bran fragments. The recombined
WF (WF1) presents larger fragments when compared to direct milling flours (WF2 and WEF3),

possibly due to the sieving processes to separate the bran, without shearing the fiber.

3.3 Pasta processing parameters

All the WP were formulated with 100% of WF, being classified as “wholegrain product”
considering the current Brazilian legislation (Brasil, 2021). There were no studies found in the
literature that evaluated such WP parameters. Thus, a methodology that allows a better
comprehension of the processing could lead to a better understanding of the cooking properties
of WP. Regarding the parameters for monitoring the production of WP, the results are shown
in Fig. 1. Regarding the losses due to the extrusion process (%LDE, dough retained in
equipment), the values were greater for fusilli pasta, which also required a longer extrusion time
in comparison to fettuccine pasta format. In terms of final yield, this was higher for fusil/li pasta,
which was mainly related to drying losses, which were higher for fettuccine-type pasta, which
may have been caused by the weakening of the pasta structure caused by the presence of fibers,

which means that the WPs cannot be supported on the drying racks.
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Pasta Formats
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"Losses due extrusion (LDE, %): total weight of losses due extrusion x 100 / hydrated dough;
Extrusion rate (in g/s.): Losses due extrusion/Total extrusion duration; Losses during drying (LDD,
%): weight of losses due drying x 100) / pasta yield. 2Different lowercase or uppercase letters on
the same bar indicate that the means differ statistically at a 5% significance level by the Scott-Knott
test. N.S or n.s = not significative difference between means.

Figure 1. Monitoring parameters of fettuccine (FE) and fusilli (FU) pastas'*?
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Table 2. Granulometry and fineness modulus of the produced flours.!

Sieves (mesh) RF WF1 WE2 WEF3
% Cumulative % Cumulative % % Cumulative % % Retained Cumulative
Retained % Ret. Retained Ret. Retained Ret. % Ret.
35 (500 pm) 026 +£0.19¢ 25.60 + 1.44* 25.84 +£0.552 1938 £ 1.11°
40 (420 pm) 023 £0.16° 0.49 £0.35 2.71 +0.24° 28.31 £ 1.65 2.73 +0.02° 28.57 £ 0.56 4.86+0.112 2424 +1.21
60 (250 um) 4.94 +2.72°¢ 543 +£2.88 15.06 = 4.27° 43.37+2.78 23.62 +£2.56 52.19 £3.04 22.82+0.17* 47.06+1.39
80 (170 um) 2.90 £ 0.42°¢ 8.33+3.25 19.56 = 0.92° 62.93 +1.88 20.65 + 0.86 72.84 +3.68 18.22+0.33> 6528+1.16
100 (149 um)  21.66 + 1.85% 29.99 + 5.01 15.48 £2.91b 78.41 £2.30 7.31 £ 1.34°¢ 80.15+3.91 9.30 +£1.02¢ 7457 £2.15
Bottom (<149  70.01 £ 5.02° - 21.59 +£2.30° - 19.85+3.914 - 2543 +2.16° -
pm)
Fineness 0.44+0.11° 2.39 £0.04% 2.58+0.117 2.36 £0.05%
modulus
(FM)2~3

I'RF: Refined flour, produced in a Quadrumat senior roller mill system; WF: wholegrain flour; WP: wholegrain pasta; WF1: recombined wholegrain flour,
produced by a roller mill Quadrumat senior; WF2: wholegrain flour, produced by grinding in a knife mill and then by a break system of a Quadrumat senior
roller mill, without sieving; WF3: wholegrain flour, produced by grinding in a knife mill and then by a break and reduction systems of a Quadrumat senior
roller mill, without sieving. 2Equal lowercase letters on the same line indicate that the means do not differ statistically at a 5% significance level by the
Scott-Knott test. *FM= (sum of %cumulative ret.)/100.
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Table 3. Microscopy images of common wheat (Triticum aestivum) flours.'

RF WF1 WF2 WEF3

Magnification

10x

10 x with polarized light

Tmages obtained by an optical light microscope. *RF: Refined flour, produced in a Quadrumat senior roller mill system; WEF: wholegrain flour;
WP: wholegrain pasta; WF1: recombined wholegrain flour, produced by a roller mill Quadrumat senior; WF2: wholegrain flour, produced by
grinding in a knife mill and then by a break system of a Quadrumat senior roller mill, without sieving; WF3: wholegrain flour, produced by
grinding in a knife mill and then by a break and reduction systems of a Quadrumat senior roller mill, without sieving. SG = starch granules; BF

= bran fragment.
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Table 4. Images obtained by Scanning Electron Microscopy for common wheat flours

(T. aestivum) produced by distinct methods'+?

Description Magnification
60x 300x
RF s
WF1
WF2 74
ALY viicap-:E A 0001 'TUk\{e'.,z"
WEF3 :

Tmages obtained using a BSE filter. B bran fragment S= starch granules 2RF Reﬁned ﬂour,
produced in a Quadrumat senior roller mill system; WF: wholegrain flour; WP: wholegrain pasta;
WF1: recombined wholegrain flour, produced by a roller mill Quadrumat senior; WF2:
wholegrain flour, produced by grinding in a knife mill and then by a break system of a Quadrumat
senior roller mill, without sieving; WF3: wholegrain flour, produced by grinding in a knife mill
and then by a break and reduction systems of a Quadrumat senior roller mill, without sieving.
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Considering the comparison between the processes of the same formats, it was
found significative differences in %LDD and extrusion rate for the WFE2 (direct milling
sample), highlighting that despite its minor extrusion rate, the losses in the process were
reduced, showing that WF2 could be more suitable for fetfuccine pasta production. It was
also observed that for the fettuccine control pasta (RFE) these losses during drying also
occurred, which indicates that common wheat RF is not the most appropriate for pasta
production. However, it is important to highlight that when common wheat flour is used
for pasta, as occurs in Brazil, other ingredients are commonly added, such as eggs and
vital gluten, which contributes to strengthening the gluten network and better

technological performance of these.

3.4 Technological parameters of pasta

In Fig. 2 it is possible to verify the aspect of the cooked pasta samples, and in
Tables 5 and 6 the cooking characteristics of the pasta. Visually, it is possible to verify a
rough appearance of the WP surface, as reported in a study by Gazza et al. (2022).
Regarding the OCT in screw-shaped pasta, WP samples (WFU1, WFU2, and WF3)
required longer cooking time than the control pasta (RFU), while WP the fettuccine
format required less time compared to control pasta (RFE). For water absorption, the RFU
pasta had a greater water absorption, explaining its shorter time in the OCT, but in the
fettuccine format (RFE) its water absorption was the lowest among the pasta samples.

For the loss of solids, WP showed a greater loss compared to the control pasta
(RFE, and RFU), due to the fibers of the WF that make the structure of the gluten network
more fragile. Concerning the fetfuccine format pasta, all obtained values below 7% of
solid loss and did not differ statistically. However, in fusilli-type pastas, it was observed
that the WFU1 (100% recombined WF) differed from WFU2 and WFU3, not presenting
a good cooking quality due to a higher loss of solids and breakage during cooking.
Therefore, the use of recombined WF is not recommended for fusilli WP, but rather for
the fettuccine format. For the firmness of pastas, regardless of their shape, it was found

that both RFU and RFE presented greater firmness and differed significantly from WP.

3.5 Instrumental color and color distribution
As for the color of the WP, whose data are described in Table 7, it was found that

shades of brown were prevalent for all pastas.



90

Table 5. Cooking quality parameters of fettuccine (FE) pastas!'*

Cooking Quality Fettuccine Pastas
Parameters RFE WFE1 WFE2 WFE3
Moisture (%) 9.29 + 0.68% 9.68 + 0.205° 11.08 £ 0.294 10.69 + 0.074
OCT! (sec) 540 660 660 660
Loss of Solids (%) 5.68 + 0.40NS 6.17 £ 0.25NSns 5.83+0.20NSns 5.46 +0.47NSns
Water Absorption (%) 32.34 +1.988 36.20 + 1.164" 34.46 + 0.78A"s 35.49 + 0.20A"
Firmness (N) 5.66 +0.58" 4.98 +0.475 4.19 + 0.40¢* 4.75 +0.3382

'Different lowercase or uppercase letters on the same line indicate that the means differ statistically at a 5% significance level by the Scott-Knott test. N.S
or n.s = not significative difference between means.’RFE: fettuccine pasta produced with 100% refined wheat flour; FE1: 100% fettuccine pasta made with
recombined wholegrain flour, produced by a roller mill Quadrumat senior; FE2: 100% fetfuccine pasta made with wholegrain flour, produced by grinding
in a knife mill and then by a break system of a Quadrumat senior roller mill, without sieving; FE3: 100% fettuccine pasta made with wholegrain flour,
produced by grinding in a knife mill and then by a break and reduction systems of a Quadrumat senior roller mill, without sieving; RFU: fusilli pasta
produced with 100% of refined wheat flour; FU1: 100% fusilli pasta made with recombined wholegrain flour, produced by a roller mill Quadrumat senior;
FU2: 100% fusilli pasta made with wholegrain flour, produced by grinding in a knife mill and then by a break system of a Quadrumat senior roller mill,
without sieving; FE3: 100% fusilli pasta made with wholegrain flour, produced by grinding in a knife mill and then by a break and reduction systems of a
Quadrumat senior roller mill, without sieving.
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Table 6. Cooking quality parameters of fusilli (FU) pastas'

. . Fusilli Pastas
Cooking Quality
Parameters RFU WFU1 WFU2 WFU3
OCT! (s) 390 450 450 450
Moisture (%) 9.64 + 0.26° 9.98 +0.07°® 10.89 + 0.03B2 11.40 + 0.0542
Loss of Solids (%) 3.78 +£0.378 10.05 + 0.904° 5.62 +0.80% 4.70 +0.3982
Water Absorption (%) 39.81 +0.80% 37.19 £ 1.14Bns 37.05 £ 0.78Bns 37.76 + 0.5980s
Firmness (N) 7.25+1.104 5.74 + 0.3480s 3.90 + 0.43¢0s 5.42 £ 0.598ns

'OCT = Optimal Cooking Time; Different lowercase or uppercase letters on the same line indicates that the means differ statistically at a 5% significance
level by the Scott-Knott test. N.S or n.s = not significative difference between means. RFE: fetfuccine pasta produced with 100% refined wheat flour; FE1:
100% fettuccine pasta made with recombined wholegrain flour, produced by a roller mill Quadrumat senior; FE2: 100% fettuccine pasta made with
wholegrain flour, produced by grinding in a knife mill and then by a break system of a Quadrumat senior roller mill, without sieving; FE3: 100% fettuccine
pasta made with wholegrain flour, produced by grinding in a knife mill and then by a break and reduction systems of a Quadrumat senior roller mill,
without sieving; RFU: fusilli pasta produced with 100% of refined wheat flour; FU1: 100% fusilli pasta made with recombined wholegrain flour, produced
by a roller mill Quadrumat senior; FU2: 100% fusilli pasta made with wholegrain flour, produced by grinding in a knife mill and then by a break system
of a Quadrumat senior roller mill, without sieving; FE3: 100% fusilli pasta made with wholegrain flour, produced by grinding in a knife mill and then by
a break and reduction systems of a Quadrumat senior roller mill, without sieving.



Table 7. Color parameters of fettucinne (FE) and fusilli (FU) whole grain pastas (WP)!*
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Raw x Cooked

wP! Color parameters
Fettuccine pastas AE
Dry Pastas Cooked Pastas
L* a* b* L* a* b*

RFE 52.69 £ 0.794 +3.54 £ 0.34¢ +14.27 £ 0.77¢ 74.15+0.994  +3.34+0.038 +16.84 + 0.41NS 21.63+1.86
WFE1  34.22 +(.44P¢ +7.34 + ().228b +15.92 + (0.53B2 5439 +0.51  +8.39+£0.59A"5  +18.27 £ 1.0INS™s  20.38 +0.09
WFE2  47.22 +0.79 +10.39 £ 0.14%  +20.28 + 0.274b 56.25+0.15%  +8.11+£0.314" +17.21 £0.36NSns 9.83 +0.84
WFE3  48.80 +0.06 +10.21 £0.1342  +20.55 £ 0.224b 52.80+0.257¢  +8.61 £0.134"5  +]18.47 £ (0.49NSns 481 +0.36

Fusilli pastas
WwP! Dry Pastas Cooked Pastas Raw x Cooked
AE
L* a* b* L* a%* b*

RFU 33.84 +0.30% +5.54 +0.16 NS +16.37 +0.624 4777+0314  +3.83+0.16¢ +15.34 +0.704 14.09 +0.57
WFU1  24.29+0.78%"s  +587+0.23NSns  +11.57 +0.53Bs 32.90+0.788"s  +587 +0.158° +10.43 + 0.46P 8.73 +0.67
WFU2  25.16+2218"s  +634+042NSns 11244 + (.58Bs 33.33 £ 0.408"s  +6.63 £ 0.15% +13.04 + 0.3482 9.22 +0.85
WFU3  24.55+0.455%s  +591 £0.20NSs  +11.85+0.18Bs 33.61 £0.918"s  +6.39 + (.18 +12.46 + (0.28B2 9.10 + 1.33

'Different lowercase or uppercase letters on the same column (for each pasta format) indicate that the means differ statistically at a 5% significance level by
the Scott-Knott test. *N.S or n.s = not significative difference between means. *RFE: fettuccine pasta produced with 100% refined flour; FE1: 100% fettuccine
pasta made with recombined wholegrain flour, produced by a roller mill Quadrumat senior; FE2: 100% fettuccine pasta made with wholegrain flour, produced
by grinding in a knife mill and then by a break system of a Quadrumat senior roller mill, without sieving; FE3: 100% fettuccine pasta made with wholegrain
flour, produced by grinding in a knife mill and then by a break and reduction systems of a Quadrumat senior roller mill, without sieving; RFU: fusilli pasta
produced with 100% of refined wheat flour; FU1: 100% fusilli pasta made with recombined wholegrain flour, produced by a roller mill Quadrumat senior;
FU2: 100% fusilli pasta made with wholegrain flour, produced by grinding in a knife mill and then by a break system of a Quadrumat senior roller mill, without
sieving; FE3: 100% fusilli pasta made with wholegrain flour, produced by grinding in a knife mill and then by a break and reduction systems of a Quadrumat

senior roller mill, without sieving
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For both fusilli and fettuccine pastas, WP with recombined flour (WFE1 and
WEFU1) was darker than the others, and WP in fettuccine format were lighter than fusilli.
Regarding the parameter a*, all WP presented higher values of a* in the fettuccine format,
and a more yellowish color in the fettuccine format, obtaining the highest values among
all the pastas and formats presented, mainly WFE2 and WFE3. For the color of the cooked
pasta, for parameters a* and b* there were differences due to milling and format. The
color change was very noticeable after cooking (AE values above 3), which resulted in
lighter cooked pastas (increase in L* value), and for the fettuccine format the changes
were more evident. The colors of the WP produced were like those obtained in other
studies with WP, such as in a study by Gazza (2022), which used varieties of Einkorn
(Triticum monococcum) as raw materials. They obtained values of 58.05, 11.45, and
25.20 for the parameters L*, a*, and b* of cooked WP, respectively. Towards the color
distribution analysis, it was possible to understand better the current color of the WP and
its heterogenic distribution. It was found that the shades of brown are predominant for
WP, mainly related to the flavonoid in fiber fragments (aleurone layer and seed coat) of
wheat grains. Despite using the same wheat as raw material, the format and the type of

flour impaired the visual color, as could be observed in Fig. 2 and 3.

3.6 Microstructure of pastas

Through microscopy (Table 8), as can be seen from the images of raw and cooked
pasta, fiber fragments directly interfere with the structure of the pasta, causing breaks.
Such behaviors were also verified by other authors, such as in a study by Steglich et al.
(2015). It was possible to observe mainly fragments of pericarp, the outermost layers of
wheat. For pasta produced with recombined flours (FE1 and FU1), the presence of larger

fiber fragments was found, mainly visible at the edges of the WP units.

3.7 Visual assessment of defects

Regarding the evaluation of defects, the results of which are shown in Table 9, it
was possible to observe that the FE2 sample presented the highest occurrence of pasta
units with serrated edges, and the FE3 had the highest occurrence of the “twist” defect.

In wholegrain fusilli pasta, the three effects evaluated occurred predominantly in WP.
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Figure 2. Color distribution analysis of raw and cooked fettuccine wholegrain pasta'.
Source: from authors. RFE: fettuccine pasta produced with 100% refined flour; FE1: 100%
fettuccine pasta made with recombined wholegrain flour, produced by a roller mill
Quadrumat senior; FE2: 100% fettuccine pasta made with wholegrain flour, produced by
grinding in a knife mill and then by a break system of a Quadrumat senior roller mill, without
sieving; FE3: 100% fettuccine pasta made with wholegrain flour, produced by grinding in a
knife mill and then by a break and reduction systems of a Quadrumat senior roller mill,
without sieving; RFU: fusilli pasta produced with 100% of refined wheat flour; FU1: 100%
fusilli pasta made with recombined wholegrain flour, produced by a roller mill Quadrumat
senior; FU2: 100% fusilli pasta made with wholegrain flour, produced by grinding in a knife
mill and then by a break system of a Quadrumat senior roller mill, without sieving; FE3:
100% fusilli pasta made with wholegrain flour, produced by grinding in a knife mill and then
by a break and reduction systems of a Quadrumat senior roller mill, without sieving
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Figure 3. Color distribution analysis of raw and cooked fissilli wholegrain pasta'.

Source: from authors. RFE: fettuccine pasta produced with 100% refined flour; FE1: 100%
fettuccine pasta made with recombined wholegrain flour, produced by a roller mill
Quadrumat senior; FE2: 100% fettuccine pasta made with wholegrain flour, produced by
grinding in a knife mill and then by a break system of a Quadrumat senior roller mill, without
sieving; FE3: 100% fettuccine pasta made with wholegrain flour, produced by grinding in a
knife mill and then by a break and reduction systems of a Quadrumat senior roller mill,
without sieving; RFU: fusilli pasta produced with 100% of refined wheat flour; FU1: 100%
fusilli pasta made with recombined wholegrain flour, produced by a roller mill Quadrumat
senior; FU2: 100% fusilli pasta made with wholegrain flour, produced by grinding in a knife
mill and then by a break system of a Quadrumat senior roller mill, without sieving; FE3:
100% fusilli pasta made with wholegrain flour, produced by grinding in a knife mill and then
by a break and reduction systems of a Quadrumat senior roller mill, without sieving



Table 8. Microstructure of fettuccine (FE) and fusilli (FU) pastas, with identification of the bran fractions (BF)! (continue)

Sample Part/Magnification RFU WEFU1 WFU2 WFU3
Center/4x

Edges/4x

Fusilli-
type

SEM/ 300x

B s
00T 02110207 k. 2 ‘k : i I i 4oy

'Tmages obtained by an optical light microscope. BF= bran fragment. RFE: fettuccine pasta produced with 100% refined flour; FE1: 100%
fettuccine pasta made with recombined wholegrain flour, produced by a roller mill Quadrumat senior; FE2: 100% fettuccine pasta made with
wholegrain flour, produced by grinding in a knife mill and then by a break system of a Quadrumat senior roller mill, without sieving; FE3: 100%
fettuccine pasta made with wholegrain flour, produced by grinding in a knife mill and then by a break and reduction systems of a Quadrumat
senior roller mill, without sieving; RFU: fusilli pasta produced with 100% of refined wheat flour; FU1: 100% fusilli pasta made with recombined
wholegrain flour, produced by a roller mill Quadrumat senior; FU2: 100% fusilli pasta made with wholegrain flour, produced by grinding in a
knife mill and then by a break system of a Quadrumat senior roller mill, without sieving; FE3: 100% fusilli pasta made with wholegrain flour,
produced by grinding in a knife mill and then by a break and reduction systems of a Quadrumat senior roller mill, without sieving.
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Table 8. Microstructure of fettuccine (FE) and fusilli (FU) pastas, with identification of the bran fractions (BF)! (final)

Sample Part/Magnification RFE WFE1 WFE2 WFE3
Center/4x >, ;
Edges/4x
Fettuccine
-type
SEM/ 300x

'Tmages obtained by an optical light microscope. BF= bran fragment. RFE: fettuccine pasta produced with 100% refined flour; FE1: 100% fettuccine
pasta made with recombined wholegrain flour, produced by a roller mill Quadrumat senior; FE2: 100% fettuccine pasta made with wholegrain flour,
produced by grinding in a knife mill and then by a break system of a Quadrumat senior roller mill, without sieving; FE3: 100% fettuccine pasta made
with wholegrain flour, produced by grinding in a knife mill and then by a break and reduction systems of a Quadrumat senior roller mill, without
sieving; RFU: fusilli pasta produced with 100% of refined wheat flour; FU1: 100% fussilli pasta made with recombined wholegrain flour, produced by
a roller mill Quadrumat senior; FU2: 100% fusilli pasta made with wholegrain flour, produced by grinding in a knife mill and then by a break system
of a Quadrumat senior roller mill, without sieving; FE3: 100% fusilli pasta made with wholegrain flour, produced by grinding in a knife mill and then

by a break and reduction systems of a Quadrumat senior roller mill, without sieving.
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Table 9. Defects of fettuccine (FE) and fusilli (FU) pastas'~

Fettuccine format Fusilli format
RFE WFE1 WFE2 WFE3 RFU WFU1 WFU2 WFU3
Visual aspect Measurement of units
of the defect on Size (cm) 20.5+ 21517 247+£3.1 225+£27 3.0+0.2 3.1+0.3 32+04 344+04
pasta units 3.8
Thickness 1.1+£0.0 1.2+0.0 1.2+0.2 1.1+£0.0 10+ 0.0 10+ 0.0 10+ 0.0 10+ 0.0
(mm)
Visual evaluation of defects (%)?

“Serrated” 16.0 16.0 28.0 12.0 SN/A N/A SN/A N/A

“Twist” 20.0 28.0 20.0 48.0 SN/A 3N/A SN/A 3N/A

Adherence SN/A 3N/A N/A 3N/A 36.0 96.0 96.0 100.0

Air bubbles SN/A N/A N/A N/A 2.0 97.0 97.0 95.0

Sample size (n=25 units of pasta); “frequency of occurrence of defects considering sample size (n=25 units of pasta); data as mean + standard deviation.
'Images obtained by an optical light microscope. BF= bran fragment. RFE: fettuccine pasta produced with 100% refined flour; FE1: 100% fettuccine pasta
made with recombined wholegrain flour, produced by a roller mill Quadrumat senior; FE2: 100% fettuccine pasta made with wholegrain flour, produced by
grinding in a knife mill and then by a break system of a Quadrumat senior roller mill, without sieving; FE3: 100% fettuccine pasta made with wholegrain
flour, produced by grinding in a knife mill and then by a break and reduction systems of a Quadrumat senior roller mill, without sieving; RFU: fusilli pasta
produced with 100% of refined wheat flour; FU1: 100% fusilli pasta made with recombined wholegrain flour, produced by a roller mill Quadrumat senior;
FU2: 100% fusilli pasta made with wholegrain flour, produced by grinding in a knife mill and then by a break system of a Quadrumat senior roller mill,
without sieving; FE3: 100% fusilli pasta made with wholegrain flour, produced by grinding in a knife mill and then by a break and reduction systems of a
Quadrumat senior roller mill, without sieving.
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It should be noted that the pasta produced was formulated without the presence of
ingredients that promote improvements in the pasta structure, such as eggs and
emulsifying agents, that could contribute to a smooth surface and better cooking quality.
No studies in the literature use the correlation between WP defects and processing
conditions. In pasta production, machinery can help obtain pasta with better structural
quality. For example, vacuum mixers allow the minimization of color loss after drying
and the elimination of air bubbles in the WP, and continuous dryers with high
temperatures can help to obtain WP with lower solids losses, and reduction of drying

rates. adhesion and breaks.

4 Conclusions

From this study, it was possible to verify that it is possible to obtain 100% WF
with different particle size distributions, using the reconstitution of WF and adapted direct
milling processes, using knife mill and roller mill methods in an associative form. The
milling method impaired the granulometric properties of the WF, which influenced the
variables of the cold extrusion process. The cooking properties of WP made with the same
WF were different between short (fusilli) and long (fettuccine) pasta formats. It was found
that the recombined flour (WF1) was less suitable for the fusilli pasta format (WFU1),
possibly due to the interference of larger fiber fragments in the structure, and the WFE2
WP presented the best conditions of cooking quality and quantity of defects. Thus, it is

important to select the milling method of WF most suitable to each pasta format.
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- CAPITULO 5-

Livro de Receitas Fibra Todo Dia: Aprender para Consumir

Este capitulo apresenta o livro de receitas
para promog¢do do consumo de alimentos a
base de farinha de trigo integral e
propagagdo de conhecimento sobre fibras
alimentares, produzido para publicag¢do

online.
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W  Aprender para concumir!
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O QUE E O FIBRA TODO DIA

O projeto “Fibra Todo Dia” teve como objetivo incentivar o consumo de produtos alimenticios
integrais, a partir da divulgagdo de receitas a base de cereais e alimentos regionais como fontes de fibras
e da divulgagdo de informacdes sobre a composi¢ao nutricional e beneficio das fibras na alimentagao,
como uma ferramenta de promo¢do de saude e de informagao a comunidade.

Este projeto foi veiculado nas redes sociais com este nome, utilizamos as plataformas digitais
Facebook e Instagram. Ele ¢ a iniciagdo cientifica das estudantes Melissa Amatti Priego e Maria
Fernanda Mazziero Ronqui Pelatti, estudantes vinculadas ao ProFIS — Programa de Formagao
Interdisciplinar Superior, e Evanilson Garcia, bolsista Auxilio Social SAE - Servigo de Apoio ao Estudante
e estudante formado pelo programa ProFIS, sob a orientagdo da professora Dra. Maria Teresa Clerici, e
coorientagdo da doutoranda Michele Scarton.

O ProFIS ¢ um curso sequencial de ensino superior da UNICAMP, implementado desde 2011,
voltado aos estudantes que cursaram o ensino médio em escolas publicas de Campinas (SP), sendo parte
importante do desenvolvimento social da regido. O SAE, por sua vez, ¢é o principal 6rgdo de assisténcia
estudantil na Unicamp e visa o apoio aos estudantes para o seu desenvolvimento social e académico
pleno, contribuindo significativamente para sua permanéncia na Universidade. Deste modo, o Projeto
Fibra Todo Dia buscou contribuir para a formacido académica e social de nossos estudantes, e para a

divulgacdo cientifica.
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COMO SURGIU O “FIBRA TODO DIA”?

Por Michele Scarton.

“Nao ha como contar sobre o surgimento do Fibra Todo Dia sem o contexto no qual este projeto
se inseriu. Nos cabe recordar que o Projeto Fibra Todo Dia e este e-book foram resultados de um tempo
dificil para todos, e muito marcante para a historia mundial: a pandemia COVID-19.

Com o fechamento da UNICAMP, decretado pelo Reitor Marcelo Knobel, em 11 de marco de
2020, as atividades de ensino, pesquisa e extensao ficaram suspensas, justamente apds uma semana do
inicio da iniciagao cientifica do Profis da Melissa ¢ da Maria Fernanda em nosso laboratdrio.

Com o repentino isolamento, surgiram também em todos a ansiedade, o medo, e a incerteza sobre
como seriam as proximas semanas, ante ao crescente avango da pandemia e auséncia de vacinas. Como
orientadoras, buscavamos formas para enfrentar o maior problema para o andamento do projeto, que
eram a soliddo e a inseguranca, pois também nos sentiamos desta forma. Com o passar do tempo, nosso
grupo passou a adotar as reunides semanais via web, de modo a encontrar meios para desenvolvimento
do projeto, que até entdo, era somente focado no desenvolvimento de massas alimenticias integrais.
Vimos que mais do que um recurso educacional, aqueles momentos em que interagiamos com nossos

colegas nos faziam muito bem.
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Assim, comecei a lecionar alguns conceitos que seriam necessarios para a Melissa e Maria

Fernanda, e também para o Evanilson, que passou a integrar o grupo. Comecei a falar das fibras, da

farinha integral, dos beneficios e desafios. E nestes momentos que constatamos como nos faltava um
“repertorio gastrondmico” sobre os alimentos integrais. Por que nossos alimentos preferidos ndo eram
integrais? O que de fato conheciamos sobre eles?

Marcamos entdo um novo evento no sabado seguinte: cozinhar. Levamos os computadores para a
cozinha, ligamos a webcam e comeg¢amos a preparar a receita compartilhada pela Melissa: bolo de
chocolate integral. Cada qual em sua cozinha doméstica, com os materiais que tinhamos a disposi¢ao,
registramos o bolo, testado com louvor durante o caf¢ da tarde, e cridvamos boas memorias ali. Contamos
para a nossa orientadora, professora doutora Maria Teresa, que ficou maravilhada. Com a sua experiéncia,
ela viu o potencial que ndo haviamos notado. Ela nos disse que este momento deveria virar um projeto nas
midias sociais. E virou mesmo, com direito a nome, logotipo e hashtag

Todas as manhas de sabado, que era o dia da semana em que Melissa, Maria Fernanda ¢ Evanilson
ndo estavam em aula, testdvamos as receitas que desenvolviamos durante a semana, e prepardvamos a
redacdo dos textos, selegdo das fotos, preparos de videos, postagens e acompanhamento das interagdes
nas redes sociais. Os videos e fotos ndo foram tirados com recursos profissionais, pois o que visavamos

era promover o alimento em si, no dia a dia e nas possibilidades de cada um.
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Desde a primeira publicagdo em julho de 2020 até abril de 2021, visto o crescente nimero de

seguidores, rompiamos a barreira do ambiente doméstico para propor o consumo de alimentos integrais

para diversos publicos, que interagiam conosco, por meio de fotos de suas receitas e momentos de alegria

partilhados, os quais alguns se encontrar ao final deste livro.

A partir deste trabalho, concluimos que as midias sociais podem ser ferramentas de difusdo de
informagdo e um espago de interacdo e aprendizado sobre o consumo de produtos integrais, efeitos
benéficos das fibras alimentares na digestdo e metabolismo, e sobre as relagcdes entre sabor e saber.

Hoje vejo, que além de uma fundamental parte da minha tese sobre os desafios para massas
alimenticias integrais, o Fibra Todo Dia foi para ndés um momento de fortalecimento, e que aconteceu de
forma tao proveitosa pela dedicacdo de cada um dos membros de nossa equipe e carinho que atribuiram a
este projeto.

Esperamos que vocé, caro leitor e agora “seguidor” do Fibra Todo Dia, sinta todo o entusiasmo que
temos por este trabalho, e que este livro lhe seja util na construcdo de novas memorias afetivas e novos

saberes sobre os alimentos integrais.”
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OLA, INTERNAUTAS!

O “Fibra Todo Dia” tem como objetivo propor versdes de receitas saborosas e mais saudaveis para o

consumo de alimentos fontes de fibras e regionais, principalmente nesse momento atual em que a

manutencao da saude ¢ tdo importante.

Assim, nestas paginas vocés poderdo
encontrar, muitas curiosidades, além das receitas e
algumas  técnicas para melhor elabora-las.

Esperamos que vocés se desafiem na cozinha

junto conosco e se deliciem com as comidinhas!

Um grande abrago de toda a equipe (Fig. 1).
#FTD!

Melissa Priego
Iniciagdo Cientifica ProFIS

Maria Fernanda Pelatti
Iniciado Cientifica ProFIS

Figura 1. Equipe do Projeto ‘Fibra Todo Dia’.
Publicagao veiculada pelo ‘Instagram’] 11/ 07/ 2020.
Fonte: prépria autoria.




115

AFINAL, O QUE SAO FIBRAS ALIMENTARES?

Segundo a definicdo da

American Dietetic Association - ADA, as

fibras sdo componentes de partes comestiveis de plantas que ndo sdo

digeridos pelo sistema digestorio humano, representado na Figura 2.

Conforme suas caracteristicas, as fibras podem ser classificadas

como soliveis ou insoliveis.

As fibras soluveis sofrem hidratac@o, formando géis que auxiliam no

funcionamento intestinal, saciedade e controle da glicemia. Algumas

destas fibras também sdo prebidticas, ou seja, podem ser parcialmente

fermentadas por microrganismos benéficos da nossa microbiota. As

fibras insohiveis ndo formam géis pela absor¢do de agua, sendo uteis para

a saciedade e aumento do volume das fezes, auxiliando para que o

intestino funcione regularmente.

Figura 2. Representagdo do sistema
digestorio humano. Fonte: adaptado
de https:// br.freepik.com/ vetores-
gratis/ sistema-digestivo-medico-
humano. Imagem de brgfx</a>
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BENEFiICIOS DAS FIBRAS NA NOSSA SAUDE

Quando o consumo de fibras é associado a uma dieta equilibrada, exercicios fisicos e habitos
saudaveis, elas sdo importantes para a preven¢do de muitas doengas, denominadas Doengas Crdnicas
Nao-Transmissiveis — DCNT, como a diabetes tipo 2, a obesidade, hipertensdo e as doengas

cardiovasculares.
Outras doengas também podem ser evitadas pelo

consumo regular de fibras, quando associado a habitos
saudaveis, tais como a diverticulite, o cancer colorretal ¢ a
hipercolesterolemia.

Assim, o consumo regular de fontes de fibras, tanto
soluveis quanto insoliveis, ¢ fundamental para a nossa saude,
como resumido na Figura 3, que se trata da postagem

realizada nas midias sociais Fibra Todo Dia sobre este tema.

Figura 3. Publicacdo sobre efeitos a saude das
fibras, veiculada pelo “Instagram”,
23/07/2020. Fonte: autoria propria (design
contém imagens gratuitas,
https:/ / br.freepik.com/ )
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ONDE ESTAO AS FIBRAS ALIMENTARES?

Elas estdo presentes em muitos alimentos que consumimos diariamente, seja na forma in natura, ou
como ingredientes do nosso café da manha, almoco e jantar.
Frutas —tais como ameixa e goiaba, principalmente na casca;
Legumes e verduras - como a couve, alface, almeirdo, brocolis, o chuchu, o quiabo e a abobrinha;
Cereais integrais, farelos — como as farinhas integrais e o farelo de aveia;
Pseudocereais — como o amaranto, a quinoa e o trigo sarraceno;
Leguminosas - como o feijao, a soja, o grdo-de-bico;
Raizes e Tubérculos — como a batata-doce, a mandioca, a cenoura, o inhame e o cara;

Brotos comestiveis — como o broto de bambu;

D N N N N N N

Castanhas —como a castanha-do-Para ¢ a de caju.
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QUANTA FIBRA DEVEMOS CONSUMIR?

A quantidade recomendada de fibras ¢ de 25 g/ dia, mas estes valores podem ser diferentes
conforme sexo, faixa etaria e outras condigdes de saude, como pode ser observado na Tabela 1.

A baixa ingestdo de fibras pode acarretar problemas de satude intestinal, tais como constipagdo. No
entanto, a ingestdo excessiva de fibras, que seria mais de 70 g por dia, podera acarretar problemas, como
inchago, gases, diminuicdo do apetite, constipagdo ou diarreia. Para que ndo se tenha esses sintomas,
deve-se evitar o excesso e consumir liquidos, principalmente agua. Vale destacar que pessoas com
doencas intestinais ou em tratamentos médicos devem seguir as orientacdes de consumo de fibras

fornecidas por médicos ou nutricionistas.
Tabela 1. Consumo recomendado de fibras por faixa etaria
Ingestiao adequada de fibras (g/ dia)

Idade (anos) Homem Mulher
4-8 25 25
9-13 31 26

14-18 38 26
19-30 38 25
31-50 38 25
51-70 30 21
>70 30 21
Gravidas - 28
Lactantes - 29

Fonte: Adaptado de Marlett, McBurney, Slavin, 2002
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OS CEREAIS INTEGRAIS

Sado denominados cereais os frutos secos de plantas da familia das gramineas, tais como o milho, o

arroz e o trigo. O grao do cereal pode ser dividido em trés partes principais, observadas na Figura 5, sendo

estas:

* O endosperma que ¢ formado por carboidratos e
proteinas, logo, a reserva energética do gréo,
correspondendo a aproximadamente 83% do grio
O farelo ¢ a estrutura mais externa, rica em fibras, que
serve de prote¢do ao grdo, corresponde a
aproximadamente 14% do gréo
O gérmen contém a porg¢do que origina uma nova
planta e é rica em lipidios e proteinas, correspondendo

a aproximadamente 3% do grao

Gérmen

Figura 5. Representagdo de um grio de trigo e suas
partes componentes. Fonte: imagem adaptada de:
https:/ / www.abitrigo.com.br/ conhecimento/
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FARINHA REFINADA E FARINHA INTEGRAL: QUAIS AS DIFERENCAS?

A farinha de trigo refinada, também conhecida como “farinha branca” é aquela obtida a partir dos
processos de moagem dos graos de trigo, extracdo do endosperma farindceo e separagdo das fragdes de
farelo e gérmen.

Na farinha integral, no entanto, as fragdes de farelo e de gérmen néo sdo retiradas (no processo de
moagem direta), ou entdo estas fragdes sdo adicionadas novamente a farinha refinada para reconstitui-la
(no processo de reconstituicao). Pela presenca do farelo, a farinha integral apresenta uma coloragdo mais

escura e mais heterogénea, como podemos observar na Figura 6.

Figura 6. Farinha refinada (esquerda) e farinha integral de grao inteiro (direita)
Fonte: propria autoria.
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Porém, a maior diferenga entre estas farinhas esta na sua composi¢do nutricional. Como pode-se
observar na Figura 7, a farinha integral se destaca principalmente pelo seu conteudo de fibras, e

consequentemente possuira um menor teor de carboidratos digeriveis. No farelo ¢ no gérmen de trigo,

também estdo presentes os minerais, ¢ compostos bioativos, que também sdo importantes para a nossa

saude.

Residuo mineral
(cinzas)

0 20 40 60

Figura 7. Composigdo nutricional da farinha refinada (em azul) e
integral (em vermelho), quantidade em g/ 100 g
Fonte: propria autoria a partir de dados da USDA (2020).




FARINHA INTEGRAL: POR QUE NAO E A MAIS PREFERIDA.

Mesmo com seu apelo nutricional, as farinhas integrais e os produtos integrais - tais como bolos,
biscoitos e paes ainda ndo sdo os mais preferidos pela populagéo.
A farinha branca refinada sempre foi a mais consumida?

Nao! Por mais incrivel que pareca, antigamente o processo de refino e separagdo das fragcdes da
moagem de trigo era mais dificil do que simplesmente sua moagem. Com o surgimento ¢ popularizagdo
da utilizagdo do processo de refino, houve uma drastica redugdo da utilizagdo da farinha integral, e por
isso, muitas pessoas ainda ndo estdo familiarizados com os produtos integrais. Para o nosso consumo de
“Fibra Todo Dia”, a farinha integral foi bastante utilizada neste livro, justamente para mostrar que

podemos sim ter diferentes produtos integrais saborosos e nutritivos!
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OS VEGETAIS REGIONAIS: DIVERSIDADE E QUALIDADE

Como mencionamos anteriormente, as fibras estdo presentes em uma diversidade de fontes
vegetais. No Brasil, por termos regides de clima tropical e diferentes ecossistemas, h4 uma grande
biodiversidade e oferta de fontes de fibras, que variam entre as regides.

Nas feiras e supermercados, podemos encontrar estes vegetais. Eles sdo cultivados principalmente
pelos agricultores familiares, que utilizam estas atividades como meio de subsisténcia.

Porém, o que poderia ser muito aproveitado para o nosso beneficio, segundo pesquisas, esta sendo
subutilizado, pois ndo estamos consumindo a quantidade diaria recomendada de fibras! Algumas causas
desse baixo consumo de fibras: devido a globalizagdo e mudangas dos nossos héabitos de vida, temos

cozinhado cada vez menos em nossos lares, e ndo estamos diversificando a nossa alimentag@o.
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Temos ainda as frutas e vegetais nativos, cujos exemplos podemos encontrar na Figura 8. Os
vegetais regionais também s3o a nossa identidade — é possivel viajar o Brasil e se encantar com os
sabores de cada localidade, e assim, relembrar a infincia e os momentos familiares.

A monotonia alimentar leva a perda de identidade regional e cultural da alimentagdo, e também a
desvalorizagdo dos nossos alimentos locais. Faga um pequeno teste: olhando para a Figura 8, quais
desses vegetais vocé ja conhece ou ja consumiu?

Que tal ajudarmos a resolver este problema com pequenas atitudes? Basta comegar a incluir os

vegetais regionais em receitas do nosso cotidiano!

Figura 8. Exemplos de vegetais regionais (da esq. para dir.): cara-do-ar (a); cupuagu (b);
jabuticaba (c). Fontes das Figuras: (a)Yam germplasm collection of Dioscorea bulbifera at
genebank field" by IITA Image Library is licensed under CC BY-NC-SA 2.0. (b) Cupuagu
(Theobroma grandiflorum)" by Ricardo Solar (Bob) is licensed under CC BY-NC-SA
2.0.(c) Jaboticaba, Myrciaria cauliflora" by mmmavocado is licensed under CC BY 2.0.
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RECEITAS DO “FIBRA TODO DIA”
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ALFAJOR INTEGRAL

Ingredientes massa cortada:
* 1% xicara de farinha integral (180 g)
Y5 xicara de amido de milho
150 g de margarina
8 colheres de sopa de agucar de confeiteiro (96
g)
1 colher de sopa de esséncia de baunilha
Doce de leite
Coco ralado
Ingredientes massa pingada:
* 1Y% xicara de farinha integral

(180 g) Equipamentos e utensilios:
e 150 g de margarina * Balanga
* 8 colheres de sopa de agucar de Batedeira (opcional) '@\ Tempo de

confeiteiro (96 g) Colher preparo
* 1 colher de sopa de esséncia de Copo de medida
baunilha Copo ou cortador de biscoitos
Recheios sugeridos: Forma
Doce de leite com coco Forno
Banana com cacau e aveia Rolo de massas

Doce de goiaba com cream cheese * Recipiente para misturar
ou com creme de ricota * Saco de confeitar (massa pingada)

Ganache de chocolate meio Rendimento: aproximadamente 500 g.

2h

amargo
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Modo de Preparo

Em uma vasilha, misturar os ingredientes secos e adicionar a margarina (a temperatura ambiente) e a
esséncia.
Amassar todos os ingredientes até ficar uma massinha homogénea (uma consisténcia similar as
argilas para criangas). Envolver a massa com plastico filme e deixar repousar na geladeira pelo menos
1 hora.
Abrir a massa com ajuda de um rolo até uma espessura de 0,5 cm aproximadamente, e cortar em
discos (tamanho opcional).
Colocar os discos de massa numa forma e levar ao forno pré-aquecido a 180 °C por 15 minutos
aproximadamente.
Depois, deixar os biscoitos resfriarem por alguns minutos, rechear e cobrir com agucar ou coco
ralado.
Detalhes técnicos com ilustragoes estdo nas paginas 25.
Armazenamento:

Coloque os alfajores recheados em um recipiente bem vedado para manté-los crocantes por mais

tempo. Guardar em refrigeragdo (10 °C), por até 5 dias.




FLUXOGRAMA DE PREPARO DO ALFAJOR
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BISCOITOS INTEGRAIS DE BATATA-DOCE

Ingredientes

* 2 e ‘s xicara de farinha de trigo integral (380 g)

1 xicara (cha) de batata-doce cozida e triturada com casca
(120 g)

* 1 xicara (chd) de agtcar demerara, ou mascavo (200 g)

* 1/ 3 de xicara (cha) de manteiga (65 g)

* 2 colheres (sopa) de mel (30 g)
1 colher (sopa) de fermento quimico (15 g)
2 ovos (126 g)
Cacau em po, e/ ou canela em po, e/ ou coco ralado, e/ ou
gengibre em po para saborizar (opcional) ou cobrir os
biscoitos - quanto

Equipamentos e utensilios

N Tempo de

* Colheres [/
¢ Fogdo @ preparo
Forno

1 he 40 min
Panela

Rolo de massa
Sacos plasticos
Vasilha grande

Rendimento: aproximadamente 45 unidades (15 g).
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N

Modo de Preparo
Cozinhar a batata-doce com casca, e tritura-la (com o garfo, ou em processador de alimentos).
Misturar os ovos com um garfo para homogeneizar a clara e a gema.
Em uma vasilha, adicionar a farinha integral, o agucar e o fermento (ingredientes secos).
Adicionar a manteiga, os ovos, o mel e a batata-doce triturada com casca nos ingredientes secos, €
misturar até formar uma massa homogénea. Caso desejar, adicionar cacau, canela em p6 ou outros
ingredientes e especiarias secos para saborizar a massa (ou parte da massa, caso deseje mesclar).
Envolver a massa em plastico e deixa-la na geladeira por pelo menos 40 minutos.
Retirar a massa do saco plastico e dividi-la em 2 ou 3 porgdes.
Fazer a modelagem da massa, conforme desejado (enfarinhar a mesa, caso necessario). Nesta etapa,
pode-se adicionar ingredientes sobre os biscoitos, caso desejado (coco ralado, cacau).
Colocar os biscoitos sobre uma assadeira (preferencialmente rasa, como uma forma de pizza) untada
e enfarinhada e levar ao forno pré-aquecido a 200 °C até que a parte de baixo dos biscoitos esteja
dourada (aproximadamente 12-15 minutos).

Retirar os biscoitos das formas, até assar todos os biscoitos.

Detalhes técnicos com ilustragoes estdo nas paginas 29 e 30.

Fibra Todo Dia: Livro de Receitas — Aprender para Consumir,.

27
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Dicas

Para a modelagem de biscoitos:

* Para utilizar cortadores: colocar a massa sobre um pedago de plastico em uma mesa, cobri-la com
plastico e com o rolo de massa, estica-la até uma espessura de aproximadamente 1 cm. Utilizar o
cortador para obter os formatos desejados.

Para fazer formatos de rosquinha: fazer fios com a massa, modelando-a sobre a mesa enfarinhada, e unir

as extremidades, formando a rosquinha. Pode-se enrolar 2 fios de massa de cores diferentes, e tranga-
los, para formar uma massa de 2 cores.

Para formato de corte quadrado mesclado: fazer 2 cilindros com a massa com cacau e 2 cilindros com a
massa sem cacau, unir os 4 cilindros alternando-os em um quadrado, ¢ achatar as laterais para unir as

massas. Com uma faca, cortar fatias da massa, que ficara com 2 cores alternadas.

Armazenamento

» Apos resfriar, coloque os biscoitos em um recipiente bem vedado para manté-los crocantes por mais

tempo. Guardar em temperatura ambiente (25 °C), em local seco e arejado, por até 15 dias.




FLUXOGRAMA DE PREPARO DOS BISCOITOS
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BISCOITO DE ESPECIARIAS INTEGRAL

Ingredientes dos biscoitos de especiarias

* 100 g de farinha de arroz integral

* 60 g de aveia em flocos finos (ou

farelo de aveia)

* 1/ 3 de xicara de manteiga derretida

(65 g)

*1ovo (63 g)

* 2 colheres de sopa de agua (25 mL)
~ *¥% de xicara (chd) de agticar mascavo

* Cravo em po (1 colher de café)

» Gengibre em po (2 colheres de café)

ou gengibre ralado (1 colher de café)

« Sal (1 colher de café)

* 1 medida de fermento quimico ou

bicarbonato de sodio

* Noz moscada (1 colher de café) —

opcional

* Esséncia de baunilha - opcional;

* Mel, melado ou agticar

demerara/ refinado (1 colher sopa) —

opcional

Equipamentos e utensilios

Balanga
Copo de medida oA\ Tempo de

Colher @ preparo
Cortador de biscoitos — opcional

Forno 2 h e 30 min
Forma

Filme plastico

Recipiente para misturar

Rolo de massa

Rendimento: aproximadamente 30 unidades
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Modo de Preparo
Misturar a 4gua, o agucar mascavo, a manteiga e o cravo em uma panela, em fogo baixo, até comegar
a fervura. Desligue o fogo, acrescente a esséncia de baunilha na mistura e reserve.
Peneirar todos os ingredientes secos em uma tigela.
Adicionar os ovos aos ingredientes secos.
Hidratar os ingredientes secos com a mistura dos liquidos até obter uma massa. Caso necessario,
acrescente mais farinha para obter o ponto desejado (a massa deve ficar homogénea e ndo grudar
excessivamente).
Envolver a massa em filme ou em um saco plastico e deixar descansando na geladeira por
30 minutos a 1 hora.

Esticar a massa com o rolo, utilizando um plastico entre o rolo ¢ a massa para ndo grudar. Cuidado

para que a espessura nio fique excessivamente fina para que a massa nao fique quebradiga —

sugestdo ¢ de 1 cm de espessura.

Modelar, a massa, cortando em formato desejado.

Colocar os biscoitos em uma assadeira.

Assar por 15-20 minutos a 200 °C. Checar com constancia para que ndo queime.

Detalhes técnicos com ilustragoes estdo nas paginas 33.
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FLUXOGRAMA DE PREPARO DO PAO DE MEL
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BOLO DE CHOCOLATE INTEGRAL FESTIVO

Ingredientes
Massa
* 2 xicaras (cha) de farinha de trigo integral (330 g)
*1 xicara (ché) de agticar demerara (250 g)
*1 xicara (cha) de agua (200 mL)
+] xicara (cha) de cacau 100% em p6 (100 g)
*¥% xicara de 6leo (100ml)
~*3 ovos
+1 pitada de sal
*1 colher (sopa) de fermento quimico

Cobertura (opcional): Equipamentos e utensilios
~*1 xicara (cha) de cacau 100% em p6 «Liquidificador

N Tempo de

*/2 xicara de agucar demerara (125 g) «Colheres '@ preparo

*1 xicara de leite (ou dgua) *Forma redonda ou quadrada 1h
*2 colheres de manteiga (ou 6leo «Forno ¢ fogio

vegetal) *Panela

Rendimento: aproximadamente 16 fatias
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Modo de Preparo

Massa

1.

Adicionar os ovos, a agua e o 6leo no liquidificador e misturar (velocidade 1). Acrescentar o agucar e
o cacau (velocidade 2). Adicionar a farinha aos poucos, misturando até homogeneizar por completo.
Por ultimo, acrescentar o sal (opcional) e o fermento, e misturar até homogeneizar (velocidade 1).
Despejar em uma forma untada e enfarinhada.

Assar em forno pré aquecido (200-230 °C) por 30-40 minutos.

Retirar o bolo e aguardar 10 minutos para resfriamento antes de desenformar.

Cobertura

Misturar todos os ingredientes em uma panela.

Levar a panela em fogo baixo, misturando até levantar fervura.

Ferver a mistura, sem mexer constantemente, até que a mistura fique com a consisténcia desejada
(caldas mais liquidas resultardo em bolos mais imidos).

Desligar o fogo e adicionar a cobertura sobre o bolo.

Detalhes técnicos com ilustragdes estdo nas pdginas 36 e 37.
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FLUXOGRAMA DE PREPARO DA MASSA

\ ‘-.

Misturar todos os ingredientes no Adicionar a mistur.a na forma untada
liquidificador até ficar homogéneo. e enfarinhada.

= = ; Assar de
Resfriar e desenformar 30-40 min 200-230 °C.

(10 min).

Fibra Todo Dia; Livro de Receitas— Aprender para Conswmir,
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FLUXOGRAMA DE PREPARO DA COBERTURA

- e, i
Misturar os ingredientes em Mexer até levantar fervura
uma panela. (fogo baixo).

. : Manter a fervura até
Despejar sobre o bolo, consisténcia desejada.

Fibra Todo Dia; Livro de Receitas— Aprender para Conswmir,
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BROA DE FUBA COM COCO INTEGRAL

Ingredientes

*2 xicaras de fuba (250 g)

*Coco ralado (50 g)

*Manteiga (50 g)

*3 ovos

1 2 de farinha de aveia (150 g)

*1 colher (sopa) de fermento quimico (15g)
*Leite de coco (50-100 mL)

*1 xicara de farinha de trigo integral (100 g)
* % de xicara de agtcar demerara (150 g)

Equipamentos e utensilios
* Colheres

¢ Forno

* Forma

* Recipientes

Rendimento: Aproximadamente 20 unidades.

Tempo de

N
@ preparo

40 min

Fibra Todo Dia: Livro de Receitas— Aprender para Consumir,. -
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Modo de Preparo

Misturar todos os ingredientes secos.

Adicionar os ovos e a manteiga (derretida) aos ingredientes secos.

Adicionar o leite de coco aos poucos até obter uma massa uniforme e possivel de modelar.
Modelar as broinhas, untando as maos com manteiga.

Colocar as broas em uma forma untada e enfarinhada.

Colocar no forno a 200 °C por 15 minutos.

Retirar as broas da forma, e apds resfriamento, guarda-las em recipiente bem fechado.

Detalhes técnicos com ilustragoes estdo nas paginas 40.




143

FLUXOGRAMA DE PREPARO DA MASSA




144

BROWNIE INTEGRAL

Ingredientes do brownie
1 xicara de agticar demerara (180 g)
1 xicara de farinha de trigo integral
(120 g)
1 xicara de cacau em po6 50 % (90 g)
4 ovos
V> xicara de manteiga ou margarina
derretida (100 g)
Y4 xicara de nozes ou castanhas
(25 g) — opcional

Equipamentos e utensilios
Balancga AN Tempo de
Copo de medida @ preparo
Colher 1h
Forma

Recipiente para misturar
Forno

Rendimento: Aproximadamente 12 pedacos de 100 g.
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Modo de Preparo
Derreter a manteiga (pode ser em banho maria ou no microondas).
Misturar todos os ingredientes secos até formar uma mistura homogénea.
Adicionar os ovos ¢ a manteiga derretida, mexendo até se tornar mais uma vez uma mistura
homogénea.
Acrescentar as castanhas ou nozes (passo opcional).

Colocar a mistura em uma forma untada e depois no forno pré-aquecido. O forno deve ficar a

aproximadamente 220 °C por 30 minutos. E bom checar de 10 em 10 minutos pois pode queimar facil.

Detalhes técnicos com ilustragoes estdo nas paginas 43.
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FLUXOGRAMA DE PREPARO DO BROWNIE
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MASSA ALIMENTICIA INTEGRAL

Ingredientes
500 g de farinha de trigo integral
10 g de sal
3 ovos
120 mL de agua

Equipamentos e utensilios
Colheres
Filme plastico

Fogio Tempo de

Panela N reparo
Rolo para massa prep
Refrigerador

3h e 30 min

Rendimento: Aproximadamente 1 kg de macarriao cozido.
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Modo de Preparo

Misturar os ingredientes secos.

Fazer uma covinha no meio e misturar os ovos.

Adicionar 120 mL de agua aos poucos.

Misturar até obter uma massa homogénea.

Cobrir a massa com um filme plastico e deixar descansar em refrigeragdo por 15-30 minutos.
Abrir a massa e cortar no tamanho desejado.

Cozinhar a massa em agua fervente com sal (2 g de sal para cada litro de agua).

Apds o cozimento, escorrer a agua, e servir a massa com o molho de sua preferéncia.

Detalhes técnicos com ilustragdes estao nas pdginas 46 e 47.




149

FLUXOGRAMA DE PREPARO DA MASSA
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FLUXOGRAMA DE PREPARO DA MASSA
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MUFFIN DE MARACUJA INTEGRAL

Ingredientes - Massa
Y xicara de agucar demerara (100 g)
*1 xicara de farinha de trigo integral (120 g)
*2 ovos
% xicara de 6leo (60 mL)
- *Suco de dois maracujas (120 mL)
*1 colher de fermento

Ingredientes - Cobertura Equipamentos e utensilios

*Polpa de um maracuja grande Colheres
(aproximadamente 80 g) Forno CaN Tempo de
Y% xicara de agua (120 mL) Fogio preparo
*Y% xicara de agucar demerara (100 g) Panela @
-+l colher de sopa de amido de milho (9 g) Forminhas de muffin
Forma

40 min

Rendimento: aproximadamente 8 unidades.
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Modo de Preparo

Massa

1.

2
3
4.
5

Misturar farinha de trigo integral, agiicar demerara, suco de maracuja e os ovos em uma tigela.
Adicionar o fermento e misturar devagar.

Dispor em forminhas de muffin.

Assar a 180 °C-200 °C por 25-35 minutos.

Reservar.

Cobertura

Misturar o agtcar e o suco de maracuja e levar ao fogo baixo, mexendo até iniciar fervura.

Diluir o amido de milho na 4gua até dissolver completamente.

Acrescentar a mistura de amido e dgua sobre os ingredientes, e mexer constantemente por alguns
minutos até engrossar e o obter uma calda translicida.

Despejar sobre os muffins.

Detalhes técnicos com ilustragoes estdo na pagina 50.
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FLUXOGRAMA DE PREPARO DO MUFFIN
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MASSA ALIMENTICIA TRICOLOR - AMARELA

Ingredientes da massa de cenoura 66 %

1 xicara de farinha de trigo
integral (165 g)

Y, xicara de farinha de trigo
refinada (80 g)

¥, colher de sal (4,5 g)

1 ovo

Cenoura cozida (60 g)

1 colher de sopa éleo

Agua (50 mL)

1 colher de sopa de agafrdo

Equipamentos e utensilios
Tempo de

Fogao N

Panela @ preparo
Fgca . 40 min
Filme plastico

Liquidificador
Rolo de massas

Rendimento: Aproximadamente 1 kg de macarrio.
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Modo de Preparo

Misturar no liquidificador o ovo, a cenoura, o 6leo ¢ a agua até obter uma mistura homogénea. Em

um recipiente, misturar as farinhas e o sal, fazer uma “cova” no meio das farinhas, e adicionar a

mistura batida no liquidificador. Misturar até obter uma massa consistente (pode ser manualmente).

Cobrir a massa com filme plastico e deixar descansar a massa por 15 minutos em refrigeragéo.

Abrir a massa com o auxilio de um rolo sobre uma superficie enfarinhada, até obter uma espessura

adequada (0,5 cm).
Cortar em quadrados e fazer o formato farfalle (borboleta), pressionando a massa no centro com os
dedos.

Cozinhar a massa e preparar o molho de sua preferéncia.

Detalhes técnicos com ilustragoes estdo na pagina 53.
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FLUXOGRAMA DE PREPARO DA MASSA
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MASSA ALIMENTICIA TRICOLOR - ROXA

Ingredientes da massa de beterraba 66 %

1 xicara de farinha de trigo
integral (165 g);

5 xicara de farinha de trigo
refinada (80 g);

2 colher de sal (4,5 g);

1 ovo;

150 g de beterraba;

1 colher de 6leo;

50 mL de agua;

Equipamentos e utensilios
Tempo de

Fogio [ /\]
Panela @ preparo
Rolo de massas

Mesa para abrir massa/ cilindro 40 min
Faca

Forma

Liquidificador

Rendimento: Aproximadamente 1 kg de macarrio.
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Modo de Preparo

Misturar no liquidificador o ovo, a beterraba, o 6leo e a agua até obter uma mistura homogénea.

Em um recipiente, misturar as farinhas e o sal, fazer uma “cova” no meio das farinhas, e adicionar a

mistura batida no liquidificador. Misturar até obter uma massa consistente (pode ser manualmente).

Cobrir a massa com filme plastico e deixar descansar a massa por 15 minutos em refrigeragéo.
Abrir a massa com o auxilio de um rolo sobre uma superficie enfarinhada, até obter uma espessura
adequada (0,5 cm).

Cortar em quadrados e fazer o formato farfalle (borboleta), pressionando a massa no centro com os
dedos, ou cortar em tiras.

Cozinhar a massa e preparar o molho de sua preferéncia.

Detalhes técnicos com ilustragdes estao na pagina 56.
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FLUXOGRAMA DE PREPARO DA MASSA
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MASSA ALIMENTICIA TRICOLOR - VERDE

Ingredientes da massa de couve 66 %

1 xicara de farinha de trigo
integral (165 g)

Y, xicara de farinha de trigo
refinada (80 g)

5 colher de sal (4,5 g)

1 ovo

170 g de couve — 3 folhas médias
1 colher de 6leo

50 mL de agua

Equipamentos e utensilios
Fogio Tempo de

N
Panela preparo
Rolo de massas

Mesa para abrir massa/ cilindro 40 min
Faca

Forma

Liquidificador

Rendimento: Aproximadamente 1 kg de macarrio.




161

Modo de Preparo

Triturar no liquidificador o ovo, a couve, o 6leo e a 4gua até obter uma mistura homogénea. Em um

recipiente, misturar as farinhas e o sal, fazer uma “cova” no meio das farinhas, e adicionar a mistura

batida no liquidificador. Misturar até obter uma massa consistente (pode ser manualmente).

Cobrir a massa com filme plastico e deixar descansar a massa por 15 minutos em refrigeragéo.
Abrir a massa com o auxilio de um rolo sobre uma superficie enfarinhada, até obter uma espessura
adequada (0,5 cm).

Cortar em quadrados e fazer o formato farfalle (borboleta), pressionando a massa no centro com o0s
dedos, ou em tiras.

Cozinhar a massa e preparar o molho de sua preferéncia.

Detalhes técnicos com ilustragoes estdo na pagina 59.
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FLUXOGRAMA DE PREPARO DA MASSA
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PANQUECA INTEGRAL DE LEGUMES

Ingredientes

Massa

« 1 xicaras(cha) de farinha de trigo integral (165 g)
1 xicara (cha) de leite (240 mL), ou 2 colheres de sopa de
extrato hidrossoluvel de soja diluido em agua (240 mL)

1 ovo
1 pitada de sal
Azeite para untar a frigideira

Equipamentos e utensilios
» Colheres
» Concha
Liquidificador
Facas
Fogao
Frigideira e espatula
Panela
Pratos
Pincel (ou papel absorvente)
Travessa para colocar as panquecas

Recheio
* 1 cenoura média inteira ralada
* !5 abobrinha ralada
* 3 unidades de palmito p_icadas ¢\ Tempo de
* 5 colheres (sopa) de ervilha em @ preparo
conserva (ou milho)
5 flores de brocolis picadas 50 min
2 colheres (sopa) de cheiro verde
picado (12 g)
Azeite, sal e alho a gosto
2 colheres (sopa) de molho de
soja (opcional)

Rendimento: 12 unidades (finas)
ou 8 unidades (mais espessas)
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Modo de Preparo

Recheio

1.

2
3.
4

Pique e misture os vegetais.
Adicionar o azeite ¢ o alho na panela e fritar até dourar.
Adicionar todos os vegetais picados na panela e cozinhar por 7 minutos (aproximadamente).

Adicionar o cheiro verde e cozinhar por 2 minutos. Reservar.

Massa

1.
2.

Adicionar todos os ingredientes no liquidificador e bater.

Em uma frigideira em fogo médio-baixo, espalhar um pouco de azeite com um pincel ou pedago de
papel absorvente (somente para untar), e adicionar 2 ou 1 concha de massa (panqueca mais fina ou
mais grossa) e espalhar pela frigideira com movimentos circulares para que a massa fique o mais fina
possivel.

Esperar a massa cozinhar rapidamente (até desgrudar as bordas), e inverte-la na frigideira.

Fazer a proxima panqueca, e repetir o procedimento de untar a frigideira, caso necessario.

Reservar as panquecas para a montagem.

Detalhes técnicos com ilustragdes estdo nas paginas 63, 64 e 65.
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Dicas
1. Pode-se adicionar o molho (conforme desejado) e queijo mugarela ralado sobre as panquecas, apds
coloca-las na travessa.

2. A mistura de vegetais pode ser adaptada conforme o gosto pessoal.

Armazenamento

Armazenar as panquecas prontas em geladeira (10 °C) por até 3 dias.
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FLUXOGRAMA DE PREPARO DO RECHEIO
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FLUXOGRAMA DE PREPARO DA MASSA
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FLUXOGRAMA DE MONTAGEM
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PAO DE MEL INTEGRAL

Ingredientes do pio de mel

* > xicara de agucar mascavo (60 g)

* 1 xicara de leite (240 mL)

* 2 Y xicaras de farinha de trigo integral
(390 g)

* ! xicara de agua (120 mL)

* | xicara de mel (320 g)

* 1 colher de bicarbonato de sodio (1 g)
* 2 colheres de manteiga (30 g)

* 1 colher de canela (1 g)

* 1 colher de cravo (1 g)— opcional

Ingredientes cobertura Equipamentos e utensilios
Tempo de

* 500 g de chocolate Balanga O\
* 20 g de castanha de caju ou do Brasil Copo de medida @ RICDARD
picada - opcional Colher 1h
Forma
Forno
Fogio
Recipiente para misturar

Rendimento: aproximadamente 15 unidades.
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Modo de Preparo

Massa

1. Misturar o agicar mascavo com o mel.

2. Adicionar o leite ¢ a manteiga e misturar. Se adicionar a manteiga a temperatura ambiente, a d4gua ¢ o
leite devem estar quentes. Recomendado adicionar ela derretida. Adicionar aos poucos a farinha
integral e a 4gua. Adicionar o bicarbonato, a canela e o cravo (opcional) e misturar.

Transferir para a forma.

Assar em forno pré-aquecido a 180° por 40 minutos.

Derreter o chocolate.

Esperar esfriar e cortar em quadrados. Envolver os pedagos da massa com o chocolate derretido.

Para decorar, adicionar pedagos de castanha por cima.

Cobertura

Para a cobertura, cortar o chocolate em pedagos menores, derreter em micro-ondas ou em banho-maria.

Detalhes técnicos com ilustragdes estdo na pagina 68.
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PIZZA INTEGRAL

Ingredientes da pizza integral 75 %
1 xicara e % de 4gua morna (aproximadamente
350 mL)
Farinha integral (300 g)
Farinha refinada (100 g)
1 colher de sopa de 6leo vegetal (15 g)
1 colher de sobremesa de sal (5 g) de sal
5 pacote pequeno de fermento biologico seco (5 g)
Recheios diversos

- Equipamentos e utensilios

Colher

Copo de medida

Forno

Forma redonda

Rolo de massas

Recipiente para mistura com tampa
(com 1 L de capacidade)

Rendimento: aproximadamente 0,6 kg de massa.

Tempo de

(&)
preparo

2h

172
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Modo de Preparo

Fazer a mistura da esponja: 1 xicara (~250 mL) de 4gua morna, 100 g de farinha refinada e¢ 5 g de

fermento biolégico. Colocar em um recipiente tampado e aguardar 30 minutos, em temperatura
ambiente.

Adicionar a esponja a mistura dos ingredientes secos e o 6leo.

Adicionar agua de ajuste (~1/2 xicara de agua) ou farinha.

Sovar a massa- adicionar farinha se preciso - e deixar fermentando por 30 minutos.

Esticar a massa ¢ colocar na forma-fazer a borda nesse momento se for sua escolha.

Perfurar o centro da massa de pizza ja esticada. Descansar a massa por 10 minutos, e depois, pré-
assar a massa por 8 minutos (220-250 °C).

Colocar o molho e o recheio.

Assar por mais 15 minutos em forno (220-250 °C).

Detalhes técnicos com ilustragoes estdo nas paginas 71 e 72.




174

FLUXOGRAMA DE PREPARO DA PIZZA
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FLUXOGRAMA DE PREPARO DA PIZZA




PARTICIPACAO DOS SEGUIDORES DO

“FIBRA TODO DIA”
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-

Brownie do @adang_moraes

Biscoito de especiarias da
(@caah_ssouza e @souzabruhh

Broa de fuba da @bruna.lt
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. &
xntegral -~

a deliciosa

Pizza da @tucacallegari Massa alimenticia colorida da @Xkarini.pitol
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DISCUSSAO GERAL

A partir do presente estudo, iniciado pela proposta de compreensao dos desafios
para as MAI de produgdo nacional com trigo 7. aestivum, realizou-se primeiramente uma
criteriosa analise quanto a situagdo global para estes produtos, onde foi possivel verificar
que estes desafios envolvem a producdo destas massas, sua aceitabilidade pelos
consumidores e principalmente aspectos tecnoldgicos de formulagdo e métodos de
producao.

Visando a harmonizagdo regulatéria, analisando-se o periodo entre 2017 e 2023,
em que ocorreram as analises experimentais do presente estudo, o Brasi estabeleceu
significativas mudangas para a defini¢ao de MAI, ocorridas durante o periodo de vigéncia
deste estudo. Porém, constatou-se que ainda s3o ausentes Padrdes de Identidade e
Qualidade especificos para as MAI, o que representa uma oportunidade de melhoria e de
contribuicdo. No entanto, cabe salientar que primeiramente ao estabelecimento de tais
parametros uma importante medida serd o desenvolvimento de padrdes para as matérias-
primas, ou seja, para as farinhas integrais. Como salientado no artigo de revisdo, sdo
importantes para o estabelecimento destes parametros ndo sé questdes que envolvem a
composi¢dao quimica, mas também a granulometria da farinha e tamanho de particula de
farelo mais apropriadas para MAI, assim como o estabelecimento de protocolos proprios
para avaliagdo de pesticidas e micotoxinas, que podem estar presentes em maior
quantidade nas camadas de farelo, e que consequentemente podem estar presentes em
maior quantidade em produtos integrais, representando um risco a saude dos
consumidores.

Apo6s a analise dos rétulos, e visdo de que os ingredientes integrais ndo eram
predominantes nas MAI nacionais, propusemos a formulacdo de MAI 100% integrais
com a utilizagdo de uma cultivar de trigo comum de procedéncia nacional submetida a
trés formas distintas de moagem, visando contribuir para o estudo e incentivo do uso local
de recursos. Como forma de verificar a influéncia do processamento em farinhas integrais
e efeito destes na formulacdo de MAI, foram estabelecidas novas metodologias para a
analise de processo e de classificagdo quanto aos defeitos mais frequentemente
encontrados nestas massas. Para o desenvolvimento destes métodos, buscou-se a
adaptagao para andlises visuais e ndo-destrutivas por tecnologias de imagem, trazendo

também analises microestruturais para melhor compreensao da interferéncia das fibras na
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matriz das MAI. Ao constatarmos a falta de memorias alimentares afetivas quanto as MAI
e diversos alimentos com farinha de trigo integral, concluimos este trabalho ressaltando
a importancia da promog¢ao do conhecimento dos beneficios e do consumo de fibras na

alimentagdo obtidas a partir dos alimentos integrais.
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CONCLUSAO GERAL

As MAI continuam a destacar-se como fonte de fibras e diversos nutrientes. A
partir da abordagem dos desafios que envolvem sua produg@o nacional com qualidade
tecnoldgica, buscamos identificar os desafios para criagdo de Padrdes de Identidade e
Qualidade de MAI, com énfase naquelas produzidas com trigo comum. Concluimos que
os principais desafios estdo ainda relacionados com a falta de harmonizagao regulatoria,
principalmente para as matérias-primas e a auséncia de métodos proprios para avaliacdo
de qualidade destas massas.

Ao analisar uma amostragem de massas alimenticias classificadas como
“integrais” comercializadas no mercado nacional, concluimos que as caracteristicas de
composicao, qualidade de cozimento e microestrutura destas massas. Verificou-se ainda
que, frente as atualizagdes da legislacdo para alimentos integrais, diversas MAI,
principalmente produzidas no Brasil, necessitam de reformulagdo para que possam ser
classificadas desta forma. Quanto a qualidade de cozimento destas massas, pode-se
verificar que ndo somente diferencas na composi¢ao, mas na matéria-prima ou formato,
levam a diferentes propriedades tecnologicas de cozimento.

Considerando-se a utilizagao do trigo IAC 389, foi possivel sua utilizagao para
produzir farinhas 100% integrais, e sua aplicacdo na producdao de MAI 100% integrais
sem a utilizacao de aditivos ou outros ingredientes, salientando-se a qualidade deste grao
para esta finalidade. A moagem direta, associada a passagem pelo moinho de rolos
resultou um efeito de reducdo de particula do farelo, contribuindo para a estrutura das
MALI, e eliminando a necessidade da etapa de condicionamento. Quanto a influéncia do
formato das MAI nas suas caracteristicas de cozimento, concluiu-se que ¢ necessaria a
analise da distribuigdo de particulas da matéria-prima para a definicdo do formato,
visando a melhoria da qualidade tecnolodgica, pois como pode ser observado nas andlises
microestruturais, a fibra ocasiona fissuras na matriz da MAI, o que pode gerar maiores
perdas de solidos e consequentemente quebras da massa no cozimento. Quanto a cor e
aparéncia das MAI, que apresenta heterogeneidade, a analise de imagem e de defeitos sao
técnicas promissoras de andlise tecnoldgica para estas massas, e que podem ser adaptadas
conforme os distintos formatos e composigoes, podendo ser utilizadas como parametros

de avaliacao de qualidade de MAL.
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Com os subsidios fornecidos a partir do presente trabalho, tanto as industrias como
pequenos produtores de MAI poderdo também obter MAI nacionais com qualidade
tecnoldgica e nutricional, e que atendam aos critérios da legislagao.

Assim, concluimos que se faz necessaria nao somente a compreensao e estudo da
qualidade de cozimento, a promoc¢ao do conhecimento sobre os beneficios nutricionais, e
o incentivo ao consumo destas massas de forma mais expressiva, a partir da criagdo de
habitos e memorias alimentares e incentivo por parte de politicas publicas de satde

coletiva.
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Apéndice 1. Graphical Abstract (Capitulo 2) — parte 1.
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Apéndice 2. Material complementar sobre a metodologia analitica (Capitulo 4) — parte 1.

METHODOLOGY

Methodology

Raw material

Wi

Common wheat - IAC 389 Harvest and drying
Santa Elisa Experimental Farm
Campinas, Sao Paulo

* Local of analysis and processing - Cereals, Roots and Tubers Laboratory. LCRT. School of
Food Engineering. (Campinas, Sao Paulo, Brazil)
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Apéndice 2. Material complementar sobre a metodologia analitica (Capitulo 4) — parte 2.

METHODOLOGY

Production of the whole-grain pastas (WGP)

FETUCCINE (FE1, FE2, FE3)

oy




