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RESUMO

O gliten vital (GV), extraido da farinha de trigo, € um ingrediente importante para
a industria de panificacdo, sendo utilizado, especialmente, para a fortificacdo de farinhas que
sdo consideradas fracas para a elaboracdo de paes, em especial, paes ricos em fibras, através
da suplementacdo de gliadinas e gluteninas a farinha de trigo. Porém, quando comercializado,
o GV apresenta poucas informacdes de qualidade, principalmente, a respeito de suas
proteinas, que interferem diretamente na utilizacdo deste produto. Este trabalho teve por
objetivo avaliar as proteinas de dois glitens vitais de diferentes origens (GVA e GVB), e o
efeito destas proteinas sobre as propriedades viscoeldsticas da massa de farinha de trigo (FT)
fortificada com 5 e 7 g/ 100g de GVA ou GVB, e a qualidade de paes elaborados com essas
farinhas, durante sua vida de prateleira. Além disso, este trabalho também foi desenvolvido
para avaliar a qualidade do GV comercial, correlacionando esses dados com os demais
resultados obtidos neste trabalho. Os resultados mostraram pequenas diferencas nas
caracteristicas quimicas e estruturais avaliadas de GVA e GVB, com exce¢do ao
fracionamento das proteinas que mostrou diferencgas significativas, especialmente, no teor de
gliadinas encontrado, revelando que GV A apresentou quantidades semelhantes de gliadinas e
gluteninas na sua constituicdo. Os resultados reoldgicos fundamentais e empiricos
demonstraram que GV A, sob hidratacdo, formou uma rede de gliten mais eldstica que GVB.
Os péaes elaborados com farinha de trigo fortificada com GVA ou GVB apresentaram
caracteristicas de firmeza menor que o pao elaborado com FT, resultando em paes mais
macios, mesmo durante a vida de prateleira deste produto de 9 dias. O pao elaborado com 7
g/100 g de GVA apresentou o melhor resultado de volume especifico, enquanto os demais
paes oriundos da fortificacdo de 5 g/100 g de GVA e 5e 7 g/100 g de GVB ndo apresentaram
diferencas significativas nesse aspecto em relacdo ao pao controle (elaborado com FT). Os
testes de qualidade do GV apresentaram resultados que ratificaram os resultados anteriores, e
mostraram que GVA apresentou uma rede de gliten mais eldstica (pelo teste de
extensibilidade) e que suportou maior pressdo dos gases na expansao da bola de glaten (pelo
teste de expansdo) que GVB. O teste de correlacdo mostrou relagdes importantes entre os
testes simples do GV, e os testes reoldgicos da massa e de qualidade dos paes elaborados com
7 g/100 g de GV, comprovando que a qualidade viscoeldstica deste produto pode ser medida
de maneira mais rdpida e de menor custo. Este trabalho revelou a importiancia de maiores
informacdes sobre a qualidade da proteina de gldtens vitais para sua comercializacdo como

ingrediente para a panificacdo.



ABSTRACT

The vital gluten (VG), extracted from wheat flour, is an important ingredient in
the baking industry and is used especially for the wheat flour fortification that are considered
weak for the bread preparation, especially those rich in fiber, by supplementation of gliadins
and glutenins on wheat flour. However, when marketed, the VG has few quality information,
especially about their proteins, which directly interferes in the use of this product. This work
aimed to evaluate the proteins of commercial vital glutens (VGA and VGB), and the effect of
these proteins on the viscoelastic properties of dough obtained from wheat flour fortified with
5 and 7 g/100 g of VGA and VGB, and the quality of breads elaborated with these flours,
during its shelf life. Furthermore, this work has also been developed to assess the quality of
the commercial VG through simple tests, correlate such data with other results of this study.
The results showed small differences in the chemical and structural characteristics evaluated
for VGA and VGB, except for the proteins fractionation that showed significant differences,
especially in the content of gliadins found, revealing that VGA presented similar amounts of
gliadins and glutenins in their constitution. Results from the fundamental and empirical
rheological tests showed that VGA, upon hydration, has formed a more elastic gluten network
than VGB, nevertheless VGB showed better viscoelastic properties that the dough prepared
with control wheat flour (CFW). Breads made with wheat flour fortified (VGA and VGB)
showed lower firmness characteristics that bread made with WFC, resulting in softer crumb
bread, even during its shelf life. The bread prepared with 7 g/100 g VGA showed the best
result of specific volume, while the others come from bread fortification with 5 g/100 g VGA
and 5 and 7 g/100 g VGB did not differ in this respect in relation to the control bread
(prepared with WFC). Simple tests showed results that have ratified the previous results and
showed that VGA presented a more elastic gluten network (by the extensibility test) and that
sustained higher gas pressure in the gluten ball expansion (by expansion test) than VGB. The
correlation test showed important relationships between the simple tests of VG, and the
rheological tests of the dough and quality parameters of the breads made with 7 g/100 g VG,
proving that the viscoelastic quality of this product can be measured faster and with lower
cost. This work revealed the importance of details on the protein quality of vital glutens for its

commercialization.
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1. INTRODUCAO GERAL

O gliten vital é um concentrado proteico que contém, no minimo, 60 % (base
seca) de proteina na sua constitui¢ado (BRASIL, 2005). E extraido da farinha de trigo, em um
processo de separacdo do amido e demais constituintes soliveis por via imida. No processo
de extragdo do gldten vital, ocorre a formag¢do de uma massa pela hidratacdo da farinha de
trigo associada ao trabalho mecanico. Apds a etapa de mistura, a massa € lavada com 4gua
para retirada dos compostos soliveis e do amido, restando, principalmente as proteinas
insoldveis (gliadinas e gluteninas), que formam a rede de gldten, responsdveis pela sua
viscoelasticidade (MARCHETTI et al., 2012).

Devido a alta umidade, o gliten imido € seco, reduzindo seu conteido de dgua
para niveis abaixo de 10 %. A secagem € uma etapa critica no processo de extracdo, pois a
temperatura pode levar a modificacdo estrutural das proteinas do gliten seco e perda de suas
propriedades viscoeldsticas (DAY et al., 2006). Para ser comercializado, o gliten vital é
moido e acondicionado em embalagens, que podem ser plasticas ou de papel.

O gluten seco ¢ chamado de “glaten vital de trigo”, produto que, apds sua
hidratacdo, consegue recuperar suas propriedades viscoeldsticas, que dependem da farinha de
trigo que o originou. Entretanto, em virtude do processo de obtengdo do gliten vital, suas
proteinas ndo conseguem recuperar totalmente suas caracteristicas de extensibilidade e
elasticidade quando hidratado. A modificagdo estrutural das proteinas do gliten vital pode ser
mecanica (pelo processo de mistura da massa) ou térmica (pelo processo de secagem do
gliten imido). Além disso, quando o gliten obtido do processo de extragdo ndo recupera suas
caracteristicas viscoeldsticas ap6s hidratacdo, € chamado de “glaten ndo vital de trigo”, que
pode ser utilizado apenas para aumento da absor¢do de dgua e teor proteico em produtos
alimenticios e ndo alimenticios.

Muitos sdo os usos de gliten vital na industria alimenticia (paes de forma, paes
ricos em fibra, andlogos de carne) e nao alimenticia (biofilmes, ra¢do para animais). Porém, o
principal mercado deste produto é as industrias de panificagdo e padarias. Na industria de
panificacdo, o gliten vital € utilizado para fortificar farinhas de trigo consideradas fracas na
elaboracdo de massas alimenticias e paes, em especial, aqueles que necessitam de farinhas
fortes para suportar o processo e/ou a adi¢do de outros ingredientes em sua formulacdo, como
por exemplo, pdes ricos em fibras ou panetones. Nos moinhos, o gliten vital pode ser
empregado para garantir a padronizacdo das farinhas produzidas a partir de trigos de

diferentes origens e/ou qualidades. Geralmente, a sua adicdo ocorre dentro de uma faixa de 2
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a 10 g/100 g (base farinha) (DAY et al., 2006), sendo 5 g/100 g a quantidade mais
frequentemente utilizada.

Quando comercializado, o gliten vital apresenta poucas informacdes sobre a sua
qualidade. Nos laudos, sdo apresentados resultados de andlises fisico-quimicas (teores de
umidade, proteina total, cinzas e gordura), microbioldgicas (bolores e leveduras, Escherichia
coli e Salmonella), propriedades funcionais (capacidade de se ligar a 4gua) e descri¢do de sua
aparéncia (cor e odor). No entanto, a inddstria de panificagdo requer maiores informacdes a
respeito das proteinas que constituem o gliten vital.

Sabe-se que a qualidade viscoeldstica deste produto estd associada as suas
proteinas, gliadinas e gluteninas (DELCOUR et al., 2012), que interagem entre si, formando a
rede de gluten, capaz de reter os gases formados nas etapas de fermentacdo e forneamento,
além de fornecer estrutura e textura aos produtos finais.

As proteinas do gliten sdo misturas complexas de proteinas heterogéneas, que
apresentam caracteristicas de solubilidade e caracteristicas viscoeldsticas tnicas dentre as
proteinas vegetais. As gliadinas sdo proteinas monoméricas com massa molecular que varia
de 30.000 a 80.000 Da, e conferem propriedades de viscosidade e de formacdo de espuma a
massa; sdo, portanto, responsdveis pela extensibilidade da rede de gliten (WIESER, 2007,
DELCOUR et al., 2012; WANG et al., 2015). As gliadinas podem ser classificadas de acordo
com a sua mobilidade eletroforética e sequéncia de aminoacidos em o/B-, -, y-gliadinas e
gliadinas de alta massa molecular (high-molecular-weight - HMW) (DELCOUR et al., 2012).
As gliadinas, de um modo geral, apresentam estrutura globular. o/B-, y-gliadinas e HMW-
gliadinas s@o proteinas ricas em aminodcidos sulfurados e apresentam liga¢des dissulfeto (SS)
intramoleculares, enquanto as w-gliadinas, pobres em aminodcidos sulfurados e ndo formam
pontes dissulfeto, porém apresentam maior massa molecular (46.000 a 74.000 Da) que as o/f-
e v-gliadinas (WIESER, 2007).

As gluteninas sdo proteinas poliméricas, compostas de agregados proteicos, com
ligacGes dissulfeto (SS) intramoleculares, além da existéncia de ligacdes SS intermoleculares
entre suas subunidades individuais , , resultando em proteinas de alta massa molecular (de
1x10° a vérios milhares de Da) (WIESER, 2007; DELCOUR et al., 2012). De acordo com a
massa molecular, sdo classificadas em subunidades de gluteninas de alta massa molecular
(high-molecular-weight — HMW-GS) e de baixa massa molecular (low-molecular-weight —
LMW-GS). As gluteninas sdo responsaveis pela elasticidade da rede de gluten, oferecendo
resisténcia a extensdo as massas obtidas com farinha de trigo (WANG et al., 2015). Tanto as

gliadinas quanto as gluteninas sdo consideradas proteinas hidrofébicas, isto €, insoliveis em
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dgua e solugdes diluidas de NaCl; por isso, facilmente separadas da farinha de trigo, mesmo
através de lavagem manual (DELCOUR et al., 2012).

A rede de gliten é formada pela interacdo entre gliadinas e gluteninas quando
hidratadas e submetidas ao trabalho mecanico. A interacdo entre essas proteinas ocorre por
ligacdes covalentes (ligacdes dissulfeto e ligagdes cruzadas de tirosina) ou ligacdes ndo
covalentes (interagdes hidrofébicas, ligagdes de hidrogénio, e interagdes eletrostaticas). O
modo como essas interagdes ocorrem resulta em uma rede com caracteristicas viscoeldsticas
adequadas para a panificacdo. Portanto, os tipos de gliadinas e gluteninas presentes no gltiten,
bem como a quantidade dessas proteinas influenciam na qualidade da rede de gliten que sera
formada. Desta forma, uma avaliacdo quimica, estrutural e funcional das proteinas que
constituem os glutens vitais comerciais € importante para a definicio da qualidade
viscoeldstica deste produto.

A industria de panificacio, usualmente, utiliza testes de panificacdo para avaliar a
qualidade do gliten vital adquirido. O resultado mais utilizado para medir a vitalidade € a
alteracdo no volume do pao elaborado com farinha de trigo fortificada com gluten vital
(GUERRIERI; CERLETTI, 1996). Este € um procedimento complexo para o uso industrial de
rotina, ja que o gliten da propria farinha pode interferir na qualidade do pao (WADHAWAN;
BUSHUK, 1989), além do grande tempo para realizacdo desta andlise. Outros ensaios para
avaliar a vitalidade sdo a absor¢do de dgua pelo gliten e a extensibilidade do gliten hidratado,
porém, estas andlises ndo fornecem todas as informacdes necessérias para a avaliacdo de sua
qualidade (DUA et al., 2009).

Inimeros testes fisico-quimicos e tecnolégicos podem ser utilizados para avaliar a
qualidade do gldten vital. Dentre esses testes, os mais comuns sdo o teor de proteinas e os
testes de reologia empirica, que envolvem as andlises de farinografia, alveografia,
extensografia, teores e indice de glaten através do Glutomatic®, €, mais recentemente, 0 Uso
de Mixolab, equipamento que mede as caracteristicas termomecanicas das massas. Além
disso, os testes reoldgicos fundamentais tém sido utilizados em estudos cientificos para a
avaliacdo do comportamento elastico da rede de gluten.

Alguns problemas associados aos testes de qualidade envolvem a grande demanda
de tempo para a sua realizacdo, bem como a exigéncia de pessoal treinado para trabalhar com
os equipamentos especificos e também a complexidade na interpretacdo dos resultados. Por
isso, testes tecnoldgicos simples podem ser usados para avaliar a qualidade viscoeldstica do
gliten vital, reduzindo o tempo tornando mais facil a interpretacdo dos resultados, auxiliando

a industria de panificacdo na definicdo da quantidade de gliten vital a ser utilizado em
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diferentes tipos de produtos, o que tem sido um desafio. Desta forma, sdo necessdrias
informacdes quimicas, fisico-quimicas e tecnoldgicas sobre a natureza do gldten vital, pois,
ele é comercializado sem uma descri¢cdo detalhada da sua qualidade. Por isso, o objetivo geral
desta Tese foi avaliar as caracteristicas das proteinas de gldtens vitais comerciais de diferentes
origens que afetam a qualidade viscoeldstica deste produto quando utilizado na panificacgao,
em especial na elaboracdo de pao de forma. Os objetivos especificos deste trabalho estdo

inseridos dentro dos artigos apresentados na Tese de Doutorado, apresentados abaixo:

v’ Artigo 1 - Realizar uma ampla revisdo sobre as proteinas que constituem o gliten
vital, dando énfase aos efeitos dessas proteinas no processo de panificacdo, e verificar
quais andlises podem ser realizadas para avaliagdo de sua qualidade viscoeléstica.

v' Artigo 2 - Caracterizar os glitens vitais comerciais em relagdo a composi¢do quimica,
composi¢do aminoacidica, tipos de proteinas que 0s constituem e estrutura proteica,
comparando-os com gldten ndo vital, produzido em escala laboratorial.

v' Artigo 3 - Estudar as propriedades viscoeldsticas da rede de gliten dos glitens vitais
comerciais através de testes reoldgicos fundamentais, e também, avaliar o efeito de
gliten vital de diferentes origens nas propriedades reoldgicas fundamentais da massa
de farinha de trigo fortificada em diferentes dosagens, e comparar os resultados da
reologia fundamental com os resultados de extensografia (teste de reologia empirica).

v' Artigo 4 - Caracterizar farinhas fortificadas com diferentes dosagens dos glitens vitais
comerciais do ponto de vista tecnoldgico, pelo uso de testes reoldgicos empirico, e
também pelo desenvolvimento e avaliacdo de paes durante sua vida de prateleira.

v’ Artigo 5 - Utilizar testes simples para predizer a qualidade viscoeldstica dos glitens
vitais comerciais, e correlacionar os resultados obtidos com parametros tecnolégicos
das massas e dos paes produzidos com farinha de trigo fortificada com 7 g/100 g de
gliten vital, para definir se os testes simples podem predizer o comportamento

viscoeldstico de gldtens vitais comerciais.
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I. Protein Characteristics that Affect the Quality of Vital Wheat Gluten to Be Used in
Baking: A Review

Ortolan, Fernanda; Steel, Caroline Joy

Abstract

The use of vital wheat gluten in the baking industry and wheat flour mills aims to
improve the rheological characteristics of flour considered unsuitable to obtain products such
as sliced bread, French bread, high-fiber breads, and other products that require strong flours.
To improve characteristics such as flour strength, dough mixing tolerance, and bread volume,
vital wheat gluten is added to flour at levels that can vary from 2 to 10% (flour basis), with
5% being a commonly used dosage. However, the vital wheat gluten commercialized in the
market has few quality specifications, especially related to the characteristics of the proteins
that constitute it and are responsible for the formation of the viscoelastic gluten network.
Information on protein quality is important, since variations are observed in the technological
quality of vital wheat gluten obtained from different sources, which could be associated to
damage caused to proteins during the obtainment process. Several tests, either physical-
chemical analyses or rheological tests, are carried out to establish gluten quality; however,
they are sometimes time-consuming and costly. Although these tests give good answers to
specify gluten quality, flour mills and the baking industries require fast and simple tests to
evaluate the uses and/or dosage of vital gluten addition to wheat flour. This review covers the
concepts, uses, obtainment processes, and quality analysis of vital wheat gluten, as well as
simple tests to help identify details about protein quality of commercial vital wheat gluten.
Keywords: vital wheat gluten, gluten proteins, chemical properties, protein structure,

technological quality.

I.1. Introduction

Vital wheat gluten is marketed as an ingredient for the bakery industry and is usually
added to weak wheat flour of poor bread-making quality (Weegels and others 1994a; Esteller
and others 2005; Marchetti and others 2012) to improve its viscoelastic properties, or it is
incorporated in bread formulations where the gluten from wheat flour is diluted, as flour
including bran. Usually, the vital wheat gluten commercialized is not classified according to

its protein profile or quality. However, it is expected that gluten quality influences dough
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quality (Marchetti and others 2012), since the technological characteristics from different vital
glutens can vary widely between them (Weegels and others 1994a).

Even though the vital wheat gluten added to wheat flour improves bread quality
characteristics, it does not always retain its technological properties from the wheat flour from
which it was obtained (Miller and Hoseney 1999; van der Zalm and others 2011).
Additionally, the determination of chemical, physical, and technological properties of vital
gluten can improve its specifications to reach better bread-making performance when added
to flours.

Vital gluten can be produced from different extraction methods, starting with the
separation of wheat flour into starch and gluten, its main constituents, and ending with a
drying step (van der Borght and others 2005). There are many process factors that influence
the quality of the vital gluten obtained, such as the partial or total development of gluten
network in the dough-mixing step, which could have a deleterious effect on the gluten
viscoelasticity. Therefore, the gluten-drying step seems to be the most critical (Wadhawan
and Bushuk 1989; Guerrieri and Cerletti 1996; Marchetti and others 2012), due to two facts:
(1) protein denaturation when temperatures above 70 °C are used to dry the vital gluten
(Guerrieri and others 1996) and (ii) quick microbiological deterioration of gluten when kept in
a wet state (van der Zalm and others 2011), as a result of endogenous and exogenous
proteolytic action, making it inappropriate for application in the industry.

The processing conditions can be varied, leading to alterations in vital wheat gluten
quality, but these variations are not only a result of the production process, but also of the
wheat variety selected to produce vital gluten (Marchetti and others 2012). A cultivar suitable
for processing must have high protein content and be economically viable for the entire wheat
production chain. On the other hand, considering protein content as the only quality parameter
for the choice of wheat grain or wheat flour is not suitable, as sometimes high protein content
in the grain does not reflect in flour with good bread-making quality. A suitable flour for
bread-making should present gluten strength (W) with a minimum value of 220 x 10™*J
(measured by an alveograph), stability with a minimum value about 7 min (measured by a
farinograph), and a Falling Number of 220 seconds (Cocchi and others 2005; Pizzinato 1997;
Roussel and Chiron 2005). When wheat flour does not present good quality for bread-making,
it can be supplemented with vital gluten, in order to improve its viscoelastic properties.

Vital wheat gluten manufacturers supply this product with few quality descriptors;
quality parameters normally presented are related to product appearance (color and odor),

chemical composition (moisture, protein, ash, and lipid contents), water-binding capacity, and
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microbiological aspects (total plate count, coliforms, yeasts, and molds, Staphylococcus
aureus, and Salmonella).

The milling and bakery industry commonly uses practical baking tests to evaluate vital
wheat gluten quality (Guerrieri and Cerletti 1996). Therefore, more information on the
chemical, physicochemical, and technological properties of vital gluten is necessary, because,
currently, it is sold with no description of its quality. Besides that, simple tests should be
developed to reduce costs and time to evaluate gluten technological quality.

Knowledge of the relationship of vital wheat gluten chemical and structural
characteristics with technological properties may permit establishing criteria for its selection
for use in bakery products. This review describes concepts, uses, and obtainment processes of
vital wheat gluten, as well as analyses that permit assessing this relationship, focusing on the

quality of gluten proteins.

I.2. Vital wheat gluten

Vital wheat gluten is a protein concentrate (approximately 80% protein) obtained from
wheat flour (Tedrus and others 2001; Majzoobi and Abedi 2014), and it can be used to fortify
flours considered weak for bread-making (Bietz and Lookhart 1996). It is a beige to light-
brown powder.

According to the International Wheat Gluten Association (IWGA), gluten can be
marketed in two forms: “nonvital” and “vital”. Nonvital wheat gluten is gluten that has been
subjected to irreversible denaturation and, therefore, cannot be “revived” (Tedrus and others
2001). It is usually used for protein enrichment, but not for its viscoelastic properties. On the
other hand, vital wheat gluten, when in contact with water, can be rapidly hydrated and
recover its viscoelastic properties (elasticity and extensibility), due to gliadins and glutenins,

which form the gluten network.

[.2.1. Gluten

According to the Codex Alimentarius, “gluten is a protein fraction of wheat, rye,
barley, or their crossed varieties and derivatives thereof, being insoluble in water and NaCl
0.5 mol L™ (Codex Alimentarius 2008). In 2013, the U.S. Food and Drug Administration
defined gluten as “proteins that occur naturally in these same grains and can cause adverse
health effects in people with celiac disease” (FDA 2013). However, there are other definitions
that establish gluten as a protein network formed from covalent (disulfide bond) and non-

covalent interactions between gliadin and glutenin chains present in flour from wheat, rye,
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and barley grains. The main non-covalent interactions involved in gluten network
development are hydrogen bonds, ionic bonds and hydrophobic interactions (Wang and others
2017; Wieser 2007). The development occurs during the mixing of flour and water, associated
with mechanical energy to give a cohesive dough with viscoelastic characteristics used for the
preparation of bakery products such as breads and some types of biscuits, as well as pasta
products (Shewry and Tatham 1997; Shewry and Halford 2002; van der Borght and others
2005; Xu and others 2007; Wieser 2007; Koehler and others 2010; Delcour and others 2012;
Melnyk and others 2012; McCann and Day 2013; Khatkar and others 2013; Singh and Singh
2013; Majzoobi and Adebi 2014; Tuhumury and others 2014; Zhou and others 2014).

Making up 80-90% of the proteins in the flour, these proteins consist of gliadins and
glutenins, which are hydrophobic. Gliadins are considered soluble in alcohol-water solutions
(typically 60-70% v/v of ethanol), while glutenins are soluble in this medium in the presence
of another chemical compound such as dilute acid, ionic detergents (sodium dodecyl sulfate -
SDS), urea, or/and B-mercaptoethanol or dithiothreitol (disulfide-reducing agents). This fact
occurs because of its intermolecular disulfide bonds (Payne and others 1984; Shewry and
others 2002; van der Borght and others 2005; Wieser 2007; Delcour and others 2012; Wang
and others 2015). Gliadins and glutenins are synthesized in the endosperm within the wheat
grain and are similar in their amino acid contents, although they are different in the amino
acid sequence (Ewart 1967; Shewry and others 2002; Mamone and others 2005; Wieser
2007). According to Ewart (1967), gliadins have more proline, glutamine (+ glutamic acid),
isoleucine, and phenylalanine, while glutenins have more glycine, lysine and tryptophan than
gliadins. Nevertheless, there are major chemical and physical differences between gliadins
and glutenins which have important effects on their functional characteristics (Osborne 1907;
Callejo and others 1999; Delcour and others 2012; Robertson and others 2013; Majzoobi and
Adebi 2014). These protein groups are responsible for the gluten network development that
provides the structure of bakery products, due its viscoelastic characteristics (Shewry and
Tatham 1997; Shewry and Halford 2002; van der Borght and others 2005; Xu and others
2007; Wieser 2007; Koehler and others 2010; Delcour and others 2012; Melnyk and others
2012; McCann and Day 2013; Khatkar and others 2013; Singh and Singh 2013; Majzoobi and
Adebi 2014; Tuhumury and others 2014). The technological importance of wheat is
associated with its capacity to develop an extensible and cohesive dough (Wang and others
2015), from wheat flour, water, and other ingredients incorporated in the bread baking
process. The viscoelastic properties of gluten are related to protein quantity and quality. These

properties influence bakery product quality, such as expansion, shape, and texture. Both
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quality and quantity of gluten proteins affect processing quality (Singh and Singh 2013).
Variation in protein content alone is not responsible for the differences in dough properties
and suitability for the production of different end-products (Zhu and Khan 2002). Gluten
protein quality is fundamental in bread-making, as dough processing performance depends on
its viscoelastic properties. These properties are a consequence of the type of gliadins and
glutenins (insoluble proteins) present in the flour.

Gliadins assume the role of acting as plasticizers for glutenin, and thus increase the
viscosity of the dough (Delcour and others 2012) and decrease the high level of elasticity
conferred by glutenin. Therefore, an appropriate balance between gliadin and glutenin is a

determinant in gluten rheology (Melnyk and others 2012).

[.2.2. Gluten proteins
1.2.2.1. Gliadins

Gliadins are the main prolamins found in wheat. Most of them are monomeric
proteins, and they represent a heterogeneous group due to variations in the primary amino
acid sequence, enabling a classification of these proteins into 3 subunits (Shewry and Halford
2002; Mamone and others 2005; Wieser 2007; Delcour and others 2012; Khatkar and others
2013; Majzoobi and Adebi 2014; Tuhumury and others 2014): Gliadins poor in sulfur amino
acids (S-poor): this group is represented by w-gliadin, monomers with a molecular weight
from 30,000 to 75,000; Gliadins rich in sulfur amino acids (S-rich): this group is represented
by o/B- and y-gliadin monomers with a molecular weight from 30,000 to 45,000; and High-
molecular-weight gliadins (HMW-gliadins): polymers that are often classified into the
fraction of low-molecular-weight glutenin, although they are soluble in alcohol. The
monomeric chains are connected by disulfide bonds, and their molecular weights vary from
100,000 to 500,000 (Wieser 2007).

Since gliadins are classified into 3 distinct subunit groups, they may present small
structural differences amongst them. According to Wieser (2007), Lagrain and others (2008),
and Delcour and others (2012), w-gliadins contain higher proline and glutamine contents in
their structure, and fewer cysteine residues, thus preventing the formation of disulfide bonds.
The o/B- and y-gliadins present lower amounts of proline and glutamine, and cysteine residues
are all involved in intramolecular disulfide bonds (SS).

Studies on the secondary structure of gliadins (Shewry and Tatham 1997; Wieser
2007) have reported that in the N-terminal domain, where there are repeated sequences of

amino acids, there is a predominance of the B-turn structure, and in the C-terminal domain,
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where no repeated sequence of amino acids occurs, there are predominantly a-helix and -
sheet structures.

Gliadins, upon hydration, behave as a viscous liquid, providing dough extensibility
(Khatkar and others 2013). A balance between extensibility and elasticity (or resistance to
extension) (Melnyk and others 2012) is of interest for the gluten network functionality in
bread. Song and Zheng (2008) claim that greater amounts of gliadin in wheat flour may
contribute to decreases of mixing time and dough stability, as a consequence of a weakening

of the protein network, resulting in weak doughs, suitable for biscuit production, for example.

[.2.2.2. Glutenins

Glutenins are classified, due to their solubility, as glutelins, and consist of high-
molecular-weight glutenin subunits (HMW-GS) and low-molecular-weight glutenin subunits
(LMW-GS) (Lagrain and others 2008).

The LMW-GS have molecular weights from 30,000 to 45,000 and are classified as B,
C, and D types, according to their mobility profile on polyacrylamide gel electrophoresis
(Mamone and others 2005). According to Delcour and others (2012), the main difference
among them is the first amino acid residue that forms its primary structure, and it can be
serine, methionine, or isoleucine.

The HMW-GS are classified into 2 types according to their molecular weight: x-
HMW-GS type with molecular weights from 83,000 to 88,000 and y-HMW-GS type with
molecular weight from 67,000 to 74,000. The HMW-GS have higher amounts of cysteine
residues, when compared to other gluten-forming proteins (such as gliadin and LMW-GS),
which enables the formation of intra- and intermolecular disulfide linkages with LMW-GS.
Wellner and others (2005), studying the secondary structure of glutenins, indicated a
predominance of the a-helix structure in the C- and N-terminal domains due to the presence
of cysteine residues in these regions. In contrast, in the central areas, there was a
predominance of the B-spiral structure due to the presence of residues of glutamine, proline,
and glycine, favoring a more rigid structure of the HMW-GS (Delcour and others 2012).
Although the HMW-GS are in smaller amounts within the gluten proteins family (~10 %)
(Wieser 2007), they are crucial in gluten functionality in bakery processes.

The distribution of glutenins in terms of molecular weight and the presence of
intermolecular disulfide bonds are important characteristics to determine dough properties and
performance in the baking process. According to Shewry and others (2001), Don and others
(2003a, 2003b), Wieser (2007), Kontogiorgos (2011), Beck and others (2012), and Tomi¢ and
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others (2013), the so-called polymers “glutenin macropolymer” (GMP) make a higher
contribution to the technological quality of wheat flour and are strongly related to the
elasticity of the dough (dough strength) and bread volume (Domenek and others 2004;
Melnyk and others 2012; Schiedt and others 2013). GMP consists of very large structures of
both high-molecular-weight and low-molecular-weight glutenin subunits (HMW-GS and
LMW-GS, respectively) (Don and others 2003a), linked by intramolecular and intermolecular
disulfide bonds (Jekle and Becker 2013).

[.2.3. The gluten network in the bread-making
[.2.3.1. The role of gluten proteins in the mixing process

Many studies have been undertaken to explain the gluten network formation during
dough development. Researchers have tried to develop models to explain their hypotheses
involving gluten since the 1960s, and work has focused on wheat proteins (Beckwith and
Wall 1966; Ewart 1977a; Ewart 1977b; Tatham and others 1985; Gupta and others 1993;
Belton 1999, 2005; MacRitchie 2014a). For the gluten network development, the native
proteins of wheat flour must be hydrated by water addition and by mechanical work, in order
to modify the initial conformation of gliadin and glutenin chains (Belton 2005; Wieser 2007;
Tatham and Shewry 2012; Schiedt and others 2013). In this context, a sequential process that
involves the insoluble proteins and their interactions occurs. During the step of mixing flour
and water, various phenomena occur simultaneously, involving different components of the
dough, in particular proteins and starch (Salvador and others 2006; Singh and others 2011).
The macromolecular behavior of the dough is linked to wheat flour composition (Schiedt and
others 2013).

Wheat flour dough is a viscoelastic material, its characteristics mainly depend on the
properties of the flour, the quantity of water added, the air incorporated into it, and the mixing
conditions (Salvador and others 2006). When adding the water to the flour, the protein
molecules unfold, favoring the heterogeneous distribution of the water around the long protein
chains, especially around the polar amino acids and the charged ionizable groups (Schiedt and
others 2013).

With mixing, a complex protein network begins to be formed; however, the energy
applied breaks structural interactions faster than they can be rearranged, changing the water
binding capacity, and leading to increased free water in the system and the alignment of the
protein chains (Bock and Damodaran 2013). At the same time, there is a more uniform

distribution of starch granules. Furthermore, air is incorporated into the dough during mixing
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in the form of bubbles, contributing to the rheological changes (Schiedt and others 2013).
The prior denaturation of proteins that occurs during the events mentioned above leads to the
formation of a structure that allows exposure of hydrophobic groups and favors hydrophilic
interactions necessary to stabilize the structure of the network formed.

Gluten has enough time to develop, and its structure remains stable for a while. When
the mixing time exceeds this period, there is a phenomenon known as depolymerization of
proteins (Schiedt and others 2013), the network is unstable, promoting excessive loss of
water and making it unfit for the production of products such as bread.

The chemical composition, as well as intra- and intermolecular interactions of gliadins
and glutenins favor the stabilization of the generated polymer, reflecting functional and
structural properties of the gluten in the breadmaking products (Wieser 2007; Melnyk and
others 2012; Schiedt and others 2013).

In contrast to classical protein polymer networks, wherein the bonds which are formed
are almost fixed, the gluten network is transitory in nature (Schiedt and others 2013), in that
the crosslinks are formed by disulfide bonds from the exchange of free SH groups and
available SH groups from previously formed disulfide intra- and intermolecular bonds
(gliadin and glutenin chains), and also other connections between different amino acids are
possible (Joye and others 2009).

Disulfide bonds formed by cross-links between cysteine residues are the most
important structural elements of the gluten network (Pefia and others 2006; Tilley and others
2001; Ullsten and others 2009). In addition, tyrosine plays an important role in the protein
involved in B-helices (Pefia and others 2006). Tilley and others (2001) have pointed out that
tyrosine cross-link formation (such as isodityrosine or dityrosine) is an important event in the
aggregation of gluten proteins. The tyrosine cross-links depend on the quantity of HMW
glutenin subunits present, particularly those of the HMW type x. These glutenin subunits are
tyrosine-rich proteins, and this amino acid might mediate the formation of covalent linkages
that influence the specific conformation of the gluten network (Pefia and others 2006).
However, tyrosine cross-links have been shown to be formed in the presence of oxidizing
agents (Tilley and others 2001). Nevertheless, during dough formation, the number of cross-
links formed between tyrosine residues appears to be small and of little importance in the
structure of the gluten network compared to the disulfide bonds formed between cysteine
residues (Pefia and others 2006).

The noncovalent interactions that are formed, in particular, the connections that occur

by agglomeration and aggregation of hydrophobic amino acids (van der Waals forces), or by
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addition of B-sheets by electrostatic interactions and hydrogen bonds (Belton 1999, 2005;
Wellner and others 2005; Barth 2007; Schiedt and others 2013; Wang and others 2015), serve
to assist in stabilizing the gluten network. All types of bonds formed may produce different
behavior after deformation, which may lead to stronger or weaker interactions in the network,
providing extensibility and elasticity characteristics. At the molecular level, the elasticity has
been suggested to be mediated by covalent bonds (especially disulfide bonds), inter- and
intramolecular, among the individual chains of glutenins (Belton 1999; Shewry and others
2001; Veraverbeke and Delcour 2002; Don and others 2003a, 2003b; Wieser 2007; Wang
and others 2015). In this context, an elongation in the deformation resistance increases due to
protein-protein interactions in the extended rigid chains (Jekle and Becker 2013).

It is widely known that the strength of dough and its three-dimensional gluten network
depend on the arrangement and number of disulfide bonds and sulfhydryl groups of the
proteins, and that most of the changes in dough mixing properties are caused by thiol-
disulfide interchange reactions of gliadins and glutenins (Shewry and others 2001; Belton
2005; Delcour and others 2012; Macritchie 2014b; Lasztity and others 2000; Wang and
others 2015). Additionally, the conformation of the proteins can allow the occurrence of non-
covalent interactions that can strengthen or weaken the gluten network formed (Bock and
Damodaran 2013).

Several models for the structure of wheat gluten polymers have been proposed,
however, these theories do not explain all functional properties of gluten. Currently, the
models proposed by MacRitchie (1999) and by Belton (1999) have a large consensus in some
aspects of the viscoelastic behavior of the gluten network. These models are the first step to
resolving the structure-functionality relationships in the dough (Hamer and Vliet 2000).

MacRitchie (1999), based on polymer theory, suggested that the glutenin polymer can
be described as an entangled polymer network and the aggregates become joined through
physical entanglements. It is a physical approach to gluten structure. The gluten network
structure is a superimposition of both covalent and non-covalent interactions. Hydrogen
bonds, hydrophobic interactions and electrostatic interactions (salt, metal ion bridges) are
relatively weak but together give greater strength (Hamer and Vliet 2000).

Another model accepted currently was named the “loop-train theory”, and it was
elaborated by Belton (1999) who established that not only the disulfide bonds are involved in
the gluten network formation, but also the hydrogen bonds which contribute to the interaction
between gliadins and glutenins. In this model, the glutenin subunits interact through disulfide

bonds at the ends of the subunits and hydrogen bonds along the repeated regions. The loops
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are formed in the repeated regions where water is contained (protein-water interaction) and,
when applying extension to the system, such as in the dough-mixing process, the loops
disappear, and the trains are formed (protein-protein interaction) (Belton 1999). The
elongation and reordering of the chains through tensile or mixing forces lead to a loss of
entropy. On the other hand, this could enable the formation of new bonds within the aligned
state, which could stabilize the system. If the extension is removed, and the polymer relaxes,
then the loops can re-appear (Jekle and Becker 2013).

In short, while mixing the dough, the “native” links of gluten-forming proteins are
broken and new bonds are formed during the preparation and the resting of the dough. The
result is a protein matrix that is much stronger than the protein clusters in the flour suspension
condition with water and without mechanical work (Schiedt and others 2013). Understanding
the role and the contribution of the proteins from the gluten network, and the type of
interactions involved in the stabilization, is a critical step in improving the dough
development processes, especially from wheat flour (Schluentz and others 2000). Figures 1
shows a molecular interpretation of the gluten network formation, and Figure 2 shows the

scanning electric micrograph of the gluten network.

2.3.2. The role of gluten proteins in proofing

Proofing is a period during which the dough is left to rest, after having been molded,
and when a series of complex reactions occur, especially to produce carbon dioxide gas due
the yeast action. At this stage of bread-making, starch breakdown and fermentation occur, and
dough becomes a foam during the initial phase of proofing (Cauvain 2015).

The yeast produces carbon dioxide gas that causes the gluten network to expand; this
leaves an open cellular structure with the gases trapped in pockets. Because of this, the quality
of gluten in dough is very important. It is well-known that weak wheat flour, when used in
bread-making, can produce bread with low volume, because its gluten network is unable to
prevent gas bubble coalescence during proofing and during the early stages of baking
(Cauvain 2015). Coalescence of gas bubbles in bread doughs occurs because the viscoelastic
properties of the gluten network in the dough have not been optimized or because the dough
lacks sufficient protein to form a stable gluten structure. Flours with an optimum gliadin-
glutenin ratio provide optimum bread quality (Barak and others 2014), due to the gas-holding
capacity of the gluten network developed in the dough. Thus, the increase of dough volume
during proofing refers to the gluten viscoelastic properties required. The gluten network must

have sufficient extensibility for its expansion under the rising gas pressure within the dough,
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especially when the dough is subjected to biaxial extension; and the gluten network must have
sufficient elasticity, related to its resistance to deformation during processing (Dobraszczyk

and Roberts 1994; Dobraszczyk 2004).
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Figure 1. Molecular interpretation of gluten network development after water addition
associated with mixing. Based on Abang-Zaidel and others (2010), Shewry and others (2001,
2002), Delcour and others (2012), and Belton (1999).

At the later stages of proofing, the strain-hardening properties, which are governed by
the polymeric glutenins, stabilize the foam. At elevated temperatures, these properties become
even more important (Hamer and others 2009). Gliadins also play an important role on foam.
The viscous gliadin has the potential to stabilize gas cells during bread-making due to its
surface-active properties (Wang and others 2015). Because of their structure, different types
of gliadins may give the additional degrees of freedom necessary to detect a common basis
between the surface-activity demonstrated in foaming or emulsification and that shown in

bread-making (Uthayakumaran and others 2001). Gliadins help to stabilize the foam where
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the lipids in the dough are not able to cover the entire gas cell surface (Hamer and others

2009).
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Figure 2. Scanning electron micrograph of the gluten network.

[.2.3.3. The role of gluten proteins in baking

In this step, temperature plays an important role: because of the gradual increase of
temperature inside the oven, it is possible to observe a change from a foam structure to a
sponge structure, due especially to protein denaturation and starch gelatinization. Heat
promotes several changes in the wheat proteins, changes associated with chemical aspects
(free SH groups, surface hydrophobicity), extractability (for example, in SDS solutions),
modifications on the proteins conformations, and physicochemical changes (in rheological
and thermal properties).

When the bread bakes, its gluten proteins coagulate (Wang and others 2015). The heat
denaturation of gliadins and glutenins is the most important change that occurs during baking.
The baking functionality of gluten decreases progressively during heating, with marked
decreases 1in solubility and extractability indicating increased cross-linking and
polymerization of the gluten polymer, which was attributed to increased sulphydryl (SH)—
disulfide (SS) interchange reactions (Schofield and others 1983), as indicated by their
irreversibility with the addition of cysteine (Stathopoulos and others 2008a). Lefebvre and
others (1994) observed the increasing permanent cross-linking between glutenin polymers.

Guerrieri and others (1996) observed that heat-induced changes in surface hydrophobicity of
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gluten started at 45 °C, indicating unfolding of the gluten polymer exposing hydrophobic
groups and decreasing solubility. This sets the gluten, so that it is no longer elastic and
determines the bread loaf size and shape. This change does not reverse when bread is cooled.
The end result, after removal from the oven and cooling, should be a firm but open and light-

textured loaf of bread (Dobraszczyk 2004).

I.3. Chemical composition of commercial vital wheat gluten

Although this product is marketed as a “protein concentrate”, it is not composed only
of proteins. Vital gluten contains approximately 73 to 82% proteins (Day and others 2006), 6
to 8% moisture, and variable amounts of minerals (0.5 to 1.5%), carbohydrates (3 to 20%,
mainly starch), lipids (5 to 8%) and fibers (<1%). The starch and the fibers are trapped in the
cohesive protein matrix and become more difficult to be removed with higher protein content.

The amount of starch can vary, but with extensive washing a significant reduction of
the starch in the protein matrix can be observed (Miller and Hoseney 1999). The amount of
extra water that is required for this washing generates a large amount of process effluent,
increasing the biological oxygen demand (Day and others 2006). The non-polar lipids of the
wheat flour can interact with the hydrophobic regions of the gluten proteins during the
washing process, not allowing complete extraction of lipids in the washing step to obtain the
vital gluten (Autran 1993; Debet and Gidley 2006). Gluten is a protein complex which is
insoluble in water, although there may be small amounts of soluble proteins trapped in the
gluten matrix. Despite its insolubility and its hydrophobic nature, gluten absorbs about twice

its dry weight in water to form the gluten network (Day and others 2006).

I.4. Vital wheat gluten uses

Vital wheat gluten is an ingredient used mainly in the baking industry (Marchetti and
others 2012; Melnyk and others 2012; Majzoobi and Abedi 2014). Its use is recommended
for the production of certain specialty breads (loaf bread with added fibers and/or germ and
other ingredients), panettone, for which the fermentation step is long and the volume is
important, or even in flour with low gluten quality or quantity (Tedrus and others 2001).

In bakery products, vital wheat gluten is used to fortify flour with lower protein
content and of less than desirable quality or is inadequate for bread-making. The addition, this
ingredient increases the protein content of the flour and improves its technological quality.
This practice used by the baking industry, mills, and bakeries has become increasingly

common in many countries. When added, vital gluten generally improves the strength of the
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dough, the mixing tolerance and handling of the dough. Its viscoelastic properties provide
expansion and gas retention, thereby increasing bread volume and improving bread texture
and uniformity. Moreover, its water absorption capacity improves the yield of the final
product, softness, and shelf-life. The concentration of vital wheat gluten on wheat flour ranges
from 2 to 10% (Wadhawan and Bushuk 1989); usually 5% is used, depending on the flour
quality that will be corrected, the type of end product desired, and essentially the gluten
protein quality from vital wheat gluten that will be used for fortification. Figure 3 shows the

effect of different concentrations of vital wheat gluten on pan bread.
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Figure 3. Pan breads prepared with different concentrations of vital wheat gluten. Where, CB

is the control bread prepared with 100% of wheat flour; 2% VG, 5% VG, and 7%VG are the

breads prepared with 2%, 5%, and 7 % of vital wheat gluten on basis flour, respectively.

Sometimes, this product is used to standardize wheat flour produced by mills. This is
usually done in order to satisfy specific needs of the food industry for certain flour
applications, typically for the bakery and pasta industries. For pasta production, although
durum wheat is the first choice, vital gluten can be used to fortify available flours. Gluten
addition can reduce cooking loss and stickiness in cooked pasta, provide good cooked
firmness, increase resistance to breakage, and improve heat tolerance in canned retorted
products (Hesser 1989).

Vital gluten can also be used in meat products, because it has the ability to promote
bonding between fat and water in emulsion systems. Due to the increasing concern about
health and food safety, some consumers are looking for alternatives to animal proteins. Thus,
products such as texturized wheat gluten and cereals fortified with vital gluten developed
using extrusion technology (Bietz and Lookhart 1996; Schmiele 2014) are highlighted. Vital
gluten is also used in the preparation of fruit purée and soy sauce, as a thickening agent, and
monosodium glutamate manufacturing due to its high glutamine content, ideal for this product

(Bietz and Lookhart 1996). Vital gluten may be used to replace the milk protein in certain
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cheese products (if regulatory standard of identify allows), due its viscoelasticity, providing a
characteristic texture and better eating quality of the cheese (Hesser 1989).

In the pet food industry, vital gluten is used in the preparation of meat analogs, due to
its water absorption capacity and interaction with fat, thus also contributing to the nutritional
needs of animals (Bietz and Lookhart 1996; Abang Zaidel and others 2009). For dog biscuits,
the use of vital gluten contributes to improve resistance to breakage, especially during
packaging and shipping (Hesser 1989).

It can also be used as a plasticizer in the formation of adhesives and films as a barrier
for food and non-food products, such as cosmetics and medicines. Gluten is a renewable and
biodegradable alternative. Wheat gluten protein, a renewable resource, is capable of forming a
fibrous network which lends strength, elasticity, and plasticity when formed into a film
(Koehler and others 2010). However, its use for this purpose must be carefully controlled.
Due to the prevalence of gluten allergies and celiac disease, gluten films should only be
suitable for wheat-containing foods.

Besides all these uses, new technologies are being increasingly explored to modify the
structure and thus the functionality of this unique protein ingredient to provide a range of
functional properties at a more modest price than demanded by its competitors such as milk

and soy proteins (Day 2011).

L.5. Vital wheat gluten production

The greatest world producers of wheat gluten are the USA, Canada, Australia, the
Netherlands, France, and Germany (Boland and others 2005). Currently, in Asia, 2 countries
are highlighted for wheat production volume and for its vital gluten producers: India and
China. In the year 2015/2016, India produced 86,530 million tons of wheat, with an
increasing market and production industry. On the other hand, China has emerged as a major
producer, due especially to 2 factors: (i) great wheat production volume — in 2015/2016, its
production was 130 million tons of wheat (ABITRIGO 2016), only a little behind the
European Union countries which together totaled 160,012 million tons produced; and (i1)
cheap labor and tax incentives for the creation of new industries. According to Koehler and
others (2010), the production of vital gluten per year in Europe is around 600,000 tons, and
the world annual estimate for gluten production was over 1,200,000 metric tons for 2015
(personal information); generally, most of its production is used by the baking industry

(Wadhawan and Bushuk 1989).
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Vital wheat gluten quality depends on the quality of the wheat grain used for its
production. The selection of suitable hard wheat varieties which give good yield of gluten is
important (Mekuria and Admassu 2011). For wet-milling to produce vital wheat gluten, flours
from wheats with high protein content (Sayaslan and others 2006), 14 to 17 % (Guarienti
1996), with high-yield and good mixing quality (strong gluten aggregation) are preferred
(Sayaslan and others 2006; Maningat and Bassi, 1999). In addition, sometimes this wheat
grain or wheat flour quality is not available for vital gluten production, hence a small
proportion of durum or soft wheat flour could be added to a hard wheat flour with no adverse
effect on the separation, yield, and quality of the co-products starch and gluten (Sayaslan
2004). The use of better wheat varieties on those considered weak wheats solves the quality
and scarcity problems of good quality vital wheat gluten in the global market.

To obtain vital wheat gluten, a multistep process that begins with the milling of the
wheat grain has been used. The milling step is followed by aqueous separation of starch from

gluten, which is insoluble in water. After this step, gluten must be dried and ground.

I.5.1. Fractionation of wheat flour

Wheat flour is the best raw material from which to obtain vital wheat gluten, because
it facilitates the fractionation process into starch and gluten. According to van der Borght and
others (2005), flour fractionation processes can be classified on the basis of the degree of
gluten protein agglomeration. The most important processes are the dough, dough-batter,
batter, and other batter-based processes. Here, we describe the first step of these methods,
where gluten and starch are separated from wheat flour.

Dough process: Vital gluten is typically produced by the Martin process. In this
process, flour and water (~ 60%) are mixed and left at rest to form a dough. The dough is then
washed under running water with gentle mixing, separating the gluten and starch, which is
carried by the water (Weegels and others 1988; Robertson and others 1999; Day and others
2006). In this wheat flour fractionation step, the starch may be separated by different
methods: by centrifugation, the use of hydrocyclones, decanters, or sieving (screening), as the
starch granules have a higher density and larger size than gluten (Robertson and others 2008).
The vital wheat gluten resulting from wheat flour fractionation is subjected to careful drying
and subsequent grinding and, when rehydrated, it is still able to form an elastic and cohesive

dough (Bietz and Lookhart 1996).
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Dough-batter process: In this process, the first step is to form a stiff dough, and then
more water is added in an attempt to dissolve the gluten matrix. The result is a batter which is
then sieved or centrifuged to obtain starch and gluten (van der Borght and others 2005).

Batter process: As summarized by Anderson and others (1960), in this continuous
process a mixture of wheat flour and water is established (1 to 1.8) to reach an elastic batter.
After this, more water is added to modify the proportion between flour and water (about 1 to
3). Starch is then washed from the batter, leaving gluten in the form of small curds. Gluten
and starch are separated in a shaker screen. Gluten curds are recovered with more water added

while moving them on screens.

[.5.2. Drying step

After gluten and starch separation by aqueous processes, these products must be dried
to be marketed. The drying step is necessary for the microbiological stability of the product,
but it is critical for the retention of gluten functional properties, as gluten is sensitive to heat.
Guerrieri and others (1996) claim that gluten can be heated up to 70°C without deleterious
effect on its vitality; however, above 80°C the denaturation process can be observed. The
gluten is dried in ring dryers that promote the mixing of wet gluten (~ 70% moisture) with
previously dried gluten. In these types of dryers, the dried material is crushed and subjected to
intermittent drying. A portion of the dried gluten is removed from the ring dryer, as a new
quantity of wet gluten is introduced. The drying rate and temperature of the wet gluten must
be carefully controlled, because its functional properties are easily destroyed by moist heat.

Other drying processes which can be used in the industry are drum-drying and spray-
drying (Vojnovich and others 1960). At high-temperature oven-drying, freeze-drying, and
vacuum-drying are used. Alternatives to drying the aqueous gluten dispersion may include
ammonia or acetic acid, followed by spray-drying, but this approach is limited by its higher
cost and environmental concerns. After drying, the product is ground into fine particles and
marketed as vital wheat gluten. Figure 4 shows the flowchart of the vital wheat gluten

production.
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Figure 4. Flowchart of the vital wheat gluten production. Based on van der Borght and others

2005.

I.6. Vital wheat gluten quality assessment

Gluten quality is one of the most important criteria for judging its performance in the
baking industry (Chandi and Seetharaman 2012). The vitality of gluten is generally evaluated
for its ability to increase the volume and to improve the crumb texture of bread produced from

standard fortified flour with vital gluten (Wadhawan and Bushuk 1989). This is the routine
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test carried out by baking industries to assess the vital gluten level needed to fortify wheat
flour with it (Guerrieri and Cerletti 1996; Chandi and Seetharaman 2012).

The American Association of Cereal Chemists International provides AACCI method
10-10.03 (AACCI, 2010), which is a guide to make a baking test with 100 g of flour and with
short proofing time (greater or less than 90 min, depending of the yeast level used). In this
test, standard recipes and standard procedures are used, and usually they are adapted to the
purpose of the baking test (Sluimer 2005).

The baking performance of wheat flour (fortified or not with vital wheat gluten) can be
measured by the baking test, and the main result obtained is loaf volume (Kieffer and others
1998). Besides, crumb firmness can be evaluated if texture analyses are conducted during
bread shelf life.

The functional properties of gluten proteins depend on their physical and chemical
properties that affect their behavior in food systems (Day and others 2006). The differences in
the functional quality parameters of vital wheat gluten are determined through chemical
analysis of its proteins, describing protein composition and also protein structure, or through
physical tests, emphasizing viscoelastic properties of the fortified wheat flour with vital
gluten.

To determine the differences in functionality of vital gluten, flour quality parameters
such as farinograph parameters, and determining the volume of bread, are commonly used
(Dua and others 2009). Several publications (Czuchajowska and Paszczynska 1996;
Dobraszczyk and Morgenstern 2003; Song and Zheng 2007; Dhaka and others 2012;
Marchetti and others 2012; MacRitchie 2014b) have described the use of alveograph,
farinograph, extensograph, and Mixolab™ equipment to test the functionality of vital gluten
obtained by different methods. In addition to these analyses, the ability of vital gluten in
improving bread performance is generally evaluated, by loaf volume and crumb structure,
when a poor quality flour is used for baking (Wadhawan and Bushuk 1989).

It is well known that protein content can be estimated quantitatively by the Kjeldahl
method by the determination of nitrogen with its conversion to protein using the 5.7 factor for
wheat (Wang and others 2014). However, this is not enough to characterize the type of
proteins in vital gluten, so it is also very common to determine wet and dry gluten contents as
a guide to their quality (Larsson and Eliasson 1996).

Polyacrylamide gel electrophoresis with sodium dodecyl sulfate (SDS-PAGE) and
reverse-phase high-performance liquid chromatography (RP-HPLC) are classic techniques

that can be used to separate gliadins and glutenins and their subunits according to molecular



39

size. However, as the reduction of disulfide bonds is a prerequisite to investigate the size of
the protein aggregates, these methods cannot avoid the loss of information as individual
polypeptides interact to form, especially, glutenin polymers or glutenin macropolymers
(GMP) (Don and others 2003a; Labuschagne and Aucamp 2004). Other techniques with
higher resolution for separation of proteins in non-denaturing medium can be applied, with
the advantage of evaluating the functionality of vital gluten for different applications. The
high-performance liquid chromatography by molecular size exclusion (SE-HPLC) is a
commonly used technique for investigating information on protein aggregates. It is an
important tool in the evaluation of native protein aggregates, because it can provide a
physical-chemical basis for dough strength. Furthermore, it is a quick test to evaluate the
bread-making quality of wheat genotypes for breeding programs.

Currently, SEC-HPLC is a technique used to separate the 4 major wheat protein
classes in flour and vital gluten: albumins, globulins, gliadins, and glutenins, and the results
obtained by this technique have been strongly correlated with the quality of dough
development (Singh and others 1990; Labuschagne and Aucamp 2004). Gupta and others
(1993) and Uthayakumaran and others (2002) found a correlation between the amount of
protein polymers found in wheat flour and technological parameters during the dough-mixing
process. The amount of some protein polymers is related to gluten strength and the volume of
bread (Autran 1993; El Haddad and others 1996; Weegels and others 1996; Scanlon and
Zghal 2001; Bekes and others 2004; Delcour and others 2012; Bock and Damodaran 2013).

Chemical predictive tests, including those for surface hydrophobicity, protein
solubility in various solvent systems, and the types of interactions that occur between the
proteins, as well as the ratio of gliadin-to-glutenin, have been investigated to evaluate gluten
vitality (Krull and Wall 1969; Melander and Horvath 1977; Jeanjean and others 1980;
Kinsella and Hale 1984; Robertson and others 1999; Singh and Macritchie 2001; Bennion
and Daggett 2003; Liu and Hsieh 2008; Stathopoulos and others 2008b). Near-infrared
spectroscopy has also been used to assess qualitative and quantitative properties of wheat
proteins (Guerrieri and Cerletti 1996; Bock and Damodaran 2013; Sivam and others 2013;
Czaja and others 2016).

Evaluations of the characteristics of the protein gel, using such fundamental
rheological tests as oscillatory dynamic tests and compression tests, appear as alternative
techniques to better assess gluten behavior during dough development (Létang and others
1999; Uthayakumaran and others 2002; Dobraszczyk and Morgenstern 2003; Dobraszczyk
2004; Ng and others 2006; Angioloni and others 2008; Mirsaeedghazi and others 2008; Ng
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and McKinley 2008; van den Broeck and others 2009; Uthayakumaran and others 2014), as
some physical tests often do not have good intra- and inter-assay repeatability (Chandi and
Seetharaman 2012).

Knowing that vital gluten undergoes a drying step during its processing, it is necessary
to assess the degree of denaturation of proteins at high temperatures, relating it to their
functionality when applied to wheat flour or other flours. The gluten proteins, as protein
molecules, are characterized by a transition temperature between 2 phases, one semi-solid,
prevalent at high temperatures, and the other glassy-solid, prevalent at low temperatures (Hill
and others 2014). This type of physical change is called “glass transition”. The glass transition
temperature (Tg) is the main parameter to understand the thermal and mechanical properties
of gluten proteins (Cherian and Chinachoti 1997; Micard and Guilbert 2000; Hayta and
Schofield 2004; Thanatuksorn and others 2009; Khatkar and others 2013). An analytical tool
to study the thermal behavior of these proteins is differential scanning calorimetry (DSC),
which is a technique that allows observations of phenomena involving heat exchange
(Arntfield and Murray 1981; Wang and Damodaran 1990; Weegels and others 1994a, 1994b;
Leon and others 2003; Angioloni and Dalla Rosa 2005; Falcdo-Rodrigues and others 2005;
Mohamed and others 2010).

The molecular structure of gluten is also relevant to determine its viscoelastic
characteristics. Studies of the molecular origin of viscoelasticity have been hampered by the
intrinsic complexity of gluten, since it is composed of dozens of proteins of high-molecular-
weight, and because it is insoluble in water. This has promoted the development of techniques
for determining three-dimensional structures in high resolution, such as X-ray diffraction
spectroscopy and nuclear magnetic resonance (NMR) (Umbach and others 1998).

As gluten protein structures vary depending on the solvent used, the secondary
structures of proteins have been studied for wheat gluten using infrared Fourier transform
spectroscopy (FTIR). This analysis allows the quantification of the secondary structures of
proteins in a solid, in tablet form, or as a film (Bernardes Fillho and others 1998). FTIR
coupled with Attenuated Total Reflectance (FTIR/ATR) cell is a powerful method to obtain
relevant information for understanding protein adsorption to surfaces (Chittur, 1998). The use
of ATR is usually related to the rapid obtaining of the difficult-to-handle samples spectrum,
with controlled temperature, and less intense interference of the solvent can be observed in the
infrared spectrum as a whole, allowing its easy subtraction of the sample spectrum (Fabian

and Mintele 2002).
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The circular dichroism technique (CD) also provides important data on the
conformation of the protein structures present in many systems. Molecules that have several
chiral centers, such as proteins and peptides, can interact with incident light and change its
polarization. Thus, the CD technique uses this fact to determine the secondary structure of
proteins, peptides, and nucleic acids (Kieffer and others 2007).

The surface formed in the gluten network can be assessed by scanning electron
microscopy (SEM), which provides interesting data on the surface morphology of the
structure from images at high magnification. Khatkar and others (2013) studied the changes in
microstructure after gliadin addition to doughs and reported structural differences between
them.

Polymerization of glutenin and gliadin to form the gluten network involves the
oxidation of sulfhydryl groups (SH) and the exchange with previously existing disulfide
bonds (SS) (Beveridge and others 1974; Hueqner and others 1977; Kuktaite and others
2011). In studies with the addition of reducing agents and oxidants to flour, it was observed
that the addition of a reducing agent breaks the disulfide bonds between gliadin and glutenin,
whereas the oxidizing agent aids in the polymerization of gluten (Lagrain and others 2006).
These observations were ascribed to a SH-SS exchange mechanism (Khatkar and others
1995). Thus, changes of free SH groups affect the association between gliadins and glutenins,
becoming an important factor for evaluating the quality of vital gluten.

While the rheological and practical baking tests are the most common tests in mills,
baking industries and research institutions use chemical tests for the assessment of vital gluten
quality (Chandi and Seetharaman 2012), as these are also important in determining the type
and quantity of the proteins found in the product. On the other hand, these chemical and
physical tests require a long time of analysis, specific instrumentation and reagents, and also
technical personnel trained for such analysis and interpretation of the data. Thus, the use of
simple tests to assess vital gluten quality is relevant for reducing analysis time and costs, as
long as they allow obtaining fast results associated with the technological quality of vital
gluten.

Simple tests, such as the expansion test of a gluten ball, hand-washing test and an
extensibility test by simply stretching the gluten ball, can be important for determining vital
gluten quality, often avoiding the need to carry out more time-consuming practical baking or
physical or chemical tests to check the viscoelastic properties of this product before its
application in the baking industry. These rapid tests can also be carried out in bakeries or

mills that must assess the quality of gluten.
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LI.7. Conclusions

Vital wheat gluten is an ingredient used in the bakery industry. It is obtained from
wheat flour through a process that involves washing and drying steps. Drying is a critical
process step, because heat can induce thermal denaturation of vital wheat gluten proteins, and
this can change viscoelastic characteristic of gluten when rehydrated. When vital wheat gluten
is added to wheat flour, it is expected that this protein supplementation improves the
viscoelastic properties of the gluten network and, consequently, dough quality.

The protein characteristics that affect the technological quality of vital gluten to be
used in baking are amino acid composition, protein structure and conformation, gluten protein
hydrophobicity, and gliadin and glutenin quantity and quality. Good quality of the gluten
network is achieved when its proteins, gliadins and glutenins, can interact with each other,
through non-covalent interactions and disulfide bonds, resulting in a cohesive and elastic
network able to retain gases from fermentation in the bread-making process.

The gluten network has a complex viscoelastic behavior that depends on its proteins,
thus there are many tests to verify its technological quality. Rheological tests are conducted to
determine the viscoelastic properties using different methods and equipment, at a macroscopic
level, but physical-chemical tests are also important to identify protein quality at microscopic
and molecular levels. Correlation studies of dough rheological properties and gluten protein

quality are relevant to expand our knowledge on the unique behavior of gluten.
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I1. Caracteristicas quimicas e estruturais de proteinas de gliten vital de diferentes

origens para panificacio

Ortolan, Fernanda; Urbano, Karoline; Netto, Flavia Maria; Steel, Caroline Joy

Resumo

Avaliar as caracteristicas quimicas das proteinas que constituem o gliten vital
comercial € importante, porque a qualidade tecnolégica deste produto estd associada ndo s6 a
quantidade de proteina total, mas também a qualidade funcional da proteina que constitui este
produto. O objetivo deste estudo foi avaliar as caracteristicas quimicas e estruturais das
proteinas de glitens vitais comerciais de diferentes origens (GVA e GVB) envolvidas na
qualidade tecnoldgica, visando definir os parametros mais relevantes para aplicagdo em
panificacdo. Poucas diferencas nas caracteristicas quimicas e estruturais de GVA e GVB
foram observadas, com excecdo da quantidade relativa de proteinas das fracdes proteicas do
gluten, onde GVA apresentou maior quantidade de gliadinas (relacionadas a extensibilidade)
e a mesma quantidade de gluteninas (relacionadas a elasticidade) que GVB, revelando melhor
equilibrio entre essas fracdes em GVA. Esta diferenca mostrou a necessidade de maiores
informacdes sobre as proteinas do gldten vital comercial a ser utilizado na fabricacio de paes.

Palavras chave: gldten vital, qualidade proteica, gliadinas e gluteninas.

I1.1. Introducao

O gliten vital de trigo é comercializado como um ingrediente que pode ser adicionado
as farinhas que ndo apresentam qualidade adequada para a elaboracao de paes (ESTELLER;
PITOMBO; LANNES, 2005; WEEGELS et al., 1994), ou ainda aos paes ricos em fibras.
Usualmente, o gliten comercializado ndo € classificado de acordo com o seu perfil proteico
ou de qualidade proteica. No entanto, se espera que o gliten adicionado interfira
positivamente na qualidade da massa (MARCHETTI et al., 2012), embora as caracteristicas
tecnologicas dos diferentes glitens comerciais possam variar amplamente entre si
(WEEGELS et al., 1994).

Ainda que o gliten vital adicionado a farinha de trigo melhore as caracteristicas de
qualidade dos paes, nem sempre ele mantém as propriedades tecnoldgicas da farinha original
da qual foi obtido (MILLER; HOSENEY, 1999). Desta forma, a determinacdo de suas

caracteristicas quimica, fisico-quimica e tecnoldgica auxilia na sua especificacdo, a fim de
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alcancar melhor desempenho na elaboragdo dos produtos de panificacdo, quando adicionado
as farinhas.

O glidten vital pode ser produzido a partir de diferentes métodos de extracdo, que
apresentam multiplos passos, iniciando-se com a moagem do grdo de trigo. A moagem ¢é
seguida pela separacdo aquosa associada ao trabalho mecadnico do amido e do gliten,
insolivel em dgua. Apds essa etapa, o gliten deve ser seco e moido (DAY et al., 2006).
Muitos sdo os fatores do processo que influenciam na qualidade do gliten vital obtido, mas a
etapa de secagem parece ser a mais critica (GUERRIERI; CERLETTI, 1996). Dois fatores sdo
considerados determinantes: (i) pode ocorrer desnaturagdo proteica quando temperaturas
acima de 70 °C sao utilizadas para secar o gliten vital (GUERRIERI; CERLETTI, 1996), e
(i1) o gluten se deteriora rapidamente quando mantido num estado imido, como resultado da
acdo proteolitica endégena e exdgena, tornando-o inadequado para sua aplicacdo na industria
(VAN DER BORGHT et al., 2005). As condi¢des de processamento podem ser variadas,
levando a alteragdes na qualidade do gliten vital, porém essas variacdes ndo sdao apenas
resultado do processo de obtencdo, mas também, do gendtipo de trigo selecionado para a
producdo do glaten vital (FREDERIX; COURTIN; DELCOUR, 2004). Um gendtipo
adequado para o processamento deve possuir alto teor proteico e ser economicamente vidvel
para toda a cadeia produtiva do trigo (WEEGELS; MARSEILLE; HAMER, 1988).

O gldten vital resultante deste processo contém no minimo de 60% de proteinas
(BRASIL, 2005), principalmente gliadinas e gluteninas, que possuem diferencas estruturais
que influenciam as suas propriedades viscoelasticas. Os diferentes residuos de aminoacidos
formadores das gliadinas e gluteninas levam a formacao dos diferentes tipos de ligagdes que
estdo envolvidas na formacdo da rede de gliten, influenciando suas propriedades
viscoeldsticas (JEKLE; BECKER, 2013). Enquanto as gluteninas (maior massa molecular
comparada as gliadinas, e com liga¢cdes SS intra e intermoleculares) formam uma massa mais
elastica quando hidratadas, as gliadinas (ligagdes SS intramoleculares) produzem uma massa
mais fluida e extensivel quando hidratadas (SINGH; MACRITCHIE, 2001; WIESER, 2007).
A associagdo entre gliadinas e gluteninas para formar a rede de gliten combina as
caracteristicas desses dois componentes, exibindo propriedades fisicas de coesdo, viscosidade
e elasticidade (PYLER, 1973). A quantidade semelhante entre gliadinas e gluteninas é
determinante na reologia da rede de gliten (KHATKAR; BARAK; MUDGIL, 2013;
MACRITCHIE, 2014; SHEWRY et al., 2001; TUHUMURY; SMALL; DAY, 2014), porém
ndo deve ser considerado o unico fator para avaliacdo da qualidade viscoeldstica da rede de

gliten formada.
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A solubilidade e associacdo molecular das proteinas em diferentes sistemas de
solventes sdo determinadas pelas diferentes cadeias laterais dos aminoécidos que constituem
as cadeias polipeptidicas (SINGH; MACRITCHIE, 2001). Gliadinas e gluteninas contém
relativamente pequenas quantidades de residuos de aminoacidos bdasicos e acidos, que sdo
responsaveis pela solubilizagdo de proteinas (PYLER, 1973), levando a baixa solubilidade das
proteinas do gliten em dgua. Por outro lado, elas apresentam grandes quantidades de
glutamina (WIESER, 2007), que possibilita a formacdo de ligacdes de hidrogénio entre os
grupamentos amina e carboxila terminais das glutaminas (PYLER, 1973). As proteinas do
gliten também contém grandes quantidades de residuos de aminodcidos apolares, consistindo
de grupos alifdticos e aromdticos que, em contato com a dgua, tendem a se associar, formando
as interac¢des hidrofébicas (SINGH; MACRITCHIE, 2001).

As interagdes ndao covalentes formadas, em especial, as interacdes hidrofébicas
(GUERRIERI et al., 1996), ou por agregagdo de P-folhas por interacdes eletrostaticas e
ligacdes de hidrogénio (SCHIEDT et al., 2013), estabilizam a rede de gliten. Em nivel
molecular, a elasticidade tem sido sugerida como sendo associada as ligacdes dissulfeto inter
e intra cadeias de gluteninas individuais (BELTON, 1999; DELCOUR et al., 2012;
MACRITCHIE, 2014; MCCANN; DAY, 2013). Sob alongamento, a resisténcia a deformacao
aumenta devido as interagdes proteina-proteina nas cadeias rigidas estendidas (SHEWRY et
al.,, 2001). Durante a mistura da massa, as ligacdes existentes nas cadeias das proteinas
formadoras de gluten sdo quebradas e, posteriormente, novas ligacdes sdo formadas durante a
elaboracdo e o descanso da massa. O resultado € uma matriz proteica que € muito mais forte
do que os aglomerados de proteinas sob a condi¢do de suspensdo de farinha em 4dgua sem
trabalho mecéanico associado (SCHIEDT et al., 2013; WANG:; JIN; XU, 2015).

Compreender o papel e a contribuicdo das proteinas que formam a rede de gluten e os
tipos de interagdes envolvidas na sua estabilizacdo € um passo essencial para aperfeicoar os
processos de desenvolvimento de massa obtida a partir da farinha de trigo (SCHLUENTZ;
STEFFE; NG, 2000), ou com a adicdo de gliten vital sobre a farinha de trigo fraca ou farinha
de trigo integral, ou farinhas oriundas de outros graos. Desta forma, o objetivo deste trabalho
foi avaliar quais sdos as caracteristicas quimicas e estruturais das proteinas que influenciam a
qualidade tecnoldgica de glitens vitais comerciais utilizados na fortificagcdo de farinhas de
trigo para a panificacdo, visando predizer os parametros de qualidade mais relevantes destes

produtos e ampliar o conhecimento das caracteristicas das proteinas do gliten vital.
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I1.2. Materiais e Métodos

I1.2.1. Materiais
Foram utilizadas duas amostras de gldten vital comercial de diferentes origens,
nomeadas de gliten vital A (GVA) e gliten vital B (GVB). Além disso, um gldten de trigo

ndo vital (GNV) foi obtido por meio de tratamento térmico, para fins de comparacgao.

I1.2.2. Métodos
I1.2.2.1. Obtengdo de gliten ndo vital

O gldten nao vital (GNV) foi obtido por tratamento térmico de GVA pelo método
proposto por Schofield et al. (1983), com algumas modificagdes citadas por Guerrieri et al.
(1996). Em amostra de 20 g de gluten foi adicionada agua suficiente para atingir 60 % de
umidade e feita a mistura manual em gral para a formacdo da rede de gliten. O gliten
umedecido foi colocado em placas de metal fechadas e devidamente lacradas, para evitar
perda de agua, e aquecido em banho-maria a 98 °C por 30 minutos. Apds este periodo, o
glaten foi congelado a -40 °C em ultracongelador UK 05 (Klimaquip, Pouso Alegre, Brasil),
seco em liofilizador modelo L.108 (Liotop, Sdo Carlos, Brasil), moido, peneirado (60 mesh) e

armazenado em frasco de vidro.

11.2.2.2. Composi¢ao quimica e aminoacidica

A composi¢do quimica do gliten vital (GVA e GVB) e ndo vital (GNV) foi avaliada
utilizando metodologias padronizadas pela AACCI (2010): teor de umidade (método n°® 44-
15.02), teor de cinzas (método n° 08-01.01), teor de proteinas (método n° 46-13.01),
utilizando como fator de correcdo o valor de 5,7, teor de lipidios (método n° 02-01.02) e
carboidratos por diferenca [100 — (cinzas + proteinas + lipidios)]. As andlises foram realizadas
em triplicata e os resultados expressos em base seca.

A composi¢do em aminodcidos de GVA, GVB e GNV foi determinada segundo
White; Hart; Fry (1986), com algumas modificacdes. O gluten foi hidrolisado com 6 M HCl
na presenca de fenol. Os residuos foram desproteinizados com solu¢do de HCI e metanol (80
% MeOH + 20 % 0,1 M HCl). Os aminoécidos livres reagiram com fenilisotilcianato (PITC)
em uma derivatizacdo pré-coluna e foram separados por RP-HPLC C18, utilizando duas fases
moveis: fase movel A composta por 60 mL de acetonitrila misturada com 940 mL de tampao
acetato de sdédio contendo 0,05 % trietilamina; e fase mével B composta por 60 % de

acetonitrila e 40 % de dgua. Foi utilizado gradiente de elui¢do, aumentando gradativamente o
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eluente B. Um passo adicional com 100 % de tampao mével B foi utilizado para a limpeza da
coluna, para que a mesma retornasse as suas condicdes iniciais. As fracdes separadas foram
detectadas a 254 nm. A andlise foi realizada em duplicata e os resultados foram expressos em

teor de aminodcidos (g) em 100 g de proteinas totais (base seca).

I1.2.2.2. Fracionamento sequencial das proteinas

As proteinas do gliten vital (GVA e GVB) e ndo vital (GNV) foram fracionadas em
albuminas-globulinas, gliadinas e gluteninas, de acordo com o método descrito por Singh;
Shepherd; Cornish (1991), com as modificagdes propostas por Kieffer et al. (2007) e algumas
adaptacdes. A extracdo sequencial em diferentes solventes iniciou com a separacdo das
albuminas e globulinas (ALB/GLO). Uma dispersao de 2 % de proteina (m/v) foi preparada
com 0,15 M NaCl, a solucdo foi agitada a 14.600 rpm em mini homogeneizador TE 103
(Tecnal®, Piracicaba, Brasil) por 60 minutos a 50 °C. Apés este periodo, a dispersdo foi
centrifugada a 15.000 x g por 15 minutos a 20 °C em centrifuga Allegra™ 64R (Beckman
Coulter, Brea, Estados Unidos); o sobrenadante contendo ALB/GLO foi recolhido e o residuo
foi utilizado para a separagdo das gliadinas (GLI). Para separacao da fracdo GLI, foi utilizada
solucdo 50 % 1-propanol, nas mesmas condi¢des de agitacdo e de centrifugacdo descritas
anteriormente. O sobrenadante contendo GLI foi recolhido e o residuo foi utilizado para
extracdo de gluteninas (GLU). Para GLU foi utilizada solu¢do de 50 % 1-propanol contendo
0,05 mol L de Tris-HCI (pH 7,5) e 2 % P-mercaptoetanol, com as mesmas condi¢cdes de
agitacdo e centrifugagdo utilizadas para ALB/GLO e GLI. O sobrenadante contendo GLU fo1
recolhido e o residuo foi descartado. Todas as etapas do fracionamento foram realizadas duas
vezes. O contetddo proteico das fracdes foi quantificado pelo método n°® 46-13.01 da AACCI
(2010) e, para o residuo, o teor proteico foi determinado por diferenca [100 — (ALB/GLO +
GLI + GLU)]. Os resultados foram expressos em g/100 g de proteina solivel em base seca e a

andlise foi realizada em triplicata.

I1.2.2.3. Avaliacdo das interacOes quimicas
I1.2.2.3.1. Solubilidade proteica em diferentes solventes

As interagdes quimicas existentes nas cadeias proteicas do gldten vital e possivelmente
envolvidas na formacgao da rede de gliten foram avaliadas pela solubilidade das proteinas em
diferentes solventes, segundo metodologia proposta por Schmiele et al. (2013), com algumas

modificagdes. Os solventes utilizados foram: (TF) 40 mM tampao fosfato (pH 7,5), preparado
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com 4gua deionizada; (U) 8 M ureia; (SDS) 2 % dodecil sulfato de sédio; e (ME) 2 % pB-
mercaptoetanol. Todos os sistemas foram preparados em TF.

A solubiliza¢do da proteina de GVA, GVB e GNV em cada sistema de solvente foi
realizada baseando-se no método descrito por Chiang (2007) e adaptado por Schmiele et al.
(2013). Em microtubo, 80 mg de amostra (em base seca) foi adicionada de 1,5 mL de
solvente, agitada em vortex Mixer (Labnet, Rating, Estados Unidos), e incubada em banho-
maria 304-TPA (Nova Etica, Vargem Grande Paulista, Brasil) por 150 minutos a 40°C, com
agitacdo em vortex a cada 30 minutos. Em seguida, os microtubos foram centrifugados em
centrifuga Mikro 200 R (Hettich Zentrifugen, Tuttlingen, Alemanha) a 10.000 x g, por 30
minutos, a 20 °C. A solubilizacdo das proteinas foi realizada em triplicata. As proteinas
solubilizadas foram quantificadas pelo método de Lowry utilizando o Kit RC/DC™ (Bio-Rad
Laboratories Inc., Philadelphia, Estados Unidos) com adaptacOes. As andlises foram
realizadas em microplacas, com 15 minutos de incubagdo e a absorbancia foi medida em
espectrofotometro  FLUOstar® Omega (BMG Labtech, Ortenberg, Alemanha) com

comprimento de onda de 750 nm. Os resultados estido expressos em g/100 g em base seca.

11.2.2.3.2. Avaliagdo dos grupos SH/SS

Os contetdos de grupos SH total e livre e ligacdes dissulfeto (SS) presentes em GVA,
GVB e GNV foram determinados conforme método descrito por Chan; Wasserman (1993),
com modificacdes propostas por Tuhumury; Small; Day (2014). Para a determinacdo de
grupos SH livres e SH total, a leitura de absorbancia das amostras ap0s reagdo com o reagente
de Ellmann foi medida a 412 nm. O contetddo de SS foi calculado a partir dos SH livres e SH
total, pela equacdo: SS = [(SH total — SH livre)/2]. As determinacdes foram efetuadas em

triplicata e os resultados expressos em umol/mg de proteina em base seca.

I1.2.2.4 Eletroforese

A avaliacdo do perfil de massa molecular das amostras foi realizada em sistema SDS-
PAGE segundo a técnica descrita por Zhou et al. (2014) em condi¢Oes redutoras e nao
redutoras. Solugdes de proteinas de GVA, GVB e GNV foram preparadas individualmente a
partir de 10 mg de amostra diluidos em 1 mL de tampao de corrida composto por: 0,4 %
(m/v) de SDS, 12 % (m/v) de glicerol, 50 M de tampao Tris-HCI (pH 6,8); 2 % (v/v) de B-
mercaptoetanol e 0,01 % (m/v) de azul de bromofenol, para a condi¢do redutora. A mesma
solucdo tampao apenas sem o B-mercaptoetanol foi utilizada na condicdo ndo redutora. As

solucdes foram misturadas em vortex e aquecidas em banho a 95 °C por 4 minutos. Apds este
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tempo, as solugdes foram resfriadas a temperatura ambiente, e entdo 20 pL foram inseridos
com auxilio de microseringa de 25 pL em gel de 10 % de poliacrilamida.

A andlise SDS-PAGE foi conduzida em sistema de eletroforese Mini-PROTEAN
(Bio-Rad Laboratérios, Estados Unidos), com voltagem de 80 V por 40 minutos e 120 V por
tempo suficiente para que o corante azul de bromofenol atingisse a extremidade inferior do
gel. A andlise foi conduzida em duplicata. Os géis foram corados “overnight” em solugdo
aquosa contendo 9 % de 4cido acético (v/v), 45 % de metanol (v/v) e 0,25 % de corante azul
de Coomassie (m/v). A mesma solucdo, sem o corante, foi utilizada para a descoloragdao do
gel por 2 horas, com agitagao.

O padrao de eletroforese (#161-0304) (Bio-Rad Laboratories Inc., Philadelphia,
Estados Unidos) composto por fosforilase b (97,4 kDa), albumina sérica (66,2 kDa),
ovalbumina (45 kDa), anidrase carbonica (31 kDa), inibidor de tripsina (21,5 kDa) e lisozima

(14,4 kDa), foi utilizado para as condicdes redutoras e ndo redutoras de eletroforese.

I1.2.2.5. SEC-HPLC

A distribui¢do da massa molecular aparente das proteinas que constituem os glatens
foi avaliada por cromatografia liquida de alta eficiéncia por exclusdo molecular (SEC-HPLC).
As proteinas de gliten vital (GVA e GVB) e ndo vital (GNV) foram extraidas usando
procedimento descrito por Tronsmo et al. (2002) com adaptacdes. As amostras foram
suspensas em 1 mL de solugdo com 0,05 M de tampao fosfato (pH 6,9) contendo 0,5 % de
SDS a fim de se obter dispersdes com 0,08 g/mL de proteina. As amostras foram aquecidas a
50 °C por 5 minutos e, em seguida, agitadas em voértex por 60 minutos a temperatura
ambiente. Logo apds, as amostras foram sonicadas em banho ultrassonico Thornton T740
(Unique Ind. e Com. de Prod. Eletronicos, Santo Amaro, Brasil) com poténcia de 63 W e
frequéncia de 40 Hz por 30 segundos a temperatura ambiente. As amostras foram
centrifugadas a 10.000 x g por 30 minutos a 25 °C em centrifuga Mikro 200 R (Hettich
Zentrifugen, Tuttlingen, Alemanha). O sobrenadante foi coletado e filtrado em membrana
filtrante em fluoreto polivinidileno (PVDF, didmetro de 30 mm e abertura de 0,45 pm) (Jet
Biofil®, Guangzhou, China) para ser utilizado na andlise de SEC-HPLC. A analise de perfil
cromatografico por exclusdo molecular foi realizada em Cromatégrafo a Liquido de Alta
Eficiéncia (Shimadzu, Columbia, Estados Unidos), composto por bomba LC-10AT VP, forno
CTO-10AS VP, detector de arranjo de diodos SPD-M20A VP, interface SCL-10A e software
CLASS VP. As separagcdes cromatograficas foram realizadas em coluna de exclusdo

molecular Yarra SEC-4000 (300 mm x 7,8 mm x 3 um) (Phenomenex, Hercules, Estados
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Unidos). As amostras foram eluidas no modo isocratico, com fase mével constituida por 0,05
mol L' NaH,PO,.H,0, 0,05 mol L' Na,HPO4 e 0,15 mol L' NaCl (pH 6,8), vazdo de 1,0
mL min”', temperatura do forno de coluna a 25 °C, volume de injecdo de 20 uL e
comprimento de onda de 214 nm. A coluna foi calibrada com um padrao Gel Filtration (#151-
1901) (Bio-Rad Laboratories Inc., Philadelphia, Estados Unidos) composto pelas seguintes
proteinas: tireoglobulina bovina (MM 670.000), y-globulina bovina (MM 158.000),
ovalbumina (MM 44.000), mioglobulina de cavalo (MM 17.000), e vitamina B12 (MM
1.350), dissolvidas no mesmo tampao das amostras e com as mesmas condi¢des de anélise.
Uma curva padrao foi elaborada com tempo de reten¢do x log massa molecular. As andlises
foram realizadas em triplicata. Os picos obtidos para as proteinas que compdem o padrdo de
tamanho molecular (670 kDa, 158 kDa, 44 kDa, 17 kDa e 1,35 kDa) apresentaram tempos de

retencao que variaram de 8 a 12 minutos.

I1.2.2.6. Andlise por espectroscopia no FTIR

A estrutura secunddria das proteinas foi avaliada em espectrofotdmetro no
infravermelho com transformada de Fourier (FTIR) modelo IRprestige-21 (Shimadzu, Kyoto,
Japao) com detector DLATGS. As amostras de gliten foram secas a 60 °C em estufa a viacuo
modelo TE-395 acoplada a bomba de vicuo modelo TE-058 (Tecnal, Piracicaba, Brasil), por
24 h, e, apOs este periodo, foram armanezadas em dessecador para prevenir o ganho de
umidade até o momento da andlise. As pastilhas de KBr foram preparadas em prensa a vacuo
em uma propor¢do de 2 mg de amostra para 200 mg de KBr (1 % de amostra). Os espectros
de absorbncia de 400 a 4000 cm™ foram adquiridos com resolucdo de 4 cm™ e 45 varreduras.
Os interferogramas por transformada de Fourier foram obtidos usando apodizacdo Happ-

Genzel. Os espectros foram corrigidos com linha base de andlise e obtidos em triplicata.

I1.2.2.7. Avaliacao microscopica da superficie - MEV

Para avaliar a superficie da rede proteica do gliten foi utilizada a microscopia
eletronica de varredura (MEV). O gluten reconstituido com amido de trigo nativo numa
proporcdo de 12 g proteinas/100 g amostra foi previamente preparado no equipamento
Glutomatic 2200 (Perten, Suiga), de acordo com o método n°® 38-12.02 da AACC (2010), sem
as etapas de centrifugacdo e secagem. Logo apds, foi congelado a -40 °C em ultracongelador
modelo UK 05 (Klimaquip, Pouso Alegre, Brasil) e seco em liofilizador modelo L108
(Liotop, Sao Carlos, Brasil) para obtencdo de um produto completamente seco. Foi utilizado

microscopio eletronico de varredura com detector de energia dispersiva de raios X, modelo
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Leo 4401 (LEO Electron Microscopy Ltda., Oxford, Inglaterra), com tensdo de aceleracdo de
20 kV e corrente do feixe de 100 pA e aumento de 1000x.

I1.2.3. Andlise estatistica
Os dados foram submetidos a Andlise de Variancia (ANOVA) a 95 % de intervalo de
confianca, e a andlise de comparacdo das médias realizada através do teste de Tukey,

utilizando o programa Statistica 7.0 (StatSoft Inc., Tulsa, Estados Unidos).

I1.3. Resultados e Discussao

I1.3.1. Composi¢@o quimica e aminoacidica

A composi¢cdo quimica e de aminodcidos do gluten vital de diferentes origens e do
gliten ndo vital estd apresentada na Tabela 1. Os resultados mostraram diferencas entre os
glitens avaliados para os teores de cinzas, lipidios e proteinas. O valor de proteina foi similar
para as amostras de GVA e GVB. O GNV, obtido por tratamento térmico, ndo diferiu
significativamente de GVA quanto as proteinas e cinzas, porém, em relacdo aos lipidios seu
teor foi inferior, podendo indicar perda durante o tratamento térmico. As diferencas
observadas para carboidratos se devem aos diferentes teores encontrados entre os constituintes
quimicos dos glitens avaliados, pois o teor de carboidratos foi calculado por diferenca.

Para comercializacdo, o gliten vital € caracterizado pelo seu teor de proteina total,
porém apenas este teor ndo fornece informagdes importantes do ponto de vista tecnoldgico.
Os métodos usuais para determinacdo de proteinas, como o método de Kjeldhal, que
determinam apenas a sua quantidade, sdo insuficientes para avaliar a qualidade de uma
proteina. Por outro lado, a composicio de aminodcidos € uma ferramenta que fornece
informacao sobre os teores de aminodcidos (hidrofébicos, polares ndo carregados, polares
carregados) existentes nos glitens vitais.

A composicdo aminoacidica de GVA, GVB e GNV indicou diferencas entre eles para
alguns residuos de aminodcidos (Tabela 1), sendo que algumas podem ser atribuidas ao
método. Sabendo-se que a rede de gluten é formada por diferentes tipos de interacdes
quimicas, covalentes (ligacdes dissulfeto) e ndo covalentes (ligacdes de hidrogénio e
interacdes hidrofébicas), vale destacar que GVA e GVB apresentaram quantidades
semelhantes de cisteina, aminodcido sulfurado envolvido nas ligagdes SS. Os residuos de
aminodcidos hidrofébicos (alanina, leucina, valina, isoleucina, prolina, fenilalanina, triptofano

e metionina) representam 31,5 g/100 g dos aminodcidos de GVA, 32,4 g/100 g para GVB e
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30,2 g/100 g para GNV; embora haja menor quantidade desses aminodcidos quando
comparados aos demais (hidrofilicos), eles contribuem para a hidrofobicidade das proteinas
do gliten, reduzindo a sua solubilidade em solventes aquosos (RASHEED et al., 2014),

porém esta depende da sequencia dos residuos de aminodcidos.

Tabela 1. Composi¢do quimica e aminoacidica (g/100 g, base seca) de glutens vitais de

diferentes origens (GVA e GVB) e gliten ndo vital (GNV)

GVA GVB GNV
Composiciao quimica
Cinzas 0,91 +£0,00 a 0,82 +0,01 b 0,88 +0,02 a
Lipidios 3,01+£0,19a 0,89 +£0,04 b 0,33 +0,02¢
Proteinas 82,78 +2,81 ab 83,01 +1,92a 79,85 +0,70 b
Carboidratos 13,30 15,28 18,94
Composiciao aminoacidica
Asparagina (ASP) 15,52+ 0,02 ¢ 15,68 + 0,03 b 15,83 +0,03 a
Glutamina (GLU) 14,87 £0,01 a 13,70 £ 0,05 c 13,51 +£0,02 b
Serina (SER) 4,09 +£0,03 ¢ 4,09 +£0,02b 4,00+ 0,00 a
Glicina (GLY) 3,17 £0,03 ns 3,13 +£0,02 ns 3,05+0,01 ns
Histidina (HYS) 1,04 £0,01 ¢ 1,57+£0,02 a 1,43+£0,01 b
Arginina (ARG) 2,39+0,01 ¢ 2,49+0,02b 2,51+0,01a
Treonina (TRE) 4,78 £0,02 a 4,52+0,01b 4,25+0,00 b
Alanina (ALA) 6,43+0,01b 6,67+0,02 a 6,38 +£0,00 a
Prolina (PRO) 4,92+0,01c¢ 4,98 +0,01 a 4,65 +0,00 b
Tirosina (TYR) 2,05+0,00b 2,10+£0,02 a 2,05+0,01 a
Valina (VAL) 345+0,01b 346+0,01 a 3,27+0,00 a
Metionina (MET) 1,24 +0,01 b 1,20+ 0,02 b 1,25+0,01 a
Cistefna (CYS) 0,91 +£0,03b 0,97 £ 0,02 ab 0,99+0,01 a
Isoleucina (ILE) 3,02+£0,00 ¢ 3,05+0,01 b 323+£0,01 a
Leucina (LEU) 7,48 £0,05b 7,60 £0,01 a 6,54 +£0,00 ¢
Fenilalanina (PHE) 4,29 +0,00 ¢ 4,70 £0,04 a 4,30+ 0,00 b
Lisina (LIS) 2,37+0,02 a 2,37+0,02 a 2,05+0,01 b
Triptofano (TRP) 0,73+0,01 a 0,73+ 0,01 a 0,56 +0,02 b

GVA = gliten vital A; GVB = gliten vital B; GNV = gluten nao vital; Teor de umidade: GVA = 9,01 g/100 g;
GVB = 6,79 g/100 g; GNV = 1,93 g/100 g; Letras diferentes nas linhas indicam diferencas significativas pelo

teste de Tukey (P < 0,05); ns = ndo significativo.

As informagdes sobre a quantidade de proteinas total e sua composicao aminoacidica
ndo sdo suficientes para entender as diferencas tecnoldgicas dos glitens vitais comerciais
(MARCHETTI et al., 2012). Desta forma, outras andlises sdo necessdrias para verificar a
estrutura e as propriedades funcionais de suas proteinas, que influenciam na qualidade dos

produtos finais.

I1.3.2. Composicao relativa das fracdes proteicas
A composicdo relativa das fragdes proteicas, obtidas pelo fracionamento sequencial,

dos glutens vitais e do gluten ndo vital estd apresentada na Figura 1.
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Figura 1. Quantidade relativa de proteinas obtida do fracionamento sequencial de glitens
vitais (GVA e GVB) e gliten ndo vital (GNV) de albuminas + globulinas (ALB/GLO),
gliadinas (GLI), gluteninas (GLU) e residuo (RES). Barras de erro representam os desvios
padrdo das replicatas. Letras minudsculas diferentes entre as colunas da mesma fracdo de

proteina representam diferencas significativas entre as médias (P < 0,05).

O teor relativo de albuminas e globulinas foi diferente para GVA (7,82 g/100 g),
enquanto para GVB e GNV nio diferiram significativamente entre si. A pequena quantidade
(< 10 g/100 g) de proteinas encontrada nessa fracdo foi observada porque durante a obtengao
do gluten vital, os constituintes soldveis, incluindo proteinas como albuminas e globulinas,
sdo extraidos no processo de lavagem do gliten, permanecendo predominantemente as
proteinas insoldveis (VAN DER BORGHT et al., 2005) em sua constitui¢ao.

A quantidade relativa de proteinas na fracdo de gliadinas apresentou diferencas
significativas entre os glutens avaliados, 34,4 g/100 g para GVA, 19,3 g/100 g para GVB e
5,9 g/100 g para GNV. As diferencas observadas entre GVA, GVB e GNV ndo se devem
apenas aos diferentes genétipos de trigo (ja que os glitens foram obtidos de diferentes
origens), mas também, ao processo de obtengdo do gluten vital. Quando s3o utilizadas
temperaturas proximas a 70 °C pode ocorrer modificacdo da estrutura das proteinas que
constituem os gldtens vitais, reduzindo a solubilidade de proteinas, como as gliadinas, em
alguns solventes (WIESER, 1998, 2007), neste caso na solucdo de 50 % 1-propanol. Isso

provavelmente aconteceu para GVB e GNYV, que apresentaram menores quantidades de
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proteinas na fracdo gliadina. As gliadinas sdo proteinas monoméricas, que apresentam
ligacGes dissulfeto intramoleculares e sdo responsaveis pela caracteristica de extensibilidade
da rede de gliten (KHATKAR; BARAK; MUDGIL, 2013). A determinacdo da fracdo
gliadina no gldten vital é importante porque, em conjunto com as gluteninas, essas proteinas
sdo fundamentais para as propriedades viscoeldsticas da rede de gliten. Quando as
propriedades viscoeldsticas foram estudadas para GVA e GVB através de testes reoldgicos
fundamentais, verificou-se que GVB se mostrou menos eldstico que GVA, e este
comportamento pode estar ligado a modificagdo estrutural parcial que as proteinas de GVB
sofreram durante o seu processo de obten¢do, que alterou as propriedades funcionais de suas
proteinas (ORTOLAN et al., 2017).

Para os teores relativos da fracdo de gluteninas, ndo foram observadas diferencgas entre
GVA e GVB. Para esta fracdo, GNV apresentou a maior propor¢ao (84,7 g/100 g). Gluteninas
sdo proteinas poliméricas que apresentam ligagdes dissulfeto intra e intermoleculares,
fornecendo a caracteristica de elasticidade a rede de gliten (SHEWRY et al., 2001), porém
ndo foram observadas diferencgas significativas entre os glitens avaliados. A alta propor¢do de
proteinas verificada na fracdo de gluteninas de GNV, comparada ao seu precursor GVA, pode
sugerir a presenca de aglomerados proteicos que se formaram devido ao processo térmico
para producdo do gliten nao vital e que foram solubilizados na fracdo de gluteninas devido ao
uso do B-mercaptoetanol. O B-mercaptoetanol é um agente redutor, que € capaz de romper as
ligacdes dissulfeto, tornando assim os aglomerados proteicos mais soliveis e, portanto,
quantificando-os na fracao de glutenina.

A fragcdo denominada de residuo foi calculada por diferenca entre as demais fracoes e
representa as protefnas que ndo foram solubilizadas em nenhum dos solventes utilizados.

Segundo Lookhart et al. (1993) e Dahesh et al. (2016), o trigo deveria apresentar
quantidades de proteinas similares das fracdes de gliadinas e gluteninas, que contribuem para
o balanco apropriado (ideal 1:1) dessas proteinas. Porém isso ndo aconteceu para GVA e
GVB, pois os tipos de agregados proteicos formados por estes glitens apresentaram
solubilidades diferentes nos solventes utilizados para o fracionamento. Nao apenas o tipo de
proteina (a/B-, y- e w-gliadinas; LMW-GS, HMW-GS), mas também a quantidade presente
dessas fracOes ird refletir nas propriedades de elasticidade e extensibilidade da rede de gliten
(BEKES; GIANIBELLI; WRIGLEY, 2004; DELCOUR et al., 2012; WANG; JIN; XU,
2015). Desta forma, foi possivel verificar, pelo fracionamento, que GVA apresentou melhor

balango entre gliadinas e gluteninas que GVB, devido as quantidades relativas de proteinas
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semelhantes entre suas fragdes, que refletiu no melhor comportamento viscoeldstico da rede
de gliten de GVA avaliado em estudo complementar (ORTOLAN et al., 2017).

Além disso, cabe ressaltar que adaptagdes da técnica foram necessdrias para garantir a
maior solubilidade das proteinas nos diferentes solventes utilizados no fracionamento
sequencial, desde o tipo e o tempo de agitacdo até o uso de 50 °C de temperatura de extracao,
que podem ter influenciado na solubilidade das proteinas de GVA, GVB e GNV. Desta forma,
nas condicoes de andlise utilizadas, foram observadas diferencgas nos teores de proteinas das
fracdes avaliadas, sendo que, dentre os glitens vitais, GVA apresentou maior quantidade de

albuminas/globulinas e gliadinas, e a mesma quantidade de gluteninas que GVB.

I1.3.3. Avaliagdo das interagOes quimicas

A solubilidade das proteinas do gliten em diferentes solventes estd apresentada na
Figura 2. O tampao fosfato (TF) foi utilizado como base para a elaboracdo dos demais
sistemas de solventes, portanto, a solubilidade das proteinas em TF foi usada para fins de
comparacdo. Assim, a comparacdo da solubilidade da proteina em diferentes meios de
extracdo ou tampdes com ou sem desnaturante (ex. ureia - U), detergente (ex. dodecil sulfato
de sédio ou sodium dodecyl sulfate - SDS) e/ou agentes de redugdo (ex. f-mercaptoetanol -
ME), pode fornecer informacdes sobre as ligagdes intra e intermoleculares que existem entre
as proteinas do gliten (MANOI; RIZVI, 2009), e que podem depois estar envolvidas na
formacdo da rede de gliten quando o glaten vital € utilizado no processo de panificagdo.

O TF solubiliza as proteinas que se encontram em seu estado nativo; a U rompe as
ligacGes de hidrogénio que estabilizam as estruturas proteicas; o SDS forma micelas ao redor
das proteinas rompendo, principalmente, as interacdes hidrofébicas, e também interacdes
elestrostaticas e i0nicas; e 0 ME atua rompendo as ligagdes SS (SCHMIELE et al., 2013).

Pela Figura 2, verificou-se que GVA, GVB e GNV apresentaram pequenas
quantidades de proteinas soliveis (< 5 g/100 g) no tampao fosfato, pois as proteinas
formadoras da rede de gliten apresentam baixa solubilidade em sistemas aquosos, € 0s
glatens vitais e o gliten ndo vital apresentam pequenas quantidades de proteinas no estado

nativo, visto que eles ja foram submetidos ao processo de mistura e ao tratamento térmico.
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Figura 2. Proteinas soliveis (g/100 g, base seca) em diferentes solventes de glitens vitais de
diferentes origens (GVA e GVB) e gliten ndo vital (GNV), sendo: TF = 40 mM de tampao
fosfato (pH 7,5); U = 8 M de ureia; SDS = 2 % (m/v) dodecil sulfato de sédio; ME =2 %
(v/v) B-mercaptoetanol; Barras de erro representam os desvios padrdo das replicatas. Letras
minudsculas diferentes entre as colunas da mesma fracdo de proteina representam diferencas

significativas entre as médias (P < 0,05); ns = ndo significativo.

Observou-se que GVA e GVB apresentaram boa solubilizacdo nos sistemas com
adicao de ureia (TF + U) e SDS (TF + SDS), indicando a grande participacdo de ligacdes de
hidrogénio e das interacdes hidrofébicas na estabilizacdo de seus agregados proteicos. GVB
mostrou-se mais soluvel que GVA no sistema TF + U, provavelmente por apresentar maior
quantidade de ligacdes de H na estabilizacdo de seus agregados proteicos. O aumento da
solubilizacdo das proteinas dos GV no sistema contendo ureia ocorreu pela acao deste agente
desnaturante que rompeu as ligacdes de H que estabilizam as estruturas das cadeias de
proteinas, reorganizando a estrutura de modo a aumentar a solubilidade nesta solu¢do (TF +
U). J4 o aumento da solubilizagdao das proteinas dos glitens vitais no sistema contendo SDS
ocorreu pela natureza hidrofébica das gliadinas e gluteninas. O GNV apresentou baixa
solubilidade na presenga de ureia e SDS, provavelmente porque seus agregados proteicos
apresentam uma estrutura de dificil acesso para esses agentes desnaturante e detergente,
respectivamente, tornando-os insoldveis nos sistemas TF + U e TF + SDS. Rasheed et al.
(2014) observaram, em seu estudo, que as proteinas do trigo quando submetidas a
desnaturacdo térmica (130 © C/10 min) podem formar agregados, reduzindo sua solubilidade

em solucdes contendo SDS, comparadas as proteinas nativas.
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Quando o B-mercaptoetanol (ME) foi utilizado no sistema TF + ME, percebeu-se uma
menor solubilidade das proteinas dos glitens vitais comparado aos demais sistemas de
solventes utilizados, possivelmente, pela pequena quantidade de ligagdes SS presentes em
suas proteinas. Por ser um agente redutor, o ME € capaz de romper as ligacdes SS,
aumentando a solubilidade das proteinas pela “abertura” dos agregados proteicos.

GVA e GVB apresentaram diferencas na solubilidade de suas proteinas, indicando que
ambos formaram aglomerados proteicos com caracteristicas diferentes, que podem refletir em
diferengas nas propriedades viscoeldsticas da rede de gliiten por eles formadas.

Na Tabela 2, estdo apresentados os resultados (umol/mg) de grupos SH totais, livres e

pontes dissulfeto (SS) para as amostras de gliten vital e gliten nao vital.

Tabela 2. Quantidades de grupos tiol acessiveis (SH total e SH livre) e ligacdes dissulfeto

(SS) de glutens vitais de diferentes origens (GVA e GVB) e gliten nao vital (GNV)

Glutens SH total SH livre SS
(umol/mg) (umol/mg) (umol/mg)
Gldten vital A 30,95+2,27 a 2,58 +£0,24 ns 28,37 +2,51 ns
Gldten vital B 29,69 +£225a 2,51 £0,25 ns 27,18 £2,42 ns
Gluten ndo vital 25,36 £0,30b - -

Meédias seguidas de desvios-padrdo; As médias com letras diferentes nas colunas diferem estatisticamente pelo

teste de Tukey (P < 0,05); ns = ndo houve diferenca significativa entre as médias.

Analisando os resultados, foi possivel verificar que GVA e GVB nao diferiram na
quantidade de grupos sulfidricos totais e livres e nas ligacdes dissulfeto. Por outro lado, GNV
apresentou o menor valor de SH total e para esta amostra nao foi possivel quantificar SH livre
(e, portanto, SS). Em relacdo as ligagdes SS, os resultados estdo de acordo com os
apresentados na Figura 2 (TF + ME), quando sdo avaliadas as interacOes SS pela utilizacdo de
B-mercaptoetanol, um agente redutor, onde também nado houve diferenca entre GVA e GVB,
indicando que essas ligacdes sdo importantes para a formagdo de rede proteica, polimeros e
agregados proteicos, mas estas nao sdo as unicas responsaveis pelas diferentes caracteristicas
fisico-quimicas e tecnoldgicas dos glitens vitais.

Os grupos sulfidricos das cadeias de gliadinas e gluteninas t€ém papel importante no
desenvolvimento da rede de gliten (JOYE et al., 2009; JEKLE; BECKER, 2013). Embora em
pequena quantidade, os grupos sulfidricos ndo sdo estdticos durante o desenvolvimento da
rede de gliten, mas de natureza transitoria (SCHIEDT et al., 2013), levando ao intercambio

das ligacdes SH/SS. Durante a mistura, as ligagdes dissulfeto “nativas” das cadeias de
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gliadinas e gluteninas podem se romper pela forca aplicada sobre elas, formando novos
SH/SS, dentro da mesma molécula de proteina (SS intramoleculares) ou com outra molécula
de proteina (SS intermoleculares) (SINGH; MACRITCHIE, 2001; WIESER, 2007; JEKLE,;
BECKER, 2013; DELCOUR et al., 2012; WANG et al., 2015).

Segundo Pyler (1973), as ligacdes SS intermoleculares, por serem mais reativas, sao
mais importantes para as propriedades reoldgicas da rede de gliten. Este intercambio fornece
um mecanismo de alivio da deformacdo criada entre as proteinas do gliten, atrasando assim o
enfraquecimento da massa no “overmixing” (PYLER, 1973; SLUIMER, 2007; CAUVAIN,
2015). No intercambio das ligagcdes SH/SS ndo ocorrem perdas destes grupos, isto é, os
grupos sulfidricos podem reagir mais de uma vez, sem prejuizo aos grupamentos envolvidos
(PYLER, 1973).

O uso de diferentes materiais (farinha, massa, gliten) para a determinacdo de SH,
diferentes métodos analiticos e diferentes expressdes dos resultados (RAKITA et al., 2014),

torna dificil a comparacao com resultados oriundos de outras pesquisas.

I1.3.4. Perfil das proteinas por tamanho molecular
I1.3.4.1. SDS-PAGE

Na Figura 3 (A e B) estd apresentado o perfil de separac@o por tamanho molecular das
proteinas constituintes dos glitens vitais (GVA e GVB) e do gliten ndo vital (GNV) em gel
de poliacrilamida sob condi¢des redutoras, o que possibilitou avaliar a distribui¢do por
tamanho molecular das proteinas que se encontram nos glitens avaliados.

GVA, GVB e GNV apresentaram perfis eletroforéticos em condi¢des redutoras (Fig.
4A) similares. Todos os perfis mostraram bandas de proteinas correspondendo as gluteninas
de alto peso molecular (HMW-GS > 97 kDa) (GUERRIERI et al., 1996), ®-gliadinas (39-55
kDa) (WIESER, 2007), a-, B- e y-gliadinas (30-41 kDa) (GUERRIERI et al., 1996),
gluteninas de baixo peso molecular (LMW-GS, 30-40 kDa) (GOMEZ et al., 2012), e também
as albuminas/globulinas (14-16 kDa) (GUERRIERI et al., 1996). Enquanto GVA ¢ GVB
apresentaram intensidades de bandas semelhantes, as do GNV mostrou intensidade menor,
provavelmente porque parte de suas proteinas ndo foi solubilizada no tampao da amostra, ja
que a mesma concentragdo de proteinas foi utilizada no preparo de GVA, GVB e GNV (0,08
g/mL). Deste modo, pela Figura 3A, verificou-se que gliadinas (a-, B- € y-) e LMW-GS estao
em maior proporcio em GVA e GVB que GNV. Além disso, observaram-se bandas na
extremidade superior do gel, em especial para GVB e GNV, indicando a presenga de

agregados proteicos mesmo em condi¢cdes desnaturantes e redutoras.
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Figura 3. Perfil eletroforético (SDS-PAGE) das proteinas dos glitens vitais e do gliten nao
vital sob condicdes redutoras (A) e ndo redutoras (B). Coluna 1 — padrdao de proteina para
eletroforese; ao lado estdo indicadas as massas moleculares das proteinas do padrao utilizado
para comparagdo; Coluna 2 — gliten vital A — GVA; Coluna 3 — glaten vital B — GVB; Coluna
4 — gluten nao vital - GNV.

Os perfis eletroforéticos, sob condi¢des ndao redutoras (Fig. 3B), apresentaram
diferencas entre GVA, GVB e GNV. GVA apresentou maior quantidade de agregados
estabilizados por ligacOes dissulfeto que GVB, conforme observado pela fragdo retida no topo
do gel. Além disso, foi possivel observar uma mesma fracdo proteica nos perfis de GVA e
GVB, com peso molecular compreendido entre 21,5 e 31 kDa, relacionado as albuminas e
globulinas, grupo heterogéneo de proteinas encontradas no trigo (BIETZ; SIMPSON, 1992).
O aumento das bandas entre 14,4 e 27 kDa, em condi¢des ndo redutoras foi tambem
observado por Wang et al. (2014), indicando que esta fracdo ndo faz parte de agregados
estabilizados pelas pontes dissulfeto, que estdo retidos no topo do gel. O GNV possivelmente
nao foi solubilizado nas condi¢des de andlise, por isso, ndo apresentou bandas proteicas no gel
de separagdo e nem agregados proteicos retidos no topo do gel.

A andlise do perfil de separacdo por tamanho molecular permitiu observar a presenga
de proteinas com massas moleculares que correspondem as proteinas presentes no grao de
trigo e, consequentemente, nos produtos oriundos deste grdo (como o gliten vital), com
classificacdo, de acordo com a massa molecular em albuminas e globulinas, gliadinas e
gluteninas. Também foi possivel verificar a presenca de agregados proteicos em GVA e GVB

quando eles foram submetidos a condicdes ndo redutoras.
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11.3.4.2. SEC-HPLC

Os cromatogramas de GVA, GVB e GNV estdo representados na Figura 4. Os
resultados da distribuicdo da massa molecular aparente das proteinas dos glitens vitais e do
gliten ndo vital foram descritos comparando-os com o padrio de proteinas.

Os perfis cromatogriaficos de GVA e GVB sdo semelhantes entre si e diferentes do
GNV. Para os glitens vitais, observou-se a presenca de proteinas com MM > 670 kDa (TR
inferior a 8 min), especialmente relacionadas aos agregados proteicos; MM de 63 a 13,5 kDa
(TR de 10 a 16 min), referindo-se a maior parte das proteinas que constituem os dois glitens
vitais, e, possivelmente, ndo sao proteinas isoladas, mas sim grupos de proteinas monoméricas
(gliadinas) e poliméricas (gluteninas); e MM < 13,5 kDa (TR de 21 a 28 min), sugerindo a

presenca de albuminas e globulinas nos gldtens vitais, como visto anteriormente.

o — GVA
——GVB
——GNV

mAU
e e
e —

Minutos
Figura 4. Cromatogramas (por exclusdo de tamanho molecular) caracteristicos dos glitens

vitais de diferentes origens (GVA e GVB) e gliten ndo vital (GNV).

O perfil cromatografico do GNV apresentou diferencas em relacdo a GVA e GVB.
GNV apresentou o pico com MM aparente de 63 a 13,5 kDa, porém com menor intensidade
que os glitens vitais. O tratamento térmico pode ter formado agregados proteicos que ficaram
retidos no filtro utilizado durante o preparo da amostra antes da inje¢cdo na coluna de

separacdo, refletindo na auséncia de picos encontrados em GVA e GVB e na menor
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intensidade do sinal do pico com MM aparente relacionada as proteinas monoméricas e
poliméricas do gliten.

Estes resultados mostram que os glitens vitais apresentaram perfis de massa molecular
aparente muito préximos, mesmo ambos sendo de diferentes origens, e, provavelmente, sendo

produzidos a partir de diferentes gen6tipos de trigo e por diferentes métodos de extracao.

I1.3.5. Espectroscopia no infravermelho por transformada de Fourier

A espectroscopia no infravermelho é uma técnica que pode ser utilizada para estudar
diferentes propriedades quimicas das marcromoléculas, por exemplo, conformagdo estrutural,
ligacdes de hidrogénio, estado redox, entre outras (BARTH, 2007). A Figura 5 apresenta os
espectros de transmitiancia no infravermelho médio das amostras de gliten vital (GVA e

GVB) e ndo vital (GNV).
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Figura 5. Espectros de transmitincia no infravermelho médio por transformada de Fourier

(FTIR) obtidos dos glitens vitais (GVA e GVB) e do gliten ndo vital (GNV).

Os espectros de infravermelho (FTIR) (Fig.5) mostram que GVA, GVB e GNV
apresentaram bandas caracteristicas de gluten, conforme relatado por Majzoobi; Abedi

(2014). Desta forma, GVA e GVB nao apresentaram diferencas no espectro de IR, porém
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GNV mostrou pequenas diferencas em relacdo a GVA (precursor de GNV), que serdo
discutidas a seguir.

Foram observadas bandas na regido de 3600-3100 cm™! (FORATO; BERNARDES-
FILHO; COLNAGO, 1998) que caracterizam os estiramentos das ligacdes O-H e -NH;
(amina livre); na regido de estiramento das ligagdes C-H (~2900 cm'l) (WANG et al., 2016); e
também na regiio de ~1800-1000 cm™ (que envolvem as ligacdes C=O e N-H), que
caracteriza a maior parte das frequéncias do IR para as classes quimicas comumente
encontradas em proteinas (GARIDEL; SCHOTT, 2006), e sao muito utilizadas para estudar as
estruturas secunddrias das proteinas (FORATO et al., 1997). A forma e a intensidade das
bandas existentes nessa regido sio atribuidas as configuragdes em o-hélices (1648-1657 cm™),
estruturas B-folha (1623-1641 cm™ e 1674-1695 cm™), B-voltas (1662-1686 cm™) e estruturas
desordenadas (1642-1657 cm'l) (TATTINI JR; PARRA; PITOMBO, 2006; WANG et al.,
2016) que foram observadas para GVA, GVB e GNV (Fig. 5).

Uma vez que a grande maioria das moléculas organicas possui muitas ligacdes
simples, as bandas abaixo de 1500 cm” tornam-se muito complexas para interpretacdo
(GARIDEL; SCHOTT, 2006). Uma regido de interesse para o estudo das estruturas do gliten
¢ a banda de 700-500 cm‘l, atribuida ao estiramento S-S e C-S, que caracterizam o espectro da
cistina (TATTINI JR; PARRA; PITOMBO, 2006), que foi observada para GVA, GVB e
GNV. Além disso, nio foi observado o aparecimento de banda em 2560 cm™, caracterizando
a auséncia do estiramento do grupo S-H, indicando que ocorreu a oxidagdo da cisteina em
cistina. A reducdo de SH no gluten vital e ndo vital esta associada a etapa de formagao da rede
de gliten que ocorre durante a obten¢do do gliten vital, proporcionando a oxidacdo dos
grupos SH livres as ligacdes SS e o intercambio das ligacdes SS nas gliadinas e gluteninas
(JANSENS et al., 2011).

Considerando que GNV sofreu tratamento térmico de GVA e comparando os
espectros de ambos, foi possivel observar algumas altera¢des no formato das bandas do GNV.
As alteracdes foram encontradas nas regides de estiramento de O-H e -NH, (3600-3100 cm™),
na regido de estiramento de C-H (~2900 cm™), e na regido de estiramento dos compostos
sulfurados (700-500 cm™). Essas alteracOes provavelmente ocorreram em virtude de
alteracdes promovidas pelo tratamento térmico de GNV, resultando em deformacdes das
bandas em virtude da modificagdo estrutural causada pelo tratamento térmico a que foi
exposto, refletindo em alteragdes no perfil das ligacdes de suas proteinas.

As respostas obtidas pelo IR sdo importantes para o entendimento da estrutura

secunddria das proteinas que constituem as amostras de gliten vital, que sdo fundamentais
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para o comportamento viscoeldstico da rede de gliten que por elas serd formada. Além disso,
esses resultados podem informar ainda sobre as perdas (por oxidagdo, redugdo, etc) dos
aminodcidos, ou ainda, sobre a desnaturacdo mecanica e/ou térmica que podem ocorrer
durante as etapas de mistura e secagem na obten¢do do glidten vital. Foi possivel observar que
as amostras de gliten vital encontravam-se estruturalmente organizadas, com estruturas
secundarias em o-hélices, B-folha e B-voltas semelhantes entre si. J4 para o gliten ndo vital
observaram-se alteracOes estruturais, principalmente relacionadas aos compostos sulfurados

envolvidos na liga¢do SS, que ocorreu pelo tratamento térmico.

I1.3.6. Avaliacdo microscopica da superficie da rede de gliten

As micrografias da rede de gliten formada a partir de GVA, GVB e GNV estdo
apresentadas na Figura 6. Para GVA e GVB ocorreu a formacdo da rede de gliten, com
alguns granulos de amido remanescentes presos a estrutura, ji que as redes de gliten
avaliadas foram obtidas de glitens vitais reconstituidos com amido de trigo. GVA e GVB ndo
apresentaram diferencas em relacdo a estrutura de rede formada. O GNV ndo formou a rede
homogénea observada nos glitens vitais, pois a sua proteina, que estava previamente
agregada, ndo dezfez as ligacdes formadas anteriormente, e portanto, ndo foi capaz de formar

as interagdes necessdrias (proteina-proteina e proteina-dgua) para o desenvolvimento da

estrutura da rede de gldten.

GVA GVB

Amido remanescente  Rede de gluten Amido remanescente  Rede de gliten Agregados proteicos  Amido remanescente
Figura 6. Microscopia eletronica de varredura da rede de gliten formada a partir de glitens
vitais (GVA e GVB) e de agregados proteicos formados a partir do gliten ndo vital (GNV)

com aumento de 1000x.
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I1.4. Conclusoes

Dentre as diferencas quimicas e estruturais que envolveram os gldtens avaliados, a
quantidade relativa de proteinas distribuidas entre as diferentes fracdes que constituem os
glitens vitais, e também as interacdes envolvidas na estabilizacdo de suas cadeias proteicas,
parecem ser as mais relevantes para influenciar na qualidade tecnoldgica deste produto.
Quando ha melhor balanco entre a quantidade de gliadinas e gluteninas, possivelmente, a rede
de gliten formada (pela hidratacdo do gldten vital associado ao trabalho mecénico) é de
melhor qualidade viscoeldstica, contribuindo para o processo de panificacdo. O uso de gliten
ndo vital foi importante para revelar que o processo térmico, utilizado na etapa de secagem do
glaten vital, se ndo realizado sob rigoroso controle de temperatura e tempo, pode levar a
perdas na qualidade tecnoldgica, devido as alteracdes quimicas e estruturais.

Este estudo representa uma importante contribui¢do para melhorar as informacgdes
sobre as proteinas que constituem os diferentes gldtens vitais comerciais, garantindo o uso

mais adequado deste produto, especialmente, na elaboracdo de paes.
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IT1. Rheological properties of vital wheat glutens with water or sodium chloride

Fernanda Ortolan; Gabriela Paiva Corréa; Rosiane Lopes da Cunha; Caroline Joy Steel

Abstract

Vital wheat gluten is an ingredient used in the bakery industry. The objective of this
research was to evaluate the quality of two different vital wheat glutens (A and B) through
fundamental and empirical rheological tests. Samples of wet gluten and of dough prepared
with wheat flour fortified with 5 or 7 g/100 g gluten were evaluated, with or without sodium
chloride. In the fundamental tests, the gluten network showed higher storage modulus values
when prepared with water than when prepared with salt solution. Extensograph measurements
showed that the dough prepared with salt solution presented greater resistance, maximum
resistance, and area under curve than when prepared with water. In both fundamental and
empirical tests, vital wheat gluten A was superior to vital wheat gluten B. The differences
found between fundamental and empirical tests can be associated with the magnitude and type
of force applied, as well as the protein composition and quality of the vital wheat glutens.
These tests were good tools for evaluating the differences between vital wheat glutens.
Keywords: fundamental rheology, empirical rheology, extensograph, rheometer, dough,

gluten network

II1.1. Introduction

Wheat gluten is a common food ingredient that can be used to fortify weak wheat
flours to produce breads with good quality. This product is obtained from wheat flour and is
marketed as “vital wheat gluten” when its technological properties are maintained after
hydration. Dry vital wheat gluten, when in contact with water, rehydrates rapidly and regains
its intrinsic functionality. Vitality has been related to the rate of water absorption and degree
of viscoelasticity (Miller & Hoseney, 1999). To improve characteristics such as flour strength,
dough mixing tolerance, and bread volume, vital wheat gluten is added to flour at levels
varying from 2 to 10 g/100 g (Wadhawan & Bushuk, 1989), with 5 g/100 g being a
commonly used concentration (Czuchajowska & Paszczynska, 1996). However, the vital
wheat gluten commercialized in the market has few quality specifications, especially related
to the characteristics of the proteins that constitute the protein network responsible for its

viscoelastic properties. Gluten is a viscoelastic protein complex, having both elastic and
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viscous properties (Tuhumury, Small, & Day, 2014; Wieser, 2007). Gluten contains two
major protein groups: glutenins and gliadins. It is generally accepted that glutenin contributes
mainly to elastic properties whereas gliadin contributes primarily to viscous properties
(Delcour et al., 2012; MacRitchie, 2014; McCann & Day, 2013).

It is widely known that the strength of a dough depends on the arrangement of the
three-dimensional gluten network, which is a consequence of the number of disulfide bonds
and sulthydryl groups in the proteins. It should be noted that most of the changes in dough
mixing properties are caused by thiol-disulfide interchange reactions between gliadins and
glutenins (Delcour et al., 2012). Some studies (Delcour et al., 2012; MacRitchie, 2014; Wang,
Jin, & Xu, 2015; Wellner et al., 2005) have sought to understand the formation of the gluten
network. One of the most accepted theories is the “loop-train theory” (Belton, 1999), which
establishes that not only are disulfide bonds involved in gluten network formation, but
hydrogen bonds also contribute to the interaction between gliadins and glutenins (Ng &
McKinley, 2008). Thus, evaluating rheological properties is important in determining the
behavior of the gluten network in dough during mechanical handling, in addition to its
influence on the quality of the finished product. Rheological tests such as those applied in
cereal research and industry have been classified as empirical or fundamental.

Studies on the fundamental rheology of dough and/or gluten (McCann & Day, 2013;
Singh & Singh, 2013; Song & Zheng, 2007; Tronsmo, Magnus, Fergestad, & Schofield,
2003) are usually carried out using small deformation, whereas the empirical measurements
are made using large deformation. Empirical dough and gluten rheological tests using large
deformations are more popular for evaluating dough quality, but rheological measurements
carried out using small deformations can be useful to complement information on the strength
of the network. The structure and interactions between gliadins and glutenins that contribute
to gluten network formation are affected by solvents during hydration and the presence of salt
(Tuhumury et al., 2014). Salt, depending on its concentration, reduces protein repulsive
forces, allowing greater interaction between them, thus strengthening the gluten network. On
the other hand, salt can also have osmotic effects, preventing or delaying protein hydration
(McCann and Day, 2013; Schober, Dockery, & Arendt,2003; Tuhumury et al., 2014; Wellner,
Bianchini, Mills, & Belton, 2003), and water clearly plays a critical role in gluten
development (Abang Zaidel, Chin, Abdul Rahman, & Karim, 2008; Belton, 1999). Besides
that, the fact that salt can either strengthen or weaken noncovalent intermolecular interactions

makes it a good tool for studying protein-protein interactions in gluten (Wellner et al., 2003).
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These rheological measurements can show the difference between vital wheat glutens
and the effects of sodium chloride on gluten network formation. Therefore, the aim of this
study was to evaluate the fundamental and empirical rheological properties of the gluten
network and of doughs produced, with or without sodium chloride, from vital wheat glutens

of different qualities and wheat flour fortified with 5 or 7 g/100 g of these vital wheat glutens.

II1.2. Materials and methods

III.2.1. Material

Two samples of commercial vital wheat gluten were kindly donated by Labonathus
(Sao Paulo, SP, Brazil) and Granotec (Curitiba, PR, Brazil), which were named VGA and
VGB, respectively. The wheat flour control (CWF) was provided by Sul Mineiro Mill
(Varginha, MG, Brazil). The proximate composition of the raw materials was performed
according to AACCI (2010) and results showed the following: 9.01 g/100 g moisture, 0.83
g/100 g ash, 2.74 g/100 g lipids, 75.32 g/100 g proteins, and 21.11 g/100 g carbohydrates for
VGA; 6.79 g/100 g moisture, 0.72 g/100 g ash, 0.81 g/100 g lipids, 77.38 g/100 g proteins,
and 21.09 g/100 g carbohydrates for VGB; 11.89 g/100 g moisture, 0.72 g/100 g ash, 1.17
g/100 g lipids, 13.6 g/100 g proteins, and 72.62 g/100 g carbohydrates for CWF. The methods
applied to measure the proximate composition were: moisture content (AACCI method 44-
15.02), ash content (AACCI method 08-01.01), protein content (AACCI method 46-13.01),
using 5.7 as correction factor, lipids content (AACCI method 02-01.02), and carbohydrates by
difference [100-(ash + protein + lipids)]. The results are given on a dry weight basis except

for moisture content.

I11.2.2. Methods
I1.2.2.1. Sample codes

The sample codes used in this study are described in Table 1. VGA, VGB, and CWF
were used to prepare blends with different levels (5 and 7 g/100 g) of VGA or VGB for flour
fortification. These levels of fortification were chosen after pre-baking tests were carried out

(data not shown).
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Table 1. Codes for the samples used in this study for fundamental rheological measurements

and empirical rheological measurement

Fundamental Rheological Empirical Rheological
Measurements Measurement
wet gluten (G) dough (D)
Samples Wet gluten Wet gluten Dough Dough
prepared with prepared with prepared with prepared with
water (W) salt (S) water (W) salt (S)
Vital gluten A VGA'W VGA S -- --
Vital gluten B VGB W VGB S -- --
Control wheat flour GWF W GWF S DWF W DWEF S
WheaF flour fortified with 5 g/100 GSA W GSAS DSA W DSA S
g of vital wheat gluten A
WheaF flour fortified with 7 g/100 GTA W GTAS D7A W D7A S
g of vital wheat gluten A
WheaF flour fortified with 5 g/100 GSB W GSB S DSB W DSB S
g of vital wheat gluten B
Wheat flour fortified with 7 g/100 G7B W G7B S D7B W D7B S

g of vital wheat gluten B

To better understand the difference between vital wheat glutens of different quality, all
of the rheological tests (fundamental and empirical) were performed by adding both water and
salt, owing to the fact that bakers routinely add a small amount of NaCl to wheat flour doughs
(1 to 2 g/100 g, flour basis) to prepare different types of breads (Wellner et al., 2003). The
fundamental rheological tests were carried out with wet gluten and the empirical rheological

tests were performed with dough.

I11.2.2.2. Gluten reconstitution and wet gluten preparation

The fundamental rheological tests were carried out with wet gluten, which was
prepared with reconstituted vital wheat gluten. Before preparing the wet gluten, the dry vital
wheat glutens (VGA and VGB) were reconstituted with native wheat starch until each sample
reached 12 g/100 g (w/w) protein content to standardize the protein content in both samples.

The wet gluten was prepared in a Glutomatic 2200 machine (Perten Instruments,
Hiagersten, Sweden), following AACCI method 38-12.02 (AACCI, 2010) without the
centrifugation and drying steps. The wet gluten was obtained from washing with water or salt
solution containing 2 g/100 mL (w/v) NaCl. The procedure was performed in triplicate, and
the samples were maintained in a water saturation environment until the fundamental

rheological analysis.
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I11.2.2.3. Rheological measurements

Fundamental rheological properties of wet gluten prepared from VGA and VGB and
their blends with water or salt were measured with a strain-controlled Rheometer AR 1500 ex
model (TA Instruments, New Castle, USA), using a 20-mm diameter cone-plate geometry,
and the equilibration time was 1 min at 35°C. This analysis was performed with wet gluten
instead of dough to better understand the contribution of protein supplementation on wheat
flour, without interference from other flour constituents. The wet gluten was placed between a
cone and plate geometry (cone truncation 0.057 mm). The excess wet gluten was trimmed off
carefully with a razor blade, and a thin layer of silicone oil was applied to the exposed wet
gluten surfaces to prevent moisture loss. The parameters obtained were G’ and tan 6. All tests
were run in triplicate.

Samples were characterized via strain (1 Hz, 0.1-10% strain at 25°C) and frequency
sweeps within the linear viscoelastic region (1% strain, 0.1-10 Hz at 25°C). Temperature
sweep experiments were performed as described by Stathopoulos et al. (2008), with some
modifications. The initial temperature was 35°C and the final temperature was 90°C. The rate
of temperature increase used was 274.15 K /min. The strain used was 1% and the frequency
was kept at 1 Hz.

For empirical rheological measurements, an Extensograph-E (Brabender, Duisburg,
Germany) was used to measure dough stretching properties, particularly the resistance to
extension and the extensibility, according to AACCI method 54-10.01 (AACCI, 2010). This
measurement was performed in triplicate with the CWF fortified with 5 or 7 g/100 g of VGA

or VGB with water or with a salt solution containing 2 g/100 mL NacCl.

I11.2.2.3.1. Calculation of power law parameters

In the present study, power law constant (slope), relating G’ to frequency, was
calculated using the equation G’ = Gy’ o".
Where G’ represents the storage modulus, 7 is the corresponding slope, o is the frequency and

Gy’is the intercept of the power law model for the frequency sweep.

I11.2.3 Statistical analysis
Analysis of variance (ANOV A) was performed for experimental data with a 5% level
of significance and average multiple comparisons were made with the Tukey test, using

Statistica 7.0 software (StatSoft Inc., Tulsa, USA).
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IT1.3. Results and discussion

II1.3.1. Fundamental rheological measurements
II1.3.1.1. Strain sweep

Strain sweeps are usually performed to identify the linear viscoelastic region of
various materials, including polymeric networks such as wet gluten and dough, by defining its
strain limit until irreversible deformation. The typical strain sweep curves for the storage
modulus (G’) of the wet gluten obtained from vital wheat glutens (VGA and VGB) and wheat
flour fortified with vital wheat gluten prepared with water or salt solution (2 g/100 mL
NaCl) is presented in Figure 1 (A and B). Samples showed a wide linear viscoelastic region
between 0.1-10%. An overview of the results shows that the wet gluten network formed with
water presented higher G’ values than the wet gluten network formed with salt. These results
indicate that the gluten network of dough prepared with water was more resistant to flow than
the gluten network of dough prepared with salt solution.

When vital wheat glutens were evaluated, both VGA W and VGB W (Fig. 1 A)
presented greater G’ values than VGA S and VGB S (Fig. 1 B); and VGA W showed the
greatest G’ value. For the wheat flours fortified with vital wheat glutens, flours fortified with
VGA showed the highest G’ values; on the other hand, the fortification levels used (5 and 7
g/100 g) were too low to discern differences between the wheat flours fortified in the
fundamental rheological measurements.

These results agree with Schober et al. (2003) and Tuhumury et al. (2014), who
evaluated gluten networks by fundamental rheological tests and verified that increased salt
concentration can decrease G’ values. The same findings were observed by Angioloni &
Dalla Rosa (2005) and Lynch, Dal Bello, Sheehan, Cashman, & Arendt (2009) for doughs
obtained from wheat flour with or without salt analyzed in fundamental and empirical
rheological tests. They found greater G’ values for dough prepared with water than for dough
prepared with salt solution, but the resistance to extension, as evaluated by the empirical
rheological test, was greater for dough prepared with salt solution than for dough prepared

with water.
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Figure 1. Strain sweep curve for storage moduli (G’) of the vital wheat glutens and wheat flour fortified with vital wheat gluten. A = wet

gluten prepared with water (W), where m = VGA W = vital wheat gluten A with water, 0 = VGB W = vital wheat gluten B with water, ===
GWF W = control wheat flour with water, ® = G5A W = wheat flour fortified with 5 g/100g of VGA with water, o = G7TA W = wheat flour
fortified with 7 g/100g of VGA with water, ¢ = G5B W = wheat flour fortified with 5 g/100g of VGB with water, ¢ = G7B W = wheat flour
fortified with 7 g/100g of VGB with water. B = wet gluten prepared with salt solution contained 2 g/100mL (w/v) of NaCl (S). Where m =

VGA S = vital wheat gluten A with salt, o0 = VGB S = vital wheat gluten B with salt, === GWF S = control wheat flour with salt, ® = G5A
S = wheat flour fortified with 5 g/100g of VGA with salt, o = G7A S = wheat flour fortified with 7 g/100g of VGA with salt, ¢ = G5B S =
wheat flour fortified with 5 g/100g of VGB with salt, 0 = G7B S = wheat flour fortified with 7 g/100g of VGB with salt.
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The presence of NaCl can decrease inter-protein hydrophobic interactions, as a result
of the effect of salt on the structure of water (Lynch et al., 2009; Salvador, Sanz, & Fiszman,
2006). This decrease, which largely depends on the content and quality of the proteins present
(Preston, 1989), reduces the tendency of the proteins to aggregate, reducing elasticity, and
consequently decreasing G’ values. Besides this, sodium chloride can reduce protein
hydration because of its water-holding capacity (Beck, Jekle, & Becker, 2012).

The linear viscoelastic region of wheat flour dough may show a shorter linear region
than the isolated gluten network, because the interactions among the wheat flour constituents
(such as proteins and starch) can reduce the linear region (Uthayakumaran, Newberry, Phan-
Thien, & Tanner, 2002), while in the gluten ball (rubbery gluten network) this region is larger
when compared with wheat flour doughs (Létang, Piau, & Verdier, 1999). These findings
were also observed by Dahesh, Banc, Duri, Morel, & Ramos (2016). These authors found an
extremely large linear region for gluten gel, which reached more than 300% in strain sweep.
In our work, we prepared the gluten network in a Glutomatic device, retaining only the
insoluble proteins in the gluten ball. In our study, the gluten ball obtained from both vital
wheat gluten and wheat flour fortified with 5 and 7 g/100 g of VGA or VGB showed similar
linear viscoelastic regions, as shown in Figure 1 (A and B). This may be explained by the
increased protein concentration in wheat flour when vital gluten was used for fortification.
The differences observed between VGA and VGB may be due their protein compositions,
especially with regard to gliadins and glutenins. Gliadins confer viscosity properties to the
gluten network (Khatkar, Barak, & Mudgil, 2013), while glutenins, especially high-molecular
weight glutenin subunits (HMW-GS), are related to gluten elasticity (Delcour et al., 2012;
Uthayakumaran, Tanner, Dai, Qi, & Wrigley, 2014). Therefore, an appropriate balance
between gliadin and glutenin is necessary to ensure adequate viscoelastic properties in the

gluten network.

I11.3.1.2. Frequency sweep

The frequency sweep provides information about changes in the viscoelastic properties
of the polymer network at different observation times. The elastic modulus (G’) and tan d as
measured by the frequency sweep for vital wheat glutens and wheat flour fortified with vital
gluten obtained from the washings with water or with salt solution are shown in Figure 2 (A,

B, C, and D).
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Figure 2. Frequency sweep curve for storage moduli (G’) — A and B — and tan 6 — C and D of the vital wheat glutens and wheat flour fortified with vital wheat
gluten. A and C = wet gluten prepared with water (W), where m = VGA W = vital wheat gluten A with water, o = VGB W = vital wheat gluten B with
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water, == = GWF W = control wheat flour with water, ® = G5A W = wheat flour fortified with 5 g/100g of VGA with water, © = G7A W = wheat flour

fortified with 7 g/100g of VGA with water, ¢ = G5B W = wheat flour fortified with 5 g/100g of VGB with water, ¢ = G7B W = wheat flour fortified with 7
g/100g of VGB with water. B = wet gluten prepared with salt solution contained 2 g/100mL (w/v) of NaCl (S). Where m = VGA S = vital wheat gluten A with

salt, 0 = VGB S = vital wheat gluten B with salt, == = GWF S = control wheat flour with salt, ® = G5A S = wheat flour fortified with 5 g/100g of VGA with
salt, © = G7A S = wheat flour fortified with 7 g/100g of VGA with salt, ¢ = G5B S = wheat flour fortified with 5 g/100g of VGB with salt, 0 = G7B S = wheat
flour fortified with 7 g/100g of VGB with salt.
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The curves obtained showed that G* was dependent of frequency for all samples
analyzed. There was an increase in G’ with increasing frequency, meaning a decreased
mobility of the protein chains within the gluten network (Singh & Singh, 2013) for vital
wheat glutens and wheat flour fortified with 5 or 7 g/100 g of VGA or VGB. The dependence
of G’ modulus was also observed by Tronsmo et al. (2003) and Wesolowska-Trojanowska et
al. (2014), for dough and glutens. The results observed in the frequency sweep (Fig. 2 A and
B) confirmed the results from the strain sweep, since the gluten network formed with water
was more elastic than the network formed with salt solution, and also demonstrated that the
gluten network of all samples exhibited a power-law dependence on frequency. Power law
relaxation at gel point was observed by other authors for both chemical and physical gels (Ng
& McKinley, 2008; Ng, McKinley, & Ewoldt, 2011; Tanner, Qi, & Dai, 2008; S.
Uthayakumaran et al., 2014). Table 2 provides the values of the slopes as calculated from the
frequency sweeps.

Comparing the curves obtained with water and salt solutions, we observed that VGA
W (Fig. 2 A) showed the highest G’ values throughout the observation period, while the
lowest G’ values were observed for VGB S and G5B S (Fig. 2 B). These results indicate that
the deformations that occur in the gluten network from VGA and VGB with water (Fig. 2A)
and salt solution (Fig. 2B) present the same trends. The values of the slopes (Table 2) showed
that larger values of n were found for samples prepared with salt solution compared to values
observed in samples prepared with water. When the gluten network has a higher n value, this
indicates that the network has less resistance to deformation, because higher n values indicate
a rapid decay of stress with decreasing frequency (Uthayakumaran et al., 2014). It was
interesting to observe that GWF showed similar n values in either W or S systems (GWF W
and GWF S, respectively), showing similar behavior in both cases, probably due to the fact
that these samples were not supplemented with vital gluten.

Differences between the samples occurred because of structural changes promoted by
interactions between gliadin and glutenin, were influenced by the presence or absence of salt,
and depend on the degree of hydration of the proteins of the gluten network (Shewry et al.,
2001). Noncovalent interactions are formed by interactions occurring through hydrophobic
interactions or B-sheets aggregating by electrostatic interactions and hydrogen bonds (Schiedt,
Baumann, Conde-Petit, & Vilgis, 2013), which aid in stabilizing the gluten network. All these
types of bonds may produce different behaviors after deformation, which may lead to stronger

or weaker interactions between components, and this may be related to the inherent
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differences in protein content (gliadins and glutenins) of a particular flour (Tuhumury et al.,

2014).

Table 2. Power law parameters of gluten networks obtained from wheat flour fortified with 5

and 7 g/100 g of vital wheat gluten A (VGA) or vital wheat gluten B (VGB) prepared using

water (W) or salt solution (S)

Gy n R?
VGA W 6909.1 £156.3 a 0.20 £ 0.00 ab 0.99 +0.00 ns
VGB W 4551.8 £153.7b 0.19+£0.01b 0.99 £ 0.05 ns
GWF W 3671.8 £ 1403 e 0.22+0.01 a 0.99 +0.00 ns
G5AW 4020.6 +£265.5 cde 0.23+0.01 a 0.99 +0.00 ns
G7AW 3266.7+£453 f 0.21 £0.01 ab 0.99 +0.00 ns
G5B W 3936.3+£59.1d 0.22+0.01 a 0.99 +£0.02 ns
G7B W 42418+ 1014 c 0.21 +£0.00 a 0.99 £ 0.00 ns
VGA S 3919.4+£203.3 a 0.20+0.00 ¢ 0.99 +0.00 ns
VGB S 1839.1 £118.0e 0.22+0.00b 0.99 £ 0.01 ns
GWEF S 3246.6 £15.2b 0.23+0.00 a 0.99 £ 0.01 ns
G5A S 2769.0+141.0c 024+001a 0.99 +0.00 ns
G7AS 2527.5+£2223 cd 0.22+0.00b 0.99 +0.00 ns
G5B S 16789 £96.7 ¢ 0.24 £0.00 a 0.99 £ 0.03 ns
G7B S 2366.7 £37.6d 0.21 £0.01 be 0.99 + 0.00 ns

Gy = intercept of the power law model for frequency sweep; n = corresponding slope; R? = regression
coefficient; VGA W = vital wheat gluten A with water; VGB W = vital wheat gluten B with water; GWF W =
control wheat flour with water; GSA W = wheat flour fortified with 5 g/100 g of vital wheat gluten A with water;
G7A W = wheat flour fortified with 7 g/100 g of vital wheat gluten A with water; GSB W = wheat flour fortified
with 5 g/100 g of vital wheat gluten B with water; G7B W = wheat flour fortified with 7 g/100 g of vital wheat
gluten B with water; VGA S = vital wheat gluten A with salt; VGB S = vital wheat gluten B with salt; GWF S =
control wheat flour with salt; G5A S = wheat flour fortified with 5 g/100 g of vital wheat gluten A with salt;
G7A S = wheat flour fortified with 7 g/100 g of vital wheat gluten A with salt; G5B S = wheat flour fortified
with 5 g/100 g of vital wheat gluten B with salt; G7B S = wheat flour fortified with 7 g/100 g of vital wheat
gluten B with salt. Means are followed by standard deviation. Different letter in the column represents

significant differences among means; ns = no significant.

For tan 6 as measured by the frequency sweep for vital wheat glutens and wheat flour
fortified with vital gluten obtained from the washings with water (Fig. 2C) or with salt
solution (Fig. 2D), the results were similar among the samples. With regards to the
relationship between elastic and viscous behaviors, there was essentially no change upon the
addition of salt. That is, both samples increased at the same rate and all samples formed a

relatively strong gel with virtually independent frequency moduli.
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II1.3.1.3. Temperature sweep

Temperature sweep is used to evaluate thermo-mechanical structural modifications
and determine the temperature at which gluten protein network changes occur. The storage
modulus (G”) curves from the temperature sweep obtained for VGA and VGB and wheat
flour fortified with 5 or 7 g/100 g of VGA or VGB mixed with water or salt solution (2 g/100
g NaCl) are shown in Figure 3 (A and B).

It was observed (Fig. 3 A and B) that below 60°C, G’ gradually decreased as
temperature increased for all samples, indicating dough softening (Angioloni & Dalla Rosa,
2005). Thereafter, we observed changes in G’ around 60°C and 80°C. Above 80°C, all
samples showed more pronounced protein structural changes, promoting a greater increase in
G’. The results also indicated that VGA showed higher elastic behavior than VGB with
increasing temperature in samples prepared with either water or with salt. For samples
prepared with salt (Fig. 3B), the transition temperature range of the structural modifications of
gluten proteins appeared to be shifted to higher values than the samples with water (Fig. 3A).

The rheological behaviors of VGA (S or W) and VGB (S or W), even when they were
applied on the wheat flour, were similar since the structural transition observed during heating
that changes G’ occurs in two stages. At first, there was a G’ decrease that extended over a
wide temperature range (between 35—60°C), indicating the increase of the viscous portion
mobility with the consequent breakdown of the elastic portion while these temperatures were
applied. In the second step, there was a more pronounced change at temperatures above 80°C.
These results are in agreement with the denaturation temperature of gluten proteins as
evaluated by thermograms obtained from DSC (Leon, Rosell, & Benedito de Barber, 2003).
These authors observed that denaturation occurs at two different temperatures; gliadins
denature around 58°C and glutenins around 80°C.

During heating, the native protein structure is destabilized and unfolding occurs
(Rosell, Collar, & Haros, 2007). In general, ionic and hydrogen interactions are destroyed
during heating, leading to the denaturation of protein molecules. Therefore, this unfolding
may facilitate sulthydryl-disulfide interchange reactions and oxidation together with
hydrophobic interactions (Li & Lee, 1998), leading to the association of proteins and the
consequent formation of large protein aggregates (Schofield, Bottomley, Timms, & Booth,

1983).
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Figure 3. Temperature sweep curve for storage moduli (G’) of the vital wheat glutens and wheat flour fortified with vital wheat gluten. A = wet
gluten prepared with water (W), where m = VGA W = vital wheat gluten A with water, o = VGB W = vital wheat gluten B with water, == =
GWF W = control wheat flour with water, ® = G5A W = wheat flour fortified with 5 g/100g of VGA with water, c = G7TA W = wheat flour
fortified with 7 g/100g of VGA with water, ¢ = G5B W = wheat flour fortified with 5 g/100g of VGB with water, 0 = G7B W = wheat flour
fortified with 7 g/100g of VGB with water. B = wet gluten prepared with salt solution contained 2 g/100mL (w/v) of NaCl (S). Where m = VGA
S = vital wheat gluten A with salt, o = VGB S = vital wheat gluten B with salt, == = GWF S = control wheat flour with salt, ® = G5A S = wheat
flour fortified with 5 g/100g of VGA with salt, o = G7A S = wheat flour fortified with 7 g/100g of VGA with salt, ¢ = G5B S = wheat flour
fortified with 5 g/100g of VGB with salt, ¢ = G7B S = wheat flour fortified with 7 g/100g of VGB with salt.
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The decrease in G’ observed with increasing temperatures (from 25-60°C) observed
for the samples (Fig. 3A and B) can be explained a reduction in ionic and hydrogen
interactions, resulting in reduced elastic behavior of gluten (Wang et al., 2017). On the other
hand, when temperatures higher than 80°C were reached, G’ increased for all samples (Fig.
3A and B). Increasing the temperature from 60-90°C exposed some functional groups, such
as SH and hydrophobic groups, which interacted with each other and promoted the network
formation, increasing G’ (Wang et al., 2017).

The increase in G’ observed upon increasing the temperature from 60-80°C (Figure 3
A and B) was caused by temperature-induced changes on the structure of proteins and starch
granules. This result was also observed by Moreira, Chenlo, & Torres (2013), who found G’
values increase during starch gelatinization using temperature sweep. According to Dreese,
Faubion, & Hoseney, (1988), starch content present in the gluten-starch dough has a small
effect on G’ below 55°C, however, the magnitude of change in G’ is proportional to the
amount of starch present in the dough above 55°C, and this is mostly due to starch
gelatinization. Starch gelatinization is a stage in the baking process where starch granules
swell and absorb water, increasing the viscosity (pasting) of the dough. Gelatinization may
increase hydrogen bonding between gluten proteins and starch molecules (Attenburrow,
Barnes, Davies, & Ingman, 1990; Chen, Deng, Wu, Tian, & Xie, 2010; Dreese et al., 1988;
Mirsaeedghazi, Emam-Djomeh, & Mousavi, 2008).

I11.3.2. Empirical rheological measurements

In the extensograph test, the doughs obtained were evaluated by the fortification of
wheat flour with levels of 5 or 7 g/100 g of VGA or VGB in the absence or presence of 2
2/100 mL NaCl, as shown in Table 3.

When observing the characteristics of doughs prepared with water, the values obtained
in this analysis were lower than values of doughs prepared with salt solution. These results are
consistent with extensograph results obtained by Lynch et al. (2009) and Igndcio et al. (2013).
Overall, the addition of 7 g/100 g VGA showed the highest values for Rmax, A, and R/E.
These results indicate the difference that exists between the protein qualities of VGA and
VGB. For doughs prepared with salt solution, the greatest resistance (R) values were achieved
in DSA S, D7A S, and D7B S, and maximum resistance (Rp.x) with 7 g/100 g of VGA or
VGB (D7A S and D7B S), with an increase of 67% and 48%, respectively, when compared
with DWF S. These results show that the doughs prepared with vital wheat gluten have a high
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resistance to extension, indicating that they require greater forces to stretch. However, the
extensibility (E) showed no significant differences among the samples. The area under curve
or work input (A) was higher for all doughs prepared with fortified wheat flour compared
with the dough prepared with CWF, as occurred for the resistance/extensibility ratio (R/E),
with higher values when 7 g/100 g of VGA and 7 g/100 g of VGB were used for wheat flour
fortification. This indicates that the strength of the dough was significantly improved upon the
addition of vital gluten (5 or 7 g/100 g), however this effect was more pronounced when salt

was used.

Table 3. Extensograph parameters (at 135 min) of doughs obtained from wheat flour fortified
with 5 and 7 g/100 g of vital wheat gluten A (VGA) or B (VGB) from different origins using
water or salt solution (2 g/100 mL NaCl)

DWF D5A D7A D5B D7B

Water (W)
Resistance — R (BU) 452 +17c¢ 475 £ 8 bc 548 £22 a 510+ 16 ab 442 £29 ¢
?é%‘;m“m resistance — R 500+ 10 ¢ 602 £6 b 728 +18a  639+19b  532+39c
Extensibility — E (mm) 110x6Db 134+5a 135+2a 131+3a 128 +6a
Area under the curve — A (cm?) 75+4d 107 £4 be 124+7a 109 £3 ab 92+9c
Resistance/Extensibility ratio — 294 +£0.11 3.37+0.06 393+£0.16 3.43+0.10 3.05+0.19
R/E d bc a b cd
Salt solution (S)
Resistance — R (BU) 543 +18d 828 £38bc  887+35ab  793+29¢ 936 +44 a
?ﬁ%‘;m“mms‘Stance’Rm 755+36¢c  1141+18b  1261+21a 1121+37b 1330£24a
Extensibility — E (mm) 153+ 7 ns 141 £ 5ns 139 £ 6 ns 148 + 8 ns 153 + 8 ns
Area under the curve—A(cmz) 151 £15b 205+10a 210+ 16 a 21010 a 232 +8a
Resistance/Extensibility ratio — 3.53+£0.06 5.87+£0.15 6.40+£0.17 5331041

6.47+0.31 a
R/E c ab a b

DWEF = dough from control wheat flour; DSA = dough from wheat flour + 5 g/100 g of vital wheat gluten A;
D7A = dough from wheat flour + 7 g/100 g of vital wheat gluten A; D5B = dough from wheat flour + 5 g/100 g
of vital wheat gluten B; D7B = dough from wheat flour + 7 g/100 g of vital wheat gluten B. Different letters in
the lines indicate significant differences between means by Tukey’s test (P < 0.05); ns = not significant. BU:

Brabender units.

The empirical rheological test revealed that salt (NaCl) affects dough properties; salt
toughens the proteins and helps condition the dough by improving its tolerance to mixing and
increasing dough stability (McCann & Day, 2013). According to Belton (1999), when greater
deformation energy is applied, the regions of loops and trains may be deformed, allowing a
greater interaction between the protein chains. Dough preparation with salt (2 g/100 mL

NaCl) increased resistance to extension, even when promoting lower G’ in the fundamental
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rheological analysis (Fig. 1 B and 2 B). That is, the gluten network when submitted to normal
force was stronger, but was less elastic when subjected to shear force (fundamental
rheological tests). When salt was used to prepare the doughs for the extensographic analysis,
repulsion between charged protein chains was reduced, favoring hydrophobic interactions
between them (Beck et al., 2012), forming train regions (protein-protein interactions),
strengthening the gluten network as a result of a closer molecular alignment (Abang Zaidel et
al., 2008; Tuhumury et al., 2014), and reducing the number of loops in the gluten network
(Belton, 1999; Delcour et al., 2012; MacRitchie, 2014; Shewry et al., 2001). These
differences observed in fundamental and empirical rheological behaviors between small and
large deformation tests might be related to sample preparation or to the different deformation
forces/rates uses in the measurements (Lynch et al., 2009). Besides that, salt in the dough may
affect other constituents of flour such as starch during dough development, but the effect of
salt on starch is not well-understood (Lynch et al., 2009; Salvador et al., 2006).

We can compare our results with those of Ng & McKinley (2008) who observed that
gluten showed different behavior in shear and extensional trials. They found changes in the
power-law growth within the linear viscoelastic region when shear and uniaxial extension
forces were applied. These authors claim that gluten structure remains intact even under large
deformations because of the tensile strength of the network formed, reinforcing the
importance of intermolecular bonds between the protein chains. In our work, we also
observed that the salt plus tensile forces increased dough resistance in the empirical
rheological test. This is due to the effects of salt on proteins, which, at high strain rates,
allowed approximating gliadin and glutenin chains by reducing the electrostatic forces
between them (Schober et al., 2003).

Structural changes can be observed in the empirical test because the doughs were
prepared in the Brabender Farinograph-E, before the extension test in the extensograph,
imitating dough mixing and resting/proofing steps during bread making. Thus, the results
obtained from the Extensograph-E may correlate better with the bread-making process
(Abang Zaidel et al., 2008). Adding vital wheat gluten improved dough quality by increasing
the content of proteins that are able to form the gluten network, strengthening the dough

structure (Weegels, Verhoek, Groot, & Hamer, 1994).
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II1.4. Conclusions

In the fundamental rheological tests, we observed that the use of salt solution (2 g/100
mL NaCl) to form the gluten ball from reconstituted vital wheat gluten or fortified wheat flour
reduced the elastic modulus, when compared to gluten balls prepared with water. On the other
hand, the viscoelastic properties of wheat flour fortified with vital gluten measured by the
empirical rheological test in the extensograph were opposite to the results obtained in the
fundamental tests, and the doughs produced with the salt solution presented higher resistance
to extension than the doughs prepared with water. In a real baking system, this is important
because the dough can expand during fermentation and baking, maintaining sufficient
resilience to prevent rupture and collapse of the growing gas bubbles and increasing bread
volume. The differences between fundamental and empirical rheological tests might be
related to different sample preparations (in the first, samples were prepared in the Glutomatic,
and in the second, in the farinograph) and/or to the different deformation forces/rates uses in
the measurements. Differences between samples might be related to protein composition of
the different vital wheat glutens. Our results confirmed that even though there were
differences between the two vital wheat glutens, especially in the fundamental rheological
tests, both may improve the viscoelastic properties of doughs and can be used for bread

preparation to improve final product quality.
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bread making

Ortolan, Fernanda; Corréa, Gabriela Paiva; Steel, Caroline Joy

Abstract

Vital wheat gluten is used to improve the rheological characteristics of wheat flour
considered inadequate for bread making. The quality of this product is associated with its
proteins, gliadins and glutenins, which are responsible for its viscoelastic properties, but is
marketed with little information on its proteins quality. Thus, the aim of this study was to
evaluate the technological characteristics of two different vital wheat glutens (A and B),
through rheological analyses and baking test by wheat flour fortification with 5 and 7 g/100 g
of vital wheat gluten A or B. It was observed the contribution of vital wheat gluten added to
control wheat flour on dough viscoelastic quality and also on physical quality of bread,
especially, decreasing crumb firmness. The increase of specific volume was also observed,
when 7 g/100 g of vital gluten A was added on wheat flour, and this vital gluten was
technologically better than vital gluten B. This fact reinforces that there are differences in the
quality of vital wheat glutens commercialized, and it points out the needed of better
information about the protein quality of this product to better determine the level that will be
used in the baking industry.
Keywords: gluten network, dough viscoelastic properties, empirical rheological tests, bread

quality

IV.1. Introduction

Vital wheat gluten is commercialized as an ingredient that can be added to wheat flour
with poor quality for bread making (Esteller, Pitombo, & Lannes, 2005), or still to produce
bread rich in fiber. Usually, the gluten marketed is classified just by its appearance (color and
particle size) and its moisture, protein, ash and lipid contents, beside its microbiological
characteristics. However, it is expected that the gluten quality interferes directly on dough
quality (Marchetti, Cardds, Campaiia, & Ferrero, 2012), and the technological characteristics
can vary widely between the vital wheat glutens available. Although the vital wheat gluten

added to wheat flour improves dough and bread quality, it does not always retain the
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technological properties of the original wheat flour from which it was obtained (Miller &
Hoseney, 1999). Thus, the determination of vital gluten technological quality can improve its
specification to reach better performance in bread making, when it is used to fortify wheat
flours.

Some authors define gluten as a protein network formed by covalent and non-covalent
interactions between gliadins and glutenins (Barak, Mudgil, & Khatkar, 2013; Shewry &
Tatham, 1997; Herbert Wieser, 2007; Xu, Bietz, & Carriere, 2007; Zhou et al., 2014). Gluten
development occurs when wheat flour is mixed with water associated with mechanical work
giving a cohesive dough with viscoelastic properties (Goesaert et al., 2005; Hoseney, Finney,
& Pomeranz, 1970; MacRitchie, 2014). The viscoelastic properties of gluten are related to its
protein quantity and quality. These properties influence bakery product quality like texture,
shape and expansion (Delcour et al., 2012) evaluated by volume. Because of their structure,
gliadins, on hydration, behave as a viscous liquid, that provides dough extensibility (Khatkar,
Barak, & Mudgil, 2013), decreasing the higher elasticity level conferred by glutenins (Zhou et
al., 2014). Thus, the appropriate balance between gliadins and glutenins is determinant on
gluten rheological quality (Melnyk, Dreisoerner, Marcone, & Seetharaman, 2012).

Several tests have been used to determine vital wheat gluten quality, including protein
content, water absorption, gluten extensibility when it is hydrated, and the mixing properties
of the dough obtained from wheat flour fortified with vital gluten. To evaluate the differences
in functionality showed by different glutens, flour quality parameters are usually used, such as
farinograph parameters and bread volume (Dua, Lukow, Humphreys, & Adams, 2009). Some
studies (Czuchajowska & Paszczynska, 1996; Marchetti et al., 2012; Song & Zheng, 2007)
have demonstrated the utilization of the alveograph, farinograph and extensograph to verify
the quality of vital wheat gluten obtained from different methods. Furthermore, the
thermomechanical properties in the Mixolab™ have been used to evaluate the rheological
characteristics of flours, when submitted to different conditions of mixing and temperature
(Codina, Mironeasa, Bordei, & Leahu, 2010; Dhaka, Gulia, & Khatkar, 2012; Huang et al.,
2010). The Mixolab™ is based on principles of the farinograph and of the thermal analysis of
starch through the Rapid Visco Analyser (RVA) (Dhaka et al., 2012). The physical tests of the
dough formed by the addition of vital gluten to wheat flour are used to evaluate the baking
potential; that is, gluten strength and performance under mechanical conditions.

The analysis of the dough technological characteristics also plays an important role in

quality control (Barak et al., 2013; Barak, Mudgil, & Khatkar, 2014; Delcour et al., 2012;
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Dhaka et al., 2012; Goesaert et al., 2005; Hoseney et al., 1970) of mill and baking industries,
and assists in defining the ingredients to be used in the manufacture of several bakery
products. Added to these analyses, the ability of vital wheat gluten to improve the baking
performance when a poor quality flour is used for baking is usually evaluated by loaf volume
and crumb structure (Wadhawan & Bushuk, 1989).

The baking industry requires more information on the technological parameters of
vital wheat gluten that is used in the manufacture of different products, to select the type and
the appropriate level of vital gluten addition to its flours (Esteller et al., 2005). Due to market
requirements, techniques that allow a quick conclusion about vital wheat gluten quality
should be used and are necessary to ensure the quality standards of the final products. Thus,
the aim of this study was to characterize commercial vital wheat glutens from different origins
through empirical rheological analyses and prepare pan bread from wheat flour fortified with
vital gluten, at levels of 5 and 7 g/100 g, evaluating bread during its shelf life, to check the
quality of different commercial vital wheat glutens and to assist in defining their

specifications.

IV.2. Material e Methods

IV.2.1. Material

Two commercial vital wheat glutens were used in this study, and both were from
different origins and were named vital gluten A (VGA) and vital gluten B (VGB). Wheat
flour was used as control (CWF) and to prepare blends with different levels (5 and 7 g/100 g)
of VGA and VGB. Such fortification levels were selected after conducting pre-tests with
different levels (data not shown). The fortified flours were named 5 g/100 g VGA (CWF + 5
g/100 g vital gluten A), 7 g/100 g VGA (CWF + 7 g/100 g vital gluten A), 5 g/100 g VGB
(CWF + 5 g/100 g vital gluten B) and 7 g/100 g VGB (CWF + 7 g/100 g vital gluten B). The
other ingredients used in the baking test (instant baker’s yeast, sodium chloride, sucrose,

hydrogenated vegetable fat, and calcium propionate) were obtained in the local market.

IV.2.2. Methods
IV.2.2.1. Chemical composition
The chemical composition of the control wheat flour and the flours fortified with vital

wheat gluten was evaluated through the methodologies described by AACCI (2010): moisture
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content (method 44-15.02), ash content (method 08-01.01), protein content (method 46-
13.01), using 5.7 as correction factor, lipid content (method 02-01.02), and carbohydrates by
difference [100-(ash + protein + lipids)].

IV.2.2.2 Empirical rheological tests
The control wheat flour (CWF) and the fortified wheat flours (5 and 7 g/100 g of VGA
or VGB) were evaluated for their gluten contents and gluten index, a-amylase activity,

farinograph and alveograph parameters, thermomechanical properties and baking test.

IV.2.2.2.1. Gluten contents and gluten index
The gluten contents and gluten index were determined in a Glutomatic equipment

(Perten, Héagersten, Switzerland), by AACCI method 38-12.02 (2010).

IV.2.2.2.2. a-amylase activity
The a-amylase activity was determined indirectly in a Falling Number 1800 (Perten,

Higersten, Switzerland), by AACCI method 56-81.03 (2010).

IV.2.2.2.3. Farinograph parameters

The water absorption (ABS), stability (STA) and other dough characteristics were
evaluated in a Farinograph-E (Brabender, Duisburg, Germany), by AACCI method 54-21.02
(2010).

IV.2.2.2.4 Alveograph parameters
The analysis of the elasticity (P), extensibility (L) and gluten strength (W) was carried
out in an Alveograph (Chopin, Villeneuve-la-Garenne, France), by biaxial expansion of the

dough produced, according to AACCI method 54-30.02 (2010).

IV.2.2.2.5 Thermomechanical properties

The thermomechanical properties were evaluated using a Mixolab™ (Chopin,
Villeneuve-la-Garenne, France), according to AACCI method 54-60.01 (2010), using the
Chopin+ protocol. The parameters obtained from the curve were: water absorption (%);
dough development time (DDT, min) or the time to reach the maximum torque (C1) at 30 °C.

At that point, the dough is able to resist deformation for a certain time, which determines
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dough stability (STA, min) (Ist stage). The simultaneous mechanical shear stress and
temperature constraint (2nd stage) decrease the torque, until a minimum value (C2) that could
be related to the beginning of the protein structure destabilization or protein weakening. As
the temperature increases, starch gelatinization takes place (3rd stage), with a concomitant
increase in the torque until a new maximum value (C3). A reduction in viscosity is observed
in the 4th stage, derived from the physical breakdown of the starch granules, leading to a
minimum value of the torque (C4). The decrease in the temperature produces an enhancement

in dough consistency (5th stage), resulting in a maximum torque (C5).

IV.2.2.3. Baking test

For the baking test, pan breads were prepared, as a type of bread that needs wheat
flour with good gluten quality, in terms of balance between strength, and its elasticity and
extensibility characteristics. In addition, these breads are classified into the category of
"packaged breads" and must have their quality assessed during the shelf life.

The breads were prepared based on the formulation used by Schmiele, Jaekel, Patricio,
Steel, & Chang (2012), with modifications: control wheat flour or wheat flour fortified with
vital gluten (100 %); water (based on the water absorption in the farinograph); instant baker’s
yeast (1.3 %); sodium chloride (1.5 %); sucrose (4 %); hydrogenated vegetable fat (4 %); and
calcium propionate (0.2 %) (flour basis). The breads were prepared without additives or
processing aids addition in order to observe only the contribution of vital wheat gluten on
bread quality.

The breads were prepared using the modified straight dough method. The ingredients
were mixed at low speed (~90 rpm) for 3 min in a Hyppolito model HAE 10 mixer
(Hyppolito, Ferraz de Vasconcelos, BRA), and then at high speed (~ 210 rpm) until the
optimal development of the gluten network (observed manually by stretching the dough). The
doughs were divided into portions of 400 £+ 1 g, rounded by hand, left to rest for 15 min at 21—
22 °C and molded in a HM2 Hp 0.5 molder (Hyppolito, Ferraz de Vasconcelos, Brazil),
placed in open pans (dimensions of 20 x 10 x 5 cm) and taken to the fermentation chamber
model CCKU 5868 20-1 (Super Freezer, Pocos de Caldas, BRA), at 35 °C, and controlled
relative humidity of 95 %, where they remained until the optimum fermentation time
(checked manually by dough resistance to touch). Proofed doughs were baked in an Ipanema
IP 4/80 hearth oven (Haas, Curitiba, Brazil), at 180 °C top temperature, and 195 °C hearth

temperature. The baking time was monitored visually by the development of crust color. After
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baking, the breads were removed from the pans and cooled to room temperature (~1 h), cut in
an electric slicer (GPaniz of Caxias, BRA) into slices 1.2 cm thick, packed in polyethylene
bags and stored under controlled temperature (~20 °C) until the bread quality analyses. These

analyses were made during the shelf life of bread on days 1, 4 and 9 (storage).

IV.2.2.4. Pan bread quality tests

The pan breads were characterized on days 1, 4 and 9 through the following analyses:
specific volume, moisture and water activity of the crumb and the crust, instrumental color
and texture of the crumb, as well as crumb image analysis. The entire inner portion leaving

only 1 cm from the boarder was considered as crumb.

IV.2.2.4.1. Bread quality tests on the production day (day 1)

The specific volume of the breads was determined by AACCI method 10-05.01
(2010), and expressed in mL/g. The crumb color of the breads was measured using a
MiniScan HunterLab spectrophotometer (Reston, USA), according to the CIELab system,
determining the values of L*, a* and b* (MINOLTA 1993). The bread crumb image analysis
was performed using the program Image J (Oliveira, Rosell, & Steel, 2015; Rosell, Santos, &
Collar, 2010). The bread crumb image was captured using HP Scanjet G2710 (Hewlett-
Packard, California, USA) with resolution of 300 dpi.

IV.2.2.4.2. Quality testing of bread during shelf life (days 1, 4 and 9)

The crumb and crust moisture contents were determined by AACCI method 44-15.02
(2010). The crumb and crust water activity (Aw) was measured in a Digital Aqual.ab 4TEV
model (Decagon, Washington, USA), according to manufacturer specifications.

The crumb firmness of the bread was evaluated by AACCI method 74-10.02 (2010),
in a TA-XT2i Texture Analyser (Stable Micro Systems, Surrey, UK), with force capacity of
25 kg, using an aluminum probe P/35, and the following parameters: pre-test speed = 1.7
mm/s; test speed = 1.7 mm/s; post-test speed = 10.0 mm/s; strength = 10 g; distance 40 %;
mode: compression strength. The evaluation was conducted on six replicates, the probe

compression on two central slices arranged horizontally to the platform.
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IV.2.2.5. Statistical analysis

All the analyses, including the baking test, were performed in triplicate, except for
crumb firmness that was determined on six replicates. Data was submitted to analysis of
variance with a 95 % confidence interval, and the mean comparison analysis was performed

by Tukey’s test, using the Statistica 7.0 software (StatSoft. Inc., Tulsa, USA).

IV.3. Results and Discussions

IV.3.1. Chemical composition
Table 1 shows the results of the chemical composition of the control wheat flour
(CWF) and wheat flour fortified at levels of 5 and 7 g/100 g of vital gluten (VGA and VGB)

from different origins.

Table 1. Chemical composition (g/100 g, dry basis) of the control wheat flour and wheat flour

fortified with vital wheat gluten from different origins

Samples Ash Lipids Proteins Carbohydrates
CWEF 0.82 £ 0.05 ns 1.33+£0.08 b 1544 +0.46 ¢ 82.41
5 g/100 g VGA 0.83 £0.04 ns 1.11+£0.11b 19.13+£0.23b 78.93
7 g/100 g VGA 0.86 £ 0.00 ns 1.74+0.11 a 2092022 a 76.48
5g/100 g VGB 0.85+0.04 ns 1.30£0.05b 19.71£0.25b 78.14
7 g/100 g VGB 0.82 +£0.04 ns 1.11£0.06 b 21.03+1.08 a 77.04

CWF = control wheat flour; VGA = vital wheat gluten A; VGB = vital wheat gluten B. Different letters in the
columns indicate significant differences between means by Tukey’s test (P < 0.05); ns = non-significant.
Carbohydrates were calculated by difference. Moisture content: 11.89 % for CWF; 12.03 % for 5 g/100 g VGA,;
12.30 % for 7 g/100 g VGA; 12.07 % for 5 g/100 g VGB; 12.32 % for 7 g/100 g VGB.

Regarding the chemical composition of CWF and fortified wheat flour, there were no
differences in mineral and lipids content, except for 7 g/100 g VGA with the highest amount
of lipids in the blend. It was observed that the protein content increased in the fortified wheat
flour, compared to the CWF and it was proportional with the increasing level (5 and 7 g/100
g) of vital gluten added, decreasing the carbohydrate content, calculated by difference. These
results occurred because the vital gluten is a protein concentrate, which when added to flour

contributes to the increase in total protein content providing mostly gliadins and glutenins.
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IV.3.2 Technological analysis

Table 2 shows the results of the technological parameters for control wheat flour
(CWF) and wheat flour fortified with levels of 5 and 7 g/100 g of vital gluten (VGA and
VGB) from different origins.

IV.3.2.1. Wet and dry gluten contents and gluten index

When vital wheat gluten was added to wheat flour, the WG and DG were higher than
for CWF, demonstrating the involvement of supplemented gliadins and glutenins in the
formation of the gluten network. Analyzing the ratio WG/DG (Table 2), it was observed that
the fortified flours were not different to CWF, however VGA presented WG/DG lower than
VGB, indicating lower loss of water when the wet gluten passed by drying to obtain the dried
gluten, probably because the gluten network formed by the addition of VGA physically held a
greater quantity of water within its protein structure than VGB.

The GI is directly proportional to the viscoelastic quality of the gluten formed (Barak
et al., 2014), and it is strongly influenced by glutenins (Wieser & Kieffer, 2001), which are
responsible to the elastic behavior of the gluten network. The supplementation of wheat flour
with vital gluten increased the amount of wet gluten (proportional to the amount added),
however it did not imply in an increase in GI. This depends on the types of gluten proteins of
the vital gluten and on the interaction between gliadins and glutenins from wheat flour and the
vital gluten added. Therefore, by performing the GI calculations, it was observed that flour
fortified with VGA and VGB, regardless of the level, had lower GI values compared to CWF.

VGA showed higher GI than VGB on both levels studied, indicating that VGA was
more elastic than VGB. In a previous work (data not shown) it was observed that VGA
presented better gliadin/glutenin ratio than VGB. According to Khatkar, Bell, & Schofield
(1995) and Khatkar et al. (2013), the ideal dough viscoelastic behavior occurs due to the
glutenin and gliadin balance, because each one of these proteins has a fundamental role in the
development and stabilization of the gluten network. Besides, according to Cubadda, Carcea,
& Pasqui (1992), the gluten index can be used as a quality classification criterion of gluten
from wheat flour, ranking as weak gluten (GI < 30 %), normal (GI 30-80 %) or strong (GI >
80 %). In this way, we used this standard to classify the glutens obtained from CWF and 5
and 7 g/100 g of VGA as strong glutens, while 5 and 7 g/100 g of VGB are classified as

normal glutens.



Table 2. Technological parameters for control wheat flour (CWF) and wheat flour fortified with 5

different origins (VGA or VGB)

and 7 g/100 g of vital wheat gluten from

VGA VGB
Parameters CWF 59/100 g 7 9/100 g 59/100 g 7 ¢/100 g
Gluten analyses
WG (%) 31.75+1.68 ¢ 46.57 £4.46 ab 48.39 £ 1.23 ab 42.84+0.22b 52.57+148a
DG (%) 1276 £ 1.12 ¢ 2261 +1.51a 2431 +1.16a 15.73 £0.64 b 17.51+1.35b
WG/DG 2.51+£0.34 ab 207+£030b 1.99+0.14b 2.73£0.12a 301+£0.17a
GI 95.02+149a 77.57+£3.77b 84.01 +£2.89b 62.59 £2.63 ¢ 68.86 +3.21c
Falling number (s) 476.5 + 129 ns 464.5 £26.2 ns 462.5+10.0 ns 466.5 £ 8.8 ns 455.75 £ 134 ns
Farinograph parameters
ABS (%) 55.73+0.38 ¢ 59.63 +0.58 b 60.60 +0.10 a 60.63 +0.31a 61.03+0.12a
DDT (min) 10.07£0.32 ¢ 13.50+0.92b 17.43+0.25a 10.73£0.25¢ 11.27+£0.12 ¢
STA (min) 1497 +£0.59 ¢ 19.17+0.74 b 21.17+0.25a 13.80£0.17 ¢ 1433 £0.76 ¢
MTI (FU) 2533+2.12b 26.67+£2.08 b 24.67+2.00b 36.00 £ 0.00 a 31.33+2.08a
Alveograph parameters
P (mm) 72.17+397c 92.88 +6.23 ab 10324 £735a 87.91+£1.99b 106.68 £ 7.06 a
L (mm) 59.00 +2.65c 75.67+1.53b 95.67+7.02a 10433 £3.79a 92.00+7.21a
P/L 1.26 £ 0.08 a 1.22+0.07 a 1.11+0.05a 0.84 £0.03 b 1.18+0.13 a
W (10) 184.86 £8.27 ¢ 322.67+£8.74b 418.93 £22.59 a 347.67 £22.50b 376.50 £36.01 ab
Mixolab™ parameters
ABS (%) 59.13+0.12¢ 60.80 +0.00 b 62.37+0.58 a 59.57+0.55¢ 61.10+£0.00 b
DDT (min) 6.77+£0.23 ¢ 8.08 £ 0.54 abc 8.59+0.69 a 7.01 £0.41 be 8.30 £ 0.59 ab
STA (min) 10.27£0.31b 11.19+0.28 a 11.17+045 a 10.65 £ 0.20 ab 10.72 £ 0.20 ab
C1 (Nm) 1.07+£0.02 b 1.13+£0.02 a 1.11 £0.03 ab 1.10 £ 0.01 ab 1.11 £0.02 ab
C2 (Nm) 0.49+£0.02¢ 0.57+0.01 a 0.56+£0.01 a 0.51 £0.00 be 0.53+£0.01 ab
C3 (Nm) 1.85+0.03 a 1.82+0.03 a 1.73+£0.02b 1.72+0.03 b 1.64£0.01 ¢
C4 (Nm) 1.72+0.04 a 1.67+0.05a 1.58 £0.04 b 1.56 £0.02 b 1.52+£0.02b
C5 (Nm) 2.82+0.08a 287+0.12a 2.60+£0.05b 2.72 £0.06 ab 2.57+0.04 b

CWEF = control wheat flour; VGA = vital wheat gluten A; VGB = vital wheat gluten B; WG = wet gluten; DG = dry gluten; GI = gluten index; WG/DG = wet gluten/dry
gluten ratio; ABS = water absorption; DDT = dough development time; STA = dough stability; MTI = mixing tolerance time; P = elasticity; L = extensibility; P/L =
elasticity/extensibility ratio, W = work input = gluten strength; C1, C2, C3, C4 and C5 = torque as described in the methodology. Different letters in the lines indicate
significant differences between means by Tukey’s test (P < 0.05); ns = non-significant.
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IV.3.2.2. Falling Number

The indirect measurement of a-amylase from CWF and wheat flour fortified with
VGA and VGB through the Falling Number (Table 2) did not show difference among the
samples, indicating that vital wheat gluten did not affect the a-amylase activity when added to

wheat flour.

IV.3.2.3. Farinograph parameters

Analyzing the farinograph results (Table 2), it was observed, in general, that the wheat
flour fortified with vital gluten increased water absorption, because there was incorporation of
a higher amount of proteins in the blend, needing higher amount of water for completely
moisturizing the constituents of the flour to develop the dough. Regarding the other
parameters, VGA presented better technological features than VGB and CWF, with greater
dough development time (DDT), greater dough stability (STA) during the mixing process,
and mixing tolerance index (MTI) similar to CWF. Thus, the dough made with wheat flour
fortified with different levels of VGA requires more time to complete the development of its
gluten network, and supports longer periods of dough mixing than doughs produced with
VGB or CWF. The samples of wheat flour fortified with VGB did not show differences for
the DDT and STA when compared to CWF; only the MTI values were higher, indicating that
the gluten network formed by VGB addition to wheat flour does not tolerate long periods of
mixing, and its gluten network weakens rapidly with overmixing. These differences between
VGA and VGB are related to the type of proteins that compose the gluten fractions (Don,
Lichtendonk, Plijter, & Hamer, 2003; Létang, Piau, & Verdier, 1999).

IV.3.2.4. Alveograph parameters

Alveograph parameters (Table 2), showed, in general, that the wheat flour fortified
with VGA or VGB presented higher values for elasticity (P), extensibility (L), and gluten
strength (W) compared to CWF. There were no differences in the results of the P/L ratio, with
the exception of wheat flour fortified with 5 g/100 g of VGB, which presented a value below
1, showing a greater extensibility than elasticity. Through the gluten strength (W), it was
found that CWF is weaker than the samples added of 7 g/100 g VGA or VGB. This is due to
the high elasticity of the dough (Fernandes, Pereira, Germani, & Oiano-Neto, 2008) found for
these samples. The incorporation of vital gluten to wheat flour contributes to the increase of

dough viscoelastic parameters, both elasticity and extensibility, due to glutenins and gliadins
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addition (Codina et al., 2010; Hadna, Dap, Simurina, & Filip, 2013; Mirsacedghazi, Emam-
Djomeh, & Mousavi, 2008). Thus, VGA and VGB addition increased the area under the

curve, indicating greater gluten strength (W).

IV.3.2.5. Thermomechanical properties

Technological analysis through the Mixolab™ assesses the quality of the gluten
network and the pasting properties when flour is mixed at 30 °C, heated to 95 °C and cooled
to 50 °C, always with stirring (Codina et al., 2010; Dhaka et al., 2012; Gil-Humanes, Piston,
Rosell, & Barro, 2012; Rosell et al., 2010). The curve obtained is usually divided into two
parts: the first part refers to the gluten network properties of the dough during mixing
(parameters: absorption - ABS, dough development time - DDT, dough stability - STA,
maximum minimum torque - C1 and protein weakening - C2); and the second part is linked to
the starch properties and it represents the dough viscosity under mixing and concomitant
heating (starch gelatinization - C3, breakdown of the starch granules - C4 and dough
consistency after cooling - C5). The results obtained in the Mixolab™ are presented in Table

2 and Figure 1.
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Figure 1. Mixolab™ curves obtained for control wheat flour (CWF) and wheat flour fortified

with 5 or 7 g/100 g of vital wheat gluten from different origins (VGA or VGB)

In general, there was increased water absorption (Table 2) for the wheat flour fortified

with VGA or VGB compared to CWF, except for 5 g/100 g VGB. Moreover, the dough
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obtained from CWF showed lower DDT being different to 7 g/100 g VGA or VGB; for STA,
the dough obtained from VGA showed high stability of its gluten network, differing from
CWF, while the STA for VGB did not differ either from VGA or CFW. For C1, a difference
was observed between CWF and 5 g/100 g VGA, and for C2, the highest values were found
for 5 and 7 g/100 g VGA and 7 g/100 g VGB.

Assessing the first part of the Mixolab™ curve (Figure 1), the differences among the
samples are more related to the secondary endpoints of the curve, which refer to the extent of
weakening (C1-C2) and the rate of weakening (fall angle of the curve C1-C2) of the gluten
network when subjected to overmixing. Thus, it is possible to see that CWF and 5 g/100 g
VGB are the doughs that had greater weakening of the protein network. According Gil-
Humanes et al. (2012), the reduction in dough consistency (C2 torque, Table 2) is related to
proteins of lower quality for baking connected to gliadin content. Also according to these
authors, DDT and STA are related to the dough strength when subjected to the mixing
process. Between the proteins involved in the gluten network formation, the gliadins are
responsible for reducing the strength and stability of the dough when added to flour (Khatkar
et al., 2013; MacRitchie, 1987; Rosell et al., 2010). Lundh & Macritchie (1989) observed that
the difference between the DDT from excellent and reasonably good for baking wheat
varieties is attributed to glutenin ratio, and Dhaka et al. (2012) found a strong relationship
between DDT and the balance of glutenin and gliadin. Thus, we found that, even with larger
amounts of gliadin (data not shown), VGA, at the different levels used, developed a gluten
network with better viscoelastic characteristics for baking than VGB, because VGA its better
glutenin/gliadin ratio in its composition.

Evaluating the second part of the curve (Figure 1) related to the starch properties,
together with the values of torque at C3, C4 and C5 (Table 2), it was found that CWF and 5
2/100 g VGA showed the same behavior with higher C3, C4 and C5. In C5, 5 g/100 g VGB
also showed a higher gain in consistency, but it did not differ from the dough with 7 g/100 g
VGA or VGB addition. The torque reduction at C3, related to starch gelatinization, occurred
because the incorporation of gluten to wheat flour influenced dough consistency, by reducing
starch and increasing proteins in the blend. This can limit the swelling of the starch granules,

reducing the viscosity of the slurry (Debet & Gidley, 2006).
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IV.3.3. Baking test and evaluation of bread quality

The results of the physical-chemical analyses obtained from bread produced with
wheat flour fortified with 5 and 7 g/100 g VGA or VGB compared with the control bread are
presented in Table 3.

IV.3.3.1. Physical-chemical analyses of bread on production day (day 1)

The analyses carried out only on the bread preparation day were specific volume (SV)
and color, and their results are presented in Table 3. The specific volume of the breads is
widely used in industries and bakeries (Hoseney et al., 1970), and it provides relevant data
about the dough development during the mixing process and growth of the bread during its
proofing and baking (Czuchajowska & Paszczynska, 1996; Dua et al., 2009; Scanlon &
Zghal, 2001; van der Zalm, van der Goot, & Boom, 2011). The volume directly affects the
visual appearance of bread (at the time of purchase), besides other characteristics, such as
crumb color and texture (Cauvain, 2015).

Analyzing the SV values (Table 3), it was observed that the bread made with wheat
flour fortified with 7 g/100 g VGA showed larger volume (4.30 mL/g) than breads prepared
with CWF, 5 ¢/100 g VGA, and 5 and 7 g/100 g VGB. These last breads did not differ from
each other (Figure 2). These results are in agreement with Marchetti et al. (2012), who found
that vital gluten addition to wheat flour increased the specific volume of the bread due to its

better viscoelastic behavior than wheat flour only, because of the increase of the amount of
glutenin in the samples.

anfen

Control (CWF) 5 2/100 g VGA 7 2/100 g VGA 5 /100 g VGB 7 g/100 g VGB

Figure 2. Slices of breads made with control wheat flour (CWF) and wheat flour fortified
with 5 and 7 % of vital wheat gluten from different origins (VGA or VGB).



Table 3. Quality evaluation of breads elaborated with control wheat flour and wheat flour fortified vital wheat gluten
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Control bread

Bread made from wheat flour fortified

5g/100 g VGA 7 g/100 g VGA 5g/100 g VGB 7 g/100 g VGB
Specific volume (mL/g) 3.66£0.09b 3.68+0.16b 430+0.21a 3.62+0.03b 3.80+0.08b
L* 76.97 £2.64 b 79.15+0.46 a 79.32+0.54 a 78.35 +£0.84 ab 77.79 £ 0.98 ab
Crumb color a* 1.86 +£0.06 a 1.85+0.10a 1.89 £0.06 a 1.71 £0.08 b 1.70£0.12b
b* 19.12 +0.28 ab 19.44 +0.39 a 19.43+0.41a 18.75+0.31b 18.96 +0.39 ab
Day 1 6.31+043aC 6.26+£0.60aC 444+033cC 511+£028bC 4.93+0.54bc C
Firmness (N) Day 4 9.16+0.36aB 9.34+037aB 7.01+026cB 824+020bB 7.94+0.69bB
Day 9 995+041b A 10.80£0.52a A 7.59+023dA 8.86+£0.50c A 8.73+£0.71c A
Day 1 0.97 £0.00 ns A 0.97 £ 0.00 ns NS 0.96 +0.00 ns NS 0.97 £ 0.00 ns NS 0.97 £ 0.00 ns NS
Crumb water activity Day 4 0.96 +0.00 ns B 0.97 £0.00 ns NS 0.96 +0.00 ns NS 0.96 £ 0.00 ns NS 0.97 £0.00 ns NS
Day 9 0.96 +0.00 ns B 0.96 £ 0.01 ns NS 0.96 +0.00 ns NS 0.96 £ 0.00 ns NS 0.97 £ 0.00 ns NS
Day 1 0.94 £0.01 ns NS 0.95 +£0.01 ns NS 0.94 +0.00 ns B 0.94 £0.01 ns NS 0.94£0.00 ns B
Crust water activity Day 4 0.94 £0.01 ab NS 0.95 £0.00 ab NS 0.94+0.00bB 0.94 £ 0.00 ab NS 095+0.00a A
Day 9 0.95 £ 0.00 ns NS 0.96 £ 0.00 ns NS 0.95+0.00ns A 0.95 £0.00 ns NS 0.96 £0.00 ns A
Day 1 41.10 £0.16 ns NS 42.02 £ 0.68 ns A 42.13+0.12ns A 42.22 £ 0.46 ns NS 4272 +£0.11 ns A
Crumb moisture (%) Day 4 40.07 £ 0.56 ns NS 4091 £ 0.60 ns AB 40.46 £0.39ns B 41.23 £0.04 ns NS 41.80 £ 0.09 ns AB
Day 9 39.36 £0.92b NS 40.36 +0.35ab B 40.08 +0.30 ab B 40.24 +0.81 ab NS 4126 +0.65aB
Day 1 33.04 £2.08 ns NS 34.89 £ 1.95 ns NS 34.01 £0.37 ns NS 35.66 + 1.21 ns NS 35.78 £ 0.68 ns NS
Crust moisture (%) Day 4 35.07 £ 1.14 ns NS 36.05 £ 1.34 ns NS 34.68 £1.22 ns NS 36.57 £0.67 ns NS 36.98 £0.49 ns NS
Day 9 35.07 £ 1.14 ns NS 36.05 £ 1.34 ns NS 35.51 £0.48 ns NS 36.52 £ 1.24 ns NS 37.03 £1.01 ns NS

VGA = vital wheat gluten A; VGB = vital wheat gluten B; Control bread = elaborated with control wheat flour (CWF); L* = lightness, a* and b* = cromaticity coordinates, (-
a* = green, +a* = red, -b* = blue, +b* = yellow). Different lowercase letters in the lines and different uppercase letters in the columns (for the same parameter) indicate

significant differences between means by Tukey’s test (P < 0.05); ns and NS = non-significant.
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The increase in the SV occurred due to the incorporation of gliadins and glutenins in
CWF, enabling the formation of a better gluten network, which prevents the exit of gases
from the fermentation process (Dobraszczyk & Morgenstern, 2003; Dobraszczyk &
Salmanowicz, 2008; Khatkar et al., 1995). Thus, higher specific volume is achieved when
enough amounts of vital gluten with good technological quality is added to the wheat flour, 7
g/100 g VGA in this study. The largest bread volumes are obtained with those doughs that
have a good alveograph behavior (Marchetti et al., 2012), especially with a good relationship
between elasticity (P, glutenin) and extensibility (L, gliadin) and gluten strength (W), but also
when doughs have good mixing properties, such as increased dough development time (DDT)
and stability (STA) (Tronsmo, Magnus, Fergestad, & Schofield, 2003), as measured by the
farinograph and Mixolab (Dhaka et al., 2012). Furthermore, according to Singh (2001), the
macromolecules, such as the glutenin macropolymer (GMP) (Don et al., 2003), contributes to
the higher specific volume of the bread, because they are directly related to the elastic
characteristic of the dough (Don et al., 2003; Wang et al., 2014). In this study, we observed
that 7 g/100 g VGA presented better viscoelastic properties for baking (Table 2), reflecting on
an increase in SV.

With respect to bread color (Table 3), color is a critical parameter in baked products
(Cauvain, 2015). Breads with very light or very dark crusts are associated with faults during
processing. The presence of sugars in the formulation accelerates the reactions of
caramelization and Maillard, leading to the progressive darkening of the crust (Esteller &
Lannes, 2005). As the crumb reaches temperatures below 100 °C (about 98 °C), its color is
mostly a consequence of the color of the flour and other raw materials used, and the bread
volume. For L* of the crumb, breads with VGA showed higher L* values than bread made
with control wheat flour. This may be due to the gluten network formed in the mixing
process, which gave breads with high volume, more uniform crumb structure, increasing the
extent of light reflected. Regarding the chromaticity coordinates of the bread crumb, the
results indicate that the bread prepared with VGB had the lowest values of a* (less red)
compared to VGA and the control bread. On the other hand, when analyzing the b*
coordinate, the bread with 5 g/100 g VGB showed a lower value (less yellow) when compared
to blends with VGA. These differences may be explained by differences in color observed for

the vital gluten (A and B) powders that were added to wheat flour, even in small quantities
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(VGA had L* = 86.96, a* = 1.81 and b* = 18.95 and VGB had L* = 86.77, a* = 1.01 and b*
= 15.23), where VGA visually looked more yellow, and VGB was grayer.

IV.3.3.2. Physical-chemical analyses of bread during its shelf life (days 1, 4 and 9)

Crumb firmness for bakery products depends on the formulation (flour quality, amount
of sugar, fat, emulsifiers, enzymes, addition of gluten and the use of bread improvers), dough
moisture and storage conditions (Esteller & Lannes, 2005; Luyten, Plijter, & Vliet, 2004;
Roudaut, Dacremont, Valle, & Meste, 2002). Observing the values found (Table 3), bread
crumb firmness increased with storage time. The bread with 7 g/100 g VGA presented lower
firmness compared to the other breads within the same day of evaluation. This happened
because VGA promoted a higher volume of bread, as it presented better viscoelastic
properties (Table 2). The better viscoelastic properties of VGA permitted greater gas retention
during proofing and baking, yielding bread with higher specific volume. This leads to more
aerated, less dense crumbs, with thinner cell walls, and consequently softer texture. In
addition, the increase of the crumb bread firmness during storage occurred due to the process
of retrogradation of amylopectin and the migration of water from the crumb to the crust, a
process that occurs during storage of this product (Cauvain, 2015).

Bread has high water activity (Aw ~ 0.90) (Czuchajowska, Pomeranz, & Jeffers,
1989), ie, it has a lot of free water available for microbial growth and chemical reactions
deterioration. For this reason, usually the commercially available products have relatively
short shelf life (10 — 12 days); and are likely mainly to present the growth of molds and yeasts
on the surface (Montenegro, 2011.). The results for Aw of the bread crumb were higher than
0.96, with no significant differences (P < 0.05) between the samples, which ends up putting
all breads within a critical range of microbiological stability. They are therefore more
susceptible to growth of molds and yeasts, as observed from the ninth day of bread storage,
even with the addition of 0.2 % (flour basis) calcium propionate. Also regarding the bread
crumb Aw, the control bread showed differences in the results between the different days
analyzed, reducing Aw with increasing storage time, which did not occur with the breads
produced with vital gluten, most likely because it retains water in its structure.

Oliveira, Telis-Romero, Da-Silva, & Franco (2014) report some changes that occur in

baked products related to shelf life, among which the loss of crust crispness due to water
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absorption or water migration from the crumb to the crust. Regarding the bread crust Aw,
significant differences between the samples from the first day to last day of storage were
observed. This may be due to increased water retention in the crumb by the gluten network
formed by VGA.

Observing the results in Table 3, there was no significant difference in crumb moisture
content in the samples on the first and fourth days of storage, but on day 9, it was observed
that the bread crumb of the blend with 7 g/100 g VGB showed a significant difference from
the control bread, with higher moisture. Also regarding bread crumb moisture, the blends with
Sand 7 g/100 g VGA and 7 g/100 g VGB presented significant differences during the storage
period, and the moisture on the 9th day was lower than the moisture on day 1. For bread crust
moisture, no significant difference was observed among the different formulations of bread

and among the days of storage.

IV.3.3.3. Image analysis of bread crumb
The results of the image analysis of bread crumb made with control wheat flour

(CWF) and flour fortified with different levels of VGA or VGB are presented in Table 4 and
Figure 3.

Table 4. Parameters obtained in the image analysis of the bread crumb made with control
wheat flour (CWF) and wheat flour fortified with 5 and 7 g/100 g of vital gluten from
different origins (VGA or VGB)

Breads Alveoli number Alveoli area (mm?) Alveoli perimeter (mm)
Control bread 7552 +417Db 0.20+£0.01 a 1.24 £ 0.08 ab
Bread with 5 % VGA 9450 + 886 a 0.14+0.01b 1.22 £ 0.03 ab
Bread with 7 % VGA 7735 +£329b 0.20+£0.00 a 1.34£0.03 a
Bread with 5 % VGB 7830 +770b 0.21+£0.02a 1.14 +£0.04 b
Bread with 7 % VGB 8295 + 205 ab 0.19+£0.01 a 1.22 £0.10 ab

VGA = vital wheat gluten A; VGB = vital wheat gluten B; Control bread = bread made of control wheat flour
(CWF). Different letters in the columns indicate significant differences between means by Tukey’s test (P <

0.05).

The analysis of the structure of the bread crumb indicates that the formulations
containing vital wheat gluten did not promote great changes regarding the number, area and

perimeter of the alveoli. The bread prepared with 5 g/100 g VGA presented the greatest
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number of alveoli and the lowest alveoli area compared to others, indicating a more closed
structure than other breads. For the perimeter, the bread crumb with 7 g/100 g VGA presented
higher alveoli perimeter, but with the same area as the alveoli produced in the bread crumb
with 5 g/100 g VGB. This may be due to the formation of alveoli with irregular structures that

resemble fissures.

O
Control (CWF)

7¢/100 g VGA

o AT RIS
AR g

Figure 3. Image analysis of the crumb of breads with control wheat flour control (CWF) and
wheat flour fortified with 5 and 7 g/100 g of vital gluten from different origins (VGA or
VGB).

According to Rosell et al. (2010), the baking process significantly affects these
parameters measured in image analysis, yielding higher alveoli numbers with a conventional
baking process. These authors found higher amounts of alveoli when they used a conventional
method of baking (~1200 alveoli), when compared with methods where there was pre-baking

and freezing of breads (~980 alveoli) or pre-baking and the use of lower temperatures of
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bread storage (~1000 alveoli). The air that is trapped inside the dough during the mixing
process determines the number of gas cells in the bread, and the baking process affects the
size of these cells (Scanlon & Zghal, 2001), but also the constitution in terms of glutenin and
gliadin and a better relationship between them directly influence the distribution of the gas
cells in the crumb of bread, and the bread volume (Tronsmo et al., 2003).

The images shown in Figure 3 do not show large differences in the alveoli structure of
the breads, confirming the values shown in Table 4, but it is possible to see that the bread with
5 g/100 g VGA showed a structure with a greater number of alveoli and smaller than the
others. Possibly, this is because the addition of 5 g/100 g vital gluten to wheat flour increased
the protein amount sufficiently to generate a more homogeneous dough and with better

distribution of the alveoli than the others.

IV.4. Conclusions

The addition of vital gluten to wheat flour for bread making contributed to improve the
rheological parameters of the dough evaluated. In this study, when VGA was added to wheat
flour, its dough showed dough development time and gluten network stability while the
addition of VGB produced a weaker dough under mixing conditions. When assessing the
volume characteristics and crumb texture of the breads, it was observed that the bread made
from wheat flour fortified with 7 g/100 g of VGA had the highest volume and lower firmness
during its storage due to the viscoelastic characteristics of gluten given by rheological
responses. From this study, we conclude that the flours with better technological quality and
that provided bread with better quality were those with the addition of vital gluten A,
compared to flour with the addition of vital gluten B, reinforcing the existence of differences
in the quality of different vital glutens sold in Brazil, and pointing out the need for better

product quality information to better define the levels to be used in baking industries.
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V. Testes simples utilizados como ferramentas para avaliacao de gliten vital

Ortolan, Fernanda; Urbano, Karoline; Steel, Caroline Joy

Resumo

O gliten vital é um ingrediente muito utilizado na industria de panificacdo, porém
comercializado com poucas especificagdes de suas proteinas e de suas propriedades
viscoeldsticas. Por outro lado, essas informagdes devem ser obtidas de forma répida e com
baixo custo. A vitalidade do gliten comercializado na forma de pd para a fortificacdo de
farinha de trigo €, geralmente, avaliada através de teste de panificacdo. Embora este teste
forneca respostas importantes para a avaliacdo da qualidade viscoelastica do gliten vital,
requer muito tempo para sua realizacdo. O objetivo deste trabalho foi avaliar a qualidade
viscoeldstica de dois glitens vitais comerciais de diferentes origens (A e B) através de testes
simples, e correlacionar os resultados obtidos nos testes simples com pardmetros reoldgicos
da massa (farinografia e extensografia) e de qualidade dos paes (volume especifico do pao e
firmeza do miolo) obtidos da farinha de trigo fortificada com 7 g/100 g de glaten vital A ou
gliten vital B. Os resultados dos testes simples mostraram diferencas nas propriedades
viscoeldsticas entre os glditens; O gldten vital A apresentou-se mais eldstico e menos
extensivel que o gldten vital B, e sua bola de gliten mostrou maior volume especifico. As
correlagdes indicaram que os testes simples podem ser utilizados para determinar o
desempenho de gliten vital comercial quando utilizado na fortificacdo de farinhas, reforcando
a ideia de sua utilizacdo para aferir a qualidade viscoeldstica. Além disso, os resultados
evidenciam a necessidade de maiores informagdes sobre as proteinas do gliten vital para sua
comercializacao e uso.

Palavras chaves: gldten vital, teste de expansao, teste de extensibilidade, indice de gliten

V.1. Introducao

O gliten vital € um concentrado proteico (com cerca de 80 g/100 g de proteinas),

comercializado em forma de p6é de cor branco-acinzentada que € utilizado para fortificar

farinhas que nao apresentam propriedades viscoeldsticas adequadas para o processo de
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panificacdo. O gliten vital é obtido da farinha de trigo, através da separacdo aquosa de
proteinas e amido, e tem a capacidade de recuperar suas propriedades viscoeldsticas quando
hidratado, podendo ser aplicado as farinhas que ndo apresentam caracteristicas tecnoldgicas
adequadas para panificacdo (DAY et al., 2006; MAJZOOBI; ABEDI, 2014).

Segundo a Associa¢do Internacional de Gliten de Trigo (MARCHETTTI et al., 2012), a
comercializa¢do pode ser realizada nas formas “ndo vital” e “vital”. Glaten “ndo vital” ¢é
aquele que foi submetido a um processo irreversivel de desnaturagio, e, desta forma, ndo pode
ser “revitalizado”, apresentando apenas capacidade de absorver agua em quantidade relativa
ao tamanho e distribui¢do de suas particulas (TEDRUS et al., 2001). Por outro lado, o gliten
“vital”, quando em contato com a agua, pode ser hidratado e recuperar suas propriedades
viscoeldsticas (elasticidade e extensibilidade) (CZUCHAJOWSKA; PASZCZYNSKA, 1996).

As propriedades viscoelasticas do gliten estdo relacionadas com a quantidade e
qualidade de suas proteinas (KHATKAR; BARAK; MUDGIL, 2013; MARCHETTI et al.,
2012). Essas propriedades influenciam a qualidade de textura, formato e expansdo de
produtos de panificagdo (ABANG ZAIDEL et al., 2008). As gliadinas sdo responséveis pela
extensibilidade da rede de gluten, e as gluteninas responsaveis pela elasticidade. Desta forma,
um balanco apropriado entre gliadinas e gluteninas é determinante na reologia do gliten,
porém ndo deve ser considerado o Unico fator para avaliacdo de sua qualidade (BARAK;
MUDGIL; KHATKAR, 2013; DELCOUR et al., 2012; WANG; JIN; XU, 2015).

A vitalidade do gluten é geralmente avaliada pela sua habilidade em aumentar o
volume e melhorar a textura do miolo de pdes elaborados a partir de uma farinha padrao
fortificada com o glditen vital (WADHAWAN; BUSHUK, 1989). Este € o teste de rotina
realizado pelas industrias de panificacdo para avaliacdo do nivel de gliten vital necessario
para fortificar a farinha de trigo (GUERRIERI; CERLETTI, 1996).

Para determinar as diferencas na funcionalidade do glaten vital, parametros de
qualidade de farinha e determinacdo de volume do pao sdo usualmente utilizados (DUA et al.,
2009). Diversos estudos (CZUCHAJOWSKA; PASZCZYNSKA, 1996; MARCHETTI et al.,
2012; SONG; ZHENG, 2007) tém demonstrado a utilizacdo de farinografia, extensografia e
alveografia para testar a funcionalidade do gliten vital obtido por diferentes métodos de
extracdo. Os testes fisicos da massa formada pela adicao de gliten vital a farinha de trigo sao

usados para avaliar o potencial de panificacdo, ou seja, a forca e o desempenho do gliten sob
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condi¢des mecanizadas (DOBRASZCZYK; MORGENSTERN, 2003). Segundo Tronsmo et
al. (2003), a avaliacdo reoldgica ajuda a predizer o comportamento da massa e a qualidade dos
produtos finais. A andlise das caracteristicas reoldgicas da massa também desempenha papel
importante no controle de qualidade e na defini¢do da especificagdo de ingredientes dos
produtos elaborados (CODINA et al., 2010).

Somado a estas andlises, os testes quimicos preditivos, incluindo o estudo da
proporcdo de gliadinas e gluteninas, a adi¢do dessas fragcdes isoladas sobre a farinha de trigo,
e a solubilidade das proteinas do gliten em diferentes sistemas, tem sido utilizados para
avaliar os efeitos das gliadinas e gluteninas sobre as propriedades reoldgicas, de pasta e de
textura de massas (BARAK; MUDGIL; KHATKAR, 2014; CHANDI; SEETHARAMAN,
2012; KHATKAR et al., 2002; UTHAYAKUMARAN et al., 2001), ou ainda avaliar seus
efeitos sobre a qualidade de produtos finais (BARAK; MUDGIL; KHATKAR, 2014). Porém,
muitos destes testes demandam tempo, custos elevados, equipamentos especificos e mao de
obra qualificada para o desenvolvimento da andlise e interpretacdo dos resultados, portanto,
dificultam a obtencdo de resultados rdpidos (CHANDI; SEETHARAMAN, 2012), que sdo
essenciais para moinhos, padarias, e industrias de panificacao.

No Brasil, faltam especificacdes técnicas com relacdo as caracteristicas das proteinas
do gliten vital comercializado, dificultando sua aplicagdo nos produtos de panificacdo, ja que
a qualidade do produto final € influenciada pela qualidade do glidten vital adicionado a farinha
(WEEGELS et al., 1994). Devido as exigéncias do mercado, técnicas que permitem uma
rapida conclusdo sobre a qualidade do gluten vital sdo necessarias.

Testes simples, como os teores de gliten imido e seco e o indice de gliten, podem ser
bons indicativos da qualidade tecnolégica do gliten vital (KAUR et al., 2013; OIKONOMOU
et al., 2015). Um teste simples e muito comum € o teste de expansdo do gluten, no qual o
gliten € extraido da farinha de trigo por lavagem manual e assado para obtencdo de uma bola
de gliten expandida (CHEN et al., 1998; CHIANG; CHEN; CHANG, 2006; ORTOLAN et
al., 2014). Este teste pode ser utilizado em industrias de panificagdo e moinhos para calcular o
percentual de proteinas da farinha de trigo [Proteina (g/100 g) = (Peso do gluten assado/peso
da farinha) x 100)], ou para avaliar a capacidade de expansdo biaxial, indicando o quanto a
rede de gluten suporta a pressao do vapor d’agua formado no seu interior (MARTELO, 1998).

Isso poderia estar associado ao volume de paes, pois a rede de gliten precisa suportar a
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pressdo dos gases que promove a expansdo do pao no inicio do seu assamento. O volume
especifico da bola de gliten poderia ser utilizado para avaliacido da qualidade de gliten vital.
Este estudo tem por finalidade avaliar a qualidade viscoeldstica de glitens vitais
comerciais de diferentes origens através de testes rdpidos e simples, e correlacionar os
resultados dos testes simples obtidos neste trabalho com pardmetros tecnoldgicos,
considerados decisivos na avaliagdo da qualidade de gldten vital nas inddstrias de panificacdo,
moinhos e para verificar se estes testes simples refletem o comportamento tecnoldgico deste

produto.

V.2. Material e Métodos

V.2. 1. Material
Duas amostras de gliten comercial de diferentes origens foram usadas neste estudo,

sendo nomeadas de gliten vital A (GVA) e gliten vital B (GVB).

V.2.2. Métodos
V.2.2.1. Preparo do gliten

Os glitens vitais foram misturados com amido de trigo nativo (Serrana Quimica
Industrial Ltda., Porto Alegre, Brasil) para obten¢do de um blend contendo 12 g/100 g de
proteina total. A mistura de gliten em pé e amido de trigo foi realizada em batedeira elétrica
planetaria modelo K45SS (KitchenAid™, Benton Harbor, Estados Unidos), a 220 rpm, por
um periodo de 15 minutos. Apds isto, o blend foi armazenado em frascos fechados a
temperatura ambiente e ao abrigo da umidade. Esse blend foi utilizado para a realizacdo da

avaliacdo viscoeldstica de gluten vital, através de testes simples.

V.2.2.2. Lavagem manual do gliten
A lavagem manual do gliten foi realizada com os blends de GVA e GVB misturados
ao amido, adicionando-se dgua suficiente para a hidratagdo das proteinas e formacao da rede

de gluten, de acordo com o método 38-10.02 da AACCI (2010).
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V.2.2.3. Teores e indice de gluten

A determinacdo dos teores de gliten imido (GU) e de gldten seco (GS) e do indice de
gliten (IG) de GVA e GVB foi realizada com os blends dos glitens misturados ao amido,
pelo método 38-12.02 da AACCI (2010), utilizando-se o equipamento Glutomatic (Perten,
Higersten, Suiga).

V.2.2.4. Teste simples de extensibilidade

O teste de extensibilidade foi realizado com os blends de GVA e GVB com obtencao
do gliten imido pelo uso do Glutomatic (método 38-12.02 da AACCI, 2010), sem as etapas
de centrifugacdo e secagem. Um equipamento simples, constituido de placa de madeira (15
cm X 30 cm) com marcagdes de O (zero) a 20 cm foi desenvolvida pelos autores para a
realizacdo do teste simples de extensibilidade. O gliten imido foi colocado sobre um prego
no topo da placa de madeira (Fig.1), com marcagdes para a medida da sua extensibilidade em
centimetros. A placa foi pendurada a cerca de 2 metros de altura, em um local com condi¢des
ambiente de temperatura e umidade (UR ~85 %, T ~25 °C). O término da andlise se deu
quando, ao estirar-se por seu proprio peso, o gliten ficou completamente seco (tempo ~24 h).

Esta anélise foi realizada em triplicata.

V.2.2.5. Teste de expansao

O teste de expansdo foi realizado pelo forneamento do gliten umido que foi preparado
com os blends de GVA e GVB, em Glutomatic, pelo método 38-12.02 da AACCI (2010), sem
as etapas de centrifugacdo e secagem. Assim que foi retirado do equipamento, o gliten foi
colocado em uma forma de aluminio retangular (38 cm x 28 cm x 5 cm) e levado ao forno
elétrico de convec¢do modelo HPE8O (Pratica Technicook-Technipan, Pouso Alegre-MG,
Brasil), a 200 °C, por 20 minutos (MARTELO, 1998). Apods este periodo, a bola de gluten
assada foi resfriada a temperatura ambiente por aproximadamente uma hora, e entdo foi
realizada a medida do volume (v) pelo deslocamento de sementes de painco, e a massa (m)
em balanca analitica modelo B-TEC 500 (Tecnal, Piracicaba-SP, Brasil), calculando-se o

volume especifico como a razdao volume/massa (v/m).
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V.2.3. Analise estatistica

A andlise estatistica foi realizada para atender os diferentes objetivos deste trabalho,
desta forma, os testes simples para caracteriza¢do tecnoldgica dos gldtens vitais foram
realizados em triplicata e as suas médias foram submetidas ao teste T bicaudal (P < 0.05)
utilizando Microsoft Excel 2010.

A correlacao de Pearson (P < 0.05 e P < 0.01), entre os dados de andlises tecnoldgicas
(farinografia, extensografia, firmeza do miolo do pdo e volume especifico do pao) realizadas
com farinha de trigo fortificada com 7 g/100 g de GVA ou GVB (dados ndo apresentados), e
os dados dos testes simples realizados neste estudo, foi realizada utilizando o programa

Statistica 7.0 (StatSoft. Inc., Tulsa, Estados Unidos),

V.3. Resultados e Discussao

V.3.1. Caracteristicas tecnoldgicas dos glitens vitais medidas por testes simples
V.3.1.1. Avaliagdo da quantidade e da qualidade do gliten

Os teores de gliten umido e seco (obtidos da lavagem manual e pelo uso de
Glutomatic) e o indice de gliten sdo ferramentas importantes na caracterizacdo do gliten
obtido de graos e farinhas de trigo, e também servem para caracterizar o gliten vital. Esses

resultados estdo apresentados na Tabela 1.

Tabela 1. Conteddo de gliten imido e seco (g/100 g) e indice de gliten de gliten vital A
(GVA) e gliten vital B (GVB) obtidos por lavagem manual e uso do Glutomatic

GVA GVB p-valor
Lavagem manual
Gliten umido - GU (g/100 g, b.s.) 34,16 £ 0,43 32,47 £ 0,64 0,019
Gliten seco - GS (g/100 g, b.s.) 13,88 +0,44 12,99 + 0,39 0,042
Relagdo gluten umido/gluten seco 2,46 + 0,05 2,50 £ 0,00 0,312
Glutomatic
Gliten umido - GU (g/100 g, b.s.) 34,45+ 0,17 33,43 £ 0,96 0,041
Gliten seco - GS (g/100 g, b.s.) 14,02 + 0,97 12,39 £ 0,58 0,067
Relagdo gluten imido/gluten seco 2,46 £0,16 2,70 £ 0,06 0,092
Indice de gliten - IG (%) 58,28 + 1,28 8,86 + 0,49 2,496E-06

GVA = gliten vital A, GVB = gliten vital B; b.s. = base seca. Médias na linha apresentam diferencas

significativas pelo teste T bicaudal (P < 0,05).
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Os resultados pelos dois métodos apontaram diferencas no teor de gliten imido (GU)
e indice de gliten (IG) para os glitens vitais avaliados. Em ambos os casos, os teores de GU
para GVA foram maiores que para GVB (p-valor < 0,05), assim como o IG (medido no
sistema Glutomatic) foi maior para GVA que para GVB. GS apresentou diferencga
significativa apenas quando medido pela lavagem manual.

A capacidade de hidratacdo do gliten vital € relacionada principalmente a quantidade
e qualidade das suas proteinas (DAHESH et al., 2016; NG; MCKINLEY, 2008), mas fatores
fisicos como a distribui¢do do tamanho de particula também poderiam influenciar. Entretanto,
GVA e GVB apresentaram aparentemente o mesmo tamanho de particula, mas a capacidade
de hidratacdo foi diferente entre eles, resultando em diferentes teores de gliten imido, sendo
maior para GVA que para GVB (Tabela 1).

A quantidade e qualidade do gliten determinam a absorcdo de &dgua e a
viscoelasticidade da massa, que € favordvel para a retencdo do di6xido de carbono durante o
processo de fermentacio (CAUVAIN, 2015), contribuindo para o aumento do volume dos
paes. Portanto, quando o gluten vital € adicionado a farinha de trigo, pode contribuir para o
aumento da absorcio de d4gua, melhorando as propriedades reoldgicas da massa,
consequentemente, melhorando a qualidade dos produtos finais.

Quando analisamos o IG obtido no Glutomatic observamos que GVA apresentou
melhor qualidade para panificacdo que GVB, com uma rede mais eléstica que extensivel. O
IG € calculado a partir da quantidade de gliten que fica retido na peneira depois da
centrifugacdo do gliten umido, sendo diretamente proporcional a sua qualidade (BARAK;
MUDGIL; KHATKAR, 2014) e a elasticidade da rede de gliten formada (OIKONOMOU et
al., 2015). O IG pode ser utilizado como um critério de classificacdo do glditen, podendo
diferenciar os trigos que apresentam quantidade de proteinas similares. Segundo a
classificagdo proposta por Oikonomou et al. (2015), GVA formou uma rede de gluten
considerada normal (quando IG = 30 até 80 %), enquanto GVB formou uma rede de gliten

considerada fraca (IG < 30 %).

V.3.1.2. Avaliagdo da extensibilidade por teste simples
Vérios instrumentos t€m sido utilizados para avaliar a capacidade de extensdo da

massa e do gliten, como a extensografia, texturometros e redmetros (ABANG ZAIDEL et al.,
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2008; DOBRASZCZYK; ROBERTS, 1994; DOBRASZCZYK; SALMANOWICZ, 2008;
TRONSMO et al, 2003; WESOLOWSKA-TROJANOWSKA et al., 2014; WIESER;
KIEFFER, 2001). Neste estudo foi realizado um teste simples para avaliar a extensibilidade
do gliten quando submetido a uma deformagdo prévia. Desta forma, a extensibilidade do
gliten foi avaliada com o gliten imido obtido no Glutomatic, sem as etapas de centrifugacao
e secagem e este foi esticado de maneira uniaxial pela acdo de seu préprio peso. Os glitens

avaliados por esta metodologia estdo apresentados na Figura 1.
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Figura 1. Teste simples de extensibilidade dos glutens vitais de diferentes origens (GVA e

GVB).

Os resultados do teste de extensibilidade apresentaram diferencas significativas entre
os glutens avaliados, sendo que as médias obtidas foram de 3,57 + 0,32 cm para GVA e 11,40
+ 0,66 cm para GVB com p-valor de 3,07x10”. Avaliar a extensibilidade do gliten é
importante, porque as massas dos pdes crescem com a expansdo dos gases formados na
fermentacdo, sendo capazes de se estender sem romper (SINGH; MACRITCHIE, 2001), mas

arede de gluten desta massa deve ter forca suficiente para evitar o colapso da estrutura.
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Segundo Abang Zaidel et al. (2008), o principal problema encontrado nos testes de
extensibilidade de gliten e massa € manter a amostra intacta sem seu rompimento até a
aquisicdo do resultado. Neste teste simples desenvolvido, nao houve a ruptura da amostra de
gliten. Por outro lado, o tempo de andlise foi maior (~24h) do que as técnicas que utilizam
instrumentos, porque dependeu das condi¢des climaticas de temperatura e umidade relativa do
ar para a secagem completa do gliten estendido, como observado na Figura 1.

Entretanto, o método tem limitacdes, pois, segundo as nossas observagdes, se a
umidade relativa do ar estiver muito baixa (<30 %) e/ou a temperatura ambiente estiver muito
alta (>30 °C), o gliten imido pode rapidamente perder 4gua para o ambiente, reduzindo sua
umidade e tornando-se seco mais rdpido, sem que tenha se estendido pela placa. Isso
prejudicaria o uso deste teste para avaliacdo da extensibilidade da rede de gluten.

Muitos fatores podem interferir na capacidade de extensdo do gliten umido, por
exemplo, o tempo e o tipo de mistura para obtencdo do gliten, que influencia no
desenvolvimento da rede de gliten, a temperatura e a quantidade de dgua adicionada para a
hidratacdo de suas proteinas (ABANG ZAIDEL; CHIN; YUSOF, 2010; DOMENEK et al.,
2004). Quando o mesmo teste foi realizado com o gliten obtido pela lavagem manual, sem
controle da forca aplicada, muitas vezes, a amostra ndo se estendeu, impossibilitando a
medida de sua extensibilidade. Desta forma, a padronizacdo das condicdes de andlise
(processo de formagao e lavagem do gliten, temperatura e umidade relativa do teste), mesmo
que dificil nas instalacdes fabris pode garantir a observacdo de melhores resultados para
diferenciar glatens vitais comerciais.

Pelos resultados observados, GVA apresentou menor extensibilidade que GVB,
portanto, rede de gliten mais eldstica, ratificando os resultados ja encontrados em trabalhos
anteriores para estes mesmos glutens vitais (ORTOLAN et al., 2017), pois GVA apresentou
melhor balanco entre gliadinas e gluteninas que GVB (dados ndo apresentados). O teste de
extensibilidade em placa é muito simples, mas fornece uma resposta importante em relacio a
qualidade do gliten vital utilizado. Um gldten mais extensivel estd relacionado a uma rede de
gliten com caracteristicas mais fracas, isto €, que rapidamente € formada, mas ndo apresenta
boa estabilidade frente ao trabalho mecdnico a que € submetida na etapa de mistura,
apresentando também baixa resisténcia a extensdo nas etapas posteriores de descanso,

fermentacdo e forneamento (MELNYK et al., 2012).
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V.3.1.3. Avaliacdo da qualidade pelo teste de expansao
O teste de expansdo € um teste simples que pode ser utilizado para avaliar a
capacidade da bola de gliten expandir-se durante o forneamento. Apds forneada e resfriada, a

bola de gliiten foi avaliada pela determina¢do de volume especifico (Figura 2).

GVA GVB

Figura 2. Teste de expansao dos glutens vitais de diferentes origens (GVA e GVB).

Observou-se claramente que GVA apresentou maior expansdo, e, portanto, maior
volume que GVB. O volume especifico (VE) de GVA foi 20,81 + 1,78 mL/g e o de GVB
12,77 £ 1,27 mL/g, com p-valor de 0,003, que indica diferenca significativa entre os glitens
avaliados. O teste de expansdo é um teste simples que reflete o quanto a estrutura da rede de
gluten formada suporta a expansdo biaxial quando hd aumento da pressdo interna da bola de
glaten ocasionada pela expansdo dos gases e vapor d’agua. Quanto maior o volume alcancado
pela bola de gliten, maior é a pressao suportada por ela, apresentando uma rede proteica de
melhor qualidade viscoeldstica, mesmo formando uma estrutura interna de paredes mais finas
que uma bola de gliten de menor volume (CHEN et al., 1998; CHIANG; CHEN; CHANG,
2000).

Neste estudo, GVA apresentou maior volume e com uma estrutura fina, porém rigida,
enquanto GVB apresentou menor volume e estrutura fina, porém muito fragil ao toque.

Embora este teste seja simples e rapido, ele reflete a qualidade das proteinas
formadoras do gluten, ja que o gliten imido utilizado pelo teste foi lavado para a retirada de
proteinas soldveis e amido, restando apenas gliadinas e gluteninas no gliten umido. Desta

forma, GV A apresentou melhor qualidade para panificacdo que GVB pelo teste de expansao.
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V.3.2. Correlacdo entre os testes simples e parametros tecnoldgicos dos glitens vitais

Para verificar se os testes simples predizem o comportamento dos gldtens vitais no
processo de panificacdo, alguns parametros considerados importantes para avaliar a qualidade
da massa no processo de mistura e no descanso da massa e dos paes produzidos com farinha
de trigo fortificada com GVA e GVB (7 g/100 g), foi realizada anélise de correlagdo Pearson
(Tabela 2). Os parametros de qualidade de massas e pdes utilizados para a andlise de
correlacdo foram medidos em trabalhos anteriores (ORTOLAN et al., 2017; Artigo IV), que
utilizaram as mesmas amostras de gliten (GVA e GVB) e os mesmos niveis de fortificacdo da
farinha de trigo controle (5 e 7 g/100 g).

Pela Tabela 2, foi possivel verificar as correlagdes existentes entre os testes simples de
avaliacdo da qualidade do gluten vital, e as anélises reoldgicas das massas e dos paes obtidos
da farinha de trigo fortificada com 7 g/100 g de GVA ou GVB. O volume especifico da bola
de gliten (VE-GV) ndo apresentou nenhuma correlacdo significativa com os paradmetros
reoldgicos das massas e com os parametros de qualidade dos paes.

Um fato interessante observado neste estudo foi que nenhuma das respostas
viscoeldsticas dos glitens (GVA e GVB), medidas pelos testes simples, influenciou os
parametros reoldgicos da massa obtidos pela extensografia. Isso ocorreu, possivelmente, pelas
interacdes entre as proteinas dos glitens vitais e da farinha de trigo que foi suplementada com
GVA e GVB, especialmente, devido ao grande tempo de descanso dado & massa durante a
andlise (135 min). O periodo de descanso de 135 min foi suficiente para ocorrer a interagao
entre as proteinas do gliten e da farinha e a estabilizacdo da estrutura da matriz proteica
formada, resultando em parametros extensograficos semelhantes entre a farinha suplementada
com GVA e com GVB (dados nao apresentados).

O indice de gluten do gluten vital (IG-GV) apresentou relacdo direta com TD (r =
0,98), indicando que glutens vitais elasticos adicionados a farinha de trigo formam massas que
requerem maior tempo para o desenvolvimento completo da sua rede de gliten, e com maior
estabilidade (EST) (r = 0,99) na etapa de mistura do processo de panificacdo, reduzindo seu
enfraquecimento quando exposto ao “overmixing” (ITM, r = -0,93). Além disso, a adi¢do de
gliten eldstico foi capaz de produzir paes com miolo com menor firmeza durante a sua vida
de prateleira, como observado pelos coeficientes de correlagcdo positivos entre IG e firmeza do

miolo dos pades nos dias 1, 4 e 9 de armazenamento. Em trabalho anterior (dados ndo
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divulgados), observou-se que a adi¢do de 7 g/100 g de GVA (gliten mais eldstico) produziu
pdo de forma de maior volume e com maior da redu¢do da firmeza do miolo, quando
comparado ao pao elaborado com 7 g/100 g de GVB (gliten mais extensivel). Segundo
Cauvain (2015), o volume afeta diretamente o aspecto visual do pao (na hora da compra),

além das caracteristicas de aparéncia, cor € maciez do miolo.

Tabela 2. Coeficientes de correlagdo de Pearson entre os parametros de qualidade tecnoldgica
dos glitens vitais A (GVA) e B (GVB) medidos através de testes simples, pardmetros
farinogréficos e extensogrificos das massas, e parametros de qualidade dos paes elaborados
com farinha de trigo fortificada com 7 g/100 g de gliten vital A (GVA) ou gliten vital B

(GVB) medidos em trabalhos anteriores

Parametros obtidos pelos testes simples
Volume especifico Indice de gliten  Extensibilidade

Parametros obtidos em trabalhos anteriores da bola de gliten do gliten do gliten
(VE-GV) (IG-GV) (EXT-GV)
Parametros farinograficos da massa com farinha de trigo fortificada’
Absorcido de dgua — ABS (%) -0,66 -0,77 0,80
Tempo de desenvolvimento — TD (min) 0,81 0,98%** -1,00%*
Estabilidade — EST (min) 0,81 0,99%* -1,00%*
Indice de tolerancia & mistura — ITM BU) -0,64 -0,93%** 0,94%*
Parametros extensograficos da massa com farinha de trigo fortificada®
Resisténcia — R (mm) -0,22 -0,56 0,62
Resisténcia maxima — Rmax (mm) -0,57 -0,75 0,78
Area abaixo da curva — A (sz) -0,41 -0,75 0,75
Extensibilidade — EXT-massa (mm) -0,30 -0,56 0,53
Relacdo Resisténcia/Extensibilidade — R/E 0,07 -0,12 0,17
Parametros de qualidade dos paes'
Volume especifico do pdo — VE-pdo (mL/g) 0,80 0,74 -0,78
Frimeza do miolo no dia 1 (N) -0,74 -0,87* 0,89*
Firmeza do miolo no dia 4 (N) -0,74 -0,89* 0,94%*
Firmeza do miolo no dia 9 (N) -0,81 -0,90* 0,91*

*Coeficientes de correlacdo significativos, P < 0.05; ** Coeficientes de correlacdo significativos, P <

0.01.'Artigo IV; 2ORTOLAN et al. (2017).

Quando o gliten com caracteristicas mais extensiveis foi adicionado a farinha de trigo,
a massa produzida apresentou redu¢do no TD (r = -1,00) e na EST (r = -1,00), e aumento no
ITM (r = 0,94), refletindo em uma massa com propriedades de mistura mais fracas, quando
comparada aquela produzidas com farinha suplementada com gliten vital mais eldstico. O
gliten mais extensivel adicionado a farinha para elaboracdo de pao de forma produziu paes

com maior firmeza do miolo, demonstrados pelos coeficientes de correlacdo entre
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extensibilidade do gliten imido e firmeza do miolo nos diferentes dias de armazenamento dos
paes.

Os testes simples podem ser boas alternativas para avaliagdo da qualidade de gldten
vital comercial, apresentando correlagdo com importantes parametros tecnoldgicos de farinhas
de trigo e paes. Desta forma, esses testes podem suprir algumas andlises reoldgicas que
demandam muito tempo, equipamentos especificos, pessoal treinado, e custos elevados, etc.
Os testes simples favorecem a obtencdo de resultados rdapidos e com baixo custo, e de facil
interpretagcdo, permitindo que as industrias de panificagdo e moinhos estabelecam a qualidade
de glitens vitais comerciais, j4 que eles ndo recebem informacdes completas sobre a

qualidade deste produto.

V4. Conclusoes

Os testes simples mostraram diferencas entre os glitens vitais comerciais analisados,
onde GVA apresentou rede de gliten com maior elasticidade, e maior volume especifico da
sua bola de gliten, enquanto GVB formou rede de gluten mais extensivel, e com menor
volume especifico para a sua bola de gliten. O indice de gliten mostrou relacio direta com os
parametros de mistura da massa (tempo de desenvolvimento e estabilidade), e inversa com o
indice de tolerancia a mistura e com a firmeza dos paes. Por outro lado, a extensibilidade
apresentou relacdes opostas aquelas obtidas para o indice de gliten, indicando que a adi¢do de
gliten mais eldstico foi capaz de formar massas com melhores propriedades de mistura, e com
menor possibilidade de enfraquecimento da sua rede de gldten, além de produzir paes com
menor firmeza durante o armazenamento. O teste de expansdo da bola de gliten foi o mais
rapido para execucdo, porém nao foi eficiente para predizer o comportamento viscoeldstico de
glatens vitais, em contrapartida, o indice de gluten e o teste de extensibilidade se mostraram
eficientes para esta avaliagdo, mesmo sendo andlises que exigem a utilizacdo de um
equipamento especifico (Glutomatic), no caso da medida do indice de gliten, ou condi¢des
ambientais especificas (T ~25 °C/UR ~85 %), no caso do teste de extensibilidade. Os
resultados obtidos pelos testes simples podem auxiliar na adequacao do tipo de gluten vital

utilizado para a fortificacdo de farinha de trigo, a fim de alcancar a melhor qualidade do
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produto final; além de ser uma alternativa de baixo custo para as industrias de panificacdo e

moinhos.
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3. DISCUSSAO GERAL

3.1. Caracteristicas quimicas e estruturais dos gldtens vitais

As caracteristicas quimicas e aminoacidicas dos glitens vitais comerciais (GV) e
do gliten ndo vital (GNV) foram similares, especialmente, no teor de proteinas, que foi de 80
% em base seca, e no teor de umidade, que foi inferior a 10 %. Essas sdo geralmente as
informacdes fornecidas pelos produtores de gliten vital, e que sdo utilizadas para a
classifica¢do do produto como “concentrado proteico” (BRASIL, 2005), porém ndo refletem a
sua qualidade. Usualmente, os testes para determinacdo do teor de proteina sdo testes
destrutivos, isto €, que ndo preservam a estrutura da proteina, por isso, estes testes ndo sao
capazes de fornecer informagdes sobre o tipo € a estrutura das proteinas que constituem o GV,
dificultando a defini¢do da sua aplicacdo na panificagao.

O fracionamento sequencial de proteinas foi desenvolvido por Osborne (1907) e
representa grande importancia na avaliagdo dos tipos e quantidades relativas de proteinas que
constituem as fragdes do GV. Muitos desafios estdo presentes nesta técnica, pois a agregacao
das proteinas, em especial, gliadinas e gluteninas, dificulta a sua separacdo. Isso pode levar a
contaminacdo das diferentes fracdes, ou ainda aumentar a insolubilidade dessas proteinas nos
solventes, podendo ser erroneamente quantificadas como residuos. No fracionamento, o
fendmeno de agregacdo das proteinas do GV pode ocorrer pelo uso de diferentes solventes, €
também devido a desnaturagdo mecanica e/ou térmica a que essas proteinas sdo submetidas
durante o processo de obten¢ao do gliten vital.

Segundo Fu; Sapirstein; Bushuk (1996), a utilizacdo de NaCl na primeira etapa do
fracionamento possibilita a agregacdo entre gliadinas e gluteninas, interferindo na
solubilidade dessas proteinas nos demais solventes. Por outro lado, a mistura da farinha e
dgua para obtencdo da massa, que leva a desnaturacdo mecanica do gliten
(DOBRASZCZYK, 2004) e a secagem, que leva a desnaturacdo térmica do gliten
(JEANJEAN; DAMIDAUX; FEILLET, 1980; LAGRAIN et al., 2008; MICARD;
GUILBERT, 2000; SCHOFIELD et al, 1983; SINGH; MACRITCHIE, 2004;
STATHOPOULOS et al., 2008; TATHAM; DRAKE; SHEWRY, 1985; WEEGELS et al.,

1994) resultam em modificacdes estruturais de suas proteinas.
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A desnaturacdo mecanica promove modificacdes estruturais pela exposi¢do dos
residuos de aminodcidos apolares, que antes estavam localizados em uma regido central da
molécula de proteina, para a sua superficie, ficando em contato com o ar introduzido com a
agitacdo. Enquanto isso, os aminodcidos polares ficam expostos a fase aquosa, criando uma
interface ar-liquido (CAUVAIN, 2015; DAMODARAN; PARKIN; FENNEMA 2010). A
medida que a energia nessas interfaces aumenta, novas orientagcdes moleculares podem levar a
alteracdes estruturais, resultando em agregados proteicos insoldveis.

O tratamento térmico pode levar a uma nova conformag¢do molecular, podendo
modificar a quantidade de ligacdes de hidrogénio e interagdes eletrostaticas entre as cadeias
de proteinas. Por outro lado, as interacdes hidrofébicas, que sdo exotérmicas até
aproximadamente 70 °C (DAMODARAN; PARKIN; FENNEMA 2010), podem se
estabilizar, levando a formacdo de agregados proteicos insoluveis, mesmo na presenca de
agente redutor, a exemplo do B-mercaptoetanol.

Os resultados encontrados para o fracionamento das proteinas mostrou que GVA
apresentou quantidades relativas de proteinas nas fracoes de albuminas/globulinas e de
gluteninas semelhantes a GVB, e maior quantidade de proteinas na fracdo de gliadinas que
GVB. Possivelmente, isso ocorreu pela agregacdo das gliadinas e gluteninas de GVB que
dificultou sua separacdo. A possivel alteracdo da estrutura pelo tratamento térmico das
proteinas de GVB foi comprovada pela compara¢do com gliten nao vital (GNV). O GNV
apresentou maior quantidade de proteinas na fracdo de gluteninas que GVA e GVB, refletindo
a agregacdo de gliadinas e gluteninas, pelo efeito da temperatura, resultando na maior
quantidade de proteinas na fracdo de glutenina, por se tratar de agregados soliveis em
condic¢des redutoras.

Além disso, os resultados do fracionamento revelaram que GVA apresentou
melhor balanco entre gliadinas e gluteninas extraiveis, devido as quantidades relativas de
proteinas semelhantes entre suas fracdes, sendo considerado o principal fator para a qualidade
viscoeldstica da rede de gliten. Segundo Dahesh et al. (2016); Khatkar; Barak; Mudgil
(2013); Khatkar; Bell; Schofield (1995); Lookhart et al. (1993), tanto as gliadinas, quanto as
gluteninas, interferem na qualidade viscoeldstica da rede de gliten, por isso, quando hd um
equilibrio nas quantidades dessas proteinas, a rede de gliten apresenta melhor qualidade, com

equilibrio entre as propriedades de extensibilidade e elasticidade (BEKES; GIANIBELLI,
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WRIGLEY, 2004; DELCOUR et al., 2012; WANG:; JIN; XU, 2015), refletindo em melhor
qualidade dos produtos de panificacdo, a exemplo dos paes de forma.

Nao apenas o fracionamento sequencial foi utilizado para avaliar as fragdes
proteicas existentes no GV, mas também as andlises qualitativas de eletroforese em gel de
poliacrilamida na presenca de dodecil sulfato de soédio (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis — SDS-PAGE) em condi¢des redutoras (pelo uso de B-
mercaptoetanol) e ndo redutoras (sem [B-mercaptoetanol) e cromatografia liquida de alta
eficiéncia de exclusao molecular (size exclusion high-performance liquid chromatography —
SEC-HPLC) foram utilizadas para observar a massa molecular aparente das proteinas do GV.
Os resultados dessas andlises confirmaram a existéncia de proteinas de diferentes massas
moleculares que constituem as fragdes de albuminas/globulinas, gliadinas e gluteninas de
GVA, GVB e GNV; além de agregados proteicos insoliveis, mesmo em condi¢des redutoras
e ndo redutoras na andlise de eletroforese, em especial para GVB e GNV. Provavelmente,
esses agregados se formaram nessas amostras pela exposi¢cdo de suas proteinas a alta
temperatura.

As interagdes entre proteinas podem ser avaliadas através da solubiliza¢do dos
agregados proteicos em solventes especificos (SCHMIELE, 2014). As interacdes proteicas do
gliten envolvem as interagdes quimicas covalentes, principalmente as ligacdes dissulfeto e
em menor grau as ligacdes cruzadas de tirosina, e as interagdes quimicas ndo covalentes
(interacOes hidrofodbicas, ligagdes de hidrogénio, interacOes eletrostdticas, entre outras). Os
tipos de interagdes proteicas que ocorrem nos glitens vitais podem influenciar no mecanismo
de formacgdo da rede de gliten, refletindo em diferentes comportamentos viscoeldsticos na
panificacio.

Os resultados da avaliagdo das interagcdes proteicas deste trabalho mostraram
evidéncias de que as interacOes hidrofdbicas e as ligacdes de hidrogénio sdo fundamentais
para a estabilizacdo dos agregados proteicos, tanto para GVA quanto para GVB. As ligacdes
SS, embora em pequenas quantidades, também té€m papel importante na formacdo dos
agregados, principalmente, por participarem do mecanismo de intercambio entre SH/SS. Ja, o
GNYV, apresentou baixa solubilidade em todos os sistemas utilizados para avaliacdo das
interacdes quimicas, provavelmente porque o tratamento térmico provocou alteragdes

estruturais que impossibilitaram a solubilizacdo de seus agregados nos solventes utilizados.
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As interacdes SS, geralmente, ocorrem em menor quantidade que as interagcdes
ndo covalentes, mesmo assim sdo relevantes na estabilizacdo de agregados e na formacao da
rede (HUEQNER et al., 1977, WALL, 1971), e isso foi observado para GVA e GVB. A
pequena quantidade de SH livre encontrada nos GV e no GNV foi também confirmada pela
técnica de espectroscopia no infravermelho por transformada de Fourier (Fourier transform
infrared spectroscopy — FTIR). Pelo FTIR, foi possivel verificar a presenca das estruturas
secunddrias das proteinas presentes nos GV e no GNV, e confirmou-se a pequena quantidade
de grupos SH livres, pela presenca da banda de cistina em detrimento da banda de SH livre
(banda em 2560 cm™), indicando que a cisteina foi oxidada 2 cistina por meio de ligagdes SS.
As estruturas secundérias encontradas foram o-hélice (1648-1657 cm™), B-folha (1623-1641
cm’ e 1674-1695 cm'l), B-volta (1662-1686 cm'l), e estruturas desordenadas (1642-1657 cm’
! (TATTINI JR; PARRA; PITOMBO, 2006; WANG; GUO; ZHU, 2016).

Muito embora tenham sido observadas pequenas diferencas quimicas entre GVA e
GVB, a microscopia eletronica de varredura revelou que ambos os GV formaram rede de
gliten uniforme e continua com estruturas semelhantes, podendo ser utilizados na
panificacdo. Porém, os tipos de interagdes moleculares que ocorrem entre as gliadinas e
gluteninas de GVA ou GVB podem levar a diferencas nas propriedades viscoeldsticas de suas
redes quando hidratados e submetidos ao trabalho mecénico. Desta forma, os testes reoldgicos
fundamentais e empiricos podem ser boas ferramentas para melhor entender as diferengas

entre os glitens vitais comerciais.

3.2. Reologia fundamental x reologia empirica

A formacdo da rede de gliten € crucial para muitos produtos da industria de
panificacdo, de um modo especial para os paes (LAGRAIN et al., 2008). As caracteristicas
deste produto, como volume do pao e maciez, sdo impactadas pela formacdo de uma rede
viscoeldstica continua. Portanto, as caracteristicas viscoeldsticas do gldten sdo decisivas para
garantir a qualidade do produto final. Com isso, o gluten vital (GV) se torna um ingrediente
de destaque na industria de panificacao.

A suplementacdo da farinha de trigo com gliten vital tende a melhorar as

propriedades viscoeldsticas da massa, mas estas dependem de fatores como o tipo de proteina
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que constitui 0 GV, como se da a interacdo destas proteinas com as proteinas da farinha de
trigo, o tipo de processo para obtencdo da massa, e os ingredientes utilizados no
processamento dos paes (MARCHETTI et al., 2012). Como anteriormente discutido, as
propriedades viscoeldsticas da rede de gliten dependem mais do equilibrio na relagdo entre
gliadinas e gluteninas (BEKES; GIANIBELLI; WRIGLEY, 2004; DELCOUR et al., 2012;
WANG; JIN; XU, 2015), presentes tanto no GV como na farinha de trigo, do que de seus
teores isolados. Isto, porque a rede de gliten formada na massa deve apresentar resisténcia
frente ao trabalho mecénico e a extensdo, mas também deve conseguir se estender sem romper
diante da pressdo exercida pelos gases formados na etapa de fermentacio de paes e nas etapas
iniciais do seu forneamento.

O moddulo de energia de armazenamento (G’) medido pelos testes reoldgicos
fundamentais contribuiu com a avaliacdo das propriedades viscoelésticas da rede formada no
Glutomatic (glaten imido) a partir dos glitens vitais reconstituidos com amido de trigo (12%
proteina) e das farinhas fortificadas com 5 e 7 g/100 g de GVA ou GVB, submetendo-as a
diferentes taxas de deformacdo e variacOes de frequéncia e temperatura. Estas analises foram
realizadas com &4gua e com solucdo salina (2 g/ 100 mL de NaCl), para observar o
comportamento da rede de gliten formada por GVA ou GVB sem e com a interferéncia do
sal, que é comumente utilizado na industria de panificacao.

Através da varredura de deformacdo (taxa de deformacdo de 0,1 a 10 %) foi
possivel definir a zona linear para todas as amostras. Verificou-se também que GVA
apresentou maior G’ que GVB, indicando que a rede proteica formada por ele no gliten
umido e na massa, foi mais eldstica que GVB, tanto na presenca quanto na auséncia de sal.
Um fato interessante foi que os glitens imidos preparados apenas com dgua apresentaram
maior G’ que aquelas preparadas com sal. O mesmo comportamento em relagdo ao modulo de
elasticidade (G’) entre dgua e sal foi observado para as varreduras de frequéncia e
temperatura.

Pela varredura de frequéncia foi observado que a rede de gliten, no gliten imido,
apresentou G’ dependente da frequéncia, onde G’ aumentou com o aumento da frequéncia,
resultando em reducdo da mobilidade das cadeias de proteinas dentro da rede de gliten
formada. Além disso, os glitens imidos de GVA e GVB (obtidos a partir de farinha

reconstituida ou de farinha fortificada) também demonstraram que a rede de gliten de todas
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as amostras exibiu dependéncia da lei de poténcia na frequéncia, que é caracteristica das redes
poliméricas no ponto de gel (NG; MCKINLEY, 2008; NG; MCKINLEY; EWOLDT, 2011;
TANNER; QI; DAI, 2008; UTHAYAKUMARAN et al., 2014). Novamente, GVA mostrou
maior G’ que GVB, tanto na avaliagdo do gliten dimido obtido de farinhas reconstituidas,
como de farinhas fortificadas.

Na varredura de temperatura, foram observadas em quais temperaturas ocorrem
alteracdes na estrutura das proteinas que constituem os GV. A mesma tendéncia foi
encontrada para GVA e GVB; GVA mostrou maior G’ que GVB para os glitens imidos, e as
alteracOes estruturais ocorreram em dois estdgios diferentes: o primeiro em temperatura
proxima a 35 °C, que se estendeu até aproximadamente 60 °C, indicando que parte das
proteinas que constituem o GV apresenta alteracdo estrutural dentro desta faixa pelo aumento
da por¢do viscosa (G”) em detrimento da por¢do elastica (G’) da rede; e o segundo em
temperatura proxima a 80 °C, onde ocorreu alteracdo estrutural mais pronunciada, observada
pelo aumento do médulo de elasticidade da rede de gliten. Estes resultados estdao de acordo
com a literatura (LEON; ROSELL; BENEDITO DE BARBER, 2003), que apresenta
temperaturas de desnaturacdo para gliadinas de 58 °C e para gluteninas de 80 °C.

Nos testes fundamentais, GVA apresentou maior G’ que GVB, assim como as
amostras preparadas com agua apresentaram maior G’ que as amostras preparadas com sal.
Por outro lado, quando as farinhas de trigo fortificadas com 5 e 7 g/100 g de GVA ou GVB
foram submetidas ao teste de extensografia usando agua ou sal (2 g/100 mL de NaCl), foram
verificados resultados opostos aos testes reologicos fundamentais.

Utilizando a extensografia, como teste reoldgico empirico, observou-se que as
massas elaboradas com a adi¢@o de sal apresentaram melhores caracteristicas de resisténcia a
extensdo que aquelas preparadas com dgua. O sal (2 g/100 mL de NaCl) atuou como agente
reforcador da rede de gliten, reduzindo a repulsdo eletrostatica existente entre as cadeias
proteicas, fortalecendo a rede pelo alinhamento e aproximagdo das cadeias de gliadinas e
gluteninas (ANGIOLONI; DALLA ROSA, 2005; FU; SAPIRSTEIN; BUSHUK, 1996;
SIMSEK; MARTINEZ, 2015), possibilitando que novas interacdes quimicas ocorram entre
elas.

Os resultados opostos encontrados entre os testes reoldgicos fundamentais e

empiricos ocorreram, possivelmente, pelas diferencas no preparo das amostras (o Glutomatic
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foi usado para preparar o gliten imido para ser avaliado no redmetro, tanto a partir de farinha
reconstituida, como de farinha fortificada, enquanto o farinégrafo foi utilizado para preparar a
massa para ser avaliada no extensdgrafo), e pelo tipo e magnitude das forgas aplicadas sobre
as amostras nos diferentes testes reoldgicos. Em testes reoldgicos empiricos, ocorrem
predominantemente forcas de tracdo (DOBRASZCZYK, 2004), a exemplo da extensdo da
massa que ocorre durante a medida de resisténcia e resisténcia maxima na extensografia
(UTHAYAKUMARAN et al., 2014); nos testes reoldgicos fundamentais, hd predominancia
das forcas de cisalhamento (VAN DER ZALM; VAN DER GOOT; BOOM, 2011), podendo
perceber-se que a rede de gliten, quando elaborada com sal, respondeu melhor as forcas de
tracdo do que as forcas de cisalhamento. Ja as diferencas observadas entre os glitens
avaliados por testes reologicos fundamentais e empirico estio relacionadas, provavelmente, a
constituicdo de suas proteinas.

Quando observado o efeito da adi¢do de GV a farinha de trigo na extensografia,
percebeu-se melhoria das caracteristicas viscoeldsticas da massa para a producao de paes, com
aumento da resisténcia a extensdao (R) e da resisténcia maxima (Rmax), e da relagdo entre
resisténcia e extensibilidade (R/E), comparadas com as massas produzidas com farinha de
trigo controle (FTC). A extensibilidade aumentou para as massas com fortificacdo de GV
quando avaliadas com &4gua, e permaneceu igual a massa controle quando avaliadas na
presenca de sal. O aumento da resisténcia da massa, com consequente aumento da drea da
curva, ocorreu pela suplementacdo de proteinas com funcionalidade, especificamente
gliadinas e gluteninas, com redugdo proporcional da quantidade de amido e outros

componentes da farinha de trigo.

3.3. Caracteristicas tecnoldgicas das massas e dos paes elaborados com fortificagdo da farinha

de trigo com gluten vital

O uso de gldten vital (GV) pela industria de panificagdo é uma boa alternativa
para correcOes de farinhas, pela suplementacdo com proteinas do gliten, contribuindo para
melhorar as caracteristicas viscoeldsticas das massas. O GV € um ingrediente que ndo
apresenta restricdes em relacdo a quantidade a ser utilizada; seu uso € restrito apenas para

aquelas pessoas que sdo intolerantes ou alérgicas ao gliten. Para verificar a qualidade do
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gliten vital, a fortificacdao de farinha de trigo com GV € a primeira alternativa usada pelas
inddstrias de panificacio e moinhos; desta forma, sdo desenvolvidos testes reoldgicos
empiricos e testes de panificacio (WADHAWAN; BUSHUK, 1989). Isso porque a descri¢dao
do produto ndo contempla dados sobre a sua qualidade tecnolégica, com excecdo da
capacidade de absor¢do de dgua, e os GV comercialmente disponiveis apresentam
comportamentos tecnoldgicos diferentes entre si.

A andlise da composicdo quimica da farinha de trigo controle (FTC) e da FTC
fortificada com 5 e 7 g/100 g de GVA ou GVB apresentou semelhanca entre as amostras, com
excecdo do teor de proteinas que, como esperado, aumentou para as farinhas fortificadas,
proporcionalmente ao aumento do nivel de fortificacdo. Quando avaliados os teores de gliten
umido e seco através do Glutomatic, foi possivel observar um aumento nesses teores em
comparacdo a FTC, especialmente, porque houve reducido dos compostos soliveis e do amido
na composicdo das farinhas fortificadas. Por outro lado, quando o indice de gliten (IG) foi
avaliado, observou-se reducdo do IG das farinhas fortificadas em comparacdo a FTC. No
entanto, foi possivel verificar as diferencas na viscoelasticidade entre GVA e GVB, porque as
farinhas adicionadas de GVA apresentaram maior IG que as farinhas com GVB, indicando
que GVA apresentou gliten com maior elasticidade que GVB. A determinacdo do IG
confirmou os dados obtidos pela reologia fundamental, onde GVA apresentou maior G’ que
GVB.

Pela farinografia, observou-se aumento da absor¢do de dgua para as farinhas
adicionadas de GVA e GVB, pois as proteinas, em maior quantidade nessas amostras, sao as
principais responsdveis pelo aumento de absor¢do de dgua da mescla, ja que absorvem de 2,7
a 3 vezes o seu peso em dgua (HOSENEY 1998). Avaliando os demais parametros, observou-
se que as farinhas fortificadas com GVA (5 e 7 g/100 g) apresentaram maior tempo de
desenvolvimento da massa (TD) e estabilidade da massa frente a mistura (EST) que FTC e
aquelas fortificadas com GVB (5 e 7 g/100 g). J4 as farinhas com adicio de GVB
apresentaram maior indice de tolerancia a mistura (ITM), quando comparadas a FTC e as
farinhas adicionadas de GVA (5 e 7 g/100 g), resultando em massas que ndo suportam longos
periodos de mistura.

Os parametros alveograficos mostraram que a adicdo de GV a farinha de trigo

melhorou as caracteristicas de elasticidade (P), extensibilidade (L) e for¢a do gliten (W),
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tanto para GVA quanto para GVB, nos dois niveis analisados, quando comparados a FTC.
Isso indica que, independente da qualidade das proteinas, o GV pode contribuir com as
propriedades viscoeldsticas das massas. Porém, o teste de alveografia, que € utilizado como
medida de classificacdo de grdos e farinhas de trigo no Brasil (BRASIL, 2010), ndo foi capaz
de distinguir as diferencas entre os gldtens vitais comerciais usados para a fortificacao de FTC
neste trabalho.

Um novo instrumento para avaliacdo da qualidade de farinha de trigo, e também
de gldten vital, que vem sendo utilizado recentemente é o Mixolab (Chopin). Este
equipamento é capaz de medir as propriedades de mistura da massa e o comportamento da
pasta de amido durante o aquecimento (CODINA et al., 2010; DHAKA; GULIA;
KHATKAR, 2012; ROSELL; SANTOS; COLLAR, 2010). O Mixolab consegue abranger as
propriedades das proteinas e do amido da farinha, com um tempo relativamente curto (45
minutos) e pequena quantidade de amostra (CHOPIN, 2012). Por este teste foi possivel
verificar que a adicdo de 5 g/100 g de GV, que € o nivel comumente utilizado na inddstria de
panificacdo no Brasil, mostrou diferencas entre os glatens avaliados, indicando que as
melhores propriedades viscoelasticas da rede de gluten ocorreram quando GVA foi
adicionado a FTC.

Ao nivel de 7 g/100 g de fortificacdo, comparado a FTC, foram observados
aumento na absor¢cdo de dgua (ABS) e tempo de desenvolvimento da massa (TD), e reducao
nos parametros de C3 (viscosidade maxima, aumento da temperatura até 95 °C), C4 (quebra -
reducdo da viscosidade, temperatura constante a 95 °C) e C5 (retrogradacdo - viscosidade
final, reducdo da temperatura até 50 °C) para ambos os glitens. Estes resultados podem estar
relacionados ao aumento de proteinas responsdveis pela formacdo da rede de gldten, e
também a reducdo da quantidade de amido na mescla de farinha e glaten, refletindo em
alteracOes dos parametros tecnologicos avaliados quando comparados a FTC. Para Barak;
Mudgil; Khatkar (2013), farinhas com grandes quantidades de proteinas, em especial, aquelas
com boa relacdo entre gliadinas e gluteninas, apresentam menor quebra e menor viscosidade
final.

Muitos trabalhos foram desenvolvidos para determinar as caracteristicas
reoldgicas das massas (ABANG ZAIDEL et al., 2008; DOBRASZCZYK; MORGENSTERN,
2003; JANSSEN; VLIET; VEREIJKEN, 1996; KHATKAR et al., 2002; SCHMIELE et al.,
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2012; UTHAYAKUMARAN et al., 2002) e do gliten (JANSSEN; VAN VLIET;
VEREIKEN, 1996a; KHATKAR et al., 2002; SONG; ZHENG, 2008; TRONSMO et al.,
2003; WIESER; KIEFFER, 2001), e suas propriedades afetam a qualidade do produto final,
como o volume do pao (DOBRASZCZYK; SALMANOWICZ, 2008; JANSSEN; VAN
VLIET; VEREIJKEN, 1996b; TRONSMO et al., 2003) e a textura (UTHAYAKUMARAN et
al., 2002).

Os pées elaborados com farinha de trigo fortificada com GV foram avaliados no
dia de producdo, e também durante sua vida de prateleira de nove dias, em ambiente com
temperatura controlada (~ 20 °C). Um dos principais parametros de qualidade dos paes
avaliado foi o volume especifico (VE), pois o volume pode afetar diretamente o aspecto visual
do pdo (na hora da compra), além das caracteristicas de aparéncia, cor € maciez do miolo.
Neste trabalho, apenas o pao elaborado com 7 g/100 g de GV A apresentou volume especifico
maior que os demais paes obtidos pela fortificacdo de farinha de trigo com GVA (5 g/100 g)
ou GVB (5 e 7 g/100 g) e FTC, e alcangou valor de 4,13 mL/g. Os demais paes nao
apresentaram diferencas significativas entre si. Possivelmente, o maior VE alcangado no pao
com 7 g/100 g de GVA ocorreu pela melhor qualidade das proteinas deste GV, que
apresentou valores considerdveis de gliadinas e gluteninas, contribuindo para a formagao de
uma rede que suportou maior quantidade de gases formados na fermentacdo e nos estagios
iniciais do forneamento.

Com relagdo as andlises de cor do miolo, teor de umidade do miolo e da casca, e
atividade de agua do miolo e da casca, os paes obtidos com GVA e GVB apresentaram
pequenas diferencgas entre si, e também quando comparados ao pao controle. A andlise de cor
do miolo mostrou que os paes com adicdo de 5 e 7 g/100 g de GVA apresentaram-se mais
claros que o pao elaborado com FTC e aqueles elaborados com 5 e 7 g/100 g de GVB. Isto
provavelmente ocorreu porque os paes com GVA apresentaram estrutura do miolo mais
uniforme, além do pao com 7 g/100 g de GVA apresentar maior volume. Além disso, a cor
dos paes foi afetada pela cor dos glitens vitais em pd. Com isso, os paes com GVA (5 e 7
g/100 g) apresentaram-se com tonalidade mais amarelada que o pao elaborado com 5 g/100 g
de GVB, e ndo diferiram com relagdo a cor dos paes produzidos com FTC e 7 g/100 g de

GVB. Os teores de umidade e atividade de dgua do miolo e da casca ndo apresentaram
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grandes diferencas entre as amostras, por isso ndo representaram resultados interessantes para
avaliar a diferenca entre os gldtens vitais comerciais avaliados neste trabalho.

A firmeza de paes € medida como a forca necessdria para ocasionar deformagao
ou rompimento da amostra e pode ser correlacionada com a mastigagdo humana. A forca
maxima avaliada para produtos panificados depende da formulacdo (qualidade da farinha,
quantidade de agucares, gorduras, emulsificantes, enzimas, adi¢do de gliten e melhoradores
de farinha), umidade da massa e conservacao (tempo de fabricacdo do produto e embalagem)
(ESTELLER; PITOMBO; LANNES, 2005; LUYTEN; PLUTER; VLIET, 2004; ROUDAUT
et al., 2002). Sendo assim, observou-se que os valores de firmeza dos paes no dia 9 foram
maiores do que no dia 4, que por sua vez, foram maiores do que aqueles obtidos no primeiro
dia, ou seja, a firmeza dos paes aumentou com o decorrer da vida de prateleira. Esse fato
ocorre devido ao processo de retrogradacdo da amilopectina presente no pao e pela migracao
da 4gua do miolo para a casca do pao, processo que ocorre durante a estocagem deste produto.
Além disso, o pdo da mescla com 7 g/100 g de GVA apresentou o menor valor de firmeza
quando comparado as demais amostras dentro dos mesmos dias de avaliagcdo. Isto aconteceu,
pois GVA apresentou melhores caracteristicas viscoeldsticas, conforme resultados discutidos
anteriormente, resultando em maior volume especifico do pao (7 g/100 g de GVA), que
contribuiu para a redu¢do da firmeza do miolo.

A andlise da estrutura dos miolos dos paes de forma obtidos de um processo de
panificacdo convencional indica que as formulacdes contendo gliuten vital ndo promoveram
alteracoes com relacdo ao numero, drea e perimetro dos alvéolos, com excecdo do pao
elaborado com 5 g/100 g de GVA que apresentou o maior ndmero de alvéolos, nao diferindo
apenas do pao com 7 g/100 g de GVB, e a menor drea média dos alvéolos quando comparado
aos demais. Isso significa que o pao com 5 g/100 g de GVA apresentou uma grande
quantidade de alvéolos, mas com pequena abertura, portanto, uma estrutura mais fechada.
Quando observamos o perimetro, apenas houve diferenca significativa entre os paes com 7
g/100 g de GVA e 5 g/100 g de GVB, os demais apresentaram resultados semelhantes entre

eles.
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3.4. Testes simples para avaliar a qualidade tecnoldgica do gliten vital

Embora se saiba que a adicdo de gliten vital contribui para as caracteristicas
viscoeldsticas das massas, € para o volume e textura de paes, a avaliagdo de sua qualidade
ainda tem se restringido ao teste de panificacdo ou testes reoldgicos fundamentais e empiricos
que demandam tempo, quantidade relativamente grande de amostra, equipamentos especificos
e mao de obra qualificada para a execugdo e interpretacdo dos resultados. Nesse sentido, os
testes simples se tornam uma alternativa para a reducao de custo e tempo, e podem predizer o
comportamento de glitens vitais comerciais quando estes sdo utilizados na indtstria de
panificaco.

A medida do teor de gliten umido e seco do glaten vital em p6 € importante, e
pode ser facilmente realizada por lavagem manual, a qual ndo necessita de equipamentos
especificos, ou pelo uso do equipamento Glutomatic. Essa medida serve para verificar a
capacidade de absorcdo de dgua pelas proteinas, e também a quantidade de gliten que o GV
pode formar. Esta pode ser uma andlise interessante para detectar fraudes, quando sdo
adicionadas outras proteinas vegetais ao produto, com o intuito de garantir/aumentar o teor
minimo de protefnas no GV que serd comercializado.

A lavagem manual € facilmente executada, porém ndo apresenta muito controle,
visto que a qualidade da rede de gliten formada depende, além de outros fatores, do tipo e
magnitude da forca aplicada no processo de mistura, assim como da temperatura da d4gua para
formar a massa e realizar a lavagem dos constituintes soliveis e amido, e do tempo de
lavagem. Por outro lado, o uso do Glutomatic proporciona um método mais padronizado, com
poucas variacdes entre as amostras testadas, além de possibilitar a avaliacdo da qualidade
viscoeldstica da rede de gluten extraida do GV, através da medida do indice de gluten (IG).

Nesse sentido, os teores de gluten umido de GVA e GVB mostraram diferengas,
tanto na medida por lavagem manual quanto pelo uso do Glutomatic. GVA apresentou maior
capacidade de absor¢do de dgua que GVB, apresentando maior teor de gliten imido em
ambos os testes. Para o teor de gliten seco, pela lavagem manual observou-se diferenca entre
GVA e GVB, sendo o maior teor de gliten seco obtido para GVA, porém pelo uso do
Glutomatic, este teor foi semelhante para os dois glitens. Ao analisar a qualidade do gliten

pelo Glutomatic, verificaram-se resultados muito diferentes. Enquanto GV A apresentou 1G de
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58,28, GVB apresentou IG de 8,86. Este resultado confirma todos os outros que foram
discutidos anteriormente, onde GVA mostrou formar uma rede de gliten com caracteristicas
mais elasticas que GVB, sendo consequéncia da constitui¢ao de suas proteinas.

Como os testes que avaliam os teores de gliten imido e seco (lavagem manual ou
Glutomatic) nem sempre fornecem respostas suficientes para entender a qualidade tecnoldgica
do gliten vital, outros dois testes podem ser utilizados para garantir maiores informacdes
sobre este produto: o teste de extensibilidade e o teste de expansd@o. Ambos utilizam o gliten
umido obtido pela lavagem do gldten.

O teste de extensibilidade desenvolvido neste trabalho (pela utilizacdo de uma
placa de madeira com marcacdes em centimetros que foi colocada a 2 metros de altura do
solo), foi realizado em ambiente com condi¢des de umidade relativa de ~85 % e temperatura
de ~25 °C. Porém, algumas vezes, os moinhos e as industrias de panificacdo (onde este teste
pode ser utilizado de forma rdpida) apresentam condi¢des de temperatura e umidade muito
altas ou muito baixas, dificultando a execucdo do teste. Desta forma, para o seu
desenvolvimento nos ambientes fabris, recomenda-se o controle destas condi¢des, garantindo
a obtencdo de resultados mais reprodutiveis. Embora simples, esta andlise apresentou
resultados interessantes, e que confirmaram os resultados ja obtidos por andlises instrumentais
mais sofisticadas. A extensibilidade de GVA foi de 3,57 cm, e a de GVB foi de 11,40 cm,
ratificando os resultados ja encontrados, onde GVA foi mais eldstico, e por isso ndo se
estendeu muito pela agdo da gravidade, e GVB foi mais extensivel, com seu gluten
estendendo-se ao longo da placa, pela acdo da gravidade. Este resultado comprovou que um
teste simples é capaz de fornecer respostas sobre a qualidade viscoeldstica da rede de gliten
formada pelo GV, e também melhorou o entendimento de como utilizar este produto na
industria de panificagdo.

Da mesma forma, o teste de expansdo da bola de gliten também confirmou
resultados obtidos de andlises instrumentais para a avaliacdo da qualidade de GV. GVA
expandiu-se mais durante o forneamento da bola de gliten que GVB. O resultado desta
andlise foi obtido pelo volume especifico da bola forneada, e os valores encontrados foram de
20,81 mL/g para GVA e 12,77 mL/g para GVB, indicando que a rede formada por GVA
consegue expandir-se mais sem a sua ruptura (ou seja, suporta maior pressdo dos gases),

mantendo a sua estrutura, que GVB, demonstrando o equilibrio de suas propriedades de
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extensibilidade e elasticidade (relacdo gliadina/glutenina). Muito embora, numericamente, o
resultado obtido pelo teste de expansdo tenha sido maior para GVA, ndo apenas o volume
deve ser levado em consideracdo, mas também, a estrutura da bola ap6s o forneamento. Desta
forma, GVA apresentou maior volume, com uma estrutura fina, porém rigida, enquanto GVB
apresentou menor volume, com uma estrutura fina, porém sensivel ao toque, indicando a
fragilidade da rede formada.

Todos estes testes simples podem ser facilmente utilizados por industrias de
panificacdo antes da realizacdo de testes de panifica¢do para verificar a qualidade do produto

a ser adquirido, que influenciard a qualidade do produto final (pao).

3.5. Teste de correlacao

O teste de correlacdo de Pearson foi utilizado para mostrar as relacdes existentes
entre os testes simples de avaliacio da qualidade viscoeldstica do gliten vital e as
caracteristicas reoldgicas de massas e os parametros de qualidade de paes elaborados com
farinha de trigo fortificada com 7 g/100 g de glaten vital. Verificaram-se as seguintes
correlacdes significativas:

(a) Indice de gliten do gliten Gmido apresentou relacdes positivas com tempo de
desenvolvimento (r = 0,98) e estabilidade da massa (r = 0,99), avaliadas pela
farinografia; e relagdes negativas com o indice de tolerancia a mistura (r = -0,93),
medida pela farinografia, e com a firmeza dos paes durante toda a sua vida de
prateleira (r = -0,87 para dia 1, r = -0,89 para dia 4, r = -0,90 para dia 9).

(b) Extensibilidade do gliten mostrou-se diretamente proporcional ao indice de tolerancia
a mistura (r = 0,94) medida pela farinografia e a firmeza dos paes durante toda a sua
vida de prateleira (r = 0,89 para dia 1, r = 0,94 para dia 4, r = 0,91 para dia 9); e
inversamente proporcional ao tempo de desenvolvimento (r = 1,00) e estabilidade da
massa (r = 1,00), medidos pela farinografia.

(c) Volume especifico da bola de gliten ndo apresentou coeficientes de correlacdo
significativos com nenhum parametro de qualidade de massas e paes.

Os coeficientes correlagdo indicam que um gliten vital com maior indice de

gliten (mais eldstico) e menor extensibilidade, quando adicionado a farinha de trigo em
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concentracdo de 7 g/100 g, foi capaz de melhorar as propriedades de mistura da massa, com
maior tempo de desenvolvimento e maior estabilidade. Por outro lado, um gliten com grande
extensibilidade, adicionado a farinha, produziu massa com menor estabilidade frente a
mistura, levando ao enfraquecimento da sua rede quando submetida ao overmixing. Além
disso, os paes elaborados com GV elastico apresentaram miolo mais macio, em compara¢ao
aos paes elaborados com farinha suplementada com gliten vital com maior extensibilidade.

A andlise de correlacido de Pearson mostrou que os testes de indice de gliten e
de extensibilidade foram capazes de fornecer dados que apresentam relagdes com parametros
farinogréaficos e com parametros de qualidade de paes. Desta forma, estes dois testes podem
ser utilizados para predizer o comportamento do gldten vital no processo de mistura, € como
este produto pode afetar a qualidade dos paes de forma durante sua vida de prateleira. Em
contrapartida, o teste de expansdo da bola de glaten foi capaz de refletir a qualidade
viscoeldstica do gldten vital, pois foram observadas diferencas entre os glitens avaliados,
porém ndo apresentou correlagdes significativas com parametros de qualidade de massas e

paes, quando esse foi utilizado na fortificagdo da farinha de trigo.
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4. CONCLUSAO GERAL

Este trabalho foi desenvolvido para estudar as caracteristicas fisico-quimicas
das protefnas do gliten vital que influenciam a sua qualidade tecnolégica, quando usado na
panificacdo, pois apenas determinar o conteudo proteico deste produto — como € feito
atualmente para a sua comercializagdo - pode ser importante para classificar o produto de
acordo com a legislacdo, mas ndo expressa a qualidade da proteina que o constitui. Pelos
resultados encontrados, foram observadas diferencas entre os glitens vitais avaliados,
comercializados no Brasil.

As caracteristicas quimicas que se mostraram diferentes entre os glitens foram a
quantidade relativa de proteinas nas fragdes de gliadinas e gluteninas e os tipos de intera¢des
que podem estar envolvidas na formacdo da rede de gluten. As caracteristicas tecnoldgicas
revelaram diferencas associadas ao comportamento eldstico da rede de gliten formada por
eles, e também diferencas associadas aos parametros de qualidade das massas durante as
etapas de mistura e descanso, e aos parametros de qualidade dos paes relacionados ao volume
especifico e a firmeza do miolo dos paes de forma.

A qualidade do gliten vital pode ser medida por diferentes testes, sendo que a
maioria deles é complexa para sua execugao e interpretacdo, por isso os testes simples, como
os desenvolvidos nesta Tese, foram importantes para verificar a qualidade viscoeldstica do
produto comercializado e também, o efeito da adicao de gluten vital na qualidade dos paes de
forma, reduzindo custos e a necessidade de mao de obra qualificada para a execucdo de testes
mais complexos e interpretacdo de seus resultados. As relagdes encontradas sugerem que os
glitens vitais com caracteristicas mais eldsticas, medidas através do teste simples de
extensibilidade e do indice de gluten, apresentam maior tempo de desenvolvimento da rede de
gliten durante o desenvolvimento das massas, com maior estabilidade e menor indice de
tolerancia a mistura, além de menor firmeza do miolo dos paes.

Acreditamos que esta Tese pode contribuir para as inddstrias de panificacdo e
moinhos que necessitam compreender o papel do gliten vital na elaborac¢do de produtos como
os paes de forma, colaborando para o entendimento da complexidade do mecanismo de

formacao da rede de gliten.
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