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RESUMO

Frutas amazénicas estdo ganhando destaque e, dentre tais matrizes alimentares, o fruto de
pupunha apresenta algumas caracteristicas interessantes, como o alto teor de compostos fenélicos
e 0 seu potencial antioxidante, caracteristicas bastante desejadas em matérias primas funcionais.
Todavia, dois aspectos ainda sdo pouco explorados na literatura: a utilizacdo de metodologias
alternativas para a quantificacdo de compostos fendlicos, assim como os efeitos indesejaveis dos
compostos fendlicos. Logo, o objetivo deste trabalho foi revisar os trabalhos recentes sobre a
utilizacdo de métodos espectroscdpicos na determinacao de compostos fendlicos em frutos, assim
como produzir e caracterizar farinha de pupunha oriunda de seis localidades diferentes quanto as
suas caracteristicas fisico-quimicas, citotoxicas, inibicdo da digestibilidade proteica in vitro,
capacidades antioxidantes pelos métodos de Captura do Radical 2,2-azinobis (3-
etilbenzotiazolina-6-acido sulfénico) (ABTS), Poder de Reducdo do fon Ferro (FRAP) e
Capacidade de Absorcdo do Radical Oxigénio (ORAC), teor de compostos fendlicos e analises
estruturais a partir de métodos espectroscopicos. Além disso, foi verificada a utilizagdo de
equipamento ndo-destrutivo (MicroNIR) na determinacdo de compostos bioativos e potenciais
antioxidantes pelos métodos de ABTS e FRAP em biscoitos tipos cookies incorporados com
proporcdes de 12,5, 25, 50, 75 e 100% de farinha de pupunha, assim como o produto elaborado
foi caracterizado em relagdo a perda de &gua, atividade de agua, conteldo de agua, volume
especifico, fator de espalhamento e cor. Os resultados relativos a farinha demonstraram que
fatores como a localidade e/ou maturagdo dos frutos provocaram diferencas significativas entre
as amostras, obtendo-se valores médios de 2.11 mgAGE/g, 16,9 mgTE/g, 0,25 mgTE/g e 36,30
mgTE/g para teor de compostos fendlicos e potenciais antioxidantes pelos métodos ABTS, FRAP
e ORAC, respectivamente. Os compostos fendlicos da farinha de pupunha apresentaram potencial
citotoxico contra células saudaveis (L929) e foi verificado que tal matriz alimentar, quando
aplicada em produto lacteo, inibe a acdo de enzimas digestivas. Com 0 uso do equipamento
MicroNIR, aliado a técnicas quimiométricas, foi possivel elaborar modelos robustos para a
previsao dos parametros selecionados e produtos com satisfatorios parametros de qualidade foram
formulados. Concluindo, pode-se verificar que apesar dos beneficios atribuidos aos compostos
bioativos, estes também podem exercer efeitos negativos ao metabolismo e que técnicas nao
invasivas sdo 6timas ferramentas para a previsdao de compostos de interesse minoritarios em
alimentos.

Palavras-chave: Cookies. Farinha de pupunha. MicroNIR. Predicdo. Compostos fenolicos.
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ABSTRACT
Amazonian fruits are gaining importance and, among such food matrices, the pupunha fruit
presents some interesting characteristics, such as the high content of phenolic compounds and its
antioxidant potential, characteristics very desirable for the elaboration of functional raw materials.
However, two aspects are still little explored in the literature: the use of alternative methodologies
for the quantification of phenolic compounds, as well as the undesirable effects of phenolic
compounds. Therefore, the objective of this work was to review recent works about the use of
spectroscopic methods in the determination of phenolic compounds in fruits, as well as to produce
and characterize pupunha flour from six geographic origins regarding its physicochemical
characteristics, cytotoxicity, inhibition of protein digestibility in vitro, antioxidant capabilities by
the methods of 2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) Radical Capture (ABTS),
Iron lon Reduction Power (FRAP) and Oxygen Radical Absorbance Capacity (ORAC), content
of phenolic compounds and structural analysis from spectroscopic methods. Furthermore, the use
of non-destructive equipment (MicroNIR) was verified in the determination of bioactive
compounds and antioxidant potential by ABTS and FRAP methods in cookies incorporated with
proportions of 12.5, 25, 50, 75 and 100% of pupunha flour, as well as the elaborated product was
characterized in relation to water loss, water activity, water content, specific volume, spread factor
and color. The results for the flour showed that factors such as locality and/or fruit maturity caused
significant differences among the samples, obtaining average values of 2.11 mgAGE/g, 16.9
mgTE/g, 0.25 mgTE/g and 36.30 mgTE/g for phenolic compounds content and antioxidant
potentials by ABTS, FRAP and ORAC methods, respectively. The phenolic compounds of
pupunha flour showed cytotoxic potential against healthy cells (L929) and it was verified that
such food matrix, when applied in dairy product, inhibits the action of digestive enzymes. With
the use of the MicroNIR equipment, allied to chemometric techniques, it was possible to elaborate
robust models for the prediction of the selected parameters and products with satisfactory quality
parameters were formulated. In conclusion, it can be verified that despite the benefits attributed
to bioactive compounds, these can also exert negative effects on the metabolism and that non-
invasive techniques are excellent tools for the prediction of minority compounds of interest in

foods.

Keywords: Cookies. Pupunha flour. MicroNIR. Prediction. Phenolic Compounds
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1 INTRODUCAO

A regido amazodnica abriga uma infinidade de espécies de plantas, sendo mais de
2000 espécies de arvores registradas até o momento, porém somente cerca de 10% é
utilizada para a producdo de 6leos essenciais, frutos, fibras e outras aplicacfes industriais,
ou seja, ha pouca informacao e utilizagdo sobre a vasta maioria das espécies restantes,
mesmo entre as mais conhecidas (FERRAZ et al., 2019). Os frutos oriundos dessa regido
sdo potencialmente funcionais, com uma variedade de compostos benéficos a saude, mas
que sdo pouco explorados devido a falta de tecnologias de processamento e falta de
conhecimento e difusdo a respeito de tais compostos (AVILA-SOSA et al., 2019).

Os compostos funcionais, também chamados de compostos bioativos ou
fitoquimicos, sdo encontrados em pequenas quantidades nos alimentos e sua importancia
estd relacionada a capacidade protetora, na maioria das vezes, em forma de atividade
antioxidante (SANTOS et al., 2015). Entre eles, pode-se destacar os polifenois,
carotendides, fitoesterdis, flavonoides e taninos, sendo que os polifendis se destacam por
ser as principais fontes antioxidantes entre os alimentos de origem vegetal
(KARASAWA; MOHAN, 2018).

O efeito protetor dos compostos fendlicos vem sendo demonstrado ao longo dos
anos. Em um estudo realizado com a fracdo fendlica de azeite de oliva, foi constatado um
importante efeito relacionado a diminuicdo da viabilidade de células cancerigenas de
mama (MENENDEZ et al., 2007). Compostos fendlicos também apresentaram efeito
benéfico contra células cancerigenas dos ovarios e foi sugerido seu uso na prevencao e
terapia desse tipo de cancer (HE et al., 2015). Ja Hamaguchi et al. (2009), concluiram que
a administracdo oral de compostos fendlicos pode prevenir o desenvolvimento de
Alzheimer em modelos in vivo.

Neste sentido, a presenca de elevado teor de compostos fendlicos ja foi relatada
em algumas polpas de frutos amazonicos como Piquid (CHISTE; MERCADANTE,
2012), Pupunha (ROJAS-GARBANZO et al., 2012), Buriti (RESENDE; FRANCA;
OLIVEIRA, 2019a), Bacaba (SANTOS et al., 2015), Cubiu (RODRIGUES; MARIUTTI;
MERCADANTE, 2013) e Ubaia-Rubi (SILVA et al., 2007). Na flora amazdnica, muitas
dessas plantas desconhecidas pelos cientistas e consumidores de grandes centros urbanos,
sdo utilizadas ha muito tempo pelos povos indigenas locais para curar, prevenir e tratar
doencas degenerativas (SILVA et al., 2007).
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Dentre os frutos amazénicos, pode-se destacar o fruto de pupunha, que apesar
de ser subutilizado, apresenta grande potencial nutricional e tecnolégico (JANICK;
PAULL, 2009). O fruto é oriundo da pupunheira (Bactris gasipaes), uma palmeira da
familia Arecaceae, com grande cultivo na regido da América Tropical, compreendendo
0s paises entre a Costa Rica e o0 Brasil, sendo encontrado preferencialmente em zonas
Umidas (ESPINOSA-PARDO; MARTINEZ; MARTINEZ-CORREA, 2014).

O fruto da pupunha caracteriza-se por apresentar formas e tamanhos distintos.
Quando maduros possuem a casca fibrosa de cor amarela, alaranjada ou vermelho intenso
e um mesocarpo que varia de amilaceo a oleoso (CARVALHO et al., 2013). O fruto tem
um valor nutritivo elevado, rico em lipidios, principalmente &cidos graxos insaturados,
predominantemente o &cido oleico (YUYAMA et al., 2003) e, portanto, liquidos a
temperatura ambiente e de alto valor nutricional (SANTOS et al., 2017). Além disso, o
fruto é rico em carotendides, fitosterdis, aminoacidos essenciais, retinol, carboidratos,
principalmente o amido (CARVALHO et al., 2013; ROJAS-GARBANZO et al., 2011;
SANTOS et al., 2017; SANTOS; ALVES; RUIZ-MENDEZ, 2013), revelando-se um
fruto que pode ser utilizado para a obtencéo de farinha, que pode ser utilizada na producao
de diversos tipos de produtos (CARVALHO et al., 2009a).

A utilizacdo da farinha de pupunha é uma alternativa a fim de evitar a saturacdo
do mercado de frutas frescas e também diversificar a oferta do produto. Além disso, o
fruto possui elevado teor de amido, dessa forma, quando aquecido a estrutura do granulo
pode ser alterada permitindo o desenvolvimento de propriedades tecnoldgicas de
interesse (BEZERRA; SILVA, 2016), aplicagdo em pées (LIMA; SILVA; FURTADO,
2020), snacks (CARVALHO et al., 2009a), biscoitos/cookie (RIBEIRO et al., 2021),
panetones (OLIVERA; MARINHO, 2010) e bolos (KAEFER et al., 2013).

Dentre os produtos destacados, as vendas dos biscoitos no Brasil em 2020
representaram o montante de mais de 4,5 bilhGes de reais, equivalendo a 363 mil
toneladas de produto, enquanto que o consumo per capita no ano de 2019 foi de cerca de
7kg/hab, com presenca em mais de 90% dos lares brasileiros, segundo a Associagédo
Brasileira das Industrias de Biscoitos, Massas Alimenticias, Paes e Bolos (ABIMAPI)
(2020). Somado a esse fato, as exportacOes desse tipo de produto corresponderam a 115
milhGes de dolares, sendo o biscoito o produto que alcangou o maior valor de exportacao
entre os produtos da cadeia de massas alimenticias, pées e bolos industrializados
(ABIMAPI, 2021).
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Logo, nota-se que, os biscoitos sdo amplamente aceitos (MORAES et al., 2010)
e representam uma importante fonte de receita para as industrias. Além disso, 0 aumento
do interesse dos consumidores por alimentos mais saudaveis e praticos, exigiu uma
adaptacdo das formulacdes existentes no mercado visando o oferecimento de biscoitos
enriquecidos/ fortificados com ingredientes funcionais (MONTEIRO; SOUZA;
DAMASCENO, 2020).

Todavia, por mais que a producdo de farinha a partir do fruto de pupunha
represente uma diversificacdo de seu uso e facilite sua comercializagcdo em outras regides,
principalmente quando aplicada em biscoitos, ha lacunas que precisam ser melhor
exploradas, principalmente no tocante a quantificacdo dos compostos fendlicos no
produto final.

As metodologias existentes para se estimar a quantidade de compostos fenolicos
exploram, na grande maioria das vezes, métodos colorimétricos baseados no ensaio
espectrofotométrico de Folin-Ciocalteu (SINGLETON; ORTHOFER; LAMUELA.-
RAVENTOS, 1999) onde h4, inclusive, padronizacdes internacionais como a 1SO 14502-
1 (2005). Todavia, esse ensaio estd associado a algumas limitagcbes como: alguns
compostos quimicamente semelhantes podem interferir nos resultados, a selecdo de
padrBes para construcdo de uma curva de calibragdo pode variar em funcdo da matéria-
prima (BASTOLA etal., 2017; PRIOR; WU; SCHAICH, 2005), na etapa de extracdo dos
compostos fendlicos é necessario estabelecer as melhores condic6es utilizando diferentes
agentes de extracdo e condicBes de processo, necessita a utilizacdo de diferentes solventes
quimicos, além de ser uma analise trabalhosa, demorada, e portanto, sujeita a erros
(HAMINIUK et al., 2012).

Por outro lado, os métodos espectroscopicos, como o Infravermelho Préximo
(NIR), oferecem algumas vantagens que os colocam a frente quando comparados aos
métodos tradicionais de analise, como por exemplo a velocidade de realizagdo da analise,
pouca ou nenhuma etapa de preparacdo de amostra e auséncia de reagentes (DAS et al.,
2016). Seu uso vém sendo explorado ao longo dos altimos anos para a predicdo de
compostos fendlicos em frutos (AMODIO et al., 2017; AMORIELLO; CICCORITTI;
CARBONE, 2019; ARENDSE et al., 2017; BLANCO-DIAZ et al., 2014; CICCORITTI
et al., 2019; OLAREWAJU et al., 2019) e outros parametros de qualidade. Outro fato
interessante sobre 0s métodos espectroscopicos € que o desenvolvimento de

equipamentos miniaturizados vém aumentando rapidamente (BEC; GRABSKA; HUCK,
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2021) e ja ha estudos que atestam predicdes mais robustas utilizando equipamentos
portateis em detrimento aos equipamentos de bancada (KANG et al., 2022).

Equipamentos NIR miniaturizados, por mais que apresentem a desvantagem de
ter um numero reduzido de comprimentos de onda, podem ser considerados ferramentas
bastante interessantes e confiaveis para monitorar a qualidade de frutos diretamente no
campo ou ser aplicados diretamente ao longo da cadeia de producdo facilitando o controle
de qualidade de produtos (MALEGORI et al., 2017a).

Contudo, até o presente momento, ndo ha na literatura uma aplicacdo de
equipamento espectroscépico miniaturizado em produtos de panificacdo para a predi¢édo
de compostos fendlicos, bem como ndo ha uma caracterizacdo aprofundada da farinha de
pupunha, envolvendo aspectos tecnoldgicos, nutricionais, digestivos e citotdxicos. Diante
desse contexto, o presente estudo buscou apresentar uma abordagem inovadora
demonstrando o potencial de utilizacdo de NIR portatil para a predicdo de compostos
fendlicos em biscoitos do tipo cookies, assim como uma ampla caracterizagdo da farinha
de pupunha.

Dessa forma, essa dissertacdo esta redigida em forma de capitulos, totalizando 3
ao total. O Capitulo 1 teve como objetivo revisar as informacdes recentes a respeito da
aplicacdo de métodos espectroscopicos, em especial o NIR, para a predi¢cdo de compostos
fendlicos, elucidando suas principais vantagens, limitacdes e delineando as principais
etapas e dificuldades ainda encontradas para a previsdo para a quantificacdo dos
compostos fendlicos utilizando esta tecnologia. No Capitulo 2 buscou-se aprofundar os
conhecimentos acerca da farinha de pupunha, através de sua ampla caracterizacao,
incluindo andlises citotdxicas e de digestibilidade da farinha de pupunha, obtidas de frutos
cultivados em seis localidades diferentes da regido amazodnica, visto que é extremamente
importante ter um padrdo de qualidade da matéria-prima para o processamento. Por fim,
no terceiro capitulo os aspectos tecnoldgicos de cookies elaborados com as farinhas de
pupunha, assim como a utilizacdo do MicroNIR para o desenvolvimento de modelos de
predicdo para o teor de compostos fenolicos capacidade antioxidante dos cookies,
puderam ser demonstrados.

Ao final, uma concluséo geral é apresentada em uma secdo a parte, visando
recapitular e resumir as contribuicOes dessa pesquisa. Os resultados mais relevantes de
cada capitulo foram retomados para que uma correlagéo direta fosse estabelecida com o
objetivo apresentado e, com base nos limites encontrados durante o desenvolvimento

deste trabalho, algumas perspectivas de estudos futuros foram propostas.
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ABSTRACT

Recent studies have demonstrated the metabolic benefits of phenolic compounds in
human health. However, for the most part, analytical methods for quantification of
phenolic compounds are time consuming, laborious, require a high volume of reagents
with toxic substances and involve several steps that can result in systematic and
instrumental errors. Spectroscopic techniques have been used as an alternative to these
methods for the determination of bioactive compounds directly in the food matrix by
minimal sample preparation, without using toxic reagents, which is a critical step of
traditional methods. Therefore, this overview presents the advantages of these non-
destructive methods focusing on infrared spectroscopy, for the quantification of phenolic
compounds in fruits. In addition, the main difficulties in applying these spectroscopic
techniques are presented, as well as a comparison between the quantification of phenolic
compounds by traditional methods and spectroscopic methods. This review concludes
that the most widely used are the derivatives combined with the partial least square (PLS)
regression method. Furthermore, as much as they have some disadvantages and
limitations, infrared spectroscopic techniques can allow for better quality control,
resulting in higher productivity in order to create a more sustainable food processing

chain, within the principles of green chemistry.

Keywords: bioactive compounds; infrared spectroscopy; non-invasive methods; green

chemistry
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1 INTRODUCTION

Over the last ten years, the study of bioactive compounds has gained special
attention in scientific research due to the health benefits associated to their consumption,
such as the elimination of free radicals, protection and regeneration of antioxidant
compounds, while inhibiting the formation of pro-oxidants (GARCIA-SALAS et al.,
2010; SOARES et al., 2020; XIE et al., 2019; YANG et al., 2018).

The antioxidant effects of phenolic bioactive compounds, from different sources,
have been demonstrated to potentially improve the health of people with type 1 and 2
diabetes (BALDISSERA et al., 2017; ORHAN et al., 2013), to have hepatoprotective
activities in human hepatic cells (SOBEH et al., 2018) and also to reduce the level of
oxidative damage caused by hyperlipidemic diet in mice (CHU et al., 2019). Besides, the
intake of phenolic compounds has also been related to some others chronic degenerative
diseases such as cancer and Alzheimer's (ALl ASGAR, 2013; ALSUHAIBANI; AL-
KURAIEEF, 2019; GUTIERREZ-GRIJALVA et al., 2016).

The first polyphenol cataloging database, PhenolExplorer, includes about 500
polyphenols in 400 different product types, ranging from alcoholic beverages to honeys,
and most of the registered compounds were found in fruits (NEVEU et al., 2010). The
current standard methods for quantification of phenolic compounds in food matrices are
laborious, time-consuming, destructive, and use solvents that can generate toxic waste
(LUTHRIA, 2006a; RINCON et al., 2019). Therefore, fast, straightforward, non-
destructive, solvent-free alternative methods for phenolics quantification, in food
matrices, using Near-infrared (NIR) and Mid-Infrared (MIR) spectroscopies have been
proposed (CICCORITTI et al.,, 2019; GAUGLITZ, 2004; OLIVERI et al., 2020;
RESENDE et al., 2020; SINGH et al., 2020). Table 1 shows the main differences between
the infrared and conventional quantification methods.

Taking into consideration that the number of publications related to NIR and
MIR non-destructive techniques and phenolic compounds has significantly increased in
recent years and that consumers are increasingly aware of the health benefits associated
with bioactive compounds and consequently willing to invest for healthier products
(BAKER et al., 2022), the objective of this overview is to present the recent (last fifteen
years) advances in the quantification of phenolic compounds in food matrices, in
particular in fruits, recognized as one of the main sources of phenolics. In addition, pros

and cons regarding the use of classical destructive methods as well as the alternative non-
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destructive ones, based on infrared (IR) spectroscopies are presented. Due to the
importance of the postharvest management, in fact, the need to have a general overview
of the technologies available for measuring the quality of fruits and their derivatives is
fundamental, since even when harvested under the same conditions, these natural
products exhibit very distinct characteristics (LERMA-GARCIA et al., 2018). Finally,
additional perspectives from an analytical point of view and proposals for future studies
are presented. The final goal of the present overview is, in fact, to help researchers and
industries to develop the most appropriate and reliable analytical strategies for the

determination of phenolic compounds in fruits.

2 BRIEF THEORY ABOUT INFRARED METHODS AND SIMPLIFIED
PRACTICAL APPROACH TO CHEMOMETRIC

Infrared vibrational spectroscopy uses the electromagnetic radiation between
visible and microwave and can be divided into three sub-regions (Stuart, 2005; Tahir et
al., 2019): NIR, from 4.000 to 10.000 cm-1; MIR, from 4.000 to 400 cm-1; and Far
Infrared (FAR), <400 cm-1. As the operation of the equipment and the theoretical
background behind infrared equipment have already been discussed in the literature, we
recommend reading the works of Pasquini (2003) and Stuart (2005).

The NIR and MIR spectra are composed of a large amount of data. The
evaluation of peaks only, height or area, is not appropriated for quantification of phenolic
compounds, therefore, multivariate data analysis must be used to extract hidden
information, which is usually referred to as chemometric (LOHUMI et al., 2015).
Chemometric methods can be used for exploratory analysis, classification, discriminate
and regression methods and specific reviews on these topics can be found at Granato et
al. (2018), Lohumi et al. (2015) and Oliveri et al. (2020).

Figure 1 shows the steps involved in non-destructive spectroscopic analyses and
the data handling by using chemometric. The first step is the spectroscopic data
acquisitions, which can occur either using whole intact fruit, powders or/and crushed
fruits. A recent study evaluated the difference between the use of intact and crushed grape
fruit in the determination of phenolic compounds, and showed that determination of these
compounds in both sample states is possible and comparable, however with high accuracy
results for crushed samples (ALEIXANDRE-TUDO; NIEUWOUDT; DU TOIT, 2019).
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Table 1 - Difference of the analytical parameters by infrared methods and conventional methods.

Parameters Infrared methods Conventional methods
Waste formation No The waste comes from the extraction and quantification stages
Toxic waste No Waste needs to be dlsposed_of properly so as not to harm the
environment
Analysis speed Fast (minutes) Slow (hours)
On/in-line monitoring Yes No
Non-invasive and non-destructive
Yes No

analysis

Sample preparation

Few or no sample
preparation

Samples need to be prepared according to the chosen extraction
and quantification method (as detailed in Supplementary
Material 1)

Quantitative and qualitative
analysis

Yes

Yes

Analysis cost

Low, considering no
reagents are required

High, considering that all consumables and reagents need to be
constantly purchased

Development of standards and
calibration curves for

No, but depends on a first
calibration by conventional

Colorimetric-based methods need calibration curves/standards
for each data collection

guantification methods
Reagent use No Yes
Safer chemistry for accident Yes No, the stages use many chemical substances that can cause

prevention

accidents if handled improperly

Elaborated by the author
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After the data acquisition, multivariate data analysis must be used, for extracting
useful information from the fingerprint spectroscopic signals recorded (OLIVERI et al.,
2020). The data can be analyzed by supervisioned and non-supervisioned methods. For
classification or regression models the samples are divided into two groups: calibration
and validation groups. Generally, 75% of the samples are selected for the calibration set
and 25% of them are selected for the validation set (LU; RASCO, 2012).

For the calibration and validation procedures, the spectroscopic and chemical
data, obtained by standard methods, are processed with multivariate methods and a
calibration model is obtained. The model can be evaluated using cross-validation
procedure.

For the external validation of the model, spectroscopic and chemical data must
be obtained using new samples and the predicted values can be obtained using the spectra
data in the calibration model. The predicted and measured values are statically evaluated
(CASTRIGNANO et al., 2019). An ideal model should have low values of the root mean
square errors of calibration (RMSEC), cross-validation (RMSECV) and prediction
(RMSEP), and high values of the coefficient of determination in calibration (R2C), cross-
validation (R2CV) and prediction (R2P) (MAGWAZA et al., 2016; SU; SUN, 2019;
TAHIR et al., 2016). After the development of the validation model, it is only necessary
to have the spectra of unknown sample to predict the chemical values, therefore it can be

applied as non-destructive analyses.

Figure 1 - Diagram of the steps involved in the quantification of phenolic compounds by non-
invasive methods.

Elaborated by the author
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3 ANALYSES OF PHENOLIC COMPOUNDS

Quantification of phenolic compounds in food products has been performed with
classical destructive methods like chromatographic or spectrophotometric methods using
Folin—Ciocalteu reagent and non-destructive methods based on physical methods, like

NIR and MIR infrared spectroscopies.
3.1 Conventional Destructive Methods

Studies and the respective destructive methods used in the analyses of phenolic
compounds in fruits evidenced that the phenolic compounds have been extracted with
different procedures and quantified with a chromatographic or spectrophotometric
method, using Folin—Ciocalteu reagent (for more details see the Supplementary Material
1). It is possible to underlined the difficulty to reach a consensus on the concentration of
the analyzed compound, independent of the fruit matrix analyzed. For example, four
different extraction procedures have been used to study Buriti fruits, and the same
problem has also been observed in the other fruits like camu-camu, passion fruit, lemon,
acerola, blackberry, acai, apple, blueberry, manga and mangaba (Supplementary Material
1). In addition, different analytical methods (chromatographic or spectrophotometric)
have been used for the analyses of the same active compound in the same sample/matrix
(STRATIL; KLEJDUS; KUBAN, 2006), which makes the results not comparable.
Furthermore, these methods are time consuming and require laborious sample
preparation, and needs an ecofriendly way to recover or discard the chemical waste at the
end of the procedure.

Figure 2 shows the general schematic representation of the traditional methods
for determining the concentration of phenolic compounds in food matrices. At first the
sample preparation is required, that comprises several steps including freeze-drying,
drying, grounding, filtration, and centrifugation (SANTOS-BUELGA et al., 2012). These
procedures are necessary to improve sample stability, increase extraction efficiency and
eliminate/reduce possible interferences (LUTHRIA, 2006b).

The use of different sample preparation processes, for the different food
matrices, is mainly due to their chemical diversity (SANTOS-BUELGA et al., 2012). A
reduction in sample particle size is generally recommended, which should be as small as
possible to promote better extraction (KHODDAMI; WILKES; ROBERTS, 2013).
Mitchell et al. (2017), demonstrated the use of dried and ground cocoa seeds, in which

even small particle size variations may have a significant impact on the concentration of
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procyanidins recovered. On the other hand, these processes result in errors due to the use
of different protocols (MITRA; BRUKH, 2003). Therefore, it is noted that the initial
manipulation should be done cautiously, especially if the sample amount is limited. Thus,
it is necessary to investigate which treatments can lead to the best results in the databases

to ensure the quality and consistency of the analyses.

Figure 2 - Diagram of the steps involved in the quantification of phenolic compounds by
traditional methods.

Elaborated by the author; blue boxes represent the general steps in the determination of phenolic
compounds by traditional methods; orange boxes exemplify the types of extractions and methods
for quantification of phenolic compounds.

After proper sample handling, the extraction of phenolic compounds is carried
out. This stage is essential for the recovery and isolation of bioactive compounds and,
consequently, several parameters need to be controlled such as the extraction time,
temperature, sample-solvent ratio, pressure and enzyme utilization. All these parameters
should be constantly optimized to achieve better extraction levels (MEINI et al., 2019;
PINELA etal., 2018; SILVA et al., 2015).

Besides this aspect, according to Naczk & Shahidi, (2006) and Stalikas, (2007),
the extraction of phenolic compounds also depends on the chemical nature of these
compounds; the presence of interfering substances that may interfere with the analysis,

such as oils and waxes, sample particle size and storage conditions. Vizzotto & Pereira
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(2011), studying extraction optimization processes for phenol determination in blackberry
(Rubus sp.), found differences on total phenolic content according to the solvent used.

In addition to the choice of solvent, it is also necessary to choose the most
suitable extraction method. Because of their simplicity, efficacy and versatility
(STALIKAS, 2007), liquid-liquid and solid-liquid are the most applied for analysis of
polyphenolics and phenolics in plants. Other methods such as supercritical solvent,
ultrasound and soxhlet extraction are also employed and, in light of these considerations,
it is clear that this step is the most time-consuming in the quantification process of
phenolic compounds and may lead to significant analytical errors.

After defining the best extraction method, it is necessary to choose the best way
to quantify phenolic compounds. The spectrophotometric methods using Folin-Ciocalteu
reagent were used in most studies (HAMINIUK et al., 2012, Supplementary Material 1).
However, this method requires a calibration curve, most often prepared using gallic acid,
which demands even more manipulation time and, depending on the number of samples,
even more reagent is discarded. Although it is a simple and inexpensive method, it only
leads to a qualitative result, and it is not possible to quantify specific phenolic compounds
(KHODDAMI; WILKES; ROBERTS, 2013). In a recent study, three different methods
for the determination of phenolic compounds (Folin-Denis Reagent, Folin-Ciocalteu
Reagent and Fast Blue BB) were compared under the same extraction condition for three
different food matrices (pear orange, passion fruit and palmer mango) and the results
showed a huge variation in the results (GUIMARAES; SALGADO; CARVALHO,
2020). In example, for the pear orange, where the quantification by the Folin-Denis,
Folin-Ciocalteu and Fast Blue BB method, were 196 mg of tannic acid/ 100g, 48.83 mg
of gallic acid/ 100g and 1.84 mg of gallic acid/ 100g, respectively.

Another way to quantify the phenolic compounds is by using chromatography
(ANGELO; JORGE, 2007). The disadvantage of these methods is the number of different
existing approaches that could be used (normal phase chromatography, reversed phase
chromatography, ion chromatography, etc.) in accordance to the nature of the interactions
between the compounds to be analyzed (LAKSHMI, 2015), in other words, an specific
chromatography equipment could be used only for determined compounds . It is also
necessary to have a highly purified reference standard compound, since these methods
depend on it to produce reliable results (WELLS; DANTUS, 1994). These methods also

produce chemical wastes that have to be treated before discarding.
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3.2 Analysis of Phenolic Compounds using IR Spectroscopies

Probably the main advantage of spectroscopic methods is the possibility to
evaluate, measure and predict properties related to several chemical parameters in a single
analysis. Therefore, spectroscopic methods can represent a major advance in quality
monitoring systems for raw materials and functional/nutraceutical products
(COZZOLINO, 2022). Several studies have related the importance of spectroscopic
methods for predicting phenolic compounds in fruits. Details about these publications and
the evaluation parameters of the regression models built are listed in the Supplementary
Material 2.

Many algorithms, including pre-treatments, variable selections, modeling are
applied for building a robustness model. Between regression methods used for the
calibration model of phenolic compounds quantification, partial least squares regression
(PLS) is the most widely used method, with different preprocessing methods strategies.
PLS have been used for the calibration model of apricot (AMORIELLO; CICCORITTI;
CARBONE, 2019), apples (GIOVANELLI et al., 2014; SCHMUTZLER; HUCK, 2016),
strawberries (AMODIO et al., 2017), pomegranate (ARENDSE et al., 2018), grapefruit
(OLAREWAUJU et al., 2019), green pulp kiwi (CICCORITTI et al., 2019), blueberries
(SINELLI et al., 2008), tomato (DING et al., 2016), white and red grapes (XIAO et al.,
2018), between others. The use of associated methods with PLS have been also reported
in order to increase the accuracy of the model. In example, linear discriminant analysis
(LDA), together with the PLS, has been used to classify the fruits according to the storage
time, which allowed the selection of strongly correlated variables and, consequently, the
identification of more significant regions of the spectra (GIOVANELLI et al., 2014); as
well as the radial basis function neural networks (RBF-NN) (DING et al., 2016) which
uses linear learning algorithms to complement non-linear algorithms (JIA; ZHAQO; DING,
2016), optimizing the accuracy of the models calculated.

Others studies also reported the use of least squares support vector machines
(LS-SVM) (DONG et al., 2013; PISSARD et al., 2013; XIAO et al., 2018), back-
propagation artificial neural networks (BP-ANN) (Dong et al., 2013), and modified
partial least-squares (MPLS) (BLANCO-DIAZ et al., 2014; NOGALES-BUENO et al.,
2014).

The efficiency of phenolic compounds determination in hawthorn fruits,

collected in different districts of China, was analyzed by three regression methods (PLS,
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BP-ANN and LS-SVM). Dong et al. (2013) demonstrated that the use of BP-ANN, in the
classification, and LS-SVM, in the regression, achieves better prediction results.
Similarly, Xiao et al. (2018), evaluated the application of the PLS and LS-SVM
regression methods for phenolic prediction in two grapefruit varieties and found that the
model formulated by LS-SVM obtained better results. Other authors explain that in
models using LS-SVM the calibration group samples are structured to a kernel space,
where, to switch between the training error and the solution, a smoothing was used for all
samples (VALYON; HORVATH, 2016). According to Oliveri & Simonetti (2016),
artificial neural networks (ANNS) are a versatile qualification and quantification tools
with several optimization cycles in order to improve model performance. It is also
important underlined, that the use of ANN method was also turned into practical and
commercial applications for NIR calibrations, as reported by FOSS Instrument reports
(FOSS, 2018).

Nogales-bueno et al. (2014), using MPLS algorithm on NIR data of red grape
fruit, proposed yet the use of hyperspectral imaging for the determination of phenolic
compounds and demonstrated that this methodology is as effective as the more traditional
NIR spectrophotometers. Others studies also highlight the application of hyperspectral
imaging in NIR for predicting phenolic compounds with good modeling evaluation
parameters (MALEGORI et al., 2017a; MUNERA et al., 2019).

Given these literature results, it can be emphasized that the development of
chemometric methods, based on NIR and MIR data, have become valuable tools for food
analysis. The technique has been used not only for the analysis of major components, but
also for secondary metabolites with low concentrations, such as phenolic compounds.
Such perspectives, increasingly aligned with the 4.0 industry concept, show that
multivariate calibration has been improved to meet demands and minimize (and in many

cases suppress) the negative impacts caused by traditional analytical methods.
4 LIMITATIONS AND DIFFICULTIES OF INFRARED METHODS

Conversely to the application of already optimized method, the development of
a reliable predictive model using IR spectroscopy requires a lot of effort, in particular the
knowledge of multivariate chemometric methods for analyses of the spectra, to extract
useful information about food quality attributes (COZZOLINO et al., 2011; WANG et
al., 2015). In addition, multivariate calibration techniques require specific calibration

conditions such as sampling, spectrum acquisition and reference data, model validation,
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spectral data preprocessing and others (COZZOLINO, 2014). The construction of
mathematical and statistical procedures depends on conditions and products, which are
analyzed, and could be not generalized. Therefore, the disadvantages of spectroscopic
techniques are centered on the need of an initial step of model development, which
implies a big effort in term of sample availability, reference analysis and mathematical
modeling.

It is worth to notice that results obtained by the combination of spectroscopic
measurement and multivariate modelling need to be compared with standard methods
with the aim of confirming their reliability. According to these requirements (typical for
secondary analytical methods) many actions are taking place to standardize this
comparison; in more detail standards for good analytical practices are being written with
the aim of make this strategy recognized from a regulatory point of view. As an example
it is possible to mention the 1SO 21543:2020 - Guidelines for the application of near
infrared spectrometry for milk and milk products analysis or the ISO 12099:2017 referred
to animal feeding stuffs, cereals and milled cereal products. Nowadays no international
standardization is available for polyphenol quantification of fruit quality determination
nevertheless the way towards the standardization of spectroscopic techniques is already
open.

In this sense, in fact, calibration, the first stage of these spectroscopic analysis,
is performed by collecting data of a set of samples with well know analyte concentrations
(COZZOLINO, 2012; OZAKI et al., 2006) in the required range. This step also requires
different sets of standard analyses. Therefore, it is important to highlight that for
developing a good calibration model the quality of the results obtained by the reference
methods need to be as high as possible. In more detail, being spectroscopy a secondary
analytical method, the reliability of the data used for the training phase will strongly
influence the error associated with the predictive model. It is impossible, in fact, to obtain
spectroscopic results with a lower analytical error in respect to the error of the reference
method because this error is incorporated in the modeling.

For assessing this important issue, recognized strategies validation needs to be
performed. In more detail, regarding the quantification of phenolic compounds, the usual
reference method is a colorimetric determination; which also quantify other compounds
with phenolic groups, without antioxidant activity (PISSARD et al., 2013). Therefore,
and consequently, the goodness of calibration determination is the key for developing

good models.
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Furthermore, each step in the calibration process has to be validated as even
reference analyses can incorporate modeling error. Additionally, in order to develop a
robust calibration model, a representative quantity of samples is required, making it a
labor-intensive process (LI; SUN; CHENG, 2016). Depending on the objective of the
study, in order to obtain a robust model with the least possible error, it is necessary to use
samples from different varieties and origins, covering a useful variation range of the
compound under study.

In addition to the extent of harvest samples required for the construction of a
robust model, another difficulty concerns the numerous existing treatments developed to
optimize the model prediction in each specific condition (BHATTACHARIJEE, 2014;
COZZOLINO et al., 2011; WANG et al., 2015), as detailed in the previous section.
Therefore, the application of spectroscopic methods in the industry is linked to an
appropriate model preparation, which may require much time and specific chemometric
knowledge. According to Bhattacharjee (2014), as of software availability is high,
choosing a specific data processing package does not mean getting the overall and
exclusive solution of the problem.

Another disadvantage is that more sophisticated regression methods require
higher number and varieties of samples (JIA; ZHAO; DING, 2016; VALYON;
HORVATH, 2016), higher level of modeling overfitting (OLIVERI & SIMONETTI,
2016) and higher training time (CHAUCHARD et al., 2004). Therefore, it should be noted
that using such regression methods must be done very carefully, since the numerous
processes involved increases considerably the risk of overfitting.

In relation to NIR, its applications are more efficient in fruits that have a
homogeneous internal structure (LI; SUN; CHENG, 2016). The thickness of the fruit, or
its diameter influenced the penetration of the infrared radiation (PISSARD et al., 2018).

Another disadvantage is linked to the fact that each laboratory has its own
manual of chemometric techniques, which are elaborated after several analyses and
statistics. Above all, the data quality obtained versus yield of the analysis, and the lack of
standardization hinders comparing the food analysis institutions (SOBOLEYV et al., 2019).
This difference can be observed in the data presented in Supplementary Material 2. It is
noted there is a lack of important model evaluation data and different pre-treatments
applied. However, PLS and pre-processing derivatives were used in most studies,

representing a potential modeling to be tested universally for phenolic compounds.
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5 CONCLUSION

Although they are considered effective, the most widely used techniques for
quantifying phenolic compounds in fruits still need many improvements to be considered
sustainable and standardized. This review demonstrates the potential of NIR and MIR
infrared technologies, combined with multivariate analysis, as a low-cost, non-destructive
or non-invasive method for quantification of phenolic compounds in diverse food. They
are rapid methods with minimal or no sample preparation and therefore in consonance
with Green Chemistry concept that allows the reduction/elimination of toxic reagents,
toxic waste and can be easily automated and used in on line measurements.

However, the combined use of spectroscopic measurement and multivariate
modeling still needs to be validated using standard methods. Even though the
standardization of spectroscopic techniques is already open, no international
standardization is available for polyphenol quantification of fruit quality determination,
and is not a simple task as it involves multi-laboratory, multi operators and multiple
instruments validation.

Besides this aspect, the concentration and the absolute number of analytes of
interest is one of the main issues in the quantification of phenolic compounds in fruit.
Independently on the analytical strategy applied, but in particular for secondary
techniques like infrared spectroscopy, the development of analytical strategies able to
detect and quantify such compounds is a real challenge. To try to overcome this
limitation, the availability of a representative and significant number of samples is one of
the main tasks that need to be achieved together with the reliability of the reference
method used for training the model.

On the other hand, the low-cost portable infrared spectrometers have potential
to perform the analyses in the field that can be a useful tool for harvesting the fruit based
on phenolic content. Given the actual development of infrared spectroscopy
instrumentation it is possible that in near the future, NIR infrared capability could be
present in standard smartphone and the consumer may have access to the phenolic non-
invasive quantification technology. All this could allow the consumer to choose the food

based on chemical composition including phenolic content.
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Supplementary Material 1 — Current methodologies available on literature in order to quantify total phenolic compounds in different fruit matrix.

Fruit
matrix

Raw material condition

Analytical method

Extraction method

Reference

Acerola

Lyophilized pulp powder
Fresh pulp crushed and

Dried pulp

Dried pulp

Folin—Ciocalteu reagent
Folin—Ciocalteu reagent

Folin—Ciocalteu reagent

Folin—Ciocalteu reagent

Distilled water / agitation - 35 min / 35 °C Followed filtered vacuum
80% ethanol / 1% HCI conc. / 25 °C / 20 min followed filtered
Washed with methanol

Ethanol in two ways; 1° - acerola immersed in 93.2 °GL ethanol/ 2° -
Ethanol was sprayed on the residues /1.5h

(CRUZ et al., 2019)
(LIMA et al., 2005)
(SILVA et al., 2019)

(SILVA Et al., 2016)

Acai

Lyophilized pulp

Fresh pulp

Fresh pulp

High-performance liquid
chromatography (HPLC)

Ultra-high performance

liquid chromatography coupled
to tandem mass spectrometry
(UHPLC-MS/MS)

Folin-Denis reagent

500 mg of pulp + 10 mL of acetone-water-formic acid (70%-29%-1%;
viviv) were sonicated for 10 min / centrifuged for 10 min at 10°C and 10.000
rpm / residue was extracted once more with 10 mL acetone-water-formic
acid / supernatants were combined / extract was vaporized in rotary
evaporator (30°) / aqueous supernatant was shaken with 10 mL ethyl acetate
/ residue was solubilized in ImL methanol-water-formic acid (50%-49%-
1%; vIVIv)

Benzoic acid-d5 and trans-resveratrol-d4 (IS) were added to 500 g of fruit
pulp + 500 mL of methanol in glass blender / liquid extracts were freeze-
dried / 1 mg of the dried extracts was dissolved in methanol / filtered in
PVDF.

Indiscriminate

(GORDON et al., 2012)

(BATAGLION etal.,
2015)

(SANTOS et al., 2008)

Fresh pulp and peel

High-performance liquid
chromatography (HPLC)

5 and 10 g of peel and pulp were extracted with methanol 1%, 2.6-di-tert-
butyl-4-methyphenol (BHT) using ultrasonic bath / sample were extracted
with 10 mL for 1h, 10 mL for 30 min and 5 mL for 30 min / three extracted
were combined.

(ESCARPA;
GONZALEZ, 1998)



Apple

Lyophilized pulp and peel

Frozen pulp and peel

High-performance liquid
chromatography (HPLC)

High-performance liquid
chromatography (HPLC)

300 g of dried skin and pulp blended with 3x3 L methanol for 5 min /
filtered in vacuo to the final volume of 1 L / extract was washed 3x with
hexane.

5 and 10 g of peel and pulp were extracted with methanol 1%, 2.6-di-tert-
butyl-4-methyphenol (BHT) using ultrasonic bath / sample were extracted
with 10 mL for 1h, 10 mL for 30 min and 5 mL for 30 min / three extracted
were combined.
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(OLESZEK et al., 1988)

(VEBERIC et al., 2005)

Blackberry

Frozen fruit and crushed

Frozen fruit and crushed

Frozen fruit and crushed

Folin—Ciocalteu reagent

Folin-Ciocalteu reagent

Folin-Ciocalteu reagent

5 g of crushed blackberry homogenized with different volumes of methanol
and a solvent mixture for 0.2, 4.6 and 24 hours

10 g of blackberry with methanol: water (8: 2) in ultrasound for 20 minutes /
the sample was filtered through a Buchner funnel and washed with methanol
/ filtrates were combined and concentrated on a rotary evaporator (<40 °C)
up to about 100 mL / solution was centrifuged for 20 min / stored in a
freezer (-36 ° C)

5 g of blackberry were crushed with acid ethanol (0.01% HCI) / centrifuged
at around 4°C and 15,000 rpm / supernatant were utilized for analysis

(VIZZOTTO;
PEREIRA, 2011)

(FERREIRA; DE
ROSSO;
MERCADANTE, 2010)

(VIZZOTTO etal.,
2012)

Blueberry

Frozen fruit and crushed

Fresh frozen pulp and dried

pulp

Frozen fruits

Folin-Ciocalteu reagent

Folin-Ciocalteu reagent

Folin-Ciocalteau reagent

5 g of blueberry + different volumes of methanol (10, 20, 30, 40 and 50 mL)
/ centrifuged for different times (0,2,4,6 and 24 h) at 4 °C

Solution containing 5 g of treated samples were homogenized for 1 h at 70
°C in agitator / filtered were transferred for assays tube + 10 mL alcoholic
solution

Extraction with MetOH and clarification with Ba(OH)2 and Zn(SO)4

(VIZZOTO; PEREIRA,
2009)

(SPAGOLLA etal.,
2009)

(MORAES et al., 2007)

Buriti

Fresh pulp
Lyophilized fruit

Pulp flour

Folin—Ciocalteu reagent
Folin—Ciocalteu reagent

Modified Folin-Ciocalteu
reagent

Indiscriminate
Extraction carried out in water and ethanol

1g (flour) of Buriti extracted with methanol (50% v/v) and acetone (70%
vIv), 40 mL each / mixture centrifuged at 3500 rpm for 15 min / supernatant
comnleted to 100 mlL with distilled water

(MILANEZ et al., 2016)
(MILANEZ et al., 2018)

(RESENDE; FRANCA,
OLIVEIRA, 2019b)



Fresh pulp

UHPLC-ESI-MS/MS

Fresh pulp + 500 mL of methanol for 15 min in agitator / centrifuged (5 min;
4000 rpm) / supernatants separated and evaporated to dryness / 1mg of
extract dissolved in 1 mL of methanol and filtered.

o1

(BATAGLION etal.,
2014)

Camu Camu

Fresh pulp and peel

Frozen pulp and peel

Fresh pulp

Lyophilized fruit

Folin—Ciocalteu reagent

Folin-Ciocalteau reagent

High performance liquid
chromatography coupled to
mass spectrometry (HPLC—

High-performance liquid
chromatography (HPLC) and
Folin—Ciocalteu reagent

50g of fruit / 80% methanol; homogenized for 90 s flushed with nitrogen for
3 min; centrifuged at 4000 rpm for 20 min at 4 °C / supernatant was
collected

Indiscriminate

Benzoic acid + trans resveratrol + 500g of fruit pulp / analytes extracted
with 500 mL methanol / freeze — dried and 1g was dissolved in methanol /
filtered

10g of freeze-dried homogenized with 200 mL formic acid + sonicated for
1h / extracts centrifuged — filtered / extracts combined and concentrated
under reduced pressure in 40°C / aliquots (2 — 4 mL) were prepared stored at
20°C

(CHIRINOS et al., 2010)

(NEVES et al., 2015)

(BATAGLION etal.,
2015)

(REYNERTSON et al.,
2008)

Lemon

Pulp and peel powder

Pulp and peel powder

Peel powder

Folin—Ciocalteu reagent

Folin—Ciocalteu reagent

Modified Folin-Ciocalteu
reagent

29 pulp (1g peel) + 8 mL of methanol + 30 min in ultrasonic at 50°C /
solution centrifuged at 10.000g for 5 min / extraction procedure repeated
three times

Lemon powder mixed with 15 mL of 80% methanol ultrasonically for 30
min / supernatants were diluted in 50 mL methanol

Extraction with methanol for 72hr / the extracts suspended in 250 mL of
water and partition with hexane, chloroform, ethyl acetate and butanol

(ZHANG; ZHOU, 2019)

(DONG et al., 2019)

(AL-QASSABI; WELL;
HOSSAIN, 2018).

Mangaba

Fresh and lyophilized pulp

Fresh pulp

Folin-Ciocalteu reagent

Folin-Ciocalteu reagent

10 g + 40 mL of methanol: water (50:50 v/v) + 40 mL of acetone: water
(70:30 v/v) for 1h / supernatant + 100 mL distilled water.

5 g samples + 40 mL of methanol: water (50:50 v/v) for 1 h / centrifuged at

25.400 g for 15 min / supernatant recovered / residue + 40 mL of acetone:

water (70:30 v/v) extracted for 1 h and centrifuged / extracts combined and
brought to a final volume of 100 mL with distilled water.

(RUFINO et al., 2009)

(LIMA et al., 2015)



Fruit and fruit pulp powder

High-performance liquid
chromatography (HPLC)

0.5 g + 20 mL of methanol: water (50:50 v/v) / subjected for 30 min in
ultrasonic bath at 25 °C / centrifuged at 6.000 g for 15 min / supernatant
recovered / residue + 20 mL of acetone: water (70:30 v/v) / ultrasonic bath
for 30 min / extracts combined and brought to a final volume of 50 mL with
deionized water
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(DUTRA et al., 2017)

Mango

Peel and seed powder

Lyophilized pulp

Lyophilized pulp

Folin-Ciocalteu reagent

High-performance liquid
chromatography (HPLC)

High-performance liquid
chromatography (HPLC)

Peel and seed (5 g each) + 20 mL of methanol: water (60:40 v/v) /
centrifuged / supernatant was adjusted to 25 mL.

0.5 g of freeze-dried samples + 20 mL of 80% methanol / homogenized and
sonicated for 30 min at 30 °C / centrifuged at 12.000 rpm for 15 min at 5 °C /
filtered.

1 g lyophilized material + 10 mL of methanol: water (60:40 v/v) / shaked at
180 rpm for 30 min/ centrifuged at 1.000 g for 10 min / supernatant used
immediately.

(RIBEIRO et al., 2008)

(PALAFOX-CARLOS;
YAHIA; GONZALEZ-
AGUILAR, 2012)

(RIBEIRO et al., 2007)

Passion fruit

Rind flour

Fruit albedo powder

Solid residual portion

(seed and peel)

Folin—Ciocalteu reagent

High-performance liquid

chromatography (HPLC) and

Folin—Ciocalteu reagent

Folin—Ciocalteu reagent

70% ethanol / 24h at -18°C followed by centrifuge

Methanol with water followed ultrasonic bath / 2h

Hexane and methanol / supernatant - 60 °C rotary evaporator

(CANTERI et al., 2010)

(LOPEZ-VARGAS et
al., 2013)

(OLIVEIRA et al., 2009)

Elaborated by the author
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Supplementary Material 2 - Evaluation parameters of the different models arranged in the literature for the quantification of phenolic compounds in fruits.

Calibration Cross Validations Prediction Reference
Wavelength .
(nm) Fruit Regression
Method Preprocessing Method RMSEC R2C RMSECV R2CV RMSEP R?P RPD
1.333-1.064 PLS First Derivative + MSC 0.14 76.82 ND ND 0.12 7241 197
Pomegranate (ARENDSE et al., 2017)
1.333-1.064 PLS First Derivative + MSC 0.11 86.48 ND ND 0.11 82.61 247
2.500 — 833 Kiwifruit PLS Second Derivative 0.24 0.96 0.56 0.81 0.50 094 4.8 (CICCORITTI et al., 2019)
(AMORIELLO;
2.380-1.149 Apricot PLS Second Derivative 0.44 0.99 1.66 0.96 0.98 0.98 9.65 CICCORITTI; CARBONE,
2019)
2.778-833 Apple PLS SNV 41 0.95 54 0.92 ND ND ND  (GIOVANELLI et al., 2014)
14.286-2.500 PLS SNV ND ND 0.14 0.93 0.16 094 221
Blueberries (SINELLI et al., 2008)
2.778-833 PLS MSC ND ND 0.14 0.96 0.18 0.87  2.05
2.258-2.357 )
Strawberry PLS Smoothing 21.78 0.45 22.35 0.42 19.46 0.45 1.45 (AMODIO et al., 2017)
1.836-1.639
2.269-1.025 Apple PLS Baseline Correction ND ND ND ND 0.12 0.85 3.0 (SCHMUI%k;R;HUCK
2.500-400 Grapefruit PLS SG (2" Order) 0.44 0.47 ND ND 0.37 059 103 (OLAREWAJU etal., 2019)
1.650-950 Raspberry PLS ND 1163 073 1214 073 ND ND ND  (RODRIGUEZ-PULIDOet

al., 2017)
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PLS-R
1.050-720 Pomegranate Mean Center + SNV + 024  0.88 0.24 0.84 025 086 27 (MUNERA et al., 2019)
PLS-DA SG
Chinese . N
2.500-800 LS-SVM First Derivative ND ND ND ND ND ND  ND (DONG et al., 2013)
Hawthorn
2.500-900 LS-SVM ND 0193  0.90 ND ND 0216 087 277
Grapefruit (XIAOQ et al., 2018)
2.500-900 LS-SVM ND 0115  0.95 ND ND 0150 091  3.33
2.500-400 Apples LS-SVM First Derivative + SG 178 ND ND ND 140 0.94 51 (PISSARD et al., 2013)
Summer (BLANCO-DIAZ et al.,
2.500-400 squash MPLS SNV + DeTrend 062  0.79 0.67 0.76 073 068 177 2014)
1650-950  Grapefruit MPLS SNV + DeTrend 089 101 1,07 ND 123 ND ND (NOGA'—E;')%ENO etal,
ND Tomato RBF-NN ND 004  0.99 ND ND 008 095 333 (DING et al., 2016)

Elaborated by the author; PLS: partial least square; PLS-DA: partial least square-discriminant analysis; LS-SVM: least squares support vector machines; RBF-NN: radial basis
function neural networks; MPLS: modified partial least square; MSC: multiplicative scattering correction; SNV: vector normalization; SG: savitzky-golay; RMSEC: root mean
square errors of calibration; RMSECV: root mean square of cross-validation; RMSEP: root mean square of prediction; R2C: determinant coefficient of calibration; R2CV:
determinant coefficient of cross-validation; R2P: determinant coefficient of prediction; RPD: residual predictive deviation; ND: not discriminated.
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Capitulo 2: Systemic characterization of Pupunha (Bactris gasipaes)
flour with views of polyphenol content on cytotoxicity and protein in
vitro digestion.
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ABSTRACT

Although the Amazonian fruit pupunha (Bactris gasipaes) presents interesting properties
such as richness in phenolic compounds (PC), it is little consumed. Its application could
be expanded by producing a material with a longer shelf life which could be used in
different types of products. Therefore, the objective of the present study was to produce
pupunha flour (PF) from fruit harvested at different locations and characterized, through
various physico-chemical analyses and different spectroscopic techniques, as well as to
evaluate its cytotoxic effects and in vitro protein digestion. The PF were usefully
categorized by principal component analyses and small dependencies on the region of
origin were detected. Probably due to its high content of phenolic compounds, PF strongly
reduced protein digestion. The cytotoxicity results showed that PF had cytotoxic potential
in L929 cells. Nonetheless, considering unique properties of PF applications, there is a

need for new forms of flour production to attenuate the results observed.

KEYWORDS: phenolic compounds, Amazonian fruit, NMR, XRD, in vitro digestion,

inhibition.
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1 INTRODUCTION

The Amazon region is home to a large number of fruits that have high nutritional
potentials, especially Pupunha (Bactris gasipaes), Bacaba (Oenocarpus bacana), Buriti
(Mauritia flexuosa) or Inaja (Attalea maripa) (SANTOS et al., 2015). These fruits are
rich in essential macronutrients and phytonutrients such as carotenoids, sterols and fatty
acids (ARAUJO et al., 2021; BERTO et al., 2015; VIRGOLIN; SEIXAS; JANZANTTI,
2017). Nevertheless, the use of these fruits has been rarely explored commercially (NERI-
NUMA et al., 2018; SILVA; OLIVEIRA, 2018) although this could have a great
socioeconomic impact, strengthening local/regional economies.

To reach this objective, developing materials with long shelf-life such as flours
offers the possibility to incorporate them into products with greater added value. For
example, pupunha flour is suitable to prepare cookies (RECK; MIRANDA, 2016), cakes
(MARTINEZ-GIRON; FIGUEROA-MOLANO; ORDONEZ-SANTOS, 2017), pastas
(OLIVEIRA et al., 2006), and snacks (CARVALHO et al., 2009b). In addition, Rojas-
Garbanzo et al. (2012) found that the content in phenolic compounds of pupunha was
preserved throughout the drying process to produce flour. Similarly, Ribeiro et al. (2021)
observed that the carotenoid concentration was maintained after processing cookies using
pupunha flour.

Despite those advantages, there are two main limitations to the exploitation of
pupunha flour. The variability of characteristics depending on the location where the fruit
is harvested is insufficiently documented (YUYAMA et al., 2003). In addition, the
presence of polyphenols may represent some health and nutrition disadvantage,
depending on their nature and concentration. For example, the tea polyphenol
epigallocatechin gallate (EGCG) at 400uM has a clear detrimental effect on HT29 cell
viability (D’AGOSTINO et al., 2012), same negative effect found for bitter melon seed
in L929 cells (ANDRADE et al., 2022). Furthermore, He, Lv and Yao (2007) and
Quesada et al. (1996) found that food phenolic compounds may inhibit enzymes during
the digestive process. In the case of proteases, this could lead to reduced protein
digestibility.

In this context, a wide dissemination and use of pupunha flour in food systems
requires more in-depth research that also considers the regional variability of the raw
material. The objective of the present study was first to produce flour from pupunha fruits
from different areas of the Amazon region and characterize them thoroughly through

various physico-chemical methods (thermal behavior, spectroscopic and diffraction
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techniques) so as to generate a fingerprinting database of pupunha. Second, the safety and
nutritional aspects were investigated by evaluating the cytotoxic effect of the material
produced on L929 cells, as established by 1ISO 10993-5 (2009), and the impact on protein

digestibility when incorporated into a dairy food matrix.

2 MATERIAL AND METHODS
2.1 Material

Pupunha fruits were harvested in the states of Acre and Rondo6nia (Brazil). After
receiving the fruits, they were inspected for any mechanical damage and/or dirt, and then
sanitized in sodium hypochlorite solution (100 ppm) for 15 minutes. After this process,
they were selected considering uniformity of size and color. For flour production, the fruit
was used in its entirety (pulp + peel). Table 1 shows the fruit harvest location.

Table 1 - Harvesting location of the fruit samples used for the manufacture of pupunha flours.
Location of Pupunha Fruit Harvest

Samples Latitude Longitude City (State)

PF-01 10°0’ 25” South  67° 50° 44” West CEASA — Rio Branco (Acre)
PF-02 9°35’33”South  67° 32’ 26” West Porto Acre (Acre)
PF_03  9°56’44”South  67°10° 35" West  1amaldo B?Ri're‘) Rio Branco
PF-04 9°45’ 15” South  66°36° 48” West Nova Califérnia (Ronddnia)
PF - 05 9°46’ 14” South  66° 21’ 22” West Extrema (Rondénia)

PF — 06 8°46’ 3” South  63°52° 12” West Porto Velho (Rond6nia)

PF: pupunha flour; elaborated by author.

Pupunha flours (PF) were produced by freeze-drying the fruits (Terroni,
LC1500, S&o Carlos, Brazil) for a period of 48h. The drying time was established based
on preliminary tests. At the end of drying, the samples were ground in a knife mill
(Marconi, MA340, Piracicaba, Brazil), and a 16 mesh sieve was used to standardize their

granulometry. After sieved, the flours were stored at -18°C.
2.2 Methods
2.2.1 Proximate composition

The moisture, crude protein, ash, lipid, carbohydrates and crude fiber contents
of the flours were determined according to the methodologies defined by AOAC (1980)
and AOAC (1985).
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2.2.2 Mineral composition

The elemental composition of the flours was determined using the methodology
proposed by Nogueira and Souza (2005). The concentrations of sulfur, phosphorus, and
boron were analyzed using a colorimetric spectrophotometer (Femto, 600 Soft, Brazil),
potassium was analyzed using a flame photometer (Micronal, B462, Brazil) and calcium,
iron, magnesium, copper, zinc and manganese were analyzed using an atomic absorption
spectrophotometer (Varian, Fast Sequential AA240FS, USA).

2.2.3 Preparation of the phenolic extract

The extraction of free phenolic compounds was performed according to Santos et
al. (2015), with adaptations. Initially, 20 mL of water/methanol (50:50; v/v) were added
to tubes containing 5 g of flour for the first extraction step. Then, the tubes were
homogenized (300 rpm; 1h) in a shaker (Marconi, MA 420, Piracicaba, Brazil) and
centrifuged (Eppendorf, 5430R, Germany) at 7830 rpm at 15° C for 10 min. The
supernatant was collected and placed in an amber bottle. 20 ml of water/acetone (30:70;
v/v) were added to the residue from the previous step and subjected to the same agitation
and centrifugation rate. At the end, the methanol and acetone extracts were combined and
stored at -18°C.

2.2.4 Phenolic Content and Antioxidant Potential Analysis

The quantification of total phenolics was determined by the Folin-Ciocalteau
method according to Singleton, Orthofer and Lamuela-Raventds (1999). 0.5 mL aliquots
of the diluted extract solutions were added to a tube with 2.5 mL of Folin-Ciocalteau
reagent. Then, 2.0 mL of sodium carbonate solution (7.5%) was added to each tube,
which was homogenized and the solution was kept at rest for another 2 hours. The
absorbance reading was performed on a Spectrum One spectrophotometer (Perkin-Elmer,
Waltham, MA, USA) at 740 nm and the values were converted into mg of gallic acid/g
of flour using a gallic acid standard curve.

The antioxidant potential was measured by the Ferric Reducing Antioxidant
Power (FRAP), Radial Capture 2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) and Oxygen Radical Absorption Capacity (ORAC) methods, all performed in
triplicate. The first method, FRAP, was performed following the methodology of Benzie
and Strain (1996) with adaptations. Initially, an aliquot (0.1 mL) of extract was removed

and then 2.9 mL of the FRAP reagent solution was added. The mixture was incubated in
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a thermostated bath (37 °C; 30 min, Marconi, MA 159, Piracicaba, BR). Afterwards, the
samples were read at 593 nm in a spectrophotometer (Thermo Scientific, Genesysm 10S
UV-Vis, USA) using trolox as a standard.

The analysis by the ABTS™" radical followed the methodology proposed by
Larrauri, Rupérez and Saura-Calixto (1997) with modifications. 0.3 mL of extract was
added to 3 mL of the ABTS"" radical, homogenized and, after 6 minutes of mixing, the
reading was performed in a spectrophotometer at 734 nm (Thermo Scientific, Genesysm
10S UV-Vis, USA). The final result was expressed in TE (Trolox equivalent) in pmol
TEg™

The antioxidant potential by the ORAC method was performed according to Ou,
Hampsch-Woodill and Prior (2001). 25 pL of extract were added to 150 L of fluorescein
and placed under incubation in a microplate for 10 min at 37 °C in a spectrofluorometer
(BMG Labtech, FLUOstar OPTIMA, Germany). Afterwards, 25 uL of AAPPH were
added to each well. Fluorescein reduction was measured for 120 min at 528 nm with an
excitation of 485 nm. Trolox was used as an external standard and the results were

expressed in pmol TE.g-.
2.2.5 Principal Component Analysis (PCA)

PCA was used as a qualitative method to observe the variation between chemical
samples (MANCINI et al., 2020), grouping and/or separating them depending on the
similarity of proximate composition data, content of phenolic compounds and antioxidant

activity.
2.2.6 Fourier Transform Infrared Spectroscopy

The FTIR measurements were carried out by a Vertex 70 Fourier Bruker
spectrometer (Germany) with coupled accessory to measure the Attenuated Total
Reflectance (ATR), from 4000 to 400 cm, with a spectral resolution of 4cm-! and 32

scans.
2.2.7 X-Ray Diffractometry (XRD)

XRD analyses were conducted on a MiniFlex 300 benchtop diffractometer
(Rigaku, Tokyo, Japan). The samples were subjected to Cu-Ka monochromatic
UV/ionizing radiation (A = 0.1542 nm) under voltage of 30 kV, current of 10 mA, angular
range of 3-40° (6-20) and with a step of 0.01° A Relative crystallinity (RC) and relative
crystal size (LnkL) referring to the 15.3°, 17.1°, 18.4°, 21.5° and 23.1° crystal planes were
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calculated as described by Valencia et al. (2015) and Villas-Boas et al. (2020),
respectively, using PAN-analytical™ X'pert high score Plus and PeakFit v. 4.12.

2.2.8 Differential Scanning Calorimetry (DSC)

The thermoanalytical behavior of pupunha flour samples was analyzed in
duplicate by DSC, in the range of 0 to 200° C, using a heating ramp of 10° C/min and
continuous flow of non-oxidative N2 atmosphere of 50 mL/min. The parameters of initial
transition temperature (Ti), peak transition temperature (Tp) and enthalpy of reaction (Ah)
were determined by DSC Q100 equipment using the TAV4 software (TA Instruments,
New Castle, PA, USA)

2.2.9 Solid State 13C Nuclear Magnetic Resonance (NMR) Spectroscopy

High-resolution Solid state 3C NMR spectra were acquired using a Bruker® Avance
400 spectrometer (v = 100.5 MHz for 3C and 400.0 MHz for H). The experiments were
performed in a 4 mm magic angle sample spinning (MAS) probe at 25.0 = 0.5 °C. The
samples were packed in a4 mm zirconia rotor and subjected to a spinning frequency of 12000
+ 2 Hz. The spectra were acquired with Cross Polarization pulse sequence with a 90° pulse
duration were 2.5 ps and 5.0 ps for *H and *C nuclei, respectively, contact time of 1 ms, last
delay (d1) of 5's, n = 1024, acquisition time (t,) of 40 ms and *H-*C decoupling frequency
of 70 kHz. The chemical shifts were calibrated from the hexamethylbenzene (HMB)methyl
peak at 17.3 ppm. Crystallinity values and double helix content were calculated by
deconvolution of the spectra from Voigt functions, according to the procedure described by
Villas-Boas et al. (2020), using the PeakFit software v. 4.12.

2.2.10 Cytotoxicity of pupunha flour

The phenolic extract of pupunha flour was prepared following the methodology
proposed by Rochetti and Fukumasu (2015) with modifications. Initially, 15g of pupunha
flour were diluted in 300 mL of water/acetone (70:30; v/v) and water/methanol (50:50;
v/v). The mixture was kept at rest for 48 h at room temperature in a dark place.
Afterwards, the solution was filtered in a vacuum system and the solvents used for the
extraction were removed by distillation under reduced pressure (Fisatom, mod.802,
Brazil) for approximately 50 min at 55°C. At the end of rotaevaporation, the aqueous
fraction that contained the phenolic compounds was frozen and lyophilized for 48 h
(Terroni, LC1500, S&o Carlos, Brazil) to obtain the pure phenolic fraction of the pupunha
flour.

The cytotoxicity of phenolic extracts from pupunha flour was performed



62

according to the standard method ISO 10993-5 (2009). Initially, 100 pL/well of
commercial cells (L929) were plated, in triplicate, at a concentration of 5x102 cells/well
in 96 wells, containing DMEM-F12 culture medium (Dulbecco's Modified Eagle
Medium/Nutrient Mixture F-12; ThermoFisher, Carlsbad, CA), 10 % fetal bovine serum
(InvitrogenTM, Carlsbad, CA) and 1% antibiotics (InvitrogenTM, Carlsbad, CA) and
then incubated (37°C / 5% CO- / 24 hours). The phenolic extract obtained from pupunha
flour was diluted in the culture medium at 0.000128 mg/mL, 0.00064 mg/mL, 0.0032
mg/mL, 0.016 mg/mL, 0.08 mg/mL, 0.4 mg/mL, 2 mg/mL and 10 mg/mL and the cells
were incubated again under the described conditions.

After 24 hours, cell viability was analyzed using the MTT colorimetric assay
(Thyazolyl Blue Tetrazolium Bromide — Sigma Aldrich). The cytotoxicity index (IC50)

was determined using GraphPad Prism 9.2 software.
2.2.11 Pupunha flour incorporation into a yogurt: effects on in vitro protein digestion

The impact of Pupunha flour on protein digestion in a model product (stirred
yogurt) was evaluated using the INFOGEST in vitro digestion protocol with adaptations
(BRODKORB et al., 2019). Yogurts without the addition of flour (control) and with 25%
of Pupunha flour incorporated into the formulation were evaluated. Pupunha flour, PF-
02, was used and digestions were performed in triplicates.

Briefly, 5 g of yogurt was homogenized with 5 mL of commercial saliva (pooled
saliva, LeeBiosolutions, Maryland Heights, USA). After 2 min at 37°C under agitation,
the gastric phase of digestion was initiated: 8 mL of simulated gastric fluid (SGF) was
added to the mixture and the pH was adjusted to 3.0 with 1 M HCI. 5 uL of CaCl, 1 mL
of pepsin (final concentration 2000U/mL) and distilled water were added to adjust volume
to 10 mL. Gastric digestion was performed at 37°C under agitation by 60 min.

The intestinal phase was started by adding 8.5 mL of simulated intestinal fluid
(SIF) and the pH was adjusted to 7.0 using 2M NaOH. 2.5 mL of bile solution (final
concentration 10mM of bile salts), 40 pL of CaCl, and 5 mL of pancreatin (final
concentration: 100 U/mL based on trypsin activity) were added and the final volume was
adjusted to 40 mL using distilled water. The reaction mixture was incubated at 37 °C
under agitation for 1 h until the end of digestion.

To monitor the release of free NH2 groups induced by the enzymatic hydrolysis
of protein, samples were collected at 5, 15, 30 and 60 min of both the gastric and intestinal

phases of digestion. Free NH2 groups were measured by the O-phthaldehyde (OPA)
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method adapted from Church et al. (1985). 100 mL of reagent was prepared with 2.5 mL
of OPA (10 mg/mL in ethanol), 2.5 mL of 20% SDS, 50 uL of B-mercaptoethanol and 95
mL of 20 mM sodium tetraborate. 96-well UV clear plates and a Multiskan™ GO
microplate spectrophotometer (Thermo Fisher Scientific, Waltham, USA) were used to
measure the absorbance at 340 nm after 10 min of contact with regular agitation between
the OPA reagent (100 pL) and diluted samples (50 pL). Each sample was measured in
triplicate, and the number of a-amino groups released during hydrolysis was estimated
based on the difference in mean absorption at 340 nm between the hydrolyzed and non-

hydrolyzed samples, using L-methionine for the calibration curve (0 - 2 mM).
3 RESULTS AND DISCUSSION
3.1 Centesimal Composition

The pupunha flour had a high concentration of carbohydrates (average of 86.35
0/100 g of DM) followed by lipids (average of 8.61 g/ 100 g of DM), proteins (average
of 6.34 g/ 100 g of DM) and fibers (average of 2.92 g/100 g of DM) (Table 2). These
values are close to those reported by Carvalho et al. (2009), Kaefer et al. (2013) and
Rojas-Garbanzo et al., 2012), also for pupunha flour.

The centesimal compositions of the fruits are significantly influenced by the
geographic origin. The concentration of carbohydrates, lipids, protein and fiber varied
between, 82.4 and 92.0 g/100 g of DM, 4.6 and 11.2 g/100 g of DM, 4.83 and 9.70 g/100
g of DM and 1.7 and 5.4 g/100 g of DM, respectively (Table 2).

Barbosa, Moraes and Chisté (2020) and Yuyama et al. (2003) studied the fruit
of Jacaicd (A. amazonicum) and Pupunha (Bactris gasipaes) from different regions of
Brazilian Amazonian states (Para and Amazonas) and Peru, and also observed significant
differences in the centesimal composition of the fruits in function of geographic origin.
These results show that the different pupunha growing conditions (rainfall index, type of
climate, soil quality, luminosity, and other conditions) affect in the centesimal
composition of its fruits, and consequently, the derived food products that use it.

3.2 Mineral Composition
The pupunha flour collected in the states of Acre (PF-01 to PF-03) and Ronddnia
(PF-03 to PF-06), showed significant differences in the concentration of all macro and
microminerals analyzed (Table 2).
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Table 2 - Characterization of the chemical composition (elemental composition, phenolic compound content, antioxidant properties) and physical properties,

(thermal (DSC) and crystallinity by XRD and NMR techniques) for the six pupunha flours.

Analvze Pupunha flour (PF)
y PF-01 PF - 02 PF - 03 PF - 04 PF - 05 PF - 06 Average
Water content 6.41° + 0.4 5.22°+0.1 6.49° + 0.4 8.01°+0.2 4.85°+0.5 7.17°+0.3 6.36 +1.2
(9/100 g of flour)
Protein 6.09° + 0.1 4.83°+£0.01 570°+0.1 6.16" +0.01 5.56 + 0.01 9.700+ 0.1 6.34+1.7
S (9/100 g of DM*)
:‘é Glycidic fraction 11.15°+ 0.01 4,659+ 0.6 9.10° + 0.01 8.40°+0.2 11.23*+£0.2 7.15°+0.1 8.61+25
§ (g/100 g of DM)
o Fiber 1.69¢+0 2.08% +0 2.45°+0.3 4.05°+0.2 1.93% + 0.1 5.36°+ 0.2 292+15
[
E (9/100 g of DM)
% Carbohydrate 85.20°+ 0.6 91.99*+0.7 87.25° + 0.1 87.37°+0.3 83.91+0.1 82.38°+0.3 86.35+3.4
(9/100 g of DM)
Ash 2.28°+0.1 1.679+0 1.99°+0 2.04°+0 2.22°+0.1 2.58*+0.1 2.13+0.3
(9/100 g of DM)
N
8.7°+0.03 7.1°+0.15 8.9° +0.67 9.3 +0.43 9°+0.26 13.42+0.14 9.3+0.23
Ik
c S 9)
= 0.44 +0.01 0.39°+0.02 0.56% £ 0.06 0.41°£0.02 0.63*+£0.12 0.54% +0.03 0.5+0.04
8 (9/kg)
E K
o 8.5 +0.37 69+ 0.06 132+ 0.58 7.2°+0.06 13.32+0.95 8.9"+0.15 9.5+0.35
% (9/kg)
Ca
E 17.82+2.16 17.72 + 4.62 2.3°+0.17 21.5°+4.98 2.3°+0.06 8.5 +0.42 11.7+2.25
w (9/kg)
Mg 0.7° +0.09 0.4% +0.03 0.5¢+0.06 0.8°+0.09 0.39+0.1 1.22+0.07 0.6 £0.03



65

(9/kg)
S
0.4°+0.01 0.3°+0.17 1.92+£0.35 0.2°+0.04 2.2+ 0.06 0.4°+0.17 0.9+0.13
(9/kg)
Cc
. 22.9% +2.69 23.6% +5.22 16.4% + 6.42 252+ 3.03 21.9% +6.53 15° +2.29 20.8+£1.93
(mglkg)
F
¢ 68.6°+ 4.10 40.29+7.02 312.1°+17.04 68.2°+6.74 442,62 £ 14.50 58.9°+ 4.60 165.1+5.43
(mglkg)
Mn
13.99+0.87 9.6+ 0.20 24.92+0.85 19.4° + 1.66 10°+0.28 21.6" +0.46 16.6 £ 0.54
(mg/kg)
4
n 31.4°+0.55 29.4°+0.75 44,3 +1.23 30.2°+ 1.66 37.9°+1.34 38.9°+1.54 35.8+0.44
(mg/kg)
Total Phenolics 1.84% +0.06 2.52%+0.03 1.94° + 0.04 1.96° + 0.03 1.73°+0.15 2.64+0.21 2.11+0.38
'g (mgAGE**/g of DM)
é FRAP 0.23*+0.01 0.352+0.02 0.24°+0.01 0.199 +0.02 0.27° +0.01 0.22°+0.02 0.25+0.05
o *k*k
s (UMol TE***/ g of DM)
§ ABTS 13.3°+£0.5 18.4% + 1.3 16.2°+1.1 17.1°+0.9 16.8°+2.4 20.02+3.3 16.9+2.25
o
'g (uMol TE/ g of DM)
;:E ORAC 35.21% + 4.4 38.43°+6.4 28.939+5.1 34.65® +2.9 30.18% +2.4 50.382+ 4.8 36.30+7.74

(uMol TE/ g of DM)

To (°C) 67.992* 1.44 64.21* + 1.93 66.31*+ 3.88 66.08% + 4.46 69.70* £ 4.45 69.47°+ 5.64 67.29+2.14
= 8 Tp (°C) 113.162+ 3 109.99°+1.70  111.51*+ 3.33 111,112+ 2.23 111122+ 1.87 11496*+1.87 111.97+1.78
E £t
E Gé— T: (°C) 176.19°+ 121  174.022+£9.28 176.31*+5.60 177.272+ 4.98 159.772+£ 497  168.18%+12.04 171.95+6.81
|_ —_

= Ax (J/9) 123.342+ 37.54 140.0°+31.67 117.69°%£31.07 145.922+61.01 107.62%+ 40.95 89.89%+ 9.27 120.74 £ 20.71
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Relative crystallinity (%) 34.1 36.7 32.9 37.3 35.4 34.3 35.11+1.3
15.3° 6.0 5.8 5.9 5.7 5.5 5.7 5.76 +0.2
A AL 6.2 5.4 5.5 6.5 6.3 6.3 6.03+0.5
X
% J 184 5.0 4.7 4.8 6.9 5.9 5.9 5.53+0.9
¥o21pe 6.4 6.7 6.3 8.1 7.1 6.4 6.83+0.7
23.1° 4.6 4.6 4.6 4.6 4.5 4.5 4.56 +0.06
x  Relative crystallinity (%) 51.1 371 485 50.5 46.2 44.2 46.26 +5.2
=
< Double Helices(%) 61.3 51.5 60.0 61.1 60.9 66.5 60.21 +4.85

*DM, dry matter; ** GAE, gallic acid equivalent; *** TE, trolox equivalent; and ****Lx_, relative crystal size; Means with equal letters on the same column
line do not differ significantly by Duncan’s test (p > 0.05); elaborated by author.
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In the study of elemental concentration of pupunha fruit, Leterme et al. (2005)
and Rojas-Garbanzo et al. (2012) reported calcium levels for pupunha flour of 1 g/kg and
0.26 g/kg, respectively, much lower concentrations than the general average found in this
study (11.7 g/kg). Furthermore, the levels of micronutrients (iron, copper, manganese and
zinc) were also lower than those found in this study. The differences found between the
samples — such as pupunha flour samples — for the results obtained in the literature, are
probably caused by soil characteristics in each geographic origin, the type of management
and, largely, the fertilization used (YUYAMA et al., 2003).

In relation to the daily amounts recommended by the National Research Council
(1989), the daily intakes of potassium, manganese and iron are, respectively, of 2000, 2-
5 and 10 mg. Therefore, considering that a portion of 2509 of food completely prepared
with the pupunha flours could already supply 100% of this demand. This result is contrary
to that found by Yuyama et al. (2003), also studying pupunha flour, which reported a
maximum contribution of 12, 6 and 5% of the recommended daily intake of potassium,

iron and manganese, respectively.
3.3 Phenolic Content and Antioxidant Potential Analysis

The pupunha flours showed average concentration of total phenolic compounds
of 2.11 mg GAE/g of DM (Table 2). In comparison with the available literature,
regardless of the cultivation location, the results found were superior to those found by
Danesi et al. (2018) (1.3 mg GAE/g of DM), Rojas-Garbanzo et al. (2012) (0.63 mg
GAE/g of DM), Rolando et al. (2019) (0.62 mg GAE/g of DM) and Santos et al. (2015)
(0.30 mg GAE/g of DM), all of which also used pupunha flour in their studies. Such
discrepancies may result from the different environmental conditions at the harvest
locations or from differences in flour processing and even in phenolic compounds
extraction methods.

When compared to other flours, the studied samples had an average of phenolic
compounds higher and/or comparable to that found in bean (2.88 mgCE/g of DM) and
rice (0.90 mgCE/ g of DM) (ARRIBAS et al., 2019), barley (max. 0.68 mg GAE/g of
DM) (BONOLI et al., 2004), rye (max. 2.43 mg GAE/g of DM) (MICHALSKA,
CEGLINSKA; ZIELINSKI, 2007), guava (0.84 mg GAE/g) (ALVES; PERRONE,
2015), macauba pulp (2.62 mg GAE/g) (ANDRADE et al., 2020) and wheat flours (max.
0.37 mg GAE/g) (YU et al., 2004). Thus, the results for pupunha flour show the potential

of flour as a source of phenolic compounds for dietary intake.
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Considering the average value of the antioxidant activity of the pupunha flour
samples, obtained by the FRAP (0.25 pmol TE/g of DM) and ABST (16.9 umol TE/g of
DM) methods (Table 2), it is observed that these were lower and higher, respectively,
than those found by Contreras-Calderdn et al. (2011) for crushed pupunha pulp (FRAP:
3.98 umol TE/g; ABTS: 14.1 umol TE/g). The results obtained by the ORAC method
(32.10 umol TE/g of DM) were similar to those found by Rojas-Garbanzo et al. (2012),
also for pupunha flour. These results show that regardless of the phenolic content, the
presence of these compounds is not indicative of optimal antioxidant activity, because as
previously mentioned, the differences between the techniques, especially in the extraction
stage, and the nature of the phenolic compounds, may restrict the antioxidant potential of
raw materials.

In addition, like in the results of centesimal composition, the results of phenolic
compounds and antioxidant activity of pupunha flour were also significantly affected by

the location of the harvested fruits or and even fruit ripeness stage.
3.4 Principal Component Analysis (PCA)

The concentrations of 21 elements (centesimal and elemental composition,
phenolic content and antioxidant capacity) of six pupunha flour were analyzed with PCA.
Based on the eigenvalues, the first three principal components (PC) explained 88.78% of
the total variance. Table 3 shows the loadings of the most significant variables in the first
three main components and the variances explained by each component, and Figure 1
shows the score and loads plots for PC1 (39.98%) versus PC2 (34.63%).

Table 3 - Loadings of the variables for the first three principal components.

Element PC1 PC2 PC3
Protein 0,18189 0,31132 0,03638
Glycidic fraction 0,17791 -0,16194 -0,42235
Nitrogen (N) 0,22493 0,28161 0,02527
Phosphorus (P) 0,32062 -0,12531 0,08504
Potassium (K) 0,29574 -0,20846 -0,01077
Calcium (Ca) -0,30245 0,14812 -0,20758
Magnesium (Mg) 0,08072 0,36314 -0,08285
Sulfur (S) 0,23268 -0,27576 0,0716
Manganese (Mn) 0,19148 0,18386 -0,05208

Zinc (Zn) 0,32305 -0,05424 0,14923
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Total Phenolics -0,07122 0,25036 0,41201
FRAP -0,12164 -0,18295 0,42152
Percentage of VVariance 39,38% 34,63% 14, 77%
Cumulative Variance 39,38% 74,01% 88,78%

*Variables marked in bold represent the most significant ones in each principal component;
elaborated by author

Considering the most important variables of each PC, Figure 1 shows that
samples PF-03, PF-05 and PF-06 contain the largest components of PC1. In addition, the
content of phenolic compounds has a higher positive correlation with the antioxidant
potential when estimated with the ABTS method than with the others tested methods, as
revealed by the shorter distance, and hence more significant relationship (BREDARIOL,;
CARVALHO; VANIN, 2020), between corresponding data points. This finding confirms

that the different methods of measuring antioxidant capacity give quite discordant results.

Figure 1 - Principal component analysis for the parameters of proximate and elemental
composition, phenolic concentration and antioxidant activity of pupunha flour harvested in
different locations; bi-plot graph of loadings and scores of the aforementioned analyses.
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Finally, the PCA reveals that the samples were discriminated according to their
physicochemical characteristics despite the fact that samples were collected in nearby

regions. This fact may be linked, mainly, to three factors: the environmental
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characteristics of each harvesting location and also the ripening stage of each fruit and

genetic variability.

3.5 Fourier Transform Infrared Spectroscopy

Figure 2a shows the FTIR spectra of the PF samples. These spectra show that
the characteristic bands of polysaccharides and lipids are predominant in the spectra. The
signals between 2900-2850 cm™ are due to the C-H stretching in large quantities in the
saturated fatty acids chain (SANTOS et al., 2020), and the stretching of the C=0 bond
of the ester carboxyl of around 1730 cm™ (OSIRO et al., 2004; OSIRO; FRANCO;
COLNAGO, 2011; PIRES et al., 2019).

The most intense band of the spectra in Figure 2a between 1000 and 1100 cm™
is attributed to the stretching of the C-O bond of saccharides and polysaccharides such as
pectin, cellulose and hemicellulose, which are part of the composition of the cell walls of
fruits and vegetables. There is a broad base of around 3300 cm™ in these spectra, which
correspond to the symmetrical stretching of the O-H bonds of these compounds
(LUCARINI et al., 2020; OSIRO; FRANCO; COLNAGO, 2011). Furthermore, the bands
of around 1630 cm can be visualized due to the asymmetric stretching of the COO- and
O-H groups also attributed to the polysaccharides (VALENCIA et al., 2015; YING et al.,
2017).

Due to the high concentration of lipids and carbohydrates in the samples, the FT-
IR spectrum may not identify the other constituents, such as proteins and phenolic
compounds, therefore, it is not possible to attribute characteristic signals to these
functional groups.

An analysis of the band intensities between 3000 and 2800 cm™ indicates that
the sample PF-01 and PF-05 have a greater amount of lipids and the sample PF-02 the
smallest amount of this nutrient, which is in agreement with the analysis of centesimal
composition (Table 2). Thus, as the FTIR analysis identified qualitative differences
between the PF samples - mainly in the content of polysaccharides and lipids - this tool
can be used to quickly investigate and classify the levels of these specific chemical

compounds.
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Figure 2 — FTIR (a), XRD (b) and solid-state 13C CPMAS (c) data of the six pupunha flour (PF) with the identification of their main vibrational bands; main
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3.6 Differential Scanning Calorimetry (DSC)

Table 2 shows the thermodynamic parameters for the pupunha flours. The
thermograms revealed only one endothermic peak for all samples, with mean values of
To, Tp and An of 67.29 °C, 111.97 °C and 120.74 J/g, respectively. In general, the results
for the different PF samples did not show significant differences. Studies evaluating the
thermal properties of starch from Pupunha (FELISBERTO et al., 2020; NETO et al.,
2017; VALENCIA et al., 2015), found lower values than those reported in the present
study. This difference can be attributed to a possible protective action of the other
constituents of the flour (lipids, carbohydrates, proteins, fibers, etc.) (ANDRADE-
MAHECHA; TAPIA-BLACIDO; MENEGALLLI, 2012; PELISSARI et al., 2012).

The endothermic behavior of the samples can be attributed to the fact that in
heterogeneous food systems the thermal curves can come from reactions associated with
several components, so the reaction enthalpy is dependent on the compounds that are
subject to thermal transitions (HENSHAW et al., 2003). Thus, the enthalpy values found
may be largely related to lipids and carbohydrates. On the other hand, Neto et al., (2017)
believe that the observed peaks are the result of an order-disorder phase transition of the
starch (carbohydrate) under heating during a temperature range (gelatinization)
characteristic of the starch source. Also, according to the authors, the amount of
amylopectin is one of the factors that determines the enthalpy of the sample, since this
structure hinders water accessibility and causes a greater amplitude between the initial
and final transition temperatures and, consequently, a slow gelatinization of the more
crystalline regions. Another hypothesis associated is that the reaction enthalpy values may
be directly related to the non-denaturing of the protein found in the samples during the
flour processing. According to Hermansson (1979), when there is protein denaturation
during processing, there is little and/or no endothermic peak during DSC analysis.
Therefore, as the flour production was carried out by a cold and vacuum process, it can
be suggested that the proteins in the samples did not denature.

3.7 X-Ray Diffractometry (XRD)

All samples showed similar diffraction profiles, with the crystalline planes
centered at 15.1° 18.0° and 23.5° (Figure 2b), normally attributed to type C
semicrystalline starches (ZHANG et al., 2005). A similar diffraction pattern was found in
other studies involving pupunha starch (FELISBERTO et al., 2020; NETO et al., 2017).

The type C pattern concentrates the characteristics of types A (normal and waxy cereals)
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and B (some tubers and corns with high amylose content), thus the matrices with this type
of pattern have distinct characteristics (FELISBERTO et al., 2020), among them, a higher
concentration of resistant starch than the other types, which can serve as substrate for the
large intestine microbiota (CAl et al., 2014).

The mean relative crystallinity (RC) value of the PF samples was 35.1 + 1.3%,
relatively higher than that achieved by Valencia et al. (2015), while the mean values of
relative crystal size (Lnk) were 5.8 £ 0.1, 6.0 £0.4,55 £ 0.7, 6.8 £ 0.5 and 4.6 + 0.04
nm (Table 2), calculated in Supplementary Material (Figure S1). Factors such as the
variable composition of the other macronutrients in the flour can considerably affect the
RC values (PELISSARI et al., 2012). In the present study, the low variability of RC and
Lk serves as an indication of the low relevance of these parameters for geographic
casualties. Thus, the PFs seem to preserve a uniform composition in relation to the

crystallinity pattern of the starches, with little dependence on the geographic origin.
3.8 Solid state °C NMR

Figure 2c shows the solid state *C CPMAS spectra of the PF samples together
with the attribution of the different kinds of carbons in the crystalized starch molecules.
The spectra of all samples reveal a profile assigned to the pupunha starch, widely
observed for flour samples from other plant species (LOPES-DA-SILVA et al., 2007;
TANG; HILLS, 2003). The spectra were similar indicating that the starch crystalline
structures show little variation between the samples, in agreement with the XRD. It is
also verified that, despite the proximity of spectral profiles between the signals of C1 and
C4 carbons, their deconvolution treatment (Figure S2) allowed obtaining slightly
different RC values and double helix composition between the samples (Table 2).
Generally, these parameters tend to be proportional, since the relative amount of helical
structures tends to maintain the spatial regularity of the macromolecular domains and,
therefore, the crystalline ordering of the chains. It is important to emphasize that although
the interpretation converged due to the close relationship of the CR values by different
techniques (XRD and NMR), they do not refer to the same physical origin, XDR observes
long-range ordering, while NMR observes short-range ordering (FACCHINATTO et al.,
2020, 2021). As both provide complementary information about the general morphology
of the samples, it is expected that XRD values are relatively lower as they involve
structures other than starch, such as the proteins and lipids, while according to NMR the

morphology of the starch can be followed independently of the other components, since
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these components do not interfere with the C1 and C4 signals, as indicated in Figure 2c.

According to Table 2, the PF-02 sample showed the highest amorphous
characteristic (lowest CR value) calculated by the NMR spectra, while PF-03 showed the
lowest CR value calculated by the XRD diffraction patterns, demonstrating that NMR

and XRD CR results are different in terms of both order of magnitude and sample ranking.
3.9 In vitro cytotoxicity

The cytotoxicity of PF extracts was evaluated by assessing cell viability at
concentrations ranging from 10 — 0.000128 mg/mL. The values were then compared to
the control group (100% viable), and the cell viability percentages for the six pupunha
flours are shown in Figure 3. The pupunha flour extracts were non-cytotoxic to cells up
to a concentration of 0.4 pg/mL. According to ISO 10993-5 (2009) a reduction in cell
viability of <70% of the blank indicates cytotoxic potential and, complementing, Andrade
et al., (2022) and Burci et al. (2019) demonstrated that extract of interest that induce a
50% reduction in cell viability (IC50) below 1000 pg/mL demonstrate cytotoxic activity.
Considering this, the cytotoxic potential of pupunha could be considered not negligible,
since a IC50 is reached starting at 0.940 pg/mL, with 67% reduction in cellular viability
(data not shown).

In a recent study, it was shown that passion fruit leaf methanolic extract had no
toxic effect on L929 cell, but exerted strong metabolic inhibiting effect on cancer cells
(HeLA; 10.83 pg/mL) (SISIN; ABDULLAH; SUL’AIN, 2017). Other studies have also
found that phenolic extracts from fruits have inhibitory effect on other types of cancer
cells, such as HepG2, HeLA, MCS-7, AGS, SW620 (ABUTAHA, 2015; CUSTODIO et
al., 2011; ELSAYED et al., 2016; NAVARRO et al., 2019).

On the other hand, Okonogi et al. (2007) demonstrated that pomegranate peel
extract stimulated the metabolic activity of PBMC (human healthy tissue) and Caco-2
(human colon adenoma) cells, therefore, recommending the control of this extract as a
supplement, food and /or drug for humans. In another study, proposed by Ampasavate,
Okonogi and Anuchapreeda (2010), it was proven that mangosteen peels contained an
agent with cytotoxic potential in PBMC cells.

Furthermore, in a study that compared the effect of phenolic extracts from the
fruit of Physalis peruviana, despite the inactivating effect of cancer cells (HeLA; 60.48
+ 3.28 pug/mL), it was found that the effect against healthy cells (L929) was also quite
pronounced (66.62 + 2.67 pg/mL) (MIER-GIRALDO et al., 2017). Overall, our present
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results together with previous reports of the literature on phenolic fruit extracts show that
phenolic extracts can exert different effects on different types of cells and, therefore, their
use must be cautiously monitored.

Thus, notwithstanding their health-promoting properties, as already reported in
the previous sections, phenolic compounds need to be studied in more depth, since their
use in food supplements has increased and there is no legislation that regulates the

maximum concentration allowed (TRUZZI et al., 2020).

Figure 3 - Results of cytotoxicity assays using the phenolic extract of pupunha flour (FP)
samples; values highlighted for each FP batch refer to the results found for the 1C50 index of the
extracts.

Elaborated by author

3.10 Pupunha flour incorporation into yogurt: effects on in vitro protein digestion

Figure 4 presents the in vitro protein digestion results, as inferred from the
release of free NH2 groups, for yogurt without or with pupunha flour incorporated (25%;
w/w). The results obtained with the control yogurt (Y) are typical of what is classically
observed during in vitro digestion of foods: a small extent of protein hydrolysis during
the gastric phase followed by a more rapid and extensive reaction Kinetics during the
small intestinal phase (BRODKORB et al., 2019). In the presence of PF into yogurt
(Y+P), a clear inhibition of protein digestion was observed, particularly in the intestinal
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phase, since the release of NH2 groups in the reaction medium was significantly lower

when compared to the control product (pure yogurt; Y).

Figure 3 - Release of free NH. groups concentrations in digestates of yogurt (Y) and yogurt with
incorporation of 25% pupunha flour (Y+PF) in the gastric (up to 60 min) and intestinal (65-
120min) phases; Y: yogurt; PF: pupunha flour.
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It is unknown whether polyphenols in the PF or some other compound inhibited
the digestive enzymatic activity. Clement et al. (2004) and Rojas-Garbanzo et al. (2011)
reported the presence of an anti-nutritional factor in PF, but did not identify it. An earlier
study (Murillo et al. 1983) reported that the aqueous extract of pupunha flour inhibited
the action of proteolytic enzymes and attributed this effect to a low molecular weight
component.

The observed inhibition could also be explained, at least partly, by the direct
influence of phenolic compounds on digestive proteases. Although this topic is largely
discussed in the available literature, the conclusions are still contradictory. Tagliazucchi,
Verzelloni and Conte (2005) studied the effect of some beverages and isolated phenolic
compounds on pepsin activity during pork digestion, and found that the isolated phenolic

compounds favored the digestion process of the evaluated food matrix. The authors also
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reported that dealcoholized red wine, green tea and pure phenolics EGCG, resveratrol,
catechin and quercetin can increase the concentration of peptides during the digestion of
pork.

Lamothe et al. (2014) also demonstrated that green tea polyphenols can inhibit
protease activities and lead to a lower rate of proteolysis during the digestion of three
distinct dairy products (milk, yogurt, and cheese). Other reports, mostly related to the
presence of tannins, have suggested that phenolics act as a protein binding agent that
limits digestion (ALFIERI et al., 2019; BARROS; AWIKA; ROONEY, 2012; CAPPAI
etal., 2013; DUNN et al., 2015; HE; LV; YAO, 2007; OH; HOFF, 1986; QUESADA et
al., 1996). The effect of three phenolic acids (p-Cumalic acid, caffeic acid, gallic acid and
chlorogenic acid) on the digestion of B-Conglycinine (7S), an important soy protein, was
evaluated, showing there was no effect, either positive or negative, on protein digestion
(GAN et al., 2016).

Finally, a recent review concluded that there is no consensus on the influence of
tannins on protein digestibility, since there is evidence that such molecules can denature
substrates and facilitate the action of proteases, but also can bind to substrates and prevent
access to the catalytic site of digestive enzymes (MORZEL; CANON; GUYOT, 2022).
Therefore, it appears that the impact of polyphenols on protein digestion is highly
dependent on their nature, structure, concentration and it may also differ according to the
food matrix used.

Based on the evidence found by other authors, it is suggested that the tannins in
PF may act as anti-nutritional factors, although the literature related to the fruit and/or
pupunha flour has not identified the presence of these compounds (CARVALHO et al.,
2013; ESPINOSA-PARDO; MARTINEZ; MARTINEZ-CORREA, 2014,
FELISBERTO et al., 2020; KRONEBERG et al., 1983; MARTINEZ-GIRON;
FIGUEROA-MOLANO; ORDONEZ-SANTOS, 2017; RADICE et al., 2014; RIBEIRO
etal., 2021; ROJAS-GARBANZO et al., 2011, 2012).

4 CONCLUSION

Information about unconventional under-utilized fruit, as well as the
development of new forms of use with longer and more efficient shelf life, such as flour,
have allowed developing products with health appeals. The present study demonstrated
by many different physicochemical characterizations on PF, providing data that will

contribute to document the literature on this scarcely studied product. Besides for the first
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time, this study also demonstrated that the phenolic extract of pupunha flour may pose
risks to cellular metabolism, and possibly inhibit gastro-intestinal digestion of protein. In
addition, though the flours showed significant differences in relation to centesimal
composition, elemental composition and phenolic compound contents, they all
demonstrated similar results to the cytotoxicity test, showing that attention must be given
to the rampant use of foods with functional appeal to merely one aspect, such as
antioxidant capacity.

There is a need for new studies that evaluate the differents ways to obtain flour
to verify if such conditions can positively impact the quality parameters, mainly the
cytotoxic aspects and the impact on protein digestion, as well as verify its effect on the
total phenolic content. As emphasized in other analyses in this study, pupunha flour has
physical-chemical properties that can vary depending on the harvest location, thus, it can

be applied to a multitude of products.
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RESUMO

A farinha de pupunha (Bactris gasipaes) é conhecida por apresentar elevado teor de
compostos bioativos, em especial fendlicos em sua composicdo e, dessa forma, a
aplicacdo dessa matriz alimentar no desenvolvimento de produtos pode representar uma
importante estratégia para a veiculacdo e consumo destes compostos. Por outro lado, a
quantificacdo dos compostos fenolicos nos alimentos ainda é uma técnica complexa e
novas ferramentas se mostram necessarias para uma melhor caracterizacdo do produto.
Portanto, o objetivo deste trabalho foi avaliar o efeito da utilizagéo de farinha de pupunha
na producdo de cookies, avaliando os aspectos tecnolégicos e quimicos do produto, e
ainda desenvolver um modelo de predigdo por espectroscopia no infravermelho proximo
(NIR) e quimiometria para quantificacdo dos compostos fenolicos e capacidades
antioxidantes. Cinco formulagdes de cookies (12.5,25,50,75 e 100%) foram avaliadas em
relacdo ao seu teor de umidade, atividade de agua, perda de &gua, cor, fator de
espalhamento, volume especifico, fendlicos totais e capacidade antioxidante. A avaliacdo
tecnoldgica e visual dos cookies demonstrou que o aumento da concentracdo da farinha
de pupunha provocou, em geral, pouca alteracdo nas diferentes respostas avaliadas. O
aumento da concentracdo de farinha de pupunha provocou aumento do teor de fenélicos
(1.30 a 5.55 mgAGE/qg) e dos potenciais antioxidantes pelo método ABTS (7.03 a 37.37
mgTE/g) e FRAP (0.09 a 0.72 mgTE/g) dos cookies. Excelentes modelos gerados a partir
das andlises NIR foram obtidos para o teor de fendlicos (R2c:0.89; R2cv:0.86; R2p:0.80;
RPD:2,04) e capacidade antioxidante por FRAP (R%c:0.95; R2cv:0.93; R2p:0.87;
RPD:2,73), enquanto que para o método ABTS modelos satisfatorios foram elaborados
(R2c:0.89; R2cv:0.83; R2p:0.70; RPD:1.76). Diante do exposto, pode-se concluir que
excelentes modelagens foram construidas a partir dos dados de NIR, demonstrando que
técnicas espectroscopicas podem prever analitos presentes em baixas concentracdes e,
portanto, substituir métodos tradicionais. Além disso, a farinha de pupunha pode ser
utilizada como matéria prima para a producao de cookies com potencial funcional e a
possibilidade de producdo de cookies apenas utilizando essa matriz alimentar abre portas
para novas formulacdes de produtos sem glaten.

Palavras-chave: pupunha; produto funcional; NIR; quimiometria.
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1 INTRODUCAO

A crescente demanda por alimentos funcionais faz com que diversos trabalhos
na literatura busquem verificar a presenca de nutrientes minoritarios e fitonutrientes,
como vitaminas, minerais, compostos bioativos e probioticos, em matrizes alimentares
pouco exploradas (KHOOZANI; BEKHIT; BIRCH, 2019).

Nesse sentido o fruto de pupunha, bem como a farinha produzida a partir de sua
polpa, apresenta uma rica composi¢cdo de compostos bioativos, em especial de compostos
fenolicos e carotendides (pré vitamina A) (CHISTE et al., 2021; FELISBERTO et al.,
2020; HEMPEL et al., 2014; PIRES et al., 2019; ROJAS-GARBANZO et al., 2011,
2012). Tais compostos apresentam efeitos citotoxicos contra diversos tipos de células
cancerigenas (ABUTAHA, 2015; ELSAYED et al.,, 2016; SISIN; ABDULLAH;
SUL’AIN, 2017), bem como proteger contra doencas cronico-degenerativas, devido ao
seu poder antioxidante (GIADA, 2013). Além disso, a farinha de pupunha apresenta alto
valor nutricional e energético, com elevado teor de proteinas, lipidios e minerais
(RIBEIRO et al.,, 2021; ROJAS-GARBANZO et al., 2011, 2012) que a fazem ser
extremamente atrativas para a formulacéo de novos produtos.

Atualmente, o consumo do fruto de pupunha é localizado principalmente no
Norte do Brasil, onde o fruto é preparado tradicionalmente por meio de cozimento em
4gua salgada (CHISTE et al., 2021). Alguns estudos ja demostraram a viabilidade da
aplicacdo da farinha de pupunha na preparacdo de produtos da area de panificacdo, como
biscoitos (RECK; MIRANDA, 2016; SILVA RIBEIRO et al., 2021) e bolos
(MARTINEZ-GIRON; FIGUEROA-MOLANO; ORDONEZ-SANTOS, 2017).

Entretanto, por mais que ja se tenha demonstrado o potencial de aplicacdo da
farinha de pupunha, a quantificacdo de compostos fenélicos nos alimentos por métodos
tradicionais, seja em alimentos processados ou in natura, é extremamente trabalhosa,
necessita de mao de obra especializada e utiliza grande variedade de reagentes (FRIZON
et al., 2015).

Tendo isso em vista, a aplicacdo de metodologias alternativas, como a
espectroscopia no Infravermelho Proximo (NIR), para analise de outros parametros de
qualidades de alimentos vem demostrando ser uma alternativa frente aos métodos
tradicionais (ARRUDA DE BRITO et al., 2022; BRASIL; CRUZ-TIRADO; BARBIN,
2022; CAYUELA; WEILAND, 2010; GUIDETTI; BEGHI; BODRIA, 2010; OLIVEIRA

et al., 2014). A aplicacdo de NIR para a previsdo de compostos bioativos e potencial



89

antioxidante em alimentos produzidos com ingredientes ricos em compostos fenolicos
vem sendo estudada na literatura, porém até o presente momento os resultados ainda séo
controversos.

Amodio et al. (2017) avaliaram os parametros de qualidade de morangos e,
segundo os autores, ndo foi possivel estabelecer predi¢6es para o conteudo fendlico (R3c:
0.50; R2cv: 0.44; R?p:0.42; RPD: 1.45), mesmo testando diferentes pré-processamentos.
Resultados semelhantes foram obtidos por Bedini et al. (2013), que ndo conseguiram
realizar predi¢des satisfatorias para compostos fenolicos em cookies comerciais.

Por outro lado, excelentes modelos de predicdo para fenolicos foram
estabelecidos utilizando calibragdo multivariada e NIR (R%c: 0.99; R?p: 0.98; RPD: 3.05)
para diferentes tipos de frutas vermelhas (KLJUSURIC et al., 2016). Da mesma forma,
em um estudo realizado para avaliar a eficiéncia de equipamento espectroscépico NIR
portatil, Saad, Azam e Amer (2022), alcancaram excelentes estatisticas de predicao
(R2c:0,91; R2?p:0,90; RPD:3,27) para a previsdo de compostos fendlicos em morangos.

Portanto, considerando os aspectos destacados, o objetivo do presente trabalho
foi avaliar a aplicacdo do MicroNIR para quantificar os compostos fendélicos e potencial
antioxidante de biscoitos tipo cookie elaborados com diferentes concentracdes de farinha
de pupunha. Além disso, os produtos foram caracterizados em relagdo aos aspectos
tecnoldgicos e fisico-quimicos visando demonstrar a aplicabilidade industrial da farinha

elaborada.
2 MATERIAL E METODOS
2.1 Preparagéo da Farinha

Os frutos de Pupunha utilizados para a elaboracdo da farinha foram colhidos nos
estados do Acre e Rondbnia em estagio de maturacdo ideal pra consumo. Quando
recebidos, os frutos foram inspecionados, observando-se danos mecéanicos e/ou sujidades
e entdo foram sanitizados em solucéo de hipoclorito de sédio (100 ppm) por 15 minutos.
Ap0s esse periodo, os frutos em sua forma integral (polpa + casca), foram despolpados e
colocados sob congelamento rapido (KlimaEquip, UKO5, Brasil) e encaminhados para o
processo de liofilizacdo (Terroni, LC1500, Brasil) por 48h. Ap6s secagem, as amostras
foram trituradas em moinho do tipo facas (Marconi, MA340, Brasil) com granulometria
padronizada em 16 mesh, identificadas de acordo com a regido de colheita e armazenadas
sob temperatura de -18 °C (Consul, CHB42CBBNA, Brasil).
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2.2 Preparacéo dos Cookies

Cinco formulagdes de cookies foram desenvolvidas (Tabela 1), segundo
metodologia proposta por Pareyt et al. (2008), com adaptagdes. Inicialmente, margarina
e 0s dois tipos de acucar foram homogeneizados em batedeira (Kitchen Aid Professional,
KPM5 mixer, EUA) durante 3 minutos. Em seguida, foi adicionado 4gua e a mistura foi
homogeneizada por mais 2 minutos e somente entdo a farinha de trigo, de pupunha e o
fermento foram adicionados e a massa foi novamente homogeneizada por mais 5 minutos.

A massa crua obtida foi dividida em porc¢des de aproximadamente 12g e de 5 cm
de diametro. Apos pesagem, as amostras foram dispostas em férmas e assadas em forno
industrial (Pratica Tchnipan, E250, Brasil) sob a temperatura de 165 °C por 7 minutos.
Parte das amostras foram resfriadas a temperatura ambiente (cerca de 30 minutos) para
realizacdo de andlises de atividade de agua, conteddo de agua, dureza, cor e volume
especifico e outra parte foi armazenada a -18 °C (Consul, CHB42CBBNA, Brasil) para
realizacdo de andlises posteriores. Os cookies de farinha de pupunha foram produzidos
com farinha de pupunha obtidas de seis diferentes localidades (FPL1, FPL2, FPL3, FPL4,
FPL5, FPL6)

Tabela 1 - Formulacdo dos cookies produzidos com diferentes concentrac@es de farinha
de pupunha.

Concentracéo de farinha de pupunha nos cookies

Ingredientes (g/ 100g de farinha total)

@ 12,5 25 50 75 100
Farinha de trigo 87,5 75 50 25 0
Farinha de pupunha 12,5 25 50 75 100
Acucar refinado 36,05 36,05 36,05 36,05 36,05
Acucar Mascavo 36,05 36,05 36,05 36,05 36,05
Margarina 19,22 19,22 19,22 19,22 19,22
Agua 17,18 17,18 17,18 17,18 17,18
Fermento quimico 2,09 2,09 2,09 2,09 2,09

Elaborado pelo autor
2.3 Perda de agua durante o assamento, contetdo de agua e atividade de dgua

dos cookies ap0s 0 assamento

A perda de agua dos cookies foi determinada a partir da diferenca do peso entre
a massa dos cookies antes e depois do assamento, sendo expressa em porcentagem
(VANIN et al., 2010). Para realizagdo das andlises de contetdo e atividade de &gua, 0s
cookies ja assados foram moidos (Mondial, L1100BI, Brasil). Para a analise de contetdo
de &gua, utilizou-se a metodologia proposta pela AOAC (2005) com modificacdes, onde

0s cookies com diferentes concentragdes de farinha de pupunha (0.5 g) foram secos em
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estufa (Marconi, FPSTHB2610R-017, China) a 105 °C por 24h. A atividade de agua foi
determinada utilizando-se equipamento AquaLab (Meter, Aqualab Series 3 TE, USA) a
25 °C. Todas as andlises foram realizadas em triplicata.

2.4 Analises das Propriedades Fisicas dos Cookies
2.4.1 Fator de Espalhamento e Volume Especifico

A espessura, didmetro e o fator de espalhamento dos cookies foram
determinados seguindo a metodologia proposta pela AACC 10-50.5 (2000) e o volume
especifico foi determinado utilizando o equipamento VolScan (Stable Micro Systems,

Godalming, Reino Unido). Todas as andlises foram realizadas em, pelo menos, triplicata.
2.4.2 Parametros de cor

A anélise de colorimetria das amostras de cookies foi realizada utilizando-se o
equipamento HunterLab (Aeros, Reston, EUA) utilizando o sistema CIELAB, onde 0s
parametros de cor L* (luminosidade), a* (-a*:verde; a*:vermelho) e b* (-b*:azul;
b*:amarelo) foram avaliados. Os parametros de tonalidade (H°) e chroma (*C) foram
obtidos de acordo com 0 método proposto por Gonnet (1998). Todas as analises foram

realizadas em triplicata.
2.5 Determinacdo dos Compostos Fenolicos Totais

A extracdo dos compostos fenolicos totais foi realizada de acordo com a
metodologia de Santos et al. (2015) adaptada. Inicialmente amostras trituradas de cookies
(Mondial, L1100BI, Brasil) foram pesadas (2,5g), colocadas em tubos, e adicionadas de
10 mL de metanol/agua (50:50; v/v). Os tubos foram entdo homogeneizados por 1 hora a
300 rpm (Marconi, MA420, Brasil) e centrifugados (Eppendorf, 5430R, Alemanha) a
7830 rpm a 10 °C por 15 minutos. Ao final o sobrenadante foi recolhido e colocado em
frasco &mbar.

A segunda etapa da extracdo consistiu em adicionar acetona/agua (70:30; v/v)
ao residuo da fase anterior e realizacdo das mesmas etapas ja descritas. Ao final, os
extratos metandlicos e acetonicos foram combinados.

Para a quantificacdo dos compostos fendlicos totais, aliquotas de 0.5 mL dos
extratos diluidos foram adicionados a um tubo com 2.5 mL de reagente de Folin-Ciocalteu
(1:10; v/v) e 2 mL de solugdo de carbonato de sodio (7.5%) e entdo a mistura foi
homogeneizada e deixada em repouso por 2 horas sob auséncia de luz (SINGLETON;
ORTHOFER; LAMUELA-RAVENTOS, 1999). A leitura de absorbancia foi realizada
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em um espectrofotdmetro (Thermo Scientific, Genesysm 10S UV-Vis, EUA) a 740 nm e
os resultados foram convertidos para mgAGE/g utilizando-se uma curva padrdo de &cido

gélico como referéncia.
2.6 Determinacdo dos Potenciais Antioxidantes

Para a determinacdo do potencial antioxidante dos cookies elaborados dois
métodos adaptados foram utilizados: Poder de Reducio do fon Ferro - FRAP (BENZIE;
STRAIN, 1996) e Captura do Radical 2,2-azinobis (3-etilbenzotiazolina-6-acido
sulfénico) - ABTS (RE et al., 1999). Ambas as analises foram realizadas utilizando-se o
extrato elaborado para determinacdo de compostos fenolicos e em triplicata para cada
formulacéo de cookie.

Para a realizacdo do método FRAP, uma aliquota (0,1 mL) do extrato diluido foi
adicionada de 2.9 mL de solucdo reagente FRAP. A mistura foi mantida em incubacéo
em banho termostatizado (37 °C; 30 min, Marconi, MA159, Brasil). Apds esse periodo,
realizou-se a leitura das amostras a 593 nm em espectrofotdbmetro (Thermo Scientific,
Genesysm 10S UV-Vis, EUA) e os resultados foram convertidos para mgTE/g utilizando-
se uma curva padrao de trolox como referéncia.

Ja para realizacdo do metodo ABTS, 0.3 mL do extrato diluido foram
adicionados a 3 mL do radical ABTS™*, homogeneizados por 6 minutos e a leitura foi feita
em espectrofotometro (Thermo Scientific, Genesysm 10S UV-Vis, EUA) a 734 nm. Os
resultados foram convertidos para pumolTE/g utilizando-se uma curva padrdo de trolox

como referéncia.

2.7 Aquisicdo dos Espectros de Infravermelho Proximo (NIR) e Processamento
de Dados

Os espectros de NIR foram obtidos utilizando um espectrometro MicroNIR
OnSite-W (N1-00208, Viavi Solutions Inc., Milpitas, CA, EUA). A informacdo espectral
foi representada por 125 valores entre 900 e 1670 nm. Cada espectro foi adquirido com
32 scans.

Para construcdo dos modelos de predicdo, utilizou-se do algoritmo de regresséo
dos minimos quadrados parciais (PLS) - por ser simples, apresentar bom desempenho e
de facil acessibilidade - com validagdo cruzada leave-one-out (MALEGORI et al., 2017b)
e, para a separacao dos grupos de predicao, utilizou-se do algoritmo Kennard-Stone, onde
75% das amostras foram selecionadas para o grupo de calibracdo e o restante (25%) foram
selecionadas pra o grupo de validagdo (KENNARD; STONE, 1969)



93

Ao final, para avaliacdo da acuracia da modelagem proposta, os parametros de
raiz quadrada do erro quadratico médio de validacdo cruzada (RMSECYV), raiz quadrada
do erro quadratico médio de calibragdo (RMSEC), raiz quadrada do erro quadratico médio
de previsdo (RMSEP), coeficiente de correlacdo linear para a calibracéo (R2c), validagéo
cruzada (R2cv) e predicdo (R?p) e desvio residual da predicdo (RPD) foram analisados
(OLIVIERI, 2015)

Todos os dados foram processados utilizando software MatLab, versdo R2010a
(The MathWorks, Inc) e aplicando algoritmos do PLS Toolbox, verséo 8.1.1(Eigenvector

Research, Inc).
2.8 Andlise de Componentes Principais (PCA)

A PCA foi realizada visto que trata-se de um método qualitativo que consegue
mostrar a variacao estatistica de todas as amostras em uma base quimica, agrupando-as
de acordo com a similaridade espectral (MANCINI et al., 2020). Para tal, foi utilizado o
software Unscrambler X 10.4 (CAMO, Oslo Norway) e os dados agrupados foram o teor
de compostos fendlicos totais e 0s potenciais antioxidantes das amostras, bem como 0s

espectros de MicroNIR.
2.9 Analises Estatisticas

Todas as andlises de caracterizacdo dos cookies foram realizadas com, no
minimo, triplicata das amostras. Os resultados foram expressos em valor medio + desvio
padrdo e avaliados estatisticamente através da diferenca entre as médias utilizando o teste
de Duncan em intervalo de confianca de 95% utilizando o software SAS (Versdo 9.2,
SAS, Inc.).

3 RESULTADOS E DISCUSSAO

Na Figura 1 estdo fotos de cookies produzidos com diferentes concentracGes de
farinha de pupunha (FP), mostrando que o aumento da concentracdo de FP, de maneira

geral, ndo provocou diferencas visuais significativas nos cookies.

Figura 1 - Imagens fotogréficas obtidas dos cookies produzidos com diferentes concentragdes de
farinha de pupunha (FP). (a) 12.5%; (b) 25%; (c) 50%; (d) 75% e (¢) 100%
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3.1 Atividade de agua, conteddo de agua e perda agua durante assamento

A atividade de dgua é um pardmetro importante relacionado a estabilidade dos
alimentos durante armazenamento, uma vez que influencia a taxa de crescimento de
microrganismos e reacdes quimicas (CERVENKA; BROZKOVA; VYTRASOVA, 2006;
LIU; CHEN; XU, 2017). Os limites de atividade de 4gua para a deterioracdo por bactérias,
leveduras e bolores sdo, aproximadamente, de 0.90, 0.85-0.88 e 0.80, respectivamente, e
a taxa de reacdo quimica diminui drasticamente se a atividade de agua for inferior a 0.40-
0.30 (INGLETT; CHEN; LIU, 2014). Dessa forma, através dos resultados de atividades
de agua obtidos, pode-se constatar que independente da concentracdo de farinha de
pupunha utilizada, os cookies apresentaram valor médio de atividade de agua de 0,36 +
0,01, ndo apresentando diferenca significativa em fungéo da concentragéo de farinha de
pupunha utilizada (Tabela 2). Estes resultados, sugerem que os cookies devam apresentar
estabilidade microbioldgica e quimica durante armazenamento.

Em relacdo ao contetdo de 4gua dos cookies, 0 aumento da concentracdo de FP
também ndo provocou variacdo significativa neste parametro, obtendo-se valores médios
de 7,11 £+ 0,28 (Tabela 2). Este valor é semelhante ao encontrado por Reck & Miranda
(2016) e Ribeiro et al., (2021) também para cookies elaborados com farinha de pupunha.

As medicdes do contetido de &gua em amostras de produtos panificados sdo, em
geral, demoradas e fontes de viés, uma vez que a &gua pode vaporizar das amostras
durante o preparo das amostras (ALCANTARA; CARVALHO; VANIN, 2020; VANIN;
LUCAS; TRYSTRAM, 2009). Dessa forma, as analises de perda de agua de agua durante
0 assamento podem representar um resultado mais vidvel para entender as diferencas
entre as diferentes formulacGes de produtos avaliadas.

Dessa forma, pode-se verificar que o aumento da concentracdo de farinha de
pupunha provocou reducdo significativa nos valores de perda de agua dos cookies durante
0 assamento, obtendo-se valores médios entre 11,92 a 10,82% (Tabela 2). Uma das
possiveis causas para esse efeito pode estar relacionada a maior concentracdo de fibras
presentes na farinha de pupunha em comparacdo com a farinha de trigo (MARTINEZ-
CERVERA et al., 2011), apesar de ambos os valores serem baixos. A absorcao de dgua
pelas fibras pode provocar uma maior retencdo de umidade nos cookies produzidos com
maior concentracdo de FP. Esse comportamento ja foi relatado em biscoitos tipo cookie
elaborados a partir da substituicdo da farinha de trigo por farinha de diferentes tipos de

matrizes alimentares, como amaranto (INGLETT; CHEN; LIU, 2015), casca de cacau
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(ROJO-POVEDA etal., 2020), jatoba (SOARES et al., 2016) e caroco de abacate (SILVA
etal., 2019).

3.2 Propriedades fisicas: Fator de Espalhamento, VVolume Especifico e

Parametros de Cor

O aumento da concentracdo de FP provocou, em geral, aumento significativo
nos valores de fator de espalhamento dos cookies elaboradas, obtendo-se valores médios
entre 6,67 e 7,62 (Tabela 2).

A literatura reporta que o uso de farinhas de alternativas pode provocar a
diminuicdo ou aumento no fator de espalhamento dos cookies. Em geral, o fator de
espalhamento é afetado pela competicdo por agua disponivel entre ingredientes das
farinhas utilizadas (DELCOUR;HOSENEY, 2010). Quando farinhas com elevado teor de
fibras sdo incorporadas na formulacdo dos cookies observa-se uma reducéo no fator de
espalhamento dos cookies (BECKER et al., 2014; CHAGAS et al., 2021; MUDGIL;
BARAK; KHATKAR, 2017; SAHNI; SHERE, 2017). Dessa forma, como a farinha de
pupunha ndo possui elevado teor de fibras (CARVALHO et al., 2013; PIRES et al.,
2019), efeito contrario é observado para as amostras de cookies.

Efeito semelhante ao desse estudo, ou seja, aumento nos valores do fator de
espalhamento, foi observado em cookies produzidos com maiores concentracdes de
farinha de subproduto de abacaxi (TOLEDO et al. 2017), farinha de taro (ALFLEN et al.
2016), e farinha de bagaco de uva branca (MILDNER-SZKUDLARZ et al., 2013).

A diminuicdo da concentracdo de glaten pode ter provocado uma diminuigédo na
coesdo da matriz de proteinas, resultando em uma menor expansao dos cookies, o que por
sua vez pode ser observado através dos menores valores de altura dos cookies em funcéo
do aumento da concentracdo de farinha de pupunha (Tabela 2), justificando o aumento
no valor de fator de espalhamento observados.

Em relacdo ao volume especifico, concentraces de farinha de pupunha acima
de 50 % provocaram reducdo significativa para este parametro (Tabela 2). Mais uma vez,
pode-se propor que este comportamento tenha sido influenciado pela redugdo na
formacdo da rede de gllten e, portanto, aumento da extensibilidade da massa em funcéo
do aumento da concentracdo de farinha de pupunha. Pode-se supor que o volume
especifico e o fator de espalhamento exercem entre si uma relacdo inversamente

proporcional neste caso.



Tabela 2 - Resultados obtidos para as diferentes anlises de caracterizacdo dos cookies produzidos com diferentes concentracdes de farinha de pupunha.

Concentracao da farinha de pupunha (g/ 100g de farinha total)

Analise
12,5 25 50 75 100

Atividade de Agua (Aw) 0,382+ 0,03 0,372+ 0,02 0,36 + 0,01 0,35%+ 0,02 0,35+ 0,02
Conteldo de &gua (%) 6,782+ 0,35 6,82% + 0,39 7,25+ 0,38 7,332 +0,52 7,382+ 0,51
Perda de Agua (%) 11,92% +0,31 11,89*+ 0,38 11,40 + 0,30 10,61% + 0,31 10,39" + 0,36
Didmetro (cm) 52,81% + 0,90 53,40* + 0,96 51,81+ 0,71 51,47°+ 0,61 51,21°+ 0,43
Altura (cm) 7,95+ 0,49 7,70 + 0,60 7,34 + 0,47 7,15% + 0,48 6,799 + 0,42
Fator de Espalhamento 6,67+ 0,41 6,98 + 0,53 7,10 + 0,44 7,26% + 0,47 7,62%+0,48
Volume Especifico (cm?/g) 1,592+ 0,04 1,592+ 0,07 1,54% + 0,04 1,45 + 0,03 1,40° + 0,05
L 62,35% + 2,62 62,21* + 1,37 60,12% + 2,47 58,08" + 2,08 54,23+ 4,53
a* 11,84°+ 1,07 13,93° + 0,65 16,98* + 1,22 17,78* + 0,66 17,79+ 1,28
b* 34,76°+ 1,45 38,28+ 0,70 41,782+ 2,12 42,858+ 1,40 42,62% + 2,06
Cc* 36,18°+ 0,59 40,91 + 0,76 44,952 + 1,86 46,41°+ 1,19 46,212+ 1,67
H° 70,922 + 1,49 70,072 + 0,67 68,35 + 1,56 67,43+ 1,28 67,30°+ 2,18

* Médias seguidas por letras iguais na mesma linha ndo diferem significativamente entre si pelo teste de Duncan (p > 0,05); elaborado pelo autor.
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3.3 Pardmetros de cor

A cor é uma caracteristica descritiva bastante relevante para a aceitacdo do
consumidor (BOLEK, 2022). Pode-se verificar o aumento da concentracdo de farinha de
pupunha nos cookies provocou variagédo significativa nos parametros L, a* e b*, C* e H°
(Tabela 2), e consequentemente, na coloragédo do cookie (Figura 1). Esse comportamento
também foi relatado para cookies produzidos a partir de farinha de alcachofra-girassol
(Helianthus tuberosus L.) (LEE et al., 2016), tamarindo (Tamarindus indica) (BOLEK,
2022) e cabaca (Lagenaria siceraria) (MUHAMMAD et al., 2022). Esse fato pode ser
atribuido ao escurecimento enzimatico e reacdo de Maillard durante o processo de
assamento. A farinha de pupunha apresenta um elevado teor de polifendis (ROJAS-
GARBANZO et al.,, 2012; SANTOS et al., 2015), que sdo substratos para as
polifenoloxidases, que na presenca de oxigénio provocam a formacdo de pigmentos
escuros resultantes da polimerizacdo da quinina. Associado a isso, por conter mais
acucares que a farinha de trigo, a farinha de pupunha pode favorecer as reacGes de
escurecimento ndo enzimatico (Maillard) (MILDNER-SZKUDLARZ et al., 2013).

3.4 Compostos Fendlicos Totais e Potencial Antioxidante

Os resultados de compostos fendlicos totais e potencial antioxidante (Figura 2)
foram analisados considerando as diferentes concentragdes de farinhas de pupunha
utilizadas para a producéo dos cookies, e também o local de colheita dos frutos utilizadas
para a producdo das farinhas, visto que tais diferencas foram consideradas na elaboracao
da modelagem para a predicdo de tais parametros (secoes 3,5 e 3,6).

De modo geral, observa-se que 0 aumento da concentracdo da farinha de
pupunha provou aumento significativo da concentracdo de compostos fenélicos totais nos
cookies produzidos (Figura 2a). De modo geral, os cookies elaborados apresentaram
teores de compostos fendlicos superiores a cookies produzidos com 15% de farinha de
bergamota (LAGANA et al., 2022), 70% de farinha de casca de goiaba (BERTAGNOLLI
et al., 2014), 100% de farinha de alfarroba (BABIKER et al., 2020) e 9% de farinha de
epicarpo de maracuja (NING et al., 2021). Estes resultados evidenciam o elevado
potencial da farinha de pupunha como ingrediente rico em compostos fenélicos.

Além disso, observa-se que tal comportamento ocorre de maneira acentuada para
0s cookies produzidos com as farinhas de pupunha das localidades (CFP) 3e 4 (CFP 3 e
CFP4), e de maneira mais gradual nos cookies produzidos com CFP-1, CFP-2 e CFP-5.

Tais diferencas podem ter ocorrido devido as diferentes regides de colheita, visto que a
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localizacdo de colheita e as condi¢bes de cultivo podem interferir diretamente na
composicao bioativa de frutos (USLU; OZCAN, 2020), e, consequentemente, no produto
elaborado.

Figura 2 - (a) Concentracdo de compostos fendlicos totais, (b) potencial antioxidante pelo método
ABTS e (c) FRAP para os cookies produzidos com diferentes concentrac@es de farinha pupunha
obtidas de diferentes localidades (CFPL); as amostras CFPL-1, CFPL-2, CFP-3, CFPL-4, CFPL-
5, CFPL-6 séo oriundas das farinhas FPL1, FPL2, FPL3, FPL4, FPL5, FPL6, respectivamente.
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Os resultados do potencial antioxidante pelos métodos ABTS e FRAP (Figura
2b e 2c, respectivamente) demonstraram que o teor de compostos fenolicos esta
diretamente relacionado com o potencial antioxidante e, consequentemente, contribui
para uma maior atividade antioxidante a medida que a concentracdo de farinha de
pupunha aumenta nas formulagdes de cookies.

A amostra CFPL-6 ndo teve sua capacidade antioxidante diminuida na

formulacdo de 100% pelo método ABTS, mas pelo método FRAP, sim. J& a amostra
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CFPL-5 demonstrou um decréscimo em seu potencial antioxidante pelo método ABTS,
mas ndo pelo método FRAP. Tal diferenca, novamente, pode ser explicada pelas
caracteristicas de cada farinha utilizada.

3.5 Métodos de Referéncia, Analise de Componentes Principais (PCA) e

Interpretacdo do Espectro de NIR das amostras

Os intervalos dos valores de referéncia utilizados como variéveis preditoras nas
modelagens feitas para o teor de compostos fenolicos totais, capacidade antioxidante
pelos métodos ABTS e FRAP sdo mostrados na Tabela 3. Os resultados foram divididos
de acordo com os grupos de calibragdo (67 amostras) e validacdo (23 amostras) e
apresentam a faixa de valores das varidveis utilizadas, valor médio e desvio padrdo para

cada grupo.

Tabela 3 - Intervalo de dados dos métodos de referéncia utilizados para a construcéo das
modelagens para as amostras de cookie de farinha de pupunha com diferentes concentracdes de
farinha de pupunha.

*Calibragéo (67 amostras) *Validagao (23 amostras)

Analise de -
Desvio

N o . .. Desvio
Referéncia Intervalo Média ~  Intervalo Média «
Padréo Padréo

Compostos
fenolicos
(mgAGE/g de
residuo seco)

ABTS (pmol TE/g
de residuo seco)

FRAP (umol TE/g
de residuo seco)

5,55-1,68 3,09 1,19 4,16-1,30 2,66 0,87

37,37-7,03 19,96 9,23 30,76-7,64 17,01 7,26

0,73-0,09 0,31 0,19 0,47-0,10 0,23 0,11

*90 amostras utilizadas para a construgdo das modelagens ao total (calibracéo + validacéo);
elaborado pelo autor

A Figura 3a apresenta o scoreplot (amostras) utilizando os componentes
principais 1 (PC-1) e 2 (PC-2), e também mostra os loadings plot (analises de referéncia),
no que diz respeito aos dados fisico-quimicos utilizados para a predicdo. A PCA é uma
ferramenta matematica que tem como objetivo representar a variagdo existente dentro de
um conjunto de dados, em outras palavras, visa encontrar “respostas” que serdo usadas
para caracterizar as amostras (GRANATO et al., 2018b).

Observa-se uma boa separagédo entre as amostras nos quadrantes de acordo com

a concentragdo de farinha de pupunha utilizada na formulacdo dos cookies, onde as
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variancias para PC-1 e PC-2 explicam 98.5%, dos dados. Além disso, é possivel notar
que a partir da regido de maior influéncia (PC-1), quanto maior concentracdo de PF nos
cookies, maior os efeitos que a concentracdo de compostos fenolicos e os potenciais
antioxidantes (ABTS e FRAP) exercem sobre as amostras, localizando-as para o lado
positivo da PC-1.

Por outro lado, ao se analisar o efeito do local de colheita dos frutos usados para
a producéo das farinhas utilizadas na formulacdo dos cookies pode-se observar que este
efeito néo foi significativo a ponto de classificar as amostras (Figura 3b). Tal fato indica
que as regides de colheita apresentaram caracteristicas de teor de compostos fenolicos e
potenciais antioxidantes semelhantes, confirmando que a variabilidade dos cookies sofre
maior influéncia pela proporc¢ao de farinha. Bizzani et al. (2017) também ndo observou
agrupamentos oriundos de parametros extrinsecos em amostras de laranjas e destaca que
isso ocorre devido a caracteristicas semelhantes entre as amostras obtidas sob diferentes
condigdes, 0 que por sua vez indica uma boa variacdo na distribuicdo da amostragem.

O espectro NIR médio de cada formulacdo de cookies ap6s tratamento com a
segunda derivada e suavizacdo de Savitzky-Golay (janela de 15 pontos e ordem
polinomial 2) revela as principais bandas de absorcdo nas regides de 1131, 1200,1349-
1386, 1316, 1397, 1450 e 1588 nm (Figura 4a). A utilizacdo do tratamento da segunda
derivada diminui os efeitos da disperséo da luz, resultando na eliminacdo de linha de base
entre os espectros e aumentando a resolucdo dos picos e, consequentemente, facilitando
a anélise.(KADDOUR; MOREL; CUQ, 2008).

A regido centrada em 1200 nm é decorrente a componentes de lipidios e
carboidratos (HERNANDEZ-HERNANDEZ et al., 2022; WIMONSIRI et al., 2017). Ja
a banda centrada em 1316 e em 1588 nm séo atribuidas as vibra¢bes C-H (estiramento C-
H e deformacdo C-H) e ao estado de ligacdo de hidrogénio intermolecular que podem
estar associadas a hidratacdo do amido assim como a alteracdo na estrutura de proteinas
em funcdo de mudancas em sua estrutura secundaria (KADDOUR; MOREL; CUQ,
2008).

A absorcdo nas bandas centradas em 1450 nm séo devido as combinagfes O-H
simétricas e antissimétricas e também aos modos de alongamento antissimétricos e de
deformacéo das moléculas de agua (LUCAS et al., 2008; WIMONSIRI et al., 2017).
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Figura 3 - (a) Score e loading plot dos componentes principais 1 (PC-1) e 2 (PC-2) para as
analises de teor de compostos fendlicos e potenciais antioxidantes pelos métodos ABTS e FRAP
feitas nas amostras de cookies elaborados com diferentes concentrac@es de farinha de pupunha;
(b) Score plot dos componentes principais (PC-1 e PC-2) obtidos através das anélises de teor de

compostos fendlicos e potenciais antioxidantes com base na localizacéo de colheita dos frutos
utilizados para a fabricacéo da farinha.

Elaborado pelo autor

Figura 4 - (a) médias dos espectros tratados pelo processamento de segunda derivada e
Savitzky-Golay (janela de 15 pontos e ordem polinomial 2) para cada concentracdo de farinha
de pupunha nos cookies; (b) aumento da escala na regido de 1330-1386 possivelmente
relacionada a concentragdo de compostos fendlicos.
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Apesar de bandas relacionadas a componentes de menor concentra¢do, CoOmo 0S
compostos fendlicos, serem dificeis de ser detectadas por andlise visual de espectros
(HERNANDEZ-HERNANDEZ et al., 2022), a curta regifo espectral entre 1349 e 1386
nm estd associada a presenca de compostos fendlicos (HASHIMOTO et al., 2018;
MACAVILCA; CONDEZO-HOYOS, 2020) e, a partir de uma expansdo da escala
(Figura 4b), é possivel verificar que as intensidades de absorbancia nesses comprimentos
aumenta & medida que a concentracdo de compostos fenoélicos também aumenta.

Portanto, considerando as colocacfes a respeito dos resultados quimicos e
analisando a Figura 4, observa-se que a espectroscopia NIR apresenta potencial para
discriminar e, provavelmente, quantificar de modo ndo invasivo o teor de compostos

fendlicos e potenciais antioxidantes nas amostras de cookies.
3.6 Desenvolvimento dos Modelos de Calibracao e Validagédo
3.6.1 Analise dos Componentes Principais dos Espectros de NIR

Assim como ocorreu para a PCA utilizando apenas as andlises de referéncia,
quando o espectro bruto dos cookies foi analisado nota-se uma diferenciacdo entre as
amostras produzidas com diferentes concentrac6es de farinha de pupunha, mesmo que
ndo tdo clara quanto no caso anterior (Figura 5). Apenas dois componentes principais
foram necessarios para descrever mais de 95% da variabilidade total dos dados para as

diferentes formulagdes de cookies.

Figura 5 - Anélise de componentes principais (PCA) de 93 espectros brutos de cookies
produzidos com diferentes concentracfes de farinha de pupunha (12.5, 25, 50, 75 ou 100 g/
100g de farinha total).

PC2 (5.1%)

PC1 (94.4%)
Elaborado pelo autor
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A formacéo de grupos em fungéo da concentracdo de farinha de pupunha nos
cookies pode ser observada na PCA. Também é possivel observar que a medida que a
concentracdo de farinha de pupunha aumenta, hd uma maior disperséo entre dados do
mesmo grupo, o que pode ser explicado pelo fato da PCA ser uma técnica nao
supervisionada que relaciona as variancias com indices e agrupamentos de dados (LIMA
et al., 2020).

3.6.2 Modelos de Calibracéo e Validagéo Cruzada PLS por NIR

A principal vantagem do algoritmo PLS para previsao de dados espectroscopicos
€ que, durante a analise do espectro completo, as varidveis sdo correlacionadas e nao ha
exigéncia de que sigam uma distribui¢cdo normal (LIMA et al., 2022) e por isso é utilizado
na grande maioria das vezes para predi¢do com dados de NIR.

Diferentes modelos de regressdo foram desenvolvidos para o conjunto espectral
e as estatisticas de regressdo das modelagens elaboradas podem ser observadas na Tabela
4. Vale ressaltar que diferentes pré-processamentos foram avaliados (dados néo
mostrados), mas apenas aqueles que apresentaram os melhores resultados foram
apresentados. Os pré-processamentos tem como objetivo remover e/ou reduzir ruidos nos
espectros que ndo sdo relacionados a absorcdo quimica da luz e, consequentemente, aos
compostos de interesse (ALBANELL; MINARRO; CARRASCO, 2012), podendo ser
usados de forma singular ou em combinacGes (ALFIERI et al., 2019). Além disso, cada
conjunto de dados de referéncia foi processado individualmente.

O algoritmo PLS utiliza informacéo das duas matrizes de dados (espectros vs
referéncia) e as relacionam de forma a dar origem as varidveis latentes (VL), que
representam a quantidade de variaveis significativas capazes de prever com maior
facilidade, e menor erro associado, a composicdo quimica desejada a partir da modelagem
proposta (LIMA et al., 2020).

As VL sao selecionadas a partir do erro minimo do erro quadratico médio da
validacdo cruzada (RMSECV) e também a partir pelo teste de Student vs Laverage e T2
Hotelling, que também auxiliam na identificacdo de valores anémalos (LIMA et al., 2020;
RIBEIRO et al., 2009). De modo geral, quanto menor o nimero de VL selecionadas, mais
simples serd 0 modelo, ndo sendo aconselhavel selecionar mais que 8 a fim de evitar super
ajuste (overfitting) (CARBAS et al., 2020).
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Tabela 4 - Parametros de avaliacdo das modelagens elaboradas para os grupos de calibracdo e
validacdo cruzada para a determinacdo de compostos fendlicos e potenciais antioxidantes (ABTS
e FRAP) em amostras de cookies com diferentes concentracdes de farinha de pupunha por NIR

Estatistica de Regressdo da Modelagem - Calibracao

Analise
Quimica Pré - Condigéo , ,
Processamento do Espectro Ree Recv. RMSEC RMSECV
Detrend + Mean Inteiro 5 087 084 0.42 0.47
Center
Mean Center Inteiro 6 0.89 0.84 0.39 0.46
Compostos .
Fenolicos (ON]0% Inteiro 3 0.80 0.77 0.52 0.57
Smoothing
(ordem polinomial ;. 6 089 086 0.38 0.44
2 e janela de 15
pontos)
Detrend Inteiro 6 0.83 0.78 3.72 4.30
Smoothing (ordem
polinomal 2 e Inteiro 4 071 064 4.90 5.47
janela de 15
pontos) + Detrend
Smoothing (ordem
polinomal 2 e Inteiro 7 082 076 3.85 452
janela de 15
pontos)
Detrend + OSC Inteiro 3 0.85 0.80 3.50 4.06
ABTS Corte na
regido de
Detrend + OSC 1416 a 1577 3 0.89 0.83 3.06 3.72
nm
Corte na
regido de
OSC 1416 a 1577 6 0.82 0.77 3.79 4.36
nm
Detrend + Corte na
Smoothing (ordem regido de
p_ollnomal 2e 1416 a 1577 8 0.87 0.81 3.24 3.95
janela de 15 nm
pontos)
Mean Center Inteiro 6 0.93 0.90 0.05 0.06
Mean Center + Inteiro 6 094 092 0.05 0.05
Detrend
FRAP 0sC Inteiro 3 0.88 0.85 0.07 0.07
*SNV +
Smoothing (ordem 6 095  0.93 0.04 0.05

polinomial 2 e
janela de 7 pontos)
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*0OSC + Smoothing
(ordem polinomial

2 ¢ janela de 7 Inteiro 3 0.87 0.85 0.07 0.07
pontos)
Corte na
regido de
Mean Center 1416 a 1577 6 0.93 0.90 0.05 0.06
nm
Corte na

Smoothing (ordem

A regido de
_ polinomial 2 e 1416 a 1577 5 0.92 0.90 0.05 0.06
janela de 7 pontos) nm

*QSC: correcdo de sinal ortogonal; SNV: variagdo normal padrdo; pré-processamentos marcados
em negrito e italico sdo indicativos de melhores modelos ajustados; elaborado pelo autor.

Entre os diferentes pré-processamentos avaliados, alguns foram aplicados no
espectro inteiro e outros no espectro com comprimentos de ondas excluidos. A selecdo
de comprimentos de ondas € feita pois em algumas regiGes podem haver muitos dados
irrelevantes, ruidosos e ndo confiaveis e sua remog¢do normalmente melhora as previsdes
e reduz a complexidade do modelo (ANDERSEN; BRO, 2010; CHENG; SUN, 2017). O
espectro integral e a localizacdo da regido excluida estdo na Figura 6.

Figura 6 - Espectros originais das 93 amostras de cookies elaborados com diferentes
concentragdes de farinha de pupunha e identificagdo da zona excluida (1416-1577 nm) durante a
elaboracdo de processamentos especificos (conforme Tabela 4).
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Elaborado pelo autor

O desempenho e a robustez do conjunto de calibragdo foram avaliados usando
os coeficientes de determinacdo de calibracdo (R2c) e validacdo cruzada (R2cv), erro
quadratico médio de calibragdo (RMSEC) e validagdo cruzada (RMSECV). De modo
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geral, um modelo robusto deve apresentar altos coeficientes de determinacgéo e baixos
valores de erros quadréaticos, bem como uma pequena diferenca entre eles (MAGWAZA
etal., 2016; PUTTIPIPATKAJORN; PUTTIPIPATKAIJORN, 2020; TAHIR et al., 2016;
ZHU et al., 2017). De modo mais especifico, um Rz entre 0.50 e 0.65 indica uma predicéo
ruim, onde apenas uma discriminacdo entre concentracdes altas e baixas sera observada,
entre 0.66 e 0.81 indica previsdes quantitativas aproximadas, enquanto R? maior que 0.82
e menor que 0.90 indica uma boa previsdo e, acima disto, sdo consideradas previsoes
excelentes (KAROUI et al., 2006).

Os resultados observados para os quatro modelos desenvolvidos para predicéo
de polifendis totais tiveram coeficientes de determinacdo de calibracdo (R%c) e validagao
cruzada (R2cv) entre 0.80-0.89 e 0.77-0.87, respectivamente, com bons erros quadraticos
de calibracdo (0.38-0.52 mgAGE/qg) e validacdo cruzada (0.42-0.57 mgAGE/g) (Tabela
4). Embora a dificuldade de prever o contetido fendlico em diferentes tipos de cookies
comerciais por NIR ja tenha sido discutida, principalmente devido a baixa concentracdo
deste componente nesse tipo de matriz alimentar (BEDINI et al., 2013), os valores de R?
acima de 0.82 representam modelos classificados como bons e aceitaveis (CHENG; SUN,
2017). Em um estudo recente, Alfieri et al., (2019), determinaram o teor de fenoélicos em
grdos de sorgo por NIR e encontraram valores de coeficientes de determinagéo
semelhantes ao desse estudo (R2c: méx. 0.88; R2cv: max. 0.76). Por outro lado, a previsao
de polifendis em chéas instantaneos comerciais ndo teve tanto sucesso utilizando o
algoritmo PLS (RZc: méx de 0.73; RMSEC: 6.17) (BAI et al.,, 2022). Dentre as
modelagens elaboradas para o teor de fendlicos, as estatisticas de regresséo para 0 modelo
Smoothing foram consideradas as melhores, esse pré-processamento consegue otimizar a
relacdo sinal/ruido e, consequentemente, remover os ruidos aleatdrios de dados espectrais
(CEN; HE, 2007).

Apesar da faixa de concentracdo dos potenciais antioxidantes ser baixa,
principalmente no caso do método FRAP (0,73-0,09 mgTE/g), e ndo serem compostos
quimicos especificos e sim uma propriedade inerente aos compostos presentes, 0s
modelos previstos para as capacidades antioxidantes também se mostraram bastante
satisfatorios. Os melhores coeficientes de determinacdo de calibracdo (R2c) para os
métodos ABTS e FRAP foram de 0.89 e 0.95, respectivamente, associados a RMSEC e
RMSECYV baixos, além disso, a previsédo feita para o potencial antioxidante pelo método
FRAP se mostrou melhor do que aquele gerado para o0 método ABTS. Carbas et al.

(2020), realizaram predigdes de potenciais antioxidantes em feijao pelo mesmo algoritmo
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e conseguiram estatisticas semelhantes para os métodos ABTS (R2c: max. 0.97; R2cv:
méax 0.90) e FRAP (R2c: méax. 0.97; R2cv: 0.86). Tahir et al. (2016) discriminaram méis
de diferentes regides boténicas sudanesas através de espectroscopia NIR e também
alcancaram modelos satisfatorios para predicdo de capacidade antioxidante pelo método
FRAP (R2c: max. 0.96; RMSECV: max. 10.70; VL: max. 14).

Em relagdo a etapa de validaco, as estatisticas de regressdo — coeficientes de
determinacdo de predicdo (R2p), erro quadratico médio de predicdo (RMSEP) e desvio de
predicdo residual (RPD) — foram avaliadas. A Figura 7 ilustra os graficos de dados
mensurados versus preditos dos melhores modelos para detectar os parametros quimicos
desejados, bem como as estatisticas de regressdo da etapa de validacao e, assim como
ocorre na etapa de calibracdo, o desempenho da predicéo é definida por baixos erros de
RMSEP e alto R%p (LIU et al., 2011).

Ja em relacdo ao RPD, esta é uma medida utilizada para indicar qudo
satisfatorios foram os desempenhos da etapa de calibragdo (FERRER-GALLEGO et al.,
2011) e a classificacdo das modelagens segundo essa estatistica sdo excelentes (RPD>2),
razoaveis (1.4<RDP<2) e ndo confiaveis (RPD<1.4) (CHANG et al., 2001).

Dessa forma, de acordo com a avaliacdo dos modelos, é possivel realizar
excelentes predigdes utilizando o método FRAP e compostos fendlicos totais, sendo essas
a primeira e a segunda melhores predicdes elaboradas, respectivamente, mas apenas
modelos razoaveis utilizando o método ABTS.

Em um estudo recente, desenvolvido para prever diferentes parametros de
qualidade em gréos de cacau, a previsdo do teor de compostos fenélicos foi considerada
apenas razodvel, com valor de R%c, R%cv e RPD de 0.87, 0.66 e 1.69, respectivamente
(HERNANDEZ-HERNANDEZ et al., 2022). Um outro estudo, idealizado pelos mesmo
autores, relata que modelos de calibracdo para atividade antioxidante podem ser usados
para discriminar amostras, dada tal funcdo atribuida na literatura aos fenois
(HERNANDEZ-HERNANDEZ et al., 2021) e, portanto, é possivel elaborar boas
previsdes, mesmo ndo sendo compostos quimicos dos alimentos.

Diferente do encontrado nesse estudo, Carbas et al., (2020), conseguiram
melhores predi¢cdes para 0 método ABTS do que para o0 FRAP e Tahir et al. (2016)
conseguiram predi¢cdes similares ao elaborado nesse estudo para compostos fenolicos e
capacidade antioxidante por FRAP em méis sudaneses. J& Kljusuri¢ et al. (2016)
alcancaram excelentes predi¢cGes de compostos fenolicos em frutas vermelhas usando
NIR (R2c: 0.99; R?p: 0.98; RPD: 3.05).
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Figura 7 - Regressdo linear dos dados preditos versus dados medidos para o conjunto de
validacdo para (a) compostos fendlicos, (b) potencial antioxidante pelo método ABTS e (c)
potencial antioxidante pelo método FRAP em cookies elaborados com diferentes concentracoes

de farinha de pupunha.
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Elaborado pelo autor

Logo, os parametros de avaliacdo indicam a possibilidade de determinacdo de

compostos bioativos totais e indicadores de qualidade antioxidante em amostras de

cookies elaborados com diferentes concentrac6es de farinha de pupunha. Tal constatacédo

é de extrema importancia, considerando que até o presente momento foi encontrado

apenas um estudo que avaliou a predi¢éo de compostos fenolicos em biscoitos comerciais,

sendo que os resultados ndo foram satisfatorios (BEDINI et al., 2013), e demais estudos

sobre a aplicacdo de técnicas espectroscopicas e calibracdo multivariada em cookies

foram focados na previsdo de diferentes componentes quimicos majoritarios, como

umidade, proteina, lipidios, glaten, xantinas e carboidratos (BEDINI et al., 2013;
CAYUELA-SANCHEZ et al., 2020; LANCELOT et al., 2020; RADOS et al., 2021;
WIMONSIRI et al., 2017).
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4 CONCLUSAO

Atraveés dos resultados apresentados pode-se concluir que a farinha de pupunha
apresenta um grande potencial de aplicabilidade industrial, uma vez que os cookies
produzidos apresentaram propriedades tecnoldgicas bastante interessantes, além da
possibilidade de formulacdo de um produto feito integralmente de farinha de pupunha.
Tal formulagéo representa um grande passo na elaboragéo de produtos voltados para os
consumidores que possuem a doenca celiaca, por ser um produto sem gluten, e que pode
ser caracterizado também como um produto funcional, resultando em um alto valor
agregado.

Somado a esse fato, a utilizagdo de metodologias alternativas, como o
MicroNIR, pode aprimorar e agilizar sistemas de controle de qualidade em linhas de
producdo de alimentos, permitindo que a andlise seja feita fora de um ambiente

controlado, diretamente nas amostras e sem uso de reagentes.
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2 CONCLUSAO GERAL
Pela primeira vez um estudo abrangente, incorporando desde aspectos

tecnoldgicos, nutricionais e em nivel celular, foi realizado utilizando a farinha de pupunha
oriundas de diferentes localidades da Amazénia, onde foi descoberto que, apesar dos
pardmetros fisico-quimicos serem bastante diferentes, por exemplo o teor de fendlicos,
lipidios e carboidratos, variarem em fungéo do local de colheita e/ou nivel de maturacéo
da fruta, os aspectos tecnoldgicos, como a estrutura e conformacdo do amido, nédo
variaram substancialmente. Ainda em relacdo a farinha, foi demonstrado que o0s
compostos fenolicos presente em sua composi¢cdo podem apresentar potencial citotdxico
e que a matriz alimentar, nas condicdes testadas, pode inibir a absorcdo de proteinas no
metabolismo e, portanto, ha de se tomar cuidado com o uso desenfreado de alimentos
com apelos antioxidantes.

A espectroscopia NIR, aliada a calibracdo multivariada, foi capaz de classificar
e prever metabdlitos secundarios presente em pequenas fragcbes em biscoitos tipo cookie
elaborados com diferentes concentrac6es de farinha de pupunha, assim como também os
efeitos antioxidantes que estes causam, demonstrando serem ferramentas extremamente

versateis.
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3 PERSPECTIVAS FUTURAS

Trabalhos anteriores relatam que o processo de cozimento do fruto de pupunha
consegue eliminar a presenga de um inibidor, ainda néo identificado, das enzimas
digestivas (principalmente a tripsina) (BEZERRA,; SILVA, 2016; ROJAS-GARBANZO
et al., 2011). O presente estudo colocou novamente esta questdo em evidencia, uma vez
que a farinha de pupunha foi produzida por liofilizacdo, e seu uso em um alimento
modelo, iogurte, demonstrou que ha prejuizos na absor¢do proteica durante a digestéo.
Logo, considerando todos os aspectos tecnologicos e nutricionais que a farinha de
pupunha oferece, € interessante verificar se havera diferencas entre 0s processos de
fabricacdo (fruto in natura versus fruto cozido) e obtencdo da farinha (processo de
secagem em estufa versus liofilizacdo), e ainda sua aplicacdo na elaboracdo de cookies
contendo essa matriz alimentar em concentracfes elevadas, acima de 50%.

Outra perspectiva interessante a ser abordada relaciona-se a elaboracdo de
modelagens preditivas, feitas utilizando um equipamento espectroscopico portéatil, como
0 MicroNIR, na previsdo de aspectos nutricionais e em nivel celular. A maioria dos
espectrometros utilizados em aplicacdes industriais ou laboratoriais sdo “grandes” e
requerem um computador para capturar dados, o que faz com que muitos dados
espectroscopicos sejam limitados a ambientes controlados (DAS et al., 2016) e uma das
grandes vantagens dos instrumentos portateis € a capacidade de se conectarem via
bluetooth a um smartphone, uma tecnologia que permite que o equipamento realize
leituras e obtenha espectros ao ar livre, ou seja, abrindo portas para realizacdo da analise
diretamente no campo ou em locais onde o NIR de bancada n&o consegue chegar (LAN
etal., 2021).

Logo, avaliar a aplicabilidade da metodologia NIR baseada em métodos lineares
e ndo lineares utilizando smartphones para avaliar a interferéncias dos compostos
fendlicos na citotoxicidade e digestibilidade da proteina nos produtos elaborados torna-
se extremamente interessante do ponto de vista nutricional e comercial, visto que é
crescente 0 anseio da industria/academia por métodos mais rapidos, mais baratos e

seguros para a determinagédo de propriedades dos alimentos.
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