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APRESENTACAO

Este e-book intitulado: “Ciéncia, Tecnologia e Inovagdo: A Nova Produgdo do
Conhecimento 2” é composto por vinte e nove capitulos de livros que foram organizados
e divididos em trés grandes areas tematicas: (/) ferramentas tecnoldgicas aplicadas na
educacgao e outros seguimentos; (i) agroneg6cio, meio ambiente e extragcdo de produtos
naturais para diferentes aplicagdes e (ii) economia solidaria e saude.

A primeira tematica € constituida por onze trabalhos na qual se avaliou a importancia
das ferramentas tecnologicas voltadas para o processo de ensino-aprendizagem na
educagao basica e superior durante o periodo de pandemia do COVID-19, no qual se
destaca as vantagens que o ensino remoto pode proporcionar, bem como demonstrou
um problema grave: a falta de pré-requisitos em relag@o para potencializar o uso de tais
ferramentas. Além disso, apresenta trabalhos que prop&e o uso da tecnologia por intermédio
da inovacao tecnoldgica no setor publico; o uso de novas ferramentas no seguimento
automotivo e outros setores e os efeitos da computagdo no dmbito profissional e no atual
cenario pandémico pela qual assola o mundo.

O segundo tema é formado por doze trabalhos que se inicia com um trabalho que
relata o pioneirismo do estado da Bahia na criacdo da fundacdo de amparo a pesquisa
neste estado e a importancia do ilustre Anisio Teixeira para o desenvolvimento cientifico e
tecnoldgico do estado e de todo o Brasil. Posteriormente, sdo apresentados dois trabalhos
que tratam da importancia da cultura organizacional e uma andlise critica das Startups no
setor de agronegécio. Em seguida sdo apresentados trabalhos experimentais que abordam:
i) a utilizacdo de produtos naturais como fonte de obtencéo de corantes naturais, bebidas
(chas), principios ativos para agéo flngica e obtencéo de 6leo essencial para a producao
de hidrogéis; i) influéncia do campo magnético na germinacdo de sementes de café e
determinacao do teor de ferro em feijao e ii)) estudos voltados para reciclagem de materiais
eletrénicos, remogéo do farmaco paracetamol utilizando membranas e relacdo do uso de
pesticidas com a diminuicdo e extingdo de espécies de abelhas.

Na terceira e ultima teméatica séo apresentados seis trabalhos que fazem referéncia
a: i) importancia do conjunto da Pampulha como patriménio cultural do Brasil e do mundo;
ii) contexto e importéncia do desenvolvimento da economia solidaria para as diferentes
classes sociais que ndo possuem atengéo e interesse por parte do poder publico e ii) a
importancia de uma maior humanizag¢ao nos cuidados paliativos a pacientes e a reviséo de
estudo em relagdo a sensacgdo da presenca de membros do corpo que foram amputados
(membros fantasmas).

Neste sentido, a Atena Editora vem trabalhando e buscando cada vez mais a
exceléncia em publicagdo de livros e capitulos de livros de acordo com os critérios
estabelecidos e exigidos pela CAPES para obtengéo do Qualis L1. Com o compromisso de



colaborar e auxiliar na divulgacao e disseminagéo de trabalhos académicos provenientes
das inumeras instituicdes de ensino publicas e privadas de todo o Brasil, a Atena Editora
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RESUMO: Existe uma crescente demanda
mundial em busca por alimentos saudaveis, e
com isso o mercado das bebidas naturais vem
ganhando cada vez mais espago no cotidiano
dos consumidores. As Plantas Alimenticias Nao
Convencionais (PANC) podem ser consideradas
alimentos alternativos e investigadas quanto a
sua constituicdo quimica, propriedades fisico-
quimicas e potencial nutritivo. O objetivo da
pesquisa foi avaliar a capacidade antioxidante
e quantificar o teor de compostos fenélicos de
chas preparados a base de PANC. A partir de
cinco espécies de PANC (Bunchosia armeniaca,
Pereskia bleo, Pourouma cecropiifolia, Tapirira
guianensis e Theobroma speciosum) foram
obtidos chés por infusbes e analisados quanto as
suas propriedades antioxidantes pelos ensaios
de DPPH e ABTS, quantificacdo de compostos
fendlicos pelo método de Folin Ciocalteu.
Todos o0s chas apresentaram propriedades
antioxidantes, sendo que no ensaio de DPPH
variou de 238,4 a 1.329,7 uM ET e ABTS 380,8 a
1.110,7 uM ET. Os compostos fenolicos variaram
de 551,3 a 889,4 g EAG L', sendo que néo
foram detectados em B. armeniaca e P. bleo
na concentracdo testada, sugerindo que outras
classes sdo responsaveis pelas propriedades
antioxidantes dessas espécies. O cha que
apresentou destaque na capacidade antioxidante
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e quantidade de compostos fendlicos foi o de brotos de Theobroma speciosum.
PALAVRAS-CHAVE: Plantas Alimenticias Ndo Convencionais, DPPH, ABTS, compostos
fenolicos.

NON-CONVENTIONAL FOOD PLANT TEAS WITH ANTIOXIDANT PROPERTIES

ABSTRACT: There is a growing worldwide demand in search of healthy foods, and with this
the market for natural drinks has been gaining more and more space in the daily lives of
consumers. Non-Conventional Food Plants (PANC) can be considered as alternative foods
and investigated as to their chemical constitution, physicochemical properties and nutritional
potential. The objective of the research was to evaluate the antioxidant capacity and quantify
the content of phenolic compounds in teas prepared on the basis of PANC. From five PANC
species (Bunchosia armeniaca, Pereskia bleo, Pourouma cecropiifolia, Tapirira guianensis
and Theobroma speciosum) teas were obtained by infusions and analyzed for their antioxidant
properties by the DPPH and ABTS assays, quantification of phenolic compounds by the Folin
Ciocalteu method. All teas showed antioxidant capacities, and in the DPPH test it ranged from
238.4 to 1,329.7 uM ET and ABTS 380.8 to 1,110.7 uM ET. The phenolic compounds varied
from 551.3 t0 889.4 g EAG L™, and weren’t detected in B. armeniaca and P, bleo in the tested
concentration, suggesting that other classes are responsible for the antioxidant properties of
these species. The tea that showed prominence in the antioxidant capacity and content of
phenolic compounds was the shoots of Theobroma speciosum.

KEYWORDS: Non-Conventional Food Plants, DPPH, ABTS, phenolic compounds.

11 INTRODUTION

Non-Conventional Food Plants (PANC) include plants that have quotes for food
use, but are not commonly consumed by the majority of the population. Many species
are not wild, they are exotic cultivated, but currently in disuse, as they are not part of the
conventional agricultural matrix, limited to approximately 100 species in the world. About
90% of the world’s food comes from just 20 different species. In Brazil, there are an
estimated 3000 species of plants with food potential, which should be known in terms of
their chemical composition, nutritional potential and their beneficial properties for health
(KINUPP; LORENZI, 2014).

Non-alcoholic beverages, such as teas and juices based on Amazonian species
considered PANC are promising sources of compounds with antioxidant properties: camu-
camu (Myrciaria dubia) rich in ascorbic acid, buriti (Mauritia flexuosa) rich in carotenoids and
acai (Euterpe oleraceae) rich in phenolic compounds (CARVALHO et al., 2020; CASTRO
et al., 2020; OLIVEIRA et al., 2018). Other common species also in other biomes, such
as buxixus (Clidemia hirta, Clidemia japurensis and Clidemia rubra) are rich in phenolic
compounds (GORDON et al., 2011; MAR et al., 2020MD20 AND MD30; MAR et al., 2021).
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Several methods are used to evaluate the antioxidant capacity in vitro of several
matrices, among which the colorimetric methods that use free radicals stand out, which
in the presence of antioxidant substances changes the coloration, which can be observed
in ultraviolet-visible spectrophotometer. For the quantification of phenolic compounds, the
most used method is the Folin Ciocalteu reagent, as it is a simple and quick test to be
performed (GULCIN, 2020).

In the search for new beverages with antioxidant properties, this research aimed to
evaluate the antioxidant properties and the content of phenolic compounds in teas obtained
using PANC based on the methods of DPPH, ABTS and quantification of total phenols.
With the most promising species, studies for chemical characterization and preparation of

bioproducts will later be elaborated.

2|1 NON-ALCOHOLIC BEVERAGES ON NON-CONVENTIONAL FOOD PLANTS
WITH ANTIOXIDANT PROPERTIES

Natural beverages based in PANC can be sources of bioactive compounds with
antioxidant properties beneficial to the human body. Juices of Amazonian species are
promising sources of compounds with antioxidant properties: camu-camu (Myrciaria dubia)
rich in ascorbic acid; buriti (Mauritia flexuosa) rich in carotenoids; acai (Euterpe oleraceae)
rich in phenolic compounds (CARVALHO et al., 2020; CASTRO et al., 2020; OLIVEIRA
et al., 2018). Other juices based in PANC such as buxixus (Clidemia hirta and Clidemia
japurensis) are rich in phenolic compounds (MAR et al., 2020MD20 AND MD30).

Teas from different parts of species considered PANC were evaluated for their
antioxidant properties and determined the contents of phenolic compounds. The vinegar
leaf tea (Hibiscus acetosella), has antioxidant properties, being one of its main phenolic
compounds, the hydroxycitric caffeoyl acid (KAPEPULA et al., 2017; MAR et al., 2020b).
The tea from the fruits of Clidemia rubra, known as buxixus, showed antioxidant properties
and among the identified phenolic compounds, gallic acid and anthocyanins were identified
(GORDON et al., 2011; MAR et al., 2021a).

Food products with antioxidant and prebiotic properties can protect against
inflammation and chronic diseases. Agai, buriti and cupuagt are functional Amazonian
foods, their pulps have a high content of fibers and polyphenols. Studies have shown that
antioxidant properties have been associated with the presence of phenolic compounds
(CURIMBABA et al., 2020).

The unconventional tropical fruits araga-boi, jaracatia, cambuiti, seriguela, capeba,
pitangatuba, pitanga, buriti, acerola, dovialis and apricot-da-praia were evaluated for their
antioxidant potential. Acerola and cambuiti stood out in the DPPH and ABTS tests. The
carotenoid content ranged from 0.04 to 104 pg / g of wet weight. Xanthophylls stood out,
being higher than carotenes for aracga-boi, seriguela, pitangatuba and dovialis (BERNI et
al., 2019).
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31 NON-CONVENTIONAL FOOD PLANTAS SELECTED

The species selected for the study were Bunchosia armeniaca (Cav.) DC
(Malpighiaceae), Pourouma cecropiifolia Mart. (Moraceae), Pereskia bleo (Kunth) DC.
(Cactaceae), Tapirira guianensis Aubl. (Anacardiaceae) and Theobroma speciosum Willd.
ex Spreng. (Malvaceae) (Figure 1).

Figure 1. Species selected for the study: A - Bunchosia armeniaca, B - Pourouma cecropiifolia,
C - Pereskia bleo, D - Tapirira guianensis, E - Theobroma speciosum.

Fonte: BEZERRA, J. A.; KINUPP, V. F.

3.1 Bunchosia armeniaca (Cav.) DC. (Malpighiaceae)

The species is a large shrub, with narrow and branched canopy, 2 to 5 meters
high, native to several Andean countries, but well adapted in the Amazon region. Its fruits
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are climacteric, red, with a yellowish-red, juicy and sweet flesh are consumed in natura.
Popularly known as ciruela, caferana or quince (KINUPP; LORENZI, 2014).

The flavonoids rutin, isoquercitrin and afzelin were identified in the ethanolic extract
of the fruits of B. armeniaca. The antioxidant potential was analyzed by DPPH (IC,, 0.981
+ 0.002 mg/mL) and the phenolic content was 870.80 + 8.28 mg GAE/100g (SILVA et al.,
2016a)

B. glandulifera is one of the most studied species of the genus. Itis a fruit rich in active
antioxidant compounds and its pulp contains phenolic compounds, vitamin C, anthocyanins,
flavonoids (rutin, vitexin and quercitrin). Carotenoids, lycopene and {-carotene were
quantified (respectively, 16.39 and 8.10 mg/100g of fruit). The pulp is rich in caffeine (206.35
mg/100g) (SILVA et al., 2016b).

3.2 Pourouma cecropiifolia Mart. (Urticaceae)

It is a perennial tree, dioecious, with a dense and rounded crown from 5 to 12 m
high, native to the entire Amazon region. Its fruits are type globose drupes of 2 to 4 cm in
diameter, with succulent-mucilaginous pulp, sweet or acidulated and consumed in the fresh
form. Popularly known as mapati, amazon grape, uvilla or puruma (KINUPP; LORENZI,
2014).

Anthocyanins were found in the peel of the fruit, such as 3,5-diglucoside cyanidin,
3-galactoside delfinidine, 3-rutinoside cyanidin, 3-(3”-malonyl) glucoside, malvidin
3-glucoside, pelargonidin 3-glucoside, peonidine 3-glucoside and petunidine 3-glycoside
(CHORFA; SAVARD; BELKACEMI, 2016)

The extract of the epicarp of the fruit has anthocyanins (44 mg/100 g de epicarpo):
delphinidin-3-O-B-glucopyranoside, cyanidin-3-O-B-glucopyranoside e cyanidin-3-O-(6"-
malonyl)glucopyranoside,  quercetin  3-O-R-ramnopiranosil-(1-6)-B-galactopiranoside,
quercetin 3-O-R-ramnopiranosil-(1-6)-B-glucopiranoside, proantocianidin and two flavanol-
antocianin (IOANA; XIAO; LEOPOLD, 2020).

3.3 Pereskia bleo (Kunth) DC. (Cactaceae)

It is a shrubby to arboreal cactus from 2 to 8 meters high, native to Central America.
Its large solitary flowers, terminally colored in orange. Its leaves, flowers and fruits are
edible (KINUPP; LORENZI, 2014).

The methanolic extract of its leaves has antioxidant properties (DPPH, IC,  33.8 ug/
mL) and high content of phenolic compounds (JOHARI; KHONG, 2019).

3.4 Tapirira guianensis Aubl. (Anacardiaceae)

Tapipira guianensis Aubl. it is a tall tree 8 - 14 m, occurs in the Amazon region,
known as “pau-bombo”. Some of the main compounds of the leaves are the flavonoids,
norisoprenoids, terpenes, Kaempferol 3-a-rhamnoside flavonoids, kaempferol-3-a-
arabinofuranoside, quercetin-3-a-ramnoside and caempferol. (CORREIA; DAVID; DAVID,
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2003). The methanol extracts from the leaves and the ethyl acetate fraction, introduce a
high in vitro capacity of DPPH assay, caused to the phenolic compounds 1,4,6-tri-O-galloyl-
B-d-glucose, quercetin 3-O-(6 "-O-galloy) -B-D-galactopyranoside, quercetin and myricitrin
(RODRIGUES et al., 2017). In the study of the antioxidant properties of Tapirira guianensis
flower and seed extracts the best results were for the extract of ethyl acetate from the
flowers due to the presence of flavonoids and gallic acid (DA SILVA et al., 2020).

3.5 Theobroma speciosum Willd. ex Spreng. (Malvaceae)

It is a perennial tree, with a narrow and elongated crown, 8 to 14 m high, native to
the entire Amazon region and part of the Midwest in dry land forests. Popularly known as
cacaui, cocoa-alligator or cocoa-monkey. Its flowers are cauliflower and bloom from ground
level, vinous red in color with intense lemon odor and edibles (KINUPP; LORENZI, 2014).

T. speciosum flower tea is rich in phenolic compounds (640 mg EAG/g), which
influenced a high antioxidant capacity (DPPH, ABTS, FRAP and B-carotene / linoleic
acid co-oxidation). The main ones identified were citric, malic and protocatechuic acids,
flavonoids, quercetin and derivatives (MAR et al., 2021b).

41 MATERIAL AND METHODS

4.1 Samples colletion and preparation

Different PANC species (Bunchosia armeniaca, Pereskia aculeata, Pourouma
cecropiifolia, Tapirira guianensis and Theobroma speciosum) were collected at the PANC
site (3°6'26 “S, 60° 1°34” W) in 2018 by Dr. Valdely Ferreira Kinupp. The teas were obtained
by infusion, with distilled water at a temperature of 90°, which was poured over the pulverized
plant material (1.6 g) for 3 minutes.

4.2 Evaluation of antioxidant activity

The scavenging capacity of free radicals was assessed against DPPH- and ABTS+
radicals, according to the methodology adapted for the microplate reader (ELx800, Biotek)
(MOLYNEUX, 2004; RE et al., 1999).

For the DPPH assay, a DPPH methanolic solution (60 uM) was previously prepared.
In a 96-well microplate, a volume of 190 pL of the solution and 10 pL of sample were added.
The mixture was kept in the dark at room temperature for 30 min. The absorbance was
measured at 515 nm using the microplate reader.

For the ABTS test, the radical solution was prepared by mixing the 7 mM ABTS stock
solution with 140 mM K,S,0,, at room temperature for 16 h. The absorbance of the resulting
ABTS solution was adjusted to 0.70 + 0.05 at 750 nm by dilution using ethanol. 200 pL of
radical was added to the microplate with 2 pL of sample. After six minutes, the absorbance
of the mixture was measured at 750 nm using the microplate reader. For both tests, Trolox
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curves were prepared as standard (125 to 2,000 uM) and the results were expressed in uM
of Trolox Equivalents (ET). Both tests were performed in triplicate.

4.3 Quantification of total phenols

The quantification test for total phenols was performed using the Folin Ciocalteu
reagent (VELIOGLU etal., 1998). Inamicroplate, 20 yL of sample and 150 pL of Folin Ciocalteu
(1:10) were added. After 5 minutes, 6% sodium bicarbonate was added. The reaction time
was 90 min in the dark and at room temperature. Subsequently, the absorbances were read
at 750 nm in a microplate reader. The standard curve for gallic acid was prepared at 31.2 to
500 pg/mL and the results are expressed in mg of gallic acid equivalents per liter of sample
(g EAG/L). The test was carried out in triplicate.

4.4 Statistical analysis

The test results were expressed as mean + standard deviation. Data were evaluated
by One-Way ANOVA with Tukey’s test (95% significance) and Test-T (p <0.05) using the
Minitab® software.

51 RESULTS AND DISCUSSION

The results of the antioxidant activity assays using the ABTS and DPPH scavenging
and the determination of total phenolics are shown in Table 1. Among the 5 species studied
were not detected total phenolic content in the species of B. armeniaca and P. bleo while T.
speciosum, P. cecropiifolia and T. guianensis contains high amounts of phenolic compounds
(504.3 to 889.4 g GAEI/L).

The DPPH and ABTS assays showed an excellent Pearson correlation (0.997, p
< 0.05). Pearson’s correlation between DPPH and ABTS and phenolic compounds tests
were excellent (0.921 and 0.936, p < 0.05, respectively). The species that showed higher
values for the tests also had a high content of phenolic compounds. T. speciosum tea was
the one that stood out the most in the tests of antioxidant properties. According to Mar
and collaborated (2021b), T. speciosum flowers already has antioxidant properties and the
major phenolic compound is the protocatechuic acid.

Since the antioxidant capacity of foods is determined by a mixture of different
antioxidants with different mechanisms of action, including synergistic interactions, it is
necessary to combine more than one method to determine the antioxidant capacity of foods
in vitro (FALCAO et al., 2007).

Therefore, two antioxidant evaluation systems were selected in the present work,
which involved the disappearance of color with the free radicals DPPH and ABTS. These
tests are stored based on the elimination of radicals, changing the color of the tests. In this
way, discoloration affects the amount of ABTS or DPPH that has been eliminated.
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Methods using ABTS or DPPH scanning are among the most popular
spectrophotometer methods for determining antioxidant capacity in foods and chemical
compounds (CHORFA; SAVARD; BELKACEMI, 2016).

Several studies have reported the relationship between phenolic content and
antioxidant activity; some authors named a high correlation between phenolic content and
an antioxidant activity (SIM; NURESTRI; NORHANOM, 2010).

The species Pourouma cecropiifolia is a tropical plant native to the Amazon region,
in which it showed moderate cytotoxicity in relation to different strains of cancer cells,
in addition to the high amount of anthocyanin present in the extract of its fruits. Mainly
composed of monomeric anthocyanins delfinidin-3-O-B-glucopyranoside, cyanidin-3-O-
B-glucopyranoside and cyanidin-3-O-glucopyranoside, in addition to isomeric flavonols
such as quercetin 3-O-R-ramnopyranosyl-(1-6)-B-galactopyranoside and quercetin 3-O-R-
ramnopyranosil-(1-6)-B-glucopyranoside, whose structures were confirmed by 'H and 3C
NMR (BARRIOS et al., 2010).

In view of the desired properties of anthocyanins, several studies are focused on
determining the content of anthocyanins and their correlation with antioxidant activity
(FALCAO et al., 2007).

For the peels of Pourouma cecropiifolia Mart., a high antioxidant activity was
observed. The aqueous extract of the species’ shells showed a yield of 52% and an activity
equivalent to Trolox equal to 609.01 + 4.16 compared to the radical DPPH and ABTS equal
to 624.11 +1.92.

The results of the Folin-Ciocalteu test strong that the fresh peel of Pourouma
cecropiifolia Mart. it had a high content of polyphenols. The total polyphenol content was
84.66 + 1.22 mg of gallic acid equivalent in 100 g of fresh skin and 8.85 + 3.74 mg of gallic
acid equivalent in 100 g of fresh pulp (CHORFA; SAVARD; BELKACEMI, 2016).

The hydroalcoholic extract of the species of B. armeniaca is poor in phenolic
compounds, does not qualify as fractions of ethyl acetate and butanolic extra higher content
of flavonoids than the other fractions of the crude extract (MAGINA et al., 2010)

For the fruit of the species of B. armeniaca, a low activity of the aqueous extract is
required by the radical DPPH (238.4 + 3.5) and ABTS (380.8 + 5.1) by Trolox equivalence,
the equivalence value by gallic acid in the analysis of total phenolics was less than the
equivalence to gallic acid, obtaining a yield of 21%.
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Specie DPPH ABTS TP
(part used) (UM ET) (UM ET) (g GAE/L)

B. armeniaca

it o) 2384 +35e 380.8 +5.1d ND
(fﬁv‘;’e‘ﬁ) 358.4 +3.5d 4108 +1.9¢ ND
R(fcrﬁﬁ’ggzg"a 609.1 +4.2b 624.1+2.0b 551.3+4.7b
? vﬁ}‘gfenfiﬁft’)s 595.7 +6.1 C 624.1+19b 5043 +4.4¢C
T. speciosum 1,329.7 +3.1a 1,110.7 5.1 a 889.4+4.6a

(flower buds)

Resulted are expressed as means + standard deviation (n=3). a-e Different letters in same
column are signifcant (p-value <0.05); ND — not detected; TE — Trolox Equivalent; GAE — Gallic
Acid Equivalent

Table 1: Results of the antioxidant properties of PANC teas

Pereskia bleo leaf extracts prepared in water, with 72% vyield, resulted in 4.6 + 1.3
equivalence to gallic acid and 558.4 + 3.4 expressed as equivalence to Trolox (uM TE/g)
for the DPPH radical. For the antioxidant activity through the capture of the ABTS radical, a
value of 630.7 + 1.9 is obtained.

Previous studies of quantification of total phenols with antioxidant activity have
already been carried out with leaves and branches of Pereskia bleo and leaves of Pereskia
grandifolia (QUEIROZ, 2014)

The ethyl acetate extract exhibited the highest total phenolic content (40.12 mg
GAE/g extract) and revealed the strongest antioxidant activity in the B-carotene bleaching
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assay. While the complete abnormal hexane extract has the highest antioxidant activity
when determined by the scavenging effect of DPPH radicals (EC,, 210 pg/mL) (SIM;
NURESTRI; NORHANOM, 2010)

61 CONCLUSAO

The teas of five species showed antioxidant capacities, DPPH and ABTS assays.
The phenolic compounds varied from 551.3 to 889.4 g EAG L, and weren’t detected in
B. armeniaca and P. bleo in the tested concentration, suggesting that other classes are
responsible for the antioxidant properties of these species. The tea that showed prominence
in the antioxidant capacity and content of phenolic compounds was of Theobroma
speciosum followed by P. cecropiifolia and T. guianensis. Species showed potential for use
as antioxidant beverages.
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