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APRESENTACAO

Temos o prazer de apresentarmos o segundo volume da colecéo “A Producéao do
Conhecimento nas Ciéncias da Saude”, caracterizado novamente por atividades de
pesquisa desenvolvidas em diversas regides do Brasil.

Congregamos neste volume informagdes inéditas apresentadas sob forma de
trabalhos cientificos na interface da importancia dos estudos a nivel de pesquisa
nutricional.

Comenfoque direcionado avaliacdes, caracterizacao, comparacao e quantificacao
de novos produtos, substratos e constituintes de fontes alimentares diversas, assim
como é diverso o contexto alimentar brasileiro. o Acreditamos que os diversos dados
aqui descritos poderao contribuir com a formacéo e avangos nos estudos ligados a
importancia da alimentacao na saude do individuo.

Devido ao aumento de fontes de informacdo observamos uma busca cada vez
maior da populagcdo sobre conteudos ligados a qualidade de vida. A alimentacao e
praticas saudaveis estdo entre os termos mais buscados, o0 que demonstra um
interesse cada vez maior da populagéo jovem e de terceira idade. Assim, torna-se
muito relevante informagdes precisas e fidedignas que estejam relacionadas a melhor
alimentagao.

Deste modo, dados obtidos nas diversas regides do pais com metodologia de
pesquisa implementada e caracteristica cientifica sélida desenvolvidos e publicados
no formato de leitura académica sao relevantes para atualizacdo do conhecimento
sobre o conceito da alimentacéo, nutricdo e qualidade de vida.

A multidisciplinaridade integrando cada capitulo forma uma linha de raciocinio
que permitird ao leitor ampliar seus conhecimentos e embasar novos conceitos.

Portanto, o conteudo de todos os volumes € significante ndo apenas pela teoria
bem fundamentada aliada a resultados promissores, mas também pela capacidade de
professores, académicos, pesquisadores, cientistas e da Atena Editora em produzir
conhecimento em saude nas condi¢ées ainda inconstantes do contexto brasileiro.
Desejamos que este contexto possa ser transformado a cada dia, e o trabalho aqui
presente pode ser um agente transformador por gerar conhecimento em uma area
fundamental do desenvolvimento como a saude.

Dr. Benedito Rodrigues da Silva Neto
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CAPITULO 38

VOLATILE COMPOUNDS OF PEANUT BUTTER FRUIT
(Bunchosia armeniaca) HARVESTED AT THREE DIFFERENT

Ulisses Rodrigues de Alencar
Federal University of Goias (UFG), School of
Agronomy (EA)

Goiania — Goias
Jéssyca Santos Silva

Federal University of Lavras (UFLA), Department
of Food Science (DCA)

Lavras — Minas Gerais
Eduardo Valério de Barros Vilas Boas

Federal University of Lavras (UFLA), Department
of Food Science (DCA)

Lavras — Minas Gerais
Clarissa Damiani

Federal University of Goias (UFG), School of
Agronomy (EA)

Goiania — Goias

RESUMO: Bunchosia armeniaca é uma arvore
nativa dos Andes, conhecida como “caferana”,
“ciruela”, “falso guarana” e “fruta de manteiga
de amendoim”. O objetivo deste estudo foi
extrair e identificar os principais compostos
volateis de frutas frescas de caferana crescidas
no Brasil através de microextracdo por fase
sOlida (SPME) e estima-los por cromatografia
gasosa acoplada ao espectrdbmetro de massas
(GC-MS), considerando os compostos volateis
presentes no headspace das frutas. As frutas
frescas de caferana foram manualmente
colhidas no sudoeste de Goias, Brasil, em
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outubro de 2016. Estas frutas foram obtidas em
trés estadios distintos de maturagéo, de acordo
com a coloragdo da casca. ApOs separa-las,
estas foram preservadas por congelamento
(-18°C) até a extracao dos componentes volateis
por microextracao em fase sélida do headspace
e a identificacdo deles por cromatografia
gasosa acoplada ao espectrémetro de massas.
O processo de amadurecimento determinou as
mudancas na coloracao (desde verde até laranja
e vermelho) das cascas das caferanas e o perfil
de volateis do headspace das frutas colhidas.
Aldeidos, alcoois, cetonas e acidos carboxilicos
foram identificados no perfil aromatico das frutas
de Bunchosia armeniaca, sendo que alguns
dos aromas estéo relacionados as notas de
docura, fruta fresca, citros, olericolas, processo
fermentativo e queijos. Essas analises séo
importantes para padronizar a etapa de selecéo
das frutas de caferana.
PALAVRAS-CHAVE:caferana;headspace; GC-
MS; compostos aromaticos; amadurecimento;
cor.

ABSTRACT: Bunchosia armeniaca is a native
tree from the Andes, known as “caferana”,
“ciruela”, “falso guarana”, and “fruta de
manteiga de amendoim” (peanut butter fruit).
The aim of this study was to extract and identify
the major volatile compounds from fresh peanut

butter fruits grown in Brazil by solid phase
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microextraction (SPME) and estimate them by gas chromatography-mass spectrometry
(GC-MS) considering the volatile compounds present in the headspace of the fruits.
Fresh peanut butter fruits were manually harvested from the southest Goias, Brazil, in
October 2016. The fruits were gathered at three different stages of maturation according
to the peel colors. After separate them, these were preserved by freezing (-18°C) until
extract the volatile components by headspace-solid phase microextraction (HS-SPME)
and identify them by GC-MS from the samples. The ripening process influenced the
color changes (since green to orange and red) of the peanut butter fruit peels and the
volatile profile in the headspace of the fruits harvested. Aldehydes, alcohols, ketones
and carboxylic acids were identified in the aromatic profile of Bunchosia armeniaca
fruits extract, with some of them due to sweetness, fresh fruit, citrus, oily, fermentation
process and cheese notes. These analyses are important to standardize the selection
process of the fake guarana berries.

KEYWORDS: caferana; headspace; GC-MS; aromatic compounds; ripening; color.

11 INTRODUCTION

Although the Malpighiaceae family has a large number of species, about 1.300,
only 2% of these were researched. The most studied specie of this family is acerola
(Malpighia emarginata and Malpighia glabra) (QUEIROZ et al., 2015). The Bunchosia
genus (Malpighiaceae) includes about 75 species, all of them native from America. In
Brazil it is found predominately in Amazonia, Atlantic Forest and Pantanal. Bunchosia
armeniaca (Cav.) DC. is a native tree from the Andes, known as “caferana”, “ciruela”,
“falso guarana”, and “fruta de manteiga de amendoim” (peanut butter fruit) (LIM, 2012).

When the peanut butter fruits are immature, their peel color is totally green and the
peel texture is hard. At the end of maturation, that color completely changes to a strong
red and them smell are like peanut. The fruits become soft like butter and taste very
sweet that remember canned peas, when they are ripe. (PACHECO, 2014). Despite
from color, sweetness and texture, the peanut butter fruits are especially popular for
their characteristic aroma.

In fruits and vegetables, the volatiles representing flavor are generally esters,
aldehydes, alcohols, terpenes or their derivatives. Sometimes, one molecule by itself
is capable to reflect the closest flavor of a matrix and, in this case, it is called impact
compound. On the other hand, sometimes it is the mixture of molecules that, together,
interacts with the receptors from the nasal mucosa and is realized by the brain to create
a typical sensorial impression for each sample. In both situations, aroma compounds
are extremely important for industry and they are used for the development of brand-
new products, such as: foods, beverages, cosmetics and perfumes (BICAS et al., 2011).

Thermal processes applied to fruits and vegetables cause chemical modifications
on their volatile components, leading to the production of different flavor compounds.
Simultaneous distillation and solvent extraction (SDE) is an isolation technique
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largely used, which pushes an entire extraction of volatile compounds. However,
rearrangements, hydrolysis or artifact compound generation by decomposition of the
matrix components during distillation and impurities that may be carried from solvents
have also been reported. Since SDE promotes the dispersion of the solid sample in the
liquid phase, it is possible that not all the compounds recovered by SDE are emitted
by the intact sample and/or appear in their headspace (PINO; QUIJANO, 2012). An
approach to remedy these problems was purposed by Nunes et al. (2008), based on
a methodology comprising a combination of sample analyses by SDE and headspace
analysis by solid phase microextraction (HS-SPME).

HS-SPME is an isolation technique which saves preparation time, reduces solvent
purchase and disposal costs, and can improve the detection limits with minimal artifact
generation. It has been applied in a several variety of compounds in fruits. Using HS-
SPME, it is also possible to analyze the volatile compounds present in the headspace
of fruits, which are potentially responsible for their aroma. HS-SPME technique also
allows evaluating the formation of compounds during SDE, due to oxidation and/or
thermal reactions (PINO; QUIJANO, 2012).

Consequently, the aim of this study was to extract and identify the major volatile
compounds from fresh peanut butter fruits grown in Brazil by SPME and estimate
them by gas chromatography-mass spectrometry (GC-MS) considering the volatile
compounds present in the headspace of the fruit.

2| MATERIAL AND METHODS

Fresh peanut butter fruits (Bunchosia armeniaca) were manually harvested from
the southest Goias, Brazil, in October 2016. The fruits were gathered at three different
stages of maturation.

2.1 Standardization of Bunchosia armeniaca

The peanut butter fruits were standardized by stage of maturation. This parameter
of standardization was determined by the peel color of the harvested fruits. After
separate them, they were preserved by freezing (-18°C) until extract and identify the
volatile components from the samples.

2.2 Characterization of volatile compounds

The HS-SPME holders and fibers used were: 65 pym polydimethylsiloxane-
divinyloenzene (PDMS-DVB). The fibers were activated at 300°C by 1 hour before
the tests. Preliminarily assays with PDMS were carried out in order to establish the
experimental conditions for HS-SPME of peanut butter fruits volatiles, particularly
temperature and equilibration and sampling times (results not shown). For each
extraction, the sample was placed in a 10 mL vial introduced in a thermostatic bath
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adjusted to 40°C, whit gently agitation of 250 rpm for 30 minutes. In each extraction, the
sample was kept to achieve equilibrium, and afterwards the SPME fiber was exposed
within 1 cm of headspace of the sample to adsorb the volatiles. After exposure to the
fiber under 70°C, the headspace volatile compounds were collected by a syringe and
it was immediately taken to the GC-MS injector. Desorptions were performed into a
Shimadzu CG-17A gas chromatograph linked to a QP5050A mass selective detector in
splitless injection mode for 2 minutes at 250°C.

GC-MS was performed with a fused-silica capillary column with a 30 m x 0,25
mm x 0,25 ym thickness with the temperature tolerance of up to 270°C. The stationary
phase was made up of 5% diphenyl and 95% polydimethylsiloxane. Oven temperature
was held at 60°C; next, it was raised to 270°C at 3°C/minute. Carrier gas (helium)
flow rate was 1,8 mL/min. The injection of HS-SPME extract wasn’t in split mode, with
capillary column pressure at 100 kPa.

The mass selective detector operated with an electron impact mode at 70 eV,
scanning velocity at 1000 m/(z.s™"), scanning interval of 0,5 fragments.s™ and detected
fragments from 29 Da to 600 Da. The retention times of a series of straight-chain alkanes
(C,-C,,) were used to calculate the retention indices for all identified compounds and
for reference standards. Compounds were compared using Wiley and Adams libraries
(ADAMS, 2007).

3 | RESULTS AND DISCUSSION

3.1 Standardization of Bunchosia armeniaca

The groups of peanut butter fruits created to standardize the peanut butter fruits
are presented in Table 1.

Maturation stage Peel color
1 Green

2 Orange

3 Red

Table 1 — Standards for maturation stage of peanut butter fruits according to the peel color
changes.

1 2 3

Figure 1 — The peel color of peanut butter fruits at different maturation stages.
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As viewed on the Figure 1, in the immature stage, the predominately peel color
of the peanut butter fruits was green; next stage, the peel color was orange; and in the
ripe stage, the predominant color of the peel was red. According to Neto et al. (2014),
as a result of the ripening proceeds, the green color of the fruit disappears and the
peanut butter fruit adopts various tones of orange, finally turning an intense red. In
peanut butter fruits, a variety of colors can be found, produced by 3 main classes of
pigments: chlorophylls, carotenoids and anthocyanins, which may accumulate at the
ripe stage, probably because of pH acid of them.

If, furthermore, one considers the fact that the peanut butter fruit has a high
content of carotenoids (400 pg/g) with provitamin A activity, principally B-carotene and
B-cryptoxanthin, it is understandable that the changes that occur in these pigments
during the ripening process are of interest from a dietary and nutritional point of view.
Besides on this, the peanut butter fruit becomes the principal source of lycopene (360
pa/g), while tomato pulp contains only 35 pg/g, and a dietary intake of lycopene is
associated to the reduction incidence of certain cancers (YUAN, et al., 2015).

3.2 Characterization of volatile compounds

The Table 2 presents the major volatile compounds extracted by HS-SPME and
identified by GC-MS from Bunchosia armeniaca at three different maturation stages..

Retention time % Area Retention index Name of volatile compound

Immature peanut butter fruits

2,076 2,62 - Hexanal

2,405 1,24 - Isovaleraldehyde
2,496 47,54 - Butanal

4,627 26,66 764 Butenol

6,91 4,28 859 Hexenol

7,231 15,90 870 Hexanol

11,063 1,76 986 Pinanediol

Underripe peanut butter fruits

2,508 0,53 - Butanal

5,362 4,15 804 Hexanal

6,893 18,80 858 Hexenol

7,248 37,51 871 Hexanol
10,132 0,72 959 Heptanol
11,052 28,11 986 Heptenone
11,479 1,89 998 Heptenol
12,886 1,03 1036 Heptenal
15,694 1,43 1112 Dimethylcyclohexanol
19,68 4,29 1222 Cyclocitral
28,311 1,54 1483 Silphiperfolenol
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Ripe peanut butter fruits

2,004 0,95 - Ethanol

2,084 1,73 - Ethyl Hexanal

2,506 14,92 - Butanal

2,733 1,49 624 Formic acid

3,352 0,89 687 Propanoic acid

5,384 1,85 804 Hexanal

7,305 9,14 873 Hexanol

10,144 0,55 960 Hexenol

11,046 53,68 986 Heptenone

11,471 5,07 998 Heptenol

12,896 1,28 1036 Heptenal

13,813 1,05 1061 Hexenone

15,713 1,50 1112 Dimethylcyclohexanol

19,697 4,16 1222 Cyclohexene carboxaldehy-
de

26,527 0,76 1426 Butenone

28,331 0,98 1485 Butanone

Table 2 — Volatile compounds from fresh peanut butter fruits harvested at three different
maturation stages

In immature peanut butter fruits, alcohols (4 compounds) were the most identified
group of volatile compounds, followed by aldehydes (3 compounds); while in underripe
fruits, were identified the same number of alcohols and aldehydes (5 compounds for
each group) and 1 representing ketones; and in ripe peanut butter fruits, alcohols and
aldehydes (5 components for each class) were also the most representative group
of aroma compounds, followed by ketones (4 components) and carboxylic acids (2
components). Garcia et al. (2016) identified carboxylic acids, alcohols, terpenes,
phenylpropanoids, aldehydes, ketones, esters and hydrocarbons in acerola “BRS-366
Jaburl” (Malphigiaceae family too) and reported that aldehydes give the fruit fresh
notes, sweetness, citrus and oily, to mention a few, similarly to the volatile profile of ripe
peanut butter fruits.

Kulapichitr et al. (2015) studied the differences between ripe and unripe green
coffee beansinvolatile compounds to evaluate the selection process of coffee berries and
found that alcohols and ketones were the most abundant groups of volatile compounds
in unripe green coffee, while the concentrations of these two groups decreased during
the ripening process. In contrast, aldehydes, acids, and esters increased. These results
are partially agreed to the volatile profile of peanut butter fruits, because alcohols and
aldehydes grown during the maturation process from immature to underripe fruits,
while ketones grown from underripe to ripe stage. Carboxylic acids appeared on the
ripe fruits too.
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The phytochemical metabolism changes lead to variation on aroma compounds of
fruits at different ripening stages. As showed in this experiment, 7 volatile compounds
(VOC’s) were estimated in the immature peanut butter fruits; while 11 VOC’s were
reported in underripe Bunchosia armeniaca fruits; and 16 VOC'’s in ripe ones.

Accordingtothe concentrationrelative by area, the mostabundantcompoundswere
aldehyde (butanal — 47,54%) and alcohols (butenol — 26,66% and hexanol — 15,90%)
in the immature peanut butter fruits; while the major concentration were obtained for
alcohols (hexanol — 37,51% and hexenol — 18,80%) and ketone (heptenone — 28,11%)
in underripe fruits; and ketone (heptenone — 53,68%) and aldehyde (butanal — 14,92%)
were the most volatile compounds in the ripe ones. The volatile profile of peanut butter
fruit didn’t show caffeine as the main component. Bonilla and Sobral (2017) found for
the guarana extract caffeine as the major constituent, with other components appearing
as traces. That’s why peanut butter fruit is known as fake guarana.

Alves and Franco (2003) analyzed the volatile compounds in murici (also
Malphigiaceae family) and found the presence of ethanol that can indicate the
occurrence of fermentation, while fatty acids and hexanal and derivatives have been
described in the literature as cheese aroma. In the volatile profile of ripe peanut butter
fruits were found ethanol (0,95%), propionic acid (0,89%), ethyl hexanal (1,73%) and
hexanal (1,85%) too.

41 CONCLUSIONS

The maturation process influenced the color changes of the peanut butter fruit
peels and the volatile profile of the headspace of the peanut butter fruits. Four different
groups of organic compounds (aldehydes, alcohols, ketones and carboxylic acids) were
identified in the aroma profile of Bunchosia armeniaca fruits, with some of them due
to sweetness, fresh fruit, citrus, oily, fermentation process and cheese notes. These
analyses are important to standardize the selection process of the fake guarana berries.
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