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ABSTRACT: The objective of this study was to evaluate the physicochemical characteristics of Capsicum chinense Jacq. (‘biquinho’
pepper) at different stages of maturation and to determine the ideal harvest point of the fruits according to the coloration of the
epidermis. The treatments consisted of five maturation stages, characterized as: green, orange-green, orange, red-orange, and
red. Fresh mass, vertical and horizontal diameters, pericarp thickness, cracked fruit, luminosity, chroma, hue angle, pH, soluble
solids, acidity, and ratio were evaluated. The fresh mass, vertical and horizontal diameter, and pericarp thickness increased with
the stages of maturation until reaching an red-orange color. The highest incidence of cracked fruit occurred at the red stage.
There was a reduction in pH while soluble solids, acidity, and ratio increased with maturation. The highest chroma values occurred
intermediate stages, while the hue angle and luminosity decreased with advancing of the stages of maturation. Thus, the ideal
harvest point for consumption is the red-orange stage, because the fruits are larger, with a lower incidence of cracking compared
to the more advanced stage of maturation, and their chemical characteristics indicate a soft fruit.
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Maturagao e determinagao do ponto de colheita
de Capsicum chinense Jacq. (pimenta biquinho)

RESUMO: O objetivo deste estudo foi avaliar as caracteristicas fisico-quimicas de Capsicum chinense Jacq. (pimenta biquinho)
em diferentes estadios de maturagao e determinar o ponto de colheita ideal dos frutos de acordo com a coloragédo da epiderme.
Os tratamentos consistiram em cinco estadios de maturagao, caracterizados como: verde, verde-alaranjado, laranja, vermelho-
alaranjado e vermelho. Foram avaliados, massa fresca, didmetros vertical e horizontal, espessura do pericarpo, frutos rachados,
luminosidade, croma, angulo hue, pH, sdlidos sollveis, acidez e ratio. A massa fresca, didmetro vertical e horizontal, e espessura
de pericarpo aumentaram conforme os estadios de maturagéo até atingir a coloragéo vermelho-alaranjado. A maior incidéncia
de frutos rachados ocorreu no estadio vermelho. Houve redugao do pH enquanto sélidos sollveis, acidez e ratio aumentaram
conforme a maturagdo. Os maiores valores de croma ocorreram em estadios intermediarios, j& angulo hue e luminosidade
decresceram com o avango dos estadios de maturacdo. Assim o ponto de colheita ideal para consumo é o estadio vermelho-
alaranjado, pois os frutos apresentam-se maiores, com menor incidéncia de rachaduras em relagéo ao estadio mais avangado
de maturagio, e suas caracteristicas quimicas indicam um fruto suave.

Palavras-chave: desenvolvimento de frutos; caracterizagéo fisico-quimica; cor da epiderme; Solanaceae
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Maturation and determination of the harvest point of Capsicum chinense Jacq. (‘biquinho’ pepper)

Introduction

The peppers are inserted in the genus Capsicum, in
which there are approximately 25 species belonging to the
Solanaceae family (Acunha et al., 2017). Among the various
fruits that make up this group, Capsicum chinense Jacq.
(‘biquinho’ pepper), is relevant in the human diet, with small
fruits, being characterized as tasty, aromatic, and crunchy
(Heinrich et al., 2015). Besides, differently of most species
of the Capsicum genus, the fruits of the C. chinense Jacg. do
not have pungency, which gives them a mild flavor and makes
them more accepted in certain markets (Domenico et al.,
2012). In this way, this pepper can be consumed in the form of
jellies, sauces, pickled, and fresh (Ribeiro et al., 2018).

However, because they are non-climacteric fruits, peppers
are harvested at maturity for consumption, which makes them
highly perishable and reduces the commercialization period
(Bernardo et al., 2015). In addition, due to the indeterminate
growth habit, peppers simultaneously present flower buds,
flowers, and fruits at different stages of maturation (Gomes
et al.,, 2017). Therefore, at the same time, the plants have
green fruits, which are immature, orange fruits, which are in
the maturation phase and red fruits, matured and in ripening,
causing problems related to the harvest due to the complete
unevenness of fruit development (Araujo et al., 2018). Thus,
determining the appropriate harvest period is essential to
reduce losses and provide a longer commercialization period
by increasing the shelf-life of the fruits (Rodrigues et al., 2012).

The fruit maturation is evaluated according to the
physicochemical characteristics, mainly based on skin
color (Chaki et al., 2015). Also, the maturation process is
characterized by different stages, amongst them growth
and development of the fruits and lastly ripening, and in
this last stage the fruits undergo a sequence of physiological
and biochemical alterations making the fruit more attractive
and tastier (Villa-Rivera & Ochoa-Alejo, 2021). Thus, during
ripening, the color of the peppers is altered due to the
degradation of chlorophyll and the synthesis of carotenoids,
giving different shades of colors to the epidermis, being the
main color used as an indicator of ripening the red color (Régo
etal., 2011). In addition to color change, other parameters are
altered during fruit ripening, affecting the dimensions, cell wall
composition, synthesis of aromatic compounds, conversion
of starches to sugars, and the ratio of sugars to acids, which
provide texture, aroma, and flavor to the fruit (Pereira et al.
2014; Soethe et al., 2016; Villa-Rivera & Ochoa-Alejo, 2021).

However, the characteristic coloration of fruit ripeness
varies according to species and cultivar (Domenico et al.,
2012; Ribeiro et al., 2018), therefore it cannot be extrapolated
as a standard for all genotypes. In ‘dedo-de-moga’ pepper
(Capsicum baccatum L.), the harvest should be performed

Table 1. Chemical composition of the soil in the cultivation area.
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when the fruits present a predominant red coloration, being
related to the maximum content of soluble solids and adequate
acid content (Soethe et al., 2016). In ‘malagueta’ peppers
(Capsicum frutescens L.), characterized by high pungency, the
harvest can still be performed when the fruits present green
color (Fayos et al., 2017). Nevertheless, works evaluating the
harvest point of C. chinense Jacq. for consumption are scarce,
being limited to determining the best harvest period for seed
collection (Abud et al., 2013; Pereira et al., 2014; Araujo et al.,
2018; Jorge et al., 2018).

The objective of this study was to evaluate the
physicochemical characteristics of the C. chinense Jacq.
at different stages of maturity and to determine the ideal
harvest point of the fruits according to the coloration of the
epidermis.

Materials and Methods

The study was conducted in the experimental area of the
Universidade Federal do Pampa, Itaqui, Rio Grande do Sul,
Brazil (coordinates 29° 9’ 21.68” S; 56° 33’ 2.58” W, altitude
74 m). The soil was classified as dystrophic Argiluvic Plinthsol
(Embrapa, 2018) and, according to the Képpen classification,
the climate of the region is of type Cfa, subtropical without
defined dry season (Kuinchtner & Buriol, 2001).

To produce seedlings, pepper seeds of the Iracema cultivar
(Isla®) were sown in expanded polystyrene trays with 128
cells, containing the Mecplant® commercial substrate, with
one seed per cell at a depth of 0.4 cm. The trays were placed
on iron benches at one meter high and kept in a greenhouse,
covered with 120-micron transparent polyethylene. The
transplantation was performed when the plants had
approximately four expanded leaves and arranged in beds
made in east-west direction, with 1.5 x 0.4 m spacing between
beds and between plants, respectively.

In the planting area, pH correction was performed
according to the need for corrective material indicated by
the soil analysis (Table 1). The fertilization recommendation
was made using the indicated for the bell pepper culture. The
basic fertilization consisted of 20 kg ha™ of N, 280 kg ha™ of
P,0,, and 40 kg ha™ of K,0 in the forms of urea (45% N), triple
superphosphate (41% P,0O,) and potassium chloride (58% K,0),
respectively. The cover fertilization consisted of 140 kg ha! of
N and 180 kg ha™ of K,0, in the forms of urea and potassium
chloride, respectively, being divided into two applications,
performed at 30 and 60 days after transplantation.

The experiment was conducted in a completely randomized
design, with five treatments and four repetitions, with each
sample formed by 40 fruits. The treatments consisted of five
stages of maturation according to the skin color, characterized
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Figure 1. Maturation stage of the C. chinense Jacq. according
to the coloration: green (1), orange-green (2), orange (3), red-
orange (4), and red (5).

as: (1) green, (2) orange-green, (3) orange, (4) red-orange,
and (5) red (Figure 1). The fruits were harvested at 150 days
after transplantation and immediately transported to the
laboratory where the classification was carried out, in order to
remove the fruits with incidence of damage and homogenize
the samples.

The evaluations of the physical parameters of fruits
consisted of determining the fresh mass, vertical and horizontal
diameters, pericarp thickness, cracked fruit, luminosity,
chroma, and hue angle. The fresh mass of fruits was obtained
by weighing each fruit individually on a precision analytical
balance and the values expressed in grams. The vertical
and horizontal diameters and the pericarp thickness were
obtained by measuring with a digital caliper and the values
expressed in millimeters. The incidence of cracked fruit was
determined visually by counting fruits that showed cracking,
expressed as a percentage. A digital colorimeter was used to
determine the luminosity, chroma, and hue angle, and the
analysis was performed in the equatorial region of the fruits
(Ribeiro et al., 2017).

The fruits were crushed in a juice extractor centrifuge and
chemical evaluations were performed to determine the pH,
total soluble solids, titratable acidity, and ratio (Adolfo Lutz
Institute, 2008). The pH values were obtained by direct reading
in a potentiometer. Total soluble solids were determined by
refractometry, in which 1 mL of juice was placed over the
prism of the digital refractometer and the values expressed
in °Brix. The titratable acidity was obtained by diluting a 10 mL
aliquot of juice in 100 mL of distilled water and titrating
with a 0.1 M NaOH solution until the turning point using the
phenolphthalein reagent, expressed as citric acid percentage.
The ratio was obtained by the ratio between soluble solids
and titratable acidity.

The results were submitted to the analysis of normality,
by the Shapiro-Wilk test, and homogeneity of variances by
the Bartlett test. Subsequently, the results were subjected to
analysis of variance, and the means were compared using the
Tukey test at 5% probability. The results were submitted to the
determination of the correlation coefficients of Pearson and
were also subjected to analysis of the principal components
using the Past® program to show an overview of the results.
Before the multivariate analysis, the data matrix of each
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variable was automatically scaled to obtain the same weight
for all variables (mean = 0 and variation = 1).

Results and Discussion

The dependent variables were changed according to the
factors evaluated, being emphasized through multivariate
analysis (Figure 2). The principal components one (PC 1)
(Figure 2A) and two (PC Il) (Figure 2B) explained 91.82% of
the total variation between the variables. While PC | show
the changes that occurred during maturation and ripening,
PC Il distinguishes fruits in the maturation process from
immature and ripened fruits. From the evaluations carried
out, there was an increase in the weight and fruit size, in
addition to an increase in the hue angle, giving red color to
the skin and an accumulation of sugars and acids in the fruits
as the maturation stage increased. However, there was also
an increase in the number of fruit cracking which can limit
the period of commercialization and consumer acceptance
as the maturation progressed and with the increase of fruit
dimensions.

A.

Figure 2. Analysis of the principal components between the
maturation stages (A) and the relationship with dependent
variables (B), fresh mass (FM), vertical diameter (VD), horizontal
diameter (HD), pericarp thickness (PT), cracked fruit (CF), pH,
soluble solids (SS), titratable acidity (TA), ratio, luminosity (L),
chroma (C), and hue angle (h°) of C. chinense Jacq.
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The fresh mass of the fruits increased according to the
stages of maturation, with a maximum value at the red-orange
stage, reducing significantly in the red stage (Table 2). The
lowest values were found in the green stage, not differing from
the orange-green- and orange-colored fruits. The reduction
of fresh mass observed in the red stage was also verified by
Biles et al. (1993) when evaluating the ripening of certain
Mexican peppers. However, the values analyzed in this study
are above those verified by Domenico et al. (2012) regardless
of the maturation stage, since they found an average fruit
mass of 1.40 g of C. chinense Jacq. Similarly, the results found
from the analysis process are also above the average values
analyzed by Reis et al. (2015) in the characterization of C.
chinense Jacq., 1.51 g in the red stage. During the maturation
process the fruits grow linearly until they become ripe, this
fact can be attributed to the constant movement of water and
carbohydrates that are sent from the stem. However, at the
stage of fruit ripening there is a limitation of these inflows,
due to the formation of a zone of abscission in the pedicel,
ceasing its development (Dominguez et al., 2012). Thus, the
mass of the fruit is closely related to its degree of ripeness and
development, with fresh mass being highly correlated to fruit
size (Figure 3). Similarly, Reis et al. (2015) also found a high
correlation between fruit weight and vertical and horizontal
diameter. Also, Biles et al. (1993) found that fruit mass is also
highly correlated with fruit firmness and water content.

In the same way, the diameters (vertical and horizontal)
increased according to the stages of maturation, with the
highest values being observed in the red-orange and red
stage (Table 2). These results may be due to the increase
in the accumulation of water, which intensifies during the
fruit maturation, contributing to the increase of the internal
pressure, and consequently, to the increase of the turgidity,
leading to the expansion of the fruit size (Dominguez et al.,
2012; Jorge et al., 2018). There are few studies in the literature
evaluating the growth of C. chinense Jacq. during maturation.
Domenico et al. (2012) evaluating the physicochemical
characteristics of pepper accessions, found values of 23 and
11 mm for vertical and horizontal diameter, respectively, for
C. chinense Jacq. harvested with red color. The results of
this study also coincide with those of Heinrich et al. (2015),
who when analyzing the physicochemical characteristics of
‘biquinho-salmon’ pepper progenies at the harvest found
variations between 28.5 to 19.8 mm, and 16.6 to 12.1 mm for
vertical and horizontal diameter, respectively.

Figure 3. Heat map of Pearson correlation between
physicochemical attributes of C. chinense Jacq.

Regarding the pericarp thickness, it was found that fruits in
the red-orange stage had the largest dimensions (Table 2). The
green stage expressed the lowest value, with a reduction of
39.5%, when compared to the red-orange maturation stage.
In addition, there was a reduction in the pericarp thickness
and in the dimensions of the fruit in the red stage, indicating
that high mass loss may have occurred due to the metabolic
changes that intensify during ripening and also due to the
increase in the incidence of cracks (Figure 3), thus reducing
its use and appreciation (Farias et al., 2011). These results
corroborate those obtained in pepper accessions by Lannes
et al. (2007), where values between 1.57 to 3.39 mm were
observed, and the greater the thickness of the pericarp, the
greater the dimensions of the fruit and the yield of pulp. The
resultsfound by Jorge et al. (2018) also coincide with this study,
being verified the lowest values for the green stage 1.30 and
2.04 mm for the stage with more advanced maturity, however
without having reached full maturity. Based on this, the
thickness of the pericarp becomes a commercially interesting
characteristic, because fruits with thicker pericarp have
greater firmness, are more resistant to postharvest injuries,

Table 2. Fresh mass (FM), vertical diameter (VD), horizontal diameter (HD), pericarp thickness (PT), and cracked fruit (CF) of C.

chinense Jacq. at different stages of maturation.

* Averages followed by the same letter in the column do not differ from each other by the Tukey test (p > 0.05).
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also contributing to increase the period of commercialization
and consumption in natura form (Finger & Pereira, 2016).

The fruit cracking showed a significant difference between
the stages of maturation, increasing progressively according to
the harvest stages, with the highest percentage corresponding
to red stage (Table 2). The main cause of the fruits cracking
is their inadequate water balance, showing that the cuticle
division occurs as a result of the high turgor pressure in the
underlying pericarp and in the layers of epidermal cells (Aloni
et al., 1998).

The increase in water content occurs during the night and
the decrease during the day, this variation causes the cuticle
to weaken and leads to its rupture. It is possible to confirm
this with the correlation of split fruits with fruit weight and
size and the inverse relationship with the color parameters
(Figures 2 and 3), showing that as the fruits advance in
maturity, there is a tendency of rupture occurrences. Such
factor may also be associated with cuticle thickness, as
according to Vieira et al. (2020) when analyzing tomatoes at
different stages of maturation, found that cuticle thickening
increases during development and decreases in fully ripe
fruits. This is due to the fact that cuticle deposition ceases
before complete ripening of the fruits, so that ripe fruits have
less cuticle per surface unit, meaning, thinner cuticle. And
thus, so many fruits in full maturity suffer from degradation
of cell wall components. Since fruit cracking occurs only after
it reaches its maximum size and red coloration, there is the
indication that immature peppers can suffer elongation with
the increase of turgidity without causing ruptures (Aloni et al.
1999). The loss of water, either by the decrease of turgidity
due to cracks or by the increase of respiratory activity, is one
of the main problems of postharvest, resulting in the loss
of luminosity, weight and shrinkage of the fruits (Figure 3),
causing the useful life of pepper fruits to be reduced (Aloni et
al., 1999; Finger & Pereira, 2016). Therefore, the thicker the
cuticle is at the harvest stage, the longer will be the durability
of this fruit (Vieira et al., 2020). Thus, it is important that
the fruit harvest is performed at the optimal maturity stage
to minimize water losses during storage and the marketing
period (Lufu et al., 2020).

Regarding the fruit color, the chroma varied significantly
depending on the maturation stages. The highest averages
were observed in the orange stage, while the lowest averages
were seen in the green stage (Table 3). On the other hand, the
luminosity and the hue angle showed a decrease along the
stages of maturation, with the highest values observed in the

Table 3. Luminosity (L*), chroma (C*), and hue angle (h°) of C.
chinense Jacq. at different stages of maturation.

* Averages followed by the same letter in the column do not differ from each other by
the Tukey test (p 2 0.05).

green stage and the lowest values in the red stage (Table 3).
These results coincide with those of Soethe et al. (2016), who
found a decrease in the values of luminosity and hue angle
with the maturation of ‘dedo-de-mog¢a’ peppers.

Immature pepper fruits contain a high concentration of
chlorophyll, giving it a green color. During the maturation
process, chlorophyll degradation occurs and fruit color changes
due to changes in the accumulation of carotenoids caused
by the ethylene, thus, ripe fruits have great concentration
of carotenoids, which can give peppers a yellow, orange or
red coloration (Biles et al., 1993; Finger & Pereira, 2016).
However, the harvests for ‘chili’ peppers are made considering
only visual aspects such as color, and it is important to point
out that as the luminosity and hue angle decreased, giving the
red color, there was an increase in the parameters fruit mass
and size, pericarp thickness and soluble solids. Still, there was
also an increase in the incidence of cracked fruit, which may
limit their commercialization (Figure 3).

The pH was shown to be decreasing throughout the
maturation stages, with the highest values obtained in fruits
in the green stage being significantly higher than the fruits
in the red stage (Table 4). These results are lower than those
verified by Borges et al. (2015), who when evaluating the
physicochemical characteristics of peppers, found average pH
values of 5.45. In the same way, Acunha et al. (2017) when
evaluating the bioactive compounds of a pepper collection,
found a variation of 5.2 to 6.5 in the pH values. Thus, the
results found in the present study describe fruits with slightly
more acidic pH. This result can be considered a commercially
beneficial aspect, since fruits with a more acidic pH are more
stable to deterioration when compared to foods that have a
pH close to neutrality, thus offering less risk of contamination
by microorganisms harmful to human health (Borges et al.
2015).

Table 4. pH, soluble solids (SS), titratable acidity (TA), and ratio of C. chinense Jacq. at different stages of maturation.

* Averages followed by the same letter in the column do not differ from each other by the Tukey test (p > 0.05).
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The content of soluble solids increased progressively
in accordance with the stages of maturation, reaching a
maximum value in the red-orange and red stages, with a
significant difference for the green-orange and green stages
(Table 4). Similarly, Rathnayaka et al. (2020) also verified an
increase in the soluble solids content in pepper cultivars as
the fruits matured. Still, these results corroborate those
obtained by Tsegay et al. (2013) who evaluated the stages
of maturation of sweet pepper fruits (Capsicum annuum
L.) and found a progressive increase with fruit maturation,
which may have occurred due to the dissociation of some
structural organic molecules from soluble compounds. As the
stages of maturation increase there is a decrease in the starch
content due to hydrolysis, which results in the degradation of
carbohydratesin several precursors to the metabolic pathways,
as well an increase in the content of sugars, such as sucrose,
glucose, and fructose (Aizat et al., 2014). In addition, during
the maturation process there is a loss of fruit weight due to
water loss, which results in an increase in the concentration
of sugar within the tissues (Lannes et al., 2007; Rodrigues et
al., 2012). Considering that the peppers are mainly consumed
in fresh form, the sugar content is an important parameter to
define the ideal stage of maturation for harvest (Pereira et al.
2008), in order to prolong the durability of the fruits.

In the same way, the acidity varied according to the stages
of maturation, with fruits in red-orange stage presented
the highest value, although differing only from the green
stage (Table 4). These results coincide with those obtained
by Acunha et al. (2017), who found a variation between 0.1
to 0.6% of citric acid, proving to be inversely proportional
to the pH. According to the authors, this process occurs
due to the dissociation of acids from potassium salts, so as
the pH decreases the acidity increases, showing a negative
correlation (Figure 3). These results also corroborate those
obtained by Tsegay et al. (2013), who found an increasing
trend in the values of titratable acidity as the maturation
increased, until the intermediate maturation, decreasing later
with ripening. This increase in titratable acidity values may
be associated with an increase in the pectin methyl esterase
enzyme activity that causes the degradation of pectin, as the
hydrolysis of pectin methyl ester groups results in galacturonic
acid residues, thus increasing acidity. On the other hand, the
reduction in the values of titratable acidity in fruits harvested
with more advanced maturation may be due to the use of
organic acids in respiratory reactions or their conversion into
sugars (Anthon & Barrett, 2012).

The ratio between soluble solids and titratable acidity
increased with advancing maturation stages. The red stage
obtained the maximum value but differed only from the green
stage (Table 4). Similar results were verified by Soethe et al.
(2016), who found that fruits in more advanced stages of
maturation reached the highest ratio, due to the high content
of soluble solids. According to Almeida & Durigan (2006) the
flavor is constituted by the relationship between the sugar
content and the acidity, so that the perception of a sweeter
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taste reflects a higher content of soluble solids and a more
acidic taste is due to acidity. Considering that the C. chinense
Jacq. is characterized by its mild flavor, and consumed mainly
in fresh form, this balanced ratio of soluble solids with acidity
is an important aspect to be considered by producers for the
harvest of fruit in the ideal stage of maturation according to
the destination and commercialization period.

Conclusions

As the stages of maturation advanced, the dimensions
and fresh mass of the fruit increased, as did the incidence of
cracked fruit, strictly related to fruit expansion. The soluble
solids, acidity and ratio also increased and the pH decreased
as the fruit ripened. Regarding color, the hue angle and
luminosity showed a decreasing behavior with the advance of
fruit maturation, giving red coloration to the fruit epidermis.

Therefore, C. chinense Jacq. should be harvested when the
fruits present an red-orange color, because at this stage the
fruits show larger dimensions, less incidence of cracks when
compared to fruits at a more advanced stage of maturation,
in addition to an adequate content of acids and sugars, giving
them a smooth and balanced flavor, but still without having
triggered all their metabolic reactions, which can contribute
to increase their shelf life.
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