Influence of ripening stages on physicochemical
characteristics of acerola fruits
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ABSTRACT

The current study aimed to evaluate the influence of six ripening stages on physicochemical characteristics of acerola
fruits from cultivar Olivier. The fruits were obtained at Experimental Orchard of the Sao Paulo State University. The
experimental design was completely randomized, with six ripening staged and four replications. The physicochemical
characteristics evaluated were pH, soluble solids, titratable acidity, ratio, ascorbic acid (vitamin C), reducing sugars,
total sugars, sucrose and colour. There was a decrease in the levels of ascorbic acid and total sugars at full ripeness.
However, the levels of sucrose increased during ripening. With regards to the ascorbic acid, there were significant
differences for all six maturity stages, by the time the peel colour was quite red, meaning its fully ripened stage, it
presented 1675.67 mg/100 g of fresh weight, hence lower than fully green (3175.67 mg/100 g of fresh weight).
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RESUMO

O objetivo do trabalho foi avaliar o efeito de seis estadios de maturagado nas caracteristicas fisico-quimicas da acerola
cultivar Olivier. Os frutos foram obtidos de plantas presentes no pomar experimental da Fazenda Experimental da
Universidade Estadual Julio de Mesquita Filho. O delineamento experimental utilizado foi inteiramente casualizado,
com seis pontos de maturacao e quatro repetigdes. As caracteristicas avaliadas foram: pH, solidos soltiveis, acidez
titulavel, ratio, acido ascérbico (vitamina C), agucares redutores, agticares totais, sacarose e cor. Foi observada redugao
do acido ascérbico e dos agticares totais com a maturagao total dos frutos. Para a sacarose houve aumento em seus
teores com a maturagao dos frutos. Em relagado ao acido ascérbico, verificou-se menores concentragdes em frutos total-
mente maduros (1675.67 mg/100 g de massa fresca) quando comparados aos frutos totalmente verdes com média de
3175.67 mg/100 g de massa fresca.

Palavras-chave: Malpighia glabra L., pds-colheita, vitamina C, agticares.

INTRODUCTION

Acerola presents high vitamin C content, but also
Acerola cherry or the West Indian cherry tree  other nutrients, such as vitamin A; B-complex
(Malpighia glabra L.) is a tropical plant. It is native ~ vitamins (thiamine, riboflavin and niacin); iron;
to Central America, though it was spread to South  calcium; and carotenoids (Seeram, 2008; Bortolotti
America due to its adaptability Silva et al. (2016). et al., 2013).
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Growing acerola is quite common in several coun-
tries, as it plays an important role in healthy diet,
being consumed either natural or manufactured
(Duzzioni et al., 2013). The fruit ripening stage and
senescence rapidly occur; consequently, reducing
the storage period and commercialization. This
process is due to the intense respiratory activity,
because acerola is classified as a climacteric fruit;
therefore, fruits undergo changes in peel colour;
firmness loss; scent and flavour development
during ripening stage (Reinhardt and Oliveira,
2003).

Market destination plays a crucial factor for
growing acerola (Alves et al., 1995; Oliveira et al.,
1999), i.e. fresh fruit markets or industry, e.g.
frozen form and juice/pulp production. Thus,
acerola fruits must be harvested when presen-
ting an intense red colour (mature), but still firm
to withstand transport and handling. If ripe
fruits were not frozen, they should be immedia-
tely consumed, as it becomes unfit for consump-
tion after 24 hours (Soares Filho and Oliveira,
2003). When acerola fruits are destined for distant
markets, fruits should be harvested at semi-mature
or mature stage; or at the beginning of ripening; or
when there is a change in the fruit peel colour. At
these stages, fruits are rich in vitamin C and more
resistant to handling; consequently, increasing
shelf life to 3-4 days. However, a lower pulp yield
is obtained when compared to fully mature fruits
(Santos et al., 1999). Although, it is recommended
that green fruits should be commercialized into
powder form; lyophilized; ultra filtrates; capsules
and concentrates that enriches meals, since vitamin
C is of utmost importance and generally high at
this stage (Soares Filho and Oliveira, 2003).

Thus, the physiochemical changes that acerola
fruits undergo throughout ripening stage, allows
choosing the period that performs the highest
yields according to the market demand. Therefore,
the current study aimed to assess the physicoche-
mical properties of acerola fruits at six maturity
stages.

MATERIAL AND METHODS

The experiment was conducted at Sao Manuel
Experimental Farm, Botucatu School of Agronomy,

UNESP (22°46'S, 48°34'W; 740 m altitude). According
to Koppen classification, the climate is Cwa (warm
temperate and humid). The mean temperature of
the warmest month is above 22°C; and the coldest
is 17.5°C (Cunha and Martins, 2009). The mean
annual rainfall is 1445 mm. The soil is classified as
Dystrophic Red Latosol (Oxisoil).

The experimental design was randomized
complete block, with six maturity stages and four
replications; being used the cultivar Olivier, in
plants of ten years. Fruits were randomly harvested
and packed into plastic bags to avoid mechanical
damages. The fruits were harvest in same day and
separated per peels colours. Afterwards, they were
transported to the Postharvest Fruits Laboratory
in the Horticulture Department, Botucatu School
of Agronomy — UNESP. Then, fruits were washed
with tap water; dried at room temperature; and
separated into six treatments according to the
maturity stages, with four replications and 20
fruits per repetition. The treatments were: 1 —
100% green peel colour; 2 — 80% green peel colour
with yellowish traces; 3 — 70% green peel colour
with red lines; 4 — 60% yellow peel colour with red
traces; 5 — 75 red peel colour with yellow traces;
and 6 —100% red peel colour.

Moreover, fruits were analysed for pH, soluble
solids, titratable acidity, ascorbic acid and reducing
sugars, total reducing sugars, sucrose and peel
colour. Titratable acidity was determined by
titrating 1 g of homogenized pulp in 100 ml of
distilled water against freshly prepared 0.1 N
sodium hydroxide expressed as mg Citric acid
100 g of acerola pulp by using 1 per cent phenol-
phthalein as indicator, according to Institute
Adolfo Lutz (Brasil, 2005). Soluble solids (SS/
Brix?) were determined by placing two drops
of macerated juice for one minute on the prism
surface of electronic refractometer (Atago, PR32
model), according to Association of Official
Analytical Chemistry (2005). The pH was directly
determined on samples using a potentiometer
(Digital DMPH-2), according to the methodology
described by Adolfo Lutz Institute, Brasil (2005).
The levels of reducing sugars were determined by
the method described by Somogyi and adapted
by Nelson (1944), the results are expressed in mg
per g. Ascorbic acid content was determined by
titrating 2.6 dichlorophenolindophenol, according

Corréa et al., Ripening stages on characteristics of acerola fruits 809



to the methodology described by MAPA (2001) and
results are expressed as mg 100 g of fresh weight.
The peel colour was determined by using a colorim-
eter (Konica Minolta CR-400), readings were: L*
(lightness) representing the surface brightness (L*
=0-Dblack and L* =100 — White); C* (chroma, colour
intensity); hue — H® (colour angle with 360°C rota-
tion) with 0° 90° 180° and 360° i.e. representing
red, yellow, green and blue, respectively (Ding
et al., 2007). The results were submitted to Tukey
test at 5% probability by Sisvar statistical software.

RESULTS AND DISCUSSION

Regarding to the pH, there was some difference,
whereas the lowest value (3.48) was found in treat-
ment 2 (i.e. green fruit); and the highest value
(3.58) was observed in treatment 6 (fully ripened
fruit) (Table 1). During the ripening process, pH
increased when acidity decreased. The same
pattern was observed by Adriano et al. (2011), who
found higher pH value in fully ripened than semi-
-mature fruits; but it does the opposite to titratable
acidity.

Oliveira et al. (1999) obtained pH from 2.50 to 3.30
with frozen acerola pulp, i.e. lower than the current
study. However, Mercali et al. (2011), observed
values of 3.28. These differences are expected, as
physical and chemical characteristics may vary
from each cultivar; maturity stage; soil; weather
condition; and management practice (Folegatti and
Matsuura, 2003).

For titratable acidity, it was obtained higher values
in 100% green fruits (treatment 1), with an average
of 0.80%. On the other hand, in 100% fully ripened
fruits (treatment 6) the acidity values were lower,
with an average of 0.69% (Table 1). It is common
to observe an increase in acidity during fruit ripe-
ning due to the accumulation of organic acids.
This result is due to the fact that there is a reduc-
tion in the malate oxidase activity, resulting in the
accumulation of malic acid (Ferreira et al., 2009).
Yet many organic acids are used as substrates
for respiratory activity during ripening; conse-
quently, reducing titratable acidity, as occurred in
the current study. Thus, the decrease in titratable
acidity may be related to the reduction of ascorbic
acid in almost 50% of unripe fruits to fully ripened
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ones. In addition, this species presented a high level
of ascorbic acid; therefore, favouring acidity reduc-
tion, in other words, increasing pH (Vendramini
and Trugo, 2000). The values of titratable acidity
were close to those reported by Oliveira et al.
(1999), while acerola pulp ranged from 0.47 to 1.56
% in citric acid.

No difference was observed for soluble solids
content, with an average of 6.53°Brix (Table 1). This
content was in agreement with those reported by
Vendramini and Trugo (2004), when evaluated the
characteristics of ripened fruits of acerola (9.2°
Brix). But Oliveira et al. (1999), presented values
from 4.40 to 9.16° Brix for soluble solids in acerola

pulp.

Atripening, there was an increase in the ratio, with
a maximum value of 10.73 (treatment 6), i.e. fully
ripened fruits in July. Ratio is an important quality
attribute for acerola fruits, as it assesses flavour
and selects raw material for processing. Thus,
this association tends to increase during ripening.
The same pattern was observed by Adriano et al.
(2011), but presenting lower values, such as 2.41 for
ripened fruits.

With regards to the ascorbic acid, there were signi-
ficant differences for all six maturity stages, by the
time the peel colour was quite red, meaning its
fully ripened stage, it presented 1675.67 mg/100 g
of fresh weight, hence lower than fully green
(3175.67 mg/100 g of fresh weight) (Table 1). In
other words, the more the ripening stage, the
lesser the ascorbic acid content, i.e. ascorbic acid
content was higher in 100% green peel colour. This
feature was also observed by other authors such
as Santos et al. (1999). According to Butt (1980), this
occurs because an enzyme activity called oxidase
ascorbic acid (ascorbate oxidase) presents higher
activity in full ripen fruits than unripe fruits;
therefore, explaining some of the losses found
during ripening. According to Nogueira et al.
(2002), unripe fruits exhibit ascorbic acid levels
significantly higher than mature fruit and semi-
-mature; consequently, being used by the pharma-
ceutical industry. In the current study, the ascorbic
acid levels (1675.67 mg/100 g of fresh weight) in
fully ripened fruits were higher than those recom-
mended by FAO/WHO (2001), i.e. 45 mg per day.



Table 1 - Hydrogenionic potential, soluble solids (°Brix), ratio (SS/TA), titratable acidity (% citric acid) and ascorbic acid
content (mg 100g1) at six maturity stages of acerola fruits.UNESP, 2014

Ripening stage pH Soluble solids Ratio Titratable acidity Ascorbic acid
1 3.50 be 6.72a 8.46 b 0.80 a 3175.67 a
2 348 ¢ 6.42 a 8.63 b 0.75 ab 2351.35b
3 3.57 ab 6.52 a 10.06 a 0.65 be 1864.84 bc
4 3.53 abc 6.57 a 10.32 a 0.64 ¢ 1905.40 bc
5 3.53 abc 6.40 a 9.46 ab 0.68 be 1959.46 bc
6 3.58a 6.57 a 10.73 a 0.61c 1675.67 ¢
CV (%) 0.87* 2.99 ns 6.29* 6.59* 10.36*

Means followed by different letters differ by Tukey test at 5% probability. ns: not significant. *significant the 5%

For the reducing sugars, there was no significant
difference, averaging 3.95 mg per g (Table 2), similar
to those observed by Oliveira et al. (1999) ranged
from 2.05 to 4.95%; by Asenjo and Moscoso (1950),
with an average from 2.8 to 3.7 g/100 ml; by Santini
(1953), with an average between 3.7-3.9 g/100 ml;
and by Diogenes Nogueira (1991), who obtained an
average from 2.84 to 3.94%. However, these aver-
ages were lower than those found by Nunes (1996)
for natural pulp, i.e. 5.50 and 5.10%.

Regarding to the total reducing sugars, it was
observed a decrease during fruit ripening, being
the lowest content (0.66 mg per g) observed during
full ripening. In general, the sugar contentincreases
in fruit ripening by biosynthetic process. In plant
organs, starch is the main carbohydrate storage.
Therefore, storage hydrolysis occurs during
ripening; as a result there is glucose, oxidized by
cellular respiration. Oxidative process is the means
by which living cells use their reserves, as a carbon
source, resulting in the production of energy and
new organic compounds.

This behavior is different to those observed by
Ferreira et al. (2009), while evaluating acerola fruits
at the best harvest point for industry, observed
an increase in total reducing sugars content
during ripening, with values ranging from 7.57%
(greener fruits) to 12.43% (full ripening). Probably
this difference should be related to the fruit sugar
content being an intrinsic factor, such as genotype,
environment and management practice. Moreover,
it plays an important role in food industry, e.g. juice
production, because it allows a better processing
performance (Ferreira et al., 2009).

Sucrose increased during ripening stage, ranging
from 1.87 mg per g (totally unripe) to 3.06 mg per
g (fully ripened fruits) (Table 2). As the starch is
being hydrolyzed during ripening, there is an
increase in sucrose levels that act as an energy
reservoir (Taiz and Zeiger, 2004).

Table 2 - Reducing sugars (mg per g), total reducing sugars
(mg per g) and sucrose (mg per g) at six maturity
stages of acerola fruits. UNESP, 2014

Maturity Reducing Total reducing Sucrose
stage sugars sugars
1 3.88a 191 a 1.87b
2 3.99 a 1.97 a 1.92b
3 411a 1.81a 2.18 ab
4 398 a 1.82a 2.05b
5 3.86a 143 a 2.31 ab
6 3.89a 0.66 b 3.06a
CV (%) 9.57ns 15.69* 17.77*

Means followed by different letters differ by Tukey test at 5% probability. ns: not
significant. *significant the 5%

No difference was observed for brightness at the
six maturity stages, averaging 29.72. These results
are contradictory from Vendramini and Trugo
(2000), when evaluated the chemical composition
of acerola at three maturity stages, observed that
the brightness of the fruit increased when changed
from immature fruit to intermediate maturity;
However, luminosity decreased with increasing
age. Thus, fruit colours are the result from not only
the pigments processed on the surface, but also
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complex biochemical changes during fruit ripe-
ning, which in turn may vary from each genotype
(Kramer, 1973).

For chroma, semi-ripe fruits or 60% yellow peel
colour with red lines showed the highest values.
The greatest value of chroma indicates that these
fruits showed more vivid colours than full ripe-
ning; consequently, it is observed that red peel
(100%) loses more vivid coloration due to the onset
of pigment degradation by the fruit deterioration.

Table 3 - Results of colorimetric analysis: brightness values
(L*), chroma (C*,) and hue (h,,) in six maturity
stages of acerola fruits. UNESP, 2014

Maturity Brightness Chroma Hue
stage (L% c*,) (h,)

1 30.45 a -60.82 d 119.18 a

2 30.26 a -67.85d 11214 a

3 27.58 a -78.77 e 101.22 b

4 29.71a 79.69 a 79.69 ¢

5 30.26 a 64.87 b 64.87 d

6 30.10 a 51.06 ¢ 51.06 e
CV (%) 6.52ms 3.06* 2.97%

Means followed by different letters differ by Tukey test at 5% probability. ns: not
significant. *significant the 5%
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