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Physicochemical and Bioactive Compound Evaluation of
Acerola Genotypes

Avaliagéo Fisico-Quimica e de Compostos Bioativos de Frutos de Gendtipos
de Aceroleira

Eliseth de Souza Viana,>* Mercia Damasceno Fonseca,? Ronielli Cardoso Reis,? Marcos Vinicius
Silva de Andrade,c Rogério Ritzinger:

Acerola genotypes should have good agronomic traits and high quality of fruits. This study aimed to
evaluate the physicochemical characteristics and content of bioactive compounds of fruits of three
genotypes of acerola (CMF07-60-03, CMF07-OKSE-3 and Okinawa). The skin color of the fruit was
determined by evaluating the coordinate L* (lightness) and the variables C* (color intensity) and
h* (angle of color/hue). The physicochemical and bioactive compounds characterization included
the study of moisture, ash, pH, total sugars, soluble solids, titratable acidity, ratio, vitamin C,
total carotenoids, total extractable polyphenols, and antioxidant activity through ABTS and DPPH
methods. Through ANOVA, no significant difference (p > 0.05) was found among genotypes for
most of the physicochemical characteristics evaluated; however, the principal component analysis
allowed to differentiate them, especially the hybrid CMF07-OKSE-3, which showed higher contents
of moisture, vitamin C, total extractable polyphenols, higher antioxidant activity and ratio, standing
out from the others.

Palavras-chave: Malpighia emarginata Sessé & Moc. ex DC; genotypes; bioactive compounds; vitamin C.

1. Introduction

Acerola (Malpighia emarginata Sessé & Moc. ex DC) is native to the Caribbean islands,
Central America and northern South America.! It was introduced in Pernambuco in 1955, but
it started to be cultivated commercially in Brazil in the mid-1980s, mainly in the Northeast,
especially in the states of Pernambuco, Paraiba, Bahia and Ceard.? Other states such as Pard
and Sdo Paulo also stand out in the production of acerola.

It is important to consider that the sustainability and expansion of the acerola crop depends
on the development of genotypes with superior characteristics by the breeding programs. The
genotypes must have, in addition to good agronomic characteristics, high fruit quality. In general,
acerola breeding programs are guided based on the results of evaluations of the agronomic
characteristics of the plant and of the physicochemical characteristics of the fruits. However,
the contents of bioactive compounds have also been investigated in the fruits of acerola plant
due to the interest of consumers and the pharmaceutical and food industries in nutrients that,
in addition to nourishing, bring health benefits.

Antioxidants are substances capable of inhibiting or delaying the oxidation of substrates,
which can be classified as enzymatic or non-enzymatic.>* Among non-enzymatic antioxidants,
vitamin C, carotenoids and phenolic compounds stand out.>® Antioxidant phytonutrients such as
vitamin C and phenolic compounds are able to fight free radicals involved in cell degenerative
processes, in addition to helping to strengthen the immune system of animals.?

Acerola is known mainly for its high vitamin C content (695 to 4827 mg 100 g'), being
one of the main natural sources of this vitamin.”® In Brazil, the recommended daily intake
(RDI) of vitamin C for adults is 45 mg,” so the daily consumption of three fruits is sufficient
to meet the demands of the body. In addition to vitamin C, acerola has other phytochemicals,
many of which are of physiological importance, such as anthocyanins and carotenoids. Several
studies have investigated the content of carotenoids and polyphenols in acerola because of their
antioxidant properties.®'® Carotenoids are present at concentrations from 0.32 to 40.6 mg 100
g of acerola pulp, with B-carotene standing out with 40 to 60 % of total carotenoids. Among
polyphenols, anthocyanins (3.79 to 59.74 mg 10 g') and flavonols (7.0 to 18.5 mg 100 g') are
the main components.!!
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Considering that the genetic improvement is done by
crossing between plants of the same species aiming to
combine the best characteristics of different individuals
to generate new hybrids, this study aimed to evaluate the
fruits of two new acerola hybrids developed by Embrapa
and a commercial variety in order to verify whether the
hybridization process contributed to generate genotypes
with superior physicochemical characteristics, content of
bioactive compounds and antioxidant capacity.

2. Material and Methods

2.1. Obtaining fruits and pulp

Fruits of two new acerola hybrid plants (CMF07-60-
03 and CMFO07-OKSE-3) and the commercial variety
Okinawa (control) were evaluated. CMF07-OKSE-3 is a
hybrid between Okinawa and Sertaneja varieties from a
controlled cross, and CMF07-60-03 originated through open
pollination of the genotype CMFO060 as the mother plant.

The experiment was installed in an experimental area
of Embrapa Cassava and Fruits in Cruz das Almas, BA,
Brazil (12°40°39” S, 39°06°22” W and 226 m altitude),
using a completely randomized design, at the spacing of
5.0 m between rows and 2.0 m between plants in the rows,
without irrigation. The region’s climate is considered humid
tropical with an annual temperature of 24.5 °C, a relative
humidity of 80 %, and an average annual rainfall of 1,249.7
mm.'? The fruits were harvested 21 days after anthesis, in
the mature stage, characterized by the completely red color
of the skin. The harvests were carried out in three different
seasons (January, April and September) in order to obtain
the average annual value of each evaluated characteristic.
Approximately one kilogram of fruit from each genotype
was harvested, with each harvest representing one
experimental replicate. The physicochemical analyses of
the fruits were carried out on the same day as the harvest.
For the evaluation of bioactive compounds and antioxidant
activity, the pulp was frozen at -18 °C for later use. The
evaluations were carried out in triplicate.

2.2. Physicochemical assessments

The color of the fruits was evaluated using the Minolta®
colorimeter, model CR400 and the CIELAB color scale,
illuminant D65. Two readings were performed on each
fruit, in a total of five fruits of each genotype, for the color
parameters L *, C * and h *, which mean, respectively,
lightness, chroma / intensity of color and angle of color/hue.

The fruit pulps were analyzed for pH, soluble solids
content, in °Brix (SS), titratable acidity, in % malic acid
(TA), moisture ( %) and ash ( %) according to IAL." The
ratio was calculated dividing the SS content by the titratable
acidity. The content of total sugars in % of glucose was

994

determined by spectrophotometry,'* with the acid hydrolysis
stage being carried out according to TIAL."

2.3. Obtaining pulp extracts

To determine the total polyphenol content and
antioxidant activity, acerola extracts were prepared as
previously described,'’ with modifications. The extraction
was done with 50 % methanol for a period of 20 minutes
in an ultrasonic bath, followed by centrifugation at 11,000
rpm for 15 minutes. The residue was subjected to the second
extraction in 70 % acetone, following the same procedure.

2.4. Determination of bioactive compounds

Total extractable polyphenols were determined using
the Folin-Ciocalteau reagent (1: 3) and the standard curve
of gallic acid, according to the method described by
Singleton et al.,'® following the modifications proposed
by Rufino et al."”

The vitamin C content was determined by
spectrophotometry at 520 nm and expressed in mg per 100
g of acerola pulp, according to the procedure described by
Oliveira.'® The total carotenoid content was determined
by spectrophotometry at 520 nm according to Rodriguez-
Amaya and Kimura," the results being expressed in pg
of carotenoids per 1 g of acerola pulp. All analyses were
performed in triplicate.

2.5. Determination of antioxidant activity by ABTS and
DPPH methods

The total antioxidant activity was determined by
scavenging the ABTS* radical, according to the methodology
proposed by Re et al.®® The decrease in absorbance was
measured after 6 minutes of the reaction and the reading was
performed at 734 nm. The results were expressed as pmol
of Trolox per 1 g of fruit, from the standard Trolox curve.

The determination of antioxidant activity was also
measured as a function of DPPH radical scavenging activity
from the method described by Brand-Williams et al.,?' with
modifications proposed by Rufino et al.'” The decrease in
absorbance was measured at 515 nm after 15 minutes of
reaction. The antioxidant activity was expressed as EC,
(amount of antioxidant needed to reduce the initial DPPH
concentration by 50 %).

2.6. Statistical analysis

The data of the physicochemical characteristics were
submitted to the analysis of variance (ANOVA) and means
were compared by the Tukey test at 5 % probability level
using the SISVAR 5.3 program. Principal component
analysis (PCA) was also performed, from the correlation
matrix, and the Pearson’s correlation coefficients (r)
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between bioactive compounds and antioxidant activity were
calculated using the Statistica 7.0 program.

3. Results and Discussion

Among the characteristics evaluated, there was a
significant difference (p < 0.05) for the color parameters
C * and h*, titratable acidity, EC, and total extractable
polyphenols (Table 1). The C* value represents the color
saturation so that the higher the value, the more intense and
purer the color. The h* angle is used as an analytical tool
because it is the attribute by which the color is perceived
as red, yellow, green, or blue.?> The h* values range from 0
(pure red), 90 (pure yellow), 180 (pure green) to 270 (pure
blue). The CMF07-60-07 genotype had the highest C * and
h * values, which means that its fruits have a more intense
orange color than those of the other genotypes.

The fruits of the Okinawa genotype had a lower value of
color angle (h*) than those of the CMF(07-60-07 genotype,
being closer to the value of pure red. Canuto et al.” found
C* values for acerola pulp lower than those obtained in this
study (33.2), indicating less intense color of the evaluated
genotypes.

The CMF070KSE-3 and Okinawa genotypes showed
lower EC, values (Table 1), therefore, greater antioxidant
activities since this relationship is inverse, that is, the lower
the EC, value, the greater the antioxidant activity. The
CMFOKSE-3 genotype stood out for having a higher TEP
content than CMF07-60-07.

The data presented in Table 1 are close to the results
obtained in several studies. Godoy et al.** evaluated fruits from
different acerola genotypes and observed pH values between
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3.29 and 3.60 and ratio between 5.84 and 10.31. Santos et al.”
characterized acerola fruits and obtained pH values between
3.41 and 3.52, acidity between 0.86 % and 0.94 % of malic
acid, soluble solids between 4.7 and 5.3 °Brix and ratio between
5.33 and 5.74. Franga and Narain® evaluated three varieties
of acerola and found an average moisture content of 91.97
to 92.88 %, ash contents between 0.33 and 0.37 % and total
sugars between 4.19 and 4.61 %. Analyses of fruits from the
variety Okinawa harvested in two seasons in Adamantina, SP,
were carried out by NASSER et al.,? who found similar results
to those of this work, with mean values of 3.18 for pH, 7.53
°Brix for soluble solids, 1,802.75 mg/100 g of ascorbic acid
and 1.35 % of citric acid for acidity.

The average values of vitamin C obtained in this study
(Table 1) were higher than those reported by Neto et al.,”
who found levels of vitamin C between 744.5 and 1,434.8
mg 100 g!' when evaluating fruits of 25 acerola clones. The
vitamin C content and other characteristics attributed to the
quality of acerola, such as yield, fruit size, acidity, soluble
solids content, color and pH, are affected by the genotype,
rainfall, temperature, insolation, altitude, fertilization,
irrigation, occurrence of pests and diseases, harvesting
season and the stage of ripeness.!!2628. 2930

In the research conducted by Rufino et al.'” with acerola,
EC,, values equal to 670 £ 64.5 g ¢! of DPPH were found,
which represents greater antioxidant activity compared to
the data of the present study (EC, ranging from 3,276.67 to
7,738.03 g g'' DPPH). The same authors also found greater
antioxidant activity (96.6 = 6.1 umol Trolox g') using the
ABTS* radical scavenging method. In another research
study carried out by SERAGLIO er al.*' with other acerola
genotypes, DPPH values ranging from 963.23 to 1,120.40
mg Trolox g in the dry matter were obtained.

Table 1. Mean values of physical and physicochemical evaluations of the fruits of three acerola genotypes harvested in 2014

Genotypes CMF07-60-07 CMF070KSE-3 OKINAWA Mean p value
L* 37.71 35.52 34.48 35.90 0.53
C* 55.84a 49.08b 43.43b - 0.00
h* 30.08a 26.23ab 21.31b - 0.00
pH 3.19 3.21 3.1 3.16 0.37
Soluble solids (°Brix) 7.95 8.95 7.36 8.08 0.66
Titratable acidity (% malic acid) 1.30b 1.56ab 1.70a - 0.01
Ratio 6.06 5.70 4.30 5.35 0.24
Moisture (%) 91.86 93.86 92.79 92.83 0.79
Ashes (%) 0.38 0.42 0.33 0.37 0.32
Total sugars (% glucose) 4.46 4.97 3.56 433 0.60
Total carotenoids (ug 100 g) 15.88a 4.58a 7.02a 9.16 0.11
Vitamin C (mg 100 g') 1,282.07a 1,929.36a 1,935.21a 1715.54 0.04
EC, (g g' DPPH) 7,738.18a 3,276.67b 3,477.45b - 0.02
TEP (mg gallic acid g') 410.82b 764.22a 673.29ab - 0.03
AA ABTS (uM Trolox g ™) 2.72 5.84 4.09 4.22 0.18

L*: lightness; C*: color intensity; h*: angle of color / hue; EC50: efficient concentration; TEP: total extractable polyphenols; ABTS:
antioxidant activity by scavenging the ABTS+ radical; means followed by equal letters do not differ by the Tukey test at 5 % probability

level; n.s: not significant
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The results of the principal component analysis
(PCA), considering all the characteristics evaluated, are
represented in Figure 1. The first two principal components
(PC) explained 100 % of the data variation (Figure 1A).
Therefore, the diversity of the genotypes can be represented
based on these two PCs. All the characteristics evaluated
showed significant correlations (p < 0.05), with at least one
principal component, so it is important to discriminate the
different acerola genotypes (Figure 2B).

Although the Tukey test did not show any significant
difference between the carotenoid levels of the three
genotypes studied (Table 1), the principal component
analysis (PCA) showed that CMF(07-60-03 genotype,
located in the first quadrant, showed a higher total carotenoid
content and higher values for the parameters L*, C* and
h* (Figures 1A and 1B). The high value of C* indicates
that the color of this genotype is more intense than in the
others and that, in this case, it is directly associated with
the higher content of total carotenoids of this genotype,
which also had a higher EC, (Figure 1B), and therefore,
lower antioxidant activity by the DPPH method than the
other evaluated genotypes. This variety also stood out for
having a higher ratio according to the PCA, which means
that it has the potential to be well accepted sensorially,
as the ratio is a quality index related to the perception of
fruit sweetness by consumers. Silva et al.* also got a high

content of carotenoids in acerola in their research, ranging
from 23.49 to 32.30 mg 100 mL"! in the form of B-carotene.

The Okinawa variety, located in the second quadrant,
had the lowest values for the color parameters L*, C* and
h*, in addition to the lowest ratio, that is, less sweetness
(Figures 1A and 1B).

The CMF07-OKSE-3 hybrid, located in the third
quadrant (Figure 1A), showed higher levels of moisture,
vitamin C, total polyphenols, and greater antioxidant activity
by the ABTS method. However, by univariate analysis
(Table 1), antioxidant activity and moisture and vitamin C
levels did not differ significantly.

There was no significant correlation (p > 0.05) between
the carotenoid content and the other variables evaluated
(Table 2). The fact that there was no significant correlation
between antioxidant activity and carotenoid levels does not
mean that these compounds do not contribute to this activity.
This result may be due to the methods of analysis used or
to mechanisms of synergism and antagonism between such
compounds that are still unknown. In the research carried
out by Santos et al.** and Reis et al.*, there were also no
correlations between carotenoid content and antioxidant
activity in cupuacu and papaya pulps, respectively.

Significant positive correlations were obtained between
vitamin C and TEP content (Table 2), indicating that fruits
with higher levels of vitamin C also had higher levels of TEP.

Figure 1. A- Dispersion of acerola genotypes by principal component analysis. B- Correlations among the physicochemical characteristics and the two
principal components. C*: color intensity; L*: lightness; h*: color angle/hue; TEP: total extractable polyphenols; Moist.: moisture; Vit C: vitamin C; TS:
total sugars; EC50: efficient concentration; Carot.: total carotenoids

Table 2. Pearson’s Correlation Coefficients (r) between bioactive

compounds and antioxidant activity

PPCC (r) Vit C
Carot -0.62
Vit C

EC,,

TEP

-0.57

TEP ABTS
-0.53 -0.52
0.81°%* 0.71
-0.82%* -0.54
0.87%%*

PPCC - Pearson’s Partial Correlation Coefficient, * significant at p < 0.05;
** significant at p < 0.01; TEP- total extractable polyphenols; Vit C: vitamin
C; ECW: efficient concentration; Carot: total carotenoids
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It is also observed that, among the evaluated compounds,
phenolics are the ones that most contributed to the antioxidant
activity of the acerola pulp, a fact that can be observed by the
significant correlations between TEP, EC, and ABTS (Table
2). Rufino et al.'” also found a significant correlation between
vitamin C and TEP (r = 0.70) and between TEP content and
antioxidant activity determined by the ABTS (r = 0.92) and
DPPH (r =-0.72) methods, when evaluating 18 tropical fruits,
including acerola. Almeida et al.®® and Rodrigues et al.*
found significant correlations (p < 0.05) between TEP content
and antioxidant activities by ABTS and DPPH methods when
evaluating exotic and blueberry fruits, respectively. However,
Reis et al.** found significant correlations only between TEP
content and antioxidant activity using the DPPH method in
papaya genotypes. It is worth mentioning that these results
are dependent on the methods of analysis used.

4. Conclusions

Principal components analysis made it possible to
differentiate the genotypes of acerola, with emphasis on the
hybrid CMF07-OKSE-3, which showed greater antioxidant
activity, higher levels of vitamin C and total extractable
polyphenols, in addition to a higher ratio, with the potential
to be well accepted by the consumer market.
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