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ABSTRACT - In this study, chemical changes during the development of acerola, cultivar Okinawa, were evaluated. The biochemical

alterations during the development of the acerola cultivar Okinawa were evaluated, to determine the peroxidase activity (POD) and its

thermal stability. Peroxidase (POD) has been considered the main enzyme responsible for the quality deterioration of fruits. Additionally,

characteristics evaluated in this study can be important postharvest quality criteria for fruit processing, screening and breeding. Changes

in physiological development were evaluated by the determination of moisture content, ascorbic acid, ashes, total and reducing sugars,

pectin, chlorophyll a and b, amounts of anthocyanins, fl avonols and total carotenoids. These biochemical determinations may serve as

a basis for further improvement of techniques for predicting and modeling the optimal harvesting time.  The values of chlorophylls,

anthocyanins, fl avonols, and carotenoids were higher in the peel rather than in the pulp (p < 0.05). Acerola presents high levels of

ascorbic acid. The development of acerola (from opening of fl owers to maturation of fruits) was of 25 days. The increase of the values

for total and reducing sugars, anthocyanins, carotenoids, the solubilization of pectic acid and degradation of chlorophyll suggested that

physiological maturation and harvest day occurred on days 19 and 23 after anthesis, respectively. The specifi c activity of POD was

higher in the green stage. Maximum POD activity was observed at pH 6.5 and 45 ºC. Total inactivation was not achieved, suggesting

the presence of isoenzymes with high thermal resistance. A loss of 50% of activity occurred after 4 minutes of treatment at 80 °C.
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INTRODUCTION

Acerola, or Cherry Antilles, (Malpighia
emarginata DC) is a fruit that originated in the Antilles,
North, South and Central America. The plant was
introduced in Brazil in the 50s, and is well-adapted to the
climate and soil  ( L E FFA et al., 2015) these pathological
conditions are associated with elevated markers of
oxidative stress. Acerola fruit contains high levels
of vitamin C and rutin and exhibits corresponding
antioxidant properties. In this study, we investigated
the antioxidant effects of acerola juice in different
stages of maturity (unripe, ripe, and industrial. The
demanding market has pushed the discovery of new
cultivar of acerola with enhanced resistance to diseases,
pests, and mechanical damage, as well as with enhanced
color, size, and improved chemical composition.

The economic potential of this fruit is based on its
high ascorbic acid content, which can vary from 342.47 to
2,649.72 mg 100 g-1 (MARANHÃO RIBEIRO et al., 2018)
and the presence of several other bioactive compounds
including amino acids (AA), β-carotenoids (CA),
phenolic compounds (PC) and minerals (XU et al., 2020). The
levels of sugar, acids, anthocyanins, total phenolics,
ascorbic acid, and antioxidant activity of a species is
strongly affected by cultivar, season and fruit maturation
at harvest  ( B R AVO et al., 2015). For instance, vitamin C
content and composition of phenolic compounds also
depend upon the maturation stage (XU et al., 2020).
The maturation stages are characterized by color and
quality changes. Sugars and acids have an influence
on the flavor and aroma of fruits. Sugars, especially
sucrose, glucose, and fructose, are responsible for fruit
sweetness, while organic acids, particularly citrate and
malate, determine fruit acidity (LI et al., 2020).

Several physical, chemical and biochemical changes
take place during fruit development. Their knowledge is
important for post-harvest technology and for industrial
processing procedures of plant products. One factor that
infl uences the quality of the fruit is the harvesting time.
The ideal harvest point depends on the destination for fresh
consumption or agro-industrialization. So it is fundamental
to determine the maturity index which includes physical
or chemical measures that undergo noticeable changes
during maturation to ensure the production of fruit with
quality characteristics and appropriate behavior during
storage (SILVA et al., 2016).

These indicators are used to determine the
optimal harvesting time to obtain improved features
for fresh consumption. Fruit ripening is a highly
coordinated, genetically programmed, and irreversible
phenomenon involving physiological, biochemical, and
organoleptic changes that lead to the development of a

soft edible ripe fruit with desirable quality attributes
(EL-SHARKAWY et al., 2016).

Peroxidases (EC.1.11.1, POD) are implicated
in  several  vital  processes  as  part  of  cell  wall
metabolism, lignification, reactive oxygen species
(ROS) metabolism, fruit growth and maturation.
The peroxidase activity (POD) can vary with stage
of maturity of the fruit. It can also generate a major
problem during harvesting, transport, storage and
processing of fruits by causing change in color, taste
and loss of nutritional value, making them unacceptable
for consumption  ( S I NGH et al., 2018).

Few studies have assessed biochemical changes
in acerola through the evaluation of fruit development
from flowering to ripening  ( A W AD et al., 2017;
OLIVEIRA et al., 2012). Given the significant levels of
nutritional and economic interest in the acerola fruit, the
objective of this study was to evaluate the biochemical
changes during the development of acerola, Okinawa
cultivar, to determine the peroxidase activity and
thermal stability at three stages of maturation of this
fruit, in addition to determining the optimum pH and
temperature for this enzyme.

MATERIALS AND METHODS

Plant material

Acerola (Malphigia emarginata DC, Okinawa
cultivar) fruit was obtained from the Morimtzu farm
in Alhandra, Paraíba, Brazil, coordinates:  7° 26’ 22”
South and 34 °54’ 49” West. Acerola was harvested
from one hundred and fifty trees aged 14. The place
has tropical rainy weather with dry summers. The mean
precipitation is 1,600 mm and temperatures vary from
18 ºC to 30  ºC. The planting area has the following
characteristics: The soil is sandy, located in the West
position, in an area 100 hectares. The orchards of
acerola were irrigated by sprinkling. The seedling was
done by grafting, using as a rootstock to cultivar ‘Flor
branca”. The production of the acerola seedling of the
Okinawa Cultivar was by the grafting method.

Sampling

Freshly opened flowers were tagged and, after fruit
development, approximately seven days after the anthesis,
and in the period of 2 and 4 days, batches of 300 g of fruit
were harvested with the objective of evaluating fruit quality
during development (fi g 1). Fruit was crushed separately in
a food processor (Philips Walita, Mega Master Pro RI 3173)
according to their different maturation stages and
stored at -18 ºC prior to chemical analyses.
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Biochemical Analysis

Moisture, protein and ash content were analyzed
according to the Association of Offi  cial Analytical
Chemists (2012 ) .   The content of total and reducing sugars
were determined by the colorimetric method Nelson
(1960) .   P ectin was measured according to the method
described by Rangana (1977) .   A scorbic acid levels/
concentrations were analyzed according to the Association
of Offi  cial Analytical Chemists (2012 ) . The ascorbic
acid content was quantifi ed using 2,6-dichlorophenol
indophenol (DCPIP) with modifi cation using oxalic acid
solution as solvent, replacing metaphosphoric acid.

The analysis of carotenoids, chlorophyll,
anthocyanins and fl avonols were performed on the same
day of harvest to avoid analytical errors. They were
performed in the acerola peel and pulp. The peel was
removed manually with the aid of a stainless steel knife,
while to obtain the pulp, a Walita food processor was used.

For the extraction of chlorophyll and carotenoids
from the peel and pulp, 1 g of peel/pulp was weighed
and macerated with the aid of a mortar and a pestle in 7.0
mL of 80% (v/v) acetone, in a dark room. The extract was
fi ltered on qualitative fi lter paper (J prolab), with a porosity
of 14 L.s-1 m-2 and a diameter of 11.5 cm, to volumetric
fl asks protected against light, involved with aluminum foil.
The fi lter was washed twice with 7.0 mL of 80% acetone
and the volume made up to 25 mL. The upper extract was
transferred to a 25 mL volumetric flask, completing the
volume with acetone.

Carotenoid and chlorophyll contents were
determined according to the proposed equation by
Lichtenthaler and Buschmann (2001)   a n d the method
reported by Rodrigues-Amaya (1999)   ( E quations 1, 2 and 3).

( )[ ] 198/02.8582.14701000)( 1 CbCaAenoidsTotalcarot ´--´-  (1)

( ) 64679.266325.12' 1 AAalChlorophyl ´-´-              (2)

( ) 66310.56465.21' 1 AAblChlorophyl ´-´-                 (3)

*A470 = carotenoid concentration at 470 nm; Ca = chlorophyll
a concentration; Cb = chlorophyll b concentration b; A663 =
chlorophyll a concentration at 663 nm; A646 = chlorophyll b
concentration at 646.

For the extraction of anthocyanins and
flavonoids, 1.0 g of peel and pulp were weighed and
then stored with 3.0 mL of the extracting solution 95%
(v/v) of ethanol - HCl (1.5 N) in the proportion 85:15
for 12 h at 4 °C. The peel was macerated with the aid of
a mortar and a pestle in 7.0 mL of the extraction solution,
in a dark room. The extract was fi ltered on qualitative
fi lter paper (J prolab), with a porosity of 14 L.s-1-m-2 and a
diameter of 11.5 cm, to volumetric fl asks protected against
light, involved with aluminum foil. Then, the volume
was made up to 25 mL and it was left for two hours.  All
physicochemical and chemical analyzes were performed
in three replicates.

Total contents of anthocyanin and fl avonols were
determined in the fruit’s peel and pulp according to
the equation proposed by Murray and Hackett (1991)
an d   m ethodology reported by Lees and Francis (1972)
(E q u a tions 4 and 5).

( ) 65324.05321 AAnsAnthocyani --                                                            (4)

( ) 65324.03741 AAFlavonols --                                                                              (5)

A532 = anthocyanin concentration at 532 nm. A374 =
Flavonols concentration at 374 nm.

2.4 Preparation of samples and enzyme extraction.

Biochemical evaluation was carried out in three
stages of maturation with the following characteristics:
1 - Totally green fruit (17 DAA) – turgid and fi rm, with
smooth and shiny surface; 2 – Green-orange fruit (21 DAA) –
with 50% green and 50% orange color, turgid, slightly
firm, with smooth and shiny surface and 3 - Red fruit
(25 DAA) - slightly turgid, with a complete loss of
firmness, liquid pulp, and smooth and shiny surface
(Figure 2). Fruit was manually harvested, and 500 g
of fruit of uniform size and without apparent defects
(spots, diseases and damage) were selected for each of
the stages of maturity.

Enzyme extraction was performed using the
methods proposed by Khan and Robinson (1994). Fru i t
 was washed in distilled water, dried separately at room
temperature and then macerated using a mortar and
a pestle in the presence of 0.2 M sodium phosphate
buffer with a pH of 8.0, containing EDTA, CaCl2 and

Figure  1 -  Acerola  (Malpighia emarginata DC) development
scale of cultivar Okinawa

 7 DAA     11 DAA      13 DAA      15 DAA      17 DAA

DAA: days after anthesis
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PEG 10,000 at fi nal concentrations of 0.01 M, 0.2 M and 2%
(w/v), respectively. Throughout this experimental stage,
plant material was retained in an ice bath at 4 °C. Extracts
were centrifuged at 5,000 rpm for 10 min at 4 °C, and the
supernatant was kept at -20 °C until analysed.

Quantifi cation of soluble proteins

Soluble proteins were quantifi ed according to the
method described by Lowry et al. (1951). The  s a m ples
were incubated at room temperature for 10 minutes in
the presence of a cupro-alkaline reagent. Then, 25 μL
samples were added to a dilute solution of water plus
Folin Phenol reagent for 30 minutes. The absorbance
was read at 660 nm. The protein concentration was
determined using a standard curve for bovine serum
albumin at concentrations ranging from 5 to 200 μg mL-1.

Determination of L-acorbic acid and Peroxidase
activity (POD)

The determination of ascorbic acid was
quantified according to the methodology proposed
by the Association of Official Analytical Chemists
(2012). In  p reliminary analyzes, it was verified
that the peroxidase did not show enzymatic activity
through the adopted methodology, which measures
the increase in absorbance of the reactive mixture
constituted of guaiacol and hydrogen peroxide in
a 0.05M phosphate-citrate buffer pH 6.0. Then,
the L-ascorbic acid elimination methodology was
adopted, concentrating the enzymatic extract through
lyophilization (Lyophilizer brand Terroni LS3000)
followed by dialysis against distilled H2O for 24 hours
with two changes and, then, two more changes using 0.05M
phosphate buffer pH 6 .0 for another 24 hours. The
pilot test was carried out using acerola in the mature,
fresh and green stages to verify the efficiency of the
procedure.

POD assays were performed as described by Khan
and Robinson (1994). Enzy m e   activity was measured in a

Figure 2 - Fruit of the acerola tree in three stages of maturation

        11DAA                  17 DAA                   25DAA

reaction system containing H2O2 and guaiacol as a substrate.
The reaction mixture consisted of 1.5 mL of 1% (v/v) guaiacol
and 0.4 mL of 3% (v/v) H2O2 in a 0.05 M phosphate-citrate
buff er at pH 6.0 and incubated at 25°C. Next, 0.2 mL of
enzyme extract was added, and readings at 470 nm, which
were monitored for 1 minute of reaction at 25 °C.

Determination of optimal temperature and pH

The infl uence of temperature and pH on peroxidase
activity was determined for the temperature range from 40
to 70 °C at intervals of 5 °C and for the pH range from 4.0
to 7.0, with intervals of 0.5 pH units. Temperatures were
controlled using a circulating water bath.

Thermal stability and inactivation

Enzyme extract samples in test tubes (selected to be
equal in weight, volume and size) were incubated in a
water bath at temperatures of 30, 50 and 70 °C for 0, 12
and 24 hours. After thermal treatment, samples were
cooled in an ice bath for at least 30 minutes, and the
residual activity was measured.

The residual activity of the POD enzyme extract
was determined after the following incubation times
and temperatures: 70, 80 and 90 °C for 0, 2 and 4
minutes, according to the methodology described for
the thermal stability determination.

Recovery of enzyme activity

After enzyme extracts remained at room
temperature for 24 hours, the thermal inactivation activity
of the samples was reassessed to determine the extent of
recovery of activity.

Statistical analysis

The results of the characterization of the
biochemical composition were submitted to regression
analysis. They were made using the F test to determine
their significance at 5% probability. The models were
evaluated in terms of F-ratio  and  R2 coefficient. All
statistical analyses were performed in the R environment
using the 2.13.0 version of the free software available
at http://cran.r-project.org/.

To determine the optimum temperature and pH,
a rotational central composite design (RCCD) was
carried out, 22 composed by 4 factorial points (levels ± 1),
3 central points (level 0), and 4 axial points (levels ± ɑ),
totalling 11 tests. The thermal stability and thermal
inactivation were designed a 22 full factorial design,
with a central point (Table 2 and 3). Data were analyzed
by ANOVA (p < 0.05) and, when there were significant
differences between the treatments, response surfaces
were generated to find the optimal region of pH and
temperature.
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RESULTS AND DISCUSSION

Biochemical Analysis

Ascorbic acid content decreased during fruit
development (Figure 3A). The regression analysis on the
ascorbic acid data showed a quadratic representation. The
F cal. was larger than the F tab. revealing that the model
fi ts well with the experimental data. This behavior was
in agreement with those determined by   X u et al. (2020)
in acerola during development. This decrease is due to
ascorbic acid oxidation to dehydroascorbic acid through
the action of ascorbate oxidase.

The total and reducing sugar levels increased
during fruit development, presenting a cubic curve while
the total sugar showed a quadratic equation with R2 0.88
and 0.86, respectively (Figure 3B). The F cal > Ftab
showed value of p ≤ 0.05, indicating that the proposed
model was signifi cant.  L i et al. (2020) sugars and organic
acids determine fruit organoleptic quality and drastically
change during fruit maturation. This study examined
enzymes involved in the metabolism of sugars and organic
acids during the three maturation phases (green, pink
and blueattributed this increased sugar content during
development to the increased levels of fructose, glucose,
and sucrose during maturation stages and probably due to
the degradation of the starch during the ripening process.

The moisture content increased during the
development of acerola (Figure 3C). Moisture content
presented a cubic behavior. The R2 was 0.84 with a value
of p ≤ 0.05. The F test indicated that the model was

Variables +α Level (1) Level (0) Level (-1) -α
Temperature (°C) 70 65 55 45 40
pH 7.0 6.5 5.5 4.5 4.0

Table 1 - Values used in the Central Composite Rotational Design (CCRD) to determine the optimum temperature and pH

Variables Level (1) Level (0) Level (-1)
Temperature (° C) 70 50 30
Time (H) 24 12 0

Table 2 - Values used in full factorial design for thermal stability

Variables Level (1) Level (0) Level (-1)
Temperature (° C) 90 80 70
Time (min) 4 2 0

Table 3 - Values used in full factorial design for thermal inactivation

signifi cant. Patil and Shanmugasundaram  ( 2 0 15) explain
that this gain is due to the increase of the sugar content in
the pulp as a result of the hydrolysis of the starch to sugar.

The ash result presented a cubic comparison, with
an explained variation (R2) of 0.89. The ash contents
declined during fruit development and reached values
of 0.24% on day 25 after anthesis (Figure 3D). The F cal.
was larger than the F tab. revealing that the model fi ts well
with the experimental data.

Protein content decreased up to day 15 after
anthesis and increased and decreased up to day 25 after
anthesis (Figure 3E). The decreased protein content during
fruit development was probably the result of the relative
increase in fruit volume and increased transcription
processes linked to the synthesis of new enzymes involved
in the maturation process (LI et al., 2020). The protein
content showed a cubic curve behavior. The value of
explained variance (R2) was 0.76 and F cal. was higher
than the F tab., indicating that the proposed model was
signifi cant. Amino acids are well-known precursors of
volatile compounds formed during maturation. Although
this decreased protein content would not have a nutritional
impact, it might aff ect sensorial fruit characteristics due
to the formation of volatiles with an impact in the aroma.
The concentration increased between day 11 and 21, after
anthesis and declined afterward (Figure 3E).

A signifi cant increase in anthocyanins content
was observed 25 days after anthesis in both peel and
pulp (62.72 and 5.16 µg g-1) (Figures 3F and 3G). A
polynomial fi t was not possible using the anthocyanins
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data from acerola peel and pulp because the data behaved
exponentially. The content of anthocyanins in the pulp
was lower to that found by Oliveira et al.( 2 0 12) when
studying the development of the acerola clone BRS 235
(0.45 to 6.49 mg 100g-1 of total anthocyanins).

The fl avonols content decreased until day 17
and then increased along with the rise of anthocyanins
(Figures 3F e 3G). The regression analysis in the fl avonols
data showed a cubic representation. The F cal. was
higher than the F tab. This indicates that the proposed
model is signifi cant. Gordilho et al.  ( 2 0 15) explain that
individual fl avonoids cause more intense and stable color
of anthocyanins than the pigments alone. The synthesis of
fl avonols occurs before the synthesis of anthocyanins. A
signifi cantly higher content of fl avonols in the peel was
found 25 days after anthesis (25.92 to 2.85 µg g-1).

The levels of carotenoids and clorophyll decreased
during development, but at the end of maturation there
was an accumulation of carotenoids (Figure 3H, 3I). The
carotenoid data in peel and pulp showed cubic behaviors,
with an explained variation of R2 of 0.84 and 0.90,
respectively. The F cal. values were higher than the F

tab., therefore it can be concluded that the models fi t well
to the experimental data.  S o l ovchenko, Avertcheva and
Merzlyak (2006) explain that analysis of this relationship
revealed a strong dependence between fractions of carotenoids
accumulated and those of chlorophylls degraded during
ripening, regardless of harvest date and pigment content of the
fruit. The high carotenoids content in the early development of
acerola in the peel and pulp (19.79 to 14.2 µg g-1) is probably
due to high content of lutein.

It is observed in Figure 3I that there was a correlation
between the average values of chlorophylls a and peel,
which decreased as the fruit development progressed. The
chlorophylls a and b data in peel and pulp showed cubic
behaviors, with an explained variation of R2 of 0.82 to 0.97.
The degradation of chlorophylls involves the interaction
of two enzymes, “pheophorbide a oxygenase” (PaO) and
“red chlorophyll catabolite reductase (RCCR); PaO seems
to be a key enzyme in the catabolism of chlorophylls,
and its activity is only detected during plant senescence
 ( H Ö RTENSTEINER, 2013). The fi ndings obtained in this
work give grounds to believe that the chlorophylls content
could serve as an internal marker of the fruit’s physiological
state, indicative of the rate of ripening.

Figure 3 - Regression model for : Ascorbic acid expressed in mg 100g-1 (A). Reducing sugar and total sugar expressed percentage (B).
Moisture expressed percentage (C). Ash expressed percentage (D). Protein and calcium pectate expressed percentage (E). Anthocyanin
and Flavonols in the peel expressed in μg g-1 (F). Anthocyanin and fl avonols in the pulp expressed in μg g-1 (G). Total Carotenoids in the
peel and pulp expressed in μg g-1 (H). Chlorophyll a and b in the peel and pulp expressed in μg g-1 (I)

(A) (B)

(D)(C)
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Continuation Figue 3

(G) (H)

(F)(E)

(I)

Table 4 - Regression equations (for the coded variables) and statistical parameters of the models for the chemical properties of acerola

Equations R2

7.30093.57056.14 2 -+-= xxidAscorbicac

75.024.0003.0 2 ++-= xxstotalsugar 0.88

15.013.00001.00001.0Re 23 +++= xxxrsducingsuga 0.86

01.7635.214.0002.0 23 ++-= xxxMoisture 0.84

11.013.0009.00001.0 23 ++-= xxxAsh 0.89

04.463.0042.00008.0Pr 23 +---= xxxotein 0.76

Anthocyanins peel = y~1.40e 0.7*exp (7.96e *01X)
Anthocyanins pulp = y~6.83e 0.8*exp (7.25e *01X)

73.965.343.0001.0 23 ++--= xxxeelFlavonolsp 0.91

22.472.009.0002.0 23 ++-= xxxulpFlavonolsp 0.93
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3.2 Determination of L-acorbic acid and Peroxidase
activity

Table 5 presents the results of the pilot test regarding
the elimination of L-ascorbic acid and the determination of
the enzymatic activity (U) of POD verifi ed in three stages
of acerola maturation. It was found that the L-ascorbic
acid content was signifi cantly higher (p < 0.05) during the
green stage, followed by the mature stage, as well as in the
crude extract and after 24 hours. After dialysis, the highest
residual content was during the mature stage. Enzymatic
activity (U) of POD was only measured after dialysis
and a signifi cant decrease in L-ascorbic acid, due to its
interference in the expression of the enzyme.

The enzyme activity in acerola was evaluated
during three stages of ripeness as described earlier.
Enzyme activity in the green stage was signifi cantly
higher (p < 0.05) than in the other stages (Table 6). Awad
et al.  ( 2 0 17) explain that the increased POD activity in the
early stages of fruit development can be explained by its
metabolic function of protecting plant against pathogens.
The maturation stage with the highest protein value was
stage two (Orange Green), with a value of 8.5 mg per cm3.

The specifi c activity of peroxidase was higher in the green
stage, with 24.6 U mg-1 of protein, and this diff erence
between stages was signifi cant (p < 0.05).

Determination of optimal temperature and pH

Figure 4 shows that peroxidase from acerola had
a maximum activity level in phosphate buff er with a
pH of 6.5 and at a temperature of 45 °C. These fi ndings
are similar to those obtained by Amiour and Hambaba
 ( 2 0 16), who reported that peroxidase from Ghars showed
maximum activity in phosphate buff er with pH of 6.2.
While the optimum temperature was close to that found
by Gong et al.  ( 2 0 15), 50 oC in chestnuts.

Thermal stability

Figure 5 shows that the maximum peroxidase activity
of acerola occurred at a high temperature (T = 70 °C) and
minimum time (< 1 hour) and a severe loss in time

of 24 hours. The peroxidase activity was stable when
subjected to 30 °C at all treatment times up to 24 hours and
still had values close to 50 °C at the time-point of 12 hours.
This stability behavior is close to thermostability of Ficus
carica latex peroxidase which was stable from 30 °C up
to 50 °C ( E L S AYED et al., 2018).

Thermal inactivation

Figure 6 shows that the peroxidase activity of
acerola decreased with the time of exposure to the thermal
treatment and with increasing temperature. At 70 °C
and 4 minutes, there was a loss of peroxidase activity of
approximately 20%. Peroxidase activity of acerola was
even lower at 80 °C for 2 minutes compared with 70 ºC
for 4 minutes, respectively. A residual POD activity of 50%
was achieved at 80 °C for 4 minutes. There was a huge
loss of activity at higher temperatures (T = 90 °C) and at
the maximum time (4 minutes). Tao et al. (2 0 1 8 ) studied
peroxidase activity in jackfruit, and found that enzyme
activity decreased with the time of exposure to the thermal
treatment and with increasing temperature. The highest
level of enzymatic inactivation was at a temperature of 90 °C.
The authors, however, observed that the heat treatments
used were not suffi  cient for the complete inactivation of
the enzyme. This complex behavior may be related to the
presence of isoenzymes with diff erent heat stability or the
protection of protein and sugar in the crude extract.

Recovery of enzyme activity

As seen in Figure 7, the concentrated enzymatic
extracts showed some degree of regeneration in the
thermal inactivation study. At 90 °C, there was an increase
in, or a recovery of, enzyme activity in all samples.
At 80 °C, there was a decrease of peroxidase activity,
showing a slight recovery of the treatments in the shortest
time and losses at the times of 3 to 4 minutes. At 70 °C,
there was no recovery of the treated POD activity at
any of the treatment times. Siguemoto et al. (20 1 8 )  also
reported over-activation of POD from apple juice after
microwave heating and conventional heating. The authors

Continuation Table 4
21.044.7672.0001.0 23 ++-= xxxspeelCarotenoid 0.84

.1193.345.0001.0 23 ++--= xxxspulpCarotenoid 0.90

05.6072.348.0009.0 23 ++--= xxxlapeelChlorophyl 0.92

58.365.759.0012.0 23 ++--= xxxlbpeelChlorophyl 0.82

52.8297.125.0008.0 23 +---= xxxlapulpChlorophyl 0.97

66.3140.1002.00001.0 23 +---= xxxlbpulpChlorophyl 0.85
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Table 5 - Determination of L-acorbic acid and POD enzyme activity (U)

Means followed by diff erent lower case letters in the line for the L-ascorbic acid content diff er signifi cantly between steps, by the Analysis of Variance
with a 95% confi dence interval. Means followed by diff erent capital letters in the column diff er signifi cantly for L-ascorbic acid content and enzyme
activity between maturation stages when applied to Analysis of Variance with a 95% confi dence interval

L-ascorbic acid content (mg.100-1.g-1)
Crude Extract After 24 hours After Dialysis

Full red 1691.96 ± 39.43 a,C 676.64  ± 45.47 b,C 5.22  ± 17.17 c,C
orange-green 2464.26 ± 140.05 a,B 1071.05  ± 103.81 b,B 23.39  ± 36.24 c,A
Green 3231.11 ± 82.53 a,A 1436.98 b,A ± 88.45 5.72  ± 14.0 c,B

Enzymatic Activity (U)
Crude Extract After24 hours After Dialysis

Full red 0.0 0.0 36.0 ± 1.65 C
orange-green 0.0 0.0 40.6 ± 2.27 B
Green 0.0 0.0 167.4 ± 9,73 A

Table 6 - Peroxidase activity and protein content of mature-green, half-ripe and fully ripe “Okinawa” acerola

Stage of maturation POD activity (U per cm3) Protein content (mg per cm3) Specifi c activity (U per mg Protein)
1 (green) 167.4 ± 9.7 a 6.8 ± 1.1 a 24.6 ± 2.1 a
2 (orange-green) 87.7 ± 5.3 b 8.5 ± 0.4 b 10.4 ± 1.1 b
3 (full red) 86.9 ± 3.3 c 7.4 ± 0.8 ab 9.4 ± 1.0 c

Means in the same column that are followed by diff erent letters diff er signifi cantly (p ≤ 0.05) from each other

demonstrated that regeneration may be explained by a
conformational change from a reversible denatured form

to native form, due to refolding capacity and consequent
approximation of heme group with tryptophan.

Figure 4 - Surface response and Contour curves of the infl uence of temperature and pH on the activity of POD in enzymatic extracts
of green stage Okinawa acerola
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Figure 7 - Graph of recovery of residual activity of POD in enzymatic extracts of green stage Okinawa clone acerola concentrates subjected
to heat treatment at various temperatures (70 °C, 80 °C and 90 °C) and times (0, 2 and 4 minutes) after twenty-four hours at room temperature

Figure 5 - Surface response and contour curves of residual activity of POD in enzymatic extracts of green stage Okinawa acerola
concentrates after heat treatment at various temperatures (30 °C, 50 °C and 70 °C) and times (0, 12 and 24 hours)

Figure 6 - Surface response and contour curves of residual activity of POD in enzymatic extracts of green stage Okinawa acerola
concentrates after heat treatment at various temperatures (70 °C, 80 °C and 90 °C) and times (0, 2 and 4 minutes)
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CONCLUSIONS

Acerola Okinawa fruit development time was 25
days from fl owering to ripening. The results of total
and reducing sugars, soluble pectic acid contents, the
declining chlorophylls and increasing anthocyanins
levels allowed inferring that the beginning of the ripening
process occurred on the 19 th day after anthesis. The
harvest index in acerola Okinawa cultivar was determined
as being the 23 rd day after anthesis, based on the low
chlorophyll content and signifi cantly increased contents
of carotenoids, fl avonols and anthocyanins. These
biochemical determinations may serve as a basis for further
improvement of techniques for predicting and modeling
acerola fruit ripening. The specifi c peroxidase activity of
the “Okinawa” acerola was higher in the green stage. The
complete inactivation of POD was not achieved, showing
that it has greater resistance to heat and is, therefore, used
as an indicator of the thermal process. At a temperature
of 90 °C there was recovery, suggesting the presence of
isoenzymes that provide thermal stability. Additionally,
biochemical changes evaluated in this study can be
important postharvest quality criteria for the processing,
screening and breeding. Future investigations are required
for more precise estimation of the relationships between
pigment dynamics, timing, and other characteristics of
acerola fruit ripening. The cultivation and consumption
of acerola should be encouraged, since this fruit presents
signifi cant levels of ascorbic acid during ripening and,
therefore, is a relevant source of antioxidant compounds.
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