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Abstract Marolo (Annona crassiflora Mart.) is one of Brazilian Savannah fruits of economic interest, because of
its wide use, nutritional and functional components to be better exploited. The quality parameters and antioxidant
activity of marolo fruit stored at different temperatures (0°C, 6°C, 12°C and 20 + 1°C) were subjected to physical
and chemical analyses (0, 7, 14, 21 and 28 days) at 2 exposition factors for the observation of a possible occurrence
of chilling injury. The loss of fruit mass is directly proportional to its storage time. The respiratory activity increases
at higher temperatures, and decreases along the storage time. Marolo can be classified as a fruit with high ethylene
production. There was a significant increase in soluble solids (SS), followed by a sharp decline from the 7" day on.
SS increased at higher at temperatures as well as in ripened fruit (compared to those analysed immediately after
removal from cold). The content of sugar, pectin and the total antioxidant activity (AA) do not vary significantly due
to storage time. Higher storage temperatures determine higher concentrations of sugars. The Pectin, acid ascorbic,
total phenolics and AA observed suggest the nutritional and functional potential of this fruit. Recommended
binomial time-temperature storage was 12°C for 21 days. There is no explicit indication of chilling in fruits stored
under the conditions studied.
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1. Introduction

The Marolo or Araticum (Annona crassiflora Mart.),
showing a peculiar identity, differentiates from the rest of
the fruits because it belongs to the nourishment and the
culture of the Brazilian Savanah populations. It is present
in areas many times affected by monoculture, being
endemic of the Brazilian Savanah, a biome with restricted
distribution in areas quite affected by human activities [1].
It has a vast culinary usage and natural consume, besides
having nutritive and functional value that could be even
more exploited.

Regarding its chemical composition, besides of showing
significant levels of lipids, calories, fibres [2], high levels
of phosphorus and magnesium [3] and prebiotic
oligosaccharides [4], there are carotenoids [5,6] phenolic
compounds [7], high levels of linolenic acid [8]. This

demonstrates the food potential of this fruit [9] due to the
compounds that contribute to its nutritive and functional value.

The cold storage, considered to be an efficient strategy
to increase the fruits useful life, minimize the postharvest
losses, by reducing the respiratory rate, delaying the
maturation process and decreasing the incidence rate of
ilinesses [10]. The fruits from tropical and subtropical
origin are generally sensitive to physiological disturbs
when exposed to temperatures colder than the range 7°C
to 13°C [11]. This phenomenon provokes qualitative and
quantitative losses that can occur during the storage period
or after its exposition to the environmental temperature in
the commercialization process.

Anonnaceae fruits are very perishable and have a short
postharvest conservation period [12]. The cold storage
needs to be used for the conservation of Marolo, however,
the alterations that this type of conservation and
postharvest management technologies of Anonacea family
as a whole are still limited [13].
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It is necessary to guarantee that these fruits reach the
consumer in different commercialization places with their
nutritional and quality characteristics preserved. Therefore,
the fruits must be transported and stored in a way to
minimize quantitative and qualitative losses in this process.
This study was carried out with the aim of evaluating how
marolo fruits behave during cold storage, evaluating
different storage conditions, and verifying how the
alterations to its composition can influence its stability
and quality parameters in its commercialization.

2. Material and Methods

Mature fruits were acquired at CEASA (Supply Centre,
Uberlandia, Brazil), originally from Goiania, GO, Brazil,
and transported to Federal University of Lavras (MG,
Brazil). They were selected in relation to a uniform size
(average 1.5 kg), to the colour of the rind (yellowish green
and values of L* 43.5. a* 4.6 and b* 12.21), to a distance
between the carpels of about 2 mm and to firmness
(about 15 N). The fruits were washed, sanitized (sodium
hypochlorite/200 mg.LY pH 7.0/15 min), put on
polyethylene trays with lids (14 cm of diameter) and
stocked in cold chambers at a 0°C, 6°C, 12°C and 20°C +
1°C (RU= 90+ 5 %).

The first experiment was conducted in split-plot design
with an additional treatment (4x5), 3 replications,
4 temperatures (0, 6. 12 and 20 £+ 1°C) and 5 storage times
(0,7. 14. 21. 28 days). The fruits were submitted to mass
loss, respiratory rate and ethylene production. Fruits were
weighted, placed in sealed glass desiccator with septum
for collecting gas, and transported to the respective
storage chamber. The mass loss was obtained by
weighting the fruit along the storage period. The fruits
were maintained, by approximately 1 hour, inside their
respective chambers. Next, the respiratory rate and the
ethylene production; were determined. The respiratory
rate was quantified with a gas analyser O,/CO, PBI
Dansensor® (mL CO,.kg™.h?). For the ethylene
determination, aliquots of gas were extracted from the
glass recipients into vacuum tubes (10 mL). From these,
samples of 1 puL were injected in a gas chromatographer
(Varian Chrompack® CP-3800), equipped with a flame
ionization detector. The conditions of the ionization detector
are: column Porapak Q; injector temperature 250°C;
detector temperature 280°C. The initial temperature of
90°C increased after 4 minutes and 30 seconds, at the rate
of 100°C, each minute, up to 220°C. Nitrogen was used to
clean and as arrest gas, with flux and pressure column of
20 mL min™e 0.1 psi, respectively. The results were
expressed in puL of ethylene. g™ h™.

The second experiment was conducted in triple factorial
design, with an additional treatment (4x4x2+1), with 3
replications at the 0°C, 6°C, 12°C and 20°C + 1°C. The
day O (additional treatment); four storage times (7, 14, 21,
28 days) and two exposition factors. These factors were as
follows: immediately after removing the fruits from the
cold storage; and ripened at room temperature (20°C *
1°C), after being removed from the cold storage, for the
observation of possible occurrence of chilling injury.

In this experiment the fruits were submitted to
following analyses: colour, soluble solids (SS), Tritatable

acidity (TA), pH, firmness, pectin methylesterase activity
(PME), total sugars, total and soluble pectin, ascorbic acid,
total phenolics and antioxidant activity for the reduction of
DPPH radical.

The evaluation of the colour was done in a Minolta®
CR 400 colorimeter (CIE L*, a* e b*) performing 9
readings on different spots of the rind and pulp with 3
repetitions (1 fruit/repetition). The Hue angle and
chromaticiticy were calculated according to McGuire [14].

The following contents were determined as follows:
soluble solids (SS) by refratometry (°Brix); pH by
potenciometry [15] and tritatable acidity using a NaOH
0,01N solution (% malic acid) [16].

The analysis of firmness was determined individually in
the whole fruit including the rind, in the equatorial region,
with the Penetrometer Magness-Taylor, with a 5/6 inches
probe and the results were expressed in Newtons (N). The
extraction of the enzyme pectin methylesterase (PME)
was performed according to the technique of Buecher
and Furmansky [17], with modifications [18]. The
determination of the PME activity followed the Hultin,
Sun and Bulger techniques [19], with modifications [18].
A unit of PME was defined as a quantity of enzyme able
to catalyse the pectin demethylation corresponding to a
consumption of 1 nmol of NaOH per gram of fresh pulp
per minute. The total sugars were assessed by the Antrona
method [20]. The soluble and total pectin were extracted
according to the McCready and McComb technique [21],
having been determined by a spectrophotometer at 520 nm
[22]. The results were expressed in mg of galacturonic
acid per 100 grams of pulp. The quantity of ascorbic acid
was measured by the spectrophotometric method with
2.4-dinitrophenil-hydrazin [23], with the results expressed
in mg.100g of pulp.

The analysis of the antioxidant activity based on the
extinction of the absorption of the DPPH radical,
2.2-diphenil-1-picril hydrazil (DPPH 60 nm). Metanolic
(50%) and acetanolic (70%) extracts were obtained. The
methodology described by Brand Williams, Curvelier and
Berset [24] was used and adapted by Rufino et. al. [25],
with some adaptations in relation to the calculation.
A spectrophotometer was utilized at 760 nm [26].

The data were analysed through ANOVA, followed by
Tukey test and regression models at 5% nominal
significance level. The statistical analysis were carried out
in R version 4.1.3 [27], through package ExpDes [28], and
Sisvar [29].

3. Results and Discussion

The Marolo fruits kept at 20°C and 12°C were analysed
only respectively until the 7" and the 21 days of storage,
plus the necessary period for the ripening at room
temperature.

The fruits kept at 20°C showed ripening within a
maximum of 9 days (2 in 3 fruits), with only one fruit
ripening in about 14 days. The fruits kept at 12°C, until
the 14™ and the 21% day of cold storage, ripened within a
maximum of 7 days, at environmental temperature (20°C).
The fruits stocked at 6°C tolerated 28 days (after 14 days
of refrigeration they ripened in about 17 days) and, 21
days after the storage, they ripened after about 25 days.
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The refrigerated fruits within a maximum of 28 days
ripened, average, after about 33 days. The fruits at
0°C resisted until 28 days and when exposed at
environmental temperature, after 7 and 14 days of
refrigeration, ripened in a maximum of 4 days, and after
the refrigeration for 21 and 28 days, ripened in 7 days.
Splits on the rind were observed starting from the
peduncle in the majority of the treatments and this fact is
normal in the natural process of this fruit ripening at
environmental temperature.

The mass loss changed along the storage time. It was
observed an average loss of 300g after 28 days (23%)
(Figure 1A). Losses between 3 and 6 % are enough to
cause an important decrease in quality, but some fruits
may be commercialized with 10% of moist loss [30].
Nevertheless, Marolo, as a rustic fruit, maintained itself
visually stable, despite the mass loss of 23%, although a
sensory test has not been performed in order to confirm
such statement.

The respiratory activity varied due to temperature
and storage period (p < .05). At higher temperatures
(12°C e 20°C), the CO, production increased, and the
opposite was observed at lower temperatures (0°C e 6°C)
(Figure 1B). In general, products stored at high
temperatures have their metabolism activated, with high
respiratory activity, showing an increase of about 4.8 fold
in marolo when comparing fruits stored at 0°C and 12°C
(12.23 € 58.88 mL CO,.kg™*.h"* respectively).

In Figure 1C, the decrease of the fruit respiration
is observed along the period, being more intense from
the 21% day of storage on. The respiratory activity
of fruits reaches around 0 mL CO,.kg™.h™ on the 28" day,
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which suggests cellular death and end of their senescence.
There may have been respiratory peaks in the intervals
between observations, once there was an increase of
respiration at higher temperatures, but these were not
detected.

There was no difference between times (p = .991) and
temperatures (p = .7040) in the determination of ethylene
(31.45 pl ethylene.kg®.h™). According to Kader [31],
marolo may be classified as a fruit with high ethylene
production (rates range from 10 to 100 ul ethylene kg™.h,
at 20°C), such as apple, apricot, papaya and kiwi. As other
anonaceae fruits, Marolo shows high rates of respiration
and ethylene production, which play an important role in
the postharvest management [13].

Analysing the data referring to the colour of the rind, it
was observed difference (p = .016) just along the storage
period for luminosity (L*), which was 5.87 units higher
than the factorial mean (p = .001). The L* has shown
decline through the storage period, demonstrating
darkening of the rind, which is normal during ripening.
According to Pareek et al. [12], Annonaceae are sensitive
to chilling when submitted to low temperatures within the
range between 8°C and 12°C depending on the cultivar
and the ripening stage whose symptoms are hardening and
darkening of the rind. However, since darkening occurs
naturally in the rind of Marolo during ripening, this
alteration cannot be taken into account as a probable
manifestation of chilling in this fruit. Marolo consumers
usually acquire it with dark rind, whose characteristic
shows that it is fit for consumption, as long as the pulp
contains desirable sensory characteristics such as yellow
or orange colour, exotic aroma and sweet taste.
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Figure 1. Observed averages, adjusted regression model and coefficient of determination for mass loss (kg), throughout storage (A) and respiratory rate
of marolos stored: (B) different temperatures (0°C, 6°C, 12°C and 20°C) and (C) over time
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Figure 2. Mean values, regression equation and coefficient of determination for L* marolo peel (A), during storage and L* pulp at different

temperatures (B)

In the pulp, L* has significantly varied due to storage
temperature (p = .009) and to exposition factor (p = 10™),
separately, without being influenced by the storage period,
neither by any interaction between the tested factors. The
mean of L* on time 0 (79.68) was 5.69 units higher than
the factorial mean (Figure 2) (p = .046). The highest L*
values were observed in the stored fruits at 0°C (76.69)
followed by those at 20°C (74.66). The pulps, when
analysed immediately after being withdrawn from the
cold storage, showed lighter colour (highest L* value)
than those analysed after ripening (77.87 and 70.13.
respectively), however, not as light as in the beginning of
the experiment. The L* values found agree with those

obtained by Corréa et al. [32] in marolo pulp (78.63+0.23).

Internal browning is considered a symptom of chilling in
many fruits. The observed L* data do not suggest chilling,
even at the lowest temperatures.

The mean hue angle (h9 of the fruits at time 0 (69.40)
was 24.21 units higher than that of the factorial (45.19),
which suggests the change in the colour of the rind
of the fruits, with storage, from yellow-greenish to
yellow-orange (p =107%). It is noteworthy that the increase
in the yellow colour of the marolo rind is accompanied by
darkening, as verified by the changes in the L* value.
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Changes in h° of rind were also observed as a function of
the interactions between exposure factor at room temperature
after refrigeration and time (p = 10™), as well as exposure
factor at room temperature after refrigeration and temperature
(p = .038). It can be seen that, with the exception of the
7" day, the values were lower for the fruits analysed
immediately after chilling than those ripened after
exposure to room temperature (Figure 3). Regarding the
interaction between exposure factor and temperature, only
the fruits stored at 20°C showed a significant difference in
the h®angle of the skin. Fruits stored at 20°C for 7 days
showed a yellowish-brown colour (50.08), compared to
those analysed at the same temperature after ripening,
which showed an orange-brown colour (30.54).

Changes in pulp h° were also observed as a function of
interactions between exposure factor at room temperature
after refrigeration and time (p = .029), as well as exposure
factor at room temperature after refrigeration and
temperature (p = .03). The time 0 mean was 87.89 and the
factorial mean was 85.64. indicating a yellowish colour.
Only at 28 days of storage there was a difference between
the analyses right after removal from cold storage (93.98)
and after ripening (85.25) (p = .015). Soon, the pulp of the
ripened fruits tended to orange yellow.
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Figure 3. Mean values, regression equation and coefficient of determination for the Hue angle of the marolo rind, throughout storage, after removal

from storage (A) and after ripening (B)
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Regarding the interaction between the exposure factor
at room temperature after refrigeration and temperature,
only the fruits analysed immediately after removal from
cold storage exhibited a difference in pulp h° (p = .002).
Fruits at 0°C and 20°C (90.2 and 89.55. respectively) were
significantly different from those at 12°C (79.81), that is,
they were more yellow-orange than the previous ones. The
fruits stored at 6°C did not differ from the others, with an
average of 87.3. The data suggest that refrigerated storage
did not prevent the development of normal fruit colour.

The chromaticity (C*) of the rind did not vary
significantly (9.07+5.60), regardless of the variation
factors analysed. The C* of the pulp varied as a function
of the interaction between time and temperature (p = .01)
and the factor of exposure to room temperature after
refrigeration (p = 10*). The mean of time 0 was 25.6+6.40.
Only in the fruits kept at 0°C there was a difference (p
= .03) between 21 and 28 days (24.78 and 32.92.
respectively) and, at 7 and 14 days, there was no
difference in relation to the others (31.62 and 29.34.
respectively). The ripened fruits showed a more intense
pulp colour (30.49) than those that were analysed
immediately after cold storage (25.46). The intensity of
the pulp colour was higher on the 28" day and in the
ripened ones, suggesting chlorophyll degradation and a
possible synthesis of pigments or phenolic compounds in
the ripening of the fruit, even at low temperatures.

This seems to suggest that storage at low temperatures
does not affect the colour development, since, when
analysing the h° and C*, it is observed that there was no
change in the colour that would mischaracterize the colour
characteristic of the natural process of fruit ripening, at
room temperature.

For annonaceae in general, the increase in the soluble
solids (SS) content occurs with the increase in the storage
period and the rate of this increase is greater at higher
temperatures [12]. This can be observed in the marolo
fruits that showed a significant difference in relation to
time, temperature and exposure factor to room
temperature after refrigeration, alone for SS. In relation to
time, there was a significant increase in SS until the 7™
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day, followed by a sudden drop from there, until the 21°
day, remaining low until the 28" day (Figure 4). Studies
show that, in annonaceae, in general, there are large
increases in the SS content during ripening, mainly
represented by soluble sugars [33]. However, under
prolonged storage conditions, these levels can be reduced
to values lower than those observed at the time of harvest
[34]. It is observed that, at higher temperatures, the SS
values were higher, suggesting the effect of refrigeration
in the containment of sugar metabolism.

Regarding the exposure factor after cold storage, the
average of the samples after ripening (14.669Brix) was
higher than that recorded right after cold storage (12.66
Brix), showing the increase in SS content with ripening.
The observed values are below the range of 17.6 to 24.3
Brix, found by Soares Janior et al. [35], in minimally
processed marolos harvested in the state of Tocantins and
20.26£1.99 Brix in fruits harvested in Minas Gerais [2]
and 9.57 Brix in commercialized pulp marolo [36]. The
increase followed by a decrease, observed during marolo
storage, suggests a positive, followed by a negative
balance, respectively, in the sugar metabolism of the fruit.

Titratable acidity (TA) exhibited a significant
interaction between time and temperature (p =.009) and
between time and exposure factor, after removal from cold
storage (p = .039). The AT at time 0 was 0.62+0.03%.
There was a difference between temperatures only at 21
days of storage (p = .011), when the mean AT at 0°C was
lower than at 6°C, with 12°C being equal to the others
(.39%, .69% and .60%, respectively). Regarding the
exposure factor to room temperature after refrigeration, at
21 and 28 days there was a significant difference between
the fruits (p = .003 and p = .027. respectively), which were
more acidic when ripened (0.68% and 0.71% malic acid,
respectively) than when evaluated shortly after removal
from the cold chamber (0.44% and 0.49% malic acid,
respectively). The average of the fruits, at 20°C, was
0.47% and 0.51%, at 7 days and at the end of ripening
(9 days), respectively. These values agree with those
found by Damiani et al. [2] (0.5+0.1%) and next to
Morais et al. [36] (.3 %).
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Figure 4. Mean values, regression equation and coefficient of determination of the soluble solids of the marolos, during storage (A) and along time (B),

at different temperatures.
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The data suggest that fruits submitted to 6°C and 12°C,
those ripened after exposure to room temperature, as well
as those at the end of the storage time, are more acidic,
with values slightly higher than the initial time, probably
due to the synthesis of organic acids, as a function of
ripening, and to the greater loss of water at the end of the
storage period. The fruits at 0°C and those stored up to 21
and 28 days, analysed soon after being removed from the
cold chamber, showed lower acidity, probably due to the
effect of the cold, which reduces the metabolism and the
conversion of organic acids, maintaining the acidity of the
fruit. Mosca et al. [30] report that, in annonaceae, there
seems to be a clear trend with respect to increasing TA in
relation to maturation.

Analysing the pH variable, it was observed that the
interaction between time and temperature and between
time and exposure factor to room temperature after
refrigeration was significant (p = .001 and p = .0001.
respectively). The mean at time 0 was 4.46+0.02. Only at
21 days of storage there was a difference in pH between
temperatures (p = .0006), with the highest average being
presented at 0°C (5.00) and this differed by 6°C (4.39).
The average pH of the fruits stored at 12°C (4.73) did not
differ from the others, showing to be intermediate. These
results are consistent with those observed for AT.
Checking the time variable within each level of exposure
factor to room temperature after refrigeration, an increase
in pH in the fruits was observed during storage, soon after
they were removed from refrigeration (p = .002), the
opposite occurring in ripened fruits after exposure to room
temperature (p = .01) (Figure 5). In the fruits analysed
immediately after cold, the pH shows an increase over
time, probably due to the intensification of the
mobilization of organic acids, which coincides with the
lower acidity in these same fruits.

In relation to the pulp firmness, there was a significant
interaction between the time, the temperature and the
exposition factor after the refrigerated storage (p = 10™).
The firmness measured at the time 0 was 20.06 N, smaller
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than the average of all of the combinations of temperature,
time and exposition factor (p = .0032). This difference in
the firmness is, then, much better visualized when the time
unfolding is analysed in the temperature and in the
exposition factor toward the room temperature after the
refrigeration. Thus, it can be verified that it is present in a
significant way only in the moment immediately after the
removal of the exposition at the temperatures of 0, 6 and
12°C (p = .05).

In the Figure 6A, the evolution of the fruits firmness is
showed at different temperatures, when it is immediately
evaluated after the removal of the temperature exposition.
When stocked at 0°C, an increase of the deformation force
was observed throughout the days, with a drop in about 21
days. During the storage at 6°C a linear behaviour was
observed, being the firmness bigger throughout the days
of the evaluation. At 12°C, the averages were quite
smaller in relation to the others, showing a behaviour
of diminution of the deformation force until the end
of the storage. These results demonstrated that, at the
temperatures of 0°C and 6°C, a hardening of the fruit
happens and that can be associated to some disorders due
to the cold temperatures, promoting a hardening of the
pulp.

Analysing the temperature unfolding within each time
level and within the factor of exposition to the
environmental temperature, a significant difference was
observed around the storage days 14. 21 and 28 for the
fruits analysed immediately after the removal of the
storage (p = .05). After 14 days of storage, the firmness
showed averages slightly bigger at 6°C (48.84N) than at
0°C (36.9N). After 21 days, the biggest average was
observed in the fruits at 0°C (115.4 N) and at 6°C
(51.23 N), being softer than at 0°C. In both periods (14
and 21 days), the fruits at 12° C were even softer
(respectively 19.44 and 12.21 N). After 28 days, there was
a significant difference in the firmness averages between
the temperatures of 0°C (63.35 N) and 6°C (112.46 N),
being so the biggest (Figure 6B).
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Figure 5. Mean values, regression equation and pH determination coefficient of marolo, during refrigerated storage, immediately after refrigeration and

matured at 20°C, after refrigeration
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Figure 6. Mean values, regression equation and coefficient of determination for firmness of marolos immediately after removal from storage, in fruits
stored at 0°C, 6°C, 12°C and 20°C, over time (A) and of fruits immediately after removal from storage, at 14. 21 and 28 days (B): 0°C: Y = -0.03x° +
1.07x2 - 6.4x + 19.4, R2= 7872; 6°C: Y = 2.9x + 13.9, R2= .8061; 12°C: y = -0.18x? + 3.3x + 18.4, R2= .6137; 14 days: Y = -0.6x? + 5.4x + 37, R2=1;

21 days: Y = -8.6x + 111.7, R2= 9799

Table 1. Means of firmness of marolo pulp after removal from refrigeration (Af) and matured at room temperature, after removal from

refrigeration (Amad), over 28 days of storage

Firmness (N)

Temperature Storage time (days)
0 7 14 21 28
15.07
0°C Af 34.54° 36.9° 116.01° 63.35°
Amad 14.34 16.2° 26.32° 29.65°
6°C Af 43.91° 48.84° 51.23° 112.46°
Amad 9.01° 31.30° 26.95 21.48°
12°C Af 42622 19.44° 12.21°
Amad 18.42° 23.44° 26.99°
20°C* Af 24.55° - -
Amad 11.63% - -

Means followed by the same letter in the same column at each time for each temperature do not differ significantly, at 5% probability, by Tukey's Test.
AF — after removal from cold storage. Amad - matured at room temperature (20°C)
* In the case of treatment at 20°C, the fruits were kept in the same place, in the stage of ripening after cold.

Table 1 shows the unfolding of the exposition factor
within each time and each temperature for the firmness.
There was a significant difference between the fruits at the
moment immediately after the removal of the storage. The
ripeness differ after this storage, in the majority of the
analysed days (p = .05). There was no significant
difference after 7 days of storage for the fruits at 20°C
(p = .1652), after 14 days for fruits kept at 6°C and 12°C
(respectively, p = .06 and p = .663), and after 21 days for
those kept at 12°C (p = .6708). At 12°C, it was verified
that there is a tendency of the firmness to get closer,
denoting so the fact that this temperature promotes a
bigger softening of the fruits, already at the 14™ day of
storage.

Major of the ripe fruits showed smaller averages after
their removal from the cold storage and this thing directs
us to a supposition of the effect of the cold as responsible
of the hardening of the fruits. However, this is inverted for
the firmness values equal to the fruits of the time O ones
(in absolute terms) and this thing shows the effect of the
firmness maintenance of the fruit until the end of the storage.

Therefore, a fruit softening can be observed
independently from the temperature in which it was
maintained under refrigeration. However, the difference
between the fruits immediately after been retired from the
cold and the ripe ones becomes more evident in those ones

kept at the temperature of 0°C and 6°C and with the
storage time elapsing mainly starting from the day 21
showing the influence of the cold in the fruit hardening,
which is diluted with the fruits exposition at an
environmental temperature that allows its hardening.
Silva et al. [37] found firmness values of the Marolo pulp
collected at 140 and 145 days after and before (2 and 0.75)
and Damiani et al. [2], 0,29 N. These values are much
smaller than the ones observed in this study. Probably, it
occurs a hardening after the cold; however, the fruits
matured at a temperature of 20°C present averages similar
to those of the matured fruits, which were stocked at
colder temperatures. Being so, this difference can be
related to the differences among the cultivation regions, as
to the stadium of the analysed fruits ripeness that can be
influencing the firmness.

The activity of the enzyme pectin methylestherase
(PME) varied in relation to the temperature (p = .032) and
to the interaction between the storage time and the
exposition factor after the refrigeration (p = .01)
(Figure 7A). In the Table 2. The average values of
the PME activity were shown and at the time O one
was 3.73 Dmol.g.® min™. It can be observed that the
storage at 20°C promotes an elevation of its activity
(8.95 Dmol.g.™ min') which stands out from other
temperatures studied. The fruits kept at 0°C presented
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intermediate PME activity values and showed a slightly  contribute with the inclusion of soluble fibers in the diet
higher one than in the fruits at 6°C and at 12°C. It can be proportioning the reduction of the gastrointestinal transit
verified that this enzyme can have its activity altered time and the intestinal absorption of the cholesterol. The
because it can diminish, keep been constant or increase Brazilian Cardiology Society recommend for treatment for
during the ripeness, depending on the species and on the dyslipidaemias that the fibers should be in the diet (for
extraction method for the analysis [38]. adults 25 g of total alimentary fibers are recommended,
Only at the day 7 there was a difference between the being 6 g per day of them soluble ones [40]. Thus, 100 g
averages of the PME activities of the analysed fruits of this fruit contribute with at least 6% of the percentage
immediately after the retirement of the cold and the of the recommended soluble fiber and it is suggested that
ripened fruits, being the first ones (p =10) significantly = the Marolos softening should not be associated with the
bigger (respectively 11.97 and 4.0625 Dmol.g. min™?). pectins metabolism.
Despite the interaction between the time, the temperature The total sugars level in the fruits did not vary
and the exposition factor (p = .733) wasn’t significant, significantly during the storage time (p = .073). The average
it can be noted that the average of the ripened fruits at the time 0 for the total sugars was 6.82 mg.100 g of
at 0°C reached a PME value bigger than the higher pulp. Damiani et al. [2] and Dragano et al. [5] matched
temperatures (16.25 Dmol.g.™ min™) at the day 7 being  higher values (respectively 12.38 and 14.77 g. 100g™).
able to indicate a bigger production of this enzyme due to There was a difference within the sugars levels at different
the cold. temperatures (p = .030), being bigger at the higher
However, these values decrease and reach the same temperatures (8.5 and 8.59 g. 100 g™ at a temperature of
level than the others, starting from the day 21 until the end 20°C and 12°C respectively) (Figure 7B). Silva et al. [37]
of the storage. It is likely that there is a PME action inthe ~ demonstrated that the Marolo starch level increases about
beginning of the storage, however, it can be suggested that  after 80 days after the blooming, having a peak around the
during the storage process there could be a more day 120 (17.5 g of starch. 100g™) and, starting from there,
remarkable action by other enzymes also involved in the there is a sudden drop arriving at 145 days after the
depolymerisation and in the solubilisation of the cellular ~ blooming with 2.5 g of starch.100g™ of fruits in Marolos.
wall compounds such as pectinases, hemicelulases and  There was also a concurring increase of the total soluble
celulases. Being so, the PME can contribute directly or sugars level and the solid soluble ones starting from
indirectly to the action of these other enzymes and thus around 120 days after the blooming at the same point
creates an adequate ionic environment or possibly when a reduction of the starch level was observed. This
modifies the cellular wall porosity and allows the access fact suggests that within the refrigerated fruits at higher
of these ones to their potential substrates [39]. temperatures this process may be still happening. Thus,
It was verified that there was not any significant  the conversion of the starch into sugars and organic acids
difference between the levels of the total and soluble happens, probably developing the sweetish flavour in a
pectin within the analysed fruits (respectively, 1.055.83 bigger intensity at the temperature of 12°C and 20°C
and 364.90 mg.100g™). The total Marolo pectins can comparing those ones at 6°C and 0°C.

Table 2. Means of pectin methylesterase activity of marolo pulp after removal from refrigeration (Af) and matured at room temperature, after
removal from refrigeration (Amad), over 28 days of storage

Activity of PME (nmol/g/min)
Storage time (days)

0 7 14 21 28
3.73
Af 406" 3.05 1.66° 2.91°
Amad 11.97° 3.618° 2.91° 3.75°

Means followed by the same letter in the same column at each time, for each temperature, do not differ significantly, at 5% probability, by Tukey's Test.
Af — after taken out of cold storage Amad - matured at room temperature (20°C)
* In the case of treatment at 20°C, the fruits were kept in the same place, in the stage of ripening after cold.
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Figure 7. Mean values of pectinmethylesterase (A) and total sugars (B) activity at different temperatures of marolos stored at different temperatures,
along the storage time
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The Vitamin C level in the fruits at the time 0 was
100.8 mg. 100 g™. Dragano et al. [5] matched lower levels
in the Marolo frozen pulp (44.97 mg. 100g™). In relation
to the other fruits it showed a level similar to the raw
pequi (91.89 mg. 100 g) [41] and lower than the guava

(168.52 mg. 100 g*) [42] and higher than orange (62.5 mg.

100 ml™) [43]. Regarding its levels during the ripeness,
Vilas-Boas and Silva [44] matched the maximum value of
42 mg. 100 g* of Marolo fresh pulp in the pre-ripeness
phase and it was observed a degradation in the ripeness
(140 days) and the ripe fruits showed a value of
approximately 37mg. 100 g™. The vitamin C level varied
significantly during the storage (p < .05) although the
temperature did not influence it. It can be observed a fall
in its levels from the 7" day to the 14™ day with a

tendency of stabilization starting from that moment (80mg.

100 g ) (Figure 8).

100 10

80
1

‘fitamin C (mg/100g)

B0
1
+
#

70

1] 5 0 15 20 28

Storage time (days)

Figure 8. Observed means, adjusted regression model and coefficient of
determination of vitamin C in marolos, throughout storage

Azzolini, Jacomino and Bron [45] while analysing red
guavas during their storage verified that it initially an
increase of the ascorbic acid level in all the ripeness
phases happened with a posterior decrease. According to
Mercado-Silva, Batista and Garcia-Velasco [46] the
increase of the ascorbic acid level in guavas during the
beginning of the ripeness is to be associated with the
increase of the metabolic intermediary synthesis such as
galactose, precursor of the ascorbic acid. The evolution of
the ripeness and the storage favour the oxidation of acids
that leads to a reduction of the ascorbic acid level and this
can explain the fruits behaviour during the time. The fruits
which have been just retired from the cold chamber
showed Vitamin C levels higher (96.90 mg. 100g™)
than the ones ripened at an environmental temperature
(80,71 mg.100 g™*) after the refrigerated storage (p < 0,05)
and this is possibly due to the ascorbic acid oxidation
during the ripeness and also to the stress. During the
storage, the Vitamin C acts as an antioxidant initially
having been produced in response to the oxidative
reactions and it is suggested that its diminution might be
associated with the ripeness and for a reason it can be
considered as an indicator of loss of quality in the fruits.
Its presence indicates that the other nutrients probably are
still conserved. Therefore, the loss of a 20% of its content
starting from 7 days after the storage independently from

the temperature and the ripeness is considered a
significant loss, however, already expected, due to its
susceptibility.

However, even with this diminution, the results
demonstrated that in approximately 100 g of pulp it is
possible to supply an 88% of the recommended daily
amount of Vitamin C for the adults or elderly people
(90 mg) and to supply the total amount for the adult
women (75 mg). There are evidences that the Vitamin C
can play an important role in the reduction of cancer and
that can have an association with the mortality reduction
for cardiovascular illnesses [47].

There was a significant interaction between the time
and the temperature in the level of the total phenolics.
There was a decrease in the level of phenolic compounds
and the average of the factorial was 875.38 mg GAE.
100 g™ that is to say 121.09 units lower than the average
of the time 0 (996.474 mg GAE. 100 g™). In realizing the
time, unfolding in each temperature level no significant
difference was verified during the storage time for each
one of the temperatures. However, in analysing the
temperature unfolding in each time level it can be
observed that only at the 28™ day of storage there was a
significant difference. The phenolic compounds level at
0°C was smaller than the one of the fruits at 6°C
(respectively 700.14 and 1.038 mg.GAE.100 g™).
Probably in the storage at 0°C there an oxidation of the
pre-existing compounds occurred. The alteration in the
phenolic level only occur at the end of the storage (28"
day), when there were only the fruits kept at 0°C and 6°C.

There was not a significant difference between the
fruits ripened after having been retired from the
refrigeration and the ones analysed immediately after
the refrigeration (respectively 813.77 and 936.99 mg
GAE.100 g™). Different temperatures probably promoted
the oxidation of the pre-existing compounds and at the
same time the synthesis, keeping the balance in their
quantity. The results of the level of phenolics observed in
this work are coherent with the Souza et al. [48] ones, that
consider the Marolo pulp as an excellent phenolic source,
presenting values 739.37 mg GAE.100 g* of fresh mass,
being higher than other fruits such as murici (334.37 mg
GAE.100 g™), soursop (281.00 GAE.100 g™) and passion
fruit (245.36 mg GAE.100 g™). However, the results
observed here are higher than the Morais et al [36]
(22161 mg GAE.100 g% in marolo pulp) and
Damiani et al. [2] ones (respectively 211.11 mg
GAE.100 g* and 260.5 mg GAE.100 g™ of phenolic
compounds in the ethanolic and aqueous extract).

Evaluating the fruits antioxidant activity during the
storage by the sequestration percentage of the DPPH
radical it can be verified that the bigger is the
sequestration percentage, the bigger is its antioxidant
capacity. There was not any difference between the
treatments as far as the general average of the radical
DPPH sequester was 51.12%. It can be observed that the
fruit has a good potential of antioxidant activity and
possibly is associated with high levels of phenolic
compounds and Vitamin C.

Silva et al. [37] reported a considerable DPPH radical
sequester percentage in Marolo fruits, being this
associated with the high content of phenolic, that are
related to the synthesis of ascorbic acid and beta-carotene
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during fruit development. Roesler [49] reports that the
phenolic compounds show a better correlation with the
DPPH than the Vitamin C, presenting a better activity.
The presence of these compounds with bioactive
properties justifies the Marolo consumption contributing
with the diet functionality. Actually, the interest for the
study of phenolic compounds has increased a lot due
mainly to the antioxidant ability of these substances to
sequester free radicals, which are harmful for the human
health [50]. In addition, it still has carotenoids and vitamin
C that together with the phenolic compounds has these
antioxidant potential and pectins, which has action on
dyslipidaemia and intestinal motility, making up the
excellent functional and nutritional potential of this fruit.

4, Conclusion

The loss of fruit mass is directly proportional to its
storage time. The respiratory activity of marolo is higher
the higher the storage temperature and lower the longer
the storage time. Marolo can be classified as a fruit with
high ethylene production and the recommended
time/temperature for storage was 12°C/21 days being
small the variation in relation at 0 and 6°C. The level of
sugars, pectins and total antioxidant activity do not
vary significantly in relation to the storage time and
higher storage temperatures determined high sugars
concentrations. The pectins, Vitamin C and phenolics
compounds concentrations as well as the antioxidant
activity observed suggest the nutritional and functional
potential of this fruit.
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