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Abstract

Fruits that go through processes of sanitation, peeling, cutting and packaging, to be consumed soon afterwards, are called
minimally processed fruits. Since fruit consumption is important in the human diet, consumers have looked for practicality in both
preparation and consumption, a situation that includes minimally processed food. However, minimal processing can damage plant
tissues, mainly by pulp browning and by accelerating changes in natural characteristics of the product. This study aimed at
minimizing changes in minimally processed sliced peaches by immersing them in solutions which contained preservatives. The
experiment was a completely randomized design in a 5x3 factorial scheme (5 anti-browning agents x 3 storage periods), with 4
trays per replicate and six slices of peaches in every replicate. Sliced fruits were treated with T1 = control (distilled water); T2 =
ascorbic acid at 1% (m/v); T3 = sodium isoascorbate at 1% (m/v); T4 = ascorbic acid at 0.5% (m/v) + sodium isoascorbate at 0.5%
(m/v); and T5 = citric acid at 0.5% (m/v) + sodium isoascorbate at 0.5% (m/v). Afterwards, they were placed on trays, covered with
9u PVC film and stored at 4+19C for 0 (S1), 6 (S2) and 12 (S3) days. The following variables were evaluated: mass loss, pulp color,
pulp firmness, soluble solids, titratable acidity, pH, rot spots, total phenols and antioxidant activity. The treatment that consisted of
citric acid at 0.5% (m/v) + sodium isoascorbate at 0.5% (m/v) was the most efficient one to control oxidation; its values of browning
indexes were the lowest ones, i. e., 15.62 (S1), 17.74 (S2) and 17.58 (S3). Besides, it kept the creamy-white color of the pulp
throughout storage time.
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Introduction

Minimally processed fruits are products that are submitted Pelotas, RS, Brazil, and launched in 2010. It stands out not
to processes of cleaning, washing, peeling, cutting and only due to its content of total soluble solids of its fruits but
packaging, even though their quality is similar to the one of also because of their white pulp, semi-free stone, sweet
fresh products since they keep their nutritional and sensory flavor, slight acidity and suitability for fresh consumption
characteristics (Mendoza-Goméz et al., 2017). The minimally (Raseira et al., 2014). Peaches borne by the cultivar ‘BRS
processed fruit segment has developed due to changes in Kampai’ have been well accepted by consumers as fresh
fruit consumption patterns. The market has required quality products. However, due to the short harvest period and high
fruits that are easy to prepare (Oms-Oliu et al., 2010). Search perishability, peaches need either immediate
for easy preparation and quality products have valued commercialization or consumption after harvest or some
minimally processed products (Simdes et al., 2019). Minimal storage method to extend their preservation period
processing, which is a way of using production surplus and (Pegoraro et al, 2015). An alternative is the
adding value to products, is inserted in this context commercialization of minimally processed peaches, but it
(Marques et al., 2011). has been limited by immediate physiological responses of
Processing of minimally processed fruits constitutes a large tissues to wounds (Martins et al., 2013).

segment of the food processing industry worldwide. It Peaches are naturally perishable fruits; when they are
generates opportunities for innovation in food processing, minimally processed, degradation intensifies due to the
development of new products and projects of packaging, respiratory rate and ripening metabolism (Costa et al.,
besides increase in their sales at commercial scales (Yousuf 2011). Besides, most peach cultivars are highly sensitive to
et al., 2018). enzymatic browning (Girner et al., 2002; Costa et al., 2011),
The cultivar ‘BRS Kampai’, which originated from the one of the most important limitations of minimally
crossing between cultivars ‘Chimarrita’ and ‘Flordaprince’, processed products. The main enzymatic browning route
was developed by the Embrapa Clima Temperado, located in starts with the oxidation of endogenous phenols by
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polyphenoloxidase (PPO) in the presence of oxygen. Thus,
quinone is formed and its subsequent polymerization leads
to the formation of dark pigments called either melanin or
melanoidin, besides loss of aroma, nutritional properties and
useful life of fruits (Vasconcelos and Filho, 2010).

Some studies of minimally processed peaches have been
carried out to extend their useful life, decrease pulp
browning and keep fruit firmness (Chagas et al., 2008; Costa
et al., 2011; Allegra et al., 2015). However, tissue cutting of
minimally processed fruits exposes cells and favors the
activity of enzymes that cause tissue browning and softening
(Mendoza-Goméz et al., 2017).

Several preservation methods, such as the use of some
products — citric and ascorbic acids - which are antioxidant
compounds that may avoid enzymatic browning, tissue
ripening and loss of nutritional quality, have been used for
trying to decrease adverse effects throughout the
preparation of minimally processed products (Kluge et al.,
2014; Ambuko et al., 2017; Mendoza-Goméz et al., 2017).
Studies of the use of sodium isoascorbate in minimally
processed apples and avocados have also been carried out,
since this compound is capable of decreasing the activity of
enzymes that are responsible for fruit deterioration, such as
PPO, which causes browning (Martins et al., 2011; Barreto et
al., 2016; Mendoza-Goméz et al., 2017).

Based on the fact that both citric and ascorbic acids and
sodium isoascorbate may extend shelf life of fruits, the use
of these products, in combination or separately, is believed
to prevent enzymatic browning and preserve the texture of
‘BRS Kampai’ peaches, thus, extending preservation of
minimally processed fruits. Therefore, this study aimed at
evaluating the efficiency of using isolated and combined
preservatives to keep the quality of minimally processed
peaches for up to 12 days.

Results and discussion
Pulp browning and pulp color

Pulp browning was mitigated by using preservatives in
minimally processed peach preservation. Browning indexes
of minimally processed peaches were lower after 0, 6 and 12
storage days in the CA+SlI treatment (Table 1). The
evaluation carried out throughout the development of the
treatments showed gradual increase in pulp browning in
both AA and AA+S| treatments. Browning was more
accentuated on the 12th storage day, i. e., peach pulp got
reddish-cream.

Evaluation of pulp color showed that all anti-browning
agents under investigation had similar behavior regarding
pulp browning. On the 6th storage day, no difference was
found among anti-browning agents concerning pulp color of
minimally processed peaches (Table 1). However, on the
12th day, pulp color was stronger in peaches that underwent
the CA+Sl treatment, i. e. it kept creamy-white, by
comparison with the AA+S| treatment. Pulp browning is one
of the main problems of minimally processed products
because when fruits are cut, enzyme activity is favored and
tissue browning occurs (Mendoza-Goméz et al., 2017). As a
result, pulp browning affects the color of fruit surfaces
directly, a fact that corresponds to an important quality
attribute of commercialization (Jang and Moon, 2011).

Most peach cultivars are highly sensitive to enzymatic
browning (Girner et al., 2002). Oxidative stress is a problem
that limits shelf life, mainly the one of peaches that have
white pulp, such as ‘BRS Kampai’ ones. Therefore, this
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experiment showed the positive effect, mainly of the
combination CA+Sl, on the maintenance of the natural color
of minimally processed ‘BRS Kampai’ peaches after a 12-day
storage period.

Values of °Hue decreased after the 12-day AA, AA+SI and
CA+S| treatments applied to minimally processed ‘BRS
Kampai’ peaches. Similar result was reported by Gonzalez-
Buesa et al. (2011), who found that values of °Hue
decreased after a 9-day treatment applied to minimally
processed ‘Andross’ peaches.

Pulp firmness and soluble solids

Pulp firmness of minimally processed peaches after a 12-day
storage period kept the highest means in the CA+SI
treatment, while the lowest values were found in the control
(Table 2). Pulp firmness loss throughout storage was found
mainly in the control treatment, a fact that may result from
the loss of cell turgor, changes in the characteristics of
middle lamella polysaccharides on the cell wall and activity
of hydrolytic enzymes or non-enzymatic mechanisms, due to
the activity of ethylene (Chitarra and Chitarra, 2005).

Soluble solids of minimally processed peaches exhibited the
highest values when AA was applied on the 6th storage day
(Table 2). However, their contents did not show any
significant difference on the 12th storage day. In general,
throughout all storage periods, there was increase in soluble
solid concentrations. According to Chitarra and Chitarra
(2005), several chemical and biochemical reactions, such as
decrease in acidity and increase in soluble solid contents,
occur in the ripening process of fruits. Such phenomena
were observed by this study; it implies that, at the end of
the storage period, fruits were starting their senescence
stage.

Titratable acidity and pH

The highest titratable acidity was found in minimally
processed peaches that were treated with CA+SI, on the 6th
day (Table 3), while it was higher in the ones that were
treated with CA+SI and AA+SI, on the 12th day, by
comparison with the SI treatment. Decrease in titratable
acidity in  minimally processed peaches was found
throughout all storage, except in the AA+SI treatment, when
values differed very little in the storage process. According
to Chagas et al. (2008), contents of titratable acidity and pH
of minimally processed ‘Regis’ peaches varied among
storage days. Decrease in values of titratable acidity may
have occurred because fruit metabolism is intensified when
fruits are handled and, consequently, organic acids are
consumed (Brackmann et al., 2009).

On day 0, 6 hours after the preparation of minimally
processed peaches, their pH was higher in the control (Table
3) than in the other treatments. On the 6th storage day,
there were no differences among treatments. On the 12th
day, the use of AA+SI and CA+SI kept pH values higher than
the control treatment. Regarding pH, in general, values
decreased throughout storage, except in the case of AA+SI,
which kept the same values on the days under evaluation.

Total phenol and antioxidant activity

Total phenol concentrations were higher in peaches treated
with AA and AA+SI on the 6th day, while, on the 12th, the
highest concentrations were found in AA, SI and CA+SI
(Table 4). No straight connection could be established



Table 1. Mean values of browning indexes and pulp color (°Hue) of minimally processed ‘BRS Kampai’ peaches treated with anti-
browning agents, Pelotas 2019.

Preservatives Day 0 Day 6 Day 12

Browning indexes
Control 18.59 abcA 20.50 abA 19.21 bcA
AA 19.07 abB 21.53 aAB 22.84 aA
S| 20.67 aA 19.25 abA 19.88 abA
AA+SI 16.52 bcB 18.05 bB 20.87 abA
CA+SI 15.62 cA 17.74 bA 17.58 cA
CV (%) 8.31

Pulp color
Control 101.08 bA 102.15 aA 100.05 abA
AA 103.76 abA 100.37 aAB 98.12 abB
S| 101.69 bA 102.85 aA 101.59 abA
AA+SI 103.52 abA 102.42 aA 95.47 bB
CA+SI 108.53 aA 105.44 aAB 102.50 aB
CV (%) 2.52

Ascorbic acid (AA), sodium isoascorbate (SI), ascorbic acid + sodium isoascorbate (AA+Sl), citric acid + sodium isoascorbate (CA+SI). Means followed by equal letters, lowercase in columns and
uppercase in lines, do not differ by the Tukey’s test, at 5% probability (p < 0.05).

Table 2. Pulp firmness and soluble solids of minimally processed ‘BRS Kampai’ peaches treated with anti-browning agents, Pelotas

2019.

Preservatives Day O Day 6 Day 12

Pulp firmness
Control 29.67 aAB 33.11 aA 26.27 bB
AA 29.30 aA 29.07 abA 29.87 abA
Sl 26.50 aA 27.27 bA 28.13 abA
AA+SI| 27.63 aA 27.01 bA 27.86 abA
CA+SI 27.61 aB 30.33 abA 31.83 aA
CV (%) 7.88

Soluble solids (°Brix)
Control 9.05 bAB 8.92 bB 9.52 aA
AA 9.20 abA 9.87 aA 9.30 aA
S| 9.27 abA 8.72 bB 9.03 aA
AA+SI 9.47 aA 9.35 abB 9.30 aB
CA+SI 8.97 bA 8.72 bB 9.12 aA
CV (%) 3.71

Ascorbic acid (AA), sodium isoascorbate (SI), ascorbic acid + sodium isoascorbate (AA+Sl), citric acid + sodium isoascorbate (CA+SI). Means followed by equal letters, lowercase in the columns and
uppercase in the lines, do not differ by Tukey’s test, at 5% probability (p < 0.05).

Table 3. Titratable acidity and pH of minimally processed ‘BRS Kampai’ peaches treated with anti-browning agents, Pelotas 2019.

Preservatives Day 0 Day 6 Day 12

Titratable acidity
Control 0.61 aA 0.44 abB 0.40 abC
AA 0.53 bA 0.40 bB 0.41 abB
Sl 0.47 cA 0.42 abB 0.38 bC
AA+S| 0.47 cA 0.44 abA 0.43 aA
CA+SI 0.48 bcA 0.45 aAB 0.43 aB
CV (%) 5.43

pH
Control 3.33 aC 3.79 aB 4.09 aA
AA 3.12 bC 3.80 aB 3.97 abA
Sl 3.22 abC 3.87 aB 4.00 abA
AA+SI 3.24 abB 3.79 aA 3.91 bA
CA+SI 3.19 abC 3.74 aB 3.93 bA
CV (%) 1.95

Ascorbic acid (AA), sodium isoascorbate (Sl), ascorbic acid + sodium isoascorbate (AA+SI), citric acid + sodium isoascorbate (CA+SI). Means followed by equal letters, lowercase in the columns and
uppercase in the lines, do not differ by Tukey’s test, at 5% probability (p < 0.05).
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Table 4. Total phenols and antioxidant activity of minimally processed ‘BRS Kampai’ peaches treated with anti-browning agents,

Pelotas 2019.

Preservatives Day O Day 6 Day 12

Total phenols
Control 48.84 bA 50.44 bA 24.51 cB
AA 58.62 abA 62.38 aA 40.02 aB
Sl 55.87 abA 46.13 bB 40.20 aB
AA+SI 63.64 aA 52.75 abB 27.79 bc
CA+SI 50.58 bA 44.85 bAB 36.39 abB
CV (%) 12.01

Antioxidant activity
Control 962.64 aA 942.11 aA 793.18 aB
AA 948.42 aA 842.71 bB 754.64 abC
Sl 948.31 aA 845.87 bB 743.07 abC
AA+SI 971.49 aA 865.91 abB 625.56 cC
CA+SI 986.75 aA 857.53 abB 677.71 bcC
CV (%) 5.44

Ascorbic acid (AA), sodium isoascorbate (SI), ascorbic acid + sodium isoascorbate (AA+SlI), citric acid + sodium isoascorbate (CA+SI). Means followed by equal letters, lowercase in the columns and

uppercase in the lines, do not differ by Tukey’s test, at 5% probability (p < 0.05).

between anti-browning agents and storage periods, since
changes in responses depended on the day. According to
Santos et al. (2013), phenolic compounds in peaches differ
among cultivars and among storage periods.

Anti-browning agents used by this study affected antioxidant
activity of peaches after 6 and 12 storage days. Control,
AA+SI and CA+Sl treatments led to the highest
concentrations on the 6th storage day, while, on the 12th
day, control, AA and SI treatments exhibited the highest
ones (Table 4). Antioxidant properties are very much related
to the cultivar and cultivation conditions, such as the
environment and management techniques (Scalzo et al.,
2005; Santos et al., 2013).

In general, there was decrease in concentrations of total
phenols and antioxidant activity throughout storage (Table
4). It may be related to the ripening stage, since the riper the
fruit, the lower the contents of total phenolic compounds
and antioxidant activity (Siriwoharn et al., 2004; Castrejon et
al., 2008). Decrease in contents of phenolic compounds after
storage may result from their high oxidation at cold
temperatures (Severo et al., 2010) and during the
accelerated process of fruit ripening (Vieites et al., 2012).

Materials and methods
Plant material

Peaches were harvested in an orchard in Eldorado do Sul,
Rio Grande do Sul (RS), Brazil. They were borne by the
cultivar ‘BRS Kampai’ grafted on the rootstock ‘Capdeboscq’.
In the 6-year-old orchard, plants are conducted in a vase
system, whose spacing among rows and plants is 5.5 m and
2.5 m, respectively. Peaches were harvested when their
back color was greenish cream. After harvest, peaches were
taken to the Laboratério LabAgro at the Universidade
Federal de Pelotas, located in Pelotas, RS, Brazil, where
minimal processing was carried out.

Treatments and experimental design

The experiment was a completely randomized design in a
5x3 factorial scheme (5 anti-browning agents x 3 storage
periods), with 4 trays per replicate, and six slices of peaches
in every replicate.

Fruits were sanitized with sodium hypochlorite at 200ppm at
room temperature for 10 minutes. Every peach was sliced
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into 6 segments and the core with the stone was removed
with the use of a sterilized stainless steel knife. Peach slices
were immersed in solutions with the following treatments
for 2 minutes T1 = control (distilled water); T2 = ascorbic
acid (AA) at 1% (m/v); T3 = sodium isoascorbate (SI) at 1%
(m/v); T4 = ascorbic acid (AA) at 0.5% (m/v) + sodium
isoascorbate (SI) at 0.5% (m/v); T5 = citric acid (CA) at 0.5%
(m/v) + sodium isoascorbate (SI) at 0.5% (m/v). Afterwards,
8 peach slices were placed on expanded polystyrene trays
(300x230x33mm), which were covered with stretchable 9u
PVC film. Mean weight of every tray was 200 g. Trays were
stored in cold chambers at 4+1°C at 85-90% relative
humidity (RH). Minimally processed peaches treated with
antioxidants underwent cold storage and were analyzed
after 0 (6 hours after preparation) (S1), 6 (S2) and 12 days
(S3).

Traits under evaluation

In order to monitor peach preservation throughout storage,
the following variables were evaluated. Fresh mass loss
considered the difference between the initial mass of
minimally processed peaches and the one found at the end
of every storage period, in the formula: pulp color measured
by a Minolta CR-300® colorimeter with a D65 light source,
expressed as the system of rectangular coordinates L*, a*,
b*, in agreement with the Commission Internationale de
I'Eclairage (CIE), where L* is expressed as luminosity values,
a* represents red (+) or green (-) and b* is yellow (+) or blue
(-). These parameters led to the evaluation of the Hue angle
coordinates and the browning index (Bl), whose calculation
was carried out in agreement with Fontes et al. (2008). Pulp
firmness was measured by a manual MCCornick FT 327
penetrometer, with a 6-mm diameter tip, and readings were
expressed as Newton (N). Soluble solids were determined by
a digital Atago® refractometer and expressed as 2Brix of the
juice. Titratable acidity was determined by diluting 10 mL
juice in 90 mL distilled water; it was then titrated with NaOH
0.1 to pH 8.1 and results were expressed as percentage of
citric acid (% citric acid). Hydrogenionic potential (pH) was
measured by a Quimus pH meter. Total phenolic compounds
were determined by the method based on the reaction with
the Folin-Ciocalteau reagent, in agreement with the method
adapted from Singleton and Rossi (1965); results were
expressed as mg gallic acid equivalent/100g sample (GAE
100g'1). Antioxidant activity was determined by the DPPH



radical method adapted from Brand-Williams et al. (1995)
and results were expressed as mg Trolox equivalent/100 g’1
fruit. Data were submitted to the analysis of variance
(p<0.05).

Statistical analysis

When statistical significance was found, the analysis of
means was carried out by the Tukey’s Test (p<0.05).

Conclusion

The combination of anti-browning agents citric acid +
sodium isoascorbate preserves the quality of minimally
processed peaches which are stored at 42C +12C for 12 days.
The use of citric acid + sodium isoascorbate helps to
maintain pulp color, firmness and browning indexes of
minimally processed peaches after a 12-day preservation
period. Minimally processed peaches with no addition of
anti-browning agents have their pulp firmness and content
of phenolic compounds decreased after a 12-day
preservation period. Regardless of the use of anti-browning
agents, there was decrease in concentrations of total
phenols and antioxidant activity during storage days.
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