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Packages influencing BRS Vitdria raisins
quality maintenance

ABSTRACT

Grapes cultivation can generate different processed products, such as wines, juices and
raisins. Dehydrated fruit is widely consumed due to its benefits, being rich in antioxidants
and phenolic compounds. The 'BRS Vitdria' grape variety was developed in Brazil, presenting
a high potential for raisins production. However, there are still no studies on the use of
packaging to maintain the quality of raisins obtained from the 'BRS Vitéria' variety. The aim
of the present study was to evaluate the effect of three packages on the quality
maintenance of ‘BRS Vitoria’ raisins during its shelf life for a period of 120 days. Raisins were
obtained by placing grapes in forced air oven at 60 °C for about 72 hours and were packed
in sealed metallized polyethylene (PL), transparent polypropylene (PP) bags and polystyrene
(PE) pots with lids. Grape samples were evaluated at 0, 30, 60, 90 and 120 days of storage
at 25 °C for titratable acidity, pH, color, soluble solids, firmness, antioxidant activity, total
phenolics and anthocyanin. The results were submitted to variance analysis (ANOVA). In
addition, a multivariate statistical analysis was performed. According to the results, it was
observed that the packages did not provide significant changes in quality parameters
evaluated in 'BRS Vitdria' raisins, indicating the appropriate packaging as the one with the
lowest cost, the transparent polypropylene. The antioxidant activity of the raisins was only
affected by the storage time, remaining with levels of antioxidant activity until the end of
storage. In addition, the storage time also influenced the raisins firmness and color. It was
observed a significant interaction between storage time and packaging in the total phenolics
content. According to the multivariate analysis, the storage time was the main influencing
factor of the studied variables, regardless the used package.

KEYWORDS: Dehydrated fruits; storage; phenolic compounds; antioxidant activity.
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INTRODUCTION

Brazil is one of the world's largest fruit producers, being the main fruit crops
produced bananas, apples, grapes, melons and mango (OECD-FAO, 2015). The
region of the Submedium of the S3o Francisco Valley, located in the northeast of
Brazil, is highlighted in the national and international grapes production scenario,
with different productive capacity, with the possibility of more than one harvest
per year (SANTOS et al., 2011), which is different from the other traditional regions
of production, that present one harvest per year. From grapes cultivation is
possible to obtain processed food products, such as wines, juices, jellies, and
others, which can have contents of functional nutrients, mainly due to their
content of antioxidants and phenolic compounds (LINS and SARTONI, 2014; VILAS
BOAS et al. 2016, RIGOTTI et al., 2016; JAVED et al., 2018). In the last decades
several studies have highlighted the positive effects of the consumption of foods
rich in these components (BREKSA et al., 2010, ACHKAR et al., 2013, GUEDES, 2013,
SANTOS and OLIVEIRA, 2013).

The fruit industrialization allows its transformation into products with high
added value, such as the obtainment of dried fruits, which are products with
increasing demand due to the the need of consumers for convenient foods, being
the raisins inserted in this scenario (SOUZA et al., 2015).

Besides its consumption due to health benefits, the raisins can be used as an
additional ingredient in other foods (CORNEJO; NOGUEIRA; WILBEG, 2003). The
national production of raisins is low, mainly due to the small areas growing
seedless grapes cultivars (FREITAS et al., 2013). Most of the raisins consumed in
Brazil are therefore imported from countries such as Argentina, Chile, Iran and the
United States of America. From 2012 to 2014, Brazil imported an average of 24,000
tons of raisins (MELLO, 2016).

The production of raisins requires little investment in equipment, especially in
places with low relative humidity, and the product can be stored under ambient
conditions (FELDBERG, 2008). The obtaining process of the product is the grape
dehydration by removing the water from the interior to the external surface, which
can be done by different methods, such as the sun or oven drying (CARRANZA-
CONCHA et al., 2012; CONDE et al., 2018). Drying techniques can lead to physical
and chemical changes, where the main objectives are to increase the food stability
during storage and to minimize the costs with packaging and transportation
(CORNEJO; NOGUEIRA; WILBEG, 2003).

In addition to the benefits that the raisins consumption can lead, it is
important to enable the maintenance of compounds of nutritional interest during
the storage of the processed product. Thus, it is necessary to take into
consideration that the different types of packaging used during storage can
influence the contents and preservation of its compounds of interest, extending
the shelf life.

Food packaging can avoid light, heat, moisture and microorganisms
deterioration in food. There are several types of packaging produced from
different materials, which are used according to the product or food. The different
types of materials and characteristics can maintain food in good conditions for
consumption (NOBRE; LIMA, 2011). Considering that during storage the food is
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exposed to different conditions that can influence the product quality, different
packaging materials can determine the food conservation (UDOMKUN et al., 2016).

The ‘BRS Vitéria’ is a grape cultivar recently developed and presents excellent
production in the region of the Sdo Francisco Valley. This cultivar features black
(bluish-black) and high-fertility buds (up to 40 ton/ha/year), spherical and small
berries (average 17 x 19 mm) and thick skin. It presents a cycle of 90 to 135 days
and high resistance to mildew (MAIA et al., 2012). Currently, this new cultivar has
aroused the interest of the growers and its production for the national and
international market has increased considerably. Due to its quality characteristics,
previous studies have identified the cultivar ‘BRS Vitéria’ as a genotype with high
potential for the production of raisins in the Sdo Francisco Valley (FREITAS et al.,
2013).

Thus, the aim of this study was to evaluate the effect of three packages, sealed
metalized polyethylene, transparent polypropylene and polystyrene pots with lids
in maintaining quality parameters of 'BRS Vitdria' raisins during 120 days of
storage.

MATERIALS AND METHODS

The 'BRS Vitdria' seedless grapes, cultivated in Petrolina, Pernambuco, Brazil,
were harvested at the maturation stage used for ‘in natura’ consumption and were
degraned, washed, sanitized (100 ppm of active chlorine), weighed and placed in
trays for drying at 60°C £ 5 °C, in oven (model TE-394/2 - Tecnal, Piracicaba, SP,
Brazil), with forced air circulation. During this period (about 72 hours), the fruits
were revolved on the trays on every 12 hours for the homogenization during
drying, in that same period the grapes weight was evaluated until reaching
constant weight (end of the drying).

The grapes were dried until achieving fruit water activity of 0.4. After drying,
30g portions of raisins were packed in sealed metalized polyethylene (PE) packs,
transparent polypropylene (PP) (10x15cm) and polystyrene (PS) pots with lids
(volume 100 mL). Each type of packaging was represented by three repetitions of
each treatment and storage time. The raisins samples were evaluated at 0, 30, 60,
90 and 120 days of storage at 25°C, consisting of a 3x5 treatment (3 packages x 5
storage times). Fruits before drying were evaluated for their initial quality of
firmness, soluble solids, total acidity, pH and color.

The evaluations were carried out from day 0 to 120 days of storage and
consisted of:

-pH, realized by potentiometry according to AOAC (2012) in with the aid of a
titrator with a potentiometer model Titrino plus 848 (Metrohm, Sdo Paulo, SP,
Brazil).

-Titratable acidity determined according to the methodology suggested by
AOAC (2012) with results expressed as % of tartaric acid.

-Color, evaluated with the aid of a CR-400 colorimeter (Konica Minolta, Japan),
being the results expressed in the L, a* and b* scales in the CIELab system. The
Chroma values were calculated using the formulae: C=y/ a2 = b?. The hue angle

. 1 b*
was calculates using the formulae: Hue=tg -
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- Soluble solids (SS), obtained using a refractometer model PAL-1 (ATAGO,
Ribeirdo Preto, SP, Brazil). For the analyzes of pH, titratable acidity and soluble
solids the samples (5g) were homogenized with 50 mL of distilled water.

- Firmness, obtained by using a TA-XT Plus Texture Analyzer (Extralab, Brazil).

-Antioxidant activity, determined using the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and according to Rufino et al. (2007). This methodology is based on the
capture of DPPH (free radical) by antioxidants. For this, extracts were prepared
using the different macerated raisin samples, the reagents used in this step were
50% methanol and 70% acetone and the contents were submitted to
centrifugation. The DPPH solution was prepared on the day of analysis and was
used to add to the extracts containing the samples and to determine the standard
curve. The reading was performed at 515 nm in a spectrophotometer and and the
results are expressed as percentage of free radical sequestration (% SRL).

-Phenolic compounds, determined by spectroscopy in the visible region using
the Folin-Ciocalteu method (SINGLETON; ORTHOFER; LAMUELA-RAVENTOS, 1999).
The extract used for this method was the same for the evaluation of the
antioxidant activity of the samples. All chemicals used for the analysis of phenolic
compounds (Folin Ciocalteu, 70% ethanol, 20% sodium carbonate, gallic acid) were
prepared at the time of analysis. The standard curve was drawn from different
concentrations of gallic acid. Samples were read in a spectrophotometer at 735 nm
and the results were expressed as gallic acid equivalents.

-Anthocyanin quantified according to the methodology of Giusti and Wrolsltad
(2001). The methodology for quantification of this pigment involves the use of
buffer solutions (chloride buffer - pH 1 and acetate buffer - pH 4.5) and solvent
ethanol 50% acidified with HCI. The sample is homogenized to the solvent and
centrifuged for preparation of the extract. In a test tube 1.5 mL of the extract is
homogenized with 2.5 mL of pH 1 buffer and in another tube 1.5 mL of the extract
is homogenized with 2.5 mL of pH 4.5 buffer. With the aid of the
spectrophotometer, each tube was read at 510 nm and at 710 nm.

The results were submitted to variance analysis (ANOVA). The quantitative
factor storage time was submitted to regression analysis and the qualitative factor
packaging was submitted to analysis by the Tukey test (5%) with the aid of SISVAR®
software. In addition, to optimize the visualization of results, a multivariate
statistical analysis (Principal Components Analysis - PCA) was performed through
the XLStat® software.

RESULTS AND DISCUSSION

The ‘in natura’ grapes, before drying process presented, on average, 26,3% of
soluble solids, 0,52% of total acidity, and pH of 3,77. For the color parameter, the
observed luminosity (L*) was 22,48, the coordinate a* -1,28 and b* 0,99. The For
firmness it was observed 385,22 kgf. According to the Brazilian legislation (BRASIL,
2000), grape flesh characterization must present the minimum value for soluble
solids of 14,0%, total acidity of 0,41% of tartaric acid and pH of 2,9. The values
observed in the present study can be considered ideal when compared with those
determined by the legislation. Machado, Souza and Novaes (2015), in a study with
the Isabel grape variety to obtain raisins, characterizing the fruit before processing
with 12.09% for soluble solids, 0.76% of total acidity and observed a pH of 3,51.
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The obtained raisins presented an average moisture of 77.9% and 0.4 of water
activity.

The color parameter L* indicates the brightness of the product ranging from
black (0) to white (100). According to the results obtained, it was observed the
darkening of raisings with an increase of the storage time. No effect of the
packaging was observed on the raisins darkening (Figure 1), with variations in the
brightness parameter from 20,16 to 22.00 (Figure 1). The darkening occurred
during storage of the grapes may have a consequence of an enzymatic action, in
which enzymes such as peroxidase and polyphenoloxidase, for example, are
involved in fruit and vegetables darkening and their processed products (FREITAS
et al. The activity of these enzymes can be influenced and reduced as the
temperature increases, however, in a study done by Freitas et al. (2008), enzymatic
extracts containing peroxidase and polyphenoloxidase were evaluated and it was
observed that thermal treatments used with temperatures between 60 and 85 °C
were not sufficient for the total inactivation of the enzymes. In the study, it is
possible that the temperature used during the drying period (60 °C) did not
influenced the activity of these enzymes and they remained in activity during
storage, causing the darkening of the berries.
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Figure 1. L* values of raisins stored for 120 days in different packages. PL: Laminated
Polyethylene; PE: polystyrene with lid; PP: Transparent polypropylene.

In color analysis, the chromatic coordinate a*, indicates the color ranging from
red and green and in the present study it was observed that the variable was only
affected by the storage time, regardless of the packaging used, presenting an
average value of 2.41 being higher at the first period of evaluation (time 0 — 2.89)
and lower at 90 days of storage (1.99) (Figure 2). Positive data for a* is an indication
of the overlap of red on green color, indicating that this color was more present in
the grape samples and was slightly altered with time (Figure 2). Silva et al., 2015,
in a study with Crimson raisins, reached, for the coordinate a*, a value of
approximately 3.8 in drying at 70°C, indicating a predominance of red color.

This variable may be related to the presence of anthocyanin, which are
pigments responsible for colors such as purple and different shades of red in fruits,
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stems and leaves (BRILHANTE et al., 2013). These elements are unstable;
therefore, factors such as fruit processing, conditions and storage time can cause
degradation. The temperature, the light and the presence of oxygen are variables
that influence the deterioration process of the anthocyanin, resulting in color
changes (SCHIOZER; BARATA, 2007).

A
3
i
s
S1.50 - ) ) N
¢ == PL: y = -8E-05x2 + 0,0015x + 2,918 R? = 05253
1.00 | ]
| —PE: y = 2E-05x2 - 00048 + 2.5674 R? = 0.1844
030 7 | . PP-y=0.0002x2 - 0.03x +2.9289 R2= 08521
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Figure 2. Coordinate a* (red/green) of raisins stored for 120 days in different
packages. PL: Laminated Polyethylene; PE: polystyrene with lid; PP: Transparent

polypropylene.

The parameter b* represents the change of tones between yellow and blue,
where lower values indicate more bluish coloration of the fruits. No significant
effect of packing and storage factors was observed. The mean values of b*
observed were 1.42 for PL and PE and 1.27 for PP.

The chroma and Hue angle were calculated using the obtained a* and b*
measurements. These variables are a more appropriate measurement of color. The
hue angle of the samples varied in time (significant) and lower values were
observed in samples at 0 days of storage (24.62) and higher values for 120 of
storage (32.61), regardless the package. These values indicate color varying from
yellow to orange, which indicate a saturation or intensity of the color. For the
complete idea of the sample colors, it is necessary to take in consideration the L*
values, which indicated the ranging from black (0) to white (100) — Figure 1. The
Chroma, commonly known as the color purity, were also calculated and lower
values were observed for samples stored during 90 and 120 days (2.29 and 2.67,
respectively).

Color is one of the factors that determine the presence of a food in the market
(SANTOS et al., 2011). It is also associated with the degree of consumer
acceptance. According to Rocha and Reed (2014), color is determined by the
presence of pigments, some of these may play an important role in health.
Flavonoids, for example, are part of a group of pigments and are subdivided into
phenolics, anthocyanin and others; these are pigments present in red grapes,
responsible for the skin and flesh color.

When raisins firmness was evaluated, significant differences during storage
were observed, without the packing factor influencing the parameter. This
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parameter varied in time, on average, from 6.34 N, on day 30, to 1.71 N, at 90 days
(Figure 3). The chewing and firmness of fruits is a food quality parameter that the
consumer considers at the time of purchase and should be observed, with different
standards for different processed products. Freitas et al. (2013), evaluating
sensorial parameters of raisins from different varieties, affirmed that the factors
that influence most the consumption of this product were sweetness, succulence
and softness and fruits that presented hardness and dryness characteristics were
rejected. Rybka et al. (2015), in an experiment involving different drying conditions
for ‘Italia’ grapes, observed values of 4.2 N for firmness of raisins after 48 hours at
56°C.
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Figure 3. Firmness of raisins stored for 120 days in different packages. PL: Laminated
Polyethylene; PE: polystyrene with lid; PP: Transparent polypropylene.

A significant effect of the packaging used and the storage time on the acidity
of ‘BRS Vitdria’ raisins was not observed. Mean and constant values of 1.8% were
observed throughout the experiment (Figure 4). According to Koslosk et al., 2012,
the acidity provides an assessment of the conservation status of a food product. In
a study carried out by Carneiro et al. (2016), with blackberry jelly, packed in glass
and polypropylene packages, it was not observed a significant influence on the
acidity during storage using different packages.

Santos et al. (2011), in a research involving the chemical characterization of
dehydrated grapes produced in the Sdo Francisco Valley, observed acidity contents
ranging from 2.4 and 10.7% of tartaric acid, highlighting the high acidity
characteristic of the product. Costa et al. (2015), using the 'ltdlia’ variety, from the
same region, obtained, after dehydration at different temperatures, average
acidity between 1.5 to 4.93%.

This variable is associated with flavor, deterioration due to the
microorganisms, reduction of the enzymatic darkening and decrease of reducing
substances action. In fruits such as grapes there is a presence of natural acids,
which are present during the fruit growth and development, such as malic acid,
phenolic acids, predominating the tartaric acid (RIZZON; SGANZERLA, 2007). The
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sensory quality of grapes is perceived by the consumer based on their organoleptic
properties, vision, taste, touch and smell and is closely linked to their harvesting
point, to the cultural practices employed and to the environment to which it is
inserted (MASCARENHAS et al. 2010).

The fruit taste is determined by the sum of factors such as sweetness,
bitterness, salinity, astringency, volatile compounds and acidity (GUINE et al.,
2010). These attributes were studied by Mascarenhas et al. (2010), which
evaluated the acceptability of consumers for grapes of different varieties, 'ltalia’,
'Festival' ('Superior Seedless'), 'Benitaka' and 'Isabel', concluding that grapes with
higher levels of soluble solids and low acidity achieved higher acceptance by users,
highlighting the importance of this parameter in the commercialization of these
fruits.

The pH values were affected by the used packaged, but by the interaction of
the package with the storage time (Table 1). Constant behavior followed by an
increase in fruit pH after 60 days of storage can be observed, despite the package.
The highest mean was observed after 60 days of storage (4.1). Similar values were
obtained with dehydration of 'Itdlia' grapes by Costa et al. (2015), which resulted
in raisins with pH values between 3.5 and 4.5.

Table 1. pH of raisins stored for 120 days in different packages.

PL PE PP
37.30 £ 0.68Cb 41.83+0.17 Aa 40.27+0.96 Ba
NOTE: PL: Laminated Polyethylene; PE: polystyrene with lid; PP: Transparent
polypropylene. Averages followed by equal letters on the same line do not differ
statistically by Tukey test 5%.

It is understood that the small differences observed between the pH values of
grapes stored in different packages, although significant, did not result from an
interaction of the material used with the fruits, with a maximum variation of 0.07
in the contents.

Santos et al. (2011), states that the hydrogen ionic potential in food can
considerably interfere in the growth of microorganisms by participating in the
inhibition and reduction of microbial proliferation, resulting in safer products.
According to Hoffmann (2001), pH values < 4.5, on average, avoid the
multiplication of this type of organism. In addition, pH may be associated with
enzyme activity, taste and stability.

Soluble solids comprise different soluble compounds in the food cell,
responsible for flavor, such as carbohydrates and organic acids. This variable
presents the amount of sugars and other soluble solids (GOUVEIA et al., 2014) of
the sample. In the present study, the soluble solids content was not significantly
altered by the packaging used, by the storage time and even by the interaction of
the two factors, being possible to observe values from 71.3% to 82.0%. According
to the Ministry of Agriculture, 2000, the Identity and Quality Standards for the
grape fruit indicate a minimum amount of 15 g/100g or % of total soluble solids.

Silva et al. (2015), observed 17.3% of soluble solids in raisins of the ‘Crimson’
variety after the drying process. A study carried out by Ramos et al. (2008),
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evaluating the effect of packaging on the dried pineapple observed the decrease
of the soluble solids, which was associated to the moisture gain during storage
using polyethylene packages. Feldberg et al., (2008) observed 61.34% soluble
solids contents in raisins produced in the northern region of the Minas Gerais state,
Brazil, for the Crimson Seedless variety.

Figure 4 shows the average values for the antioxidant activity of grapes
submitted to storage in different packages during the experimental period of 120
days. It is observed that during the experimental period this variable was
influenced only by time, presenting, on average, 90.5% at day 0 and 85.9% after
120 days. The observed values of antioxidant activity observed during storage time
indicate that even after decreasing, considerable levels of antioxidant content
were observed. Vilas Boas et al. (2016), after evaluating the sequestering of free
radicals in blends of grape juice observed mean values of 32.4% during 120 days of
storage. The antioxidant activity in foods is related to the diversity of antioxidant
compounds that are degraded or maintained according to the physiological state
and abiotic and biotic factors during storage (ROTILI et al., 2013).
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2 820 -
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Figure 4. Antioxidant activity of raisins stored for 120 days in different packages. PL:
Laminated Polyethylene; PE: polystyrene with lid; PP: Transparent polypropylene.
Percentage of free radical sequestration (% SRL).

Du et al. (2012) state that grapes are good sources of antioxidants, identifying
%SRL of 85.75% for ‘Red Globe’ grapes and 92.77% for ‘Cabernet Sauvignon’
grapes, not submitted to the drying process.

According to Zhang and Tsao (2016), these substances, present in some types
of foods act in the prevention of chronic diseases and can contribute to minimize
oxidative stress, which occurs in metabolic reactions, for example. When the
grapes are inserted in the daily diet, essential nutrients such as fiber are obtained
in values that contribute to health benefits, such as antioxidant, cardioprotective,
anticancer, antiaging and antimicrobial effects (SERIO et al., 2014).

Regarding the phenolic content of ‘BRS Vitoria’ raisins, a significant interaction
was observed between the studied factors (storage time and packaging) (Figure 5).
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It was observed higher maintenance of phenolic compounds contents in raisins
stored in laminated polyethylene (PL) and lided polystyrene (PE) packages. PE
packaging was effective in the maintenance of these compounds, since the highest
values were found for this treatment, with an average content of 198,8 (um.mg™)
EAG, with emphasis on time 60 (254,1 um.mg* EAG). With the time effect it was
observed a decreasing tendency after 60 days (190.9 — 140.8 mg EAG.L?). In fruits
stored in PL the contents of phenolic compounds showed the same tendency than
in PE (Figure 5).

300,00 -
250,00
200,00

150,00

100,00 - #-- PL: y=-0,0135x%+ 1,0433x + 193,67 R*=0,79

H— o v = 2 2 —
50,00 - PE:y=-0,0109x>+ 1,1674x + 187,64 R* = 0,38

Phenolic (ug.mg') EAG . 100g!

- PP:y=0,0041x2- 0,9189x + 178,36 R* = 0,77
0,00 . . . .
0 30 60 90 120

Time (Days)

Figure 5. Phenolic compounds content of raisins stored for 120 days in different
packages. PL: Laminated Polyethylene; PE: polystyrene with lid; PP: Transparent
polypropylene.

Vilas Boas et al. (2016), evaluating the phenolic content in blends of grape
juices produced in the southwest of Minas Gerais state, observed average values
of 257.12 mg. 100 mL* for a Niagara x BRS Cora x BRS Violet blend during a storage
time of 120 days, also observed that, during that time, these compounds were
reduced. When evaluating the phenolic content of other grape product, Rigotti et
al. (2016), obtained an amount of 176.32 + 2.82 mg EAG.100mL? in wines
produced from the Isabel variety. Lins and Sartoni (2014), emphasize that these
substances are important due to the antioxidant activity, promoting health and
that the consumption of grapes and wines is associated with a low incidence of
cardiovascular diseases.

The association between antioxidants and phenolic compounds with health
justify the maintenance of these compounds stability during processing and
storage. The type of packaging must be taken into consideration aiming the
maintenance substances and bioactive compounds (CAMPOS et al.,, 2008).
Antioxidant compounds can be degraded by light, oxygen and heat, for example
(CAMPOS et al., 2008). The type of packaging selected should then avoid the
degradation of these bioactive compounds.

Fruits stored in different packages were not different regarding their
anthocyanin contents, presenting an average content of 40.7 mg.L? during storage
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(Figure 6). These substances may vary according to the grape's cultural traits,
climate condition and variety. In a study by Machado, Souza and Novaes (2015),
values of 378.95 mg.100g? were observed for dehydrated Isabel grapes. The
permeability in packages may influence the anthocyanin content, since the oxygen
can degrade anthocyanin through oxidation, independently of the light presence
(CARNEIRO et al., 2016).
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Figure 6. Anthocyanin of raisins stored for 120 days in different packages. PL: Laminated
Polyethylene; PE: polystyrene with lid; PP: Transparent polypropylene. Equivalent capital
letters for the same time of evaluation: means do not differ according to the Tukey’s test
a (p> 0.05) probability. 0 days (0) and 120 days (120). Same lowercase letters: de
packages did not influenced the anthocyanin content according to the Tukey’s test at 5%
of probability.

The pigments, in grapes, are responsible for the color characterization and the
development and integrity of these pigments are mainly influenced by light and
temperature (GUINE et al., 2010). Anthocyanin are an example of sensitive
compounds to this factor and can be degraded by photochemical action.
Shimamoto and Rossi (2010), observed the effect of light on the degradation of
Jussara (Euterpe edulis) anthocyanin extract and demonstrated that the
interaction between UV radiation and light in anthocyanin-containing extracts can
modify its stability and promote the formation of products from oxidative
degradation, of a brownish color.

Chemically, these substances are phenolic compounds that become important
in the human diet preventing cardiovascular diseases and cancer, due to their
potential to scavenging free radicals, in addition to reducing cholesterol and
triglyceride levels (SANTOS et al., 2014). Currently, they can be obtained from the
consumption of fruits such as grapes, mulberry, cherry, apple, among others or
from nutritionally enriched foods (SANTOS et al., 2014). A study by Bonfietti
(2017), demonstrated the increase in nutritional value through the addition of

these natural pigments, from agai powder to cookies.
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According to the FAO (2014), the largest losses of food production are
attributed to inadequate handling, distribution, storage and consumption
behavior. Wastes can often be reduced by the use of appropriate packaging, whose
essential function is to conserve and protect food, keeping it free of significant
changes in its sensory and constitutional aspects, as well as preserving its useful
life by having paper barriers against agents responsible for their damage
(DONATTI, 2011).

During storage, dried fruits can be exposed to different conditions, such as
different temperatures, humidity, luminosity, oxygen, and then initiate physical-
chemical changes (UDOMKUN et al., 2016).

From the multivariate statistics, Principal Components Analysis (PCA), which
explained 59.25% of the results, it was possible to correlate the different variables
and treatments studied. In Figure 7 it is possible to clearly visualize that the storage
time had a greater influence on the results in detriment of the packages. It can be
concluded by verifying groups of the same storage time in the different quadrants,
regardless of the packaging used. The vectors that represent the result of
antioxidant activity and luminosity are close, indicating a positive correlation
between these variables that can be related through antioxidant pigments that
provide the coloring of the fruits. On the other hand, pH and firmness presented a
negative correlation, indicating that there was no influence of one on the other,
the opposition of quadrants between pH and the results after the 30 days
emphasize that this variable is in low values when compared to the other
treatments. Itis also noted that some variables (L*, antioxidant activity, acidity and
b*) were more expressive at 60 days of storage, regardless of the packaging.

Biplot (eixos F1 e F2: 59,25 %)
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Figure 7. Principal Components Analysis (PCA) of raisins stored for 120 days in different
packages. PL: Packaging Laminated Polyethylene; PE: polystyrene with lid; PP:
Transparent Polypropylene.

Raisins stored for 30 days were positively correlated with phenolic contents
and firmness, factors desirable by consumers, regardless of the packaging in which
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they were stored. Fruits stored for 60 days presented more acidity and higher
antioxidant activity. Higher contents of soluble solids contents were observed in
products in the first time of evaluation.

The F1 and F2 principal components were able to explain 59.25% of the
results. The F1 presents positive associations with pH, acidity and for the raisins
stored for 60 days. The F2 principal component presented a positive association
with firmness, phenolic compounds and for the raisins stores at 30 days, regardless
the package used. In cases that the sum of the principal components do not
achieve 80% to explain the variables, the analysis loose reliability, being advised
the use of the other principal components (F3, F4, etc.). Vectors with larger sizes
indicate greater importance of the component in the explanation of the total
variation within the data set. This fact means that the eigenvalue explains the

importance of the component on the total presented data. In the case of the
presented PCA (Figure 7), the vectors related to the color parameters a* and b*
and to the soluble solids content presented smaller sizes, with less importance of
the variation within the presented data.

The hypothesis tested considers that different packages could influence the
maintenance of compounds of interest of raisins. It was expected that the
laminated polyethylene (PL) package would better retain these substances due to
the characteristics of light protection, which would avoid, for example, significant
color changes, mainly provided by the aluminum material. However, for most of
the studied variables, no significant effect of the packages was observed in the
condition in which the experiment was performed. For example, phenolic
compounds are a group of antioxidants, and these substances are unstable in the
presence of oxygen (CAMPOS et al.,, 2008). The oxygen could influence the
significance and interaction between storage time and packaging, since when the
PE package was evaluated, a lid was used, restricting the oxygen available for the
raisins.

CONCLUSIONS

The studied packaging materials did not provide significant changes in the
evaluated quality parameters of ‘BRS Vitéria’ raisins. Thus, the most suitable
packaging for producers becomes the one with the lowest cost, the transparent
polypropylene (PP). During storage a reduction in the antioxidant content was
observed, however, the raisins presented high levels of these substances during
the entire storage time. According to the multivariate analysis, the storage time
was the main influencing factor of the variables studied, regardless of the
packaging used.
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Uso de embalagens na manutenc¢ao da
qualidade de uvas passa BRS Vitdria

RESUMO

A partir do cultivo da uva é possivel a obtencdo de produtos processados, como
vinhos, sucos e uvas passa. A fruta desidratada é bastante consumida
nacionalmente devido aos beneficios que proporciona, sendo um produto com
teores de compostos fendlicos e atividade antioxidante. A variedade ‘BRS Vitéria’
foi recentemente langada no Brasil, tendo um alto potencial para produgao de uva
passa, porém ainda ndo existem estudos conclusivos sobre o uso de embalagens
para a manutencdo da qualidade de uvas passas obtidas da variedade ‘BRS Vitdria'.
O objetivo do presente estudo foi avaliar o efeito de trés embalagens na
manutencdo de parametros de qualidade da uva passa ‘BRS Vitdria’ durante sua
vida util por um periodo de 120 dias. Uvas passa, obtidas apds secagem em estufa
com circulacdo forcada de ar a 60°C, durante cerca de 72 horas, foram embaladas
em polietileno (PL) metalizado selado, polipropileno transparente (PP) e
poliestireno (PE) com tampa. As amostras de uva passa foram avaliadas aos 0, 30,
60, 90 e 120 dias de armazenamento a 25 °C quanto a acidez titulavel, pH, cor,
solidos soluveis, firmeza, atividade antioxidante, fendlicos totais, antocianinas. Os
resultados obtidos foram submetidos a andlise de variancia (ANOVA). Além disso,
foi realizada uma andlise estatistica multivariada. A partir dos resultados,
observou-se que as embalagens ndo proporcionaram mudancas significativas nos
parametros de qualidade avaliados em uvas passa ‘BRS Vitéria’, indicando que a
embalagem adequada se torna a que possui menor custo, a de polipropileno
transparente. A atividade antioxidante foi influenciada apenas pelo tempo de vida
de prateleira, permanecendo ao final com niveis consideraveis de conteudo
antioxidante. Além disso, o tempo de armazenamento também influenciou a
firmeza e a cor das passas. Constatou-se que somente para os fendlicos houve
interacdo significativa entre tempo de armazenamento e embalagem. De acordo
com a andlise multivariada, o tempo de armazenamento foi o principal fator de
influéncia das variaveis estudadas, independentemente da embalagem utilizada.

PALAVRAS-CHAVE: Frutas desidratadas; armazenamento; compostos fendlicos;
atividade antioxidante.
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