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ABSTRACT

The aim of this work was to irradiate brazilian grape tree wines with gamma radiation (Co60) to investigate the
effect of radiation on its components and to create a new product for the superior quality fermented beverages
market. For this wine was produced in an artisan way, but with all the care of hygiene and sanitation. The brazilian
grape tree was fermented for five days and the wine was then filtered and stored in inert material containers then
irradiated at 2.5 and 5 kGy doses. The samples were evaluated in relation to the radiation doses used. Physical
and chemical analyzes of pH; total and volatile acidity; alcohol content; anthocyanins; tannins and colorimetry
were performed. As a result, in most product analysis, had little effect on irradiation, except for anthocyanins and
tannins. For this can be concluded that it is possible to develop a new fermented drink based on brazilian grape
tree, according to the standards required by the legislation and that the irradiation at the dose of 5kGy was the
sample that shown to have the most effect on the color because it was the one that degraded most molecules of
anthocyanins and tannins.

1. INTRODUCTION

Brazilian grape tree is a tropical fruit, typically Brazilian, originating in the south-central region
[1]. Popularly appreciated for its sensory characteristics in natura, but also for the use in
processed products such as jellies, liqueurs and fermented beverages [2].

The most important compounds present in brazilian grape tree are polyphenols, better known
as phenolic compounds. These can vary according to the cultivar, the variety, stage of
maturation and the climatic conditions. In the bark and in the pulp are founded several phenolic



compounds, among them the flavonoids, anthocyanins, tannins and phenolic acids [3]. These
are responsible for the protection against light, defense against microorganisms and insects, as
the astringency of these compounds presents as efficient antiparasitic, besides being
responsible for pigmentation and organoleptic characteristics [4].

Due to its sensorial characteristics, coupled with the need to expand its production and
consumption in several countries, brazilian grape tree can be used for the production of
alternative ferments [3].

Although the designation wine refers to Brazilian Law 5.823 of November 14, 1973 [5] as
"drink from the alcoholic fermentation of sour, fresh and ripe grape must", is permitted by
Brazilian Law 7,678 of November 8, 1988 the production of wines of other fruits [6], provided
the name of the fruit is indicated on the label after the word wine, such as jaboticaba wine.

Any fruit that contains reasonable levels of sugar is possible to produce a good wine, with
flavors characteristic of each fruit [7].

As Brazilian grape tree is a fruit with physico-chemical characteristics similar to grapes, such
as tannins and anthocyanins present in its bark, but in greater quantity and presence of
fermentable sugars, this fruit is susceptible to fermentation and production of a good wine [7].

The quality of wine often depends on the age of the drink, commonly called aged wines have
different organoleptic characteristics, and their quality is superior to wines known as young. It
is in the period of aging that the perfumes, colors and flavors strongly characteristic of a given
territory, reveal themselves. Only time allows aroma precursors to become perfumes and the
bouquet harmonizes with taste [4].

Irradiation studies currently focus on the food industry, especially for foods where heat is
unviable for its preservation. Irradiation is, among all the conservation processes, the one that
has been more investigated [8].

Nuclear radiation is emitted by a radioactive or particulate element, such as alpha and beta, or
by gamma radiation. The latter is the most used for food preservation and for aging in beverages
such as wines and cachacas. For these purposes, the use of the Co60 isotope (Cobalt-60) as the
source of this radiation is more common [9, 10].

However, the irradiation process can be used in wines with different objectives. There are
several reasons for this type of procedure, among them are sterilization of the must; changes in
the sensorial characteristics of wine; and acceleration of aging [11, 12].

Because of these, this work aimed to produce and irradiate brazilian grape tree wines with
gamma radiation (Co60) to create a new product for the market of fermented beverages with
superior quality and to evaluate the effects of the irradiation process on the physicochemical
composition of the product.
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2. MATERIAL AND METHODS

2.1. Wine preparation

The fruits of brazilian grape tree were harvested in the trees belonging to Fazenda Areido,
located in the city of Piracicaba in the interior of Sdo Paulo. They were hand picked one by one
and stored in plastic containers for transport. Subsequently they were properly sanitized in
chlorinated solution.

The crushing for breaking the bark was done manually and the obtained wort was placed in a
fermentation vessel.

The must for brazilian grape tree red wine was prepared according to [13] using 24.82kg of
mature brazilian grape tree and 595g of yeasts of the species Saccharomyces cerevisiae were
used. Correction of the amount of soluble solids was performed with addition of sucrose until
reaching 22°Brix, using 2.7kg of sugar in total. In addition, 2.4g of sodium metabisulfate was
added for bacterial control.

The temperature was controlled to be between 28 to 30°C. The amount of soluble solids was
monitored throughout the period of alcoholic fermentation until this value was stabilized, using

a portable refractometer.

The shells of the brazilian grape tree remained in contact with the must throughout the alcoholic
fermentation, which lasted approximately 20 days.

The reassembly, that is, to submerge the solid part that rises to the surface, was done twice a
day, to avoid the vinegary [14, 15].

The discovery was made by separating shells and bagasse (solid part) from the liquid. The
transfer was carried out three days after fermentation. The liquid was filtered by separating the

sludge from the liquid part.

The wine for physical-chemical analysis was bottled in 255mL bottles of inert material properly
sterilized in boiling water. The containers were sealed and sent to the irradiation process.

2.2. Wine radiation

The Gammacell 220 Excel irradiator, MDS, Nordion, by Cobalt 60 source, located at the Center
for Nuclear Energy in Agriculture (CENA / USP) was used to treat the samples. The doses 0;
2.5 and 5kGy were used.

The samples were analyzed at 3 different times 0, 60 and 120 days after irradiation with (Co60).

2.3. Physic-chemical analysis

Analyzes of pH, total acidity were performed according to AOAC methodology (1995) [16].
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For Volatile Acidity, a specific equipment called Redutec was used for the extraction of all
volatile substances contained in brazilian grape tree red wine samples [17]. After extracting the
volatile substances from the brazilian grape tree wines, the acetic acid content was determined
by titratable acidity [16].

The alcoholic content was measured through the ebuliometer, an apparatus that measures the
alcoholic content through the boiling of the liquid and stability in the temperature and with it
is obtained the alcoholic degree through the correspondence of the same in the conversion rule
[18].

The color of brazilian grape tree red wine samples was evaluated through a digital colorimeter,
Minolta brand, 220V, which emits light shots and from these it is possible to measure the
colorimetric parameters of L (luminosity), a (intensity of red/green) and b (yellow/blue
intensity) by the Hunter Lab system with illuminating source D65, calibrated in white porcelain
with Y =93.7; X =0.3160 and y = 0.3323, according to pre-established standards [19].

Hunter Lab is also a uniform color scale where differences between points are delineated. This
space color system is organized in cube form. The L axis runs from top to bottom. The
maximum for L is 100, which would correspond to a perfect reflective diffuser. The minimum
for L is zero, which would correspond to black. The axis a and b have no specific numerical
limit, so the positive is red, the negative is green, positive b is yellow, negative b is blue [19,
8].

Chroma is the relation between the values of a and b, where the value of the real color of the
analyzed sample is obtained. Hue-Angle is the angle formed between a and b, indicating the
color saturation of the sample [8].

For the analysis of Anthocyanins, first the buffer solutions of potassium chloride with pH 1.0
and sodium acetate solution with pH 4.5 were prepared according to the methodology described
by [20].

From each sample of brazilian grape tree wine 5 ml was transferred to two 25 ml volumetric
flasks; One of the flasks was filled with buffer solution pH1.0 and another with buffer pH4.5.
The solutions were allowed to stand for 15 min under light and the readings were read at
absorbance 520 and 700nm for each spectrophotometer. The concentrations of anthocyanins
were expressed as ciadine-3-glucose in mg/L, calculated according to equation (1) [13].

Antocianinconcentraion (mg/L) = A+ MM *FD/g b (1)

A = (A520nm — A700nm) pH 1.0 — (A520nm-A700nm) pH 4.5
MM = 449g/mol (Molar mass of cyanidin-3-glucose)

ED = Dilution factor (50)

€ = 26.900L/mol/cm (Extinction coefficient of ciadinin-3-glucose)

b=1cm
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For Tannins, the methodology described by [21] with adaptations was used. 2.5mL of brazilian
grape tree wine sample was used which were inserted into 10ml falcon tubes and 7.5mL of
methanol was added for dilution. This mixture was stirred for 20 minutes in vortex. The tubes
were packed in the centrifuge at 4000 rpm for 20 minutes. The supernatant was then removed
and placed in 10mL volumetric flasks, in which the volume was quenched with methanol. From
each extract was taken ImL and placed in test tubes. The 1:1 vanillin solution was prepared,
50mL of 1% vanillin and 50mL of 8% HCI in methanol, and SmL of this solution was added to
the test tubes. These were covered with aluminum for no losses and allowed to react for 20
min. For calibration of the spectrophotometer, a blank solution was prepared, with ImL of
methanol and SmL of 4% HCI in methanol, which was used for reading in the apparatus.
Subsequently, catechin, methanol and vanillin were measured at catechin dosages mg/mL of
0,0; 0.2; 0.4 to 1 of methanol (mL) of 1; 0.8; 0.6 to 0.0 and SmL of 1: 1 vanillin to be fitted to
the standard curve. The readings occurred in the dark and at a wavelength of 500nm.

Statistical analysis was performed using SAS software. The design was a factorial with two
factors (three irradiation doses x three storage period). The results were submitted to analysis
of variance, using the F test at the 95% confidence level. Subsequently, for the causes of
significant variations, the Tukey test was applied with 5% significance [22].

3. RESULTS AND DISCUSSION

Table 1 shows the average data obtained in the analysis of Hydrogenionic potential, total
acidity, volatile acidity, in samples of brazilian grape tree wine treated with increasing doses of
gamma radiation (60Co).

By the results of the Table we can observed that with the exception of the pH values, all other
analyses did not present a significant statistical difference between treatments. The pH values
at the doses of 2.5 and 5.0 kGy were the highests when compared with the control, we can
verify that the gamma radiation increased the pH, but it is important to note that this increase
was not proportional to the increase in the doses of radiation.

Table 1: Average values found for analyzes of pH, Total acidity, Volatile acidity and
Alcohol tenor in irradiated brazilian grape tree wines

Dose (kGy) pH Total acidity (mg/l | Volatile acidity | Alcohol tenor
citric acid) (mg/l acetic acid) | (°GL)

0 (Control) 3.040b+0.015 | 20.802a+0.041 4.004a+0.049 12.070a+0.641
2.5 3.360a+0.035 | 20.603a+0.040 4.001a+0.080 11.830a+0.313
5.0 3.340a+0.021 | 20.400a+0.025 4.003a+0.071 12.230a+0.151

Lower case letters in the same row do not statistically differ at the 5% level of significance in
the Tukey test
Mean =+ standard deviation
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For the decrease observed has as explanation the effect of radiolysis water molecules when
they are struck by ionizing radiation. Following the ionization of the water, an electronic
rearrangement and the possibility of producing free radicals follow. As these highly reactive
forms, the free radicals, originated as a result of the radiolysis of the water, interact chemically
with each other, which can later result in rearrangements that give rise to water again [23].

There are no pH parameters established by the Brazilian legislation for wines, however, the
values found are within the pH range that would prevent growth of acetic bacteria (>3.0),
mainly responsible for the effect known as vinegary.

It can be verified that the total acidity is not affected by the irradiation process, because the
irradiated samples remain without significant variance in relation to the control.

The main organic acids of brazilian grape tree are: citric, succinic, malic, benzoic, malonic and
oxalic. The most apparent among all is citric acid [24, 25]. For this reason the total acidity was
expressed as citric acid.

According to Brazilian Ordinance number 229 of October 25, 1988, it establishes a maximum
limit of 130 meq/l (130mg/1) of total acidity and 20meq/l (20mg/1) of volatile acidity. In the
present work the values found for total acidity and volatile acidity are within this legislation

[5].

It was possible to verify that the gamma radiation (60Co) did not influence the amount of acetic
acid, as shown by the statistical analysis, since there was no significant difference.

The most common occurrence is the esterification of ethyl alcohol with acetic acid [26].
However alcohols of lower proportions in wine can also undergo esterification is the case of
the esterification between isopropyl alcohol and acetic acid, which results in isopropyl acetate
ester [27].

For alcohol content it was verified that there was no significant difference in the statistic
between the doses, as well as between the time of analysis.

In the study of [28] with irradiated sugar cane spirit, the results obtained during the five samples
in the period of 390 days of aging showed no significant statistical difference in the alcohol
content.

In the work of [26] also showed no change over 36 months in sugar cane spirit stored in bottles
for alcohol content.

The alcohol content changes if there is oxidation of the ethanol, which passes to acetaldehyde
and if it undergoes another oxidation it passes to acetic acid [26].

According to the Brazilian Wine Legislation, the alcohol content of table wines should be
between 8.6 and 14°GL. The mean values found for all samples are within the standards of the

legislation [5].

In Table 2, it was possible to observe that as the dose of gamma radiation used increases, the
quantity of anthocyanins decreases, as shown by the significant statistical decay. With relation,
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the tannins do not have difference statistical between the control and dose of 2.5 kGy, but the
values decrease with increase of doses of gamma radiation.

Table 2: Mean values for amount of anthocyanins and tannins in irradiated brazilian
grape tree wine

Dose (kGy) Anthocyanins (mg/l) Tannins (mg/g)
0 (Control) 72.770a+0.660 2.421a +£0.030
2.5 44.261b+0.960 2.176a +0.330
5.0 31.135¢+0.950 1.663b £0.090

Lower case letters in the same row do not statistically differ at the 5% level of significance in
the Tukey test
Mean + standard deviation

According to [29, 3], the bark of brazilian grape tree is rich in phenolic compounds, with a
concentration of anthocyanins of 314.00 milligrams per 100g/fruit, a value close to that found
in grape bark (332.00mg/100g of fruit), being able to represent an important source of natural
food colorings.

According to [30] during aging the anthocyanins polymerize, a normally unstable reaction,
which results in the precipitation of these compounds which consequently decrease color. This
polymerization may explain the statistical significance of the decrease in value according to
the increase of the dose observed in the present study.

The pH and total acidity are important in the stabilization of anthocyanins, since these are
amphoteric (look for) and according to pH their coloration and shape change [31].

In an acidic environment the anthocyanins are in the form of salts of oxon, and are generally
in the red coloration. If the pH increases, this pigment will have a quinoidal, purple structure,
that is, in an alkaline medium, it will be in the blue color [32].

For the values found in the Tannin analysis, it was possible to verify the reduction of the tannins
both in the increase of the irradiation dose and in the course of time.

This behavior in grape wines is unusual. According to [33] over time, grape wines increase the
amount of tannins. In irradiated grape wines, the increase of tannins was observed, especially
in the dose of 3 and 6kGy [34].

However, according to [33], in wine can occur changes of the enzymatic type, this type is called
oxidative casse. It occurs in past point grapes. The wine generated from these fruits becomes
dark and cloudy in contact with the air. This turbidity is caused by the presence of
polyphenoloxidase in high content, which causes the insolubility of tannin and coloring
matters. Wines with this problem acquire red, amber, or just dark coloration, with cooked taste
and a bit of bitter. This change can be called "woodworking".
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In Table 3, it was observed from the data of the colorimeter reading, in relation to the radiation
doses used, that none of the treatments significantly altered the samples.

Table 3: Mean values found in the colorimetric analysis of irradiated brazilian grape

tree wine
Dose Parameters
L A b Chroma Hue Angle

0 (Control) | 19.97a+0.42 1.16a+0.11 401a+091 |4.17a+x0.71 | 1.26a+0.07

2.5 20.02a + 0.34 1.01a +0.18 3.68a+0.68 |3.82a+0.45 |1.21a+0.03

5.0 20.11a = 0.25 1.15a + 0.06 3.73a+0.73 |3.91a+0.68 | 1.20a+0.01
Lower case letters in the same row do not statistically differ at the 5% level of significance in
the Tukey test

Mean =+ standard deviation

The lack of difference in the coloration between doses does not match the results found in the
analyzes of anthocyanins and tannins presented in Table 2. The anthocyanins are the main
responsible for the coloration.

One can perceive the difference of color with naked eye by Figures 1 and 2.

Figure 1 and 2: Samples of dry red wine from brazilian grape tree irradiated

In the work of [34] it was verified that red wines irradiated with 1.0; 3.0 and 6.0kGy and
analyzed with colorimeter, when the dose of radiation increased the coloring modified tending
more towards the yellow, because there was increase of the Chroma as increase of the dose.

4. CONCLUSION

For this can be concluded that it is possible to develop a new fermented drink based on brazilian
grape tree, according to the standards required by the legislation and that the irradiation at the
dose of 5kGy was the sample that shown to have the most effect on the color because it was
the one that degraded most molecules of anthocyanins and tannins.
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