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Extraction, characterization and quantification
of resveratrol from the inemaking pomace:
emphasis on the vacuum drying process

Extracao, caracterizacao e quantificacao do resveratrol a partir do bagaco
da vinicultura: énfase no processo de liofilizagdo a vacuo

Silvia Candida Correa Fernandes Botti', Antdnio Odair Santos®, Inaldo Dias’, Francisco Tadeu Degasperi'?, Silvia Pierre Irazusta'*

ABSTRACT

The main residue of the winemaking process is the grape pomace,
which is rich in bioactive compounds such as resveratrol, known
by its therapeutic and cosmetic value as well as its natural
antioxidant characteristics. The present work aimed to study
methods of preservation and extraction of resveratrol envisaging a
sustainable use of winemaking disposal residues. This work carried
out a comparative analysis of bagasse drying methods, using
thermal process dewatering and freeze drying or lyophilization,
using a vacuum process, both prior to the extraction process of
resveratrol. The analytical characterization of the extract, by Fourier
Transform Infrared (FTIR) and High Performance/Pressure Liquid
Chromatography (HPLC) allowed, respectively, the identification
and quantification of resveratrol, indicating the freeze-drying of

pomace as the best way of preserving its content in the sample.
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RESUMO

O principal residuo do processo de vinificacdo é o bagaco de
uva, que é rico em compostos bioativos como o resveratrol,
conhecido pelo seu valor terapéutico e cosmético, bem como por
sua caracteristica antioxidante. Este trabalho realizou uma analise
comparativa dos métodos de secagem de bagaco usando a
desidratagdo por processo térmico e a liofilizagdo, utilizando
processo a vacuo, ambos previamente ao processo de extracéo
do resveratrol. A caracterizacdo analitica do extrato, pela
Espectroscopia de Infravermelho por Transformada de Fourier
(FTIR) e Cromatografia Liquida de Alto Desempenho (HPLC)
permitiram, respectivamente, a identificacdo e quantificacdo do
resveratrol, indicando a liofilizagdo do bagago como a melhor

maneira de preservar seu conteldo na amostra.
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INTRODUCTION

The agricultural sector produces a great quantity of by-
products and residues and, nowadays, the related recycling
represents a raising industry, both for economic, environmental
and sustainability reasons. This is also true when those are wastes
from winemaking process'. Wineries are among the industries
that suffer most from the accumulation of organic waste, in
addition to those seeking new technologies to add value to the
environment, and reduce environmental impact. Although
the wineries generate biodegradable waste, they need a minimum
degradation time, constituting a source of pollutants®

According to industry reports, during the production of 100 L
of red wine, was also obtained 25 kg of by-products and 17 kg
are grape pomace, i.e. 68%° Thus, grape pomace is the main
residue generated in the winemaking process, and its reuse has an
important impact on reducing waste. Furthermore, its recycling is
worth since this material has several bioactive substances rich in
polyphenols*.

Among the phenolic compounds, the anthocyanins, flavonoids
and stilbene derivatives present peculiar characteristics and play
important roles in plants, such as responses to stressful situations
derived from pathogens attack>. Within the class of stilbenes, the
resveratrol has particular importance by its assigned biological
properties as antioxidant, anti-inflammatory, anti-neoplasia, and
its cardiovascular protective traits®'2.

Resveratrol (Fig. 1) works as a phytoalexin synthesized in plants
both in response to biotic stress, such as grape injuries due to

fungal action, and by abiotic stress, such as exposure to ultraviolet

ge

radiation'.
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Figure 1: Chemical structure of trans-resveratrol'.

The removal of water from the bagasse can be carried out by
thermal dehydration process or by lyophilization process.

The dehydration can occur in a natural or an artificial way.
In this work artificial way was used, that is to say, by means of
dehydrators with injection of heat and controlled air velocity®. In
this type of drying the heat is produced by artificial energy source
(electric stove, heater by fossil fuel, and others), with controlled
temperature and air current, in this case, the temperature of
50 °C to 70 °C. The mass of moving air conducts heat to the food,
causing the evaporation of the water, being the transport vehicle
of the wet vapor released by the food'®. The major disadvantage of
this drying process is that in addition to water, other products can
also evaporate, thereby altering the physical properties (shape,
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consistency, hardness, and other important properties of the
material), as well as organoleptic properties.

On the other hand, lyophilization or freeze-drying is a widely
used physical process for the preservation of various products,
e.g. food, medicines, vaccines, stuffed animals, and others', and
its applications increased in recent years. In the case of food, this
process allows its long-term storage maintaining the organoleptic
and physicochemical characteristics of the product. The
lyophilization process combines the freezing of the product from
which water will be removed, and then the pressure decrease.
Thus, in lyophilization, the removal of water occurs with the
material at low temperature. Physically speaking, the removal of
water in the freeze-drying occurs through sublimation, which
is passing from the water in the solid state to the gaseous state,
without passing through the liquid state (Fig. 2).

Pressure Freezing
mmHg
or Torr
Thermal drying
Vapor
4.58 | oeeeeaas P

Triple point of water

Lyophilization or freeze drying

0.01°C Temperature °C

Figure 2: Water phase diagram™.

The pomace of two grape varieties, Carmenere and Cabernet
Sauvignon, were studied and the freeze-drying kept all volatile
and phenolic compounds in comparison with the original values®.

This work investigated two sample preparation methods
(conventional dryingand lyophilization), in order to comparatively
evaluate preservation of resveratrol quality, as well as its content
in the residue of the winemaking process, envisaging maximizing
its potential use as a by-product. Nonetheless, the investigation
seeks to provide an auxiliary tool to support decision-making as
to the grape harvest, based upon the stratification of resveratrol
concentrations, prior to it, which would allow, for example, the
production of functional foods and beverages, through within-
field differential harvesting®. These possibilities justify the search
for improvements in methods of extraction and purification of

resveratrol as a by-product of winemaking process.

MATERIAL AND METHODS

Obtaining the Sample
Eighty kg of grape Syrah (Vitis vinifera L.) were collected

in a vineyard located in Jundiai (Sdo Paulo State, Brazil). After
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primary fermentation and skin separation, a total of 55 L of wine
were accounted, beingl5 kg of pressed pomace, say 18.8% of the
initial grape mass.

The grape pomace was divided into portions, which were stored
in the fridge for four days, at a temperature of 10 °C. Afterwards
part of these samples was dehydrated (oven-dried) and part was

freeze-dried.

Dehydration (oven-drying)
Part of grape pomace, corresponding to 3 kg, was submitted to
dehydration in an oven (Pardal dehydrator) at 50 °C for 5 h. After

this process the samples were frozen at —18 °C until analysis.

Lyophilization

The frozen residue was inserted in the lyophilizer, initiating the
process of drying. Lyophilization occurred, on average, for 15 h
with pressure of (4.1 + 0.2) x 10~' mbar, and drying chamber
temperature of —20 °C. After this process, the samples that were
at about 0 °C were immediately frozen at —18 °C until analysis
took place. Thus, the sequence for lyophilization of the sample is
as follows: the cooling, before being placed in the vacuum system
to carry out the lyophilization process, was done in a freezer at
a temperature of -18 °C; after freeze-drying, the lyophilized
sample was conditioned in a plastic bag (clean, of the type used
to store food) and returned to the household freezer; then it was
sent to the analysis in styrofoam boxes with ice. The temperature
measurement was performed with type K thermocouple.

Figure 3 shows the lyophilizer scheme. It basically consists of a

vacuum chamber, a filter, a vacuum pump and an exhaust filter.

Lyophilization
(freeze-drying)
Vacuum
chamber
Pre-vacuum
/| gauge
=
Purging and Pre-vacuum
aerating gas - [ 7 valve
N2
Alumina .
filters Purging and
aerating gas -
Pre-vacuum | __, () N,

gauge

Mechanical vane
vacuum pump

Exhaustion
filter

Figure 3: Vacuum system for freeze-drying of food.

The pre-vacuum (rough-vacuum and medium-vacuum) system is
based on a vacuum chamber with conventional elastane (nitrile
rubber) seals and a dual-stage mechanical type pre-vacuum pump.
Due to the fact that the mechanical vane pump is not efficient for
pumping vapors (in the case of lyophilization performed here,
the water vapor must be removed), the vacuum pump must be
protected by the installation of filters capable of retain water vapor.
To make water vapor retention more efficient, two alumina filters
were installed along the pumping line. There is also the placement
of a metal bellows to mechanically couple the parts of the
vacuum system (vacuum chamber and pumping line) and a
pre-vacuum valve to isolate the pumping line from the vacuum
chamber, for the exchange of samples to be lyophilized. The
vacuum gauges used are of the Pirani type. An exhaust filter is
required so that the experiment room is not contaminated with
oil vapor from the mechanical vane pump (this vacuum pump is
lubricated with mineral oil). At the end of the lyophilization process,

the aeration of the vacuum chamber is done with nitrogen gas (N,).

Determination of Moisture
Final moisture was determined by using infrared moisture
Analyzer equipment (IV 2500 Gehaka).

Extraction of Polyphenols

The extracts of the waste were obtained as described by Liu
et al.?!, employing methanol and ethyl acetate as solvents. Initially,
1 g of dehydrated pomace and 1 g of lyophilized pomace were
taken in tubes, followed by addition of 5 mL of solvent methanol
solution and 5 mL of ethyl acetate. The samples were kept in
the dark for 24 h at room temperature, because modifications in the
samples promoted loss, interfering with the amount of resveratrol.

After this period samples were centrifuged at 1000 rpm for
15 min. The supernatant was evaporated to dryness in distiller at
50 °C. The dried resveratrol was suspended in 2 mL of methanol
(in a microtube) and immediately frozen at —18 °C until the time

of analysis.

Quantitative Analysis by High Performance
Liquid Chromatographic (HPLC)

Resveratrol extracts were analyzed in a gas chromatograph
(Shimadzu HPLC SPD 10A), equipped with UV-VIS detector and
C18 column of 250 mm in length, 4 um particle diameter and 60 mm
internal diameter, using the method of Seferin et al.*2 The volume
of resveratrol standard used in this analysis was 20 L, which was
injected, and then the dehydrated and lyophilized samples were
detected at 306 nm. HPLC analysis was conducted in flow isocratic
elution of 0.5 mL/min, run time of 30 min and pressure of 68 bar,
using 25% acetronitrile at pH 3.0 adjusted with H,SO,.

Qualitative Analysis by FTIR Spectroscopy

The qualitative analysis of the resveratrol in the samples was also

performed by Fourier transform infrared spectroscopy (FTIR).
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The FTIR analysis was first performed to verify the efficiency of
the extraction, since it is a technique commercially more viable.
This comprised submitting to analysis the sample standard
(resveratrol powder diluted in methanol, just the powder without
dilution) and later on, the lyophilized and dehydrated samples.

The peaks corresponding to the chemical groupings of the
resveratrol molecule in the sample were identified, by comparing
the peaks with the available pattern. The resulted peaks represent
the “fingerprint” of resveratrol.

Statiscal Analysis

The average comparison was performed by Student t-test, with
95% confidence interval.

RESULTS AND DISCUSSION

The process of dehydration of grape pomace followed two
different ways. By means of a traditional dehydrator or by using
lyophilization equipment; both processes aimed to preserve the
samples characteristics.

The residual moisture levels were, on average, (12.0% (+ 0.3,
n = 3) for conventional dehydrator and (8.1% (£ 1.0, n = 4) for
lyophilization process.

The totals of phenolic compounds per gram of pulp in the
extract were 40.0 g (+ 0.6 g, n = 3) and 40.0 g (£ 1.9 g, n = 4),
respectively, for traditional drying and freeze-drying process

Table 1: Comparison of drying yield and moisture content among
pomace conservation methods.

p +SD 40.6 £ 0.6 12.0+0.3 40.6 + 1.9 8.1+10

Results expressed in g/100 g of extract. The samples did not present significant
difference (p < 0.05); p + SD means average + Standard Deviation.

Table 2: Comparison of extractions of crude compound.

y+SD 0.8+0.1 0.8+0.1

The samples did not present significant difference (p < 0.05).

Statistical analysis showed no significant differences between
the samples as to moisture content or even about phenolic
compounds for both drying processes employed. The nature of
the constituents of phenolic compounds was not determined,
since this analysis wasn’t subject of this study. When the
quantification of the resveratrol content of the compounds was
the case, this quantification in phenolic extract was performed
by HPLC.

The chromatogram showed a “retention time” of 27 min for
the pattern of resveratrol (Fig. 4A). The same retention time was
obtained from oven-dried and lyophilized samples (Figs. 4B and
4C). The other peaks on spectra 4B and 4C probably correspond
to phenolic compounds simultaneously extracted during sample

(Table 1). Table 2 indicates the yield of crude compound. pretreatment.
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Figure 4: Chromatogram of extract and standard samples. (A) Standard resveratrol; (B) extract from the conventional dehydratation; and

(C) extract from the lyophilization.
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The concentration of resveratrol (Table 3) was significantly
greater in the lyophilized pomace (0.25 pg/g), when compared
with the oven-dried grape pomace (0.04 pg/g).

Table 3: Concentration of Resveratrol in pg/g.

py+=SD 0.04 +0.01 0.25 + 0.09*

Results expressed in pg/g. The samples present significant difference *(p < 0.05).

Table 4 presents the consolidated data of the results of the
comparative analysis between the drying processes. The significant
difference between methods highlights the performance of the
active ingredient, resveratrol, with advantage for freeze-drying
methodology.

The used FTIR analysis was helpful in the assessment of
the presence of resveratrol in the samples. Figure 5 depicts the
obtained spectra in the analysis, on the interval between 3500
and 1600 cm’lj that corresponds to the four most intense bands
collected, as follows: the diluted standard sample (Fig. 5A),
lyophilized residue (Fig. 5B), and the dehydrated residue
(Fig. 5C). Figure 5D shows the spectra for the grouped samples.
There is the presence of characteristic absorption bands between.

The data are in accordance with related results obtained by
Mendes et al.”®, to whom a characteristic absorption broad
band for pure resveratrol was expected around 3257 cm™, and

other on 1610 cm™', corresponding to C—C aromatic double-
bond stretching. These bands can be clearly seen on the spectra,
although the 3257 cm™' seems to be broader than Mendes
et al.” results, probably due to water and/or methanol presence.
The ~2900 and ~2800 cm™" bands can be assigned to C-H and CH,
asymmetric and symmetric stretching and, again, can indicate
methanol presence but also phenolic coumpounds®. In any case,
these results indicate that FTIR might be a useful tool for qualitative
assignment of the presence of resveratrol on the samples.

Table 4: Consolidated data on the quantitative parameters of
extracts.

Resveratrol concentration (ug/g)

U+ SD 0.04 +0.01

0.25 + 0.09

Moisture %

U+ SD 12+ 0.3

8.1+10

The reduction of free water from food raises the osmotic
pressure of their environment and, consequently, decreases the
potential for microorganisms proliferation on it and the enzymes
that are able to impart modifications trough oxidation process
lose their activity’. Therefore, water removal influences two
important basic parameters, which are vital for the conservation
of chemical and microbiological traits of grape pomace.
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Figure 5: FTIR Spectra in (A) dilute resveratrol standard; (B) lyophilized bagasse, (C) dehydrated bagasse; and (D) grouping of samples.
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In this study, the results showed that there was no significant
differencebetween the values of moistureand finalamount of the
phenolic compounds resulting from the two processes of
conservation. It was noted, however, that the content of the
active ingredient (resveratrol), yielded when liophylization
was applied, was significantly higher, as compared to oven-
dried process (0.25pg/g + 0.09 pg/g for lyophilization,
0.04 ug/g + 0.01 pg/g, for oven-dried) (Table 4).

This result is (probably) not exudation of bioactive material
during the production and transportation of steam in the
process of lyophilization, at low operating temperatures,
keeping the resveratrol in the structural matrix'.

The lyophilization process proved to be more efficient
also in conservation of the compounds, color preservation
of the pomace and the general appearance of the product. In
spite of these characteristics not being related directly to the
target study, since anthocyanins are responsible for the color,
they indicate that the lyophilization process has advantages
in preserving color and texture. Although it is a subjective
evaluation, this observation represents a relevant aspect in the
quality of the final product (Fig. 6).

Usually the drying process occurs at atmospheric pressure,
where the exchange of heat is done by a forced convective way.
The mass of moving air conducts heat, causing evaporation of
the water, say the damp vapor released by food'®. The major
drawback of this drying process is that besides the water,
other products can also evaporate, thus changing the physical
properties (shape, firmness and hardness).

The lyophilization process combines the freezing of the
product to be dehydrated, followed by decrease of pressure. In
this way, the water removal by lyophilization takes place with
the material at low temperature through the phenomenon of
sublimation, which is the transition of water from the solid
state to the gaseous phase, without going through the liquid

phase!”. It is seen that the applications of that process has been

increased in recent years. In the case of foods it allows the
storage for a long period, keeping the nutritional and physical-
chemical properties of the product®.

In liophylization the product is frozen, followed by the
application of vacuum to the occurrence of the sublimation
and consequently the dehydration, with the loss of water!'s.
The result is the reduction of the volume of the product, with
the preservation of its color, flavor, aroma and nutritional
characteristics, which remain almost intact after rehydration.
The water content is evaporated directly, without breaking
molecular membrane structures, keeping intact the nutrients,
consistency and taste of the food. Thus, the process
is optimized for low temperature and in the absence of
atmospheric air'.

The lyophilization protects against the degradation of
phenolic compounds, in contrast to the conventional process,
since the drying up of 60 °C decreases significantly the activity
of polyphenols, as seen for Mulberry (Morus alba L.). Therefore,
lyophilization process can be an option for the food industries
to improve the color and aroma of grapes low in anthocyanins®.

Considering the content of the active ingredient, Careri
et al.”® found 6.0 pg/g of resveratrol for residual grape pomace
for the variety Nero d’Avola, while Sato et al.”” found 7.6 pg/g, for
grape Alicante and 6.4 pg/g for grape Syrah. The different
environmental conditions, species and cultural practices and
winemaking techniques used®!? could explain the differences
between obtained results. Particularly, for the above-mentioned
data for Syrah, the authors used a different extract from the
berries of the grape, obtainable with another solvent, different
from that used in this work.

In general the results showed a great potential for resveratrol
extraction on a large scale, using lyophilization method
and reinforced this methodology as a viable alternative for
optimization of sample preservation. This is true both for

grape pomace and for in natura fruit.

Lyophilization

Conventional
dehydratation

Figure 6: Visual characteristics of pomace dried by conventional and lyiphilization method.
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CONCLUSIONS

Taken together, our results demonstrate that the pomace
waste proved to have resveratrol in the structural matrix, which
was better preserved by the lyophilization method compared
to conventional dehydration. The quantitative (HPLC) and
qualitative (FTIR) analysis confirmed the established in this work.
FTIR analysis is a faster and more commercially friendly method,
while HPLC provides the more accurate measurements.

When it comes to processing time, while conventional
dehydration required 4 h for drying, lyophilization required 24 h
in the experimental conditions used. In this way, for being a more
time-consuming technique, lyophilization can mean a negative
impact when considering only the largest energy expenditure.
However, in terms of yield of active ingredient, that method
showed to be significantly more effective.

The study points out the potential of resveratrol modeling
into calibrated FTIR instrumentation. This can allow for the
production of functional foods and beverages by setting up of

vineyard selective harvesting.
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