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ABSTRACT

Tomato peels and seeds are the main by-products of the tomato industry and represent an
interesting source of bioactive compounds (BC) including carotenoids, which can be then
used as colorant to commercial aquaculture. The aim of the present work was to optimize
the extraction of BC from tomato by-products using Ohmic heating (OH) technology. OH
extraction experiments were done in the presence of moderate electric fields (MEF) of dif-
ferent intensity (i.e. 4, 6 and 11Vcm™?) to identify the presence of non-thermal effects
on the extraction process and its influence on bioactive properties of the extracted com-
pounds. Polyphenol extraction using OH was successfully optimized with the best extraction
conditions being 70 °C for 15 min using 70% ethanol as a solvent, which exhibited rutin recov-
ers of 77% higher than control samples. It allowed to recover up to 4.93 ng/gFW lycopene
from tomato by-products without resorting to organic solvents. OH can be used as an
environmental-friendly, fast and economic process to polyphenols recover from industrial
tomato by-products. In addition, the use of different MEF during extraction shows to have a

Polyphenols high potential to cause different levels of permeabilization and cell stress that can help to
Carotenoids define a selective extraction process of valuable components from tomato by-products.

© 2019 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
1. Introduction However, current extraction treatments involve application of sol-

vents and leaching, which besides being a hazard to the environment,

Annual tomatoes (Lycopersicon esculentum) production worldwide is 170
million tons, which 127.5 million are for the fresh consumption and
42.5 million are for the industrial processing, being one of sectors with
the greatest impact in the agro-food industries (FAO, 2017; Heuvelink,
2018). Processed tomato products often result in higher amounts of
by-products, namely, skin, pulp and tomato seeds. They are excellent
sources of bioactive compounds (BC), such as vitamins, B-carotene,
lycopene, flavonoids, which can be used as synthesis of pharmaceu-
tical, colorants and food products (Figueiredo-Gonzalez et al., 2016;
Galanakis, 2017).
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can cause degradation of these compounds, promote their toxicity and
reduce their biological properties and health benefits, thus hampering
their added value (Ameer et al., 2017; Caldas et al., 2018; Tommonaro
et al., 2008). Therefore, it is imperative to search for new alterna-
tives for extraction methods that can bring added value to these
by-products. OH is one of these emergent extraction method, and
is based on passage of alternating electrical current through semi-
conductive materials allowing the generation of internal heat due to
inherent electric resistance of the product to be treat (Brochier et al.,
2018; Gavahian et al., 2016; Pereira et al., 2016; Seidi Damyeh and
Niakousari, 2017).
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OH has great potential for achieving rapid, uniform and precise
heatingin foods, providing a wide range of food processing applications
including pasteurization, sterilization, microbial inactivation, fermen-
tation, cooking, blanching, thawing, starch gelatinization, enzyme
stabilization (Anderson and Finkelstein, 1919; Kumar, 2018; Pereira
et al,, 2018, 2016).

It may be very attractive to enhance the extraction of BC with lower
energetic costs (>95% of energetic efficiency) and better product qual-
ity (Brochier et al., 2018; El Darra et al., 2013; Hogervorst Cveji¢ et al.,
2017a; Pereira et al., 2018). Nevertheless, there is a great gap in knowl-
edge between the interaction of the electric field and the BC, e.g. if the
electric fields are sufficiently to cause bound-breaks, change chemical
structures and BC degradation, or regarding cell wall can cause differ-
ences in its permeability and increases extraction, being imperative
studies to verify the effect of the OH in these compounds.

This technology is not possible to apply in non-conductive food sys-
tems, as well as, it is also difficult to apply it in non-homogeneous food
systems. Furthermore, many systems/foods are rich in proteins can
lead to deposit formation on the surface of OH electrodes, that if not
properly cleaned can result in an electrical arcing. The disadvantages
aforementioned can be easily controlled (Kumar, 2018; Ramaswamy
et al., 2014).

Although OH has been applied for some time, there are few studies
on its influence as an extraction method of bioactive polyphenols and
carotenoids from tomato by-products (Hogervorst Cvejic et al., 2017b;
Rajha et al., 2014).

Hence, in the present work, the influence of OH and moderate elec-
tric fields (MEF) of different intensities, in the extraction of BC from
tomato by-products were evaluated in order to value this fraction in a
sustainable industry system.

2. Material & methods
2.1. Samples

Fresh samples of industrial tomato by-products (seeds and
skins) were collected from the company Sugalidal in San-
tarém, Portugal. After being collected, the dry matter of
samples was measured, and by-products were stored at —80°C
until further analysis.

2.2.  Extraction strategy evaluation

In order to understand best approach to OH technology (using
as pre-treatment step, A and B, followed by extraction at room
temperature or by assisting thermal-extraction, C) an initial
set of tests were performed. For pre-treatment A, OH was
applied directly to 2.5¢g of tomato by-products; in this case
the maximum temperature which system was able to achieve
was of 55°C (with a holding time of 1min). This tempera-
ture was then used for the remaining treatments for a proper
comparison. For pre-treatment B, 2.5 g of tomato by-products
were previously washed in a 0.1M sodium chloride solution
(NaCL) before OH application in the solid residue (with a hold-
ing time of 1 min) this treatment allows the increase of extract
conductivity and also allows reach at 55°C in short time;
in both pre-treatment A and B the extraction was then per-
formed with 12.5mL (1:6 w/v) of 70% water:ethanol absolute
solution (during 0, 10, 20 and 30min) at 55°C. For C, an OH
assisted extraction was performed by combining the same sol-
vent solution prepared before (70% of water:ethanol absolute
(v/v) with OH at 55 °C. For all the water:ethanol extraction was
performed for O (only the time to reach target temperature),
10, 20 and 30 min.

2.2.1.  Ohmic heating extraction

A cylindrical glass reactor with 30cm total length, an inner
diameter of 2.7 cm and two stainless steel electrodes placed
at each edge isolated by polytetrafluoroethylene (PTFE) caps,
were used to OH assisted extraction from tomato samples, as
referred by Pereira et al. (2016). The supplied voltage ranged
from 60 to 280V, during 30 min, with different temperatures
(0-100°C). Electrodes used stainless steel 316 and OH was
performed at 25kHz. This combination avoid corrosion and
electrochemical reactions (Pataro et al., 2014). A function gen-
erator (Agilent 33,220 A, Bayan Lepas, Malaysia; 1Hz-25 MHz
and 1-10V) connected to an amplifier system (Peavey CS3000,
Meridian, MS, USA; 0.3V-170V) was used to control system.

2.2.2. Conventional heating (COV)

A reactor vessel with double-walled (3mm of internal diam-
eter and 100mm height) was coupled with a circulating
thermo-stabilized water bath to perform conventional extrac-
tion at controlled temperature, as reported previously (Pereira
et al., 2010).

Both methods (OH and conventional) presented a similar
thermal history as well as the same solutions were used. All
procedures were recorded to ensures having exactly similar
conditions for both methods.

2.3.  Total antioxidant capacity and phenolic content

Total antioxidant activity (AA) was determined using the ABTS
method as described by Gido et al. (2007). The results were
given in ascorbic acid equivalent.

The total content of polyphenol compounds (TPC) in the
extracts was evaluated through the Folin - Ciocalteu spec-
trophotometric method as described by Singleton and Rossi
(1965) and expressed as milligram of gallic acid equivalent.

2.4. Total carotenoids

Total carotenoids (TC) was assed using a spectrophotometric
analysis, as described by Kimura et al. (1990) and are expressed
in equivalent B-carotene.

2.5. Color

The nonspecific turbidity was determined by optical den-
sity at 600nm using a Versamax Elisa microplate reader
with polystyrene 96-well microplates (Nunc, Denmark) as
described by Hodges et al. (1999).

2.6. HPLC-analysis

Qualitative and quantitative profiles of polyphenols were
carried out according to the method proposed by Oliveira
et al. (2015), with slight modifications. Analysis was con-
ducted on HPLC-DAD (Waters Series 600. Mildford MA. USA).
A Symmetry® C18 column, 250 x 4.6mm i.d. 5um particle
size and 125 A pore size with a guard column (waters), was
used and solvents elution consisted of solvent A — Ace-
tonitrile (100%) with 0.2% TFA; Solvent B: acetonitrile/water
(5:95 v/v) (Merck pure grade and pure water) with 0.2%
TFA (Sigma-Aldrich, Germany); Samples were analyzed in
triplicate. Calibration curves were obtained at a detection
wavelength 280 nm. Standards solutions over the concentra-
tion range from 0.10 to 100.00mg/L were prepared for the
identification and quantification of the following compounds:
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rutin, naringenin and Kaempferol (Sigma, Sintra, Portugal)
expressed as pg per mL of fresh weight (FW) biomass of
tomato. All calibration curves were linear over the concentra-
tion ranges tested, with correlations coefficients of 0.999.

Carotenoids content was also analysed by HPLC-DAD
(Vydac 201TP54 C-18 column, 250mm - 4.6 mm), equipped
with a C-18 precolumn.

Chromatographic separation was performed as described
by Oliveira et al. (2004). Solvent A with ethyl acetate (Merck
pure grade) and solvent B 90:10 acetonitrile:water (Merck pure
grade and pure water, 1.0 mL/min flow rate, at room tempera-
ture.

The UV-vis detector was set between 270 and 550 nm. Indi-
vidual carotenoids were quantified and from a calibration
curve built with pure standards: B-carotene, lycopene, zeax-
anthin and lutein (Extrasynthese, Genay Cedex, France) and
expressed as milligrams per kilogram of fresh product.

2.7.  Extraction optimization

Based on results obtained according methodologies applied
in Sections 2.2.1 and 2.2.2 and to better understand both tem-
perature, organic solvents ratio and time effects on bioactive
compounds extraction a design of experiments (DOE) was now
applied. Twelve experimental combinations were determined
according custom design, n=23, consisting of a 33 factorial
design with three levels (-1, 0, +1). The independent variables
were as follows: time (0-30 min); temperature (35°C-100°C);
and percentage of solvent (0-70%). Total phenolic compounds,
antioxidant activity, total carotenoids and color were used as
dependent variables. Table 1 shows the combination of the
different independent experimental variables.

Based on data from phenolic, antioxidant and carotenoids
compounds, and overall linking, a response surface was fitted
to data, by adjusting a quadratic polynomial equation (Eq. (1)):

y= bo + b1x1 + boxy + baxs + bnx% + bQQX% + b33X% + b12X2X3

+b13X1X3 + ba3x1X3 (1)

were bg represents the constant term, bq, b, and bs linear
effects, by1, by and bass, represents quadratic effects and b,
bis and bys the interaction effects, namely, time (x1) temper-
ature (x;) and ethanol (x3). ANOVA was performed in order to
assess the regression coefficients used.

2.8.  Moderate electric fields (MEF) effects

The OH in concomitance with MEF can causes changes on
polyphenols and carotenoids. Thus, after determining the
best extraction process with the experimental design, the
impact of temperature and MEF intensity on BC extraction was
assessed. Three sodium salt concentrations (0.514, 0.257 and
0.120 mol/L) were added to the extraction solutions to increase
the electrical conductivity and to allow working at different
electric field strengths - i.e. 4, 6 and 11Vcm™!, respectively-
, thus ensuring the generation of heat within the mixture
(Table 2). Three levels of MEF were used at the same tempera-
ture profile in order to evaluate possible non-thermal effects of
the OH. An experiment was also performed where a maximum
voltage was applied on solution with moderate electric con-
ductivity (0.257 mol/L) in order to create a fast OH extraction
and decrease the thermal load of OH (by this procedure, the

extraction temperature was reached very fast, in 2 s; the volt-
age was immediately reduced to maintain the temperature).
The conventional extraction method (without the presence of
electrical variables) was performed in the solutions of differ-
ent electrical conductivities benchmarking all OH performed.
All experiments were done in triplicated.

2.9. Statistical analysis

Data analyses were performed using STATISTICA software v.12
(StatSoft, Inc., USA) and STATGRAPHICS Centurion software v.
XVLI. A descriptive statistics (mean and standard deviation)
were performed, and a two-way ANOVA was applied at a 95%
confidence level.

The Multiple Factor Analysis (MFA) was applied to assess
the consensus among the different variables analysed: total
phenolic compounds, antioxidants, colour and carotenoids.
Additionally, aggregated data was used to perform a PCA, iden-
tifying major relationships between variables.

A screening of DOE was executed considering the
responses obtained. Moreover, to elaborate the predictive
statistic model, according to Rsquare and Rsquare adjusted
values, the independent variables that influenced the depen-
dent variables behaviour were selected. Finally, optimal
conditions were obtained by settings desirability values to
each responses type to obtain maximum desirability. Addi-
tional trials at the optimum predicted conditions were
performed in order to validate the models obtained and exper-
imental results were compared with the predicted ones.

All analysis was performed in triplicated and a standard
deviation was calculated.

3. Results and discussion
3.1.  Influence of extraction conditions

In this study, a solvent system based on water—ethanol was
used to attain a green extraction of the BC polyphenols and
carotenoids from tomato by-products. In the first part of this
study, OH was used as pre-treatment preceding the extraction
with water/ethanol at 55°C in an in attempt to soften tomato
tissues, but an increase in the contents of total carotenoids
and total phenolics of the extracts were only observed during
OH-assisted extraction with water/ethanol (Fig. 1).

The application of OH pre-treatments was reported to
induce the permeabilization of cell membranes and facilitate
the polyphenolic extraction with ethanol addition (El Darra
et al., 2013). Nevertheless, this sample is solid and poorly
conductive, which requires applying higher electric fields to
the temperature reaching 55°C, leading to a degradation of
the most sensitive compounds such as carotenoids. During
this process, several mechanisms may be occurred, includ-
ing a highest internal heating of samples, electrode reactions
and the electrolysis of samples, thus the BC degradation
was caused by heat and by electrochemical degradation. In
addition, both degradation reaction mechanisms and kinetic
parameters may be influenced by reactions between the elec-
trode materials and the electrolysis products (Kaur et al.,
2016a). In this way we consider the treatment C an opportu-
nity to develop a new method for BC extraction. Furthermore,
several studies, have reported that the recovery of different
BC, such as polyphenols and carotenoids, depends both on
the treatment time and temperature, as well as solvents used
(Lapornik et al., 2005). This information together with the
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Table 1 - Experimental combinations of temperature, time and % of ethanol of tomato wastes obtained from experimental

design and the total carotenoids equivalent of B-carotene and lycopene in extracts from tomato by-products.

Temperature (°C) Time (min) Ethanol (%) Total carotenoids (mg eq. B-caroten/g FW) Lycopene (ug/gFW)
40.0 0.0 0.0 0.080+0.012 4 2.253+£0.002 ©
40.0 15.0 70.0 0.178+0.011° n.d.

40.0 30.0 35.0 0.195+0.020 2P n.d.

55.0 0.0 70.0 0.126+0.017 © n.d.

55.0 15.0 35.0 0.237 +0.0852 4.926+0.003 °
55.0 30.0 0.0 0.093+0.007 © 2.339+0.001 ©
70.0 0.00 35.0 0.096 40.005 © 4.772+£0.011°
70.0 15.0 0.0 0.163+0.031 ¢ n.d.

70.0 30.0 70.0 0.099 +0.003 &4 2.939+40.002 ©
55.0 15.0 35.0 0.116 +£0.027 © 2.566 + 0.003¢
55.0 15.0 35.0 0.115+0.010 © 7.108 £0.1222
55.0 15.0 35.0 0.133+0.040 © 2.52140.001 ©
70.0 15.0 35.0 0.24040.006 2 n.d.

Values were present as mean + SD. 2Different letter represent significant differences (p < 0.05) in comparison to the original content.

Table 2 - Ohmic and conventional treatments applied on by-products from tomato (temperature, time, ethanol,

conductivity, salt concentration and electric field).

Assay nr. Treatment Temperature (°C) Time (min) Ethanol (%) Conductivity Salt concentration Electric field
(mscm™?) (mol/L) (Vem™?)

1 Conventional 70 15 70 1.00 0.12 n/a

2 Conventional 70 15 70 3.99 0.25 n/a

3 Conventional 70 15 70 8.17 0.51 n/a

4 OH 70 15 70 1.00 0.12 11

5 OH 70 15 70 3.99 0.25 6

6 OH 70 15 70 8.17 0.51 4

7 OH 70 1 70 3.99 0.25 6

8 Control 25 15 70 1.00 0.12 n/a

9 Control 25 15 70 3.99 0.25 n/a

10 Control 25 15 70 8.17 0.51 n/a

results obtained was decisive to study the potential of OH for
BC recovery, due its ability to achieves fast and relatively uni-
form heating rates. Thus, the treatment C was used for the
following experiments.

3.2.  Extraction optimization

The agro-industrial sector is interested in the development of
affordable green extraction processes, that reduce/eliminated
the organic solvents and elevated temperatures (Ribeiro et al.,
2015). Furthermore, the extraction efficiency of BC, is affected
by their chemical nature, particle size, solvent and extraction
method (type of solvent, polarity, pH, temperature, extraction
time) used and the synergy due the presence of interfering
substances (Do et al., 2014). Accordingly, for the second part
of this work, the effect of OH with various treatment times,
temperatures and concentrations of ethanol on the antioxi-
dant activity, polyphenols and carotenoids were evaluated. An
experimental design was constructed to reduce the number,
time and cost of the experiments.

3.2.1. Experimental modelling and statistics

All response values were demonstrated by statistical analysis
to fit best the quadratic order polynomial equations express-
ing the relation between the experimental parameters and
the response variables. The regression models were used to
fit a linear model and consequently the data. Furthermore,
the adjusted model was adequate and a good representation
of the behaviour of the system, with R? values for antioxi-
dant capacity, total polyphenols, total carotenoids and color
of 0.97, 0.98, 0.53 and 0.76, respectively. Significant parame-

ters affecting thermal extraction process are highlighted in
Table 1.

According experimental model, the better conditions to
obtain higher antioxidant capacity with application of 70°C,
70% of ethanol during 15 min of extraction (Table 3).

To total polyphenolic content R-quadratic, explain 98.0% of
total polyphenols variability. The standard error of the esti-
mate shows that the standard deviation of the residues is
0.084. The absolute mean error (MAE) of 0.055 is the average
value of the residuals.

The R-squared statistic indicates that the model, thus
adjusted, explains 76.4% of the variability in color. The
adjusted R-squared statistic, which is more adequate to com-
pare models with different number of independent variables,
is 69.0%. The standard error of the estimate shows that the
standard deviation of the residues is 0.05. The absolute mean
error (MAE) of 0.032 is the average value of the residues.

Where the values of the variables are specified in their orig-
inal units.

Results showed a high degree of correlation between all
observed and predicted values, indicating a reasonable agree-
ment of the corresponding model with the experimental
results was found.

The results showed that, the variables have different
weights for each parameter studied; for instance, the ethanol
concentration is the main parameter controlling color inten-
sity and extraction of AA, TPC, while, for carotenoids
extraction the most significant variable is the tempera-
ture. This may be attributable to the higher content of
non-phenolic compounds present in tomato by-products. Fur-
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total phenolic compounds—A) OH treatment directly applied on tomato by-products; B) OH applied to samples of tomato
by-products previously merged in NaCl; C) OH treatment on samples constituted by tomato by-products samples and a
solution of water:ethanol. ? Different letters represent significant differences (p <0.05) in comparison to the original content.

Table 3 - Statistical analysis of the effects of temperature, time and ethanol percentage on antioxidant capacity, phenolic
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thermore, these extracts are rich in lipophilic molecules,
mainly sterols, terpenes and carotenes, which are more sol-
uble in organic solvents (ethanol) (Do et al., 2014). To better
understand the results and to obtain the optimum condi-
tion, of temperature, holding time and ethanol percentage,
to extract simultaneously the maximum concentration of
variable dependents (antioxidant activity, total and individ-

ual phenolic compounds, carotenoids) a desirability function
was applied (Table 3). This function is based on transforma-
tion of the original each response in a dimension desirability
scale, assigning values between 0 (undesirable value) and 1
(completely desirable/ ideal response value) (Coelho et al,,
2017). The optimum extraction conditions found is described
below.
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3.2.2. Total antioxidant activity and polyphenols content

To determine the best conditions of extraction, as previ-
ously described, an experimental design was performed with
different conditions of time, temperature and ethanol concen-
tration using an OH system. The results of antioxidant activity
show that ethanol concentration influences the antioxidant
activity, followed by the temperature and time (p<0.05)
(Table 3). A significant difference was observed between the
effects of temperature and ethanol concentration (p <0.05).

In accordance with different conditions of DOE the AA
ranged from 0.106 to 1.920mg/g FW, and this is in accordance
with the published literature. Toor & Savage reported concen-
trations of AA ranging from 15.7 and 0.186 mg/g FW in skins
of tomatoes (Toor and Savage, 2005). For TPC they found con-
centrations ranging from 0.244 to 2.558 mg GAE/g FW which is
in accordance with our results. Higher values of TPC and AA
may be found in ethanol extracts when compared with water
extracts, due the lower polarity of ethanol than water. Cell
walls and seeds have unipolar character and for this reason
ethanolis more efficient in recovery of polyphenol compounds
(Lapornik et al., 2005). An increase of TPC was also revealed
with temperature and percentage of ethanol; extraction per-
formed at 70°C with 70% of ethanol during 15 min gave rise to
2.821+0.211mg gallic acid equivalents/g Fw, a much higher
value than the value of 0.403+0.019mg gallic acid equiva-
lents/ g Fw in the control (40 °C, 0 min, 0% ethanol).

In this way, the response surface analysis showed that the
percentage of ethanol influenced both antioxidant activity and
phenolic compounds extraction (Table 3), being in accordance
with results reported by(Lapornik et al., 2005).

Temperature and time have also significant effects on
total polyphenols extraction (p <0.05); polyphenolic content
increases with increasing temperature. As mentioned before,
these by-products extracts are rich in lipophilic compounds
that could form complexes with polyphenolic compounds
thus enhancing their solubility in ethanol (Do et al., 2014).

The results obtained indicate that treatment tempera-
tures of 70°C are suitable for the extraction of compounds
(higher content of phenolics), with higher antioxidant capacity
and distinctive phenolic composition when compared to the
extraction at 40-55°C (p <0.05). The combination of the differ-
ent factors showed that to obtain higher levels of extraction
of total phenolics treatment conditions should be as follow:
70°C, during 15 min with 69.9% of ethanol. The combination
of OH and temperature can be an effective alternative method
for extraction of phenolic compounds, which supports other
studies (El Darra et al., 2013; Khajehei et al., 2017; Loypimai
et al., 2015; Pereira et al., 2016).

3.2.3. Carotenoids content

In accordance with results of total carotenoids, temperature
and time had a positive and a negative quadratic effect,
respectively, resulting in the increase of carotenoid levels with
increasing temperature and a maximum recovery capacity of
these compounds (mainly lycopene and B-carotene) is reached
independently of extraction time. In addition, the results for
individual carotenoids showed that depending on the condi-
tions the lycopene may be or not extracted (Tables 1 and 3).
Both temperature and time are key for non-degradation of
lycopene (Aguilar-Machado et al., 2017). According desirable
analysis the best conditions to extract carotenoids are 55°C
with 70% of ethanol during 15 min. The type of solvent and the
number of extractions have a significant impact on lycopene
extraction due the draw water capacity, while time and sol-

vent to sample ratio have no significant effect (Nunes and
Mercadante, 2004). Nunes and Mercadante (2004), evaluated
lycopene extraction with ethanol and ethyl acetate, with ethyl
acetate being more efficient. The carotenoid concentration
ranged from 0.0284 to 0.0935 mg/g FW.

Low temperatures (ambient 23°C), may cause degrada-
tion due to oxidation without isomerization (Aguilar-Machado
et al., 2017; Hackett et al., 2004), while at higher temperatures
(125°C) isomerization of lycopene may occur with associated
losses (Oliveira et al., 2015a, b; Seybold et al., 2004). Dewanto
et al. (2002) refers that at 88°C lycopene bioavailability is
improved when compared with lycopene in fresh tomatoes.
Furthermore, lycopene forms complexes with insoluble fiber
located in the outer pericarp and the skin (Dewanto et al,,
2002). These results are very interesting and open a door for
new studies on the effect of time and temperature on lycopene
degradation.

3.2.4. Color

Red color intensity mainly depends on ethanol concentration
and temperature of extraction (Table 3). A positive quadratic
effect was shown with increasing of ethanol, while increas-
ing temperature extraction has a significant negative linear
effect (p< 0.05). In addition, a negative quadratic effect related
with the time extraction was also significant (p< 0.05). These
results suggest a saddle point concerning the effects of tem-
perature, time and ethanol concentration on color intensity.
These results were somehow expected due the relationship
between color and the main responsible by the color present
in tomato, the carotenoids (Kim and Chin, 2016).

3.3.  Electric field effects on BC extraction from tomato

Electrical processes are gaining an increasing interest for
its application in food processing, including the extraction
of polyphenols (Kaur and Singh, 2016). Nevertheless, little
is known about the impact of electric fields on structural
changes of by-products samples or BC, which also may
compromise its bioavailability and extraction. Furthermore,
some BC are very thermally sensitive and unstable, such as
flavonoids and carotenoids and can degrade with the volt-
age application. Thus, distinct levels of electric field intensity
were applied during thermal extraction, namely 4, 6 and
11Vem~?! and optimal conditions determined before (70°C
for 15min using 70% ethanol). A multivariate analysis was
performed to better understand the experimental data, with
significant differences being observed between treated and
control samples (Fig. 2). Results showed significant differences
between conditions applied, namely the heating mode (OH
or conventional) or the intensity of the electric field during
OH.

According to the obtained results, no significant differences
(p>0.05) were found between control samples with different
conductivities, suggesting that salt addition has no impact on
extracted antioxidant activity (results not shown).

Concerning polyphenolic content, the method of extrac-
tion is more important on the recovery of these compounds,
with a more significant effect than with electric field effect
(Fig. 2). The complexity and diversity of polyphenols (molec-
ular size and structure) makes it difficult to anticipate the
effect of electric field (Elez-Martinez et al., 2017). Therefore,
the following results consider the extraction of individual
polyphenols, mainly three relevant polyphenolic compounds
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that were found to be present: naringenin, rutin and
kaempferol.

Electric fields have different effects on the recovery of each
individual polyphenol compound (Fig. 2); moreover signifi-
cant differences were observed between conventional and
OH extractions (p <0.05). According PCA analysis a correlation
between antioxidant activity and kaempferol extraction were
observed. OH at 11V cm~! influence both antioxidant activity
and kaempferol extraction, while OH at moderate (6Vcm™?)
and low (4Vcm™!) electric fields influences color, naringenin
and rutin extraction. Results suggests that at higher electric
fields application, there are glycosides break bonds, in chem-
ical structural of rutin with kaempferol formation, as Khan
et al. (2018), refers the electromagnetic fields could have the

capacity to break down, both -ester and glycoside-bound phe-
nolic compounds.

OH and conventional extractions at 6 Vem~! gave rise to
an increase in rutin concentration of 82 and 79%, respectively,
when compared to control sample. At this frequency pores can
be formed across cell wall altering the membrane permeability
and consequently to accelerating the diffusion kinetics (Kaur
etal.,, 2016b; Maroun et al., 2017). In addition, the OH extraction
used to achieve a high temperature in few seconds, allowed
an increase of 77 and 61% in rutin and naringenin extraction,
respectively, compared to the control sample. No significant
differences were obtained between conventional and fast OH
extraction (p >0.05). However, it is important to highlight that
it was possible to reduce total extraction treatment time for
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(p <0.05) in comparison to the original content.

approximately 16% through OH, as less time was required to
reach the target temperature, reducing the overall processing
time.

Both electric field effects and methods of extraction have
significant effects on kaempferol and rutin recovery. OH appli-
cation allows the temperature of extraction to be reached
faster than the conventional method, reducing the overall pro-
cessing time. The application of a fast heating process may
be important on the preservation of heat sensitive phenolic
compounds. At the same time, the fast heating and electropo-
ration effects can cause cellular heat stress and consequently
structural damages, enhancing the release of certain phenolic
compounds (Khajehei et al., 2017; Sakr and Liu, 2014; Sastry,
2008).

Therefore, for a better understanding of the electric field
influence, the results were normalized according to Eq. (2), as
shown in Fig. 3.

(OhmicA — ControlA)

Electric field = -
ectric field effect (ConventionalA — ControlA)

Normalization of the experimental data revealed that sig-
nificant differences were found between 4 and 11Vcm~?! and
6 and 4Vcm™! for all individual compounds detected. The
application of 6 and 11Vcm~? electric fields showed higher
individual compounds recoveries from tomato extracts when
compared with 4Vem~! (see Fig. 3), being this difference
significant (p <0.05). Relatively to rutin and kaempferol extrac-
tion, no significant difference was detected between 6 and
11Vem~?, while to naringenin there was significant differ-
ences between the electric fields applied. Joule effect can
induce an electro and thermal-permeabilization of cell mem-
branes, causing disturbances on their permeability, structural
alterations, contributing in release of higher amounts of
polyphenol compounds (Khajehei et al., 2017). In addition, it
was detected two groups of polyphenols (rutin and kaempferol
are flavonols and naringenin is a flavanone) with different
structural comportments. It means, the increased of narin-
genin with the electric field application could be attributed
to the induction of flavanone synthase when OH treatments
were applied (Vallverdi-Queralt et al., 2012).
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Regarding carotenoids, see Fig. 3, significant differences
were found at different levels of MEF applied (p>0.05). The
effect of electrical fields on bioactive compounds such as
carotenoid needs to be better understood through systematic
and fundamental studies. Notwithstanding the low quantities
of carotenoids recovered (5-10 p.g), OH may be a useful source
to extract these compounds without their degradation.

In addition, a selective extract can be obtained depending
on the treatment applied, as OH can be used to selectively
extract some compounds without reducing the efficiency of
the extraction process. This is the case for rutin extraction
when a fast OH is applied. For kaempferol extraction, both
OH with high electric field and conventional treatments with
moderate conductivity may be applied. Nevertheless, if the
objective is to obtain extracts rich in polyphenolic content,
or high in rutin and naringenin, an ohmic heating with 6
and 11V.cm~'may have shown to be promising approaches.
These results may suggest a selective extraction of certain
compounds depending on the electric field applied. Thus,
OH seems to be an interesting processing tool to improve
the extraction of valuable components from vegetable tis-
sues (Medina-Meza and Barbosa-Canovas, 2015; Xue and Farid,
2015).

4, Conclusion

Results suggest that OH is an efficient extraction pro-
cess for polyphenols from tomato by-products with a 58%
higher recovery rate than control samples. Relatively to the
lycopene and p-carotene compounds the optimization pro-
cess allows their extraction from tomato by-products without
addition of organic solvents (usually useful to obtain these
lipophilic compounds). Nevertheless, their extraction yields
were lesser when compared with conventional method and
new approaches were needed. The Joule effect and fast heat-
ing in association with high electric field intensities allowed
a significant recovery of polyphenols and carotenoids com-
pounds. In addition, there are a resourceful polyphenols and
carotenoids recovery when 6 and 11V cm~! electric fields were
applied.

In conclusion, OH may be an efficient — as well as selec-
tive - technique for the extraction of compounds from tomato
by-products that allows same yields to be achieved as in
conventional processes but at a higher extraction rate (less
time). Furthermore, this technique can be used as an alterna-
tive to conventional organic solvents methods to extract both
polyphenols and carotenoids compounds.
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