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Abstract

The aim of this study was to characterize spray-dried and lyophilized powders made from winery by-products and
to evaluate their effect on the oxidative stability of chicken péaté. Phenolic profile, antioxidant activity, and
microencapsulation efficiency were evaluated in the extracts. Two paté formulations containing grape pomace
lyophilized (GPWL) and grape pomace microencapsulated (GPWM) were produced. In addition, a sodium
erythorbate and a control batch were used to compare the effects. The patés were evaluated by thiobarbituric acid
reactive substances (TBARS) assay during refrigerated storage (4 °C/42 days). Although the microencapsulation
efficiency was 90.03%, the GPWL was statistically more effective in the lipid oxidation inhibition in chicken paté than
GPWM. However, the addition of both natural antioxidants in chicken paté resulted in lower TBARS values than paté
treated with synthetic antioxidant due to the presence of gallic acid, caffeic acid, vanillic acid, ferulic acid, coumaric
acid and trans-resveratrol with high antioxidant activity. Thus, the bioactive compounds with antioxidant activity
detected in the GPWL and GPWM opened possibilities for use as a potential ingredient in chicken paté and other
meat products.
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Resumo

O objetivo deste estudo foi caracterizar os extratos liofilizados e microencapsulados obtidos a partir de residuos de
vinicola e avaliar os efeitos de sua adicdo na estabilidade oxidativa do paté de frango. O perfil fendlico, a atividade
antioxidante e a eficiéncia da microencapsulacdo foram avaliados nesses extratos. Duas formula¢des de paté
contendo bagaco de uva liofilizado (GPWL) e bagaco de uva microencapsulado (GPWM) foram produzidas. Além
disso, uma formulacdo com eritorbato de so6dio e uma formulagdo controle foram usadas para comparar os efeitos.
Os patés foram avaliados pelo método de substancias reativas ao acido tiobarbitirico (TBARS) durante o
armazenamento refrigerado (4 °C/42 dias). Apesar de a eficiéncia de microencapsulacao ter sido de 90,03%, o GPWL
foi estatisticamente mais efetivo na inibicdo da oxidagdo lipidica no paté de frango do que o GPWM. No entanto, a
adicdo de ambos os antioxidantes naturais no paté de frango resultou em valores mais baixos de TBARS do que o
paté tratado com antioxidante sintético por causa da presenca de acido galico, acido cafeico, acido vanilico, acido
ferulico, acido cumarico e trans-resveratrol com alta atividade antioxidante. Dessa forma, a presenca dos compostos
bioativos com atividade antioxidante detectados no GPWL e no GPWM abre possibilidades para uso como
ingrediente potencial no paté de frango e demais produtos carneos.

Palavras-chave: Produtos carneos; Vitis labrusca L.; Estabilidade oxidativa; Secagem por pulverizacao;
Antioxidantes; Residuo agroindustrial.

1 Introduction

Natural products have been valuable sources for the development of new active principles, allowing the
discovery of biomolecules with potential use in many areas of science (Falowo et al., 2014). Successful aging
and disease prevention including cancer and cardiac problems have been attributed to the ingestion of
polyphenol-rich foods (Zhang et al., 2015).

Seeds, skin, stems and grape pulp remains form by-products of the grape wine processing, which are rich
in phenolic compounds as anthocyanins, trans-resveratrol, dyes and other compounds with biological
activities namely antioxidant, antibacterial, anti-inflammatory, and cytotoxic activities (Peixoto et al., 2018).
If the generation of large-scale by-products is discarded inappropriately can have a negative impact on the
environment. However, if well used, they can generate economic and environmental gains. On the other hand,
the use of bioactive compounds in the food industry has some limitations due to the bitter taste of major
phenolic compounds and according to Soares et al. (2013), the bitterness of polyphenols increases with
molecular weight.

Thus, the use of encapsulated polyphenols rather than free compounds can effectively alleviate those
deficiencies. In fact, it has been well-known that the main purpose of encapsulation is to protect the bioactive
material from adverse environmental conditions, such as undesirable effects of light, moisture and oxygen
(He & Hwang, 2016; Cam et al., 2014; Jyothi et al., 2010). Furthermore, powders provide a controlled release
of the bioactive compound in the final product, contributing to an increase in the shelf life of food products
(Jyothi et al., 2010).

Bioactive compounds extracted from food by-products should have technological advantages for the food
industry such as inhibit lipid oxidation and present antimicrobial activity. In fact, lipid oxidation is one of the
most important parameters that influence the quality and acceptance of chicken meat (Sampaio et al., 2012)
and is a complex process in which unsaturated fatty acids from meat products can react with molecular
oxygen and produce malonaldehyde, a co-product of hydroperoxides decomposition formed during the
oxidation process (Kim et al., 2013).

Synthetic additives are used routinely in food technology against lipid oxidation. However, due to their
potential disease risk (Shahidi & Zhong, 2010), the consumer has preferred natural foods, such as herbs,
plants (Falowo et al., 2014), fruits (Kim et al., 2013), apicultural products (Reis et al., 2017) and agro-industrial
waste (Pateiro et al., 2015; Melo et al., 2011) which have antioxidant and antimicrobial properties. Chicken
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paté has a short shelf life which makes its commercialization more difficult. In fact, previous studies have
been reported that the natural additives added in the process can improve the quality of meat products during
the storage (Almeida et al., 2017; Sampaio et al., 2012).

Thus, the aim of this study was to evaluate the influences of the phenolic composition of lyophilized and
microencapsulated extracts from winery by-products on chicken paté to prevent lipid oxidation during
processing and storage.

2 Material and methods

2.1 Chemicals

Gallic acid, ABTS (2.2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)), TPTZ (2.4.6-Tris(2-
pyridyl)-s-triazine), Folin-Ciocalteu phenol reagents, gallic acid, vanillic acid, caffeic acid, coumaric acid,
ferulic acid, and trans-resveratrol were obtained from Sigma—Aldrich (Sternheim, Germany). Ethyl alcohol
and methanol were purchased from Vetec (Brazil). All reagents used were of analytical grade. Maltodextrin
10 DE was obtained from Cargil Foods (Sao Paulo, Brazil).

2.2 Samples

The grape pomace of varieties of Vitis labrusca L. Bordeaux was supplied by a winery from Maridpolis,
Parana, Southwest region of Brazil and was collected in Summer 2017. Grape pomace is the solid remains
of grapes after the juice has been extracted and was composed of stem, seed, skin, and pulp. Grape pomace
was dried in a stove at 35 + 3 °C for two days, minced in an analytical mill and stored at —12 °C.

2.3 Preparation of the ethanolic extract

We extracted 100 g of grape pomace (dry basis) with 1 L of ethanol solution (80%, v/v) in a shaker
(SL 222, Brazil) at 40 °C for 60 min at a 200-rpm stirring rate. After filtrating, the supernatant was evaporated
in a rotary evaporator (Fisatom 802, Brazil) (vacuum pressure of 600 mm Hg and 40 °C) until completely
dried, or up until 20% of the liquid was soluble, and then they were lyophilized (Liotop L101, Brazil), which
could be used after in the dispersion preparation. The lyophilized ethanolic extract was named as
GPWL: grape pomace wine lyophilized.

2.4 Preparation of dispersion and microparticles

We used 50 mL of cold water to dissolve 50 g of maltodextrin, and then 50 mL of water at 90 °C was
added under stirring for 5 min in Ultra-Turrax (MA-102, Brazil) at 894 x g. The grape co-product extract
(100 g, 20% soluble solids) was added under stirring for 3 min. The spray dryer (Labmaq MSD 1.0, Brazil)
was used with a flow regime in counterflow (1 L/h). The drying chamber had a diameter of 500 mm and a
height of 1800 mm. The dispersion containing the extract and maltodextrin was fed to the spray dryer through
a feed system (feed flow 0.60 L/h) consisting of a peristaltic pump, a two-fluid atomizer (with an inlet orifice
diameter of 1.0 mm) and an air compressor (50 L/min). The drying air flow rate was maintained constant at
3.6 m’/min. The inlet and outlet air temperatures were 150 °C and 100 °C, respectively.
The microencapsulated extract was named as GPWM: Grape pomace wine microencapsulated.
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2.5 Microencapsulation Efficiency (ME), Scanning Electron Microscopy (SEM) and Water activity
(Aw)

Microencapsulation efficiency analysis was determined by Farrag et al. (2018) and was considered the
ratio of encapsulated phenolic content to total phenolic compounds of microparticles (TPC). Thus, the
encapsulated phenolic content was determined by the difference between TPC and surface phenolic content
(SPC). The microencapsulation process efficiency was determined by Equation 1. The SPC was extracted
with 0.2 g of powder and 2.0 mL of ethanol, mixed in a tube stirrer (Phoenix, Brazil) and centrifuged for 2
min at 1789 x g (Novatecnica NT 825, Brazil). While the TPC was performed with 0.5 g of powder and 20
mL of methanol 80% and acidified with 1 mL of HCI. After the centrifugation, 0.1 mL of each supernatant
was transferred for an individual glass tube to determine the total phenolic compounds by the Folin Ciocalteu
method according to Singleton et al. (1999).

TPC - SPC
ME(%):(TJ*IOO (1)

For scanning electron microscopy (SEM), the microencapsulated samples were fixed directly on door-metallic
specimens (stubs) of 12 mm diameter and the particle morphology of the microparticles was observed by
SEM (TM-3000 Hitachi Tabletop Microscope, Japan). The images were captured by Hitachi Tabletop
software Shadow 1 with a voltage acceleration of 5 kV, the flow of 1750 mA and observed with
4000 and 5000 X magnifications.

The Aw test of the microparticles was performed at 25 °C on analyzer Aw (AquaLab, Decagon Devices,
Pullman, WA).

2.6 Total Phenolic Compounds (TPC) and Total Anthocyanin Content (TAC)

The TPC was determined by the Folin-Ciocalteu method, as described by Singleton et al. (1999), using
gallic acid as a reference pattern. We individually added 0.5 mL of each sample to 3.0 mL of distilled water
and 0.25 mL of Folin-Ciocalteu reagent. The absorbance was measured in a spectrophotometer at 765 nm
and the results were expressed in GAE: Gallic Acid Equivalent (mg GAE/g grape pomace dry weight).

The TAC was determined using the pH-differential method, as described by Lee et al. (2005), with some
modifications, using two buffer systems: potassium chloride buffer (0.025 M, pH 1.0) and sodium acetate
buffer (0.4 M, pH 4.5). One milliliter of the samples was mixed with 9 mL of the pH buffer solution, and the
absorbance was measured at 520 nm and 700 nm on a spectrophotometer (Femto UV 2000, Brazil).
The anthocyanin content was expressed as mg cyanidin-3-glucoside equivalents/g grape pomace dry weight
(Equation 2):

TAC(EjzAxMWXDFXIOOO Q)
L exl

ieass My = molecular weight (g/mol); pr = dilution factor;

where, 4= (4555 = 4309) prr=1.0 = (4520 = A7)
¢ = extinction coefficient; 1 = path length (1 cm); extinction coefficient &=28,000 L/mol.cm, and molecular

weight = 449.2 g/mol. All measurements were carried out in triplicate.

2.7 Ferric Reducing Antioxidant Power (FRAP) and Scavenging activity of ABTS*

The FRAP was determined by Kukic et al. (2008). The FRAP reagent was obtained mixing 25 mL of
acetate buffer 0.3 M, 2.5 mL of 10 mM TPTZ ((2.4.6-Tris(2-pyridyl)-s-triazine), and 2.5 mL of an aqueous solution
of 20 mM ferric chloride. A standard curve was prepared using FeSO4.7H>O (3.6 x 103 to 3.6 x 10 pmol).
We added 100 pL of GPWL and GPWM separately to 3 mL of freshly prepared FRAP reagent. The reaction
mixture was incubated for 30 min in a water bath at 37 °C, and the absorbance of the samples was measured
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at 595 nm on a spectrophotometer (Femto UV 2000, Brazil). FRAP values were expressed as pmol Fe?*/g of
the sample. All measurements were carried out in triplicate.

The ABTS method was performed as described by Arnao et al. (2001) and Re et al. (1999) in the GPWL
and GPWM. The stock solutions included 7.4 mM ABTS'* and 2.6 mM potassium persulfate. The solution
was diluted by mixing 1 mL ABTS™ solution with 60 mL ethanol to an absorbance of 0.70 + 0.02 units at
734 nm on a spectrophotometer (Femto UV 2000, Brazil). Antioxidant activity was expressed in pmol/g of
TEAC (Trolox-equivalent antioxidant capacity). The assays were carried out in triplicate.

2.8 Phenolic compound profile by HPLC-DAD analysis

The GPWL and GPWM extract were analyzed at 0.6 g/mL and 0.25 g/mL, respectively.
The chromatographic fingerprinting was carried out on an HPLC system equipped with a photodiode array
(PDA) detector (Varian, 920-LC, US) and Galaxie software. The separation was performed at 31 °C using a
Varian C-18 RP (250 mm X 4.6 mm, 5 um) column. The injection volume was 10 pL and the detection was
carried out between 240 and 400 nm. The separation was obtained using ultrapure water (solvent A) and
methanol (solvent B) as the mobile phase at a constant flow rate of 1.0 mL/min. The gradient (v/v) was
obtained, keeping 95% of solvent A for 5 min, then decreasing it to 50% in 30 min, then to 10% in 55 min,
remaining at this concentration for another 5 min and then returning to the initial condition, to 95% for
10 min. The identification was performed by comparing retention times and absorption in ultraviolet, and
quantification was carried out by external standardization. The instrumental limits of detection and
quantification were 0.34, 2.72, 0.11, 0.08, 0.36, 0.16 mg/ mL for gallic acid, vanillic acid, caffeic acid,
coumaric acid, ferulic acid, and trans-resveratrol, respectively. The experiment was performed in triplicate
and the content of phenolic compounds were expressed for each compound in mg/100g of the sample.

2.9 Paté chicken elaboration and lipid oxidation evaluation

The GPWL and GPWM were applied in chicken paté to evaluate the effect of inhibition of lipid oxidation
of the product. The paté formulation used chicken meat (6.22 kg), chicken skin (1.53 kg), ice water (1 kg),
salt (50 g), sodium polyphosphate (20 g) and carmine (3 g). This basic dough was divided into four lots.
The first no additional ingredients were included and named as the control (T1). The second lot was added
sodium erythorbate (SE) (0.3 mg/g) and named as a positive control (T2). The third lot received GPWL
(3 mg/g) (T3), and the fourth lot received the GPWM (3 mg/g) (T4). Separately, the paté lots were stored in
sterile glasses, autoclaved and submitted to a baking process in a water bath at 80 °C for 30 min so that the
inner temperature reaches 72 °C. After baking, the glass jars containing the patés were cooled with water and
ice and kept at 4 °C to evaluate the oxidative stability of the patés.

The lipid oxidation was determined at times 0, 7, 14, 21, 28, 35 and 42 days by thiobarbituric acid reactive
substances (TBARS) method. Tetramethoxypropane (TMP) was used as standard reference (Almeida et al.,
2017) and the TBARS levels were expressed as mg of malonaldehyde/kg of the sample. The lipid oxidation
was assessed in triplicate.

2.10 Statistical analysis

Analysis of variance (ANOVA) was performed to analyze the data, and the means were compared by
Tukey’s test for TBARS values and #-test for phenolic compounds profile, using the Statistica 8.0 software
(StatSoft, USA). The results were considered statistically significant when p < 0.05.
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3 Results and discussion

3.1 Characterization of microparticles

GPWM showed a spherical shape of various sizes with a smooth surface in the microparticles. According
to Reis et al. (2017), these are the characteristic of the microparticles produced in a spray dryer. The sizes of
the particles obtained ranged from 3.36 to 8.57 um. In fact, according to Favaro-Trindade et al. (2008) and
Madene et al. (2006), the encapsulation by the spray drying process generates powders with particles in the
range of 5 to 150 pm. Mostly the outer surfaces of the particles showed no visible cracks, which is positive,
since this characteristic is less permeable to external gases, increasing the protection of the active material.
In this study, a slight adhesion of smaller particles to the surface of the largest particles was observed
(Figure 1). In fact, higher temperatures contribute to the rapid drying of droplets which leads to the formation
of smaller droplets, favoring the formation of smoother surfaces. According to Carneiro et al. (2013),
Borrmann et al. (2013), and Tonon et al. (2010) the smooth surface of the microparticles are related to the
drying temperature; higher temperatures cause water evaporation and quickly lead to the formation of a
smoother crust. Additionally, the particle diameter of the spray dryer material employed depends on the
atomization method, the properties of the wall material, the concentration and viscosity of the raw material,
and the drying conditions (Fernandes et al., 2014).
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ML DB7 x50k 20 um

Figure 1. Micrographs by scanning electron microscopy (SEM) of GPWM.

Ay of GPWL and GPWM extracts were of 0.55 and 0.40 respectively (Table 1). The mean ay, founded in
GPWM is characteristic of dehydrated foods and recommended for good storage stability. According to
Bajaj et al. (2015), similar inlet temperature, feed rate, atomizer speed and outlet temperature maintained
during spray drying, are responsible for the a, of the extracts (Table 1).
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The ME defines the quantity of substance retained within the microspheres and depends uponthe affinity
between the wall material and the microencapsulated substance, among other factors. In this study, the use
of the maltodextrin as encapsulating material and the drying air temperature (150 °C) was appropriated to
achieve high ME value (90.03%) (Table 1). On the other hand, according to Jyothi et al. (2010), high ME
may also be related to other different factors, including the rapid solidification of the microparticles, polymers
of low solubility in an organic solvent and high solubility of polymers in water. Another important factor is
the interaction between the bioactive compounds of winery by-products and the polymer encapsulating agent,
which is generally hydrophobic (Nori et al., 2011).

Table 1. Microencapsulation efficiency, aw, TPC, TAC, antioxidant activity of GPWL and GPWM extracts.

Microencaps TPC (mg TAC(mg  \prg (umol  FRAP (umol
Samples ulation aw GAE/g) cyanidin-3- TEAC/g) Fe?*/g)
efficiency (%) glucoside /g)
GPWL - 0.55 +£0.022 19.38 £0.12° 3.61 £0.09* 186.41 £0.62* 129.18 £0.72°
GPWM 90.3+0.01 0.40 +0.01° 18.05+0.10° 3.30£0.07° 134.45+£0.42°  76.76 +0.26°

The experiments were performed in triplicate and the results expressed as mean. GPWL = Grape pomace wine lyophilized; GPWM = Grape
pomace wine microencapsulated; a,, = water activity; TPC = Total phenolic compound; GAE = gallic acid equivalent; TAC = Total anthocyanin
content; ABTS = 2.2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid); FRAP = Ferric reducing antioxidant power; TEAC = Trolox-
equivalent antioxidant capacity. Values followed by different small letters in the same column indicate a significant difference (p < 0.05) by
Tukey’s test.

3.2 Total Phenolic Compounds (TPC), Total Anthocyanin Content (TAC) and antioxidant activity
of GPWL and GPWM

The content of phenolic compounds obtained for GPWL and GPWM was 19.38 +0.12 and 18.05 +0.10 mg GAE/g,
respectively (Table 1). However, Gonzalez-Centeno etal. (2015) reported lower TPC content
(7.71 mg GAE/g) in ethanolic extracts of Vitis vinifera co-products. While that, Melo et al. (2011) found
16.57 mg GAE/g in the ethanolic extract of grape pomace (Vitis labrusca L.). Several authors have suggested
that the differences could arise from variations in raw material, extraction techniques and solvent type, as
well as environmental factors, agronomic practices, and even vinification processes (Casagrande et al., 2019;
Beres et al., 2017; Cam et al., 2014).

The total anthocyanin content found in GPWL and GPWM was 3.61 + 0.09 and 3.30 + 0.07 mg cyanidin-
3-glucoside/g, respectively. These results were higher than those reported by Xuetal. (2015) in grape
pomace from two Virginia-grown Vitis vinifera varieties. The authors found 1.38 + 0.03 mg cyanidin-3-
glucoside/g for Cabernet Franc and 0.02 £ 0.01 mg cyanidin-3-glucoside/g for Viognier varieties.
The difference between the values found can be due to grape variety, extraction process condition, year and
location of farming, among other variables that can directly influence the results.

The results of the antioxidant activity of GPWL and GPWM assessed by ferric reducing antioxidant power
and ABTS radical scavenging methods are summarized in Table 1. The antioxidant activity by ABTS radical
scavenging method for GPWL and GPWM was 186.41 + 0.62 and 134.45 + 0.42 umol TEAC/g, respectively.
These results were lower than the values founded by some authors that studied grape pomace dried in a spray
dryer (Souza et al., 2014; Jara-Palacios et al., 2014). Concerning the values obtained for FRAP assay, they
were lower than those reported by Rockenbach et al. (2011), who found 249.46 umol of Fe?/g in pomace of
Vitis vinifera L. grape variety.

On the basis of the findings, the microencapsulation favored a reduction in bioactive compounds content
with antioxidant activity when compared to lyophilized extracts (Table 1). In fact, according to
Ballesteros et al. (2017), the drying process showed to be important in the efficacy of encapsulation, being
freeze-drying an excellent technique for the maintenance of phenolic compounds. The compounds
degradation depends on the analyzed matrix and the processing conditions (Borrmann et al., 2013).
In addition, the variation of antioxidant activity for encapsulated extracts can be related to different
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interactions between the sample and the carrier agent, responding in different ways and often increasing or
decreasing their activity (Carneiro et al., 2013). Thus, it becomes difficult to correlate the antioxidant activity
and ME, in response to various interactions that the agent may have with the sample. However, according to
several authors (Sensoy et al., 2006; Mrkic et al., 2006), oxidation reactions can occur during drying, and
polyphenolic compounds found in an intermediate oxidation state may exhibit a greater scavenging activity
of free radicals than those non-oxidized polyphenols.

3.3 Phenolic compound profile

The TPC analysis in GPWL and GPWM extracts by the Folin—Ciocalteu method do not give a full
understanding of the qualification or quantification of the phenolic constituents. Therefore, it was necessary
to analyze HPLC-DAD in the grape pomace extracts and the results are summarized in Table 2.

Six different phenolic compounds, gallic acid, vanillic acid, cafeic acid, coumaric acid, ferulic acid, and
trans-resveratrol were found using HPLC, though their concentrations differed significantly. Gallic acid was
the most abundant phenolic compound found in the GPWL and GPWM, while the caffeic acid was the least
abundant phenolic compound in these extracts. However, the coumaric acid was found only in the GPWL.

Another important compound found in both GPWL and GPWM was the trans-resveratrol, which was
detected in a high concentration of 7.84 £+ 0.23 and 6.09 + 0.02 mg/100 g, respectively, making them
nutritionally interesting. The results differ from levels found by Sagdic et al. (2011), which reported
trans-resveratrol values of 12.2 and 14.6 pg/g in two grape pomace varieties from Turkey (Gamay &
Kalecick karasi). In fact, phenolic acids and trans-resveratrol have been shown to exhibit antioxidant
(Casagrande et al., 2019; Jara-Palacios et al., 2014; Ruberto et al., 2007), anticancer (Zhang et al., 2015),
anti-inflammatory (Charradi et al., 2018), cardioprotective (Wu & Hsieh, 2011) and neuroprotective
(Bastianetto et al., 2015) properties as well as antimicrobial activity against several microorganisms
(Xu et al., 2015; Sagdic et al., 2011).

The levels of all phenolic compounds found in the GPWL extract were higher than for GPWM extract,
and this difference was statistically significant (p < 0.05) (Table 2). These losses can be due to exposure to
high temperatures and oxygen, which can make the materials more susceptible to degradation reactions (Kuck
& Norefia 2016). However, according to Farragetal. (2018), the bioactive compounds of material
microencapsulated by spray dryer has the ability to be released from the capsules in a controlled way and
under specific conditions, besides presenting better solubility and mixing facility in the food matrix.

Table 2. Phenolic compounds profile by HPLC of GPWL and GPWM.

Phenolic compound (0 i Vanillicacid  Caffeicacid  C°"™3MC perulic acid Trans-
(mg/100 g) acid resveratrol
Retention time (min) 8.60 24.30 24.60 28.70 29.50 32.80
£ (nm) 272 260 323 309 322 308
. . y=0313x- y=0263x+ y=0691x- y=0540x- y=0657x+ y=0.702x+
Regression equation 0.017 0.023 0.001 0.360 0.007 0.018
R? 0.996 0.998 0.997 0.999 0.999 0.817
LOD (mg/mL) 0.10 0.08 0.03 0.02 0.10 0.05
LOQ (mg/mL) 0.34 2.72 0.11 0.08 0.36 0.16
GPWL 8.59+021°  204+031°  041+0.01° 245+0.18 2.99+0.14°  7.84+0.23°
GPWM 723+0.15° 123029  0.29+0.01° >LD 241+0.01°  6.09 +0.02°

The experiment was performed in triplicate and the results expressed as means. R* = correlation coefficient; LOD = Limit of detection;
LOQ = Limit of quantification. Values followed by different small letters in the same column indicate a significant difference (p < 0.05) by
Tukey’s test; GPWL = Grape pomace wine lyophilized; GPWM = Grape pomace wine microencapsulated. >LD = Less Than Limit of
Detection.
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3.4 Effect of grape pomace on oxidative stability in chicken paté

The addition of natural product extracts in food is an alternative that extends the shelf life, increase safety
and prevent damage caused by lipid oxidation (Carneiro et al., 2013; Karre et al., 2013). Thus, the TBARS
test was used as an indicator of the degree of lipid oxidation in chicken paté which GPWL and GPWM were
added to inhibit this process. The TBARS average values increased over time and ranged from 1.42 + 0.04
to 2.89 =+ 0.09 mg malonaldehyde/kg paté at the end of the experiment (42 days) (Table 3). TBARS values
for the control treatment (T1, no added antioxidant) ranged from 2.01 + 0.04 to 3.62 + 0.06 mg
malonaldehyde/kg paté, while, the chicken paté prepared with sodium erythorbate had TBARS values that
ranged from 1.84 £ 0.04 to 3.00 £ 0.10 mg malonaldehyde/kg paté. In fact, according to Pateiro et al. (2015)
and Sampaio et al. (2012), the oxidative reactions of the meat begin during the processing of ingredients and
before the addition of antioxidants.

Table 3. Average values of TBARS in chicken paté during storage at 4 °C.

TBARS (mg of malonaldehyde/kg of paté)

Treatments Storage time (days)
0 7 14 21 28 35 42
T1 2.01 £0.04*F  2.14+0.06 220+0.01*° 225+0.02*¢ 237+0.08*% 2.38+0.05* 3.62 +0.06>*
T2 1.84 £ 0.04>F  1.81 £0.03*F 1.74+0.03>F 1.86+0.015P 2.10+0.02>¢ 2.37+0.02%% 3.00+0.10>*
T3 0.86+0.01%F  1.51 £0.03%F 1.55+0.04%F 1.73+0.024" 2.05+0.04C 2.31+0.04>8 246 +0.08¢*
T4 0.96+0.03F  1.70+£0.02%F  1.71£0.05F 1.90+0.03>" 2.06+0.04>C 2.18 +£0.03%B 2.50 +£0.04°

Average 1.42 +0.04F 1.79 +0.03F 1.80 = 0.03F 1.94+£0.04°  2.14+0.06°  2.32+£0.06%  2.89 +0.09*

Values are presented as mean + deviation (n = 3). T1 = Treatment control (no added antioxidant); T2 = Treatment with sodium erythorbate
(0.3 mg/g); T3 = Treatment with GPWL (added 3 mg/g of grape pomace wine lyophilized); T4 = Treatment with GPWM (added 3 mg/g of
grape pomace wine microencapsulated). Different lower-case letter in the same column indicates a significant difference (p < 0.05) by Tukey’s
test. Different capital letters in the same row indicate a significant difference (p < 0.05) by Tukey’s test.

The control treatment (T1, no added antioxidant) had significantly higher TBARS values (p < 0.05) when
compared to other treatments with antioxidants (T2, T3, and T4) in all periods of storage.

Several authors (Anjos et al., 2019; Almeida et al., 2017; Selani et al., 2011) refer that values lower than
3 mg of malonaldehyde/kg of meat product can be considered suitable and safe for consumption. According
to these findings, all the chicken paté prepared with GPWL and GPWM could be considered in good
condition during all storage periods (values lower 2.50 mg malonaldehyde/kg chicken paté).

During the whole storage, the TBARS values of chicken paté treated with GPWL (T3) were always
significantly lower than other chicken paté containing GPWM (T4). However, the paté prepared with both
grape pomace as a natural antioxidant (GPWL and GPWM) had TBARS values lower than the paté prepared
with the commercial antioxidant throughout the storage period.

At the 42 days of storage, chicken paté treated with GPWL and GPWM inhibited more than 30% of
lipid oxidation in comparison to control paté. Regarding GPWM, the positive effect can be probably due
to the gradual release of the bioactive compounds from GPWM in chicken paté. Moreover, the results
indicated that grape pomace from winemaking could decrease the TBARS values in chicken paté
effectively compared to other treatments throughout storage. Its reduction in lipid oxidation of chicken
paté would be due to the antioxidant activity of the phenolic compounds present in the grape pomace
mainly trans-resveratrol and gallic acid. In addition, according to Doshi et al. (2015), the antioxidant
properties of the grape pomace can be ascribed to the synergism of global phenolics composition and other
substances present in the extracts. Several studies have reported that the agro-industrial extracts are an
excellent source of natural antioxidants and can increase the meat shelf life due to inhibition of lipid
oxidation (Almeida et al., 2017; Reis et al., 2017).
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4 Conclusion

In this study, the GPWM extract was efficient (90%), and produced a food ingredient with low water
activity and excellent antioxidant activity, suitable for storage and consumption. However, the GPWL was a
little more effective in the lipid oxidation inhibition in chicken paté than GWPM. The grape pomace extracts
in chicken paté could effectively inhibited the lipid oxidation during refrigerated storage owing to its high
phenolic content. Gallic acid, caffeic acid, vanillic acid, ferulic acid, coumaric acid, and trans-resveratrol
were in a higher concentration in the GWPL than GWPM. The use of natural antioxidants as grape pomace
from winemaking (GPWL and GPWM) can improve the shelf life of chicken paté. Additionally, both had
TBARS values lower than the paté prepared with the commercial antioxidant throughout the storage period.
Although additional information such as antimicrobial activity, food safety, and physicochemical and sensory
properties is still required, the effectiveness of winery by-products to reduce lipid oxidation in chicken paté
already makes them particularly attractive for the meat industry.
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