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A B S T R A C T   

White wine pomace products (wWPP) represent an innovative strategy as a functional food ingredient to be used 
as a seasoning both for their technological and functional properties. Nevertheless, the bioactive compounds of 
wWPP used as a seasoning could be modified during storage. The seasoning in the meat, regardless of the storage 
method used, modified its phenolic profile and in its bioaccessible fractions, while maintaining a high total 
antioxidant capacity and total polyphenol content. The contact of the seasoning with the meat can be considered 
safe as it does not show cytotoxicity in the Caco-2 cells. Additionally, the ability to modulate the cell oxidative 
stress of the bioaccessible fractions and the potential benefits on microbiota by the colonic fermentation fraction, 
suggest its potential use as a functional ingredient, without being affected by storage. These results are novel and 
may help to establish the value of this product as a functional ingredient.   

1. Introduction 

The winery industry generates large amounts of wine pomace, also 
known as grape pomace which has been considered as an alternative for 
the production of value-added products, especially for the food industry. 
Around 20–30 % of the weight of the grapes represents the wine 
pomace, the main by-product of the winemaking process (Garcia- 
Lomillo et al., 2017). In fact, the wine pomace is an important source of 
bioactive compounds (polyphenols and fiber) and modulates many 
biological activities, providing health benefits related to endothelial 
dysfunction, hypertension, hyperglycemia, etc (Gerardi et al., 2021). 

The processing of grape by-products to obtain wine pomace products 
with a high content of bioactive compounds using environmentally 
friendly and economically affordable procedures, such as techniques 
that avoid the use of organic solvents (González San José, et al., 2015) 
are a novel alternative to obtain functional food ingredients that can 
combine preservative, antimicrobial, flavoring and potentially health 
properties (Baroi et al., 2022; Ferrer Gallego et al., 2022; Gerardi et al., 
2021). In this sense, our research group have obtained a seasoning from 
winemaking by-products that are rich in dietary fiber, minerals and 
polyphenols such as proanthocyanidins, flavonoids, phenolic acids and 
stilbenes (Del Pino-García et al., 2015; García-Lomillo et al., 2014) with 

antioxidant, anti-inflammatory effects and antimicrobial activities that 
modulate various redox signal pathways and reduce endothelial 
dysfunction (Del Pino-García et al., 2016a; Gerardi et al., 2020b, 2021). 
Furthermore, there is growing concern among consumers about the link 
between dietary habits and health problems, which has prompted 
changes in the food industry. These changes include the addition of 
nutritional value, fortification of dietary fiber content, or the replace
ment of artificial additives. Artificial additives are primarily used to 
prevent lipid and protein oxidation and preserve food quality, but they 
have been reported to have potential damaging side effects. As a result, 
consumers have become increasingly interested in finding products that 
utilize natural plant extracts, which are rich in antioxidants. Several 
studies have tested the efficacy of plant extracts (Rather et al., 2016) and 
compared them to artificial additives (Ghorbani Gorji et al., 2019), 
demonstrating their ability to reduce storage degradation. This has led 
to the commercialization of multiple natural additives. 

Wine pomace is one of the main natural additives under study for its 
use as a seasoning. In previous studies, we evaluated the effect of red 
wine pomace as a seasoning to improve microbial stability, product 
quality, and maintain sensory properties, thanks to its high polyphenol 
and fiber content (García-Lomillo et al., 2014; Ortega-Heras et al., 
2020). However, the addition of red wine pomace as a seasoning 
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increased the color of the foods. For this reason, white wine pomace is a 
good alternative for use as a seasoning, as it has a high content of 
phenolic compounds and health properties (Gerardi et al., 2020b). 

The potential of wine pomace as a functional additive could be 
modified by the storage methods. The atmosphere or vacuum storage 
conditions, temperature and time can modify the antioxidant properties 
of the wine pomace product and the properties of the product added as 
seasoning (Łopacka et al., 2016). Although there are no reports, it is 
expected that the content of bioactive compounds of pomace could be 
altered during storage when used as seasoning as its polyphenols char
acteristics to react with free radicals to avoid oxidation of the food 
molecules (Gottardi et al., 2016). Several studies have determined how 
modified atmosphere packaging (MAP) and vacuum packaging (VP) 
change the polyphenol content of foods seasoned with a plant extract 
(Kurek & Krzemińska, 2020). Other studies have determined the 
changes of the pomace alone stored in different conditions (Nemetz 
et al., 2021), but no studies have been found that determine how the 
storage conditions alter the pomace while it is being used as seasoning. 
This determination is important because the wine pomace is not only 
promising as seasoning to improve food quality during storage, but it has 
the potential to be a functional ingredient in on itself. Therefore, its 
composition and antioxidant activity after storage is also relevant. 

The properties of seasoning can be modified by gastrointestinal 
digestion and gut microbial fermentation. There is some evidence to 
show that of digestion process could modified the polyphenol profile of 
the wine pomace. In this regard, wine pomace is also rich in diet fiber, 
which cannot be absorbed in the gut, but it is highly fermentable. In this 
sense, the main fermentation end products are short-chain fatty acids 
(SCFAs), mainly butyrate, acetate and propionate acid; which are able to 
induce immune function, epithelial cell stability and lipid metabolism 
(Gerardi et al., 2020b; Holscher, 2017). 

In view of the above, we hypothesized that the bioactivity of white 
wine seasoning products, stored in contact with chicken meat, would 
make them suitable for use as a functional ingredient. Therefore, the aim 
of the present study was to evaluate the antioxidant properties of white 
wine pomace used as a seasoning in chicken meat subjected to different 
packaging methods, vacuum and modified atmosphere, in order to 
establish its potential use as a functional ingredient. For this purpose, an 
in vitro digestion and fermentation of white wine seasoning products 
was carried out. The effect of the gastrointestinal products on viability 
and biomarkers of oxidative stress in Caco-2 cells were also evaluated. 
The influence on the microbiota and the SCFAs profile was also 
analyzed. 

2. Materials and methods 

2.1. White wine pomace products (wWPPs) 

The white wine pomace product (wWPP) used as seasoning in this 
study was prepared at the University of Burgos from seedless white wine 
pomace from the vinification of Vitis vinífera L. cv. Verdejo. It was kindly 
provided by several wineries located in Burgos (Spain). wWPP under
gone a process of dehydration, grinding and heat treatment for its 
microbiological stabilization, according to previous studies referenced 
in the work (García-Lomillo et al., 2014) and patent ES2524870 B2 
Spain (González SanJose et al., 2015). The main characteristics, nutrient 
composition, (poly)phenol content, and “in vitro” antioxidant capacity 
have been described previously (Gerardi et al., 2020a). 

2.2. Seasoned chicken breast preparation 

The chicken meat was purchased from a local supermarket and 100 g 
fillets were prepared in duplicate for each of the stored batches. The 
fillets were seasoned with 2 % salt and 3 % wWPP product and stored 
under modified atmosphere packing method (MAP) (70 % N2/30 % 
CO2) with 0,1–0,4 % O2 and under vacuum-packing method (VP) at 4 ◦C 

for 7 and 15 days. The wWPP used as seasoning before being added to 
the meat constitutes the control pomace (C). After 7 or 15 days, the 
seasonings were scrapped and recovered from the chicken to analyze 
them. The recovered seasonings are the white wine pomace seasoning 
(wWPS). 

2.3. “In vitro” gastrointestinal digestion 

In order to mimic the physiological process, “in vitro” gastrointes
tinal digestions of the seasoning obtained from chicken breasts stored 
under MAP and VP for 7 and 15 days were performed, according to a 
described method by Minekus et al. (2014). An initial oral phase was 
performed by incubating 300 mg of seasoning samples pooled from 
chicken replicates in 6 mL simulated salivary fluid (pH 7.0) containing 
75U/mL α-amylase (EC 232.565.6 from the porcine pancreas) for 2 min 
at 37 ◦C. Then for the gastric phase, pH was adjusted to 1.5 with 1 M HCl 
and one volume of pepsin solution (final concentration of 500 U/ml, EC 
232.629.3 from the porcine gastric mucosa) was added and incubated 
for 2 h at 37 ◦C in an orbital shaker. At that point, 1 M NaHCO3 solution 
was added to adjust pH to 7.5 and the intestinal phase started after the 
addition of 10 mL of 0.1 M sodium phosphate buffer (pH 7.5) containing 
pancreatin (EC 232.468.9 from the porcine pancreas) and bile salts (final 
concentration in the sample of 100 U/mL and 10 mM respectively). The 
intestinal digestion was carried out during 2 h at 37 ◦C in an orbital 
shaker (100 rpm). The resultant gastrointestinal digested solution was 
centrifuged (5300 g, 10 min), the supernatant and the pellet were both 
freeze dried (Labconco, MO, USA) and stored at − 20 ◦C until use. This 
supernatant is the bioaccessible gastrointestinal fraction (GI-WPS) and 
the residue is the non-bioaccessible gastrointestinal fraction. 

2.4. “In vitro” colonic fermentation 

“In vitro” colonic fermentation was performed under anaerobic 
conditions at 37 ◦C for 24 h using rat caecal content on the non- 
bioaccessible gastrointestinal fraction following a previous method 
(Minekus et al.,2014) and modified by Del Pino-García (2016b). 100 mg 
of the non-bioaccessible gastrointestinal fractions were added to 8 mL of 
a sterile anaerobic medium and incubated overnight at 4 ◦C. The next 
day 100 mg of the caecal content diluted in sterile anaerobic medium 
was added and anaerobiosis was achieved by adding CO2. After 24 h, 
fermentation was stopped with 1 mL NaOH 1 N, the samples were 
centrifuged. The supernatant and the pellet were both freeze-dried and 
stored at − 20 ◦C until use. The supernatant obtained is the fermented 
bioaccessible fraction (F-WPS), available for absorption at the large in
testine, and the residue is the non-bioaccessible fermented fraction. 

2.5. Characterization of wine seasoning products and bioaccessible 
gastrointestinal and fermented fractions 

Phenolic content and “in vitro” total antioxidant capacity of the wine 
seasoning before and after storage, and their corresponding bio
accessible fractions after digestion and fermentation (WPP, WPS, GI- 
WPS and F-WPS), were analyzed using QUENCHER methods (Del 
Pino-García et al., 2015). In addition, the detailed phenolic composition 
of the seasoning products, and the gastrointestinal and fermented frac
tions were analyzed by HPLC. 

2.5.1. QUENCHER Folin-Ciocalteu assay (Q-FC) 
Total polyphenol content was determined by incubating 1 mg of the 

samples with 0,1 mL of Folin-Ciocalteu reagent, and after 2 min, 2 mL of 
Na2CO3 75 g/L solution and Milli-Q water up to 5 mL were added 
(Singleton & Rossi, 1965). The samples were incubated for 1 h in an 
orbital shaker and then centrifuged (11900 g 10 min). The absorbance of 
the supernatant was measured spectrophotometrically at 750 nm.A 
calibration curve was determined with gallic acid and results were 
expressed as g of gallic acid equivalents (GAE)/ 100 g sample. 
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2.5.2. QUENCHER ABTS assay (Q-ABTS) 
Q-ABTS (2,2′-Azinobis 3-ethylbenzothiazoline-6-sulfonic acid) 

method was adapted from the assay developed by Del Pino-García 
(2015). The stock solution of 7 mM ABTS.+ was diluted with milli-Q 
water to an absorbance of 0.7–0.9 al 734 nm. -ABTS determination of 
the antioxidant activity was performed incubating 1 mg of the samples 
with 12 mL of dilute ABTS•+ radical solution, in the dark with contin
uous shaking for 30 min. After centrifugation at 12,000 rpm for 3 min, 
the absorbance of the supernatant was measured spectrophotometrically 
at 734 nm. A calibration curve was constructed with Trolox and the 
results were expressed as mmol Trolox equivalent (TE)/ 100 g sample. 

2.5.3. QUENCHER FRAP assay (Q-FRAP) 
The Q-FRAP (ferric reducing/antioxidant power) was assessed by 

incubating 6 mL of FRAP reagent, freshly prepared each day, with 1 mg 
of the samples for 30 min in a shaking water bath at 37 ◦C in the dark, 
followed by a 11900 g 3 min centrifugation. Absorbance was measured 
at 593 nm and results were expressed as mmol Fe (II) E/ 100 g sample. A 
FeSO4 calibration curve was used. 

2.5.4. HPLC phenolic compound analysis 
Polyphenols were extracted from wWPP with MeOH acidified with 

1% formic acid (5 g/ 20 mL) at 25 ◦C for 24 h, according to a previous 
method with slight modifications (Del Pino-García et al., 2017). The 
wWPS had more moisture therefore a different ratio was used (2.5 g/ 
5.5 mL). Both wWPP and wWPS extracts were diluted 40:60 in water 
before the injection. The bioaccessible fractions were diluted in water 
(10 mg sample/ mL water) and injected. Seasonings and bioaccessible 
fractions were analyzed following a method previously described 
(Pérez-Magariño et al., 2008). Identification and quantification of 
phenolic acids, flavan-3-ols and flavonols were carried out using 
analytical reversed-phase HPLC with an Agilent 1100 series HPLC sys
tem (Agilent Technologies Inc., Palo Alto, CA, USA) coupled to a diode 
array detector and a Spherisorb3® ODS2 reversed phase C18 column 
(250 mm × 4.6 mm, 3 μm particle size; Waters Chromatographic S.A., 
Barcelona, Spain). The operational flow was 0.6 mL/min and the in
jection volume was 200 μL. The mobile phases: A, water:glacial acetic 
acid (98:2, v/v); B, water:acetonitrile:glacial acetic acid (78:20:2, v/v/ 
v); C, acetonitrile. The solvent gradient used was: 0–25 min, linear 
gradient from 0 to 100% to 25–75% of B in A; 25–60 min, linear gradient 
from 25 to 75% to 70–30% of B in A; 60–100 min, linear gradient from 
70 to 30% to 100–0% of B in A; 100–120 min, 100% B; 120–130 min; 
linear gradient from 0 to 100% to 100–0% of C in B; 130–140 min, 100% 
C; 140–150 min; linear gradient from 100 to 0% to 0–100% of C in A. 
The eluent was monitored at 254, 280, 320, 360, and 520 nm. The 
samples were injected in triplicate and calibration was performed by 
injecting mixes of the standards also in triplicate at different concen
trations. Peak identification was performed by comparing the retention 
times and diode array spectral characteristics of the standards and the 
samples. The results were expressed in μg of phenolic compound/ g 
sample. 

2.6. Cell culture and treatment 

Human colon adenocarcinoma cell line Caco-2 (ATCC® HTB-37™) 
was purchased from the American Type Culture Collection (ATCC, 
Barcelona, Spain). Cells were cultured as a monolayer in Eagle in Min
imum Essential Medium (MEM) supplemented with 20% (v/v) heat 
inactivated fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/mL 
Penicillin, 100 μg/mL Streptomycin, 1% non-essential amino acids, and 
0,5 µg/mL Amphotericin B. Cell cultures were incubated at 37 ◦C and 90 
% humidity in a 5% CO2 and 95% air atmosphere. The culture medium 
was changed every 2 or 3 days and subculture was performed at 70–80 
% confluence. Caco-2 for the experiments were seeded at a 2x104 cells/ 
cm2 density and were grown in a complete medium for 24 h. Then, the 
treated-cells were exposed to 0.07 μg GAE/mL of GI-WPS for 24 h. Non- 

treated control cells were only incubated with a complete medium. All 
experiments were carried out as three independent assays. 

2.7. Cell viability assessment 

Cell viability was determined on Caco-2 cells using the MTT method. 
Caco-2 cells were cultured at a density of 104 cells in 150 µL per well on a 
96-well plate for 24 h and treated with the bioaccessible gastrointestinal 
fractions (0.07 μg GAE/mL) for another 24 h. Subsequently, 40 µL of 
MTT solution (5 mg/mL) was added and cells were incubated for 2 h at 
37 ◦C. After incubation for 2 h with the MTT solution, the medium was 
carefully aspirated, MTT formazan crystals were dissolved in 100 µL of 
DMSO, and the optical density was measured at 570 nm using a 
microplate reader (Varioskan Lux, Life Technologies Holdings Pte. Ltd, 
ThermoFisher Scientific, Singapore). The results were expressed as a 
percentage of cell viability compared to control non-treated cells. 

2.8. Intracellular reactive oxygen species (ROS) 

Intracellular ROS levels determination was performed by measuring 
the fluorescence intensity of the 2′,7′-dichloro-dihydro-fluorescein 
diacetate (H2DCF-DA) probe. H2DCF-DA is enzymatically hydrolyzed by 
intracellular esterases to originate non-fluorescent H2-DCF, which is 
then rapidly oxidized to originate highly fluorescent dichlorofluorescein 
(DCF) in the presence of ROS. The DCF fluorescence intensity is pro
portional to the amount of intracellular ROS formed. Caco-2 cells were 
cultured at a density of 2x104 cells per well on a 96-well plate for 24 h 
and incubated with the bioaccessible gastrointestinal fractions for 24 h. 
The cells were washed with a colourless external medium (145 mM 
NaCl, 5 mM KCl, 1 mM MgCl2⋅.6H2O, and 10 mM HEPES), the fluores
cence was measured to establish a blank for each well, and then they 
were preloaded with 100 µL of DCFH-DA 20 µM for 30 min at 37 ◦C. 
After incubation, DCFH becomes DCF due to intracellular oxidants. The 
cells were washed and 100 µL of external medium or 2.5 mM of 2,2′- 
azobis(2-methylpropionamidine) dihydrochloride (ABAP) were added. 
ABAP was used to induce oxidative stress. Fluorescence was measured 
every 30 min for 6 h at an excitation wavelength of 480 nm and an 
emission wavelength of 530 nm in a microplate reader (Varioskan Lux, 
Life Technologies Holdings Pte. Ltd, ThermoFisher Scientific, 
Singapore). Results were expressed as ROS levels percentages respect to 
non-treated cells (NT), using the equation: Treatment/C [%] =

ΔFsample(t30 − t0)/ΔFNT(t30 − t0). 

2.9. Assessment of oxidative stress cell biomarkers 

Caco-2 cells were cultured at 2x104 cells/cm2 density for 24 h. Then, 
the treated-cells were exposed for 24 h to the bioaccessible gastroin
testinal fractions. After the treatment period, the cells were scraped and 
centrifuged (1,500 g, 5 min, 25 ◦C). The cell pellets were resuspended in 
1 mL of PBS and frozen at − 80 ◦C for further analyses of different 
oxidative stress cell biomarkers. 100 μL of the suspension cells were 
acidified with 10 μL of 20 % perchloric acid (PCA), centrifuged for 5 min 
at 4100 g 4 ◦C, and the supernatant was stored at − 80 ◦C for the 
glutathione ratio analysis. 

2.9.1. Glutathione oxidized/reduced (GSSG/GSH) ratio analysis 
GSSG/GSH ratio was determined using a previous method (Del Pino 

et al., 2016a). Aliquots of the cell suspensions collected with PCA (2 % 
final concentration) were centrifuged (6500 g, 5 min, 4 ◦C) and the 
supernatants were neutralized with triethanolamine (TEAM). 10 µL of 
the samples were added to 190 µL of assay mix (potassium phosphate 
buffer 0.1 M pH 7 with EDTA 1 mM, 5,5′-Dithiobis (2-nitrobenzoic acid) 
0.6 mM, NADPH 0.3 mM and glutathione reductase). The kinetic spec
trophotometric assay was carried out by measuring absorbance at 410 
nm every 2.5 min for 20 min. Glutathione disulfide (GSSG) was 
measured using the same method after derivatizing the samples with 2- 
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vinilpiridine, and GSH was estimated by subtracting GSSG from total 
GSH. Total GSH and GSGG calibration curves were obtained and the 
results were expressed as the GSSG/GSH ratio. 

2.9.2. Malondialdehyde (MDA) assessment 
MDA levels in Caco-2 cells were determined by HPLC-DAD. Briefly, 

45 µL of the previously sonicated cell suspension were incubated with 
15 μL of Milli-Q water and 15 μL 3 M NaOH at 60 ◦C for 30 min. After 
this, 75 μL of 6 % (v/v) H3PO4 and 75 µL of 0.8 % (w/v) thiobarbituric 
acid (TBA) were added, which forms a Schiff base adduct with the MDA, 
and incubated at 90 ◦C for 45 min. 50 µL of MDA-TBA2 complex formed 
was injected into an Agilent 1100 Series HPLC systems (Agilent Tech
nologies, Inc., Palo Alto, CA, USA) equipped with a diode array detector. 
The column was a Spherisorb ODS2 reversed phase C18 (250 mm x 4.6 
mm, 3 mm particle size, Waters Chromatography S.-A., Barcelona 
Spain). The mobile phase was a mixture of 65% of 50 mM potassium 
phosphate buffer pH 6.8 and 35% Methanol. The flow rate was main
tained isocratically at 0.8 mL/min, the absorbance at 532 nm was 
monitored, and the total run time was 10 min. Concentrations of MDA 
were calculated from calibration curves obtained using 1,1,3,3-tetrame
thoxypropane (TMP) as standard and expressed as µM of MDA 
equivalents. 

2.9.3. Carbonyl groups (CGs) assessment 
The carbonyl groups in cell proteins were assayed in sonicated cell 

lysates using a previous method (Levine et al., 1990). 250 μL of 0.2 % 
(w/v) 2,4-dinitrophenylhydrazine (DNPH) diluted in 2 M HCl were 
mixed with 50 μL of the sonicated cell suspensions. After incubation for 
1 h, proteins were precipitated with 250 μL of 20 % trichloroacetic acid 
(TCA) and incubated 15 min at 4 ◦C. The samples were centrifuged at 
6500 g for 3 min to discard the supernatant. The pellets were washed 3 
times with ethanol: ethyl acetate (1:1 v/v). Finally, the pellet was 
resuspended on 200 μL of 6 M guanidine acidified and the presence of 
carbonyl groups was measured spectrophotometrically at 373 nm. The 
carbonyl concentration was calculated using a molar absorption coeffi
cient of 22.000 M− 1 cm− 1. The carbonyl groups levels were then 
normalized by the protein content of each cell homogenate, expressing 
the final results as nmol CGs/mg of protein. Protein content was deter
mined using the Bradford method. 

2.10. Microbiota analysis 

Total DNA was isolated from the froze-dried non-bioaccessible fer
mented fractions using the QIAamp Mini DNA kit (Qiagen, West Sussex, 
UK) following manufacturerś instructions. Eluted DNA was treated with 
RNase and DNA concentration was measured spectrophotometrically by 
using a NanoDrop (BioTek, Vermont, USA). Six groups of bacteria were 
analyzed by qPCR: All bacteria, Bacteroides, Lactobacilli, Bifidobacterium, 
Eubacterium rectale/Clostridium coccoides and Clostridium leptum. The 16S 
rDNA specific primers used are listed in Supplementary Table 1. 

The qPCR conditions for All Bacteria, Bacteroides, Bifidobacterium and 
Lactobacilli consisted of a first step at 50 ◦C for 2 min, followed by 10 min 
at 95 ◦C for initial denaturing and 40 cycles of 15 s at 95 ◦C, 1 min at 
60 ◦C and 1 min at 72 ◦C for denaturing, annealing and product elon
gation respectively. For Eubacterium rectale/Clostridium coccoides and 
Clostridium leptum, qPCR conditions included a first step of 5 min at 
94 ◦C for denaturing and 40 cycles with a sequence of 20 s at 94 ◦C, 20 s 
at 50 ◦C and 1 min at 72 ◦C for denaturing, annealing and product 
elongation. Proper amplification was verified by melting curve analysis. 
The results were expressed as log copy number per ng of DNA. 

2.11. Analysis of fecal contents of short chain fatty acids (SCFAs) 

The concentrations of acetic, propionic and butyric acids in the 
bioaccessible fermented seasoning fractions were measured by a previ
ously described method (Del Pino et al., 2017). The pH of the F-WPS was 

adjusted to 2–3 with 5 mM HCl and 50 µL was mixed with 50 µL of the 
internal standard (1 mM valeric acid in 0.1% orthophosphoric acid so
lution). The mixture was analyzed with a gas chromatograph Agilent 
7890 A (Agilent Technologies, Inc., Santa Clara, California, USA) 
equipped with a flame ionization detector (FID) and a DB-FFAP column 
(30 m × 0,32 mm, 0,5 µm film thickness, Agilent Technologies). Using 
the “spitless mode”, 1 µL of the solution was injected at 200 ◦C. The 
temperature was increased 10 ◦C/min after 30 s at 100 ◦C to 200 ◦C, it 
was maintained for a min and increased again 25 ◦C/min up to 230 ◦C, 
then maintained for 5 min. The FID detector was programmed at 230 ◦C 
and used Helium as vehicle gas with a 1 mL/min flow. Peak identifica
tion was based on comparison of retention times with the respective 
SCFAs standards. Calibration curves were obtained for each SCFA 
standard and used for quantitative analysis. The results were expressed 
as mM of SCFA. 

2.12. Data presentation and statistical analysis 

Statistical analysis was performed using StatGraphics® Centurion 
18.1.13 (Statpoint Technologies Inc., Warrenton, Virginia, USA). Data 
were expressed as means ± standard deviation of independent experi
ments performed in triplicate and One-way analysis of variance 
(ANOVA), Fisher’s least significant difference (LSD) multiple range test, 

Table 1 
Total antioxidant capacity (TAC) and total polyphenols of white wine 
pomace seasoning (wWPS), the bioaccessible gastrointestinal fractions 
(GI-WPS) and the bioaccessible fermented fractions (F-WPS). Values rep
resents mean (n = 3) ± SD. Significant differences between the samples in 
different storage conditions (control, modified atmosphere and vacuum) are 
indicated in the rows by Latin letters and the differences between the seasonings 
and their fractions are indicated in columns by Greek letters for each test and 
storage condition. ANOVA Variance test (p < 0.05). wWPS: white wine pomace 
seasoning; GI-WPS: bioaccessible gastrointestinal digested fraction; F-WPS: 
bioaccessible fermented fraction; Control: white wine seasoning or its fractions 
after being in contact with the chicken breasts for 30 min; ABTS: 2,2′-azino-bis 
(3-ethylbenzothiazoline-6-sulfonic acid); FRAP: Ferric reducing antioxidant 
power; TE: Trolox equivalent; GAE: Gallic acid equivalent.   

Control Modified 
Atmosphere 

Vacuum   

7 days 15 days 7 V days 15 days 

wWPS 
Q-ABTS (mmol TE/ 

100 g WPS) 
0.46 ±
0.07aα 

1.69 ±
0.14cdα 

1.22 ±
0.21bα 

1.53 ±
0.10cα 

1.79 ±
0.06dα 

Q-FRAP (mmol Fe 
(II)E/100 g WPS) 

7.13 ±
0.60dβ 

2.69 ±
0.48bα 

4.02 ±
0.29cβ 

1.62 ±
0.21aα 

1.71 ±
0.23aα 

Total polyphenols 
(g GAE/100 g 
WPS) 

0.60 ±
0.06bα 

0.06 ±
0.01aα 

0.02 ±
0.01aα 

0.04 ±
0.02aα 

0.04 ±
0.02aα  

GI-WPS 
Q-ABTS (mmol TE/ 

100 g GI-WPS) 
14.59 ±
0.90β 

15.12 ±
0.52γ 

15.08 ±
0.24γ 

15.02 ±
0.40γ 

14.73 
± 0.11γ 

Q-FRAP (mmol Fe 
(II)E/100 g GI- 
WPS) 

2.51 ±
0.39cα 

2.14 ±
0.13bα 

1.95 ±
0.08abα 

2.06 ±
0.14bα 

1.69 ±
0.14aα 

Total polyphenols 
(g GAE/100 g GI- 
WPS) 

0.93 ±
0.02cdβ 

0.79 ±
0.05bγ 

0.97 ±
0.02dγ 

0.89 ±
0.02cβ 

0.33 ±
0.02aβ  

F-WPS 
Q-ABTS (mmol TE/ 

100 g F-WPS) 
15.30 ±
1.01cβ 

12.88 ±
0.04abβ 

11.97 ±
0.34aβ 

12.84 ±
0.31abβ 

13.55 
±

0.16bβ 

Q-FRAP (mmol Fe 
(II)E/100 g F- 
WPS) 

30.79 ±
1.04cγ 

25.02 ±
1.10bβ 

23.74 ±
0.27bγ 

23.99 ±
0.48bβ 

21.74 
± 0.59aβ 

Total polyphenols 
(g GAE/100 g F- 
WPS) 

0.59 ±
0.05bα 

0.54 ±
0.03abβ 

0.74 ±
0.06cβ 

0.90 ±
0.06dβ 

0.47 ±
0.08aγ  
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was used to determine significant differences (p < 0.05) between data. 
The multivariate analysis was performed by applying principal compo
nent analysis (PCA). 

3. Results and discussion 

White wine pomace products (WPP) are a winery by-product with a 
high polyphenol content, which presents healthy properties and can be 
used as an additive in food, specially recommended for meat seasoning 
(Gerardi et al., 2020b). In this study we have evaluated the bio
accessibility of wWPP used as a seasoning (wWPS) in chicken breast 
stored under modified atmosphere (MAP) and vacuum (VP) conditions 
for 7 and 15 days. 

To date, there has been no evaluation of whether wWPP used as 
seasoning in meat showed its healthy properties, which is important to 
determine their use as a functional ingredient. Therefore, in this study 
we evaluated whether the wWPP used as seasoning (wWPS) in chicken 
breast and stored under modified atmosphere (MAP) and vacuum (VP) 
conditions for 7 and 15 days maintained in its bioaccessible fractions 
gastrointestinal digestion and colonic fermentation) its phenolic profile, 
antioxidant capacity, cell preventive oxidative damage in Caco-2 cells 
and the capacity to modulate the microbiota intestinal. 

3.1. Phenolic profile and antioxidant capacity of white wine pomace 
seasoning (wWPS) and the effect of packaging conditions 

No previous study had analyzed the phenolic profile of a seasoning 
and its bioaccessible fractions after being used as a chicken breast 
seasoning. The phenolic profiles of the control pomace and the wWPS 
used as meat seasoning vacuum and modified atmosphere packaging are 
presented in Supplementary Table 2. 

With the exception of gallic acid, the contents of all phenolic acids 
decreased with storage in both packaging methods compared to the 
control. The results showed that the gallic acid content of the seasoning 
in contact with the meat increased significantly (p < 0.05) by 97 % after 
7 days and by 92 % after 15 days storage under modified atmosphere 
conditions in comparison with the control sample. Vacuum-packed 
samples also showed an increase in the levels of gallic acid of 43 % at 
7 days and of 106 % after 15 days. The increase in gallic acid observed 
during storage could be due to the degradation of polymers, 

hydrolysable tannins called gallotannins, present in the pomace (Fer
nandes et al., 2022). An increase in epicatechin levels was also observed 
after 15 days of vacuum (97.3 ± 2.85 μg/g in control vs 127 ± 0.77 μg/g 
in 15 days of vacuum). The other phenolic compounds analyzed, cate
chins, procyanidins and flavonols, showed a significant (p < 0.05) 
decreased in the seasoning in both storage conditions. Similar results 
were observed by others authors in a study on strawberry purees, which 
showed a decrease in protocatechuic acids and quercetin concentrations 
during the first weeks of storage in a nitrogen atmosphere (Kadivec 
et al., 2013). These authors observed an increase in gallic acid and a 
maintenance of catechin levels are observed after 6 weeks of storage. In 
another study, it has been observed that the storage in a nitrogen at
mosphere containing 2 % of O2 reduced the accumulation of phenolic 
compounds in lettuce and broccoli by about 35 % (Jamie and Saltveti, 
2002). This suggests that phenolic compounds are relatively unstable 
during processing and can easily undergo numerous reactions and 
modifications. 

The chemical changes and bioaccessibility of wWPS bioactive com
pounds in the gastrointestinal tract are key to determining their 
bioavailability. Furthermore, the bioactive compounds enclosed in the 
indigestible fraction of the gastrointestinal tract reach the large intestine 
for the gut microbiota. These gastrointestinal and colonic fermentation 
processes can lead to the release and modification of wWPS components. 
The phenolic profiles of their bioaccessible gastrointestinal (GI-WPS) 
and fermented fractions (F-WPS) are presented in the Supplementary 
tables, 3 and 4 respectively. The results showed that the storage process 
also modifies the composition of the fractions after digestion and colonic 
fermentation, regardless of the packaging method. When each fraction 
was analyzed in relation to its control fraction, a significant decrease (p 
< 0.05) in most phenolic acids and monomeric flavan-3-ol was 
observed. In addition, there was an increase in flavonols in the gastro
intestinal samples, but no detectable flavonols in the post-fermentation 
samples. 

A Principal Component Analysis (PCA) (Fig. 1) allows to separate 
wWPS based on their phenolic profile, as well as the corresponding 
digested and fermented fractions. It was used to summarize the effect of 
the storage method and digestion processes in all of the phenolic pro
files. The first component (PC1) explains 48.2 % of the variance, while 
the second (PC2) adds 28.2 %. The distribution showed differences be
tween the wWPS and the stored wWPS and between the gastrointestinal 
and fermentation fractions and their corresponding control. However, 
no differences were observed between storage methods and between 
storage times, especially in the wWPS. Therefore, storage of the 
seasoning in contact with the meat, regardless of the method used, 
modifies their phenolic profile and the similar form of their digested and 
fermented fractions. 

The next step is to analyze whether these changes in the phenolic 
profile affect to a greater or lesser impact on the antioxidant and 
bioactive potential of the seasonings. For this purpose, the antioxidant 
capacity (Q-ABTS and Q-FRAP) and the total polyphenol content (Q-FC) 
of the samples were analyzed (Table 1). When comparing the pomaces, 
both total polyphenols and the antioxidant capacity according to the Q- 
FRAP method were significantly higher (p < 0.05) in the control wWPP 
than in those used as chicken breast seasoning (wWPS). However, with 
the Q-ABTS method, a significant increase (p < 0.05) was observed in 
the stored samples with respect to the control, which can be attributed to 
the presence of substances in the meat (amino acids, dipeptides, L- 
carnitine, glutathione, taurine and creatine) which could also have 
migrated or interacted with the seasoning, increasing Q-ABTS values 
(Serpen et al., 2012). These authors also observed the inability of meat 
to increase Q-FRAP values, which would explain the decrease in Q-FRAP 
values in the seasoning after storage, compared to the control. Also, a 
decrease of antioxidant properties detected by Q-FRAP assay over time 
has been reported for foods stored with wWPS in vacuum conditions for 
longer periods of time, so our results are in line with this trend (Sánchez 
Alonso et al., 2008). 

Table 2 
Microbiota composition of the caecal content used for the colonic 
fermentation of the seasonings assessed by qPCR. Values represent mean (n 
= 3) ± SD. Significant differences between caecal content used for fermentation 
and the non-bioaccessible F-WPS obtained after the colonic fermentation of the 
seasonings are indicated by Latin letters for each bacteria species present. 
ANOVA Variance test (p < 0.05). Control: microbiota of the caecal content used 
for the colonic fermentation without seasoning.   

Non-Bioaccesible F-WPS  

Control Modified 
atmosphere 

Vacuum   

7 days 15 days 7 days 15 days 

All Bacteria 7.36 ±
1.79a 

9.45 ±
0.08b 

9.35 ±
0.22b 

10.16 
± 0.12b 

9.52 ±
0.01b 

Bacteroides spp. 4.10 ±
0.75 

4.54 ±
0.06 

4.55 ±
0.09 

4.51 ±
0.09 

4.18 ±
0.08 

Lactobacillus spp. 8.52 ±
0.09a 

10.19 
± 0.85c 

9.60 ±
0.05c 

9.53 ±
0.02bc 

8.64 ±
0.04ab 

Bifidobacterium 21.48 ±
0.04a 

24.19 
± 1.55b 

23.27 
±

0.69ab 

22.80 
±

1.11ab 

23.58 
± 0.37b 

Clostridium leptum 8.82 ±
1.14b 

6.15 ±
0.60a 

8.26 ±
0.94b 

8.59 ±
0.17b 

8.20 ±
0.29b 

Eubacterium rectale/ 
Clostridium 
coccoides 

9.07 ±
0.97c 

6.29 ±
1.87a 

7.81 ±
0.28b 

8.98 ±
0.05c 

7.61 ±
0.81ab  
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Gastrointestinal digestion and colonic fermentation of the wWPS 
results in changes in the total antioxidant capacity of the seasoning such 
as can be observed when we compare digested seasoning with undi
gested seasoning (Table 1). Q-ABTS capacity in gastrointestinal fraction 
(GI-WPS) and colonic fermentation fraction (F-WPS) is 30-fold higher in 
control samples and 8-fold in the stored samples (MA and V) compared 
to undigested samples (WPS). In both control and storage samples, Q- 
FRAP activity is lower in the GI-WPS fraction and higher in F-WPS 
fraction compared to the undigested fraction. Thus, the Q-FRAP capacity 
in the control samples is 2.8-fold lower in the GI-WPS and 4.3-fold 
higher in the F-WPS, this change being lower in the storage samples 
except for the treatment with vacuum at 7 days where a 1.6-fold increase 
was observed. The total polyphenols in the digestion fractions of control 
wWPS resulted in an increased in the GI-WPS but not in F-WPS and 
significantly lower values were observed in control samples after storage 
but not in GI-WPS and F-WPS. In control samples the increase in GI-WPS 
is 1.5-fold and in storage samples, it varies according to technique and 
time. Changes in the antioxidant capacity of wine pomace products 
resulting from in vitro digestion were previously observed by our 
research group in red wine pomace products, where a tendency towards 
higher antioxidant capacity was observed in different types of samples 
obtained from wine pomace (Del Pino-García R. et al. 2016b). 

On the other hand, the type and time of storage modified the total 
antioxidant capacity of the digested fractions. The Q-ABTS capacity of 
the gastrointestinal fractions of seasoning (GI-WPS) stored under 
modified atmosphere and vacuum not change compared to the control 
GI-WPS. Regarding Q-FC the lowest values were observed after 15 days 
of vacuum storage (0.93 ± 0.02 g GAE/100 g GI-WPS in control vs 0.33 
± 0.02 g GAE/100 g GI-WPS). However, the Q-FRAP values decreased 
significantly (p < 0.05) in the GI fractions of the seasoning storage, with 
lower values under vacuum conditions. The Q-FRAP values are in 
agreement with those of Pesic et al., (2019) who observed a 25 % 

decrease in Q-FRAP values in gastrointestinal digested samples of grape 
skin added to turkey meat in comparison with the control grape skin. 
This study explains the relationship between phenolic acids and Q-FRAP 
values, so that the decrease in phenolic acids after storage can explain 
the decrease in Q-FRAP in the seasoning and in their fractions. 

The fermented fractions of wine pomace seasoning (F-WPS) stored 
under atmosphere modified and vacuum show a reduction (p < 0.05) in 
Q-ABTS and Q-FRAP values compared to the control F-WPS, regardless 
of the packaging method. However, an increase in Q-FC values was 
observed in the samples stored under MAP 15 days and under VP 7 days, 
showing the highest amount of phenolic acids. 

Despite the changes described, both seasonings and their in vitro 
digested fractions maintained a phenolic profile, as well as high total 
antioxidant capacity and total polyphenol content, after storage for 
either 7 or 15 days under both packaging methods. These results indi
cate the potential use of wWPP as a meat seasoning. 

3.2. Effect of the gastrointestinal fractions of wine pomace product 
seasoning (GI-WPS) stored under MAP and VP on Caco-2 cell viability 
and oxidative stress 

The effects of the bioaccessible gastrointestinal fractions of the GI- 
WPS (under MAP and VP) on cell survival were assessed to ensure 
non-cytotoxicity. The results presented in Fig. 2A showed non-cytotoxic 
effects of all GI fractions, which did not reduce the viability compared to 
not treated cells. Similar results with gastrointestinal digestion fractions 
of WPP was observed in previous studies (Del Pino-García, et al., 2016a). 

Oxidative stress due to high ROS production or to insufficient ROS 
removal by endogenous or exogenous antioxidant mechanisms can 
result in DNA, lipid and protein damage associated with functional cell 
alterations. In the current study, the exposure of Caco-2 cells to GI-WPS 
fractions did not increase ROS levels in the Caco-2 cells (Fig. 2B). 
Furthermore, to evaluate the preventive effect of the GI-WPS against 
oxidative stress, we evaluated the effect in Caco-2 cells treated with 2.5 
mM ABAP which causes a marked increase in ROS levels (Fig. 2C). 
Interestingly, when cells were treated with the GI-WPS fractions, a sig
nificant (p < 0.05) reduction in ROS levels of approximately 66% was 
observed. No differences were observed among the different GI-WPS 
samples. The results could be due to the ROS-modulating effects of 
phenolic compounds and metabolites present in the GI fractions, such as 
phenolic acids and flavonoids, gallic acid, epicatechin, myricetin or 
quercetin, which are present in high concentrations in these bio
accessible fractions. 

Oxidative stress levels are controlled by endogenous and exogenous 
ROS scavenging systems, such as intracellular GSH. Intracellular GSH is 
the representative endogenous non-enzymatic mechanisms that protects 
against oxidative damage. The ratio between oxidized glutathione 
(GSSG) and reduced glutathione (GSH) constitutes a good biomarker of 
the redox state in biological systems (Lee et al., 2012). The ratio of 
oxidized/reduced glutathione (GSSG/GSH) (Fig. 3A) was analyzed. 
Changes in the GSSG/GSH ratio were observed in the cells treated with 
the GI-WPS fraction of the seasoning in contact with chicken breast and 
storage under MAP and VP. The GSSG/GSH ratio of the cells treated with 
GI-WPS fractions of MAP samples of 7 days did not change but the 
treatment with the obtained of the sample stored for 15 days reduced the 
GSSG/GSH levels compared to not-treated cells. On the other hand, the 
GI-WPS fractions of the VP samples had a higher GSSG/GSH ratio than 
the non-treated cells. An increase in this ratio indicates a higher con
sumption of GSH or a lower availability of NADPH under conditions of 
oxidative stress. Polyphenols have been showed to activate endogenous 
cellular systems through antioxidant responsive elements (AREs) pre
sent in the promoter regions of many oxidative stress-inducible genes, 
including the limiting enzyme in glutathione synthesis, which could 
explain the increase in total GSH levels in the cells treated with GI-WPPS 
(Masella et al., 2005). Previous studies on the effect of WPP on GSH in 
endothelial cells and muscle cells had already reported an increase in 

Fig. 1. Principal component analysis (PCA) of the phenolic profiles of the non- 
stored and stored seasonings, gastrointestinal and fermented bioaccessible 
fractions. Principal component analysis of all of the polyphenols characterized 
by reversed phase HLPC. Dot represent the individual replicates of the phenolic 
profile of the samples. PCA test. PC1: Principal component 1; PC2: Principal 
component 2. WPS: white wine pomace seasoning; GI-WPS: bioaccessible 
gastrointestinal digested fraction; F-WPS: bioaccessible fermented fraction; 
Control: white wine pomace seasoning or its digested fractions before being 
stored with meat. 
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glutathione (Del Pino et al., 2016a; Goutzourelas et al., 2014), so this 
seems to be one of the molecular mechanisms responsible for the 
enhancement of antioxidant activity by the wine pomace product in 
cells. 

Biomarkers of oxidative stress are relevant biomolecules that indi
cate cellular damage caused by ROS (Marrocco et al., 2017). Therefore, 
to ensure the potential antioxidant effect of the GI-WPS, several bio
markers of oxidative stress were evaluated in Caco-2 cells after treat
ment with the bioaccessible fractions. We assessed malondialdehyde 
levels in Caco-2 cells treated with the GI-WPS of the stored samples 
(WPS). MDA is a product of the peroxidation of polyunsaturated fatty 
acids used as a biomarker of lipid peroxidation, and MDA equivalents 
were evaluated by reverse-phase HPLC analysis (Fig. 3B). No effects 
were observed in Caco-2 cells treated with the GI-WPS compared to non- 
treated cells. To determine protein oxidation, we quantified carbonyl 

groups in the proteins via spectrophotometry (Fig. 3C). The GI-WPS did 
not significantly modify protein oxidation compared to not treated cells. 
Furthermore, the ability of the bioaccessible fraction to protect against 
lipid oxidation and protein damage was not affected by the different 
packaging methods. 

In conclusion, the packaging conditions of the seasoning in contact 
with chicken breast did not modify the antioxidant properties of the 
gastrointestinal fraction in Caco-2 cells and it was even able to modulate 
the total content of the redox system GSSG/GSH and reduce the pro
duction of ROS in response to oxidative stress. 

3.3. Effect of the wine pomace product-seasoning (WPPS) on the 
microbiota composition and SCFAs 

Microbiota from rat caecal content was used in the colonic 

Fig. 2. Viability and ROS levels of Caco-2 cells treated with the bioaccessible gastrointestinal fractions (GI-WPS) of the seasonings before and after being stored with 
chicken breasts in a vacuum and modified atmosphere conditions. (A) Percentage of Caco-2 viability via MTT assay, (B) Intracellular ROS production of Caco-2 cells 
in normal conditions, (C) Intracellular ROS production of Caco-2 cells in oxidative stress conditions caused by ABAP 2.5 mM. Values represent mean (n = 3) ± SD. 
ANOVA Variance test (p < 0,05). Significant differences in ROS production of Caco-2 between different treatments are indicated by Latin letters. NT: non-treated 
cells; ABAP: 2,2′-azobis(2-methylpropionamidine) dihydrochloride; GI-WPS: bioaccessible gastrointestinal digested fraction. 

Fig. 3. Cell stress biomarkers of Caco-2 cells incubated with the bioaccessible gastrointestinal fractions (GI-WPS) of the seasonings before and after being stored with 
chicken breasts in a vacuum and modified atmosphere conditions. (A) Intracellular redox status (GSSG/ GSH), (B) Lipid oxidation status, MDA levels (C) Protein 
oxidation status, CGs levels. Values represents mean (n = 3) ± SD. Significant differences in Caco-2 between different treatments are indicated by Latin letters. 
ANOVA Variance test (p < 0.05). NT: non-treated cells; GI-WPS: bioaccessible gastrointestinal digested fraction; GSH: Reduced glutathione; GSSG: oxidized 
glutathione; MDA: Malondialdehyde; CGs: Carbonyl groups. 
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fermentation to mimic the process of the human intestine. The micro
biota is able to modify the phenolic compounds and the dietary fiber of 
the seasoning, and at the same time, the microbiota composition is 
changed by the wine pomace products. The microbiota plays a key role 
in human health; changes in the composition and function of the gut 
microbiota affect not only food digestion but also permeability, meta
bolism and immune response (Gomaa, 2020), so we aimed to study the 
probiotic effects of the wWPPS. 

Most of the polyphenols in wine pomace products are highly poly
merized or combined with dietary fiber, making the action of intestinal 
microbiota is essential for their metabolism (Gerardi et al., 2020a; Gil- 
Sánchez et al., 2018). Therefore, the potential functional effects of the 
consumption of wine pomace products will be due, at least in part, to the 
action of all these microbial-derived metabolites. 

The changes in the microbiota obtained after the fermentation of the 
WPS of non-bioaccessible gastrointestinal fractions were analyzed and 
compared. Table 2 shows the microbiota in the colonic fermentation 
fraction (F-WPS) and a sample of the caecal content used in a colonic 
fermentation without wine pomace product sample, which was used as a 
control. The F-WPS of the MAP and VP samples significantly increased 
All bacteria group. Also was observed that F-WPS of MAP samples (7 and 
15 days) and the VP sample of 7 days increased Lactobacillus spp. and 
both MAP conditions and 15 days of VP increased Bifidobacterium. Pre
vious studies have also reported an increase in Bacteroides spp., Bifido
bacterium and Lactobacillus spp. and a decrease in Clostridium leptum in 
“in vivo” studies with a polyphenol rich diet (Gerardi et al., 2020b; 
Plamada & Vodnar, 2022). The increase in Bacteroides by the treatment 
with seasoning could be a desirable effect due to their higher number of 
glycan-degrading enzymes, these enzymes are required for the cleavage 
of the glycosidic linkages of polyphenols and provoke changes in the 
polyphenol content (Pathak et al., 2018). With regard to C. leptum and 
Eubacterias the treatment with F-WPS of 7 days under MAP conditions 
reduced both and the fractions of 15 days MAP and 15 days VP only 
decreased the presence of Eubacterias. This is a positive effect, inhibiting 
the potentially pathogenic bacteria. In fact, some studies have shown a 
significant increase in Clostridium leptum in individuals with an high- 
cardiometabolic risk (Vetrani et al., 2020; Gerardi et al., 2020b). 

Additionally, colonic fermentation of wWPS promotes the produc
tion of short-chain fatty acids. They are partly responsible for the re
ported beneficial effects of dietary fiber and polyphenols present in the 
wWPP (Saura-Calixto et al., 2010). The main SCFAs present in fer
mented white pomace are acetic, propionic and butyric acids (Del Pino 
et al., 2017). The SCFA measured and the ratio between them in the F- 
WPS of the control wWPP and the stored seasoning samples are showed 
in Fig. 4. Acetic acid showed the highest concentration in all F-WPS 
samples, which is consistent with previous reports (O’Keefe, 2016). 

When comparing the acetic acid in the F-WPS control sample with the F- 
WPS stored seasoning, a significant difference (p < 0.05) was found. The 
levels of butyric acid in the F-WPS fraction of the control sample were 
also significantly higher (p < 0.05) than in the F-WPS stored. This could 
be due to the reduction in Clostridium leptum and Eubacterias observed in 
the microbiota study, as both of these groups are reported to produce 
butyrate in the gut (Kabeerdoss et al., 2013; Vermeiren et al., 2012). 

The SCFA ratio of the stored seasonings was similar, with a higher 
concentration of propionic acid than in the control samples. Propionic 
acid is involved in the lipid and glucose metabolism in the host, acting as 
a gluconeogenic agent and playing an important role in the competitive 
regulation of lipogenesis (Ríos-Covián et al., 2016). Bacteroides thetaio
taomicron, present in the human gut has been reported to produce pro
pionic acid (Adamberg et al., 2014), mainly in long fermentations, 
which is consistent with our results on the modification of the micro
biota by the samples. 

4. Conclusions 

White wine pomace used as seasoning for chicken meat maintains its 
antioxidant properties when stored for 7 or 15 days in vacuum or 
modified atmosphere packaging. Vacuum and modified atmosphere 
packaging of the wWPs in contact with chicken breast does not adversely 
affect the polyphenol content and antioxidant capacity of in vitro 
digested fractions (gastrointestinal and colonic fermentation). The 
contact of the seasoning with the chicken breast can be considered safe 
as it does not show cytotoxicity in the gastrointestinal Caco-2 cells. 
Furthermore, the beneficial effect of the colonic fermentation fraction 
on the microbiota and its ability to modulate the cell oxidative stress 
suggest its potential use as a functional ingredient, without being 
affected by the storage process. However, the present study also has 
certain limitations, and further studies are needed to evaluate the in
teractions with the food matrix and the effect of the cooking on the 
seasoning composition. 

In conclusion, these results are novel and may help to establish the 
value of this product as a natural seasoning for chicken breast. 
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