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Abstract: Background: Grape pomace is highly attractive for the food industry as it contains numer-
ous bioactive molecules relevant for human health. However, in order to exploit pomace flour as
a functional food ingredient for food industry, it is important understand how long-term storage
affects the stability of both bioactive molecules and volatile compounds, in addition to color. To this
end, we analyzed whole pomace flour from red grape during a six-month storage period in the dark,
either at 4 ◦C or 25 ◦C. Methods: The specific parameters monitored of grape pomace flour included:
antioxidant activity (TEAC assay), total phenol content (Folin-Ciocalteu assay), phenol composition
(high performance liquid chromatography), fatty acid composition (gas chromatography-mass spec-
trometry), volatile compound profiles (headspace-solid phase micro-extraction) and color. Results:
Prolonged storage did not significantly affect total phenol content, antioxidant activity and char-
acterized bioactive molecules (polyphenols, fatty acids). The only detected effect of storage was a
slight whitening of the pomace flour and a small increase of volatile long chain esters and ketons
after 6 months at 25 ◦C. Conclusions: The activity of several health-relevant bioactive compounds
remained stable following storage of pomace flour for 6 months at 4 ◦C, supporting its possible use
as a functional food ingredient.

Keywords: grape pomace flour; polyphenols; fatty acids; shelf life; functional food

1. Introduction

In conventional wine processing, large amounts of grape pomace (GP) are produced
annually, accounting for 25% of the original fruit mass [1]. Although GP represents an
excellent source of dietary fibers and polyphenols, this renewable natural resource is still
underutilized in nutraceutical products [2,3]. However, deterioration of biologically active
compounds caused by processing represents a major bottleneck for GP utilization in food
production chains. Several studies have disclosed the possibility of creating value-added
products by incorporating grape by-products in bakery products or pasta [4–6]. For exam-
ple, the addition of GP to semolina has a positive impact on functional and physio-chemical
properties of pasta such as adhesiveness, firmness and volatile profile. The inclusion of GP
also leads to an increase in total polyphenol content and antioxidant activity and a decrease
in the glycemic index as a result of an increase in resistant starch content [7]. As reported
by Ungureann-Iuga and coworkers [8], grape peel powder also improves the technological
properties of doughs used for the production of high quality gluten-free foods. The most
economically viable approach of longterm storing GP is by reducing its highwater content
(75–80%) by drying. That also leads to reduction in volume, thus lowering transportation
costs. The drying method adopted is an important factor that affects both the content and
activity of phenols, as well as functional properties of GP. In particular, high temperatures
can compromise the bioactivity of thermally sensitive compounds. Thus, there is strong
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interest in the development of an economically and technically feasible technology for GP
preservation at an industrial scale that results in a stable product with minimum presence
of water and a high concentration of biomolecules. An optimal drying step could enhance
the potential use of pomace as a powerful natural antioxidant ingredient in functional foods.
To avoid the loss of bioactive compounds due to their thermal instability, freeze-drying is
considered superior to oven drying [9]. However, this approach is time-consuming and too
costly for industrial application [7]. However, as reported by Gerardi et al. [10] freeze or
oven dried (50 ◦C) GP skin showed no significant difference in total phenol content. More-
over, it has been shown that heat treatment over long periods can favorize the extraction of
low molecular weight molecules, thus increasing their bioavailability [11]. Oven drying
at 50◦ is preferred because it is faster, more reproducible and it allows for the storage of
grape pomace [10]. GP stabilization and grape pomace flour (GPF) storage conditions
play a significant role in their subsequent utilization as functional ingredients [12]. In fact,
phenols (such as catechins, soluble acids, flavonols, stilbenes and anthocyanins) and fatty
acids present in GP exhibit antioxidative, cardioprotective, antidiabetic, gastroprotective
and antilipemic effects [10]. The bioactive compounds that contribute to the positive health
properties of grape-pomace-added foods are presumed to be poly and monounsaturated
fats, fiber and antioxidants [13]. Moreover, previous studies [14,15] have demonstrated
potential applications of polyphenols in food preservation and product shelf life. In pre-
vious investigations, GP obtained from winemaking of white or red grape cultivars was
studied for antimicrobial and antioxidant properties [14,16]. The results suggested that
the antioxidant and antimicrobial activities of different grape variety extracts were related
to their phenolic profile. Given these results, flour pomace could be exploited for future
applications in food, pharmaceutical and cosmetic industries. In this study, we prepared
GPF as a functional food ingredient aimed at increasing the daily intake of dietary bioactive
antioxidant compounds. To this end, we applied a simple dehydration technology to whole
GP originating from individual varieties of grape and analyzed the content and stability of
biomolecules present in GPF during a six month period at two different storage tempera-
tures. We also assessed factors relating to shelf life such the stability of different classes of
polyphenols and fatty acids, total phenols (T.P.) and antioxidant activity. Furthermore, to
evaluate sensory changes over time, we monitored GP volatile profiles and color. To our
knowledge, this is the first work that describes the effects of storage on the shelf life of GPF
obtained from GP.

2. Materials and Methods
2.1. Reagents

Trans-resveratrol was obtained from by ICN Biomedicals (South Chillicothe Road,
Aurora, OH, USA), whereas catechin, quercetin, quercetin-3-glucoside, epicatechin, rutin
and oenin were purchased by Extrasynthese (Genay, France). All other compounds were
provided by Sigma-Aldrich (St. Louis, MO, USA).

2.2. Raw Material and Sample Preparation

GP (skins and seeds) from the grape cultivar Vitis vinifera cultivar Negroamaro was
obtained from a local winery. GP was dried in an oven at 50 ◦C, until constant weight
(48 h in the dark) [10]. GPF was obtained by a laboratory sample mill (FOSS, Hillerød,
Denmark). For the six-month storage study, GPF was stored in sealed polypropylene bags.
GPF were prepared for sampling and stored either at 4 ◦C or 25 ◦C in the dark at ambient
humidity. Samples were analyzed at time point (T0) and at monthly intervals for a period
of six months (T1–T6).

2.3. GPF Polyphenol Extraction and HPLC Analysis

GPF samples (1 g) were extracted with methanol/ethanol/formic acid (75:20:5, v/v/v)
in a ratio of 1:10 (GPF/solvent, w/v) [10]. Supernatants were collected in fresh tubes and
stored at −20 ◦C until analysis. GPF extracts were quali-quantitatively examined by an
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1100 Series HPLC system (Agilent) equipped with a Luna 5 µm C18(2) 100 Å column
(250 × 4.6 mm) (Phenomenex, Torrance, CA, USA) as reported by Gerardi et al. [16]. The
wavelengths used for quantification of phenol compounds were 280, 306, 320, 370 and
520 nm. The qualitative analysis of phenolic compounds was carried out on the basis of
their retention times and spectroscopic spectrum. Weighted amounts of each standard
compound were dissolved in 80% (v/v) methanol-water mixture to prepare the requested
stock solutions. Each sample was independently injected into the HPLC column and then
eluted using the above method in order to establish its chromatographic retention time
and collecting UV spectrum. The working solutions were obtained by diluting the stock
solutions with the methanol-water mixture (80% v/v), thus allowing to achieve for each
compound a ten-point regression curve (r2 ≥ 0.99). Quantification of single compounds
was achieved by employing a ten-point regression curve of the UV absorption data sampled
at the wavelength of maximum absorbance of each analyte and expressed in µg/g.

2.4. High Performance Liquid Chromatography (HPLC) Characterization of Anthocyanins

To quantify and characterize the anthocyanin molecules in alcoholic extract from grape
pomace flour we performed an HPLC analysis using an Agilent-1100 liquid chromatograph
equipped with a DAD detector as described in Gerardi et al. [10]. The column was a
C18 Luna (Phenomenex, 250 × 46 mm, 5 µm) in conjunction with a C18 guard cartridge
column, both maintained at 30 ◦C temperature. The mobile phase was (A) H2O/formic
acid = 95/5 and (B) acetonitrile/formic acid = 95/5. The samples were eluted following a
linear gradient: 1 min of isocratic elution with 6.7% B, 25 min of linear gradient from 6.7
to 16.7% B, 9 min of linear gradient from 16.7 to 55.6% B, 5 min of isocratic elution with
55.6% B, 3 min of linear gradient from 55.6 B to 80% B and 8 min of isocratic elution with
80% B. Flow rate: 0.7 mL/min. Chromatograms were acquired at 520 nm. Quantification of
total anthocyanins was directly performed by HPLC/DAD using a five-point regression
curve (r2 ≥ 0.99) generated through the use of malvidin 3-O-glucoside (oenin) as reference
compounds and was expressed as oenin equivalents (OEs).

2.5. Total Polyphenols Content

A previously optimized Folin-Ciocalteu method was carried out to measure the total
amount of polyphenols. The amount of total phenols in GPF extracts was assessed by
determining the absorbance at 760 nm [16]. Results were expressed as milligram of Gallic
Acid Equivalents per gram of GPF (mg GAEs/g of GPF).

2.6. TEAC Antioxidant Capacity Determination

The Trolox Equivalent Antioxidant Capacity (TEAC) assay is based on the scavenging
capability of antioxidant molecules to reduce the radical cationic action of 2,2′-azinobis
(3-ethylbenzoithiazolone 6-sulphonate) (ABTS•+). The analysis was performed as previ-
ously described [17]. To generate the ABTS•+ radical cation, ABTS (7 mM) was dissolved
in water added with potassium persulfate solution (2.45 mM) and incubated at 25 ◦C in
absence of light for 12–16 h. To produce the calibration curve, 20 µL of Trolox standard
solution (from 0 to 25 µM) was added to the ABTS•+ solution diluted to an absorbance
value (734 nm) of 0.40 ± 0.02. Absorbance was determined at 734 nm and obtained values
were expressed as µmol Trolox Equivalents (TE)/g of GPF.

2.7. GPF Fatty Acids Extraction and GC Analysis

Total lipids were extracted from aliquots (0.1 g DW) with 4 mL of n-hexane and
stirring (3000 rpm) overnight at 4 ◦C. Samples were centrifuged (6000× g 10 min) and a
stream of nitrogen was used to vaporize the organic phase. Lipids were subjected to fatty
acids derivatization, as previous reported [18]. Briefly, each sample was solubilized in a
methanol solution (3 mL) of 0.5 M NaOH, incubated at 100 ◦C for 5 min and cooled to
room temperature. Two mL of boron trifluoride in methanol (12% w/v) was added and
boiled at 100 ◦C for 30 min. After cooling, 1 mL di n-hexane and 1 mL of NaCl (0.6% w/v)
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were added. The organic phase was diluted with n-hexane to 1:10 (v/v) and analyzed by
GC-MS employing the Agilent 5977E Series GC/MS system (Agilent Technologies, Santa
Clara, CA, USA) using a DB-Wax column (60 m, 0.25 mm i.d., 0.25 mm film thickness,
Agilent) [18]. The GC parameters were as follows: the temperature of the column was
50 ◦C after injection for 1 min, then programmed at 25 ◦C/min to 200 ◦C, at 3 ◦C/min to
230 ◦C and maintained at constant temperature of 230 ◦C for 23 min. Split injection was
conducted with a split ratio of 5:1, the flow-rate was 1.0 mL/min, carrier gas used was
99.999% pure helium, the injector temperature was 250 ◦C and the column head pressure
was 40 psi for 0.4 min, constant pressure at 20 psi. The MS detection conditions were as
follows: transfer line temperature 250 ◦C, mode Scan, source and quadrupole temperature
230 ◦C and 150 ◦C respectively, scanning method of acquisition, ranging from 46 to 500, for
mass/charge (m/z) was optimized. Spectrum data were collected at 0.5 s intervals. Solvent
cut time was set at 2 min and 40 min retention time sufficient for separating all the fatty
acids. Compounds were identified by using online NIST-library spectra and published MS
data. Furthermore, authentic standards were used to confirm MS data.

2.8. Analysis of Volatile Compounds

The Headspace-Solid phase micro-extraction (HS-SPME) technique was adopted to
identify and quantify GPF volatile compounds. For each analysis, 0.5 g of sample was
placed in a 20 mL glass vial, containing 0.5 g of sodium chloride and 2 mL of distilled water
and then stirred for 20 min in a water bath (50 ◦C). The n-tridecane (100 mg/L) was used as
internal standard A DVB/CAR/PDMS (Divinylbenzene/Carboxen/Polydimethylsiloxane)
fiber was inserted, maintained for 40 min, and then it was removed and inserted in the
GC injector to desorb the volatile molecules. Flour samples were analyzed with the 5977E
Series GC/MS system (Agilent Technologies, Santa Clara, CA, USA) furnished with a
DB-Wax column (60 m, 0.25 mm i.d., 0.25 mm film thickness). Oven temperature increased
from 40 ◦C for 5 min to 50 ◦C at a rate of 3 ◦C/min, and finally to then 225 ◦C at a rate of
5 ◦C/min. The MS acquisition mode was full scan (40–450 m/z). The identity of molecules
was determined by comparison of spectra with the NIST14 library and confirmed by
injection of the pure reference standards when available. The semi-quantitative analysis
was performed using the internal standard method [19].

2.9. Color and Moisture Evaluation

GPF color was measured during the six-month storage in the dark at 4 ◦C and 25 ◦C,
using a Minolta CR-410 chromatometer (Konica Minolta Camera Co., Ltd., Osaka, Japan).
The CIELAB color space was used to determine the parameters L* from black (0) to white
(100), a* (red (+a) to green (−a) color) and b* (yellow (+b) to blue (−b) color). Color
measurement was replicated three times for each flour sample.

Grape pomace moisture was evaluated by utilizing a moisture measuring balance
(AND MX50, A&D Company, Limited, Tokyo, Japan). The temperature for the measure-
ment was 120 ◦C for 30 min. Moisture measurement was replicated three times for each
flour sample.

2.10. Statistical Analysis

The statistical significance of the differences between the measured data was assessed
by performing both a parametric method (two sample-t-test) and a non-parametric one
(Mann-Whitney U Test) by means of the SigmaStat software Version 3.1 (Jandel Corp.,
Erkrath, Germany). The Principal Component Analysis and the heatmap were obtained
using routines written in the MATLAB program design. Data are the mean ± standard
deviation of three independent replicates (n = 3).
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3. Results and Discussion
3.1. Stability of Polyphenols in Negroamaro Pomace Flour Extracts during Storage

GPF stored for six months in the dark at 4 and 25 ◦C, showed no significant differences
in total anthocyanin and oenin content (Table 1).

In the chromatographic profile of the GPF extracts, we detected phenolic acids such
as caffeic, caftaric, cutaric and gallic acids and these metabolites had a similar relative
distribution during storage (Table 1).

Stilbenes content, and in particular resveratrol, shows significant differences among
V. vinifera cultivars [20]. Table 1 shows the results related to the analysis of stilbene levels in
Negroamaro GPF. It can be seen that trans-resveratrol levels increase during the six months
storage period, both at 4 ◦C and 25 ◦C.

In grape, flavanols can be found as monomers (epicatechin 3-gallate, gallocatechin,
catechin, epigallocatechin and epicatechin), oligomers and polymers (i.e., tannins and
proanthocyanidins) that show antioxidant activity both in vitro and in vivo [21–23]. In
this study we identified the flavanols catechin and epicatechin in GPF (Table 1). While
storage at 4 ◦C did not affect their content significantly, we observed a slight but statistically
significant decrease following storage for six months at 25 ◦C.

Flavonols are considered bioactive grape/wine compounds that are potentially rel-
evant for human health and nutrition [24,25]. Moreover, in a process known as co-
pigmentation anthocyanins can interact with flavonols, leading to an increase in red color.
In our GPF we identified the flavonols quercetin and quercetin 3-glycoside (Table 1). In this
study GPF prolonged storage do not affect flavonols content. Conversely, the concentration
of other compounds such as stilbenes increased over time. This later is in agreement
with other studies of food ingredients, that reported a storage-related increase in phenol
content [26,27]. Storage can lead to changes in plant and cell tissue structure, as well as
degradation of covalently bound phenolic molecules. In turn, that lead to an increase in
solubility and consequently an improved extraction of such compounds. These results
confirmed the hypothesis that GPF can be stored at both 4 ◦C and 25 ◦C without losing of
several of its biological properties.

3.2. Assessment of Total Phenols and Antioxidant Activity of GPF during Storage at
Different Temperatures

During six months, at 28-day intervals, we monitored variations in the concentration
of phenolic compounds present in GPF using the Folin Ciocalteu assay. The obtained
results indicated that the total phenol content in grape flour does not change significantly
throughout the entire period either at 4 ◦C or 25 ◦C (Figure 1) remaining comparable to the
control sample (T0).

Total antioxidant activity (AA) was determined using the TEAC/ABTS•+ assay. This
assay, despite its limitations mainly due to the steric accessibility of ABTS•+, has been
and still is used to monitor changes in antioxidant activity during food processing or
storage, as the sample components with antioxidant activity are constant. We observed no
significant changes in antioxidant activity across all timepoints analyzed during the six
month storage period. The above findings highlighted a correlation with the stability of
different polyphenol groups (in Table 1), and their synergic activity (Figure 2).
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Table 1. Characterization of different classes of phenolic compounds in GPF samples stored for 6 months at 4 or 25 ◦C in the dark.

Time
(Months)

Anthocyanins Oenin Caffeic Acid Caftaric
Acid

Cutaric
Acid Gallic Acid Trans-

Resveratrol Catechin Epicatechin Quercetin Querc.
3-Gluc. Rutin

(µgOE/g) µg/g

Temperature of storage 4 ◦C

T0 790 ± 10 220 ± 20 0.77 ± 0.57 21.63 ± 4.58 2.95 ± 0.80 41.00 ± 0.72 8.81 ± 1.71 460 ± 30 800 ± 70 57.61 ± 0.50 28.12 ± 0.41 530 ± 7

T1 840 ± 30 240 ± 40 0.73 ± 0.084 22.45 ± 3.86 2.71 ± 0.54 38.40 ± 2.87 13.43 ± 0.23 * 460 ± 30 700 ± 20 59.72 ± 2.01 33.04 ± 5.18 580 ± 3 *
T2 970 ± 70 * 270 ± 50 1.35 ± 0.33 23.41 ± 2.34 3.08 ± 0.38 46.77 ± 1.55 * 12.85 ± 2.57 * 480 ± 80 680 ± 60 62.69 ± 0.22 * 42.18 ± 12.1 740 ± 10 *
T3 780 ± 1 220 ± 20 0.70 ± 0.35 21.59 ± 3.95 2.71 ± 0.82 41.60 ± 3.50 12.45 ± 1.12 * 470 ± 40 610 ± 60 58.67 ± 1.75 27.55 ± 0.30 540 ± 7
T4 850 ± 60 250 ± 50 1.38 ± 0.13 23.22 ± 2.28 3.29 ± 0.54 38.80 ± 0.66 * 8.95 ± 1.68 540 ± 70 720 ± 130 59.71 ± 3.16 36.98 ± 14.1 640 ± 5 *
T5 850 ± 10 * 250 ± 10 1.89 ± 0.78 22.29 ± 4.41 3.24 ± 0.90 49.35 ± 5.50 17.88 ± 4.01 * 520 ± 30 720 ± 120 66.04 ± 2.98 * 35.22 ± 4.98 680 ± 1 *
T6 820 ± 50 240 ± 30 1.46 ± 0.45 23.26 ± 4.11 3.41 ± 0.97 41.54 ± 6.07 17.53 ± 3.88 * 510 ± 40 660 ± 10 62.04 ± 1.19 * 34.45 ± 8.23 660 ± 6 *

Temperature of storage 25 ◦C

T1 760 ± 10 * 220 ± 20 0. 94 ± 0.07 22.13 ± 4.49 2.97 ± 0.80 46.25 ± 3.41 9.80 ± 1.17 450 ± 10 710 ± 30 59.19 ± 0.92 27.89 ± 0.65 560 ± 6 *
T2 810 ± 40 240 ± 10 2.31 ± 0.89 * 23.77 ± 6.15 2.82 ± 0.95 51.16 ± 7.87 16.44 ± 4.45 490 ± 50 770 ± 110 64.78 ± 6.08 32.30 ± 4.56 640 ± 15 *
T3 740 ± 40 220 ± 30 2.39 ± 0.12 * 22.79 ± 3.37 2.76 ± 0.61 45.82 ± 1.25 * 8.94 ± 1.08 450 ± 20 740 ± 10 60.26 ± 2.52 29.79 ± 1.70 510 ± 4
T4 790 ± 40 210 ± 30 2.61 ± 0.16 * 22.21 ± 3.00 3.06 ± 0.66 44.10 ± 0.16 * 7.90 ± 2.09 410 ± 40 650 ± 10 * 60.44 ± 0.94 * 27.24 ± 3.57 560 ± 2 *
T5 850 ± 80 260 ± 50 2.09 ± 0.03 * 21.37 ± 3.23 2.99 ± 0.98 58.92 ± 12.9 6.51 ± 1.84 470 ± 40 710 ± 50 67.14 ± 10.9 36.50 ± 8.84 560 ± 6 *
T6 790 ± 40 230 ± 30 4.03 ± 0.09 * 23.89 ± 2.97 4.31 ± 0.16 55.04 ± 7.96 * 14.86 ± 0.32 * 430 ± 50 550 ± 80 * 64.90 ± 0.05 * 37.63 ± 11.1 690 ± 9 *

Data are the mean ± standard deviation of three independent replicates (n = 3). “*” indicates statistically significant differences (p < 0.05) between each treatment after T1, T2, T3, T4, T5
and T6 time (months) versus initial storage time (T0) as determined by the two sample-t-test and the Mann-Whitney U Test.
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3.3. Effect of Storage on Fatty Acids and Volatile Composition of Negroamaro GPF

Analysis of the FA profile shows that polyunsaturated fatty acids (PUFA) accounted
for approximately 57% of the total percentage of fatty acids identified, followed by mo-
nounsaturated (MUFA, ~24%) and saturated (SFA, ~19%) acids (Table 2).

Linoleic acid (C18:2n6) represented approximately 54% of the total fatty acids, followed
by oleic (C18:1 n9, ~24%), palmitic (C16:0, ~11%) and stearic (C18:0; ~7%) acid. During the
storage period of six months, we observed a significant increase in SFA at 5 and 6 months
(p < 0.05) in GPF stored at 4 ◦C or 25 ◦C, compared to T0 (Table 2). However, neither
MUFA nor PUFA content changed significantly across the time period analyzed, indicating
excellent stability with regard to fatty acid oxidation. The presence of antioxidants such as
polyphenols in GPF could play an important role in protecting unsaturated fatty acids from
oxidation. Likewise, olive pomace by-products, that are characterized by a high content of
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phenolic compounds, have also been shown to increase oxidative stability and improving
the quality and shelf life of food products [28].

Table 2. Characterization and comparison of different fatty acids composition in GPF stored for six
months at 4 and 25 ◦C in the dark.

Time Storage (Months)

0 1 2 3 4 5 6 0 1 2 3 4 5 6

% of Total Fatty Acids Identified

Fatty Acids 4 ◦C 25 ◦C

Palmitic acid
(C16:0) 11.55 12.46 12.72 12.81 13.09 14.37 14.72 * 11.55 12.71 12.57 12.77 13.10 13.66 15.28

Palmitoleic acid
(C16:1) 0.71 1.01 0.95 0.96 0.78 0.76 0.91 * 0.71 0.95 * 0.99 * 0.92 * 1.20 * 0.93 * 1.07 *

Stearic acid
(C18:0) 6.81 7.43 7.04 7.22 7.19 9.49 * 9.52 * 6.81 7.23 * 7.03 * 7.94 * 7.63 * 9.12 * 9.96 *

Oleic acid
(C18:1 n9) 23.57 23.64 23.09 23.50 23.76 21.50 21.09 23.57 23.17 23.31 23.82 23.67 22.02 20.97

Linoleic acid
(C18:2 n6) 53.85 52.39 53.40 52.88 52.35 51.27 51.16 53.85 52.96 53.20 51.58 51.58 51.69 50.17

Linolenic acid
(C18:3 n3) 2.97 2.47 2.29 2.14 * 2.12 * 1.99 * 2.08 * 2.97 2.44 2.40 2.26 * 2.20 * 2.06 * 2.00 *

Arachidic acid
(C20:0) 0.54 0.60 0.51 0.49 0.71 * 0.62 * 0.52 0.54 0.54 0.50 0.71 * 0.62 0.52 0.55

SFA 18.90 20.49 20.27 20.52 20.99 24.48 * 24.66 * 18.90 20.48 20.10 21.42 * 21.35 * 23.30 * 25.79 *
MUFA 24.28 24.65 24.04 24.46 24.54 22.36 22.10 24.28 24.12 24.30 24.74 24.87 22.95 22.04
PUFA 56.82 54.86 55.69 55.02 54.47 53.16 53.24 56.82 55.40 55.60 53.84 53.78 53.75 52.17

Standard deviation is less than 10%. “*” indicates statistically significant differences (p < 0.05) between each
treatment after T1, T2, T3, T4, T5 and T6 time (months) versus initial storage time (T0) as determined by the two
sample-t-test and the Mann-Whitney U Test.

Although the total lipid content in GPF is not very high, if GPF is subjected to storage
conditions at temperature higher than 4 ◦C, enzymatic and non-enzymatic processes could
contribute to lipid oxidation leading to rancidity. Therefore, we investigated whether
changes in SFA, MUFA and PUFA content significant contribution to the oxidation stability
of grape pomace flour. The stability of oleaginous component in the stored whole grape
pomace flour containing seeds was assessed. Fatty acids (FAs) have a variable number
of carbons and double bonds [29]. Generally, in foods containing a fatty component
then, lipid oxidation is one of the main factors linked to oxidative rancidity, the loss
of essential fatty acids, and the development of unpleasant flavor and smells in food
ingredients. Polyphenols perform their antioxidant action by: (i) inactivating free radical,
(ii) scavenging and neutralizing reactive oxygen species (ROS), (iii) enhancing the electron
transfer, (iv) preventing the oxidation propagation phase and avoiding the formation of
peroxides [30,31].

We also characterized the volatile profile of Negroamaro GPF during six months of
storage at different temperatures. In total, 30 volatile compounds were identified, quantified
by triphasic fiber coupled GC-MS analysis and grouped according to the class of volatile
(esters, alcohols, aldehydes, ketons, furans and hydrocarbons). As shown in Figure 3 the
differences between samples collected at T0 and after six months at 4–25 ◦C (T6_4 ◦C and
T6_25 ◦C, respectively) appear to be quantitative rather than qualitative [32].
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T6, respectively) at 4 ◦C and 25 ◦C in the dark.

In all samples, esters, alcohols and aldehydes were the main groups of compounds
identified in GP. Esters ranged from 51.65% of the total peak area in T0 sample to 63.38
and 77.40% in T6_4 ◦C and T6_25 ◦C, respectively. Alcohols ranged from 31.49% in T0 to
31.38 and 36.88% in T6_4 ◦C and T6_25 ◦C, respectively. Ethyl esters of fatty acids with a
linear chain from 6 to 18 carbon atoms, are the molecules with the highest concentration
detectable in all samples. The volatile fraction of Negroamaro grapes is also characterized
by ethyl esters in free form whose content depends from ethanolysis of acetyl-CoA during
fatty acids synthesis or degradation [33]. Among acetate esters, ethyl acetate showed a
decrease during storage from 4.24 mg/kg at T0 to 1.34 and 1.011 at T6_4 ◦C and T_25 ◦C,
respectively. Lower concentrations of ethyl acetate in processed samples may be due to
glucose reduction via Maillard reactions, or inactivation by microorganisms produced
during storage [34]. The detection of esters in control sample and their increase during the
storage suggests that the fruity odor of the initial raw material is well preserved. While,
the defined mechanism underlying the increase in esters is unknown [34], so it could be
hypothesized that it results from oxidative breakdown of unsaturated fatty acids [35].

The aldehyde content varied from 11.13% at T0 to 15.94 and 20.93% in T6_4 ◦C and
T6_25 ◦C samples, respectively. The large amount of linear aldehydes identified in GPF
could result from oxidation degradation of unsaturated fatty acids, especially oleic, linoleic,
linolenic [36], while the increase in aromatic aldehydes such as benzaldehyde and pheny-
lacetaldehyde resulted from the degradation of aromatic amino acids during drying [37].
We found that 2-hexenal, a commonly used indicator of food rancidity, decreased during
storage; i.e., from 0.41 mg/Kg in T0 to 0.06 and 0.08 mg/Kg in T6_4 ◦C and T6_25 ◦C sam-
ples, respectively. Furthermore, both values were lower than the concentration associated
with rancid odors [38]. Moreover, we found no significant difference betweenT6_4 ◦C and
T6_25 ◦C. It could be considered that constant antioxidant activity with a non-significant
decrease in PUFA and MUFA contributes to reduce lipid oxidation.

While there is limited literature reporting changes in 2-hexenal content GP during
storage, the decrease in 2-hexenal could be linked to oxidative breakdown processes. As C6
compounds are products of fatty acid oxidation, we also detected 1-hexanol in concentration
varying from 0.26 mg/Kg at T0 to 0.14 and 0.15 mg/Kg in T6_4 ◦C and T6_25 ◦C, samples
respectively. Volatile alcohols, in particular 1-hexanol and 1-octen-3-ol are produced at low
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temperature by oxidation of linoleic acid [39,40]. Therefore, it is probable that a decrease in
C6 alcohols is linked to a decrease in the level of its precursor.

In the light of this, the low percentage of 2-hexenal and the absence of pentanal
considered responsible for off flavor, the increase in esters and aromatic aldehydes during
the six months of storage suggest a preservation of sensory quality. To identify main
volatile compounds that discriminated GPF samples collected at two different times and
temperatures, we performed a principal component analysis (PCA) on data obtained
by SPME-GC/MS. As shown in Figure 4, two principal components (PC), PC1 and PC2
accounted for all variation; i.e., 60.23 and 39.77%, respectively.
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Figure 4. Principal Component Analysis of volatile compound concentrations detected in GPF stored
for six months at 4 ◦C and 25 ◦C in the dark. PCA biplots on the PC1-PC2 plane combining score
plots of major volatiles variables and the final sampling of GPF stored at 4◦ C (T6) and at 25 ◦C (T6).

PCA allowed us to differentiate the three samples collected at two different times and
temperatures, based on the concentration of specific volatiles. PC1, which explained 60.23%
of variance, clearly differentiated T0 and T6_4 ◦C samples from the T6_25 ◦C sample. On
the other hand, PC2, that explained 39.77% of variation, separated the samples into three
different groups. The T0 sample was located in the negative region of PC2 and positive PC1
for the higher values of C6 molecules. The T6_4 ◦C sample located in the positive region of
PC1 and PC2, was characterized by an increase of specific esters (hexadecanoic methyl ester,
ethyl acetate, ethyl hexanoate), alcohols (2-ethyl-1-hexanol and 1-octen-3-ol) and aldehydes
(hexanal, 2,4-heptadienal). Finally, T6_25 ◦C sample is described by component negative of
PC1 for the high content of long chain esters and ketones. In generally, alcohols, esters and
aldehydes are derived from oxidation of unsaturated fatty acids [39,40]. Previous reports
have indicated that higher storage temperature might also be responsible for loss of GPF
phenol content [41,42]. However, the above results suggest the lack of any significant effect
of temperature the quality of GPF.

The heatmap shown in Figure 5 illustrates the changes in the amounts of different
volatiles at T0_4 ◦C or T6_25 ◦C relative to T. Alcohols and esters, the two main groups
of molecules identified, showed significant changes from T0 to T6 at either tempera-
ture. Among aldehydes C6-C10, heptenale, 2-octenale, benzaldehyde, 2-nonenale and
2-phenylacetaldehyde increased during storage and with increasing temperature as previ-
ously reported [40]. The increase in the concentrations of alcohols and aldehydes could
be associated with variation in the percentage of mono and polyunsaturated fatty acids
detected. The formation of ketones, 2-phenylethylalcohol, 2-pentylfuran and some hy-
drocarbons seems to depend on both time and temperature. The two factors, time and
temperature, led to a significant increase in alcohols and esters, the latter associated with
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sensory notes of fruitiness, while no significant variation was found of the remaining of
molecules detected [43].
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The evaluation of the volatile component, aldehydes were detected after six months of
storage at the both temperatures, which could accompany the rancidity process of the GPF
mostly at 25 ◦C. The concentrations of these compounds suggest a start of production of
the volatile component, which is generally very subjective in individual perception.

3.4. Color Profile and Moisture Percentage of Negroamaro Flour Pomace after Six Months of
Storage at Different Temperatures

GFP color is a quality parameter that affects both the appearance and consumer
perception. L*, a* and b* (see Materials and Methods section) values of GPF at T0 and T6
samples stored at 4 ◦C and 25 ◦C in the dark and air conditions, are shown in Table 3. GPF
samples showed positive a* and b* values, indicating that a GPF is more red than green
and more yellow than blue, respectively.

Table 3. Color and moisture of GPF stored for six months at 4 and 25 ◦C in the dark.

Time
(Months)

Color Parameter Moisture

L * a * b * %

T0 44.23 ± 0.08 6.13 ± 0.06 4.89 ± 0.06 7.56 ± 0.06

Temperature of storage 4 ◦C

T6 44.48 ± 0.38 6.38 ± 0.20 5.07 ± 0.20 7.69 ± 0.08

Temperature of storage 25 ◦C

T6 45.61 ± 0.19 * 6.83 ± 0.13 * 5.59 ± 0.09 * 7.9 ± 0.09
Standard deviation is less than 10%. “*” indicates statistically significant differences (p < 0.05) between T6 time
(months) versus initial storage time (T0) as determined by the two sample-t-test and the Mann-Whitney U Test.

Table 3 showed that storing pomace flour during six months lead to a significant
increase of L*, a* and b* values. On the other end storage of pomace flour for six months at
4 ◦C does not effect L*, a* and b* values. Increase of L*, a* and b* values suggests that storage
at 25 ◦C of GPF leads to a mild whitening and an intensification of red and yellow color.
This effect could be a direct consequence of the initial anthocyanins degradation in grape
pomace during the storage at 25 ◦C [44,45]. With regards to the percentage of moisture,
no significant differences were found between sampling time nor storage temperature
(Table 3). Moisture content of food ingredients affect physical and chemical aspects related
to freshness and stability during long term storage. Moreover, even slight deviations from
a defined standard can adversely affect the physical properties of a food. Interestingly, in
the case of wheat flour, fluctuation in moisture content during storage may be associated
with changes in flavonoids and antioxidant activity [46].

4. Conclusions

This study is the first to assess the effect of two commonly employed storage tempera-
tures on the chemical and technological properties of GPF. Our results show that the content
of total phenols and other bioactive molecules such as polyphenols and fatty acids are
largely preserved at both temperatures. However, minor changes in GPF color and volatile
component content occur following a storage period of six months at 25 ◦C. In particular,
GPF color becomes slight whitened and shows and small increase in the volatile long chain
esters and ketones. Based on this data, we conclude that the optimal storage temperature
for GPF storage is 4 ◦C. Furthermore, our results lend further support to include GPF as a
sustainable natural ingredient in functional foods.
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