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ARTICLE INFO ABSTRACT

Keywords: The effect of different high hydrostatic pressure (HHP) treatments (400, 600 MPa for 1, 6 min) on
Co-product white wine pomace was studied throughout storage conditions (270 days) at different tempera-
Valorization

ture conditions (4° and 20 °C). The final use of this product would be as an ingredient for food
products preservation. Microbiological, enzyme and physico-chemical parameters were evaluated
after processing and during storage. HHP greatly reduced the microbial counts of treated pomace
and allowed obtaining a safe product with a long shelf-life at 4 and 20 °C. The HHP treatment also
preserved phenolic compounds content, however an important reduction of these compounds was
found during storage since the polyphenol oxidase enzyme remained active after the treatment
and during storage. Phenolic compounds were better preserved during storage at 4 °C than at
20 °C. The application of HHP at 600 MPa/6 min and the refrigeration of the treated pomace
would allow obtaining a microbiologically safe pomace with high levels of phenolic compounds
with a shelf-life of 90 days. The activity of the enzyme should be limited in future to ensure a long
shelf-life of the processed pomace.

Pomace
high hydrostatic pressure

1. - Introduction

Winemaking is one of the most important agro-industrial activities in Spain, resulting in a strategic sector. The average annual
production of wine and must is approximately 40 million hectoliters and Spain is the second largest exporter in volume worldwide with
just over 2012 million liters in 2020 [1].

In the winemaking process, it is estimated that 25 % of the weight of the grapes is transformed into co-products/wastes [2,3],
therefore, there is a large amount of material that represents a challenge and an opportunity for the sector. In general, co-products are
known as those materials considered to be any non-main product obtained in a determined process and that may have certain ap-
plications or uses. The main co-product of winemaking is grape pomace, which accounts for 62 % of the total co-products [4].

Grape pomace (GP) is formed by seeds, skins, stems and remains of grape pulp. There are differences depending on whether it is red
or white wine pomace, not only due to the different chemical composition of the grapes, but also because of the different processes
involved. In the production of red wine, in order to transfer the phenolic substances that provide colour and other qualities, the grapes
remain in contact with the juice during the fermentation process. During traditional white grape winemaking, seeds and skins are
removed before fermentation and only grape juice (must) is fermented. Thus, this latter grape pomace generally has more sugars, more
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water and no alcohol [2,4].

Traditionally GP has been used to distil it for wine ethanol production. Other uses are for animal feed; directly added to agricultural
soils to increase its content in organic matter, nitrogen and minerals; or it could be used for composting, forming part of cultivation
substrates [4,5]. However, the high level of phenolic compounds of the pomace reduces the digestibility and causes phytotoxicity [6,7]
Therefore, GP is a valuable co-product, whose high concentration of phenolic compounds may be a problem when used directly, but it
is very interesting as a natural source of these compounds for the food industry due to its high content of phytochemicals.

GP has been proposed as a source of bioactive compounds that can be easily obtained from conventional solvent extraction, usually
used at industrial scale, but other greener procedures are being sought [8,9]. An important drawback is that solid phase and solvent
residues are generated in the extraction process. The conventional extraction process can be highly polluting for the environment,
producing hazardous solvent and solid residues, and is therefore not in line with the principles of green chemistry. Therefore, it is
necessary to look for alternatives such as the direct and integral use of GP, as an additive or ingredient, in different food sectors, such as
the production of cereals, dairy and meat products [4,10,11]. GP is an unstable product that deteriorates rapidly if not properly
preserved and it is also a seasonal product. The simplest processes for making pomace a safe product, drying, provide stability and
safety, but can cause loss of thermolabile bioactive compounds [12,13]. The application of non-thermal technologies is considered as
an alternative to adequately stabilize the by-products[14]. Similarly, the y-irradiation treatments and addition of chemical pre-
servatives have been studied for the stabilization of GP ([15]), however, this technology is not generally accepted by consumers.

High hydrostatic pressure (HHP) is a novel non-thermal technology, which is gaining attention as an environmentally sustainable
and cost-effective technology for food product preservation [16]. In general, HHP allows a great preservation of bioactive compounds
in vegetable products, especially compared to those treatments that require high temperatures [8]. HHP was applied to stabilize the
grape before winemaking. The treatment reduced effectively microbial loads, which was beneficial for the use of starter cultures, and
in addition, the treatment favored the extraction of phenolic compounds [17]. The application of HHP could be an interesting tech-
nology for the valorization of by-products from winery industry since it is a commercially accepted technology which would allow
obtaining microbiologically safe products rich in bioactive compounds. Therefore, the main objective was to evaluate the effect of
different high pressure treatments on white wine pomace (microbiological, enzyme and physical-chemical parameters) throughout
storage at different conditions. The final use of this product would be as an ingredient for food products preservation. As far as we
know, at the present, this is the first study that evaluates the effect of HHP on pomace. In addition, since this is a seasonal product the
storage conditions of the processed product should be also evaluated.

2. Material and methods
2.1. Starting material

This study was performed with GP obtained from Vitis vinifera L. ‘Cayetana’, ‘Pardina’ and ‘Montta’, traditional varieties grown in
Extremadura region, provided by Santa Marta de los Barros cooperative (Badajoz, Exremadura, Spain) and harvested in 2020. The
traditional white vinification was followed: grapes were destemmed and pressed and only the must was fermented.For the develop-
ment of this study, 10 kg of GP were vacuum packaged in 1 kg-plastic bags (OptiDure™ ODA7005 plastic bags: oxygen permeability:
10 cm® m’z, 24 h™! and 0 % relative humidity) (Cryovac, Madrid, Spain). Vacuum packaging (—0.8 bar) was performed using
Henkovac Proeco equipment (Henkovac International, Hertogenbosch, The Netherlands). Packages were stored at —80 °C until the
experiment was performed.

The samples were prepared to develop the experiment. Firstly, the frozen pomace was ground in a Thermomix TM5 (Thermomix-
Vorwerk, Germany) for 2.5 min at maximum speed, until obtaining a finely milled product, like a semi-solid purée. This milled GP was
packed in 50 g vacuum bags (packages had the same composition as previously). A total of 150 bags were prepared and stored at
—80 °C until the application of the HHP treatment.

2.2. High hydrostatic pressure (HHP) treatment and storage

The ground vacuum packaged GP was processed in a semi-industrial Hiperbaric equipment (6000/55, Hiperbaric, S.A., Burgos,
Spain) with a vessel with a capacity of 55 L. Four different treatments were applied combining two pressure intensities (400 and 600
MPa) and two holding times (1 and 6 min). The initial temperature of the water was 16 °C. In order to use as control, some vacuum bags
with milled GP were no treated. The different physical-chemical analysis were carried out on the following day of the application of
HHP (day 1), and at four times over 9 months (day 30, day 90, day 180 and day 270), with storage at two different temperatures 4 °C
and 20 °C. All samples were stored vacuum-packaged in darkness. 150 bags (samples) were analyzed: 3 replicates x 5 treatments x 5
sampling times x 2 temperatures. Each bag was individually analyzed. All analysis were carried out in the milled, vacuum packaged
and treated (or not in control) grape pomace.

2.3. Proximate composition, pH and aw of the untreated pomace

In the initial, non-treated milled and vacuum packaged GP (control), and in the treated GP (3 independent vacuum packaged bags
by sample), was also analyzed to evaluated the physico-chemical composition. pH was evaluated with a pHmeter (Hanna instrument)
and water activity (Novasina Labmaster, Lachen, Switzerland). Moisture and protein were determined according to the AOAC [18], fat
content was analyzed by Folch method [19]. Fiber content was determined according to the modified Southgate method [20].
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2.3.1. Volatile compounds

The major volatile compounds volatile compounds from grape pomace were determined at day 1 (1 day after HHP). In the first step,
20 g of sample of grape pomace were mixed with 200 mL of water. This mixture was subjected to distillation in an oenological distiller
(steam distillation system, DE 1626 GAB) to obtain 200 mL of distillate. A gas chromatograph (Hewlett Packard 6890) equipped with
FID has been used for the analysis of aroma of major volatile compounds of the pomace distillate. Samples of 1 pL were injected into the
gas chromatograph. The injector of the gas chromatograph was maintained at 250 °C and operated under split mode. Elution was
achieved in a 60 m x 0.32 mm i.d. x 0.5-pm capillary INNOWAX column. The oven temperature program was as follows: 50 °C for 5
min, a linear ramp from 50 °C to 100 °C at 10 °C/min, and finally to 220 °C at a rate of 30 °C/min. Detection was by FID at a tem-
perature of 250 °C. Identification was achieved by retention times of standars compounds. Quantitative data were obtained by
interpolation of relative peak areas in the calibration graphs constructed by the analysis of mixtures containing known amounts of the
analytes.

2.4. Microbiological analysis

For microbiological analysis, a 10 g sample of GP was aseptically weighted in a sterile plastic bag and homogenized with 90 mL of a
sterile solution Peptone Water (Merck, Darmstadt, Germany) in a masticator blender (Stomacher 400 Circulator), 1/10 dilution. Serial
10-fold dilutions were prepared by mixing 1 mL of the previous dilution with 9 mL of sterile Peptone Water. Total viable counts were
enumerated in Plate Count Agar (PCA; Merck) and incubated at 30 °C for 72 h; molds and yeasts were enumerated using CG Agar Base
(Merck) with CGA Selective Supplement (Merck) and incubated at 25 °C for 4-5 days and Enterobacteriaceae (VRBG Agar, 37 °C,
24-48h). After incubation, plates with 30-300 colonies were counted. All microbial counts were expressed as colony-forming units
(CFU) per g of sample (log CFU g™ 1).

2.5. Instrumental color

The CIELAB color coordinates: lightness (L*), redness (a* red/green axis) and yellowness (b* yellow/blue axis) were determined
using a Konica Minolta CM-5 spectrophotometer and one cuvette was used for readings (Konica Minolta, Tokyo, Japan) in reflectance.
The color total difference (AE*) during storage was calculated (AE* = ((L*l—L*z)2 + (a*l—a*2)2+ (b*l—b*z)z)o's.

AE processing compares color values of control-initial pomace with the pomace after HHP. AE storage 1-30d compares color values of
initial pomace (day 1) with the pomace after treated at the same HHP conditions 30 days of storage. AE storage 1-90d compares color
values of initial pomace (day 1) with the pomace (treated at the same HHP conditions after 90 days of storage. AE storage 1-180d
compares color values of initial pomace (day 1) with the pomace treated at the same HHP conditions after 180 days of storage. AE
storage 1-270d compares color values of initial pomace (day 1) with the pomace treated at the same HHP conditions after 270 days of
storage.

2.5.1. - Phenolic compounds content (PCC) and polyphenol oxidase (PPO) enzyme activity

The total content of phenolic compounds was determined using the Folin-Ciocalteu reagent [21]. The results were expressed as mg
of Gallic acid equivalent (GAE) per 100 g~ of sample weight on wet base (WB).

The polyphenol oxidase (PPO) extracts and the enzymatic activity analysis were carried out as described by Terefe et al. [22].
Absorbance was measured at 420 nm and 25 °C for 3 min in a Thermo Scientific Evolution 201 UV-Vis spectrophotometer (Thermo
Scientific™, Fisher Scientific SL, Madrid, Spain), in kinetic model. The results were expressed as a percentage of activity with respect to
the control samples.

2.6. Statistical analysis

The assay was performed in triplicate (three bags per batch) and the mean values and their standard deviations (SD) were
calculated. The one-way analysis of variance (ANOVA) was applied two times (Tables 2, 4 and 5) to know the effect of processing and
time of storage using the statistical program SPSS 21.0 (SPSS Inc., Chicago, IL). When ANOVA detected significant differences between
mean values, means were compared using Tukey’s test (p < 0.05). In addition, the global effect of treatments applied was also
evaluated by a three-way ANOVA to know the effect of the following factors: HHP, time of storage and temperature of storage
(Table 3).

Table 1
Proximate composition (%), pH and Aw of the white wine pomace (mean-+tstandard deviations).
Mean S.D.

Moisture 56.7 + 0.1
Fibre 27.8 + 0.8
Protein 3.2 + 0.4
Fat 1.6 + 0.1
pH 3.66 + 0.04
Aw 0.97 + 0.00
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Table 2
Major volatile compounds in white grape wine pomace (concentration in mg kg’l) after high hydrostatic pressure (1 day after processing).
Control 400 MPa 1min 400 MPa 6min 600 MPa 1min 600 MPa 6min p-value

Aldehydes
Acetaldehyde 350.9b + 42.3 374.8b + 39.6 366.7b + 25.7 402.4b + 48.7 476.1a+45.7 o
Ethyl esters
Ethyl acetate 49.8 + 22.3 42.3 £12.8 55.3 +£18.2 58.6 + 13.9 37.5 £ 11.5 ns
Alcohols
Methanol 734.7b + 147.15 713.7BCE+117.7 518.7¢+69.1 823.0b + 141.1 1078.8a+80.3 o
1-Propanol 26.5b + 4.8 27.8 ab + 3.2 29.4 ab + 3.9 31.5ab + 4.2 33.3a+2.7 *
2-Methyl-1-propanol 140+ 7.5 15.1 + 4.3 14.6 + 3.4 17.2 +5.9 20.9 £5.7 ns
3-Methyl-1 butanol 72.1 £19.1 70.7 £9.9 69.0 +£17.3 82.0 £ 8.1 79.1 £ 6.6 ns
2-Phenylethanol 26.7 £ 1.5 26.9 £ 0.9 259 + 2.1 27.0 £ 0.6 279+ 15 ns
Ethanol 22819.9 + 4522.2 23962.7 + 2983.2 24151.8 + 2844.4 26571.0 £+ 2998.8 28093.8 + 2388.7 ns

Means values followed by different letters indicate the existence of significant differences between treatments by the Tukey test (p < 0.05). ns in-
dicates no difference; * Significance at p < 0.05; ** Significance at p < 0.01; *** Significance at p < 0.001.

Table 3
Three-way analysis of the variance of the microbial counts, colour parameters, phenolic compounds content (PCC) and polyphenol oxidase enzyme
activity (PPO).

Probability
P1 P2 P3 P1xP2 P1xP3 P2x P3 P1xP2xP3
Mesophilic ek Sk dedkk Sk sk sk Fokk
Molds and Yeasts ks *
Enterobacteriaceae *kx
CIE L* ek sk sk e ns o ns
CIE a* ns e % ns * %
CIE b* ns *kk ns ns sk
PCC ns sk ns * o ns
PPO ns Sk Fokk * * etk ek

P1: P-value HHP (hydrostatic high pressure); P2: P-value temperature of storage; P3: P-value time of storage. PCC: Phenolic compounds content. PPO:
Polyphenol oxydase activity.
ns (non-significant differences). *p < 0.05 **p < 0.01 ***p < 0.001.

3. - Results and discussion
3.1. Proximate composition and pH of initial GP

The characterization (Table 1) is a necessary step to know the potential use of this by-product for food processing, since the
composition of each pomace is variable. The moisture of the pomace was similar to that found by other authors [23,24], although the
literature also reported higher percentages than ours, such as 70 % [25]. In general, the white wine pomace has more moisture than the
red wine pomace; and the variance in white wine pomace depends on the intensity of the crushing in each winery. The fiber is over the
water, the main fraction of the wine pomace. It is made up of polysaccharides and lignin winemaking method, the red wine pomace
tends to have more fiber than the white pomace [4,10]. The GP studied was within the range reported by other authors [10]. These
data are difficult to compare, since the results of the proximate composition are often given on a dry basis or from pomace flour [26-29,
30], and sometimes only skins are used, without seeds or stalk remains [31,32]. Protein and fat presented values within the range
reported by Antoni¢ et al. [10]: 3.57-14.17 and 1.14-13.90 of grape pomace (on dry weight), respectively. It should be pointed out
that the fat fraction comes from the seeds and is interesting for being rich in unsaturated fatty acids [4,10,28,30] and powerful an-
tioxidants such as vitamin E [10,33].

Although the studies that analyze the Aw of pomace are scarce, (Taseri et al. [24] obtained a value of 0.96 in pomace of Hamburg
Muscat, a red grape variety. The low pH can also contribute to the microbiological stability of the product that, according to other
studies, is around 3.5 [25], results similar to ours.

3.2. Effect of HHP on the major volatile compounds and ethanol of GP

The study of the changes in the volatile profile could be a useful tool to evaluate global variations in vegetable matrices and also
could also evaluate new unexpected compounds that could be formed after processing [34]. Eight major volatile compounds were
identified and quantified in the GPs (Table 2): six alcohols, one aldehyde and one ester. The most abundant compound isolated was
ethanol and it was present in control and in treated pomace at similar levels. Only three volatile compounds were modified after HHP,
acetaldehyde, methanol and 1-propanol. They significantly increased after HHP at 600 MPa/6 min (the most intense HHP conditions).
In the case of methanol, one of the treatment (400 MPa/6min) also produced a significant reduction respect to the control pomace.



Table 4

Microbial counts (log colony forming units, CFU g~) of the high pressure treated white wine pomace stored at different temperatures.

Temperature 4 °C

Temperature 20 °C

Control 400 MPa 1min 400 MPa 6min 600 MPa 1min 600 MPa 6min P-value Control 400 MPa 1min 400 MPa 6min 600 MPa 1min 600 MPa 6min P-value
Mesophilics
1d 4.1b'+0.1 3.41240.2 3.21240.1 3.2a'%+0.1 2.8 ab>+0.8 4.1'+0.1 3.4c'%+0.2 3.2d"2 3.2b'%+0.1 2.8b2+0.8 *
+
0.1
30d 3.3¢+0.5 2.9+ 0.4 3.0+0.2 3.2a'? 2.6b ns 6.112+£1.8 6.5a'+0.1 6.1a'? 4.5a'2 4.0a% *
+ +0.5 + + +
0.2 0.4 0.4 0.0
90d 5.8a'+0.5 2.8%+0.1 2.82 <2b® 2.0b% ok 5.3! 5.4b’ 4.4¢? 2.0¢® 2.0b° x
+ + + + + + +
0.3 0.0 0.2 0.2 0.1 0.0 0.0
180d 6.1a'+0.2 2.9%4+0.2 3.1%2+0.1 2.8a% 2.9 ab? 5.9! 5.2b2 4.7¢ 2.0¢* 2.0b* wkk
+ + + + + + +
0.0 0.1 0.0 0.1 0.2 0.0
270d 6.6a'+0.1 3.22340.1 3.5% 3.0a% 3.7a% ko 5.9! 5.2b! 5.3b! 2.5BCE?
+ + + + + + +
0.4 0.4 0.2 0.1 0.3
P-storage i * ns ok o ns
Molds and yeasts
1d 3.4 ab! 1.4b2 <1b? <1b? <12 i 3.4b'+0.4 1.4¢*4+0.1 <1c? <1c? <1c? b
+ +
0.4 0.1
30d 2.9b! 1.2b2 <1b? <1b? <12 ki 6.0a'+1.8  6.5a'+0.7 6.2a'? 4.0b> 4.0a% *
+ + + + +
0.4 0.3 0.8 0.0 0.0
90d 3.1ab'+0.1  <1b? <1b? <1b? <12 ki 5.4a%+0.2 6.2a'+0.2 5.2 ab®+0.2 4.6a° <2b* *ak
+
0.3
180d 4.0a'+0.6 1.4b%+0.7 <1b? <1b? <12 ki 5.4a'+0.3 5.8 ab'+0.1 5.5 ab'+0.8 4.0b%+0.0 4.2a%+0.2 **
270d 3.4ab'+0.3  2.5a%4+0.4 2.3a%4+0.3 2.2a%+0.4 1.3%+£0.5 ok 6.1a'+0.1 4.8b'2+0.8 4.2b2+0.7 4.7a'240.2 4.1a%+0.2 *
P-Storage * ok ek Kk ns * ke dedkk ek Fdk
Enterobacteriaceae
1d 2.2b'40.3 <12 1.0%4+0.0 1.0%40.0 <12 % 2.2b'+0.3 <1b? 1.0%40.0 1.0%40.0 <12 *rk
30d 2.9a'+0.2 <12 <12 <12 <12 ek <lc <1b <1 <1 <1
90d 2.1b'40.4 <1? <12 <12 <12 3.0al+0.1 2.9a'+0.3 1.1240.2 <12 1.0%40.0
180d <lc <1 <1 <1 <1 3.2a'+0.1 1.0b%+0.0 1.0%40.0 1.0%40.0 1.0%40.0
270d <lc <1 <1 <1 <1 1.0¢40.0 1.0b + 0.0 1.0 £ 0.0 1.0 £ 0.0 1.0 0.0 ns
P-storage e ns ns ns ns Hrk Hrk ns ns ns

ns. (non-significant differences). *p < 0.05 **p < 0.01 ***p < 0.001Different superscript numbers in the same row indicate significant differences in the Tukey test. Different letters in the same column
indicate significant differences in the Tukey test.

‘D 32 ZoquDy Y

661122 (£€20T) 6 UOAOH
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Table 5
Instrumental colour parameters, phenolic compounds content (PCC, mg GAE 100g ! wet basis) and polyphenol oxidase enzyme (PPO, %) of the high
pressure treated white wine pomace stored at different temperatures.

Temperature 4 °C Temperature 20 °C
Control 400 MPa 1 400 MPa 600 MPa 600 MPa P Control 400 MPa 400 MPa 600 MPa 600 MPa P
min 6 min 1 min 6 min 1 min 6 min 1 min 6 min
L*
1d 44.9 + 43.5a+0.4  43.4 + 44.0a 44.1a ns  44.9a 435 + 43.4a 44.0a 44.1a ns
1.5 0.9 +0.4 +0.3 +1.5 0.3 +0.9 +0.3 +0.2
30d 43.3 + 43.3a+0.4  43.1 + 435ab+ 43.7a ns  43.9ab'+ 4312 42.0 ab? 42.4b% 42.3b%
0.6 0.5 0.3 +0.5 0.4 +0.7 +0.3 +0.6 +0.4
90d 42.69 + 41.9b + 420 + 42.1b + 42.8b + ns  41.8BCE 41.7 + 41.6b + 40.6¢ 40.2d + *
0.7 0.5 0.7 1.0 0.6 +0.5 0.5 0.3 +0.9 0.5
180d  43.6 + 423 ab + 426 + 428ab+  42.6b + ns  42.7abc! 42.6'+0.7 422ab'?  41.1 ab? 41.2¢2 *
0.4 0.4 1.0 0.5 0.2 +0.5 +0.4 +0.4 +0.5
270d  43.8 42.1b% 42,52 42.4 ab® 42.5b% * 40.9¢ 41.9 + 41.1b + 40.4c 40.1d + ns
+0.3 +0.5 +0.5 +0.7 +0.3 +1.1 1.1 0.7 +0.9 0.3
P ns ok ns * *k ok ns k% *kk Kk
a:‘:
1d 7.6a 7.8a 8.00a 7.8a 7.7a ns 7.8a+0.2 8.0a+0.2 7.8a+0.2 7.7a+0.1 ns
+ + +0.2 + +
0.16 0.2 0.2 0.1
30d 7.6a 7.6 ab 7.54b 7.6a 7.5 ab ns 7.2b 6.7b 6.9b + 7.0a+0.0  ns
+ + + + + + + 0.2
0.10 0.1 0.1 0.2 0.2 0.1 0.2
90d 6.8b 7.0BCE 6.72¢ 6.9b 7.2b ns 5.3¢c 5.6¢ 5.7¢ 6.2b ns
+ + + + + + + + +
0.21 0.2 0.2 0.2 0.0 0.0 0.3 0.4 0.6
180d 6.8b 7.0BCE 6.96¢ 6.8b 6.6¢ ns 5.3c 5.4c 5.4c 5.5BCE ns
+ + + + + + + + +
0.24 0.2 0.3 0.4 0.3 0.3
270d 6.7¢ 6.9b ns 5.7¢ 5.6¢ 5.3¢ ns
+ + + +
0.5 0.1 0.4 0.1
P . .
b:‘r
1d 12.3a 12.7a 13.1 12.5a 12.4a ns 12.3a 12.8a 13.0a 12.5a 12.4a ns
+ + + +0.6 + + + + + +
0.46 0.5 0.6 0.4 0.5 0.5 0.6 0.6 0.4
30d 12.1a 12.0 ab 12.1b 11.9 ab 11.6 ab ns 10.8a 11.5a 10.6b 11.0b 11.1b ns
+ + + + + + + + + +
0.34 0.4 0.1 0.5 0.6 0.5 0.3 0.3 0.4 0.1
90d 10.3c 10.1c 10.0c 10.3c 11.1b ns 8.9b 8.1b 8.7¢ 8.3c 8.5¢ ns
+ + + + + + + + + +
0.41 0.5 0.6 0.6 0.2 0.7 0.1 0.6 0.6 0.9
180d  10.6BCE 11.0BCE 10.7¢ 10.7BCE 9.7¢ ns 7.8b 8.0b 7.3c 7.67¢ 7.7¢d ns
+ + + + + + + + + +
0.39 0.7 0.3 0.6 0.7 0.5 0.9 0.7 0.5 0.5
270d 11.5ab 10.5BCE 10.3c 10.7BCE 10.8BCE ns 7.5b 8.3b 7.5¢ 7.2¢ 7.0d ns
+ + + + + + + + + +
0.51 1.1 0.2 0.2 0.4 1.0 1.1 0.8 0.6 0.3
P *x P . . - .
PPC
1d 457.4a 463.5a 507.65a 506.45a 475.8a ns  457.4a 463.5a 507.65a 506.45a 475.8a ns
+23.5 + + + + + + + + +
64.1 67.1 91.7 111.6 23.5 64.1 67.1 91.2 111.6
30d 354.9b2 394.8ab'? 456.9a' 421.6a'? 357.6 ab> ¥ 144.4b° 211.5b% 282.7b'2 315.3b! 329.7b! ok
+30. + + + + + + + + +
5 51.0 9.9 6.8 46.4 57.2 18.0 60.4 8.5 27.4
90d 311.4b+  270.5BCE 332.4b 297.6b + 373.8 ab ns  137.9b'+  139.8b'+  104.9c'? 130.1¢> 77.6¢2 o
15.2 +83.4 + 43.9 + 10.3 34.6 + + +
39.1 61.5 14.2 10.7 24.7
180d  219.7¢ 275.7BCE 246.7b 243.1b+  232.5b ns  19.2¢2 29.0c%+ 44.2¢%+ 93.9¢! 54.6¢2 *%
+28.3 + + 5.8 + + 11.3 50.0 + +
19.4 85.3 21.7 10.8 12.2 3.7
270d  169.6¢ 225.1¢c 229.3b+  2221b+  224.2b+ ns  27.8¢% 43.0c’ 18.1¢% 27.2¢2 26.0c%
+18.0 +45.6 15.0 33.6 18.7 +3.0 +9.6 +3.2 +7.7 +2.8
P Fededk Wk Fdk Fedk dk ek wded * * Fedk
PPO
1d 100.0a 81.6 + 80.0 + 64.3 + 70.6 + ns  100.0a 81.6a 80a+7.1 64.3a 70.6a ns
+46.5 15.7 7.1 27.9 21.6 +46.5 +15.7 +27.9 +21.6

(continued on next page)
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Table 5 (continued)

Temperature 4 °C Temperature 20 °C
Control 400 MPa 1 400 MPa 600 MPa 600 MPa P Control 400 MPa 400 MPa 600 MPa 600 MPa 14
min 6 min 1 min 6 min 1 min 6 min 1 min 6 min

90d 42.4b + 37.6 + 58.0 + 46.3 + 51.0 + ns 19.6b + 18.8b + 10.2b + 13.3b + 4.7b + ns
18.7 27.4 9.5 17.4 27.3 1.4 14.7 7.6 7.6 0.0

180d 26.7b + 59.6 + 58.8 + 45.5 + 54.9 + ns 0.0b + 0.0b + 0.0b + 0.0b + 0.0b + ns
5.4 47.1 4.1 15.7 3.6 0.0 0.0 0.0 0.0 0.0

270d  19.6b + 49.4 + 67.5 + 50.2 + 41.6 + ns  0.0b + 0.0b + 0.0b + 0.0b + 0.0b + ns
6.8 22.5 19.0 21.8 16.5 0.0 0.0 0.0 0.0 0.0

P ok ns ns ns ns . s

ns. (non-significant differences). *p < 0.05 **p < 0.01 ***p < 0.001. Different superscript numbers in the same row indicate significant differences in
the Tukey test. Different letters in the same column indicate significant differences in the Tukey test.

Cortés & Fernandez [35],investigated the volatile compounds of distilled beverages obtained from different GPs and determined that
ethanol and other longer-chain alcohols, esters, acids, and carbonyl compounds were the most abundant volatile compounds. Dif-
ferences found between beverages were more quantitative than qualitative, and on other hand, these differences were caused by the
quality of the raw material. In our case, the small differences found in the volatile composition of the samples should be caused by the
HHP treatment. In this sense Gonzalez-Cebrino et al. [36] reported that volatile compounds were well-preserved after HHP in plum
purée at similar conditions as in this study. However, Cumplido-Laso et al. [37] reported unexpected changes in the volatile profile of
pumpkin after HHP, probably due to the effect of the enzymatic activity, which could remain active after processing.

GP presented levels of ethanol which ranged between 2.4 and 2.8 % (w/w). GPs is generally stored in lots in an annex to the winery
until it is processed, so spontaneous fermentation could appear in the original product at the beginning of storage. For that reason,
volatile compounds derived from fermentation could also be isolated in the control GP. The levels of ethanol and other alcohols found
in the GP (like methanol) were modified after HHP (increased or reduced), and these changes should be taken into account in case that
the valorized product from GP was used as an ingredient for food manufacture. At high doses the valorized GP could affect the sensory
characteristics of the final food, although probably the ingredient should be added at low doses due to its strong taste.

3.3. General effect of factors on GP

Table 3 provides a general overview of the effect of the different factors (processing, time of storage and temperature of storage)
applied on the experimental results. The temperature and time of storage significantly affected (p < 0.001) all the studied parameters
(microbiology, color, phenolics compounds content and enzyme activity), however, the HHP treatment significantly affected the
counts of the different microorganisms and the colour parameter L*, but HHP did not affect the parameters CIE a* b*, PPC and PPO. All
microbiological counts were affected by HHP treatments, the temperature and the time of storage, therefore, all factors could modify
the shelf-life of the GP. Similarly, the colour parameters were affected by the temperature and the time of storage, which could reduce
the appearance of the white wine pomace. However, the HHP treatment affected CIE L* parameter, but not CIE a* and b*. The PPC and
the activity of the PPO enzyme were affected by the temperature and the time of storage, while the HHP treatment did not modify
them.

Microorganisms’ counts revealed significant three and two-way interactions among the three factors analyzed, which indicates that
the effects analyzed shows interrelated relationships. Colour parameters, PCC and PPO presented significant interactions especially
between the time and the temperature of storage. These factors are closely interconnected.

3.4. Effect of HHP and storage on the microbiology of GP

Counts of mesophilic aerobic microorganisms (Table 4) significantly lower after HHP at 600 MPa for 6 min than in the control (day
1); while the remaining treatments showed intermediate values. The counts of molds and yeasts and Enterobacteriaceae significantly
decreased after any HHP conditions at day 1. The reductions of counts after processing were maintained at all sampling days during
storage. Enterobacteriaceae was the most sensitive microbial group to HHP, and the most effective treatment was 600 MPa for 6 min, the
most intense conditions of processing. In line with these results, the application of HHP was used to stabilize the grape before
winemaking reducing effectively its microbial load, without affecting the valuable compounds of the product [17].

During refrigerated storage (4 °C), an increase in mesophilic counts and a decrease in Enterobacteriaceae counts were observed in
the control group. However, at refrigeration the counts of the different HHP treatments fluctuated minimally, possibly because of
competition between the different groups of microorganisms following the imbalance caused by the HHP treatment, which affects the
microorganisms unevenly.

On the other hand, during the first storage period at 20 °C (day 1-30), the microbial counts of mesophilic aerobic (in HHP treated
bags) and molds and yeasts increased (in control and HHP treated bags); however, after the first 30 days of storage (30-270 days), the
counts in the HHP-treated bags decreased or stabilized, and at day 270, they were lower in the HHP-treated than in the control white
wine pomace.

HHP show differences in effectiveness depending on pressure, time, and target microorganisms. The increase in mesophilic and
molds and yeasts counts observed in storage at 20 °C during the first 30 days may be due to the presence of residual sugars in the
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Table 6
Colour changes (AE) of the high pressure treated white wine pomace stored at different temperatures.
Temperature 4 °C Temperature 20 °C
Control 400 MPalmin 400MPa6min 600MPalmin 600MPa6min P- Control 400 MPalmin 400 MPa 6 min 600 MPalmin 600 MPa 6 min -
value
AE processing - 1.8+1.4 2.2ab+14 1.8ab +1.0 1.4b +1.2 ns - 1.8b+1.4 2.2ct1.4 1.8b +£ 1.0 1.4b+1.2 ns
AE storage 1-30d 19+138 1.0+ 0.7 1.3b +£ 0.2 0.8b + 0.1 1.0b + 0.4 ns 2.3b+1.3 1.6b +£ 0.3 3.1BCE+0.5 2.4b + 0.7 2.3b £ 0.3 ns
AE storage 1-90d 3.3£1.6 3.2+1.0 3.6a+1.1 3.2a+0.7 2.0ab +0.2 ns 5.2ab+1.5 5.6a+0.6 5.3ab £+ 0.9 5.9a+0.7 5.8a+1.3 ns
AE storage 1- 2.6 £0.6 22+1.2 2.8ab + 0.3 2.4ab+1.0 3.3a+0.6 ns 5.6ab +1.2 5.5a+0.5 6.4a+1.0 6.2a+0.2 5.9a+0.5 ns
180d
AE storage 1- 1.8+15 29+1.4 3.2ab+0.3 2.6 ab + 0.4 2.5ab + 0.5 ns 6.7a+1.5 5.2a+1.1 6.5a+1.1 6.8a+1.0 7.2a+0.2
270d
P-Stol‘age ns ns * * * * Feded dedede dedede dedede

ns. (non-significant differences). *p < 0.05 **p < 0.01 ***p < 0.001. Different letters in the same column indicate significant differences in the Tukey test.
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pomace [38]. The microorganisms would ferment these sugars until they are exhausted, resulting in stabilization of the microor-
ganism’s growth and even their decline. This would explain the first increase at the beginning storage period and the subsequent
decline or stabilization after long storage times. In refrigerated storage, this fact is not observed since the fermenting microorganisms
in the pomace would mainly be yeasts that have an optimum growth temperature of 25 °C [39].

From the point of view of the microbial stabilization of the plant material, the most suitable treatment is that of 600 MPa 6 min and
storage at 4 °C. Although, at the end of storage at 20 °C the treated groups present acceptable counts, it should be considered that
during the spontaneous fermentation that occurs mainly at first month of storage, and undesired metabolites (alcohol, ...) can be
produced and remain in the final product. Therefore low microbial counts in the pomace are desirable during all storage to avoid these
changes and also to provide a safe ingredient that could be used for food industry.

3.5. Effect of HHP and storage on the instrumental colour of GP

Control white GP had values of L* = 44.9, a* = 7.6, b* = 12.3 and correspond to a red-brown visual colour (Table 5). The variations
of the colour parameters that appeared during the study were mainly caused by temperature and storage time, while HHP did not affect
colour parameters a* and b*, while it affected L* (Table 3). Few works have studied the instrumental colour of pomace. [26], obtained
for the pomace of the red cultivar ’Isabel’, a lightness value slightly higher than ours (L* = 47.15), and its colour coordinates (a* = 13.8
and b* = 4.81) which reflected the presence of anthocyanins, which are red pigments, characteristic of red-purple products.

HHP treatments did not cause significant changes on instrumental colour compared to the control at day 1. In general, during
storage, changes occurred in all colour parameters with respect to their initial values, and these variations were more marked when the
storage temperature was 20 °C. This could explain the interaction between pressure x temperature (Table 3).

During storage at 4 °C, lightness significantly decreased in samples treated at 400 MPa/1min and at 600 MPa/6 min. On the other
hand, in general during storage at 20 °C, lightness decreased significantly in all samples, except for the 400 MPa 1 min. At refrigerated
storage, a decrease in lightness was observed in packages treated at 400MPa/1min and at 600 MPa/1 and 6 min, however in control
packages and those treated at 400MPa/6 min, the lightness remained unchanged. On the other hand, at 20 °C, a decrease in lightness
was observed in all packages except in those treated at 400MPa/1min. Samples in which the luminosity was reduced during storage
presented a darker colour at the end of storage.

CIE a* values were similar in control and treated samples at both temperatures and in all days of storage. CIE a* presented a
significant decrease during storage, it was more marked when the temperature was 20 °C. The parameter CIE b* also presented a
similar behavior, without differences between treatments and with a decrease in its value throughout storage, the greatest decreases
were also at 20 °C. Reductions of a* and b*were related to less intensity of brown and yellow colours.

The colour differences (AE) globally show the changes in the instrumental colour with respect to a reference (Table 6). AE of
processing compares colour changes of high pressure treated samples with respect to the control. Depending on the value of AE, the
colour difference between the treated and untreated samples can be estimated as not noticeable (0-0.5), slightly noticeable (0.5-1.5),
noticeable (1.5-3.0), well visible (3.0-6.0) and great (6.0-12.0) [8]. In this case, colour changes after HHP (AE processing) in white
wine pomace were similar after all HHP treatments (p > 0.05), and they could be considered slightly noticeable or noticeable. The
parameter AE storage compares changes during storage respect to the initial at the HHP conditions. All calculated AE storage were
similar (p > 0.05) in control and all HHP treatments at the same temperature of storage at any sampling day. At 4 °C, AE values after
processing and storage were similar in control and HHP at 400 MPa/1min (P-value >0.05 within the same column), however at 400
MPa/6min and 600 MPa/1min the highest value was found at 90 days of storage, and at 600 MPa/6min the highest value was found at
180 days of storage. At 20 °C, AE values processing/storage were similar in control (P-value >0.05 within the same column), however
in the HHP treated samples the highest values were found at 90-180 days of storage. In general AE storage was higher at 20 °C than at
4 °C. Concretely, after 270 days of storage at 4 °C, the AE storage 1-270d ranged from 1.8 (control) to 3.2 (400 MPa/6min), so the
colour changes at 4 °C would be estimated as noticeable. On the other hand, the changes of colour during storage at 20 °C ranged from
5.2 (400 MPa/1min) to 7.2 (600 MPa/6min) and they could be considered well visible and great. Therefore, processing changes could
be considered insignificant compared to storage colour changes. In addition, the control pomace preserved at refrigeration conditions
was which best maintained the original colour of milled pomace.

Changes in colour of vegetable products during storage are generally associated with the action of oxidative enzymes, like poly-
phenol oxidase or peroxidases which favor the development of dark-coloured pigments. This would explain the reductions of CIE L*, a*
and b*. The milled pomace turned to dark brown colour. In other vegetable purée products treated by the HHP, colour changes during
storage had been explained by the activity of the PPO enzyme after processing and during storage [36,40]. However, vegetable
products generally do not reach such long storage times as pomace.

3.6. Effect of HHP and storage on the total phenolic compounds content and polyphenol oxidase activity of GP

The changes of phenolic compounds content (PCC) and polyphenol oxidase enzyme activity (PPO) were only affected by the
temperature and the time of storage (Table 5), while the HHP treatment did not modify the initial contents.

On day 1, the control (457 mg GAE 100g ! wb/1056 mg GAE 100g ~! dm) presented similar values as the HHP-treated samples.
The literature reports variable contents of phenolic compounds, since they depend on the composition of the grapes and the wine-
making process, with very wide ranges of variation [2,4,10,23]. On the other hand, the data found in the bibliography is sometimes
difficult to compare, due to the great variability among pomace composition, analysis methods, sample moisture or whether the results
are expressed on a dry or wet basis. Thus, (Llobera & Caiiellas [27] obtained a value of 3490 mg GAE 100 g ~! dm, for a white grape



R. Ramirez et al. Heliyon 9 (2023) 21199

pomace, a value greater than ours. In contrast, Shirahigue et al. [41] obtained values of 430.6 and 522.2 mg GAE 100 g 1 dm in
pomace dried at 40 °C and ground, from the winemaking grapes of the cultivars "Isabel’ and 'Niagara’, similar values as in our study.
Another study analyzed the content of total phenolic compounds of five white wine pomace, which ranged between 1160 and 2670 mg
GAE 100 g_1 dm, showing that the grape cultivar is important in the concentration of these compounds [31].

The degradation of phenolic compounds was greater as storage progresses and is more marked at temperatures of 20 °C than at 4 °C.
When the storage was performed at 4 °C, the degradation of phenolic compounds was slightly lower in all the treated samples (44-49 %
of retention at 270 d respect of the initial concentration) and in the control (37 % of retention at 270 d), although no significant
differences were found in the PCC between control and treated pomace at the end of storage. The application of the most intense
processing conditions of HHP (at 600 MPa/6 min) and the refrigeration of the treated pomace would allow obtaining a microbio-
logically safe pomace with high levels of phenolic compounds until the 90 days of storage. On the other hand, for storage at 20 °C, the
degradation was very marked at day 30 and the most notable drop was in control, and continued throughout storage, dropping again
markedly on day 180, with very low values that were maintained until the end of storage (day 270) and ranged between 3.5 and 9 % of
their initial value. Therefore, it can be affirmed that phenolic compounds were better retained at refrigeration. Since the pomace is a
seasonal product, it needs long times of storage to be available all the year. Long times of storage at room temperature produce a
negative effect on pomace since more than the 90 % of the phenolic compounds are lost while refrigeration preserves better them.

In addition to fiber, the high concentration of phenolic compounds is very interesting in pomace, and both fractions have functional
effects when incorporated into the diet [4,10]; therefore, the direct use of pomace in food preparation is considered a good alternative.
The functional properties of phenolic compounds are very diverse, although the best known is that of acting as antioxidants, they also
have antimicrobial and anti-inflammatory capacity, and their antioxidant capacity has been related to the prevention of certain
degenerative diseases.

There are few studies on the effect of HHP on the concentration of polyphenols in the pomace. HHP has been shown to increase the
extraction of anthocyanins from pomace [42-44], which can be an advantage when it is directly incorporated into a food. Corrales
etal. [45] optimized the extraction of anthocyanins in pomace from red grape skins, achieving a significant increase when they applied
HHP, regardless of the extraction temperature [17]. found that the application to grape berries of HHP at 200 MPa, prior to wine-
making, improved extraction of anthocyanins. However, in our results this effect was not observed since PCC at day 1 were statistically
similar control and treated pomace. Differences could be caused in the grape varieties, since those studies were carried out in red wine
varieties, with high polyphenols content.

On the other hand, HHP treatments did not affect the activity of the polyphenol oxidase enzyme (PPO) (Tables 3 and 5) and similar
percentages were found between control and treated pomace at all sampling times. When samples were stored at 20 °C, there was a
drastic drop in PPO activity, and no activity was detected from the day 90 for all samples. At 4 °C, the enzymatic activity did not
decrease during storage, except for the control. No significant differences were observed between the treated samples in PPO enzyme
activity during storage. PPO is an undesirable enzyme in foods, as degrade the polyphenol compounds by oxidation and leads to
browning processes that affect to the colour. The great reduction of the PPO activity at 20 °C would be explained by the great reduction
of PCC at that temperature the principal substrate of the enzyme. In vegetables, PPO activity is usually controlled by the effect of the
temperature, inactivating it at temperatures above 60 °C, or reducing the Aw of the products. PPO slightly decreased during refrig-
erated storage in grape juice treated by HHP [46]. Ranveer et al. [47] reported a decrease of PPO during 60 days of storage of dried
grapes and the decrease was more marked at room temperature than at refrigeration. The causes of the decrease are not known, but
probably the enzyme could be degraded or react with other components during storage.

Previous studies in purée of "Songold" Plum, “Grimson glove” plum and in pumpkin [36,48,49] reported no effect of HHP on the
activity of the PPO and thus the enzyme would continue active during the storage of the product. In line with our results [50-52,],
studied the effect of HHP on the stability of a nectarine/plum purée and suggested the need of application of a thermal blanching in
HP-treated products to inactivate the PPO enzyme when it is not reduced after HHP application. Moreover, the addition of ascorbic
acid to the vegetables processed by HHP also protects the degradation of PCC In this case, since HHP did not reduce the PPO enzyme,
the application of a thermal blanching before HHP would be positive to preserve PCC of the pomace.

4. Conclusions

Hydrostatic high pressure maintained the bioactive compounds content in the white wine pomace after processing. However, an
important reduction of phenolic compounds content was found during storage, especially at 20 °C. The polyphenol oxidase enzyme
was not reduced after the high-pressure treatment and remained active during storage. In case that pomace was be applied as an
ingredient (with antioxidant and/or antimicrobial activity) for the manufacture of other food products, it should have a long shelf-life
(of around a year) since this a seasonal by-product. High hydrostatic pressure maintained the microbiological safety of the milled
pomace for at least 9 months (at refrigeration and at room temperature). The application of high hydrostatic pressure at 600 MPa/6
min and the refrigeration of the treated pomace would allow obtaining a microbiologically safe pomace with high levels of phenolic
compounds, although the reductions are important after 90 days of storage. However, the treatments did not reduce the polyphenol
oxidase enzyme activity. Therefore, to obtain an ingredient from the pomace by high pressure processing, a pretreatment should be
applied before processing, like a thermal blanching to ensure the inactivation of the enzyme and to preserve the bioactive compounds
content during storage. In that case, high hydrostatic pressure would allow an integral re-utilization of the pomace. This would be a
clean technology since no solvents are required and no waste products are generated in this new valorization process. Cost-benefits of
high hydrostatic pressure application respect to other traditional treatments should be evaluated, although the economic cost of the
treatment are being reduced each year due to its implementation at an industrial level.
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Regarding the conditions to store the pomace ingredient, the storage at room temperature was not suitable (at least for long-term
storages) since it produced great reductions of the phenolic compounds. Since the final valorized pomace should have microbiological
safety, high bioactive compounds content and a long shelf-life, refrigerated storage should be recommended to preserve the phenolic
compounds, the principal bioactive compounds in pomace.
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