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Enzymatic protein hydrolysates of a residue from grape by-products 
industry for winemaking application: influence of the starting material 
and hydrolysis time

ana Belén Mora-Garrido , M. Luisa Escudero-Gilete , Francisco J. heredia  and  
María Jesús Cejudo-Bastante 

Food Color and Quality laboratory, Facultad de Farmacia, universidad de Sevilla, Sevilla, Spain

ABSTRACT
Large quantities of defatted grape seed meal (DGSM) are discarded annually in the grape 
pomace industry. this residue could be exploited as a new source of non-animal protein to 
improve the chemical and color stabilization of red wines from warm regions. Different protein 
hydrolysates have been characterized, considering two different variables in their obtaining: 
type of raw material (DGSM from white and red grape pomaces) and hydrolysis time (1 and 
4 h). the protein content of the hydrolysates, their molecular weight distribution, color, amino 
acid and peptide composition, and antioxidant activity were evaluated. Products obtained 
were mainly influenced by the type of raw material, regardless of the hydrolysis time. 
hydrolysates from red DGSM displayed a higher protein content (∼67.4%) and protein yield 
(∼28.9%), visually perceptible (ΔE*ab > 3) lower lightness (∼23.3) and color intensity (∼13.2), 
and a greater variety of peptides related to red wine color stabilization. however, hydrolysates 
from white DGSM showed a higher amino acid content and antioxidant capacity (∼33.5 µmol 
tE/g, by DPPh; ∼3710.9 µmol tE/g, by ORaC). according to the results obtained, both red and 
white DGSM are susceptible starting materials to be selected as optimal for application in 
winemaking, fixing 1 h as hydrolysis time.

1.  Introduction

Nowadays, the reduction of the environmental 
impact generated by industries for the purpose of 
decreasing the effects of climate change is a global 
goal. In this context, the search for new uses of 
industrial by-products to reduce or remove the waste 
generated would contribute to mitigating global 
warming, apart from the additional economic benefit 
derived from their circular production (Dwyer et  al., 
2014; Maier et  al., 2009). In the enology field, the 
main by-product generated by the wine industry is 
grape pomace, with a production of approximately 
10 million tons annually (García-Lomillo & 
González-SanJosé, 2017), which is mainly consisting 
of stems, skins, and seeds, and whose composition is 
influenced by factors such as grape variety, cultiva-
tion, climate or the conditions of the winemaking 

processing (Bordiga, 2018). the main constituents of 
grape pomace are fiber (45-75% of the white and 
red grape pomace, respectively), and phenolic com-
pounds (∼70%) due to their incomplete removal 
during vinification, followed by lipids (7-15%) and 
proteins (8%), characterized by high levels of glu-
tamic and aspartic acids and low content of trypto-
phan and sulfur amino acids (Mora-Garrido 
et  al., 2022).

Grape pomace processed by industry is revalued 
by extracting and obtaining alcohols, tartaric salts, 
natural phenolic colorants, and grape seed oil, among 
others (Mora-Garrido et  al., 2022). Concretely, as a 
consequence of the industrial extraction of the grape 
seed oil from grape pomace seeds, tons of defatted 
grape seed meal (DGSM) is annually generated as a 
residue, mainly constituted by fiber (22%) and pro-
teins (7-10%) (with low lipid (2%) and phenol 
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amounts (3%) due to the exhaustion processes) 
(Mora-Garrido et  al., 2022). this residue is normally 
discarded or used as biomass, reducing greenhouse 
gas emissions and thus contributing to reducing the 
impact of climate change (Dhanasekar & 
Sathyanathan, 2023; Samimi & Shahriari-Moghadam, 
2023). the search for a new alternative use means a 
further reduction of its environmental impact by fur-
ther reducing its carbon footprint and the generation 
of an associated economic benefit by obtaining a 
new product for its commercialization. Considering 
the huge quantities of grape pomace processed per 
year, and from an economical and environmental 
point of view, the DGSM could be likely to be con-
sidered as a potential natural low-cost source of  
vegetable proteins, peptides, or amino acids. this 
product could have different applications: as a pro-
tein substitute in dietary supplements, as an ingredi-
ent for vegan foods, for cosmetic formulations with 
bioactive peptides, or to improve some sensory 
properties of foods (alvarez-Ossorio et  al., 2022; Ma 
et  al., 2019). In any of these or other possible uses, a 
more in-depth and specific study of these com-
pounds would be necessary to determine if they ful-
fill the desired purpose.

In warm climate zones characterized by high 
temperatures in summer and a high number of 
annual hours of sunlight (Mira de Orduña, 2010), 
the time lag between the technological and pheno-
lic ripening of grapes generated by the relentless 
advance of climate change, is increasingly accentu-
ated. One of the main causes is that, at harvest, 
grape seeds present an unbalanced phenolic con-
tent, turning in a wine color instability by the dim-
inution of the phenolic robustness (copigments) 
(Boulton, 2001). the high grape sugar content due 
to the high temperatures produces wines with high 
alcohol content and ph disequilibrium, which, in 
turn, affects the pigments stability. as a conse-
quence, color instability is leading from the initial 
stages of winemaking and, therefore, during the 
aging process (Cejudo-Bastante et  al., 2017; Gordillo 
et  al., 2014). In the search for new strategies for 
improving the stabilization of red wines in warm 
climates, previous studies about the addition to 
wines of grape seed proteins have been proposed, 
considering their high techno-functional value in 
modulating the quality characteristics of red wines, 
such as their stability and color (Gazzola et  al., 2017; 
Gordillo et  al., 2021). Moreover, being a component 
of the grape itself, it could present fewer legal 
restrictions and an alternative to the use of animal 
proteins, such as milk and egg proteins, currently 

used in winemaking as fining agents (Marangon 
et  al., 2019; tschiersch et  al., 2010).

In pursuit of wine color stabilizing by the addition 
of oenological proteins, is needed to assure their good 
dispersion in it. In this regard, enzymatic hydrolysis 
contributes solubilizing proteins in aqueous mediums, 
and affects the molecular weights and amino acid 
composition of the hydrolysates, improving their bio-
logical and technological properties. It also reduces 
the use of chemical solvents, making it an environ-
mentally friendly alternative to more traditional meth-
ods (Bautista et  al., 1996; Gazzola et  al., 2017; Parrado 
et  al., 2006). the utilization of different enzymes allows 
obtaining hydrolysates with different structural, func-
tional and antioxidant properties, since each enzyme 
acts by scission at different sites of protein. among 
the great variability of enzymes, alcalase is widely 
used to obtain peptides from plant proteins (Bučko 
et  al., 2018; Ghribi et  al., 2015b; Zhao et  al., 2011). this 
enzyme is an endoprotease, i.e. it breaks bonds 
between amino acids located in the inner zone of the 
amino acid sequence, not at the ends, specifically 
between glutamine-histidine, serine-histidine, 
leucine-tyrosine, and tyrosine-threonine, generating 
peptides of small and medium size (adamson & 
Reynolds, 1996; Suarez et  al., 2022).

In this way, combining the use of the enzymatic 
hydrolysis and DGSM as a protein source of oenolog-
ical origin, and based on the promising results 
obtained by Cejudo-Bastante et  al. (2016) after their 
pre-fermentative addition, the addition to wine of 
low and high molecular weight peptides derived 
from the DGSM by-product, in the early and more 
advanced stages of the red winemaking process, is 
proposed as an oenological strategy for a possible 
early stabilization of the phenolic structure and wine 
color. as part of a broader investigation, the first 
step was to optimize the methodology for obtaining 
protein hydrolysates from grape seed meal, from the 
processing of grape pomace from the harvest of the 
year 2021, focused on the protein extraction condi-
tions prior to the enzymatic hydrolysis (Cejudo- 
Bastante et  al., 2022). however, other factors such as 
sources and hydrolysis conditions also influencing 
the chemical characteristics of the hydrolysates 
obtained (Pojić et  al., 2018).

therefore, the main objective of this study was to 
scrutinize the effect of different raw materials (type 
of defatted grape seed meal) and hydrolysis time on 
the composition of protein hydrolysates. an in-depth 
chemical characterization of the protein hydrolysates 
was carried out, focusing on different parameters, 
viz. the hydrolysis yield, the protein content, the 
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molecular weight (MW) distribution, the colorimetric 
characteristics, antioxidant capacity, amino acids, and 
peptide profile. this study could be an important 
step forward in the oenology field of warm climate, 
since permits to establish the optima hydrolysate 
obtaining scheme focused on the red wine color 
stabilization.

2.  Materials and methods

2.1.  Chemicals and reagents

Endoprotease alcalase® (subtilisin a) was acquired 
from Novozymes® (Bagsvaerd, Denmark), whose  
enzymatic activity was 2400 U/μL, using azocasein as 
substrate. Standards: aprotinin (Sigma-aldrich, Madrid, 
Spain), cytochrome C (Panreac, Barcelona, Spain),  
vitamin B12 and triglycine (alfa aesar, Ma, USa), and 
glycine (thermo Fisher Scientific, Ma, USa). 
2,2-diphenyl-1-picrylhydrazyl (DPPh) was purchased 
from alfa aesar (Ward hill, Ma, USa). 6-hydroxy-
2,5,7,8-tetramethylchromane-2-carboxylic acid (trolox) 
was acquired from Fluka (Madrid, Spain). 2,20-azobis 
(2-methylpropionamidine) dihydrochloride (aaPh) 
and fluorescein were supplied by acros Organics 
(Geel, Germany).

2.2.  Raw material preparation

the starting material, DGSM, was supplied by the 
grape pomace industry alvinesa Natural Ingredients 
S.a. (Daimiel, Ciudad Real, Spain), from the process-
ing of grape pomace from the harvest of the year 
2022. Briefly, grape pomace from Vitis vinifera (L.), 
coming from the vinification process, arrives at the 
industry and is subjected to a series of washes to 
extract different compounds of interest (alcohol, for 
subsequent commercialization; tartaric salts, mar-
keted and used as a food additive; phenols, for their 
use as natural pigments, for food, nutraceutical and 
animal products and for obtaining and commercializ-
ing tannins; etc.). Subsequently, grape pomace is 
de-stemmed and dried. the processing continues 
with the separation of grape seeds from grape pom-
ace by densiometric tables, and subsequent milling 
and pelletization of grape seeds prior to the 
extraction of seed oil, obtaining DGSM as a residue 
(Mora-Garrido et  al., 2022). two different DGSMs 
were considered. the first one, from airén white 
grape pomace (W) (75:25, airén:tempranillo), and the 
second one, from 100% tempranillo red grape pom-
ace (R). In the laboratory, DGSM was milled to pul-
verize to increase the surface area for a better protein 

extraction. DGSM was stored in darkness and at 
room temperature until further analysis.

2.3.  Obtaining of protein hydrolysates from 
DGSM

to carry out the obtaining of protein hydrolysates from 
DGSM, the methodology developed by Cejudo-Bastante 
et  al. (2022) was applied (Figure 1). First, protein 
extraction was performed by mixing 700 g of DGSM 
with 3.5 L of distilled water (20:80, (w/v)) in a 7 L biore-
actor (Biorreactor Bio Console aDI 1025 applikon 
Biotechnology, Inc.). the mixture was kept under con-
stant agitation (180 rpm) and ph 10.5 for 3 h at 25 °C, 
and subsequently centrifuged at 9500 rpm and 4 °C for 
15 min (avanti J-26 XP Centrifuge, Beckman Coulter). 
the non-protein precipitate was discarded, and the 
supernatant was concentrated under vacuum in a 
rotary evaporator (70 °C). the protein concentrate 
remained in a water bath for 5 min at 80 °C for inacti-
vation of its endogenous enzymes (Ghribi et al., 2015a). 
Secondly, enzymatic hydrolysis of the protein concen-
trate was carried out in a 3 L bioreactor (Biorreactor Bio 
Console aDI 1025 applikon Biotechnology, Inc.), using 
0.6 v/v alcalase, under optimal conditions (50 °C and 
ph 8.5) (Cejudo-Bastante et  al., 2022).

two different assays were performed depending 
on the elapsed time of hydrolysis applied to the 
protein concentrate, a short duration hydrolysis (1 h, 
low hydrolysis, Lh) and a long hydrolysis time (4 h, 
high hydrolysis, hh). Both types of protein hydroly-
sates were obtained from white (W) and red (R) 
DGSMs, obtaining W-Lh and R-Lh, and W-hh and 
R-hh hydrolysates, respectively. after completion of 
the respective hydrolysis, the enzyme was  
inactivated by increasing the temperature to 80 °C 
for 10 min. the ph of the solution was adjusted to 
3.5 (usual ph of wine) with 37% hCl and centri-
fuged to separate the soluble (supernatant) and 
insoluble peptides (pellet) of each sample. the 
supernatant was concentrated under vacuum in a 
rotary evaporator at 80 °C and lyophilized for  
further characterization.

2.4.  Protein content and protein yield of the 
hydrolysates

the protein yield of the hydrolysates was calculated 
using the equation:

 
Protein yield

protein weight of the hydrolysate

protein wei
 

    

 
=

gght of DGSM  









×100
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the total nitrogen content of the samples was 
determined using the standard Kjeldahl method 
(aOaC, 1995), in a MicroKjeldahl System (J.P. Selecta, 
Barcelona, Spain). the factor used for the conversion 
of total nitrogen content to protein content was 
5.75. the samples were analyzed in triplicate.

2.5.  Molecular weight analysis by size-exclusion 
chromatography (SEC)

the method described by Bautista et  al. (1996) was 
used to determine the MW distribution by SEC. 0.2 g 
of the hydrolysates of the different samples (W-Lh, 
R-Lh, W-hh, and R-hh) were dissolved in 10 mL of 

milli-Q water and subsequently filtered through a 
0.45 µm filter. a Superdex™ 30 Increase 10/300 GL col-
umn (optimum separation range 0.1-7 kDa) was used 
on an agilent 1100 chromatography system equipped 
with a quaternary pump, an automatic injector, UV-vis 
diode array detector, and ChemStation software 
(agilent technologies, Palo alto, Ca, USa). a flow rate 
of 0.5 mL/min of Na2hPO4 50 mM (ph 7.5) was used in 
isocratic mode at 25 °C. a mixture of standards was 
used to cover the range 100–7000 Da as follows: cyto-
chrome C, 12500 Da; aprotinin, 6500 Da; vitamin B12, 
1355 Da; triglycine, 189 Da; and glycine, 75 Da. Peptide 
fractions were monitored at wavelengths of 215 and 
280 nm and analyzed in triplicate.

Figure 1. infographic flow chart of the obtaining methodology of protein hydrolysates from dgSM.
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2.6.  Colorimetric analysis

Color of protein hydrolysates was measured in tripli-
cate by diffuse reflectance on a CM-5® spectropho-
tometer (Konica Minolta, tokyo, Japan). the CIELaB 
colorimetric parameters (L*, a*, b*, C*ab, and hab) 
were acquired from the reflectance spectra using the 
CIE 1964 10° Standard Observer and Standard 
Illuminant D65 (Commission Internationale de 
L'Eclairage) (CIE, 2004). the mathematical treatment 
of the data was performed using Cromalab® (heredia 
et  al., 2004). Data were obtained for the entire visible 
spectrum (380-770 nm). the color differences (ΔE*ab) 
(Euclidean distance between two points in the 
three-dimensional (L*, a*, b*) CIELaB space) were cal-
culated using the following equation:

 ∆ ∆ ∆ ∆E L a b* * * *
/

ab
= ( ) + ( ) + ( )





2 2 2
1 2

 

2.7.  Amino acid analysis

the amino acid (aa) profile of the hydrolysates was 
determined by ion-exchange chromatography, and 
post-column derivatization using ninhydrin was car-
ried out (Cejudo-Bastante et  al., 2022). 6 mg of each 
sample were hydrolysed using 2 mL of 6 N hCl for 24 h 
at 110 °C. Subsequently, the ph was adjusted to 2.0 
with NaOh, and afterwards, 400 µL of each sample 
was mixed with 100 µL of a norleucine solution (50 µM) 
as internal standard. Finally, solutions were filtered 
(0.45 µm nylon filter). an hPLC system (Biochrom 
30 + amino acid analyzer hPLC system Ltd., Cambridge, 
UK) equipped with a high-pressure PEEK cation 
exchange column packed with Ultropac 8 cation 
exchange resin and a UV–vis detector was used. the 
detection wavelengths were 440 and 570 nm for pro-
line and other amino acids, respectively. the samples 
were measured in triplicate and the results were 
expressed as mg/g protein hydrolysate.

2.8.  Peptide identification by LC–MS/MS

6 mg of each protein hydrolysate were dissolved in 
1 mL of milli-Q water, then filtered through a 
0.45 µm nylon filter and analysed by RP-LC-MS/MS 
on an EasynLC II system coupled to an ion trap 
LtQ-Orbitrap-Velos-Pro hybrid mass spectrometer 
(thermo Scientific) (Cejudo-Bastante et  al., 2022). 
the peptides were concentrated by reverse phase 
chromatography using a 0.1 mm × 20 mm C18 RP 
precolumn (thermo Scientific), and then separated 
using a 0.075 mm × 250 mm C18 RP column (thermo 

Scientific) with a flow rate of 0.3 μL/min. the dura-
tion of the chromatogram was 180 min. the gradi-
ent profile was set as follows: 5-25% solvent B for 
135 min, 25-40% solvent B for 45 min, 40-100% sol-
vent B for 2 min, and 100% solvent B for 18 min 
(solvent a: 0.1% formic acid in water; solvent B: 
0.1% formic acid, 80% acetonitrile in water). ESI 
ionization was carried out using a Nano-bore emit-
ters Stainless Steel ID 30 μm (Proxeon) interface at 
a sputtering voltage of 2.1 kV with a 60% S-Lens. 
the resolution of the Orbitrap was set to 30.000. 
Peptides were detected in survey scans from 400 
to 1600 amu (1 μscan), followed by 20 data depen-
dent MS/MS scans (top 20), using an isolation 
width 2 u (in units of mass-to-charge ratio), nor-
malized collision energy of 35%, and dynamic 
exclusion applied for periods of 60 seconds. 
Unassigned and singly charged protonated ions 
were excluded by screening for charge state. the 
results were matched with the UniProt database 
and Peaks X Pro software. Samples were analyzed 
in triplicate.

2.9.  Antioxidant activity

2.9.1.  DPPH assay
to evaluate the ability of protein hydrolysates to 
scavenge DPPh• radicals, the method proposed by 
Soler-Rivas et  al. (2000) was performed with some 
modifications. 0.02 g of each hydrolysate were dis-
solved in 10 mL of PBS. First, 300 μL of 108 μM DPPh• 
methanolic solution were added to 30 μL of sample, 
standard (trolox) or 80% (v/v) methanol (blank), and 
the mixture was diluted with 570 μL of 80% (v/v) 
methanol. after 30 min under dark and at room tem-
perature, absorbance was measured on an agilent 
8453 UV-vis spectrophotometer (agilent technologies, 
Palo alto, Ca) at 517 nm. antioxidant activity was 
expressed as μmol tE (trolox equivalents)/g of pro-
tein hydrolysate. Measurements were made in 
triplicate.

2.9.2.  ORAC assay
the oxygen radical absorbance capacity of the sam-
ples was evaluated following the method described 
previously by Gillespie et  al. (2007). Measurements 
were made in triplicate using the same hydrolysate-PBS 
solutions as for the DPPh assay. Different dilutions of 
the samples were tested (1/500, 1/100, and 1/50) to 
obtain an appropriate concentration relative to the 
standard (trolox). Black microplates were used, and 
150 μL of fluorescein (80 mM) was placed in each 
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well along with 25 μL of sample. the reaction was 
initiated by adding 25 μL of aaPh (140 mM) to each 
well after incubation for 10 min at 37 °C. Fluorescence 
reduction was measured by reading fluorescein exci-
tation at 485 nm and emission at 530 nm every 5 min 
for 90 min. the results were expressed as μmol tE/g 
of protein hydrolysate.

2.10.  Statistical analysis

Statistica v.8.0 software was used to perform statis-
tical analysis of the data obtained in the different 
tests performed (StatSoft Inc., 2007). a univariate 
analysis of variance (aNOVa) was carried out to 
determine whether the mean scores of the sample 
data were significantly different from each other. 
additionally, multiple correlation analysis and prin-
cipal component analysis (PCa) were applied to 
evaluate if there is a relation between the assayed 
parameters, and to highlight the main contributors 
to variance between samples. throughout the text, 
p values less than 0.05 (p < 0.05) denote statistically 
significant differences.

3.  Results and discussion

3.1.  Protein content and yields of the protein 
hydrolysates

the protein content of DGSMs from the red (R) and 
white (W) grape varieties was 7.35 and 10.55%, 
respectively (in concordance with Cejudo-Bastante 
et  al. (2022)) in similar raw materials), being signifi-
cantly (p < 0.05) higher in white DGSM. the protein 
content of the different grape seed protein hydroly-
sates ranged from 58% to 70% (table 1), similarly to 
that found by Cejudo-Bastante et  al. (2022) in similar 
raw material, and to seeds from other plant species, 

such as rice bran and sunflower (Kaewjumpol et  al., 
2018; Ugolini et  al., 2015). however, protein content 
was significantly (p < 0.05) higher in the case of pro-
tein hydrolysates obtained from the DGSM of the 
red variety, regardless of the hydrolysis time applied 
(tables 1 and 2). the protein yields of the hydroly-
sates were in agreement with the data obtained by 
Cejudo-Bastante et  al. (2022) in hydrolysates from 
defatted grape seed meal, and, its behavior was sim-
ilar that of protein content, i.e., the hydrolysates 
derived from the DGSM of the red variety showed 
significantly (p < 0.05) higher values. according to 
the data on protein content and protein yield, pro-
teins and peptides derived from the red DGSM 
seemed to be more hydrolysable than those from 
the white DGSM, thus a higher amount of soluble 
peptides remained in the hydrolysates. Considering 
that a higher protein content, a higher the probabil-
ity of the peptides acting as co-pigments by binding 
to the wine pigments (Ozdal et  al., 2013), the  
hydrolysates from the red DGSM, regardless of the 
hydrolysis time used, could be the most appropriate 
for being used in winemaking. as no previous stud-
ies about hydrolysates derived from different grape 
seed meal varieties have been reported, it is needed 
to gain insights in further parameters such as the 
molecular weight distribution, and the nature of 
peptides and amino acids, among others, of the 
studied hydrolysates.

3.2.  Molecular weight (MW) distribution of 
protein hydrolysates

table 1 shows the data on the MW distribution of 
the different protein hydrolysates, which was divided 
into three fractions, according to the size: MW larger 
than 5 kDa, MW between 5 and 1 kDa, and MW less 
than 1 kDa.

Table 1. Mean ± standard deviation of hydrolysates yield (%), protein content (%), molecular weight (MW) distribution (%), 
CielAB parameters (L*, C*ab, hab), and antioxidant activity by dPPH and orAC (µmol te/g) of the protein hydrolysates of the 
different assays.

W r

HH lH HH lH

Hydrolysates yield 17.50 ± 1.22 21.87 ± 1.14 35.61 ± 2.65 22.25 ± 0.39
Protein content 58.64 ± 3.78 59.52 ± 1.24 65.72 ± 5.18 69.15 ± 2.81
Molecular size fractions MW > 5 kda 13.73 ± 0.26 40.74 ± 3.01 23.01 ± 0.06 11.59 ± 0.79

5 > MW > 1 kda 45.07 ± 0.30 25.95 ± 1.71 39.85 ± 0.72 40.52 ± 1.04
MW < 1 kda 41.20 ± 0.07 33.32 ± 1.31 37.14 ± 0.78 47.81 ± 1.19

CielAB parameters L* 52.55 ± 0.26 36.54 ± 0.09 19.82 ± 0.78 26.86 ± 0.69
C*ab 36.04 ± 0.15 30.50 ± 0.08 9.04 ± 0.27 17.47 ± 0.64
hab 66.19 ± 0.11 61.66 ± 0.08 35.26 ± 0.97 48.43 ± 1.46

Antioxidant activity dPPH 38.27 ± 2.58 28.65 ± 2.36 28.20 ± 3.13 30.30 ± 0.21
orAC 2863.89 ± 31.81 4557.88 ± 143.48 1097.52 ± 85.00 1028.32 ± 64.86

W, hydrolysates derived from 75% to 25% white and red grape seed meal. r, hydrolysates derived from 100% red grape seed meal. HH, high hydro-
lysis time. lH, low hydrolysis time.
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according to the aNOVa results and considering 
the typology of grape seed meals regardless of the 
hydrolysis time, the type of grape seed meal was not 
a determining factor, since no significant differences 
(p < 0.05) were found between the three MW frac-
tions (table 2), remaining the MW distribution pat-
tern similar regardless of the grape variety. however, 
it is noteworthy that different patterns were observed 
between the protein hydrolysates from red and white 
DGSMs (table 1). Whereas the percentage of MW > 
5 kDa is, as expected, higher in W-Lh compared to 
W-hh, contrary results were observed in R samples. 
this behavior could be due to an excessive hydroly-
sis time, which leads to exposing a large extent of 
hydrophobic groups, with the subsequent formation 
of aggregations, thus increasing the percentage of 
peptides with high molecular weight (Creusot & 
Gruppen, 2007; Surówka et  al., 2004).

the excessive hydrolysis time in R samples could 
be supported by i) the significantly (p < 0.05) lower 
protein content of red DGSM compared to white 

DGSM. In fact, the data of MW fractions > 5 kDa of 
W-hh were similar to those of R-Lh (table 1), which 
seems to suggest that they reached the maximum 
degree of hydrolysis. On the other hand, ii) whereas 
the number of peptides with hydrophobic residues 
of the protein hydrolysates was similar between 
W-hh and W-Lh (table S1), more than 50% of the 
hydrophobic peptides of the protein hydrolysates 
from R samples were found exclusively in R-hh 
(table S2), and could therefore be more susceptible 
to aggregation, contributing to the increase of the 
peptide fraction with MW > 5 kDa.

however, when the hydrolysis time factor was con-
sidered, some differences became noticeable (table 
2). as expected, the fraction with 5 > MW > 1 kDa was 
significantly (p < 0.05) higher in hh samples, which 
means that with more time of hydrolysis, new protein 
bands of low- and medium-MW peptides are formed 
(Villanueva et  al., 1999). these findings were also 
obtained by Cejudo-Bastante et  al. (2022) when a 
similar starting material was hydrolyzed.

Due to the scarce information focused on the use 
of peptides derived from defatted grape seed meal 
for color stabilization in red wines, it would be advis-
able to consider the addition of hydrolysates of dif-
ferent MW to wine in order to properly understand 
the effects of this parameter.

3.3.  Color properties

table 1 shows the values of L*, C*ab, and hab for all 
protein hydrolysates. a* and b* values of all hydroly-
sates were positive, locating them in the first quad-
rant of the (a*b*) plane (Figure 2), similarly to those 
obtained Cejudo-Bastante et  al. (2022) from a similar 
starting material.

as can be seen in table 2, the type of DGSM used 
was a determining factor in the color of the protein 
hydrolysates. Significantly (p < 0.05) higher values of all 
CIELaB parameters were recorded in samples obtained 
from white DGSM (W), being R samples darker and 
browner than W products, but chromatically less 
intense (table 1). this may be due to the fact that, 
although a very low amount of residual phenols was 
presented in DGSM, red DGSM showed higher content 
than white DGSM, as stated by Mora-Garrido et  al. 
(2022). Consequently, highly colored polymers could 
be formed during protein extraction by co-precipitation 
reaction between phenolic compounds and globulin 
proteins (Marcone & Kakuda, 1999), the major protein 
present in grape seed (Chamizo-González et  al., 2021). 
additionally, the presence of higher amounts of 

Table 2. AnoVA analysis applied to all the studied 
parameters.

type of grape seed meal Hydrolysis time

F p F p
Hydrolysates 

yield
8.1266 0.0172* 1.1798 0.3029

Protein content 17.4560 0.0019* 0.4420 0.5214
MW > 5 kda 2.2507 0.1645 1.3007 0.2807
5 > MW > 1 kda 1.1766 0.3035 6.9216 0.0251*
MW < 1 kda 3.0082 0.1135 0.1668 0.6915
L* 29.2556 0.0003* 0.3453 0.5698
a* 28.4693 0.0003* 1.4196 0.2610
b* 86.2285 0.0000* 0.0156 0.9032
C*ab 78.2854 0.0000* 0.0465 0.8337
hab 49.2610 0.0000* 0.3288 0.5790
Asp 4.4285 0.0616 1.2664 0.2867
thr 1.1222 0.3144 1.6984 0.2217
Ser 4.5451 0.0588 0.5019 0.4948
glu 4.9030 0.0512 0.4970 0.4969
gly 6.9114 0.0252* 5.4653 0.0415*
Ala 1.5301 0.2444 0.7900 0.3950
Cys 21.3890 0.0009* 3.3967 0.0951
Val 20.6870 0.0011* 0.2439 0.6321
Met 4.9627 0.0500 4.9627 0.0500
ile 18.8186 0.0015* 0.3446 0.5702
leu 6.0913 0.0332* 0.9961 0.3418
tyr 0.7873 0.3957 3.3966 0.0951
Phe 0.0480 0.8309 21.3160 0.0010*
His 6.8055 0.0261* 4.7986 0.0533
lys 1.1104 0.3168 2.6727 0.1331
Arg 1.5188 0.2460 4.7652 0.0540
Pro 5.4540 0.0417* 0.4690 0.5091
tAA 5.1240 0.0471* 1.3493 0.2724
SAA 9.9032 0.0104* 6.0403 0.0338*
AAA 5.2250 0.0453* 0.5380 0.4800
HAA 7.6080 0.0202* 0.2900 0.6019
dPPH 2.8010 0.1252 2.1200 0.1760
orAC 48.0515 0.0000* 0.8450 0.3796

Asterisks denote significant differences at p < 0.05. MW, molecular 
weight. SAA, Sulphur containing amino acids. AAA, aromatic amino 
acids. HAA, hydrophobic amino acids. tAA, total amino acids.

https://doi.org/10.1080/23311932.2024.2314231
https://doi.org/10.1080/23311932.2024.2314231
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phenols in R samples could lead to enzymatic brown-
ing reactions during prolonged hydrolysis, which 
could also explain the color of the hydrolysates 
(Wasswa et  al., 2007). the brownish color of these 
hydrolysates could be also derived from the colori-
metric properties of the meals used (red DGSM: L* 
36.87 ± 1.14, C*ab 18.24 ± 0.62, and hab 52.98 ± 0.43; 
white DGSM: L* 34.75 ± 1.73, C*ab 17.74 ± 0.95, and hab 
57.73 ± 0.60), where the aforementioned reactions 
have already occurred due to the industrial processing 
of the grape pomace. these colorimetric characteris-
tics are similar to those obtained in other plant pro-
tein extracts (alvarez-Ossorio et  al., 2022; Coelho & de 
las Mercedes Salas-Mellado, 2018). the CIELaB param-
eters did not show a definite pattern in terms of the 
hydrolysis time used (tables 1 and 2).

In agreement with the aforementioned results 
(table 2), the analysis of the color differences accord-
ing to the factors studied reveals that the color dif-
ferences in the hydrolysates, according to the type 
DGSM used to obtain them (ΔE*ab = 30.10), are sig-
nificantly (p < 0.05) more accentuated in contrast to 
the color differences obtained according to the 
hydrolysis time used (ΔE*ab = 5.01). In order to know 
the contribution of each attribute with respect to the 
total color, the quadratic differences in lightness, 
chroma and hue, with respect to the quadratic total 
color difference were calculated (Δ2L*/Δ2E*ab, Δ2C*ab/
Δ2E*ab, Δ2h*ab/Δ2E*ab). Depending on the type of 
grape seed meal, color differences were mainly quan-
titative due to lightness and chroma (Δ2L* and Δ2C*ab) 

(49.64% and 44.21%, respectively), showing W sam-
ples higher values compared to R samples. these 
results suggest that the type of DGSM is the main 
factor influencing quantitative color attributes.

3.4.  Amino acid and peptide profile

table 3 shows the results obtained for the amino 
acid profile of the different protein hydrolysates, 
including individual and total amino acids (taa) 
amounts grouped into sulfurous (Saa), hydrophobic 
(haa), and aromatic amino acids (aaa).

In general, the predominant amino acid in all 
hydrolysates was Glu (negatively charged), followed 
by Pro (aliphatic), which constituted 35% and 18%, 
respectively, of the taa content. the protein hydroly-
sates were also rich in asp, Gly and arg (19%). By 
families, hydrophobic amino acids (ala, Val, Leu, Ile, 
Pro, Met, and Phe) constituted around 34%, and 
approximately 25% was attributed to aromatic amino 
acids (his, Phe, Pro, and tyr). On the other hand, the 
minor amino acids corresponded to thr, his, Lys, and 
especially the sulfur amino acids, Cys and Met. It is 
worth to mention that the acid hydrolysis conditions 
used for the determination of amino acids could pro-
voke the degradation of trp, and the transformation 
of Gln and asn into the corresponding acids Glu and 
asp (tsugita & Scheffler, 1982). the amino acid pat-
terns studied were in agreement with those reported 
in grape seed protein hydrolysates (Cejudo-Bastante 
et  al., 2022; Ugolini et  al., 2015).

Figure 2. representation of the protein hydrolysates obtained using different assays in the (a*b*) plane and their lightness 
(L*) values.
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according to the statistical analysis performed on 
the set of data (table 2), the type of grape seed 
meal significantly (p < 0.05) influenced the amount of 
total, sulfur, aromatic, and hydrophobic amino acids, 
with a significantly (p < 0.05) lower content in the 
hydrolysates from red DGSM, displaying R-hh the 
significantly (p < 0.05) lowest values (table 1). Same 
behavior was found individually with some of the 
amino acids (Gly, Cys, Val, Ile, Leu, his and Pro). When 
considering the hydrolysis time factor, only some 
specific significant differences (p < 0.05) were found, 
viz. sulfur amino acids and Gly depicted a signifi-
cantly (p < 0.05) higher content after 1h-hydrolysis 
(Lh), whereas Phe showed it after 4h-hydrolysis (hh) 
(tables 1 and 2).

Derived from the recently reported interactions 
between some amino acids and malvidin-3-O- 
glucoside which lead to protecting and stabilizing 
the anthocyanins compounds related to the color of 
red wine (Chamizo-González et  al., 2021, 2022, 2023), 
the knowledge of peptide identification and the ter-
minal amino acids would be of special importance 
for discussing the effect of the addition of protein 
hydrolysates into red wine for the purpose of color 
stabilization. amino acid sequence of peptides,  
mass, length, and m/z of the different protein hydro-
lysates, analyzed by RP-LC-MS/MS, are shown in 
supplementary material. For all hydrolysates, the 

number of amino acids in the peptide sequence 
ranged from 7 to 20, with MWs between 721 and 
1982 Da. Similar results were recently reported in the 
unique reported study about protein hydrolysates of 
defatted grape seed meal (Cejudo-Bastante et  al., 
2022). however, no information regarding peptide 
sequences from different varieties of defatted grape 
seed meal and hydrolysis times was found.

a large number of peptides were detected in all 
hydrolysates, and although the proteins they come 
from differed qualitatively, the hydrolysates had in 
common five proteins ascribed to Vitis vinifera 
(F6hZK3, F6hZK2, F6hI56, a5C7L5, and D7U302). as 
mentioned above, the hydrolysates distinguished a 
considerable percentage of asp, Phe, asn, Pro, Ser, 
and arg. this fact is of special relevance since these 
major amino acids (Gly, Gln, Phe, asn, arg, and Ser) 
has been recently reported to interact with 
malvidin-3-glucoside, the main anthocyanin responsi-
ble for the color of red wine (Chamizo-González 
et  al., 2021, 2022, 2023), both by hydrogen bond, 
Van der Waals Forces, π-π and alkyl hydrophobic 
interactions depending on the amino acid, poten-
tially acting as co-pigments, thus protecting and sta-
bilizing the color of red wine. Furthermore, those 
major amino acids played an important role in the 
terminal positions of the peptide sequence, since 
Gln, Gly and Glu were mainly sit at the N-terminal of 
the sequence, and arg and Gln, followed by Glu, Gly, 
and Phe were at the C-terminal of the peptide 
sequence (see supplementary material). these results 
are in concordance with those obtained by Ghribi 
et  al. (2015b), who found that alcalase hydrolyses 
proteins with a high specificity for peptide bonds, 
preferentially for a large uncharged residue such as 
Gln and asn. the position of the amino acids in the 
peptide sequence could influence the antioxidant 
activity of the peptide. In particular, the amino acids 
arg, asp and Gly located at the C-terminal of the 
peptide sequence have been shown to confer high 
antioxidant activity (Ghribi et  al., 2015b; Guo 
et  al., 2009).

Considering the variability factors, i.e., the type of 
grape seed meal and the time of hydrolysis, many 
differences were found among the samples in the 
peptide sequence. Regarding W hydrolysates, the 
number of amino acids in the peptide sequence 
ranged from 7 to 19, with MWs between 721 and 
1971 Da. Both W hydrolysates (hh and Lh) shared 6 
proteins (F6hZK3, F6hZK2, F6hI56, a5C7L5, D7U302 
and a5aEI7), although W-hh also exhibited addi-
tional peptides derived from the F6hEP7 and a5aSF5 
proteins. Cejudo-Bastante et  al. (2022) found similar 

Table 3. Mean ± standard deviation of amino acids content 
(mg/g protein product) of the protein hydrolysates of the 
different assays.

W r

HH lH HH lH

Asp 18.52 ± 0.84 16.97 ± 0.46 13.29 ± 0.83 17.61 ± 0.65
thr 4.62 ± 0.33 3.73 ± 0.32 2.39 ± 0.01 4.74 ± 0.18
Ser 10.32 ± 0.87 9.20 ± 0.25 7.35 ± 0.58 9.51 ± 0.50
glu 92.27 ± 5.44 84.53 ± 0.84 71.52 ± 4.24 86.42 ± 3.51
gly 19.10 ± 1.17 20.18 ± 0.14 10.23 ± 0.59 18.74 ± 0.89
Ala 9.49 ± 0.70 8.45 ± 0.09 7.20 ± 0.40 9.30 ± 0.48
Cys 1.14 ± 0.04 1.29 ± 0.03 0.60 ± 0.07 0.97 ± 0.03
Val 6.60 ± 0.61 6.06 ± 0.09 4.32 ± 0.17 5.40 ± 0.25
Met tr tr tr 0.12 ± 0.01
ile 5.63 ± 0.59 5.10 ± 0.20 3.33 ± 0.06 4.50 ± 0.20
leu 10.05 ± 0.88 8.98 ± 0.18 6.31 ± 0.24 9.13 ± 0.41
tyr 5.49 ± 0.29 4.94 ± 0.03 3.47 ± 0.33 5.93 ± 0.22
Phe 7.04 ± 0.29 6.40 ± 0.01 7.33 ± 0.56 5.93 ± 0.32
His 3.01 ± 0.21 3.11 ± 0.03 1.65 ± 0.09 2.93 ± 0.16
lys 3.92 ± 0.36 3.41 ± 0.02 2.25 ± 0.10 4.13 ± 0.19
Arg 12.87 ± 0.99 12.13 ± 0.25 7.36 ± 0.30 13.92 ± 0.65
Pro 48.02 ± 2.01 46.22 ± 1.60 41.64 ± 2.85 45.85 ± 0.98
tAA 258.07 ± 15.43 240.71 ± 2.25 190.22 ± 11.06 245.15 ± 9.40
SAA 1.14 ± 0.04 1.29 ± 0.03 0.60 ± 0.07 1.09 ± 0.04
AAA 63.55 ± 2.77 60.67 ± 1.56 54.09 ± 3.72 60.64 ± 1.53
HAA 86.82 ± 5.07 81.21 ± 1.77 70.12 ± 4.25 80.24 ± 2.54

W, hydrolysates derived from 75 to 25% white and red grape seed meal. 
r, hydrolysates derived from 100% red grape seed meal. HH, high 
hydrolysis time. lH, low hydrolysis time. SAA, Sulphur containing amino 
acids (Met and Cys). AAA, aromatic amino acids (His, Phe, Pro, and tyr). 
HAA, hydrophobic amino acids (Ala, Val, leu, ile, Pro, Met and Phe). tAA, 
total amino acids. tr, traces.

https://doi.org/10.1080/23311932.2024.2314231
https://doi.org/10.1080/23311932.2024.2314231
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results in hydrolysates from a similar grape seed 
meal, although a higher number of peptides and 
proteins have been identified in the present study 
(table S1). Concretely, in agreement with the MW 
fractions, W-hh showed a greater number of pep-
tides than W-Lh, with some specific peptides identi-
fied in each of them (table S1). In addition, the 
amino acids at the N-terminal showed a higher per-
centage of Glu, following by asp, Lys, Leu, and asn, 
and lower percentages of Gly and Gln in W-hh com-
pared with W-Lh, concluding that W-hh provides a 
more varied qualitative profile at the N-terminal of 
the sequence than W-Lh. Similarly, W-hh showed a 
higher percentage of Glu and arg, and the minor 
Leu, asp, and tyr at the C-terminal in the sequence, 
but a lower percentage of Gln, Phe, and Val.

Regarding R hydrolysates, the number of amino 
acids in the peptide sequence ranged from 7 to 20, 
with MWs between 745.4 and 1981.8 Da. Both R-hh 
and R-Lh shared 12 proteins (F6hZK2, F6hZK3, 
F6hI56, Q9M4h7, D7U302, F6I0M9, F6h3t7, D7t227, 
C5DB50, a5C7L5, F6hI57, and F6GtY5). however, 
and contrarily to the behavior of W hydrolysates, 
the number of peptides, and the proteins from 
which they are derived, are considerably predomi-
nant in R-Lh, consistent with the MW results. the 
amino acids at the N-terminal of the peptide 
sequence showed a higher contribution of ala, Glu, 
and Ser in R-hh and remarkably lower influence of 
Gly. among the minor N-terminal amino acids, 
higher values of thr and Val, and lower of arg were 
also found. at the C-terminal, the major amino acids 
were remarkably higher in R-hh (ala, Glu, Gly, and 
arg), in detriment of the lower percentage of the 
minor asp, Lys, Leu, Met, and asn. Similarly, to the 
W hydrolysates, both R samples shared many pep-
tides, but R-hh and R-Lh also had their specific 
peptides (table S2).

although many of the peptides were shared by 
pairs of samples (W-hh and R-hh; W-Lh and R-Lh), 
the hydrolysis time did not show a particular pattern, 
as the peptide sequences were more dependent on 
the type of starting raw material.

3.5.  Antioxidant activity

Some authors affirmed that proteins increase the 
antioxidant capacity of wine, and thus the stability of 
anthocyanins preventing their degradation 
(Chamizo-González et  al., 2021; Gordillo et  al., 2021). 
In addition, protein hydrolysates and peptide frac-
tions can be added as functional antioxidant ingredi-
ents in food systems to reduce oxidative changes 

(Elias et  al., 2008; Kumar et  al., 2022; Nunes et  al., 
2021). therefore, the presence of proteins and pep-
tides are closely related to the antioxidant properties, 
thus could positively affect red wine color stabiliza-
tion. therefore, regarding the present study, it is 
important to establish the values of antioxidant 
activity of the protein hydrolysates that will be fur-
ther added into red wine with that purpose, which 
have not been previously reported in protein hydro-
lysates from grape seeds.

table 1 exhibits the values of antioxidant activity 
by DPPh and ORaC of the different protein hydroly-
sates. Peptides with a length ranged between 2 and 
20 amino acid residues, as that present the protein 
hydrolysates of this work, have been described as 
bioactive peptides (Ghribi et  al., 2015b).

according to the data obtained, the type of 
grape seed meal did not influence significantly 
(p < 0.05) the antioxidant capacity by DDPh (table 
2), but significant (p < 0.05) differences were 
observed by ORaC. therefore, it seems that protein 
hydrolysates from DGSM by-product did not func-
tion by donating electrons to the free radicals 
(DPPh), but through a hydrogen atom transfer-based 
(ORaC) (López-Pedrouso et  al., 2023). the antioxi-
dant activity was significantly (p < 0.05) lower for 
the protein hydrolysates from the red DGSM (R-hh 
and R-Lh) (table 1), fact that could be because 
they contained a significantly (p < 0.05) lower con-
centration of aromatic (his and Pro) and basic and 
positively charged (his) amino acids (Nimalaratne 
et  al., 2011; Zou et  al., 2016). Furthermore, although 
the R samples exhibited a broader peptide profile 
(table S2), their peptides showed a lower presence 
of basic amino acids in the terminal positions, such 
as Lys and arg, a fact that could contribute to their 
lower antioxidant capacity (Nimalaratne et  al., 
2011). according to the obtained data on antioxi-
dant activity, the addition of hydrolysates from 
white DGSM to wine could be a priori more favor-
able, since could improve its antioxidative capacity. 
hydrolysis time did not significantly influence the 
antioxidant capacity by DPPh or ORaC (tables 
1 and 2).

In order to test the relationship between the dif-
ferent amino acids and the antioxidant capacity of 
the protein hydrolysates, multiple correlations were 
carried out. Data revealed a direct correlation (R2 = 
0.9320) between the antioxidant capacity (ORaC) and 
the content of Saa (Met and Cys) and haa (ala, Val, 
Leu, Ile, Pro, Met and Phe), being Cys the significantly 
(p < 0.05) most influential amino acid on this correla-
tion. Several authors also found the remarkable 

https://doi.org/10.1080/23311932.2024.2314231
https://doi.org/10.1080/23311932.2024.2314231
https://doi.org/10.1080/23311932.2024.2314231
https://doi.org/10.1080/23311932.2024.2314231
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antioxidant capacity of this amino acid (Esfandi et  al., 
2019; Górska-Warsewicz et  al., 2018).

to our knowledge, no studies have been found on 
the antioxidant activity of grape seed meal protein 
hydrolysates, so this study could provide information 
of great interest for scrutinizing the antioxidant pat-
tern of red wines after the addition of protein 
hydrolysates.

3.6.  PCA analysis

an unsupervised pattern recognition statistical analy-
sis (principal component analysis, PCa) was per-
formed to determine the main parameters responsible 
for the differences between the protein hydrolysates 
from different grape varieties and hydrolysis times 
(Figure 3).

three significant principal components (PC) were 
identified using Kaiser’s criterion (eigenvalues >1), 
which explained 100% of the total variance. Figure 3 
shows the samples to the plane defined by the first 
three principal components (PCs). PC-1 divided the 
samples according to the type of grape seed meal 
used to obtain the protein hydrolysates. R-hh and 
R-Lh were located on the positive side of the axis 
and had inferior scores to those of W-hh and W-Lh 

for almost all parameters, except for the hydrolysate 
yield and protein percentages. PC-2 separated sam-
ples by their molecular weight pattern and ORaC, 
distinguishing W-Lh from the rest by their higher 
content of larger peptides (> 5 kDa). PC-3 divided the 
samples according to the hydrolysis time. R-Lh and 
W-Lh obtained negative values, mainly due to the 
type of amino acid (totals, aromatics, hydrophobic 
and sulfur), the percentage of proteins, and the low 
MW fraction.

4.  Conclusions

the defatted grape seed meal from industrial grape 
pomace processing is presenting an emerging alter-
native for the oenology industry as a source of 
non-animal proteins. Knowledge of the chemical, 
colorimetric, and antioxidant properties of protein 
hydrolysates and how they influence depending on 
the type of DGSM and obtaining methodology leads 
us to better choose the type of product depending 
on the intended purpose. this study is the first 
attempt to characterize protein hydrolysates of dif-
ferent molecular weights from different DGSMs 
in-depth, with the end of using them as 
color-stabilizing agents for warm climate red wines. 

Figure 3. distribution of samples in the plane defined by the three first discriminate functions.
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Based on the results of all the studied parameters, 
both the hydrolysates obtained from red and white 
DGSM after 1 h of hydrolysis time have been selected 
as optimum.

In light of the promising results, the effectiveness 
of the addition of these protein hydrolysates should 
be tested in winemaking as a new oenological strat-
egy and further comprehensively evaluate their effect 
on the colorimetric stabilization of red wines from 
warm climates, the great challenge wine research 
typically affected by color loss.
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