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Impact of berry size at harvest on red wine
composition: a winemaker’s approach
Mariona Gil Cortiella,a* Cristina Úbeda,b Rubén del Barrio-Galánc

and Alvaro Peña-Neirac

Abstract

BACKGROUND: A classical postulate of viticulture declares that small grape berries produce the best red wines. The popularity
of this postulate among winemakers leads them to consider berry size at harvest as a tool to measure the grape’s potential to
obtain great red wines. To address this issue, two vineyards from the same cultivar and subjected to the same physiological
conditions during growing were selected for their difference in average grape berry size at harvest. Grapes from both origins
were characterized and used for red winemaking by the same way. Release of volatile compounds and phenolic compounds
during the alcoholic fermentation wasmonitored, and the finished wines were chemically characterized.

RESULTS: Larger grapeshave a lower theoretical surface-to-volume ratio but have thicker skins andagreater proportionof skins
(m/m). Wines made from grapes with a greater proportion of skins contain higher amounts of phenolic compounds, terpenes,
volatile acids, acetate esters and polysaccharides.

CONCLUSION: According to the results, it seems that grape skin extraction is more related to skin proportion than to berry size.
Thus not always smaller grapes produce darker red wines.
© 2019 Society of Chemical Industry

Supporting informationmay be found in the online version of this article.
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INTRODUCTION
Red wine production is an ancient labor, and as such, it entails
traditional postulates or paradigms that are not fully supported
by experimental data. One of those traditional postulates is that
small berries produce the best red wines.1,2 This classical postu-
late seems quite logical for winemakers (for several reasons men-
tioned below), and often it conditions thewinemaking techniques
applied for each grapebatchwhen the fruit is received in the cellar.
Hence, when winemakers receives small berries, they tend to per-
form harder maceration processes to enhance grape extraction,
leading to more concentrated wines.
The reasons argued traditionally to justify the best quality of

smaller grapes are related, firstly, with the smaller and more
spherical shape of wine grapes when comparedwith table grapes,
besides that some of the most appreciated red wines on the
market use to come from grape cultivars with a spherical shape
and small berry size (e.g. Cabernet Sauvignon cv.). Secondly, it
has been demonstrated that most secondary metabolites that
confer appreciable sensory attributes to wine come from grape
skin tissues, while some cannot be found in the flesh (mesocarp) of
grape berries.3,4 Hence, if we regard grape berry shape as a perfect
sphere, it can be asserted that berry surface (corresponding to the
formula 4𝜋r2, where r corresponds to berry radius) is related to
skin amount, while berry volume (corresponding to the formula
4𝜋r3/3) is related to flesh amount. Thus, following this elegant
model, the surface-to-volume ratio (corresponding to the formula

3/r) is inversely correlated with berry size. This could suggest that
smaller grapes have a higher skin-to-flesh ratio and, accordingly,
a higher extraction of secondary metabolites during winemaking
could take place. However, such an elegant argument does not
consider differences in grape skin thickness or differences in the
contribution of the seeds to berry fresh weight on the final wine
composition.
These concerns regarding the berry size paradigm were

reviewed by Matthews and Nuzzo5 and Poni and Libelli,6 high-
lighting that is very difficult to evaluate the effect of berry size per
se on skin potential extractability and/or final wine composition,
since grape berry size at harvest is strongly related to the phys-
iological status of vines during the season. Indeed, as reported
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Figure 1. Extraction of total phenols and total anthocyanins during
maceration-fermentation of grapes from 94N and 99S plot-fields. Aster-
isks (*) indicate significant differences (P < 0.05) between plot-fields for
each chemical family at each fermentation stage. Total phenol content is
expressed as gallic acid equivalent. Total anthocyanin content is expressed
as malvidin-3-O-glucoside equivalent.

in the aforementioned reviews, several published works have
demonstrated the impact of pruning treatments,7 crop yield,8

cluster light exposure,9 partial defoliation10 and water deficits11–16

ongrapeberry size at harvest.Moreover, it has beendemonstrated
that all of these factors alter grape composition (by modifying
the vine’s physiological status and, in turn, the biosynthesis of
secondary metabolites) in addition to berry size at harvest. In
consequence, it is very difficult to distinguish whether the impact
on wine composition is due to differences just in grape berry size
or due to differences in grape composition. All these scientific
data could be very useful for vine growers or boutique wineries

that elaborate their own field-grown wines, which try to apply
viticultural practices in order to obtain smaller grapes. However,
it is not a useful point of view for those winemakers that receive
grapes (differing in berry size) from different geographical origins
or cultivated by different growers.
To evaluate the berry size influence on red wine composition

while avoiding other growing physiological factors, Gil et al.17 per-
formed an assay in which grapes from a single harvest from the
same vineyard were screened by size and separately used for red
winemaking. This experiment was used to assess the impact of
berry size from grapes from the same vines (obviously subject to
the same physiological conditions during the season) on the final
wine composition. This publication demonstrates that screening
berries by size could be a good tool for red wine quality man-
agement, since wines made from smaller berries have deeper
color and a higher amount of phenolic compounds. Moreover,
the screening of grape berries by size before winemaking takes
advantage of the natural heterogeneity of grape berries at har-
vest. Nonetheless, such a study does not indicate if berry size per se
could be used as a grape quality parameter for winemakers when
they receive different batches of grapes. One strategy to find the
answer to this question is to search for two vineyards planted with
the same cultivar, subjected to comparable viticultural practices,
shown similar edaphoclimatic conditions and the same physiolog-
ical stateduring the season, butwhichdiffer in averagegrapeberry
size at harvest. These grapes frombothbatches canbeused for red
winemaking in the same conditions, in order to evaluate if smaller
grapes really lead to more concentrated wines.
The aim of this study was to select two different plot-fields

of the same vine cultivar, subjected to the same edaphoclimatic
conditions during the season and reaching the same maturity
degree, but showingdifferent averagedberry size at harvest. After-
wards, grapes from both plot-fields were used for red winemak-
ing in triplicate, in order to evaluate the impact of berry size
on the aromatic, phenolic and polysaccharidic composition of
red wines.

MATERIALS ANDMETHODS
Vineyard, grapes and wines
The grapes for this study were from own-rooted Vitis vinifera cv.
Carménère (from the same massal selection) obtained from plots
94N (33∘ 40′ 12.0′′ S and 70∘ 34′ 56.6′′ W) and 99S (33∘ 40′ 22.4′′ S
and 70∘ 34′ 15.1′′ W) of the William Fevre vineyards in the Maipo
Valley (Chile). The vines were trained on a vertical trellis system
andmanaged by the same vine grower according to standard viti-
cultural practices for the cultivar and region. The vineyard was
equippedwith a drip irrigation system, and both plot 94N and plot
99S were irrigated in the same way. The 94N plot corresponds to
a 1.5 ha field of sand-slime soil type, with vines planted in 1994
andarranged in rows spaced2.8mapart,with 1.2mspacingwithin
each row. The 99Splot corresponds to a 6 hafield of sand-slime soil
type (slightly stonier and less deep than the 94N one), with vines
planted in 1999 and arranged in rows spaced 2.3m apart, with
0.9m spacingwithin each row. The crop yields for the 2015 vintage
correspond to 2.56 and 2.73 kg per vine for 94N and 99S respec-
tively. No evidenceof biotic or abiotic stresswas observed for vines
in the 94N plot or the 99S plot. The grapes from each plot were
harvested during the 2015 vintage (8 May) from approximately 30
vines selected from three consecutive rows from a homogeneous
soil zone. Grapesweremanually harvestedwhen reaching approx-
imately 24 ∘Brix. The grapes were placed in 20 kg plastic boxes and
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transported to the Department of Agro-industry and Enology of
the University of Chile. Grapes from each plot were split into three
different batches. A 1 kg quantity of grapes from each batch was
reserved for berry characterization. The remaining grapes of each
batch (∼20 kg)werede-stemmed, crushed (Delta E2, Bucher Vaslin,
South America, Santiago de Chile, Chile), sulfited (100mg K2S2O5

kg−1) and placed in 25 L polyethylene tanks. The tankswere imme-
diately inoculatedwith 200mg kg−1 of the selected Saccharomyces
cerevisiae yeast (Lalvin® EC1118, Lallemand Inc.) and placed in a
room with controlled temperature (20 ∘C). Alcoholic fermentation
was controlled daily bymeasuring the temperature and density of
the juice (Fig. 1). Every 2 days, the cap was gently punched down
and 100mL of sample (containing both liquid and solid to avoid a
bleeding effect) was taken to perform phenolic and aromatic anal-
yses. After 15 days ofmaceration, after completion of alcoholic fer-
mentation, thewines fromeach tankwere racked, sulfited (200mg
K2S2O5 L

−1) and kept at 4 ∘C for 15 days for tartaric stabilization.
After tartaric stabilization, the wines were placed in 750mL green
glass bottles, capped with natural cork and stored in a dark cellar
at 16 ∘Cuntil analysis. The analyseswere performed3 months after
bottling.

Grape characterization
Grape berries were characterized as previously described17 using
100 berries for each replicate. Skin thickness was calculated as
the quotient between the average mass of berry skin and its
theoretical surface. The analytical methods recommended by the
International Organisation of Vine and Wine (OIV)18 were used to
determine the sugar concentration, pH and titratable acidity. The
phenolic index (I280) and anthocyanin content were determined as
previously described.19

Spectrophotometric analyses of wines
All wine samples were centrifuged (4500× g for 20min) before
analysis. A 20 μL aliquot of an aqueous solution of acetaldehyde
(100mL L−1) was added to 2 mL of wine 45min before the color
measurements to avoid sulfite effects. Color intensity (CI) and hue
were determined as described in the literature.19 CIELab coordi-
nates for the wines were determined as previously described.17

The phenolic index (I280) and total anthocyanin content were
determined according to Ribéreau-Gayon et al.19

Flavanol and proanthocyanidin analysis
Wine proanthocyanidins were analyzed using various approaches,
including the methylcellulose method described by Sarneckis
et al.,20 the LA (LA) method described by Ribéreau-Gayon et al.,19

a gel permeation chromatography (GPC) method21 for proantho-
cyanidin extracts obtained by solid phase extraction (SPE), as
described by Pastor del Rio and Kennedy,22 and phloroglucinol-
ysis of the same extracts.23 The signal at 280 nm (recorded with
a diode array detector) was used to monitor the GPC profile of
proanthocyanidins, and results were expressed as gallic acid (used
as external standard) equivalent. Moreover, wine proanthocyani-
dins were also fractionated according to molecular mass by SPE
as described by Sun et al.24 Fractions I and II (monomers and
oligomers of flavanols) were combined, concentrated to dryness
with a Labconco CentriVap concentrator (Merck), re-suspended
in 1 mL of methanol/water (1:1 v/v) and analyzed by reverse
phase high-performance liquid chromatography (RP-HPLC) as pre-
viously described.25 Finally, fraction III (polymeric flavanols) was
analyzed by GPC and phloroglucinolysis using the method previ-
ously described for whole proanthocyanidin extracts.

Polysaccharide analysis
Grape skins’ soluble polysaccharides were extracted from skin
tissues and analyzed by High Resolution Size Exclusion Cromath-
ography coupled to a Refraction Index Detector (HRSEC-RID) as
previously described,26 with some modifications. Briefly, 5 g of
grape skins were mixed with 100mL of solvent and crushed in an
Ultra-Turrax T25 Basic (IKA, Staufen, Germany). The homogenized
mixture was then placed on an orbital shaking platform for 1 h.
Two different extractions were performed using an ammonium
oxalate buffer (7.5 g L−1, adjusted to pH 7.5) and a wine-like solu-
tion (a hydroalcoholic solution of 12 vol% acidified with tartaric
acid (5 g L−1) and adjusted to pH 3.5) as extraction solvents.
Polysaccharides from grape skin extracts and wine polysaccha-
rides were precipitated with cold acidified ethanol as described
by Ayestarán et al.27 and analyzed by HRSEC-RID as previously
reported.28

Volatile compounds
To determine the volatile compounds, the method employed by
Úbeda et al.29 was followed, with some modifications. Headspace
solid phase microextraction (SPME) was employed by putting
7.5 mL of sample, 1.5 g of sodium chloride and 10 μL of inter-
nal standard 4-methyl-2-pentanol (0.75 g L−1) into a 20mL glass
vial that was placed on an autosampler tray. First, the vial with
the sample was incubated for 20min at 45 ∘C and 500 rpm, and
volatiles from the headspace of the wine were extracted using
a 2 cm 50/30 μm Carboxen/DVB/PDMS SPME fiber (Agilent Tech-
nologies, Santa Clara, CA, USA) for 40min. Afterwards, the fiber
was desorbed for 180 s and the sample was injected in splitless
mode with a transfer line temperature of 280 ∘C. Gas chromatog-
raphy analysis was then performed using an Agilent 7890B gas
chromatograph coupled to anAgilent 5977 Inert quadrupolemass
spectrometer (Agilent Technologies). A DB-WAX capillary column
(60mm × 0.25mm, 0.25 μm film thickness; Agilent Technologies)
was used with helium carrier gas at a flow rate of 1 mLmin−1. The
oven temperature was programmed to start at 35 ∘C for 10 min,
then rise to 100 ∘C at 5 ∘Cmin−1 and finally to 210 ∘C at 3 ∘Cmin−1

(holding for 40min). Electron ionizationmass spectra in scanmode
were recorded at 70 eV in the range m/z 40–300. All data were
recorded usingMS ChemStation (Agilent Technologies). Biological
triplicates were analyzed. Compound identification was based on
mass spectral matching using the 2.0 version of the standard NIST
library and the linear retention index (LRI) of authentic reference
standards. Calibration curves were constructed to calculate the
concentration of the volatile compounds. These standard curves
were created by graphing the relative area of each compound
versus concentration. The relative area was calculated by dividing
the peak area of the target ion of each compound by the peak area
of the target ion of the internal standard. Compounds without a
standard were quantified as equivalents using the curve equation
of another compound of the same chemical group with the same
target ion.

Statistics
All results are expressed as the arithmetic mean± standard devia-
tion of three replicates. A one-factor analysis of variance (ANOVA)
test (P < 0.05) was performed with SPSS software (IBM, Barcelona,
Spain).

RESULTS ANDDISCUSSION
In the present study, two plot-fields planted with Carménère cv.,
subjected to comparable weather and physiological conditions
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during the 2015 season, were selected. They were selected
because both plot-fields have no incline, are located very close
to each other and are subjected to similar edaphoclimatic con-
ditions. Moreover, both plot-fields were subjected to the same
viticultural practices (by the same vine grower), and as a result
they show similar vigor, similar yield (per vine) and similar ripening
evolution of grapes, but differ in berry size of grapes at harvest.
The differences in the berry size of grapes from both plot-fields
could be observed in the average mass and volume of 100 berries
shown in Table 1. Both plot-fields were harvested on the same
date, and grapes from both vineyards reached similar maturity
degrees, as observed by the soluble solid and titratable acid-
ity values of grape juice (Table 1). According to these results, it
could be asserted that grapes from both plots have the same
technological maturity as well as the same phenolic maturity,
since the total phenolic index (I280) and total anthocyanins for the
initial grape juice (grape juice of de-stemmed and crushed grapes
before the onset of alcoholic fermentation) shown in Table 1
were almost the same for grapes from both plot-fields. These
data suggest that differences in phenolic, aromatic and polysac-
charide extraction from grapes to wine of this study are not due
to differences in the degree of ripeness of grapes from the two
plot-fields.

Grape berry characterization
As observed in Table 1, grape berries from 94N were smaller than
those from 99S. In the literature, several studies relate berry size to
the number of seeds per berry or to the mass of seeds per berry.14

Our results disagree with those published data, since the average
number of seeds per berry is almost the same for grapes from
both plots, as indicated in Table 1. Furthermore, the distribution
of the number of seeds per berry is also quite similar, although
94N grapes have statistically more berries with two seeds than
99S grapes (the distribution of the number of seeds per berry
is shown in supporting information Fig. S1). Moreover, the mass
and volume of seeds are quite similar for grapes from 94N and
99S. Hence, in the studied conditions, it appears that seed size
does not influence berry size at harvest. The differences in berry
size and the similarity of seed size enhance the differences in
seed proportion between grapes from the two plots. In fact, the
proportion of seeds for 94N grapes is almost 2-fold higher than
for 99S grapes (mass proportion and volume proportion), as seen
in the seed-to-flesh ratio. Since 94N grapes are smaller than 99S
grapes, the berry surface and theoretical surface-to-volume ratio
are greater for 94N grapes. These data indicate that the surface
of skins in the fermentation tanks of 94N grapes is greater than
that for 99S grapes. Despite these values, the (mass) proportion
of skin is not greater in 94N grapes, since the skins of 99S grapes
are thicker. Therefore the relative proportion of skins and the
skin-to-flesh ratio are greater for 99S grapes. According to our
results, smaller berries (from 94N plot-field) do not show a higher
relative content of skins and lower relative content of seeds, which
are the traditional arguments to suggest that smaller grapes lead
to better wine. Thus our results appear to indicate that berry size
per se could not be taken as a quality parameter for wine grapes if
they come from different vineyards.

Phenolic extraction duringmaceration-fermentation
The extraction of phenolics during the maceration-fermentation
of grapes was monitored on alternate days. As observed in Fig. 1,
higher phenolic extraction occurs during the first stages of macer-
ation, when the tumultuous fermentation phase occurs. In terms

Table 1. Physical characterization of grape berries, chemical
characterization of grape juice and color and chemical charac-
terization of wines

Plot-field

Sample Parameter 94N 99S

Grape V100
a 85.7± 1.5a 133.0± 2.0b

m100
b 89.3± 1.8a 136.8± 0.7b

Seed number100
c 130± 5a 127± 2a

%Skin (m/m)d 12.5± 0.7a 15.4± 0.2b

%Flesh (m/m)e 83.3± 0.06b 82.1± 0.2a

%Seed (m/m)f 4.2± 0.1b 2.4± 0.0a

%Seed (v/v)g 4.7± 0.2b 2.6± 0.1a

Skin-to-flesh ratioh 150± 9a 188± 3b

Seed-to-flesh ratioi 5.04± 0.10b 2.93± 0.03a

Surface-to-volume ratioj 5.09± 0.03b 4.40± 0.02a

Skin surfacek 4.88± 0.06b 4.27± 0.05a

Skin thicknessl 25.6± 1.7a 36.1± 0.8b

Grape juice SSm 24.0± 0.2a 23.8± 0.4a

TAn 3.93± 0.09a 3.98± 0.10a

pH 3.80± 0.03a 3.88± 0.01b

Anthocyaninso 31.3± 4.6a 37.7± 0.3a

I280
p 12.0± 1.6a 11.2± 1.2a

Wine CIq 12.6± 0.4a 15.3± 0.7b

Toner 0.703± 0.020b 0.649± 0.002a

%Reds 49.6± 1.1a 50.1± 0.1a

%Yellowt 34.9± 0.3b 32.5± 0.1a

%Blueu 15.6± 1.0a 17.3± 0.2b

L*v 5.07± 1.50b 2.13± 0.31a

a*w 30.29± 4.74b 14.84± 1.96a

b*x 8.67± 2.53b 3.64± 0.48a

Anthocyaninso 577± 69a 773± 36b

I280
p 45.8± 0.8a 48.7± 1.4b

Flavanol monomersy 23.0± 2.2b 13.4± 2.4a

Flavanol dimersz 39.2± 4.4a 35.9± 4.7a

Different letters in a row indicate significant differences (P< 0.05) betweenplots.
a Volume of 100 berries (mL).
b Mass of 100 berries (g).
c Average number of seeds contained in 100 berries.
d Relative proportion of skins expressed as mass percentage of fresh weight.
e Relative proportion of flesh expressed as mass percentage of fresh weight.
f Relative proportion of seeds expressed as mass percentage of fresh weight.
g Relative proportion of seeds expressed as volume percentage.
h Measured skin-to-flesh ratio expressed as mg skins g−1 berry flesh.
i Measured seed-to-flesh ratio expressed as mg seeds g−1 berry flesh.
j Theoretical ratio between berry surface and volume expressed as cm2 skin
cm−3 berry.
k Skin surface expressed as cm2 skin g−1 berry fresh weight.
l Thickness of skins expressed as mg skin cm−2.
m Soluble solid content expressed as ∘Brix.
n Titratable acidity expressed as g tartaric acid equivalent L−1.
o Anthocyanin concentration expressed as mg malvidin-3-O-glucoside equiva-
lent L−1.
p Phenolic index.
q Color intensity.
r Yellow-to-red component ratio.
s Proportion of red component.
t Proportion of yellow component.
u Proportion of blue component.
v Lightness coordinate (CIELab).
w Redness coordinate (CIELab).
x Yellowness coordinate.
y Concentration of monomeric flavanols, extracted using SPE, determined by
RP-HPLC-DAD and expressed as mg L−1.
z Concentration of dimeric flavanols, extracted using SPE, determined by
RP-HPLC-DAD and expressed as mg L−1.
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Table 2. Volatile compounds (μg L−1) of grapes, grape juice (before onset of alcoholic fermentation) and wines from both plot-fields

Chemical family Plot-field Grape Grape juice Wine

Aldehydes 99S 7115± 484c 1934± 306b 49± 3a
94N 7201± 1561b 1324± 231a 54± 2a

Alcohols 99S 864± 149a* 1776± 163a 251 737± 20 094b
94N 582± 59a 1696± 182a 270 871± 16 603b

Acids 99S 147± 11a* 52± 3a* 4355± 199b*
94N 103± 17a 70± 2a 3654± 46b

Acetate esters 99S 0± 0a 0± 0a 951± 128b*
94N 0± 0a 0± 0a 361± 35b

Ethyl esters 99S 0± 0a 0± 0a 2159± 192b
94N 0± 0a 0± 0a 2036± 85b

Isoamyl esters 99S 0± 0a 0± 0a 4483± 836b
94N 0± 0a 0± 0a 4652± 279b

Total esters 99S 0.20± 0.22a 0.96± 0.00a 6862± 969b
94N 0± 0a 0.96± 0.00a 6850± 291b

Terpenes 99S 0± 0a 0.15± 0.04b 3.84± 0.11c*
94N 0± 0a 0.22± 0.02a 3.17± 0.41b

Norisoprenoids 99S 0.02± 0.01a 0.02± 0.01a 1.39± 0.31b
94N 0.07± 0.04a 0.01± 0.01a 1.12± 0.22b

Total 94N 8126± 443a 3763± 383a 263 009± 19 175b
99S 7886± 1492a 3092± 346a 281 434± 16 929b

Values are expressed asmean± standard deviation of three replicates. Different letters in a row indicate significant differences (P< 0.05) within type of
sample (from grapes to wines). Asterisks (*) indicate significant differences (P< 0.05) between plot-fields for each chemical family and type of sample.

of phenolic content, the levels in 99S grape juice/wine samples
were higher than in 94N samples during all maceration processes,
but significant differences were only observed for two fermenta-
tion points (8 and 10 days of maceration). Those differences were
reduced during the lasts days of maceration, and the finished
(unstable) wines from both plot-fields contained almost the same
concentration of total phenols. Wines were subjected to cold sta-
bilization treatment and bottled and stored in a dark cellar until
analysis. The 99S stabilizedwines had statistically higher total phe-
nol content (I280) than the 94N stabilized wines (Table 1). Thus it
appears that during stabilization the loss of phenolics is higher for
94Nwines than for 99Swines. In contrast, the anthocyanin content
of 99S samples was statistically higher than that of 94N samples
from day 4 of maceration until the end of the process. As antho-
cyanins come from grape skins,19 our results appear to indicate
that a higher extraction of anthocyanins is more likely related to
skin proportion (or skin-to-flesh ratio, Table 1) than to the rela-
tive surface of berries (related to the theoretical surface-to-volume
ratio).

Volatile compounds
A total of 38 volatile compounds were monitored from the grape
and through the maceration-fermentation process on alternate
days. Among them were 19 esters, nine alcohols, four aldehy-
des, three acids, two terpenes and a C13 norisoprenoid. The
results for volatile families of grapes, grape juice (before the
onset of alcoholic fermentation) and finished wines are shown in
Table 2. The volatile families determined in the samples during
maceration-fermentation are shown in Fig. 2, and the results for
each individual volatile compound throughout winemaking can
be found in supporting information Table S1.
Aldehydes are usually present in the grape juice due to the enzy-

matic oxidation of the grape lipids during grape crushing.30 They

were the compounds present in higher quantity in the grape juice
and, as expected, drastically decreasedafter 2 daysof fermentation
because they were reduced by yeast in the corresponding alco-
hols. No significant difference was found between the two sam-
ples regarding aldehyde content. Moreover, the most abundant
aldehydes, hexanal and E-2-hexenal, formed in grape juice by
enzymatic oxidation of linoleic acid, decreased in a more signif-
icant way in 94N samples. It should be noted that the major-
ity of grape volatile compounds are located in the skin, some in
their glycosylated form.3,31 They are composed of a glucopyra-
nosyl (sugar moiety) and an aglycone (non-sugar moiety) joined
by a 𝛽-glycosidic linkage. These non-aromatic precursors release
the odoriferous part of the molecule, for example through the
𝛽-glycosidase activity of yeast during fermentation. Most aldehy-
des are located in the skins,3,32 especially in their glycosylated form.
Therefore a possible explanation for the smaller decrease in 99S
during the crushing of grapes was a continuous release of alde-
hydes from skins, since 99S grapes have a higher skin proportion,
and this release compensates the natural decay of the total alde-
hyde content. From the second day of maceration-fermentation
until the finishedwines, only phenyl acetaldehyde remained in the
samples, and no differences in its content were observed between
samples from the two origins.
In terms of alcohols, the grapes contained hexanol, cis-3-hexenol

and trans-2-hexenol, three major alcohols previously described in
grapes.33 These alcohols are formed from the corresponding C6
aldehydes by alcohol dehydrogenase enzymes. Both C6 alcohols
and C6 aldehydes are described as having a fresh green aroma
that can cause leafy-grassy off-odors in wine34 or may not have
an impact on the global aroma of the resulting wine, depending
on their concentration.35 The common trend was an increase in
these C6 alcohols during maceration-fermentation, as previously
reported by other authors.36 The results showed that the concen-
trationof volatile alcoholswashigher in the99Sgrapes,mainly due
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Figure 2. Extraction of aromatic compounds during maceration-fermentation of grapes from 94N and 99S plot-fields. Asterisks (*) indicate significant
differences (P < 0.05) between grape origins for each chemical family at each fermentation stage.

tohexanol. However, during themaceration-fermentationprocess,
the concentrations of samples from both plot-fields reached simi-
lar levels. After 2 days of fermentation, significant differences were
observed for alcohols, and the99S samplehadhigher levels of hex-
anol and cis-3-hexenol. It is possible that a thicker skin provokes a
slower but constant release throughout maceration-fermentation
for 99S samples, probably due to the release of hexanol from the
glycoconjugates located in the skins. This superiority in the con-
centration of alcohols in 99S continued until the wines were fin-
ished. Moreover, trans-2-hexenol disappeared very quickly after
2 days of fermentation, possibly due to a reduction of this com-
pound to hexanol during fermentation.37 However, the typical
alcohols produced by the action of the yeast arose from the sec-
ond day of fermentation, namely isobutanol and isoamyl alcohol.
On the fourth day, butanol, 3-methyl-1-pentanol, 2-phenylethanol
and octanol were added to the alcohols group. Between the sec-
ond and fourth day of fermentation, the production of this alco-
hol was explosive in 99S and more modest in 94N. However, this
behavior is inverted between the fourth and sixth day of this pro-
cess,mainly due to the important increase in 2-phenylethanol. This
alcohol is produced by the yeast and is characterized by a rose-like
aroma. The concentration in final wines from 94N grapes is almost
25% above the concentration of the 99S wines, and typically both
are significantly above the odor threshold of this aromatic alco-
hol (14 000 μg L−1).38 Hence it appears that wines from 99S grapes

had more alcohols from grapes but less alcohol content directly
produced by the yeast during fermentation-maceration compared
with the 94N wines.
Esters represent the chemical family of compounds with the

major concentrations in wines following alcohols and enhance
sweet-fruity aromas in wines. These compounds usually appear at
negligible concentrations in grapes, the majority of them being
formed during alcoholic fermentation by the action of yeasts. In
our conditions, esters began to appear after the second day of
maceration-fermentation and, as observed in Fig. 2, increased dra-
matically between day 2 and day 4 of maceration-fermentation.
The evolution of these compounds was similar during the
maceration-fermentation of 94N and 99S grapes, with no sig-
nificant differences in the total esters. For acetate esters, it was
observed that 99S wines had a higher concentration than 94N
wines, mainly due to the higher concentration of isoamyl acetate.
This ester has a typical fruity/pear/banana flavor and is produced
from the reaction between isoamyl alcohol and acetyl coen-
zyme A, which is catalyzed by the enzyme isoamyl alcohol acetyl
transferase.
As mentioned above, terpenes are molecules that are present

as non-volatile compounds joined to a sugar moiety. This fam-
ily of compounds has a strong influence on the aromatic profile
of white Muscat wines primarily because they have a very low
odor threshold.39,40 Linalool and 𝛼-terpineol were determined in
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both 94N and 99S samples. However, the amounts of these ter-
penes present in 99S samples (grapes with a higher proportion of
skins) were statistically higher when compared with those of 94N
wines. This is consistentwith the results observed byGomez et al.,3

who found that all terpenes were located in the skin in Caber-
net Sauvignon grapes, and Park et al.,31 who observed that 46% of
the total amount of glycosylated monoterpenes was also located
in the skins. Hence it appears that grapes with a higher skin pro-
portion contain greater amounts of terpenes. Related to terpenes,
it is important to note the evolution of 𝛽-damascenone through-
out themaceration-fermentation process. This compound is a C13
norisoprenoid that decreases the detection threshold of linalool
when present in a matrix.41 In a wine matrix, the odor thresh-
old for damascenone is 4–7 μg L−1, and the literature suggests
that 𝛽-damascenone has more of an indirect than a direct impact
on red wine aroma by enhancing other aromatic notes.42 This
C13 norisoprenoid is described as having honey/apple/caramel
aromas.43 In País cv., it was found as a glycoside aroma precur-
sor located mainly in the pulp of the grape.32 Since this com-
pound was located mainly in the pulp, it seems quite logical
that 94N grapes (with a higher flesh proportion) release a higher
amount of 𝛽-damascenone after crushing, with significant differ-
ences during the first days of maceration-fermentation. However,
these significant differences almost disappear from the eighth day
of maceration-fermentation until the end, since at the end of the
maceration process the wines showed a similar concentration of
𝛽-damascenone.
For all of the above, it can be generally asserted that higher

numbers of volatile compounds were produced during the first
stages of maceration, especially between days 2 and 4 of the
fermentation-maceration process. The exception is that aldehy-
des decreased dramatically before the second day of fermentation
to be transformed mainly into hexanol. Some significant differ-
ences (P < 0.05) were found between the 94N and 99S samples
duringmaceration-fermentation, but the amounts of total aldehy-
des, alcohols, esters and norisoprenoids (Table 2) were almost the
same for the finished wines from both plot-fields. In contrast, the
amounts of total acids, total terpenes and acetate esters of finished
wines were higher for 99S samples compared with 94Nwines. The
acids and terpeneswereprimarily located in thegrape skins, thus it
is logical that 99S grapes (with a higher proportion of skins) lead to
higher amounts of these compounds in the finished wines. How-
ever, acetate esters aremainly producedby yeasts during alcoholic
fermentation from the alcohols present in the fermentationmatrix.
Hence the higher amount of acetate esters and lower amount of
alcohols for 99S samples could be related to higher ester produc-
tion by yeast duringwinemaking, especially from the fourth day of
maceration-fermentation, leading to finished wines with a greater
fruity character.

Wine color
As observed in Table 1, 99S wines have a deeper color than
94N wines, since 99S wines have greater CI and lower L*. In
terms of wine color nuances, 94N wines showed a higher yellow
component (as observed by tone, %yellow and b* values), while
99S wines showed a higher blue component (as observed by
%blue and b* values). For the red component, no significant
differences were observed for %red analyzed using the traditional
method, but the redness (a*) of 99S wines was almost double that
of 94Nwines. Hence the wines from 99S grapes, which were larger
than grapes from the 94N plot-field, had a deeper and bluish color.
Thus it appears that wine color potential was more related to the

skin proportion of grapes than to grape berry size at harvest in
this case.

Flavanol monomers, dimers and polymers
The flavanols of the finished wines were fractionated by SPE into
two different fractions: a low-molecular-mass fraction (primarily
monomers and dimers) and a polymeric fraction (polymers with
more than three units of flavanol). For the low-molecular-mass
fraction, two monomers and seven dimers were identified and
quantified by RP-HPLC with diode array detection (DAD), and the
results are shown in Table 1. The higher content of monomeric
flavanols in the 94N wines could be related to the higher propor-
tion of seeds, since seeds have been described as the source of
these compounds.44 In contrast, no differences were observed for
dimeric flavanols betweenwines from the 94N and 99S plot-fields.
The polymeric fraction of flavanols was analyzed using two dif-
ferent approaches: GPC by means of a GPC column installed into
an HPLC-DAD system, and analysis by RP-HPLC-DAD of adducts
formed after acidic depolymerization in the presence of excess
phloroglucinol (hereafter referred to as phloroglucinolysis). As
observed in Table 3, when the polymeric fraction was analyzed
by GPC (a non-hydrolytic technique), wines from 99S and 94N
grapes did not show significant differences. In contrast, when
the polymeric fraction is analyzed by a hydrolytic technique such
as phloroglucinolysis, the 94N wines show a higher amount of
polymeric flavanols than the 99S wines. The mismatch between
the two employed methods appears to indicate that both wines
contain similar amounts of polymeric flavanols, but the 99S
wines had a greater amount of complex polymers that could
not be hydrolyzed (or did not lead to simple and quantifiable
adducts after hydrolysis) and consequently were not observed
by phloroglucinolysis.45 Hence, for the hydrolysable polymeric
flavanol composition determined via phloroglucinolysis, no dif-
ferences were observed between wines from 94N and 99S grapes
in the proportion of prodelphinidins (i.e. proportion of flavanols
with trihydroxylated B-ring) and the proportion of galloylated
units. According to the literature, it is expected that wines from
grapes with a higher skin proportion contain a higher amount
of prodelphinidins, while wines from grapes with a higher seed
proportion contain a higher amount of galloylated units.44 The
lack of differences in prodelphinidins and the galloylation of wine
polymeric flavanols under our conditions (despite differences in
the skin and seed proportion of grapes) could be related to the
low yield of phloroglucinolysis, which masks the true monomeric
composition of polymers. Finally, significant differences were
observed for the mean degree of polymerization (mDP) of poly-
meric flavanols between wines from the two origins. The 94N
wines show higher mDP values for polymeric flavanols than the
99S wines. However, the GPC profiles do not support the idea
that 94N contains more high-molecular-mass compounds. Hence,
once again, the differences in mDP could be due to the technique
employed, and the lower mDP for 99S polymeric flavanols could
be related to the greater amount of complex non-hydrolyzable
polymers, which does not release single monomeric flavanols
as terminal units and consequently alters the estimated value
for mDP.
In addition to the analyses of the flavanol fractions discussed

above, the total proanthocyanidins (entire flavanol content,
excluding monomeric flavanols) of wines were also analyzed
using four different methods: the methylcellulose precipita-
tion method, the LA method (also known as the Bate-Smith
method) and the same two methods discussed above, i.e. GPC
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Table 3. Wine proanthocyanidins

Total proanthocyanidinsa Polymeric flavanolsb

Method Parameter 94N 99S 94N 99S

MCc Conc.g 768± 123a 755± 140a
GPCd Conc. 843± 153a 981± 73a 533± 59A 617± 23A
LAe Conc. 1862± 114b 1655± 29a
PHGLf Conc. 213.6± 36.0b 82.2± 14.7a 134.1± 10.1B 56.6± 2.9A

mDPh 12.5± 0.7b 10.3± 0.6a 20.3± 5.9B 9.8± 1.6A
%PDi 25.1± 0.5b 20.7± 0.8a 29.7± 1.2A 28.4± 3.6A
%Galj 4.9± 0.6a 5.4± 1.0a 1.4± 0.7A 4.4± 2.5A

Different lowercase letters in a row indicate significant differences (P< 0.05) betweenplots for total proanthocyanidin analyses. Different capital letters
in a row indicate significant differences (P < 0.05) between plots for polymeric flavanol fraction analyses.
a Characterization of proanthocyanidin fraction (excluding flavanol monomers).
b Characterization of high-molecular-weight proanthocyanidins (excluding flavanol monomers and oligomers).
c Methylcellulose method; results are expressed as mg epicatechin equivalent L−1.
d Gel permeation chromatography method; results are expressed as mg gallic acid equivalent L−1.
e LA method; results are expressed as mg catechin equivalent L−1.
f Phloroglucinolysis method; results for concentration are expressed as mg proanthocyanidins L−1.
g Concentration.
h Mean degree of polymerization.
i Prodelphinidin fraction expressed as percentage of total proanthocyanidins.
j Galloylated fraction expressed as percentage of total proanthocyanidins.

and phloroglucinolysis. As observed in Table 3, the total proan-
thocyanidin content of wines from 94N and 99S grapes did not
show statistical differences when non-hydrolytic techniques were
applied (methylcellulose and GPC methods). In contrast, the
total proanthocyanidin content was higher for 94N wines when
hydrolytic techniques were applied (LA and phloroglucinoly-
sis methods). Once again, the mismatch among the methods
used for proanthocyanidin analyses appears to indicate that 99S
wines contain higher amounts of complex non-hydrolyzable
proanthocyanidins, while the total amount of proanthocyanidins
estimated for non-hydrolytic techniques is almost the same for
wines from both origins. According to the literature, grape seeds
primarily release flavanol monomers and dimers into the wines,
while grape skins release flavanol polymers with higher mDP.44

Moreover, during winemaking, proanthocyanidins from grapes
undergo several rearrangements, with or without the intervention
of acetaldehyde.19 In addition, anthocyanins can be incorporated
into flavanol polymers, contributing to the formation of new
polymeric pigments.46 Furthermore, several oxidation processes
have also been described to occur in wine proanthocyanidins
during winemaking,47 leading to some oxidized non-hydrolyzable
proanthocyanidins. The conversion yield of skin tannins has been
described as very low when analyzed by phloroglucinolysis, since
they contain certain structures (e.g. A-type proanthocyanidins
and oxidized proanthocyanidins) that are not depolymerizable
by phloroglucinol reagent.45 Thus, as 99S wines come from
grapes with a higher proportion of grape skins, it appears logical
that 99S wines contain a higher amount of proanthocyanidins
from skins, which in turn could contain a higher proportion of
non-depolymerizable proanthocyanidins.

Soluble polysaccharides of grape skins and finished wines
Wine polysaccharides have gained popularity in recent decades,
since it has been observed that they have technological impli-
cations for winemaking, as well as wine stability and wine sen-
sory perception.48 Wine polysaccharides are derived from yeast
cell walls or grape cell walls.48,49 It has been noted that red wines

contain higher amounts of polysaccharides than white wines due
to a continuous release of these compounds from grape skins to
the wine during maceration.49,50 Hence, owing to differences in
skin thickness between grapes from the 99S and 94N plot-fields,
it could be interesting to investigate whether there are differ-
ences in the polysaccharide extractability of grape skins from the
two origins. Thus skins from both the 99S and 94N plot-fields
were extracted with an oxalate solution and with a wine-like solu-
tion. The results are shown in Table 4. For grape skins, soluble
polysaccharides from two different fractions were quantified: F1
(greater than 23–30 kDa) and F3 (between 23–30 and 2.5 kDa).
When polysaccharides were extracted with a buffer solution of
oxalate, the polysaccharide profile showed three different frac-
tions, but two fractions with a higher molecular mass were taken
together to compare the extraction solvents. The differences in the
polysaccharide profiles obtained by HRSEC-RID can be observed
in supporting information Fig. S2. Thus we quantified a polysac-
charide fraction (F1) and an oligosaccharide fraction (F3). The 99S
grape skins releasedmore F1 and less F3when awine-like solution
was used as the extraction solvent. However, the total extracted
polysaccharides (when F1 and F3 were taken together) showed
no statistically significant differences between grape skins from
the 94N and 99S plot-fields. Since the results were expressed as
μgg−1 skin freshweight, several considerationsmust be taken into
account. First, for the same mass of skins extracted, the 94N skins
contained a greater total skin surface, because 94N grapes have
thinner skins. In light of the results, it is possible that thinner skins
could release more oligosaccharides or that a higher skin surface
favors the extraction of those oligosaccharides. Second, since the
proportion of grape skins was higher for 99S grapes, the higher
extraction rate of F1 for 99S skins will likely be enhanced if the
berry size and skin proportion are considered. Thus it appears that
99S grape skins have a higher potential to release polysaccharides
than 94N grape skins.
For the wine soluble polysaccharides, four fractions were char-

acterized from HRSEC-RID profiles, and the results are shown in
Table 4. The 99Swines contain a statistically higher amount of total
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Table 4. Soluble polysaccharides of grape skins and finished wines analyzed by HRSEC-RID

Sample Plot-field Parameter F1 F2 F3 F4 Total

Skins OXa 94N Conc.d 213± 77 – 225± 39 – 438± 110
Rangee >30.1 – 30.1–2.4 – >2.4

99S Conc. 210± 73 – 154± 32 – 407± 108
Range >28.9 – 28.9–2.5 – >2.5

Skins EtOHb 94N Conc. 210± 8* – 170± 36* – 381± 31
Range >29.9 – 29.9–2.4 – >2.4

99S Conc. 270± 31 – 75± 24 – 345± 49
Range >23.3 – 23.3–2.6 – >2.6

Winec 94N Conc. 202± 6* 272± 18* 211± 15* 17± 3 702± 41*
Range 1430–102 102–18 18–3.2 3.2–2.3 >2.3
Mn

f 164.4± 0.6 62.4± 1.0* 11.5± 0.1 3.4± 0.4 –
99S Conc. 160± 22 362± 12 272± 12 22± 3 816± 33

Range 801–119 119–18 18–3.2 3.2–2.3 >2.3
Mn 162.8± 3.4 50.4± 3.5 11.5± 0.1 2.8± 0.4 –

Asterisks (*) indicate significant differences (P < 0.05) between plot-field origins for the same parameter.
a Soluble polysaccharides from grape skins extracted with an oxalate solution.
b Soluble polysaccharides from grape skins extracted with a wine-like solution.
c Soluble polysaccharides from wines.
d Concentration. Concentration of soluble polysaccharides fromgrape skins expressed as μgg−1 fresh skins. Concentration of soluble polysaccharides
of wines expressed as mg L−1.
e Range of molecular masses for each fraction expressed as kDa.
f Number average molecular weight for each fraction expressed as kDa.

soluble polysaccharides due to a higher content of fractions F1, F2
and F3. In contrast, no differences were observed for F4 (i.e. a frac-
tion containing small peptides of approximately 0.4–3.0 kDa) for
wines fromboth 94N and 99S plot-fields. The technique employed
to estimate polysaccharide concentrations cannot confirm that
differences in soluble polysaccharide content are due to polysac-
charides from grape skins, since yeast releases polysaccharides
during alcoholic fermentation and afterwards during the autoly-
sis process.49,50 Moreover, the yeast culture used for fermentation
was the same for all vinifications at the outset, thus the contri-
bution of yeast to the soluble polysaccharides of both wines was
expected to be almost the same. However, for Cabernet Sauvi-
gnon red wines, it was found that a higher proportion of grape
cell wall polysaccharideswas correlatedwith a lower proportion of
yeast polysaccharides.50 Hence yeast polysaccharide release dur-
ing winemaking can smooth differences in total soluble polysac-
charide content. Considering all of these data, the higher levels of
soluble polysaccharides of 99S wines and the suggested greater
potential for polysaccharide release of 99S skins, it appears quite
logical that a higher proportion of grape skins and/or thicker skins
could lead to wines with higher polysaccharide content. Once
again, there was no evidence of greater release of polysaccharides
from smaller berries, since wines with higher polysaccharide con-
tent are those made from the larger grape berries from the 99S
plot-field.

CONCLUSIONS
In light of the obtained results, it appears that the hypothesis that
small grape berries produce more concentrated wines must be
reconsidered. Our results indicate that the potential extractability
of grape berries is more related to the skin mass proportion (or
the real skin-to-flesh ratio (m/m)) than to berry size. Hence, in our
conditions, more concentrated wines with a deeper color were
obtained from larger grapes, although the proportion of skins

was greater than for smaller berries. Thus skin thickness cannot
be neglected, and it disrupts the popular, classical postulate of
grape berry size. In conclusion, berry size at harvest per se could
not be used as a grape quality parameter for winemakers, since
winemakingwith smaller berries does not ensure wines with deep
color and higher sensory active compound content, even if they
were from the same variety, reached the same degree of ripeness
and came from vines subjected to similar conditions during the
season.
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