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Effect of harvest time on table grape quality
during on-vine storage

Francesca Piazzolla, Sandra Pati, Maria Luisa Amodio” and Giancarlo Colelli

Abstract

BACKGROUND: Postponing the harvest of grapes isa common practice in southern Italy, in order to delay harvest up to Christmas
and make higher income from their sale. The aim of this work was to evaluate the effect of harvest time (over almost 3 months)
on the quality of table grapes (cv. Italia). The experiment was repeated for two years (2010 and 2011). In 2010, grapes were
harvested starting from 8 October and after 11, 27 and 48 days. In 2011, five harvest times were compared over a period of
56 days. Respiration rate, firmness, colour, sensory attributes, total soluble solids (TSS), pH, titratable acidity (TA), phenols and
antioxidant activity were measured. In addition, in the second year, volatile compounds were evaluated.

RESULTS: For both years, harvest time influenced most parameters, which indicated that metabolic changes took place in the
plants. In 2010, harvest time influenced respiration rate, cluster and berry appearance scores, colour attributes, crunchiness,
pH, TA, total phenol content and antioxidant activity. In 2011, harvest time influenced respiration rate, colour attributes, most
sensory attributes, TSS and TA. Generally, late harvested grapes showed higher firmness, berry appearance score, sweetness,
fruity taste, overall sensory evaluation score and TSS. Regarding volatile compounds, terpene content decreased during
ripening, while C6 compounds showed a nonlinear trend.

CONCLUSION: The results showed that table grape sensory quality could be increased by delaying harvest up to a certain time
of the season, while excessive delay could reduce final grape quality.
© 2015 Society of Chemical Industry

Keywords: harvest time; sensory attributes; volatiles; maturity
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INTRODUCTION but the phenolic composition depends strongly on the table
grape variety.'®" In addition, cultural practices'® and postharvest
conditions,' as also the variety,?%2! may affect textural parameters
of grape berries such as skin friability, skin thickness and flesh
firmness that have been proposed to characterize commercial
table grape cultivars.”!?

In the literature, there are recent works evaluating the effects
of agronomic practices on the chemical composition of table
grapes (‘ltalia’, ‘Superior Seedless’ and ‘Red Globe’) using nuclear
magnetic resonance (NMR) spectroscopy?? and the effects of
potassium- and calcium-based salts applied before and after
harvest?* and calcium in pre- and post-veraison to control decay
and maintain table grape fruit quality during cold storage,?* but
very few regarding the effect of harvest time on table grape qual-
ity. In southern Italy (i.e. Apulia Region where about 80% of Italian
table grapes are produced), the harvest season, especially for
‘ltalia” and ‘Red Globe’ varieties, is commonly extended by leaving
the product on the vines from early October (when harvest season
typically starts) up to the end of November or well into December.
This allows growers to have freshly harvested produce for the

Grape is a non-climacteric fruit and does not ripen further after
harvest, so harvesting at the proper stage of maturity is essential
for optimal grape quality in terms of soluble solids, berry weight,
titratable acidity and overall sensory characteristic. Grape ripen-
ing is a physiological period that starts at the moment of verai-
son and lasts until the fruit is harvested. This is a very important
period that influences grape composition and determines varietal
characteristics." Grapes undergo many changes during the ripen-
ing process that involve a number of physical and biochemical
modifications, including weight, sugar, acidity, colour and aroma.

The full-bodied aroma of grapes is one of the most important
factors that attracts consumers and is essential for the highly
competitive market and food industry.? Although several studies
have focused on the evolution of volatile compounds during wine
grape ripening,>~¢ with the aim of optimizing wine flavour, only
a few have concentrated on table grapes.? For the consumer,
the acceptability of table grapes depends on different attributes.
Visual attributes such as colour, size and shape of the berry are
primary characteristics that consumers observe.”® In addition to
visual characteristics, physicochemical properties are involved in
sensory and quality evaluation.”?~1* Sensory descriptors such  EE—

as skin friability, skin thickness and flesh firmness have been * Correspondence to: Maria Luisa Amodio, Dipartimento di Scienze Agrarie, degli
proposed to characterize commercial table grape cultivars 7,15 Alimenti e dell’Ambiente, Universita di Foggia, Via Napoli 25, I-71122 Foggia,
) I - ) Italy. E-mail: marialuisa.amodio@unifg.it
Degree of ripeness, type of soil, climatic conditions, cultural
practices and growing location are important factors affecting Dipartimento di Scienze Agrarie, degli Alimenti e dell/Ambiente, Universita di
the physical properties and chemical composition of table grapes, Foggia, Via Napoli 25, I-71122 Foggia, Italy
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season’s holiday market, when prices are higher and demand is
stronger. Towards this aim, vine canopies are appositely covered
with plastic film in order to prevent damage to the fruits during
the autumnal rainy period. This forced ‘storage’ of table grapes
on the plant also allows one to maintain a fully hydrated, green
stalk (which is very difficult to obtain after harvest) and, last
but not least, to apply fungicides, which cannot be used during
postharvest storage; to the best of our knowledge, there is little or
no scientific support for the effect of this practice on quality and
storability of the grapes as compared with the product regularly
harvested from the end of September to the end of October,
which has typically been the normal harvest season for these
varieties in this region.

The plastic cover, made of low-density polyethylene (LDPE), is
placed over the canopy during the veraison stage (late semi-forced
storage) when the fruit becomes more susceptible to Botrytis
attack; in addition, the coverage induces delayed maturation in
terms of a gradual increase in total soluble solids (TSS) and
decrease in titratable acidity (TA).2> The same authors reported
that the ‘late’ forced growing system (unlike the ‘early’ one con-
sisting of covering the canopy with plastic film in early spring with
the purpose to advance bud shooting by 10-40 days depending
on the cultivar) has the aim to delay the harvest for up to 3 months.
Therefore this technique of table grape storage on the plant sup-
posedly slows down grape ripening in order to meet the demand
for high-quality fresh produce in the late season, for a higher eco-
nomic profitability of the market.

A study on the influence of growing season (winter versus sum-
mer) on phenolic compound synthesis/accumulation and antioxi-
dant properties in five grape cultivars found that the total phenol
contentwas significantly higher in seeds and skins of grapes grown
in winter than in those grown in summer.2° Other authors reported
that seasonal variations in phenolic compounds and antioxidant
properties of grapes berries were also caused by climatic factors
such as variations in solar radiation, rainfall and hydrothermic coef-
ficient between different growing seasons.?’-28

A recent study by Rio Segade et al.?® evaluated the effect of dif-
ferent ripening stages with the aim of characterizing mechanical
proprieties of berries of ‘Red Globe’ and ‘Crimson Seedless’ grapes;
in particular, they found that berry cohesiveness could be a good
predictor of ripening stage of table grapes, since its variation dur-
ing ripening was not dependent on berry size.

Starting from these considerations, the objective of this work
was to study the effect of harvest time on table grape quality, in
order to give to producers more information for the management
of postharvest handling.

MATERIAL AND METHODS

Plant material

The experiment was repeated for two years, 2010 and 2011, in two
growing areas of southern Italy, Bari (41° 00’ 55.4” N, 16° 56’ 27.0”
E) and Foggia (41° 28’ 39.2” N, 15° 36’ 04.3" E). Table grapes (cv.
Italia) were cultivated with the ‘Apulia tendone’ system, covered
with netting and plastic film (LDPE, thickness 170 pm).

In 2010, table grapes were harvested starting from 8 October
(HT 1) and after 11 (HT 2), 27 (HT 3) and 48 (HT 4) days. In 2011,
five harvest times were compared (the first on 7 October and the
following after 14, 28, 42 and 56 days, corresponding to HT 1, HT 2,
HT 3, HT 4 and HT 5 respectively).

At each harvest time, 45 clusters (three bunches from 15 plants)
were harvested and transported to the Postharvest Laboratory of

the University of Foggia. The three bunches from each plant were
considered as an experimental replicate, for a total of 15 replicates.

For both years and for each harvest date, the following qual-
ity parameters were analysed on fresh samples: respiration rate,
firmness and colour parameters (L*, a*, b*, hue angle, chroma). In
addition, the following sensory attributes were evaluated: aroma,
flavour, crunchiness, sweetness, acidity, cluster appearance score,
berry appearance score, overall quality and, for the second year
only, resistance to berry detachment, skin peelability, fruity taste,
green taste and seed astringency.

Samples were then frozen and stored at —80°C for chemical
analysis. On frozen samples, TSS, pH, TA, total phenol content and
antioxidant activity were measured. For samples of the second
year, analysis of volatile compounds was also carried out.

Respiration rate

Respiration rate (mL CO, kg=' h~') was measured using a static
system,° evaluating the amount of CO, accumulated in the
headspace of sealed poly(vinyl chloride) (PVC) containers (5L)
containing one cluster per plant. Carbon dioxide concentration
was measured using a gas chromatograph (model 17A, Shimadzu,
Jiangsu, China) equipped with a thermal conductivity detector
(TCD, 200 °C). Separation of CO, was achieved on a Carboxen 1006
PLOT column (30 m x 0.53 mm; Supelco, Bellefonte, PA, USA). Per
cent CO, was then referred to the weight of the sample, to the vol-
ume of the headspace and to the elapsed time.

Firmness

Firmness was determined on 15 berries from each cluster, for
a total of 45 berries per replicate, and defined as the force (N)
required to compress each berry by 3 mm between two parallel
plates (diameter 10 cm) using an Instron Universal Testing Machine
(model 3343, Canton, MA, USA) at a speed of 50 mmmin~'. The
deformation limit was defined after preliminary tests to compare
methods with a fixed load and at fixed deformation. The method
at fixed deformation had the advantage of preventing excessive
deformation and eventual overpassing of the elastic limit, even for
the unknown samples we were going to analyse over a period of 2
months.

Visual quality

Clusters were evaluated by a trained panel of five judges and
individually scored using the following five-point subjective scale:
5=excellent, fresh appearance, compact cluster (well filled),
green-golden yellow and turgid berries, green stalk and pedicels;
4=very good, fresh appearance but with slight browning of
pedicels and stalk, and berries with occasional dark coloration;
3 =fair, less compact cluster, with some dehydration of stalk and
pedicels, less turgid berries, of which less than 15% presented
dark coloration; 2 =poor, not compact cluster, dehydrated stalk
and pedicels, soft berries, of which less than 30% presented dark
coloration; 1 =very poor or inedible, with completely dehydrated
stalk and pedicels, very soft and browned berries, presence of
moulds. A score of 3 was considered as the limit of marketability
and a score of 2 as the limit of edibility.’’

Colour analysis and volume of berries

Colour was measured by elaborating images acquired with a Spec-
tral scanner (DV Srl, Padova, Italy) equipped with a Spectral imag-
ing spectrometer (V10 type, 400-1000 nm, 25 pm slit, resolution
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5nm). One scan per sample of 10-15 berries was acquired at an
acquisition speed of 3mm s~' in a dark room with a stabilized halo-
gen light source (150 W). On each berry, a region of interest (ROI)
corresponding to the maximum inscribed rectangle was manually
selected, allowing the determination in reflectance mode of the
CIE L*, a*, b* scale colour parameters. From the primary L*, a* and
b* values, the following indices were calculated:

hue angle H®° =tan™"' (b*/a*)
chroma = (a*> + b*z)v2

The volume of berries (cm?) was determined from the perpen-
dicular diameters of 10-15 berries for each cluster measured using
digital callipers.

Sensory evaluation

In 2010, a trained panel of five judges evaluated sensory attributes
of the berries. The judges tasted one berry with pedicel from each
sampling replicate for each harvest time. Judges were asked to
assess berry appearance score, aroma, flavour, crunchiness, sweet-
ness, sourness and overall evaluation using a five-point scale,
where 5 = excellent, 4 = very good, 3 =good, 2=bad and 1=not
edible (not tasted). In 2011, a five-judge panel evaluated sen-
sory attributes of the berries according to a method reported
by Rousseau.>? Panellists were asked to assess berry appearance
score, firmness, resistance to berry detachment, aroma, skin peela-
bility, sweetness, acidity, fruity, taste, green taste, seed astringency
and overall evaluation using a four-point scale, where 4 indicates
a quality feature of ripe and 1 of non-ripe grapes.

TSS,pHand TA

Fresh juice samples (4 g) from ten berries for each replicate were
used to determine TSS, pH and TA. TSS was measured using
a digital refractometer (PR-32 Palette, Atago, Tokyo, Japan). TA
and pH were measured with an automatic titrator (TitroMatic
1S, Crison, Toledo, Spain) by titrating the juice samples with
0.1 mol L™" NaOH up to pH 8.1; TA was expressed as g tartaric acid
L.

Total phenol content and antioxidant activity

The following extraction procedure was used for both total
phenol and antioxidant activity determinations. Berry samples
(59g) without seeds were homogenized in an Ultra-Turrax (T18
Basic, IKA, Wilmington, NC, USA) after the addition of 3mLg™!
methanol plus 30mLL™" formic acid, then the extracts were
centrifuged at 3622 x g for 10 min at 5°C. Total phenols were
determined according to the method of Singleton and Rossi.>
Each extract (100 uL) was mixed with 1.58 mL of water, 100 pL
of Folin—Ciocalteu reagent and 300 puL of 200gL~" sodium car-
bonate solution. After the solution had stood for 2 h in darkness,
the absorbance at 725nm was read against a blank using a
spectrophotometer (UV-1700, Shimadzu, Kyoto, Japan). The
content of total phenols was calculated on the basis of a cali-
bration curve of gallic acid and expressed as g gallic acid (GA)
kg™' fresh weight. The antioxidant assay was performed by
the procedure of Brand-Williams etal3* with minor modifica-
tions. The diluted sample (50 pL) was pipetted into 0.95mL of
0.12mmol L' DPPH (diphenylpicrylhydrazyl) solution to initiate
the reaction; the absorbance at 515 nm was read after 24 h. Trolox
(6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid) was
used as standard and the antioxidant activity was expressed as
mg Trolox equivalent (TE) kg~! fresh weight

Extraction and gas chromatography/mass spectrometry
(GC/MS) analysis of volatile compounds for table grapes

of vineyard 2011

The extraction of volatile compounds was carried out by
headspace solid phase microextraction (SPME) using an 85pum
carboxen/polydimethylsiloxane fibre (Supelco) according to the
method of Yang et al.? with some modifications. At first use, the
fibre was preconditioned in the injection port of the gas chromato-
graph according to the manufacturer’s instructions. For headspace
sampling, grapes were defrosted at 5°C and pedicels and seeds
were removed from the berries. Then 100 g of berries along with
2 g of CaCl,, 20 g of NaCl and 100 pL of internal standard solution
(100 pg g~' 2-methylpentanol methanolic solution) were homog-
enized using a commercial blender. For each measurement, 8g
of puree was transferred into a 15 mL capped SPME vial. After
20 min of sample stirring at 40 °C, the fibre was exposed to the
capped vial headspace for 30 min. Then the fibre was inserted
manually into the gas chromatograph in splitless mode (injection
port temperature 250 °C) for 4 min to allow for the desorption of
volatile compounds.

Volatile determination was carried out using a 6890N gas
chromatograph (Agilent Technologies, Palo Alto, CA, USA)
equipped with a 5975C mass spectrometer (Agilent Technolo-
gies). Analytes were separated on a DB-WAX capillary column
(60 m x 250 pm x 0.25 pm; J&W Scientific Inc., Folsom, CA, USA) by
applying the following temperature programme: 40 °C for 4 min,
40-180°C at 3°Cmin~', with a total run of 51 min. The transfer
line temperature was 280 °C. Mass detector conditions were elec-
tronic impact mode at 70 eV, source temperature 230 °C, scanning
rate 2.88 scans s~ and mass scanning range m/z 30-400. The
carrier gas was helium at 1 mLmin~". Identification of detected
volatile compounds was achieved by comparing their mass
spectra with reference spectra contained in a library (NIST 02)
of reference data (with probability of matching P> 80) and by
comparing their retention times and mass spectra with those
obtained by standard injections when pure compounds were
available. All compounds were quantified as pg 2-methylpentanol
equivalentg™'.

Statistical analysis

The effect of harvest time on quality attributes, including volatiles,
was evaluated by one-way analysis of variance (ANOVA). Sensory
attributes and volatiles were subjected to principal component
analysis (PCA), excluding after a first screening all variables with
scores lower than 0.3. The data were analysed using Statistica
Version 7 (StatSoft, Tulsa, OK, USA).

RESULTS AND DISCUSSION

In general, many physicochemical parameters have been corre-
lated with sensory descriptors and used as predictors of consumer
acceptability of products,®® such as TSS, TA and TSS/TA ratio.'36
Texture is also an important attribute in consumer acceptance of
foods;*” in particular, the firmness of the berry is considered as an
indicator of its freshness.'®

Table 1 shows the effect of harvest time on quality parameters.
Harvest time affected respiration, colour parameters, TA, berry
volume and TSS (the latter only in 2011), phenol content and
antioxidant activity (only in 2010). Regarding sensory parameters,
for grapes of 2010, cluster and berry appearance, crunchiness and
sourness were significantly affected by harvest time.In 2011, more
attributes were evaluated, many of them proving significant, such
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Table 1. Effect of harvest time on quality attributes of ‘Italia’ table
grapes on 2010 and 2011.
2010

Quality attribute 2011

* *%

Respiration rate (mL CO, kg~ h~1)
Firmness (N) NS NS
I e s
7 - -
b

Hue angle (°)
Chroma
Total soluble solids (°Brix) NS

*hxR

KX FARR
*RER *rRR

*XER *rRR

pH value

Titratable acidity (g tartaric acid L=")
Phenol content (mg per 100 g)
Antioxidant activity (mg per 100 g)

KKK Xk

FAER

KRR *rRR

Berry volume (cm?3)
Sensory scores
Cluster appearance
Berry appearance
Aroma NS
Berry detachment -
Flavour
Crunchiness

KRR
*% *
KKK

*ERE

% *

Sweetness NS e

KKK

NS

*rxx

Sourness
Fruity taste -
Green taste -
Skin peelability - NS
Seed astringency - ”
Overall evaluation NS

*rRR

Significance levels:

*P<0.05;

“P<0.01;

P <0.001;

P <0.0001; NS, not significant.

asfruity taste, green taste, berry detachment and seed astringency.
Since for many quality parameters the results of both years were
in accordance, we present below only figures of the second year
with a longer harvest season and which also included the analysis
on volatiles.

Figure 1 shows the effect of harvest time on respiration rate,
berry volume, TA, TSS, a* and H® of table grapes.

In particular, with progression of the harvest date, it is possible to
observe that the respiration rate increased and the colour turned
from green to light yellow, as described by changes in a* and
H® values. These results are in agreement with those of the first
year and with results reported by other authors, albeit for wine
grapes.®

The respiration rate and the berry volume increased significantly
starting from HT 3 (respiration rate of about 6 mL CO, kg=' h~!
and volume of 6.3 cm?3), whereas grapes of HT 1 presented a
volume (4.03 cm?) significantly lower than grapes of later HTs
(about 6.3 cm? from HT 3 on) and respiration of about 3 mL CO,
kg7'h.

These results are again in accordance with those of the first year
and suggest that the increase in respiration rate, measured as CO,
production, may be due to the increase in volume. During grape
maturation, the increase in volume of the berry becomes rapid, not

for cell multiplication, such as in the early stages after veraison, but
usually for magnification of the cells. The increase in the volume of
the berries is also due to distension of the cells under the influx of
sugar and water.3%40

In many plants, cell enlargement is accompanied by an increase
in protein content per cell and in respiration, which rise to a max-
imum when the cell reaches full size.*! Moreover, Harris et al.*?
found that respiratory quotient, contrarily to oxygen uptake,
increased in four varieties of grapes during the cell expansion
phase. This may be explained by the metabolism of organic acids,
particularly malate, one of the most prevalent acids in grapes,
which releases more CO, per molecule of O, consumed than do
the sugars or starch used during ripening of climacteric fruits.*?
Once grapes reach veraison, hexose sugars are accumulated,*
therefore reassuming the role of major carbon source for energy
metabolism and biosynthesis.

From a compositional point of view, and with regard to maturity
indices, a decrease in acidity was observed. In particular, the
decrease in acidity for grapes of 2011 is shown in Fig. 1; grapes
of HT 1 presented a higher value (0.37% tartaric acid) than grapes
of later HTs (about 0.30% tartaric acid from HT 3 on), whereas an
intermediate result was observed for grapes of HT 2 (0.34% tartaric
acid). This trend can be related to progression of maturation, as
reported by Watson3® and Coombe.*

TSS for the same year did not follow a linear trend with progres-
sion of the season, and no statistical differences were observed in
2010. The initial level of TSS was the same in both years, corre-
sponding to about 18.3 °Brix. In 2011, grapes of HT 3 presented a
higher value (19.26 °Brix) than grapes of HT 2 (17.95 °Brix), whereas
intermediate results were observed for grapes of the other harvest
dates. It can be speculated that grapes from the first two harvests
were not completely ripe and that accumulation of sugars contin-
ued up to at least HT 3, considering that not only sugars but also
organic acids and other minor solid constituents, e.g. amino acids
and minerals, contribute to TSS, which decreased slightly in abso-
lute value at the following harvest dates.

Figure 2 shows visual appearance and other sensory parameters,
including green taste, aroma, sweetness, berry detachment score
and firmness. Berry appearance clearly improved with progression
of the season, with grapes from HT 5 showing the highest score,
probably because of colour evolution. Sensory firmness and berry
detachment score increased with progression of the harvest, as
also did sweetness, green taste and fruity taste (data not shown),
with higher scores being attributed to riper fruits and therefore to
less firm berries with lower herbaceous taste and lower resistance
to berry detachment. Berry appearance score was higher for HT
5 compared with HT 2 grapes; grapes of the first harvest were
discriminated from the following ones for green taste and fruity
taste, receiving the lowest scores. Moreover grapes of HT 1 were
crunchier and showed a lower score relating to berry detachment
(high resistance, typical of non-ripe fruits) compared with grapes
of HT 4 and HT 5, as well as the lowest score for sweetness.
Regarding aroma, the trend was not linear; grapes from HT 3 were
more appreciated, receiving a score (2.40) higher than grapes of
HT 1 (1.96), HT 2 (2.16) and HT 5 (2.00), confirming that at this
time grapes reached the highest organoleptic properties, whereas
intermediate results were observed for the remaining harvest
dates. Grapes at this time, in fact, already reached the maximum
berry volume and, starting from HT 2 the highest sweetness
and green taste scores, confirming that ripening was complete,
most likely with the optimal sensory quality and the highest
accumulation of aromatic compounds and their precursors.
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Figure 1. Effect of harvest time on respiration rate, berry volume, titratable acidity, total soluble solids, a* and hue angle of ‘Italia’ table grapes (2011).

Mean values with different letters are significantly different at P < 0.05.

Evolution of volatile compounds and relation to sensory
quality
The formation of aroma involves over 300 compounds and
occurs during grape ripening. Yang et al.? studied the evolution
of volatile compounds in ‘Jingxiu’, ‘Bimeijia’ and ‘Jingya’ table
grapes during and after maturation. In particular, terpenoids,
responsible for floral flavour in berries, increased until maturation,
while C6 compounds with a ‘green’ flavour increased until the
early period of maturation, then decreased. However, the evo-
lution of terpenes during grape maturation seems to be largely
variety-dependent.>#647

In this study a total of 30 volatile compounds, including alde-
hydes, alcohols, esters, terpenes, furan derivatives and acids, were
found in table grapes at the tested harvest times (Table 2).

Among these compounds, four aldehydes (acetaldehyde,
2-butenal, hexanal and (E)-2-hexenal), two alcohols (ethanol
and 2-methyl-3-buten-2-ol), three terpenes (b-limonene,
(E)-3,7-dimethylocta-1,6-dien-3-ol and p-menth-1-en-8-ol), one
ester (ethyl acetate) and one furan derivative (3-methylfuran)
were statistically affected by the time of harvest. In particular, the
contents of p-menth-1-en-8-ol, also known as a-terpineol, and
(E)-3,7-dimethylocta-1,6-dien-3-ol, commonly known as linalool,

which are recognized to give typical floral notes, decreased from
HT 1 to HT 2 and then remained constant at a total level greater
than sensory thresholds reported elsewhere (some tens of pg
L™"). These results are in accordance with previous studies®#
on wine grapes which showed that the highest concentration
of free terpenols is reached some days before maximum sugar
levels.

A PCA with volatile compounds as variables and HTs as factors
was performed in order to facilitate the interpretation of volatile
analysis results, helping to identify the key compounds that
best discriminated among samples analysed. Figure3a shows
the distribution of the 12 main volatiles according to the first
two principal components (PCs), which accounted for 78.4%
of the total variance (45.6 and 32.8% for PC1 and PC2 respec-
tively). PC1 was characterized by ethyl acetate, acetaldehyde,
ethanol and 2-methyl-3-buten-2-ol on the positive side and
by p-menth-1-en-8-ol, (E)-3,7-dimethylocta-1,6-dien-3-ol and
hexanal on the negative side. For PC2, p-menth-1-en-8-ol and
(E)-3,7-dimethylocta-1,6-dien-3-ol mainly accounted for the pos-
itive axis and (E)-2-hexenal and 2-butenal for the negative axis.
Figure 3b shows the discrimination of the samples at harvest
according to the first two PCs. In particular, HT 1 and HT 2 grapes
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Figure 2. Effect of harvest time on berry appearance score, green taste, crunchiness, berry detachment, aroma and sweetness of ‘Italia’ table grapes (2011).

Mean values with different letters are significantly different at P < 0.05.

could be discriminated from HT 3 and HT 4 grapes on PC1, while
HT 5 grapes could be discriminated from all other grapes on PC2.
The discrimination among these groups is characterized by the
evolution of volatile compounds at different harvest times. In par-
ticular, the group formed by HT 1 and HT 2 is characterized by
terpenes (linalool and a-terpineol), which give a typical fruity and
floral odour; also, HT 1 and HT 2 are characterized by high concen-
trations of hexanal exceeding its olfactory threshold (4.5 ugL™"),
responsible for green notes. Grapes of HT 3 and HT 4 were char-
acterized by the presence of linalool and a-terpineol, like HT 1
and HT 2 samples, as well as by other compounds associated with
fermentative and biochemical changes induced by progressive
maturation, namely ethyl acetate, acetaldehyde and ethanol. How-
ever, these compounds showed rather low concentrations and
have relatively high sensory thresholds (according to Etievant,*
all higher than 10 mg L"), so their individual flavour impacts were
unlikely to be large. Also, grapes of HT 3 and HT 4 showed the
lowest amounts of C6 compounds, mainly aldehydes and alco-
hols, which are derived from C18 fatty acids via the lipoxygenase
and alcohol dehydrogenase pathways and are known to give a
herbaceous aroma. Finally, the third group formed by HT 5 grapes
was characterized by hexanal and (E)-2-hexenal C6 compounds;
the high amount of C6 aldehydes could be attributed in this case
to intensified enzyme activity caused by gradual disintegration of

the cell structure. Yang et al.? also reported that both hexanal and
(E)-2-hexenal increased during maturation of ‘Jingxiu’, ‘Bimeijia’
and ‘Jinya’ table grapes.

The volatile results can explain the sensory quality of grape
berries as assessed by panellists at different harvest times (Figs 3¢
and 3d).

In particular, Fig.3c shows the distribution of the ten sensory
attributes according to the first two PCs, which accounted for
75.7% of the total variance (49.1 and 26.6% for PC1 and PC2 respec-
tively). PC1 was characterized by aroma, seed astringency, fruity
taste, skin peelability, sweetness, crunchiness, berry detachment
and overall evaluation on the positive side and sourness on the
negative side. For PC2, aroma, seed astringency, fruity taste and
sweetness accounted for the positive axis and crunchiness, overall
evaluation, berry detachment, green taste and berry appearance
for the negative axis. Figure 3d shows the discrimination of the
samples at harvest according to the first two PCs. Also in this case,
as seen in Fig. 3b for volatiles, HT 1 and HT 2 grapes could be dis-
criminated from HT 3 and HT 4 grapes on PC1, while HT 5 grapes
could be discriminated from all other grapes on PC2.

The discrimination among these groups is characterized by the
changes in sensory quality of table grapes at different harvest
times during ripening. In particular, the group formed by HT
1 and HT 2 is characterized only by sourness, confirming that
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Table 2. Volatile compounds detected in ‘Italia’ table grapes of 2011 from different harvest times.
Harvest time
Retention

Volatile compound time (min) HT 1 HT 2 HT 3 HT 4 HT 5 Odour descriptor

Aldehydes

Acetaldehyde 5.14 0.452b 0.359b 1.898a 1.804a 0.534b Pungent

Propanal 6.09 0.042  0.051 0.073  0.048  0.043 Sharp, pungent

2-Methylpropanal 6.73 0.087 0.082 0.057 0.011 0.021  Green, pungent, burnt,
malty, toasted

Butanal 7.73 0.017 0.030 0.068 0.033 0.022  Fruity, meaty, ethereal

2-Butenal 7.83 0.028c 0.039bc 0.040bc 0.044b  0.066a

2-Methylbutanal 8.71 0.078 0.077 0066 0.178  0.057

3-Methylbutanal 8.84 0.258 0.201 0.174 0.386 0.105

Pentanal 1.89 0.071 0.123 0.108 0.123 0.108 Woody, vanilla, fruity, nutty

C6 compounds

Hexanal 15.12 5708c 9.631a 0.465c 2342b 10.072a Fatty, green, grassy

(2)-2-Hexenal 20.76 0.031 0.061 0.050 0.050 0.077  Grassy, green

(E)-2-Hexenal 21.56 3433b 7.329a 1.110b 3.390b 8.887a Green

Hexanol 27.93 0.586 0.561 0.313 0.829 0.457

(2)-3-Hexenol 29.35 0.161 0.145 0.144 0.377 0.113  Green, bitter, fatty

(E)-2-Hexenol 30.30 0.157 0.148 0.182 0239  0.322 Leafy, green wine-like, fruity

Hexanoic acid 47.59 0435 0408 0324 0650 0.402 Sickening, sweaty, rancid,
sour, sharp

Esters and alcohols

Ethyl acetate 8.01 0.064c 0.039c 0.366a 0.201b 0.068c Pineapple, ethereal

Ethanol 9.54 7.069b 3.773b 21.264a 22.964a 9.606b

2-Methyl-3-buten-2-ol 13.45 0.915b 0.939b 1.330ab 1.976a 1.753a Herbaceous, earthy

Pentanol 23.19 0.068 0.131 0.170 0.164 0.091  Mild green, fusel oil

Furan derivatives

3-Methylfuran 8.21 0.025c¢ 0.058ab 0.040c 0.178ab 0.146a

Terpenes

2,3-Dehydro-1,8-cineole 20.30 0.058 0.030 0.034 0.032 0.055

D-Limonene 20.54 0.065a 0.066a 0.012b 0.006b 0.025b Mild, citrus, sweet, orange,
lemon

cis-Linaloxide 31.98 1.217 0.742 1.121 1.396 1.154  Floral

trans-Linaloxide 33.22 0.277  0.125  0.191 0.151 0.181  Floral

(E)-3,7-Dimethylocta-1,6-dien-3-ol 36.24 21.694a 9.839b 7.972b 7.764b 6.949b Floral, citrus, fragrant,
orange, sweet

(E)-3,7-Dimethylocta-1,5,7-trien-3-ol 38.75 0.201 0.117 0.164 0.152 0.186

p-Menth-1-en-8-ol 42.35 0.362a 0.197b 0.164b 0.118b 0.118b

-cis-2,2,6-Trimethyl-6-ethynyltetrahydro-2H-pyran-3-ol 43.91 0592 0421 0493 0477  0.464 Floral

trans-2,2,6-Trimethyl-6-ethynyltetrahydro-2H-pyran-3-ol 44.74 0284 0.189 0.184 0.199 0.154 Floral

(E)-3,7-Dimethylocta-2,6-dien-1-ol 47.77 0.291 0.300 0.185 0.275 0.101  Sweet, floral, rose, fruity

Data are means of three replicates and expressed as pg internal standard equivalent per 100 g grapes. Within a row, mean values with different letters

are significantly different (P < 0.05).

acidity is high at the first two harvests and then decreases dur-
ing maturation.>® Grapes of HT 3 and HT 4 were clearly charac-
terized by their aroma, lower seed astringency (data not shown),
fruity taste and sweetness. In particular, aroma, fruity taste and
sweetness increased during ripening and progression of the har-
vest time, confirming again the volatile results shown in Fig. 3a.
Finally, the third group formed by grapes of HT 5 was mainly influ-
enced by berry detachment and overall evaluation. The high score
for berry detachment (meaning a ripe behaviour for this attribute)
is in accordance with the results obtained for volatile compounds,
indicating more advanced senescence and gradual disintegration
of the cell structure, which may have induced the formation of
C6 aldehydes and alcohols through the action of lipoxygenase
and alcohol dehydrogenase on C18 fatty acids. Besides all these

considerations, grapes of HT 5 received the highest overall evalua-
tion, most likely owing to the colour change, which also influenced
the berry appearance score, since for most other sensory parame-
ters no differences among these grapes and early harvested ones
were detected, and in the case of aroma a lower score was assigned
by panellists to these grapes.

In general, delaying the harvest increased the sensory quality
of table grapes, improving their colour without compromising
the berry appearance score. For grapes tested in 2011, where
forced storage was longer than in 2010, some negative changes in
sensory quality were detected, including increased susceptibility
to berry detachment and loss of aroma. For the volatile profile, in
fact, grapes of HT 3 and HT 4 developed higher quality compared
with grapes of HT 1 and HT 2 as well as grapes of HT 5, even though
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Figure 3. PCA biplots of (a, b) volatile compounds and (c, d) sensory attributes of table grapes at harvest: (a, c) variables; (b, d) discrimination among

grapes from different harvest times (2011).

these grapes were perceived as the sweetest. The physicochemical
attributes at harvest suggest that ripening continued up to HT 3
and that grapes maintained the same quality characteristics up to
HT 4, then decreased in quality at HT 5.
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