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Abstract

In order to optimize wine quality it is important first characterize grape
phenolic maturity and to determine the extractatlyilof phenolic compounds
during winemaking. The choice of harvest date isrdfore very important but
nevertheless still empirical. Previous works showhd interest of grape
texture measurement as factor of grape maturityrabierization.

This work proposes to focus on berry skins and sessdure properties of
three grapevine varieties: Cabernet sauvignonpPimoir and Nebbiolo from
different growing areas and during two vintagesingsa Universal Testing
Machine TaxT2i Texture Analyzer. For the measureimeinberry skin
hardness, a needle probe was used, whereas forls@ehess a flat P/35
cylinder probe was used until a 50% deformation waached. Tests were
performed at 1mm:S. Every test gave a force-deformation curve indicgt
the applied force at the skin and seed rupture pamd the involved rupture
energy.

The first part of the study concerned the validati@f the method used for
grape skin and seed hardness measurements. Thedeeot was dedicated to
the importance of grape skin and seed hardnesshfervarietal differentiation
The collected data showed that since there is aisigant difference between
varieties, berry skin and seed hardness represemiganingful parameter for
varietal characterization and differentiation. loth years 2004 and 2005,
Nebbiolo was the variety with the toughest seeds,88 and 58,9N), but with
the weakest berry skins (0,46N and 0,35N), in conig@n to Pinot noir,
which had the weakest seeds (35,9N and 41,3N) bettbughest berry skins
(0,57N and 0,50N). Cabernet sauvignon showed a madiardness for berry
skins (0,51N and 0,46N) and seeds (44,5N and 43,4N)

Key words Grape, texture analysis, hardness
Introduction

The texture analysis is a surveying analytical teigue for the definition and
the control of food physical properties (Bourne,020. It is nowadays more
and more applied in food sector because it is d@bleupply objective results.
The first Texture Analysis studies on grape haverbenade on table varieties
(Bernstein e Lustig, 1981). The assessment of ppdmpactness and berry
skin consistency is important for customer acceptanf the product (Sims e
Halbrooks, 1986; Laszlo e Saayman, 1991; Mencaratllal., 1994; Sato et al.,
1997; Sato e Yamada, 2003).

There is little experience with Texture Analysispdigation on wine grapes.
The scientific contributions are concerned prindlgavith the study of some



modifications concerning mechanical propertieselikardness evolution
during ripening (Liang et al., 1990; Abbal et al992; Robin et al., 1996;
Robin et al.,1997; Rolle et al., 2006b; Ruiz Herdam, 1996).

The knowledge of texture indices like berry skindkness and hardness, as
well as seed ripening degree, can present somedunechtal qualitative
information for the oenologist during the planniagd management of
pressing and maceration processes.

The assessment of technological maturity by suget acid measurements is
not sufficient to completely predict the grapes okagical potentialities
(Failla et al., 2005). Different studies aiming fdre characterization of grape
phenolic substances (Saint-Criqg et al., 1998a,buManet et al., 1996;
Cheynier, 2001; Borsa et al., 2002, Gerbi et al02pand their evolution
during the ripening (phenolic maturity) highlightemhportant grape quality
indices (Glories e Augustin, 1993; Venencie et 4997; Saint-Criq et al.,
1998¢c; Cayla et al., 2002; Crespy, 2002; Mattivia¢t, 2002; Cagnasso et al.,
2003).

Sensory analysis has also been favorably used &duate grape ripeness
(Rousseau e Delteil, 2000; Rousseau, 2001; Martirké€nD?2).

This work proposes to focus on berry skin and seedure properties of three
grapevine varieties: Cabernet sauvignon, Pinotr ramid Nebbiolo from
different growing areas and during two vintages.

Materials and Methods
Sampling

During the 2004 and 2005 vintages, Cabernet sauvmgrPinot noir and
Nebbiolo grapes from different vineyards in Piedm@¢North West Italy)
were analyzed .

At harvest, a randomised sample of 30 to 50 clust&freach variety was
collected from each vineyard.

From each cluster sample, three sub-samples of&20ids were taken
randomly from three different positions: shouldet Front and back), middle
G2 (front and back) and bottom G3 of the clusteeeS-igurel. The sub-
samples were taken without detaching the pedicel alh tests were
performed the same day the berries were picked.

Al

Figurel On the left, berry sampling positionsin the cluster (G1 shoulder, G2 middle,
G3 bottom). On the right, berry skin puncture test positions (Al top, A2 side, A3
bottom)



Analysis

The analytical parameters of technological ripen€%8rix, total acidity, pH)
were estimated with official methodologies CE.

For the appraisal of grape mechanical properties] for each individual
berry, two different tests were made: berry skirdaeeds hardness.

The measurements were made using a Universal Tgd¥iachine TAXT2i
Texture Analyzer (Stable Micro System, Godalmingiri®y, UK) equipped
with a HDP/90 platform and a 25 Kg load cell. Theqaisitions were made at
400 Hz, using Texture Expert Exceed software vems2054 working in a
Windows environment. The operative conditions apglifor the tests’
execution are resumed in Tablel (Uys, 1996; Gro2i@01).

Table 1 Operational Parameters for the tests execution of the berry skin and seeds

hardness
Test Probe Test Compression M echanical properties

speed

(mms™)
Berry skin Fsk = berry skin break Force (N)
hardness Needle ! 3mm Wy = berry skin break Energy (mJ)
Seed P/35, 1 50% Fs = seed break Force (N)
hardness g 35mm 0 W, = seed break Energy (mJ)

Preliminary beery skin hardness test

In previous works on table and wine grapes, theriesrused for the berry
skin analysis were placed on the horizontal metale of the Texture
analyzer with the pedicel in a horizontal plane ¢éL&nd Bourne, 1980; Rolle
et al., 2006a,b).

This preliminary berry skin hardness test was cadrout on Cabernet
sauvignon and Pinot noir sub-samples from the 2@@6vest, in order to
compare three puncture positions on the berry (&ide and bottom), and find
out which of these positions leads to the most oelurcible results. See
Figurel.

Statistical analysis

The data elaboration was made using the StatisSiciware version 7.0
(StatSoft Inc., Tulsa, OK, USA).

Results and discussions
Table2 reports the technological ripeness paransetédrCabernet sauvignon,
Pinot noir and Nebbiolo at the two harvest seasd®84 and 2005.

Table2 Technological ripeness of Cabernet sauvignon, Pinot noir and Nebbiolo grapes
at harvest seasons of 2004 and 2005. The data is the mean of vineyards

2004 2005
Brix -{Oltfltgftlgrl;[g H Brix Total acidity
% 9 . P % (g/L tartaric acid)
acid)
Cabernet sauvignon 23,8 5,7 3,12 22,4 7,5 3,18
Pinot noir 20,3 7,6 3,08 21,0 9,9 3,03

Nebbiolo 23,8 7,0 3,10 24,6 6,7 3,12




Figure2 shows a typical Force-time (or deformati@uyve obtained with the
berry skin puncture test. The berry skin hardnesassessed either by the
maximum break force (Fsk) or by the break energyWThe first parameter
corresponds to the skin resistance to the probeefration while the second
parameter is represented by the area under theegcuwvhich is limited
between the 0 point andsF

Force, N
1 2

Time or deformation, sec or mm

Figure2 Force-time (deformation) curve corresponding to the berry skin puncture test

The Force-time curve, related to the seed hardness is reported in Figure3.
Break Force (Fs) corresponds to the first peak,levthireak energy (\
corresponds to the area under the curve whichmstled by the 0 point and
the break point. D1 represents the break distalgés a measure of the
material’s resistance to axial deformation. It repents the stiffness of the
material to an applied load. The larger the stifagthe higher the force or
stress needed to cause a given deformation orrstiés value is calculated as
the slope of the stress-strain curve in the lingaction (Vargas et al., 2001).

Force, N

o Time or deformation, sec or mm

Figure3 Force-distance curve related to the test for seed hardness determination



The results of the preliminary berry skin hardnéssts are reported in
Table3. Results show a significant difference beeawehe three puncture
positions (Al, A2, A3) whereas there is no sign#dnt difference between the
berries picked from different positions of the cles as shown in Table4. It
is therefore possible to underline that the berkinshardness test is not
affected by the sub-sampling position because whaethe berries are picked
in the top, the middle or the bottom of the clustdrey still have the same
skin mechanical properties. In contrast, the tessaffected by the positioning
of the berry on the horizontal metal plate of thexture Analyzer: with the
pedicel in horizontal (A2) or vertical plane (Al &RA3).

The differences according to the berry punctureipos between the two
vineyards of Cabernet sauvignon and Pinot noir sltewn in Table5 and
Table6. For Cabernet sauvignon, there is no sigmifit difference between
the vineyards if the puncture test is carried outAil or A2 points, whereas
the difference is significant (p<0,05) when the pture point is A3. The same
comparison between Pinot noir vineyards showed thate is a significant
difference if the test is made in A2 and A3 poirfps<0,001) while there is no
significant difference if the puncture positionAd. The results given by A2
are therefore more reproducible than A1 and A3 andsequently, it is
considered the best position for the puncture #asd supports the methods of
Lee and Bourne (1980) and Rolle et al. (2006a,lr)doape puncture tests.

Table3 Berry skin hardness parameters of Cabernet sauvignon and Pinot noir
measured in different puncture positions. Sign = significance; ***p< 0.001, **p<0.01,
*p<0.05, ns = not significant

Fsk (N) Wsk (mJ)
Al A2 A3 Sign Al A2 A3 Sign
G1 0,3+ 0,477+ 0,299+ ,,, 0,19+ 0,22+ 0,100+ ,,,
0,09 0,09 0,04 0,09 0,08 0,03
Cabernet ., 0,36+ 0,42+ 0,29+ ,,, 0,18z 0,22+ 0,11+
sauvighon 1 0,06 0,08 0,06 0,05 0,08 0,05
53 0,38+ 0,43+ 0,29+ ., 0,19+ 0,24+ 0,12+ .,
0,07 0,06 0,06 0,06 0,06 0,06
51 0,36 0,44+ 0,29+ .., 0,19+ 0,25+ 0,11°+ ,,,
0,055 0,06 0,05 0,07 0,06 0,04
Cabernet ., 0,37+ 0,41°+ 0,26+ ,,, 0,18+ 0,23+ 0,09+ ,,,
sauvignon 2 0,08 0,06 0,05 0,06 0,06 0,03
a3 0,36+ 0,41°x 0,26+ ,,, 0,18+ 0,22+ 0,099 ,,,
0,06 0,05 0,05 0,06 0,05 0,03
gy 0.39% 0,53°+ 0,41° ,, 0,19 0,31°+ 0,18+ ,,
0,10 o,gcs o,gaes o,(z)bs 0,07 o,ga4
. . 0,43+ 0,57+ 0,38+ ,,, 022x 031°+ 0,19+
Pinot noir 1-G2 74 g 0,05 0,05 0,07 0,05 0,06
53 0,422+ 0,56+ 0,35+ ,,, 02%% 029+ 0,19+
0,07 0,08 0,07 0,06 0,08 0,06
51 0,417+ 0,46+ 0,35%+ .., 0,19+ 0,26+ 0,168+ .,
0,10 0,06 0,06 0,08 0,05 0,05
Pinot noir 2 Gp 040 % 0,50+ 0,35+ ,,, 0,200+ 0,30+ 0,16+ .,
0,11 0,09 0,05 0,09 0,06 0,05

0,4+ 0,48+ 0,35+ .., 0248+ 027+ 0,16+ ,,

G3 511 0,08  0.04 0.10 0,08 0.04




Tabled4 Berry skin hardness parameters of Cabernet sauvignon and Pinot noir sampled
from different positionsin the cluster. Sign = significance; ***p< 0.001, **p<0.01,
*p<0.05, ns = not significant

Fsk (N) Wsk (mJ)
G1 G2 G3 Sign G1 G2 G3  Sign
Ay 0.39% 037+ 039+ . 019+ 0,18+ 0,19%
0,09 0,06 0,07 0,09 0,05 0,06
Cabernet ,, 042+ 042% 043 0,222+ 0,22+ 0,24+ s
sauvignon 1 0,09 0,08 0,06 0,08 0,08 0,06
A3 0.29% 029+ 029+ - 010% 0,11% 0,12%
0,04 0,06 0,06 0,03 0,05 0,06
Ay 0.37% 037+ 037+ - 019% 0,18+ 0,183%
0,05 0,08 0,06 0,07 0,06 0,06
Cabernet A2 0,44+ 0,41+ 0,41+ ns 0,25+ 0,23+ 0,22+ ns
sauvignon 2 0,06 0,06 0,05 0,06 0,06 0,05
A3 0,29+ 0,26 0,26*+ 0,11+ 0,09+ 0,09%
0,056 +0,06 0,05 0,04 0,03 0,03
Ay 038+ 044+ 043+ = 0191 0,22% 022
0,10 0,08 0,07 0,08 0,07 0,06
Pinot noir 1 Az 053+ 057+ 056+ 031+ 031x% 029x%
0,08 0,05 0,08 0,07 0,05 0,08
A3 0,42+ 0,38"° 0,35*°+ ,, 0,18+ 0,19+ 0,19 * s
0,06 +0,05 0,07 0,04 0,06 0,06
Ay 042% 040: 043+ o 019% 020+ 0243
0,10 0,11 0,11 0,08 0,09 0,10
Pinot noir 2 Ay 0:46% 050+ 048+ 026 030 027%
0,06 0,09 0,08 0,05 0,06 0,08
A3 0.35% 035+ 035+ - 016% 0,16+ 0,16+
0,06 0,05 0,04 0,05 0,05 0,04

Table5 Berry skin hardness of two Cabernet sauvignon vineyards. Sign = significance;
***n< 0.001, **p<0.01, *p<0.05, ns = not significant.

Fsk (N) Wsk (mJ)
Cabernet Cabernet . Cabernet Cabernet .
. . Sign . . Sign
sauvignon 1 sauvignon 2 sauvignon 1 sauvignon 2
Al 0,38 £0,07 0,37 0,06 ns 0,19 + 0,07 0,18 6®, ns
A2 0,42 +£0,08 0,42 +0,06 ns 0,23 + 0,08 0,23 8®, ns
A3 0,29 £0,06 0,27 * 0,05 * 0,11 £ 0,05 0,10+ 8,0 ns

Table6 Berry skin hardness of two Pinot noir vineyards. Sign = significance; ***p<
0.001, **p<0.01, *p<0.05, ns = not significant.

Fsk (N) Wsk (mJ)
Pinot Noir 1 Pinot Noir 2 Sign Pinot Noir 1 Pinot Noir 2 Sign
Al 0,42 +0,09 0,42+0,11 ns 0,21 +0,07 0,21 +0,08s
A2 0,55+ 0,07 0,48 +,076 *** 0,30 +0,07 0,28 +,064
A3 0,38 +0,06 0,35+0,05 ** 0,17 +0,05 0,16 + 0,05
The data shown in Table7 is related to the differ@mmong Cabernet

sauvignon, Pinot noir and Nebbiolo varieties acdongdto their berry skin and
seed hardness parameters. In both 2004 and 20é&® tils a significant
difference between varieties, therefore berry sand seed break force and
energy are meaningful parameters for varietal chtgdzation and
differentiation. Nebbiolo indeed was the varietytivithe more resistant seeds
(55,8N break force in 2004 and 58,9N in 2005) aad,4 mJ break energy in



2004 and 15,9 mJ in 2005), but with the less remistberry skins (0,46N
break force in 2004 and 0,35N in 2005) and (0,34im2004 and 0,18 mJ in
2005). In opposition, Pinot noir had the weakese¢d® but the toughest berry
skins. Cabernet sauvignon showed a medium hardf@skerry skins and
seeds.

The high berry skin hardness of Pinot noir coulddase to a reduced level of
maturity compared to the other two varieties witdwlsugar content (20,3 %
Brix) and high acidity 7,6 g/L tartaric acid in 28@nd 6.8 g/L tartaric acid in
2005, since the berry skin hardness decreases whgars increase (Lee and
Bourne, 1980). It could likewise be the consequentéigh berry skin
thickness (Rolle et al., 2006b). Berry skin resista to rupture (splitting) is
nevertheless important from the agronomical andtppgthological point of
view (Considine, 1981; Lang e During, 1990; BiSdfad., 1994), as well as
from the technological point of view, as this chat@ristic could reduce cell
permeability (Cagnasso et al., 2005).

Coombe (1973) reported that the growth of the grapery is characterized by
two successive sigmoid curves, with a plateau itwkeen that corresponds to
three stages of development. During stage I, thegaep and seed cell
numbers increase. During this stage the seed agpmsaits full size. During
stage Il, the seed embryo develops with a concomtiteardening of the seed
coat (Coombe, 1960). Stage Ill is the ripening ®taghen sugars rapidly
accumulate. The inception of stage Il (termed vVéoa) is characterized by
berry softening. By véraison, much of the seeduByf developed but during
the third and last grape ripening stage, the semdture, turn from green to
brown and become hard and desiccated. The high baedness of Nebbiolo is
therefore an indication of mature seeds whereasltieseed hardness level
of Pinot noir could be due to an uncompleted thingening stage. Therefore
such aspect needs to be subsequently investigated.

Table7 Cabernet sauvignon, Pinot noir and Nebbiolo berry skin and seeds hardness.
Sign = significance; ***p< 0.001, **p<0.01, *p<0.05, ns = not significant. (Inside the
cells, the significance of the difference among the vineyardsis reported).

2004 2005
Fsk Wsk Ws Fsk Wsk
Fs (N Fs (N Ws (mJ
(N)  (mJ) N (ma)y Ny (m3) (N) (mJ)
Cabernet 0,51+ 0,35+ 44,5+ 12,21 + 0,46 + 0,23 + 43,4 + 11,61 %
i 0,07 0,13 6,94 3,50 0,05 0,06 5,44 2,42
Sauwgnon %

e ns ns ns ns ns ns
0,57 0,35+ 35,9+ 11,06 + 0,50 0,27 41,3 11,65

Pinot noir 0,12 0,12 7,00 3,75 0,07 0,06 8,37 3,19
*kx ns * ns ns ns ns ns

I+
I+
I+
I+
I+

0,46 + 0,34 + 55,8 + 14,45+ 0,35+ 0,18+ 58,9+ 15,91
Nebbiolo 0,09 0,13 10,66 5,00 0,06 0,05 10,34 4,36

ns ns ns * ns ns Ns ns
Slgn * %% ns * %% * %% * %% * %% * %% * %%

Conclusions

Texture analysis proved to be an efficient method the assessment of wine
grape mechanical behavior. The experiment showédgh discrimination
between Cabernet sauvignon, Pinot noir and Nebbgrlmpes. The knowledge
of texture indices could provide important qualiteg information for the



oenologist during the planning and management e@f phessing and
maceration processes.

In order to acquire wider information it becomescassary to extend the
study to check the possible correlations betweetaddtained by texture
analysis and grape chemical parameters, with aipalidr emphasis in those
related to phenolic maturity, which in the past atwved long and expensive
methodologies.

Finally, it is interesting to establish some tex@uanalysis tests that are able
to integrate human sensorial capacities in additienfurnishing objective
evaluations of the mechanical parameters requiredame grape sensory
analysis cards.
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