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Effect of anthocyanin absence on white berry grape (Vitis vinifera L.)
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Summary

In grapevines, white berried cultivars are char-
acterized by the absence of anthocyanins, which are
the main pigments in V. vinifera fruits. These varieties
produce berries with a yellowish color. The pigments
responsible of this hue are still not well defined. In
this paper, spectrophotometric analyzes were carried
out using non-invasive methods (reflectance spectra)
and destructive quantifications (chlorophyll and car-
otenoid quantifications) to describe the variation in
color of three white grape varieties during ripening.
A decrease in chlorophylls and carotenoids was found.
Changes in the proportion of blue (450-500 nm) and red
(630-700 nm) absorption bands were underlined. The
contribution of melanin-like pigments (oxidation prod-
ucts) is also discussed. In general, our results indicate
that the yellow color of white cultivars is not related
to the activation of specific biosynthetic pathways. It is
most likely due to a series of catabolic processes (and to
their relative intensity), which become visible and that
are possibly stimulated by the anthocyanin absence.
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Introduction

The fleshy fruit skin color, thus its pigment composi-
tion, is an important trait for angiosperm eco-physiology
and evolutionary development. It has a central role in dis-
semination because it attracts fruit-feeding vertebrates,
generating strict co-evolutionary patterns between fleshy-
fruited plants and frugivorous animals (WiLLsoN and WHE-
LAN 1990). Considering grapes, as for many other berries,
the seed dispersion is carried out by birds, and in particular
by common starling (Sturnus vulgaris L.) (HARDIE 2000).
Seed-dispersing birds are able to distinguish colors and
prefer red and black fruits. For these reasons, the natural
evolution of the wild grapevines (Vitis vinifera L. subsp.
sylvestris Gmel.) produced fruits strongly pigmented
thanks to high anthocyanin accumulation. However an-
thocyanins in fruit skins may play other roles, like antioxi-
dant as well as UV and visible light protectant, in addition
or in alternative to attraction of fruit eating birds (CLOSE
and BEADLE 2003).

It should be noted that white berried wild grapevines
have not been yet described in the wilderness (ArRROYO
Garcia and ReviLLa 2013). For this reason, white muta-

tion should be considered a non-adaptive trait for seed
dispersal and/or other eco-physiological aspects. Contra-
rily, white grape cultivars have arisen by mutations of red
cultivars (KoBavasH et al. 2004, FOURNIER-LEVEL et al.
2010). KoBavasHi et al. (2004) and WALKER et al. (2007)
found that the loss of pigmentation in white cultivars of
V. vinifera is associated with a mutation in VvMYBA1 and
JVvMYBA2, which regulate anthocyanin biosynthesis.

During millennia of grape cultivation, humans selected
a range of berry colors, including white grape varieties, to
differentiate the production. In fact, fruit color has a central
role for the direct consumer attraction as well as for wine-
making. For this reason, color is one of the most important
ampelographic traits and it is one of the main features to be
considered to assess by phenotyping the genotype quality
potential (RusTiont ef al. 2013a).

Tissue spectral signature of grapevine varieties in the
visible and NIR ranges is ruled by content, composition
and localization of pigments, epicuticular waxes and water
content (ButLEr and Norris 1960, Rustiont et al. 2012).
All these factors influence fruit spectral characteristics
(McCrure 1975). In relation to pigment, chlorophyll,
carotenoid and anthocyanin contents and proportions de-
termine fruit color and external appearance (SAURE 1990,
ABBOTT 1999) and represent markers of their commercial
value. Focusing on the optical properties of pigments, only
recently the contribution of different compounds to the tis-
sue color in grapes has been approached at the molecular
scale (RusTionT et al. 2013b). On the other side, no infor-
mation about the compositional basis and the physiologi-
cal implication of white grape color are available in litera-
ture. During maturation, green berries gradually vary their
color towards yellow up to amber. The intensity depends
on grape variety and growing conditions. The biochemical
explanation of this modification surely involves pigments
concentration and their balance in the skin tissue. Never-
theless, specific experimental evidences are not available
to describe this phenomenon.

Material and Methods
Plant material and growing condi-
tions: The Vitis vinifera L. accessions used in this

study were all cultivated in the same germplasm collec-
tion vineyard, located in the Regional Research Station
of Riccagioia (Lombardy region, Northern Italy) already
described in a previous article (Rustiont et al. 2013a). The
site is located in the Oltrepo pavese viticultural area (lon-
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gitude 9°05°, latitude 44°58’, elevation 144 m.a.s.l.) on a
hilly terrace with a slight east exposition with a typical clay
soil (Udic Paleustalfs fine silty, mixed, superactive, mesic
following the USDA soil taxonomy; SoiL SURVEY STAFF
1999). Adopting Koeppen’s classification (STRAHLER and
StraHLER 2003), the experimental site has a mesothermal
climate with transitional characteristics between Oceanic
(Cfb) and Mediterranean (Csa) types. The annual average
temperature is 11.7 °C and the average temperature of Jan-
uary and July is 0.7 and 22.4 °C, respectively. The pluvio-
metric regime presents an annual rainfall varying between
600 and 800 mm with two maxima (in spring and autumn).
The winter and the summer minima correspond to the Oce-
anic and Mediterranean weather types, respectively. Plants
were spaced by 2.5 m (interrow) , 1 m (intrarow) for about
4000 plants/ha, and trained to the classic Guyot system,
leaving after winter pruning a two-bud spur and a cane of
10-12 buds. The interrow soil was kept weed-free by two
glyphosate herbicide treatments yearly.

Experimental layout: three white berried
grapes were selected: ‘Ribolla Gialla’, ‘Pedro Ximenez’,
‘Moscato di Alessandria’ (syn. Muscat of Alexandria). A
bunch for each accession was harvested at different phe-
nological stages, following the BBCH scale (LoRENZ et al.
1995): pre-veraison (77 BBCH), veraison (81 BBCH) and
harvest time (89 BBCH). For each accession and sampling
time, four berries were studied in 2013 ripening season. On
each one, weight, axial and abaxial diameters, reflectance
spectra in four different positions, chlorophyll a, chloro-
phyll b and carotenoids content by destructive quantifica-
tions, were determined.

Berry reflectance detection: Overall 36
reflectance spectra were obtained using a spectrometer Jaz
System (Ocean Optics, B.V.), completed with a Channel
with a DPU Module and ILX511b Detector, OFLV-3 Filter,
L2 Lens and 50 um Slit as installed options. A reflection
probe QR600-7-VIS125 was coupled to the spectropho-
tometer. The instrument was set up with a NIR/Vis light
source 4095 power setting, and the integration time was
corrected in order to give the best percentage of reflection
during the calibration. Collected spectra ranged between
340-1025 nm with steps of about 0.3 nm. In this work, the
visible spectral changes (450-750 nm), will be presented
and discussed, with a particular focus on the variations
in absorbance in the blue (450-490 nm) and the green
(490-560 nm) regions. Experimental spectra were the aver-
age of 20 single instrumental spectra. The spectra were cal-
culated as percentage of reflectance (% R) in comparison
with a reference blank spectrum obtained by WS-1 Dif-
fuse Reflectance Standard made of PTFE (Ocean Optics,
B.V.). Also a dark spectrum was taken with the light path
blocked.

Spectra elaboration: The relationships be-
tween reflectance signal and chromophore content is non-
linear. Thus, the reflectance spectra were converted to ap-
proximate to the (quasi) linear relationship between pig-
ment content and optical reflectance-based indexes using
the following formula:

A =log (I'R")
where A4 is absorbance and R reflectance. Average absorb-
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ance spectra of each berry, were then rescaled according

the detected concentration chlorophyll a as follows:
Ac=(Ca)*(4) A"

where Ac is the absorbance corrected in relation to the

measured chlorophyll @; Ca is the concentration of chlo-

rophyll a; A_is absorbance at each wavelength; 4, is the

absorbance at 678 nm.

In order to evaluate pigments content in terms of contri-
bution to the variation in color of the berries during the dif-
ferent phenological stages, we studied the modifications in
the proportion of blue (450-500 nm) and red (630-700 nm)
component in the absorbance spectrum. Therefore, we nor-
malized the overall absorbance spectra to the chlorophyll a
maximum peak of absorbance at 678 nm as follows:

Ar =Ac Ac,,’
where Ar is the relative absorbance; Ac_is the Ac value at
each wavelength; Ac_, is the Ac value at 678 nm.

Chlorophyll, carotenoid and xantho-
phyll extraction: Just after the detection of the
optical properties, pigments concentrations were deter-
mined on the same berry sample. All the four berries for
each accession were separately squeezed to isolate the
exocarp from the pulp. The exocarps were ground in liquid
nitrogen, and 1.5 mg of CaCO, salt (Sigma-Aldrich Co)
were added to prevent the formation of pheophytins, and to
neutralize the tissue samples avoiding cis/trans isomerisa-
tion when extracting carotenoids (Krasnow et al. 2010).
All procedures were carried out in green subdued light to
minimize light-associated degradation of chlorophylls and
carotenoids (KAMFFER ef al. 2010). Ethanol (Sigma-Aldrich
Co) 95 % was used for the extraction.

A Jasco model 7800 recording spectrophotometer was
used to quantify chlorophyll a, chlorophyll  and carote-
noids plus xanthophylls concentrations following Lich-
tenthaler (LICHTENTHALER 1987).

The berry surface was calculated using the measured
diameters. Berries were compared to prolate or oblate
spheroids (a = b > ¢ in oblate ellipsoid of revolution and a
= b < ¢ in prolate ellipsoid of revolution, where a, b and ¢
are the semi-principal axes length). The surfaces (S) were
calculated as follows:

The concentrations measured by destructive quanti-
fications were then converted in pg-cm™ to be compared
with the surface optical properties.

arctanh(sin (oe)))

S(oblate) = 21 (az + ¢? -
sin(ce)

S(prolate) =~ 2m (CZ + ac siglo(eo)e))

C
e = arcos (—)
a

Results and Discussion

In Fig. 1 pigments content variation during the three
different phenological stages are reported. The bars rep-
resent respectively chlorophyll a (ng-cm?), chlorophyll »
(ng-em?), total chlorophylls (pg-em?) and carotenoids
plus xanthophylls (pg-cm?). From pre-veraison to harvest
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Fig. 1: Pigments content variation during the three different phe-
nological stages, pre-veraison (1), veraison (2), harvest (3). Error
intervals indicate standard errors. The bars represent chlorophyll
a (ugrem?), chlorophyll b (png-em?), total chlorophyll (ug-cm?)
and carotenoids plus xanthophylls respectively (pg-cm™).

a decrease in all pigments concentration is visible for each
accession. These results are in agreement with others al-
ready published (BAuMES et al. 2002, DowNEY et al. 2004).
Both chlorophylls (a and ) are components of the photo-
synthetic membranes; chlorophyll a is the major pigment,
while chlorophyll b is an accessory pigment (LICHTENTHAL-
ER 1987). In our case in general chlorophyll @ in respect to
total chlorophylls varies from 63 to 67 % during ripening.

To limit the transmittance impact, Fig. 2 represents the
absorbance spectra proportional to the measured chloro-
phyll a, during the three different phenological stages in
each accession. The spectral range is 450-750 nm. A gen-
eral diminution in the absorption spectra is visible from
pre-veraison to harvest. Spectral absorption variation in the
blue (450-490 nm) and in the red (630-700 nm) during the
maturation process for all the accessions, clearly shows the
degradation of carotenoids and chlorophylls, respectively.
In these ranges the absorbance values differentiated sig-
nificantly the first versus the third stages, for all the ac-
cessions. Basically both chlorophylls and carotenoids plus
xanthophylls degraded.

In order to understand the causes of the green-yellow-
ish colour changing during ripening, we decided to com-
pare the relative contribution of blue and red absorption
bands. With this purpose we normalized the absorbance
spectra by the chlorophyll a peak at 678 nm for all the sam-
pling times and accessions (Fig. 3). Part of the blue green
range (450-550 nm) was analysed. In this case the normali-
zation for the red part of the spectrum allowed to highlight
the proportional variation in the blue green region through
a relative absorbance spectrum. Pigments degradation dur-
ing ripening was confirmed by destructive quantifications.
However, chlorophylls and carotenoids had a different
degradation intensity. The rate of carotenoids in relation
to the total studied pigments content was 15.8 % at pre-
veraison, 19.9 % at veraison and 31.4 % at harvest. Similar
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Fig. 2: Absorbance corrected in relation to the measured chlo-

rophyll a (Ac) during the three different phenological stages for
each accession. Pre-veraison (1), veraison (2), harvest (3).
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Fig. 3: Detail of the relative absorbance (Ar) spectra (means =+
standard error), during the three different phenological stages for
each accession. Pre-veraison (1), veraison (2), harvest (3). The
dashed lines represent the maximum in absorbance at 504.89 and
533.28 nm during the second and the third sampling times.

results were obtained by MErzLYAK (1998): in their case
a decrease in absorbance around 678 nm was accompa-
nied by a slight decrease in the blue range, characteristic
of chlorophyll breakdown and carotenoids retention dur-
ing leaf senescence and fruit ripening. In agreement with
the destructive quantifications and the bibliographic data,
at 450-500 nm (blue) in two out of the three studied cases,
the relative absorbance increased during ripening (Fig. 3).

From 500 to 550 nm a general increase in relative ab-
sorbance was visible during maturation. Two maximum
relative absorption peaks, appeared for the three accession
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spectra at 505 and 533 nm, respectively. A spectral contri-
bution at these wavelengths could be ascribed to oxidation
products and, in particular, to melanin-like pigments. In
fact, similar spectral modifications were observed during
sunburn symptoms appearance (Rustiont ef al. 2014). This
result suggest a significant role of the oxidation products
in berry colour modification during ripening. Melanin-like
pigments accumulation might be the natural consequence
of the H,O, rapid increase, which starts during the so-called
oxidative burst phenomenon and characterizes the begin-
ning of ripening (PiLATI et al. 2007). In red varieties it is
not possible to distinguish the appearance of yellow hue,
because of the overlapping absorption of anthocyanins at
similar wavelengths. Moreover, anthocyanins may play
an antioxidant role against ROS (reactive oxygen species)
which lead to the formation of melanin-like pigments in
white grapes during ripening. Anthocyanins antioxidant ac-
tivity is well known: these pigments are able to capture free
radicals by donation of phenolic hydrogens (CASTANEDA-
Ovanpo ef al. 2009). It has been described that red/black
berries extracts possess a high scavenging activity towards
ROS. A linear correlation between antioxidant capacity
and anthocyanins content in ripe fruits of blackberries,
raspberries and strawberries has also been reported (WANG
and LN 2000).

White berried V. vinifera cultivars are the consequence
of the inactivation of anthocyanin biosynthesis (KoBa-
vaAsHI et al. 2004), thus it is consistent to propose that grape
green-yellowish colour is principally related to catabolic
pathways instead of specific pigment accumulation. In this
case, the modification in colour seems not to be related
to the activation of specific pigments accumulation in re-
sponse to evolutionary adaptations. However, the anthocy-
anins absence, the chlorophylls/carotenoids degradation
ratio, and the ripening characteristic oxidative burst, pro-
mote the appearance of the well known yellowish colour
of these fruits. This experiment is a starting point to better
understand the physiological implications on the yellowish
colour variations in the white skinned varieties.
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