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The effect of some viticultural parameters on the grape carotenoid profile was investigated. Grape
cultivar, ripeness stage, sunlight and shade exposure, altitude, and vegetative height were studied.
Differences between cultivars were observed in eight different black grape varieties: Touriga Brasileira
(TBR), Tinta Barroca (TB), Tinta Amarela (TA), Souz&o (S), Touriga Franca (TF), Touriga Nacional
(TN), Tinta Roriz (TR), and Tinto C&o (TC), from the Douro region. TA and TBR clearly produced
higher concentrations of carotenoids. Results showed that carotenoid content decreased during
ripening. Decreases of lutein were observed until 66%, whereas j-carotene slowly decreased, having
a constant level until the harvest date. Carotenoid contents were consistently higher in grapes exposed
to shade than in those exposed to direct sunlight in both studied white grape varieties, Maria Gomes
(MG) and Loureiro (L). In the Douro Valley, high-elevation terraces, which presented a lower
temperature and higher humidity during the maturation period, appeared to produce grapes with higher
carotenoid values. Grapes grown with higher vegetative height seem to have higher carotenoid levels;
furthermore, grapes grown with lower vegetative height had higher weight and sugar concentrations.

KEYWORDS: Vitis vinifera ; carotenoids; cultivars; sunlight and shade; altitude; vegetative height; berry
growth

INTRODUCTION the one that best overcomes the restraints imposed upon them
by the climate, the soil, the needs of the plants, and the

In the Douro region of Portugal grape quality is determined production goals (1),

by taking into account several viticultural parameters. The
existence of several types of quality wine in the Demarcated Itis well-known that carotenoid contents in plants are related
Region of Douro determined the need for a criteria that are to the metabolic processes of plant cells, which are dependent
applied to selecting and sharing the musts that are produced inon climatic factors, agricultural practices, and plant variejy (

the region. Thus, of the entire amount of land under viticulture, Carotenoids are mostly synthesized from the first stage of fruit
only 26000 ha is authorized for Port Wine. The vines that are formation until veraison and then degrade between veraison and
considered to be appropriate for this wine are selected accordingmaturity to produce C13-norisoprenoid compoung)s which

to criteria of quality based on a scoring method and classified have peen reported as odor-active substances responsible for
according to a scale of quality that ranges from A to F. This ¢ typical aromas of some grape varietigs-§). Effects on
method considers soil, climatic, and agricultural parameters that .5 otenoid concentrations in grapes due to climatic conditions
are important in determining the quality potential of each and sunlight exposure have already been stude6-8). In

vineyard. Furthermore, the “beneficio” coefficient, which is . . .
attriguted to a vineyard, is calculated on the basis of the general, the highest carotenoid levels occurred in grapes

registered characteristics of each vineyard. Before a vineyardprc’d_uced in_hot regions. Nevertheles_s, grapes e>_<posed to
can be planted on the very steep slopes, the land has to be shape%m"ght seem to have Ipwer carotenoid concentrations than
to form terraces. The manner by which the vines are trained is Shaded grapes, at maturity.

In previous work has been shown a relationship between

* Corresponding author (telephore851225580095, fax-351225580088, carotenoid contents in grapevine berries and plant water status

e-mail pinho@esb.ucp.pt). (9). It was observed that irrigated treatment seems to contribute
§XB'\‘jle[')S'dade Catolica Portuguesa. to lower carotenoid levels in grapes, when vines are planted in
# Direcdio Regional del Agricultura de Tras-os-Montes. a lower water retention capacity soil. However, in a higher water
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retention capacity soil, irrigated treatment seems to have noTaple 1. Carotenoid Concentrations in Eight Different Cultivars from
effect on carotenoid contents when compared with nonirrigated CC Douro Subregion, at Harvest Date, in 2001 and 20022
treatment.

An altitude effect on proanthocyanidins and anthocyanins has
been reported in grape skink)—12). Anthocyanin concentra-

neo- viola- luteo- chloro-
grape  xanthin ~ xanthin ~ xanthin  lutein phylla  p-carotene

tions were greater in skins of grapes grown at higher altitude, 2001
and proanthocyanidins, in skins and seeds, were higher at lower %R 2% gi ‘3‘; ;gg g? ;gg
altitudes. It was reported that aroma potential, given by 15 8 98 4 654 172 910
monoterpenes and norisoprenoid concentrations, showed higher s 10 74 18 458 117 456
values from grapes grown at lower altitude3j. Conversely, TF 10 71 5 511 120 606
wines from grapes grown at lower altitude suggested higher TN 10 44 9 383 91 463
. : ; . TR 8 19 8 386 105 750
wine quality (1, 13), as determined by scoring methods3. ( TC 13 65 5 423 116 549
As grape quality is determined by viticultural parametéjs ( 2002
the aim of this study was to examine the impact of some gg 47 9 2 386 51 537
viticultural parameters such as altitude and vegetative height T8 31 5 4 279 43 495
on the grape carotenoid profile to be able to correlate carotenoid TA 44 14 6 410 65 621
content with grape quality. Stage of ripening, climatic condi- ?F gg i 3 gg% gi ‘S‘gg
tions, sunlight exposure, and cultivars were studied, as well, to 1, 51 10 5 365 57 402
provide some new insights into the understanding of the changes TR 40 7 4 259 49 567
in carotenoid compounds, knowing that carotenoids are precur- TC 19 3 3 218 67 617

sors of several aroma compounds.

@ Carotenoid concentration is expressed in uglkg of berry. Neoxanthin,
MATERIALS AND METHODS violaxanthin, and luteoxanthin are expressed in equivalents of lutein.

Plant Materials and Treatments. The effect ofgrape cultivaron
carotenoid contents was studied in varietie¥is vinifera from one
grape-growing subregion from Douro, Cima Corgo (CC), in eight
different grape varieties: Touriga Brasileira (TBR), Tinta Barroca (TB),
Tinta Amarela (TA), Souz&o (S), Touriga Franca (TF), Touriga Nacional
(TN), Tinta Roriz (TR), and Tinto Cao (TC). The study was conducted
in two consecutive years, 2001 and 2002. Samples were analyzed durin
the last month of maturation. Vines were spaced 1.1 m in rows 2.2 m
apart with a north-northwest orientation, trained to a bilateral cordon.

The effect ofsunlight and shade exposurveas investigated with
two white grape varieties: Maria Gomes (MG) from the Bairrada region
and Loureiro (L) from the Vinho Verde region. In MG grapes, vine
spacing was 1.2 m in east-west-oriented rows, with 2.5 m between
rows and vines trained to a bilateral cordon. Samples analyzed were
oriwest southeastoriented fous, i .0 m between rows and vinesQ% AJ; 60-65 min (0% ALt values were as follows: neoxanthin

) ) ! ) 5.5 min; violaxanthin, 6.0 min; luteoxanthin, 6.2 min; lutein, 13.6 min;
trained to a single cordon. Samples analyzed were taken September

; . .~ chlorophyll, 30.2 min; ang-carotene, (32.4 milil4).
13 and 20 and October 1. Grape berries were exposed to direct sunlight Identification. Carotenoids were identified by comparison with

and kept in the shade by vggetan.on prote_ctlon. L commercially available standardg:carotene (Sigma 95%, synthetic)
The effect ofaltitude was investigated with two grape varieties of (C-9750), Iutein (Sigma 70%, from alfalfa) (X-6250), neoxanthin

¥' ul_nlfe’r\la ffom Itr'll'i C(.: subréegmr: of Dou_rc;: dT?(li{'ga l_:jrar;ca_ an(ti | (0234.1) and violaxanthin (0259) from (CaroteNature GmbH), and
ouriga Naciona'. The vineyard system consisted of & m wide norizonta chlorophyll a (Aldrich, from spinach) (25,825-3). Luteoxanthin was

ter_races containing two rows of vines each. The vines were spaced 1']1dentified by comparison of retention time and BVisible photodiode
m in rows 2.0 m apart, trained to a double-guyot system and pruned to

_ . . array spectra (15).
8-10 nodes per vine for TF and £25 nodes per vine for TN. Two Statistical Analysis.Principal component analysis (PCA) was carried

terraces were situated at low altitudes, between 85 and 90 m (above ut using an XLSTAT-Pro version 6.1.9. The PCA method shows

sea level), two terraces were situated at medlum altltudes,_betwe_en 14 similarities between samples projected on a plane and makes it possible

and 155 m, and two additional terraces were sntugted at high aItItUdes"to determine which variables determine these similarities and in what

between 180 and 210 m for T.F and TN, rgspectlvely. way. An analysis of variance (ANOVA) using Excel software from
The effect of vegetative height, the height of the plants, was \yinqows 98 v 7.0 was applied to the experimental data; the results

investigated with one grape variety Wf vinifera, TN, from the CC 016 considered to be significant if the associatailue was<0.05.
subregion of Douro. The vines were spaced 1.0 m in rows 2.0 m apart,

trained to a single-guyot system. One terrace had 60 cm of vegetative
height and another had 100 cm of vegetative height.

trated to dryness (rotavapor) and resuspended in 1 mL of acetone/hexane
(2:1, v/v) for HPLC determination. Light exposure was minimized
during sample preparations to avoid photoisomerization.

HPLC. A Beckman model 126 quaternary solvent system, equipped
with System 32 Karat software and a 168 rapid-scanning;-\d¥ible

hotodiode array detector, was used. The absorption spectra were
ecorded between 270 and 550 nm.

(a) Stationary phase HPL@as performed on a Nova-Pack C18,

60 A, 4 um particles (3.9x 300 mm), Waters.

(b) Mobile Phase HPL@®vas performed with solvent A, ethyl acetate
(Merck pure grade), and solvent B, acetonitrile/water (9:1 v/v) (Merck
pure grade and pure water), flow rate 1 mL/min. The following
gradient was employed: -B1 min (0-60% A); 31-46 min (60% A);
46—51 min (60—100% A); 51—55 min (100% A); 550 min (100—

RESULTS AND DISCUSSION

°Brix was measured using a refractometer, LEICA model 7Baéry Effect of Grape Ripening and Cultivar on Carotenoid
weightwas estimated by an average of 50 g of fresh berries. Contents. Table 1shows the concentration of carotenoids in
Extraction and Determination of Carotenoids. Grape Material. different cultivars from the CC Douro subregion, at harvest date.

Approximately 50 g of fre.sh berries, without seeds,.was homogenized The study was conducted in two consecutive years, 2001 and
using a Turrax homogenizer at 9500 rpm for 15 min. This procedure 2002, for eight different grape varieties: Touriga Brasileira,

provided 40 g of sample that was spiked with 200 of internal - . ~ . .
standard, 170 mg/L g¥-apo-8'-carotenal (Fluka) (10810), and diluted Tlntg Barroc'a, Tinta Amarela, .Souzatz, Tou'rlga Franca, Touriga
Nacional, Tinta Roriz, and Tinto Cao. Differences between

with 40 mL of water (18.3 MR/cm). Extraction was carried out with - :
40 mL of ether/hexane (1:1, viv) of HPLC grade (Merck), agitated for Cultivars can be observe@able 1). For the first year of the
30 min. The extraction was repeated two more times with 20 mL of study (2001), the ANOVA treatments of the data showed

ether/hexane (30 min each). The final combined extract was concen-differences between cultivars and between the different com-
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Figure 1. Evolution of the levels of carotenoids during the last month of maturation for the eight cultivars, in the last year of study (2002): lutein,
chlorophyll &, and f-carotene in the first yy-axis; neoxanthin, violaxanthin, and luteoxanthin in the second yy-axis.
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Figure 2. Effect of degree of ripeness, sunlight, and shade on carotenoid concentration in Maria Gomes grapes. Neoxanthin, violaxanthin, and luteoxanthin
are expressed in equivalents of lutein.
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Figure 3. Effect of degree of ripeness, sunlight, and shade on carotenoid concentration in Loureiro grapes. Neoxanthin, violaxanthin, and luteoxanthin
are expressed in equivalents of lutein.

pounds (p= 3.99E—02) and{ = 4.04E—17), respectively, at  luteoxanthin seem to have slightly decreased during this period.
the 95% level, although no significant differences were observed These results are in agreement with previous work in which
for the last year of the study (2002). TA and TBR clearly the presence of carotenoids in grape berries demonstrated that
produced higher concentrations of carotenoids in both years.f-carotene and several xanthophylls are abundant before ve-
Along with these grape varieties TB had, as well, higher raison, with decreasing levels during ripening. These decreases
carotenoid levels in 2001, although this observation was not were less prominent during maturation (%B—18).

evident for 2002. Effect of Sunlight and Shade on Carotenoid Concentra-

The levels of carotenoids were followed during the last month tions. The effect of sunlight and shade on carotenoid levels in
of maturation for the eight cultivars, in the last year of study Maria Gomes and Loureiro grapes is illustratedrigures 2
(2002) Figure 1). In general, results showed that, from all plots and3, respectively. Samples were analyzed from September 3
and experimentation, carotenoid content decreased during ripento September 18, harvest date, for MG grapes and from
ing, which was previously noted by other authdt§{18). An September 13 to October 1, harvest date, for L grapes.
increase was observed between veraison and the 10 days afte€arotenoid levels were consistently higher in grapes protected
veraison in TF. This behavior was not expected becausefrom direct sunlight exposure than in those exposed to direct
carotenoids are mostly synthesized from the first stage of grapesunlight, in both grape varieties. Nevertheless, this difference
formation until veraison and then degrade between veraison andwas less evident for the last stage of ripeness. The proposed
maturity. The largest percentage decreases were observed focarotenoid compounds occurred in higher concentrations during
lutein and chlorophyll, to 66 and 64%, respectivelg-Car- the early stages of ripening. Decreases in the proposed caro-
otene slowly decreased and, in some cases, reached a constatgénoid compounds over the sampling period were to 39% for
level until the harvest day. Neoxanthin, violaxanthin, and MG (Figure 2) and to 31% for L(Figure 3).
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Figure 4. Effect of altitude on carotenoid levels in Touriga Francesa grapes. Neoxanthin, violaxanthin, and luteoxanthin are expressed in equivalents of
lutein.
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Figure 5. Effect of altitude on carotenoid levels in Touriga Nacional grapes. Neoxanthin, violaxanthin, and luteoxanthin are expressed in equivalents of
lutein.
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ANOVA treatments of the data showed differences between Table 2. Berry Growth in TF and TN Grapes
cultivars and between the different compoungs=(2.07E—02

andp = 1.31E—10, respectively, at the 95% level for MG and sample* alitude (m) wiberry (g Biix
p = 1.30E—02 an¢ = 8.90E—11), respectively, at the 95% TF 26/08 ljg gg 13
level for L). These results were consistent with the previous 180 17 18
observation that carotenoid concentration decreases with an

increase of ripeness and grapes exposed to sunlight have lower TF 12/09 1?12 gg %g
carotenoid levels than shaded grapes638). 180 19 19

Effect of Altitude on Carotenoid Concentration. The effect

of altitude on changes in carotenoid contents in Touriga Franca TN29/08 12(; ﬁ gg
and Touriga Nacional grapes, from the CC Douro subregion, is 210 10 19
shown inFigures 4 and5, respectively. Grapes were sampled

from three different terraces of Douro vineyards with different TN 12/09 lgg %g gg
altitudes on two sample dates (29/08 and 12/09, harvest date). 210 11 21

Altitudes ranged from 85 to 145 to 180 m and from 90 to 155
to 210 m for TF and TN, reSpeCtiVely. In this Study all terraces aTF, Touriga Franca; TN, Touriga Nacional.
were chosen from the same vineyard and had similar cultivation
conditions. tenoid concentrations. On the contrary, TN grapes have lower
Altitude can strongly affect climatic conditions due to it direct berry weight and higher carotenoid concentrations.
impact on temperature, humidity, and other environment factors  For TF, grape growth at lower altitude (TE.85 m and TF
that affect grape maturity. Indeed, in the Douro Valley the 11_85 m) is well grouped, having the lowest carotenoid
temperature is lower and the humidity higher on hillsides in concentrations. Conversely, for the same variety, grape growth
comparison with low-elevation terrace sites situated nearer theat higher altitude (TF_1145 m, TF IL_145 m, TF L_180 m,
Douro River (2). Table 2 shows berry growth by measurement and TF IL_180 m) is, as well, grouped and seems to have higher
of the berry weight anéBrix, wheread-igure 6 gives the factor carotenoid levels. High altitude, which presented a lower
scores (factor score plot-2 accounts for 85% of total variance) temperature and higher humidity during the maturation period,
from the principal components study carried out with data from appeared to reflect higher carotenoid values in the TF grape
Figures 4and5 andTable 2. From a study oFigure 6, it can variety (Figure 6). This observation was not so evident in TN
be concluded that two different groups can be seen, a first groupgrapes. The highest carotenoid values are grouped in T2.0_
with the TF grape variety and a second group with the TN grape m and TN IL_155 m Figure 6), whereas the other plots have
variety. TF grapes have higher berry weight and lower caro- different behaviors.
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Figure 6. Principal components diagram of the carotenoid contents with different altitudes in the two analyzed cultivars (TF and TN): factor score plot
1-2. Components 1 and 2 account for 85% of the total variance. TF I, TF 29/08; TF II, TF 12/09; TN I, TN 29/08; TN II, TN 12/09.
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Figure 7. Effect of vegetative height on carotenoid levels in TN grapes.

grown to lower vegetative height had higher weights and sugar

Table 3. Berry Growth in TN Grapes
concentrationgTable 3). This could be explained by an effect

vegetative . of canopy density and a consequent bunch exposure to sunlight,
sample? height (cm) wilberry () “Brix for example, grapes grown to lower vegetative height are less
TN 29/08 60 12 21 protected from sunlight exposure than grapes grown to higher
100 10 18 vegetative height and consequently have lower carotenoid
TN 19/09 60 11 24 concentrations. On the nother hand, the lower berry growth in
100 08 18 grapes with higher vegetative height may decrease the carotenoid
- . . dggradation dur!ng the ma_lturatior! period and cpuld gxplain the
TN, Touriga Nacional. higher carotenoid values in the higher vegetative height.

Altitude contributes to a decrease of berry size, but no
significant differences were observedBrix in cultivars TF
and TN (Table 2). The lower temperature associated with a
lower berry growth may decrease carotenoid degradation duringWe thank Jodo Pedro Pina Cabral and José Manso from Barros
the maturation period and could explain the higher carotenoid € Aimeida, SA, and Carlos Peixoto from Adriano Ramos Pinto,
values in the high-elevation terrace sites. On the nother hand,Vinhos, SA, for viticultural knowledge.
carotenoids are proportionally more concentrated in small-berry
samples than in big-berry samples as they are present in higher
amounts in skin than in pulpl4). LITERATURE CITED
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