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Abstract:

Red grapes contain significant amounts of phenolic compounds, known to contribute to wine quality
and to provide important health benefits. Berry skin phenolics can be elicited by plant hormones. The
aim of this work was to increase the content of anthocyanins and trans-resveratrol in five red varieties
cultured in Argentina: Malbec (M), Bonarda (B), Syrah (S), Cabernet Sauvignon (CS), and Pinot Noir
(PN), in two different growing regions: Santa Rosa (SR) and Valle de Uco (VU), by applying a post-
veraison hormonal treatment with abscisic acid (ABA) and methyl jasmonate (MeJA). Anthocyanins
and trans-resveratrol contents were assessed using an HPLC. Between October and February mean
maximum temperatures in SR were 10 % higher than in VU, however, there were no differences in mean
minimum temperatures. In the hotter region (SR), in all varieties there was about a 100% increase of
total anthocyanins by ABA treatment. In the coldest region (VU), ABA treatment increased total
anthocyanins in B, CS, M and S at around 40 %. However, MeJA did not affect the total anthocyanins
content. Trans-resveratrol content was significantly increased in M, PN and S by ABA and only in PN
by MelJA in SR. Also, in VU was significantly increased in M and S by ABA, while it was increased in
B, CS and S with MeJA. ABA showed a temperature mitigation effect in the hotter region on
anthocyanins content, additionally showing a previously non-described effect increasing trans-
resveratrol content. MeJA had a better performance on trans-resveratrol content in VU but not in all
varieties. Future studies include winemaking to test their beneficial health properties in models of study
on rats, a psychotropic level.
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1. Introduction

Viticulture is the main agro-industrial activity in Mendoza province. In the past few decades, national
consumption and exportation of wines have steadily increased (INV, 2012). Part of this increment is
most likely due to scientific evidence that demonstrates a tight correlation between a mild but regular
red wine consumption and cardiovascular health in populations where wine accompanies everyday
meals as a habit (Renaud and de Lorgeril, 1992). The observed health benefits of wine over
atherosclerosis, hypertension, certain types of cancer, diabetes type II, neurological disorders and
metabolic syndrome are mostly conferred by the presence of certain phenolic compounds that possess
antioxidant activity (Kanner et al., 1994, Guilford and Pezzuto, 2011). In general, phenolics in grape
berries are mainly located in skin and seeds, and these contents have a highly important role in
determining the final oenological quality of red wines (Waterhouse, 2002; Rodriguez Montealegre et



al., 2006). In grapes and wines the most abundant and important polyphenolic compounds are:
anthocyanins (ANT), stilbenes (i.e. trams-resveratrol (T-RES) and derivatives), flavanols (e.g.
quercetin), and flavan-3-ols (catechins and proanthocyanidins) (Waterhouse, 2002). Content in grapes
is very variable and it depends on several genetic, management and environmental factors (Siemann and
Creasy, 1992; Du et al., 2012). The vineyard region also has a very important role (Berli et al., 2011).
High altitude vineyards have a wider temperature range and grapes are richer in polyphenolic
compounds than grapes from vineyards located in lower altitude and warmer regions (Jones and Davis,
2000). Hormones such as abscisic acid (ABA) induces ANT synthesis in grapevine while jasmonates
(MeJA) stimulate ANT and T-RES biosynthesis (Jiang and Joyce, 2002; Berli et al., 2011, Larronde et
al., 2003). Currently there exist numerous local trials regarding biosynthesis stimulation and content of
certain phenolic compounds in several red grapevine varieties grown in Mendoza (Deis et al., 2011;
Berli et al., 2011; Alonso et al., 2016). ABA has proven to have positive effects on grapes growing under
high temperature conditions, countering the decrease of anthocyanins in the interaction with this
environmental factor (Malovini et al., 2014, 2016). MeJ A induces RES accumulation on Malbec (Duran
etal., 2016). There are no previous works assessing and/or quantifying the different phenolic compounds
induced by hormones such as ABA and MeJA on five red varieties, located in productive regions with
dissimilar climate conditions.

The aim of this work is to evaluate, in berry skin, the accumulation of anthocyanin and trans-resveratrol
on five red grapevine varieties cultivated in Argentina, over two different productive Cuyo Regions,
with contrasting climate conditions, after direct spraying with ABA and MeJA.

Materials and Methods

The study was done in 2016 season. Commercial vineyards were selected in two different regions in
Mendoza, Argentina. The first one in Santa Rosa (SR), located 90 km East from Mendoza city, at a 600
m.a.s.l. Altitude, and had higher average temperatures with warm nights, while the second vineyard was
located in Valle de Uco (VU), specifically in Gualtallary locality, 90 km South-West from Mendoza
city, at 1400 m.a.s.l. of altitude and had lower average temperatures, very cold nights and (Catania et
al., 2007). In the growing season on study, the climatic data was obtained from nearby meteorological
stations (Direccion de Contingencias Climaticas de Mendoza). In both vineyard locations homogenous
and healthy plants from five red varieties, comprising Bonarda (B), Cabernet Sauvignon (CS), Malbec
(M), Pinot Noir (PN) and Syrah (S), were selected. In SR vineyards were flood irrigated, with an
overhead trellises, spur pruned, training system. In VU vineyards were drip irrigated with a vertical
shoot position (VSP), spur pruned, training system. A randomized complete block experimental design
with five replicates was used, where the experimental unit was a plant and each block comprising one
row. Two independent hormone treatments were performed. Abscicic acid (ABA) treatment was done
from veraison, from which bunches were sprayed with 1 mM ABA solution plus Tween 20 0.1 %, as a
surfactant, at three opportunities (10 days apart). Metil jasmonate (MeJA) treatment was done before
harvest, when bunches were sprayed with 10 mM MeJA in 40 % ethanol-water mixture with Tween 20
0.1 %, as a surfactant. For both hormone treatments, their respective controls were carried out by
spraying bunches in control plants with their corresponding vehicle solution. The last application of
ABA coincided with the only application of MeJA and the samples were collected four days later
(Duran et al., 2016). After harvest, grapes from the modal size of each cultivar were chosen at random
and kept at -80 °C prior to processing. Phenolics were extracted from berry skins (after manually
separating skin and pulp tissue), macerating ground skin tissue in a methanol-HCI 0.1 % mixture at 20
°C for 48 hr covered from light. Extracts were filtrated by means of 0.45 um cellulose acetate
membranes, and anthocyanins (ANT) and trans-resveratrol (T-RES) contents were assessed by HPLC-
DAD (SPD-M10AVP, Shimadzu, Chromatography Lab, Instituto Nacional de Vitivinicultura - INV)
according to the official OIV methodology proposed by Otteneder (2004). ANT data was analyzed by
bifactorial ANOVA (InfoStat v.2016 software, Grupo Infostat, FCA-UNC, Argentina). T-RES data was
analyzed by GLM taking in account heteroscedasticity among cultivars. Means differences were
analyzed by DGC test (Di Rienzo et al., 2002).

Results and Discussion



For the studied season, there were climatic differences between the two growing regions under study.
From October to February the mean maximum temperatures in SR were 10 % higher than in VU,
however, there were no differences in mean minimum temperatures (Table 1) in contrast to what was
proposed by Catania et al., (2007). Mean relative humidity, expressed in percentage, was lower in SR
(62.03 £ 0.95 %) than in VU (67.66 + 0.98 %).

Since agronomic growing conditions among the assessed regions were not controlled during the trial,
Variety x Region interaction effect was not evaluated. In terms of overall mean per region, SR presented
berries with lower ANT content in each variety. In the studied season, In SR, B had the highest berry
skin ANT content while PN had the lowest. Likewise, in VU, B and M were the two varieties showing
the highest ANT contents, opposite to CS and PN which were the ones with the lowest contents. S had
an intermediate ANT content in both growing regions (Figure 1). ABA significantly increased total
ANT content in all varieties in SR, nearly doubling it in B (92 %), CS (100 %) and M (91 %; Figure
1.A). In VU, ABA had effect on every variety except for PN, and generated a mean increment of 40 %
(B=58%,CS =48 %, M =26 % and S = 19 %) (Figure 1.B). This shows a possible mitigating effect
of the ABA in warm conditions over anthocyanin content, as published previously in field trials on
Malbec vines, in which the temperature was manipulated in the vineyard (Malovini, et al., 2014). MeJA
had no effect on total ANT content in either of the studied growing regions, in contrast with de Rosas
(2014).

Regarding T-RES content in berry skin, overall mean per region was lower in SR compared to VU in
all the assessed varieties. Moreover, B was the one with the lowest T-RES contents in both regions. In
SR, ABA increased the content of this compound in M, PN and S, and only in M and S in VU (Figure
2.C and 2.D). In contrast, in CS it had a negative effect, significantly decreasing T-RES content. No
previous similar reports were found that show these effects. MeJA significantly increased the overall
mean T-RES content in both regions; however in SR this effect was only significant in PN (Figure 2.A).
In contrast, in VU this increment was observed in B (300 %), CS (43 %) and S (91 %; Figure 2.B).

Conclusion

A greater effect of ABA on the ANT content in all varieties in the warm region (SR) compared to the
colder region (VU) was observed, showing a positive effect as a possible mitigator of the high
temperature consequences on grapevine berry phenolic compounds. It also demonstrated a previously
undescribed effect increasing T-RES content. MeJA had no effect on ANT content, only increasing T-
RES content in VU. Future works will be carried out to confirm these results. Then with the Variety x
Region x Hormone interactions that yield the highest amounts of ANT and T-RES, wines will be
elaborated to study its psychotropic effects on an anxiety-depression rat model.
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Table 1. Temperature and relative humidity differences between the two regions studied. Values are
growing season means (October to February). Meteorological stations were located in Las Catitas (33°
15'56" S; 68° 03' 28" O, Santa Rosa - SR) and El Peral (33° 20” 48,2” S; 69° 9’ 27,7 O, Valle de Uco
- VU) . Different letters indicate significant differences between regions determined by DGC test (p-
value <0.05).

Meteorological Temperature Relative
Station P humidity
n Maximum (°C) Mean (°C) Minimum (°C) Mean (%)

Las Catitas (SR) 111 31.24+£0.36 a 22.91+£0.26 a 14.09+0.32 a 62.03+095 b

El Peral (VU) 105 2891+£0.38 b 20.84+0.27 b 13.51+0.33 a 67.66 +0.98 a




3007 [N

27.54 A ] c AsA B

p-value (V) <0.0001
p-value (H) <0.0001
p-value (VxH) = 0.0238

p-value (V) <0.0001
p-value (H) <0.0001
15.04 p-value (VxH) <0.0001

Berry skin anthocyanin (mg.g-1)
®

B cs M PN S
Variety Variety

M

Figure 1. Total anthocyanin content in grape berry skins treated with abscisic acid (ABA). Mean values
for each of the five varieties in study are shown for both growing regions: Santa Rosa (A) and Valle de
Uco (B). Varieties are: Bonarda (B), Cabernet Sauvignon (CS), Malbec (M), Pinot Noir (PN) and Syrah
(S). Bars indicate standard error (SE), n =5. Different letters indicate significant differences between
treatments, determined by DGC test (p-value <0.05). For each Region: p-value (V), Variety effect, p-
value (H), Hormonal treatment effect, p-value (VxH), Variety x Hormonal treatment interaction effect.
Horizontal lines represent the overall means for Hormonal treatment in each particular region, solid line
refers to ABA treatment and dot line refers to control treatment.
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Figure 2. T-RES content in berry skin of the five varieties in study at two different growing regions.
(A) Berry skin T-RES content in grapes treated with methyl jasmonic acid (MeJA) in Santa Rosa. (B)
Berry skin 7-RES content in grapes treated with MeJA in Valle de Uco. (C) Berry skin 7-RES content
in grapes treated with abscisic acid (ABA) in Santa Rosa. (D) Berry skin 7-RES content in grapes treated
with ABA in Valle de Uco. Bars indicate standard error (SE), ABA: n=5; MeJA: n =4. Different letters
indicate significant differences between treatments determined by DGC test (p-value <0.05). For each
Region: p-value (V), Variety effect, p-value (H), Hormonal treatment effect, p-value (VxH), Variety x
Hormonal treatment interaction effect. Horizontal lines represent the overall means for hormonal
treatment in each particular region, solid line refers to hormonal treatments (ABA or MeJA) and dot line
refers to their respective control treatments.



