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ABSTRACT

The anthocyanin content of grape pomace from different Chilean grape varieties (Vitis vinifera var. Cabernet Sauvignon, Carménère and Syrah) from two 
vineyards (Misiones de Rengo and Miguel Torres) was determined by the differential pH method and the anthocyanin perfile was characterized by HPLC.  In 
all chromatograms, a major peak corresponding to malvidin-3-O-glucoside was observed. Also, the in vitro antifungal activity of these extracts against mycelia 
growth of the phytopathogenic fungus Botrytis cinerea was evaluated. The anthocyanin containing extract from Cabernet Sauvignon grape pomace of Misiones de 
Rengo vineyard was the most active. The extract from the same variety form Miguel Torres vineyard did not inhibit mycelia growth of B. cinerea. In general, the 
other extracts were less active against the fungus.
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INTRODUCTION

In the wine industry, a large amount of grape residues (grape pomace) are 
obtained and this residue consists mainly on skin residues, broken cells with 
pulp remains, stalks, and seeds1. Grape pomace composition varies depending 
on grape variety, climate and technology of vinification2 and it can be used as a 
rich source to obtain high-value products3-5.

In Chile, the vineyards throw away the grape pomace as waste when it is 
possible to obtain compounds of different structures with potential activities 
biological 1,4, 6, 7.

Anthocyanins are attractive compounds to be extracted from grape 
pomace, due to their biological properties mainly as antioxidants or natural 
colorants8. Moreover, it has been reported that anthocyanin containing extracts 
present antifungal properties9.

Grey rot produced by Botrytis cinerea is an important disease of grapevines 
in temperate climates as in Chile and it causes extensive economic losses in 
grape production 10. At the present time, B. cinerea is managed through of use 
of synthetic fungicide to avoid this important disease. These fungicides are 
becoming less accepted by wine industry because the increasing of resistant 
strains, public disapproval for their effect on human health and environmental 
pollution10. Therefore, wine industry is beginning to require alternative 
fungicides. A source of phenolic compounds with antifungal activity can be 
the grape pomaces because it has been reported that pomace of Gamayand 
Kalecik varieties inhibite growth in vivo and in vitro of Zygosaccahromyces 
rouxii and Z. bailii 5.  On the other hand, red and white wine phenolic extracts 
showed strong fungicidal activity against Candida albicans11,12. Moreover, 
phenolic compounds as quercetin, obtained from grape pomace have antifungal 
activity13.  

In this work, anthocyanin rich-extracts obtained from Chilean red grape 
pomace (Vitis vinifera var. Cabernet Sauvignon, Carménère, Syrah) were 
characterized and antifungal activity against B. cinerea of these extracts was 
evaluated. 

2.- EXPERIMENTAL

2.1 Materials
Red grape pomaces (Vitis vinifera var. Cabernet Sauvignon, Carménère 

or Syrah) were obtained from Misiones de Rengo vineyard (Rengo, VI region, 
Chile) in May 2009. Also, red grape pomace residues (Vitis vinifera var. 
Cabernet Sauvignon or Syrah) obtained from Miguel Torres vineyard (Curicó, 
VII region, Chile) in May 2010, were used for this procedure. All solvents 
were reagent grade and/or HPLC grade (Merck, Darmstadt, Germany). All 
chemicals were reagent grade (Sigma, St. Louis, MO, USA).

2.2. Extraction of anthocyanins
Previous to extraction, the samples were freeze-dried milled to a particle 

size less than 0.5 mm. Grape pomaces (10 g) of different varieties (Cabernet 
Sauvignon, Carménère or Syrah) were stirred with 100 mL of 1% HCl 
in methanol at 4 °C, and the mixture was centrifuged for 30 min at 4000g 
and 25 °C employing a 4000 KS-3000P (Kubota, Tokyo, Japan) centrifuge. 

The pellet was extracted once with 100 mL of 1% HCl in methanol. The 
extraction process was repeated four more times. The supernatants were 
collected and concentrated in vacuo (50 mL), and sequentially washed with 
50 mL of n-hexane, chloroform, and ethyl acetate. The aqueous solution was 
concentrated in vacuo, dissolved in distilled water and analysed by HPLC.

2.3 Colorimetric analysis of anthocyanins 
Anthocyanin content in extracts was determined by the differential 

pH method, according to Wang and Lin14. Absorbance was measured at 
700 and 520 nm in a Genesys 5 (ThermoSpectronic, Waltham, MA, USA) 
spectrophotometer, at pH 1.0 and 3.5. Anthocyanins were quantified as 
malvidin-3-O-glucoside using the extinction coefficient (ε=28000).  

2.4   High performance liquid chromatography (HPLC) analysis
For the HPLC analysis a Waters 600 HPLC chromatograph (Waters, 

Mildford, MA, USA) equipped with a Waters 2990 diode array detector, and a 
Symmetry C-18 (5 um) (Waters, Milford, MA, USA) column ( 3.9 x 150 mm) 
was used. The solvent system consisted of 1% aqueous formic acid (A) and 
1% formic acid in acetonitrile (B). The initial composition of the mobile phase 
was 95% A and 5% B. With linear gradients the composition changed to 75% 
A and 25% B within 45 min, and 50% A and 50% B within 60 min. The flow 
rate was 0.8 mL/min. 

2.5 Fungal isolate and culture conditions
In this study B. cinerea strain G29 was used. This strain was originally 

isolated from naturally infected grapes (Vitis vinifera)15 and it was maintained 
on malt-yeast extract agar slants (2% (w/v) malt extract, 0.2% (w/v) yeast 
extract and 1.5% (w/v) agar) at 4 °C. The fungus was grown in the dark on 
malt-yeast extract agar medium or soft agar medium (2% (w/v) malt extract, 
0.2% (w/v) yeast extract and 0.6 % (w/v) agar).

2.6 Fungitoxicity activity
The fungitoxicity on mycelial growth of B. cinerea of different anthocyanin 

extracts was assessed in vitro using the radial growth test on malt-yeast extract 
agar16. Anthocynin extracts dissolved in 0.2 M sodium acetate buffer, pH 4.9 at 
different concentrations were added to malt-yeast extract agar medium.

Petri dishes containing culture medium with anthocyanin extracts or 0.2 
M sodium acetate buffer pH 4.9 at the same concentrations as treatments were 
inoculated with 0.5 cm of agar disk containing B. cinerea fresh mycelium and 
incubated at 22 °C for 5 days. The radial growth of the fungus was measured 
daily. After 72 hours of incubation the inhibition percentages relative to the 
control were calculated. Results of antifungal effect were expressed as IC50 
(concentration that reduced mycelial growth by 50%) determined by regressing 
the inhibition of radial growth values (percent control) at different extract or 
compound concentrations.

All experiments were done at least in triplicate. The commercial fungicide, 
iprodione, was used as control. This compound was added to culture plates 
dissolved in methanol at different concentrations. In this case, inhibition 
percentages were calculated relative to control with methanol at the same 
concentration as treatments.

Analysis of the stability of anthocyanins in sodium acetate buffer at pH 
4.9 was performed by HPLC and subsequent comparison with anthocyanin 
extracts dissolved at pH 3 (results not shown).
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3.  RESULTS AND DISCUSSION

3.1 Extractions and characterization of anthocyanins from grape pomace 
extracts

It has largely been reported that the extraction method affects the 
anthocyanin content of the extracts17-19. Metivier17 demonstrated that the 
rate and degree of extraction of anthocyanins from grape pomace depends 
on factors such as solvent (ethanol, methanol, water), and acid (HCl, citric, 
tartaric, formic, acetic, propionic). In this work, methanol and HCl were used 
to extract anthocyanins from grape pomace because it has been reported that 
with this method good yields in extraction of anthocyanins were obtained19. 
The total content of anthocyanins and oligomeric anthocyanins in extracts 
obtained from different grape pomace varieties was determined by differential 
pH method. It was quantified in mg of anthocyanins and expressed as malvidin-
3-O-glucoside by 100 g of grape pomace (Table 1).  

Table 1: Content of anthocyanins in red wine grape pomace varieties.
Varieties* Anthocyanins  total ( mg/100 g )**

Carménère (MR) 42.99 ± 8.22
Syrah (MR) 20.74 ± 0.02

Cabernet sauvignon (MR) 23.04 ± 1.74
Syrah (MT) 70.86 ± 5.71

Cabernet sauvignon (MT) 16.98 ± 2.45

*Varieties MR: Misiones de Rengo Vineyard; MT: Miguel Torres 
Vineyard

**mg of anthocyanins expressed as malvidin-3-O-glucoside by 100 g of 
grape pomace

Extract obtained from Syrah variety of Miguel Torres Vineyard presented 
the highest concentration of total anthocyanins. A difference in the total 
anthocyanin contents can be observed when extracts obtained from Cabernet 
Sauvignon grape pomace of different vineyard are compared. Extract obtained 
from Miguel Torres vineyard had lower anthocyanin content than the extract 
obtained from Misiones de Rengo vineyard. Therefore, it can be concluded 
that the anthocyanin content depends of grape variety, environmental factors as 
location and climate or the technology of wine making. Rodríguez Montealegre20 
postulated that the differences reported in the phenolic compound content can 
be attributable to climatic differences. On the other hand, Kammerer21 reported 
that these differences depend on cultivar and vintage. Also, it has been shown 
that the wine processing technique affects the phenolic compound content from 
grape pomace 2,22. 

The analysis of the anthocyanin-containing extracts was carried out by 
HPLC with diode array detection. HPLC analysis of the extracts revealed the 
presence of several peak (3 to 8 in the different extract), with a major signal, 
in all extracts, between 28-29 min. Figures 1A and 1B show chromatogram of 
Carménère (MR) and Syrah (MR) extracts.

A

B

Figure 1. A HPLC elution profiles recorded at 520 nm of Carménère 
extracts (MR) from grape pomace (A) and Syrah extracts (MR) from grape 
pomace (B).

 By comparison of the results with those reported in the literature19 where 
HPLC coupled to electrospray ionization-mass spectrometry in wine, grape 
and raspberry extracts was used, it was determined that the principal signal 
corresponded to malvidin-3-O-glucoside (Figure 2) The others signal could be 
the polymeric anthocyanins described to vintage wine 23,24. 

Figure 2. Chemical structure of the Malvidin-3-O-glucoside.

3.2. Antifungal  activity
The effect of the extracts against mycelia growth of B. cinerea is shown 

in table 2. As control the effect of the commercial fungicide, iprodione, on B. 
cinerea mycelial growth was determined and this fungicide presented an IC50 
value of 4.9 ppm.  In general, the extracts with exception of Miguel Torres 
vineyard presented an antifungal activity similar to the fungicide. The extract 
obtained from Cabernet Sauvignon grape pomace of Misiones de Rengo 
Vineyard was the more active. Surprisingly the same extract of Miguel Torres 
vineyard did not inhibit mycelia growth of B. cinerea. This extract also showed 
the lowest content of total anthocyanins (Table 1). There are few reports of the 
antifungal effect of anthocyanins against B. cinerea. In that sense, Schaefer9 
reported that extracts containing anthocyanins decreased fruit-rot in grape 
varieties infected with B. cinerea. These extracts contained Malvidin-3-O-
glucoside among other anthocyanins identified in grape pomace9. Otherwise, 
quercetin-3-galactoside, cyanidin-3-glucoside, pelargonidin-3-glucoside, 
were evaluated in vitro for their antifungal activities and mode of action on 
this fungus. Inhibitory effects were found for all the anthocyanins, but varied 
at different fungal developmental stages. Quercetin-3-galactoside showed 
linear inhibitory effects on germ tube elongation. Cyanidin-3-glucoside 
and pelargonidin-3-glucoside provided effective control on the fungi as 
concentrations increased25. 
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Table 2: Effect of anthocyanin extract on mycelia growth of B. cinerea 

Varieties* IC 50 mg/mL **

Cabernet Sauvignon  (MR)
Syrah (MR)

Carménère (MR)
Cabernet sauvignon (MT)

Syrah (MT)

1.45 ± 0.18
2.83± 0.11
3.72±0.14

N.D.
5.50±0.09

*Varieties:  MR: Misiones de Rengo Vineyard and MT: Miguel Torres 
Vineyard

**IC50 values were calculated at 72 h of incubation. 
N.D.: not detected antifungal activity

4. CONCLUSIONS

Syrah extract grape pomace of Misiones de Rengo Vineyard contains more 
anthocyanins than the other varieties analyzed. In all varieties of grape pomace 
was found simple and oligomeric anthocyanis and the principal anthocyanin 
was identified as malvidin-3-O-glucoside. The evaluation antifungal against 
B. cinerea of anthocyanin containing grape pomace extracts showed that 
those from Cabernet Sauvignon of Misiones de Rengo Vineyard presented the 
highest antifungal activity. These results would indicate that there would be a 
correlation between the total content of anthocyanins from grape pomace of 
different varieties and antifungal activity.
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