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Abstract: The aim of this work was to study the effect of the use of pectolytic enzymes in the chromatic characteristics of young red wines. Laboratory trials were carried out, using three different commercial preparations of pectolytic enzymes (Vinozym Vintage FCE, Rohavin CXL, Trenolin Super DF) with four doses and industrial trial using one commercial preparation of pectolytic enzymes (Vinozym Vintage FCE) along with controls with no added enzyme.  The obtained results of laboratory trials showed increased of colour intensity (CI)  from 2.5 to 19.0 % and industry trial by 23 % depend of used doses, compared to the control samples. The pectolytic enzyme treatments showed improvement in the visual aspect of the wine.
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Introduction
Vranec is a red grape variety cultivated in Republic of Macedonia used for production of high quality wines. Wines and grapes contain a number of polyphenolic constituents classified as flavonoids and non-flavonoids that play a mayor role in enology (Ribéreau-Gayon, et al., 2000). Wine phenolics are important quality components that contribute to the colour, taste, and feel of wines. Grape anthocyanins are red pigments, located in the first external layers of the hypodermal tissue and mainly in the vacuole, as well as in special structures called anthocyanoplasts (Pecket and Small, 1980).
Wine-making is a biotechnological process in which enzymes play a fundamental role. The use of enzyme preparations break down the cellular structure of the grape skin and aids in the release of anthocyanin and copigmentation cofactors. Over the past few decades, increasing interest has been shown in the application of enzymes in wine-making because enzymatic teatments of grapes, musts and wine have multiple purposes, since they influence wine clarification and filtration, juice yield, colour and aroma extraction and wine stability (Ough et al., 1975; Brown and Ough, 1981; Rogerson et al., 1995; Chinnici  et al., 2000). Pectolytic enzyme preparations are the most widely used in fruit and wine processing industry and in general are the most efficient at degrading polysaccharides, to increase extraction of colored compounds and releasing phenols.    
Numerous  recent  studies have reported on the use of enzymes in wineries to facilitate the extraction of grape phenolics and to aid colour stability (Parley et al., 2001; Sachi et al., 2005; Main and Morris, 2007;  Romero-Cascales et al., 2008; Vinci et al., 2008; Meyer and Pinelo, 2008; Ducasse et al., 2010).
Material and methods
Commercial pectolytic enzyme preparations

· Vinozym Vintage FCE, Novozymes A/S, Bagsvaerd, Denmark
· Rohavin CXL, AB Enzymes GmbH, Darmstadt, Germany
· Trenolin Super DF, Erbslöh Geisenheim AG, Geisenheim, Germany)
Grape samples
For laboratory trials: The grape cultivar Vranec (Vitis vinifera), cultivated in the Ovce pole vineyard, the Povardarie region, was harvested at optimal maturity (2011 vintage), at 200-220 g L-1 sugar, 6.5-7.5 g L-1 total acids, and pH from 3.1 to 3.3.

For industrial trials: The grape cultivar Vranec (Vitis vinifera), cultivated in the Veles vineyard, the Povardarie region, was harvested at optimal maturity (2011 vintage), at 210-230 g L-1 sugar, 6.5-7.5 g L-1 total acids, and pH from 3.1 to 3.3.
Wine samples. Micro-vinification and vinification 

Wines were prepared in the laboratory of winery “Imako Vino” Stip. Grapes for was weighed, crushed/destemmed and divided in 5 liters plastic fermentation tanks. Red grape mashes were macerated for 6 hours (18-20 oC), with addition on one commercial pectolytic enzyme preparation. After addition of SO2 (50 ppm) and yeast (Saccharomyces cerevisiae) NEUTRE SC (Lallemand)(200 mg kg-1 grape), maceration time of 5 days (~25 oC) was applied in order to study the effect of macerating enzymes on colour extraction, in the obtained 12 different variations. After the maceration, the pomace was removed. Control trial was in all same with experimental trials only no added pectolytic enzyme preparation. All treatments were performed in duplicate. The bottled wines (0.5 l) were stored at 4 – 6 oC. Colour intensity was measurmed after 6 months of the  wine maturation.

Grapes for industrial trials were weighed, crushed/destemmed and was placed in a vertical  fermentor (4 t.). All treatments were in all same with micro-vinification.

Instrumentation and reagents 

Aglient 8453 UV-Vis spectrophotometer was used for colour analysis in the wines.  

Colour  intensity, hue, colour composition and brilliance of the wines 

The colour  intensity in wines is determined as the sum of the absorbances at 420, 520 and 620 nm (Glories, 1984). The absorbance of a wine was directly measured at 420, 520 and 620 nm using a 2 mm optical path and the colour intensity (CI), hue (H), colour composition (%Ye, % Rd, % Bl) and the brilliance of the wine (dA%) were calculated (Glories, 1984). The hue of wine is defined as the ratio A420/A520.  The colour composition of the wines, expressed as percentage, was calculated according to the following equations:

% Ye or % Rd or % Bl = 100 (Aλ/CI)

where:  % Ye is the percentage of yellow colour (λ = 420 nm) in the overall colour, %Rd is the percentage of red colour (λ = 520 nm) and % Bl is the percentage of blue colour (λ = 620 nm) in the overall wine colour. The brilliance of a wine was calculated by the expression:

dA (%) = [1 - (A420 + A620/2A520)] x 100

Results and discussion
The results of laboratory trials for the effect of the use of pectolytic enzymes on the chromatic characteristics of  red wines made of red grape Vranec are presented in Table 1, from which it can be seen increased of colour intensity (CI) from 3.976 compared to the control samples from 3.341 (increased 19.0 %), the hue (H) values from 0.468 compared to the control samples from 0.537 and brilliance (dA%) of the wines from 69.0 compared to the control samples from 63.6.
Tabela 1. Dejstvo tretmana enzimskih preparata na hromatske karakteristike crvenih Vranec vina / Laboratoriska ispitivanja
Table 1.  Effects  of enzyme preparation treatments on the chromatic characteristics of  red wines from Vranec/ Laboratory trials                          
	Enzimski

preparati

Enzyme

preparations
	Kolicine 

(g ili ml 100 kg grožħe-1) 

Dose (g or ml

100 kg grape-1)
	 Jacina boje  (CI)  

Colour intensity (CI) 
	Nijansa (H)

Hue (H)
	Zuta (%)

Ye (%)
	Crvena (%)

Rd (%)
	Plava (%)

Bl (%)
	Sjaj dA (%)

Brilliance dA(%)
	

	Vinozym Vintage 

Vinozym Vintage 
	2 g
	3.375
	0.468
	28.9
	61.7
	9.4
	69.0
	

	
	3 g
	3.856
	0.495
	29.6
	59.6
	10.8
	66.2
	

	
	4 g
	3.765
	0.476
	29.1
	60.7
	10.2
	67.8
	

	
	5 g
	3.976
	0.469
	28.7
	61.2
	10.1
	68.3
	

	Rohavin CXL

Rohavin CXL


	            2 g
	2.692
	0.531
	30.4
	57.2
	12.3
	62.7

	
	3 g
	3.047
	0.543
	30.4
	56.2
	13.4
	61.0
	

	
	4 g
	3.435
	0.535
	30.4
	56.7
	12.8
	62.0
	

	
	5 g
	3.420
	0.534
	30.2
	56.5
	12.8
	62.0
	

	Trenolin Super DF

Trenolin Super DF


	2 ml
	3.215
	0.512
	30.4
	59.2
	10.3
	67.1
	

	
	4 ml
	3.537
	0.472
	28.9
	61.1
	9.9
	68.3
	

	
	6 ml
	3.753
	0.483
	29.1
	60.2
	10.6
	65.7
	

	
	8 ml
	3.245
	0.509
	30.2
	59.3
	10.5
	65.7
	

	Kontrolni-bez enzim

Control-no added

enzyme
	0
	3.341
	0.537
	31.0
	57.8
	11.2
	63.6
	


Note: The values are average from 3 replicates 
Pectolytic enzyme preparation Vinozym Vintage FCE showed increased of colour intensity (CI) from 3.375 to 3.976 (increased 19.0 %), Trenolin Super DF from  3.215 to 3.753 (increased 12,3 %) and Rohavin CXL from 2.692 to 3.435 (increased 2.8 %) compared to the control sample from 3.341, depend of used doses.

The results of industrial trials for the effect of the use of pectolytic enzymes on the chromatic characteristics of  red wines made of red grape Vranec are presented in Table 2, from which it can be seen increased of colour intensity (CI) from 4.962 compared to the control sample from 4.125 (increased 20.2 %), (Ye%) 29.1 compared to the control sample from 31.0. (Rd%) 61.5 compared to the control sample from 58.8, the hue (H) values from 0.473 compared to the control sample from 0.527 and brilliance (dA%) of the wines from 68.7 compared to the control sample from 65.0.
Tabela 2. Dejstvo tretmana enzimskih preparata na hromatske karakteristike crvenih Vranec vina / Industriska ispitivanja
Table 2.  Effects  of enzyme preparation treatments on the chromatic characteristics of  red wines from Vranec /Industry trial                        
	Enzimski

preparati

Enzyme

preparations
	Kolicine

(g 100 kg grožħe-1)

Dose (g 
100 kg grape-1)
	Jacina boje  (CI)
Colour intensity (CI)
	Nijansa (H)

Hue (H
	Zuta (%)

Ye (%)
	Crvena (%)

Rd (%)
	Plava (%)

Bl (%)
	Sjaj dA (%)

Brilliance
dA (%)
	

	Vinozym Vintage

Vinozym Vintage
	4g
	4.962
	0.473
	29.1
	61.5
	9.4
	68.7
	

	Kontrolni-bez enzim

Control-no added

enzyme
	0
	4.125
	0.527
	31.0
	58.8
	10.2
	65.0
	


Note: The values are average from 3 replicates 
Conclusion
Apart from traditional maceration, alternative extraction technologies include and enzymic methods. The application of pectolytic enzymes would facilitate break up of the grape cell wall enabling more rapid release of anthocyanins from the anthocyanoplasts, and would also aid juice and wine clarification by breaking-down the released grape pectins. For Vranec grapes, commercial pectolytic enzyme preparations Vinozym Vintage FCE and Trenolin Super DF produced wines with significantly higher percentage red colour  at the end of alcoholic fermentation,  compared with the control.  Rohavin CXL had minor effected the  colour as compared with the control. The most important effects of the addition of enzyme preparations during maceration reflected by greater colour intensity and lower hue.
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