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SUMMARY 
Three important monoterpene aroma releasing activities contained in an Aspergillus niger 
preparation were investigated for effects of pH, alcohol, Se, temperature and 
concentration of glucose. Application of the enzyme preparation during microvinification 
or wine maturation of a Portuguese white wine from “Trajadura” grapes, increased 
monoterpene content roughly 2-fold and 3-fold respectively . 

ABBREVIATIONS 
a-L-mf - a:L-arabinofuranosidase ; a-L-rhap - a-L-rhamnopyranosidase ; #%D-glup - & 
Dglucopyranosidase ; pnp - p-nitrophenyl. 

INTRODUCTION 

Monoterpenes are, in general, important aroma constituents of grapes and wine. More 

than 50 compounds are known (Rapp, 1987), these include linalool, a-terpineol, 

citronellol, nerol and geraniol which in conjunction give muscat grapes and wine their 

characteristic floral fragrances (Bayonove & Cordonnier, 1971 ; Ribereau-Gayon,P et 
al., 1975). Such compounds are also important aromatic constituents of the cultivars 

Gewurztraminer and Riesling (Schreier et al., 1976 ; Schreier etal., 1977 ; Marais & van 

Wyk, 1986 ; Marais, 1987). 

Portuguese grape varieties have been little studied, although Andrade et al. (1990) 

investigated the quantities of linalool, a-terpineol, citronellol, nerol and geraniol in musts 

from the “vinho Verde” cultivars “Loureiro”, “Pedema” and “Trajadura” by etherlhexane 

extraction and glass capillary gas chromatography (GCGC); the authors found only 

citronellol present, emphasising the neutrality of the varieties. 

This latter conclusion, indicating aromatic neutrality needs to be investigated further since 

recent work by Guedes de Pinho (1991) and Rogerson & Silva (1994) has shown wine 

from the cultivar “Lourciro” to contain linalool at levels around its minimum threshold 

concentration (loO~g/l, Ribereau-Gayon et al., 1975). 

Grape monoterpenols also exist in an odourless bound form, glycosidically linked to &D- 

glucose which is in turn linked to one of the sugars a-L-rhamnose, a-Iarabinofuranose 

or fl-apiose (Williams et al., 1982 ; Brillouet et al., 1989). In the case of muscat 
monoterpene aroma, upto 90% has been shown to occur in this bound form (Park et al., 
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1991). The bound monoterpene alcohols can be released by specific glycosidases or by 

acid hydrolysis. 

Natural enzyme activities originating from the grape or present in the fermentation yeasts 

are capable of cleaving the sugars releasing aroma, however, further aroma enhancement 

can be achieved by application of exogeneous enzymes with a-L-q, a-L-rhap, B-D- 

glup and B-apiosidase activities (Gunata et al., 1988 ; Voirin &al., 1990). 

Pectinases are commonly used for wine and fruit juice maceration and/or clarification 

(Pilnik, 1982); such commercial enzyme preparations contain many monoterpene aroma 

releasing activities which are capable of enhancing aroma during wine-making (Versini et 
al., 1981 ; Cordonnier et& 1989). 

Further details concerning enzymes in wine-making, including the application of enzyme 

preparations containing specific glycosidases for the enhancement of free aromatic 

monoterpene alcohols can be found in two recent reviews (Canal-Llauberes, 1993 ; 

Colagrande et&., 1994). 

The objectives of this present study were to investigate an experimental enzyme 

preparation derived from Aspergillus niger : (i) focusing on three important glycosidase 

activities present (a-L-ZiE?if, a-L-rhap, p-Dglup), determining the effect of pH, SO2, 

temperature, ethanol concentration and glucose concentration on their activities; (ii) 

evaluating its application during the microvinification and maturation of a wine made 

from a single grape variety. 

MATERIALS AND METHODS 
“Trajadura” grapes were obtained from the vineyards of Borges & Irmao in Lixa, 
northern Portugal. 
The experimental Aspergillus niger enzyme preparation and the Saccharomyces cerevisiae 
Yeast, “Firmivin” were from Gist Brocades, France. 
Substrates investigated werepnp-a-L-arabinofuranoside, pnp-a-L-rhamnopyranoside and 
pnp-P-D-glucopyranoside from Sigma. 
All other substances were research grade. 
Enzyme activity measurements are expressed in International Units (U). Enzyme protein 
was assayed by the method of Sedmak & Grossberg (1977), using bovine serum 
albumin as standard. 
The glycosidase activities were determined by measuring the amount of p-nitrophenol 
released from the synthetic substrate according to the method of Rombouts et al (1988). 
Enzyme incubation was carried out in 30mM tartaric acid buffer pH 3.5 at 20°C for either 
1 or 24 hours depending upon the substrate. Activity variation with pH used a range of 
buffers with 30mM concentration:- phosphoric acid pH 2.0 ; 2.5 ; tartaric acid pH 3.0 ; 
3,5 ; 4.0 ; acetate pH 4.5, 5.0, 5,5 ; citrate pH 6.0, 6.5 and phosphate pH 7.0 & 7.5. 
All other investigations used a 30mM tartaric acid, pH 3.5 buffer which was adapted to 
have either: 
-Ethanol concentration between 0 and 20% v/v. 
-So:! concentration between 0 and 2OOmg/l. 
-Glucose concentration between 0 and lOOg/l. 
Enzymic activity variation with temperature used a 30mM tartaric acid buffer, pH 3.0, 
with incubations at 11°C 18°C 25°C & 30°C. 
The free aromatic terpene alcohols were extracted from 5Oml of neutralised wine, 
containing the internal standard 2-ethylhexanol, into pentane/ether (80:20) 3ml+lml+ lml 
and analysed by quantitative GCGC analysis using a Hewlett Packard gas chromatograph 
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model 5890 containing a WCOT fused siIica capillary column from Chrompack CP- 
WAX-57 CB (50m long x 0.25mm internal diameter) with FID detector and helium as 
carrier gas (lml/min). Injection mode (1~1) was splitless (1:30) and peak identification 
was based on peak retention time using the internal standard as reference. Injector and 
detector temperatures were both 250°C. Peak separation used the following temperature 
gradient program: 60°C for 10 minutes, 2.5”C rise per minute until 2OO“C, with finally 
24 minutes at 200°C. Peak integration used a Hewlett Packard Model HP339OA. 
Microvinification was carried out as indicated by the flow chart given in figure 1. The 
grape must was obtained from a single batch of pressed, sufphited (30mg/L) “Trajadura” 
grapes. 

Figure 1 - Microvinification Procedure. 

RESULTS AND DISCUSSION 

Enzyme Characterisation 

I / 1. . \ m 
2 2,5 3 3,5 4 4,5 5 5,5 6 6,5 7 7,5 

PH 

Figure 2 -Effect of pH on a-Laraf (m) and @-D-glup (0) activities. 
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Ethanol concentration (%I v/v) 

Figure 3 - Effect of ethanol on a-L-araj (w), BDglup (0) and a&rhap (+) activities. 

0 20 40 60 80 

Glucose concentration (g/l) 

100 

Figure 4 - Effect of glucose concentration on @glup (m) and a-Lrhap (0) activities. 

The three important glycosidases were examined over pH range 2.0 to 7.5, Optimum pH 

for a-L-q and @D-glup were both around 3.5 (figure 2), whereas the a-L-rhap gave 

maximum specific activity of 0.109Ulmg protein at pH 5.5 (data not shown), 

approximately 120 times lower than the a-L-q. 

SO2 had no effect on the three activities tested up to a concentration of 2OOmgA (data not 

presented). Ethanol, at wine related concentrations (10% v/v), gave a reduction in activity 

by up to 25% (figure 3). 
The a-L-arap activity was not affected by the presence of glucose (data not presented); 

however, both the a-L-rhap and f!-D-glup activities were; the latter being greatly reduced 

(figure 4). Glucose levels such as typically present in grape must (lOOg/l) would almost 

completely diminish the fi-D-glup activity. This finding is in accordance with the results 

of Gunata et al., (1992). 
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Activities measured over a range of typical temperatures encountered in wine-making, 

roughly doubled for an increase of 10 OC. This figure agrees with literature data (Godfrey 

& Reichett, 1983). 

Application of the Aspergillus niger Preparation 

The enzyme preparation was examined during the microvinification of “Trajadura” grapes 

(figure 1). The grape must was partially de-acidified to pH 3.5 before fermentation and 

enzyme addition, so that the activities in the preparation would have maximum effect. 

Table1 - Enzymic enhancement of free monoterpenols in a single cultivar “vinho Verde” 

wine,“Trajadura”. - Examination after 2 months maturation in bottle (pg/l). 

Sample Linalool a-Terpintwl Citronellol Nero1 Geraniol Total 

Blank 17.2 3.6 45.3 8.1 25.7 99.9 

E+e-Ferment 22.8 33.6 49.2 15.2 42.9 163.7 

Post-Ferment 3 1.1 67.5 40.2 17.0 77.5 233.3 

The results clearly indicate that free monoterpene levels can be enhanced in this wine by 

application of the experimental Aspergillus niger enzyme preparation (table 1). The post- 

fermentation enzyme addition gave the largest increase in total free monoterpenes, 

roughly three times that of the blank wine. This result is not unexpected, considering the 

data obtained on the characterisation of the enzymes, which show fi-Dglucosidase to be 

inhibited by glucose (figure 4). The mechanisms of monoterpene release involves initial 

cleavage of an apiose, rhamnose or arabinofuranose sugar followed by sequential 

cleavage of a glucose (Gunata et al., 1988). The glucosidase activity being the most 

important since it cleaves the ultimate sugar. 

This experiment applied the enzyme preparation to grape must which had been partially 

de-acidified to pH 3.5. Andrade et al. (1990) reported that “vinho Verde” musts would 

bc too acidic for effective monoterpene release by application of specific glycosidases. 

This work shows that such enzyme preparations are capable of monoterpene release in 

young “vinho Verde” wines fermented from partially de-acidified musts. The 

characterisation data also suggests that this particular enzyme preparation would be 

effective if applied to wines fermented from non-neutralised musts, with pH 3.0. 
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