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SUMMARY

Flavour in wines is perhaps the most important factor affecting wine quality,
with monoterpenoids being among the compounds contributing to flavour. In
grapes there exists glycosidically-bound forms of these monoterpenes,
representing a latent source of aroma.

This project is a study on the ability of different enzymes to release these
monoterpenes in Muscat d’Alexandrie and Weisser Riesling grapes.

Different commercial enzyme preparations were characterised with respect to
their catalytic properties and fractionated by ion exchange chromatography in
the most active fractions. Amongst those commercial preparations tested,
Rohapect C was found to be the most efiective at conditions prevalent during
wine making.

These purified fractions were added to the above mentioned grapes to
determine their effect on the release of different monoterpenes. Even though
the enzymes were active on synthetic substrates, limited release of terpenes
from must could be detected.

Possible causes for this apparent inability to release monoterpenes were
investigated. Product inhibition due to the presence of high concentrations of
glucose in the must appeared to be the main cause of limited enzyme activity.

In an attempt to overcome this problem, glucose in the above mentioned
cultivars was oxidised to gluconic acid by glucose oxidase, prior to attempting
monoterpene release by Rohapect C. Although no marked increase in the
release of total terpenes occured, a significant increase in the concentrations
of some individual terpenes could be observed. The effect of this on wine
quality remains to be ascertained.
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PART 1

REVIEW ON THE ENZYMATIC RELEASE OF BOUND TERPENES IN
GRAPES AND MUST

1.1 INTRODUCTION

Flavour in wines, as with all foods and beverages, results from the interaction
of the chemical constituents within the wine with the chemical senses of the
person consuming it, namely the sense of taste and smell (Williams, 1985).
While the number of taste sensations human beings can distinguish on the
palate is limited, the sense of smell is very sensitive. Approximately 550
aroma components have been identified in wine and grapes. Science is trying
to introduce some rationale to what is understood by flavour gquality in wines,
through interpreting the sensory characteristics in terms of the chemical and
physical properties of the wine. The human being, however, is still the
- ultimate evaluator of flavour (Williams, 1982) and the ultimate criteria on which
wine quality must be evaluated must be the response it evokes in the drinker
(Williams et al., 1984a).

The flavour in grapes is perhaps the most important factor affecting wine
quality (Webb, 1981). One of the aromas that has a marked effect on wine
quality is the so-called muscat aroma. There is a close relationship between
the aroma of muscat grapes and the content of volatile monoterpenoids in the
fruit. Therefore, the taste and aroma of muscat berries are attributed to the
presence of these compounds.

Important studies by Cordonnier and Bayonove (1974) suggested that in
addition 1o the free volatile monoterpenes of the grapes there exist, in Muscat
d’Alexandrie, non-volatile, acid-labile, bound forms of these compounds. |t is
important to recognise that substantial quantities of grape monoterpenes are
bound in the fruit as glycosides or are present as free polyols. In these forms
the compounds are odourless but they do represent a latent source of aroma.



In this reserve pool of aroma lies the potential to enhance and greatly improve
the fruity character of the wine, but then breakdown of the glycosides and
hydrolysis of polyols of these odourless monoterpenes and derivatives will
have to be achieved. To assess the aroma potential, as well as the aroma of
any batch of fruit, it is clear that the status of the free and glycosidically-bound
terpenes must be known (Bayonove et al., 1983). Limited studies on Muscat
d’Alexandrie and Weisser Riesling grapes have demonstrated that from one
half to two thirds of certain monoterpenes are bound as glycosides in the
growing berries. As the berry ripens, changes in the ratio of free and bound
species, as well as sharp increases in the absolute concentrations of
individual monoterpenes occur (Williams et al., 1983a; Marais, 1985; Marais,
1988).

1.2 TERPENES IN GRAPES

All terpenoids possess characteristic branched chain carbon skeletons with a
variety of different functional groups such as hydroxyls, ethers and ketones.
The monoterpenoids in particular have potent but pleasant fruity aromas and
are common constituents of many flowers, fruits, essential oils and fragrances
(Williams et al., 1983a). Williams (1982) has shown that there is a strong
correlation between the content of monoterpenoids in grapes and the degree
of muscat flavour of the fruit. It was observed that whilst none of the individual
compounds studied had sensory properties identical with muscat character, a
combination of these volatile monoterpenoids was essential for muscat grape
aroma. It was concluded that since other aromatic, but non-muscat grape
varieties, such as Weisser Riesling, also contain terpenoids, but in lesser
amounts, the flavour of these non-muscat varieties also appears to be
controlled by monoterpenoids. Typical aroma descriptions of some important
terpenes are floral, roselike (geraniol, nerol, rose oxides), coriander (linalool),
camphoraceous (linalool oxides), green (nerol oxide) and herbaceous
(Etievant et al., 1983; Marais, 1983; Williams et al., 1984a).

The aroma of a muscat grape is influenced by the form, as well as quantity, in
which the terpenes are found in the berry. Cordonnier and Bayonove (1974)
have shown that the terpenes are partly free and volatile and partly bound
and non-volatile. Different categories of monoterpenes have been shown to



exist in muscat grapes; namely free volatile monoterpenes, free
polyhydroxylated monoterpenes (polyols) and glycosidic derivatives of the
two former monoterpenoid types (Williams et al., 1981).

The free volatiles consist mainly of linalool, geraniol, nerol, furan and pyran
forms of the linalool oxides, «terpineol, hotrienol and citronellol (Table 1). As
these have relatively low aroma threshold values, they are also the major
terpene aroma compounds of the fruit (Ribéreau-Gayon et al., 1975). The
odourless polyols appear to be derived from four "parent” monoterpenes -
linalool, citronellol, nerol and geraniol by hydration and oxidation reactions.

The monoterpene glycosides consist of a glycosidic mixture of g-rutinosides
(i.e. 6-O--L-rhamnopyranosyl-3-D-glucopyranosides and
6-O-%-L-arabinofuranosyl-4-D-glucopyranosides) of predominantly geraniol,
nerol and linalool with traces of «-terpineol. The bound terpenes are
glycosides, in which form they are the precursors of the free terpenes. The
main free terpenols are linalool, geraniol, nerol, hotrienol, «-terpineol and
citronellol. The four linalool oxides as well as some of the polyols also exist in
the bound form in the fruit (Strauss et al., 1984).

The different categories of monoterpenes in muscat grapes can be
differentiated on the basis of solubility. Two major groups can be
distinguished, i.e. those terpenes which are soluble in an organic solvent and
those which are left in the juice after solvent extraction (Di Stefano and Cioli,
1983). The former can be subdivided into a pentane-soluble fraction and a
Freon-soluble fraction (Usseglio-Tomasset and Di Stefano, 1979). The
pentane soluble terpenoids are made up predominantly of geraniol, linalool,
the pyran linalool oxides and nerol. They are part of the group of "free
terpenes”. The freon-soluble fraction of the solvent-soluble group contains
the free polyols. The organic solvent insoluble terpenes are highly water
soluble, non-volatile and are precursors of almost all the free terpenes,
including the free polyols. Most of the known volatile monoterpenoid
flavourants of the grape are derived by acid or enzyme catalysed hydrolysis
from monoterpene precursors (Williams et al., 198'1).
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1.2.1 Biosynthesis of Monoterpenes and Sesquiterpenes

Monoterpenes (C,,) and sesquiterpenes (C,s) are the lower molecular weight
representatives of the terpenoid family of compounds. They comprise two or
three isoprene units respectively and are characteristic compounds of many
essential oils. Mono- and sesquiterpenes are derived from mevalonic acid
(MVA)(Cori, 1983).
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Figure 1.1 Biosynthesis of acyclic  terpenoid intermediates  from
mevalonic acid pyrophosphate (Croteau, 1975).

Mevalonic acid pyrophosphate (MVAPP) is first converied to isopentenyl
pyrophosphate (IPP), which is then isomerised 1o dimethylallyl
pyrophosphate (DMAPP) (Fig. 1). This 1,4 condensation reaction is catalysed
by prenyltransferases or prenylsynthetases. Condensation of IPP and
DMAPP vyields geranyl pyrophosphate, the first C,, isoprenoid compound.
Further condensation of geranyl pyrophosphate with IPP yields farnesyl
pyrophosphate, the first C,5 isoprenoid, which then gives rise 1o
geranyl-geranyl pyrophosphate, the precursor of the diterpenoids,by addition
of one more IPP unit. Two units of farnesyl pyrophosphate can condense to
yield squalene, the precursor of the triterpenes (Banthorpe et al., 1972;
Croteau, 1975; Goodwin, 1979; Cane, 1983). The monoterpenes can be
divided into four structural categories: irregular, acyclic, cyclopentanoid and
cyclohexanoid. The irregular monoterpenes comprise a relatively small group
of compounds formed by the head-to-head fusion of Cs units. The three
remaining structural types are constructed by the head-to-tail fusion of Cy
units, typified by the condensation of DMAPP and IPP to geranyi



pyrophosphate (GPP). It is, therefore, suggested that GPP is an intermediate
in the biosynthesis of the acyclic, cyclopentanoid and cyclohexanoid
monoterpenes (Cane, 1983). GPP has been shown to undergo cyclisation
without loss of hydrogen (Croteau, 1975). While GPP could function as the
direct precursor of cyclopentanoid monoterpenes and of most acyclic
monoterpenes, neryl pyrophosphate is likely to function as the immediate
precursor of the cyclohexanoid monoterpenes because the cis-geometry at
the A2 position permits cyclisation to the cyclohexane ring. Numerous
studies of the non-enzymic solvolysis of neryl and geranyl phosphates show
that neryl derivatives readily cyclisise (primarily 1o «-terpineol), while the
geranyl derivatives do not (the major product is the acyclic terpene alcohol,
linalool). Thus, although GPP is a key intermediate in the biosynthesis of
many terpenoid compounds, the cis-isomer, neryl pyrophosphate (NPP), is
the most likely direct precursor of the cyclohexanoid monoterpenes {Croteau,
1975). Linalyl pyrophosphate serves as an alternative substrate for these
cyclases (Cane, 1983).
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Fiqure 1.2 Two__possible biosynthetic pathways leading 1o neryl
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There are two probable pathways for the biosynthesis of NPP (Fig. 1.2). The
first pathway is the "cis-condensation” of IPP and DMAPP to vyield NPP
directly (analogous 1o the “frans-condensation" involved in GPP
biosynthesis). The second route is the classical trans-condensation of PP
and DMAPP to GPP, followed by trans-cis isomerisation to NPP. The direct

isomerisation of GPP would appear to be the most efficient pathway to NPP
{Croteau, 1975).






1.2.2 The Glycosidic Aroma Precursors

Early studies on the precursor compounds indicated these to be glycosidic
derivatives of monoterpenes although not simply A-D-glucosides. |t was
determined that the precursors of both Muscat Gorda Blanco (Muscat
d’Alexandrie) and Weisser Riesling were a complex mixture of A-rutonosides
and 8-O-¢-L-arabinofuranosyl-g-D-glucupyranosides of several monoterpene
alcohols, predominantly geraniol, nerol and linalool. The disaccharide
glycosides of precursors is a mixture made up of glucose, arabinose and
rhamnose (Williams et al., 1882a; Strauss et al., 1984).
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Figure 1.4 Categories of monoterpenes in grapes (Williams et al., 1983a)

Similar disaccharide conjugation is involved in the higher oxidation state
terpene precursors, i.e. the linalool oxides (Fig. 1.4). The grape contains a
diversified enzymatic mechanism which constitutes a dynamic transformation
in the berry and manifests itself in such ways as, for instance, the formation of
terpenols from precursors to produce geraniol and nerol (Cordonnier and
Bayonove, 1979). It is possible to extract from must free monohydroxyl,
dihydroxyl and trihydroxyl terpene compounds. With a subsequent extraction
with ethyl acetate it is possible to extract a compound which, during steam
distillation and in an acid medium at pH 3, produces linalool, %-terpineol,
nerol, geraniol, arabinose and small quantities of a hexose. This compound
most probably has the structure of linalyl arabinoside (Di Stefano and Castino,
1983). Williams et al. (1982¢) put forward a disaccharide structure. The study
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vinifera have shown these to be a glycosidic mixture of rutinosides and
6-O-L-arabinofuranosyl- 8 -D-glycopyranosides of predominantly geraniol,
nerol and linalool together with much smaller amounts of X-terpineol (Williams
et al.,, 1982b; Williams et al., 1982c). The monoterpene glycosides were
hydrolysed at pH 1,0 and pH 3,2. The latter value is typical for the pH of juice
from mature grapes, while pH 1,0 was used to ensure complete hydrolysis of
all precursor components. On hydrolysis at pH 3,2, linalyl-, geranyl- and
neryl-A-D-glucoside each gave the same major products, linalool and
«(-terpineol. Nerol, 3,7-dimethyloct-1-ene-3,7-diol and
2,6,6-trimethyl-2-vinyltetrahydropyran were lesser components from all these
reactions, as were the hydrocarbons limonene and terpinolene. Additionally,
several compounds were observed in the hydrolysis of linalyl and geranyl
glucosides that were not given by the neryl derivative. These included
geraniol, (E)- and (Z)-ocimene, eo-terpinene and myrcene.
X-Terpinyl-4-D-glucoside gave no acyclic monoterpenes. «-Terpineol was its
predominant hydrolysis product at pH 3,2. Hydrolytic studies at pH 1,0 on
precursor fractions show a very different pattern of volatiles (Williams et al.,
1982b; Williams et al.,, 1982c). At pH 1,0 a partial break down of the
monoterpenes occurs, particularly linalool and geraniol. This results in the
- production of new substances. The results of acid hydrolysis are, therefore,
difficult to interpret, owing to the modifications it causes, as the acid instability
of monoterpenes has been known for some time (Cordonnier and Bayonove,
1974).

Williams et al. (1982b, 1982¢) found that the free terpenes in muscat juice
corresponded with that obtained from mild, warm hydrolysis (70°C) at the pH
of juice of the glycosidic extracts from juice or of synthelic glycosidic
precursors. This suggested that acid hydrolysis is the main process of
breaking down disaccharide monoterpenic glycosides. Under the conditions
under which the must was obtained, it is this process which is considered the
most probable (Bayonove et al., 1983). Marais and Van Wyk (1986), however,
found that heat treatment contributed to intensifying the terpene-like character
and enhancement of overall wine quality.

As can be seen from the literature, there is a close relationship between the
flavour of muscat juice and the content of volatile monoterpenoids in the fruit.
In addition to these free volatile flavoured monoterpenes of the grape, there
exists non-volatile, acid labile glycosidically-bound forms of these
compounds,
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PART 2

MATERIALS AND METHODS

2.1 ENZYMES USED

Seven enzyme preparations were studied for their ability to release terpenes
from their bound glycosidic form. The enzymes employed were the following:

2.1.1 A -Glucosidase from sweet almonds
A commercial enzyme supplied by Boehringer-Mannheim.
2.1.2 Pectinase

A commercial pectinase (Rohapect C) from Rohm possessing potent
glycosidase activity.

2.1.3 SP 249

An experimental enzyme preparation from Nova. The activity complex of this
preparation may be divided into three main groups viz: pectolytic aclivity,
cellulolytic activity and hemicellulolytic activity.  This preparation also
contains minor proteolytic activity.

2.1.4 Pectinex Ultra SP

A pectolytic enzyme preparation from Nova Ferment.

215 Pectinex XL

A pectolytic enzyme preparation from Nova Ferment.
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2.1.86 Limonex

A pectinesterase enzyme from Enzymes SA working optimally at 30°C at a
pH of 2,1 10 2,5.

217 Grape hydrolytic enzymes

These enzymes were obtained by extraction of Muscat d'Alexandrie grapes
from the 1986 vintage frozen at -30°C until needed. The method of
Cordonnier and Dugal (1968) using acetonic powders was used (2.4.1).

2.2 LINEARITY STUDIES

In order to determine the amount of enzyme to use during assays and further
work, linearity studies were done.

Assays were done according to the method of Cordonnier et al. (1975) by
adding the enzyme to a substrate of 0,004 M
4-nitrophenol-4-D-glucopyranoside (Merck) in 0,04 M acetate buffer pH 4.0,
incubating at 40°C for 40 minutes and adding an equal volume of 0,2 M
Na,COj to stop the enzymatic reaction. The intensity of the yellow colour of
the 4-nitrophenol was then measured at 400 nm.

Pure grape hydrolytic enzyme (80 mg) was dissolved in 1 ml 0,04 M acetate
buffer, pH 4,0. A-Glucosidase and Rohapect C (0,5 mg of each) were
dissolved in 1,5 ml of the acetate buffer. The liquid enzyme preparations, i.e.
Ultra SP, SP 249 and XL were diluted by adding 5 ul enzyme preparation to
1000 pl.  Different volumes were incubated with the substrate during the
assay in a linear configuration.

2.3 ACTIVITY AND STABILITY STUDIES

Temperature and pH activity and stability studies were conducted on the
above mentioned enzymes in order to determine the activity and stability
under winemaking conditions, i.e. 15°C and pH 3,5.
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For the pH stability and activity studies, different buffer systems at 0,04 M
were used to obtain the required pH range. During the pH stability tests, the
different enzymes were incubated in the above mentioned buffers at different
pH levels ranging from pH 2,5 to 6,0 for 1 hour at 37°C. Substrate was
subsequently added, followed by a further incubation time of 30 minutes at
37°C. The remaining activity was determined by reading the absorbance of
the 4-nitrophenol at 400 nm.

During the pH activity tests the different enzymes were incubated in
substrate dissolved in the above mentioned buffers in the pH range from 2,5
to 6,0 for the normal assay period of 30 minutes.

The temperature stability tests were performed by incubating the different
enzymes in 0,04 M acetate buffer pH 4, at a range of temperatures from 4 to
60°C for 1 hour. Substrate was added afterwards, followed by the normal
assay procedure.

The temperature activity tests were conducted by following the normal assay
procedures for the different enzymes at a range of temperatures from 4 to
60°C.

2.4 ISOLATION AND PURIFICATION OF THE ENZYMES
2.4.1 Isolation of grape hydrolytic enzymes

These enzymes were obtained by extraction of Muscat d'Alexandrie grapes
from the 1986 vintage frozen at -30°C unlil needed. The method of
Cordonnier and Dugal (1968) using acetonic powders was used.

The extraction was done as quickly as possible at -5°C in a cold room.
Grapes (300 g) at -1°C was coarsely crushed with a mortar. The material
was covered with a volume of acetone at -5°C equal to four times the weight
of grapes used. The mixture was processed in a homogeniser for one
minute. After the addition of a second volume of acetone equal in volume to
the first, the mixture was again homogenised and thereafter left to rest for
half an hour.

The precipitate was recovered by vacuum filtration on a Blichner funnel. It
was washed twice with 96% ethanol at -5°C by each time processing the
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precipitate in the homogeniser for 1 minute in a volume of ethanol equal to
four times the equal weight of material used. This was washed twice with
ether and then dried as quickly as possible on a cold bench at -5°C.

This crude enzyme extract was purified further (Gunata, 1984) by dissolving
15 g of crude enzyme (obtained from 300 g Muscat d’Alexandrie grapes) in
250 ml 0,1 M phosphate-citrate buffer pH 5 at 2°C. To this was added 17 ml
Tween 20 and 2,7 g ascorbic acid. The pH was adjusted to 5,0 using 1 M
NaOH, homogenised at 2°C and 15 g Polyclar AT was added. The mixture
was stirred for 15 minutes at 29C. Afterwards it was centrifuged at 20C at
25 000 g for 20 minutes. The supernatant was the crude enzyme extract
which could be freeze dried.

The crude enzyme extract was further purified by precipitating the protein
with 80% (NH,4),S0,4. The precipitate was obtained by centrifuging the
solution at 25 000 g at 20C for 15 minutes. The precipitate was redissolved in
70 mt 0,1 M phosphate-citrate buffer pH 5,0 at 2°C. The solution was
dialysed against 10 1 of 0,01 M pH 5,0 phosphate-citrate buffer at 2°C for 12
hours. The retentate was freeze dried and this was the pure grape
hydrolytic enzyme that was used in further studies.

2.4.2 High Pressure Liquid Chromatography (HPLC)

HPLC was done on the different enzyme preparations using a Waters Liquid
Chromatograph in order to determine the homogeniety of the protein
preparations.

DEAE anion exchange was done using a 0,05 M Tris buffer pH 7,6 with a
NaCl gradient of 0,0 to 1,0 M and a flow rate of 1,5 mi/minute.

DEAE anion exchange was performed on the pure grape hydrolytic enzymes
using a 0,05 M Tris pH 7,6 buffer system with a NaCl gradient of 0,010 1,0 M
and a pump rate of 1,5 ml/min.

Further enzyme purification was done on a DEAE Protein Pak ion exchange
column using a 0,05 to 1,0 M NH,HCO;, buffer system. The advantages of
this buffer system are that there are no dialysis or pH problems.
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1 mg of A-glucosidase was dissolved in 100 pl NHHCO; and 10 pl was
fractionated on this column with the above mentioned buifer system.

2,2 mg Rohapect C was dissolved in 100 pl starting buffer and 10 ul was
fractionated.

100 pl Pectinex XL was diluted to 1000 pl with starting buffer and 10 ul was
fractionated.

100 pl Ultra SP was diluted to 1000 yl with 0,05 M NHHCO,. Gradient 8 on
the apparatus from 100% A to 50% B was used for the elution.

100 ul SP 248 was diluted to 1000 pl with 0,05 M NH,HCO,. Gradient 8 on
the apparatus from 100% A to 50% B was used for the elution.

2.4.3 SDS Polyacrylamide Gel Electrophoresis

SDS (sodium dodecylsulphate) polyacrylamide gel electrophoresis was
performed according to the method of Laemmli (1970). This electrophoresis
was performed to determine the purity of the active enzyme fractions
obtained from HPLC.

2.4.31 Stock Solutions

a) Running Gel

A . 30% acrylamide (w/v)
0,8% N,N’-methylene bisacrylamide (w/v} in H,O

B : 1,125M Tris-HCI pH 8,8
0,3% sodium dodecylsulphate (SDS) (w/v)

C : 10% ammonium persulphate in H,0 (w/v)
D : TEMED
b) Stacking Gel

A : 30% acrylamide (w/v)
0,8% N,N’-methylene bisacrylamide (w/v) in H,0O
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B : 0,375 M Tris-HCI pH 8,8
0,3% sodium dodecylsulphate (w/v)

C : 10% ammonium persulphate (w/v) in H,O (made up fresh daily)
D : TEMED
c) Sample Application Buffer

0,0625 M Tris HCI pH 6,8

2% SDS (W/v)

10% glycerol (w/v)

0,001% bromophenol blue {(w/v)

d) Tray Buffer

0,025 M Tris HCI pH 8,3
0,192 M glycine
0,1% SDS (w/v)

2.43.2 Gel Preparation

The separating gel consisted of 15% (w/v) acrylamide, 0,4% (w/V)
N,N’-methylene bisacrylamide, 0,375 M Tris-HClI pH 8,8, 0,1% (wW/V)
ammonium persulphate and 0,6% (v/v) TEMED. The gel was poured leaving
enough space for a stacking gel.

Distilled water was carefully layered onto the SDS gel solution to obtain a
straight interface.

The stacking gel consisted of 3% (w/v) acrylamide and 0,125 M Tris-HCI pH
8,8. The separating gel was allowed to polymerise overnight and the
stacking gel for 30 - 45 minutes.

Electrophoresis was carried out overnight at 15 mA.

2433 Staining and Destaining

Gels were stained in a mixture of water/acetic acid/methanol (4:1:5)
containing 0,25% Coomassie Brilliant Blue, for 1 - 3 hours.
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2.5 DETERMINATION OF THE FREE AND POTENTIALLY FREE
TERPENES

2.5.1 Enzyme Quantitation

The glycosidic activity of the commercial enzyme preparations was
unknown. The amounts of the different active enzyme fractions to be used
were determined by using a j-glucosidase standard curve. According to
Rapp (personal communication, 1987) 300 mU/m! enzyme must be added to
grape must for maximal terpene hydrolysis. The mass of the different
commercial enzyme preparations to be added were determined by using this
standard curve.

252 Determination of the free (FVT) and potentially volatile (PVT)
monoterpenes in grapes

The method as developed by Dimitriadis and Williams (1984) was used to
determine the terpenes.

2.5.21 Grapes

Grapes of the cultivars Muscat d’Alexandrie and Weisser Riesling were
harvested at full maturity, when having reached an approximate sugar-acid
ratio of 2,5 and an approximate sugar concentration of 20°B (20 ¢
sucrose/100 g water) and destemmed by hand. Only healthy berries were
clipped from the stem at the pedicel junction. The grapes were frozen at
-30°C until needed.

2522 Treatments

The following alternatives were investigated in fourfold for both cultivars.

25221 Skin contact

a) No skin contact, in other words after the grapes were macerated the
pulp was immediately strained through muslin gauze. The above
mentioned method was then followed to determine the FVT and PVT in
both cultivars.

b)  Twenty hour skin contact, in other words the macerated grapes were
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3.1.3 High pressure liquid chromatography (HPLC) on the difterent
enzymes

HPLC was performed on the different enzyme preparations as a method to
screen the purity of the preparations.

DEAE anion exchange was performed on the pure grape hydrolylic enzymes
using a 0,05 M Tris pH 7,6 buffer system with a NaCl gradient of 0,010 1,0 M
and a pump rate of 1,5 mi/min. Four major peaks were obtained with activity
in only the first peak (Fig. 3.6)
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Figure 3.13 Fractionation of Ultra SP
Column : 16 x 300 mm Sephadex G-15 with a 0,06 M NH,HCO,
buffer as eluant, flow rate : 4 mi/min., total volume : 1000ml.
Dotted lines indicate the fraction cuts.

3.1.5.2 lon Exchange Chromatography

DE anion exchange chromatography was applied to separate the enzyme
preparations into the different protein fractions using their differences in
charge rather than molecular weight to separate them. Typical separations
of the enzyme preparations are shown in figures 3.14 t0 3.16
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Figure 3.15 Fractionation of Pectinex XL

Column : 16 x 300 mm DE-52 with a linear 0,05 to 05 M
NH,HCO4 gradient as eluant, flow rate : 4 mi/min., total volume :
1000ml. Dotted lines indicate the fraction cuts.
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Figure 3.16 Fractionation of Ultra SP

Column : 16 x 300 mm DE-52 with a linear 0,05 to 05 M
NH,HCO, gradient as eluant, flow rate : 4 mi/min., total volume :
1000ml. Dotied lines indicate the fraction cuts.

By changing the gradient the active fractions were purified to a larger extent
as shown in figures 3.17 to 3.19.
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Figure 3.18 Fractionation of Pectinex XL

Column :

16 x 300 mm DE-52 with a linear 0,05 to 0,25 M

NH4HCO, gradient as eluant, flow rate : 4 mi/min., total volume :
1000ml. Dotted lines indicate the fraction cuts.
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3.2 DETERMINATION OF FREE AND POTENTIALLY FREE TERPENES
3.2.1 Enzyme quantitation

The glycosidic activity of the commercial enzyme preparations was
unknown. The amount of the different active enzyme fractions to be used
were determined by using a 4-glucosidase standard curve. The mass of the
different commercial enzyme preparations to be added were determined by
using this standard curve (Table 3.1).

Table 3.1 Determination of the mass of Rohapect C, Ultra SP and Limonex
necessary for maximal terpene hydrolysis using a A-glucosidase

standard curve

/S-glucosidase:

Mass (mg) 0,833 2,033 4,167 8,33

Units (mU) 2,31 5,71 11,55 23,14

OD (405 nm) 0,0760 0,3988 1,1787 2,68
Rohapect C:

Mass (ug) 1,2 3,0 6,0 12,0

OD (405 nm) 0,0581 0,1332 0,2750 0,4925
Ultra SP:

Mass (ug) 130 520 750 1000

OD (405 nm) 0,1732 0,7570 1,1821 1,5252
Limonex:

Volume (pl) 1,0 2,5 5 20

OD (405nm) 0,0095 0,0153 0,0184 0,0503

The values obtained were the average of duplicate assays.
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The best straight line for the 4-glucosidase standard curve was determined
using linear regression and was found to be
% =2,149 + 7,87x
with r = 0,999
wherey =mUandx=0D

The f-glucosidase standard curve was used to determine the mass of Ultra
SP, Limonex or Rohapect C (Table 3.1) that had to be added to 400 ml grape
must in order to release the maximal amount of terpenes. The activity
needed was 300 mU/ml.

Rohapect C:

6,0 pg = 0,27500D’s
= 4313 muU

300mU/ml = 300 mU/4,313 mU x 6,0 ug
= 0,417 mg/mi

166,8 mg Rohapect C was therefore needed in 400 ml must.

Ultra SP:

750 pg = 1,1821 OD’s
= 11,5421 mU

300mU/ml = 300mU/11,5421 mU X 750 ug
= 19,49 mg

7,79 g Ultra SP was needed in 400 ml must.

Limonex:
Sul = 0,01840D’s
= 2,29mU
300 mU = 130,79 ul
52,32 ml Limonex was needed in 400 ml must.
= 13% v/v
3.2.2 Determination of Free (FVT) and Potentially Volatile (PVT)

Monoterpenes in Grapes

The method developed by Dimitriadis and Williams (2.5.2) was used for
determining the FVT and PVT of the different treatments (2.5.2.2).

The results from the above treatments are displayed in table 3.2. and figures
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3.20 and 3.21. The results are the average of quadruplicate assays. The
replicates were increased to four due to the weak repeatability of the resulis.
This weak repeatability can be the result of non-random sampling and
because berries with differing degrees of ripeness can be found on the same
bunch, especially in the case of Muscat d'Alexandrie. It is known that the
concentration of terpenes in grapes is a function of ripeness (Marais, 1985).

3.2.3 Capillary Gas Chromatography for the determination of
specific terpenes in the FVT distillates

The gas chromatographic technique as adapted by Marais (1986) for local
conditions was used for the determination of individual terpenes in the FVT
distillates.

A typical chromatogram indicating the relevant terpene components is
displayed in figure 3.22. As many as possible terpenes were analysed
initially.  Eventually only those terpenes that are known to contribute to
grape aroma were used in reporling on the results. The results are
displayed in table 3.3 and figures 3.23 and 3.24 and are the average of
quadruplicate assays.
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Table 3.2  The effect of the enzyme treatments on the FVT and PVT concentrations in grapes.

Treatments 109C 200C
FVT PVT FVT PVT

X S X S X S X S
A. Muscat d’Alexandrie
1. No skin contact 1,48 | 0,14 | 4,28 | 0,86
2. Skin contact (20 hrs) 2,02 | 0,14 5,283 | 0,50 1,70 0,14 4,79 0,21
3. AGlucosidase + skin contact (20 hrs) 1,86 | 0,21 523 | 0,43 1,79 | 0,07 | 4,82 | 0,43
4. Rohapect C + skin contact (20 hrs) 2,32 10,21 |561 |050
5. Ultra SP (1 g) + skin contact (20 hrs) 1,71 0,14 | 4,55 | 0,48
6. A-Glucosidase + skin contact (pH 5) 2,26 | 0,14 | 4,81 | 050
B. Weisser Riesling
1. No skin contact 0,37 | 0,07 1,24 | 0,07
2. Skin contact (20 hrs) 051 014 |107 |0,14 | 023 |0,07 |093 | 0,14
3. /AGlucosidase + skin contact (20 hrs) 0,46 | 0,21 1,04 | 0,14 | 0,37 | 0,07 | 1,13 | 0,07
4. Rohapect C + skin contact (20 hrs) 0,631 | 0,07 | 1,37 | 0,07

FVT : Total Free volatile terpenes expressed as mg/l Linalool
PVT : Total Potentially volatile terpenes expressed as mg/l Linalool

X : The average of four treatments
s : Standard deviation
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Terpene concentrations are in terms of relative concentration units.

63

The effect of enzyme treatments on the release of different terpene components

Treatmenis Terpene Components
Linaloo! Hotrienol < -Terpineol Citronellol Nerol Geraniol

X s X 5 X s X s X s X s
Muscat d’Alexandrie
No skin, no enzyme 132,42 6,70 4,77 1,68 4,89 1,07 3,52 1,03 60,90 14,34 488,78 (135,51
Skin 109C, no enzyme 181,26 | 11,33 7.64 0,95 9,17 2,13 7,60 2,83 109,51 25,11 728,54 200,05
Skin 20°C, no enzyme 92,64 | 17,24 | 5,48 2,30 8,11 3,49 6,74 2,14 91,37 | 15,96 [529,52 [133,05
Skin 10°C, A-glucosidase 213,06 | 26,76 3,11 0,83 7,86 2,14 5,53 2,62 85,68 35,30 689,06 179,45
Skin mooo,b-mwcoomamma 127,12 | 21,40 5,61 1,80 7,21 1,60 5,84 1,75 85,76 21,18 530,26 /162,02
Skin mocO‘ Rohapect C 200,53 | 37,76 3,84 0,54 4.46 3,13 7,33 3,40 122,89 45,22 877,99 353,32
Weisser Riesling
No skin, no enzyme 7,42 | 1,01 0,79 0,18 1,36 0,11 - - 2,78 0,78 18,54 | 2,24
Skin Jocog no enzyme 10,21 | 4,389 0,55 0,58 0,83 0,23 0,60 0,17 5,55 0,93 25,11 | 1,08
Skin 20°C, no enzyme 7,78 | 0,85 0,90 0,31 1,59 0,30 0,49 0,32 3,29 1,33 16,69 | 4,95
Skin 109C, A-glucosidase 6,30 | 0,28 0,80 0,46 1,19 0,15 0,52 0,14 4,91 1,10 25,15 | 4,36
Skin mooo*m-m_coomammm 5,88 | 0,88 8,13 2,61 0,61 0,22 0,80 0,02 2,72 1,97 15,75 | 7,45
Skin 20°C, Rohapect C 9,33 | 0,32 1,12 0,21 1,22 0,35 1.88 0,07 4,86 1.35 23,28 | 8,16

: The average of four treatments
: Standard deviation
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Figure 3.24 The effect of enzyme treatments on the release of different terpenes in the FVT fraction of Weisser Riesling

SC - Skin Contact
No SC - No Skin Contact :
Terpene concentrations are in terms of relative concentration units.



Abhsorbance at 400nm

67

3.3 ENZYME INHIBITION

3.3.1 Product inhibition

The obeyence of Beer's law for the effect of different grape juice

concentrations on absorbance is demonstated in figure 3.25.
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% Grape Juice

Figure 3.25 The obevence of Beer's law for the effect of arape juice

80 80

conceniration on absorbance

The effect of different grape juice concentrations on the activity of Rohapect

C and Ultra SP is demonstated in figure 3.26

100
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Fiaure 3.26 The effect of different concentrations of arape juice on enzyme

activity
- Rohapect C
- Ulira SP
3.3.2 | Metal ion effect

The effect of chelating metal ions in grape juice on the activity of Rohapect C

is shown in figure 3.27.
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PART 4

DISCUSSION

4.1 ENZYME STUDIES

From the results of the temperature stability studies (Fig. 3.4) it was clear
that all the enzymes remained stable up to 35%C. Rohapect C remained
stable up to 45°C. At 60°C there was hardly any remaining activity in any of
the enzyme preparations. At wine making temperatures of 10 to 20°C all the
enzymes displayed good stability.

From the temperature activity studies (Fig. 3.5) it was clear that the enzymes
were optimally aclive at about 40°C after which they started denaturing. At
wine making temperatures the enzymes displayed some activity though
considerably reduced.

All the enzymes were relatively stable in the pH range of 3,0 to 7,5 (Fig. 3.2)
and were stable at must pH of about 3,5. The pH activity (Fig. 3.3) of grape
enzymes, Ultra SP and SP 249 increased up to a pH of 4,5 and 5,0
respectively, after which denaturation became apparent. The activity of
Rohapect C and Pectinex XL was relatively stable over the pH range.

From these studies it was clear that the grape hydrolytic enzymes isolated
from Muscat d'Alexandrie grapes displayed weak activity and relative
stability at the temperature and pH conditions prevalent during wine making.
This supports the findings by Bayonove et at. (1984) and Aryan et al. (1987)
that glycosidases from Muscat d’Alexandrie are maximally active at pH 5,0
and 45°C. It was thus decided not to include this enzyme in further studies.

High pressure liquid chromatography was performed on the different
enzyme preparations 1o screen the purity of the preparations. Using DEAE
anion exchange it was clear that the only enzyme preparation used that was
pure was the almond -glucosidase. This was confirmed by electrophoresis.
Grape hydrolytic enzymes displayed four peaks with one active peak.
Rohapect C had five peaks with activity in the third. Pectinex XL had a major
active peak, while Ultra SP and SP 248 had 16 peaks with activity in peak 9
and 10. It was clear from the chromatograms that Ultra SP and SP 249 was
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acetate buffer was used to test for this effect, as citrate acts as a biological
chelating agent. The enzyme activity, however, displayed the same
tendencies as with only the addition of grape juice as can be seen in figure
3.27.

Grossmann et al. (1987) and Aryan et al. (1987) found that glycosidases are
strongly inhibited by glucose and to a lesser exient by fructose.
Experimental work was done to determine if this effect resulted in the same
tendencies as previously reported. Glucose and fructose occurs in a ratio of
1:1 in must, with more or less 100 g/l of each sugar at 20°B. Glucose and
fructose were added to substrate and it was found that at a glucose
concentration of 10 g/i, Rohapect displayed only 36% of its initial activity and
at 50 g/l, glucose virtually no activity remained (Figure 3.28). In the case of
addition of fructose, Rohapect C activity only started decreasing at 50 g/l
and at 100 g/l fructose 65% of original activity remained. It is, therefore, clear
that glucose was responsible for the inhibitory effect that occured.

4.4 DETERMINATION OF FREE VOLATILE AND POTENTIALLY
VOLATILE TERPENES WHERE GLUCOSE HAD BEEN OXIDISED TO
GLUCONIC ACID

With the results obtained thus far, it was decided to lower the glucose
concentration in must in order to attempt to increase enzyme activity. The
novel idea of Villettaz (1987) was employed by oxidising the glucose to
gluconic acid by means of glucose oxidase. The hydrogen peroxide that is
a by-product of the reaction is reduced with catalase. It was initially found
that an enzyme concentration of 1% was sufficient to oxidise glucose to less
than 10 g/l in 20 hours (Figure 3.28). With the actual experimental work it
was found that 8 mi enzyme in 500 g macerated grapes with a reinoculation
of a further 8 ml enzyme after 7 hours, gave the best results and was able to
oxidise glucose to less than 10 g/l in 24 hours. Throughout it was found that
the rate of bubbling oxygen through was critical. A rate of 700 mi/min gave
good results.

From the results of the FVT and PVT determinations (Table 3.4) it was clear
that in the case of Muscat d'Alexandrie both FVT and PVT concentrations
were lower after enzyme treatment than the control. In the case of Weisser
Riesling, however, enzyme treatment resulted in more effective release of
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