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Table 4.6 Spectral analysis of Pinot noir wines after four months

storage

Control Cold Maceration Cold Maceration Cold Maceration p value'
OmgL'S0,  50mgL'S0O, 100 mgL” SO,

Wine colour density 1.73* 1.70° 2.73° 2.93° <0.001
Wine colour hue 0.682° 0.693" 0.6 0.57° 0.017
Total anthoéyanins 142.10° 154.06" 145.923* 195.320° <0.001
(mg/L)
o 12.06" 10.62° 17.92° 14.87% 0.036
o 29.45° 29.63" 34.15° 33.94° <0.001
Ionised anthocyanins ~ 16.98* 16.28* 25.08" 28.92° <0.001
(mg/L)
Total phenolics (a.w.)  19.19° 18.99% 20.66° 23.21° <0.001
Chemical age index 0.020° 0.024* 0.056° 0.039° <0.001

11)SO,/HCl

Mean values within the same row designated with a different letter differ significantly

(Fishers LSDg 05)

33 ratio
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Table 4.7 HPLC analysis of Pinot noir wines after four months storage

Control Cold Maceration Cold Maceration Cold Maceration ~ p value
O0mgL'S0, 50mgL'SO, 100 mgL"’ SO,

Delphinidin-3- 4.27° 4.99* 5.70° 10.38° <0.001
monoglucoside
Cyanidin-3- 8.49° 10.12® 10.86° 16.31° <0.001
monoglucoside
Petunidin-3- 2.09 2.11 2.07 2.60 0.145
monoglucoside
Peonidin-3- 8.23 10.59° 11.43° 15.45° <0.001
monoglucoside
Malvidin-3- 180.70° 187.11° 184.56 243.60° <0.001
monoglucoside
Total monomeric 203.79* 214917 214.62° 288.34° <0.001

anthocyanins (mgL™")

Mean values within the same row designated with a different letter differ significantly

(Fishers L.SDy 05)

IF ratio
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4.3 The effect of Cold Maceration on Commercial and

Experimental Pinot noir wine, after six months storage

The wines analysed up to this point have been purely experimental, with no
incorporation of factors such as malolactic fermentation or oak ageing in the
winemaking because of their effects upon the wines aroma, taste, colour and phenolic
content. In this section wines are analysed which were all made from the same grapes
both experimentally and commercially. The spectral results of the experimental wines
are reported in table 4.8, while the results for the oaked experimental COM wine and the

two wines produced by St. Helena are reported in table 4.9

4.3.1 Winemaking Protocol

Three additional wines were analysed, the first was made using a mixture of the 50 and
100 r_ngL~1 SO, COM wines which subsequently underwent both malolactic
fermentation and oak ageing. The other two wines were made by St. Helena Estate, both
of these wines were made with the same grapes as the experimental wines, and are also
approximately six months old. Of the two wines produced by St Helena one was
effectively a control, undergoing a normal fermentation with 10 days skin contact. The
second wine was a cold maceration wine which underwent a 4 day COM with 50 mgL™
SO, at a temperature of 13 °C, this wine also had 10 days of skin contact. Both of these
wines were racked into 3 month old barriques, within 1 week of completing
fermentation where they underwent malolactic fermentation. Analysis of the St. Helena

wines was conducted on barrel samples.

4.3.2 Results and discussion
4.3.2.1 Spectral analysis of experimental wines at six months
The wine colour density at six months is still significantly greater (p < 0.05) in the two

sulphured COM wines. Wine colour hue was significantly less (p < 0.05) in all three of
the COM wines.
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The level of total anthocyanins was greatest (p < 0.001) in the 100 mgL' SO, COM
wine, while the 50 mgL”' SO, COM wine had a significantly higher (p < 0.001)
anthocyanin content than both the control and 0 mgL™' SO, COM wine, At four months
there was no significant difference between these three wines. The control and
unsulphured COM wines anthocyanin levels dropped by ~ 36% between the four and six

month analysis while the sulphured COM wines dropped by only 13%.

The degree of ionisation (o) and natural degree of ionisation (0.") were both greatest (p <
0.05) in the unsulphured COM wine. There was no significant difference (p < 0.05)
betweén the control and both of the sulphured COM wines in either o or o”. The huge
increases observed in the ionisation of the unsulphured COM wine have increased its
colour density, to a level greater but still not significantly different to the control wine.
The level of ionised anthocyanins was greatest (p < 0.05) in the 100 mgL™"! SO, COM
wine and decreased with decreasing SO, addition, the control wine had the lowest level

of ionised athocyanins.

Total phenolics was significantly greater (p < 0.001) in the two sulphured COM wines,

this trend has been obvious throughout the wines ageing (appendix 4.9).

At six‘ months the most interesting changes have occurred in the chemical age index,
with both the control and unsulphured COM wines increasing dramatically. The 100
mgL'1 SO, COM wine had a significantly lower (p < 0.001) chemical age than the other
three wines. The low chemical age of this wine agrees with findings from other research
(Dallas et al 1995, Picinelli et al 1994), where wines with higher levels of SO, were
found to form polymeric pigment at retarded rates. The large increases observed in
chemical age for the control and unsulphured COM wine help to explain some of the
other readings obtained for these wines at six months, namely, vastly decreased

anthocyanin contents, and increased colour density and ionisation measurements.

4.3.2.2 Spectral results of Oaked experimental wine and St. Helena wines

The St Helena COM wine was significantly greater (p < 0.05) than the St Helena control

wine in colour density, total anthocyanins, ionised anthocyanins and total phenolics. The
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COM wine was also significantly less (p < 0.05) in chemical age. This indicates that the
COM process employed by St. Helena was successful in extracting more anthocyanin
and phenolic compounds, once extracted the extra phenolic compounds have

contributed to the wines increased colour density.

The spectral measurements for the COM wine and control wine follow exactly the same
patterns and trends as those observed in the experimental wines. These results although
not in a replicated trial indicate that the results obtained with the experimental wines are

applicable to commercial winery situations.

The results from the oaked experimental wine illustrate the influence of oak upon
colour, this wines colour density was vastly greater than the experimental wines and yet
the main difference is oak ageing. The influence of the more oxidative storage
conditions can be seen in both the wines high chemical age and low anthocyanin

content.

4.3.3 Conclusions

At six months both of the sulphured COM wines still retained greater colour density
than the control and unsulphured COM wine. The control and unsulphured COM wine
chemical age indexes increased dramatically, this was also reflected in the lowered

anthocyanin content of these wines.

The 50 mgL"' SO, COM wine had similar colour density to the 100 mgl.’! SO, COM
wine while having increased chemical age and decreased anthocyanin content. These
indicate that the addition of 50 mgL" SO, during the COM process can have the same
effects on wine colour density as a 100 mgL ™" SO, addition. The anthocyanins in the 50
mgL™" SO, COM wine were stabilised at an earlier age than the 100 mgL"' SO, COM
wine in which the higher SO, content has had inhibiting effects on polymerisation

reactions.
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Commercially made COM wines indicate that the technique has strong merits for
improvement of colour in commercial situations. The oaked experimental wine indicates

the large influence of oak on both colour density and stabilisation of a wines colour.
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Table 4.8 Spectral analysis of Pinot noir wines after six months storage

Control

Cold Maceration Cold Maceration Cold Maceration p value'

Omgl'SO,  50mgL”’SO, 100 mgL’ SO,

Wine colour density ~ 1.83° 2.12° 2.52° 2.53° 0.006

Wine colour hue 0.72 0.66° 0.66° 0.62° 0.010
Total anthocyanins 99.38* 86.41° 126.59° 168.99° <0.001
(mg/L)

o 15.44° 21.70° 18.39% 14.33* 0.032
o 37.26° 4473 34.34° 34.52° 0.001

Tonised anthocyanins ~ 15.08* 18.78% 22.18% 24.05° 0.006
(mg/L)

Total phenolics (a.u.) 15.23 13.89° 24.31° 26.28" <0.001
Chemical age index ~ 0.056° 0.069* 0.062* 0.040° 0.001

i1)SO,/HC1

Mean values within the same row designated with a different letter differ significantly

(Fishers LSDyg ¢s)

IF ratio
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Table 4.9 Commercial and Oaked Experimental Pinot noir wine

analysis
St Helena St Helena Cold Oaked Experimental

Control Maceration wine Wine
Wine colour density 3.47 5.16 3.84
Wine colour hue 0.73 0.64 0.69
o 33.29 26.34 27.75
Total anthocyanins (mg/L) 85.91 187.75 84.5
Ionised anthocyanins (mg/L) 21.45 39.45 204
Total phenolics (a.u.) 29.80 32.83 25.15
Chemical age index ii)SO2/HCl 0.160 0.104 0.198

Mean values within the same row designated with a different letter differ significantly

(Fishers LSDos)

IF ratio
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Chapter Five

Conclusions

5.1 Chemical Composition of Wines

The cold maceration process resulted in musts which had a distinctly different
composition to the control must, of importance was reduced TA and increased pH,
malic acid and total phenols. The increased pH and reduced TA are linked to uptake of
potassium ions during the maceration. The phenol content of the musts increased with

increasing SO, addition to the must.

Wines made using the Cold Maceration process were not significantly different to the
normally vinified wines in any attribute apart from TA, in which they were lower. The

cold maceration process does not effect the final composition of the wine.

The sulphur dioxide content in the finished wines was similar in the control, O and 50
mgL! SO, COM wines but significantly greater in the 100 mgL™! SO, COM wine. The
sulphur level in the 100 mgL™! SO, COM wine at fermentation was low enough not to

effect malolactic fermentation.

5.2 Spectral and HPLC analysis

The spectral analysis of the wines at bottling revealed that the sulphured COM wines
had significantly greater wine colour density, total anthocyanins, natural degree of
ionisation (") and total phenolics. The HPLC analysis at bottling also indicated that the
sulphured COM wines were significantly greater in anthocyanin content than the control
and unsulphured COM wine. The composition of the anthocyanins in each wine was not

altered by either the level of extraction of anthocyanins or the cold maceration process.
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The sulphur dioxide added at Cold Maceration acted as a solvent for the extraction of

both anthocyanins and other phenolic compounds.

The spectral analysis after four months storage indicated that the sulphured COM wines
were again greater than the control and unsulphured COM wines in colour density,
ionised anthocyanins, total phenolics and chemical age. The 50 mgL! SO, COM wines
colour stabilised at a faster rate than the other wines. The HPLC results again confirm
the spectral results in that the 100 mgL” SO, COM wine has the greatest monomeric

anthocyanin content.

At six months the control and unsulphured COM wines colour were stabilised, this is
seen by the decreased anthocyanin content and increased chemical age of these wines.
The sﬁlphured COM wines still retained greater colour density, anthocyanin and
phenolic content. The high sulphur levels present in the 100 mgL"' SO, COM wine at
bottling were still affecting the amount of polymerisation, low chemical age indicates a

low degree of polymerisation.

There were differences in the visible colour of the wines right throughout the wines
conservation, the two sulphured COM wines had increased visible colour (red-purple

hue) from both the control and unsulphured COM wines.

The sulphur dioxide which is added during cold maceration acts as the solvent for the
extraction of anthocyanins and other phenolic compounds from the must. The level of
addition is important for the ageing characteristics of the monomeric pigments. At high
levels (100 mgL™" SO,) of addition formation of polymeric pigment is reduced. With
sulphur addition during cold maceration a higher wine colour density is obtained. In this
study the optimum sulphur addition was found to be 50 mgL, at different levels of
phenolic extraction different optimum sulphur levels will be required for the most
efficient extraction. The commercial COM wine and oaked experimental wines indicate
that cold maceration in commercial situations has the same dramatic influence on a

wines colour as found with these experimental wines.
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5.3 Further Research

The area of cold maceration still requires further research, while the effects of
temperature (Goldsworthy 1993) and SO, on colour measures have been investigated,
other areas of research could include the use of macerating enzymes for the extraction of
colour prior to fermentation, whether this occurs at cold temperatures is debatable as

enzymes usually have reduced activity at lower temperatures.

Problems were encountered during this research with the 50 mgL' SO, COM must
which appears to have begun fermentation, future research could investigate the native

microbes and their development during cold maceration.

The commercial and oaked experimental wines demonstrated that oak ageing plays an
important role in both colour development and ageing, the influence of the oak on
colour parameters could be more thoroughly researched, and also incorporated into an
overall study on the effects of oak ageing, ie unoaked vs oaked over longer periods of

time.

The HPLC analysis yielded invaluable information on the anthocyanin structure of the
wine, it did not however yield information on the polymeric compounds. This area is of
significant interest as understanding ageing reactions and how they contribute to a wines

ageing is largely unexplored.

A technique which furthers the concept of cold maceration is to freeze the must, this is
often used in the fruit juice industry to increase juice yields. This could foreseeably have
application in the wine industry to improve colour extraction from the must, prior to

normal fermentation.
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Appendix 4.8
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