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Abstract

The behaviour of pigments in red wine, namely anthocyanins and anthocyanin-
derived pigments, was investigated at natural wine pH, at low pH and after addition of
SO,, namely SO, bleaching. An examination of current literature demonstrated
absences in wine pigment research. Firstly, few researchers have published the
colour properties of a particular wine pigment at different pH values and post-SO,
bleaching. This was demonstrated using the CIELab colours of two individual
anthocyanin-derived wine pigments (4-vinylcatechol and 4-vinylsyringol adducts to
malvidin 3-glucoside), and an anthocyanin, malvidin 3-glucoside. The colours of the
anthocyanin-derived pigments and their resistance to pH change and SO, bleaching
were compared to malvidin 3-glucoside which was affected by media.

Generally, in the literature, wine pigments are characterized as individual
components. But many pigments contribute to wine colour. So, two novel methods
were created and demonstrated using red wines: Shiraz wines from four regions in
Australia, and Cabernet Sauvignon wines made using two different strains,
Saccharomyces cerevisiae (SC) or Saccharomyces bayanus (SB). The first method
can be used to determine the CIELab colour of chromatographically separated wine
pigments and allows their colours to be re-created, regardless of their identity. Thus
objective measurement of pigment colour at its natural concentration in wine is now
possible.

An additional method, the “post-column adjustment method” to pH-adjust and SO,
bleach HPLC-separated wine pigments was created. The concentration and colour of
HPLC-separated wine pigments at low pH, at wine pH and post-SO, bleaching can
be measured. The method has highlighted the importance of the pH value when
quantifying a wine pigment. For example, from low pH to wine pH, the apparent
anthocyanin and pigmented polymer concentration was reduced, but the Vitisin A
concentration was unchanged. SO, bleaching resulted in negligible anthocyanin
concentration and a further reduction in pigmented polymer concentration, with Vitisin
A unaffected. Relative quantities of wine pigments in both SC and SB Cabernet

Sauvignon wines were not affected by pH change or SO, bleaching.

Also, using the Shiraz wines and Cabernet Sauvignon red wines, existing and
improved colour measurement techniques were discussed. For the Australian Shiraz
wines, grape origin was found to influence red wine colour, CIELab values provided

enhanced colour measurements, and high wine colour (at natural wine pH) cannot be



attributed to individual monomeric anthocyanins (measured by HPLC analysis at low
pH). Vitisin A was not responsible for differences in wine colour. SO,-stable wine
colour was related to regional differences. The percentage of SO, non-bleachable
pigments was independent of wine region. Chemical index (ii) values indicated that
the colour at 520 nm was attributable to pH-dependent wine pigments. Vitisin A and
pigmented polymer concentrations correlated well with SO,-stable wine colour.
Pigmented polymer concentration may be the driving force behind wine colour
density. Copigmentation was of no importance in the young red wine samples
studied.

With the Cabernet Sauvignon red wines, the yeast strains used for fermentation
affected wine colour and SO,-stable wine colour. The change in wine colour density
was not related to change in total red pigment colour or anthocyanin concentration.
Pigmented polymer concentration, SO,-stable wine colour and the percentage of SO,
non-bleachable pigments were consistently higher in the SB wines.

The pH value was important when determining the colour of a wine or pigment. At
low pH, the SC wines were more coloured than the SB wines. However, at real wine
pH, the converse was true. For both wines, at low pH, the anthocyanin concentration
was greater than the pigmented polymer concentration, indicating the importance of
anthocyanins to wine colour only at low pH. But, at wine pH, the apparent
anthocyanin concentration was much lower in both wines (for example, malvidin 3-
glucoside provided more colour at low pH than at wine pH) than the apparent
pigmented polymer concentration. Therefore, at wine pH, anthocyanins were less
important to wine colour than pigmented polymers.

The concentrations of Vitisin A were similar in all three media, but colour losses were
observed at wine pH and post-SO, bleaching. SB Vitisin A was more coloured. At low
pH and at wine pH, Vitisin A was more coloured than malvidin 3-glucoside in both
wines, even though the apparent Vitisin A concentration was lower. Differences in the
colours of the SC and SB pigmented polymers peaks were observed at low pH, at
wine pH and following SO, bleaching. The SB pigmented polymers were darker and
more colourful, exhibited more colour absorbance and a slight bathochromic shift of
Amax Value. From low pH to wine pH and following SO, bleaching, pigmented
polymers become lighter, whilst retaining orange-red hues.
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List of abbreviations

A Absorbance value

a* value CIELab colour value. On the hue-circle in the horizontal plane, a* is a measure of
redness and —a* of greenness.

A* lonized anthocyanin

a.u. Absorbance units

b* value CIELab colour value. On the hue-circle in the horizontal plane, b* is a measure of
yellowness and — b* of blueness.

AWRI The Australian Wine Research Institute

c Concentration

CAV Colour activity value

C* value Chroma derived from a* and b* values. Equivalent to (a** + b**)”

CIELab Combination of CIE and L*, a*, b* values

CIE Commission Internationale d’Eclairage

DAD Diode array detector

DAP Diammonium phosphate

AE* value AE* is the Euclidean distance between the two points in three-dimensional space
and is used to compare two colours (represented by the subscripts 0
and 1) : AE* = (AL*? + Aa*? + Ab*®)” where AL* = Lo — L;; Aa* = ao — a;; Ab* = by — by,
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F Flavanol

H* value Hue value derived from a* and b* values. Equivalent to tan ' (a*/b*)

/ Length

L* value CIELab colour value. L* is a measure of lightness from completely dark (0) to
completely white (100).

MLF Malolactic fermentation

NWGIC National Wine and Grape Industry Centre

PCC Percentage colour contribution

RP Reversed phase

s value Saturation derived from a* and b* values. Equivalent to (C*/L*)

SB Saccharomyces bayanus yeast strain

SC Saccharomyces cerevisiae yeast strain

SO, Sulfur dioxide

SO,-stable  “Stable” or not bleachable in the presence of the sulfite ion

*.pH value  Apparent pH values where s and w are the organic solvent system and calibration of
the pH electrode using aqueous standards respectively.

WCD Wine colour density

WCH Wine colour hue
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