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ABSTRACT 

In the 1930s trade transactions required that the color of wine be more 
rigidly specified. 17re wine-colorirneter was usefil with this purpose. Intensity 
of color was the first property to be considered. From the beginning of this 
century visual comparisons of wines with standard mixtures of dyes or colored 
substances potassium permanganate and dichromate) were made. Later 
photometric studies (absorption curves) were developed. Maxima and minima in 
the absolption curve were defined, as well as their relationships. Recently, it has 
been shown that absorbance values at given wavelengths and luminosity are well 
correlated. 

INTRODUCTION 

Early in the 1930s interest increased in the measurement of the color of red 
wines. Roos (1930) explained the importance of color intensity of red wines 
from the point of view of trade. When alcoholic percentages were the same, the 
wines with a stronger color were the more expensive. Furthermore, the author 
predicted the importance of wine color measurements in the future. He referred 
to the oldest scales for evaluating color, as Chevreul’s method, where five 
purple red and three red shades were observed. On the other hand, Salleron 
(Roos 1930) devised the Wine-colorimeter to measure hue and color intensity of 
wines; it was designated a Chromatometer, a new apparatus based on polarime- 
try, which allowed the obtaining of data on the quality and intensity of color. 
The instrument made possible measurement of the hues from violet to yellow, 
red, or in other words, all the possible colors of red wines. 

Hue was then considered a property of minor importance, and efforts were 
principally concentrated on color intensity measurements. It was considered 
indispensable to define a unit of low magnitude for color, so that all wines 
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would be greater in magnitude and handling would thus have better understand- 
ing. Intensity was measured through necessary wine dilution to obtain the degree 
of coloration. According to Roos (1930) the first attempt in this way was carried 
out by Pietri in 1900; he used a mixture of Fucsina and Victoria Yellow 
(trinitrocresol), but it was unstable to light. Later, the mixture, KMnO, - 
K,Cr,O,, was proposed with success, because it is possible to obtain the 
different hues of red wines, from red-violet (KMnO,) to yellow-orange 
(K,Cr,O,). A "good" red wine was specified to be more than ten "colors", i.e. 
dilution must be at least nine parts of water to one part of wine to obtain the 
intensity established for unit "color". Later this procedure was completed by 
Vogt (1933, and some conclusions about chromatic properties and geographic 
origins of wines were possible. Several authors had proposed other standard 
solutions that improved the sensitivity in comparisons of red wines (Kielhofer 
1944; Wobish and Schneyder 1955). 

The method proposed by Roos (1930) remained for some time as the usual 
one. But other methods based on colorimetric or photometric techniques arose. 
Montequi (1933) carried out the earliest studies on absorption curves, or "color 
curves", taking as reference those of "Rojo Burdeos" a standard dye. The 
photoelectric cell as an objective discriminant in substitution of the human eye 
was proposed; and "ROB" was defined as a color unit (Faure and Pallu 1935): 

ROB = K.D 

where K is a constant which was obtained when the colorimeter was calibrated 
with Crystal Violet, and D is the optical density at a given wavelength (usually, 
460 nm). Wines could be classified by means of "ROB": 

(1) Rose wines: 15-50 "ROB" 
( 2 )  Red wines: 50-115 "ROB" 
(3) 'Teinturiers': 1 15-600 "ROB" 

New applications about the spectral study of wines next appeared (Casamada 
1931; Boutaric d al. 1937; Korotkevich 1951), and further conclusions were 
derived. The maximum of spectral absorption for red wines was established 
(A,,, = 520 nm); the ratio A420/A520 was demonstrated to be significant for 
characterizing red wine color; a new concept named "underground color", the 
relationship 
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was stated, when wine is compared with a standard solution of CoS0,.7H20. 
The evidence of an higher maximum wavelength for red wines than for rose 
wines was demonstrated too (Amerine and Winkler 1941). 

ABSORPTION CURVES 

In the beginning, the UV absorption curves of the wines were plotted to 
detect possible adulterations. Comparisons between wine musts and standard 
synthetic dye dilutions were carried out (Casamada 193 1). Montequi (1933) 
studied for the first time absorption curves of certified and common red wines, 
and he compared them with "Rojo Burdeos". Boutaric et al. (1937) carried out 
studies on the spectral characteristics in red wines; the maxima and minima of 
absorption curves of six typified French wines were obtained. Their observations 
can be summarized as follows: 

(1) usually an absorption maximum at 520 nm was detected 

(2) the absorbance ratio A480/Aao was relevant to typify the wine color 

(3) although Faure and Pallu (1935) proposed a simple rule for the color of 
mixed wines, Boutaric et al. (1937) demonstrated that the coupage obtained 
was lighter than expected because of the colloidal character of coloring 
matters in wines 

(4) if the pH was deliberately increased with NaOH, an absorption minimum 
at 480 nm appeared. The maximum of 520 nm was displaced to higher 
wavelength (bathochromic shift). The ratio A,,/A, decreased. 

Korotkevich (1 95 1) described the characteristic absorption spectra of white 
and red wines. Samples were diluted before they were measured, and absorption 
maxima at 430 and 530 nm were obtained for white and red wines, respectively. 
As Boutaric ef al. (1937) demonstrated, the dilution of wine sample results is 
inappropriate. It is necessary to use cells of different path lengths. 

Tashkova and Goranov (1967) investigated spectrophotometrical studies with 
distillates of wines, and they noted that specific extinctions at 360 and 420 nm 
must be considered. Kampis and Asvany (1985) correlated lightness with A,zo, 
and they obtained a favorable correlation coefficient (r* = 0.9, n=74 samples) 
in a double logarithmic representation: 

log A5?0 = 1.501 - 1.02 log Y 

where Y = luminosity. 
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Sudraud (1958) tested the absorption curves of red wines, and he reported 
characteristic maximum and minimum wavelengths. The absorbances at 520 and 
420 nm offered a definition for the hue of color or "tint". The OIV Rapid 
Method is based on the index that Sudraud proposed to define color intensity. 
Hue is expressed by the angle of the line that connects the points in the 
absorption curve which correspond to A, = 420 and Ad = 520 nm. This 
procedure was recognized by Mareca (1964) and Harvalia (1967). The tangent 
of this angle is given by the difference (A520-A420) (Fig. 1). Angles between 0" 
and 5 1 O correspond to red wines; angles between 52 O and 80 O concern purple 
red wines. Negative angles mean that it is a question of spoiled wines (oxidized 
wines, polymerization of coloring matter) or any other circumstances that may 
be conductive of pale colors. Yellow contribution to the full color of wines is 
better defined by the ratio A42,/A52, than by the difference A520-A420. For young 
red wines this ratio was 0.5-0.7, and it can reach a value of 1.0-1.2 for aged 
wines (RibCreau-Gayon et al. 1980). 

770 520 0 
380 420 

WAVELENGTH (nm) 

FIG. 1 .  SPECTRAL SIGNIFICANCE OF nm, T 
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Taking into account the absorption spectrum shape, Glories (1 984) proposed 
the red proportion, dA%, contribution to the full color of wines to be: 

2 + “’I dA% - 100 [A,, - 
A m  

In fact, this formula emerges from a simple analytical mathematical treatment 
of the spectral curve (Fig. 2); dA% corresponds to the color contribution of the 
‘‘flmilium“ cations of the free and combined anthocyanins. When the absorption 
spectrum shows a narrow maximum band, dA% increases (60-80%), indicating 
a bright red color. When the absorption maximum is flatter and dA% is less 
than 40%, the color of wine is less a pure red. 

n L 
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FIG. 2. SPECTRAL SIGNIFICANCE OF RED PROPORTION, DA% 
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COLOR INTENSITY 

From the objective basis of knowledge of the color of wines, a definition of 
color intensity have been attempted as a function of certain wavelengths selected 
from the absorption spectra of red and white wines. Korotkevich (1951) 
proposed the recording of absorbances at 430 nm (white wines) and 530 nm (red 
wines), previously diluted, to obtain relative intensities of color. These 
absorbances values, corrected by dilution, could give a useful approach to the 
amount of colored substances present in wines, if multiplied by the 
Neubaiier-Lowenthal constant (Lowenthal 1877), used for tannin determinations. 

A few studies about color evaluation of white wines have been carried out. 
Their dominant color is included between golden yellow and greenish yellow, 
with a maximum wavelength between 400-480 nm. In coloring matter 
investigations, a relevant UV absorption at 270-280 nm was found for white 
wines. There are many studies on red wines color, and in particular on intensity 
and hue. Sudraud (1 958) tested the absorption curves of red wines, especially 
during the aging processes, an important factor. Young red wines showed an 
absorption maximum at 520 nm in the red zone, due chiefly to anthocyanins 
content. There are thus three absorption maxima: 520, 420 and 280 nm. ASzo 
decreases and A,*, increases when dealing with aged red wines, more than ten 
years old (Fig. 3). This causes an evolution towards red-orange hues. In 
accordance with these findings, Sudraud proposed the sum A,,, + A,,, as a 
satisfactory expression for color intensity. A numerical computation of color 
intensity can be made through the intersections or overlapings of spectral curves 
when evolution upon the aging of wines occurs. The original purple color 
became brown owing to enzymatic oxidation of anthocyanins and later 
condensation of decomposition products (Lemperle and Kerner 1968). 

Gonzalez (1980) used the formulae by Sudraud to compute color intensity in 
Rioja red wines by considering A,,, as representative of absorption by 
anthocyanins and A,,, as the absorption due to tannins and flavonols. He 
obtained spectral absorption values equal or less to 10 absorbance units for Rioja 
Baja wines and greater than 4 units for Rioja Alavesa wines. The author showed 
some influences between the color intensity and climatic conditions, alcoholic 
degree and pH. Ruiz (1983) determined in Rioja grapes and musts that pH, 
refraction index, polyphenoloxidase activity, potassium and tartaric acid contents 
could be related to color intensity. The agreement between anthocyanic pigments 
and color intensity have been studied (Vasileva and Goranov 1983; Gil and 
G6mez-CordovCs, 1985). Polymerization and condensation of anthocyanins and 
polyphenols, during the aging process of wines, caused a decrease of color 
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FIG. 3. ABSORPTION SPECTRA FROM THREE DIFFERENT AGED WINES 
( I :  1 YEAR; 11: S YEARS; 111: 10 YEARS) (Sudraud 1958) 

intensity. Kerenyi and Kampis (1984) have demonstrated a strong correlation (r* 
> 0.95) between color intensity and sensorial tests (triangular and ranking 
tests). They proposed the equation: 

where "n" was the average of scores obtained by the sensory tests and it was 
considered as a new parameter related to the logarithm of color intensity. Color 
intensity defined by this formula can acquire a negative value; but rose and red 
wines show log (color intensity) values from 0 to 20. As linearity was observed 
up to "n" = 27, it can be useful in the color characterization of all the red 
wines. 

Glories (1 984) observed that in color evaluation distinctness between young 
and aged wines is necessary. For young wines (less than a year old) if only A,zo 
and are considered, they are not sufficient. Consideration of the blue 
component (A620), which was attributed to quinonic forms of free and combined 



436 F.J. HEREDIA and M. GUZMAN-CHOZAS 

anthocyanins was proposed. This novel component is very important in wines 
with a pH near 4. Glories (1984) proposed the Modified Color Intensify (CI’) 
test as the sum of the three absorbances: 

Partial contributions to the full color were defined as: 

(1) yellow: A,,,( %) = Adz,’ lOO/CI’ 

(3) blue: A6?,( %) = A,,. lOO/CI’ 
(2) red: A,,,( %) = A,,,. lOO/CI’ 

Wines appear more saturated in color as the blue component, A620(%), 
increases. 

In conclusion, the methods found in direct spectral evaluations, as well as 
related parameters, offer an interesting chance for the assessment of color 
evolution of wines. However, these methods suffer from an unavoidable failure 
to define the color. They are very helpful, owing to their simplicity, in the 
routine measures made at winecellars. But if our aim be the strict chromatic 
characterization of color, indispensable is the application of trichromatic 
methods, dealt with in a following article. 
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