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Objektive Beurteilung der Weinqualität bei der Sorte Pinotage 

Z u s a m m e n f a s s u n g . - Die Beziehungen zwischen der Weinzusammensetzung 
und drei Parametern der Weinqualität wurden untersucht, wobei das statistische Modell 
einer mehrfachen linearen Regression verwendet wurde. Zu diesem Zweck wurden die 
bei 17 Weinen der Sorte Pinotage gewonnenen Analysenergebnisse über 6 Fettsäureester 
in ein Computerprogramm zur optimalen Kurvenanpassung eingegeben. Durch ein Gut
achtergremium wurden die Gesamt-Weinqualität, der Geschmack und der Geruch bewer
tet; die Daten dieser Qualitätsbeurteilung wurden als abhängige Veränderliche benützt. 
Es wurde festgestellt, daß 2 Ester, nämlich n-Hexylacetat und .Äthyl-n-octanoat eine aus
gezeichnete Vorhersage der Weinqualität ermöglichten, wenn ihre Werte in Mehrfach
regressions-Gleichungen eingesetzt wurden. 

Introduction 

. Wine quality is generally accepted to consist of several distinct facets frequent
ly separated into colour, aroma, taste, balance, roundness and other subjective char
acteristics. An overall quality rating generally integrates these factors. Presently 
and historically all these facets are and were determined by taste panels. In search 
of /in objective quality rating of wines, research workers have in the past few years 
en1eavoured to identify, and simultaneously quantify, chemical components respon
sibJe for favourable and adverse qualities in wine. In this way the important con
tribution of esters to wine aroma and overall quality has been confirmed by various 
research workers (CHAUVET 1950, PosTEL et al. 1972, REINHARD 1972, SuOMALAINEN and 
NYKÄNEN 1972, CONNELL and STRAUSS 1974, SCHREIER and DRAWERT 1974, JoBB.-\GY and 
Hott6 1976). Although the locally bred Pinotage is one of the most important red 
cultivars in South Africa, research in this regard on its wine has had very limited 
attention. VAN WYK et al. (in press) have indicated the importance of iso-amyl acetate 
in relation to the varietal character as far as aroma is concemed. 

The subjectivity associated with wine quality evaluation by sensory test panels 
could lead to divergent opinions; instrumental analysis of aroma components, largely 
by gas chromatography, and subsequent relation to sensory evaluation has not been 
very successful. Visual inspection or even simple mathematical evaluation of a gas 
chromatogram is often fruitless in relating sensory ratings to chemical composition 
(PoWERS and KEITH 1968). The exceptional complexity of quality-component interre
lationships has been stressed by prominent research workers in this field (RAPP et al. 
1973, RornE 1976). An important observation by PowERS and KE1rn (1968) is that 
principally due to a lack of suitable methods for correlating this objective-subjective 
type of data, the utilization of gas chromatographic information has not kept pace 
with its generation. 
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Studies in this regard have shown that with subtle flavour differences multi
variate statistical analysis is necessa,ry to relate objective measurements to sensory 
quality (YouNG et aZ. 1970). lt was also observed by PowERs and QrnNLAN (1974) that 
from a practical viewpoint mere statistical significance is not adequate for predictive 
purposes and has utility only in cases of exceptionally high correlations. Further
more, it is stressed that computerization of gas chromatographic data in relating it 
to sensory quality is a field which offers considerable promise in developing in
strumental means to approximate sensory judgment (PowERS and Qu1NLAN 1974). 

In an attempt to resolve some of the problems outlined above, especially with 
regard to the development of a method by which further studies on other wines 
could be undertaken, a number of Pinotage wines were analysed, and their sensory 
qualities determined by a trained taste panel. 

Materials and methods 

1. Material 

The analyses and sensory evaluations were performed on 17 dry red wines of 
the Pinotage cultivar (Pinot noir X Cinsaut) from the 1975 and 1976 seasons, which 
were all obtained from the same vineyard. Grapes were harvested periodically 
over approximately 6 weeks in various stages of ripeness to induce variations in 
quality. Wines were made in duplicate under standard controlled conditions at the 
Oenological and Viticultural Research Institute. 

2. Extraction of fatty acid esters from wine 

The fatty acid esters were determined by a gas chromatographic method devel
oped by DE VRIES (1962) w~ich was slightly modified to adapt to local laboratory 
conditions. Precisely 2.0 cm3 internal standard (ethyl nonanoate, 400 mg/1 in 96 vol% 
ethanol) was added to 200 cm3 wine. The wines were extracted with 3 X 50 cm3 

purified ether, the extracts being washed firstly for 3 min with 2 X 10 cms 0.5 n 
NaOH solution and finally with 4 X 20 cm3 distilled water. The extracts were dried 
overnight on 5 g anhydrous Mg S04 and concentrated to approximately 0.5 cm3 at 
39 °c. 

3. Gas chromatography 

Detectors: 
Columns: 
Stationary phase: 

Injection port temperature: 
Detector temperature: 
Temperature programme: 

Carrier gas flow: 

4. Sensory evaluation 

Dual hydrogen flame ionization 
Dual 3 m X 3 mm stainless steel 
5 % Apiezon M plus 0.15 % (of stationary 
phase) purified Manoxol OT on chro
mosorb G, D.M.C.S., 60-80 mesh 
200 °c 
250 °c 
15 min isothermal at 60 °c, 60-120 oc 
at 6 °c Inin-1, 8 min isothermal at 
120 °c, 120-180 °C at 7.5 °c min-1 

Nitrogen at 30 cms min- 1. 

The wines were evaluated by a panel of 15-20 experienced judges. The system 
used was developed at the Oenological and Viticultural Research Institute (TRoMP 
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1977), and the data used as dependent vaTiables in this study were overall quality 
as well as aroma and taste quality, all on a percentage scale. 

5. Statistical methods 

A linear least squares curve fitting programme (DANIEL and Wooo 1971) was 
used to process the data. This method, apart from providing normal multiple re
gression statistics, enal;>l~ the user to search for candidate equations via a so-called 
"Cp search". Cp is an ihdex of the total squared error, and allows the identification 
of other equations havin'g less independent variables than the full regression equa
tion, but still giving the same predictive capability. Moreover, frequently the choice 
is left to the user which equation (compatable with previous experience or literature 
study) he wants to use for predicting the dependent variable. The identification of 
an equation having for example 4 instead of 10 variables, but still predicting wine 
quality as adequately as the latter equation, also allows hypotheses to be set up con
cerning which components (fatty acid esters in this case) influence wine quality. 
This approach could lead to the eventual analysis of only those components having 
an influence on wine quality and the reduction in analyses of non-relevant com
pounds. 

Table 1 

Independent variables for two possible equations to predict overall wine quality 
Unabhängige Veränderliche für zwei mögliche Gleichungen zur Vorhersage der Gesamt

Weinqualität 

Equatlon Numberof Total squared Independent variables in equatlon variables (P) error (Cp) 

1 6 5.6 nHA, nHA2, EC8, ECs2, EC10 

2 7 7.1 iAA, ECs2, EC8, ECs2, EC10, EC1u2 

Table 2 

Equation terms 1) for prediction of overall wine quality from ester concentrations 
Gleichungsgrößen für die Vorhersage der Gesamt-Weinqualität aus den Esterkonzentra

tionen 

Variable b-coefficlents 
(intercept = -24.01) 

nHA -204.89 
nHA2 523.38 
EC8 177.69 
ECs2 -137.56 

EC10 242.70 

1) From equation 1 of Table 1. 
F = 16.20 (significant at 99 °/o confidence level). 
R' = 0.88. 
Average error of predlction = 3.91 °/,. 

t-value 

3.4 
3.1 
5.6 
4.9 
4.2 
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Results and discussion 

The sensory evaluations gave data which included overall quality as well as 
aroma and taste ratings. These were treated as dependent variables and their rela
tion to the independent variables (e.ster concentrations) examined. 

The wines were analysed for the following fatty acid esters. The concentration 
ranges are given for each component. (Peak areas were calculated from the peak 
height times, the width at half peak height and quantified by the internal standard 
technique.) 

Ester 
i-Amyl acetate (iAA) 
Ethyl hexanoate (EC6) 

n-Hexylacetate (nHA) 
2-Phenyl ethyl acetate (PEA) 
Ethyl-n-octanoate (EC8) 

Ethyl-n-decanoate (EC10) 

1. Overall wine quality 

mg/1 
1.22-7.21 
0.34-0.89 
0.00-0.37 
0.08-0.52 
0.15-1.08 
0.14-0.37 

An initial computer run employing all 6 independent variables was carried out, 
and inspection of independent variables versus residual variance plots showed in
dications of non-linearity in relation to wine quality with regard to EC6, nHA, EC8 
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Fig. 1: Plot of observed versus pre
dicted overall quality ratings . 

Fig. 2: Plot of observed versus pre
dicted aroma ratings. 

Fig. 3: Plot of observed versus pre-
dicted taste ratings . 

Abb. 1: Die Beziehungen zwischen 
den sensorisch ermittelten und den 
errechneten Werten der Gesamt-

W einqualität. 
Abb. 2: Die Beziehungen zwischen 
den sensorisch ermittelten und den 
errechneten Werten des Weinaromas. 
Abb. 3: Die Beziehungen zwischen 
den sensorisch ermittelten und den 
errechneten Werten des Weinge-

schmacks. 
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and EC10 esters. In a subsequent multiple regression analysis the quadratic com
ponents of these esters, e.g. ECs2, nHA2, ECs2 and EC10

2 were also included, bring
ing the total number of variables to 10. A "Cp search" was simultaneously conducted, 
aiming at reducing the unfavourable ratio of independent variables to number of 
observations. By inspection of the Cp versus P plot (P being the total number of 
variables in the equation), two equations were selected on basis of closest approxi
mation of Cp and P (D~NIEL and Wooo 1971). The first equation incorporated 3 esters 
(nHA, EC3 and EC10), as weil as the squared values of the first 2. The second equa
tion contained 4 esters···and 3 quadratic components, viz. iAA, EC3, EC10, ECo'2, ECs2 
and EC1u2 (Table 1). On the basis of the near equality of the P and Cp values it was 
clear that overall quaJ.ity could be satisfactorily predicted by either of the two 
equations. The regression coefficients (b), intercept and t-values for equation 1 are 
given in Table 2. From the F and multiple correlation coefficient (R) values for 
this equation for instance, it can be concluded that for this set of data overall quality 
could be adequately predicted by utilising concentrations of 3 esters, giving a highly 
significant correlation and a multiple coefficient of determination of 0.88. A plot of 
the relationship between observed and predicted values for equation 1 is given in 
Fig. 1. 

Table 3 

Independent variables for six equations to predict aroma quality 
Unabhängige Veränderliche für sechs Gleichungen zur Vorhersage der Geruchsqualität 

Equa- Number of Total squared Independent variables in equatlon 
tion variables (P) error (Cp) nHA nHA• EC6 Ec6• ECe Ec8• EC10 PEA 

1 4 3.9 + + + 
2 5 5.0 + + + + 
3 5 5.0 + + + + 
4 5 5.0 + + + + 
5 5 5.0 + + + + 
6 5 5.1 + + + + 

Table 4 

Equation terms 1) for the prediction of aroma quality from ester concentrations 
Gleichungsgrößen für die Vorhersage der Geruchsqualität aus den Esterkonzentrationen 

Variable b-coefficient 
(intercept = 50.20) 

nHA -119.63 
nHA2 267.10 
EC8 40.23 

1) From equation 1 of Table 3. 
F = 21.2 (signlflcant at 99 •/, confidence level). 
R' = 0.83. 
Average error of predictlon = 2.82 t/o. 

t-value 

3.3 
2.8 
7.3 
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2. Aroma quality 

Employing the same method used for the overall quality rating, non-linear re
lationships were detected when aroma quality as determined by sensory evaluation 
was regressed on the same 6 ester concentrations. 

Results from a computer run incorporating all 10 variables comprising of 6 

e.sters plus 4 quadratic components as before, showed that a good predictive equa
tion could be constructed, resulting in a R 2 value of 0.92 and a highly significant F
value. For the same reason as stated before, a Cp search for candidate equations 
was used to select equations with fewer variables still giving a satisfactory low 
error of prediction. The P versus Cp plot generated by the programme revealed 
that six equations would give satisfactory prediction (Table 3). In fact, for all prac
tical purposes, any of the equations listed in Table 3 would give similar predictive 
power for this data set. The independent variables, b-coefficients and t-values for 
equation 1 (Table 3) are given in Table 4. To illustrate the marked predictive ability 
of this equation (R2 = 0.83) a plot of observed versus predicted values is given in 
Fig. 2. lt is of interest to note that only 2 esters viz. nHA and EC8 are required for 
this equation. 

From the independent variables in the six equations presented in Table 3 the 
importance of nHA is obvious, since it occurs in all the equations. The second most 
important ester in this case was EC8, occurring four times (equations 1, 3, 5 and 6). 
Furthermore, the absence of iAA, a component which has been shown to contribute 
markedly to the varietal character of Pinotage wine (vAN WYK et ai. 1977), is at this 

Table 5 

Independent variables for two equations to predict taste quality 
Unabhängige Veränderliche für zwei Gleichungen zur Vorhersage der Geschmacksqualität 

Equation Numberof Total squared Independent variables in equation variables (P) error (Cp) 

1 7 6.8 iAA, nHA, ECs2, EC8, ECs2, EC10 

2 8 8.0 iAA, nHA, ECa2, EC8, ECg2, EC10, EC1u2 

Table 6 

Equation terms for prediction of taste quality from ester concentrations 
Gleichungsgrößen für die Vorhersage der Geschmacksqualität aus den Esterkonzentratio

nen 

Variable 

iAA 
nHA 
ECa2 
EC8 

ECg2 
EC10 

b-coefficlent 
(lntercept = 30.34) 

- 0.19 
-16.42 

27.21 
62.93 

-46.65 
75.17 

F = 9.1 (significant at 99 •t, confldence level). 
R' = 0.85. 
Average error of prediction = 2.87 •/,. 

t-value 

0.2 
1.0 
2.5 
2.6 
1.9 
1.6 
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stage inexplicable but noteworthy. Under conditions where the established non
linear relationships are ignored and therefore only linear components are fitted, 
iAA was included in a predictive equation, leading to a drop in R 2 from 0.83 to 0.78. 

3. Taste quality 

The same approach as thait applied in the previous two sections led to a good 
predictive equation when all 10 variables were included (R2 = 0.94) but the same 
unsatisfactory ratio between number of independent variables and number of ob
servations made another Cp search necessary. From this analysis two equations 
emerged having adequate predictive abilities as weil as an acceptable number of 
independent variables (Table 5). Again the closeness of specific P and Cp values 
served to discriminate between candidate equations. Equation 2 differs from equa
tion 1 only in that the quadratic term of EC10 is included in the laitter. The P and Cp 
values for an equation utilising only 3 independent variables, instead of the 6 for 
the selected equation in Table 6, were 4 and 5.2, respectively, compared to 7 and 6.8 
for equation 1 (Table 5). Although the total error is higher than that of the equation 
in Table 6, R 2 is still satisfactory. This equation is presented in Table 7. 

A high level of significance is obtained with R 2 = 0. 78 in the same order of 
magnitude (0.85) as for the former equation. A plot of observed versus predicted 
taste ratings is given in Fig. 3, giving a visual appreciation of the predicti've ca
pabilities of the final equation. lt must be stressed, however, that the final equation 
differs in predictive power considerably from the one given in Table 6, its only 
advantage being the utilisation of only 3 independent variables. 

Table 7 

Equation terms for the prediction of taste quality from ester concentrations 
Gleichungsgrößen für die Vorhersage der Geschmacksqualität aus den Esterkonzentra

tionen 

Variable 

nHA 
EC02 
EC8 

b-coefflcient 
(intercept = 49.93) 

-29.43 
14.62 
28.71 

F = 15.4 (significant at 99 •1, confidence level). 
R' = 0.78. 
Average error of prediction = 3.32 °/o. 

Conclusions 

t-value 

1.9 
1.8 
3.8 

The relatively good regression equations for the prediction of all three facets 
of wine quality which emerged from this study were in all probability due to a 
certain extent to favourable experimental conditions. The fact that all the wines 
were made according to a standard technique from a single cultivar originating 
from the same vineyard, eliminated factors such as diverse soil types and cellar 
techniques. These facts made the detection of ester-sensory evaluation relationships 
possible with relatively few observations. 
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In all the regression equations set up for the prediction of overall quality, aroma 
and taste ratings, 2 esters viz. nHA and EC8 figured prominently. In the light of 
research by VAN WYK et al. (1977), the fact that iAA could not be proved to contribute 
to a greater extent is not clear at this stage. Although Y ouNG et al. (1970) pointed 
out that gas chromatographic analysis in itself could not be overlooked as a pos
sible contributing factor to non-correlation, iAA recovery in the method used in 
this study was relatively constant in the order of 70-80 % and could therefore be 
excluded as a source of error. 

Where iAA was found to contribute to the taste rating, however, its relative 
contribution as evaluated by the magnitude of its b-coefficient in the regression 
equation was of the order of 10 times lower than that of the next least significant 
factor (Table 6), its value varying so much that a non-significant t-value of 0.2 was 
assigned to it. In contrast, the nHA and_ EC8 ester concentrations were weighted to 
a far greater extent, confirming their relative importance in this predictive equa
tion. 

Regarding the predidion of aroma rating, the identüication of nHA and EC8 

as being the most important contributors of the 6 esters with pleasant olfactory 
properties could be a signüicant finding. The non-linear relationship found for the 
former compound suggests a minimum concentration for positive correlation with 
aroma. Further research is needed to clarüy this aspect. Some uncertainty surrounds 
the direct contribution of EC8 to the Pinotage aroma. Du PLEss1s (1975) found high 
correlations for this ester with wine quality, but concluded that its direct contribu
tion could not be proved. He also pointed out that correlation coefficients relating 
a single component to wine quality could not logically be expected to give satis
factory results in this type of research, although excellent correlations may be found 
as reported by NoeLE (1977). Whether EC8 contributes directly to the Pinotage wine 
aroma or acts as indicator o! some unmeasured compound has not been proved in 
this study, but that it certainly is an important factor in the prediction of this aroma 
cannot be overlooked. 

On the whole, promising results were obtained in the search of an objective 
rating parameter for wines of the Pinotage cultivar, calculated from ester analysis. 
In the course of the study it became obvious that simple correlation coefficients or 
even regression equations containing only linear relationships would not be able to 
perform this function. Evidence points towards a complex non-linear relationship 
based an at least 3 independent variables. Further studies will indicate whether 
climatic, cellar technological or other external factors will necessitate the introduc
tion of other independent variables into predictive equations for the quality of 
Pinotage wines. It is clear that there is a definite need for a better understanding 
of the relationship between sensory and physicochemical factors, as has been fre
quently pointed out (voN SYDow 1971, Powens and QmNLAN 1974). However, since it 
appears that the generaition of gas chromatographic data of wines has outstripped 
its utilisation, the use of computer technology and advanced statistical techniques 
coupled with programmed and systematic data collection should make it possible 
to make grea,t advances in the field of subjective-objective relationships. 

Summary 

Relationships between wine composition and three quality parameters were 
investigated employing a linear multiple regression statistical model. For this pur
pose a least squares curve fitting computer programme was applied to analyses of 
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17 Pinotage wines for 6 fatty add esters. Overall quality, taste and aroma ratings 
were determined by a taste panel and utilized as dependent variables. lt was found 
that 2 esters viz. n-hexylacetate and ethyl-n-octanoate allowed excellent prediction 
equations to be set up for the quality ratings when incorporated into multiple re
gression equations. 
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