
Abstract A study was made of the influence of colour
concentration on the perception of flavour, sweetness
and colour intensity, and also of opinions about colour
suitability, in yoghurts with strawberry, lemon, fruit of
the forest and orange flavours. The results indicated that,
even with the same content of each fruit flavour and sug-
ar, the greater the concentration of colourant, the greater
was the intensity of taste perceived by the assessors in
yoghurts with strawberry, orange and fruit of the forest
flavours. With regard to perception of sweetness, only in
the yoghurts with fruit of the forest flavour was it found
that the greater the concentration of colourant, the great-
er was the sensation of sweetness.In the range of colou-
rant concentrations studied for the four flavours, it was
found that the colour considered most suitable corre-
sponded to the yoghurts with intermediate colourant con-
centrations and that, for the four flavours studied, the
greater the concentration of colourant, the greater was
the sensation of intensity of colour.
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Introduction

When a food product is evaluated for consumption, all
the senses play a part, not only that of taste. A food
product is accepted or rejected and valued higher or low-
er in accordance with the impression that it produces on
all the senses. In addition to taste and touch (in handling
as well as mouthfeel), even the crunchy sound of biting a
potato crisp or a carrot can affect product acceptance by
the consumer. Similarly, the colour of orange peel, for
example, creates a predisposition to perceive a certain
intensity of sweetness.

Some time ago, the FAO/WHO Joint Expert Commit-
tee on Food Additives [1] recognised that colour affects
the selection of food products. Even though this state-
ment appears self-evident, it has been questioned for
some products. In the case of soft drinks with pear and
strawberry flavours, it was found that sugar and flavour
have an effect on acceptance, but that colour has little or
no influence [2].

However, colour is an intrinsic characteristic of each
food product and helps to identify it, to the extent that
the consumer is disconcerted if the colour changes. This
has been seen in sensory evaluations with beer and with
orange, grape, lime and lemon drinks, in which presenta-
tion with altered colours led the assessors to make mis-
taken identifications [3]. Similar results were obtained
later with strawberry and orange drinks [4].

The influence of colour was also shown in the case of
various fruit-flavoured yoghurts, for which there was a
sharp drop in consumption when they were marketed
without added colourants, proving the influence of col-
our on identification and acceptance of the product [5].

Various authors have attempted to demonstrate the
general statement that colour influences acceptance of
products, although the results obtained have not always
been conclusive or in agreement. Pangborn [6] did not
find any relationship between sweetness and the colour
green or sweetness and peppermint-flavoured solutions
of sugar in water. Shortly afterwards, however, the same
team [7] observed that green pear nectars were consid-
ered less sweet than pear nectars that had the same con-
centration of sugar but were not green, an effect con-
firmed in sweetness thresholds [8], which were greater in
the presence of the colour green. The addition of yellow
to cherry and strawberry drinks reduced the sensation of
sweetness, whereas the addition of red increased it [9].
Other authors found a significant effect between colour
and sweetness, but concluded that the relationship is
complex and is connected with concentration of sucrose,
intensity of colour and acceptance [10].

The aim of the present work was to study the influ-
ence of colourant concentration on the perception of the
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intensity of flavour and sweetness, suitability of colour
and intensity of colour in stirred yoghurt with lemon,
strawberry, fruit of the forest and orange flavours.

Materials and methods

Samples

Four batches of yoghurts were prepared, with lemon, strawberry,
fruit of the forest and orange flavours. Commercial plain yoghurt
was used to make them [Danone, bought in a local supermarket
(7.5°Brix)], and colourant was added. For the lemon-flavoured 
yoghurt, yellow colourant (tartrazine, Impex Química, Barcelona)
was added; for the strawberry-flavoured yoghurt, red colourant
(cochineal, Xantoflor, Monteagudo); for the yoghurt with fruit of
the forest flavour, a mixture of colourants [violet, raspberry and
purple B (Rhoa-Epsa, Valencia), and annatto (Xantoflor); and for
the orange-flavoured yoghurt, the orange colourant annatto
(Xantoflor)]. In order to flavour the yoghurts of each variety, the
flavour corresponding to each fruit was added in the same concen-
tration for all the samples of the same taste (Lucta, Barcelona).
The colourant concentrations used are shown in Table 1. The 
ranges of the colourant concentrations were selected by taking
plain yoghurt without added colourant as the extreme with least
colour, and a concentration with a colouring that was strong but
not of an “artificially dyed” hue for the extreme with most colour.
Within each range, four equally spaced concentrations were select-
ed. In all cases a flavour concentration of 0.09 ml/100 g was used.

After addition of sugar (until a final concentration of 16°Brix
had been reached), and the corresponding colourant and flavour,
the samples were shaken, avoiding the introduction of air, in order
to obtain homogeneous samples of stirred yoghurt. Batches of 
yoghurt of each flavour were prepared and placed in individual
100-ml glass jars.

Sensory evaluation panel

From a group of people of both sexes, with ages ranging from 22
to 51 years, 25 assessors were selected on the basis of their colour
discrimination ability by means of the Farnsworth-Munsell test
[11].

Measurement of taste

The prepared samples of yoghurt were presented for evaluation at
a temperature of 7±2 °C. The assessors evaluated the five samples
(always only one flavour per session) with reference to a control,
both for intensity of taste of each of the fruit flavours, and for
sweetness. The controls for the yoghurts of each flavour were the
samples with an intermediate concentration of each of the colou-
rants. For the measurement of taste, an evaluation sheet with an
unstructured scale was used, and on it the samples were evaluated
for their intensity of taste and intensity of sweetness (Fig. 1).

Measurement of colour

Sensory measurement. The same sensory panel then evaluated the
samples for the suitability of the colour for a yoghurt tasting of the
fruit in question, and for intensity of colour, without reference to a
control. An evaluation sheet with an unstructured scale was used
(Fig. 2).

Instrumental measurement. The instrumental measurement of col-
our was performed with a Hunter Labscan II colorimeter, and the
results were expressed in accordance with the CIELAB system
[12] with reference to illuminant D65 and a viewing angle of 10°.
The measurements were made in triplicate in a 65-mm-diameter

tray with a sample thickness of 30 mm, using a 13-mm-diameter
diaphragm. The parameters measured were the lightness coeffi-
cient, L*, a* (positive values indicate red, negative values indicate
green), b* (positive values indicate yellow, negative values indi-
cate blue) and difference in colour, ∆E*, where:

Statistical analysis

An analysis of variance (ANOVA) was performed to study differ-
ences in the parameters of intensity of flavour, intensity of sweet-
ness, intensity of colour and suitability of colour, using the SAS
software system [13]. Each analysis was performed separately for
each of the four flavours studied.
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Table 1 Type and proportion of colourant in each of the yoghurts
studied

Lemon Strawberry Fruit of the forest Orange
Tartrazine (%) Cochineal (%) Mixturea (%) Annatto (%)

0.0 0.0 0.0 0.0
0.5 0.5 0.5 0.02
1.0 1.0 1.0 0.04
1.5 1.5 1.5 0.06
2.0 2.0 2.0 0.08
2.5 2.5 2.5 0.10

a Mixture: 25% violet (0.4%), 25% red (0.4%), 24% purple (0.4%)
and 1% annatto

Fig. 1 Sheet for evaluating intensity of flavour and sweetness in
the yoghurts studied

∆ ∆ ∆ ∆E L a b* * * *= ( ) + ( ) + ( )2 2 2



Results and discussion

Intensity of fruit flavour

The results obtained for each of the four yoghurt 
flavours studied were analysed statistically. In the eval-
uation of the intensity of fruit flavour perceived, statisti-
cally significant differences (P<0.05) were found be-
tween the samples with different concentrations of
colourant (Table 2). Even though all the samples had the
same concentration of sugar and flavouring, in general,
the greater the concentration of colourant, the stronger
was the fruit flavour perceived by the assessors. This
occurred in the yoghurts with strawberry, orange and
fruit of the forest flavours, but not in the lemon-
flavoured yoghurts with added yellow colourant
(Fig. 3). 

A greater intensity of pink, orange or purple was 
associated with a greater quantity of fruit, and therefore
the assessor perceived a greater intensity of flavour 
of strawberry, orange or fruit of the forest, respectively.
The exception was provided by the lemon-flavoured
sample, for which an increase in colour intensity was
not reflected by perception of a stronger lemon flavour.
The data obtained for the intensity of flavour of 
each fruit in relation to colourant concentration were
fitted to lines for which the equations are given in 
Table 3.

Perception of sweetness

In the evaluation of sweetness, the results show that 
only in the case of the yoghurt with fruit of the forest
flavour was it found that the greater the quantity of
colourant, the greater was the sensation of sweetness
perceived (Table 2). This point appears in the literature,
where some authors consider that a stronger intensity 
of the colour red is associated with a greater sensation
of sweetness, perhaps owing to the subconscious idea
that the colour of many fruits changes from green to red
when they ripen [9]. The results for the other flavours –
lemon, strawberry and orange – did not show signifi-
cant differences in the perception of sweetness in rela-
tion to colourant concentration.

Suitability of colour

For each of the four yoghurt flavours studied, statistical-
ly significant differences (P<0.05) were found in the
opinions about suitability of colour in the samples with
different concentrations of colourant (Table 2).

101

Fig. 2 Sheet for evaluating colour intensity and colour suitability
in the yoghurts studied

Fig. 3 Values for intensity of flavour of strawberry, orange and
fruit of the forest in relation to colourant concentration

Table 2 Values of P in the analysis of variance performed for the
parameters of flavour, sweetness, colour suitability and colour in-
tensity in relation to colourant concentration. NS Differences not
significant

Variety Intensity Sweetness Colour Colour 
of flavour suitability intensity

Lemon 0.8335 NS 0.1222 NS 0.0001* 0.0001*
Strawberry 0.0006* 0.5788 NS 0.0001* 0.0001*
Fruit of the forest 0.0001* 0.0207* 0.0001* 0.0001*
Orange 0.0069* 0.3621 NS 0.0001* 0.0001*

*P<0.05



Figure 4 shows that, for the yoghurts with lemon,
strawberry and fruit of the forest flavours, the assessors’
evaluation for the most suitable colour follows a gaussi-
an pattern, with the colours preferred being those that
had intermediate concentrations of colourant (1% for
lemon flavour, 1.5% for strawberry and fruit of the forest
flavours, and 0.06% for orange flavour) (Table 3). It is
very interesting to note that the samples with greater
concentrations of colourant were scored more favourably
than those with lower concentrations. Despite the cam-
paigns that advocate reducing or suppressing the use of
colourants in food, our results show that the assessors
preferred to find a shade of colour that was slightly high
rather than too pale. Table 3 gives the equations relating

opinion on suitability of colour to the concentration of
colourant used to make each of the samples. As can be
seen, the equations obtained are similar in all cases.

Instrumental measurements of colour (L*, a*, b*)
were made for all the samples and for commercial 
yoghurts with lemon, strawberry and orange flavours
that contained the same colourant as the one studied. The
difference in colour, ∆E*, for each sample was calculat-
ed with respect to the commercial sample of the corre-
sponding fruit flavour, including the case of the commer-
cial sample with fruit of the forest flavour, despite the
fact that it had no added colourant (Table 4). The analy-
sis of the results indicates that in the orange-flavoured
sample the most suitable colour coincided with the
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Table 3 Equations of the re-
gression lines obtained for the
parameters of flavour, colour
suitability and colour intensity
(y) as a function of colourant
concentration (x)

Parameter Yoghurt Equation Coefficient 
of regression

Intensity of flavour Strawberry y=3.64+0.99x R2=0.724
Fruit of the forest y=2.62+1.23x R2=0.864
Orange y=3.39+23.31x R2=0.818

Colour suitability Lemon R2=0.983

Strawberry R2=0.996

Fruit of the forest R2=0.970

Orange R2=0.924

Colour intensity Lemon y=0.32+3.86x R2=0.998
Strawberry y=0.54+3.70x R2=0.971
Fruit of the forest y=0.18+3.95x R2=0.998
Orange y=0.23+95.47x R2=0.998
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Table 4 Instrumental values
for the colour of prepared 
yoghurt samples and commer-
cial samples

Sample of Concentration L* a* b* ∆E*
flavoured yoghurt of colourant %

Lemon 0.5 93.02 –4.25 21.20 7.94
1.0a 92.59 –4.96 26.85 8.75
1.5 92.05 –5.50 32.41 12.31
2.0 91.81 –5.74 35.95 15.28
2.5 91.60 –5.85 38.84 17.85
Commercial 85.17 –4.85 22.22 0

Strawberry 0.5 90.67 4.61 6.40 8.94
1.0 88.12 8.70 4.64 7.66
1.5a 86.52 11.43 3.68 8.62
2.0 85.00 13.49 3.12 9.92
2.5 83.83 15.38 2.76 11.52
Commercial 82.01 4.10 4.22 0

Orange 0.02 81.99 0.81 17.36 7.03
0.04 79.42 2.92 23.51 2.95
0.06a 79.00 4.04 23.99 2.53
0.08 76.71 5.33 28.14 6.80
0.1 74.70 7.44 34.37 13.41
Commercial 80.09 5.50 22.24 0

Fruit of the forest 0.5 79.14 7.07 3.35 19.25
1.0 71.34 10.15 2.81 11.25
1.5a 67.15 11.53 2.49 7.29
2.0 63.86 12.46 2.73 4.55
2.5 61.14 13.20 2.73 3.46
Commercial 60.14 10.09 3.86 0

The samples with the colourant
concentration that the assessors
considered “most suitable” for
the corresponding flavour



smallest difference in colour with respect to the commer-
cial sample. In the samples with lemon and strawberry
flavours, the most suitable colour selected by the asses-
sors was somewhat more intense than that of the com-
mercial sample. It is interesting to draw attention to the
case of the yoghurt with fruit of the forest flavour, for
which the sample with the most suitable colour was indi-
cated as being the one with the intermediate concentra-
tion of colour, whereas the commercial sample had the
most intense colour, even though, as mentioned earlier, it
contained no added colourant.

Intensity of colour

Statistically significant differences (P<0.05) were 
found between the colour intensities perceived for the
yoghurt samples with each of the four flavours studied
(Table 2).

Within the colourant concentration ranges used, in
which there were no exaggeratedly high values, there
were colour differences that were clearly perceptible, so
that the logical relationship between perception of colour
intensity and concentration of colourant was found; the
greater the concentration of colourant, the greater was
the intensity of colour perceived. The equations of the
lines that describe this kind of relationship are given in
Table 3 (Fig. 5), and they all have high values for R2.

With regard to the instrumental measurements of col-
our (Table 4), it can be seen that as the concentration of
colourant increased the L* parameter decreased. In the
case of the lemon-flavoured sample, a* decreased and b*
increased; in the samples with strawberry and fruit of the
forest flavours, a* increased and b* decreased; and in
the orange-flavoured samples, both a* and b* increased
as the concentration of colourant increased. These results
are as expected, since the parameter that determines red
is a* and the one that determines yellow is b*.

In conclusion, the intensity of colour does influence
perception of the intensity of fruit flavour in yoghurts. In
the three yoghurt flavours associated with a colour range
from red to orange (fruit of the forest, strawberry and or-
ange), the greater the concentration of colourant, the
greater was the intensity of fruit flavour perceived. The
influence of colour on perception of sweetness was
found only in the yoghurt with a very intense colour: the
one with fruit of the forest flavour. Colour preferences
for yoghurts lie in the intermediate intensities of colour,
generally colours similar to those of commercial prod-
ucts, with strong hues being preferred to weak hues.
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Fig. 4 Evaluation of colour suitability for lemon (dark), strawber-
ry (black) and fruit of the forest (light) in relation to colourant
concentration

Fig. 5 Values of intensity of colour for lemon, orange and fruit of
the forest in relation to colourant concentration


