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On the psychological impact of food colour
Charles Spence

Abstract

Colour is the single most important product-intrinsic sensory cue when it comes to setting people’s expectations
regarding the likely taste and flavour of food and drink. To date, a large body of laboratory research has demonstrated
that changing the hue or intensity/saturation of the colour of food and beverage items can exert a sometimes dramatic
impact on the expectations, and hence on the subsequent experiences, of consumers (or participants in the lab).
However, should the colour not match the taste, then the result may well be a negatively valenced disconfirmation of
expectation. Food colours can have rather different meanings and hence give rise to differing expectations, in different
age groups, not to mention in different cultures. Genetic differences, such as in a person’s taster status, can also
modulate the psychological impact of food colour on flavour perception. By gaining a better understanding of the
sensory and hedonic expectations elicited by food colour in different groups of individuals, researchers are coming
to understand more about why it is that what we see modulates the multisensory perception of flavour, as well as
our appetitive and avoidance-related food behaviours.
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Review

Under most everyday conditions (excepting perhaps the

dine-in-the-dark restaurant; see [1]), consumers have the

opportunity to inspect food and drink visually before de-

ciding on whether or not to buy or taste it [2]. Indeed, it

has long been recognized that colour constitutes one of

the most salient of visual cues concerning the likely sen-

sory properties (for example, taste/flavour) of that which

we are about to eat or drink (for example, [3-10]). There

is a very long history of colouring being added to food

and drink [11-13]. Furthermore, although little studied,

those colours that we take to suggest that a food may

have gone off can exert a particularly powerful effect on

our food avoidance behaviours [14,15]. As such, food

colour can be considered as perhaps the single most im-

portant product-intrinsic sensory cue governing the sen-

sory and hedonic expectations that the consumer holds

concerning the foods and drinks that they search for,

purchase, and which they may subsequently consume.a

At the outset, though, it is important to distinguish

clearly between taste and flavour, two terms that are

used more or less interchangeably in everyday language

[16,17]. The reason being that colour cues appear to

have a somewhat different effect on taste versus flavour

perception (see [18], for a review). Strictly speaking,

‘taste’ refers to the perception of sweet, sour, bitter, salty,

and the other basic tastes, which are detected by the

gustatory receptors found primarily in the oral cavity. By

contrast, ‘flavour’ refers to those experiences that also in-

volve a retronasal olfactory component, such as meaty,

burnt, floral, fruity, citrusy, and so on (see [17]). How-

ever, confusing matters somewhat, in everyday language,

people typically use the term taste to describe their over-

all experience of food and drink. Here, the terms are

used with their more precise scientific meaning.

A growing body of scientific research now suggests

that our experience of taste and flavour is determined to

a large degree by the expectations that we generate

(often automatically) prior to tasting [19-21]. Such ex-

pectations can result from branding, labelling, pack-

aging, and other contextual effects (that is, from a host

of product-extrinsic cues) but also from a variety of

product-intrinsic cues as well. The smell and aroma of

food and drink are clearly important here, as are, on oc-

casion, the sounds of food preparation (see [22], for a re-

view). That said, olfactory cues can often be obscured by

product packaging, and the products on the supermarket

shelf rarely make any sound when inspected visually.

Hence, it is vision, and most often colour, that is the cue
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used by the brain in order to help identify sources of

food and make predictions about their likely taste and

flavour [20,23]. Or, as the spokesperson for the Institute

of Food Technologists put it a few years ago: ‘Color cre-

ates a psychological expectation for a certain flavor that

is often impossible to dislodge.’ [24].

The focus in this article is on the psychological effect, or

better said, effects, that food colour exerts over the mind

and behaviour of the consumer. The review starts by look-

ing at the effect of food colouring on sensory expectations

and hence on people’s judgments of taste/flavour intensity

and flavour identity (see [18], for a review). The literature

on off-colours in foods and drinks is reviewed briefly, and

popular concerns regarding artificial food colouring

highlighted. Attention will be drawn to research showing

the important individual differences in terms of the mean-

ing, and hence psychological influence, of colour in food.

Along the way, some of the problems associated with the

interpretation of much of the laboratory research that has

been conducted to date will be highlighted.

Although falling beyond the scope of the present re-

view, it is worth noting that colour is but one aspect of

vision’s influence over taste and flavour perception. Re-

searchers have, for instance, reported that people tend to

judge the freshness of fish, in part, based on the lumi-

nance distribution (that is, the glossiness) of fish eyes

[25]. The luminance distribution also appears to be an

important cue for judging the freshness of certain fruit

and vegetables as well [26]. The influence of visual food

texture on people’s sensory perception and consumption

behaviour has also been studied by researchers [27-29].

However, given space constraints, the focus here will be

squarely on colour and its psychological impact on the

perception/behaviour of the consumer.

Psychological effects of food colour: setting sensory

expectations

Taste/flavour intensity

It would seem reasonable to assume that wherever in the

world one finds oneself, more intensely coloured foods are

likely to be more intensely flavoured. What also seems

likely is that consumers will have picked up on this statis-

tical regularity in the environment and hence will tend to

expect that more intensely coloured foods and beverages

(not to mention the packaging in which such products

come) will have a more intense taste/flavour. Should those

expectations not be met, then a negatively valenced discon-

firmation of expectation response may well ensue (for ex-

ample, [30-32]).b Over the last 50 years or so, a large body

of laboratory research has demonstrated that adding more

colouring to a food, or more often, to a beverage (see [33],

for a review), can lead the participants in laboratory re-

search to rate the taste and/or flavour as more intense (for

example, [18,34-38]).

The addition of food colouring influences sensory

thresholds for certain of the basic tastes. In one classic

study, Maga [39] demonstrated that adding food colouring

(red, green, or yellow) to an otherwise clear solution

exerted a significant effect on thresholds for the detection

of certain of the basic tastes when presented in solution.

Adding green food colouring decreased people’s detection

threshold for sourness, while at the same time increasing

the threshold for the detection of sweetness. The addition

of yellow colouring reduced the detection threshold for

both sourness and sweetness, while the addition of red col-

ouring reduced the threshold for the detection of bitter-

ness.c Intriguingly, the threshold for the detection of salt

was unaffected by the addition of food colouring. Maga’s

[39] suggestion at the time was that this null effect re-

sulted from the fact that salty foods are associated with

foods of many different colours and hence that salt is not

associated with a particular colour. As Maga himself put it:

‘numerous foods of varying color can be characterized as

tasting salty, examples would be pretzels (brown), potato

chips (yellow), popcorn (white), olives (green, black), and

pickles (green).’ ([39], p. 118). That said, more recent re-

search has clearly demonstrated that most people do tend

to associate salt with the colour white (see [40]). Perhaps,

then, had Maga tested a different range of colours, he

might have come to a somewhat different conclusion.

Perhaps the most convincing evidence published to date

concerning the influence of food colouring on ratings

of taste intensity comes from research published by

Clydesdale et al. [41]. These researchers conducted a

number of psychophysical studies showing that the

addition of food colouring can deliver as much as 10%

perceived sweetness. Indeed, such results have led some to

wonder whether food colouring could be used as an effect-

ive means of reducing the sugar content of foods. While

this is certainly a theoretical possibility, it is worth bearing

in mind that the majority of the studies that have been

published to date have involved fairly short-term exposure

to particular combinations of colour-taste/flavour. While

demonstrating that food colouring has an impact on

sweetness perception in the short term is one thing, it is

quite another to convincingly demonstrate that it will ne-

cessarily have psychological effects that last over the long

term (cf. [42]). Hence, longer-term follow-ups are most

definitely in order. What is more, as the studies discussed

below make only too clear, psychological effects of food

colouring on the perception of taste and flavour intensity

have not always been demonstrated.

One null result in this area was reported by Norton and

Johnson [38]. These researchers manipulated the intensity

of four typical drink colours. They were unable to find any

meaningful relationship between the intensity of the colour

and flavour ratings on either a sweet-sour scale or on a

distinct-indistinct flavour scale in the 18 participants whom
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they tested. Meanwhile, Lavin and Lawless [43] investi-

gated the influence of varying the intensity of food colour-

ing on ratings of sweetness intensity. The participants were

given two pairs of strawberry-flavoured drinks to compare

and to rate in terms of their sweetness, using nine-point

scales. One pair of drinks was light and dark red, whereas

the other pair was light and dark green. The drinks were

equally physically sweet, varying only in terms of their ap-

pearance properties (that is, colour). Those adults who

took part in this study rated the dark-red and light-green

drinks as tasting sweeter than the light-red and dark-green

samples, respectively. By contrast, colour intensity had no

effect on the responses of 5- and 14-year-old children.

Elsewhere, Alley and Alley [44] similarly failed to demon-

strate any effect of the addition of colour (red, blue, yellow,

or green) to an otherwise colourless base (either liquid or

solid) on the perceived sweetness of sugar solutions in a

group of 11 to 13 year olds.

In a study by Philipsen et al. [45], a group of young

adults (aged 18 to 22 years) and a group of older partici-

pants (aged 60 to 75 years) rated a number of attributes

(for example, sweetness, flavour intensity, flavour quality,

flavour identification, and so on) of 15 samples of an artifi-

cially flavoured cherry drink that varied in terms of its

sucrose content, flavour, and colour. Interestingly, varia-

tions in colour intensity had no effect on sweetness ratings

in either age group but did impact on flavour intensity

ratings in the older participants.

In another study, Chan and Kane-Martinelli [46] ex-

amined the effect of food colouring on perceived flavour

intensity and acceptability ratings in samples of chicken

bouillon and chocolate pudding. These foods were pre-

sented with no colour added, with the normal (that is,

commercial) level of food colouring, or with twice the

normal level of colour added. The participants tasted

and evaluated the three samples of either food, using vis-

ual analogue scales. Younger adults (20 to 35 years of

age) were found to be more affected by the presence of

food colouring than were the older adults (60 to 90 years

of age). Interestingly, the younger group’s judgment of

the overall flavour intensity of the chicken bouillon was

influenced by the amount of colouring that had been

added to the sample.

Zampini et al. [47] conducted a study in which a group

of adults had to try and identify the flavour of a variety of

drinks and rate perceived flavour intensity using a labelled

magnitude scale. The drinks were flavourless, or else had

an orange, lime, or strawberry flavour, and could be pre-

sented as colourless solutions, or else artificially coloured

red, green, or orange. The food colouring was added at ei-

ther a standard or double concentration. However, varia-

tions in the intensity of the food colouring (no matter

whether that colour was appropriate or inappropriate to

the flavour of the drink) had no effect on the perceived

flavour intensity. That said, the addition of inappropriate

food colouring significantly impaired the accuracy of par-

ticipants’ flavour identification responses (see Figure 1),

thus suggesting that the participants were unable to ignore

the colour of the drinks completely, as they had been

encouraged to do by the experimenter.

To date, the majority of the research on the psycho-

logical influence of colour on judgments of taste/flavour

intensity (not to mention flavour identity, see below) has

been conducted with beverages. This is presumably be-

cause it is easier to manipulate the level of colour in so-

lutions [33]. That said, intriguing research by Shermer

and Levitan [48] has recently demonstrated that people

also expect more intensely red-coloured salsas to be spi-

cier (that is, more piquant). In fact, over the last 80 years

or so, researchers have looked at the psychological im-

pact of food colour on everything from noodles [49]

through vegetables [50] and from cheese [51] through to

yoghurt [34,52], not to mention cake [53], jams, jellies,

chocolates, and sherbets [7,54,55].

One final point to note here is that it may be import-

ant to pay careful attention to the methodological details

from the various studies of the psychological effect of

colour on flavour intensity. The reason being that one

study has obtained differing effects of food colour on

orthonasal and retronasal judgments of a commercial

fruit-flavoured water drink [56]. In particular, colouring

a tangerine-pineapple-guava-flavoured solution red led

to odour enhancement in those participants who sniffed

the odour orthonasally, while giving rise to a reduction

in perceived odour intensity when the same olfactory

stimulus was presented retronasally instead.

Koza et al. [56] attempted to account for this surprising

pattern of results by suggesting that it may be more im-

portant for us to correctly evaluate foods once they have

entered our mouths, since that is when they pose a greater

risk of poisoning us. By contrast, the threat of poisoning

from foodstuffs located outside the mouth is obviously

going to be less severe. Whatever the explanation for

Koza et al.’s results turns out to be, the main point that

these results highlight is that one cannot simply assume

that colour’s effect on orthonasal olfactory judgments of a

food or drink’s flavour will necessarily be the same when

people come to actually taste it.

Interim summary

As the results reviewed in this section have made only too

clear, the psychological effects of either adding or changing

the intensity of food colouring on the intensity of taste/fla-

vour perception are not altogether clear. Null results

have been obtained by some researchers (for example,

[44,57]). And even those who have obtained significant ef-

fects of colour on taste/flavour intensity ratings/perception

have tended to do so only under a subset of experimental
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conditions or else in a subset of those individuals whom

they have tested (for example, see [39,43,45-47,53,58-66]).

As such, it is difficult to draw any overarching conclu-

sions from the range of results that have been pub-

lished to date as to when exactly the addition of food

colouring will influence ratings of taste/flavour in-

tensity. Clearly, the addition of food colouring can in-

fluence thresholds and ratings of stimulus intensity.

However, when exactly such crossmodal effects will be

observed is harder to predict with any confidence.d In-

deed, one question left unresolved by much of the re-

search that has been published to date in this area

concerns why it is that these seemingly inconsistent re-

sults might have been obtained in the first place. Accord-

ing to Koza et al.’s [56] findings, part of the answer might

relate to methodological details concerning whether olfac-

tory stimuli are presented orthonasally or retronasally.

However, perhaps, one also needs to take a step back

and consider what happens if the sensory expectations set

by the intensity of food colouring fail to match up with the

experience when a food or beverage item is actually tasted

by the participant or consumer. In the real world, this

might be expected to give rise to a negatively valenced dis-

confirmation of expectation response [21,31,32]. However,

in much of the laboratory research published to date, there

is a question as to whether the participants actually be-

lieved that the colours of the foods or drinks that they were

tasting had any meaning - that is, to what extent did they

really believe that the food colouring they saw was linked

to the actual taste/flavour of the drinks that they were tast-

ing? (One might also be tempted to wonder whether or not

participants noticed any discrepancy between what they

saw and what they tasted [67]). While such an assumption

is presumably likely out there in the real world, it is not so

clearly the case for those participants taking part in labora-

tory research where they may have been exposed to a whole

series of inappropriately coloured samples to taste and

evaluate over the course of their experimental session.

What is more, the research varies between those studies in

which the researchers have been very explicit about the fact

that the colour cues were designed to be misleading

[47,68], through to those who have done their utmost to
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Figure 1 Mean percentage of correct flavour discrimination responses for the lime (a), orange (b), strawberry (c), and flavourless (d)

solutions presented in Zampini et al. ([47]; experiment 2). The error bars represent the between-participants standard errors of the means.
These results clearly show the deleterious effect of adding the inappropriate food colour on participants’ flavour identification responses, at least
for the lime- and orange-flavoured drinks. (Somewhat surprisingly, the addition of food colouring had little effect on the accuracy of participants’
flavour discrimination responses for the strawberry flavoured solution). Critical to the present discussion, increasing the intensity of food colouring
had no effect on flavour identification, nor on judgments of flavour intensity. (Figure reprinted with permission from [47]).
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hide the purpose of their study (and the potentially mislead-

ing nature of the colours) from their participants [69].

Flavour identity

Perhaps the most robustly demonstrated effect of adding

(or changing) food colouring has been on people’s iden-

tification of the flavour of food or, more commonly,

drink (see [33], for a review). Classic research by DuBose

and his colleagues [53] demonstrated that the addition

of food colouring (green, red, or orange) biased partici-

pants’ judgments concerning the identity of the flavour

of a cherry-flavoured solution. So, for instance, nearly

20% of the participants in this study reported that the

drink tasted of orange when the cherry-flavoured solu-

tion was coloured orange as compared to no such re-

sponses when the same drink was coloured red, green,

or remained colourless. Meanwhile, colouring the same

drink green led to 26% lime-flavoured responses as com-

pared to no such responses when the drink was coloured

red or orange (see also [10,70,71], for similar results).

Oram et al. [67] gave over 300 people (of various ages)

four drinks to taste. Four possible drink flavours (choc-

olate, orange, pineapple, and strawberry) were presented in

four different colours (brown, orange, yellow, and red),

thus giving rise to a total of 16 possible drinks. The partici-

pants had to try and discriminate the flavour of the drinks.

The results highlighted a clear developmental trend toward

an increased ability to correctly report the flavour of the

drinks, regardless of the colour in which the drink was pre-

sented (see Figure 2). That is, the crossmodal modulation

of flavour perception by vision apparently decreased with

age (from 2 years of age up).

Importantly, in this and the majority of the other studies

that have been reported so far, the participants were given

no information about the possibility that the colour of the

solutions might have been misleading (a point to which we

will return later). Research by Zampini et al. [47,68] has

shown that adults can easily be confused by the addition of

inappropriate colour to a range of fruit-flavoured soft

drinks (see Figure 3). Importantly, the crossmodal effects

of beverage colour on flavour identification demonstrated

by Zampini et al. were obtained under those conditions

where the participants had been told to ignore the poten-

tially misleading colouring of the beverages that they had

been presented with. Such results therefore hint at the

automaticity of such crossmodal effects.

Interim summary

The majority of the research that has been published to

date has convincingly demonstrated that food colour af-

fects the ability of people to correctly identify the flavour

of food and drink (see Spence et al. [18], for a compre-

hensive review of the literature on this question). Al-

though beyond the scope of this review, it is perhaps

also worth noting that food colouring can influence the

perceived thirst-quenching (or refreshing) properties of

drinks as well [41,72-74]. That said, I would argue that

there is a danger that one can get a biased impression of

just how important colour is to the consumer’s percep-

tion of, and response to, food and drink. This is because

in the majority of laboratory studies, the colour of the

foodstuff was pretty much the only cue, sensory or

otherwise, that the participants had to go on when mak-

ing their decisions as to the taste/flavour of that which

Figure 2 Graph highlighting the percentage of trials in which the participants’ flavour discrimination response matched the colour of

the drink, the actual flavour of the drink, or matched neither the colour or flavour of the drink as a function of the age of the

participants in a developmental study of the psychological impact of colour on people’s flavour discrimination responses reported by

Oram et al. [67]. [Reprinted from [67], with permission].
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they were tasting. In the real world (see below), the con-

sumer normally has a number of other cues to utilize

when trying to judge the likely sensory and hedonic

qualities of food and drink. What is more, there is al-

ways a danger that being confronted with a whole range

of drinks, say, similar in flavour and differing most no-

ticeably in terms of their colouring may have drawn, or

focused, the participants’ attention on colour as the most

salient dimension (that is, in a way that may not be rep-

resentative of everyday life).

One other thing to note here is that food colours are not

necessarily associated with just one taste/flavour. As shown

by Zampini et al. [47], for example, a red-coloured drink

may be most strongly associated with the flavour of straw-

berry, but also, to a lesser degree with the flavour of rasp-

berry and cherry. Hence, if one really wants to understand/

predict its effect on multisensory flavour perception, it is

important to bear in mind that a given beverage colour

may actually prime a number of different possible flavours

[75-78]. What is more, similar food colours may give rise

to qualitatively different flavour expectations depending on

the category of product under consideration (for example,

soft drinks, cake, noodles, curry, and so on) and possibly

also the brand (cf. [79]). As such, there is clearly a need for

more research addressing the influence of food colour

across different kinds of food product (and as a function of

branding) in order to get a more complete, not to mention

market-relevant, understanding of the psychological effect

of food colour.

Names, brands, and colours

Given the ambiguity in the meaning of colour in foods

and beverages, it can sometimes be important that the

name and description of a food or beverage set the

right sensory or hedonic expectations or else help to

disambiguate between the different possible meanings that

may be associated with a given colour. The classic example

here comes from the work of Yeomans and colleagues

[80]. These researchers demonstrated that when the mean-

ing of food colouring is misinterpreted (that is, when it sets

the wrong sensory expectations), then this can have an ad-

verse effect on people’s subsequent taste ratings. The par-

ticipants in this study were given a bright pink ice cream

to taste. One group of participants was given no informa-

tion about the dish, another group was informed that the

food was called ‘Food 386’, and a third group was told that

what they were about to eat was a frozen savoury mousse.

Those participants who had not been given any informa-

tion about the dish and hence who were led by their eyes

into expecting that they would taste a strawberry-flavoured

ice cream (which has the same pinkish-red colour) did not

like the dish when they tried it. Specifically, they rated the

frozen savoury smoked salmon ice cream as tasting too

salty. By contrast, those participants in the other two

groups rated the seasoning of the dish as being just right,

and, what is more, liked the savoury ice far more as well

(see [81-83], for related research). These results therefore

demonstrate that the meaning of colour in food and drink

can be altered simply by the description that is given to a

product or dish [1]. Generally speaking (that is, in all envi-

ronments excepting perhaps the modernist restaurant), it

is important to avoid disconfirmed expectation [1,84].

Indeed, the typical laboratory situation can be contrasted

that with that of everyday consumption episodes where a

food or drink will most likely be encountered in the con-

text of branding/packaging information, or may well have

been described by whoever has prepared, or is serving the

food or drink. In other words, it can be argued that the

situation that is typically studied in the laboratory setting is

quite unlike that of everyday life (see also [85-87]). Hence,

one concern here is that the results of much of the re-

search that has been conducted in the laboratory may actu-

ally end up giving a biased view of the importance of

colour in multisensory flavour perception. Note that in the

laboratory situation, colour is often the only cue that par-

ticipants have to go on when making their judgments of

expected flavour. By contrast, in the majority of real-world

consumption situations, colour is but one of many cues

(including branding, pricing, labelling, and so on) that the

consumer can use.

One other product-extrinsic cue that can modulate the

meaning of colour in beverages is the nature of the glass or

receptacle in which that drink happens to be presented

[88,89]. The same colour drink may have a very different

meaning if shown in a plastic bathroom cup than in a

cocktail glass, say. In the former case, a blue-coloured

drink is likely to be interpreted as connoting mouthwash

and hence associated with a mint flavour, whereas when

exactly the same colour is seen in a cocktail glass, it may

Figure 3 Summary of the results of Zampini et al.’s [68] study

highlighting the influence of colour on people’s ability to

correctly identify orange- and blackcurrant-flavoured solutions.

[Figure reprinted with permission from [18].
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be interpreted as signifying the orange flavour of blue cura-

çao instead [90].

Psychological effects of food colour on behaviour

It is important to realize that the psychological effects of

food colouring are not restricted to the sensory-

discriminative domain. It has often been suggested that

food colouring can modulate certain of our food-related

behaviours as well [91,92]. Certainly, getting the colour

right can play an important role in food acceptance, liking,

and hence, ultimately, food intake [24,93-97]. Though, as

pointed out by Garber et al. [85], while it is often claimed

that colour influences food preferences, good, marketing-

relevant insights tend to be a little harder to come by in

this area.

Colour can play an important role in modulating a

consumer’s affective expectations [32,98]. And just as

there can be a sensory disconfirmation of expectation

(as outlined above), there can also be a hedonic discon-

firmation of expectation - that is, when a consumer real-

izes that they do not like a food or beverage as much as

they were expecting that they would.

In other research, it has been shown that people will

consume more candy if it comes in a variety of colours

than if presented in just a single colour [99], even if that

colour happens to be the consumer’s favourite one.

Whether sensory-specific satiety or boredom is the most

appropriate explanation for such results is still being de-

liberated by researchers (see [92], for a review). Interest-

ingly, while the use of colour (specifically increasing

colour variety) is usually portrayed as a means by which

the big food companies can get their consumers to con-

sume more (think only of the multicoloured packs of

Smarties, M&Ms, or Jelly Beans), there is some evidence

to suggest that colour cues can also be used to modulate

intake downward, by providing an effective cue to por-

tion control ([100] see also [101,102]). So, for example,

Geier et al. [100] reported that people ended up eating

fewer potato chips if every seventh chip in a tube hap-

pened to be coloured red.

Off-colouring in food

Researchers have been interested in the response of

consumers to food colouring that they associate with

products that have been in some way spoiled. That such

off-colours can have a profound effect on people’s food

behaviours was suggested by the response of consumers

to a batch of Tropicana grapefruit juice that was donated

to a food bank some decades ago. According to Crumpacker

([14], p. 6), nobody wanted to drink the juice because of

its abnormal brown colour. This despite the fact that those

who tried it reported it to taste perfectly acceptable; see

also [59,81,103], on the preferred colour of this staple of

the breakfast table.

Meanwhile, the dinner party guests in Wheatley’s [15]

classic study were invited to dine on a meal of steak,

chips, and peas. The only thing that may have struck

any of the diners as odd was how dim the lighting was.

However, this aspect of the atmosphere was actually de-

signed to help hide the food’s true colour. Part-way

through the meal, the lighting was returned to normal,

revealing that the steak had been artificially coloured

blue, the chips looked green, and the peas had been

coloured red. A number of Wheatley’s guests suddenly

felt ill when the lighting was turned to normal levels,

with several of them apparently heading straight for the

bathroom (cf. [54]).e

It is noticeable how the majority of the research on

the psychological impact of off-colour in food is rather

anecdotal in nature (presumably because it can be diffi-

cult to get ethical approval to present food to partici-

pants and have them believe that the colour indicates

that it has gone off ). Nevertheless, the evidence that has

been published to date does seem to highlight the strong

avoidance responses that such food colouring can in-

duce, especially in the case of meats and fish that look

off.f

Artificial/natural

Over the years, there has been ongoing concerns

expressed about the negative health and well-being con-

sequences that are apparently associated with the con-

sumption of certain artificial food colourings, this

despite their being rated as being safe and tasteless

[24,104-116]. This had led some consumers to search

out those foods that are free from all colouring. How-

ever, such products generally do not taste that good. As

Harris pointed out in an article that appeared in The

New York Times [24], many commercial foods are disap-

pointingly lacking in taste/flavour if served in a

colourless (that is, clear or white) format.

A less extreme reaction to concerns over artificial food

colourings has been to search out natural colourings

that better match the sensory properties desired by the

food producers: This includes everything from trying to

deliver a wide enough range of natural colours [117],

through to improving the stability of natural colourings,

at least for those products that are likely to have a long

shelf life [118-120]. Of course, that food colouring is nat-

ural does not in-and-of-itself necessarily make it appeal-

ing to the consumer. Here, one only needs to think of

the red colouring of, for example, Smarties (the candy-

covered chocolate; http://www.nestle.co.uk/brands/cho-

colate_and_confectionery/chocolate/smarties) that used

to be made from carminic acid extracted from scaly in-

sects. Unappealing to most consumers, one imagines.

Nowadays, though, the red colouring comes from red

cabbage instead [116].
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And what, exactly, constitutes natural is not obvious.

The vibrant orange-coloured carrots that we are all fa-

miliar with nowadays, for example, are actually the result

of extensive breeding. Once upon a time, the majority of

carrots were naturally purple. According to some, the se-

lective breeding was designed to deliver the orange

colour of the Dutch royal family in the seventeenth cen-

tury [121-123]. Although another, perhaps more plaus-

ible, explanation for why the orange variety may have

been preferred over the original purple variety was be-

cause the latter would colour the soups, stews, and so

on into which they were placed.

A number of the modernist chefs we have been fortu-

nate enough to work with here at the Crossmodal Re-

search Laboratory at Oxford University over the years

have been particularly interested in surprising their

diners by presenting foods that have one colour (and

hence set a particular taste/flavour expectation) while

actually delivering another unexpected flavour instead.g

However, the chefs typically do not want to achieve such

results by means of artificial food colourings for fear of

their diners’ reaction.

One elegant example of the use of natural colouring to

create surprise and delight in the mind of the diner comes

from the beetroot and orange jelly dish that used to be

served as one of the opening courses on the menu at The

Fat Duck restaurant in Bray (http://www.thefatduck.co.uk/).

This dish would be presented as two blocks of jelly, one

bright orange, the other a dark purple, placed side-by-side

on the plate. And where the modernist chefs lead, the

market sometimes follows. Pine berries, for example,

which look for all-the-world like white strawberries pro-

vide an intriguing example of an otherworldly, at least to

Western eyes, but entirely naturally coloured food.h Such

unusually coloured food products have apparently been

selling well in the supermarkets in recent years (see also

[123]). More generally, there would appear to be renewed

interest in surprisingly coloured foods in the mass market

as well. For example, a few years ago, one well-known bur-

ger chain launched a pitch black bamboo and squid ink

burger in Japan, that was seasoned with black squid ink

ketchup, and served in a black bun [124]. As a group, chil-

dren seem to be particularly fond of such miscoloured

foods (think confused Skittles; http://www.wrigley.com/

uk/brands/skittles.aspx) and beverages [125-128].

Marketing colour

Adding colour to food or else changing the colour of a

food or beverage (or its packaging) has long been used as a

marketing tool (for example, [129-133]; see also http://

www.ddwcolor.com/hue/why-color/). In fact, according to

an informal store audit reported by Garber et al. [85], 97%

of all food brands displayed (in all categories) used food

colour to indicate flavour. Food colour is used in marketing

for a number of reasons: Everything from increasing shelf

stand-out through to blurring the distinction between dif-

ferent products. Indeed, going back three quarters of a cen-

tury now, there was quite a fight by the butter lobby in

order to try and prevent the makers of margarine from

adding a golden yellow hue to their product in order to

give it the appearance of its better established rival (for ex-

ample, see [134]).

More recently, the potential role of adding food col-

ouring in marketing was amply demonstrated by the

dramatic rise in sales of tomato ketchup when Heinz de-

cided to add a tiny amount of food colouring and turn

this staple of the dining table green [135]. Other large

drink brands that have, in recent years, launched drinks

in unusual colours include an amber-coloured cola,

called Pepsi Gold, in India [133]. However, not every at-

tempt by marketers to use colour to boost sales has been

successful. Clear cola drinks, for example, have generally

failed in the marketplace [136]. And while there are a

number of theories out there in the marketing literature

about what went wrong in such cases, one suggestion is

that when such drinks were tasted away from their pack-

aging then the likely disconfirmation of expectation that

results from experiencing a cola flavour when the sight

of the drink led the consumer to expect lemonade or

soda water may have been especially problematic.i

Individual differences in the psychological effects of

colour

One thing that is noticeable about much of the early re-

search on the psychological effects of food colouring is

how little attention was paid by researchers to the pro-

files of the participants themselves. This turns out to be

an important caveat since the latest research now shows

that exactly the same food colour can elicit qualitatively

different expectations concerning the likely taste/flavour

of food and drink in different groups of consumers.

Cross-cultural differences

Exactly the same colour (for example, in a beverage) has

been shown to set up qualitatively different expectations in

the minds of different (groups of) consumers. Just take the

two drinks shown in Figure 4: When they were shown to

young adults in Taiwan and the UK, the former expected

them to taste of cranberry and mint (mouthwash?), re-

spectively, whereas the latter expected cherry/strawberry

and raspberry, instead [75]. Wan et al. [88,89] have re-

cently been conducting a number of internet-based studies

designed to assess which food colours have a similar mean-

ing in terms of expected flavour across culture and which

differ markedly in terms of the expectations that they set.

Food marketers working in the global marketplace obvi-

ously need to be aware of any cultural differences in the

meaning of food colour [133]. Here, though, one potential

Spence Flavour  (2015) 4:21 Page 8 of 16

http://www.thefatduck.co.uk/
http://www.wrigley.com/uk/brands/skittles.aspx
http://www.wrigley.com/uk/brands/skittles.aspx
http://www.ddwcolor.com/hue/why-color/
http://www.ddwcolor.com/hue/why-color/


limitation with the internet-based testing of consumers’

colour expectations ought to be noted: Namely, it is diffi-

cult to precisely control the appearance properties of the

visual stimuli on an individual participant’s monitor. By

contrast, in Shankar et al.’s [75] study, the participants ac-

tually viewed the drinks.

Developmental differences

Developmental differences in the meaning, and influ-

ence, of food colour have been reported by researchers.

As noted earlier, young children seem to be more drawn

to brightly (some would say artificially) coloured foods

than are adults (though see [90]). In terms of changes in

the psychological influence of food colouring across the

lifespan, on the basis of the evidence that has been pub-

lished to date [45,67,137], it would appear that, if any-

thing, visual cues exert a somewhat greater influence on

flavour identification early in development (see Figure 2),

and in old age, than in adulthood (see [138], for a re-

view). One reason as to why children might show more

visual dominance (that is, simply relying on what they

see) is because they have not yet learned to integrate

their senses in an adult-like manner (cf. [139]). Thus far,

published studies have assessed the responses of children

from 2 years of age upward.

At the other end of the spectrum, the well-documented

decline of taste and smell sensitivity in old age may mean

that the residual senses (especially those where prostheses,

such as glasses or hearing aids, are available) take on a

more important role in terms of determining the final

taste/flavour experience [3,137]. However, it has to be said

that the evidence that has been published on this topic to

date is rather mixed (see [138], for a review). While some

researchers have been able to demonstrate more pro-

nounced psychological effects of food colouring in, say,

older adults [45,103], such differences have certainly not al-

ways been found.

Here, it is perhaps also worth bearing in mind that there

may be changes in the meaning and acceptability of colour

over time. One only needs to remember, for example, that

blue foods were traditionally considered unacceptable to a

majority of consumers [140,141]. Nowadays, many foods

are blue [133], although in this case, note that they are pri-

marily marketed at the younger consumer [85]. Over a

much longer timescale, one could even think of how the

flavour of carrots may have switched its colour association

from purple to orange (see above).

Expertise and the psychological effects of food colouring

Expertise has been shown to modulate the psychological

impact of food colouring on flavour perception. Some of

the most impressive studies have come from the world

of wine (see [142], for early research; and [143], for a re-

view). In one oft-cited experiment, Morrot and his col-

leagues [144] reported that a group of students on a

university wine course in Bordeaux, France, had been

fooled into choosing red wine aroma descriptors when

given a white wine to evaluate that had been artificially

Figure 4 Two of the six coloured drinks shown to the participants from the UK and Taiwan in a study by Shankar et al. [75]. The results
of this cross-cultural study demonstrated that exactly the physically same food colour can elicit qualitatively sensory different expectations as far
as the likely flavour of a drink might be in consumers from different countries. The most frequently expected flavours for drinks of these colours
are shown at the bottom.
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coloured red with odourless food dye. Meanwhile, Parr

et al. [145] conducted a follow-up in New Zealand in

which they tested both experts (including professional

wine taster and wine makers) and ‘social’ drinkers. The

descriptions of the aroma of a Chardonnay wine given

by the experts when it had been artificially coloured red

were more accurate when the wine was served in an

opaque glass than when served in a clear glass. Interest-

ingly, this colour-induced biasing of flavour judgments

occurred despite the fact that the experts had been ex-

plicitly instructed to rate each of the wines that they had

been given to taste while ignoring any colour cues. Such

results therefore suggest that the crossmodal effect of vi-

sion is not under cognitive control. Ironically, the social

drinkers in Parr et al.’s study turned out to be so bad at

reliably identifying the aromas present in the wine that it

was difficult to discern any pattern in the data when an

inappropriate wine colour was added.

Taken together, therefore, the evidence that has been

published to date is consistent with the view that expert

wine tasters differ from social drinkers (that is, non-

experts) in the degree to which visual (colour) cues in-

fluence their orthonasal perception of flavour [145] and

their perception of the taste of sweetness ([142]; see also

[84]). That said, it is worth noting that not all food/fla-

vour experts necessarily exhibit the same increased re-

sponsiveness to colour cues when evaluating the taste

and flavour of food and drink. Shankar et al. [78], for ex-

ample, reported that the flavour experts working on a

descriptive panel at an international flavour house (who

all had more than 3 years of experience flavour profiling

food and drink products) exhibited just as much visual

capture (or assimilation) of their orthonasal olfactory fla-

vour judgments as did non-experts. Thus, based on the

research that has been published to date, the most ap-

propriate conclusion regarding flavour experts would ap-

pear to be that while some (specifically those with an

expertise in wine) show an enhanced susceptibility to

the crossmodal influence of colour on judgments within

their area of expertise [142,145], this pattern of results

does not necessarily extend to other groups of flavour

experts [78].

Genetic differences in the effect of colour

Although surprisingly little studied to date, various gen-

etic differences might also modulate the psychological

effect of food colouring. Here, for example, one might

think both of those individuals who are born colour

blind (primarily males and constituting approximately

6% of the population; [146]). Presumably such differ-

ences in colour perception ought to have some impact

of the psychological effect of food colour, though it is

hard to find any published research on the topic (see

http://www.colourblindawareness.org/colour-blindness/

living-with-colour-vision-deficiency/food/). Here, it is

also worth noting that there are several discrete kinds

of colour blindness, each likely affecting the perception

of food and beverage colour in a slightly different way.

However, just as important as any deficits in colour

perception, may be an individual’s taster status. It turns

out that genetic differences here may play an important

role in determining just how much of a role colour plays

in flavour perception. Some people have far more taste

buds than others (the former are known as supertasters,

the latter, non-tasters; with 25% of the population falling

into each category). The remaining half of consumers

fall into an intermediate group, known as medium

tasters [147]. To give some idea of the differences in re-

ceptor density that might be involved here, it has been

estimated that some individuals may have up to 14 times

more taste buds than others [148]. Zampini et al. [68]

have reported that supertasters are significantly less

affected by the colour of a drink than medium tasters,

who, in turn, are less affected than non-tasters (see

Figure 5). It is somewhat surprising to find that this is

the only study of the psychological impact of food colour

to have assessed the taster status of their participants.j

One can, perhaps, frame this result in terms of the lit-

erature on sensory dominance. That is, those individuals

with a greater number of taste buds presumably exhibit

lower variance in terms of their unisensory gustatory

judgments. According to the maximum likelihood ac-

count of multisensory integration [149], the perceptual

estimate with the lower variance will likely be weighted

more heavily when it comes to estimating a given stimu-

lus attribute.

Interim summary

One cannot hope to attain a comprehensive understand-

ing of the psychological impact of food colour without

taking into account the individual differences. The rele-

vant differences include genetic differences in terms of

taster status and colour perception, as well as cross-

cultural and age-related differences. Although beyond

the scope of this article, there may be racial differences

in terms of colour preferences as well [150]. What is

clear from the research that has been published to date

is that these individual differences can influence both

the meaning of colour and its influence on the con-

sumer. Having established the importance of such indi-

vidual differences (of both genetic and experiential

origin), the question becomes one of how to assess the

psychological impact of food colour experimentally. One

solution here has been proposed in the work of Shankar

and her colleagues [76-78].

According to Shankar et al. [77], assessing the ‘degree

of discrepancy’ between the expected flavour set by

colour and the flavour when eventually experienced by
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the participant (or consumer) is key to understanding

when colour influences flavour perception. Shankar et al.

argued that under conditions of low discrepancy, the

perceived disparity between the expected and actual

flavour of a drink (or food) is small. Low discrepancy

colour-flavour combinations might, for example, con-

sist of cranberry- or blueberry-flavoured drinks

coloured purple (purple being associated with grape

flavour), whereas high discrepancy combinations might

include banana- or vanilla-flavoured drinks that have

been coloured purple. Across several experiments,

when a particular colour - identified by participants as

one that generated a strong flavour expectation - was

added to the drinks that the participants were given to

sniff (as compared with when no such colour was added), a

significantly greater proportion of their identification

responses were consistent with this expectation.k By con-

trast, under conditions of high discrepancy, adding the

same colours to the drinks no longer affected participants’

identification responses in the same way (see Figure 6).

That is, there was a significant difference in the proportion

of responses that were consistent with participants’ colour-

based expectations in conditions of low as compared with

high discrepancy. Shankar et al.’s results therefore demon-

strate that the degree of discrepancy between an individ-

ual’s expectation concerning the flavour (derived visually)

and their actual experience on tasting the drink modulates

the crossmodal influence of colour cues on judgments of

flavour identity.

One thing to bear in mind about Shankar et al.’s

[76-78] studies, though, is that the participants never

got to taste the flavoured drinks that they were asked

to judge. That is, all their judgments/ratings were made

on the basis of nothing more that orthonasal olfactory cues.

Of course, this should not matter all that much, given the

extensive literature showing that colour cues can modulate

Figure 5 Mean percentage of correct flavour identification responses for the three groups of participants (non-tasters, medium tasters,

and supertasters) for the blackcurrant, orange, and flavourless solutions. The black columns represent solutions where fruit acids had been
added and the white columns solutions without fruit acids. The error bars represent the between-participants standard errors of the means. The
results highlight the fact that genetic differences in taster status may determine just how much of a psychological effect colour cues can have on
flavour identification. (Figure reprinted with permission from [68]).
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orthonasal olfactory discrimination/identification responses

across a wide range of experimental conditions ([151-158];

see [159], for a review).l

Bottom-up or top-down influences of colour

Now, one further question that can, and probably

should, be asked before closing concerns whether colour

should be considered as exerting its psychological influ-

ence over flavour perception in more of a ‘bottom-up’ or

more of a ‘top-down’ manner. On the one hand, it is clear

that when people know that the colour they see is inappro-

priate (misleading) and so should be ignored, it nevertheless

still influences their perception in a seemingly automatic

manner [47,68,145]. Such results support a bottom-up ac-

count of at least part of colour’s crossmodal influence over

taste and flavour perception. Of course, the existence of

such bottom-up effects should not be taken as evidence to

deny the fact that top-down influences are also important.

Indeed, colour certainly also influence people’s flavour

perception in more of a top-down manner as well. Here, it

is relevant to note that researchers have demonstrated that

labelling, branding, and other descriptive information can

all modify the meaning of a given food colour and by so

doing influence the perceived taste of a food or beverage

[1]. So, for instance, Shankar et al. [83] reported that, even

when blindfolded, telling a participant that a sugar-coated

chocolate candy has a particular colour (or that it is light

or dark chocolate) influenced the pattern of responding

that was observed. In a similar manner, a variety of non-

sensory (labelling) cues have also been shown to bias the

way in which a normally sighted observer interprets the

meaning of a given colour (as in Yeomans et al.’s, [80],

study). Taken together, then, there is good evidence that

colour’s psychological influence on taste and flavour per-

ception occurs not only in a bottom-up but also in more of

a top-down manner as well. Studying the interaction be-

tween these influences on flavour perception is an area of

growing interest from both a theoretical and more

marketing-inspired perspective [42,76,82]. A related chal-

lenge comes from trying to integrate the growing literature

demonstrating the influence of everything from the colour

of the product packaging [160] through to the colour of

the lighting [161,162] in which food and drink are con-

sumed on the multisensory flavour experience [1].

Conclusions

Since the first reports that changing the colour of a food

could change the taste/flavour were published [54,55],

somewhere in the region of 150 papers have investigated

the impact of food colouring on the perception and be-

haviour of participants/consumers. While the majority of

those studies have tended to focus on colour’s effect on

taste/flavour identification (see [18], for a review), it is

important to note that colour cues influence our food

and drink-related behaviour in a number of different

ways [1,92,125,163]. Food colouring undoubtedly plays

an important role in driving liking and the consumer ac-

ceptability of a variety of food and beverage products.

And while increasing colour variety in food can lead to

enhanced consumption [92], what we see can also lead

to a suppression of our appetitive behaviours when asso-

ciated with off-colours (or coloration that is interpreted

by the consumer as such).

Finally, given the practical difficulties associated with

delivering flavours while a participant lies in the brain

scanner [1], it is perhaps understandable that there has

not been a great deal of neuroimaging research that has

looked at the influence of colour on flavour perception

as yet ([164]; see also [165]). Whether or not as the re-

sult of further neuroimaging, it is clear that additional

research is most definitely needed in order to develop a

better understanding of the psychological mechanisms

underlying the various effects of colour on our percep-

tion of, and behaviours toward, food [166].

Certainly, the expectations, both sensory and hedonic,

that are set by food colouring play an important role in de-

termining the final flavour experience and how much it is

liked. Furthermore, the degree of discrepancy between the

sensory and hedonic expectations and the subsequent ex-

perience appears crucial to the question of whether assimi-

lation or contrast will be observed. Here, recent research

has increasingly demonstrated the differing meanings asso-

ciated with food colour in different consumers. Identifying

consistent colour-flavour mappings and training the con-

sumer to internalize other new associations is one of the

important challenges facing the food marketer interested

Figure 6 Summary results from two of the experiments

(conducted with the same participants) reported by Shankar

et al. [77] showing how the addition of food colouring to an

otherwise colourless flavoured solution led to assimilation

when the ‘degree of discrepancy’ between the flavour

expected by the colour and the actual flavour of the drink

when sniffed orthonasally was low, but not when the degree

of discrepancy was high. (Figures reprinted with permission
from [77]).
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in launching new products, or brand extensions, in a

marketplace that is more colourful than ever.

Endnotes
aWhile the term ‘product-intrinsic’ is widely used in the

literature when talking about the colour of a food or bever-

age, the appropriateness of this notion can be questioned

from the perspective of (holistic) perception. Strictly speak-

ing, colour is not a property of a (food) material but rather

a percept in an observer that originates from an interaction

with a material, under the influence of many other cues

that are external to the coloured surface, but certainly in-

ternal to, the observer (for example, [167], p. 5).
bHere, it is perhaps worth noting that intense food col-

ouring, while seemingly attractive to children (see [138],

for a review), may lead some consumers to consider a

food or beverage product as being ‘artificial’ and hence

less liked (for example, [45,46]).
cNote that the participants in this study only ever had

to report whether or not the solution had a taste. That

is, they never had to identify the tastant. In fact, some-

what surprisingly, the question of whether colour influ-

ences the ability of people to identify/discriminate the

basic tastes has not, as far as I am aware, been studied

to date (see [18], for a review). This despite the fact that

extensive evidence has been collected concerning the

colours that people in different cultures associate with

each of the basic tastes (see [40], for a review and cross-

cultural evidence).
dNote that a lack of precise colour measurement has

hampered comparison of the results of many of the

studies that have been published to date (cf. [4,168]).
eNo mention is made of whether ethical approval was

obtained for this particular study!
fThough note that olfactory cues are at least as import-

ant in people’s judgment of whether a food has gone off

([169]; see also [170] on the consumer evaluation of the

sensory properties of fish).
gNote that while under the majority of everyday condi-

tions, people prefer foods and beverages that taste as

they expect them to taste (that is, people do not like sur-

prises, especially when it comes to the stimuli that enter

the mouth, and hence have the potential to poison

them), there are occasions, such as at the tables of the

modernist restaurant where many diners seem to posi-

tively relish having their expectations played with

[1,125].
hThese ‘white strawberries’ are the result of cross-

breeding the South American strawberry Fragaria chi-

loensis, which grows wild in some parts of Chile, and the

North American strawberry Fragaria virginiana.
iOf course, here, it needs to be remembered that

changing the colour of a drink can change its flavour

perceptually. However, one has to imagine that any

such crossmodal perceptual effects would have been

picked up in consumer tests before the product was

launched.
jIndeed, given the relatively small sample size and the

post hoc nature of Zampini et al.’s [68] discovery, repli-

cation in a larger sample would undoubtedly be desir-

able to check on the generalizability of this potentially

important result.
kHere, it is worth pointing out that when flavour ex-

perts were tested, their results were similar to those of

normal participants [78].
lThat said, Koza et al.’s [56] results concerning the dif-

fering effect of colour on orthonasal and retronasal ol-

factory intensity judgments needs to be borne in mind

here.
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