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Abstract

Previous research has examined the multisensory theory of perception which is that flavor is

influenced by the integration of cues from the five senses: vision, smell, touch, taste, and

hearing (Spence, 2015). While much of the research has investigated the effect of individual or

multiple sensory information on flavor perception, there is little research investigating which of

these senses has a stronger influence on flavor. This research study investigated whether vision

or olfaction had a greater impact on flavor perception. A total of 68 participants (Mage = 21.79)

drank sweetened water dyed a certain color and with a certain odor. The colors and odors either

matched (i.e. purple color, grape odor), did not match (i.e. purple color, orange odor), or had

only one sensory cue (i.e. purple color, odorless). Participants had to determine what flavor they

perceived the sweetened water to be and their confidence levels in their answer. Results

revealed that for the nonmatch condition, participants identified flavor based on color more than

odor. For the single sense condition, participants identified flavor based on odor more than

color. When two senses were presented, flavor perception was matched to the color and odor

significantly more than when one sense was presented. It appears that the influence of sight

and odor on flavor perception may be dependent upon the condition in which they are

presented.
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unpleasant flavor or made them sick, that signals that this particular color may be harmful, and

to not approach foods of that kind. In addition to visual cues, there are odor cues that indicate

whether a food or drink is a threat or not. If something has a rotten or unpleasant smell, a

human or animal will typically not approach that item (Delwiche, 2012). Every day most humans

come in contact with food and drinks. Therefore, understanding how the senses and

environmental cues interact regarding what is consumed will not only enhance eating and

drinking, but add to the knowledge of sensory neural integration.

The goal of this research was to examine how visual cues (color) and odor influence

flavor perception, specifically, which sense had a stronger effect when perceiving the flavor of a

drink. Color has a significant impact on the identification of the flavor of a food or a drink

(Delwiche, 2004). When a drink is inappropriately colored, it is more difficult to accurately

identify what the flavor is (Zampini et al. 2007). Furthermore, varying the amount of color in a

beverage can influence the perceived intensity of the flavor (Johnson & Clydesdale, 1982). In

addition, odor has a strong influence on flavor perception, with much of what contributes to

flavor is due to its odor (Rozin, 1996). There is a multisensory integration between orthonasal

cues (i.e. when an individual sniffs something) and gustatory cues (i.e cues concerned with the
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Effect of Odor on Flavor Perception

There is a neural integration between the senses of taste and smell (Dalton et al., 2000).

According to Rosenblum (2010) 80% of taste is due to the sense of smell and frequently, when

taste is altered or declining, it is often the result of damage in the olfactory system (Rozin,

1996). There are two ways in which the olfactory system is stimulated by food and drinks:

orthonasal and retronasal. Orthonasal is when an odor is sniffed, and retronasal is when as an

individual swallows, air is pushed out from the back of the nose (Spence, 2015). Retronasal

smell is a direct part of the flavor perception experience, and orthonasal smell is what sets an

expectation of a flavor (Spence, 2016). Additionally, the stronger the odor of food, the stronger

the perception of taste (Frank et al., 1993; Hornung & Enns, 1986). If an association between a

certain odor and taste exists, an odor by itself can stimulate a flavor perception. For example,

when a chocolate odor is released into the mouth while a person is chewing flavorless gum, the

person identifies the flavor of the gum as chocolate (as reported in Stillman, 2002). The reason

that odor has such a strong impact on flavor is that smell is neurologically tied to taste

receptors. Taste buds are activated by tastants, which have specific sensory cells that when

stimulated overlap with those areas of the brain that are activated by odor, which is in the insula

and operculum (Small et al., 1999; Poellinger et al., 2001). The taste and smell messages unite

to help provide the perception of flavor, and this integration starts earlier in the flavor perception

process than visual and auditory cues do (Mesuam, 1998).

Djordjevic et al. (2004) examined the effect an imagined odor compared to a perceived

odor had on the detection of sweetness in a solution. An imagined odor is one that is thought of,

while a perceived odor is directly smelled in real life. In Experiment 1 for the perceived odor

group, researchers presented participants with two solutions, one with sweetener and one

without, and participants had to identify which was sweet after smelling a sweet odor (i.e.,

strawberry) versus a savory odor (i.e., ham). For the imagined odor group, researchers

presented participants with the same two solutions, but participants imagined the same sweet
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standard orange or colorless. Experiment 2 showed that overall, there was les
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which influences the ability to make predictions about the flavor and palatability of the food and

drinks that we consume (Spence, 2016). Since this study investigated the effects of visual and

olfactory cues, there is insight regarding how an individual would perceive a flavor based on

visual and olfactory sensory inputs. If there are certain aspects of foods and drinks that a person

does not enjoy, knowing how the senses interact can potentially help enhance the eating and

drinking experiences, and fill a gap in the existing research.

This research study was a within subjects design, with color and odor as the

independent variables. The colors were purple, orange and red, while the odors were grape,

orange and berry. The three conditions in the study were a match (i.e. purple color with a grape

odor), a single sense condition (i.e. purple color with no odor, and no color with grape odor), and

a non-match (i.e. purple color with an orange odor). Filtered water sweetened with artificial

sweetener was used as the drink to be dyed and scented. The dependent variables were the

perceived flavor of the drink and how confident participants were of their responses. The

responses determined which of these senses had a stronger effect on flavor. If a participant

identified a purple colored liquid with an orange odor as orange flavored, this participants’ sense

of smell was more influential, and if the participant identified a purple colored liquid with an

orange odor as grape flavored, the sense of vision was more influential. The confidence rating

scale investigated which combinations of colors and odors possessed more of an automatic

association with a specific flavor. Even though oddrine
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I hypothesized that the perceived flavor will be more likely to match the color and odor

when they matched compared to when only color or odor was present (single sense condition).

When the color of a liquid was appropriate to the flavor, there is more accuracy in identification

(Zampini et al. 2007) and when the odor was paired with the participant having the sweetened

wate
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the sweetened water and write down the flavor they believed the liquid was. A 5- point Likert

point likert scale was used to measure confidence from 1(not very confident) to 5(very

confident).

Procedure

Each participant received their own order of the 16 trials, which was generated in

advance using the website random.org. The procedure commenced as follows: participants

arrived at a classroom at Stockton University. Participants sat at a table at the front of the

classroom with their back to the door. This was to ensure they did not see the preparation of the

drinks and to limit any crossover effect from the odor when preparing the drinks. In order to

prepare the materials, all of the colors were added to the drinks before the testing session

began. Before each trial was taken to the participant, the odor for that designated trial number

was rubbed onto the sticker with the Q-tip to ensure the odor would not fade before the

participant sipped the drink. A table was placed outside of the classroom and used to prepare

the drinks. A trashcan was placed beside the table with a plastic bag that the used Q-tips were

placed in and tied in order to reduce any odor transference.

Each participant was told they would drink 16 different beverages all artificially

sweetened with Splenda. After they were done tasting the drink, they were to write down what

flavor they perceived the drink to be, and how confident they were in their answer on their

datasheet (See Appendix A). After the participants wrote down the flavor and confidence for the

drink, the cup was taken back to the table, and the researcher waited 30 seconds before taking

the next drink to the participant. A palate cleanser of regular filtered water was used in between

each trial. Each participant took about less than 30 minutes to complete the study.

Results

In order to analyze the data, I entered participant responses into an SPSS file. For the

non matched trials, responses were coded based on whether participant’s flavor matched the

color, the odor, or neither. For example, for the berry odor-orange color drink, berry flavor (e.g.,
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analyses using a Tukey’s post hoc revealed that for the match condition, participants’ flavor

matched color and odor significantly more compared to just the single sense odor (M = 0.41, SD

= 0.27, 95% CI of the
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more when two senses were presented for the match condition, and flavor matched odor more

often compared to color in the single sense trials. However, for the non-matched trials, flavor

perception matched the color of the drink significantly more often than odor.

Regarding the single sense trials, participants used odor to perceive flavor more than

color. Rosenblum (2010) explained that 80% of what we taste is due to smell. It is important to

note that for the single sense trials, there was only one sense being presented to the participant.

They were not experiencing two conflicting senses. Therefore, it could be that when only one

sensory cue is presented and participants are trying to perceive the flavor of a drink, smell is the

sense that would take over and be the determining factor for the perceived flavor. This may be

due to tastants of the drink, activated by taste buds, transmitting messages that overlapped with

the areas of the brain activated by the odor of the drink (Small et al., 1999; Poellinger et al.,

2001). The taste and smell messages that united helped provide the perception of flavor.

Participants were significantly more likely to match the flavor to both the odor and color

when both senses were presented and corresponding with each other in the match condition.

This may be due to corresponding sensory inputs from two senses as compared to

non-matching or single senses for the other trials. Since both of the senses of vision and odor

were representing the same expected flavor, it provided more information about the possible

flavor. Confidence ratings support this, as these were higher in the matched conditions

compared to the single sense or non matched conditions. It is critical to note that there was no

flavor to the drinks themselves, so odor and color were providing enough information to change

the flavor from sweetened water to that of berry, orange or grape.

Contrary to expectations, participants used color more to perceive flavor than odor for

the non-match trials. One possible explanation for the dominance of the visual cue during flavor

perception for the non-match trials may be due to a visual dominance effect. Colavita (1982)

found a visual dominance effect when comparing audio and visual stimuli. Participants

experienced conditions where they only heard an audio stimulus, only saw a visual stimulus, or
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experienced a combined audiovisual stimulus. Participants had to press a button if they felt they

heard an audio stimulus and press a different button if they felt they saw a visual stimulus.

When both of the audio and visual stimuli were presented to the participants at the same time,

participants pressed the auditory button significantly less than they pressed the visual button. It

supports that when two sensory modalities are presented, at least for vision and audition, vision

is the sense that is dominant. Hecht & Reiner (2009) conducted a study similar to the one

associated with the Colavita visual dominance effect with similar results. Participants were

presented with auditory stimuli, visual stimuli, haptic stimuli, combinations of pairs of those

stimuli, as well as all three stimuli presented together, and told to press buttons when they

heard, saw or felt the stimuli. Results revealed that when visual stimuli was paired with auditory

and haptic stimuli, participants pressed the visual button significantly more often and more

quickly than for the other sensory information. Many of the studies that look at the Colavita

visual dominance effect include the senses of vision, hearing, and touch. There has not been

research testing the effect of odor and vision on flavor perception specifically. Knowing the

visual dominance effect exists, perhaps due to the fact that for the non-match trials there were

two different senses being presented, vision would rightfully be the sense to take over and

override the sensory input of the odor.

As it pertains to the multisensory theory, the results support that not all senses are

created equal. The multisensory theory explains that flavor is influenced by all of the five

senses, as well as other external environmental cues. However, due to the visual dominance

effect that took place during the non-match trials, there could be different influences on flavor

perception depending on which sensory cues are being presented and how many sensory cues

are being presented at one time. There also could be more complex brain activity during the

flavor perception experience especially in the visual cortex area when vision is paired with

another sensory stimulus. Furthermore, the findings of this research could be used to aid in

enhancing the eating and drinking experience as a whole. If an individual is trying to make
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drinking water a more enjoyable experience and they only wanted to alter one aspect of it,

altering the odor of the water could be the proper single sense effect to influence the flavor

perception. Additionally, if there is a meal that already has a set odor cue, an individual could

change the color of the food to allow for a potential visual dominance effect to make the flavor

perception different and the meal easier to eat.

Limitations

A possible limitation of the study was that open response answers were used for the

participants to identify the flavors of the drinks instead of a forced choice response. The open

response answers lead to more variability in the data. A forced choice response could have

eliminated some variability and kept the responses more centered around those chosen flavors

of berry, orange, and grape. However, using an open response option allowed the participants to

freely make a choice about what the perceived flavor of the drink was, and did not activate

certain expectations to influence flavor. Open choice responses allowed flavor perception to

only be influenced by the color or odor. A second possible limitation may have been that the

odor of the oil on the stickers was not strong enough, fading slightly between the preparation

table to the participant’s table. It may be one explanation for why flavor matched color instead of

odor in the nonmatched trials. However, considering the participants’ flavor matching the odor

(more than color) in the single sense trials, they were still able to smell it. Lastly, there was a

lack of diversity in the sample, which was mostly female and mostly White. Research will need

to expand on this before being able to broadly generalize these results.

Further Research

The results of this study provided a foundation for multiple new pathways of research

regarding the multisensory theory and the influence of different senses on flavor perception. Not

only would future research be useful for replication purposes, it would be useful to examine if

there are similar effects of the influences of color and odor on flavor on a wider variety of colors

and odors. This study contained two sweet flavors and one citrus flavor, but previous research
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has shown that irritants, such as spice, can alter the way flavors are perceived. In addition,

examining the influence of more than two senses on flavor perception will help further determine

the effect of individual senses and explore whether visual dominance applies to flavor

perception as well. Further exploration of sensory influence on flavor perception may include

investigating if perceived flavor of a beverage with no real flavor, as in my current study, would

lead to participants matching the “flavor” of that beverage to a beverage that actually had that

flavor. This would examine if the influenced experience of a flavor that was presented in my

current study, is of the same effect that a genuine flavor would have on the perception of an

individual. Since this is only one study, perhaps there are multiple ways in which senses can

conflict with each other and inhibit other senses when it comes to flavor perception, which has

yet to be explored.

Conclusion

Flavor perception is a complex phenomenon, one that is influenced by multiple external

cues. All of the five senses contribute to the way that an individual experiences and perceives a

flavor, but it was unknown whether the strength of each sense differed on changing the

perception of flavor. When two corresponding senses were presented, flavor perception was

more likely to match the color and odor cues as compared to when only one sense was

presented. In the single sense trials, odor was more influential as compared to color. However,

when two conflicting sensory inputs were presented, color was more influential than odor for

flavor perception. The multisensory theory provides a strong framework in order to investigate

why certain senses have the influence that they do, and how new knowledge of the

mechanisms of flavor perception can have the potential to enhance a portion of our lives that is

necessary for survival.
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Table 1

Color and odor stimuli

____________________________________________________________________________
Color Odor Flavor

____________________________________________________________________________
Red Berry Berry

Purple Grape Grape

Orange Orange Orange

Colorless Odorless No Flavor
____________________________________________________________________________
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Table 2

Matched, Single Sense, and Non-matched Trials

____________________________________________________________________________
Conditions Odor Color
___________________________________________________________________________
Match

Berry Red

Grape Purple

Orange Orange
___________________________________________________________________________
Non-Match

Berry Purple

Berry Orange

Orange Red

Orange Purple

Grape Red

Grape Orange
___________________________________________________________________________
Single Sense

Berry Colorless

Orange Colorless

Grape Colorless

Odorless Red

Odorless Orange

Odorless Purple
___________________________________________________________________________
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Table 3

Correlations for Trial Conditions and Confidence

Note. One asterisk (*) is p < .05, and two asterisks (**) is p < .01. .
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Figure 2

Dual (Match) vs. Single Sense Classification

Note. asterisks (*) imply significant differences at the .05 level between conditions. Connector

lines indicate which groups are different from one another.
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Appendix A

Trial Number Labels

Each cup of water had a number on the side from 1 to 16 that corresponded with a

specific stimuli combination. The labels were as follows:

1) orange odor - orange color

2) cherry odor - purple color

3) odorless - purple color

4) grape odor - colorless

5) orange odor - purple color

6) grape odor - red color

7) odorless - orange color

8) cherry odor - orange color

9) odorless - colorless

10) orange odor - red color

11) grape odor - orange color

12) cherry odor - red color

13) orange odor - colorless

14) odorless - red color

15)
orl
o

olqed
colqed

rape


