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Abstract: 

Distaste is a primitive rejection impulse triggered by the ingestion of unpleasant tasting 

substances, many of which are toxic. Theoretical work has suggested that distaste may be 

the evolutionary precursor for both physical disgust, which serves to defend against 

disease and other threats to biological fitness, and moral disgust, which defends against 

threats to the social order. Consistent with this proposal, recent work has found that the 

facial expression of distaste may be similar to that of disgust. Specifically, raising of the 

upper lip has been reported in distaste, physical disgust and moral disgust. However, 

competing evidence suggests that distaste and disgust expressions may differ, and the 

facial expressions of adult humans in response to distasteful stimuli remain poorly 

specified. To address this issue, we conducted a preliminary experiment to investigate the 

upper lip raise in adult volunteers (N = 15) as they tasted unpleasant, pleasant and neutral 

liquids. We found increased raising of the upper lip for bitter and salty tastes relative to 

water and sweet, suggesting that the upper lip raise is indeed part of the distaste 

expression. Given evidence that the upper lip raise is also present in physical and moral 

disgust, these results are consistent with the proposed origins of disgust in distaste.   
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For omnivorous species such as humans, the world of food is fraught with danger. 

One hazard is poison: many plants and some animals produce toxins to deter predation. 

To defend against this threat, animals have evolved the ability to detect toxic compounds. 

Interestingly, although toxins have diverse chemical structures, they are almost all 

perceived as bitter (Belitz & Wieser, 1985; Garcia, Hankins, Denton, & Coghlan, 1975; 

Meyerhof et al., 2010). The relationship between bitterness and toxicity may represent a 

form of co-evolved signaling between predators and prey, since the bitter taste warns 

predators against the costs of consuming a particular prey species. Both sides benefit 

from this signaling: the predator avoids ingesting more than a mouthful of the toxic prey, 

and the prey avoids extensive injury (Garcia et al., 1975). Once a bitter taste is perceived, 

mammals display a characteristic pattern of behavior known as the distaste response, 

which consists of efforts to eject the bitter substance from the mouth (Berridge, 2000; 

Grill & Norgren, 1978; Rozin & Fallon, 1987; Steiner, 1973). The distaste response can 

be observed in human infants within the first hours of birth (Steiner, 1973), as well as in 

diverse species including rats (Grill & Norgren, 1978), ferrets (Bate-Smith, 1972), cats 

(Bate-Smith, 1972), and both Old World and New World monkeys (Berridge, 2000).  

Besides toxicity, another foodborne threat is disease: bacteria, viruses and 

parasites can all be transmitted through food. Disease represents a more complex and 

dynamic threat than poison. Whereas poisons are dangerous in proportion to their dose, 

there is no safe dose for a pathogen, since living organisms can reproduce exponentially 

(Pinker, 1997). Thus, a single invisible microorganism can be sufficient to cause illness. 

It is also in the pathogen’s interest to infect the host without being detected, so pathogens 

usually do not signal their presence in the same way that prey species may signal their 
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toxicity. Instead, an organism that wishes to avoid being infected must recognize stimuli 

that are incidentally associated with contamination, such as particular odors, tastes or 

textures. To make matters worse, pathogens can also spread easily and invisibly from one 

substance to another. Lastly, whereas poisons are often only dangerous when eaten, 

pathogens can enter the body via other routes, including the airway, eyes and skin.  

Given the greater complexity of the threat posed by disease, the distaste response 

that serves well to defend against poison is inadequate to protect against disease. Instead, 

disease avoidance is organized around the emotion of disgust (Curtis, Aunger, & Rabie, 

2004; Oaten, Stevenson, & Case, 2009). Disgust motivates withdrawal from and 

avoidance of suspect foods, or failing that, efforts to remove the food from the self by 

spitting, washing or vomiting (Rozin, Haidt, & McCauley, 1999). Disgust differs from 

distaste in being less closely tied to the sense of taste (Rozin & Fallon, 1987). For 

example, one need not taste a rotten food in order to be disgusted by it, whereas a bitter 

food is only aversive once ingested. Disgusting stimuli are also perceived to be much 

more contaminating than distasteful stimuli—an individual might eat around a bitter 

vegetable on their plate, but likely not a gob of feces (Rozin & Fallon, 1987).   

In spite of the differences between distaste and disgust, the two responses share 

the core aim of defending the body against ingestion of harmful substances. This shared 

goal, combined with the ancient origins of distaste (Garcia et al., 1975), has led to the 

proposal that distaste may be the evolutionary precursor for disgust (Rozin et al., 1999; 

Rozin & Fallon, 1987; Rozin, Haidt, & McCauley, 2000). In turn, disgust is believed to 

have acquired an expanded set of stimulus triggers over the course of biological and 

cultural evolution (Rozin et al., 2000). Some of these triggers, such as blood and incest, 
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have retained a clear relevance to biological fitness (Curtis & Biran, 2001; Fessler & 

Navarrete, 2004; Westermarck, 1921); others, such as individuals who violate moral 

norms, have moved beyond the physical world and into the social realm (Chapman, Kim, 

Susskind, & Anderson, 2009; Rozin et al., 2000; Wheatley & Haidt, 2005).  

One potential source of evidence for this evolutionary taxonomy of disgusts is the 

facial expressions that are associated with various forms of distaste and disgust. 

Specifically, if distaste, disgust toward physical stimuli, and moral disgust share a 

common facial expression, it would provide support for the idea that both physical and 

moral disgust derive from distaste and activate a primitive rejection impulse rooted in the 

avoidance of toxins. In theoretical work, the facial movements that have been most 

closely tied to disgust are raising of the upper lip and wrinkling of the nose (Darwin, 

1998; Ekman & Friesen, 1975; Ekman, Friesen, & Hager, 2002; Izard, 1971), which are 

produced by contraction of the levator labii superioris and levator labii superioris 

alaeque nasi muscles, respectively (Ekman et al., 2002; Waller et al., 2006; Diogo et al., 

2009). 

Empirically, several different techniques have been used to examine the facial 

expressions associated with distaste and various forms of disgust. One is 

electromyography (EMG), which measures electrical activity caused by contraction of 

the facial muscles. To test the proposed evolutionary taxonomy of disgust, we (Chapman 

et al., 2009) recorded EMG from the levator labii muscle region while different groups of 

participants drank unpleasant liquids (tapping distaste), viewed photographs of 

contamination and injuries (tapping physical disgust), and played an economic game in 

which they were treated unfairly (tapping moral disgust). Consistent with the taxonomy 
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of disgust, we found that levator labii activity increased with increasing reports of 

gustatory unpleasantness; with increasing self-reports of disgust in response to physical 

disgust photographs; and with increasing unfairness in the economic game. The extension 

of levator labii activity into the moral domain has also been replicated in a study in which 

participants underwent EMG while reading scenarios describing unfair behavior such as 

cheating (Cannon, Schnall, & White, 2011).  

Although these studies provide general support for continuity of facial 

expressions from distaste through physical disgust to moral disgust, a limitation of EMG 

is that it cannot distinguish between raising of the upper lip and wrinkling of the nose, 

since electrodes placed above one muscle may detect electrical activity from neighboring 

muscles (Tassinary, Cacioppo, & Vanman, 2009). This raises the possibility that there 

may be subtle differences between the expressions associated with distaste, physical 

disgust and moral disgust. To investigate this possibility, Rozin and colleagues (Rozin, 

Lowery, & Ebert, 1994) used an expression-recognition paradigm in which participants 

matched written scenarios (e.g., “eating something very bitter”) to photographs of 

individuals posing different facial movements. The upper lip raise was found to be 

associated with moral disgust and disgust related to injuries and sex, but not with distaste 

or the most basic, food-related forms of physical disgust. Instead, the latter were 

associated with facial actions such as mouth gaping and puckering of the lips.  

These results do not support continuity of facial expressions across different 

forms of disgust and distaste, suggesting instead that there is discontinuity in the 

affective-motivational systems that underlie disgust and distaste. However, the use of an 

expression recognition paradigm represents a limitation, since it is not clear whether the 
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facial movements identified using this method are consistent with spontaneous 

expressions evoked by real stimuli (Barrett, 2006). An approach that does not have the 

limitations of expression recognition or EMG is to film participants as they experience 

various stimuli and then code their facial expressions using a system such as the Facial 

Action Coding System (FACS; Ekman et al., 2002). However, few studies of this type 

have been conducted in relation to distaste and disgust. To our knowledge, for example, 

there have been no expression coding studies of moral disgust.  

With respect to physical disgust, several studies have coded spontaneous 

expressions in response to disgusting videos or episodic recall of disgusting situations, 

but many of these reported only “disgust expressions” rather than coding nose wrinkling 

and upper lip raising separately (Bersani et al., 2013; Eckart, Sturm, Miller, & Levenson, 

2012; He, Boesveldt, de Graaf, & de Wijk, 2016; Kunz, Peter, Huster, & Lautenbacher, 

2013; Smith & Ellgring, 1996; Tsai, Chentsova-Dutton, Freire-Bebeau, & Przymus, 

2002; Valeriani et al., 2015). Two studies have reported detailed facial responses to 

unpleasant odors (Saku & Ellgring, 1992; Weiland, Ellgring, & Macht, 2010). Of these, 

one was clinically focused and did not perform statistical comparisons between different 

odors (Saku & Ellgring, 1992). The other study found increased upper lip raising, but not 

nose wrinkling, in response to unpleasant compared to pleasant odors (Weiland et al., 

2010). There have also been studies of facial responses to odors in infants (Soussignan, 

Schaal, Marlier, & Jiang, 1997; Steiner, 1979; Steiner, 1977), but it is not clear whether 

infant expressions are comparable to their adult counterparts. Moreover, it is not possible 

to investigate true disgust in infants, since disgust (as distinct from mere unpleasantness) 

does not develop until around three years of age (Rozin & Fallon, 1987) 
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Studies of the distaste expression among adults are also rare. Of the studies that 

exist, some did not perform statistical comparisons between different tastes, or employed 

a non-standard expression coding scheme (Saku & Ellgring, 1992; Steiner, 1979; Steiner, 

Lidar-Lifschitz, & Perl, 1993), making it difficult to compare the results of different 

studies. Two studies have reported increased upper lip raising, but not nose wrinkling, in 

response to unpleasant relative to pleasant tastes (Greimel, Macht, Krumhuber, & 

Ellgring, 2006; Weiland et al., 2010).  

In summary, the evidence regarding spontaneous adult facial expressions of 

distaste and disgust is extremely limited, but suggests that the upper lip raise is present 

for both distaste and physical disgust, whereas the nose wrinkle is present for neither 

(Greimel et al., 2006; Weiland et al., 2010). This contradicts the findings based on facial 

expression recognition that were described above, which suggested that the upper lip 

raise is associated with more abstract forms of disgust (e.g. injuries, sex) but not with 

distaste or food-related disgust (Rozin et al., 1994). Given the limited and contradictory 

evidence regarding facial expressions of distaste and disgust, and their importance for 

evolutionary models of disgust, our goal in the current research was to add to the relevant 

literature on spontaneous expressions. For this preliminary study, we chose to focus on 

nose wrinkling and upper lip raising in response to taste stimuli. We predicted that the 

upper lip raise, but not the nose wrinkle, would occur in response to distasteful but not 

pleasant or neutral stimuli. Given evidence that the upper lip raise is also present in 

physical disgust (Weiland et al., 2010), this result would support the idea that distaste is 

the evolutionary precursor for disgust. 
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In addition to the general lack of information about facial responses to distaste, it 

remains unclear whether upper lip raising and/or nose wrinkling occur specifically in 

response to bitter tastes, which are most closely associated with toxicity (Garcia et al., 

1975), or whether the upper lip raise may reflect a more general reaction to unpleasant 

tastes. One previous study found upper lip raising (but not nose wrinkling) to sour and 

salty as well as bitter tastes (Weiland et al., 2010). However, this research did not control 

for differences in the subjective intensity of stimulation across tastes. It is therefore 

possible that bitterness could be preferentially associated with the upper lip raise when 

compared to other tastes of equivalent subjective intensity. Alternatively, upper lip 

raising might represent a general hedonic reaction to unpleasant taste stimulation, in 

which case it would be evoked by sour and salty in addition to bitter.  

To address this issue, we examined spontaneous expressions evoked by bitter, 

salty, sour, sweet and neutral tastes. To minimize differences in valence and intensity 

across tastes, we employed a matching procedure in which stimulus concentrations were 

individually selected for each participant prior to expression recording (Small et al., 

2003). Participants were then filmed while they drank small samples of each taste, and 

facial responses were analyzed with a computer software package developed to code 

facial expressions according to the FACS system (Bartlett, Littlewort, Frank, & 

Lainscsek, 2006). We expected that there would be few if any differences between the 

unpleasant tastes (i.e. bitter, salty, sour), indicating that the upper lip raise may represent 

a common hedonic reaction rather than a stimulus-specific response to bitter tastes.  
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Method 
Participants 

 Eighteen subjects (12 female, mean age 23.5 years) took part in the experiment. 

All subjects gave informed consent prior to beginning the experiment. Procedures were 

approved by the research ethics board of the University of Toronto and were in 

compliance with the Declaration of Helsinki for Medical Research involving Human 

Subjects.  

 

Gustatory stimuli and matching procedure 

Solutions of quinine sulfate, sodium chloride, citric acid and sucrose in tap water 

were used as bitter, salty, sour and sweet stimuli respectively. Before beginning the 

experiment, a matching procedure was employed to reduce differences in subjective 

valence (positivity/negativity) and intensity (strength) among the different tastes. The aim 

was to select, for each participant, one bitter, one salty, and one sour stimulus 

concentration, such that these three tastes were approximately matched on valence and 

intensity. For the sweet stimulus, the aim was to select a concentration of approximately 

equivalent intensity to the unpleasant stimuli. 

Stimulus concentrations were selected by having each participant sample and rate 

the valence and intensity of four (for salty and sweet) or five (for bitter and sour) 

different concentrations of each taste (as in Small et al., 2003). Starting concentrations for 

bitter ranged from 1.0 x 10-3 M to 1.0 x 10-5 M; for salty, 5.6 x 10-1 M to 1.0 x 10-1 M; for 

sour, 1.0 x 10-1 M to 1.8 x 10-3 M, and for sweet, 1.0 M to 1.8 x 10 -1 M. 

To obtain subjective ratings for a given taste, participants sampled the different 

concentrations of that taste in random order. Intensity was rated compared to water (no 
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intensity), on a scale from 0 (“no intensity”) to 10 (“extremely intense”). Valence was 

rated by comparing the pleasant- or unpleasantness of the tastant to water (neutral 

valence), on a scale from 0 (“extremely unpleasant”) to 10 (“extremely pleasant”).  

The order in which the four tastes were presented during the matching phase was 

randomized across participants. After all the ratings were complete, the experimenter 

reviewed the participant’s responses to select concentrations (one per taste) with the 

desired rating. For the bitter, salty and sour stimuli, the experimenter selected a 

concentration with a valence rating as close as possible to 3 (i.e., a label of “unpleasant”). 

This valence rating was selected based on pilot testing, which indicated that it was 

unpleasant for participants but tolerable for the duration of the study. By definition it was 

not possible to match the sweet stimulus to the unpleasant stimuli on valence. However, 

an effort was made to equate the sweet and unpleasant stimuli on intensity. Pilot testing 

indicated that the unpleasant stimuli tended to have an intensity rating around 7, so the 

experimenter selected a sweet stimulus with approximately this intensity for each 

participant. The concentrations selected in the matching phase were used throughout the 

rest of the experiment.  

 

Video recording  

 In the remainder of the experiment, participants were recorded at a resolution of 

320 x 240 pixels, 30 frames/s, using a Canon Elura 85 digital video camcorder. 

Participants were aware of being filmed and the camera was not concealed.  
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Procedure 

The video phase of the experiment took place after the matching procedure. 

Participants were tested in private booths, which the experimenter left during testing. The 

four different tastes plus water (serving as a control) were presented in separate blocks. 

The order of the blocks was randomized across participants. Each block consisted of five 

trials in which participants drank a 2 ml sample of the same taste solution. To control the 

timing of each trial, instructions were presented on a computer monitor. Trials began with 

a 20 s quiet baseline period, then an 8 s period when participants grasped the first sample 

cup and brought it to their lips, followed by 8 s when participants sipped, swished and 

held the contents of the cup in their mouth without swallowing. During the following 8 s, 

participants swallowed the sample. This period (8 s x 30 frames/s = 240 frames) was the 

only portion of the video used for further analysis, as the participant’s face was not 

occluded by the cup and expressions were least likely to be contaminated by spurious 

movements due to sipping etc. Participants then rinsed their mouths with water, 

swallowing when finished. Finally, participants rated the sample’s valence and intensity 

on the computer, using the same scales presented during the matching procedure.  

 

Video analysis 

Facial expression coding software 

The Computer Expression Recognition Toolbox (CERT) was used to analyze 

video data (Bartlett et al., 2006). CERT is a fully-automated computer package that uses 

computer vision and machine learning to code facial expressions according to the widely-
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used Facial Action Coding System (FACS; Ekman et al., 2002). For each video frame, 

CERT automatically detects 19 individual facial action units (AUs), each of which is 

associated with the contraction of a distinct facial muscle. In the present research, we 

focus on AU10, the upper lip raise, as well AU9, the nose wrinkle. CERT first applies a 

bank of Gabor filters to the image, which provides detailed information about the 

locations, spatial frequencies, and orientations of edges in the image. The Gabor 

magnitudes computed from the image are then fed into a separate linear classifier for 

each facial AU in order to decide whether that action is present or absent (Bartlett et al., 

2006). Each linear classifier is trained using a support vector machine (SVM) to learn an 

optimal decision boundary between examples in which an AU is present (+) or absent (-). 

Positive and negative examples of an AU category are separated by a margin around the 

boundary, and an example is classified according to which side of the margin it falls on. 

Although the classifiers are trained to output a binary decision (present or absent), the 

raw output of the classifier is a real, continuous number that represents the distance of an 

example from the separating margin. This real value is a useful measure of AU intensity 

that indicates how strongly an AU is predicted to be present (positive values) or absent 

(negative values), and has been shown previously to agree well with intensity 

measurements provided by human FACS coders, which are ordinal (Bartlett et al., 2006).  

The reliability of CERT coding has been examined in several ways. In the 

validation work conducted during development, CERT was used to code both posed 

facial expressions and spontaneous expressions recorded while participants were 

interviewed about strongly-held political views (Bartlett et al., 2006). CERT coding was 

compared to ratings made by an expert human coder. Overall percent agreement with 
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human coding was 90% and 93% for posed and spontaneous expressions, respectively. 

Reliability was also examined by computing area under the ROC (AUROC), a measure 

that accounts for the proportion of targets and non-targets as well as decision bias. 

AUROC can range from 0.5 (chance performance) to 1.0 (perfect performance). The 

average AUROC was 0.93 for posed expressions and 0.71 for spontaneous expressions, 

indicating good agreement with human coding.  

It is helpful to compare CERT reliability to inter-rater reliability for human FACS 

coders, although the problems are somewhat different. In computing CERT reliability, it 

is assumed that the human ratings are correct, whereas in computing inter-rater reliability 

for human coders, the “truth” is not known and agreement is the only standard. 

Accordingly, signal-detection methodology is not used for human-human inter-rater 

reliability calculations. Instead, in FACS studies, reliability is typically examined by 

computing the number of AUs that the coders agree on relative to the total number of 

AUs scored by both raters. Using this measure, inter-rater reliability for human FACS 

coding of spontaneous expressions is typically on the order of  0.70 to 0.75 (Craig & 

Patrick, 1985; Ekman et al., 2002; Ekman, Friesen, & Ancoli, 1980; Patrick, Craig, & 

Prkachin, 1986). While this index cannot be compared to signal-detection based 

measures, it compares very favourably with the percent agreement between CERT and 

human coding for spontaneous expressions, where the average agreement was 0.93 across 

19 AUs (Bartlett et al., 2006).  

   Video analysis procedure and data reduction 

Prior to CERT analysis, video data were screened to exclude any trials in which 

the participant’s face was partially occluded. Three subjects did not have any valid trials 
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in the water condition according to these criteria and their video data was dropped from 

further analysis, for a final sample size of 15. Trials containing 5 or more contiguous 

frames that CERT could not analyze were removed. Gaps of less than 5 contiguous 

frames were linearly interpolated from the nearest available frames before and after the 

gap.  

As mentioned, CERT produces 19 AU codes for each frame of video. Even 

focusing on only two of these AUs, for fifteen subjects and each of five different tastes, 

with up to five eight-second trials recorded at 30 frames per second, CERT analysis 

produces an extremely large dataset. Data reduction was therefore performed by 

computing an average value across all 240 frames comprising the 8s of the swallow 

period. The five trials within each taste block were then averaged together so that each 

subject had a single AU activation measurement in each taste condition.  

 

Data analyses 

 Valence and intensity ratings for the selected bitter, sweet, salty, sour and neutral 

stimuli were analyzed using separate repeated-measures ANOVAs with follow-up paired 

samples t-tests. Similarly, the effect of the different taste stimuli on upper lip raising and 

nose wrinkling were analyzed with separate repeated-measures ANOVAs for each taste 

and facial movement, followed up with paired samples t-tests. Given the somewhat 

exploratory nature of the research, we did not correct for multiple comparisons.  
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Results 

Gustatory stimuli: Selected concentrations and ratings  

 Table 1 gives the modal concentrations selected for use during the video phase of 

the experiment, as well as the mean valence and intensity ratings of the selected 

concentrations both during the matching procedure and during the video phase. The 

ratings show that the bitter, salty, sour and sweet stimuli were well-equated on subjective 

intensity in both phases (matching phase: F[3,51] = 1.32, p = 0.277, η2 = 0.072; video 

phase: F[3,51] = 1.53, p = 0.219, η2 = 0.082). Within the unpleasant tastes, we did not 

fully succeed at equating the bitter, salty and sour stimuli on subjective valence 

(matching phase: F[2,34] = 8.41, p < 0.001, η2 = 0.331; video phase: F[2,34] = 11.7, p < 

0.001, η2 = 0.407). During the matching phase, bitter and salty did not differ from one 

another in valence (t[18] = 1.72, p = 0.104), but were more unpleasant than sour (t[18] = 

3.03, p = 0.008). During the video phase, bitter was rated as more unpleasant than salty 

(t[17] = 3.43, p = 0.003), but salty did not differ from sour (t[17] = 1.42, p = 0.173). 

 

Analysis of facial action units  

For the nose wrinkle, there was no significant effect of taste (F[4,56] = 1.16, p = 

0.340, η2 = 0.076). By contrast, we found a significant effect of taste type for the upper 

lip raise (F[4,56] = 5.53, p < 0.001, η2 = 0.283). As shown in Figure 1, upper lip raising 

increased linearly from sour, to salty, to bitter tastes (F[2,28] = 3.32, p = 0.05), and was 

very low for both water and sweet. Indeed, water and sweet did not differ significantly 

from one another (t < 1). Surprisingly, sour did not differ from sweet (t[14] = 1.56, p = 

0.141). However, there was stronger upper lip raising for both bitter (t[14] = 3.64, p = 
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0.003) and salty (t[14] = 2.89, p = 0.012) compared to sweet. Bitter and salty did not 

differ from one another (t[14] = 1.26, p = 0.230).  

Although the different tastes were matched on subjective intensity during the 

video phase, there were significant differences in valence among the unpleasant tastes. 

This raises the possibility that the lack of increased upper lip raising for the sour taste 

compared to sweet could be because the sour taste was less unpleasant than the other 

negative tastes. However, the sour taste was still much more unpleasant than sweet 

(Table 1), arguing against this interpretation. Furthermore, sour and salty did not differ 

significantly in valence (see above), even though there was significant upper lip raising 

for salty but not sour.  
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Discussion 

Our goal in the current research was to examine the involvement of the upper lip 

raise and a related facial movement, the nose wrinkle, in adult facial expressions of 

distaste. We found increased raising of the upper lip for bitter and salty solutions, but not 

sour solutions, relative to sweet and neutral (water). By contrast, wrinkling of the nose 

did not vary across the different tastes. 

Increased raising of the upper lip in response to bitter and salty stimuli is 

consistent with the small amount of previous work that has been conducted on 

spontaneous distaste expressions in adults (Greimel et al., 2006; Weiland et al., 2010). It 

also argues against the view that the upper lip raise is reserved for forms of disgust that 

are more removed from gustatory sensation (Hagen et al., 2009; Rozin et al., 1994). Past 

work that did not find upper lip raising in response to distaste used an expression 

recognition methodology, rather than examining spontaneous expression production 

(Rozin et al., 1994). This methodological difference could account for the divergent 

findings, and suggests that caution may be needed when interpreting the results of 

recognition studies (Barrett, 2006).   

Beyond distaste, the upper lip raise has been linked to physical disgust in 

theoretical work (Darwin, 1998; Ekman et al., 2002; Ekman & Friesen, 1975; Izard, 

1971) and in a small amount of empirical work (Weiland et al., 2010). Activity of the 

levator labii muscle region more generally has also been linked to moral disgust (Cannon 

et al., 2011; Chapman et al., 2009). The continuity of upper lip raising from distaste 

through physical disgust, and perhaps to moral disgust, supports the idea that distaste 

may be the evolutionary precursor for disgust (Rozin et al., 2000). According to this 
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theory, the ancient rejection impulse of distaste, rooted in chemosensory defense against 

toxins, may have been co-opted to defend first against oral contact with potential 

pathogens, then against other threats to biological fitness (e.g. blood, inappropriate sexual 

partners), and finally against threats to the social order (Rozin et al., 2000). This 

expansion represents a striking example of the evolutionary process of exaptation, in 

which a pre-existing structure assumes a new functional role (Bock, 1959; Gould & Vrba, 

1982; Mayr & Tax, 1960).  

The function of the upper lip raise in disgust and distaste toward bitter and salty 

stimuli is not yet clear. Facial expressions of emotion play a role in social communication 

(Schmidt & Cohn, 2001), signaling the internal state of the sender (Ekman et al., 1980) or 

communicating social motivations (Fridlund & Russell, 2006). In distaste and physical 

disgust, the upper lip raise may signal to conspecifics that a particular food or other 

stimulus poses the threat of toxicity or disease. Given that ancestral humans likely lived 

in small groups of related individuals, this signaling could increase inclusive fitness 

(Cosmides & Tooby, 2000).  

Another potential signaling function is suggested by the finding that the upper lip 

raise is also part of the facial response to pain in both adult and infant humans (Craig & 

Patrick, 1985; Grunau & Craig, 1987; Lilley, Craig, & Eckstein Grunau, 1997; Patrick et 

al., 1986) and rats (Langford et al., 2010). This implies that the upper lip raise may be 

part of a general response to certain kinds of rather immediate noxious stimuli, perhaps 

serving to communicate distress to others. With respect to moral disgust, the upper lip 

raise may communicate disapproval, both to the individual who committed the 
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questionable act and to bystanders. Indeed, other peoples’ disgust facial expressions have 

been shown to cue feelings of shame in their target (Giner-Sorolla & Espinosa, 2011).  

Beyond its potential role in social communication, the upper lip raise might also 

serve a more direct protective function. Recent work supports Darwin’s (1872/1998) 

thesis that emotional expressions may originally have evolved in order to regulate the 

sensory organs of the face, before being co-opted for use in social communication (Lee, 

Mirza, Flanagan, & Anderson, 2013; Susskind et al., 2008). For example, widening of the 

eyes in the fear expression has been shown to increase visual field size, facilitate 

detection of peripheral stimuli, and increase the speed of saccades. Conversely, the 

disgust expression reduces the exposed surface of the sclera, the volume of the nasal 

cavities and the amount of air inspired during breathing (Susskind et al., 2008). These 

changes may serve to protect the eyes and airway from contact with pathogens. The 

potential protective role of the upper lip raise in particular is somewhat unclear, but it 

may facilitate ejection of distasteful or disgusting substances from the mouth.  

The absence of upper lip raising in response to the sour taste was unexpected, 

especially since the sour stimulus was matched to the bitter and salty stimuli on 

subjective intensity, and to the salty stimulus on valence. However, previous research that 

reported upper lip raising in response to sour stimuli did not control for valence or 

intensity (Weiland et al., 2010). Thus, it could be that more unpleasant or higher-intensity 

sour stimuli are needed to evoke upper lip raising, perhaps implying that bitter and salty 

stimuli are hazardous at lower concentrations than sour stimuli. This seems quite 

plausible: many poisons are bitter, and can be harmful at very low levels (Garcia et al., 

1975), while excess salt intake causes vomiting and even death due to electrolyte 
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imbalances (Moder & Hurley, 1990). By contrast, sour tastes may indicate unripe fruit or 

spoilage (Lindemann, 2001), becoming dangerous only at higher concentrations that are 

not often encountered in the natural world.  

It is interesting that we did not observe nose wrinkling, the other facial action that 

is characteristic of disgust (Darwin, 1872/1998; Ekman et al., 2002; Ekman & Friesen, 

1975; Izard, 1971), in response to distasteful stimuli. This finding suggests that in 

addition to commonality between distaste and disgust, there may also be some 

specialization. In terms of social communication, different facial expressions for distaste 

and disgust could provide fine-grained social signals, communicating the presence of 

potential toxins vs. pathogens. In terms of a potential direct protective function, while 

distaste and disgust may share an emphasis on defending against oral ingestion of 

potentially harmful substances—reflected in the upper lip raise—disgust may add an 

olfactory defensive component—reflected in the nose wrinkle (Susskind et al., 2008).  

Both explanations are consistent with the idea that disgust may have originated from 

distaste, but later branched out through the acquisition of new stimulus triggers and 

specialized expressive, experiential and behavioural features (Chapman et al., 2009; 

Hagen et al., 2009; Rozin et al., 1999).  

A potential problem with the olfactory defensive account of the nose wrinkle is 

that previous studies of adult facial responses to odors have not reported increased nose 

wrinkling for unpleasant relative to pleasant odors (Weiland et al., 2010). However, the 

unpleasant odors presented in this work may not have been disgusting. Disgusting stimuli 

are generally those that have the potential to harbor pathogens (Curtis & Biran, 2001); 

they differ from merely unpleasant stimuli in that they are perceived as contaminating 
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(Rozin & Fallon, 1987), which may reflect an intuitive understanding that harmful 

microorgamisms can spread easily and invisibly from one object to another (Pinker, 

1997). Past work did not investigate perceived contamination to determine whether the 

unpleasant odors were truly disgusting (Weiland et al., 2010). Indeed, the unpleasant 

odors that were used—clove, garlic and fish—are common and often acceptable foods. 

Future research could examine whether odors that are more closely tied to contamination 

and disease, such as sulfur (rotten eggs) or butyric acid (vomit), evoke the nose wrinkle. 

The current research has some limitations that should be considered. First, the 

sample size in this preliminary study was small, and given the somewhat exploratory 

nature of the research, we did not correct for multiple comparisons during statistical 

analysis. Therefore, the results should be confirmed with a larger sample. It would also 

be beneficial for future research to directly compare facial responses to distaste, physical 

disgust and perhaps also moral disgust in the same subjects, since this would provide the 

strongest test of similarity in facial expressions. Future research could also examine 

whether facial responses are related to individual differences measures of distaste and 

disgust, such as the ability to taste 6-n-propylthiouracil (PROP; Bartoshuk, 1979; Hall, 

Bartoshuk, Cain, & Stevens, 1975), self-report measures of sensitivity to physical disgust 

such as the Disgust Scale (Haidt, McCauley, & Rozin, 1994; Olatunji et al., 2007), and 

measures such as the Moral Foundations Questionnaire (Graham et al., 2011). If the 

upper lip raise is a shared feature of distaste, physical disgust and moral disgust, it may 

be that individual differences measures in one domain (e.g. distaste) will predict the 

strength of upper lip raising in response to another stimulus domain (e.g. physical 

disgust). Conversely, if the nose wrinkle is specific to physical disgust, we might expect 
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that individual differences in distaste (e.g. PROP taster status) should not predict facial 

responses to physical disgust stimuli.  

In conclusion, we found that bitter and salty but not sour tastes evoked raising of 

the upper lip. Nose wrinkling was not observed in response to any of the stimuli. Since 

the upper lip raise also appears to be part of the facial response to physical (Weiland et 

al., 2010) and perhaps also moral disgust stimuli (Cannon et al., 2011; Chapman et al., 

2009), these results provide support for the idea that distaste may be the evolutionary 

precursor for disgust.  
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Captions 

Table 1. Parameters of the gustatory stimuli, showing modal concentration selected for 

use during the video phase, as well as mean valence and intensity ratings of selected 

concentrations during the matching and video phases. Concentrations are show in molars; 

means and standard deviations are given for valence and intensity. For valence, lower 

numbers indicate greater unpleasantness. For intensity, higher numbers indicate greater 

intensity.  

 

Figure 1. Upper lip raising and nose wrinkling in response to the different tastes. Action 

unit scores indicate how strongly the action is predicted to be present (positive values) or 

absent (negative values). See Methods for details. Error bars give +1 SEM. 
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Table 1. 

 Modal Concentration Valence Rating Intensity Rating 

  Matching 

phase 

Video 

phase 

Matching 

phase 

Video 

phase 

Sweet 1 x 10-1 6.78 (0.81) 5.71 (1.26) 6.17 (1.51) 5.78 (2.01) 

Sour 5.6 x 10-1 3.78 (1.31) 3.81 (1.27) 7.06 (2.41) 6.79 (2.33) 

Salty 1.0  3.00 (0.34) 3.28 (1.04) 6.61 (2.30) 6.46 (1.58) 

Bitter 1.8 x 10-4 2.78 (0.43) 2.14 (1.01) 6.17 (1.38) 6.79 (1.47) 
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Figure 1. 
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