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“[Sweetness] may provide more pleasure to 
humankind than any other single substance, and 
may have had more influence on Western History, in 
the past 500 years, than any other food. And it all 
starts with the sweet taste of innocuous white 
substance.”* 

Sweetness 

*Paul Rozin (1987) in J. Dobbing (ed) Sweetness, ILSI Human Nutrition Reviews, Springer-Verlag 
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Outline of Presentation 
What is sweetness? 
 A human percept 
 Evidence from language 
Comparative biology of sweetness: Between species  
 Use of term for other species 
 Ubiquity – plant eating species 
 Carnivora research 
 Bats 
 Nectar eating birds 
 Sweetness subverted: non-nutritive natural sweeteners 
Comparative biology of sweetness: Within species 
 mouse T1R3 
 human: gene effects 
  Perception 
  Preference  
 Human: experience effects 
Why do we like sweetness? 



Primary (or Basic) Tastes 
Small number of taste qualities: 

Sweet - Sugars, high intensity sweeteners: Energy for 
plant eating animals 

Bitter - Alkaloids, peptides, toxins: Poison avoidance? 
Medicinal nutrient recognition?  

Sour - Acids: Ripeness? 
Salty - NaCl, LiCl: Sodium, minerals? 
Umami - Glutamate, aspartate, nucleotides: Amino 

acids? protein?  calories? 

Others? – Ca+? fatty acids?  
 
 



What do we mean by “sweetness?” 

A universal human percept 
 



         

Cross-cultural similarities in “basic” taste words/concepts 
 

 
 
 
 
 

Language can be a valuable tool for uncovering human conceptualization - 
when approached in the right way… Sweet, sour, salty, and bitter are commonly 
labeled by distinct words in the many independent languages … Over 100 years 
ago, Myers (1904) devised a cross-linguistic questionnaire, which he sent to 
missionaries and European residents abroad, to investigate the taste words of 
people from different cultures…. sweet and bitter are psychologically the most 
dissimilar and distinct tastes… In sum, language patterning is part of the data 
that a good theory of taste perception is answerable for, and attention to it may 
yield insights into psychophysical processes.* 

*Majid & Levenson, 2008 



 Greek (Galen)1 

 bitter  
 sweet 
 salty  
 sour  
 another bitter 
 astringent(?) 
 bitter, piercing 

 India2 
 
 Bitter  
 Astringent 
 Pungent 
 Sour 
 Salty 
 Sweet 

 Brunai (Malay)3 
  
 Bitter 
 Astringent 
 Sour 
 Sweet 
 Salty 
 Spicy/Hot 
 “Pahang” (umami?) 

 Borneo4 
 
 Bitter 
 Astringent 
 piquant, spicy 
 Sour, tart 
 Sweet 
 Salty or potent, strong 
 Sweet 
 Irritating, burning, itchy 
 “Jeleme,” (umami?) 

Cross-cultural similarities in “basic” taste words/concepts 
Examples from ethnobiology 

 1R. E. Siegel, Galen On Sense Perception, Karger: Basel, Switzerland, 1970 
 2Gilea & Barbulescu, J. Ethnopharmacology, 2015 
 3Kimball, 1979 cited in Gollin, J. Ethnobiology, 2004 
 4Gollin, J. Ethnobiology, 2004 
 
 



Some characteristics of sweet substances: 
 
- Many natural sugars are sweet and provide energy 
- Liking is common (universal?) in plant-eating species  
 



“Any animal which in nature will take fruits 
will probably accept sweetened things” 
 
H. Frings, 1946 



Some characteristics of sweet substances: 
 
- Many natural sugars are sweet and provide energy 
- Liking is common (universal?) in plant-eating species  
- Sweet taste is motivating 
- Liking is innate 
 



Maone, Mattes, Bernbaum & Beauchamp, Dev Psychobiol, 1990 

Term Infant 

Preterm Infant 

A sweetened gelatin nipple induces more sucking 
than a latex nipple in both term and preterm 

(premature) human infants 



Comparative Biology of Sweetness:  
Between Species 

 
“Nothing in biology makes sense except in the 

light of evolution.” (T. Dobzhansky) 
 
Each species must solve the fundamental 

problem of obtaining sufficient nutrients and 
avoiding being poisoned. 

A species taste sensitivity and preference is co-
adapted to its ecological niche. 
 
 



“Real taste [in] the mouth, according to my theory must be 
acquired by certain foods being habitual – [and] hence 
become hereditary;” Charles Darwin, circa 1839 (aged 
about 30). 



Comparative Biology of Sweetness:  
Between Species 

 
• Bacteria 
• Invertebrates 
• Vertebrates 
  - Fish (3 Classes) 
  - Amphibians 
  - Reptiles 
  - Birds 
  - Mammals 
  
  

 
 



different sweeten 

T1R2 T1R3   T1R3 T1R1 
 

Sweet   Amino acid (Umami) 

T1R Sweet and Umami Taste Receptors 

Multiple investigators, 2001 



Other sweet taste receptor molecules? 

Yee et al., PNAS  2011 



Beauchamp et al., 1977 

Domestic cats show no avidity for sugars 



The Gene for Cat T1R2 Is Defective 

 
 
Since the gene in cats has stop codons in exons (E) 4 and 6, it cannot encode a 
functional protein to form a dimer for signaling sweet taste. When this happens to 
any gene, that gene is called a “pseudogene.” 

** E6* *E4 E5E1 E2 E3

Cat Tas1r2 polyA

3'

E6E1

5' *♠

E4 E5E3E2

Dog Tas1r2

5'

polyA

3'

** E6* *E4 E5E1 E2 E3

Cat Tas1r2 polyA

3'

polyA

3'

polyA

3'

E6E1

5'5' *♠

E4 E5E3E2

Dog Tas1r2

5'5'5'

polyA

3'

polyA

3'

polyA

3'

Missing fragment (247bp) Stop codon 

Li, Brand and colleagues, 2005 



different sweeten 

T1R2 T1R3   T1R3 T1R1 
 

Sweet   Amino acid (Umami) 

T2R Sweet and Umami Taste Receptors 
Cats have lost function 

Li, Brand and colleagues, 2005 





Tas1r2 is inactivated in selected Carnivorans 

Jiang et al., 2012 



Insectivorous (I) Frugivorous (F) 

Insectivorous (left) and frugivorous (right) species of Bats 

P.vampurus 
M.natalensis 

R.ferrumequinumm 



Function of sweet receptor (Tas1r2/Tas1r3) in bats 

Pteropus vampyrus

Rhinolophus ferrumequinumm

Miniopterus natalensis

Selected species Diet

P.vampyrus

R.ferrumequinumm

M.natalensis

Frugivory

Insectivorous

Insectivorous

Abbreviation

The phylogenetic relationship of three bats in this study 



    

Amino 
Acids 

Sugars 

    T1R1    T1R3           T1R2    T1R3 

Gone 

T2R has been lost in all birds 
Sweet taste should therefore be lost 

Gone! 



Amino 
Acids 

Sugars 

How does the hummingbird detect sugars?  



   Baldwin et al., Science, 2014. See also Jiang & Beauchamp, Science, 2014 
 

Amino 
Acids 

Sugars 

One Answer: The amino acid (umami) receptor has been 
repurposed to respond to sugars in nectar 



Taken together these comparative data 
provide the best evidence that sweet 
taste evolved, in part at least, as a 
mechanism for animals to detect sugars 
in plants 



Sweetness subverted? 
 

Why are there so many non-nutritive  
natural sweeteners? 

 
Mimicry? 



Natural non-caloric sweeteners for humans 
 
 - Hernandulcin (Mexico)   - Phloridzin (apple trees)  
 - Pine rosin diterrpenoid   - Neoastilbin (China) 
 - Mukurozioside    - Dihydroquerecetin (Paraguay)  
 - Stevioside & rebaudioside* (Paraguay) - Cinnamadehyde 
 - Baiyunoside (China)   - Selligueain (Indonesia) 
 - Glycyrrhizic acid* (Europe; Central Asia) - Hematoxylin 
 - Periandrin (Brazil)   - Monatin* (Africa) 
 - Osladin    - Thaumatin (West Africa)  
 - Polypodoside (N. America)  - Monellin (West Africa) 
 - Mogroside* (China)   - Mabinlin (China) 
 - Abrusoside    - Brazzein* (West Africa) 
 - Cyclocarioside (China)   - Miraculin* (Africa) 
 - Pterocaryoside (China)   - Curculin (Malaysia) 
 - Phyllodulcin (Japan) 
 
* Commercially exploited.   Black: small molecules; Green: proteins 

Taken from: Dubois, GE, DeSimone, J & Lyall, V. (2008) Chemistry of gustatory stimuli. In S Firestein & GK Beauchamp (eds), 
The Senses, A Comprehensive Reference, Volume 4. Amsterdam: Elsevier 



Natural non-caloric sweeteners for humans 
Why so many? Why are they sweet? 

 
Serendipity?  
Mimicry? 
 
 
 
 -    



Structure of natural protein sweetener Brazzein: 
500 m- 2000 times more potent than sucrose 

A sweet taste mimic? Van der Wal et al., 1989; Hladik, 1993 



*Guevara et al., (2016) Am J Physical Anthrop 

Potential arms race in the coevolution of primates and 
angiosperms: brazzein sweet proteins and gorilla taste 

receptors* 



Guevara et al., (2016) Am J Physical Anthrop 

Potential arms race in the coevolution of primates and 
angiosperms: brazzein sweet proteins and gorilla taste 

receptors 



Comparative Biology of Sweetness:  
Within Species 

 
• Mouse 
• Human 
  - Effects of genetic variation 
  - Effects of variation in individual   

  experience 
  
  

 
 



different sweeten 

T1R2     T1R3    
     

A very small change in T1R3 alters mouse 
sweet taste perception and preference 

Bachmanov et al., 2001 



Comparative Biology of Sweetness:  
Within Species 

 
• Mouse 
• Human 
  - Effects of genetic variation 
  - Effects of variation in individual  

   experience 
  
  

 
 



Optimal liking for sucrose solutions declines between 
adolescence and adulthood: 

Longitudinal study of 44 individuals  

A. Same 44 individuals tested 8.5 
years apart. Test-retest correlation = 
+0.33, p < 0.05 

Desor & Beauchamp, 1987 

B. Two different groups of adults 
(white bars same data as A) tested 
8.5 years apart. p = not significant 

A B 



Minimal or no loss of sweet receptor in 
humans* 

*K. Fujikura, Scientific Reports 5:12349, 2015 

Allele frequency 
 
TAS1R3 (Sweet, umami) 0.0002 - 2/12920 genomes 
 
TAS2R3    0.0016 
TAS2R7   0.0011 
TAS2R8   0.0090 
TAS2R14   0.0013 
TAS2R19   0.0092 
TAS2R20   0.0037 
TAS2R40   0.0007 
TAS2R41   0.0006 
TAS2R42   0.0009 
TAS2R43   0.1627 
TAS2R46   0.0030 
   0.2259 
TAS2R60   0.0007 
Median bitter  0.0016 
   



Stone & Pangborn, 1990 

Individual differences in sweetness liking: 
Post facto division of subjects into 3 hedonic scoring types 



Some twin and  family study results: 
Summary: ~ 30% of variance in preference and 

intensity due to genetic similarity 



Twin study results: 
Summary: ~ 30 - 50% of variance due to genetic similarity 

 
 Keskitalo et al., 2007: +  sweet taste preference 
        -  sweet taste intensity 
 Knaapila et al., 2012: +  sucrose liking 
    -   sucrose intensity 
 Hwang et al., 2015: +  sweetener intensity 
 
 Little evidence for significant effects of shared environment 
 
  



different sweeten 

T1R2 T1R3    
 

   

Variation in human T1R3 promoter region is 
associated with sweet taste “sensitivity”  

Fushan et al., 2009 



Allelic Polymorphism within the TAS1R3 Promoter Is 
Associated with Human Taste Sensitivity to Sucrose 

Fushan et al., 2009  



Does variation in human individual experience account 
for individual differences in sweetness sensitivity and/or 

preference? 
 

Twin/family studies: little variation explained by shared 
twin environments 
Developmental studies: To be reviewed by others; 
importance of context 
Experimental studies: Does reduced sweetener intake 
alter perception and preference for sweetness? 



Reduction in sugar and other sweetener intake 
alters sweet taste perception but not preference 

Normal 
diet 

Normal 
diet 

Normal 
diet 

Normal 
diet 

Diet of 
choice 

Normal 
diet 

Low 
sugar 
diet 

Diet of 
choice 

Low 
sugar 
diet 

Low 
sugar 
diet 

Month 1 Month 2 Month 3 Month 4 Month 5 
Low sugar group 

(target of 40% 
reduction of 

simple sugars in 
the diet) 

Control (no diet 
manipulation) 

Wise et al., AJCN, 2016 



Perceived intensity of sweetness increases 
by month 3 of the low sweet diet 

Wise et al., AJCN, 2016 
Sucrose Concentration: Log % by Weight 



Perceived intensity of sweetness increases 
by month 4 of the low sweet diet 

Wise et al., AJCN, 2016 
Sucrose Concentration: Log % by Weight 
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Month 1 Month 2 Month 3 Month 3 Month 5

Pudding

Beverage

Cracker

No effect of diet on pleasantness 

4 
Control Low sugar 

Wise et al., AJCN, 2016 



Does reduced sweetener intake alter 
perception and preference for sweetness? 
Perception: Yes. Sweet intensity in foods increases 
after 3 – 4 months on a low sweet diet. 
 
Preference: No evidence to support the hypothesis 
that it does but results are equivocal. 
 
Conclusion: More research needed! 
 - Small number of subjects evaluated 
 - Different preferences in 2 groups at onset 
 - Two foods only 
 - Modest control of sweet intake 
 - No objective measure of sweetness intake 
  



 

Consensus explanation: It is a signal for calorie-rich, 
plant-based foods 
 
But what is the evidence?  
 
Best data supporting this come from comparative 
animal studies 
 
 
 
 
   

Why do we like sweet tastes? 



The degree of sweetness provides little information about the 
amount of energy in a food. 
 - The amount of energy from sugars in plants and fruits is 
 very low (below 1 kcal/gr) 
 - Fruits that are high in calories (from fat) tend to be less 
 sweet than fruits that are lower in calories (but high in 
 sugar) 
 - Sweet fruits are low in protein (vitamins and minerals?) 
Conclusion:  
 - Sweet sugars are the most abundant class of solutes in plants 
 and this makes them easier to detect by taste receptors  
 - Therefore, “… sweet taste evolved because sugars are 
 common and easier to detect than other nutrients.” and  “… 
 the primary function of sweet preference lies in its cue value 
 for edibility.”  
 
  

Why do we like sweet tastes? 

Israel Ramirez (1990): Neuroscience and BioBehavioral Reviews: 



Sweet Bitter 



But natural foods are not just sweet or not sweet: 
 There are degrees of sweetness (fruits generally greater 
than other plants) 
 Foods are a mixture of tastes, smells, chemesthetic 
(chemical/tactile), and textural properties 
 Perhaps most important, plant foods can be very 
dangerous with many and varied toxic substances 
 These toxins are usually bitter; often the more toxic, the 
more bitter 
 Thus bitterness is thought to be avoided (at some levels 
and under most circumstances) as protection 
 Therefore the sweetness/bitterness ratio may be crucial 
for acceptance:  
 

Why do we like sweet tastes? 



How do sweet and bitter sensations interact? 
 

Mutual suppression most common 
This can occur at any level of the nervous system: 
 Taste cell (receptor; transduction pathway) 
 Cell-cell interaction? 
 Throughout the CNS 
 
 



How do sweet and bitter sensations interact? 
 

Mutual suppression most common 
This can occur at any level of the nervous system: 
 Taste cell (receptor; transduction pathway) 
 Cell-cell interaction? 
 Throughout the CNS 
 
Sweetness/bitterness may be a direct measure of 
nutritive value and not just a cue for a food that may 
be nutritious 
 



Way too simple 
 

Other tastes and other flavors interact with sweetness 
and bitterness, complicating analysis 
 
Learning plays a major role in defining and then 
identifying nutritious (e.g. energy-rich) foods 
 
There are likely major species differences 
 
 
 



Way too simple 
 

Other tastes and other flavors interact with sweetness 
and bitterness, complicating analysis 
 
Learning plays a major role in defining and then 
identifying nutritious (e.g. energy-rich) foods 
 
There are likely major species differences 
 
Nevertheless, thinking about sweet-bitter ratios as the 
primary signal could help understand the power of 
sweetness 
 



One final complication: What are the “real” functions of 
(sweet) taste receptors? 



“After the first bite, the only thing 
that counts is taste.” 

 
 
 

Eat Drink Man Woman, Ang Lee, 1994 
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