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Sensory Attributes of Foods and Sensory Attributes of Foods and 
BeveragesBeverages

� Appearance
� Odor/smell/aroma
� Taste
� Flavor
� Texture/mouthfeel
� Temperature
� Pain/irritation
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AppearanceAppearance

� First attributes perceived
� Color

– Strongly-set expectations
– Emotional connotations

� Beer: color, clarity, foam, 
bubbles
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FlavorFlavor

� Aroma is the olfactory sensation 
perceived when volatile 
compounds are sniffed through the 
nose.

� Flavor is the combined sensation 
perceived via the chemical senses 
(taste, smell, chemical irritation) 
from a product in the mouth.
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Olfactory Component of flavorOlfactory Component of flavor

� Perceived 
nasally and 
retronasally

� Most 
important 
perception 
when tasting 
beer
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TasteTaste

– Confined to the oral cavity (tongue)
– 5 basic tastes: sweet, sour, salty, bitter, 

umami (MSG)
– Taste papillae, taste buds, taste receptor 

cells
– Physiological role
– Innate likes and dislikes
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Five Basic TastesFive Basic Tastes

� Sweet (sucrose)
� Salty (NaCl)
� Sour (citric acid)
� Bitter (quinine)
� Umami (MSG)
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Taste AnatomyTaste Anatomy

� Oral cavity 
(mouth)

� Tongue
� Taste papillae
� Taste buds
� Taste receptor 

cells
� Molecular 

receptors
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Taste PapillaeTaste Papillae
� We have four kinds of papillae:

– Fungiform

– Foliate
– Circumvallate

– Filiform
contain taste budscontain taste buds
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Taste BudsTaste Buds



Guinard, 2008

Taste Receptor MechanismsTaste Receptor Mechanisms

� Ion channels (salty, sour)
� Ligand-gated channels (umami)
� Receptor protein, G-protein, 2nd messenger(s), 

ion flow, depolarization of the membrane 
(sweet, bitter)



Guinard, 2008



Guinard, 2008

Taste ReceptorsTaste Receptors
� Family of 40-80 human G protein-coupled 

receptors (T2Rs), expressed in subsets of taste 
receptor cells of the tongue and palate 
epithelia, and linked to bitter taste perception 
(Zuker et al., 2000).

� A single taste receptor cell expresses a large 
collection of T2Rs
� each cell may recognize multiple tastants.
� Plausible explanation for bitterness being evoked 

by many structurally unrelated toxic compounds.
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Taste ReceptorsTaste Receptors

� T1R family of sweet taste receptors
� T1R2 and T1R3 (from the Saclocus) combine 

to function as a sweet receptor.
� They respond to:

– Sucrose
– Saccharin
– Dulcin
– Acesulfame-K
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Taste InnervationsTaste Innervations
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Tongue Map?Tongue Map?
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Smell/AromaSmell/Aroma

� Key component of 
flavor

� Olfactory 
epithelium, olfactory 
cilia, olfactory cells

� Physiological and 
psychological roles

� Learned likes and 
dislikes
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Olfactory EpitheliumOlfactory Epithelium

� Contains three types of cells:
– Receptor cells (3 to 10 millions in Man)

– Supporting cells
– Basal cells
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Olfactory EpitheliumOlfactory Epithelium

� The cilia are the sites 
of the odorant-receptor 
cell interaction

� Olfactory cilia contain 
an odorant-stimulated 
adenylate cyclase, 
regulatory GTP-
binding proteins (G 
protein) and odorant 
gated ion channels
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MultigeneMultigene Families Encoding Families Encoding 
Olfactory ReceptorsOlfactory Receptors

� One family of about 1000 genes codes for 
olfactory receptors (ORs) on the membrane 
of olfactory receptor cells (Buck and Axel, 
1991)

� 3% of the genomic complement of genes 
(largest gene family in the human genome!)
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The Smell of a StrawberryThe Smell of a Strawberry

� Over 200 
compounds…

� Hundreds of 
volatile 
compounds in 
beer
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Characteristics of OdorantsCharacteristics of Odorants

� Volatile
� Some solubility in water
� Strong hydrophobic region
� Relatively weak polar region
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Olfactory ModulatorsOlfactory Modulators

� Sniffing
� Trigeminal influences
� Hunger
� Autonomic and hormonal influences
� Intravascular odorants
� Adaptation
� Fatigue
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Chemical IrritationChemical Irritation

– “Common chemical sense” or 
chemesthesia

– Free endings of the trigeminal 
nerve (cornea, oral and nasal 
cavities)

– Stimulated by chemical irritants
� Ex: capsaicin, piperin, ammonia, 

chlorine, tear gas, tannins, etc…

– Innate dislikes (protection)
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Touch and Touch and 
KinesthesiaKinesthesia

� Texture and mouthfeel
� Sense of touch 

(mechanoreceptors) and 
kinesthesia (feedback 
from muscles)

� Innate or learned likes 
and dislikes?
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TemperatureTemperature

� Thermoreceptors
� Strongly-set expectations (i.e., beverages)
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Sensitivity to Chemical and Sensitivity to Chemical and 
Physical StimuliPhysical Stimuli

� Sensitivities to most stimuli are normally 
distributed

� Exceptions: color blindness, specific 
anosmias or agueusias
– Genetic taste markers for which the population 

is distributed into non-tasters, tasters and 
supertasters: Phenylthiocarbamide (PTC) and 
6-n-propylthiouracil (PROP)
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66--nn--propylthiouracil propylthiouracil 
(PROP) taster (PROP) taster 

statusstatus

Yackinous & Guinard, Physiology & Behavior, 2000
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‘‘SuperSuper--SensorsSensors’’??

Yackinous & Guinard, Physiology & Behavior, 2000
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Adaptation, CrossAdaptation, Cross--PotentiationPotentiation
and Maskingand Masking

� Upon continuous stimulation by a stimulus, the 
intensity of the perception declines, all the way to 
zero = adaptation

� Positive adaptation (enhancement) caused by 
previous exposure to a substance of opposite 
flavor = contrast effect

� A strong flavor can mask other flavor(s) = 
masking
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The Two Components of The Two Components of 
Sensory PerceptionsSensory Perceptions

� Analytical 
(what is it?) 
component

� Affective (do 
I like it?) 
component

Processed in two different
areas of the brain
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Sensory MethodologySensory Methodology

� Analytical tests
– Difference testing, 

descriptive analysis
– What is it? How 

strong is it?

– Trained judges
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Sensory MethodologySensory Methodology

� Consumer tests
– Preference, liking, 

purchase intent
– Untrained 

consumers
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Chemosensory Chemosensory 
preferences:preferences:

innate or learned?innate or learned?
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Innate versus Learned Innate versus Learned 
PreferencesPreferences

� Taste

� Smell
� Chemical irritation 

(Trigeminal nerve)

� Innate preference 
(sweet) or rejection 
(bitter)

� Learned Preferences
� Innate rejection of 

irritants (protection)
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Taste preferences are innate.Taste preferences are innate.
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Taste preferences are innate.Taste preferences are innate.
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Effect of Bitterness on LikingEffect of Bitterness on Liking

Guinard et al., Physiology & Behavior, 1996
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Effect of Bitterness on LikingEffect of Bitterness on Liking

Guinard et al., Physiology & Behavior, 1996
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Aroma (smell) Aroma (smell) 
PreferencesPreferences

� 22 aromas

� Scratch and sniff
� 16 countries

� 30 subjects per country
� 9-point hedonic scale

� Quadruplicate evaluation 
� Double-blind study

Pangborn, Guinard & Davis; Food Qual. Pref., 1988
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Aroma (smell) Aroma (smell) 
PreferencesPreferences

� Olfactory 
preferences match 
geography – they 
are mostly learned

Pangborn, Guinard & Davis; Food Qual. Pref., 1988
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Olfactory Olfactory 
PreferencesPreferences

� When does the 
‘learning’ start?

� Exposure of breast-
feeding infants to 
garlic drives 
preference for it
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Chemical Chemical 
IrritantsIrritants

� Innate dislike 
(protection)

� Example: 
rejection of 
alcohol by 
infants
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Innate Dislikes (bitter taste, Innate Dislikes (bitter taste, 
chemical irritation) may be chemical irritation) may be 

overridden later in life because of...overridden later in life because of...

� Pharmacological effects (e.g., the caffeine in 
coffee)

� Psychological effects (e.g., sensation-seeking 
behavior, peer pressure)

� Physiological effects (spicy foods make one 
perspire)
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Sensory Properties of Sensory Properties of 
AntioxidantsAntioxidants

� Most naturally-occurring 
antioxidants in foods and 
beverages have undesirable 
sensory properties
– Bitterness
– Astringency

– Sourness
– Pungency
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ThirstThirst--quenching, refreshing and quenching, refreshing and 
drinkability charactersdrinkability characters…… of beerof beer

Guinard et al., Appetite, 1998
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Sensory determinants of the thirstSensory determinants of the thirst--
quenching characterquenching character…… of beerof beer

� Carbonationand bubble density were the 
only positive determinants of the “thirst-
quenching” character of the beers

� Negative determinants were foam, overall 
aroma and flavor intensities, color, 
viscosity, malty, hoppy, burnt, bitterness, 
acidic, metallic, astringency and aftertaste

Guinard et al., Appetite, 1998
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How to Achieve High How to Achieve High 
Drinkability?Drinkability?

� Have the right brewing specifications:
– Low extract

– Light beer
– Medium alcohol

– Neutral yeast
– Medium to high carbonation

– Some late hopping with aromatic hops
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How to Achieve High How to Achieve High 
Drinkability?Drinkability?

� Serve and maintain at low temperature
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How to Achieve High How to Achieve High 
Drinkability?Drinkability?

� Have the right sensory profile
– Aromatic impact and mild flavor-by-mouth
– Fruity and floral characters
– Medium to high carbonation
– Fine bubbles
– Medium but creamy head of foam
– Crisp

� Lower-than-average pH
� Slight astringency

– No yeasty (bready) character
– Low bitterness
– No residual sweetness
– Low aftertaste
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A Model for the Study of Food and A Model for the Study of Food and 
Beverage Consumption BehaviorsBeverage Consumption Behaviors
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