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Abstract 

The importance of taste in survival and pleasure has lead to the evolution of the 

gustatory system as the most specific of the five senses. This specificity refers to the keen 

ability to discriminate between the five tastants. This study reviews the current literature 

regarding the differences between male and female preferences, and abilities of 

discrimination.	 

In terms of the individual tastants, the sex differences in preference are more or 

less agreed upon. It has been shown that the males are able to withstand stronger sweet 

concentration in the short-term, but females prefer the stronger solutions in the long-term. 

Males have also been shown to have a greater ability to discriminate between more dilute 

concentrations of a sweet substance. Females have also been shown to be most sensitive 

to salt solutions, which gave rise to different theories such as metabolic need and child 

rearing. Although not technically a tastant, males also have a greater ability to 

discriminate between fats. Females have also been shown to have a greater preference for 

MSG. But when LA is added to the MSG, it creates a boosting effect that is greater in the 

males. 

 There have been advancements in research of the corda tympani, which suggest 

that the nerve plays a greater roll in the female gustatory system than in the males. The 

effects of estrogen and testosterone are still debated due to conflicting research, and 

conflicting theories resulting from the data. Overall, advances sex differences are being 

made in all areas of the gustatory system. This is with exception of sour, bitter and 

umami, which have largely gone unstudied.  
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Differences between male and female gustatory systems in rats 

Introduction 

	 	The	gustatory	system	serves	many	roles	in	the	regulation	homeostatic	

systems	in	the	body,	as	well	as	protecting	those	systems	from	harmful	agents.	

Because	of	this	importance,	the	gustatory	system	has	evolved	to	serve	the	most	

specific	function	of	all	five	senses.	The	taste	of	a	substance	allows	an	organism	to	

discriminate	between	chemicals	that	are	nutritious,	and	safe	to	ingest,	and	those	

that	may	be	harmful	and	need	to	be	spit	out	before	it	does	harm	to	the	body	(Wolfe	

et	al,	2009).	A	flavor	can	be	made	up	of	any	combination	of	the	five	tastants	(sweet,	

salty,	sour,	bitter,	and	umami)	along	with	retronasal	olfactory	sensations.	

Retronasal	olfactory	sensations	are	those	tastants	that	are	released	into	the	air	by	

chewing	and	eating,	and	are	picked	up	by	the	olfactory	epithelium	in	the	nasal	

cavity.		The	individual	tastants	are	picked	up	by	receptors,	which	sit	on	taste	buds,	

covering	the	tongue.	Within	the	tongue	and	mouth	are	somatosensory	receptors	

which	allow	foods	to	be	perceives	by	touch	within	the	mouth.	This	too	provides	an	

evolutionary	advantage	in	their	ability	to	protect	the	body	from	ingesting	harmful	

substances	(Wolfe	et	al,	2009).		

Tastants	

	 The	specificity	of	each	tastant	has	their	own	evolutionary	advantage	and	as	a	

result,	some	tastants	are	aversive	at	birth,	while	others	are	appetitive	at	birth.	While	

we	are	born	with	an	innate	like	or	dislike	of	certain	tastants,	taste	preference	

remains	plastic	throughout	the	lifespan	due	to	repeated	exposures	to	the	same	
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flavors	with	different	results.	(Myers	&	Sclafani,	2006).	NaCl,	table	salt,	is	most	

commonly	used	when	a	salty	flavor	is	desired	because	humans	generally	consider	it	

to	be	the	“saltiest”	tasting	of	all	salts	(Wolfe	et	al,	2009).	Salt	preference,	while	

changing	throughout	life,	is	generally	considered	to	be	appetitive	because	it	is	

required	by	the	body	in	order	to	function	properly.	However,	large	quantities	are	

perceived	as	aversive	and	are	harmful	to	homeostasis.	Sour,	the	taste	of	acids,	is	

generally	perceived	as	most	appetitive	in	lower	concentrations,	as	high	

concentrations	will	damage	both	internal	and	external	bodily	tissues	(Wolfe	et	al,	

2009).	The	most	common	representation	of	sour	in	research	is	hydrochloric	acid.		

	 A	number	of	substances	are	used	to	represent	the	bitter	tastant	such	as	

salicin	and	quinine.	Since	it	is	not	possible	to	discriminate	between	bitter	tastants,	

all	bitter	tastants	are	generally	avoided	because	of	the	evolutionary	association	of	

bitter	with	poison	(Wolf	et	al,	2009).	Conversely,	not	all	things	that	contain	sugars	

are	associated	with	being	good,	so	there	is	a	greater	ability	to	discriminate	between	

different	types	of	sweetness.	Examples	of	sweetness	are	glucose,	and	fructose	

(which	is	even	sweeter	than	glucose)	and	sucrose	(the	most	common).	The	majority	

of	sweets	are	considered	appetitive	because	of	the	body’s	necessity	for	sweets	for	

the	energy	they	provide.	However,	there	is	still	some	debate	over	how	sweetness	is	

detected	since	all	sweets	are	detected	by	the	same	receptor.	This	would	mean	that	

they	all	taste	the	same.	However,	artificial	sweeteners,	such	as	aspartame,	saccharin,	

and	sucralose	are	easily	distinguishable	from	other	natural	sugars	(Wolfe	et	al,	

2009).	Savory,	also	known	as	umami,	is	the	most	recent	tastant	and	is	most	often	

represented	by	the	chemical	monosodium‐glutamate.			
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	 While	not	yet	technically	a	tastant,	emerging	research	suggests	that	fat	has	a	

taste	and	other	orosensory	characteristics	(Stratford,	Curtis,	&	Contreras,	2006).	

Fats	can	be	beneficial	as	an	essential	part	of	a	diet	but	can	also	be	detrimental	as	it	is	

directly	linked	to	body	weight	and	obesity.	For	this	reason,	it	is	surprising	that	little	

research	has	been	conducted	on	fat	until	recently.	It	has	been	found	that	rats	

distinguish	between	different	types	of	fatty	acids	(Larue,	1978),	even	when	olfaction	

and	texture	are	minimized	(Fukiwatari	et	al,	2003)).	Also,	many	dietary	fats	have	

been	found	to	inhibit	delayed	rectifying	potassium	channels	(Gilbertson,	1998;	

Gilbertson	et	al,	1998)	and	a	fatty	acid	transporter	has	been	found	in	the	taste	buds	

(Fukiwatari	et	al,	1997).	All	of	this	evidence	points	to	fat	having	it’s	own	taste.		

Taste	Transduction	

	 Each	receptor,	of	which	there	are	thought	to	be	two	types,	is	specific	to	one	

tastant	(Wolfe	et	al,	2009;	Yamamoto,	2008).	The	first	type	of	receptor	is	

metabotropic,	which	are	also	known	as	G	protein‐coupled	receptors	(GPCRs).	In	

GPCRs,	a	tastant	engages	a	specific	part	of	the	receptor	corresponding	to	the	specific	

shape	of	the	tastant.	Signals	that	we	receive	from	these	types	of	receptors	are	

perceived	as	sweet	or	bitter.	The	other	type	is	ionotropic	receptors.	These	receptors	

allow	certain	charged	particles	to	enter	the	receptor	through	small	openings	and,	

when	triggered,	are	perceived	as	salty,	savory	(umami),	sour	(Wolfe	et	al,	2009;	

Yamamoto,	2008).		

	 Depending	on	where	the	receptor	is	on	the	tongue,	it	then	sends	a	signal	to	

one	of	the	three	cranial	nerves	in	the	mouth.	These	are	the	chorda	tympani	(cranial	

nerve	VII),	the	glossopharyngial	nerve	(cranial	nerve	IX),	and	the	vagus	nerve	
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(cranial	nerve	X)	(Wolfe	et	al,	2009;	Yamamoto,	2008).	The	information	from	these	

nerves	then	converges	in	the	Nucleus	of	Solitary	Tract	(NST),	and	is	relayed	again	at	

the	parabrachial	nucleus	(PBN)	of	the	Pons	in	the	brainstem.	It	is	then	relayed	a	

third	time	in	the	parvocellular	part	of	the	ventral	posteromedial	thalamic	nucleus	

(VPM)	before	reaching	the	primary	cortical	processing	area	for	taste	(the	insular	

cortex).	From	there,	the	information	is	further	processed	in	secondary	areas	such	as	

the	limbic	system	for	emotions,	and	the	hypothalamus,	which	regulates	hunger	and	

satiety	(Wolfe	et	al,	2009;	Yamamoto,	2008).				

Testing	Methods	

One	of	the	most	widely	used	methods	of	assessing	taste	preference	is	the	

two‐bottle	test.	In	this	method,	two	bottles	of	different	concentration,	or	different	

solutions	are	presented	simultaneously	to	the	subject.	After	a	given	amount	of	time	

the	amount	remaining	is	subtracted	from	the	beginning	amount.	Then	the	two	

amounts	are	compared,	and	whichever	solution	is	consumed	the	most	is	deemed	to	

be	the	preferred	solution.	Similarly,	it	is	possible	to	present	two	different	types	of	

food	with	different	tastes	and	compare	the	amount	consumed	to	determine	taste	

preference	of	a	solid	food.		

An	alternative	to	these	methods	is	the	taste	reactivity	test	developed	by	Grill	

and	Norgen	(1978),	in	which	a	taste	stimulus	is	infused	directly	into	the	mouth	of	a	

rat	through	an	intraoral	cannula.	Then	the	somatic	and	orofacial	behaviors	elicited	

by	the	stimulus	are	analyzed	for	frequency	of	occurrence	(Clarke	&	Ossenkop,	

1998).	In	this	test,	there	are	three	types	of	responses	that	are	measured.	The	first	is	

an	active	response	in	which	the	behaviors	result	in	the	consumption	of	the	tastant.	
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Then	there	is	the	aversive	response	in	which	the	subject	engages	in	behaviors	that	

result	in	the	active	removal	of	the	tastant	from	the	oral	cavity.	And	finally,	the	

passive	response	results	in	a	passive	removal	of	the	tastant	from	the	oral	cavity.	

This	test	helps	resolve	many	of	the	problems	associated	with	intake	tests	such	as	

providing	a	behavioral	measure	of	the	palatability	of	the	tastant	(Clarke	&	Ossenkop,	

1998).		

Another	method,	which	helps	with	the	validity	of	the	research,	is	to	use	

multiple	strains	of	rats	within	an	experiment,	or	to	use	a	specific	strain	of	rat	bread	

for	a	specific	purpose.	Instances	of	specific	strains	are	HiS	and	LoS	rats,	which	are	

bread	for	high	preference	of	saccharin	and	low	preference	of	saccharin	respectively.		

There	are	other	techniques	used	to	study	sex	differences,	some	including	

surgery.	The	first	is	Chorda	Tympani	(CT)	Whole	Nerve	Electophysiology	where	the	

responses	of	a	single	nerve	are	measured.	It	is	also	helpful	to	ovariectomize	(OVX)	

female	rats	so	that	they	cease	to	produce	estrogen.	With	this	method,	the	

experimenter	can	inject	estrogen	into	one	group,	and	compare	the	effects	to	those	

without	the	increase	estrogen.	Another	technique	is	a	bilateral	transaction	of	the	

chorda	tympani	(CTX)	(O’Keefe	et	al,	1994).	If	the	nerve	is	severed	and	the	rat	is	no	

longer	able	to	discriminate	between	tastants	or,	concentrations,	that	they	were	

previously	able	to	tell	apart,	then	it	can	be	concluded	that	the	CT	played	a	role	in	the	

neural	signaling	of	that	tastant.		

This	paper	examines	research	to	date	on	differences	in	taste	preference	

between	male	and	female	rats.	Including	the	effect	of	hormonal	influences,	and	the	

chorda	tympani,	on	taste	preferences	in	male	and	female	rats.	
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Sweets,	and	Sugars	

Within	the	research	on	sweet	preferences,	the	majority	of	research	has	

looked	at	discrimination	between	different	sugars	and	artificial	sugars.	In	general	it	

has	been	found	that	males	and	females	respond	differently	to	solutions	of	glucose	

and	saccharin	(Valenstien	et	al,	1967).	Valenstien	et	al.	(1967),	using	a	two‐bottle	

preference	test	between	water	and	a	3	percent	glucose	solution	found	that	both	

sexes	preferred	the	glucose	to	the	water,	but	that	the	females	consumed	

significantly	more	of	the	glucose	solution	than	the	males	did.	In	a	subsequent	

preference	test,	they	presented	the	subjects	with	a	3	percent	glucose	solution	and	

.25	percent	saccharine	solution.	The	25	percent	saccharine	solution	was	previously	

determined	to	be	the	saccharine	concentration	of	maximum	preference	for	the	rats.	

For	the	first	two	or	three	days,	all	of	the	rats	consumed	more	of	the	saccharine	

solution	than	the	glucose.	However,	on	the	third	and	fourth	days,	the	males	

preferred	the	glucose	solution,	while	the	females	continued	to	prefer	the	saccharine	

solution.	To	follow	up	on	these	results,	they	tried	the	same	test	again,	and	a	third	

time,	in	which	the	solution	was	increased	by	1	percent	each	day.	The	results	were	

the	same	for	all	three	tests.	For	all	of	the	solutions,	the	females	preferred	the	

saccharin	solution	the	whole	time.	Each	time,	the	males	switched	to	the	less	sweet	

glucose	solution	reliably	on	the	third	or	fourth	day.	The	experiments	were	

conducted	with	three	different	strains	of	rats,	which	suggest	that	their	results	can	be	

generalized	to	all	rats.	Their	conclusion	was	that	the	females	were	able	to	consume	

large	quantities	of	a	very	sweet	solution	for	prolonged	periods,	while	the	males	did	

not	show	this	ability	(Valenstien	et	al,	1967).	
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Others	have	also	concluded	that	dilute	sucrose	solutions	are	less	preferred	

by	female	rats	than	male	rats.	Curtis	et	al	(2004)	looked	at	the	effect	of	estradiol‐

benzoate	(EB)	on	two	bottle	preference	tests	between	a	.025M	solution	of	sucrose	

and	water.	They	found	that	males	licked	more	of	the	.025M	solution	than	all	of	the	

females.	But	only	those	females	with	raised	estrogen	(EB	treated)	licked	less	than	

the	males	to	a	.05M	solution.	This	suggests	that	females	may	be	less	sensitive	to	the	

taste	of	a	dilute	sucrose	solution,	or	at	lower	concentrations,	are	less	able	to	

discriminate	a	more	dilute	solution	from	water	then	males	(Curtis	et	al,	2004).		

Taking	Curtis	et	al,	(2004),	and	Valenstien	et	al.	(1967)	together,	Loney	et	al.	

(2011),	concluded	that	preference	for	sucralose	could	also	be	sexually	dimorphic	

with	males	preferring	concentrations	closer	to	threshold,	and	females	displaying	

greater	preference	at	high	concentrations.	Based	on	this	theory,	they	conducted	four	

experiments,	based	on	two‐bottle	preference	tests.	They	found	that,	overall,	male	

and	female	rats	have	different	preferences	for	sucralose.	Based	on	the	results,	they	

separated	both	males	and	females	into	two	groups	apiece:	those	that	preferred	the	

sucralose	solutions,	and	those	that	avoided.	Again	they	found	that	the	proportion	of	

preferers	to	avoiders	was	the	same	for	both	males	and	females.	Overall,	Loney	et	al	

(2011)	concluded	that	the	sex	differences	found	by	Curtis	et	al	(2004)	and	

Valenstien	et	al	(1967)	did	not	extend	from	sucrose	to	sucralose.	

With	their	findings,	Loney	et	al	(2011)	both	confirmed	and	opposed	several	

other	previous	works.	In	a	two‐bottle	test	of	.5g/l	sucralose	solution	to	water,	

Sclafani	and	Clare	(2004)	found	that	the	males	drank	significantly	less	sucralose	

than	water	suggesting	that	the	male	rats	showed	a	stronger	sucralose	avoidance	
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than	the	female	rats.	They	also	showed	that	female	rats	(50%)	were	more	than	

twice	as	likely	to	be	classified	as	sucralose	preferers	than	male	rats	(20%).	Refuting	

this,	Loney	et	al	(2011)	found	that	both	female	and	male	rats	were	equally	likely	to	

be	classified	as	preferers	(33%).	Dess	et	al	(2009)	also	compared	their	work	on	HiS	

and	LoS	rat	to	Sclafani	and	Clare	(2004).	Dess	et	al	(2009)	found	that	the	majority	of	

LoS	males	and	females	were	non‐preferers	and	the	majority	of	the	HiS	males	and	

females	were	preferers	of	the	sucralose	solution.	Thus,	Dess	et	al	(2009)	agrees	with	

Sclafani	and	Clare	(2004)	that	the	overall	numbers	of	male	avoiders	and	preferers	

are	comparable	to	those	of	the	female	preferers	and	avoiders.	This	goes	for	both	the	

HiS	and	LoS	rat	strains.	Similarly,	Lonely	et	al.	(2011)	confirms	the	lack	of	sex	

differences	in	sucralose	preference	as	well	the	absence	of	sex	differences	in	the	ratio	

of	preferers	to	avoiders	in	rats	selectively	bred	for	a	specific	saccharine	preference.		

Based	on	previous	research	by	Nissenbaum	and	Clare	(1987)	that	rats	taste	

polysaccharides	as	different	from	sucrose	and	saccharine,	Sclafani	et	al	(1987)	

sought	to	determine	if	there	was	a	sex	difference	in	the	relative	preference	for	

polysaccharides	and	sucrose.	In	the	first	of	three	experiments,	they	used	a	series	of	

two	bottle	tests	of	different	concentrations	of	sucrose,	maltose	and	polycose	to	

determine	taste	preference.	The	only	sex	differences	found,	seemed	to	be	due	to	

outside	factors,	which	caused	Sclafani	et	al	(1987)	to	conclude	that	their	data	

conflicted	with	previous	reports	of	females	having	a	stronger	sweet	preference	than	

males	(Valenstien	et	al,	1967).	Using	another	two‐bottle	preference	test	between	

polycose	and	sucrose	at	varying	concentrations,	they	found	that	the	male	rats	

preferred	the	polycose	solution	at	lower	concentrations	than	did	the	females.	They	
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also	found	that	the	males	preferred	lower	concentrations	of	sucrose	than	females	as	

well.	Thus,	they	concluded	that	female	rats	have	a	stronger	sucrose	preference	and	

weaker	polycose	preference	than	males,	which	was	supported	by	previous	research	

(Valenstien	et	al	1967;	Wade,	1976).	Overall,	they	concluded	that	in	the	short	term,	

30‐min	exposures,	males	showed	a	stronger	polycose,	but	weaker	sucrose,	

preference	than	females.	Conversely,	female	rats	showed	a	stronger	polycose	

preference	than	the	males	in	the	long‐term	testing	(24‐hour	exposures).	These	

findings	with	polycose	are	similar	to	those	found	with	sucrose	by	Valenstien	et	al	

(1967).	Their	explanation	for	these	results	was	the	different	nutritional	

requirements	of	males	and	females.			

In	summary,	it	has	been	found	that	females	were	able	to	consume	large	

quantities	of	a	sweet	sucrose	solution	for	prolonged	periods,	while	the	males	only	

preferred	the	sweet	solutions	over	short	periods	(Sclafani	et	al;	1987;	Valenstien	et	

al).	Then,	Curtis	et	al	(2004)	found	that	females	were	less	able	to	discriminate	dilute	

sucrose	solutions.	Lonely	et	al	(2011)	tried	to	follow	up	on	these	studies,	but	

ultimately	found	that	the	findings	of	Valenstien	et	al	(1967)	and	Curtis	et	al	(2004)	

did	not	extend	from	sucrose	to	sucralose.	It	had	also	been	shown	the	females	show	a	

greater	preference	to	sucralose	to	water	than	males	(Sclafani	&	Clare,	2004),	but	

these	findings	were	disputed	by	later	research	(Lonely	et	al,	2011).	And	together,	

the	research	confirms	the	lack	of	sex	differences	avoiders	and	preferers	of	sucralose	

(Lonely	et	al,	2011;	Dess,	et	al,	2009;	Scalfani	&	Clare,	2004).	Finally	it	was	

concluded	that	female	rats	had	a	stronger	sucrose	preference	and	a	weaker	polycose	

preference	than	male	rats	(Sclafani	et	al,	1987;	Valenstien	et	al	1967;	Wade,	1976).		
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Hormones	and	the	Menstrual	Cycle	

	 Hormone	research	and	menstruation	are	highly	studied	fields	within	the	area	

of	taste	preferences.	It	has	been	found	that	high	levels	of	estradiol	(a	gonadal	

hormone	found	primarily	in	females),	produce	an	increase	in	the	preference	for	

palatable	solutions,	whereas	the	opposite	is	true	for	low	levels	of	estradiol	(Clarke	&	

Ossenkop,	1998;	Wade	&	Zucker	1970a;	Wade,	1976).	Using	a	taste	response	test	

(TRT)	it	has	been	found	that	females	not	in	estrus	produced	less	aversive	responses	

to	aversive	solutions	of	quinine,	and	a	sucrose‐quinine	mixture,	than	both	males	and	

females	in	estrus	(Clarke	&	Ossenkop,	1998).	It	was	expected	that	the	females	would	

find	less	tastants	to	be	aversive	because	their	bodies	were	preparing	for	child	

rearing.	But	their	results	showed	differently.	One	possible	explanation	is	that	the	

high	levels	of	estradiol	produced	an	avoidance	of	the	tastants	based	on	factors	other	

than	preference	such	as	fear	or	anxiety	(Clarke	&	Ossenkop,	1998).	However,	it	is	

also	possible	that	females	in	estrus	are	more	sensitive	to	tastant	signaling	in	

unhealthy	food,	in	order	to	protect	a	potential	pup.		

It	has	also	been	suggested	that	testosterone	may	have	an	effect	on	the	

development	of	taste	preference	(Krecek,	1972).	Administration	of	testosterone	to	

2‐day‐old	females	resulted	in	a	pattern	of	intake,	of	a	saline	solution,	resembling	

that	of	males.	However,	this	effect	was	not	present	when	the	testosterone	was	

administered	to	12‐day‐old	females.	Thus	there	is	a	critical	age	at	which	the	

testosterone	has	the	greatest	effect.	Similarly,	it	has	been	shown	that	males	form	

stronger	conditioned	taste	aversions	(CTA)	than	females,	and	this	effect	has	also	

been	shown	to	be	the	result	of	testosterone	(Foy	&	Foy,	2003).	Curtis	and	Contreras	



Keenan	13	

(2006)	found	that	males	had	higher	NaCl	thresholds	than	females	regardless	of	EB	

treatment,	which	raises	the	possibility	that	testosterone	may	have	a	further	effect	

on	sodium	preference	(Curtis	&	Contreras,	2006;	Krecek,	1972).		

	 It	has	also	been	found	that	estrogen	produces	a	short‐term	increase	in	the	

sucrose	detection	threshold	(Curtis	et	al,	2005).	Having	ovariectomized	(OVX)	the	

female	rats,	half	were	given	EB	(estradiol	benzoate)	injections,	which	simulates	the	

cycling	female	rat.	After	being	exposed	to	0.2	M	sucrose	solutions,	the	rats	were	then	

immediately	injected	with	a	LiCl	solution	to	condition	a	taste	aversion.	The	next	day,	

the	rats	were	given	a	two‐bottle	preference	test	between	sucrose	and	water,	to	see	if	

the	taste	aversion	to	sucrose	generalized	to	the	water.	With	this	experiment,	Curtis	

et	al	(2005)	found	that	the	rats	that	had	been	given	the	LiCl	solution	developed	a	

CTA	to	the	0.2M	sucrose	solution	as	expected.	They	also	found	that	the	CTA	

generalized	to	the	0.075M	sucrose	solution.	The	CTA	also	generalized	to	the	0.025M	

sucrose	solution,	but	those	rats	given	the	EB	treatment	showed	less	of	an	aversion,	

and	almost	equal	licking	to	the	0.025M	sucrose	solution	and	water.	Their	results	

imply	that	the	rats	given	the	EB	treatment	were	unable	to	discriminate	the	sucrose	

solution	from	water.	After	a	couple	of	weeks,	they	tried	more	pairings	of	the	LiCl	

with	sucrose	solutions	and	found	that	all	of	the	rats	showed	aversions	to	all	of	the	

sucrose	concentrations.	Since	the	EB	treatment	had	worn	off,	it	suggests	that	the	

decrease	in	aversions	in	the	EB	treatment	group	in	the	first	experiment	was	due	to	

the	increase	in	estrogen.	These	findings	are	consistent	with	their	hypothesis	that	the	

estrogen	increased	the	detection	threshold	for	sucrose	(Curtis	et	al,	2005).			
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	 In	opposition	to	Curtis	et	al	(2005),	it	has	been	shown	that	females	have	a	

lower	threshold	for	NaCl	due	to	an	increased	preference	for	isotonic	and	hypotonic	

NaCl	solutions	(Curtis	&	Contreras,	2006).	It	has	also	been	suggested	that	there	is	an	

evolutionary	advantage	to	an	increased	consumption	of	NaCl	in	the	presence	of	high	

estrogen	levels	(Curtis	&	Contreras,	2006).	It	is	already	known	that	NaCl	

preferences	increase	during	lactation	(Clarke	&	Bernstien,	2001;	Duffy	et	al,	1998)	

so	it	is	possible	that	the	increase	of	NaCl	consumption	during	lactation	may	

compensate	for	increased	fluid	and	electrolyte	loss	during	lactation.	This	would	

make	sense	because	estrogen	is	known	as	a	signal	the	body	to	change	homeostatic	

conditions	or	to	prepare	for	child	rearing.	Because	an	increase	is	NaCl	is	required	

during	lactation	and	pregnancy,	it	would	make	sense	that	the	estrogen	is	a	signaler	

of	increased	sodium	preference.	Similarly,	OVX	rats	have	been	shown	to	consume	

more	of	a	NaCl	solution	than	males	overall	(Curtis	et	al,	2004).		

	 Curtis	et	al	(2004)	found	that	both	males	and	females,	in	control	and	EB	

conditions,	licked	at	the	same	high	rates	for	high	sucrose	concentrations.	The	lack	of	

sex	differences	at	high	concentrations	by	Curtis	et	al	(2004)	is	in	agreement	with	the	

lack	of	EB	effect	on	consumatory	behaviors	and	taste	reactivity	(Clarke	&	Ossenkop,	

1998),	or	neural	activity	(Di	Lorenzo	&	Monroe,	1989;	Di	Lorenzo	&	Monroe,	1990).	

Curtis	et	al	(2004)	found	similar	results	in	long	term	testing	where	EB	did	not	

decrease	the	preference	for	a	dilute	sucrose	solution	over	water,	nor	did	it	alter	the	

ability	to	alter	the	ability	to	discriminate	the	dilute	sucrose	from	water.		

	 In	summary,	both	estrogen	and	testosterone	have	been	shown	to	affect	the	

perceived	palatability	of	a	tastant	in	rats.	Not	only	has	testosterone	been	shown	
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form	stronger	taste	aversions	(Foy	&	Foy,	2003),	but	it	has	also	been	shown	to	

influence	the	perceived	palatability	of	a	substance	(Krecek,	1972).	Estrogen,	on	the	

other	hand,	has	been	shown	to	have	numerous	effects	such	as	producing	a	

preference	increase	of	palatable	solutions	and	a	decrease	in	preference	for	

unpalatable	solutions	(Clarke	&	Ossenkop,	1998;	Wade	&	Zucker,	1970a;	Wade,	

1976).	Estrogen	has	also	been	found	to	produce	a	short‐term	increase	in	the	sucrose	

detection	threshold	(Curtis	et	al,	2005).		The	role	of	estrogen	in	changing	the	

palatability	of	tastants	is	possibly	explained	by	the	increased	demand	for	certain	

tastants	due	to	their	nutritional	value.	These	nutritional	needs	change	during	

menstruation	and	child	rearing,	thus	estrogen	might	change	taste	preference	to	help	

facilitate	the	acquisition	of	these	needs.		

The	Chorda	Tympani	and	Fatty	Acids	

Recently	research	has	begun	to	emerge	that	suggests	fat	has	a	taste	and	other	

orosensory	characteristics	(Stratford,	Curtis	&	Contreras,	2006).	It	has	been	found	

that	not	only	does	the	chorda	tympani	(CT)	play	a	large	role	in	the	taste	of	fats,	but	it	

plays	an	even	larger	role	of	tasting	fats	in	females	(Stratford,	Curtis	and	Contreras,	

2006).	The	rats	having	been	given	a	linoleic	acid	(LA)	solution,	Stratford,	Curtis	and	

Contreras	(2006)	injected	them	with	LiCl	and	conditioned	a	taste	aversion.	The	rats	

were	then	tested	on	how	well	the	CTA	generalized	to	less	concentrated	solutions	of	

LA.	While	all	of	the	rats	generalized	the	CTA	to	the	higher	concentrations	of	LA,	the	

females	generalized	that	CTA	to	lower	concentrations	than	did	the	males.	This	

suggests	that	male	rats	can’t	discriminate	LA	from	water	as	well	as	females	at	lower	

concentrations.				
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In	a	subsequent	experiment,	Stratford,	Curtis,	and	Contreras	(2006)	

conditioned	a	CTA	to	LA	after	CTX.	The	CTX	impaired	the	ability	of	both	male	and	

female	rats	to	detect	and	avoid	LA	concentrations	under	22M.	The	discrimination	

shift	was	the	same	in	both	males	and	females	suggesting	a	strong	role	of	the	CT	in	

fat	transduction.	Putting	the	two	experiments	together,	Stratford,	Curtis	and	

Contreras	(2006)	concluded	that	the	CT	is	involved	in	fat	discrimination	in	both	

males	and	females,	but	the	lower	discrimination	threshold	in	females	suggest	that	

the	CT	plays	a	greater	role	in	Females.		

	 Using	the	same	methods,	it	has	been	repeatedly	shown	that	CTX	impairs	the	

ability	of	both	male	and	female	rats	to	detect	and	avoid	both	linoleic	and	oleic	acids	

(Pittman	et	al,	2007;	Stratford	Curtis	&	Contreras,	2006).	Along	with	Stratford,	

Curtis,	and	Contreras	(2006),	Pittman	et	al	(2007)	has	also	showed	that	females	

showed	greater	discrimination	at	lower	concentrations	of	LA	after	CTX.	However,	in	

the	pretrial	tests,	it	was	females	who	were	also	more	sensitive	to	oleic	acid	than	

males	in	two‐bottle	tests	(Pittman	et	al,	2007).	This	effect	was	seen	again	in	

subsequent	research	where	females	exhibited	a	greater	responsiveness	to	fatty	

acids	than	males,	but	was	extended	to	several	different	stains	of	rat	(Pittman,	2008).	

The	findings	that	females	display	a	greater	sensitivity	to	LA	and	oleic	acids	

(Stratford,	Curtis	&	Contreras,	2006;	Stratford,	Curtis	&	Contreras,	2008;	Curtis	&	

Contreras,	2006),	was	also	extended	to	Lauric	acid	(Pittman	et	al,	2008).	

	 Stratford,	Curtis,	and	Contreras	(2008),	in	a	follow	up	study,	also	used	CTX	

and	recorded	electrophysiological	recordings	when	MSG	and	a	pairing	of	MSG	and	

linoleic	acid	(LA)	were	presented	to	rats.	Overall,	they	found	that	when	the	LA	and	
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MSG	were	paired	together,	they	produced	neural	signals	of	greater	intensity	than	

just	MSG	alone.	Thus	the	LA	had	an	enhancement	effect	on	the	MSG.	This	

enhancement	effect	was	greatest	in	the	neuronal	responses	of	males	to	the	MSG/LA	

combination.	On	the	other	hand,	the	amplitude	of	the	CT	responses	was	greater	in	

females	than	males	for	both	MSG	and	the	MSG/LA	combination.	Overall,	males	had	

enhanced	responses	to	the	combination	of	LA	and	MSG	at	lower	concentrations	than	

did	females	(Stratford,	Curtis	&	Contreras,	2008).	A	third	study	by	Curtis	and	

Contreras	(2006),	it	was	found	that	CT	responses	to	a	range	of	NaCl	solutions,	in	CT	

whole	nerve	electrophysiology,	were	greatest	in	OVX‐EB	rats	as	compared	to	males	

and	Non‐EB	rats	showing	that	estrogen	may	be	a	reason	for	the	increased	sensitivity	

in	females.			

	 In	summary,	fatty	acids	alone,	although	not	an	official	tastant,	can	be	

discriminated	between,	but	better	in	females	than	males	(Stratford,	Curtis,	&	

Contreras,	2006).	These	sex	differences	in	fatty	acid	discrimination	have	been	tested	

across	a	wide	variety	of	fatty	acids	such	as	LA	and	oleic	acid,	(Stratford,	Curtis	&	

Contreras,	2006;	Stratford,	Curtis,	&	Contreras,	2008;	Curtis	&	Contreras,	2006)	and	

lauric	acid	(Pittman	et	al,	2008).	The	CT	has	also	been	shown	to	have	effects	on	the	

preference	and	detection	of	fats	and	other	tastants	in	general.	When	the	CT	was	

severed	using	CTX,	there	was	a	shift	in	the	discriminatory	threshold	of	both	males	

and	females.	Thus,	it	was	determined	that	the	CT	played	a	stronger	role	in	

discrimination	of	fatty	acids	in	females	in	males	(Stratford,	Curtis	&	Contreras,	

2006).	This	affect	does	not	seem	to	generalize	to	MSG	responses	in	the	CT	because	
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males	had	an	enhanced	response	to	the	combination	of	MSG	and	LA	at	lower	

concentrations	than	did	females	(Stratford,	Curtis	&	Contreras,	2008).	

Salty,	Bitter,	Sour,	and	Umami	

	 The	salty	tastant	has	been	studied	in	a	variety	of	ways,	which	had	differences	

in	preference	between	males	and	females	(Chow	et	al,	1992;	Flynn,	Schulkin	&	

Havens,	1993;	Kensicki,	Dunphy	&	Ely,	2002;	Krecek,	1973;	Krecek	et	al,	1972;	

Scheidler,	Verbalis	&	Stricker,	1994;	Stricker,	Thiels,	&	Verbalis,	1991;	Wolfe,	1982).	

When	presented	with	a	salty	solution,	the	CT	responses	were	greatest	in	male	rats	

and	lowest	in	OVX‐EB	rats	(Curtis	&	Contreras,	2006;	Curtis	et	al,	2004).	The	sex	

difference	was	attributed	to	a	decrease	in	the	CT	response	of	the	females	rather	than	

an	increase	in	CT	response	of	the	males.	The	decrease	in	CT	response	by	the	females	

was	attributed	to	the	high	levels	of	estrogen	coming	from	the	EB	treatment.	Overall,	

the	female	rats	were	less	sensitive	to	the	taste	of	concentrated	NaCl	solutions	when	

estrogen	levels	were	highest,	but	were	more	sensitive	to	the	taste	of	dilute	NaCl	

solutions	regardless	of	estrogen	status	(Curtis	&	Contreras,	2006;	Curtis	et	al,	2004).	

It	was	also	found	that	the	detection	of	NaCl	in	male	rats	was	consistently	greater	

than	in	OVX	rats	regardless	of	EB	treatment,	suggesting	that	testosterone	may	play	a	

role	in	the	gustatory	response	to	NaCl	(Krecek,	1972;	Curtis	&	Contreras,	2006).	

These	findings	would	make	sense	because	the	decreased	sensitivity	to	

sodium	in	females,	which	would	be	useful	when	the	female	body	is	preparing	for	

lactation	and	child	rearing	when	there	is	an	increased	demand	for	sodium	and	other	

tastants	(Clarke	&	Bernstien,	2001;	Curtis	&	Contreras,	2006).		The	idea	of	a	

biological	need	was	refuted	by	Tardoff,	Bachmonov,	and	Reed	(2007)	who	tested	
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NaCl	intake	in	40	different	rat	strains,	and	found	that	only	8	strains	showed	

significant	differences	between	males	and	females.		Their	findings	suggested	that	if	

there	were	an	increased	need	for	sodium	in	female	rats,	then	more	strains	would	

have	this	need	for	decreased	sensitivity	in	common.	

	 It	has	also	been	suggested	that	the	different	intakes	of	sodium	are	due	to	

different	metabolic	needs.	Females	ingested	nearly	twice	as	much	saline	as	males,	

but	they	only	lost	about	30%	less	sodium	in	their	urine	than	the	males	(Wolfe,	

1982).		But	in	terms	of	salt	as	a	general	tastant,	concentrated	NaCl	solutions	are	less	

aversive	to	female	rats	than	to	male	rats	(Curtis	et	al,	2004).	Curtis	et	al	(2004)	

suggest	that	the	continued	presence	of	estrogen	is	not	required	to	create	the	

developmental	changes	in	NaCl	taste	preference	produced	by	estrogen.	Conversely,	

testosterone	was	reported	by	Chow	et	al	(1992)	to	reduce	the	intake	of	NaCl	by	OVX	

rats.	As	reported	earlier,	Krecek	(1972)	showed	that	a	single	dose	of	testosterone	

given	at	2	days	of	age	could	suppress	the	sex	difference	of	salt	intake	that	occurs	in	

maturity.	However,	this	same	effect	did	not	occur	when	the	testosterone	was	

injected	at	12	days	of	age.		

	 Very	little	has	been	written	on	the	taste	preferences	of	sour,	bitter,	and	

umami.	Mostly	these	tastants	are	just	mentioned	in	passing,	or	used	as	a	vehicle	

towards	another	goal.	For	instance,	the	bitter	tastant	quinine,	is	most	often	used	as	a	

way	to	condition	taste	aversions.	One	instance	of	this	is	Nance,	Gorski,	and	

Panksepp	(1976)	who	reported	that	male	rats	displayed	stronger	taste	aversions	

than	females	to	a	saccharine	–	quinine	solution.	However,	Wade	and	Zucker	(1970b)	

did	report	that	quinine	in	itself	resulted	in	stronger	aversions	in	normal	females	
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than	ovariectomized	females.	Several	studies	have	looked	at	quinine	thresholds	and	

the	effect	of	quinine	on	the	CT	(John	&	Specter,	1996)	and	mechanisms	of	

transduction	properties	of	the	bitter	tastant	(Geran	&	Travers,	2009).	However,	

Those	studies	that	did	study	taste	preference	of	the	bitter	tastant	(Dahl,	Erickson,	&	

Simon,	1997;	Boughter	Jr.	et	al,	2002)	didn’t	look	at	any	sex	differences,	and	didn’t	

cite	any	other	studies	on	bitter	taste	preferences.	While	this	is	a	start,	more	research	

needs	to	be	done	to	understand	possible	effects	of	concentration,	and	how	small	

amounts	may	interact	with	other	tastants.		

Similarly,	very	little	work	has	been	done	on	sour	tastant	preferences,	and	

those	that	have	(Scelara,	2004;	Amerine,	Roessler	&	Ough,	1965;	Frank	&	Blizard,	

1999;	Pfaffman,	1957),	did	not	look	at	sex	differences.	Thus	studies	that	did	use	a	

sour	tastant	such	as	hydrochloric	acid	were,	again,	concerned	with	taste	preferences	

but	not	the	sex	differences	of	those	preferences.	Research	on	Umami	has	fallen	into	

the	same	category	as	savory	and	bitter	where	all	of	the	research	has	looked	at	

preference	(Kondoh	et	al,	2000)	with	an	emphasis	on	genetic	components	of	taste	

(Bachmonov,	Tordof,	Beauchamp,	2000)	but	not	sex	differences.	However,	Stratford,	

Curtis,	and	Contreras	(2008)	studied	the	different	preferences	that	males	and	

females	had	to	MSG.		They	used	electrophysiological	recordings	to	determine	that	

males	showed	a	greater	response	to	the	MSG	than	did	the	females.	They	also	paired	

the	MSG	with	LA	and	determined	that	the	LA	had	an	enhancing	effect	on	the	MSG.	

Overall,	males	had	enhanced	responses	to	the	combination	of	LA	and	MSG	at	lower	

concentrations	than	did	females	suggesting	that	the	males	were	better	able	to	

discriminate	the	taste	of	MSG	at	lower	concentrations.		
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In	summary,	the	greater	responses	of	males	to	a	saline	solution,	over	females,	

is	thought	to	be	produced	by	higher	levels	of	estrogen	in	females	(Curtis	&	

Contreras,	2006;	Curtis	et	al,	2004).	There	has	also	been	research	suggesting	the	

role	of	testosterone	in	the	preference	of	salt	(Chow	et	al	(1992;	Krecek,	1972;	Curtis	

&	Contreras,	2006).	There	have	also	been	a	variety	of	explanations	proposed	for	the	

sex	differences	in	sodium	preference	(Clarke	&	Bernstien,	2001;	Curtis	&	Contreras,	

2006;	Tardoff,	Bachmonov,	and	Reed,	2007;	Wolfe,	1982)	suggesting	that	this	is	

another	area	that	needs	further	exploration.	The	palatability	of	the	sour	(Scelara,	

2004;	Amerine,	Roessler	&	Ough,	1965;	Frank	&	Blizard,	1999,	Pfaffman,	1957),	

bitter	(Nance,	Gorski,	&	Panksepp,	1976;	Wade	&	Zucker,	1970b;	John	&	Specter,	

1996;	Geran	&	Travers,	2009;	Dahl,	Erickson,	&	Simon,	1997;	Boughter	Jr.	et	al,	

2002),	and	umami	(Kondoh	et	al,	2000;	Bachmonov,	Tordoff	&	Beauchamp,	2000)	

tastants	have	been	researched,	but	not	in	regards	to	sex	differences	in	palatability.	

With	the	exception	of	umami	(Stratford,	Curtis	&	Contreras	2008),	they	have	not	

been	examined	in	regards	to	their	relationship	to	other	tastants	either.	This	is	

clearly	an	area	that	needs	to	be	expanded	upon	in	future	research.		

Discussion	

	 Speaking	in	the	most	general	terms,	it	can	first	be	concluded	that	more	

research	is	needed	in	all	areas	of	tastant	preference.	While	the	current	study	did	not	

examine	the	literature	of	other	animals	or	humans,	many	of	the	findings	in	rats	are	

far	from	conclusive	and	still	in	dispute.	One	of	the	big	disputes	is	over	the	role	of	

estrogen	and	testosterone	in	producing	sex	differences.	The	current	literature	

shows	evidence	that	both	hormones	play	a	role	in	sex	differences.	What	exactly	that	
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role	is,	remains	disputed.	Estrogen	and	testosterone	are	already	known	to	regulate	

many	functions	of	the	body,	throughout	life,	and	on	a	day‐to‐day	basis.	Thus,	it	

would	be	helpful	to	gain	a	better	understanding	of	the	role	of	these	hormones,	

because	it	could	lead	to	major	advances	in	other	areas	such	as	reproduction,	bodily	

development,	and	homeostasis.			

	 It	would	also	be	incredibly	helpful	to	conduct	more	research	on	the	tastants	

umami,	sour,	and	bitter.	Some	sex	differences	have	been	noted,	but	they	were	noted	

as	a	side‐note.	It	would	be	most	helpful	to	deliberately	look	for	sex	differences	in	

taste	preferences	between	the	sexes.	If	researchers	were	to	start	with	this	relatively	

simple	base	research,	then	it	could	lead	to	findings	of	interactions	between	the	

tastants.	The	best	example	of	this	is	the	enhancement	effect	of	LA	on	MSG	(Stratford,	

Curtis	&	Contreras,	2008).		

	 The	role	of	the	CT	can	also	be	examined	more	in	relation	to	taste.	It	was	

interesting	to	see	that	the	CT	had	a	greater	effect	on	females	than	it	did	males	

(Stratford,	Curtis	and	Contreras,	2006).	This	first	raises	the	question	whether	the	

other	two	cranial	nerves	in	the	oral	cavity	have	similar	effects	on	the	same	or	

different	tastants.	While	the	current	study	did	not	look	at	the	literature	on	the	

glassopharyngial	and	the	vagus	nerve,	it	would	also	be	interesting	to	see	if	there	is	

any	type	of	interaction	between	the	three	nerves,	and	the	tastants	they	receive.		
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