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Abstract—Using fishes (32 species, 11 families) as an example, the relationship between the taste 

attractiveness of free amino acids (L-isomers) and their physicochemical and biological properties was 

analyzed. It was shown that essential amino acids, most nutritionally required for an organism, have 

lower taste attractiveness for fishes than nonessential amino acids. Only in 6 of the 32 tested species 

(sunbleak Leucaspius delineatus, European minnow Phoxinus phoxinus, dace Leuciscus leuciscus, 
chub Leuciscus cephalus, blue gourami Trichopodus trichopterus, pearl gourami Trichopodus leerii) 

the relationship between the taste attractiveness and molecular weight of amino acids was supported 

statistically, being negative in all cases. Only in 2 species, a statistically significant correlation 

between the taste properties of amino acids and the dissociation constant (K1) was found, positive 

in the stone loach Barbatula barbatula and negative in the lake char Salvelinus namaycush. A positive 

correlation between taste preferences and the magnitude of the isoelectric point (pI) of amino acids 

was found in one species (roach Rutilus rutilus) and a negative correlation in 2 species (brown trout 

Salmo trutta and Arctic char Salvelinus alpinus erythrinus). A statistically significant correlation 

between the taste attractiveness and water solubility of amino acids was revealed in 2 species (chum 

salmon Oncorhynchus keta and navaga Eleginus nawaga), negative in both cases. The flavor, which 

stimulates food intake, was found to be more often intrinsic to acidic and polar uncharged than 

basic and nonpolar amino acids, L- than D-isomers, amino acids with an amino group at the α- 

than β-position. Amino acids are more attractive than their salts. Aromatic amino acids are much 

less attractive than S-containing or acyclic amino acids. Thus, in most fish species there is no or 

weak relationship between the taste attractiveness of free amino acids and many of their physical, 

chemical and biological properties, suggesting a mediated character of this relationship and/or its 

poor detectability.
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ities in animals and humans has long been a focus 

of research in sensory biology. In spite of intensive 

studies in the field of taste reception, there is still 

no clear idea why substances have either attractive 

INTRODUCTION

The relationship between physicochemical and 

other properties of substances and their taste qual-
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or deterrent taste. In an attempt to solve this is-

sue, different salts, mineral and organic carboxylic 

acids, sugars and some other compounds are often 

used as model substances [1–3]. Free amino acids 

are more adequate ligands for taste receptors be-

cause they refer to inherent components of living 

organisms, make up their exometabolites, and are 

present in appreciable concentrations in natural 

reservoirs. These properties account for the wide 

use of free amino acids as chemical stimulants 

in studying the taste system in different animal 

groups.

These substances are of special importance for 

studying chemoreception in aqueous organisms, 

specifically in fishes, since they allow unraveling 

sensory mechanisms not only in the taste system 

(as in terrestrial animals) but in other chemosen-

sory systems (olfactory, general chemical sensitiv-

ity) as well. Free amino acids are widely exploited 

to study all types of fish chemoreception at or-

ganismic, systemic, cellular and molecular levels 

using behavioral, electrophysiological, immuno-

logical and other methods. The free amino acid 

content was determined in many organisms that 

serve a food for fishes [4–7]. It was established 

that for most fishes the taste attractiveness of fod-

der organisms or their artificial substitutes depends 

largely on the fraction of free amino acids [8–11].

Among vertebrates, the taste preferences for free 

amino acids are studied most comprehensively in 

fishes. Using a holistic approach, the taste of ami-

no acids has been analyzed by now in several tens 

of fishes representing different taxa, ways of life 

and feeding patterns. While taste spectra in fishes 

were found to be highly species specific, there is 

no obvious inter-population, sexual or any other 

intraspecies variability [12–14]. Taste prefer-

ences in fishes do not change under the influence 

of feeding experience and some external factors 

[15]; they are stable across generations [16]. Many 

free amino acids may have not only attractive but 

indifferent and even deterrent taste qualities for 

fishes [17].

Taste spectra in fishes are characterized by a 

great diversity, being quite different both in closely 

related species belonging to the same family/ge-

nus and fishes sharing the same feeding pattern. 

For example, taste attractiveness of free amino 

acids for the sturgeon species, well-studied in 

this respect, is so diverse that there is no statisti-

cally significant correlation between amino acid 

taste spectra in four representatives of the genus 

Acipenser (stellate sturgeon А. stellatus, Russian 

sturgeon A. gueldenstaedtii, Siberian sturgeon 

A. baerii, and Persian sturgeon A. Persicus) [18]. 

There are other examples of significant diversity in 

the width and content of amino acid taste spectra 

in fishes [17]. Pairwise comparisons of taste pref-

erences for free amino acids in more than 20 fish 

species show that statistically significant similar-

ity occurs only in about 5% of cases, and between 

species sometimes quite distant not only in terms 

of their taxonomy but natural habitats and feeding 

patterns as well [19].

Diversity of taste qualities of free amino acids, 

significant differences among species-specific 

taste spectra and their high stability, a great num-

ber of fish species tested, and some other above-

mentioned features allow the available data to be 

used in comparative studies. The aim of this work 

was to analyze on the example of fishes the pres-

ence and character of the link between the taste 

attractiveness of standard (proteinogenic) free 

amino acids and their physiological and physico-

chemical properties.

MATERIALS AND METHODS

The materials, obtained during long-term stud-

ies of various aspects of taste reception in fishes 

and its role in feeding behavior regulation, were 

used in this work. Experiments were conducted 

using a standard approach enabling quantitative 

evaluation of the taste attractiveness of individual 

substances or natural and artificial compositions, 

mediated by intraoral taste receptors (intraoral 

taste reception). As a carrier of taste substances, 

agar-agar gel (2%) stained red with a Ponceau 4R 

food dye (4 μM) and containing one of the test-

able substances was used. All the substances were 

of high-purity grade; amino acids, except for spe-

cial cases, were in L-form. Pellets, standard in 

size, color and shape, were cut out from agar-agar 

gel and presented to an individual fish. Responses 

to substance-carrying pellets were compared by 

several behavioral criteria with those to control 

pellets containing the dye alone. Preliminarily, it 

was demonstrated in experiments on olfactorily 
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deprived individuals that olfactory reception is not 

involved in the formation of fish responses to pel-

lets. The procedure of evaluating taste attractive-

ness of different substances for fishes is described 

previously [13, 20, 21].

The data on taste preferences were analyzed in 

32 fish species belonging to the families Cyprini-

dae (common carp Cyprinus carpio, silver Prussian 

carp Carassius auratus gibelio, crucian carp Caras-
sius carassius, bitterling Rhodeus sericeus amarus, 

European minnow Phoxinus phoxinus, chub Leu-
ciscus cephalus, dace Leuciscus leuciscus, roach 

Rutilus rutilus, tench Tinca tinca, grass carp Cteno-
pharyngodon idella, bream Abramis brama, sun 

bleak Leucaspius delineates), Balitoridae (stone 

loach Barbatula barbatula), Salmonidae (brown 

trout Salmo trutta, chum salmon Oncorhynchus 
keta, Arctic char Salvelinus alpinus erythrinus, 

lake char Salvelinus namaycush), Acipenseridae 

(Russian sturgeon Acipenser gueldenstaedtii, stel-

late sturgeon Acipenser stellatus, Persian sturgeon 

Acipenser persicus, Siberian sturgeon Acipenser 
baerii), Gasterosteidae (three-spined stickleback 

Gasterosteus aculeatus, nine-spined stickleback 

Pungitius pungitius), Cyprinodontide (platy Xi-
phophorus maculatus, guppy Poecilia reticulata, 

black molly Poecilia sphenops), Gadidae (navaga 

Eleginus nawaga), Pleuronectidae (Arctic floun-

der Liopsetta glacialis), Clariidae (African cat-

fish Clarias gariepinus), Characidae (blind cave 

fish Astyanax fasciatus), Osphronemidae (blue 

gourami Trichopodus trichopterus, pearl gourami 

Trichopodus leerii).

Statistical processing was performed using a χ2 

test, Mann–Whitney U-test, and the Spearman’s 

rank correlation coefficient (rs).

TASTE ATTRACTIVENESS OF 

AMINO ACIDS AS ESSENTIAL FOOD 

COMPONENTS

Taste attractiveness is believed to be associated 

with peculiarities of metabolic processes running 

in the animal organism [22]. From this viewpoint, 

particularly interesting are the amino acids that 

cannot be synthesized in the organism in required 

quantities and thus should come with food. In 

most animals and humans, essential amino acids 

are Val, Ile, Leu, Lys, Met, Phe, Thr, Trp. In fish-

es, this list is added with Arg and His, and the nu-

trient requirements for essential amino acids are 

very high [23].

Analysis of data obtained for 32 fish species 

shows that 10 essential amino acids in 186 out of 

320 possible cases, i.e. in more than a half of cases 

(58%), have an indifferent taste for fishes. The 

presence of essential amino acids enhances pellet 

intake in 24.1% of cases, while in 17.8% cases sig-

nificantly decreases it. Thr, His, Phe and Val have 

an attractive taste most often, while Ile, Leu, Lys 

and Trp have it most seldom. Taste properties of 

10 nonessential amino acids are quite different. By 

contrast to essential amino acids, in more than a 

half of cases (54.1%) they have taste properties sig-

nificant for fishes, being 3.8 times more attractive 

than deterrent (42.8 and 11.3%, respectively). The 

differences between essential and nonessential 

amino acids prove to be as large when comparing 

how often they become irritants with the strongest 

taste properties: nonessential amino acids occur 

1.9 times more often among the most attractive 

and 1.5 times more seldom among the most deter-

rent than essential amino acids (Table 1).

The nutrient requirements for essential amino 

acids were determined only in some fish species 

cultivated on an industrial scale. Such data were 

obtained, specifically, for the common carp and 

chum salmon, in which taste preferences for ami-

no acids were established as well (Table 2). All 6 

amino acids (Trp, Arg, Thr, Met, Phe, Val), be-

ing deterrents for the common carp, refer to the 

group of essential amino acids, while 4 other es-

sential amino acids also suppress pellet intake, al-

though this effect was not supported statistically. 

The deterrent effect of 3 amino acids (Met, Phe, 

Val) is so strong that their presence blocks pellet 

intake almost completely. Without exception, all 

amino acids attractive for the common carp (Cys, 

Pro, Glu, Asp, Gln, Ala) are nonessential. In the 

chum salmon, out of 14 attractive amino acids 7 

are essential and 7 others—nonessential, with one 

amino acid in each group being deterrent. There is 

no statistically significant correlation between the 

physiological requirement and taste attractiveness 

of amino acids (in common carp and chum salm-

on, rs = –0.35 and –0.09, respectively; p > 0.05 in 

both species).

Interestingly, almost all essential amino acids 
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(Arg, His, Ile, Leu, Met, Phe, Trp, Val) have a 

bitter taste for humans and only one (Thr) has a 

sweetish taste. Among nonessential amino acids, 

no one has a bitter taste and all of them have ei-

ther a sweetish (Gly, Ala, Pro, Ser) or acid taste, 

sometimes close to that of meat (Asn, Gln, Asp, 

Glu) [27, 28].

Thus, amino acids, the nutrient requirements 

for which are highest, which cannot be synthe-

sized in the organism and must be imported with 

food, have no higher taste attractiveness for fishes. 

In other words, feeding fishes do not prefer the 

food, which contains these amino acids in the 

Table 1. Taste properties of essential and nonessential 

amino acids for 32 fish species (after 12–21, 26, 33, 49)

Amino acid, 

concentration 

(М)

Taste

attractive indifferent deterrent

Essential:

Arg, 0.1 8(3) 17 7(2)

His, 0.1 10(6) 17 5(4)

Lys, 0.1 6(4) 20 6(2)

Met, 0.1 8(6) 19 5(2)

Phe, 0.1 10(6) 15 7(3)

Thr, 0.1 11(7) 16 5(1)

Val, 0.1 10(5) 16 6(3)

Ile, 0.01 3(2) 23 6(2)

Leu, 0.01 4(4) 23 5(2)

Trp, 0.01 7(3) 20 5(2)

Total:  77(46) 186  57(23)

Nonessential:

Ala, 0.1   20(14) 10 2(0)

Asn, 0.1 10(3) 19 3(3)

Cys, 0.1   18(16) 8 6(3)

Gln, 0.1 13(7) 15 4(1)

Gly, 0.1 14(8) 16 2(0)

Pro, 0.1 12(9) 16 4(2)

Ser, 0.1 14(9) 16 2(1)

Asp, 0.01 13(9) 14 5(3)

Glu, 0.01 14(7) 14 4(1)

Tyr, 0.001 9(5) 19 4(1)

Total: 137(87) 147    36(15)

Here and in Table 4, indicated is the number of fish species, 

which displayed a preference for (p < 0.05), indifference to 

(p > 0.05) or refusal of (p < 0.05) the amino acid-bearing 

versus control (placebo) agar-agar pellets; in brackets—

number of species, for which the attractive or deterrent taste 

of the amino acid is maximal (p < 0.001).

Table 2. Taste attractiveness index (Indpal) and nutrient 

requirement in essential amino acids in the common 

carp Cyprinus carpio and chum salmon Oncorhynchus 
keta (after 20, 24–26)

Amino acid, 

concentration 

(М)

Common carp Chum salmon

Indpal

nutrient 

require-

ment

Indpal

nutrient 

require-

ment

Essential:

Arg, 0.1  –59.8* 4.2    –21.1 6.0

His, 0.1  –14.0 2.1   22.0* 1.6

Lys, 0.1  –21.0 5.7      –5.5 4.8

Met, 0.1  –84.9** 3.1 30.3*** 3.0

Phe, 0.1  –87.3*** 6.5 37.3*** 6.3

Thr, 0.1  –61.5** 3.9 7.2 3.0

Val, 0.1  –100*** 3.6 22.5 0.7

Ile, 0.01  –36.1 2.3 35.2*** 2.4

Leu, 0.01  –23.0 3.4 39.4*** 3.8

Trp, 0.01  –53.1* 0.8 14.8 3.0

Nonessential:

Ala, 0.1   39.6** – 38.7*** –

Asn, 0.1   –33.0 –     –6.3 –

Cys, 0.1 74.1*** – –39.3*** –

Gln, 0.1     39.3** –      12.7 –

Gly, 0.1    –26.7 – 16.7* –

Pro, 0.1 55.7*** – 22.6*** –

Ser, 0.1 –87.3*** – 27.1*** –

Asp, 0.01   40.7** –      –2.2 –

Glu, 0.01     42.4*** –       14.3* –

Tyr, 0.001   –24.6 – 29.3*** –

Taste attractiveness index was calculated by the formula: 

Indpal = [(R – C) / (R + C)] ×100, where R and С—the number 

of consumed substance-bearing pellets versus control pellets, 

%. Index magnitude may vary from 100 (maximally attractive 

taste) to –100 (maximally deterrent taste). Differences in 

substance-bearing pellet consumption from control are 

significant at р: * < < 0.05, ** < < 0.01, *** < < 0.001. Nutrient 

requirement is expressed as percentage of amino acid in the 

protein of the consumed foodstuff. Boldfaced font marks a 

significantly deterrent effect.
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free form, to that containing a highest fraction of 

free nonessential amino acids. Such an illogical, 

at first sight, situation is quite explicable, consid-

ering that amino acids (including essential) occur 

in foods in the bound state, within protein mol-

ecules. It is known that chemosensory properties 

of amino acids, as of other substances, change 

sharply under any changes in their structure. Even 

the short peptide molecules, built from the mol-

ecules of high-performance amino acids, may be 

totally inert when used as taste or olfactory stimuli 

[29]. The taste attractiveness of fodder objects is 

determined by the presence in their composition 

of free amino acids and many other low-molec-

ular-weight nitrogen-bearing substances [10, 30], 

as well as by species-specific taste spectra [19]. It 

is exactly these features that underlie the choice of 

fodder objects in fishes [31]. The adaptive mean-

ing of such a mechanism consists, first of all, in 

providing food selectivity and relieving interspe-

cies food competition between co-inhabiting fish 

species. The mechanisms aimed in fishes at at-

taining a concordance between food intake and its 

physiological adequacy appear to be quite differ-

ent and more mediated.

TASTE ATTRACTIVENESS AND 

PHYSICOCHEMICAL CHARACTERISTICS 

OF AMINO ACIDS

In studies of taste reception much attention is 

paid to the search for physicochemical character-

istics, which might account for or correlate with 

taste properties of different substances. The size 

of the molecule of these substances is considered 

most often. As exemplified by the channel catfish 

Ictalurus punctatus, it was shown that in electro-

physiological experiments most efficient taste 

stimulants are uncharged acyclic amino acids1 

with few carbon atoms in the side chain (3–4), 

although there are some exceptions from this rule 

[29]. In the common carp, there was found a cor-

relation between the amplitude of electrical re-

sponses in the taste nerves and the size of the mol-

ecule of acyclic and aromatic amino acids from 

the homologous series of carboxylic acids [32]. In 

1 Both proteinogenic and nonproteinogenic amino acids and 

their derivatives were used.

the tench, there is a clear tendency for the increas-

ing taste attractiveness of saturated monocarbonic 

acids as the carbon chain elongates, although for 

dicarboxylic acids this correlation is inverse [33]. 

A positive correlation between the number of car-

bon atoms in the molecule of acyclic monocar-

bonic acids and intensity of taste responses, both 

behavioral and electrophysiological, was revealed 

in the Atlantic salmon Salmo salar [34].

To analyze the relationship between some 

physicochemical properties of free amino acids 

and their taste attractiveness, we used the data ob-

tained for those amino acids, the taste properties 

of which were evaluated at their equal concentra-

tion in pellets (0.1 M).

Molecular weight. In 25 of 32 fish species there 

is a negative correlation (rs) between the molecu-

lar weight of an amino acid and its taste attractive-

ness, although only in 6 cases (sun bleak, Europe-

an minnow, dace, chub, pearl and blue gourami) 

it was confirmed statistically (Table 3). In gen-

eral, these results indicate the presence of a clear 

tendency: the larger the molecule, the lower the 

probability that the taste of an amino acid would 

be attractive for fishes, and the higher the prob-

ability that it would be deterrent. Considering that 

taste preferences in fishes strongly differ, this ten-

dency has many exceptions. For example, for the 

roach the taste of Arg, having the largest molecule 

among the comparable amino acids (211 Da), is 

far more attractive than the taste of Gly (75 Da) 

or Ala (89 Da). For the chum salmon, lake char, 

black molly and navaga, the taste of Phe (165 Da) 

is highly attractive, whereas that of Gly weakly 

attractive, indifferent or weakly deterrent. The 

number of similar examples may multiply.

Water solubility. For chemosensory stimuli, in-

cluding taste substances, an extremely important 

physicochemical property is water solubility [35]. 

Quite acceptably, high solubility may facilitate ac-

cess of tastants, contained in food, to the receptor 

molecules built into the membrane of sensory cells 

in taste buds. However, correlation analysis does 

not support this assumption. Despite the 14 amino 

acids under comparison differ in water solubility 

by almost an order, only in 2 of 32 species (chum 

salmon and navaga) the correlation between taste 

attractiveness and water solubility of amino acids 

is statistically significant, being negative in both 
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cases (Table 3).

It is known that the maximum taste bud density 

in the fish buccal cavity occurs on the tooth-bear-

ing structures—the jaws, vomer, tongue, or in the 

zones where intraoral processing of captured prey 

takes place—the palate and postlingual organs 

available, for example, in Cyprinidae [36–39]. 

Free amino acids, like many other compounds, 

Table 3. Spearman’s rank correlation coefficient between taste attractiveness of 14 free amino acids (0.1 M) and 

their molecular weight (Mw), solubility in water (S25°), dissociation constant (рК1) and isoelectric point (pI) for 

32 fish species (after 12–21, 26, 33, 49)

Fishes Mw S25° рК1 pI

Brown trout, Salmo trutta    0.42   0.28 0.19   –0.67**

Arctic char, Salvelinus alpinus erythrinus    0.21 –0.08 –0.12    –0.69**

Chum salmon, Oncorhynchus keta –0.22    –0.55*    0.03    0.20

Lake char, Salvelinus namaycush    0.07 –0.31  –0.57* –0.20

Three-spined speckleback, Gasterosteus aculeatus1 –0.03    0.38 –0.45 –0.45

Nine-spined speckleback, Pungitius pungitius2 –0.16    0.39    0.04 –0.23

Bream, Abramis brama –0.46    0.43 –0.12    0.20

Sun bleak, Leucaspius delineatus   –0.56*   0.29    0.27    0.23

Tench, Tinca tinca –0.33   0.53    0.05 –0.06

Roach, Rutilus rutilus  –0.26   0.31    0.36        0.70**

European minnow, Phoxinus phoxinus      –0.72**    0.05 –0.02    0.51

Dace, Leuciscus leuciscus      –0.73**    0.06 –0.32    0.27

Chub, Leuciscus cephalus   –0.59*    0.29    0.01    0.40

Bitterling, Rhodeus sericeus amarus –0.12    0.11    0.24    0.47

Common carp, Cyprinus carpio –0.16    0.46    0.15 –0.29

Silver Prussian carp, Carassius aurutus gibelio –0.46    0.22 –0.02    0.36

Crucian carp, Carassius carassius     0.14 –0.18    0.35 –0.23

Grass carp, Ctenopharyngodon idella3 –0.19    0.31    0.29    0.06

Stone loach, Barbatula barbatula –0.25    0.06      0.60*    0.15

Russian sturgeon, Acipenser gueldenstaedtii    0.21    0.36 –0.21 –0.10

Stellate sturgeon, Acipenser stellatus –0.38 –0.04 –0.17 –0.26

Siberian sturgeon, Acipenser baerii    0.05 –0.26 –0.13 –0.17

Persian sturgeon, Acipenser persicus    0.20    0.16 –0.04 –0.20

Guppy, Poecilia reticulata –0.11 –0.21    0.02    0.38

Black molly, Poecilia sphenops –0.23 –0.26 –0.44    0.32

Platy, Xiphophorus maculatus –0.19 –0.23    0.24 –0.03

Blind cave fish, Astyanax fasciatus –0.42    0.31 –0.16    0.33

Blue gourami, Trichopodus trichopterus    –0.67** –0.11 –0.30    0.01

Pearl gourami, Trichopodus leerii     –0.71**    0.28 –0.29 –0.17

African catfish, Clarias gariepinus –0.17    0.05 –0.10    0.04

Arctic flounder, Liopsetta glacialis –0.13    0.13    0.23   0.51

Navaga, Eleginus nawaga –0.24   –0.58* –0.37   0.25

1—White Sea population; 2—Moscow River population; 3—reared on animal foodstuff.
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are present in food in the dissolved state. The fact 

that a solubility does not refer to those characteris-

tics, which may determine the taste attractiveness 

of substances, may, to some extent, be due to lo-

calization of taste buds near the teeth. When cap-

turing a prey, fish unavoidably disintegrates it, and 

the substances, oozed out together with blood and 

other internal fluids, may come into direct contact 

with taste receptors.

The recent data, showing that many practical-

ly water insoluble fatty acids (palmitic, linoleic, 

linolenic and other) are perceived by taste recep-

tors and have taste properties for humans [40, 

41], indirectly indicate that tastants are not to be 

necessarily well-soluble in water. However, the 

relationship between solubility and taste proper-

ties of substances does not seem to be ruled out 

completely, because solubility in water and re-

lated peculiarities of thermodynamic behavior of 

substances in solution are thought to relate to taste 

sensations they elicit [42].

Dissociation constant. The literature data on 

the dependence of the intensity of taste prefer-

ence manifestation in fishes on pH of the stimulus 

solution are discrepant. In humans, it was shown 

that the sensation of the sour taste of carboxylic 

acids positively correlates with the magnitude of 

the dissociation constant K1 [2]. In the tilapia Ti-
lapia zillii, there is a distinct negative linear depen-

dence of agar-agar gel intake on pH of the stimu-

lus solution (malic and citric acids, Lys, Glu, Asp; 

0.01 М) [43]. The same relationship between pH 

of carboxylic acids and pellet intake was found in 

the tench (rs = –0.84; p < 0.001) [33]. However, 

in experiments on the rainbow trout Oncorhynchus 
mykiss, in which the solutions of more than 80 free 

amino acids at different concentrations were test-

ed, the similar relationship was not revealed, de-

spite pH of the solutions varied from 3.06 to 10.87 

[44].

Taste responses to organic acids are believed to 

be elicited not only by the hydrogen ions in the 

solution but also by amino acid residues resulting 

from dissociation [2, 45, 46]. Our evaluation of the 

relationship between the magnitude of the disso-

ciation constant K1 of amino acids and their taste 

attractiveness revealed a statistically significant 

correlation between these parameters only in two 

fish species, being negative in the lake char (rs = 

–0.57; p < 0.05) and positive in the stone loach 

(rs = 0.60; p < 0.05). In other 30 species there is no 

significant relationship (Table 3).

Isoelectric point. A statistically significant cor-

relation between the magnitude of the isoelectric 

point of amino acids and their taste attractiveness 

was detected in 3 species, being positive in the 

roach and negative in the brown trout and Arctic 

char (Table 3).

By the position of the isoelectric point, amino 

acids can be divided into acidic, basic and neutral 

(nonpolar and uncharged polar). A comparison of 

these amino acid groups shows that the basic and 

nonpolar amino acids become taste attractive for 

fishes far more seldom than the acidic and un-

charged polar amino acids (Table 4). For humans, 

as in many cases for fishes, the nonpolar and basic 

amino acids also have a deterrent taste. Although 

the acidic amino acids have the same taste for hu-

mans as well, for fishes they are often taste attrac-

tive. The uncharged polar amino acids are taste 

attractive both for fishes and humans [47].

TASTE ATTRACTIVENESS AND 

STRUCTURAL CHARACTERISTICS OF 

AMINO ACIDS

According to multiple electrophysiological 

studies, fish response to stereoisomers and struc-

tural isomers of amino acids in different ways. As 

a rule, L-amino acids are more effective than D-

forms, although an inverse situation is also pos-

sible. Position of functional groups in a molecule 

has a great influence. For example, in the channel 

catfish L-α-Ala elicits more intense electrical re-

sponses in nerve fibers, innervating taste buds on 

the maxillary barbels, than L-β-Ala [29, 30, 48].

Electrophysiological data are well consistent 

with the results of still few behavioral experiments 

on comparative assessment of the taste attractive-

ness of amino acids. Specifically, it was shown that 

the L-Ala- or L-Glu-bearing pellets are consumed 

by fishes (three-spined stickleback) more willingly 

than those bearing D-form of the same amino ac-

ids, and for the L-Ala/D-Ala pair the difference 

is highly significant (p < 0.001) [49]. The prefer-

ence of the L-α-Ala- and L-β-Ala-bearing pellets 

is as strong, being in full accordance with the re-

sults of electrophysiological studies conducted on 
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Table 4. Taste properties of basic, acidic, polar charged and nonpolar amino acids for 32 fish species (after 12–21, 

26, 33, 49). Classification of amino acids by their structure and radical polarity is given after [54].

Amino acid, con-

centration (М)

Taste Amino acid, con-

centration (М)

Taste

attractive indifferent deterrent attractive indifferent deterrent

Basic: Sulfur-containing:

Arg, 0.1 8(3) 17 7(2) Cys, 0.1 18(16) 8 6(3)

His, 0.1 10(6) 17 5(4) Met, 0.1 8(6) 19 5(2)

Lys, 0.1 6(4) 20 6(2) Average: 13(11) 13.5 5.5(2.5)

Total: 8(4.3) 18 6(2.7) Acyclic:

Acidic: A   la, 0.1 20(14) 10 2(0)

Asp, 0.01 13(9) 14 5(3) Arg, 0.1 8(3) 17 7(2)

Glu, 0.01 14(7) 14 4(1) Asn, 0.1 10(3) 19 3(3)

Total: 13.5(8) 14 4.5(2) Cys, 0.1 18(16) 8 6(3)

Polar uncharged: Gln, 0.1 13(7) 15 4(1)

Asn, 0.1 10(3) 19 3(3) Gly, 0.1 14(8) 16 2(0)

Cys, 0.1 18(16) 8 6(3) Lys, 0.1 6(4) 20 6(2)

Gln, 0.1 13(7) 15 4(1) Met, 0.1 8(6) 19 5(2)

Gly, 0.1 14(8) 16 2(0) Ser, 0.1 14(9) 16 2(1)

Ser, 0.1 14(9) 16 2(1) Thr, 0.1 11(7) 16 5(1)

Thr, 0.1 11(7) 16 5(1) Val, 0.1 10(5) 16 6(3)

Tyr, 0.001 9(5) 19 4(1) Asp, 0.01 13(9) 14 5(3)

Average: 12.7(7.9) 15.6 3.7(1.4) Glu, 0.01 14(7) 14 4(1)

Nonpolar: Ile, 0.01 3(2) 23 6(2)

Ala, 0.1 20(14) 10 2(0) Leu, 0.01 4(4) 23 5(2)

Met, 0.1 8(6) 19 5(2) Average: 11.1(6.9) 16.4 4.5(1.7)

Phe, 0.1 10(6) 15 7(3) Aromatic:

Pro, 0.1 12(9) 16 4(2) Phe, 0.1 10(6) 15 7(3)

Val, 0.1 10(5) 16 6(3) Trp, 0.01 7(3) 20 5(2)

Ile, 0.01 3(2) 23 6(2) Tyr, 0.001 9(5) 19 4(1)

Leu, 0.01 4(4) 23 5(2) Average: 8.7(4.7) 18 5.3(2)

Trp, 0.01 7(3) 20 5(2) All amino acids, 

average:

10.7(6.7) 16.7 4.7(1.9)

Average: 9.3(6.1) 17.8 5(2)

Note as in Table 1.

the channel catfish. However, the L-α-Phe- and 

L-β-Phe-bearing pellets are equally little taste at-

tractive for the tench, although behaviors shown 

by fishes during testing these pellets were different 

(p < 0.001) [33]. Amino acid salts (e.g. Glu–Na) 

are less attractive for fishes (three-spined stickle-

back) than the respective L-amino acids [49].

There has been assessed the sensory efficacy of 

amino acids with acyclic and aromatic radicals or 

those containing sulfur in their molecules [29, 47, 

50]. The taste attractiveness of these amino acids 

for fishes differs quite appreciably. The aromatic 

amino acids (Phe, Tye, Trp) on average far more 

seldom happen to be taste attractive than the S-

containing or acyclic amino acids. However, in 

terms of the taste qualities for fishes, the two S-

containing amino acids strongly differ from one 

another: Cys refers to the most taste attractive 
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amino acids in 16 fish species, while Met yields in 

this respect almost 3 times (Table 4). For humans, 

both the amino acids have a pleasant taste [47].

Thus, the available data indicate a dependence 

of the taste attractiveness of amino acids on ste-

reoisomerism of a molecule and the position of the 

amino group: the taste attractiveness is higher in 

L-amino acids than in D-forms and in amino ac-

ids having the amino group attached to the carbon 

atom at the α- but not β-position. Any changes in 

a molecule change the taste properties of amino 

acids.

CONCLUSION

In spite of the numerous studies in the field of 

chemoreception and great practical interest in this 

field of knowledge, there are still relatively few at-

tempts to elucidate the link between the structural 

and physicochemical characteristics of substances 

and chemosensory qualities these substances have 

for animals and humans. Almost all these attempts 

were made on isolated species allowing no large-

scale data interpretation. Fishes, due to a large 

number of species tested, serve as handy model 

objects to make such generalizations.

It is known that the efficacy of tastants, as eval-

uated electrophysiologically by the electric activ-

ity induced in response to stimulation in nerves or 

separate nerve fibers, individual receptor cells or 

their groups, not always conforms to the effect of 

these substances, as revealed in behavioral trials 

[19]. Meanwhile, a real perception of tastants by 

animals (the sign of response) can be determined 

only behaviorally, since only behavioral tests en-

able integral sensory characterization of a tastant. 

The present study represents one of the few at-

tempts when such a behavioral characteristics, the 

taste attractiveness of tastants, is used to seek for 

the relationships under consideration.

Our analysis shows that the taste attractiveness 

of free amino acids does not correlate with many 

of their physical, chemical and biological prop-

erties. Taste preferences in fishes are stable spe-

cies-specific characteristics; they are resistant to 

the effect of varied external and internal factors, 

conserved across generations, and show a high in-

traspecies similarity [19]. It is hard to assume that 

the genetically fixed characteristics of the taste 

system, a major sensory basis for the choice and 

consumption of adequate foods [51, 52], are not 

related to some basic peculiarities of metabolism 

and biology of animals. We can only agree with the 

earlier suggestion that such relationships, which 

undoubtedly must exist, are likely to be indirect 

(mediated) and thus hardly detectable [22]. The 

preference for the taste of sugars typical for many 

herbivorous animals, including phytophagous 

fishes [19, 53], may indicate, however, that the 

search for such correlates is quite reasonable and 

highly promising. Probably, this search should be 

based on the analysis of data not from fishes in gen-

eral, as they are believed to include several classes 

of vertebrates, but from the smaller taxa such as 

families and orders. Thus, of 6 species, in which 

the statistically significant relationship was found 

between the taste attractiveness of amino acids and 

their molecular weight, the 4 species (sun bleak, 

European minnow, dace, chub) refer to the fam-

ily Cyprinidae. However, it should nevertheless be 

emphasized that in the other 8 representatives of 

this family such a relationship is absent (Table 3).
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