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The common pure amino acids have the following 
taste properties near neutrality: no taste a t  all o r  a 
barely perceptible taste (D-Ala, D- and L-Arg, D- 
and L - A s ~ ,  D - G ~ u ,  L-His, D- and L-Ile, D- and L-LYS, 
D- and L-Pro, D- and L-Ser, D- and L-Thr, D- and 
L-Val), sweet taste (in order of decreasing sweetness: 
D-Try, D-His, D-Phe, D-Tyr, o-Leu, L-Ala, Gly), 
bitter taste (in order of decreasing bitterness: 
L-Try, L-Phe, L-Tyr, L-Leu), and sulfurous taste 
(D- and L-CYSH and D- and L-Met). L-Glutamic 

acid has a unique taste-potentiating property; a 
similar effect has been reported for tricholomic acid 
and ibotenic acid. Pure peptides have been in- 
vestigated to  a lesser extent. Examples are presented 
of peptides with bitter and other taste sensations. 
Proteins have been found to provide tactual and 
astringent effects. The contributions of these sub- 
stances to the flavor of food products often exceed 
the taste properties of the pure compounds. 

he many important biological functions that amino 
acids, peptides, and proteins fulfill has focused T research in the past decades o n  the physiological 

role of these compounds. Recently, the less fundamsntal 
aspects such as taste and flavor have become of interest. 
The present review is concerned with the direct contribu- 
tions of amino acids, peptides, and proteins to the flavor of 
foods; their importance as flavor precursors is not con- 
sidered. 

The taste qualities of the pure substances will be con- 
sidered first. The literature on  this subject is controversial 
(Berg, 1953; Crocker, 1948; Ferguson and Lawrence, 
1958; Galvin, 1948; Lawrence and Ferguson, 1959; 
Meister, 1957; Stone, 1967). This is probably because 
pure D- and L-amino acids were not readily available in 
the past, that differences in taste between the optical iso- 
mers were often not duly considered, and that chemical 
impurities often conveyed agreeable “hydrolysate flavors” 
to the test substances. Moreover, many taste tests were 
conducted only on  a qualitative basis and a t  varying con- 
centrations. 

In Table I, results are presented from statistical taste 
tests conducted with a selected panel of eight to 12 people, 
using pure L- and D-amino acids (Solms et a/., 1965). 
The amino acids with taste properties were compared 
with standard substances having the same taste quality 
and known taste intensities. All taste tests were con- 
ducted at the same fixed concentrationofaminoacid(0.3yo). 
although it is known that taste quality may vary with 
concentration. Experimental details are reported else- 
where (Solms et uf., 1965). 

Group 
1 consists of amino acids whose L- and D-enantiomorphs 
have no  taste a t  all, o r  only a barely perceptible taste. 
Group 2 consists of amino acids with complex taste sensa- 
tions, which are difficult to evaluate in the pure state. 
This group contains the unique L-glutamic acid, known for 
its flavor-enhancing properties in suitable mixtures (Neu- 
kom, 1956; Oeda, 1963; Solms, 1967a, 1967b), and the 
sulfur-containing amino acids. The latter probably form 
decomposition products, which are responsible for their 
sulfurous taste. Group  3 comprises amino acids with 
distinctive tastes, either bitter or sweet. which were com- 

Three groups of amino acids can be established. 
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pared quantitatively with caffeine and sucrose solutions, 
respectively. The taste intensities of the amino acids in 
this group, especially those of the aromatic amino acids, are 
noteworthy. L-Tryptophan is approximately half as bitter 
as caffeine; D-tryptophan is 35 times sweeter than sucrose. 
L- and D-phenylalanine and L- and D-tyrosine have similar 
but less intense taste qualities. Alanine and histidine 
form a special subgroup, with one isomer flat in taste, 
the other sweet. Alanine is the only amino acid tested 
with a truly sweet-tasting L-enantiomorph. Glycine, 
named for its sweet taste, has the lowest relative sweet- 
ness of the amino acids in this group. Free aromatic 
L-amino acids occur in relatively high concentrations. 
together with other amino acids, in oriental food prepa- 
rations (Murata et a/., 1967; Yokotsuka, 1960). and in 
many cheese varieties, especially in ripe ones (Hintz et a/., 
1956; Kosikowski and Dahlberg, 1954; Ritter et nl.. 
1966), and may directly influence the taste or off-taste of 
these foods. 

Two amino acids, which have not been tested, are ibo- 
tenic acid and tricholomic acid (Solms, 1967b, Takemoto, 
1966). They are reported to  exert flavor enhancing prop- 
erties similar to  glutamic acid, with much higher intensity. 

Finally, a compound derived from glutamic acid, 
pyrrolidone-carboxylic acid, is claimed to possess a dis- 
agreeable bitter “off-taste” (Mahdi et nl., 1961 ; Shallen- 
berger and Moyer, 1958). 

Much less is known about the taste of peptides, but there 
are probably no  simple relations to the amino acids. 
The peptide L-glycyl-L-tryptophan, for example, is not 
bitter in taste, although it contains L-tryptophan (Solms. 
1968b). I t  is a well-known observation that bitter tasting 
products are formed during enzymatic hydrolysis of pro- 
teins. This apparently is due to the formation of bitter 
tasting peptides, especially phosphopeptides-e.g., in 
cheese production (Harwalkar, 1967; Murray and Baker, 
1952; Raadsveld, 1953; Stone and Naff, 1967). Al- 
though many peptides have been isolated from enzymatic 
protein hydrolyzates and from cheese, detailed studies of 
their structures combined with taste evaluations have not 
as yet been published. Thus far only one peptide with a 
bitter taste has been examined in detail, and it contains 
the following amino acids: leucine, glutamic acid, and 
valine (Carr et a/., 1956). 

Many peptides have been isolated from plants and ani- 
mals, but have not been tested for their taste properties. 
At least two peptides, y-L-glutamyl-S-(prop-l-enyl)-L- 

686 J. AGR. FOOD CHEM. 



Table I. Taste of Amino Acids in 0 . 3 z  Aqueous 
Taste 

Amino Acid L-Form D-Form 

Group 1. 
Arginine 
Aspartic acid 
Isoleucine 
Lysine 
Proline 
Serine 
Threonine 
Valine 
Glutamic acid 

Amino Acids without Taste 
Flat 
Flat 
Flat 
Flat 

Flat, SI. sweet 
Flat 
Flat 
Flat 
. . .  

Group 2. Amino Acids with Varying Tastes 
Cysteine 
Glutamic acid 
Methionine 

Sulfurous 
Unique, “glutamate” 

Sulfurous, meaty 
SI. sweet 

SI. sweet (D, L) 
Flat 
Flat 
Flat 
Flat (D, L) 
Flat 
Flat 
Flat 
Flat 

Sulfurous (D. L) 

Sulfurous, meaty 
SI. sweet 

. . .  

Group 3. Amino Acids with Bitter or Sweet Tastes 
(as compared with solutions of caffeine or sucrose) 

Alanine 
Histidine 
Leucine 
Phenylalanine 
Trq ptophan 
TSrosine‘ 
Glycine 

Sweet, 0.54% sucrose Flat 
Flat Sweet, 2.23 % sucrose 

Bitter, 0.01 1 caffeine Sweet, 1 ,30 z sucrose 
Bitter, 0.069 caffeine Sweet, 2.20 z sucrose 
Bitter, 0.133% caffeine Sweet, 1 1 .OO sucrose 
Bitter, 0.017% caffeine Sweet: 1 . 6 5  sucrose 

Sweet, 0.45 sucrose 
0 The amino acids marked (D, L) were not available in  pure D-isomer form; therefore, the racemates were used in the tests. 
h pH adjusted to pH 6.0 with NaOH o r  HC1. 
c Due to the low solubility of tyrosine, the taste tests were conducted at  elevated temperatures. 

cysteine isolated from chives, and y-L-glutamyl-S-(prop- 
1-en! 1 )-L-cysteine sulfoxide isolated from onions, were 
evaluated for taste, and they exhibited a characteristic bit- 
ing taste sensation (Virtanen. 1965, 1968). An agreeable 
taste has been described for anserine (Jones, 1961). 
Certain flavor-enhancing properties have been assigned to 
calciutn pantothenate (Dixon, 1968) and to several co- 
polypeptides containing glutamic acid, aspartic acid, 
lysine, and ornithine (Kyowa Hakko Kogyo Co., 1965. 
1967a. 1967b). For  many years it has been claimed that 
glutathione is responsible for meaty taste (Bouthilet. 1951), 
but this is probably not correct. 

I t  is generally accepted that proteins exert no taste 
activit) : however, they contribute to flavor indirectly, 
with tactile and similar effects. This is especially true 
for protein-rich foods like milk, milk products, and meat 
(Matz. 1962). Astringency should also be mentioned as a 
direct contribution of these substances to taste (Josephson 
et (11.. 1967). 

In food preparations the contribution of amino acids 
and peptides to the flavor of the product often exceeds the 
taste properties of the pure compounds themselves, be- 
cause of the phenomena of taste interrrctions, like syner- 
gism and potentiation (Amerine et a/.. 1965; Solms, 
196721. 1967b). The best known example is L-glutamic 
acid. which exerts ii pronounced taste-improving effect 
in appropriate mixtures. or  in foods. due to flavor potentia- 
tion. Other compounds are much less effective, and must 
be regarded 21s secondary substances. which provide ii 

background for a flavor potentiator (Hashimoto, 1965). 
To assess the taste contribution of these substances. the), 

muht be tested in their natural environment. The first 
s1,stematic approach. in this regard, has been described by 
Mulder (1952) with the “components balance theorq” 
of cheese flavor. The theory states that flavor is not re- 
lated to single compotinds. but to a mixture of volatile 

and nonvolatile compounds. including amino acids, which 
must occur in a certain specific balance. The theory has 
been examined and confirmed by Silverman and Kosi- 
kowski (1953) and by Kosikowski and Mocquot (1958). 
Hashimoto (1965) developed a similar approach for 
evaluating the flavor of meat and fish; Craske and Reuter 
(1965) applied a somewhat different technique for mush- 
room flavor. The difficulties of the method were recently 
discussed for cheese flavor (Day et d., 1957). They are 
mainly due to the fact that the amino acids do  not impart 
a typical flavor as such. but appear to function by providing 
a general background on  which the typical flavor notes are 
superimposed. The character of the background depends 
o n  the qualitative and quantitative composition of the 
mixture (Dylanyan et d.. 1966). 

The amino acid fr‘iction of Swiss cheese is an interesting 
example. Only a combination of the amino acids L- 
proline (6000 p.p.m.), glycine (1600 p.p.m.). L-serine 
(1950 p.p.m.). L-threonine (1950 p.p.m.). L-aspartic acid 
(2500 p.p.m.). L-glutamic acid (3000 p.p.m.), L-cysteine 
(760 p.p.ni.). L-tryptophan (2200 p.p.m.). L-histidine (3700 
p.p.m.). and L-lysine (2200 p.p.m.). together with selected 
free fatty acids and selected volatiles, gave reconstituted 
Swiss cheese flavor (Langler et d . .  1967). 

Other amino acid mixtures of specific qualitative and 
quantitative composition, which contribute to basic 
flavor notes, are reported for onions (Take and Otsuka, 
19681, crabmeat (Take e /  d., 1968). fish and fish extracts 
(Hashinioto. 1965). soy sauce and other seasonings 
(Kikkoman Shoyti Ltd.. 1967, 1968). and chicken and meat 
broth (Ajinomoto Co.. 1967; Kazeniac. 1961). In the 
latter, hydroxyproline seems to be of special interest 
(Kawano, 1962). 

The importance of free amino acids in the flavor of 
potatoes has been investigated in some detail (Solms et (11.. 

1969). The nonvolatile extracts of boiled potatoes con- 
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Table 11. Proposed Integrated Flavor Picture 
Total flavor Volatile Low boiling compds. 

sensation fraction High boiling compds 
Nonvolatile Flavor potentiators, 

Compds. with taste 
and tactile effects 

fraction synergists 

tain at least three interesting fractions-namely, (I) 
nucleotides (adenosine-5 ’-phosphate, cytidine-5 ’-phos- 
phate, guanosine-5 ’-phosphate, guanosine-2 ’,3 ’-phos- 
phate, ~iridine-5 ’-phosphate, uridine-2 ’>3 ’-phosphate), 
(11) L-glutamic acid and (111) other free amino acids (L- 
Ala, L-Arg.  asp, Gly, L-His. L-Ile. L-Leu. L-LYS, L-Met, 
L-Pro. L-Phe, L-Ser, L-Thr, L-Try. L-Tyr, L-Val). A 
stepwise recombination of these fractions with pure 
substances at the proper concentrations gives a distinct 
stepwise increase in taste quality, as judged by panel com- 
parison tests. The final, total mixture has practically no  
odor but has a distinct basic potato taste. However, a 
full)-reconstituted potato flavor is not achieved, because 
other nonvolatiles and the whole volatile flavor fraction 
are missing. 

Amino acids, peptides, and proteins seem to have a place 
in an integrated flavor picture. Possible flavor relations 
for various compounds were recently proposed for meat 
flavor (Solms, 1968a). Other flavors are composed in a 
similar fashion of four groups of substances, with close 
interrelationships, each of which should occur in a specific 
balance to give an  over-all flavor sensation (Table 11). 
Amino acids, peptides, and proteins are located a t  the base 
of this scheme, providing taste and tactile effects; certain 
conipounds act as flavor potentiators and synergists, and 
act as a bridge between the nonvolatile and volatile frac- 
tions. The volatile fractions are located at the top of the 
scheme and contribute important odor effects described 
elsewhere in the flavor literature. All groups together 
then form the integrated flavor picture. 
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