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Abstract

The extractive constituents, which are known as taste active components of fisheries products in
many research works have been reviewed..This review found glutamate, glycine, alanine, arginine,
proline, valine, methionine, phenylalanine, tyrosine, inosine 5 -monophosphate (IMP), adenosine 5'-
monophosphate (AMP), guanosine 5'-monophosphate (GMP), trimethylamine, trimethylamine oxide
(TMAO), glycine betaine, lactate, succinate as important contributors to the taste of raw and processed
fisheries products. Sweet, salty, bitter, sour, and umami are the basic tastes, defined by these taste
active components. Sweet taste is imparted by glycine, alanine, TMAO while bitter taste by arginine
and other hydrophobic amino acids. Glutamate has a role in sour taste, and contributes to umami taste
through synergetic effects in co-existence of IMP, GMP and AMP. The large amount of alanine or
glutamate suppresses the sweetness effect of glycine through antagonistic effect. However, these
taste-producing components vary with species, environments, various processing methods and relative
guantities among them.
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Fish and fisheries products with unique and diverse tastes are
very popular and delicious foodstuffs to human being around
theworld. People of different cultures, countriesand continents
taketheseitemsfor their daily food, and use as luxuriousfood
item in various festivals. Fish, shrimps, prawns, crabs, and
various mollusk species are consumed in fresh and various
processed forms such as smoked, canned, marinated, dried,
fermented, and condiments (e.g. fish sauce). These fresh and
processed fisheries products are unique with its taste, texture
and palatability, which are solely related to the contributions
of extractive components. These taste-active components
include several free amino acids such as glutamate, glycine,
alanine, arginine, and nucleotides such as inosine 5’-
monophosphate (IMP), adenosine 5’ -monophosphate (AMP),
and guanosine 5’ -monophosphate (GMP). Other than amino
acids and nucleotides, severa nucleosides and nucleic acid
bases such as inosine, adenosine and uracil are found to be

taste-active in salted salmon eggs (Hayashi et al. 1990). Fuke
and Konosu (1990) evaluated creatinine and lactate in dried
skipjack, and succinate in short-necked clam as taste-active
components.

The contributions of extractive components to the sensory
attributes and taste specificity of fish and fisheries products
have been reported (Komata 1964; Konosu 1973; Hayashi et
al. 1981; Konosu and Yamaguchi 1982; Konosu et al. 1988;
Hayashi et al . 1990; Fuke and Konosu 1990, 1991; Fuke 1994;
Shiau et al. 1996; Shirai et al. 1997 & 1996; Saito and Kunisaki
1998; Spurvey et al. 1998; Ninomiya2002). Thesetaste-active
components differ with various processing methods, species,
environments, and relative contents of taste-active
components. Chiou et al. (2002) demonstrated the changesin
extractive components such as adenosine 5’ -triphosphate
(ATP), -diphosphate (ADP), monophosphate (AMP), free
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amino acidsin the foot muscle of live small abalone (Haliotis
diversicolor) during different storage temperatures. The
amount of AMP, which varies with different cooking
conditions, has been reported to be a factor related to the
taste preference for the prawn muscle (Hatae et al ., 1991) and
soup of hard clam (Yamamoto and Kitao 1993). Fuke (1994)
demonstrated that not only combinations of taste-active
components but also the relative quantities among them are
important in producing the specific flavor of specific seafood.

Composition of taste active components

The specific taste of each food relies on extractive components
which are defined as water-soluble, low molecular weight
components, and classified into nitrogenous compounds (free
and combined amino acids, nucleotides and related
compounds, organic bases etc.) and non-nitrogenous
compounds (sugars and organic acids) with the exception of
vitamins, pigments and minerals. Noguchi et al., (1975),
Miyazawaet al. ,(1979), and Hessel (1999) reported the effects
of dipeptides on taste characteristics. According to Park et al.,
(2002b), peptidesin fish sauce characterizing sour tasteinclude
Asp-Glu, Tyr-Pro and Val-Pro-Glu; peptides having rather flat
taste are Gly-Pro-Orn-Gly, Asp-Phe, Glu-Phe and Glu-Met-Pro.
Peptide having sweet taste is only Val-Pro and that having
umami taste also includes only Asp-Met-Pro. Bitter peptides
include Tyr-Pro-Orn, Val-Pro-Orn, Ala-Pro, Gly-Phe, Gly-Tyr
and Phe-Pro (Table 1).

Amino acids usually contribute a sour, bitter or sweet taste.
Glycine and alanine impart pleasant sweet taste (Fuke and

Konosu 1991; Spurvey et al., 1998, Chen and Zhang 2007).
Arginineisabitter sensation producing amino acid with weak
sweetness (Michikawa and Konosu 1995; Chen and Zhang
2007). Aspartate and glutamate have a sour taste but give
umami taste in the presence of sodium salts (Yamaguchi et al.
1971). The umami taste of the Chinese mitten crab’s meat is
significantly contributed by glutamate, IMP and AMP (Chen
and Zhang 2007). According to Yamaguchi (1991), umami taste
in association with monosodium glutamate (MSG) iselicited
by glutamate. IMP and GMP areintensely flavor-enhancers of
the umami taste, and have much stronger umami flavor
enhanching capacitythan MSG (Yamaguchi et al., 1971).) AMP
imparts umami taste to the muscle of squid (Kani et al. 2007;
Shiral etal.,1997). Accordingto Lioeet al. (2004), phenylalanine
and tyrosine are aromatic amino acidswith abitter taste, which
are known to be important components of the savory taste of
soy saucein addition to glutamate. Phenylalanineisalso found
to enhance significantly the umami taste (Chen and Zhang
2007).

The organic acids in fish and fisheries products are detected
as lactic, acetic, malic, succinic acids, and fumarate (Storey
and Storey 1983; Yamanakaet al. 1995; Itou et al., 2006; Kani
et al. 2007). Glucose contributes a pleasant sweet taste to food
(Chen and Zhang, 2007). Shirai et al., (1997) and Kani et al.
(2007) reported trimethylamine oxide (TMAO) and
trimethylamine (TMA) as taste-active componentsin squids.
These TMAO and TMA contribute to sweetness and an
agreeable characteristic squid flavor, respectively (Shirai et al.
1997). Glycine betaine is also identified as a taste-active

Table 1: Taste characteristics of oligopeptides identified in fish sauce and chemically synthesized (modified from Park et al. 2002b)

Peptidesidentified Taste Concentration (mM)
Reported In the absence of NaCl In the presence of 0.3% NaCl Reference value Tasted value

Tyr-Pro-Ornt Bitter Sweet/umami 5
Val-Pro-Ornt Bitter Umami/sweet 5
Gly-Pro-Orn-Gly+ Flat Sweet/umami 5
Ala-Prot Flat Bitter/Flat Sweet/umami 5
Asp-Glut Umami Sour/umami Sweet/umami 7.6 5
Asp-Prot Sour

Asp-Phet Sour Flat Sweet/umami 5
Glu-Prot Flat

Glu-Phet Sour, bitter  Flat Sweet/umami 5
Gly-Phet Bitter Bitter Sweet/umami 15-17 5
Gly-Tyrt Bitter Bitter Sweet 3 5
Val-Prot Flat Sweet Sweet/umami 5
Tyr-Prot Bitter Sour Sweet/umami 19 5
Phe-Prot Biter Bitter Sweet/umami 15 5
Val-Pro-Glu?’ Sour Sweet/umami 5
Glu-Met-Pro? Flat Umami/sweet 5
Asp-Met-Pro?’ Umami Sweet/umami 5

T Purchased from Bachem, Co.;  Synthesized with a peptide synthesizer; 2° Synthesized by a liquid-phase method.
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component of G borealis muscle (Shirai et al. 1997) and of
Loliginidae squids (Kani et al. 2007). Michikawaet al. (1995)
reported glycine betaine to impart only aweak sweetness but
intensify thickness, fullness, and aftertaste of the synthetic
extract of thewhelk, Neptunea plycostata. Hayashi et al. (1978,
1979, 1981a,b) and Konosu et al., (1978) reported the
contribution of sodium and chloride ionsto the taste of snow
crab. In addition to these, some inorganic ions such as
Potassium and sodium could contribute salty taste to Chinese
mitten crab meat flavor (Chen and Zhang 2007)

Taste evaluation

Generally basic taste characteristics are classified as sweet,
salty, bitter, sour and umami. The evaluation of taste-active
components in relation to taste characteristics includes both
omission and addition test. These testswith synthetic extracts
simulating natural extracts are employed to identify the taste-
active components and to disclose their roles in producing
the specific taste.

In this type of tests, the triangle difference test is usually
employed, but the paired difference test is aso used to make
sure the role of each taste-active component. The panel
members are asked to answer to the difference between the
synthetic extract and the synthetic extract from which one
component or agroup of components is omitted or added. At
the same time, they are asked to evaluate the extracts usually
by five-point rating scale for the items of basic tastes
(sweetness, sourness, saltiness, bitterness and umami) and
flavor characteristics (e.g., fullness, complexity, thickness,
overall preference and so on), which are selected before
sensory tests by an open panel discussion (Fuke and Konosu
1991). Apart from thiscommonly used eval ution method, some
other methods for fish taste preference have been addressed
inthereview by Kasumyan and Doving (2003).

Taste-active components of fish and fisheries products

The taste-active components of fresh sea foods have been
identified from abal one, scallop, short-necked clam, seaurchin,
snow crab, salmon roe (Hayashi et al. 1990), Chinese mitten
crab (Chen and Zhang 2007), Japanese spiny lobster and
shovel-nosed lobster (Shirai et al., 1996), yellowtail (Kubota
et al., 2002), and boreo-pacific gonate squid (Gonatopsis
borealis) (Shirai et al., 1997), and other squids (Hatae et al.
1995a; Kagawaet al., 1999; Kani et al., 2007, 2008). Thereare
also some research works on taste-active components in
processed fisheries products such asdried skipjack (Fuke and
Konosu 1991), fish sauce (Park et al., 2002a,b). Glutamate,
proline, glycine, leucine, isoleucine, alanine, arginine, valine,
methionine, IMP, GMP,AMPB, TMAO and glycine betaine have
been believed to be the taste active components in these fish
and fisheries products.

According to Konosu (1973), extractive components such as
glutamate, glycine, AMP, and glycine betaine are the taste-
active components of abalone. Betaine, glycine and alanine
impart sweetness and intensify umami aswell. Chiou and Lai
(2002) reported the contribution of glycine, glutamateand AMP
tothetaste of small abalone. Glycine, glutamate, aanine, valine,
methionine, IMP and GMP are taste-active componentsin sea
urchin. Valine is necessary for producing bitterness intrinsic
of the gonad of seaurchin. Methionine was essential to afford
the characteristic flavor, which changed to crab- or prawn-like
flavor without methionine (Komata 1964; Komataet al. 1962).
Alanine, glutamate, glycine, arginine, glycine betaine, AMPin
snow and mud crab (Chiou and Huang 2003; Hayashi et al.
1981a), and cytosine monophosphate, GMP and sodium,
potassium, chloride, and phosphateionsin snow crab (Hayashi
et al., 19814a) arethetaste-active components. Arginine, glycine,
alanine, glutamate, IMP and AMP had strong taste impactson
the crab’s meat flavor. Glycine and alanine contributed major
sweet taste, while glutamate, IMP and AMP contributed a
strong umami taste (Chen and Zhang 2007). Konosu et al.
(1987, 1988) and Watanabe et al. (1990) havereported therole
of glutamate, glycine, alanine, arginine, AMP, sodium,
potassium and chloride ions in the umami taste of scallop.

The taste-active components in short-necked clam are
glutamate, glycine, arginine, taurine (Tau), AMP, succinic acid,
sodium, potassium and chlorideions (Fuke and Konosu 1990).
Succinic acid has been reported to be one of the main taste-
active componentsin some seafood, such as clam (Spurvey et
al., 1998). Glycine, danine, proline, arginine, glutamate, serine,
threonine, AMP, glycinebetaine, TMA and TMAO, NaCl, KCl,
and KH_PO,- have been identified as taste-active components
of boreo pacific gonate squid. Threonine and serine have been
known to be a taste-active component only in boreo pacific
gonate squid (Shirai et al., 1997). Glycine, alanine, proline,
arginine, glutamate, AMP, TMAOQ, glycinebetaine, potassium,
sodium, and chloride ions are identified as taste-active
components in squid species, Sepioteuthis lessoniana (Kani
et al., 2008). Taurine, proline, glycine, aanine, and arginineare
the main free amino acids commonly found in the muscle of
these four squid species Sepioteuthis lessoniana, Loligo
bleekeri, L. edulis, and Todarodes pacificus (Kani et al., 2007).
Shiral et al., (1996) identified IMP and phosphate ions astaste-
active substances in spiny lobster P. japonicus. Valine and
methionine have been revealed to be taste-active only in sea
urchin and shovel-nosed |obster (Shirai et al., 1996). Glutamate,
IMP, inosine, adenosine, guanosine, uracil, trimethyl-amine,
glucose, sodium, potassium, chloride and phosphate ions have
been found to be taste-active in salted salmon eggs (Hayashi
etal., 1990), andin yellowtail muscle (Kubotaet al., 2002).

In fish sauce, glutamate, threonine, alanine, valine, histidine,
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proline, tyrosine, cystine, methionine and pyroglutamate have
been proven to have amajor contribution to its taste (Park et
al., 2002a). The most effective compound for recreating the
characteristic flavor of fish sauce is glutamate, followed by
pyroglutamate and alanine. Proline and methionine contribute
to sweetness. Threonine, alanine and histidine have been
found to be responsible for the characteristic fish sauce-like
taste by the omission test (Park et al., 2002q). Taira et al.,
(2007) identified freeamino acids, which aremainly accumul ated
in the mashes of flyingfish (Cypselurus agoo agoo), the small
dolphinfish (Coryphaena hippurus), and the deep-sea smelt
(Glossanodon semifasciatus), during fermentation asleucine,
lysine, valine, and alanine, methionine and isoleucine. The
deep-sea smelt was found to contain a large amount of
glutamate. Glutamate, histidine, lysine, carnosine, IMP,
inosinet+hypoxanthine, creatinine, lactic acid, sodium,
potassium and chloride ions are evaluated as taste-active
componentsof dried skipjack (Fuke et al. 1989). Kodama(1913)
first identified IMP as a responsible substance of the savory
taste of “Katsuobushi” stock (dried and molded skipjack).
According to Fuke and Konosu (1991), lactic acid has been
evaluated to be a taste-active component in dried skipjack
tuna.

Factors affecting taste characteristics

Tastes are specific and varied with respect to species, different
concentrations of taste-producing components in different
parts of the body, chemical structure and relative portion of
taste-active components, season and species-habitat as well.

Variation in taste: It is notable that differences in the
concentrations of these taste-active components lead to the
characteristic tastes of different species. Kani et al., (2008)
have demonstrated that saltiness and umami are weaker in
Loligo sp. than in Sepioteuthis lessoniana but sweetness,
sourness, and bitterness are evaluated to be stronger in L.
bleekeri thanin S. lessoniana. In Todarodes pacificus, umami
tasteis significantly stronger, while sweetness, sourness, and
saltiness are all weaker than in S lessoniana. There is also
difference in taste of body portion due to varied contents of
taste-active components such as free amino acids, nucleotide
and related compounds, organic acids, and inorganic ions.
The muscle of Loliginidae squid species, S. lessoniana, L.
bleekeri, and L. edulisis considered to have a much sweeter
taste than that of T. pacificus and G. borealis on account of
the high contents of sweet amino acids, glycine, alanine, and
proline. Compared with muscle, squid liver with high contents
of taurine, glutamate, bitter amino acids, succinate, propionate,
TMA, and glycine betaine, and with low contents of sweet
amino acids, arginine, nucleotides, malate, and TMAO are
characterized by a complicated taste containing umami,

bitterness, sourness, fishy flavor, and less sweetness. Liver
may have more complicated flavor than muscle. If squid liver
ismixed with muscle during cooking, it may givethemusclea
more complicated taste than the sweetness and umami taste
of muscle (Kani et al., 2007). They also reported higher
phosphateion in musclethaninliver; highest in the muscle of
S lessoniana, and lowest in that of T. pacificus.

Diets with different composition may cause variation in taste
specificity. Many studies showed the effect of different diets
onmuscleyield (Mercer et al. 1993) and proximate composition
(Mercer et al., 1993; Watanabe et al. 1993; Britz and Hetch
1997), lipid composition (Dunstan et al., 1996), extractive
components (Watanabe et al. 1993; Mai et al. 1994; Bewick et
al., 1997), and glycogen (Watanabe et al., 1993) in the tissues
of abalone. Chiou and Lai (2002) reported the differencesin
taste preference and the levels of extractive components and
glycogen in cooked meats of small abalone Haliotis
diversicolor fed gracilaria sp. and artificial diet. The contents
of glutamate, glycine, and AMP are determined to vary
considerably among muscle of abalone fed different diets
(Chiou et al., 2001). In addition to diet, seasonal variation is
also afactor causing changesin the composition of extractive
components, and thustaste preferences of seafood. According
to Konosu and Yamaguchi (1982), season isone of the factors
influencing the contents of extractive components and
glycogen of seafood. It has been reported that the extractive
componentsand glycogen in oyster (Takaki and Simidu 1963;
Sakaguchi and Murata 1989), ascidian (Watanabeet al., 1983,
1985; Park et al ., 1990), clams (Hirano 1975; Chiou et al., 19963,
1996b), scallop (Kawashimaand Yamanaka 1996) and abalone
(Weber 1970; Hirano 1975; Watanabeet al., 1992a; Hatae et al.
1995b; Hwang et al., 1997; Chiou et al., 2001) show marked
seasonal changes, and that in most cases the season for higher
palatability coincides with a higher contents of taste
components. The levels of non-protein nitrogenous
compounds in the fish and shellfish, such as milkfish (Chiou
et al., 1995), ayu (Hirano and Suyama 1980), and yellowtail
(Endo et al., 1974) are well determined to show seasonal
variations. Chiou and Huang (2003) observed the increased
total free amino acid and individual free amino acid such as
glycine, alanine, and arginine in female crab (Scylla serrata)
during August and November, while those in male crab in
January, March, and August. Thetotal ATP-related compounds
in both crabs have been lower in the crabs collected from
winter than in other seasons whereas higher glycine betaine
inwinter and early spring. Glycogen infemale crabisreported
to be higher in October and August, whilein male crab muscle
increased level of glycogen is observed from August through
January, but decreased in spring. Thelevelsof total taste active
components including glycine, alanine, arginine, GMP, IMP,
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and AMP have been found to differ greatly in the muscle of
puffer (Takifugu rubripes) between the season, and probably,
the geographical location (Hwang et al., 2000). The level of
these compounds is lower in the spawning season (March-
May), but much higher from July to January when the puffer is
more palatable.

The storage condition and the methods of processing could
change the level of taste-active components of fish and
fisheries products, and thusinfluence thetaste characteristics.
Watanabe et al., (1992b) demonstrated slightly increased
amount of total free amino acid in the muscle of disk abalone
after one day of storage at 5 °C and 10 °C and after 5 days of
storage at 0 °C, and thereafter decreased markedly. Wongso
and Yamanaka (1996) have shown that the total amount of free
amino acid in the adductor muscle of noble scallop increases
gradually during storage at 0 °C and 5 °C prior to the initial
decomposition stage. Chiou et al., (2002) have reported that
thetotal amount of free amino acidsin small abaloneincreases
markedly during storageat 5°C, 15°C, and 25 °C. The dominant
free amino acids, such astaurine, glutamate, glycine, alanine,
and arginine are found to be increased after storage. The pH
decreases and the volatile basic nitrogen and K-valueincrease
during the storagein different temperature, while changeswere
prominent with the course of rising of temperature (Figure 1).

Severa reports have demonstrated that increased levels of
extractive components after cooking can be attributed to flavor
in abalone and kuruma prawn meats (Hatae et al., 1996;
Matsumoto et al.,1991), aswell assoup of hard clam (Yamamoto
and Kitao 1993). During fermentation, increased free amino
acidsand organic acids are determined in fish sauces produced
from three fish species, the flyingfish Cypsel urus agoo agoo,
the small dolphinfish Coryphaena hippurus, and the deepsea

smelt G semifasciatus. It isfound these productsto have lower
smell, saltiness, and bitterness, and higher sweetness and
umami taste than aVietnamese fish sauce, Nuoc mam (Taira et
al., 2007). It has been reported that glutamate, aspartate, glycine,
alanine, leucine, and isoleucine, and organic acidsin fermented
mackerel and rice product, narezushi, get increased which
implicate the contribution of these components to the umami
taste and the sour taste of narezushi (Itou et al., 2006). Itou
and Akahane (2000) observed markedly increased glutamate,
leucine, lysine, aspartate, and alanine in fermented mackerel
with ricebran, heshiko. A lightly fermented mackerel withrice,
sabazushi, is also reported to contain aanine, leucine, and
valine abundantly (Chang et al ., 1992).

I ntensification and/or suppression of taste: It hasbeen known
that the taste strength and quality of an original extract can be
easily changed or improved by the addition and/or omission
of extractive components. There is also synergistic or
antagonistic effect observed among several taste-active
components. Theresultsfrom Kani et al., (2008) showed that
the addition of glycine increases sweetness and umami tastes
of squid. Theincorporation of alanine, serine, and prolinewith
glycine would lead to a further increased difference in the
concentration of sweet amino acids in cooked abal one mesats
(Chiou and Lai 2002). Kani et al., (2008) have also reported
that arginine intensifies the sweetness and suppresses the
bitterness and umami of the squid (L. bleekeri) extract.
Addition of chlorideion improves the taste of an unpalatable
squid, T. pacificus. Thereisasynergistic effect between creatine
and creatinine when they were found to be coexisting in fish
sauce (Park et al., 2002a). Yamaguchi et al., (1971) reported a
synergistic effect between MSG and IMP, GMPor AMP, which
together in certain ratios produce a strong umami taste.
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Figure 1: Changesin levelsof (j%) pH, (E%) volatile basic nitrogen (VBN), and (1%) K-valuein the foot muscle of abal one during storage at

different temperature (Chiou et al. 2002).
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AccordingtoLioeet al. (2004, 2005) free aromatic amino acids
such as phenylalanine and tyrosine play an important rolein
enhancing savory or umami taste at their sub-threshold
concentrations in the presence of salt and free acidic amino
acids.

Kani et al., (2007) speculated improved umami taste of squid
muscles through synergistic effect between AMP and
glutamate. Thiseffect providesthe musclewith not only umami
taste but also such taste sensory attributes as continuity,
complexity, mouthfulnessand pal atability (Komata 1990; Fuke
1994). According to Konosu (1973), umami and characteristic
flavor almost disappear when either glutamate or AMP is
omitted from extract, whereas the absence of glycineresultsin
reduced sweetness and umami taste. The sweetness of glycine
may be masked by large amounts of alanine and/or glutamate
(Park et al., 2002a). In the case of the omission of threonine,
dightly increased umami taste is found but the overall taste
decreases. Umami and sweetness decrease slightly and
bitterness and astringent tasteincrease alittle with the omission
of alanine. Another taste-active component isvaline, of which
omission decreased umami and sweetness, and slightly
increased sourness are reported. The omission of tyrosine and
cystineimpart alittle sweetnessto food taste (Park et al ., 20023).
The bitterness of arginine can be masked by NaCl, glutamate,
and/or AMP (Michikawaand Konosu 1995). The organic acid
omitted solution show aclear decrease of umami and sweetness
in fish sauce and a slight decrease of mouthfulness. The
pyroglutamate-omitted solution showed a decrease of
sweetnessand gave aflat taste (Park et al., 2002a). Theomission
of potassium, sodium, and chloride ion is found to lead to a
large change in taste of squid, including a decrease in
sweetness, saltiness, and umami (Kani et al., 2008). Sodium
ion is well known to intensify saltiness and sweetness and
suppresses sourness and bitterness. If chloride ion is omitted
from an extract, sweetness and umami tastes disappear,
bitterness is significantly increased, and the quality of taste
gets significantly declined in boiled snow crab meat (Hayashi
et al., 1981b). Although glycogen is tasteless, it has been
reported previously that the addition of glycogen to synthetic
extracts of abalone and scallop improved flavor characteristics
and overall taste preference (Konosu et al ., 1988; Konosu 1973).

Conclusion

In summary, the taste of fish and fisheries products aswell as
by-productsis the function of the taste effects of many taste-
active components such as glutamate, glycine, alanine,
arginine, proline, valine, methionine, phenylalanine, tyrosine,
IMP, AMP, GMP, TMAO, TMA, glycine betaine, inosine,
adenosine, uracil, creatine, lactate, succinate. Thetasteisalso
found to be varied with the existence of sodium, chloride,

potassium, and phosphateionsin fisheries products. Usually,
glycine, aanine, TMAO and glycine betaineimpart sweet taste
ininvertebrateswhile arginine contribute bitter test. Glutamate
gives umami taste through synergetic effects in co-existence
of IMP, GMP, AMP. On the other hand, thereis also evidence
of antagonistic effect among several taste-active components.
Large amounts of alanine or glutamate mask the sweetness
effect of glycine, and NaCl, glutamate, and/or AM P suppress
the bitterness of arginine. Thus, the tastes can be modified by
simply addition or omission of taste extractive components.
However, the taste strength of taste-active components
coincides well with species, environments, various processed
methods, and proportion of taste-active components in the
products. We believe that, though we recognize the taste of
fish and fisheries productswith five sensory flavour, still there
arelots of scopeto find out the modifications and even novelty
of taste. We have showninthisshort review that alittle change
in biochemical compositions, sex, storage time, temperature
could change the taste of fish and fisheries products. The
future works, therefore, should draw the scientists' attention
to work on it with the climate changes, genetic inheritance
using advanced tools such as molecular applications in the
cellular level and biochemistry of the taste-active components
of fish and fisheries products.

References

Bewick, M.D., Wells, R.M.G. and Wong, G.J. 1997. Free amino acid
and nucleotide concentrationsin New Zealand abal one (paua),
Haliotisiris, fed casein-based, macroalgal, or wild diets. J.
Aqua. Food Prod. Tech, 6: 57-69.

Britz, PJ. and Hecht, T. 1997. Effect of dietary protein and energy
level on growth and body composition of South African
abalone, Haliotismidae. Aquaculture, 156: 195-210.

Chang, C.M., Ohshima, T. and Koizumi, C. 1992. Changes in free
amino acid, organic acid, and lipid compositions of fermented
mackerel ‘Sushi’ during processing. Nippon Suisan
Gakkaishi, 58: 1961-1969 (in Japanese).

Chen, De-Wei and Zhang, M. 2007. Non-volatile taste active
compounds in the meat of Chinese mitten crab (Eriocheir
sinensis). Food Chem, 104: 1200-1205.

Chiou, T.K., Yu, C.L. and Shiau, C.Y. 1995. Seasonal variation of
extractive nitrogenous componentsin the ordinary muscle of
cultured milkfish. Food Sci., 22: 387-394 (in Chinese).

Chiou, T.K., Lin, J.F. and Shiau, C.Y. 1996a Seasonal variation in
chemical components of cultured hard clam (Meretrix
lusoria). Food Sci, 23: 779-787 (in Chinese).

Chiou, T.K., Lin, J.F. and Shiau, C.Y. 1996b. Seasonal variation in
chemical components of cultured freshwater clam (Corbicula
fluminea Muller). Food i, 24: 469-478 (in Chinese).

Chiou,T.K., Lai, M.M. and Shiau, C.Y. 2001. Seasonal variations of
chemical constituents in the muscle and viscera of small
abalone fed different diets. Fish. Sci, 67: 146-156.

Chiou, T.K. and Lai, M.M.2002. Comparison of taste components
in cooked meats of small abalone fed different diets. Fish.

118



Taste producing components in fish and fisheries products: A review Jp

Sci., 68: 388-394.

Chiou, T.K., Lai, M.M. Lan, H.L. and Shiau, C.Y. 2002. Extractive
component changesin the foot muscle of live small abalone
during storage. Fish. ci, 68: 380-387.

Chiou, T.K. and Huang, J.P. 2003. Chemical constituents in the
abdominal muscle of cultured mud crab Scylla serrata in
relation to seasonal variation and maturation. Fish. Sci, 69:
597-604.

Dunstan, GA., Baillie, H.J., Barrett, S.M. and Volkman, J.K. 1996.
Effect of diet on the lipid composition of wild and cultured
abalone. Aquaculture, 140: 115-127.

Endo, K., Kishimoto, Y. and Shimizu, Y. 1974. Seasonal variationsin
chemical constituents of yellowtail muscle. 11. Nitrogenous
extractives. Nippon Suison Gakkashi, 40: 67-72 (in Japanese).

Fuke, S., Watanabe, K. Sakai, H. and Konosu, S. 1989. Extractive
components of dried skipjack (Katsuobushi). Nippon
Shokuhin Kogyo Gakkaish, 36: 67-70 (in Japanese).

Fuke, S. and Konosu, S. 1990. Taste-active components of a few
speciesof bivalves. In: * Society for Research on Umami Taste'
Y. Kawamura, Ed. p. 85-91 89" Forum of Society for Research
on Umami Taste, Tokyo.

Fuke, S. and Konosu, S. 1991. Taste-active components in some
foods: areview of Japanese research. Physiol. Behav., 49:
863-868.

Fuke, S. 1994. Taste-active components of seafoods with special
reference to umami substances. In: ‘ Seafoods: Chemistry,
Processing Technology and Quality’ F. Shahidi, and J.R. Botta,
Ed. p. 115-139 Blackie Academic Professional, Glasgow.

Hatae, K., Tokuda, H., Shimada, A. Matsumoto, M. and Yamanaka,
H. 1991. Flavor and texture of ‘arai’ made of kuruma prawn
differed in treatment. Nippon Suisan Gakkaishi, 57: 2133-
2137 (in Japanese).

Hatae, K., Kagawa,M., Matsumoto, M. Shimada, J. and Yamanaka,
H. 1995a. Taste characteristics of six different extracts from
raw common squid and their taste substance profiles. Nippon
Suisan Gakkaishi, 61: 619-626 (in Japanese).

Hatae, K., Nakai, H., Shimada, A., Murakami, T., Takada, K., Shirqji,
Y. and Watabe, S. 1995hb. Abalone (Haliotis discus): Seasonal
variations in chemical composition and textural properties.
J. Food i, 60: 32-35.

Hatae, K., Nakai, H., Tanaka, C., Shimada, A. and Watabe, S. 1996.
Taste and texture of abalone meat after extended cooking.
Fish. Sci. 62: 643-647.

Hayashi, T., Yamaguchi, K. and Konosu, S. 1978. Studies on flavor
componentsin boiled crab-11. Nucleotides and organic bases
in the extracts. Nippon Suisan Gakkaishi, 44: 1357-1362 (in
Japanese).

Hayashi, T., Asakawa, A., Yamaguchi, K. and Konosu, S. 1979.
Studieson flavor componentsin boiled crab-111. Sugars, organic
acidsand mineralsin the extracts. Nippon Suisan Gakkaishi,
45: 1325-1329 (in Japanese).

Hayashi, T., Furukawa, H., Yamaguchi, K. and Konosu, S. 1981a.
Comparison of taste between natural and synthetic extracts
of snow crab meat. Nippon Suisan Gakkaishi, 47: 529-534
(in Japanese).

Hayashi, T., Yamaguchi, K. and Konosu, S. 1981b. Sensory analysis
of taste-active componentsin the extract of boiled snow crab

meat. J. Food Sci, 46: 479-483.

Hayashi, T., Kohata, H., Watanabe, E. and Toyama, K. 1990. Sensory
study of flavour compoundsin extract of salted salmon eggs
(ikura). J. Sci. food agricul, 50: 343-356.

Hessel, P. 1999. Amino acids, peptides, proteins. In: ‘Food
Chemistry’ H.D. Belitz and W. Grosch, Ed. p. 8-91, 2™ edn
Springer, New York.

Hirano, T. 1975. On the distribution and seasonal variation of
homarine in some marine invertebrates. Nippon Suisan
Gakkaishi, 41: 1047-1051 (in Japanese).

Hirano, T. and Suyama, M. 1980. Quality of wild and cultural ayu-
I11. Seasonal variation of nitrogenous constituents in the
extracts. Nippon Suison Gakkashi, 46: 215-219 (in Japanese).

Hwang, D.F, Liang, W.P, Shiau,C.Y., Chiou, T.K. and Jeng, S.S.1997.
Seasonal variations of free amino acids in the muscle and
visceraof small abalone Haliotisdiversicolor. Fish. Sci, 63:
625-629.

Hwang, D.F.,, Chen, T.Y., Shiau, C.Y. and Jeng, S.S. 2000. Seasonal
variations of free amino acids and nucleotide-related
compounds in the muscle of cultured Taiwanese puffer
Takifugu rubripes. Fish. Sci, 66: 1123-1129.

Itou, K. and Akahane, Y. 2000. Changes in proximate composition
and extractive components of rice-bran-fermented mackerel
Heshiko during processing. Nippon Suisan Gakkaishi, 66:
1051-1058 (in Japanese).

Itou, K., Kobayashi, S., Ooizumi, T. and Akahane, Y. 2006. Changes
of proximate composition and extractive components in
narezushi, afermented mackerel product, during processing.
Fish. i, 72: 1269-1276.

Kagawa, M., Matsumoto, M. and Hatae, K. 1999. Taste differences
among three kinds of squid and the effect of cold storage on
the taste. J. Home Econ. Jap, 50: 1245-1254.

Kani, Y., Yoshikawa, N., Okada, S. and Abe, H. 2007. Comparison of
extractive components in the muscle and liver of three
Loliginidae squid specieswith those of one Ommastrephidae
species. Fish. Sci, 73: 940-949.

Kani, Y., Yoshikawa, N., Okada, S. and Abe, H. 2008. Taste-active
componentsin the mantle muscle of the oval squid Sepioteuthis
lessoniana and their effectson squid taste. Food Res. Int, 41:
371-379.

KasumyanA.O and Kjell B Doving. 2003. Taste Preferencesin Fish.
Fish and Fish , 4: 289-347.

Kawashima, K. and Yamanaka, H. 1996. Influences of seasonal
variations in contents of glycogen and its metabolites on
browning of cooked scallop adductor muscle. Fish. Sci, 62:
639-642.

Kubota, S., Itoh, K., Niizeki, N., Song, X-A., Okimoto, K., Ando,
M., Murata, M. and Sakaguchi, M. (2002). Organic taste-
active components in the hot-water extract of Yellowtail
muscle. Food. Sci. Tech. Res, 8: 45-49.

Kodama, S. 1913. On theisolation of inosinic acid. J. Tokyo Chem.
Sci, 34: 751-753.

Komata, Y., Kosugi, Y. and Ito, T. 1962. Studies on the extractive
componentsof “uni”-1. Free amino acids composition. Nippon
Suisan Gakkaishi, 28: 623-629 (in Japanese).

Komata, Y. 1964. Studies on the extractive components of ‘ uni’-1V.
Taste of each component in the extractives. Nippon Suisan

119



Jp Sarower et al.

Gakkaishi, 30: 749-756 (in Japanese).

Komata, Y. (1990). Umami taste of seafoods. Food Rev. Int., 6(4):
457-487.

Konosu, S. 1973. Taste of fish and shell fish with special reference
to taste-producing substances. Nippon Shokuhin Kogyo
Gakkaishi, 20:432-439 (in Japanese).

Konosu, S., Yamaguchi, K. and Hayashi, T. 1978. Studies on flavor
components in boiled crab—I. Amino acids and related
compounds in the extract. Nippon Suisan Gakkaishi,
44: 505-510 (in Japanese).

Konosu, S. and Yamaguchi, K. 1982. The flavor componentsin fish
and shellfish. In: ‘Chemistry and Biochemistry of Marine
Food Products’ R.E., Martin, GL. Flick, C.E. Hebard and
C.R. Ward, Eds. p. 367-404 AV, Westport.

Konosu, S., Watanabe, K. and Yamaguchi, K. 1987. Acceptance effects
of taste components. Sensory analysis of taste-active
components in the adductor muscle of scallop. In: ‘Food
Acceptance and Nnutrition’ J. Solms, et al., Eds. p. 143-155
London Academic Press.

Konosy, S., Watanabe, K., Koriyama, K., Shirai, T. and Yamaguchi,
K. (1988). Extractive compounds of scallop and identification
of its taste-active components by omission test. Nippon
Shokuhin Kogyo Gakkaishi, 35: 252-258 (in Japanese).

Kubota, S., Itoh, K., Niizeki, N., Song, X.A., Okimoto, K. and Ando,
M. (2002). Organic taste-active componentsin the hot-water
extract of yellowtail muscle. Food Sci. & Tech. Res.,
18: 45-49.

Lioe, H.N., Apriyantono, A., Takara, K., Wada, K., Naoki, H. and
Yasuda, M. (2004). Low molecular weight compounds
responsible for savory taste of Indonesian soy sauce.
J. Agricul. Food Chem, 52: 5950-5956.

Lioe, H.N., Apriyantono, A., Takara, K., Wada, K. and Yasuda, M.
(2005). Umami taste enhancement of M SG/NaCl mixtures
by subthreshold L-&aromatic amino acids. J. Food Sci.,
70: SA01-S405.

Mai, K., Mercer, J.P. and Donlon, J. 1994. Comparative studies on
the nutrition of two species of abalone, Haliotis tubercul ata
L. and Haliotisdiscus hannai Ino. I1: Amino acid composition
of abalone and six species of macroal gae with an assessment
of their nutritional value. Aquaculture, 128:115-130.

Matsumoto, M., Yamanaka, H. and Hatae, K. 1991. Effect of ‘arai’
treatment on the biochemical changes in the kuruma prawn
muscle. Nippon Suisan Gakkaishi, 57:1383-1387(in
Japanese).

Mercer, J.P, Mai, K. and Donlon, J. 1993. Comparative studies on
the nutrition of two species of abalone, Haliotis tubercul ata
L. and Haliotis discus hannai Ino: Effects of algal diets on
growth and biochemical composition. Invert. Rep. Dev,
23: 75-88.

Michikawa, K., and Konosu, S. 1995. Sensory identification of
effective components for masking bitterness of arginine in
synthetic extracts of scallop. Nippon Shokuhin Kagaku
Kogaku Kaishi, 42: 982-988 (in Japanese).

Michikawa, K., Ohno, T., Watanabe, K., Yamaguchi, K. and Konosu,
S. 1995. Taste quality of glycine betaine and its contribution
to the taste of a whelk. Nippon Shokuhin Kagaku Kogaku
Kaishi, 42: 1019-1026 (in Japanese).

Miyazawa, K., Le, C., Ito, K. and Matsumoto, F. (1979). Studies on
fish sauce. J. Facul. Appl.. Bio. ci. Hiroshima Uni., 18: 55-
63.

NinomiyaK. 2002. Umami: auniversal taste. Food Rev. Int., 18(1):
23-38.

Noguchi, M., Arai, S., Yamashita, M. Kato, H. and Fujimaki, M.
1975. Isolation and identification of acidic oligopeptides
occurring in aflavor potentiating fraction from afish protein
hydrolysate. J. Agricul. Food Chem., 23:49-53.

Park, C.K., Matsui, T., Watanabe, K., Yamaguchi, K. and Konosu, S.
1990. Seasonal variation of extractive nitrogenous components
in ascidian Halocynthia roretz tissues. Nippon Suisan
Gakkaishi, 56: 1319-1330 (in Japanese).

Park, J.N., Watanabe, T., Endoh, K.I., Watanabe, K. and Abe, H.
2002a. Taste-active componentsin a Vietnamese fish sauce.
Fish. Sci., 68:913-920.

Park, J.N., Ishida, K., Watanabe, T., Endoh,K.l., Watanabe, K.,
Murakami, M. and Abe, H. 2002b. Taste effects of
oligopeptidesin a Vietnamese fish sauce. Fish. Sci., 68:921-
928.

Saito, M. and Kunisaki, N. 1998. Proximate composition, fatty acid
composition, free amino acid contents, mineral contents, and
hardness of muscle from wild and cultured puffer fish
Takifugu rubripes. Nippon Suison Gakkaishi, 64:116-120.

Sakaguchi, M. and Murata, M. 1989. Seasonal variations of free
amino acids in oyster whole body and adductor muscle.
Nippon Suisan Gakkaishi, 55: 2037-2041 (in Japanese).

Shiau, C.Y., Pong, Y.J., Chiou, T.K. and Chai, T. 1996. Free amino
acids and nucleotide-related compoundsin milkfish (Chanos
chanos) muscles and viscera. J. Agricul. Food Chem., 44:
2650-2653.

Shiral, T., Hirakawa, Y., Koshikawa, Y., Toraishi, H., Terayama, M.
and Suzuki, T. 1996. Taste components of Japanese spiny
and shovel-nosed lobsters. Fish. Sci, 62:283-287.

Shirai, T., Kikuchi, N., Matsuo, S., Uchida, S., Inada, H., Suzuki, T.
and Hirano, T. 1997. Taste components of boreo pacific gonate
squid Gonatopsis borealis. Fish. ., 63: 772—778.

Spurvey, S., Pan, B.S. and Shahidi, F. 1998. Flavour of shellfish. In:
‘Flavor of meat, meat products, and seafoods’ F. Shahidi, Ed.
p. 159-196 Blackie Academic & Professional, London.

Storey, K.B. and Storey, J.M. 1983. Carbohydrate metabolism in
cephalopod molluscs. In: ‘The Mollusca® PW. Hochachka,
Ed. vol 1. p. 91-136 Academic Press, New York.

Taira, W., Funatsu, Y. Satomi, M. Takano, T. and Abe, H. 2007.
Changesin extractive components and microbial proliferation
during fermentation of fish sauce from underutilized fish
speciesand quality of final products. Fish. Sci., 73: 913-923.

Takaki, |. and Simidu, W. 1963. Seasona variation of chemical
constituents and extractive nitrogenous in some species of
shellfish. Nippon Suisan Gakkaishi, 29: 66-70 (in Japanese).

Watanabe, K ., Maezawa, H. and Konosu, S. 1983. Seasonal variation
of extractive nitrogen and free amino acids in the muscle of
ascidian Halocynthia roretzi. Nippon Suisan Gakkaishi, 49:
1755-1758 (in Japanese).

Watanabe, K., Maezawa, H., Sato, M. and Konosu, S. 1985. Seasonal
variation of extractive nitrogenous componentsin the muscle
of ascidian Halocynthia roretzi. Nippon Suisan Gakkaishi,

120



Taste producing components in fish and fisheries products: A review JY)

51: 1293-1298 (in Japanese).

Watanabe, H., Yamanaka, H. and Yamakawa, H. 1992a. Seasonal
variations of extractive components in the muscle of disk
abal one. Nippon Suisan Gakkaishi, 58: 921-925 (in Japanese).

Watanabe, H., Yamanaka, H. and Yamakawa, H. 1992b. Post-mortem
biochemical changes in the muscle of disk abalone during
storage. Nippon Suisan Gakkaishi, 58: 2081-2088 (in
Japanese).

Watanabe, H., Yamanaka, H. and Yamakawa, H. 1993. Changes in
the content of extractive components in disk abalone fed
with marine algae and starved. Nippon Suisan Gakkaishi, 59:
2031-2036 (in Japanese).

Watanabe, K., Lan, H.L., Yamaguchi, K. and Konosu, S. 1990. Role
of extractive components of scallop inits characteristic taste
development. Nippon Shokuhin Kogyo Gakkaishi, 37: 439-
445 (in Japanese).

Weber, H.H. 1970. Changes in metabolite composition during the

121

reproductive cycle of the abalone Haliotis cracheroidii
(Gastropoda: Prosolranchiata). Physiol. Zool, 43: 213-231.

Wongso, S. and Yamanaka, H. (1996). Changes in contents of
extractive componentsin the adductor muscle of noble scallop
during storage. Fish. Sci., 62: 815-820.

Yamaguchi, S. 1991. Basic properties of umami and effects on humans.
Physiol. Behav., 49: 833-841.

Yamaguchi, S., Yoshikawa, T., Ikeda, S. and Ninomiya, T. 1971.
Measurement of the relative taste intensity of some &amino
acid and 50-nucleotides. J. Food Sci. 36: 846-849.

Yamamoto, Y. and Kitao, N. 1993. Effects of cooking time onthefree
amino acid content and the taste of soup of hard clam
(ushigjiru). Chori Kagaku, 26: 214-217 (in Japanese).

Yamanaka, H., Matsumoto, M., Hatae, K. and Nakaya, H. 1995.
Studies on components of off-flavor in themuscle of American
jumbo squid. Nippon Suisan Gakkaishi, 61: 612-618.



