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Limitations of using a few chemical compounds, origi-
nating from deteriorative chanpes in fish muscle, for
evaluation of fsh gquality, are focused. T poxanthine,
a product of nucleotide degradation, can be used
marker for fish quality in hypoxanthine-forming Fish
species. A-value, representing the ratio betveen the
sum of inosine and hypoxanthine to the sum of all
other ATE breakdown products, is a more reliahle
method for estimation of quality of Tresh and preserved
fishes and prowns. The storage lile in ice ranpes
between 8 and 15 davs for most Indian marine fishes.
amd between 12 and 15 days for freshwater fishes,

pravwns and molluses when evaluated based on K-value
and sensory methods,

A healthy  allernaive 10 other animal protein, the

sen-lowmls < on the ncreasing demand all over the
warld, Fishoand Gish products me now ransported
il hence the freshness o quality o
thuese prodocis s becoming more and  mare important,
as 0 oreflects on the price

helween nalns

In 1995 world wide turnove
of fish and tish products was TEZ million me vidoed
US %52 billion. In the fsh mdusiry, the quality s

generatly

assessed by standard

sensory  methods  for
In the BLEC scheme, 4 erades
corresponding Lo different stages of spolage are recoy

arading and  soriing,

nized. However, commercial lish buyers now  demand
and depend on more reliable, objective quality criteria
The objectives of this article are (1) o focus  the
limitations of a few chemical methods and (i) to highlight
the reliability of the nucleotide degradation methods, as
indicated by K-value in the evaluation of Dish quality,

Aochemical quality test is expected o accurately reflect
the sensory characteristics of the fish and fish products.
Based on the post-mortem deteriorative changes in the
muscle associaled  with spoilage bacteria and  enzyme
reaction, @ number of chemical methods have been wsed
ter eviluate the guality of fish. Total volatile base nitrogen
(TWVB-N1, wimethyl amine (TMA) wnd dimethyl amine
LOMAY are compounds of such bacterial spoilage andfor
enzyme reaction and have been used as oan index to
evaluate Tish guadity. However, the usefulness of any
of these most commonly used indices is limited. These
compounds are produced in the fish muscle at later

For correspondence

Ll

Sew Rt TLOUDT, India

stages of spoilage and hence may not be wseful o deee
the spoilage ab an early stage™. TMA s also not
applicable 10 freshwater fish, as they contain very linde
ar no TMAO. Essentially, an acceptable marker cone
pound or index s expecied to have the  following
atributes: the compound is () produced at the earlies
stuge of spoilage, (1) ublguitously present in most edibl
fish species, (i) present in fishes that are  freshly
undergoing spoilage, kept in iced storage or froeen for
a lonp or short period, and (iv) compatible with the
commonly used sensory score,

Hypoxanthine as an index of fish quality

As aulolylic changes are taking place rapidly in fish
muscle before the commencement of microbial spoilage,
the nocleotide-based  methods  have  assumed  preater
importance in assessing the freshness of tish® * Individual
nucleoiides and oucleotide ratios have been used 1w
mdicate quality in s number ot fish species® . Thus
the guantity of hyposanthine (Hx) is reparded as an
mdex of quality. The pattern of nuclestide breakdown
in mask fish species is known o proceed as follows:
ATE = ADP — AMP — IMP — inosine —> hypoxanthine
—+ xanthine — uric acid. Since Hx is formed as o resuli
of both auwtolytic and bacterial  activities, 1t has an
ucdvantage over TMA assay®. After reviewing the chemical
indices of fish quality., Martin er al.' proposed Hx
vomcentration as a useful index of fish quality for several?
species. Boyd and Wilson'® found  significant linear
relationship between Hx concentrations and the days in
ice in 210 vawled snapper caught at various times of
the year. Fletcher and Hodgson'® also used Hx levels
o assess the shelf life of iced snapper and observed a
lincar relationship with storage time. The Hx contem
of seafrozen whole or filleted rock cod showed significan
negative correlation with sensory score'™. Jacober and
Rand® found a remarkable increase of Hx with chill
storage in winter flounder and remarked that Hx can
serve as a pood index to measure spoilage. They sug-
gested standards of Hx for grading the quality of fish
Based on molecular ratio of inosine : hypoxanthine, Ehira
and  Uchiyama'”  arbitrarily  defined a  species as
inosine-forming species (3 inosine @ 1 hypoxanthine rativ),
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hypo-xanthine-forming species {1 inosine © 5 hypoxan-
thine ratie) or intermediate type species (with a smaller
ratio}. OF the 100 Japanese fish species studied by them,
15 species alone were hypoxanthine-forming  species
Clearly, the freshness of inosine-forming species and
intermediate  type  species  cannot  be  assessed by
measuring Hx accumulation. Hence Hx is now considersd
not as pood indicator of quality for all rypes of fish
species. Sccondly, the rate of formation of Hx and
inosine differs between species'™. Poor correlation has
been abserved between Hx concentration and quality
change in the iced salmon®, red fish™, rough prenadier’
and lemon sole’™

K-value as an index of fish quality

A high level of any adenosine-related  compounds or
inosine monophosphate (IMP G0 the muscle imparts
sweel, meaty flavowr and s regarded as o reliable index
of freshness. Postomonem accumuiaton o inosine o
Hx weneraliv reflects poor quality. The conversion of
ATP o IMP s very Tast and is usually complete within
a dav’ . Subsequent accumulation of inosine or Hx is
related 10 both autolvtic and/or  microbial - action®
Reviewing the objective chemical indices for fish quality,
Saito et al.”™ were the first to estimate the [reshness of
fish muscles from the ratios of the sum of the inesine
and Hx o the sum of all other ATP breakdown products.
This ratio expressed as a percentage, is called the
f-value, thus

[HyR1+[Hx]

K-value (%)= - AnpE Y

7 L,
[ATE]+ [ ADP] = {AMP] 4+ [IMP] + [HxRE = [Hx)

where  Hx = hypoxanthine, HxR =inosine, ATP = ade-
nosing-5-triphosphate.  ADP = adenosine-5'-diphosphare,
AMP = adenosine-5"-monophosphate, IMP = inosing monio-
phosphate,  Subsequently, Karube er o™ deleted the
adenosine compounds and proposed Ki as an index of
fish quality.
Selecting 104 fish

samples drawn from commercial
soutees, Uchiyama ef

al® made a comparative study on
the reliability of 3 indices namely, K-value, VB-N
ivolatile base nitrogen) and TMA-N (trimethyl amine
nitrogen); the selected samples were classified into 3
groups: (1) fish immediately after being killed, {ii} good
quality tuna and shiced raw fish, and (i} material of
medium quality. Whereas VB-N and TMA-N failed 10
detect the differences in the freshness among the 3
groups, Kevalue readily distinguished the guality of the
three groups, and the results were comparable 10 those
of commercial sensory evaluations. From these results,
they concluded that the K-value for the prime quality
fish 15 around 209 and can reliably be used as an
index of cvaluating the real freshness of fish. In a
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nuclestide  degradation  study, Ehira and  Uchiyama'®
measurad IMP and Hx concentrations of muscle in 100
fish specics from iced storage until the K-value reached
I or more. Whereas the K-value could really and
reliably distinguish the freshness i oall the investizaned
fish species, Hx could not be uvsed as an index in
incsine-forming species. Comparing nucleotide degrada-
tonm and sensory analysis in 4 tropical fish species
during wced storage, Bremner e ol observed that shelt
life and overall acceptability were more related o IMP
degradation and K-value than bacterial spoilage. Ehira
and Marueka™ used K-value for evialuating the freshness
degradation of wiplodd (3a) rainbow oot induced by
chromoesome manipulation and kepl in ice atier being
killed. Tis sheli-lite was comparable 1o 18 diploid (20
counterpart. Malle and Pezennee™ employed u rapid tes
strip method for the determination of K-value to assess
the treshness of fish, the K-value was determined wgethes
with TMA-N, TVB-N, the mesophilic count and the
freshness ndex. Correlations of K ovalue with freshness
indes were very high (p=00893, 1495 and 0898) for
salmon, mackerel and whiting, respectively, For whiting
{low tat tish), K-value and TVB-N were equally good
but for the ity fish, the K-value was superior. In an
earlicr study, Kiesvaara of o/ could establish that
K-value served as a freshness indicaior for several
Finnish  dreshwater  species.  Ryder et al'’ and
Lakshmanan er ' also found that K-value is good
objective index for the freshness of hoki and rainbow
tront, respectively during iced storage. The changes in
freshness and {lavour components of milk fish {(chanos
chanos) at various storage lemperatures, (on ice, 5, 15,
200 and 35°C) indicated tha

K-value was a reliable
indicator for milk fish.

K-value as an index of freshness in shellfish

Marine malluscs and crustaceans degrade ATP in »
different pathway from that of fishes. High levels of
AMP in the post-mortem shell fish muscle have heen
recorded”™ ™. The major pathway of ATP degradation in
these invertehrates proceeds via the adenosine pathway

but through two aliernate pathways as proposed by
Sakaguchi er al™

IMP
P
AMP

™ ago

However, these pathways do not nterfere with the
measurement of K-value in molluscs or crustaceans.

Relatively less information is available on the post-
mortemn nucleotide degradation of shrimps®*?, Fatima

ATP —  ADP —s

HxH —— Hx
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Table 1. Acteptable level of K-value and storage-life in ice for the Indian
marine and freshwater fishes, prawns and sguig!?!" ==

Species Kovalue at the limit of  Storage life in ice
acceplance (day)
Puamiprins argenteus 6l 15
Prewdosciciena sp. ] i)
Lepiuracanthus savala it 10
Dhussomeria hasseltii a7 %
Rastraliger kanogurta 45 4]
Eleurheromema tetradontylum 54 12
Liza cowsule 50 ®
Erroplus surarensis 50 13
Catla cotl 33 12
Lithea rohite 53 15
Merapenaeus dobsoni 58 12
Parapenaeopsic stvlifera Al 13
Puneoaus maonidon 46 14
P, ingicus 44 12
Ledliges aluvepcedi 74 12

et al** observed that hypoxanthine accumulates rapidly
in the prawn muscle Penaeus merguensis during iced
storage; the IMP level also gives a measure of freshness
in the shrimp. Consequently, there is high correlation
between IMP, Hx. K-value and sensory assessment’,
Reilly er al™ used K-value along with microbiological
investigations, TMA and TVN to assess the storage stability
of the brackish water prawn {Penaeus monodon). However,
the K-value is a more useful index for freshness of this
brackish water prawn than TVN and TMA. There is a
significant correlation between K-value and ice storage
life, and the prawn can be stored in ice for 5 days without
quality loss. K-values for the prawn ranges between 2 and
3%, when fresh, and 35 and 449%, when spoiled. Hence,
K-value of 20-30% can be used for fresh prawns.

While studying the storage characteristics of two spe-
cies of prawns, Penaeus monodon and P. indicus in ice
and frozen condition, Lakshmanan eral.’* dberved high
concentration of AMP and IMP in the muscle. They
also recorded good correlation between freshness scores
and the levels of IMP, (AMP+1IMP) or K-value. For
prime quality prawns, a K-value of around 20% is
recommended, a value known to represent the prime
quality fishes oo,

K-value was found to be a wseful index of freshness
and quality for the Japanese spiny lobster, Palunirus
Japonicus™. K-value ranged from 20 to 25% at the stage
of initial decomposition and observed after 1,5 and 11
days during storage at 20, 5 and 0°C, respectively.
Dingle et al’® observed that K-value ircreased slowly,
but consistently in the muscle of Homarus americanus
during storage in ice and hence forms a useful indicator
of spoilage.

Sagakuchi et al.™ observed high concentration of AMP
and IMP in the adductor muscle of the oyster, Cras-
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sostrera gigas. Suwetja ef al™ too detected appreciable
amounts of IMP in the muscle of ark-shell, short-neck
clam and cuttlefish. K-value increased with storage time
for squids held at 26-30°C. Upon rejection on the 11
day, the value was 53%. However, the K-value fluctuated
widely in samples held at chilled sea water (CSW) in
ice and at 5°C, probably due to leaching effect and
hence its use as a quality indicator is questionable’
Lakshmanan e al.* also observed an increase of K-value
with storage in ice in the common squid Loligo duvaceli.

Review of research carried out in India

India is a major sea-food exporting country and is
realizing huge amount of foreign exchange every year.
However, the use of nucleotide degradation or K-value
as an index of fish quality is assessed only during the
recent years by Lakshmanan and his associates'™ %'
They have studied the nucleotide depradation in a dozen
fishes, and prawns and squids. Table | gives the K-value
al the limit of acceptability and storage-life in ice for
these species. In general, the storage life for marine
fishes lasts between 6 and 15 days, however, it is longer
(12-15 days) for a number of freshwater fishes, and
marine prawns and squid. Their studies indicate that
K-value is a good index for quality assessment of iced
fishes. The resulis are illustrated in Figure 1a-d
However, in cooked IQF prawns, nucleotide concentration
was very low and K-value did not indicate quality.
In spite of the fact that K-value has been proposed
as the most reliable objective index of guality, no casy

method was available for its determination until (he

high performance liguid chromatography (HPLC) method
of Ryder" was adopted.
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