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Abstract A study on the quality parameters to assess the
shelf life of two commercially important species viz. Tiger
tooth croaker and Flathead Grey mullet from different
aquatic environments was carried out under iced condi-
tions. Croaker, a marine species and grey mullet from
brackish water sources was used for the study. Biochemical
quality indices like non-protein nitrogen, total volatile
basic nitrogen, peroxide value and free fatty acids were
assessed. Changes in moisture, pH and K-value were also
determined. For croaker, FFA values increased from the
initial 2.2-20.1 % on 15 days of storage in ice, whereas in
case of mullet it reached 17.9 % during the same period.
During the same period the pH values showed an increase
from 6.81 to 7.88 and from 6.68 to 7.53 in case of croaker
and mullet respectively. TVBN and PV increased
throughout the period of storage and the former crossed the
limit of acceptability of 30 mg/100 g by 15 days in ice.
The sensory evaluation based on demerit score system was
carried out which showed that the species retained the high
quality shelf life characteristics for 5 days in case of
croaker and 7 days in case of mullet. However both the
species remained in acceptable condition for a period of
13 days. Freshness index K-value for both species com-
plemented the sensory evaluation scores.
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Introduction

Croakers are important marine fish species having good
domestic and export market demand. Croakers contribute
significantly to the marine fish landings in India. During
2011 the total landings of this species was estimated to be
220,120 t [1]. It is exported from India in different forms
viz., block frozen, IQF, in shatter packs and as a chilled
item. In 2010, 17,809 kg of frozen tiger tooth croaker
worth Rs. 1, 73, 62188 was exported from India [2].
Croaker is an important raw material for good quality
surimi. Mullet is also an important commercial species
abundant in the coastal waters and brackish water lagoons
of Kerala. It is considered as a highly valued local delicacy,
particularly in the coastal areas of Kollam, Alleppey,
Eranakulam and Thrissur districts of Kerala.

Mullets are exported in chilled condition as well as in
the form of frozen fillets from India. In 2010, 31,999 kg of
frozen mullet fillets and 3,440 kg of chilled mullet was
exported from India [2]. The production figure of mullet
during the year 2011 was 10,699 t [1]. Croakers and
mullets are mainly sold in fresh condition in the domestic
market. Ice is the medium used for the short term preser-
vation of these species. The advantage of icing fish is to
extend shelf life in a relative simple way as compared to
storage of un-iced fish at ambient temperatures above 0 °C.
Shelf life can be defined as the maximal period of time
during which the predetermined attributes of the food are
retained [3]. In fish, the total shelf life is defined as the
period up to which it is rejected for any food use by sensory
evaluation [4]. The chilled storage life of fish is primarily
determined by sensory evaluation. Chilled storage life of
fish depends on several factors such as composition,
microbial contamination and the type of microflora present
in the fish [5]. Croakers are considered to be lean fish and
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the estimated shelf life for different species in this group is
8-22 days in ice [6]. In the case of grey mullets a shelf life
of 22-29 days in ice has been reported [7]. Estimation of
shelf life and quality evaluation is significant in developing
package of practices for iced storage, transportation and
marketing of these species as they form an important group
in domestic fish trade. The objective of the present study is
to relate the biochemical and sensory quality indices with
shelf life of Tiger tooth croaker (Otolithes ruber) and
Flathead grey mullet (Mugil cephalus) in iced conditions.

Material and Methods

Fresh Croaker (length 18 £ 3.2 cm, weight 115 + 4.2 g)
and Grey mullet (length 223 4+ 2.5cm, weight
160.3 + 3.6 g) in initial post rigor condition were collected
from Fort Kochi landing centre in Cochin. Both species
were procured as wild caught catch from the local fishers
operating country craft in coastal waters and backwaters off
Cochin. The time elapsed between harvest and procurement
of samples is about 3 h. The samples were immediately iced
and brought to the laboratory in iced condition in insulated
boxes. It was then washed and re-iced immediately with
flake ice in 1:1 (W/W) ratio in separate insulated boxes. Re-
icing was done daily to compensate the ice loss due to
melting. Six samples from each group were drawn for
analyses at an interval of 48 h for 15 days.

Preparation of Sample and Biochemical Analyses

The skinless, boneless edible anterior-dorsal muscle portion
from the six samples was separated and homogenized in a
Waring blender for 60 s. Composite muscle samples
(n = 3) for each species was used for the biochemical
analyses. Moisture, ash, fat and total nitrogen were deter-
mined by AOAC methods as 950.46, 938.08, 991.36 and
940.25 respectively [8]. For the determination of moisture
content, the pre-weighed samples were dried in moisture
dish in an oven (Labline, India) at 105 °C until constant
weights were obtained. Pre-dried samples obtained from
moisture content analysis were ashed in muffle furnace
(Nabertherm, GmBH, Germany) at 550 °C overnight to
determine the ash content. The total nitrogen in the sample
was determined by Kjeldahl method. The procedure fol-
lowed was digesting a known quantity of sample using
H,SO, followed by distillation and titration of the liberated
ammonia with standard H,SO,. Crude protein in the sample
is then determined using conversion factor for nitrogen to
protein, which in the case of fish muscle is 6.25. Fat content
of the moisture free sample was determined by extracting
the fat with petroleum ether. Extraction was done using a
Soxhlet apparatus. The pH of the homogenized samples was
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measured using a pH meter (Cyberscan 510, Eutech
Instruments, Singapore) at 28 °C after being calibrated
using buffer capsules. About 5.0 g of the homogenized
sample was macerated with 45 ml of distilled water and the
pH was measured. Non Protein Nitrogen (NPN) content of
the samples was measured as per AOAC method 955.04 [9]
by estimating nitrogen in the 10 % TCA extract by Kjeldahl
distillation method. Total Volatile Base Nitrogen (TVBN)
was determined by the micro diffusion method of Conway
[10] from the trichloroacetic acid extract of the muscle and
expressed in mg/100 g of the sample. Peroxide value (PV)
and free fatty acid (FFA) was determined from the chlo-
roform extract according to AOCS and AOAC methods
respectively [8, 11] and expressed as milliequivalents/kg of
lipid and percentage oleic acid, respectively.

Determination of K-value

K-value and the amount of different nucleotide degradation
products were determined in HPLC by the method described
by Ryder [12]. Muscle (5 g) taken from the anterior dorsal
portion of the fish was homogenized in a homogenizer (IKA
Labortechnik, USA) at a temperature below 5 °C for 1 min
with 25 ml of chilled 0.6 M Perchloric acid. The homoge-
nate was centrifuged at 3,911xg for 10 min at 4 °C using
Fiber lite rotor (F 20-6 x 100) in a Thermo Scientific
Multifuge X1R (Thermo Fisher Scientific Co. Germany).
10 ml of the supernatant was taken and pH adjusted to 6.8
with chilled 1 M KOH immediately and kept at 5 °C for
30 min. The solution was filtered through syringe filter of
pore size 0.45 pum and the filtrate was stored at —30 °C for
subsequent HPLC analysis. A Jasco Borwin Liquid Chro-
matograph (Jasco Ltd. Japan) with model PU 2089 plus
quaternary gradient pump and Jasco 2015 MD plus wave-
length detector was used. A Lichrospher 100C-18 encapped
reverse phase column (5 pm) was used for the separation of
nucleotides. The nucleotide separation was achieved by
isocratic elution with phosphate buffer solution prepared by
mixing equal volumes of 0.04 M M KH,PO, and 0.06 M
K,HPO, in deionized water at a flow rate of 2.4 ml min~'
and an injection pressure ranging from 350 to 355 MPa. All
solutions were passed through 0.45 pm filter prior to the
injection on to column. 20 pl of the sample was injected into
the column and the elute was monitored at 254 nm. The
peaks were identified by comparing with the peak of chro-
matogram of standard solutions. K-value was calculated as a
ratio of the sum of hypoxanthine and inosine to total amount
of ATP related compounds as defined by Saito et al. [13].
The standards of ATP, ADP, AMP, IMP, Inosine and
Hypoxanthine were supplied by Sigma Chemical Co., St.
Louis, USA. KH,PO, and K,HPO, used for preparation of
phosphate buffer were supplied by BDH Laboratory,
England. De-ionized water used was collected from
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Millipore Filter System (QTUM 0001X) supplied by Mil-
lipore, Bangalore, India.

Sensory Evaluation

The freshness of whole fish samples were determined by
the quality index method (QIM) originally developed by
Tasmanian Food Research Unit [14]. The panel consisted
of 10 regular assessors consisting scientists and technical
staff from the Fish Processing Division, each trained in fish
quality assessment. Each assessor was given up to four
simple descriptors, scoring demerit points from 0 to a
maximum of 3, where 0 represented best quality and any
higher score indicated poorer quality. The scores for the
separate characteristics were summed to give an overall
sensory score. In the case of croaker and mullet 18
parameters were considered for evaluation. Each of these
parameters were given attributes with 0-3 scores. Maxi-
mum demerit score was fixed at 39 and the demerit score of
10 was set as the limit for high quality shelf life. The
sample demerit score system is given in Table 1.

Sensory evaluation was conducted by five trained panelists
who assigned the sensory scores based on a modified ten point
hedonic scale originally described by Amerine et al. [15].
Sensory attributes viz., appearance, colour, odor, texture, and
flavour were evaluated by the panelists. Fish samples were
boiled in 1.5 % brine for 10 min, cooled and served to the
panelists. Samples were labeled in such a way that the panelist
would not be able to identify them and were placed in separate
booths. The panelists were provided with clean water to rinse
their mouth after tasting each sample. The samples were
evaluated using a ten point hedonic scale basis (10 = like
extremely, 9 = like very much, 8 = like moderately,
7 = like slightly, 6 = neither like nor dislike, 5 = dislike
slightly, 4 = dislike moderately, 3 = dislike very much,
2 = dislike extremely and 1 = reject). An overall sensory
score of 4 was taken as the borderline for acceptability.

Statistical Analysis

Statistical analysis was done using SPSS (Version 16.0)
software. All analyses were carried out in triplicates and
the results were expressed as mean value + standard
deviation (SD) for n = 9. Analysis of variance (ANOVA)
was carried out at 5 % level of significance.

Results and Discussion

Proximate Composition and pH

The proximate composition of the two species is given in
Table 2. Both species are medium fatty fishes having fat

content in the range of 2.2-2.3 % by weight. Generally
fishes are classified based on the fat content as lean fishes
(less than 0.5 %), semi fatty fishes (0.5-2 %) and fatty
fishes (more than 2 %). The pH of fish muscle was near
neutral in both species for 5-7 days and progressively
changed to alkaline by the end of storage period (Table 3).
The pH value of live fish muscle is close to 7.0, however
post mortem pH can vary from 6.0 to 7.0 depending on
season, species and other factors [16]. The decrease in pH
indicates the stress which the fish encountered during
harvesting [17]. The more the fish struggled during har-
vesting, the more the lactic acid production by anaerobic
pathway post mortem and the less the pH. Increase in pH
during storage is owing to the production of amines and
other volatile bases by the autolytic and microbial action
on protein and other compounds. In the present study, both
samples showed significantly higher values (p < 0.05) of
pH from the third day of ice storage which corresponds to
the production of alkaline bacterial metabolites in spoiling
fish which coincides with the increase in TVBN. The post-
mortem pH limit of acceptability is usually 6.8-7.0 [18].

There was a gradual increase in the moisture content up
to 7 % in both species during ice storage (Table 4). The
same trend was observed in the ice storage studies of many
commercially important freshwater fish species [19] and
cultured major carps [20]. An increase of 7.1 % of mois-
ture content was observed in silver jewfish (Johnius
argentatus) after 13 days storage in ice [21]. For croaker,
significant increase in moisture content was observed from
third day of ice storage (p < 0.05) whereas for mullet it
was from the fourth day in ice storage. The increase in
moisture content of samples could be due to the uptake of
melted ice water by the fish muscle due to loss of texture.
Another reason could be the relative increase associated
with the loss of proteins and other solubles from the fish
body due to leaching by melted ice water.

Non Protein Nitrogen (NPN) and Total Volatile Base
Nitrogen (TVBN)

Table 5 illustrates the changes in NPN and TVBN during
ice storage. NPN values showed a steady increase up to
fiftth day and thereafter a gradual decrease occurred in
croaker as the ice storage progressed. In the case of mullet
NPN was almost steady for the first three days and after-
wards followed the same pattern observed for croaker. By
the fifteenth day in ice storage, significant reduction in
NPN value was observed, indicating the loss of flavour as
well as commencement of spoilage of the samples.
Hydrolysis of proteins brings about an increase in NPN
which is composed of low molecular weight amines, free
amino acids, peptides and nucleotides during the initial
days of ice storage [22, 23]. The reduction in NPN content
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Table 1 Demerit score system

Table 1 continued

Parameters Attributes Demerit Parameters Attributes Demerit
points points
1 Appearance of surface Very bright 16  Smell of vent Fresh 0
Bright Neutral 1
Slightly dull Fishy 2
Dull Spoiled 3
2 Skin Firm 17  Belly cavity stains Opalescent 0
Soft Grayish 1
3 Scales Firm Yellow-brown 2
Slightly loose 18 Blood Red 0
Loose Dark red 1
4 Slime Absent Brown 2
Slightly slimy Total demerit points (Minimum 0-Maximum 39)
Slimy
Very slimy
5 Stiffness Pre rigor Table 2 Proximate composition of fresh fish
Rigor Croaker Mullet
Post rigor
6  Eyes clarity Clear Moisture (%) 78.5 £ 0.62 77.2 £ 0.52
Slightly cloudy Fat (%) 23 £ 041 22+ 0.35
Cloudy Ash (%) 1.4 £0.17 1.5 £0.28
7 Eye shape Normal Protein (%) 19.8 £ 0.84 19.2 £ 0.66
Slightly sunken Carbohydrate (as glycogen) (%) <0.50 <0.50
Sunken Values are reported as mean + standard deviation for n = 9
8 Iris Visible
Not visible Table 3 Changes in pH during storage in ice
9  Blood in the eye No blood

10  Gills colour

11 Mucus in gill

12 Smell of gill

13 Belly discolouration

14 Firmness of belly

15 Vent condition

Slightly bloody

Very bloody
Characteristic
Slightly dark/slightly faded
Very dark/very faded
Absent

Moderate

Excessive

Fresh oily/fresh seaweedy
Fishy

Stale

Spoiled

Absent

Detectable

Moderate

Excessive

Firm

Soft

Burst

Normal

Slight break/exudes
Excessive/Opening

N = O N = O W N~ O W~ O NN~ O = O N~ O = O = O = O N = O W= O N O = O W~ O
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Days Croaker Mullet

0 6.81 + 0.11° 6.68 + 0.08"
1 6.86 + 0.10° 6.56 + 0.07°
3 6.90 £ 0.20° 6.93 +0.13°
5 6.98 + 0.32° 7.02 £ 0.37°
7 7.15 £ 0.24° 7.05 £ 0.22°
9 7.27 £ 0.19° 7.21 £+ 0.24°
11 7.68 + 0.15° 7.28 +0.12°
13 7.87 + 0.26° 7.49 + 0.13°
15 7.88 £ 0.11° 7.53 + 0.16°

Values are reported as mean =+ standard deviation for n = 9. Treat-
ment mean values with same letters within the column are not sig-
nificantly different from each other (p < 0.05)

during later stages of ice storage is associated with the
utilisation of the same by microorganisms. Similar pattern
of change in NPN was observed in ice storage studies of
major carps [20] and common murrel (C. striatus) [22].
The concentration of TVBN in freshly caught fish is typi-
cally between 5 and 20 mg N/100 g, whereas levels of
30-35 mg N/100 g fish are generally regarded as the limit
of acceptability for ice-stored cold water fish [24]. How-
ever, various authors have reported different acceptability
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Table 4 Changes in moisture content (%) during storage in ice

Days of storage Croaker Mullet

0 78.5 + 0.62° 77.2 + 0.52°
1 79.3 + 0.55° 77.8 + 0.40°
3 80.5 & 0.39° 78.8 + 0.71°
5 81.0 & 0.78° 79.5 + 0.55°
7 81.5 &+ 1.01° 79.8 + 0.90°
9 82.2 & 1.08° 80.4 + 0.89°
11 82.8 + 0.56° 81.7 + 0.51°
13 83.7 & 0.50¢ 82.5 4+ 0.57°
15 84.1 & 0.58¢ 83.2 4 0.49°

Values are reported as mean =+ standard deviation for n = 9. Treat-
ment mean values with same letters within the column are not sig-

Table 6 Changes in peroxide value (pv) and free fatty acid (ffa)
during storage in ice

Days PV (meq O,/Kg)

FFA (% oleic acid)

Croaker

Mullet

Croaker

Mullet

— 0 N W W= O

1
13
15

06.33 + 0.22°
07.81 + 0.30°
12.60 + 0.66°
14.32 £ 0.64¢
14.50 & 0.64¢
15.20 £ 0.50¢
17.30 + 0.21°
18.18 + 0.99°
22.20 + 1.12°

07.27 + 0.18*
07.90 & 0.28"
15.32 + 0.48°
15.10 + 0.62°
16.33 & 0.49¢
17.14 + 0.55°
18.20 4 0.39f
19.14 &+ 1.01°
25.20 + 1.20°

02.22 £ 0.16*
03.21 + 0.31°
04.62 + 0.52°
07.84 & 0.67¢
10.20 + 0.51°
12.70 £ 0.30f
16.80 + 0.60%
19.20 £ 0.89"
20.10 =+ 0.50"

02.60 & 0.11*
04.22 + 0.33°
04.93 £ 0.55"
05.72 + 0.39°
08.91 + 0.46°
10.23 + 0.38°
12.10 £ 0.69°
15.60 + 0.97¢
17.90 + 0.59"

nificantly different from each other (p < 0.05)

Table 5 Changes in non-protein nitrogen (NPN) and total volatile
base nitrogen (TVBN) during storage in ice

Days NPN (mg 100 g=') TVBN (mg 100 g~")
Croaker Mullet Croaker Mullet

0 413 £2.0° 318 £228" 12.10 £ 0.67°  9.26 + 0.93°
1 415 + 3.10° 312 +3.58" 14.50 £ 0.55°  9.67 + 0.36
3 420 + 1.88° 318 + 1.93° 14.80 + 0.85° 12.76 & 0.70°
5 433 +2.93° 268 +£2.26% 19.50 + 0.83° 12.85 & 0.81°
7 428 +3.929 231 +£3.35° 20.13 £ 0.40° 14.55 + 0.46°
9 425 +2.60° 235 4+ 2.78° 20.90 &+ 0.59° 19.24 + 0.51¢
11 410 £ 3.64° 235 4+ 3.77° 22.80 & 0.60° 23.15 £ 0.77°
13 389 4 2.73° 245 +3.19° 29.46 + 0.53¢ 28.62 + 0.59°
15 350 £ 231° 241 £229" 4225+ 0.72° 382+ 0918

Values are reported as mean =+ standard deviation for n = 9. Treat-
ment mean values with same letters within the column for the same
parameter are not significantly different from each other (p < 0.05)

levels for different fish species, specific treatments, and
processing conditions for TVBN value as 35-40 mg/100 g
[25]; 25-30 mg/100 g [26]; 25-35 mg/100 g [27]. The
increase in TVBN is caused by a combination of micro-
biological and autolytic deamination of amino acids [28].
Increase in TVBN was significant (p < 0.05) in croaker
sample from the first day of ice storage onwards whereas in
mullet sample, significant increase of TVBN started from
third day of ice storage. In both species, TVBN content
crossed the limit of acceptability (30 mg 100 g~') by
15 days in ice.

Peroxide Value (PV) and Free Fatty Acid value (FFA)
The changes in PV and FFA values are given in Table 6.

PV measures peroxides and hydroperoxides and a value of
above 10-20 meq O,/Kg is an indication of rancidity [24].

Values are reported as mean =+ standard deviation for n = 9. Treat-
ment mean values with same letters within the column for the same
parameter are not significantly different from each other (p < 0.05)

In this study PV showed a significant increase (p < 0.05) in
both species during ice storage reaching the threshold level
by 15 days. Peroxide value, however cannot be considered
as reliable quality index for the following reasons. First, the
hydroperoxides are odour- and flavour-less, thus the PV is
not related to the actual sensory quality of the product
analyzed. However, the peroxide value may indicate a
potential for a later formation of sensorial-objectionable
compounds. Second, lipid hydroperoxides break down with
time, and a low PV at a certain point during the storage of a
product can indicate both an early phase of autoxidation
and a late stage of a severely oxidized product, where most
hydroperoxides have been broken down [24]. It has been
reported that during the initial days of chilling process,
FFA is produced mainly by endogenous enzyme and later
on, microbial enzymes becomes predominant in FFA for-
mation [29]. FFA exerts a pro oxidative effect due to
complex formation between hydroperoxides and carbonyl
groups through a hydrogen bond which results in an
accelerated decomposition of hydroperoxides into free
radicals. FFA progressively increased during the period of
iced storage in mullet and croaker and the accumulation
was significant in case of croaker than in mullet.

K-value

K-value has been proposed as freshness index of seafood
by Saito et al. [13]. Figure 1 shows the K-value for the
species in ice storage. K—value for croaker reached 82.6 %
from 8.5 % by 15 days in ice. For mullet the corresponding
values were 73.6 and 6.8 %. Croaker retained the high
quality shelf life up to 5 days in ice for which the corre-
sponding K—value was 39.2 %. As for mullet, the high
quality shelf life was for 7 days and the K-value was
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Fig. 1 Changes in K-value (%) during iced storage. Values are
presented as mean values for n = 9
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20 1

Score

Fig. 2 Sensory changes during iced storage of whole fish based on
demerit score system (Total demerit points 0-39). Values are
presented as mean values for n = 6
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Days

Fig. 3 Sensory evaluation of cooked meat of ice stored fish. Values
are presented as mean values for n = 6

43.4 %. K-value of fish varies with the species, with
threadfin bream having a K-value of 35 % as the limit of
acceptability [30] while for wild turbot (Scophothalmus
maximus) a K-value of 75-85 % was considered as the
limit of acceptability [31]. There is a report on Liza cor-
sula, which is a mullet species retaining the prime quality
up to 4 days in ice with a K-value of 29.8 % [32]. The
rejection level of K—value for both species is above 60 %
which is the limit set by previous workers [33, 34].
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Sensory Characteristics

Figure 2 illustrates the sensory changes of whole fish
during ice storage assessed by QIM. The maximum QIM
score reaches at the point in storage when the sensory panel
rejects the cooked product. A demerit score of 10 was set
as the limit of high quality shelf life for croaker and mullet
in ice. For croaker this score was attained after 5 days in
ice and for mullet it took 7 days in ice. After this period,
both species showed marked changes in organoleptic
qualities as evidenced by faded appearance, cloudy and
sunken eyes faded gill colour, soft belly and excessively
opened vent. However both species remained in acceptable
condition for thirteen days in ice. The corresponding
demerit scores were 25 and 24 for croaker and mullet
respectively, which was set as the limit for acceptable
quality. These maximum QIM scores were complemented
by sensory panel score for cooked meat which reached the
limit of acceptability of 4 by the thirteenth day in ice
storage. QIM has been developed for a number of species,
taking into account the intactness of the fish (whole, gutted,
fillets) and the technological treatment used (chilling,
freezing, freeze-thawing or cooking). The quality index
method has been developed for round fish [35], herring
[36], red fish [37], anchovy [38], sardine, iced horse
mackerel and Atlantic mackerel [39], raw gilthead sea-
bream [40] and whole shrimp [41].

Figure 3 shows the changes in the sensory qualities of
cooked meat which complemented with the demerit score
evaluation of whole fish. The limit for high quality shelf
life was set at 7.5 in the hedonic scale. For croaker and
mullet, the cooked meat retained the flavour and texture up
to 5 and 7 days respectively. The cooked meat of both
species showed signs of texture deterioration and flavour
reduction as the ice storage progressed but was in accept-
able condition up to 13 days with hedonic score above 4
which was set as the limit of acceptability. The reduction in
flavour could be primarily due to nucleotide decomposition
as suggested by other workers [42, 43].

Conclusion

The present study shows that croaker and mullet has a high
quality shelf life of 5 and 7 days respectively in ideal ice
stored conditions. Both the species have an acceptable shelf
life of 13 days in ice. Total volatile base nitrogen and per-
oxide value showed an increase in both species during the ice
storage, reaching the limit of acceptability which corre-
sponded with that of sensory and K-value results. However,
in the present study, these two biochemical indices can be
considered as supporting the more reliable spoilage param-
eters viz., K-value and sensory evaluation. The sensory
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evaluation together with K value estimation can be consid-
ered as effective tools for freshness quality evaluation in
these species as compared to other spoilage indices.
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