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Abstract: The purpose of this investigation was to study the
shelflife of spotted sardinella (4dmblygaster sirm) fish stored in
ice. During the storage period of 21 days, sensory, biochemical
and microbial evaluation including pH, histamine, Total Volatile
Base Nitrogen (TVB-N), Aerobic Plate Count (APC), Torry meter
and sensory analysis were done at 3-day intervals. The maximum
days of the shelf-life were recorded as day-6 based on the
sensory panelist results, but the chemical (TVB-N) and microbial
(APC) rejection were observed in later. During the 21 days time,
histamine level did not exceed the maximum level established
by the European Union. The initial condition of fish has highly
affected the shelf-life of fish, hence it is necessary to further study
the shelf life paying attention to the post-harvest handling of this

fish starting from the harvesting place.
Keywords: Amblygaster sirm; shelf-life; sensory evaluation.

INTRODUCTION

Spotted sardinella; Herrings (Amblygaster sirm) is one
of the most dominant and important food fish resources
found in Sri Lankan coastal small pelagic fish landings
(Athukoorala et al., 2015). A. sirm is accepted as a
delicious fish species among the Sri Lankan seafood
consumers (Jayasuriya, 2007). Sardinella is generally
consumed as fresh (curried with chili and coconut milk),
cured (Jadi) and dried fish in Sri Lanka (Jayasinghe et al.,
2000). As the best of the authors’ knowledge, Sri Lanka has
the opportunity to export the herrings as it is or based on
product diversification.

Several chemicals, microbial and sensory methods
have been employed to assess the fish and seafood quality
(Parlapani et al., 2015). Many chemical methods suggested
the indices such as Total Volatile Base Nitrogen (TVB-N),
Tri-Methyl Amine (TMA), Di-Methyl Amine (DMA),
hypoxanthine (Hx), K-value and several biogenic amines
such as histamine (Ozogul et al., 2000, Rossano et al.,
2006). The changes in microbial parameters, such as total
plate count or aerobic plate count, Enterobacteriaceae, and
Lactic Acid Bacteria (LAB), were commonly monitored

in seafood storage studies to find out the microbiological
condition (Macé ef al., 2013). The sensory methods are the
oldest methods that are still used for quality assessment
of the seafood compare with chemical and microbial
methods (Erkan and Ozden, 2006). However, it is difficult
to standardize and unsuitable for utilization as a routine
technique in the seafood sector (Parlapani ef al., 2015).

The shelf-life of unprocessed or minimally processed
seafood which is highly perishable mainly depends on
the storage condition and its dependence on a number of
intrinsic and extrinsic factors (Miks-Krajnik et al., 2016).
Protecting the freshness and the quality of seafood is one
of the most important factors on consumers’end. The aim
of this study is to determine the microbiological, chemical,
and sensory status of A. sirm stored in ice for a period up
to 21 days.

MATERIALS AND METHODS

Fish (4. sirm), were purchased from a one-day fishing boat
in the Negombo fish landing site and divided into three
lots. Once purchased, the fish were iced and stored in an
insulated box and transported to the laboratory within 1
hour. Upon arrival, the fish were washed with clean cooled
water and again stored with crushed ice (1:1 ratio), the
molten ice in the styrene foam boxes was removed and
replaced every day.

The study was designed to evaluate the shelf-life
characteristics of A. sirm, during storage on ice (0-4 °C).
A total of 15 kg of fish (5 kg in each batch x 3 trials) were
uniformly distributed on an ice layer. In order to record
the temperature, thermo-couples were set inside the boxes.
The experimental analysis was done at 3-day intervals
beginning from 0-day (0, 3, 6, 9, 12, 15, 18 and 21). Each
day, the 7-8 individual fish were randomly taken out from
the boxes and 2-3 fish separated for sensory analysis and
rest of fish were used for chemical and microbiological
analysis.

pH value was measured as described by Abelti (2013)
using digital pH meter (Hanna, pH 211, USA). Total
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Table 1: The sensory assessment scheme for 4. sirm fish
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Quality Parameter

Skin
Appearance  Stiffness
Belly
Smell
Clarity
Eyes
Shape
Gills Colour

The maximum sum of dermis points

Description Score
Bright, shining 0
Bright 1
Dull 2
Stiff (In rigor mortis) 0
Firm elastic 1
Soft 2
Firm 0
Soft 1
Belly burst 2
Fresh/seaweed 0
Neutral 1
Musty 2
Stale/rancid 3
Clear 0
Cloudy 1
Normal 0
Plain 1
Sunken 2
Bright red 0
Brown discolored 1
12

Volatile Base Nitrogen (mg/100 g fish, TVB-N) value
was determined as described by Jinadasa (2014) using the
Kjeldahl distillation unit (VELP UDK-6, Milan, Italy).
The freshness meter reading was taken from Distell model
Torry meter (Distell, West Lothian, UK). The quantification
of histamine was carried out using High-Performance
Liquid Chromatography (HPLC) model Shimadzu, SIL
20A (Kyoto, Japan) equipped with a fluorescence detector
reverse-phase ODS Hypersil (150x4.6 mm) C18 column as
detail method described by (Jinadasa ef al., 2016).

Aerobic Plate Count (APC) was measured using the
SLS 516: Part 1:1991 as described by (Jinadasa et al.,
2015). Sensory analysis was conducted using 5-7 trained
panelists to evaluate the sensory attributes (appearance,
smell, eyes and gills characteristics) of the fresh fish by
using a scoring test of Alfama et al. (2009) with some
modifications (Table 1).

A rigorous quality control program was implemented,
which included reagent blanks, duplicate samples and
certified Quality Control (QC) materials (canned fish) of
T27185QC for histamine and T25118QC for TVB-N from
the Food and Environment Research Agency (FAPAS),
Sand Hutton, York, UK. The recovery values were 95%
and 97% for histamine and TVB-N respectively. The APC
and histamine analysis was performed in the ISO 17025
accredited laboratory.

Non-parametric Kruskal-Wallis test was used to analyze
the results of the sensory evaluation statistically and one-
way analysis of variance (ANOVA) and comparison of

means was done by CRD method using the SPSS software.
RESULTS AND DISCUSSION

Change in the pH levels of 4. sirm has shown in Fig. 1-A.
and in general, it has increased during the storage period
(»>0.05). The initial pH value of the fish sample was
5.95+0.06 and the final pH value was around 7.22+0.01.
It reaches 6.34 at the time of sensory rejection on day 12.
However, the pH value is not a spoilage criterion, but the
pH has to be supported by other chemical and sensory
parameters (Kilinc and Cakli, 2005). This trend may be due
to the production of alkaline compounds such as ammonia
from protein and nucleotide decomposition in the fish
muscle during the postmortem period (Mexis et al., 2009).

Total Volatile Base Nitrogen [(CH,),N, (CH,),N, NH,]
is a volatile compound from the spoilage microbe (Fraqueza
et al., 2008). It is used as a spoilage indicator of fish and
because of its good correlation with microbiological
flora (Kilinc and Cakli, 2005). During day-3 and day-6
of storage, there was a significant decrease (p<0.05) of
TVB-N content when compared to the day-0. In day-9
onwards TVB-N content has increased significantly. From
the day-9 of storage, TVB-N content increased gradually
(Fig. 1-B). This significant increase (p<0.05) well agrees
with the logarithmic phase of microbial growth. A similar
pattern of the increase of TVB-N values has been reported
by Sallam (2007) and Hozbor ef al. (2006) for salmon
slices at 1 °C in the refrigerator and wild salmon at iced
storage respectively. Moreover, Castro et al. (2012) also
reported similar trends in TVB-N content of gilthead sea
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bream species in different storage temperatures.

According to EU/EC 1022/2008 regulation, 35 mg/100
g TVB-N of fish has been considered the upper limit
above which fishery products are considered to be unfit for
human consumption. However, this was exceeded at the
sensory rejection on day 12, and the value was 45.86+8
mg/100 g fish. The initial (day 0) TVB-N value of 4. sirm
fish was 25.2 mg/100 g, and is comparatively higher with
the literature data. However, the TVB-N value differs from
the species, catching season, sex and age of fish (Kilinc
and Cakli, 2005). Chatzikyriakidou and Katsanidis (2011)
observed that the TVB-N production rates were high in the
initial handling temperature. Moreover, they highlighted
that the small temperature increment due to mishandling of
the post-harvesting chain may not be immediately detected,
but later, it can affect the safety and keeping quality, and
shelf-life of the fish.
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The initial (day 0) histamine concentrations of A.
sirm fish was of 3718 mg/kg and, after 21-day storage,
the final histamine concentration was 66+7 mg/kg (Fig.
1-C). Histamine content decreased gradually up to day
3 and thereafter increased gradually up to the end of the
storage trial (p<0.05).The decline of the histamine level
after a certain period in storage may be due to some of the
histamine formation bacteria in the flesh being leached out
and reduced with the melting ice (Phuvasate and Su, 2010).
During this storage time period, histamine levels remained
below the EU/EC Council Directive and the US Food and
Drug Administration (USFDA) regulation limit, 100 mg/kg
(USFDA, 2011). The initial condition was a very significant
affect for the histamine formation (Chatzikyriakidou and
Katsanidis, 2011). They mentioned that the three sardine
fish lots were exposure three different temperature for 24
hrs (0 °C, 5 °C and 10 °C) and then stored at two different
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Figure 1: Changes of (A) pH value (B) TVB-N value (mg/100 g, fish) (C) histamine content (mg/kg) (D) APC, log value (E) Torry

meter score (F) Sensory score, during the storage period.
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temperature 4 °C for 12 days and 8 °C for 5 days. They
observed that the constant histamine level of below 100
mg/kg in 0 °C temperature exposure, but the other two
fish exposure (5 °C and 10 °C) temperature exceeded the
histamine level of 200 mg/kg within 9 days. Jiang et al.
(2013) highlighted that the type of histamine producing
bacteria greatly depends on the storage temperature.
According to that, 0 °C and 4 °C delay the bacteria growth,
Pseudomonas spp corresponding to the histamine formation
and is considered as weak histamine formation bacteria.

Results of change in APC number in A4. sirm, in storage
time, were given in Fig. 1-D (»p>0.05). Initial APC count
(day 0) for, A. sirm was 1.15x10° CFU/g. The literature
available on yellowfin tuna (marine and fish) reported
bacterial counts of 5.89x10*to 3.63x10° CFU/g during 3
weeks of storage at 4 °C (Jinadasa et al., 2015). According
to USFDA guidelines, the maximum recommended
bacterial count for good quality uncooked fresh fish is 5
x10° CFU/g and the maximum recommended bacterial
count for marginally acceptable fresh fish is 1x107 CFU/g
(Omojowo et al., 2009). In all the three storage trials,
marginally acceptable level (1x10” CFU/g) has exceeded
from the 9™ day onwards of storage. But in some situations,
adapting these critical limits may be difficult because this
is related to the fact that microbiological sampling from
fish skin or product surfaces resulting very high APC levels
as compared to samples from the fish flesh. For example,
Modified Atmosphere Packaged (MAP) Cod fillets which
have APC levels of 10° CFU/g can have 1-2 weeks of
remaining shelf-life and those products were of excellent
sensory quality (Dalgaard, 2002).

From the first day onwards Torry meter score reduces
gradually and finally, it gave 3.6+0.46 after 21 days (Fig.
1-E) (»p=0.05. Sant’Ana et al. (2011) mentioned that
absolute fresh fish is given a score of 10; good quality
fish receives a score of 6 or more and if the scores are less
than 4, it is considered as inedible fish and unfit for human
consumption. Considering the value 4 as a rejection limit,
the rejection moment in this study was reached after 18
days.

The results of the sensory evaluation of A. sirm,
are presented in Fig. 1-F. The sensory score increased
significantly over the storage time (p>0.05). Based only on
the sensory results, the shelf-life was 6 days for A. sirm
under the storage in 0-4 °C.

Though the literature available for similar species, the
literature on shelf life of 4. sirm is low. The reason may
be the storage life of fish is affected not only the storage
temperature and packaging methods but also the initial
microbial load of the fish (Church, 1998). According to
the Eurofish (2003), estimated the shelf-life of Herrings
(Clupea harengus) as 8 days where fish is stored in ice.
Ozogul et al. (2000) reported 10 days and 8 days of shelflife
for Atlantic herring (Clupea harengus) under the MAP and
Vacuum Packing (VP) condition respectively.

CONCLUSIONS

The pH, TVB-N, histamine, Torry meter, and sensory
panel score and APC were measured as potential spoilage
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indicators for raw Herrings (Amblygaster sirm) fish storage
on ice (<4 °C). According to the results, the rejection
level (shelf-life) was varied with the parameters. The
sensory panelists rejected the fish very early (6 days) even
before exceeding the accepted values of the microbial and
chemical values. The initial condition of fish is affected
by the shelf-life of fish, hence further investigations are
required considering the post-harvest practices of fish and
different temperature and packaging conditions.
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