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In the present study, quality changes of Indian oil sardine (Sardinella longiceps) stored
under dry ice (solid carbon dioxide)/ flake ice and its combination was studied. Fish were
stored into three different batches. The first batch was packed with 100% flake ice (S1),
the second batch was packed with dry ice at the level of 50% (S2) and the third batch was
packed with 50% flake ice and 50% dry ice (S3). Biochemical quality parameters viz.
TVB-N, TMA-N, FFA, PV and TBA content showed an increasing trend and were within
the acceptable limit during storage. Mesophilic count reached the maximum limit for
acceptability of 7.0 log,o on 7" day, 10" day, 14" day for S2, S1, S3 samples respectively.
Moreover, psychrophilic and H,S producer counts were found to be lower in S3 samples.
Based on the sensory and microbial analysis oil sardine stored under the combination of
dry ice and flake ice (S3) had a shelf life up to 14 days than fishes stored in 100% flake ice

(10 days) and 50% dry ice (7 days) alone.

Introduction

Fish is an excellent source of protein, vitamin
and minerals. Moreover, fish lipids have
numerous health  benefits for human
(Elizabeth, 2013). Nearly, 25% people
acquire animal protein from fish and shell
fish. Around 35% of fish is eaten as fresh,
chilled or frozen. It is also canned or cured
(16% each) or made into fish meal and oil
(32%). Indian oil sardine (Sardinella
longiceps) is one of the most abundant pelagic
species on the west coast of India and it
contributes 15-20% to the total marine fish
landings. Normally, consumers prefer the
fresh or iced sardines than the frozen or

canned one. The freshness of fish is the most
important and fundamental criterion for
considering the quality of the final product.
Due to high moisture content and non protein
nitrogen substances fish is more prone to
deteriorate than chicken and red meat. The
most important methods used for preserving
the fish are the application of low
temperature. Rapid cooling and upholding of
low temperature from catch to consumer are
necessary to obtain ideal shelf life of seafood.
Shelf life extension of fish and fishery
products allows the processors to plan and
control their processing and marketing
channels as well as transport modes (Madrid
and Phillips, 2000). Preservation of fish under
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chilled or iced condition (0-2°C) reduces or
delays the microbial growth and extends the
shelf life of fish (Norman and Benjamin,
2000). Recently, preservation of fish under
dry ice is gaining popularity in India. Dry ice
is a compressed form of the Carbon dioxide
(CO,), also called as solid CO,. It has a
surface temperature of -78°C and it disappears
in the environment by sublimation. Owing to
its cooling effect and sublimation, most of the
airlines are prefer to use the dry ice for
shipment of fish/meat and chemicals (FAO,
2011). Recently dry ice is often mixed with
flake ice to extend the cooling energy of flake
ice, save shipping weight and cost. Several
exporters use dry ice in combination with
flake ice simply without any technical basis
for transportation of fresh fish (Jeyasekaran et
al., 2008). Few studies have been reported for
the extension of shelf life of fish using the dry
ice and flake ice combination (LeBlanc and
LeBlanc, 1992; Jeyasekaran et al., 2004;
Jeyasekaran et al., 2008; Huynh et al., 2007).
To the best of our knowledge, there is no
report on the quality of sardine under flake
ice-dry ice combination. Based on the above
information, the present study was aimed to
study the individual and combined effect of
flake ice and dry ice on the quality and shelf
life of sardine fish.

Materials and Methods

Raw material

Indian oil sardines (Sardinella longiceps)
were procured (weight: 30-35; length: 15-
16¢cm) from fish processing Industry, Taloja
(Mumbai) and transported to the laboratory
with well- iced condition using insulated ice
box (1:1, fish/ice). Dry ice was procured from
CMW CO, technologies, Mumbai. Flake ice
was prepared from lab scale flake ice machine
(BANWAY-IRC, New Delhi, India). All
chemicals (analytical/general grade) procured
from the manufacturers of Merck, India were
used for the study.

Sample preparation

Fresh Indian oil sardines procured from fish
processing Industry were used for the study.
Fish were stored into three different batches.
The first batch was packed with 100% flake
ice (S1), the second batch was packed with
dry ice at the level of 50% (S2) and the third
batch was packed with 50% flake ice and
50% dry ice (S3). Care was taken to avoid
direct contact of fish with dry ice by using
wax coated kraft paper. All the insulated ice
boxes were kept at room temperature (28 +
2°C). The melted ice was drained daily and
re-icing was carried out in order to
compensate melting. Samples were taken at
regular interval periods and analyzed for
biochemical, microbiological and sensory
analyses.

Biochemical quality analysis

Moisture, protein, fat and ash content of fish
was analyzed by the method of AOAC
(2005). pH of homogenized fish samples were
determined by a calibrated glass electrode pH
meter (Cyberscan 510; Eutech Instruments,
Singapore). Total volatile base nitrogen
(TVB-N) and trimethylamine nitrogen (TMA-
N) contents in fish meat were measured
according to Conway micro- diffusion method
(Conway 1950). Free fatty acid (FFA) and
Peroxide value were analyzed by the method
of AOAC (2005) method. Thiobarbituric acid
(TBA) value was determined as described by
Tarladgis et al., (1960).

Sensory evaluation

Sensory evaluation of fish samples (cooked)
were performed by a six trained panelist of
fish processing division in the Mumbai
research center of CIFT and sensory score
were made according to Meilgaard et al.,
(1999). The sensory attributes viz.
appearance, color, flavor, taste and overall
acceptability were evaluated. The sensory

2759



Int.J.Curr.Microbiol.App.Sci (2018) 7(8): 2758-2765

score below 5 was considered unfit for human
consumption.

Microbiological analysis
Mesophilic and psychrophilic count

Fish sample was aseptically weighed and
blended with 0.1% peptone in a stomacher
(Seaward, UK) for 2 min. The blended
material was serially diluted up to 10°
dilution; then, 0.5 ml of sample was
transferred into Tryptone Glucose Beef
Extract (TGBE) agar (Hi Media, #M791)
plates and spread over the surface. Mesophilic
count was determined after 2 days incubation
at 35°C. Psychrophilic count was determined
after 7 days incubation at 7°C (Downes and
Ito, 2001).

H,S producing bacteria

H,S producing bacteria were enumerated
according to Koneman et al., (1992) with
slight modification. Peptone Iron agar (PIA)
(#M440, Hi-Media:) supplemented with 1.5
ml of 2% Ferrous ammonium sulfate (FAS)
and 4 ml of 1% L-Cystine hydrochloride were
used for the enumeration of H,S forming
bacteria. Black color colonies are considered
as H,S producing bacteria after incubation of
plates for 5 days at 20°C.

Results and Discussion

Biochemical Indian oil

sardine

composition of

Fresh oil sardine meat had 70.45% moisture
and 19.78% protein. Ravichandran et al.,
(2011) observed similar results for oil sardine.
Fat or lipids present in the fish meat
contribute to the taste and texture of fish. In
the present study, oil sardine showed 8.43%
fat which indicates it falls under the high-fat
content category. Oil sardine used in the study
had 1.5% ash which indicates that oil sardine
rich in minerals and trace elements. The

proximate composition of fish muscle is
influenced by many factors viz. species, age,
season and feed etc. (Karakoltsidis et al.,
1995).

Changes in pH

Fresh sardine meat had a pH of 6.5.
According to Huss (1995), the post mortem
pH for most of fish is 7 or slightly lower than
7. It was observed that pH showed an
increased trend during storage (Fig. 1a). The
increase in pH may be due to accumulation of
basic compounds, mainly by the bacterial
action (Binsi et al., 2014). However, the rate
of increase was less in S2 and S3 sample.
Results are in agreement with previous
reports on fish stored under CO, enriched
environment (De la Hoz et al., 2000).

Changes in TVB-N and TMA-N

TVB-N and TMA-N content determination
used as quality indicator of fish and shellfish
stored in ice. Initial TVB-N of fresh sardine
was 6.7 mg% and it showed increased trend
during storage (Fig. 1b). The increase in
TVB-N may be due to degradation of protein
and non-protein nitrogenous compounds by
microbial activity. Among three treatment, S3
had a lower TVB-N value (6.7-23.8mg%).
Sasi et al., (2003) observed similar results for
sardine stored in 20% dry ice along with 50%
flake ice. The TVB-N value > 40 mg N/100 g
is considered as rejection limit for fish and
shellfish (Mendes, 2005). Initial TMA-N
content in fish meat was 1.2mg% which was
increased gradually in all the samples during
storage (Fig. 1c). The accumulation of TMA-
N content in fish may varies from species to
species due depends on trimethylamine-oxide
content in fish (Huss, 1988; Oehlenschlager,
2002). The level of 10-15 mg TMA-N /100g
is recommended for human consumption
(Connell, 1995). Accordingly, all sample had
TMA-N content within the acceptable limit
during storage.
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Fig.2 Changes in a) FFA, b) PV and ¢) TBA values of sardine during ice storage
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Fig.4 Changes in a) Mesophiles, b) Psychrophiles and ¢) H,S producer count of sardine during
ice storage

Changes in FFA, PV, TBA

Fresh sardine had a free acid content of 0.98%
as oleic acid and it showed increased trend
during storage (Fig. 2a). The progressive
increase in the FFA values over the storage

time showed the progressive breakdown of
lipids in fish muscle with time in ice. It may
be due to enzymatic action takes place in fish
during iced storage (Aidos et al., 2003). The
TBA and peroxide value are used to measure
the lipid oxidation products. PV measures the

2762



Int.J.Curr.Microbiol.App.Sci (2018) 7(8): 2758-2765

primary lipid oxidation products and play a
major role in formation of aldehydes and
other secondary oxidation products. Fresh
sardine fish meat had PV of 0.95 meqO,/kg
and it showed an increased trend in all
samples during storage (Fig. 2b). However,
all the samples had an acceptable level of PV
values (20meqO./kg) under ice storage.

TBA value measures the formation of
malonaldehyde, a secondary lipid oxidation
product due to oxidation of polyunsaturared
fatty acids (Benjakul et al., 2005). Unlike PV,
thiobarbituric acid values were also showed
an increased trend during storage. A TBA
value of 1- 2mg of MDAJ/Kkg is generally
considered as the limit for acceptability of
fish. However, fish can be consumed up to 5
mg malonaldehyde/kg of TBA value
(Connell, 1995; Adenike, 2014). Accordingly,
S3 crossed an acceptable limit of TBA values
(6.45mg malonaldehyde/kg) up to 14" day
(Fig. 2c). Even though S1 and S2 samples
showed an acceptable limit of TBA values
during storage, due to off odor it was rejected
on the 10™ day, 7™ day respectively.

Changes in overall acceptability

Fresh sardine had bright natural color,
seaweed odor and firm characteristics. The
overall acceptability of Indian oil sardine
during ice storage is depicted in Figure 3. It
was noticed that there is significant (p<0.05)
difference in the overall acceptability of
sardine during storage due to loss of
characteristics odor and appearance.The
overall acceptability of S1 samples reached
below 5 on 10" day.

In the case of S2 samples, slight off- flavor
was observed on the 5" day and thereafter the
score of overall acceptability reached 4.0 on
7™ day. It may be due to the development of
off-flavor. Moreover, S3 sample had a shelf
life up to the 14" day. Results are in
agreement with previous reports for shrimp

stored under dry ice and flake ice (Sasi et al.,
2003).

Changes in microbiological quality

Fresh sardine meat had a mesophilic count of
3.1 logig, which was slowly increased during
storage (Fig. 4a) and reached maximum limit
for acceptabilita/ of 7.0 logo (ICMSF, 1998)
on 7" day, 10" day, 14"day for S2, S1, S3
samples, respectively. Jeyasekaran et al.,
(2008) observed similar results for fish stored
under dry ice and its combination with flake
ice. Bao et al., (2007) also found shelf life
extension of fishes stored under dry ice.
Unlike mesophiles, psychrophilic, counts
were also showed an increased trend during
storage (Fig. 4b). Moreover, psychrophilic
counts are less in S2 and S3 sample. Results
indicated that fish stored under dry ice
inhibited  the  psychrophilic  growth.
Jeyasekaran et al., (2004) also observed
similar results for grouper stored under dry
ice and flake ice combination. H,S forming
bacteria are classified as spoilage bacteria and
it is responsible for the spoilage of fish and
shellfish under chill storage condition. Results
showed a gradual increase H,S producer
during storage (Fig. 4c). Moreover, H,S
producers count was lower in S2 and S3
sample than mesophiles. Results indicated
that inhibitory effect of CO, reduced the H,S
producing bacteria and its population. Sasi et
al., (2003) also observed similar results for
seer fish stored in flake ice and dry ice.

It can be concluded that oil sardine stored
under flake ice and dry ice combination (S3)
had an acceptability of 14 days than the
sample stored only in flake (10 days).
Moreover, fish stored only in dry ice (S2) had
acceptability only up to 7" day. Further, it
was observed that the quality of sardine was
found to be good in flake ice and dry ice
combination than dry ice or flake ice alone.
Results suggested that application of only dry
ice for preservation of fish will be costly and
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also higher concentration of dry ice is needed,
while dry ice and flake ice mixture at the ratio
of 50%:50% found to be effective and it may
be utilized for short- term transportation of
sardine under chilled condition.
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