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ABSTRACT

The present study was undertaken to assess the efficacy of oxygen scavenger, the most widely used technique
of active packaging, in extending the shelf life of fresh rohu (Labeo rohita) steaks during 28 days in chilled
storage conditions (0-2 oC). Fresh rohu steaks were divided in two lots; the first lot was packed aerobically
inside the EVOH (ethylene -vinyl alcohol) pouch, and the second lot was packed in EVOH pouch along
with oxygen scavenger (OS). The oxygen scavenger effectively reduced the oxygen level inside the packs to
<0.14% within 2 days of storage. During storage, a significant (p<0.05) reduction in rate of free fatty acid
formation and lipid oxidation, indicated by thiobarbituric acid value (TBA) was observed for rohu fish
steaks packed with oxygen scavenger in comparison to the air pack samples. The decreasing trend in
proximate composition was also higher in air pack samples than those packed with oxygen scavengers.
The limit of 7 log cfu g -1of total plate count was crossed by control sample on 14th day of storage, while in
oxygen scavenger packed sample, the total plate count reaches up to 6.78log cfu g-1at the 28th day of storage.
As per sensory evaluation, the air pack samples were rejected on 14th day, while oxygen scavenger steaks
were acceptable till 28th day of storage.
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Introduction

Fish is an indispensable source of food, as it is rich
source of omega -3- polyunsaturated fatty acids
(PUFA) and high-quality protein. Though fish is
very beneficial, but it is highly perishable food and
gets spoiled easily. Spoilage of fish muscle mainly
occurs due to the changes caused by biological reac-
tions like lipid oxidation, action of fish’s own en-
zymes and by the metabolic activities of microor-
ganisms (Ashie et al., 1996). All these processes re-
sult in the production of large amounts of free
amino acids and volatile nitrogenous bases, there-
fore limiting the shelf life of fishes. Many preserva-
tion methods are employed to prevent the spoilage
of fish. Chilling and refrigeration are the most pre-
ferred ones, as these techniques reduce the tempera-

ture of fish, increase the lag phase of bacteria and
help in reducing spoilage (Mohan et al. 2019). Fresh-
ness of fish is rapidly lost even when stored in
chilled environment due to the growth of aerobic
microorganisms (Masniyom, 2011).In the present
time, there are many reports of the employment of
illegal ways of treating fish with unapproved harm-
ful chemicals. But consumers now-a-days are much
aware about health implications of eating food with
synthetic food additives. (Remya et al., 2018). There
is high demand of consumers for preservative free,
high quality, fresh-like and safe food products
(Ozdemir and Floros, 2004)and it has led to the de-
velopment of active packaging techniques.

Active packaging has emerged as a new tech-
nique that performs ‘desired role’, by changing the
conditions inside the package, instead of just pro-
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viding inert physical barrier from external environ-
ment (Rooney, 1995). Thereby enhancing the shelf
life, sensory property and maintaining the quality of
food product. The important active packaging tech-
niques that are effectively used for fishery products
are the use of oxygen absorbers, carbondioxide emit-
ters, moisture regulators, antioxidant films, antimi-
crobial agents etc. (Mohan et al., 2010).

The oxygen present inside the pack is mainly re-
sponsible for oxidation of fish lipids and provides
favorable conditions for growth of aerobic bacteria.
Thus, the most commonly adopted active packaging
technique is the use of oxygen scavenger, that re-
sults into absorption of oxygen from headspace of
package to value lower than 0.01% and maintains
these conditions throughout the storage period to
prevent the deteriorative changes in the fish muscle
(Biji et al., 2015). Different types of oxygen scaven-
gers are available in the market based on principle
of oxidation alone or in combination of one of the
following components – iron powder, enzymes,
ascorbic acid, photosensitive dye etc. (Cruz et al.,
2012). But majority of them are based on iron pow-
der oxidation (Miltz and Perry, 2004). Oxygen scav-
engers have been extensively used to enhance the
shelf life of catfish, seer fish etc. (Mohan et al., 2008,
2010).

Rohu (Labeo rohita), an Indian major carp, belongs
to family Cyprinidae, has omnivorous feeding habit.
This freshwater species is commercially important
and has good market in India, owing to its fast
growth rate and high nutritional value. Further, it
undergoes degradative quality changes very rap-
idly, that limits its shelf life. Despite of all this, there
is no report regarding the preservation of Rohu by
using active packaging method. Therefore, the main
objective of the present study was to evaluate the
quality changes in Labeo rohita steaks packed in re-
duced oxygen atmosphere by the use of oxygen
scavengers under chilled storage.

Materials and Methods

Preparation and storage of fish samples

The present experiment was conducted in fisheries
laboratory of Department of Zoology, University of
Jammu during November-December, 2020. Fresh
Labeo rohita weighing about 600-650 gm with aver-
age length of 45-48 cm was purchased from local
fish market in Trikuta Nagar, Jammu (India) and

brought to the fishery laboratory within half an hour
in iced conditionin insulated ice-boxes, with ice in
1:1 ratio. After reaching the laboratory, the fishes
were immediately beheaded, gutted and washed.
Then they were cut into steaks of 3.5cm length and
65±5gm weight. Fish steaks were divided into two
lots.

One lot was packed inside pouches made of eth-
ylene-vinyl alcohol film (EVOH) of size 15×20 cm,
without oxygen scavenger, and it served as control
air pack sample. The second lot of fish steaks was
packed in EVOH pouch along with oxygen scaven-
ger sachets named Ageless® ZPT 200 EC with an ab-
sorption capacity of 200 ml supplied by Oxy-mist
absorbers, Gujarat, India. One fish steak weighing
about 65gm was placed in a pouch together with
one oxygen scavenger. All pouches were then heat
sealed and stored under chilled conditions (0-2 oC).
Sample pouches from both lots were checked at
regular intervals of 7 days up to 28 days for proxi-
mate, biochemical, microbiological and sensory
analysis.

Head space gas composition analysis

On every sampling day including the 2nd, 4th and 6th

day, the gas composition (O2 and CO2) within the
pouch was monitored by using the gas analyzer (PBI
Dansensor, Checkmate 9900). The headspace gas
sample was withdrawn through a syringe needle by
puncturing the rubber septum pasted on EVOH
pouch.

Fish quality analysis

Proximate composition analysis

The proximate composition of fish muscle was ana-
lyzed by following methods. Total crude protein
and total lipid content was determined by using
Lowry et al. (1951) and Folch et al. (1957) method re-
spectively.  For determining moisture and ash con-
tent the standard AOAC procedure was followed
(AOAC, 2000a, 2000b). The moisture content was
measured by drying the known amount of sample
in hot air oven at 105±2 oC for 16 h and for measur-
ing ash content the sample was heated in a muffle
furnace at 550±2 oC for 4 h.

Physical analysis

Drip loss (%) was calculatedas 

wheremowas the initial weight (g) and mt the weight
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of fillet during sampling (g)

Chemical analysis

The pH was determined by homogenizing the fish
muscle in distilled water in ratio 1:5(wt/vol) and the
values were measured by using glass electrode at-
tached to digital pH meter (LABPROPH 321). Oxi-
dative stability in fish sample during the storage
time was assessed by measuring the thiobarbituric
acid value (TBA)according to the method described
byTarlagdiset al. (1960)and calculated as mg
malonaldehydekg-1of fish sample. Free fatty acid
(FFA) value of rohu steaks was determined by fol-
lowing AOCS (1989) procedure to evaluate lipid
hydrolysis and it is expressed as percentage of oleic
acid.

Microbiological analysis

The bacteriological study was done according to
APHA (1984) method.10g fish muscle was mixed
with 90 ml of sterile normal saline (0.9% NaCl) and
then stomached for 2 min. Further, serial decimal
dilutions were made with normal saline (0.9% NaCl)
and then 0.5 ml of samples were transferred on plate
count agar plates and inoculated plates were incu-
bated at 37 oC for 2 days and at 7 oC for 5 days for
enumeration of total plate count and psychrotrophic
count respectively. For coliform count the violet red
bile agar was used and 1ml sample of each dilution
was pipetted by using pour plate method and plates
were incubated for 24h at 37 oC. The results of mi-
crobial counts were expressed as logcolony forming
units per gram of sample (log cfu g-1).

Sensory analysis

The sensory quality evaluation of rohu fish steaks
was conducted by a panel of six experienced mem-
bers for uncooked fish samples on every sampling
day using 9 point hedonic scale as described by
Mohan et al. (2008) with modifications for rohu fish.
The sensory attributes that were taken for evalua-
tion include appearance, odor and texture. The fish
samples were presented before the panelists and
they were instructed to assign a score from 1 to 9
based on these attributes. A score below 5 was con-
sidered as rejected. The overall acceptability score
was estimated by adding the scores of separate at-
tributes and divided by total number of attributes.

Statistical analysis

All the experiments were performed in triplicates.

The mean value and standard deviation were calcu-
lated for all the parameters, and all experimental
data obtained were compared by applying analysis
of variation (ANOVA) using the SPSS software ver-
sion 24. Statistical significant differencebetween
both samples for all the quality attributes were set
up at p< 0.05.

Results and Discussion

Head space gas composition

The significant changes were found in headspace
gascomposition (O2and CO2) concentration in both
control and oxygen scavenger packages over the
storage period. The oxygen content decreased, while
carbondioxide increased in both packs (Fig. 1).  A
major difference occurred in the O2 concentration
inside the pouch having oxygen scavenger, within
the first two days of storage as oxygen decreased
from 21.1% to < 0.14%. At the 6thday, complete re-
moval of oxygen occurred from the pack. And this
level was maintained till the end of storage period,
thus proving the effectiveness of oxygen scavenger
composed of iron based reactive compounds that
undergo oxidation to reduce the oxygen level. Simi-
lar observation on oxygen reduction was reported
for Gilthead Seabram, in which oxygen level was
reduced up to 0.1% after the 6th day of storage
(Gonclaves et al., 2004) and for rainbow trout fillet,
where also the oxygen scavenger reduced the oxy-
gen concentration up to less than 0.01% (Mexis et al.
2009) and these levels were maintained till the end
of storage period. However, in the air pack samples
this decrease was very slow, reaching to a value of
18.8% on 7th day. The decrease in oxygen content in
air packed samples could be attributed to the
growth of aerobic bacteria that consumed the oxy-
gen present in the pack (Mohan et al., 2019). Further
the concentration of carbondioxide also rose in both
pouches, but its level remained below 2.5% in Oxy-
gen scavenger pack, while it increased up to 5% in
control samples at the end of storage period. The ac-
cumulation of carbon dioxide in package headspace
indicates the microbial growth as CO2 is produced in
microbial metabolism. (Remya et al., 2018).

Quality Assessment of Labeorohita

Proximate composition analysis

Proximate composition determines the nutritive
value of fish muscle. The fresh fillets of Labeo rohita
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used in the present study showed 17.60% crude pro-
tein, 1.78% crude lipid, 1.29% ash and 78.21% mois-
ture content.  These values were in range to the val-
ues reported by Sankar and Ramchandran (2001) for
the same species. With respect to storage period,
considerable differences were found in proximate
composition of fish muscle in both control and Oxy-
gen scavenger packed samples (Table 1). The per-
centage of crude protein decreased speedily from
17.60% to 13.47% in air pack samples, while the
samples packed in oxygen free atmosphere had
15.65 % crude protein at last day of storage. During
storage, there occur many changes in quality of fish
that are related to the degradation and denaturation
of muscle that ultimately leads to the loss in protein
properties (Masniyom, 2011). The protein degrada-
tion in muscle can be attributed to the oxidation in
myofibrillar protein. The sulfhydryl groups of myo-
fibrils get oxidized in the presence of oxygen, result-
ing in the formation of disulfide bonds during cold

storage. Further, these sulfhydryl groups are found
abundant in the center of Ca2+ -ATPase of proteins
and their oxidation strongly influence its activity.
The Ca2+-ATPase activity is also considered to be an
important indicator of protein denaturation. Thus
the presence of oxygen, causes oxidation of sulfhy-
dryl groups, decreases the activity of Ca2+ -ATPase
of actomyosinthat reflects the integrity of myofibril-
lar protein, thus ultimately indicating the degree of
protein denaturation(Zhang et al., 2019).

Apart from this, several microorganisms also de-
velop on muscle, secreting variety of hydrolytic en-
zymes, mainly proteinases. Among such microbes, a
strictly aerobic species like Pseudomonas sp. is par-
ticularly responsible for the deterioration of food
proteins (Pantazi et al., 2008). Therefore, the prob-
able reason behind the high amount of protein in
oxygen scavenger packed muscle as compared to air
packed ones is that the absence of oxygen in pack
containing oxygen scavenger might have provided

Table 1. Changes in proximate composition of Labeo rohita steaks during the chilled storage in air and O2 scavenger
packs.

Storage days
Attributes Treatments 0 7 14 21 28

Protein (%) Control 17.60± 0.72a 16.85±0.64b 15.53±0.55c 13.76±0.58d 12.89±0.62e

OS Pack 17.60±0.72a 17.25±0.45a 16.84±0.41b 16.27±0.32c 15.75±0.35d

Lipid (%)      Control 2.34±0.18a 1.96±0.17b 1.45±0.15c 1.13±0.13d 0.85±0.12e

     OS Pack 2.34±0.18a 2.13±0.11a 1.88±0.14b 1.67±0.12b 1.22±0.15c

Moisture (%)      Control 78.21±1.26a 75.92±1.32b 73.87±1.37c 71.23±1.24d 67.54±1.26e

     OS Pack 78.21±1.26a 77.53±1.23a 76.71±1.12b 75.69±1.31b 74.33±1.15c

Ash (%)      Control 1.29±0.06a 1.14±0.04b 1.02±0.03c 0.83±0.05d 0.69±0.06e

     OS Pack 1.29±0.06a 1.22±0.02a 1.17±0.04b 1.08±0.03c 0.94±0.02c

a-eMean ± SD with different superscripts in a column differs significantly (p<0.05)

Fig. 1. Changes in gas composition of Labeorohita steaks during chilled storage in air and
O2scavenger pack. Mean ± SD, n=3, p<0.05
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the protective effect against oxidation of proteins of
fish muscle and it may also halted the growth of
various aerobic microorganisms during chilled stor-
age, thus resulting into the stability of crude protein
content in fish muscle of these packs in comparison
to the air pack sample.  Some authors also observed
similar results regarding protein oxidation. Zhang et
al. (2019) observed the inhibitory effect of Modified
atmosphere packaging and vacuum packaging on
the protein oxidation of grouper fillets. Demirhan
and Candogan (2017) also reported that the incorpo-
ration of oxygen scavenger in modified atmosphere
packaging system (MAP) resulted delay in protein
oxidation as well as retardation in growth of total
aerobic bacteria and Pseudomonas sp. of chicken.

The percentage of lipid was also higher in oxygen
scavenger packed sample as it was 1.56% on 14thday
in comparison to air pack samples having 1.32% on
same day of storage as fish lipids are rich in long
chain polyunsaturated fatty acids that are highly
susceptible to oxidation during processing and stor-
age (Masniyom 2011). In the present study, in case
of oxygen scavenger packs, lipid oxidation and li-
polysis of fish muscle was prevented in oxygen free
environment that might have maintained the level
of lipids in these samples, while in air pack samples,
the lipid deterioration occurred at faster rate, lead-
ing to the loss of lipids.Mahboob et al. (2004) also
reported that decrease in lipid content may be
linked with oxidation of polyunsaturated fatty acids
found in fish tissue to other products like aldehydes,
ketones and peroxides.

Likewise, moisture content reduced up to74.33%
and 69.54% on 28th day in oxygen scavenger packed

samples and control air pack samples respectively.
The decline in moisture content of air packed
samples might be associated with the loss of water
holding capacity of myofibrillar proteins due to their
oxidation in presence of oxygen,as the postmortem
structural changes like denaturation of myosin and
myofilament degradation is related to low water
holding capacity (Dawson et al. 2018). Further, myo-
fibrils constitute 80% of volume of living muscle fi-
bres, and most of the water in muscle cell is held in
myofibrils in spaces between thick and thin fila-
ments (Den Hertog-Meischke et al., 1997). In oxygen
scavenger packed sample, the oxidation of myo-
fibrils occurred at slower rate that maintained the
moisture content of fish muscle for longer period.
Similar reduction in ash content was also observed
in both air pack and oxygen scavenger packed
sample.The reduction in ash content was associated
with the drip loss during thawing process.
(Gandotra et al., 2016). Gandotra et al. (2015) also ob-
served similar decreasing trend in proximate com-
position for vacuum packaged Labeo rohita stored
under frozen conditions.

Chemical analysis

Changes in Thiobarbituric acid (TBA) value

TBA value is mainly used to assess the extent of sec-
ondary lipid oxidation by measuring the
malonaldehyde content. The fish muscle develops
unpleasant taste and odor when TBA content rises
above 1-2 mg malonaldehyde kg-1 and therefore this
is regarded as limit. (Connell, 1995). In the current
study, TBA content showed a regular increase in all

Fig. 2. Changes in thiobarbituric acid (TBA) value of Labeo rohita steaks during the chilled storage
in air and O2 scavenger packs. Mean ± SD, n=3, p<0.05
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the samples during storage time (Fig. 2). A statisti-
cally significant difference was found between both
the samples after the 7th day of storage. The initial
value of TBA in Labeorohita was 0.28 mg
malonaldehyde kg-1 and it exceeded 1mg
malonaldehyde kg-1 for control fish samples on the
14thday of storage, while a lower value of 0.91 mg
malonaldehyde kg -1 in oxygen scavenger packed
samples was observed at end of the storage period.
This is mainly due to the ability of oxygen scavenger
to maintain the level of oxygen<0.14% within the
pack throughout the storage time, which is respon-
sible for reducing the rate of oxidation of hydroper-
oxides, as they are initial product formed after oxi-
dation of polyunsaturated fatty acid, that oxidize
rapidly in aerobic conditions to form
malondialdehyde (Erkan, 2012). Similar results with
oxygen scavenger were reported by many authors.
Remya et al. (2016) reported that cobia fish steaks
packed with oxygen scavenger have effectively re-
duced TBA value, during the storage at 2 oC.
Mohan et al. (2008) also observed reduction in
malonaldehyde formation in catfish steaks packed
with oxygen scavenger.

Changes in Free fatty acid

The free fatty acid formation in fish muscle is mainly
due to chemical and enzyme mediated hydrolysis,
and the degree of lipid hydrolysis can be evaluated
by measuring the amount of free fatty acid (Biji et al.,
2016). FFA content in Labeo rohita fillets in O2  scav-
enger packs and control samples are presented in
Fig. 3. At the beginning of storage, the value of FFA

was 0.35% oleic acid g-1 that gradually increased in
all the samples.  Its rate of production was faster in
control samples, as it increased to 3.8% oleic acid g-

1 fat on 14th day of storage period. However, slow
increase was found in oxygen scavenger packed
samples, with a value of 3.71% oleic acid g-1 at the
end of storage period. Similar results for FFA con-
tent were also observed for oxygen scavenger
packed barracuda steaks (Remya et al., 2018).
Solanki et al. (2019) also reported reduced rate in
production of free fatty acid in dried sardines
packed with oxygen scavenger. The results obtained
indicate that reduction of oxygen might have de-
layed the hydrolysis of phospholipids and triglycer-
ides by limiting the growth of aerobic bacteria and
also by inactivating the lipolytic enzymes that are
responsible for deterioration of fish lipids. (Mohan et
al., 2019).

Changes in pH

Variation in the values of pH in rohu fillets packed
with and without oxygen scavenger during chilled
storage are depicted in Fig 4.  The initial pH of fish
sample was 6.51. In control air pack samples the pH
initially decreased and later there was a continuous
sharp increase, taking it to a value of 6.82 on their
sensory rejection on 14th day, whereas pH values of
oxygen scavenger packed samples were fairly
stable, with values of 6.61, 6.68 and 6.75 at 14th, 21th

and 28th day respectively. The possible reason for
the initial decrease in pH of air packed samples
might be the presence of CO2 that on coming in con-
tact with tissue fluid, may have led to the produc-

Fig. 3. Changes in FFA values of Labeorohitasteaks during chilled storage in air and O2

scavenger pack. Mean ± SD, n=3, p<0.05
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tion of carbonic acid, thus creating an acidic envi-
ronment, ultimately lowering the pH.  The gradual
rise in pH of fish fillets over the storage period is
attributed to the formation of compounds such as
ammonia and trimethylamine, produced as a result
of bacterial growth and action of endogenous en-
zymes (Karoui and Hassoun, 2017). But this de-
crease was slower in samples packed with oxygen
scavenger, owing to the presence of lactic acid pro-
ducing bacteria in reduced oxygen atmosphere
(Mohan et al., 2019).

Physical analysis

Changes in Drip Loss

Drip loss represents the physical changes that oc-
curred inside the pack due to loss of water soluble

components from the fish muscle, which affect the
consumers appeal. Its level increased all along the
storage period in both the samples. Results showed
higher drip loss for air pack samples with a value of
11.2% in comparison to oxygen scavenger packs
having value of 4.3% at the end of storage period.
(Fig. 5). Higher drip loss observed for air pack
samples is probably because the initial fall of pH fa-
vors the exudation process, as it is generally recog-
nized that there is a negative correlation between
pH and driploss (Dalgaard et al., 1993). Some au-
thors like Mohan et al. (2019) reported higher drip
loss for air packed Indian oil sardine since the
muscle had lost the less tightly bound water due to
the denaturation of myosin, present in myofibrils
thatform muscle bundles in fish.

Fig. 4. Changes in pH values of Labeo rohitas teaks during chilled storage in air and O2 scavenger
pack. Mean ± SD, n=3, p<0.05

Fig. 5. Changes in drip loss (%) of Labeo rohita steaks during the chilled storage in air and O2

scavenger packs Mean ± SD, n=3, p<0.05
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Microbial analysis

Microbial growth is the major factor that is respon-
sible for the deteriorative changes in freshness of
fish such as off odors and flavors (Huss, 1988). Total
plate count determines the microbial quality and
spoilage of perishable food products. The Changes
in Total plate count and psychrotrophic count
insamples packed under different atmosphere with
respect to storage time are given in Fig 6a,6b respec-
tively. The TPC (aerobic mesophilic flora) and
psychrotrophic count of fresh fish sample were 3.54
and 2.98 log cfu g-1 respectively, demonstrating the
good quality of fish fillets. The fish samples packed
with oxygen scavenger showed an initial lag phase
for TPC up to7 days. Similarly, a lag phase of 5
dayswas reported for cobia fish steaks wrapped
with antimicrobial film and packed with oxygen
scavenger sachet (Remya et al., 2016).  A relatively

long lag phase apparently represents bacteria adapt-
ing to altered atmosphere before multiplication
(Mohan et al., 2019). The extension in the lag phase
and generation time, that was observed in this
study, showed the inhibitory effect of O2 scavenger
on microbial growth. Afterthe lag phase of 7 days,
TPC showed an increasing trendand reached to a
final value of 6.78log cfu g-1 at end of storage period
which is below the limit proposed byICMSF (1986).
While the control samples attained a total plate
count of 7.05 log cfu g-1 on day 14, indicating a mi-
crobiological shelf life of about 14 days for control
samples. On similar account, a significant difference
was observed in psychrotrophic count for samples
packed under different atmosphere. At the start of
experiment, their number was less than TPC count
but as storage time progressed, psychrotrophic bac-
teria multiplied rapidly than aerobic mesophilic

Fig. 7. Changes in overall acceptability score of Labeo rohita steaks during the chilled storage
in air and O2 scavenger packs Mean ± SD, n=3, p<0.05

Fig. 6. Changes in total plate count (6a), Psychryotrophic count (6b)  of Labeo rohitas
teaks during the chilled storage in air and O2 scavenger packs Mean ± SD, n=3,
p<0.05
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bacteria, thus dominatingthe bacterial flora with a
count of7.01 and9.54 log cfu g-1in oxygen absorber
pack and control air pack respectively, at the last
day of storage. These results of microbiological shelf
life in all fish samples coincided with sensory rejec-
tion. Other researchers also inferred similar micro-
biological results by using oxygen scavenger for dif-
ferent fish species such as Mohan et al. 2008 ob-
served shelflife extension of 20 days for catfish
steaks by use of oxygen scavenger.

The coliform count determines the sanitary con-
ditions during the food processing (Houchier et al.
2013). The initial value for coliform count was 1.71
log cfu g-1 and it increased over the storage period in
both the groups However, there was no consider-
able difference between the Coliform count of differ-
ently packed samples. This might be due to the fac-
ultative anaerobic nature of these bacteria.The re-
sults obtained from the current study have shown
the extension in microbiological shelf life of Labeo
rohita by the use of oxygen scavenger and is attrib-
uted to the fact that the spoilage action in aerobically
packed fish sample might be due to presence of
gram negative psychrotrophic non fermenting rods
and among them, Pseudomonas spp. and Shewanella
spp have been reported as dominant species that
tend to spoil the chilled fish (Gram and Huss, 1996).
But in case of oxygen scavenger packed fish sample,
the oxygen reduced atmosphere created by the pres-
ence of oxygen scavenger might have negatively af-
fected the growth of aerobic pseudomonads. These
observations are in agreement with those of Mexis et
al., 2009 who reported the reduction of
Pseudomonads by 1.9 log cfu g-1 for oxygen scaven-
ger packs in comparison to control air packs for
rainbow trout fillets at the 5th day of storage
period.In the similar way, Remya et al. (2016) have
also observed the significant difference (P< 0.01) in
Pseudomonas spp. Count of fish samples packed with
oxygen scavenger.

Sensory analysis

In the initial phase, rohu fillets were very fresh hav-
ing the overall acceptability score of 9 with a shiny
appearance, slightly muddy odor and firm texture.
The results of sensory evaluation of Labeo rohita
showed differences in overall acceptability score
between air pack and oxygen scavenger packed
samples and are presented in the Fig 7. The fish fil-
lets packed with oxygen scavenger obtained higher
sensory scores throughout the storage period than

the control ones. The fish samples were considered
to be in acceptable state until they reached the score
of 5, beyond which they were not recommended for
human consumption. On this basis, the limit of ac-
ceptability of raw fish fillets was 14 days for control
samples with an overall score of 4.6 on the same day
and 28 days for Oxygen scavenger packed samples
having a score of 5.2. These observations were in
agreement with microbiological results and chemi-
cal analysis.

Conclusion

The present work proved the ability of oxygen scav-
enger (Ageless®) to limit the microbial spoilage, de-
laying the lipid oxidation process without affecting
its sensory quality by complete removal of oxygen
from the package after 6th day, thus enhancing the
shelf life of fresh Labeo rohita up to 28 days, whereas
aerobically packed samples had shelf life of only 14
days. Further, the oxygen scavenger is economically
viable as it reduces the cost of equipment that is re-
quired in other packaging techniques (Vacuum
packaging and modified atmosphere packaging).
Thus, the packaging with Oxygen scavenger is ad-
vantageous to maintain the freshness of fish for
longer period.
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