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Abstract

Carboxymethyl chitosan (CMCH) is one of the water
soluble derivatives of chitosan that can be used as
an edible coating for food products. However, its
use in fish and fish products is not well established.
So, in the present study, the effects of CMCH as an
edible coating for preserving the quality of dried
anchovy were evaluated. Anchovies were dipped in
0.5 and 1% (w/v) solutions of CMCH for 5 min,
drained and dried under sun. Control samples were
prepared by dipping in potable water and drying
under sun. TVB-N and TMA-N of the treated
samples were significantly (p<0.05) lower than
control over 135 days storage period. At the end of
135 days, TVB-N and TMA-N levels were 121.95,
115.63 and 106.72 mg% and 47.13, 38.24 and 35.43
mg% for control, 0.5% CMCH treated and 1%
CMCH treated samples, respectively. Microbial
growth and fungal growth were lower in 1% CMCH
treated sample. Aerobic plate count at the end of 135
days reached 4.89, 4.80 and 4.70 logl0 cfu g‘]
respectively, for control, 0.5% CMCH and 1%
CMCH treated anchovies. Fungal count in control
reached 1.93 1og10 cfu g! whereas that of 1% CMCH
treated anchovy was 1.50 log10 cfu g at the end
of 135" day. CMCH treatment has also controlled
lipid oxidation during storage of dried anchovy as
the TBARS of control was higher (2.91 mg MDA Kg-
1 than 0.5% CMCH (2.17 mg MDA Kg') and 1%
CMCH treated (1.92 mg MDA Kg') anchovy on
135th day. In brief, the edible coating of CMCH has
effectively controlled the spoilage changes in dried
anchovy during storage.
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Introduction

Edible coatings and films have received significant
role in food packaging because of their advantages
compared to traditional synthetic packaging. Major-
ity of edible film coating agents are contributed by
underutilized edible polysaccharides, lipids and
protein, which can act as carriers of bioactive
components (Umaraw et al, 2020). The most
important advantage of these materials is that they
can be consumed along with the packaged food and
hence, will not cause any environmental threat. The
increased attention towards edible coating is driven
by increased interest in safe, ready to eat convenient
and stable food and improved awareness on the
environmental issues created by synthetic packaging
materials (Dehghani et al.,, 2018). Fish is highly
susceptible to spoilage and drying is a traditional
method employed to preserve the fish for a longer
period at room temperature. Nevertheless, dried
fish are prone to microbial and fungal attack and fat
oxidation during the course of storage which
deteriorates its quality. Packaging of dried fish is a
crucial factor determining its quality during storage.
The most important requirement of dried fish is a
moisture and oxygen proof packaging material to
control the migration of moisture and air to alter the
properties of dried product (Rahman, 2007). Low
density polyethylene (LDPE), polypropylene (PP) or
polyester polyethylene laminated materials are used
as the common packaging materials for consumer
pack of dried fish. Though these materials have
good tensile strength and are readily available, they
have high oxygen and water vapour transmission
rates (Gopal et al., 1998).

Among the sources used for edible packaging,
polysaccharides have a vital role as it is widely
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available and cost effective. Chitosan extracted from
the shell of crustaceans is a biocompatible and
biodegradable polysaccharide having strong antimi-
crobial, antioxidant and antifungal properties (Li et
al.,, 2013). Chitosan is approved as GRAS by USFDA
in 2001 and has received wide attraction as a
potential food preservative (Sagoo et al.,, 2002).
Efficacy of chitosan to improve the quality of
seafood during refrigerated or chilled storage is well
established by numerous researchers. (Gunlu &
Koyun, 2013; Nowzari et al., 2013; Soares et al.,
2013). Nevertheless, the poor solubility of chitosan
at neutral pH poses practical difficulties in its
applications to a wide variety of foods. To overcome
this technological demerit, various chemical modi-
fications have been suggested by several researchers
to alter the solubility of chitosan (Binsi et al., 2019).
Among these, carboxymethylation has achieved a
great success in imparting better water solubility to
chitosan (Wang et al., 2009). The unique properties
of CM-chitosan such as large hydrodynamic vol-
ume, high viscosity, film- and gel-forming capabili-
ties, and antibacterial properties, besides its excel-
lent solubility at neutral pH increases its use in
processing and preservation of wet and dry com-
modities. However, the application of CMCH as an
additive in fish processing has not been well
exploited.

Anchovy is a small, common forage fish of the
family Engraulidae. Anchovies are usually classified
as oily fish and they are used in small quantities to
flavor many dishes. In India, dried anchovy is a
delicacy in many of the coastal states. The aim of
the present study was to evaluate the efficacy of a
CMCH coating on the quality of dried anchovy
stored under ambient conditions.

Materials and Methods

Anchovy (average length 6.5 cm and weight 30 g)
was purchased from Visakhapatnam Fishing harbor
and brought to laboratory within half an hour in
chilled condition. Carboxymethyl chitosan was
procured from fish processing division of ICAR-
Central Institute of Fisheries Technology, Kochi.
Chemicals used in the study were purchased from
Merck and Himedia, India. Glass wares used were
purchased from Borosil, India.

Anchovies were washed thoroughly in potable
water and drained over a mesh tray. It was then
portioned in to three batches. One batch was sun
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dried without CMCH coating (here in as control).
Another batch was coated with 0.5% (w/v) CMCH
solution by dipping it in CMCH solution @ 1:1 ratio
(w/v) for 5 min, drained and sun dried. For sun
drying, the samples were spread on the rack placed
on raised bamboo rack and allowed to dehydrate
under sun for a period of two days. The third batch
was coated with 1% (w/v) CMCH solution by
dipping @ 1:1 ratio (fish: solution, w/v) for 5 min,
drained and sun dried. During two days of sun
drying, an average temperature of 34'C, 67%
humidity and 21 km h'! wind velocity was observed.
The samples were allowed to dry till the moisture
content was found to be sufficiently below 20%, by
visual observation. It was then packed in polyeth-
ylene pouches and stored at room temperature.
Sampling was done at 45 days interval for a period
of 135 days to analyse the changes in biochemical
and microbial quality parameters.

Proximate composition of fresh and dried anchovies
was evaluated by AOAC (1990) methods. pH of the
samples was measured by a digital pH meter
(LABMAN, LMPH-10) after homogenizing the
sample in distilled water (1:5 w/v). Total volatile
base nitrogen (TVB-N) and Trimethylamine (TMA-
N) content were estimated by the microdiffusion
method (Conway, 1950). Peroxide Value (PV) was
determined following the method of Yildiz et al.
(2003) and Thiobarbituricacid reactive substances
(TBARS) was measured by the protocol given by
Tarladgis et al., 1960 with slight modifications.
Microbial count at 37°C and fungal count was
determined by BAM (2011) method.

Results and Discussion

Proximate composition of fresh and dried anchovies
is depicted in Table 1. The raw anchovy used in our
experiment had a moisture content of 76.52% and
the corresponding protein, fat and ash contents were
17.54, 2.06 and 3.52%, respectively. Protein content
of fresh anchovy suggests anchovy as a high protein
fish. Dewi (2002) categorised Japanese anchovy and
Indonesian anchovy as a high protein fish, previ-
ously. A considerable variation in proximate compo-
sition of an individual fish is attributed to the
variation in factors like nutrition, size, sex, age,
environment and season (Huss, 1995). Moisture
content of anchovy was reduced to 13.96-13.03%
after drying (Table 1). Similar moisture content in
dried anchovy was reported by Karim et al. (2017).
Removal of moisture to a greater extent has led to
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Table 1. Proximate composition of the dried anchovies

Parameter Fresh anchovy Control 0.5% CMC 1% CMC
Moisture (%) 76.520+1.02 13.032+0.43 13.862+0.5 13.96%+0.74
Protein (%) 17.542+0.62 58.66+1.52 57.08+1.48 58.14b+1.42
Fat (%) 2.062+0.20 6.94b+0.48 6.72b+0.36 6.980+0.54
Ash (%) 3.522+0.33 20.29+0.92 21.34%+0.83 21.73+0.16

*values are mean (n=3) + standard deviation. Different superscript letters in the same row indicate the values are

statistically different

a significant increase (p<0.05) in concentration of
other components in dried anchovy. Protein content
had increased from 17.54% in fresh fish to 57-58%
in dried fish. A significant increase (p<0.05) in ash
and fat content was also noticed after drying as the
values increased from 3.52% (fresh)- 20-21% (dried)
and 2.06 (fresh) to 6.7-6.9% (dried), respectively. The
ash content of dried anchovy in our experiment was
in agreement with the ash content reported by
Karim et al. (2017) which varied from 18-23% using
different drying methods. Though the effect of
CMCH coating on the protein, fat and ash of dried
anchovy was not significant, ash content of the dried
CMCH coated samples was slightly higher than
uncoated sample. Presence of salt in CMCH which
was used while modifying chitosan to CMCH might
have attributed to the higher ash content in CMCH
coated samples.

Variation in the moisture content of the dried
samples during storage is shown in Fig. 1a. All the
three samples displayed a significant increase
(p<0.05) in moisture content during storage. Though
the control sample had a moisture content compa-
rable to the CMCH coated counterparts immediately
after drying, its moisture content increased at a
higher rate than other samples, indicating a mois-
ture barrier effect of CMCH on the dried anchovy.
On day 90 and afterwards, moisture content of
control sample was significantly higher (p<0.05)
than that of 1% CMCH coated anchovies. The
increase in moisture content of dried samples
during storage is on account of absorption of water
from packaging environment. Olayemi et al. (2011)
observed increased moisture content in smoke dried
catfish stored in different packaging materials. Our
findings suggest that coating with CMCH can
control the moisture absorption in dried fish during
storage. Jeyakumari et al. (2016) observed a low rate
of moisture absorption in chitosan coated dried
Bombay duck. In their study, moisture content of

uncoated Bombay duck increased from 11.5-13%
over a period of 3 months storage while chitosan
coated sample registered only 1% increase in
moisture at the end of storage period.

Total volatile base nitrogen (mainly comprises
ammonia, primary, secondary and tertiary amines
and trimethyl amines) is chiefly used as an index
of biochemical spoilage in fish during storage (Fan
et al., 2009). Variations in the mean TVB-N values
of the sample are depicted in Fig 1b. Fresh fish had
a TVB-N value of 11.75 mg%, indicating its good
quality based on the acceptable limit (30-35 mg%)
established for fresh fish (EC, 2008). After drying,
TVB-N had significantly (p<0.05) increased in all the
samples consequent up on the increased concentra-
tion of protein content in dried fish followed by
moisture removal. During storage, control sample
recorded the maximum content of volatile bases
which was significantly (p<0.05) higher among its
counterparts coated with CMCH, reaching a value
of 121.95 mg% at the end of 135 days of storage.
Since volatile bases are generated by microbial
degradation of protein, the results of present study
point out that coating of CMCH had controlled the
spoilage of protein by microorganisms. The effect of
coating significantly (p<0.05) increased with in-
crease in concentration of CMCH.

There are many studies reporting the positive effect
of chitosan in controlling the TVB-N accumulation
in fish and fish products (Yu et al., 2017; Wu et al.,
2018). Chitosan coating reduced the TVB-N accumu-
lation by 51% during refrigerated storage in liquid
smoked Tilapia fillet, demonstrating the effective-
ness of chitosan coating to maintain fish quality
(Silva Santas et al., 2017). Effect of chitosan and
carboxy methyl chitosan coating (1 and 1.5%) on
preserving the quality of vannamei shrimp was
investigated by Hunag et al. (2012) and the authors
reported that TVB-N development was slower in
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Fig. 1. Changes in moisture (a), TVB-N (b) and TMA-N
(c) of dried anchovies during storage (n=3, mean
+ SD)

CMCH coated shrimp than those coated with
chitosan and in control sample. Researchers suggest
that chitosan’s inhibitive action on microorganisms
reduce the microbial activities responsible for
oxidative deamination of non-protein nitrogen
compounds leading to formation of volatile bases
(Sun et al., 2017). Minh & Nghia (2019) studied the
inhibitory effect of chitosan coating at different
concentrations on the proteolytic changes as mea-
sured by TVB-N in dried spiny eel for a period of
12 months storage at ambient temperature. The
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results revealed that TVB-N content decreased with
increase in concentration of chitosan coating.

Marine fishes contain trimethylamine oxide (TMA-
0), the compound responsible for the unique fishy
flavour in marine fish. Due to microbial/enzymatic
activities in fish or fish products during storage,
TMAO is decomposed to ammonia, formaldehyde
and trimetyl amine (Viji et al., 2016). With the
intensification of spoilage, a subsequent reduction
of TMA-O to TMA takes place. Progress of TMA-
N accumulation in dried fish is shown in Fig.1c. In
the present study, the fresh anchovy had 5.5 mg%
TMA-N. A significant increase (p<0.05) in TMA-N
content was observed in all the three samples as the
storage period progressed. Similar to TVB-N, after
drying and throughout the storage, the control
sample had significantly higher (p<0.05) TMA-N
value compared to 0.5% and 1% CMCH coated
samples. Among the CMCH treated samples, TMA-
N value of 0.5% CMCH coated anchovies was
significantly higher (p<0.05) than 1% CMCH coated
sample since 45 day of storage. Freshly caught fish
naturally contains 5-10 mg N/100 g TMA-N (Connel,
1995) and the maximum acceptable limit in dried
fish is 48-50 mgN 100 g™. Increase of TMA-N during
storage of dried fishes has been reported previously
(Relekar et al., 2014). Yu et al., 2017 suggested that
being an antimicrobial compound, chitosan can also
strongly inhibit the development of TMA-N which
is produced by microbial deamination of trimethy-
lamine oxide.

Oily fishes and products are likely to lipid oxidation
during processing and storage. The primary prod-
ucts of lipid oxidation are peroxides which can be
measured and expressed as peroxide value. Impact
of CMCH coating on the peroxide value of dried
anchovy is shown in Fig. 2a. Peroxide value
increased with storage time in control samples till
90 days and decreased at the end of 135 days of
storage. In CMCH coated anchovies, PV started to
decline after 45" days of storage. Peroxide value of
samples didn’t vary significantly (p>0.05) during the
initial period while significantly higher (p<0.05) PV
was recorded in control anchovies compared to 1%
CMCH coated anchovies from 45 days onwards. As
suggested by many researchers, the reduction in PV
can be due to oxidation of hydroperoxides into
secondary lipid oxidation products. The amount of
hydroperoxides generated correlated well with lipid
oxidation during early stages of lipid oxidation
(Rodriguez-Turienzo et al,, 2011). The effect of



Effects of Carboxymethyl Coating on the Quality of Dried Anchovy 29

CMCH coating on PV of dried anchovies became
significant from 90 days of storage onwards.
Coating with 1% CMCH showed a wider range of
variation from control than that showed by 0.5%
CMCH coating, indicating that 1% CMCH was more
effective to retard lipid oxidation of anchovy.
Previously, Kim et al. (2017) demonstrated a
suppressing effect of fish gelatin hydrolysate-based
film on lipid oxidation in boiled-dried anchovy. In
another study, chitosan coating has suppressed lipid
oxidation at a dose dependent manner in dried
spiny eel during 12 months of storage (Minh &
Nghia, 2019). Suppressing effect of chitosan coating
on lipid oxidation of dried fish is also demonstrated
by Jeyakumari et al. (2016). Reports suggest that
chitosan efficiently act as a secondary antioxidant
chiefly by chelating metal ions accelerating lipid
oxidation (Olatunde & Benjakul, 2018). The antioxi-
dant activity of chitosan also owes to the capacity
of its residual free amino groups to stabilize the free
radical by producing stable macromolecular radicals
and ammonium groups (Yuan et al., 2016). Zhao et
al. (2011) reported that presence of hydroxyl and
amino groups in its polymeric chain contributes the
antioxidant properties of carboxymethyl chitosan.
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Fig. 2. Changes in peroxide value (a) and TBARS (b) of
dried anchovies during storage (n=3, mean + SD)

Thiobarbituric acid reactive substances give a mea-
sure of secondary lipid oxidation products, espe-
cially malonaldehyde content. As depicted in Fig. 2b,
TBARS of all samples increased significantly (p<0.05)
during storage. Unlike PV, the effect of CMCH
coating on secondary oxidation was significant
(p<0.05) immediately after drying and during the
entire storage, as the control samples registered
highest amount of TBARS value. The protective
effect of CMCH on secondary oxidation could be due
to the antioxidant effect of chitosan and its oxygen
barrier properties on the surface of coated fish. Weist
& Karel (1992) explained that primary amino group
of chitosan can make a stable fluorosphere with
volatile aldehydes such as malonaldehyde, making
it unavailable for reaction. It is also reported that
chitosan coating on the surface of fish products act
as a barrier against the transition of oxygen from
surrounding atmosphere to the surface of fish,
resulting in reduced availability of oxygen for lipid
oxidation (Silva Santos et al., 2017; Binsi et al., 2013).
In a previous study, Yu et al. (2013) developed active
packaging film from carboxymethyl chitosan grafted
with caffeic acid as antioxidant. The film was used
to test oxidation in menhaden oil-in-water emulsion
and has proven successful inhibition of oxidation. In
a recent study by Bonilla et al. (2019), treatment of
cat fish fillet in a water soluble chitosan solution
could reduce the lipid oxidation by 70% compared
to control fillet during refrigerated storage up to 20
days. The authors explained that greater mobility of
chitosan molecule in water soluble chitosan might
have contributed more amino group for antioxidant
reaction and thereby controlled lipid oxidation in
catfish fillet.

Spoilage bacteria generally cannot tolerate high
levels of salt, but halophilic and some xerophilic
bacteria can also stay at low water activity (Sen,
2005). In our study, there was no marked difference
in the aerobic plate count (APC) of different samples
immediately after drying. Whereas on day 45 and
afterwards, control samples had remarkedly higher
aerobicplate count than its counterparts coated with
CMCH. Plate count of 1% CMCH coated samples
remained 0.014 log10 cfu g! lower to that of control
immediately after drying, whereas the difference
has increased to 0.185 log10 cfu g at the end of
135t day (Fig. 3a). Samples coated with 0.5% CMCH
maintained 0.14-0.09 log10 cfu g! lower APC than
that of control on and after day 45. The results
revealed that coating with CMCH can control
bacterial growth in dried fish. Reports says that
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antimicrobial action of chitosan is mainly due to
interaction between positively charged chitosan and
negatively charged cell membrane of bacteria,
causing rapture and leakage of proteins and
intracellular matter (Dutta et al.,, 2009). Another
mechanism reported is that chitosan coating per-
forms as an oxygen barrier and thus inhibits
proliferation of aerobic bacteria (Devlieghere et al.
2004). Microbial quality of chitosan coated (0.5 and
1%) dry salted anchovy over a period of 8 weeks
was investigated by Agustini & Sedjati (2007). A
significant difference in TPC between control and
chitosan treated samples was observed, but the TPC
of 0.5% and 1% chitosan treatments was not differed
significantly. In a similar study, Silva Santos et al.
(2017) noticed the effectiveness of chitosan coating
in controlling growth of bacteria in liquid smoked
Nile tilapia during storage. Recently, Shariatinia
(2018) has given a detailed review on the antibac-
terial properties of carboxymethyl chitosan. The
author has reviewed the antibacterial potential of
CMCH, quarternised CMCH and CMCH
nanocomposites against different bacteria. The
maximum acceptable limit established by FSSAI
(Food Safety and Standard Authority of India) for
APC in dried salted fishery products is 5 log10 cfu
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Fig. 3. Changes in aerobic plate count (a) and fungal
count (b) during storage
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g1 (FSSAI 2017). In the present study, none of the
samples crossed this limit during the storage period
of 135 days.

During the process of sun drying, the fishes get
easily contaminated by airborne moulds that prolif-
erate during storage and deteriorate the quality of
dried products. Moisture content and water activity
are the prime factors determining growth of mould
during storage. During storage period, the fungal
(mould) growth in all the three samples showed lag
phase up to 45" day (Fig. 3b). After 45" day, fungal
count of control samples increased significantly and
exponentially, reached1.93 log10 cfu g at the end
of 135 days. On the other hand, when a steady
increase in fungal count was observed in 0.5%
CMCH coated sample, only a mild increase was
noticed in 1% CMCH coated sample. Chitosan and
chitosan derivatives are proven to have antifungal
activities (Virlee et al.,, 2017). Wrapping of dried
anchovy in chitosan films incorporated with organic
acid could significantly reduce the mould growth
during storage (Vimaladevi et al., 2015). In a study,
Chatterjee et al. (2020) investigated antifungal
activity of water soluble chitosan designated as s-
chitosan and the authors could observe an inhibition
of growth of Macrophomina phaseolina, a fungi
attacking crops by a fungistatic mode of action.
Further, the rate of reduction in diameter of fungi
mycelia was in parallel with s-chitosan concentra-
tion. In the review of Verlee et al. (2017), the authors
say that chitosan makes the cell wall of fungi
permeable by electrostatic interaction of positively
charged chitosan and negatively charged compo-
nents at the cell surface of fungal mycelia. This
process leads to loss of intracellular components and
rapture of cell wall, facilitating the entry of chitosan
molecule into the cell depending on its molecular
weight.

In the present study, preservative effect of car-
boxymethyl chitosan coating on dried anchovy was
investigated. The results of the study revealed that
CMCH acts a moisture barrier in dried anchovy in
a dose dependent manner. The biochemical and
microbial quality analysis carried out over a period
of 135 days have also proven a promising effect of
CMCH in delaying the spoilage changes during
storage. Coating with CMCH significantly con-
trolled lipid oxidation as well as microbial prolif-
eration in a dose dependent manner. Hence, the
findings of the present study suggest CMCH as a
potential natural preservative in dried fish products.



Effects of Carboxymethyl Coating on the Quality of Dried Anchovy 31

Acknowledgements

Technical assistance offered by Prasanna Kumar, Senior
technical officer of Visakhapatnam Research Centre of
ICAR-Central Institute of Fisheries Technology is grate-
fully acknowledged.

References

Agustini, TW. and Sedjati, S. (2007) The Effect of Chitosan
Concentration and Storage Time on The Quality of
Salted-Dried Anchovy (Stolephrorusheterolobus). J. Coast.
Develop. 10: 63-71

AOAC (1990) Official methods of analysis, 15th edn.
Association of Official Analytical Chemists, Washing-
ton

BAM (2011) Bacteriological Analytical Manual (BAM) On-
line, Aerobic Plate Count (Chapter 3), Yeasts, Molds
and Mycotoxins (Chapter 18), U.S. Food and Drug
Administration

Binsi PK., Viji P. and Zynudheen A.A. (2019) Chitins and
its applications in seafood processing. In: Natural
additives in Fish Processing (Viji Pankyamma and
Prerna Pandey, Eds). pp 85-104. Delve Publishing,
Canada

Binsi, PK., Ravishankar, C.N. and Srinivasa Gopal, T.K.
(2013) Development and characterization of an edible
composite film based on chitosan and virgin coconut
oil with improved moisture sorption properties. ]J.
Food Sci. 78(4): E526-E534

Bonilla, F., Chouljenko, A. Lin, A. Young, B.M., Sai
Goribidanur, T., Blake J. C., et al. (2019) Chitosan and
water-soluble chitosan effects on refrigerated catfish
fillet quality. Food Biosci. 31: 100426

Connell, J.J. (1995) Control of Fish Quality. Fishing News
Books Ltd., England, 245 p

Conway, E.J. (1950) Micro-diffusion analysis and volumetric
error. Crosby. London: Lockwood and Son Ltd

Dehghani, S., Hosseini, S.V. and Regenstein, ].M. (2018)
Edible films and coatings in seafood preservation: A
review. Food Chem. 240: 505-513

Devlieghere, F., Vermeulen, A. and Debevere, J. (2004)
Chitosan: antimicrobial activity, interactions with food
components and applicability as a coating on fruit and
vegetables. Food Microbiol. 21: 703-714

Dewi, E.N. (2002)Chemical analysis during the processing
of dried salted anchovy. J. Coast. Dev. 5: 55-65

Dutta, PK., Tripathi, S., Mehrotra, G.K. and Dutta, J.
(2009) Perspectives for chitosan based antimicrobial
films in food applications. Food Chem. 114: 1173-1182

EC (2008) Commission Regulation (EC) No 1022/2008 of
17 October 2008. Amending Regulation (EC) No 2074/

2005 as regards the total volatile basic nitrogen (TVB-
N) limits (Text with EEA relevance). O.].,277, 18.10.2008,
p. 18-20

Fan, WJ., Sun, ].X., Chen, Y.C,, Qiu, J., Zhang, Y. and Chi,
Y.L. (2009) Effects of chitosan coating on quality and
shelf life of silver carp during frozen storage. Food
Chem. 115: 66-70

FSSALI (2017) Food Safety and Standard Authority of India
Gazette Notification Amendment on microbiological
safety of fish and fish products.

Gunlu, A. and Koyun, E. (2013) Effects of vacuum
packaging and wrapping with chitosan-based edible
film on the extension of the shelf life of sea bass
(Dicentrarchuslabrax) fillets in cold storage (4°C). Food
Bioprocess Technol. 6: 1713-1719

Gopal, TK.S,, Nair, P.G.V,, Kandoran, M.K.,, Prabhu, P. V.
And Gopakumar, K. (1998) Shelf life of dried
Anchoviella in flexible packaging materials. Food
Cont. 9: 1-5

Huang, J., Chen, Q., Qiu, M. and Li, S. 2012 Chitosan-
based Edible Coatings for Quality Preservation of
Postharvest Whiteleg Shrimp (Litopenaeus vannamei). J.
Food Sci. 4: 491-496

Huss, H.H. (1995) Quality and Quality Changes in Fresh
Fish. FAO. Rome, 348 p

Jeyakumari, A., Narasimha Murthy L., Visnuvinayagam
S. and Parvathy U. 2016 Chitosan coating improves
the quality of dried Bombay duck. Fish Tech Reporter.
2(2): 24-25

Karim, N. U, Sufi, N. F. A. and Hasan, M. Z. (2017)
Quality analysis of anchovies, Stelophorus commersonii
dried in drying racks. J. Sustain. Sci. Manage. 3: 111-
118

Kim, H.J., Son, K.T., Lee, S.G, Park S.Y., Heu, M.S. and
Kim J.S. (2017) Suppression of lipid deterioration in
boiled-dried anchovy by coating with fish gelatin
hydrolysates. ] Food Biochem. 41:e12331

Li, T, Li, J., Hu, W. and Li, X. (2013) Quality enhancement
in refrigerated red drum (Sciaenops ocellatus) fillets
using chitosan coatings containing natural preserva-
tives. Food Chem. 138: 821-826

Minh, N.P. and Nghia, HT. (2019) Implementation of
chitosan coating for preservation of dried spiny eel
(mastacembelidae). Plant Archives. 19: 232-236

Nowzari, F., Shabanpour, B. and Ojagh, S. M. 2013
Comparison of chitosan—gelatin composite and bilayer
coating and film effect on the quality of refrigerated
rainbow trout. Food Chem. 141: 1667-1672

Olatunde, O.O. and Benjakul, S. (2018) Natural Preserva-
tives for Extending the Shelf-Life of Seafood. A Revisit.
Compr. Rev. Food Sci. F.17: 1595-1612



Viji, Naveen, Rao, Debbarma and Binsi

Olayemi, F.F.,, Raji, A.O. and Bamishaiye, E.I. (2011) Effect
of the Physical Properties of Composite Packaging
Materials on Keeping Quality of Smoked Catfish. Int.
J. Agricult. Sci. Res. Technol. 1: 127-131

Rahman, M.S. (2007) Drying of fish and seafood. In:
Hand book of industrial drying (Arun S. Mazumdar
(Ed.). CRC press New York. pp 521-546

Relekar, S.S., Joshi, S.A., Gore, S.B. and Kulkarni, A.K.,
(2014) Effect of improved drying methods on bio-
chemical and microbiological quality of dried small
head ribbon fish, Lepturacanthussavala. Int. J. Fish.
Aquat. Stud. 1: 60-66

Rodriguez-Turienzo, L., Cobos, A., Moreno, V., Caride, A.,
Vieites, J. M. and Diaz, O. (2011) Whey protein-based
coatings on frozen Atlantic salmon (Salmo salar):
Influence of the plasticiser and the moment of coating
on quality preservation. Food Chem. 128: 187-194

Sagoo, S., Board, R. and Roller, S. (2002) Chitosan inhibits
growth of spoilage micro-organisms in chilled pork
products. Food Microbiol. 19: 175-182

Sen, D.P. (2005) Advances in fish processing technologies.
Allied Publishers, India. 848 p

Shariatinia, Z. (2018) Carboxymethyl chitosan: Properties
and biomedical applications. Int. J. Biol. Macromol.
120: 1406-1419

Silva Santos, F.M., da Silva, A.ILM., Vieira, C.B, et al.
(2017) Use of chitosan coating in increasing the shelf
life of liquid smoked Nile tilapia (Oreochromis niloticus)
fillet. J. Food Sci. Technol. 54: 1304-1311

Soares, N.M., Mendes, T.S. and Vicente, A. A. (2013).
Effect of chitosan-basedsolutions applied as edible
coatings and water glazing on frozen salmon preser-
vation—-A pilot-scale study. J. Food Eng. 119: 316-323

Sun, Z., Shi, C., Wang, X., Fang, Q. and Huang, J. (2017)
Synthesis, characterization, and antimicrobial activi-
ties of sulfonated chitosan. Carbohydrate Polymers.
155: 321-328

Tarladgis, B.G., Watts, B.M. and Youthan, M.T. (1960) A
distillation method for the quantitative determination
of malonaldehyde in rancid foods. J. Am. Oil Chem.
Soc. 37: 44-52

Umaraw, P, Munekata, E.S., Verma, K.V, Barba, FJ,,
Singh, V.P. and Kumar, P. (2020) Edible films/coating
with tailored properties for active packaging of meat,
fish and derived products. Trends. Food Sci. Technol.
98: 10-24

32

Verlee, A., Mincke, S. and Stevens, C. V. (2017) Recent
developments in antibacterial and antifungal chitosan
and its derivatives. Carbohydr. Polym. 164: 268-283

Viji P, Binsi PK., Visnuvinayagam S., C.O. Mohan,
Venkateshwarlu, G and Gopal TK. S. (2016). Lipid
Oxidation and Biochemical Quality of Indian Mack-
erel during Frozen Storage: Effect of Previous
Treatment with Plant Extracts. ]J. Food Biochem.
41:€12308

Vimaladevi, S., Panda, SK., K.A. Xavier, K.AM. and
Bindu, J. (2015) Packaging performance of organic
acid incorporated chitosan films on dried anchovy
(Stolephorus indicus). Carbohydr. Polym. 127: 189-194

Wang, Y.J., Yu, Y.Z. and Mao, J.W. (2009)
Carboxymethylated a-glucan derived from Poriacocos
with biological activities. J. Agric. Food Chem. 57:
10913-10915

Weist, J.L. and Karel, M. (1992) Development of a
fluorescence sensor to monitorlipid oxidation. 1.
Florescence spectra of chitosan powder and
polyamidpowderaffect exposure to volatile lipid oxi-
dation products. J. Agricul.Food Chem. 40: 1158-1162

Wu, T, Ge, Y, Li, Y., Xiang, Y., Jiang, Y. and Hu, Y. (2018)
Quality enhancement of large yellow croaker treated
with edible coatings based on chitosan and lysozyme.
Int. J. Biol. Macromol. 120: 1072-1079

Yildiz, G., Wehling, R. and Cuppett, S.L. (2003) Compari-
son of four analytical methods for the determination
of peroxide value in oxidized soybean oils. J. Am. Oil
Chem. Soc. 80: 103-107

Yu, D, Li P, XuY., Jiang, Q. and Xia, W. (2017)
Physicochemical, microbiological, and sensory at-
tributes of chitosan-coated grass carp (Ctenopharyngodon
idellus) fillets stored at 4°C. Int. J. Food Prop. 20: 390-
401

Yu, S.H., Hsieh, H.Y., Pang, ].C., Tang, D.W., Shih, C.M.,
Tsai, M.L. and Mi, E.L. (2013) Active films from water-
soluble chitosan/cellulose composites incorporating
releasable caffeic acid for inhibition of lipid oxidation
in fish oil emulsions. Food Hydrocoll. 32: 9-19

Yuan, G., Chen, X. and Duo, L. (2016) Chitosan films and
coatings containing essential oils: The antioxidant and
antimicrobial activity, and application in food systems.
Food Res. Int. 89: 117-128

Zhao, D., Huang, J., Hu, S., Mao, ]J. and Mei, L. (2011)
Biochemical activities of N,O-carboxymethyl chitosan
from squid cartilage, Carbohydr. Polym. 85: 832-837




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


