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Abstract
Developing bioactive edible coatings is an emerging trend to improve nutritional value, 
food quality, and safety. The present work was undertaken to develop ready to disperse 
bioactive edible coating (BEC) powder from fish protein hydrolysate incorporated with 
chitosan and clove oil, and to evaluate their preservative effect (10 and 20% level) on tuna 
fillets during chilled storage at 4°C. Microbiological, biochemical, and sensory evaluation 
were carried out during 18 days of storage study. Aerobic plate count of tuna fillets treated 
with 10 and 20% BEC solutions showed 5.45±0.007 log cfu g-1 and 5.33±0.009 log cfu g-1, 
respectively at the end of storage, whereas the control sample reached 9.25±0.004 log 
cfu g-1. Among the BEC solution treated samples, 20% BEC solution treated sample had 
the lowest TBARS (Thiobarbituric acid reactive substances) value (1.68±0.04 mg MDA kg-1) 
followed by 10% BEC solution treated sample (1.93±0.02 mg MDA kg-1) at the end of the 
storage, while the control sample exceeded the acceptable limit (2.388±0.167248 mg MDA 
kg-1) on 9th day itself, which gave clear evidence that BEC solutions effectively extended 
the tuna fillet’s shelf-life. The overall study revealed that the sample treated with BEC 
solutions showed an excellent preservative effect on tuna fillets, which indicates the 
potential of combined use of these agents in food products.

Introduction

Fish is categorised under highly 
perishable commodity and generally 
fresh fish or shellfish are stored in ice 
or under refrigerated/chilled conditions 
during marketing. In these situations, 
shelf-life is very limited (depends on 
area of harvest, species, season and 
post-harvest handling) due to lipid 
oxidation and microbial deterioration 
(Bahram et al., 2016). This leads to 
huge economic loss to fish traders and 
retailers (Reddy et al., 1995; Getu et al., 
2015). Hence, fish processing industries 
and traders are actively looking for 
innovative and new technologies or 

methods to prolong the shelf-life of 
fresh fish/products during storage 
as well as marketing stage. In recent 
times, a variety of active packaging 
systems have emerged to improve 
the shelf-life and food safety. Among 
them, bioactive edible coating has 
gained more attention due to their 
several advantages such as edibility, 
biodegradability, bioactivities, barrier 
to moisture, gas and microorganisms 
(Sanchez-Gonzalez et al., 2011; Rennie 
and Sunjka, 2018). Furthermore, edible 
coating enhances the nutritional 
value and sensory characteristics of 
food products.
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activity while improving the quality and safety of fishery 
products. Encapsulation of essential oil using FPH and 
chitosan could be an effective technique for the slow release 
of antimicrobial and antioxidant compounds to preserve the 
products for a longer period. Moreover, the ready to disperse 
encapsulated powder can be used whenever required by 
processors, retailer and consumers. With this background, 
the present work was aimed to prepare a microencapsulated 
BEC powder having a combination of clove essential oil, FPH 
and chitosan, and to study their preservative effect on tuna 
fillets during chilled storage (4°C).

Materials and methods

Freshly caught yellowfin tuna (Thunnus albacares) were 
procured from a fish market in Kochi, and transported to 
the research laboratory in iced condition. The fish (average 
weight 20±5 g) were filleted and washed thoroughly and 
used for storage study. Clove essential oil was purchased 
from Hi-Media, Mumbai, India. Chitosan was sourced from 
SRL, Mumbai, India. AR grade chemicals and reagents were 
used to carry out the present study.

Preparation of fish protein hydrolysate

Fish protein hydrolysate (FPH) was prepared from pink perch 
head waste based on the method described by Elavarasan 
and Shamasundar (2016). Initially, pink perch head waste 
was homogenised into paste form and mixed with distilled 
water at the ratio of 1:2 (w/v) and incubated in a water bath to 
attain the optimum temperature needed for the enzyme used. 
After pre-equilibration, the hydrolysis was initiated by adding 
the papain enzyme. For hydrolysis process, conditions such 
as enzyme to substrate ratio (E/S), temperature, pH and time 
of 0.63%, 55°C, 6 and 90 min, respectively were employed. 
Then the hydrolysis reaction was terminated by keeping the 
solution in boiling water bath for 15-20 min. Subsequently, the 
solution was allowed to cool at room temperature and then 
filtered using Whatman filter paper. Finally, the supernatant 
obtained was used for BEC powder preparation.

Preparation of BEC powder and treatment 
of fillets

To prepare the microencapsulated bioactive edible coating 
powder, 1% acetic acid (v/v) followed by 1% chitosan (w/v) 
was added to the FPH solution and stirred for 30 min using 
magnetic stirrer to achieve complete dispersion. Further, 
clove oil (1%) (v/v), followed by an emulsifying agent Tween 
20 (0.2% of v/v of film forming solution) were added to the 
solution and continued the stirring for another 30 min. Finally, 
the bioactive solution was filtered and the residues were 
removed. The clear BEC solution was spray-dried and powder 
was stored in an airtight container for further study (Fig. 1).

Polysaccharides, proteins, and lipids are the three major 
materials commonly used for the development of edible 
coatings. Among them, protein based coatings have better 
advantage due to adherence to the hydrophobic food or 
meat surface and minimise the oxygen and CO2 transmission 
while arresting the drip loss (Rodriguez-Turienzo et al., 
2011; Sanchez-Ortega et al., 2014). Protein materials such 
as keratin and egg albumin (Kilincceker et al., 2009), whey 
protein (Motalebi and Seyfzadeh, 2012), soy protein (Lin 
et al., 2011), fish protein (Gulsum and Serkan, 2019), gelatin 
(Arfat et al., 2015) and collagen (Dursun and Erkan, 2014) 
can be used for edible coating development. Generally, the 
seafood processing wastes namely, head, skin, viscera 
and bone contain high amount of protein, fat and minerals 
(Jayathilakan et al., 2012). Extraction of protein from seafood 
waste could address the waste disposal and environmental 
pollution problems for the industries. It also increases the 
profit by conversion of waste into valuable fishery products.

Fish protein hydrolysate (FPH) is one of the most high value 
fishery product of the last decade, due to its application in 
various sectors such as food, cosmetics, pharmaceutical, 
nutraceutical and functional food industries. Edible portion 
or processing discards from finfish or shellfish can be 
used as a raw material for FPH production. Indian seafood 
processing industries generate a huge amount of waste 
which are rich in protein. It can be effectively converted 
into fish protein hydrolysate which will give higher returns 
to seafood processor (Elavarasan, 2018). There are several 
research studies carried out to characterise the functional 
and bioactive properties of FPH (Shabeena and Nazeer, 2013; 
Srikanya et al., 2017; Henriques et al., 2021; Undiganalu et al., 
2022). However, the studies on bioactive edible coating (BEC) 
development using FPH in combination with other active 
ingredients like chitosan and essential oils are rarely reported. 
FPH as coating material could enrich the nutritional value of 
food products with improved antioxidant properties (Najafian 
and Babji, 2012). The addition of essential oils into edible 
coatings is an effective and innovative method for enhancing 
their antimicrobial properties. Moreover, it minimises the 
impact on sensory characteristics of food products and 
also increases the bioactive substances availability in the 
food system (Donsì et al., 2011, 2012).

Chitosan is one of the major polysaccharides used for edible 
films and coatings (Kanatt et al., 2008; Mohamed et al., 
2013). The main reasons for adding chitosan into edible 
films/coatings is due to its ability to provide preservative 
effect on food products (Ouattara et al., 2000; Jeon et al., 
2002). Furthermore, it has antioxidant and antimicrobial 
properties (Lopez-Caballero et al., 2005), binding action 
(Shahidi et al., 1999), biodegradability (Chillo et al., 2008) 
as well as barrier properties against gas and aroma, which 
makes it more appropriate material for coatings and film 
development (Caner, 2005).

Incorporation of essential oils and chitosan into FPH based 
edible coatings will enhance the antioxidant and antimicrobial 
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Fig. 1. Schematic diagram for the preparation of BEC powder
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For the storage study, tuna fillets were dipped in the BEC 
solutions at 10 and 20% for 5 mins. Then the fillets were taken 
out from the solution and the excess solution was allowed 
to drain off. Finally, the bioactive edible coated tuna fillets 
were packed in sterile polyethylene pouches and stored at 
4°C to study the preservative effect. Samples without BEC 
solution treatment served as control.

Biochemical analysis

The quality indices such as pH of tuna muscle was measured 
using a pH meter (Eutech Cyberscan 510, Singapore) by 
homogenising 5 g of tuna muscle in distilled water (1:5 w/v). 

Thiobarbituric acid (TBA) value was estimated as per the 
method prescribed by Tarladgis et al. (1960) and the values 
were expressed as mg of malonaldehyde (MDA) kg-1 of lipid. 
Total volatile base nitrogen (TVBN) and trimethylamine 
(TMA) were determined based on the micro diffusion method 
(Conway, 1962). Peroxide value (PV) was calculated according 
to the AOAC methods (AOAC, 2000) and the values were 
expressed as meq kg-1 of lipid. 

Microbiological analysis

Spread plate technique was carried out to estimate the aerobic 
plate count (APC) (Hitching et al., 1995). Approximately 10 g 

Fig. 2. Microbial and biochemical changes of tuna fillets during chilled storage (a) APC, (b) pH, (c) TBARS, (d) TVB-N, (e) TMA and (f) PV
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of tuna fillet sample was aseptically homogenised with 90 ml 
of sterile normal saline using mortar and pestle for 1 min. 
Then, the supernatant (1 ml) was transferred into a tube 
containing 9 ml sterile normal saline and mixed thoroughly 
using vortex mixer. Further serial dilutions and spread plate 
technique was carried out in plate count agar and incubated 
at 37°C for 48 h and the average count was expressed as 
cfu g-1 of sample.

Sensory analysis

Sensory evaluation was carried out based on the 9-point 
hedonic scale defined by Meilgaard et al. (1999). The control 
and BEC solution treated samples were taken out randomly 
and provided to panelists with a sensory evaluation sheet 
to evaluate the overall acceptability. Sensory attributes like 
colour, appearance, odour and textural values were used to 
evaluate the overall acceptability. An overall acceptance score 
of 6 and above was considered acceptable. The average 
overall acceptability value of the 15 semi-trained panelists for 
each sample was calculated and the values were expressed 
as Mean ± Standard Deviation (n=15).

Results and discussion

Biochemical analysis
Changes in the pH of tuna fillets dipped in BEC solutions 
during chilled storage are shown in Fig. 2b. The pH of 10 
and 20% BEC solutions dropped from the initial value of 
6.28±0.00 to 5.69±0.005 and 5.80±0.005, respectively. The 
control sample showed an immediate dip on 3rd day of 
storage (6.15±0.005), later increased gradually to 6.69±0.02 
on 18th day of chilled storage whereas BEC solutions treated 
samples showed a decrease in pH value throughout the 
storage period. A significant decrease in pH was observed 
in both 10 (5.69±0.005) and 20% BEC solutions (5.80±0.005) 
treated samples during 18 days chilled storage, which could 
be due to the production of lactic acid through anaerobic 
glycolysis process and the release of inorganic phosphate, 
a product of ATP degradation. The control sample reached 
a pH of 6.69±0.02 on the 18th day of storage, which may be 
due to the enzymatic degradation of the cellular contents of 
the muscle (Bo Lan et al., 2018). According to Salgado et al. 
(2011), pH increase during storage period due to production 
of alkaline compounds, like biogenic amines and ammonia, 
by the action of microbial and endogenous enzymes, are 
responsible for fish spoilage. Compared to control samples, 
a lower pH value was observed in tuna fillets treated with 
BEC solutions, which reveals that BEC solutions effectively 
minimise the formation of alkaline compounds during storage. 

TBARS value is most commonly used to measure the lipid 
oxidation (Al-Kahtani et al., 1996; Yanar et al., 2006). Changes 
in the TBARS value of BEC solutions treated tuna fillets at 
chilled storage (4°C) are shown in Fig. 2c. Initial TBARS value 

of tuna fillets was 0.068±0.00 mg MDA eq kg-1 muscle. As the 
storage period progressed, rapid lipid oxidation was observed 
in the control samples, in which TBARS value amplified into 
2.38±0.16 and 3.94±0.04 mg MDA kg-1 muscle on Day 9 and Day 
18, respectively. While, the TBARS values of 10 and 20% BEC 
solution treated samples gradually increased from 0.068±0.00 to 
1.93±0.02 mg MDA kg-1 and 1.68±0.04 mg MDA kg-1 respectively 
on 18th day of storage. Among the treatments, fillets treated with 
20% BEC solution treated samples showed the lowest TBARS 
value (1.68±0.04 mg MDA kg-1) followed by 10% BEC solution 
treated samples (1.93±0.02 mg MDA kg-1), which indicated 
that tuna fillets dipped with BEC solutions effectively delayed 
oxidation of lipids during storage. The acceptable limit of TBARS 
values is 1-2 mg MDA kg-1 of fish muscle (Connell, 1990). In 
this present study, TBARS values of the sample treated with 
10 and 20% BEC solutions were within the acceptable limit at 
the end of 18 days storage, while the control exceeded the limit 
(2.388±0.167248 mg MDA kg-1) on the 9th day itself.

TVB-N value of BEC solutions treated tuna fillets during 
chilled storage are shown in Fig. 2d. TVB-N values of samples 
treated with 10 and 20% BEC solution increased gradually 
from 3.71±0.00 to 27.61±0.27 mg 100 g-1 and 21.59±0.19 mg  
100 g-1 respectively, compared to control value of 46.31±0.09 
mg 100 g-1 after 18 days of storage. Generally, the 
recommended TVB-N level for iced fish is 30-35 mg TVB-N 
100 g-1 of muscle (Connell, 1995). In the present study, none 
of the samples treated with BEC solutions, exceeded the 
acceptable limit during the storage. However, the control 
sample exceeds the limit (41.35±0.24 mg 100 g-1) on the 
12th day itself. Generally, TVB-N values are used to assess 
the quality index of fishery products, particularly as it is a 
product of bacterial spoilage (Lannelongue et al., 1982). 
The present study showed that BEC solutions effectively 
minimised bacterial growth during chilled storage and 
extended the shelf-life of tuna fillets.

TMA values of BEC solutions treated tuna fillets stored in 
chilled storage are shown in Fig. 2e. TMA values of samples 
treated with 10 and 20% BEC solutions increased from 
1.55±0.00 to 15.80±0.24 mg 100 g-1 and 12.35±0.06 mg  
100 g-1, respectively at the end of storage as compared to 
control sample which ranged from 1.55±0.00 to 52.77±0.14 mg 
100 g-1. TMA level of 10 to 15 mg 100g-1 is recommended as 
acceptable limit for fish (Connell, 1995). In the present study, 
tuna fillet treated with 10% BEC solution slightly crossed the 
limit (15.80±0.24 mg 100 g-1) on the 18th day of storage, but 
20% BEC solution treated samples were within the acceptable 
limit (12.35±0.06 mg 100 g-1). Control samples crossed the 
acceptable limit on 9th day of storage. The presence of TMA 
is due to the bacterial degradation of trimethylamine oxide 
(TMAO) which is naturally present in marine fishes. TMA 
level is used as a specific index of bacterial spoilage. The 
study revealed that BEC solutions effectively reduce TMA 
production during storage as compared with control samples.

Peroxide value is one of the indicators for oxidative rancidity 
(Shahidi and Wanasundara, 1996). The peroxide values of 
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tuna fillets treated with 10 and 20% BEC solutions increased 
from 3.51±0.00 to 18.82±0.02 meq kg-1 of fat and 17.51±0.05 
meq kg-1 of fat, respectively as compared to control having PV 
value of 51.44±0.06 meq kg-1 of fat after 18 days storage (Fig. 
2f). In the present work, it was observed that the BEC solution 
effectively reacted with oxygen present in the environment 
leading to reduction in hydroperoxide formation (Bensid 
et al., 2014), which delayed the lipid oxidation during storage.

Microbiological analysis

Changes in the total bacterial counts of tuna fillets treated 
with BEC solutions increased steadily during chilled storage 
(Fig. 2a). APC of tuna fillets treated with 10 and 20% BEC 
solution increased from the initial level of 3.99±0.005 to 
5.45±0.007 log cfu g-1 and 5.33±0.009 log cfu g-1, respectively 
on 18th day of storage, whereas control sample reached 
9.25±0.004 log cfu g-1 on 18th day of storage. Bacterial counts 
were low at the beginning of storage due to the freshness of 
the fish. The initial APC of tuna fillet (3.99±0.004 log cfu g-1) 
was within acceptable limit of fresh fish (5 x 105 cfu g-1) 
(ICMSF, 1986), and it gradually increased as storage period 
proceeded in all the samples. Control sample reached the 
APC of 5.78±0.004 log cfu g-1 on the 6th day of storage, 
whereas the samples treated with BEC solutions reached >5 
log cfu g-1 on the 15th day of storage. This is a clear evidence 
that BEC solutions effectively delayed the bacterial growth 
during chilled storage by prolonging its lag phase. Among 
the two BEC solutions, 20% BEC solution indicated low 
APC value of 5.33±0.009 log cfu g-1 followed by 10% BEC 
solution (5.45±0.007 log cfu g-1) at the end of the storage 
period, which demonstrated the potential of BEC powder 
as a natural antimicrobial agent. The active component 
like eugenol is the main reason behind the antimicrobial 
properties of clove oil which was incorporated in the BEC 
solution. It disrupts the cytoplasmic membrane of bacterial 
cells and causes cell damage or rupture which leads to cell 
death (Broxton et al., 1983; Gill and Holley, 2006). Clove 
oil possesses antimicrobial activity against both Gram 

negative bacteria such as Escherichia coli, Salmonella sp., 
Pseudomonas aeruginosa, Aeromonas hydrophila and Gram 
positive bacteria like Staphylococcus aureus, Listeria sp. and 
Bacillus sp. (Gislene et al., 2000; Qiao Hu et al., 2018). Similar 
results were observed in other studies related to bioactive 
edible coating combined with chitosan and/or other essential 
oils on rainbow trout (Ozlem et al., 2018) and cold-smoked 
sardine (Gomez-Estaca et al., 2007).

Sensory evaluation

Sensory evaluation of tuna fillets dipped in BEC solutions 
are shown in Fig. 3. There was a gradual decrease in overall 
acceptability score of all samples during the storage study. 
Initially, the tuna fresh fillets had a sensory value of 8.5±0.005 
which decreased gradually as the storage days prolonged, 
according to the BEC treatments. Control samples exceeded 
the acceptable limit on the 6th day of storage (<6.00), whereas 
the sample treated with 10 and 20% BEC solutions crossed the 
acceptable limit on 9th (5.29±0.39) and 12th (4.91±0.28) days 
of storage, respectively. The result of sensory value directly 
correlated with the microbial evaluation. This indicates that 
the BEC solutions effectively extended the shelf-life of tuna 
fillets as compared with control sample.

Development of bioactive edible coating from fishery 
waste materials is one of the emerging trends to reduce 
environmental pollution. This study revealed that BEC powder 
developed from fish protein hydrolysate combined with 
chitosan and clove essential oil was more effective to 
maintain the quality of tuna fillets during chilled storage. 
The quality and safety analysis clearly indicated that the 
samples treated with BEC solutions were highly efficient and 
extended the shelf-life of tuna fillets compared to control 
samples, which indicated the potential of combined usage 
of these agents. However, the potential application of fish 
protein hydrolysate and clove oil should be further studied, 
especially in terms of the sensory acceptability, since these 

2

Control,              10% BEC,              20% BEC

10
9
8
7
6
5
4
3

4.5
4

3.5
3

2.5
2

1.5
1

0.5
0

50
45
40
35
30
25
20
15
10

5
0

60

50

40

30

20

10

0

60

50

40

30

20

10

0

6.9
6.7
6.5
6.3
6.1
5.9
5.7
5.5

Lo
g 

CF
U 

g-1
M

g 
M

DA
 kg

-1

M
g 

10
0 

g-1
m

eq
 p

er
ox

id
e 

kg
-1

 of
 fa

t

m
g 

10
0 

g-1

  0             3            6            9           12          15         18
                                       Storage days 

  0           3            6            9            12          15         18
                                       Storage days 

  0           3             6             9            12          15         18

  0            3             6            9           12          15         18

  0           3            6             9            12          15          18

  0            3             6             9            12         15         18

                                        (a)                                                                                                                        (b)

                                        (c)                                                                                                                           (d)

                                (e)                                                                                                             (f)

 0                                       3                                            6                                          9                                         12                                         15
                                                                                                              Days

Control

10% BEC

9

8

7

6

5

4

Ov
er

al
l a

cc
ep

ta
bi

lit
y

Fig. 3. Sensory changes of tuna fillets during chilled storag
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materials may impart unpleasant attributes (bitter taste and/
or strong odour) to fish or fishery products.
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