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Mudskipper (Pseudapocrypteselongatus) is one of the most important aquaculture species in Mekong 
Delta, Viet Nam. Lipid oxidation and proteolytic activities accounts for major changes in mudskipper 
(Pseudapocrypteselongatus). Lipid oxidation is responsible for rancidity, development of off-flavors, and 
the loss of fatsoluble vitamins and pigments Ginger rhizome contained importance phytochemical 
elements such as shogaol, gingerol and zingerone. Chitosan received great attention from the food 
industry due to its antimicrobial, antioxidant, and lipid-lowering effects. There is an increasing consumer 
interest for safe, stable, friendly-environmental foodstuffs in the usage of chitosan as edible 
biodegradable packaging film. In our research, mudskipper fish was coated by chitosan 1% incorporated 
with ginger extract (0.2-1.0%). The treated samples were kept at 4oC for 5 days to evaluate peroxide 
value, free fatty acid and thiobarbituric acid. This research was conducted during 2020 at SocTrang 
Nanotech laboratory, SocTrang province, Vietnam. Our results revealed that chitosan 1% incorporated 
with ginger extract 0.8% or 1.0% was efficiently retarded lipid oxidation during storage of chilled 
mudskipper fish. 

Keywords: Chitosan, free fatty acid, ginger extract, lipid oxidation, mudskipper, peroxide, thiobarbituric acid 

 
INTRODUCTION 
Mudskipper (Pseudapocrypteselongatus) fish is 
euryhaline, air-breathing and amphibious species 
popularly living in the brackish water, rivers, 
creeks, lagoons, estuaries and tidal zones 
(Ishimatsu et al. 2007; Bucholtz et al. 2009; Truong 
et al. 2010). Aquaculture of P. elongatushas 
developed rapidly during the past decade due to 
relatively high demand and high market value 
(Nguyen et al. 2018).  It’s one of the most potential 
species for coastal aquaculture in intensive or 
semi-intensive systems. It absorbs different 
pollutants released into the coastal environment by 
industrial, agricultural, domestic and transportation 
activities. It plays an important role in benthic 

ecology as it preys small crustaceans and graze 
diatoms and algae from mudflats (Dabruzzi et al. 
2011). It can be farmed in diversified culture 
systems such as monoculture, rotation with shrimp, 
or integrated with shrimp and mud crab culture. 
This species is considered as an alternative 
species to shrimp farming in rainy season. It’s 
recognized as potential bio-indicator in 
environmental monitoring and assessments of 
coastal waters and tropical or subtropica soft 
bottom intertidal systems (Abid et al. 2014). Its 
flesh normally consumed as food by its high 
nutritive value especially essential amino acids, 
vitamins and minerals (Andem and Ekpo, 2014). 
Polyunsaturated fatty acid provided intrinsic and 
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extrinsic factors adversely affecting lipid oxidation 
(Wood et al. 2004). The most useful approach to 
limit lipid oxidation is to prevent emission of free 
radicals by adding synthetic or natural antioxidants. 
Natural antioxidants from plant have been 
recommended to minimize lipid oxidation without 
adverse effects on human health (Kahl and 
Kappus, 1993). Ginger rhizome contained active 
elements such as shogaol, gingerol and zingerone 
(Jayanudin et al. 2016). Gingerol in ginger is 
endowed with strong antioxidant action both in vivo 
and in vitro (Ali et al. 2008). Bioactive constituents 
of ginger were proven to be effective as 
antioxidant, antimicrobial, anti-inflammatory and 
anticancer (Nielsen and Raos, 2000; Gutieerez et 
al. 2008; Murthy et al. 2015; Bailey-shaw et al. 
2008; Yan et al. 2018). Normally, it could be utilized 
as a spice in food processing (Afzal et al. 2001; 
Kumar et al. 2013; Vinothkumaret al. 2014). There 
was an increasing consumer interest for safe, 
stable, friendly-environmental foodstuffs in the 
usage of edible biodegradable packaging film 
(Fabraet al. 2018). Chitosan had numerous 
functional characteristics, like antioxidant and 
antimicrobial attributes (Kabanov and Novinyuk, 
2020). Chitosan was a potential enhancer of 
transmucosal drug delivery and numerous 
beneficial properties including high 
biocompatibility, antimicrobial activity and 
improvement on the retention time of topically co-
administered drugs (Felt et al. 1999; Felt et al. 
2000; Schuerer et al. 2018). Chitosan was proven 
as cholesterol reduction in egg-derived yolk, pork, 
goat sausages and burgers (Sayas-Barberá et 
al. 2011; Lamas et al. 2016; Amaral et al.2016). 
Lipid oxidation was the main factor affecting fish 
meat quality (Yifei et al. 2016).  Objective of our 
study investigated the effect of chitosan-ginger 
extract in combination to on delaying lipid oxidation 
of Pseudapocrypteselongatus fishes under chilled 
storage. 
 
MATERIALS AND METHODS 

Pseudapocrypteselongatus fishes were 
collected from SocTrang province, Vietnam. After 
collecting, they must be kept in styropore boxes 
and quickly conveyed to laboratory for 
experiments. Ginger rhizomes were also harvested 
in farm of HauGiang province, Vietnam. They were 
washed thoroughly with clean water to remove dirt 
and foreign matter before extraction. Chemical 
reagents were analytical grade. This research was 
conducted during 2020 at SocTrang Nanotech 
laboratory, SocTrang province, Vietnam. 

Researching method 
100g of ginger rhizomes were finely chopped 

and homogenized with 250 ml of distilled water at 
45oC in blender for 2 minutes. The homogenate 
was filtered by cloth to receive extract. The ginger 
extract was then concentrated under rotary 
evaporator and lyophilised with a freeze-dryer. The 
obtained powder was preserved for further coating 
with chitosan solution. A chitosan 1% solution (1%, 
w/v) was prepared by dissolving 10 g of chitosan in 
1000 mL of distilled water with glacial acetic acid 
(1%, v/v). The ginger powder was incorporated 
(0.2-0.6%) into the chitosan solution to create the 
coating mixtures (chitosan-ginger extract). 
Pseudapocrypteselongatus fishes were dipped into 
the coating mixture for 30 seconds ready for cool 
storage at 4oC for 5 days. Daily, the stored fishes 
were sampled to evaluate lipid oxidation via 
peroxide value, free fatty acid and thiobarbituric 
acid. 

Biochemical analysis 
Peroxide value (meq/kg) and free fatty acid (%) 

were determined by standard methods described 
by AOCS (1995). Thiobarbituric acid reactive 
substances or TBARS (mg of malondialdehyde/kg) 
was estimated by spectrophotometry method 
described by Montaño-Sánchez et al. (2020). 

Statistical analysis 
The experiments were run in triplicate with 

three different lots of samples. The data were 
presented as mean±standard deviation. Statistical 
analysis was performed by the Statgraphics 
Centurion version XVI. 
 
RESULTS AND DISCUSSION 

Fish products were highly susceptible to quality 
deterioration due to lipid oxidation of unsaturated 
fatty acids, catalyzed by the presence of high 
concentrations of hematin compounds and metal 
ions in the fish muscle (Decker and Hultin 1992). 
Lipid oxidation caused undesirable rancid off-
flavours and potentially toxic products, leading to 
the qualitative deterioration. Peroxide value was 
the primary products of lipid oxidation which was 
generated by oxygen attacking on the double bond 
in fatty acids. It seemed reasonable to determine 
the concentration of peroxide in meat samples to 
clarify the extent of oxidation (Yumin et al. 2012). 
Peroxide value evaluated the level of peroxides 
and hydroperoxides created in the beginning steps 
of lipid oxidation and it’s popularly utilized for the 
evaluation of oxidative rancidity in fats and oils  
(Ólafsdóttir et al. 1997). Chitosan coating was 
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proven to be sufficient to retard lipid oxidation in 
lingcod (Ophiodon elongates) fillets (Duan et al. 
2010). Guava powder was found to retard lipid 
peroxidation of cooked sheep meat nuggets during 
refrigerated storage (Arun et al. 2013). The effect 
of chitosan-ginger extract (%) on peroxide value 
(meq/kg) on chilled Pseudapocrypteselongatus 
was significant. Peroxide value increased during 
storage. The lowest PV was noticed at samples 
coated by chitosan 1% + ginger extract 0.8% or 
1.0% (see table 1). It could be explained by the 
interaction between the matrix and the antioxidant 
additives (Bonilla et al. 2012). Pérez-Rosés et al. 
(2016) noticed that zingiberene, limonene, ar-
curcumene, β-sesquiphellandrene, α-pinene, 
and β-pinene were the major constituents of ginger 
essential oil.  

Progressive oxidation and enzymatic 
hydrolysis of unsaturated fatty acids were the main 
cause of lipid deterioration in fatty fish which was 
accompanied by the emission of free fatty acids 
(Srikar and Hiremath, 1972). In our research,  the 
effect of chitosan-ginger extract (%) on free fatty 
acid (mg of malondialdehyde/kg) on chilled 
Pseudapocrypteselongatus was significant. Free 
fatty acid increased during storage. The fish treated 
with chitosan 1.0% + ginger extract 0.8% or 1.0% 
had the lowest free fatty acid at the end of storage 
(table 2). Our finding was similar to other reports. 
Xue et al. (1998) showed that the antioxidant 
mechanism of chitosan could be by chelant action 
of ion metals or the combination with lipids. The 
protective action of chitosan was also effective 
when it’s applied as a protective film, where it 
retarded lipid oxidation and microbial spoilage by 
acting as a barrier against oxygen (Jeonet al. 
2002). Chitosan film packing was an effective 
method for retaining the quality of lightly salted and 
dried horse mackerel (Ahn and Lee, 1992). Tsai et 
al. (2002) realized that the stability of salmon fillets 
dipped in chitosan solution was prolonged from 5 
to 9 days. Chitosan coating was effective in 
reducing about 50% moisture loss of skinless pink 
salmon fillets compared to the control non-coated 
fillets, and in delaying lipid oxidation during 3 
months of cold storage (Sathivel, 2005). Lopez-
Caballero et al. (2005) proved that coating fish cod 
patties with a chitosan–gelatin blend retarded 
spoilage. A reduction in malondialdehyde emission 
was presented during preservation of pork 
products treated with chitosan coating incorporated 
with tea polyphenols at 4 ◦C for 12 days (Qin et al. 

2013). A limitation of in malondialdehyde 
accumulation was mentioned in cooked chicken 
ball, chicken kabab and mutton kabab incorporated 
with chitosan coating stored at 0–3◦C for 14 days 
(Kanatt et al. 2013). Chitosan coatings combined 
with grape seed extracts reduced malondialdehyde 
emission during preservation of chicken breast at 4 
◦C for 9 days (Hassanzadeh et al. 2017). Moreover, 
a decrease of malondialdehyde production was 
presemted in pastirma coated with chitosan during 
preservation at 5 ◦C for 4 weeks (Abdallah et al. 
2017). Guava leaf extract was recommended as 
natural preservation for mackerel fish (Riyanto, 
2020). 

Thiobarbituric acid values represented the 
content of secondary lipid oxidation products, 
mainly aldehydes, which contribute to off-flavours 
in oxidised meat and meat matrix. It’s a good 
indicator to assess lipid oxidation because of its 
relatively simple measurement and good 
correlation with the sensory quality of foods 
(Donald, 1998). In our research, the effect of 
chitosan-ginger extract (%) on thiobarbituric acid 
(%) on chilled Pseudapocrypteselongatus was 
significant. Thiobarbituric acid increased during 
storage. The fish treated with chitosan 1.0% + 
ginger extract 0.8% or 1.0% had the lowest 
thiobarbituric acid at the end of storage (table 3). 
This may be due to strong antioxidant activity of 
spice extracts and synergistic effect with chitosan. 
Chitosan could retard lipid oxidation by chelating 
ferrous ions present in the fish, thus eliminating 
pro-oxidant activity of ferrous ions or preventing 
their conversion to ferric ion. Amino groups in 
chitosan might participate in the chelation of metal 
ions (Peng et al. 1998). In their charged state, the 
cationic amino groups of chitosans imparted intra-
molecular electric repulsive forces, which 
increased the hydrodynamic volume by extended 
chain conformation (No et al. 2007). Chitosan and 
ginger extract acting as a proton donator in 
transition metal ions might decrease the initiation 
of lipid oxidation (Yen et al. 2008; Chan et al. 
2011). Chitosan films containing combined of 
cinnamon and ginger extract were effective in 
retarding lipid oxidation (Yifei et al. 2016). Chitosan 
had a desirable effect on the control of 
thiobarbituric acid value of beef during storage 
(Darmadji and Izumimoto, 1994).  

 
 
 

Table 1: Effect of chitosan-ginger extract (%) on peroxide value (meq/kg) on chilled mudskipper 
 

Storage Chitosan (1%) + 
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 (days) Control Ginger 0.2% Ginger 0.4% Ginger 0.6% Ginger 0.8% Ginger 1.0% 

1 0.66±0.01a 0.63±0.00a 0.57±0.02ab 0.55±0.00b 0.53±0.01bc 0.49±0.03c 

2 0.75±0.00a 0.69±0.02ab 0.64±0.03b 0.60±0.01bc 0.56±0.02bc 0.51±0.00c 

3 0.98±0.00a 0.82±0.01b 0.73±0.02bc 0.69±0.00c 0.63±0.03cd 0.56±0.01d 

4 1.35±0.03a 0.96±0.00b 0.82±0.01bc 0.77±0.03c 0.69±0.00cd 0.60±0.02d 

5 1.79±0.01a 1.12±0.03b 0.95±0.02bc 0.87±0.00c 0.76±0.02cd 0.65±0.01d 

Figures are the mean of three replications; Figures in row followed by the same letter/s are not differed 
significantly (α = P=0.05). 

 
Table 2: Effect of chitosan-ginger extract (%) on free fatty acid (mg of malondialdehyde/kg) of 

chilled mudskipper 
Storage 
 (days) 

Chitosan (1%) + 

Control Ginger 0.2% Ginger 0.4% Ginger 0.6% Ginger 0.8% Ginger 1.0% 

1 3.06±0.03a 2.45±0.00b 2.17±0.03bc 2.03±0.00c 1.99±0.01cd 1.95±0.02d 

2 3.97±0.01a 2.59±0.02b 2.41±0.00bc 2.20±0.03c 2.08±0.02cd 2.03±0.01d 

3 4.85±0.02a 2.78±0.03b 2.57±0.02bc 2.31±0.01c 2.17±0.00cd 2.10±0.03d 

4 5.69±0.00a 2.99±0.01b 2.71±0.03bc 2.45±0.02c 2.36±0.03cd 2.19±0.00d 

5 6.50±0.02a 3.20±0.00b 2.84±0.01bc 2.63±0.00c 2.47±0.02cd 2.35±0.01d 

Figures are the mean of three replications; Figures in row followed by the same letter/s are not differed 
significantly (α = P=0.05). 

 

Table 3: Effect of chitosan-ginger extract (%) on thiobarbituric acid (%) of chilled mudskipper 
 

Storage 
(days) 

Chitosan (1%) + 

Control Ginger 0.2% Ginger 0.4% Ginger 0.6% Ginger 0.8% Ginger 1.0% 

1 0.75±0.02a 0.32±0.00b 0.30±0.00bc 0.27±0.01c 0.23±0.01cd 0.20±0.00d 

2 1.26±0.03a 0.38±0.02b 0.33±0.01bc 0.29±0.00c 0.25±0.03cd 0.21±0.01d 

3 1.95±0.00a 0.44±0.01b 0.38±0.00bc 0.35±0.03c 0.29±0.00cd 0.24±0.03d 

4 2.48±0.01a 0.57±0.03b 0.45±0.03c 0.40±0.02cd 0.33±0.02cd 0.25±0.00d 

5 3.01±0.00a 0.79±0.02b 0.56±0.01c 0.48±0.02cd 0.39±0.01d 0.30±0.02e 

Figures are the mean of three replications; Figures in row followed by the same letter/s are not differed 
significantly (α = P=0.05). 

Yumin et al. (2012) studied the effects of 
chitosan, aqueous extract of ginger, onion and 
garlic on quality and shelf life of stewed-pork during 
refrigerated storage. Stewed-pork immersed in this 
mixture could reduce the values of pH, TVB-N, 
POV, TBA and total bacterial count during 12 days 
of refrigerated storage. Eylem and Ozlem (2018) 
found that treatment with 2% chitosan + 1% sumac 
and 2% chitosan + 2% sumac increased the shelf 
life of rainbow trout fillets by 6 days as compared 
to the control samples. Yashaswini and Iyer (2019) 
demonstrated that chitosan could be incorporated 
with ginger essential oil for food packaging. 
Chitosan with green tea extract could be utilized as 
coating material for the storage of pork meat 
(Montaño-Sánchez et al. 2020). 

CONCLUSION 
Chitosan was natural, safe, non-toxic, 

biocompatible and biodegradable polymers. 
Ginger rhizome contained active components such 
as shogaol, gingerol and zingerone applicable in 
pharmaceutical and food industry. Chitosan 
coating in supplementation with ginger extract 

enhanced the biochemical qualities of chilled 
Pseudapocrypteselongatus during storage. The 
mixture of chitosan-ginger extract was efficient in 
delaying peroxide value, free fatty acid and 
thiobarbituric acid formation. The findings obtained 
from this research highlighted that chitosan 
coatings incorporated with ginger extract were an 
ideal natural material useful for improving the 
stability of raw fish during storage. 
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