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ABSTRACT

Background. In this study the effects of the use of chia mucilage – CM coating in combination with propolis 
liquid extract – PLE on the physico-chemical (total volatile basic nitrogen – TVB-N, peroxide value – PV, 
thiobarbituric acid – TBA) and bacteriological (total viable count – TVC, psychrophilic bacteria count – 
PBC) quality properties of sea bass fillets during storage at 2°C, as well as its potency, were investigated.
Materials and methods. The fillets were randomly separated into four lots and subjected to the following 
treatments by dipping: chia mucilage – CM, chia mucilage + 0.1% PLE, chia mucilage + 0.3% PLE and 
control (uncoated), then stored at 2°C.
Results. The results showed that the chia musilage coating containing PLE was effective on TVC and PCA. 
While the shelf life of the control group was 8 days, the CM + 0.3% PLE group was 20 days.
Conclusion. According to these results, it can be said that chia mucilage coating preserves the shelf life and 
quality of chilled seafood and can be used safely as a coating material.
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INTRODUCTION

Edible coatings are a thin layer of material that can 
be consumed as part of a food product and are biode-
gradable to act as a selective barrier to gas transport. 
Fresh fish are extremely sensitive to spoilage. Degra-
dation is mainly caused by biological reactions such 
as oxidation of lipids, protein decomposition, which 
is mediated by endogenous or microbial enzymes. 
These activities shorten the shelf life of fish and other 
seafood. Edible coatings have long been used to delay 
dehydration of food products, improve textural qual-
ity, help preserve volatile flavour compounds, and 
reduce microbial growth. Edible films and coatings 

are classified as proteins, polysaccharides or lipids 
(Azeredo et al., 2012; Hosseini et al., 2016). 

Extracts are natural products used in food preser-
vation and for their antiseptic, antioxidant, digestive 
stimulant, antimicrobial and enzymatic effects. Most 
plant extracts are included in the GRAS list (Kabara, 
1991), one of which is propolis. Propolis has antifun-
gal, antibacterial, antioxidant and antiviral proper-
ties. It is also widely used in folk medicine. Propolis 
contains benzoic acid, cinnamic acid, phenols, keto-
phenols, hydroquinone, coumarins and naphthalene 
(Galeotti et al., 2018).
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Chia seeds (Salvia hispanica) have become in-
creasingly important worldwide due to their nutritious 
and functional properties. It has been observed that 
chia seeds kept in water form a gel of a slightly sticky 
and transparent gum. Chia seed mucilage contains 
high molecular weight xylol, glucose and methyl glu-
curonic acid. Chia mucilage has been described by the 
food and agriculture organization as a potential source 
of polysaccharides due to its outstanding gelling prop-
erties in water, even at very low concentrations (Dick 
et al., 2015; Munoz et al., 2012). Chia mucilage is 
a foam stabilizer, and the suspension resulting from it 
can be used as an emulsifier, adhesive or binder in the 
food industry (Salgado-Cruz et al., 2013). According 
to the research, there is no literature about the applica-
tion of chia seed mucilage in seafood.

In the present study the use and potency of chia 
musilage with propolis liquid extract as an edible coat-
ing for the protection of sea bass (Dicentrarchus la-
brax, Linnaeus 1758) fillets stored for 20 days at 2°C 
were investigated. 

MATERIALS AND METHODS

Sea bass (Dicentrarchus labrax) was purchased from 
a fish market (Elazığ / Turkey). In this study, a total 
of 20 sea bass samples with an approximate weight 
of 350 ±20 g were used. Firstly, the heads and vis-
cera were immediately removed and skinless fillets 
were prepared. The chia seeds used in the preparation 
of coatings were obtained from local markets and the 
propolis liquid extract was purchased from a commer-
cial company (Organic pavilion). 

Preparation of coating solution
Chia mucilage was obtained using the hydration pro-
cess (Dick et al., 2015). The chia seeds were mixed 
with distilled water at a ratio of 1:20 with a magnetic 
stirrer (Hot & Stirrer-Hill, MS300HS) for 2 hours at 
25°C. Then, glycerol (1%) was added as the plasticizer 
and mixed again at 25°C for 15 minutes. The mixture 
was then centrifuged (Core NF 800R) to remove insol-
uble particles and then filtered to remove seeds from 
the mucilage. 

For the addition of the propolis liquid extract to 
the chia mucilage, 0.1% and 0.3% PLE were dis-
solved in Tween 20 (0.5% v/v) and homogenized with 

a homogenizer (Wise Stir DAIHAN Scientific HS-
30E) at 20 000 rpm for 1 minute and then added to the 
prepared chia mucilage.

The sea bass fillets were washed with cold sterile 
water before coating and removed from the water by 
standing in a sterile incubator (4°C and 50% RH) for 
15 minutes. 

Coating process and storage
The fillets were divided into three groups and im-
mersed in the coating solutions (pure chia mucilage 
(CM), 0.1% PLE added CM and 0.3% PLE added 
CM) at 4°C for 3 times 2-minute intervals (with a fil-
let/solution ratio of 1:3). After immersion, the fillets 
were removed and dried for 60 minutes with airflow 
(4°C and 50% RH) in a sterile incubator. Subsequent-
ly, each sample was individually placed in an airtight 
sterile polyethylene bag and stored at 2°C for up to 
20 days. Random samples from each group were ana-
lysed on days 0, 4, 8, 12, 16 and 20. The study was 
conducted with two replications.

Physicochemical analysis
Total volatile basic nitrogen – TVB-N analysis was 
performed according to the micro-diffusion method 
reported by Goulas and Kontominas (2005). Values 
are given in mg N/100 g. Thiobarbituric acid – TBA 
analysis of the fillets was determined by the spectro-
photometric method specified by Kirk and Sawyer 
(1991). The peroxide value of the fillets was deter-
mined according to the American Oil Chemists’ Socie-
ty (AOCS, 1985). Peroxide value – PV was calculated 
using the following equation:

PV, meq/kg = (V – B × Nf / W) × 1000

where:
V and B – the volume of the sodium thiosulfate, 

blind and used in the titration of the sample, 
mL

Nf – the concentration of sodium thiosulfate,
W – the sample weight, g.

Bacteriological analyses
Plate Count Agar was used for the total viable count 
(TVC) and psychrophilic bacteria count (PBC) (Halk-
man, 2005). The TVC and PBC were performed using 
the pour plate method. The samples was incubated at 
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35°C for 48 h, or at 7°C for 10 days.The results were 
expressed as log cfu/g.

STATISTICAL ANALYSIS

Data from the physicochemical and bacteriological 
parameters were subjected to one-way analysis of var-
iance (one-way ANOVA) using IBM SPSS®26 (SPSS 
Inc., Chicago, IL, USA) software. The least squares 
difference (LSD) method was used to compare the 
means (p < 0.05). 

RESULTS AND DISCUSSION

Changes in the TVB-N values of all groups during 
storage are given in Figure 1. In the control group, the 
TVB-N value of the fillets (Cont, CM, 0.1% PLE + 
CM, 0.3% PLE + CM) on day 0 was 18.12 mg N/100 g, 
18.00 mg N/100 g, 18.20 mg N/100 g, and 18.10 mg 
N/100 g, respectively. The TVB-N value of the con-
trol group and coated groups significantly increased 
(p < 0.05) with the progress of the storage time. But, 
the TVB-N value was significantly lower in the chia 
mucilage (CM) coatings with added propolis liquid ex-
tract (PLE), than in the control group (p < 0.05). These 
results in particular demonstrated that 0.3% PLE add-
ed to the chia mucilage coating could inhibit TVB-N 
values below the maximum acceptability limit (35 mg 
N/100 g) (Varlık et al., 1993). Can and Emir Çoban 
(2012) reported that the TVB-N increase of rainbow 
trout coated with Zein was slower during the storage 
period (p < 0.05). Kawiji et al. (2014) found that the 

increase in TVB-N values of the coating enriched with 
Curcuma xanthorrhiza was less than that of the control 
group and remained below the consumable limit value 
(35 mg N/100 g) during storage. According to Jonaidi 
et al. (2018), the TVB-N value for the control group of 
chicken fillets was higher than chitosan-propolis treat-
ments (p < 0.05). Nessianpour et al. (2019) observed 
that the TVB-N values of S. tumbil fillets treated with 
gelatın-propolis combinations were lower than those 
of the control group.

Thiobarbituric acid – TBA is an index as used in-
dex for assessing the degree of lipid oxidation in sea-
food and other meat products (Alparslan et al., 2014). 
The change in TBA values of the sea bass fillets is 
shown in Figure 2. Thiobarbituric acid – TBA values 
of all the groups increased at different rates during 
storage, but the chia mucilage coated group contain-

ing propolis liquid extract showed less increase during 
storage compared to the other groups (p < 0.05). Thio-
barbituric acid – TBA values of the control, CM, 0.1% 
PLE + CM and 0.3% PLE + CM were determined as 
between 0.63–0.71 mg MDA/kg on day 0. With re-
spect to the results, a significant difference was found 
between the chia mucilage coated samples and control 
samples after the 4th day (p < 0.05). This result may 
be due to the barrier properties of the coatings and its 
ability to reduce lipid oxidation (Fadıloğlu and Emir 
Çoban, 2018; Ojagh et al., 2010; Qiu et al., 2014). In 
addition, a significant difference was found between 
the groups with PLE and the other groups (p < 0.05). 

Fig. 1. Changes in total volatile bases of sea bass fillets at 
2°C, mg TVB-N/100 g

Fig. 2. Changes in TBA of sea bass fillets at 2°C, mg MDA/kg
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Similar studies were also conducted by Payandan et 
al. (2017), Reis et al. (2017), Nessianpour et al. (2019) 
and Çoban et al. (2018), who reported that the TBA 
value slowed down in the presence of propolis extract. 
Accordingly, coatings with propolis liquid extract 
can be said to be more effective than coatings alone, 
which can be explained by the presence of bioactive 
substances contained in the propolis liquid extract and 
their synergistic interactions with lipid oxidation.

Peroxide value is the primary oxidation product 
used in the determination of oxidation in oils. At the 
beginning, peroxide values for the control, CM, 0.1% 
PLE + CM and 0.3% PLE + CM groups were 5.01 meq 
O2/kg, 5 meq O2/kg and 4.87 meq O2/kg, 4.12 meq O2/kg  
respectively (Fig. 3). The highest rise of PV was dis-
played for the uncoated (control) group. The perox-
ide value of all the groups increased during storage at 
2°C. The PV of the coated groups remained relatively 
low (p < 0.05). These conclusions might be due to the 
strong antioxidant activity of the chia mucilage coating 
and propolis liquid extract prohibiting the hydrolysis 
of the unsaturated fatty acids of seabass fillets. Varlık et 
al. (1993) classified the peroxide values as 2 meq O2/kg  
“very good”, 5 meq O2/kg “good” and 8–10 meq O2/kg  
“acceptable limit”. The coating groups with added 
propolis liquid extract were below the acceptable limit 
even on the 20th day (p < 0.05). Similar results were 
obtained by Alparslan et al. (2014) for Oncorhynchus 
mykiss coated with bay leaf chitosan, Zarei et al. (2015) 
for Silver carp coated with chitosan supplemented with 
oregano and pomegranate peel extract, and Fadıloğlu 

and Emir Çoban (2018) for Oncorhynchus mykiss coat-
ed with chitosan enriched with sumac extracts.

Microbial activity is a limiting factor for fish and 
fish product quality (Ouattara et al., 1997). The activ-
ity of the control and coated groups on the total viable 
count (TVC) during storage at 2°C for 20 days is dem-
onstrated in Figure 4. The initial TVC of CM, 0.1% 
PLE + CM and 0.3% PLE + CM groups was 2.12 log 
cfu/g, 2.00 log cfu/g, 2.07 log cfu/g and 2.05 log cfu/g, 
respectively. No difference was observed between the 
control group and the treatments at day 0 (p > 0.05). 
Throughout storage, the TVC results were significantly 
lower in the chia mucilage coatings with added propo-
lis liquid extract, than in the other groups (p < 0.05). 
The control group exceeded 6 log cfu/g (ICMSF, 
1986) on the 12th day. According to these results, it 
can be said that chia mucilage coating and propolis 
liquid extract application has an inhibitory effect on 
the total mesophilic aerobic bacteria. The mechanism 
of antimicrobial action of phenolic compounds found 
in plant extracts and oils such as propolis, is associated 
with the sensitization of the phospholipid membrane 
surrounding the bacterial nucleus. This phenomenon 
increases the permeability of the membrane and leads 
to leakage of intracellular compounds, such as vital 
enzymes, outside the cell (Ouattara et al., 1997; Pay-
andan et al., 2017). Different natural preservatives 
applied with different coating materials have shown 
similar effects to the present study. Ojagh et al. (2010) 
reported that the TVC of chitosan coated rainbow trout 
fillets with cinnamon oil was lower than the control 
group during storage. Özyurt et al. (2015) reported 
that TVC increased faster in the control group which 

Fig. 3. Changes in peroxide value of sea bass fillets at 2°C, 
meq O2/kg PV

Fig. 4. Changes in TVC of sea bass fillets at 2°C, log cfu/g
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was not coated with a fish protein based edible film. 
In their studies on rainbow trout, Fadıloğlu and Çoban 
(2018) found that chitosan coating enriched with su-
mac extract inhibited the growth of TVC. 

The changes in psychrotrophic bacteria count 
(PBC) of the sea bass fillets during storage at 2°C are 
shown in Figure 5. psychrophilic bacteria count – PBC 
increased in all groups during storage. The highest in-
crease was detected in the control group (p < 0.05). 
At the end of the storage period, PB counts were de-
termined as 8.74 log cfu/g, 7.22 log cfu/g, 6.11 log 
cfu/g, 5.01 log cfu/g, for the control, CM, 0.1% PLE + 
CM and 0.3% PLE + CM, respectively. The obtained 
results for CM + PLE groups were considerably lower 
than the accepted limit of 7 log cfu/g (ICMSF, 1986). 
Propolis liquid extract treatments inhibited the growth 
of psychrotrophic bacteria count, a fact which has been 
confirmed by many researchers, such as Jafari et al. 
(2017), Fadıloğlu and Emir Çoban (2018) and Yazgan 
et al. (2020). According to these findings, it was con-
cluded that chia mucilage coating, like other materials 
used to coat fish and fish products, has a significant 
effect on decreasing the psychrophilic bacteria count. 

CONCLUSION

In this study, it was determined that chia mucilage can 
be used as an alternative coating material which can 
be used in the edible film and coating industry. In par-
ticular, chia mucilage coating enriched with PLE has 
been found to successfully inhibit lipid oxidation and 
microbial growth in the product. The shelf life of the 
sea bass fillets coated with chia with added propolis 

liquid extract could be preserved throughout storage 
(20 days), while the shelf life of the control group was 
8 days. Therefore, the chia mucilage coating used with 
propolis liquid extract can be recommended as a safe 
and alternative preservative for processing fish during 
cold storage.
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