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1 Introduction
Fish consumption has been increasing due to the nutrients 

it contains and its benefits for human health and the prevention 
of wide variety of diseases (Babcock et al., 2000; Carrero et al., 
2005). Tilapia fish is the second most common product obtained 
by fishing. In Mexico it is consumed fresh, and its most common 
market presentation is fresh in ice (Sagarpa-Conapesca, 2011). 
However, fish meat is a highly perishable food because it undergoes 
both physical and biochemical post-mortem alterations that 
modify its sensory characteristics; additionally, the nutrients it 
contains make it suitable for microbial growth (Gram & Huss, 
1996; Sallam, 2007).

Under ideal conditions of post capture handling, shelf life of 
fish products is mainly determined by endogenous biochemical 
reactions. However, due to the poor post-harvest handling, they 
deteriorate by microbial action. So, the inhibition or microbial 
growth delay is one of the most frequent actions in the handling and 
processing of fishery products (Márquez-Rios et al., 2007). In this 
sense, some alternatives have been sought for its preservation. 
Among these alternatives is the addition of salt (Chaijan, 2011; 
Hong et al., 2012) as well as the application of edible coatings 
(ECs). Some coatings are supplemented with antimicrobial agents 
that retard deterioration and maintain freshness, showing great 
potential for application in preserving fresh fish fillets (Jeon et al., 
2002; Iturriaga et al., 2012). Coverings and coated films could be 
produced from different materials such as lipids, proteins, and 

polysaccharides or combinations of these materials. However, 
polysaccharides are the most commonly used materials. Chitosan 
is a polymer derived from chitin, which is obtained from shells 
of shrimp. Its characteristics make it suitable for use in coatings 
because it exhibits good gel formation and is not toxic for human 
consumption (Sinha et al., 2004; Rajaakshmi et al., 2013).

Due to the high consumption of tilapia in México and 
elsewhere in the world, this research has focused on increasing 
the shelf life of this highly perishable food product, through the 
inhibition of microbial deterioration. Therefore, the objective 
of the present study was to evaluate the effect of chitosan-based 
ECs with added essential oils on the physical, biochemical, and 
microbiological changes of tilapia fillets stored on ice to increase 
its shelf life.

2 Materials and methods
2.1 Raw material

Specimens of tilapia were bought at the SANAGRO’s tilapia 
farm located in San Pedro de la Cueva, Sonora. The fish were 
stored in a hermetically sealed cooler, properly iced by alternating 
layers of ice and fish, and taken to the Laboratory for Management 
and Processing of Seafood at the University of Sonora, where 
they were filleted and stored for later use.
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2.2 Chitosan

Chitosan was obtained using the methodology described 
by Khanafari et al. (2008), with some modifications.

2.3 Preparation and application of EC

Emulsions were prepared by dissolving 2% chitosan in 10% 
acetic acid. Glycerol (1.5%) was added as a plasticizer, and Tween 
80 was added as a surfactant. Later, essential oil (carvacrol) at 
concentrations of 0.125 and 0.25% was added. The solution was 
homogenized at 12,500 rpm (Rojas-Grau et al., 2007). Finally, 
tilapia fillets were immersed for two min in this solution.

2.4 Evaluation of fillet quality and shelf life

Once the coatings were applied, the tilapia fillets were 
wrapped in plastic bags and stored in ice for 21 days. At three-day 
intervals, samples for physical, biochemical, and microbiological 
analyses were taken.

2.5 Biochemical analyses

Total volatile bases (TVBs)

Samples (2 g) were mixed with 300 mL of distilled water. 
Then, 2 g of magnesium oxide and 25 mL of commercial oil 
were added as defoamers. The sample was heated to the boiling 
point and allowed to distill for 25 min. The distilled liquid was 
recovered in an Erlenmeyer flask with 15 mL of 2% boric acid, 
which was titrated with a solution of 0.05 N H2SO4. The TVBs 
were expressed as mg of N/100 g sample (Woyewoda et al., 1986).

2.6 Physical analyses

pH

Muscle pH was determined based on the method described 
by Woyewoda et al. (1986) using a digital pH-meter (CORNING 
model 240, New York, USA).

Color measurement

Changes in fillet colors were determined by tristimulus 
colorimetry using Minolta equipment (Model CR-300, Minolta 
Co., New York, NY.). Measurements were taken on both surfaces 
of the fillet (white and red regions) to obtain the color parameters 
L*, a*, and b*.

Texture

Shear force (N) was determined using a Warner-Bratzler 
cell at a speed of 20 cm/min in a Lab Pro texturometer (Food 
Technology Corp., Sterling, VA). Fillets (10 mm × 10 mm × 20 mm)  
were cut, and a transverse force to the direction of the muscle 
fibers was applied.

Water retention capacity (WRC)

The WRC of fillet was determined based on the method 
described by Cheng et al. (1979). 5 g of fillet were centrifuged 
at 28,000 g for 30 min at 4 °C, using a refrigerated centrifuge 

(Beckman J2-21 model, Beckman Instruments Inc. Palo Alto, 
CA). The WRC was expressed as the loss of water with respect 
to the initial content (%).

2.7 Microbiological analyses

Counting and differentiation of each microorganism type 
was performed using the following media and culture conditions: 
total aerobic count were measured according to the methodology 
established by NOM-092-SSA1-1994 (Norma Oficial Mexicana, 
1994a), in which the plate count agar (PCA) procedure was 
performed; the total coliforms were determined in red-violet 
bile agar, according to NOM-112-SSA1-1994 (Norma Oficial 
Mexicana, 1994b); the amount of Vibrio spp. were quantified 
using the methodology described by NOM-029-SSA1-1993 
(Norma Oficial Mexicana, 1993a). The plates were incubated 
at 37 °C by 24-48 h.

2.8 Experimental design and statistical analysis

The experiment was performed by applying a randomized 
complete block design in which days of sampling was considered 
a block and treatments applied to fillets (composition of coatings) 
were factors. The results are expressed as mean values ± SD, 
and statistical significance was set at the 5% level (p < 0.05). 
The Tukey-Kramer test was used to determine differences between 
the treatments of every storage time using the Statgraphics Plus 
v. 5.0 software.

3 Results and Discussion
3.1 TVBs

TVBs are commonly used as indicators of meat deterioration 
and increase according to microbial and enzymatic spoilage 
(Fan et al., 2009). The initial TVB value was 31.237 mg/100 g, 
which showed a variable behavior during the storage period. At the 
end of storage, the values were between 27.06 and 31.42 mg/100 g 
(Figure 1). We observed that the values for T3 and T4 were 
higher than the control value, whereas the T2 value did not 

Figure 1. Effect of chitosan-carvacrol coatings on the content of total 
volatile bases in tilapia fillets stored in ice.
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show a significant difference compared to the control value 
(p > 0.05). These values are higher than those reported by 
Ahmad  et  al. (2012), where the TVB values in bass slices 
covered with a gelatin film and with gelatin plus lemon grass 
oil showed an initial value of 12.47 mg/100 g and final values 
of 18.34 and 15.84 mg/100 g, respectively. Gómez-Estaca et al. 
(2010) applied a film of chitosan and gelatin to cod and, after 
12 days of storage, recorded 13.5 and 40 mg/100 g for initial and 
final values, respectively. It is known that TVB values increase 
due to autolytic and microbial deterioration that occurs in the 
fillet (Özogul & Özogul, 2002); additionally, because TVBs 
determine the levels nitrogen-derived compounds during fish 
decomposition (Fan et al., 2009), the area of origin or the food 
received at the farm from which the samples were obtained for 
this study might be the cause of the high TVB values obtained 
at the outset. However, the decrease in TVB values could be due 
to the possible leaching of these compounds, mainly ammonia, 
caused by contact with melted ice during the storage period 
(Etienne, 2005). The results shown that microbial growth in 
tilapia fillets did not contribute to increased TVB. It could be 
attributed to acid surface in fillets, because of chitosan was 
dissolved in acetic acid. It is probably that acid environment 
difficult the enzymatic production of TVB by microorganism.

3.2 Physical analyses

pH

The initial pH in muscle may vary once the fish is dead. This 
variation will depend on the form of capture, season, species, 
diet, and stress level, among other factors (Rong et al., 2009; 

Ocaño-Higuera et al., 2009). After the initial decrease, pH tends 
to neutralize due to reactions that occur after death. The initial 
pH value in this study was 6.2 (Table  1). A slight increase 
was observed in the control during storage, which reached a 
final value of 6.7, while the treatments T2, T3 and T4 showed 
final values of 6.21, 6.11, and 6.10, respectively. No significant 
differences were observed between T2, T3 and T4 (p > 0.05), 
but these values were significant with respect to the control 
(T1). Similar results have been reported by Gómez-Estaca et al. 
(2010), who found that the pH did not increase in cod when a 
gelatin-chitosan coating was applied, reaching a value of 7 after 
an initial value of 6.7. In  addition, Soto-Valdez  et  al. (2015) 
reported pH values initial and final of 6.3 and 6.5 in sierra fish 
fillets packed in a low-density polyethylene film containing 
butylated hydroxytoluene and stored 16 days in ice. However, 
Mohan  et  al. (2012) applied 1 and 2% chitosan coatings to 
frozen-stored sardines and reported pH values of 6.84 and 6.51, 
respectively, which were higher than the control value (6.48). 
Both studies coincide with the findings of the present study. 
However, Fan et al. (2009) observed the effect on the pH of carp 
fillets stored frozen with a gelatin-chitosan coating applied, with 
initial and final pH values of 6.0 and 7.5, respectively, which are 
higher than those obtained in the present study. The sudden 
pH decrease in this study might be due to the production of 
lactic acid in the muscle (not determined) (Márquez-Ríos et al., 
2011). However, this response might also be affected by the 
application of coatings, as they contain acetic acid (Tsai et al., 
2003; López-Caballero et al., 2005; Gómez-Estaca et al., 2010). 
The pH behavior, almost constant during the storage, could be 
associated to TVB, which did not show a significant increased 

Table 1. Effect of chitosan-carvacrol coatings on physicochemical parameters of tilapia fillets stored in ice.

Parameter
Storage time (days)

Treatment 0 3 6 9 12 15 18 21

pH

T1

6.24 ± 0.17a

6.41 ± 0.13a 6.38 ± 0.15a 6.50 ± 0.03a 6.35 ± 0.10a 6.39 ± 0.03a 6.58 ± 0.07a 6.70 ± 0.13a

T2 6.23 ± 0.09a 6.19 ± 0.08ab 6.07 ± 0.20b 6.11 ± 0.14b 6.10 ± 0.03b 6.06 ± 0.12b 6.21 ± 0.04b

T3 5.91 ± 0.12b 6.03 ± 0.15b 5.97 ± 0.10b 6.08 ± 0.03b 6.23 ± 0.03c 5.98 ± 0.13b 6.11 ± 0.14b

T4 5.71 ± 0.27b 6.04 ± 0.07b 5.87 ± 0.13b 6.10 ± 0.09b 6.02 ± 0.06d 6.02 ± 0.09b 6.10 ± 0.07b

L*

T1

53.63 ± 1.81a

60.21 ± 3.82a 59.38 ± 2.10a 62.53 ± 1.30a 61.22 ± 2.91a 61.70 ± 1.95a 63.32 ± 3.47a 60.75 ± 2.30a

T2 70.40 ± 3.02b 63.91 ± 2.70b 65.45 ± 2.47b 66.39 ± 2.62b 62.34 ± 2.02b 65.79 ± 2.05b 65.30 ± 3.10b

T3 76.47 ± 2.76c 61.79 ± 1.43c 66.97 ± 2.35c 65.57 ± 1.82c 64.01 ± 1.55c 63.85 ± 2.27c 64.01 ± 3.47c

T4 70.51 ± 3.84d 61.08 ± 2.82d 66.51 ± 2.81d 61.33 ± 2.38d 62.65 ± 2.19d 60.52 ± 2.23d 63.74 ± 2.02d

a*

T1

1.26 ± 0.05a

1.45 ± 0.04a 1.13 ± 0.03a 1.14 ± 0.04a 1.73 ± 0.13a 1.29 ± 0.07a 1.19 ± 0.05a 1.34 ± 0.04a

T2 –0.73 ± 0.04b 0.74 ± 0.04b 0.67 ± 0.01b 0.40 ± 0.01b –0.76 ± 0.04b 0.61 ± 0.02b –0.65 ± 0.02b

T3 –0.88 ± 0.01b –0.42 ± 0.00c 0.73 ± 0.03b 0.99 ± 0.04c –0.25 ± 0.01c 0.70 ± 0.03b 1.46 ± 0.09a

T4 –0.42 ± 0.01c 2.38 ± 0.11d 1.60 ± 0.06c 1.81 ± 0.04d 1.82 ± 0.06d 2.96 ± 0.17c 0.93 ± 0.04c

b*

T1

9.47 ± 0.33a

7.94 ± 0.31a 10.13 ± 0.32a 9.96 ± 0.30a 10.76 ± 0.13a 11.31 ± 0.47a 11.06 ± 0.36a 11.70 ± 0.52a

T2 11.17 ± 0.55b 10.30 ± 0.39a 10.49 ± 0.55a 10.40 ± 0.45a 9.43 ± 0.62b 10.82 ± 0.74a 9.87 ± 0.56b

T3 12.59 ± 0.83c 10.95 ± 0.59b 11.26 ± 0.67b 12.76 ± 0.76b 11.03 ± 0.46ac 12.87 ± 0.55b 11.88 ± 0.67a

T4 11.32 ± 0.66b 11.20 ± 0.47b 12.46 ± 1.40c 11.47 ± 0.55c 10.62 ± 0.61c 11.60 ± 0.55c 11.63 ± 0.64a

Shear 
force (N)

T1

9.19 ± 0.42a

9.01 ± 0.60abd 9.64 ± 0.55abc 9.67 ± 0.49ab 7.97 ± 0.27ab 7.86 ± 0.22abc 9.14 ± 0.42a 8.12 ± 0.48ac

T2 9.75 ± 0.52bd 9.61 ± 0.38bc 9.70 ± 0.34b 7.97 ± 0.43b 7.52 ± 0.33bc 5.89 ± 0.33b 6.51 ± 0.07bd

T3 9.70 ± 0.35c 9.26 ± 0.25c 7.27 ± 0.32cd 7.09 ± 0.39cd 7.73 ± 0.43c 8.15 ± 0.49c 8.15 ± 0.41c

T4 9.14 ± 0.49d 7.88 ± 0.43d 7.26 ± 0.34d 7.40 ± 0.25d 6.74 ± 0.30d 6.99 ± 0.48d 6.50 ± 0.26d

Different letters in the same column indicate significant differences (P < 0.05) among treatments.
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during the experiment. It is known that the pH increased is well 
related to TVB increased (Castillo-Yañez et al., 2007).

Color

The values of L* obtained in tilapia fillets range between 53.63 
(initial value) and 60.75, 65.309, 64.01 and 63.74 (final values) for 
T1, T2, T3 and T4, respectively (Table 1). These values are higher 
than those observed by Mohan et al. (2012), where a decrease in 
brightness values was reported in sardine fillets treated with 1% 
and 2% chitosan, with initial values of 54.21 and 54.18; at day 
9, those values were reduced to 43.17 and 47.11, respectively, 
but were still higher than the control value (41.18). However, 
Ocaño-Higuera et al. (2009) observed an increase in b* in dogfish 
muscles, from 45.7 to 47 on day 18 during storage in ice. Similarly, 
Veeck et al. (2013) reported an increase in brightness as frozen 
storage time increased. This result may be due to the oxidation 
of proteins, which could change light reflectance and produce 
a direct impact on brightness (Mørkøre, 2006). The high values 
of L* for samples treated with chitosan may be due to the low 
pH of the chitosan solution used, which produces leaching of 
muscle pigments during treatment (Mohan et al., 2012).

The initial a* and b* values were 1.265 and 9.4737, respectively 
(Table 1). A slight increase in a* was observed in T1 (1.3475) and 
T3 (1.4614), whereas in T2 (–0.65) and T4 (0.9383), a* decreased. 
An increase in the b* parameter was found in all treatments 
evaluated; the greatest increase was shown in T3 (11.88), followed 
by T1 (11.7076), T4 (11.6392), and T2 (9.87286). Mohan et al. 
(2012) reported values for a* of 10.09-8.32 and 10.13-8.41 
and for b* of 18.34-16.01 and 18.28-16.38 in sardines treated 
with chitosan EC at 1 and 2%, respectively. In both cases, the 
values were higher than those of the control, with values of a* 
of 7.01 and b* of 14.18. Ocaño-Higuera et al. (2009) reported 
a* and b* values of 0.69-4 and 0.94-3.5, respectively, in dogfish 
muscles (without coating). Those values are similar to the values 
of our present study. These parameters might be affected by the 
oxidation of compounds found in muscle (Mohan et al., 2012). 
When values of a* and b* are low, it indicates that the product 
is opaque (Ocaño-Higuera et al., 2011). The fillet samples were 
within the yellow-red zone at the start of the study, and by the end 
of the study, the T2 group was slightly within the yellow‑green 
zone. The rest of the treatments were within the initial zone 
(yellow-red). All samples showed an increase in brightness, 
indicating that the samples were closer to white.

Texture

The softening that occur post-mortem is one of the factors 
that should be avoided during storage, as it affects the organoleptic 
acceptability sought by consumers. The initial texture value was 
9.19 N, which decreased to 8 (T1 and T3) and 6.5 (T2 and T4) 
to final storage time (Table 1). A rapid decline was observed 
in T4, on day 6. These are higher values than those obtained 
by Alasalvar et al. (2001) in bream fillets, with values between 
7.5 and 5 N during 17 days of storage. On the other hand, 
Valencia-Perez et al. (2015) observed a similar diminution of 
texture in blue shrimp treated with antioxidants and packed in 
a bilayer film of polyamide-low density polyethylene film with 
2% α-tocopherol during frozen storage. A similar finding was 

observed by Ocaño-Higuera  et  al. (2009), with approximate 
values of 7.2 to 5 N in dogfish muscle on day 18 of storage. 
Mohan et al. (2012) reported lower final texture values (initial 
4.73 N, final 1.89 N) in sardine fillets treated with 1 and 2% 
chitosan coating. Texture loss could be due to natural deterioration 
suffered by proteins due to water loss in the muscle as well as 
to degradation by microbial action and endogenous proteolytic 
activity (Suárez‑Mahecha et al., 2007; Pacheco-Aguilar et al., 2008).

Water retention capacity

When a fish fillet is fresh, its WRC is very high, and it 
decreases as deterioration progresses. Figure 2 shows the effect 
of treatments on WRC in tilapia fillets, which shows a variable 
behavior. A noticeable decrease is observed on day 3 in T2 (90.32%) 
and T4 (89.87%), although the value increases later. The previous 
could be attributed to decreased muscle pH, associated to lactic 
acid accumulation (Castillo-Yañez et al., 2007). Mohan et al. 
(2012) reported that sardines with 1 and 2% chitosan coatings 
showed greater WRC than the controls, with initial values of 
18.31 and final values of 14.71 and 16.51%, respectively, whereas 
the final control value was 9.83%. The variability in those values 
and the increase in the last days of our study might be due to 
rigor mortis in muscle, during which WRC is very low but later 
increases (Huss, 1988). Another possible factor responsible for the 
variability may be the polarity of the polymer, as usually greater 
polarity is associated with lower porosity and water loss (Jeon et al., 
2002; Mohan et al., 2012); the incorporation of carvacrol also 
produces a more compact network (López‑Mata et al., 2013).

3.3 Microbiological analyses

The different treatments applied reduced the population of 
aerobic mesophilic microbes by 2 Log UFC/g per day (Figure 3). 
An increase during storage was observed, at the end of which 
a population of between 2.9 and 6.4 Log UFC/g was reached. 
T2, T3, and T4 caused a reduction of 2.4, 3.5, and 3.5 Log UFC/g, 
respectively, compared to the control. The values obtained with 

Figure 2. Effect of chitosan-carvacrol coatings on WRC in tilapia 
fillets stored in ice. The values are expressed as mL of water released 
after centrifugation.
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the treatments are within the maximum allowable limit for 
mesophilic microbes (4 Log UFC/g), according to the Official 
Mexican Regulation NOM-027-SSA1-1993 (Norma Oficial 
Mexicana, 1993b). Mohan et al. (2012) reported a reduction 
between 1.3 and 1.9 Log UFC/g in sardines treated with 1 and 
2% chitosan coating. Vatavali et al. (2013) reported reductions of 
1.1, 1.7, and 2.2 Log UFC/g in treatments with oregano essential 
oil, chitosan coating, and a combination of both, respectively, 
applied to red snapper. Jeon et al. (2002) showed a reduction 
of 2 and 3 Log UFC/g in cod and herring, respectively, treated 
with chitosan coatings. These values are lower than those found 
in our study.

The initial value of total coliforms was 0.2 Log UFC/g 
(Figure  4). An increase was observed during storage, and at 
the end, the population varied between 1.4 and 2.4 Log UFC/g. 
The control (T1) showed the largest population, and T4 showed 
the smallest population, with a reduction of 1 Log UFC/g with 

respect to the control. Tsai et al. (2002) obtained a 3 Log UFC/g 
reduction in trout and salmon fillets by treating them with 1% 
chitosan coating. Vatavali et al. (2013) obtained reductions in red 
snapper of 0.4, 1.4, and 1.8 Log UFC/g when treating them with 
oregano oil, chitosan, and a combination of both, respectively.

Vibrio alginolyticus populations were not detected in any 
of the treatments, causing a reduction of 2 Log UFC/g (100%) 
with respect to the control. T3 and T4 caused reductions of 2.8 
and 2 Log UFC/g of V. cholerae and V. alginolyticus, respectively 
(Figure 5). T2 caused reductions of 1.4 and 0.7 Log UFC/g (44 and 

Figure 3. Effect of chitosan-carvacrol coatings on the number of total 
aerobic counts in tilapia fillets stored in ice.

Figure 4. Effect of chitosan-carvacrol coatings on the number of total 
coliforms in tilapia fillets stored in ice.

Figure 5. Effect of chitosan-carvacrol coatings on the number of colonies 
of (a) V. parahaemolyticus, (b) V. cholerae, and (c) V. alginolyticus in 
tilapia fillets stored in ice.
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31%) of V. parahaemolyticus and cholerae, respectively. Similar 
results were reported by Anas et  al. (2005), who applied 1% 
chitosan to shrimp and found reductions of 85, 69 and 50% in V. 
cholerae, V. parahaemolyticus, and V. alginolyticus, respectively. 
Likewise, Chaiyakosa et al. (2007) obtained reductions of 81 and 
96% while applying 0.25% chitosan solutions for 10 and 30 min, 
respectively, on shrimp infected with V. parahaemolyticus. 
Lower values were reported by No  et  al. (2002), who used 
0.1% chitosan against V. parahaemolyticus and obtained a 50% 
reduction. In another study, Terzi & Gucukoglu (2010) tested 
0.05% chitosan for 30 min against V. parahaemolyticus and 
obtained a 33% reduction in mussels.

4 Conclusions
The application of edible coating of chitosan-carvacrol 

appears to be a viable alternative for the conservation of tilapia 
fillets, as it maintains some quality parameters and reduces the 
microbial population associated with the deterioration of the 
fillets during storage in ice.
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