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Abstract

The effect of different concentrations of gelatin (0%, 2.5%, and 5%) and vacuum packaged on the preservation of golden
pompano (Trachinotus blochii) fillets stored at 4 °C was studied over 14 days. The results suggested that both the gelatin groups
(2.5% and 5%) showed a reduction in deterioration of colour, drip loss and texture compared to the control group (0%). In addition,
the gelatin coating caused a slower reduction in the freshness indexes of the fish, such as total volatile base nitrogen (TVB-N),
thiobarbituric acid reactive substances (TBARS), total viable counts and pH. During a certain storage period, the gelatin notably
prevented the deterioration of the golden pompano fillet at 4 °C. The 5% gelatin group showed the best effect on preserving
the freshness indexes. Thus, the application of gelatin as a preservative is highly prospective for the preservation of fish fillets.

Keywords: gelatin; cold storage; preservation; golden pompanoy; fillet.

Practical Application: Gelatin coating treatment could maintain the quality and safety of golden pompano fillets.

1 Introduction

The golden pompano (Trachinotus blochii) is one of the
major marine cultured fish species in China and Southeast Asian
countries. It is one of the most popular fish among consumers
because of its tenderness, delicious taste and few intermuscular
bones. Golden pompano provides rich nutritional profile and
edible value (He et al., 2019). Recently, consumers have been
paying more attention to the freshness of aquatic products, and
the proportion of fish sales has been increasing rapidly. At present,
traditional freshness-keeping methods, including freezing,
chilling, radiation, and ultra-high pressure, have been studied
and applied. The technology of low-temperature preservation
is one of the most common methods used for aquatic products,
with the advantages of low cost and maintaining the original
properties of fresh golden pompano. In addition, suitable packing
and preservatives have been used on fish products to improve
quality and increase the shelf life of the fresh fish during cold
storage.

Gelatin is a natural biological macromolecule extracted from
the skin, bones and connective tissue of animals (Wang et al.,
2019). Gelatin has the properties of strong water-binding
capacity, good film-forming ability, high viscosity of solution, low
gelling and melting temperatures, and high reactivity of its side
chain group (Ahmad et al., 2017). Currently, edible coating was
developed to preserve the quality and prolong the shelflife of fish
food (Fengetal., 2016). For example, gelatin coatings have been
developed to serve as a barrier for water and oxygen to prevent
the food surface from becoming contaminated (Chen et al.,
2016), resulting in reduced water loss, lipid oxidation and growth
of bacteria. In addition, the enzymatic hydrolysate of gelatin
has shown an antioxidant effect (Hosseini et al., 2017). Catfish

gelatin has acted as an antimicrobial coating and has been used to
prolong the shelflife of fresh white shrimp (Penaeus vannamei)
(Jiang et al., 2010). Gelatin, incorporated with other techniques,
has also been reported to generally enhance the tenderness of
fish (Bekhit et al., 2014). Therefore, it is feasible to apply gelatin
to keep golden pompano fresh.

In this study, the effect of different concentrations of gelatin
(0%, 2.5%, and 5%) along with vacuum packaging treatment was
evaluated via freshness indexes, such as sensory characteristics
(drip loss, colour, and texture), pH value, TVB-N, lipid oxidation
and microorganism growth, in golden pompano during storage
at 4 °C. The purpose of this study was to determine whether
treatment involving gelatin solution immersion and coating
could effectively improve the quality of fish and extend the shelf
life of golden pompano. This study provides basic experimental
data and new ideas for the application of gelatin in aquatic
product preservation.

2 Materials and methods
2.1 Fish samples and preparation

Fresh golden pompano (weight of 500 + 100 g) was purchased
from the local market in Haikou, China. The fish fillets were cut
into pieces that were approximately 2 cm thick with a weight of
approximately 30 g. Subsequently, samples were randomly assigned
into three groups, including a control group (uncoated, 0%) and
two treatment groups with coating concentrations of 2.5% and
5% of gelatin (Aladdin, China). Gelatin solution was swelled for
6 hin distilled water at room temperature, after being heated at
65 °C in water bath for 20 min and cool to room temperature
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(Wangetal., 2019). For each coated sample, fillets were immersed
for 5 min in the coating solution. Under the same conditions,
the fish fillets of the control group were immersed in distilled
water. Then, the fillets were removed, drained using sterile
gauze, packed into vacuum bags and stored at 4 °C for 14 days.

2.2 Determination of drip loss

The samples were taken out of their packages. The mass
of each sample after storage was obtained by blotting exudate
with a paper towel. The results were calculated according to a
previous study (Chong et al., 2015).

2.3 Determination of colour

The colour of the fillets was measured by a colourimeter
(CR-10, Konica Minolta, Japan). For the colorimeter results,
the L*, a*, and b* values represent the brightness, redness and
yellowness of the fish colour, respectively. AE was calculated by
the following formula (equation 1):

AE=\(L-L') +(a=a'f +(b-b') M

where L, @’ and b’ denote values at 0 days of storage time and L,
a and b denote values at 2 days of storage time.

2.4 Determination of hardness and elasticity

A texture analyzer (CT3, Brookfield, USA) was developed
to objectively measure the hardness and elasticity of the golden
pompano samples. To carry out the measurement, a flat bottom
cylindrical probe with a 6 mm diameter (TA41) was used as the
load cell. The samples were measured at a testing speed of 1 mm/s,
a compression distance of 4 mm and a trigger point load of 7 g.

2.5 Determination of pH

Approximately 3 g of the fish sample was homogenized.
Then, 27 mL of 0.1 mol/L KCI solution was added, and the
mixture was stirred. The mixed solution was filtered, and the
pH was determined with a digital pH meter (MP511, Sanxin
Instrumentation, Inc., Shanghai, China).

2.6 Determination of TBARS value

The TBARS values of the samples were measured according
to the instructions of a Malondialdehyde (MDA) Assay Kit
(TBA method) (Jiancheng Bioengineering, Nanjing, China).

2.7 Determination of TVB-N

TVB-N value was estimated by an auto-Kjeldahl analyser
(K9840, Hanon, Jinan, China) via the automatic Kjeldahl method.

2.8 Determination of total microbial counts

Fillet samples were homogenized with 0.1% peptone water,
and serial dilutions were made. Total microbial counts were
determined after incubation at 37 °C for 24 h using plate count
agar (PCA, XK97-A, Yalien, Beijing).
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2.9 Statistical analysis

The statistical analysis of the experimental data was carried
out using SPSS Statistics 20.0 software (SPSS, Inc., Chicago, IL).
The differences among various groups were evaluated by an analysis
of variance (ANOVA) using Duncan’s test. The significance level
was set to P < 0.05. All measurements were repeated three times
for each sample, and mean values + Standard Error of Mean
(SEM) were denoted for each sample.

3 Results and discussion
3.1 Drip loss

During storage, the drip loss of the fillet was caused by fish
surface drying, microbial action, degradation of fish muscle,
proteolysis and other factors. As shown in Table 1, the drip loss
value of all the samples increased with storage time. The change
range of drip loss for gelatin-treated samples was less than that
of the control group, and the change in drip loss in the 5%
gelatin group was slower than that in the 2.5% gelatin group.
The drip loss of the 5% gelatin group was significantly lower than
that of the control group at storage day 3 and day 6 (P < 0.05).
The possible reason was that the gelatin contains hydrophobic
amino acids (such as proline and leucine), which help to preserve
the water and nutrients in the flesh. The water was blocked by
a dense membrane formed by gelatin on the surface of the fish
(Limpisophon et al., 2009), prolonging the freshness-keeping of
the fillet. However, after 6 days, there was no obvious difference
between the control group and the gelatin groups (P > 0.05).
During this period, numbers of microorganisms grew in the
fillets containing abundant protein, which accelerated the
decomposition of the muscle of the fish and the denaturation of
myosin. As a result, the hydration capability of the gelatin was
decreased. Therefore, the gelatin coatings effectively decreased
the drip loss of fish fillets (Tongnuanchan et al., 2016).

3.2 Colour

The AE value of the fillet in the control group changed notably
after 8 days, increasing from 7.05 to 14.29 (Table 2). The AE
value of the gelatin groups increased slowly, demonstrating
a significantly (P < 0.05) different compared with the control
group from day 10 to day 14. In addition, the AE value of the
5% gelatin group was lower than that of the 2.5% gelatin group
after 6 days of storage. Gelatin has the characteristics of oxygen
resistance and good film-forming properties (Abdelhedi et al.,

Table 1. Effect of gelatin on the drip loss (%) of golden pompano fillets
stored in vacuum packing at 4 °C for 14 days.

gelatin concentration %

Storage time/d Control (0) 55 -
3 1.88 +£0.23° 1.46 +0.27 1.00 £ 0.13*
3.01 £0.08°" 2.56 +0.31%® 2.14+0.21°
5.32+0.19 4.55+0.32 491 +0.04
12 9.90 £ 0.90 8.77 £ 0.38 8.75+0.31
14 10.42 £ 0.94 9.99 + 0.65 9.85 + 0.65

Results are expressed as the means + SEM (n = 3). Values with different superscripts are
significantly different (P < 0.05).
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2018). Therefore, the preservation effect of the edible gelatin
coating resulted from preventing oxygen transmission, protecting
the fillet from oxidation. In this study, the higher concentration
of gelatin formed a denser membrane and improved the oxygen
resistance ability of the fillet. Thus, the colour AE value of the
5% gelatin sample changed less than those of the other groups.
Therefore, the results indicated that gelatin effectively maintained
the colour of the fish fillet.

3.3 Change in texture

Changes in golden pompano texture profiles, including
hardness and elasticity, determine the marketability of such
products (Rodriguez et al., 2016). The structure of the connective
tissue in its original state develops into a disordered and loose
state during cold storage, with myofibrillar fragmentation and
proliferation of specific spoilage bacteria on the surface of the fillet
(Lietal., 2013). Thus, the gradual decrease in texture (elasticity
and hardness) of the fish was noticeable after 14 days of storage.

The elasticity of the gelatin groups decreased more slowly
than that of the control group (Figure 1A). The elasticity of the
2.5% gelatin group and the 5% gelatin group (2.60 to 2.41 mm)
between 12 and 14 days was significantly higher than that of the

Table 2. Effect of gelatin on AE values of golden pompano fillets during
cold storage.

gelatin concentration %

Storage time/d Control (0) 2.5 5
2 4.54+0.16°¢ 3.86+0.78° 2.75+0.24*
4 5.35+0.92 427+0.21 4.53+£0.20
6 6.51 +1.82 4.40 +1.08 5.08 £1.31
8 7.05+1.89 6.24 +0.99 597+ 1.11
10 11.47 £0.35" 7.26 £0.99° 6.01 £1.08°
12 11.32+1.00° 573+1.18* 6.45+1.03°
14 14.29 £1.58" 7.30+0.23° 6.47 +1.23*°

Results are expressed as the means + SEM (n = 3). Values with different superscripts are
significantly different (P < 0.05).
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control group (2.06 to 1.93 mm, P < 0.05). The hardness of the
fillets showed the same change trend as elasticity (Figure 1B).

Therefore, the coating of gelatin had a protective effect on
the fish sample and reduced the deterioration of texture, which
was due to the good characteristics of the membrane formed
by the gelatin. The higher value of texture in the 5% group
compared to the 2.5% group was due to an improvement in the
gel strength and hardness of the gelatin as the concentration
increased (Yang & Wang, 2009).

3.4pH

Complex biological reactions still take place in the bodies
of dead fish. The pH of fish gradually decreases with the
accumulation of lactic acid caused by biophysiological activities
in the rigour stage (Zhang et al., 2018). Subsequently, the fish
becomes soft and enters the stage of decay and autolysis until
ATP is completely decomposed. During this time, the protein
and other nitrogen-containing substances may be decomposed
into basic substances because of the action of microorganisms
and proteinase, which leads to an increased pH of the fish
sample (Volpe et al., 2015). In this study, the pH values of
samples undergoing different treatments showed a V-type
distribution trend (Figure 2A). At day 2, the pH values of the
control, 2.5% and 5% gelatin groups were 5.55, 6.14 and 6.21,
respectively. However, the pH change trend of the gelatin
group was significantly slower compared to that of the control
group at 0-12 days (P < 0.05). Interestingly, the pH value of the
2.5% gelatin group was significantly higher than that of the 5%
gelatin group at day 14 (P < 0.05). Therefore, the pH of the 5%
gelatin group was steadier than the pH values of the 2.5% gelatin
and control groups.

3.5 TBARS

Lipids are one of the most important chemical indicators
for assessing the quality of fish. The TBARS method was used
to evaluate the effectiveness of the antioxidants in preventing
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Figure 1. Effect of gelatin on the elasticity (A) and hardness (B) of golden pompano fillets stored in vacuum package at 4 °C for 14 days. Results
are expressed as the means + SEM (n = 3). Values with different superscripts are significantly different (P < 0.05).
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oxidative degradation of lipids (Gallego et al., 2016). The increasing
trend of TBARS in the gelatin groups was significantly lower than
that in the control group (Figure 2B). However, the difference
in TBARS values in the gelatin group was not obvious, and the
change was slow from day 0 to 8 of storage. After 8 days, the
TBARS value of the 2.5% gelatin group increased significantly
faster compared with that of the 5% gelatin group over time.
The TBARS value of the 5% gelatin group from day 10 to 14
(0.21 to 0.41 mg/kg) was significantly lower than that of the
control group (0.48 to 1.33 mg/kg, P < 0.05). The increased
TBARS value was possibly attributed to the partial dehydration
of the fish caused by microbial propagation and the increased
oxidation of lipids (Kilincceker et al., 2009). However, the good
membrane formation of gelatin, along with the synergistic effect
of vacuum packaging as a formidable barrier to oxygen, reduced
lipid oxidation (Gallego et al., 2016). In this study, the membrane
formed by 5% of gelatin was denser than that formed by 2.5%
of gelatin, leading to better oxygen insulation and inhibited
oxidation of lipids.
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3.6 TVB-N

During storage, fish fillets decompose into basic
nitrogen-containing substances such as ammonia, amines,
other volatile bases and obnoxious odours, which are called
TVB-N (Duan et al., 2010). The accumulation of TVB-N is
closely related to enzymatic activity and microbial propagation
(Hui et al., 2016). The TVB-N value of the golden pompano
fillets increased with the prolongation of storage time
(Figure 3A). However, the reduced deterioration of protein
in groups treated with gelatin had a better effect than that
of the control group. The TVB-N value of the control group
increased to a higher value of 15.77 mg/100 g compared to
the values of the gelatin groups, which were 13.97 mg/100 g
(2.5%) and 12.48 mg/100 g (5%) at day 14. However, it should
be noted that the much lower value of TVB-N in the gelatin
group was associated with the membrane formation of gelatin,
which slowed down the propagation of microorganisms and
enzyme activity at a low temperature.
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Figure 2. Effect of gelatin on the pH (A) and TBARS value (B) of vacuum-packaged golden pompano fillets during cold storage. Results are
expressed as the means + SEM (n = 3). Values with different superscripts are significantly different (P < 0.05).
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Figure 3. Effect of gelatin on the TVB-N value (A) and total viable counts (B) of vacuum-packaged golden pompano fillets during cold storage.
Results are expressed as the means = SEM (n = 3). Values with different superscripts are significantly different (P < 0.05).
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3.7 Microbiological analyses

The spoilage of golden pompano was mostly attributed to
microbial activity. A total microbial number of 7 log CFU/g
was defined as an indicator of the spoilage degree of the fish
(Manju et al., 2007). In this study, the total number of microbes
in all groups showed an increasing trend over the storage time
(Figure 3B). On day 12, the total number of microbes in the
control group increased to 7.34 log CFU/g, reaching a serious
point of spoilage and deterioration. In contrast, the microbial
counts of the 2.5% gelatin group and the 5% gelatin group were
6.83log CFU/g and 6.67 log CFU/g, respectively. Lower microbial
counts in the gelatin groups compared with the control group
were detected during storage, and these lower microbial counts
were particularly significant at day 4 (P < 0.05). Compared to
the control treatment, the gelatin coating inhibited the growth
of microbes, but there was no notable difference between the
two gelatin groups. This lack of difference is possibly because
the gelatin had no effective antimicrobial capacity (Feng et al.,
2016). In this study, vacuum packing inhibited aerobic bacteria
from proliferating during cold storage. In addition, the properties
of the gelatin membrane as a barrier against oxygen transfer
reduced the reproduction and metabolism of microorganisms
(Abdelhedi et al., 2018). The membrane formed with the
higher gelatin concentration was more stable, which resulted
in an increased antimicrobial effect of the 5% gelatin treatment
compared to the 2.5% gelatin treatment.

4 Conclusion

The gelatin-coated groups demonstrated a slower deterioration
of colour and sensory quality. There were also beneficial effects
on the loss of drip, pH and texture in the gelatin group compared
with the control group. In addition, the gelatin, especially the
high dose, effectively reduced protein decomposition and
lipid oxidation and inhibited microbial growth. Overall, the
best effect of preserving the quality of fish was observed in
the 5% gelatin group. Therefore, the results indicated that
gelatin coating used in the preservation of fish fillets not only
could maintain the quality of aquatic products but also could
improve the comprehensive utilization of by-products of aquatic
product processing, reducing the amount of wasted resources.
In conclusion, the application of gelatin to preserve fresh fillet
products could be highly prospective.

Although gelatin presented good preservation effect, the
limited mechanical property and non-obvious bacteriostatic
effect are the main drawbacks of gelatin coatings in applications.
With the advantages of different preservative, gelatin can be
cooperated with other fresh-keeping materials to achieve better
preservation effect.
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