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Abstract

This study aimed to assess the cryoprotectant effect of vacuum packaging (35 and 45 kPa) on cold preserved
(0 °C and -18 °C) fillets of Yamu (Brycon amazonicus), during 5 days of storage. We analyzed the physicochemical
and microbiological changes in the fillets during storage time. Yamu’s water holding capacity, nitrogenated bases
content (TVB-N) and texture (N) were affected (p < 0.05) by time and temperature. Bacterial colonies in fillets did
not represent a risk for human health after five days of storage. In conclusion, vacuum packing positively (p < 0.05)
reduces the effect of cold over Yamd fillets properties.

Keywords: Yamu fillets; Cold preservation; Vacuum storage; Quality; Physicochemical characteristics.

Resumo

O objetivo deste trabalho foi avaliar o efeito crioprotetor de embalagens a vacuo (35 e 45 kPa) em filés de Yamu
(Brycon amazonicus) conservados a frio (0 °C e -18 °C), durante cinco dias de armazenamento. As alteracbes
fisico-quimicas e microbioldgicas foram analisadas nos filés durante o armazenamento. A capacidade de retencao
de agua, o teor de base nitrogenada (BTV-N) e a textura (N) foram influenciados (p < 0,05) pelo tempo e pela
temperatura. Coldnias bacterianas em filés ndo representaram risco a salde humana apds cinco dias de
armazenamento. O uso de embalagem a vacuo apresentou efeito significativo positivo (p < 0,05), reduzindo o efeito
do frio sobre as propriedades dos filés.

Palavras-chave: Filés de Yamu; Conservacdo a frio; Armazenamento a vacuo; Qualidade; Caracteristicas
fisico-quimicas.
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1 Introduction

Accelerated world population growth will increase food demand, with a projected increase of 70% by
2050 (@rnholt-Johansson et al., 2017). Demand increase poses a challenge to food producers, particularly to
industries focused on protein production, processing and commercialization, such as fisheries (Ravindran &
Jaiswal, 2016). Innovations in aquaculture production provide an alternative to fishing industry producers
through the development of culture technologies for new species, and improvement of those already cultured.
At the same time, fish processing and commercialization industries need to strengthen their meat preservation
technologies.

It is of vital importance not only to keep food pathogen-free, but also to guarantee freshness, sensory
characteristics and overall quality.

Freshness is one of the main attributes to assess fish quality, which requires reliable methods and
techniques (Hashimoto et al., 2017). Fish loses freshness and undergoes a marked decay after death due to
the disruption of cell structure, and other biochemical processes promoted by microorganism growth and
endogenous enzyme activity (Ocafo-Higuera et al., 2009). These alterations negatively affect the fish
organoleptic properties during cold storage, particularly if preservation lasts for long periods. Texture and
water retention capacity are some of the characteristics most affected by cold storage (He & Xiao, 2016;
Sanchez-Alonso et al., 2012; Wang et al., 2018). The extent of these changes differs among fish species, and
depends on such diverse factors as fish physiological condition, microbial contamination,
management/handling methods and storage conditions (Ando et al., 1999). The drastic postmortem changes
in fish meat texture have been attributed to factors such as pre-slaughter handling, slaughter method and
amount of fat in muscle, as well as storage time and temperature (Li et al., 2017; Yu et al., 2018). Freezing
is not only one of the most efficient methods to extend shelf life of food products, but it also contributes to
their security and safety. In the European Union (EU), for example, it is mandatory by law that fish products
for human consumption, raw or preserved, are processed through light treatments such as salting, smoking,
or margination (European Union, 1991). It is also mandatory for fish products to be frozen to -20 °C or below,
for at least 24 h in order to kill parasites that might be present within the product (Sanchez-Alonso et al.,
2012). However, the organoleptic properties of fish during cold storage may be negative affected, particularly
if preservation lasts for long periods.

Many studies have been carried out in order to analyze the quality of frozen fish and determine the
differences in the stability of various fish species stored frozen under the same conditions (Simeonidou et al.,
1997; Soto-Valdez et al., 2015). There are two main problems associated with frozen storage of fish:
hydrolysis and oxidation of lipids and protein denaturation. These problems cause an off-taste and a dry
texture (Simeonidou et al., 1997).

The extent of these changes differs among fish species, and depends on such diverse factors as fish
physiological condition, microbial contamination, management/handling methods and storage conditions
(Ando et al., 1999). The softening of fish meat has been studied in marine (Ladrat et al., 2003; Wang et al.,
2009) and freshwater fish species (Suarez-Mahecha et al., 2007; Wang et al., 2011). However, these studies
have focused on highly commercial species (Suarez-Mahecha et al., 2007), and that have a vital role in global
food security, especially in countries with high levels of poverty (Anderson et al., 2017). In this regard, the
Yamu (Brycon amazonicus) stands out as a fish with farming potential in Colombia, Brazil and other South
American countries. It is considered a species of high commercial interest due to its good acceptance in the
consumer market, rapid growth and easy handling of food from its early stages of reproduction
(de Barros et al., 2019). Nevertheless, one of the main difficulties to market this specie is the effect of cold
storage of drastically affects over quality characteristics, like the texture and water retention capacity of its
meat. When stored at low temperatures, Yamu meat has rapid softening. Currently, it is not known with
certainty which factors cause this or through which mechanisms (Ladrat et al., 2003). Authors have suggested
that texture losses in fish meat in cold storage is caused by the effect of proteases (Verrez-Bagnis et al., 1999),
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especially cathepsins, calpains and hydrolytic enzymes such as elastase and collagenase (Chéret et al., 2007).
In this sense, it is important to perform a more comprehensive study on the behavior of Yamu meat subjected
to conservation processes. Therefore, this study aimed to evaluate the cryoprotectant effect of vacuum
packaging on cold preserved fillets of Yamu (Brycon amazonicus), during 5 days of storage.

2 Material and methods

2.1 Biologic material collection

We used two batches of Yamu fish (Brycon amazonicus) from the Meta department, Colombia. One batch
was obtained from a fish farm located in the municipality of Cumaral. Crop specimens are usually bred under
the following conditions: stock density of 1 to 1.5 individuals/m? with water temperature ranges of
26 to 30 °C, O, dissolved between 4 to 7 mg/L, a pH between 6 to 7. We used commercial fish feed containing
between 20 and -30% crude protein, and alternative supplementation with leaves and fruits (Arias, 2006);
whereas the second batch was wild caught from the Meta River in the Vereda San Miguel — Pescadero,
municipality of Puerto Gaitan. Fish from river has an omnivorous and opportunistic diet. But, Yamu prefers
to consume plant products, especially fruits and seeds (Arias, 2006). All animals were sacrificed with a blow
to the head, and immediately sent to the laboratory in expanded polystyrene coolers with ice in plastic bags,
avoiding contact between ice and fish.

2.2 Fillet preparation

Fish were washed using cold water (5 + 1.5 °C), eviscerated and filleted. Fillets from cultured and wild
caught fish were separated and randomly assigned to each treatment (T1, T2, T3, T4, T5 and T6), and three
replicates of each treatment was used to quantify variations and increases the precision of measurements.
T1 and T6 were composed by fillets conserved at 0 °C and -18 °C respectively and without vacuum into
polyethylene bags. These groups were used like a control in order to highlight the effect of pressure for each
temperature of storage. T2 and TS were fillets conserved at 0 °C and -18 °C under 35 KPa of vacuum. Finally,
T3 and T4 were fillets conserved at 0 °C and -18 °C and packaged under 45 KPa. Fillets conserved under
vacuum conditions used a normal vacuum packaging in flexible bags. All fillets were storage during 5 days.
Previous studies show that Yamu meat has rapid softening when is stored at low temperatures (after 12 hours)
(Suérez-Mahecha et al., 2007).

2.3 Laboratory analysis

Texture, water retention capacity (WHC), total volatile base nitrogen (TVB-N), color, pH and
microbiological test were analyzed on each treatment and replicated daily during five days of storage.

2.4 Texture

A Stable Micro Systems texture analyzer (TA.XT2, Surrey, England) was used to measure texture as describe
with a flat end cylinder (10 mm in diameter, P/10 type) that was pressed against the muscle tissue. All of the
tests were done at 5 °C, keeping the fillets in Petri dishes on ice. Three replicates (cubes 2 x 2 x 1.2 cm) were
taken from each fillet, from the top of the sideline. The response variable was the maximum cutting force
(g g sample). A compression test was done before the test: 1.00 mm s, test speed: 1.10 mm s™!, speed after
test: 10.00 mm s, distance between the cylinder and sample: 15.0 mm, compression of the sample: 40.0%.
The conditions were the same for each sample and seven measurements were taken for each meat portion
(Larsson et al., 2014).
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2.5 Water Holding Capacity (WHC)

The water holding capacity (WHC) was determined used the methodology described by Sanchez-
Alonso et al. (2012) for three replicates per fillet. 3 g of meat were taken and wrapped in two filter papers
(Whatman No. 1, 110 mm diameter) and placed in a falcon tube. Subsequently, they were centrifuged for
15 min at 3,000 g. Then, the paper was removed and the samples were weighed. The WRC was expressed as
a percentage of water retained by the sample after centrifugation.

2.6 Total Volatile Base Nitrogen (TVB-N)

Total volatile base nitrogen was measured using the method described by Ramezani et al. (2015) with
some modifications. The method consisted a direct distillation of fish muscle homogenates (10:100 muscle:
water). The homogenates were shaken every 10 minutes. The resulting mixture was centrifuged at 3000 rpm
for 10 min. The supernatant was filtered through a filter paper (Whatman No. 1, 110 mm diameter). From
the filtrate, 5 mL were obtained and mixed with 5 mL of 10 g/L of magnesium oxide (MgO). The phase of
steam distillation was carried out using a Kjeldahl distillation unit for 5 min. The distillate was absorbed
by 10 mL of a solution of 20 g/L boric acid, titrated with 0.1 mol/L of HCI. The results were expressed as
TBV-N mg N/100 g. This experiment was carried out by triplicate.

2.7 pH

The samples pH was analyzed following the methodology described by Mohan et al. (2007), in which a
homogenized sample was held with cold deionized water (0 = 0.5 °C) 1:6, using a homogenizer (Ultra-Turrax
IKA T-25, Campinas, Brazil) at 10,000 rpm for 1 min. Once the homogenate was obtained, the reading was
taken with a pH meter (17 + 1.5 °C) JENWAY®, JW-3505, Staffordshire, UK). Five measurements were
taken for each of three replicates.

2.8 Microbiological analyses

This analysis was performed following the methodology reported by Kacheleetal. (2017).
The microbiological tests were carried out each day that the fillets remained stored (0, 1, 2, 3, 4 and 5). These
samples (72) were transferred to individual sterile Petri dishes in order to avoid contamination. For each
sample of fillet, 90 mL buffered peptone water (APB) was used. This mixture was then homogenized to
produce the initial dilution; then serial dilutions were made adding 1 mL of suspension in 9 mL of APB.
Then, 0.1 mL aliquots of dilution were inoculated into counting plates prepared with agar. Seeding was
carried out homogeneously on the surface of the agar. Then, the plates were inverted and incubated at 37 °C
for 48 h. During the count all the colonies that appeared on the plates were taken into account. The microbial
load is reported as logio CFU per gram of sample. These experiments were performed in triplicate.

2.9 Color (L*, a*, b*)

Color coordinates was assessed with a HunterLab colorimeter and a ColorQuest XE sensor, which has the
ability to take color measurements by firing a beam of light that emulates the half-day light which corresponds
to a color given by a temperature of 6504° K and a standard observer located at 10° of the objects. We used
a CIELAB (L*, a* and b*) scale that allows the division of the color into three coordinates (Veeck et al.,
2013). The samples (25 g of fillets) were taken daily during the storage period (0, 1, 2, 3, 4, and 5 days) and
the registered values were the average of five different records.
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2.10 Data analysis

All analysis was measured in triplicate, and the results were expressed as the mean + standard deviation
(SD). One-way analyses of variance (ANOVA) with Tukey test were performed to determine the statistically
significant differences (p < 0.05). In order to determine the interactions between groups and measured
variables (Texture, WHC, TVB-N, pH, CFU/g, pH and color), a multifactor analysis of variance was
performed. All statistical were performed using SPSS (Statistical Package for the Social Sciences) version
19.0 (SPSS Inc., Chicago, IL, USA) with a significance level of 0.05 (two-sided).

3 Results and discussion

3.1 Texture

The initial compressive strength was 8.5 N (Table 1). Statistical analyses indicate that fillet texture is
altered by preservation temperature, vacuum pressure and storage time (p < 0.05). The lowest texture values
were recorded in fillets preserved without packaging. We found significant differences (p < 0.05) between
wild-caught and farm-raised samples. Compressive strength drastically decreased between the second and
fourth day of storage. Although we found no differences in texture values for samples packaged at 35 KPa
and 45 KPa, we observed significant differences between packed samples and control samples (p < 0.05),
revealing a protecting effect of vacuum packaging on texture. The lowest texture values reported in this study
differ significantly with those reported by Leon et al. 2019 for cold cryopreserved Yamu fillets. However,
these values are still higher than those reported for trout (Oncorhynchus mykiss), after five days of ice
preservation (Godiksen et al., 2009). Texture values are also higher than those for Brycon cephalus after
12 hours of storage at -3 °C (Sudrez-Mahecha et al., 2007).

The loss of texture in the Yamu fillets studied may be the effect of different factors. The first is the
degradation caused by free radicals on myofibrillar proteins, which constitute the muscle of the fish.
The decomposition or alteration of its chemical structure causes the muscle to exhibit less resistance to the
probes used in texturometers (Piedrahita-Marquez et al., 2019). On the other hand, failures in connective
tissue could occur due to the effect of freezing, especially in preserved fillets without vacuum packing.
Treatments in which, greater intracellular and intercellular generation of ice crystals that could damage the
muscular structure releasing enzymes (collagenases) that destroy the connective tissue, specially the activity
of cathepsins over both collagen and myofibrillar proteins (Hultmann & Rustad, 2002; Hassoun & Karoui,
2016). This type of enzymes has significantly higher degradation of this proteins at pH 6 than at pH 7
(Qin et al., 2016), pH values that coinciding with pH Yamu samples reported in this work below. Finally, the
bacterial load in the sample may also have affected the texture properties since the microorganism present
are capable of degrading the meat. Vacuum packaging limits but not kill microorganisms which could cause
the degradation of proteins due to metabolite production (Wang et al., 2014). This effect is demonstrated with
the less production of TVB-N on fillets with a vacuum preservation package and how this parameter highly
increased with conservation time.
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Table 1. Shows the means of Texture (N) + the standard deviation of each treatment.

Temperature Time Origen Package
Control 35 kPa 45 kPa
River 7.80+0.18 7.72 £0.32 7.40 +0.30
Pl Farm 8.57+0.18 8.93+0.87 8.47+0.73
River 5.46 +£0.25 5.72+0.15 6.40 £0.25
bz Farm 5.25+0.27 8.67+0.26 8.19+£0.21
0°C D3 River 3.23+0.17 3.36+0.12 4.27+0.20
Farm 334+0.14 7.01 £1.22 6.52 +£0.83
River 1.83 +£0.87 2.05+0.50 3.08 £0.55
b4 Farm 1.44 £ 0.40 5.06 £0.35 4.59 +£0.10
River 1.99 £0.33 1.86 £0.42 2.77+0.45
b> Farm 1.42+£0.04 5.06 £0.35 4.35+0.62
River 7.36 £ 0.53 7.75 +0.60 8.01 £0.10
bl Farm 8.73 £0.09 8.58 £0.37 8.94 +0.30
River 5.94+0.50 7.42+0.5 7.81 £0.50
b2 Farm 6.21 £0.55 8.06 £0.53 8.33+£0.01
18°C D3 River 3.59+0.48 5.45+£0.58 5.79 +£0.53
Farm 4.1 £0.64 7.34 £0.71 7.92+1.21
River 2.55+£0.78 3.67 +£0.52 4.38+0.73
b4 Farm 2.92+0.15 5.77+0.22 6.20+0.37
River 2.64 +0.49 3.88+£0.24 4.09 +0.20
b3 Farm 2.72+0.17 5.46 +£0.30 5.90+1.07

3.2 Water Holding Capacity (WHC %)

As shown by previous work, Yamu is a fish species that, once subjected to cold preservation, is affected
by proteolytic processes that result in a loss of technological properties (Castafieda et al., 2016; Ledn
Ramirez et al., 2019). During this experiment, WHC of observed Yamau fish fillets was also affected during
cold preservation of samples. Values for this variable ranged between 25.25% and 68.80% (Table 2),
indicating a large decrease of WHC during the first 24 h of storage. Data analysis shows a significant effect
of all factors and their interactions on WHC (p <0.05). This decrease of WHC can be attributed to the damage
of cell membranes and subsequent loss of function and capacity of rehydration. In general terms, Yamu fillets
from fish exhibited lower WHC values. However, these values are still lower than those reported by Sanchez-
Alonso et al. (2012) in M. merluccius fillets. The samples most affected by cold preservation were those
preserved without packaging and at 0 °C, reflecting the cryoprotectant effect of vacuum on fillets, helping to
increase their shelf life.

This loss of WHC is totally related to changes on the protein-water interaction, produced by the alteration
of secondary structure of proteins (Sanchez-Alonso et al., 2012). We suggest, that this alteration and its
consequently with texture and pH results, indicate that the effect of endogenous enzymes could be the
responsible of alteration of Yamu fillets even under refrigeration and vacuum conditions.
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Table 2. Shows the means of water holding capacity (WHC %), + the standard deviation of each treatment.

T ¢ Ti Ori Package
emperature me rigen Control 35 kPa 45 kPa
o1 River 6627 + 0.86 68.17 + 1.60 68.17 = 0.90
Farm 65.88 + 0.79 66.17 + 1.89 66.11 = 0.20
0 River 4135+ 126 4984+ 1.97 4952+ 145
Farm 4246+ 1.57 4752+ 1.42 47.00 £ 1.22
0oc 0 River 3829 + 136 4637 + 1.96 46.89 + 2.19
Farm 38.52 % 0.24 44.69 075 4483 + 133
ot River 30.45 + 1.04 37.87 229 37.94 £ 2.46
Farm 3038+ 147 35.26 + 0.64 35.87+ 124
s River 1929+ 0.05 2724+ 285 2756 £3.02
Farm 26.54 % 2.04 26.65+0.78 2571+ 0.96
b1 River 65.89 + 0.95 68.81 + 1.93 68.36 = 1.29
Farm 6429+ 4.13 68.81 + 1.93 68.36 = 130
0 River 4677+ 1.13 50.63 = 2.08 495+2.19
Farm 4540 £ 2.56 50.63 + 1.40 4950+ 0.19
18oC 0 River 4395+ 0.14 4732+ 1.79 4695+ 191
Farm 41.66 + 0.40 4732+ 1.79 46.95 + 191
ot River 35.74 +0.74 4101376 4201 £2.63
Farm 33532252 39.01 = 1.12 38.01£2.16
s River 2479 + 1.59 3484+ 171 35.67 = 0.87
Farm 2525+ 1.49 27.84 % 0.65 27.67+0.95

3.3 TVB-N analysis in Yamui fillets

TVB-N was influenced by all four factors (fish source, temperature, packaging, and storage time), as
well as by the interaction of temperature and storage time (p < 0.05). Samples preserved without vacuum
exhibited significantly higher TVB-N values than those that were vaccum-preserved, indicating that
pressure package reduces the protein degradation, caused by endogen proteolytic enzymes. These results
are higher than reported by Kachele et al. (2017) for fillets of Hypophthalmichthys molitrix preserved at
4 °C; 50 kPa and 35 kPa, demonstrating that Yamu fillets are most susceptible of enzymatic action even
on cold storage.

Volatile base concentration (TVB-N) is an indicator of decay in fish meat. These nitrogen bases, mostly
comprised by triethylamine, diethylamine and ammonia, result from the degradation of protein and non-protein
nitrogen by endogenous enzymes and spoilage bacteria (Fan et al., 2009). Initial TVB-N concentrations in
fresh-caught, freshwater fish range between 5 and 20 mg N/100g (Boran & Kdse, 2007; Méndez et al.,
2017). In this study, TVB-N reached high values (12.93 + 3.01) after two days of cold storage (Table 3).
These TVB-N values were higher than those reported for Sparus aurata and merluccius merluccius
(Kyrana et al., 1997; Vazquez et al., 2018), indicating that ammonia levels were already elevated after two
days of cold storage surpassing of Colombian regulation limit (Colombia, 2012). The increase of TVB-N
is probably due to the activity of endogenous enzymes, spoilage bacteria and the subsequently increase of
microbial degradation products including ammonia, primary, secondary, and tertiary amines (Kakaei &
Shahbazi, 2016). Specifically, in this work a similar pattern could be observed between the increase in the
production of TVB-N and in the colony-forming units, which allows researchers to infer that the formation
of nitrogen compounds can be caused by enzymes produced by the microbial load, which increased with
storage time.
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Table 3. Shows the means of total nitrogenous volatile bases (TVB-N mg N/100 g) + the standard deviation of each

treatment.
. . Package
Temperature Time Origen Control 35 kPa 45 kPa

DI River 9.50 +£0.27 7.94 +£0.68 11.99 +£1.41
Farm 11.87+0.73 6.98 + 0.89 12.62 £0.36
D2 River 43.15+£5.73 39.49+1.48 37.94 +£1.81
Farm 43.38 +1.64 3593 +£1.35 35.87£2.04
0°C D3 River 53.12+2.11 4722 +£2.55 46.89 +1.41
Farm 51.38+3.98 46.33 £0.78 4483 +1.10
D4 River 54.07 £2.24 51.47+1.83 49.52+1.17

Farm 52.51+1.37 48.31+0.38 47 £3.34
D5 River 73.45+£0.73 69.96 +1.71 68.17 £1.69
Farm 71.53£2.10 69.13 £2.63 66.11 £5.60
DI River 16.33 £2.38 10.69 +0.78 7.76 £0.34
Farm 6.97 +£0.45 7.79 £0.07 6.97 £0.45
D2 River 40.86 £ 1.51 4141 +1.04 38.01 £0.74
Farm 38.01 £3.58 4044 +£2.16 38.01 £3.58
_18 °C D3 River 53.24+1.74 48.93 £ 0.57 46.95+1.29
Farm 46.95 +1.69 48.78 £2.0 46.95+1.69
D4 River 54.42 £2.83 52.66 +1.47 49.5 0+ 1.90
Farm 49.5 £1.46 51.47+2.38 49.5+1.46
D5 River 73.96 £2.52 70.89 +£2.62 68.36 +1.37
Farm 68.36 +2.38 71.06 +3.13 68.36 +2.38

3.4 pH

The Yamu fillets pH was affected by the origin of the fishes and the package (Table 4). Initial fish fillets
pH ranges between 6.0 and 7.0, depending on the species, diet, season, and muscle type, as well as the level
of activity or stress during capture (He & Xiao, 2016). It is evident the cryoprotective effect that caused the
packing of the fillets, regardless of the pressure used (Table 4). The pH increase on fillets stored without
pressure package could be attributed to the build-up of alkaline compounds produced by bacterial growth,
such as ammonia and triethylamine (Li et al., 2012a, 2017). This is consistent with results obtained for
microbiological analysis showed before. Other significant effect over pH values was the origin of the fishes.
These phenomena could be related with the variations on the diet between wild and cultured fishes (He &
Xiao, 2016). Initial decrease of pH can be explained to an accumulation of lactic acid produced by glycolysis.
Similarly, a low pH is directly related to the loss of texture (Kiessling et al., 2004) due to the weakening of
connective tissue and protein denaturation.

Table 4. Shows the means of pH + the standard deviation of each of the treatments.

Package
Temperature Time Origen Control 35 kPga 45 kPa

River 6.52+0.09 6.51 £ 0.05 6.66 +0.50

bl Farm 7.02£0.16 6.28 £0.11 6.37+0.31

River 6.47+0.16 6.40 +0.02 6.38 +£0.16

b2 Farm 6.97+0.2 6.52 +0.46 6.76 +0.26

0°C D3 River 6.46 +0.08 6.47 +0.17 6.25 +0.46
Farm 6.91+0.17 6.71 £0.25 6.41 +0.37

River 6.58 £0.21 6.70 £0.16 6.44 +0.14

D Farm 7.03 £0.18 6.62 +0.29 6.35+0.33

DS River 6.45+£0.12 6.40 +0.27 6.58 +£0.38

Farm 7.04 £0.03 6.28 £0.2 6.43 +0.04
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Table 4. Continued. ..

T ¢ Ti Ori Package
emperature me rigen Control 35 kPa 45 kPa

o River 6.55£0.07 6042015 6.67 2034

Farm 6.55+0.07 65502 6.65+023

0 River 6.56 £ 0.03 6.40 £ 035 6.69 £ 022

Farm 6.56+0.05 6.44 041 654031

18oC 0 River 6.56 £ 0.03 6.61 021 6.50 £ 041
Farm 6.56 £ 0.06 6.58 = 0.34 6.66 £ 0.29

s River 6.60 £ 0.02 6.50 £ 0.07 6.68 + 0.46

Farm 6.6+0.05 6.61 031 65404

s River 6.53+0.05 6.59 025 6241022

Farm 6.53+0.14 6.75+ 024 6.51 +0.45

3.5 Microbiological analysis

CFU/g in Yamu fillets ranged between 2.72 and 9.74 (Figure 1a and 1b), similar to previously reported
values (Wang et al., 2014). Microbial load of fish may be influenced by factors such as species, water
temperature, and transport conditions. Multifactorial analysis reveals that variation in CFU is caused by the
individual effects of storage temperature (0 °C, -18 °C), packaging type (WPV, 35 kPa, 45 kPa) and storage
time (D1, D2, D3, D4, D5), as well as the interaction between storage temperature and packaging type
(p £0.05). Initial CFU values were low (2.11) indicating that muscle of fish used in this study was sterile
regardless of the origin of them and a consistent trend towards CFU increase with time was observed,
suggesting that the bacterial quantified during investigation process, could be the result of contamination
bacterial from the fish surface or viscera or by human handling and storage conditions. The samples that
surpassed the maximum CFU level (7.0 log CFU/g) allowed for continental water fish were those stored
without packaging (control group). These results suggested that vacuum package is an effective method to
control bacterial growth on fish fillets, even on bacterial colonies that can present growing during cold
storage.

After three days of storage, the colonies of bacterial present in samples from river conserved under pressure
not presented differences (p < 0.05), similar phenomena presented samples by farm, but this similarity was
evident since day one of storage. Altogether, the results highlight the effect of vacuum packaging to slow
down colony formation in samples, increasing the shelf life of Yamt, this can be attributed to the decrease
in oxygen levels in vacuum-packaged samples (Li et al., 2012b). These results allow inferring an approximate
shelf life of 4 days for cold-preserved, vacuum-packaged Yamu fillets, without health risk to the consumer.
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Figure 1. Mean of UFC/g, for each treatment (T1: 0 °C Control; T2: 0 °C 35 kPa; T3: 0 °C 45 kPa; T4: -18 °C
Control; T5: -18 °C 35 kPa; T6: -18 °C 45 kPa). (a) shows the values of samples from the river; (b) shows the values
of samples from farm. Black line refers to the value of CFU/g on day 0. Means with different small letters in the same

day represent significant difference at p < 0.05. Errors bars denotes standard deviation.

3.6 Color

Figure 2 shows the results of color analysis for coordinates L*, a*, b*, in Yamu fillets under different
conditions of vacuum and temperature. Values for coordinate L* were affected by type of packaging and
storage time (p < 0.05). Values samples vacuumed and packed at 45 kPa and 35 kPa were significantly
(p £0.05) higher than control samples during the entire storage time. The lowest values for this coordinate
were obtained from fillets stored without packaging. These values were greater than values for coordinate L*
reported for silver carp stored under different vacuum levels at 4 °C (Kachele et al., 2017), and for fillets of
silver carp conserved at 4 °C with extracts of clove and grapes (Shi et al., 2014). In contrast, values founding
in this work are more related with data reported by Aubourg et al. (2013) for fillets of Scombre scombrus
under high pressure. The mechanisms of those changes are not entirely clear. However, Carlez et al. (1995)
suggested that an increase in L* value could be denaturation of proteins when pressures of 200-300 MPa are
applied for 10 min. This theory, explains why L* values for Yamu fillets did not showed a drastically changes,
since the pressures used in this investigation were significantly lower than those reported as cause of protein
denaturation. However, our additional analyzes (texture, WHC and TVB-N) and Kamani et al. (2017)
allowed to infer protein degradation caused by microorganism or endogenous enzymes, could cause an
alteration over L* coordinate.
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Figure 2. Mean + standard deviation of the colorimetric coordinates L *, a * and b *, for each treatment (T1: 0 °C
Control; T2: 0 °C 35 kPa; T3: 0 °C 45 kPa; T4: -18 °C Control; T5: -18 °C 35 kPa; T6: -18 °C 45 kPa). (A) shows the
values of samples from the river; (B) shows the values of samples from farm. Right axis represent scale for L*
coordinate (line). Means with different small letters in the same day represent significant difference at p < 0.05. Errors
bars denotes standard deviation.

Values for coordinate a* were affected by package type and storage time, as well by the interactions of
fish origin (wild-caught or fish-farmed) with temperature and packaging (p < 0.05). The highest values were
recorded in samples stored at -18 °C, particularly on samples stored at 35 kPa (8.26+1.62). Samples from
farm-raised animals and preserved without packaging exhibited the lowest values in this coordinate
(5.88+1.18), in agreement with reported values for silver carp (Hypophthalmichthys molitrix) refrigerated
with natural antioxidants (Shi et al., 2014). The highest values for a* were recorded in samples stored at -18 °C,
particularly on samples stored at 35 kPa (8.26=1.62). Samples from farm-raised animals, and preserved
without packaging exhibited the lowest values in this coordinate (5.88+1.18), corroborating with reported
values for silver carp (Hypophthalmichthys molitrix) refrigerated with natural antioxidants (Shi et al., 2014).
Nevertheless, we observed a different behavior of this coordinate values in comparison with values reported
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by Erkan et al. (2011), who suggests a loss of redness intensity when fillets are subjected to high conservation
pressures; these phenomena suggest a stability of the red meat color over the old storage.

As with L* and a* coordinates, the low values reported for coordinate b* were found in samples from
farm-raised fish, stored at -18 °C, packaged at 45 kPa (8.97+0.81), as well as in samples from farm-raised
fish and preserved without packaging (7.99 + 0.59). Values for this coordinate were gradually increasing
until the third day of storage, after which no we found significant differences (p < 0.05).

Color variations reported in this study can be attributed to protein or lipid oxidation, both processes
previously reported as causes of color loss in meat (Veeck et al., 2013; Ferreira et al., 2017). The increase in
b* value was possibly associated with the increase in TBARS value. L* a* and b* values increased
significantly indicating an increase in lightness, yellow and a lesser extend redness of fillets stored during
experiment.

4 Conclusions

Our results allowed to demonstrate a cryoprotective effect of the combination of pressure and storage
temperature (35 kPa and -18 °C) on Yamau fillets, presenting less loss in the quality attributes evaluated.
In addition, we provide additional knowledge about the phenomenon that causes the loss of quality in Yamu
meat, finding a direct relationship between the loss of texture and the increase in microbial counts as in the
concentration of nitrogenated bases content. The relationship that can be explained by presence of
endogenous microorganisms and/or enzymes that present proteolytic capacity. Therefore, to extend the shelf
life and delay the deterioration of Yamu fillets during cold storage, it is necessary to identify and inhibit
enzymes and microorganisms present in the muscle of this species.
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