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Abstract
The demand for Tra fish (Pangasius hypophthalmus) fillets is increasing every year
which also increases the number of fish meat byproducts. Approximately 10% of P.
hypophthalmus meat is discarded after the production of fish fillets. This study aimed
to develop fish balls from the fishmeat byproduct of P. hypophthalmus fillet then
investigated the effect of cooking methods and preservation time on the alteration of its
texture, brightness, and total bacterial count (TBC). The raw material, minced byproduct
and fish balls were analyzed for pH, protein, fat, and moisture contents. The protein
content in Tra fish reached 7.35% and increased to 37.14% after the completion of the
processing stages for the finished product. Blanching for 4 minutes at 90°C and steaming
for 4 minutes at 100°C resulted in good texture and brightness of fish balls. However,
a more effective reduction in total bacterial count was observed during the blanching
process. Fish balls were preserved by freezing at -40 °C for 42 days and still maintained
stable brightness. However, TBC increased significantly after 7 days, and conversely
for the texture of fish balls. A finding on the stability of texture and TBC of fish balls
when continued preservation from 7 to 42 days. The utilization and use of by-products
from the fish fillet processing industry contribute to improving the economic value of
the aquaculture industry.

Keywords: Blanching, freezing preservation, fish balls, Pangasius hypophthalmus,
  pre-treatment

Introduction

Pangasius hypophthalmus, also known as Tra fish,
is a freshwater catfish commonly growing in Southeast
Asia, particularly in the Mekong basin (Guimarães et
al., 2016; Jeyakumari et al., 2016). Besides the
nutritional value, this fish has white meat, lacks a fishy
smell, and is relatively low priced, which attracts many
consumers (Rao et al., 2013; Usydus et al., 2011).
Therefore, this fish has been sold in over 80 countries
worldwide between 2009 and 2013. In addition,
Vietnam is noted as the top producer of P.
hypophthalmus among seven other Asian countries,
including Laos, Bangladesh, Malaysia, Cambodia,
China, and Indonesia (Karl et al., 2009; Phan et al.,
2009; Tong Thi et al., 2013).

The demand for boneless and skinless fish products
is increasing, especially in developed countries such
as the Netherlands, the United States, and Germany
(Karl et al., 2009; Phan et al., 2009). At the same time,

the amount number of fish meat by-products after
filleting is also escalated. Therefore, processing
technology is necessary to give added value to these
by-products.

On the other hand, in the Vietnamese and
international markets, the main product of P.
hypophthalmus is fish fillets. Currently, product variety
from P. hypophthalmus in the Vietnamese market is
limited, which allows the development of another
product by utilizing its meat by-product.

Among other processed food, the fish ball has
become one of the most favorable products in the
market. Therefore, the utilization of fish meat by-
products to develop fish balls is very interesting to be
done. It was emphasized that the type of fish, as the
main ingredient, influences the cooking method for
making fish balls. A previous study produced fish balls
from a mixture of P. hypophthalmus and Sarda
orientalis meat using two methods: incubation at
50 °C for 60 minutes followed by heating at 100°C for
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30 minutes, and pressure steaming at 120 °C and 15
lbs/inch2 for 20 minutes (Hoque et al., 2021). Another
report applied heat treatment to make fish balls from
Hypophthalmichthys molitrix by soaking the meat in
warm water (40 °C) for 30 minutes, then increasing
the temperature gradually to 90 °C for 20 minutes (Fan
et al., 2022). Previously, Kok et al. (2013) developed
fish balls from a meat mixture of Nemipterus sp.,
Priacanthus sp., Johnius sp., Saurida sp., and Upeneus
sp., by cooking them at 90 °C for 10 minutes.
Nevertheless, the effect of increasing time and
temperature was clearly shown on the texture of the
Bighead Carp muscle (Aristichthys nobilis) in a
previous study (Jiang et al., 2018). Besides, each type
of fish requires different processing conditions to
ensure the texture and sensory quality of the product.
In addition, the original properties of food, preservation
method, conditions, and period are crucial to extending
the shelf life of the product. A previous study showed
that frozen Mystus seenghala muscle at -12 °C slowed
down microbial growth, with total plate count reaching
7.77 ± 0.2 log CFU/g after three weeks (Gandotra,
2012). Alkuraieef et al. (2020) reported that frozen
preservation (-18 °C) effectively maintained mackerel
pellets’ quality for six months with a total plate count
reaching 2 x 102 log CFU/g. At the same time, it was
noted that the sensory value of the meat texture did
not change.

The by-product from the P. hypophthalmus fillet
industry was utilized to develop a fish ball product to
add value. Since the utilization of P. hypophthalmus
fillet industry by-product has never been reported, this
study aimed to investigate the effect of two cooking
methods on the fish ball’s physiochemical quality and
the effect of preservation on the alteration of fish ball
quality.

Material and Methods

Samples

P. hypophthalmus was raised and caught in the
Mekong Delta, Vietnam. About 20 kg of the leftover
parts of P. hypophthalmus is collected while shaping
fillets at the Hung Phuc Company in Can Tho City,
Vietnam. The leftover parts were washed at the factory
and transported to the laboratory for 20 minutes under
refrigerated conditions, with ice packs maintaining a
temperature of 1-2°C. Raw materials are stored at
-10 °C for up to 24 hours before processing.

Equipment and Chemicals

Some devices were used to support analysis, such
as Colorimeter, Minolta - Japan, Texture Analyzer TA-
XT2i, England, Soxhlet System – Spain, and Kjeldahl

System – Germany, pH measuring equipment HI2211
pH/ORP Meter, Hanna Instruments Ltd. US and some
chemicals were used, such as NaHCO3 (>99%), diethyl
ether (>99%), H2SO4 (>99%), CuSO4.5H2O (>99%),
K2SO4 (>99%), NaOH (>97%), H3BO3 (>99%) – which
was purchased at Merck.

Processing

Raw materials were washed immediately with 0.3%
NaHCO3 and 0.3% salt after thawing to about 50%,
then were sliced with an average size of 0.2 cm. The
seasoning mixture, including sugar, salt, pepper, starch,
dried garlic, monosodium glutamate, polyphosphate,
and sorbitol, was added to the ingredients. The mixture
was ground (*) and created spheres with an average
weight of 10 g. The pellets were blanched at 40 °C for
10 minutes to increase the cohesion of the meat tissues
(Kok et al., 2013). Two cooking methods were applied
for 3–6 minutes, inclosing (1) steaming at a
temperature of 100 °C (2) blanching at a temperature
of 80–100 °C (Kok et al., 2013). After heating, the
sample was drained in a cold room (20–25 °C). After
the samples had been drained and cooled, the samples
were stored in a refrigerator at a temperature of (4–5
°C) before being stored at -40 °C. This process aimed
to prevent evaporation and water condensation on the
surface of the products, resulting in minimizing the
possibility of mold growth (Kok et al., 2013). The
product was frozen at a temperature of -40 °C for six
weeks. A previous report has shown that preserving
seafood at -40 °C is the best way to retain some
biological activities and reduce fat oxidation in seafood
(Secci & Parisi, 2016). Inactivation of harmful
microorganisms and reduced fat oxidation have been
shown during the preservation of meat and fish in deep
freezing conditions between -30 °C and -80 °C (Ojagh
et al., 2014), and the formation of peroxide and
malondialdehyde was gradually inhibited when the
temperature was reduced from -25 to -45 °C (Indergård
et al., 2014; Karlsdottir et al., 2014).

Texture Determination

The Texture Analyzer TA-XT2i was used to analyze
the texture of Tra fish balls. HDP/BSK probes were
used during compression at a speed of 2 mm/s (Soliman
et al., 2022).

Determination of Brightness (L*)

The Colorimeter device was used to determine the
brightness of the product, which used CIELab color
space to determine the L* value. The L* value ranges
from 0 to 100, corresponding to the color range from
black to white.



Ngoc Duc Vu et al.,                            Page 44 of 51

Squalen Bull. Mar. Fish. Postharvest Biotech. (2023) 18(3): 42-51

Determination of Total Bacterial Count (TBC)

Determination of TBC was carried out as described
in a previous study. Bacterial cultures were diluted two-
folded and spread onto the 10 cm diameter petri dishes,
followed by incubation at 37 °C for 18-24 hours. The
total number of bacteria in the sample was determined
in units of CFU/g (Khanom et al., 2017).

Determination of Lipid Content

Fat content was determined by the Soxhlet method,
as described in a previous study. Firstly, 10 g of the
sample was crushed, then wrapped with filter paper
and placed in the extraction tube. Approximately 350
mL of diethyl ether was used as the extraction solvent
for 8-12 hours. On average, there are 7-8 spills of
solvent per hour. After extraction, the sample bag was
dried at 50 °C three times, and measured the weight
difference after extraction (Mohammadpour et al.,
2019).

Determination of Protein Content

The determination of protein content was described
in a previous study. The sample was digested in H2SO4,
while a mixture of CuSO4.5H2O and K2SO4 was used
as a catalyst for releasing nitrogen in the protein, and
the nitrogen as a retained NH4

+. NaOH 30% was used
to liberate NH3. The distillation process draws NH4

+

into an absorption flask containing H3BO3, which is
then titrated (Chang & Zhang, 2017).

Determination of Moisture Content (MC)

The moisture content was determined based on the
description in the previous study. The moisture content
was determined as the weight loss before and after
drying (Vu et al., 2022).

Determination of pH

The pH value is determined with the HI2211 pH/
ORP Meter manufactured by Hanna Instruments Ltd.
A 20g sample is in a glass beaker, and the pH probe is
directly inserted into the mixture. The pH is determined
under conditions of 30°C with three repetitions.

Analysis of Statistical

Microsoft Excel software (Redmond, WA, USA)
and Statgraphics Centurion XV version 15.1.02 was
used for data analysis (Vu et al., 2022).

Result and Discussion

Composition of Input P. hypophthalmus,
Grind (*), and Product

The chemical composition analysis of P.
hypophthalmus at the grinding stage showed protein,

Figure 1. Processing and preservation process of fish balls from P. hypophthalmus.
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lipid, and pH changes. However, there was no change
in MC (moisture content) after the grinding process
compared to the raw material. The moisture content
of P. hypophthalmus reached 77.09 ± 1.89%. This
result is similar to the pool barb (Puntius sophore) and
about 8% higher than Garra abhoyai (68.25 ± 0.39%)
(Sarjubala et al., 2018). After pre-treatment (wash),
the presence of NaHCO3 and NaCl had an effect on
water preservation in fish muscle (p<0.05). The
formation of aggregated -structures at the expense of
-helices has increased water retention in fish (Åsli et
al., 2016). On the other hand, polyphosphate was added
during the mixing process, which helped enhance the
binding capacity between water and fish meat (Carneiro
et al., 2013). The close connection between muscle
fibers and animal tissue and enhanced water retention.
Therefore, in the grind stage, P. hypophthalmus did
not change moisture content significantly (p>0.05).

This has resulted in an increase in the percentage of
protein in the same unit mass of the sample. The results
resemble a previous report on washing surimi-like
materials from duck meat with NaCl and NaHCO3
(Ramadhan et al., 2014). Another report mentioned that
the grinding process lost fat in the material (Carpenter,
2010). Fat loss during grinding is explained by severing
the bonds between the meat tissues, and the fat
molecules are cut into small pieces to easily adhere to
the equipment wall and the processed tools contact.

The pH value increased from 6.4 ± 0.03 to 7.42 ±
0.17. The results were consistent with the previous
report in which the pH value was significantly increased
when NaHCO3 was added during the soaking of fish
muscle (Åsli et al., 2016). Another report indicated
that the pH value of surimi-like material from duck
meat increased from 6.5 to 7.3 when three washes
were conducted using NaCl. Furthermore, pH
increased to 8.4 when the washing process involved
NaHCO3 (Ramadhan et al., 2014). A similar report of
NaHCO3 increasing pork pH by 0.46 units was
previously reported (Zhu et al., 2018). Besides, the
moisture content (MC) decreased significantly after
processing, with MC remaining at 45.22 ± 0.18%. This
can be explained by the fact that the high temperature
during the cooking process of fish balls causes the
water in them to evaporate, resulting in a decrease in
MC. The reduction in MC leads to increased protein
and fat content per gram of dry weight.

The Investigation of Steaming Time

Steaming is cooking food products using steam as
the heat transfer medium (Huang et al., 2013). The
steaming process has a statistically significant effect
on the brightness (L*) of the product (p<0.05). The
L* value after immersion in water at 40 °C reached
34.14 ± 0.5. The L* value tends to increase as the
steaming time is increased to 4 min. However, the L*
value decreases after the 4th minute of steaming and
remains at 50.55 ± 0.42. Besides, the investigation of
steaming time from 5 to 6 minutes did not find a
statistically significant difference (p>0.05). The color
change of the product during autoclaving is explained
by the conversion of iron(II) oxide, which is dark red
in myoglobin, to iron(III), which is light brown upon
heating (Wójciak et al., 2014). Applying too-high heat
will cause the cell tissue to shrink, and the density of
browning components will shrink. The color of the
product becomes dark brown. Besides the significant
influence of the steaming time on the change in
brightness of the product, the product texture also
changes due to the shrinkage and dehydration of the
raw materials (Sehrawat et al., 2016). The force
required to break the product increased with increasing

Table 1. Raw material composition, grind stage (*),
and product

Note: Different letters in the row indicate a statistically significant
difference (p<0.05) and vice versa

The results are similar to the study of the effects
of NaHCO3 and NaCl on the water content in
Pollachius virens L. (Åsli et al., 2016). The protein
content was evaluated to reach 7.35 ± 0.05 %. This
result is within the average protein value (6 - 10%) of
other fish species (Anchovy, Sardine, Capelin, and
Herring). The protein value reached 14.41 ± 0.08 %
after preliminary processing with NaHCO3 and NaCl,
two times higher than the control. A previous report
showed that increasing the pH value of chicken meat
from 5.5 to 7.0 also promoted protein content (Zhu et
al., 2018). The increase in protein content was
proportional to the rise in pH. This result is explained
by the dependence of pH on the isoelectric point of the
muscle material when the pH is further away from the
isoelectric point of the muscle material. The meat of
the material increases the solubility of the protein. In
this case, the higher the pH value, the further away
from the isoelectric point of the fish (pH 5.5),
corresponding to an increase in solubility. However,
approximately 60% of the fat content was reduced
compared to the raw material after grinding process.

ComponentsRaw materials Grind (*) Fish balls

MC (%) 77.09 ± 1.89a 76.23 ± 0.86a 45.22 ± 0.18b

Protein (%) 7.35 ± 0.05b 14.41 ± 0.08a 37.14 ± 0.18a

Lipid (%) 10.92 ± 0.16b 4.78 ± 0.09c 13.37 ± 0.41a

pH 6.4 ± 0.03b 7.42 ± 0.17a 7.36 ± 0.03a 
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the steaming time to 4 min (450.72 g/cm2). The
increase in the steaming time causes the temperature
to affect all parts of the product. After being heated
and cooled, the protein in the product will appear
precipitated, and the meat tissue shrinks and becomes
stiffer (Brewer, 2012). The results are similar to a
report on fish texture, as increasing the blanching time
(40 °C) requires more force to break the fish texture
(Liu et al., 2011). However, at high temperatures for a
long time, the proteins are easily decomposed, and the
bonds between the tissues are broken and decomposed,
leading to the phenomenon of soft texture (Bax et al.,
2012).

Table 2. Effect of steaming time on the change in
brightness (L*), TBC, and Breaking force (BF) of the
product

Time 
(min)

BF 
(g/cm2)

TBC (104 

CFU/g)
Brightness 

(L*)

0 286.45e 560 ± 23.09a 34.14 ± 0.5d

3 401.68b 4.2 ± 0.25b 47.66 ± 0.51c

4 450.72a 2.8 ± 0.10c 54.33 ± 0.42a

5 378.97c 2.5 ± 0.15d 50.55 ± 0.42b

6 361.69d 2.4 ± 0.21d 51.34 ± 0.69b

Note: Different letters in the same column indicate a statistically
significant difference (p<0.05) and vice versa

The temperature of the cooking process not only
affects the color and texture of the product but also
separates a part of the water in the product and destroys
microorganisms that cannot withstand high
temperatures present on the product. The remaining
TBC on the product is inversely proportional to the
heating time of the autoclave. The TBC of the original
sample was 5.60 ± 0.23 × 106 CFU/g. After autoclaving
at 100 °C for 3 minutes, TBC decreased significantly
and remained at 4.20 ± 0.25 ×104 CFU/g. The trend of
microorganism survival decreased as the steaming time
continued to increase to 6 minutes, with the TBC value
reaching 2.4 ± 0.21 × 104 CFU/g. The results are
consistent with a previous report on applying 121 °C
temperature in the pasteurization of food products (Li
& Farid, 2016). A similar effect of using heat was
shown to reduce the number of microorganisms (Sagar
& Suresh Kumar, 2010).

Effect of Blanching Time and Temperature on
Brightness (L*)

Blanching is one of the methods used to cook food
products by utilizing water as a heat transfer medium
at high temperatures. The heat transfer occurs directly
in the boiling water, which has a much higher heat
transfer coefficient than steam at the same temperature.

Figure 2. Effect of blanching time/temperature on
brightness change of products (L*). Different lowercase
and uppercase letters represent statistically significant
differences in temperature and time, respectively (p<0.05).
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Temperature and time significantly affected the
quality of products cooked by blanching. The
investigated blanching time of 3 - 5 min tended to
increase brightness. At the temperature of 80 °C, the
brightness L* tends to increase continuously, reaching
the highest value at 6 minutes (52.90 ± 0.52). During
the blanching process at 85 °C, the L* value increased
until the 5th minute, reaching the highest value (53.82
± 0.55), and the L* value tended to decrease when
blanching continued until the 6th minute. Temperature
90 – 100 °C, the L* values   both tended to increase to
the highest when blanching for 4 min and decreased
as the blanching time continued to increase to 6 min.
Transferring heat from the environment into the
product at lower temperatures takes longer. The slower
color change rate because converting iron (II) into iron
(III) requires the influence of temperature. At high
temperatures, the shorter the heat transfer rate from
the aqueous medium to the center of the material, the
faster the color transition of the pigment molecule. The
rapid darkening at higher temperatures is since the
shrinkage of the colored molecules in the fish muscle
occurs faster than blanching at low temperatures.

Effect of Blanching Time and Temperature on
BF

Temperature and time are two factors that
significantly affect the texture of the product through
the connective tissue (Roldán et al., 2013). High
temperature/time will cause the bonds between tissues
to break, and the texture is easily destroyed. The
product cooking rate decreases at too low a temperature
(Purslow et al., 2016). At the same time, the process
of cooking and hardening the product will decrease
when the blanching time is not enough for the heat to
affect the entire position of the product.
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The investigation results showed that there is a
statistically significant influence on the breaking force
(BF) (p>0.05) in the temperature range from 80 to 85
°C. BF improved by increasing the blanching time from
3 to 5 minutes. BF tended to decrease gradually as the
blanching time increased to 6 minutes. At 90 °C, BF
reached its maximum value at 4 min (407.7 g/cm2). At
100 °C, BF decreases with increasing time from 3 to 6
minutes. The increase in BF due to the precipitation of
proteins after the heating process creates product
hardness, and the rapid dehydration causes shrinkage
of the meat tissue, increasing the adhesion between
the meat tissues. A report on fish texture after heat
treatment showed that the force required to break the
material increased with increasing cooking time (Liu
et al., 2011). The breakdown of proteins and the bonds
between the tissues, leading to the softened texture,
was shown in a previous report (Bax et al., 2012). At
the same level of time, an increase in temperature affects
the texture of the product (p<0.05). The general trend
shows that the highest value is always achieved at 90
°C. At 100 °C, the texture of the product is the least
stable and tends to decrease with increasing treatment
time. The higher the temperature, the more the proteins
are denatured, leading to the loss of function of the
proteins, which leads to the destruction of the bonds
between tissues. At the same time, the product texture
becomes soft and brittle.

Effect of Blanching Time and Temperature on
TBC

Temperature and blanching time are two critical
factors that affect the quantity of bacteria in the
environment. When temperature and blanching time
increase, the number of bacteria usually decreases as
their growth, regeneration, and distribution processes

are affected. However, the impact of temperature and
holding time on the total bacterial count depends on
many factors, such as the type of bacteria. Therefore,
adjusting temperature and holding time is crucial for
controlling the number of bacteria in the environment.
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Figure 3. Effect of blanching time and temperature on
the BF change of the product. Different lowercase and
uppercase letters represent statistically significant
differences in temperature and time, respectively
(p<0.05).

Figure 4. Effect of blanching time and temperature on
the change of TBC in the product. Different lowercase
and uppercase letters represent statistically significant
differences in temperature and time, respectively
(p<0.05).
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Each microorganism has an optimal operating
temperature range. Most microorganisms survive and
thrive at room temperature (30 – 35 °C). At low
temperatures < 20 °C and medium temperatures
between 40 – 70 °C, the growth of microorganisms is
inhibited. However, some microorganisms less resistant
to heat are destroyed at higher temperatures. Some
previous reports have applied high temperatures to
minimize the microbial content in raw materials (Li &
Farid, 2016). The blanching process at 80 – 100 °C
temperature significantly decreased TBC (p<0.05). At
3 and 4 min, TBC decreased continuously with
increasing temperature, and the lowest TBC value was
at 100 °C (0.7 × 104 CFU/g), respectively. TBC rapidly
reduced at 5 and 6 min, increasing temperature from
80 to 85 °C. However, no change in TBC was observed
with increasing temperature from 90 – 100 °C, and it
was stabilized at 5.7 × 103 CFU/g. The thermal
instability of some microorganisms explains this decline,
and the increase in temperature and time causes the
microorganisms to be destroyed. The implementation
is for a long time (5 - 6 minutes), and at high
temperatures, the less resistant microorganisms are
destroyed, and the heat-stable microorganisms remain.
On the other hand, microbial washout during blanching
occurs. This reduces the amount of heat-stable
microorganisms in the product.

Effect of Frozen Preservation Time on the
Brightness and Break Force (BF)

Food color is easily changed under the influence of
enzymes and microbial content. The preservation
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methods that help prevent this change are based on
inhibiting the destructive activity of microorganisms
on muscles and cells and inhibiting the activity of certain
enzymes. The frozen preservation process investigated
during 42 days showed good color retention of the
product by the cryogenic method (p>0.05). The
brightness value (L*) of the product is stable at 52.67
± 0.70. The L* value does not have this change because
it limits the growth and cell destruction of food spoilage
microorganisms and prevents the oxidation of the
pigment of the product.

et al., 2019). After 14 days of freezing, the texture of
the product became stable by rearrangement of the
product texture. There was no significant increase in
ice crystals and rupture of muscle fibers and tissues
of the products (p>0.05). Similar results were obtained
on frozen preservation Cephalopod Muscles with
texture deterioration during the first day and stabilized
for 30 days of preservation (Gokoglu et al., 2018).

Effect of Frozen Preservation Time on the
Various TBC

Freezing plays an important role in inhibiting the
growth of microorganisms, except spores resistant to
low temperatures (Dai et al., 2021). Some
microorganisms that can grow in cryogenic
environments increase with increasing food
preservation time (Magan, 2007).

Table 3. Effect of frozen preservation time on the change
in brightness (L*) of the product

Time (days) Brightness (L*)

0 52.67 ± 0.70a

3 52.44 ± 0.61a

7 52.09 ± 0.73a

14 53.75 ± 0.52a

28 53.46 ± 0.63a

42 53.25 ± 0.51a

407.21 ± 9.22a

329.22 ± 7.5b

305.42 ± 8.23c

308.37 ± 7.11c

308.26 ± 8.14c

307.61 ± 7.11c

200

250

300

350

400

450

0 3 7 14 28 42

B
F

 (
g

/c
m

2
)

Time (days)

Figure 6. Effect of frozen preservation time on the
change of TBC in the product. Different letters
represent statistically significant differences (p<0.05).
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Figure 5. Effect of frozen preservation time on the
change of BF in the product. Different letters represent
statistically significant differences (p<0.05).

The freezing process directly impacts the texture
change of food with statistical significance (p<0.05).
The texture of the product after freezing and evaluated
after thawing showed deterioration after 14 days of
preservation (308.37 g/cm2). During the first 14 days
of preservation, new ice crystals were formed, the
connective tissues between cells were broken, the free
water content in the material was frozen, and the space
between cells was increased during transfer turning
solid water into liquid form in the raw material causing
compression of the bonds, resulting in the breakdown
of bonds between cells (Bilbao-Sainz et al., 2020; Sun

The investigation showed that TBC initially reached
0.87 × 104 CFU/g and tended to grow strongly in the
first seven days of preservation (1.5 × 104 CFU/g).
After 28 days of preservation, TBC tends to increase
slowly. On day 28th, TBC reached 1.5 × 104 CFU/g.
Continuing to increase the preservation time to 42 days,
TBC tends to decrease insignificantly. The increase in
TBC is due to the growth of microorganisms capable
of surviving in a frozen environment. The freezing
process partially inhibits microbial growth but does
not completely inhibit microorganisms.

On the other hand, the process of formation and
growth of ice crystals has broken the cell wall,
providing a source of nutrients for the growth and
development of microorganisms (Sasidharan et al.,
2011). The size of the ice crystals could influence the
slow proliferation of TBC. This did not increase
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significantly with prolonged preservation, not increasing
the number of disrupted cells. Microorganisms do not
have enough nutrients for growth and begin the death
process when prolonged for more than 28 days. A lack
of oxygen degrades some aerobic microorganisms. At
the same time, microorganisms present in frozen
products are inhibited due to the harsh growth
environment. After 42 days of preservation, TBC has
not exceeded the allowable limit of the Ministry of
Health, Vietnam, on TBC on fish products. Results were
similar to a previous report of increased microbial
content in Nile Tilapia (Sarotherudun galiaenus) after
60 days of cryopreservation (Arannilewa et al., 2006).

Conclusion

This study succeeded in evaluating changes in
texture, brightness, and total bacterial count in the
blanching and steaming of the fish meatball production
process from the by-product of Pangasius
hypophthalmus processing. The nutritional and physical
criteria of input materials have changed through the
stages of fish balls processing. The protein content
tended to increase through stages and the highest
protein in fish balls. Two optimal steaming conditions
(4 min/100 °C steam) and blanching (4 min / 90 °C
water) produce good texture and color. However, the
steaming process is less effective in reducing the total
bacterial count (TBC) than the blanching process. The
frozen preservation process at -40 °C effectively
maintains brightness stability. However, the texture of
fish balls tends to decrease during the first 15 days
and then remain stable until the 42nd day, which is
inversely proportional to the TBC. The research results
have found suitable conditions and methods for making
fish balls from P. hypophthalmus. This promotes the
solution and maximum utilization of leftover meat from
the fish fillet process. At the same time, diversifying
products from P. hypophthalmus helps to enhance the
economic efficiency of the seafood processing
industry.

Acknowledgment

We would like to thank Can Tho University, Can
Tho City, Vietnam, for providing us with the facilities
required to perform this work. We thank Tan Phong
Nguyen at Can Tho University for their assistance with
this work.

Supplementary Materials

Supplementary materials is not available for this article.

References

Alkuraieef, A. N., Alsuhaibani, A. M., Alshawi, A. H., & Aljahani,
A. H. (2020). Effect of Frozen Storage on Nutritional,
Microbial, and Sensorial Quality of Fish Balls and Fish
Fingers Produced from Indian Mackerel. Current Research
in Nutrition and Food Science Journal, 8(3), 852–861. https:/
/doi.org/10.12944/CRNFSJ.8.3.16

Arannilewa, S. T., Salawu, S. O., Sorungbe, A. A., & Ola-Salawu,
B. B. (2006). Effect of Frozen Period on The Chemical,
Microbiological, and Sensory Quality of Frozen Tilapia Fish
(Sarotherodun Galiaenus). Nutrition and Health, 18(2),
185–192. https://doi.org/10.1177/026010600601800210

Åsli, M., Ofstad, R., Böcker, U., Jessen, F., Einen, O., &
Mørkøre, T. (2016). Effect of sodium bicarbonate and
varying concentrations of sodium chloride in brine on the
liquid retention of fish (Pollachius virens L.) muscle. Journal
of the Science of Food and Agriculture, 96(4), 1252–1259.
https://doi.org/10.1002/jsfa.7213

Bax, M.-L., Aubry, L., Ferreira, C., Daudin, J.-D., Gatellier, P.,
Rémond, D., & Santé-Lhoutellier, V. (2012). Cooking
Temperature Is a Key Determinant of in Vitro Meat Protein
Digestion Rate: Investigation of Underlying Mechanisms.
Journal of Agricultural and Food Chemistry, 60(10), 2569–
2576. https://doi.org/10.1021/jf205280y

Bilbao-Sainz, C., Sinrod, A. J. G., Williams, T., Wood, D., Chiou,
B.-S., Bridges, D. F., Wu, V. C. H., Lyu, C., Rubinsky, B., &
McHugh, T. (2020). Preservation of Tilapia (Oreochromis
aureus) Fillet by Isochoric (Constant Volume) Freezing.
Journal of Aquatic Food Product Technology, 29(7), 629–
640. https://doi.org/10.1080/10498850.2020.1785602

Brewer, M. S. (2012). Reducing the fat content in ground beef
without sacrificing quality: A review. Meat Science, 91(4),
385–395. https://doi.org/10.1016/j.meatsci.2012.02.024

Carneiro, C. D. S., Mársico, E. T., Ribeiro, R. D. O. R., Conte
Júnior, C. A., Álvares, T. S., & De Jesus, E. F. O. (2013).
Quality Attributes in Shrimp Treated with Polyphosphate
after Thawing and Cooking: A Study Using Physicochemical
Analytical Methods and Low-Field 1 H NMR. Journal of
Food Process Engineering, 36(4), 492–499. https://doi.org/
10.1111/jfpe.12011

Carpenter, C. (2010). Determination of Fat Content. In Nielsen,
S.S. (eds), Food Science Texts Series (pp. 29–37). Springer.
https://doi.org/10.1007/978-1-4419-1463-7_4

Chang, S. K. C., & Zhang, Y. (2017). Protein Analysis. In Nielsen,
S.S. (eds), Food Analysis (pp. 315–331). Springer. https://
doi.org/10.1007/978-3-319-45776-5_18

Dai, W., Gu, S., Xu, M., Wang, W., Yao, H., Zhou, X., & Ding,
Y. (2021). The effect of tea polyphenols on biogenic amines
and free amino acids in bighead carp (Aristichthys nobilis)
fillets during frozen storage. LWT, 150, 111933. https://
doi.org/10.1016/j.lwt.2021.111933

Fan, L., Ruan, D., Shen, J., Hu, Z., Liu, C., Chen, X., Xia, W., &
Xu, Y. (2022). The role of water and oil migration in juiciness
loss of stuffed fish ball with the fillings of pig fat/meat as
affected by freeze-thaw cycles and cooking process. LWT,
159, 113244. https://doi.org/10.1016/j.lwt.2022.113244

https://doi.org/10.1177/026010600601800210
https://doi.org/10.1002/jsfa.7213
https://doi.org/10.1021/jf205280y
https://doi.org/10.1080/10498850.2020.1785602
https://doi.org/10.1016/j.meatsci.2012.02.024
https://doi.org/
https://doi.org/10.1007/978-1-4419-1463-7_4
https://
https://
https://doi.org/10.1016/j.lwt.2022.113244


Ngoc Duc Vu et al.,            Page 50 of 51

Squalen Bull. Mar. Fish. Postharvest Biotech. (2023) 18(3): 42-51

Gandotra, R. (2012). Effect of Chilling and Freezing on Fish
Muscle. IOSR Journal of Pharmacy and Biological Sciences,
2(5), 5–9. https://doi.org/10.9790/3008-0250509

Gokoglu, N., Topuz, O. K., Yerlikaya, P., Yatmaz, H. A., &
Ucak, I. (2018). Effects of Freezing and Frozen Storage on
Protein Functionality and Texture of Some Cephalopod
Muscles. Journal of Aquatic Food Product Technology,
27(2), 211–218. https://doi.org/10.1080/10498850.
2017.1422168

Guimarães, C. F. M., Mársico, E. T., Monteiro, M. L. G., Lemos,
M., Mano, S. B., & Conte Junior, C. A. (2016). The chemical
quality of frozen Vietnamese Pangasius hypophthalmus
fillets. Food Science & Nutrition, 4(3), 398–408. https://
doi.org/10.1002/fsn3.302

Hoque, M. S., Roy, S., Mukit, S. S., Rahman, M. B., & Akter,
S. (2021). Effects of Pangasius (Pangasius hypophthalmus)
and Skipjack Tuna (Sarda orientalis) mince blend on the
quality of fish products: Ways to utilize resources and
nutrition in Bangladesh. Food Science & Nutrition, 9(12),
6642–6652. https://doi.org/10.1002/fsn3.2612

Huang, S.-R., Yang, J.-I., & Lee, Y.-C. (2013). Interactions of
heat and mass transfer in steam reheating of starchy foods.
Journal of Food Engineering, 114(2), 174–182. https://
doi.org/10.1016/j.jfoodeng.2012.08.007

Indergård, E., Tolstorebrov, I., Larsen, H., & Eikevik, T. M.
(2014). The influence of long-term storage, temperature,
and type of packaging materials on the quality
characteristics of frozen farmed Atlantic Salmon (Salmo
Salar). International Journal of Refrigeration, 41, 27–36.
https://doi.org/10.1016/j.ijrefrig.2013.05.011

Jeyakumari A, George Ninan, Joshy C G, Parvathy U,
Zynudheen A A, & Lalitha K V. (2016). Effect of chitosan
on shelf life of restructured fish products from pangasius
(Pangasianodon hypophthalmus) surimi during chilled
storage. Journal of Food Science and Technology, 53(4),
2099–2107. https://doi.org/10.1007/s13197-016-2174-3

Jiang, Q., Han, J., Gao, P., Yu, L., Xu, Y., & Xia, W. (2018).
Effect of heating temperature and duration on the texture
and protein composition of Bighead Carp (Aristichthys
nobilis) muscle. International Journal of Food Properties,
21(1), 2110–2120. https://doi.org/10.1080/10942912.
2018.1489835

Karl, H., Lehmann, I., Rehbein, H., & Schubring, R. (2009).
Composition and quality attributes of conventionally and
organically farmed Pangasius fillets (Pangasius
hypophthalmus) on the German market. International Journal
of Food Science & Technology, 45(1), 56–66. https://
doi.org/10.1111/j.1365-2621.2009.02103.x

Karlsdottir, M. G., Sveinsdottir, K., Kristinsson, H. G., Villot,
D., Craft, B. D., & Arason, S. (2014). Effects of temperature
during frozen storage on lipid deterioration of saithe
(Pollachius virens) and hoki (Macruronus novaezelandiae)
muscles. Food Chemistry, 156, 234–242. https://doi.org/
10.1016/j.foodchem.2014.01.113

Khanom, A., Shammi, T., & Kabir, M. S. (2017). Determination
of microbiological quality of packed and unpacked bread.
Stamford Journal of Microbiology, 6(1), 24–29. https://
doi.org/10.3329/sjm.v6i1.33515

Kok, N., Thawornchinsombut, S., & Park, J. W. (2013).
Manufacture of Fish Balls 11. In Surimi and surimi seafood.
CRC Press.

Li, X., & Farid, M. (2016). A review on recent development in
non-conventional food sterilization technologies. Journal of
Food Engineering, 182, 33–45. https://doi.org/10.1016/
j.jfoodeng.2016.02.026

Liu, R., Zhao, S.-M., Xie, B.-J., & Xiong, S.-B. (2011).
Contribution of protein conformation and intermolecular
bonds to fish and pork gelation properties. Food
Hydrocolloids, 25(5), 898–906. https://doi.org/10.1016/
j.foodhyd.2010.08.016

Magan, N. (2007). Fungi in extreme environments. The Mycota,
4, 85–103.

Mohammadpour, H., Sadrameli, S. M., Eslami, F., & Asoodeh,
A. (2019). Optimization of ultrasound-assisted extraction
of Moringa peregrina oil with response surface methodology
and comparison with Soxhlet method. Industrial Crops and
Products, 131, 106–116. https://doi.org/10.1016/
j.indcrop.2019.01.030

Ojagh, S. M., Rezaei, M., & Razavi, S. H. (2014). Improvement
of the Storage Quality of Frozen Rainbow Trout by Chitosan
Coating Incorporated with Cinnamon Oil. Journal of Aquatic
Food Product Technology, 23(2), 146–154. https://doi.org/
10.1080/10498850.2012.701710

Phan, L. T., Bui, T. M., Nguyen, T. T. T., Gooley, G. J., Ingram,
B. A., Nguyen, H. V., Nguyen, P. T., & De Silva, S. S.
(2009). Current status of farming practices of striped catfish,
Pangasianodon hypophthalmus in the Mekong Delta,
Vietnam. Aquaculture, 296(3–4), 227–236. https://doi.org/
10.1016/j.aquaculture.2009.08.017

Purslow, P. P., Oiseth, S., Hughes, J., & Warner, R. D. (2016).
The structural basis of cooking loss in beef: Variations with
temperature and ageing. Food Research International, 89(1),
739–748. https://doi.org/10.1016/j.foodres.2016.09.010

Ramadhan, K., Huda, N., & Ahmad, R. (2014). Effect of number
and washing solutions on functional properties of surimi-
like material from duck meat. Journal of Food Science and
Technology, 51(2), 256–266. https://doi.org/10.1007/
s13197-011-0510-1

Rao, B. M., Murthy, L. N., & Prasad, M. M. (2013). Shelf life
of chill stored panagasius (pangasianodon hypophthalmus)
fish fillets: effect of vacuum and polyphosphate. Indian J.
Fish, 60(4), 93–98.

Roldán, M., Antequera, T., Martín, A., Mayoral, A. I., & Ruiz,
J. (2013). Effect of different temperature–time combinations
on physicochemical, microbiological, textural, and structural
features of sous-vide cooked lamb loins. Meat Science, 93(3),
572–578. https://doi.org/10.1016/j.meatsci.2012.11.014

Sagar, V. R., & Suresh Kumar, P. (2010). Recent advances in
drying and dehydration of fruits and vegetables: a review.
Journal of Food Science and Technology, 47(1), 15–26.
https://doi.org/10.1007/s13197-010-0010-8

Sarjubala, W., Shantosh, M., Romharsha, H., & Sarojnalini, C.
(2018). Nutritional properties of some freshwater fish
species of Manipur, India. Coldwater Fisheries Society of
India, 1(1), 48–53.

Sasidharan, R., Voesenek, L. A., & Pierik, R. (2011). Cell Wall
Modifying Proteins Mediate Plant Acclimatization to Biotic
and Abiotic Stresses. Critical Reviews in Plant Sciences,
30(6), 548–562. https://doi.org/10.1080/07352689.
2011.615706

Secci, G., & Parisi, G. (2016). From farm to fork: lipid oxidation
in fish products. A review. Italian Journal of Animal Science,

https://doi.org/10.9790/3008-0250509
https://doi.org/1
https://
https://doi.org/10.1002/fsn3.2612
https://
https://doi.org/10.1016/j.ijrefrig.2013.05.011
https://doi.org/10.1007/s13197-016-2174-3
https://doi.org/10.1080/10942912.
https://
https://doi.org/
https://
https://doi.org/10.1016/
https://doi.org/10.1016/
https://doi.org/
https://doi.org/
https://doi.org/10.1016/j.foodres.2016.09.010
https://doi.org/10.1007/
https://doi.org/10.1016/j.meatsci.2012.11.014
https://doi.org/10.1007/s13197-010-0010-8
https://doi.org/1


15(1), 124–136. https://doi.org/10.1080/1828051X.
2015.1128687

Sehrawat, R., Nema, P. K., & Kaur, B. P. (2016). Effect of
superheated steam drying on properties of foodstuffs and
kinetic modeling. Innovative Food Science & Emerging
Technologies, 34, 285–301. https://doi.org/10.1016/
j.ifset.2016.02.003

Soliman, T., Behdal, A., Fatouh Hamed, S., & Zahran, H. (2022).
Effect of applying beetroot juice and functional vegetable
oils in the preparation of high protein nutrition bars on its
physicochemical, textural, and sensorial properties.
Egyptian Journal of Chemistry, 66(1), 1–14. https://doi.org/
10.21608/ejchem.2022.156451.6773

Sun, Q., Sun, F., Xia, X., Xu, H., & Kong, B. (2019). The
comparison of ultrasound-assisted immersion freezing, air
freezing, and immersion freezing on the muscle quality and
physicochemical properties of common carp (Cyprinus
carpio) during freezing storage. Ultrasonics Sonochemistry,
51, 281–291. https://doi.org/10.1016/j.ultsonch. 2018.
10.006

Tong Thi, A. N., Noseda, B., Samapundo, S., Nguyen, B. L.,
Broekaert, K., Rasschaert, G., Heyndrickx, M., &
Devlieghere, F. (2013). Microbial ecology of Vietnamese
Tra fish (Pangasius hypophthalmus) fillets during

processing. International Journal of Food Microbiology,
167(2), 144–152. https://doi.org/10.1016/j.ijfoodmicro.
2013.09.010

Usydus, Z., Szlinder-Richert, J., Adamczyk, M., & Szatkowska,
U. (2011). Marine and farmed fish in the Polish market:
Comparison of the nutritional value. Food Chemistry,
126(1), 78–84. https://doi.org/10.1016/j.foodchem.2
010.10.080

Vu, N. D., Tran, N. T. Y., Le, T. D., Phan, N. T. M., Doan, P. L.
A., Huynh, L. B., & Dao, P. T. (2022). Kinetic Model of
Moisture Loss and Polyphenol Degradation during Heat
Pump Drying of Soursop Fruit (Annona muricata L.).
Processes, 10(10), 2082. https://doi.org/10.3390/pr
10102082

Wójciak, K. M., Karwowska, M., & Dolatowski, Z. J. (2014).
Use of acid whey and mustard seed to replace nitrites during
cooked sausage production. Meat Science, 96(2), 750–756.
https://doi.org/10.1016/j.meatsci.2013.09.002

Zhu, D., Kang, Z.-L., Ma, H., Xu, X.-L., & Zhou, G.-H. (2018).
Effect of sodium chloride or sodium bicarbonate in the
chicken batters: A physico-chemical and Raman
spectroscopy study. Food Hydrocolloids, 83, 222–228.
https://doi.org/10.1016/j.foodhyd.2018.05.014

Squalen Bull. Mar. Fish. Postharvest Biotech. (2023) 18(3): 42-51

Ngoc Duc Vu et al.,            Page 51 of 51

https://doi.org/10
https://doi.org/10
https://doi.org/
https://doi.org/10.1016/j.ultsonch.
https://doi.org/10.1016/j.ijfoodmicro.
https://doi.org/10.1016/j.foodchem.2
https://doi.org/10.1016/j.meatsci.2013.09.002
https://doi.org/10.1016/j.foodhyd.2018.05.014

