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ABSTRACT:

This study aims to develop a processing method for producing low-fat, ready-to-eat fish
balls from bronze featherback fish through two pre-frying treatments: drying and ultrasound.
Both approaches are designed to reduce oil absorption during frying, thereby enhancing
nutritional quality and aligning with health-oriented consumption trends. The drying
treatment was evaluated based on fish ball diameter, temperature, and drying time, with
optimal conditions identified at a diameter of 3 cm, drying at 70°C for 20 minutes, resulting
in a reduced fat content of 8.17%. For the ultrasound treatment, the investigated parameters
included sample diameter, temperature, and treatment duration, with optimal conditions of
a 2.5 cm diameter, ultrasound temperature of 70°C, and a treatment time of 20 minutes,
achieving a lower fat content of 5.33%. The results demonstrate that both pre-treatment
methods effectively reduce fat content while preserving desirable sensory attributes,
highlighting their potential for application in the production of healthier fried food products.
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1. Introduction

Fish balls
convenient food product in Vietnamese cuisine.

are a widely consumed and

However, the conventional deep-frying process
results in elevated fat content in products which
may significantly affect consumers' health [1].
The development of technologies to reduce
oil absorption while maintaining the sensory
properties has become a critical challenge in
the food industry. In recent years, pre-frying
treatments such as drying and ultrasound have
received attention for their ability to effectively
reduce oil absorption in fried foods [2, 3].
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The majority of the oil absorption occurs after
frying rather than during frying [4, 5]. Reducing
oil absorption has become a central focus in
developing healthier fried foods.

Ithasbeendemonstrated thatdrying temperature
and duration are key factors influencing the
reduction of oil uptake, with optimal conditions
for porous matrices such as potatoes or fish being
70-75°C for 3—4 minutes [3, 6]. Ultrasound has
been reported to generate cavitation the repeated
formation and implosion of microbubbles which
modifies the microstructure of the food surface
and promotes the development of micropores [2].
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This study was conducted to evaluate the
efficiency of drying and ultrasound as pre-frying
treatments for reducing fat content in fish balls.
The investigated process parameters include
sample diameter, temperature, and treatment time.

2. Materials and methods

2.1. Material

The featherback fish (Notopterus notopterus)
used in this study was fresh raw material that
had been pretreated and mixed with ground pork
paste. The fish samples were purchased from Tan
Tru Market, Tan Son Ward, Ho Chi Minh City.
After collection, the samples were stored in a
refrigerator at approximately 4°C and used within
the same day to ensure freshness and raw material
quality for the experimental procedures. The
chemicals used in the study included NaCl (solid
form, 99% purity, China) and hexane (liquid form,
99% purity, China). All equipment used belonged
to the food Science and Technology Laboratory,
Ho Chi Minh City University of Food Industry.

2.2. Effect of fish ball diameter, drying
temperature and drying time on fat content with
drying as pre-frying treatment

Fish balls were formed into 5 diameters (1.5,
2,2.5,3,and 3.5cm), dried at 70°C for 5 minutes,
and deep-fried. After frying, samples were ground
and dried at 105°C to constant weight. Then,
2.00g of each sample was placed into a filter
paper and inserted to a Soxhlet apparatus, and the
fat was extracted with hexane for 4-6 hours. The
extracted samples were dried to constant weight to
complete evaporation of the solvent and moisture.
The fat extraction efficiency was evaluated by
determining fat content and comparing the dried
samples with the control sample (fried without
drying).

Drying temperature was investigated at 60°C,
70°C, 80°C, 90°C, and 100°C with the optimal
diameter of fish ball obtained previously and
drying time of 5 minutes. After drying, the sample
was deep-fried. The fried samples were ground
and dried to constant weight at 105°C. The fat
content was then determined using the Soxhlet

extraction method.

Drying time was investigated at 5, 10, 15, 20,
and 25 minutes. After drying, all subsequent steps
followed the procedures described in the previous
experiments. The fat content of the drying-assisted
sample was compared with the control sample
(fried without drying).

2.3. Effect of fish ball diameter, ultrasound
temperature and ultrasound time on fat content
with ultrasound as pre-frying treatment

Fish ball samples were prepared with diameters
of 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0cm, treated by
an ultrasonic bath at 40°C for 15 minutes prior to
deep-fried. The fried samples were cooled, ground,
and dried at 105°C to constant weight. Accurately
weigh 2.00 g of the sample and determine the fat
content using the Soxhlet extraction method.

Ultrasound temperature was examined at
40°C, 50°C, 60°C, 70°C and 80°C. The fish
ball diameter in this experiment was based on
the optimal results identified previously. The
ultrasound treatment time was kept constant at 15
minutes. After ultrasound treatment, the samples
were deep-fried, and fat was extracted using the
Soxhlet method described earlier with hexane as
solvent.

Ultrasound time was investigated at 5 minutes,
10 minutes, 15 minutes, 20 minutes, and 25
minutes. The fish ball diameter and ultrasound
temperature were selected based on the optimal
results from the previous experiments. After each
ultrasound treatment, the samples were fried and
analysed as described previously.

2.4. Determination of fat content

Fat content was determined using Soxhlet
extraction method, a popular extraction method
in analytical chemistry. Sample was first dried to
constant weight, then 2.00 g of each dried sample
was placed into the filter paper and inserted to the
Soxhlet apparatus with hexane as solvent. Heating
was applied to evaporate the solvent and continuous
extraction for 4-6 hours. After extraction, samples
were dried to constant weight to allow hexane and
moisture completely evaporated.
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Calculating fat content (%) was calculated
using equation:

my—mso

X% =—"—=%x100%

my

In which: X: Fat content (%),

m,: Sample weight before extraction (g),

m,: Sample weight after extraction and drying
to constant weight (g).

2.5. Data processing method

In this study, all experiments were performed in
triplicate, and the results were presented as mean
values. The analysis results between experimental
samples were evaluated by analysis of variance
(ANOVA) at a significant level of a = 0.05 using
Minitab Statistical Software. Least Significant
Difference (LSD) test was conducted following
the ANOVA to determine specific treatment pairs
exhibiting statistically significant differences.

3. Results and discussion

3.1. Effect of fish ball diameter, drying
temperature and drying time on fat content with
drying as pre-frying treatment

The surface area to volume ratio is a decisive
factor that determines moisture evaporation rates
and formation of the product’s microstructure [8].
Figure 1 indicates that the fat content of fish balls
varied depending on the diameter. The samples
with a diameter of 2 cm absorbed the highest
fat (15.83%), which was 4.66% higher than the

Figure

3 cm samples (11.17%). The lowest fat content
was the 3 cm fish balls (11.17%), followed by the
3.5 cm samples (11.83%). Larger samples such
as 3-3.5 cm retain moisture effectively during
drying, forming a relatively stable anti-permeable
surface layer and reducing the capillary force of
oil absorption after frying [9]. The 3 cm sample
after drying reduced 6.41% compared to the
control sample. Therefore, 3 cm diameter fish ball
samples were selected as a fixed factor for the
subsequent experiments.

Pre-drying reduces the surface moisture,
leading to reduce oil absorption by limiting the oil
diffusion into the product through the capillaries.
The results in Figure 2 show that the fat content
changes significantly with the drying temperature.
As compared to the control sample (17.58% fat),
all pre-drying samples have significantly lower fat
content. At 70°C, the fat content was the lowest
(11.33%), 1.6 times lower than the control sample.
Drying at 100°C resulted in the highest fat content
(13.67%) among the pre-drying samples. This may
be due to excessively high drying temperature
causes surface microstructure damage [8, 9]
leading to increased oil absorption during frying
[3, 8] . This aligns with the study of Karacabey
et al. about pre-drying carrot [10]. Based on
this result, the drying temperature of 70°C was
identified as the most optimal parameter and was
selected to conduct further research.

Longer drying promotes moisture
reduction, leading to decreased fat absorption

time

1. Effect of fish ball diameter (a), drying temperature (b) and (c) drying fime on fat
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[6]. As shown in Figure 3, when drying time was
5 minutes, the fat content was highest (11.83%)
among other dried samples. The lowest fat content
(8.17%) was observed in the sample with a drying
time of 20 minutes- a reduction of 9.41% compared
to the control sample. The fat content at 25 minutes
increased slightly to 11%, due to excessive drying
time leads to alterations in product structure and
impacts oil absorption during frying. Therefore,
a drying time of 20 minutes was identified as
optimal to reduce the fat absorption of fish balls.

3.2. Effect of fish ball diameter, ultrasound
temperature and ultrasound time on fat content
with ultrasound as pre-frying treatment

In theory, smaller sizes have a higher surface
area to volume ratio, allowing increased interaction
with ultrasound waves, forming small capillaries,
promoting moisture evaporation, and limiting
oil absorption during frying [2]. As shown in
Figure 4, the 2.5 cm diameter sample achieved the
lowest fat content (6.33%), all ultrasound-assisted
samples had significantly lower fat content than
the control, confirming the fat reduction efficiency
of this method. This can be explained by the
distribution of ultrasound waves and the different
levels of tissue damage. However, excessively
small or large samples caused adverse effects
due to uneven ultrasound energy distribution.
This finding aligns with previous research about
vacuum-fried Pleurotus eryngii [7]. Therefore, a
diameter of 2.5 cm was considered the optimal
diameter to reduce oil absorption and was selected

for the subsequent experiments.

Ultrasound pre-frying
recognized for reducing oil absorption through
cavitation, which alters the microstructure, such
as protein network and porosity structure [11].
As shown in Figure 5, the control sample without
ultrasound treatment had the highest fat content
(17.58%). With ultrasound temperature of 50°C
to 70°C, the fat content tended to decrease and
reached the lowest at 70°C (5.33%). However,
at 80°C, the fat content reached the highest
(10.33%).This result is consistent with a previous
study on potatoes, chicken, and mushrooms [2,
12]. When the temperature was excessively low
(<40°C), the cell changed minimally, and the fat
content decreased suboptimal. On the contrary,
excessively high temperature (>70°C) caused
protein denaturation or disrupted tissue structure,
leading to increased oil absorption during frying.
Based on this result, the ultrasound temperature of
70°C was the most optimal and was selected for
subsequent experiments.

Longer ultrasound time increases cell disruption
and tissue shrinkage; however, exceeding the
threshold may cause excessive structural damage
[12]. Figure 6 shows that the lowest fat content
(5.67%) was at the sample treated with ultrasound
for 20 minutes. In addition, the fat content was
14.67% with short treatment time (5 minutes)
and showed substantial fat reduction with longer
treatment time (from 15 to 25 minutes). This
result is in agreement with previous research on

as treatment  is

Figure 2. Effect of fish ball diameter (a), ultrasound temperature (b) and ultrasound fime (c)
on fat content. Different letters (a-e) indicate significant differences (p < 0.05).
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ultrasound-assisted frying of sweet potatoes,
where a processing time of 20 minutes was
likewise identified as the optimal condition [11].
The consistency indicated that the generality of
cavitation effects through biological materials.
Overall, 20 minutes of ultrasound treatment was
the optimal selection for the production of low-fat
fried fish balls.

4. Conclusion

The results show that both drying and ultrasound
treatments significantly reduce the fat content in
fish balls compared to the control sample. For the
drying treatment, the optimal conditions of fish
ball diameter, temperature, and drying time were

3 cm, 70°C, and 20 minutes, respectively. Under
this condition, the fat content decreased to 8.17%,
corresponding to a reduction of 9.41% compared
to the control sample. For the ultrasound method,
the optimal conditions were obtained with 2.5
cm diameter fish balls, ultrasound treatment at
70°C for 20 minutes. Under this condition, the fat
content was only 5.33%, a reduction of more than
12% compared to the control sample. Comparison
of the two treatments indicated that ultrasound
treatment was more effective than drying in
both
treatments maintained the acceptable structure,

reducing oil absorption. Nevertheless,

crispness, and sensory attributesm
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UNG DUNG KY THUAT SAY VA SIEU AM DE GIAM CHAT BEO
TRONG SAN XUAT CHA CA THAC LAC

® NGUYEN TRAN BAO CHAU
Trudng Dai hoc Céng Thuang Thanh phd H& Chi Minh

TOM TAT:

Nghién ctru nham phat trién quy trinh san xuat cha ca vién an lién it béo tir c4 thac lac thong
qua hai phuong phap xir Iy nguyén liéu trudce khi chién 1a siy va siéu am. Ca hai phuong phap
déu hudng dén muc tidu giam kha ning hip thu dau trong qua trinh chién, qua d6 nang cao gia
tri dinh dudng va dap (mg xu hudéng tiéu dung thyc pham lanh manh. Qua trinh siy dugc khao
sat véi 3 yéu to: Kich thuéce duc‘mg kinh vién, nhiét do va thoi gian sdy. Két qua cho thay, véi
vién cha c4 c6 dudng kinh 3 cm, siy & 70°C trong thoi glan 20 phut giup giam ham lugng chit
béo xudng con 8.17%. Ddi véi phurong phap siéu am, cic yéu td khao sat bao gom: kich thude
duong kinh vién, nhiét d6 va thoi gian xir Iy. Két qua 1a duong kinh vién 2.5 cm, nhiét do 70°C
va thoi gian siéu 4m 20 phut giup giam ham luong chat béo xubng con 5.33%. Két qua nghién
ciru khang dinh hiéu qua rd rét ciia ca hai phwong phap trong viéc giam ham luong chat béo cho
san pham, dong thoi van duy tri chat lugng cam quan san pham. Dy 1a nhitng hudng tiép can
tiém ning, kha thi va co thé ing dung rong rai trong phat trién cac san pham thyc pham it béo.

Tir khéa: cha ca vién, hap thy, chét béo, siy, siéu am.
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