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Abstract

This study evaluated the effectiveness of thermal processing using an
electric oven air fryer at 180 °C for 15 minutes on the microbial safety and
nutritional quality of fermented fish (Pla Som). The aim of the study was
to compare nutrition values and microbial safety of Pla Som between
pre- and post-heat treatment values. Proximate compositions including
energy, protein, carbohydrate, total fat, and saturated fat content were
analyzed pre- and post-treatment using AOAC standard methods.
Nutritional analysis indicated significant increases in energy (12.7%),
protein (16.5%), and carbohydrates (547.9%), alongside reductions in
fat energy (8.7%), total fat (10.8%), and saturated fat (16.6%). However,
sodium and cholesterol levels rose by 29.9% and 15.0%, respectively, ash
content increased by 4.9%, and moisture content decreased by 14.1%.
Thermal processing effectively improved microbial safety. Microbial
analysis revealed complete elimination of Escherichia coli, yeasts, and
molds, with initial counts of E. coliat 2.7 x 10* CFU/g and yeasts and molds
at 2.5 x 10°® CFU/g, all reduced to less 3 and 10 CFU/g at post-treatment.
No proliferation of E. coli occurred over 15 days of refrigerated storage.
The certain nutritional aspects, elevated sodium and cholesterol levels
may pose health considerations for specific consumer groups, warranting
further investigation.
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have emerged as promising approaches to reduce
oil absorption and caloric density while preserving
sensory quality; however, their application to
fermented fish remains underexplored.? Pla Som
is a traditional fermented fish product in Thailand ,
typically consumed after deep frying in oil, a practice
that enhances flavor and texture but substantially
increases caloric content and fat intake, posing
potential health risks for individuals with dietary
restrictions.?

Air fryers can limit calories have gained popularity
due to their ability to reduce cholesterol and lean
fat. They have gained significant popularity as a
cooking device that reduces calorie content in foods.*
Unlike traditional deep-frying, which immerses food
in oil, air frying circulates hot air to achieve a similar
crispy texture, resulting in food with 70-80% fewer
calories.® The exterior of air-fried foods retains a
familiar crunch, while the interior remains tender,
offering a sensory experience comparable to deep-
fried dishes.® For optimal health benefits, the choice
of nutritious ingredients, such as lean proteins and
vegetables, is critical. One major advantage of
air fryers is their ability to eliminate the need for
oil, significantly lowering fat and calorie intake.”
This reduction in unhealthy fats, particularly trans
fats found in many fast foods, is associated with
decreased risks of cardiovascular diseases and
other chronic conditions. Air frying has been shown
to minimize the formation of harmful compounds
like acrylamide,® which can occur during high-
temperature cooking processes such as deep
frying."?

Pla Som, a traditional Thai fermented fish product'
is prepared by thoroughly cleaned fish to remove
scales, gut and impurities and then make frequent
incision the flesh with diagonal cuts. The fermentation
process involves mixing the prepared fish with
cooked sticky rice, garlic, and Rock salt, kneading
the mixture by hand for 10-20 minutes, and then
packing it into clean containers. The prepared fish
is then sealed to avoid contamination and stored
in a cool, dark area to ferment for 3—4 days at
room temperature, or 5—7 days in cooler climates
then called Pla Som, fermented fish.'> Properly
fermented Pla Som is safe for consumption'
and offers a distinctive sour flavor profile that is
widely appreciated in Thai cuisine, moreover, it
has been anticancer properties." Studies have
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demonstrated that fermented fish products like
Pla Som are microbiologically safe and provide
unique nutritional benefits.'™ A previous study
explored the microbiological safety aspects of Pla
Som, a traditional Thai fermented fish product, and
highlighted its unique nutritional benefits. Results
confirmed that properly fermented Pla Som is safe
for consumption and provides distinctive nutritional
value.'® Traditional methods of Pla Som preparation
and storage carry risks of microbial contamination,
particularly from Escherichia coli, yeasts, and
molds which can pose significant health hazards to
consumers. Previous studies have examined the
microbial safety and nutritional profiles of fermented
foods'” but limited attention has been given to the
impact of thermal processing on both microbial
reduction and the nutritional composition of Pla Som.
Previous research focused on chemical preservation
methods or fermentation processes without
exploring the effectiveness of heat treatment as a
viable solution.'® This study addressed this research
gap by evaluating microbial safety after heat
treatment and its associated effects on nutritional
composition. By integrating thermal processing as
a potential intervention, this study offers insights into
improving food safety while balancing the nutritional
quality of traditional fermented fish products. This
approach fills a critical gap in understanding how
air frying can be applied to Pla Som to reduce and
control calorie intake, microbial safety, and nutritional
quality. This study evaluated the effectiveness of
thermal processing at 180 °C for 15 minutes in
eliminating microbial contaminants in Pla Som while
also analyzing the impact on product nutritional
composition.

Materials and Methods

Sample Preparation

Fresh fermented fish (Pla Som) was sourced
from local producers in Mahasarakham province,
northeastern,Thailand. Pla Som was prepared
by thoroughly cleaned fish to remove scales, gut
and impurities and then make frequent incision the
flesh with diagonal cuts. The fermentation process
involves mixing the prepared fish with cooked sticky
rice, garlic, and rock salt, kneading the mixture by
hand for 10—20 minutes, and packing it into clean
containers according classical Thai traditional
methods." The prepared fish is then sealed to
avoid contamination and stored in a cool, dark area
to ferment for 3—4 days at room temperature. They
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were stored under refrigerated conditions before
processing.

Thermal Processing

An electric oven air fryer (model: Seagull Brand,
AF-21-1; 650001243, manufacturer: Thai Stainless-
Steel Co., Ltd., Thailand) was preheated to 180
°C. The samples were placed in the oven and
subjected to heat treatment for 15 minutes. The
internal temperature of the fish was monitored using
a calibrated digital thermometer to ensure uniform
heating.

Microbiological Analysis

Microbial loads of Escherichia coli, yeasts, and molds
were quantified before and after thermal treatment.
Standard plating techniques were employed, with
samples inoculated on selective media: MacConkey
agar for E. coli and Potato Dextrose Agar for yeasts
and molds. The plates were incubated at 37 °C
for 24 hours (E. coli) and 25 °C for 5 days (yeasts
and molds). The microbiological analyses were
performed using AOAC standard methods."®

Nutritional Analysis

Proximate compositions including energy, protein,
carbohydrate, total fat, and saturated fat content
were analyzed pre- and post-treatment using AOAC
standard methods.' Sodium and cholesterol levels
were quantified using ion-selective electrode analysis
and enzymatic methods, respectively. The nutritional
composition of the samples was analyzed according
to AOAC-approved methods. Energy content was
measured using bomb calorimetry following AOAC
(2019) 985.29 guidelines.” Protein content was
determined using the Kjeldahl method following
AOAC (2019) 992.06." Carbohydrate content was
calculated by difference using the method outlined in
AOAC (2019) 994.10."5 Total fat and fat energy were
analyzed using Soxhlet extraction in accordance with
AOAC (2019) 948.15."° Saturated fat was measured
following AOAC (2019) 996.06."° Cholesterol content
was determined using gas chromatography following
AOAC (2019) 994.10." Moisture and ash contents
were determined using AOAC (2019) 942.23 and
AOAC (2019) 984.27," respectively. Sodium
and calcium levels were quantified using atomic
absorption spectroscopy, adhering to the protocol
in AOAC (2019) 977.20."
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Storage Conditions and Post-Processing Testing
The processed samples were stored at 4 °C for
15 days. E. coli proliferation during storage was
monitored on days 0, 5, 10, and 15 using AOAC
standard methods.'

Statistical Analysis

Data were analyzed using the Statistical Package for
the Social Sciences (IBM SPSS Statistics, Version
25.0 for Windows, 2011; IBM Co., Somers, NY, USA).
Microbial reductions and nutritional changes were
evaluated using paired t-tests, with significance set
atp <0.05.

Results

Nutritional Composition

Nutritional analyses revealed that heat treatment
positively influenced the nutritional profile by
increasing energy, protein, and carbohydrate content
while reducing total and saturated fats. These findings
supported the dual role of thermal processing in
enhancing nutritional value and ensuring food safety.
However, the sodium and cholesterol levels were
increased. Thermal processing altered the nutritional
profile of Pla Som. Energy content increased by
8.5%, protein by 12.4%, and carbohydrates by
15.2% (Figure 1) while fat energy, total fat and
saturated fat, decreased by 8.7%, 10.8%, and
16.6%, respectively (Figure 2). Sodium levels
increased by 29.9% and cholesterol increased
by 15.0% (Figure 3). Heat treatment significantly
altered the nutritional composition of Pla Som
(Table 1). Energy content increased from 208.88
kcal to 235.38 kcal (+12.7%), protein from 16.73 g to
19.50 g (+16.5%), and carbohydrate from 1.17 g to
7.57 g (+547.9%). Conversely, fat energy decreased
from 137.46 kcal to 125.50 kcal (-8.7%), total fat from
15.40 g to 13.73 g (-10.8%), and saturated fat from
6.45 g t0 5.38 g (-16.6%). Sodium levels increased
from 1108.19 mg in raw Pla Som to 1439.09 mg in
cooked Pla Som (+29.9%), cholesterol rose from
91.00 mg to 104.68 mg (+15.0%), and ash content
increased from 3.67% to 3.85% (+4.9%) while
moisture content decreased from 63.32% to 54.38%
(-14.1%). The texture was crispy outside and soft
inside with lean fat.
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Fig 1: Comparison of pre- and post-heat treatment Pla Som values for energy,
protein and carbohydrate. Values increased after heat processing

200
180
160
140
120
100

80

60

40

i .
o -- .

Fat energy(keal) Total fat(g) Saturated fat(g) Calcium(g)

H pre-heat treatment Epost-heat treatment

Fig 2: Comparison of pre- and post-treatment Pla Som values for fat energy, total fat,
saturated fat and calcium. Values decreased after heat processing
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Microbiological Analysis levels post-treatment. Yeasts and molds reduced
The heat treatment effectively eliminated Escherichia ~ from 2.5 x 10® CFU/g to less than 10 CFU/g. No
coli, yeasts, and molds (Table 2). Initial microbial  E. coli proliferation was observed during the 15-day
counts of E. coli were 2.7 x 10* CFU/g, which  storage period.

reduced to less than 3 CFU/g to undetectable
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Fig 3: A clustered bar graph comparing pre- and post-treatment
Pla Som values for sodium, cholesterol, moisture and ash

Table 1. Nutritional composition Pla Som pre- and post-treatment showing the
paired t-test results for each nutrient along with their significance

Nutrient Pre-heat treatment (Mean * SD) Post- heat treatment (Mean £ SD)
Energy (kcal) 208.88 + 0.79° 235.38 +1.132
Protein (g) 16.73 + 0.58° 19.50 £ 0.63?
Carbohydrate (g) 1.17 £ 0.01° 7.57 £ 0.462
Fat energy (kcal) 137.46 + 0.612 125.50 + 0.78°
Total fat (g) 15.40 £ 0.48° 13.73 £ 0.56°
Saturated fat (g) 6.45 + 0.442 5.38 £ 0.10°
Calcium (mg) 177.72 £ 2.392 36.03 £ 0.67°
Sodium (mg) 780 £ 3.67° 925 + 11.422
Cholesterol (mg) 52 +0.67° 58 + 0.742
Ash (%) 3.67 £ 0.87 3.85+0.75™
Moisture content (%) 63.32 £ 0.072 54.38 + 0.07°

a.b different superscripts between columns indicate significant difference (p < 0.05).
"s indicates non-significant difference (p > 0.05).
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Table 2: Comparison between pre-treatment and post-treatment values of
Escherichia coli, yeast, and mold counts in fermented fish (Pla Som)

Microorganism

Initial count (CFU/g)

Post-processing count (CFU/g)

2.7 x 104
2.5 x10°

E. coli
Yeasts and molds

<3
<10

Discussion

The findings demonstrated that thermal processing
at 180 °C for 15 minutes eliminated microbial
contaminants such as Escherichia coli, yeasts, and
molds in fermented fish (Pla Som). This outcome
concurred with previous research highlighting the
susceptibility of these microorganisms to high-
temperature treatments.?’ The absence of E. coli
after 15 days of refrigerated storage emphasized
the reliability of this method in enhancing microbial
safety in ready-to-eat products.?'

From a nutritional perspective, the heat treatment
resulted in significant changes to the nutrient profile.
Energy, protein, and carbohydrate levels increased,
while total and saturated fat contents reduced.
These improvements concurred with Choopan
et al.?? (2021) who reported similar outcomes in other
thermally processed Thai fermented fish viscera, Tai-
Pla. The observed increase in carbohydrates was
attributed to the enzymatic or thermal breakdown
of complex carbohydrates into simpler, more
bioavailable forms, as documented in previous
studies.

Air fryer technology is known for its ability to reduce
calorie content and has gained widespread adoption.
Our findings concurred with Ferreira et al. (2015)%
who reported reductions in fat content through
minimal oil usage during thermal processing, with
cholesterol levels increasing by 15.0%, contradicting
reports suggesting that air frying generally leads to
cholesterol reductions due to reduced oil absorption.
This discrepancy resulted from unique thermal
interactions within the Pla Som, necessitating
further investigations to elucidate the underlying
mechanisms.

The 29.9% increase in sodium content aligned with
observations by Nurmilah et al. (2022),?* who noted
that heat treatment increased salt concentration due
to moisture loss. This finding underscores the need

for cautious sodium intake and also highlights an
opportunity to optimize fermentation and processing
techniques to mitigate sodium content. Excessive
sodium and cholesterol levels are well-documented
risk factors for cardiovascular health,?% emphasizing
the importance of addressing these issues in future
research.?

The broader implications of this study suggest that
while thermal processing enhanced the nutritional
value and safety of Pla Som, the accompanying
increases in sodium and cholesterol warrant
careful consideration. Strategies such as reducing
baking time, modifying the fermentation process,
or incorporating natural preservatives may offer
potential solutions. Combining thermal processing
with other preservation methods such as vacuum
packaging or natural antimicrobial agents could
improve safety without compromising nutritional
quality. Future research should also examine the
long-term health impacts of elevated cholesterol
levels after eating thermally processed Pla Som.

Conclusion

This study highlighted the efficacy of thermal
processing at 180 °C for 15 minutes as a robust
method for ensuring microbial safety and reducing
fat energy, total fat, and saturated fat but notably
increasing cholesterol levels of fermented fish
(Pla Som). The complete elimination of Escherichia
coli, yeasts, and molds alongside the absence of
E. coli proliferation during a 15-day refrigerated
storage period underscored the reliability of this
approach in mitigating foodborne risks in ready-
to-eat products. Heat treatment also enhanced the
nutritional profile of Pla Som by increasing energy,
protein, and carbohydrate contents while reducing
total and saturated fats. These changes suggested
that thermal processing serves the dual purpose of
improving both safety and nutritional value. However,
the observed increases in sodium and cholesterol
levels present potential health risks, particularly
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for consumers with dietary restrictions. Strategies
to optimize the fermentation process and mitigate
these drawbacks should be considered for broader
applicability and improved product healthfulness.
Despite its benefits, thermal processing alone
may not address all pathogenic microorganisms,
toxins, or oxidative changes in Pla Som. Future
research should explore the synergistic effects of
thermal treatments combined with complementary
preservation methods such as vacuum packaging,
natural antimicrobials, or modified fermentation
techniques to further enhance the safety, nutritional
quality, and shelf-life of Pla Som. This study
contributes valuable insights into the optimization of
fermented fish production, bridging microbial safety
and nutritional enhancements, and underscores
the importance of holistic approaches to improving
traditional fermented foods for modern dietary
needs.
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