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Abstract. The Indian scad (Decapterus russelli) is the main catch in the Kei
Islands, Southeast Maluku Regency, Maluku Province. This species holds high
economic value and has strong potential to be processed into ready-to-eat food
products, including smoked fish packaged in pouches. This study aimed to
evaluate the effects of smoking duration and fish size on the drying rate, pH (Aw),
and sensory characteristics of smoked Indian scad. In addition, microbiological
assessments, including Total Plate Count (TPC) and detection of Listeria
monocytogenes, were performed, along with chemical analysis of Polycyclic
Aromatic Hydrocarbons (PAHSs), to verify product safety. A factorial completely
randomized design (FCRD) was used, with two treatment factors: smoking
durations (6, 12, 18, and 24 hours) and fish sizes (small: 16-21 cm, medium: 22—
27 cm, large: 28-33 cm), each with three replications. The results showed that
medium-sized fish (22-27 cm) smoked for 24 hours yielded the best outcomes,
producing smoked fish with superior physicochemical and organoleptic
characteristics while meeting the microbiological and chemical safety thresholds
stipulated by food quality regulations. These findings support the development
of high-quality, safe, and marketable smoked fish products

Keywords: Indian Scad, Microbiology, Organoleptic, Size-Dependent
Processing, Smoking

1 Introduction

Capture fisheries in Indonesia play a crucial role in ensuring national food security,
particularly in the eastern coastal regions, such as the Kei Islands in Southeast Maluku
Regency. One of the primary fishery commodities from these waters is the Indian scad
(Decapterus russelli), a small pelagic species with high economic value [1] and abun-
dant year-round [2,3]. According to data from Statistics Indonesia [4], the total marine
fisheries production in Southeast Maluku Regency reached 94,907.70 tons, with Indian
scad contributing 6,053.80 tons—making it the third-largest contributor after mackerel
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and scad. Research by [5] indicates that fresh Indian scad has a nutritional composition
0f 22.96% protein, 0.83% fat, 72.67% moisture, 2% ash, and 13 mg N/100 g total vol-
atile base (TVB), with a total plate count (TPC) of <2.5 x 10> CFU/g. Its protein content
exceeds that of mackerel (22.01%) and sardine (20.36%). However, Indian scad is
highly perishable and prone to rapid spoilage, requiring immediate post-harvest han-
dling to preserve its quality. One way to do this is to process it into value-added food
products, such as ready-to-eat smoked fish preparations.

Smoking has become an increasingly popular processing technique due to its ability
to extend shelf life and enhance sensory quality without significantly reducing protein
content [6]. In addition, hot smoking offers advantages in terms of processing efficiency
and produces a distinctive aroma and color that are preferred by consumers. Chemical
compounds present in smoke, such as phenols and carbonyls, act as natural antioxidants
and antimicrobial agents, helping to maintain the quality of fish during storage [7,8].

The success of the smoking process is primarily determined by three critical param-
eters: water activity (Aw), acidity level (pH), and drying rate. Water activity is a key
indicator in assessing microbiological stability and food safety, where a low Aw value
is positively correlated with extended shelf life [9]. Meanwhile, pH influences chemical
stability and microbial growth, while the drying rate reduces moisture content and en-
hances product texture [10]. The interaction among these three parameters has a signif-
icant impact on the final product quality, affecting both sensory attributes and safety.

Previous studies have confirmed that variations in raw material size and smoking
duration significantly affect the physicochemical parameters of the final product.
Larger fish tend to require longer drying times and exhibit higher water activity (Aw)
values compared to smaller ones. At the same time, extended smoking duration can
reduce Aw and enhance the product's resistance to microbiological spoilage [9]. How-
ever, integrated studies that systematically evaluate the combined effects of smoking
duration and fish size on the overall quality parameters remain limited, particularly for
local commodities such as Decapterus russelli.

This study aims to assess how different smoking durations (6, 12, 18, and 24 hours)
and fish sizes classified as small (16-21 cm), medium (22-27 c¢m), and large (28-34
cm) affect the drying rate, pH, water activity (Aw), and sensory quality of smoked In-
dian scad (Decapterus russelli). The goal is to provide a scientific basis for producing
high-quality, safe, and shelf-stable smoked fish products while promoting sustainable
post-harvest practices

2 Materials and Methods

2.1 Research Time and Place

This research was carried out from December 2024 to February 2025 at the Marine
Science and Technology Laboratory and the Laboratory of Preservation and Product
Diversification of Aquatic Resources, Faculty of Fisheries and Marine Sciences, IPB

University.
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2.2  Equipment and Materials

The materials used in this study included Indian scad (Decapterus russelli), collected
from the fishing village of Ohoi Sathean, Southeast Maluku Regency; salt; coconut
shells; freshwater; distilled water; label paper; and tissue paper. The equipment
consisted of a digital scale, pins, trays, smoked fish evaluation score sheets, a smoking
cabinet, a cold-smoking dryer, an HP23-AW SET-14 Rotronic water activity (Aw)
meter, and an Apera Instruments pH meter.

2.3 Processing of Smoked Indian scad

The smoking method used in this study refers to the procedure [11] with several
modifications. In this research, a 10% salt solution (based on the fish's weight) was
prepared, and a one-hour draining step was introduced, along with variations in
smoking duration. A fresh round of scad of various sizes, including small (16-21 cm),
medium (22-27 cm), and large (28-33 cm), were used. The fish were cleaned by
removing the internal organs, scales, and heads. They were then washed under running
water and filleted into a butterfly shape. The cleaned fish were soaked in a 10% NaCl
solution for one hour. The butterfly-shaped fillets were spread open properly to
maximize the surface area exposed to smoke. After soaking, the fish were drained for
one hour to reduce moisture content before undergoing the smoking process.

The drained Indian scads were clamped using aluminum holders and hung on racks
inside the smoking chamber. The process of smoking fish is carried out by using
coconut shell as fuel, which is burned in a smoking machine with a temperature control
between 55 °C and 60°C. The smoking durations varied, namely 6 hours, 12 hours, 18
hours, and 24 hours.

2.4  Testing of Smoked Indian Scad (Decapterus russelli)

Potential of Hydrogen (pH). The pH value was determined using a pH meter (Crison
Basic 20, Crison Instruments) according to the method described in [12] for measuring
acidity (pH) using a pH meter. Sample preparation of smoked tuna meat, as described
by [13], involved grinding 10 grams of meat and mixing it with 90 mL of distilled
water, followed by homogenization. The homogenized sample was subsequently meas-
ured for its pH value. Prior to measurement, the pH meter was calibrated using standard
buffer solutions of pH 4 and pH 7.

Analyses of Water Content (Moisture Analyzer, Ohaus MB 45). The water activity
(Aw) of the smoked fish was determined using a water activity meter. This measurement
required a 100-gram test sample. The study employed a Rotronic Water Activity Meter,
model HP23-4W-SET-14. The sample was placed in a tube, inserted into the 4w meter,
and left for approximately five minutes until the water activity value appeared. Each
measurement was repeated three times throughout the smoking process [14]
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Drying Rate. Three batches of fish were dried inside the smoking kiln. Each set of
fresh fish was weighed on a digital scale with the initial weight recorded as M1 (g) at
pre-loading inside the smoking chamber. The initial time, T1, when drying commenced,
was also recorded. As drying progressed, at regular 1-hour intervals, the drying fish
trays were brought out to measure their weight on a digital scale and recorded. This
continued until the weight became constant at safe moisture content on a dry basis [15].
The final weight was recorded as M2 and the final time as T2. The mean smoking rate
for the three batches was then determined. The drying rate of the fish was calculated
from equation 18 as given by [16]:

_dm _ M1-M2 [17]
dat ~ T2-T1
Mean drying rate:
Rmean = RHRSﬂ [18]

Rmean =3 R1 + R2 + R3 [8]

where R = Drying rate, dm = change in mass, dt change in time (h), M1 1=initial weight
of fresh fish, and M2 Final weight of dried fish.

Total Plate Count (TPC). The pour plate method was used to determine the total plate
count [19]. Microbial counts were measured using Plate Count Agar (PCA) medium,
which was sterilized in an autoclave at 121 °C and 1 atm for 15 minutes and then main-
tained at 50 °C. A 10 g sample of the emulsion was dissolved in 90 mL of sterile phys-
iological saline to obtain a 107! dilution. From this dilution, 1 mL was pipetted into 9
mL of sterile physiological saline to achieve a 1072 dilution, and the process was con-
tinued until a 1077 dilution was obtained. The solidified media were then incubated at
37 °C for 48 hours.

Listeria monocytogenes. The enumeration of Listeria monocytogenes was carried out
using the pour plate technique on Palcam agar medium supplemented with Palcam se-
lective supplement (1 mL per 250 mL of Palcam agar). A total of 0.1 mL of the appro-
priately diluted sample was transferred into a Petri dish containing Palcam agar me-
dium, then incubated in an inverted position at 35°C for 48 hours. The growth of Lis-
teria monocytogenes was characterized by grayish-green colonies surrounded by a
black zone. The total count of Listeria monocytogenes was determined based on the
Standard Plate Count (SPC) method, in which plates containing 25-250 colonies were
reported as Colony Forming Units (CFU) per gram [20].

Polycyclic Aromatic Hydrocarbons (PAHs). The analysis of PAH compounds in this
study was conducted using the HPLC (High-Performance Liquid Chromatography)
method 18-5-87/MU/SMM-SIG (HPLC), in accordance with the Indonesian National
Standard [21]. The determination of benzo(a)pyrene compounds was performed by
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mixing 10 g of the sample with 10 g of anhydrous sodium sulfate, followed by extrac-
tion with 100 mL of an n-heptane—ether (4:1) solvent mixture for 3 minutes and subse-
quent centrifugation. The residue was re-extracted with 10 g of a 1:1 n-heptane—ether
mixture, homogenized, and centrifuged again. The resulting supernatant was passed
through an alumina column, and the second eluate (50 mL) was collected and analyzed
using a spectrophotometer at an excitation wavelength of 295 nm and an emission
wavelength of 403 nm. A benzo(a)pyrene standard solution with concentrations ranging
from 0 to 10 mg/mL was used for calibration.

Organoleptic. Sensory analysis was conducted based on four key quality attributes:
appearance, texture, aroma, and taste. The test employed was the hedonic rating test, as
described in reference [22]. The panelists in this study consisted of 30 final-year stu-
dents from the Fisheries Product Technology Study Program who had completed the
Sensory Evaluation course. A 9-point hedonic scale was used, where a score of 1 indi-
cated "dislike very much" and a score of 9 indicated "like very much.

2.5  Data Analysis

Samples were analyzed based on the evaluation of pH, water activity (Aw), drying rate,
and organoleptic quality parameters. The best sample selection was determined by fur-
ther assessing Total Plate Count (TPC), Listeria monocytogenes, and Polycyclic Aro-
matic Hydrocarbons (PAHs).

The pH, Aw, and drying rate data were statistically analyzed using a Factorial Com-
pletely Randomized Design (CRD) [23], with treatments consisting of variations in
smoking duration (6, 12, 18, and 24 hours) and fish size (small: 16-21 cm, medium:
22-27 cm, and large: 28-33 cm), each replicated three times. Duncan's multiple range
test at a significance level of o = 0.05 was used to determine significant differences
between treatments. Organoleptic testing was conducted using a subjective evaluation
method on test samples by 30 semi-trained panelists, employing a 9-point hedonic scale
[24]. Since organoleptic data are ordinal, they were analyzed using the non-parametric
Kruskal-Wallis method, followed by pairwise comparison at a significance level of a =
0.05 to identify differences among treatment groups. The best treatment from this study
was further analyzed using a completely randomized design (CRD) for total plate count
(TPC), Listeria monocytogenes, and polycyclic aromatic hydrocarbon (PAH) analyses.
Data were processed using statistical software.
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3 Results and Discussion

3.1 Potential of Hydrogen (pH)

One of the most critical factors in determining the quality and safety of processed fish
products, including smoked Indian scad, is the pH value. It indicates that an increase in
acidity occurs throughout the smoking process, which may be attributed to smoke-de-
rived compounds such as organic acids (acetate, formate, propionate) that dissolve on
the surface of the fish [25]. As shown in Fig. 1, both smoking duration (0, 6, 12, 18,
and 24 hours) and fish sizes small (16-21 cm), medium (22-27 cm), and large (28-33
cm) significantly affected the pH value at a 95% confidence level (p < 0.05).
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Fig. 1 pH Value of Smoked Indian Scad

Notes: Lowercase superscript letters indicate significant differences among smoking durations, while upper-
case letters indicate significant differences among fish sizes. The analysis was conducted at a 95% confidence

level.

Across all fish size groups, smoking duration significantly reduced pH values, par-
ticularly in small-sized fish (16-21 cm), where the pH decreased from 5.84 (0 hours)
to 5.77 (18 hours), indicating an increase in acidity as smoking duration progressed. A
similar trend was observed in medium-sized fish (2227 cm), with the lowest pH value
(5.77) recorded at 18 hours of smoking. In contrast, large-sized fish (28-33 cm) exhib-
ited a more stable pH, showing no significant change throughout the smoking period.
This suggests a better inherent buffering capacity in the muscle tissue of larger fish,
possibly due to higher concentrations of structural proteins and functional compounds.
When comparing different fish sizes, significant differences were particularly evident
at the initial smoking stage (0 hours), with small fish showing the lowest pH, medium
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fish slightly higher, and large fish having the highest pH, indicating initial acidity dif-
ferences based on size. It also noted that pH reduction in smoked fish is influenced by
evaporation during the smoking process, which facilitates the absorption of acidic
smoke compounds into the muscle tissue, along with chemical reactions between phe-
nolic and carbonyl compounds and protein components [26]. However, after 24 hours
of smoking, pH values across all fish sizes converged and showed no significant differ-
ences, suggesting that extended smoking duration can normalize pH levels regardless
of fish size. Ideally, the pH of smoked fish should remain below 6.0 to enhance shelf
life and inhibit microbial growth [27, 28]. Smoke also contains volatile compounds
such as trimethylamine and ammonia, which can affect the acidity and overall quality
of smoked fish products. An increase in trimethylamine levels, resulting from protein
degradation during the smoking and storage processes, has been reported to influence
pH changes and product quality [29].

3.2  Water Activity (Aw)

Water activity (Aw) reflects the amount of unbound water available in food materials
[30]. The results of this study indicate that smoking durations of 6, 12, 18, and 24 hours
had a statistically significant effect on the water activity (Aw) of smoked Indian scad
(Decapterus russelli), with a 95% confidence level (p < 0.05). At the same time, fish
size did not show a significant difference. Aw values decreased progressively as the
smoking duration increased. Small-sized fish (1621 cm) exhibited the sharpest decline
in Aw, from 0.86 to 0.70 after 24 hours of smoking. In medium-sized fish (22-27 cm),
Aw dropped from 0.85 to 0.71, while in large-sized fish (28-33 cm), the decrease was
more gradual, from 0.85 to 0.75 (see Fig. 2).
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Fig. 2. Water activity (Aw) values of smoked Indian scad.

Notes: Lowercase superscript letters indicate significant differences among smoking durations, while upper-
case letters indicate significant differences among fish sizes. The analysis was conducted at a 95% confidence

level.
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This process demonstrates that smoking effectively reduces the product's moisture
content, thereby lowering the risk of pathogenic microbial growth. This finding is con-
sistent with a study by [31], which stated that longer smoking durations significantly
decrease water activity (Aw), slow down enzymatic activity and microbial growth, and
consequently extend the shelf life of smoked fish.

3.3 Drying Rate

The results of the study showed that fish size (small: 16-21 cm, medium: 22-27 cm,
and large: 28-33 cm) and smoking duration (6, 12, 18, and 24 hours) had a statistically
significant effect on the smoking rate of smoked Indian scad (Decapterus russelli) at a
95% confidence level (p < 0.05) (see Fig. 3).
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Fig. 3. Drying rate of smoked fish

Notes: Lowercase superscript letters indicate significant differences among smoking durations, while upper-
case superscript letters indicate significant differences among fish sizes. The analysis was conducted at a
95% confidence level.

In this study, the drying rate decreased with increasing fish size and smoking duration.
In small-sized fish, the drying rate ranged from 12.07 to 10.28 g/h, indicating a rapid
dehydration process due to a larger surface area, which allows for more efficient heat
and mass transfer. Meanwhile, medium-sized fish (22-27 cm) exhibited a decrease in
drying rate from 4.03 to 1.70 g/h, and large-sized fish showed the lowest values, ranging
from 4.94 to 1.42 g/h after 24 hours of smoking. This decline in drying rate indicates
that during the initial stage of hot smoking, moisture evaporation occurs rapidly due to
the high vapor pressure difference between the fish surface and the surrounding air.
However, in the subsequent stage, the drying rate decreases as the surface moisture
content is reduced and a drier outer layer forms as a result of elevated temperatures
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(approximately 60—-80°C), which inhibits further diffusion of moisture from the inner
tissue to the surface. This phenomenon is also influenced by fish size, where larger fish
have a smaller surface area-to-volume ratio, resulting in slower heat transfer and mass
diffusion. This condition aligns with the principle of hot smoking, which utilizes
elevated temperatures to accelerate initial dehydration, enhance the absorption of
smoke compounds such as phenols and carbonyls, and reduce moisture content until a
stable level is achieved during storage. The findings of this study are consistent with
the report by [6], which stated that hot smoking improves drying efficiency, produces
a firmer texture and stronger smoky flavor, and extends the shelf life of smoked fish
products. Therefore, controlling the drying rate during hot smoking is a key factor in
achieving an optimal balance between effective dehydration and the desired sensory
quality of the final product.

3.4  Organoleptic

Organoleptic evaluation is a crucial sensory assessment method used to evaluate the
quality of food products, particularly processed foods such as smoked fish. This evalu-
ation involved 30 semi-trained panelists (final-year students from the Fisheries Product
Technology Study Program who had completed the Sensory Evaluation course) using
a 9-point hedonic scale [19]. As shown in Figures 4-7, the organoleptic attributes as-
sessed included appearance, aroma, taste, and texture, which the panelists evaluated on
smoked Indian scad samples subjected to different smoking durations and fish sizes.

Appearance. The primary factors in selecting a product for tasting are its appearance
and color. Based on Fig. 4, it can be observed that the treatment of small-sized Indian
scad (16-21 cm) with smoking durations of 6, 12, 18, and 24 hours resulted in
fluctuating appearance scores compared to medium and large-sized smoked fish. It is
likely due to the smaller size of the fish, which leads to higher smoke absorption,
resulting in a more brittle texture and a darker, charred appearance. This finding is
consistent with the study by [32], which stated that optimal smoking duration produces
smoked fish with a shiny, uniform brownish appearance. In contrast, excessive heat
during smoking leads to visual degradation, lowering the appearance score.
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Fig. 4. Organoleptic diagram of appearance evaluation for smoked Indian scad.

For medium-sized (22-27 cm) and large-sized (28-33 cm) Indian scad, the
appearance scores increased with longer smoking durations. This is likely due to the
relatively larger surface area of these fish sizes, which enhances browning reactions
(Maillard reaction) and fat caramelization, resulting in a golden-brown appearance that
was visually appealing to the panelists.

Based on the organoleptic appearance scores of the smoked Indian scad in this study,
the medium-sized fish (22—-27 cm) smoked for 24 hours achieved the highest acceptance
score for appearance among all treatments. The appearance scores for smoked fish in
this study met the quality requirements outlined in the Indonesian National Standard
[19], which stipulates a minimum sensory score of 7 for acceptable quality.

Texture. Texture is one of the key parameters in organoleptic evaluation, as it engages
both the sense of touch and sight in assessing the surface characteristics of smoked fish
products and determining their suitability for consumption or intended use. Based on
Fig. 5, it is evident that all treatments involving different fish sizes and smoking dura-
tions showed an increase in texture scores as the smoking time progressed. Organolep-
tic evaluations revealed a consistent improvement in texture scores for smoked Indian
scad from 6 to 24 hours of smoking across all size categories, with texture values rang-
ing from 7.20 (firm, compact, and moderately cohesive muscle structure) to 8.47 (firm,
compact, and highly cohesive muscle structure), reflecting increased panelist ac-
ceptance over time. This suggests a more visually appealing texture quality, likely due
to enhanced surface browning and uniform smoke absorption, resulting in improved

drying.
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Fig. 5. Organoleptic diagram of the texture test for smoked Indian scad

Based on the organoleptic texture test of smoked Indian scad in this study, the medium-
sized fish (2227 cm) smoked for 24 hours achieved the highest acceptance score
among all treatments. The texture values in this sensory evaluation met the quality re-
quirements of the Indonesian National Standard [19], which specifies a minimum sen-
sory score of 7.

Aroma. Aroma is a crucial parameter in organoleptic testing, as it involves the sense
of smell and plays a key role in perceiving food's overall palatability and distinctive-
ness. According to Fig. 6, the aroma scores for smoked Indian scad with smoking du-
rations ranging from 6 to 24 hours across all fish size treatments varied between 7.07
and 8.67. The results indicate that longer smoking durations led to aromas that the pan-
elists increasingly preferred. This is attributed to the combination of characteristic aro-
mas such as woody, smoky, burnt, and fatty notes developed during the smoking pro-
cess [32].

Based on the organoleptic aroma evaluation of the smoked Indian scad produced in
this study, the medium-sized fish (22—27 cm) smoked for 24 hours achieved the highest
acceptance score among all treatments. The aroma attribute in this sensory assessment
met the quality standards outlined in [19], which requires a minimum sensory score of
7.
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Fig. 6. Organoleptic diagram of aroma test for smoked indian scad

Taste. The taste, as determined by organoleptic evaluation, is one of the most critical
factors in determining the overall value of a food product. According to [33], smoke
components such as phenols, acetic acid, and carbonyl compounds that are absorbed
into the fish contribute to the distinctive flavor characteristic of smoked fish.
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Fig. 7. Organoleptic diagram of a taste test for smoked Indian scad.

Based on Figure 7, all treatments involving different fish sizes and smoking dura-
tions showed an increase in taste scores as smoking time increased. The organoleptic
evaluation revealed a steady improvement in taste scores for smoked Indian scad across
all size categories, with smoking durations ranging from 6 to 24 hours, resulting in
scores between 7.33 (acceptable) and 8.73 (highly acceptable). This reflects a growing
level of acceptance among panelists over time. The findings suggest enhanced overall
quality, possibly due to improved surface browning and more uniform drying resulting
from consistent smoke absorption.

Regarding taste, the 24-hour smoking treatment yielded the highest scores across all
fish size groups, with the highest value (8.73) observed in the 22-27 cm and 28-33 cm
size groups. These scores indicate that longer smoking durations enhance flavor devel-
opment, likely due to more complete Maillard reactions and more optimal smoke ab-
sorption. Meanwhile, the smallest group also showed improvement, though its maxi-
mum score was slightly lower at 8.67. The results of this study demonstrate that longer
smoking durations, particularly for larger fish, yield more favorable sensory attributes,
particularly aroma and taste. The taste scores in this sensory evaluation met the quality
requirements outlined in [19], which stipulate a minimum sensory score of 7.

3.5 Microbiology and Chemistry

Based on panelist acceptance (organoleptic evaluation), the treatment using medium-
sized smoked fish (22-27 cm) with a smoking duration of 24 hours was identified as
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the best treatment for determining microbiological values, including log (TPC) and Lis-

teria monocytogenes, as well as chemical parameters such as PAHs, as presented in
Table 1.

Table 1. Quality standards and results of the best smoked Indian scad treatment.

No Parameter Results of the Unit Quality Requirements
best smoked
Indian scad (16—
21 cm)
I TPC 9.6x10? Colonies/g 5 x 10°(SNI2725:2013)
I Listeria monocytogenes Not detected Negative /25 g (CCFFP)
I Polyaromatic hydrocarbon (PAH) Codex Alimentarius, (2009)
1 Acenaphthylene Not detected Mcg/kg Negative
2 Indeno (1.2.3-cd) pyrene Not detected Mcg/kg Negative
3 Benzo (g.h.i) perylene Not detected Mcg/kg Negative
4 Dibenzo (a.h) anthracene Not detected Mcg/kg Negative
5 Benzo(a)pyrene Not detected Mcg/kg Negative
6 Chrysene Not detected Mcg/kg Negative
7 Bennzo(k)fluoranthene Not detected Mcg/kg Negative
8 Benzo(b)fluoranthene Not detected Mcg/kg Negative
9 Benzo (a) anthracene Not detected Mcg/kg Negative
10 Pyrene Not detected Mcg/kg Negative
11 Fluoranthene Not detected Mcg/kg Negative
12 Anthracene Not detected Mcg/kg Negative
13 Phenanthrene Not detected Mcg/kg Negative
14 Fluorene Not detected Mcg/kg Negative
15 Acenaphthene Not detected Mcg/kg Negative
16 Naphthalene Not detected Mcg/kg Negative

The analysis results showed that the total plate count (TPC) of the smoked Indian
scad was 9.6 x 10? colonies/gram, while the maximum allowable limit according to SNI
2725:2013 is 5 x 10° colonies/gram [19]. This indicates that the smoked fish products
produced in this study are still within the safe range based on the total microbial count.
The low TPC value, which remains below the threshold, is attributed to the use of
coconut shells and husks as the smoke source. Due to their phenolic content, smoke
components possess bactericidal and bacteriostatic properties, effectively inhibiting
bacterial growth [34].

Listeria monocytogenes was not detected in the smoked Indian scad samples pro-
duced in this study (see Table 1). This finding indicates that the processing practices
were conducted under good sanitary standards and that the smoking process provided
an antimicrobial effect. According to [35], smoking fish at specific temperatures and
durations can reduce the risk of Listeria monocytogenes contamination to levels below
the detection limit.

None of the 16 PAH (polycyclic aromatic hydrocarbon) compounds were detected
in the smoked Indian scad samples. This is a highly favorable outcome, as PAHs, par-
ticularly benzo[a]pyrene, are carcinogenic compounds that can form during the smok-
ing process if fuel type or temperature is not controlled correctly. The absence of PAHs
indicates that the smoking process was conducted with optimal control over tempera-
ture and fuel type. According to [36], both direct and indirect smoking methods influ-
ence the PAH content in smoked fish and meat products. This study employed a cold
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smoking (indirect) system, where the heat source does not directly contact the fish's
body. Several studies on PAH content in smoked meat and fish have shown that tradi-
tional processing conditions, such as direct exposure to smoke, high temperatures in the
combustion chamber, and the use of certain types of wood as fuel, can lead to contam-
ination of the final product with PAHs [36, 37]. Furthermore, the limit of detection
(LOD) value of 0.004 mg/kg (4 pg/kg) represents the typical detection threshold for
PAHs using GC-MS in food matrices, in accordance with EU Regulation [38] and [39],
which concern the maximum limits of PAHs in food products. The "Not Detected" re-
sult, therefore, indicates that the PAH concentrations in the samples were below the
LOD value. With this level of sensitivity, the analytical method employed by PT
Saraswanti Indo Genetech (SIG) is considered highly reliable and scientifically valid
for detecting PAHs, even when coconut shells were used as the smoking fuel source.

4 Conclusion

The study found that medium-sized Indian scad (22—-27 cm) smoked for 24 hours pro-
vided the best combination for achieving optimal physicochemical and sensory quality,
while also complying with microbiological and chemical safety standards.
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