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METHOD

Fish fat content, smoking temperature, and wood type were used as
input variables for predictive modeling of total PAH concentrations.
Multiple linear regression was performed in SPSS 25.0 (SPSS Inc.,
Chicago, IL, USA) to assess correlations (Tabachnick, B. G., &
Fidell, L. S. (2013)). Machine learning analyses were conducted in
WEKA, applying Linear Regression, SMOreg, Multilayer Perceptron,
M5P, Random Forest, and IBk for regression tasks, and Logistic
Regression, RandomTree, and J48 for classification tasks. Model
performance was evaluated using Correlation Coefficient, MAE,
RMSE, RAE, and RRSE, with 10-fold cross-validation ensuring
validation and robustness. (Aksu, G., & Doğan, N. (2010); Arora, R.,
& Suman, S. (2012); Hemlata. (2018).

The most critical food safety concerns is the contamination of
smoked fish with polycyclic aromatic hydrocarbons (PAHs), which are
toxic, carcinogenic compounds formed during the pyrolysis of organic
matter in smoking processes (Nizio et al., 2023).Traditional
monitoring methods for PAH concentrations often require extensive
laboratory analyses, which are time-consuming, labor-intensive, and
costly. Predictive modeling using statistical and machine learning
(ML) methods provides a complementary approach, enabling rapid
assessment and optimization of processing parameters to minimize
PAH levels. Machine learning, in particular, allows modeling of
nonlinear relationships and interactions among multiple variables,
providing enhanced predictive capability compared to classical
regression methods (Zhang et al., 2024). The present study aims to
(i) quantify the influence of key smoking parameters on total PAH
concentrations using multiple regression analysis, (ii) evaluate
various ML algorithms in WEKA for predicting PAH levels, and (iii)
compare classification models for fish species based on PAH-related
characteristics. This integrated approach is designed to support
evidence-based process optimization and risk reduction in smoked
fish production.

The approach offers a reproducible framework for monitoring and mitigating
PAH contamination in smoked fish, which can guide seafood producers in
optimizing processing conditions. Importantly, this framework establishes a
foundation for future studies, as it can be expanded with larger datasets,
additional variables (e.g., wet smoking, dry smoking), and new fish species,
thereby contributing to more comprehensive risk assessment models and
enhanced food safety strategies.

 Multiple Regression Analysis
Table1. The regression coefficients of the dataset

Predictor β B p-value Interpr etation

Fish fat content 0.444 0.685 0.002
Strong positive effect; each 1% increase in fat →

+0.685 units PAH

Smoking

temperature
0.384 0.035 0.005

Each 1°C rise in temperature significantly increases

PAH formation

Wood type 0.251 2.058 0.036
Wood composition and density moderately affect

PAH levels

1) Fish fat content emerged as the most influential factor. Higher
lipid content promotes PAH absorption during smoking, consistent
with previous studies indicating that lipophilic PAHs accumulate
preferentially in fatty tissues (Nizio et al., 2023).

2) Smoking temperature was also a strong determinant. Elevated
temperatures accelerate pyrolysis of wood and fish tissues,
generating more PAHs (Savin et al., 2024). These results align
with prior findings that controlling temperature is critical for
reducing carcinogenic PAHs.

3) Wood type had a moderate but statistically significant impact.
Different wood species contain varying lignin and cellulose levels,
which influence smoke composition and PAH generation (Zhang et
al., 2024).

• High-fat fish smoked at elevated temperatures using certain wood
types are particularly prone to higher PAH levels, emphasizing the
need for integrated control strategies in processing.

 Machine Learning Analysis

• Regression Models
1) M5P and Random Forest algorithms provided the most
accurate predictions, with lower RMSE and MAE values
compared to linear models. This indicates that tree-based
ensemble methods effectively capture nonlinear interactions
between fat content, temperature, and wood type.
2) Multilayer Perceptron performed moderately, suggesting
that neural networks can model complex relationships but
require larger datasets for optimal accuracy.
3) Linear Regression and SMOreg achieved satisfactory
results, supporting the regression analysis in SPSS and
confirming the strong linear relationships among predictors.

 Classification Models
RandomTree: Overall accuracy 84.3%
J48: Overall accuracy 86.7%
Logistic Regression: Overall accuracy 92.1%

1. Logistic Regression outperformed tree-based
methods, indicating strong capability in classifying
species with PAH-related characteristics and
handling nonlinear relationships effectively.

2. The results suggest that species-specific PAH
accumulation patterns are predictable using a
combination of chemical composition (fat content)
and processing parameters (temperature, wood
type).

3. Accurate species classification is critical for
traceability, food authenticity, and targeted risk
mitigation strategies in the seafood industry.

Figure1. The WEKA analysis result of the dataset's

The integration of ML allows both regression and classification 
analysis, enabling simultaneous estimation of PAH levels and 
identification of high-risk species or processing conditions.

This study is an innovative and pioneering study in the process of smoking 

foods and will provide support for smart technologies in the future.
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