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Abstract

Introduction: Olive (Olea europaea L.), a key economic fruit species primarily cultivated in the Mediterranean region, is
widely consumed as table olives and olive oil. Olive oil adulteration, a significant food fraud issue, typically involves mixing
lower-quality oils with extra virgin olive oil (EVOO), compromising its quality and nutritional value. This study explores the
use of electronic nose (e-nose) and computer vision (CV) systems to detect adulteration in EVOO.

Method: Four levels of adulteration (5%, 10%, 15%, and 20%) were simulated by blending lampante oil with pure EVOO.
The aroma and appearance of the pure and adulterated samples were captured using an e-nose system equipped with 13 gas
sensors and a CV apparatus. The collected signals and images were processed in MATLAB (R2021a, The MathWorks, USA)
for feature extraction, resulting in 78 odor-related features (13 sensors x 6 features) and 9 color-related features. These were
then used to train machine learning (ML) algorithms.

Results: Using e-nose data, the quadratic discriminant analysis (QDA) algorithm, combined with principal components
analysis (PCA), we achieved 100% accuracy in distinguishing pure from adulterated EVOO. With CV data, the PCA-QDA
model provided 98.50% accuracy. Furthermore, the partial least squares (PLS) algorithm predicted the percentage of
lampante oil adulteration with determination coefficients (R?) of 0.8565 in the training phase and 0.7858 in the evaluation
phase. These values dropped to 0.6983 and 0.4936, respectively, when only color features were used. However, by fusing
aroma and color data, the prediction accuracy significantly improved, with R2 values of 0.9266 for training and 0.9184 for
evaluation.

Discussion: The findings demonstrate that combining e-nose and CV data with appropriate ML algorithms allows highly
accurate detection of EVOO adulteration. Robustness tests, performed by intentionally altering the e-nose and CV data,
confirmed the models' reliability. Given the e-nose and CV systems' capabilities and the achieved performance, this approach
offers a fast, accurate, cost-effective, and non-destructive method for detecting adulteration in EVOO.

Keywords: Adulteration, chemometrics, electronic nose, image processing, data fusion.
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