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In this study, an intelligent machine-vision system was developed and evaluated for detecting
chicken gizzard adulteration in ground red mutton-veal meat, using digital images captured by
a mobile phone. To this end, standard samples of minced red meat (55% mutton and 45% beef)
with varying proportions of chicken gizzard (0 to 100%) were prepared, and images were
captured in a laboratory environment both directly from the sample surface and through plastic
wrap packaging. The color features (RGB) of the images were extracted using the MATLAB
image processing toolbox, and modeling was performed employing statistical and machine
learning methods, including Principal Component Analysis (PCA), Partial Least Squares
Regression (PLSR), and Multilayer Perceptron (MLP) neural networks. The best performance
of the linear PLSR model for estimating the adulteration percentage yielded an R?V=0.7 and
RMSEV=16.51 under conditions without plastic wrap, whereas the nonlinear MLP model
achieved an R2v=0.97 and RMSEV=6.673. These results were lower (0.9 and 12.54) for the
data acquisition through plastic wrap due to the light reflections caused by the covering.
Furthermore, the MLP classifier achieved classification accuracies of 85%, 96.4%, 92.6%,
73.7%, 76.2%, and 96.7% for adulteration levels 0-10%, 10—20%, 20—-30%, 30-40%, 40-50%,
and above 50%, respectively. The average precision, sensitivity, and F1 score for the
developed model were obtained as 0.975, 0.974, and 0.975, respectively. The results showed
that this non-destructive method is both fast and reliable for identifying gizzard fraud in ground
meat, and can serve as a basis for developing meat quality control systems.

Cite this article: Cite this article: Rezazadeh, M., Kiani, S., Ghasemi Varnamkhasti, M., & lzadi, Z (2025). Development and
Evaluation of an Intelligent Machine Vision System for Detecting Chicken Gizzard Adulteration in Minced Red Meat,
Iranian Journal of Biosystem Engineering, 56 (2), 9-105. https://doi.org/10.22059/ijbse.2025.398182.665600

© The Author(s).
DOI: https://doi.org/10.22059/ijbse.2025.398182.665600

Publisher: University of Tehran Press.

ISNN: 2423-7841


mailto:mobinrezazadeh905@gmail.com
mailto:s.kiani@sanru.ac.ir
mailto:ghasemymahdi@gmail.com
mailto:z.zahraizadi@gmail.com
https://doi.org/10.22059/ijbse.2025.398182.665600
https://doi.org/10.22059/ijbse.2025.398182.665600
https://orcid.org/0009-0008-7102-6060
https://orcid.org/my-orcid?orcid=0000-0003-4152-2991
https://orcid.org/0000-0001-6339-2062
https://orcid.org/0000-0003-3194-7371
https://creativecommons.org/licenses/by-nc/4.0/

91 Development and Evaluation of an Intelligent Machine...
EXTENDED ABSTRACT

Introduction

Food adulteration is a significant issue that impacts food safety, consumer trust, and regulatory
compliance globally. One common form of adulteration in meat products involves the unauthorized addition
of cheaper or lower-quality ingredients to higher-value meats. Specifically, the adulteration of chicken
gizzard—a low-cost offal—into minced red meat, such as beef and mutton, poses both economic and health
concerns. Traditional methods for detecting such adulteration often involve destructive, time-consuming, and
costly laboratory analyses, which limit their applicability for rapid quality control.

This study aims to develop and evaluate an intelligent machine vision system capable of detecting chicken
gizzard adulteration in minced red meat through non-destructive and rapid analysis. The core objective is to
assess the feasibility of using digital color images captured by a mobile phone to identify and quantify the
presence of chicken gizzard in mixtures of beef and mutton meat. By leveraging advances in image processing
and machine learning, this approach offers a cost-effective and efficient solution for detecting food fraud.

Materials and Methods

To simulate real-world adulteration scenarios, standard minced red meat samples were prepared with a
fixed base composition of 55% mutton and 45% beef. Chicken gizzard was added to these base samples in
varying proportions, ranging from 0% (pure red meat) to 100% (pure chicken gizzard), creating a
comprehensive gradient of adulteration levels for analysis.

Image acquisition was performed in a typical laboratory environment to evaluate the system’s robustness
under less controlled circumstances. Each sample was imaged in two ways: directly from the exposed meat
surface and through transparent plastic wrap packaging, simulating commercial retail conditions.

The color features of the captured images were extracted in the RGB (Red, Green, Blue) color space using
MATLAB’s image processing toolbox. These color components served as the primary input variables for
subsequent modeling.

Data analysis involved a combination of statistical and machine learning techniques. Principal
Component Analysis (PCA) was first applied to visually discriminate the samples and identify the most
significant color features related to adulteration. Partial Least Squares Regression (PLSR), a linear modeling
technique, was then used to predict the percentage of chicken gizzard adulteration based on the extracted RGB
features. To capture nonlinear relationships and enhance prediction accuracy, a Multilayer Perceptron (MLP)
neural network was also developed and trained on the dataset.

Results

The analysis revealed a clear trend in color changes corresponding to increasing levels of chicken gizzard
adulteration. This shift in color composition reflects the intrinsic differences in tissue pigmentation between
red meat and chicken gizzard, providing a reliable basis for discrimination.

Quantitative evaluation of the models showed that the linear PLSR model achieved a coefficient of
determination (R?) of 0.7 and a root mean square error (RMSE) of 16.51 when predicting adulteration levels
in images captured without plastic wrap. While this indicates moderate accuracy, the nonlinear MLP model
significantly outperformed PLSR, achieving an R? of 0.97 and RMSE of 6.67 under the same conditions. This
demonstrates the superior capability of nonlinear modeling in capturing complex relationships between color
features and adulteration levels. These results were lower (0.9 and 12.54) for the data acquisition through
plastic wrap due to the light reflections caused by the covering. Furthermore, the MLP model was implemented
as a classifier to categorize samples into discrete adulteration intervals: 0—10%, 10-20%, 20-30%, 30-40%,
40-50%, and above 50%. The classification accuracies achieved were 85%, 96.4%, 92.6%, 73.7%, 76.2%, and
96.7%, respectively. The average precision, sensitivity, and F1 score for the developed model were obtained
as 0.975, 0.974, and 0.975, respectively. These results indicate that the system can reliably detect levels of
adulteration ranging from low to high.

Conclusion

This study demonstrates that color image analysis combined with advanced machine learning techniques
offers a non-destructive, rapid, and reliable method for detecting chicken gizzard adulteration in minced red
meat. The developed machine vision system effectively distinguishes adulterated samples and accurately
estimates the level of adulteration, particularly when employing nonlinear models such as MLP neural
networks. The ability to perform such analysis through images captured even under less controlled lighting
conditions and through plastic wrap packaging highlights the practical applicability of the system in real-world
food quality control environments. This approach can serve as a foundation for developing automated,
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software-based quality assurance tools in the food industry, enhancing the detection of food fraud and
protecting consumer interests. Future work may focus on expanding the system to detect other types of
adulterants, integrating hyperspectral imaging techniques for improved sensitivity, and developing user-
friendly interfaces to facilitate adoption by food producers and regulatory agencies.
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- Sigmoid

- Backpropagation

- Confusion Matrix

- Receiver Operating Characteristic Curve
- True Positive
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- False Positive
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- Accuracy

10- Precision

11- Sensitivity (True Positive Rate) or Recall
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