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ABSTRACT

Many consumers suffer adverse reactions to foods, which can be defined as abnormal responses, known as food intolerances
or food allergies, to their ingestion. While intolerances affect a high percentage of the population, allergies are suffered by only
5-10% of consumers, and their results can be fatal (Onyimba et al., 2021). Although the food industry indicates on its products
the possible allergens that can be found in a particular food, it is possible that fraud, adulteration, or contamination may occur,
endangering the health of the consumer (Alves et al., 2016; Wen & Kwon, 2016). Therefore, it is necessary to have equipment
and techniques that allow a fast and reliable detection of these allergens in food.

In this work, two independent studies have been carried out with the same basic food, lentil flour (gluten-free). For this purpose,
samples of this food have been adulterated with two of the most common adulterants that usually appear in its labeling: nuts
(pistachio powder) and gluten (wheat flour). Samples for both studies were prepared at concentrations ranging from 5 to 50 ppm.
Subsequently, they have been photographed, adopting different shapes, by means of a reflex camera, obtaining a total of 1100
photographs with each adulterant. The photographs were analyzed with mathematical algorithms specialized in image
processing. Specifically, residual neural networks consisting of 34 layers (ResNet34) were used for each study. Initially, the
images were randomly and approximately divided into 90% to train the algorithms and 10% for validation. In other words, in the
final validation of the models, 113 and 116 images were allocated for the study carried out with pistachio powder and wheat
flour, respectively. After designing and training the models for each study, their validation was performed. At this point, in the
study with pistachio powder the network obtained an accuracy of 99.12%, failing to classify one photograph; while in the study
with wheat flour it obtained an accuracy of 96.55%, incorrectly classifying four images.

In view of the results obtained in both studies, it can be concluded that the combination of optical imaging together with
convolutional neural networks constitutes a simple, reliable, economical, and promising method for the detection of traces of
nuts and, indirectly, gluten in foods.
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