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Learning Overview: After attending this presentation, attendees will understand important aspects about economically motivated food fraud in Brazil,
specifically meat fraud processes, and new approaches using spectroscopic techniques combined with chemometric tools to detect illegal adulterations
in bovine meat in natura.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by showing techniques with great
potential for applications as a screening method, especially in regard to meat fraud identification.

World meat production has been growing at a rate of 0.64% per year. Alongside the United States, which accounted for 19.50% of total world production
in 2018, Brazil is one of the world’s largest meat producers (15.75% in the same year). The country accounted for 19.89% of all meat exported in the
world last year, equivalent to 1.64 million tons ($ 6.57 billion).! This corresponds to a growth of 7.9% over the previous year.

Due to the high demand for quality characteristics of fresh meat for export, concerns about the authenticity of food have been growing in recent years.
In 2013 in Europe, one of the most famous incidents involving horsemeat tampering occurred.? In Brazil, the Federal Police had several scandals in
recent years. In 2012, major food processors were investigated for bovine meat fraud by adding non-meat ingredients.® In 2017, the meat fraud in Brazil
had the highest visibility and international impact with “Operation Weak Flesh.”* The focus of this investigation was on the verification of irregularities,
such as the use of animal carcasses for food production in other processing units, use of additives not permitted by law, bribes to federal inspectors and
enforcement agents, and corruption.

The official methods for testing meat authenticity have employed classical techniques used for meat quality control, determining physico-chemical and
microbiological parameters. However, these methods are time-consuming, laborious, and these individual parameters are inappropriate to characterize
fraud due to the wide variation in the chemical composition of bovine meat, as a function of sex, cut, breed, feed intake, and slaughter age. On the other
hand, the utilization of spectroscopic techniques combined with chemometric tools has shown great potential for forensic application as a screening
method, because it provides fast, low-cost, minimally destructive analytical methods and requires little or no sample preparation.

In this work, the use of Raman hyperspectral imaging spectroscopy as a screening tool for fraud detection in bovine meat in natura by the addition of
solutions of sodium salts and polysaccharides with the intention of increasing the water-holding capacity and, consequently, of obtaining economic
gain. The mapped spectral range was from 2,400cm to 400cm. Data were processed using the HYPER-Tools graphical interface, and chemical maps
were constructed using the Multivariate Curve Resolution (MCR)algorithm. As a result, the use of Raman imaging spectroscopy, combined with a
chemometric tool, proved to be a promising method to help enforcement agencies fight against food fraud and adulterations. The use of these techniques
facilitate this process, saving time and reducing costs.
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