5-HMF quantification and volatile profiling in honey by Vac-HS-SPME-GC×GC-MS
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Over the last decades, the food industry and their actors have been faced with increasingly challenging requirements. Food fraud and adulteration, particularly in expensive or protected edible products, have become increasingly sophisticated and difficult to detect. Therefore, analytical methods must continuously evolve to meet these new necessities. Among these evolutions, we can notably cite the use of greener and more sustainable techniques. 

In this context, solid-phase microextraction (SPME), introduced nearly 35 years ago, along with its headspace mode (HS-SPME), stands out for its simplicity and efficiency in capturing and concentrating a wide range of compounds without the mandatory use of solvents before analysis. However, HS-SPME faces challenges in extracting low-volatile compounds, where higher temperatures or extended extraction times might be needed. Unfortunately, these conditions can be incompatible with delicate matrices and analytes, while also prolonging the analysis process. Additionally, extended extraction times can worsen the displacement effect when it occurs.

To address this issue, several strategies have been developed over the past decades. One approach is to modify the equilibrium conditions by conducting extraction under vacuum (Vac-SPME). This technique reduces the gas-phase resistance to mass transfer, thereby accelerating the volatilization of low-volatile compounds in the headspace.

In this study, Vac-SPME has been optimized to quantify 5-hydroxymethylfurfural (5-HMF), a processing contaminant formed during thermal treatment and aging, in honey using GC×GC-MS, while also exploring the possibility of simultaneously analyzing the volatile profile. 5-HMF serves as a quality marker and is regulated by the EU (2001/110/EC) with a maximum allowable limit of 40 mg/kg. The proposed method was validated through matrix-matched calibration. The achieved LOD and LOQ were 1.6 and 4.7 mg/kg, respectively, with a recovery rate of 98% and an RSD of 21%. When compared to the official HPLC method using eight real-world samples, an average 6% bias was observed. The International Honey Commission official method requires a direct injection into the HPLC within a very short time after dilution (IHC, 2009). Therefore, from a greenness viewpoint, the proposed method showed better performance, evaluated with AGREE metrics, as well as comparable practicality to the official one, evaluated with the BAGI metric. 
