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Introduction Aim of study

Hazelnuts have a historic relevance in the economy and diet of the Mediterranean region, providing healthy fats,
proteins, vitamins, and minerals. Assessing their quality and shelf life is crucial due to their susceptibility to
oxidative rancidity, which degrades both nutritional and sensory properties [1].

The aim of this study is to evaluate the effectiveness of near-infrared hyperspectral imaging (NIR-
HSI) as a non-destructive analysis method for monitoring the oxidation process in hazelnuts stored
in plastic bags. By examining hazelnuts under different environmental conditions (air, nitrogen,
vacuum) and storage conditions (ambient light and temperature, constant dark and temperature),
this research seeks to develop a reliable technique for the early detection of oxidative changes,
ultimately enhancing quality assurance of hazelnuts.

Traditional methods for detecting lipid oxidation are destructive (both for packaging and hazelnuts) and impractical
for continuous monitoring, as they require sample preparation and laboratory analyses, such as the Rancimat
method. However, employing near-infrared (NIR) hyperspectral imaging (HSI) can potentially provide a non-
destructive analysis method to monitor hazelnut oxidation in plastic packaging. This technique offers a rapid, eco-

friendly, and cost-effective solution, enhancing quality assurance in hazelnuts from producer to distributor [2,3]. ))) Proving that NIR-HSI is an effective tool for the early detection and

monitoring of bagged hazelnut oxidation.

Materials and Methods

Every sample (hazelnut bag) contained 12 hazelnuts of the Ribeta variety, randomly
sampled, shelled and bagged at day 0. They were packaged with 3 different
atmospheres: air, nitrogen and vacuum; and were stored both in light, with changing
temperature, and dark, with constant temperature, conditions. Three replicate bags of
each condition were measured (3 x 2 x 3 = 18 bags).

The NIR-HSI images were acquired using a line mapping system (320 sensors) working in
the wavelength range of 938-1630 nm with a spectral resolution of 4.85 nm, recording a
total of 142 wavelength channels (A) for each spectrum (Headwall Photonics, Inc.
Massachusetts. USA, kindly donated by FOSS Analytics A/S, Denmark, and lent by J.M.
Amigo, UPV/EHU). The background pixels in each image were identified and excluded from the data prior
to modelling. Moreover, the mean spectrum of each sample was also calculated and

used for the oxidation process characterisation.

Hypertools v4 was used for the image processing and z PLS Toolbox
PLS_Toolbox v9.2 on MATLAB R2022b for the data """ =" """

curation and statistical analysis.

The region of interest (ROI) of the images had 5 x 7 cm (300 x 300 um resolution). The
measurements were performed in diffuse reflectance mode. The camera was calibrated
using white and dark references and transformed into log(1/R) absorbance units [4].

Data acquisition Results

and curation ASCA model without vacuum bags
ANOVA-simultaneous component analysis (ASCA): the ideal tool for (12 bags*19 days x 120 A)

decomposing the variance in the considered experimental factors

ASCA model on the whole matrix
(18 bags*19 days x 120 A)
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