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EXTENDED ABSTRACT

Introduction

Pistachio (Pistacia vera L.) is one of the
world's most valuable nuts, rich in

unsaturated fatty acids, high-quality proteins,
phenolics, vitamins, and minerals. In 2022,
Iran was the second-largest producer after the
USA, and Turkey was in third place after Iran.
Due to its high economic value and growing
demand, pistachio powder is highly
susceptible to adulteration, including mixing
with cheaper powders and adding artificial
colorants. Such fraud harms consumer rights
and can pose health risks, particularly for
individuals with allergies or favism.

Among various adulterants, faba bean (Vicia
faba) powder is commonly used due to its low
cost, similar color and texture, lack of strong
taste or odor, and easy mixability. Traditional
methods, such as sensory evaluation and
simple chemical tests, cannot reliably detect
this adulteration. Destructive techniques like
chromatography and mass spectrometry are
accurate but time-consuming, expensive, and
unsuitable for rapid screening.

Recently, non-destructive methods have
gained attention. Research on pistachio
adulteration has focused on near-infrared,
mid-infrared, and Raman spectroscopy, as
well as image processing and deep learning.
Hyperspectral imaging, which combines
spectral and spatial information, has been
successfully used to assess pistachio kernel
quality, moisture content, aflatoxin, and
fungal  contamination. = However, its
application  for  detecting faba bean
adulteration in pistachio powder has not been
systematically  reported. Given  the
complexity of hyperspectral data, artificial

neural networks are ideal for pattern
recognition and accurate  adulteration
detection.

This study aims to develop a rapid, non-
destructive, and accurate method based on
hyperspectral imaging combined with an
artificial neural network to detect the levels of
adulteration in pistachio powder with faba
bean powder.

Material and Methods

Pistachio kernels (cv. Ahmad Aghaei) and
faba beans were purchased from a local
market. One day before the experiments, raw
samples were separately milled, sieved
through a 30-mesh (600 um) sieve to achieve
uniform particle size, and stored in nylon bags
at room temperature. Adulterated samples
were prepared by mixing faba bean powder
with pure pistachio powder at 0% (pure),
25%, and 50% weight ratios. For each
adulteration level, 40 samples (total of 120)
were prepared. Approximately 6.5 g of each
sample was placed in a wooden cup, and the
surface was flattened to reduce shadow
effects.

A VAI1000 hyperspectral imaging system
(NIT Optics) with a spectral range of 400—
1000 nm was used. Reflectance calibration
was performed using white and dark
references. Min-Max normalization was
applied for standardization. Principal
Component  Analysis was used for
dimensionality reduction. A multilayer
perceptron neural network with one hidden
layer was trained using 70% of the data and
tested on 30%, using IBM Modeler v.18.

Results and Discussion

After observing the spectra, the initial and
final wavelengths were removed due to high
noise, and the spectral region from 450 to
1000 nm was analyzed. To examine
differences among sample spectra, their mean
spectra were plotted.

In principal component analysis, new
variables are created, each being a linear
combination of the original variables. These
principal components retain the maximum
information from the original variable matrix.
The first principal component contains the
largest variance, the second captures
information not explained by the first, and so
on. PCA performed in IBM Modeler ranked
all principal components by importance. In
this study, only PC1, PC2, PC4, and PCS were
identified as important. The distribution of
samples in the coordinate system of the first
three principal components showed good
separation between classes, which is
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promising for achieving a high-accuracy
classification model.

The software selected a three-layer
perceptron neural network with one hidden
layer containing three neurons. The input
layer had four neurons (corresponding to the
four principal components), and the output
layer had three neurons for classification into
classes A, B, and C. The confusion matrix
showed accuracies of 98.80% for training and
94.59% for testing. Errors occurred only for
class C, while classes A and B achieved 100%
accuracy. Thus, the combination of
hyperspectral imaging and an artificial neural
network successfully distinguished the three
classes, with perfect detection of pure
pistachio powder.

Unlike previous studies that used adulterants
such as green peas or spinach, this study
uniquely employed faba bean powder—an
inexpensive and common product in Iran.

Hyperspectral imaging enables detailed
characterization of pistachio biochemical
components, including proteins,

carbohydrates, minerals, fatty acids, and
phenolic compounds. However, overlapping
spectral features of pistachio and faba bean
make interpretation challenging.

Conclusions

In this study, a novel, rapid, and non-
destructive method based on hyperspectral
imaging (400-1000 nm) combined with a
multilayer  perceptron artificial neural
network was developed to detect adulteration
of pistachio powder with faba bean powder.
The results showed that the proposed method
can distinguish pure samples from adulterated
ones (25% and 50% faba bean powder) with
excellent accuracy. Due to its non-destructive
nature and high speed, this approach has
significant practical potential for integration
into food production lines, quality control

laboratories, and inspection systems. Overall,
the combination of hyperspectral imaging and
neural networks can serve as an effective and
reliable tool to preserve pistachio
authenticity, prevent economic fraud, and
protect consumer rights.

Future research should focus on evaluating
the method's performance for detecting other
adulterants, expanding the model with larger
datasets that include lower adulteration levels
(e.g., 5%, 10%, and 15%) and, as a next step,
validating the approach on real production
lines.
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