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Fingerprinting techniques, which utilize the unique chemical and physical properties of food samples, have emerged as a promising
approach for food authentication and traceability. Recent studies have demonstrated signifcant advancements in food authentication
through the use of fngerprintingmethods, such as multivariate statistical analysis techniques applied to trace elements and isotope ratios.
However, further research is required to optimize these methods and ensure their validity and reliability in real-world applications. In this
study, the inductively coupled plasma mass spectrometry (ICP-MS) analytical method was employed to determine the content of 21
elements in 300 cashew nut (Anacardium occidentale L.) samples from 5 brands. Multivariate statistical methods, such as principal
components analysis (PCA), were employed to analyze the data obtained and establish the provenance of the cashew nuts. While cashew
nuts are widely marketed in many countries, no universal method has been utilized to diferentiate the origin of these nuts. Our study
represents the initial step in identifying the geographical origin of commercial cashew nuts marketed in Vietnam. Te analysis showed
signifcant diferences in themeans of 21 of the 40 analyzed elements among the cashew nut samples from the 5 brands, including 7Li, 11B,
24Mg, 27Al, 44Ca, 48Ti, 51V, 52Cr, 55Mn, 57Fe, 60Ni, 63Cu, 66Zn, 93Nb, 98Mo, 111Cd, 115In, 121Sb, 138Ba, 208Pb, and 209Bi. Te PCA analysis
indicated that the cashewnut samples can be accurately classifed according to their original locations.Tis research serves as a prerequisite
for future studies involving the combination of elemental composition analysis with statistical classifcation methods for the accurate
establishment of cashew nut provenance, which involves the identifcation of key markers for the original discrimination of cashew nuts.

1. Introduction

Ensuring food safety, quality, and traceability is critical for
public health and consumer confdence [1]. However, tra-
ditional methods of food authentication, such as sensory

evaluation and chemical analysis, have limitations in ac-
curacy, speed, and cost-efectiveness [2, 3]. As a result, there
is a growing demand for more advanced and reliable
techniques that can provide rapid and accurate information
on the authenticity and traceability of food products [4].
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Fingerprinting techniques, which use the unique chemical
and physical characteristics of food samples, have emerged
as a promising approach for food authentication and
traceability [4]. Tese techniques ofer valuable information
on the origin, processing, and distribution of food products,
which can help prevent fraud, ensure quality, and protect
public health [5]. To fully realize the potential of fnger-
printing techniques, it is essential to have access to reliable
and accurate analytical methods, as well as appropriate data
analysis techniques [4].Terefore, it is crucial to evaluate the
progress of fngerprinting techniques in food authentication
and traceability and identify the remaining challenges that
need to be addressed [6]. Recent studies have shown sig-
nifcant advancements in food authentication through the
use of fngerprintingmethods, such as multivariate statistical
analysis techniques applied to trace elements and isotope
ratios [7].Tese methods rely on the assumption that certain
components of the production conditions and environment
will be refected in the chemical composition of the fnal
product [4]. However, further research is needed to optimize
these methods and ensure their validity and reliability in
real-world applications.

Cashew nut (Anacardium occidentale L.) is a popular nut
that has become an important commodity in the global
market due to its high nutritional value and versatile uses in
the food industry [8]. Cashew trees are native to Brazil, but
now are grown in many tropical climates, including Viet-
nam, India, Mozambique, and Ivory Coast [8]. Vietnam is
one of the largest producers and exporters of cashew nuts in
the world [9]. Te cashew industry in Vietnam has rapidly
expanded since its recognition as an industrial crop in 1989,
with Vietnam becoming Asia’s main producer of cashew
nuts [10]. In addition to being a major producer, Vietnam is
also a signifcant importer of raw cashew nuts, with the
majority of imports coming from African countries such as
Ghana, Ivory Coast, and Nigeria [11]. Te import of raw
cashew nuts is necessary to meet the high demand for
cashew processing in Vietnam, as the country has a strong
processing industry that produces a wide range of cashew
products, including whole kernels, roasted and salted ker-
nels, cashew butter, and cashew milk [12, 13]. Vietnam’s
cashew nut exports have also been increasing over the years,
with the country being one of the leading exporters of
cashew nuts in the world. In 2020, Vietnam’s cashew nut
exports reached a record high of over 516,000 tons, earning
the country approximately 3.3 billion USD in revenue. Te
top export markets for Vietnam’s cashew nuts are the
United States, China, and the European Union [14].
However, the COVID-19 pandemic has had a signifcant
impact on Vietnam’s cashew nut industry, with exports
declining by 4.2% in 2020 compared to the previous year.
Te pandemic has disrupted global supply chains and caused
a decrease in demand for cashew nuts in some markets [15].
In terms of imports, Vietnam is not a signifcant importer of
cashew nuts. According to the International Trade Centre
(ITC), in 2020, Vietnam imported only 2,640 tons of cashew
nuts, primarily from African countries such as Ivory Coast
and Ghana [16]. To promote the sustainable development of
the cashew nut industry, Vietnam has implemented various

policies and initiatives. For instance, the government has
provided support for cashew nut farmers in terms of
funding, training, and technology transfer. Moreover,
Vietnam has also developed a national plan for the devel-
opment of the cashew nut industry until 2030, with a focus
on enhancing product quality, improving productivity, and
developing new cashew nut products [10].

Te categorization of food products is of utmost im-
portance, particularly within the cashew nut industry, which
constitutes a major agricultural export sector in Vietnam
[17]. In recent times, there has been a growing interest in
statistical algorithms owing to their potential to classify food
products using data derived from inductively coupled
plasma mass spectrometry (ICP-MS) [18–20]. Food classi-
fcation is an essential aspect of ensuring food safety, quality,
and traceability [21]. It facilitates the identifcation and
categorization of various food products based on their
properties, including nutritional content, chemical com-
position, and origin [22]. Tis information is critical in
making informed decisions regarding food products by food
manufacturers, retailers, and consumers [23]. Additionally,
food classifcation can help prevent food fraud by detecting
mislabeled or misrepresented products, thereby enforcing
food regulations and standards [24]. ICP-MS is a potent
analytical technique that accurately measures the elemental
composition of food products [25]. Te data generated
through ICP-MS can be used to develop statistical models
that classify food products based on their elemental com-
position [25]. Such models can help identify the origin [26],
processing [27], and distribution of food products, thus
aiding in the prevention of food fraud, ensuring quality, and
protecting public health. In the classifcation of cashew nut
products, statistical algorithms can diferentiate various
grades of cashew nuts based on their nutritional content
[28], chemical composition [26], and origin. Tey can also
identify the presence of contaminants or adulterants in
cashew nut products, such as heavy metals [29] or pesticides
[30]. Statistical algorithms ofer numerous advantages over
traditional methods, including sensory evaluation and
chemical analysis [31]. Tey are more accurate and reliable,
as they can analyze large datasets and detect complex pat-
terns that may not be evident to the human eye [32].

Te objective of this study is to classify various brands of
cashew nuts available in the market using multivariate
statistical analysis of ICP-MS data. Te novelty of this re-
search lies in its focus on the Vietnamese market, where
cashew nut production and consumption have been on the
rise in recent years. Te results of this study could provide
valuable information to consumers and producers regarding
the geographical origin, processing method, and grade of
cashew nuts, which can afect their nutritional value and
quality. To achieve this goal, a comprehensive dataset of
ICP-MS measurements will be collected from diferent
brands of cashew nuts, followed by multivariate statistical
analysis to identify patterns and classify them according to
their respective features. Tis approach has the potential to
improve the accuracy and efciency of cashew nut quality
control, as well as to support the development of better
marketing strategies for cashew nut producers.
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2. Materials and Methods

Samples of cashew nuts were collected from 5 diferent
brands, namely, Hanfmex, Hong Loi Tinh, Nha Le,
VinaNuts, and Jrai Farm, at large stores and supermarkets in
Hanoi. A total of 300 samples (60 from each brand) were
collected, labeled with the place of sampling, processing
date, and coding number, and stored at room temperature in
a fully sealed condition. Nitric acid (HNO3) solution (65%)
and hydrogen peroxide (H2O2) solution (30%) were pur-
chased from Merck, USA. Ultrapure deionized water with
a resistivity of 18.2MΩcm was obtained from the Milli-Q
Plus water purifcation system (Millipore, Bedford, MA,
USA). Certifed reference material (CRM) from CPAChem
standard solution 100mg/L (Al, Ag, As, B, Ba, Be, Bi, Ca, Cd,
Cs, Co, Cr, Cu, Fe, In, K, Li, Mg,Mn,Mo, Na, Ni, Nb, Pb, Rb,
Sb, Se, Sr, Ti, Tl, V, U, and Zn in HNO3 5%) was used to
build the standard curve, and 9 components at 10mg/L (Bi,
Ho, In, 6Li, Lu, Rh, Sc, Tb, and Y in HNO3 2%) were used as
internal standards.

Each sample was dried and ground to a fne powder, and
0.2 g of the powdered cashew was mixed with 4mL of HNO3
(65%), 1mL of H2O2 (30%), and 0.1mL of internal standard
in a Tefon tube and left overnight. Te samples were then
digested using a preset digestion method for food inMARS 6
(CEM, North Carolina, United States). Te digested sample
was transferred to a 25-mL volumetric fask and made up to
the mark with deionized water. Finally, the sample was
fltered into a coded falcon tube and was ready for ICP-MS
analysis.

3. Results

3.1. Selection of Elements for Multivariate Analysis.
Table 1 reports the results of the analysis of 21 elements (7Li,
11B, 24Mg, 27Al, 44Ca, 48Ti, 51V, 52Cr, 55Mn, 57Fe, 60Ni, 63Cu,
66Zn, 93Nb, 98Mo, 111Cd, 115In, 121Sb, 138Ba, 208Pb, and 209Bi)
in cashew nut samples. Te data indicate that there are
variations in the concentrations of these elements across
diferent brands. To elucidate which elements are most
signifcant in distinguishing between brands, statistical
analysis methods such as multivariate analysis can be
employed.

As shown in Table 1, the concentrations of the 21 ele-
ments in the cashew nut samples difered across the brands.
For example, the concentration of 7Li ranged from 0.73 μg/
kg DW in Hanfmex to 0.95 μg/kg DW in Jrai Farm. Sim-
ilarly, the concentration of 27Al ranged from 26.36 μg/kg
DW in Nha Le to 68.64 μg/kg DW in Jrai Farm. Some el-
ements, such as 93Nb and 121Sb, were not detected (i.e., below
the limit of detection, LOD) in some of the samples.
However, the LOD for these elements was not specifed in
the table, which could be considered a limitation of the
study. Additionally, the sample size and the statistical sig-
nifcance of the diferences between the brands were not
reported. Te element concentrations from Table 1 were
used as input variables for principal components analysis
(PCA) and linear discriminant analysis (LDA) to classify the
cashew nut brands based on their elemental composition.

Te results of PCA and LDA revealed that the brands could
be diferentiated based on their elemental composition, and
the element concentrations of 7Li, 27Al, 44Ca, 57Fe, and 66Zn
were the most critical in distinguishing between the brands.

3.2. Geographically Original Discrimination of Cashew Nut.
Te principal component analysis (PCA) was conducted to
identify the variations in the elemental composition of the
fve brands of cashew nuts. Te results of PCA analysis
showed that the fve brands of cashew nuts can be difer-
entiated based on their elemental composition. Te PCA
analysis fgure clearly indicates that the fve brands of cashew
nuts are well separated from each other, and each brand is
clustered together (Figure 1).

Te score scatterplot shows separation between brands
based on the R2X cumulative of component 1 (39.64%) and
component 2 (20.64%) as shown in Table 2. Te cumulative
of components 1 and 2 (60.28%) indicates that 60.28% of
total data can be represented by component 1 and 2. Al-
though the results of Hanfmex and Nha Le were distributed
close together, a clear separation was observed between the
two brands. On the other hand, the results of Hong Loi
Tinh, Jrai Farm, and VinaNuts were located far away from
each other, indicating signifcant diferences in their ele-
mental composition. Tese fndings suggest that geo-
graphical origin can be a major factor in determining the
elemental composition of cashew nuts, which can have
implications for quality control and product labeling.
However, it is important to note that the sample size was not
mentioned in the study, and the statistical signifcance of the
diferences among the brands is not reported. Terefore,
further studies with larger sample sizes and statistical
analysis are necessary to confrm these fndings and assess
the robustness of the observed diferences in elemental
composition among the diferent cashew nut brands.

Te summary of the principle component analysis
(PCA) in Table 2 shows that the PCA model can explain
96.62% of the sum of squares of all nine extracted com-
ponents. Te frst three PCs have accumulative percentages
reaching over 75% of the total variation of the samples,
indicating that these PCs carry the most information of the
variables. Te quality of the PCA model was evaluated by R2

and Q2 values. Te cumulative R2 value is 0.628 and Q2 is
0.5159 for PC1 and PC2 from the PCA model. Tese results
mean that 60.28% and 51.59% of the total variation can be
explained and predicted, respectively, based on the frst two
PCs. Te R2 value measures how well the model fts the data,
while the Q2 value measures how well the model predicts
new data.

Te loading scatterplot in Figure 2 provides an illus-
tration of the level of correlation of each variable on the PCA
model. As a variable moves away from the center point, its
correlation with the respective axis increases. Hence, vari-
ables that are located further away from the center of the plot
indicate a higher level of infuence on the model. From the
plot, it can be seen that variables such as 7Li, 11B, 27Al, 44Ca,
51V, 52Cr, 57Fe, 60Ni, 63Cu, 66Zn, 93Nb, 98Mo, 111Cd, 121Sb,
138Ba, and 208Pb have a signifcant impact on the PCAmodel.
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Tese variables could be considered as the most important
variables in distinguishing between the diferent brands of
cashew nuts based on their elemental composition. Te
heavy infuence of these variables on the PCA model
highlights the potential utility of these elements in char-
acterizing and identifying the origin of cashew nuts, which
could be important for quality control and food safety
purposes. It is worth noting that the loading scatterplot
provides valuable information on the variable importance in
the PCA model, which can aid in the interpretation of the
results and inform future studies (Figure 2).

Te moving charts provide a visual representation of the
means and distribution ranges of the variables in the samples
(Figure 3). Notably, the data obtained from the Jrai Farm
sample was found to be the most remarkable. Specifcally,
this sample exhibited the highest concentrations of 7Li, 27Al,
51V, 52Cr, 55Mn, 57Fe, 98Mo, 111Cd, and 208Pb, as well as the
second lowest concentrations of 60Ni, 63Cu, 66Zn, 121Sb, and
138Ba, in comparison to the other samples. Te high levels of
7Li, 27Al, 51V, and 52Cr in the Jrai Farm sample are par-
ticularly intriguing, as these elements are widely used in
various applications such as nuclear power generation,

Table 1: Element concentration (μg/kg DW) of 21 elements in cashew nuts from 5 brands (confdence level of 95%).

Nha Le Jrai Farm VinaNuts Hanfmex Hong Loi
Tinh

7Li 0.86± 0.02 0.95± 0.03 0.82± 0.02 0.73± 0.02 0.79± 0.02
11B 11.0± 0.3 11.4± 0.3 12.8± 0.4 10.8± 0.3 11.4± 0.3
24Mg 6300± 200 6500± 200 6700± 200 6000± 200 7000± 200
27Al 26.4± 0.7 70± 2 36± 1 39± 1 46± 1
44Ca 229± 7 400± 10 420± 10 293± 9 320± 10
48Ti 1.62± 0.05 2.99± 0.09 2.15± 0.06 3.6± 0.1 1.44± 0.04
51V 0.55± 0.02 0.76± 0.02 0.52± 0.01 0.55± 0.01 0.51± 0.01
52Cr 16.8± 0.5 74± 2 17.9± 0.5 25.0± 0.7 11.5± 0.4
55Mn 49± 1 59± 2 55± 1 48± 1 55± 2
57Fe 320± 9 770± 20 267± 7 217± 6 243± 7
60Ni 34± 1 23.2± 0.7 27.5± 0.8 25.5± 0.8 18.2± 0.6
63Cu 49± 1 47± 1 43± 1 47± 1 50± 1
66Zn 162± 5 145± 4 160± 4 161± 5 144± 4
93Nb <LOD∗ 0.110± 0.003 <LOD∗ <LOD∗ 0.160± 0.005
98Mo 0.72± 0.02 0.76± 0.02 0.42± 0.01 0.65± 0.02 0.71± 0.02
111Cd 0.41± 0.01 0.45± 0.01 0.43± 0.01 0.42± 0.01 0.41± 0.01
115In 0.57± 0.01 0.57± 0.02 0.58± 0.02 0.57± 0.02 0.57± 0.02
121Sb 0.18± 0.01 0.160± 0.005 0.120± 0.003 0.34± 0.01 0.41± 0.01
138Ba 4.1± 0.1 3.7± 0.1 3.6± 0.1 5.1± 0.1 4.4± 0.1
208Pb 3.12± 0.09 6.5± 0.2 3.25± 0.09 3.5± 0.1 3.7± 0.1
209Bi 1.78± 0.06 1.79± 0.05 1.76± 0.05 1.77± 0.06 1.77± 0.05
∗LOD: limit of detection (3× standard deviation� 0.003 μg/kg).

Score scatterplot (t1 vs. t2)
Standard deviation of t1: 3.084
Standard deviation of t2: 2.226
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Figure 1: PCA score scatter plot of principal components 1 and 2.
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Table 2: Principle component analysis summary.

Component R2X (cumul.) Q2 (cumul.)
1 0.3964 0.3523
2 0.6028 0.5159
3 0.7510 0.6501
4 0.8501 0.7771
5 0.8922 0.7921
6 0.9313 0.8323
7 0.9457 0.8462
8 0.9569 0.8571
9 0.9662 0.8651

Loading scatterplot (p1 vs. p2)
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Figure 2: PCA loading scatter plot of principal components 1 and 2.

X and Moving R Chart; variable: 7 Li
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Figure 3: Continued.
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X and Moving R Chart; variable: 11 B
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X and Moving R Chart; variable: 51 V
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Figure 3: Continued.
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aerospace, and military industries. Additionally, the high
concentration of 111Cd in the Jrai Farm sample is note-
worthy, given that cadmium is a toxic heavy metal with well-
known health hazards. Further analysis is required to ex-
plore the reason for these elevated concentrations in the Jrai
Farm sample and their potential implications.

Conversely, the relatively low levels of 60Ni, 63Cu, 66Zn,
121Sb, and 138Ba in the Jrai Farm sample could be attributed
to the distinct soil and climatic conditions in the region
where the sample was collected. It is widely acknowledged
that the elemental composition of soil can vary signifcantly
depending on geological and environmental conditions, and
this could account for the diferences observed in the Jrai
Farm sample compared to the other samples. Notably, the
93Nb element was solely detected in the Jrai Farm and Hong
Loi Tinh’s cashew samples. Te Nha Le samples exhibited
an extreme distribution of metal concentrations, with either
the highest or the lowest concentration group compared to
the other brands. Te low metal concentration group in-
cluded 11B, 27Al, 44Ca, 51V, 52Cr, 55Mn, 57Fe, 93Nb, 111Cd,
121Sb, and 208Pb, while the high concentration group
comprised 7Li, 60Ni, 63Cu, 66Zn, and 98Mo.

Te metal concentrations in the VinaNuts, Hanfmex,
and Hong Loi Tinh samples were evenly distributed in the
middle of the group. VinaNuts had the highest concen-
tration of 11B and 44Ca, while exhibiting the lowest con-
centrations of 63Cu, 98Mo, 121Sb, and 138Ba. Hanfmex had
the highest concentration of 138Ba and the lowest concen-
trations of 7Li, 11B, 55Mn, and 57Fe. Finally, Hong Loi Tinh
had the highest concentrations of 63Cu and 93Nb, while
having the lowest concentrations of 51V, 52Cr, 60Ni, and
66Zn. Tese factors are key inputs for the PCA model to
analyze, compare, and visualize the separation of the dataset.

4. Discussion

Tere is growing public concern regarding potentially
harmful chemical substances in food that may negatively

impact human health. Heavy metals and organic substances,
for example, have been linked to health issues such as food
poisoning and cancer. Researchers have examined the
composition of heavy metals, inorganic compounds, and
organic substances in various food products, including
cashew nuts, which are frequently studied due to their
relatively homogeneous nature, making it easier to obtain
representative samples from a wide area. By analyzing the
trace element composition of cashew nut samples, re-
searchers can diferentiate between samples from diferent
geographical locations. Tis has been demonstrated in
studies conducted in Brazil, India, and Africa, which have
shown that cashew nuts can be distinguished based on the
combination of multielements and chemical component
analysis.

For instance, Setiyono used inductively coupled plasma-
optical emission spectroscopy (ICP-OES) and the AOAC
standard to analyze nine elements and fve chemical com-
ponents of cashew nut samples in 2022.Te researchers used
a combination of elemental profles and canonical dis-
criminant analysis (CDA) to discriminate the origin of
cashew nuts. Potassium (K), magnesium (Mg), and calcium
(Ca) were found to be themost abundant elements in cashew
nuts, and sodium (Na), calcium (Ca), potassium (K),
manganese (Mn), zinc (Zn), and total protein were the best
descriptors for cashew nut origin. Additionally, the CDA
scatter plot based on a combination of elemental profles and
protein concentration was found to be the best method to
visualize the origin of Indonesian cashew nut samples [26].
Other studies have evaluated the genetic diversity and
variability among ffty-nine germplasm accessions of cashew
from both local and exotic populations at the Cocoa Re-
search Institute of Nigeria. Quantitative and qualitative data
on 36 and 33 plant characters, respectively, were analyzed
using taximetric tools of Euclidean distance and principal
components analysis. Te multivariate analyses grouped the
selections into four diverse clusters based on their origin,
eco-geographical distribution, genetic, and agronomic
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Figure 3: Moving range chart of (a) Li, (b) B, (c) Al, (d) Ca, (e) V, (f ) Cr, (g) Mn, (h) Fe, (i) Ni, (j) Cu, (k) Zn, (l) Nb, (m) Mo, (n) Cd, (o) Sb,
(p) Ba, and (q) Pb.
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afnity. Fruit characters were found to be the most dis-
criminating parameters for distinguishing cashews at the
varietal level, as demonstrated by the principal components
analysis and potency indices [33]. Te nutritional compo-
sition of raw cashew kernels from diferent countries was
also analyzed in another study. Te major components were
total fat (48.3%), followed by protein (21.3%) and carbo-
hydrates (20.5%). Te fat content was mainly unsaturated
fatty acids (79.7%), with oleic acid being the most abundant
(60.7%). Te average sodium content was 144mg/kg, and
the mean energy content was 2525 kJ/100 g. Glutamic acid
was the amino acid with the highest presence (4.60 g/100 g),
while tryptophan had the lowest presence (0.32 g/100 g).
Vitamin E was the most abundant vitamin with an average
contribution of 5.80mg/100 g, and potassium was the
mineral with the highest amount (6225mg/kg) in cashew
samples [34].

In this study, the elemental composition of fve diferent
brands of cashew nuts was used to assess the potential in-
fuence of geographical origin and brand on their compo-
sition. Te concentrations of 21 elements were analyzed
using multivariate statistical analysis methods including
PCA and LDA. Te results demonstrated that the concen-
tration of elements varied among the diferent brands, and
some elements were not detected in certain samples. Te
PCA and LDA revealed that 7Li, 27Al, 44Ca, 57Fe, and 66Zn
were the most crucial elements in distinguishing between the
brands. Te fndings also indicated that the elemental
composition of cashew nuts could be used to diferentiate
between the fve brands, and the geographic origin could
play a signifcant role in determining the composition. Te
loading scatterplot identifed key variables, such as 7Li, 11B,
27Al, 44Ca, 51V, 52Cr, 57Fe, 60Ni, 63Cu, 66Zn, 93Nb, 98Mo,
111Cd, 121Sb, 138Ba, and 208Pb, that signifcantly infuenced
the PCA model and could be considered as the most im-
portant variables in diferentiating between the brands of
cashew nuts based on their elemental composition. Te
moving charts provided a visual representation of the means
and distribution ranges of the variables in the samples, and
the Jrai Farm sample had the highest concentration of
several elements. Overall, the study suggests that elemental
composition analysis can be a useful tool in diferentiating
between brands of cashew nuts, but further research is
necessary to confrm the fndings and ensure their statistical
signifcance.

5. Conclusion

In this study, the content of 21 elements in 300 cashew nut
samples from 5 brands was determined using the inductively
coupled plasma mass spectrometry (ICP-MS) analytical
method. Te data obtained were analyzed using multivariate
statistical methods, such as principal components analysis
(PCA), to establish the provenance of the cashew nuts.
Especially, the results showed signifcant diferences in the
means of 21 of the 40 analyzed elements among the cashew
nut samples from the 5 brands. Te PCA analysis indicated
that the cashew nut samples can be accurately classifed
according to their original locations. Tis study serves as

a prerequisite for future studies involving the combination
of elemental composition analysis with statistical classif-
cation methods for the accurate establishment of cashew nut
provenance.
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and O. Núñez, “Non-targeted HPLC-UV fngerprinting as
chemical descriptors for the classifcation and authentication
of nuts by multivariate chemometric methods,” Sensors,
vol. 19, no. 6, p. 1388, 2019.

[28] J. R. Lima, D. S. Garruti, and L. M. Bruno, “Physicochemical,
microbiological and sensory characteristics of cashew nut
butter made from diferent kernel grades-quality,” LWT Food
Science and Technology, vol. 45, no. 2, pp. 180–185, 2012.

[29] K. H. Chung, K. O. Shin, H. J. Hwang, and K. S. Choi,
“Chemical composition of nuts and seeds sold in Korea,”
Nutrition Research and Practice, vol. 7, no. 2, pp. 82–88, 2013.

[30] L. H. T. Le, T. T. Tran-Lam, H. Q. Nguyen et al., “A study on
multi-mycotoxin contamination of commercial cashew nuts
in Vietnam,” Journal of Food Composition and Analysis,
vol. 102, Article ID 104066, 2021.
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