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f macro, micro and toxic element
concentrations in peanuts from main peanut
producing areas of China by ICP-MS: a pilot study
on the geographical characterization

Lu Chen, ab Min Ding,ab Zengmei Li,ab Xia Li*ab and Ligang Deng*ab

Peanut is an important crop grown worldwide. The geographic origin of peanuts has been a topic of

substantial attention since their prices can vary according to their geographic origins. This study

evaluated the main macro (K, Ca, Mg, Na, and Al), micro (Fe, Zn, Mn, Ni, Sr, Mo, Cu, Se, V, Co), and toxic

(As, Cd, Cr, and Pb) element concentrations in peanuts collected from six different Chinese provinces.

Multi-element analysis of peanuts from different regions was carried out to develop a reliable method to

trace the origin of peanuts. After microwave digestion, the element concentrations were determined

through inductively coupled plasma mass spectrometry (ICP-MS). Certified reference material (CRM,

GBW10011) was used to ensure accurate results. The profile of contents of major elements obtained in

the current study showed the order: K > Mg > Ca > Al > Na > Zn > Fe > Mn > Ni > Sr > Mo. The average

concentrations of toxic elements such as Pb, Cd, As, and Cr were very low and within the safe limits.

Correlation analysis showed that there was a strong correlation between individual elements in peanut

samples. The data were processed by means of the chemometric approach of linear discriminant

analysis (LDA) and 97.0% of samples were correctly predicted.
1. Introduction

Peanut is an important crop grown worldwide. In China, it is
one of the most important oil crops. In addition to oil, peanuts
are also widely used in the production of peanut butter,
confections, roasted peanuts and snack products.1 China is the
largest producer of peanuts in the world. In 2017, China's
peanut production was 17.09 million tons, accounting for 35%
of the world's peanut production (FAO). China has several
important peanut production regions, each with its own envi-
ronmental conditions, cultivars and cropping systems: Yellow
River, Yangtze River, Southeast Coast and Northeast regions.2

Peanuts contain 44% to 56% oil and 22% to 30% protein on
a dry seed basis and is a rich source of minerals.3,4 At the same
time, some heavy metals also exist in peanuts. The presence of
heavy metals in higher concentration is toxic and causes
disease.5 Whether focusing on the essential minerals or toxic
heavy metals, it is necessary to explore the element contents of
peanuts in different regions.

At present, atomic absorption spectrometry (AAS), atomic
uorescence spectrometry (AFS), inductively coupled plasma
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optical emission spectrometry (ICP-OES) and inductively
coupled plasma mass spectrometry (ICP-MS) are commonly
used for element analysis.6–10 Anzano et al. determined iron and
copper of peanuts by AAS.11 Yang et al. analyzed 6 heavy metals
in peanut and peanut soil by ICP-MS.12 Phan-Thien et al.
investigated the use of ICP-OES and ICP-MS, with and without
the use of a dynamic reaction cell (DRC), to analyze 15 essential
minerals in peanut kernels.13 Compared with other detection
methods, ICP-MS has some distinct advantages, including
simultaneous multi-element measurement capability coupled
with very low detection limits.14 So ICP-MS is widely used for the
analysis of elements in foods.15,16

With the development of international markets and the
demanding of high-quality agricultural products, the safety and
authenticity of foodstuffs have become major concerns for
consumers.17 Determining the geographic origin of agricultural
food is attracted much more concerns since there is an
increasing interest by consumers for high quality food products
with a clear geographical origin.18 The discrimination of the
geographical origin of agricultural products based on instru-
mental analysis is the technical foundation for the protection of
geographical origin and improve the quality and safety of agri-
cultural products. Studies regarding determination of the
geographical origin of foods, are important in commodity
science.19–23 Wang et al. identication identied sub-regional of
peanuts from Shandong Province of China based on Fourier
© 2022 The Author(s). Published by the Royal Society of Chemistry
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transform infrared (FT-IR) spectroscopy. However, few studies
delved into identifying the geographical origins of peanuts by
the multi-element analysis combined with statistical analysis.24

Zhang et al. reported that the distribution and toxin production
of Aspergillus avus had marked regional characteristics.25

Peanut quality is intricately related to its origin and plays
a signicant role in its pricing alongside the inuence of other
varieties. Tracing the geographical origin of peanuts is of
substantial interest as it makes the process of recalling
contaminated peanuts by aatoxins easier, thereby mitigating
nancial losses and protecting consumer interest.26

The objective of this study was to (1) determine 19 elements,
including As, Pb, V, Cd, Cr, Co, Cu, Ni, Zn, Sr, Al, K, Mo, Ca, Mg,
Fe, Mn, Na and Se in peanuts of different regions by ICP-MS, and
(2) explore a method to distinguish peanuts from different
producing areas based on multiple elements and chemometrics.

2. Experimental
2.1 Samples

In this paper, a total of 66 samples of peanuts were analyzed for
their major and trace element contents. The samples included 10
peanuts samples from Jilin Province in the northeast of china, 10
samples from Liaoning Province which is close to Jilin Province,
15 samples from Hebei Province in the north of China, 19
samples from Henan Province which is south of Hebei Province,
5 samples from Guangxi Province, 7 samples from Guangdong
Province (Fig. 1). In order to ensure the accuracy of peanut origin,
the samples of at least of 3 kg were purchased from acquisition
station near peanut harvest land. Peanuts samples were ground
by a homogenizer (Midea, MJ-BL80Y21, China) at a speed of
18000 rpm for 5 min for further analysis.

2.2 Reagents and instrumentation

All solutions were prepared using ultrapure water (resistivity of
18 MU cm�1) obtained from a Milli-Q purication system
Fig. 1 The six main peanut growing provinces in China.

© 2022 The Author(s). Published by the Royal Society of Chemistry
(Millipore Corp., Bedford, MA, USA). Nitric acid (HNO3, trace
metal grade, 67–70%, Thermo Fisher Scientic, USA) and
hydrogen peroxide (H2O2; analytical reagent, 30%, Sinopharm
Chemical Reagent, China) were used for sample digestion.
Stock standard solutions of the elements (1000 mg L�1) were
acquired from Inorganic Ventures (Lakewood, NJ, USA). All
plastic and glass containers that came into contact with
samples or standards were evaluated for contamination to avoid
the release of metals. All glass and plastic containers are soaked
with nitric acid (20%, v/v) overnight, rinsed with ultrapure
water, and then dried. Certied reference materials (CRMs)
consisting of soybean (GBW10011) were purchased from the
Institute of Geophysical and Geochemical Exploration (China).
A microwave digestion instrument (MARS5, CEM, USA) was
used for the digestion of samples and CRMs. The simultaneous
determination of elements was carried out by ICP-MS (iCAP Q,
Thermo, USA). Argon (purity of 99.999%) was used as an
auxiliary gas and for plasma generation and nebulization.

2.3 Sample preparation and microwave digestion

Samples (0.3 g) or CRMs (0.3 g) were accurately weighed in
tetrauoroethylene digestion vessel, and then 6 mL of nitric
acid (65%) and 2 mL of concentrated H2O2 (30%) were added
and then kept overnight at room temperature. Aer tightening
the lid of the digestion vessel, digestion was performed
according to the following: warmed up to 120 �C in 5 min, held
for 5 min, then raised the temperature to 150 �C for 5 min, held
for 10 min, and nally raised the temperature to 190 �C for
5 min, held for 20 min. Aer cooling to room temperature, the
samples were transferred into 25 mL polyethylene volumetric
asks and lled with ultrapure water to a nal volume of 25 mL
before ICP-MS. Blank samples were prepared as described
above.

2.4 ICP-MS analysis and quality assurance

ICP-MS was used for the determination of As, Pb, V, Cd, Cr, Co,
Cu, Ni, Zn, Sr, Al, K, Mo, Ca, Mg, Fe, Mn, Na and Se. The
parameter conditions used in ICP-MS are summarized in Table
1. Blank samples were analyzed and subtracted from the sample
measurements before the results were calculated. The limits of
detection (LOD) were calculated by measuring three times the
standard deviation of the blank samples. The limits of quanti-
cation (LOQ) were calculated based on the average sample
volume and total volume analyzed. Each peanut sample was
measured three times, and the average value was used. CRMs
(GBW10013 soybean) were used for the assessment of both
accuracy and precision in element analysis.

2.5 Statistical analysis

Mean concentration of the elements were evaluated for signif-
icance using Duncan's multiple range test and one-way analysis
of variance (ANOVA) using SPSS Statistics Soware Version 23.0
(IBM, New York, USA). Linear discriminant analysis (LDA) using
the stepwise method was carried out to evaluate whether
peanuts from different regions could be mathematically
distinguished on the basis of elements which had signicant
RSC Adv., 2022, 12, 16790–16797 | 16791
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Table 1 ICP-MS parameter conditions

ICP-MS Parameter conditions

Radio frequency power (W) 1550
Cool gas ow (L min�1) 14
Auxiliary gas ow (L min�1) 0.8
Nebulizer gas ow (L min�1) 1.05
Peristaltic pump speed (rpm) 40
Sampling depth (mm) 5
Spray chamber temperature (�C) 2.7
Measurement mode Kinetic energy discrimination
Dwell time (ms) 20
Isotopes measured 27Al, 75As, 44Ca, 111Cd, 52Cr, 65Cu, 57Fe, 39K, 24Mg, 55Mn, 23Na, 60Ni, 208Pb,

82Se, 88Sr, 66Zn, 59Co, 95Mo, 51V
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differences among the regions. The stepwise procedure was
carried out to extract the best discriminant variables separating
peanuts from different origins. Wilks' lambda criterion was
adopted in this study to select the signicant variables.26 The
predictive ability of the LDA model was evaluated by leave-one-
out cross-validation. The procedure works by omitting each
observation one at a time, recalculating the classication func-
tion by using the remaining data and then classifying the omitted
observation.27 The advantage is that the leave-one-out method
allows estimating the prediction error avoiding the overtting of
the model.28 A correlation analysis was conducted to assess the
relationship between the peanuts' constituent elements. The
correlations of all elements in the peanut samples were evaluated
by a Pearson's correlation test. P values were two-tailed, and two
signicant levels were using P ¼ 0.05 and 0.01. The correlation
analysis and LDA were also performed by SPSS Statistics Soware
Version 23.0. Radar plot analysis of element concentrations were
processed by Microso Excel 2010.
Table 2 Validation parameters of the analytical method

Element
Calibration range
(mg L�1) R2

LOD (mg
kg�1)

LO
kg

Al 0.5–100 0.9999 0.036 0.1
As 0.1–5 0.9999 0.0007 0.0
Ca* 1–2000 0.9995 0.59 1.7
Cd 0.1–5 0.9999 0.0001 0.0
Cr 0.1–20 0.9993 0.001 0.0
Co 0.1–5 0.9999 0.005 0.0
Cu 1–200 0.9996 0.015 0.0
Fe 5–1000 0.9993 0.088 0.2
K* 5–20 000 0.9996 0.82 2.4
Mg* 2–3000 0.9994 0.067 0.2
Mn 1–500 0.9994 0.011 0.0
Mo 0.5–100 0.9999 0.023 0.0
Na 1–1000 0.9995 0.159 0.4
Ni 0.5–50 0.9997 0.005 0.0
Pb 0.1–5 0.9999 0.003 0.0
Se 0.2–10 0.9993 0.008 0.0
Sr 1–100 0.9998 0.024 0.0
V 0.1–5 0.9994 0.005 0.0
Zn 5–500 0.9993 0.082 0.2

16792 | RSC Adv., 2022, 12, 16790–16797
3. Results and discussion
3.1 Method validation

Table 2 summarizes the data on linearity and accuracy of the
method employed. The evaluation of the linearity was based on
injections of the 6 standard solutions. Each solution was injected
ve times (n ¼ 5). Good linearity was observed in each concen-
tration range, with R2 > 0.9993. LOD values ranged from 0.0001 to
0.82 mg kg�1. LOQ values ranged from 0.0003 to 2.47 mg kg�1.
Accuracy was assessed by agreement between measured values
and the certied value of CRMs. It can be seen from the data
presented in Table 2 that good agreement was achieved between
the certied values and those determined by ICP-MS for the 19
elements reported. The recovery ranged from 91.4–109.1%.
3.2 Element concentration in peanuts

The average contents of elements in peanut samples of different
geographical origins on fresh weight basis are presented in
Q (mg
�1)

GBW10013

Certied
value Measured value Recovery (%)

09 (430) 416 � 22 96.7
021 0.035 � 0.012 0.032 � 0.005 91.4
8 0.153 � 0.008 0.157 � 0.006 102.6
003 (0.011) 0.011 � 0.002 100.0
03 0.28 � 0.04 0.271 � 0.010 96.8
15 0.125 � 0.012 0.127 � 0.010 101.6
45 10.2 � 0.5 10.4 � 0.3 102.0
65 139 � 4 135 � 7 97.1
7 1.86 � 0.09 1.82 � 0.08 97.8
01 0.230 � 0.014 0.233 � 0.011 101.3
34 28 � 1 28.7 � 0.8 102.5
69 0.71 � 0.04 0.733 � 0.032 103.2
78 (15) 15.5 � 0.8 103.3
16 4.0 � 0.3 4.12 � 0.18 103.0
09 0.07 � 0.02 0.065 � 0.013 92.9
25 (0.022) 0.024 � 0.004 109.1
72 9.9 � 0.6 9.5 � 0.5 96.0
15 (0.08) 0.077 � 0.005 96.2
47 38 � 2 37.4 � 0.7 98.4

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 3, the results being expressed in mg kg�1. There were
differences (p <0.05) in the concentrations of all elements with
the exception of Al (p ¼ 0.222), Fe (p ¼ 0.069), As (p ¼ 0.077), Se
(p ¼ 0.125), Sr (p ¼ 0.357), Cr (p ¼ 0.263) and Pb (p ¼ 0.516).

3.2.1 Macro elements. The prole of contents of macro
elements obtained in the current study showed the order: K >
Mg > Cag > Alg > Na. K (6034–6743 mg kg�1) was the most
predominant macro element in peanuts followed by Mg (1613–
1765 mg kg�1). There was no signicant difference among the
six provinces. Moreover, K and Mg concentrations were similar
to those previously reported in peanuts.4,29 It is reported that the
application of K and Mg fertilizers could improve the yield and
quality of peanuts.30,31 The extensive application of K and Mg
fertilizer makes the soil rich in K and Mg, which could account
for the similar contents of K and Mg in peanuts. The highest Ca
concentrations were identied in Jilin Province (664 mg kg�1),
and signicantly lower Ca concentrations were noted in
Guangxi Province (436 mg kg�1). The soils of Guangdong and
Guangxi provinces are mainly acidic red soil, with pH values
considerably lower than the other four provinces.32 Some
studies have proven that acidied soil will reduce the content of
available calcium and hinder the absorption of calcium by
crops.33

3.2.2 Micro elements. The concentration of Cu ranged
from 4.14 to 6.42 mg kg�1, and Zn concentration ranged from
22.7 to 32.5 mg kg�1. Cu and Zn levels were lower than previous
studies.4,11,34,35 Mn ranged from 11.9 mg kg�1 (Hebei) to 22.3 mg
kg�1 (Guangxi), There were similar Sr concentrations among the
peanuts of different regions (2.32–2.61 mg kg�1). Mo average
concentration in the samples from Henan (2.33 mg kg�1) and
Hebei (1.83 mg kg�1) were higher than the other provinces.
Table 3 Experimental results of the elements determined (mg kg�1) in p

Element Jilin Liaoning Henan

Macro element
K 6230 � 484ab 6537 � 475ab 6692 � 576b
Mg 1637 � 56ab 1765 � 88c 1730 � 131b
Ca 664 � 138c 624 � 42bc 589 � 86b
Al 86.4 � 29.9 113 � 23 119 � 93
Na 12.1 � 4.0a 6.32 � 2.32a 58.0 � 33.2b

Micro element
Cu 4.14 � 0.64a 4.92 � 0.38abc 6.42 � 1.00d
Fe 24.8 � 6.2 24.4 � 3.2 25.0 � 7.7
Co 0.048 � 0.008ab 0.077 � 0.019abc 0.093 � 0.079
Mn 14.2 � 1.1ab 20.5 � 1.8c 17.5 � 9.0b
Mo 1.05 � 0.48abc 0.621 � 0.731ab 2.33 � 2.25c
Sr 3.18 � 0.24 3.61 � 0.78 3.24 � 1.64
V 0.050 � 0.041a 0.094 � 0.055b 0.052 � 0.037
Zn 22.7 � 2.6a 29.0 � 3.0 cd 32.5 � 5.2d
Ni 3.08 � 1.21ab 7.53 � 1.17c 5.87 � 6.11b
Se 0.030 � 0.012 0.027 � 0.003 0.037 � 0.010

Toxic element
As 0.015 � 0.007 0.020 � 0.008 0.020 � 0.012
Cd 0.110 � 0.049ab 0.204 � 0.131c 0.147 � 0.080
Cr 0.278 � 0.092 0.234 � 0.099 0.293 � 0.126
Pb 0.025 � 0.045 0.060 � 0.020 0.018 � 0.045

© 2022 The Author(s). Published by the Royal Society of Chemistry
These elements were not the main component of fertilizer, the
content varies among different regions, which mainly depends
on the soil background value.

3.2.3 Toxic elements. Toxic element concentrations in
peanuts in our study were in general very low (Table 3). Among
these elements, Cd content is the highest, which needs special
attention. Peanut is a owering underground fruit, which has
a large surface area in contact with the soil in a long growth
period, so the possibility of peanut being polluted by Cd in the
soil is very high.35 Minimum and maximum values of Cd in our
samples were 0.047 and 0.204 mg kg�1 in Hebei province and
Liaoning province. Cd was higher than some early research.36,37

The maximum level (ML) of Cd is 0.5 mg kg�1 in China
(GB2762-2017). Australia approved a proposal to revise “Aus-
tralia New Zealand Food Standards Code”, in which the ML of
Cd in peanut was adjusted from 0.1 mg kg�1 to 0.5 mg kg�1 in
2009.35 The concentrations of Cd were within acceptable regu-
latory limits. Although Cd in peanuts was temporarily deemed
safe for human health, it is still the main risk point in peanuts.
Also, Cd contamination of peanuts in China was more serious
than in other countries. More detailed research and risk
assessment should be conducted on Chinese peanuts, espe-
cially in Liaoning Province. The average concentration of Cr in
all peanut samples was 0.234–0.293 mg kg�1, which was lower
than the maximum limit (1 mg kg�1) in China (GB2762-2017).
Other toxic elements except Cd and Cr were extremely low
(<0.1 mg kg�1).

3.3 Radar plot analysis

A radar plot based on some elements has been used to better
show the elemental differences between different provinces. At
eanut samples

Hebei Guangxi Guangdong

6743 � 854bb 6197 � 516ab 6034 � 374a
c 1625 � 81a 1613 � 97a 1653 � 83ab

589 � 90b 436 � 33a 570 � 32b
94.7 � 31.2 75.5 � 4.3 64.5 � 30.3
62.7 � 21.4b 24.3 � 3.8a 13.8 � 11.2a

5.99 � 1.45cd 5.47 � 2.16bcd 4.66 � 0.81ab
23.5 � 3.7 19.1 � 2.3 38.7 � 33.2

abc 0.036 � 0.009a 0.098 � 0.143bc 0.185 � 0.038bc
c 11.9 � 3.2a 22.3 � 5.8c 19.0 � 2.4bc

1.83 � 0.68bc 0.368 � 0.060a 0.468 � 0.128a
3.50 � 1.26 2.32 � 0.95 2.88 � 0.18

a 0.061 � 0.018ab 0.033 � 0.016a 0.052 � 0.030a
30.0 � 4.4 cd 27.5 � 3.4bc 23.8 � 3.6ab

c 1.34 � 1.49a 8.73 � 1.77c 8.33 � 3.70c
0.040 � 0.019 0.038 � 0.006 0.033 � 0.008

0.016 � 0.004 0.009 � 0.0008 0.014 � 0.003
bc 0.047 � 0.040a 0.168 � 0.063bc 0.121 � 0.096c

0.268 � 0.069 0.280 � 0.041 0.262 � 0.072
ND 0.024 � 0.041 0.007 � 0.044

RSC Adv., 2022, 12, 16790–16797 | 16793
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the same time, the method can be used to simply, quickly and
conventionally distinguish the regions of peanuts. For ease of
comparison, radar plots analysis was performed on the basis of
six elements (Na, Cu, Zn, Mo, Mn and Ni). These elements were
chosen because their concentrations showed high variation in
each peanut sample. The contents of the six elements are
similar and the same element has signicant differences
between different provinces.

There are differences in peanut elements between different
provinces. In addition, Jilin and Liaoning province, Henan and
Hebei province, Guangdong and Guangxi province are similar
(Fig. 2). Those ndings can be attributed to the fact that Jilin
and Liaoning are both parts of northeastern China, and soil
types for planting peanuts are mostly sandy soil, gravel soil, and
Fig. 2 Radar plots of 6 elements (Cu, Zn, Ni, Na, Mo and Mn) in 6 regio

16794 | RSC Adv., 2022, 12, 16790–16797
aeolian sand soil. Certain element contents (Cu, Na, and Mo) in
the soil were lower than in the other provinces. The cultivation
system is generally one harvest per year or three harvests during
two years. Henan andHebei both belong to north-central China.
The soil for peanut planting is mainly river alluvial sand and
soil loam. Moreover, since this region is a major crop producer,
fertilizers were oen used during periods of crop growth,
enabling the accumulation of certain essential elements such as
Na, Mo, and Zn. The cultivation system generally includes two
harvests per year or three harvests over two years. Guangdong
and Guangxi are both parts of Southern China. The soil types
are mainly red and yellow soil. The cultivation system usually
includes two or three yearly harvests.38,39
ns.
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Peanuts can be inuenced by the element prole of the
environment (soil, water, air, etc.). Soils are the major repository
of heavy metals in terrestrial ecosystems.40 Peanut seeds are
underground, and the inuence of soil on the element content
of peanuts is essential. Trace element proles of soils differ
based on several environmental and geological factors such as
soil type, soil parent material, soil pH, and climate conditions.41

The natural diffusional movement of elemental traces follows
a pattern moving from rocks to soil, and from the soil to the
agricultural products.42 And different regions in China have
different soil environmental quality due to different natural
factors and human activities.
3.4 Correlation analysis

Correlation analysis was performed to identify possible rela-
tionships between the elements. The correlation coefficient can
range from �1 to +1 and is independent of the units of
measurement. A value near 0 indicates virtually no correlation
between two attributes, whereas a value near +1 or �1 indicates
a high level of correlation. The results from the correlation
coefficients between elements are listed in Table 4. Ni was
positively correlated with Mn and Co (r ¼ 0.908 and r ¼ 0.900; P
< 0.01). Mo was negative correlated with Mn and Ni (r ¼ �0.887
and r ¼ �0.858; P < 0.01). A previous study also observed that
plants with a high requirement for Mo may have a low
requirement for Mn.43 Positive correlations were found between
Mn and Co (r ¼ 0.898; P < 0.01). A signicant and negative
correlation between Ca and K (r ¼ �0.78) in the peanuts was
reported also by Branch et al.44 However, contrary to our results,
the correlation coefficient between K and Ca is 0.014. The
relationship between elements demonstrates signicant nega-
tive correlations between some elements. This nding was
probably due to the interaction between ions whose chemical
properties were sufficiently similar, and they compete for site of
absorption, transport, and function in plant tissues.45 The
signicant positive correlation could be due to the ability of the
ions to form chemical bonds. In this case, the formation of
Fig. 3 Scatter plot of discriminant functions 1 and 2 of peanuts.
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Table 5 Classification of peanuts from different regions in China and percentages of observations correctly classified by LDA

Predicted group membership

Jilin Liaoning Henan Hebei Guangxi Guangdong Total

Original Count Jilin 10 0 0 0 0 0 10
Liaoning 0 10 0 0 0 0 10
Henan 0 0 19 0 0 0 19
Hebei 0 0 0 15 0 0 15
Guangxi 0 0 0 0 5 0 5
Guangdong 1 0 0 0 1 5 7

% 100 100 100 100 100 71.4 97.0
Cross-validated Count Jilin 10 0 0 0 0 0 10

Liaoning 1 8 0 0 1 0 10
Henan 0 2 14 2 0 1 19
Hebei 1 0 0 12 1 1 15
Guangxi 0 0 0 0 4 1 5
Guangdong 1 0 0 0 2 4 7

% 100 80 73.7 80 80 57.1 78.8
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complexes may lead to the synergistic effect of peanut on the
absorption of elements.

It can be assumed that elements do not cycle independently
in vegetation due to their involvement in the basic cellular and
structural functions, similar biochemical pathways. Thus,
concentrations of different elements must be correlated. Inter-
actions observed within plants between elements have also
indicated that these processes are quite complex and are
simultaneously antagonistic and synergistic. Moreover, they are
occasionally involved in the metabolism of over two elements.46

Few studies have delved into the relationships between the
concentrations of elements within peanuts.43–45,47 The informa-
tion yielded in this study will shed light on peanut nutrition
breeding and the risk assessment of peanut quality and safety.
3.5 Linear discriminant analysis (LDA)

Linear discriminant analysis (LDA) was used to identify the
most useful variables and to remove non-essential information
for the discrimination of peanuts regions. LDA was carried out
based on the 19 elements analyzed in the peanut samples. A
cross-validation procedure was used to evaluate this model.
Fig. 3 shows the differentiation of the peanut samples for six
regions when the rst two discriminant functions were repre-
sented. Five canonical discriminant functions explained 100%
of the variance, and the rst two functions explained 72.3% of
the variance (function 1 explained 47.7% of the total variance,
and function 2 explained 24.6% of the total variance). When all
the variables were introduced in the LDA, the percentage of
correct classication was 97.0% for all locations and the
percentages obtained aer cross-validation decreased to 78.8%
(Table 5). It can be deduced that the content of mineral and
trace elements coupled with LDA is a good instrument for
establishing the geographical origin of peanuts and their
cultivars.

This study investigated the classication of geographical
origins of peanuts by the multi-element analysis combined with
multivariate data analysis. Some marked differences have been
16796 | RSC Adv., 2022, 12, 16790–16797
noted in some elements (Na, Cu, Zn, Mo, Mn, Ni, etc.) in
different regions, which could be attributed to a soil back-
ground value, agricultural inputs, or other activities. Certain
elements may serve as a preliminary classier for determining
geographical origin. None of the toxic elements has exceeded
the limit value and can be temporarily deemed safe for human
consumption. The research related to exposure assessment and
risk assessment merits further academic attention. More
attention should be allocated to specic elements in specic
areas through the analysis of toxic elements in different areas.
The establishment of an effective method to identify peanut-
producing areas can protect geographical indication products
and improve the early warning ability of peanut-producing
areas with high risks, thereby reducing the risk of human
intake of toxic substances from peanuts.

For further research in this eld, more samples of each place
of origin should be analyzed to allow evaluation by multivariate
data analysis. Rare earth elements such as ytterbium (Yb),
lutetium (Lu), lanthanum (La), yttrium (Y), etc. could try to be
determined which then will help to establish a more robust
discrimination model that will allow the verication of the
geographical origin of unknown samples. In addition to
geographical region, the differences of element contents in
peanut may be affected by other factors including peanut vari-
eties, harvest season, agronomic practices, etc. Therefore,
further research on the respective effect extent of each factor to
element variation in peanuts should be taken into
consideration.26
4. Conclusions

We analyzed 19 elements in peanuts from six provinces in
China using ICP-MS. The applied analytical techniques were
validated by quality assurance parameters in which the limits of
detection, precision and accuracy conrmed that the analytical
methods used are efficient. There are differences in element
content in peanuts between different regions. K, Mg and Ca
were the most abundant elements with concentrations >100 mg
© 2022 The Author(s). Published by the Royal Society of Chemistry
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kg�1. The average concentrations of toxic trace elements such as
Pb, Cd, As, and Cr were very low and within the safe limits. A
radar plot based on chosen elements was used to better show
the elemental differences between different provinces. Corre-
lation analysis showed that there was a strong correlation
between individual elements in peanut samples. LDA model
based on concentrations of 19 elements allowed 97.0% of
correct prediction. This study provides a reliable and efficient
method to identify the geographical origin to enhance regional
capabilities for quality assurance and control.
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