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Abstract

In order to explore the feasibility of mineral element analysis on the origin of red jujube, and to screen the effective 
indicators to distinguish the origin of red jujube, 34 samples of red jujube were collected from Xinjiang, Hebei, 
Shanxi and Gansu provinces of China. The contents of Na, Mg, K, Ca, P, B, Al, Ti, Mn, Fe, Co, Ni, Cu, Zn, As, Se, 
Sr, Mo, Ba, Tl, Ge, Zr, Li, Rb, Cs, La, Ce and Nd in the samples of red jujube were determined by inductively cou-
pled plasma mass spectrometer and analyzed by variance analysis, principal component analysis (PCA), cluster-
ing analysis (CA) and discriminant analysis (DA). The results demonstrated that the content of mineral elements 
in red jujube from different regions has its own characteristics. The average contents of Na and Ge in red jujube 
were the highest from Xinjiang province, while the average contents of Co, Cu, Zn, Se, Ba and Cs were the lowest. 
The average contents of Ca, Ba and Ti in red jujube in Hebei province were the highest, the average contents of K, 
Mn and Rb in red jujube in Shanxi province were the highest, and the average contents of Mg, P, Al, B, Ti, Fe and 
Cu in Gansu province were the highest. The content of Na in Xinjiang province was three times more than that 
of Gansu province, and the content of Rb in Hebei province was four times more than that of Xinjiang province. 
PCA explained 82.1% of total variation, indicating that it played a vital role in the classification of mineral ele-
ments of red jujube. Red jujube was divided into five groups at a cluster distance of 9.0, indicating that clustering 
analysis has achieved ideal results in the origin traceability of red jujube. By discriminant analysis, the correct 
discriminant rate of 100% was established for samples from Xinjiang, Hebei, Shanxi and Gansu provinces. Facts 
have proved that it is feasible to judge the traceability of the origin of red jujube by using multi-element analysis.
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Introduction

With the rapid development of economy and improve-
ment in material living standards, people’s demands for 
food are more diversified. However, fake and shoddy 
products have emerged in an endless stream, and food 
safety has been always the focus of public attention (Fung 
et  al., 2018). Fake and shoddy geographical landmark 
products have flooded the market, with a negative impact 

on the reputation of branded products. When a food 
safety accident occurs, it is necessary to trace food source 
and establish a food traceability system to ensure good 
quality of agricultural products (Dehua and Zhongxin, 
2019).

According to the International Organization for 
Standardization, traceability is defined as “the abil-
ity to trace the history, use, or location of an entity by 
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a recorded identification” (Cruz Introini et  al., 2018). 
Food traceability can be achieved by analyzing food 
indicators, including isotope content and ratio, min-
eral element content, nutrient composition, animal 
genetic map, microbial map, sensory characteristics, 
and volatile components (Qie et  al., 2021). Alcantara 
et  al. (2021) used principal component analysis (PCA) 
to show the difference between traditional and specialty 
coffee by taking advantage of the volatile and nonvola-
tile compounds contained in coffee beans. Rana et  al. 
(2021) used linear discriminant analysis (LDA) to study 
the effects of three sweeteners on the sensory proper-
ties of sweeteners in soy milk yogurt, and the sensory 
properties were determined to distinguish the presence 
of artificial sweeteners and other sweeteners in a sam-
ple with 100% accuracy. Otherwise, modern informa-
tion technology, including Near-Field Communication 
(NFC) technology, Internet of things (IoT) technology, 
blockchain technology, and 5G technology, were used 
to trace agricultural products. Physical methods are 
mainly label traceability technology, such as bar code 
and electronic tag, to dynamically track and moni-
tor the location of agricultural products. Biological 
methods, including iris signature technology and DNA 
tracing technology, were used for tracing research. 
Chemical methods, including stable isotope traceabil-
ity technology, mineral element traceability technology 
and organic component fingerprint analysis technology, 
were used for tracing research. Zhao et al. (2021) sum-
marized recent advances in stable isotope technology 
in animal products such as beef, lamb, poultry, pork, 
cheese, milk and seafood. Zhao et al. (2020) used stable 
isotope ratio determination, mineral element tracing, 
and organic component fingerprinting to trace meat 
products and establish a more efficient food traceabil-
ity system. Many analytical instruments, such as gas 
chromatography (GC), high-performance liquid chro-
matography (HPLC), inductively coupled plasma mass 
spectrometer (ICP-MS), near-infrared spectroscopy 
(NIR), and isotope ratio mass spectrometer (IRMS), 
were used to identify the origin of agricultural products. 
ICP-MS has the advantages of fast analysis speed, low 
detection limit, and rapid simultaneous determination 
of various mineral elements.

The mineral fingerprint of agricultural products is closely 
related to the planting soil substrate background and fer-
tilization history, and is the “natural” basis for tracing ori-
gins. The feasibility of mineral element analysis to trace 
origin has been widely used in dairy products, honey and 
meat products. Multi-element analysis was used to trace 
the origin of dairy products. Herman-lara et  al. (2019) 
analyzed the mineral elements of artisanal goat cheese 
in Veracruz, Mexico, using discriminant analysis, and 
identified the geographical origin of goat cheese using 
nine elements. Liu et al. (2019) collected the contents of  

11 elements in goat milk and soil from nine farms in 
three provinces of China and showed that the other vari-
ables in goat milk, except zinc content, were significantly 
different in three regions. 

The feasibility of multi-element analysis for traceabil-
ity of honey origin has also been used widely used. Liu 
et al. (2021) determined 67 honey s varieties from plant 
sources, 17 honey varieties from syrups, and 61 adulter-
ated honey varieties. Using stoichiometric analysis, the 
classification accuracy was more than 93%, indicating 
that chemical analysis of mineral elements can be used 
as a reliable tool to distinguish adulterated honey from 
pure honey. Voica et  al. (2020) studied the concentra-
tion range of 18 elements in four varieties of honey from 
Romania. ICP-Q-MS was used to identify different honey 
samples by principal component analysis (PCA). 

There are many feasibility applications for multi-element 
analysis to trace the origin of meat. Qi et al. (2021) col-
lected the content distribution of pork characteristic ele-
ments from seven regions of the country. By comparing 
various machine learning algorithms, the overall accu-
racy of feed forward neural network reached 95.71%, 
which proved that mineral element analysis assisted by 
machine learning could be used to distinguish pork sam-
ples in a country. Wang et  al. (2021) measured the ele-
mental data of 104 sheep and 24 goats in Inner Mongolia, 
and the LDA results showed that the original classifica-
tion accuracy was 95.2%, so the multi-element analysis 
method could be used as a method to identify small area 
mutton.

In China, red jujube is a plum jujube genus plant, 
known as “eclipse three jujube, immortality” (Rashwan 
et al., 2020). Red jujube fruit has high nutritional value, 
and it contains minerals, proteins, vitamins, amino 
acids, organic acids and polysaccharides (Liao et  al., 
2022; Niu et al., 2021; Zhou et al., 2021). It also contains 
a variety of biologically active compounds, such as the 
phenolic compounds, which have antioxidant and anti-
cancer effects. Red jujube also has therapeutic effects on 
ulcer, hypotension, kidney disease, immune stimulation, 
fungal and bacterial infection, and other diseases (Liu 
et al., 2021). However, the complex climatic conditions 
and different elevations in China may lead to differences 
in mineral elements content of red jujube in different 
regions (Wang et al., 2018). Suitable temperature, pre-
cipitation and humidity are beneficial to increase the 
content of mineral elements in red jujube, while sand-
storm, freezing damage, rainstorm, diseases and insect 
pests are not conducive to the increase of mineral ele-
ments. At present, red jujube has become a pillar to the 
industry and an important economic source in many 
regions. Traceability research on red jujube samples is 
of great significance for food safety, and can promote 
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healthy economic development of the red jujube indus-
try. However, few studies are available on the origin of 
red jujube. Therefore, the aim of this study was to iden-
tify the origin of red jujube by tracing mineral source 
information in order to guarantee food safety and qual-
ity, and satisfy the rights and interests of consumers.

Methods

Sample collection

Samples of 13 varieties and 34 producing areas from four 
provinces of China (Xinjiang, Hebei, Shanxi and Gansu 
Provinces) were collected, numbered, and the sample 
collection information was recorded (Table 1). For each 
sample, 200 g of fresh red jujube fruits was collected and 
stored in a refrigerator at -18°C for later use. Climatic 
conditions of the four mentioned provinces are shown in 
Table 2 (Zhao, 2020).

Instruments

The following instruments were acquired: 7700 X induc-
tively coupled plasma mass spectrometer (Agilent, USA); 
Mars-6 closed microwave digestion instrument (CEM 

Corporation, NC, USA, with the highest temperature of 
300°C, and the highest pressure of 10.34 MPa) and Z0049 
acid driver (Beijing East Hangke Instrument Co. Ltd., 
China) (Table 3).

Test Methods

Pretreatment of  samples 
Red jujube were cored and freeze-dried, then grounded 
to powder with liquid nitrogen, and cryopreserved at 
-18°C. The frozen samples were taken for mineral ele-
ment content analysis.

Separation of  mineral elements
Red jujube sample, 0.1 g (accurate to 0.0001 g), dried at 
105°C for 1 h, was weighed and placed in high-pressure 
microwave digestion pot, and 7.0-mL mixed acid was 
added to it. The sample was digested by high-pressure 
microwave according to the steps given in Table 4. After 
cooling, the sample was removed and placed in acid 
drive instrument at 140°C until the solution was dried 
up. Further, 4.0-mL and 2.0-mL nitric acid (HNO3)  
was added in two separate steps to drive the acid until 
0.05-mL solution and 5.0-mL 20% HNO3 solution (vol-
ume fraction, same given below) was extracted, and the 
solution was transferred to a 50-mL plastic volumetric 
flask with set volume of water until testing. The whole 
process of sample analysis was carried out by blank test, 
and the test was carried out under the instrument condi-
tion selected by ICP-MS (Guo and Zhou, 2018).

The working conditions of ICP-MS are as follows: radio 
frequency (RF) power rate 1,300 W; carrier gas flow 
rate 0.85 L·min-1; peristaltic pump flow rate 0.3 RPS 
and atomization chamber temperature 2°C. The specific 
working conditions are shown in Table 5.

Table 2.  Climatic conditions of four provinces.

Xinjiang province Hebei province Shanxi province Gansu province

GPS 73°40’E–96°23’E
34°22’N–49°10’N

113°04’E–119°53’E
36°01’N–42°37’N

110°15’E–114°32’E
34°36’N-40°44’N

10°26’E
32°31’N–42°57’N

Altitude (m) 4,385 1,500 1,000 2,158

Average annual precipitation (mm) 199.6 546.7 547.1 506.5 

Average annual temperature (°C) 8.7 15 12 9.2

Table 3.  Instruments and vendors.

Instrument Vendor

7700 X inductively coupled 
plasma mass spectrometer

Agilent, USA

Mars-6 closed microwave 
digestion instrument

CEM Corporation, NC, USA

Z0049 acid driver Beijing East Hangke Instrument 
Co. Ltd., China

Table 1.  Names and codes of 34 red jujube cultivars.

Abbreviation Full name Code

XJHT Xinjianghetian 3

XJAKS Xinjiangakesu 2

XJKS Xinjiangkashi 2

HBCZ Hebeicangzhou 3

HBZH Hebeizanhuang 3

HBFP Hebeifuping 3

HBTS Hebeixingtang 3

SXJS Shanxijishan 3

SXJZ Shanxijinzhong 2

SXLL Shanxilvliang 2

GSLZ Gansulinze 3

GSXB Gansuxuebai 2

GSDH Gansudunhuang 3
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Statistical analysis

SPSS 24.0 software was used to perform variance analy-
sis, clustering analysis (CA), PCA and discriminant anal-
ysis of mineral element contents of red jujube.

Result and Discussion

Mineral element results in different regions of red jujube

A total of 27 mineral elements were measured, the results 
showed that there were significant differences between 
regions concerning the following 21 elements: Na, K, Mg, 
Ca, P, B, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Ba, Tl, Ge, 
Li and Rb (Tables 6 and 7). The mineral element contents 
of red jujube in different regions had their own charac-
teristics. In Xinjiang province, the average contents of Na 
and Ge in red jujube were the highest, while the average 
contents of Co, Cu, Zn, Se, Ba and Cs were the lowest. In 
Hebei province, the average contents of Ca, Ba and Ti in 
red jujube were the highest, while the average contents of 
As, Mo and Li were the lowest. In Shanxi province, the 
average contents of K, Mn and Rb in red jujube were the 
highest, while the average content of Ni was the lowest. 
In Gansu province, the average contents of Mg, P, Al, B, 
Ti, Fe and Cu in red jujube were the highest, while the 
average contents of Zr and La were the lowest. The Na 
content of red jujube in Xinjiang province was three 
times more than that in Gansu province; the Ni content 
of red jujube in Gansu province was two times more than 
that in Xinjiang province; the Ba content of red jujube in 

Hebei province was two times more than that in Xinjiang 
province; and the Rb content of red jujube in Hebei prov-
ince was four times more than that in Xinjiang province.

Wang et  al. (2018) analyzed reducing sugars, organic 
acids, and minerals from 15 red jujube cultivars. After 
comparison, the Ti and Ni contents of most red jujube 
varieties in this study were similar to the results of Wang 
et al (Wang et al., 2018), and the Al content of all varie-
ties was lower than that of Wang et al (Wang et al., 2018). 
The content of element B in all red jujube varieties was 
higher than the results of Wang et al (Wang et al., 2018). 
Nadeem et  al. (2019) analyzed the mineral elements of 
21 jujube cultivars. In the results of this study, the con-
tents of K, Fe, Ca, Na, Mg, Zn and Cu of all red jujube 
varieties were higher than the results of the study con-
ducted by Nadeem et al (2019). The differences of min-
eral elements of red jujube could have a close relationship 
with the differences of soil types and main mineral ele-
ments present in the soil of different areas of red jujube. 
According to a conducted research, soil in Xinjiang 
province was mainly calcium soil, desert soil, meadow 
soil, and swamp soil (Li et al., 2021). In Hebei province, 
the soil type was tidal soil (Yao et  al., 2019). The main 
soil type in Shanxi province was cinnamon soil (Ji et al., 
2021), and that in Gansu province was gray brown desert 
soil (Chen et al., 2019). The contents of heavy metals in 
red jujube from Hebei and Shanxi provinces were higher 
than that from Xinjiang province. This could be due to 
the fact that Hebei and Shanxi provinces are located  
in the central plains where the production method is 
mainly heavy industry; therefore, it has a negative impact 
on the environment of agricultural production.

Principal component analysis

The PCA (Table 8) of 21 mineral elements was performed 
with significant differences between the red jujube, with 
five principal components having eigenvalues of more 
than 1, which accounted for 82.1% of total variance. The 
first principal component mainly explained the content 
information of eight elements, such as Ba, Co, Ti, Rb, Ca, 

Table 5.  Working parameters of ICP-MS. 

Parameter Set value Parameter Set value

RF power (W) 1,300 Repeat the number 3

Sampling depth (mm) 7.0 Integration time (s) 0.10

Sample lifting speed (RPS) 0.3 Sampling cone type Ni

Atomization chamber temperature (°C) 2.0 Type of  atomizer High salt

Cooling water flow rate (L/min) 1.2 Cooling water temperature (°C) 18

Take the lens 1 (V) -0.50 Omega deflection voltage (V) -70

Extract lens 2 (V) -155 Omega lens voltage (V) 5.2

Dilution gas (Ar) flow rate (L/min) 0.30 Carrier gas flow rate (L/min) 0.85

Table 4.  Working procedure of microwave digestion.

Step Time (min) Temperature (°C)

1 5 (Heat up) 120

5 (Heat preservation) 120

2 5 (Heat up) 150

10 (Heat preservation) 150

3 10 (Heat up) 190

20 (Heat preservation) 190
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Table 6.  Contents of 27 elements in red jujube from different areas.

Element (mg/100 g) XJHT XJAKS XJKS HBCZ HBZH HBFP

Na 153 ± 53c,d 134 ± 63b,c,d 142 ± 60b,c,d 315 ± 127e 141 ± 21b,c,d 45 ± 60a,b

Mg 313 ± 12a,b,c 299 ± 13a,b,c 322 ± 18a,b,c,d 364 ± 28d,e,f 322 ± 24a,b,c,d 295 ± 7a,b

K 8223 ± 828b,c,d,e 6409 ± 247a 6952 ± 449a,b,c 7190 ± 426a,b,c 8296 ± 108c,d,e 6751 ± 1425a,b

Ca 466 ± 110a,b,c 452 ± 48a,b,c 572 ± 54b,c,d 547 ± 44a,b,c 406 ± 63a,b 677 ± 228c,d

P 793 ± 92a,b,c,d 699 ± 121a,b 742 ± 54a,b,c 740 ± 18a,b,c 812 ± 139a,b,c,d 672 ± 185a

B 14.09 ± 1.13c 8.99 ± 2.23a 11.00 ± 3.38a,b,c 12.47 ± 1.80a,b,c 13.92 ± 1.02b,c 11.92 ± 1.53a,b,c

Al 6.39 ± 1.30a 5.06 ± 1.40a 5.65 ± 3.08a 7.28 ± 2.09a 5.19 ± 0.39a 10.55 ± 9.69a

Ti 0.55 ± 0.07a 0.39 ± 0.07a 0.37 ± 0.08a 0.47 ± 0.04a 0.41 ± 0.05a 0.54 ± 0.35a

Mn 2.99 ± 0.28a,b,c,d 1.97 ± 0.40a 1.97 ± 0.26a 2.24 ± 0.21a,b 2.44 ± 0.40a,b,c 3.49 ± 0.61c,d

Fe 8.80 ± 1.49a,b,c,d 7.46 ± 1.38a,b 7.19 ± 1.15a 8.32 ± 0.61a,b,c,d 8.17 ± 0.56a,b,c 11.86 ± 5.36c,d

Co 0.003 ± 0.00a 0.003 ± 0.00a 0.003 ± 0.00a 0.004 ± 0.00a 0.003 ± 0.00a 0.019 ± 0.01c

Ni 0.15 ± 0.08a 0.16 ± 0.12a 0.20 ± 0.12a,b 0.19 ± 0.03a 0.18 ± 0.06a 0.40 ± 0.19d

Cu 1.69 ± 0.30a,b 1.39 ± 0.57a 1.65 ± 0.48a,b 1.58 ± 0.21a,b 1.71 ± 0.22a,b 1.97 ± 0.34a,b,c

Zn 3.72 ± 0.17a,b,c 3.51 ± 0.53a,b,c 4.05 ± 1.54b,c,d 3.53 ± 0.57a,b,c 3.45 ± 1.06a,b,c 4.84 ± 0.65c,d,e

As 0.01 ± 0.00a,b,c 0.009 ± 0.00a,b 0.008 ± 0.00a,b 0.01 ± 0.00a,b,c 0.01 ± 0.01b,c 0.006 ± 0.00a

Se 0.02 ± 0.00a,b 0.02 ± 0.01a 0.02 ± 0.00a,b 0.03 ± 0.00a,b,c 0.02 ± 0.01a,b 0.03 ± 0.01a,b,c

Sr 7.43 ± 3.34a,b,c,d 6.90 ± 0.57a,b,c,d 9.46 ± 4.50c,d 8.47 ± 1.23b,c,d 6.70 ± 3.16a,b,c,d 3.88 ± 1.70a,b

Mo 0.06 ± 0.02b,c,d 0.04 ± 0.01a,b,c,d 0.03 ± 0.01a,b 0.03 ± 0.01a,b 0.05 ± 0.01a,b,c,d 0.04 ± 0.02a,b,c

Ba 0.15 ± 0.01a,b 0.22 ± 0.00a,b,c 0.18 ± 0.08a,b,c 0.20 ± 0.06a,b,c 0.11 ± 0.02a 0.71 ± 0.52d

Tl 0.001 ± 0 .00a 0.001 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.02 ± 0.02b

Ge 0.003 ± 0.00a,b,c,d 0.003 ± 0.00a,b,c,d,e 0.002 ± 0.00a 0.003 ± 0.00a,b,c,d,e 0.004 ± 0.00 e 0.003 ± 0.00a,b,c,d,e

Zr 0.01 ± 0.01a 0.01 ± 0.00a 0.008 ± 0.00a 0.01 ± 0.01a 0.007 ± 0.00a 0.009 ± 0.00a

Li 0.64 ± 0.19b,c 0.33 ± 0.05a,b 0.45 ± 0.32a,b,c 0.67 ± 0.27b,c 0.57 ± 0.10b,c 0.17 ± 0.23c

Rb 2.83 ± 1.02a 2.02 ± 1.34a 1.26 ± 0.63a 2.05 ± 0.76a 1.32 ± 0.19a 14.42 ± 11.17b

Cs 0.003 ± 0.00a 0.004 ± 0.00a 0.002 ± 0.00a 0.009 ± 0.01a 0.001 ± 0 .00a 0.17 ± 0.19a

La 0.02 ± 0.03a 0.005 ± 0.00a 0.003 ± 0.00a 0.004 ± 0.00a 0.006 ± 0.00a 0.009 ± 0.00a

Ce 0.039 ± 0.05a 0.013 ± 0.01a 0.006 ± 0.00a 0.007 ± 0.00a 0.008 ± 0.00a 0.012 ± 0.01a

*Different letters after the given data in the same row show significant differences (P < 0.05).

Ni, Mn and Zn, while the second principal component 
mainly integrated the content information of six ele-
ments, such as K, P, Mg, Cu, B and Se. The third principal 
component mainly integrated the content information of 
As and Sr in the sample; the fourth principal component 
mainly represented the content information of Li and Na, 
and the fifth and final principal component mainly repre-
sented the content information of Ge.

Zhang et al. (2021b) studied the fatty acid (FA) content 
of 21 jujube varieties, and the results showed that seven 
main components accounted for 82.59% of total varia-
tion, and the first two components accounted for 43.01% 
of data variation. Different fatty acids were well corre-
lated with principal components 1 and 2. Zhang et  al. 
(2021a) evaluated the quality of 37 jujube varieties by 
titration, ultraviolet spectrophotometry and HPLC, and 
calculated the comprehensive score of different jujube 
varieties by PCA, which provided a theoretical basis 

for plantation and cultivation of red jujube. Yang et  al. 
(2019) used headspace-gas chromatography-ion mobil-
ity instrument (HS-GC-IMS) to analyze red jujube dur-
ing different refrigerated periods. PCA results showed 
that the method could effectively distinguish fresh jujube 
from refrigerated jujube. In this study, 21 minerals from 
34 red jujube-producing areas were studied, and the five 
principal components explained 82.1% of total variation. 
It is observed that PCA was used for quite a number of 
times previously for food origin traceability, and it pro-
vided the information of various elements in the sample 
more directly through a comprehensive manner.

Using the standardized scores of the first and second 
principal components as a scatter plot (Figure 1), the 
results showed that Xinjiang, Hebei, Shanxi and Gansu 
provinces overlapped each other, and neither these could 
be clearly separated nor could be the origin of red jujube 
clearly identified.
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Table 7.  Contents of 27 elements in red jujube from different areas.

HBTS SXJS SXJZ SXLL GSLZ GSXB GSDH

Na (mg/100 g) 14 ± 6a 34 ± 21a,b 80 ± 24 a,b,c,d 181 ± 10d 35 ± 3a,b 74 ± 55a,b,c 45 ± 7a,b

Mg (mg/100 g) 288 ± 59a 397 ± 12f 341 ± 8b,c,d,e 347 ± 9c,d,e 306 ± 13a,b,c 374 ± 20e,f 458 ± 23g

K (mg/100 g) 6893 ± 1154a,b,c 8090 ± 690b,c,d,e 9254 ± 326e 9482 ± 421e 7520 ± 394a,b,c,d 8984 ± 423d,e 8692 ± 714d,e

Ca (mg/100 g) 678 ± 216c,d 791 ± 89d 405 ± 91a,b 322 ± 53a 527 ± 109a,b,c 535 ± 18a,b,c 616 ± 67b,c,d

P (mg/100 g) 607 ± 146a 735 ± 34a,b,c 1011 ± 84c,d 1080 ± 135d 618 ± 40a 767 ± 204a,b,c 983 ± 313d

B (mg/100 g) 11.00 ± 2.02a,b,c 9.22 ± 0.72a 14.22 ± 1.23c 18.47 ± 3.66d 9.95 ± 1.34a,b 11.13 ± 4.33a,b,c 18.71 ± 1.23d

Al (mg/100 g) 5.39 ± 1.21a 7.05 ± 1.57a 7.14 ± 1.00a 8.51 ± 0.94a 10.93 ± 2.43a 9.72 ± 4.34a 8.00 ± 2.15a

Ti (mg/100 g) 0.56 ± 0.15a 0.54 ± 0.11a 0.60 ± 0.08a 0.60 ± 0.05a 0.59 ± 0.20a 0.55 ± 0.27a 0.66 ± 0.08a

Mn (mg/100 g) 3.22 ± 1.34b,c,d 3.32 ± 0.27b,c,d 3.70 ± 0.42d 2.36 ± 0.65a,b,c 2.58 ± 0.29a,b,c,d 2.63 ± 0.66a,b,c,d 3.09 ± 0.04a,b,c,d

Fe (mg/100 g) 10.36 ± 1.23a,b,c,d 10.76 ± 0.29a,b,c,d 10.95 ± 1.16a,b,c,d 10.47 ± 0.66a,b,c,d 12.58 ± 1.11d 9.99 ± 1.85a,b,c,d 11.68 ± 2.84b,c,d

Co (mg/100 g) 0.016 ± 0.01b,c 0.006 ± 0.00a 0.003 ± 0.00a 0.002 ± 0 .00a 0.005 ± 0.00a 0.003 ± 0.00a 0.007 ± 0.00a,b

Ni (mg/100 g) 0.38 ± 0.16b,c 0.12 ± 0.03a 0.13 ± 0.03a 0.09 ± 0.02a 0.36 ± 0.03b,c 0.36 ± 0.04a 0.36 ± 0.05b,c

Cu (mg/100 g) 2.23 ± 0.69b,c 1.89 ± 0.18a,b,c 2.05 ± 0.28a,b,c 1.50 ± 0.50a,b 1.55 ± 0.09a,b 1.42 ± 0.47a,c 2.54 ± 0.13a,c

Zn (mg/100 g) 5.32 ± 1.20d,e 6.40 ± 0.78e 3.57 ± 0.76a 2.30 ± 0.29a,b,c 3.10 ± 0.33a,b 3.18 ± 0.14a,b,c 6.10 ± 1.18e

As (mg/100 g) 0.006 ± 0.00a 0.007 ± 0.00a,b 0.01 ± 0.00b,c 0.02 ± 0.01c 0.009 ± 0.00a,b 0.01 ± 0.00a,b,c 0.01 ± 0.00a,b,c

Se (mg/100 g) 0.02 ± 0.01a,b,c 0.03 ± 0.01b,c 0.03 ± 0.01a,b,c 0.02 ± 0.01a,b 0.02 ± 0.00a,b,c 0.03 ± 0.00a,b,c 0.04 ± 0.01c

Sr (mg/100 g) 3.24 ± 1.44a 6.95 ± 2.14a,b,c,d 5.52 ± 2.89a,b,c,d 4.64 ± 1.18a,b,c 4.65 ± 0.75a,b,c 7.80 ± 2.56a,b,c,d 9.70 ± 1.66d

Mo (mg/100 g) 0.03 ± 0.02a 0.07 ± 0.02c,d 0.07 ± 0.02d,e 0.09 ± 0.01e 0.04 ± 0.00a,b,c 0.06 ± 0.01a,b,c,d 0.04 ± 0.00a,b,c,d

Ba (mg/100 g) 0.58 ± 0.40c,d 0.54 ± 0.05b,c,d 0.14 ± 0.02a,b 0.12 ± 0.02a,b 0.26 ± 0.06a,b,c 0.17 ± 0.06a,b,c 0.23 ± 0.01a,b,c

Tl (mg/100 g) 0.02 ± 0.01b 0.004 ± 0.00a 0.00 ± 0.00a 0.001 ± 0.00a 0.001 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

Ge (mg/100 g) 0.003 ± 0 .00a,b,c,d 0.002 ± 0 .00a,b,c 0.003 ± 0.00a,b,c,d,e 0.003 ± 0.00d,e 0.003 ± 0.00c,d,e 0.002 ± 0 .00a,b 0.003 ± 0.00b,c,d,e

Zr (mg/100 g) 0.008 ± 0.00a 0.01 ± 0.00a 0.01 ± 0.00a 0.01 ± 0.01a 0.02 ± 0.00a 0.02 ± 0.00a 0.01 ± 0.01a

Li (mg/100 g) 0.07 ± 0.08c 0.43 ± 0.26a,b,c 0.45 ± 0.24a,b,c 0.84 ± 0.30c 0.09 ± 0.01a 0.33 ± 0.22a,b 0.84 ± 0.07c

Rb (mg/100 g) 15.10 ± 12.38b 5.07 ± 1.45a 2.37 ± 0.59a 2.76 ± 0.38a 4.48 ± 0.33a 1.74 ± 0.64a 2.18 ± 0.27a

Cs (mg/100 g) 0.05 ± 0.05a 0.02 ± 0.00a 0.003 ± 0.00a 0.003 ± 0.00a 0.01 ± 0.00a 0.002 ± 0.00a 0.002 ± 0.00a

La (mg/100 g) 0.009 ± 0.01a 0.005 ± 0.00a 0.004 ± 0.00a 0.004 ± 0.00a 0.004 ± 0.00a 0.005 ± 0.00a 0.004 ± 0.00a

Ce (mg/100 g) 0.011 ± 0.01a 0.009 ± 0.00a 0.008 ± 0.00a 0.009 ± 0.01a 0.008 ± 0.00a 0.009 ± 0.01a 0.007 ± 0.00a

*Different letters after the given data in the same row show significant differences (P < 0.05).

In this study, the first two principal components (57.56% 
of total variation) were used to isolate the source of red 
jujube; however, they failed to separate. The reason could 
be the error in experimental results caused by insufficient 
sample size, or the influence of climatic factors (precipi-
tation, temperature, or humidity) during the season of 
sample collection. Hence, the sample size of red jujube 
collection must be expanded in subsequent studies, and 
multi-dimensional factors of mineral elements in red 
jujube must be considered.

Clustering analysis

Based on the standardized scores of the first five princi-
pal components, clustering analysis was conducted on 
13 red jujube samples from producing areas (Figure 2).  
Basically, the classification of red jujube samples was 

consistent with the classification of region of origin. 
By using the method of inter-group connection and 
the square Euclidean distance as a metric criterion, red 
jujube samples were divided into five categories on the 
basis of clustering distance. The first category mainly 
comprised red jujube samples from Hebei and Xinjiang 
provinces, including four red jujube samples from Shanxi 
and Gansu provinces. The second category comprised all 
samples from Shanxi province; the third category had all 
samples from Gansu province; the fourth category con-
tained all samples from Shanxi province; and the fifth 
category had all samples from Hebei province. 

In Figure 2, the first column of the ordinate represented 
the red jujube sample, 1–7 represented Xinjiang prov-
ince, 8–19 represented Hebei province, 20–26 represented 
Shanxi province and 27–34 represented Gansu province. 
The second column of the ordinate represented four 
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regions, 1–3 represented Xinjiang province, 4–8 repre-
sented Hebei province, 9–11 represented Shanxi province 
and 12–14 represented Gansu province. The abscissa rep-
resented the distance scale of clustering analysis. 

Zhang et al. (2021b) used clustering analysis to distinguish 
21 red jujube cultivars according to their composition and 
content of fatty acids, indicating that different red jujube 
cultivars could be completely divided from the left, with 
gradual gathering of relatively similar red jujube cultivars. 
Therefore, 21 red jujube cultivars could be distinguished 
according to the composition and content of their fatty 
acids. Khadivi et  al. (2021) used the Euclidean distance 
method and the Ward method for clustering analysis, and 
divided jujube germplasm into two main clusters, which 
provided a basis for the morphological study of red jujube 
and the development of the fruit processing industry. In this 
study, red jujube was divided into five groups at a cluster 
distance of 9.0, indicating that clustering analysis achieved 
ideal results in the origin traceability of red jujube. The 
first category was found to have samples from Hebei and 
Xinjiang provinces, probably because both these regions 
have cold winters and hot summers. The average tempera-
ture of Xinjiang province is lower than that of Hebei prov-
ince, but the sunshine period in Xinjiang province is more 
than that of Hebei province. The comprehensive climatic 
conditions and soil types make the samples of Hebei and 
Xinjiang provinces belonging to the first category.

Discriminant analysis

The overall correct classification and cross-validation 
tests were used to categorize red jujube samples from  
13 producing areas. The overall correct classification rate 
of the samples from 13 regions was 100%, which indicated 
that mineral elements could be used in the discriminant 
analysis of the origin of red jujube. The discriminant rate 
of the cross-validation was only 25%. The cross-valida-
tion rate of Cangzhou in Hebei province, Linze in Gansu 
province, and Dunhuang in Gansu province was 33.3%, 
and the discriminant rate of other regions was 0%. The 
insufficient number of samples and unrepresentative 
samples were also important factors affecting the dis-
criminant rate. The similar annual average temperature 
between Hebei and Shanxi provinces, and Xinjiang and 
Gansu provinces, and the similar annual average precipi-
tation between Hebei, Shanxi and Gansu provinces could 
be one of the reasons for poor discriminant performance 
of cross-discriminant analysis.

Zhang et al. (2021b) used LDA to classify 21 varieties, 
with good results. A total of 63 samples were collected, 
and three samples from each of 21 species were classi-
fied correctly. Wu et al. (2021) tested 31 quality indica-
tors of red jujube from six regions, screened eight main 

Table 8.  The eigenvector and cumulative variance contribution 
rate of each variable in the first five principal components.

Component 1 2 3 4 5

Ba 0.928 0.099 0.100 0.034 -0.131

Co 0.920 0.131 0.220 0.223 -0.060

Tl 0.907 0.051 0.264 0.188 -0.177

Rb 0.901 0.074 0.269 0.184 -0.170

Ca 0.781 0.291 -0.330 -0.049 -0.133

Ni 0.748 0.196 0.024 0.316 0.343

As -0.704 0.232 0.413 0.192 -0.084

Li -0.670 0.486 -0.117 0.402 -0.100

K -0.610 0.565 0.294 -0.293 -0.034

P -0.571 0.546 0.436 0.053 -0.097

Mo -0.477 0.402 0.186 -0.451 -0.407

Mg -0.186 0.798 -0.297 -0.067 0.236

Cu 0.356 0.762 0.044 0.217 0.048

B -0.389 0.682 0.303 0.405 0.055

Se 0.092 0.627 -0.416 -0.141 0.227

Mn 0.527 0.572 0.304 -0.179 -0.328

Zn 0.568 0.57 -0.468 -0.041 0.040

Sr -0.400 0.285 -0.701 0.089 0.046

Ge -0.139 -0.112 0.614 0.062 0.587

Na -0.573 -0.176 -0.104 0.608 -0.158

Fe 0.345 0.276 0.368 -0.404 0.373

Variance 
contribution 
rate

37.758 19.798 11.841 7.266 5.435

Cumulative 
contribution 
rate

37.758 57.556 69.398 76.663 82.098

Figure 1.  A scatter plot of the first and second principal 
components.
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parameters, and found that both classification accuracy 
and cross-validation accuracy of LDA were 100%, indi-
cating that LDA could be used as a statistical method 
to track the origin of red jujube. Qi et  al. (2022) used 
a portable NIR spectrometer to collect the NIR spectra 
of five varieties of red jujube. The authors used fuzzy-
improved LDA (FiLDA) and K-nearest neighbor (KNN) 
to classify red jujube, with the highest classification 
accuracy of 94.4%, indicating that FiLDA combined 
with NIR spectroscopy is an effective method for iden-
tifying red jujube. The present study indicates that dis-
criminant analysis could be used to trace the origin of 
red jujube, and the sample size must be increased in the 
future experiments to make experimental results more 
representative and convincing.

Conclusions

The contents of 27 elements in 13 varieties of red jujube 
from Xinjiang, Hebei, Shanxi and Gansu provinces 
were determined by ICP-MS. The results showed differ-
ences in the mineral elements of samples from different 

regions. PCA could not effectively distinguish the origin 
of red jujube, while clustering analysis and discriminant 
analysis could reliably distinguish the origin of red jujube 
varieties. In conclusion, it is feasible to classify red jujube 
from different producing areas on the basis of mineral 
elements, especially in the field of food traceability and 
adulteration research where contents of elements vary 
with food source.

Owing to differences of soil, environment, climate and 
water quality in different regions, the enrichment degree 
of elements in different varieties of red jujube is also dif-
ferent, which may be the main reason for differences in 
elements. A preliminary exploration has demonstrated 
that multi-element analysis of red jujube traceability is 
feasible, but the premise of this method is that the sam-
ple is large enough and the sample source is highly rep-
resentative. Therefore, we must continue to expand the 
scope and numbers of samples in subsequent research, 
select representative samples, conduct more in-depth 
analysis, combine element analysis with statistical meth-
ods, and establish a method suitable for detection of food 
traceability.

Figure 2.  Clustering analysis pedigree of red jujube.
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