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ABSTRACT 
 

In this study, the quality characteristics of mineral elements, vitamins and amino acids of 39 
common buckwheat samples from the eastern, central and western regions of Loess Plateau were 
analyzed and compared and then effective indicators were selected for discrimination geographical 
origins. The linear discriminant analysis (LDA) was used to determine the geographical origin of 
common buckwheat according to three chemical families and their combinations each other. All 
models showed different correct classification rate and cross-validation rate. Among them, the 
correct classification rate and cross-validation rate of model based on the relative content of amino 
acid (the percentage of one amino acid in total amino acids) in combination with mineral elements 
were both 97.4%. The results demonstrated that the established method using multivariate analysis 
and data mining techniques was very effective and feasible for identification origin of buckwheat in 
the Loess Plateau. 

Method Article 
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1. INTRODUCTION 
 

Primary agricultural products as raw food 
material had the rich nutrition and biological 
activity components, contributing the high 
nutritional value and health care function and 
they were an important guaranty for food quality 
and safety according to the principle of "from 
farm to table". However, compositions of 
agricultural products were largely affected by 
geographic origins due to differences in growing 
conditions including climate conditions, soil 
types, longitude, latitude, and altitude, which 
influenced the quality and price of produces [1-5]. 
For these reasons, producers, consumers, 
traders, the food industry and regulatory 
authorities are very concerned about the correct 
labelling of origin, traceability, and quality of 
agricultural products [2,6]. To accomplish this 
goal, the European Union (EU) has reinforced 
national control activities by implementing 
“protected designation of origin (PDO)”, 
“protected geographical indication (PGI)” and 
“traditional speciality guaranteed (TSG)”. In 
recent decades, numerous efforts and methods 
based on element, stable isotopic, organic 
compounds analysis in food with multiple 
statistical techniques have been used to 
determine the production origin of food, plant and 
animal products [7-10]. 
 

Common buckwheat (Fagopyrum esculentum 
Moench.) has been used both as a common food 
source and as a traditional medicine throughout 
the world because it contained abundant 
nutritional ingredients and bioactive phyto-
chemicals [11-13], which provides basic nutrition 
and some positive health benefits [14-17]. 
Buckwheat had modest environmental 
requirements; it may be grown in poor soils and 
did not require protection [14,18]. In 2013 the 
buckwheat world production reached over 2.3 
million tons and their cultivation areas were over 
2.2 million hectares [18]. Common buckwheat, a 
major species with agricultural significance 
originated from Southwest China, has gradually 
spread around the world. Common buckwheat 
productions were worldwide concentrated in 
China, which was the biggest world producer 
generally. The Loess Plateau of northern China, 
the largest loess-covering region in the world, 
was one of the major buckwheat production 
areas. For example, in 2016, the area planted in 
the Loess Plateau accounted for more than 60% 
of the total area of the nation in China [19]. 

In the present study, the characteristics of some 
mineral elements, vitamins and amino acids in 
common buckwheat cultivated from the East 
(Shanxi Plateau), Central (North Shaanxi 
Plateau) and West (Hehuang Valley) regions of 
the Loess Plateau were analyzed and compared 
to select effective indicators and further 
determine the geographical origin of common 
buckwheat based on multivariate analysis and 
data mining techniques. This study aimed to 
provide an efficient method for authenticity 
identification of the geographical origins of 
common buckwheat in the Loess Plateau. 
 

2. METHODS  
 

2.1 Data Sources 
 

Data of some mineral elements, vitamins and 
amino acids in common buckwheat were 
collected from Chinese Crop Germplasm 
Resources Information System 
(http://www.cgris.net/) which was an open and 
shared catalogue of scientific & technological 
resources in national S&T basic condition 
platform, providing data for the public. Complete 
data of 39 common buckwheat samples 
cultivated in the Loess Plateau were obtained 
from the database, distributing in the eastern, 
central and the western regions of the Loess 
Plateau, respectively. The content of Cu, Mn, Fe, 
Zn and Ca were determined by atomic 
absorption method; the content of Se and P were 
determined by hydride atomic fluorescence 
spectrometry and spectrophotometric methods, 
respectively; the content of amino acids were 
determined using Amino Acid Analyzer; the 
content of VPP and VE were determined by gas 
chromatography and photocolorimetric methods, 
respectively. Details of the samples are shown in 
Table 1. 
 

2.2 Statistical Analysis 
 

The statistical analysis of the data was 
performed by Microsoft Excel and the SPSS 17.0 
package for windows. One-way analysis of 
variance was first carried on every single 
component of all the samples to determine 
significant differences (p < 0.05). Linear 
discriminant analysis (LDA) using the stepwise 
method was carried out to evaluate whether 
samples from different regions could be 
mathematically distinguished. The statistical 
significance of each discriminant function was
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Table 1. Information of common buckwheat samples 
 

No. Site Latitude Longitude No. Site Latitude longitude 
1-9 Youyu, Shanxi  N112.33 E40.18 20-21 Fugu,Shaanxi  N111.07 E39.05 
10 Pinglu, Shanxi N112.12 E39.53 22-23 Shenmu, Shaanxi N110.51 E38.83 
11 Dingxiang, Shanxi   N112.95 E38.50 24-26 Yulin, Shaanxi N109.77 E38.30 
12 Hongtong, Shanxi N111.68 E36.25 27 Jingbian, Shaanxi N108.79 E37.61 
13 Fushan, Shanxi N111.83 E35.97 28 Tianzhu, Gansu N102.84 E37.24 
14,15 Yicheng, Shanxi N111.68 E35.73 29 Honggu, Gansu N102.86 E36.33 
16 Daning, Shanxi N110.72 E36.47 30 Minhe, Qinghai N102.80 E36.30 
17 Jixian, Shanxi N110.65 E36.12 31-34 Huangzhong,Qinghai N101.57 E36.49 
18 Xiangning, Shanxi N110.80 E35.97 35-39 Ledu, Qinghai N102.38 E36.49 
19 Xiaxian, Shanxi N111.22 E35.12     
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evaluated based on the Wilks' Lambda criterion. 
Predictive ability of the classification model was 
evaluated by a cross-validation test, using the 
'leave-one-out' procedure.  
 

3. RESULTS 
 

3.1 Elemental Profiles 
 

Characteristics of mineral elements in common 
buckwheat of the Loess Plateau are shown in 
Table 2. According to statistics, the average 
content of P was the highest, while the average 
content of Se was the lowest among the seven 
mineral elements in common buckwheat. Mineral 
element contents of common buckwheat in 
different regions had their characteristics (Table 
2). Compared to other regions, Se content (0.09 
μg/g) was the highest, while P and Ca contents 
(3258.0, 465.0 μg/g, respectively) were the 
lowest in the eastern region. Common 
buckwheat samples in the central region had the 
highest Cu (16.22 μg/g), Fe (130.5 μg/g) 
contents and lowest Zn (24.29 μg/g), Mn (12.22 
μg/g) contents. In the western region, the 
contents of Zn (34.81 μg/g), Mn (13.01 μg/g), Ca 
(508.4 μg/g) and P (4524.0 μg/g) were the 
highest and the contents of Cu (10.50 μg/g) and 
Se (0.024 μg/g) were the lowest. Comparing the 
variance degree of seven mineral elements in 
three regions mentioned above, variation degree 
of Cu content was found to be the greatest in the 
central region, followed by the western region, 
the lowest for the eastern region. Yet 
interestingly, for other six mineral elements, the 
variation degree reduced gradually from the 
eastern to the western regions of the Loess 
Plateau. 
 

3.2 Vitamin E and Vitamin PP Profiles 
 
As seen in Table 3, the common buckwheat from 
the eastern and western regions of the Loess 
Plateau had the highest content of vitamin PP 
(4.47 mg/100 g) and vitamin E (2.84 mg/100 g), 
respectively, while both vitamin E (1.38 mg/100 
g) and vitamin PP (2.08 mg/100 g) contents were 
the lowest in the central region. Also, the highest 
variation degrees of both vitamin E and vitamin 
PP contents were found in the western region of 
the Loess Plateau. 
 

3.3 Amino Acids Profiles  
 

Table 4 showed the characteristics of amino 
acids in common buckwheat from different 
regions. The content of each of amino acids and 
total amino acids from the western region 

samples was the highest. And there was a 
decreasing trend for the variation degree of the 
total amino acids content from the east to the 
western regions. 
 

3.4 Linear Discriminant Analysis (LDA) 
 

For achieving better classification and 
identification of the common buckwheat samples, 
LDA was carried out based on variables with 
significant differences (p < 0.05). The LDA 
classification results based on different chemical 
families and their combinations each other are 
summarized in Table 5. The correct classification 
rate of model 1, model 2 and model 3 were 
51.3%, 61.5%, 82.1%, and their cross-validation 
rate respectively reached to 43.6%, 61.5%, 
76.9%, indicating that the distribution of amino 
acids and vitamins compositions of buckwheat 
samples from different origins were similar, which 
made it difficult to determine the origins. Also, 
based on the relative content of amino acids was 
carried out. As compared to model 1, the correct 
classification rate and cross-validation rate of 
model 4 increased from 51.3% to 97.4% and 
from 43.6% to 87.2% respectively, which was 
consistent with the previous study [20]. Among 
all models, the correct classification rate and 
cross-validation rate of model 10 based on the 
relative content of amino acid in combination with 
mineral elements were both 97.4%. In model 11, 
the combination of relative content of amino 
acids, mineral elements and vitamins content 
was taken as the variable and the correct 
classification rate increased to 100%. However, 
the cross-validation rate dropped to 94.9%. Also, 
we found that the content of amino acid 
seemed to be no obvious effect to distinguish the 
origin of the buckwheat combining the results of 
all models. 
 

3.5 Discriminant Analysis Results 
 

Generally, a high percentage of correct 
classification represented the stability and the 
strong relationship between the variables and the 
origins, while a high predictive percentage of the 
validated set indicated the high ability to classify 
the origin of an unknown sample based on the 
relative profiles of selected variables [8-10]. The 
result of cross-validation was more real, objective 
and reliable. Additionally, considering the 
efficiency, economics, operation convenience of 
discrimination model in practical applications, 
therefore model 10 based on the relative content 
of amino acid in combination with mineral 
elements was selected to further discriminant 
analysis. 
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Table 2. Descriptive statistics of mineral elements contents (μg/g) of common buckwheat from different regions 
 

 East region (n=19) Central region (n=8) West region (n=12) 
Mean±SD Range CV (%) Mean±SD Range CV (%) Mean±SD Range CV (%) 

Cu 11.63±1.96 7.62-15.28 16.9 16.22±13.45 4.88-45.18 82.9 10.50±3.24 7.99-19.04 30.3 
Zn 24.44±8.85 15.23-41.04 36.2 24.29±8.44 17.68-37.90 34.7 34.81±6.04 24.96-45.59 15.2 
Fe 118.2±79.1 47.7-353.8 67.0 130.5±80.5 50.4-306.6 61.7 122.8±50.8 61.0-235.1 38.4 
Mn 12.96±3.14 8.50-20.00 24.2 12.22±2.59 8.04-16.07 21.2 13.01±2.62 9.55-17.04 19.5 
Ca 465.0±252.9 218.6-1202.0 54.4 504.2±237.3 224.3-962.6 47.1 508.4±131.2 291.1-728.2 24.4 
P 3258±1207 2061-5557 37.1 3953±788 2761-5196 19.9 4524±602 3316-5398 12.9 
Se 0.090±0.074 0.016-0.236 82.0 0.057±0.026 0.024-0.087 45.4 0.024±0.010 0.012-0.040 40.9 

 
Table 3. Descriptive statistics for vitamin content (mg/100 g) in common buckwheat from different regions 

 
 East region (n=19) Central region (n=8) West region (n=12) 

Mean±SD Range CV (%) Mean±SD Range CV (%) Mean±SD Range CV (%) 
VE 1.64±1.04 0.23-4.28 63.5 1.38±0.51 0.37-2.04 36.7 2.84±2.02 1.52-8.51 69.9 
VPP 4.47±1.24 2.73-7.75 27.7 2.08±0.99 1.18-3.45 47.7 2.24±1.36 1.09-6.36 63.1 

 
Table 4. Descriptive statistics for amino acids content (g/100 g) in common buckwheat of different regions 

 
 East region (n=19) Central region (n=8) West region (n=12) 

mean±SD range CV (%) mean±SD range CV (%) mean±SD range CV (%) 
Asp 1.15±0.30 0.80-1.72 25.8 1.16±0.16 0.87-1.31 14.1 1.29±0.17 0.99-1.55 13.2 
Thr 0.45±0.10 0.30-0.65 23.3 0.45±0.05 0.37-0.52 11.1 0.51±0.07 0.36-0.60 13.9 
Ser 0.59±0.15 0.36-0.86 24.7 0.60±0.09 0.45-0.69 14.7 0.70±0.10 0.50-0.80 14.0 
Glu 2.28±0.66 1.41-3.49 29.1 2.39±0.35 1.82-2.69 14.7 2.56±0.35 1.99-3.18 13.6 
Gly 0.64±0.14 0.47-0.92 22.7 0.71±0.06 0.61-0.78 8.5 0.76±0.10 0.57-0.94 13.1 
Ala 0.51±0.10 0.39-0.70 19.7 0.54±0.06 0.44-0.61 11.5 0.62±0.09 0.48-0.75 14.1 
Cys 0.16±0.07 0.08-0.28 42.5 0.18±0.03 0.14-0.21 13.9 0.19±0.07 0.09-0.31 38.0 
Val 0.56±0.12 0.41-0.78 22.3 0.61±0.08 0.46-0.68 13.4 0.68±0.09 0.51-0.80 13.9 
Met 0.19±0.07 0.10-0.31 34.0 0.19±0.02 0.16-0.21 10.3 0.21±0.04 0.15-0.28 17.7 
Ile 0.46±0.15 0.32-0.74 32.5 0.49±0.08 0.35-0.63 17.3 0.52±0.10 0.37-0.75 19.0 
Leu 0.78±0.18 0.58-1.13 23.5 0.80±0.11 0.61-0.91 13.7 0.87±0.11 0.68-1.03 12.7 
Tyr 0.30±0.09 0.20-0.54 31.5 0.32±0.03 0.26-0.36 11.0 0.37±0.06 0.30-0.48 14.7 
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 East region (n=19) Central region (n=8) West region (n=12) 
mean±SD range CV (%) mean±SD range CV (%) mean±SD range CV (%) 

Phe 0.54±0.11 0.42-0.77 19.6 0.58±0.09 0.42-0.67 14.7 0.63±0.09 0.53-0.78 14.5 
Lys 0.65±0.13 0.49-0.88 19.5 0.71±0.08 0.58-0.80 11.2 0.77±0.09 0.60-0.93 12.2 
His 0.26±0.06 0.18-0.37 23.9 0.28±0.04 0.22-0.32 14.3 0.31±0.04 0.24-0.39 14.4 
Arg 1.07±0.26 0.75-1.63 24.1 1.15±0.21 0.78-1.41 18.7 1.31±0.18 0.93-1.56 14.2 
Pro 0.45±0.10 0.31-0.66 22.2 0.46±0.09 0.30-0.61 19.7 0.60±0.17 0.37-0.84 27.8 
Trp 0.12±0.04 0.07-0.18 32.8 0.11±0.03 0.07-0.14 26.2 0.14±0.02 0.08-0.17 17.9 
Total 11.15±2.68 8.03-16.51 24.0 11.70±1.53 9.02-13.16 13.1 13.01±1.64 9.91-15.45 12.6 

 
Table 5. Summary of models and accuracy 

 
Model 
no. 

Variable types Effective indicators Correct 
classification rate 

Cross-
validation rate 

1 Amino acid content Pro 51.3% 43.6% 
2 Vitamin   VPP 61.5% 61.5% 
3 Mineral element Cu、Zn、P、Se 82.1% 76.9% 

4 Relative content of amino acid Asp、Leu、Glu、Val、Lys、His、Ser 97.4% 87.2% 

5 Amino acid content＋vitamin Ala、VPP 79.5% 74.4% 

6 Amino acid content＋mineral element  Cu、Zn、P、Se 82.1% 76.9% 

7 Mineral element＋vitamin Cu、Zn、P、Se、VPP 89.7% 82.1% 

8 Amino acid content＋mineral element＋vitamin Cu、Zn、P、Se、VPP 89.7% 82.1% 

9 Relative content of amino acid＋vitamin VPP、Asp、Glu、Val、Ser 87.2% 84.6% 

10 Relative content of amino acid＋mineral element Asp、Glu、Val、Leu、Lys、Cu、Zn、Mn、Se 97.4% 97.4% 

11 Relative content of amino acid＋mineral element＋vitamin Asp、Glu、Val、Thr、Cu、Zn、Mn、Se、VPP 100% 94.9% 
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Table 6. Classification of common buckwheat in different regions and percentage of 
observations correctly classified by LDA 

 
     Predicted group membership 

ER
a
 CR

b
 WR

c
 Total 

Original Count 
 % 

ER 19  0 0 19 
CR 0 8 0 8 
WR 0 1 11 12 
 100 100 91.7 97.4 

Cross-
validated 

Count 
% 

ER 19 0 0 19 
CR 0 8 0 8 
WR 0 1 11 12 
 100 100 91.7 97.4 

a 
ER, East region. 

b
 CR, Central region. 

c
 WR, West region 

 
In model 10, nine variables (Zn, Mn, Cu, Se and 
relative content of Asp, Glu, Val, Leu and Lys) 
were thought to contribute significantly for 
distinguishing the origin (Table 5). The two 
functions based on Wilks' lambda values 
explained the 100% of the variance (Function 1 
explained 88.3% of the total variance and 
function 2 explained 11.7%).  
 
Function1=29.045+391.213Lys–571.738Leu+ 
651.597Val+345.106Glu–1126.252Asp+ 
0.114Cu+0.082Zn–0.430Mn+2.064Se 
 
Function2=–14.122+142.590Lys–94.743Leu+ 
51.847Val+116.417Glu–117.715Asp+0.115Cu–
0.145Zn–0.014Mn+13.268Se 

  

 
 

Fig. 1. Scatter plot of common buckwheat 
from different regions based on the two 

discriminant functions 

 
The separation of buckwheat from different 
regions of Loess Plateau was checked by 

plotting the two functions scores (Fig. 1). It was 
found that buckwheat from different regions was 
well classified to each other. The LDA results of 
model 10 are summarized in Table 6. Based on 
selected 9 indicators, this method classified 
effectively the buckwheat grown in the eastern, 
central and western of the Loess Plateau and 
both the correct classification rate and cross-
validation rate were 97.4%, exhibiting a 
satisfactory performance of this model for 
classifying common buckwheats of different 
origins of Loess Plateau. The accuracy of that in 
the eastern and central region was 100% and the 
accuracy rate was 91.7% (11/12) in the western 
region because one case in the western region 
was misclassified in the central region. The 
results showed that the common buckwheat from 
various origins of Loess Plateau can be classified 
based on the combination of multivariate analysis 
and data mining techniques. 
 
4. DISCUSSION 
 
The element analysis has been applied to 
determine geographical origin of some farm 
products including coffee [8], tea [10], garlic [21], 
apple [22], maize [23], Chinese cabbage [24,25], 

wheat [26,27] and other crops [6,28] and showed 
good results of the method. In the present study, 
four selected elements (Cu, Zn, P and Se) were 
found to contribute the ability to distinguish the 
producing area when only mineral elements were 
analyzed independently, and the overall correct 
classification rate and cross-validation rate were 
82.1% and 76.9%, respectively. Besides, some 
organic compounds were also utilized to study 
the producing area of some products [29,30]. 
Amino acids, a class of important food 
components, contributed directly to the taste           
of foods and colouring substances formed 
[31,32]. Some studies reported that 
distinguishing methods based on amino acids 
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analysis can effectively determine the geographic 
origin of some products [32,33]. In the present 
study, the correct classification rate (51.3%) and 
cross-validation rate (43.6%) based on the amino 
acids content alone were far lower than that 
based on the content of mineral elements. Some 
studies reported that element compositions are 
considered to be a very effective means for 
studying the geographic origin of products 
because mineral contents were more stable and 
less variable than organic compounds in food 
[26,34], which confirmed the results mentioned 
above. Nevertheless, the results of discrimination 
based on the relative content of amino acids 
has been greatly improved with more accurate 
even than that of mineral elements in this study, 
which might be because using the relative 
content of amino acids as variables could reduce 
the impact of fluctuations of total amino acid 
content on one amino acid content [20]. In the 
last several years, multiple discriminate analyses 
based on combinations of different types of 
ingredients have been used to discriminate the 
origin of agricultural product to avoid the one-
sidedness of variation of a kind of constituent 
[29,30,35]. In the present study, the multivariate 
analysis results based on the combination of 
relative content of different amino acids and 
mineral elements was found to have nine 
variables (Zn, Mn, Cu, Se, and relative content of 
Asp, Glu, Val, Leu, Lys) played a very important 
role to distinguish the geographical origin, and 
perform best with 97.4% accuracy rate for 
discriminating the producing area of common 
buckwheat grown in various areas of the Loess 
Plateau. 
 
The east region of the Loess Plateau 
had complex topography with loessal soils and 
brown soils. Also, the distance of Shanxi Plateau 
was longer from north to south, therefore 
differences in temperature and climate conditions 
of Shanxi Plateau were very obvious. These 
factors may be one of the main reasons leading 
to the large variation coefficients in the contents 
of amino acids and Mn, Zn, P, Fe, Ca, Se of 
buckwheat in Shanxi Plateau. The central region 
was mainly in the continental middle temperate 
zone and the soil mainly made of loessal soils. 
The west region located in the transition zone 
from the Loess Plateau to the Qinghai-Tibet 
Plateau was a type plateau continental climate 
with an arid climate, low rainfall, evaporation, 
high altitude, and the temperature difference 
between day and night. Common buckwheat in 
the west region had the highest contents of Zn, 
Mn, Ca, P, Vitamin E and amino acids, which 

may be related to the special geographical 
environment.  
 

5. CONCLUSION 
 
In summary, the multivariate discriminate 
analysis combining the relative content of amino 
acids and mineral elements contents was a 
simple, accurate and effective method to 
distinguish the geographical origin of common 
buckwheat from different areas of the Loess 
Plateau. Some variations in certain variables (Zn, 
Mn, Cu, Se and relative content of Asp, Glu, Val, 
Leu, Lys) could act as a classifier for 
discriminating geographical origin. A correct 
classification rate of 97.4% for common 
buckwheat of different regions of the Loess 
Plateau in China was got by LDA. The present 
study provided a good method for the quality, 
safety and food authenticity of common 
buckwheat, which was very important for both 
consumers and producers. 
 

CONSENT AND ETHICAL APPROVAL 
 

It is not applicable. 
 

ACKNOWLEDGEMENT 
 

This work was financially supported by a project 
of the Natural Science Foundation of Shanxi 
Province, China (project no. 201601D011070). 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES  
 
1. Tüfekci F, Karataş Ş. Determination of 

geographical origin Turkish hazelnuts 
according to fatty acid composition. Food 
Sci Nutr. 2018;6(18):557-562. 

2. Park JH, Choi SH, Bong YS. Geographical 
origin authentication of onions using stable 
isotope ratio and compositions of C, H, O, 
N and S. Food Control. 2019;101:121-125. 

3. She S, Chen L, Song H, Lin G, Li Y, Zhou 
J, Liu C. Discrimination of geographical 
origins of chinese acacia honey using 
complex 13c/12c, oligosaccharides and 
polyphenols. Food Chem. 2019;272:580-
585. 

4. Marseglia A, Palla G, Caligiani A. 
Presence and variation of γ-aminobutyric 
acid and other free amino acids in cocoa 



 
 
 
 

Yang et al.; AJMPCP, 3(2): 1-10, 2020; Article no.AJMPCP.54644 
 
 

 
9 
 

beans from different geographical origins. 
Food Res Int. 2014;63:360–366.  

5. Torres-Moreno M, Torrescasana E, Salas-
Salvadó J, Blanch C Nutritional 
composition and fatty acids profile in cocoa 
beans and chocolates with different 
geographical origin and processing 
conditions. Food Chem. 2015;166:125–
132. 

6. Drivelos SA, Georgiou CA. Multi-element 
and multi-isotope ratio analysis to 
determine the geographical origin of foods 
in the European Union. TrAC-Trend Anal 
Chem. 2012;40:38–51. 

7. Li JJ, Song CX, Hou C-J, Huo DQ, Shen 
CH, Luo XG, Yang M, Fa H. Development 
of a colorimetric sensor array for the 
discrimination of Chinese liquors based on 
selected volatile markers determined by 
GC-MS. J Agric Food Chem. 2014;62: 
10422−10430. 

8. Diomande D, Antheaume I, Leroux M, 
Lalande J, Balayssac S, Remaud GS, Tea 
I. Multi-element, multi-compound isotope 
profiling as a means to distinguish the 
geographical and varietal origin of 
fermented cocoa (Theobroma cacao L.) 
beans. Food Chem. 2015;188:576–582. 

9. Mekki I, Camin F, Perini M, Smeti S, Hajji 
H, Mahouachi M, Piasentier E, Atti N. 
Differentiating the geographical origin of 
Tunisian indigenous lamb using stable 
isotope ratio and fatty acid content. J Food 
Compos Anal. 2016;53:40–48.  

10. Ma G, Zhang Y, Zhang J, Wang G, Chen 
L, Zhang M, Liu T, Liu X, Lu C. 
Determining the geographical origin of 
Chinese green tea by linear discriminant 
analysis of trace metals and rare earth 
elements: Taking dongting biluochun as an 
example. Food Control. 2016;59:714–720. 

11. Kalinová JP, Vrchotová N, Tříska J. 
Phenolics levels in different parts of 
common buckwheat (Fagopyrum 
esculentum) achenes. J Cereal Sci. 2019; 
85:243-248.  

12. Sindhu R, Devi A, Khatkar BS. 
Physicochemical, thermal and structural 
properties of heat moisture treated 
common buckwheat starches. J Food Sci 
Technol. 2019;56:2480–2489.  

13. Dziadek K, Kopeć A, Pastucha E, 
Piątkowska E, Leszczyńska T, Pisulewska 
E, Witkowicz R, Francik R. Basic chemical 
composition and bioactive compounds 
content in selected cultivars of buckwheat 

whole seeds, dehulled seeds and hulls. J 
Cereal Sci. 2016;69:1–8. 

14. Gabr AMM, Sytar O, Ghareeb H, Brestic 
M. Accumulation of amino acids and 
flavonoids in hairy root cultures of common 
buckwheat (Fagopyrum esculentum). 
Physiol Mol Biol Pla. 2019;25:787–797. 

15. Giménezbastida JA, Zieliński H. 
Buckwheat as a functional food and its 
effects on health. J Agric Food Chem. 
2015;63:7896−7913. 

16. Zhu F. Chemical composition and health 
effects of Tartary buckwheat. Food Chem. 
2016;203:231–245. 

17. Zhang W, Zhu Y, Liu Q, Bao J, Liu Q. 
Identification and quantification of 
polyphenols in hull, bran and endosperm of 
common buckwheat (Fagopyrum 
esculentum) seeds. J Funct Foods. 
2017;38:363-369. 

18. Popović V, Sikora V, Berenji J, Filipović V, 
Dolijanović Ž, Ikanović J, Dončić D. 
Analysis of buckwheat production in the 
world and Serbia. Econ Agric. 2014;61: 
53–62. 

19. Ministry of Agriculture and Rural Affairs of t
he People's Republic of China. 
Available:http://www.moa.gov.cn/gk/jcyj/20
1701/t20170122_5461526.htm 

20. Zhang Q. Shanxi common buckwheat 
north-south comparison and discriminant 
analysis. Journal of the Chinese Cereals 
and Oils Association. 2016;31(2):5–8.  

21. Choi SH, Bong YS, Park JH, Lee KS. 
Geographical origin identification of garlic 
cultivated in Korea using isotopic and 
multi-elemental analyses. Food Control. 
2020;111. 
Available:https://doi.org/10.1016/j.foodcont
.2019.107064  

22. Zhang J, Nie J, Kuang L, Shen Y, Asim S. 
Geographical origin of chinese apples 
based on multiple element analysis. J Sci 
Food Agr. 2019;99:6182-6190. 

23. Wang F, Zhao H, Yu C, Tang J, Wu W, 
Yang Q. Determination of the geographical 
origin of maize (Zea mays L.) using 
mineral element fingerprints. J Sci Food 
Agr. 2020;100:1294-1300. 

24. Bong YS, Shin WJ, Gautam MK, Jeong YJ, 
Lee AR, Jang CS, LimYP, Chung GS, Lee 
KS. Determining the geographical origin of 
Chinese cabbages using multielement 
composition and strontium isotope ratio 
analyses. Food Chem. 2012;135:2666–
2674.  



 
 
 
 

Yang et al.; AJMPCP, 3(2): 1-10, 2020; Article no.AJMPCP.54644 
 
 

 
10 

 

25. Bong YS, Song BY, Gautam MK, Jang CS, 
An HJ, Lee KS. Discrimination of the 
geographic origin of cabbages. Food 
Control. 2013;30:626–630. 

26. Zhao H, Guo B, Wei Y, Zhang B, Sun S, 
Zhang L, Yan J. Determining the 
geographic origin of wheat using 
multielement analysis and multivariate 
statistics. J Agric Food Chem. 2011;59: 
4397–4402. 

27. Zhao H, Guo B, Wei Y, Zhang B. Multi-
element composition of wheat grain and 
provenance soil and their potentialities as 
fingerprints of geographical origin. J Cereal 
Sci. 2013;57:391–397. 

28. Chung IM, Kim JK, Lee JK, Kim SH. 
Discrimination of geographical origin of rice 
(Oryza sativa L.) by multielement analysis 
using inductively coupled plasma atomic 
emission spectroscopy and multivariate 
analysis. J Cereal Sci. 2015;65:252–259. 

29. Karabagias IK, Vavoura MV, Nikolaou C, 
Badeka AV, Kontakos S, Kontominas MG. 
Floral authentication of greek unifloral 
honeys based on the combination of 
phenolic compounds, physicochemical 
parameters and chemometrics. Food Res 
Int. 2014;62:753–760. 

30. Fechner DC, Moresi AL, Ruiz Díaz JD, 
Pellerano RG, Vazquez FA. Multivariate 
classification of honeys from corrientes 

(Argentina) according to geographical 
origin based on physicochemical 
properties. Food Biosci. 2016;15:49–54. 

31. Li X, Feng T, Zhou F, Zhou S, Liu Y, Li W. 
Ye R, Yang Y. Effects of drying methods 
on the tasty compounds of              
Pleurotus eryngii. Food Chem. 2015; 
166:358–364. 

32. Krishna Reddy MM, Ghosh P, Rasool SN, 
Sarin RK, Sashidhar RB. Source 
identification of Indian opium based on 
chromatographic fingerprinting of amino 
acids. J Chromatogr A. 2005;1088:         
158–168. 

33. Zhang Q, Li Y. The fisher discrimination of 
buckwheat based on the amino acids 
aharacteristics. Journal of the Chinese 
Cereals and Oils Association. 2015;30: 
26–32.  

34. Liu Z, Wang Y, Liu Y. Geographical origins 
and varieties identification of hops 
(Humulus lupulus L.) by multi-metal 
elements fingerprinting and the 
relationships with functional ingredients. 
Food Chem. 2019;28915:522-530. 

35. Zhang X, Liu Y, Li Y, Zhao X. Identification 
of the geographical origins of sea 
cucumber (Apostichopus japonicus) in 
northern China by using stable isotope 
ratios and fatty acid profiles. Food Chem. 
2017;218:269–276. 

_________________________________________________________________________________ 
© 2020 Yang et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/54644 


