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The Zanthoxyhum bungeanum seeds from 8 provinces in China were analyzed to show the impact of 
geographical location on their characteristics and chemical components. Thus, the analysis can serve as 
theoretical basis for cultivating high-quality Zanthoxyhum bungeanum and improving its economic benefit. The 
experimental result showed the average transverse diameter of the seed was 3.84mm, the average vertical 
diameter was 3.05mm and the shape index was 1.19-1.32, thus indicating that the geographical location had 
no significant impact on the shape of Zanthoxyhum bungeanum. Besides, the oil ratio of Zanthoxyhum 
bungeanum seeds from 9 provenances is 25%-31.5%. Among them, the ratio of Shanxi, reaching 31.5%, was 
much higher than those of Henan, Hebei and Inner Mongolia. The overall unsaturated fatty acid of the seed 
was 60%-79.5%. Thus, the oil ratio was significantly impacted by altitude, rainfall and annual aridity index. 
Furthermore, the 1000-seed weight of eastern plain is relatively heavier than that of western plateau while the 
peel ratio of western plateau is higher than that of eastern plain. Hence, the weight and peel ratio were both 
greatly influenced by geographical location. 

1. Introduction 
Zanthoxyhum bungeanum (Z. bungeanum), is a native crop grown in most provinces in China at an altitude of 
200-2500m, however, it is mostly produced by provinces in Northwest and Southwest China. Z. bungeanum, 
2-7m tall, has brownish black trunk with prickle and leaves with opposite phyllotaxis. When its fruit is mature, it 
turns to be bright red, and has a numb smell. The main breed in China is Dahongao, Qinan (I) and green 
Zanthoxyhum bungeanum, ect. 
Zanthoxyhum bungeanum is a high-quality cash crop, because it is undemanding for the growing environment, 
and has good cold resistance. It is not only used as condiments, biodiesel and other raw materials, but also 
medicines killing insects, relieving pains, dispelling the cold, and eliminating dampness (Xiong et al., 1997; 
Bowers et al., 1993; Artaria et al., 2011; Li et al., 2009; Yang et al., 2008; Rasheed et al., 2013; Dossou et al., 
2013; Zhao et al., 2013; Guo, 2017; Busato et al., 2017; Tarantino et al., 2017; Ghazouani et al., 2017; Licata 
et al., 2017; Kornecki and Prior, 2017; Werle et al., 2017; Tao et al., 2017; Zeng et al., 2017; Fu et al., 2017; 
Le et al., 2017; Zhang et al., 2017). 
With the increasing demand of China and its neighboring countries for Zanthoxyhum bungeanum Maxim, the 
research on its cultivation, growing environment, pest prevention and cure and medicinal use has also been 
deepened (Hussain et al., 2000; Xia et al., 2011; Zhang and Jiang, 2008; Tezuka et al., 2001). However, the 
research on the ecological and chemical difference on variable geographical location is rare. Factors affecting 
the genetic diversity of Zanthoxyhum bungeanum Maxim are breeding system, gene flow, genetic drift and 
natural selection. Furthermore, the ability to resist drought and cold differs from various geographical locations 
and climates. 
The Zanthoxyhum bungeanum seeds from 8 provinces in China were analyzed to show the impact of 
geographical location on their features and chemical components. Therefore, the analysis can serve as 
theoretical basis for cultivating high-quality Zanthoxyhum bungeanum and improving its economic benefit. 
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2. Experimental samples and methods 
Experimental samples are Dahongpao Z. bungeanum produced in Inner Mongolia, Qinghai, Gansu, Ningxia, 
Shanxi, Shaanxi, Shandong, Henan and Hebei. 20 well- grown and pest-free samples were chosen to be 
studied from each province. Table 1 shows relevant parameters of each province (altitude, longitude, latitude, 
annual rainfall, mean annual temperature).  

Table 1: Climatic and Geographical Factors of Different Origins of Zanthoxyhum Bungeanum 

Site Altitude/m 
Longitude 
/(°) 

Latitude 
/(°) 

Annual rainfall/mm 

Nei 
Menggu 

100 123.50 48.47 213.5 

Qinghai 180 105.4 34.6 255.3 
Gansu 140 102.8 35.1 505.5 
Ningxia 112 107.41 37.78 300.6 
Shanxi 915 109.2 35.4 597.2 
Shanxi 980 104.7 32.5 622.2 
Shandong 850 109.4 35.5 699.3 
Henan 790 107.3 34.6 811.5 
Hebei 850 115.6 37.8 551.4 

Site 
Annual 
aridity index 

Mean annual 
temperature/°C 

Annual sunshine 
percentage/% 

Annual aridity index 

Nei 
Menggu 

2.7 6.0 63 2.7 

Qinghai 2.4 9.8 59 2.4 
Gansu 1.3 10.5 54 1.3 
Ningxia 1.5 8.4 55 1.5 
Shanxi 1.1 9.3 57 1.1 
Shanxi 0.9 12.3 58 0.9 
Shandong 1.2 12.7 52 1.2 
Henan 1.4 16.2 52 1.4 
Hebei 1.6 13.2 61 1.6 

 
The seed and peel were collected by drying the sample in the sun to test the seed-shape index, weight of 
1000 seeds and oil ratio. The seed-shape index was tested by knowing the ratio of transverse and vertical 
diameter with vernier caliper. The 1000-seed weight was obtained by figuring out the average value of ten 
100-seed weights, and then the peel ratio can be calculated. Oil ratio, fatty acid and other parameters were 
tested with special experimental instruments, and data were collected and analyzed with SPSS. 

3. The experimental result and analysis 
3.1 Characteristics of Zanthoxyhum bungeanum seeds from different provenances  

Figure 1(a) compares the seed-shape index and coefficient of variation of Zanthoxyhum bungeanum produced 
in 9 provinces. The abscissa 1-9 respectively represents Zanthoxyhum bungeanum from Inner Mongolia, 
Qinghai, Gansu, Ningxia, Shanxi, Shaanxi, Shandong, Henan, and Hebei, and the expression of coefficient of 
variation is as follows: 

( )/ 100%Cv sd m= ×  (1) 

Sd and M respectively stands for standard deviation and average value. As shown in the figure, the transverse 
diameter of the seed produced in Gansu and Ningxia province is shorter than those of other provinces while 
the vertical diameter from Shanxi is longer than those of other provinces. The seed shape from different 
origins almost remained unchanged, therefore, the geographical location has no significant impact on the 
shape of Zanthoxyhum bungeanum. 
Figure 1(b) shows the 1000-seed weight of the 9 provinces. It can be seen from the figure that heavier seeds 
stored more nutrients, which promoted germinating rate. It is revealed that Shandong and Heibei had the 
heaviest seeds which were around 15% higher than the average value. Meanwhile, the seed weight of Gansu 
and Ningxia was 30% lower than the average.1000-seed weight of the western plateau is heavier than that of 
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the western plain. Hence, the seed weight is significantly impacted by geographical location, and is positively 
correlated with the longitude. 

 

(a) Seed-shape index 

 

(b) Weight of 1000 seeds 

 

(c) Peel ratio 

Figure 1: Germination and Seeding Height of 3 Plants under Different Copper Concentration 3.2 The impact of 
geographical location on the chemical components  
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Figure 1 (c) presents the peel ratio curves of 9 origins. The provenance with higher peel ratio had thicker peel, 
which meant better yield. It is observed from the figure that the peel ratios of Shaanxi, Ningxia and Gansu 
were about 7-10% higher than the average value while those of Shandong, Henan, Hebei were lower than the 
average. This indicated that the western plateau had an overall higher peel ratio than the eastern plain, which 
demonstrated the peel ratio was also affected by geographical location. 
Table 2 demonstrates the correlation between 1000-seed weight, seed-shape index, peel ratio and oil ratio 
and geographical location as well as meteorological environment. As the table reveals, the climate has great 
impact on the peel ratio. The June-August precipitation was negatively correlated with the ratio. This disclosed 
the more rainfall in summer caused insufficient sunshine for Zanthoxyhum bungeanum, thus impeding the 
growth of seed peel. However, the ratio and the sunshine percentage were positively correlated, meaning the 
provenance with more sunshine had higher peel ratio. 

Table 2: Correlation between Seed Characteristics and Chemical Components and Geographical Locations of 
Z. bungeanum 

Trait Altitude Longitude Latitude April-June 
precipitation

Weight of 
1000 seeds 

-0.0353 0.4618 0.2987 0.8256 

Weight of 
1000 peels 

-0.4766 -0.2437 0.8643 0.8873 

Seed index 0.0354 -0.1835 0.1249 -0.1265 

Peel ratio -0.7632 0.1267 0.5417 0.4712 

Oil ratio 0.6471 -0.2694 0.2235 0.6753 

Trait June-August 
precipitation 

Annual 
aridity index

Mean annual 
temperature

Annual sunshine 
percentage

Weight of 
1000 seeds 

-0.7634 -0.4325 0.7335 0.0257 

Weight of 
1000 peels 

-0.9178 0.7221 0.6987 0.3995 

Seed index 0.0796 0.1546 0.2479 0.2046 

Peel ratio -0.8345 0.4235 -0.1368 0.5137 

Oil ratio -0.3167 0.6723 -0.3698 -0.2282 

Figure 2 presents the content of 6 fatty acids containing in the seed (oleic acid, linoleic acid, linolenic acid, 
palmitic acid, palmitoleic acid and unsaturated fatty acids). It can be observed in table 2 and figure 2 that the 
oil ratio of 9 provinces was 25%-30%. Shaanxi had the highest ratio of 31.5%, which was much higher than 
those of Henan, Hebei and Inner Mongolia. Hence, the oil ratio was greatly hinged on the altitude, precipitation 
and annual aridity index. At a higher altitude, the provenance with more April-June precipitation had higher oil 
ratio while that with more June-August precipitation had a lower oil ratio. The reason mainly lied in the fact that 
insufficient aridity index hindered seed maturation. 
It is also can be seen from figure 2 that the content of oleic acid in the seed was the highest. Its average 
content in the 9 places reached 32%. The second highest was the linoleic acid with the average content of 
20%. The seed from Shandong had the highest content of oleic acid while that of Shaanxi and Henan had a 
lower content. The overall content of unsaturated fatty acid was 60%-79.5% and the content differed from 
various provinces. 

4. Conclusion 
The Zanthoxyhum bungeanum seeds from 8 provinces in China were analyzed to show the impact of 
geographical location on their characteristics and chemical components. Thus, the analysis can serve as 
theoretical basis for cultivating high-quality Zanthoxyhum bungeanum and improving its economic benefit. The 
conclusion is as follows: 
(1) The average transverse diameter of the seed was 3.84mm, the average vertical diameter was 3.05mm and 
the shape index was 1.19-1.32, thus indicating that the geographical location had no significant impact on the 
shape of Zanthoxyhum bungeanum. 
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(2) The oil ratio of Zanthoxyhum bungeanum seeds from 9 provenances is 25%-31.5%. Among them, the ratio 
of Shanxi, reaching 31.5%, was much higher than those of Henan, Hebei and Inner Mongolia. The overall 
unsaturated fatty acid of the seed was 60%-79.5%. Thus, the oil ratio was significantly impacted by altitude, 
rainfall and annual aridity index. 
(3) The 1000-seed weight of eastern plain is relatively heavier than that of western plateau while the peel ratio 
of western plateau is higher than that of eastern plain. Hence, the weight and peel ratio were both greatly 
influenced by geographical location. 
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