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Abstract: Opuntia Milpa Alta is a cactus cultivated, domesticated, hybridized and selected from the plant Opuntia ficus-indica by Mexican agricultural experts, which can be used as fruit and vegetable. Opuntia Milpa Alta leaves and fruit are superior to wild varieties and suitable for storage and transportation. In 1998, Opuntia Milpa Alta was introduced to China from Mexico by the Quality Product Development Center of the Ministry of Agriculture of China. Up to now, the Opuntia Milpa Alta has been cultivated on a certain scale in China. This study aims to identify the research progress and development trends of Opuntia Milpa Alta in China. Papers published between 1998 to 2019 from two major Chinese academic databases (CNKI and Wangfang) with a topic search related to Opuntia Milpa Alta were collected. The research progress and development trends were analyzed based on CiteSpace software of text mining and visualization. The analysis found that Opuntia Milpa Alta has gone through three obvious research phases after being introduced to China. In the first phase, the researchers paid attention to its cultivation method. Subsequently, researchers began to use extraction methods to extract some of its components, such as polysaccharides and flavonoids. Finally, these extracted ingredients began to be used in some biomedical research.
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1  Introduction

Opuntia Milpa Alta is native to Mexico. Different from the general wild or ornamental cactus, it is an edible cactus [1–3]. It is one of the main vegetables in people’s daily life in Mexico and many European and American countries. In 1998, the Quality Product Development Center of the Ministry of Agriculture of China introduced the Opuntia Milpa Alta from Mexico, and carried out a large-scale introduction, demonstration and promotion in China. Opuntia Milpa Alta has been proven to be a new and healthy vegetable variety suitable for promotion and planting in China. It is also the only edible cactus that has passed the approvalby the Ministry of Agriculture in China. With the Chinese people’s awareness of its nutritional value and health functions, Opuntia Milpa Alta gradually entered the consumers’ tables as a new food resource and a new variety of vegetables [4–5]. Since the introduction of Opuntia Milpa Alta to China, it has been planted all over the country. Like the ordinary ornamental cacti, Opuntia Milpa Alta is a perennial, light-loving, drought-tolerant, arid-and saline-alkali-resistant. Also, it is not tolerant to neither cold nor flooding conditions. The cultivation of Opuntia Milpa Alta is relatively easy and can be grown in the open field or in the greenhouse. At present, all parts of the country, including Beijing, Hainan, Fujian, Heilongjiang, Jilin, Liaoning, Hebei, Henan, Shanxi, Shandong and other places have locations for planting, production and sale.

Opuntia Milpa Alta is a nutrient-rich, healthy vegetable with a water content of about 90%. Stems of Opuntia Milpa Alta have 85%−90% water content, 5%−12% crude protein and 2%−6% carbohydrates [6–8]. Its chemical composition is similar to other succulents [9–14]. Fruits of Opuntia Milpa Alta contain a high content of glucose and fructose (6%−8%) and a protein content of 3.2%−5.5%. They also contain a high content of fiber and vitamin C, and are rich in potassium, calcium, phosphorus, iron, magnesium and other mineral elements [15–17]. In addition, the total amount of amino acids contained in Opuntia Milpa Alta is about 6.8–7.38% [18–23]. The nutrient content of Opuntia Milpa Alta makes it not only directly edible as a vegetable, but also has a wide range of health care values. Regarding the health effects and usage methods of this edible cactus, Mexico has many records in the Pharmacopoeia [24–26].

This study aims to identify the research progress and development trends of Opuntia Milpa Alta in China. Papers from two major Chinese academic database (CNKI and Wangfang) with a topic search related to Opuntia Milpa Alta (1998–2019) were collected. The research progress and development trends were analyzed based on CiteSpace software of text mining and visualization. The concept of CNKI is National Knowledge Infrastructure (NKI), which was proposed by the World Bank in 1998. The CNKI is an informatization construction project with the goal of realizing the dissemination, sharing and value-added utilization of knowledge resources in the whole society. It was initiated by Tsinghua University and Tsinghua Tongfang and was built in June 1999. Today, it is the largest document retrieval system in China. Wanfang Database is a large-scale network database developed by the Wanfang Data Company, covering journals, papers, academic achievements, and academic conference papers. It is also an academic database of Chinese specialties that is as famous as CNKI. However, in the face of the huge amount of literature, there are certain limitations, subjectivity and one-sidedness in the analysis by reading and induction. The application of modern scientometrics and information metrology technology can carry out multivariate and diachronic dynamic analysis of massive literature data. Mapping Knowledge Domains is an important method of document analysis and visualization.

2  Methods and Data Sources

CiteSpace is a document data mining and visualization software developed by Chen’s team [27,28]. It combines cluster analysis and social network analysis. It can analyze the basic knowledge and research frontiers, research characteristics and evolution trends of a certain field through the co-citation and coupling of documents, scientific research cooperation networks and themes contributions [29–38]. The CiteSpace used in this analysis is 5.7R1. The time span is 1998–2019 (Slice Length = 1). All the original documents analyzed in this article were published in Chinese. The names of authors, journals and keywords mentioned in this article have been translated into English. This work selects all the academic articles in CNKI and Wanfang database that contain the keyword search of “Opuntia Milpa Alta”, and a total of 259 articles were obtained after screening.

3  Results and Discussion

3.1 Characteristics of Publication Outputs

According to the annual distribution statistics visualization map (Fig. 1), a preliminary understanding of the history of research progress for Opuntia Milpa Alta was obtained. The relevant research progress can be grouped into three phases. The first phase was from 1999 to 2003. The introduction of Opuntia Milpa Alta from Mexico to China, which attracted a large number of scientists to study this cactus, accounted for more than 45% of the total output. The second phase was from 2004 to 2010. The number of papers studying Opuntia Milpa Alta began to decline. In total, 72 papers were published accounting for about 27% of the total papers. After that, the annual research on Opuntia Milpa Alta remained at a relatively stable number, about 4 papers per year.
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Figure 1: Annual distribution statistics visualization map of published papers related to Opuntia Milpa Alta

3.2 Author and Institution Analysis

CiteSpace author co-occurrence analysis can identify the cooperation and mutual citation relationship between core researchers in a research field. Fig. 2 shows the author’s collaboration network map (Fig. 2). As can be seen from the figure, there are two main networks and some scattered research among the people engaged in Opuntia Milpa Alta research in China. Scholars who have published more than 10 articles include Z. Wang and Y. Qiang? The most influential scholars include Q. Xiang, J. Chen, W. Cai, J. Tang, M. Lu, Z. Wu, Q. Ru, C. Li, C. Xu, K. Lin and Z. Liang. However, 92% of the authors have only published less than 3 papers related to Opuntia Milpa Alta. Tab. 1 shows all authors who published more than 3 papers related to the Opuntia Milpa Alta. It can be seen that the research of Opuntia Milpa Alta in China lacks strong leaders and close research teams. Researchers have few academic contacts and low rates of mutual citations. Therefore, research in this field has not yet formed a broad academic consensus.
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Figure 2: Author’s collaboration network map

Table 1: Author cooperation characteristics and frequency statistics in the period from 1968 to 2018
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The statistics and analysis on the author’s institution were further conducted. Fig. 3 shows the time zone map of cooperative research institutions. It can be seen that the institutions that conduct research on Opuntia Milpa Alta can be divided into three stages according to time. The first stage was the first six years after Opuntia Milpa Alta was introduced to China. During this period of time, the research on Opuntia Milpa Alta was mainly carried out in agricultural institutions, such as the Shenyang Large Agricultural New Variety Breeding Center, the Guizhou Citrus Science Research Institute and the Guizhou Fruit and Vegetable Workstation. It can be considered that these works were mainly focused on the cultivation and promotion of Opuntia Milpa Alta [39]. The second stage is 2006–2012. Papers at this stage were mainly published by universities, such as Jiangnan University, Anhui Agricultural University, Anhui Institute of Engineering and Technology, Linyi Normal University and Beijing Technology and Business University. At this stage, the research on Opuntia Milpa Alta was no longer limited to simple planting and management, and more in-depth research began to be carried out in universities. The third stage started in 2014. Research on Opuntia Milpa Alta began in hospitals and biomedical companies, suggesting that researchers beganto pay attention to the medicinal and nutritional values of Opuntia Milpa Alta.

[image: images]

Figure 3: Time zone map of cooperative research institutions

3.3 Keywords Analysis

In the CiteSpace keyword co-occurrence analysis, analyzing the changes in the number of co-occurring keywords in each year can not only judge the richness of the research field, but also judge the update speed of the content in the field and the vitality of the subject. By extracting the keywords of the Opuntia Milpa Alta research literature from 1998 to 2019, a total of 443 keywords were obtained. Fig. 4 was made according to the distribution of the number of co-occurring words in each year. It can be seen that in the first two years after Opuntia Milpa Alta was introduced in China, there were few keywords. In 2000, the keywords surged and reached its peak in 2001. The occurrence of more keywords every year shows that the research in this field is beginning to diversify. Thereafter, the emergence of keywords wasmaintained for four years (i.e., 2002–2005). During the period 2006–2010, the number of keywords each year was less than in the previous period, but it remained around 25. This phenomenon showed that the research on Opuntia Milpa Alta still maintained a certain degree of interest at this stage. Different research directions continue to produce new results. After 2010, the number of keywords began to decline, but keywords still appeared every year. This phenomenon indicates that the scope of research on Opuntia Milpa Alta beganto shrink, but in-depth research was still continued in some specific areas.
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Figure 4: Annual distribution statistics visualization map of extract keywords

Tab. 2 shows the top 20 keyword frequency distribution on published papers. Most of the research on Opuntia Milpa Alta focused on planting technology, extraction and component analysis. The burst of keywords can reflect the research fields that had a greater influence over a period of time. Fig. 5 shows top 22 keywords with the strongest bursts. Among them, the top 10 keywords in the order of burst was: Opuntia Milpa Alta, Mexico, Milpa Alta, extraction, Opuntia Milpa Alta edible cactus, mice, cultivation technology, Opuntia Milpa Alta cactus, edible cactus and health vegetable. In chronological order, the burst words before 2005 were edible cactus, Opuntia Milpa Alta, health vegetable, Mexico, cultivation technology, yield and Opuntia Milpa Alta edible cactus. These keywords were all about the edible and planting techniques of Opuntia Milpa Alta. After 2005, the burst keywords becamemore diverse. Many prominent words wereabout the extract of Opuntia Milpa Alta, indicating that researchers beganto pay attention to the molecular composition of Opuntia Milpa Alta. Some keywords no directly related to Opuntia Milpa Alta appeared after 2010, such as antioxidant, anticoagulation, mice and chronic unpredictable mild stress. These keywords can be connected to medical research. At the same time, the analysis from the above institutions showed that recent studies on Opuntia Milpa Alta weremainly led by hospitals and biomedical companies. Therefore, these keywords indicated that the research on Opuntia Milpa Alta in recent years wasmainly concentrated in the field of medicine.
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Figure 5: Top 22 keywords with the strongest bursts. In the text of the figure change deible by edible

Table 2: Top 20 keyword frequency distribution on published papers
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The keyword clustering map had 506 nodes and 1521 links with anetwork density of 0.0119 (Fig. 6). The Q value and the Mean Silhouette value were 0.8672 (>0.3) and 06031 (>0.4), respectively. This showed that the cluster structure of the co-occurrence map was reasonable, and the clusters had good homogeneity. From the cluster label, it wasproved once again that the research on Opuntia Milpa Alta mainly focused on planting and composition analysis. Specifically, peasant household and characteristic analysis showed arelative large cycle, suggesting that most works focused on these two areas. The keywords related to soil were closely connected with health and extraction, suggesting that soil may affect the quality and active ingredients of Opuntia Milpa Alta.
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Figure 6: Keyword clustering map

3.4 Key Articles Interpretation

Based on the above bibliometric analysis, the important papers to understand the research process of Opuntia Milpa Alta after its introduction into China were further reviewed. The earliest official introduction about Opuntia Milpa Alta was by Song et al. [40] from the Vegetable Research Center of the Beijing Academy of Agriculture and Forestry Sciences. This article introduced the planting techniques, edible methods and nutritional ingredients of Opuntia Milpa Alta. A year later, Lu [41] began to emphasize that Opuntia Milpa Alta is a healthy vegetable. In the same year, Wu from the Shaanxi Provincial Association of Science and Technology published a paper on the cultivation techniques of Opuntia Milpa Alta [42]. However, the planting techniques involved in this paper may have referenced the experience inother countries [43]. Therefore, itscontent wasnot related to how to improve the cultivation in China. In papers published in 2003, researchers began to summarize the experience of planting in China. For example, Xiong [44] from Fengcheng Agricultural Development Office introduced the local planting and management methods. Qing et al. [45] introduced the cultivation technology of Opuntia Milpa Alta in the solar greenhouse. Beginning in 2004, Xiang and co-workers of the Fruit and Vegetable Workstation of Guizhou Province began to study how to increase the yield of Opuntia Milpa Alta [46,47]. They established the regression equations forpalm weight, longitudinal and transverse diameters and thickness by investigating the agronomic traits of Opuntia Milpa Alta. This model can compare the yield of different plant types. In 2007, Lei et al. [48] from Zhongkai University of Agriculture and Technology published the effect of gibberellin on the germination rate and yield of Opuntia Milpa Alta. The results showed that 40–60 mg/L gibberellin significantly increased the germination rate and shorten the germination time. This process showed that China first adopted foreign planting experience after introducing Opuntia Milpa Alta. Subsequently, according to the geographical situation of China, the researchers carried out some innovations in planting technology. Finally, they began to use pot experiments to test the effects of different single factors on yield.

Plant extraction technology is often related to the utilization of plant ingredients. Among them, the extraction of polysaccharides attracted most of the attention. This was because the polysaccharides extracted from the cactus showedobvious anti-aging, anti-inflammatory, anti-cancer and blood sugar lowering effects. Wang et al. [49] studied the effects of the extractant, liquid-to-solid ratio, and the extraction time and temperature on the extraction effect of prickly pear polysaccharides through single factor and orthogonal experiments. The anticoagulant studies of polysaccharides were subsequently launched. Cai and co-workers studied extensively the structure of the polysaccharides extracted from Opuntia Milpa Alta and verified theiranticoagulant effect [50,51].

At the same time, some researchers focused on the extraction of flavonoids [52] and pectin [53]. The extracted pectin became the forefront of Opuntia Milpa Alta research during 2009. Xiao and co-workers studied the effect of Opuntia Milpa Alta pectin extract (MCP) on the improvement of desperate symptoms in mice with chronic unpredictable temperature (CMS) and mild stress [54]. The results showed that MCP alleviated the symptoms of behavioral despair in CMS mice. A similar work was carried out by their colleagues [55]. Results from this work showed that MCP ameliorated the depression-like symptoms induced by chronic unpredictable mild stress in mice.

4  Conclusion

This work used the bibliometrics software CiteSpace to excavate and analyze all the Chinese literature published on Opuntia Milpa Alta after its introduction into China. Most research on Opuntia Milpa Alta was 3–7 years after its introduction. However, works during this period mainly focused on the investigation of its planting technology, and were mainly carried out by agriculture-related institutions. Then, with the decline in the number of published papers, the research focus on Opuntia Milpa Alta began to shift to its component analysis and extraction. Polysaccharides, flavones and pectin were the three substances that researchers were most interested in. This period of work was mainly carried out in universities. The extracted polysaccharides wereshown to have anticoagulant properties. On the other hand, the recent published papers demonstrated that the extracted pectin might improve some mental diseases. These works were mainly carried out by hospitals and biomedical companies. To date, there are still papers published every year about Opuntia Milpa Alta in China, which indicates that the plant still maintains a certain vitality in the academic field. If Opuntia Milpa Alta showed obvious value in medicine, it might lead to another wave of research.
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