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Research conducted on food systems by higher institutions can contribute to sustainable food security and nutrition at a local level and reduce the impact of societal challenges such as malnutrition. Unfortunately, malnutrition itself manifests as hidden hunger causing unintended consequences such as illness negatively affecting economic progress. Traditionally, research in agriculture has not taken a food systems approach which is looking at challenges of food systems from farm to fork (all stages from production to consumption). Therefore, as we embrace the compelling call to transition from agriculture to food systems research approaches, mapping studies at a local level are needed. However, studies on food systems have been carried out at a macro (global or regional level), a micro-perspective investigation is needed to inform future research. A systematic review on existing literature (journals and thesis) was conducted to identify gaps and opportunities in research on food systems undertaken by researchers at the University of Nairobi. Information collected included; 1. institutions (faculties and department at the university, national policy, and international institutions collaborating with university of Nairobi), 2. crop types (cereals, legumes, vegetables, roots and tubers, and nuts), 3. food systems activities (production, postharvest, processing, and preservation, value addition and branding, consuming foods, input and output markets, obtaining nutrients as well as logistics and distribution) driving research on food systems. The contribution of each of the components (institutions, food systems activity and crop type) was also investigated through citation scores. The findings show that low research outputs on food systems were generated by the university of Nairobi compared to selected universities in Africa and across the globe. Research was focused on carbohydrate rich crops (maize, sorghum, cassava, irish potato, sweet potato, and rice) as compared to protective bioactive vitamin crops (vegetables, mango, and beans). This demonstrated low crop diversity and dietary quality. Research priority was given mainly to maize compared to traditional crops such as sorghum, African Leafy Vegetables, cassava and millets. Faculties such as health, science and technology, engineering, and humanities were involved in research in food systems in addition to agriculture, a potential indication of transdisciplinary research. Additionally, there was more collaborative research between university of Nairobi with institutions at a global level than with local institutions. The involvement of policy institutions in research was low, mainly restricted to the discipline of agriculture, production food system activity and in a few crops such as maize, cassava, and medicinal plants. Disparities in research existed along the food systems activities as more attention was focused on production activities. Other food system activities such as harvesting, processing and preservation, consumption, value addition and branding, input and output markets, as well as logistics and distribution activities, received low research priority. Each component (food system activity, crop type and institution) demonstrated contribution to sustainable food security as shown by citation scores. The findings demonstrate skewed focus in food systems research at the university of Nairobi. Agricultural research investment within institutions of higher learning will need to consider all food systems activities, under-researched crops and collaborations that advance transdisciplinary studies to promote inclusive contribution of food systems to food security at a local level. Further studies can focus on developing frameworks to advance transdisciplinary research.
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Background information

Recent developments in agricultural research have seen improvements in crop productivity and a reduction in food loss and waste (Valoppi et al., 2021). Despite these improvements, societal problems manifested as malnutrition, hidden hunger and obesity continue to plague the world (IPBES, 2019). These problems are highly felt in Sub-Saharan Africa. Currently, the prevalence of malnutrition cases in Sub-Saharan Africa stands at 29% compared to a global estimate of 21% (UNICEF, 2020). Climate change, dwindling natural resources and emerging pandemics will likely exacerbate these problems. An estimated 100 million people in Africa faced a crisis, emergency, or catastrophic levels of food insecurity in 2021 (Rwamasirabo, 2021; Sibanda and Mwamakamba, 2021). This number is expected to grow as a further 20 million more people will soon join the number because of the effects of the COVID-19 pandemic (Rwamasirabo, 2021; Sibanda and Mwamakamba, 2021). There is an urgent need for research to deliver sustainable solutions to these problems and also ensure food security and nutrition to the increasing human population which is expected to rise to 9 billion people by 2050, especially in Sub-Saharan where much of the population increase will likely occur.

The recent discourse in research has revolved around the application of food systems to enhance sustainable food security and nutrition (Ruben et al., 2019; Dekeyser et al., 2020; Borman et al., 2022). A key characteristic of food systems is the extensive linkages and interdependencies between components within the system. This implies that all the components along the food systems value chain involving growing and harvesting agricultural products, processing, packaging, transporting, selling, consuming, and the disposal of waste food and packaging are included (Benton and Thompson, 2016). Food systems help determine efficiency and identify externalities, shocks, and hotspots that require interventions (Alarcon et al., 2021). The study of food systems involves an analysis of components, linkages, activities, and factors (Von Braun et al., 2021). Food systems analysis can therefore assist in understanding food security and nutrition challenges, shaping research and policy, and providing strategic interventions to help solve societal challenges at a global, regional, national, and local level (Borman et al., 2022). However, food systems analysis is yet to provide solutions to these challenges. This is because studies on food systems have focused mainly on a particular activity along the food system, e.g., production (Duressa, 2018; Holka and Bieńkowski, 2020; Cairns et al., 2021) or processing and packaging (Okech et al., 2016; Beinah and Kunyanga, 2020; Malavi et al., 2021) and on addressing a single problem. An inclusive analysis of all components in a food system is needed to enhance the benefits.

Food systems research on under-utilized traditional or indigenous crops can positively contribute to sustainable food security and nutrition owing to the numerous nutritional benefits of the crops. Traditional are crops that were introduced a long time ago and have been naturalized in certain geographic regions (Akinola et al., 2021). Indigenous are crops that have origin within a certain geographic region and are not defined by a set of time (Akinola et al., 2021). Traditional or indigenous terms are synonymously used in literature to include crops such as sorghum (Sorghum bicolor), pearl millet (Pennisetum glaucum), cassava (Manihot esculenta), sweet potatoes (Ipomoea batatas), nightshades (Solanum spp), marula (Sclerocarya birrea), and Bambara groundnut (Vigna subterranean), among others. The crops have dense macro- and micronutrients content (Mibei et al., 2016; Ngugi et al., 2016; Ontita et al., 2016; Ali et al., 2021); can effectively provide solutions to the double malnutrition challenge experienced on the African continent, and proponents have recommended the need to intensify research on traditional crops. However, research has put more focus on crops such as maize, wheat and rice (Mondo et al., 2018; Mwizerwa et al., 2018; Gitari et al., 2019; Odingo, 2019; Owade et al., 2019; Ichami et al., 2020; Jekayinoluwa et al., 2020; Mukami et al., 2020; Malavi et al., 2021; Wagaba et al., 2021). As a result, many of the traditional food crops remain undocumented, and the few documented crops have not been exploited sufficiently to attain their full potential considering all the activities along the food system value chain (Sibanda and Mwamakamba, 2021). This has resulted in low consumption and marketability of these crops. The low consumption of traditional crops has been attributed to factors such as household annual income, household size, farm size, culture, gender, and employment status (Kathure et al., 2019). The high marketability value of traditional crops is yet to enhance income and improve livelihoods. Marketing data shows that few farmers participate in commercialization of indigenous crops. A study by Zondi et al. (2022) shows that 20% of farmers producing traditional crops in South Africa participate in marketing of these crops. Similarly, only 20% of farmers are reported to participate in marketing of traditional crops in Kenya, Mozambique and Malawi (Moyo et al., 2022). This can be attributed to several factors such as a lack of market information, gender, off-farm income and weak value chain linkages (Zondi et al., 2022). Institutional involvement, especially at the local level, in research on traditional crops can promote production, commercialization and utilization of these crops (Lugo-Morin, 2020; Makate, 2020). However, institutional involvement in the promotion of traditional crops is low. Within the African continent, the Africa Vegetable Breeding Consortium (AVBC) established by the World Vegetable Center is involved in promoting the production of traditional crops such as Amaranthus (Ochieng et al., 2019). Within the southern and central parts of Africa, the Diversity International’s African Leafy Vegetable program conducted in Botswana, Cameroon, Kenya, Senegal, and Zimbabwe has promoted the breeding and production of seed (Ruth et al., 2021). The South African Department of Agriculture, Forestry and Fisheries (DAFF) has developed a National Strategy on Indigenous Food Crops to support research and technology development of these crops (DAFF, 2011). In Eastern Africa, the East Africa Seed Company, World Vegetable Center, University of Nairobi, Jomo Kenyatta University of Agriculture and Technology (JKUAT) and Kenya Agricultural and Livestock Research Organization (KALRO) are involved in promoting the production and commercialization of traditional crops (Ochieng et al., 2019). Inclusion of these crops in food systems in addition to maize, rice, and wheat can contribute to sustainable food security.

Rethinking and reinventing research and development interventions in food systems using new approaches such as transdisciplinary could also contribute to food security and nutrition (Alarcon et al., 2021). Transdisciplinary is a participatory research approach where participants from science and society work closely together to identify challenges to complex societal problems (Berger-González et al., 2016). The core tenet of transdisciplinary research is its focus on shared problems and the active input of different practitioners as different goals and ambitions are simultaneously pursued (Clancy, 2017). Multiple stakeholders from science and non-science fields within a wide range of disciplines are involved which leads to better feedback and linkages of research to policy and practice (Pineo et al., 2021). Transdisciplinary research is increasingly being used in the health field to solve complex problems (Arenas-Monreal et al., 2015; Berger-González et al., 2016; Chastin et al., 2016; Fam, 2016; Black et al., 2019; Pineo et al., 2021; Ilangovan et al., 2022). The application of transdisciplinary research in food systems is yet to gain traction as only a few studies exist with collaboration across different disciplines (Claasen and Lemke, 2015; Kimondo et al., 2015; Kariuki et al., 2018).

It is against this backdrop, that research and development interventions in food systems need to be inclusive, integrate under-researched crops, and apply transdisciplinary approaches to enhance food security and nutrition. More important is for institutions, such as universities, conducting studies on food systems to understand priority areas of research and development (Committee on World Food Security, 2017). Universities are an important component of research as they are endowed with human resources, infrastructure and research funds (Lancho-Barrantes and Cantu-Ortiz, 2021). They also carry out capacity development, are sources of innovation, and take part in knowledge transfer. They have the capacity to undertake research and provide solutions toward sustainable food systems. However, mapping studies on food systems to identify gaps and opportunities that can play a significant role in providing direction, within local institutions such as universities, are largely missing (Alarcon et al., 2021). More often, studies on food systems mapping are available at a macro (global and regional level) (Valoppi et al., 2021; Bokelmann et al., 2022; Woodhill et al., 2022), hence a micro perspective investigation is needed to inform research and development priorities in food systems. Micro in this context refers to internal units (departments and faculties) and external organizations collaborating in research within an institution.

The study undertook a micro-institutional mapping exercise on research on food systems at the University of Nairobi (UoN). The main objective of the study was to map the studies that have been carried out on food systems at the UoN and identify gaps as well as opportunities for future research. The specific objectives were to use studies published by the UoN to; 1. map institutions undertaking research on food systems, 2. identify activities driving research on food systems, 3. identify crop types driving research on food systems, and 4. quantify the impact of studies on food systems on sustainable food security and nutrition (number citations, visibility, policy citations, reads, and social media mentions).



Materials and methods


The study institution

Within the East African region, Kenya was considered for benchmarking research outputs on food systems due to research performance and economic growth. The research performance broadly represents the status of research within East Africa. A mapping exercise was conducted at the University of Nairobi (UoN), Kenya, to identify studies on food systems. The university ranks the highest in research and capacity development in Kenya according to the Times Higher Education (THE) (Hongbo et al., 2021) and has higher research outputs produced compared to other institutions in the country. The research outputs broadly represent the research status on food systems in Kenya. The UoN comprises six colleges located across Nairobi city. The colleges include; the Colleges of Agriculture and Veterinary Sciences, Architecture and Engineering, Biological and Physical Sciences, Education and External Studies, Health Sciences, and Humanities and Social Sciences. The organogram for the UoN is shown in Appendix 1. These colleges uniquely place the university as a core institution to advance research in food systems. With more investment in research, it is important that the university responds to the challenges of food security and nutrition by delivering research that encompasses solutions from a wide range of disciplines.



Benchmarking research output

The research outputs collected were the number of publications. The study adopted and customized the systematic review process guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyzes (PRISMA) method as shown in Figure 1 (Tawfik et al., 2019). The PRISMA is a robust method that ensures the transparent and complete reporting of systematic reviews and meta-analyzes and has mostly been applied in the health sciences (Liberati et al., 2009). The method has four key stages which include; identification, screening, eligibility, and inclusion (Liberati et al., 2009).

[image: Figure 1]

FIGURE 1
 The Preferred Reporting Items for Systematic Reviews and Meta-Analyzes (PRISMA) showing the identification, screening, eligibility and inclusion process for the articles. Source; (Tawfik et al., 2019).


The identification stage involved a preliminary search of articles contained in the PubMed, Science Direct, and Google Scholar databases focusing on food systems. According to PRISMA guidelines articles included in the study should have themes that are of global relevance (Tawfik et al., 2019). The terms “food system,” “food security,” and “nutrition” were included in the initial identification stage to ensure the selected articles focused on global needs. The search string used was to improve the search criteria and included the relevant articles, the descriptors “AND,” “OR” and specific food systems crops such as “maize,” “beans,” “millet,” and “finger millet,” among others. The screening of articles was performed using titles and abstracts. During the screening phase, full articles were downloaded and the abstracts and titles of the articles were reviewed to identify; the context of the study, objectives, authors, type of food systems studied, geographic coverage, and activities driving food systems. Duplicate articles were removed.

The eligibility phase included defining the inclusion and exclusion criteria. The inclusion criteria were; research articles on food systems conducted between 2010 and 2021, articles having geographic coverage within Africa, and online articles under the UoN repository. All crops were included in the study to help understand the trends in research on traditional crops versus other crops. The search was then narrowed down to the UoN repository. A manual search to select research studies on crops was performed. Theses and dissertation articles were included. Abstract-only articles and pay-to-access journals were excluded.



Formulating the research questions

Formulation of the research questions was guided by the Food Systems Research Network for Africa (FSNet-Africa) Framework (FSNET, 2021; Figure 2). The FSNet framework comprises many components among them the drivers, actors, institutions, food systems components, and food systems outcomes/impacts (Figure 1). The framework was used because of its ability to capture multi-dimensional aspects along the food systems value chain. In this context, the framework was used to describe and identify activities driving research on food systems at the UoN. These activities included; input and output markets, logistics and production, innovation and branding, production and processing, consuming food, and obtaining nutrients. The actors and the institutions involved in research studies on food systems were also identified. The research questions are shown in text Box 1. Actors are the activities, the people and other organisms involved in the food chain. Institutions in this case are both internal (faculties and departments) and external organizations collaborating in research with university of Nairobi (international universities, research centers, national policy and national universities).

[image: Figure 2]

FIGURE 2
 The conceptual framework guiding formulation of research questions. Source; (FSNET, 2021).



BOX 1. Research questions guiding the study

The following research questions were used to identify departments, faculties, institutions, and actors involved in research on food systems.

• Which departments/faculties/research centers/units are driving food systems related research?

• Which departments/faculties/research centers/units are collaborating in research studies on food systems?

• Which external institutions (policy, universities, research centers) are involved in research on food systems?

• Which departments/faculties/research centers/units at UoN have the potential to drive the agenda of Sustainable food systems even though they may not have done research in that area?

• Which activities (production and processing, innovation and branding, food loss and waste, consuming foods, obtaining nutrients) are driving research on food systems?

• How is research on food systems at UoN contributing toward sustainable food systems locally, nationally, and globally?




Data extraction

After identifying the eligible articles, a systematic review process for every article was conducted. Themes were delineated using the abductive method (Conaty, 2021). The information shown in Table 1 was extracted.



TABLE 1 Nature and type of information extracted from the articles.
[image: Table1]



Data analysis

The data were entered into an Excel spreadsheet, coded and exported to STATA software for analysis. Descriptive statistics were obtained to summarize the collected data. Regression models were constructed to analyze the effect of the collected variables on the contribution of research studies on food systems toward sustainable food security and nutrition. According to Ebrahim et al. (2014), the citation score is a measures of research impact. The citation scores were collected from three search engines namely, Google Scholar, ResearchGate, and Plum Analytics. In this study, citation score was used as the dependent variable regressed against multiple explanatory variables which included; faculty, food systems activities, crops, and collaborations. The regression models were implemented using the generalized linear model (Muller, 2012).




Results


Descriptive statistics

A total of 666 articles from the UoN were systematically reviewed. Journal and thesis articles comprised 51% (336) and 49% (330) of the total articles, respectively. The faculties of agriculture, science and technology, and health had the highest percentage of journal and thesis articles (p < 0.001) on crops (Table 2). The business, veterinary and education faculties had the least percentage of articles with research on crops (Table 2). A higher percentage of journal articles appeared under the faculties of science and technology, health, and engineering compared to thesis articles. In contrast, a higher percentage of thesis articles appeared under the agriculture, social and education faculties compared to journal articles.



TABLE 2 The percentage and number of faculty, researchers by gender, food system activities, collaborations and visibility of research articles on food systems at the University of Nairobi.
[image: Table2]

A higher percentage of male researchers were involved in research for both the journal and thesis articles. This can be attributed to a higher number of male researchers compared to female within the university.

A chi-square test showed a highly significant correlation (p < 0.001) between the activities driving research on crops and article type (journal and thesis). Most of the journal articles had research outputs on production, obtaining nutrients, harvesting, processing, and preservation activities along the food systems value chain (Table 2). The thesis articles focused on value addition and branding. The least researched activities were input and output markets as well as logistics and distribution (Table 2).

A higher percentage of articles had collaborated with outside institutions on researched focused on crops. The chi-square test showed a high significance (p < 0.001) between outside collaborations and article type and a low significance (p = 015) across faculty and article type. There was no significant difference (p = 127) between faculty collaboration and article type. Within and across faculties, collaborations were few for both journal and thesis articles. Compared to journal articles, thesis articles had the least percentage of articles that had carried out collaborative research both outside and within faculty institutions. Very few articles had carried out studies with policy institutions (Table 2). Most articles were highly visible on Google Scholar followed by ResearchGate (Table 2). Few articles, especially theses, were visible on Plum Analytics.



Visibility of the journal articles at the faculty and department level

As shown in Table 3, journal articles under the faculties of agriculture, health, science and technology, and social sciences were highly visible in ResearchGate. However, the visibility of these articles was reduced in Plum Analytics.



TABLE 3 Visibility in ResearchGate and Plum Analytics search engines for journal articles from different faculties at the University of Nairobi.
[image: Table3]

The visibility of journal articles that were found under extra-mural, food science, land resources, chemistry, bioinformatics, and environmental and biosystems sciences was high in ResearchGate (Table 4). This visibility was reduced in Plum Analytics except for the extra-mural departments.



TABLE 4 Visibility in ResearchGate and Plum Analytics search engines for journal articles from different departments at the University of Nairobi.
[image: Table4]



Crops driving research at the University of Nairobi

The most researched crop was maize (Zea mays L.) followed by medicinal plants, African leafy vegetables, beans (Phaseolus vulgaris L.), cassava (Manihot esculenta), and sorghum (Sorghum bicolor) as shown in Figure 3. On the other hand, guava (Psidium guajava L.), passion fruit (Passiflora edulis), peanut (Arachis hypogaea), finger millet (Eleusine coracana L.), apple (Malus domestica), capsicum (Capsicum annuum), chickpea (Cicer arietinum), cotton (Gossypium herbaceum), green gram (Vigna radiata), lablab (Lablab purpureus), paw paw (Asimina triloba), and tobacco (Nicotiana tabacum) were the least researched crops.

[image: Figure 3]

FIGURE 3
 The percentage of researched and under-research crops at the University of Nairobi.


Most crops had been researched under the faculty of Agriculture except medicinal plants (Figure 4). A high percentage of articles on medicinal plants were found under the faculty of Health. Sugarcane was also highly researched at the faculty of Business.

[image: Figure 4]

FIGURE 4
 The percentage of commonly researched crops under different faculties at the University of Nairobi.


Figure 5 shows research on crops along the food systems value chain activities. Maize was the only crop that was researched along all seven food systems activities. African leafy vegetables and other vegetables (kales, tomatoes, cabbage, and lettuce) were researched on six of the seven food systems activities. Guava, pearl millet, apple, capsicum, chickpea, cotton, green grams, lablab, paw paw and tobacco were researched on one activity.

[image: Figure 5]

FIGURE 5
 Percentage of articles with research on crops along the food systems value chain activities at the University of Nairobi.




Involvement of policy institution on researched crops at the University of Nairobi

Only 9% (59 of 666) of the articles collaborated with policy institutions. There was no statistically significance difference between faculty and policy institutions, activity and policy institutions as well as food system versus policy institution. The faculty of agriculture had the highest percentage of research articles that had collaborated with policy institutions, followed by the faculties of science and technology, health and engineering (Figure 6). The faculties of business, education, and social science did not have any research articles where policy institutions were involved.

[image: Figure 6]

FIGURE 6
 Percentage of articles which collaborated with policy institutions by faculty, food systems activity, and crop type at the University of Nairobi. Chi-square test between faculty, food system activity and food system each versus policy institution showed p values of 0.409, 0.696 and 0.613, respectively.


The production activity which entailed field management practices such as land preparation, planting, fertilizer application, weeding, pest and disease management, irrigation among others had the highest percentage of research articles involving policy institutions. The post-harvest activity had the least percentage of articles while the logistics and distribution as well as value addition and branding did not have any studies where policy institutions were involved.

A higher percentage of articles on maize had collaborated with policy institutions. Crops such as African Leafy Vegetables, bananas, beans, coffee, rice, sweet potato, Irish potato, sorghum, and other vegetables had few articles that had collaborated with policy institutions (Figure 6). Descriptive statistics is shown in Appendix Table 1.



Impact of research on food systems

The mean, minimum and maximum values for Google Scholar, ResearchGate, and Plum Analytics are shown in Table 5. There was a significant difference (p < 0.0001) in google citations between journal and thesis articles. The mean citation under Google Scholar was higher for journal articles compared to ResearchGate and Plum Analytics. The mean citation for thesis articles was lower compared to journal articles. The few thesis articles that were identified under ResearchGate had a high mean citation compared to journal articles. The mean and maximum value for article readership under ResearchGate was higher compared to Plum Analytics (p < 0.0001; Table 5).



TABLE 5 Minimum, maximum, and mean value of citation scores, reads, social media scores and policy use from Google Scholar, ResearchGate and Plum Analytics for journal articles and theses published by the University of Nairobi.
[image: Table5]

Table 6 shows the influence of different faculty on Google Scholar citation scores for journal and thesis articles. Journal articles under the faculties of health, agriculture, science and technology, education, and social science highly influenced Google Scholar citation scores as shown by the significant p values and the positive coefficient values. Thesis articles under the faculty of education had a strong effect on google citation scores as shown by the highly significant value of p and high positive coefficient. Thesis articles under the faculties of agriculture and social science had a low influence on Google Scholar citations. Generally, the influence of different faculties on Google Scholar for journal articles was higher compared to thesis articles as shown by the high p and positive coefficient values.



TABLE 6 Effect of faculty on google citation scores for journal and thesis articles at the University of Nairobi.
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Table 7 shows the effect of the different departments on google citations for journal and thesis articles. Journal articles under the departments of environment and biosystems, food science, pharmacology and pharmacosis, economics, land resource, chemistry, bioinformatics, plant science, and agricultural economics significantly affected Google Scholar citations (p = 0.0001) in the listed order. While the order of influence on Google Scholar for thesis articles was as follows; environment and biosystems, agricultural economics, economics, land resource, and plant science influenced Google Scholar citations. Both journal and thesis articles under the department of environment and biosystems engineering had a high influence on Google Scholar citations as shown by the significant p values and high coefficient value in Table 7. Fewer departments for thesis articles influenced Google citations compared to journal articles as shown by significant p values.



TABLE 7 Effect of department on citation scores from Google Scholar for journal and thesis articles at the University of Nairobi.
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Table 8 shows the effect of food systems activities on Google Scholar citations for journal and thesis articles. The contribution of food systems activities on Google Scholar citation for journal articles was high compared to thesis articles as shown by the significant p values and coefficients. Consuming foods and input and output activities under journal and thesis articles had a high influence on citation scores as shown by the significant p values and positive high coefficient values. Other activities that showed an influence on citation scores for journal articles included; obtaining nutrients, production, input and output markets, and post-harvest, processing and preservation. For thesis articles, production activity also influenced Google Scholar citations.



TABLE 8 The effect of food systems activities on Google Scholar citations for journal and thesis articles at the University of Nairobi.
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Table 9 shows the effect of crops on Google Scholar citation scores. Journal articles with medicinal plants, maize, Irish potatoes, vegetables, sugarcane, sweet potato, cassava, and African Leafy Vegetables were highly cited under Google Scholar as shown by significant p-values and high coefficients (Table 9). While thesis articles that had mango, maize, and banana as the study crop were more cited under Google Scholar. There was a high citation for crops under journal articles as shown by the high coefficient values than thesis articles.



TABLE 9 The effect of different crops on Google Scholar citation scores for journal and thesis articles at the University of Nairobi.
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The effect of collaborations with outside institutions on citations scores for journal articles was higher compared to thesis articles as shown by the high coefficient values and significant results (p = 0.0001) as shown in Table 10. Within faculty and across faculty collaborations for thesis articles had a higher influence on Google Scholar citation scores compared to journal articles as shown by the coefficient values.



TABLE 10 The influence of collaboration on Google citations for journal articles and theses at the University of Nairobi.
[image: Table10]

Most articles with collaboration were found within the East Africa as shown in Figure 7. There was also more collaboration in Europe and North America compared to other geographic regions within Africa.

[image: Figure 7]

FIGURE 7
 Percentage of articles with collaborations within and outside Africa at the University of Nairobi.


The collaborations led to wider coverage of topics of interest as shown in Figure 8. There was more focus on topics such as Nanotechnology, Food loss and food waste, Value chain analysis, Agro-ecological zoning and adoption when collaborations were within Africa. With collaborations outside Africa, the topics of focus included; Dietary related diseases, Nutrient uptake, Food biofortification, Food safety, Soil health, Herbal medicine, Crop modeling and Peri-urban and urban food systems.

[image: Figure 8]

FIGURE 8
 Percentage of articles showing topics of interest with collaborations (within and outside Africa) and with no collaboration at the University of Nairobi.





Discussion


Institutions driving research in food systems

Mapping studies across the globe have shown the application of research on food systems from higher institutions to achieving national objectives and the United Nation Sustainable Development Goals (SDGs). Cleveland and Jay (2020) demonstrated the importance of integrating climate and food policies at University of California-United States. Migliorini et al. (2020) showed the significance of student’s knowledge on food systems in influencing consumption patterns across higher education institutions in Europe. Nelles et al. (2022) discussed the contribution of higher education and agri-food systems to the SDGs from Chulalongkorn University, Thailand. Fox (2017) explored linkages in research and innovation, teaching and learning, outreach and engagement as well as resource stewardship to enhance food systems contribution in Ohio University-USA. A food systems dialogs by vice chancellors of higher education institutions across four geographic regions in Africa (southern, northern, eastern and western) identified information and technology, big data, policy, and practice as enablers of food systems transformation (Pretorius and Schönfeldt, 2023). The present investigation conducted a micro-institutional study (faculties and departments at the UoN) to understand the status of research studies and contribution to food systems. The study contributes to the current research discourse by identifying gaps and opportunities on research in food systems conducted by the university. The findings can help institutions of higher learning to improve food systems research and contribution to national development and the SDGs.

The current study showed low research outputs in food systems generated by the UoN compared to selected universities within Africa; Cape Town, Bostwana, Edward Mondlane, Mauritius, Ghana and Makerere (Cloete et al., 2018) and around the globe; Michigan, Cornell, Jiangsu, Oxford, Washington (Hongbo et al., 2021). This can be attributed to financial, infrastructural and human resource challenges which disincentivize researchers from conducting research (Cloete et al., 2018). The low research outputs have implications on the contribution of the institution to sustainable food security and development at the national and continental level. Sebola (2023) has also shown low research outputs and low contribution of research from universities to the South African national development goals from different disciplines such as economic management and sciences, life sciences, physical sciences, engineering and built environment, agriculture, mathematics and ICT, and military sciences.

There was low intra-institution collaboration within the UoN which can be attributed to reduced research funding (Tables 2, 10). Pouris and Ho (2014) also found low collaborative research within institutions attributed to low funding. Collaborations between local institutions has been shown to positively contribute to learning, thus contributing solutions to local problems (Van der Wouden and Youn, 2023). Low collaborations within the same institution (within and across faculty collaborations) was an indication of the low contribution of research on food systems to sustainable food security and nutrition locally. Challenges facing food systems are complex and require multifaceted solutions that are reflective of viewpoints from different disciplines. The low collaboration within the same faculty showed that research on food systems was conducted homogenously that is by single discipline. This implies that studies are focused on addressing a single problem and recommendations provided toward solving challenges of food systems are one dimensional. The contribution of research on food systems under the faculties of science and technology, health, social science and engineering, which was equal to the faculty of agriculture (Table 6), is an indication of the multiplier effect institutions can have on food systems if intra-institutional collaboration in research is enhanced. Therefore, fast tracking toward transdisciplinary research within local institutions is crucial for enhancing solutions to the challenges of food security and nutrition.

There was wider coverage on topics of interest with collaborations within and outside Africa (Figure 8). There was increased focus on topics such as Nanotechnology, Food loss and food waste, Value chain analysis, Agro-ecology zoning, Dietary related diseases, Nutrient uptake, Food biofortification, Food safety, Soil health, Herbal medicine, Crop modeling and Peri-urban and urban food systems. Haysom et al. (2019) has shown the benefits of collaboration between Europe and African institution in peri-urban and urban food systems in solving wicked problems. Food safety on increased uptake of dietary acrylamide among potato consumers has been investigated between African and European institutions (Abong et al., 2020). Dietary related diseases were also investigated in a collaborative study between American and African institutions (Neumann et al., 2013). Collaborations in research on food systems within and beyond Africa demonstrated a wider scope in research topics to solve challenges at the regional, continental and global level. The high collaborations between local and international institutions can be attributed to funding opportunities from international donors (Cloete et al., 2018). The limited funds within local universities has resulted in researchers relying on donor funding. As shown from the current study, there was a wider scope of focus on topical issues. However, donor dependent funding might have implications on the research focus as there is a tendency for studies to focus more on objectives that are inclined toward donor funding or collaborating institution purposes. The researchers may have limited control over the priority areas and often lack agency to introduce areas of focus that are reflective of local needs. Hence, there should be due consideration to include the local institutions objectives.

The contribution of research on food systems on policy formulation and implementation was low (Table 5). This could be attributed to low collaboration in research on food systems with policy institutions. Kushitor et al. (2022) has also shown a disjoint in the contribution of research and policy on food systems. The findings also show that a few disciplines; agriculture, science and technology, and health engaged in research studies with policy institutions. This has implications for policy formulation which is likely to be inclined toward the core areas of research along these disciplines which include production and health (Lind and Reeves, 2021). The low involvement of policy institutions in research studies conducted by the faculties of engineering, business, education and social sciences demonstrated low policy formulations that would improve research along core areas under these disciplines. These areas include; innovations, marketing, social and behavioral aspects. The involvement of policy institutions in research along the production, obtaining nutrients and consuming foods activities implied that policy formulation was likely to be done along these activities. Activities such as harvesting, processing and preservation, input and output markets, value addition and branding, logistics, and distribution lagged behind in policy formulation. Additionally, the involvement of policy institutions in research studies focused on maize indicated that policies to improve the production of maize were likely to be formulated (Grote et al., 2021). Other crops, such as beans, rice, sweet potatoes, and sorghum would likely receive less policy attention.



Food systems activities driving research on crops

Food systems where there is efficiency and coordination along the value chain activities from production to consumption has been deemed as one way of achieving sustainable food and nutrition security (Alexander et al., 2017). The findings of this study indicate gaps along the food systems value chain activities as most research studies were focused on production activity. Few articles focused on obtaining nutrients, post-harvest and processing, despite the high contribution of these activities as shown in Table 8. Little attention was focused on logistics and distribution, value addition and branding activities which reduced the impact of research on these activities (Table 8). The findings of the study also show integrated research on maize focusing on all the food systems activities (Figure 6), while crops such as guava, pearl millet, apple, capsicum, chickpea, cotton, green grams, lablab, paw paw, and tobacco received less attention along the food systems activities. The findings therefore demonstrated an imbalance along the food systems value chain for crops. This has reduced the contribution of these crops to sustainable food security. Ng’endo and Connor (2022) has also shown imbalances in food systems due to policies, food waste, food injustice, and undernutrition and recommended geographic specific strategies to achieve sustainable food systems. All food systems activities are important and ensure there is efficiency and coordination along the chain to connect production and consumption. The logistics and distribution activity enables connectivity with different territories and geographic regions creating a balance in the production and delivery of food products. Inefficiency along the logistics and distribution activity has been shown to increase food loss and create food insecurity (Horton et al., 2019). Additionally, increased production without proper post-harvest handling and value addition as well as branding results in reduced returns and income levels among producers (Docherty, 2012). Inclusively studying the food systems activities is therefore needed to enhance the benefits of crops grown in Africa namely; nutrient provision, income generation, industrial use, therapeutics, food loss and waste, among others (Horton et al., 2019).



Crops driving research

Crop diversity has been associated with dietary quality and quantity (Nicholson et al., 2021). The high frequency of research outputs on carbohydrate foods (maize, sorghum, cassava, Irish potato, sweet potato, and rice) than vitamin (vegetables and mango) and protein (beans) foods (Figure 3) demonstrate low crop diversity. This is contributing to low dietary quality and quantity; a situation that is increasing the food insecurity challenge. Manners and Van Etten (2018) also found high investment in high carbohydrate output foods compared to traditional crops like sweet potato. The high focus on maize and less attention paid to other crops indicates a rise in excessive intensification (monoculture) farming systems and erosion of biodiversity (Munialo et al., 2019; Bokelmann et al., 2022). Studies have pointed to the need to shift diets from animal to plant protein diets (beans) in order to reduce Greenhouse Gas emissions resulting from livestock as a mitigation toward climate change effects (Tilman et al., 2011; Benton and Thompson, 2016). Less research studies on leguminous crops as found in the present study shows the low contribution of research to reducing the impacts of climate change besides soil and water conservation measures. The high coefficient values (Table 9) for articles on medicinal plants, maize, Irish potato, vegetables, sugarcane, sweet potato, and sugarcane showed the high contribution of these crops to food security.

The role of traditional crops is multifaceted and include; dietary diversity, income generation, soil and water conservation, building resilience to climate change, among other uses (Sousa and Raizada, 2020). African Leafy Vegetables such as cowpea (Vigna unguiculata), amaranth (Amaranthus spp.), black nightshade (Solanum spp.), and spider plant (Cleome gynandra) among others, contain macro- and micronutrients that may not be available in other foods crops such as maize (Munialo et al., 2015; Owade et al., 2019; Sousa and Raizada, 2020). These nutrients are important for maintaining human health and building resistance against diseases. African Leafy Vegetables have also been shown to generate income on many smallholder farms (Pichop et al., 2016; Francesco and Knaepen, 2019). Apart from the dietary diversity and income generation, sorghum, cassava, ALVs, finger millet, and chickpea have been shown to have high capacity for climate change adaptability (Kinama and Ndiema, 2019; Beinah and Kunyanga, 2020). Despite the fact that Africa is home to approximately 400 traditional crops, as shown from the current study only a few crops are being studied at the UoN (Figures 3, 4). Focusing research on only a few crops implies that traditional crops are not being exploited to attain their full potential along the food systems value chain.



Opportunities for future research

The findings of these studies have identified gaps in research on food systems conducted at the UoN. Gaps exist within the institution, along the food systems activities and specific crops. These findings are important to guide research direction within institutions of higher learning and other research institutions. Opportunities exist in collaborative and transdisciplinary research, increasing visibility of research conducted, targeting specific under-utilized crop and food systems activities that have lagged behind.



Collaborative and transdisciplinary research

Traditionally, studies on food systems have predominantly involved institutions from the natural sciences. The findings of this study indicate that other disciplines such as health, engineering, and humanities are slowly being involved in research on food systems, a potential indication of transdisciplinary research. Building sustainable food systems requires a multidimensional approach that visualizes a food system as whole rather than separate entities (Bortoletti and Lomax, 2019). The involvement of many actors, across disciplines and industries is crucial. Leveraging on areas that have worked with collaborative research between local and global institutions could make a significant advancement in enhancing local collaborations. Priority areas that will advance transdisciplinary and collaborative research will include; building a database of researchers from different disciplines with interest in studying food systems. This will facilitate the connection of researchers across disciplines, institutions, countries and regions to conduct cutting edge research on food systems. Transdisciplinary research should also be supported by the development of frameworks that take into account the roles, trust, power relations, agency, communication, diversity in language, and working styles among the different actors. Michel (2019), has shown the success in implementation of collaborative research studies among heterogenous actors using a micro-institutional framework that builds on common perspectives. Building a common ground of understanding on a shared purpose and objectives among the different actors and disciplines is needed to improve the contribution of research to sustainable food systems. Capacity enhancement to enhance novel conceptual and methodological approaches that synthesize and extend discipline-specific perspectives, theories, methods, and translational strategies to yield innovative solutions among researchers is fundamental. Competency building among researchers on transdisciplinary approaches is needed. Research institutions are constrained by funding, human resources, a lack of state-of-the-art equipment, research facilities and pilot plants. The involvement of governments and funding institutions in supporting funding is also critical in advancing transdisciplinary research. The development of indices to measure transdisciplinary research outputs and its impact of food systems is also needed.



Increasing visibility of research articles

Increasing visibility and perceptibility is important to enhancing the impact of research articles (Ebrahim et al., 2014). The findings of this study have shown that the visibility of research findings in several search engines such as Google Scholar, ResearchGate and Plum Analytics contributed to increased citation. The visibility of journal articles in Google Scholar, ResearchGate and Plum Analytics was high compared to thesis articles which were mostly visible in Google Scholar. This resulted in a higher impact for journal articles compared to thesis articles. As efforts are made to improve research on food systems, consideration to increase the visibility of the findings to multiple stakeholders is important. Emphasis should be placed on increasing visibility of thesis articles that are produced by students as they contain rich information that should be exploited. Other than search engines, social media platforms such as LinkedIn, Twitter and media stations such TV and radio among others are platforms that can be used to enhance the visibility of the findings. Additionally, creating dialogs with stakeholders including scientists, policy makers, industry players, development agencies, and farmers at different levels can increase the visibility and usability of research findings. This will require that the information is synthesized to simple comprehensible messages.



Research along the food systems activities

The findings of this study show that activities such as input and output markets, logistics and distribution and value addition and branding as well as consuming foods lagged behind in research. All the food systems activities should be considered to improve efficiency. Promoting transdisciplinary research between agricultural and business/economic institutions together with industry players will help reduce inefficiencies that exist along the input and output markets activity. Collaborative research between agricultural and engineering sciences is needed to improve efficiencies along the logistics and distribution as well as the value addition and branding activities. Opportunities also exist in research studies between the agricultural and social sciences.



Traditional crops

Despite the fact that the African continent contain more than 400 traditional crop species, the findings of this study showed that very few crops (15) were commonly researched, with maize being the most intensively researched crop. The findings show that traditional crops were not adequately studied along the food systems value chain. These has resulted in traditional crops not being fully exploited to attain their full potential leading to low impact of the crops to sustainable food systems. Traditional crops have been branded super foods that can transform the continents food status and contribute to sustainable food security (Bokelmann et al., 2022). New research perspectives that bring out the value of these crops are needed. Transdisciplinary research along the traditional crops value chain activity will contribute to unleashing the potential of the crops. Collaboration among different disciplines will approach research from a multi-dimensional angle that created solutions to complex challenges. Promoting transdisciplinary research with global institutions will also help exploit traditional crops beyond local usability.



Policy formulation

Policy formulation is integral to food systems and help advance reforms that improve the impact of research findings. Due to the complexity of food systems, policy formulation along each food system activity is crucial. Formulating policies that account for systematic interactions between the different institutions, food systems activities and specific crops is important to help unleash the potential of these crops hence the need to increase the involvement of policy institutions in research.



Conclusion and recommendations

The study conducted a micro-institutional analysis review exercise on research on food systems at the University of Nairobi, Kenya. The aim was to identify institutions, activities, and crops driving research on food systems at the university. Low research outputs on food systems when compared to other similar institutions across the globe were observed. There was more collaborative research between local and global institutions than within local institutions. Disparities in research existed along the food systems value chain with more focus on production activity and little on post-harvest processing and preservation together with obtaining nutrients activities. Most activities; consuming foods, value addition and branding, input and output markets as well as logistics and distribution activities received less attention. There was high focus on carbohydrate rich foods (maize, sorghum, cassava, Irish potato, sweet potato, and rice) compared to vitamin (vegetables, and mango) and protein rich (beans) foods. The involvement of policy institutions in research studies on food systems was low and inclined to specific disciplines, value chain activities and few crops. Gaps along the mentioned components contributed to reduce the impact of research on food systems toward sustainable food security and nutrition with the input of thesis articles produced by students being less than journal articles. The findings also showed that disciplines such as health, science and technology, engineering and humanities were involved in research in addition to agricultural disciplines, a potential indication of transdisciplinary research, at the UoN. The study suggests for future research to close the gaps in research within local institutions, along food systems activities, policy, crops to increase the relevance toward sustainable food security. Increasing research funding by government is needed to foster intra-institutional collaborations, and transdisciplinary research on under-researched crops. Creation of awareness among researchers on the importance of intra-institutional research and collaboration with policy institutions and industry is also needed as well as increasing the visibility of the findings through media platforms. Further studies can focus on developing frameworks to advance transdisciplinary research.
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