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Abstract The baobab tree (Adansonia digitata L.) is

an integral component of many dryland farming

systems in sub-Sahara Africa. Such traditional agro-

forestry systems can foster a variety of benefits;

besides positive livelihood implications baobab can

particularly address food security objectives due to its

highly nutritious fruits. However, many bottlenecks

persist inhibiting the broader potential of indigenous

trees in farming systems and their increased utilisation

and commercialisation. We suggest that traditional

farming systems with baobab trees can be advanced by

stimulating the emergence of local markets for baobab

products while promoting businesses and innovations

aimed at meeting the arising market demand. Increas-

ing the perceived value of local agroforestry products

in combination with facilitating additional commer-

cialisation pathways will in turn lead to food security

and livelihood benefits. Using a multi-stakeholder

approach such considerations were put into practice in

Kilifi, Kenya, by initiating a community-based enter-

prise development producing high-quality baobab

powder and oil. Initial results demonstrate behavioural

changes, an improved practical knowhow with regard

to baobab management and utilisation, and an

increased consumption of baobab, which may already

contribute to food security objectives. Baobab is

increasingly seen as a valuable resource as opposed to

‘food for the poor’ and a tree possessed by evil spirits.

This may lay the groundwork for further value

addition activities and enterprise development in the

communities. With baobab being a common, yet so far

underutilised feature of local farming systems in Kilifi,

activities based on its increasing commercialisation

can be complementary and easily integrable to

prevailing livelihood strategies.

Keywords Food product innovation � Community-

based enterprise � Neglected and underutilised

species � Multi-stakeholder approach � Rural
development � Food security

Introduction

Natural or traditional agroforestry systems created by

purposeful retention of indigenous trees on farmers’

land can foster a variety of benefits, including the

provision of ecosystem services or positive livelihood

impacts (Amare et al. 2019; Assogbadjo et al. 2012).

By integrating indigenous trees in their production

system rural farmers can access additional income

sources, directly benefit from nutritious food products,

and increase their resilience with regard to market or

climatic shocks (Leakey and van Damme 2014; Reed

et al. 2017). Furthermore, traditional agroforestry
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systems can help maintain tree and associated biodi-

versity (Fifanou et al. 2011), reduce soil erosion and

improve soil characteristics, increasing crop yield and

household food availability year-round (Apuri et al.

2018; Félix et al. 2018).

However, despite increasing awareness of such

benefits, commercialisation of indigenous plants in

Africa remains limited (van Wyk 2011). Indigenous

fruits are often only processed on a small scale and into

few products (Nitcheu Ngemakwe et al. 2017). Many

bottlenecks exist limiting the potential of and benefits

from indigenous fruits produced in traditional agro-

forestry systems (Jamnadass et al. 2011). Challenges

include market insufficiencies and failures such as

limited demand, inadequate supply and marketing

channels or supply control mechanisms (Gruère et al.

2006; Leakey et al. 2005; Meinhold and Darr 2019). In

new markets further constraints lie in low perceived

returns to contributions which inhibits stakeholders to

take part (Lee et al. 2018). Regulatory frameworks in

sub-Saharan Africa often do not promote small

enterprise development with laws being bureaucrati-

cally, weakly or randomly implemented and enforced

(Rogerson 2001). Further reasons impeding successful

commercialisation of underutilised plant species by

rural producers include lack of financial resources and

skills such as entrepreneurial capabilities (Meinhold

and Darr 2019), lack of interest and acceptance in

indigenous fruits (Bvenura and Sivakumar 2017), and

too stringent or conflicting regulations with regard to

tenure arrangements or trade (Wynberg et al. 2015).

Thus, there is a need to unlock the seemingly

hidden potential of indigenous tree species used in

traditional agroforestry systems in order to enhance

food security, livelihoods, and increase resilience for

future challenges. Learning from successful tradi-

tional agroforestry systems with neglected indigenous

trees may suggest a model for sustainable develop-

ment (Nair et al. 2017). We suggest that agroforestry

practices involving underutilised tree species can be

enhanced by stimulating the emergence of markets for

products provided by these trees and the development

and promotion of businesses and innovations aiming

to meet the arising market demand. The foundation

lies in increasing the perceived value of local

agroforestry products in combination with facilitating

additional commercialisation pathways for local pro-

ducers and processors. This in turn will lead to food

security and livelihood benefits. Against this

background and using activities surrounding the

baobab tree in Kilifi, Kenya, as a case study with

regard to indigenous tree species in traditional farming

systems, this paper aims to develop and evaluate this

concept further and showcase how it can be put into

practice.

The baobab tree

Due to its particular potential for food and nutrition

security as well as its relatively easy cultivation and

widespread distribution, the baobab (Adansonia dig-

itata L.) is an ideal candidate to study indigenous tree

species in traditional farming systems. For such

reasons it has also been identified as a priority species

for domestication (Leakey 1999; Sanchez et al. 2010).

The tree occurs naturally in the savannahs and

savannah woodlands of sub-Saharan Africa, most

commonly in semi-arid to arid regions (Wickens and

Lowe 2008). It is often an integral component of

dryland farming systems of these regions, which is

also illustrated by the strong historical connection

between human habitation and the distribution range

of the species. Evidence suggests that baobab trees

have been introduced and planted around homesteads

and settlements across the African continent for

centuries (Duvall 2007). Additionally, useful tree

species such as the baobab are typically preserved by

farmers (Teklehaimanot 2004). Consequently, baobab

density has been shown to be higher in villages and

fields in contrast to natural plains or rock outcrops

(Dhillion and Gustad 2004; Venter and Witkowski

2010). The trees seem to be well preserved in such

communal areas although land-use intensification may

put this at risk (Schumann et al. 2010). Although

detailed research on agroforestry systems involving

the baobab is scarce, presence of baobab trees has been

shown to be effective in combination with the

production of taro and millet (Sanou et al. 2012).

Agroforestry systems involving baobab are of

particular interest considering food security objec-

tives. The fruit features particular nutritional proper-

ties including relatively high levels of Vitamin C and

selected minerals, especially Calcium, and phyto-

chemicals such as polyphenols (Chadare et al. 2009;

Coe et al. 2013). The fruit pulp, being naturally dry

when the fruit is ripe, can easily be used as an

ingredient to enrich food products such as cereals,
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snack-bars, and cookies, thus offering the opportunity

to increase nutrient intake and address micronutrient

deficiencies (Gabaza et al. 2018; Mounjouenpou et al.

2018). Baobab enriched bread has been shown to

reduce starch digestion and glycaemic response in

humans (Coe et al. 2013). Besides being a nutritious

food source, baobab offers numerous other uses

including provision of medicine, fodder, handicrafts,

and significance in cultural ceremonies (Gebauer et al.

2016; Kamatou et al. 2011). Furthermore, baobab fruit

commercialisation can be an important income source

for smallholders; with the additional income being

spent on other food products, baobab can also

indirectly contribute to food security objectives

(Venter and Witkowski 2013). In Kenya, where

baobab marketing is still in its infancy, a recent value

chain study concluded that an increased commercial-

isation and improved value chain integration could

increase income, particularly for women (Jäckering

et al. 2019). To promote baobab utilisation in Kenya it

has been suggested to ensure better availability,

accessibility, and affordability of baobab products as

well as undertake efforts with regard to product

packaging, labelling and raising awareness on nutri-

tional benefits (Kiprotich et al. 2019).

Conceptual framework

Scaling up agroforestry innovations is far more

complex than simple transfer of information and

technologies (Franzel et al. 2001). It is widely

acknowledged that an enabling environment is needed

to foster innovations and broader, long-term adoption

of novel practices in communities (Makate 2019;

Thomas et al. 2018). Conducive policies and institu-

tional frameworks should ideally support environ-

mentally and socially desirable practices, such as

making increased use of traditional agroforestry

systems. The development of demand and markets

for agroforestry products and initiation of business

dynamics and opportunities to serve these could be

one instrument within such frameworks. Improving

market access for smallholders can lead to higher

income and food security (Gyau et al. 2014), whereas

special attention should be drawn to often overlooked

local markets (Shackleton et al. 2007). Considering

market opportunities is critical to the success of

agroforestry innovations; focusing solely on

(technical) innovations aimed at enhancing productive

output is seldom sufficient (Russell and Franzel 2004).

Market emergence can also be boosted by consumers

as opposed to solely private sector players (Martin and

Schouten 2013). Taking these factors into considera-

tion, and building on an overall innovation systems

framework the authors suggest to further build on new

product and community enterprise development prin-

ciples in a multi-stakeholder approach to enhance

market creation and effectiveness (Fig. 1). As such,

smallholders may be in a better position to integrate

technical, organisational, financial and marketing

innovations.

Innovation, the development and diffusion of

technologies and practices which are new in a given

context (Aubert 2005), stands at the heart of the

framework since it is widely regarded as key for

economic growth and employment, also for rural

regions (Rametsteiner and Weiss 2006). Innovation

originates from complex and multidimensional

dynamics and interactions encompassing a variety of

actors, knowledge and skillsets, which may not only

stem from within an enterprise, but also external

organisations (Laperche et al. 2008). As linear

approaches to innovation may overlook important

elements due to the sheer complexity, there has been a

rise in system’s thinking. The (agricultural) innovation

systems perspective provides a holistic and compre-

hensive view on innovation, the actors and factors

involved, possible constraints, and types of innova-

tions offering potential solutions (Menary et al. 2019;

Schut et al. 2016b). The approach emphasises the

collective nature of innovation and the alignment of

technical, social, institutional, and organisational

dimensions in the process (Kilelu et al. 2013). In

practice, innovation system thinking has driven inter-

ventions such as innovation platforms to enhance

agricultural innovation. These can be considered

dynamic, multi-stakeholder initiatives, where a vari-

ety of actors can come together to exchange knowl-

edge, skills and resources, in order to take action and

solve a common problem in a complex setting

(Tenywa et al. 2011). Increased social capital is seen

as being the prime mediator for change (Davies et al.

2018) and, when well executed, innovation platforms

have been shown to be effective for scaling up

agricultural innovations (Eneku et al. 2013; Sanyang

et al. 2016).
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While innovation theories provide a solid founda-

tion, we suggest to add concepts from new product

(NPD) and community-based enterprise (CBE) devel-

opment to strengthen applicability for agroforestry

products using indigenous tree species in rural areas.

NPD covers processes necessary to bring a new

product to the market, including developing a product

strategy, developing the business case, designing the

product and process, testing the product and ultimately

production and market launch (Tzokas et al. 2004).

Effective NPD is seen particularly important for the

food industry where estimates suggest that up to 90%

of products fail within one year of introduction

(Rudolph 1995). Collaboration with external partners

can have a positive influence on the NPD process

(Mishra and Shah 2009; Mu et al. 2017). Strategies for

successful NPD in the food and particularly functional

foods sector include a greater integration of market

and consumer knowledge and the use of cooperative

networks with multiple external partners (Khan et al.

2013; Stewart-Knox and Mitchell 2003). CBEs—

which can be understood as institutions through which

community groups or members actively produce

goods or services in response to market demands,

generating income, social returns, and other assets to

benefit the communities (Macqueen 2008; Molnar

et al. 2008)—may be a promising pathway to translate

outcomes from NPD and innovation to livelihood

benefits. CBEs can take various forms with different

business models (Ambrose-Oji et al. 2015). Practices

seen as beneficial for CBE effectiveness include

targeted employment of marginalised groups and

representation in governance, or interaction with a

large array of supporting agents (Macqueen et al.

2020; Torri 2010). A diverse partner network can help

CBEs in fundraising, technical training and support in

business networking and marketing, or innovation and

knowledge transfer (Seixas and Berkes 2010).

Study area and methods

Activities to put above framework into practice and

enhance baobab utilisation and commercialisation in

Kilifi, Kenya commenced in autumn 2016. Compris-

ing actors such as research institutions active in food

technology, agroecology, nutrition, and agricultural

economics, NGO partners, and private sector parties

Innovation 
system

Multi-stakeholder 
network

Adoption of baobab agroforestry practices and utilisation, livelihood 
benefits, and increased food security in the producer communities

Community 
participants

Authorities, donors, certification bodies, etc.

NGO 
partners 

Private sector 
actors

Capacity 
building

Expertise; 
sample NPD

Product 
strategy

Business 
case dev.

Product/ 
process  
design

Product 
test

Market 
launch

Research 
partners 

Practical  
experience

Baobab 
resources

Community-based enterprise and new product development

Increased appreciation of local resources 
(consumption ↑)
Additional commercialisation pathways,
high-quality products (market access ↑)

Increased market demand
Additional value addition
Smallholder empowerment  

Consumers in 
the communities 

Products

Fig. 1 Overall conceptual framework
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from the baobab industry a dynamic initiative was

formed. The current study covers the activities until

early 2020, whereas a pilot processing facility was

fully established and an initial assessment conducted.

Figure 2 illustrates the main steps undertaken to

stimulate demand and increase market opportunities

for baobab, as explained in the following subsections.

Study area

All activities were conducted in Kilifi County in

coastal Kenya, due to the high prevalence yet little

utilisation of baobab and high levels of food insecurity

in the region. Annual mean temperature (average

annual precipitation) ranges from 21 to 30 �C
(900 mm to 1300 mm) at the coast and 30 �C and

34 �C (300 mm to 900 mm) in the hinterland (County

Government of Kilifi 2018). Rainfalls occur in a

bimodal pattern with the short rains occurring between

October and December and the long rains between

March and May. Baobab trees are common in the

County. Compared to inland regions, trees from Kilifi

have been shown to be more high-yielding and

produce larger, more sour tasting fruit (Omondi et al.

2019). Agriculture, tourism and fishing can be con-

sidered main economic activities. A large proportion

of the predominantly rural population engages in

subsistence family farming, with dominant crops

including maize, cassava, and mung beans; main

horticultural crops include cashew nut, coconut, and

mango (County Government of Kilifi 2018). Poverty

and food insecurity are highly prevalent. For example,

poor dietary diversity scores and, amongst children,

high rates of stunting and wasting have been observed

(Momanyi et al. 2019).

Baseline assessment

A baseline household survey to assess community

capacity was conducted in the Majajani/Mavueni sub-

location, the core implementation area, with a total

population of 8005. Using a systematic random

sampling technique 120 households (10.3%) were

selected and primary data collected using a semi-

structured, previously tested questionnaire. In addi-

tion, key informant interviews were conducted

2016 2020

Baseline 
Assessment  

Information 
needs 
assessment
Identification of 
current baobab 
prac�ces
Baobab 
inventory

Capacity building activities   

Strategy
development

Business case 
development  

Process 
design Test

Farmer & community worker trainings

Development/showcasing of novel product ideas

Strategy, 
concept 
develop-

ment

Construction of baobab processing facility  

Business plan establishment

Definition of operating procedures

Training material development & refinement

Follow-Up 
Assessment

Expert 
interviews
Farmer survey 
(among 
participating 
and control 
farmers)

CBE establishment

Fig. 2 Overview of activities undertaken in Kilifi, Kenya
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targeting people already engaged with baobab pro-

cessing as well as NGOs and county agencies active in

natural resource utilisation, identified via snow-ball

sampling. Descriptive statistics were applied to anal-

yse quantitative data, whereas qualitative data was

subjected to content analysis to reveal further infor-

mation on perception and knowledge levels about

baobab and current utilisation and management

practices.

Capacity building initiative

The baseline assessment enabled identification of

knowledge gaps concerning baobab and the develop-

ment of a tailor-made capacity building strategy,

including the establishment of customised training

manuals for farmers and community extension agents.

Involved scientific and private partners provided input

to ensure information on nutrition, food technology,

and marketing was not only scientifically sound but

also reflecting practical realities. In total 60 commu-

nity extension agents and 60 farmers were trained

between December 2017 to September 2019. Partic-

ipating farmers were purposefully selected through

village leaders and networks of extension agents based

on whether they possessed baobab trees and their

willingness to become involved in baobab processing

activities. Farmer trainings covered aspects such as

baobab nutritional value, post-harvest management,

product preparation and marketing. Four additional

community members were also trained in operating

the central processing facility. Trainings for commu-

nity extension agents intended to not only strengthen

their capacity, but also enable them to distribute

knowledge further into the communities to ensure that,

once demand of baobab increases, further farmers can

be linked to the CBE operation. Alongside these

activities novel baobab products, developed by food

and process technologists, were showcased and sen-

sory evaluations conducted. This intended to a)

demonstrate the versatile use of baobab in both sweet

and savoury food preparations to stimulate home

consumption and subsequently demand and b) give

ideas for future product diversification and small-scale

business opportunities based on baobab.

CBE development

Simultaneously with the capacity building initiative

the actual establishment of the CBE was initiated.

Results from the baseline assessment coupled with the

expertise of the different actors involved informed the

overall strategic outline of the CBE, taking into

account the local conditions. The BAOFOOD research

project consortium formed the basic partner network,

however, over time links to other initiatives working

on high-quality baobab processing in neighbouring

countries (e.g. Mozambique, Zimbabwe, or South

Africa) were established for further advice. Private

sector players were particularly important to establish

a detailed business plan and standard operation

procedures (SOPs), whereas research partners pro-

vided guidance on aspects such as baobab resource

base, value chain setup or product development and

nutritional implications. CBE development activities

continuously informed and were closely linked to the

capacity building activities, e.g. by focussing on

product handling skills and food hygiene practices to

be fulfilled during operation. All farmers having

participated in the trainings were registered as contact

farmers enabling them to supply pre-processed baobab

to the central processing facility in Kilifi, where

production of baobab powder and oil takes place. Pre-

processing entails the selection and correct storage of

high-quality fruit, as well as extracting the pulp-on-

seed after a defined timeframe in the communities.

Construction activities of the central processing facil-

ity, including both the actual premises as well as the

commissioning of processing machinery such as oil

mill and powder extractor were concluded in Septem-

ber 2019, enabling the CBE to be operational for the

subsequent baobab harvesting season. However, addi-

tional activities are needed in future particularly

regarding empowerment of community members and

generation of a self-sufficient operation.

Follow-up assessment

To assess effects to date of the CBE development and

the capacity building program, a further survey was

conducted in April/May 2020. All community mem-

bers who were involved in the intervention were

interviewed, including both the 60 baobab suppliers as

well as the 4 processors at the CBE. Furthermore, 59

farmers from the same region acted as a control group,
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identified via a simple random sampling approach.

Semi-structured interviews were used to gain insights

on changes in baobab utilisation and management as

well as potential benefits community members may

have already gained. Descriptive and comparative

analyses were conducted using the Statistical Package

for the Social Sciences program (SPSS) to gain a better

understanding of changes which have occurred during

the intervention. Data from the survey was comple-

mented by expert interviews of key stakeholders

involved in the CBE.

Results

Baseline assessment

The baseline assessment demonstrated low education

levels (42.5% of household heads illiterate, further

43.4% primary school level), main livelihood activity

was crop farming and temporary food shortages a

regular problem (70% of respondents). The majority

(69%) owned naturally occurring baobab trees on their

land. Approx. 1/3 of respondents had been involved in

making a baobab product, yet only a minority was

engaged in any tree management activities other than

harvesting. Farmers more likely to harvest baobab

included ones with larger farms, of younger age, and

with more knowledge concerning baobab products and

management practices. Knowledge levels were gen-

erally low and closely correlated to prevailing prac-

tices. On a commercial level, one processed food

product (‘‘mabuyu’’) was identified, consisting of the

dry baobab pulp and seed prepared in a mix of sugar

and food colouring, targeting mainly children as

consumers and sold in village kiosks or by the road

side. Besides these and a use in juice or porridge,

known to 93.3%, 40.0%, and 39.2% of respondents,

respectively, awareness for other baobab products and

their nutritional value was very low. In regional

markets a few non-food baobab products were iden-

tified, including drums and lampshades made from

shells, paper from bark, or soap from oil, targeting

mainly tourists or middle to high income earners. No

organised community group was found dealing with

baobab either for value addition or selling raw

material.

Overall, the results pointed to a basic, yet expand-

able baobab utilisation. Reasons cited for a not more

widespread use and management included negative

perceptions associated with the baobab tree in coastal

Kenya (hosting of evil spirits), or the lack of

information concerning utilisation practises and ben-

efits. Nevertheless, 68.8% of respondents expressed

interest to engage in more intensive and/or improved

management and utilisation of baobab in the future.

Information needs identified were particularly high

with regard to storage, processing both for sale and

home consumption, marketing, as well as nutritional

and health benefits. Temporary food shortage was

significantly linked to higher information needs

regarding processing for sale (p\ 0.05). Thus, sensi-

tising farmers about the commercial potential of the

tree, the variety of uses, and its nutritional benefits

may promote its utilisation, change attitudes and

beliefs about the tree, and increase household uptake

of baobab products.

Established overall strategy of the CBE

Since small-scale baobab commercialisation already

existed a focus was put on producing bulk, high-

quality raw materials (baobab fruit powder and oil).

To ensure hygienic conditions the central processing

facility consists of several closed structures for

storage, processing as well as changing rooms for

staff. By partnering with existing regional microen-

terprises further local value addition should be gen-

erated and innovation and business development

stimulated. This may be aided by the strategic location

of the central facility in a tourist hot-spot and

supporting activities by the involved NGO, in which

hands the CBE currently lies. The target was set to

initially focus on local and regional markets as well as

gradual growth—allowing to perfect the production

model, supply chain and quality assurance along the

way and ensuring a stable base for production easily

expandable with growing demand, including the

integration of more farmers. Experience from other

countries showed that early concentration on export

had a high risk of creating a boom-bust situation and

opportunities from local markets are—despite the

opportunities arising from a growing middle class

(Darr et al. 2020)—often overlooked.

The management procedures of the CBE entail that

after local, community-based harvest and primary

processing at rural collection centres, final processing

into baobab powder and oil takes place at the central
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facility, all conducted by trained community mem-

bers. All steps in the production process, from fruit

collection to cleaning processing equipment are reg-

ulated via SOPs and were topics during capacity

building. Only farmers having undergone registration

and training are able to supply baobab and receive

annual supply contracts, to be renewed if harvesting,

field processing and storage procedures were adhered

to. Farmers are to be paid on a cash on delivery basis

upon satisfactory quality and weight control. With an

anticipated purchase price of 0.23 USD/kg of pulp, it is

estimated that the average farmer could be earning an

additional USD 84 per season. Pulp is to be purchased

from September to December with powder processing

to take place between January and March during the

dry season. Initial scale of production is 5 t of baobab

powder and 500 kg of oil per year, equalling 25 t of

pulp-on-seed, to increase to 10 t of powder after

7 years (* 15% annual increase). As demand

increases, the CBE will expand the radius of the

targeted area or replicate baobab processing activities

in other Kenyan regions.

With regard to governance, a clear shareholding

structure is envisaged, whereas community members

will hold part of the shares and profits will be

distributed in line with shareholdings. The board of

directors, comprising partnering shareholders, will

oversee the realisation of the business plan in a

democratic fashion and maintain an active advisory

oversight role to offer expertise in areas such as

factory operations, marketing and supply chain devel-

opment, commercial operations and certification. At

present, however, the CBE can dominantly be

regarded a research-private sector initiative. Commu-

nity members have, nevertheless, expressed interest

for further involvement and already committed land

and materials for the construction of local storage

shelters. Further participation was inhibited by lack of

business experience as well as the financial risk this

would entail. As of now, the CBE has survived from

donor funding, in total approx. 100,000 USD, of which

28% were construction, 5% equipment, 44% training,

and 23% consultancy costs. To date, the operation is

not yet economically self-sustainable, although it is

anticipated that after the first year of operation profits

will be generated. Direct operating costs have been

kept low by maintaining relatively short supply chain

and logistics, whereas an emphasis has been put on

marketing costs as this has been considered particu-

larly important since dealing with novel products.

Initial outcomes

Table 1 presents basic demographic data of the

farmers involved in capacity building and linked to

the CBE as well as control farmers. Whereas trained

and control farmers ranked similarly in household

size, gender, and income sources, significant differ-

ences (p\ 0.05) were observed in terms of baobab

tree number on farms, age and education. This may be

explained by the purposive selection of farmers.

Differences with regard to baobab between the two

groups are illustrated in Table 2. Almost all trained

farmers reported to have changed at least some of their

practices concerning baobab management and utilisa-

tion; however, also the untrained farmers changed

practices, although to a lesser degree. Over 90% of

trained farmers reported to have changed the way they

select, store and process baobab fruit, focussing on

ripe, brown, undamaged fruits and maintaining

hygienic practices; amongst the control 49.2%

reported changes in fruit selection, 30.5% changed

their storage practices by building structures, and

28.8% reported changes in primary processing of fruit.

Both trained and control farmers reported to consume

baobab more often at home (63.3% and 37.3%,

respectively), e.g. as juice or adding it to soups. The

decision for increased consumption was mainly driven

by perceived nutritional benefits. Approx. half of both

groups reported to have started experimenting with

baobab, e.g. by making new products or using it as a

food additive (48.3% and 50.8%, respectively). Local

farmer cooperatives have started to integrate baobab in

locally produced yoghurt or cookies, although no

novel products have appeared in local markets yet.

43.3% of trained farmers indicated that the market

price for baobab has recently changed, 84.6% of which

reported a price increase (control: 25.9% and 93.3%,

respectively). Although 68.3% of trained farmers

(control 44.1%) had already been involved in selling

baobab, predominantly to local traders, 30% (13.6%)

of farmers reported using baobab more for sales and a

total of 13 farmers (21.7%) started selling baobab only

after the training. This is despite the fact that actual

purchases from the CBE had not taken place yet.

Nevertheless, farmers rated potential benefits from the

CBE highly, their main motivation to participate was
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primarily to gain knowledge on baobab, followed by

market, income, and labour opportunities. To increase

the success rate, farmers suggested further capacity

building efforts, inclusion of more farmers, as well as

regular communication efforts.

Discussion

Although the long-term effectiveness of the undertak-

ing remains to be seen and the CBE is still a work in

progress, the initial results are encouraging. Baobab

subsistence use has increased locally, which due to its

nutritional profile can directly contribute to food

security objectives. Behavioural changes and an

improved practical knowhow indicate that the overall

perception is changing towards baobab being a

valuable resource as opposed to ‘food for the poor’

and a tree possessed by evil spirits. Thus, the first step

of the conceptual framework developed has been

reached, laying the groundwork for an increased

future demand for baobab products, and, ultimately,

for the success of the CBE. Detailed effects on income,

employment and market creation are, however, yet

uncertain with the CBE not fully having started

operation. Experiences from other countries with an

already higher degree of baobab commercialisation

show that annual mean income from baobab pulp and

seed sales was in the realm of USD136 ± 14 (Venter

and Witkowski 2013), while our estimates are in the

range of USD84. Such supplemental income, how-

ever, can be a vital contribution to livelihoods of

marginalised communities. With the current price for

baobab pulp and seed in Kenya being in the realm of

0.07 USD/kg (Jäckering et al. 2019) in contrast to the

anticipated sales price of 0.23 USD/kg with the CBE

this will be an attractive opportunity for smallholders.

An increasing baobab commercialisation, however,

may also lead to overharvesting of the resource or

threaten subsistence use and livelihoods (Buchmann

et al. 2010). These risks are currently perceived as low

for the study region. Baobab populations in Kenya

have been shown to be healthy, stable, and rejuvenat-

ing (Fischer et al. 2020). In comparison to Western

Africa, where baobab is more highly utilised, baobab

in Kenya can yet become a more important part of

local diets. To nevertheless not undermine subsistence

use when demand increases, the groundwork has been

laid to enable benefit-flows to small-scale producers

by set management and governance principles. These

were strongly aided by the experience from Phy-

toTrade Africa, a natural product trade association

with broad experience in connecting smallholders to

natural products markets and enabling market oppor-

tunities while achieving livelihoods benefits (Welford

and Le Breton 2008). Set standards and procedures

will also ease future certification, which, alongside

capacity building efforts, has been put forward as a

potential solution for sustainable and ethical trade of

baobab (Buchmann et al. 2010).

The comparison with other CBE initiatives in

natural resource management, although complicated

by the variety of business models, demonstrated that

challenges are often similar. Issues such as financial

challenges, including the dependence on external

investments or lack of management or marketing

skills on the ground are common problems (Ambrose-

Oji et al. 2015; Pandit et al. 2009). Strategies put

forward to overcome such challenges include the

development of entrepreneurial and organisational

skills in farmers, a focus on strategic partnerships and

networks, special attention to organisational set-up

and governance mechanisms to ensure equal benefit

distribution and conflict resolution, and following a

holistic approach considering the local setting

Table 1 Demographics of

trained and control farmers

*Significant results,

p\ 0.05

Trained farmers Control

Age [years] 48.93 ± 14.25 40.98 ± 15.65*

Gender [% female] 53.3 57.6

Household size 8.72 ± 3.99 7.98 ± 3.50

Education [% no or only primary education] 88.3 78.0*

Farm size [acres] 10.64 ± 18.45 6.25 ± 11.85

Baobab trees on farm 10.20 ± 17.66 5.29 ± 6.30*

Income source [% crop farming ranked most important] 71.7 61.0
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Table 2 Comparison between trained and control farmers in the study region

Factor Trained farmers Control

Knowledge levela

Baobab trees general 4.33 ± 0.63 (1.70 ± 0.79* before

training)

1.61 ± 0.77

Harvesting methods 4.22 ± 0.78 (1.53 ± 0.75*) 1.71 ± 0.81

Fruit selection 4.40 ± 0.76 (1.82 ± 0.83*) 2.15 ± 0.76*

Storage practices 4.38 ± 0.64 (1.40 ± 0.72*) 1.78 ± 0.91*

Baobab processing 4.37 ± 0.80 (1.37 ± 0.64*) 1.80 ± 0.83*

Hygienic practices 4.28 ± 0.74 (1.27 ± 0.48*) 1.66 ± 0.90*

Nutrient content 4.12 ± 0.83 (1.22 ± 0.41*) 1.27 ± 0.66

Product variety 4.42 ± 0.72 (1.80 ± 0.73*) 2.05 ± 0.92

Economic benefits 3.88 ± 0.90 (1.42 ± 0.59*) 1.76 ± 0.70*

Baobab consumption

Increased family use 63.3% 37.3%*

Current consumption levels

Never 30.5% 60.4%*

1–2 times per week 33.9% 11.3%*

3–5 times per week 28.8% 22.6%

Daily consumption 6.8% 5.7%

Baobab sales

Percentage selling baobab 68.3% 44.1%*

Recent increased use for sale 30.0% 13.6%*

Average weekly baobab income (All farmers/farmers selling
baobab)

Less than 100 KES 18.3%/28.9% 3.4%*/8.0%*

100–300 KES 23.3%/36.8% 16.9%/40.0%

300–600 KES 8.3%/13.2% 6.8%/16.0%

600–900 KES 1.7%/2.6% 6.8%/16.0%

More than 900 KES 11.7%/18.4% 8.5%/20%

Income contribution (All farmers/farmers selling baobab)

Less than 25% 50.0%/88.2% 40.7%/96.0%

25–50% 6.7%/11.8% 1.7%/4.0%

Baobab supply

Baobab collection per season (All farmers/farmers collecting)

Before CBE After CBE

1–100 kg 23.3%/31.1% (11.7%/28.0%) 30.5%/46.2%

100–300 kg 20.0%/26.7% (13.3%/32.0%) 20.3%/30.8%

300–600 kg 18.3%/24.4% (13.3%/32.0%) 6.8%/10.3%

600–900 kg 8.3%/11.1% (3.3%/8.0%) 6.8%/10.3%

More than 900 kg 5.0%/6.7% (0%/0%) 1.7%/2.6%

Days spent

1–7 days 46.7%/62.2% (20.0%/50.0%) 52.5%/

86.1%*b

7–14 days 13.3%/17.8% (3.3%/8.3%) 6.8%/11.1%

14–28 days 8.3%/11.1% (5.0%/12.5%) 0%/0%*c

123

1352 Agroforest Syst (2021) 95:1343–1358



(Macqueen et al. 2020; Steiner and Teasdale 2019;

Torri 2010). Many such aspects could be addressed in

our case study due to the foundation in innovation

system thinking. Special attention has been put on

collaboration and keeping an integrated approach,

whereas the inclusion of both experienced private

sector players from the baobab sector and research

partners has proven especially helpful, e.g. in defining

organisational setup, management procedures, and

capacity building efforts. Other aspects need further

attention in future to ensure the CBE’s long-term

success, in particular inclusion of socially margin-

alised groups in decision-making procedures and

leadership, and continuous skill development in the

communities, particularly with regard to entrepreneur-

ship and business development—issues to be tackled

in the next phase of the intervention.

Illustrated approach also shares many similarities

with innovation platforms, as these should provide

opportunities for local innovations while nourishing

introduced ones (Tenywa et al. 2011) or the emphasis

on effective, strategic partnerships. Although effec-

tiveness of innovation platforms can strongly differ,

they have been shown to foster innovation and market

creation. For example, Pamuk et al. 2014 demon-

strated that they aided crop management innovation

adoption and, according to Mumbeya et al. 2020,

participation in innovation platforms led to an increase

of rural female farmer income via improved market

access. Innovation platforms have also led to increased

farmer’s technical knowhow, enhanced farm produc-

tivity, and behavioural changes (Davies et al. 2018;

Sanyang et al. 2016). Nevertheless, underlying goals

of innovation platforms often go far beyond such

outcomes, aiming to change prevailing institutional

regimes to create opportunities for smallholders

(Hounkonnou et al. 2018). By creating opportunities

for the different actors in an innovation system to

connect, co-evolution should be fostered (Kilelu et al.

2013). This entails—originating from traditional,

technology-centred, linear approaches—a paradigm

shift in agricultural research for development, requir-

ing broader structural changes far beyond individual

projects (Schut et al. 2016a). Whether this is achieved

in practice is disputed, yet such considerations gener-

ally go beyond our approach. Due to the inclusion of

CBE and NPD elements, the latter of which has been

shown to help rural groups generate diversified, high

quality products (Hernández Girón et al. 2004), it is

more streamlined. Detailed financial projections in our

approach during business plan establishment based on

expected revenues and costs for ten years after initial

completion of the CBE may foster its economic

sustainability. A step by step approach with special

consideration on overhead costs and profits generated

is important to reduce dependence on external funding

in the long run. Nevertheless, there is yet a need to

assess the respective costs and benefits of different

approaches in order to enhance effectiveness of

interventions (Franzel et al. 2001).

Overall, the following lessons learnt can be derived

from the case study and the underlying approach. It

was possible to enhance appreciation of the local

farming population with regard to baobab, inducing

more intense consumption and change in management

practices. The developed CBE strategy benefited

strongly from experiences of baobab-processing ini-

tiatives from other countries as well as academic and

non-academic collaborators engaged in the initiative,

providing scientific, local, and business knowledge

and experience. By careful management of expecta-

tions of farmers it was possible to sustain their

engagement despite the long timeline, which was

necessary to thoroughly develop underlying strategies

Table 2 continued

Factor Trained farmers Control

More than 28 days 0%/0% (11.7%/29.2%*) 1.7%/2.8%*d

aRating scale 1–5; 1 equalling little knowledge, 5 vast knowledge, bsignificant both for values compared to before and after CBE

establishment; csignificant only for values compared to before CBE establishment; dsignificant only for values compared to after CBE

establishment

*Significant results, p\ 0.05
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and management principles. Although arising benefits

will be supplemental, these nevertheless can be an

important contribution as marginalised groups,

women were targeted. Baobab is an ideal candidate

for product development activities due to its versatile

use as an ingredient for both sweet and savoury foods

while holding a nutritional profile which can con-

tribute to food security. The approach may be more

cost-efficient and sustainable than other initiatives

targeting innovation, although more research is

required in this regard. However, it has to be

acknowledged that without external funding the

implementation would not have been feasible. Due

to prevailing market failures such as environmental

externalities or information asymmetries, particularly

since the baobab sector in Kenya is still in early stages,

further investments into its market and value chain

development are necessary. The CBE alone is not in a

position to take these investments and private-sector

contributions may not be easy to find due to potential

risks—however, the associated social benefits justify

further public investments.

Conclusion

With the complexity involved in agricultural research

for development being increasingly recognised, there

has been a shift from linear to more complex,

integrated approaches to foster innovation in

resource-poor environments. The approach developed

in this piece of work, integrating CBE and NPD

principles in a framework based on innovation systems

and multi-stakeholder collaboration, fits right in here.

It features many characteristics associated with suc-

cessful commercialisation of underutilised plant

species, in particular capacity building of communi-

ties, strategic partnerships with a variety of stakehold-

ers, using simple, scalable technologies, and taking

into account the local context. The practical imple-

mentation in Kilifi demonstrated, that it was possible

to increase local demand and the value seen in baobab,

laying the groundwork for further value addition and

enterprise development in the communities. This may

also contribute to maintaining or even increasing

baobab agroforestry and conservation of baobab trees

on farms. With baobab being a highly nutritious food

source the increased consumption may already con-

tribute to food security. Effects on income,

livelihoods, or empowerment of communities, how-

ever, will probably only be seen further down the line.

Nevertheless, with baobab being a common, yet so far

underutilised feature of local farming systems in Kilifi,

the approach offers the possibility to be complemen-

tary and easily integrable to prevailing livelihood

strategies. Although projections show that additional

income would only be supplemental, this can help

marginalised communities diversify livelihood strate-

gies—focussing solely on baobab as an income source

would be too much a risk. The strategy on developing

high quality raw material baobab powder and oil via

the CBE processing operation enables additional local

marketing pathways for baobab products—consider-

ing both the input as well as output resources. Thus,

CBEs and the developed approach can be a promising

model for the sustainable local rural development of

poor populations and—being more streamlined—

possibly more cost-effective than comparable initia-

tives, although this should be more thoroughly

addressed in future research.
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