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and vegetable sector
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The sustainability of fresh fruits and vegetables value chains is challenged by high

levels of food loss andwaste (FLW) in resource-limited economies. In Kenya, where

smallholder farmers dominate the food production sector, FLW in fruits and

vegetables is estimated at 30-40%. This study investigated the ecosystem of

FLW solution providers in Kenya, examining the challenges faced in developing

and scaling interventions, and identifying successful strategies to overcome these

barriers. A qualitative approach was employed. Primary data on FLW was obtained

from solution providers through key informant interviews. The FLW solution

providers were categorized as either successful or partially successful based on

their commercial viability and operational tenure. The study utilized purposive

sampling and a structured interview guide. The study identified several key

challenges faced by FLW solution providers which comprised insufficient

technical knowledge in food processing and machine operation, limited financial

capacity for both operation and scaling, inconsistent supply of rawmaterials due to

seasonality, competition from established companies and artificial products, slow

market penetration, and low product acceptability (for partially successful

providers). Successful solution providers employed various strategies to

overcome these challenges including partnering with universities, governmental

and non-governmental organizations for research, development, and initial

financing; undertaking comprehensive technical and commercial viability

assessments before scaling; adopting product differentiation to capture diverse

markets; utilizing preservation techniques like drying and establishing off-take

contracts to counter supply inconsistencies and establishing stable external

markets and reliable business to business models. The study also revealed the

potential for gender-inclusive impact, as many solution providers tend to employ

more women due to the nature of the work. The findings highlight the critical role

of partnerships, comprehensive market research, and adaptive strategies in

developing successful FLW solutions. The contrast between successful and

partially successful solution providers underscores the importance of

comprehensive planning, technical expertise, and market-oriented approaches.
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By learning from successful solution providers and addressing key challenges,

stakeholders can create more sustainable and effective interventions to reduce

FLW and improve food security and nutrition status, and enhance the livelihoods of

smallholder farmers.
KEYWORDS
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1 Introduction

There is push to adopt sustainable foods systems. An important

component of such systems is increasing the production and

consumption of plant-based foods like fruits and vegetables as

they are environmentally friendly and nurture human health.

Inclusion of Fruits and vegetables in the diet is crucial as they

contain essential nutrients for normal body functioning as well as

nutraceutical compounds which when regularly consumed lead to

better health outcomes by abating development of chronic lifestyle

diseases (Clark et al., 2020; Willett et al., 2019). As a result, daily per

capita consumption of 300 to 600 g of fruits and vegetables has been

proposed (Harris et al., 2023). Despite this recommendation, low

fruit and vegetable consumption persists in 93% of Sub-Saharan

African countries (Harris et al., 2023; Mason-D’Croz et al., 2019).

Supporting these findings, a survey conducted in East Africa,

including Kenya, reported per capita consumption levels ranging

from 4 to 135 grams for fruits and 84 to 184 grams for vegetables

(Sarfo et al., 2023).This is a paradox as the production of fruits and

vegetables has risen in Kenya. For example, mango and avocado

production tripled and doubled, respectively, between the years

2005 and 2014 (Ridolfi et al., 2018). It is possible that the low

consumption of fruits and vegetables can be partly attributed to

high postharvest losses (Schreinemachers et al., 2022).

In Kenya, food loss and waste (FLW) in fruits and vegetables

value chains average estimates are between 30-40% with reported

upper limits being as high as 70% (Mugao, 2023; Ntawuruhunga

et al., 2020; Gogo et al., 2018; Ridolfi et al., 2018). Fruits and

vegetables are highly perishable requiring proper postharvest

management (Beausang et al., 2017). Adoption of low-cost

postharvest management practices and technologies is low in

Kenya. This is because 80% of fruits and vegetables are produced,

distributed and marketed by small holder farmers, aggregators and

traders who experience financial and behavioral constraints (Ridolfi

et al., 2018). The underlying drivers of FLW established by Flanagan

et al. (2019) are consistent with what has been observed in Kenya

(Mugao, 2023; Ntawuruhunga et al., 2020; Gogo et al., 2018) and

can be clustered into four categories. ‘The first category, the

technological drivers, include poor infrastructure, inadequate

handling or processing equipment and improper packaging

among others. Second category are those drivers that are
02
managerial in nature encompassing inadequate food processing

skills and knowledge, poor supply and demand forecasting,

inadequate planning and marketing strategies. Third category of

factors are behavioral and entails consumer norms and attitudes,

lack of awareness and concerns about possible risks of FLW. The

fourth category include structural drivers such as demographics,

climate change effects, economics, finances, policies and

regulations’ (Flanagan et al., 2019).

The United Nations SDG 12.3 underpins halving global per capita

FLW at the retail and consumer levels by 2030 (Nicastro and Carillo,

2021). Therefore, reducing FLW is becoming an importantmotivation

of an increased number of enterprises which have tailored an extensive

array of services and products. Understanding the methodologies used

in developing services and products that are effective in reducing FLW,

i.e., successful solutions, is critical. Generally, promoting the

widespread adoption of the successful solutions could have a

significant impact on the livelihoods resulting in improved food and

nutrition security of small-scale farmers and other low-income

consumers especially in developing countries (Nicastro and Carillo,

2021; Hanson et al., 2016). Specific benefits that can be indirectly

accrued from solutions that reduce FLW include salaries for workers,

returns on assets (profits) to entrepreneurs and asset owners, revenues

to the government, a better food supply to consumers and a positive

impact on the environment in the short and long term (Schuster and

Torero, 2016; Swinnen, 2015).

The main objective of the study was to assess the methodologies

or pathways used to develop successful solutions to FLW in Kenya.

This led to a summation of the challenges faced by solution

providers in reducing FLW and the strategies employed to

overcome these challenges.
2 Methodology

2.1 Selection of fruits and
vegetables processors

In 2022 and 2023, TechnoServe Inc. carried out an overview of

the fruits and vegetable landscape in Kenya. This included

reviewing secondary sources of data and conducting expert

interviews. One of the results, was a comprehensive list of thirty-
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seven solution providers to FLW undertaking aggregation, off-take,

value addition and recycling of wastes. From this list, purposive

sampling was employed to select solution providers focusing on

aggregation, value addition and offtake. These categories

represented up to 95% of solutions undertaken in Kenya to

manage fruit and vegetable loss and waste aimed at delivering

foods for direct human consumption. As a result of the foregoing

rationale, solution providers downcycling wastes into end products

such as bioethanol, fertilizer and use as feed for black soldier fly

larvae which are not directly consumed as foods were left out.

Twelve solution providers, accounting for 38% of those carrying out

aggregation, value addition and off-take, were selected. These

solution providers were situated in different regions of the

country as shown in Figure 1 representing a diverse pool of agro

ecological and socio-economic characteristics.
2.2 Categorization of solution providers

The service providers were further categorized as successful or

partially successful based on two observations. The first was the

presence or absence of solutions in the formal market and the

second was the period of operation. Solution providers access to

the well-regulated formal markets implies fulfillment of all legal and

consumer related requirements which further adds value to the

solution. In addition, operational tenure gives an indication of

product or service lifecycle. It can be assumed that the longer the

product or service life cycle, the more successful the solution. The

successful solution providers, herein referred to as SSPs, were those

that had solutions in the formal market and had been operational

for more than 2 years. The partially successful solution providers,

denoted as PSSPs, were those with commercially viable products in

either formal or informal markets and had been existence for less
Frontiers in Horticulture 03
than two years or solutions providers that only had products in the

informal markets and have been operating for more than two years.
2.3 Data collection and management

The present work was based on only qualitative data obtained

from key informant interviews. Representatives of the solution

providers including founders and senior managers involved in daily

operations were considered as key informants. A cross-sectional survey

was carried out in October 2023 with the view of obtaining descriptive

data. An unstructured in-depth guide was used to collect data from the

key informants through in-person interviews. The key informant

interview guide covered the motivations for solution development,

characteristics of solutions, feasibility assessments undertaken and the

involvement of end-users during solution development, the challenges

faced and the strategies adopted to overcome the challenges. The

interviews were recorded and data stored using the open data kit

(ODK) configured to pick location coordinates to ensure the

authenticity of the data. The outputs were transferred into excel

worksheet to allow for data cleaning and analysis.
2.4 Data analysis

Data was analyzed using the general inductive approach

according to Thomas (2006). The data obtained was transcribed

and summarized into texts from which patterns were identified and

assigned themes which were linked to the objective of the study.

Recurring themes were grouped under different topics in a table.

The information in the table was the basis upon which the

challenges and success strategies adopted by solution provided

were derived. Behavior mapping which is a deductive method

(Zhang et al., 2021) was also implemented using the Nvivo

version 13 Software. The solution provider categorizations as SSP

and PSSP were considered the spaces under which methodologies

used in solution development were assessed. The use of both

inductive and deductive approaches in analyzing qualitative data

strengthens the validity of findings.
2.5 Ethical concerns

Permissions to carry out the research was obtained from the

National Commission of for Science, Technology and Innovation,

Kenya. Verbal consent was also sought from the representatives of

solution providers prior to commencing the interviews.
3 Results

3.1 Description of the solution
providers surveyed

The solution providers surveyed were from the counties of

Kiambu, Nairobi, Makueni, Embu, Uasin Gishu, Kitui, Kilifi and
FIGURE 1

Kenyan map showing the location of the surveyed
solution providers.
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Mombasa. Table 1 shows the specific solution providers involved in

the study, their classification (successful or partially successful),

core business which means the solutions provided. Most of the

solution providers reported that they understood the importance

for reducing food waste and food loss. They reported that reducing

food waste and loss would result in sustainable food systems,

enhanced profitability and food security. The solutions being

undertaken to address FLW included providing farmers with

market access by creating online platforms where consumers

could order fresh produce, transforming fresh fruits and

vegetables into intermediary i.e., pulps and end-products i.e.,

juices, jams and a variety of dried products. The products were

marketed locally and internationally and consumed mainly by

women, children and the youth and institutions.

The solution providers had attempted to develop an extensive

range of products some of which became successful. The

unsuccessful solutions had either been developed but not taken to

market because their production costs were too high or were

products that had gone to market and completely failed and thus

removed from the solution providers’ portfolio. These unsuccessful

solutions included Chili oil, Tomato paste, Vegetable powder,

Mango sweets, Mango nectar, Mango pulp, Mango jam, Banana

puree and Tomato puree.
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3.2 Challenges faced by the
solution providers

3.2.1 Inadequate and inconsistent supply of
raw materials

The SSPs and PSSPs both reported inadequate and inconsistent

all-year round availability of raw materials, i.e., fruits and

vegetables. SSP-5 and SSP-2 mentioned the following: “One of our

greatest challenges is that there are seasons when we are oversold. We

are not able to meet the market demand which is a good problem”

and “We realized there are times in a season you will not even find a

single mango in the market”. SSPs could not meet demand in the

export market even during peak produce seasons which was as a

result of low supply of good quality raw materials in the case of SSP-

5. On the one hand, SSPs consistently obtained raw materials all

year round but in insufficient quantities. On the other hand, PSSPs

struggled to find adequate raw materials off-season, especially

mangoes. PSSP-3 and PSSP-5 reported that they were unable to

get mangoes during the off season leading to temporary closures of

the plants. These different experiences could be attributed to the

ability of SSPs to source raw materials from diverse localities around

the country where the harvest of fruits and vegetables occurs at

different times of the year while the PSSPs only source fruits and

vegetables locally with one harvest season a year.

3.2.2 Insufficient finances
The solution providers, both SSPs and PSSPs, experienced

limited access to financing options. The SSPs required finances to

scale to enable export to external markets in Europe and the US.

SSP-2 had an export order from Denmark, but did not have the

equipment that would enable them to produce end-products with

the required high-quality standards. The PSSPs needed finances for

initial processing and operating costs. PSSP-3 stated “Financing is a

major problem and just getting someone to finance you a particular

machine such as a vegetable washer is very difficult”. PSSP-2,

establishing cold storage units for fresh fruits and vegetables, also

mentioned the high cost of equipment. “A processing unit is very

expensive, so at some point capital would be a challenge”. These

findings illustrate that solutions need funding not only at the start

but also during the course of development to reach as many

more beneficiaries.

3.2.3 Competition
The SSPs and PSSPs faced competition from companies that

produced juices made largely using artificial ingredients and sold at

cheaper prices. Other than lower prices, the competition was also

attributed to the fact that customers struggled to differentiate

between juices made from real fruits and those made from only

artificial ingredients. Representatives from PSSP-3 and PSSP-4

reported that, “Juice from a certain competitor comes with 0%

fruit content but the consumer is unable to discern this” and

“People do not realize the difference between a mango juice and a

mango drink because the colors of both are the same”. Furthermore,

PSSPs struggled to compete with already established large-scale
frontiersin.or
TABLE 1 The solution providers classification and characteristics.

Successful solution providers (SSPs)

Solution
provider

Core
business

Location
(County)

Description

SSP-1
Fresh Fruits
and Vegetables

Nairobi
Connects farmers to markets
via a mobile platform.

SSP-2 Pulp and Juice Mombasa

Produces natural fruit juices
from local fruits.

SSP-3
Dried fruits
and Juice

Kilifi

SSP-4 Puree Makueni

SSP-5 Dried Vegetables Eldoret Produces and exports dried
fruits and vegetables.SSP-6 Dried Fruits Kiambu

Partially successful solution providers (PSSPs)

Solution
provider

Core
business

Location
(County)

Description

PSSP-1 Juice Nairobi

Produces, processes and
offers technical support for
small-scale juice processors

PSSP-2
Fresh Fruits
and Vegetables

Kiambu

PSSP-3
Dried Fruits
and Juice

Kitui

PSSP-4 Pulp and Juice Nairobi

PSSP-5 Dried Fruits Nairobi Specializes in dried organic
fruit and
vegetable production.PSSP-6 Dried Fruits Embu
g
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companies. PSSPs processed mango juices with higher contents of

pulp in comparison to the already established companies. One of

the respondents of PSSP-4 indicated that “For instance one large

scale company processes juice with 11% fruit pulp and the remaining

89% is mostly water. While our ready-to-drink juice is made with a

pulp to water ratio of 60:40 but we are expected to compete on

the market”.

3.2.4 Slow market penetration and
product acceptability

Some of the SSPs and PSSPs brought new products into the

markets such as mango pulp processed from the improved Apple

variety and the use of dried mango flakes to make juices for uptake

by processing companies and restaurants, respectively. These

solution providers could not easily find a receptive market and

had to take on additional marketing and demonstration costs to

prove that the pulp and dried mango flakes could be reformulated

into juices that were acceptable by consumers. PSSP-4 reported that

“Convincing the consumers on the quality of new products we have

manufactured was a big challenge.” It was also observed that

consumers had negative attitudes towards processed foods and

preferred fresh fruits and vegetables. The slow uptake of the new

solutions led to cash flow bottlenecks which negatively affected

talent acquisition and eventually likelihood of success of

the solution.

3.2.5 Technical challenges
SSPs reported inadequate specialized capacity to calibrate and

operate machines. SSP-2 had installed artisan large-scale equipment

which was difficult to calibrate and operate at precise conditions,

consequently affecting the consistency of the final products in an

undesired manner. The PSSPs had limited knowledge in food

science and technology which also contributed to production of

inconsistent end products. The employees were reported to have

difficulties in using equipment such as dryers and pasteurizers.

PSSP-4 engaged small-holder farmer cooperatives in drying mango

fruits to be reconstituted into juice conveyed the following

statement. “Trying to change processes from being done informally

to formally was a big challenge.” The technical challenges mentioned

caused solution providers to withdraw one or more of their

products from the market.

3.2.6 Distribution challenges faced by PSSPs
PSSPs reported that they encountered high cost of distribution

to reach underserved markets such as low-income construction

workers. PSSP-4 embraced a B2B marketing model using on-foot

distribution partners. Juice dilution which involves the mixing of

dried mangoes and water was carried out at the premises of the

PSSP using documented procedures in the mornings and the

resultant juice would be packed into specialized backpacks

imported from Germany. The backpacks would be given to the

distributors who sold the juice to underserved low-income

consumers. This PSSP reported incidents in which some of the

distributors further diluted the juices with water lowering quality of

the juice. This behavior among distributors caused distrust.
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3.3 Strategies adopted to
overcome challenges

3.3.1 Feasibility assessments and
consumer research

The SSPs involved financial modeling, marketing and food

science experts in the initial stages to carry out consumer research

and intensive technical, financial and commercial viability

assessments prior to product launch. This led to the development

of robust business plans which enabled the access offinancing to start

off the solution. In addition, market trials were undertaken before and

iteratively during the product development cycle to meet consumer

requirements. SSP-4 and SSP-5 statements were captured as follows;

“We commissioned a market study which was done alongside

procurement of the equipment to process ready to drink juice, so

that the market would be ready once the equipment was installed” and

“Product development was a step-by-step transition from the first

market trial and afterwards several other assessments were done. The

market trials included both financial and commercial aspects of

launching the product”, respectively. Furthermore, consumer

research led to obtaining specific insights on potential customer

bases for SSP-5 that dried indigenous leafy green vegetables. The

previously mentioned SSP indicted that “School feeding programs

exhibited a preference for exotic vegetables over indigenous ones.”

The PSSPs largely focused on consumer research and conducted

limited financial or commercial viability assessments, with rare

involvement of experts. PSSP-1 reported the following actions.

“Direct interaction with consumers, including vendors and

shoppers, played a role in product development. We had to identify

what are the customer needs and come up with a suitable solution.

Several trials were done on the pack size, the user friendliness of the

packaging and labelling. In the end the design of the solution was

influenced by the demands and preferences of the end-users”. PSSP-1

consumer research also resulted on insights on the potential buyers

and consumers of mango juice as depicted in the following

accounts. “According to the survey, only few men buy mango juice

for themselves. Men mostly buy mango juice for the children”. Also,

exhibitions were one of the platforms PSSPs used to undertake

consumer research. PSSP-3 reported “I went to an exhibition with

about 200 packs of my products and I sold all of them. When I came

back home customers were already calling me for more products”.

3.3.2 Partnerships
The SSPs and PSSPs partnered with universities, governmental and

non-governmental organizations (NGOs) which are listed in Table 2.

SSPs sought support from government institutions and obtained a

number of benefits including political good will, extension services,

technical expertise and incubation spaces. The success of SSPs

underscores the importance of government involvement in reducing

FLW of fruits and vegetables. SSP-3 received significant financial

support as they reported “We work with various collaborators and

suppliers. Among these, development partners like the EU have assisted

us in the establishment of a juice processing line”. SSP-4 situated in

Makueni County submitted that “The county leadership established the

Makueni County Food Development and Marketing Authority which is
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an act of the county assembly to operationalize the food processing plant

and run it sustainably”. It was also observed that SSP-4 received

financial support from both the EU and county government as they

mentioned that “In the year 2018/2019, the EU and county government

agreed to finance 60% and 40% of the company’s start-up costs”. SSP-5

also received financial support as the solution provider said that

“We received a loan from Kenya Climate Ventures at a friendly

interest rate. They also financed a large part of machinery and

gaining technical knowledge”. SSP-5 also worked with the Kenya

Bureau of Standards (KEBS) to improve the quality of their end

products. “We worked closely with KEBS to develop a standard

suitable for dried vegetables”.

PSSPs did not mention that they had obtained financial support

from governmental organizations, only technical support.

Nevertheless, PSSPs reported to have received short term financial

and technical support from NGOs. PSSP-5 and PSSP-6 stated that

“We have received technical support from TechnoServe, COLEACP,

SACDEP Kenya, KIRDI and Ministry of Agriculture” and

“Rockefeller foundation and TechnoServe funded us through the

University of Nairobi”, respectively.

Furthermore, the partnerships also aided in research and

development. Partnerships with universities enabled innovation of

new and acceptable product variants and support in research and

development (R&D) to improve the existing products. Partnering

with governmental regulatory bodies such as Kenya Bureau of

Standards (KEBS), Kenya Revenue Authority (KRA) and Ministry

of Public Health helped to ensure compliance to legal and consumer

standards. Partnering with NGOs was significant as they provided

free training for contracted farmers, processing machinery and

ideas that led to new products.
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3.3.3 Product differentiation
SSPs and PSSPs developed a range of products such as dried

tomato powder to serve as condiments, mango pulp, ready-to-drink

mango juice, dried mango flakes, mango leather and dried Chilies’.

The SSPs strived to bring the best products to the markets thereby

effectively addressing competition. SSP-2 stated “Our products are

natural and organic”. SSP-3 also said “We have made sure that our

products are conforming to the best quality standards in the country

and region and this makes us stand out”. SSP-4 realized they needed

to further diversify their product offering to increase revenues.

“After extracting puree from mangoes, we further process the puree

into ready-to-drink juice which is of higher value”. It was also noted

that SSP-5 used one processing line to produce a range of products.

“We are very versatile in the sense that we are able to make different

products in the same product line including vegetables in different

pack sizes”. The previously quoted SSP also carries out contract

packaging which involves packing their products in the brands of

their clients. This has been proven to be an effective approach for

them to indirectly increase their market share.

One distinguishing observation between SSPs and PSSPs is that

the former diversified products for the mass markets whereas the

latter diversified products for niche markets. PSSP-4 developed

dried mango pulp for conversion into juices at restaurants.

Furthermore, PSSP-5 who targeted international food processors

mentioned that “We have placed the tomato powder, which is a

component that is used as a condiment by manufacturers, on the

international markets”. PSSP-3 that processes a variety of products

from dried mango including pulp, ready-to-drink juice and jam

stated that “We can dry mango and store them and make many other

products from them”.
TABLE 2 The key collaborators with the solution providers and their respective roles.

Government body Support provided

Department of Agriculture C Agricultural extension services

KIRDI C Research, development and innovation in industrial and allied technologies
C Disseminate and facilitate the application and commercialization of research findings and technological developments

Non-
government
organizations

Support provided

European Union C Technology development and financing

TechnoServe C Empower small-scale farmers and businesses
C Connect emerging businesses and farms to better markets, suppliers, and financing
C Sustain progress by improving the business environment for small-scale producers

SACDEP Kenya C Farmers’ mobilization, Training and supporting farmer groups
C Networking with the development Institutions of Government, funders, NGOs and individuals

Rockefeller foundation C Funding solutions

GIZ C Climate change, just transition and renewable energies, Digitalization for sustainable development

Kenya Climate Ventures C Development of climate smart solutions by providing tailored and targeted financial and managerial assistance support to
innovative early and growth stage businesses

COLEACP C Assesses and tackles the pillars of sustainability via a charter, a self-assessment system (SAS), and capacity building (technical
assistance and training) resources
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3.3.4 Harnessing renewable energy
Due to the high moisture content of fruits and vegetables, they

tend to be highly perishable. This can limit year-round availability

of such produce especially because they are harvested during

specific months in a year. To counter low supply, the solution

providers embraced the use of renewable energy to preserve

mangoes. SSP-3 employed freezers powered by solar energy to

preserve mango pulp while PSSP-3 and PSSP-4 dried mango fruit

using greenhouse solar dryers. Both of these strategies help to cut on

the high operational cost of electricity as well as ensure constant

availability of fruits for processing.

3.3.5 Off-take contracts with farmers
This was another strategy used to ensure consistent supply of

raw materials. SSP-1 reduced raw materials costs by eliminating

middlemen during acquisition. “Previously we would buy from

brokers but now we buy directly from farmers.” To add on SSP-6

insists that having direct linkages to farmers aids in traceability.

“Our procurement guidelines stipulate that the company should get

produce directly from the farmers for purposes of traceability in case

of fruit diseases”. SSP-2 stated that “We contract farmers and register

them on our digital application. So far 6,000 farmers have been

registered. We intend to group them together and train them”.

Furthermore, SSP-4 works with farmer cooperatives who

aggregate and transport their produce to factory premises. This

eases the burden of raw material acquisition as farming in Kenya is

fragmented as it is mostly carried out by small-scale farmers.
3.3.6 Human centered designs
Seeking frequent customer feedback and ensuring consistent

product quality helped SSPs to be competitive. SSPs reported

engaging some form of customer feedback mechanism like

regular customer surveys that helped them identify flaws in the

solutions as well as trends in consumer behavior such as

packaging preference. “We have an ERP system that keeps a

database of consumer feedback which we monitor frequently”

was stated by SSP-5. The SSPs reported that they capitalized

on this as a competitive advantage. The SSPs also invested in high

level operational standards including deploying and implementing

standard operating procedures (SOPs) that enabled them to

further create a strong brand and market their products based

on quality. SSP-4 stated, “We have implemented the best

manufacturing practices here as we adhere to ISO”. PSSPs adopted

strong messaging such as “nutritious” and ‘organic’ on their

packaging materials.
3.3.7 Strategic business models
SSPs established stable external markets and reliable B2B

business models operating in the formal sector. SSP-5 reported

the following; “In 2020, we were exporting to Salt Lake City in Utah,

USA”. Additionally, SSP-2 stated, “Our business models target

supermarkets where there is guaranteed sales”. While PSSPs relied

more on the mass market, trade fairs and restaurants which are

highly involving and costly business strategies.
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3.4 Gender inclusivity in solution provision

All the solution providers employed a labor force that was

gender leaning based on primary tasks. Solution providers tended to

employ more women than men due to the nature of work such as

plucking and washing vegetables and fruits. Also, the solution

providers attributed preference to work with women over men

since women tend to be more family oriented and have low

turnover (stay in the company for longer periods). This could

imply that this business segment offers an opportunity for impact

targeting women. SSP-1 reported that the nature of their business

automatically made them work with more women than men.

Similarly, PSSP-1 indicated that they had more women members

in the company.
4 Discussion

4.1 Raw material availability

The overall production of fruits and vegetables increased by

43% and 36%, respectively, in Sub-Saharan Africa between 2010

and 2020 (Reardon et al., 2024). This increase is owed to a number

of factors including availability of improved seeds, irrigation

systems that increase quality and quantities of produce, improved

farmers’ access to training opportunities and technologies,

infrastructure such as roads to transport produce to markets,

electrification and agricultural extension services (Reardon et al.,

2024; Sonka et al., 2023; Liverpool-Tasie et al., 2020; Khapayi et al.,

2018);. In turn this increased production of fruits and vegetables

and their availability in markets have led to the development of a

large number of micro, small, medium enterprises within these food

value chains (Reardon et al., 2024). The higher the availability of

fruits and vegetables on the market the lower their prices, the more

affordable it is for the enterprises to operate. The production of

fruits and vegetables in Kenya is rain fed which results in seasonal

cycles of glut and scarcity. Furthermore, during the glut seasons

high post-harvest losses of 30 to 40% are observed, poor road

infrastructure and limited cold storage capacity led to low levels of

aggregation and lowering supply to market (Onyango et al., 2023;

Shiundu and Oniang’o, 2007).

The availability of fruits and vegetables can be enhanced

through contractual farming, cold storage and drying of produce.

Contractual farming is an agreement between producers, who are

expected to embrace good farming practices for the provision of

high quality and pre-determined quantities of raw materials, and a

buyer, who is expected to purchase the produce at a fixed price. This

can be good as it assures the buyer of availability of produce and the

farmers are guaranteed income. The conditions that would justify

contractual farming include large scale buyer, quality variations and

perishability of the products among others (Minot, 2011). Khapayi

et al. (2018) carried out a survey involving 70 small scale farmers

and 15 key informant agri-business firms. The aforementioned

study observed that participation in contract farming depended

on farm assets such as availability of irrigation systems which
frontiersin.org

https://doi.org/10.3389/fhort.2024.1489192
https://www.frontiersin.org/journals/horticulture
https://www.frontiersin.org


Owino et al. 10.3389/fhort.2024.1489192
allowed for off-season farm production, young age and literacy

which enhanced sustainable partnerships and distance to market

which lowered transportation costs. Cold storage entailing the use

of CoolBot™, evaporative coolers (active or passive) and cold

rooms can generate high relative humidity and low temperature

suitable for the short-term storage of fruits (Jarman et al., 2023).

Cold chains were also reported to reduce the postharvest losses of

ILGs (Elolu et al., 2023). Due to its simplicity and low investments

costs, drying fruits and vegetables is the most widely adopted means

of ensuring their availability (Sarfo et al., 2023). Sun drying,

chimney solar drying, greenhouse solar drying together with

storage of dried fruits and vegetables in hermetic bags can be

effective in preventing product decay and profitable in markets

where dried products are sold at a premium (Jarman et al., 2023).
4.2 Product development

Dried fruits and vegetables seem to dominate among the

downstream solutions of postharvest handling of fruits and

vegetables in African countries. Mhazo et al. (2015) reported that

enterprises processed jams/jellies/marmalades, dried vegetables,

dried fruits and vegetable soups/piccalilli/chutneys. Musebe et al.

(2017) also observed that due to ready availability of solar energy,

sun drying technique was widely used to process indigenous leafy

greens (ILGs) which were high in demand during dry seasons.

Drying is also considered to be a minimal processing technique that

produces products with wide acceptability among rural women

(Sarfo et al., 2023). However, it has been noted that although

blanching, solar drying and fermentation are the most applied

methods to ILGs, large quantities of homogenous end-products

cannot be achieved using these methods (Elolu et al., 2023). This

calls for training on more ways of differentiating products alongside

investment in processing equipment to meet the demands of

different types of consumers (Mujuka et al., 2020; Musebe et al.,

2017; Mhazo et al., 2015). Furthermore, more knowledge on what

influences demand would enable developers of solutions to respond

to the needs of different types of consumers (Horton et al., 2023).

This highlights the critical role of market information. The more

upstream market information on product attributes requested

reaches solution developers, the more heterogeneous markets can

be served (Hawkes and Ruel, 2011). In addition, business

management skills, branding/certification and open access to

market information is necessary to develop competitive market

strategies that combine affordability and high product quality

(Ruben, 2024; Danse et al., 2020).
4.3 Partnerships with governments
and NGOs

Developing FLW mitigation solutions involves significant

financial investments on technology, management systems and a

range of legal and consumer standards required by importers and

exporters (Temu and Temu, 2005). Without partnerships, solution

providers in developing countries can be likely forced to adopt high-
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touch, expensive models that entail training and financing

suppliers, technology deployment through research and

development to create value as well as creating awareness among

consumers. To lessen this burden NGOs and governments step in to

form private-private and private-public partnerships, respectively

(Danse et al., 2020).
4.4 Ecosystem: political, socio-economic
and behavioral factors

It has been previously suggested that successful methodologies

in solution development and deployment are possibly anchored on

the following precepts; (i) improving product quality to compete

effectively, (ii) increasing systems’ efficiency by lowering transaction

costs, (ii) developing differentiated products in response to

consumers’ demand and (iv) creating an enabling business

environment (Musebe et al., 2017; Danse et al., 2020; Ruben,

2024). The need for inclusive solution development also arises

from the fact that most fruits and vegetables in sub-Saharan

Africa is produced by small-scale farmers, many of whom are

women and living in poverty (Ingutia and Sumelius, 2022;

Mukasa and Salami, 2015).

The ability of solution providers to meet legal regulations is a

determining factor in their access of formal markets which deliver

greater profits than informal markets (Mhazo et al., 2015).

Governments need to foster sustainable business practices and

inclusive value chains characterized by “shorter and circular in

nature (reducing transaction costs), sharing of best practice

technologies, open access to markets, governance and mutual

trust” (Ruben, 2024). In addition to trust as a behavioral factor,

there is need for creation of awareness of solutions availability

among consumers (Danse et al., 2020).
5 Conclusions

The comparison between the solution development processes

adopted by SSPs and PSSPs brings to light factors critical to the

ability of a solution to reduce post-harvest losses in fruits and

vegetables in Kenya. There is need for comprehensive planning

including consumer research and feasibility studies prior to solution

development. In addition, consumer research needs to be continuous

to aid in the iterative improvement of product or service during

development and deployment in the market. Also, important value

propositions for the Kenyan market are that fresh fruits and

vegetables and their processed counterparts should be natural,

organic and of the highest quality. Moreover, partnerships should

be encouraged, particularly due to the role of government and non-

governmental organizations in accessing financing and technical

know-how or expertise in the establishment of processing facilities

and meeting product standards. Financing for start-up and scaling up

are both needed for the success of a solution. The ability to ensure all

year-round availability of raw materials through partnerships with

farmers and/or leveraging technology is vital for continuous

production. Creating consumer awareness and pushing for
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behavioral change that will increase consumption of processed fruits

and vegetables would add to the success of many solutions. The SSPs

have better managed to consider these factors in solution

development than the PSSPs. The findings of this study can be used

as a guide for organizations or individuals seeking to reduce

postharvest losses in Kenya using for-profit business establishments.
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