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Foreword
The goal of project Green to Grow is to face the challenge of contributing to reducing the environmental
footprint of Kenya’s Micro, Small and Medium Enterprises in agribusiness while at the same time
strengthening their ability to compete in domestic and international markets. The project believes Kenya’s
agribusiness entrepreneurs can sustainably produce more with less through proper use of sustainable
consumption and production practices (SCPs).
The project aims to improve the capacities of agribusiness entrepreneurs by informing them about
sustainability practices that can be emulated to produce good results. In addition, it wants to share the
knowledge of local and traditional methods that are currently available and being implemented by many
producers in the country, while also promoting the use of modern energy and water saving techniques,
besides low-cost pest management methods that can increase productivity, improve farming and
production practices, while reducing cost and environmental impact in the process. The project believes
the adoption of SCPs is the path to making Kenyan agribusiness entrepreneurs more competitive locally
and abroad.
This handbook is a guide for entrepreneurs in Kenya and East Africa’s mango agribusiness value chain
who wish to adopt SCPs. Its purpose is to reduce the environmental footprint of mango agribusiness
while helping the sector become more competitive for domestic, regional and international markets. This
contribution is part of a larger initiative led by the European Union, through the SWITCH Africa Green
Programme, which aims to shift agribusiness production to one where green practices and inclusiveness
is the norm and where the environment is sustainably preserved for this and for future generations.

Philip Osano

Marco Santori

Director, Stockholm Environment
Institute Africa Centre

President, Etimos Foundation
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Introduction
This handbook describes methods and technologies that can help farmers and agribusinesses produce
not only high-quality mangos but also mango products that fetch higher prices on the market. These
sustainable consumption and production practices (SCPs) aim to improve livelihoods across the value
chain while considering resource (water, material and energy) efficiency, waste management, pollution
reduction and impacts on biodiversity.
Sustainable consumption and production practices are crucial to reaching the United Nations
Sustainable Development Goals (Fig. 1). Specifically, SDG 12 defines sustainable consumption and
production as “promoting resource and energy efficiency, sustainable infrastructure, and providing
access to basic services, green and decent jobs and a better quality of life for all.”
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Figure 1. SCPs lifecycle

1

This handbook describes the SCPs that were identified through a process that began with research teams
visiting individual mango farms, cottage industries, large industries, farmer cooperatives, and agricultural
supply businesses in five counties in Kenya—Kilifi, Kitui, Machakos, Makueni and Mombasa. Researchers
interviewed farmers, cooperative members and entrepreneurs in one-on-one sessions and in group
discussions. Farmers and other stakeholders in the agricultural sector provided input to determine the
SCPs with the highest impact, which are presented in this handbook. These SCPs apply to the main mango
varieties in Kenya—Apple, Kent, Tommy Atkinson, Ngowe, Alphonso, Batawi, Boribo, Dodo and Van Dyke—
and their value-added products.

How SCPs fit into the mango value chain

Farm Inputs

Produc�on

Harves�ng

Processing

Packaging &
marke�ng

Figure 2. Mango business value chain
Sustainable consumption and production practices help break the “silos” in the agricultural supply chain by
considering the lifecycle impacts of products. Figure 2 illustrates in a linear manner the main components of
the mango supply chain, although the value chain has multiple layers. Using new innovations, new markets,
and new business models, SCPs can help agricultural production become more resource efficient: the aim
is less pollution and less land degradation.
This handbook is the result of an SCP analysis across the mango value chain. It offers insights into the
importance of sustainability from planting through to marketing (Figure 3). Through focus group discussions,
photography, interviews, videography and observation, researchers documented innovations in four
categories: inputs; production; harvesting and storage; and value addition, marketing and consumption.
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Summary of activities of the SCPs in different stages of
the mango value chain
Input
•
Grafting
•
Top working

Production
Plant Nutrition
•
Organic manure

Pests & Disease Control
•
Fruit fly trap
•
IPM (Pruning, pesticidal
plants, quarantine)

Water Management
•
Water reservoirs
•
Ring irrigation
method
•
Water storing
crystals/polymers

Harvesting & Storage
•
Harvesting hooks
•
Cold storage
•
Crates
•
Edipeel treatment

Value Addition
Solar Drying
•
Mango chips
•
Mango powder
•
Mango leather

Clean Energy Driven
Pulpers
•
Mango concentrate
•
Ready to drink juice
•
Jam/jellies
•
Mango yoghurt

Marketing
•
Recyclable packaging
•
Ecolabeling
•
Biodegradable edible coating
•
Certification

Figure 3. Summary of activities of the SCPs in different stages of the mango value chain
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1. INPUT SCPS
1.1 Grafting
Grafting is a vegetative propagation technique to multiply trees that have identical characteristics with the
desired parent tree. It involves placing a portion of one plant (bud or scion) on a stem or branch of another
(stock) in such a way that a permanent union is formed and the partners will continue to grow.

Benefits
•

Useful in plant propagation

•

Trees develop more resistance to pests and soil
diseases

•

Improves the genetic and physiological
properties of trees

•

Increases productivity

•

Allows homogeneity in fruit production

Limitations
•

Some seedlings may be incompatible

•

Increased costs because grafting is labour
intensive

•

Requires expertise and experience

1.2 Top working
Top working is the practice of grafting the top portion of a mature mango tree or one large enough to
have several branches. The procedure involves decapitating a mature tree so that new branches emerge.
The technique is used to convert an already established long-lived mango tree into another variety or
cultivar.

Advantages
•

One tree may produce different
varieties of fruit

•

Takes a shorter period for the tree
to mature

•

Helps maintain a healthy plant with
a strong root system

•

Helps rejuvenate old mango trees

Disadvantages
•

Loss of harvest for 2–3 seasons

•

Can result in occurrence of pests
and diseases

•

Risks plant death if not done
properly

•

Requires skilled labour

5

6

2. PRODUCTION
2.1 Plant nutrition
Use of organic manure/composting
Composting is the process of enriching soil through
applying well-decomposed organic matter such
as animal waste. The application of manure should
start right from seedling development. The nutrient
requirements of mangos depend on the stages of
growth. They especially require a good supply of
nutrients during the active growth stage until about 4
years when they start flowering and forming fruit. The
organic manure should be spread in a circle several feet
from the tree trunk, so that nutrients reach the roots.

Advantages
•

Supplies additional nutrients into soil

•

Reduces soil erosion and runoff

•

Improves soil physical properties such as
structure and water-holding capacity

•

It is biodegradable and environmentally
friendly

•

Fertile soils increase productivity

•

Raises soil organic carbon

Disadvantages
•

High potential for weeds

•

Difficulty in estimating the nutrient value of
manure

•

High labour requirement in handling manure

•

Difficulty in estimating the amount of manure
to be applied

2.2 Pest and disease management SCPs
Mango suffers from several pests and diseases at all stages of its life. Pests and diseases damage the
crop, causing severe production losses. The main common pests and diseases include fruit fly, stem
borer, powdery mildew, mealy bugs and mango weevil. This section describes sustainable methods for
controlling pests that can lead to a more successful and sustainable harvest.
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2.2.1 Fruit fly trap
A fruit fly trap is a small container with a lid and side holes near the rim. A wick treated with a chemical
attractant (lure) and a recommended pesticide is placed inside the container, which is then hung on a
tree in or around an orchard. Fruit flies are attracted to the container by the lure and are then killed by the
pesticide.
These traps can be separated into two types: the male annihilation technique (MAT) and the bait application
technology (BAT). MAT exploits the attraction of male fruit flies to para-pheromones; it aims to reduce the
male population to a low level and thus decrease mating. BAT targets adult female fruit flies using lures
that exploit a protein the females need before they are able to lay their eggs. The traps can be locally made
or commercially bought and should be used with other management techniques, such as discarding
fallen fruit.

Benefits
•

Improves quality and shelf life of fruit

•

Not subject to chemical treatments

•

Complies with EU pesticide maximum residue limits, enabling access to the EU market

•

Avoids incurring preharvest and postharvest chemical costs

•

Has no residual effect on fruit, beneficial insects, or the health of workers and consumers

•

Increases yields and results in higher quality mangos

•

Reduces health and environmental risks associated with the use and misuse of pesticides

•

Easy to carry, handle and service

Limitations
•

Expensive when many traps are needed for a heavy infestation

•

Traps have a short lifespan

2.2.2 Integrated pest management
Integrated pest management (IPM) is an ecosystem-based strategy to manage pests and diseases with
little damage to people and the environment. IPM focuses on the long-term prevention of pests and
their damage through a combination of techniques such as biological control, habitat manipulation,
modification of cultural practices, and use of resistant varieties. IPM reduces chemical residues and
results in better management of chemical resistance. It achieves this by using a variety of methods and
techniques to control a multitude of pest and problems.
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2.2.3 Pesticidal plants
Some plants produce a mixture of compounds that repel pests and stop them from feeding. Common
pesticidal plants include neem, aloe vera, citrus, tobacco (nicotine), pyrethrum, and chili pepper. The
process is mainly by plucking the leaves, drying them, preparing the solution and spraying it onto the
mangoes. Pyrethrum (named after the daisy Chrysanthemum cinerariifoliumsolution) is especially effective
in controlling fruit flies. The active ingredient in pyrethrum is extracted from dry flowers, roots and leaves.
The dried pyrethrum product is ground into a powder; the solution for spraying over crop is made by
adding the powder to soap and water and then letting it sit for 24 hours in a shade before spraying it on
the crop. To make a 10% solution, add 100 grams of powder per litre of water.
The pesticidal characteristics of neem are largely attributable to Azadirachtin growth regulator and
feeding deterrent in insects, which shows an anti-feedant response. Neem does not kill on contact but
rather inhibits feeding and reproduction of the pests. Aloe vera acts as a source of salicylic acid necessary
for activating a plant’s immune system to respond to threats. Chili acts a repellant plant for some pests.

Benefits
•

Cheap to grow

•

Harvested from neighbouring agricultural ecosystems

•

Negligible impacts on beneficial organisms and other non-target species

•

Could qualify as organic produce, potentially opening opportunities in the EU organic market

Limitations
•

Lack of data on efficacy, safety, toxicity, persistence, shelf life and safety

•

Lack of standardization and documented application protocols

•

Inconsistent effectiveness

2.2.4 Pruning for growth and pest
control
Pruning is the cutting away of dead or overgrown
branches and stems to stimulate shoot development
and restore the productivity of old trees. The first
pruning should be done immediately after harvest,
and the second one before flowering. This targeted
removal can combat a stem borer attack. Trees
should be kept to a height of about 3.5 m and cut
at 20–40 mm into the underside of the branch to
prevent the branch tearing away.

3-4 M height

The height of the trees should be controlled to
about 3-4 m in height from the ground. Over
this height harvesting becomes difficult.

9

Benefits
•

Increases yield and quality of flowers and
fruits

•

Targets the removal of stem borers and
prevents pests from infesting plants

•

Creates an environment that is not
favourable to the growth of mealy bugs

•

Encourages the production of buds that
become flowers and fruit

•

Rejuvenates old trees by cutting back their
branches until only their basic frames are left

•

Helps plants maintain a good balance
between growth and fruiting

•

Allows light and air to penetrate, which
provides an unfavourable environment
for insects, such as termites that have soft
bodies and die upon exposure to sunlight,
to multiply

Limitations
•

Pruning is labour intensive

2.2.5 Spraying
Spraying helps to increase overall plant health and
fruit yield as well as protect the tree from harmful
fungal diseases. Certain pesticides of natural origin
are compatible with IPM and cause minimum
disturbance to natural biological and ecological pest
control mechanisms.

Benefits
•

Boosts plant productivity because it is less prone
to attack by insects and diseases

•

Improves fruit set and fruit retention

•

Minimizes fruit drop and prevents
deformities due to pest invasion

•

Improves fruit appearance

fruit

Restriction of plant movement (Quarantine)
Quarantine involves the restriction or isolation, treatment, introduction and destruction of diseased and
infected plant materials to reduce the risk of exposing plant resources (environment) to pests, diseases and
noxious weeds. Examples of movement control include fenced, barricaded or locked entry to quarantine
areas; movement of equipment machinery and plant materials; and ensuring seeds from affected sites
are not used to plant new crops. The purpose of quarantine is to re-establish these barriers and to restrict
movement of pests into areas where they do not occur, and ensure safe passage of plants by reducing
contamination or spread of diseases through isolation.
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3. WATER MANAGEMENT
SCPs
Water harvesting and storage is an age-old practice. But irrigation is not common on mango farms
because mango trees are considered drought resistant, thriving in water-stressed areas with short periods
of rain. However, hot and dry conditions can lead mangos to drop buds or mature early, resulting in poorquality fruit. Irrigation can prevent this scenario and help ensure properly watered trees that produce
bigger and juicier fruit.

3.1. Water harvesting and storage
Water harvesting and storage technologies are key interventions with the potential to contribute to rapid
improvements in the yields of rainfed crops by holding water in a contained area for some time. Water
storage facilities vary in size and shape. The construction of a water storage facility involves many steps
taken carefully to ensure it is operational and meets all safety standards. Water may be harvested from
roofs and ground surfaces as well as from intermittent or ephemeral watercourses. Water harvesting and
storage enables farmers to store water so that it is available during periods of water scarcity.

Benefits
•

Has several purposes: provides water for irrigating crops, and for domestic and livestock use

•

High storage efficiency

•

Low maintenance

•

Easy to construct and use

•

Can be sited almost anywhere, if lined to control seepage

•

Reduces demand for groundwater

•

Provides an independent water source in areas where other water sources are unavailable

Limitations
•

If not covered, evaporation leads to water loss, especially during hot seasons

•

Rainfall can be unpredictable

•

Initial cost can be high

12

3.2 Ring basin irrigation method
The ring basin irrigation method involves digging
a ring below the edges of the tree’s canopy. By
digging along the canopy’s circumference—
and thus in the root zone—water can reach
the mango tree’s widespread roots. The ring
is shallow, allowing the accumulated water to
slowly percolate and infiltrate, while the tree
uses it over the hot season.
Irrigation is done just before the flowering stage
and immediately after pruning to allow the tree
to heal and rejuvenate faster. Irrigation should
stop at least 10 to 15 days before harvest, or it
could stimulate the growth of new buds and
leaves, which would cause poor fruit quality.

Benefits

Limitations

•

Allows efficient use of water

•

•

Encourages flowering, resulting in more
mature fruit in a shorter time

•

Reduces water stress to the tree and
improves fruit quality

Digging irrigation rings around all the
trees on a farm can be a large financial
investment; however, staggering the
digging of the rings and completing the
process gradually can help

•

Easy to implement

•

Dry rings can harbour termites

•

Involves only minimal soil disruption and
thus does not cause erosion

•

All plants do not get the same amount of
water

•

Makes good use of rainwater

3.3 Water storing crystals
A water gel is made of a water-absorbing polymer, such as a polyacrylamide. The crystals increase soil
water retention, absorbing up to 500 times their weight in water and releasing 95% of this moisture to
the plant. The crystals rehydrate with rain or irrigation and remains effective to about 2-4 weeks and its
biodegradable.
Water crystals can be placed directly into the planting hole or incorporated into the backfill surrounding
the root ball.

Benefits
•

Suitable for dry areas as the crystals ensure water
is retained in the soil

•

Can improve the quality of soils with low water
retention, such as sandy soils

•

Improves the capability of soils and growing
media to retain water and plant nutrients

•

Has an essentially neutral pH

Limitations
•

Expensive to buy and hence costly for big farms

•

Not readily available in the market
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4. HARVESTING AND
STORAGE
Mango fruits are usually ready for harvesting five to six months after the flowering stage. They are
traditionally harvested using time- and labour-intensive methods, such as handpicking or climbing tall
trees and shaking the branches so that fruits fall to the ground. These methods may injure and bruise
the fruit, resulting in decay and poor-quality fruit and a low selling price. Alternative methods can reduce
damage and increase efficiency and ease of harvesting. Harvesting usually occurs when the fruit is firm
yet mature. This is between three and five months from the time they flower, depending upon the variety,
and when the colour has changed from green to yellow, possibly with a slight blush.
After harvest, the traditional method for storage is to place the mangos in nets to allow air circulation, and
to hang them on tree branches in the shade. Though these methods are better than storing them indoors
or on bare ground, the mangos are not kept at a low enough temperature to significantly slow ripening
and allow a longer sale period. Cool storage (described in 4.3)) can improve results.

4.1 Harvesting hook
A harvesting hook is a long pole with a blade and a
picking bag that can hold about four mangos. Mangos
are placed in the pouch and held between the divider
and knife; as the device is pulled, the blade cuts the
stem. This saves time during harvesting and protects
fruits from mechanical damage due to the impact of
falling on the ground. Mangos are best harvested in the
late morning, because in the early morning the oil glands
of the fruit are full, causing immediate discoloration of
the peel if they are accidentally pressed or bumped.
The mango should have a long stem (5 centimetres or
longer) to ensure the internal latex or juice does not leak.
The harvesting hook is available on the market but can
also be designed and produced by village workshops.

Benefits
•

Easy to use

•

Ensures fast
mangos

harvesting

and

better-quality

4.2 Crates
The use of crates to transport mangos ensures that the fruits make it to aggregation centres intact and
without bruises, cuts, punctures and abrasions. Crates are perforated, so air circulates and keeps the fruit
cool in high temperatures. To avoid damages from impact, mangos should not be dropped more than
30 centimetres. Crates used for transporting mangos should be cleaned and sanitized after each use to
reduce contamination.
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Benefits
•

Crates are easy to handle, clean and
disinfect

•

Reduces loss of mangos

•

Durable and can last many years

•

Nests when empty, facilitating transport

•

Reusable

Limitations
•

Expensive

•

Risk of microbiological contamination
if not well sterilized

4.3 Cool storage (charcoal coolers and brick
coolers)
These coolers use evaporative cooling to keep temperatures at or below 12°C, to slow the ripening
process. The most common coolers in the market are evaporative charcoal and zero energy brick coolers.
The two coolers operate on the principle of evaporative cooling: water evaporates from the wet charcoal
and sand takes away heat from the stored produce.
The charcoal cooler is a room with walls that consist of a layer of charcoal tightly packed between wire
mesh. Water pipes run across the charcoal layer and periodically water it, gradually causing a cooling
effect from the water’s evaporation. The excess water is collected by gutters fixed at the lower ends of the
charcoal walls and channelled to a water reservoir. The water is put back in the tank for reuse.
A brick cooler resembles a commercial freezer. It is built above ground, using locally available clay bricks
and sand; the doors and covers are made from wire mesh with light aluminium frames. Plastic pipes run
above the sand layer and water the sand periodically, causing a cooling effect from the water’s evaporation.

Benefits
•

Slows the bulk ripening of mangos, thus reducing post-harvest losses

•

Materials are locally available, and the cooler can be built locally

•

Allows for more time to negotiate a better sale price and find a good market

Limitations
•

16

It is a capital-intensive investment; thus it is better built through a joint effort such as a cooperative.
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5. PROCESSING AND
VALUE ADDITION
5.1 Drying (solar)
Solar drying is one of the earliest technologies used
to remove moisture and preserve mangos in order to
prolong shelf life. Well-dried mangos are golden brown,
and different varieties of mango have different drying
requirements. Solar-drying techniques range from simple
plastic tunnel dryers to stainless steel cabinet dryers and
simple greenhouses, making it relatively easy for farmers
to adopt and leads to different end products. Drying is
easy because of the favourable conditions of periods of
sunshine, temperature and relative humidity. Drying is
another technique to reduce post-harvest losses. The main
products that are derived from mango drying are mango
powder, chips/flakes, and leather.

5.1.1 Mango powder
Mango powder is made from drying the mango flesh and peel (without the seed) and then processing
the dried product into a powder form for juice production. The powder is mainly used as a beverage
base or flavour prepared by drying mango puree. Mango puree is a thick, smooth product that has been
processed so that insoluble fibrous parts of ripe mangos are broken up to pass through in a fine sieve.
Mango powder is not a common by-product, but it greatly increases the shelf life of the mango fruit and
has many nutritional benefits. It can be used in diverse food applications including flavouring yoghurt, soft
drinks, cakes and confectionery products, and ice cream.

Benefits
•

Can be used as a nutrient supplement, to fortify flours and to make porridge flour

•

Simple and less capital-intensive

•

Processing is not energy- or water-intensive, thus it has a low environmental impact

Limitations
•

The initial capital investment to purchase a dryer is high

5.1.2 Mango chips
Sun-dried mango flakes have a shelf life of about 3 months at room temperature and in low-humid
conditions.

Benefits
•

Easy to market

•

Increased profits

•

Minimizes post-harvest losses

•

Increases shelf life

Limitations
•
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If using sun-drying techniques, weather
conditions can influence the drying process.

5.1.3 Mango leather
Mango leather is obtained by drying mango pulp into a thin
layer of rubbery-like material that can be sold as a snack.
Mango leather has 15–20% moisture. Production capacity
largely depends on the type of dryer used. To avoid browning,
the temperature of the dryer should not exceed 70oC. Mango
leather is a high-value product and its price depends on the
weight of sample.

Benefits
•

Increased shelf life of up to 1 year of the product

•

Fetches high profit margins

5.2 Clean energy-driven mango pulpers
This SCP uses a mango pulping unit that separates the ripe mango pulp from the stone. The mango is
first cleaned and peeled before being pressurized to squeeze out the juice. The juice passes through
a sieve and the waste material is ejected at the end. Motorized and manual units are available. Mango
pulpers cost between Kenya shillings 250,000 and 750,000 (USD 1 = KES 100), based on the capacity and
powering mechanism used. It is ideal for farmer groups, community-based organizations or SMEs. The
main products derived from mango pulping are juice, mango concentrate, jam, yoghurt and wine.

5.2.1 Mango concentrate
This is a concentrate of the natural sugars of the fruit and contains preservatives to ensure the final
product has no bacterial contamination. Consumers combine the concentrate with water to make a
drink. The concentrate can be incorporated into many products like juice, jam, bakery fillings, ice cream
and yoghurt. Making this concentrate is machine-intensive, requiring a sanitary processing procedure to
produce a high-quality and safe product. Ngowe and Apple mango are used to make concentrate due to
their high sugar content, resulting in high quality and quantity pulp.

Benefits
•

Can be stored at room temperature in an
airtight container for up to one year

•

Increases profit margins

•

The by-products of the production process,
such as the fibre, peel and the seed/stone, can
be reused and are economically beneficial

Limitations
•

Requires a pulping machine, which can be
expensive to set up

•

Distribution is still in single-use plastic bottles,
which in the future should be replaced by
recyclable and non-fossil fuel materials

19

5.2.2 Ready-to-drink juice
Ready-to-drink juice is a pasteurized product of processed mango
pulp. It is very popular in the market; a 300 mL bottle of ready-todrink juice costs about KES 50. Seasonality of mango becomes a
thing of the past when this technology is adopted.

Benefits
•

Increases shelf life of the product

•

Reduces losses through using overripe mangoes

•

Technology is easy to understand

•

Helps eliminate seasonality

•

Increases profit margins

5.2.3 Mango jam
Mango jam is processed using pulp extracted from mango fruit, with
added sugars. The product has a shelf life stability of one year. The
price of the product depends on the package size. A 250 g jar of
mango jam costs about KES 350.

Benefits
•

Increased shelf life of the product

•

Technology is easy to understand

•

Increases profit margins

5.2.4 Mango yoghurt
Mango fruit yoghurt has been developed to capture the high demand
in the market. It has a shelf life stability of about 1 week at room
temperature, but that can be extended to 5 weeks if combined with
cold storage. A cup of mango fruit yoghurt (150 mL) is estimated to
cost KES 35.

Benefits
•

Little investment costs and minimal work required all the
ingredients are present.

5.2.5 Wine
Wine is a product of fermenting mango pulp. The temperature and
the yeast concentration for optimal production of wine has to be
optimized for better results. A 750 mL bottle of wine is estimated to
cost KES 600. Selection of good mango varieties is essential. Wine
production from mango is a good alternative to use the surplus
produce and to add value.

Benefits
•

Technology is easy to understand

•

Increases profit margins

Limitation
•
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Technology is expensive
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6. TRANSPORT AND
LOGISTICS
Mangoes are transported from fields to processing plants and fresh markets, using trucks/lorries, carts and
bicycles, but without refrigeration. These modes of transport are typically designed for other purposes
and are often in sub-standard conditions; additionally, transport often involves older, remote roads in
poor condition. As a result, in most cases the poor handling of mangoes during transit leads to losses,
despite the fact that half of the market value of the product is spent on transport and logistics. This implies
that with regard to the mango transportation chain, from farm to consumer several changes are made to
packaging, thereby generating avoidable inefficiencies of inventories, transportation, and loss of quality.
Transport is considered an indirect service and more efficient transport and logistics systems will enable
entrepreneurs to access markets with better prices from the farm gate to the processor. Poor road networks
and high transportation costs are the main constraints faced by the entrepreneurs and there is need for
new business models in terms of transporting the product. Factors such as proper packaging material e.g.,
plastic crates, vehicles in better condition, reduced transport distance and better road conditions, as well
as using cold storage, would play a key role in reducing food loss at this stage of the value chain.
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7. MARKETING
7.1 Certification
7.1.1 Kenya certification
A phytosanitary certificate is mandatory for any fresh produce meant for export. This certificate is issued
by the Kenya Plant Health Inspectorate Services (KEPHIS) in a process that involves inspecting the fresh
produce to ascertain the required minimum residue levels. Exporters are required to input consignment
details accurately and honestly on their application for the phytosanitary certificate (s). Upgrading of this
system will also enable KEPHIS monitor the export process, and exporters to adhere to global export
market requirements. On behalf of Kenya, KEPHIS also certifies and issues conformance certificate as per
EU approval.
As the main regulatory agency, KEPHIS takes the lead to ensure:
•

Quality of agro-inputs

•

Quality of produce (phytosanitary and physical quality)

•

Inspection and certification of production/grading facilities

•

Inspection and certification of export and imports

•

Information sharing on marketing standards

Besides KEPHIS, the following partner organizations also help to reinforce compliance with standards in
Kenya:
•

Kenya Bureau of Standards is the main standards body and custodian of all standards in Kenya. The
code of practice for horticulture is KS 1758

•

Fresh Produce Exporters Association of Kenya is a trade association of growers and exporters which
offers industry self-regulation, and is also the local owner of Kenya GAP (Good Agricultural Practices)

•

Horticulture Crops Directorate handles registration of exporters and contract farming

•

Kenya Revenue Authority handles tax compliance and documentation

7.1.2 International certification
•

Euro 1 Certificate (for EU market) enables importers in certain countries to import goods at a reduced
or nil rate of import duty under trade agreements between the EU and beneficiary countries

•

Global GAP certification requires a general approach to farming that builds in best practices and
emphasizes greater efficiency in production. This ensures that food reaches accepted levels of safety
and quality and has been produced sustainably, respecting the health, safety and welfare of workers,
the environment, and animal welfare issues

•

Maximum residue limits (MRL) compliance (EU): the levels of residues found in food must be safe and
as low as possible for consumers. The European Commission fixes MRLs for all foods and animal feeds
with the aim to achieve sustainable use of pesticides and reduce the risks and impacts of pesticide use
on human health and the environment, and promote the use of integrated pest management and of
alternative approaches or techniques, such as non-chemical alternatives to pesticides

•

UK supermarkets require the British Retail Consortium: this standard provides organisations working
in the food industry a framework for managing the safety, integrity and quality of their products and
services. It sets out requirements for how processed foods and other products should be made or
prepared

24

•

The International Food Standard helps retailers ensure the safety of their food products and monitors
the quality levels of producers of retailer-branded food products, to increase the level of safety for
customers, suppliers, and consumers

•

Food Safety System Certification (FSS22000) offers integrated audits that help reduce the number of
audits that the producers are required to comply with

•

Safe Quality Food Programme is designed to meet industry, customer and regulatory requirements
for all sectors of the food supply chain—from the farm to the retail stores

•

Organic certification for production and post-harvest handling under international organic standards

7.2 Eco-labelling
An ecolabel is a seal of approval given to products that are deemed to have few impacts on the environment
and that promote sustainability. By providing information about the ‘world’ behind the product, this seal
attracts consumers looking for ways to reduce environmental impacts through their purchasing choices.
This seal is a way of communicating and marketing the environmental credentials of a given product to
encourage producers and consumers’ behavioural change towards long-term sustainability.

Benefits
•

Empowers customers and manufacturers to make decisions that support the environment

•

Creates increased awareness of environmentally friendly activities

•

Reduces the effort and cost required by consumers to get sustainability information

7.3 Biodegradable edible coating
Biodegradable edible coating is an emerging technology in food packaging. The coating is made of layers
of edible materials in liquid form to directly coat the fruit, or as a solid sheet in the form of a film. Most
of these coatings are naturally existing polymers such as proteins, carbohydrates, gums and lipids. These
coatings act as barriers to moisture and increase protection and shelf life of fruits. Biodegradable edible
coating offers alternative packaging without the environmental costs.

Benefits
•

Decomposes quickly in nature, even if not consumed

•

Reduces respiration speed and ethylene production, thus delaying the ripening

•

Provides a basis for applying post-harvest chemicals and reduces the use of synthetic materials

•

Reduces microbiological degradation

•

Protects aroma components, vitamins and antioxidants

•

Improves appearance by brightening the surface of fruits

•

Protects fruit texture and extends shelf life

Limitations
•

Scarcity of the materials

•

Need for a second packing material in most cases for consumer health, which increases cost

25

26

8. WASTE
MANAGEMENT
Mango processing generates by-products such as peels and kernels. Depending on the mango cultivar
and fruit size, the edible pulp makes up to 33–85% of the fresh fruit while the peel and the kennel
amount to 7–24% and 9–40% respectively. In the past, these wastes have been used in animal feeds.
Lately, however, the value-added use of waste is being explored on an increasing scale. A considerable
quantity of processing waste from small-scale facilities is used to make organic fertilizer. In addition, dried
waste materials can be used as combustion fuel and the residual ash applied later as fertilizer. Among
promising renewable energy resources across the value chain are prunings from orchards, and residues
such as mango peels and seeds from mango processing. Briquetting waste may also facilitate efficient
combustion of the feedstock while reducing pollutant emissions. Mango seed kernel could be used as a
potential source of functional food ingredients, antimicrobial compounds and cosmetics because it has
high quality of fat and protein as well as high levels of natural antioxidants.
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9. ENHANCING
INDUSTRY
SUSTAINABILITY
A product’s sustainability depends on its efficiency, that is, how it reduces and re-uses waste while
enhancing the product. It is therefore necessary to account for process inputs and outputs to ensure
conservation and value addition. An input–output analysis can help producers determine sustainability by
outlining all the inputs (fruit, energy and water) and all the outputs (the product and bio-wastes such as
pulp and ash). This analysis generates quantitative data that is used to enhance the process. The resource
input–output analysis and greenhouse gases estimation integrate a mix of methods including material
and energy flow accounting and lifecycle analysis. We used the method and built a simple Excel-based
energy and material input and output analysis at every value chain stage.
Estimation of greenhouse gases was based on consumption of fossil fuel in the industrialisation of mango
using emission factors. For fertilizer application, it considered both the CO2 equivalent emission from the
production process and the nitrogen fertilizer field emissions.
The research applied this analysis in a mango value chain using the example of a mango pulping company in
Kenya. The analysis followed a black-box model, which shows a generic representation of the relationship
between inputs and outputs in mango processing (Fig. 4).

Figure 4. Process input - output conceptual framework
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The research used production data from a mango pulping company in Machakos, Kenya, to illustrate the
process and the resource conservation practices (Fig. 4). The company sources its mangos, mainly Apple,
Ngowe and Kent varieties, from outgrowers in Eastern and Coast provinces. About 1000 tons of mango
are processed each month, producing 570 tons of pulp, or 56% of the mango. The washing water, which
makes up 86% of the total water used, was channelled to a wastewater treatment plant and later used
as grey water in construction; the steam and cooling water is continuously recycled from a closed loop
boiler.
The company uses firewood in a steam boiler for heating and for the electricity used in motorised
equipment, lighting and plug-ins. About 168 kilograms of wood is required to produce 1 ton of mango
puree. The analysis showed that replacing firewood with the mango waste (stones) could decrease the
factory’s environmental footprint. The factory could also sell any remaining dry waste as energy for other
uses. Whereas transportation contributes significantly to GHG emissions, solid waste disposal has a higher
emission potential, the equivalent of 21 times GHG emission potential of methane. In the mango puree
production case study, GHG emission intensity was estimated at 0.8 t CO2eq/ton. The proposed case of
processing mango puree using the residues would mitigate about 76% total emissions intensity to 0.2 t
CO2eq/ton of mango puree.

Benefits of an input–output analysis
•

Producers are able to monitor resource use and set targets for increased efficiency.

•

Producers can use the analysis to find areas where they can implement more sustainable practices
and reduce their carbon footprint.

•

Producers can use the analysis to enhance product branding, by highlighting improvements in
the re-use of waste, efficiency of energy, and other sustainable practices.
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10. HOW THE SCPS
IN THIS BOOK HELP
SUSTAINABILITY

10

The practices outlined in this handbook may help farmers and agribusinesses not only to
produce and market higher quality mangos but also reduce waste and increase efficiency. Table
1. outlines the sustainability issues of the mango SCPs. Using sustainable consumption and
production practices throughout the value chain—from growing and harvesting to processing
and marketing—ensures benefits for the environment, the business and the consumer.
The information provided on certification helps farmers ensure mangos can be exported to
other markets; this certification encourages sustainable practices such as those featured in
this handbook and listed in the table. Regarding waste, farmers should consider linking these
practices into a circular economy for processed mango, which may result in environmental
benefits.
Table 1. SCP Summary Table
Innovations/
Sustainability
issues
Fruit fly trap
Pruning
Water harvesting
techniques
Pesticidal plants
(IPM)
Harvesting hooks
Mango
concentrate
Mango drying
Mango powder
Use of crates
Water storing
crystals
Charcoal cooler
Brick cooler
Grafting
Top working
Mango Jam
Mango Yoghurt
Mango Leather
Eco labelling
Biodegradable
edible coating
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Reduced
water use

Energy
efficiency

Waste
management

Pollution
reduction

Conservation of
biodiversity
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SUMMARY AND
CONCLUSIONS
This handbook is the product of many hours of observations on farms, factories and communities across
6 Kenyan counties and of numerous discussions with farmers, community groups, small-scale mango
processors and two operators of large mango processing businesses. It is also informed by collaborative
training sessions with farmers, micro/small/medium enterprises and member-based organisations.
The overall aim in researching practices related to mango production was to improve the overall social,
environmental and economic performance along the mango supply chain, minimize risks associated with
mango production and improve the overall productivity of mango orchards. The results of the research
can assist producers and entrepreneurs to achieve higher productivity and access new opportunities in
terms of regional and international markets.
Drawing on the findings of the field research, a total of 19 SCPs were selected by the Green to Grow
partner group, which included a private sector business organisation, agricultural universities, a research
institute and non-governmental organisations focusing on social development and the empowerment of
small-scale producers.
The end result was the development of materials and training programmes to improve and increase
mango production, while simultaneously realizing environmental as well as social gains. While most of the
practices were observed in the agricultural production stage of the value chain, there were also interesting
results in terms of value added value products at the processing stage, which was particularly encouraging
in terms of circular economies, which help to reduce GHG emissions in the process of using renewable
energy in the form of biomass.

THE SCPS: A SUMMARY
Input SCPs
Grafting: helps tree develop resistance to pests and soil diseases, increases productivity and improves the
trees’ genetic and physiological properties while increasing homogeneity of the fruit;
Top working: allows the trees to produce multiple varieties of the fruit, shortens the time for maturity of
the tree, promotes a healthy root system and rejuvenates older trees;

Production SCPs
Plant nutrition: improves the soil by reducing erosion/runoff, adding nutrients and improving structure
and water-holding capacity and raising soil organic carbon;

Pest and disease management SCPs
Fruit fly traps: increases yields, fruit quality and shelf life, while reducing chemical exposure to the fruit,
beneficial insects, workers and consumers, while complying with EU pesticide limits;
Integrated pest management: an ecosystem-based strategy to manage pests and diseases with
reduced chemical residues by focusing on the long-term prevention of pests and their damage through
a combination of techniques such as biological control, habitat manipulation, modification of cultural
practices, and use of resistant varieties.
Pesticidal plants: using plants that produce a mixture of compounds that repel pests and stop them
from feeding; these are cheap to grow and have negligible impacts on beneficial organisms and other
non-target species and could qualify the produce as organic, potentially opening opportunities in the EU
organic market.
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Pruning for growth and pest control: stimulating shoot development and restoring the productivity of old
trees. It increases yield and quality of flowers and fruits and assists with pest control, while also achieving
rejuvenation of old trees.
Spraying: helps to increase overall plant health and fruit yield as well as protect the tree from harmful
fungal diseases; it utilizes pesticides of natural origin that are compatible with IPM and cause minimum
disturbance to natural biological and ecological pest control mechanisms. It boosts plant productivity by
reducing insect attacks and diseases; it also improves fruit set and fruit retention while minimizing fruit
drop and preventing deformities due to pest invasion, thus improving appearance of the fruit.

Water Management SCPs
Water harvesting and storage: contributes to rapid improvements in the yields of rainfed crops by
enabling farmers to store water for periods of water scarcity. It is also multipurpose as it can serve as a
source of water for domestic and livestock usages.
Ring basin irrigation method: digging a ring below the edges of the tree’s canopy so water can reach the
mango tree’s widespread roots, allowing the accumulated water to slowly percolate and infiltrate for the
tree’s use over the hot season.
Water storing crystals: these increase soil water retention, absorbing up to 500 times their weight in
water and releasing 95% of this moisture to the plant. This allows efficient use of water and encourages
flowering, thus resulting in higher quality and more mature fruit in a shorter time.

Harvesting and storage SCPs
Harvesting hooks: a long pole with a blade and a picking bag that can hold about four mangos. They save
time during harvesting as well as protect the fruit from damage due to the impact of falling on the ground,
resulting in better-quality mangos and higher prices.
Crates: reduces losses and ensures the fruits make it to aggregation centres intact and without bruises,
cuts, punctures and abrasions. Crates are perforated, so air circulates and keeps the fruit cool in high
temperatures; they are also durable and easy to handle, clean and disinfect.
Cool storage: using evaporative cooling to keep temperatures at or below 12°C to slow the ripening
process. Water evaporates from the wet charcoal and sand and takes away heat from the stored produce,
slowing the bulk ripening of mangos and thus reducing post-harvest losses.

Processing and value addition:
Drying (solar): used to remove moisture and preserve mangos in order to reduce post-harvest losses and
prolong shelf life. Techniques range from simple plastic tunnel dryers to stainless steel cabinet dryers and
simple greenhouses, making it relatively easy for farmers to adopt. The main products that are derived
from mango drying are mango powder, chips/flakes, and leather.
Clean energy-driven mango pulpers: a mango pulping unit is used to separate the ripe mango pulp from
the stone. Mango pulpers are ideal for farmer groups, community-based organizations and SMEs. The
main products derived from mango pulping are juice, mango concentrate, jam, yoghurt and wine. The
end products are easy to market, profits are increased, post-harvest losses are minimized and shelf life is
increased. Products include concentrate, ready-to-drink juice, jam, yoghurt and wine.
Lastly, all partners of the Green to Grow project are willing to engage in further discussions on innovation
and sustainability issues in mango production and are ready to provide further assistance to those
interested in the implementation of these sustainable production and consumption practices.
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Further information
For further information and access to the full technical report please follow this link: sei.org/switchafrica-green
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