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Abstract: In rural Africa, income generating activities of many households heavily depend on
agricultural activities. In this paper, we present the results of a multi-year intervention whereby
dairy farmers and small-scale entrepreneurs were taught to convert their milk into a probiotic
yoghurt using an innovative bacterial starter culture and basic equipment. This intervention creates
additional sources of income and employment for people involved in the delivery of milk as well as
production, distribution, and sales of yoghurt. Besides the economic benefits, the consumption
of the probiotic yoghurt can contribute to reduction of the incidence and severity of diarrhea,
respiratory tract infections, atopic diseases, alleviate the symptoms of stomach ulcers, and decrease
the uptake of aflatoxins in the body. With minimal external financial support, 116 communities or
small entrepreneurs have been able to start, expand, and maintain a business by production and sales
of probiotic yoghurt. Applied business models and success rate in terms of revenues and profitability
varied per region and depended on location, culture, ownership structure, wealth status, and gender.

Keywords: Uganda; Lactobacillus rhamnosus GG; probiotics; Yoghurt; health improvement; economic
development; women empowerment; Pro Poor business model; bottom of pyramid

1. Introduction

In Uganda, the farmland area per capita is decreasing due to population growth [1,2]. Therefore,
occupational diversification such as non-farm rural incomes are necessary for successful income
growth, and critical to the achievement of sustainable livelihoods. Several studies indicate that
additional non-farm income is the best driver for agricultural growth, as the monetary income
reduces vulnerability and allows households to buy material to improve agricultural yields [1,3].
In sub-Saharan Africa, the degree of economy-wide diversification is the lowest in the world, with
women being even less involved in off-farm activities than men [4]. Today in Uganda only 24%
of the household income is obtained from non-agricultural enterprises [5]. Many regions and
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their populations face systemic constraints for steady economic development such as geographical
isolation, rough climate conditions, low quality of physical infrastructure, including roads and
electricity, poor human capital development, lack of investment opportunities, low population
density, underdeveloped markets, irregular seasonal income, and general low purchasing power
of the population [4,6]. A typical example of an underdeveloped market is reflected by the milk
market in Uganda where communities either have a lack of market, no access to the market for the
milk they produce, lack of negotiation skills and power (Central, North, and East Uganda), or low
profit margins (South-West Uganda) [7,8]. Despite all these challenges, Uganda is marked as one of
the countries with the highest economic growth rates in the world [9]. This translates in a trend of
accelerated commercialization and urbanization and increased purchasing power over the past years,
which has improved the market system. At the same time, increased market regulation might limit
local entrepreneurs with narrow financial means to effectively implement value adding activities in
agriculture and food production. Overall, with a GDP per capita of 615 USD (as compared to e.g.,
55,972 USD in North-America), Uganda is still a developing country by all classification systems [10].
Moreover, the growth is said to be non-inclusive and of benefit for a minor part of the population [11].
In spite of the high growth rate of the national economy, the growth rate per capita is still relatively
low, due to the strong population growth [9].

Apart from the economical hurdles, many African countries also face challenges in public health,
food safety, and food security. In Uganda, 12% of the population lacks reliable access to healthy
food [12]. Malnutrition undermines work productivity, increases the risk and severity of disease,
and can lead to death. The average life expectancy in Uganda is 60 years [13], 29% of children
under age of five are stunted [14], 13% of child death (1-59 months) is caused by diarrhea, and
23% by respiratory tract infections [15]. In addition, approximately 1.5 million Ugandans (7% of the
population) suffer from AIDS [13].

The incidence of bacterial related infections and environmental risk factors such as the presence
of aflatoxins in food put a burden on the society. Treatment is often not available or not accessible
due to high costs. Another example is the incidence of diarrhea, which is high under Ugandan
children and can have fatal consequences. A solution could be provided by consumption of probiotic
food. Numerous studies have shown the inhibitory or scavenging effects of certain probiotic bacteria
(for example, Lactobacillus rhamnosus GG [16]) on health risk factors and relieve of associated pathogenic
symptoms, including diarrhea. However, probiotic products are hardly available in Africa, highly
priced, and the related health effects unknown by the population.

Many ethnic groups across Uganda have a culture of home-production and consumption of
fermented milk, which is commonly named ‘bongo’ or ‘makamo’. These products are either produced
by spontaneous fermentation through environmental yeasts and bacteria, or by back-slopping with
previously made fermented milk [17]. However, products made through these processes usually have
a short shelf life, inconsistent quality, and even food safety concerns. Hence, commercialization of
these traditionally fermented foods faces many challenges.

In this paper, we describe an intervention with an education program and an innovative bacterial
starter culture with a presumed sustainable and scalable effect on improving public health and income
generation by (i) stimulation of the local milk-market, (ii) increasing employment and income by
value addition, (iii) facilitating access to an affordable healthy product, and (iv) reduction of spoilage
and spillage of milk. The intervention occurred in several regions in Uganda between 2012 and 2018.
Over 170 communities and small entrepreneurs were trained in processing locally produced milk
into probiotic yoghurt in line with market standards and without high requirements for (technical)
resources. By the end of the period, 116 of the trained groups were able to start, expand and maintain
a business in locally made probiotic yoghurts. In order to view the intervention in its right context,
it is essential to discriminate between the dairy situation in South-West Uganda and parts of central
Uganda from the rest of the country (Box 1).



Challenges 2019, 10, 2 30f 22

Although mass scale has not yet been reached, the developed concept and way of working
applied elements of the theory of ‘fortune at the bottom of the pyramid’, as developed by Prahalad
and Hart [18], and has further potential to reaching scale. Figure 1 portraits the original four BoP
principles, together with a description of the approach to stimulate demand and supply as was done
in this intervention.

TAILORING
LOCAL SOLUTIONS
ARGETED PRODUCT DEVELOPMENT

« Tasty and health enhancing product
*Reduced spoilage of milk

2. BOTTOM UP INNOVATION
- World's first generic probiotic strain
- Shelf stable dried starter culture
«Extension to traditionally
fermented foods

SHAPING ASPIRATIONS

1. CONSUMER EDUCATION
«Training
» Promotional activities
« School feeding programs

2. SUSTAINABLE DEVELOPMENT
+ Knowledge transfer and
human capital development

« No financial dependence
* Locally sourced milk
« Generating income for
women and youth

IMPROVING ACCESS

1.DISTRIBUTION SYSTEMS
«Locally produced probiotic yoghurt
*Regional starter culture distribution points

2. COMMUNICATION LINKS
«Training on local level
*Moderate promotion material and radio

CREATING
BUYING POWER

1. INCOME GENERATION
« Very low investment costs
« Low production cost
* Employment and income generation across

the value chain
« Connect to existing health dossier

2. ACCESSTO CREDITS
Not applicable

Figure 1. Stimulating supply and demand for small scale probiotic yoghurt business development at
the bottom of the pyramid. Adapted from Pralahad and Hart [18]. Capital letters: original text. Italics:
Translation to small scale probiotic yoghurt business development.

Box 1. Description of dairy farming in geographical regions of Uganda as context for the intervention.

South-Western Uganda, as well as areas around the capital Kampala, can be considered the milk-shed of the
country, where dairy farming is performed at a commercial scale and where large dairy processing plants in
the country are located. These processing plants are responsible for the fact that Uganda is the second-largest,
and soon possibly the largest, dairy exporter of Africa [19]. The dairy sector in this region is generally well
organized, with 681 milk cooling centers spread over the region. The milk in these coolers is subsequently
collected by the milk processors or traders of raw milk. Considering this scale of operations, small-scale ‘back
yard’ milk processing (cottage industry) does not have a significant impact on the dairy sector at large in this
area. Developments in the dairy sector do however influence the cottage industry. On one hand, the wide
availability of milk makes it a relatively accessibly business, especially for dairy farmers themselves, but also
extending to other residents of the region. In addition, the improved wealth status and associated purchasing
power in the region, allows the products to be sold above the national average selling price. On the other hand,
due to the demand and competition in the sector, the milk prices have raised in the recent past, and the improved
infrastructure of coolers has reduced the incentive for farmers to search for alternatives for selling fresh milk.

In the remaining areas of the country, milk is produced as a form of subsistence farming, and the dairy sector
is dominated by farmers who own 1-4 cows and sell their milk to their neighbors or in the nearby trading centers.
In these regions, cottage industry has a more profound impact on the sector at large. The sudden increase of
demand for milk as induced by yoghurt business could stimulate the local farmers to produce more milk (more
cows, better breeds, better feeding) and organize themselves in groups to join forces for milk collection and
transport to the yoghurt producer. The dairy sector in turn also influences the cottage industry, as in the dry
season the milk production goes down and no longer meets the demand for milk by the small-scale processor.
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2. Results

2.1. Start-Up and Development

In 2012 the locally produced probiotic yoghurt project started at a small yoghurt production
site called Life Dairy, in Kateete, Mukono district, Uganda. The owner of this business was an early
adopter, willing to take a risk, well informed, and respected in the community. In 2013, five more small
sized companies joined the probiotic yoghurt production project. Initial weekly production volumes
varied between 50 and 200 L. The developed bacterial starter cultures were stored at and distributed
from the Ugandan Industrial Research Institute in Kampala.

After 2014, the project started to grow rapidly when contacts were made with dairy cooperatives
in rural areas through Heifer International under the East African Dairy Development project (EADD).
At the same time, the project team changed from working with short term volunteers to a small team
of two professionals who selected potential probiotic yoghurt producers, coordinated trainings and
measured progress. In addition, the team scouted for more small-scale operating dairy companies,
women groups and local entrepreneurs motivated to start a probiotic yoghurt production. As a result,
the total number of probiotic yoghurt producers increased, as well as the weekly production volumes
per production unit. By mid-2016, 99 processing units were trained across several regions in Uganda
and 59 of them were well into business. Weekly production volumes varied between 20 and 1000 L.
Five regional starter culture distribution centers facilitated distribution and sales of the starter cultures.

This successful pilot phase then enabled Yoba for Life Foundation in collaboration Heifer
International and the University of Western Ontario (UWO) to acquire funding from the International
Development Research Centre (IDRC) to implement a two-year project (May 2016—-June 2018) entitled
the ‘Fermented Food for Life’ (FFFL) in Uganda, Kenya and Tanzania. In Uganda, this funding allowed
employment for four fulltime staff spending most of their time in the field, to implement a wide range
of activities form increasing awareness on probiotic yoghurt, to building capacity and competence of
production units by improvement of product quality as well as business administration. The trainers’
team organized workshops, provided coaching and empowered production units to participate in
36 shows and exhibitions throughout the country. At such events, the new probiotic yoghurt producers
could promote and sell their products and create awareness on probiotics. By June 2018, 116 production
units were in business, making cumulative volumes of close to 26,000 L per week (20-2000 L per unit)
(Figures 2 and 3). Furthermore, the trainers had started a collaboration with the Dairy Development
Authority (DDA) in Uganda, leading to a joined training program, enabling 75 production units
to acquire a certificate of analysis. This certificate indicated that the product complied to Ugandan
National Bureau of Standards (UNBS) microbial specifications for yoghurt. By the time of writing,
several other production units are still in the process of acquiring the same certification. Simultaneous
to the increase of the number of production units all over Uganda, the number of probiotic starter
culture distribution units, who purchased their stock on wholesale from Kampala, increased to 12,
(Figure 3).

In terms of gender, age, and number of people involved, 53% of the production units were owned
and run by women, and 22% by youth (defined as people below 35 years of age). The age of people
involved varied from 16 to 60 years old. In terms of employment, 704 people were involved in milk
collection, production, packaging, distribution, and sales, of which 57% were women and 43% were
youth. The number of people involved per production unit ranged from 2 to 22. The production
units were spread over 39 out of Uganda’s 112 districts, and these districts were located in 11 out of
Uganda’s 15 sub-regions (as defined by the Uganda Bureau of Statistics [20]). The vast majority of the
groups were located in Central, South-East (Busoga), East (Teso), and Southwest (Ankole) Uganda
(Table 1).
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Figure 2. The number of active probiotic yoghurt production units and accumulated weekly production
volumes in liters of probiotic yoghurt production over the period 2012-2018. Solid line: number

of production units (right vertical axis); Dotted line: accumulated weekly production volumes
(left vertical axis).

Figure 3. Geographical footprint of the intervention in Uganda. Date: May 2018. Spheres: Probiotic

yoghurt production units including average weekly production volumes; Triangles: Starter culture
distribution units.
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Table 1. Probiotic yoghurt business and production data for the six sub-regions in which most of the production takes place.

Central 1 ?: Wakiso, Gomba, Central 2 ?: Buikwe,

Busoga ?: Buyende,

Ankole 2: Bushenyi,

Mpigi, Bukomansimbi, Kayunga, Kiboga, .. . Teso ?: Amuria, ..
. Iganga, Jinja, Kaliro, Ibanda, Isingiro,
Kampala Kalangala, Kalungu, Luwero, Mityana, . Bukedea, Ngora, .
Kamuli, Luuka, . Kiruhura, Mbarara,
Masaka, Lyantonde, Mubende, Mukono, Mavuge Soroti, Serere Ntuneamo, Sheema
Sembabule, Nakaseke, Nakasongola yuge, 8 !
Number of yoghurt 15 23 20 8 8 28
production units
Average volume per
producer (L/wk) 171 233 179 115 275 253
Average number of
people per 3.4 9.8 3.9 2.6 59 6.5
production unit
Gender distribution 33% 75% 51% 38% 34% 66%
(%Female)
Age distribution (% 53% 38% 62% 57% 68% 31%
<35y)
Gender distribution
in ownership 60% 74% 60% 25% 25% 57%
(%Female)
Age distribution in 13% 22% 30% 0% 38% 25%

ownership (% <35y)

2 This table lists the sub-regions in which at least more than five production units are present. Within these sub-regions, only districts with production units are indicated. No data is

presented about sub-regions Acholi, Tooro, Bunyoro, Elgon, and Kigezi, where less than five production units were present.
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2.2. Production Volume as Performance Indicator

Evaluation of the effectiveness of the intervention showed that 68% of all 170 trained groups
turned into effective production units. The average production volume of these units is 209 4= 248 L
per week. A total of 30 of these production units were in the business of regular yoghurt production,
before they received additional support from the project and started to use the probiotic starter culture.
These units produce an average volume of 413 L per week, as opposed to an average of 157 L per week
among the 86 production units, which had no previous experience with dairy processing.

Other factors influencing performance related to gender (female- or male-owned), age (youth-
or adult-owned), and governance structure (dairy cooperative, group or individually owned) of the
production units. A dairy cooperative is an organization with typically over 100 farmer members,
who elect a board that decides on the daily operations of the cooperative and employs staff to run
the operations. Groups designated to yoghurt production are usually much smaller (5-20 members),
typically do not employ people, but divide the work as well as the profits among themselves. Youth
organized in groups reached the highest production volumes (Table 2). All these youth-groups
were male-owned.

Table 2. Average production volumes of production units categorized by gender, age, or governance

structure.
Average Production Volume Cooperatives Groups Individuals
Average production volume 209 158 260 224
Female-owned 193 130 257 183
Male-owned 256 168 264 285
Youth (<35 y)-owned 270 - 377 232
Adult (>35 y)-owned 210 158 131 222

Table 3 lists the production units that showed significant growth, i.e., a constantly rising
production volume curve between 2016 and 2018, and production units that have either stable or
fluctuating production volumes. Hence, business performance in terms of growth potential from 111
of the 116 active production units was analyzed. Growing production units were characterized by a
steady increase in production volumes, while stable production units produced approximately the
same volumes every week during the period of analysis. Fluctuating units were unstable in weekly
production volumes and business development.

Production units with growing production volumes were characterized by enthusiastic, motivated,
ambitious and well-organized owners, who were continuously looking for new markets. Also, profits
made from the yoghurt sales were reinvested in better and bigger equipment and premises with the
aim to expand and upgrade the production capacity. Lastly, owners of growing production units
were open to exploration and experimentation (i.e., they tried out probiotic yoghurt with different
flavors, different packaging material, or ventured into new markets or market segments) and built
good relationships with their clients as well as other stakeholders and partners.

Table 4 lists characteristics and reasons of production units that showed static or fluctuating
production volumes. From all 179 production units trained, 24 production units were only in
production for a number of months, but were not able to sustain the business.



Challenges 2019, 10, 2 8 of 22

Table 3. A total of 111 production units categorized by size and performance in terms of production
volume development between 2016 and 2018. The number of production units in each category is
given in absolute numbers as well as a percentage of the total number of active production units
(five remaining production units had been in production for a short time and their performance trends
could not be assessed).

Growing Stable  Fluctuating TOTAL

Micro 0-100 L/week 3 3% 18 16% 15  14% 36 32%
Small 100200 L/week 13 12% 14 13% 5 5% 32 29%
Medium 200-500 L/week 8 7% 12 11% 9 8% 29 26%
Medium-Large >500 L/week 3 3% 7 6% 4 4% 14 13%
TOTAL 27 24% 51 46% 33 30% 111 100%

Table 4. Reasons for hampering business development at probiotic yoghurt production units.

Stable Fluctuating Failed

Being comfortable with their current volumes and market, not interested in

o, 0,
looking for additional market 61% 33%
Yoghurt production not being the main occupation or focus for the 249% 45% 13%
owner(s)/owner choosing to do something different
A specific problem, either in business or personal life (e.g., financial distress or 200 219 13%
sickness) negatively affected the business ’ ° ’
The production unit is a group business and therefore there is little incentive for o o
o . 8% 27%
individual group members to progress, as they benefit less at personal level
Constraints in milk supply 6% 36%

Operating at very small scale (weekly production volumes below 50 L) for
several months, before giving up, either due to the lack of motivation or effort, or 33%
due to an unfavorable business environment

Poor management of the business or governance issues in group or cooperative

. 25%
businesses
Business faced financial distress 8%
Business owner choose to continue with regular non-probiotic yoghurt 4%

Those who never started yoghurt business after receiving the training revealed financial
constraints to buy packaging material and other start-up equipment, absence of electricity, or absence
of potential yoghurt selling points equipped with fridges.

2.3. Sales and Income Generation

Despite a relatively low sales price, making the product affordable for the rural (poor)
population, attractive profit margins were obtained, since transaction cost related to storage, transport,
and mid-men were low and the yoghurt could be sold locally [21]. Figure 4 shows the revenues
and profits generated by the production and sales of the probiotic Yoba yoghurt in Uganda. Profits
could exceed 1600 UGX per liter yoghurt produced. The data also show that yoghurt production
benefits from the economy of scale, thereby favoring those businesses that have more working capital,
storage capacity and can afford the risk to produce larger batches of yoghurt. A detailed average
cost breakdown is shown in Table S2. From consumption point of view, we noticed that the probiotic
yoghurt could be a healthy alternative for soft drinks when the price of a portion remained slightly
below the price of 1500 UGX that is usually charged for a soft drink.

A market survey conducted among 634 respondents, showed that there is almost complete
ignorance among the consumers about the meaning of the word ‘probiotic’. However, this same survey
showed that Ugandan consumers are (very) health conscious in their general purchase behavior, and
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express interest and appreciation for the concept of probiotic yoghurt when it is explained to them.
On the downside, consumers are skeptical about health claims on packaging material. This is especially
true in more rural areas where there is little regulation, and anybody can put anything on the market,
including labels with far-fetched health claims.

4500
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3500 e 1167

1545
3000

2500

2000

3483

1500 3083 2833

Ugandan Shilling (UGX)

2455
1000

500

10 20 50 100
Volume of yoghurt produced (L)

Figure 4. Average cost and profits per liter of probiotic yoghurt in Uganda as function of production
volumes. Light grey bars: Cost per liter of yoghurt (UGX); Dark grey bars: Profit (UGX); Total bars:
Sales price per liter probiotic yoghurt. Note: Cost breakdown as shown in Table S2. Sales price is set
at 4000 UGX per liter which resembles an average wholesale price when the yoghurt is sold through
external shops.

2.4. Reduction of Milk Losses

Fresh milk in rural Uganda often has a very short shelf life, as a result of high initial bacterial load
in the fresh milk originating from poor milking and milk handling practices in combination with a
relatively high ambient temperature. In addition, refrigeration facilities are limited due to absence of
adequate cooling equipment or power cuts. Prior to our intervention, milk collected by the farmers
who lack cooling equipment had to be sold relatively fast before getting spoiled. Contrarily, when
milk is fermented, the resulting probiotic yoghurt produced in this study has a shelf life of at least
4 weeks under refrigeration and does not spoil when exposed for several hours to ambient temperature.
The intervention also includes milk quality tests, which was quite unknown in the informal milk sector
comprising 80% of the total market [8]. Such quality tests stimulated farmers to work more hygienically
and deliver clean, unadulterated, and antibiotic-free milk. As a consequence, milk spoilage could be
further reduced.

2.5. Potential Health Benefits

Apart from the economic advantages, the second final outcome of the intervention is expected to
be the enhancement of health of consumers by the probiotic Lactobacillus rhamnosus yoba 2012 strain
present in the locally produced yoghurt [16]. This strain is the generic variant of world’s mostly
studied probiotic bacterium L. rhamnosus GG. Probiotics are generally defined as “live microorganisms
that, when administered in adequate amounts, confer a health benefit on the host” [22]. Although
this intervention did not specifically measure generated health benefits, Table 5 provides an overview
of the outcome of several studies previously conducted with L. rhamnosus GG. Since all produced
probiotic yoghurts generated during the six years intervention were sold at prices below regular
yoghurts, and especially below the widely available and very popular soda drinks, we conclude that
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the study succeeded to provide access to a healthy and affordable probiotic yoghurt that has the
potential to alleviate commonly faced health challenges in sub-Saharan Africa. Based on a survey that
counted and classified consumers at a representative number of retail outlets of the probiotic yoghurt,
we estimate that due to this intervention at approximately 111 production units, 215,000 people per
month (107,000 regular and 108,000 irregular) and 1.4 million people per year (107,000 regular and
1,302,000 irregular) consume probiotic yoghurt and hence can profit from expected health benefits.

Although the efficacy of L. rhamnosus GG has been tested and confirmed in numerous independent
studies (Table 5), health effects of the probiotic yoghurt containing this strain has not been tested to
date on specific populations in Uganda. Therefore, the first pilot study in rural Uganda was conducted
on children in 2017 at Aparisa-Asamuk primary school in Uganda. In order to get insight in the health
status of the children, parents were asked if any of their children were ill or had suffered from any
illness in the two weeks prior to the start of the study (baseline), during the study (midline) and
at the end of the study (endline). Evaluation of the responses indicated a decrease in the rate of
infection/illness as observed with increasing number of children with no illness throughout the study
period, from 10% to 32% to 43% in the baseline, midline and endline, respectively. Most remarkable
was the reduction in the occurrence of skin rashes as observed during skin inspection by a qualified
nurse. Where at the start of the study 101 children were diagnosed with skin rashes, 5.5 weeks later
this number had rapidly and significantly decreased to 15 (Table 6).

The number of children who missed school during the study period also reduced continuously
during the study from 40% in the baseline to 36% in the midline and to 23% in the endline.

Table 5. A selection of commonly faced public health challenges in sub-Saharan Africa the related
health benefits of L. rhamnosus GG (generic name: L. rhamnosus yoba 2012).

Common Public Health Challenges in Referen The Effect of L. rhamnosus GG on the Referen
Sub-Saharan Africa CIETeNCeS  Health Challenge elerences
Numerous types of bacterial infections, e.g.,

Salmonella, E. coli, L. monocytogenes,

Reduces infections by inhibiting adhesion of
pathogens in intestine, accumulation of lactic

Cumpylob.acter jejuni, Shigella sonnei, and S aureus [23-25] acid, secretion of antimicrobial substances [26-33].
have a high prevalence due to poor sanitation . .
AP . and modulation of the immune system

and challenging living environments.

21% of the deaths of children < 5 years is caused Stimulates gut health and reduces the

by diarrhea, of which 29% is [34,35] incidence and severity of rotavirus-associated [36-40]

rotavirus-associated. diarrhea.

Increasing (mis)use of antibiotics. Diarrhea is a [23,41,42] Alleviates the effect on antibiotics-induced [29,43]

reported side-effect of antibiotics use. T diarrhea. T
Arrests the development of ulcers and

High incidence of ulcers in Uganda, which has " relduces .the size an;l S?Ve“tyF‘?f e1x15t11nng h [48,49].

been attributed to poor diet and high incidence [44-47] Lilcerls; .Y.la two Igec alf;lsmls. . 1rslt y’,t l.rou.g

of H. pylori colonialization of the stomach. the ability to reduce H. pylort colonialization.
Secondly, through the ability to protect and [50-52]
restore stomach tissue (the mucosal layer). -

Aflatoxins are found in alarmingly high levels in

commonly consumed foods in Uganda, Binds Aflatoxin B1, thereby reducing its

especially in ground nuts and maize. Aflatoxins [53,54] absorption in the intestine, and hence [55-58]

are carcinogenic substances produced by molds reducing aflatoxin associated pathogenicity.

in poorly stored food.

Respiratory tract infections have an incidence of
18% among Ugandan children >5 years.
Pneumonia due to S. pneumoniae infection
occurs in 3% of all children >5 years in Africa. It
is responsible for 23% of the deaths of children
between 1-59 months in Uganda

Reduces different types of respiratory tract
infections from different origins. Possibly

[15,59-62]  through direct antimicrobial effects, [63-68]
improvement in mucosal barrier function and
immune-modulating activity.

Improves feeding tolerance and nutrient
29% of children >5 years in Uganda are stunted. [14] absorption (increased proliferation of villus [69,70]
cells).
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Table 6. Interpretation and classification of skin inspections at three different time points among
245 children daily consuming probiotic yoghurt for 5.5 weeks.

Body Part Baseline Midline End Line
Face/head 70 13 10
Hand/arm 14 6 2
Leg 1 0 0
Neck 16 3 3

Coverage
Full 23 13 2
Half 78 9 13

Severity
Mild 76 20 12
Moderate 20 1 3
Severe 5 1 0

Total number of skin rashes 101 22 15

3. Discussion

Although knowledge intensive technologies have been recognized as important drivers for
development, they usually do not match the pressing needs of the region, do not reach their full
potential, and often are not inclusive when generating products for the poor without inducing
substantial degrees of empowerment [71]. The present intervention aimed to take up the challenge of
using new technology in development work, ensure full participation of the targeted beneficiaries,
make it sustainable and achieve impact on scale. The intervention started in 2012 by training the
rural population on how to diversify their income from farming by processing locally produced
milk into probiotic yoghurt in agreement with market standards and without high demands for
(technical) resources.

3.1. Evaluation of Economic and Political Related Factors

The increasing popularity and attention for probiotics in the western world by both consumers and
the scientific world, and the associated growth in probiotic products, cannot be replicated directly in
Africa. Hence, the intervention that enables local communities to produce and sell their own probiotic
yoghurts was tailored to the local circumstances in a continuous process of searching for appropriate
solutions [16,71-75]. The production of locally produced probiotic yoghurt by means of an affordable
shelf stable bacterial starter culture can be seen as a bottom-up innovation that complies with local
needs and capabilities, facilitates employment, increases purchasing power and improves access for
many people to an affordable, tasty and healthy product that can be part of the daily diet. In addition,
the described intervention empowers local producers and let them adjust product formulation, serving
sizes, packaging, and distribution channels according to local wishes and practices.

In Uganda, typical characteristics of businesses with the highest growth rates historically relate to
young businesses that start small, are male owned (as males are less risk-adverse compared to their
female counterparts), and are operating in the manufacturing sector [76]. Although more than half of
our production units were run by women, we noticed that the female-owned production units have
lower average production volumes of 193 L/week, compared to male-owned production units, who
reported an average of 257 L/week (see Table 2). This indicates that male owned businesses are larger
and potentially more successful.

The activities described in this paper followed a bottom-up approach, without active support from
authorities. From a more top-down perspective we can say that African governments focus on urban,
medium-large scale formal industries and pay relatively little attention to rural, informal, and usually
small-scale industries, as we targeted by the probiotic yoghurt concept. For example, stringent
regulations and high costs associated with certification (from the Uganda National Bureau of Standards)
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seem to aim to discourage small-scale producers from even trying to come up, and thereby favoring
the bigger, well-established businesses. However, evidence from China indicates that labor-intensive
township and village enterprises (TVE’s) are an engine for growth, and can offer distributional benefits
through lowering prices for the poor [2]. Rural poverty reduction strategy in Africa is more likely to
be effective when it harnesses the potential of the nonfarm sector, as illustrated by the local production
of probiotic yoghurt. Furthermore, increased consumption of probiotics among the population might
be an efficient strategy to cost-effectively improve public health. It could be worth for policy makers
to consider the economic impact of allocating health care budget to promoting the consumption of
probiotics for those who might need it most [16,71,77-79]. Furthermore, in order to increase income
and reduce non-income related poverty-including school attendance, health, nutrition, safety nets,
and household food security-, it remains essential to build well-developed public services, especially
education and infrastructure that facilitate access to markets.

The lack of effective support from authorities are not the only challenges related to the political
environment around the intervention. For instance, cronyism and corruption favors politicians and
the politically connected at the expense of those who are not, most especially at district and local level.
The privileged can avoid paying taxes and have greater access to financial resources and information.
One way in which production units can harness themselves against such practices is to cooperate in a
network and support each other by sharing knowledge about best practices, practices to avoid or to be
aware of, input suppliers and other opportunities. In other words, apart from the technical aspects,
also socio-economic, political, and cultural factors are essential to successfully implement bottom-up
innovations as described in this paper.

3.2. Stimulating Demand

Although from the supply side we do not expect major hurdles for further expansion of the
locally made probiotic fermented food, stimulating demand in Uganda might be more challenging,
especially in rural areas where awareness on health benefits of probiotic yoghurts is almost non-existent.
Frequently used media to raise consumer awareness such as radio, local television, and satellite
television have limited applicability, for instance because location and fees of the avenues as well as the
viewing-time and male focused content restricts women from benefitting from this development [6].

During our intervention, the majority of the demand for the yoghurt produced was not driven by
its special probiotic attribute, but mainly by the quality, taste and affordability of the product. A market
survey showed that this was due to ignorance about the product, not due to a lack of interest in health
promoting products. We therefore aim for the future to put more emphasis on trainings and interactions
with the producers on business skills and product knowledge, as means to further empower local
producers to educate customers on probiotic fermented food and stimulate the demand side [6,80].
Furthermore, we envision that active engagement of policy makers can also result in further awareness
and stimulation of consumption, as can be concluded from a government sponsored probiotic yoghurt
school feeding project in Argentina [71]. This initiative started gaining significant attention of all
potential stakeholders involved after a locally conducted double blind trial, involving young children
consuming probiotic yoghurt, clearly showed improvements in a large number of health factors
including the reduction of diarrhea. Notwithstanding the solid health dossier of the generic probiotic
strain used in our intervention, we envision that the results of local health impact studies in Africa,
as are currently running in Uganda with probiotic yoghurt, will help to gain further attention and
acceptance for probiotic products by the targeted consumers and other stakeholders. Another strong
element of the Argentinian project is the inclusion of lectures on probiotics in the school curriculum in
combination with field visits to production units and laboratories. This increases awareness among
children, and their parents, for a healthy diet and nutrition in general and benefits of consumption of
probiotic fermented food in particular. Hereto NGOs The Dutch Development Organization (SNV) and
Yoba for Life Foundation recently started the implementation of the pre-primary probiotic program.
In this program, parents are encouraged to pay approximately 3 USD per school term of 3 months,
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for their child to take 125 mL of probiotic yoghurt twice per week, as produced by one of the local
probiotic yoghurt producers. Preliminary results of this program are very promising, as in a period of
6 months already 5,000 children enjoy yoghurt twice per week, as paid for by their parents.

3.3. Regional Differences

In terms of number of production units and cumulative yoghurt production volume, the uptake
of the intervention is the highest in the South-West, an area covering about 7% of Uganda. This region
is among the wealthiest parts of Uganda (after Kampala) [20], responsible for 34% of the produced
milk in the country [7], and contains 67% of the milk collection centers [8]. The local milk-culture
already includes the consumption of naturally fermented milk. Many people have their own relatively
large dairy farms with on average 25 cows, and are therefore interested in value addition to their
produce. In terms of gender balance, many yoghurt producing entities in these regions are deployed
by women groups, which can be seen from the fact that 66%—-75% of the people involved are women,
with an average group size of 6.5-9.8 people (Table 1). These are commonly women above a certain
age (seen from the low number of youth involved) who are not fully occupied with the care for young
children anymore and can free up time for other activities [81]. Historically, the women in this area are
in charge of the production of traditionally fermented milk called ‘bongo’ or ‘makamo’. This region
also has a strong social cohesion and a group-culture, as is reflected by the relatively large average
number of people actively involved in production units [81].

In South-East Uganda, where poverty rates are four times higher compared to South-West
Uganda [20], preparing yoghurt is not seen as a social activity for groups, rather as a livelihood
strategy [82]. Businesses are mainly deployed as a form of income diversification by older male
individuals or male-owned dairy cooperatives (75% male-owned, but 0% youth-owned) who employ
young men to do the work (Table 1). The population in this region is less likely to unite in groups
compared to the national average [81] due to financial constraints related to entrance barriers
(subscription fees), low direct returns when initial profits are retained by the groups, and the luxury of
“leisure’ for spending time in groups. With an average of 2.6 people involved per production unit and
the lowest average weekly volumes of 115 L per week, this region is dominated by scattered individual
small businesses (Table 1). Because of these lower levels of social capital and trust, governance issues
of production units that work in collectives or cooperative setting have proven to be a challenge in this
area. In order to reach a large group of consumers in East Uganda where the purchasing power of the
population is small, yoghurt selling prices are lower compared to other areas.

The Teso sub-region is a rather remote, rural, and less developed area. Due to the large distance
from Kampala, which is the economic center of Uganda, and the poor infrastructure in large parts of
the region, not many industrial yoghurt companies have penetrated this area. Yet this region has a
culture of consuming locally fermented milk, and yoghurt is hence a popular product, as long as it
is sold at affordable prices. Local yoghurt producers hence find themselves almost a monopoly in a
wide area, and venture into production of large volumes with low profit margins. This is reflected the
highest average production volumes compared to other sub-regions. Besides, youth ownership and
participation are the highest in this region (Table 1).

Contrary to South-West and East Uganda, where a larger proportion of the producers lives in deep
rural areas and the probiotic yoghurt is supplied at wholesale price to for example shops, restaurants,
and/or schools, the yoghurt producers in Central Uganda are mostly located in trading centers and
urban areas. These regions comprise of a mixture of ethnic groups and their sub-cultures, hence no
clear trends in production characteristics could be derived.

3.4. Health Benefits

Although in the school study in Aparisa-Asamuk primary school no placebo was used and the
occurrence of seasonal influences cannot be excluded, during the 5.5 weeks of daily consumption of
probiotic yoghurt with the L. rhamnosus yoba 2012 bacterium we observed a decrease in the occurrence
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of illness and use of medication, as indicated by the parents, a reduction of the incidence of skin
rashes, as indicated by a nurse, and a decrease of absenteeism from school, as indicated by the teachers.
Similar to what has been reported in an Argentinean intervention study with probiotic yoghurt [83],
the obtained data suggests that the daily provision of 100 mL of probiotic yoghurt could bring health
benefits and increase school attendance. In order to better investigate the health promoting benefits
of probiotic yoghurt, we recommend to perform a placebo-controlled study with school children in
Uganda over a longer time period. Ideally, in such a such a two-arm study, the health status of children
consuming the probiotic yoghurt containing L. rhamnosus yoba 2012 is monitored and compared to a
group of children consuming an equal amount of non-fermented milk.

3.5. Outlook

At the conducted scale, the concept presented here has shown to function as a rural poverty
reduction strategy. Since the probiotic starter culture can also be used for the fermentation of cereals
such as millet and corn [73,84], the scope of application can further extend. This is particularly relevant
for the purpose of detoxification (reduction of aflatoxins) [54]. We envision that this concept and
the direct way of working together with the local communities can also be implemented in other
African countries. For future expansion, moderate financial and institutional sustainability needs
to be granted. Ideally, African governments should be brought on board as the local production of
affordable healthy foods directly affects health economic related parameters and general economic
development opportunities [71]. Furthermore, a favorable political climate, including access to
education, infrastructure, and finance, will positively impact business outcomes [21]. Table S3
summarizes the mechanisms that are in our view needed to increase the number of sustainable
yoghurt production units, or related businesses. The greater income diversification through non-farm
activities is expected to cause more rapid growth in earnings and consumption. This will induce a
positive feedback loop, wherein those participating in the rural non-farm economy will gain faster
income growth, which can be invested again into expanded farm or nonfarm activities. Subsequently,
rural development is expected to be improved and poverty to be reduced.

4. Methods

4.1. Intervention Set-Up

A schematic overview of the intervention set-up is given in Figure 5. One of the key components
is connecting to already existing dairy communities and/or small-scale dairy processors. Next, farmers
and dairy processors are taught how to upgrade fresh milk production to probiotic yoghurt business.
Focus is on hygiene and quality awareness, technical capacity building, packaging, as well as marketing,
business administration and creation of linkages within the value-chain. In order maximize the
sustainability of the concept, the processing units invest in equipment and raw materials, without any
financial support, and have full ownership over their yoghurt production and sales. Only the training
and coaching are provided for free.
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Figure 5. Systematic outline of the set-up of the intervention of locally produced probiotic yoghurt.
The bacterial starter culture and the specific production protocol are described by Kort et al. [73] and
Westerik et al. [74], respectively.

4.2. Production of Probiotic Yoghurt

The characteristics of the probiotic starter culture and its specific use have recently been
described [73,74]. In short, the dried starter culture consists of L. rhamnosus yoba 2012 and an
adjuvant strain Streptococcus thermophilus C106. Upon rehydration in milk and at a temperature
of approximately 37 °C, the bacteria revitalize and start growing and converting the raw milk into
yoghurt. The S. thermophilus strain enables the lactose negative L. rhamnosus strain to propagate in
milk. The L. rhamnosus yoba 2012 strain is the generic variant of world’s best documented probiotic
bacterium L. rhamnosus GG [72]. Sachets containing one gram of starter culture were produced by the
Yoba for Life Foundation (Amsterdam, The Netherlands) in collaboration with CSK Food Ingredients
(Leeuwarden, The Netherlands), Lactosan (Kapfenberg, Austria). The sachets are sold from regional
distribution centers to yoghurt producers for a price of 2000 UGX (approx. 0.56 US dollar) per sachet.
1500 UGX covers the sachet production and distribution cost, and 500 UGX is a compensation for the
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sachet distribution center. One gram of starter culture allows for the production of up to 100 L of
probiotic yoghurt.

Prior to production, the quality of the locally sourced milk is tested by the producers. After
production, the yoghurt is packed in polythene bags, bottles, or small jerry cans, with volumes ranging
between 125 mL and 5 L. Producers decide on the addition of colorants, sugar, and flavors like
strawberry, vanilla, or mango to adjust color and taste according to local consumer demands and
national food standards. Occasionally, producers use potassium sorbate from local suppliers as an
accepted food preservative. Yoghurt is sold either at the production site, distributed to trading centers
or nearby selling points like kiosks and supermarkets.

In order to maximize ownership for the probiotic yoghurt production by each production unit,
yoghurts are sold under the brand name of the local producer. A brand added benefit mark, in form
of a “Yoba inside” stamp, is used to differentiate the probiotic yoghurt from non-probiotic variants,
see examples in Figure S1. Besides the empowerment of local communities in setting-up their own
business in probiotic yoghurt, a second component of the intervention is the contribution to the
improvement of health by creating access for the (rural) Ugandan population to locally produced
yoghurt that is naturally enriched with the probiotic strain L. rhamnosus GG.

4.3. Participating Dairy Companies and NGOs

In the period 2012-2018, 170 dairy companies, including cooperatives, existing dairy processing
factories, women groups and new starting entrepreneurs received training for production of the
so-called Yoba probiotic yoghurt. Bacterial starter culture and training materials were developed
by the Yoba for Life Foundation (Amsterdam, NL). Access to the dairy cooperative networks was
provided through local branches of Heifer International under the East African Dairy Development
project and later under the Fermented Food for Life project, and Dutch Development Organization
SNV under The Inclusive Dairy Enterprise project. The main partners collaborating in this intervention
and their specific roles are listed in Table S1.

4.4. Data Collection and Evaluation

The intervention was studied by means of a non-experimental longitudinal descriptive study.
The study represents a first inquiry and assessment of the possible short and long-term outcomes of the
intervention, over a period of six years. This study therefore forms a starting point for further impact
evaluation, which may confirm and quantify inferences or causal relationships proposed by the current
study. A result chain as shown in Figure 6 was guiding the investigations in this study [85]. During
the present evaluation two main hypotheses have been assessed: (1) Upon training and by providing
access to bacterial starter cultures, local groups and entrepreneurs will be able to set up a successful
yoghurt business. (2) A probiotic yoghurt production business will lead to additional income under the
local circumstances. In addition, based on available data from previously conducted studies, we have
evaluated the potential health impact on consumers upon frequent probiotic yoghurt consumption.

| Inputs | - | Activities | - ‘ Outputs ‘ - ‘ Qutcomes ‘ - ‘ Final outcomes ‘
¢ Budget * Basic training * 170 trainings e 116 producers * Increased income
e Staff * Workshops * 5 workshops » 25,947 litre/week * Potential to
e Starter Culture * Participate in * 32 shows and * Average 209 enhance community
shows & exhibitions exhibitions litre/producer health
* Follow-up * 5 roadshows * 12 starter culture
agents

Figure 6. Result chain of the intervention. The first three stages (inputs, activities, and outputs) are
controlled by the intervention. The outcomes are achieved when the beneficiaries choose to use the
opportunities created by the intervention. The final outcomes represent the goal of the intervention.
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Data collection methods included periodic interviews, written inquiries, and focus group
discussions with the producers and other stakeholders, like NGOs operating in the dairy sector,
local leaders, and players in the fresh milk sector, as well as the government represented by the
Dairy Development Authority. Questions related to (i.) production volumes, (ii.) number, age,
and gender of people involved in yoghurt production and sales, and (iii.) type of products produced
(size, packaging material, and price). A market survey was conducted among 634 respondents in
urban, semi-urban and rural areas about their perception of the concept of probiotic yoghurt, and their
general consumption preferences for similar products. In addition, anecdotal data was obtained
through continuous face-to-face interactions with the production units and on-site observations.
Probiotic yoghurt producers were categorized as dairy cooperatives, collectives, or individual dairy
processors with or without prior experience in yoghurt production.

Health benefits were investigated by means of literature review looking at clinical trials and
health impact assessments of the consumption of Lactobacillus rhamnosus GG. Besides, a nutritional trial
testing the health impact of consumption of Yoba yoghurt was conducted in 2017 at Aparisa-Asamuk
primary school in Uganda. A total of 245 pupils aged between 3 and 10 received 100 mL of probiotic
yoghurt every day from Monday till Friday for 5.5 weeks. Yoghurt was consumed in addition to the
regular family meals at the children’s homes or at school as packed lunch. The Yoba yoghurt had
an estimated caloric load of 80 kCal and a cell count of approximately 2.5 x 107 CFU/mL, implying
that portions of 100 mL contain 2.5 x 107 CFU. By means of a questionnaire parents of the children
were asked about the health status of the children and the use of medication before, during, and at the
end of the intervention. With the same frequency, a nurse checked the condition of the skin and the
teachers were asked to monitor the absence level of the pupils.

Probiotic yoghurt containing L. rhamnosus yoba 2012 and S. thermophilus C106 was prepared
by Amuria Farmers’ Cooperative Society Limited, Amuria town, Amuria, Uganda, on a daily basis
in agreement with the Yoba for Life production protocols [74]. The yoghurt was packed in 100 mL
polythene packaging bags as supplied by Heifer International. The cooperative was responsible for
daily transport of the packed yoghurt to the study site. Yoghurt had to be delivered before 12 PM from
Monday-Friday. Data was analyzed using SPSS software, ENA for Smart and Anthroplus software.

5. Conclusions

We conclude that the combination of a training program and access to an affordable and stable
probiotic starter culture to increase health and wealth of local communities by the use of existing
infrastructures and preferences can be taken as a positive reference for deployment of self-sustainable
activities that contribute to value addition at multiple sites along the food chain in sub Saharan Africa.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/2078-1547/10/1/2/s1,
Figure S1: Figure S1. Picture of the “Yoba Inside” brand added benefit mark and two examples of packaging
design used by local producers, Table S1: Improving Health and Wealth by an intervention with an affordable
starter for locally produced probiotic yoghurt in Uganda—Main partners, Table S2: Average cost and profits per
liter of probiotic yoghurt in Uganda as function of production volumes. Note: Sales price is set at 4.000 UGX per
liter, Table S3: Mechanisms behind the implementation of sustainable probiotic yoghurt production units and
related effects. Inspired by the McKinsey Psychology of Change Management (Lawson E, Price C. The psychology
of change management. McKinsey Q. 2003;30—41).
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