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SUMMARY/RESUME
Eugene Karenzi (2015). Fermentation du kivuguto, lait traditionnel du Rwanda:

mise au point d’un starter lactique. These de Doctorat. Université de Liége Gembloux

Agro-Bio Tech. Belgique. 191 pages. 16 tables. 28 figures.

Résume

Une recherche pour la production industrielle du kivuguto, lait caillé traditionnel du Rwanda a
été entreprise par la sélection de micro-organismes responsables de la fermentation de ce lait
normalement produit artisanalement. Pour ce faire, il fallait une mise au point d’un starter
lactique a partir des isolats issus des échantillons de lait artisanal kivuguto.

Au terme de quatre échantillonnages, un dénombrement, un isolement et une purification ont
abouti a conserver dans la Collection du CWBI 390 souches pures. Par des analyses
phénotypiques (microscopiques, biochimiques), associées a des tests de résistance aux
conditions extrémes et a une analyse préliminaire des propriétés technologiques, 7 souches
ont été pré-sélectionnées pour la poursuite du screening. Une caractérisation moléculaire par
la méthode de 16S ADNr associé ou non a I’'ITS 16S-23S ADNr a assimilé ces souches a
deux Lactococcus lactis, deux Leuconostoc mesenteroides et trois Leuconostoc
pseudomesenteroides. Des essais de formulation de laits fermentés par des mélanges de
souches et leur conservation pendant 24 jours ont permis de formuler un lait fermenté
semblable au lait artisanal kivuguto par 1’association d’un Lactococcus lactis, d’un
Leuconostoc mesenteroides et d’un Leuconostoc pseudomesenteroides. En effet, lors d’une
analyse sensorielle discriminative, un jury de dégustation constitué de huit personnes est
parvenu a identifier ce lait formulé parmi deux autres laits fermentés commercialisés aussi sur
le marché a des différences significatives de p=0.05 dans une premiére série et p=0.01 dans
une deuxieme serie. Des analyses technologiques proprement dites ont montré que ce lait
formulé fermente aprés 14 heures avec une acidification de 73°D a pH4.6 et a 19°C, présente
des caractéristiques d’un fluide visco-élastique. Son activité protéolytique est moyenne pour
ne pas développer des peptides responsables de I’amertume en stockage. Son profil
aromatique comporte cing composés principaux 3-méthylbutan-1-ol, pentan-1-ol, acide
acetique, furanméthan-2-ol et furan-2(5)H-one clairement identifiés par GC-MS. L’étude de
la production et de la conservation de trois souches sélectionnées a montré une bonne stabilité

sur trois mois a 4°C avec des viabilités cellulaires >90%, mais moins bonne a 20°C.



Eugene Karenzi (2015). Fermentation of kivuguto, a rwandese traditional milk:

making a starter culture (Ph.D. Thesis). University of Liége - Gembloux Agro-Bio
Tech, Belgium. 191 pages. 16 tables. 28 figures.

Summary

A research for the industrial production of kivuguto traditional curd of Rwanda was
undertaken by conducting a selection of microorganisms involved in the fermentation of that
milk normally produced artisanally by householders. For that purpose, the objective of this
work was the development of a starter culture using strains isolated in the curd milk kivuguto.
After four samplings, an enumeration, isolation and purification led to preserve in the CWBI
Collection 390 pure strains. By phenotypic analyses (microscopic, biochemical) associated
with resistance tests under extreme conditions, as well as a preliminary analysis of
technological properties, 7 strains were pre-selected for a further screening. Molecular
characterization by 16S rDNA method with or without the 16S-23S rDNA ITS assimilated
these strains to two Lactococcus lactis, two Leuconostoc mesenteroides and three
Leuconostoc pseudomesenteroides. Thereafter, these strains were used in mixed assays for
milk formulation of fermented milks and their preservation over a 24 days period helped to
make a fermented milk similar to the traditional kivuguto. An association of one Lactococcus
lactis, one Leuconostoc mesenteroides and one Leuconostoc pseudomesenteroides developed
a much closer kivuguto artisanal milk. Indeed, in a discriminative sensory analysis, a tasting
panel of eight people reached its identification among two other fermented milks sold also on
the local market with significant differences of p=0.05 in the first series and p=0.01 milk in a
second series. Technological analyzes showed that this formulated milk ferments within 14
hours after acidification of 73 °D at pH4.6 and 19 °C, has the characteristics of a viscoelastic
fluid. It presents a mean value of proteolytic activity, so that it can’t develop bitter peptides in
milk during storage. Its flavor profile includes five main compounds: 3-methylbutan-1-ol,
pentan-1-ol, acetic acid, furanmethan-2-ol and furan-2(5)H-one clearly identified by GC-MS.
The study of production and viability in storage of the three selected strains showed good

stability over three months at 4 °C with cell viabilities >90% and less at 20°C.
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Avant-propos

Cet essai est présenté sous forme d’articles scientifiques avec une étude théorique sur la

fermentation du lait et les ferments utilisés en laiterie, le tout en huit chapitres.

Le chapitre 1, intitulé "Milk fermentation” précise la problématique de la recherche et le
contexte global du secteur laitier a 1’échelle mondial avec une projection sur la situation
actualisé du secteur laitier du Rwanda de fagon générale et, de fagon particuliere, sur les

connaissances actuelles de la fermentation du kivuguto, lait fermenté du Rwanda.

Le chapitre 2 "Dairy starter cultures" se charge de la sélection des micro-organismes
utilisés dans les produits laitiers, en soulignant et en actualisant les principaux genres entrant
en composition des ferments, leur taxonomie, leurs propriétés technologiques et leur

production industrielle.

Le chapitre 3 "Selection of microbes in kivuguto milk" marque le début des analyses
expérimentales et se consacre a la sélection des micro-organismes véhiculant 1’identité du
kivuguto et le chapitre 4 "Technological properties” analyse les aspects technologiques de

ces micro-organismes.

Les chapitres 5 et 6 concernent la caractérisation des souches sélectionnées sous 1’aspect
production, procédés post-fermentaires et conservation pour formuler le starter lactique du

kivuguto.

Le chapitre 7 traite de la production et de la stabilité du kivuguto, avec a la fin un chapitre
8 pour discuter les données essentielles issues des chapitres précédents, suivi d’une
conclusion générale pour mettre en évidence les éléments les plus importants de cette étude,

leur impact et les perspectives pour des travaux futurs.

XiX



CHAPTER I. MILK FERMENTATION

Chapter 1

Milk fermentation

La fermentation du lait (chapitre 1) constitue un chapitre introductif. Il présente un
panorama général de la production du lait, de sa répartition géographique mondiale et de
[’état actuel des enjeux socio-économiques de ce produit (General Aspects). Ensuite, ce
chapitre se penche sur le contexte de ce travail. Il détaille les contours de cette recherche en
mettant en exergue les objectifs et en structurant les stratégies pour les atteindre. En outre, il
précise [’état actuel de la fermentation laitiere au Rwanda (Global context of milk
fermentation in Rwanda). Pour cela, dans un article publié dans la revue BASE, il fait une
étude descriptive de la fermentation traditionnelle du kivuguto, de la production laitiere au

Rwanda et de la situation actuelle de l'industrie laitiere rwandaise.
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1. GENERAL ASPECTS

Milk is a white secretion of mammals produced by the mammary glands from many animals
like cow, buffalo, goat, sheep, camel, horse, yak and zebu. It is very nutritious and serves
primarily to nourish the young animals before being able to digest other food. In the present
work, we will talk about milk from cow. Indeed, in regulatory terms, the word milk without
indication of the animal species means cow's milk. Any other milk from other animals is
coupled with the name of the animal it comes from, like buffalo milk, camel milk, goat milk
(Decree of 25 March 1924 on milk and dairy products).

The Codex Alimentarius states that raw milk has not undergone heat treatment above 40°C or
any other treatment having an equivalent effect. Nowadays, raw milk is defined by European
regulations (Corrigendum to Regulation (EC) No 853/2004 of the European Parliament and of
the Council of 29 April 2004) as milk produced by the secretion of the mammary gland of
farmed animals and not heated above 40°C or subjected to treatment having equivalent effect
(EUR-LEX, 2004). The Food and Drug Administration (FDA), under the US Public Health
Services (USPHS), defines milk as the lacteal secretion, practically free from colostrum,
obtained by the complete milking of one or more healthy cows, which may be clarified and
may be adjusted by separating part of the fat therefrom; concentrated milk, reconstituted milk,
and dry whole milk (Hickey, 2009).

Milk constituents are synthesized in specialized epithelial secretory cells known as
mammocytes from molecules absorbed from blood (Fox and McSweeney, 1998) especially
precursors of milk protein and carbohydrates. Other constituents like milk salts, some
hormones and some proteins like immune-globulins come intact from blood. Therefore, the
precursors of milk components enter the epithelial cells and follow the specific synthetic
pathway.

Milk has a slightly acidic pH about 6.6 when left udder’s cow. The main constituent of milk is
water at about 87%. It also contains proteins, fats, lactose, and various vitamins and minerals
known also as milk salt or ash with calcium, sodium, potassium and magnesium as major
components. There are two types of proteins in milk: casein proteins and whey proteins.
About 90% of milk protein is composed of casein and is produced early in mammary glands
as well as the whey proteins. This nutritious content makes it very perishable due to micro-

organisms in like of this rich nutrients. When microorganisms are fermentative, milk changes
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its structure in the process called coagulation, otherwise it spoils with pathogenic microbes
contamination.

During coagulation, the fermentation process produces acidic dairy products by breaking
down of milk complex organic substances into simple molecules. Lactose is the main source
of energy in milk. For lactic acid fermentation, the electrons released by the huge molecule of
lactose during glycolysis are passed to pyruvic acid to form two molecules of lactic acid.
Lactic acid fermentation is carried out by many bacteria, mostly by the lactic acid bacteria
used in the production of fermented milks and other dairy products. Fermentation is one of the
oldest methods practiced by human beings for the transformation of milk into products with
an extended shelf life.

The manufacturing of cultured dairy products represents the second most important
fermentation industry (after the production of alcoholic drinks) (Khurana and Kanawjia, 2007;
Anon, 2003). The study of Euromonitor international showed that global sales of dairy
products in 2002 reached 211.5 billion USD (Adwan, 2003). In 2010, world milk production
(figurel) is approaching 711 million tons, marking a slight increase of 2.6% compared to
2009.
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CNIEL / IDF, FAD Food Cutlook, December 2010

Figurel. Distribution of world milk production (millions tons) in 2010 (Rouyer, 2011).

Global production is dominated by cow's milk with 83% of the amount produced in 2010
(CNIEL, 2013). Behind, buffalo milk accounts for 13%. From the female buffalo, or 'wild ox’,
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the buffalo milk is not popular in Europe and is mainly collected in Asian countries (India,
Pakistan, China); followed by goat milk (2%), sheep (1%) and other mammals, such as
camels (0.2%) (CNIEL, 2013). However, popularity of dairy products, westernisation of diets
and the increasing range of dairy products continue to be the key drivers underpinning dairy
markets worldwide (OECD/FAOQ, 2011). The global dairy market is up to now dominated by
western countries marked by a wide variation in liquid milk consumption per capita with
about 50 to 100 kg per year. On that group of countries, we can add some countries like
Brazil, Australia and New Zealand. Other countries are less than 50 kg per capita and per
year. The same figures are similar both in production and trade (figure 2). But the new trend
released by the 2012 World dairy situation shows an increase in import and consumption of
Russia, Brazil, India and China (figure 3) as emerging countries driving now global economy,
but the main suppliers remain the European Union, USA, New Zealand and Australia.

Fermented milks are manufactured throughout the world and approximately 400 generic
names are applied to traditional and industrialized products (Khurana and Kanawjia, 2007;
Kurmann et al., 1992) but unknown traditional milks lack on the list, especially in Africa and

other developing countries.
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Figure 2. World milk trade: market shares (Krijger, 2012).

Nevertheless, many authors agree that many of these names actually refer to the same sort of

preparation and that "only" something like 300 different preparations can really be identified
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(Thormahlen et al., 2005). However, among all of those milks, there are those well known
and well characterized, but the first fermented milk well researched may be the yogurt and is
produced worldwide using two strains of Streptococcus thermophilus and Lactobacillus
delbrueckii subsp. bulgaricus.

The fermentation of milk is first an ancient practice of preservation and is believed to date
around 9000 BC in Irak, and this technique has spread to other regions with the migrations of
people to Europe and Asia. The products of this fermentation are fermented milks, but also
cheese, butter, buttermilk. Until very recently, the nutritional values remained unknown, but
already in Eastern Europe, around the 19" century, people see in fermented milks more than
nutritional virtues, even better therapeutic attributes and well-being, able to give longevity to
people whose diet is fermented products based. Yogurt, kefir and koumiss are fermented
products of this region. Scientists found therefore an object of study and with new data that
provides microbiology as an emerging science at that time, they began to make the first tests

on yogurt with Professor Metchnikoff in collaboration with the Pasteur Institute.
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Figure 3. Strong relation between Gross national income (GNI) and dairy consumption
per capita (Krijger, 2012).

Around 1920, two strains appear to be the bearers of the identity of yogurt. Much later, other
fermented milks have been studied in Europe and Asia and their biochemical formulations

were well established. At that time, with the tools of molecular biology, microbial selection
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techniques have given birth to a wide variety of products with distinct and pleasant flavors.

In Africa, research on microbial selection allowed knowledge of fermented milks of Maghreb,
but also from Senegal, Sudan, Zimbabwe, South Africa, Ethiopia, Ghana, etc. The fermented
milk produced depends so far on the type of microbial cells involved, and subsequently on the
environment conditions. The well known fermented milks are yogurt ("yog" means thick,
"urt” milk) and kefir. The yogurt fermentation is a homolactic fermentation (Nauth, 2004) in
which the lactose utilization involves lactose transport into the cells via proteins cytoplasmic
lactose permeases. In this process, the bacilli yogurt cell coagulates milk rapidly, giving it a
strongly acidic flavor (Metchnikoff, 1908), but the curdled milk presents a very pleasant
flavour due to the association with a Streptococcus genus. Kefir is an acid-alcoholic dairy
beverage originated in Eastern Europe. It is traditionally produced with kefir grains which are
small, irregularly shaped, yellowish masses (Zajsek and Gorsek, 2010). These Kefir grains
have a varying and complex microbial composition that includes species of yeasts, lactic acid
bacteria (LAB), acetic acid bacteria (AAB), and mycelial fungi (Witthuhn et al., 2005). There
are two types of fermented milks, the traditional and the nontraditional. Traditional fermented
milks have a long history and are known and made all over the world whenever milk animal
were kept (Gaden et al., 1992). There are two main types: (1) products prepared with a
defined culture and (2) products with a non-defined or empirical culture (Kurmann et al.,
1992). In contrast, nontraditional fermented milks are recently developed. They are based on
known scientific principles, their microbial cultures are known, and their quality can be
optimized (Gaden et al., 1992). In many countries, over the centuries there has been a gradual
shift from uncontrolled fermentation procedures, in which the microflora is not defined,
towards a new generation of fermented milks in which the microflora is defined (Danone,
2005).

In Rwanda, the kivuguto fermented milk, the main topic of this study is well known for
several centuries. Nevertheless, it is only very recently that scientists began to think about the
industrial production of that fermented milk well appreciated both by citizens and foreigners.
Although its specificity and its appreciation against other fermented milks produced
industrially are obvious, the kivuguto quality is lacking in stability as far as space and time are
concerned. The primary objective of this work is therefore the development of a starter culture
from microorganisms selected in the natural environment of kivuguto for industrial production

of that foodstuff. To understand and to overcome this issue, four strategies were adopted:
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Strategy 1. Selection of microbial starters (Chapter 3)
e Sample milk in two regions of Rwanda, away from areas with exotic strains
e Isolate and characterize phenotypically fermentative microorganisms
e Characterize genotypically by means of the 16S rDNA and/or 16S-23S rDNA coupled
to PCR and sequencing

Strategy 2. Technological properties of microbial starters (Chapter 4)
Characterize technologically micro-organisms responsible for the formulation of kivuguto

starter culture:

Acidification & cell viability
* Rheology

Production of flavors

Proteolysis

Sensory analysis

Strategy 3. Production and preservation of microbial starters (Chapters 5 & 6)

* Production in 20 liter bioreactor in batch and/or fed-batch, followed by down-stream process
consisting in centrifugation, cryoprotection, freeze-drying and/or spray-drying.

* Preservation of micro-organisms by vacuum packaging freeze-dried cells and/or spray-dried

cells on three months.

Strategy 4. Production and stability of kivuguto made with selected strains (Chapter 7)
* Production of kivuguto in 2 liters and 20 liters
» Studying the stability of kivuguto under refrigeration for 36 days to assess the evolution of

acidity, microbial viability, rheology, proteolysis and volatile compounds (VCs).
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2. GLOBAL CONTEXT OF MILK FERMENTATION IN RWANDA

Fermented milk in Rwanda is called kivuguto and is consumed since ancient time, probably
with the first introduction of cattle in the country. Since then, it is produced by traditional
method used also to prepare butter or buttermilk.
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ABSTRACT

Kivuguto traditional fermented milk and the dairy industry in Rwanda. Traditional
methods of fermenting milk involve the use of indigenous microorganisms, leading to the
production of a variety of tastes in fermented milk products. Kivuguto is a fermented milk
product, which is popular in Rwanda. Kivuguto is produced by traditional spontaneous
acidification of raw milk by a microflora present both on utensils and containers used for milk
preservation and in the near environment of cattle. Thus, this method does not allow the shelf
stability of the product. Faced to such a situation, modern dairies now produce fermented milk
and other dairy products using exotic strains. The main objectives of this paper are firstly, to
provide documentation on the traditional production of kivuguto, as well as its by-products,

and secondly, to describe the current situation of the dairy industry in Rwanda.

Keywords. Lactic fermentation, traditional technology, cultured milk, dairy industry,
Lactococcus lactis, Leuconostoc, Rwanda.

RESUME

Lait fermenté traditionnel kivuguto et Dl’industrie laitiere au Rwanda (syntheése
bibliographique). La fermentation traditionnelle du lait, de loin la plus pratiquée au Rwanda,
est effectuée par des micro-organismes indigénes. Cela conduit a la production d’une variété
de saveurs dans les produits laitiers fermentés. Le kivuguto, un produit laitier obtenu par cette
fermentation, est caractérisé par un manque de maitrise de qualité aussi bien dans 1’espace que
dans le temps. Elle est produite par 1’acidification spontanée du lait cru par une microflore
rencontrée dans les ustensiles utilisés pour la conservation du lait et dans I’environnement
proche du bétail. Face a une telle situation, les laiteries modernes produisent du lait fermenté
et autres produits laitiers en utilisant des souches exotiques. L’objectif principal de ce travail
est de documenter la production traditionnelle du Kkivuguto et ses sous-produits, et

d’extrapoler a la situation actuelle de I’industrie laitiere au Rwanda.

Mots-clés. Fermentation lactique, technologie traditionnelle, lait fermenté, industrie laitiére,
Lactococcus lactis, Leuconostoc, Rwanda.
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1. INTRODUCTION

Rwanda is located between latitudes 1°04° and 2°51° South and longitudes 28°45” and 31°15°
East. It is a landlocked country situated between Burundi in the South, Tanzania in the East,
the Democratic Republic of Congo in the West and North-West and Uganda in the North. Its
altitude above sea level varies from 1,000 m to 4,507 m, with the highest point situated at the
Karisimbi volcano, one of six in a chain of volcanoes extending from the far east of Congo to
the North-West of Rwanda. Rwanda has a temperate tropical highland climate, with
temperature variations across the country of between 14 °C and 25 °C. There are two rainy
seasons in the year, from February to June and from September to December, and two dry
seasons from June to September and from December to February. Rainfall varies
geographically, with twice as much average annual precipitation in the West as in the East.
These environmental conditions give Rwanda a mild and cool climate, which guarantees good
pasture, providing sustainable welfare conditions for animals. Animal husbandry has been an
integral part of the Rwandese culture for many centuries. Cattle, in particular, have served as
a symbol of political power and have been the traditional mainstay of the Rwandese economy
(Adekunle, 2007). Rwanda is faithful to its agro-pastoral tradition and, as such, over the
centuries, the cow has taken on an importance in all areas of the country’s culture. In all the
social activities associated with cows (language, ceremonies, speeches, customs and taboos in
their honor), the symbolic value of the animals transcends their economic value. Nevertheless,
cows have been exploited for centuries by the Rwandese people for their meat, skin and milk.
It is believed that milk has been consumed since the domestication of cattle. Milk represents
an important food, and its nutritional value as well as its many health benefits have been well
known to Rwandese society since ancient times. Milk consumption used to be the privilege of
a few rich families and, as such, cows have played a somewhat divisive role in Rwandese
society. Today, attempts are being made to build a new society where all people share the
same values. As part of this approach, opportunities are being created and different policies
are being implemented in order to develop the livestock sub-sector and the dairy industry in
particular. Agriculture now contributes 40% to Rwanda’s national GDP (Gross Domestic
Product), of which 8.8% comes from livestock (animal resources). According to Rutamu
(2008), annual milk production in Rwanda in 2005 was estimated at 178,598 tons of milk, and

this quantity is not sufficient to satisfy the needs and requirements of the population. The
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average milk consumption in Rwanda is 0.035 | per person per day (13 | of milk per person
per year) and 75% of that milk is consumed in rural areas. Given this situation, the country is
forced to import milk from Uganda and Kenya. The Ministry of Agriculture (MINAGRI) has
set up strategies and programs to improve the dairy farmer’s capacity and organizational
skills, with an emphasis on the dairy chain and on the strengthening of the institutional
framework at central and local levels (MINAGRI, 2009). In the present paper, an overview of
traditional technology for producing kivuguto and its by-products is presented. New trends for
the development of the dairy industry in Rwanda as well as information on milk consumption

and the milk market are also discussed.

2. KIVUGUTO AND ITS BY-PRODUCTS

2.1. Kivuguto processing technology

In the traditional method of producing kivuguto, once the cow has been milked, the milk is
placed in a jar called an inkongoro. After this, the milk is poured into a big, clean, wooden jar
called an icyansi and is left at room temperature in a warm and clean place called an
uruhimbi. In order to keep the product safe, the jar is usually covered either with a straw-
woven lid known as an umutemeri or with a lid made from a calabash. A fermentation period
of at least 2 to 3 days is required in order to obtain good kivuguto. Figure 1 shows a flow
chart for the traditional processing of kivuguto and its by-products.

The typical flora that creates the traditional sour milk, kivuguto, was not, to date, specifically
selected and applied in producing the drink in dairy. This flora is very complex and varies
from one location to another, as it is the case for all traditional curds. In addition, the lactic
flora lives alongside a pathogenic flora, which also varies depending on the level of the
personal hygiene of those preparing the kivuguto. Nevertheless, despite the disadvantages of
the process, traditional fermentation remains the most convenient method in Rwanda. The
microorganisms used are indigenous strains, which are left to develop naturally during the
production process. However, in order to standardize this process, the need has arisen for the
selection and application of specific strains.

These microorganisms are responsible for the acidification, texture, flavor and other

organoleptic characteristics, which give the kivuguto curd its highly appreciated taste.
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However, in order to standardize this process, the need has arisen for the selection and
application of specific strains. These microorganisms are responsible for the acidification,
texture, flavor and other organoleptic characteristics, which give the kivuguto curd its highly
appreciated taste. This microflora is found in containers commonly used for storing milk. Its
habitat is also easily located in the near environment of cattle (pasture, paddock, cattle dander,
air, etc.). The preparation of the kivuguto curd varies between regions. In most cases, raw
milk is stored directly in a vessel until it ferments spontaneously via microorganisms
contained in the milk. These microorganisms come either from inside container or from the
air in the surrounding environment. Note that in all methods of kivuguto production, the
vessel is not hermetically sealed. Also, from time to time, the kivuguto of a previous batch is
used in small quantity as a starter added into new fresh milk. In other cases, raw milk is first
heated to boiling point and then cooled to room temperature. It is then stored for 24-36 h
before coagulation.

[ Rawmik |
—e—-

coagulation

kivuguto kivuguto
| churning process |
|
I ]
kimurior butter amacunda or buttermilk
|
I ]
cooking butter cosmetic butter

Figure 1. Diagram for processing of kivuguto and its by-products —
Schéma de préparation du kivuguto et ses dérivés.

In areas of eastern Rwanda, the containers in which the milk is stored undergo special
preparation: washing with the hot smoke derived from burning two species of plant, one of
which is an herb of the Poaceae (grass) family, and the other a shrub called Combretum
molle. The grass used is first stripped of its roots and all its leaves, leaving a single short stem,
which is then dried in the sun. These dried stems (rods) are then collected into small bundles
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and are stored for more than six months in the house. During this time, smoke from the
kitchen covers the bundles of rods with a reddish layer. At the end of this period, these rods
are burned in a small pot fitted with one large and one small opening. First, the rods are
inserted into the large opening of this small pot and are burnt, second the mouth of a vessel —
a small wooden vessel (inkongoro), or a small gourd — is placed over the smaller opening of
the pot in order to capture all the smoke that emerges. After a while, the vessel is removed
and the inside is wiped with a kind of cloth made out of tree bark. The vessel is then placed
back over the emerging smoke, then removed and wiped inside again, and so on. The exercise
Is repeated several times in order to make the inside of the vessel very smooth. At the end of
the procedure, the vessel is kept closed. When milk is placed in a container prepared in this
way, the fermentation process takes about 36 h, and a very good curd is produced, with a solid
texture. For larger containers, the washing process is carried out using smoke obtained by
burning a single large stem of the shrub, which has not been completely dried. The stem is
burned and the vessel is held upside down directly over the smoking stem. The vessel is then
wiped several times as before. In both procedures, the fermented milk stored in these
containers has a smell and taste of smoke, which is highly appreciated both by Rwandese
people and by others in the region. What is clear is that this smoking process ensures that
these containers are clean, so that there are usually very few pathogens affecting the texture of

the curd.

2.2. The traditional churning process

Milk stored in a small gourd will ferment to give kivuguto milk, which is then used in this
liquid form. On the other hand, when milk is left to ferment in a large gourd (igisabo), or in a
calabash (figure 2), additional processing is applied to the resulting kivuguto milk. Here the
kivuguto is churned to produce kimuri (butter) or amacunda (buttermilk). In order to produce
these products, the kivuguto is first of all stirred while it bubbles in a butter churn usually in
the form of the calabash in which the milk was fermented. This churning process takes at least
2 h. During this time, the fat from the kivuguto coalesces and the separation between liquid
and solids becomes more marked. The fat is removed and the liquid left behind in the churn is
buttermilk, a product drunk as such. Buttermilk produced in this way has a characteristically

sour taste caused by lactic acid bacteria involved in milk lactose hydrolysis during
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fermentation. The extracted fat is then used in one of two ways. It may be heated with some
natural perfuming additives to be used as a cosmetic body cream. On the other hand, the fat
may be well preserved for a half-year or a full-year period, allowing the manufacture of a
solid tasting yellow fat called butter or amavuta akuze, which is good for food preparation.
Sometimes, this butter is seasoned with additional ingredients such as onions, garlic, etc., in

order to add flavor to meals.

Pictué: enzi E.
Figure 2. A traditional butter churn or igisabo - une baratte traditionnelle ou igisabo.

3. CHARACTERIZATION OF KIVUGUTO
3.1. Microflora

In a previous study (Karenzi et al., 2012), we investigated the characteristics of kivuguto.
Using two samples of kivuguto from northern and southern provinces of Rwanda, we selected
the microorganisms responsible for the fermentation of the product and formulated a starter
culture composed of three strains: CWBI-B1466 Lactococcus lactis registered in the Genbank
database under accession number JF313446, CWBI-B1465 Leuconostoc mesenteroides subsp.
mesenteroides,  accession number JF313445 and CWBI-B1470 Leuconostoc
pseudomesenteroides, accession number JF313454.

The kivuguto has a lot of similarities with kule naoto, a traditional fermented milk of Kenya.
The dominant lactic acid bacteria of kule naoto belong to the genus Lactobacillus, followed
by Enterococcus, Lactococcus and Leuconostoc (Mathara et al., 2004). Kivuguto also presents
some similarities with urubu, a traditional fermented milk of Burundi (Nzigamasabo et al.,

2009). To date, the microorganisms of urubu have not been selected. Isono et al. (1994) found
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that the major microorganisms of the Masai fermented milk in Northern Tanzania consist of
Lactococcus lactis ssp. lactis and Lactobacillus confus. Since 1992, a similar study was
carried out on traditional fermented milk of Zimbabwe, amasi (Feresu, 1992). Assays for
formulating a starter culture for the production of amasi were conducted with isolates of
Lactococcus lactis subsp. lactis biovar lactis, Lactobacillus plantarum and Leuconostoc
mesenteroides subsp. mesenteroides (Mutukumira, 1996). However, a sensory panel was
subsequently found to prefer amasi produced by a single strain of Lactococcus (Gadaga et al.,
1999). Lactococcus lactis is the strain responsible for the fermentation of an israelian milk
called zivda. The strain is found in many dairy products and is used mainly for its acidifying
property.

In Sudan, a combination of lactic acid bacteria and yeasts is responsible for the fermentation
of the traditional fermented milk, rob. The predominant lactic acid bacteria in rob
fermentation have been found to be Lactobacillus fermentum, Lactobacillus acidophilus,
Lactococcus lactis and Streptococcus salivarius (Abdelgadir et al., 2001). The predominant
yeasts have been identified as Saccharomyces cerevisiae and Candida kefyr (Abdelgadir et
al., 2001). This association of lactic acid bacteria and yeasts is also found in the fermented
milk of Ethiopia, and in the kefir and koumiss milks of Eastern European countries. The taste
of these fermented milks displays an alcoholic flavor and is less sour, properties that are not
well appreciated in Central and East Africa. The kivuguto also resembles to yogurt, the well-
known example of a fermented milk product. However, the taste is different and the strains of
fermenting bacteria used in yogurt are also different: Lactobacillus bulgaricus and
Streptococcus thermophilus. The taste is the sole reason why people of the Great Lakes
Region (Africa) continue to prefer the traditional kivuguto, although yogurt is also sold at the
local market. Of all the fermented milks discovered to date, the one most similar to kivuguto
is the filmjolk of Sweden, in terms of both consistency and flavor. When people from Central
Africa stay in Europe, they usually consume this milk more than they do yogurt. Filmjolk is a
mesophilic fermented milk, which, like kivuguto, is also composed of two strains of
Lactococcus lactis and Leuconostoc mesenteroides. Filmjolk flavour is also very similar to
Iben of Morocco (Tantaoui-Elaraki et al., 1987), a buttermilk fermented by Lactococcus lactis
subsp. lactis biovar diacetylactis, Leuconostoc lactis, Leuconostoc mesenteroides subsp.

cremoris and Leuconostoc mesenteroides subsp. dextranicum.
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3.2. Acidification and physico-chemical properties of kivuguto

The acidification process of kivuguto is created by two strains: CWBI-B1466 Lactococcus
lactis and CWBI-B1470 Leuconostoc pseudomesenteroides. The third strain responsible for
the acidification of kivuguto — Leuconostoc mesenteroides subsp. mesenteroides — does not
grow on its own in milk. In order to reach the isoelectric point at pH 4.6, CWBI-B1466
Lactococcus lactis takes 8 h whilst CWBI-B1470 Leuconostoc pseudomesenteroides takes 14
h. At that point, the titratable acidity is more than 80 °D. After 4 h of fermentation, a
coagulum begins to form. For a period of up to 8 h, the kivuguto appears as a semi-solid
pleasantly sour product. However, before it is suitable for drinking, it needs to be blended.
Kivuguto keeps well for up to 36 days at 4 °C, maintaining its good flavor; its visco-elastic

properties also increase with the duration of storage.

4. THE DAIRY INDUSTRY IN RWANDA

4.1. Dairy policy

The livestock (animal resources) sub-sector falls under the responsibility of the Ministry of
Agriculture and Animal Resources (MINAGRI). Since 2006, the activities of this sub-sector
have been implemented by the Rwanda Animal Resources Development Authority
(RARDA), as part of the global program of the National Animal Resources Policy. In
Rwanda, there is no dairy sub-sector as such, but cattle farming plays a very important role in
the socio-economic activities of the country. Farming of goats, sheep, pigs, chickens, fish and
rabbits is less well developed. To date, the livestock (animal resources) sub-sector has been
represented mostly by cattle development projects. In 2003, the PADEBL was created as a
separate project with the specific objective of satisfying domestic demand for milk and beef,
as well as of increasing the income of farmers. This project contributed to the implementation
of the “One cow per poor family” (Girinka) program, launched in 2006 to provide cows for
poor families. PADEBL is also responsible for milk quality management: it created and now
owns many milk collection centers (MCCs), each with its own cooling system. PADEBL is
financed by the African Development Bank (ADB). From 2010, MINAGRI restructured its

activities. MINAGRI comprises a Permanent Secretariat to coordinate the ministry’s policies
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and programs through two units at central level: the Strategic Planning & Program
Coordination Secretariat (PPS) and the Internal Resource Management & Finance Unit; and
through two boards at decentralized level: the Rwanda Agriculture Board (RAB), and the
National Agriculture Export Development Board (NAEB). RAB comprises four departments:
Agriculture Extension (formerly RADA — the Rwanda Agriculture Development Authority),
Livestock (Animal Resources) Extension (formerly RARDA), Research (formerly ISAR) and
Infrastructure & Mechanization. Within the new structure, the sub-sector coordinates the
issuing of certificates authorizing imports of domestic animals, semen, fertilized eggs, seeds,
plants and cuttings and other animal husbandry products. It also works in livestock research,
training and information. In addition to inheriting the “One cow per poor family” (Girinka)
program, the sub-sector is also responsible for the “One cup of milk per child” program, and
the “Poultry and Hatchery, Insemination and Small Stock” program (RAB, 2012). The
Girinka program aims at enabling every poor household to own and manage a productive
dairy cow, enabling the family to improve their livelihood through increased milk and meat
production and to improve the soil fertility of their land for their crops using the available
manure (RAB, 2012). The “One cup of milk per child” program is a school milk program
funded by the European Union (EU) to provide milk to children in nursery and primary

schools in order to address the country’s problem of severe child malnutrition (RAB, 2012).

4.2. Milk production and processing

Milk production in Rwanda was estimated to have reached 372,619 tons by 2009 (DMS,
2009), following tremendous efforts made by the government and other stakeholders. In order
to promote milk production in the country, emphasis was placed on bovine genetic
improvement (strengthening the use of artificial insemination, and the importing of exotic
cows). Most of the milk in Rwanda (48%) is produced in traditional or extensive grazing
system in the Eastern Province (Rutamu, 2008). The 2006 Agriculture Survey indicated that
there were 1.2 million cattle in Rwanda, of which 13.6% were milking cows. The survey also
indicated that there were a total of 157,479 milking cattle; improved breeds constituted 23%
of that group, pure breeds 6% and crosses 17% (PADEBL, 2009). In 2010, the NISR
(National Institute of Statistics of Rwanda) revealed the number of dairy cattle in the country
to be 207,507, corresponding to an increase of 25%. The overall total number of cattle was
confirmed to be 1,548,521, with 15.5% of these being represented by exotic breeds
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(Modderman, 2010). The Rwandese dairy industry currently consists of five dairy companies:
Inyange Industries, Nyanza Dairy, Eastern Savannah, Rubilizi Dairy, Masaka Farms plus
several cheese processing units mainly located in the Western Province (20 cheese processing
units), with a few others being found in other parts of the country (RBS, 2011). Two of these
cheese processing units are located in Nyanza District and two more are found in Gasabo
District. According to Rutamu (2008), the milk processing capacity available in Rwanda is
estimated at 188,000 | per day, but only 3.3% of this capacity is used. Today, these data may
be revised, if we take into consideration milk processed for cheese making and the existence
of new dairy processing units. Milk technology is applied in the Rwandese dairy industry in
the processing of the following dairy products: pasteurized milk, skimmed milk, cream,
flavored milk, fermented milk and yogurt, UHT milk, and cheeses such as Gouda, butter, ice

cream.

4.3. Milk consumption and importation

High population growth in Rwanda has led to an increase in demand for livestock products
that is higher than can be satisfied by domestic production. This has forced the country to
invest its few financial resources in the massive importation of milk (Rutamu, 2008). From
1999 to 2007, the trend in milk imports decreased from 1,280 t to 450 t (MINAGRI et al.,
2007). It is very difficult to make an accurate estimation of milk consumption in Rwanda,
because a large volume of milk is sold in the informal market. In 2007, approximately
62,000,000 | were consumed on farms and about 35% of raw milk was lost due to spoiling
before reaching the market or being processed (TechnoServe, 2008). In 2008, a chain analysis
estimated that 96% of all dairy products are sold in the informal market, e.g. in small informal
milk shops. Kigali city has more than 1,500 milk shops (Modderman, 2010). Milk is
consumed either fresh or after coagulation. As Rwandese people prefer fermented milk, it is
very difficult to estimate the percentage of fresh milk consumed out of the 96% of all dairy

products sold at the informal market.

4.4. The dairy value chain in Rwanda

Michael Porter was the first to use the concept of the “value chain”. Within a firm or

organization, both the service provided and the product made add value according to the
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activities and processes employed by the organization. Value chains traditionally refer to the
chain of activities that products pass through as they gain value before reaching the consumer
(TechnoServe, 2008). Along the chain, the organization is split into primary activities and
support activities (Porter, 1998). The dairy value chain in Rwanda follows two main segments
of actors, with the segments being composed of multiple nodes. The two segments are linked
to input providers (figure 3) organized by the Ministry for Agriculture and Animal Resources
(MINAGRI) through the Rwanda Livestock sub-sector and other stakeholders (other state

organizations, NGOs and independent traders).

Transporters/
Vendors

Consumers

NGO's, ' . MINAGRI

Independa farmers .
nts milk coopera (Rwan(!a Dairy
traders tives EubSsoturk

Source: Karenzi E.

Figure 3: —Dairy Value Chain scheme of Rwanda —The diagram is an adapted Porter's Generic
Value Chain (Porter, 1998) where the primary value chain activities are divided in two segments according to the
farmers feeding system. The primary value chain activities are supported by the Ministry of Agriculture through
its specialized services, the banks, the farmer’s cooperatives, NGO’s and independent milk traders.

—Chaine de valeur de la filiere laitiére au Rwanda —La figure est un adapté de la chaine de
valeur générique de Porter (Porter, 1998) ou les activités primaires de la chaine de valeur sont divisées en deux
segments en fonction du systéme d’élevage. Cette chaine de valeur génére des activités primaires grace au
soutien du Ministére de 1’Agriculture a travers ses centres et instituts spécialisés, ainsi que des banques, des
ONG, des coopératives des fermiers et des commercants de lait.

Dairy value chain input providers. Since 2006, under the Ministry of Agriculture, RARDA
(Rwanda Animal Resources Development Authority) and ISAR (Institute of Agronomic
Sciences of Rwanda) have supported the dairy value chain at different levels. The mission of
RARDA was to contribute towards the growth of animal production through the development
of appropriate technologies, and by providing advisory, outreach and extension services to
stakeholders in the animal resources sector (RARDA, 2010). Since 2003, PADEBL (Dairy
Cattle Development Support Project) has contributed to a sustainable increase in milk and

meat production, through the introduction of appropriate technological packages into
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stockbreeding in villages and peri-urban areas (MINAGRI, 2009). ISAR was the body
responsible for research and development at MINAGRI. ISAR’s mandate was to carry out
research on agronomy, and on animal and environmental sciences (ISAR, 2010). The Rwanda
Bureau of Standards (RBS), under the Ministry of Trade and Industry (MINICOM), is the
statutory body charged with the enforcement of standards and the certification of all products
and services in the country (RBS, 2011).

The Rwanda Cooperative Agencies (RCA) is a public institution in charge of the promotion,
registration and regulation of cooperatives in the country. The livestock sub-sector receives a
lot of support from RCA for the dairy development, since many cooperatives are involved in
the dairy chain. Other stakeholders in the livestock sub-sector are ADB (African
Development Bank), BNR (Banque Nationale du Rwanda), BPR (Banques Populaires du
Rwanda), BRD (Rwanda Development Bank) and other commercial banks; NISR (National
Institute of Statistics of Rwanda); independent traders (veterinarians, transporters, etc.);
farmers’ cooperatives and many NGOs (non-governmental organizations). Today, the three
support institutions of MINAGRI: RARDA, ISAR and PADEBL are part of the Livestock
sub-sector within the new structure and they have the same mission as previously in terms of

the dairy development program.

Dairy value chain actors. Informal actors are present throughout the two segments. From the
farmer to the consumer, dairy activities are conducted by dairy processors, supermarkets,
collection centers, transporters, and traders and retailers. Farmers are categorized according to
the feeding system they use: free-grazing, semi-grazing or zero-grazing. Individual cattle
farmers generally practice free-grazing and they produce milk for domestic consumption.
Sometimes, surplus milk is sold to a retailer, a transporter or a cooling system owner. This
cattle husbandry system represents the vestige of the old system; MINAGRI discourages this
system and supports instead zero grazing. Zero grazing is practiced mostly by peri-urban
farmers. These farms are well equipped around Kigali city, and the owners have invested both
in large numbers of cattle and in equipment in order to supply dairy processing units. Semi-
grazing systems have sufficient land and, with a low level of investment, they are able to
produce milk to supply a retailer, a transporter, a cooling system owner or a processor. The
processor then supplies dairy products to supermarkets. Semi-grazing and free-grazing
husbandry farmers are categorized as “small scale farmers” along the dairy value chain.

Cooling systems mainly belong to PADEBL and to some farmers’ cooperatives. These
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cooling systems are held in milk collection centers (MCCs). Transporters are mainly traders,
who use either bicycles or vehicles to transport milk. However, some transporters are paid by
farmers only for collecting milk from the farm and then taking it to the collection center or to
a retailer. These transporters supply milk from small farmers to milk shops or directly to
consumers. Those with vehicles sell milk to processors, direct from the collection centers.
Milk retailers consist of bicycle milk traders selling milk from door to door, milk shops
selling only milk or tea, and ordinary shops selling milk alongside other household products.
TechnoServe (2008) estimated the profit margin within each node of the dairy value chain to
be as follows: 15% for input providers, 62%-28%-44% for dairy farmers depending on how
cows are fed respectively open- semi- zero- grazing, 15-25% for transporters, 6% for cooling
system owners, 16% for processors, 10% for sellers of raw milk and 15-20% for
supermarkets. To date, the dairy value chain in Rwanda has been scattered; nevertheless an
organized structure is in the process of being established. PADEBL began a reorganization of
the dairy industry in 2009 by setting up some milk collection centers equipped with cooling
systems. However, thus far, the number of MCCs equipped in this way has remained below

the level needed.

5. MILK DEVELOPMENT STRATEGIES

The Rwandese government development program, Vision 2020, aims to transform agriculture
from a subsistence level to a productive, high-value and market-oriented farming industry,
which is environmentally friendly and has an impact on other sectors of the economy
(RARDA, 2011). In this regard, a new value chain will take into account the quality of milk
along the value chain. Vision 2020 takes into account the growing pace of the Rwandese
economy in general as well as the Livestock sub-sector, focusing on the target of exporting
dairy products. Consequently, the Livestock sub-sector will set up a developmental program.
It will also accelerate the restructuring of the dairy industry in the whole country with regard
to the cold chain, as milk is a very temperature sensitive product. At the same time,
distributing and trading milk in ordinary plastic material and on bicycles will be prohibited.
The establishing of MCCs in all the dairy basins of the country is seen as the best solution.
Mobile cold storage system respecting HACCP standards may replace the current set of

standards for milk transport. Establishing cold-storage systems on farms will provide another

THESE E. KARENZI GEMBLOUX AGRO-BIO TECH ULG



CHAPTER I. MILK FERMENTATION

solution in the fight against microorganisms that pose a threat to human health. Escherichia
coli, Listeria monocytogenes and Salmonella are destroyed by pasteurization or by simple
boiling. However, microorganisms such as Staphylococcus aureus, despite being Killed by
pasteurization, are still harmful due to the toxins they produce. Thus, the protection system
close to the farm must be based on a strategy of prevention. RBS must assist with the
implementation of standards from the cow on the farm to the consumer. All these measures
will be made possible by improving firstly, cattle breeding, genetics and nutrition and
secondly, standards of milk preservation, storage, packaging and transportation. For that
purpose, a business plan for the period 2008 to 2020 has been established as part of a dairy
developmental program introduced by the Livestock sub-sector, based mainly on the
identified dairy basins. The new structure of the Livestock sub-sector has served to highlight
the targets fixed from 2008 to 2020 in this dairy development program, aimed at stimulating
the development of a modern livestock industry in Rwanda through sustainable growth,
increasing value added, and access to markets. Five pillars have been identified for the
support of this program (Umar et al., 2011): — community livestock infrastructure support; —
public livestock infrastructure support; — support for the “One cow per poor family” program;
— support for productivity enhancing technologies; — capacity building. The program has
planned certain objectives, with Rwanda being exporters of milk and milk by-products (Table
1) by 2020. The program will set up further milk collection centers, livestock watering
systems and markets, veterinary clinics and quarantine stations in all dairy basins. Poor
families will benefit from having cross-breed heifers to support food security and income
generation. Training in genetic and feeding techniques will be provided for staff and farmers
in the livestock industry, in the form of study tours, short courses, seminars, conferences and
workshops. The ultimate goal is the integrated development of the dairy industry (DMS,
2009) in which all stakeholders must play a role in coordinating the production, processing

and distribution of high quality milk and its by-products.

6. CONCLUSION

Little research has been conducted on kivuguto. In the present paper, the traditional

technology used to make this fermented milk as well as its by-products has been described.

The dairy industry in Rwanda has also been discussed. Proposed improvements in the
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development of milk production and the dairy sub-sector in Rwanda at all levels and with all
stakeholders have been outlined. Information provided on the value of the whole dairy chain
raises some interesting issues in terms of trade in Rwanda and in the region. This study is part
of a global research project on kivuguto milk, with the aim of producing this foodstuff in

industry.

Table 1: Evolution projected supply of milk in relation to national needs until 2020-
Evolution prévisionnelle de I’offre du lait par rapport aux besoins nationaux
jusqu’a I’horizon 2020

Year Rwanda  National needs  National Imports (tons) Total Surplus / deficit
population (tons) production UHT  Powdered Milk-based supply compared to
(tons) milk milk products (tons) national needs
(tons)
2008 9674975 386999 364 084 500 100 5 387604 -23 520
2009 9955549 398 222 368 623 250 50 5 398527 -29 904
2010 10244260 409770 379 642 125 50 5 409950 -30 308
2011 10541344 421654 416 845 75 50 5 421784 -4 939
2012 10847043 433882 490 052 50 50 5 433987 56 065
2013 11161607 446 464 518 224 446464 71 760
2014 11485293 459 412 549 312 459412 89 900
2015 11818367 472735 583 521 472735 110 786
2016 12161099 486 444 621078 486444 134 634
2017 12513771 500551 738743 500551 238192
2018 12876671 515067 790 003 515067 274 936
2019 13250094 530004 845 922 530004 315918
2020 13634347 545374 906 857 545374 361483

Source: DMS, 2009
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Dairy Starter cultures

Les starters laitiers (chapitre deux) abordent la thématique de la sélection
microbienne des micro-organismes impliqués dans le procédé fermentaire des produits
laitiers a [’aube du XXIle siécle. A cet effet, un article review a été élaboré pour publication
(Dairy Starter Cultures Selection). L article commence par un essai d’actualisation des
micro-organismes que la littérature a mis a jour. L’article ne prétend pas étre exhaustif, car
tous les produits laitiers du monde ne sont pas encore répertoriés. Ensuite, [’article fait une
bréve description des techniques actuelles a travers leur caractérisation biochimique,

moléculaire et technologique, et leur production industrielle.
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CHAPTER II. DAIRY STARTER CULTURES

ABSTRACT

The present paper is an up-to-date review of the dairy starter cultures biodiversity. It relates
recent data about the microbial selection. In a detailed description, the review underlines the
characterization and taxonomy of the current and potential genera of lactic acid bacteria
(LAB), non-LAB and fungi implicated in dairy products, their habitat, their technological
properties and their industrial production for selection use. The genera implicated in milk
and/or cheeses processes are elucidated and new species recently found in those dairy
products are revealed.

Keywords: selection, LAB, fungi, taxonomy, dairy starter, technological properties,
prokaryote, eukaryote, 16S DNA, phylogeny, industrial production.
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1. INTRODUCTION

Dairy starter cultures are active microbial preparations added intentionally to dairy bases in
order to achieve desired mod