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ABSTRACT

The study was undertaken during the period 1991-
isolate characterise associated1994 and yeaststo

with surfaces of fruits, grains and fermented products
The major aims of the study were toof the materials.

strains focusingcharacteriseisolate and yeast on
and to elucidate their physiologicaltheir habitats
potential experimentsthrough andbiochemicaland

analysis.
isolatedThe following yeast strainsBanana: were

from banana in Masaka/Rakai: Candida Y40, Candida Y60,

hansenii,pulcherrimin,Candida Debaryomyces

Hanseniasporacerevisiae, Y68,Saccharomyces

Hanseniaspora Y21, SaccharomycesY20, Saccharomyces

Y26, Y37,Schizosaccharomyces CryptococcusY12,

SchizosaccharomycesDebaryomyces pombe,Y13,

Saccheromyces pastorianus, Torulopsis Y29, Hansenula

CandidaY49, Y42, LodderomycesHansenula Y62,

chevalieri, Dekkeraelongisporus, Saccheromyces

bruxellensis, Saccharomyces Y56, Debaryomyles Y10.

Candida Y33, Candida Y6, DekkeraTonto, Masaka/Rakai:
bruxellensis, SaccharomycesY1 7,Hansenula

ellipsoides Y68,pastorianus, Saccharomyces

SaccharomycesHanseniaspora Y68, Y21,Saccharomyces

SchizosaccharomycesSchizosaccharomyces pombe,Y12,

Cryptoco^cus Y50, Saccharomyces Y25.Y26,



(Xiii)
Muramba, CandidaMbarara/Rukunguri: Y42, Hansenula

Y49, Hansenula Y62, Hansenula Y67, Saccharomyces Y30,

SchizosacchoromycesSaccharomyces Y56,Y68,

Y48, SaccharomycesY40, DebaryomycesDebaryomyces

pastorianus.

Schizosaccharomyces 30M,32,HansenulaHansenula 2,

30P ,Saccharomyces3 ON,Saccharomyces

Schizosaccharomces 44M,44M,Schizosaccharomyces

cerevisiae,Schizosaccharomyces 44N, Saccharomyces

Schizosaccharomyces pombe, Schizosaccheromyces 44T.

Apart from the study of biodiversity, the study
study population density ofundertaken toalsowas

yeasts responsible for certain fermentation processes.
The fermented products of bananas, sorghum and millet

(ajon) inkwete andmuramba,tonto,were amarwa
Mbarara/Rukungiri Jinja/Tororo/andMasaka/Rakai,

Mbale.

yeast units in tonto, were 5.07 x 10the c.f.u.

Muramba 5 ml Inx
mland amarwa 1.5x10

preferentially anaerobic,of the yeastssome were
inpotentially importantyielding ethanol and co2,

brewing and bread industry.

Jinja/Tororo/Mbale
1counts on banana were 2.5 cm'1

In Mbarara/Rukungiri the counts for banana were 76.6 
cm'1; Muramba 5 x 107 m1'1

Amarwa from Jinja/Tororo/Mbale: Candida 2, Candida 11,

In Masaka/Rakai the mean count of colony forming
7 ml'1.

Experiments on selected strains of yeasts show that



(xiv)
Yield of ethanol under anaerobic conditions and

biomass production aerobic conditionsunder were
verified.

duringThere low change controlledpHwas
3.8. The shiftedfermentation 4.0 pH PHPH to

significantly during uncontrolled fermentation typical
This indicated highconditions.brewingof local

level of acid production.
Ethanol is one of the products of the metabolism

The amount produced was directlyof glucose in tonto.
related to the concentration of glucose in the medium.

inintolerant of ethanol theirSome yeasts were
environment.

discussed according theirhave beenYeasts to
morphological and physiologicalcultural,

characteristics with the knowledge so obtained, it was
possible and fruitful to consider the relationship of

themselves. Numerical analysisyeasts among was
applied to give a more objective system of grouping of

isolated and characterised yeasts.the By studying
determineit possible theclusters, towas

characteristics the yeasts share well as those inas
differ. analysiswhich usedthey Cluster towas

identify the yeasts and their potential for biomass
and ethanol yield and carbon dioxide yield.
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CHAPTER ONE

INTRODUCTION1.0
In Uganda, fermentation is as old as the history

Each ethnic its historytribes. hasitsof group
associated with the method used to produce the

"pastes". This is shownor its oror
by the important role the beverages play in cultural

rituals,marriages, funeralsuchactivities, as
ceremony)(initiation and otherharvests, embalu
Central, andin Western, Easternactivitiessocial

Northern Uganda.
There is plenty of unwritten literature among the

people of Uganda which gives details on fermentation
basicgeneral, twoand Inprocedures processes.

The first involves use of milletprocesses are used.
(Sorghum bicolor)(Leusine corocana), sorghumbeer

Musa cultivars, sorghum and water.and/or cassava,
The following is a detailed description of four common

a weekly basisUganda brews produced usually aton
nearly every homestead.

TONTO (Central)1.2
ff is aThis beverages also called "mwenge bigere
waragiUgandaforalcoholmajor ofsource

distilleries.
fermenteddesignation for sweetish,isTonto a
debrisof orlotwithjuice, inbrown colour, a

The juice is extracted from a variety ofsediments.

"beer"

"bread""wine"
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banana cultivars grown along the shc-*^«.s and in the

Victoriahinterland of Lake and the slopes ofon
Mountains, Rwenzori and Elgon.

(inquality ofof taste,termsThe tonto
alcoholic content) depends whoand onappearance

prepares it, the variety of banana used, whether the
fruits are peeled or unpeeled during juice extraction

cleanliness of the containers usedstate ofand the
affectsduring fermentation. factor theThe

juice extracted. Sincequantity and quality of the
with the feet, thesqueezing is manuallydone or

juice willthe bethesestronger morearemeans
extracted.

If the squeezing is weak, juice extracted is limy
Each banana varietyferment properly.and will not

thishas characteristic affects theflavour anda

Peelings add flavour and colourflavour of the tonto.
to the juice and provide yeast inoculum, hence, speed

containers heavilyfermentation. If theof are
tonto willcontaminated with bacteria and mould the

smell.willquickly have muskydeteriorate and a
colour.Roasted andsorghum provides flavour

Saccharification of starch could also take place and
No effort is madeincrease fermentable carbohydrate.

The containers used, suchto prevent contamination.
as dugouts (canoes), gourds, pots, jerrycans etc. are

Theadded.preservativessterile.not No are
Thefermentation process begins almost immediately.

"who"
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containers are well insulated to conserve heat. Grass
trash and banana leaves used to thecoverare
containers. juice is ferment forleft 24The to

The alcohol generated during the ensuing twohours.
ofmeasured by meansdays reached 7-8%three anor

Alcohol is assimilated by bacteria andalcoholometer.
acetic acid,such etc. toBrettanomyces,yeasts as

The filtering is poor so thatlactic acid and esters.
residuesis offull ofclears;tonto grassnever

Tonto is consumed in local barsand sorghum.trash,
gin calleddistilled locally to produceor

waragi or enguli.
The investigator intends, in future, to conduct

experiments by using sterile conditions of brewing and
incubation, controlled of bananacontentsugar

with Hansenula, Saccharomyces andextract,
Schizosaccharomyces both singly in combination.and

these circumstances will be comparedThe brew under
with the locally brewed tonto.

MURAMBA (Western)1.3
There are

Sorghum is a staple foodmade from Sorghum bl color.

in many parts of tropical Africa, Purseglove (1988).
andin KabaleextensivelyiscerealThe grown

Rukungiri districts in Uganda, where this account was
recorded.

"crude"

a number of quite related preparations



4
Unmelted Grain1.3.1

After sorghum is harvested, it is threshed and
winnowed. The clean grain may be ground and eaten in
form of bread commonly called Kancerate, or made into

Malted Grain :1.3.2 Obushera butoko and Muramba

Cleaned sorghum is mixed with ash or kashenda to
give dark brown colour to the grain. The grain is
then soaked in water for 12 hours (approximately one
night) . grain is drained inThe then and placed
layers between banana leaves and allowed to germinate,
in outsidethe in by periodichouse the yard,or

Germination continues untilmoistening for 4-5 days.
the bud and radicle Duringabout 2.5 cm long.are

time saccharificationthis starch undergoesthe to
maltose and dextrins. Proteins hydrolysed andare
vitamins are synthesized in the embryo. The radicles
and plumules are removed. The grain is then placed
under the clean mat to dry. The kashendesun
(dried, dark brown sorghum grain) is now ready to make
obushera and muramba.

The malted grain is ground (greenflowerinto
a mortar andIIyeast") using a mill-stone or

The flour is mixed with water 50% (w/v) andpestle.
boiling spoils theboiled with great Overcare.

At this time (stage) the mashed material isporridge.
ekimyamya is then mixed withcalled ekimyamya. The

a porridge called enkumba.

on a

malt or
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following day the porridge isThe called obushera

This porridge is very sweet and nutritious asbutoko.

it contains proteins, amino acids,starch,sugars,
vitamins and mineral salts.

first stages in the preparation of murambaThe
less like those used in the preparation ofor

The diluted obushera is allowed toobushera butoko.

stay for several days (4-5 days). The fermented stuff
is is intoThe omushazecalled omushaze. put a
container and re-boiled for more than eight hours, in

pipa (metal barrel). The preparation ispota or
allowed to cool to room temperature (about 23°C). A
starter mixture of old muramba with small amount of
flour (green malt) about 6 mugs of 500 ml are added to

litreseach of 20 of the cooled preparation. The
This preparation is left

for a night. The following day a lot of green malt
original porridge(flour), proportional istheto

added. The process is called okushembura.

The period between the boiling of the omushaze

and the okushembura is called omutekye. The mixture
of omushaze and esano (green malt) is left to ferment
for 24 hours. TheThe fermentation is very vigorous.
result is muramba.

Other brewers continue increasing the amount of
by boiling again and adding morefermentable sugar

Theis called ekyanga.malted flour form whatto

are more

process is called okuburira.

boiled, cooled water and allowed to stay for a night.
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ekyanga is cooled, diluted and more flour is added to
form what is called omwereera. The omwereera is added

night. mixturefor Theomushemburo stayto to a
like a volcano boiling outferments very vigorously,

The mixture boils overlava,
the container like lava oozing out of a crater. The
result is a very intoxicating muramba.

AMARWA (Eastern/Northern)1.4

Similar procedure is followed as foror Police Posts.
muramba, except what proportions of malted sorghum or
millet to cassava or maize flour are added but 1: 4 is

Approximately 25 litres of watersatisfactory. are
(10 kg) of grain.tinadded for about Moreevery

is addedmillet temperature to makemalt at room a
The mash is put into a pit, lined with bananapaste.

After 5-6leaves
days the mash is brown colour. The roasted (roasted
malt) paste is mixed with a lot of water in a barrel
(about 200 litres) (2.5 litres) ofto which

Conversion ormillet flour (green m*lt)
hydrolysis proceeds for 2 hours and fermentation for

Amarwa is ready for consumption while it is2-6 days.
generallystill isactively Ethanolfermenting.

The brew contains between 0.3 to 0.6%between 2-4%.
quantities of esters.of acetic acid variableand

amarwa brewing was typically associated with townships

as one brewer put it.

are added.

In Masaka, Rakai, Mbarara, Ibanda and Rukungiri,

5 mugs

and well covered with the leaves.
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present in the addedYeast malt flour after wards
with species Rhizopusandtogether of Mucor are

responsible for hydrolysis and fermentation.

LITERATURE REVIEW1.5
In all these processes of brewing, yeasts play a

very important role.
means fermentation. The French

the Latin word levere means to raise.word levule, or
German gist Greek theThe the refers tozestosor

bubbling of foam during the process of fermentation.
mixedancient andThe world of the Greeks Romans

juices with bread dough manufacturefermenting to
raised or leavened bread.

The yeasts also grow and synthesize amino acid
such as glycine, leucine, histidine, lysine, aspartic
acid and glutamic acid, and vitamins (Plat, 1964). It

essential that the ofis, therefore, products
fermentation not be clarified or filtered.

indigenoustherefore, thatfollows,It
fermentation in ofeither form tonto,products,

or in form of porridge or bread or
pastes, provide essential food values to the consumers
in form of proteins, amino acid, vitamins and calories
(Platt, 1964).

andtogether withMillet and cassavasorghum,
resistability totheirofbecausebeer bananas,

characteristic of manysoil exhaustion,drought or

The word "yeast"

muramba, or amarwa,
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parts of Uganda, these crops are crops per excellence

for the dry regions usually with poor soils and poor
rainfall. survival inThe of many people Uganda
depends on the resilience of these crops. These foods
in their natural form are not very palatable. During

and fermentation processes,the process of steeping,
detoxication bitterof takes place. Incassava

grainspreparation and bananas certainof the
undesirable odours and flavours are either destroyed

potential associatedThere is plenty of
with fermentation in Uganda, such theprocesses as
following.

Single-cell-protein production: (SCP production)
refers to the cells of yeasts grown for their protein

Cells of these yeasts, especially species ofcontent.

used eitherproducts animalfor feeds humanare or
They are potentially very important sources offood.

amino acids, proteins, vitamins and mineral salts that
can be prepared from otherwise inedible or unpalatable
or low-quality waste materials (Platt, 1964).

Gasohol production
and petrol.Gasohol is ethanolmixture ofa

fromproducedTheoretically be anyethanol can
bewhichcarbohydrate above,mentioned cansource

metabolised bybeinto thatconverted form cana

or masked.

Candida contain fats, vitamins and mineral salts. SCP
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yeasts.

There is paucity of written literature on yeasts
in Uganda and demand forgreat yeastsa
notwithstanding.

The selection of theYeasts serve many purposes.
species and varietiesmost appropriate strains, for

multiplicity offrom thespecial yeastspurposes,
going timefor long inbeenavailable, has on a

industrialised countries (Hans, 1986) . Weekly
fermentative yeasts calledrespiring, largely so

beers such as the Uganda Nile Special, Bell Beer, etc.
are on great demand, though imported at great expense

The yeasts used for carbon dioxide and ethanol
production, wine or ale making as baker's yeasts are
largely I! top yeasts". Yeasts are, therefore, commonly

organismsfermentative because theirofknown as
connection with brewing and baking (Kluyver, 1953;

1966). Otheral, yeasts stronglyPhaff et are
oxidative fermentative (Kluyver, 1953;and weekly
Phaff et al, 1966).

There are four distinct approaches to the problem
These include the study ofof yeast characterisation.
morphological characte-cultural characteristics,

andcharacteristics(sexual)ristics, sporulation
Yeast characterisationphysiological characteristics.

inandMicrobiologyAppliedis vital inboth

"bottom yeasts" or lager yeasts, used in production of

on our foreign exchange.
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Biotechnology. As a study, yeast characterisation was
first established by Ress (1870) on pure cultures and
brought to light the fact that yeasts are generally

This led to the modernfermentative of carbohydrates.
morphologicalemploying cultural, andpractise of

physiological characteristics for identifying yeast
characteristicsphysiological forspecies by

identifying yeast species by Stelling-Dekker (1931)
and Lodder (1952).

(1940) based his studies on sexualGuilliermond
suggested the phylogeny of thereproduction and

Winge and Robberts (1958) carried out studiesyeasts.
yeast genetics and life cycles and laid down theon

yeast physiologymodern subsequentlyofconcept as
expounded by Wickerham (1955).

Cultural or colony characteristics useful in the
characterisation of yeasts include:
(a) Liquid medium: formationsedimentation, of a

pellicle or a ring islet; creeping up test tube
walls; wrinkle formation.

mucoid,(b) solid medium: betheOn culture may
butyrous friable, coherent;butter-like;or

glistening surface;roughmatted; smooth;or
pigmented or not pigmented.
Morphological characteristics include: cell shape

or cell size; whether cells reproduce vegetatively by
bipolar orbudding, and whether budding is unipolar,

whether the buds stick together to formmultipolar;
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chainsclusters both singles and clustersor or or

chains; whether pseudomycelium mycelium istrueor
formed.

Physiological characteristics: these are very
important in demarcating genera and species, (Lodder,

Barnett and Parkhurst, 1984).1970; Van der Walt et

definitionbecause the( 1984) thatremarksal or
is neitherdescription of the clearyeast cut nor

precise, yeasts are identified by recognition of the
similarities affinitiesand rather than ofoverall

consistent and definitive characteristics. The author

characterised with confidence until a systematicbe
study has been made of its cultural, morphological and
physiological characteristics.
a yeast" says Flegel (1977).

The best characterisation system is built upon as
attributed as possible. Yeasts which sharemany a

attributes wouldof clusterlarge number group or
together and form and such groupsa group

separate from each other at points of rarity,would
that is, at combinations of attributes which never or
very rarely occur (Hughes, 1988).

follows from the above introduction that theI
following will guide the work:
1. To isolate yeast strains from fruits, grains and

(Western,Ugandafrombeverages collected
Central, Eastern and Northern regions).

"natural"

continues to say in absolute terms that no yeast can

"Let us call a yeast



12
To characterise the isolated yeast strains, using2.

(1984), and Numerical Analysis.
Characterised and stocked yeast strains resulting3.
in pure culture will form a potential source of

study andfurther researchstrains foryeast
projects such as developing mutants for improved
yeast biosynthesis through crossing with existing
useful yeast strains.
To provide consultancy and contractual research4.
material for Uganda's breweries and bakeries.

characterisedisolated and yeastthe5. To use
strains for further investigation following from
this study, materials for publication.

both conventional methods of van der Walt et al
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CHAPTER TWO

2.1 MATERIALS AND METHODS
Materials2.1.0

Materials used in this study were fruits, grains
and beverages sampled from localities shown on maps in
Appendix III.

Fruits2.1.1
varietiesripe fruits, localallBananas were

which are in many ways similar to cooking bananas but
solely for beer making.invariably usedalmostare

"AAA"varieties probably belong thetoAll these
genotype group of Musa paradisca (Purseglove, 1991).

The use of recently introduced varieties for beer
(tonto) making is increasethe and growerson some

extensive stands of thesetoplant areas pure
beer production.varieties for the sole ofpurpose

(ABB), Kisubi (ABB),includevarieties BogoyaThe
Sukari (ABB), and Kivuvu (ABB), ofBalukule groups

inproducedMusa sapientum). Masaka,Bananas are
Rakai, Rukungiri, Jinja, Tororo andMbarara, Ibanda,
Mbale.

Passion fruit, Passiflora edulis: passion fruits
are cultivated or grow wild in all lacustrine regions

containVictoria. seedsof andLake pulpThe
protein 2.4%, fat 2.8%,approximately: water 72.2%,
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carbohydrate (sugar) 17.3%, mineral salts 1.2% and it

The juice is used foris a good source of vitamin C.
making soft drinks.

Pawpaw, Carica papaya: The edible portion of the
flesh contains water 88%, sugar 10%, protein 0.5%, fat
0.1%, acids 0.1%, salts 0.6% and rich in vitamin A and
some vitamin C.

The edible portion ofMangifera indica:Mango,
ripe fruit is 60-75% by weight. Water 15%, protein

rich in vitamin A & B.0.5%, 10%,sugar
figures are sited from Purseglove (1991).

Grains2.1.2
Grains included the following: maize, ( Zea mays),

sorghum (Sorghum bicolor) and finger millet (Leusine

corocana).
The beverages included tonto, kwete, muramba and

amarwa.
Origins: andfrom Central Uganda,Tonto Western,
Muramba from Kigezi, Amarwa/Ajon from the North-east
of Uganda and in most urban areas.kwete from the east.

Chemicals2.1.3
following companies supplied the chemicalsThe

that were used: Griffin & George (G.G), Bishop Meadow
andScienceRoad, England;Loughborough Leice,

(Oxoid) LtdOxoidEngland;Education, 61Z-040-010D,
3500Basingstoke, Hauts, England; Sigma Chemicals Co.

The above
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Missouri, (Sigma);Dekalb Louis,St. St. USA The

British Drug (BDH) Chemicals Division,Lab.Houses
LaboratoriesDif co DetroilPoole, England; of

The chemicals used were(Michigan) (Difco). of the
These companies will be referred toAnalytical Grade.

when chemicals are mentioned in later sections of this
chapter.

Substances used for preparing media were either
availablefrom natural locally orextracts sources

Yeast extract used for isolationfrom manufacturers.
maintenancecharacterisation and ofcultural yeast

characteristics incultures sexualand for yeast
reproduction, was an Oxoid product.

in combination(ME) used aloneMalt extract or
(YE) isolation,forwith culturalextractyeast

characteristics maintenanceand of cultures,yeast
formation of chlamydosporesyeast characterisation,

and for reproduction was Oxoid product.sexual an
Peptone used for morphological characteristics was an
Oxoid product.

Maize meal agar recommended by Bernhardt (1946),
used for formation of pseudomycelium and true mycelium

meal was stirred in 300 ml water and heated in a water
hour and then filtered throughbath at

The volume of the filtrate was made up to 300paper.
The mixture was auto­ml and 3.8

The hotclaved for 15 minutes at 15 lbs overpressure.

60°C

by yeasts was prepared as follows: 12.5 g yellow maize

g agar was added.

for one
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liquid filtered through absorbent cotton wool,was
dispensed and sterilised minutesfor 15 15 lbsat
overpressure.

juice in isolationusedBanana extract and
maintenance of yeasts was prepared as follows: 1000 g
of peeled ripe banana (sukari) were soaked in 1000 ml
of water for 10 hours at 4. The bananas were mashed
and filtered through cloth, using a filter pump. The

forautoclaved hour 15at lbsextract onewas
The bananas were obtained locally.pressure.

Potato (Solanum tuberosum) extract 100 g washed,
peeled and finely grated potatoes were soaked in 300

inseveral hoursfor coldml water a room or
refrigerator. The mass was filtered through cloth and

15 lbsfor 1 hour atautoclaved used forpressure
formation of pseudomycelium and true mycelium. The
potatoes were obtained locally.

Vegetable juice (recommended by Mrak et al, 1942)
prepared using localsporulation of yeastsfor was

materials follows: 100 each of100 ml ofas g per
unpeeled carrots, cucumber and potatoesbeet roots,
were minced or grated finely and then mixed with water
50% (w/v). The mixture was autoclaved and expressed
through cloth. The extract had a pH of about 5.

Bacteriological agar used for solid mediaAgar:
was a G & G product.

physiologicalinYeast autolysate, used
characterisation of yeasts was prepared from Levure-
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Sdche Active (active yeast)dry product ofa
S.L.Lessafire Marcq, France.

Original weights of dry yeast and water 50% (w/v)
The mixture was incubated inwere mixed in a flask.

o 3 days stirring occasionally.50-55 C for
for 10 minutes and allowed toThe mixture was boiled

The pH was adjusted to 6 (six) by the additioncool.
The supernatant was cleared by filtrationof N KOH.

filtratewith filter The clearof paper.use
represented the full strength yeast autolysate.

Ammonium sulphate used in sporulation was a BDH
product.

Carbohydrates
Bacto-dextrose used nearly in all media to supply

energy to growing yeasts was an Oxoid product.
salicin,Galactose, sorbose, maltose,sucrose,

melibiose, cellebiose, trehalose,
melezitose, inulin, in analytical workstarch used

characterisation) Oxoidall(physiological were
products.

Alcohols and acids
Ethanol, glycerol, mannitol, lactate, succinate,

in physiological characterisation werecitrate used
all Oxoid products.

lactose, raffinose,

a flask at
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Nitrogen compounds

aspartic acid,Nitrate, nitrate, arsparagine,
glutamic acid, citrulline, ornithine, arginine used in

Oxoidcharacterisation all andphysiological were
Difco products.

Vitamins: biotin, riboflavin, folic acid, niacin,
in physiologicalusedinositolthiamine,

DifcoOxoid andcharacterisation of yeasts were
products.

2.1.4 MEDIA
characterisationisolation, culturalMedia forA.

and maintenance of yeast cultures.
1. Yeast extract malt extract broth referred to as

1951)(Wickerham, preparedbrothYM was as
follows: 3 g malt extract, 53 g yeast extract,

peptone and 10 g glucose were dissolved in 19
litre water. The pH of the medium was 5.5. For
enrichment purposes the pH was adjusted to pH 3.7

After dispensing, thewith 1% hydrochloric acid.
medium was sterilised in an autoclave at 15 lbs
pressure for 15 minutes.

(YMA)2. extractmaltYeast extract wasagar
prepared by adding 20 g of agar to yeast extract
- malt extract broth before sterilisation. The

for 15medium was sterilised at 15 lb pressure
minutes.
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3. Malt extract agar: 3 g malt extract was added to

dispensing20 After mediumtheg agar. was
sterilised at 10 lbs pressure for 15 minutes.

Media for morphological characteristicsB
(w/v) glucose-yeast-extract-peptone1. 2% agar.

This medium was prepared by adding 2% (w/v) agar
to 2% (w/v) glucose-yeast-extract peptone water.
After dispensing, the medium was autoclaved for
15 minutes at 15 lbs.

2. Morphological agar:
Characteristics of vegetative cells.I
The composition of this medium is given in Table

rehydrate the medium 35 Bacto-XXIX. To
yeast morphology agar were suspended in one litre

distilled The suspension wascoldof water.
heated to dissolve the ingredients completely.
The solution was dispersed flasks,
depending sterilisedthe needs and byon
autoclaving for 15 minutes 15 lbs pressure.at
The final reaction of the medium was pH 5.6.
Formation of pseudomycelium and true mycelium.II
1. Maize maize mealmlmeal 300toagar:

The mixture3.8 g agar was added.extract
lbs15minutes atautoclaved for 15was

pressure.
230 ml of the potato2. Potato-glucose agar:

tap wateradded toextract was

in tubes or

770 ml of

g of
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containing 20 g of glucose and 20 g agar.

dispensedmediumthisAfter andthe was
minutessterilised 15 lbs15for at

pressure.

Media for sexual characteristicsC
Presporulation medium. This medium was madeI as

10 ml beet root extract (100 g per 100follows:
ml boiling water), 2 g dried yeast, 2.5 ml banana
juice, 1 g calcium carbonate and 3 g. Water was

final volume of 100 ml. Afteradded to give a
solution of the agar by steaming for 10 minutes,
the medium was dispensed in tubes and autoclaved
for 5 minuted at 15 lbs.
Sporulation media:II

carrot, potato (irish),Vegetative wedges:1.
and cucumber wedges used. Thebeet were

cleaned byvegetables thoroughlywere
incylinders about 1washing. Long cm

diameter were cut from the vegetables with
Wedgesaid borer.of corkthe werea

prepared by cutting the cylinders obliquely.
The wedges were rinsed with cold water and

tubes containingplaced in suitable test
desiccation. Thepreventtowatersome

tubes were sterilised by autoclaving for 15
minutes at 10 lbs.
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2. Vegetable juice (Mrak et al, 1942).agar

Equal weights 300 of washed, unpeeled9
cucumber and potatoes

(bought from Nakasero market, Kampala) were
mixed withfinely andminced 300 ml of

mixtureThewater. autoclaved andwas
expressed through cloth. The extract has pH
5.5. To 300 ml the extract was added 20 g
dried yeast and 20 g agar and the mixture
made up to 1000 ml. The agar was dissolved

The medium was dispensed inby steaming.
tubes and autoclaved for 15 mins at 15 lbs.
Another vegetable juice agar was used also
recommended by Wickeham et al (1946). 14 g
of agar was melted in 340 ml D.W. in another
container (flask) placed 350 ml ofwas
tomato juice (V8). This is canned vegetable
juice, from supermarkets, containing a blend
of tomatoes, carrot, celery, beets, parsely,
lettace and spinach. To this tomato juice
was added 5 g of moist dry yeast dispensed
in 10 ml DW. Suspension was then heated for

min. adjusted until10 theThe PH was
The hot medium wascooked sample was 6.8.

solution,into hotthethen poured agar
stirred into tubes.dispensedand

stirred andlbs,Sterilisation was 15at

carrots, beet roots,
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dispensed into tubes. Slants were prepared
as needed and sterilised for 10 minutes at
15 lbs.
Gorodkowa agar (modified).3. To tap waster 1

the following were added: (w/v)19%e
mixtureglucose and 20 The0 agar. was

dissolveduntil thesteamed andagar
dispensed in tubes and autoclaved for 15
minutes at 15 lbs and slanted.
Powell's acetate agar (Powell, 1952).4. The
following were dissolved in 1 litre D.W. 5
g sodium acetate trihydrate and adjusted to

20Then added6.2. andPH g agar were
steamed to dissolve the agar, and dispensed
in tubes,
lbs and slanted.

Media for physiological characteristics of yeast
Utilisation of carbon compounds: General media.I.

Yeast autolysate (Dodder & Kreger van Rif,1.
1984).
Permentation basal medium (Wickerham, 1951).2.
4 g powdered yeast extract (a batch was used
to support the growth of markedly vitamin-

Kloeckera apiculata)

and 7.5 g peptone were dissolved in 1 litre
sufficient bromothymol blue was addedD.W.

to give a sufficiently dense green colour.

autoclaved for 15 minutes at 15

deficient, yeast e.g.
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tubes carrying insert tubes. The tubes were
sterilised by autoclaving for 15 mins at 15

cooling the 1 mllbs. concentrated,On
solutionsterilised addedsugar were

aseptically.
Stock vitamin solutions (van der Walt & van3.

0.2 g biotin, 0.2 mg folic
40 mg niacin,acid, 20 mg

thiamineriboflavin and 100 mg were
litre D.W. and sterilised.dissolved in 1

The sterilised solution was dispensed in 10
ml a liquots and stored at 0°C.

Utilisation of nitrogen compounds.II
Media:

Only high grade (analytical grade) compounds were
in nitrogenthenitrogenused sourcesas

assimilation tests.
Assimilation in liquid medium (Wickerham, 1957).1.

testingliquid medium theThe foremployed
ability of yeasts to utilise the various nitrogen

usedsources was similar in composition to that
assimilation. Thein carbonthe tests on

in thecomposition is given XXIXin Table
The medium was prepared by dissolvingAppendix.

11.7 g Bacto-yeast, carbon base together with the
requisite amount of the nitrogen source in 100 ml

When the nitrogen source was a nitrate 0.78D.W.

Kerren, 1981).J 
200 mg inositol,

Two ml aliquots were placed in 150 x 12 mm
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g potassium nitrate used. itWhenwas was a
nitrite, 0.26 g sodium nitrite was used.

theIt to effectwater tonecessary warmwas
sterilisedsolution, incomplete and stored a

refrigerator until required. final mediumThe
prepared by transferring aseptically 0.5 mlwas

mediumsterile intoaliquots of the 4.5 ml
in 16 mm cotton pluggedamounts of sterile D.W.

tubes which had been autoclaved for 15 mins at 15
Blank tubes were prepared by adding 0.5 mllbs.

of a filter sterilised basal solution. After the
tubes had been shaken to mix the water and the
medium were ready for use.
Growth on media of high osmotic pressure.Ill

Media
Growth on 50% and 60% (w/v) glucose-yeast extract

The two media were made up by dissolving 50 gagar.
and 60 g of glucose in 50 ml and 40 ml respectively of
either yeast infusion 1% yeast autolysate. Theor
volume was noted and 3% (w/v) agar and dissolved by

After dissolving thesteaming or in
agar, medium was dispensed in 5 ml aliquots in (6 mm

The tubes were autoclaved forcotton-plugger tubes >.
15 minutes at 10 lbs and then slanted.

Grow at elevated temperatures.IV

a water bath.
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Media

Growth at 37°C, 42°C.1.
(a) Liquid medium: A tube of the usual 2%

glucose assimilation medium.
(b) On solid medium (Kreger van Rif, 1964).

malt agar.YM agar,
2. Maximum temperature for growth (van Uden &

Farinha, 1978). Tubes containing glucose-
yeast extract-peptone water are used.

Acid production:V
Medium

1 litre dilute (1:10)To yeast autolysate 50 g
(calciumadded, and 5 chalkglucose gwere

carbonate) and 20 g agar were added, sterilise by
autoclaving for 15 minutes at 15 lbs; cooled to
50°C, swirled gently to suspend the chalk evenly
throughout the medium.
aseptically in tubes and slanted coldon a
surface to avoid settling of the chalk.
Production of extracelluar, amyloid compoundsVI
Medium A: (Lodder & Kreger van Rif, 1984); 0.2%
ammonium sulphate, potassium dihydrogen0.2%
phosphate, 0.1% magnesium sulphate heptahydrate
and 2% glucose in PHdissolved D.W.were

An equal volume ofadjusted to 4.5 using 1% HC1.
4% The two separateagar was prepared in D.W.

15autoclaved forportions of mediathe were
The two portions were addedminutes at 10 lbs.

5 mis were distributed
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together aseptically while the stillagar was
liquified.

Petri dish plates were preparedavoid, frothing.
containing 1 drop of yeast autolysate and 1 drop
of vitamin solution.
then 5 ml aliquots were made in a cotton-plugged
tubes and autoclaved as before.

Bacto-yeast carbon baseg glucose andMedium B: 10
(see table XXIX in Appendix) were dissolved in 100 ml

adding aseptically 1 volume ofand sterilised,D.W.
liquified 21%sterilemedium 41 volumes ofthe to

The solutions were mixed and plates or tubes,agar.
poured aseptically.

Pigment formationVII
For production of pulcherrimin byPigmentation.

Beijerink ' medium (asCandida pulcherrimina^

modified by van der Walt, 1952) was used.
sucrose 2 g bacto-peptone 0.2g potassium hydrate

heptahy-phosphate magnesium sulphate0.005g
1 ml yeast autolysate and 2 g agardrade, were

After autoclaving,dissolved in 99 ml tap water.
1 ml of a sterile 5% solution of ferric ammonium
citrate (Merek’s ferrie ammonium citricum fuse in
lammelis) was added aseptically.

4 g

When slants were needed,

The solutions were gently mixed to
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VIII Ester production
Media

1. YM agar
solution in5% glucoseml yeast2. 20

(w/v) glucose were dissolvedautolysate 5%
yeast infusion; dispensed in cotton-

plugged flasks; autoclaved for 15 minutes at
15 lbs.
Reagents A2.1.5

For chemical determination of residual sugars.
(Browne & Zerban, 1941) (G &Benedicts reagent(a)

173 g of sodium citrate and 100 g anhydrousG) :
dissolved in 800 ml D.W.

cupric pentahydrate17.3 sulphateand wereg
dissolved in 100 ml of D.W. mixing the solutions
and making up to 1 litre.
Luff's solution (Schoorl, 1929). 50 g citric acid(b)

sodium carbonateanhydrousand 143 wereg
dissolved in 400 ml D.W., mixing with a solution
of 25 g cupric sulphate pentahydrate in 100 ml

solutionfilteredlitre. Themade 1toD.W.
keeps well.

sodium(c) ofsolutionSaturated, aqueous
bicarbonate.

(d) Hydrochloric acid.
3solution of(e) Methylindol 0.5%reagent:

methylindol in 90% ethanol.

sodium carbonate were

in a
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(f )

indicator papers. obtained(h) Glucose
Boehringertradeunder andname

Sohne GmbH, Mannheim, W. Germany.

(i) Methyl orange.
used in nitrogen assimilation tests, forREAGENTS B:

positive nitrite reaction.
8 g sulphanilic acid were dissolved in 1 litre of 5 N
acetic acid (1 part glacial acetic acid to 2.5 parts
of water).

For staining ascospores Schaeffer-FultoneREAGENT C:
modification of the Wirtz method (Schaeffer & Fulton,
1933) Malachite green safranine.

Methods2.2.0
Introduction2.2.1

taught that behas yeast canno
characterised with confidence until a systematic study
has been made of its cultural, morphological, sexual

Itand physiological characteristics
al, 1984).

The following criteria have been devised of the
yeast and have been applied in the present study of

grains andfruits,yeast strains isolated from
beverages.
A Cultural characteristics

1. Growth in liquid media

"Experience

"Glukotest",

Hydrochloric acid concentration (D 1.9methyl 
orange indicator: 0.1% aqueous solution.

These were

(van der Walts et
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Growth on solid media2.

Morphological characteristicsB
Characteristics vegetativeof the cells or a-
sexual reproduction.

C
Formation of1.

2.
Physiological characteristicsD

Utilisation of carbon compounds1.
Fermentative utilisation(a) of carbon
compounds

(b) Assimilative utilisation of carbon
compounds

Assimilative utilisation2. nitrogenof
compounds
Growth in vitamin-free medium3.
Growth on media of high osmotic pressure4.

5. Growth at elevated temperatures
Acid production6.
Production amyloid7. of extra-cellular
compounds
Pigment formation8.

aromaticformation or production of9. Ester
compounds.

carried out using the above criteria, the yeast strain
Themust be confirmed to be free from contamination.

selection ofplating of asingle colony and thea

Sexual characteristics
aj^id and ascospore

Interfertility

Cjtln

Before characterisation of the yeast strains^be
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second colony from the resulting replate practically

purity single-cellof culture,guarantees as a
provided that all the colonies on the replicate are of
uniform type (van der Walt et al, 1984).

when dealing with ascogenouys (sexual)However,
with strains derivedparticularlymaterials, or

it should be borneisolated from natural substrates,
in mind that such yeast strains may be heterothallic.

the injudicious selection of singlecase,
plating activelycolonies repeated ofafter an

infrequently leads thesporulating not toculture
single mating type and the loss of the

actively sporulating diploid state. In this event,
the isolation of both mating types must be undertaken
(van der Walt et al, 1984).

describedSpecial techniques with eachare
isolationfollowing generalthe andexperiment,
analysischaracterisation f techniques for and

experiments in Chapter 4.

Selecting of samples and isolation of yeasts2.2.2
Fruits: Ripe banana fruit samples were collected

from the field as follows:
Ten random samples of ripe banana fruits were cut

off from each of 40 clusters with sterile scissors and
clean,insterile immediatelygloves and placed

labelled with date,cellophane bags and tied, well

recovery of a

In such a
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time, location, and variety of banana. The label for

Date 6/2/92;
forwhere awas a

sample from Masaka, villagevillage. So was a
for sample of bananas calledstoodtheKasasa; a

sample from Rakai.Kisubi. The generalwas a
for Masaka/Rakai was MRjjBy. The stood forlabel

varieties of bananas.
The banana samples from the field were taken to

Department. WhenBotanyMakererelaboratory,the
there was not enough time to start isolating the yeast

inkeptsamples at thestrains, the were
refrigerator until the following day.

Isolation of yeasts from banana fruit2.2.3
removed from the fruits by washing

technique described by Warcup (1959). 40 ripe banana
fruits were aseptically placed in a litre of sterile

sterilised bowl. The bowlin coveredwater was
manually shaken for 10 minutes to allow dislodging the
yeast cells from the surface of the banana fruits into

The following technique was used in makingthe water.
Ten ml of the fruit surface waterserial dilutions.

extract in a sterilised cotton-plugged test tube was
from the test tube containing 120plated as follows:

ml of the extract, 1 ml was plated on 5% malt extract
agar, adjusted to an acid reaction, pHand YMagar,

0°C

MR2j

B1

MRj^i

time 10.00 a.m.; locality MR^ 

locality in Masaka, j stoodMRj

Yeasts were

a particular sample, as an example, was as follows:
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for suppression of bacteria.3.5-4.0 One ml of the

original surface extract was diluted to 1/10 and 1 ml
From thisabove. new dilutionplated as one mlwas

1/10diluted factor of makingby theawas new
This process was repeated until thedilution 1/100.

dilution 1/100,000. Plates made eachatwas were
The plates were incubated at 24°C, that is,dilution.

Colonies wereat room temperature for up to 7 days.
counted at each dilution using a transparent squared

of counting. The dilution which gavepaper for ease
colonies in subsequentused30-100ofcount wasa

isolation. dilution 1/10,000.The best Thewas
(mathematical) dilution ratio andmethod exactgave

ensured an approximately uniform degree of dilution at
This enabled the worker makeeach tostage.

statistical and probability analyses.
Six plates made from each sample of ripewere

Four different media were used for thebanana fruits.
maintenance ofisolation cultures.yeastand The

media banana-juice (BYA),yeast extractwere agar
(YPGA),yeast-extract peptone-glucose nutrientagar

agar-glucose (NAG), yeast extract malt extract agar
(YMA).

For each medium, each was dispensed onto25 ml
sterile Petri dishes for cultivation and isolation of

intodispensedstrainsyeast eachand 10 ml was
theforsterile slantsMcCartney fortubes agar

maintenance of pure cultures.
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1 ml samples

at about 37°C, by shaking andmelted but cooled agar,
solidifiedthebeforeplaterotating the agar

according to Warcup (1955b, 1957), Waksman (1927).
Cultures were incubated at room temperature (24°C)

Sometimeshours.4824 hoursfor hours to18 or
cultures were observed up to 7 days or one month, for

Sincestrains.slow-growing yeastsyeast are
that each colonyorganisms,unicellular means

developed or formed was considered to have originated
from an individual yeast cell active on the surface of
the fruit.

using a transparent squaredthe Petri dish,side of
paper.

Purification of the isolates was by replanting of
colonies until the plates consisted of only one type

Two replates were adequate to purify theof colony.
strains.

estimatedtheof bananasurfaceThe wasarea
in and colony countsusing graph weremm,paper

pineapples,fruits,Other such mangoes,as
pawpaws, passion fruits, were treated in the same way

for yeast isolation.as the banana fruits,

2 expressed as counts/cm.

and stored at 4°C.

were placed in sterile Petri dishes and dispersed with
From one or more of the dilutions,

The colonies were counted on the reverse

Pure cultures were maintained on YMA or MA
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Isolation of yeasts from grains2.2.4

100 grams of millet were collected in sterilised
with tops on, and appropriately labelled,jars, e.g.

fromstood for Yeasts removed thewere
grain by washing in100 sterileof thesurface g

Serial dilution platesfor bananas.water, as were
made and incubation was done as for bananas. 100 g of
grain (millet) were weighed and colonies counted and
expressed in terms of counts per gram.

Other grains (sorghum and maize) were treated in
the same way.

Isolation of yeasts from beverages2.2.5
75 ml sterilised bottles with screw topsForty

used collect 40 samples ofto Thetonto.were
(24 hours fermentation)fermenting ofbeverage was

always available in the villages on special order from
Masaka/Rakai.

Time listening narrativesspent fromtowas
observing how the prepared.and tontopeople was

Narratives were almost 100% identical for each of the
The difference was either a canoebrewers interviewed.

(dugout) was used to extract the juice using hands, or
the bananas were squeezed with feet in shallow pit in
the ground covered with banana leaves to prevent loss

Samples from the field were brought to theof juice.
Bottles with their contents well labelledlaboratory.

JTjjMI for samples of millet from Jinja/Tororo where MI 
millet.
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were stored in the laboratory at 0°-4°C. Ten ml of the
fermenting tonto were plated follows: ml of theas
tonto was plated onto BYA (banana juice yeast extract
agar), yeast extract peptone-glucose agar and nutrient

maltextract extractyeastagar-glucose, agar.
Another 1 ml was taken and diluted to 1/10 and plated.
From this new dilution, 1 ml was diluted to 1/100, and

dilution againThisbefore.1 platedml wasas
-6diluted to 1/1000, up to 1 x 10’q. Plates were made at

Dilutions of 1each dilution and incubated as usual.
gave the ideal colony count of 30-100 per Petri

kwete and muramba weredish. Other beverages, amarwa,

coloniesin ofthe Countstreated wereway.same
expressed in number of colonies per ml of beverage.

Characterisation of yeasts isolated from fruits,2.3
grains and beverages
A total of 218 isolates were initially made from

These were reduced tofruits, grains and beverages.
80 after preliminary diagnosis,
After further screening this number was reduced to 56
isolated yeast strains.

Two methods of yeast characterisation were used:
of yeastmethodconventionalMethod Theone:

et alder Waltcharacterisation is according to van
and StarmerPhaf f(1984),(1984) , alBarnett et

(1987), Kreg va Rij (1984), Lodder (1970), and van der
Walt and Johannen (1984).

and named Yj to Y80.

x 10'6
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Cluster Analysis or Procedure Cluster byMethod two:

according (1956b)Sneath andtocomputer Campbell
(1974).

techniques of strainConventional yeast
characterisation

techniquesmain of theseThe topurpose was
the yeastcharacterise and name,

strain isolated. assumed that eachIt yeastwas
strain isolated had some cultural, morphological and

identify and catalogue the strain for comparison with
likestandard monographs of thoseyeast taxonomy,

van der Walt et al (1984). Thementioned above, e. g.
method is based on cultural, morphological, sexual and
physiological characteristics of yeasts.

Cultural characteristics
Practically all yeasts may be cultivated either

media (broth).liquidin Thesolid oron
characteristics of such cultures are observable with
the naked eye and are used for diagnosis purposes (van

Two techniques are involved.der Walt et al, 1984).
Each of the 56 yeastGrowth in liquid medium:1.
in liquid medium ofstrains isolated

malt extract broth (2%) and 2% of glucose yeast
The media 30 ml of eachextract peptone water.

placed in replicates in Erlenmeyer flasks,were

physiological characteristics which one could use to

was grown

as far as possible,
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well labelled with the strain, date, location and

Appearance of growth in the flaskssource. was
after 48 72 hours,recorded to to one

month at 24°C.
The characteristics of growth were recorded

in a table either for formation of a sediment, a
ring, islets or pellicle. The pellicle whether

moistglistening, thickdry; anddull oror
tenacious or thin and brittle; the time taken for
the pellicle formation; ifodours formed, any,
were recorded.

solid media: used2. Growth Agaron was as
media.for thesolidifying agent meltsAgar

temperature of boiling watercompletely at the
and solidifies when cooled to about 40°C. It has
no effect on yeast growth.

solidWhen
medium, all the yeast cells produced either by
budding or fission formed a colony visible to the

certainnaked The colony hadeye.
size,characteristics, shape,texture,

nature of margin, colour and elevation.

byfriend; contaminatedstranger not orno
associated with any foreign organism) contains

As a rule onlyonly one kind of yeast strain.
pure cultures were used.

An axenic culture (Greek axenos means no guest

an yeast culture was made on a

such as

then up
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Streaking an agar plate: Using a flame-sterilised

loop a bit of inoculum was picked up and aseptically
(in an inoculation chamber) streaked or passedacross*

mediaagar plate. Thethe malt 2%agar
(w/w) and glucose-yeast extract-peptone agar (2%).

The plates were incubated at 24°C. Appearance of
the streak culture was recorded after 24 to 72 hours,
made again after 4 weeks.

On morphology agar, colonies were described after
6 to 8 days incubated at 24°C.

Results recorded follows: growthwere as was
(butter-like), friable,mucoid,either butyrous

coloniescoherent, matted. existedSome rough,as
glistening. eitherGrowthsmooth stronglywasor

pigmented by production of pigments. The pigment
either required the presence of iron in the medium or

independent of iron, in which the pigmentswas case
carotenoids. The former a pigmenttowere

called pulcherrimin.

brown, pink or white or pulcherrimin.

Morphological characteristics
reproductionCharacteristics vegetativeof or

sexual reproduction occur in yeasts either by fission,
budding or by a combination of these two processes.

The pigments were recorded as red, yellow, cream,

was due

used were
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Methods

Materials from actively growing purea young,
culture were inoculated into 30 ml malt extract broth
(2%) and glucose-yeast extract-peptone water in 100 ml

After 24 to 72 hours incubation atErlenmeyer flasks.
24°C, the cultures were examined microscopically. A

aseptically transferredcultureportion of the was
from the culture onto a slide with a drop of sterile

using a flame sterilised loop.water,

covered with a coverslip and examined microscopically
under medium and high power. The length and width of
the yeast cells were measured using a calibrated eye­
piece micrometer scale and the extreme values obtained
from the measurements of 20 cells were recorded. The

characteristics also recorded. Thecultural were
flasks were then set aside at 24°C and again described
4 weeks after inoculation.

When employing morphorology agar, use was made of
the Dalmau method of plate culture (Wickerham, 1951).

asideFreshly poured plates were 24 48forset to
A singlehours in order to allow the surface to dry.

say as from the relativestreak inoculation was made,
of the clock.

The inoculation was light, from a fresh slant culture.
In addition to the single streak inoculation described
above, two point inoculations were made near the other

o'clock and 8at positions 4the plate as
section of the streak and one ofo'clock. A central

The smear was

positions of 10 o'clock to 2 o'clock,

side of
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point inoculationthe withcovered sterilewere

The plates were incubated at 24°C.coverslipS . After
4 days cells the3 edge ofatto of thevery one

point inoculationsingle uncovered colonies were
size,examined shape andfor of cells.arrangement

The same plates served for the detection of mycelium

colonies.
Observations were recorded as follows:

cells recorded spheroidal,theShape:1. were as
ellipsoidal, ovoidal,sub-globose, globose,
rectangular, elongated,cylindrical, bottle­

shaped .
the size of cells was recorded as length XSize:
in micrometers.width,

Formation of pseudomycelium and true mycelium: if2.
reproduces exclusively by budding theyeasta

mature bud may either detach itself immediately
either adhere theto mother cell andmayor

eventually give rise chainsclusters ofto or
The tendency to remain in aggregates maycells.

result in the formation of pseudomycelium. The
term pseudomycelium indicates the formation of a
filamentous structure consisting of cells which

Walt,derbudding (vanarise exclusively by
1984).

yeast which reproduces solely by fissionIf a
constitute trueforms filamentous thesecells,

I

and pseudomycelium as well as for description of the
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with septa.mycelium, When mycelium breaks apart,
one-celled arthrospores are formed.

The study of Pseudomycelium and true Mycelium
pseudomycelium myceliumofstudy andtheFor

(irish) glucosemeal potatomaizeformation, agar,
agar or morphology agar were used, using slide culture
method or spot-plate technique (Wickerham, 1951).

Method
Slide culture procedure: a Petri dish, containing

U-shaped glass-rod support on which two glass slidesa
were placed, was sterilised by dry heat at 160°C for 2

Maize meal and potato-glucose-hours in an oven.
into the Petriand poured secondmeltedwereagar

The glass slides were quickly removed from thedish.
glass rod with a flame-sterilised pair of tweezers or

after whichdipped into theand weretongues, agar
glassthe Afterreplaced support.they onwere

solidification of the agar on the slides the yeast was
lightly inoculated in three lines along each slide and
sterile coverslip was placed over part of the lines.a

Some 3 ml of sterile water was poured into the Petri
dish, or strips of sterile moistened filter paper were

The cultureused to prevent the agar from drying out.
was then incubated at 24°C for 5 days.

Results were recorded as:

I

pseudomycelium or true 
mycelium present or absent or the yeast a single cell.
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The same as for pseudomycelium formation.Method:

Sexual characteristics
eitherbe homothallicYeasts may or

Homothallic yeastsheterothallic. self-fertileare
heterothallicwhile self-sterile.ones are

Heterothallic yeasts require another mating type to
effect fertilisation. In homothallic yeasts ascospore

initiated by reduction division offormation is the
withindiploid vegetativenucleus cell and thea

(van derlatter
Walt, 1984).

heterothallism is operative,If cells or
ascospores of both mating types may conjugate directly

zygote which undergoes meiosis to produceform ato
ofasci. numberThe ascospores per ascus may vary
The shape of the ascospores also

varies considerably.
complex processAscospore formation is quite a

involving inter alia such factors as the nutritional
conditions of the culture, the composition and pH of
the sporulation medium, temperature and the degree of
aeration (Phaff and Mrak, 1949).

Formation of chlamydospores: the chalamydospores have
been defined as thick-walled, nondecid^ius intercalary
or terminal a^sexual spores,;

from one to many.

is directly converted into an ascus
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considerable difficulty is sometimesAs

encountered in inducing poorly nourished cells to form
it is cultureto yeastascospores, necessary some
rich presporulation medium before these

transferred to the sporulation media.are
In testing for the ability to form ascospores it

is necessary to For mostuse
oyeast strains ambient room temperatures, 24°C aree.g.

quite suitable for the sporulation of yeasts. Some
in formingslowspecies andyeast ascosporesare

require 63 weeks before thetocultures may
ascospores are formed (van der Walt, 1984).

Methods
The culture to be studied was first brought to a

state of active and optimal nutrition by sub-culturing
presporulation medium or directly on yeast malt

48 hours,24for to Theatmaltoragar
sporulation media described earlier were then lightly

inoculatedTheculture.with theinnoculated
sporulation media were
hours before being examined microscopically for the

Material that had not sporulated was thenfirst time.

intervals for at least 6 weeks.
Ascospore formation was verified by staining the

heat-fixed preparations.

24°C.

maintained at room temperature and examined at weekly

a wide range of media.

on a

strains on a

then incubated at 24°C for 72
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Staining procedure

Schaeffer-Fulton's modification of the Wirtz
method (Schaeffer Fulton, 1933 )& used. Heat-was
fixed slide preparations of yeast were flooded with 5%
aqueous malachite green for 60 seconds and heated to
steaming 4 times, being taken not to crack thecare

stainslide. The off underglass excess was run
running about minute.for halfwater Thea

stained withthen counterpreparation 0.5%was
safranine for about 30 seconds. The mature ascospores
stained blue-green and the vegetative cells red.

Results were recorded as + (ascopores formed) or
(ascospores not formed) and also in terms of shape

spheroidal,of ellipsoidalascospores as or
cylindrical.

Isolation of mating types heterothallic haploidof
yeast species (Winge and Laustsen, 1939)
Method

A species that produced few or no ascospores when
individually sporulationtestedisolates onwere

media, strains inin mixtures of fourtestedwere
in obtainingoforder chancesenhanceto success

mating primitive (wild) species of yeasts. To make
activelyofmixtures, amountsequalapproximately

mixed in the centre of a slant of
spread out.the mixture wassporulation medium and

Observations were made for the presence of ascospores

growing cells were
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period of three
weeks. If a sexual reaction was observed which was in
excess of the reaction that was seen to occur in the
individual strains, the four strains of the reacting

mixed in six pairs to determine which ofgroup were
these strains were crossing mating. Details of these
procedures are given by van der Walt (1984).

characteristics ofPhysiological strainsyeast
isolated from fruits, grains and beverages in Uganda

In general, the characteristics which have proved
in characterisationuseful yeastmost thoseare

associated with the utilisation of carbon and nitrogen
growth factor requirements; the fermentationsources;

of typical characteristic metabolites, such as esters
(van der Walt et al, 1984).

Utilisation of carbon compounds:I yeast
developing on a carbohydrate source must either

it utilisefermentable to bybe to or
respiration. It is customary in characterisation

firsttherefer toof toyeasts process as
"fermentation1’ and the secondto as

(van der Walt et al, 1984).II IIassimilation
(a) Fermentative utilisation of carbon compounds: the

in theemployedcarbohydratesofrange
fermentation tests included Monosaccharides: D-

Disaccharides: sucrose,glucose, D-galactose;

after 6 days and then weekly over a
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cellobiose,maltose, trehalose, lactose and

melibiose; Trisaccharides: raffinose, melezitose;
Polysaccharides: inblin and soluble starch.
Fermentation raffinose is associatedof with

formation of residual sugars, so that either % or % of
complete molecule is fermented. Normally during the
fermentation of raffinose for % of the molecule, the
fructose fraction is fermented with the formation of

Raffinose may also beresidual melibiose by yeasts.
for % with formation of residualfermented sucrose.

Under these circumstances only the galactose fraction
The fermentation of % of the raffinoseis fermented.

is effected by yeasts whichmolecule
hydrolysing the raffinose molecule completely. This

% raffinose isfermentation of moleculeof the
the ability towithassociated ferment andsucrose

1 melibioseability ferment thetowith thealso
An indication of the degree to which themolecule.

raffinose molecule is fermented by a yeast strain may,
therefore, be obtained by inspection of its ability to

and melibiose.utilise raffinose, galactose, sucrose,
incompleteThe residual carbohydrate in the case of

fermentation of raffinose was determined chemically
according to Wickerham et al (1951).

Methods

used, (Oxoid, Sigma for example).

L

Only high grade sugars of certified purity were
The fermentation of

are capable of
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all sugars was tested in 2% solutions, except in the

raffinose whereof 4% solution normallyacase was
used.

dissolved inThe distilled water.weresugars
dispensed intoaliquots cotton-pluggedSix ml were

150x12 mm tubes, carrying inserts tubes approximately
A basal medium consisting of peptone (7.5 g)50x6 mm.

and yeast extract (4.5 g) per litre containing bromo-
mls aliquotsprepared. Two of thethymol blue was

basal medium with 1 ml of the indicator were pipetted
tubes sterilisedThe forinto tubes. 15the were

minutes at lbs pressure. fermentation media15 The
inoculated in an inoculation chamber with aboutwere

suspension0.1 ml of of cells made byyeasta
suspending the growth of a 24 to 48 hours yeast malt

culture in 4.5 ml sterile water.malt Theagaror
o,tubes were incubated at 24 C. The tubes were regularly

shaken and observed for percent gas in the inserts and
in indicator acidfor colour of thechange for

production over a period of 24 days. The results were
(+) for a reaction and (-) for absence ofrecorded as

that is fermentedreaction or response by the yeast,
detailsfermented respectively. Othernot wereor

whether fermentation was rapid or slow or delayed, and
recorded as +, S, D respectively.

Change of colour indicated acid production. When
raffinose was fermented, it was ascertained whether %

fermented with the% completeor moleculeor was

1
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formation of residual melibiose, sucrose, or

galactose, obtained from the
table below.

Fermentation of raffinose

Assimilation ofFermentation of

+ +++++

++++
++ + ++ +

Key: Ra = raffinose, Me = melibiose,
= slowSGa = galactose,

The procedure requires only one fermentation tube
The procedure iswith 2% raffinose per yeast strain.

based on three simple chemical colour reactions. The
presence of residual reducing sugar in the fermented

Luff’swithdirectlyliquid is determined or
Aliquots of the fermented liquidBenedict's reagent.

specifically fortestedthen andhydrolysedwere
and forglucose with glucose-oxidase indicator paper,

The method was asfructose with methylindol reagent.

Presumed degree of 
fermentation of the 
raffinose

Ga
+

Ra 
+ 
+

Ga 
+

Ra
+
+

Me 
+ 
+1S

Su 
+ 
+

Me 
+ 
+S

Su 
+ 
+

h molecule (residual 
melibiose)

% molecule (residual 
sucrose)

% molecule (residual 
melibiose)

Complete
% molecule (residual 

galactose)

Su = sucrose

Method : chemical determination of residual sugars

an indicator which was
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DurhamAfollows: fermentation tube containing 2%

raffinose in 1% peptone water incubated with thewas
yeast under test and incubated until fermentation was
complete and no further carbon dioxide was evolved.

Determination of reducing sugar1
One ml of the fermented liquid was mixed with 5

reagent or Benedict's reagent inml of Luff's
tube and boiled for 1 minute over an open flame. If

thepresent, clearreducing blue liquidwassugar
turned green and turbid. After a while a yellow or
red deposit of cuprous oxide was formed. If reducing
sugars were absent the liquid remained blue.

Determination of glucose2
Ten drops of the fermented liquid were mixed with

1 ml 10% hydrochloric acid in a test tube and heated
for 4 minutes in a boiling water bath to effect the
hydrolysis of residual sugar. Then 1 drop of methyl

indicator added and solutiontheorange was was
neutralised by adding a saturated solution of sodium
bicarbonate drop by drop. Glucose
strips were dipped into the cooled neutral solution
and exposed to the air. The strips turned blue if
glucose was present, but remained yellow if this sugar
was absent.
3 Determination of fructose

Ten drops of the fermented liquid were mixed with
0.2 ml methylindol reagent and 3 ml concentrated HC1.

solutionlight orangeIf fructose thepresentwas

a test

indicator paper
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few minutes. The degree to

which raffinose was fermented was determined from the
table below.

turned deep red after a
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Determination of the degree whichto raffinose is
fermented

Reducing sugar Glucose Fructose Fermentation of
raffinose

% (residual melibiose)++
% (residual sucrose)+
% (residual galactose)+
Complete

Oxidative or assimilative utilisation of carbon(b)
compounds
As in the case with fermentative characteristics,

characteristicsassimilatory employed forare
demarcation of genera and for speciation purposes.

A number of growth havetests been devised to
ability inabilitydetermine the of yeasts toor

(Wickerhamcompoundsutilised andcarbon Burton,
1948) . thethe compound was addedtest,In to a

liquid basal medium in which the compoundcomplete
served as the sole source of carbon. A test run over

It permitted the adaptation of theseveral weeks.
yeast to certain compounds.

blank consisting of theavoided ofby the ause

agitated to improve on aeration.The cultures were
inoculation basal medium devoid of any carbon source.

Erroneous results were



52

Wickerham and Burton (1948) after screening 70
compounds using 100 yeasts strains representative of

selected 30 compounds which22 heldgenera most
promise for yeast characterisation purposes.

In this study the following compounds were used.
Hexose sugars and their derivatives: D-glucose,

L-sorbose,D-galactose, a-methyl-D-
glucoside, salicin.

cellobiose, trehalose and lactose.

Polysaccharides: inulin and soluble starch
Pentose sugars: D-xylose, D-arabinose and L-rhamnose.

D-mannitol, D-glucitol, inositol
Acids: DL-lactic acid, succinic acid and citric acid.

Methods
standardised used.High grade, products were
inoculation medium: The nitrogenPreparation of the

basal medium for carbon assimilation tests in liquid
The composition of the basal mediummedium was used.

is given in Table XXIX in the Appendix.
dissolving 6.7prepared by 9mediumThe was

the carbon sourceWhen raffinose wasdistilled water.

Bacto-yeast nitrogen base and the appropriate amount 
of the carbon compound equivalent to glucose, that is, 

5 g glucose in 100 ml

Alcohols: ethanol, glycerol, ribitol, galactitol,

containing the same amount as

Trisaccharides: raffinose, melezitose

Disaccharides: sucrose, maltose, melibiose,
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it was used at twice this concentration. At times it

necessary to warm the mixture to effect completewas
When organic acids or their salts were usedsolution.

the pH of the solution was adjustedcarbon source,as
to 5.0 by the addition of sodium hydroxide pellets.

When soluble starch or inulin was used as carbon
it was dissolved in distilled water by gentlesource,

The solutions containingheating over an open flame.
pipetted in 4.5 mlcarbohydrateof the0.5% were

distilled water in cotton-plugged 150 x 12 mm tubes.
2 ml of the Bacto-yeast nitrogen base were added. The
tubes were autoclaved for 10 minutes at 10 lbs and the
tubes were ready for use.

Preparation of the inoculum
Before proceeding with the test the strain to be

state of activetested had first to be brought to a
This was effected by transferring the straingrowth.

daytwice threemalt at atyeast agaron
intervals. suspensions provided the materialCell
employed for the inoculation of the media used in the
assimilation tests. A loop-full of the yeast strain

aseptically suspended in 10 ml sterile distilledwas
5 ml of the inoculum in 150 x 12 mm tubes waswater.

widelines approximately iuntil blackdiluted mm
drawn on white cardboard became visible through the

24°C



53
At times itit was used at twice this concentration.

necessary to warm the mixture to effect completewas
When organic acids or their salts were usedsolution.

the pH of the solution was adjustedcarbon source,as
to 5.0 by the addition of sodium hydroxide pellets.

When soluble starch or inulin was used as carbon
it was dissolved in distilled water by gentlesource,

The solutions containingheating over an open flame.
pipetted in 4.5 mlcarbohydrateof the0.5% were

distilled water in cotton-plugged 150
2 ml of the Bacto-yeast nitrogen base were added. The
tubes were autoclaved for 10 minutes at 10 lbs and the
tubes were ready for use.

Preparation of the inoculum
Before proceeding with the test the strain to be

state of activetested had first to be brought to a
This was effected by transferring the straingrowth.

twice three daymaltyeast at atagaron
intervals. materialCell suspensions provided the
employed for the inoculation of the media used in the
assimilation tests. A loop-full of the yeast strain

aseptically suspended in 10 ml sterile distilledwas
5 ml of the inoculum in 150 x 12 mm tubes waswater.

wideblack lines approximately funtildiluted mm
drawn on white cardboard became visible through the

24°C

x 12 mm tubes.
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Each tube in the assimilationtubes as dark bands.

tests received 0.1 ml of the diluted inoculum, using
sterile pipettes.

As there were 56 yeast strains to deal with, and
total ofgiving a 1,568 tubes,28 carbon compounds,

taken in labelling each tube with the
Tubes were set incarbon source and the strain used.

racks to make observations easy.
incubatedinoculation the tubes atAfter were

agitatedThe tubestemperature. wereroom
aeration. Observations weremanually to improve on

firstat weekly intervals The4 weeks.made over
recording the ofconsisted of amountsobservation

this time forobservedalso tubesgrowth; at were
The degree to which the variouspellicle formation.

utilised determinedcarbon bycompounds were was
placing the tubes which had been vigorously shaken to
disperse against whiteall cardgrowth,yeast a
bearing lines approximately f mm wide drawn with black
Indian ink. in completelyIf growth the tubes

ifitlines, recorded 3+; theobliterated the was
lines appeared as diffuse bands, the growth was rated

if the bands were distinguishable as such butas 2+;
while theindistinct edges it 1+;recordedwas as

2+indicated 3 +Aof growth orabsence aswas -:

reaction within 4 weeks was considered to be positive

24°C,

great care was
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and a 1+ reaction as very weak or negative. At the

fortestedfinal reading, oftubes presencewere
amyloid compounds.

Assimilative utilisation of nitrogen compoundsII
Since nitrogen metabolism is a basic feature of

growth, the ability or inability to utilise different
be made inofnitrogenof usecansources

characterisation of yeasts (van der Walt et al, 1984).
potassium nitrate, sodiumutiliseability toThe

nitrite and specific amino acids, has proved a most
useful taxonomic characteristic.

For yeast strains characterisation purposes the
is assessed byability to utilise

determining growth response under aerobic conditions.

Methods
Only high grade, analytical grade compounds, were

used as nitrogen sources in the nitrogen assimilation
Liquid media were used.tests.

(a) Utilisation of nitrate
medium: carbon11.7Basal Bacto-yeast baseg

(Table XXIX) together with 0.78 g of potassium nitrate
distilledin water,dissolved 100 mlwere

warming a little to effect complete solution of the
mediumbasalof theml was0.5constituents.

( kno3 )

dispensed into 4.5 ml distilled water in 150 x 12 mm

a nitrogen source
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cotton-plugged tubes, which were then autoclaved for

Blank tubes were prepared by15 minutes at 15 lbs.
putting 0.5 ml of basal medium into 4.5 ml distilled

same size as those forwater in cotton-plugged tubes,
and autoclaved similarly. The tubesthe test, were

The medium was inoculatedthen ready for inoculation.
in the same way as the carbon assimilation tubes using
cell suspension in sterile distilled water. The tubes
were incubated at 24°C. The tubes were observed after

Growth was similarly assessed as for carbon7 days.
assimilation with negative growth.1+3+, 2+, or

confirmed by chemicalNitrate assimilation was test
for nitrite.

8 g sulphanilic acid in 1 litre of 4 NReagent:
glacial acetic acidacid (1 part of 2.5acetic to

parts of cfistilled water). A few drops of each of the
reagent were put in nitrate cultures. If a distinct
pink nitritecolour formed the ofpresence was

Absence of nitrite in the presence of goodindicated.
growth indicated complete consumption of the nitrate.

Utilisation of nitrite(b)
Testing the assimilation of nitrite may involve

toxic effects due to nitrous acid formation, if the pH
So tests were made at lowof the medium is below 6.

concentration of nitrite.
basecarbon wereMedium: Bacto-yeast11.7 g

mlin 100nitritesodium0.26withdissolved g
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distilled water. The rest of the procedure was as for
is, sterilizationassimilation thatcarbon and

preparation of inoculum, inoculation and recording of
results.

Utilisation of amino acids(c)
11.7 g Bacto-yeast carbon base together with 0.64

g of the amino acid were dissolved in 100 ml distilled
the procedureof for theThe restwater. was as

carbon assimilation.

Growth in vitamin free mediumIII
view essential vitamins inIn of the role of

yeast metabolism, vitamins requirements provide useful
diagnostic criteria in yeast characterisation (van der
Walt et al, 1984) .

following vitaminsThe biotin,used:were
riboflavin, folic acid, niacin, thiamine hydrochloride
and inositol.

Method
The composition of the medium is given in Table

The medium was prepared by dissolving 16.7 gXXIX.
distilledBacto-vitamin in mlfree base 100yeast

The final solution was prepared by pipettingwater.
0.5 ml of the basal medium into 4.5 ml distilled water
in 150 x 12 mm cotton-plugged tubes.
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Vitamins were added as follows: folic acid 2 pg,

inositol niacin riboflavin10 400 200gm, pg, pg,
thiamine hydrochloride 400 The solutionpg. was
sterilised by autoclaving minutesfor 10 10 lbsat

The tubes were then ready for inoculation.pressure.
media inoculated inThe the thewere same way as

The tubes were incubatedcarbon assimilation tubes.
The tubes were observed after 7 days and the

1+ or negative growth.2+,results recorded as 3+,

Growth on media of high osmotic pressureIV
isolated from substrate with highYeast sugar

generally resistantcontent high osmotictoare
osmotophilic speciesSome also showpressures.

appreciable alcohol interestingtolerance an
characteristic for brewers. The ability to grow on
high concentrations of sugar was tested by growth on
agar media containing 50% and 60% (w/w) glucose media
(van der Walt et al, 1984).

Method
The two media were made up by dissolving 50 g and

60 g of glucose in 50 ml and 40 ml respectively of 1%
The media were dispensed in 4.5 mlyeast autolysate.

andcotton-plugged tubesaliquots in 12150 mmx
10 lbssterilised by autoclaving for 10 minutes at

The tubes were then ready for inoculation.pressure.
The tubes were incubated at 24°C for 4 weeks. Growth

at 24°C.
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amounting to 1+ after 20 to 24 days incubation at 24°C

at 2+ cell density was recordedwas recorded as weak,
as moderate and 3+ as good.

Growth at elevated temperaturesV
Temperatures between 20 and 28°C are optimal for

the growth of most yeast species (van der Walt et al,

is useful determineTaxonomically to1984) .
whether or not yeasts are capable of growth at 30°C or

especially associated withabove, for yeasts
fermenting beverages, where temperatures may rise to

Growth at elevated temperatures was determined in
liquid media.

Method
(a) Growth tubeat of the glucoseusuala

assimilation medium was inoculated as usual and
incubated at recorded in theGrowth was

7 24 days.usual after and Resultsway were
observed in the same manner given before.

o o,(b) Growth at 37 C and at 42°C: The same procedure was
30°C exceptfor growth atfollowed that theas

42°C.incubated andculture atwere
Incubation, observation and recording of results

37°C

30°C.

over 42°C.

30°C:

were done as usual.
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Production of extracelluar amyloid compoundsVI

(1945) studied the production ofAschner alet

amyloid starch-likeextracelluar materials byor
They found that under suitableencapsulated yeasts.

strainsseveralconditions yeast producedcultural
extracelluar polysaccharides which gave a blue colour

One of the conditions was thatwith iodine solution.
the pH of the medium was maintained below 5.

Methods
Medium (Lodder Rij, 1984): 0.2%& Kregar van

potassium0.2% dihydrogenammonium sulphate,

phosphate, 0.1% magnesium sulphate heptahydrate and 2%
glucose were dissolved in 100 ml distilled water, pH
adjusted to 4.5. Agar 4% was prepared in distilled

The two separate portions of the media werewater.
autoclaved for 15 minutes at 10 lb pressure. The two

together aseptically whileportions were added the
agar was still liquified. Petri dishes were prepared
containing 1 drop of yeast autolysate and a drop of
concentrated vitamin solution.

Lugol's iodine solution (Gram's modification) 1g
iodine and 2 g potassium iodide were dissolved in 300

inoculateddistilled Plates byml water. were
incubatedstreaking with atthe test yeast,

After incubation for 1-2 weeks the plates were flooded
producingStrainssolution.iodinewith dilute

24°C.
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amyloid material showed colour reactions varying from
blue to purple The blue colour indicated
amyloid material on yeast walls.

Pigment formationVII
The formation of distinctive pigments can be used
differentiating yeast strains. Three main typesfor
pigments distinguished: carotenoids,of bemay

pulcherrimin and ribosylaminoimidazole. Carotenoid
pigments vary from shades of red to yellow which are

all red yeastdetected visually. Not
their carotenoid Beijerinkcolour to substances.
(1918) reported the formation of a red pigment in the
yeast Candida pulcherrimina and pointed out that the
formation of the pigment occurred only in presence of
iron.

Method
Pigmentation is normally observed in growth on

determiningmedia employed forthe the cultural
properties strains.of yeast for theHowever,
production of pulcherrimin iron must be added to the
medium. The medium was prepared by dissolving 4 g
glucose, 2 g Bacto-peptone, 0.2g potassium dihydrogen
phosphate, 0.05 g magnesium sulphate heptahydrate,
1 ml yeast autolysate and 2 g agar in 99 ml tap water.

ofsolutionsterileAfter autoclaving 5%ml of1
ferric ammonium citrate was added aseptically. Plates

or green.

colonies owe
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inoculated and incubated at
24°C 1 week and observed forfor the production of
pigment in the medium.

Ester productionVIII
fermentative inWhen producesyeast esters

be easily detected by odour,suf f icient toamounts
this property can be used for the characterisation of
yeast species.

Method

prepared on yeast malt agar and incubated at 24°C.was
The culture was judged by smell after 24 to 48 hours.
The results were recorded as either positive for ester
production or negative.

were prepared as usual,

A plate culture of the yeast strain under test
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CHAPTER THREE
RESULTS3.0

Characterization of yeast strains isolated from3.1
fruits, grains and beverages

Initially eighty one yeast strains were isolated
After diagnosis theseY81.Y1named toand were

The yeast strains werereduced to fifty six strains.
isolated from fruits, grains and beverages in Uganda.
The yeast strains were characterised using monographs

The characterisation1984) .al,(van der Walt et

characteristics, 10for culturaltests accounted 9
morphological characteristics 10 primary physiological
tests; and 6 confirmatory tests. This gave a total of

The total number of variables25 characterisations.
involved morphological, 6cultural, 1118was

37 for assimilation, 3 of temperature,fermentation,
1 osmotic vitamin amyloseand2 ofpressure,

variables.79giving total of Theproduction, a
characterisationstrainresults of yeast were

summarised in Table I.
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RESULTS
Yeast characterisationTable 1

name
PARTICULARS SOURCESTRAIN NO.

Can Y5O
Y50

CanTontoY33

Y6
Can

sucrose;
glycerol, mannitol, asporagine?^mU a^es

MR^ Tonto

Culture: same as for Y50
Morphology: budding; true mycelium, producing 

clusters cells ovoid to more or less 
cylindrical.

Physiology: Ferments D-glucose, lactose, Sucrose, 
raffinose; weakly assimilates glucose; 
delayed assimilation of sorbose; 
assimilates glycerol mannitol; nitrate 
positive; assimilates Asporagire.

MRjj, Fruits

MRjj

Culture: Same as for Y50
Morphology: Cells 5-9 x 3 - 5.5 pm
Physiology: Ferments glucose, lactose, 

does not ferment raffinose- 
 - • 1.  n '

Culture: wrinkled pellicle; colourless
Morphology: pseudomycelium;
Physiology: Ferments well= D-glucose, raffinose, 

sucrose; assimulates; D-glucose, 
cellobiose; D-glucosamine; does not 
produce amyloid compounds.
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PARTICULARS

Culture:MR,-; FruitsY60 i)

Culture:14 ij

MRjj Fruits, Culture:17
Tonto

bordeaux-red pigment formed on medium 
with iron; the pigment was absent on 
YM agar.

Morphology: Cells 5-3 x 3-5 pm
Physiology: same as in Y6.

Saccharomyces 
cerevisiae

Candida 
pulcherrima

Dekkera 
bruxellensisMR:: Fruits, 

Tonto
pellicle; sedment formed; developed an 
aromatic odour; streak shiny, smooth, 
cream

Morphology: pseudomycelium; cells ovoid, ellipsoid 
to elongate; 4-5 x 6-10 pm. See Figure 5

Physiology: KNOj positive; acid produced 
assimilation and fermentation slow.
sediment and pellicle with a ring; 
streak butyrous, friable, cream, raised; 
after 4 weeks brownish-cream

Morphology: cell shape and size varied; round, ovate, 
elongated, often pseudomycelium with 
multipolar budding; 4-14 x 3-7 pm 
See Figure 2.

Physiology: fermented glucose, galactose, and maltose 
very well; raffinose H, was weakly
fermented, growth in KNOj was negative 
the species grew weakly in vitamin- 
free broth; it growth on 50% (w/w) 
glucose-yeast extract was reasonable; 
there was little growth on 60% (w/w) 
glucose-yeast extract.

STRAIN NO. SOURCE
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HanY68

HanCulture:FruitsY20

SaY21Culture:Y21 ij

Y12 MRjj Tonto

Fruits
Tonto

MR;: Fruits
Tonto

same as in Y68
Morphology: budding, many clusters, cells ovate
Physiology: Ferments glucose, sucrose, assimilates 

glucose, cellobiose, glucosamine, 
salicin, sucrose.

Cream, pellicle formed
Morphology: budding, multipolar cells elongate, 

glubose, 6-8 x 5-6 pm.
Physiology: ferments glucose, galactose, maltose, 

sucrose; assimilates glucose, lactic 
acid, glucoside, raffinose. Grew well 
at 37°C.

SaYl2 
or 
S.
carJsbergensis

MRjj

MRjj

Culture: Cream
Morphology: bipolar budding; cells ovate 4-9 x 2-5 
Physiology: Ferments glucose, galactose, cellobiose;

assimilates glucose, salicin, and 
maltose, cellobiose, mannose is not 
fermented.

Culture: Cream; sediment formed
Morphology: Cells ellipsoid, multilateral budding 

5-12 x 5-10 pm
Physiology: Ferments glucose weakly; ferments well 

maltose, cellobiose, sucrose, raffinose 
melibiose, assimilates glucose, galactose 
sucrose, maltose, melibiose, trehalose, 
raffinose, melezitose, ethanol, glycerol 
mannitol, lactic acid; grows well at 37°c.
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NAMEPARTICULARS

ScY26Y26

CrY37Y37 Fruits

Y13 Culture:

1

Fruits
Tonto

Schizosacc- 
heromyces 
pombe

MR^

Culture: Yellow
Morphology: amyloid compound produced
Physiology: Does not farment or is non-fermentative, 

assimilates glucose, galactose, glucosomine, 
sorbose.
Pellicle, then sediments streak white; 
friable

Morphology: Cylindrical to rectangular, elongate, 
oval mycelium, 20-40 pm x 3-5 pm. See Fig.

Physiology: Fermented glucose, galactose, maltose, 
sucrose, raffinose, melibiose, growth on 
KNOj, vitamin - free media was negative. 
Maximum growth temperature on malt extract 
was 43 C starch test positive.

Culture: White colony
Morphology: Cells cylindrical to rectangular, ovoid 

or glubose, by fission
Physiology: Ferments glucose, galactose, assimilates 

glucose, glucosamine, glucoside, raffinose, 
salicin, starch, weakly sarbose; grows well 

at 30°C, 37°C and 42°C.

MR;;, JM;;, MJ 
Fruits, Millet, 
Sorghum and Tonto

STRAIN NO. SOURCE
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NAMEPARTICULARS

15

TY29FruitsY29

Physiology:

Y42 Cream, wrinkled pellicle CanY42

Culture:
Morphology:

Matted, cream
Cells single; no formation of 
pseudomycellium or true mycelium 
Amyloid compounds formed; fermented 
glucose, raffinose, assimilated 
glucose, erythritol, glucosamine, 
inositol, raffinose, salicin, sorbose, 
trehalose; grew at 37°C.

Saccharomyces 
chevalieri

MRjj Fruits & 
Tonto

MRU- sorghum
Muramba

MRU

Culture:
Morphology: Cells ovoid, more or less cylindrical, 

cells 5-10 x 3-5 pm
Physiology: Fermented glucose only; assimilated 

glucose; salicin, maltose, cellobiose, 
glycerol; assimilated weakly succinate, 
citrate, asporagire, glutamic acid, 
glycine, lysine, glucosamine; 
grew well at 30°C, 37°C and 42°C.

Culture: Sediment formed, cream; butyrous; flat
Morphology: Cells spheroidal, ovoid or cylindrical!;

2.5 x 7 4-10 pm; cells occurred singles 
or in pairs; a few times formed chains. 
Fig. 3.

Physiology: Glucose and sucrose were fermented, but 
galactose, maltose and lactose were not 
fermented. There was no growth in KNOj.

STRAIN NO. SOURCE
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NAMEPARTICULARS

HaY49Y49

Y62 HaY62

Y67 Muramba HanY67

J

MRUj: sorghum 
Muramba

MRUjj

Culture: Pinkish, dry pellicle
Morphology: Cells spherical or ovoid, elongate; 

multipolar budding; pseudomycelium ’.
Physiology: Ferments glucose, raffinose, assimilates 

glucose, ethanol, sucrose, maltose, 
lactose, raffinose, glycerol, trehalose, 
erythiritol, mannitol, salicin; melezitose, 
KNOj positive. Grow at 30°C.

MRUq sorghum
Muramba

Culture: Same as Y49
Morphology: Similar to Y49
Physiology: Fermented glucose only; assimilated glucose, 

salicin, maltose, cellobiose, but not 
trehalose, lactose, raffinose, or melezitose; 
did not grow at 3CPc.

Culture: Cream
Morphology: bipolar budding, cells ovate, 

4-7 x 2-4
Physiology: Fermented glucose, galactose, lactose; 

lactose; assimilated glucose (weak), 
maltose, trehalose, raffinose, inulin 
(slowly), glycerol, salicin. Grew at 
30°C but not above.

STRAIN NO. SOURCE
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NAMEPARTICULARSSTRAIN NO. SOURCE

SaY30
MurambaY30

SaY68MRU.-; MurambaY68 ij

Y56 Muramba ScY56Culture: White, friable
Morphology: Cells cylindireal, elongated, ovoid, or 

globose; limited mycelium, fission.
Physiology: Fermented glucose, sucrose, cellobiose, 

% raffinose; assimilated glucose, 
sucrose, maltose; KNOj positive grew at 
30°C but not above produced amyloid 
compounds.

MRUij

MRUij

Culture: pellicle; cream
Morphology: budding; cells round, ovate, large 

vacuoles; 4-14 x 3-7 pm
Physiology: Fermented glucose, sucrose (weak) 

cellobiose, trehalose, maltose, raffinose, 
Assimilated glucose, galactose, sucrose, 
trehalose, melibiose, inulin, mannitol, 
30°C but not above.

Culture: Similar to Y30
Morphology: Similar to Y30
Physiology: Fermented glucose (weak) sucrose, 

cellobiose, trehalose, maltose, raffinose, 
melizitose, assimilated glucose, galactose, 
melibiose (weak), mannitol (weak), grew at 
30°C but not above.
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CrY57Yellow; matted, coherentsorghumY57

MurambaY46

Y48 Culture: S. pastorianus

DY46
Debar ryomyces 
hansenii

MRUjj

MRU^

MR., MRUU
Tonto, Muramba

Culture:
Morphology: pseudomycelium
Physiology: Fermented galactose, melizitose;

Assimilated galactose, sorbose, melibiose, 
ethanol, glycerol, erithritol, salicin, 
latate, succinate (weak), citrate (weak); 
grew at 30°C but not above.

Cream, butyrous; sediment with a ring, 
shiny, margin undulating.

Morphology: Cells spheroidal, ovoid or elongate 
3-7 x 4-18 pm; singly or in pairs or 
short chains or clusters. Fig. 1.

Physiology: Fermented glucose, glactose (slow).

Culture: Pellicle formed; cream
Morphology: budding multilateral; cells spheroidal; 

globose. See Fig. 7
Physiology: Fermented glucose, sucrose, cellobiose, 

maltose, lactose, raffinose;
Assimilated glucose, galactose, sorbose, 
maltose, cellobiose, trehalose, lactose, 
melibiose, starch, salicin, lactate;
grew in vitamin-free medium; grew at 30°C 
but not above; nitrate negative.

STRAIN NO. SOURCE
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NAME
PARTICULARS

2

Call11

62 Ha62JT:: Amarwa 
mi Tlet 
Mj: Amarwa 
Ainyeles

JT;: Amarwa
Millet
Mj Amarawa

JT;; Amarwa 
miTlet 
Mj: Amarwa 
Ainyeles

Culture: Yellow, wrinkled pellicle, matted
Morphology: budding; pseudomycelium, producing clusters 

of blastospores cells oviod to cylidrical*
Physiology: Fermented glucose, sucrose; assimilate5 

glucose, sorbose, sucrose, ethanol, glycerol, 
mannitol, lactate, succinate, glucoside, 
aspartic acid, glutamic acid; grew at 3CrC 
and 37°C; grew at 50% glucose.

Culture: Dry wrinkled pellicle; cream to redish
Morphology: Cells spheroidal, round, ovate, elongate, 

forms pseudomycelium.
Physiology: Vigorously fermented glucose, sucrose (weak) 

maltose; assimilated glucose, glycerol, and 
was KNOj positive (utilised Noj). Grew at 
30°C but not above.

Culture: As in 2
Morphology: As in 2
Physiology: Fermented glucose, sucrose, assimilated 

galactose, sorbose (weak) sucrose, 
ethanol, glycerol, mannitol, lactate, 
succinate, glucoside, aspartic acid (weak) 
glutamic acid (weak).

STRAIN NO. SOURCE
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NAMESOURCE PARTICULARSSTRAIN NO.

Ha3232

Sa30M3OM

30N Sa30N

JTjj Amarwa 
millet

M; Amarwa
Ainyeles

JTjj Amarwa 
miTlet
M: Amarwa
Ainyeles

JT:; Amarwa 
mi Tlet 
Mj Amarwa 
Ainyeles

Culture: Cream, sediment
Morphology: Cells more or less ellipsoids 

5-12 x 5-10 pm; budding
Physiology: Fermented glucose, sucrose (weak), 

maltose, cellobiose, trehalose, 
Assimilated glucose, sorbose, melibiose 
(weak), mannitol (weak); grew at 30°C 
and 37°C but not higher.

Culture: As in 30M
Morphology: As in 30M
Physiology: Fermented glucose, sorbose, sucrose 

(weak), trehalose (slow); Assimilated 
glucose, galactose, sorbose (weak), 
sucrose, trehalose (slow), raffinose 
(weak) ethanol, glycerol, citrate, 
lactate. Grew at 30 but not above.

Culture: same as in 62
Morphology: same as in 62
Physiology: Fermented glucose, galactose, 

maltose, Assimilated glucose, melibiose, 
(weak), glycerol, KNOj (weak); Grew 
30°C but not above.



74

Table 1 Cont..

NAME
PARTICULARSSOURCESTRAIN NO.

Sa30P
30P

Sc44MAmarwa44M

44N Sc44N

44P Amarwa Sc 44P

JT-j Amarwa 
millet

M; Amarwa
Ainyeles

M; Amarwa 
Ainyeles

JT:: Amarwa 
millet

M: Amarwa
Ainyeles

JTjj

Culture: White pellicle, then sediment
Morphology: Cells cylindrical or rectangular, 

ovoid, elngated to glubose, 
fission 5-40 x 4-5 pm

Physiology: Fermented glucose, sucrose, maltose, 
Assimilated glucose, galactose, 
raffinose.

Culture: Same as in 44M
Morphology: Same as in 44 M
Physiology: Fermented glucose, maltose, Assimilated 

glucose, galactose, sucrose, melibiose, raffinose, glucose, maltose.
Culture: As in 44M
Morphology: As in 44M
Physiology: Fermented glucose, sucrose, maltose- raffinose; Grew at 30°C.

Culture: Similar to 30M
Morphology: Similar to 30M
Physiology: Fermented glucose, sorbose, sucros 

(slow), cellobiose, trehalose, 
Assimilated glucose, sucrose, malto , 
trehalose, raffinose.
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Culture:10

Physiology:

Saz.ellipsoides44

21 Culture: Sa.capensis

Sediment, cream
Cells ellipsoidal to ovoid,

^iiits
Tonto

Lodderomyces 
elongisporus

esterical aroma 
Morphology:

JTj: Amarwa 
MRj- Tonto

Sediment and a ring, cream, smooth 
shiny, margin entire, streak 
butyrous,

Morphology: Spheroidal, Ovoidal,
3-7 x 3-9 pm, formed rudimentary 

pseudomycelium figure 4
Physiology: Vigorous fermentation of glucose, 

sucrose, raffinose (week); 
no growth in maltose

Sediment formed; streak butyrous;
Triable, cream, f]at> entire margin, 

budding pseudomyceliam branched 
formed blastospores in clusters 
teak) Km'UCOSe <s,ow)- salactose 
tweak), KNOj negative.

Culture:
Morphology:

6-8 x 56 pm
Physiology: Fermented strongly glucose raffinose 

completely galactose, sucrose:
Assimilated glucose, lactate, 

glucoside, raffinose completely, 
maltose, KNOj negative.
It differed from S. cerevisiae by 
fermenting raffinose completely.

JT:: Amarwa
MiTlet
Amarwa
Aingeles
MR-
Tonto
Fruits
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cryMRjj Ton to50

DY 60Y60 bffljj Tonto

Culture: Yellow,
Morphology: Cells roads, ovoid, multi-polar 

budding
Physiology: Fermentation nil; Assimilation 

glucose (weak) galactose, sorbose, 
lactose, glycerol, lactate, 
succinate, 
produced amyloid compounds

Culture: Dull, dry pell ide, cream
Morphology: Cells, round, short, oval, 

multipolar budding 
Physiology: Fermented glucose (weak), 

raffinose, mellibiose (weak), 
Assimilated glucose sorbose, 
salicin, melibiose, cellobiose, 
raffinose (weak), starch (weak) 
erythritol, lactate, aspartate, 
asparagine, glutamate, gylcine. 
lysize; grew at 30°C and 37°C 
but not higher; grew on 50% 
(W/W) glucose (delayed).
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Culture:TontoY 25

MRij Fruits DY10Y10

Cream, sediment, pellicle not 
formed

Morphology: pseudomyceliam poor; bipolar 
budding bipolar, cells 
ellipsoids, ovoid, globose, 
6-8x5-6pm

Physiology: Fermented glucose cellebiose, 
sucrose, raffinose (2/3), 
melibise, Assimulated glucose, 
galactose, sucrose, maltose, 
melibiose, trehalose, rafinose 
(weak) melezitoze, ethanol, 
glycerol, lactate (weak)

mrh

Culture: As in Y60
Morphology: As in Y60 
Physiology: Fermented glucose, maltose (weak, 

delayed), sucrose, raffinose, 
melibiose (weak); Assimilated 
glucose, galactose, sorbose, 
sucrose, maltose (weak, delayed), 
raffinose, melezitose, inulin, 

glycerol, erythritol, mannitol, 
lactate, succinate, citrate, 
KNO3 positive, Aspartate, asparagine, 
glutamate, erythritol, glucoside- 
grew well at 30°C, 37°C and 42°c.

Sac Y 25
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SaY32
FruitsY32

ScY56AMR^j FruitsY56A

MurambaY57A CrY57ACulture: Light cream, matted
Morphology: true mycelium; cells round, ovoid; 

multipolar budding.
Physiology: Non-fermentative; Assimilates 

galactose, glucoside (delayed), 
lactate; produced amyloid compounds.

MRjj

MRij

Culture: As in Y25
Morphology: As in Y25
Physiology: Fermented glucose, galactose, 

maltose, cellobiose, sucrose, 
raffinose, melibiose; Assimilated 

glucose, galactose, sucrose, 
maltose, melibose, trehalose, 
raffinose, melitose, glycerol, 
lactate (weak), grew at 30°C, 
37°C, 42°C.

Culture: White colony, friable;
Morphology: Cells cylindrical/rectangular, 

elongate, ovate, or glubose; 
mycelium; fission

Physiology: Fermented glucose, maltose, sucrose, 
raffinose, melibiose; Assimilated 
glucose, galactose, sucrose, 
maltose, raffinose; grew only up 
to 30°C; produced amyloid compounds.
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Y1

Y2

Y4

Y2
(SacY2)

Y4 
(HaY4)

MR:: Tonto
Frui ts

Culture: Cream, pellicle, thin
Morphology: Cells ovid, elongate, ellipsoid 
Physiology: Fermented glucose, maltose (weak) 

ethanol (weak), glycerol (weak), 
lactose (weak), raffinose (weak), 
melibiose (weak), succinate (weak), 
sucrose (weak, delayed); grew at 30°C.

MR:;; JM-■ 
millet, Fruits 
Tonto, Kwete 
Amarwa

Culture: Glistening; pellicle
Morphology: budding bipolar
Physiology: Fermented glucose, raffinose, 

sucrose; Assimilated erythritol 
(weak), ethanol, glycerol, 
maltose, glucoside, raffinose (weak) 
succinate (weak), sucrose (weak, 
delayed); grew at 30°C, 37°C.

Culture: Cream, smooth
Morphology: Cells elongate
Physiology: Ascospores produced, ovoid, glucose, 

cellobiose, galactose, maltose (weak) 
sucrose; Assimilated ethanol, 
galactose (weak, delayed), glycerol 
(weak), lactose (weak), raffinose, 
melibiose, salicin, succinate, sucrose, 
trehelose.

MRj: Fruits
Tonto
MRU- Muramba
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Y5

MRjj FruitsY7

Y8 Tonto Y8

Y7 
(ScY7)

Y5 (SacY5)MR^ Tonto 
Fruits

Culture: White; friable
Morphology: Cells cylindrical, elongated, ovoid 

4-40 x 3-6 pm.
Physiology: Glucose, galactose (delayed, weak); 

maltose, sucrose (weak), assimilated 
ethanol (weak), galactose (weak), 
maltose, glucoside, raffinose, 
melibiose (weak) sorbose, sucrose 
(weak), grew at 30°C, 37°C, 42°C.

Culture: Thin, folded pellicle;
Morphology: Cells ovoid, spheroidal, budding 
Physiology: Fermented glucose, sucrose, 

assimilated erythritol, ethanol 
(weak), galactose, lactose (weak) 
maltose, raffinose (weak), melibiose (weak), sorbose, trehalose.

MR^

Culture: Cream, sediment with a ring
Morphology: Cells ovid, elongate; spheroidal, 
Physiology: Fermented glucose, maltose, 

% raffinose (weak), sucrose; 
Assimilated ethanol (weak), 
galactose (weak), glycerol, inositol, 
lactose (weak), maltose, glucoside, 
raffinose (weak, delayed), sucrose 
(weak), grew at 3CPC and 37°C, 
but not above.
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Y9

Y14Y14

Y22
Y22

Y9 
(HaY9)MRj: Fruits 

Tonto
Culture: Cream, Smooth
Morphology: Cells ovoid, ellipsoidal, cluster 
Physiology: Fermented glucose, galactose, 

raffinose, sucrose, Assimilated 
galactose, glucoside, lactose 
(weak), maltose (weak), raffionse, 
melibiose (weak), sorbose (weak), 
sucrose (weak), produced aromatic 
odour.

MR;: Fruits 
Tonto

Culture: Sediment with a ring
Morphology: Cells budding, bipolar, cells elongate 
Physiology: Fermented glucose, galactose 

(weak, delayed), sucrose, ethanol 
(weak), glycerol (weak), inositol 
(weak), lactose (weak), maltose, 
raffinose (weak), melibiose (weak), 
sorbose, succinate (weak), sucrose 
(weak).

STRAIN NO. SOURCE

MRU Fruits 
Tonto

Culture: Similar to Y14
Produced* ascospores, ovoid, 

physiology d gluCose, raffinose sucrose

Assimilated ethanol (weak), lactose 
(weak), melibiose, salicin (weak), 
sorbose, succinate (weak), sucrose 
(weak), grew at 3(TC, 37^0.
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Y28Y28 Tonto Culture:
(CrY28)

Y38

KEY:

Codes for MR^, MRU^ and JT^/Mj see Appendix I.

Can = Candida, 
Cr = Cryptococcus;

Sa = Saccharomyces;
Ha = Hansenula;

Han = Hanseniaspora;
T = Torul opsis;

Matted, margine entire; a pellicle 
is formed; cream

Y38 
(CrY38)Tonto

Sc = Schi zosaccharomyces;
D = Debaryomyces.

MRij

MR- Fruits, Culture: Cream, matted
Morphology: Mycelium produced, cells spheroidal 
Physiology: Fermented glucose, galactose, only 

i.e. a poor fermenter.
Assimilated galactose, lactose, meltose, 
glucoside, raffinose, salicin, sorbose, 
grew at 30°C, 37°C and 42°C. produced 
emyloid compounds.

Morphology: Cells round, ovoid, multipolar 
budding.

Physiology: Ability to ferment was either nil 
Cellobiose, glactose or very weak. 
Assimilated ethanol (weak), galactose, 
glycerol (weak), lactose (weak), maltose, 
raffinose, melibiose (weak), sorbose 
(weak), produced amyloid compound.

STRAIN NO. SOURCE
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79 ledof teststotal toThe results of the

characterisation of 56 yeasts strains to genus and/or
Candida pulcherrima,speciesspecies. The were: 1

cerevisiae,bruxellensis, SaccharomycesDekkera

Schizosaccharomycescarlsbergensis,Saccharomyces

chevalieri, SaccheromycesSaccharomycespombe,

pastorianus, Lodderomyces elongisporus, Saccharomyces

Candidacapensis, Y50,ellipsoides, Saccharomyces

HanseniasporaCandida Y20,Y6,Candida Y33,

Y21 ,SaccharomycesHanseniaspora Y68 ,

Schizosaccharomyces Y26, Cryptococcas Y37, Torulopsis
+

Hansenula Y62,Candida Hansenula Y49,Y29, Y42,

Saccharomyces Y40,Saccharomyces Y30,Hansenula Y67,

Schizosaccharomyces Y56,Y68,Saccharomyces

Cryptococcus Y5 7, Debaryomyces Y46, Candida 2, Candida 0
11, Hansenula 62, Hansenula 32, Saccharomyces 30M,

Saccharomyces3 0N, 3 0P,Saccharomyces

Schizosaccharomyces Schizossacheromyces44M, 44N,

Schizosaccheromyces 44P, Cryptococcus Y50,

Debaryomyces Y60, Saccharomyces Y25, Debaryomyces Y10,

SchizosaccharomycesY32, Y56A,Saccharomyces

Cryptococcus Y57A, (Saccharomyces Yl),Y1 Y2

(Saccharomyces Y2), Y4 (Hansenula), Y5 (Saccharomyces

Y5), Y7 (Schizosaccharomyces Y7), Y9 (Hansenula Y9),

Y28 (Cryptococcus Y28), Y38 (Cryptococcus Y38). The
following were characterised but not confirmed. Y8,
Y14, Y22.
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Yl, Y2, Y5 wereDoubtful cases arose as follows:

early vigorous ferment/es of glucose but Y2 did not
ferment raffinose, Y5 fermented the sugar weakly. In

1
media,assimilativeinweaklyreactedgeneral Yl

unlike Saccharomyces, generally.
fermented D-glucose,Y4 vigorouslystrainThe

assimilation salicinandmelibiosecollibiose,
Theseformation ofwithtogether ascospores.

However, Y4 didcharacteristics pointed to Hansenula.

not utilise KNO3, Y9 did not ferment cellibiose and did
the of theform although restnot ascospores,

+similar those of Hansenula.characteristics were to
similar characteristics ofY7 thosehad to

Schizosaccharomyces except that it was generally weak
in reaction to the nutrients. Y28 and Y38 had many 0

that pointed tocharacteristics Cryptococcus except
that they isfermented glucose. Cryptococcus

Thenon-fermenter.generally two generallywerea
poor fermenters though.

The unconfirmed Y8, Y14, Y22 could not match well
with the available characteristics according to Lodder
et al and van der Walt et al (1984) .

strainsTable showsVI of generallyyeast
unconfirmed or doubtful identity isolated from fruits,

grains. isolatesbeverages and Twelve were
characterised as follows: From fruits in Masaka/Rakai

Y2 (Saccharomyces(Table I), (Saccharomyces Yl),Yl

Y7(Saccharomyces Y5),(Hansenula Y4),Y2), Y5Y4
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(Schizosaccharomyces Y7), Y8, Y9 (Hansenula Y9), Y14,

Y22, Y28 (Cryptococcus), Y38 (Cryptococcus 38). From
Y2 (Saccharomyces Y2),Y1 (Saccharomyces Y1),tonto: 1

Y5), Y8 , Y9Y4), (SaccharomycesY5(HansenulaY4

(Crypotococcus Y28) .Y28(Hansenula Y9), Y22,Y14,

Y1 (SaccharomycesFrom Muramba in Mbarara/Rukungiri:
Yl), Y2 (Saccharomyces Y2).

Yeast biodiversity and density3.2
distinguishingcharacteristicsshowsTable V

isThis a regionfrom Masaka/Rakai.yeast strains
+

intensivelywhere bananas
and nearly every homestead indulges in tonto brewing.

it is Ten yeastSo
fruits, largely bananafromisolatedstrains were 0

strains included: Candidafruit. Y50,The
Crypotococcus Y37, Candida pulcherrima (Y60), Dekkera

bruxelensis, Saccharomyces cerevisiae (17), Hansenula

SaccharomycesY20,Hansenula Y21,Y68,

Schizosaccharomyces Schisosaccharomyces bombe,Y26,

Saccharomyces chevalieri, Torulopsis Y29.

Ill and IV summarise the biodiversityTables II,
and population density of yeast strains isolated from
fruits in II),and beverages Masaka/Rakai (Table

III), fruits, grainsMbarara/Rukungiri (Table and
beverages in Jinja/Tororo/Mbale (Table IV). The yeast

varieddiversitydiffered anddensitystrain
remarkably when Central and South/West regions are

1

are grown extensively and

the home of bananas and tonto.
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Yeasts Associated with fruits, beverage andTable II
grains in Masaka/Rakai

1
PW TO KPAMPB

134Candida Y50
6.4 27Candida Y33
7.5 335.324Candida Y6

3.7 4.9 1214Candida Y60
5.6 IB4.37.469.8Hansenula 14

03.5 2.95.272.8Hansenula Y17
4.6 3.9 25 +3.6 3.3 39

4.5 347.3 1.162.5 5.7 15.3
6 3 1567 12 9 1.5

151.570.5 41
3.53 1 15 0

Non-fermentative Yeasts

48.8 8.4 8.4 6
34 3.5 2.1 1

Rhodotorula Y24 11.3 148 0
Terulopsis Y29 63.3 1.8 1.8 2

PBananaBKey:
M PA
PA PW Pawpaw
TO Tonto KweteKW

Cryptococcus Yll
Cryptococcus Y37
Debaryomyces Y13
Rhodotorula Y15

Mango
Passion Fruit

74.9
63.6
48
70.7

59
68

36.9
23.4

12.8
11.2
7
14.9
15.4
16.3

2.6
2.8

11.2
12

21
19.9

19.5
13.6

19.8
12.1
16.8
35.5
10.3
10.2

8.16
11.2
4.6
9.2

6.0
3.7

Pineapple
Passion Fruit

12.82
15.1

2.2
8.7

4.66
13.2

5.2
1.8

14

2.7
4

3.6
2.2

8.6
12

14
5.4

58.8
2.2

2.5
3.5

2
5.5

Hanseniaspola Y68
Hanseniaspora Y20
Saccharomyces Y21
Saccharomyces Y25
Saccharomyces Y12
Schizosaccharomyces Y26 71.7

Fermentative Yeasts 
(Totals in %)
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TABLE III

roi

1

2.7 142.7 111.9 22.8

Non-fermentative yeasts
+

4.5 9.9 272.7 20.7 158.6

0M = Muramba

Candida Y42
Candida Y50
Hansenura Y49

B
60.2
50.4
64.6
34.6
56
64
59.2

33.5
29.8

7
22.4

8.2
4.9

6.1
5.8

19.4
12.2

11.4
19.7

M
22.2

49.2
18.7

45.5
29.1

3.4
13.8

8
7.67

7.16
3.5

2 
0

23
79
1
22
2
14

Crypotococcus Y57
Debaryomyces Y46
Debraryomyces Y48

M
38

PA
2.1

6.25
2.1

TO
2.1

13.2
2.1

4.4
7/7

2.00
4.2

2.5
3/7

2.00
6.9

5
4.9

4
1.6

P
7.3

PW
2.1

3.1
9/5

1.1
3.1

Yeasts associated with fruits, beverages and 
grains in Mbarara/Rukunqiri

Hansenura Y62
Hanseniospora Y67
Saccharomyces Y30
Saccharomyces Y68
Schizosaccharomyces Y56 57.5

Fermentative Yeasts 
(totals in %)
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beverages andTABLE IV
E°1

MI KAl AM SOAKPAMB P 1

+
4 6 85 760 0 10 0

Non-fermentative yeasts

0

AlBKey:
P
M
PA
AK

Hansenura 62
Hansenura 32

Candida 2
Candida 11

= Banana (Musa ssp)
= Pineapple (Anans sp)
= Mango (mangifera sp)
= Passion Fruit (Passflora sp)
= Akiria nuajon

21
24
18
0

24
37

0
0
2
1

0
0

0
0
0
0
3
0
0
0
0
0

24
6

0
0
0
0
0
0
0
0
0
0

31
18

8
4

0
0

0
0
0
0
0
0
0
0

0
1

0
0
0
0

0
0
1
0
0
0

AM
SO

0
0

2
5

0
0

0
0

2
4

5
4

80
64

1
15

70
81

32
30
29
73
79
88

Ainyeles
Amarwa/Ajcn 
Sorghum 
Millet 
Maize

14
12
13
6

4 
0

3
2
7
5

2
2

10
8

10
15
17
7

6
12

1
5

1
1

E
5

2)
39
2
6

4
E

5
9

9
9

MI =
MAI =

Yeasts associated with fruits, 
grains in Jinja/Tororo/Mbale

Saccharomyces 30M
Saccharomyces 30N
Saccharomyces 30P
Schizosaccharomyces 44M
Schizosaccharomyces 44N
Schizosaccharomyces 44P
Schizosaccharomyces 44T

Cryptococcus 16
Debaryomyces 14
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The was

roi

1
bananas, were

+

shows 0

fermented products 
tonto, 

Mbarara/Rukungiri 
In

Biodiversity was 
In Jinja/Tororo/ 
and amarwa 1.5 x

Biodiversity
4%. In

as Candida Y33, Candida Y6, Dekkera bruxellensis, 
Saccharomyces cerevisiae, Hansenula Y68, Saccharomyces 
Y21, Saccharomyces bergensis, Saccharomyces Y26, 
Schizosaccharomyces pombe, Saccharomyces chevalieri.

Table VIII shows characteristics distinguishing 
yeast strains isolated from fruits in Mbarara/ 
Rukungiri. Seven strains were characterized. These 
were Candida Y42, Cryptococcus Y57, Debaryomyces Y10, 
Hansenula Y49, Saccharomyces Y56A, Schizosaccharomyces 
Y56.

compared with East/North East. The study 
undertaken to investigate population biodiversity and 
population density of yeasts responsible for certain 
fermentation processes. The fermented products of 

sorghum and millet were tonto, Muramba and 
amarwa in Masaka/Rakai, Mbarara/Rukungiri and 
Jinja/Tororo/Mbale respectively. In Masaka/Rakai 
(Table II) bananas showed the highest number of 
isolates for both fermentative and non-fermentative 
yeast strains. In this region the mean count of the 
colony forming yeast units (c.f.u) on bananas was 74.4 
cm'2, in tonto the c.f.u were 5.07 x 107. 
was 66.5% on bananas and in tonto was 
Mbarara/Rukungiri the counts for bananas was 76.6 cm' 
and 5 x 107 ml'1 counts in muramba. 
55.8% on bananas and 3.2% muramba. 
Mbale counts on bananas were 2.5 cm'4 
107 ml'1; on millet 25 cm'2. The biodiversity was 6% on 
bananas, 11.8% on millet and 63.4% from amarwa.

Table VII shows characteristics distinguishing 
yeast strains isolated from tonto in Masaka/Rakai. In 
all 12 strains were isolated. These were characterised
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Table V Characteristics distinguishing yeast strain isolated fyc

HaY14 HanY20 PY21KY10CrY37 DY13CaY50
+Ascospore

Ferments
+ +++ w

0D-galactose
Maltose
Raffinose ++

+Sucrose +
Assimilates
Glucose + +++ ++ +
Galactose
Trehalose ++
Cellobiose + + ++
Citrate

0Erythritol +
00Ethanol

D-galactose +

D-glucose
Cellebiose
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Table V cont..

HaY14 BarDY13CrY37CaY50

DHD-glucoseamine +++
0
0

0
00DL-lactate

Citrate +
0Lactose

Maltose
0D-Mannitol
DD

0 .WDMelibiose +
Salicin +
Soluble starch w

Glycerol
Myo-inositol
Inulin

2-Me-glucoside
Raffinose
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a

followingthebyb to

Ca
Ha
P
Sch
c

(-)

+
o
D

I

-

MRjj • Where MR^ = Masaka area: j = specific 
villages where samples were taken:
MR2j = Rakai area. 
Biovars are referred 
abbreviations. 
Candida, Cr = Cryptococcus; D = Debaryomyce 
Hansenula; Han = Hanseniaspore; K = Kloeckera; 
Pichia, R = Rhodotorila, Sa = Saccharomyces; 
Schizosaccharomyces; T = Torulopsis.
MRj jYz, = unvarying specific characters are 
given in cases of failure to confirm with 
published descriptions (monographs)

= not applicable (for example, not variable in 
this species
= positive response; 
negative response; w = weak response; 
delayed response: ND = test not preformed; the 
test is not necessary for speciesw of level 
testing.
response varied in repeated tests.
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0 0 0 0+ 0 0 0 00 0+

+ + + + + + + ++ + +
00 00 0 0 0 0 0+

0+D/W0 00 +0 +
0 +w0000 +++w

00 +0 +0 +w+
+++w ++0 +++

0000000
00 +000+w +w+w0 +w+w+w+w++ + ++w+w+++w+w+W/D

Ascospors 
Ferments 
D-glucose 
Cellebiose 
D-galactose 
Maltose 
Raffinose

0
0

0
0

0 +w
0 +w

0
0

0
0

0
0

0
0
0

+ (w)
0

+w
0

+w
0
0 +

0

iso_lajted.
with

Sucrose
Assimilates
Cellobiose
Erythritol 
Ethanol 
D-galactose

+w
0 +W/D

0
+ +W/D
0

Characteristics distinguishin 
from fruits, beverages and q: 
available conventional description

Y8YIC y22 y28yK y23Y5Y2 Y< Y5 Y7 y38

• of■~^S£2S£inned_JLdentit

'—s—idlatacter -i c •----- ^Lof ? ~-±2tics did not conform 

xeasts

Table—VI
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VI cont..Table

0 0 0 0 0 0 0+ 0 0 D0+w +w +w 0+ 0 0 0 0+w 0 +w
0 0 0 0+ 0 0 D+w 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 00
0 DLactose 0+w +w +w +w +w +w +w ++w

0Maltose + + + + + +w + +w + + +
0 0 0 0 0 0 0 0D-Mannitol 0 0 0 0

0000000 0 ++++
++w+w ++w++w++w++w+w

0+++w+w+w+w++w+
0 0000 w00 ++w

+wD +w ++++0 +DD +w 0+0 +w+w00++w +w 0++wD +w+w+w+w+

Melibiose
Salicin
Soluble starch
L-sorbose
Succinate
Sucrose

2-Me-glucoside
Raffinose

+W/D
0

0
0

D-glucose amine
Glycerol
Myo-inositol
Inulin
DL-lactate

+w
0

+w
+W/D +W/D

y28y22Y8YIC
y23Y»Y3Y5Y2 Y7 y38
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Table VI cont..

A-a-trehalose 0 0 + + 0 0+ 0 0 0 0 0

+ + + + + + + + +
+ + + + +
+ +

0 0 + +
I

a

b

c

0

0

0

0

0

0
0

0
0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0 
0

+
0
0+

0
+

0

+
0

0

+
0
0

0

0

0

0

YIC Y2 Y7Y5

Grows
W/0 Vitamins
W/0 biotin
At 30°C
At 37°C
At 42°C
Produces amyclose

y38y28y“ y22Y< Y8

+
0

Y9 y23

+
0

0

+
0
0

0

MRjj where MRjj = Masaka area; j = specific villages where samples were taken;
MR2j = Rakai area.
Bivars are referred to by the following abbreviations: Ca = Candida,
Cr = Crytococcus; D = Debaryomyces; Ha = Hansenula; Han = Hanseniaspore;
K = Kloeckera; P = Pichia; R = Rhodotorula; Sa = Saccharomyces;
Sch = Schizosaccharomyces; T - Torulopsis.
MR -Y - unvarying specific characters are given in cases of failure to confirm 
with2published descriptions (monographs).
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Table VII

WX strains isolated from Tonto in Masaka/Rakai
CaY33 CaY6 Cry50 DY13 d^60 HaY17 HaY14 HanY68 SY26 Scl2 SaY21 SaY25

+ + +w +w + + + + (w)+0 +0 +
+

D D + +
+ + + +Lactose ++ +

Sucrose + + + + +w +0+ + + + + + +
0+ +w + + + +

+w +w + ++w + + + + + + +
+ + + + +

++D ++
+ +

++ +
0 + + + + +
0 + + + + +

+ ++ ++

0

Ascospors
Ferments
D-glucose
D-galactose
Maltose
Cellebiose

Raffinose 
Melibiose 
Assimilates 
D-glucose 
D-galactose 
L-Sorbose 
A-methyl-D-giucose 
Salicin 
Sucrose 
Maltose 
Melibiose
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CaY33 CaY6 Cry50 DY13 0Y60 HaY17 HaY14 HanY68 ScY26 Sal2 SaY21 SaY25
+ + +

0+ + + ++ 0
+w + + + +w

+ + +
Starch +S+w +w
Ethanol

+ + ++ + +
+ + +

+ +
+ 0+ +

+ + + + + +w
+
0 +
00 ++ +

+ +
4- ■ ++ +
+ ++++

Melezitose
Inulin

Lactose
Raffinose

Cellobiose
Trehalose

Glycerol 
Erythritol 
Mannitol 
Lactate 
Succinate 
Citrate 
Nitrate 
Nitrate 
Aspartate 
Asparagine
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Table VII cont..

CaY33 CaY6 Cry50 DY13 DY60 HaY17 SCY26 Sal2 SaY21 SaY25
+ + + +
+ + + +
+ + + +

D D D

+(w) +w

+ +
0 0 + + + +

0 0 +/D +/D +/D 0
+ +

+
0

Glutamate 
Glycine 
Lysine 
Glucosemine 
2-Me-glucoside 
Grows 
At 30°C 
At 37°C 
At 42°C
With 50% Glucose 
Produces amyclose

HaY14 HanY68
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strainsTable VIII

HaY49DY10 HanY62 SaY56ACaY42 CrY57
ScY32

Ascospors
Ferments

+ ++ +++
+

w/DMaltose ++
Cellebiose +
Lactose
Sucrose + + +
Raffinose + + +
Melibiose +w + +
Assimilates

+ + + + + +
+ + + +

+

+D+w

Salicin + ++
Sucrose + + + +

w/DMaltose + + + + +
Melibiose +
Cellobiose + + +
Trehalose + +
Lactose +

ARaffinose + + + +
Melezitose + + +
Inulin +

++ + +
+ +
++w +

L 1

Glycerol 
Erythritol 
Mannitol

A-methyl-D- 
glucose

D-glucose
D-galactose
L-Sorbose

D-glucose
D-galactose

Characteristics distinguishing yeast 
isolated from fruits in Mbarara/Rukungiri
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Table VIII Cont..

SaY56AHanY62HaY49DY10CaY42 CrY57
ScY32

+w+Lactate +
0Succinate ++w
0Citrate ++w

Nitrate +++
0 0Nitrate

0 +++
0 +++
0Glutamate +++

000+
00 0+

+
+ ++

D ++
Xylose

+++ ++
+Q ++

++ +

++
Produces 
amyclose

Aspartate
Asparagine

Glycine
Lysine
Glucosemine
Erythritol
2-Me-glucoside

With 50%
Glucose

Grows
At 30°C
At 37°C
At 42°C
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characteristics distinguishingTable showsIX
Mbarara/inMurambafromstrains isolatedyeast

Rukungiri.
The following yeast strains were characterised:

Y49,Hansenula HansenulaY42,CandidaCandida Y50,

Y30,SaccharomycesY67,HanseniasporaY62,

Schizosaccharomyces Y56,Y68,Saccharomyces

Cryptocaccus Y57A, Debaryomyces Y46.

distinguishingcharacteristicsshowsTable X
isolated from amarwa in Jinja/Tororo.yeast strains

Candida 2,Eleven yeast strains
Candida II, Hansenula 62, Hansenula 32, Saccharomyces

3 ON, Saccharomyces 30P,Saccharomyces30M,

Schisosaccharomyces Schisosaccharomyces44M, 44N,

elongisporus44P, LodderomycesSchisosaccharomyces

(not shown in the table - see Table I), Saccharomyces

ellipsoides.

Table XI: This Table shows characterisation of
yeast strain isolated from millet from Jinja/Tororo.
This region uses a lot of millet in the preparation of

strains were: Candida 2,The Candida II,amarwa.

Hansenula 62, Hansenula 32, Saccharomyces 30M,

30N, SaccharomycesSaccharomyces 30P,

Schisosaccharomyces 44M, Schisosaccharomyces 44N,

Schisosaccharomyces 44P, Saccharomyces ellipsoides.

were characterised:
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Table IX Characteristics

CaY42 CaY50 CrY57A DY46 DY48 HaY49 HaY62 HaY63 HanY67 SaY30 SaY68 ScY56Ascospors
Ferments
Glucose + + + + + + + + + +w +Galactose 0 0 + 0 0+ 0 0+Sucrose + + + 0+ 0+w 0 +w + +Cellebiose +w/D+ 0 0 +w 0 + + +Lactose + +
Trehalose 0 0 0 0 0+ +
Maltose 0+ +w +w 0+ 0+ +
Lactose 0 0+ 0+ +
Raffinose + + + 0 0 +*+ + ++
Inulin
Melizitose 0+ +
Starch
Assimilates

++w +0 +Glucose + + + +++
++++Galactose +

+ +Sorbose +
0 0 ++000+wSucrose 0 +0+000++Maltose

toanaukidD3w.rara/^q1rl



IllCont...Table IX

CaY42 CaY50 CrY57A DY46 DY48 HaY49 Ha62 HaY63Cellobiose HanY67 SaY68SaY30 SCY56+ +w + 4-Trehalose
+ 4- 0Lactose + 0+ 0 0+ ++wMelibiose + + + 0Raffinose + + 00 +0 0Inulin 0 0 0+ 00 0Starch +s 0++ + 0 0Ethanol 0+ + + 0 + + 0 0+ + + 0 0 0 + ++ 0 0 + +

0 0 + 0 0 + +w+ + + + 0+ +
+ 0+ 0 0 0 0

0+w 0+ 0 0 0
0+w 0+w 0 0 0 0 +w+w + + + + +

Salicin
Lactate
Succinate
Citrate
Nitrate

0
0

0 
0

0 
0

0 
0

0
0

Glycerol
Erythritol
Mannitol

0
.0

+w
0
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CaY42 CaY50 CrY57A DY46 DY4B HaY49 Ha62 HaY63 HanY67 SaY68 ScY56SaY30
0 0 0 0+ + 0+ 0 0 + 0

+ + + + + + ++ ++ 0 + ++ 0 00 0 0 0 0
Produces amylose 0 00

+

Nitrate
Vitamin free
Grows
At 30°C
At 37°C
At 42°C



Table X

feMerwa in Jinja/TororoCall Ha62 Ha32 Sa30M Sa30N Sa30p Sc44M Sc44PSc44N Sc44T

Glucose + + + + +Galactose + + + ++ + +0Sorbose 0 +W
Sucrose + + +W + 0 +wMaltose 0+ + + + + 0+ + 0 ++ + 0 0 0 0 0

+ + + + + + +w + ++ +w ++ + +w+ + 0 0+ 0+ 0 +
0 0 0 0 0 0 0

0 0 0

00 0 00+ 0 0 0

+w +
0 0 0 0

Ascospors
Ferments

0

0
0
0

0
0

0
0

+w
0

0
+w

+w
0

Cellebiose 
Trehalose 
Assimilates 
Glucose
Sorbose 
Sucrose 
Maltose 
Galactose 
Cellobiose 
Trehalose 
Lactose 
^elibiose 
Raffinose



114Cont..Table X

Call Ha62 Ha32 Sa30M Sa30N Sa30p Sc44TSc44PSc44M Sc44N0 0 0 0 00 0 0

+ + 0 0 + 0+ + + + 0 0+ + 0 0 + +w +wCitrate 0 0 +W 0 0Lactate + 0+ 0 0 0 0 0Succinate + 0+ 0
Salicin
Starch

+ +
+W+

0 0
0 0+w+

+w+

Glycerol
Mannitol

Xylose
Arabinose

0
0

Glucoside
Nitrate
Nitrate
Aspartic acid
Glutamic acid 
Glycine

Rhamanose
Erythritol
Ethanol
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Cont..Table X

Call Ha62 Ha32 Sa30M Sa30N Sa30P Sc44TSc44PSc44NSc44M

+ + + + + + +
+ + 0+ +

+ +

Produces amylose

With 0.1% 
Cyclohemimide

0
0
0

0
0
0

0
0
0

Lysine 
Pantothenate 
Folic Acid 
Niacin 
Riboflavin 
Thiamine

+
0
0

Grows
W/0 Vitamin
W/0 Biotin
At 30°C
At 37°C
At 42°C
With 50% Glucose
With 0.01% 
Cycloheximide

Ca2a



Key to abbreviationsSee

a to by the

Ca

species
+
W
s

ND
0

Hansunula 
Schizosaccharomyces 
Test not done 
Negative response 
Not available on this 
Positive response 
Weak response 
Slow growth

Ha
SC

following
Biovars are referred 
abbreviations. 
Candida
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Key to abbreviationsSee

to by thea

Ca

+

ND
0

W
S

Ha
SC

following
Biovars are referred 
abbreviations. 
Candida 
Hansunula 
Schizosaccharomyces 
Test not done 
Negative response 
Not available on this species 
Positive response 
Weak response 
Slow growth
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Table XI Characteristics -distinguishing .Strains of

Ca2a Call Ha62 Ha32 Sa30M Sa30N Sa30P Sc44M Sc44PSc44N Sc44T

Glucose + + + + + +Galactose + + + + ++
Sorbose + + +Sucrose + + + +w +w +sMaltose + + ++ +W
Cellebiose + + +

+Trehalose + +S +S +Lactose

+ + + + + + + + + ++ + + + + +
+w 0

+s ++ ++ ++
+++ + +

++
++s+++

+

Ascospors
Ferments

Assimilates
Glucose
Galactose 
Sorbose 
Sucrose 
Maltose 
Cellobiose 
Trehalose
Lactose 
Melibiose

■^^-Isolated
in Jinja/Tororo



118Table XI Cont..

Ca2a Call Ha62 Ha32 Sa30M Sa30NRaffinose Sa30P Sc44M+ + Sc44N Sc44P Sc44T+ +W ++ + + + +
Rhamanose

+ + + ++ + + ++ +
Citrate

+ +Lactate + +S + +w ++ + +

+ +

+ +

Succinate
Salicin

Glycerol
Mannitol

Erythritol
Ethanol

Xylose
Arabinose

Starch 
Glucoside 
Nitrate 
Nitrite 
Aspartic acid
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Call Ha62 Ha32 Sa30M Sa30N Sa30P Sc44M Sc44N Sc44P Sc44T+ +

+ +

+
+ ++ + + + + +

++
++
++++

Produces amylose

Glutamic acid 
Glycine 
Lysine 
Pantothenate 
Folic Acid 
Niacin 
Riboflavin 
Thiamine 
Grows 
W/0 Vitamin 
W/0 Biotin 
At 30°C 
At 37°C 
At 42°C
With 50% Glucose 
With 0.01% 
Cycloheximide
With 0.1% 
Cyclohemimide
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See Key to abbreviations

a
to by the following

Ca

=

0

species+
w
s

Ha
SC

Biovars are referred 
abbreviations.
Candida
Hansunula
Schizosaccharomyces 
Negative response 
Not available on this 
Positive response 
Weak response 
Slow growth
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Hansenula 3 ON, 
44M, 
44P,

32,
Saccharomyces
Schisosaccharomyces

i

Table XII shows characteristics distinguishing 
yeast strains isolated from amarwa/ajon in Mbale. A 
lot of amarwa or ajon (from Atesot community here) is 
consumed daily 
hatched huts, 
characterised:

The following were 
the yeast strains: Candida 2, Candida II, Hansenula 
62, Hansenula 32, Saccharomyces 30M, Saccharomyces 
30N, Saccharomyces 30P, Schisosaccharomyces 44N, 
Schisosaccharomyces 44P, Schisosaccharomyces 44T.

in the characteristic circular grass 
The following were the yeast strains 
Candida 2, Candida II, Hansenula 62, 

Saccharomyces 30M, Saccharomyces 
30P, Schisosaccharomyces 

44N, Schisosaccharomyces 
Saccharomyces ellipsoides.

Table XIII shows characterisation of yeast strain 
isolated from ainyeles from Mbale. Ainyeles is 
prepared from malted (germinated millet) which is sun- 
dried in the yard, on a clean area often smeared with 
cow-dung. The millet after drying is ground to flour. 
It is technically the "green malt" or yeast which is 
mixed with roasted millet malt during fermentation 
stage of the amarwa, The roasted malted millet flour 
is called akiria nuajon by Atesot.

Candida 2,
Saccharomyces 30M,

Schisosaccharomyces



122^baracteristics_distiTable XII
■shi -Strains of gasts isolate from MbaleCa2a Call Ha62 Ha32 Sa30M Sa30N Sa30P Sc44M Sc44N Sc44PAscospors Sc44T

Ferments
Glucose + + + + + +Galactose + + + + +
Sorbose
Sucrose

0 0 0Maltose 0
0 0+ 0 + 0+Cellebiose 0 0 0

Trehalose 0 0 0

+ + + + + + + + + + +
Sorbose

0 0 0 0 0 0++

+w w+ ++++

0 ++00
+o

00 +
000++0 +00

+
0

+w
0

Sucrose 
Galactose 
Maltose 
Cellobiose 
Trehalose 
Lactose 
Melibiose 
Raffinose

Assimilates
Glucose
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Ca2a Call Ha62 Ha32 Sa30M Sa30N Sa30P Sc44M Sc44NMelezitose Sc44PND Sc44TND ND ND ND ND ND ND0 ND ND0 ND

+ + 0 0 0+ 0 0
+ +w

Citrate
Lactate 0 +W 0 0 0 0 00 0

0 +w 0 0
0 0 0 +w

00 0 + + ++ + +

0 0w0000000
0

Succinate
Salicin

Xylose
Arabinose

0
0

Starch 
Glucoside 
Nitrate 
Nitrite 
Aspartic acid 
Glutamic acid

Glycerol
Mannitol

Rhamanose
Erythritol
Ethanol
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Call Ha62 Ha32 Sa30M Sa30N Sa30P Sc44M Sc44N Sc44P Sc44T
0 0 0 0
0 0
0 0
0 0
0 0

0 0 0 0 0 0

0

0

+
+

++
++++

00 000000000
0 00000000Produces amyclose 00

With 0.1% 
Cyclohemimide

Glycine
Lysine 
Pantothenate
Folic Acid 
Niacin 
Riboflavin 
Thiamine

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0
0

0
0

0
0

0
0
0
0
0
0

0
0

0
0

0
0
0
0
0
0

0 
0

0 
0 
0 
0
0 
0

0 
0

0
0
0
0
0
0

+
0

+
0

+
0

+
0
0
0
0
0

D 
0 
G.

Grows
W/0 Vitamin
W/0 Biotin
At 30°C
At 37°C
At 42°C
With 50% Glucose
With 0.01% 
Cycloheximide
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gee Key to abbreviations i

a to by the following

+ =

1

W
S

Ca
Ha
SC
ND
0

Biovars are referred 
abbreviations. 
Candida 
Hansunula 
Schizosaccharomyces 
Test not done 
Negative response 
Not available on this species 
Positive response 
Weak response 
Slow growth



Table XIII

Ca2a Call Ha62 Ha32 Sa30M Sa30N Sa30P Sc44M Sc44N Sc44P Sc44T

Glucose + + + + + + + + + + +Galactose
Sorbose + + +
Sucrose + + 0 0 0+ + + +
Maltose 0 0 0+ 0 0 0 0
Cellebiose 0 0 0 + +
Trehalse 0 + + ++ + +

++++ +++++
00000Sorbose ++

0
0

000000+w00Maltose
00000+00

+++
++w+

000Melibiose 0+W+

Cellobiose 
Trehalose 
Lactose

Sucrose
Galactose

Ascospors
Ferments

0
0

0
0

0
0

0
0

0
+w

Assimilates
Glucose

yeasts isolated from Ainyeles in whale

126

+
0

+
0
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Ca^ Call Ha62 Ha32 Sa30M Sa30N Sa30P Sc44M Sc44N Sc44P Sc44T0 0 0 0
0Rhamanose 0 0

+ + 0 0 ++ + + + 0+ + 0 0 + +w +w
0 0

Lactate + + 0
+ 0+

+ +
+w+

0 0
++++

++

Glycerol
Mannitol
Citrate

Erythritol
Ethanol

Xylose
Arabinose

0
0

0
0

0
0

0
0

0
0

0 
0

+W
0Succinate

Salicin
Starch
Glucoside
Nitrate
Nitrite
Aspartic acid
Glutamic acid
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I

See Key to abbreviations

Biovarsa to by the following

Ca
=

2Z

+
w —

s

ND
0

Ha
SC

Hansunula
Schizosaccharomyces
Test not done 
Negative response
Not available on this species
Positive response
Weak response
Slow growth

are referred 
abbreviations.
Candida
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CHAPTER FOUR

4.0 Analysis and Experiments
4.1 isolatedNumerical characterisation of yeasts

from fruits, grains and beverages

Introduction
objectiveaimsNumerical attaxonomy morea

This started originallyclassification.system of
allPrinciple thatwith adoption Adamsonof the

properties (characteristics) for classification should
As many diagnostic charactersbe given equal weights.

as possible are used for numerical analysis, and these
In

conventional characterisation,

cultural,identified observedmatching theby
morphological and physiological characteristics with
those recorded in standard monographs such as those of

(1984) previouslyfor yeastalder Walt etvan

described.

Normally the term Numerical Taxonomy is applied
classification which basicallyofto systems are

Adamsonian but which the degree of similarity of yeast
strains is assessed in quantitative rather than merely
qualitative terms (Campbell, 1974).

There advantages in havingare many some

numerical estimate of pheneticthe degree of

similarity or difference between a pair of yeasts of

a particular yeast is

are formulated as yes (+) or no (-) alternatives.
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which provideitobvious isthe thatmost acan
rational basis for deciding the levels of taxonomic
rank.

relativelyforsearchstatistics, theIn

analysisclustercalledishomogeneous groups

(numerical taxonomy).

Methods

SaccharomycesDeY46,included:strainsYeast

HaY62,pastorianus (48), CaY42, CaY42, CaY50, HaY49,
DekkeraCaV 6,CaY33,ScY56,SaY68,HanY67, SaY30,

(17),cerevisiae(14), Saccharomycesbruxellensis

HanY68, HanY20, SaY21, SaY25, SaY12, ScY26, Ca2, Call,

ellipsoides (44), Sc44T, Cry57.
selection made for threeThis particular was

First, there is a selection which includesreasons.
Candida an important yeast in biomass production for
S.C.P. production; the second selection includes

cerevisiae, and the 'bottom yeast'yeasts", the S. S.

ellipsoides third includesand the the non-
fermentative yeast, Cryptococcus.

Characteristics: 34 variables have been used for the

analysis. These include 12 theirandsugars
derivative (salicin), 2 polysaccharides, alcohols3
two organic acids, 7 amino acids, vitamins, 3 levels
of temperature.

t

"top

Ha62, Ha32, Sa30M, Sa30N, Sa30P, Sc44M, Saccheromyces
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Method: mediaorganisms basal asonwere grown
described for carbon, nitrogen and vitamin-free. The

and vitamins were as
characterisation described earlier. Cells for growth

Growth was initiatedwere on glucose peptone broth.
at a cell concentration obtained by serial dilution as
described earlier. The cultures were grown in three
litre containers and growthsterile at was
assessed at regular intervals as follows:
(a) direct method of drymeasured byGrowth was

centrifuged,weight washed yeastfollows:as
cells were dried to constant weight at 100°C in

(b) Recording: growth was recorded in mg.

Growth of 0 9.9 consideredto mg was
insignificant and recorded
mg and above was considered significant and recorded
( + ).

The results inrecorded Tables XIV-XX.were
Although these yeasts had been characterised before,
there was need to repeat the characterisation because
of long storage (over 12 months) which would imply
changes in behaviour of the results,yeasts. The

Dry weight was determined by weighing 

electr$nt%alance.

24°C

on an
an oven.

concentration for carbon compounds^nitrogen compounds 
described under physiological

Results : Characterisation of the yeasts

as (-) and growth of 10.0
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however, thosesignificantly fromdo differnot
recorded earlier and so no more comments about them is
made here, apart from the following:

table shows characteristics forTable TheXIV:
31strains. yeastprimary yeastoffermentation

Table XV shows results of assimilation of carbon
Both weight in mg and (+) or (-)compounds (hexoses).

weights are included.

with carboncontinuesTable This tableXVI:
assimilation but disaccharides were used and similar
recording as in Table XV is shown.

Utilisation of carbon compounds byTable XVII:
grains andfruits,strains isolated fromyeast

assimilation ofshowsbeverages. tableThe
trisaccherides polysaccharides. Theand same
recording as before was used.

Table XVIII: This table shows reaction of the 31
organic acids.alcohols, 3strains 3yeast to

Recording of results was made as before.
Table XIX: The table shows growth of the 31 yeast

strains to KNOj, NaNOj salts. All strains grow well on
the control (complete) medium.

Table XX: The table shows growth response of the
yeast strain in vitamin-free medium and at 30°C, 37°C
and 42°C.

strains were used, on 11 carbon sources.
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Results of Physiological Characteristics for Numerical

Analysis
Carbon Compounds by yeastTable XIV Utilisation of

grains andfrom fruits,isolatedstrains
beverages: Fermentation

InulBT.TrechHalRaffLactCelStrain No. HaltSuerClu Gal

DeY46 ++
Sa(48) +

+CaY42 ++
+CaY50
+HaY49

HaY62
HanY67 +

++SaY30
+SaY68 +

BCY56
CaY33
CaY6 +

+
HanY20
8aY21 +
SaY25

♦SaY12 +
+ScY26

Ca2
Call
Han62
Ha32 ++

+Sa30M
Sa30N ++
Sa30P

+
Sc44T
CrY57

a

Dekk(14)
Sa(17)
HanY68

8a(44)
SC44N



135

Table XV

SalicinL-sorboseStrain No D-galactoseD-glucose

6.4 -10.6 +11.2 +DeY46 10.8 +
13.8 +14.1 +6.8 -Sa48 10.2 +
3.3 -4.2 -5.7 -CaY42 12.2 +
6.7 -5.3 -2.5 -CaY50 11.7 +

11.1 +6.8 -4.4 -15.3 +HaY49
5.6 -8.7 -3.1 -HaY62 12.0 +
0.1 -7.1 -1.2 -HanY67 10.1 +
6.6 -6.5 -6.6 -SaY68 13.4 +
2.3 -5.5 -17.2 +14.8 +ScY56
2.1 -10.9 +2.2 -CaY33 9.9 -
3.5 -5.6 -8.4 -7.7 -CaY6
4.2 -7.4 -5.5 -12.8 +ScY56
6.2 -6.7 -3.2 -11.3 +Dekk 14
4.1 -9.9 -3.4 -14.9 +Sal7
13.2 -3.3 -3.1 -10.1 +HanY68
8.1 -8.7 -2.2 -13.1 +HanY20
6.3 -5.6 -15.7 +12.4 +SaY25
6.6 -3.4 -16.8 +10.6 +SaY12
8.7 -2.2 -10.1 +13.7 +ScY26
6.6 -17.9 +8.8 -17.4 +Ca2
5.2 -9.9 -8.7 -16.9 +Call
9.8 -1.2 -6.4 -15.3 +Han62
3.7 -8.9 -6.9 -10.2 +Ha32
1.1 -10.3 +5.4 -12.4 +Sa30M
9.8 -4.7 -6.3 -11.7 +Sa30N
9.7 -5.6 -5.5 -9.9 -Sa30P
4.1 -6.2 -9.9 -10.6 +Sa44
5.2 -14.0 - 3.6 -12.7 +Sc44N
9.7 -8.7 - 6.6 -15.1 +Sc44T
8.7 -10.2 -8.6 - 1.1 -CrY57
4.5 -13.2 + 6.2 -11.8 +Sa21

ABBiaiiatiye utilization of Carbon Haxoeeg (in bY yeast strains 
isolated fro* fruits, grain and beverages: x >10 m is significant
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Assimilative utilisation of carbon compounds byTable XVI
grains andstrains isolated from fruits.yeast

beverages

DISACCHARIDES

LactoseTrehaloseCellobioseStrain No MelibioseHaltoseSucrose

6.76.3 -12.4 +DeY46 10.1 t
5.45.1 -15.3 +14.9 +Sa48 5.73.6
4.3 -6.414.8 +CaY42 6.14.55.5
7.46.38.95.24.3CaY50 2.2

10.6 +10.3 ♦10.6 ♦HaY49 2.62.210.2 +
7.5 -10.4 ♦6.616.2 +4.4HaY62 9.9
8.314.2 +5.64.9 -HanY67 6.58.8
6.4 -16.9 ♦3.4 -10.2 +14.2 +SaY30 12.9 +
6.58.94.7 -3.9SaY68 5.56.9
5.36.83.92.5 -2.211.8 +3CY56
4.25.72.5 -4.4 -7.3CaY33 5.7
8.49.86.4 -2.75.44.5CaY6
6.610.9 +12.9 +8.5 -Dekkl4 3.715.0 +
5.510.9 +8.86.24.25.9Sal7
2.56.515.4 +5.3 -6.6HanY68 7.3
1.63.S14.3 +6.25.4 -12.1 +HanY20
1.57.46.610.4 ♦8.8 -SaY21 16.4 +
2.312.1 +8.316.3 +9.914.3 +SaY25
6.416.5 ♦7.515.8 +14.1 +SaY12 16.8 +
5.45.87.87.610.5 +10.6 +SCY26
7.35.45.2 -8.3 -1.2Ca2 10.9 ♦
6.25.84.69.57.614.8 +Call
5.13.79.79.56.8Han62 0.9
4.62.28.2 -9.95.70.8Ha32
6.516.8 +6.114.8 +7.2 -Sa30M 14.7
7.71.47.18.98.98.6Sa30N
5.31.35.66.9 -7.5Sa30P 3.7
6.42.93.2 -4.33.8 -5.6SC44H
7.57.93.93.51.2 -Sa44 6.4
6.69.8 9.47.6 -6.2 -6.8SC44T
6.68.9 8.510.77.3CrY57 8.3
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Btraina isolated fro*Table xvii

StarchInulinMelezitoseRiffinoseStrain No

12.4 +0.3 -13.6 +11.8 +DeY46
6.8 -6.1 -5.5 -8.6 -Sa48
4.1 -5.3 -4.3 -8.9 -CaY42
5.1 -3.2 -3.4 -10.6 +CaY50
6.5 -2.3 -14.6 +16.6 +HaY49
8.3 -6.4 -5.5 -0.8 -HaY62
6.6 -0.9 -8.6 -14.2 +HanY67
5.4 -12.8 +6.3 -6.6 -SaY30
4.2 -3.9 -10.9 +5.7 -SaY68
3.1 -4.1 -5.6 -4.5 -ScY56
2.3 -5.2 -4.4 -3.4 -CaY33
4.2 -6.1 -6.5 -8.5 -CaY6
4.2 -6.1 -6.5 -6.6 -Dekkl4
8.1 -8.2 -3.6 -7.3 -Sal7
3.2 -6.2 -66.6 -7.7 -HanY68
5.2 -5.1 -7.4 -6.6 -HanY20
7.1 -4.2 -17.6 +10.4 +SaY21
6.2 -3.6 -16.4 +8.9 -SaY25
9.3 -0.9 -16.6 +17.7 +SaY12
0.9 -6.2 -0.4 -10.9 +ScY26
9.1 -0.4 -0.2 -6.6 -Ca2
2.2 -0.1 -0.6 -5.4 -Call
5.3 -0.2 -0.5 -4.5 -Ha 6 2
4.1 -0.3 -0.4 -3.3 -Ha32
5.1 -0.1 -0.3 -2.7 -Sa30M
6.1 -0.1 -0.2 -8.8 -Sa30N
0.3 -0.2 -0.6 -9.9 -Sa30P
0.4 -0.1 -0.7 -7.4 -Sa44
0.8 -0.3 -0.8 -4.6 -Sc44N
0.6 -0.6 -0.5 -5.7 -Sc44T
0.1 -10.3 + 0.4 -6.9 -CrY57

Utilization of Carbon compounds bv Yeaat 
fruits, graine and beverages

Tryaaccharides and Polysaccharides
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Utilisation of Carbon compounds by yeast strainsTable XVIII
isolated from fruits, grains and beverages

Alcohols and Acids.
CitralinSuccinateLactateMannitolStrain No GlycerolEthanol

1.9 -12.7 +14.2 +11.0 +DeY46 12.3 +14.1 +
4.814.4 +13.4 +4.46.7Sa48 10.6 ♦
6.910.0 +3.25.7CaY 4 2 10.6 +10-9 +
7.53.25.33.15.2CaY50 10.2 +
6.3 -2.4 -3.211.2HaY49 4.616.2 +
5.2 -4.34.52.43.3HaY62 17.3 +
3.8 -6.2 -2.46.6HanY67 10.8 +3.6
2.5 -3.61.3 -13.6 +5.25.5SaY30
4.2 -2.14.58.9SaY68 4.44.2
6.1 -5.36.4 -7.30.98.58cY56
4.3 -4.22.613.7 ♦13.4 +CaY33 6.4
4.2 -6.26.412.6 +14.4 +7.2CaY6

10.1 +6.65.44.33.2Dekk 14 5.3
6.1 -7.44.2 -6.86.43.2Sal7
8.28.53.23.3 -8.6HanY68 2.8
9.55.32.12.47.7HanY20
7.64.410.6 +9.910.5 +10.3 +SaY21
7.76.610.7 +5.614.8 +10.4 +SaY25
5.27.113.5 +10.9 +12.6 +SaY12 4.6
6.47.611.2 +6.5 -8.40.7ScY26

16.1 +10.3 ♦15.1 +14.7 +10.6 +10.3 +Ca2
14.9 ♦18.1 +14.0 +10.5 +14.3 +12.4 +Call
7.23.24.37.612.4 +Ha62 5.3
8.6 -4.66.4 -6.410.3 ♦3.4Ha32
9.23.35.415.6 +7.412.3 +8a30H
6.1 -5.22.8 -5.9 -5.9 -6.4Sa30N
5.1 -8.14.64.86.7 -8a30P 8.5
4.2 -8.23.75.27.27.6Sc44M
5.97.92.26.66.8Sa44 6.1
3.32.61.9 -6.38.54.2Sc44T
4.98.914.2 +10.0 +7.26.4CrY57
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M £om]

by yeast
fruits,

NoStrain
Aspart Arsp Clut Crtit Citr. Org.

30.0 10.3 +DeY46 + 10.4 + 0.4 - 5.6 0.6 -34.0 8.4 -+Sa48 30.0 +10.7 + 35.6 +0.3 - 6.4 -35.0 11.5 +CaY42 18.6 ++ 20.6 +2.8 - 2.1 5.0 20.3 +38.0 31.4 +16.7 +CaY50 + 3.6 - 10.3 10.6 + 25.6 + 33.0 +40.0 10.9 +HaY49 + 5.1 - 10.5 + 38.5 + 29.0 +19.0HaY62 16.3 ++ 7.1 - 11.0 + 10.3 + 37.7 + 20.0 +
25.0HanY67 5.2+ 6.4 - 16.0 + 10.4 + 13.5 + 16.7 +
30.4SaY30 4.1 5.2 -+ 0.2 - 4.1 7.6 - 32.3 + 17.6 + 20.0 +

SaY68 18.0 3.1 3.1 - 6.7 -+ 5.6 6.9 - 34.6 + 19.7 + 15.6 +
ScY56 18.7 10.2 + 2.6 - 6.6 - 10.1 - 30.4 + 37.1 +3.7 30.0 ++

21.6 +0.7 - 0.6 -0.8 -0.7CaY33 5.0 -14.6 + 1.1 -15.4 +
35.6 +23.0 +6.0 - 28.1 +0.80.1 -CaY6 1.3 -2.140.0 +
30.6 +17.6 +4.7 - 18.0 +0.60.7 -Dekkl4 5.1 -10.6 +36.4 +
20.1 +13.6 +0.2 -1.2 -Sal7 5.2 -15.7 +24.0 + 22.6 +11.1 +0.310.0 +3.3 -16.8 +26.0 + 20.3 +17.0 +0.4 -16.3 +5.1 -6.6 -30.1 34.6 ++ 17.6 +0.1 -17.0 +6.1 ' 39.5 +6.4 18.8 +38.0 + 1.5 -66.6 -7.1 -5.2 -39.2 +

HanY68

HanY20

SaY21

SaY25

6.9 - 32.1 +
18.0 + 18.0 +

+
17.0 +

Control Nitrate 
(complete) Nitrite

29.1 + 
11-0 + 11.4 + 
9.0 - 15.7 + 
6.0 - 29.8 + 

12.0 + 40.5 +

5.8 - 23.4 +
8.4 - 10.1 +
3.3 - 36.8 +

25.6 +0.0 -
4.1 - ll-7 +

Utllisation-_ofJitta 

grains And^everages
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XIX Cont..Table

NoStrain Aspart ClutArsp Crtit Citr. Org.

34.1 + 8.3 6.2 - 6.2 - 10.1 + 10.3 +25.0 + 24.0 + 25.6 +
39.0 + 9.3 1.0 - 6.1 - 6.6 30.7 +0.3 22.0 + 40.0 +

7.146.0 + 8.2 - 2.3 -Ca2 33.3 +17.8 +23.4 +3.90.4
5.248.5 + 3.6 - 29.9 +8.8 - 30.1 +11.0 + 24.8 +Call 1.9

16.6 +28.5 + 2.1 - 34.5 +27.0 +6.1 - 12.0 + 28.8 +0.7Ha62
30.4 +25.0 +3.9 4.1 - 33.3 +30.4 + 10.2 + 11.0 +Ha32
36.6 +40.0 +5.2 -2.1 11.0 + 12.0 +36.7 +Sa30M

29.6 +2.00.64.3 - 2.0 -4.139.3 +Sa30N
20.1 +20.0 +0.44.0 -4.1 -0.141.1 +Sa30P 17.7 +0.50.8 -5.2 -0.2 -37.7 +Sc44M 16.0 +0.60.7 -6.1 -0.1 -35.6 +Sa44 0.36.0 -7.1 -0.1 -30.4 +Sc44T 0.6 -0.50.6 -6.1 -0.1 -29.1 +CrY57

SaY12
ScY26

16.1 +
18.6 +

25.6 +
24.1 +
20.0 +
20.0 +
27.4 +
14.7 +

Control Nitrate Nitrite 
(complete)

15.7 +
18.2 + 16.6 +

19.9 +
11.7 +
4.8 - 11.4 +

20.0 +3.7
4.6 - 29.5 +

20.1 +
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medium;Table XX Vitamin-freeGrowth: In

grains and beverages.

42°C37° CStrain No V.f (w/o) 50% glucose

0.0 -10.6+ 0.6 -6.4 -DeY46 6.3 -
0.2 -Sa 48 3.1 -12.8 +12.4 + 3.1 -
0.0 -41.9 + 10.2 +1.2 -CaY42 10.2 +

CaY50 0.0 -40.6 + 10.6 +1.1 -10.8 +
16.7 + 14.0 + 0.1 -HaY49 3.2 -7.6 -

HaY62 16.0 + 0.1 -17.8 +16.7 + 2.0 -
HanY67 26.7 + 8.6 - 0.1 -3.1 -2.1 -
SaY30 0.3 -20.4 + 6.7 -4.2 - 2.3 -
SaY68 4.6 - 29.6 + 10.6 + 0.4 -5.3 -
ScY56 3.6 - 30.4 + 5.6 - 0.5 -1.1 -
CaY33 1.2 - 28.3 + 0.3 - 0.1 -2.1 -
Dekkl4 4.3 - 6.9 - 12.0 + 6.6 - 0.4 -
Sal7 7.7 -2.1 10.1 + 7.8 - 0.0 -
HanY68 1.1 - 1.8 - 10.3 + 8.1 - 0.0 -
HanY20 7.7 -2.1 - 10.6 + 0.9 - 0.0 -
SaY21 5.1 - 2.4 - 40.2 + 0.8 - 0.0 -
SaY25 3.3 - 6.6 - 38.4 + 0.6 - 0.0 -
SaY12 3.2 - 7.8 - 34.9 + 0.7 - 0.0 -
ScY26 6.1 - 2.1 - 20.7 + 9.9 - 0.0 -
Ca2 1.7 - 2.6 - 21.5 + 8.6 - 0.0 -
Call 2.3 - 4.9 - 23.6 + 5.7 - 0.0 -
Han62 6.7 - 3.1 - 40.7 + 9.9 - 0.0 -
Ha32 3.6 - 2.1 - 23.3 + 8.1 - 0.0 -
Sa40M 2.7 - 3.0 - 29.7 + 9.3 - 0.0 -
Sa30N 3.8 - 2.1 30.6 + 6.5 - 0.0 -
Sa30P 5.6 - 6.6 - 34.4 + 0.0 -7.2 -
Sc44M 6.6 - 7.7 - 29.9 + 0.0 -2.7 -
Sa 4 4 3.7 - 6.2 - 28.7 + 0.0 -9.9 -
Sc44T 4.4 - 6.0 - 20.1 + 0.0 -8.9 -
CrY57 7.2 - 7.6 - 14.5 + 0.0 -1.3 -

(w/w) glucose-yeast extract agar;
42°C by yeast strains isolated from fruits,

30°C

on 50%
at 30°C,
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Numerical Analysis

Method:
Fermentation reaction results and growth

to XX were analyzed byresults in Tables XIVshown
SPSS/PC+ andclusterusingcomputer procedure

techniques developed by Sneath & Sokal (1973).

A set of 70 characteristics formulated as

followingThe( + ) used.alternatives(-) wereor
procedure was followed: according to Hughes (1988)

Selection of yeast strains to be compared(a)
Taxonomiccalled operationalwhich were

Units or OTUs.
(b) Observing these OTUs for the presence or

absence ( + ,-) of quantity of a large set of
These were set in Tables XIVcharacters.

to XX.

(c) similarityCalculating distances or

coefficients using vectors of cosines.

(d) Forming clusters.
(e) Performing a cluster analysis.

The degree of relatedness between OTUs is

function similarof number ofthe characters ina
proportion to the total number of characters examined.

similaritiesThe between pair of strains is then
expressed by a similarity coefficient S value, which
is defined as:
S (i)a + b 

a+b+c+d a + d 
n
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where a and d are the sums of the characters which are

OTU A and OTU B (a both positive, d both
negative), b is the sum of the characters in which A

is positive and B is negative, and C is the sum of the

characters in which A is negative and B is positive,

giving the familiar 2x2 table.

OTU B+
b+ a

OTU A

dc

(matrix) has beentableAfter characterOTUan
compiled and all possible pairs of OTUs are compared
and their similarities computed, there are three basic
methods similarity beby which of maymeasures
calculated.

These are:
1. Correlation coefficients;

2. taxonomic distances,Measures of

coefficient, D.
3. Similarity coefficient.
Measure of distance was used in this study. Distance

coefficients calculated usingwere programmea

based on SPSS/PC+,developed, Statistical Guide for
Similarity Coefficients. Distance wasmeasure
specified by cosine of vectors of variables:

Distance (X, Y) = (ii)_ SCX,Y)t S(X7) (Y2)

common to
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This expression is an extension of (i).

recorded in Table XXI.resultsThe were

After numerical estimate of the degree of similarity,
of all possiblein coefficientsdistanceterms of

formpairs of tothe next step was orOTUs groups

finalbasis theoftheformedclusters which

clusteredclassification. coefficientsThe were

agglomerative,(1980), bYEverittaccording to

hierarchical cluster analysis, V^ing complete linkage.
The resultsThe results were recorded in Table XXI.

were represented in horizontal and vertical icedcles
to show degree of association of fusion by complete
linkage. The results are shown in Figures 8 and 9.

two figures were calculated: theFor each character

variance/cluster theof allcharacter yeastover

strains and the mean score for character minus overall

for character/overall standard deviation.

indicated homogeneity of a characterA value of zero
within cluster. This permitted identification ofa

the test characters that were most distinctive for a

given cluster. These values were recorded in Table

Finally a dendrogram was drawn (Fig. 10) whichXXII.

resembles the diagrams of hierarchical classification,

quantitative estimates of similarities thanrather

qualitative criteria determineto branchingits

points.

or dichotomous classification but differed in having

mean score
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Hierarchical Cluster Analysis : Stage IITable XXII

Number of Valid Observations (Listwise) = 24.00

N LabelMaximumVariable MinimumStd. Dev.Mean

3117.47.7D-Glucose 2.3512.25
3117.21.24.427.53
3117.91.13.616.93
3113.80.13.33Salicin 6.35
3116.80.84.50Sucrose 8.79
3114.21.23.26Maltose 6.43
3116.32.54.12Melibiose 8.19
3115.40.13.97Cellebiose 7.84
3116.91.34.26Trehalose 7.95
3110.61.52.025.89Lactose
3117.70.83.80Raffinose 7.81
3117.60.25.475.85Melezitose
3112.80.13.21Inulin 3.26
3112.40.13.014.82Starch
3017.30.74.087.83Ethanol
3114.80.93.628.43
3115.62.43.717.86
3115.11.34.476.55Lactate
3118.12.13.36Succinate 6.40
3116.11.93.11Citraline 6.58
3148.515.48.1632.70Control
3116.80.15.51Nitrate 7.48
3110.71.0Nitrite 2.374.99
3125.00.16.376.81
3112.00.14.424.11
3120.00.0Glutamic acid 5.467.31
31Omit 40.50.723.70 8.95
31Citrate 0.6 40.022.96 9.29
3127.43 39.57.39 14.7
305.23 8.51 16.71.1
304.14 2.42 1.1 7.8
3024.97 10.16 10.1 41.9
306.66 4.22 0.3 16.0
300.07 0.14 0.0 0.5

D-galactose
L-sorbose

Glycerol
Mannitol

Aspartic acid
ARSP

Org
W/0 Vitamin
W/0 Biotin
30°C
37°C
42°C
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Stage IIIHierarchical Cluster Analysis—iTable XXIII

31ZD-GlucoseD-Glucose
31ZD-GalactoseD-galactose
31ZL-SorboseL-Sorbose
31ZSalicinSalicin
31ZSucroseSucrose
31ZMaltoseMaltose
31ZMelibioseMelibiose
31ZCellebioseCellebiose
31ZTrehaloseTrehalose
31ZLactoseLactose
31ZRaffinoseRaffinose
31ZMelezitoseMelezitose
31ZInulinInulin
31ZStarchStarch
30ZEthanolEthanol
31
31
31ZLactateLactate
31ZSuccinateSuccinate
31ZCitralineCitraline
31ZControlControl
31ZNitrateNitrate
31ZNitriteNitrite
31
31
31ZGlutamicGlutamic
31ZOrnitOrnit
31ZCitrateCitrate
31Org
30VFWO
30
30
30
30

From
Variable

Glycerol
Mannitole

To
Z-score

ZGlycerol
ZMannitole

Weighted 
Valid N

ZOrg
ZVFWO

Aspartic
ARSP

ZAspartic
ZARSP

ZGlucose
Z30°C
Z37°C
Z42°C

Glucose
30°C
37°C
42°C
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Fig. 8
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Fig. 10 Dendrogram using complete linkage
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Results

Twenty three strains only were analyzed eight
The complete linkage dendrogramhaving been rejected.

(Fig. 10) shows that the 23 yeast strains analyzed
grouped into 6 clusters at a similarity distance of D<_

Five of5 and 4 clusters at a distance of 4 or less.
the clusters formed at a distance of 10. These were

HanY67 andthe early fermenters Sc44T, Sa48,Sa30M,
Rapid growers CaY42, CaY50, Ha62SaY68, as expected.

associated below a distance of 10, separate from the
fermenters.

and Sa30P isCaY42The association of Ha30P,
since Sa30P and Ha30P are generallyrather curious,

good fermenters.

A similar situation is observed with Call, Ca2
In general the numerical analysisand hasSa30M.

differentiated biomassthe fermenters from the
producers. experimentanotherIn these two

characteristics will be investigated further.

4.2 Approximate chemical analysis of Tonto
Introduction

Under traditional brewing techniques tonto

deteriorates rapidly. Only after 48 hours the brew is

The brew is unpalatable due to rapid exhaustionsour.
of and accumulation of acids and phenolicsugars
compounds.
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questions on thestudy sought to answerThe

feasibility of producing tonto as a wine, commercially
sustainable in terms of quality.

METHODOLOGY
(methodusualpreparedThe tonto aswas

described earlier), except that pure strains of yeasts
Theobserved.strict asepsisused andwere was

previousin thebeforestrains used12thewere

experiments.

Analysis
1. Sugar: Reading Brix by using the refractometer

and then converting to percentage sugar using
Tables (A,O,A,C).

2. Alcohol: Taking the specific gravity using the

convertingspecific gravity bottles and to
percentage ethanol from Table (A,O,A,C).

3. Calcium: determinedPerchloric acid

titrametrically using potassium permanganate

digestion.

4. Missing: phenolic compounds.

5.
recorded in at X.

I

■■

Iron: Red off from the Atomic Absorptiometer,
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RESULTS

The results were recorded in Table' XXIV.

requiredtechniques toThere otherare no

improve on the quality of tonto. The results of this

investigation show that what is required is an initial

high isthat waterfrom bananas,content nosugar

juice extract from properlyshould be theadded to

ripened fruits, especially Kisubi, Kayinja, bogoya and

observationssukari, combination. Theseinused

follow from Pasteur Effect. In these circumstances,

anaerobic and theisgrowth virtually sugars

and ethanol by the
process of fermentation, until the sugar concentration

very low level of about 0.1%.

Now under traditional brewing conditions, when the

concentration been reducedhas lowsugar to very

levels, the ethanol is re-utilised and is oxidised to

and water. The wine then tastes Presence

of Lactobacter and Acetobacter further leads to wine

(tonto) spoilage by converting the ethanol to lactic

and acetic acids. The tonto becomes sour.

is,It therefore, imperative that the

containers kept clean possible avoidare toas as

heavy inocula of the bacteria.

If possible, selected yeast strains should be
used maintainto good standards wineof banana

quality.

co2 "bad" .

assimilated are metabolised to C02

has been reduced to a
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Approximate chemical analysis of TontoTable XXIV

Dates of SamplingAnalysis

54321Sample 0

6.440
4.8

1.260.360.330.29

0.0262.81.893

0.0260.0250.0190.03

350.10.10.50.5Iron ppm

0.17Protein 0.130.1

PH
Acidity

23/8
20

24/8
19.75

0
5.02

25/8
19.5

26/8
9.5

20.99
3.75

Phosphorus 
ppm

Calcium mg/
100

2 weeks
9.5

5 weeks
8.0

9.3
5.03

12.9
4.7

Sugar %
Alcohol %

Acetic acid 
% (W/V)
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4.3 Influence of Tonto on yeast growth

Introduction

Tonto is a sweetish, semi-fermented banana juice

mixed ( Sorghumsorghumwith groundandroasted

bicolar) to give colour and flavour to the beverage.

variety that is bitter when steamedThe bananas

therefore, not good for the traditional Kigandaand,
dish called matooke. The beer bananas are of the Musa

sapiens varieties called mbidde (Ganda) with genomes
AAA, AAB and ABB triploids.

Researchers on physiology of micro-organisms have
up with several meanings for the word growth.come

Growth, a metabolic process, may be considered asas
the living inirreversible in substanceincrease
living organisms, by the synthesis of macromolecules.

Living increase inorganisms bygrow masscan

sometimes by cell division and in cell

numbers.

In fission or budding yeasts, increase in number

is by growing until almost double their original size

and then dividing into two. If environmental factors

(temperature, nutrients, pH, etc. )

isprocess repeated that all the cellsyeastso

continue to grow and divide. Yeasts reproduce either
by fission budding. Theiror multiplication,

therefore,

> 2n.

L

are a

corresponds to a geometric progression.
2°---------> 21----------- > 22 

an increase

are suitable the
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becomecell toenablesThis oneprocess

With no mathematical limit.

thegivingline,yield straighta

logarithmic growth.
(a straight line).+ n log 2

If the total mass measurements areexists in growth.
which are growing,culture of yeast cells

cellslogarithms is (e), arefor
The values for thefound to be growing exponentially.

exponential function described a characteristic curve
given by

The growing exponentialThere
and when a<l it is saidfunction when a>l;

death exponential function.
After

decrease.
growth is reached it appears that an exponential death
of the type

describes the situation, where a and b are constants

to be determined from experimental data.

L

logarithm of cell number plotted against time will 
expression

y = ba*-

y = ba1.

log N = log No
However, such situation as described above rarely

successively, 1,2,4 etc^
Using simplifying assumptions that if cell divisions 

occur at equal time (t) intervals and all cell divide, 

with the same rates, and that none are dying, then the

made on a

to be a

a given time of growth, growth begins to

the base and the

If t is the time in hours, after maximum

are two types.
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defined ^heCell bedeath in yeasts asmay

irreversible loss of the ability of the cells to f i.n
colonies on a suitable medium. In many cases the rare

time has been found
to be proportional to the number of viable cells. It
therefore,

cells follows first order reaction kinetics,
N =

The killing and death of yeasts are fundamental

in brewing and baking and production of biomass and

pharmaceutical. The process is also important in food

willofpreservation. death yeastsGrowth and

determine the amount of ethanol and biomass the cells

will withstand tolerate theproduce and orcan

environment fermentationduring ofthe orprocess

metabolism.

Initially tonto provides ideal medium foran

yeast growth. Tonto is a sweetish medium, containing
hexoses about 200 g/1. It contains amino acids and
proteins, including a variety of mineral salts, such

calcium,as phosphorus varietyand vitaminsofa

(Table XXIV).

MATERIALS AND METHODS

Medium

Materials : six ripe clusters of each of

Banana juice well mixed with roasted sorghum (S. 

bicolar).

Noe-kt

of loss of viable cells at any one

Kisubi,

Sukari, Kayinja (all of Musa varieties genome ABB); 20

seems reasonable to assume that death of



158

used forkg of ripe fingers of each variety, were
juice extraction; grass (Imperata spp) was used during
squeezing or extraction of the juice, 5 kg of roasted

Labour: Two ladies were employed to squeeze juice from
the ripe bananas; to roast and grind the sorghum.

mixed withMethod: The ripe bananas with skins on were
juice waslarge (20 litre sauce pan);

manually extracted out of the ripe bananas using grass
to provide fibre; roasted and ground sorghum was added
and the total extract of 40 undiluted fresh tonto was
put into 2 jerrycans and the tonto allowed to ferment.
The yeast flora naturally occurs on the banana fruits,

The juice was allowed to ferment foras wild yeasts.
5 weeks at 23°C.

to simulateThe aim of the above procedure was
the traditional way of brewing tonto.

and biomassyeast number
were recorded, approximate chemical analysis was done

The parameters of the analysisand results recorded.

proteins, acids,included aminohexoses,crude
calcium, iron, acidphosphate acetic andethanol,

phenoliclactic acid theand compounds. All
recordings were done at 0.24,48,72,96,120,144,168, 2

5 samples timeweeks, weeks, taken theseaton

intervals.

L

and ground sorghum were used.
Equipment: Two large, clean sauce pans, 20 litre jerry

the grass in a

cans, 500 ml mugs.

Yeasts were isolated,
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count was determined by enumerationTotal cell

Viable counts (colony formingusing a haemocytometer.

units, c.f.u. ) involved counting the colonies produced

Biomass was
washing withdetermined andcentrifugingafter

distilled water and drying at 100°C to constant weight
the dry weight determined using anand

taken afterelectronic Dry weightbalance. was
1,2,3,4 It was appreciated that thisand 5 weeks.
procedure was subject to systematic errors. However,
these Thehand.the best at errorswere means
originated and drying.medium Theresidualfrom

errors were corrected using simplifying assumptions of
the error was givenan error not to exceed 2%. Hence,

is the /ftass measured in mg.
The method was essentially batch culture.

Method for usingcellyeast count Neubauer

haemocytometer

The haemocytometer consists of a special slide

a coverslip and a
graduated pipette with a rubber tubing. Under low
power, X 100 magnification, the central part is ruled.

The middle of the ruled area consists of

Type-A issquare intolines 25subdivided by
TYPE-B Squares, each of which has an area of 1/25 mm2.

This is usually called TYPE-A SQUARE (See 
Figure 11 A-C).

a grid 1 mm2

L

in area.

by 100 x dx/x-2 where x

with a

in an oven,

by the viable cells on nutrient agar.

ruled area in the centre,
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slidehaemocytometerNeubauerFig. 11

i

A Surface of slide

T

N

•C Central part of grid

I4

type-A square (i mm side

1

------ edge of field of view <low power j

B Section of slide showing 
coverslip in position

----- type-B square
----- type-C square

ni
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is further subdivided by singleEach type-B square

lines into 16 TYPE-C

1/400

two deepslide between theThe surface of the

lower than the rest of the slide on
either side of the So when the coverslip isgroves.

its lower surface clears the ruled surface ofput on,
the slide by by theThe volume subtended0.1 mm.

type-A The volume0.1is thereforesquare

subtended by is 0.004 and thetype-B squarea
,3volume subtended by the type-C square is 0.00025 mm .

The pipette has a mark 101 above the bulb.

Procedure for counting yeast cells
One ml of yeast cells from the batch culture was

obtained tubingusing therubber attachedthe to

sterile pipette by sucking up the liquid culture up to

the The tip the pipettemark. driedof was
quickly with sterile filter paper until the liquid

culture dropped back to the 1 mark.
Distrilled water was sucked until the contents of

the pipette reached the 101 mark. If the 101 mark was
passed, the pipette had to be emptied theand

procedure again.started Care taken not towas

contaminate the culture during the process.
The rubber tubing then thewas removed from

pipette and the two ends of the pipette closed for at
least a minute. With the culture thoroughly mixed,

ii 2 n

mm3,

mm3.

2 mm1.

groves is 0.1 mm

squares which have an area of
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six drops were blown out so as to expel excess water.

of theThe coverslip was placed in the centre

from thedrop of diluted yeast cultureslide. One

pipette was put onto the slide alongside the coverslip

in the area between the two deep grooves. The yeast

drawn under the coverslip by capillaryculture was

Five minutes were allowed for the yeast cellsaction.
intoflowed theyeast cultureto settle. theIf

the slide was cleaned and another drop putgrooves,

on.

placed under the microscope theThe slide was
illumination adjusted so that the grid and the yeast
cells could be clearly seen. If the yeast cells were
unevenly distributed the slide was cleaned and the

process repeated.

The incells 100yeast type-C squares were
incounted noted thatand recorded. eachIt was

all the cells which lay entirely within it,square

plus those which were touching or overlapping the top

and left-hand sides the only thatwere ones were

counted. Those touching or overlapping the bottom ad
right-hand sides even if they were within the square

were not included.

The mean number of yest cells in type-B square

calculated. Bearing in mindwas the volume

represented by type-C square, and the dilution factor,

The yeast culture was then diluted to 1 in 100.
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the number of yeast cells per ml in the culture was

then calculated and the results recorded.

RESULTS
The results were used in the Batch Culture yeast

growth isolated from tonto (Figs. 12 and 13).
The results show an initial slow growth rate up

the countThereafterto hours.40afterpeaka
declined to below 8 after 480 hours.

After 5 weeks the tonto contained less than 0, 1%

calcium 5. . protein 0 amino acids 0crude hexoses
totalmg/100 phosphate 0.03 ppm iron 35 ppm ethanol,

acid 0.8% theseused forThe methodsand pH 5.3.
approximatedescribed underanalyses thoseare

chemical analysis of tonto (Table XXIV).

The results in Figure 11 give the situation after

20 days of growth and fermentation.

The growth patterns of yeasts, c.f.u. are plotted

in Fig. 12. Colony forming units rise from about 16
to more than 60 after 40 hours. Thereafter the c.f.u.
decline to about 8 after 480 hours. Meantime, ethanol
increases sharply from 0 18 g/1 within 24
hours of fermentation. Thereafter ethanol decreased
to about 1.2 g/1 after 480. The rapid rise in ethanol
is paralleled with a sharp fall in
tion, so that after only 40 hours the sugar level is

less than 0.1 g/1. Fig. 13 shows percentage survivors
of yeasts. There is a rapid, exponential, death of

to over

sugar concentra-
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Fig. 12 Yeast growth in Batch Culture

Fig. 13
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yeast cells after 40 hours of fermentation. The cells
are nearly all killed by 120 hours of fermentation.

altering therelyBatch methodsculture on
overall nutritional composition of the medium or by

The investigation startschanging the sugar source.

with banana juice rich in hexoses, mineral salts and

proteins, with no ethanol or phenolic compounds (Table

XXIV). In these circumstances, growth is virtually

anaerobic and the sugars assimilated are metabolised

to fermentation,ofand

until the concentration has been reduced to asugar

When the sugar concentration has beenvery low level.

reduced to very low levels, the ethanol is re-utilised

and water, producing phenolic

compounds. circumstances cellsUnder these yeast
start dying rapidly, according to the first order of

reaction kinetics,

The killing rate was dependent on a number of factors
in the fermenting banana juice. Some of the factors
included depletion of nutrients and accumulation of
toxic phenolic compounds.

a simulation of the
traditional method of tonto brewing, the technique did
not take aseptic precautions. Much acidof the
produced and degradation of ethanol might have
involved lactic acid and acetic acids bacteria.

co2

Since the investigation was

N = Noe'kt

and is oxidized to CO2

ethanol by the process
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Ethanol tolerance in yeasts isolated from tonto,4.4

ethanol and biomass yield

Introduction

The feasibility of using selected pure strains of

yeasts from tonto for high yield of ethanol and low

yield of biomass under batch culture conditions was

investigated.

The twelve selected yeast strains produce ethanol

from the fermentation of glucose, a major component of

Tonto brewers dependbanana juice, Purseglove (1991).

for thepopulation of yeastsmixed wildon a
fermentation.

isolatedThis the biology of yeastsaspect of
from tonto has not been studied beyond the practical

aspect of banana wine production by a few adventurous

inUgandans. During study of yeasts growth batch

culture, it was noted that many yeast strains could
survivenot 14% ethanol for periodsat long of

storage. This is often the problem experienced by

cottage tonto brewers in Uganda.

Thus at the outset of the study it was thought

that high ethanol yields and tolerance by yeast cells

might be useful characteristics the prospectiveto

banana wine producer.

MATERIALS AND METHODS

Organisms (yeasts were isolated from

as described earlier).

strains
tonto during previous exercise
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HanY68,SaY25,SaY21,The strains SaY30,were

andCallCa2,Sc44, ScY26,HaY17,DeY46, DeY48,

HanY62.

Glucose peptone agar (GPA) contained 2% (w/v)Media:
Glucose(w/v) Bacto Agar.Bacto 2%andPeptone

peptone broth (GPB) had the same constituents without

Yeast Nitrogen Base without amino acids (YNB)agar.

accordance with the manufacturers'inwas prepared

instructions.

Methods

Cells of yeast strainsEthanol tolerance: were

grown in 50 ml YNB with 1% glucose contained in 300 ml

nephelo flasks with side arms to control evaporation.

Ethanol of at concentrations of 1,2,5,10,14% (v/v) was

added to the flasks at the time of inoculation. Cells

for 24 hours,

harvested and washed twice in sterile water. Growth

(by serial dilution). The cultures were
2 3°C andgrown in three litre sterile containers at

growth was assessed at regular intervals as follows:

(a) by directGrowth measured method of drywas
weight. After drying to constant weight at 100°C

on an electron balance.

i

cells ml’1

in an oven, dry weight was determined by weighing

was initiated at a cell concentration of about 5 x 10^

for study were grown on GPA at 23°C
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(b) Determination of ethanol yield by the selected

yeast strains: Cells of the selected strains
in yeast extract peptone broth,were forgrown

ethanol fermentation with 2% glucose at 23°C. The

level of ethanol determined usingwas an

alcoholometer over a period of 72 hours.
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results

Table XXV Ethanol Tolerance (growth in mg after
72 hours)

10% 14%5%2%1%

14.6
DeY48 11.0
SaY21 8.710.8
SaY25 08.0
Sc44M 1.06.4

03.0

Call

8.3
6.4

SaY30
HaY62
Ca2

HanY68
HaY17
ScY26

10.7
13.5

0.09
0

10.4
7.0

2.5
0
0
0

0
0

0
0

7.6
11.1

8.0
0

0
0

Ethanol (%)
Strain
DeY46 14.2

7.3

8.0
12.0

0
8.2

3.4
0.7

10.0
6.0

10.0
3.0

1.7
0

5.1
5.0

0.6
12.0

9.8
12.3

5.0
10.1

8.0
12.0

4.2
1.0

3.1
10.0

L
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72Table XXVI biomass yield (afterandEthanol
hours)

4.1
3.3

12.8Ca2
14.1Call

inoculated instrains of yeastsTwelve were
triplicate into flasks of Yeast Nitrogen Base with
1,2,5,10 and 14% ethanol and the results recorded in
Table XXV. obtainedValues ethanol tolerancefor

revealed of the 12 couldthat only 6 yeast types

survive at 14% ethanol concentration. These included

DeY46, DeY48, SaY12, Ca2, Call and HaY62. The others,

SaY25, Sc44M, HanY68, HaY17, ScY26 and SaY30 hardly

survived 5% ethanol concentration.

Production of ethanol biomass on glucoseand
20 g/1 cultured for Values obtained for
ethanol yield and biomass yield are recorded in Table

XXVI. The results demonstrate that most of the yeasts
fermented glucose. 2.5

1

4.3
4.1

0.4
3.0

1.7
1.0

SaY30
HaY62

Sc44M
HaY68
HaY17
ScY26

SaY21
SaY25

1.0
9.0

Strain
DeY46
DeY48

1.2
1.3

0
1.2

0.2
0.4

1.0
1.1

3.4
1.0

Ethanol yield (%) Biomass yield (mg)
3.1
2.2

The mean ethanol yield was

72 hours:
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with standard deviation of 1.34. Biomass yield had a

mean weight of 3.7 mg and standard deviation of 5.2

There was relatively more variability in biomassmg.

inyield selected yeast strains thanthe 12among

ethanol yield.

Storage of fermented tonto is

Tolerance of ethanolcottage tonto brewer in Uganda.

importantis, therefore,tontoamong yeasts an

Stimulation orcharacteristic in brewing industry.
inhibition of ofdeath yeastkilling orgrowth or

Killing and deathcalls in tonto were investigated.

the irreversible loss of

itability related toreproduceandto asgrow

experimental conditions outlined in the methodology.

The ofterm killing related the lossdeath toor
colony forming ability. Quantitative estimation of

killing and death in yeasts isolatedgrowth, from

tonto were measured. The killing rate was dependent

on the ethanol concentration in the fermenting medium.

The results show that strains DeY46, DeY48, SaY21, Ca2

Call highly tolerant ofand HaY62 inethanolwere
comparison to strains SaY25, Sc44M, HanY68, HaY16,

These could be said to be poorly
tolerant by the standards of Casey & Engledw (1986).

It was observed that 5% ethanol wiped out HaY68,
HaY17 and ScY26. Growth of Sc44M was reduced by more

50%than at 5% ethanol concentration. Ethanol

I

a problem to the

defined asin yeasts were

ScY26, and SaY30.
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This needstolerance might be genetically controlled.

andcontrolledto crossesinvestigated bybe

selection.

by 12biomassandethanolproduction ofThe

resultstheinvestigated andselected yeasts was

The mean ethanol yield wasrecorded in Table XXVI.
Thein 72 hours.standard deviation 1.342.5 and

values for biomass were a mean yield of 3.7 mg with

This shows that yeastsstandard deviation of 5.2 mg.

fermentative andisolated largelyfrom tonto are

should be exploited more for ethanol yield with the
significant exception of Ca2 and Call, with respective
yields of 12.8 and 14.1 mg.
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CHAPTER FIVE

DISCUSSION AND CONCLUSIONS

traditional alcoholic beverages and their5.1 Some

importance in Ugandan communities

Many indigenous fermentation products, either in

kwete, Muramba or Amarwa) or inform of beer (tonto,

provideform porridge,of bread pastes, oror

in form ofessential thetofood values consumers

proteins, amino acids, vitamins and calories.

observed that(1965) hasHasseltineHowever,

preparation of foods by fermentation with yeasts has

processingadditionalcertain disadvantages. Any

labourresults equipment andin additional time,

There is loss of nutrients during washing incosts.

preparation inusedfor fermentation. The yeasts

fermenting requirewill forthe substrate energy

growth. will beAbout substrate5% of the

metabolised. circumstances is thereUnder no any

increase in substrate apart from biomass yield of
The question then arises as to why theyeast cells.

fermentation of foods is used on such wide scale in

Uganda and other parts of the world where food is in
short supply? should be appreciatedIt here that

millet and sorghum together with and beercassava

bananas, because of drought resistance are crops per

excellence for dry regions and areas with unreliable

rainfall. Without these crops many parts of Uganda

would be waste land. These crops in their natural
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During theform, not very palatable.however, are

steeping detoxication of bitterof cassavaprocess

After drying and milling followed bytakes place.

fermentation, mixed with sorghum or millet during the

amarwa/ajon, themurambapreparation of kwete, or

bitter completelyhavechemicals in the cassava

During malting or germination, dryingdisappeared.

followed byand millet,milling sorghumof or

andgrains gain excellent tastefermentation these

large quantities of the grain beverages are consumed
The bananas used in tonto preparation arein Uganda.

always the biter varieties. notThese bananas are

used for preparing the traditional kiganda dish called

bittermatooke because their bitterness. Theseof

becoming ubiquitous in Buganda andbananas are now

many other parts of Uganda where, owing to poor soil
The ripe beerthe matooke cannot grow.management,

bananas are very sweet, with a lot of sugar, about 200
litre juice (Perceglove, 1991) .of Duringg

preparation of fermentation productsthese certain

undesirable bad flavoursodours and eitherare

destroyed masked by yeast metabolites suchor as

ethanol or other aromatic compounds.
A factor which cannot be underestimated is the

monotonous diet of much of Ugandan communities where

protein in the form of meat and dairy products is not

available. The people's foods lack flavour. Usually

materials of plant, animal, mineral syntheticor

J
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origin are added to foods to make them more attractive

Peopleor more palatable and appealing to the taste.

in Uganda, their poor economics, cannotbecause of

Fermentation adds to the flavourafford appetizers.

aromaticof the food through production of ethanol,

substances and detoxication or destruction of bitter

and musky materials in the traditional food materials

such as sorghum, millet or cassava or bananas.

5.2 grainsEcology of yeasts isolated from fruits,
and beverages
This study has not been merely a listing of yeast

present on fruits, grains and in beverages.strains,

In other words, the list is not an end in itself. It

investigate the activeinterest life ofto

yeast strains in their environment and perhaps suggest

practical application of the characteristics shown by

the yeast strains.

From Tables the following pictureII to IV

In Table II at least 66% of the fermentativeemerges:
strains isolated from ripe bananas.were
'habitat1 withkwete, 21%. The of therestwas

less equally among

other fruits, except for mangoes where a remarkable

15% of the isolates came from the surfaces of mangoes.

Interestingly, isolates from

strains were distributed more or

was of

the relative number of

The next
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of biodiversity.tonto in termsisthislow,were
Temperatures in tonto quite often were recorded above

42°C.

tended tofactorthe

emithand,37°C. otherto theRipe bananas, on

exude sweet juices through theiraromatic odours and
juices and aromatic odours attractsurfaces. These

swarms of flies (Drosophila, Musca), butterflies and

from thebees. feed on the exudatesThese insects

animals must be responsiblebanana surfaces. These

Onfor the inoculation of banana fruits with yeasts.
plating, the yeast colonies appeared within 18 hours,

of colonies developing fromsimilar to growth rate

This implies that the yeast cellsactive cultures.

Themust have been active on ripe banana surfaces.

sweetishexuderipe mango knownis tofruit also

juices and to emit aromatic odours. The relatively
high number of isolates from ripe mango surfaces can
also be On theaccounted for in a similar manner.
other hand, passion fruits, pawpaws and pineapples are
not known nutritive juices,exudeto sweet orany

aromatic odours.although they emit lack ofThe

nutrients mightfruitsthe of thesesurfaceson

relatively lowforaccount the of yeastcount

isolates.

Another interesting case is that of kwete. Kwete
is very rich in nutrients, from malted millet, sorghum

Perhaps the temperature
eliminate mesophiles whose optimum temperatures is 28
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andquite sweetand isbrewflour. Thecassava

bees during brewingattracts flies andswarffls of

processes, which may be responsible for the relatively

high population density and biodiversity of yeasts.

A rather similar picture emerges in yeasts isolated

from Mbarara/Rukungiri.

In Mbarara/Rukungiri yeasts isolated from bananas

lowand22%foraccounted for 55.8%, verymangoes

Interestingly, the count was quitecounts from tonto.

similarishigh from Muramba Muramba to(17.9%).

kwete in composition, except that more sorghum is used
in the preparation of the brew.

In the Jinja/Tororo/Mbale region the picture was
different. isolated fromthe yeastofMost came

amarwa and grains. There were virtually no yeasts

isolated very highfruits. showedfrom Amarwa a

proportion of isolates, averaging 63.8% of the total

number of isolates. muramba and kweteAmarwa, are

generally rich in nutrients and the process for their

preparation is associated withalways flies and
inocula from previous brews.

the yeast flora isolated from the ripe banana fruits.

This may be explained by the fact that fermentative

yeasts quickare and tend isolatedbetogrowers
early. Warcup (1960) points out that dilute plates
always record only a part of the species present on
surfaces, or from other extracts of fluids.

Fermentative yeasts contributed at least 60% of
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It can be asserted that the fresh beverages which

such asof nutrients,contain rich sugars,sources

proteins, vitamins and mineral salts gave the highest
frequencies of cell forming units.

fruits thebiodiversity bananaconcerned, gavewas
The following giveshighest count of yeast strains.

the biodiversity.
CandidaBananas Y60,Candida(ripe): Candida Y50,

Debaryomyces hansenii, Saccharomycespulcherrimina,

Hanseniaspora Y20,cerevisiae, Y68,Hanseniaspora

Y21 ,Saccharomyces SaccharomycesY12,

Schizosacharomyces Y26, Cryptococcus Y37, Debaryomyces

Y13, Saccharomycespombe,Schizosaccharomyces

pastorianus, Torulopsis Y29, Hansenula Y49, Hansenula

Y62, elongisporus, SaccharomycesLodderomyces

chevalieri, Dekker a bruxellensis, Saccharomyces Y56,

Debarymces 10. The mean count of colony forming units
for fruits in general was 74.4 cm'2.
Tonto The following isolated from tonto.were

Candida Y6, Dekkera bruxellencis, Hansenula Y17,

Saccharomyces pastorianus, Saccharomyces ellipsoides,

Hanseniaspora Y68, Saccharomyces Y21, Saccharomyces

Y12, Sachizosaccharomyces Y26, Cryptococcus Y50,

Saccharomyces Y25.

Muramba : Candida Y42, Hansenula Y49, Hansenula Y62,

Hansenula Y67,

Y56, Y46,Debaryomyces

Debaryomyces Y48, Saccharomyces pastorianus.

a picture on

Saccharomyces Y30, Saccharomyces Y68, 

Sachizos.ccharomyces

However, as far as
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62,Hansenula11,CandidaAmarwa Candida 2,

Schizosaccharomyces 30M, Saccharomycesi: -enula 32,

44M,SchizosaccharomycesSON, 30P,Saccharomyces

cerevisiae,Schizosaccharomyces Saccharomyces44N,

44T.SchizosaccharomycesSchizosaccharomyces pombe,

beverages inThe colony forming forcountedunits

Physiology of yeast strains isolated from fruits,5.3

grains and beverages

Approximate chemical analysis during 'maturation' of

tor o

techniquesbrewing tontoUnder traditional

Only after 48 hours, the brewdeteriorates rapidly.

is rapidisThe unpalatable duebrew tosour.
and accumulation of acids andexhaustion of sugars

phenolic compounds. techniquesthereHowever, are

that have been shown to be essential in the production

of 'good' The results from this investigationtonto.

show that what is required is an initial high sugar

content from ripe bananas.

be added to the juice extracted from properly ripened

fruits, especially the varieties Kisubi, Kayinja,

Sukali, inBogoya and used combination. These

observations follow from Pasteur Effect. theseIn

circumstances metabolism is virtually anaerobic and

and ethar.ol by the process of fermentation until the

ml’1ger ral was 5 x 107

That is, no water should

sugars a. .imilated are metabolised to carbon dioxide
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lowsugar concentration has very

When the sugar concentration haslevel of about 0.1%.

isbeen reduced re­

utilised and is oxidised to carbon dioxide and water,

wine thenThealso producing phenolic compounds.

tastes Presence of Lactobacter and Acetobacter

spoilage(tonto) byfurther wineleads theto

converting the ethanol to lactic acid and acetic acid.

It is, therefore, imperativeThe tonto becomes sour.
that the containers are kept as clean as possible to

the spoilage bacteria. Ifavoid heavy
possible, selected yeast strains be used to maintain
good standards of banana wine quality.

5.4 Influence of tonto on yeast growth

During the study a total of 12 yeast strains were

selected. included Saccharomyces cerevisiae,These

Dekkera bruxellensis, Debaryomyces Y46, Saccharomyces

Y21, Saccharomyces SchizosaccharomycesY25, 44M,

Hansenula Y68, Schizosaccharomyces Y26, Saccharomyces

With an initial 20% sugar, 4.3% alcohol, 3 mg/100

calcium, 0.0 phosphorus 0.5 iron, 0.0%PPm PPm

phenolic compounds, 0.1% protein, 0.0% (w/v) acid, pH
4.8, the composition of the after 5

hadweeks altered follows: 8.0%, alcoholas sugar

20.99%, 3.75,PH acid 1.26% (w/v), calcium 5%,

phosphorus 0.026 iron 35 proteinPPm, 0.0%,PPm,

i

"bad".

Y30, Hansenula Y62, Candida 2 and Candida 11.

been reduced to a

batch culture

to very low level the ethanol

inocula of
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Colony forming unitsphenolic compounds 10%. rose

after 40from about than 60 mean count16 to more

Thereafter the colony forminghours of fermentation.

units decline to about 8 after 480 hours. There was

ofexponential death ratea corresponding, almost

yeast cells after 40 hours of fermentation. There was

weeks.after 5virtually cellliving yeastno

Although the sugar content was high, initially, there
was no control of contaminants such as bacteria. The

idea of the batch culture was to s •imulate conditions

andfermentationthat proceduresprevail during
processes in the traditional brewing industry.

altering therelyBatch methodsculture on
overall nutritional composition of the medium or by

The investigation startschanging the sugar source.

with banana juice rich in hexose sugars, mineral salts

phenolicand protein with ethanol,no no

compounds. circumstances metabolism isIn these
virtually anaerobic and the sugars are assimilated and

metabolised dioxideto carbon and ethanol by the

process of fermentation, until the sugar concentration

has been reduced to a very low level. When the sugar

concentration has been reduced to very low levels the

isethanol re-utilised isand oxidized carbonto

dioxide, producing phenolic compounds in thewater,
Under these circumstances yeast cells startprocess.

rapidly,dying according to the first oforder

reaction kinetics
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of yeasts
initialcellsofnumberinitialthe or

population
e = the exponential function base

k =

t = time

theexponent k indicates

process of death of yeast cells.

number ofThe killing rate
factors in the fermenting banana juice. Some of the

factors nutrients andincluded depletion of

accumulation of toxic phenolic compounds.

simulation of the

traditional method of tonto brewing, the technique did

not acidtake aseptic precautions. of theMuch
produced and the degradation of the ethanol might have
involved lactic acid and acetic acid bacteria.

5.5 Ethanol tolerance in yeasts isolated from tonto,
ethanol and biomass yield
The feasibility of using selected pure strains of

yeasts from tonto for high yield of ethanol and low

investigated, again using the 12 strainsyeast
discussed earlier.

No

N = Noe‘kt

where N = the final cell number (or final population^

Since the investigation was a

yield of biomass under batch culture conditions was

InNo, the exponent to e

was dependent on a

the negative sign on the
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Storage of fermented tonto is

Tolerance of ethanol amongcottage brewer in Uganda.

importanttonto therefore,is, anyeasts

Stimulation orcharacteristic in brewing industry.

inhibition of growth or killing or death in yeasts is

irreversible loss of ability to grow

and reproduce as it relates to experimental conditions

outlined in experimental methodology. The termthe

killing or death related to the loss of colony forming

thedependentability. onkilling rateThe was

The results showethanol concentration in the medium.

DekkeraY46,that strains Debaryomycesof

bruxellensis, Saccharomyces Y21, Candida 2, Candida 11

and Hansenula Y62 were highly tolerant of ethanol in

Y25Saccharomycesstrainscomparison to

Schizosaccharomyces 44N, Hansenula Y84, Hansenula Y16,

TheseY30.SaccharomycesSchizosaccharomyces Y26,

said to be poorly tolerant by the standardscould be

It was observed that 5%and Englew (1986).of Casey

Saccharomycesethanol wiped Hansenula Y68,out

Y26. Ethanolpastorianus, Schizosaccharomyces

This needstolerance might be genetically controlled.
to be investigated by controlled crosses and selection
for the benefit of the brewing industry in Uganda.

also show that yeast isolated from
tonto are largely fermentative and should be explored

a problem to the

defined as the

The results



184
for ethanol yield with the significant exceptionmore

of Ca2, and Call, which were exclusively oxidative for
biomass yield.

thisearlier thatFinally, pointed outit was

study has not been merely a listing of yeast strains
present on surfaces of fruits, grains and beverages.

interest to investigate the active life ofIt is of
A fewin their natural environment.yeast strains

ideas have evolved from this study. These have been

discussedput ecology of yeastsunder theacross

before.

yeasts grown axenically (that is yeastHowever,

single species of yeast) a singlecultures of ona

unlikely to behave in the same
in a complex environment suchway as they would as

beverages murambasuch wheretonto, oras amarwa,

other organisms, bacteriasuch and mouldsas are
which availablepresent nutrientsforcompete and

liberate compounds such as toxins and antibiotics and

within a closed system.

Sterilisation artificial mediaof furthermay

complicate interpretation of the inresults,

ecological terms, by chemically altering the medium.

would difficultIt be envisageto 'natural1the

behaviour of fromyeasts results obtained through

plating on artificial media. In addition theseto

where resources are continually being reduced to zero,

sterilised medium are

those prevailing on surfaces of fruits, grains or in
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problems yeastnutritionof environment and on

behaviour, and hence on yeast characterisation, is a

basic difficulty of measurement of growth upon which

extensiveyeast havetaxonomy is Yeastsbased.

adaptability determined by their small size. A cell

has space for only 100,000 molecules of protein (Hans,

1986 ). not currently being usedEnzymes that are

certaincannot therefore,be held in andreserve

produced only if the appropriatecatabolic enzymes are

substrate inducibleis Suchpresent. canenzymes

constitute 10% of cellular protein under some

conditions (Hans, 1986).

5.6 Conclusions
As a solution to the almost flux state of yeasts

generally considered best yeastto compare

strains over a rigidly standardised set of tests. It

was thus appreciated that certain of these conditions

would introduce bias when measuring the degree of

similarity between pairs of duringyeasts
characterisation. To counteract these problems the

following strategies were adopted:

1. There regular monitoring of morphologicalwas

characteristics of yeasts growing on fruit grains
and in beverages and those characteristics on
artificial media. These characteristics were

always constant for both media or environments.

o)

up to

it was
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2. largecharacterisation,For physiological a
Over 70 criterianumber of criteria were used.

Eachcharacterisation.used for yeastwere
given an equal weight during thecharacter was

effectivelycharacteristicsanalysis. These
narrowed down the possible classification of an

A solution to the almostunknown yeast strain.
flux state of yeasts it was considered best to

rigidlystrainsyeastscompare aover

According to Hughesstandardised set of tests.
(1978); of characteristicsif a wide arerange
observed any bias should be out. In

this (cultural,study least 70 charactersat

morphological and physiological) were used.

"diluted"
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APPENDIX I

key TO CODES: A TAXONOMIC STUDY OF YEASTS

vij (V| = District
SAMPLES = syYz (Yg = yeast strain)

Vj = village)

Tonto = TO•2j1] 1]

Maize = MAIKwete = KW

doBushera = BU- do -
Muramba = MU

doAmarwa = MA-do­

do
- do -

LOCALITY =
CODE

Kabonera
Bukunda

Ajon = MA 
Kwete = KW

mr2i
mr22

Jinja/Tororo =
Vij = TJlj/TT2j

Mbale/Soroti = 
Vij = MSjj/MSjj

Masaka/Rakai Vjj = MRjj/MR,;
MRjj/MRjjByY,

MRj| = Kasasa
MRj2 = Masaka 

etc.

SSodium = SO

Millet = MI
= B!i. e., S ■- I 

y = variety 
Pineapple:

8 = M
Orange:
S- = 0

etc

Banana = By

Mbarara/Rukungiri = 
MRU:;/MRU,. BUY,Vij = fcujj/ifeujj'





APPENDIX II Table XXTX

Nirogen sources:

5 g none
none none

10 g10 g10 gBacto-dextrose none

Amino acids:

none
none
none
none
none

Inositol
none200 pg

200 pg
200 pg

Formula 
ingredients 
per litre

Ammonium sulphate 

Bacto-asparagine 

Carbon source:

L-Histidine monohydro­
chloride

DL-Methionine
DL-Tryptophane
Vitamins:

Biotin
Calcium pantothenate

Folic acid

3.5 g
1.5 g

10 mg
20 mg
20 mg

20 pg
2000 pg

2 pg
ioooo pg

400 pg

10 mg
20 mg
20 mg

Bacto-yeast 
carbon base for 
nitrogen assimilation 
tests

1 mg
2 mg
2 mg

Bacto-vitamin 
free yeast base 
for vitamins 
requirement test

10 mg
20 mg
20 mg

Niacin 
p-aminobenzoic acid 
Difco

20 pg
2000 pg

2 pg
ioooo pg

400 pg

20 pg
2000 pg

2 pg 
ioooo pg 

400 pg

5 g 
none

197

Bactcnyeast 
morphology 
agar

‘gfflically defined media^ for taxonomic study of yeasts

Bacto-yeast 
nitrogen base for 
assimilation tests





198Cont..Table XXIX

none
none
none

Boric acid

0.85 g0.85 g0.85 g0.85 g

Formula 
ingredients 
per litre

Pyridoxine hydro­
chloride
Riboflavin
Thiamine hydrochloride
Compounds supplying trace
elements:

400 pg
200 pg

400 pg

0.5

0.1
0.1

g 
g

0.5 

o.l 
o.l

400 pg
200 pg
400 pg

500 pg
40 pg

100 pg
200 pg
400 pg
200 pg
400 pg

Bacto-yeast 
carbon base for 
nitrogen assimilation 
tests

400 pg
200 pg
400 pg

500 pg
40 pg

100 pg
200 pg
400 pg
200 pg
400 pg

g 
g 
g 
g

500 pg
40 pg
100 pg
200 pg
400 pg
200 pg
400 pg

g 
g 
g

Bacto-yeast 
morphology 
agar

Bacto-vitamin 
free yeast base 
for vitamins 
requirement test

Copper sulphate 
Potassium iodine 
Ferric chloride 
Manganese sulphate 
Sodium molybdate 
Zinc sulphate 
Salts:
Potassium phosphate 
monobasic
Potassium phosphate 
dibasic
Magnesium sulphate 
Sodium chloride 
Calcium chloride

0.15
0.5
0.1
0.1

0.15 g
0.5
0.1
0.1

500 pg
40 pg

100 pg
200 pg
400 pg
200 pg
400 pg

0.15 g 
g

0.15 g 
g 
g 
g

Bacto-yeast 
nitrogen base for 
assimilation tests





199Table XXIX Cont..

Bacto agar 18 g none none none

2.81 14.91 8.51 5.91

35.0 g 6.7 g 11.7 g

of biotin, inositol and calcium pantothenate.

Amount of final medium 
from 100 g dehydrated 
medium

Formula 
ingredients 
per litre Bacto-yeast 

carbon base for 
nitrogen assimilation 
tests

Amount of dehydrated 
medium per 1 t. of 
finished

Bacto-vitamin 
free yeast base 
for vitamins 
requirement test

Bacto-yeast 
morphology 
agar

1) These media are

Bacto-yeast 
Orogen base for 
^similation tests

marketed by the Difco Laboratories of Detroit (Michigan) in dehydrated form. They are 

based on the formulae published by WICKERHAM (1951) tat since then have been fortified with greater amounts
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Sampling LocalitiesAPPNEDIX III

Distribution map for FruitsFig. 14
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banana ( Musa spp)
Pic pineapple (Ananas spp)
M= mango ( Mangifera spp)
PA= passion fruit (Passiflora spp)
'PW= pawpaw ( Carica spp)
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Distribution map for grainsFig. 15

SO MI MAI
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Distribution map for beverages,tfinyeles and akiriaFig. 16

nuajon

AM Al AK

1AKAM Al

t9 MU

TO = Tonto
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amkw

TO KW

KW= Kwffte
MU= Muramba
AM= Amarwa
AI= Ainyeles
AK= nkiria nuajon


