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ABSTRACT

fhe micrcbiological preofile during verious stages o©f burukutu
production was deternmined in 42 samples collected froam six producars
The tacteria tdentifjed include many soecies of PBacillvus: B cereus, B
subtilic B aycrides, Microcuc:ne lulsus and N rosevs, Enterobacter
agglumerous and Serratiz smcies, A single species of genus Acetobacter
which wes respousible for the vinregary taste of the resulting burukutu
feryentziior. The bajteria were found to have no positive corntribution
to Purvrvtu ferpentation bet were rather detrigenstal to spoilage.

The predominant molds observed are Asperqgilius spp, Mycella
sterilia, Khizopus species and Fusarium species. The presence of
Aspergillns molde waz foun? to be gsscociated witk the presence of
aflatoxie in the bheer.

Nine yeasts belonging to four general were obtainecd, they are three
Saccharomyces species namely Saccharomyces specles 1, 1[I, and [1I, two
Candida cpecies (1 & 11> a Fichia species and Rhodotorula specles.
Fermentation tests revealed that onlv the Saccharomvces species and
Capndida species have good fermentative ability.

Laboratory brewed burukutu was produced by using the various
yeasts as starter cultures. Organoleptic and physiochemical studies (PH,
titratable acidity and % ethanol) resuits showed that there is no
difference in buruXutu produced traditionally and those obtalued from
Ssccharomyces species 1 and 1I. It is therefore proposed that

Saccharomyces species | and 11 be adopted as starter culture for

burukutu production.
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INTRODUCTION

Burukutu, an alcobolic beverage prepared from guinea corn (Sorghum
bicolor or & vulgare) remains to be the most widely consumed indigenous
drink amongst the population group within the Savanna region of Nigeria.
Traditionally, burukutu production 1invol es the malting of sorghum
grains, wort boiling, and pitching with "kumpa" (the fpamy mass of old
beer). The boiled wort is then separated, the superunalant is fermented
into pito, while the colloidal suspension is further fermented to
burukutu. Increased consumption of burukutu amongst the above mention
population group and other Nigerians has been advocated by various
investigators because of the high nutritional quality of burvkutu
compared to industrially produced lager beer. Ogboona et al. (1982b) and
Faparusi (1970) indicated tha; burukutu contains high content of vitamio
C. B vitamins, protein and bexose sugars.

The additional advantages of locally available microbial strains and
other raw materials. coupled with cheap price of burukutuy after
preduction over lager beer have led many workers to advocate the
industrial production of the ©beer. The limitations to adopting
traditional method of processing, however, are the inconsistency in
taste and flavour of the Dburukutu beer prompted by uncontrolled
fermentation. The short shelf life, the unhygienic conditlon associated
with fermentation are also contributing factors.

Due to escalating cost of maintaining lager beer factories in
Nigeria, considerable attention has ©been dlrected at producing
indigenous beer from locally available cereals and food crops. Okafor

(1975), Nwajifo and Bassir (1982), bhave successfully preserved and



bottled palm wine. Kaffir beer has also been produced industrially in
South Africa using a strain of Saccharomyces cerevisae as starter
culture with some lactic acid bacteria (Van der Walt, 1956).

Ogbonna et al. (1983 b) documented that the fermentation of burukutu
is usually spontanecus by undefined microorganisms whose source could be
the water used for mashing, serial mycelia and some normal flora or the
grairn used for brewing. Microbiological studies conducted on Hurukuty
beer (Faparusi et al. (1973), Ogbonna et al. 1983 a, and 1933 ),
'indi:ated that these organisms varied from yeasts (which are
Saccharomyces cerevisae, Candida tropicalls, Candida tropicalis, Caandida
Cruzei, Hansepula anomala, and Kloekera apiculata) to bvacteria (which
are lLactobacillus species, Streptococcus species, Bucillus species) snd
molds <(Mucor rouxi, Aspergillus species, Penicillum citirvm and
Rhizopus species. 1t 1is increasingly clear that very few af these
microorganisms have any fermentative or any significant roule in burukutu
production. In Nigeria, starter, culture from microbial isolates which
are considered necessary or potentially relevant to a given fermentation
process are used singly or mixed as starters for producing desired fonds
er beverages (Okafor, 1981,.

Collard and Levi (1959) used starter culture of mixed
Corynebacterium manihot and Geotrichum candidum to achleve satisfactory
products as opposed to the numerous organisms found in the traditional
fermentation. Akinrele (1970) found that good quality Ugl (a corn-based
food) could be produced with an “incculum consisting of equal leval of
lactobcillus plantarum, Acetobacter cloacae and Saccharomyces cerebisae
2 temperature of 30°c to 32°'¢c. Ekundayo (1669) found that an

unidentified Candida species is of lmportance in alcoholic fermentation



of corn pito (a malted cereal beverage very similar to burukutu). He

also claimed that the yield of alcohol could be 1increased by the

adaition of either Geotrichum candidum or Lactobacillus or both to the

Candida species. i

The adoption of & starter culture may be a very important tooi that
will aid the industrial production of burvkutu beer. In spite of
extensive studies dope on burukutu, preliminary investigations bave not
been able to develop a starter culture for burukutu beer. This present
study was therefore designed with the aim o0f developing a siarter
culture for burukutu production and include the following objectives:

(a) to quantify the isolates from buruvkutu taking note oi organism of
highast frequency.

‘b Isolation and identification of organisms associated with difierent
stages cf buruvkutu.

tc} Determination of some physiochemical characteristics (pH,
titratable acidity, percentage ethancl, temperature’ uf both
traditionally produced burukutu and laboratory brewed ones.

(d) Determination of fermentation ability of the selected strains ior
prelimipary fermentaticn tests in the laboratory.

{a) BSensory evaluation of the traditional and laboratoury brewed
burukutu,

(f) CSelection of the possible starter culture based on the results
obtained from the above work, taking the following into
consideration: occurrence of organisms (stages and frequency);
fermentation abliity and the organoleptic scores of the resulting

beer.



CHAPTER TWO

2 REVIEY OF LITERATURE

2.1 Introduction:

Burukuty 4s one of the many African's indigenous alcoholic
beverages. It is produced mainly form the grains of gulnea corn (Sorzhum
vulgare and S. bicolor (Moench)). It remains to be the nost widely
consumed indigenous drink amongst the population group within the
savanna region of Nigeria (personal contact). The survey conducted by
Ogbonna et al. (1985a) about burukutu showed tbe origirc nt this beverage
to be shrouded in mystery. Like many cther African indigenous beverage,
burukutu production inveolves basically fermentation oi malrtepd grains of
gulnea corn, which are then fermented naturally by uwurmal tlora of tLhe
grains (Faparusi et al., 1970). This art o1 burukutu production placed
the product under brewing whose beginning cannor be precisely
determined, Since the art of beer production involves meiting of any
grairc for the production of fermented beverage, therefore, burukutu can

therefcre be classitfied under beer.

2.2 PBrewinpg in Africa:

The preparation of traditiopal! fermenitcd alcoholic beverages fron
various cereals is wide spread {(n Africa. Platt (1955 reportec that
African alcobolic beverages can be classifled into o5 major groups,
namely: fermented boney water, fermented fruit ancd jJulces, Jermentea sag
from various species ot palm and bamboo, drink made from milk and 'the

beer’'. All of these ygroups of alcoholic beverages bhave more

or ies



familiar equivalent as mead, cider, fermented birch sap, fermented mares
milk (Koumis) and old fashioned ales, all of the developed world (Platt,
1955). Alcokolic beverages from various cereals including burukutu tall

under the 5th group which is 'the beer'.

2.3 Qrigin and socio-economic importance of mlcoholic beverages._ in
Alrica

Although alcoholic beverages have been widely consumed in the world
irom prehistoric times dating from the days of biblical Noahk, the
consumption arnd production of these beverages in Airice can oe traced to
King Isis of Egypt who discovered the fermentation of wiid wheat could
leads to beer. The production of wine and beer 1rom various frults and
cereals respectively widespread in all! parts of ipe costineut (Pla%e,
1955), Available evidence (FPerderson, 1978) {ndicates that alcohol
neverage consumption and types vary from one locality to another.
Evidence in literature (Van der Valt, 1956; Nout, 1980; EKkundayo, 1909
Nirar, 1978; Faparusi et al., 1973; Ogbonna et al., 1983a2 iudicated
that some documented forms of indigenous beer include Katfir beer of
South Africa; bussa, a Kenyan opaque malze beer; Merrisa, a Sudanese
beer and P{to and Burukutu from Nigeria.

The economic {importance of alcoholic beverages world wide has been
documented (Platt, 1955; Pederson, 1978). Iin Africa, available evidence
suggested Increased consumption of beer and locally available alcoholic
beverages among all population groups. This has been attributed to
varicus factors. FPlatt (1955), for instance, indicated their consumption
and the diverse role alcoholic beverages play in social gatherings.

Socially. it is mandatory that alcocholic beverages be served if



marriages, burials, naming, and other social gatherings. Secondly
alcoholic beverages form an important part of sacrifices offered to gods
irn many parts of Africa (Perderson, 1978). It is used for treatment
against such ailment as common cold, and as a solvent for extraction of
‘drugs' from tree bark and roots. This accounts for 1{its increased
consumption (Perderson, 1978).

The role of waicoheilc baverages in many soclerjies had been
recognized decades ago. Hichards (193%a) made an observation atput the
role of alcohelic drinks amongst the Balt society and suamparized his
finding thus "It {: the people'z only kind of entertainment, the chief
preak in monotony of their wvillage life, and, as in most other Bait

societies, the common and sometimes essential way of fulfiliing soclal

obligations. Peer i{& carried to chiets nag tribute uvie? to raward
labpur, or given as ap offering to spirits. Abundonce of bLeesr is the
Zlory of a commone:'s hospitality., or a chiei's court. Without it tribal

counzils cannot bte Leid and, marrlage o inftistion ceremonivs do not

take place.* Tbis suci

i

iy is provatly a2 representative ne {0 terms of
rnles ot alcchclic beverages all over africa,

Presently toe production of alcobolic beverages is a tilourishing
enterpricse, creating job cfbportunities for a considevaovie portion of
Atricans. The high nutritional content of these traditiona! al!coholic
beverages relative *o reflped dbeer has also promoled its consumption

‘Nout, 1960; Au~amp et al., 196; Bryant, 19359),

2 4 lermeptation Of gra‘ns
Perder=zon (1978) described baer as an alcoholic ferwentztion product

nf malied cerea) Ferwentotion, which it the backbous nf anv liguor
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industry has been defined, and described by many workers. Okagbue (1989
descrited fermentation as a pron which microorganisms contribute to
production of substances wur materials which have well detined or
potential commercial! valuve. The processes are involved in the production
of certair foods and beﬁ?rages. chemicals and meny octher substances
which may be of nutritional, agricultural or medical! ftaterest
Fermertation can be carried outl by several organisas! bacteria, like
lactic scid bacteria, yeasts und molds.

In beer tfermentaticn, it involves ithe production of ethancl and
carbon dioxide and wide rauge 01 ctbher qualitatively minor but
crganoleptically important metabélic by-producls cf the veast Chukwira,

19892, The equatiou for conversion of sugar (which is vzually

i
-

e main

substrate in wort) to ethanol by yeasts iu given beiow.

Call,y 20 40 20 HaOW + 200

The erd proaucts e ubtained aiﬁu: 2 series 0f chemcal reastlions via
the Emtden-mayeranori-Farpas (E.X.F» patpbway or glyco.yeis. Sovsral
enzymatic converslous re also | luvolved Ine 2MP pathwny (schame!
renresents trhe alconoliic feraentatlon pathway for all yeust and thig,
has baen adorted as the basis fer the industrial fermentation of
aiznohplic pruducis and beverages such #as beer brewing, sake brewing,
wine production, disti:led splirits (Gin, Vhiskey, et2) (Okafor. L978).

Grain ferzentatior can ™ grouped inwo two: fermented 1cood and
fermepnted clcoholic beverages. Examples of fermented grains to food are
vary comman with *he coriental people, Some of them are spy source (toyo)
made from soy bean and wheati, miso (also known s chiang) irum suy bean

and rice and s0 >v. Sume fermenled grains tood in Higeria imciuazs Ol

e
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(a cereal based food). Other fermented foods of Nigeria range from Gari
(fermented, roasted cassava grits) ‘'foo-foo' <(fermented paste trom
cassava) and many condiments from iocust bean, called 'dawadawa' and

soybean dawadawa.

2.5 Ferpentation 2f purukutu aud other similar beverages

“onsiderable attention has been focused on the production =2-d
evaiuaticn of the indigenous beers f{rom cereals. Ogbonna gi al. tlvyassi)
especially such ones tfrom maize, millet and sorghum. uck studizs
include the microbiclogical flore of such products anc refiect un
trajitional method of production. The work of other researchers {nciut

the biochemica. or proximate analysis of these beers (Onwalivi gt &,

1986 .

2.5.1 lrocessing and Microbiological fiadings

Etuaies on microbiology cf traditionally brewea beer inllude thail of
Nout (1280) on Bussa, a Kenya Opaque maize beer. 5Sussa 1s Uevnily
prepared from maize endosperm grits and finger miliet ma .t Liecusiae
coracanal). Studies on this beer which contains a considerable aauunt of

50144 (maizz and fianger miilat particles) shows taat the microorganiz=ms

fresept during stage of uncooked grits are matinly. ta’ Yeuasts sich us

Capdiaa kruzel ann Saccharcayces cerevisae, (b ructeriz wiivh ure
Lactopactllus species, L. bhelviticus, L. saliverius, L. wrevis, L
virideoscas, 1. planta and Pediococcus species. F. damuovog aur

paralus. The Ifinger miliet used alougsice contaiuns & bigh microublal loud
(107 - 10%g~" which 1s rather diverse. The tfullawing oOrgunicw. ware

ideatittied in the mali: J(oryselacterivum species, Hazirlus speoics,
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Listeria specles Enterobacter  cloacae, Klebsiella  pneumonize,
Fropioniobacterium species, FEubacterium species, Lactobacillus casel!,
(var Fedicoccus damnosus), KRhizopus specles, MNucor specles, Candida
kruzei. The alcoholic fermentation of Bussa was dominated by
Saccharomyces cerevisae, while the lactic fermentation was initiated hy
betero and bhomofermentative lactobacilli such as L. brevis, L.
salivarius (var Saicinius), L. platarvm, L. virideaces, L. caoni (var
Salicinius), L. bucheri anc L. planptarum which predominaten.

Dirar (1978) made a similar observaticni on KMerlsea heer whose
fermentation processes are very complex. Kerissa (= ovprepared from
Sorghum bicolor ard its preduction processes consist of three distinct
pbuses: Ajcen iermnznti:};s. a  sactic souring of =urghow;  deboba
tfermentation, a starter aclivatling phace; and the actusl lermentation
which is the final phase leadiug Lo production of Merissa. The later tweo
plases are alcopolic Iarmentaiion vhases. lactlc acid nacteria and
yeasts (taccharomyces species) are the mijor micraocrganisps renported.
Dirar (1978) failed to identify the Importance of wmoide found during
merissa termentation.

The microbiovlogy o Katlir peer as repmrted by Varn dey Vali (1956)
=bhows that the  Dbrewlog of KXaffir beer involves twn gwicrobfal
vonversious; the scuring process which is done mainly by tyolcal Tactic
acid flora, such as lactobaclllus delbrickli, L. pileptorvm. L. brevis,
G ferment., badicoccous  danpsnusus, Leuconcstine wpocenteroides and
Leucvnostuc, dextrapicuw and the alcoholic fermentation phase involving
the activities of miny yeaslis which are over twenty differenr species.
Saccharomyces cerevisee, Caupdida crucgei snd Kloekers spiculata, were

touad to be Lbe predominant species. The speilage of the beer was
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concluded to be due to excessive acetic acid formation which was found
to be caused by the development of the common malt and beer Acetobacter
speclies.

The work of Okafor (1975) on palm wine (an alcoholic beverage
produced from the sap of palm trees) showed this drink to contain heavy
suspension of yeasts and bacteria., This important alcoholic beverage in
Nigeria is consumed also as much as burukutu. Several microorganisms are
known to be present in palm wine. Okafor (1978) indicated seventeen (17)
yeast isolates, 12 of which were Candida species, 3 of them belonging to
Endomycopsis species. The bacterial isolates from palm wine include
Nicrococcus, Streptococcus, Lactobacillus, Bacillus and Brevobacterium
species.

Pito is another alcoholic beverage readily prepared and consumed in
figeria. It is very similar to burukutu except that, various types of
grains are used to brew i{t, while sorghum is about the only grain used
in burukutu production. In the studies of microflara of Pito, Ekundayo
(1969) showed that the predominant microbes found during the production
are: (a) molds (Penicillum species, Kbizopus oryzae and Aspergillus
species) which were present on the grains. It was further noted that the
first stage of fermentation souring of the extract from the malted grain
is dependent upon microorganisms from the atmosphere while the second
stage, after boiling to cencentrate, depends on the addition of a
starter from a previous brew. Candida species, CGeotricum candidum and
Lactobacilius species appear to be important i1in both stages and
resulting in the production of lactic acid,

Some amount of work has been done on Burukutu beer as related to its

microflora. In a study of microbiology of burukutu beer, Faparusi et al.
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(1973) found the microbial flora of both home and laboratory brewed beer
to be similar. Their yeast isolates iancluded. &accharomyces cerevisae,
Candida tropicalis, C. kruzel, Hansenula anomala, and Kloekera species
apiculata. Their molds include Mucor rouxii, Aspergillus flavus, A.
orycae, Ferlcilluz citrizuwm and  Agspor species. Sume specigs of
Lactobscillve znd Hlregloccoous wure also ldentified ue <he hacterial
COMpPouURNLS,

ln 2 similar study oy Ugoonua et al. (1533b) on Nigerian Irdigenous
alcobuiic beverzges, ~hey {founa ine micrebias f{lore of Jzbtoratory
prepared ourukitu to be the followiang: Yunval species were Aunjargillus
ilavus, A. gsumigactvus., A. coryzae, A. tlerieus, Cleadusporius lherbrus,
Bugicuje grisae, Fenicillum §3trinuz and ». stoanifer. The yesst 'solates
suc Juded: Laudida lropicails, G, niriis, daitorna.a snomala,
Saccharonyces ccrevisse, S. vvarum, Schizosaccharomyces pumbe, while the
vactarial lsuviates are: Haciilve cereus, Lactgbaciiivs brevis, L.

iaplarv, teucancato: accenteroldes, Streplococcu= species,

e

Staphylococcus  gperies, and  tpe Aematodes  found were  Ascarlis
lumbriccicdes f(ava), dacylostoma ducvdeavm, Strongyloldes stzruceralis,
iricbmry trickeras.

rkvnaayo (19022 also reported the presence of Caudida, Myeoderma, C.

/

troplzails, Hausenuisa anomala, Kloexera apiculata and Saccharomyces
pastor fanes, and  Pediccoccus  cerevisa®z In Burukutu  uidergoing
paturation. Exunanyo (1909} had earlier indicated that microorganisms

found in Fito ne mentionad earjier were found to be similar to burukutu

aicrotloera.
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2.5.2 Iraditiopal Burukutu progduction

Various workers reported on the method of processing of burukutu
based on the Informatiocn collected from thelr immediate vicinity
(Favarusi et al., 1973 and Ogbonna et al., 1983a). The basic method of
prefaratlion involves the use of Sorghum bicalor (Guinea corn graing),
ile greinn are cleeped, malted, ground and are mashed at various ratios
wi wataer end grite  The resulting wort is then boiled and allowed to
ferment. From the metihod reported by these workers, 2 souring process
erter bLolliog < usumlly ailowed for about 24 hours and before
ermentation ag »djuncr (usyally gari) is added to the feruenting wort
ney wverying ratieos  Personeh communication with producers in Zaria area
alluvey thepze two processes to be missing (i.e, souring and tLhe use of
silunt’. Below (Filg. 1) 4s a flow chat of +traditional burukutu
productiion 1n Zaria. All the steps found bere are also vresent in other

claces, tut with the addition of those two processes mentipned above,
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Sheet !
The flow chart of Burukutu and Pito processing 1in Zaria (A
representative one).

Sorghum grains
Sorted‘and Vashed
Saaked*(avernight)
Ialted‘(3—4 days)
Pncked*nnd covered (1-2 days)
Sun-dr:ed 2-3 days

:

Dry milled
+

Mash in water Stale beer with Stale beer
(ratio 1:3 or as required) Xumpa 1? with Kumpa
Malt:Vater after 24 hrs after 24 hrs

f i t
Boiled for about 3irs Burukutu after 12-18 hrs Pito

. 1 after 12-18 hrs
Cooked overnight 1

i
Strained, Pitched with Kumpa Pitched with Kumpa
{(with muslin cloth)

! T T
Boiled for 3-6 hours thick liquid Supernatant
(until]l foam disappeared? (suspengion)

:
Cocled

‘ Allow to sediment

2.5.3 Chemical characteristics

Available evidence indicates that biochemical analyses have been
conducted on traditionally fermented Africama beer. Nout (1980) for
instance, indicated that Bussa contains 0.2 - 1.0% laciic acid and 2-4%
volume of ethanol. He‘unted that the beer becomes unacceptable after
further fermentation and souring to about 2% lactic acid.

Aucamp et al. (1961) assessed the nutritional value of some Kaffir
corn beer in the series of Kaffir corn malting and brewing, malted and

unmalted, and indicated that Kaffir is rich in protein, fat, ash, fibre,
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thiamine, riboflavin, and nicotinic acidlindicated and 1is a rich sopurce
cf wvitamin C. They concluded that Kaff' - beer which has always been
regarded as alcoholiz drink and food *y Bantu, 1is a rich source of
vitamin B and has a high nutritive valuve,,

Comparative studies by Chevassus et al. (1961) and Avcamp wut al.
(1961) showed that the nutritlonal wvalue of Opaque maize beer |s

superior to that of clear lager beer because ot its higher «rune protein
content, thiamine and riboflavin.

Ekundayoc (1969) in his‘?tudlub on Pito determined the =ugar content,
amino acid, organic acids content of this drink. [ne ethannl content was
determined alongside In his report, percentage of alcoen! in Pito was
found to be 3. He also reported the presence of urganic aclds in this
beer alongside with some amipo acids.

The biochemical analysis carried out on burukutu by Owborma et al.
(1983b) showed tha* the beverage hae high nutritive value. It <untains
52% sugar, 0.46% of ash, 0.52% ot protein, 7.0pg/100n! vitaain C and
(3%) alcobol. Faparusi (1970> irn a similar work in southern Nigeria
reported the presence of many sugarse such as fructose (0.2%' maltose
(0.05%), glucose (0.6%), galactose (0,36%), galacturonic acid (0.48%;,
sucrose (0.2%), maltose (0.12%), isomaltose (0.38%), stachyrose (0,43%)
and maltotetrose (0.16%).

The comparative studies by Onwuliri et al. (198b) oun Burukutuy and
Pito revealed that Burukutu is more acidic than Pito. The average
percentage etbanol content of burukutu was 5.25 while thatl of plto was

3.62 respectively.
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2.6 STARTER CULTURE

Starter cultures are usually developed from microflora assocliated
with spontaneous fermentation of beverages and foods. In starter culture
development microbial isplates which are considered relevant or
potentimlly relevant to a given fermentation process are used as single
or mixed inoculas for producing desired foods or beverages (Okagbue,
1989}, The organisms used for starter are usually well known and their
function or advantage(s) would have been recognized. The role of starter
cultures has been discussed by Genigeorge (1976), He discovered the
starter culture of Lactobacillus and Pedicoccus for meats fermentation.
He 1indicated that a starter culture should increase the safety, shelf
stability, and nutritional value of food products; and that recommended
starters are important in assuring desirable and reproducible flavour of
fermented product. Although their main purose is a rapid decrease af pH
to a level at which growth of food borne pathogens are inhibited.

Furthermore, starter culture promotes controlled fermentation in any
fermenting medium, while natural fermentation results 1in diverse

metabolic products which is a sign of uncontrolled fermentation.

2.6.1 \Uncontrglled fermentation (Matural)

Uncontrolled fermentation can be of two types: the fermentation can
be carried out using some starters. These starters can be considered as
indigenous starters since they are unrefined, and undefined organisms.
The starters are elither deveioped by allowing natural souring of some
food materials, which are later added to the body of the main fermenting
product, or left over of old product as in many cases of traditionally

fermented beer. In some cases, this type of starter is not prepared nor
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added to fermenting system. The fermenting system gets contaminated by
natural flora of the atmosphere (aerial flora) directly.

Some of those foods and beverages such indigenous starter cultures
(some of which are legume and cereal products from the Orient and sone
parts of Africa) are numerous. Some of the examples {include soy sauce
also known as toyoc. Kanjang 1s another flavouring agent made from
soybean and wheat, it uses a traditionally developed cuiture which
conmprises of Aspergillus oryzae, FPediococcus talophillus and
Lactobacillus delbrvike! when examined (Wang and Hesseltine, 19nl).
Miso, alsoc known as chiang is a flavouring agent from whole suyabean and
rice or barley. Yokotsuka (1985) identifled Misc starter ta contain A4,
oryzae, Saccharomyces rouxii, Torvlopsis hellsil, and Fed ococous
balopilus. Another example is _sufu, a soyabean curd (fofu) used as cream
cheese. 1t is common in China, hence it 1s called Chlnese choese.

|

traditional starter consists of Actinomucor elegans and Nucocr digpersus

Yk~
b w3

-

(¥ang and Hesseltine, 1981).

The fermentation processes in many AfricuT beers are <ousidered
natural phenomena and early brewers were vuvnable to understand the
changes that occurred in the fermenting system.lThe following are sone
examples o0f local beers and wines which | undergo wuncontrolled
fermentation, (but bave a starter usually prepu#ed for it by ignorant
brewerc who do not know zanything about the composition of these
starters). Sake, prepared by Japanese from steamed rice with ¥oji as the

starter culture. Koji contains Aspergillus oryzae and Saccharopyes

species as starter (Perderson, 19762,
Binuburain 1s another name of a beer prepared from rice. The

sediment from the fermented products is pressed into cakes and used as
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inoculum for the mnext batch of binvburain fermentation. The cake
consists of yeast und bacteria of different species and genera
(Perdersou, 1878).

Kanii is a sour rilce beverage prepared in India in which rice starch
15 Mrlrolyeed by a strain of Aspergillus species ard saccharification
eifocted by snasips of 3§ genera of molds (Pederson, 1978).

Fekbrre is Lbe starter culture used for inoculation ct the high
alcchelic rice bSeer (Pachwail) made in India, The bakhare is wrepared in
wszall <ates. The beer js prepared by the addition of pcwdered bakhars
inte ha'f beiled rice and allowing the beer to incubate ftor 24 nours.
The  whole wan . 1e transferred tou ecarthen jars where aiculinlic
ivrmintation proceeds. Strains of Mucor predominate in a4 mixture of
rther molds of genus Fhizepus and yeastis and bacteria (Perderson, 1978).
Ucker sice bewrs include soutil of India, Terani of India, Arak of Fast

=13, Arak of Cevlon, Rak of Thailand.

There are wome corn beers irom South America, Chica or Chicara, The
fereeniution i< -arried out by diastase enzyres, yeast and lactic acid
vactaria. The inoculum starter is 2 chewed corn. Red corns are chewed by
aider wouwen., collected from their mouth and :introduced to fermenting
mech. This is a commou practice among primitive pecopie, bence the source
¢¥ Llhese orpanisms s from the saliva of these women that chewed the
cern (Ferderson, 1978).

¥Yeffir “eer is the wmost popular among sorghum bezrs. 1t :s produced
azconyy the Bantus of BSBouth Africa. 1t is alsu called 'Mpohn' and
"Machaws'  The fermentation Ye uncontrolled and an initial sourlng stage
of the wort 1s allowed. The wort is then left to undergo second phase of

ferwentation whick i= »n alcoholic fermentation.
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Others are merissa of Sudan and bussa of Kenya. Aajen is the name of
the inoculum (36 hours old fermented sourdough) added to 'Merrisa'.
Fermentation of bussa traditicnal beer i< spontaneous and 1is by mere
contaminants and normal flora of the grains.

The production of burukutu in Nigeria is also in line with natural
fermentation. The starter used traditionally is called ‘Kumpa'. Kumpa is
the brownish foamy mass of cold beer or previously brewed beer which
contains many types of organisms (yeast, bacteria and molds) (Faparusi
gt al., 1973; Ogbonna et al., 1983a and 1983b). Freshly boiled wort is
then pitched with this foam and fermeptation commences.

2.6.3 Cootrolled Fermentation

Controlled fermentations are mainly found in industrialized
productions, and usually involve mass production of such products.
Industrial starters produce reproducible flavour and can usuvally be
grown on simple media They are capable of producing desired products
and their end product do rot 1include toxic and other undesirable

materials especially if this product is for human and animal consumption

(Okafor, 1987).

Iz the meat and dairy industries, there are quite a2 number of
established starter cultures in use. Some of the examples are found in
Eurcpe where meat starter consists of eight specific strains of mold and
yeast cultures. They are utilized for unique tlavour development and
prolonged shelf life (Eilberg and Liepe, 1977; Coretti, 1977).

In dairy products, the use of starter culture is not new. An example
can be found in Yoghurt which ie a fermented milk product. It has a

starter culture which is made of Lactobacillus bulgaricus usually in
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conjunctior with Streptococcus thermophllus. Others are butter, with a
mixed culture starter o1 Streptococcus lactis, S. remoris (S.
paractrovorus and Leuconostoc dextrapicum (S. citrovorus) (Perderson,
1978)., There are other dairy products with monitored fermentation and
specific starters and such examwple is cheese. Other products with
established starter, under control fermentation are vegetables like
olives saukraut and pickles.

In alcohol producing industries, there are quite a number of
established products with specific starters. For instance, wine which is
the product of an alcobkolic fermentation by yeasts was generally
fermented by normal flora of fruits like grapes in tbe past. Lately, in
wine production, strains of yeast called Succharvmyces cerevisae (var
ellipsojdeus) are often used,

In beer production, pure cultures &are used. In veer industries,
where lager, stout and ale are produced, specific yeust straips are used
as starter. In the history of beer production, Emi! Christian Hansen in
the miadle of the nineteenth century introduced his pure culture of
yeast at the Calsberg brewery. A system of fermentation contirol wus set
up that proved to be of inestimable value. hansen had previously shown
that brewery yeasts were a mixture of several specles of yeasl and that
defects were caused by wild yeast cultures. The results of Hansen's pure
yeast culture method were so successful 1In Calsbery brewery in
Copenhagen that the method was adopted permanently in 1886, The use of
industrial starter culture in the beer industry is something that is a
custom now in every beer industry (Perderson, 1978). In the lager beer
production, the yeast strains used as etarter culture are bottom

fermenting strains of Saccharomyces uvarum {{formerly &. calsbergensis).
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Several types of lager beer are now grouped based on their percent
ethancl or level of hop. Among the local examples are '33', Harp,
Gulder, Rock, and Star. Ale, which i{s a top-fermented beer, is brewed
using strains of Saccharomyces cerevisae, Stout 1is a high-hops
(concentrated) top fermented alcoholic beverage, so the organism used in
itz {ermentation is the same as in ale production (Dkafor, 1987).

Amcngst Nigerian indizenovs foods that usuvally undergo spontaneous
ferzentation, a lot of ploneer work had been done to establish starter
cultures for them ard quite A number of interesting and established
f.adings are now avallable (Oksgbue, 1989). These fouds can now undergo
cuntrzlled ferwentation usiang the following starter cultures,

Zollard sed Levi  (1959) carried out gplopesr studies on  the
picrehiology of 'gari' (cassava fermentation). He used a starter cvlture
cenzizting of Corynebacterivm mepihot and Geotrichum candidum and
gaticsiactory product was acnieveaq,

Arlrrels  1Q70)  {ouad that good quality 'Ogl' (& corn ﬁased
formented feod) could be produced with ap ivoculum consisting of equal
ievels of Lactobacillus plantarum. Acetubacter cloacae avd Laccharomyces
czrevizie al a temperature of 30 to 32°C. Banigo et al. (1974) produced
Uzt by farmenting millet corn with a mixture of L. plantarum, &. rouxit,
srd Streprococcus latels,

Az intevlum 0f 12 unidentified Candida species was found |aportant
in alenhiiic fermentation of pito by FEkundayo (1909). lHe claiped that
the wvze nf Geptrichum capdidum, or Lactobacillus or both with the
“andida specles will increase Liue alcohol yield,

Some rRanisms from purukutu system can alsD be selected and used as

Lyrmar curture for porvruty production.
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Sources of Burukutu Samples

Representative samples of freshly prepared burukutu were ccllected
from six chosen producers in Samaru based on organoleptic quallty of
their products, Samples were collected in sterile bottles.

Samples were collected at each stage of burvkutu production. Seven
batches of samples were (a) TS: which is the cooled, unpitched wort
ready for pitching were also collected.collected from each producer., The
stages ©of collection of sapples were (b) the Pito stage: a clear
supernatant of the brew which is usually light yellow tc light brown in
colour; <(c) Burukutu at different/ ages after 2 hours, 12 hours, 18
hours, and 24 hours processing we;e collected. Burukutu is the darker
liquid with colloidal suspension., (d) Kumpa which is the foamy mass on

top of old beer, used in pitching freshly boiled wort

3.2 lsolation and enumeration gf Microgrganism

A procedure similar to that of Gilliland et al. (1976) was used to
enumerate microorganisms from samples, Each sanmple was serially diluted
in sterile normal salipne and 0.1lml aliquots of appropriate dilutions
(107=-, 10-<, 10°%, 10 %) were spread on acidified malt extract agar
(OXOID) for isolation of yeast; acidified, Potato dextrose agar (pH 4.5)
(OX01D) for molds; slightly alkaline, Nutrient agar (OXOLD) (pH 7.4) for
bacteria, Tomato juice agar for Lacfobacillus species, and Plate count

agar for total aerobic plate count.

(3
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inoculated nutrient agar plates (KA), plate count agar plate (PCA)
and tomato juice agar (TJA) plates were incubated at 37°C for 24 hours.
The potato dextrose agar plate (PDA) and malt extract agar plate (MEA)
were both incubated 27°'C for 24 hours. The PDA plates were left for
further mold development at room temperature in a cupboard for a maxioum
of 10 days. Enumeration of yeasts and bacteria was done after 24 hours.
Plates were reincubated for 24 hours in cases where colonies are not
well developed. Enumeration of molds was done after the 5th day and

plates ware left for five more days for further mold development.

3.3 FPurilication and storage of lsglates;

Each distinct type of yeast, bacterial or wold coleny was streaked
on appropriate medium of enumeration mentioned above. In the case of
yeast isclates, the method of Beech and Daverport (1971) was adopted,
The yeasts were purified, by repetitive streaking on the acidified malt
extract agar and incubated at 27°C for 24 hours until pure cultures were
obtained. The 1isolates were stored on slants and kept a 4°C in a
refrigerator.

The method recommended by Waksman as described by Skinner et al.
(1961) was used to purified and stored molds. The same medium of
enumeration mentioned above was used. The molds were then transferred
several times and were leit at incubating temperature (27°C) for seven?
days before finally stored on slants at 4°C,

Bacteria were purified by repetitive streaking on media of
examination. All incubation were carried out at 37°C for 24 hours pure

cultures from plates were stored or slants and kept between 4°C.



3.4 Characterization of yeast isolates:
The methods that were usgd in identification of yeast isolates were
adapted from the methods of Beech and Davenport. (1971) and Okafor

(19711,

3.4.1 Qbservation of colonial morphology:

The appearance of the colonies and their pigment formation were
observed on 2.0% (w/v) MEA (DIFCO) reinforced with 0.05% (w/v) of
amronium ferric citrate (Beech and Davenport. 1971). The plates were

examined, shapes, sizes and pigment formation was observed for up to

seven days of incubation.

3.4.2 Yegetatvive morphbology and Pellicle formation

These were observed in malt extract broth (DIFCO). The broth was
prepared according to mapufacturer's instructions and dispensed into
universal bottles and sterilized at 121°C for 15 minutes. After cooling
these were inoculated with yeast cultures and iucubated for four days
after which they were examined for shapes of the yeast (vegetative
cells). Formation ot film on the surface of the broth was taken as
formation of pellicle. Examination inveolved microscopic observation of

organism mounted on slides and stained with lactophenol in cotton blue.

3.4.3 Ascospore formation:

Ascopore formation by the yeast isclates was tested by growing on
sodium acetate (0.5%) w/v agar. Spores formation were observed weekly
for six weeks using the following procedure. A heat fixed smear of the

yeast was flooded with 5% malachite green and steamed for three-five
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minutes. It was decolorized {in running water for 30 seconds,
counterstained with 0.5% aqueous safranin for 10 seconds and was washed
and examined. The spores which appeared blue in a red cell were loocked
for in many of the cases except in Saccharomyces which operates the

exact reverse of the appearance of spores ln yeast.

3.4.4 mryMQLumeMWﬂw

These were observed on Dalman piates containing corn meal agar.
Streaks were made across the agar suriace (ciose to one side pf the
plate) with smali inoculum using sterile loop. Two polnt inoculation
were then made on elther side of the streak at right angles {o one
another. Une sterile coverslips was placed over cne point inoculatiorn
and ancther one over the centre of the streaks. The plates were
incubated fur four days before examination. For observation, the slides
are taien out of the petridish and the agar wiped olf the back of the
slide. The area of thé inoculum under as well as outside the cover slip
were studied wusing the bhigh dry objectlve. The pseudomycelia are
identified by thelr elongated, equal sized cells or eloungated cells
provided with ULlpstespheres (round or oval budding cells) with a
characteristic arrangement on the axis of Pseudomycelium. The true
mycelia are ditterentiable Irom pseudomycelia by continuous growth of

hypha tips followed by the formation of septa.

3.4.5 Fermentation of sugare:
Sugar fermentaticon test was carried out in test tubes containing
inverted Durham tubes which contained the sugar medium which i{s made up

of 0.45% (w/v) yeast extract, (DIFCO); 0.75% w/v peptone (DIFCO) and
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bromothymol blue., The medium was distributed in 5.0m} aliquots in 150 x
15mm test tubes which were then sterilized at 121°C for 15 minutes. Tte
carbon sources were filtered-sterilized separately and 6.0% w/v
solutions of glucose, 3&1;ctose. maltose, sucropse, lactose, lnnositol or
12.0 w/v of raffinose wns'ussd. Aliquots of each sugar solutiocn (2mi?
wue then added asceptically to different {fermentation tubes. lhe
inocular which are test n' anism., suspended in sterile distilied wuter
after wasuiag wae added tjseach sugar 1n 0.1ml aliguots. The suspencicn
uf tinese cells contains an zverage of 10% cell per ml. f(he tubes were
examined at 1w2, *hres and sever days intervaels {or ibree weeks. The
convial was a rasal medive an & Lest tude froculated with test sirains
without the sugar,
3.4.6 posimliaziop ot casztni

The iguid method for ceterminstion of sugar assisllation was used
for the iest=. The medliua lvr the test containad 0.67% yeast nitrogen
base (DIFCOHY o distilled water. The broth was dispensed In 4.5ml
portion into 18pw x 150mmiect tubes which were loosely sicrew capped and
sterilizec br autozlaving, The cardon sources used here are exactly the
same as the cnez  used for sugar fermentation tests above. in tLhis test,
each carben scurce was prepared atl 5% stock (except raffinose - which is
10%) and were filtered sterilized. 0.95ml aliquots ot the stuck solution
was then introduced asceplically into each yeast nitrogen based tube to
give a final concentration of 2.0% (4% for raffinose) in a toutal of Sml
of the sugar YNB broth.

A young yeast culture (24 hours) of each test strain was suspended

in sterile dietilled water to give a suspension containing approximately
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10% cells per ml. The yeast celils were washed twice with sterile
distilled water and then leit at room temperature for 24 bours to starve
the cells to utillze any residual sugars on the cell surface. The tubes
containing the various sugars were then inoculated with 0.05ml aliquots
of the veest suspensiou. Turbidity in the broth atter a maximum of seven
days incubation at room teumperature was taken toc indicate xrowtb or
as=imilation wf Lhe carbon source tested.
)

3.4.7 Niiruie gss.mlation test:

The niircgen assimilation test was carried owt irn lilgulc medium
using ysea3t carboun vase (iop) (DIFCO). The preparatior and inoculation
of Y2 mediva was carried out as in the case aof corbon aszimilating
above. hae nitrogen cuuries tested were potassium nitrate and ammonium

sulphote 2t 2 f(lual concentration o1 2%, The screw capped lubes with
|

theiy curtent were Lnocuinsted with washe* test strains and were
incubated 4l ruuad tesperalure ror a maxinum $1 seven days and examined
for growth eaca day.
G040 ALl produection wecin

This tesl was carried out using a medium containing 5.0% (w/v)
glucose, 0.9% (w/v) precipitated calcium carbonate, 2.0% w/v yeasi
extract (DIFCL) 0.7%% peptone (DIFCO) and 2.0% (w/v) agar). The medivm
was dispensed intoc 150 x 15mm screwed capped [tubes and sterilized at
121°C for 15 minutes. The tubes were then allowed to cool down to about

45°C and was then shaken thoroughly and made| into slarte on a cold

surface (in an open freezer). The yeast strains|were then streaked down
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the centre of the slants., Chalk dissolution is an Indication of acid

1
\

production. |
3.4.9 Apility to utilize alcohol and Growth ip ethanol:

fhe ability of the test strains to grow in 3% ethanol (w/v) was
tested using the method of Skinner gt al. (1961). This was achieved by
steriiizing 97.0ml of aistilled water at 121°C for 15 minutes. 3.0ml of
absolute ethanol was then added to the sterile water after cooling. lhe
4% ethano! so obtained was dispensed in sterile tubes and yeast strains
were inoculated into the tubes. 0.1ml of approximately 10" cells per ml
suspension ot 24 hours old washed yeast culture were used. They were

incubated for three days at reoon temperature. Occurrence of turbidity or

“ediment was taken tu indicate growth in 3% ethanol.

S.4.10 yrowth in 20% (w/v) glucose concentration:

The test was carried out in &2 medium containing a final
concentrations of 20% glucose, 1.0% yeast extract, 0.79% peptone
DirLd), DIFCOY and 2.0% (w/v) agar (UXULD). The plates were prepared
inuculated after drying and incubated at room temperature and were

examined for growth after four to seven days incubation.

3.4.11 Growth at 10% (w/y) sodium chloride

This was carried out using a medium -~ ntaining 10% (w/v) sodium
chloride, 1.0% w/v yeast extract (DIFCD) and 2.0% (w/v) agar (0OX0ID).
The oterile medium was then dispensed into sterile plates and were
allowed to solidify. Test strains of yeasts were streaked on the surtace

0! the agar and examined for growth after 4-7 days of incubation.
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3.4.1¢ Qrowth at dizfereat temperature
The cobitity of all the yeast cells to grow at different temperature
\

wis tested. Inoculated malt extragt plates were incubated at different

tezperature (20°C, 37°C ard 42°C), Growth was observed after 48 hours ot

incubatior

3:5 IDENTIFICATION OF MOLDS

e method recompended by Smith  (1969) was adopted for meld

frent:

icaticn,

2. 5.0 Yional observalion:

‘e anpearance ot the wycelia mass 0f molds were observed on malt
extract 3231 afzer eight days co©f incubation. The {ollowing
charactieristics were noted: Colour of the celony (i.e. bhow compact and

ii-m they lcoked, growth pattern and texture uf the colony),

*.2.0 Mlcrouscouic abservativi:

‘e mycelis mass of the molds were teased out with pin on sllides
and  stainauw with wmethylene Dbiuve to determire morphology of the
vegelative ceosls under tne microscope. Speclal attention was also givea

to cbservation ot shape and sizes of spores (Smith, 1969).

3.9.3 Spo lrodulation:
Aspergillus ditlerential medium (ADM) of Bothast and Fennel (1974)
‘noculated with test organism and lIncubating for b days at roem

tepperature was used to identlfy organisms suspected to be Aspergilli.
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Production of oraznge vigment on the reverse of the colony confirmed the

tdentity (Bothast and Fennel, 1974).

5.6 ldeptity of Bacleria

firam stain technique: Heat fixed smears of Lhe bacterial {solates
were made from 24 old culture of the fsolates and yram stained,
The ourganisms were classiiled into gram negative rod, (lor red stained
rods), gram positive rod (for purple stained rods), grawm positive cocci
tfor purpls ctained cocci), and Rram negative cocc: (for red-stained

coucii,

3.6.1 Katility test:

Motiiity medium was used for motility test. The semi solia medium in
tubes was then stab lnoculated up to Smm depik with & stralght wire of
0 4mu 1n diameter. These were incubated at room temperature for 24-48
houre. Diffuse growth along the line of inoculation was recoumuended as
posirive motility test.

3.6.2 Spore pbservation:

A bteat fixed omears of o0ld culture (7 daye) ol the rod 1irke
isolates were made, spore stained using Ziehl MNeesleer carpbol fuchsen,
steamed fcr three to {ive minutes, rinsed witlh water, developed with 995%
etbanol for 40 seconds and then counter-stained with 1% metbylene blue,
rinsed and ihwerved under the microscope: The appearance of red spare
insid2 a blve bacterial cell indicate the presence or spores. The

positioning, and shape of thkr_spores were all noted,
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3.6.3 Starch hydrolysis:

Starch agar was used to test for starch hydrolysis. The plates were
spot inoculated with test organisms and incubated at 30°C for 24 hours.
The plates were flooded with Lugols icdine solution. Formation of hallow
at the spot of inoculation compared to the background colour change to

biue - black was taken as hydrolysis.

3.6.4 Gelatin bydrolysis:

Gelatin hydrolysis was carried out exactly as in the case of starch
hydrolysis above. Except that 5% gelatin was used in place of starch in
nutrient agar. The plates were flooded with mercuric chloride solution
and bhallow formation resulted in plates where gelatin was hydrolysed

aiter incubating the plates at 35°C for 24-48 hours.

1 8.6.5 Catalase test:
A drop of 3% of hydrogen peroxide was placed on a clean glass slide.
A pinch of growth of the test organisms from freshly incubated cultures
(24 hours) was placed with a nichrome wire loop into H,O. on the slide.

Fositive results were indicated by bubbling or frothing was seen.

3.6.6 Growth on different media;

The bacterial isolates were grown on different media which include
differential media such as MacConkey agar, Nutrient agar, Chocolate agar
and blood agar. Note was taken of which organisms were able to grow well
op MacConkey . The profuse nature of growth, colonial characteristics

e.g. plgment and size of colonies were noted,
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3.6.7 Haemolysis:

Haemolysis was noted on blood agar. Clearing zone or conversion of
the opaque blood agar into a clear (greenlsh) translucent media was
noted. Positive results were indicated by clear zone for alpha (o)
haemolysis, clear greenish zone for Peta (B) haemolysis, and no colour

change as Gamma (Y) haemolysis.

3.6.8 Lacithinase test:

Prepared egg yolk agar plates were inoculated with the Gram positive
rods. The plates were then incubated for 24 hours., In the case of
doubtful! results, plates were incubated for additional 24 hours. The
plates were examined for presence of an opaque zone in the immediate
vicinity of +the streak. 7The presence of an opaque zone indicated

positive results while its absence indicated negative results.

3.6.9 Citrate Utilization:

Citrate agar slants in bijou bottles were inoculatea with test
organicms and were incubated for 24 hours. The develupment of deep blue
colour 1in some cases was recorded for pocoitive result and nonm colour

development as negative results,

3.6.10 Methyl red-Voges Progkauer test (MR-VP):

About 5ml of MR-VFP broth was inoculated and incubated 1or 48 bhours
at 35°C. The MR-VP test was carried out after the incubatlon period of
48 hours. 1wl of the incubated broth was put in a smsll seroclogical
tube. Two to three drops ufnmethyl red indicator were added to the 1ml.

A yellow colour on the addition of the indicator was taken for positive
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methyl red test. To the rest of the broth in the original tube, five
drops o©of 40% potassium hydroxide (XKOH) were added. The mixture was
shaken and loosely capped. The development of a red colour, starting
from the liguid air interface within one hpur (lhr) was taken for the

positive and the rest as VP negative.

3.6.11 Aercbic and Anaerobic fermeptation tests:

A sem! s0lid wedium similar to the motility mealum and comprising of
1% peptone, 1% glucose and 0.2% agar was used. Tke indicator used is
bromocrysol -purple. The media after preparation were s=tabbed with test
strains from 24 hours old broth. Two tubes were used in each case. One
was covered with paraffin after inoculation while the other one was left
uncovered. Colour changes to yellow from purple, from top in the
uncovered tubes or from the centre in the covered tubes and throughout

the tube were noted.

3.0.12 Triple sugar Tron agar:

Gram pegative rod isclates were subjected to this fermentation test.
Slant of triple sugar iron agar, (0OXOID) were prepared. Sterile needle
was used in taking materials to be cultured from & solid medium and was
streaked on the surface of the slanted medium; it was also stabbed into
the butt three times. The tubes were loosely capped and were incubated
at 26°C for 24 hours. Gas production was determined by appearance of
bubbles or the pushing up of the butt from the broken part close to the
bottow. Hydrogen sulpbide (H.S) {formation wae determined by the

blackening of the butt at the slant-butt junction. Glucose fermentation
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was also determined by colour change to yellow, When both butt and slant

appear yellow, it was taken for fermentation of the sugars.

3.6.13 Depxyribo nuclease tegi (DHAase)

A sector of DNA agar plate was inoculamted and incubated. Plates were
incubated at 37°C for 48 hours 0.1 hydrochloric acid solution was used
to precipitate the DNA around the streak. Clearing zone in the area of

growth indicates positive DNase result,

3.7 Qrganaleplic teat
3.7.1 Choice of panelists:

Twenty one interested patron all male drawn 1rom Abhmadu Bello
University served as panelists for evaluating orgaunoleplic properties of
the burukutu. The selectinn wue based on infterest, availabifity and

familiarity with burukutu.

3.7.2 Qrganization for tastiug:

Prior to the experiment, a faorm was prepared (Appendix 1). The form
was designed based on the outlined proposed qualiry of good burukutu
(perscpal investigation) from both consumers and prodvcers. It contained
seven attributes that denote characterlstic of good and bigh quatity
burukutu. A four structured descriptive scnle was used. A score of 4 is
allocated tc the best atiribute while the least score which is | was
allocated to the worst or poorest attribute. Each panelist was served
50ml of each sample was served to each panelist using equal sized

calabash that 1s normally vused to serve customers by the local



-34'..

producers. The tasting was done twice from each producer on three

different occasions.

3.7.3 Tasting procedures:

Collected burukutu samples were labelled A-F and the corresponding
pots noted. The judges were allowed tp sit randomly and prepared forms
were given to each of them. They were allowed to fill !» tkeir rimes on
the score sheets. The terminologles wsed {n the fnru. wers bhriefly
explained and {instructions on how to2 fill tha forms «ere ziven. All
samples were arranged Iin a row and they were gzshec 'L tacte cne at a
time starting from A to F. The judges were alsu provided with wara water
to rinse their mouth after tasting each sar;le. Spaces were proviia  for

comments cn the forms ard fudges were asked to coamen' frooly Jfppendix

1
3.8 Yermentation characteristics
3.8.1 Temperature: The temperature of processiny wus aoled for every

beer production procecure using graded thermwometer (rang? from 0°C -
200°C). The thermometer bulb was dipped fn each ca:ss into the haer Rise
in temperature was read off direectly from the thermometor s {ndicated

by the rise inv the mercury level.

3.8.2 pMy
The pH of the beer was read after thoroughly shalkan 15wls5 of the
beer {n a test tube. The value was read using calibrated pve model 79 pH

metir.
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3.8.3 Titratable acidity (TA):
TA was done by titrating 10ml of sample with 0.1N sodium hydroxide
(NaOH) solution to the phenolphthalein end peint. Total acids was

expressed as percentage lactic acld using the expression below:

% [A = nl of base x N of base x 0.09 equivalent of Lactic sctid

10g of sanple

3.6.4 Percentage ethavol devermiuation

The npercentage etnanol of ooth laboratary arewed and  the
traditionally prepared burukutu were determined by conemical oxidation
method of Caputi and Vright (1969 This wne carried cut vsiup nicro
kjeldahl apparastus. lmi oOf beer sawple was pipetted into rthe tlask and
distilled 1into acidified solution of potassium dichromate. The
resulting solution was heated for 20win at 6C'C toc coppieter the
oxidation of the ethanol to acetlc acid., Tlie was tiirated with
acldified ferrous ammonium sulphate sululloun using plhesanthroline as
indicator. Blank titration was performed. The result wae cvprassed as

percentage ethanol! by volume using the expression below:

% Ethanol by Vol = 25.00 - 2% X sample titre’®
blank titre.

3.8.5 Aflatopxin detection:
Presence ci aflatoxin in locally produced beer was determined using

thin layer chromatographic method. The solvent mixture used was Acetone
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and chloreform at a ratio 95:95. Standard aflatoxin in solvent
(chloroform) was used as control for the test. Another control used is
water, Beer from various sources were spotted and run in the solvent
along side with the controls. The resulting plates after running were

dried and observed under ultra violet light (u,v).

3.9 Determination gf the function of each group of orgapnisms;

Pure culture of ile celected organisms were prepared. These isoclates
(bacterie and yeasts) were used singly and in different combinations to
pitch the bolled wort after cooling. Bacteria alone were used singly and
in different combinaticns.. yeast were used singly and in different
combination, and bacteria and yeasts were used together in pairs and in

different puir comhbinations. The resulting products were then assessed

organoleptically

5.10 Starter culture for Burukuiu:

Many factors were —.onsidered during choice of starter culture.
Factors sucn as tha fermenting ability of each yeast during sugar
fermentation test, the performance of each organism during trial
farmentations, and thelr frequency nf occurrence at the different
fermantation stages. The stages of occurrence and the population uf each

ieplate during =numeration was a factor. Organisms that periormed very
wel'! during the +trial test <(for role determination) above were
considered., Yessts whose population was very scanty and did not occur
in good number in the system were not chosen. The ones with higher
population as determined by counts were considered. Non fermenting

stralns were not considered. In the final analysis, yeasts that produce
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best beer as ranked by panel members were noted for use as possible

starters.

3.11 Preparation of Inoculum for Burukutu:

Inoculum preparation for pitching of boiled wort was done based on
Siandard Industrial procedure (Nkafor, 1987). The organisms of interest
in case af yeast were introduced i1into 10ml of malt extract broth, These
cultures after 24 houre of growth were transferred into a bigger flask
containing 50ml of brotk which were subsequently tran=farred into bigger
flask (260ml) after 24 hpurs. The tots! volume of inoculum needed is
about 10-20% of the total fermenting volume as recommended for

industrial fermentation.

3.12 Burukutu preparation:

Burukutu wae brewed in the laboratory trom 500 gram: of guvinea corn
(Sorghum bicolor? from which broken and damaged grains were removed,
washed and steeped uvernight. The grains wera ther drafced for two hours
in a basket. The grains wera spread cut on mat on the laboaratory bench,
The thickness woe about 3-4cm and was covared with cheese clath. It was
wetered aon alternate days and furned regulariy. The rseedlings  were
allowed to grow for ahbout 4 days at which the length of the plumule was
about 1-1.%cm long f(on the average). The germination was halted by
vacking the grains on top of one another and covered for about one to
two days by which time, heat must have been wenerated within the hip of
grains, The malted grains were sun dried for two days and was dry-
milled into powder. The malted powder was then mashed at a ratio of 1:3

(Xalt:Vater). This was boiled for 4 hours, [t was allowed to cool
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overnight. On the following day, the water and malt slurry was heated
for six hours. The ©boiled wort was then cooled to about 30°C, and was
pitched with prepared inoculum (starter culture) and left to ferment for
18 hours after which consumption usually commences. The beer is usually

consumed within 6 hours after production.
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CHAPTER FOUR
RESULTS

Biochemical, physiological and microbiological data for
characterization of microbial isolates opbtained from several stages of
burukutu production are presented in Tables 1 & 2. The microorganisms
isolated included yeasts, bacteria and melds. Cnly Khcdotorula - a non
fermenting yeast and three Saccharomyces species were ldenlifled as
predominant yeasts in buruku}u beer.

Only &Saccharomyces 111 was however, evident Ir foor ctages of
burukutu production which are plto, burukutu, T8, and 'Kumpa', stages;
Other yeast genera such as Candids, Pickia and klockera were Tound,

Table 3 summarizes stages of occurrence eof each vegst isolates,
There are two types of Candida species: Candida species ! ard 11: while
only one species of isolate each Fichia and Kloekerz werc found. ESpores
were observed in all the yeasts isolates except Kloolcra, Candida and
Rhodotorula species.

From the biochemical characteristics (ac zhown in 72b’e 1), none of
the yeasts has good fermentative ability except the three Sa-charomyces
species and the two Candida species.

¥ith the exception of Saccharomycez species 1! and Bacillus
mycolides, all the microorganisms in the unfermented wort wers destroyed
by boiling. The population of yeast increased tremnndously after 18
hours.

After active fermentation, the bacterial load of burukpiuv increased
and Acetobacter species was the major bacterial isclates at this stage
of fermentation. Nipe distinct species of bacterial 1isolztes were

identified. The predominant ones fell intc the genus Hacillvs ‘Table 3)
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and they are B. cereus, B. mycoides, B. subiilis and B. species. The

stages of
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lable J3: ®icrobias Frulice o! dilfTerent stages OT Burdrula produliicn:

Urganisa onborled boaled wort 12hrs  ldhire LBNis Rulipe
Nolds

Mycelium sterilia i - ¥ ' ' i

fAspergillus species v - i . ' i
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Aspergillus niger 4 - - ‘
A :
+

Fusarium species . +
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Rhodotorula species ' * + i '
Saccharomyces specles | ' ¢ ' ' .
Saccharomyces species 11 4+ - ' 1 ) '
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Candida species ' ' ' ! ‘
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organoleptic assessment

inocula of isolates (starter)

ot Aurukutu samples brewed w~.tn single or mixed

Seer selected organisms

FTRIBUTSZ

for fermentation Consis-
"est Starter Sweetness  Sourness ditterness Flavour Colour Odour tency Scores
’ »
1 Traditional brew=Control I 3.0840.60 3.0040.78  3.10+0.83  3.1240.83  2.2540.60  2.92:0.6L 3.5840. L9 21.1
!
i'ragi tional brew=Control II 3.1740.99 2.92+0.95 3.27+0.62 2.3621.30 3.08+0.3 3.0840,28 2.60+1.25 20.58
accharomyces species I 2.6040.28  2.8740.78  2.75+0.60 2.14+i:.90  3.5040.20 1.85+0.6L4 2.4340.83 18,14
L iaccharomyces species II 2.3040.85  2,510.2 1.L0+0.73 2.3540.62 2.70+0.39 3.0540.83  3.00+0.4L3 17.37
€  Jaccharomyces sop I & II 3.1640.20  3.37+0.2k 2.8740.63 2,71+0.42 2.87+0.36 2.35+C.28 3.7040.30 21.56
¢ accharomyces sop III 2.1061.0L  2.25#1.09 2.2 $0.75  2.5540.6L  3.00£0.71  3.25+C.E3 2.5841.26 17.96
/! Saccharomyces sop II % III 3.3340.62  2,75+1.09  2.36£0.77 2.50+1.30 3.6140.47 2.67+1.25 1.92+0.86 19.20
spo I and .
I : 2.67+1.11  3,05s1.28  3.0040.7h  2.55:0.89  2.5520.39  3.17:0.%C 2.67+1.37 19.96
¢ Tandida spp I 3.8840.28  2,1740.37  1.5040.96 2.6040.80  3.0040.00 1.830.99 3.08+0.0 17.20
Fichla spo 1.50+0.83 2.60+0.20 2.17+0.37 3.23+0.L2 2.6 #0.22 1.3540,50 w.mow.o.mw 16.L5
11 Jacc, gpp I & IT 4+ Znte.
agglumeractis % Bacillus 2. 2.0740.60 2.30+0.23 2.75:0.30 2,5.#C.38  3.00+3.0  3.0040.30 1.L040.20 17.80
17 noitched wort 1.0040.20  2.00£0.00  1,98:0.40 1.00+0.00 1.20+0.20 1.3 #0.L0 1.0040.00 10.55
15 a1l species of bacterial Isolates
= grelumnerous, Micrococcus
luteus M. Roseus, Bacillus
cereus, B subtilis, 3. .
coides, Acetobacter spp 1.2040,20 2.0040.00 1.9040.L40  1.0020.00 1.30+0.30  1.2040.20 1.1 0,73 9.60
1:. Saccharomyces spp I & II +
Bacillus cereus Znterobacter
azglumer Acetobacter spp 2.00+0.00  2,00+0.0 1.0040.63 2.00+0.42 2.3 30.L5 1.00+#0.30 3.00+0.00 13.30

¥ 3Jach value is an average of three different scores
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occurrence of each species can be seen in Table 3. There are two species
of Micrococcus (M, luteus and M. variance).

Two isolates of the member of family Enterobacteraceae were found
and were identified as Enterobacter agglumerus and serratia species. A
singly specie of Acetobacter was identified.

In development of starter culture, bacteria and yeast were utilized
as sole microbiological flora for burukutu production. Molds were not
considered. only Saccharomyces species 1 & and Il and Candida species
fermented sorghum wort from the production of burukutu beer. Tastes
panel scores organoleptic test) showed that using these selected
strains, they produced burukutiu similar to traditional prepared brew
(Table 5).

High acceptability of the beers as reflected by the scores of 21,56
out of total of 28 scores for Saccharomyces spp. 1 7 and 11 |is
comparable with that of control 1 brew with a score of 21,11 for control
1 and control 11 (20.58). Saqcharomyces species 1 on its own scores
18.14, while Saccharomyces species 1 coupled with Candida species 1
produced 19.96. Pichia species had a score of 16.45.

¥hen bacterial isolates were used independently, no fermentation was
evident. The panel rated the unfermented wort as 10.55, The score of
bacteria pitched beer was 9.60 which is markedly different from control
and that of yeast fermentation. The use of yeasts in combination with
bacteria shows an intermediate result. Saccharomyces species 1 & 11 when
used in combination with FEnterobacter agglumerus and with Bacillus
cereus scored 17.80 as opposed to 21.56 that was scored by the

Saccharomyces species 1 and Il alone.
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The acid level of traditionally produced beer was slightly higher than
the obtained value for laboratory brewed burukutu (fig. 2). There was no

difference in the percentage ethanol content of both brews which ranged

from 2.9 - 3.0.

The most predominant molds observed are 4dspergillus specles: A,
niger, A. fumigailus, A. flavus, HMycelia sterilla, Rhizopus species and a
Pusarium species (Table 4).

Aflatoxin was detected in all traditionally brewed beer and in
laboratory brewed burukutu beer prepared from moldy grains. There was
no aflatoxin in laboratory brewed beer whose gralns were not moldy.

There was no difference in the types of microorganisms found in
kumpa and burukutu  (Teble 3>, Flgure 2 represents <changes 1in
characteristics of burukutu samples brewed in the laboratory compared to
traditionally brewed burukutu,

The histogram (Fig. 3) shows that the bighest wicrobial count from

locally produced brew is from kumpa fcllowed by burukutu,
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CHAPTER FIVE

DISCUSE10N

The microbiological flora of different alcoholic beverages made from
grains have been very well documented (Van der Vatt, 1956; Faparusi et
al, 1973; Ekundayo, 196%; Nout, 1980; Ogbonna et al., 1933a; Dirar,
1978). Data from present study showed a high concentration of diverse
types of molds such as Asperglilius species, Rhizopus species, Mycella
sterillfa, and Fusarfum species, The presence of these molds may be
attributed to their initial contamination of the sorghum grains used for
malting. Faparusl gt al. (1973) have documented that molds are capable
of settiing on sorghum grains especially under conditions of high
relative humidity and warm temperature. Van der Vatt (1956) had reported
that molds have a beneficial effect on malting. W¥Webb (1945) found that
the diastatic activities of mold flora on maize and sorghum accounted
for the buik of sugar production required to attain high alcoholic
content in Kaffir. They reported that this amylolytic ability of molds
may be attributed to their ability to produce fungal amylase which in
addition to amylase inherent in sorghum alds the malting process.

The disappearance of molds following boiling shows that boiling has
a disinfecting effect during burukutu production and that only
vegetative stages of these molds are produced. The reappearance of molds
during fermentation and maturation may be due to their intreduction into
the process by the use of local starter culture (Kumpa) which has a
significant load of molds (Table 3).

The present study shows that yeasts predominate 1in all stages but

one of burukutu producticn (Table 3). This study also shows that yeaste
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as reported by Van der Vvatt (1956); Ogbonna et al. (1983a) to be the
major fermenting organisms of sorghum beers and thereby the most
important group of microorganisms in burukutuy production., Sugar
fermentation tests of yeasts isolates have shown that only three yeast
strains namely Sacchkaromyces specles 1 and 11 and Candida species could
be used for fermentation of burukutu since the other yeast isolates had
little or ne fermentative abjlity. These yeast straln mentioned above
exhibited relative high fermentaticn rates o©f hexose sugars namely
glucose, galactose, maltose, and sucrose. Reports from other studies
(Faparusi, 1970) show that sorghum based wort consists of these sugars.
Thus these yeasts can be used in the fermentation of burukutu beer.
Utilization of pure isolates o©of Saccharomyces species I,
Saccharomyces species [I, and Candida specles produced burukutu beer
which had good flavour and was highly accepted when compared to the
control (traditionally produced brew). It can, therefore, be inferred
from the present study that Saccharomyces species 1 and Saccharomyces
species 11 <(togetber) can be used as starter culture for Burukutu
production, Otbher strains of yeast isoclates like Saccharomyces species 1
and Candida species | can also be used. The use of Saccharomyces species
alone can be considered in the absence of other two starters (Table 5),
The detection of aflatoxin by Thin layer chromatographic analysis
might be due to the presence of Aspergillus species which are the major
producers of this metabolite (Bassir, 1960). He also stated that there
is a report from East Africa that Kenmya beer may contain as much as
30yg/litre of aflatoxin. The possibility of using molds for fermentation
or as starters in this present studies is ruled out because the molds

could not ferment the brew, and based an the passible hazards posed by
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the presence of metabolites formed by molds with regard to human bealth.
Results [rom present studies also show a high load of Bacteria during
different stages of burukutu production. The lack of lactic acid
bacteria in the flora is at variance with previous studies (Faparusi et
al., 1973; and Ogbonna at al., 1983a), which indicated the use of gari
adjunct irp production of burukutu in southern parts of Nigeria and some
parts of the northern Nigeria. The lack of adjunct in production of
burugutu in Zeria may account for the absence of lactic acid strains
siace lactic acid bacteria have been shown to be involved in Gari
fermentatlon (Akinrele (<1970); Akiprele, (1G64), Ngaba and Lee (1974).
fhe abtsence of a scuring stage in the processing of burukutu in Zaria
may also be an underlying reason for the absence of lactic acid
bacteria. This is because during the souring stage, allowed by other
burukutu producers in other parts of the country aid Lhe proiiferation
of souriung agents like lLactic acid Bacteria. Data from previous studies
(Faparusi et al., 1973) have shown that the change in taste observed in
some burukutu beer after 24 hours of fermentation, may be due to the
presence o0f Acetobacter species. Acetobacter 1s known to possess
oxidative ability with which it oxldises ethanol to acetic acid, thereby
increasing the irregular flavour of the beer. Qur finding also shaws
that the bacterial flora has only detrimental effect duriung fermentation
as reflected by the taste panel with a score ot 9.60 when used alone.
Unpitched wort even had a higher score of 10.6 while pitched wort with
yeasts gave similar results to those of the control (Table 5).

Although other strains of yeast 1solates were investigated, none of
them produced results comparable to Saccharomyces species I & II. This

proposed starter gave rise to a better product than other microbial
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isolates when matched against tbe accepted traditional brews: they are
capable of fermenting available sugar in buruvkutu containing 3% ethanol
which is similar to 2.9 - 3.2% feound in traditionally brewed burukutu,
Tentatively, it can be recommended, from the present study, that
Saccharomyces species 1 wnd 11 be utilized as starter cultures for

burukutu productlion,
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CHAPTER SIX

RECOMMERDATION AND CONCLUSION

It 1is recommended from the present studies that Saccharomyces
species | and 11 be used as starter cultures i{nstead of kumpa (local
starter). This 1{s  Dbecause kumpa itself eancourages  microbial
contamination including mold and bacteria which are detrimental to the
production process.

Pasteurization of burukutu as a means of disinfecting the fermenting
wort should be adopted since the organisms found in the system of the
beer are quite heat sensitive.

Proper education chould be giveu to local producer to aid the
production of hygienically produced burukutu beczuse the micrubial load
of traditionally brew is very high.

The consumption and irdustrial production of burukutu is advocated.
This 1is because PBurukutu 1s cheaper +to produce tLecause of the
avallability of raw materials and proposed starter tou aid controlled
fermentation, Given alsc that some other scleatists (Faparusi 1970,
Opbonna et al. 1983b) have confirwed the higher nutritional wvalue of
burukutu vis a vis larger beer. 1t is recommended as a supplement for

consupers. These will help in conserving foreign exchange.
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APPENDIX 1

Accesory Table: Organoleptic Test?

Marx the appropriate column in respect of A, B, C, D, E, F, G character

Attributes
Sweetness Very sweet Moderately Slightly Not sweet
A sweet sweet
1 3 4 2
Sourness Very sour Koderately Slightly Not sour
B sour sour
2 3 4 |
Bitterness Very bitter ¥oderately Slightly Yot bitier
c bitter bitter o
1 3 4 2
Flavour Sour flavour Slightly sour Sweet flavour Ho flavour
flavour
D 3 4 2 1
Colour Dark brown Brown Light brown Vhitish
E 2 4 3 1
Consistency/ Very thick Thick 8lightly thick WVatery
Concentrations
F z 3 4 1
Odour Sharp 'Kumpa'- Moderate Slight Rotten
like ‘Kumpa'~like 'Kumpa'-1like odour
G 3 4 2 1

Best quality of burukutu beer carried the highest scores while the worst
attribute carried the least number.

1. Comment briefly on the beer,

2. How much can you pay for eackh bowl of beer?

{(N1.00, 70k, 50k, 30k},

3. If this quantity is reduced, can you still pay the same amount?
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