Isolation and Characterisation of Yeasts and Bactena From
Mbege- An Opaque Beer Made From Millet Malt.and Banana
Ju1ce

<.-‘ . e

:IShayo NB.S, AM “Niiko!, and A'B. Gidamis"

- Department of Food Scrence and. Technology, Faculty of Agrrculture Sokome Umversrty of Agrrculture
P.0.Box,3006, Chuo Klkuu Morogoro Tanzania g

C
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Ihe mtcro—organtsms tnvolved in the tradztzonal fermentatton process of ”mbege ", an tndzgenous
4Tanzantan alcoholzc beverage prepared from malted millet and banana juice were isolated and
zdentzﬁed Saccharomyces cerevisiae and Lactobacrllus plantarum were identified as the yeast and
bacterta responstble for the fermentatzon process respecttvely The main spoilage mtcro-organzsm of
lthe mbege was tdenttﬁed as of Acetobacter species. A diverse range of micro-organisms were also
tdenttﬁed m the mzllet malt The coltforms were the predominant ones Sollowed by pseudomonads,
lacttc aczd bactena (LAB) and  yeasts. The presence of high numbers of colzforms (1.9840.20x 1 0’
'c f u. g ) ) in mzllet malt poses no health rtsk_ as they are destroyed durzng porridge preparatton In
addttzon .the low pH (pH 4.5) of ”mbege " inhibits: the growth of coliforms and other pathogenic
bacterta Ihe dtverse range of mtcro-organtsms found tn mtllet malt was an tndtcatton of unhygtentc
handlzng of the mzllet malt L a4 B : . SN

Keywords Characterlsatron of micro- organlsms Fermentatlon and spoﬂage mlcro-organ-
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,Introduction s C o
Tradltlonal processmg of cereal based alco-
holic beverages is w1de spread in Tanza-
Aia. One of such. product 1s mbege whrch 1s pro-
duced by farmers in the north eastern part of
the country, from' malted mrllet and npe banana
«frult (Shayo 1993) The product is of i unmense
nutrltronal soc1a1 and economlc slgnlncance to
the people in- the areas but’ 1ts productlon has
not been commercrahsed w1de1y .
. The qua11t1es demanded of lager beers and
the1r productron methods are well known and
have been a subject of much 1nvest1gat10n
(Haggblade and Holzapfel 1989 Novelhe
1982; Prlest and Campbell 1988) However
_the same cannot be said of traditional opaque
beers whose productron 1s uncontrolled and in-
volves a spontaneous process resultmg in qual-
1ty var1atrons from batch to batch. ,The main

s AT

,.»v. - b

*Correspondmg author .

bs‘tages carried out i1_1 the controlled brewing

process of conventional beer such as wort boil-
ing, deliberate inoculation with yeast strains
(pltchmg) and subsequent maturation are not
practised in the productlon of trad1t10nal
opaque beers. - .

- Most of the tradltlonally made cereal based
beers have poor keeping qua11t1es The shelf
life-of these beers does not exceed 2-3 days (D1-
rar, 1978; Iwuagwu and Izuagbe 1985 and Ti-

\1sekwa 1986). This has, been cited as the major

"problem limiting- the1£ commercial explortatlon
-The brewing process of mbege is based on em-

:pirical knowledge gamed ‘after many- years‘of

experience and very little information exists in
the literature on the production and mlcroblol-
ogy of this type of beer.

. The present study was therefore undertaken
to 1solate and identify micro-organisms from

_the millet malt and characterise those mvolved
in, the fermentation process of mbege
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Matérial ‘and Methods

Preparation of the sample

M111et malt and mbege were purchased from (J'
a local ‘maltstér and brewer respectively, in

Moshi Town, Tanzania, Mbege was aseptically

put into sample bottles, packaged in cool boxes

(4 °C) and air frerghted to UK. for microbio-
logical analysis. . " LU
;Isolatlon -of the mlcro-orgamsms

- Samples of 50 g millet. malt or 50 ml
mbege were placed in 450 ml. of quarter

strength Ringer’s solution (1/4 R) in a stom- -

-acher bag and homogenised for 60 seconds with

a stomacher (Lab Blender 400, Seward Medi- .

cal, London, England) at room temperatures
~ Serial dilutions of samples of millet malt and
mbege were made in quarter strength Ringer’s

17, IR
solution (4 R) Followmg the serial dilutions,” hydrates) in the API 50 CH wells was scored as

Identification ot yeasts - .
The procedure of Ison (1987) was followed

. in identifying the yeasts. A small volume (0 2
' ml.) from a 2:3 days workrng culture ‘was

transferred to frésh CBS broth- (10 ml:) and in-
cubated:for further 15-18 hours. A-volume of 3

_ml. was filtered through a 0.45 m pore size ace-

tate filter and the cells washed off into 10 ml.

., of sterile distilled water to give slight turbidity.
" One ml of cells was used to seed S0 ml. of the
’ API INOC med1um (Oxoid) which® had pre-

v1ously been melted and'cooled. It was v1gor-

" ously, swirled to give 'an adequate d1spers10n of

the culture. The ‘API 50 CH galleries were in-

" oculated immediately with the seeded API

INOC medium using a sterile Pasteur pipeite.

" The wells were filled to just below the rim; Af-
" ter the medium had set, the cupules were Cov-

‘ered with sterile parafﬁn oil and mcubatedaan-
aerobically at 25 C for 7-8 days. R
- The growth response (assimilation of carbo-

total-viable counts of the samples were deter-— g e () no growth; +) cither growth with

mined by spreading 0.1ml of appropriate dilu-
tions on Plate Count Agar (PCA) ‘and’incubated
at 30 °C for 24-48 houts. Lactic acid bacteria
(LAB) weére enumerated by spreadmg 0:1ml of
the appropriate-dilutions-on déMan Rogasa

Sharpe-(MRS) agar and incubated anaerobically -

at 30 C for 48 hours. Total coliforms were de-
;termrned using Violet Red Bile Agar (VRBA)
incubated at 30 °C for 24 hours. Pseudomonad
were determined using Pseudomonas Base Agar
(PsBA) incubated at- 30 °C for 48 hours.-Yeasts
‘were determined using acidified Malt Extract
agar (MEA), Rose Bengal Chloromphenicol
‘agar (RBC) and Oxytetracycline’ Glucose Yeast
Extract agar (OGYA) incubated at 25-°C for’5
‘days. Yeéast isolates were punﬁed by’ repeated
replating on Yeast extract glucose (YG) me-
dium and incubated at 25 °C for S days. Stock
‘cultures were maintained at 4 °C on chalk agar
‘slopes. Working cultures were prepared by
growing at 25 °C in CBS broth (10 ml) which
comprised (g/1): dextrose, 40; ‘bacteriological
peptone, 5; yeast extract, 5; adjusted to pH 5.5
with, 1 mol/1 HCI. All the culture media were
purchased from Oxoid.

no acid production or growth with strong acid
production, both within 7 days;-(D) as for (+)
but after 7 days; (W) either poor growth, no
acid production or poor growth and weak acid
productron (indicator green) :
"Texture and shape of colonies were re-

-cordéd after 3 weeks incubation at 25 °C’on
"Malt Extract Agar (MEA) acidified with 10%
lactic acid (Dillon et al; 1991). Formation of

pseudo-hyphae, true mycelium and ar-
throspores was determmed by direct examina-
tion with microscope on Dalman type plates on
Corn Meal Agar (CMA; Oxoid) after 10 days
incubation at 25 °C (Van der Walt and Yarrow,

"1984) Vegetat1ve produc]tmn cell size and

shape were examined in Yeast Extract- Mait
Extract (YM) broth after 2 days incubation at

'25 °C (Anon; 1986) and in} 5% MEA ‘cultures
“after 3 days incubation at 25 °C (Van der Walt
“and Yarrow, 1984) Water suspensions were

made of yeast cultures from CMA, 5% MEA
and from slopes of Potassium Acetate agar
(Anon; 1986) after 21 and 28 days incubation at
25 °C and examined with microscope for asco-
spore formation. Heat fixed preparations were
stained by steaming with 5% (w/v) safranin
(Van der Walt and Yarrow; 1984) to confirm

the presence /absence of ascospores. '
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Identification of Lactlc ac1d bac-
teria

Typical colonies pickéd from countable
plates of MRS plates were gram stained and
presumptive LAB colonies were aseptically
transferred into MRS broth. These were incu-
bated at 42 °C for 24 hours after which they
were re-streaked on MRS agar. Colonies were
examined for their gram and catalase reactions
and sporulation behaviour as well as oxygen
demand. Pure cultures were preserved in- All
Purpose Tween (APT) semi solid medium and
stored at 4 °C for a maximum of 3 months.
Stock cultures in APT semi solid medium were
sub-cultured twice in MRS broth and then
plated on MRS agar. The plates were incubated
anaerobically at 42 °C for 24 hours. Inoculum
was prepared from a bacterial culture with a
sterile swab that was then suspended in API 50
CHL medium. The CH strip was inoculated by
filling the tubes with API 50 medium and over-
laying all tests with mineral oil. The strips were
placed in plastic incubation tray and incubated
anaergbically at 30 °C for 48 hours.

Enrlchment and isolation of Ace-
tobacter spp.

Serial dilutions were prepared from mbege
which had been stored for 21 days and 0.1 ml.
of 10! to 10’ dilutions were plated on Glucose
Yeast Extract (GYC) standard medium and
Frateur medium. These were verified as acetic
-acid bacteria by gram staining. Colonies were
transferred into the enrichment medium using a
sterile wire loop. These were incubated at 30
°C fbr 24 hours after which they were streaked
on either GYC or Frateur medium. Colonies
were examined to sée whether they belonged to
the hcgtobacter group: (gram positive, catalase
pos1t1ve oxidase negative, non-spore forming
and obhgately aerobic) (Carr, 1968). Pure cul-
,tures of Acetobacter were kept at 4Cinacold
room on YC medlum and transferred

“monthly.

Results and Discussions .
o , . \ ‘% ) B
The two yeast isolates coded A and B from

mbege were identified as' Saccharomyces cere-
!
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visiae by the AFRC Institute of Food Research
Laboratory, Norwich, UK: The isolates were
. confirmed by companng them with strains of
Saccharomyces cerevisiae (NCYC 354, NCYC
609) which were obtained from the National
Collection of Yeast Culture- UK. The yeasts
were characterised macro- and micro- morpho-
logically and by fermentation and assimilation
tests (Table 1 and Plate 1).

Surprisingly, only one species of yeast was
isolated from mbege. It is possible that the spe-
cies Saccharomyces cerevisiae isolated in this
study had become adapted to growth in the spe-
cial condition of mbege. Johansen (1972) who
observed that there were varied yeast floras in
African traditional beers, with Saccharomyces
cerevisiae predominating reported similar re-
sults. The natural microflora of Tanzanian mil-
let malt consisted of a diverse range of micro-
organisms (Table 2). The total m1crob1a1 popu-
lation recovered on Plate Count Agar (PCA)
'was 2,85 x 107 c.f.u. g . Included in the mi-
croflora were bacteria such as coliforms and
pseudomonad that are probably of no signifi-
cance-in the fermentation process of mbege.
However, members of the genus Zymomonas of
the family Pseudomonadacea are known to
carry out an alcoholic fermentation of glucose
similar to that of yeast (Salle, 1974).

Coliforms as compared to other micro-or-
ganisms were predomrnant in the microflora
(1.98 x 107 c.f.u. g ) Lactic acid bacteria,
which are mainly involved in the fermentation
of African traditional beers (Novellie, 1982)
were recovered at a level of 1.75 x 105 c.f.u.
g . The numbers of yeast isolated was 6.0 x
10° c.fu. g . The presence of such high num-

" bers of coliforms in the malt was indicative that

proper hygienic conditions were not observed
during malt preparation. Traditionally, the
grain is spread on open floors and allowed to

__ germinate. Subsequent sun drying is carried out

by spreading the grain onto mats placed on bare
ground. In this way it is obvious that the malt
becomes contaminated with the coliforms’ that
“are normally resident in the soil and dust. Simi-
lar observations have been reported by Efiuvw-
evwere and Akoma (1997). In their account ce-
reals are not only contaminated in the field and
after harvest but also traditional practices of
preparing the malt on the open floor results in
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»Table 1., Carbohydrates assrmllated by yeasts and lactic acid bacteria

3

2

1.

Sugar U

'NCYC354

i NCYC 609

Malt .

Glycerol T
Erythntol -
')D Arabmose :
L Arabmose
Ribose
D-Xylose
“L-Xylose = "

Beta-methly-xyloside

Galactose -
D-glocose * -
¢« D-fructosé " ¢
D-mannose

. Rhamnose
_Jnositol; .
_Mannitol
Sorbitol

/N Acetyl Glucosamme

Amygdalme
Arbutme
Esculme
Salicine
Celloboise

" Maltose
Lactos€
Melibiose' . . °
Saccharose
‘Trehalose -
Melezitose«
_D-raffinose

; Glycogene

+ Beta-gentiobiose
D-turanose
‘D—lyxose
D-fucose
‘Gluconate

-

DT
alpha methly-D—glucosrde

++++ 8"

gL

¥y

Mbege

«

Key:

+ Growth thh no acrd production or growth-with strong acid productlon wrthm 7 days )

" - No growth

W Poor growth with no acid prodiction or poor growth and weak acid productron :

D Growth with no acid production of growth with strong acid production after 7 days U

lngher mlcroblal loads and greater microbial di-
versity. Desplte the high numbers of coliforms
in the malt, they do not pose a high health risk.
This is because during the subsequent porridge
(mash) preparation they are destroyed by boil-
ing.. The recontamination during the subsequent
processes of mbege preparation is normally
checked by the acid fermentation. LAB has the

\\

13

ablllty to exert a w1de spectrulm of antagomstlc
effects against gram-negative and gram-posmve
micro-organisms which is attrlbuted to the pro-
duction of bacteriocins and simultaneously in-
creasing the ac1d1ty (DeVuyst and Vandamme,
1995). At low pH of pH 4.5 as found in mbege,
growth of undesirable bacteria is inhibited and
their spores do not germinate (Nout, 1992;
e
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nies were observed to’be-gram positive, straight
rods.with rounded ends occurring singly or in
short chains of two or three cells. The carbohy-
drate. fermentation profile (Table 1) was'in
-agreement with'that. for’Lactobacillus planta-
rum; Kandler:and Weiss (1986) reported that
Lactobacillus plantarum fermented.ribose, gal-
lactose; D-glucose, D-fructose,. D-mannose,
mannitdl,’ 'sorbitol =methyl-D-ghucoside, cello-
biose,-maltose, lactose; mellibiose, D- raff1-
nose, -melezitose and gluconate. - s
~:On-idertifying acetic’acid bacteria accord_'-
ing to"Carr(1968), it was confirmed that all the
tests were.indgreement with thatfor Acetobac-
ter; The number:of:Acetobacter was compared
'to those of .other micro-organisms after 21 days
of storage of:mbegé. The viable counts of Ace-
-tobacter as determined on GYC and Frateur

media were 3.8 106‘and 4.2 106 cfu gl re .'z,;

spectively. The yeast ( count was ‘slightly less_‘
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